000 «JITPOMOBOT»

OBPA3OBATEJ/IbBHASA POBOTOTEXHHNYECKAS IINIAT®OPMA
PROMOBOT M EDU

(M Edu)

PYKOBOZICTBO Mo IKCIIyaTalluu

pen. 13.08.2026

I



Nudopmaums a1 moJib30BaTesis
Buemmnwmii Bua wu3Aenus W TOJNB30BATENBCKOTO HHTepdelica MOXKET OTINYaThCs OT
M300pakeHUH, NPEACTAaBICHHBIX B JAHHOM JOKyMeHTe. KoMImaHus MOCTOSIHHO yJIydIllaeT MpOayKT, B

CBA3H C YCM JaHHOC PYKOBOACTBO IICPHUOINYCCKU IICPCCMATPUBACTCA U U3MCHACTCA.



N L

Copnep:xanue

MEPDBI BE3OITACHOCTU ITPU UCIIOJIB3OBAHUMU .......cceiiiiiiiiiiiieic e 6
1.1 OOIINE MEPBI OC30TIACHOCTH ....uvveusriesteessreastesasseessesasseassessssessseassseeasesasseesssssssesssesansesssessnsesssnes 6
1.2 Mepsl 6e30mMacHOCTH MPHU PAOOTE C MOIYIEM 3D -TICUATH ....vvvvevvieiiiiieeiiiieesiiee s 7
1.3 Mepsl 6e30macHOCTH MPH pabOTE C MOAYIIEM JIA3EPHOM TPABUPOBKH .....vcvvvervivriieereasrenieeees 7
1.4 Mepsl 6e30macHOCTH MTPU PabOTE C MOIYJIEM 3aXBaTa BaKYyMHOTO U MEXaHUYECKOTO.......... 7
OBLIAS THDOPMALIMSL.......oooiiiiiiiiiitiee e 8
2.1  DOKCIUTYaTAITUOHHBIC OTPAHIUCHH S, ... vvveessveeesreesssessssessnssessssesssssssssesssssesssssessssessssessnssessnses 8
P 4 1 ) {0).: )< FO OO PT PP 9
PG T\ B2 o) 74 010) - & P TP PURUPRTPIN 10
2.4 TapaHTHIHBIC O0MBATEITBCTBA. ... veteereesresseesseassesseesseassesseesseaseasseabe e sesssesbeeneaseesbeesneannenneens 11
ST € oY | (S) 1 (PSPPSRI 13
2.6 TPAHCIIOPTHPOBAHHIE .....c..verveerrienristeeteassesseesseassesseeabeasseaseesbeass e s se e b e e b e sseeabe e bt e se e st e e b e e nnenbeens 13
W A s 0% (T2 0176 14
OIUCAHUE YCTPOMCTBA ....oovvmivimiiieeieessessesssssssessssssss sttt sssssssssnens 15
3.1  TEXHHUYCCKUE XAPAKTCPHCTHKH «.veuvvreessrresssnessssnsesssssssssssssssssssssssssesssssesssssesssssessssessssessnseees 15
3.2 COCTAB M EdU ....ciiiiiiiii ittt bbbt 17
G TV F: 1217001 A1 0] o OO OO PP TP PP 21

R I R O 103 (0) T2 51/ (PRSP RTOPRTR 21

KR I O 112 ¢ TSR PP PPRRPPROPR 25

3.3.3  Tlopsanok pacroyiosKeHUs] KOHTAKTOB («PACITUHOBKA PAZBEMOBY ) ...vvvvervverreanrerieennes 29
K 3 () a0 117 21 51 2 ST O TP PP PP PP PR 34
3.5 BuHemHuil 010K KOMMYTAIUH HHCTPYMEHTA .....vveuvireenreasresseesseessesseessesssesssessesssesseessessnessessses 34
3.6 TTOBOPOTHBIN MOJIYIID MHCTPYMEHTA ..uvvenreerireasseesnreasseessseessesasseessesssseesssesssesssessnsesssessnseesses 35
3.7  MOZYID 3aXBATA BAKYYMHOTO .....veeuviteesteassesseesseassesseesseassesseesseasseassasseassesssesseassesseessessnesseeses 37
3.8  MOAYNb 3aXBATA MEXAHHMUECCKOTO .....veervreauteeseeasseessreasseessseassesasseassesssseesssessseessessnsesssessnseesses 39
3.9 Moaynb 3aXBaTa MUIIYIIETO HHCTPYMEHTR ...eeuvrereeseereasresseesseassesseesseessesssessessesseessesnsesseesses 41
3.10 MOYID 3D -TICUATH ... eeuveeiieeitee st eie ettt ettt et s sttt e sk e bt et e e b e e ese e e sbe e esb e e beeenteennneenneenneas 42
3.11 MOAYIb TA3EPHOM TPABHPOBKH .......verveerreasrerseeseassesseesseassesseesseasseaseeaseessesseesseasnesseessessnesseenss 47
3.12 TIYTBT YIIPABIIEHH ... ecvveutiitiiieeitieste sttt st bbb bbb e sb e b e e et e b e ns 49
TEXHUYECKOE OBCIIYX XNUBAHUE M EDU......cccoiiiiiiiiiiiiciieeee s 50
O R 0 100111 (S e ¥ 1 1 ST O PP O PR UP PR PPRO 50
T Y (5 0) 5 011001 163 (1 i TP PSP PPP PR 50
4.3 Tlopsiiok mpOBEAEHUS TEXHUIECKOTO OOCTYIKUBAHUS UBTEIHSL. ....vvenvveereeesnreeieesneeesnneanseessnes 50
BKITHOUEHUE M EDU ..ot 51
BBIKITFOUEHUE M EDU. ........ooiiiiiiiiiii e 55
[MTPUJIOXKEHNE PROMOBOT M CONTROL .....ooiiiiiiiiieiieceee s 56
7.1 PYUYHOE YIIPABIICHHUE .....vivvirviestiiieesteetiaite st st st et sba e bt bbbt e sb e e bbb e e b e s 57

7.1.1  PyuHoe ynpaBiIeHHUE «BE€3 HACATKI) .....cvveruriiieesieeaieesieeetee s eree e 61

7.1.2  PyuHoe ynpaBieHUE « MEXaHHUUECKUI 3AXBATY ....verveeriririirierisieesiianssieesresnesneennas 61

7.1.3  PyuHoe ynpaBieHHE « BAKYYMHBI 3AXBAT ....ccvervveriieiiriieniieiesieesieeeesieesieanesieennes 62
7.2 COBTAHUE TTPOTPAMM ....viuvirtiestiasriaseaseassesseesseasseaseeabeasseaseesbe e st aseeabeesbeaseeabe e bt e se e s be e b e e snesbeers 64

7.21  TIoATrOTOBKA K CO3JAHHEO TIPOTPAMMBI ......vveaveesresseeteessesseesseessesseesseassesseessesnnesseenes 65

T.2.2  BIOCKIY .ottt 66

T.2.3  PYENON Lo 80
7.3 HACTPOMKA ...c.viiutiiiiiiiieii et b bbb et n e 82

S T R & (103 :1 < 17 (R USRTOPRTR 84

7.3.2  TPABHPOBKA ...tttk b e b et 86

RS T BT B 1 (<1 - s SRRSO 89

7.3.4  MEXAHMUCCKUM BAXBAT ..eeuvveeuveeureanseesseeaseeasseasseessseasesssseasseeasssssessssesssesssessnsesssesanns 91



7.3.5  BaKYYMHBIF BAXBAT .. .vevieuiiiiiiiieiiiiiesti ettt nn e 91

S T S Y 3B = €Tt D1 6« % OO 92
A\ 0) 176 Y07 0) % 1 PP PR PRI 92
7.5 Oo6noBieHHE PUIOKEHUST Promobot M Control...........ccoveiiiiiiiiiiiii e 93
PROMOBOT M CONTROL SDK ......oiiiiiiiiiiieeie ettt s 97
8.1 Ha3HaueHUE U OOJACTD TIPHMEHEHHS . .eeevvreerreessreessreessneessseeessneessessssseessssesssssessssesssssesans 97
8.2 Apxurektypa 1 NPUHIUIIBI PAOOTBHI SDK .....oiiiiiiiiiiiiic e 98
S R (N0).Y 11 00) (53  § U 5 SRR PSP PPPR 98
8.2.2  IMOJICTID PADOTBI ...ccuuveeutiesteeetiesiteateesteeabeesseeateesbeeasbeeaseeabeeabeeenbeesaeeanbeesbeeanneennneenns 99
8.3 SDK PYINON....ciiiitiiiieiee ettt bbb ne e 99
8.3.1 TpeGoBaHus M MOATOTOBKA CPEIBI Python .......cccoocvviiiiiiiiii 99
8.3.2  O6mme koHIENIUH SDK Python .......ccccociiiiiiiiii e 102
8.3.3  Hammcanue mporpaMMBbI Python..........cccocveiiiiiiiiiii e 103
8.3.4  Kawmepa Pixy2 B SDK Python jist 3aXBaTa OO0BEKTOB .......ceeivereiiieeiiieeeriieensineeeens 122
T T I | QO RS PRR 142
8.4.1 TpeboBanus u UCTIOIB30BaHUE C++ SDK ....ciiiiiiiiiiici e 142
8.4.2  THIIBI KOMAHIL G uuuuuitiieissssesstesssssssssssssssssesesssssesesssesssssesesesssasesesesesesesesesesesessrnnnns 144
8.4.3  IIporpamMMHBIE OIOKU (CTPYKTYPA TIPOTPAMMBI) ....vevverviareesieereasresieesieessesseesseanens 146
8.4.4  OcHOBHOH 0JIOK BBITOTHEHUS (JIBVOKCHHS, YTCHUE TAHHBIX) vvvvvvvreeivreesssreesssneesnens 147
SR R TG 12 011 0 ) (5) 1 (SRR SURTPR 161



OnpenesieHusi, 0003HAYEHUA U COKPANleHUS

B HACTOAMECM JOKYMCHTC MPHUMCHAIOT CJICAYIOMMUC TCPMUHBI C COOTBCTCTBYIOIIMMHU

OIIPpCACIICHUAMM, COKPALLICHUA U 0003HAYCHMS:

M Edu — oOpa3oBaTenbHas pOOOTOTEXHUYECKAS miaTdopma

Promobot M Edu;

Manunynsarop —  MHOTO(YHKIIMOHANBHBII  HACTOJNBHBIA  YETHIPEXOCEBOM
POOOT-MaHUITYJISITOP € IUIOCKOIApaIeIbHOW KMHEMATHUKOM

1 00paTHOM CBA3bI0, BXOIAIIMIA B cocTaB M Edu;

oC —  OIEpalrOHHas CUCTEMA,

IIK —  TEpPCOHAJBHBIN KOMIBIOTED;

[10 — TporpaMMHOE 00€CTeUCHHE,

[Ipunoxxenue — BeO-uHTepdpelc I HACTPOMKM U yHpaBlIeHUs
Promobot M Control/ Manunyiasropom M Edu;

[Ipunoxenue

MM —  IIAPOTHO-UMIIYJIbCHAS MOIYJIALIUA.



1 MEPbBI BE3OITACHOCTM I1PHU UCITIOJIb30OBAHUU

1.1 O61mme Mmepbl 0€30MACHOCTH

K pabore ¢ M Edu pomyckaroTcss TOJBKO JIMIA, W3YYMBIIME 3KCIUIyaTallMOHHYIO
nokymenTtanuio Ha M Edu, npomeamme MHCTpYKTaX MO TEXHHKE O€30MACHOCTH C 00sA3aTEIbHOM
COOTBETCTBYIOIIECH OTMETKOH B )KypHaJIe MHCTPYKTa)Ka MO TEXHUKE OE30MacHOCTH.

Paboratore ¢ M Edu o6si3ansr:

- BBINOJHATH TPEOOBAHUSA SKCIUTYaTallMOHHOW JIOKYMEHTAllMHM, TMPaBUI DJIEKTPO- U

MokapHOi 0€30MaCHOCTH;
- HE JomyckaTh, 4yTOOBI ceTeBble W HHTEp(delicHble Kabenu ObUIM CKPY4YeHBl WIH
NepeiaBlieHbl, a TAKXKE PACIoaraTh UX TaM, TJIe UX MOTYT JIETKO MOBPEIUTH;

- KOHTPOJHMPOBATH BCE MPOIIECCHI BO BpeMsl pabOThI;

- TOCJE 3aBEepIICHUsI MPOIECCOB HEMEIJICHHO BBHIKIIIOUUTH 000PYI0BAHUE;

- wu30eraTh NOMaJaHus PYK U APYTHUX 4YacTei Teja B pabodyro 30HY MaHumyastopa M Edu

BO BpEMsl €TO JIBIKCHUS,

- TpH TOSIBJICHHUH MOCTOPOHHMX IIIYMOB, 3araxa rapu MpPeKpaTuTh paboTy U 00ECTOUHTH

o0opyI0BaHuUE;

- cojep)kaTh B YHCTOTE pabOUYI0 MOBEPXHOCTH MaHumysaTopa M Edu, mpoBOAUTH OUUCTKY

OT 3arpsi3HEHUM U MOCTOPOHHUX MPEIMETOB;
- TIpH NOSIBJICHUH HEHCIPABHOCTEH COOOITUTH 00 ATOM B CEPBUCHBIN LEHTP MPEANPUATHS-
W3TOTOBUTETIS.

3amnpeniaercs:

- MPOM3BOIUTH JCHCTBHS, MPOTUBOPEUAIINE IKCILTyaTallMOHHOM JoKkyMeHTannu M Edu;

- ocTtaBiATh paboTatonuit manunystop M Edu 6e3 npucmoTpa;

- wucnons3oBath M Edu nunamu mmamme 18 jer 6e3 conmpoBOXKIEGHUS M KOHTPOJIS CO

CTOPOHBI B3POCIIBIX;

- paboTaTh BO B3pHIBOOMACHOU cpejie, PSIAOM C JIETKOBOCIITIAMEHSFOITUMUCS MPEeIMETaAMHU;

- MOJKJII0YATh JIOMOJHHUTEIBHOE 000py0BaHNE O€3 BBHIKIIIOUCHHS MaHUITYJISITOPA;

- IepeMellaTb MAaHUMYJISATOP BO BKJIFOUEHHOM COCTOSIHUM;

- OTKpBIBaTh U pa30oHpaTh KOPIYC MAHUTTYJIATOPA U CMEHHBIX MOJIYJICH;

- MOoauMUIMPOBATH (M3MEHSTh WIH YAAISATH DJIEMEHTHI KOHCTPYKITUN) MAaHUITYJISTOD;

- mpousBoauTh peMoHT M Edu camocTosiTenbHo;

- ucrnoabp3oBath M Edu He 1o Ha3HAYEHUIO.
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1.2 Mepsl 0e3onacHocTa npu padore ¢ moayaem 3D-neuaTun

[Ipu pabGore ¢ momynem 3D-mewatm! He ONMyCKaeTcs pacrojokeHHe pabodero mecra B
NOMEUIEHHUAX 0€3 HaJIu4uus €CTECTBEHHON MIIM NCKYCCTBEHHOM BEHTUIISILIUUL.
3amnpemaeTcst TporaTh HarpeThli SKCTPYAEP U CTOJIUK JUI IeYaTH. 3alpeIaeTcs pacnoaaraTb

IpeaMeThI B paboueil 30He Moy 3D-nievatn.

1.3 Mepbl 6e30macHOCTH TPH padoTe ¢ MOy IeM JIa3epHOil TPABUPOBKHU

IIpu paboTe ¢ MOIyJIEM JIa3€PHOIl IPaBUPOBKH' JOMycKaeTcs paboTaTh TOIBKO B 3aIUTHBIX
OYKax.
3amnpeniaercs:
- CMOTpETh Ha JIyd J1a3epa;
- HCMOJB30BaTh MOAYJb Ja3epHON TPaBUPOBKM C MaTepHajaMH, BBIICISIOMIUMH CIKHE
BEIIIECTBA, a TAKKE OTPAKAIOIIMUMHI METaIAMHU;
- HampaBJISITh MOJYJIb JTA3€PHON TPABHUPOBKHU HA JKUBBIX CYIIECTB JIaXK€ B CIIyyae, €ClIi OH

00€ecToUEH.

1.4 Mepsbl Oe3omacHocTH NpU padoTe ¢ MOAYJEeM 3aXBaTa BAKYYMHOIO H

MEXaHHUYIECCKOIo

[Tpu pabote ¢ MoTyJieM 3aXBaTa BAKYYMHOTO M MEXaHUUYECKOTO 3alpeIiaeTcs:

- IIOJHUMATh I'Py3, Macca KOTOPOIo NPEBHIIIAET 3HAYECHUE TPY30II0ABEMHOCTH, YKa3aHHOE
B TEXHUYECKHUX XapaKTEpUCTUKAX;

- BbIKIOYaTh ManunysasTop M Edu, ecnu rpy3 HaxoAUTCs B MOJBELIEHHOM IOJIOKEHHH;

- mpucTynmaTb K paboTe, €ClIM eCTh MEXaHMYECKHE TOBPEXICHHUS Yy TMPUCOCKH WM
MEXaHUYECKOI0 3aXBaTa;

- NOJHUMATh MOKPBIN WJIU BIAXHBIN IPy3;

- IMOAHHUMATB OCTPBIC IPEAMCETEI.

! pu manuuuu moaysns B kommnexranuu M Edu.



2 OBLUASI THOOPMALIUSA

O6pa3zoBarenbHas poboroTexHudeckas miargopma Promobot M Edu mpeacrasnsier coOoit
MPOrpaMMHO-aNMNapaTHbI  KOMIUIEKC, COCTOSIIIMM W3 MHOTO(YHKIIMOHAIBHOTO HACTOJBHOTO
YETBIPEXOCEBOTO POOOT-MAHUITYJISTOPA C IIOCKOMAPAUICIbHOW KHHEMATUKON U 00paTHON CBSI3bIO,
Habopa CMEHHBIX pa0OYUX HMHCTPYMEHTOB M METOJUYECKUX YKa3aHUM, NMpeAHa3HAUCHHBIA IS
WCIIOJIb30BAHMSI B 00pa30BaTENIbHBIX LIETAX.

M Edu oGecrieunBaeT mojib30BaTeIi0 BO3MOXKHOCTh OCBOCHHUSI HABBIKOB IPOrPaMMUPOBAHUS,
OCHOB yTpaBiieHUss POOOTHU3MPOBAHHBIMU CHUCTEMAMHU M TPUHILHUIOB PabOThl MPOU3BOJACTBEHHBIX

JIAHUH.

2.1 IKCILUIyaTAIIMOHHBbIE OTPAHNYEHHUSA

[paBmia padotel ¢ M Edu:
1. CoOopka, mOArOTOBKA, BKJIIOYEHHE, OCTAHOBKAa W OOCIY>XKMBaHUE YCTPONCTBA JOJKHBI

BBITIOJTHATHCS CTPOTO B COOTBETCTBUU C JAHHBIM PYKOBOJICTBOM.

2. Kro moxet paborats ¢ M Edu:

- CaMocTosTenbHO paboTaTh C yCTPOHCTBOM MOTYT TOJBKO JIIOU cTapiie 18 yer.

- IlIxonbHUKM W TOAPOCTKH MOTYT ucmonb3oBaTh M Edu Tonmpko moj mpucMoTpom
B3pPOCIIbIX.

3. bezomacHocTh npu paboTe:

- Bcernma yuuThiBaliTeé OrpaHWYEHHUs, yKa3aHHbIE B TEXHHUYECKUX XapaKTEPUCTHKAX
YCTpPOMCTBA.

- He wucnonwsyiite M Edu, ecnm Temmeparypa, BIaKHOCTh WIH JAPYTHE YCIOBHS
OKpY’KaroIIeH Cpeibl BBIXOAST 3a Mpeesbl, YKa3aHHbIE B MHCTPYKIHUHU. DTO MOXKET
MIPUBECTH K TIOJIOMKE.

4. TlpocTtpaHCTBO AJis pabOTHI:

- VYo6enutech, uro Bokpyr M Edu nocratouno cBoGogHOTO Mecta. MUHUMAaILHOE

PacCTOSIHHE JIO CTEH WIH JIPYTUX MPEAMETOB JOJKHO ObITh HEe MeHbIe 0,5 meTpa.
5. 3ammra OT BOABI U TOBPEKICHUN:

- He pabotaiiTe ¢ ycTpOHCTBOM PSIOM C BOJOM, YTOOBI M30€KATh €r0 TOBPEKICHUS.



- beperure M Edu ot ynapoB, mageHuii U Ipyrux MEXaHUYECKHX BO3JCUCTBUH. ITO
MOXKET MPUBECTH K MOMNAJAHUIO BHYTPb IMbBUIM, >XUIAKOCTH WIH IOCTOPOHHHUX
MPEIMETOB.

6. Ywucrtka ycTpoiicTBa:

- He ucnons3yiiTe abpa3uBHbIC WIH XUMUYECKH aKTUBHBIEC CPEJICTBA M1 OUYUCTKHU. ITO

MOKET MOBPEIUTH IOBEPXHOCTb.
7. Iluranue u akceccyapsl:

- Hcnonp3yiiTe TONBKO OpUTHHAIBHBIN OJIOK MUTAHUS U aKceccyapbl, KOTOPhIE HIYT B
KOMIUJIEKTE C YCTPOUCTBOM.

- He nonxmovaiite M Edu k ucTouyHnKam MUTaHUs ¢ HECTAOMIIBHBIM HAMPSKCHUEM.

8. DneKTpoMarHUTHbIE TOJIS:

- He paboraiite ¢ yCTpOWCTBOM PSIIOM C UCTOYHUKAMH CHUJIBHBIX 3JIEKTPOMATrHUTHBIX

noJyiel (HarmpuMmep, MOIIHBIE MArHUTHl WU TEHEPATOPHI). ITO MOXKET HAPYIIUTh

paboTy SIEKTPOHUKH.

2.2 YnakoBka

VmakoBka M Edu (cm. PucyHok 1) — 310 KOpoOka u3 Oenoro ro)pokaproHa, ¢ pydykod u
JI0)KEMEHTaMHU BHYTPH JUIS 3aIUThI coiepkumMoro. [Ipu pacnakoBke COXpaHsIiTe ee IeTO0CTHOCTh AT

JanpHEHIero xpaneHus u nepesos3ku M Edu.



Pucynok 1 — YnakoBka

2.3 MapxkupoBka

Mapxkuposka uzaenus (M Edu) ecTs kak Ha ynakoBke, Tak 1 Ha CaMOM YCTPOMCTBE.
Ha ynakoBke MapkupOBKa HAXOIUTCS HA OOKOBBIX CTOPOHAX U COAECPKUT CIEAYIOLIUE JaHHbIE:
- HAUMEHOBAHME U3JEIINUS;

- HampsDKEHUE NMUTaHUs;

- MaKCHMaJbHO MmoTpebisiemMasi MOIIHOCTb;

- Jara IpoU3BOJCTBA;

- uH(bOpMaIys 0 JOKyMEHTaX, B COOTBETCTBUY C KOTOPHIMH Ipon3BeaeHa M Edu;
- KOMIIJIEKT ITOCTABKHU;

- CPOK CITy>OBbI;

- TapaHTUHHBIN CPOK;

- uH(popmanus o0 U3rOTOBHUTETE;

- uHdpopManus o cepTuduKanmy;

- MapaMmeTpsl yaKOBKH;

- uH(oOpManus o rpy30noiyvareie;

- uH(OpManusA 0 MyHKTE Ha3HAYCHHUS.
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Ha manunynstope MapkupoBKa pacIojlo’KeHa Ha JTHE OCHOBAHMS MAHMITYJIATOPA U COAEPIKUT
CIIEAYIOIUE JaHHbIE!

-  HauMMEHOBAaHUE U3JEINs;

- Macca,

- ra0apuTHbIE pa3MephL;

- HampsDKeHUe NMUTaHUs;

- MakCHMaJIbHO MOTpebisieMas MOIIHOCTb;

- JlaTa IPOU3BO/JICTBA;

- uH(popmanus 006 U3TOTOBUTEIIE;

- uHpOpMAIHs O TOKYMEHTaX, B COOTBETCTBHH C KOTOPBIM npousBenena M Edu;

- uHpOpMaNHA O cepTUPUKAIIHIH.

2.4 I'apanTHiinbie 00A3aTEILCTBA

["apaHTHITHBIA CPOK TPOU3BOAMUTENS cocTaBisieT 12 (ABeHamaTh) MecsieB. ['apaHTHIHBIN
CPOK UCUHCIIsIeTCs TI0 001eMy npaBuily ¢ JaThl npuodbperenus M Edu y npeanpuatus-u3roToBUTEN .
[apanTuitneiii cpok Ha M Edu, mpuoOpeTeHHBIH pO3HUYHBIM TMOTpeduteneM (TpakJaHHHOM,
npuobperarommM M Edu HCKIIOUNTENBHO A JUYHBIX, CEMEHHBIX, JOMAIIHUX U WHBIX HYX], HE
CBA3aHHBIX C OCYILIECTBICHUEM MPEANPUHUMATENIBCKON AESATEIbHOCTH) HCUUCISACTCS C JaThl
npuobperenus M Edu po3HuuHbIM noTpedutenem.

[Tpu obnapyxenuu B M Edu HerocTaTkoB B MepHo/I TapaHTHUITHOTO CpOKa BIIajienel] 00s3yercs
HE3aMeTUTENIbHO MUChbMEHHO COOOIINUTh 00 3TOM MPEANpPUATHIO-U3TOTOBUTENIO, OIMCAB MOAPOOHO
MIPU3HAKH BBISIBIIEHHOTO HEJIOCTATKA, U B TEYEHHUE OJTHOTO paboyero JHs 00eCnedyuTh 10 TpeOOBaHUIO
MPEANPUSATUS-U3TOTOBUTENS TUCTAHIIMOHHBINA nocTyn K M Edu nist AuCTaHIIMOHHOM TUArHOCTUKH.

B nepuon rapaHTUHHOTO CpoKa MNPEANpUSTHE-U3TOTOBUTENb OOS3yeTCsl MpU IMOIYYSHHUH
MPEeTeH3UN 00ecreuuTh 0e3B03Me31HOe yeTpaHeHue HepoctaTkoB M Edu B cpok He Goitee 60 pabournx
JHE ¢ MOMEHTa MOJIy4YEeHUSI IPEANPUITHEM-U3TOTOBUTEIIEM MTPETEH3UU U, B CIIy4ae HEOOXOJUMOCTH,
MPEI0CTaBICHUS TUCTAHIIMOHHOTO nocTyna Kk M Edu. [Ipeanpusitie-u3roroBUTENb BIIPaBe 0 CBOEMY
BbIOOpY ocymecTBuTh 3aMeny M Edu Henaanexaero kauecTna.

B cnydae cymecTBeHHOro HapyimieHus TpeOoBanuii k kadectBy M Edu (oOHapyxeHus

HEYCTPAHUMBIX HEJOCTATKOB, KOTOPbIE HE MOTYT OBITh YCTpaHEHBI 0€3 HECOPa3MEPHBIX PACXO0I0B WU
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3aTpaT BPEMEHHU, WIH BBISBISIOTCS HEOJIHOKPATHO, JIMOO HEOAHOKPATHO MPOSIBIISIIOTCS BHOBB MOCTIE
WX YCTpaHEeHHsI) BIIaJIeJiel] BIipaBe moTpedoBaTh 3aMeHsl M EdU HeHauiexamero kauecTsa.

["apanTHiiHbli CpPOK mpojajeBaeTcs Ha Bpems, B TeueHue kotoporo M Edu He wMor
HCIOJIb30BaThCs M3-32 OOHAPYKEHHBIX B HEM HEJIOCTATKOB, & IMEHHO Ha MEPHO]l BPEMEHH, PABHBIN
NEpPUOJYy C MOMEHTa IOJIyYEHHs YIIOJIHOMOYEHHBIM JIMIIOM IpeTeH3uu o Hepoctatkax M Edu go
MOMEHTa YCTPAHEHHSI HEJIOCTATKOB.

["apanTtuiitnoe 00cCIyKUBaHHME OCYIIECTBIISIETCS MO BBIOOPY MPEANPUATHSI-U3TOTOBUTEINS IO
MECTYy €r0 HaxOXXIeHHUsS WU 1o MecTy Haxoxaenus M Edu. apanTtuitHomy pemMoHTy (3aMeHe) He
norexxur M Edu:

- DJKCIUTyatupyemas oOpa3oM, HE COOTBETCTBYIOIIMM TpeOOBaHUSAM pPYKOBOJACTBA IO

IKCILTyaTalluu,;

- UMeIoLIas Mo BUHE MOJb30BaTeNe MEXaHUUYECKUE MMOBPEXKICHUS, IBUBIINECS TPUUNHON

oOpallleHus 3a TapaHTUIHBIM PEMOHTOM;

- DJKCIUTyaTUpyeMas WM XpaHHUBIIasCS B YCJIOBHUSX (cpele), He COOTBETCTBYIOIICH

TpeOOBaHMSM, YCTaHOBJICHHBIM JOKyMeHTanue Ha M Edu;
- mpoulenmas MoIU(UKAUIO (M3MEHEHUs) WM PEMOHT 0e3 ydyacTus NpearpHusTHs-
MU3TOTOBUTETIS.

["apanTHitHbie 00s3aTenbCTBA pacnpocTpansoTes Ha M Edu B Toli koMmmiekTanuu, B KOTOPOM
OHA HAXOJMJIACh HA MOMEHT IOCTAaBKHU MPEANPUATUEM-U3TOTOBUTEIIEM U HE PacCHpOCTPaHAIOTCS Ha
HEJIOCTaTKH, BO3HUKIIUE B pe3ysbrate HeBepHOU padboTsl [1IO Promobot M Control, pa3paboranHoro
(mopaboTaHHOTO) TMOJB30BATEIEM CAMOCTOATENIBHO ©O€3 COIVIACOBaHUS C  MPEANpPHUSITHEM-
MU3rOTOBUTEIIEM.

[Topsamok ocyuiecTBieHUs] TapaHTHiiHOoro oOciyxuBanus/peMonTa M Edu ycranoBien
[TonoxxeHreM O rapaHTUWHOM PEMOHTE U NMPOBEACHUM CEPBUCHOTO OOCTY>KMBAaHUS 000PYIOBaHUS
000 «ITPOMOBOT», pa3MeIIeHHOTO IO CChIIKE:

https://promo-bot.ru/warranty-repair-and-service-provision/.

B rapanTtuitnoe obOcnyxuBaHue (PEMOHT) HE BKIIIOUEHBI JOTOTHHUTEIBHBIC YCIYTH, B TOM
yuciae, 3arpy3ka uHpopmanun Ha M Edu, mopaborka ITO Promobot M Control, ¢ynkunonana,
MOHHUTOPHUHT cocTosiHusi M Edu, He cBsI3aHHBIN ¢ HMCMpaBiIeHUEM HEIOCTAaTKOB. J[OMOIHUTEIHHBIC
YCIYTH OKa3bIBAIOTCS HA OCHOBAaHWU OTIEIBHO 3aKIIOUYEHHOTO BO3ME3JHOTO COTVIAIICHUS, B

YaCTHOCTH corJjamieHus 00 ypoHe cepBuca (SLA).
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2.5 Xpanenue

[pu xpanennu M Edu HeoOxoauMo coOI0IaTh CIIeAyIONIHE TPEOOBAHHUS:
1. Vmnakoska:
- CoxpansiiTe KOpoOKy U YMaKOBOYHBIE Marepuaibl B cyxoM wmecte. OHU MOTyT
MOHAI00UTHCS 1711 IEPEBO3KU WIIM XPAHEHUS YCTPONCTBA B Oy IyILLIEM.
2. Mecrto xpaHeHus:
- Y06eaurech, YTO B OMEIICHUH TOPIOYUX KUIKOCTEHN UM Ta30B.
- M Edu nomxen xpaHUTbCs B OTAlNIMBA€MOM U ITPOBETPUBAEMOM MOMEIIEHUH.
- W30GeraiiTe monagaHus NpsIMbIX COTHEUHBIX JTy4eH.
- Temmeparypa gomkHa O0b1Th 0T +5°C 10 +40°C (pexomenayemas +25°C). CanlluH
- BuaxnHocTh BO3AyXa HE AOJKHA NpeBbIIaTh 65%.
3. TloaroroBka kK XpaHCHHIO:
- Ilepen Tem kak yOpaTh yCTPOHUCTBO Ha XpaHEHUE, IPOTPUTE €ro KOPITYC CYyXOi MATKOMN
TKaHbIO.
- IIpoBepbTe, 4TOOBI Ha PAOOUUX MOBEPXHOCTSIX MAHUITYJIATOPA U CMEHHBIX MOJIYJIeH HE
0CTaJIOCh MOCTOPOHHUX MaTEPHUAIIOB.
4. Yro Henb3s Aenath:
- He xnamurte TspKenbie mpeaMeTsl Ha KopoOky ¢ M Edu.

- He momyckaiite mOCTOPOHHHUX JIFOJAEN K MECTY XPAHEHHUSI YCTPOUCTBA.

2.6 TpancnopTupoBanue

[Tpu TpancIOpTUPOBAHUM COOIIOIANTE CIIETYIOIIHE TpaBUIa;
1. Hcnonb3yiiTe OpUTHHATBHYIO YIAaKOBKY — repeBo3ute M Edu Tobko B kopoOke, B KOTOpO
OH OBLJT M3HAYATIBHO YITaKOBaH.
2. YcIoBus IEPEBO3KU:
- TEPEeBO3UTh YCTPOUCTBO MOXKHO JIFOOBIM KPBITHIM TPAHCIIOPTOM,;
- pexkomenayemas temmeparypa: ot +10°C go +35°C;

- BIQXHOCTb BO3/lyXa HE JI0JKHA npeBbimath 70%.
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3. Ecmu mnepeBoswnn M Edu Ha xonozme, mpu MHHYCOBOW TeMmIeparype, TO IMepea
BKJIIOYEHHEM OCTaBbTE€ MAHHUITYJISITOP B TEIJIOM IMOMEIIEHUH Ha 2—3 4aca, 4TOObl OH
mporpesncs A0 TemrepaTtypsl He Huxe +10°C.

4. Kak ynakoBaTh:

- yOeauTech, YTO MAHUIYJISATOpP, CMEHHBIE MOJYJIM U JPYTUe JNETalH JeXaT Ha CBOUX
MecTaxX BHYTPH KOPOOKH;

- HE CTaBbTE KOPOOKY BEPTHUKAJILHO — OHA JIOJDKHA JIEKATh POBHO;

- Iepeja TPAHCIOPTHUPOBKOW MPOBEPHTE, YTOOBI BHYTPH KOPOOKH HE OBIJIO TOCTOPOHHUX
MPEAMETOB.

5. bepexHas nepeBo3ka:
- U30GeraiiTe ynapoB u pe3Kkux JABMKEHUI KOPOOKH BO BpEMS IIEPEBO3KHU.
- Ilomuute, uro ymakoBka ¢ M Edu — 310 Xpynkwuii rpys3, mo3ToMy oOpaliaitech ¢ Hekl

aKKypaTHO.

2.7 Yruausanusa

Cpok skcrutyataruu M Edu — 3 ropa.

Ecnu M Edu noBpexzaeHna Tak, yTo ee 00Jblie Helb3sl UCTIO0Ib30BaTh, — YTHIM3UPYHTE.

Jlist ipeioTBpalleHust 3arpsi3HeHUs OKPY Kalolel Cpelbl BCe OTXOJbI, 00pa3yromuecs Mmpu
yrunuzauu M Edu u ee wacteit, mojjexat o0s3aTelbHOMY COOpY € TOCIIENYIONIEeH YTHIN3allUeH B
YCTaHOBJIEHHOM TIOPSIJIKE M B COOTBETCTBHH C JCHCTBYIOIUMH TPEOOBAaHUSMU U HOPMAaMH OTPACIIEBON
HOpPMAaTHUBHOW JOKyMEHTalWK, B TOM 4uciae B coorBerctBuM ¢ CanlluHowm 2.1.3684-21
«'uruennyeckre TpeOOBaHUS K PA3MEIIEHUIO M O0E3BPEKMBAHUIO OTXOJOB MPOU3BOJICTBA H
MOTPEOJICHUS.

Ecnn 3170 HEOOXOAMMO [jIsi HAJOTOBOTO ydYeTa, Omepalus MO YTWIM3AIMU JOJDKHA OBITh
OTpa)keHa B OyXrajaTepCKUX JAOKYMEHTaX B COOTBETCTBHHM C 3aKOHOAATEIbCTBOM TOW CTpaHbI, B

KOTOpOﬁ YCTaHOBJICHO 060py)1013aHHe.
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3 OIMUCAHHUE YCTPOUCTBA

3.1 TexHuveckue XxapaKTepUCTUKHU

Texuuueckue xapakrepuctuku M Edu npeacrasiens: B Tabumie 1.

Ta6muna 1 — Texanveckue xapakrepuctuka M Edu

Ennnnna

IMapametp U3MepeHust 3HaveHune
I'py3onoabpeMHOCTh KT 0,5
KomnnuectBo creneneit cBo0o bl — 4
Panuyc paGoueii 30HbI MM 385
MakcumanbHas JIMHEHHAs CKOPOCTh IIGHTPAIBHOW TOYKU MM/C 100
UHCTPYMEHTa
To4HOCTH MO3UIIMOHUPOBAHUS MM 0,1
[ToBTOpsIEMOCTH MO3UIIMOHUPOBAHUS MM 0,2
Cremnens 3alIUThI KOpITyca — IP20
HomunanbHoe mnepeMeHHOE HampshKeHHe Ha BXojae OJioka B 230
MUTaHUS
HomunanbHOe MOCTOSHHOE HAampsyKEHHWE Ha BbIXOZE OJioKa B 12
MUTaHUS
[ToTpebnsemas MOIIHOCTD, HE OoJee Bt 180
Macca MaHunyssATopa 6e3 JOMOJHUTEIHLHOIO 000pyI0BaHUS, KT 7
He Oosee
Macca KoMITJIeKTa B yIIakoBKe, He OoJee KT 12
["aGapuTHbIEe pazMepbl MaHUMYJATOpa 0€3 JOMOJHUTETHLHOTO MM 316%220x408
obopynoBanus, JIXI1IxB, He 6onee
I"aGapuTHble pazMepbl KOMIUIEKTa B ynakoBke, JXIIIXB, ne MM 528%385x275
Oonee
Berpoennsiit komnbiotep Raspberry Pi 5 mist aBroHOMHOMN - Hannuue
paboThI
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Exnauna

IHapamerp U3MepeHus 3HavyeHue
BcTpoeHHblit cBETOIMOIHBIN SKpaH — Hannune
BceTpoenHslil nuHaMuK - Hannuue
Berpoennstit Mukpodon — Hanuuue
T"0710CcOBOM MOMOIITHUK — Hannune
[IpsiMoe ynpaBiieHHE y3J1aMU MaHUITYJISTOPA - Hannuue
Pexum FreeDrive — Hanuuue
BecnipoBoHbie HHTEP(EHCH 11 BHEITHUX KOMMYHHKAIHA — Wi-Fi, Bluetooth
[TpoBoanbIe MHTEP(HENCHI IIsI BHEITHUX KOMMYHHUKAIUI - Ethernet, HDMI, USB, UART,

RS-485, SPI, 12C, TTL, 1-Wire
WuTepdeiics! ais MoAKII0YSHNS JaTYUKOB U HCTIOTHUTEIBHBIX — UQppPOBBIE BXOABI, IH(POBEIE
MEXaHU3MOB BBIX0/1bI, BX06I ALIIL, BBIXO/1BI
1M

Martepuan 3D-niedatu (Moayss 3D-neuarn)? — PLA-puiament
TounocTh 3D-mieuarn (Moays 3D-neyath)? MM 1
MomHocTh  J1a3epHOro  rpaBepa  (MOAyJb  J1a3epHOU MBT 500
rpaBupoBKH)’, He Gonee
JlniHa BOJHBI Ja3epHOTO rpaBepa (MOAYJb JIa3epHOU HM 405-650
TPaBUPOBKH )
Jluamerp  BakyyMHOM  NpPHCOCKM  (CMEHHBIM  3axBar MM 23
BaKyyMHEII)?, He Goslee
MOoIIHOCTh Hacoca MOTYJIS 3aXBaTa BaKyyMHOT02, He 6oiee Br 6
Cuna cxatusi 3axBaTa MEXaHUYECKOro (MOXysb 3axBara H 0,8
MEXaHWYECKOT0), He Oosee
MakcumanbHblii  pacTBOp  KOITEH  MOAYJISA  3axBara MM 80
MeXaHHYEeCKOro, He 0ojiee
Cuia cxaThs 3axBara MITKoro (MOZYJb 3axXBara MTKOTO), He H 0,8

Gonee®
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Exnauna

IHapamerp U3MepeHus 3HavyeHue

MaxkcuMainbHbIl pacTBOp KOI'TEH MOJYJISl 3aXBaTa MATKOro, HE MM 85

Gonee’

! _Tapamerp yunTsiBaeTcst TOIBKO B MOTHOH KommaekTanuu M Edu.
2_ TlapameTp He yunThiBaeTcs B Komriektanuu M Edu Crapr.

$_ [MapameTp yuuTHIBAaETCSA MPU HATMYMK MOy MATKOTO 3aXBaTa B KoMiuiekTanuu M Edu

3.2 CoctaB M Edu

M Edu nocrasnsieTcst B TpeX KOMIUIEKTAILUAX:

1. TlonHast KOMIUIEKTAIMs — BKIIOYAET B €051 MAaHUIYJISATOP U 5 CMEHHBIX Haearok MOAyJel
(Momynp BaKyyMHOrO 3axBaTa, MOIYyJb MEXaHHYECKOTO 3axBaTa, MOJIYJb 3axBara
NUIIYIIEro HHCTPYMEHTa, MOyJb 3D-reyaTtu, MOIyJIb JIa3epHON I'PaBUPOBKH).

2. Kommekrarus 6e3 MOAYIS Ja3epHON IPaBHPOBKU — BKIIOYAET B ceOS MaHUIYISITOp U 4
CMEHHBIX HacaJkM (BaKyyMHBIH 3axBaT, MEXaHWYECKHMH 3axBaT, 3axBaT IUUIYILIETO
MHCTPYMEHTa, MOyJb 3D-nieuatn).

3. Kommiekramus M Edu Crapt — BritouaeT B ce0si MAHHUITYJISATOP M 2 CMEHHBIX MOJYJIS
(MoIy TP MEXaHUYECKOTO 3aXBaTa, MOYJIb 3aXBaTa MUMIIYIIEr0 HHCTPYMEHTA).

Cocras M Edu BkiIrO4aeT KOMIUICKTYIOIIHE, TIPEACTAaBICHHbBIC B TAOIUIIC 2.

Tab6auma 2 — Cocrtas M Edu

Neo HanmeHnoBanue Kpartkoe onucanmne KonnuectBo

1 WNHdopmannoHHbIH aucT Ccpuika u QR-kox JUISI MOJTy4EHUs 1 mr.

MOJIb30BATEIBCKON TOKYMEHTAMN U METOANYECKHUX

nocooui
2 Manunynstop MHorogyHKIMOHAIbHBIN HAaCTOJIBHBIN 1 mr.
YEeTHIPEXOCEBON PpOOOT-MaHUTTYJIATOP C

IUIOCKONApaUIeIbHOM KWHEMaTHUKOM W oOpaTHOM

CBA3BIO
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KpacHOT0 JIA3€pHOT0 U3Ty4eHUsI IITMHON BOJIHBI 405—

450 M u 635-660 M

Ne HaunmeHoBaHue Kpartkoe onucanmne KonunuyectBo
3 bnox nuranus WMy nibCHBIN OJIOK MUTaHUs ¢ KabesneM Ui TUTaHUs 1 wr.
oT cetu nepemeHHoro toka 230 B 50 I'm, Buika
craugapta CEE 7/4 (tun F) wau 7/7 (tun E/F) ¢
3a3eMJIEHUEM U BBIXO/THBIM MOCTOSTHHBIM
HanpspkeHueM 12 B
4 [IynbT ynpapieHus? [TpoBoanoi USB-reitmmnan a1 py4yHOro ynpaBieHUs 1 wr.
M Edu
5 Ieyararomias rogoBKa’ l'onoBka st meyatu PLA-¢dunamenTom; BXOAWT B 1 wr.
KOMIUIEKT MoayJst 3D-nevyaru
6 DkcTpyaep? HacTonpHblil 070K ¢ CEepBONPUBOJOM MAJIsl MOJAayuu 1 mr.
PLA-dunamenTa K nedararoliei rojloBKe; BXOJAUT B
KOMIUIEKT MoyJst 3D-nevyaru
7 Tpy6xka TedroHOBas? TpyOxka st mogaun PLA-¢dunamenTa k nevararomen 1 mr.
rOJIOBKE; BXOJAUT B KOMILIEKT Moy 3D-neuatu
8 Hep:xarenb KaTymky | J[Be HampaBisiomue [Uii YCTaHOBKH —KaTYLIKH 1 wrT.
PLA-punamenTa? PLA-puiamenTa; BXOAUT B KOMIUIEKT MOJIYJIS
3D-neuatn
9 3alUTHOE CTEKNIO? Crekyi0 A5 3alIMTHI TOBEpXHOCTH Npu 3D-neuary; 1 wrT.
BXOJMT B KOMIUIEKT Moy 3D-neuaTtu
10 TecToBbIN PLA-¢unamenT aiig npoBepku pynkuun 3D-nedartu; 10 m
PLA-(l)I/IJ'IaMeHTZ BXOJUT B KOMIUIEKT MoAyJ s 3D-nevaru
11 Momynb nazepHoil | Momynb na3epHsriii kpacubiii 405-650 am 500 MBT ¢ 1 .
rpaBupoBKu’ (b OoKyCUpPOBKOI
12 Oukwu 3amuTHbE! 3amuTHBIE OYKM OT (DUOJIETOBOTO, CHHETO H 1 mr.
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Ne HaunmeHoBaHue Kpartkoe onucanmne KonunuyectBo
13 Buemnnit 610k | biok ¢ BakyyMHBIM HacocoMm Jjsi MOAYJIA 3axBaTa 1 mr.
KOMMYTAalUH BaKyyMHOro M 0€30IaCHOM KOMMYyTalMM IHUTAHUA
MHCTPYMEHTa? MOJIYJIsl JIa3epHOH T'PaBUPOBKH', C MOJIMYPETAHOBOH
TpyOKOI
14 Kirou komMmyTauuu | Kirou oT Kirod-BbIKIIFOYATENs, MpPeJHa3HAuYCHHOI'O 2 mr.
HNUTAHUSA MOIyJsl | uid Oe30HacHOM KOMMYTAaLMM IUTaHUS MOAYJIA
Ja3epHON IPaBUPOBKHU Ja3epHON IpaBUPOBKU
15 Monynb 3axBaTa | 3axBar Jyld MUUIYIIEr0 HHCTPYMEHTa TMaMeTpOM J0 1 wr.
MULIYIIET0 HHCTPYMEHTA 10 MM
16 Pyuka Promobot [MapukoBass pyuka; HCIOJIB3YETCS COBMECTHO C 1 mr.
MOJ1yJIEM 3aXBaTa MUILIYIIEr0 HHCTPyMEHTa
17 IToBopoTHBIit mMonyib | biok cepBompuBona asis obecneueHUs] BpaleHMs 1 mr.
UHCTPYMEHTA UHCTPYMEHTa (HE MHCIONb3yeTcs sl  MOJIYJIs
3D-neuatu, MOy IS Ta3€PHOM TPABUPOBKH M MOTYJIS
3axBaTa MUIIYIIEr0 HHCTPYMEHTA)
18 Mopyns 3axBata | Monynb ¢ BakyyMHOM PUCOCKON 1 mr.
BaKyyMHOTO?
19 Monynb 3axBara | biok MHCTpyMeHTa C IByMs aKpWJIOBBIMU KOITSIMH, 1 wrT.
MEXAHUYECKOTO IIPUBOJMMBIMU B JBUKEHHUE CEPBOIIPHUBOIOM
20 Moznynp 3axBata MATKoroS | BIOK HMHCTpYyMEHTa C JByMS IUIACTHKOBBIMH 1 mr.
KOTTSIMH, MPUBOJUMBIMU B JBUKECHHE
CEPBOIIPUBOJIOM
21 [Muyp cereBoro | OTBETHBIM IIHYp pa3beMa CETEeBOro HHTepdeiica 1 mr.
untepdeiica ETHERNET | ETHERNET
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Ne HaumeHnoBaHnue Kpartkoe onucanue KoaunuecTBO
22 TTo/I0KKa C PA3METKOM? PabGouee mone maHuUMyIsITOpa C Pa3METKOW IS 1 .
TOYHOTO pa3MeIleHUss OOBEKTOB H  yJ00CTBa
WCITOJIB30BaHUS IPU 00YUCHUH
23 Bcerpoennoe I10, MpeHa3HAYECHHOE JUIst yIIpaBJICHUS 1 .
IporpaMMHOE MaHUITYJISITOPOM
obecneyeHne
Promobot M Control
24 Kpatkas uncrpykius mis | Kparkas — uHCTpyknuss 1o BKJIIOYEHHIO  / 1 .
noias3oBarens M EDU BeIKIIOUeHHI0O M Edu, cmene Hacagok ¢ QR-kogamu
Ha BUJICOMHCTPYKIUU
25 Y1aKOBOYHBIH JIUCT ToBapoconpoBOAUTEILHBIN JIOKYMEHT, 1 .
NPEJICTaBISIIOIIMI ~ cOOOM  JeTallbHYI0  OIUCH
COJIEPKUMOTO KaKJ0T0 TPy30BOI'0 MeCTa
26 [Tacnopt OKCIUTyaTallMOHHBIA  JTOKYMEHT, COJIep KA 1 mr.
OCHOBHEIE TEXHUYECKHE XapaKTEePUCTUKH,
napameTpsbl, CBEJICHMSA 0 MIPOU3BOJUTENE,
KOMIUIEKTAIlMKM, TapaHTUU W TpaBuia Oe30macHOU
AKCILTyaTalliy TOBapa
27 [Muauer g cHatus | Cnenuanu3upoBaHHBIN py4HOH WHCTPYMEHT, 1 mrT.
pa3beMOoB npelHa3HauYeHHBIA Al 0e30MacHOro W OBICTPOTO

H3BJICUCHUS KOHTAKTOB U3 JJICKTPUYCCKUX PAa3bCMOB

1 _ Bxi1roYeHo TOJIBKO B noHyo Komiuiektanuio M Edu.

2_ He Brimoueno B komruiekTaiuio M Edu Crapr.

% _ He Brimoueno B kommiektamuio M Edu, mproGperaercs oTaenbHO
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3.3  Manunyastop

OcHoBHbIM  KoMmioHeHTOM M Edu  sBnsercss HACTONBHBIM  4-0CEBOW  MaHUITYJISATOD
(cMm. PucyHOK 2), KOTOPBIH COCTOUT U3:

- OCHOBAaHHUS;

- OamHuy;

- TOJHMYpPEeTaHOBOTO KOpITyca.

UT0o0BI yCTPOMCTBOM OBLIO YI0OHO M O€301TACHO MOIH30BATHCS, B KOMITJIEKT BXOIST 3aIIUTHHIE
AJIEMEHTHI, POBOJIA U PACXOTHUKH, KOTOPHIC MOMOTAIOT IMOJIYYHUTh JOCTYIT KO BCeM (QDYHKITUSIM.

M Edu MoxHO ymydmiate u pacHIupsTh, MOJIKIOYAs K HEMY JOTIOJTHUTEIHHBIE COBMECTUMEIE

MOIYJIN. 210 ACJ1acT YCTPOﬁCTBO Ooiece YHUBCPCAJIbHBIM U ITOJIC3HBIM IJI PAa3HbIX 3aj/1a4.

Pucynok 2 — HactonbHbIl 4-X 0CEBOM MaHUITYJIATOD

3.3.1 OcHoBaHHUeE

OcHOBaHHE MaHMITYJIATOpPa — 3TO HEpa3OOpHBIM OJOK, BKIIOYAIOMIMKA B ce0s AMCIICH H
pa3beMBbl 17151 BHEITHUX MOAKIIOUEHUN. J{UCTIIel, pacioioKeHHbBIN Ha TIEpeIHeH TaHeIu, 0TOOpakaeT

cTaTyc paboThl MAHMITYJITOPA C MOMOIILI0 H300paxkenuii popmata GIF (cm. Pucynok 3).
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Pucynok 3 — Jlucruieit Ha OCHOBaHHH MAaHHITYJISTOPA

MaHunynsaTop BU3YaJIbHO CONPOBOXKAAET CBOM JACWCTBUS CIEAYIOUIUMH H300paKECHUSIMU
¢dopmara GIF:

— IIPpH BKJIIOYCHHUH,

n — B PeXUME OXKUTAHWS;
n — BO BpeMsi pabOThI MPOrPaMMBlI,
n — TI0CITE OCTAHOBKH.
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PazbeMbl U1 BHEITHKUX TOAKIIOYCHUH paciioyioKeHbl Ha 3aHel manenu (cM. PucyHok 4):

=

(e

ETHERNET

R

RS-485 STEP/DIR T STEPPER 12v OUT

Pucynok 4 — [lanens pa3beMoB JiJIsl HOJKIIIOUEHUSI BHEUTHUX YCTPONCTB

TymOsep BKITFOUSHHSI/BBIKIIOUCHHS TUTAHUSI MAHUITYJISITOPA:
- «0» — muTaHUE BHIKJITFOYCHO;
- «|» — nUTaHUE BKIIOYEHO,
UART — s TOAKIIOYEHHS BHEITHETO OOOpYJOBaHUS 110 ITOCJIECIOBATEIIBHOMY
unrepdeiicy UART;
ETHERNET — nna nogkiitoueHuss MaHUITYISTOPA K KOMIIBIOTEPY;
USB — s moakiIroYeHus SJIEMEHTOB yIpaBieHus (KOMIBbIOTEpHAs MbIIb, KIIaBHATYypa,
MyJbT YIPABICHUS);
GPIO — nyis noaxiIroYeHUst BHEIIHUX JATYUKOB U UCIIOJIHUTEILHBIX MEXAaHU3MOB.
HDMI — nyist monkroueHuss MOHUTODA,
RS-485 — nns nmonkmOYeHHs BHEIIHETO OOOpYNOBaHMS IO  IOCIEA0BATEIILHOMY
untepdeiicy RS-485;
STEP/DIR — nns npsiMoro yripaBieHHUs IpaliBepaMu [IarOBBIX BUTATENICH CUTHAIAMU B
BHJIE TIPSIMOYTOJIBHBIX HMITYJIbCOB;

TTL — ansa moakitoueHHs! CEpBONPUBOIA HanpsbKeHneM nuTanus 12 B ¢ unTepdeiicom

TTL;

10. STEPPER — mist moakIIF0ueHus MIaroBOr0 JIBUTATENS
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11. 12v OUT — gy muTaHus BHEIIHEro oOopyaoBaHus (OJIOK KOMMYTAIlMd MHCTPYMEHTA,
HarpeBaTeIbHbIN 3JIEMEHT MevaTarouieil ToJI0BKH);

12. POWER 12v — myist moaximroueHus 6J10Ka TUTaHUS MaHUITYJISTOPA.

J171st IpaBUIIBHOTO U ©6€30MaCHOTO MOAKIIOYEHUS TOTIOIHUTEIBHBIX COBMECTUMBIX MOAYJIEH K
MaHUIYJIATOPY NOJb3YHTECh HHPOPMALIUEN O KPACITMHOBKE» Pa3bEMOB.

Takke B OCHOBaHHMHM pACIOJOXKEHBl JIMHAMUKH I oOecreueHus oOpaTHOM CBs3H
MOJIL30BATEIIIO IPH B3auMoaelicTeuu ¢ M Edu.

B kadectBe «MoO3ra», OCHOBHOTO BblUHMCIUTENbHOTO MoOayiss M Edu, wucnonb3yercs
OJTHOTUIATHBIN KomIbioTep Raspberry Pi 5 (cm. PucyHok 5) ¢ oneparmonHoit cucreMoii. ITo jenaer

YCTPONCTBO aBTOHOMHBIM (111 padboThl ¢ M Edu He Hy»eH KoMIbIoTep).

Pucynok 5 — Onnoruatserit komnbiotep Raspberry Pi 5

VYmpasnenne nononHUTeNbHBIME cucTeMaMu M Edu ocymiecTBnsieTcss depe3 BCTPOEHHBIH
MUKpOKOHTposuiep STM32.

Jlns BemmostHeHUs BeeX pyHKnMd M Edu moctaTouHo MOAKIIOUNT K MAHHITYJIITOPY MOHHTOP
Y DJIEMEHTHI YIIpaBlIeHUs! (KOMIBIOTEPHAS MBIIIIb, KIIABUATYPA).

Taxxe MOKHO HUCTIOJIB30BaTh BHEIIHUI KOMIIBIOTED, YTOOBI pa3ienuTh 3anaun: Raspberry Pi 5
OyJieT ynpaBisTh MAaHUIYJISATOPOM, & KOMITBIOTEP — OTBEYATh 3a rpaduueckuii uHTepdeiic.

Ha xopmyce oOcCHOBaHMS HaxOJUTCS KHOMKA BKIIFOUCHUS/BBIKIIOUCHHUSI MAHHUITYJISITOPA

(cm. Pucynoxk 6). [Ipu HaXkaTHn Ha HEe MAHMITYJISITOP BBIKITIOYACTCS.
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Ota KHOMKa yaoOHa TeM, YTO MOKHO BBIKJIIOUUTH YCTPOWCTBO, HE TpOras OCHOBHOM
nepexiIovarens nuranus (Tymoinep). Eciam HeoOXoauMo CHOBa BKIIFOUHTH MAHHITYJISTOP, MPOCTO

HaXXMUTE 3Ty KHOIIKY €Ile pa3.

PI/ICYHOK 6 — KHomka BKJIFOUCHMS/BBIKITIOUEHUS MaHUITYJIATOpA

3.3.2 Bbamusa

Bamns 3akperieHa Ha OCHOBaHMM MaHMITyJATOpa. Ha OarmHe 3akperuieHsl IUIeYO W CTpena

Manumystopa (cMm. Pucyrok 7).
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Pucynok 7 — Manumnynsatop, riae 1 — ocHoBanue,; 2 — 6amrns; 3 — tuiedo; 4 — crpena; 5 — 0JIoK

MHCTPYMEHTA

JIBM)KeHHUE TuIeYa M CTPENIbl MAaHHUITYJIATOPA MPOUCXOAMT O1arogapst TpeM IMOBOPOTHBIM y3J1aM
(J1, J2, J3) (cm. Pucynok 8). DTH y311bI IPUBOIATCS B ABHKCHUE IIATOBBIMHU JBUTATEISIMH, KOTOPHIC
paboTalT Yepe3 peMeHHbIe mepeaadn. YToObl KOHTPOJIMPOBATH MOJOXKCHHE Y3JI0B, MCIIOJIb3YIOTCS
OHKOJICPHI (HATYMKHU IIOJIOKCHHUSI) W KOHIIEBHIC BBIKJIFOYATENN (JATUYUKHU, KOTOPHIC TOKAa3bIBAIOT

KpailHUEe TOYKU JIBUKEHUS).

26



Pucynoxk 8 — IToBOpOTHBIE Y3716l MAaHUITYJITOPA

Ha crpene pacnosnoxen 010K HHCTPYMEHTA M MaHEIb Pa3beMOB ISl MOAKIIOYEHHS] CMEHHBIX
monyneit ¢ kHomkoit FreeDrive. Ilpu wnaxatum u ynepxuBanuu kHonku FreeDrive crpena

MaHHUITYJISITOPa «paccialseTcs» U ee MOXKHO MEPEMECTUTh B HY)KHOE TosiokeHue (cM. Pucynok 9).
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Pucynok 9 — Ctpena Mmanunymstopa (Buj cBepxy), Iie: 6 — maHeiab pa3beMOB Ul MOIKIIOYCHHS

CMEHHBIX MojtyJiel; 7 — kHomka FreeDrive

Ha manenu pazpeMoB 151 MOAKIIOYSHHS] CMEHHBIX MOJYJIEH PacloiOKEeHbI pa3beMbl (CBEPXY
BHH3):

1. TEMP — qyisg noaxIroYeHs 1aTYMKa TEMIIEPATYPhI IEYATAIOIICH TOJIOBKH.

2.  FAN — myis moaxmroueHUs: BEHTWIISITOPA IEYaTAIOMIEH TOJOBKHY.
3. GP3 - ans noaximoveHus TOBOPOTHOTO MOJTYJISI HHCTPYMEHTA.
4

GP3 - AJI1 TOAKIIFOYCHHUA MPUBOJA MOIAYJIA 3aXBaTa MCXaHHYCCKOTO WIIH ﬂa3epH0ﬁ

TOJIOBKH'.

I[JI?I MNpaBUJIILHOTO U 0e30macHoOro IIOAKIIOYCHUA AOIIOJTHUTCIBHBIX COBMCCTHUMbBIX MOI[yHCfI K

MaHUMYJIATOPY NOJB3yHTECh HHGOPMaLIUEl 0 KpaCIMHOBKE» Pa3beMOB.

1 o
— ITpu Haywuny B komIutektanuu M Edu cMeHHOTO MOYJIs JIa3epHOM TPaBHPOBKH.
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3.3.3

Iopsinok pacnoso:keHnsi KOHTAKTOB («PACIUHOBKA» Pa3beMOB)

JI71st IpaBUIIBHOTO U O€30MACHOTO MOAKIOYEHUS TOTIOTHUTEIBHBIX COBMECTUMBIX MOJYJIEH K
MaHUIYJIATOPY  MOJdb3yiTech MH(poOpManue o

«PpaCIIMHOBKEC» Pa3sbEMOB JJIA BHCIIHHUX

MOJIKJTFOUCHHH, PACIIOJIOKEHHBIX Ha 3aaHedl maHenn (cM. Pucynok 10) M 0  «pacnuHOBKE»

Pa3beMOB JJIs TIOAKIIIOYCHHUS Ha CTpelie MaHumyJsTopa (cM. Pucynok 11).

®

®

(D ETHERNET UsB

HDMI

| =0 (&) o

RS-485 STEP/DIR TTL STEPPER 12v OUT
POWER @
Bee ll..l.'l.l M M @I 12v

(®

Pucynok 10 — PazbeMsbl )11 BHENTHUX MMOIKITFOYCHUIH

IE

H

(. @ .E-E. T

Pucynok 11 — PazbeMbl )11 MOAKIIFOUEHHS HA CTPEJIe MAaHUITYJIATOpa

[Topsitok pacrooKeHus KOHTAKTOB («PaCIMHOBKA» Pa3beMOB) IS BHEITHUX TMOIKITFOYCHUH
omnucad B Tabdmuiie 3.
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IIpumeuanus — Eciu Ha nopt GPIO pazsema UART nonate HanpsbkeHue Boiiie 3,3 B, To
9TO TPUBEJCT K 3aMbIkaHuio Ha KoHTakT GND (3emuis1) u Beixoay M Edu u3 ctpost.

Tabmuma 3 — [Topsaok pacnoyioKeHHsI KOHTAKTOB Pa3beMOB Ha 3aHEH MaHeIn

HaumeHoBa-
HHE Haunmeno-
Homep Tun
Pa3zbem OTBETHOI'0 BaHUe IlapameTpbl curHaga
KOHTAKTA KOHTAKTA
pa3bemMa Ha KOHTAKTA
Ka0eJab
UART IDC-10F 1 12B Brixon MakCUMaJILHBIA — TOK:
* Iepsbiii kontaktT | IMPOU3BOJIHU- 100 MA
cipaBa  ceepxy. | Tesb Connfly.
2 GND 3emis MakcuMalbHBI  TOK:
Hymepauus MapkupoBka
CBEPXY BHU3, 1A
MIePBOTO
CIIpaBa HAJICBO
KOHTAKTa 3 E2 Bxon/Beixon MakCUMaJIbHBIA — TOK:
ykasaga - na (GPIO) 16 MA
KOPII B
opiycee Homyctumoe
BHAC nHanpspkenue: 0...3,3 B
TpEeYroJbHUKA
4 El Bxon/Beixon MakcuManbHBII  TOK:
(GPIO) 16 MA
HomuuanrHOE

Hanpspkenue: 0..3,3 B

5 nRS Bxon/Beixon MakcUMalbHBII  TOK:
(GPIO) 16 MA
HomunanrnHOE

Hanpspkenue: 0..3,3 B

6 STOP Bxon/Beixon MakcuMalbHBI  TOK:
(GPIO) 16 MA
HomunansHoe

Hanpspkenue: 0..3,3 B
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HaumenoBa-
HUE Haumeno-
Homep Tun
Pa3zbem OTBETHOI'O BaHUe IlapameTpbl curHaga
KOHTAKTa KOHTAaKTa
pa3bemMa Ha KOHTaKTa
KabeJsb
7 RX Bxon MakcuMalbHBIA — TOK:
(UART), 16 MA
Bxon/Brixon HomunansHoe
(GPIO) Hanpsbkenwue: 0...3,3 B
8 X Breixon MakcuMalbHBIA — TOK:
(UART), 16 MA
Bxon/Beixon | HommHanbHOE
(GPIO) Hanpsokenue: 0...3,3 B
9 5B Brixon MakCUMaJIBLHBIA — TOK:
100 MA
10 GND 3emutst MakcumanbHbBIi  TOK:
1A
GPIO PHR-6 1 ITopt Bxon Jomyctumoe
* [epsbiii kKontakt | POH3BOAU- 1/SDA ALIl/Beixon | mHanpspkenue: 0...5,5 B
pacnionoxen cinesa | Tenb JST HINM/MHTep | MakcuManpHBIH  TOK:
GbelicHbIi 16 MA
mopT
2 ITopt Bxon Jonyctumoe
2/SCL ALIl/Beixon | wanpspkenue: 0...5,5 B
HINM/MHTep | MakcuManpHBIA — TOK:
(eiicHbIi 16 MA
mopT
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Haumenosa-

HUE Haumeno-
Homep Tun
Pa3zbem OTBETHOI'O BaHUe IlapameTpbl curHaga
KOHTAKTa KOHTAaKTa
pa3bemMa Ha KOHTaKTa
KabeJsb
3 [Topt Bxon Homyctumoe
3/MOSI ALIIT/Beixon nanpspkenue: 0...5,5 B
HIMM/MHTep | MakcuManpHBIi  TOK:
(elicHbIi 16 MA
opT
4 ITopt Bxon Homyctumoe
4/MISO ALIIl/Beixon Hamnpsbkenue: 0...5,5 B
HIMM/WHTEp | MakcuManbHbIA — TOK:
GeticHbIi 16 MA
nopT
5 [opt Bxon Jomnyctumoe
5/SCK AITT/Beixon Hanpspkenue: 0...5,5 B
HIMM/WHTep | MakcuManbHBIH — TOK:
GbelicHbIi 16 MA
opT
6 GND 3emist MakcuManbHBIA  TOK:
1A
12v OUT XHP-2 1 VYupasinse Beixon MaxkcuManbHbId  TOK:
* epsbiii kontaktT | IMPOU3BOIU- Mast 3eMJISt 2A
pacnionoxen cnepa | Tesb JST
2 12B Brixon MakcumManbHBI  TOK:

2A
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[Topsiok pacronoxeHusi KOHTAaKTOB («paclMHOBKA pPa3beMOB») Ha CTpENie MaHUITYJISITOpa

omrcad B Ta0aure 4.

Tabnuna 4 — IlopsaoK pacroyoKeH!s] KOHTAKTOB pa3beMOB Ha CTPENIE MAaHUITYJIATOPA

Pasbem HasBanue Homep HasBanmue Tun kouTakTa ITapamerpsl
OTBETHOI'0 KOHTAKTAa KOHTAKTa CUT'HAJIa
pa3beMa Ha
Ka0eib
3.GP3 | PHR-4 1 TTL/PWM WNuTepdeiicHbrit Homyctumoe
MPOU3BO- nopt/Beixox HINM HaIpsHKeHUE:
nureb JST 0..5,5B
MaxkcumanbHbIH
TOK: 2 A
2 AL Bxon Honyctumoe
HaIpsKEHUE:
0..55B
3 5B Brixon MaxkcuManbHbBII
Tok: 1 A
4 GND 3emutst —
4.GP3 | PHR-4 1 TTL/PWM WuTepdeiicubrit JHomnyctumoe
IIPOU3BO- nopt/Bsixon HINM HaIlpsDKCHUE:
mutensb JST 0..55B
MaxkcumanbHbIN
TOK: 2 A
2 AT Bxon Homyctumoe
HaIpsKEHUE:
0..55B
3 5B Brrxon MaxkcuManbHbIH
ToK: 1 A
4 GND 3emutst —
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3.4 BJaok nuranus

bnok mutanus (cMm. PucyHok 12) — 3T0O yCTpOWCTBO, KOTOpPOE MpEeBpaliacT MEpeMEHHOE
HamnpspbkeHue 230 B (kak B po3eTke) B MOCTOsSHHOE HampsbkeHue 12 B. Y Hero ecth criennaibHBIN

KOHTaKT JUIs 3a3€MJIEHUS, KOTOPBIN JenaeT ucnoiib3zosanne M Edu 6e3onacHbIM.

Pucynok 12 — briok nutanus

Jlns moakimrouenus 6;oka nmutarus Kk M Edu, BcraBeTe ero B pazseM POWER 12V Ha manenu
Pa3bEMOB JIJIS TIOIKJIFOUYCHUS BHEIITHUX YCTPOWCTB.

IIpumeuanue — I[loaxmtouenune Onoka nutanus Kk M Edu paspemaercs Tonbko mpu
ycTaHoBKe TyMOusiepa B nojoxxenuu «0». Mcnonb3oBanne M Edu 3anpeniaercs mpu moBpekIeHHbBIX

JJIEeMEHTaxX KopIyca uiu kabenen 610ka MUTaHUS.
3.5 BHeunrHuit 010Kk KOMMYTALUM HHCTPYMEHTA

Buemnuit 610k KoMMyTanuu HHCTpyMeHTa (cM. Pucynok 13) npeanaznaden asis 0e30macHoi

KOMMYTAIIH MMATAHUS MOAYJIS JTa3€pHOM IpaBUPOBKU' U pabOTHI MOYJISA 3aXBaTa BAKyyMHOTO.

1 o
— ITpu Hannuuu B komiuiektauuu M Edu cMeHHOr0O MOy J1a3epHOM rpaBUPOBKHU.
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Pucynok 13 — BaemrHuii 6JI0K KOMMYTAaIlii HHCTPyMEHTA

BuyTpu 650Ka yCcTaHOBJIEH BaKyyMHBIH HAacoC JUIsl IPHUCACHIBAHUS MPEIMETOB BaKyyMHOM
MPUCOCKOU. J[7151 3TOT0 610K KOMMYTAIIMK HHCTPYMEHTA TpeOyeTcs MOIKIIIOUNTh K pazbemy 12v OUT
Ha TIaHeJId Pa3beMOB JIJIsl TOJIKJIFOUEHHU S BHEITHUX YCTPONCTB.

CHapyxu OlOKa — KJIIOY-BBIKJIIOUATENb I BKIIIOUYCHHSI/BBIKIIOUCHHS] THTAHUS JIa3epHON
rojoBku. Jlyist 3TOoro 610K KOMMYTAllMd MHCTPYMEHTa TpedyeTcs MOJKIIoUnTh K pazbemy TTL Ha

MaHEeJIn pa3bEMOB I MOJKIIOYCHUA BHCIITHHUX YCTPOﬁCTB.

3.6  IloBOpPOTHBII MOAY/Ib HHCTPYMEHTA

B moBoporHoM wMoayiae wuHCTpyMeHTa (cM. Pucynok 14) pacmosaraeTcs YeTBEpPTHIH

MOBOPOTHBIHN y3eu (J4) manumymsTopa.
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Pucynok 14 — [ToBOpOTHBIN MOJyJIb HHCTPYMEHTA

[ToBOpOTHBIN MOJyJIb MHCTPYMEHTA BCTABJISETCS B CHIEIIUAIIBHOE THE3/10 B OJIOKE HHCTPYMEHTA

(cMm. Pucynoxk 15).

Pucynok 15 — YcranoBka moBOpOTHOTO MOYJISi HHCTPYMEHTA

ITocrie 3TOro OH 3aKPEIUIAETCS BHHTOM, KOTOPBIM MPHXXMMACT €r0 M HAICKHO (PUKCHUPYET.
[TpoBoa TOBOPOTHOTO MOIYJsl MOAKIIOUAOTCS K pasbemy 3. GP3 Ha maHenu pasbeMoB s
MOJIKITIOYEHHST CMEHHBIX Moayieii (cMm. Pucynok 16).
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Pucynok 16 — [MoakmroueHne MpoBOI0B TOBOPOTHOTO MOJTYJISI

‘Iepe:-; HOBOpOTHBIﬁ MOJYJIb TOAKITHOYAI0TCA MEXaHUYECKUN U BaKYYMHLII‘/’I 3aXBaThI.
HpnMeqa}me — Bce MOHTaxXHBIC pa6OTI>I JAOIIYCKACTCA MPOU3BOIUTL TOJIbBKO Ha

00ecTOUYeHHOM 000pY/TI0BaHHUH.

3.7  Mopayab 3axBaTa BAKYYMHOI'0

Monaynb 3axBaTa BaKyyMHOI'O IIpe/IHa3Hau€eH JJIsl TOTO, YTOOBI epeMeniaTh IPeIMEThI.
Moaynb COCTOHUT U3 MPUCOCKU U BAKYYMHOTO HACOCA, PACIIONIOKEHHOTO B OJIOKE KOMMYTAIIUH

uHcTpyMmenTa (cM. Pucynok 17).
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Pucynok 17 — Moayns 3axBata BakKyyMHOTO, T/ie: | — mpucocka; 2 — BAKyyMHBIH HAcOC; 3 — BUHTHI

Ha My(re; 4 — monuypeTaHoBas TpyOka; 5 — GUTUHTOBBIE JepiKATEIH

[TpunIMn paboThl: MEKIY MPUCOCKOH U TIOBEPXHOCTHIO TIPEIMETA CO3/IaETCsl HU3KOE TaBJICHHE
(Bakyym), 6marofapst ueMy mpeaMeT NPUIUNacT K IPUCOCKE U €r0 MOKHO TepeMenaTh.
Y cTaHOBKA M MTOJKIIFOYEHUE MOAYJIA 3aXBaTa BaKyyMHOTO:
Ilpumeyanue — Bce MoHTaxHBIE pabOTHI JOMyCKAeTCS MPOW3BOAWTH TOJBKO Ha
00ecToueHHOM 000PY/I0BaHHH.
1. VYcraHoBHTE MPHUCOCKY BaKYyMHOT'O 3aXBaTa B MOBOPOTHBIA MOTyJTb MHCTPYMEHTA!
1) Bo3pmuTE TOBOPOTHBIN MOAYIIb, OCIIA0bTE BUHTHI HA My(TE.
2) 3akpyTHTE MPUCOCKY B TIOBOPOTHBIN MOJIYJIb U 3aTSIHUTE BUHTHI HA My(TE.
2. IlpucoenuHuTe MOIMYpPETAaHOBYIO TPYOKY:
1) OnuH KoHen TpyOKH MpHCOSTUHHUTE K mpucocke. /i 3aKperuieHUs] UCTIONIb3YIOTCS
(UTUHTOBBIE IepKATEIH.
2) Bropoii koHel TpyOKH NPUCOCTUHHWTE K OJOKY KOMMYTAallud WHCTpyMeHTa. Jlis
3aKpEIUICHHUS TAKXKE NCTIONB3YIOTCS (PUTHHTOBBIC IEpKATEIH.
IIpumevyanus — He orcoenussiiTe MOIMYpPETaHOBYIO TPYOKy OT OJIOKa KOMMYTAIlMH U
MIPHUCOCKH TTOCJIC UCTIOIB30BAHMS MOIYJISL, UX MOKHO XpaHUTh B cOope.
3. YcraHoBuTe NOBOPOTHBI MOIyJTh HWHCTPYMEHTa B CHEIMAIbHOE THE310 B OJIoKe
WHCTPYMEHTA ¥ MOJAKIIIOYUTE MTPOBOJIA.
4. Tlogkmrouute OJOK KOMMYTAallMd HWHCTPYMEHTa K MaHumynsaropy (cm. pasmen 3.5

«BHenrHu# 010K KOMMYTAITUH HHCTPYMEHTAY).
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5. BxirounTe MaHUMYJSATOP, PYKOBOACTBYSICh MHCTPYKIUEH.

Mopnynb BakyyMHOI'O 3aXBaTa roToB K padore.

3.8 MoayJib 3aXxBaTa MEXAaHUYECKOT0 M MOIYJIb 3aXBaTa MATKOT0

MOI[y.HB 3axBaTa MCXaHUYICCKOI0 U MOAYJIb 3aXBaTa MATKOTO NpEAHAa3HAYCHBI JIA TOTO, YTOOBI
nepeMemaTs NpCaAMCETEI.
MOI[YJ'H) 3axBaTa MCXAHHUYCCKOI'O COCTOUT M3 IIpHBOJAa HU JABYX aAKPHIIOBBIX KOI'Ter

(cm. Pucynoxk 18).

Pucynok 18 — Moaynb 3axBaTa MEXaHUYECKOT0, TAe: 1 — MpUBOJ MEXaHUYECKOTO 3axBaTta, 2 —

KOT'TH, 3 — BUHTHI Ha My Te

39



MOI[YJ'H) 3axBaTa MATKOI'0 COCTOUT TAKIKC U3 IIPpUBOAA U ABYX KOFTeﬁ, TOJIBKO MaTCpHal, U3
KOTOPOTO H3rOTOBJICHBI KOI'THU ooiee MHFKHﬁ, YTO IIO3BOJISIET 0€30MacHO 3aXBaThIBATh XPYIKHUC

npeamets (cM. Pucyrok 19).

Pucynok 19 — Moaynb 3axBaTa MSTKOTO

[MpuHmmn paboThl 000WMX 3aXBaTOB, CICIYIONIMIA: MPUBOJA CXKMUMAeT KOITH 3axBaTa, U OHH
32)KAMAIOT MPEeIMET MeXIy co00ii. briaromapst 3ToMy mpeMeT MOKHO JIETKO ITepeMeIaTh.

YcraHOBKa U TOAKIIIOYCHNE MOJIYJIS 3aXBaTa MEXaHUIECKOTO/MSTKOTO:

Ilpumeuanue — Bce MoOHTaxHbIEe pabOTHI JOMYCKAETCS MPOU3BOIUTH TOJBKO Ha
obectoueHHOM 00OpyaoBaHHU. OTKIIOYEHHE IMPOBOJOB HA CTpENie MaHUMYJSITOpa JOIyCKaeTCs
OCYIIECTBISTH TOJBKO 33 KOPITYC pa3beMa C IOMOIIbIO THHIIETAa — BBIACPTHBAHUE Pa3beMOB 3a
MPOBOJIA MOYKET MPUBECTH K UX TTOBPEIKIACHUIO.

1. YcraHoBuTe MOIYJNh MEXaHHYECKOTO/MSATKOTO 3axBaTa B IOBOPOTHBIH MOIYIb

WHCTPYMCHTA!
1) Bo3pmuTE TOBOPOTHBIN MO/YIIB, OCIIA0bTE BUHTHI HA MydTe (cM. PrcyHok 18).
2) 3akpyTHTe 3aXBaT B MOBOPOTHBIH MOJYJIb U 3aTSIHUTE BUHTHI HA My(dTe.
2. YcTaHOBUTE TIOBOPOTHBIA MOJYJIb HMHCTPYMEHTa B CICIHAIbHOE T'HE3I0 B OJIOKe
WHCTPYMEHTA M MOJKJIFOUUTE MPOBO/IA TOBOPOTHOT'O MOJTYJIS.
3. IMoxmkmiounTe MpPOBOAA MEXAaHMYECKOTO/MSTKOro 3axBaTa K pasbemy 4. GP3 nHa manenn

pPa3beMOB IS TIOJKIIFOUCHUST CMEHHBIX MoyJiel (cM. Pucynok 20).
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Pucynoxk 20 — I[TonkioueHre mpoBOI0B MEXaHUYECKOI 0 3aXBaTa

4. Bxirounte manumysistop (cm. pazaen 5 «BKIIFOUYEHUE M EDU»).

MOI[YJ'II) 3aXBaTa MEXaHUYECKOI'0/MATKOTO TOTOB K pa60Te.

3.9  Mopayasp 3axBaTa NUIIYLIEr0 HHCTPYMEHTA

Mopynb 3axBata MUINYIIEr0 HHCTpyMeHTa (cM. PucyHok 21) npenHa3sHa4yeH Ui PUCOBAHUS.
Mopynb cOCTOUT M3 3axXBaTa MUIIYIIET0 HHCTPYMEHTA M Jiep)KaTels 3aXBara.

[Tpunnun paboTsl: B 3aXBaT BCTaBISIETCS pydka Win promacrep auamerpoM 10 10 mm. BayTpu
3axBara €CTh MPYXXHMHA, KOTOpas CJIeTKa HAKUMAeT Ha MULIYIIMHA WHCTPYMEHT, YTOOBI OH KacaJcs
Oymaru. biaarogaps 35ToMy MOKHO MHCATh MU PHCOBATb.

YcTaHoBKa M MOAKITIOUYEHNE MOYJISl 3aXBaTa MHUIIYIIEro HHCTPYMEHTA!

1. Bo3pmute 3axBaT U 0CJ1a0bTE BUHT.

2. BcraBbre pyuky (wim ¢uiomactep) Tak, 4TOObI KOHYHK BBICTYTA IPUMEPHO Ha 4,5 cM BHU3

Y 3aKPYTHUTE BUHT, YTOOBI 3a(DUKCUPOBATH.
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3. VYcraHoBuTe nepKaTellb 3axBaTa B CIEIUAIbHOE THE3/I0 B OJIOKE WHCTPyMEHTa U
3aKpEMUTE BUHTOM.

4. Pacmnonoxute Oymary ImoJi CTpeJIol MaHUTYJIATOpa Ha POBHYIO TTOBEPXHOCTh, KOTOpAast HE
CKOJIb3UT, WJTU 3aKpernTe Kpasi OyMaru CKOTUEM.

5. Bxirounte MaHUIYJATOP, PyKOBOJCTBYSICH MHCTPYKIIUEH.

MOI[YJIL 3axBaTa MUIITYIICIrO HHCTPYMCHTA I'OTOB K pa60Te.

Pucynok 21 — Moaynb 3axBaTa NUIIYIIEr0 HHCTPYMEHTA, re: | —3axBaT MUIIYIIEro HHCTPYMEHTa,

2 — fepxatenb 3aXBaTa; 3 — BUHT

3.10 Moayas 3D-neuatu

Moayns 3D-mewatu  (cM.  Pucynok 22) mnpenHasHadeH i nedatd  3D-00BeKTOB

PLA-dunameHTOM.
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Pucynok 22 — Moayne 3D-niedatu

Moynb COCTOUT U3 CAEAYIOIUX KOMIIOHEHTOB:

1. Okcrpynep (010k nogaun PLA-dunamenta).

2. Ileuararomasi TOJI0BKa.

3. Tedmonosas Tpydka mis nonaun PLA-dmramenra.

4. Jlepxkartenb s kKatymku ¢ PLA-dunaMeHTOM.

5. 3ammTHOE CTEKJIO.

[Tpuanmn paboTel: SKCTpyaep uepe3 TedIOHOBYIO TpPYyOKy IMOJaeT IUIACTUKOBYIO HUTh
(PLA-¢duaMeHT) B mevararollyr0 TOJIOBKY. TaM HHUTh HarpeBaeTcsl IO HY)KHOH TeMIIepaTyphl,
CTAaHOBHUTCS >KMJIKOW M HAHOCHUTCA Ha 3alUIUTHOE CTEKJIO. MaHUNyJATOp JBHUraeT IevyaTaroulylo
TOJIOBKY TaK, 4TOOBI MOTy4YniIach HyHas purypa.

VYcranoBka u noAkiroYeHrue moayis 3D-nevatu:

IIpumeuanue — Bce MoOHTaxHbIE pPAaOOTHI JOMYCKAETCS MPOU3BOAUTHL TOJIBKO Ha
o0ecToueHHOM 000pyoBaHuU. OTKIIOUEHHE MPOBOJOB Ha CTpelie MaHUMYJSATOpa JIOMYyCKaeTcs
OCYLIECTBJIATh TOJIBKO 3a KOPIIYC pa3beéMa C IOMOIIBIO NHHIIETa — BBIIEPIMBAaHUE Pa3bEMOB 3a
MPOBOJIa MOYKET MPUBECTH K UX MOBPEKICHUIO.

1. VYcraHoBuTe U MOAKIIOUYHUTE MEYATAIONIYIO TOJOBKY:

1) Bo3pmuTe TeEYaTAlONIyI0 TOJNOBKY U TMpHBEOUTE €€ B padodyee IOI0KEHUE

(cMm. Pucynok 23).
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Pucynok 23 — [IpuBeaeHue neyaTtaromieii ToJI0BKU B pabouee MoJI0KEeHHE

2) YcCTaHOBHTE IEUYATAIONIYIO TOJIOBKY B OJIOK HHCTPYMEHTA M 3aKPEITUTE BUHTOM.
3) TloakirounTe MPOBOJ HArpeBaTEIBHOTO 3JeMEHTa K pasbeMy 12V OUT Ha maHenu
pa3beMOB JJIs1 NOAKIIIOUEHUS BHEILIHUX YCTPOUCTB.

4) TloaxirouuTe MPOBOJA AaTUMKA TEMIIEpaTyphl U BEHTUIsATOpA K pazbemam 1. TEMP u

)

2. FAN Ha ctpene manunyisatopa (cMm. Pucynok 24).

Pucynok 24 — [MoaknrodyeHne MpoBojia AaT4MKa TEMIIEpaTypbl U BEHTUIISTOpA

2. YcTaHOBUTE U MOAKIIOYUTE IKCTPYIEP:
Ipumeuanue — [l oCylIecTBICHHUS] TECTOBOM MevyaTH B KOMIUIEKT Takxke BXxoaut PLA-
¢unament 10 m.
1) Bospmure Te(dIOHOBYIHO TPYyOKYy W ¢ TIOMOIIbIO (DUTHHTOBBIX JepiKaTelei
MIPUCOEUHUTE OJMH KOHEI] K IIeYaTarolell TOJI0BKE, a IPYrol — K IKCTPYAEPY.

2) YcranoBure katyiky PLA-puiamMenTa ¢ gepkaresieM Ha CTOJ (IPHU HAJTUYUH).
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3) Bo3bpMuTe 3KCTpyAEp M OTKPYTHTE Ha HEM MPHXHMMHOW BHHT, OTKPOHTE ero (cm.

Pucynok 25).

Pucynok 25 — Dkctpynaep

4) Bo3pMUTE IJJACTHKOBYIO HHUTHh W 3alpaBbTe €€ uUepe3 IKCTpynep Mo TedIOHOBOU

TpyOKe J10 rmevartaromieii rojioBku (110 yropa) (cMm. Pucynok 26).

Pucynok 26 — 3ampaBka m1acTUKOBOW HUTHU B DKCTPYIEP

5) 3akpoiite 3KCTpyAEp U 3aKPYTUTE HA HEM MPHKUMHOM BUHT.
6) IloakirounTte mpoBoaa 3KkcTpyaepa k pazbemy STEPPER nHa manenu pa3sbemMoB ist
MOJIKJTFOUSHHS BHEIITHUX YCTPOUcTB (cM. PrucyHok 27).
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Pucynok 27 — [MoaxmroueHue MPOBOIOB DKCTPYIepa

3. TloxroroBbTe moBepxXHOCTD At 3D-neyatu (cm. Pucynok 28):
1) PacmomoxuTe 3allMTHOE CTEKJIO Ha MOBEPXHOCTH croja B 10 cM OT Kopiyca
MaHUITYJISITOPA U 3aKPEeNUTe €ro OyMa)KHBIM CKOTYEM 10 KpasiM.
2) Hakuneiite B neHTp cTekina OyMaxubiid ckotd 10X10 cM aist TOro, 4To0bl 0OBEKT MpH

neyaT HC MPHUKIICUIICA K CTCKITY.

Pucynok 28 — PacrionoxeHue 3alMTHOTO CTEKIIa

4. BxirouuTe MaHUMYJSTOP, PYKOBOACTBYSICh MHCTPYKIUEH.

Monyns 3D-nieyaT TOTOB K paboTe.
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3.11 Mopayasb Ja3epHOii T(PaBUPOBKH

Moayb na3epHoii rpaBUpoBKU’ MpeqHa3HAYEH IS HAHECEHUs M300pa’keHMI Ha IepeBo WK
KapTOH.

Ipumeuanne — He qomyckaeTcst MCIOIB30BaTh APYTUE MAaTEPHAIIBI, IOTOMY YTO MPHU paboTe
OHHU MOTYT BBIJICJISATH BPEIHbIC HCTIAPCHUSI.

Moynb COCTOUT M3 Ja3epHOM TOJIOBKH C (PUKCATOPOM HMHCTPYMEHTA M 3aIIUTHBIX OYKOB
(cMm. Pucynok 29). [lyis ob6ecriedenus 0e30nmacHOi padbOThI MUTAHUE MOAYJISI YIIPABJISICTCS Yepe3 KITFOU-

BBIKJIFOYATCIIb.

Pucynok 29 — Moaynb 1a3epHO# rpaBUPOBKH

[TpunHnun paGoThl: JIa3epHBIN JTyd TOYEYHO HarpeBaeT MOBEPXHOCTb, W3-3a YEro MaTepuall B
TOM MECTE MEHSET CBOM CBOWCTBAa W IBeT. braromapst sTomy Ha JepeBe WM KapTOHE MOKHO
MOJYYUTh U300paKEHHE.

YcTaHoBKa U MOJAKIIIOYEHUE MOYJIS JTA3€PHOM TPaBUPOBKU:

IIpumeuanue — Bce MoHTaxHBIE pPAaOOTHI JOMYCKAeTCsl TMPOU3BOAUTH TOJBKO Ha

00€CTOYCHHOM 060py2[0BaHI/II/I. OTkIIroueHUE MMpOBOAOB Ha CTPCIJIC MAHUITYJIATOpA AOOIMYCKACTCA
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OCYILECTBIISATh TOJBKO 32 KOPIYC pa3beéMa C MOMOIIbI MHHLETa — BbIAEPIMBAHHE Pa3beMOB 3a
MIPOBOJIa MOYKET MPUBECTH K UX IMOBPEKIACHUIO.
1. VYcranoBure 1a3epHYI0 TOJOBKY B OJIOK HHCTPYMEHTA U 3aKPEMUTE BUHTOM.

2. Tloaxmounte mpoBoa kK pazbemy 4. GP3 Ha ctpene manumnyssitopa (cMm. Pucynok 30).

Pucynoxk 30 — [TonkimtoueHre MpoBOIOB JIa3epHOM TOJIOBKH

3. Tloaxmrounte OGJIOK KOMMYTAIlMM UHCTPYMEHTa K pasbeMy TTL Ha maHenu pa3beMoOB IS
MOAKJIOUYEHHUS] BHEIITHUX YCTPOMCTB.
4. PacnonoxuTe MaTepuan IJis BbDKUTAHUS Ha MOBEpXHOCTH ctojia B 10 cMm oT kopmyca

MaHUMYJISATOpA (1O CTPEJION MaHUITYJISTOPA).

5. Hanenbre 3amuTHBIC OYKH.

IIpumeuanune — [IpsiMoil WM OTpPa)KEHHBIN JIy4 Jia3epa MOKET BBI3BaTh 0KOTH WIIH
cienory. TpeOyercss HCIONIB30BaTh 3allUTHBIE OYKM MpH padoTe ¢ MOAYJIEM JiazepHOU
I'PaBUPOBKHU.

6. BxirounTe MaHUMIYISTOP, PYKOBOACTBYSICh HHCTPYKITUEH.

Mopynb 1a3epHOM TpaBUPOBKU FOTOB K pabdoTe.

1
— IMTpu Hanwuny B komutekranuu M Edu.
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3.12 IlyasT ynpasJjieHust

[TynbT yripaBiieHUs BBITJISIAT KaK UTPOBOM JPKOMCTHK ¢ KHOTTKaMK U CTUKOM (cM. Pucynoxk 31).

Pucynoxk 31 — [lyasT ynpaBieHus

OH noaxmrouaercs B pazbeM USB Ha naHenu it NOAKIIFOYEHUS] BHEITHUX YCTPOMCTB.

C IIOMOIIBIO CTHUKOB HA IIYJIBTC MOKHO BPYUHYIO YVIIPABJIATH ABMKCHHUCM MAHHUITYJLATOpPA.
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4 TEXHUYECKOE OBCJY KXUBAHUE M EDU

4.1 O6mue ykazanust

Texauueckoe oocinyxkuBanue M Edu gomkHO MPOBOAUTECS PETYISIPHO AJIsI 00ECTICUSHUS €T0
HAJe)KHOM paboThl M TPOAJIEHUS CpOKa CHy>KObl. PekoMeHayeTcss MNpOBOIUTH TEXHUYECKOE
oOCIy>KMBaHHE HE pEXe OJHOTO pa3a B Mecsl, a TaKXkKe I0Cie KaXJI0ro HWHTEHCHUBHOTO
WCIIOJIb30BAHMS.

OcHOBHBIE 3a/1a4¥ TEXHUYECKOTO OOCTYKUBAHHUS:

- TpoBepka paboTOCTIOCOOHOCTH BCEX KOMIIOHEHTOB;

- OYMCTKa OT IbUIN U 3arpA3HEHUN;

- OOHOBJIEHHE IMporpaMMHOIo obOecreyeHus.

4.2 Mepsbl 0e3onacHOCTH

TexHuueckoe o0CIyKuBaHue TPeOyeTCsl MPOBOAUTH B XOPOILO MPOBETPUBAEMOM ITOMEIICHHH.

[Tepen nauanom o6ciyxuBanus orkiatounte M Edu oT uctounuka nutanus.

4.3 Iopsiiok mpoBeeHNsI TEXHUYECKOTO 00CTY:KUBAHNUS U31eJHs

Texuunueckoe oocnyxuBanne M Edu BkirouaeT B ceOs cieayronue maru:

1. TIpoBepbre cocTosiHMe Kopmyca Manumynstopa M Edu Ha Hamuume TpemuH u
ITOBPEKICHU M.

2. Ybemutech, YTO BCE COCIMHEHUS HA/ICKHBI, a KOl HE UMEIOT U3JIOMOB MJIM OT'OJICHHBIX
YYaCTKOB.

3. Hcnonp3yiite MATKYIO TKaHb JJIsl IPOTUPKU Koprryca MaHumnyisitopa M Edu u cmeHHBIX
MOJTyJICH.

4. VYpanute mbUlb U TPA3b U3 1IENEH U TPYAHOAOCTYIHBIX MECT MAaHUITYJISATOPA U CMEHHBIX
MOZYJIEN C IIOMOILBIO CKATOT0 BO3yXa.

5. Hnst oumctku crosna moxyns 3D-medaTé MCHONB3YyHTE CHadana caln(eTrKy, CMOYEHHYIO
BOJIOH, a /1ajiee CIIUPTOBYIO Cal(ETKYy.

6. [lpu oOHapy>KeHHMH W3HOIIEHHBIX WJIM TOBPESKICHHBIX JeTaled oOpaTHUTeCh K
IIPOU3BOJUTEIIO.

[Tocne 3aBepiienus Bcex padot BkItounTe Manumynstop M Edu u npoBenute TectupoBanue

ero GyHKIuH. YOeIuTech, 4TO BCE CUCTEMBI pa00OTaIOT KOPPEKTHO.
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5 BKIIOYEHME M EDU

Jns Brmouenust M Edu v 3amycka npuioKeHus BBIOJHUTE CIEAYIONUE EHCTBUS:

1. TlocTaBpTe MaHUIYJIATOP HA POBHYIO MOBEPXHOCTh. YOEIUTECh, YTO BOKPYT HEro (B
paauyce 0,5 MeTpa) HET HUKAKUX JUITHUX MPEIMETOB.

2. IlepeBemute TymOJiep BKIIOYEHHMS TMUTAaHUS MaHUMYJIsATOpa B TMojoxkeHue «0»
(BBIKJTIOUEHO).

3. YcTaHOBUTE HYXKHBIM CMEHHBIN MOJTYJIb.

4. TloakIrOYUTe MAaHUITYJISATOP JFOOBIM U3 CIIOCOOOB:

1) TloxaxitoyeHHe K MAHUITYJIATOPY MOHUTOPA M 3JICMEHTOB YIIPABICHUS
- TMOAKITIOYHTE OJIOK MUTAHUS K MAHUITYJISITOPY U K PO3ETKE;
- MOAKJIIOYHMTE MOHUTOP K MAaHUIYJATOPY C nmoMolbio kabenst HDMI;
-  TOJKJIIOYHUTE 3JEMEHTHl YIpaBiieHUs (MbIIIb, KJIaBUATypa) K MaHUIYJSATOPY
gepe3 pazbeMbl USB.
2) Ionxmouenue k ManunyiasTopy I1K depes mnHyp cereBoro unrepderica ETHERNET:
- TOAKIIOYHTE OJIOK MUTAHUS K MAHUITYJISITOPY U K PO3ETKE;
- noakmounte [1K k MaHuUmynsTOpYy C MOMOIIBIO IIHYpa CETEeBOro MHTEpdeiica
ETHERNET.

5. IlepeBeaute TyMOJep BKIIOYCHHS MUTAHUS MAaHUIYJISTOPA B MOJOKEHUE «|» (BKIFOUEHO).

6. Ha monuTOope oToOpasurcs 3arpy3ka Ubuntu.

7. Ilpo3Byuut curnan «Cucrema 3anyuieHa. Buumanue! Haunnaercs mpouecc KaauOpoBKH.
ByapTe OCTOpOXKHBI, HE KacaliTech MaHUMNYJATOpa U YOEAUTEeCh, YTO TOCTOPOHHUE
MpEeAMETHI HE MIOMEIIAIOT JIBIKCHHIO yeTpoiicTBa. KanmubpoBka HauHeTCs uepes 5, 4, 3, 2,
1». 3amycTuTcsa KaMOpOBKa: MAHUITYJIATOP OJHKEH CHavalla MOIHSITh CTPENy BBEpX, 3aTeM
COBEpIINTh TMOBOPOTHI BJIEBO-BIPABO U OCTAHOBUTHCS B HMCXOJHOM MOJOXEHUU
(cMm. Pucynok 32). [To okoHuaHMM KaauOpPOBKH MpO3BYyUUT curHail: «KaaunOpoBka mpoiinia

YCHEIIHO.
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Pucynok 32 — McxoiHoe MoI0KeHue MaHUIYJISATOpa

IIpumeuyanune — VcxomaHoe MoNOKEeHHE MAaHUMYIISTOpa (WK HYJIEBOE MOJIOKEHUE) — ITO
CTapTOBas MO3HINA JJII MAHUITYJIATOpPA MPHU €ro BKIIOYeHUU. [Ipyn HEKOppEeKTHO# paboTe CUCTEMEI,
MaHMITYJISITOP BO3BpAIIAETCs K CTapTOBOM IMO3UIMH, 3aTEM IOBTOPSIET ONEpalyio. JTO MOMOraer
MaHHITYJISITOPY BCETJa HMETh TOUKY OTcUeTa JIsl pabOoTHI.

8. 3arpy3ska mpuI0KeHUS:

- €CIIM MaHUWITYJSTOp TMOAKIIOUEH K MOHHTOPY M K JJ€MEHTaM YIIpPaBIICHUS, TO Ha
MOHHTOpE aBTOMATHYECKH 0TOOpasuTcs npuwioxenue Promobot M Control;

- eciu manunystop noakiaroueH k [1K, To na ITK otkpoiite Be6-0pay3ep (Chrome, eciu
ucnonb3yere OC Windows nu6o Chromium, ecnu ucnonszyere OC Linux) u B
aJpecHo cTpoke BBemuTe ip-ampec wmanumyistopa «10.5.0.2»; orobpasurcs
npuioxkenue Promobot M Control.

[Ipu BXozme B MNPHIOKEHHWE MO YMOJYAHUIO OTOOpPA3UTCs pas3fesl PYYHOIO YIpPaBICHUS

MaHHUIYJISITOpoM (cM. Pucynok 33).
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Pucynok 33 — Paznen «Pyunoe ynpaBienue»

Ipumeuanue — [Ipu nepom 3anycke M Edu Heo0X01uM0 yCTaHOBUTD MOCIIEHIO BEPCHUIO

npuiokeHust. MHCTpykimsi o oOHOBJIEHHIO omnucaHa B pasfene 7.5 «OOHOBIIEHHE MPUIIOKEHUS

Promobot M Control» nacrosiiero pykoBoacTsa.

9. TMoaxiroynTe MAaHUITYJISITOP B MPHIOKEHUH — HAKMHUTE KHONIKY «[IOKITIOYNTH» B BEpXHEM

aeBoM yriny (cM. Pucynok 34).

f MNogknH4YKTL

Pucynok 34 — Knonka «[loakmounts»

[Ipy ycnemHoM NOJIKIIOUEHUMM KHONKAa M3MEHUT IIBET HA 3€JIEHbII M OTOOpa3UTCS Kak

«OTkmounTh» (cM. Pucynok 35).

§©  ommounts

Pucynok 35 — Knonka « OTKITIOUUTEY

Manunynsatop rotoB kK padore.
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B ClIydac HCYCIICIIHOI'O ITOAKIFOUYCHU A, OT06paSI/ITCH YBCOAOMIICHHUC «MaHI/IHYJ'IHTOp HE HaMCH.

[TpoBepbTe MOIKITFOUEHHE U MTOMPOOYHTE CHOBa» (cM. Pucynok 36).

MaHunynsaTop He HalWaeH

MpoBepsTe NogknioYeHne W nonpobyiiTe cHoOBA.

Pucynox 36 — YBenomienue

[IpoBeppTe mnoaxatOUeHHME W HaxkMmure KHONKY «lloBroputh» wimm «Otmena». Ecnu
MaHUITYJISITOP TOJKIIYUTE HE YJIAJIOCh, OOpaTUTeCh B CIYyKOy TEXHHYECKOH IOIEPKKH

npCAnpUusATUA-U3roToOBUTCIIA.
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6 BBIKJIFOYEHUE M EDU

Jns Beikmrouenuss M Edu B ipuiiokeHHN HAXKMHUTE KHOTIKY «BBIX0O» B MPaBOM BEpXHEM YTIIy.
3aTeM HaXMUTE «BBIKIIIOUUTh MAaHUITYISTOP.

OT00pa3uTcs yBeIOMIICHHE O BRIKIIIOUEHUH (cM. PrcyHok 37).

Power OFff

The system will power off automatically in 40 seconds.

Cancel Power OFF

Pucynok 37 — YBenomiieHre O BBIKIIFOUCHUN

[Tpo3ByuuT ronocoBoe cooOuieHue: «5 Hayaa MOATOTOBKY K BBIKJIIOUEHHIO. Y OEIUTECh, UYTO
CTpelia MaHHWIyJISITOpa HaxoauTcs Ha crosie. Caenath 3TO MOKHO uepe3 pekum FreeDrive. Ecnu
CTpeJa NOJHATA, IPUIEPKUTE ee BO n30eKaHue NaIeHus».

C nomorsro kHotkH FreeDrive omyctuTe cTpey Ha CTOJ ¥ JOKIUTECh OTKIIOYCHUS CUCTEMBI.

[lepeBenute TymOIep BKIIOYCHUS MUTAHUS MAaHUTYJISATOPA B MoJIoKeHUE «0» (BBIKITIOYECHO).

Juns BeikmroueHust M Edu Taxke MOXHO HCIIONIB30BaTh KHOIKY BKJIIOUCHHS/BBIKITIOUCHHS Ha

KOpITyCe€ MaHUITyJIsITOpa. Jlanee alropuT™ BBIKIOYEHUS aHAJIOTMYEH MPEABIIYLIEMY .
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7 MNPUJIO)KEHUE PROMOBOT M CONTROL

[Mpunoxxenne Promobot M Control mo3Bossier:
- NPUAYMBIBATH U CO3[aBaTh AJITOPUTMBI JEHCTBUI MaHUITYJISITOPA;
- 3amyCKaTb BOCIPOM3BEACHUE JACUCTBAM HAa MAHHUIIYJATOPE M Ha €ro BUPTYyaJIbHOHN
3D-Moenu;
- BBICTpaMBaTh pabOTy MAaHUIYJSATOPA CO CMEHHBIMH MOJAYJISIMHY;
- W3y4aTh OCHOBBI MporpaMMupoBanus Ha s3bikax Blockly u Python, a Takxe 3amyckath Ha
MaHMITYJIATOPE HAIMCAHHBIM CKPUINT.
[Tpunoxenune obnamaer (GyHKUMOHAIOM OOHOBJIEHMS, KOTOPBIM MO3BOJSIET IMOJIb30BATENSAM
BCEr/la IMETh aKTyaJbHYI0 BEPCHIO C YIYUYIICHHOW MPOU3BOAUTEIHLHOCTHIO, HOBBIMH (DYHKITUSIMH U
UCIPABICHHBIMH OIIMOKAMHU.

IMpumeuyanue — JIr000# MoOIB30BATEIH MOXKET 3aMTH Ha cadT Medu.promo-bot.ru, co3aaBathb

ITOPUTMBI JIEUCTBUN MaHUITYJIATOPA U 3aIyCKaTh UX Ha BUpTyanbHOU 3 D-Momenn ManumyasTopa.
B BepxHelt yacTu MpUIIOKEHHUS pacrojiaraeTcs TJlaBHAs MaHeNb BKJIAJ0K, KOTOpasi COJIEPIKUT:

(cm. Pucynok 38):

&

Sl T . ¢ Pyunoeynpasnesme [ Cozgasmenporpamm () Hacrpoisa E Monumopunr — [F] Wucrpysumu [+ Bemon

Pucynok 38 — I'maBHas maHeNnb BKIIA0K

- Kuomnku:
- «IToaKIIOUUTH» — KHOIKA TOIKITIOYCHHUS/OTKITFOUCHUSI MAHUITYJIATOPA.
- «MHCcTpyKIMW» — KHOIIKA JJIsi OTKPBITUS pykoBoacTBa Promobot M Edu na nmopraine
MIPOU3BOUTEIS.
- «Bpixoa» — kHoImKa i BeikIroueHus M Edu.

- Bxnagku:

«Pyunoe ynpaBnenue» — uatepdeic st pydHOro yupaBieHHs] MAHUITYISTOPOM.
- «Co3nanue nporpamMm» — UHTepQeic Uisl CO31aHus IPOrpamMM C IOMOIIBIO S3bIKOB
nporpammupoBanus Blockly, Python.
- «Hacrpoiika» — uaTEpdeiic 111 HaCTPOEK pabOTHl CUCTEMBI U HHCTPYMEHTA.
- «Monutopunr» — uaTepdeiic 11 MoHUTOpUHTa padotsl M Edu.
B HmKHEH uYacTH MPHIIOKEHUS pacrojaraercsi (PUKCHUPOBaHHAS HWKHSS TMaHENb, KOTOpas

oTtoOpakaeT HauMeHOBaHKe ycTporicTBa u Bepcuio [10 (cm. Pucynok 39).
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http://medu.promo-bot.ru/

Promobot M-Edu
Bepcws NC: 0.23.0

Pucynok 39 — ®ukcupoBaHHast HUKHSIS TAHETb

Taxoke 1Mo Ha)kaTHIO KHOIIKK OTKPBIBACTCSl BHYTpEHHsIsI KiaBuarypa (cM. Pucynok 40). Jlosiroe

=2
HaXKXaTuC KHOIIKH BBIKJTIOYACT aBTOMATHYCCKOC OTKPBITUC KIIABUATYPHI.

1 2 3 4 5 6 7 8 9 0 - =
' ]
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Pucynoxk 40 — BHyTpeHHss Ki1aBuaTypa

7.1 Pyunoe ynpaBJienue

PydHoe ynpaBneHne MaHuIyasTOpoM (Bkiagka «PydHoe ymnpaBieHue») otoOpaxkaeTrcs IO

YMOJTYaHHUIO TIPU BXOJIE B MpHIIOkKeHHE (cM. PucyHok 41).
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Pucynok 41 — Bknanka «Py4noe ynpaBineHue»

WuTepdeiic pyyHoro ymnpapieHUsT MAHUITYJISITOPOM COJEPKUT BUPTYaIbHOE MPOCTPAHCTBO C

3D-Moenbi0 MAaHUITYISTOPA U TTAHETIW PYYHOTO YIPABICHUS MAHUITYJISITOPOM.

BupryansHoe mnpoctpanctBo ¢ 3D-mMolenbl0 MaHHUIYJISTOPa BOCIPOU3BOAMUT JIBUKEHUSA

HacTosmero Manumynsropa. O630p 3D-moneny MaHUITYJISITOpAa MOXHO PETYJIHPOBATH KacaHUEM

najgbla pyKu 00 HHTCPAKTUBHBIMH KHOIIKaAMMU.

HHTEepakTUBHBIE KHOIIKU:

— MepEeMEIECHUE CIICHBI,

— BpalieHue CIeHHI,
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(«ba3za).

[Tanenu py4yHOro ynpaBiaeHUs] MAHUITYJISITOPOM:
- Ilanens pyunoro ympasienus «L{TH» (cMm. Pucynok 42) — ympaBieHHE ICHTPaIbHOM
TOYKOM MHCTPYMEHTA C MOMOIIBIO KHOTIOK C CTPEJIKaMH HalpaBJieHUS U 0003HAYCHUEM

OCH KOOpJUHAT (X, Y, Z).

LT

Pucynok 42 — [1anens pyunoro ynpasnenus «L[THU»

- [lanenp pydyHOrO ympaBlieHHS CKOPOCTBIO M OCTAHOBKOH JIBMXKeHHUs (cM. PucyHok 43)
COIEPIHKHUT:
- MOJBYHOK «MaKc. CKOPOCTb JBMKEHUS» — 3aJ]aeT OTpaHUYECHUE CKOPOCTH JBUKEHUIN
MaHUITYJIATOPA;

- KHOIIKY «OCTaHOBUTH» — MPEKpamacT TCKyIec NporpaMMHOC IBUKCHUC.
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MaKC. CKOpPOCTE OBHMEHKWH

OCTaHOBWUTE

Pucynok 43 — [1anens py4HOro ynpaBieHUs: CKOPOCTbIO U OCTAHOBKOM JIBHKEHUS

[Manens pyunoro ympaieHusi «KoopawHate» (cM. Pucynok 44) — ympaBiieHHe

MAaHUITYJIATOPOM B TpeXMepHOﬁ CUCTCMC KOOpAUHAT.

KoopguHaThl

/X 154 o 4

=

19.7 cm — 4+

Pucynok 44 — [Tanens pyunoro ynpasnenust «KoopauHatei»

[Tanens pyunoro ynpasieHus «CyctaBb» (cM. Pucynok 45) — ynpaBiieHre TOBOPOTHBIMU
y31aMu MaHUIyssitopa (cMm. Pucynok 8):

- «[loBOpoT» — M3MEHSET YroJ MOBOPOTHOTO y3ia J1;

- «[Inmedo» — U3MEeHseT Yyroj MOBOPOTHOTO y37a J2;

- «Crpena» — U3MEHSIET YroJ MOBOPOTHOTO y3ia J3.
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CycTagsbl

rpena 14.0

Pucynok 45 — [1anens pyuynoro ynpasieHus «CycTaBbl»

7.1.1 Pyunoe ynpasjenue «be3 Hacaaku»

[lepene HauaiomM paboTHI MPOBEPHTE MOJKIIOUECHUE K MAHUTTYJISTOPY.

Pyunoe ynpasnenue «be3 Hacagku» noapazyMeBaeT yrpaBieHHEe MaHUITYJIsTOpa 0€3 CMEHHOTO
Moaynst. Jlyisg ymnpaBieHUS MaHMUITYJISTOPOM O€3 CMEHHOr0 MOMAYJS TMepeianTe Ha BKIAJKY
«Hacrpoiikay, nanee «MHcTpymMeHT», Aanee B noje «BriOepute pexxum» ycraHoBuTe 3HaUeHHE «be3
HacaJKm» U HaXXMHUTE KHONIKY «[IpumeHuTh» (cM. PrcyHok 77). Pexxum «be3 Hacaaku» BKIIFOUEH IO
YMOJIYaHHIO IIPU BXO/JIE B NPUJIOKECHUE.

[lepeitnure Ha BkIaaKy «PydHoe ynpaBieHue», 0ToOpa3uTcs uHTepdeic pyuHoro yrnpaBieHUs
MaHUIYJSITOPOM B pexume «be3 Hacankm» (cM. Pucynok 41).

VYpaBnsliTe MAaHUIYJIATOPOM C IIOMOUIBIO [TAHEJIEW PYyYHOTO YIIPABIICHHUS.

7.1.2 PyuHoe ynpasiienne « MexaHH4ecKHUil 3axBar»

[lepen Hayanom pa®OThl YCTAaHOBHTE MOJyYJb 3aXxBaTa MeXaHUYeckoro (cm. paszgen 3.8
«Mopynb 3axBaTta MexaHHYecKoro»). [IpoBepbTe MOAKIIIOYCHNE K MAHUITYIISATOPY.

Jlnst ynpaBlieHHWs MaHUIYJIATOPOM C MEXaHWYECKMM 3axBaTOM IMepeiiuTe Ha BKIAAKY
«Hactpoiika», nanee «MHCTpyMeHT», nanee B mnose «BbplOepure pexxum» yCTaHOBUTE 3HAYEHUE
«MexaHHYeCKHii 3aXBaT» U HAKMHUTE KHOIIKY «[IpumMeHnTH» (cM. PricyHOK 77).

[lepeiinure Ha BkIaaKy «PydHoe ynpaBieHue», 0ToOpa3uTcs uHTepdeiic pyuHoro yrnpaBieHUs

MaHHITYJISATOPOM B pexxume «Mexanudeckuit 3axsat» (cM. PucyHok 46).
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Pucynok 46 — MaTepdeiic pyuyHoro ymnpaBieHUs MAHUITYIATOPOM B peknMe «MexaHWndeCKui

3axBaT»

KpomMe cranmapTHBIX MaHenae pydHOro ympaBieHHUs B HHTepdelice pydyHOro ynpaBieHHUS
MaHHUITYJIATOPOM c MEXaHUYECKUM 3aXBaTOM nobaBiieHa IaHeNb
yIpaBJieHUs Hacaakou «MeXxaHNn4eCKUi 3axXBaT», KOTOPAsi CONECPIKUT::

- 3HauyeHue cKaTus Hacaaku «CrkaTue» — s U3BMEHEHHUs yIJla paCKPBITUS KOTITEH;

- 3HadeHue moBopoTra Hacaaku «IIoBOpOT Hacagkm» — Ui U3MEHEHHS YIJIA IIOBOPOTHOTO

y3na J4 (cMm. PucyHok 8).

7.1.3 Py4Hnoe ynpasiaenue « MArkui 3axsar»

INpumeuyanue — Hacamka «Msarkuii 3axBaT» He BXOAuT B KomiuiekTanuioo M Edu wu
npuoOpeTaeTcs OTAEIBHO.

[lepen HayanoM pabOThl yCTaHOBUTE MATKMM 3axBaT (cM. pasnen 3.8 «Moaynb 3axBaTa
MexaHH4ecKoro»). [IpoBepbTe MOAKIIIOYCHNE K MAHUITYIISATOPY.

Jns ynpaBieHuss MaHUITYJISTOPOM C MATKUM 3aXBaToM nepeiante Ha BKIaaky «Hacrpoiikay,
nanee «MIHCTpyMeHT», nanee B nonie «Bribepure pexum» ycTaHOBUTE 3HaUeHHE « MSITKUI 3aXBaT» U
HaxMuUTe KHOTIKY «[IpumenuTh» (cM. PucyHok 77).

[Nepeiinure Ha Bknagky «PyuHoe ynpaBieHune» oTodpasutcs HHTEpQEHC pyyHOro yrpaBiIeHUs

MaHHITYJISITOPOM B pexuMe «Msrkuii 3axsaT» (cM. Pucynok 47).
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Pucynok 47 — Untepdeiic pydHOro ynpaBJIeHUs] MAHUITYJSITOPOM B pexkume « MArkuii 3axBat»

Kpome crangapTHbIX MaHenell pydyHOIo YINpaBieHHUS B HHTep(deiice pyyHOro ynpaBiICHHS
MaHUITYJIITOPOM C MEXaHHMYECKHM 3aXBaTOM [J00aBJICHA NAHENb YIPAaBICHHUS Hacaakod «Msrkuii
3axBar», KOTOPasi COAEPIKUT:

- 3Ha4yeHue cKaTusd Hacaluku «CxaTuey» — Uil U3BMEHEHUS yTIJla PaCKPBITUS KOI'TEH;

- 3HauyeHue noBopoTa Hacagku «IloBopoT Hacaakw» — A U3MEHEHMs YIJIa IOBOPOTHOTO

y3i1a J4 (cm. Pucynok 8).

7.1.4 Pyunoe ynpasiienne «BakyyMHblil 3axBaT»

[lepen Hauyamom pabOThl yCTAHOBUTE MOJYJIb 3aXBaTa BaKyyMHoOro (cMm. pazaen 3.7 «Monaynib
3axBara BaKyyMHOT0»). [IpoBepbTe MOIKIIOUEHUE K MAHHUITYJISTOPY.

Jlnst  ynpaBieHuss MAaHMIIYJISTOPOM C BaKyyMHBIM 3aXBaTOM MEpeHIUTE Ha BKIAAKY
«Hacrpoiika», nanee «MHcTpyMeHT», nanee B mose «Bbibepure pexxum» yCTaHOBUTE 3HAYEHUE
«BakyyMHBIli 3aXBaT» U HAXMHTE KHONIKY «[IprMeHuTh» (cM. PrcyHok 77).

[epeiinure Ha BKIaAKy «PydHoe ynpaBiieHne», 0TOOpa3uTcs UHTEpQEic pyuyHOro yIpaBlIeHUs

MaHHITYJISTOPOM B pexxuMe «BakyymHbIid 3axBat» (cM. PucyHok 48).
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Pucynoxk 48 — MuTepdeiic pydHoro ynpaBieHHs] MAaHUITYJISITOPOM B pexxuMe «BakyyMHBII 3axBaT»

Kpome cTaHAapTHBIX MaHEJIeH PYdYHOro yIpaBieHUs B UHTEpdelice PyYHOTo YIpaBiICHHS
MaHHITYJISITOPOM C MEXaHMYESCKHM 3aXBaTOM JI00aBJICHA MMaHEellb YIIPaBICHUs HacaKoi «BakyyMHBIi
3axBaT», KOTOpask COJICPIKUT:

- 3HAYeHHE MOBOpPOTa Hacaaku «[loBopoT Hacaakw» — ISl K3MEHEHHUS yriia MOBOPOTHOTO

y3ia J4 (cM. Pucynok 8);

- KHOIIKY ((BKJHO‘-II/ITB/ BBIKJIFOYHNTDH HACOC» — AJIA BKJIIFOYUCHUSA U BBIKIIFOUCHHSA HACOCA.
7.2 Co3nanue nporpamm

[Mpunoxenne Promobot M Control mo3BonseT co3aaBaTh NPOTPaAMMbl  JIBUKCHHS
MaHHIyJsTOpa (BKIaaka «Co3aHue mporpamMM») ¢ MOMOIIBIO S3bIKOB MporpammupoBanus Blockly,
Python.

Wurtepdeiic co3aanus mporpaMm UMeeT BepxHee MeHio (cM. PucyHok 49):

R 0 i (1] Blocky @ Python [> 3arpyawTo ayouodain

Pucynoxk 49 — BepxHee MeHIO cO3aHHsI TPOTPAMM

«CkavaTb» — KHOTIKA [T CKAYUBAHUSI CO3JJAHHOTO CKPUIITA B TEKCTOBOM
dbopmare.

[«
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N «3arpy3uTh» — KHOIKA 3arpy3KH rOTOBOTO CKpunTa ¢opmara *.txt.
- «Bp100p mabioHa» — KHOMKa AJisi BBIOOpAa TOTOBOTO CKPUIITA, KHOIKA
aKTHBHA B pexxuMax «MexaHnuecKkuil 3axBaT», « BakyyMHbIN 3aXBaT».
A «Y nanuTh Bce» — KHOIKA JJIsI OYUCTKH PEaKTopa.
. «Blockly» — nepexon B rpaduueckuii pexakrop Blockly.
Lo Blockhy
«Python» — nepexon B peaaktop komaa Python.
P Python
. «3almyck Ha MaHMUIYJIATOpPE» — KHOIMKa 3alycka CKpUmnTa Ha
- MaHHUITYJISITOPE.

«3arpy3uTh ayauodailin — KHOIKa 3arpy3Ku ayanodaiiia ¢ KOMIboTepa.
3arpysuTe ayanodann

B untepdeiice npenycmorpeHo mnoisie «Pe3ynbraT BBINOIHEHUS] MPOrPaMMbI» — OTOOpakaet

PE3YJabTaT BBIIIOJIHCHHUS IIPOI'PpaAMMEIL. ﬂJ’IH YBCIUMYCHUS IIOJIA HICIKHUTC IIO HCMY JIEBON KHONKOH

MBIIIH ¥ TTOJIE YBEIMIHUTCS 32 CYET BUPTYAITBHOTO MpocTpancTBa (cM. Prucynok 50).

PesyneTaT BEINOMNHEHWA NPOrpaMMbl:

Pucynok 50 — [Tone «Pe3ynbpTaT BHIIOJIHEHUS POTPAMMBI»

7.2.1 IoaroroBka K CO31aHUIO POIPAMMBbI

[lepen TeM Kak HaYaTh TPOrPAMMUPOBATH, YOSAUTECH, UTO:

- BbI HOJKJIFOYCHBI K MAHUTIYJISITOPY (€CIIM HaXOAuTeCh Ha caiite https://medu.promo-bot.ru/

¢byHKIMOHAN OyAeT OTpaHuYeH);
- Ha MaHUMYJITOP YCTaHOBJICHA HY)KHAs HACAJIKa,
- B HACTpOHKax BHIOpAH MOIXOISAIINN PEXKUM,;

IIpumeuyanue — Co3naHue MporpaMm JOCTYIIHO TOJIBKO B pexumax «be3 Hacagkm»,

«Mexanuueckuii 3axBaT», « BakyymHublit 3axBaT». HempaBuibHbIN BEIOOP pekUMa MOXKET IPUBECTHU K

omurOKaM B JBM)KCHUSAX MaHUITYJISITOPA, a TAKKE OTPAaHUYUT BHIOOP B OMOIMOTEKE OJIOKOB.

- BbIOpaH SA3bIK MPOTrPAMMHUPOBAHUSL:
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- Blockly — Bu3yasnbHbIii 361K TIPOrpaMMHUPOBAHUS JIJIsl HAUMHAKOIIUX;

- Python — mis Tex, KTO FrOTOB MEPEHTH K TEKCTOBOMY KOJIY.

7.2.2 Blockly

Blockly B mpuoxennn Promobot M Control npencrasnsier co6oii Habop rpaduueckux OJI0KOB
(bubnmmoteka) onpeneneHHo Gopmbl U rpaduyeckuii pepaktop (cM. PucyHok 51). Coenunsis oaHu

OJIOKHU C IPYTUMHU MOKHO CO3aTh MPOTrpaMMy JIBHKEHUU IS MAHUITYJISITOPA.

E: MopEnoYMTE :.'.: Fy<HOE yNpaENEHWE E CoznaHKWe Nporparsm (8 Hactpoiua % MoHrTopKHE E MHCTEYEUMK [—) Breixon

Lo ) it (1) Blockly € Python > 3arpy3nTe

ayauogann
(=] ecrm
BLINOMHWTL
Martematura

TexcT

MepemenHble i:m

DyHELM i
Maccuesl

Newxenne m Q
Mozmuyn cycTasos aQ

BLIGpaTE No
Mozun LITK TS
3ByEM ECcnu No¥b

I Mepudhepwua

Pe3ynbTaT EbINONHEHWUA NPOrpaMMbl:

Promobot M Edu
Bepcwa MO virtual

Pucynok 51 — Blockly B mpunosxennu Promobot M Control

Jlist momydeHus: KpaTKo# CrpaBKU O OJIOKE HaBeIUTE HA HETO KypCcOp MBIIIN — OTOOPa3UTCs

BCIUTBIBAIOIIAs MOJICKa3ka (cM. PucyHok 52).

n -
e 0 une 1 Ha passéme nepudepu

YoTaHOEMTE SHaY

Pucynok 52 — BemsiBaromiasi mojickaska

[Io Onokam oOmero ¢yHKIMOHANAa JOCTYIHA CHOpaBKa B KOHTEKCTHOM MEHIO OJ0Ka

(cM. Pucynok 53), 1t 3TOro Ha)XMHUTE MPABOH KHOMKK MBIIIU Ha OJIOK.
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BbiMmon
OyEnupoeaTe

4

BoTaEkm BHYTRM
CeepHyTe Gnow
OTeniounTe Gnox
¥oanure Gnox

Cnpaska

4

Pucynok 53 — KontekcTHoe MeHI0 0110Ka

7.2.2.1 Onucanue rpadpuyeckux 6;10koB (ondauoTexa Blockly)

bubmuoreka Blockly B mpunoxennn Promobot M Control umeer ciieayrorme pasaens:

1. «Jloruka» — ycnoBusi, cpaBHeHus (cM. Pucynok 54).

R Aol

S =

=- w

Atk

[0

' UCTWHA

HAYTO noxe

Pucynok 54 — broku «Jloruka»

BoiDpaTte no

ECINK UCTHUHa

ESCNK NoHb
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2. «Matematuka» — BhIUMCIIeHUs, hopmyJsl (cM. PucyHok 55).

01 ma.qwblﬁ KOpEHb ~ |

< KBaJpaTHEI KopeHs

4 sin In
cos - log10
A
tan &
) 104
arcsin
arccos
arctan v Ma CNUCKa
e

' cymMma cnucka

[
 yETHOE | HauMeHbLLEE B CUCKe
sqri(2)

HawbonbLWee B CUcke

sqri(¥z)
J  UETHDE

- cpefHes apUbMETUUECKOE CTIUCKA
HeUeTHoe MeaWaHa cnvcka
npocToe MOkl Cucka
Lenoe gy CTaHAAPTHOE OTHNOHEHUE CMUCKA
NONOXMTENBHOE CRYYaiHLIA 3NEMEHT Crncka

v OKpYIMHTL

OTpUUATENbHOE
[ENUTCA Ha QKPYIMMTE K Donswemy

OKpYIMMTE K MeHbLLEMY

Pucynok 55 — broku «Maremarukay
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3. «TekcT» — pabota ¢ TekctoM (cM. PrucyHok 56).

0| Co30aTh TEKCT M3

ot M reer ] yey Ne - | |

v bByrsy Ne

Bykey Ne ¢ koHua
nepeyio Gykay COEOMHUTL
ANEMEHT
nocnegHoio Bykey
" 3NEMEHT
cnyyainyo byrsy .

Haneydaramb

K ELEIEIINS 1oDaBuTL TEKCT

= - anemedT
sanpocuTb [[EIEkd C NOACKAIKOM

MepeMMeHoBaTE NEPeMEHHYHD. .
¥ TeKcT YAAnWTL NepeMeHHY K ‘3NemMeHT’

YKHCNo
T € sy cropon -

m ——
cneea

cnpaea

3AMABHLIE EYKBEI ~

-« 3AIMMABHbIE BYKBbI

JarnaeHele HavansHele bykesl

B Texcre asss noactpory ¢ CTELED MY no T

W TekcT
MNeperMeHoBaTE NEPEMEHHYHD. ..

YAANWTE NepemeHHy 0 'TekcT

Pucynok 56 — broku «TekcT»
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4. «IlepeMeHHBIC» — CO3JaHHE U PEIAKTUPOBAaHUE TepeMeHHbIX (cM. Pucynok 57).

Co3/1aTh NEPEMEHHYI0.

<  MEpeMeHHaA 1

».nepementan 1 - | lMeperMeHOBaTE NEPEMEHHYID. ..

 mrmoEas YOanWTe NepemMeHHyH mepemeHHan 1

MepedMeHDEaT NEPEMEHHYID. .

¥OanuTe NeEpEMEHHYH NepemMeHHan 1'

VEEOT T nepemedHan 1 - BIE] 1

< MNEepemMeHHan 1
MNeperMEHOEaTE NEpeMEHHYHD. ..

¥OanuTe NEpEMEHHYD TIepeMeHHan 1'

Pucynok 57 — bnoku «IlepemenHbIe»

«IIMKJITBI» — MHOTOKPATHOE IOBTOPEHHUE OMPEICIICHHBIX IeHCTBHI (KOMaHT) (CM.
Pucynok 58).

NoBTO MmoKka -

U‘Ipeuynpameﬂne: 3TOT BNOK MOKET MCMONbL30BATLCA TONBKO BHYTPU unma.J

A BoiiTH U3 - < MOETOPATL, NOKa

¥ BhIATH K3 NOBTOPATL, NOKa He
NepeiTi K cneayiouemy wary

nna kaxaoro snemeqta [[E B cnucke

MNepenMeHOBaTE NEPEMEHHYID. ..

¥oanuTe nepemenHyo |

Pucynox 58 — brioku «I{ukibny
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5. «OyHKIIMU» — CO3JlaHue COOCTBEHHBIX MPOLEAYp U HMMEHOBAHHBIX MOJMPOrpaMM

(cM. Pucynok 59).

= — (20 "1 5] BhINONHWTE YTO-TO
._I:‘_. U ¥ 5 | BLINONHWTE YTO-TO
ecnu ‘ BEPHYTH '

Pucynok 59 — biioku « DyHKIuN»

6. «MaccuBsl» — paboTa ¢ 3JeMeHTaMH CIHCKOB (cM. PrucyHok 60).

|'J. CO30dTb CMACOK U3

2| Co3qaTh NYCTOW CNIMCOK

ANEMEHT

ANEMEHT
-

CO304dTb CNMCOK M3 3NEMEHTA ' , MOBTOPAKLLErOCA pas

¢ cmoor s crvere (| CITETED N T |

lMepeuMeHoBaTE NepeMeEHHYHD. ..

B CMIMCKE Haimy [kl BXOKIEHWE anemeHTa ‘

YOanuTL NepemMeHHyH Cucok J B3ATbL

B3ATE W y4aNnMTe

YoaanuTe

s cnvce M| D B oY

e cnvcor -] o= - o

V' MPHUCBOWTE

g crmcke [, (SN0 | E3A1Th NOACTIMCOK C ﬂm. no III-
s Ne

BCTAEWTE B
Ne ¢ koHua

nepeoro

COpTUpoBaTh (G100 I mmspammm -1
CAENaThk CNWCOK M3 TEKCTA ~ - C pasfenurenem _
< uucnoeas

+  GCOenaTk CMMCOK U3 TeKcTa no andaeuTy

cobpaTk TEKCT W3 cucKa no andaeunty, Gez yusTa permcTpa

Pucynok 60 — biioku «MaccuBbi»

7. «JIBmKeHHE» — KOMaH/Ibl IEPEMEICHHs U paboThI ¢ HacaakaMu (cM. PucyHok 61).
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MNepemectuthena B Touky *  McxogHoe nonoxeHune Mopoxnate 1) cexyun

co ckopocteio [ v ycropermem )

nnanvposwwr [RIEES

- L]
, PP Yron nosopota Hacagku: [1)

LIN

PTP — nBrkeHue BceX CycTaBoB MO KpaTyaiimemy mytu — MeXaHMYECKHi 3aXBaT
LIN — nmxenue LITU no npsmoii nuHumn Cxarue [I) °

IEn¥EHHE NO rPpyNNe NO3MLAA

BakyywmHblii 3axBaT

nnaxuposwe: [

BLINONHATE QEMHEHWE MO FPYINE NOSHLMA BakyyMHblil 3axear
L R L ¢ yKasaHHEIMK NapAMETDEMM MNTaHWPOBaHHRA

MakcumansHoe yckopenne: [

Pucynok 61 — brioku «/IBrxeHne»
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8. «Ilo3umun CyCTaBOB» — COXPAHCHHEC M HCIIOJIB30BAHHUEC TOYCK ITOJIOKCHUSA ITOBOPOTHBIX

y350B ManwumyJstopa (J1, J2, J3 (cm. Pucynok 8)). Jlns moGaBieHUs 1 COXpaHEHUS MO3UITHIA

HaxMuTe «/100aBUTh TTO3UINIO CycTaBOBY (cM. PucyHok 62).

J10DaBUTL NO3KULIMIO CYCTABOR

- [pynna noanywit (1)

Mosuumsa no cyctaeam X

HaumeHoBaHWe
BBeouTe MMA NO3MLMK
MaKC.CKOpOCTD ABUXMeHHUa
CycTagbl
Moe: T 0 0 - +
Mney Q.0 - +
Crpena -14.0 ° — —+

OCTaHOBWTL ABMMEHUE ] Yaanute

PI/ICYHOK 62 — CDopMa AJI1 CO3JaHus IMO3UITHHU 10 CyCTaBaM

[To ymomuanuio poGaBiaeHa mo3unms «McXomHOE TMONMOXKEHUE», MPH HAKATAM Ha HEe

0T06paBI/ITCH cpopMa, AJIsT UBMCHCHUS HAXXMHUTE KHOIIKY ((P336JIOKI/IpOBaTB PECAAKTUPOBAHUCY (CM.

Pucynok 63).



Mo3uumsa no cycraBam X

Pa36noKMpoEaTh peaKTUpoBaHUe

(1) PegakTuposaHue cBpoCMT BCE KOOPAWHATHI A0 TEKYLUErO NOMOKEHWSA MaHWNYNATOPa

HanMeHoBaHWe

McxogHoe nonoxeHue

CoXpaHuTb OCTaHOBUWTb OBUKEHWEe Ypanuts

Pucynok 63 — @opma 1t U3MEHEHUS TIO3ULIUN
bnox «['pynna nmo3uuuii» GopmMupyeT ynopsaoueHHbII HA0Op COXpaHEHHbIX No3uuui. g

PEAAKTUPOBAHUS WK 100ABIICHUS MO3UINI HAXKMUTE =,0T06pa3I/ITC$I ¢dopma «I'pynna mo3uuuii».

BriGepure yxe uMeromuecs mo3uiliy Wik CO3/IaliTe HOBYIO.

Mpynna nosuuumii: Mpynna nosMumn X

B VicxonHoe nonoxexue S | PenakTuposate

Kartanor nosvuum T

Pucynok 64 — ®opma «I'pyrina no3unui»
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9. «llosumuu LITU» — coxpaHeHre M MCIOJIb30BAHUE TOYEK MOJIOKECHHS IIEHTPATHLHON TOUKH
unctpymenta (LITU). [Ins noGaneHwst M COXpaHEHHs TO3UIMK Haxmure «Jl00aBUTH

no3uruio [ITHU» (cMm. Pucynok 65).

HNobaeuTb nozvuwmo LT
. 0 -

Mo3auuumsa no LUTU X
HavMeHOBaHWe
BBeOuTEe MMA NO3MLKMK
MakKc. CKOpOCTb ABUXEHMA
G s0%
UTKH
|z- L zr 1|
X1
R v
| - ]
KoopauHaTthb!
s X 154 cm — 4+
OCTaHOBWUTb OBUMEHUE ] YaanuTb

Pucynok 65 — ®@opma st coznanus no3uiuu [[TU

10. «3Byku» — BOCHPOM3BEACHHE ayJu0 C BO3MOXKHOCTHIO (DOHOBOTO pexHMa (CM.
Pucynok 66). IIpexycraHoBieHo 4 3ByKOBBIX (aiina. J[OMOJTHUTETLHO MOXKHO 3arpy3HuTh
¢aiin B popmare .wav - HOKMHUTE KHOIMKY «3arpy3uTh ayauodaili» v OH MOSBUTCS s

BbIOOpA B OIIOKE.

sound.wav

Pucynoxk 66 — briok «3Bykm»
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11. Tlepudepus — ynpasiieHHe BHEITHUMH TOJKITIOUeHUSIMU (cM. PrcyHOK 67).

Lindbposoit Beixon;

YCTaHOBHTL 3Ha

Lindrposoi exon: Q8GR

CunTaTts Nnorye

UART 4
UART 5
UART 6

UART 7
UART 8

‘.‘l"rI'IpEBI'IEH He NUTaHWEM:

S * Ve STRELA 2 ~ WBka v |

UMM, kondomrypauma
5= STRELA 3+ STRELA 4 -

YacTota
CKBa¥HOCTb %

Brikn

LM

LLIMM 3anyck

a=c= Tl STRELA 3 -
e s ) STRELA 3+ STRELA 4 ~ .

CrBa !
+ STRELA 3

STRELA 4

Axmeer [EITED

Pucynox 67 — broku «Ilepudepus»

brnokun «Ilepudepus» mnpenHazHaueHbl NS B3aUMOJEHCTBHA C  nepudepUiHBIMU
yCTpOWCTBaMH, MOJKIOYaeMbIMH K pazbeMam M Edu. broku mo3Bomsitor opranuzoBaTh OOMEH
JMaHHBIMU TI0 IMQPPOBBIM HUHTEpdeiicam, yNpaBiIsITh MUTAHHEM BHEUIHHX MOJIYJEH, a TakKke
TEHEPUpPOBAaTh  CHUTHAJIBI  IIUPOTHO-UMNyJbCcHOW  Moaymsauuun (IOWUM) nns ynpaBneHus
CEpBONPUBOIAMHU U IPYTMMH aHAJIOTOBBIMH yCTPOWCTBAMH.
Onwucanue 6JI0KOB:
1. bnoku mudposoro Broga/BeiBoAa (UART) — nannas rpynma 6J0KOB mpeaHa3HAYCHA IS
Hactpoiiku npuemonepenardaukoB UART (Universal Asynchronous Receiver-Transmitter)
Ha pazpemax M Edu B pexxnme mmdpoBBIX JIHHUA «BXOI WIH «BBIXOI». DTO MO3BOJSET

MOJIKJIIOYaTh JaTYUKU C HUQPPOBBIM BBIXOJAOM (HaAmpUMep, TAKTOBbIE KHOIKH, F€PKOHBI,
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KOHIICBBIC BI)IKJ'IIOLIaTeJ'II/I) WX YIIPABJIATH IPOCTBIMH HCIIOJHUTCIbHBIMU YCTpOﬁCTBaMH

(Hampumep, CBETOIMOJaMU, Peie).

IIpumeuanue — Uurepdeiic UART no ymonuaHuio NpeAHA3HAUYEH I ACUHXPOHHOU

MOCJIEAOBATEIbHOM nepecaaynu AJaHHBIX. HMcnonp30BaHuE €ro0 KOHTAKTOB B KauyeCTBE CTaHAapPTHBIX

1M (POBBIX JIMHUN TpeOyeT NpeaBapUTEIbHON HACTPOIKHU B cpelie pa3paboTKU.

1) Bbmox «Iludposoii Beixom: UART X» (cm. PucyHok 68) — koHpHUrypupyeT

2)

BbIOpaHHbIil anmapatHeld UART anga paGoTel B pexknMe LU(POBOro BbIXOJA H

YCTAHABJIUBACT HaA €TI0 BBIXOJHOM JTMHUHU BBICOKUM WJIM HU3KUU JTOTHYCCKUI YPOBCHbB.

TNl UART 3 -
YeranoenTs zHauerve [

Pucynok 68 — briok «I{udposoii Beixog: UART X»

Crpykrypa 610Ka:

- 3aronoBok: «ludposoit Beixoma: UART X», rme X — HOMep BbIOpaHHOTO
pasbema/UART.

- Tlapamerp «YCTaHOBUTHb 3HAa4Y€HHWE» — BBIMAJAIONIUNA CIHCOK, B KOTOPOM

MOJIb30BaTelNb BhiOUpaeT 1eneBoit pazbeM UART ais HacTpoiku.
- Ione: «1» — cOOTBETCTBYET JIOTUYECKON €AMHMUIIE, IO YMOJIYAHUIO — CUTHAI
BBICOKOT'O YPOBHSI, €CTh HAlIPSKEHHUE.
- Ilone: «0» — COOTBETCTBYET JIOTMYECKOMY HYJIIO, IO YMOJIYAHHUIO — CUTHAJ
HU3KOr'0 YPOBHSI, HET HAIIPSDKEHHUS.
[Ipumep ucnonp30BaHuA: U1 NOJAYM YHPABISAIONIEr0 CUTHAJA HA MCIOJIHUTEIBHOE
YCTPOMCTBO, MOJKII0OYEeHHOE K pazbeMy «UART_3», HeoOxoaumMo BbIOpaTh B O0Ke
snauenue «UART_3» u B mose nmapameTpa BbIOpaTh «1». JInHMs niepeiiieT B akTHBHOE
COCTOSIHHE.
brnok «{udposoii Bxoa: UART X» (cMm. PucyHok 69) — koH(pUTYypupyeT BEIOpaHHBIN
annapatHblii UART ansa paGotsl B pesxrMe HU(PPOBOro BXOAa U CYUTHIBACT TEKYIIEe

JJOT'HYCCKOC COCTOAHUC HaA €TI0 BXOI[HOﬁ JIMHUH.

Lincppoeoid sxon: KGR

CUYMTaTL NOMMUECKWH YPOBEHL

Pucynoxk 69 — bnok «{ugposoii Bxox: UART X»
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CtpykTtypa 610Ka:
- 3aronosok: «I{udposoii Bxog: UART X».
- Ilapametp «CuutaTh JIorHuecKOe» — BbINAIAOIMIMMA CIIUCOK Ul BbIOOpA pazbemMa
UART, cocTostHuE KOTOPOT0 HEOOXOIUMO MTPOBEPHUTH.
[Ipumep wuCHoONBb30BaHUS: IS OXKUIAAHUS HaXATHUSd KHOMKH, MOAKIIOUEHHOW K
pazbemy «UART _3», B IUKJIE «<OKIAaTh» WU YCIOBHH «ECIIN» UCIIOIB3YETCS JaHHBIN
OJIOK.
2. brok «YnpasieHnue nutanuem» (cM. Pucynok 70) — oTBeuaeT 3a 1mojavy Wid OTKITFOUCHHE
AIIEKTPONUTAHUS Ha BHENTHHE pa3beMbl M Edu. Mcnons3yercs st sHeprocOepekeHus Wit
nepe3arpy3ku NOAKIIOYEHHBIX YCTPOUCTB. YTPABISET MOJaYeid HAMPSKECHUS TUTAHUS Ha

yKa3aHHBINA pa3beM. biiok mocTyrmeH Toiabpko B pexkuMe «be3 Hacagkm» (cM. PucyHok 77).

Pucynox 70 — biok «YnpaBieHrne TUTaHuEM

CrtpykTtypa 610Ka:
- 3aroJIoBOK: «YTIpaBJICHUE TUTAaHUEM.
- Ilapamerp «Pa3pem» — BbIMAfarONMii CHOUCOK JUIsi BbIOOpAa pa3bemMa MUTAHUS
«STRELA_2».
- [Tone: «Bxi» — HanpskeHUE MOJAHO HA Pa3beM.
- «BBbIKI» — HAIPSIKEHHUE OTKIOYEHO OT pa3beMa.
[Ipumep wucnonb30BaHUA: I BKJIIOYECHHUS BHEIIHETO OCBETHUTENS, MOAKIIOYEHHOIO K
cwioBoMy paszbeMy «STRELA_2», mepen HadalioM BHUICOCHEMKH, HEOOXOIMUMO
YCTaHOBUTH MEPEKII0YaTENh OJI0Ka B MOJOKEHUE «BKI».

3. binoxku wHactpoiiku u 3amycka MM — mmpotHo-umnynbcHas wmoxayssiius (ILIMM)
WCIIONB3YEeTCs ISl YIPaBICHUS CEPBONMPHUBOJAMU, PETYJISITOpAaMU OOOPOTOB JIBUTATEIICH,
SApKOCThIO cBetoanonoB. Pabora ¢ MMM B Blockly pasmenena wa naBa »dtana:
KOH(pUTypaiuio u 3amyck. bJIOKM JOCTymHBI TOJNBKO B pexkume «be3 Hacagkm»
(cM. PucyHok 77).

1) bnoku «IIUM, koudpurypamms» u «LIMUM» (cm. Pucynok 71) — 3amaetr mapameTpsl
[IINM-curHana Ha YyKa3aHHbIX pa3beMax. DJIOK BBINOJHAETCA OJHOKPATHO ISk

HAaCTPOWKHU reHeparopa.
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LLIMM, koHtburypaLma LM

zeupr s UM STRELA 3 STRELA 4 - [giup o Tl STRELA 3 -
Yacrora Creasocts: B0 %

Pucynox 71 — bnoku «I1INUM, koundurypauus» u « 1IM»

CtpykTtypa 610Ka:

- 3aronoBok: «IIINUM, kondurypamus» mu6o «LINUM».

- [TapameTp «Pa3zpeM» — BEIIAIAFONINIA CITUCOK T BhIOOpa pazbema «STRELA_3
+ STRELA 4», yTo MOXeT 03Ha4aTh HMCIOJIb30BAaHWE JBYX JIMHUN Ha OJHOM
pa3zbpeMe WK BBIOOp KOHKPETHOTO KaHaa.

- [TapameTrp «Yactora» B Omoke «IlIMM, kondurypauus» — 1moie BBOJIA WIH
BbIOOpa yactoThl curHaina B lepumax (I'm). OT yacTOThl 3aBUCUT NEPUOA
CIIEZIOBaHUSl  MMIYJbCOB. i  CTaHAAPTHBIX  CEPBONPUBOAOB  OOBIYHO
ucnosb3yercs yactora 50 I'.

- Ilapamerp «CkBaxnoct» B Onoke «IIIMM» — mnone BBoxa wiM BbIOOpa
CKBaXXHOCTH uMIyjJbca B mpoueHTax (%). CKBaXXHOCTb OIpeneNseT OJI0
BpEMEHH, B TEUEHUE KOTOPOTO CUTHAJ HAXOAUTCS B COCTOSIHUM « Bk (BbICOKHMIA
YpOBEHB) OT 001Iero nepuoza. Jias cepBonpuBOJOB U3MEHEHHE CKBAXXHOCTH OT
5% 1o 10% (B 3aBUCHMOCTH OT MOJIETIN) U3MEHSET YroJl IOBOPOTA Baa.
[Ipumep wucmoONB30BaHUS: A TOATOTOBKH K YIPABICHHIO CEPBOIPHUBOJIOM,
nojkiodeHHbIM K pasbemy «STRELA_3 + STRELA_4», ycranaBnuBaioTcs
cTaHaapTHbIe mapaMmeTpsl: dactota «50 'y, a HayambHas CKBAKHOCTH «50 %0»,
YTO  COOTBETCTBYET ILIEHTPAJbHOMY IMOJIO)KEHHIO Baja  OOJIBLIIMHCTBA
CEpBOMAIINHOK.

2) baok «IIIMM nuranue (5B)» (cM. PucyHok 72) — akTHBHPYET WM JCAKTHBUPYET

reneparuio [IHIMM-curnana Ha npeaBapuTebHO CKOHPUTYPUPOBAHHOM KaHAJIe.

LLIMAM nuTanme (5B)

=t T8 STRELA 3 STRELA 4 -~
ArxmeeH RS

Pucynok 72 — bnok «IIIMM nutanue (5B)»

CrtpykTypa O1oKa:

- 3aronoBok: «IIIMM mnutanue (5B)».
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7.2.3

- Ilapamerp «Pa3zbem» — BhImajgaromuii CKUCOK AJisi BbIOOpa pazbema ([I0JIKEH
COBIIAJATh C Pa3bEMOM, YKa3aHHBIM B OJIOKE KOH(pHUTYpaIyH).
- llome «AKTHBEH» — IEPEKITIOYATENL COCTOSHMUS:
-  «Bxim» — renepauusa IMM-curHama ¢ 3aJaHHBIMH TapaMeTpamu
HAaYMHACTCA.
-  «Bpiki» — renepamua IMM-curnama mnpekpamaercs, HamnpsHKeHUE Ha
BBIXO/IC YCTaHABIIMBAETCS B HEaKTUBHOE cocTosiHuE (00bryHO 0 B).
[Ipumep wucrmonb30BaHUs: TOCHE BBHIMOJIHEHUS OJoKa KOHGUTYpaluu Ajs pa3dbema
«STRELA_3 + STRELA_4», nannslii 6510k ¢ mapameTpoM «Bki» 3amyckaer moaaqy
CUTH&JIA HAa CEPBONPHUBOJ, 3acTaBissl €ro IMOBEPHYTHCS B  IIOJOKCHHE,
COOTBETCTBYIOLIEE 3aIaHHON CKBaKHOCTU. J1JIs1 OCTAaHOBKU y/€pKaHUsI CEPBOIPUBO/IA

(CHSTHS YIIPaBIISIFOIIETO CUTHAJA) UCIIOJIb3YETCSl COCTOSIHUE «BBIKIT».

Python

Python B nputoxxennu Promobot M Control npexncrasisier coboli penakrop kona Python mis

HaIllUCaHUsA, pCAAKTUPOBAHUA U COXPAaHCHUA KOJIa, OHTI/IMI/ISI/IPOBaHHHﬁ 104 CHMHTAaKCHC sA3bIKa Python

(cM. Pucynok 73).

¢ nograiounts

fisa)

(I} Pyuroeynpasnenwe [5) Cosmammenporpamm  (§3 Hactpoimka A0 Mowwropunr  [W] ukcrpyiuun (> Boxop

M
6]

Blockly

manipulator = MEdu(host, client_id, login, password)

@ python [> 3arpyauts ayamodaiin =
-

ion, MoveCoordinatesParamsOrientation, PlannerTyp
osition, JointPositions, FlangePinName, OutputType, Volto

Promobot M Edu
Bepcus MO: virtual

=]

Pe3ynsTaT BbiNONHEHWA NPOTPAMMbI:

Pucynok 73 — Python B mpunoxxenun Promobot M Control
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Ecnu panee B Blockly Obuta co3mana mporpamma, TO €€ KOA MOXET aBTOMATHYCCKH
rerepupoBatbes B Python. Jlanee MOXXHO pegakTHPOBATh CYIIECTBYIOIINE CTPOKH.

[Tpu Hancanum coOCTBEHHOTO Koja HCronb3yiTe Oubmmoreky SDK, onrcannyio B paszzerne 8
«PROMOBOT M CONTROL SDKb».

[1pu 3arpy3ke rorooro ¢aiina Python yarure, 4To iporpaMMHbIii KO/ B (aiiiie T0KeH ObITh
HarmucaH o npaswiam PEP8, cam (aiin qomkeH nMeTh THITBI *.pY Wik *jSon.

B cooTBeTcTBMM CO  CTPYKTYpoO# *jSON ¢popMar cOXpaHEHHsS TPOTpaMMbl TaKOW —
B JSON-00BeKTEe MPUCYTCTBYET €AMHCTBEHHOE Tosie "program": "/* Ttexct mporpammbr */",
coJiep Kailiee BCIo mporpamMmy B TUNE AaHHBIX "cTpoka'. Kaxkmas HOBasi CTpOKa KoJa OTAEISETCS OT
npeAbLIyInei mpu moMomny cumBoia "\n" (6e3 UCIoIp30BaHus IEPEHOCA CTPOKH).

[Tpumep nporpaMmMHOro Koja B popmare *json:

{

"program": "import  asyncio\nfrom sdk.commands.move_coordinates command import
MoveCoordinatesParamsPosition, MoveCoordinatesParamsOrientation\nfrom sdk.manipulators.medu
import medu\n\nhost: str = '172.17.0.1"\nclient_id: str = '1227\nlogin: str = '13'\npassword: str =
‘14'\n\nmanipulator = medu(host, client_id, login, password)\n\nasync def
make_manipulator_connection():\\n try:\n print(\"Connect\")\n manipulator.connect()\n p
rint(\"get_control\")\n manipulator.get_control()\n \n # Bamm ko 31ech\n print(\"Hello,
World'\")\n \n except Exception as e:\n print('Bo3nukina omrroka')\n print(e)\n\nloop =
asyncio.new_event_loop()\nasyncio.set_event_loop(loop)\nasyncio.get_event_loop().run_until_compl

ete(make_manipulator_connection())\n"

¥

HpI/I 3aITyCKE MporpaMMbl €CTb BOZMOKHOCTD ITOACBCYNBATH BBINIOJIHACMYIO CTPOKY. CDYHKIII/IIO

MOYKHO BKJTFOUMTH/OTKIIFOYHMTH C MTOMOIIBIO claiiiepa (cMm. PucyHok 74).

b

OToBpamaTh C)
| BbINOMHAEMYH CTPOKY

i

Pucynox 74 — Cnaiinep «OToOpaaTh BBIMOIHIEMYIO CTPOKY»

81



7.3 Hacrpoiika

Wntepdeiic st HacTpodiku (Bkiagka «HacTpoilka») cOAEpKHUT CIEAYIOLUE pa3/essl
(cm. Pucynok 75):
- pazzgen «OOIIMe U CUCTEMHBIE HACTPOUKIY;

- paszpen «AHCTpYMEHTY.

'i S—— :: PyyHoe yNpaEneHue E CoznaHue Nporparm {3 Hactpohka :5: MoHUTOpHHT El MHETRYKLMM [—) Brixon

- &

O6lKMe M CUCTEMHBIE

- HMHCTpYMEHT
HaCTPOMKHK

Promobot M Edu —
Bepowr NMO; virtual

Pucynok 75 — UnTtepdeiic ans HacTporku

7.3.1 OO0uue ¥ cuCTeMHBbIE HACTPOIKH

Pasznen «OOmme u cucteMHbie HacTpoiku» (cM. PucyHok 76) comepxut kHOnKy «COpPOCUTH
K31 ¥ TIEPE3aIyCTUTh UHTEp(PEic», KOTopas MOKET OBITh UCIIOJIb30BaHA JIJISl OCBOOOKICHUS TTaMSITH

Y UCTIPABIICHUS OMMOOK, BO3HUKAIOIINX IPU paboTe C MPUITOKEHUEM.
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f MonKNEYHUTL :E, Py4HOE yIIpaENEHWE E CoInsHWE MpOrpake {3 HacTtpoiika E MoHMTOpMHE El MHcTpyHUMK I:—) Brixon

OBLUME U CUCTEMHBIE HACTPOMKK Hasag

CBpoCcUTh K3LL M Nepe3anycTUTE MHTepdeic

Promobot M-Edu
Bepcwa MO virtual

=

Pucynok 76 — Paznen «OOmue u cucTeMHbIE HACTPONKNY

JIns BO3Bpara K ApyruM HaCTPOMKaM Ha)KMUTE KHONIKY «Hazam.

7.3.2 HNucTrpymenTt

Pasnen «MHcTpyMeHT» (cM. PucyHOK 77) mpepHa3HadeH Uil HACTPOWKH pEeXUMa pabOTHI ¢
WHCTpYMEHTOM (Hacazakoi). lns HacTpoliku B moje «BwiOepute pekum» yCTaHOBUTE 3HAYEHUE B

COOTBETCTBUU C YCTAHOBJIEHHOW HACAJKOW U HAXXMHUTE KHOIKY «IIpuMeHUTHY.

f: MIORKMIOMITE :'E', Pyuroe ynpaeneHne E Cosgaque mporpamm Q} Hacrpohua E MoHMTOpMHN |E| MHCTRYRLMI [—) Brixog,

TeKYLIMA perkuM: Be3 Hacanku Hasan

. m

PYCOBaHWE
[paBUpoBKa
ID-nevartb
MexaHMueCKMA 2axeaT
MArkKiA 2axeaT
BakyyMHBIA 2axBaT

Be3 Hacanku

Promobot M Edu
Bepcwa MNO: virtual

=

Pucynoxk 77 — Paznen « MHCTpyMEHT»
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Jlst BO3Bpara K IpyruM HacTpoiikaMm HaxxmuTe KHonkKy «Hazamy.

7.3.2.1 PucoBanue

Ilepen HagasoM pabOThl YCTAHOBUTE MOJTYJIb 3aXBaTa MUIIYILEro HHCTpyMeHTa (cM. pa3zaen 3.9
«Moyib 3axBara MUIIYIIEr0 HHCTpYMeHTa»). [IpoBepbTe MOIKIII0OYeHNE K MAaHUTTYJISATOPY.

[ns ynpasiienus B pexxume «PucoBanne» HaxxMuTe KHONKY «HacTpolika» Ha rIaBHOM ITaHEIN
BKJIAJIOK, B moiie «Bwibepute pexum» ycraHoBute 3HaueHue «PucoBanme» (cM. Pucynok 77) u
Ha)XMHTE KHONKY «IIprumeHuTh».

Haxxmure kHOnky «PucoBaHue», aBTOMAaTMUYECKH OTKpOETCsl OMOIMOTEeKa C JOCTYIHBIMU

n3o0paxenusmu (cM. Pucynok 78).

Bbibepute naobpaxeHue

o O

ecTuyronbHu Kpyr Keagpar

TpeyronsHuE 3eezna MATHYronsHME

Byrsa A Bykea b Bykea B
- r_l —_—

Pucynok 78 — bubnuoreka pucyHKOB

BriGepute wu300pakeHHMe W HaXXMUTE KHOMKY «BpiOpate» mmb0 3akpoiTe ¢opmy.

N3o0pakenue oroOpasutcs B oosactu prucoBanus (cM. Pucynok 79).
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MooEnHHUTES Ih;_ff_'; FucoeasHue @ HacTpoiika % M oHMTODMHT @ WheTpysiys [+ Bexon

Pucynok 79 — Pa3nen «PucoBanue»

Ilepen 3amyckom 3a1aiiTe CTAPTOBYIO MO3HUIIUIO MAHUITYJISITOPA:

Q0

1. HaxmuTe KHOTKY . Orobpasurcs popma «3amanue vyns» (Pucynok 80).

3agaHuve HynA

ONA 330aHKA HYNa npu NoMoLUW FreeDrive onycTute
CTpeny MaHWnynaTopa Ha cTon, ans Gonee TOHKOM
HACTPOHKK MCNONB3YATE KHOMKW "BhILLE" W "HUHE", 1
HaXMMWTE KHOMKY "3ajaTb”

m Belwe Hike 3aKpbITh

Pucynoxk 80 — ®opma «3ananue Hys»

2. Cnenyst MHCTpYKIUH, ONIPEACIUTE HA4YaJbHYI0 TOUKY PUCOBAHUS U HAXKMUTE «3a/1aTh».

>

I[J'IH 3aImyCKa puCOBaHHA HAXKMHUTC KHOIIKY

I[J'IH OCTAaHOBKH PHUCOBAaHUA HAXKMHUTC KHOIIKY

UrtoObI 3aHOBO BHIOPATh PUCYHOK, HAKMUTE KHOIIKY

85




7.3.2.2 I'paBupoBka

[lepen HagagoM pabOTHl YCTAHOBHUTE MOTYJIb JIA3€PHOM IPaBUPOBKH (cM. pazaen 3.11 «Moxynb
Ja3epHOM rpaBUpOBKM»). [IpoBephTe MOAKIIIOYCHNE K MAHUITYJIATOPY.

Jlnis ynpasneHust B pexxuMe «I paBupoBka» HaxxMuTe KHONKY «HacTpoiika» Ha riiaBHOW aHeIu
BKJIIQJIOK, B molie «BriOepure pexxum» ycraHoBute 3HaueHue «IpaBupoBka» (cM. PucyHok 77) u
HaO)KMUTE KHOTIKY «[IpUMEHHUTH».

Haxxmure xHOTMKY «['paBHUpOBKa», aBTOMATHYECKHM OTKPOETCS COOOIIEHHE O TEXHUKE

Oe3omacHOCTH MpH pabore ¢ aazepom (cM. Pucynok 81).
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TexHuka 6e3onacHoCTH X

LWar 1 us3

BHUMAHMUE!
MPU NOEbLIX JEUCTBUSAX C NTASEPOM HEOEXOAMMO UCMONb30BATb 3ALLUUTHBIE OYKU. B
NMPOTUBHOM CJTYHAE BEINTUKA BEPOATHOCTb OXOIA CEHATKU IA3A.

= [lazep MOXeT HarpesaTb 0BBEKThI, KOTAa OH HaXOAUTCA B CCDOKYCUPOBAHHOM COCTORHWM, NO3TOMY Takue oObekTsl, kak Bymara unu
epeBo, MoryT BbiTe rpaBUpPOBaHLI UMW COXOKEHbI

= HE HanpaenaiiTe nazep Ha NoAen unu KUBOTH.IX
= HE nozeonaiiTe AETAM UrPaTh C HUM B OAUHOUKY

= Heobxogum NOCTOAHHLIA KOHTPOMbL

= HemeaneHHo BuIKNOYUTE Nasep Nocne rpasuposkm

= B KOMMNNEeKT BXOAAT MENKue 3anacHbIe YacTu, Mo3ToMy, NoXanyncra, AepxuTe Ux nogansiue 0T AeTel, TaK KaK OHW NPeacTasnakT
0MacHOCTL yayLbA

= HE nozeonaiiTe AeTAM Urpate ¢ Manunynatopom Promobot M Edu e oguHouky. Bee npouecch! 4omkHEl KOHTPONUMPOBATLCA BO
epemA padoTel. [Nocne 3aBeplueHUA NPOLECCOB, NOXanyicTa, HeMeANEHHO BolknouuTe obopyaosaHue

L} an UCNONL30EaHUKW Na3epHOro Moayna, noxanyﬁcra, Hap,eaaﬁTe 3aluUTHBIE OUKK

= VisberaiiTe NpAMOro BO3AECTBMA U3NYYeHUA Ha rnasa unu koxy. [lepxutecs Ha GesonacHomM paccToAHUM OT nasepa, YTob!
n3bexars cnyyanHLIX Tpaem

= HE nomewaiiTe pyku B pabouyro 20Hy B0 Bpema paboTsl maHunynATopoma Promobot M Edu. Heesinonxexue storo Tpebosanua
MOXET MPUBECTYN K CUHAKAM WIUNK 3aLieMNeHn0

= McnonsayiiTe CTOMKYH K EO3rOpaHuio MOBEPXHOCTL B KAYECTEE NOANOXKKN, Ha KOTOPOil ByaeT HaxoauTcA 0bbexT,
npefHasHadyeHHLM Ana obpabotku. [INA 3T0ro NoAoHAET NUCT CTekna uin MeTanna. BaxHo, uToBkI NOANOXKY He MOr MpoXeys
nazep. B kauectse obpabaTeizaemoro mMatepuana nyylie BCEro UCTONb30BaTh NNOTHLIN KAPTOH, HO MOA0MAYT U NUCTEI
KaHLenapckoi Bymarm

Pucynok 81 — TexHuka 6e301acHOCTH MpHU paboTe ¢ Ja3epoM

[MpoiinuTe Mo mIaraM 03HaKOMIICHHSI, 0TOOpa3HUTCs pa3zen rpaBupoBku (cM. Pucynok 82).
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f OTENCUMTE @ TPEEMPOBEKE ﬁ HacTpoka —E— MCHMTODHHI B MHETyRL [9 Buoiogy

[=I o

Pucynok 82 — Paznen «I'paBupoBkay

MaHumynsaTop BKUTaeT H300paskeHus TOJIbKO U3 Onbauoreku. UToOb! BEIOpaTh H300paXkeHue

=

HAXMUTE KHOTIKY . OToOpasutcs oubnuoTeka u3oopakeHuit (cM. PucyHok 83).

Beibepute nsobpaxeHune

O] O /\

LecTuyronsHuK TpeyronbHHK MATUYrONBHUK Byksa A

> B L

3 < H

Byksa 3 Byksa 1

—

Pucynok 83 — bubnmnoreka pucyHkoB
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BriGepute n3o0pakeHne W HaXXMUTE KHONKY «BpiOparb». M300pakeHne oToOpaswTcs B

00J1acTH TPaBUPOBKHU.

>

I[J'I}I 3allyCKa I'paBUPOBKHU HAXKMHUTC KHOIIKY

I[J'I}I OCTAaHOBKH I'PaBUPOBKHU HAXKMHUTC KHOIIKY

YTo0Obl 3aHOBO BRIOpaTh H300paKeHHE HAKMUTE KHOIIKY

7.3.2.3 3D-neyarn

[lepen madamom paboThl ycTtaHoBUTE Moaynb 3D-meuatu (cm. pasgen 3.10 «Moapyns 3D-
nedatu»). [[poBepbTe MOAKITIOUYEHUE K MAHUITYJIATOPY.

Jlist ynipaBienust B pexxume «3D-niedarsy HaxxMuTe KHONIKY «HacTpoiikay Ha riiaBHOU MaHeTn
BKJIQJIOK, B Toiie «BpiOepure pexxum» ycraHoBute 3HaueHHe «3D-medatm» (cm. Pucynok 77) u
HaXMUTE KHOMKY «IIpruMeHuTH».

Haxwmure kHonky «lleyaTs», aBTOMAaTHYEeCKHM OTKpoeTcss OuOIMOTEeKa € JOCTYHHBIMU

¢burypamu (cMm. Pucynok 84).

BeibepuTe nzobpaxeHue

KyGm Linnwsap MNapannenensnen
I - ' / Y T
TpeyroneHan MATMYronsHaR WecTryronskan

npH=EMa npu=Ka nprza

M

3Ee3ns Cepaus MNupameoa

Pucynok 84 — bubnuoreka puryp

Bribepurte ¢urypy u Haxkmure KHONKY «BpiOpate». @urypa otoOpasurcs B 00JacTH nevyaTu
(cM. Pucynoxk 85).
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T  Noaxniownts (& Mevars (¥ Hactpoiika —@ Monutopusr — [H]  Mectpyruumn > Boixog

Pucynok 85 — Paznen «Ileuatsy

[lepen 3amyckoM 3aaiiTe CTAPTOBYIO MO3UIIMIO CTPEIBI MAHUITYJISITOPA!

0

1. Haxwmure KHONKY OtoOpa3utcs (Qopma ynpaBieHus «3afaHue HyJs»

(cMm. Pucynoxk 80).

2. Cnenyst FHCTPYKIIUH, ONIPEACIUTE Ha4aubHyt0 Touky 3D-meuat u HasxMuTe «3a1aTh».

OTtobOpasutcs yBenomienue «IIporpamma BeimonHseTcs» (cMm. Pucyrnok 86).

3amyctute npoiiecc 3D-meyatu, HaxkaB KHOIIKY

90




f MNogKNHYHTE k;f Mewats @ HacTpoiika % MoHUTOpPUHT E VIHCTRYHLMK 9 Brixog

@ V' MMporpamma BbINOMHASTCA...

Pucynoxk 86 — YBenomenune «IIporpamMmma BBITTOTHSETCS»

PLA-bunaMeHT B miedaTaromiell TOJIOBKE HAYHET HarpeBaThCs, MPHU JOCTIKCHHH HYKHOU
TeMIiepatypsl (IPUMEPHO Yepe3 5 MUHYT) MaHHUITYJIATOp HAYHET IeYaTh 00beKTa.

Ipenynpe:xaenue! Ileuararomnas roJoBKa U BEIXOASIINM U3 HEE TUIACTUK UMEIOT BBICOKYIO
temriepatypy. [IpukocHOBeHUE K paboTaroiieMy 000pPYI0BAaHUIO MOKET IIPUBECTH K 0KOTaM.

OxunaiiTe He MeHee 15 MUHYT TocJie OKOHYAHUS MedaTu A1 CHATUS 3D-00beKTa ¢ 3aIUTHOTO

crexya 1 He meHee 30 MHHYT IIOCJIC OKOHYAaHMA M€YaTH I ACMOHTAaXXa MOIYJIA 3D-nieyarn.

7.3.2.4 Mexanndyeckui 3axBaT

Jlist pydHOTO YNpaBlIeHUS MEXaHWMUECKHM 3axBaToM Tmepeiinute B pasnen /7.1.2 «Pyunoe
yIpaBiieHuEe «MeXaHUYeCKUI 3aXBaT».
Jlns cozmanusi IporpaMMbl ¢ MEXaHMYECKUM 3aXBaToM Tmepeiante B pasaen /.2 «Co3gaHue

porpamMmm».

7.3.25 Msarkuii 3axBat

Jlnis pyyHOTO yrnpaBieHHsI MSTKUM 3aXBaToM nepeiinute B pa3aen 7.1.3 «Pyunoe ynpasneHue

«MSTKH 3aXBaT.
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I[J'I}I Co3JaHus IMporpaMmbl C MATKHUM 3aXBaTOM HepeﬁﬂHTe B pasacil 7.2 «COSI[aHI/Ie

IIPOrpaMm».

7.3.2.6 Bakyymublii 3axBaT

JIns pyyHOro ynpaBiieHUs] BAKYYMHBIM 3aXBaTOM MEPEUINTE B pa3e .
Jlis co3maHusl MPOrpaMMBI ¢ BaKyyMHBIM 3axXBaToM mepenautre B paszaen 7.2 «CozmaHue

MPOrpaMMm».

7.3.2.7 be3 Hacaaku

Jlnst pydHoro ympasieHus 6e3 Hacaaku nepeiaute B pasaen 7.1.1 «Pyunoe ynpasnenue «bes
HaCaJIKH».

Jnis co3manust mporpaMMbl 0e3 HacaaKu nepeauTe B pasaen 7.2 «Co3nanue mporpamm».

7.4 MounuTOopuHI

Jlnst Toro 94TOOBl OTKPBITH CHCTEMY MOHUTOPUHIA HAXXMHUTE KHONKY «MOHHUTOpPHHI» Ha
TJIABHOM MaHENN BKJIAIOK.
OtoOpasutcss uHpOpMaIs 0 BepcuHu WHTepdeiica, penusa u npommBku (cMm. PucyHok 87).

Bepcuu oTobpaxaroTcs TOJIBKO MPH MOAKIIOYEHHOM MaHUITYJISITOPE.

'i MooHmEoUUTh _.;s__' Pucosanme Ca HacTpo@ka :—B MoHHToPHH E MHCTRY LMK |:_‘,; Brixon
MporpammHoe MporpaMMHoe obecrnedyeHue
obecnedyeHue

£.0.0

515.2

Promobot M Edu
Bepcwa MO virtual

Pucynok 87 — Bepcuu untepdeiica, penrsa 1 npommBKu
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7.5 Oo6HoBeHNne npuio:xkennst Promobot M Control

[lepen oOHOBIICHHEM CpaBHHTE BepcHUU UHTepdeiica, pennsa u npomuBky Bamero M Edu ¢
BepcUsMU B TocienHeM penusze. WMHpopManuioo o MOcIeAHEM peiau3e Bbl MOXKETE Y3HaTh B
MHCTPYKLMH (B IPUIIOKEHUU HAKMUTE KHONIKY «HCTpyKIMm» U nepeiaute B paznen /.8 «Penuss»).

[Ipu HecooTBeTcTBHM, NoAKIounTe M EdU K MHTEpHETY WM BBITIOJHATE BCE OOHOBJICHUS IO
ouepenu:

1. O6Hnosure I10:

1) 3akpoiiTe MpUIOKEHHE.

2) 3amycrtute daiin «Update Mcontrol» Ha pabodem crose (cM. Pucynoxk 88).

Update Mcontrol

Pucynoxk 88 — ®aiin «Update Mcontrol»

3) Orkpoercs nporpamMmmHublii mHTepQeiic «Terminal». OToOpa3sUTCs AUATOTOBOE OKHO

i BeIOOpa THa oOHoBIeHUs (cM. Pucynok 89).

Tun o6bHoBNEHUSA

BoibepuTe Tn obHOBNEHMA

O6HoBAReHMe MO
ObHOBNEHME NPOLLMBKY
ObHoBneHwue Beba

Bbixoa

Cancel OK

Pucynok 89 — JlnanoroBoe okHO 11 BBIOOpa TUIIA OOHOBJICHUS

4) Bwioepure «O6HOBieHne [10» m Haxkmute «OK». OTOOpasuTcs yBEIOMIICHHE O

3amycke oOHoBjeHuUs (cM. Pucynok 90).
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O6uHosneHue MO

O6HOBNEHMWE NAKETOB
f——————————— )

Cancel

Pucynoxk 90 — YBenomuenue o 3amycke ooHoBneHus 110

5) Tlo 3aBepuicHMM OOHOBJICHHS OTOOpPA3UTCS YBEJOMJICHHE O  3aBEpIICHHH

(cM. Pucynok 91). Haxxmure «OK».

UPDATE MControl

@ Ob6HosneHue MO 3asepLieHo. BO3BPaT B rNaBHOE MEHIO.

OK

Pucynok 91 — YBenomiienue o 3aBepiienun ooHoBiaeHus [10

JIO)KTUTECH TOSBIICHUS TUAIOTOBOTO OKHA JUTs BRIOOpa THITa 00HOBJIeHUs (cM. PrcyHok 89).
2. OOGHOBUTE MPOIINUBKY:
1) Beibepute «OOHOBIICHHE MpOMBKE» U HaxxMuTe «OK». OToOpasutcs yBenoMicHue

«Harinena npormmska: ... [Iponomxuts npommeky?» (cMm. Pucynok 92).

UPDATE MControl

@ HanaeHa npowmwuska: m_edu_firmware_2.4.10.bin

MpogoMKMUTL NPOLUKBKY?

No Yes

Pucynox 92 — YBenomieHne npommBKu

2) Haxmure «Yes». OtobOpasurcs mnpenynpexiacHue «Yoemautech, uto: 1) T1O

BBIKITFOUCHO 2) KOoHIIEBHK B 0€30ITaCHOM ITOJI0KCHHHY.
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UPDATE MControl

= y6eauTech, 4To:

@ 1) MO BbIKAKOYEHO

2) KoHLeBMK B He30nacHOM NONOXKEHWM

OK

Pucynok 93 — [Ipenynpexnenue

3) VoOeaurtech, 4TO MPUIOKEHHUE 3aKPHITO, a CTpela MAHMITYJIATOpA JEKUT Ha CTOJIE.
Haxmure «OK».
4) Ilo 3aBepiieHUHd OOHOBJICHHS OTOOPA3UTCS YBEIOMIICHHE O 3aBepliecHUH. Haxmure

«OK» (cM. Pucynok 94).

UPDATE MControl

@ Mpowwska m_edu_firmware_2.4.10.bin - ycnewHo yctaHosneHa!

OK

Pucynok 94 — YBenomiieHre o 3aBEpIIEHUN TPOLTUBKH

JloKIUTECh MOSABICHHS TUATOTOBOTO OKHA JIJIS BBIOOpa THIa 00HOBJeHHS (cM. PucyHok 89).
3. O6HoBuTE BEO:

1) Brioepute «OOHOBICHHE BeOa» 1 HaxmuTe «OK».

2) Tlo 3aBepiieHUH OOHOBJCHHS OTOOPa3sHTCS YBEIOMIICHHE O  3aBEpIICHUHU

(Pucynok 95). Haxmure «OK».

UPDATE MControl

@ ObHoBAeHue Beba 3aBepLUeHOo. Bo3BpaT B rNaBHOE MEHH.

OK

Pucynoxk 95 — YBenomienue o 3aBepiiieHun 00HOBJIEHUS BeO-unTepdeiica

JIO)KTUTECH TTOSBIICHUS TUAIOTOBOTO OKHA IS BhIOOpa Tuma oOHoBIeHHs (cM. PrcyHok 89).

4. 3akpoiTe TUaJoroBoe OKHO, HaXkaB KHOIKY «Cancel».
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Ha nannplii MOMEHT ofHOBpeMeHHOe 0OHOBIIeHHE Bepcuii 110, mpommBku u BeO-uHTEpdeiica
HepocTymnHo. [loouepeHoe 0OHOBIEHNE TapaHTHPYET CTAOMIIBHYIO Pa0OTy MPHIOKEHUSI.

B HekoTophIX ciiydasx MOKET NOTpedOoBaThCs Mepe3arpy3ka yCTpOKUCTBa Mociie OOHOBIICHMS,
IIPU 3TOM 0TOOpa3UTCs yBEAOMIIEHHE O TpeOOBaHUM Nepe3arpy3KHu.

[Tocne oOHOBIEHHS B MHTEp(deiice MOHMUTOPUHIA OTOOPA3SITCS BEPCUHU, COOTBETCTBYIOILIHE
MIOCIIETHEMY PENN3Y.

[Ipy BO3HMKHOBEHUHU CJIOXHOCTEW C OOHOBJIEHUEM NPUIIOKEHHUS, OOPATUTECH B CEPBUCHBIM

LOCHTP MpCANIPUATUA-U3TOTOBUTCILA.
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8 PROMOBOT M CONTROL SDK

8.1 Ha3nauyenue u 00J1acTh NIPUMEHEHHUS

Promobot M Control SDK mnpenoctaBiser mnporpamMMHbI WHTepdec ais yhnpaBlIeHHS
y4eOHBIMH ~ pOOOTAMHU-MAHMUIYJISTOPAMU  TOJ  yOpaBJI€HHEM MPOrpaMMHOIO  obOecreyeHus
Promobot M Control, B 4acTHOCTH O00pa3oBaTeNbHOW  POOOTOTEXHUYECKOW  IatdopmMoit
Promobot M Edu, aBTOomMaTHM3anmu 3amad ¥ WX HHTErpAllMd C BHEIIHUMH CHCTEMaMH.
[lonnepxuBaroTCsl Kak CUHXPOHHBIE, TAK U ACHHXPOHHBIE ONEPALUH, YTO 00ECIEYMBAET THOKOCTh
pa3paboOTKu JUIsl pa3TUYHBIX CIICHAPUEB TPUMEHEHUSI.

OcHoBHbIE BO3MOxkHOCTH SDK:

-  MOJKIIOYEHHE MaHUITYJSTOPA;

-  TEpEeMEILECHHE U YIIPABICHUE JBUKECHHUEM;

- 3aJlaHue LEJEeBbIX KOOPAHUHAT B IEKaPTOBOM MPOCTPAHCTBE MM LEJIEBBIX YIIIOB KaXKIOTO

y371a JAJIs1 TOYHOTO NO3ULIMOHUPOBAHUSI MAaHUITYJISITOPA;
- ymOpaBieHUE MapaMeTpaMu JIBUKEHUS C TMOMOIIbIO KOd()PUIMEHTOB CKOPOCTH U
YCKOPEHHS;

- peanuzanMs CJIOKHBIX TPACKTOPHUH, BKJIIOYAs JIBUKEHUE MO AYre U MOCJeoBaTelbHbIE
MepeMeIEHHUs 110 TOUKaM;

- OTCJEXHMBAHUE MOJIOKEHUSI MAaHUITYJISITOPA U €r0 Y3JI0B B PEKUME PEaIbHOTO BPEMEHH;

- yOpaBJ€HUE COCTOSHHEM MAaHUIMYJSATOpa (aKTUBHBIM PEXUM, PEXKUM OXUIAHUS,
OCTaHOBKA U T.1I.);

- CMEHa PeKMMOB YIpaBIEHUSI CEPBONPUBOAAMH.

PaGota ¢ MHCTPYMEHTOM ¥ CMEHHBIMU MOJIYJISIMU:

- ympaBJeHHE MUTaHUEeM MHCTPYMEHTA MaHUIYJISITOPA;

- yIpaBJ€HHUE 3aXBaTOM M BaKyyMHBIM HACOCOM;

- ympaBleHUE OpUEHTAIUEH (IIaHIla MHCTPYMEHTA;

- BO3MOXXHOCTb TPOUTPBIBAHUS ayauo(aillioB HA MAHUITYJSTOpPE JJIsl OMOBEIICHUN WM

IMOJIb30BATCIIbCKUX CIICHAPUCB.
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B3anmonelnicTBue ¢ BHEIIHUMH YCTPOMCTBAMH:

-  yIOpaBJ€HUWE BHEUIHMUMHU YCTPOMCTBAMM U  JaTYUKaMU 4Ye€pe3  CTaHAapTHbIC
npomsinieHHbIe nHTEPdericel GPIO u 12C.

ABTOMAaTH3aNNA:

- BBINOJHEHUS IPOTPAMM I10 YKa3aHHOMY UMEHU;

- BeinoiHeHue Python-ckpunTos;

- BBINIOJIHEHHE nporpaMm ¢ nepegaueit JSON-gaHHbBIX;

- TaliM-ayTbl OIIEPALIHM.

JlmarHocTuka:

- 00paboTka c60eB M OITMOOK MAaHHUITYJISATOPA.

8.2 ApxuTekTypa U npuHIHIbI padorsl SDK

8.2.1 KomnoneHTsI
- Mananynatop
= Homneorep nonkIoearens - C Hoe N0
= Python/C++

ApoTokan MOTT ; L om_develop ap
Bubrnecrars | HORAREL " “"”f_.--"* MOTT server) hartiwan )
SN T (ynpaRnEHg)
-____.7

T ACTONSETACRITORIC

——X e me? actionisendcepe
-

____.-"

= WEER npanoseimnes s
T
Thin SD& .\ 052 ACHONSETVICE ROpIc
Ol Al
Kouarea WEB socket |
am - roshridge

Pucynok 96 — KomnoneHThI

KiroueBbie KOMIOHEHTHI (cM. PucyHok 96):
- Knwment: xomnbroTep nonb3oBatens / mpuioxenue ¢ SDK.
- Cepgep (pm_develop api) — paboTaeT Ha MaHUITYJISITOPE B 0OpabaThIBAET KOMAH/IbI.

- M Control — npunoxenue ¢ cooctBernbiM SDK, koTopoe nepeBoaut aeiictust GUI B

ROS2/rosbridge komauapI.
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- BsaumopelicTBHE OCTPOEHO MO MOJAEINN KIIMEHT — CEPBEP C UCIOIb30BAHUEM IIPOTOKOIA
MQTT.

SDK dopmupyeT yHHUPHUIIMPOBaHHBIE KOMaHIbl YIPaBICHHS U TEIEMETPUIO0, KOTOphIE
nepenatorcst uyepe3 Opokepa coobmennid MQTT, gelicTByromuii Kak LEHTPaJbHBIM  y3ed,
MPUHUMAIONINI COOOIIEHUs OT U3JaTeNel U MepeHanpaBiIsisi UX COOTBETCTBYIOIIMM MOIUCYUKAM.
CepBepHblii KOMIIOHEHT pm_develop api NpuUHUMAET UX, MPOBEPSIET KOPPEKTHOCTb, TPACCUPYET
CKBO3b IIMHY 0OMEHa U MpeodpaszyeT Bo BHyTpeHHHUE obpamenus k cpeae ROS 2. Ha ypoae ROS 2
3asiBKM Ha JBUYKEHUE, 3alpOChl NEPUPEPUN U CUTHANIBI 0€30MIaCHOCTH MapIIPyTH3UPYIOTCS K y3am
TUTAHUPOBAHUSL TPACKTOPUM M HU3KOYPOBHEBBIM KOHTpOJUIEpAM CEPBONPHUBOJOB, MOCIE YEro
pE3yNbTAThl BBIMOJIHEHUS U TOTOKOBBIE JAaHHBIE O COCTOSIHMHM IyOJHMKYIOTCS OOpaTHO B KaHa,

IMMO3BOJISAA MMPUIIOKCHHUIO-KJIMCHTY ITOJTYYaThb IMMOATBCPIKACHUA N AKTYAJIbHYIO TUArHOCTHUKY.

8.2.2 Mojaesab paéoThl

1. VYcranoska u Hactpoiika SDK Ha cTopoHe KineHTa.

2. TlogxmroyeHne K KOHTposuiepy MaHumyisitopa Promobot M Control mo [P-agpecy u
rapamMeTpaM aBTOPU3ALNH.

3. 3axBart ympaBieHHs] MAaHUIYJISATOpoM (get control) u pe3epBupoBaHME KaHalIa YIIPaBICHUS
JIBUKEHUEM.

4. BpimonHeHWe  KOMaHJA  JBIJKEHUs,  yIpaBieHHUs — nepudepuedl  Wiaum  3ammyck
pOrpaMM/ClIeHapHUEB.

5. Ilpu He0OXOAUMOCTH — MOJIyYEHHE COCTOSTHUSI MAHUITYJISITOPA U TUATHOCTUYECKUX TAHHBIX.

6. OcBOOOXIEHHUE YIIpaBICHUS U 3aBEpIIICHNE PAOOTHI MTPUIIOKECHHSL.

83  SDK Python

8.3.1 Tpe6oBaHusi ¥ MOATOoTOBKA cpeanl Python

8.3.1.1 CeteBble TpeOOBaHMSA

KireHnTckoe npuinokeHue U KOHTPOJUIEP MAaHUITYJIATOPA JOJKHBI HAXOAUTHCA B OJHOM CETH
WM UMETh KOPPEKTHYIO0 MapiipyTusauuio. [IopTel U npoTokossl, ucnonbiyembie SDK, He TOTKHBI

6J'IOKI/IpOBaTI>C${ MECKCCTEBBIMU SKpaHaMH WJIN IMOJIMTUKaAMU 0€e30ITacCHOCTH.
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KOHKpeTHBINM NIEPEYEHb MTOPTOB U MPOTOKOJIOB ONPEIEIAETCS peAIU3alued U MPUBOJUTCS B

TEXHUYECKOM JOKYMCHTAIIMU Ha CUCTCMY.

8.3.1.2 TpedoBanusi kK NporpaMMHOMY o0ecriedeHUI0

TpebGoBaHus K MPOrpaMMHOMY OOECIIEUEHHIO, CIIETYIOIIHE:
- Pexomenmyemas Bepcus Python: 3.12.x.

- YcraHoBneHHOe nporpammHoe obecneuenne Promobot M Control Ha ycTpolicTse.

8.3.1.3 ¥YcranoBka SDK Python

8.3.1.3.1 ITposepka Bepcun Python
PekoMeHyeTcs UCIoNb30BaHUE BUPTYAIbHOTO OKpYskeHus Python.
YcranoBure Python 3.12, co3naiite BUpTyaabHOE OKPY>KEHHE U UCIIOJIB3YHTE €ro JUIsl 3almycka

SDK — 310 00ecnieuurt BOCIIPOU3BOIUMOCTDb U OTCYTCTBHC KOH(l)JII/IKTOB C CUCTCMHBIMH ITaKCTaMU.

Ecnu Python yxe ycraHoBi€H, TO IPOBEPHTE BEPCHUIO:

python3.12 --version
python --version #, "python"

Oxunaembiii BeiBOJ: Python 3.12.x. Ecnm komanma He HalieHa WIM BEpCUsS HIDKE —

HE0OXO0JIMMO YCTaHOBUTH TPEOYyEMYIO BEPCHIO TNOO OOHOBUTE.

8.3.1.3.2 YcranoBka Python 3.12

B 3aBHCHMOCTH OT OTIEpalIMOHHOM CHCTEMBI Ha BallleM KOMITbIOTEpE BHIOEPUTE HEOOXOIMMBIIA
croco0 yCTaHOBKH:

1. Ubuntu / Debian:

sudo apt update
sudo apt install -y python3.12 python3.12-venv python3.12-distutils

2. Fedora/ CentOS/RHEL:
1) wucnonp3yiiTe NaKeTHBIN MEHEDKEP AUCTPUOYTHUBA UITH COOPKY M3 UCXOIHUKOB,

2) MOXHO TaKX€ YCTAaHOBUTH Yepe3 pyenv.
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3. macOS (Homebrew):

brew update
brew install python@3.12

4. Windows — ckauaiite odunmansabii mHCTAIUTITOP Python 3.12 ¢ python.org u BemonHUTE

ycTaHoBKy, BkiounB omiuio “Add Python to PATH”. Ilocine ycTaHOBKH IpPOBEPHTE B

PowerShell:

python --version

5. Tlepencnosib30BaHNE HECKOJIBKUX BEPCUH — pyenv (PEKOMEHIyeTCsl pa3paboTUUKaM):

# pyenv ()

curl https://pyenv.run | bash #
pyenv install 3.12.0

pyenv global 3.12.0

8.3.1.3.3 Hacrpoiika. Co31anue BUPTYaJbHOT0 OKPYKEHHS

BuptyanbHoe okpyxkeHue odg3arenbHo A npoekrta. Pekomenayercs 3amyckats SDK BHyTpH
BUPTYaJIbHOTO OKPY>KEHHsI, CO3JTaHHOTO TOM ke Bepcuei Python 3.12.

Co3zpaliTe BUPTyaJIbHOE OKPYKEHHUE:

# venv
Jus linux:

python3.12 -m venv .venv # source .venv/bin/activate #
Tl Windows:

python -m venv .venv

.venv\Scripts\Activate.ps1

VYcranoBute OMOJIMOTEKHU 1 3aBUCHMOCTH.

pip install --index-url https://pypi.org/simple pydantic==2.11.7 paho-mqtt==2.1.0 --extra-
index-url https://test.pypi.org/simple/ pm-python-sdk --break-system-packages
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8.3.2 Oomue konnenuun SDK Python

8.3.2.1 Tunsl komang Python

Twuner kKoMaHT:
- CHUHXpOHHBIE METO/bl — BBINOJHAIOTCA JO0 3aBEpILICHHS] ONEPallMd U BO3BPAILAIOT
pe3ynbTar.
- ACuUHXpOHHBIE METOJbl — MMEIOT Cy(Q(UKC _async M HCHOIb3YIOTCA C MEXaHU3MAMHU
ACHHXPOHHOCTH s3bIKa (async/await). Bo3MoxeH BapuaHT:
- async_await — acCHHXpOHHBII METOJI, C O’KUIaHUEM, TIOKa 3aBEPIIUTCS — padOTaeT KaK
CUHXPOHHBIU.
-  no_wait MeToAbl — aHAJOTd ACHHXPOHHOTO METOJa, OTIPABJISAIOT KOMaHIy Oe3
O’KMJaHUS 3aBEPIICHHUS, UCIIOJIb30BATh ITPH HEOOXOAMMOCTH MUHUMAIBHON 3aJ1€PKKH
U C YYETOM PUCKOB. [laHHBIE METOIBI HEIB3sI CAENAaTh await, YTOOBI JOKIAThCS CTaTyca
BBITIOJTHUJICSI METO, MJIU HET.
- CTpuMHUHTOBBIE METOJABl — TEpUOAMYECKas Iepeaada KOMaH] YIpaBieHHs (CKOPOCTH,
O3B, CYCTaBHbl) P YIIPABICHUHN MaJbIMHU IIIaTaMH.

[Tpumepb! BBI30OBOB!

# CUHXPOHHBIN

manipulator.get_control()

# acunxponHslii (awaitable)

await manipulator.get_control_async_await()

H#CTPUMUHTOBBIM
for i in range(5):
manipulator.stream_cartesian_velocities(lin, ang)

time.sleep(0.1)

#no_wait
manipulator.get_control_no_wait()

manipulator.get_control() #
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await manipulator.get_control_async_await() # (awaitable)

manipulator.set_servo_twist_mode()

8.3.2.2 Taiim-ayThl 1 00padoTKa OIIMOOK

bonpmuucTBO MeTonoB SDK momnepkuBaroT mapaMmerpsl timeout seconds u throw error.
PexomeHmyeTcss MCHONB30BaTh SIBHBIC 3HAYEHHUS TalM-ayToB M 00palaThIBaTh HMCKJIIOUCHUS Ha

CTOPOHC KIIMCHTCKOI'O IMPUIIOKCHU.

8.3.2.3 EnnHunel n3MepeHusi 4 CHCTEMbI KOOPAMHAT

EnuHuib n3MepeHus U CUCTeMbl KOOpAUHAT!

- JlekapTOBble KOOPJMHATHI: METPHI.

- VYIuBl cycTaBOB: paJuaHBbI.

- OpueHTauust UHCTPYMEHTA: KBATEPHUOHHI (X, Y, Z, W).

- Yruel/mapaMeTpsl HacaJoK (HarpuMmep, 3aXBat, MOBOPOTHBIA MOYIIb): TPATYCHI.

8.3.3 Hanucanue nporpammsl Python

CtpykTypa mporpaMMsbl (U POTpaMMHBIE OJIOKH) COCTOUT U3 TOTUYECKUX OJIOKOB:
1. ToaxmroueHue GUOIMOTEK M 3aBUCUMOCTEH.

2. TloaxmnrodyeHne K MAHUMYJISITOPY U 3aXBaT yIPaBIICHUS.

3. OCHOBHOI1 OJIOK BBIMIOTHEHUS (IBUYKEHUSI, YTCHUE JAHHBIX ).

4

3aBepiuaronuii 6J0K — ONIUOHAIBHO (OTKIIOYEHUE, OCBOOOKAECHHUE PECYPCOB).

8.3.3.1 IMoakarouenne OMOJIMOTEK U 3aBHCHMOCTEH
Bxiarouyaercs Bcerga
from sdk.manipulators.medu import MEdu

HeoOxonuMbl nasi  co3gaHusi OOBEKTOB MAaHHUMYJATOpPA, TMOJAKIIOYEHUS U TOJy4YeHUs
yIIpaBJICHUS.
Bxirouaercs i ynpasieHUs IO JEKAPTOBBIM KoopAauHaraMm. Mcnomb3yercs i 3amaHus

napameTpoB.
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from sdk.commands.move_coordinates_command import MoveCoordinatesParamsPosition,

MoveCoordinatesParamsOrientation, PlannerType
[Tpumep:

position = MoveCoordinatesParamsPosition(0.15, 0.1, 0.15)
orientation = MoveCoordinatesParamsOrientation(0, 0, 0.1, 0.1)

manipulator.move_to_coordinates _no_wait(position, orientation, 0.2, 0.2)
Ilepex/roueHune pe;KUMOB CTPUMMHI A

from sdk.utils.enums import ServoControlType
[Ipumep KOMaHBI:

manipulator.set_servo_control_type(ServoControlType. TWIST, timeout_seconds=5.0)

Hoakiaw4yarTcs AJ151 HCNOJb30BAHUSA 00bEKTA HACAIKHN HA MAHUIIYJISITOpE
Hampuwmep:

- HCTOJB30BaHUE 3axBaTta, uepe3 00beKkT GripperAttachment;

- HUCIOJIb30BaHME BaKyYMHOTO Hacoca, 4yepe3 00bekT VacuumAttachment;

- HCTOJB30BaHUE Jia3epa, uepes 00bekT LaserAttachment.

from sdk.manipulators.attachments.gripper import GripperAttachment
from sdk.manipulators.attachments.vacuum import VacuumAttachment

from sdk.manipulators.attachments.laser import LaserAttachment
HOI{KJI]O‘I?IIOTCH IpH UCNMOJIB30BAHUH JJIAl MAJUICTU3AIINHA

from sdk.commands.data import Pose, Position, Orientation
HOI{KJHO‘I&IOTCH MJIsA YCTAHOBKH IIPEACJI0B CyCTaBOB

from sdk.commands.data import JointLimit
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8.3.3.2

IMoakawoyenue K MaHUIIYJATOPY U 3aXBaT YIIPpaBJCHUA

[ToaknroueHue k MAaHUITYJIATOPY U 3aXBaT YIIPABJICHUS OIIMCAHO B Ta6J'II/II_Ie 5.

Tabmuna 5 — [MogkmoueHne K MAaHUTIYJIATOPY M 3aXBaT YIPABJICHHUS

HaumenoBanue Onucanue Komanna ITapameTpbl IIpumep
connect YcraHnaBiuBaer manipulator.connect()
COCAUHCHUC C
MaHUITYJIATOPOM
connect_async ACHHXpOHHAs await
Bepcust  yctaHoBKM | manipulator.connect_a
COEIMHEHUS sync()
get_control IMonyuaer moctyn k | manipulator.get_contro timeout_seco | host =

YIIPABICHUIO

MaHHMITYJISTOPOM.
Heo0xoaumo
BBI3BIBATh nepen

OTIPaBKON KOMaH[

I(timeout_seconds=60.
0, throw_error=True)

get_control_async

AcHHXpOHHAas
BEpCUs IOJIyYECHUS
JOCTyIIa K

YIPaBJIEHUIO

await
manipulator.get_contro
|_async_await(timeout
_seconds=60.0,
throw_error=True)

nds — taiim-
ayT omepanuu
B CEKyHIax
(mo
YMOTYaHHIO
60 cexyHn);
throw_error —
¢mnar
BbIOpachIBa-
HUS
UCKITIOUEHUS

pU OIINOKe

"192.168.88.182"

#IP manunynsropa

client_id =
"122" #ID

KIJIMECHTa

login =

"13" #Jlorun

password =

"14" #I1aponb

manipulator =
MEdu(host,

client_id,
password)

login,

manipulator.connec

t0

manipulator.get_co
ntrol()
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8.3.3.3

OCHOBHOI1 0JI0K BBINIOJITHEHU A (IBUKEHUSA, YTEHHE TaHHbBIX)

OcHOBHOM 0JIOK BBIIMOJIHCHUS (JIBHIKCHHUS, YTCHHUC JTAHHBIX ) OMKCaH B TaOIHIIC .

Tabmuma 6 — OcHOBHOM OJIOK BBITIOJTHEHHS (IBUXKCHUS, YTCHUE JTAHHBIX )

actor,
planner_type=Planner
Type.PTP,
timeout_seconds=60.0,

throw_error=True)

yckopenus (ot 0
no 1);
planner_type -

THUII

HaumenoBanue Onucanue Komanna IMapameTtpsl Mpumep
Komanabl nepemeneHust
move_to_coordi | Ilepememniaer manipulator.move_to_ position - | Tlpumep: position
nates MaHUIYJISITOP coordinates(position, HO3UIHSI B | =
yKa3aHHbIC orientation, JICKAPTOBBIX MoveCoordinates
JICKapTOBHIC velocity scaling_facto koopauHaTax (x, | ParamsPosition(0.
KOOPIUHATHI r, Y, 2); 32,-0.004, 0.25)
acceleration_scaling_f orientation —
actor, opueHTanus B | orientation =
planner_type=Planner KBAaTEPHUOHAX MoveCoordinates
Type.PTP, X, Y, z, w); ParamsOrientatio
timeout_seconds=60.0, velocity scaling | n(0, 0, 0, 1.0)
throw_error=True) _factor _
i i MacCIITaOHBINA
move_to_coordi | AcHHXpOHHas await
) KO3 UIIUEHT
nates_async BepCHUs manipulator.move_to
) ckopoctu (ot 0
nepeMeIIeHHsI coordinates_async(pos D
.. . . 1o 1);
yYKa3aHHbIE ition, orientation, )
. ] acceleration_scal
JICKapTOBBIC velocity_scaling_facto )
ing_factor —
KOOpIUHATEBI r,
. . MacITaOHBIN
acceleration_scaling_f
KO3 UIIUEHT
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
move_to_ AcuHXpOHHas manipulator.move_to_ IUIAHMPOBLIMKA
coordinates_ BEpCHUS ¢ | coordinates_async_aw npuoxenus (PTP
async_await oxumaHnueM moka | ait(position, win LIN);
3aBEPIIUTHCS orientation, - timeout_seconds
(pabotaeT kak | velocity scaling_facto - TaiiM-ayT
CHHXPOHHAs) r onepanuu B
HepeMCIIICHHSI B | acceleration_scaling_f cekyHmax (1o
yKa3aHHbIE actor, ymon4aHuio 60
JICKapTOBEIC planner_type=Planner CEeKyHJI);
KOOPIUHATHI Type.PTP, - throw_error —
timeout_seconds=60.0, (mar
throw_error=True) BLIOpACHIBAHUS
HUCKIIIOYCHUS IIPpU
move_to_coordi | AcuHXpOHHas manipulator.move_to_
OIIMOKE
nates_no_wait BepCHUs 6e3 | coordinates_no_wait(p
OXKUTaHUS osition, orientation,
3aBepIICHUS velocity scaling_
nepeMenieHus B | factor,
yKa3aHHbIE acceleration_scaling_
JICKapTOBBIC factor,
KOOPJIMHATHI planner_type=Planner
Type.PTP,
timeout_seconds=60.0,
throw_error=True)
move_to_angles | Ilepemermaer manipulator.move_to_ | M Edu:
MaHUMYJISTOP, angles(povorot_osnova | - povorot_
yCTaHaBJIMBas niya, privod_plecha, osnovaniy -
CyCTaBbI B | privod_strely, HEJEBOM  yroJ

YKa3aHHBIC YTJIbL

timeout_seconds=60.0,

throw_error=True)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
move_to_angles | AcuHXpoHHas await MOBOPOTA
_async BEpCHUs manipulator.move_to_ OCHOBAHHUS,;

IepeMELIEHUsT 10

yriaam

angles_async(povorot_
osnovaniya,
privod_plecha,

privod_strely,

- privod_plecha —
LEeJIEBOM  yroJa
rieyva,

- privod_strely -

timeout_seconds=60.0, LEJIEBOH  yrou

throw_error=True) CTpEJIbI

await

manipulator.move_to

angles_async(spl, sp2,

sp3, sp4, sp5, sp6,

timeout_seconds6

throw_error)
manipulator.arc_ | Jemwxkenue mo ayre | manipulator.arc_motio | target — 1eneBas
motion — 970 mepemerienne | n(target,  center_arc, | Touka (00BEKT ¢

MaHMIyJIsTopa 1o | Step, count_point_arc, | position u

KPYTOBOI max_velocity_scaling_
TPaeKTOPUHU factor,
max_acceleration_scal
ing_factor,
timeout_seconds,
throw_error)
manipulator.arc_ | AcuHXpoHHas await
motion_async BEpCHs manipulator.arc_motio

NepeMCIICHUC 1o

yre

n_async(target,
center_arc, step,
count_point_arc,

max_velocity_scaling_

orientation);

center_arc — To4ka
IIEHTpa IyTh
(o6BexT ¢ position u

orientation);

step —mar Mexnay
TOYKaMH Jyrd (1o

ymomyanuio 0.05);
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

manipulator.arc_

motion_no_wait

factor,
max_acceleration_scal

ing_factor)

manipulator.arc_motio
n_no_wait(target,
center_arc, step,
count_point_arc,
max_velocity_scaling_
factor,
max_acceleration_scal

ing_factor)

count_point_arc -
KOJINYECTBO TOYCK
AJId alllIpOKCUMaluu
JIyTH (o

yMmordanuio 50);

max_velocity_scalin
g_factor -
MaKCUMaJlbHBIN

Macirtad CKopocTu

(mo YMOJIYAHUIO

0.5);

max_acceleration_sc
aling_factor -
MaKCHUMAaJTbHBIN

MacIITad yCKOpeHus

(mo YMOJIYAHUIO

0.5);

timeout_seconds —
TaﬁM-ayT OXXKUJaHUA
3aBCPUICHUA

(cexyH[pl);

throw_error —
BbIOpachIBaTh

UCKJIIOUEHHE  TIpH
omuoKe (mo

ymom4anuto True)
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

Mony4yenne ungopmanum 0 NO3UIUN

get_cartesian_co

[Tonydaer Tekyiue

coordinates=

ordinates JICKapTOBbI manipulator.get_cartes
KOOPIUHATHI ian_coordinates()
MaHHUIyJISITOpa print(coordinates)

get_cartesian_co | AcuHHXpOHHAas Coordinates =

ordinates_async_

await

BEpCcUuA IMOJIYy4YCHUA

manipulator.get_cartes

JIEKapTOBBIX ian_coordinates_async
KOOpJAUHAT _await()
print(coordinates)
ACHHXPOHHBIH coordinates = await
METO/I, ¢ | manipulator.get_cartes

OKUJIaHUEM, TOKa
3aBEPIIUTCSI
(pabotaet KaK

CUHXPOHHBIN)

ian_coordinates_async

0

get_joint_state

ITomywaer Tekymiee

COCTOSAHUC CYCTAaBOB

joints =

manipulator.get_joint_

MaHUIYJISTOpa state()
print(joints)
get_joint_state_ a | AcuHXpoHHas joints = await

sync_await

BEpCUA TIOITYYCHUA
COCTOSIHHUA

CYCTaBOB

manipulator.get_joint_
state_async_await()

timeout_seconds
- TaliM-ayT
orepanuu B
cekyHmax (1o
ymon4yanuio 60
CEKYH]I)
throw_error -
¢nar
BbIOpAChIBAHUS
UCKITIOYCHHUS TIPH

omnoke

get_joint_state:

Medu - 9:

povorot_osnovan
iya
privod_plecha
privod_strely
extruder
privod_z

device

flange_bi
povorot_instrum
enta

servo_zahvata
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

YrnpasiieHue HHCTPYMEHTaMH

nozzle_power

VYnpasisieT nomauei
[MUTAHUSI Ha

Pa3bEMEBI Ha CTPEIIC

manipulator.nozzle_po
wer(power,
timeout_seconds=60.0,

throw_error=True)

nozzle_ power_

async

AcuHXpOHHas
BEpCHsl yIpaBlICHUs
NUTaHHEM Ha

cTperne

await
manipulator.nozzle po
wer_async(power,
timeout_seconds=60.0,

throw_error=True)

manipulator.nozz

bes oxxupganus

manipulator.nozzle_po

power — mpu3HaK
HATHYUS
nutanus (True —
BKJIIOYNTH, False
— BBIKJIFOUHTB);
timeout_seconds
— TaliM-ayT
orepanuu B
CEeKyHIax (o
yMoiyaHu 60
CEKyHJ);

throw_error  —

le_power no_ wer_no_wait(True)
wait ¢nar
BBIOpAChIBAHUS
UCKITIOYCHHUS TIPH
omunoke
Gripper Co3nanme 3axBara | gripper = rotation — yromn
Attachment (moctynHo Tosbko | GripperAttachment(ma MOBOPOTA
npu nojganHoM | nhipulator) HaCaJIKH,
NUTaHUU - gripper — yroi
nozzle_power) CKaTHs 3aXBara,
] ] timeout_seconds
asyncio.to_ AcuHXpOHHO uepe3 | awalit .
_ ) — TalM-ayT
thread thread asyncio.to_thread(grip
) orepanuu B
per.activate,
] CEeKyHIax (o
rotation=20,
) yMoiganuo - 60
gripper=40)
CEKYHI);
activate VYnpasieHue gripper.activate(rotatio throw_error -
3aXBaTOM n=20, gripper=10, tpirar
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
timeout_seconds=30.0) BbIOpaChIBaHUS
UCKITIOYCHHUS TTPU
omuoKe
deactivate [Tepeson gripper.deactivate(time
rpUIIInepa B | out_seconds=30.0)
HavaJIbHOE HavyaJlbHOE TMOJIOKEHHE
MOJIO’KEHUE MOXXHO 33/JaTb IpH
CO3/IaHUU 00BeKTa
3axBara.
gripper =
GripperAttachment(ma
nipulator,
rotation_open=10,
gripper_open=50)
get_status [Monyuenue cratyca | print(f'Craryc

3axBara.

{gripper.get_status()}"
)

manage_gripper | Ympasiser manipulator.manage_g
3aXBaTOM ripper(rotation,
gripper,
timeout_seconds=60.0,
throw_error=True)
manipulator.man | AcuHXpOHHas await

age_gripper_
async

BEpCUsS YIPABJICHUS

3aXBaToOM

manipulator.manage g
ripper_async(rotation,
gripper,
timeout_seconds=60.0,

throw_error=True)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
attachment Cosnanue vacuum = rotation — yron
BaKyyMHOro Hacoca | VacuumAttachment(m OBOpOTA
(moctymHo TONBKO | anipulator) HACaJIKH,;
npu MIOJTAHHOM vacuum -
UTaHUU - MIPHU3HAK
nozzle_power) BKJIIOYCHUS
_ BAKyyMHOI'O
activate AKTHBaUA vacuum.activate(rotati
Hacoca (True -
BaKyyMHOro Hacoca | 0n=40,
BKJIIOYNTH, False
timeout_seconds=30.0)
- BBIKJIIOUYUTD);
deactivate JleakTUBALIHS vacuum.deactivate timeout_seconds
BaKyyMHOro Hacoca | (timeout_seconds=30.0 - TaiiM-ayT
) orepanuu B
CEeKyHIax (o
manipulator. VYupasisier manipulator.manage v yMomuanmio 60
manage_vacuum | BaKyyMHBIM acuum(rotation, CeRyHII);

HAcOCOM (JOCTYITHO
TOJILKO pu
IIOJAaHHOM IIMTaHUN

- nozzle_power)

vacuum,
timeout_seconds=60.0,

throw_error=True)

manage_vacuum

AcUHXpOHHas

await

_async Bepcus yrmpasieHus | Mmanipulator.manage_ v
BaKyyMHBIM acuum_async(rotation,
HAacoCOM vacuum,
timeout_seconds=60.0,
throw_error=True)
get_status [Tonyuyenne cratyca | print(f"Craryc

BaKyyMa!

{vacuum.get_status()}

")

throw_error  —
¢nar
BBI6paCLIBaHI/I}I
HCKIIIOYCHUA ITPpU

OInoKe
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
write_gpio VYupasiaeane GPIO | manipulator.write_gpi | name — Ha3BaHue
— 910 ycraHoBka | 0(hname, value, | GPIO
suauenus 1us GPIO | timeout_seconds=30.0) | value — 3Hadenue
COOTBETCTBYET
write_gpio_asyn | AcHHXpOHHas await
JABOUYHOMY
c_await yCTaHOBKa manipulator.write_gpi
NpeaACTaBJICHUIO
snayenus GPIO 0_async_await(name,
qyucia, KOTOPOE
value)
Oyzer 3amucaHo (OT
write_gpio_no_ | Vcranoeka manipulator.write_gpi | 0 20 65535).
wait 3HAYCHUS 6e3 | 0_no_wait(hame, 0) timeout_seconds  —
OXXKUIaHUS Taiim-ayT onepauuu
B  cekyHAax (mo
get_gpio_value Urenne 3HaueHus | value = | ymomuanmio 60
GPIO manipulator.get_gpio_ cexyH)
value(name) M edu name:
. '/dev/gpiochip4/sto
get_gpio_mask YreHue macku | mask_data = ap P P
. . _key pin’
GPIO manipulator.get_gpio_
mask(name)
write_i2c VYupasnenune i2¢ — | manipulator.write_i2c( | name - wna3Banue | I[lpumep:
9TO 3amMch B 12¢ | hame, value, perucrpa name —
perucTphI timeout_seconds=30.0) | value — s3Hauenme | "commutator/pw
(int) m1"
write_i2c_async_ | AcuHXpOHHasI await
await 3anuch B peructpbl | manipulator.write_i2c_
value = 444

i2c

async_await(name,

value)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
CTpuMuUHT
set_servo_ Pesxum TWIST | manipulator.set_servo_
control_type (ckopocTH) control_type(ServoCo
ntrol Type. TWIST) wiu
manipulator.set_servo_
twist_mode()
Pesxxum POSE | manipulator.set_servo_
(ueseBas mo3a) control_type(ServoCo
ntrolType.POSE) wiu
manipulator.set_servo_
pose_mode()
Pexxum JOINT_JOG | manipulator.set_servo_ [Tpumep:

(monoxeHue

CyCTaBOB)

control_type(ServoCo

ntrolType.JOINT_JOG
) 170171
manipulator.set_servo_

joint_jog_mode()

joint_positions =
{"joint1™ 0.0,

"joint2": 0.1,
"joint3": -0.1} -
no3naun Kyaa
€XaThb

joint_velocities =
{"joint1™: 0.0,
"joint2": 0.0,
"joint3": 0.0} — ¢
KaKoOil CKOpPOCTBIO

€XaTb

manipulator.strea
m_joint_positions

(Joint_positions,
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
joint_velocities) —
BBI3OB METOda
stream_cartesian | CTpuMHHT manipulator.stream_ca position — | TIpumep:
_velocities CKOpocCTeit rtesian_velocities(posit nosunus (00bekT | manipulator.set_s
ion, velocities) cX,Y,2), ervo_twist_mode(
velocities - 1)
CKOPOCTb linear_vel = {"x":
(oOBexT c X, 1y, | 0.02, "y": 0, "z"™:
rz); 0}
header -
unpopmanus o | angular_vel =
IITaMIIE {"rx": 0, "ry": 0,
BPEMEHH u | "rz":0.01}
CHUCTEMCEC
KoopauHar (1O | manipulator.strea
YMOIHaHMIO NOW | 'm_cartesian_velo
u base_link) cities(linear_vel,
angular_vel)
stream_ CTpUMUHT O3B manipulator.stream_co position — | Tlpumep:

coordinates

ordinates(position,

orientation)

no3uius (00bEKT
CcX,Y,Z).
orientation:
OpHEHTAITUS
(00BEKT C X, Y, Z,
w).

Header -
uHbopManus o
[ITamIie
BpPEMCHH u

CHCTEMCE

manipulator.set_s

ervo_pose_mode(

)

position =
MoveCoordinates
ParamsPosition(0.
27, 0.0, 0.15)

orientation =

MoveCoordinates
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

KoopauHat (1o
YMOTYaQHHIO NOW

u base_link)

ParamsOrientatio
n(0, 0,0, 1)

manipulator.strea
m_coordinates(po

sition, orientation)

IIporpammpl (3anyck roroBbixX nporpamMmmbl, JSON-cueHapueB U BbinoJiHeHue Python-kox npsimo Ha

podoTe)
run_program 3amyck rotoBoii | manipulator.run_ name — nassanue | [Ipumep:
IPOTPaMMBI program(name, IPOrpaMMBbI name
CHHXPOHHAs timeout_seconds=30.0, (cTpoka); = 'edum/default'
KOMaHza throw_error=True) timeout_seconds
_ ] - TaliM-ayT
manipulator.run_ | 3amyck roToBou | awalt
_ oreparu B
program_async IpPOrpaMMBbl manipulator.run_progr
CeKyHAax (mmo
ACHHXPOHHAsI am_async(name)
ymonm4yaHuio 60
KOMaH/1a
CEKYHI);
run_program_no | 3amyck  rorosoii | manipulator.run_progr throw_error  —
_wait TIPOrpaMMBbl am_no_wait(name) ¢har
KOMaHa 6e3 BBIOPACHIBAHUS
OKHJIAaHHST UCKJTFOUEHUS TIPU
omuoke
run_program_ 3amyck JSON- | manipulator.run_progr name — | Ipumep:
json IPOrpaMMBbI am_json(name, json PacIoIoKEHHE name =
CUHXPOHHAas timeout_seconds=30.0, IIPOrpaMMbI "alpha/default";
KOMaH/1a throw_error=True) timeout_seconds
_ - TaiiM-ayT | program_json = {
run_program_ 3amyck JSON- | await
: ) oreparuu B
json_async IPOrpaMMEI manipulator.run_progr
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
ACHHXPOHHAs am_json_async(name, cekyngax  (mo | 'Root":[{'Move":{
KOMaH/1a json) ymomuanuio 60 | ‘content:[{'Point":
CCKYH); {'positions":[0.3,-
run_program_ 3amyck JSON- | manipulator.run_progr throw_error | 0.3-
json_no_wait IPOTrPaMMBI 6e3 | am_json_no_wait(nam poar 0.4],time":0.533].
OFAAARHA e Json) BBIOpPACHIBAHHUS type':'Simple'}}]
UCKITIOUCHUS IPH | }
OILINOKE;
json — JSON-
IporpaMmma -
00BEKT c
KOPHCBLIM
K10uoM Root u
MaCCUBOM
KOMAaH/]I,
run_python_ 3amyck Python- | manipulator.run_pytho code — crpoka c¢ | [Ipumep:
program Kojga Ha pobote | Nn_program(code, Python-komzom code =
CHHXPOHHAs timeout_seconds=30.0, ans Bemonnenus | “print(‘Hello!)"
KOMaH/1a throw_error=True) Ha pobore;
timeout_seconds
manipulator.run_ | 3amyck Python- | await B raitv-ayT
python_program | koga Ha pobGorte | manipulator.run_pytho
orepanuu B
_async ACHHXPOHHAs n_program_async(cod cexymmax (1o
romana 2 ymom4aHuo 60
.run_python_ 3amyck Python- | manipulator.run_pytho CeKyHTL);
program_no_ koga Ha poGoTe | N_program_no_wait(c throw_error -
wait KOMaH1a 0e3 | ode) ¢mar
OXKUTAaHUS BBIOPACHIBAHUSI

HUCKIIIOYCHUA ITPU

OInOKe
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

OcTaHoBKa IBUKEHUSIMHU (HeMeIJIeHHAS OCTAHOBKA TeKYIIero ABUKEHUS ¢ TAHM-ayToOM)

stop_movement OcraHoBKa manipulator.stop_mov
JIBUKCHHS ement(timeout_second
CHHXPOHHAs s=5.0,
KOMaH/1a throw_error=True)
stop_movement_ | OcraHoBka await

async

JABHIKCHHA ACHHXPO

HHasj KOMaHJa

manipulator.stop_mov

ement_async()

stop_movement_

OcTaHoOBKa

manipulator.stop_mov

timeout_seconds
- TaliM-ayT
orepanuu B
cekyHmax (1o
ymon4yanuio 60
CEKYH[I);
throw_error -
¢nar

BbIOpAChIBAHUS

no_wait JBWKEHUS KoManaa | ement_no_wait() MCKIIIOYCHHS TIPU
0e3 0KHUIaHUs omuoke
CocrostHust ¥ JaHHbIE (METOABI ISl MOJIYYeHHsI COCTOSTHUSI MAHMITYJISITOPA U TOAIMCOK)

get_joint_state

Tekymume YIJIBI

CYCTaBOB

manipulator.get_joint_
state()

get_home_positi

on

JlomarntHsist mo3uIyst

manipulator.get_home

_position()

get_cartesian_co
ordinates

Texymue
KoopauHatel X, Y,
Z.

manipulator.get_cartes
ian_coordinates()

subscribe_coordi

nates

ITonmmcka Ha

KOOpJAUHATHI.

manipulator.subscribe_

coordinates()

119




HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
subscribe_hardw | IMoamnucka Ha | manipulator.subscribe_ | ommbku
are_error OIIMOKHU hardware_error() BO3BPAIIAOTCS B
000pyIOBaHUsI. dbopmare JSON:
{"type™ id,
"message™: "..."}

Kongeiiepnas jaenra (MGbot) (ynpaB/ieHue KOHBeliepHOI JIEHTON U CBA3AHHBIMHM YCTPOMCTBAMM)

mgbot_conveyer.
set_speed _motor

]

YcraHoBKa

CKOpPOCTH

(0..100)

MOTOpa

manipulator.mgbot_co
nveyer.set_speed_mot

ors(speed)

mgbot_conveyer.

set_servo_angle

[ToBopoT

CEpBOIPHUBOJIA

manipulator.mgbot_co
nveyer.set_servo_angl|

e(angle)

mgbot_conveyer.

set_led_color

YcranoBka OBCTa

ceeroaunona (0..255)

manipulator.mgbot_co

nveyer.set_led_color(r,
g, b)

mgbot_conveyer. | TTokaz Tekcta Ha | manipulator.mgbot_co

display_text JTUCILICE nveyer.display_text(te
xt)

mgbot_conveyer. | 3BykoBoii  curHan | manipulator.mgbot_co

set_buzz_tone (1..15) nveyer.set_buzz_tone(l
evel)

mgbot_conveyer. | BxiounTts/dreHne sensor_data =

get_sensors_data | maTumkoB manipulator.mgbot_co

nveyer.get_sensors_dat
a(enabled)

[TapameTpsl

(xoHBetiep):

set_speed_motor

s(speed) — 3amaer

CKOpPOCTb MOTOpa

B AUaIta3oHe

0..100;

- set_servo_angle(
angle) -
[IOBOPAYUBAET
CEpBOIPUBO]I
(rpamycsl);

- set_led_color(r,
g, b) — 3amaer
BET
CBCTOOHUOO0B
(KaxIpId  KaHau
0..255);

- display_text(text

):  IMOKa3bIBaeT

TCKCT Ha
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
BosBpainaembie "DistanceSensor", JTICILIEE
TOJISL: "ColorSensor", "Prox" KoHBelepa (utf-

8);
set_buzz_tone
(level) — momaer

3BYKOBOW CUTHAJ

B Jraria3oHe
1..15;
get_sensors_data
(enabled) —
MOTYIHUTh
JAaHHBIC C

JaTuuKoB. True —
JaHHbIEe
BO3BpalAlOTCS B

Buae JSON.

Bo3sspamaemslie

JaHHEIE

(sensor_data):

DistanceSensor —

3HAYCHHE
paccTosaHus /
MOKa3aHus
JMCTaHLIMOHHOTO
OaTYHUKA,

ColorSensor  —
00BEKT C MOJSIMH
R, G, B, Prox
(Hanpumep,

{"R™97,"G™:114
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep

,"B":108,"Prox™:
50});

- Prox — 3nauenue
MPUOJIMKEHUS K

ColorSensor

Jmarnoctrka (eciu BO3HUKIIM MPOOJIEMBI — UCTIONB3YiTe nuarHoctudeckue nHCTpyMeHThl SDK u obparmaiitech

B CEpBUCHBIH 1IeHTp Promobot ¢ moapoOGHbIMU Joramu)

8.3.34 3aBepmaronuii 6,10k (0TK/JII0YEeHHE, 0CBO0OKIEHHE PeCypPCOB)

3aBepiuaroiuii 6J0K (OTKIIIOUEHUE, OCBOOOKIEHUE PECYPCOB) OMKCaH B Ta0IuIe /.

Tabnuna 7 — 3aBepiiaromnuii 6,10k (OTKIIOYEHHE, OCBOO0XKICHHUE PECYPCOB)

HaumenoBanue Onucanue Komanna ITapameTpsbl

KoManapl oTK/II0OUYEeHUSA

disconnect PaspeiB  coemunenust ¢ | manipulator.disconnect() | Meton OezonaceH K
IIMHOKH  COOOIIEeHUN | IIOBTOPHOMY BBI3OBY: €CIIH
OCTaHOBKa BHYTPCHHUX COCAUHCHHUC YK€ pa3OpBaHO,
notokoB MQTT OH HUYETO HE JIETIAET
8.3.4 Kamepa Pixy2 B SDK Python nus 3axBara 00bexkTOB

Pixy2 — 310 koMmmakTHas Kamepa ¢ mporeccopoMm BHYTpH (cM. PucyHnok 97). Ona cama
oOpabatbiBaeT H300pakKeHHE W BBIIEISET OOBEKTHI MO LBETOBBIM METKaM («CUTHATypam»).
MaHumynarop moixy4aeT yXke TOTOBBIE JaHHBIE — KOOPAMHATHI MPSIMOYTOJbHHUKOB OOBEKTOB, MX

pa3Mepbl U CUTHATYPYy.
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Pucynok 97 — Kamepa Pixy2

OcHoBHBIE BO3MOXHOCTH Pixy2:

- Pacro3naBaHue 1IBETOBBIX OOBEKTOB MO 3apaHee OOyUYEHHBIM CUTHATypaMm (Hampumep,

KpacHBIN KyOUK UJTU 3€JI€HBIA MapKep).

- Ilepenmaua xoopauHat o0bekTa (X, Y, IIMPHUHA, BBICOTA).

- Pabora yepes pazbembr USB, UART.

8.34.1

Hauyano padorsl ¢ kamepoii Pixy2

J1yis paboThl ¢ KaMepoi PiXy2 BBIOIHHUTE CIICIYIOIINE NCHCTBUS:

1. TloaroroBbTe Kamepy:

1)

2)
3)

4)

5)

[Toaxmrounte kamepy Pixy2 k Manumnymnstopy uepes pazbem USB u ycTaHoBure ee 1o
LIEHTPY paboueil oo6nacTu.

BriBeuTe MaHUMYJISTOP C 3aXBATOM B IMO3UIIMIO Ha/l paboyeit 001acThlo.
OTtkanubpyiiTe Kamepy U MaHUITYJIATOP, YTOOBI 3aXBaT HAXOAMJICS CTPOTO B IEHTpPE
kamepsl. J[Ji1 KOHTpOJISI MO3HWIIMM MaHUIYJISITOpa OTHOCUTEIBHO IIEHTpa KaMephl
MOKHO BOCIIOJIb30BaThcs MNpuiIokeHHeM PixyMon, koTtopoe MOXHO ckadaTh B
untepHere. Ho Bo Bpemsi mocneayromieir padotel ¢ Pixy2 mpumoskenue PixyMon
JIOJKHO OBITH 3aKPBITO.

OtkpoiiTe ~ TepMHUHAT W BBEAWTE  KOMAaHMY: ros2 topic  echo
/pm_api/current_cartesian_coordinates.

3adukcupyiite oToOpasuBIIMECS KOOPAMHATHI MAHHITYJISTOpa Ha Oymare, a Takke

3a(h)MKCUpPYyHTE BBICOTY KaMepbl (HampuMep, ¢ MOMOIIBIO JTMHEHKH).
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6) OOyuute PiXy2 pacmno3HaBaTh OObEKT:
- HaBeIUTE KaMepy Ha HYKHBIH MPEIMET;
- HaXMUTE U yICPKUBaWTEe KHOMKY Ha Pixy?2;
- OCTAHOBUTCCh Ha HYKHOM HOBCTC W OTIYCTHTC KHOIIKY, OaJICC 06yqu1/Ie B
COOTBETCTBHHU C IBETOM CBETOIMO/1a, HarnpuMep (KpacHbIi — Signature 1, sxkentorii
— Signature 2 u T.11.); KOTJ1a CBETOAMO MUTHET — 00yYEHHE 3aBEPILICHO.
Teneps Pixy2 Oyaet pacmo3HaBaTh 3TOT IBET U MepeaaBaTh KOOpAUHATHL. UeM kaMepa Jrydrie
pacro3HaeT 00bEKT, TEM SIpUe CBETUTCS CBETOAMO Ha PiXy?2.
7) Ortkpoiite daiin pixy2_config.yaml (/opt/promobot/lib/python3.12/site-
packages/pm_develop_api_lib/applications/pixy2/config/) u BBeaute mOIyYEHHBIC

KOOPAWHATHI U BBICOTY, HAIIPUMEP:

x_center: 0.3177 — koopauHaTa X,

y_center: -0.0038 — koopaunara Y;

z_center: 0.2 — xoopauHaTa Z (BbICOTa HHCTPYMEHTA HaJl 00BEKTOM);

height_m: 0.5 — BeIcOTa Kamepbl.

2. Hacrtpoiika mnapamMeTpoB Kamepbl — BC€ IMapaMeTpbl MOXXHO YyKa3aThb B KoOH]wHre

pixy2_config.yaml:

pixy:
res_x:316 # paspenieHue no X (MUKCEH)
res_y: 208 # paspereHue mo Y (MHKCENH)
x_center: 0.3177 # nentp pabouyeit obmactu mo X (B MeTpax)
y_center: -0.0038 # uentp paboueit odmacTu mo Y
z_center: 0.2  # BbicoTa paboueil MI0CKOCTH (M)
height_m: 0.50 # paccTositHEE OT KaMephbI 70 00bEKTa
hfov_deg: 60.0 # ropusoHTaNbHBINH Yyro 0030pa (rpaaychl)
vfov_deg: 40.0 # BepTHKaJIBHBII yros 0030pa
X_max: 0.3785 # orpaHnnyeHue MakCUMaibHOTO X
Xx_min: 0.0 # orpaHMYEHUE MUHUMAIBHOIO X
approach_distance_x: 0.030 # cmerenwue o X rpu 3axBarte
approach_distance_y: 0.020 # cmemenue 1o Y mpu 3axBarte

timeout_sec: 5.0 # TalimayT OXKUIaHUS OOBEKTA
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8.3.4.2 IIpumep ckpunra gas SDK s HaBeieHus1 Ha 00beKT

import asyncio

from sdk.commands.move_coordinates_ command import MoveCoordinatesParamsPosition,
MoveCoordinatesParamsOrientation

from sdk.manipulators.medu import Medu

import json

# Kondurypatiusi moaxitoueHus
host: str ='127.0.0.1'

client_id: str ='122'

login: str ="13'

password: str = '14'

manipulator = Medu (host, client_id, login, password)

async def run_all_tests():
try:
print(\n=== TecTrpoBaHre aCHHXPOHHBIX METOJIOB ===")
# 1. ACMHXpOHHOE MOAKJIIOYEHHE U MTOJIyYEHHUE YIIPABICHHUS
print(\n1. AcHHXpOHHOE OAKITIOYECHHE U MOJTY4YCHHE YIIPABICHHS')
await manipulator.connect_async()
print(' ACHHXPOHHOE MOAKIIIOYCHHUE K MAHUITYJISITOPY YCTAaHOBJICHO')

await asyncio.sleep(1)
await manipulator.get_control_async_await()
print(' ACHHXpOHHO MOJYYEHO YIIPaBJICHHE MaHUITYJISITOPOM')

await asyncio.sleep(2)

await manipulator.pixy_cam_usb_control.get_blocks_async_await()

await asyncio.sleep(1)
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coord = await manipulator.get_block_coordinates_from_pixy_async_await(1)
#B kauecTBe mapamerpa nepeaaercs id curHaTypbl 00beKTa (HanmpuMep: KpacHbIi - 1)

await asyncio.sleep(1)

if isinstance(coord, str):

coord = json.loads(coord)

position = MoveCoordinatesParamsPosition(
coord["Coordinates"]["x"],
coord["Coordinates"]["y"],

coord["Coordinates"]["z"],

orientation = MoveCoordinatesParamsOrientation(0.5, 0.5, -0.5, -0.5)
await manipulator.move_to_coordinates_async_await(position, orientation, 0.1, 0.1)

await asyncio.sleep(1)

except Exception as e:

print(f'Bo3nukna ommbka: {e}')

if _name__ ==' main__"
print('3amyck TecTUpOBaHUS MaHUITYJISITOpA')

asyncio.run(run_all_tests())

8.3.4.3 Bo3Mo:kHbIE IP00JIeMBbI M UX pPeLIeHUS

OueHb BaXXKHYIO POJIb UTPAET BHICOTA KaMephl. Tak Kak yrox 063opa PiXy2 cuibHO OrpaHUYeH,
a paspemrarpinas CrocOOHOCTh KaMepbl HU3Kas, TO MOXKET BO3HHUKHYTh CHTyalHs, KOT/Ia Kamepa
HAXOJUTCS Ha TAKOM PAaCCTOSHUU OT paboueit 001acTH, 4TO BO3HUKAET 3P (HEKT «PBHIOLETOo Tiiazay, B
CIICZICTBHE YE€TO MAHMITYJISITOp HEBEPHO PACCUMTHIBAET peallbHOE MoJiokeHue oowvekTa. [Ipu BricoTe

Bhimie 40 cM, He0OX0IMMO KOppeKTHpoBaTh mapamerpbl hfov_deg, vfov_deg.
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HpI/I TCCTUPOBAHUHU HCIIOJIB30BAIIMCH CIICAYIOINC 3HAYCHUA:

height_m: 0.8
hfov_deg: 75.0
vfov_deg: 51.0

Ecnu 3axBar He J10e3aeT A0 LeNH, TO YBeJIUYbTe MapaMeTphl, 100 HA000POT YMEHBIINUTE,
€CJIN MIEPEE3KAET.
B ciiydae, ecnu Bo3HHKaeT omuOKa MOKI0ueHus kKamepsl Pixy2, yoeaurech, 4To MpuiIoKeHHe

PixyMon 3akpbITo U mepe3anycTuTe coQT.

8.3.4.4 Yupasienne Pixy2 B SDK

Komanns! ynpasnenus Pixy2 B SDK onucansl B Tabmuie 8.

Tabnuma 8 — Komanzas! ynpasnenus Pixy2 B SDK

HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep

IloaroroBka u KOHpUIrypauus

pixy2_ Daiin /opt/promobot/lib/p | - res_x, res.y — | pixy:

config.yaml KOH(UTYparyu ython3.12/ paspeleHue; res_x: 316
KaMephl U pacueTa | Site- - X_center, res_y: 208
KOOpJIMHAT B | packages/pm_devel y_center, x_center: 0.3177
pabGoueit  3ome. | op_api_lib/ z_center — | y_center:  -0.0038
Wcnone3yercs mo | applications/pixy2/ neHTp paboueii | Z_center: 0.2
3amycka komawrn | config/ obmacTH; height_m: 0.50
3axata mo Pixy2 | pixy2_config.yaml | - height_ m _

BbICOTA KaMCPHhI,
- hfov_deg,
vfov_deg —
yTJIBI 0030pa;
- X_max, X_min —
OrpaHu4cHUsd 110

X,
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
- approach_
distance_x,
approach_
distance_y;
- timeout_sec
Kammbpoka wu | [Togroroska K | ros2 topic echo | ®ukcupyrorcs X, | Bo Bpems paboTh
obOyucHHe pabore: /pm_api/current_ca | Y, Z  uenrpa; | SDK  npumoxenue
CHTHATYPbI yCTaHOBKA rtesian_coordinates | Beicora  Kamepsl; | PixyMon JOJDKHO
KaMepbl,  BBIBOJ curHarypa oObeKkTa | OBITh 3aKPBITO

3axBata B IEHTP
IOJISt 3peHHs,
(dbukcanus
KOOpJAWHAT u
oOydeHue
IIBETOBOM
CUTHAType Ha

camoii Pixy2

(manmpumep,

Signature 1)

O6mme meroabl PixyCamModuleBase (noctynubi aisi UART u USB)

get_blocks_asy | ITomyuuts criucok | manipulator.pixy_c | - sigmap=0xFF — | cmd =
nc 0OHapy KEHHBIX am_usb_control. Macka manipulator.pixy_ca
I[BETOBBIX get_blocks_async(. CHTHATYD; m_usb_control.get_bl
00BEKTOB mo | ..) - max_blocks=10 | ocks_async(sigmap=0
CHUTHATYPaM. 0 - smmur | XFF,
AcHHXpOHHasI KOJMUECTBA max_blocks=100)
dopma: coszmaer 00BEKTOB; await
00BEKT KOMaH IbI - timeout_second | cmd.make_command
s; _action()
- throw_error result = await
cmd.result()
get_blocks_asy | ITomyuuts cimcok | await - sigmap=0xFF — | result = await
nc_await OOHaPYKEHHBIX manipulator.pixy_c Macka manipulator.pixy_ca
I[BETOBBIX am_usb_control. CUTHATYD; m_usb_control.get_bl
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep

00BEKTOB no | get_blocks_async_ | - max_blocks=10 | ocks_async_await(sig
CHTHATYPaM. await(...) 0 —  gmmur | map=0xFF,
ACHHXPOHHAs KOJINYECTBA max_blocks=100)
dbopma C 00BEKTOB;

OXKHIaHHEM - timeout_second

pe3ynbraTa S;

- throw_error

get_blocks [Monyuuts criicok | manipulator.pixy_c | - sigmap=0xFF — | result =
00OHapyKEHHBIX am_usb_control. Macka manipulator.pixy_ca
I[BETOBBIX get_blocks(...) CHTHATYD; m_usb_control.get_bl
00BEKTOB 1o - max_blocks=10 | ocks(sigmap=0xFF,
CHTHATypaM. 0 —  mmmur | max_blocks=100)
CuHxpoHHast KOJIM4eCTBa
dbopma 00BEKTOB;

- timeout_second
S,

- throw_error

get_rgb_async | ITonyuuts RGB | manipulator.pixy_c | X, y — koopauHats! | cmd =

3HAYCHUS am_usb_control. TOYKH; manipulator.pixy_ca
MTUKCEIIS B | get_rgb_async(...) | saturate=False = — | m_usb_control.get_rg
3aJJaHHON  TOYKE MpHU3HAK b_async(x=50, y=40,
Kajpa. HACBIIICHUS saturate=False)
AcHHXpOHHasI 3HAYCHMUIA; await
dopma:  cozmaér timeout_seconds; cmd.make_command
O00BEKT KOMaH/IbI. throw_error _action()

result = await

cmd.result()

get_rgb_async_ | [lonyuuts RGB | await - X y — | result = await
await 3HAYCHUS manipulator.pixy_c KOOPAMHATHI manipulator.pixy_ca
MTUKCeNs B | am_usb_control. TOYKH, m_usb_control.get_rg

33JJTaHHOU TOYKE

Kajpa.
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
AcCHHXpOHHAas get_rgbh_async_aw saturate=False — | b_async_await(x=50,
dbopma c | ait(...) IpU3HAK y=40, saturate=False)
OXHNJaHHUEM HACBIIICHU S
pe3yabprara 3HAYEHUI;

timeout_second
S,
throw_error

get_rgb [Monyuuts RGB | manipulator.pixy_c X, y — | result =
3HAYCHUS am_usb_control. KOOPMHATHI manipulator.pixy_ca
TTUKCEJISI B | get_rgb(...) TOYKH; m_usb_control.get_rg

3aJaHHOU TOYKE

saturate=False —

b(x=50, y=40,

Kajpa. TIPU3HAK saturate=False)
CunxponHas HACBILIECHUS
dbopma 3HAYEHMUIA;
timeout_second
S,
throw_error
set_lamp_async | Ympasienue manipulator.pixy_c upper, lower — | cmd =
MOJICBETKOU am_usb_control. BKJIFOUMTH/BBIKI | Manipulator.pixy_ca
Pixy2. set_lamp_async(...) 09dTh  J1ammbl | M_usbh_control.set_la
AcHHXpOHHasI (0/1); mp_async(1, 1)
dopma:  cosnmaer timeout_second | await
00BEKT KOMAaHIbI S; cmd.make_command
throw_error _action()
result = await
cmd.result()
set_lamp_async | Ynpasneunue await upper, lower — | result = await
_await TOJICBETKOM manipulator.pixy_c BKJTIOYMTH/BBIKJ | Manipulator.pixy _ca
Pixy2. am_usb_control. rounTh Jlammel | m_usb_control.set_la
AcuHXpOHHAas set_lamp_async_a (0/2); mp_async_await(1, 1)
¢dopma c | wait(...)
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OXKUJaHHEM - timeout_second
pe3yJibrara S,

- throw_error

set_lamp Ynpasienue manipulator.pixy_c | - upper, lower — | result =
MOJICBETKOU am_usb_control. BKJIFOYMTH/BBIKJI | Manipulator.pixy_ca
Pixy?2. set_lamp(...) ounTh Jiamnbl | M_usb_control.set_la
CunxpoHHas (0/2); mp(1, 1)
dopma - timeout_second

S;

throw_error

UART - cienm¢uunsie metoanl PixyCamUartModule

get_version_asy

[Tonyuuts

manipulator.pixy_c

timeout_second

cmd =

nc BEPCHIO Pixy2 | am_uart_control. S; manipulator.pixy_ca
(kax ee | get_version_async( | - throw_error m_uart_control.get_v
BO3BpallacT ) ersion_async()
KOHTPOJLIED). await
AcHHXpOHHasI cmd.make_command
dopma:  cosmaeT _action()
00BEKT KOMaH/IbI result = await
cmd.result()
get_version_asy | ITomyuuts await timeout_seconds; result = await

nc_await

BEPCHIO Pixy2

(kak
BO3BpalaeT
KOHTPOJIIED).
AcuHXpOoHHas
dopma
OXKUJTaHUEM

pe3yJbTarta

cC

manipulator.pixy_c
am_uart_control.

get_version_async

_await(...)

throw_error

manipulator.pixy_ca
m_uart_control.get v

ersion_async_await()
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get_version [Mosy4uTh manipulator.pixy_c timeout_second | result =
BEPCHIO Pixy2 | am_uart_control. S; manipulator.pixy_ca
(xax ee | get_version(...) throw_error m_uart_control.get_v
BO3BpallacT ersion()
KOHTPOJLIEP).
CunxpoHHas
dbopma
get_resolution_ | [Tomyuuts manipulator.pixy_c type=0 — | cmd =
async pasperieHue am_uart_control. PEKHUM/THIT manipulator.pixy_ca
Kajpa yepe3 | get_resolution_asy 3arpoca; m_uart_control.get_re
UART-kanai. nc(...) timeout_second | solution_async(type=
ACHHXPOHHAs S; 0)
dopma: cosmaeT throw_error await
00BEKT KOMaHIbI cmd.make_command
_action()
result = await
cmd.result()
get_resolution_ | TTomyuuts await type=0 — | result = await
async_await paspelieHue manipulator.pixy_c PEKUM/THIT manipulator.pixy_ca
Kajpa yepe3 | am_uart_control. 3arpoca; m_uart_control.get_re
UART-kanai. get_resolution_asy timeout_second | solution_async_await
ACHHXpOHHAS nc_await(...) S; (type=0)
¢opma c throw_error
OXHNJaHHUuEM
pesyJiibTara
get_resolution_ | IMoayuuts manipulator.pixy_c type=0 — | result =
uart pasperienme am_uart_control. PEIKUAM/THIT manipulator.pixy_ca
Kajpa yepe3 | get_resolution_uart 3arpoca; m_uart_control.get_re
UART-kaHai. (...) timeout_second | solution_uart(type=0)
CunxponHas S;
¢opma throw_error
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get_fps_async

[Tonyunts
TEeKYIIHUH FPS
KaMephbl yepes
UART.
AcCUHXpOHHas
dbopma: cozmaer

00BEKT KOMAaHIbI

manipulator.pixy_c
am_uart_control.

get_fps_async(...)

timeout_second
S,

throw_error

cmd =
manipulator.pixy_ca
m_uart_control.get_f
ps_async()

await
cmd.make_command
_action()

result = await

cmd.result()

get_fps_async_

await

[Tonyunts
TeKYIUi FPS
KaMepsl yepes

UART.

await
manipulator.pixy_c
am_uart_control.

get _fps_async_awa

timeout_second
S,

throw_error

result = await
manipulator.pixy_ca
m_uart_control.get_f

ps_async_await()

ACHHXpOHHAS it(...)
dbopma C
OXHNIJaHHUEM
pe3yiibTara
get_fps_uart [MomyuuTts manipulator.pixy_c | - timeout_second | result =

TEeKYIIUN FPS

KamMepbl ~ 4epe3

am_uart_control.

get_fps_uart(...)

S,

throw_error

manipulator.pixy_ca

m_uart_control.get_f

UART. ps_uart()
CuHxpoHHas
¢dopma

set_camera_brig | YcraHoButh manipulator.pixy_c | - brightness — | cmd =

htness_async

APKOCTh Kamephbl
qyepes UART.
AcHHXpOHHAas

dbopma: cozmaer

00BEKT KOMAH/IbI

am_uart_control.
set_camera_brightn

ess_async(...)

IICJIOC 3HAYUYCHUC
SAPKOCTHU,
timeout_second
S;

throw_error

manipulator.pixy ca
m_uart_control.set_ca
mera_brightness_asyn
c(80)

await
cmd.make_command

_action()
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result = await
cmd.result()
set_camera_brig | YcranoButb await brightness — | result = await

htness_async_a

SAPKOCTh KaMEpPhbI

manipulator.pixy_c

OEJI0€ 3HAYCHUC

manipulator.pixy_ca

wait yepes UART. | am_uart_control. SIPKOCTH; m_uart_control.set_ca
AcCHHXpOHHAas set_camera_brightn timeout_second | mera_brightness_asyn
dbopma c | ess_async_awalit(... S; c_await(80)
OXKMJAHHEM ) throw_error
pe3yiibTaTta

set_camera_brig | YcraHoButh manipulator.pixy_c brightness — | result =

htness_uart

SAPKOCTb KaMCPhbI

am_uart_control.

OcJa0€ 3HAYCHHUC

manipulator.pixy_ca

yepes UART. | set_camera_brightn SIPKOCTH; m_uart_control.set_ca
CuHXpOHHAas ess_uart(...) timeout_second | mera_brightness_uart
opma s; (80)
throw_error
set_servos_asyn | YnpasicHue manipulator.pixy_c s0, s1 — ieneBbie | cmd =
c JIBYMSI am_uart_control. 3HAYCHUS manipulator.pixy_ca
CepBOKaHaIaMU set_servos_async(.. cepBOKaHaioB; | m_uart_control.set_se
Pixy2 uepes | .) timeout_second | rvos_async(300, 400)
UART. S; await
ACHHXpOHHAS throw_error cmd.make_command
dopma:  cosmaeT _action()
00BEKT KOMAaHIbI result = await

cmd.result()
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set_servos_asyn | YmopasicHue await s0, s1 — eneBsie | result = await
c_await JBYMsI manipulator.pixy_c 3HAYECHUS manipulator.pixy_ca
CepBOKaHaJIaMU am_uart_control. cepBOKaHajoB; | m_uart_control.set_se
Pixy2 uepes | Set_servos_async_a timeout_second | rvos_async_await(30
UART. wait(...) S; 0, 400)
AcHHXpOHHAs throw_error
dbopma C
OXHNJaHuEM
pe3yiibTaTta
set_servos_uart | Ympasienue manipulator.pixy_c S0, s1 — ueneBsie | result =
JBYMSI am_uart_control. 3HAYEHUS manipulator.pixy_ca
CepBOKaHaIaMHU set_servos_uart(...) cepBOKaHaioB; | m_uart_control.set_se
Pixy2 yepes timeout_second | rvos_uart(300, 400)
UART. s:
CuHXpOHHAasI throw_error
dhopma

set_led_async

YCTaHOBUTh IIBET

RGB-cBeroanona

Pixy2 qyepes
UART.
AcHHXpOHHAas
dbopma: coszmaer

00BEKT KOMAH/IbI

manipulator.pixy_c
am_uart_control.

set_led_async(...)

rhn g b -
KOMIIOHCHTBI
I[BETA,

timeout_second
S

throw_error

cmd =
manipulator.pixy_ca
m_uart_control.set_le
d_async(255, 0, 0)
await
cmd.make_command
_action()
result = await

cmd.result()
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set_led_async_ | YcranoBurth mBer | await - r, g b —]result = await
await RGB-cBeromnoaa | manipulator.pixy c KOMITOHCHTBI manipulator.pixy_ca
Pixy2 yepe3 | am_uart_control. I[BETA; m_uart_control.set_le
UART. set_led_async_awa | - timeout_ d_async_await(255,
ACHHXpOHHas it(...) seconds; 0, 0)
(opma c - throw_error
OXHNJaHueEmM
pe3yJibTara
set_led uart YcranoButh mBer | manipulator.pixy ¢ |- r, g, b —|result =
RGB-cBeromuoma | am_uart_control. KOMIIOHCHTBI manipulator.pixy_ca
Pixy2 yepes | set_led uart(...) 1[BETA; m_uart_control.set_le
UART. - timeout_ d_uart(255, 0, 0)
CunxpoHHas seconds;
opma - throw_error
USB - cnenuguunbie metoasl PixyCamUsbModule
line_all_ [Monyuurts manipulator.pixy_c | - max_items=100 | cmd =
features_async | momueiii  HabGop | am_usb_control. — orpanuueHure | manipulator.pixy_ca
line-features: line_all features a KOJIMYECTBA m_usb_control.line_a
BEKTOPBI, sync(...) JJIEMEHTOB; Il_features_async(ma
nepecevyeHus, - timeout_ X_items=100)
IITPUX-KOIBI | seconds; await

Ip. CocraB

OTBETAa 3aBUCHUT OT
backend.
AcHHXpOHHAas
dbopma: cozmaer

00BEKT KOMAH/IbI

throw_error

cmd.make_command
_action()
result = await

cmd.result()
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line_all_

[Tonyunts

await

max_items=100

result = await

features_async_ | momuelii  HabGop | manipulator.pixy c — orpannueHue | manipulator.pixy ca
await line-features: am_usb_control. KOJIMYECTBA m_usb_control.line_a
BEKTOPBI, line_all features a 3JIEMEHTOB,; Il_features_async_aw
nepecevyenus, sync_await(...) timeout_ ait(max_items=100)
IITPUX-KOABI U seconds;
Jp. Cocras throw_error
OTBE€Ta 3aBHUCUT OT
backend.
AcHUHXpOHHas
dbopma C
OXHNJaHHUuEM
pe3yiibTaTta
line_all [Mosy4uTh manipulator.pixy_c max_items= 100 | result =
features_usb nojHeId  Habop | am_usb_control. — orpanuueHue | manipulator.pixy_ca
line-features: line_all_features_u KOJINYECTBA m_usb_control.line_a
BEKTOPBI, sb(...) JJIEMEHTOB; Il_features_usb(max_i
HepeceyeHus, timeout_ tems=100)
IITPUX-KOJIBI | seconds;

Ip. Cocras
OTBETa 3aBUCHUT OT

backend.

CuHXpoHHast

¢dopma

throw_error
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line_main_ [Tonyuuts manipulator.pixy_c max_items= cmd =
features_async | cokpariéHHbIi am_usb_control. 100; manipulator.pixy_ca
Habop ocHoBHBIX | line_main_features timeout m_usb_control.line_
line-features. _async(...) seconds; main_features_async(
ACHHXPOHHAs throw_error max_items=100)
dopma:  cosmaeT await
00BEKT KOMaHIbI cmd.make_command
_action()
result = await
cmd.result()
line_main_ [Mosy4uTh await max_items= result = await
features_ COKpaIIEHHBII manipulator.pixy_c 100; manipulator.pixy_ca
async_await Habop OCHOBHBIX | am_usb_control. timeout_ m_usb_control.line_
line-features. line_main_features seconds; main_features_async_
ACHHXpOHHAs _async_await(...) throw_error await(max_items=10
dbopma c 0)
OXHNIJaHHUEM
pe3yabrara.
line_main_ [MonyuuTts manipulator.pixy_c max_items= result =
features_usbh COKpaIleHHBIN am_usb_control. 100; manipulator.pixy_ca
Habop ocHoBHBIX | line_main_features timeout_ m_usb_control.line_
line-features. _ush(...) seconds; main_features_usb(m

CuHxpoHHas

dhopma

throw_error

ax_items=100)
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get_frame_size_ | IToayuuts pasmep | manipulator.pixy_c timeout_ cmd =
async kaapa gepe3z USB- | am_usb_control. seconds; manipulator.pixy_ca
KaHal. get_frame_size_as throw_error m_usb_control.get_fr
AcCHHXpOHHAas ync(...) ame_size_async()
dopma: cosmaeT await
00BEKT KOMAaHIbl cmd.make_command
_action()
result = await
cmd.result()
get_frame_size_ | [Tomyuuts pasmep | await timeout_ result = await
async_await kaapa yepe3 USB- | manipulator.pixy c seconds; manipulator.pixy_ca
KaHaJl. am_usb_control. throw_error m_usb_control.get_fr
ACHHXPOHHAs get _frame_size as ame_size_async_awai
dbopma ¢ | ync_await(...) t()
OXHNJaHUEM
pe3yiibTarTa.

get_frame_size_

ITomyuuts pazmep

manipulator.pixy_c

timeout_second

result =

usb kazpa uepe3 USB- | am_usb_control. S; manipulator.pixy_ca
KaHaJl. get_frame_size _us throw_error m_usb_control.get_fr
CuHXpOHHAas b(...) ame_size_usb()
dhopma.

set_servos_ Ynpasienue manipulator.pixy_c s0, s1 —iienebie | cmd =

async CepBOKaHaIaMU am_usb_control. 3HAYCHUS manipulator.pixy_ca
Pixy2 uepe3 USB. | set_servos_async(.. cepBokaHaioB; | m_usb_control.set_se
AcuHXpOoHHas ) timeout_ rvos_async(300, 400)
dopma: cozmaér seconds; await

00BEKT KOMAaH/IbL.

throw_error

cmd.make_command

_action()

result = await

cmd.result()
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set_servos_asyn | YmopasicHue await - S0, s1—uenessie | result = await
c_await CepBOKaHaIaMU manipulator.pixy_c 3HAYECHUS manipulator.pixy_ca
Pixy2 uyepe3 USB. | am_usb_control. cepBokaHaioB; | m_usb_control.set_se
AcCHHXpOHHAas set_servos_async_a | - timeout_ rvos_async_await(30
bopma ¢ | wait(...) seconds; 0, 400)
OKUJaHHEM - throw_error
pe3yabTara
set_servos_usb | Ympasienue manipulator.pixy_c | - s0, s1 —r1enessie | result =
CepBOKaHaJIaMU am_usb_control. 3HAYCHUS manipulator.pixy_ca
Pixy2 uepe3 USB. | set_servos_usb(...) cepBoKaHaioB; | m_usb_control.set_se
CuHxpoHHas - timeout_ rvos_usb(300, 400)
dopma. seconds;
- throw_error
IMony4yenue koopauHat oobekTa yepe3 Manipulator
get_block_coor | ITomyuuts manipulator. - signature —|cmd =
dinates_from_ | xoopauHaThl get_block_coordin HOMED manipulator.get_bloc
pixy_async o0beKTa no | ates_from_pixy_as CHTHATYPbI k_coordinates_from_
HOMEpY ync(...) 00BEKTa; pixy_async(1)

CUTHATYpPBI 4epe3
OTACIIbHYIO
KOMaHOy
pixy_get_coordin
ates w
Ipixy_
coordinates.

TOIIHMK

AcHHXpOHHAas
dopma: coszmaer

00BEKT KOMAH/IbI

- timeout_second
$=60.0;

- throw_error

await
cmd.make_command
_action()
result = await

cmd.result()
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get_block _coor | IToayuuts await manipulator. signature — | result = await
dinates_from_pi | xoopauHaTh get_block_coordin HOMED manipulator.get_bloc
Xy_async_await | oObekTa no | ates_from_pixy_as CHTHATYPbI k_coordinates_from_

HOMEPY ync_await(...) 00BEKTa; pixy_async_await(1)

CUTHATYpPHI 4Yepes timeout_second

OTJICJIBHYIO 5=60.0;

KOMaHIy throw_error

pixy_get_coordin

atesSs u  TommK

Ipixy_

coordinates.

AcuHXpOHHAas

dhopma c

OXHNJaHHUEM

pesyJibTara
get_block [Monyuurts manipulator. signature — | result =
coordinates_ KOOPIUHATHI get_block_coordin HOMED manipulator.get_bloc
from_pixy 00BeKTa no | ates_from_pixy(...) CUTHATYPBI k_coordinates_from_

HOMEpY 00BEKTa; pixy(1)

CUTHATYpHI 4epe3
OTACIIbHYIO
KOMaHOy
pixy_get_coordin
ates w
Ipixy_
coordinates.

TOIIHMK

CunxpoHHas

¢dopma

timeout_second
$=60.0;

throw_error
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get_pixy_ HuskoypoBueBoe | await manipulator. | - timeout_second | payload = await

coordinates_ OYKUTaHUE get_pixy_coordinat $=60.0; manipulator.

async cooOmienuss w3 | es_async(...) - throw_error get_pixy_coordinates
TOITMKA _async()
/pixy_coordinates

IpakTHyeckne 3aMedaHus MO IKCIIyaTALMU

Koppexknus IIpu OoubII0M - IIpu BbICOTE BBIIE | TECTOBBIE 3HAYECHUS:

re€OMETPHH BBICOTE€  KaMepbl 40 cm height_m: 0.8
KOOPIUHATHI peKOMEeHayeTC S hfov_deg: 75.0
MOTYT KOPPEKTHPOBAThH vfov_deg: 51.0
PacCYMTHIBATHCS C hfov_deg u
OmMOKON  W3-3a vfov_deg
OTrPaHUYEHHOTO
yria o63opa u
s dexTa
«pBIObEro Iiaza»

Ommnoxu Ecmu  Pixy2 He — PixyMon He | [Ipu

MOJIKJIIOUEHUSI | TOJKII0YaeTcs, JIOJIKHO Hezoe3e/epeesne
HYKHO  3aKpbITh yAEpKUBATh 3axBara
pixymon u YCTPONCTBO BO | KOPPEKTUPOBATH
Nepe3anyCcTUTh Bpems pabotsl SDK | hfov_deg u vfov_deg.
codt

8.4 SDK C++
8.4.1 Tpe6oBauus u ucnoan3osanune C++ SDK

MaHuynaTop ¥ KOMIBIOTEP JOJDKHBI OBITH JOCTYIHBI APYT APYTY MO CETH (JIOKAIBbHO WU

yepe3 HTepHer).
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SDK  Tpebyer kommuisitop ©u  cuctemy cObopku CMake. TpeOoanme
KOMITIJIATOPY: KoMIuJATop ¢ nojaaepskkoi C++17 (GCC 9+, Clang 10+, MSVC 2019+). bubauoteka
pacnpocTpaHseTcs B MPEABAPUTEILHO COOPAHHOM BHUJIE.

IIpoBepka koMnuasiTtopa

g++ --version

# oxugaeTcs BepcHs 9 Uiu BbILIE

Crpykrypa ycrtanoBiaennoro SDK

[Tocne monyuenuss SDK, B kopHeBoil mamke HaxomuTcs Katanor install co cienyromieit

CTPYKTYPOI:

install/

— include/

|— pm_sdk/ # 3aronoBounsie (aitnsl SDK
| |— manipulator.hpp

|

|

| | F—typeshpp
| | | debug_logger.hpp

| | “—nlohmann/ #JSON 6u6anorexa
|

L— mqtt/ # 3arosnoBounbie ¢aiiasl Paho MQTT
— lib/
| |— libpm_sdk.a  # Craruueckas 6udbamoreka SDK
| |—libpaho-mqttpp3.so  # Paho MQTT C++ Gu6mmorexa
| L—libpaho-mqtt3*.so  # Paho MQTT C 6u6miotexu
L— bin/

L— MQTTVersion  # Yrumura mst mpoepku MQTT
Hoaxmrouenne SDK k nmpoexkry

[Mpumep CMakeLists.txt asst Bamiero nmpoekra:
cmake_minimum_required(VERSION 3.10)
cmake_minimum_required(VERSION 3.13)
project(sdk_demo)
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set(CMAKE_CXX_STANDARD 20)

include_directories(${ CMAKE_SOURCE_DIRY}/../install/include)
link_directories(${CMAKE_SOURCE_DIR}/../install/lib)

add_executable(${PROJECT_NAME} main.cpp)

target_link_libraries(${PROJECT_NAME}
pm_sdk

paho-mqttpp3

paho-mqtt3as

)
)

8.4.2 Tunst komang C++

SDK mnogaepkruBaeT HECKOJIBKO TUIIOB KOMaH/ s THOKOTO yIIPaBICHUS:

CUHXpOHHBIE — BBINOJIHAIOTCA [0 OYEepeaN U OJIOKUPYIOT BBINOJIHEHUE /10 3aBEPILICHHUS.
[Tpuaumarot napametp throwException (o ymonganuro true).

ACUHXpOHHBIE — HE OJIOKHPYIOT BBINOJIHEHHE; UMEIOT cyPpdukc Async U TPUHUMAIOT
callback-¢ynxrmuro.

CTpUMHUHIOBbIE — JJii PEAJbHOrO YIPABICHHUS MallbIMU IIaraMu (CKOpPOCTH, IMO3bI,
CyCTaBbl).

[loanmucku — JuIs  aCMHXPOHHOTO  MOJYYEHUS  JAHHBIX  COCTOSIHMSL — 4epes

Subscribe/Unsubscribe.

Baxno! He Bce MeTo/1bl IMEIOT AaCUHXPOHHBIE Bepcun. Hampumep:

GetControl() — TobKO CHHXPOHHBIM

Connect() — TOIbKO CHHXPOHHBIH

CancelCommand() — TOIbKO CHHXPOHHBIM

GetCartesianCoordinates() — ToJIbkO CHHXPOHHBIH (HO €CTh ACHHXPOHHAsS TOJIKMCKa

SubscribeCartesianCoordinates)
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bonpmmacTBO KOManxa nBmwkeHus (MoveToAngles, MoveToCoordinates u ap.) UMEOT Kak
CHHXPOHHBIC, TaK M ACHHXPOHHBbIC BepcuH. Bcerma mposepsiite Hanmuuue cyddukca Async B
3aroJIOBOYHBIX (haiiiax.

IIpumepsbl BHI30BOB

// CHHXpOHHBI! BBI30B (OJIOKUPYIOIINIA)
manipulator.GetControl();

manipulator.MoveToAngles(angles);

/I Acunxponnsiii Be130B (¢ callback)
manipulator.MoveToAnglesAsync(angles, [[(CommandResult result) {
if (result.GetState()) {
std::cout << "JIBmxenue 3aBepireHo” << std::endl;
¥
b

/! ACHUHXPOHHAA IIOAIKMCKA Ha COCTOSHHA
manipulator.SubscribeCartesianCoordinates([](const nlohmann::json& data) {

std::cout << "Koopauuatsl ooHoBieHbI: " << data.dump() << std::endl;

i

YnpasJiieHue JOrupoOBaHUEM

Jns ortnagku SDK npegycMmoTpeHa cucrema JJIOTMpOBaHMUS:

// TIOAKTFOYUTH 3aTOJI0BOYHBIN (haiin

#include "pm_sdk/debug_logger.hpp"

/| BK11o4uTh BCe JIOTH

DebuglLogger::SetEnable(LogEntity::ALL, true);

/| Bxrouuts Tosibk0 j1oru SDK

DebugLogger::SetEnable(LogEntity::SDK, true);
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// Bknrounts Topko toru MQTT

DebugLogger::SetEnable(LogEntity::MQTT, true);
/[ OTKIIIOUNTE BCE JIOTH
DebugLogger::SetEnable(LogEntity::ALL, false);

Jlanee B mpumepax OyAyT UCIIOJIb30BATHCSI CHAHXPOHHBIE METO/IbI, €CJIM HE YKa3aHO UHOE.

8.4.3 IIporpamMmmHbIe 6,10KH (CTPYKTYpa MPOrpaMmbl)

CtpyKTypy nporpaMmbl yA0OHO pa30UTh Ha JOTUYECKHUE OJIOKHU:
. Tlonkmrodyenue 3arooBouyHbIX (aitmoB SDK.

. COS,Z[aHI/Ie 00BeKTa MAaHHUITYJIATOPpA U IMOJAKIIOYCHUC K HCMY.

1

2

3. 3axBar ympaBieHUs.

4. OCHOBHO¥H OJIOK BBIITOJHEHUS (IBM)KEHUS, YTEHUE JTAHHBIX ).
5

. OOpaboTKa UCKITIOYCHUH.
Hwxe — MUHMMAaIbHBIN IMPpUMCP IMOAKIIFOUYCHHUA U 3aXBaTa YIIPABJICHUA.
#include "pm_sdk/manipulator.hpp™

#include <iostream>

int main() {

using namespace pb_sdk;

std::string host = "192.168.88.182"; // IP manumynistopa

std::string client_id = "122"; /I 1D xiuenTa
std::string login = "13"; Il JTorun
std::string password = "14"; Il Tlaposnn
try {

MEdu manipulator(host, client_id, login, password);

manipulator.Connect();
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if (manipulator.GetControl()) {

ky

} catch (const std::exception& e) {

std::cout << "Vmpasienue momyueHo!" << std::endl;

std::cerr << "Ommoka: " << e.what() << std::endl;

return O;

8.4.4

OCHOBHOM OJIOK BBIIIOJIHEHUS OnMcaHd B Tadmuie 9.

OCcHOBHOM 0J10K BBINOJHEeHUS (IBUKEHUSA, YTeHHE JAHHBIX)

Ta6mmma 9 — OcHOBHO# OJIOK BBITIOJHEHUS (JIBH)KCHHS, YTCHUE JTAHHBIX )

HaunmenoBanue

Onucanune

Komanga

ITapameTpsIl

IMpumep

Komanabl nmepeMemecHus

MoveToAngles

JIBr>KeHue 1o yriam
M Edu:

IIeY0, CTpesa

OCHOBAaHHE,

manipulator.MoveT
oAngles(angles)

MoveAnglesMEdu

Params:

- m_positions (Joi
ntPositionsMEd
U): MaccuB C
yrilamu
IIOBOpOTa BCEX
CyCTaBOB [pan]

- m_velocities (Jo
intVelocities):
MacCuB C
CKOPOCTSIMU
IIoOBOpOTa BCEX
CyCTaBOB
[pan/c]

- m_velocityFact
or (float):

#include
"pm_sdk/types.hpp"

MoveAnglesMEdu
Params angles(

JointPositionsMEdu(0.05,
-0.35, -0.75), I
povorot_osnovaniya,
privod_plecha,
privod_strely

JointVelocities(0, 0, 0)
Il cxopoctu [pan/c]

);
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HanmenoBanue

Onucanune

Komanna

ITapamerpbl

IIpumep

KOA(PPUIHEHT
ckopoctu (0.0-
1.0)
m_accelerationF
actor (float):
KOA(PPUIHEHT
yckopenus (0.0-
1.0)

angles.m_velocityFactor =
0.1,

CKOPOCTH

Il ko3 purment

angles.m_accelerationFac
0.1; I

KOA(PHUIHUEHT YCKOPEHHS

tor =

manipulator.MoveToAngl

es(angles);
MoveToCoordin | JIBmwxkenue o | manipulator.MoveT position: #include
ates KOOpJAHHATAM. oCoordinates HO3HIIHS — | "pm_sdk/types.hpp"
B  ciywae, ecau | (coords); 00BEKT
JIBIDKCHUE Position(x, y, z); | MoveCoordinatesParams
MaHUOyJsITOpa  HE orientation: coords(
IPOUCXOAUT u opueHtauus —| Position(0.32, -0.004,
BO3HUKAET OIIMOKa 00BEKT 0.25), /Ix,y,z
pacyeros Orientation(X, ¥, |  Orientation(0, 0, 0, 1.0),
TPacKTOpHH, z, w); II'X,y, Z, W (KBAaTepHHOH)
yKa3bplBaiiTe  Oosee velocity_scaling 0.1, //
TOYHBIE KOOPAUHATEI _factor: velocity_scaling_factor
kod(purment 0.1 //
CKOpOCTH, acceleration_scaling_fact
acceleration_sca | or
ling_factor: );
kod(purment
yeroperi manipulator.MoveToCoor
dinates(coords);
MoveArc JlBmwxenue mo ayre | manipulator.Move target #include
Arc(arc) (MoveArcPara | "pm_sdk/types.hpp"
ms:: Target):

nejaeBass TOYKa

(comepxut

// Co3maeM  IIETEBYIO

TOYKY U LICHTP AYT'U
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
Position u | MoveArcParams::Target
Orientation); target(
center_arc Position(0.25, -0.1,
(MoveArcPara |0.25), /I X, Yy, z ueneBoii

ms::CenterArc):
TOYKAa  LEHTpa
IyTu (CONEPKUT
Position i
Orientation);
step (float): mar
MCKAY TOYKaMU
AyTH,
count_point_arc
(int):
KOJIMYECTBO
TOYECK ISt
AlllIpOKCUMaI1
AyTH,
max_velocity s
caling_factor
(float):
MaKCHMaJIbHBIN
Macirab
CKOPOCTH;
max_acceleratio
n_scaling_factor
(float):
MaKCHMAaIbHBII
MacmrTab

YCKOpEHUs

TOYKH
Orientation(0, 0, 0, 1)

/I opuenrarus

);

MoveArcParams::Center
Arc center(

Position(0.15, 0.0,
0.20), /I x,y, z uenrpa
Iyra

Orientation(0, 0, 0, 1)

);

/I Co3maem mapamerpsl
yTH
MoveArcParams arc(

target, // neneBas
TOYKA

center, /I neHTp
TYTH

0.05, /] step - mar
MEXIy TOUKaMH

50, I

count_point_arc -
KOJIMYECTBO TOYCK

0.5, 1
max_velocity_scaling_fac
tor
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
0.5 1
max_acceleration_scaling
_factor
);

manipulator.MoveArc(arc

);

Padora ¢c HacaakaMu

NozzlePower ITogaya mutanus wHa | manipulator.Nozzle | true — sxmounts | manipulator.NozzlePower
Hacagku mepen  ux | Power(true) UTaHNE (true);
aKTUBaLUEN

GripperAttachm | Mexanudeckuit GripperAttachment | Activate: GripperAttachment

ent 3axBar. Be13os uepes | gripper(manipulator | - rotation — yrou | gripper(manipulator);
MaHHUITYJISITOP —1); IIOBOPOTa gripper.Activate(20, 10);
HACAJKH  ONMCAHbI HaCaJIKH, /I rotation=20, gripper=10
OTJCIbHBIMU gripper_Activate(rot rpaaycsl; (3aKpLITL)
KJaccaMu ation, gripper); | - gripper — | gripper.Deactivate();
gripper.Deactivate no3uius/yron | // OTKphITH
0; 3axBara,
rpanychl
VacuumAttachm | Bakyymuas nacanka. | VacuumAttachment | rotation —  yron | VacuumAttachment
ent Be13oB yepe3 | vacuum(manipulato | moBopora Hacaaku, | vacuum(manipulator);
MaHUITYJISATOP —|n; Ipajiychl vacuum.Activate(-40);
HACaJIKU OIMMCAaHBI /I rotation=-40, BKIIOYUTE
OTJICTHbHBIMU vacuum.Activate(ro BaKyyM
KJIACCaMM tation); vacuum.Deactivate();
vacuum. // BBIKJTFOUHTH
Deactivate();
LaserAttachment | Jlazepnas  Hacajka. | LaserAttachment channel — wowmep | // Jlazep (kanan 1)
Br13os yepes | laser(manipulator, | kanama LaserAttachment
MaHUMYJISITOP — | channel); laser(manipulator, 1);
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
Hacagku  omnucassl | laser.Activate(); laser.Activate(); I
OTIEIbHBIMA laser.Deactivate(); BKIIFOUUThH
KJIaccaMu laser.Deactivate(); 1
BBIKIIFOYUTH
CTpuMHHT
SetServoTwistM | [lepekimrodyenue manipulator.SetSer — // PesKuMBI
ode | | pexxuma crpummnra: | VoTwistMode(); manipulator.SetServoTwi
SetServoPoseMo | ckopoctu  (TWIST), | // dis ckopoctu stMode(); /| s
de / | mo3a (POSE), CKOpPOCTH
SetServoJointJo | cycrasbi manipulator.SetSer manipulator.SetServoPose
g Mode (JOINT_JOG). voPoseMode();  // Mode();  // Jlnst mo3sr
Pexxum  BeIOupaercs | J{ist mo3sl manipulator.SetServoJoin
pily] OTIIPaBKH tJogMode(); /I s
CTPUMHUHIOBBIX manipulator.SetSer CyCTaBoB
KOMaH/| voJointJogMode();
// 151g cycTaBoB
StreamCartesian | CtpuMHHT manipulator.Stream linear: /I BkirouaeM — pexuM
Velocities CKOpocTeit CartesianVelocities JTMHEHHasI TWIST

(linear, angular);

ckopocTh (X, VY,
2);

angular:
yTJ0Bast
CKOpPOCTH (TX, 1Y,

rz)

manipulator.SetServoTwi
stMode();

LinearVelocity
linear{0.02, 0, 0};
AngularVelocity
angular{0, 0, 0.01};
manipulator.StreamCartes
ianVelocities(linear,
angular);

StreamCoordinat
es

CTpuMUHT 1TO3BI

manipulator.Stream
Coordinates(pos,
orient);

position:
no3unus (X, ,

2).

// Bxirouaem
POSE

pexuM
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
- orientation: manipulator.SetServoPose
opuenranus (X, | Mode();
Y, Z, W)
Position pos(0.27, 0.0,
0.15);
Orientation orient(0, 0, O,
1);
manipulator.StreamCoord
inates(pos, orient);
IIporpammbi
RunProgram 3amyck rotoBoii | manipulator.RunPr | name - ums | manipulator.RunProgram(
POTrPaMMBI Ha | ogram(name); HPOrPaMMBI "edum/default");
MaHHUITYJIATOPE
RunProgramJSO | 3amyck JSON- | manipulator.RunPr |- name — wuwms | nlohmann::json
N CLICHAPHSI ogramJSON(name, IPOTrPaMMBI; program_json = {
program_json) - program_json —| {"Root", {
nlohmann::json {
{"Move", {
{"content”, {
{

{"Point", {

{"positions", {0.3, -0.3, -
0.4}},

{"time",
0.5}
1}
}
33
{"type”,
"Simple"}
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
3;
¥
3
j
manipulator.RunProgramJ
SON("program_1",
program_json);
RunPythonProgr | Beimosinenue PythonProgram code — crpoka | PythonProgram
am Python-koxa Ha | py(code); Python-kopna; py("print('Hello from
MaHumyJsTope U3 | auto result = env_name — ums | C++!1)");
C++ SDK manipulator.RunPyt venv (omir.); auto result =
honProgram(py) python_version | manipulator.RunPythonPr
— Bepcus Python | ogram(py);
(om.);
requirements —
3aBUCUMOCTHN
(omm.)
OcTraHoBKa IBHKEHU
StopMovement | CuaxpoHHas manipulator.StopM - manipulator.StopMoveme

OCTaHOBKa ABUXKCHUA

ovement()

nt();

CocTosIHMSA M JaHHBIE

GetJointStates

CuHXpOHHOE
IIOJIyYEHUE JIaHHBIX.
Texymue YIJIBL

CYCTaBOB

auto joint_states =
manipulator.
GetJointStates();

auto  joint_states
manipulator.
GetJointStates();

std::cout << "V el

CYyCTaBOB! " <<
joint_states.dump(2) <<

std::endl;
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep

GetHomePositio | CuaxponHoe auto home_pos = — auto home_pos =

n noJy4eHHe JaHHbIX. | manipulator. manipulator.

Jomamnss nosunus | GetHomePosition() GetHomePosition();
; std::cout << "Jlomanrasis

TIO3ULIUS: " <<
home_pos.dump(2) <<
std::endl;

GetCartesian CHHXpOHHOE auto coords = - auto coords =

Coordinate nojydeHre naHHbIX. | manipulator.GetCar manipulator.GetCartesian
Texymrue tesianCoordinates() Coordinates();
koopauHatel X, Y, Z |; std::cout <<

"Koopaunarsr: RS S
coords.dump(2) <<
std::endl;

GetManipulatorl | Cuaxponnoe auto manip_info = — auto manip_info =

nfo nojydeHue JgaHHbBIX. | Manipulator.GetMa manipulator.GetManipula
Nudopmanus o | nipulatorInfo(); torinfo();

MaHHMITYJIATOPE std::cout <<

"Unpopmanusa: " <<

manip_info.dump(2) <<
std::endl;

GetCoordinateLi | CuaxpoHHOE auto limits = - auto limits =

mits

MOJIY4YCHHUEC HOAaHHBIX.

manipulator.GetCo

manipulator.GetCoordinat

OrpannyeHus ordinateLimits(); eLimits();
KOOpJAWHAT std::cout <<
"Orpaanuenus: " <<
limits.dump(2) <<
std::endl;
SubscribeCartesi | [Toxmucka Ha | manipulator. — manipulator.
an Coordinates | oOHOBIIEHHSI. SubscribeCartesian SubscribeCartesian

Coordinates([]
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
[Moanucka Ha | (const Coordinates([] (const
KOOPIUHATHI nlohmann::json& nlohmann::json& data) {
data) std::cout <<
"Koopaunatsi
// OTnucka OOHOBJICHBI: " <<
manipulator.Unsubs data.dump() << std::endl;
cribeCartesianCoor 1
dinates();
SubscribeJointSt | IToamucka Ha | manipulator. - manipulator.
ates OOHOBJICHHSI. SubscribeJoint SubscribeJointStates([](co
[Moanucka na | States([](const nst nlohmann::json& data)

COCTOsIHHNEC CYyCTaBOB

nlohmann::json&
data)

// OTnucka
manipulator.Unsubs
cribeJointStates();

{

std::cout << "Vrsl

CyCTaBOB OOHOBJIEHBI: "
<< datadump() <<

std::endl;
b

SubscribeGPIOS
tates

IToamucka Ha
OOHOBJIEHHS.
IToamucka Ha

cocrosguame GPIO

manipulator.
Subscribe
GPIlOStates([]
(const
nlohmann::json&
data)

/I Orrcka
manipulator.
UnsubscribeGPIO
States();

manipulator.SubscribeGP
IOStates([](const
nlohmann::json& data) {
"GPIO

n <<

std::cout <<
OOHOBJIEHO:

data.dump() << std::endl;
b

SubscribeCoordi
nateLimits

IToxmmcka Ha
OOHOBJIEHUS.
IToamucka Ha

manipulator.
Subscribe
CoordinateLimits([]
(const

manipulator.
SubscribeCoordinateLimit
s([](const
nlohmann::json& data) {
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
OrpaHHYCHUS nlohmann::json& std::cout <<
KOOpAUHAT data) "OrpannucHus: " <<

// Otnucka
manipulator.
Unsubscribe
CoordinateLimits();

data.dump() << std::endl;
b}

SubscribeManip
ulatorinfo

IToxmmcka Ha
OOHOBJIEHHS.
IToxmmcka Ha
uHpopmaIuio 0
MaHUTYJISATOpPE

manipulator.
Subscribe
Manipulatorinfo([]
(const
nlohmann::json&
data)

// OTnucka
manipulator.
Unsubscribe
Manipulatorinfo();

manipulator.SubscribeMa
nipulatorinfo([](const
nlohmann::json& data) {

std::cout <<
"Undopmanus 0
MaHumnyistope: " <<

data.dump() << std::endl;
ok

Baxuo! Jly11 acHHXpOHHOIO MOJIy4YE€HUS JaHHBIX pOrpaMmMa JoJIKHa MPOoI0JKaTh padoTaTh (Hanpumep, UMeTh

LUKII WK OKUIAHKE), YTOOBI ycrieBaTh 00pabaTeiBaTh Bxoasime coodmenus. [loamucku padoraot B HGOHOBOM

nmoToke ¥ Bbi3biBatoT Baii callback npu kaxmom 0OHOBIIEHHH JaHHBIX HA MAHHUITYJIITOPE

Konseiiepnas jienta (MGbot) — ynpasiieHne KOHBeiiepHOH JICHTOH M CBA3aHHBIMHU YCTPOHCTBAMH

MGBotSetMotor | YcranoButh manipulator. MGBo |speed — 3amaer | manipulator. MGBotSetM
Speed CKOPOCTh Mmoropa | tSetMotorSpeed(sp | ckopocts MoTopa B | OtorSpeed(10);
(0..100) eed); nuanazone 0..100
MGBotSetServo | [ToBepayTh manipulator. MGBo | angle — | manipulator.MGBotSetSe
Angle CEPBOIPHUBO/T tSetServoAngle(45) | noBopaunBaet rvoAngle(45);
(rpamycsl) ; CEPBONPHUBOJ
(rpamycer)
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HanmenoBanue

Onucanune

Komanna

ITapamerpbl

IIpumep

manipulator.MG

YcTranoBUTH L[BET

manipulator. MGBo

r, g, b —3amaer user

manipulator.MGBotSetLe

BotSetLedColor | cerogmnona (0..255) | tSetLedColor(r, g, | cBeToanOIOB dColor(255, 0, 0);
b); (KasK IBIi KaHAJI
0..255)
MGBotDisplayT | IToka3are TekcT Ha | manipulator. MGBo |text — mokassiBaer | manipulator.MGBotDispl
ext JTACILIEE tDisplayText (text); | tekct nHa auciuiee | ayText("Hello");
KoHBeiiepa (utf-8).
manipulator.MG | 3BykoBoii curHai | manipulator.MGBo | Level — momaer | manipulator.MGBotSetBu
BotSetBuzTone |(1..15) tSetBuzTone(level) | 3BykoBoit curnan B | zTone(10);
: nuamnasone 1..15.
MGBotGetSenso | Bkitouenue manipulator. MGBo | enabled — mosryunTs | @uto  sensor_data =
rsData JATYHKOB u | tGetSensorsData(tr | manubie ¢ | manipulator. MGBotGetSe
HOJy4eHHE JIaHHBIX | Ue); JaTYUKOB,; nsorsData(true);
true —  nmaudble | // IToms:

BO3BpalllalOTCI B
Buae JSON

"DistanceSensor",
"ColorSensor"
(R,G,B,Prox)
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep

HNHcTpyKuus Mo NoaK/JIIYeHUI0:
1) TMoaxmrounte kadenp USB k pa3beMy Ha KoHBelepe U K pazbemy USB Ha 3aqHel maHeaIu MaHUITYJISITOpA.
2) Toxpkmounte Kabeap mutaHus B pasbeM psaom ¢ USB-moprom Ha kouBeiiepe. Ilpu momade muTaHus
MOTOPBI KPATKOBPEMEHHO WHUIMATM3UPYIOTCS U MOTYT CIeNIaTh KOPOTKOE JBMKEHHE.
3) IlpoBepbTe MHIAMKALMIO CBETOAMOJIOB Ha IUIATe KOHBEWepa:
- LEDI (cunwuit): roput, koraa ectb nutanue 5 B uepe3 USB-mopr.
- LED?2 (xpacHslii): roput, Korja ecTb TUTaHUE OT BHELIHET0 UcToYHMKa 8—30 B.
- LEDS3 (po3oBslii): pexxum Bbixoaa wiu LIIMM.
Basknble npeaynpesxaeHus 1 peKOMeHIAIUM:
- Pazpem Type-C: kouTpomnep uvyBcTBUTENeH K opueHTauuu kabens USB-C. Ecinu  ycTpoiicTBO He
orpeensieTcs: — NonpoOyiTe akKypaTHO MEePeBEPHYTh pa3beM Kabelss ¥ MOBTOPHO MOIKIIOYUTh.
- Tlpobnemsbl co cTapTOM/OCTaHOBKOM JIGHTHI: €CJIM JIEHTa He HauWHAET ABM)KCHHE MU HE OCTaHABIUBAETCH,
aKKypaTHO IPUIIOJHUMUTE CTEKJISIHHYIO KpBIIIKY 1 HakmuTe kHOnKy RESET cnieBa ot miarsl KoHBelepa.
- Tlogxmouenne mo Wi-Fi: mpu ormpaBke komana depes Wi-Fi yOenutech B CTaOMIBHOM COCIUHEHHH U
JOCTaTOYHOM MPOITYCKHON CIIOCOOHOCTH CeTH — HecTaOuiabHbIH Wi-Fi MOXKeT pUBOIUTH K MOTEPSIM KOMaH/T
U 3aJICPIKKaM.
- Tloxnceerka gucrest: npu noakiaroueHur USB-kabens K MAaHUIYJISTOPY BO3MOKHA TOTEPS SIPKOCTU JTUCTLIES
JICHTBI — 3TO HOPMAaJIbHOE TIOBE/ICHUE.
- He pabotaroT ceHcOpHBIE AATUMKH: B CIIydae OTCYTCTBUS MOKAa3aHUN CEHCOPOB MOIMpPOOYHTe mepe3anyCcTUTh
MaHunynsatop. Ecnu mpobnema coxpaHsercs — HpoBepbTe MOAKIIOYEHHE Kalenell uiaum oOpaTtuTech B

cepBHUCHBIN leHTp Promobot.

Ynpasienue GPIO

GPIO (General Purpose Input/Output) no3Bossier ynpapisTh HU(POBHIMU BXOJAMH M BBIXOJIaMU MaHUITYJISTOPA.
OTO MOJNE3HO I B3aUMOJCHCTBUS C BHEUIHMMHU YCTPONCTBaMH, JAaTYMKAMH, CBETOJIMOJAMH U JAPYTUMH

nepudepuitHBIMU KOMITIOHEHTAMHU

SetGPIO CunxponHasi 3anuck | manipulator.SetGPI | - name: uMs | // BkiaroueHue cBeToanona
B GPIO O(name, value); GPI1O-nnua
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Onucanune

Komanna

ITapamerpbl

IIpumep

GetGPIOStates

Yrenue
GPIO

COCTOSAHHA

auto gpio_states =
manipulator.GetGP
IOStates();

value: 3HaueHHne
st 3amucu (0.0
unu 1.0)

manipulator.SetGP10("/d
ev/gpiochip4/el pin",
1.0f);

// UYTeHne COCTOAHUSA

auto gpio =
manipulator.GetGPIOStat
es();

std::cout << "GPIO: " <<
gpio.dump(2) <<
std::endl;

Hony4yenne nanubix u3 12C

Wutepodeiic 12C mo3BomnsieT ynTaTh JaHHBIE C JATYUKOB U YCTPOICTB, OJKITIOUEHHBIX K MAHUITYJIATOPY

Getl2CStates

[Tomyuenue Bcex 12C
JAaHHBIX.
HocrtymnHsle
YCTpOMCTBA (B
JSON):

- commutator/sel_s
erv. —  BwIOOp
CEpBONIPUBOJA,;

- commutator/en_s
erv — BKIIIOUCHUE
CEPBOIIPUBO/A,

- commutator/en_f
dN — BKIIOYEHHE
BEHTHWJIATOPA,

- commutator/fd_k
ey -

KHOIIKH1

cTaTyc

Freedrive;

manipulator.Getl2C
States();

auto i2c =

manipulator.Getl2CStates

0;

int fd_key =

i2c["commutator/fd_key"]

if (fd_key <1000) {
std::cout << "Freedrive

akTuBeH' << std::endl;

[Ipumeuanne -
3unauenue fd_key = 4095
o3Hauaer, 4yro freedrive

BBIKJIFOUCH
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
- commutator/adc_t
emp —
TeMmreparypa C
AT
BocnpousBenenue ayauo
PlayAudio CuHXpOHHOE manipulator.PlayAu | file_name — wuwms | manipulator.PlayAudio(*'s
BOCIIPOU3BEICHHE dio(file_name); aynuogaiina Ha | tart.wav");
aynuodaiina Ha MaHHUITYJIITOpE
MaHUITYJISITOpE
PlayAudioAsync | ACHHXpOHHOE manipulator.PlayAu manipulator.PlayAudioAs
BOCIIPOU3BEICHHE dioAsync(file_nam ync("'notification.mp3",
ayauodaiiia c | e, callback) [I(CommandResult result)
callback {

if (result.GetState()) { ...

}
b

Jnis cOopku aemo:
cd demo

mkdir build

cd build

cmake ..

make

Jsdk_demo
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8.4.5 3akj0ueHue
Eciu Bo3HHMKIIH NTPOOIEMBI — HCIIOIB3YHTE OTIaI0YHBIN BBIBO/I:

#include "pm_sdk/debug_logger.hpp™
// BkimtoueHue BCEX JIOTOB

pb_sdk::DebuglLogger::SetEnable(pb_sdk::LogEntity::ALL, true);

U obparaiitech B CEpBUCHBIN IIeHTP Promobot ¢ moapoOHbIMK JIOTaMH.
Pexomenpamusi: 11 TOBBIMICHHUS HAJC)KHOCTH WCIIOJHEHHMS] BCE BBI3OBBI KOMAH CIEIyeT

o0opaunBaTh B KOHCTPYKIIHIO try/catch, 4ToObI KOppEeKTHO 00padaTHIBATh BO3MOKHBIE OIITUOKH.
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