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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 00eCTeUCHHE,

[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 pnomyckaroTcs TONBKO JWIA, HW3YYMBIIHE OSKCIUTYaTallMOHHYIO
nokyMmeHtauuto Ha M Edu, mpomeamme MHCTPYKTaX MO TEXHHKE OE30MACHOCTH C 00s3aTeNIbHON
COOTBETCTBYIOIIECH OTMETKOH B )KypHaJIe MHCTPYKTa)Ka MO TEXHUKE O0€30MacHOCTH.

Paboratore ¢ M Edu o6si3ansr:

- BBIIOJHATH TpeOOBaHUS HKCIUIyaTalMOHHOW JOKYMEHTALlMM, IpaBWI 3JEKTPO- U

MokapHOi 0€30MaCHOCTH;
- HE JomyckaTh, 4yTOOBI ceTeBble W HHTEp(delicHble Kabenu ObUIM CKPY4YeHBl WIH
NepeiaBlieHbl, a TAKXKE PACIoNaraTh UX TaM, TJIe UX MOTYT JIETKO MOBPEIUTh;
- KOHTPOJHMPOBATh BCE MPOLIECCHI BO BpeMs pabOTHI;
- TIOCJIe 3aBEepUICHHS MPOLECCOB HEMEIJIEHHO BBIKJIIOUUTH 000PYAOBAHMUE;
- wu30eraTh NOMaJaHus PYK U APYTHUX 4YacTei Teja B pabodyro 30HY MaHumyastopa M Edu
BO BKJIFOUEHHOM COCTOSTHUM;

- TIpH MOSIBIIEHUU MOCTOPOHHUX IITYMOB MPEKPATUTH pabOTy U 00ECTOUNTH 000PYOBAHHUE;

- CcoIepXaTh B YUCTOTE paboOvyI0 MOBEPXHOCTh MaHUMy siTopa M EdU, mpoBOAUTE OYHCTKY
OT 3arpsi3HEHUN U IOCTOPOHHUX MPEAMETOB;

- TIpU MOSBJIEHUU HEUCIPABHOCTU COOOUIUTH 00 3TOM B CEPBHUCHYIO CITyKOy MpeanpusiTUs-
M3TOTOBUTETIS.

3ampeniaercsi:

- MPOM3BOJIUTH JCHCTBHS, MPOTUBOPEUAIINE IKCILTyaTAllMOHHOM qokyMeHTamu M Edu;

- ocTaBiATh paboTarouuii Manunyiastop M Edu 6e3 npucmoTtpa;

- TO3BOJISATH JuiaM mutamie 18 ner ucnonszoBars M Edu B onuHOUKY;

- paboTaTh BO B3pBIBOOIACHOM Cpelie, pAIOM C JIETKOBOCIUIAMEHSIOLIUMHUCS ITPeIMETaMH;

- TOJKJIIOYATh JAOMOJHUTEIBbHOE 000pyI0BaHUE O€3 BBIKIIOYEHHS] MAaHUITYJISTOPA;

- TIepeMellaTh MaHUMYJATOP BO BKJIIFOUEHHOM COCTOSTHUY;

- OTKpbIBaTh U pa3dbHpaTh KOPIMYC MAHUIYJIATOPA U CMEHHBIX MOYJIEH;

- MoauumupoBaTh (M3MEHSATH WIH YAAIATH SJIEMEHTHl KOHCTPYKIIHH ) MAHUITYJISITOD;

- mpousBoauTh peMoHT M Edu camocTosTensHo;

- ucroabp3oBath M Edu He 1o Ha3HAYEHUIO.



1.2 Mepsl 0e3onacHocTa npu padore ¢ moayaem 3D-neuaTun

[Ipu pabGore ¢ momynem 3D-mewatm! He nomyckaercs pacmosokeHne pabodero Mecra B
NOMEUIEHHUAX 0€3 HaJIu4uus €CTECTBEHHOW MM UCKYCCTBEHHOM BEHTUIISILIMH.
3arnpemaeTcsl TporaTh HarpeThlil SKCTPYIEp U CTOJIUK JUIsl IIeYaTH. 3anpeniaeTcs pacioyiaraTb

IpeaMeThI B paboueil 30He Moy 3D-nievatn.

1.3 Mepbl 6e30macHOCTH PU padoTe ¢ MOAYJIeM Jia3ePHOI IPaBUPOBKHU

IIpu paboTe ¢ MOIyJIEM JIa3epHOI IPaBUPOBKH' JOMycKaeTcs paboTaTh TOIBKO B 3aIUTHBIX
OYKax.
3anpeniaercs:
- CMOTpETh Ha JIyd J1a3epa;
- HCMOJB30BaTh MOAYJb Ja3epHON TPaBUPOBKM C MaTepHajaMH, BBIICISIOMIUMH CIKHE
BEIIIECTBA, a TAKKE OTPAKAIOIIMUMHI METaIAMHU;
- HampaBJISITh MOJYJIb JTA3€PHON TPAaBUPOBKU Ha JKMBBIX CYIIECTB JIa)K€ B CiIydyae, €CJIM OH

00€ecToUEH.

1.4 Mepsbl Oe3omacHocTH NpPH padoTe ¢ MOAYJeM 3aXBaTa BAKYYMHOI0 U

MEXaHHUYIECCKOIo

[Tpu pabote ¢ MoIyJieM 3aXBaTa BAKYYMHOTO M MEXaHUYECKOTO 3aIperiaeTcs:

- IIOJHUMATh I'Py3, Macca KOTOPOIO NPEBLIIIAET 3HAYECHUE TPY30II0JbEMHOCTH, YKA3aHHOE
B TEXHUYECKHUX XapaKTEpUCTUKAX;

- BbIKIOYaTh ManumysasTop M Edu, ecnu rpy3 HaxoAuTCs B MOJBEUIEHHOM IOJIOKEHHH;

- mpucTynmatb K paboTe, €ClIM eCTh MEXaHMYECKHE TOBPEKICHUS y TPHUCOCKU WU
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 MIOCKOMAPAUICIbHOW KHHEMATUKON U 00paTHON CBSI3bIO,
Habopa CMEHHBIX pabOYUX HHCTPYMEHTOB U METOJMYECKUX YKa3aHUM, NpeAHa3HAUCHHBIA s
WCIIOJIb30BAHMSI B 00pAa30BaTENIbHBIX LIETAX.

M Edu oGecrieunBaeT mojib30BaTeI0 BOZMOXXHOCTh OCBOCHHSI HABBIKOB MPOrPaMMHUPOBAHUS,
OCHOB yTpaBiieHUss POOOTHU3MPOBAHHBIMU CHUCTEMAMHU M TPUHILHUIOB PabOThl MPOU3BOJACTBEHHBIX

JIAHUH.

2.1 IKCILUIyaTAIIMOHHBbIE OTPAHUYEHUSA

[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 ¢ YCTPOHCTBOM MOTYT TOJBKO JIIOU cTapiie 18 jieT.

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

3. bezomnacHocTh npu paboTe:

- Bcernma yuuThiBaliTeé OrpaHWYEHHUs, yKa3aHHbIE B TEXHHUYECKUX XapaKTEPUCTHKAX
YCTpPOMCTBA.

- He wucnonwsyiite M Edu, ecnu Temmeparypa, BIaXXHOCTh WJIHM JApPYTUE YCIOBHS
OKpPY’KaroIIeH Cpeibl BBIXOMST 3a MpeJeibl, YKa3aHHbIE B MHCTPYKIHUH. 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 IOBPEKICHU:

- He pabotaiiTe ¢ yCTpOHUCTBOM PsIOM C BOJOM, YTOOBI M30€kKaTh €r0 MOBPEKICHUS.



- 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 WK XUMUYECKUA AKTUBHBIE CPEJICTBA IJII OYUCTKHU. ITO

MOKET MOBPEIUTH IOBEPXHOCTb.
7. Iluranue u akceccyapsl:

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

- He nonxmrouaiite M Edu k uicTouHrMKaM MUTaHUS ¢ HECTAOMIIBHBIM HAMPSKCHUEM.

8. DneKTpoMarHUTHbIE TOJIS:

- He paboraiite ¢ yCTpOWCTBOM PSIIOM C UCTOYHHUKAMH 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)pokapTroHa, ¢ pydykod u
JI0)KEMEHTaMHU BHYTPH JUIS 3aIUThI coiepkumMoro. [Ipu pacnakoBke COXpaHsIiTe ee IeTO0CTHOCTh AT

JanpHEHIero XxpaHeHus u nepeso3ku M Edu.



Pucynok 1 — YmakoBka

2.3 MapkupoBka

Mapxkuposka uznenus (M Edu) ecTs kak Ha ynakoBKe, Tak U Ha CaMOM YCTPOMCTBE.

Ha ymakoBke MapkupoBKa HaxXOAWUTCS Ha OOKOBBIX cTOpoHax. Ha mapkupoBke ykazaHa
cremyromas nHpopmanus:

-  HaUMEHOBaHUE HM3CIIS;

- HampsbKeHHE MUTaHUS;

- MakcHUMalibHas noTpediisiemMasi MOLUTHOCTb;

- JiaTa MpoU3BO/JICTBA;

- uHpOpMAIU O TOKYMEHTaX, B COOTBETCTBHHU C KOTOPBIMH Ipou3BeaeHa M Edu.

- KOMIUICKT TIOCTaBKH;

- CPOK CITy>KOBbI;

- TapaHTUHHBINA CPOK;

- uHbOpMALUIO 00 U3TOTOBUTEIIE;

- uHbOPMALHIO O CEPTUPUKAIINY;

- TapaMmeTphl YIAaKOBKH;

- uH(poOpMalLHUs O TPY30MOIyyaTene;

- uH(poOpMaLUs O MyHKTE HA3HAYCHMUS.
10



Ha manunynsTope MapKHpOBKa pacrioyio’keHa Ha THE OCHOBAHUS MAHHUITYJISTOPA U COJEPKHUT
CJIEIYIOIIY0 UH(POPMAIIHIO:

-  HaWMEHOBAaHHE U3JICIUS;

- Maccy;

- rabapuTHbIE pa3MephL;

- HampshKeHUE MUTaHUs;

- MaKCHUMaJbHYIO MOTPEOIIIEMYIO MOIIHOCTb;

- JaTy MpPOU3BOJICTBA;

- uH(poOpMaLHIO 00 U3rOTOBUTEIIE;

- uHPOPMAIHUIO O JJOKYMEHTaxX, B COOTBETCTBHH C KOTOPBIM mpousBeneHa M Edu;

- uHpOPMAINHIO O CEPTHPHUKAIUH.

2.4 I'apanTHiinbie 00A3aTEILCTBA

["apaHTHITHBIA CPOK TPOU3BOAUTENSI cocTaBisieT 12 (ABeHAaTh) MecsIeB. | apaHTUHHBIN
CPOK UCHYHCIIsIeTCs 0 0011eMy mpaBuity ¢ JaTel npuodperenus M Edu y npeanpusatus-u3roToBUTeENs.
[apanTuitneiii cpok Ha M Edu, mpuoOpeTeHHBIH pO3HUYHBIM TMOTpeduteneM (TpakJaHHHOM,
npuobperaromum M Edu HCKIIOUNTENBHO AJ JUYHBIX, CEMEHHBIX, JOMAIIHUX W WHBIX HYXI, HE
CBA3aHHBIX C OCYIIECTBICHUEM NPEANPUHUMATEIbCKON JEATEIbHOCTH) HMCUUCIAETCS C J1aThl
npuobperenus M Edu po3HuuHbIM noTpedutenem.

[Tpu o6napyxenuu B M Edu HerocTaTkoB B eprOJl TApaHTUITHOTO CPOKa BIIAJENel] 00sI3yeTcs
HE3aMeTUTENIbHO MUChbMEHHO COOOIINUTH 00 3TOM MPEANpPUATHIO-U3TOTOBUTENIO, OIMCAB MOAPOOHO
MIPU3HAKH BBISIBIIEHHOTO HEJIOCTATKA, U B TEYEHHUE OJTHOTO paboyero JHs 00eCnedyuTh 10 TpeOOBaHUIO
MPEANPUSATUS-U3TOTOBUTENS TUCTAaHIIMOHHBINA nocTyn K M Edu nnst AuCTaHIIMOHHOM TUArHOCTUKH.

B mnepuon rapaHTUHHOTO CpoKa MNpeANpUsTHE-U3TOTOBUTENb OOS3yeTcsl MpU MOJYyYSHHUH
MPEeTeH3UN 00ecreuuTh 0e3B03Me31HOe yeTpaHeHue HepoctaTkoB M Edu B cpok He Goitee 60 pabournx
JHEH ¢ MOMEHTa MOJIy4eHUSI IPEANPUATUEM-U3TOTOBUTEIIEM MTPETEH3UU U, B CIIy4ae HEOOXO0JUMOCTH,
MPEI0CTaBICHUS TUCTAHIIMOHHOTO nocTyna Kk M Edu. [Ipeanpusitie-u3roroBUTENb BIIPaBe 0 CBOEMY
BbIOOpY ocymecTBuTh 3aMeny M Edu Henaanexaero kauecTna.

B cnydae cymecTBeHHOro HapymieHus TpeOoBanuii k kauectBy M Edu (oOHapyxeHus

HEYCTPAHUMBIX HEJOCTATKOB, KOTOPbIE HE MOTYT OBITh YCTpaHEHBI 0€3 HECOPa3MEPHBIX PACXO0I0B WU

11



3aTpaT BPEMEHU, WU BBIABIISIOTCS HEOJHOKPATHO, JIMOO HEOJHOKPATHO HPOSBIISIFOTCS. BHOBB 110CIIE
UX yCTpaHEHHUs) BIIaJIeNell Blpase noTpedosats 3ameHsl M Edu HeHanmexariero kauecTna.

["apanTHiiHbli CpPOK mpojajeBaeTcs Ha Bpems, B TeueHue kotoporo M Edu He wMor
UCIOJIb30BaThCs U3-32 OOHAPYKEHHBIX B HEM HEIOCTATKOB, a MMEHHO Ha MEPUO] BPEMEHH, PaBHBIH
NEpPUOJYy C MOMEHTa IOJIy4EHHs YIIOJIHOMOYEHHBIM JIMIIOM IpeTeH3un o Hepocratkax M Edu no
MOMEHTA YCTPaHEHUS HEI0CTATKOB.

["apanTtuitHoe 00CTyKUBaHHE OCYIIECTBIISIETCS MO BBIOOPY MNPEANPUATHSI-U3TOTOBUTENS T10
MECTY €ro HaXOXJEHHus WM no MecTy HaxoxzaeHus M Edu. 'apantuitHoMy peMoHTYy (3aMeHe) He
norexxur M Edu:

- JKCIUTyatupyemas oOpa3oM, HE COOTBETCTBYIOIIMM TpeOOBaHUSAM pPYKOBOJACTBA IO

SKCIUTyaTallly,;

- UMeIolLIas Mo BUHE MOJb30BaTeNe MeXaHUYECKUE MOBPEXKICHUS, IBUBILINECS MPUYNHON

oOpalieHus 3a rapaHTHIHBIM PEMOHTOM;

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

TpeOOBaHMSIM, YCTAHOBJICHHBIM JIOKyMeHTaIe Ha M Edu;
- mpoulenmas MoIU(UKAUIO (M3MEHEHUs) WM PEMOHT 0e3 ydyacTus NpearpHusTHs-
MU3TOTOBUTETIS.

["apanTHitHbie 00s3aTenscTBa pacnpocTpanstores Ha M Edu B Toli kommiekTanuu, B KOTOPOMt
OHA HAXOJMJIACh HA MOMEHT IOCTAaBKHU MPEANPUATUEM-U3TOTOBUTEIIEM U HE PacCHpOCTPaHAIOTCS Ha
HEJIOCTaTKH, BO3HUKIIUE B pe3ysbrate HeBepHOU padboTsl [1IO Promobot M Control, pa3paboranHoro
(1opabOTaHHOIO) TMOJB30BATEIEM CAMOCTOSITEIbHO 0O€3 COrjlacoBaHUS C  MPEeANpPUATHEM-
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 wHpopmanmu 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: 06 ypoHe cepsuca (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, 4TO B MOMEIIEHUH HET CHIPOCTH, UCIIAPEHUI BOJBI, TOPIOYUX JKUIKOCTEN
VI Ta30B.
- M Edu nomxeH XxpaHUTbCS B OTAIUIMBAEMOM U [IPOBETPUBAEMOM IOMEILIEHUU.
- H30eraiiTe momagaHus IPAMBIX COTHEYHBIX JTyUEH.
- Temmneparypa nomxkHa 661Th 0T +5°C 10 +40°C (styuiue Bcero +25°C).
- BuaxnHocTh BO3AyXa HE JOJKHA MpeBbIaTh 65%.
3. TloaroroBka K XpaHEHHIO:
- Ilepen Tem kak yOpaThb yCTpOHCTBO Ha XpaHEHUE, IPOTPUTE €0 KOPIYC CyXOl MATKON
TKaHbIO.
- IIpoBepbTe, 4TOOBI Ha paOOUKX MOBEPXHOCTAX MAHUITYJIATOPA U CMEHHBIX MOJIYJIEH HE
0CTaJI0Ch IOCTOPOHHUX MaTEPHUAIIOB.
4. Yrto Henb3s ae1aTh:
- He ximagute Tsokenbie mpeaMeTsl Ha KOpooky ¢ M Edul.

- He momyckaiite NOCTOPOHHHUX JIFOJIEN K MECTY XPAHEHHUS YCTPOUCTBA.

2.6 TpancnoprupoBanue

[Tpu TpancIOpTUPOBAHUM COOIIOIANTE CIIETYIOIIHE MpaBUIa;
1. Hcnonp3yiiTe OpUrHHaIbHYIO yHIaKoBKY — nnepeBo3ute M Edu Tonbko B kopoOke, B KOTOpO
OH OBLJT U3HAYAIBHO YIAKOBaH.
2. YcloBUS IEPEBO3KHU:
- IlepeBo3uTh YCTPONCTBO MOYKHO JTFOOBIM KPBITHIM TPAHCTIOPTOM.
- Pexomennyemas temnepatypa: oT +10°C mo +35°C.

- BrnaxnHocTh Bo3ayXxa He oJkHA npeBbiaTh 70%.
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3. Ecmu mnepeBoswnin M Edu Ha xomozme, mpu MHUHYCOBOW TeMmmepaType, TO TMepes
BKJIIOYEHHEM OCTaBbTE€ MAHUITYJSTOP B TEIJIOM IMOMEIIEHHH Ha 2—3 4aca, 4TOObl OH
nporpesncs A0 Temneparypsl He Huke +10°C.

4. Kak ynakoBaTh:

- Y0enurechb, YTO MaHUITYJISITOP, CMEHHBIE MOAYJU U APYTUE JACTAIN JIekKAT HA CBOUX
MeCTaxX BHYTPH KOPOOKH.

- He craBbTe KOpOOKY BEPTUKAIBHO — OHA JIOJDKHA JIEKATh POBHO.

- Ilepen TpancnopTUpOBKO# POBEPHTE, UTOOBI BHYTPH KOPOOKH HE OBLIIO TOCTOPOHHUX
MPEAMETOB.

5. bepexHas nepeBo3ka:
- U30GeraiiTe ynapoB u pe3Kkux JABMKEHUI KOPOOKH BO BpEMS IIEPEBO3KHU.
- IlomHuute, uro ymakoBka ¢ M Edu — 3to Xpynkwuit rpy3, mosToMy obpariaiirech ¢ Hel

aKKypaTHO.

2.7 Yruausanusa

Cpok skcrutyataruu M Edu — 3 ropa.

Ecnu M Edu moBpexieHa Tak, uto ee 00JIbIIe HENb3s HCIOIb30BaTh — YTUIIU3UPYHTE.

Jlist ipeioTBpalleHust 3arpsi3HeHUs OKPY Kalolel Cpelbl BCe OTXOJbI, 00pa3yromuecs Mmpu
yruinuzaiud M Edu u ee gacrteid, mojiexat o0s3aTeIbHOMY COOPY ¢ TOCIEAYIOIIEH yTHIN3aluei B
YCTaHOBJIEHHOM TIOPSIJIKE M B COOTBETCTBHH C JCHCTBYIOIIUMHU TPEOOBAHUSIMU U HOPMAMHK OTPACIIeBON
HOpPMATUBHOW JOKyMEHTalWK, B TOM 4uciae B coorBerctBuM ¢ CanlluHom 2.1.3684-21
«['urueHnueckne TPeOOBaHUS K pPa3MEHICHUIO W OOC3BPEKHBAHUIO OTXOJOB TPOU3BOJICTBA U
MOTPEOJICHUS.

Ecimu 310 HEeoOXoaMMO JUIsi HAJIOTOBOTO ydeTa, Olepaius Mo YTHWIM3AIUU JO0DKHA OBITh
OTpakeHa B OYXTAJITEPCKUX TOKYMEHTaX B COOTBETCTBHUHU C 3aKOHOJATEIBCTBOM TOW CTPaHbBI, B

KOTOpOﬁ YCTaHOBJICHO O60py210BaHI/IC.
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3 OIMUCAHHUE YCTPOUCTBA

3.1 TexHuveckue XxapaKTepUCTUKHU

Texuuueckue xapakrepuctuku M Edu npencrasiens: B Tabmuie 1.

Ta6muna 1 — Texanveckue xapakrepuctuka M Edu

Ennnnna

IMapametp U3MepeHust 3HaveHune
['py3omoapeMHOCTH KT 0,5
KonnuectBo creneneit cBo001bl — 4
Pagmnyc paboueii 30HBI MM 385
MaxkcuManbHasi JIMHEWHas CKOPOCTh LIEHTPAJIbHOM TOYKHU MM/C 100
WHCTPYMEHTA
To4HOCTH MO3UIIMOHUPOBAHUS MM 0,1
[ToBTOpsieMOCTh MO3ULIUOHUPOBAHMUS MM 0,2
Cremnens 3alIUThI KOpITyca — IP20
HoMunansHOe mepeMeHHOE HampspKeHHe Ha BXojze OJioka B 230
MUTAHUS
HoMuHanbHOEe MOCTOSHHOE HaNpshKeHHE Ha BbIXoje OJioka B 12
MUTAHUS
[ToTpebnseMas MOIIHOCTD, HE OoJee Bt 180
Macca manunynstopa 6e3 JTOMOJHUTENBHOTO 000pYAOBaHUSA, KT 7
He Oonee
Macca koMIIieKTa B yIIakoBKe, He OoJiee KT 12
["aGapuTHblEe pazMepbl MaHUMYJIATOpa 0€3 JIOMOJIHUTEIHFHOTO MM 316%220x408
obopynoBanus, JIXI1IxB, He 6onee
["abaputHbie pazMepsl KOMIUIeKTa B ymakoBke, JIXIIIxB, ne MM 528x385%275
Oonee
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Exnauna

IHapamerp U3MepeHus 3HavyeHue
Berpoennsrit komnbiotep Raspberry Pi 5 mist aBroHOMHOMN - Hanuune
paboThl
BcTpoeHHbIM CBETOIMOIHBIN 3KpaH — Hannune
BceTpoenHsblil nuHaMuK - Hannuue
Bcerpoennstit Mukpodon — Hanuuue
T"0710CcOBOM MOMOIITHUK — Hannune
[Ipsimoe ynpaBieHue y3aaMu MaHUITYJIATOpa - Hannuue
Pexum FreeDrive — Hanuuue
BecnipoBoabie HHTEP(EHCH 11 BHEITHUX KOMMYHHKAIHA — Wi-Fi, Bluetooth
[TpoBoHBIE MHTEP(EHCH T BHEITHUX KOMMYHUKAIUHA — Ethernet, HDMI, USB, UART,

RS-485, SPI, 12C, TTL, 1-Wire
WuTepdeiics! A MoAKII0YSHUS JaTYNKOB U UCTIOTHUTEIBHBIX - UQppPOBBIE BXOABI, MHU(POBEIE
MEXaHU3MOB BBIXOJIBI, BX0AbI ALIII, BEIXOmBI
1M
Marepuan 3D-niedatu (cCMeHHBIH sKcTpyaep misa 3D-meuatn)? — PLA-punament
Tounocts 3D-Tieuat (CMeHHbIH SKCTpyaep st 3D-neuatu)? MM 1
MomHocTh J1a3epHOro TpaBepa (CMEHHBIM MOIYJIb JUIst MBT 500
JNa3epHOii rpaBupoBKH)L, He Gonee
JlnuHa BOJIHBI Ja3epHOro TIpaBepa (CMEHHBIH MOAYNb Ui HM 405-650
nasepHoil rpaBupoBKm):
Juamerp  BaKyyMHOW  MPUCOCKH  (CMEHHBIM  3axBaT MM 23
12

BaKyyMHBII)“, He OoJee
MomHOCTs Hacoca MOYJIS 3aXBaTa BAKYYMHOT02, He Goiee Bt 6
Cuna cxarus 3axBaTa MEXaHMYECKOro (CMEHHBIM 3axBar H 8

MEXaHUYECKHUIi), HE OoJIee
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IHapamerp

Exnauna

U3MepeHus 3HavyeHue

MEXaHUYCCKOIo, HE Oonee

MakcumanbHbelii  pacTBOp  KOTTeH  MOAyYJs  3axBara MM

80

! _Tlapamerp yunThIBacTCS B OJTHOM KoMIuekTarmu M Edu.

2_ [Napamerp yuuThiBaeTcs B komruiektarmu M Edu Lite

3.2 CoctaB M Edu

M Edu nocrasnsercs B TpeX KOMIUIEKTALUAX:

1. Ilomnas KOMIIZICKTallusA — BKJIKOYACT B cebs MAaHUITYJIATOp H 5 CMEHHBIX HacaJoK

(BakyyMHBIN 3axBaT, MEXaHWYECKHI 3axBaT, 3aXBaT MHIIYIIET0 WHCTPYMEHTA, MOIYJb

3D-neyatu, MOAYJIb JIa3epHOM TPAaBUPOBKH).

2. Kommekrarust 6e3 MOAYJS Ja3epHON IPaBUPOBKU — BKIIOYAET B ceOS MaHUIYISITOp U 4

CMCHHBIX HaCaJKH (BaKYYMHBIﬁ 3axBar, MEXaHUYEeCKUI 3axBaT, 3axBaT IMHOIYHICTO

HHCTPYMEHTA, MOAYJib 3D-1ieuatn).

Kommiekramust M Edu Lite — Bkirodaer B ce0si MaHUMYJIATOp W 2 CMEHHBIX HACAJKH

(MexaHMYECKHM 3aXBaT, 3aXBaT MUIITYIIET0 HHCTPYMEHTA).

CocraB M Edu BxITtouaeT KOMIUIEKTYIOIIUE, MTPEICTABICHHBIC B TAOIUIIE 2.

Tao6muua 2 — Coctas M Edu

Neo HanmeHnoBanue Kpartkoe onucanmne KonnuectBo

1 WNHdpopmaninoHHbIH auCT Ccpuika u QR-kox JUISI MOJTy4EHUs 1 mr.
M10JIb30BATEIBCKON JOKYMEHTAIlM U METOJINYECKUX
nocoOuit

2 Manunynstop MHoropyHKIMOHAIbHBIN HAaCTOJIBHBIN 1 mr.
4eThIPEXOCEBOM POOOT-MaHUTTYISATOD C

IUIOCKONApaUIeIbHOM  KWHEMAaTUKOM U 00paTHOM

CBA3BIO
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Ne HaunmeHoBaHue Kpartkoe onucanmne KonunuyectBo
3 bnox nuranus WMy nibCHBIN OJIOK MUTaHUs ¢ KabesieM Ui TUTaHUs 1 mr.
oT cetu nepemeHHoro toka 230 B 50 I'm, Buika
craugapra CEE 4/7 (tun F) wm 7/7 (tun E/F) ¢
3a3eMJIEHUEM U BBIXOTHBIM MOCTOSIHHBIM
HanpspkeHueM 12 B
4 [IynbT ynpapieHus? [TpoBoanoi USB-reitmmnan a1 py4yHOro ynpaBieHUs 1 .
M Edu
5) Ieyararomias rogoBKa’ l'onoBka st meyatu PLA-¢dunamenTom; BXOAWT B 1 wr.
KOMILIEKT MOoAyst 3D-neyatu
6 DkcTpyaep? HacTonpHblil 00K ¢ CEpBONPHUBOJIOM i MOJA4YU 1 mr.
PLA-dunamenTa K nedararoliei rojloBKe; BXOJAUT B
KOMIUIEKT MoyJst 3D-nevyaru
7 Tpy6xka TedmoHOBas? TpyOxka st mogaun PLA-¢dunamenTa k nevararomen 1 mr.
rOJIOBKE; BXOJAUT B KOMILIEKT Moy 3D-neuatu
8 Hep:xarenb KaTylky | J[Be HampaBisiomue Ui YCTaHOBKM —KaTYUIKH 1 wrT.
PLA-punamenTa? PLA-puiamenTa; BXOAUT B KOMIUIEKT MOJIYJIS
3D-neuatn
9 3alUTHOE CTEKNIO? Crekyi0 A5 3alIMTHI TOBEpXHOCTH Npu 3D-neuary; 1 .
BXOJMT B KOMIUIEKT Moy 3D-neuaTtu
10 TecToBbIN PLA-¢unamenT aiig nposepku pynkuuu 3D-nevartu; 10 m
PLA-(l)I/IJ'IaMeHTZ BXOJIUT B KOMIUTEKT Moyt 3D-tieuatn
11 Momynb nazepHoii | Momynb na3epHsiid kpacHbii 405-650 am 250 MBT ¢ 1 .
rpaBupoBKu’ (b OoKyCUpPOBKOI
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Ne HaumeHnoBaHnue Kpartkoe onucanue KoaunuecTBO
12 Oukw 3amuTHbIE 3ammMTHBIE OYKH OT (PHOJETOBOTO, CHHETO | 1 mrT.
KpPAaCHOTO JIA3€PHOTO U3TyUYEeHUS IJTMHOM BOJTHBI 405—
450 um 1 635-660 HM
13 Buemnmii 650k | biok ¢ BakyyMHBIM HacocoM JJii MOJYJs 3axBara 1 wr.
KOMMYTaIlUH BaKyyMHOTO0 U 0€30MacHON KOMMYTAIlUU TUTAHH
MHCTPYMEHTa? MOJyJIs JJa3ePHOU TPaBUPOBKHU', C MOJIHYPETAHOBOM
TpyOKOi
14 Kirou komMmyTanuu | Kirou oT KITtOY-BBIKIIIOUATENS, MpeIHa3HaAuYeHHOTO 2 wr.
MUTaHUS Monyns | Juisi 0e30macHON KOMMYTAIlMM MUTaHHUS MOIYJIS
Ja3epHOM rPaBUPOBKH’ Ja3epHON TPaBUPOBKHU
15 Monynb 3axBara | 3axBaT AJIS MUIIYIIEro HHCTPYMEHTA IUaMeTPOM J0 1 m.
MUIIYIIEr0 MHCTPYMEHTA 10 mm
16 Pyuka Promobot [MapukoBass pyuka; HCIOJIB3YETCSI COBMECTHO C 1 mr.
MOJTyJIeM 3axXBaTa MUIIYIIEro HHCTPYMEHTa
17 [ToBopoTHBII Monynb | brok cepBompuBoma ans oOecrneueHus BpalleHHs 1 mr.
WHCTPpYMEHTA WHCTpyMEHTa (HE WHCHONb3yeTca Mg MOJIYJA
3D-newatn, MOYIIS JTa3ePHOMN TPABUPOBKU M MOTYJIS
3axBaTa MHUIIYIEr0 HHCTPYMEHTA)
18 Monyns 3axBara | MopyJib ¢ BAKYYMHOWM NPHUCOCKON 1 .
BaKyyMHOTO?
19 Monynb 3axBara | bIok MHCTpyMEHTa C IByMS aKpHJIOBBIMU KOTTSIMH, 1 mT.
MEXaHUYECKOTO MPUBOJIUMBIMU B IBUKEHHE CEPBOIIPUBOIOM
20 [Muyp cereBoro | OTBETHBIM IIHYp pa3beMa CETEBOro HHTepdeiica 1 mr.
untepdeiica ETHERNET | ETHERNET
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Ne HaunmeHoBaHue Kpartkoe onucanmne KonunuyectBo

21 TTo/I0KKa C PA3METKOM? PabGouee mone maHuUMyIsITOpa C Pa3METKOW IS 1 .
TOYHOT'O pa3MelIeHuss OOBEKTOB M  YJI00CTBa

HCIIOJIb30BAHUS IIPpH O6y‘IeHI/II/I

22 BcTrpoennoe I10, MpeHa3HAaYECHHOE JUIst yIIpaBJICHUS 1 .
IporpaMMHOE MaHUITYJISITOPOM
obecrnieueHue

Promobot M Control

23 Kpartkas unctpykums qis | Kparkas MHCTPYKLHUSA 1o BKJIIOUEHHIO / 1 mrt.
noias3oBarens M EDU BeIKIIOUeHHI0O M Edu, cmene Hacagok ¢ QR-kogamu

Ha BUACOUHCTPYKIUHA

24 Y1akoBOYHBIH JIUCT ToBapoCOIPOBOANUTENIbHBIN JIOKYMEHT, 1 mr.
NpPEJICTaBISIIOIIMI ~ cOOOM  JeTallbHYyI0  ONMKCH

COACPKUMOI'0 KaXKA0I'0o I'py30BOro MeCta

25 [Tacnopt OKCIUTyaTallMOHHBIA  JTOKYMEHT, COJIep KA 1 mr.
OCHOBHBIE TEXHUYECKHE XapaKTePUCTUKH,
napameTphl, CBEICHUS 0 MIPOU3BOIUTEIE,

KOMIUICKTAllUH, TapaHTUHW W IIpaBUJia 0e30IacHOM

OKCILTyaTaluu TOBapa

! _ BkmroueHo TonmbKO B TIONHYIO KoMIuTekTanuio M Edu.

2_ He Bximoueno B kommiekTanuio M Edu Lite

3.3 Manunyastop

OcHoBHBIM KOMIOHeHTOM M Edu sBisieTcs HAacTONBHBIA 4-X OCEBOW MAHHUITYJISTOD
(cMm. PucyHok 2), KOTOpBIN COCTOUT U3:

- OCHOBaHHS;

- OamHuy;

- NOJMYpPETaHOBOI'O KOpITyca.
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UT0O0BI yCTpOMCTBOM OBLIO YIOOHO M 6€301aCHO MOJIb30BaThCS, B KOMIUIEKT BXO/IAT 3allIUTHHIC
AJIEMEHTHI, POBOJIA U PACXOIHUKH, KOTOPHIE TOMOTAIOT MOJIYYUTh JOCTYI KO BCEM (PYHKITUSIM.
M Edu MOXHO yIIydmiaTe ¥ pacidpsTh, MOAKIOYAs K HEMY JTOTIOJHUTEIbHBIE COBMECTUMBIE

MOJTyJTH. DTO JIeTIaeT yCTPOUCTBO 00Jiee YHUBEPCATBLHBIM U ITOJIC3HBIM JIJISl pa3HBIX 3a7ad.

Pucynok 2 — HactonbHBIN 4-X 0CEBOW MaHUITYJIATOD

3.3.1 OcHoBaHHue

OcHOBaHME MaHUMNYJATOpPA — ATO HEPa30OPHBIA OJIOK, BKJIIOYAIONIMK B ce0s TUCIUICH H
pa3beMbl JJIs BHELITHHUX MOAKII0UeHHUH. [luceil, pacronoXeHHbI Ha epeiHel maHelu, 0ToOpaXkaeT

cTaTyc paboThl MAHMITYJIITOPA C MOMOIILI0 H300pakenuii popmata GIF (cMm. Pucynok 3).
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Pucynoxk 3 — Jlucruieit Ha OCHOBaHUM MAaHUITYJIATOPA

MaHunyasITop BU3YaJdbHO CONPOBOKIAET CBOM JEWCTBUS CIEAYIOUIMMHU H300pakeHUSIMU
¢dopmara GIF:

— IIPpH BKJIIOYCHHUH,

n — BO BpeMsi pabOThI MPOrPaMMBlI,
n — TI0CITE OCTAHOBKH.

Pa3zbeMbl [T BHEITHUX TOAKIFOUYEHUIN pacoI0KeHbI Ha 3aHel maneau (cM. PucyHok 4).
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Pucynok 4 — [1anens pa3beMoB JiIsl HOJKIIOYEHUSI BHEUTHUX YCTPONCTB

TYM6JIep BKJIFOUCHMS/BBIKTIOUEHUS ITUTAHUS MaHUITYJIATOpA:

1.
2.

10.
11.
12.

13.

«0» — MTaHue BBIKIIIOYEHO,

«|» — mUTaHUEe BKJIIOYEHO;

UART — s TDOAKIIOYEHHS BHEIIHETO OOOpYJOBaHUS IO IMOCJIEA0BATEIIBHOMY
untepdeiicy UART;

ETHERNET — qys nmoak/iroueHusi MAHUMYJIITOPA K KOMIIBIOTEPY;

USB — s moaK/Ir0YeHus SJIEMEHTOB yIpaBieHus (KOMIBbIOTEpHAs MbIIb, KIIaBHATYypa,
MyJbT YIPABICHUS);

GPIO — nns moakitoueHus! BHEITHUX TaTYUKOB U UCIIOJIHUTEIIbHBIX MEXaHU3MOB.

HDMI — my1s moaxiIroYeHus MOHUTOPA,;

RS-485 — nans mnoakioyeHUs BHEIIHEro O0OpYyNOBaHUS IO IOCJEN0BaTEIbHOMY
unrepdeiicy RS-485;

STEP/DIR — st mpsiMoro ynpaBiieHus ApaiiBepamMH IIaroBhIX JBUTATENEH 110 HHTEpdercy
STEP/DIR;

TTL — nuia nonkiodeHus cepporpuBoza ¢ narepgpericom TTL;

STEPPER — mns moakiiroyeHus 111aroBoro JBUTaTels

12v OUT — nmns nurtaHus BHEUIHEro oOopyaoBaHUs (OJIOK KOMMYyTallud MHCTPYMEHTA,
HarpeBaTeIbHBIN 2JIEMEHT TeYaTaroieil TOJOBKH);

POWER 12v — nns noakitoueHnus 6J10Ka MUTAHKUS MaHUITYJISTOPA.
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JI71st IpaBUIIBHOTO U O€30MACHOTO MOKIIOYEHUS TIOTOTHUTEIBHBIX COBMECTUMBIX MOAYJIEH K
MaHHITYJISITOPY MOJIB3YyHTECh HH(POPMALINEH O «PaCIMHOBKE Pa3beMOBY.

Take B OCHOBaHHMM PACIIONIOKEH JUHAMHUK I 0OecrieueHns OOpaTHOM CBSI3U MOJIb30BATEIIO
npu B3auMoaericteuu ¢ M Edu.

B kauectBe «moO3ra», OCHOBHOTO BbIYMCIHTEIbHOTO Moayis M Edu, wucnons3yercs
OJHOILIATHBIA KoMmIbioTep Raspberry Pi 5 (cM. PucyHok 5) ¢ omepaiiioHHOM crcTeMoii. DTO aeiaer

YCTPONCTBO aBTOHOMHBIM (11 padboThl ¢ M Edu He Hy»eH KoMIbIoTep).

Pucynok 5 — Onnoruatueit komnbiotep Raspberry Pi 5

VYmpasnenue nononHuTenbHbIME cucteMamMu M Edu ocymiectBisiercss depe3 BCTPOCHHBIN
MUKpokoHTposuiep STM32.

Jns BeimonHeHus Becex PpyHkuuii M Edu qoctaTouHo MOAKIIOUUTE K MAHUIYJISITOPY MOHHUTOP
Y 3JIEMEHTHI YIIpaBJIeHUs! (KOMIIbIOTEPHAs MbIIlIb, KJIIABUATYPA).

Taxke MOKHO HCIIOJIb30BaTh BHEITHUI KOMITBIOTEP, YTOOBI pa3esiuTh 3a1aun: Raspberry Pi 5
OyZeT ynpaBisiTh MAaHUITYJISITOPOM, a KOMITBIOTEP — OTBEYATh 3a Ipaduueckuil uHTepdeiic.

Ha xopmyce ocHOBaHMS HaXOJWUTCS KHOIKA BKIIOYCHHS/BBIKIIOUCHUS MAaHHUITYJISITOPA
(cm. Pucynok 6). [Tpu HaXkaTUK HA HEE MAHMITYJIATOP BBIKITFOYACTCS.

Ora KHOMKa yJA00Ha TEM, YTO MOKHO BBIKIIOUHTH YCTPOWCTBO, HE TpOras OCHOBHOMU
nepekovaresb nuTanus (Tymo6siep). Ecniu HeoOXoauMo CHOBa BKJIIOUWTH MAHUITYJISITOP, MPOCTO

Ha)XMUTE ATy KHOIIKY €Ile pa3s.
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PI/ICYHOK 6 — KHomka BKJIFOUCHMS/BBIKITIOUEHUS MaHUITYJIATOpAa

3.3.2 Bamus

bamins 3aKpPCIJICHAa Ha OCHOBAHUW MAHUITYJISITOPA. Ha Oarne 3aKpPCIUICHBI TUICYO U CTpCiIa

MaHumyssitopa (cMm. Pucyrok 7).
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Pucynok 7 — Maunumynsatop, rae 1 — 6amss; 2 — miedo; 3 — crpena; 4 — 6JIOK HHCTpyMEHTa

JIBW>KEHUE TuIeda M CTPEJIbl MAHHITYJIATOPa MPOUCXOAUT Oiarogaps TPEM MOBOPOTHBIM y3J1aM
(J1, J2, J3) (cm. Pucynok 8). DTH y351bI IPUBOIATCS B ABHXKCHUE IIATOBBIMU JBHUTATEISIMH, KOTOPBIC
paboTalT Yepe3 peMeHHbIe mepeaadn. YToObl KOHTPOIUPOBAThH MOJOKEHUE Y3JI0B, UCTIOIB3YHOTCS
SHKOJIEPHI (HATYMKHU ITOJIOKEHHUS) W KOHIIEBBIC BBIKJIIOYATEIU (HaTYMKH, KOTOPHIC IMOKA3bIBAIOT

KpailHUEe TOYKU JIBUKEHUS).
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Pucynok 8 — J[BmwkeHue mieda u CTpesIbl MAaHUITYJISTOPA

Ha crpene pacnonoxeHn 010K HHCTPYMEHTA U MaHEIb Pa3beMOB JUIs MTOJIKIIOYEHHUS] CMEHHBIX
Moayne ¢ kHomkoil FreeDrive. Ilpu Haxkatum u yxaepxkuBaHuu KHoOnku FreeDrive ctpena

MaHUITYJIATOpA «paccna6nﬂeTc;[» 1 €€ MOJKHO IICPEMECTUTH B HYKHOC ITOJIOKCHUC (CM. PI/ICYHOK 9)
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Pucynoxk 9 — Ctpena MmanunymnsTopa (BU CBEpXy), Tie: 6 — maHe b pa3beMOB IS MTOIKITIOYCHHS

CMEHHBIX MoyJeii; 7 — kHomka FreeDrive

Ha nmanenu pa3peMoB JIJ1s1 TOAKITIOUYEHUSI CMEHHBIX MOJTyJICH pacIoiosKEHbI Pa3beMbl (CBEpPXY-
BHH3):
1. TEMP — ans moakirOyYeHUs AaTuyvMKa TEMIIEpaTyphl MeYaTarollell TOJIOBKH U JIa3epHOU
TOJIOBKH'.

2.  FAN — mis moaxmroueHUs: BEHTWIISITOPA ITEYaTAIOMIEH TOOBKHY.

3.  GP3 - s nmoakiro4eHHs TOBOPOTHOTO MOTYJISI HHCTPYMEHTA.

4. GP3 — g noakIrOYeHUs MPUBOA MOJYJISl 3aXBaTa MEXaHUUECKOTO.

J151s mpaBUIIBHOTO M O€30MTaCHOTO TIOKIFOYCHHUS TOTIOTHUTEIBHBIX COBMECTHUMBIX MOTYJIEH K

MaHUITYJISITOPY MOIB3yHTECh HHPOpPMAaLUEl O «paCIUHOBKE Pa3beMOBY.

1 o
— ITpu Haywuny B komIutektanuu M Edu cMeHHOTO MOYJIs JIa3epHOM TPaBHPOBKH.
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3.3.3 IHopsiiok pacnoJioskeHHs] KOHTAKTOB («PACIIMHOBKA Pa3beMOB»)

Jlnst mpaBUIIBHOTO U 0€30MacHOr0 MOAKIIOUEHHS JTOTOJHUTEIBHBIX COBMECTUMBIX MOAYJIEH K
MaHUIYJSATOPY  MOJIb3yHTeCch HMHGOpMAlMe O  «PaclUHOBKE Pa3beMOB» IJiI  BHEIIHHUX
MOJIKJTFOUCHHH, PACIIOJIOKEHHBIX Ha 3aaHed maHenn (cM. Pucynok 10) m o

«pacIUHOBKE
pa3beMOB» MOAKIIOUEHUS Ha CTpesie MaHumyJsaTopa (cM. Pucynok 11).

® ®
(D ETHERNET uUsB HDMI
— GPIO O O
owr || 2zaas =

RS-485 STEP/DIR TTL STEPPER 12v OUT

@ POWER @
(WX l--.-..-.l M M @I @ T2v

\ A

J

Pucynok 10 — PazbeMsbl 1151 BHENTHUX MTOIKITFOYCHUIH

GX

Pucynok 11 — Pa3bemsl U1l NOAKIIOYEHMS HA CTPEJIE MAHUITYJIATOpA

[TopsiToK pacIooXKeHUsT KOHTAKTOB («PacIMHOBKA Pa3beMOBY) ISl BHEITHUX IMOIKITFOYCHHH
oIMcaH B TadmIe 3.
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Tabnuna 3 — [Topsaok pacnoyioKeHHs] KOHTAKTOB pa3beMOB Ha 3a{HEH MaHelu

IIpumeuyanusn

1  IlepBbIi KOHTAKT i KaXJA0r0 pa3bemMa HaXOJAUTCS CIIEBA.

2  Jna pazbema UART KOHTaKTBhI CUMTAIOTCS KaK: BEPXHHUM JICBBIM 1, HUKHUN JIEBBIN 2...,
BEpXHUU ITpaBbIi 9, HH>KHMM npaBslii 10.

3 HpoqepK B Ha3BaHHNH KOHTAKTA — KOHTAKT B TeKymeﬁ PCBU3HNH HC UCITIOJIb3YCTCA.

[Topsimok pacmosiokeHns KOHTAKTOB («PAacIMHOBKA Pa3beMOBY) OMKCAH B Ta0mHIE 3.

Pasbem HasBanue Homep HasBanmue Tun kouTrakra ITapamerpsbl
OTBETHOI0 | KOHTaKTa KOHTAKTAa CHUTHAJA
pazbemMa Ha
Ka0eJsb
RS-485 PHR-3 1 A WuTepdeiicHblil mopt Homunansnoe
IPOM3BO- pabouee
nutenb JST HAIPSKEHUE:!
0...33B.
2 B WuTepdeiicHblil mopt MaxcumansHo
JOMyCTUMOE
HalpspKEHUE:
-7...+12 B
3 GND 3emitst -
STEP/ PHR-8 1 Hlar (nmpuBox | Bxoxg Jlonmyctumoe
DIR IIPOU3BO- BEPXHETO HallpsDKEHUE:
nutenb JST yieya) 0..3,6 B
2 Hamnpasnenune Bxon Jonyctumoe
(mpuBOx HaIpsOKEHUE:
BEPXHETO 0..3,6B
Jeya)
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Pasbem HasBanmue Homep HasBanmue Tun kourakra ITapamerpsbl
OTBETHOI0 | KOHTAaKTa KOHTAaKTa CHrHaja
pa3beMa Ha
Ka0eJb
3 [Mar (mpuBox | Bxox Homyctumoe
HUKHETO HanpsHKCHUE:
rieya) 0..3,6 B
4 Hanpasnenue Bxon Jomyctumoe
(npuBog HallpsDKEHUE:
HUKHETO 0.3,6 B
yieya)
5 [Mar (mpuBox | Bxoxg Jlommyctumoe
0a3bl) HaIpspKEeHUe:
0..3,6 B
6 Hanpasnenue Bxon Jlommyctumoe
(mpuBox 0azbl) HallpsDKEHUE:
0..3,6 B
7 ar (mpuBox | Bxog Jlomyctumoe
BHEIITHETO HaTpsDKCHUE:
1IaroBOro 0.3,6B
MOTOpA)
8 Hamnpasnenune Bxon Jomyctumoe
(mpuBOx HaIpsOKEHUE:
BHEIITHETO 0.3,6B
II1ar0BOTO
MOTOpA)
TTL 1 GND 3emist —
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Pasbem HasBanmue Homep HasBanmue Tun kourakra ITapamerpsbl
OTBETHOI0 | KOHTAaKTa KOHTAKTAa CUTHAJIa
pa3bemMa Ha
Kaleib
2 12B Brixon MaxkcuMaILHBIN
TOK: 2 A
3 _ _ _
PHR-4
IIPOU3BO- 4 TTL WuTepdeiicHblil mopt Homyctumoe
murenb JST HaIpsHKEHUE:
0..3,6 B
MaxkcumanbHbIN
TOK: 3,3 MA
STEPPER | PHR-4 1 Oo6MoTka A2 Brixon MaxkcuMaIbHBIN
MPOU3BO- TOK 0OMOTKH:
nutenb JST 05A
2 Oomotka Al Brixon MaxkcuMaJILHBIN
TOK  OOMOTKH:
05A
3 O6moTka Bl Brixon MaxkcuManbHbIN
TOK 0OMOTKH:
05A
4 Oomotka B2 Brixon MaxkcuMaILHBIN
TOK 0OMOTKH:
05A
12v OUT | XHP-2 1 12B Brixon MaxkcuMabHBIH
MIPOMU3BO- TOK: 2 A
mutens JST
2 VYpasnsemas Brixon MaxkcuMaIbHBIN
3eMIIA TOK: 2 A
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Pasbem HasBanmue Homep HasBanmue Tun kourakra ITapamerpsbl
OTBETHOIO KOHTAKTAa KOHTAKTA cHUrHajaa
pa3beMa Ha
Kabeapb

UART IDC-10F 1 5B Brixon MaxkcuMaILHBIN
MIPOMU3BO- tok: 100 MA
JIUTEITb

2 ND -

Connfly G 3emna

3 RX Bxon Homyctumoe
HaIpsHKEHUE:
0..5,5B

4 X Brixon MaxkcuMaIbHEIN
TOK: 2 A

5 - R _

6 - - _

7 - R _

8 - - _

9 12B Brixon MaxkcuMalbLHBIN
Tok: 100 MA

10 GND Semns -

GPIO PHR-6 1 ITopt 1/SCK Bxon AUIl/Beixon | Homyctumoe
IIPOU3BO- HINM/WaTepdeiicHblil | HanpspKeHue:
autens JST nopT 0..5,5B

MaxkcuManbHBIN
TOK: 2 A
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Pasbem HasBanmue Homep HasBanmue Tun kourakra ITapamerpsbl
OTBETHOI0 | KOHTAaKTa KOHTAaKTa CUTHAJIa
pa3bemMa Ha
Ka0eJb
2 [Topt 2/MISO Bxon ALII/Beixon | Homyctumoe
HINM/VaTepdeiicHblil | HanpspKeHUe:
opT 0.55B
MakcumanbHbIi
TOK: 2 A
3 [opT 3/MOSI Bxon ALI/Beixon | Jlomyctumoe
LIMM/VaTepdeiicHbIil | HampshKEHUE:
opT 0..55B
MaxkcumalbHbII
TOK: 2 A
4 [Topt 4/SCL Bxon ALIl/Beixon | Jomyctumoe
HINM/VaTepdeiicHplii | HampspKeHUe:
opT 0..5,5B
MakcumanbHbII
TOK: 2 A
5 [TopT 5/SDA Bxon AUII/Beixon | Homyctumoe
HINM/VaTepdeiicHblil | HanpspKeHue:
mopT 0..5,5B
MaxkcumanbHbII
TOK: 2 A
6 GND 3emitst -
TEMP 1 GND 3emitst -
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Pasbem HasBanmue Homep HasBanmue Tun kourakra ITapamerpsbl
OTBETHOI0 | KOHTaKTa KOHTAKTa CUI'HAJIAa

pa3beMa Ha

Kaleib
PHR-2 2 Temneparypa Bxon Homyctumoe
MIPOU3BO- HapsDKEHUE:
qurens JST 0.55B
FAN XHP-2 1 VYupasnsemas Beixon MaxkcuManbHbIN
IIPOU3BO- 3eMIIA Tok: 1 A
murenb JST
2 12B Brixon MakcumanbHBIHI
Tok: 1 A
4 GND 3emutst —

[Topsitok pacIonoX)eHus: KOHTAaKTOB («paclMHOBKA pa3beMOB») Ha CTpEJIe MaHHUITYJISITOpa
omnucad B tabdmnuiie 4.

Tabnuua 4 — ITopsaoK pacnoyiokKeHUs] KOHTAKTOB pa3beMOB Ha CTpeSie MaHUIYJIATOpA

Pasbem HasBanmue Homep HasBanmue Tun koHTakTa ITapameTrpbl
OTBETHOI'0 KOHTAKTAa KOHTAaKTa CHUIHAJIA

pa3beMa Ha

KabeJsb
3.GP3 | PHR-4 1 TTL/PWM WnTepdeiicHsblii Honyctumoe
IIPOU3BO- nopt/Bsixon HINM HaIpsKEHUE:
nurenb JST 0..55B
MakcuManbHbII
TOK: 2 A
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Pasbem HasBanmue Homep HasBanmue Tun konTakTa ITapamerpsbl
OTBETHOTI'0 KOHTaKTa KOHTAKTAa CUTHAJIa
pa3bemMa Ha
Kaleib
2 ALII Bxon Honyctumoe
HaIpsKEHUE:
0..5,5B
3 5B Brixon MaxkcuManbHBIA
Tok: 1 A
4 GND 3emutst —
4.GP3 | PHR-4 1 TTL/PWM Wnrtepdericuprii Honyctumoe
IIPOU3BO- nopt/Beixox LLIUM HaIlpsDKCHUE:
nureb JST 0..5,5B
MakcuManbHbIi
TOK: 2 A
2 ALTI Bxon Honyctumoe
HaNpsOKEHUE:
0..5,5B
3 5B Brixon MaxcuManbHbBINH
Tok: 1 A
4 GND 3emuist —

3.4 BJaok nuranus

bnok murtanms (cMm. PucyHok 12) — 3TO yCTpOWCTBO, KOTOpPOE MpEBpaIllacT MEePEeMEHHOE
HanpspbkeHue 230 B (kak B po3eTke) B MOCTOAHHOE HampsbkeHue 12 B. Y Hero ecth criennaibHBIN

KOHTAKT IS 3a3eMJICHUSI, KOTOPBIN JienaeT ucnoib3oBanre M Edu 6e3onacHbIM.
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Pucynok 12 — biiok nutanus

Jlst monkimouenust 6moka nutanust kK M Edu, BcraBbTe ero B pazbem POWER 12v Ha manenu
Pa3bEMOB JIJIS MOAKIIOUYECHUS BHEITHUX YCTPOMCTB.

IIpumeuanue — Iloaxmroyenne Onoka mnutanuss Kk M Edu paspemiaercs Toinbko mpu
ycTaHOBKe TyMOsiepa B mojoxkenuu «0». Mcnmonp3oBanne M Edu 3ampeniaercs mpu MoBpekISHHBIX

3JIEMEHTaX KOpItyca Wik Kabesnei 6J0Kka MUTaHus.
3.5 BHenHuii 010K KOMMYTAIIUM HHCTPYMEHTA

Buemnuii 6110k koMMyTanuu HHCTpyMeHTa (cM. Pucynok 13) npeana3znaden asis 6e30macHoi

KOMMYTAaIMH MUTaHUS MOAYJIS JIa3€pHOM TPaBUPOBKU' U pabOThI MOAYJIS 3aXBaTa BAKyyMHOTO.

1 o
— IIpu Hannuuu B komiuiektauuu M Edu cMeHHOT0 MOy J1a3epHOIl TpaBUPOBKH.
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Pucynok 13 — BaemrHuii 6JI0K KOMMYTAaIlii HHCTPyMEHTA

BuyTpu Onoka ycTaHOBJIEH BaKyyMHBIM HAcCOC JUIsl MPHUCACBIBAHUS MPEAMETOB BaKyyMHOMU
IpUCOCKOM. J[i1st 3TOro 010k KOMMYyTaIlMM HHCTPYMEHTa TpeOyeTcs MOJKIIUNUTE K pazbemy 12v OUT
Ha MaHeJId Pa3beMOB J1JIsl MOJIKJIFOUEHHUS] BHEITHUX YCTPOMCTB.

CHapyxu OJOKa — KJIIOY-BBIKJIIOUATENb I BKIIIOUCHHSI/BBIKIIIOUCHHS] MUTAHUS Jia3epHOU
roJIoBKH. J[1s1 3TOr0 0JIOK KOMMYyTalMu MHCTPYMEHTa TpeOyeTcs MOAKIIYHNTh K pazbemy TTL Ha

IMaHEJIN Ppa3bEMOB IS MOAKIFOYCHUA BHCIITHUX YCTPOI\/'ICTB.

3.6  IloBOpPOTHBII MOAY/Ib HHCTPYMEHTA

B moBopotHoM Moayne wuHCTpyMmeHTa (cM. Pucynok 14) pacmonaraercss 4eTBEPTHIH

MOBOPOTHBIN y3en (J4) maHumysiTopa.
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Pucynok 14 — [ToBOpOTHBIN MOy Ib HHCTPYMEHTA

HOBOpOTHBIfI MOAYJIb HHCTPYMCHTA BCTABJIACTCA B CIICHHUAJIBHOC THE3 10 B OJ10Ke HHCTPYMCHTA

(cm. Pucynok 15).

Pucynok 15 — YcranoBka moBOpOTHOTO MOYJISi HHCTPYMEHTA

[Tocne 3TOoro OH 3aKkpemsieTcss BUHTOM, KOTOPBIM MPHXUMAeT €ro M HaJeXHO (PUKCUpYET.
[IpoBoga MOBOPOTHOrO MOAYJS MOAKIOHaroTcs K pasbeMmy 3. GP3 Ha maHenu pa3beMoB ais

MOJKITIOYEHHST CMEHHBIX Moayiteii (cMm. Pucynok 16).
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Pucynok 16 — I[TonkimodeHrne npoBo10B IOBOPOTHOI'O MOYJIS

Yepes noBOPOTHBIN MOAYJIb MOJKIIOYAIOTCI MEXaHUYECKU U BAKYYMHBIN 3aXBaThI.
IIpumeyanue — Bce MoHTaxHble pabOTBl JOMyCKaeTcsli MNPOU3BOAUTH TOJIBKO Ha

00€CTOYEeHHOM 000PYIOBaHUHU.

3.7 Moayab 3aXxBaTa BAKYYMHOI'O

Monynb 3axBaTa BAKyyMHOTO TIpeIHa3HAueH IS TOTO, YTOOBI IepeMeiaTh MPeIMETHI.
Moysib COCTOHT U3 MIPUCOCKU M BAKYYMHOT'O HACOCA, PACIIOJIOKEHHOTO B OJIOKE KOMMY TaIlHH

uHCTpyMeHTa (cM. Pucynok 17).
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Pucynok 17 — Moaynb 3axBaTa BAaKyyMHOTO, T1ie: | — IpUCOCKH; 2 — BAKyYMHBIN Hacoc; 3 — BUHTHI

Ha My(dre; 4 — monuypeTaHoBas TpyOka; 5 — GUTUHTOBBIE AepiKaTenH

[Tpunun paboThl: MEKIY MPUCOCKOMN U IOBEPXHOCTHIO IPEAMETA CO3/AAETCS HU3KOE J1aBJICHUE
(BakyyMm), 6iarogapsi 4emy npeaMeT IPUIINIaeT K IPUCOCKE U €ro MOYKHO NepeMellaTh.
VYcTaHOBKaA M MOJAKIIOYEHUE MOJYJIS 3aXBaTa BAKYYMHOIO:
Ilpumeyanue — Bce MoHTaxHBIE pabOTHl JOMYCKAeTCs MPOU3BOAUTH TOJBKO Ha
00ecTOUYEHHOM 000pY/I0BAHHUHU.
1. VYcranoBuTe NpUCOCKY BAKyyMHOI'O 3aXBaTa B IOBOPOTHBIN MOJlyJIb HHCTPYMEHTA:
1) Bo3pMuTE TOBOPOTHBINA MOMYJIb, OCIA0BTE BUHTHI HA My(TE.
2) 3axkpyTHTE MPUCOCKY B TIOBOPOTHBIN MOYJIb U 3aTSIHUTE BUHTHI Ha My(Te.
2. IlpucoenuHuTe NOJINYPETAHOBYIO TPYOKY:
1) OnuH KoHel TpyOKH MPHCOSIUHHUTE K MpHCOCKe. [ 3aKkperyieHus: HCIOIb3yITCs
(UTUHTOBBIE IepKATEIIH.
2) Bropoii koHel TpPyOKH NPHCOCIUHHUTE K OJIOKY KOMMYTalUW HHCTpyMeHTa. [lis
3aKpEIUICHUs TaKXK€e UCIIONIB3YIOTCS (PUTUHTOBBIE JIepKaTelu.
IIpumeuanus — He orcoenuHslTe MOJUYypPETaHOBYIO TPYOKy OT OJloKa KOMMYTALlUU U
IIPUCOCKH I1OCJIE€ UCIIOJIB30BAHUS MOJYJISI, X MOYKHO XPaHUTh B cOOpeE.
3. VYcraHoBUTE TMOBOPOTHBIM MOJyJIb MHCTPYMEHTAa B CIEIUAlbHOE THE310 B OJIOKe
MHCTPYMEHTA U MOJKIIOYUTE MPOBOA.

4. TlopxmouuTe GJIOK KOMMYTAllMU HHCTPYMEHTA K MAaHUITYJISTOPY.
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5. BxirounTe MaHUMYJSATOP, PYKOBOACTBYSICh HHCTPYKIIUEH.

Mopnynb BakyyMHOI'O 3aXBaTa roToB K padore.

3.8 MoayJib 3aXxBaTa MEXaHUYECKOTO

Moaynp 3axBaTa MEXaHHYECKOIO MpEeIHa3HAYEH AJII TOro, YTOOBI MEepeMeliaTh MPEIMETHI.

Moyib COCTOUT U3 TPUBOA U IBYX Kortei (cMm. Pucynok 18).

Pucynok 18 — Moy 3axBaTa MEXaHUYECKOT0, Te: 1 — MpUBOJ MEXaHUYECKOTO 3axBaTta, 2 —

KOT'TH, 3 — BUHTHI Ha My Te

YcTaHOBKa M MOJKIIOYEHUE MOTYJIS 3aXBaTa MEXaHHUUECKOIO:
IIpumeyanue — Bce MoHTaxHBIE pabOTHl JOMYyCKaeTCs IMPOU3BOAMTH TOJBKO Ha
00eCcTOUYEHHOM 000pY/10BaHHUU.
1. VYcraHoBuTE MOy MEXaHUYECKOTO 3aXBaTa B MOBOPOTHBIA MOTYJTb MHCTPYMEHTA!
1) Bo3bMuTe TOBOPOTHBIN MOJYJIb, OCJIa0bTe BUHTHI HA My(dTe (cM. Pucynok 18).
2) 3akpyTHTe 3aXBaT B TOBOPOTHBIH MOJYJIb U 3aTSIHUTE BUHTHI HA My(dTe.
2. YCTaHOBUTE IMOBOPOTHBIM MOJIYJh HMHCTPYMEHTa B CHEIHMaJbHOE THE3I0 B OJIOKe
WHCTPYMEHTA M MOJIKIIOYUTE MTPOBO/Ia TOBOPOTHOTO MOJTYJIS.
3. TMonkmounTe MpoBOJa MEXaHUYECKOTO 3axBarta K pazbemy 4. GP3 Ha nmanenu pazpeMoB 1iis

TIOJIKJTFOUCHHSI CMEHHBIX MoayJieit (cM. Pucynok 19).
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Pucynok 19 — [NoaknrodyeHre MPOBOIOB MEXAaHHYECKOTO 3aXBaTa

4. BxirouuTe MaHHUITYJISTOP, PYKOBOJCTBYSICH HHCTPYKIIMEH.

Monynb 3axBaTa MEXaHUYECKOTO TOTOB K padoTe.

3.9  MopayJasp 3axBaTa NUIIYIIEr0 HHCTPYMEHTA

Moaynp 3axBata MHIIyniero HHCTpyMeHnra (cM. Pucynok 20) npenHa3zHaueH Ui pUCOBAHUS.
Monynb COCTOUT U3 3aXBaTa MUIITYIIETr0 MHCTPYMEHTA U JIepKaTells 3aXBara.

[TpuHuMnm paboThI: B 3aXBaT BCTABIACTCS pydKa uiau ¢iaomactep ToamuHou 10 10 mMm. BayTpHn
3axBara €CTh MPYXHHA, KOTOpas CJIerka HAXXUMaeT Ha MUINYIUNA MHCTPYMEHT, 4TOOBI OH KacaJcs
Oymaru. biiaronapst 5ToMy MOXHO MMHUCATh WU PUCOBATh.

VYcTaHOBKa M OJIKIIFOUEHHE MOTYJISI 3aXBaTa MUIIYIIET0 HHCTPYMEHTA:

1. Bo3sbpmuTe 3aXBat U 0CJIa0bTE BUHT.

2. BcraBbre pyuky (wim ¢uioMacTep) Tak, 4ToObl KOHYUK BBICTYTIAN IPUMEPHO HA 4,5 CM BHU3

Y 3aKPYTUTE BUHT, YTOOBI 3aUKCUPOBATH.
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3. VYcraHoBuTe nepKaTellb 3axBaTa B CIEIUAIbHOE THE3/I0 B OJIOKE WHCTPyMEHTa U
3aKpEMUTE BUHTOM.

4. Pacmnonoxxute Oymary moJ CTpeJIoid MaHUTTYJIATOPA Ha POBHYIO TOBEPXHOCTh, KOTOpasi HE
CKOJIb3UT, WJTU 3aKperuTe Kpasi OyMaru CKOTUEM.

5. Bxirounte MaHUIYJATOP, PyKOBOJCTBYSICH MHCTPYKIIUEH.

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

Pucynok 20 — Moaynp 3axBaTa IHUIITYIIEro HHCTPYMEHTA, re: | — 3aXBaT MUNIIYIIET0 HHCTPYMEHTA,

2 — nepkarenb 3axBara; 3 — BUHT

3.10 Moayas 3D-neyatu

Monayns  3D-mewatu  (cM.  Pucynok 21) nmnpenHasHaden Ui nedatd  3D-00BbeKTOB

PLA-dunameHTOM.
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Pucynok 21 — Monyns 3D-neuatu

Motysib COCTOUT U3 CIEAYIOIUX KOMIOHEHTOB:

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

2. Ileuararomias rojoBka.

3. Tedmonoras TpyoOka mis nomauu PLA-dpumamenra.

4. Jlepxatenb juis kaTymku ¢ PLA-punamenTOM.

5. 3almTHOE CTEKJIO.

[Mpunuun paboThl: JKCTpyAep dYepe3 TeIIOHOBYIO TpyOKy IOJaeT IJIACTUKOBYIO HHTh
(PLA-dpunameHT) B meyararolly0 TrOJOBKY. TaM HHTh HarpeBaeTcsl 10 HYKHOH TeMmIeparypsbl,
CTaHOBUTCS JKHJIKOM M HAHOCUTCS Ha 3aIUTHOE CTEKJI0. MaHUMYJSATOp JABHTaeT IMEYaTAIONIYIO
TOJIOBKY TaK, YTOOBI OJyYMIIach HyXHas Qurypa.

VYcranoBKa u nogkiroueHue moayisa 3D-nevaru:

IIpumeuanue — Bce MoHTaxHBIE pPAaOOTHI JIOMYyCKaeTCsl MPOU3BOAUTH TOJIBKO Ha
00ecTOUYEHHOM 000pY/I0BaHUU.

1. VYcranoBuTe U MOAKITIOUUTE MEYATAIONIYIO TOJIOBKY:

1) Bo3pMmuTe TICUATAIONIYI0 TOJOBKY U TIPUBEIUTE €¢ B pabouee TOJIOKCHHE

(cMm. Pucynok 22).
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Pucynoxk 22 — [IpuBenenue neyaTaromei TOJIOBKH B padouee MOoI0KeHHE

2) YcTaHOBHTE MEYATAOUIYIO TOJOBKY B OJOK HHCTPYMEHTA M 3aKPETIUTE BUHTOM.

3) IloxkmrounTe MPOBOJ HArpeBaTEIBHOTO 3ieMeHTa K pazbemy 12V OUT Ha nanenu
pa3beMOB JJIs NOAKJIFOUYEHNS BHEILIHUX YCTPONCTB.

4) TloakIIOYHTE MPOBOJIA JATYHKA TEMIIEPATYPBl M BEHTHISATOPA K pazbemam 1. TEMP u

2. FAN na ctpene manumynstopa (cMm. Pucynok 23).

Pucynok 23 — [loaknrodyeHne npoBojia AaTyuKa TeMIIEpaTypbl U BEHTUIISTOpA

2. YCTaHOBUTE U MOJIKIIOYUTE IKCTPYACP:
IIpumeuyanue — [l OCyLIECTBIEHHS] TECTOBOM MeYaTH B KOMIUIEKT Takke BXxoaut PLA-
¢dbunament 10 m.
1) Bospmure Te(daOHOBYIO TPYOKYy W C TIOMONIbIO (PUTHUHTOBBIX JepiKaTelneit
MPHUCOCTMHUTE OJIMH KOHEII K IeYaTarolieil roJIoBKe, a APYToi — K IKCTPyAepy.

2) YcraHoBure Katymky PLA-pumamenTa ¢ gepkaresieM Ha CTOJ (IPH HAJTMYWH).
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3) Bo3bpMuTe 3KCTpyAEp M OTKPYTHTE Ha HEM MPHXKHUMHOW BHHT, OTKpOHTE ero (cwm.

Pucynok 24).

Pucynok 24 — Dxctpynaep

4) Bo3pMUTE IJIACTHKOBYIO HHTh W 3alpaBbTe €€ uYepe3 IKCTpyaep Mo TedIOHOBOM

TpyOKe 710 rmeuaTaroieii rooBku (10 yrnopa) (cMm. Pucynok 25).

~ ¥ \}

G

Pucynok 25 — 3anpaBka M1acTUKOBON HUTH B IKCTPYIEP
5) 3akpoiite 3KCTpyAEp U 3aKPYTUTE HA HEM MPHKUMHOM BUHT.

6) IloakirounTte mpoBoaa 3KCTpyaepa kK pasbemy STEPPER Ha maHenu pazbemMoB st

MOJIKJTFOUSHHS BHEIITHUX YCTPOUcTB (cM. PrucyHok 26).
47



Pucynok 26 — [ToakiroueHune mpoBoIOB IKCTpYIepa

3. TMoaroroBbTe MOBEPXHOCTH st 3D-meuatn (cM. Pucynok 27):
1) PacnonoxuTe 3alIMTHOE CTEKJIO Ha MOBepxHOcTH croma B 10 cM oT Kopmyca
MaHUITYJIATOPA U 3aKPENUTE €ro OYMaKHBIM CKOTUEM IO KPAsIM.
2) Hakuneiite B meHTp cTekina OyMaxubiid ckotd 10X10 cM aist TOro, 4ro0bl 0OBEKT MpH

ne4yaT HC MPHUKIICUIICA K CTCKITY.

Pucynok 27 — PacnionosxeHue 3aiuTHOTO CTeKIIa

4. BxirouuTe MaHUMYJSTOP, PYKOBOACTBYSICh MHCTPYKIUEH.

Monynes 3D-niedatu roToB K padore.
48



3.11 Mopayasb Ja3epHOii T(PaBUPOBKH

Moyb na3epHoii rpaBUpoBKU’ MpeqHA3HAYEH Ul HAHECEHUS M300paKEeHHMil 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
(cM. Pucynok 28). [lyis o6ecrieueHus 0e30nmacHoOi padOThI MUTAHUE MOAYJIS YIIPABIISICTCS Yepe3 KITFOU-

BBIKJIFOYATCIIb.

Pucynok 28 — Mojynb na3epHoOi rpaBUPOBKH

[Tpunun paGoTel: Ja3epHBIN JIyd TOYEYHO HArpeBaeT MOBEPXHOCTb, U3-3a YEro MaTepual B
ITOM MeCTe MEHSET CBOM CBOWcTBa M IBeT. biaromaps 5ToMy Ha JepeBe HIM KapTOHE MOXKHO
MOJIYYUTh U300pakeHue.

YcTaHOBKA U TOAKITIOYCHUE MOJIYJIS JIA3EPHOM IPaBUPOBKU:

Ilpumeuyanue — Bce MoHTaxHbIe pabOTBl JOMYyCKAaeTCsl MPOM3BOAUTH TONBKO Ha
00ECTOYeHHOM 000PYIOBaHUHY.

1. VYcranoBute ja3epHyI0 roJIOBKY B OJIOK MHCTPYMEHTA U 3aKPETUTE BUHTOM.

1
— IMTpu Hanwuny B komutekranuu M Edu.
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2. Tloaxmounte poBoa kK pazbemy 4. GP3 Ha ctpene manunystopa (cMm. Pucynok 29).

Pucynok 29 — [NoakrodeHre MPOBOJIOB JIA3EPHOMN TOJTOBKU

3. TloaxmrounTte OJIOK KOMMYTAIIMA UHCTpYMEHTa K pazbeMmy TTL Ha maHenmu pa3beMoOB IS
MOJIKJIFOYEHHS] BHEIIHUX YCTPOUCTB.
4. PacnonoxuTe MaTepuan IJis BbDKUTAHUS Ha MOBEpXHOCTH ctojia B 10 cMm oT kopmyca

MaHUITYJISITOpa (0] CTPENIO MaHUMYJISATOPA).

5. HanenbTe 3alIUTHBIE OYKU.

IIpumeuyanue — [IpsAMON MM OTpPaXKEHHBIN JIyd Jla3e€pa MOXET BbI3BAThb OXKOTH WIIU
cienotry. TpeOyeTcsi HCIONB30BaTh 3allUTHBIE OYKKM TNPU paboTe C MOAYJIEM Jia3epHOU
IPABUPOBKH.

6. BrxmounTe MaHUTYISATOP, PyKOBOACTBYSCH HHCTPYKIIHEH.

Mopynb 1a3epHOM TpaBUPOBKU FOTOB K pabdoTe.
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3.12 IlyasT ynpasJjieHust

[TynbT yripaBiieHHsI BHITIISIAT KaK HTPOBOH JUKOWCTHK C KHOITKaMK B cTUKOM (cM. Pucynok 30).

Pucynox 30 — IlynsT ynpaBieHus

OH noxkirouaercs B pazbeM USB Ha naHenu U1 NOJKIIIOYEHUS BHEITHUX YCTPOMCTB.
C nomowmp 3TOro myJbTa MOXHO BpPYYHYH YIIPAaBIATH JBW)KCHUEM MAaHUITYJISTOPA,
UCIIONb3Ysl KHONKM M CTUK. BO3MOXXHOCTM yIpaBICHUSA 4Yepe3 IyJbT 3aBUCAT OT BEPCUU

IIPOrpaMMHOI0 00ECIIEUYEHUs], YyCTAHOBICHHOTO Ha yCTPONCTBE.
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4 TEXHUYECKOE OBCJY KXUBAHUE M EDU

4.1 O6mue ykazanust

Texauueckoe obcimyxkuBanue M Edu 1omKHO POBOAUTECS PETYISIPHO AJIsi 00ECTICUSHUS €T0
HAJe)KHOM palboThl M TPOMJICHUS CpOKa CIyKObl. PekoMeHayeTcss MpOBOIUTH TEXHHUYECKOE
oOCIy>KMBaHHE HE pEXe OJHOTO pa3a B Mecsl, a TaKXkKe I0Cie KaXJI0ro HWHTEHCHUBHOTO
WCIIOJIb30BAHMS.

OcHOBHBIE 3a/1a4¥ TEXHUYECKOTO OOCITYKUBAHUS:

- 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 o6ciyxuBanust otkiaounte M Edu oT uctounnka nuranus.

4.3 Iopsiiok mpoBeeHNsI TEXHUYECKOTO 00CTY:KUBAHNUS U31eJHs

Texuuueckoe oocmyxuBanne M Edu Bkirogaer B ceOst ClleyroIIe IIaru:

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

2. Ybemutech, YTO BCE COCIMHEHUS HA/IEKHBI, a KaOeln HEe UMEIOT U3JIOMOB MJIM OTOJICHHBIX
YYaCTKOB.

3. HUcnonp3yiite MATKYIO TKaHb JIJIsl IPOTUPKU Kopityca MaHumnyisitopa M Edu u cmeHHBIX
MOJTyJICH.

4. VYpanute mbUlb U TPA3b U3 1IENEH U TPYAHOAOCTYIHBIX MECT MAaHUITYJISATOPA U CMEHHBIX
MOZYJIEH C IIOMOILBIO CKATOTO BO3/yXa.

5. Hns oumctku crona monyns 3D-medat wcmonb3yiiTe cHayanma caindeTKy, CMOYCHHYIO
BOJIOH, a /1ajiee CIIUPTOBYIO Cal(ETKYy.

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

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

ero GyHKIUH. YOeauTech, 4TO BCE CUCTEMBI pa00TaOT 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) HEeT HUKAKUX JTUITHUX MPEIMETOB.

2. IlepeBemute TymOJiep BKIIOYEHHMS] TMUTAaHUS MaHUMYJsATOpa B mojoxeHue «0»
(BBIKJTIOUEHO).

3. YcTaHOBUTE HYXKHBIM CMEHHBIN MOJTYJIb.

4. TloakIrOYUTe MAaHUITYJISATOP JFOOBIM U3 CIIOCOOOB:

1) TloaxitoyeHHe K MAHUITYJIATOPY MOHUTOPA U 3JICMEHTOB YIIPABJICHUS:
- TMOAKJIIOYHTE OJIOK MUTAHUS K MAHUITYJISITOPY U K PO3ETKE;
- MOAKJIIOYMTE MOHUTOP K MAaHUIYJATOPY C nmoMolibio kadens HDMI;
-  TOJKJIIOYHUTE 3JEMEHTHl YIpaBiieHUs (MbIIIb, KJIaBUATypa) K MaHUIYJSATOPY
gepe3 pazbeMbl USB.
2) Ionkmouenne 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 kKanuOpoBKH.
ByapTe OCTOpOXKHBI, HE KacaliTech MaHUMNYJATOpa U YOEAUTEeCh, YTO TOCTOPOHHUE
peIMeThl He MMOMENIAIOT IBMKEHUIO yeTporicTBa. KanubpoBka HauHeTcst uepes 5 4 3 2 1».
3amycTuTcsl KanuOpoBKa: MAaHUMYJATOP JOJKEH CHayala MOJHATH CTpeNly BBEpX, 3aTeM
COBEpILIUTh TOBOPOTHI BJIEBO-BIPABO M OCTAHOBUTHCS B HCXOJHOM IIOJIOKEHUU
(cMm. Pucynok 31). [To okoHuaHMH KaaHOPOBKH MpO3BYyUUT curHail: «KaaunOpoBka mpoiinia

YCHEIIHO.
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Pucynok 31 — McxoHoe mosokeHue MaHUIYJIITopa

IIpumeuyanune — VcxomaHoe MoNOKEHHE MAaHUIYISATOPA (WK HYJIEBOE TMOJIOKEHUE) — ITO
CTapTOBasl MO3MIMS JJISI MaHUITYJIATOpA MPH €ro BKIIOYEHHUH. [Ipi HEKOPPEKTHOH paboTe CHCTEMBI
MaHHITYJISITOPa, OH BO3BPAIIAETCS K CTAPTOBOM MO3UITUH, 3aTE€M ITOBTOPSIET OTIEPAIHIO. DTO TIOMOTAET
MaHHITYJISITOPY BCETJa HMETh TOUKY OTcUeTa JIsl paboTHI.

8. 3arpyska mpuiIoKeHus:

- €CIIM MaHHWITYJSTOp TMOAKIIOUEH K MOHHTOPY M K JJE€MEHTaM YIIPaBJICHHUS, TO Ha
MOHHTOpE aBTOMATHYECKH 0TOOpasuTcs npuioxenne Promobot M Control;

- ecau manunystop noakiaroueH K [1K, To na ITK otkpoiite Be6-0pay3sep (Chrome, eciu
ucnonszyere OC Windows mu6o Chromium, ecnu ucnons3yere OC Linux) u B
aZpecHOM CTpoke BBeautTe ip-aapec Manumyisaropa «10.5.0.2»; orobpasutcs
npuioxkeaue Promobot M Control.

[Ipu BXozme B MNPHIOKEHHWE MO YMOJMYAHUIO OTOOpPA3UTCs pas3fesl PYYHOIO YIpPaBICHUS

MaHHUIYJISITOpoM (cM. Pucynok 32).
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Pucynok 32 — Paznen «PyuHoe ynpaBieHue»

Ipumeuanue — [Ipu nepom 3anycke M Edu Heo0X01uM0 yCTaHOBUTH MOCIIEHIOIO BEPCHUIO

npwiokeHus. MHCTpykuust mo oOHOBJIEHHIO omnucaHa B paszaene /.5 «OOHOBIEHUE NPUIOKEHUS

Promobot M Control» nactosiiero pykoBocTsa.

9. ToaxnrounTe MaHUITYJISITOP B MPHIOKEHUH — HAXKMHUTE KHONIKY «[I0KITIOUNTHE» B BEpXHEM

aeBoM yriny (cM. Pucynok 33).

'f MNogEnHYKTE

Pucynok 33 — Knonka «[Toaxmouants»

HpI/I YCIICIMHOM TMOAKIOYCHUNW KHOIIKa HW3MCHUT LBCT Ha 3€JICHBIA | OTO6paSI/ITC$I KakK

«OTrI0YnTH» (cM. Pucynok 34).

f OTKNIouNTL

Pucynok 34 — Knonka « OTKITIOYUTHY

Manumynsarop roToB K paboTe.
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B ClIy4dac HC YCIICIIHOI'O ITOAKJIIOYCHUA, 0T06p331/ITCH YBCAOMJICHUC «MaHI/IHy'J'IHTOP HC

HaiineH. [IpoBeppTe mogKIIFOUEHHE U TOPOOyHTe cHOBa» (cM. PucyHnok 35).

MaHunynsaTop He HalWaeH

MpoBepsTe NogknioYeHne W nonpobyiiTe cHoOBA.

Pucynox 35 — YBenomienue

[IpoBeppTe mnoaxatOUeHHME W HaxkMmure KHONKY «lloBroputh» wimm «Otmena». Ecnu
MaHUITYJISITOP TOJKIIOYUTE HE YJIAJIOCh, OOpaTUTeCh B CIIy)KOy TEXHHYECKOM MOAJEPKKU

npCAnpUusATUA-U3roToOBUTCIIA.
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6 BBIKJIFOYEHUE M EDU

Jns Beikmrouenuss M Edu B ipuiiokeHrN HAXKMHUTE KHOMIKY «BbIX0O» B MPaBOM BEPXHEM YTIIy.
3aTeM HaXMUTE «BBIKIIIOUUTh MAaHUITYISTOP.

OT00pa3uTcs yBeIOMIICHHE O BRIKIIIOUEHUH (CM. PrcyHok 36).

Power OFff

The system will power off automatically in 40 seconds.

Cancel Power OFF

Pucynok 36 — YBeqoMIIeHUN O BBIKJIFOUCHUN

[Tpo3ByuuT ronocoBoe cooOuieHue: «5 Hayaa MOATOTOBKY K BBIKJIIOUEHHIO. Y O€IUTECh, UYTO
CTpelia MaHWIYJIITOpa HaxoauTcs Ha croiie. Caenath 3To MOXKHO yepe3 pexkum FreeDrive. Ecnu
CTpeJa NOJHATA, IPUIEPKUTE ee BO n30eKaHue NaIeHus».

C nomorwro kHotkH FreeDrive omyctuTe cTpeny Ha CTOJ U JOKIUTECh OTKIFOYCHUS CUCTEMBI.

[lepeBenute TymOIep BKIIOYCHNS MTUTAHUS MAaHUTIYJISATOPA B ToJI0KeHUE «0» (BBIKITIOYECHO).

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

KOpITyCE€ MaHUITyJIsATOpa. Jlanee alropuTM BBIKIIOYEHNS AaHAJIOTMYEH IPEAbIIYIIEMY.
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7 MNPUJIO)KEHUE PROMOBOT M CONTROL

[Mpunoxenne Promobot M Control mo3Bossier:
- NPUAYMBIBATH U CO3[aBaTh AJITOPUTMBI JEHCTBUI MaHUITYJISITOPA;
- 3alycKaTh BOCIPOM3BEJIEHHUE JCHCTBUI Ha MAHMILYJISITOPE M Ha ero BupTyaiabHo 3D
MOJIeNH;
- BBICTpamBaTh pabOTy MAHMITYJISTOPA C HACAIKAMM;
- W3ydYaTh OCHOBBI IporpaMMupoBaHus Ha si3bikax Blockly u Python, a taxke 3amyckath Ha
MaHMITYJIATOPE NPOMUCAHHBIN CKPUIT.
[Tpunoxenune obnamaer (GyHKUMOHAIOM OOHOBJIEHHS, KOTOPBIM MO3BOJSET IMOJIb30BATENSAM
BCErJla UMETh aKTyaJbHYIO BEPCHIO C YJIYUIICHHOH MPOU3BOJUTEIHOCTHIO, HOBBIMH (DYHKIUSMHU U
WCIIPABJICHHBIMU OLIMOKAMHU.

IMpumevyanue — J[000¥ M0JB30BaTEIb> MOXKET 3aMTH Ha calT Medu.promo-bot.ru, co3gaBathb

QJITOPUTMBI IEHCTBUI MaHUTYJISITOPA U 3aITyCKaTh UX HAa BUPTyanbHOH 3D-Moaenn MaHHAITyasITOpa.
B BepxHeH 4acTu IPWIOKEHHUs pacIojiaraeTcs IiiaBHas MaHeNb BKIAJOK, KOTOpas CONEPIKUT:

(cm. Pucynok 37):

i" MogrnioynTs :E: PyuHoe ynpasneHue [,] CozpaHue NporpaMm (EJ HacTpoika S MOHUTOPUHT E MHCTpYKLMK

Pucynok 37 — I'maBHas maHenb BKIA0K

- Knonkwu:
- «llogkmoYnTh» — KHOIIKA TOAKTFOYEHUS/OTKIIFOYCHUS MAaHUITYJIATOPA.
- «BbIxoay» — KHOIMKA 1 BeIKIrOUeHuss M Edu.
- «MHCcTpyKIMW» — KHOIKA JJIs OTKPBITUS pykoBoacTBa Promobot M Edu na nmopraine
MIPOU3BOIUTEIIS.

- Bxnangku:

«PyuHoe ynpaBiieHne» — uHTepQeiic sl pydHOro yIpaBlieHHs MaHUITYJISTOPOM.

- «Co3nanue nmporpaMm» — HHTEpQec sl CO3MaHus MPOTrpaMM C ITOMOIIBIO S3BIKOB
nporpammupoBanus Blockly, Python.

- «HacTtpoiika» — unTepdeiic s HacTpoeK paboThl CUCTEMbI U UHCTPYMEHTA.

- «Monuropunr» — uaTepdeiic st MoHUTOpUHTa padoTsl M Edu.
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B HmwxkHel 4YacTu mpuiIoKeHMsI pacrnojiaraetcsi (UKCUpPOBAHHASI HIKHAS MaHElIb, KOTOpas

oTtoOpakaeT HaMMeHoBaHKe ycTporicTBa U Bepcuto [10 (cm. PucyHok 38).

Promobot M-Edu

=]
Bepcws NC: 0.23.0

Pucynok 38 — ®ukcupoBaHHast HUKHSIS TTAHEb

Takke Mo HaXKaTHIO KHOTIKU @OTKpLIBaeTC;I BHYTPEHHsIS Ki1aBuatypa (cM. Pucynok 39).

Space

Pucynoxk 39 — BHyTpeHHss Ki1aBuarypa

7.1 PyuHoe ynpasJienue

Pydnoe ymnpaBneHune MaHumyasTopoM (Bkiagka «PydHoe yrpaBieHue») oToOpaxkaercs IO

YMOJTYaHHUIO TIPU BXOJIe B puiioxenue (cM. Pucynok 40).
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Pucynok 40 — Bxnagka «PydHoe ynpaBieHue»

PydHoe ynpaBieHne HOCTYIHO ImpH paboTe ¢ MaHMITYJIATOPOM O€3 HacalKH, WIA C MOAYJIEM

3axBaTa MCXaHUYCCKOI'0O UK C MOAYJIEM 3aXBaTa BaAKYYMHOTIO.

7.1.1 Pyunoe ynpasjenue «be3 Hacaakmu»

[lepen Hayasiom paboThl MPOBEPHTE MOJKIIOUECHNUE K MAHUITYJISTODY.

Jlnst ynpaBlieHHdss MaHUITYJISTOPOM Oe3 HacaJku mepeiaute Ha Bkianky «Hactpoiika», nanee
«MucTpymenT», nanee B mnojie «Bbpibepute pexum» ycraHoBuTe 3HaueHue «be3 Hacaakm»
(cM. Pucynok 72) u HaskmuTe KHOTIKY «[IpuMeHnTh». Pexxum «be3 Hacaakimy BKIIFOUEH IO YMOJIYaHHUIO
IIPU BXOJIE€ B MPUJIOKEHUE.

[lepeiinure Ha BKIaaKy «PydHoe ynpaBiaeHue» 0To0pa3uTcs HHTepdeiic pyyHOro ynpaBieHUs
MaHUITYJIATOPOM B pexxumMe «be3 Hacaaku».

WuTepdeiic pydHOro ymnpaBieHUsS MaHUITYJISTOPOM 0€3 HacaJKuh COCTOUT M3 CIEIYIOLIUX

yacred (cM. Pucynok 41):
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Pucynok 41 —HuTtepdeiic pydHoro ymnpapieHUs MaHUITYJIATOPOM B pexkume «bes3 Hacamkum»

1. «ITHU» — ynpaBnenue neHTpaibHoi Toukoil nuctpymenTta (L{ITH) ¢ moMoIpio KHOMIOK €O
CTpEJIKaMH HaIlpaBJICHUS.

2. BuptyanbHoe npocTpaHcTBO ¢ 3D-MOAENBI0 MAaHUIYJISITOPA — BOCIIPOM3BOAMT JBMXKECHUS
HACTOSIEI0 MAaHUIYJIATOpa B BHUpPTyalbHOM mpoctpaHcTBe. O030p 3D-mopenu
MaHMITYJIITOpPa MOXHO PEryJIHpOBaTh C MOMOIIBIO HA)KAaTOM JIEBOM KHONKU MBIIIN JINOO

WHTEPAKTUBHBIMU KHOMIKaMH (cM. PucyHok 42).

8 &
< Q>

@

Q

Pucynok 42 — UHTepakTUBHbBIE KHOIKU

3. «KoopauHatbl» — ymnpaBieHHE MaHUMYJISATOPOM B TPEXMEPHOH CHUCTEME KOOpIWHAT.

Cuctema KOOpAMHAT MAaHMIYJATOpPA 3aJaHa TPEeMs B3aUMHO IEPIEHIUKYJIPHBIMU
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nuHusME (cM. Pucynok 43). Hadano KoopauHAT — MCXOAHOE MOJIOKEHHE MaHUITYJIITOpa
(ocu X, Y) 1 NOBEpPXHOCTb, HA KOTOPYIO OH YCTaHOBJIEH (OCh Z):

- Ocp «X» — TOpU3OHTAIbHAS OCh, IPOCTUPAIOIIASACS BIIEPE] U HA3a].

- Ocb «Y» — ropu3oHTaIbHAs OCh, IPOCTHUPAIOLIASICS HAJIEBO U HAMPABO.

- Ocpb «Z» — BepTUKAJIbHAS OCh, IPOCTUPAIOLIASICSA BBEPX.

Y4

el iy s Sl ETle S

e e NS i e e ey -

Lo

Pucynok 43 — Cuctema KoopiuHaT

4. «CycTaBbI» — yIpaBlIcHHE TOBOPOTHBIMH y3JIaMH MaHUMyJIsTopa (cM. PucyHok 8):
- «[IoBOpOoT» — M3MEHsET Yyroy noBOpoTHOrO y3na J1;
- «[I;meyo» — u3MeHseT yroa NoBOPOTHOTO y3ia J2;
- «Ctpena» — U3MEHSET yroJl MOBOPOTHOTO y31a J3.

C IIOMOIIIbXO KHOIIKK «OCTaHOBUTH» MaHUITYJIATOP MOKXHO OCTaHOBHUTH BO BPEMs ABHUIKCHUA.

7.1.2 Py4Hoe ynpasiaenune «MexaHu4eckui 3axBar»

[lepen nHayanom pabOThI YCTAaHOBHTE MOJYJIb 3aXBaTa MeXaHHUYecKoro (cMm. pasmen 3.8
«Moysb 3axBaTa MexaHH4YeCcKoro»). [IpoBepbTe MOAKIIOYCHNE K MAHUITYJISATOPY.

Jlnst ynpaBlieHHs MaHUITYJIATOPOM C MEXAaHWYECKMM 3aXBaTOM IE€PEHAMTE Ha BKIAAKY
«Hactpoiikay, nanee «MHcTpyMeHT», nanee B mose «Bbpibepure pexxum» yCTaHOBUTE 3HAYCHUE
«MexaHmueckwuii 3axBat» (cM. PucyHok 72) u Haxxmute KHOTIKY «[IpuMeHHTHY.

[lepeiinure Ha BKIaaky «PydHoe ynpaBieHue» 0ToOpa3uTcs HHTepdeiic pyyHOro ynpaBieHUs

MaHHITYJISITOPOM B pexuMe «MexaHnueckui 3axpar» (cM. Pucynok 44).
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Pucynok 44 — UnTtepdeiic pydHOTro ynpaBlieHUs MaHUITYJISITOPOM B pexknme «MexaHnuecKuit

3axBaT»

WnTepdeiic pyyHOro ynpaBieHUsT MAHUIYJISATOPOM C MEXaHMUYECKHUM 3aXBAaTOM aHAJIOTUYEH
uHTepQeiicy pydyHOro ympaBlieHHs MaHUMyJsTopoM 0e3 Hacagku (cMm. pasnen 7.1.1 «Pyunoe
ynpasiieHue «be3 Hacagku»), Ipu 3TOM 100aBICHbI (YHKIIUU YIPABICHUS MEXaHUYCCKUM 3aXBaTOM:

- «Cxartue» — U3MEHSET YroJl pacKpbITHsS KOTTEH;

- «IloBOpOT HAacaJKK» — U3MEHSET YIroJl HOBOPOTHOTO y3na J4 (cMm. PucyHok 8).

7.1.3 PyuHoe ynpasienue «BakyymHbIil 3axBaT»

[lepen Hauamom pabOTHl YCTAHOBUTE MOJYJIb 3aXBaTa BaKyyMHOro (cM. pazaen 3.7 «Monaynib

3axBara BaKyyMHOT0»). [IpoBepbTe MoIKIIOYeHNEe K MAHHITYIISITOPY.
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JUis  ynpaBieHusT MAHMIIYJISTOPOM C BAaKyyMHBIM 3aXBaTOM IEpEHIUTE Ha BKIAAKY
«Hactpoiikay, manee «WHCTpymMeHT», nanee B mose «BpiOepure pexum» yCTaHOBUTE 3HAUYCHUE
«BakyymnbIii 3axBaT» (cM. PrcyHOK 72) 1 HaxxMuTe KHONIKY «[IpUMEHUTHY.

[Nepeiinure Ha Bknagky «PyuHoe ynpaBieHue» oTo0pa3utcs HHTEpQEc pyyHoro yrpaBieHus

MaHHITYJISTOPOM B pexxuMe «BakyymHbIif 3axBat» (cM. Pucynok 45).

f. I — :E‘: FyuHoe ynpasnasms E Co3aaHue nporpamm Hacrpoda @ MoHuTopuHr @ MHETDYELMM [_) Brxog
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‘ | P | PR | -154  om — 4+

B0 00w _ 4
] z 19.7 — 4+
0
e Cyctaewl
c;_;} MNosopor 00 = — +
& n 0.0 - —
a
Crpena -14.0 = — +
BakyyMHLI# 3axBaT
Mo 11 0.0 — +

BxniounTh Hacoc JCTaHOBMTh

Pucynok 45 — UnTtepdeiic pydHOTro ynpaBlieHUs MaHUITYJISTOPOM B pexknMe «BakyyMHBbIi 3axBaT»

HNutepdeiic pydHOro yrmpaBieHHUS MAHHUIYJISTOPOM C BaKyyMHBIM 3aXBaTOM aHaJIOTHYEH
uHTepQeiic pydHOTro yMpaBleHUs MaHUMyIATOpoM Oe3 Hacaaku (cm. pasgen 7.1.1 «Pyunoe
ynpasicHue «be3 Hacaaku»), Ipu 3TOM J100aBIICHBI (DYHKIIUU YIIPABICHUS BAKYYMHBIM 3aXBaTOM:

- «IloBopoT Hacagkm» — U3MEHSET YTOJI MOBOPOTHOTO y3ia J4 (cMm. Pucynok 8).

- Knomnka «BKar04uTh/ BBIKIIOYUTH HACOC» — JJI1 BKIIFOUCHUS U BBIKJIIFOUCHU .
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7.2 Co3nanue nporpamm

[Mpunoxenne Promobot M Control mo3Bossier co3maBaTh TPOrpaMMBbl  JIBIKEHHS
MaHumysTopa (Briaaka «Co3qanue mporpaMm») ¢ MOMOIIBIO S3BIKOB MporpamMmupoBanus Blockly,

Python.

Wutepdetic coznanus mporpaMm UMeeT BepxHee MeHIo (cM. PucyHok 46):

v I 0 {F (1] Blocky @ Python [> 3arpysuTtb aynnodann

Pucynok 46 — BepxHee MEHIO CO3/1aHUS [IPOTPaMM

. «Cka4daTb» — KHOIIKA JUJIsl CKaUMBaHUs CO3JAHHOTO CKPUIITA B TEKCTOBOM
= dhopmare.
. «3arpy3uTh» — KHOIIKa 3arpy3Ku TOTOBOr0 ckpunTa gopmara *.txt.
- «Bp100Op mabnoHa» — KHOMNKa JAJs BbIOOpa TOTOBOTO CKpHUIITA, KHOIKA
aKTHBHA B pexXuMax «MexaHndeckuil 3axBaT», «BakyyMmHbIi 3axBaT».
A «Y manuTh BCE» — KHOIIKA U1 OYUCTKU pEelaKTopa.
. «Blockly» — nmepexon B rpaduueckuii penakrop Blockly.
Lo Blockhy
«Python» — nepexox B perakTop koxa Python.
P Python
. «3amycKk Ha MAaHUIYJIATOpPE» — KHOIKA 3allycka CKpunTa Ha
- MaHHUITYJISATOPE.

«3arpy3uTh ayauodailin — KHOTKa 3arpy3ku ayanodaiina ¢ KOMIbIoTepa.
3arpyauTb ayanodann

B untepdeiice npenycmorpeHo mnosie «Pe3ynbTaT BBINOIHEHUS] MPOTPaMMbD» — OTOOpakaet
pe3yabTaT BBITOJHEHUSA MpOrpaMMbl. ISl yBENMYEHMs NOJIA LIECIKHUTE IO HEMY JIEBOM KHOIKOU

MBIIIIH U TT0JIC YBEJIMIHUTCS 3a CYET BUPTYATBHOTO MPOCTpaHcTBa (cM. PrucyHok 47).

Pe3ynsTaT BEINONHEHWA NPOrpPaMMbl:

Pucynok 47 — Ione «Pe3ynbTar BHIOJHEHUS TPOrPAMMBbI»
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7.2.1 IloaroroBka K CO31aHUIO MPOTPAMMBbI

[lepen TeM Kak HayaTh IPOrPaMMUPOBATh, YOEAUTECH, UTO:

- BBI HOJKJIFOYCHBI K MAHUTYJISITOPY (€CITH HaXOAuTeCh Ha caiite https://medu.promo-bot.ru/

(dhyHKIIMOHAN Oy/IeT OrpaHUYCH);

- Ha MAaHUIYJATOP YCTAHOBJICHA HY’KHAsl HACAKA;

- B HACTpOMKax BbIOpaH MOJIXOSIINI pexKUM,;

IIpumeuyanue — Co3naHue MporpaMMm JOCTYIIHO TOJIBKO B pexumax «be3 Hacagkm»,
«Mexanndeckuii 3axBat», «BakyyMHbI 3axBaT». HenpaBuibHbBIN BEIOOp pekrMa MOYKET MMPUBECTH K
olIMOKaM B JBUKEHUSAX MAHUITYJISITOPA, & TAK)KE OTPAHUYUT BHIOOP B OMOIMOTEKE OJIOKOB.

- BBIOpaH S3BIK IPOrPAMMHUPOBAHUSA

- Blockly — BuzyanbHbIii 361K TpOrpaMMHUPOBaHUS 1711 HAYMHAFOIINX

- Python — st Tex, KTo rOTOB epeiTH K TEKCTOBOMY KOJIY .
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7.2.2 Blockly

Blockly B npunoxennn Promobot M Control npencrasiser co6oit Habop rpaduueckux 0JIOKOB
(bubnmmoteka) onpeneneHHON Gopmbl U rpaduyeckuii pexaktop (cM. PucyHok 48). CoenuHsis oaHH

OJIOKHU C IPYTUMHU MO>KHO CO3JaTh MPOTrpaMMy JBHKEHUU IS MAHUITYJISITOPA.

)

T°  Nooxneuuts (7] Pywwceynpaenenve [T Cosasumenporpawm  {J} Hactpoika S Mowmmopuer  [H] Mucteykumm [+ Bexon

o1 ) i (1) Blockly @ python > 3arpy3uTe

ayauogann

(=] ecrmn

BLINONHUTE
MaTematura
o iE]
MepemenHbie o

4
o

DyHELM X
Maccuesl
Mozuuyn cycTasos aQ

BLIGpaTL No
Mozuym LITK .
3ByEM £Cnu nox:

I Mepudpepua

Pe3ynbTaT BHINONHEHWA NporpaMMbi:

Promobot M Edu
Bepcwa MO virtual

Pucynok 48 — Blockly B mpunosxennu Promobot M Control

I[J'ISI MOJIYyUCHUSA KpaTKOﬁ CIIpaBKHu O 010Ke HaBCJIUTC HAa HCTO KYpCOP MBIIIN — 0T06paSI/ITCH

BCIUTBIBAOIIAs MMojickaska (cMm. Pucynok 49).

B 1 - A M -
YoTaHoEuTs sHauesMe 0 une 1 Ha paswéme nepudapua

Pucynox 49 — BernubiBaroniast mojackaska

[To Omokam oO6miero ¢yHKIMOHANA JOCTyIHAa CIpaBKa B KOHTEKCTHOM MEHIO OJioka

(cM. Pucynok 50), a1 3TOro HaKMUTE MPaBOM KHOIIKU MBIIIH Ha OJIOK.
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(&) ecrm

BbiMmon
OyEnupoeaTe

4

BoTaEkm BHYTRM
CeepHyTe Gnow
OTeniounTe Gnox
¥oanure Gnox

Cnpaska

4

Pucynoxk 50 — KontekcTHoe MeHI0 010K

7.2.2.1 Onucanue rpadpuyeckux 6;10koB (6ndauoTexa Blockly)

bubmuoreka Blockly B mpunoxennn Promobot M Control umeer ciieayrorme pasaens:

1. «Jloruka» — ycnoBusi, cpaBHeHus (cM. Pucynok 51).

R Aol

S =

=- w

Atk

[0

' UCTWHA

HAYTO noxe

Pucynok 51 — bnoku «Jloruka»

BoiDpaTte no

ECINK UCTHUHa

ESCNK NoHb
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2. «Matematuka» — BhIUHCIIeHUs, hopmyJbl (cM. PucyHnok 52).

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

Pucynoxk 52 — bioku «MaremaTrkay
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3. «TekcT» — paboTta ¢ TekctoM (cM. Prucynok 53).

T CO30aTh TEKCT M3

8 rexcre [ (R | ssme CTOLC RN
' Byray Ne
Bykey Na ¢ koHua

nepeyo Gyksy
nocnegHo Bykey

COEAUHUTE
ANEMEHT

ANEMEHT
—

cnyyainyo byrey

Haneydaramnb

K ENEIE NS NoDaBUTL TEKCT

= - anemedT
sanpocuTb [[EIEkd C NOACKAIKOM
MepeurMeHoBaTE NEPEMEHHYID. ..
¥ TeKcT | YOanuTe NepemMeHHyH 3NeMeHT’

yucno

7 € asyx cropon -

" C[ByX CTOPOH
cneea

cnpaea

nycr
» 1 3ATTIABHBIE BYKBEI - |

-« 3AMABHGLIE BYKBGI

CTPOUHEIE DyKBBI

3arnaeHele HauansHele byrekl

B Texcre asss noactpory ¢ CTELED MY no T

W TekcT
MNeperMeHoBaTE NEPEMEHHYHD. ..

YAANWTE NepemeHHy 0 'TekcT

Pucynok 53 — broku «TekcT»
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4. «IlepeMeHHBIC» — CO3JaHHE U PEIAKTUPOBAaHUE TepeMeHHbIX (cM. Pucynok 54).

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 54 — bnoku «IlepemenHbIe»

«{UKJIBI» — MHOTOKPATHOE MIOBTOPEHUE OIPEETICHHBIX JASHCTBHM (KOMaHT) (CM.
5. Pucynok 55).

noBTO MoKka -

U‘Ipeqynpe;meunet 3TOT BNOK MOXKET UCMONb30BATHCA TONBKO BHYTPU quxna,J

A BoiiTH U3 - < MOETOPATL, NOKa

v BBIATH U3 NOBTOPATL, NOKa He

NepeTy K cneayolemy wary

nna kaxnoro 3nemeqTa [[E B cnucke

MepenMeHOBaTE NEPEMEHHYID. ..

YAanuTe nepemenHyo |

Pucynok 55 — brnoku «Iukmbn»
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6. «DyHKIMU» — CO3[JaHUE COOCTBEHHBIX NPOLEAYP W HMEHOBAHHBIX MOJIPOrpPaMM

(cM. Pucynok 56).

@ G BbINONHMTS YTO-TO |
310055 BLinonHKTE YTo-TO

Pucynok 56 — biioku « DyHKIIN»

7. «MaccuBbl» — paboTa ¢ 3JIeMEHTaMH CIIMCKOB (cM. PrucyHok 57).

|'J. CO30dTb CMACOK U3

2| Co3qaTh NYCTOW CNIMCOK

ANEMEHT

ANEMEHT
-

CO304dTb CNMCOK M3 3NEMEHTA ' , MOBTOPAKLLErOCA pas

¢ awcor s crucxe (. (ETETED N |
1=

lMepeuMeHoBaTE NepeMeEHHYHD. ..

B CMIMCKE Haimy [kl BXOKIEHWE anemeHTa ‘

YOanuTL NepemMeHHyH Cucok J B3ATbL
B3ATE W Y4aNHTE

YoaanuTe

s cnvce M| D B oY

8 crvcke [ ST Ne - |5
e

T aem—1
8 cnucke [ [EIS0 88 | B3ATh NOACTMCOK C ﬂm. no m-
| B—

V' MPHUCBOWTE

< Ne BCTABMTE B
MNe ¢ koHUa

nepeoro

COPTHPOBATE §glile) viar i iR mﬂﬂSpﬂCTﬂHHIO o :

CAENATH CNMCOK M3 TEKCTA ~ . C pasfgennrenem _ < uucnoeaAa

no andgaeuTy

' CAenaTth CNMCOK M3 TekcTa

no andaeuty, bes yuéta pemcTpa
coBparte TekcT U3 cnucka




Pucynok 57 — bioku «MaccuBbi»

«JIBMKEHHE» — KOMaH/IbI IEPEMEIICHUS U pa0boThI ¢ HacaakaMu (cM. Pucynok 58).

MNepemecTUTLCA B TOUKY  *

WMcxogHoe nonoxeHue Mopoxnate 1) cexyun
co ckopocteio [ v ycropermem )

nnanvposuk [HIEN

- L]
P Yron nosopota Hacagrn: [

LIN

PTP — nBmKeHMe BCeX CyCTaBOB IO KpaTyaifimemy myTu  MEXaHHYECKUH 3aXBaT
LIN — nemwxkenne LITHU no npsimMoit tuHUA

Cxarue [I) °
ﬂBHH’{EHHE no rpynne nodduldn BaKYYMHBIﬁ 3aXBaT
nnaxuposw: [
BLINONHWTE JEMHEHWE MO FPYANE NOSHLMA BakyyMHGIA 3aXEaT
Ll Ll RS Y ¢ yKaSaHHEIMK NapAMETDEMM MNaHHPOBAHHRA

marcumansHoe yckopenve: [15)

Pucynoxk 58 — bnoku «/lBrmxenue»
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9. «[lo3uuuu CycTaBOB» — COXPAaHCHHE M HCIIOJH30BAHUE TOUYCK IMOJIOKEHHS MOBOPOTHBIX
y3noB Manwumyssitopa (J1, J2, J3) (cm. 3.3.2 «bamusa»). i 100aBlieHUS U COXPAaHCHHS

MO3UIMI HAXKMHTE «J[00aBUTh MO3HUINIO CycTaBOBY (cM. Pucynok 59).

IlobaBuTL NO3ULMIO CYCTaBOB

Mosnumna no cycTaBam

fauMeHOEaHWE
BeeauTe MMA NOIMLMK
CycTagel
Mosopat 0.0 ° —
Mneyo 229 ° _ _|_
Cpena 458 ° -+
CoxpanuTs OcTaHOBWTL ABMMEHHE Yoanute

Pucynok 59 — @opma jutst co3ianust MO3UIMHU TI0 CyCTaBam
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10. «ITo3ummu I{THU» — coxpaHeHHe W MCTOJIb30BAaHNWE TOYEK MOJIOKECHHSI IIECHTPAIHHOM TOUKH
unctpymenta (LITU). [Ins nmoGamneHwst M COXpaHEHHs TO3WIMK Haxmure «Jl00aBUTH

no3uruio [ITHU» (cMm. Pucynok 60).

[obaeute noawwymo LITH

Mosnuma no UTH
HNanMeHoOBaHWE
Beegure uma No3MLMK
utM
4 1§
)
LY
KoopgWHaTe!
o X 237  cm +
L 00 c — +
Iz 208 o0 4
Coxpanntb [ OcTaHOBWTL ABMKEHHE Ynanute
Pucynok 60 — ®opma aist cozpanus nozunuu [ITU
11.«3Byku» — BOCHPOM3BEACHHE ayJuO C BO3MOXKHOCTBIO (DOHOBOTO pexHMa (CM.

Pucynok 61). IlpenycranoBieno 4 3ByKOBbIX (paiiia. J[OMOTHUTEIHHO MOYKHO 3arpy3UTh
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¢daiin B popmaTe .wav - HOKMUTE KHOIKY «3arpy3uTh ayauodaii» U OH MOSBUTCA IS

BbIOOpa B OJIOKE.

Bocnpoussectn ayano (BN EEVRS

PoHosoe socnponsseneHue [

Pucynok 61 — brok «3Byku»
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12.Tlepudepus — ynpaBieHHE BHEITHUMH MOAKIIOUCHUSAMHE (CM. PrcyHOK 62).

Licbposofi Bexon:

Lingpposon exon: @84

YCTaHOBHTE 3HAaYH CuMTaTE NOrMYE

7 UART 3

UART 4 UART 4
UART 5 UART 5
UART 6 UART 6
UART 7 UART 7
UART 8 UART 8

yﬂpEBﬂEH He MUITaHWEM:

LM, koHdurypauma
==en 0w STRELA 3+ STRELA 4 ~

Passem: Bkn -

YacToTa
CKBa¥HOCTb %

Brikn

LM

LM zanyck

a=xv= W STRELA 3 -

zrepra0 0 STRELA 3 + STRELA 4 - CrBaDK
Axtuser [ETOED '« STRELA 3
STRELA 4

Pucynok 62 — bnoku «Ilepudepus»

brnokun  «llepudepusi» mnpemHazHaueHbl JUISI  B3aUMOJCUCTBUS ¢  TNepudepuiHBIMU
YCTpOHCTBaMH, MOAKIO4aeMbIMU K pazbeMaM M Edu. brnoku mo3Bossitor opranuzoBaTh 0OMEH
JaHHBIMH TI0 IMQPPOBBIM HUHTepdeiicaMm, yNpaBiIsATh NUTAHHUEM BHEIIHUX MOJyJEH, a Takxke
TeHepUpOBaTh  CUTHAJIBI  IIUPOTHO-UMIydbcHOW  monymsauuu  (IIMM) nons  ynpaBieHus
CEpBOIPUBOJIaMU U APYTMMH aHAJOTOBBIMH YCTPONHCTBAMH.
Onucanue 6J0KOB:
1. bnoxu mudposoro BBoaa/BeiBoga (UART) — nanHas rpynma GJ0KOB MpegHa3HAYEHA JIJIst
Hactpoiiku npuemonepeaardnkoB UART (Universal Asynchronous Receiver-Transmitter)
Ha pazbeMax M Edu B pexxume mudpoBbIX JIMHUA «BXOI» WIH «BBIXO/I». DTO MO3BOJSCT
HNOJKIIOYATh AAaTYUKU C HMU(POBBIM BBIXOJAOM (HAmpuMeEp, TAKTOBBIE KHOIKH, T€PKOHBHI,
KOHIEBbIE BBIKJIIOYATEIN) WU YIPaBIATh MPOCTHIMU HCIOJHUTEIBHBIMH YCTPOHUCTBAMU

(HampuMep, CBETOANOIaMU, PEeie).
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IIpumeuanue — Unrtepdeiic UART mo yMondaHuio mpeaHa3HAuYeH ISl aCMHXPOHHOM

HOCHCHOB&TGHBHOﬁ nepeaadn JaHHBIX. Hcnonp30BaHue €ro KOHTAKTOB B KaueCTBE CTaHAAaPTHBIX

1M (pPOBBIX JIMHUN TpeOyeT NpeaBapUTEIbHON HACTPOIKHU B cpesie pa3paboTKH.

1) brmox «Iludposoii Beixom: UART X» (cm. PucyHok 63) — KoHPHUTypUpyeT

2)

BbIOpaHHbIil anmapatHeld UART s paboTel B pexume LU(pPOBOro BbIXOJA U

YCTAHABJIUBACT HaA €TI0 BBIXOJJHOM JIMHUHU BBICOKUM MJIM HU3KUU JTOTHYCCKUI YPOBCHbB.

Lndpoeoi exxon: HEGTER

YeraHoenTs zHauerve [[IED

Pucynoxk 63 — briok «l{udposoii Beixoa: UART X»

Crtpykrypa 610Ka:

- 3aronoBok: «ludposoit Beixomx: UART X», rme X — HOMep BBIOpaHHOTO
pazbema/UART.

- Ilapamerp «YcTaHOBUTH 3HAY€HHWE» — BBINAJAIONIUNA CIUCOK, B KOTOPOM

MOJIb30BaTelNb BhiOUpaeT 1eneBoit pazbeM UART ais HacTpoiku.
- Ione: «1» — cOOTBETCTBYET JIOTUUECKON €AMHHUIIE, IO YMOJIYAHUIO — CUTHAI
BBICOKOI'O YPOBHSI, €CTh HaIPSIKEHUE.
- Ilozne: «0» — COOTBETCTBYET JIOTMYECKOMY HYJIIO, IO YMOJIYAHHUIO — CUTHAJ
HU3KOI'O YPOBHS, HET HAIIPSIKEHUSI.
[Ipumep ucnonp30BaHUA: I MOJA4YM YHPABISAIONIEr0 CUTHAJa Ha MCIOJIHUTEIbHOE
YCTPOUCTBO, mojkItoueHHoe K pazbemy «UART_3», HeoOxoaumo BeIOpaTh B OJIOKE
snauenue «UART_3» u B nmose nmapameTpa BIOpaTh «1». JInHMs niepeiiieT B akTHBHOE
COCTOSIHHE.
bnok «{udposoii Bxox: UART_ X» (cMm. PucyHok 64) — koHQUTrypupyeT BIOpaHHBIH
annapatHblii UART ans paGotsl B pesxxrMe HU(PPOBOro BXOAa U CUUTHIBAET TEKYILEe

JJOT'MYCCKOC COCTOAHUC HaA €TI0 BXOZ[HOI\/'I JIMHUH.

Pucynoxk 64 — biok «l{udposoii Bxoa: UART X»

Crpykrypa 610Ka:

- 3aronosok: «I{udposoii Bxoq: UART X».
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- ITapametp «CuutaTh JIorHueckoe» — BbINAJAAONIMIA CIIUCOK Ui BBIOOpa pazbema
UART, cocTosiHME€ KOTOPOI0 HE0OOX0IUMO IIPOBEPUTD.
[Ipumep WCTONB30BaHWS: ISl OXHUAAHWS HAXKATUS KHONKH, TOJKIIOUYCHHON K
pazbemy «UART _3», B IUKJIE «<OKIAaTh» WU YCIOBHH «ECIIN» UCIIOIB3YETCS JaHHBIN
OJIOK.
2. brok «YnpasieHue nutaHuem» (cM. PucyHok 65) — oTBeuaeT 3a mogady Wid OTKIFOYCHHE
AIIEKTPONUTAHUS Ha BHENTHHE pa3beMbl M Edu. Mcnons3yercs aist sHeprocOepekeHus Wit
nepe3arpy3ku MOoAKIIOYEHHBIX YCTPOUCTB. YIPABISET MoJauei HANpsOKEHUs MUTAaHUS Ha

yKa3aHHBIA pa3beM. biIok qocTyneH Toabko B peskuMe «be3 Hacagkm» (cM. PucyHok 72).

YNpaeneHwe NHTIHWEM:
geeits e STRELA 2 (12B) - B Ben -

Pucynok 65 — briok «Ynpapnenue nuTaHuem»

Crtpykrypa 610Ka:
- 3aroJIoBOK: «YTIpaBJICHUE TUTAaHUEM.
- Ilapamerp «Pa3pem» — BbIAgarONMil CHOUCOK JUIsl BbIOOpa pa3bemMa MUTAHUS
«STRELA_2».
- [Tone: «Bxi» — HanpskeHUE MOJAHO HA Pa3bEeM.
- «BpIKI» — HanpsKeHUE OTKIIOYEHO OT pazbeMa.
IIpumep ucnonab30BaHMA: IJI1 BKJIIOUEHUS BHEIIHETO OCBETHUTENS, NMOAKIOYEHHOTO K
cwioBoMy paszbeMy «STRELA_2», mnepen HadaloM BHICOCHEMKH, HEOOXOAMMO
YCTaHOBUTH MEPEKII0YaTENb 0JI0Ka B MooxkeHue «Bki».

3. binoxku wHactpoiiku u 3amycka MM — mmpotHo-umnynbcHas wmoxayssiius (ILIMM)
UCIOJIb3YETCSl JIsl YIpaBJICHUS CEPBONPUBOJIAMHU, pEryJsiTopaMu OOOpOTOB JBUTaTelEH,
spkocThio cBeTonnonoB. Pabora ¢ IIIMM B Blockly pasmenena Ha paBa drama:
KoH(puUrypanuioo u 3amyck. bioku pocTymHel Toibko B pexume «be3 Hacamkm»
(cM. Pucynok 72).

1) bnoku «IlIUM, koudurypamms» u «IIIUM» (cMm. PucyHok 66) — 3amaer mapameTpbl
INM-curnana Ha yKa3aHHbIX pa3zbeMax. DIOK BBIMONHIETCS OJHOKPATHO JUIS

HAaCTPOWKHU reHepaTopa.
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LLIMM, koHtburypaLma LM

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

Pucynoxk 66 — brnoku «I1INUM, koundurypanus» u « 1IM»

CtpykTtypa 610Ka:

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

- [TapameTp «Pa3zpeM» — BRIIQIAFONINIA CITUCOK T BhIOOpa pazbema «STRELA _3
+ STRELA 4», yTo MOXeT 03Ha4aTh HMCIOJIb30BAaHUE JIBYX JMHUH Ha OJHOM
pa3zbpeMe WK BBIOOp KOHKPETHOTO KaHaa.

- [TapameTrp «Yactora» B Omoke «IlIMM, kondurypauus» — moie BBOJA WIH
BbIOOpa yactoThl curHaina B lepumax (I'm). OT yacTOThl 3aBUCUT NEPUOA
CeIOBaHUS UMIYJbcOB. [lmsi  cTaHZapTHBIX  CEPBONPHUBOAOB  OOBIYHO
ucnosb3yercs yactora 50 I'.

- Ilapamerp «CkBaxnoct» B Onoke «IIIMM» — mnone BBoxa wiM BbIOOpa
CKBaXXHOCTH uMIyjdbca B mpoueHTax (%). CKBaXXHOCTb ONpeneNseT IOJI0
BpEMEHH, B TEUEHUE KOTOPOTO CUTHAI HAXOAUTCS B COCTOSIHUM «BKi» (BbICOKMIA
YpOBEHb) OT 0ob1Iero nepuoa. Jias cepBonpuBOOB U3MEHEHHE CKBAXKHOCTH OT
5% no 10% (B 3aBUCUMOCTH OT MO/JIETIN) U3MEHSET yroJ MOBOPOTa Baja.
[Ipumep wucmoONB30BaHUS: A TOATOTOBKH K YIPABICHHIO CEPBOIPHUBOJIOM,
nojkiodeHHbIM K pasbemy «STRELA_3 + STRELA_4», ycranaBnuBaroTcs
cTaHaapTHbIe mapaMeTpsl: dyactota «50 'y, a HayambHas CKBaKHOCTH «50 %0»,
YTO  COOTBETCTBYET IIEHTPAJbHOMY  IOJIOKEHHIO Bajia  OOJIBLIIMHCTBA
CEpBOMAIINHOK.

2) baok «IIIMM nwuranue (5B)» (cMm. PucyHok 67) — akTHBHpYeT WM JICaKTHBUPYET

reneparuio [IHIMM-curnana Ha npeaBapuTebHO CKOHPUTYPUPOBAHHOM KaHAJIe.

LLIMAM nuTanme (5B)

=t T8 STRELA 3 STRELA 4 -~
ArxmeeH RS

Pucynok 67 — biok «IIIMM niutanue (5B)»
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CrtpykTtypa Omoka:
- 3aronoBok: «IIIUM nutanue (5B)».
- Ilapamerp «Pa3pem» — BpImajaroluil CIKUCOK s BbIOOpa pazbeMa (JOJIKEH
COBMAJIaTh C Pa3bEMOM, YKA3aHHBIM B 0JIOKE KOH(UTYpaIUH).
- llome «AKTHBEH» — IEPEKITIOYATENL COCTOSHUS:
-  «Bxm» — renepauusa UIMM-curHama ¢ 3agaHHBIMH —TapaMeTpamMu
HAaYMHACTCA.
-  «Bpiki» — renepamua IMM-curnama mnpekpamaercsi, HamnpsKeHUE Ha
BBIXO/IC YCTaHABIIMBAETCS B HEaKTUBHOE cocTosiHuE (00buHO 0 B).
[Ipumep wucmonb30BaHUS: MOCIE BBIMOJIHEHUS OJloKa KOH(QUIypauuu A pa3zbema
«STRELA_3 + STRELA_ 4», nannsiii 6110k ¢ mapameTpoM «BKiI» 3amyckaeT mojgaqy
CUTH&JIA HAa CEPBONPHUBOJ, 3acTaBissl €ro IOBEPHYTHCS B  IIOJOKCHHE,
COOTBETCTBYIOLIEE 3aIaHHON CKBaKHOCTU. J1JIs1 OCTAaHOBKU y/IepKaHUsI CEPBONPUBO/IA

(CHATHUSA YNPABIIAIOIIErO CUTHAJIA) UCIIOJIB3YETCSl COCTOSIHNE «BBIKII».

7.2.3 Python

Python B npuioxxenru Promobot M Control npexncrasisier coboli penakrop kona Python mis
HAIKMCaHWS, PEIAKTUPOBAHUS H COXPAHECHUS KOJa, ONTHMU3UPOBAHHBIHN M0]] CHHTAaKCHUC si3bIka Python

(cM. PucyHoxk 68).
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T°  Nomknwouunts {;'; PyuHoE ypaeneHue E Coapanmenporpamm (i}  HacTpoiika :_B MomuTopUHE @ MHCTpy KL [= Boixon

o 0 i [1] elockly @ Python > aii'—fg;;;b_l =

» b

4

PezyneTaT BeINONHEHWUA NpOorpaMMbl:

Promobot M Edu
Bepcwa Mo virtual

Pucynok 68 — Python B npunosxennu Promobot M Control

Ecnmu panee B Blockly Opiia cosmana mporpamma, To ee KOJ MOXKET aBTOMATHYCCKH
reaepupoBatbes B Python. Jlanee MOXHO peakTHPOBATh CYIIECTBYIOIINAE CTPOKH.

[Ipn Hamucanuu cCOOCTBEHHOTO KOJa HCMOib3yiTe Oubnmoreky SDK, omucana B pasnene 8
«PROMOBOT M CONTROL SDKb».

[Tpu 3arpy3ke rotoBoro (aiin Python yuarure, 4ro nmporpamMmmHbIii Koj B (haiiie, T0HKeH ObITh
HanucaH o npaswiam PEP8, cam (aiin qomkeH nMeTh THITBL *.pY Wik *json.

B cooTBeTcTBHM CO CTPYKTYypoOH *jSON ¢opmar COXpaHEHHsS MNPOrpaMMbl TaKOW —
B JSON-00BekTe mnpucyTCTBYeT €AMHCTBEHHOe mone '"program": "/* Ttekct mnporpammsl */",
coJeprKallee BCIO MporpaMMmy B TUIlE JaHHBIX "cTpoka'. Kaxkas HOBasi CTpOKa KOJia OTAENSAETCS OT
MPEIBIYIIEH Mpy momMomy cuMBosia "\n" (6e3 UCIOIb30BaHUs IEPEHOCA CTPOKH ).

[Ipumep mporpaMMHOTO Kojia B opmare *json:

{

"program": "import asyncio\nfrom sdk.commands.move_coordinates_command import
MoveCoordinatesParamsPosition, MoveCoordinatesParamsOrientation\nfrom sdk.manipulators.m13
import M13\n\nhost: str = '172.17.0.1\nclient_id: str = '1227\nlogin: str = '13'\npassword: str =
‘14\n\nmanipulator = M13(host, client_id, login, password)\n\nasync def

make_manipulator_connection():\\n try:\n print(\"Connect\")\n manipulator.connect()\n p
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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 ommoka')\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 3aIlyCKC IIpOrpaMMebl €CTb BO3MOKHOCTD ITOACBCUYNBATD BBIIIOJIHACMYIO CTPOKY. CDYHKHI/IIO

MOJKHO BKJIFOUHTH/OTKITIOYMTH C TIOMOIIBIO cinaiiaepa (cMm. PucyHnok 69).

oo 7 (@) socky @ Pynon (& Cor [> —
OTGﬁpaH{aTh o

import asyncio
BhINONHAEMYID) CTPOKY
from sdk.commands.move_coordinates_command import MoveCoordinatesParamsPosition, MoveCoordin:

from sdk.commands.data import Point3D, Position, Orientation

from sdk.manipulators.ml3 import M13

Pucynok 69 — Cnaiinep «OTo0OpakaTh BBHITIOTHIEMYIO CTPOKY

7.3 Hactpoiika

WuTepdeiic mis HacTpoiiku (Bkiaaaka «Hactpoiika») numeet aBa pasnaena (cMm. Pucynok 70):

'i MogKMEYMTE ::. Py4Hoe ynpasneHue E Co3paHue nporpakm {3 Hactpoiua :—?—: MoHMTOpHMHP EI MHETRYRLMK l—) Braxon

- 3

O6lKMe M CUCTEMHBIE

- HHCTpYMEHT
HaCTPOHKHK

Promobot M Edu =
Bepowa MO: virtual —

Pucynok 70 — UnTtepdeiic ans HacTpoHKu

1. Pazpmen «O0mue u cucTeMHbIe HAaCTPOUKm» (cM. PucyHok 71).
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f MonKNEYHUTL :E: Py4HOE yIIpaENEHWE E CoInsHWE MpOrpake {E HacTtpoiika E MoHMTOpMHE El MHcTpyHUMK I:—) Brixon

OBLUME U CUCTEMHBIE HACTPOMKK Hasag

CBpoCcUTh K3LL M Nepe3anycTUTE MHTepdeic

Promobot M-Edu
Bepcwa MO virtual

=

Pucynok 71 — Paznen «OOmue u cUCTEeMHbBIE HACTPOKIY

B paznene ectb kHonKa «COpOCUTH K31 U NIEPE3ANYCTUTh UHTEPENC), KOTOPast MOKET OBITh
UCIOJIb30BaHa JJIs1 OCBOOOXKICHMS MaMsITH M UCHPABICHHs OIIMOOK, BOZHHUKAIOIIMX IMpHU padoTe ¢
MPUIIOKEHUEM.

Jls Bo3Bpara K IpyruM HacTpoiikaM HaxxmuTe KHONKy «Hazamy.

2. Pasmen «MHCcTpyMeHT» (cM. PucyHok 72).

f MooKmoYUTE ::-: PyyHoE ypaEneHWE E Co3naHue Nporpass (E Hactpohka E MoHuTopKHE B MHcTRyRUMK [—) Brixon

TeKyLWKWA pexinM: Be3s HacaaKu Ha3ag

BriGepMTe pemm

R m

PwcosaHme
lpaBvpoBKa
3D-nevats
MexaHudeckKnia 3axBaT
BakyyMHBIA 2axBaT

Bez Hacagkwm

Promobot M-Edu
Bepcwa Mo virtual

=

Pucynoxk 72 — Paznen «HCTpyMEHT»
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Paznen mpenHazHadeH Juid HACTPOMKHM pexuma paboThl ¢ MHCTPYMEHTOM (Hacankoil). s
HAcTpoMkH B noje «Bpibepure pexum» yCTaHOBUTE 3HAUEHHE B COOTBETCTBUM C YCTAHOBJIEHHOU
HAaCcaJKOW U HAKMHUTE KHONKY «IIpumMeHuTHY.

Jl1st BO3Bparta K IpyruM HacTpoiikaMm HaxxmMuTe KHOnKy «Hazamy.

7.3.1 PucoBanue

[lepen HayaaoM paboOThl yCTaHOBUTE MOJTYJIb 3aXBaTa MUUIYIIEro HHCTpyYMeHTa (cM. pazaen 3.9
«Moqyib 3axBara MHUITYIIET0 HHCTPyMeHTa»). [IpoBepbTe MOAKIIIOYCHNE K MAHUITYJISTOPY.

Jlns ynpasiieHus B pexume «PucoBanne» Haxxmure KHONKY «HacTpoiika» Ha riiaBHOW IaHeIu
BKJIIQJIOK, B molie «BpiOepute pexxum» ycraHoBuTe 3HadeHue «PucoBanue» (cMm. PucyHok 72) u
HaXMUTE KHONKY «[IpuMEeHUTHY.

Haxmure kHOnKy «PucoBaHue», aBTOMAaTHYECKH OTKpOETCs OMOIMOTEeKa C JOCTYIHBIMU

n3o0paxenusmu (cM. Pucynok 73).

Bbibepute naobpaxeHue

o O

ecTuyronsHme Kpyr Keagpar

TpeyronsHuk 3eezna MATHYronsHWE

Byrsa A Bykea b Bykea B
— r_l —

Pucynok 73 — bubnuoreka pucyHKOB

Breibepute wu3o0pakeHMe W HaxXMuUTe KHOMKY «BpiOpats» nubo 3akpoiite Qopmy.
N3o0paxenue oToopasutcs B 00nact prucoBanus (cM. PrucyHok 74).
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MooEnHHUTES Ih;_ff_'; FucoeasHue @ HacTpoiika % M oHMTODMHT @ WheTpysiys [+ Bexon

Pucynok 74 — Paznen «PucoBanus»

Ilepen 3amyckom 3a1aiiTe CTAPTOBYIO MO3UIIMIO MAHUITYJISITOPA:

Q0

1. Haxmute KHONKY . Otrobpasurcs popma «3amanue Hyns» (Pucynok 75).

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

Pucynok 75 — @opma «3agaHue Hysa»

2. Crnenyst MHCTPYKIIMH OTpeIeTUTE HaYaIbHYI0 TOUKY PUCOBAHMS U HAXKMUTE «3a/1aTh».

>

I[J'IH 3aImyCKa puCOBaHHA HAXKMHUTC KHOIIKY

I[J'IH OCTAaHOBKH PHUCOBAaHUA HAXKMHUTC KHOIIKY
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Y1006l 3aHOBO BRIOpPATh PUCYHOK HAKMUTE KHOIIKY

7.3.2 I'paBupoBka

[lepen HagaaoM pabOTHl YCTAHOBHUTE MOTYJIb JIA3€PHOM IPaBUPOBKH (cM. pazaen 3.11 «Moxynb
Ja3epHOI TPaBUPOBKK»). [IpoBephTe NOAKIIIOUEHHE K MAHHUITYJISTOPY.

s ynpasnenus B pexuMe «I paBupoBka» Ha)XMUTE KHONKY «HacTpoiika» Ha IIIaBHOM ITaHEeIn
BKJIAJIOK, B moje «BwiOepure pexkum» ycraHoBuTe 3HaueHue «[paBupoBka» (cMm. PucyHok 72) u
HaXMUTE KHONKY «[IpuMeHUTH.

Haxmure kHOmKy «['paBHpOBKa», aBTOMATHMYECKHM OTKPOETCS COOOIIEHHE O TEXHUKE

0e30macHOCTH MpH padore ¢ JazepoM (cM. Pucynok 76).
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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 76 — TexHuka 06e301acHOCTH MpH paboTe ¢ Ja3epoM

[MpoiinuTe Mo mIaraM 03HaKOMIICHHSI, 0TOOPa3HUTCs pa3zen rpaBupoBKH (cM. PucyHok 77).
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f OTENCUMTE @ TPEEMPOBEKE ﬁ HacTpoka —E— MCHMTODHHI B MHETyRL [9 Buoiogy

[=I o

Pucynoxk 77 — Paznen «I'paBupoBka»

MaHumynsaTop BKUTaeT H300paskeHus TOJIBKO U3 0nbanoreku. UToOb! BEIOpaTh H300paXkeHue

=

HAXMUTE KHOTIKY . OToOpasutcs oubnuoTeka u3oopakeHuit (cM. PucyHok 78).

Beibepute nsobpaxeHune

O] O /\

LecTuyronsHuK TpeyronbHHK MATUYrONBHUK Byksa A

> B L

3 < H

Byksa 3 Byksa 1

—

Pucynok 78 — bubnmoreka pucyHkoB
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Bribepute m3oOpakeHue um HaxkmuTe KHONKY «BpiOpare». M3o0paxkenune oTtoOpaszutrcs B

00JacTH rpaBUPOBKH.

>

JIns 3ammycka rpaBUpOBKY HAXKMUTE KHOIIKY

I[J'IH OCTAHOBKH PpUCOBAHUA HAJKMHUTC KHOIIKY

UTo06bI 3aHOBO BBIOpaTh N300paKeHNE HAKMUTE KHOIKY

7.3.3 3D-neyarn

[Tepen Hauvamom paboThl ycraHoBuTe MOAyJb 3D-meuarn (cm. pasmen 3.10 «Monyns 3D-
nedatu»). [IpoBepbTe MOAKIIOYCHHUE K MAHUITYJIATODY.

Jlist ynipaBiienust B pexxume «3D-miedatsy HaxXMuTe KHONIKY «HacTpoiikay Ha riIaBHOW MaHeTn
BKJIQZIOK, B Toje «BwiOepure pexum» ycraHoBuUTe 3HadeHue «3D-mewyatm» (cMm. PucyHok 72) wu
HaKMUTE KHOTIKY «[IpUMEHHUTBY.

Haxwmute xkHomky «IleyaTts», aBTOMATHYECKHM OTKpoeTcss OuUOIMOTEeKa € JOCTYIMHBIMH

¢urypamu (cMm. PucyHnok 79).

BreibepuTe nsobpaxeHne

By Gme Limnmsap Mapannenenenen
I - ' d | T
TeeyronsHan MATMYronsHaR WeeTwyronskan

MEH=M A npuzKa npWza

ZEe3na Cepays Mupsmwga
Bribpars 3aKprITE

Pucynoxk 79 — bubnuoteka uryp
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Bribepute durypy m Haxkmute KHONKY «BpiOpaTh». @urypa otoOpa3utcs B 001acTH MevyaTH

(cM. Pucynok 80).

f NMogkn4nTe L;*//; Mevars (E) HacTpoitka —@ MoHWTOpHHT E WVHCTPYKLIMKW :% Buixon
g »
Pucynoxk 80 — Paznen «Ileuats»
Ilepen 3amyckoMm 3a/1aiiTe CTApTOBYIO MO3UIIUIO CTPEJIBI MAHUITYJISATOPA:
1. Haxwmurte KHONKY OtoOpa3utcs Qopma ynpaBieHus «3afaHue HyJs»

(cm. Pucynok 75).

2. Cnenyst FHCTPYKITUH OTIPECIIUTE HAYaIbHYIO TOUKY PUCOBAHUS U HAXXMUTE «3a7aTh».

[

3anycrure nporecc 3D-meyaTn HaxkaB KHOIIKY

OTtobOpasutcs yBenomienue «IIporpamma BeimonuseTcs» (cMm. Pucynok 81).
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f MNogKNHYHTE k;f Mewats @ HacTpoiika % MoHUTOpPUHT E VIHCTRYHLMK 9 Brixog

@ V' MMporpamma BbINOMHASTCA...

Pucynox 81 — YBenomnenune «IIporpamMmma BBITTOTHSETCS»

PLA-bunaMeHT B miedaTaromiell TOJIOBKE HAYHET HarpeBaThCs, MPHU JOCTIKCHHH HYKHOU
TeMIiepatypsl (IPUMEPHO Yepe3 5 MUHYT) MaHUITYJIATOP HAYHET IeYaTh 0OBEKTA.

Ipenynpe:xaenue! Ileuararomnas roJoBKa U BEIXOASIINM U3 HEE TUIACTUK UMEIOT BBICOKYIO
temriepatypy. [IpukocHOBeHHE K paboTaronieMy 000PYI0BAaHHIO MOKET TIPUBECTH K 0XKOTaM.

Oxunaiite HE MeHee 15 MUHYT Tociie OKOHYAaHUS nedatu i cHATUS 3D-00beKTa ¢ 3alUTHOTO

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

7.3.4 Mexanndyeckui 3axBaT

Jlist pydHOTO yTNpaBlIeHUS MEXaHWUECKHM 3axBaToM mepeiiautre B pasnen 7.1.2 «Pyunoe
yIpaBiieHuEe «MeXaHUYeCKUI 3aXBaT».
Jns cozmanusi IporpaMMbl ¢ MEXaHUYECKUM 3aXBaToM Tmepeiante B pazgen /.2 «Co3gaHue

porpamMmm».

7.3.5 BaxkyymHBblIii 3axBaT

Jlis pydHOrO YIpaBJIEHHS BaKyyMHBIM 3axBaToM mnepeiaure B pazaen 7.1.3 «Pyunoe

yIpaBiieHuEe «BakyyMHBII 3aXBaT».
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Jnst co3maHusi mporpaMMbl ¢ BaKyyMHBIM 3axBaToM mnepeiaute B pasnen /.2 «CoznaHue

IIPOrpaMm».

7.3.6 be3 Hacaaku

st pyduHoro ympasieHus 6e3 Hacajaku nepeiaute B pasaen /.1.1 «Pyunoe ynpasnenue «bes
HaCaJIKu».

Jlnst cozmanust mporpaMMbl 6€3 HacaIku nepenauTe B pasnen /.2 «Co3aaHue mporpaMmm».

7.4 MoHuTOpHHT

Jlyis TOro 4toOBl OTKPHITH CUCTEMY MOHHMTOPHHTA HAKMUTE KHONKY «MOHHTOPHHI» Ha
TJIABHOUW TIaHEJIH BKJIAJIOK.
OtobOpasurcs uHpopMmaIus o Bepcunu uHTepdeiica, penmsza U npommBku (cM. PucyHok 82).

Bepcuu oTobpaxarorcs TOJIbKO MPH MOAKIIOYEHHOM MaHHUITYJISITOPE.

'i'_ MogKARYHTh _,-5__' Pucosanme Ca Hactpoéika E MOoHHTOPHHT E MHCTRYHL kA |:_\,. Braxon
MporpammHoe MporpaMMHoe obecrieyeHune
obecnedyeHue

£.0.0

515.2

Promobot M Edu —
Bepcwa MO virtual

Pucynok 82 — Bepcuu untepdeiica, penrsa v NpommBKu

7.5  Oo0noaenune npuioxenuss Promobot M Control

[lepen oOHOBIICHHEM CpaBHHUTE BEpCHMHU UHTepdelica, penusa U npoiuBky Bamero M Edu ¢
BepcUsAMU B TmocieaHeM penuse. MHdopmanuio o mocneqHeM penus3e Bbl MOXKETE y3HAaTh B
MHCTPYKLMH (B MPUIIOKEHUU HAXMUTE KHONIKY «MHCTpyKIMm» U nepeiaute B pazaen 7.8 «Penusbiy»).
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[Tpu HecooTBeTcTBUH, MOAKIIOUNTe M EJU K MHTEpPHETY W BBINOJIHHTE BCE OOHOBICHHS I10
ouepeu:
1. O6nosure I1O:
1) 3akpoiiTe MpUIOKEHUE.

2) 3amycrtute daitn «Update_Mcontrol» na padodem crtose (cM. Pucynok 83).

Update_Mcontrol

Pucynoxk 83 — daiin «Update_Mcontrol»

3) Ortkpoercs mporpaMMHbIA HHTEpdeiic «Terminal». OTobOpa3utcs AMAaIOroBoe OKHO

11 BbIOOpa THIa 0OHOBIeHUs (cM. Pucynok 84).

Tun o6HoBNEHUSA

BbibepuTe TN obHOBAEHMA

ObHoBAEHME MO
ObHOBNEHME NPOLLMBKY
ObHoBneHwue Beba

Bbixoa

Cancel OK

Pucynok 84 — JlnanoroBoe okHO 11t BbIOOpa TUIIA OOHOBJICHUS

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

3amycke oOHOBJIeHUs (cM. PucyHok 85).
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O6uHosneHue MO

O6HOBNEHMWE NAKETOB
f——————————— )

Cancel

Pucynoxk 85 — YBenomienue o 3amycke ooHoBneHus 110

5) Ilo 3aBepuicHMM OOHOBJICHHS OTOOpA3UTCS YBEJOMJICHHE O  3aBEpIICHHH

(cM. Pucynok 86). Haxxmure «OK».

UPDATE MControl

@ Ob6HosneHue MO 3asepLieHo. BO3BPaT B rNaBHOE MEHIO.

OK

Pucynok 86 — YBenomiienue o 3aBepiienuu ooHosnenus [10

JIoIUTECh MOSBICHHS TUATOTOBOTO OKHA ISl BHIOOpA THIa 00HOBJICHHS (cM. PucyHok 84).
2. OOGHOBUTE MPOIINUBKY:
1) Beibepute «OOHOBIICHHE MpOMBKE» U HaxxMuTe «OK». OToOpasutcs yBenoMicHue

«Harinena npormmska: ... [IpogoynkuTh npomuBKy?» (cMm. Pucynok 87).

UPDATE MControl

@ HanaeHa npowmwuska: m_edu_firmware_2.4.10.bin

MpogoMKMUTL NPOLUKBKY?

No Yes

Pucynoxk 87 — YBenomieHne npommBKe

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 88 — [Ipenynpexnenue

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

«OK>» (cM. Pucynox 89).

UPDATE MControl

@ Mpowwska m_edu_firmware_2.4.10.bin - ycnewHo yctaHosneHa!

OK

Pucynok 89 — YBenomiieHue o 3aBepIiieHuN MPOITUBKH

JIO)KTUTECH MOSIBIICHUS TUAIOTOBOTO OKHA [T BhIOOpa Tuma oOHOBIeHHUs (cM. PrucyHok 84).
3. O6HoBuTE BEO:

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

2) Tlo 3aBepuicHHM OOHOBJICHUSI OTOOpA3UTCS YBEJOMJICHHE O  3aBEPIICHHUH

(Pucynoxk 90). Haxmure «OK».

UPDATE MControl

@ ObHoBAeHue Beba 3aBepLUeHOo. Bo3BpaT B rNaBHOE MEHH.

OK

Pucynok 90 — YBenomiieHue o 3aBepilieHnrd 0OHOBIIEHUS BeO-uHTepdelica

JIO)KTUTECH TTOSBIICHUS TUAIOTOBOTO OKHA JUIS BhIOOpa Tuma oOHOBIeHHs (cM. PrcyHok 84).
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4. 3akpoiTe qMajJoroBoe OKHO, HaXkaB KHOMKY «Cancel».

Ha nannbiii MoMeHT oHOBpeMeHHOE 0O0HOBIeHUE Bepcuit [10, npomuBku 1 BeO-uHTEpdEtica
HegocTynHo. [ToouepeiHoe 0OHOBIIEHNE FrapaHTUPYET CTAOMIIbHYIO PaOOTy MPUIIOKEHUS.

B HekoTophIX ciydasx MOKET MOTpeOOBaThCs Mepe3arpy3ka yCTpoucTBa mociie OOHOBJICHHUS,
MIPU 3TOM OTOOPA3UTCS yBEIOMIICHUE O TPEOOBAHUHU MEepe3arpy3Ku.

[Tocne oGHoOBiEeHMsST B WMHTEpdeiice MOHUTOPUHTA OTOOPA3SATCS BEPCHUU, COOTBETCTBYIOIIHE
MOCJIETHEMY PENIU3Y.

[Ipy BOSHMKHOBEHUU CIIOXKHOCTEH C OOHOBJIECHUEM MPUIIOKEHHUS, 00paTUTECh B CEPBUCHYIO

CITY>KO0y MpenpUsTUS-U3TOTOBUTEIIS.
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8 PROMOBOT M CONTROL SDK

8.1 Ha3nauyenue u 00J1acTh NIPUMEHEHHUS

Promobot M Control SDK mnpenocraBisieT mporpaMMHBIH HHTEp(EHC IS yIpaBICHHS
y4eOHbIMH ~ pOOOTAMU-MAHHUMYJISTOPAMU  TOJA  YIpPaBIEHHEM MPOTpaMMHOr0  obecreueHus
Promobot M Control, B 4acTHOCTH 00pa3oBaTelbHOW  POOOTOTEXHUYECKOH  muiaTdopmMoit
Promobot M Edu, aBTomMaTHM3anmuu 3amad ¥ WX HHTErpallMd C BHEIIHUMH CHCTEMaMH.
[TonnepxuBaroOTCsl Kak CHHXPOHHBIC, TaK M ACHHXPOHHBIC OMEPAlUU, YTO 00ECIeYnBaeT THOKOCTD
pa3paboOTKH JUIsl pa3IUYHBIX CIICHAPUEB TPUMEHEHUSI.

OcHoBHbIE BO3MOxkHOCTH SDK:

- TOJKIIIOYEHHE MaHUMYJIATOPA;

- TIepeMelleHUe U YIPaBICHUE IBIKCHUEM;

- 3a/IaHUE IEJNEBBIX KOOPIWHAT B JEKAPTOBOM MPOCTPAHCTBE WIIH IETEBBIX yTIOB KaKIOTO

y3J1a JiJIsl TOYHOTO MO3UIIMOHUPOBAHUSI MAHUITYJISITOPA;
-  yOpaBlieHHE TapamMeTpaMHu JABIDKEHHS C TIOMOIIBI0 KOA((UIIMEHTOB CKOPOCTH H
YCKOpEHHS,;

-  peanm3anus CIOXXHBIX TPAaeKTOPHWH, BKItOYAsl BIKCHHE IO JYTre M IMOCIEA0BaTEIbHEIC
MepPEeMEIEeHHUs TT0 TOYKaM;

- OTCIEeXHMBAHHE MOJOXKEHUS MAHUTYJIATOPA U €r0 y3JI0B B PEXKUME pPeaJIbHOTO BPEMEHH;

-  ymOpaBleHUE COCTOSHHUEM MAHHUITYJSITOpa (QaKTUBHBIM DPEXKUAM, PEKHM OXHUIAHHMS,
OCTaHOBKA U T.1I.);

- CMEHa PEeKXUMOB yIPABICHHS CEPBOIIPHUBOIAMH.

Pabota ¢ ”HCTPYMEHTOM ¥ CMEHHBIMU MOJTYJISIMU:

- ymnpaBlicHUE MUTAaHHEM MHCTPYMECHTA MAHHUITYJISATOPA;

- ympaBlieHUE TPUNIEPOM U BaKyyMHBIM HaCOCOM;

- ympaBleHUE OpUEHTAIUEH (IIaHIla MHCTPYMEHTA;

- BO3MOXHOCTh NPOUTPHIBaHHUS ayauo(aiiioB Ha MaHHUIYJSITOPE IS OMOBEIICHHH WIH

IMOJIb30BATCIIbCKUX CIICHAPUCB.
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B3anmonenicTBue ¢ BHEIIHUMH YCTPOMCTBAMH:

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

ABTOMAaTH3aNNA:

- BBINOJHEHUS IPOTPAMM I10 YKa3aHHOMY UMEHU;

- BeinoiHeHue Python-ckpunTos;

- BBINIOJIHEHHE nporpaMm ¢ nepegaueit JSON-gaHHbBIX;

- TaliM-ayTbl OIIEPALIHM.

JlmarHocTuka:

- o0paboTka c60eB 1 OIIMOOK MaHUITYJIATOPA.

8.2 ApxuTekTypa U npuHIHIbI padorel SDK

8.2.1 KoMnoHneHTHI
- Manmsnmynntop
= KomMnNLoTep NonLIoaarens = C Hoe N0
= Python/C++ E—
| npoToRan MOTT 1 om_dewelop_api
fubnearaca “"“"'"l’}’l com “"”f.—-"" MQTT senver) bardwane .
=E R (ynparnawe]
TP ACTOT e ; T
—_— sl .:_rnﬂn-'-s'.rmrmlmr.qr.
-
——— L~
= WEB npamsosmin pem_g
T
Thin SD& \ 052 ACHONSETVICE ROpIc
EOEARLS .
WEB socket R .
o - roshridge

Pucynok 91 — KomnoneHThbI

KiroueBbie KOMIOHEHTHI (cM. PucyHnok 91):

- Kument: xomnbrotep nonb3oBarens / mpuinoxkenue ¢ SDK.

- Cepsep (pm_develop api) — paboTaeT Ha MAaHUITYTSATOPE U 00pabATHIBACT KOMAH/IBI.

- M Control — npunoxenue ¢ coocrBerHbiM SDK, koTopoe nmepeBogut aericteus GUI B

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

SDK ¢dopmupyeT yHUPHUIIMPOBAHHbIE KOMaHABl YIPABICHUS M TEJIEMETPHUIO, KOTOpbhIE
nepenarorcst uyepe3 Opokepa coobmennidi MQTT, peiicTByromuid Kak UEHTPaJbHBIA Y3ell,
MPUHUMAIONINI COOOIIEHUs OT U3JaTeNel U MepeHanpaBiIsisi UX COOTBETCTBYIOIIMM MOIUCYUKAM.
CepBepHblii KOMIIOHEHT pm_develop api NpuHUMaeT UX, MPOBEPSET KOPPEKTHOCTb, TPACCUPYET
CKBO3b IIMHY 0OMEHa U MpeodpaszyeT Bo BHyTpeHHHE obpamieHus k cpeae ROS 2. Ha yposue ROS 2
3asiBKM Ha JBUYKEHUE, 3alpOChl NEPUPEPUN U CUTHANIBI 0€30MIaCHOCTH MapIIPyTH3UPYIOTCS K y3am
TUTAHUPOBAHUSL TPACKTOPUI M HU3KOYPOBHEBBIM KOHTPOJUIEPAM CEPBONPHUBOAOB, IOCIE YEro
pE3yNbTAThl BBHIMOJIHEHUS U TOTOKOBHIE JAHHBIE O COCTOSIHMM IMyOJHMKYIOTCS 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. Tlogxmroyenne K KoHTposuiepy MaHumyisitopa Promobot M Control mo IP-agpecy u
rapamMeTpaM aBTOPU3ALNH.

3. 3axBart ympaBieHHs] MAaHUIYJIATOpoM (get control) u pe3epBupoBaHUe KaHalla yIpaBIECHUS
JIBUKEHUEM.

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

5. Ilpu HE0OXOAUMOCTH — MOJIYYEHHE COCTOSTHUSI MAHUITYJISITOPA U TUAaTHOCTUYECKUX JAHHBIX.

6. OcBOOOXIEHHUE YIIpaBICHUS U 3aBEPIIICHUE PAOOTHI TPUIIOKECHHSL.

83  SDK Python

8.3.1 Tpe6oBaHusi ¥ MOATOoTOBKA cpeanl Python

8.3.1.1 CeteBble TpeOOBaHMSA

KnnenTckoe npuinokeHne U KOHTPOJUIEP MAaHUITYJIATOPA JOJKHBI HAXOJAUTHCA B OAHOM CETH
WM UMETh KOPPEKTHYIO0 MapiipyTu3anuio. [TopTel 1 mpoTokoibl, ucnoib3dyeMble SDK, HE JOKHBI
OJIOKMPOBATHCS MEKCETEBBIMU dKPAHAMU WM TOJUTUKAMHU O€30MaCHOCTH.
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KOHKpeTHBINM NIEpeYeHb MOPTOB U IPOTOKOJIOB ONPENEIACTCA pPeAIU3alued U MIPUBOJUTCS B

TEXHUYECKOM JAOKYMCHTAIIUN HAa CUCTCMY.

8.3.1.2 TpedoBanusi kK NporpaMMHOMY o0ecriedeHUI0

TpebGoBaHuUs K IPOrpaMMHOMY OOECIIEUEHHIO, CIIETYIOIIHE:
- Pexomenmyemas Bepcus Python: 3.12.x.

- YcraHoBneHHOe nporpaMmMHoe obecnieueHne Promobot M Control Ha ycTpoiicTse.

8.3.1.3 ¥YcranoBka SDK Python

8.3.1.3.1 ITposepka Bepcun Python

PekoMeHyeTcs UCTIONb30BaHUE BUPTYAIBHOTO OKpYskeHus Python.
YcranoBure Python 3.12, co3naiite BUpTyaabHOE OKPY>KEHUE U UCTIOJIB3YHTE €ro JUIsl 3aimycka
SDK — 310 06ecnieduT BOCIIPOU3BOIMMOCTD H OTCYTCTBHE KOH(DIUKTOB C CUCTEMHBIMU MTaKETaMH.

Ecnu Python yxe ycraHoBi€eH, 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 KOMIIBIOTEPE BHIOEPUTE HEOOXOTUMBIH
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€ YCTAHOBUTH 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, BkirounB omiuio “Add Python to PATH”. Ilocine ycTaHOBKH IpPOBEPHTE B

PowerShell:

python --version

5. Tlepeucnosib30BaHNE HECKOJIBKUX BEPCUM — 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 00s3aTenbHo A1 npoekta. Pekomenayercs 3anyckats SDK BHyTpH
BUPTYaJIbHOTO OKPY>KEHHsI, CO3/IaHHOTO 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.psl
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YcranoBute OMOIMOTEKHA U 3aBUCUMOCTH:

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

8.3.2 Oommue xonnenumuu SDK Python

8.3.2.1 Tunsl komang Python

Twumne koMaHn:
- CHUHXpOHHBIE METOJAbl — BBIMOJHSIIOTCA JO 3aBEpUICHHUS ONEpallMi W BO3BPAIAIOT
pe3ymbTar.
- ACUHXpOHHBIE METOJBI — MMEIOT Ccyh(dUKC _async ¥ HCHOIB3YIOTCS C MEXaHU3MaAMHU
ACMHXPOHHOCTH si3bIKa (async/await). Bo3amosxeH BapuaHT:
- async_await — aCHHXpOHHBII METOI, C OKHIaHUEM, ITOKa 3aBEPIIUTCS — padoTaeT KaKk
CUHXPOHHBIU.
-  no_wait MeToApl — aHaJOTd ACHHXPOHHOTO METOJa, OTIPABJIAIOT KOMaHIy O3
OKUJIaHUS 3aBEPIICHHUS, UCIIOJIB30BATh MTPH HEOOXOAMMOCTH MUHUMAIBHON 3aIEPKKH
Y C YYETOM PUCKOB. JlaHHBIC METOIBI HEJIB3SI CACNIATh await, 9TOOBI 0K IAThCS CTaTyca
BBITIOJTHUJICSI METOJ HJIA HET.
- CTpuMUHTOBBIE METOABI — TEpUOAMYECKas Iepeaada KOMaH]l yIpaBieHHs (CKOPOCTH,
M03bI, CYCTaBBI) IPH YIIPABJIICHUN MaJIBIMU IIaTaMHU.

IIprmepsl BBI3OBOB!

# CUHXpOHHBIN

manipulator.get_control()

# acuaxponHbIi (awaitable)

await manipulator.get_control_async_await()

#CTPUMHUHIOBBIN
for i in range(5):
manipulator.stream_cartesian_velocities(lin, ang)
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time.sleep(0.1)

#no_wait
manipulator.get_control_no_wait()
manipulator.get_control() #

await manipulator.get_control_async_await() # (awaitable)

manipulator.set_servo_twist_mode()

8

3.2.2 Tajim-ayTsl H 00padoTKa oIHOOK

bonpmmuacTBO MetonmoB SDK moanmepkuBaroT mapaMmerpsl timeout seconds u throw_error.

PGKOMCHHyeTCH HCIIOJIB30BAaTh SABHBIC 3HAYCHMAA TaﬁM'aYTOB nu O6pa6aTBIBaTB HCKIIIOUCHHA Ha

CTOPOHC KIIMCHTCKOI'O IPUJIOKCHUA.

8

3.2.3 EnnHunel n3amMepeHusi  CHCTEMbI KOOPAHHAT

EnuHuiel namMepeHus u CuCTeMbl KOOPIUHAT:

8.

JlexapToBbIE KOOPAMHATHI: METPHI.
VYTIbl CyCTaBOB: paJuaHBbl.
OpueHTanusa UHCTPYMEHTA: KBATEPHUOHHI (X, Y, Z, W).

Yribel/mapaMeTpsl Haca 0K (HapuMep, TPUIIIEP, TOBOPOTHBIN MOJYJIb): TPayCHhI.

3.3 Hanucanue nporpammsbl Python

CtpyKkTypa mporpaMMsbl (MU IPOTpaMMHBIE OJIOKH) COCTOUT U3 JIOTUYECKUX OJIOKOB:

1.

2
3.
4

8

IToaxmroyeHne OMOINOTEK U 3aBUCUMOCTEIA.
[ToaxiroueHne K MaHUITYJISITOPY M 3aXBaT yHpaBJICHHUS.
OcCHOBHOW 0JIOK BBITIOJIHEHHUS (JIBM)KCHUS, YTCHUE TaHHBIX ).

3aBepmaronuii 6JI0K — OMIIUOHALHO (OTKIIOYEHUE, OCBOOOKICHHE PECYPCOB).

3.3.1 IMoakawuenne OUOJIUOTEK U 3aBUCUMOCTEH

Bxiarouyaercs Bcerga
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from sdk.manipulators.medu import MEdu

HeoOxonuMbl st co3fgaHusi OOBEKTOB MAaHHUMYJSATOpPA, TMOAKIIOYEHUS U TOJy4YeHUs
yIpaBJICHUS.
Bxorouaercs aist ynpaBieHUsi 1O JEKapTOBBIM KoopauHatam. Mcmonb3yercs it 3agaHust

napaMmeTpoB.

from sdk.commands.move_coordinates_command import MoveCoordinatesParamsPosition,

MoveCoordinatesParamsOrientation, PlannerType
IIpumep:

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)
Ilepexk/oyeHne pe;KUMOB CTPUMMHI A

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

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

IHoakarouyarTcs NI NCNOJIb30BAHNS 00bEKTA HACAAKH HA MAHUITYJISTOPE
Hanpuwmep:

- HCTOJB30BaHUE TpuUrepa, yepe3 oobekT GripperAttachment;

- HUCIOJIb30BaHME BAKyYMHOTO Hacoca, 4epe3 00bekT VacuumAttachment;

- HCTOJB30BaHUE Jia3epa, uepes o0bekT LaserAttachment.

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

from sdk.manipulators.attachments.laser import LaserAttachment
HOI{KJHO‘laIOTCﬂ NMpH UCNMOJb30BAHUM TJIA NAICTU3AINH

from sdk.commands.data import Pose, Position, Orientation
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HOI{KJIIO‘I&IOTCH AJIA YCTAHOBKU MPEaeJioB CyCTaBOB

from sdk.commands.data import JointLimit

8.3.3.2

Ioaki0YeHue K MAHUNYJISATOPY M 3aXBaT yNPaBJIeHUSA

[TonkmrouyeHre K MaHUITYJISITOPY U 3aXBaT yNPABIEHUS OMKMCAHO B TAOJIULE O.

Tabmuna 5 — [MogkmoueHne K MAaHUTIYJIATOPY M 3aXBaT YIIPABJICHHUS

HaumenoBanue Onucanue Komanna ITapameTpbl IIpumep
connect YcranasiuBaer manipulator.connect()
COCNHCHUC C
MaHHUITYJIATOPOM
connect_async ACHHXpOHHAs await
Bepcusi  ycrtaHoBku | manipulator.connect_a
COCITUHEHUS sync()
get_control [Monyuaer moctym k | manipulator.get_contro timeout_seco | host =

YIPaBJICHUIO
MaHI/IHYJ'ISITOpOM .
Heob6xomumo
BBI3LIBATH nepen

OTIPaBKON KOMaH[

I(timeout_seconds=60.

0, throw_error=True)

get_control_async

AcuHXpoHHas
BEpPCHs IOJyYEHUs
J0CTyTa K

YIPaBIEHUIO

await

manipulator.get_contro

|_async_await(timeout

_seconds=60.0,

throw_error=True)

nds — Taiim-
ayT omnepanuu
B CEKyHAax
(o
YMOJTYaHHUIO
60 cexyHn);
throw_error —
¢mnar
BbIOpachIBa-
HUS

HUCKIIOYCHUA

IpU OIuoOKe

"192.168.88.182"

#IP

MaHMITYJIATOpa

client_id =

122"

#1D

KIIMCHTA

login =

Il13ll

HH

#Jlor
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HaumenoBanue

Onucanue

Komannga

ITapameTpbl

IIpumep

password =
"14" #I1apo

JIb

manipulator =
MEdu(host,
client_id, login,

password)

manipulator.conn
ect()

manipulator.get_

control()

8.3.3.3

OcCHOBHOI1 0/10K BbINIOJIHEHUS (IBUKEHHUS, YTEHUE JaHHBIX)

OCHOBHOI OJIOK BBITIOJTHEHUS (IBMKEHUSI, YTEHHUE JJAHHBIX ) OMKMCAHO B TabmuIe 6.

Tabnuma 6 — OcHOBHOM OJIOK BBITIOJTHEHHUS (JIBUYKCHUS, YTCHUE JAHHBIX )

acceleration_scaling_f

actor,

HaumenoBanue Onucanue Komanna IMapameTpsl Mpumep
Komanabl nepemeneHus
move_to_coordi | Ilepemermaer manipulator.move_to_ position - | ITpumep: position
nates MaHUMYJSTOP coordinates(position, [MO3ULAS B | =
yKa3aHHBIE orientation, JICKapTOBBIX MoveCoordinates
JICKapTOBbIC velocity_scaling_facto koopauHatax (x, | ParamsPosition(0.
KOOPJIMHATHI r, Y, 2); 32,-0.004, 0.25)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
planner_type=Planner orientation — | orientation =
Type.PTP, opucHraiuss B | MoveCoordinates
timeout_seconds=60.0, KBaTEPHUOHAX ParamsOrientatio
throw_error=True) (x,y, z, w); n(0, 0, 0, 1.0)
_ _ velocity scaling
move_to_coordi | AcuHXpOHHas await
_ _factor -
nates_async BEpCHSI manipulator.move_to_ .
) MacIITaOHbBIH
HepeMCIIICHHSI B | coordinates_async(pos
N _ _ KO3 QPHUIUEHT
YKa3aHHbIE ition, orientation,
_ _ ckopoctu (ot 0
JICKapTOBEIC velocity scaling_facto
no 1);
KOOpIUHATBI r, .
] ) acceleration_scal
acceleration_scaling_f )
ing_factor -
actor, .
MacIITaOHbBIHA
planner_type=Planner
KO3 PHUIHEHT
Type.PTP,
) yckopenus (ot 0
timeout_seconds=60.0,
no 1);
throw_error=True)
planner_type —
move_to_ ACHHXpOHHAsI manipulator.move_to_ TUI
coordinates BepCHUs ¢ | coordinates_async_aw TTAaHUPOBIIIHKA
async_await oXHIaHMeM ~ moka | ait(position, nwxennst  (PTP
3aBEPIIUTHCS orientation, uin LIN);
(paboTaet kak | velocity scaling_facto timeout_seconds
CUHXPOHHAs) r, - TaliM-ayT
HIepeMeneHHs B | acceleration_scaling_f orepanuu B
yKa3aHHBIE actor, CEeKyHJ1ax (o
JIeKapTOBbIE planner_type=Planner ymoganuio - 60
KOOPIMHATBHI Type.PTP, CEKyH]I);

timeout_seconds=60.0,

throw_error=True)

throw_error  —

¢nar
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
move_to_coordi | AcuHXpOHHas manipulator.move_to_ BBIOpACHIBaHUS
nates_no_wait BEpCHS 0e3 | coordinates_no_wait(p UCKIIIOYCHUS TIPU
OKU/IaHUS noka | osition, orientation, omuoke
3aBEPIIUTHCS velocity scaling_
HICPEMEIIICHHSI B | factor,
yKa3aHHBIE acceleration_scaling_
JICKapTOBBIC factor,
KOOPJIMHATHI planner_type=Planner
Type.PTP,
timeout_seconds=60.0,
throw_error=True)
move_to_angles | Ilepememaer manipulator.move_to_ | M Edu:
MaHHUIYJISATOP, angles(povorot_osnova | - povorot_
yCTaHaBJIMBas niya,  privod_plecha, osnovaniy -
CyCTaBbI B | privod_strely, [eJIEBOM  yTOJ
yKa3aHHBIE YTIIbI timeout_seconds=60.0, OBOpOTa
throw_error=True) OCHOBAHMS;

move_to_angles

_async

AcuHXpOHHas
BEpCHs
NEpPEMELIEHUS 110

yriam

await
manipulator.move_to_
angles_async(povorot_
oshovaniya,
privod_plecha,
privod_strely,
timeout_seconds=60.0,

throw_error=True)

await
manipulator.move_to_

angles_async(spl, sp2,

- privod_plecha —
LEJIEBON  yrou
Iieya,

- privod_strely -
LEJIEBON  yrou

CTpeJIbl
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
sp3, sp4, sp5, spo6,
timeout_seconds6
throw_error)
manipulator.arc_ | Jemwkenue mo ayre | manipulator.arc_motio | target - 1eneBas
motion — 9710 mepemMerienue | n(target,  center_arc, | touka (00BEKT ¢
MaHMITyJIsTopa 1o | Step, count_point_arc, | position u

KPYroBO# max_velocity_scaling_
TPACKTOPUHU factor,
max_acceleration_scal
ing_factor,
timeout_seconds,
throw_error)
manipulator.arc_ | AcuHXpoHHas await
motion_async BEpCHSI manipulator.arc_motio

manipulator.arc_

motion_no_wait

MNepeMCIICHUC o

yre

n_async(target,
center_arc, step,
count_point_arc,
max_velocity_scaling_
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)

orientation);

center_arc — Touka
[EHTpa IyTH
(0OBeKT ¢ position u

orientation);

step —mar Mexnay
TOYKamMu Jyru (1o

ymomuanuio 0.05);

count_point_arc -
KOJIMYECTBO TOYECK
AJI allIpOKCUMaluu
oyTu (o

ymoruanuio 50);

max_velocity scalin
g_factor —
MaKCHMAaJIbHBIN

MaciTad CKOpocTH

(mo YMOJIYaHUIO

0.5);
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

max_acceleration_sc
aling_factor -
MaKCUMAaJTbHBIN

MacimTad yCKOPEHHS

(o YMOJTYAHHUIO

0.5);

timeout_seconds —
TaﬁM-aYT OXKnaaHus
3aBEPIICHUS

(cexyH[pl);

throw_error -
BbIOpachIBaTh

UCKIIIOYCHHE  TpHU
ommmoKe (o

ymom4anuio True)

IMonyyenne undopmanuu o MO3UIUN

get_cartesian_co

ITomywaer Texyniue

coordinates=

ordinates JICKapTOBBI manipulator.get_cartes
KOOPIMHATHI ian_coordinates()
MaHUIyJISITOpa print(coordinates)

get_cartesian_co | AcuHXpOHHas Coordinates =

ordinates_async_

await

BEpCUA TMOJTYyUYCHUA
ACKapTOBBIX

KOOpJMHAT

manipulator.get_cartes

ilan_coordinates_async

_await()

print(coordinates)

- timeout_seconds
- TaliM-ayT
omepamu B
CEeKYHJIaxX (o
ymom4aHuo 60
CEKYH])

- throw_error -
¢mnar

BbIOpachIBaHUSA
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
ACHHXPOHHBIH coordinates = await UCKITIOYEHUS TIPU
METOI, ¢ | manipulator.get_cartes omuobKe
OKujaHueMm, Tmoka | ian_coordinates_async
3aBEPIIUTHCS 0 get_joint_state:
(paboTtaet KaK
CHHXPOHHBIN) Medu - 9:

get_joint_state

[Tomydaer Tekyiee

COCTOAHUC CYCTaBOB

joints =

manipulator.get_joint_

MaHUIyJISITOpa state()
print(joints)
get_joint_state_ a | AcuHxpoHHas joints = await

sync_await

BEpCcUA IMOJTYy4YCHUA
COCTOsIHHUA

CYCTaBOB

manipulator.get_joint_

state_async_await()

- povorot_osnovan
Iya

- privod_plecha

- privod_strely

- extruder

- privod_z

- device

- flange_bi

- povorot_instrum
enta

- servo_zahvata

YnpasieHue HHCTPyMEHTAMH

nozzle_power

Yupasnser nogaueit
MMUTAaHUS Ha

Pa3bEMBI Ha CTPEIIC

manipulator.nozzle po
wer(power,
timeout_seconds=60.0,

throw_error=True)

nozzle_power_

async

AcuHXpOHHas
BEpCHsl yIPABIICHUS
MUTaHUEM Ha

cTperne

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

throw_error=True)

- pOwer — mpu3HaK
HATHYUs
nutanus (True —
BKJIIOYHTH, False
— BBIKJIFOUHTb);

- timeout_seconds
- TaliM-ayT
orepanuu B

CEeKyHIax (o
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

manipulator.nozz

be3 oxxunanus

manipulator.nozzle_po

yMon4yanuo 60

le_power no_ wer_no_wait(True) CEKyH]I);
wait throw_error  —
¢bnar
BBI6paCBIBaHI/I$I
HCKIIIOYCHUA ITPpU
ommoKe
Gripper Co3nanwue rpummepa | gripper = rotation — yromn
Attachment (moctynro Tosbko | GripperAttachment(ma IIOBOPOTA
npu nojganHoM | nhipulator) HaCaJIKH,
NUTaHUU — gripper — yroi
nozzle_ power) CHKaTUs
TpUIIIEPA;
asyncio.to_ AcuHXpOHHO uepe3 | await .
_ ) timeout_seconds
thread thread asyncio.to_thread(grip .
. — TauM-ayT
per.activate,
] orepanuu B
rotation=20,
) CEeKyHIax (o
gripper=40)
ymonm4yaHuio 60
activate VYnpasieHue gripper.activate(rotatio CeKYHI);
TPUTITIEPOM n=20, gripper=10, throw_error -
timeout_seconds=30.0) (prrar
BBI6paCLIBaHI/I$I
HCKIIIOYCHUA ITPpU
deactivate [TepeBon gripper.deactivate(time oLbKe
rpunmnmnepa B | out_seconds=30.0)
Ha4YaJIbHOC HAYaJIbHOC ITOJIOKCHUC
IIOJIOKCHUC MOXKHO 3a1aTb npu
CO3JIaHUH o0BeKTa
rpuIicpa.
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

gripper =
GripperAttachment(ma
nipulator,
rotation_open=10,

gripper_open=50)

get_status

[Tomryuenue craryca

print(f"Cratyc
rpuImiIepa.
{gripper.get_status()}"
)

manage_gripper | Ymopasiser manipulator.manage ¢
TPUIIIIEPOM ripper(rotation,
gripper,
timeout_seconds=60.0,
throw_error=True)
manipulator.man | AcuHXpoHHas await

age_gripper_ BepcHsl ympasieHnus | manipulator.manage g
async TPUIITIEPOM ripper_async(rotation,
gripper,
timeout_seconds=60.0,
throw_error=True)
attachment Cosmanune vacuum = rotation — yron
BaKyyMHOro Hacoca | VacuumAttachment(m OBOpOTA
(moctymHO TONBKO | anipulator) HACAJIKH,
npu IIOJaHHOM vacuum —
IINUTAaHUHN - IMpHU3HAK
nozzle_power) BKJTIOUCHUS
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
activate AKTHBaIMs vacuum.activate(rotati BaKyyMHOI'O
BaKyyMHOro Hacoca | 0n=40, Hacoca (True -
timeout_seconds=30.0) BKJIIOUUTH, False
- BBIKJIFOYHTH);
deactivate JleakTuBaIus vacuum.deactivate .
- timeout_seconds
BakyyMHoro Hacoca | (timeout_seconds=30.0 .
- TanuM-ayT
) onepanuu B
manipulator. Ypasisier manipulator.manage_v cekynpax (o
manage_vacuum | BakyyMHbIM acuum(rotation, ymomanmio - 60

HAcocoM (JOCTYIHO
TOJIBKO npu
NOJaHHOM TIMTaHHUU

- nozzle_power)

vacuum,
timeout_seconds=60.0,

throw_error=True)

await

CEKyHJ);

- throw_error —
¢bnar
BbIOpAChIBaHUS

HCKIIIOYCHUA ITPpU

manage_vacuum | AcHHXpOHHas OLIHOKE
_async BepcHsl ympasieHus | manipulator.manage v
BaKyyMHBIM acuum_async(rotation,
HAacoCOM vacuum,
timeout_seconds=60.0,
throw_error=True)
get_status [Tomyuenwue cratyca | print(f"Craryc
BaKyyMa.
{vacuum.get_status()}
")
write_gpio VYupasaeane GPIO | manipulator.write_gpi name — Ha3BaHUE
— 910 ycraHoBKka | 0(hame, value, | GPIO

sHauenwnsa g GPIO

timeout_seconds=30.0)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
write_gpio_asyn | AcuHXpOHHas await value — 3HaueHue
c_await yCTaHOBKa manipulator.write_gpi | COOTBETCTBYeT
3nauenust GPIO 0_async_await(name, JBOUYHOMY
value) [PEICTaBICHUIO
qucJia, KOTOpOC
write_gpio_no_ YcraHoBKa manipulator.write_gpi Sysier sanmcano (ot
wait 3HAYCHUS 0e3 | 0_no_wait(name, 0) 0 510 65535).
OHHAATHA timeout_seconds —
get_gpio_value | Urenne s3mauenms | value = | Taim-ayT onepauuu
GPIO manipulator.get_gpio_ | B CeKyniax (1o
value(name) YMOJYaHUIO 60
CEKYH/I)
get_gpio_mask Yrenne macku | mask_data =M edu  name:
GPIO manipulator.get_gpio_ | '/dev/gpiochip4/stop
mask(name) _key_pin’
write_i2c VYupasiaenne i2¢ — | manipulator.write_i2c( | name — wHa3Banue | [Ipumep:
ATO 3amuch B i2¢ | hame, value, | perucrpa name —
pETUCTPEI timeout_seconds=30.0) | value — s3mauenme | "commutator/pw
(int) m1"
write_i2c_async_ | AcuHXpOHHasI await
await 3amuch B peructpsl | manipulator.write_i2c_
value = 444
i2c async_await(name,
value)
CrpuMuHT
set_servo_ Pexum TWIST | manipulator.set_servo_
control_type (ckopocTH) control_type(ServoCo

ntrolType. TWIST) uaun
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
manipulator.set_servo_
twist_mode()
Pexum POSE | manipulator.set_servo_
(uesieBas mo3a) control_type(ServoCo
ntrolType.POSE) wnu
manipulator.set_servo_
pose_mode()
Pexxum JOINT JOG | manipulator.set_servo_ [Tpumep:
(TTOJI03KEHHE control_type(ServoCo joint_positions =
CYCTaBOB) ntrolType.JOINT_JOG {"joint1™: 0.0,
) WIN "joint2": 0.1,
manipulator.set_servo_ "joint3": -0.1} -
joint_jog_mode() MO3HIIUU Kyza
€XaThb

joint_velocities =
{"joint1™: 0.0,
"joint2": 0.0,
"joint3": 0.0} — ¢
KaKOW CKOPOCTBIO

€XaTb

manipulator.strea
m_joint_positions
(Joint_positions,
joint_velocities) —

BBI30B METOa
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
stream_cartesian | CTpuMHUHT manipulator.stream_ca position — | Ipumep:
_velocities CKOpocCTei rtesian_velocities(posit no3unus (00beKT | manipulator.set_s
ion, velocities) cX,Y,Z); ervo_twist_mode(
velocities - 1)
CKOpOCTh linear_vel = {"x":
(oObexT c rx, ry, | 0.02, "y": 0, "z":
rz); 0}
header -
uHpopmanmst o | angular_vel =
mramie {'rx": 0, "ry": 0,
BPEMCHU u | "rz". 0.01}
CUCTEME
koopauHar (10 | manipulator.strea
YMOITHAHMIO NOW | 'm_cartesian_velo
n base_link) cities(linear_vel,
angular_vel)
stream_ CTpUMUHT O3B manipulator.stream_co position — | TIpumep:

coordinates

ordinates(position,

orientation)

no3unus (00bEeKT
CcX,Y,Z).
orientation:
OpHUEeHTAIUs
(0OBeKT € X, Y, Z,
w).

Header —
uHpopmanuga o
mTamMIie
BpPEMEHH u
cucreMe

KoopauHat (1o

manipulator.set_s

ervo_pose_mode(

)

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

orientation =
MoveCoordinates
ParamsOrientatio

n(0,0,0, 1)
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Haumenosanue

Onucanue

Komanna

ITapameTpbl

Ipumep

YMOJIYaHHUIO NOW

u base link)

manipulator.strea
m_coordinates(po

sition, orientation)

IIporpammsl (3anmyck roroBbix nporpammsl, JSON-cuenapues u BoinoJjHeHue Python-koa npsimo Ha

poborte)
run_program 3amyck rotoBoii | manipulator.run_ name — nassanue | [Ipumep:
POTrPaMMBbI program(name, POTrpaMMbl name
CHHXPOHHAs timeout_seconds=30.0, (ctpoka); = 'edum/default’
KOMaHza throw_error=True) timeout_seconds
_ _ — TaliM-ayT
manipulator.run_ | 3amyck roToBoil | await
. OoIcpanuu B
program_async IPOrPaMMBbI manipulator.run_progr
CEeKyHIax (o
ACHHXPOHHAs am_async(name)
ymon4yaHuio 60
KOMaHIOa
CEKyHJ);
run_program_no | 3amyck  roToBoi | manipulator.run_progr throw_error  —
_wait POrPaMMEI am_no_wait(name) ¢ar
KOMaH1a oe3 BBI6paCBIBaHI/I}I
OXXnaaHus HUCKIIIOYCHUA ITPpU
OIIMOKe
run_program_ 3amyck JSON- | manipulator.run_progr name — | Ipumep:
json IPOTPaMMBI am_json(name, json , pacIoioKeHUEe name =
CHUHXPOHHasI timeout_seconds=30.0, IpOrpaMMBbl "alpha/default";
KOMaHza throw_error=True) timeout_seconds
_ - TaliM-ayT | program_json = {
run_program_ 3amyck JSON- | awalit
. . onepannuun B
json_async IPOrPaMMEI manipulator.run_progr
. cekyHmax (Mo | 'Root:[{'Move':{
ACHHXPOHHAs am_json_async(name,
. ‘content’:[{'Point":
KOMaH/1a json)
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HaumenoBanue Onucanue Komanna ITapameTpbl Ipumep
run_program_ 3amyck JSON- | manipulator.run_progr ymomuanuio 60 | {'positions’:[0.3,-
json_no_wait IIPOrpaMMEI 6e3 | am_json_no_wait(nam CEKyH]); 0.3,-
OXKHUTaHUS e, json) throw_error  — | 0.4],'time":0.5}}],'
¢nar type':'Simple}}]
BBIOPACHIBAHMS }
HCKIIIOYCHUA ITPpU
OILINOKE;
json — JSON-
nmporpamma —
00BEKT c
KOPHEBBIM
K10uoM Root u
MacCCHUBOM
KOMAaH/]I,
run_python_ 3amyck Python- | manipulator.run_pytho code — crpoka c¢ | IIpumep:
program koma Ha pobore | n_program(code, Python-kogom code =
CHHXPOHHAs timeout_seconds=30.0, ans Bemonnenus | “print(‘Hello!)"
KOMaH/1a throw_error=True) Ha pobore;
timeout_seconds
manipulator.run_ | 3amyck Python- | await .
— TauM-ayT
python_program | koma Ha poGorte | manipulator.run_pytho
orepanuu B
_async ACHHXPOHHAsI n_program_async(cod
CEeKyHIax (o
KOMaH/1a e)
ymom4aHuo 60
.run_python_ 3amyck Python- | manipulator.run_pytho CeKYHT);
program_no_ Koga Ha polore | n_program_no_wait(c throw_error ~ —
wait KOMaHza 0e3 | ode) (pmar
OXKUIAHUS BBIOpACHIBAHHUS

HCKIIIOYCHUA ITPpU

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

Tekymue 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

KOOpAUHATHI.

manipulator.subscribe_

coordinates()
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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 nenra (MGbot) (ynpaB/jieHue KOHBeiiepHOi JICHTON U CBA3AHHBIMHM YCTPOMCTBAMU)

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

ceeronuona (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 Ararta3oHe
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 oOparmaiitech

B TexHudeckyto noaaepxky [IPOMOBOT c noipoOHbIMU J0TaMU)

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

3aBepiaronuii 0JI0K (OTKJIFOYEHUE, OCBOOOXKICHUE PECYPCOB) OMUCAH B TaOIHUIE 7.

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: €CJIU
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 92). Ona cama
o0OpabaThiBaeT H300paKCHHE | BBHIIEISICT OOBEKTHI IO IIBETOBBIM METKaM («CHUTHATypam»).
MaHumynarop moixy4aeT yXke TOTOBBIE JaHHBIE — KOOPAMHATHI MPSIMOYTOJHbHHUKOB OOBEKTOB, MX

pa3Mepbl U CUTHATYPYy.

124



Pucynok 92 — Kamepa Pixy2

OcHoBHBIE BO3MOXHOCTH Pixy2:

- Pacmo3naBaHue 1BETOBBIX OOBEKTOB IO 3apaHee OOYYEHHBIM CUTHATypam (Hampumep,

KpacHBIN KyOUK UJTU 3€J€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)

[Tonxmrounte kamepy Pixy2 k Manumnynstopy uepes pazbem USB u ycTanoBure 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. 71 KOHTPOJISI TO3WMIIMH MaHHUMYJSITOPA OTHOCHUTEIBHO IIEHTpa KaMephl
MOKHO BOCIIOJIb30BaThCSl TPUIIOKECHHUEM PIXYyMON, KOTOPOE MOXKHO CKadaTh B
untepuere. Ho Bo Bpems mocieayrorieir pabotel ¢ PiXy2 mnpuiaoxkeHue 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:
- HaBeIWTE 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 pacro3HaBaTh 3TOT I[BET U IepeiaBaTh KOOPAUHATH. UeM KaMepa Jrydlie
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 KOH]UTre

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 gast SDK 1151 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 (HampuMep: 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 BO3HUKHYTh CHTYyallHs, KOTJIa Kamepa
HAXOJUTCS Ha TAKOM PAacCTOSHUU OT paboueill 00acTH, 4To BO3HUKAET 3 (HEKT «phIObETo Iriaza», B
CIICZICTBHE YE€TO MAHMITYJISITOp HEBEPHO PACCUMTHIBAET peallbHOE MoJiokeHue oowvekTa. [Ipu BricoTe
Beime 40 cM, He0OX0IMMO KOoppeKTHpoBaTh mapametpbl hfov_deg, vfov_deg.
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HpI/I TCCTUPOBAHUHU HCITIOJIB30BAIIMCH CICAYIOIINC SHAYCHU:

height_m: 0.8
hfov_deg: 75.0
vfov_deg: 51.0

Ecnu 3axBar He J10e3XaeT A0 LelH, TO YBeJIUYbTe MapaMeTphl, MO0 HA000POT YMEHBIIHUTE,
€CJIN Mepee3xKaeT.
B cnyuae, eciiu Bo3HHKaeT omnOKa MOAKIIOUeHHs KaMmepsl Pixy2, ybenurecs, 4To mporpaMma

piXymon 3aKpbITa U Nepe3anycTuTe cor.

8.3.4.4 Yupasienne Pixy2 B SDK

Komanns! ynpasnenus Pixy2 B SDK omnucano 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 CUTHaTypa 00BEKTa | OBITH 3aKPHITO.

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

CUTHATYypC Ha

camoii Pixy2.

(manpumep,

Signature 1)

O6mme meroabl PixyCamModuleBase (noctynubi aisi UART u USB)

get_blocks_asy

nc

[TomyuuTh cricok
OOHaPYKEHHBIX
I[BETOBBIX
00BEKTOB o
CHTHATYpPaM.
AcHHXpOHHAas
dopma: coszmaer

00BEKT KOMAH/IbI

manipulator.pixy_c

am_usb_control.
get_blocks_async(.
)

sigmap=0xFF —
MacCKa

CHUTHATYp;
max_blocks=10
0 -  numur
KOJIM4YECTBA
00BEKTOB;
timeout_second
S;

throw_error

cmd =
manipulator.pixy_ca
m_usb_control.get_bl
ocks_async(sigmap=0
XFF,
max_blocks=100)
await
cmd.make_command
_action()
result = await

cmd.result()
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
get_blocks asy | IToayuuts cricok | await - sigmap=0xFF - | result = await
nc_await 00OHapyKEHHBIX manipulator.pixy_c Macka manipulator.pixy_ca
I[BETOBBIX am_usb_control. CHTHATYD; m_usb_control.get_bl
00BEKTOB no | get_blocks_async_ | - max_blocks=10 | ocks_async_await(sig
CUTHATYpaM. await(...) 0 - mmmur | map=0xFF,
ACHHXPOHHAs KOJIMYEeCTBA max_blocks=100)
dbopma C 00BEKTOB;
OXKHJ/IaHUEM - timeout_second
pe3yiibTaTta S,
- throw_error
get_blocks [Monmyuuts cricok | manipulator.pixy ¢ | - 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
dhopma 00BEKTOB;
- timeout_second
S,
- throw_error
get_rgb_async | [Tonyunts RGB | manipulator.pixy_c | X, y — koopaunats! | 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)
AcuHXpOoHHas 3HA4YCHMUI, await
dopma:  co3maér timeout_seconds; cmd.make_command

00BEKT KOMAaH/IbI.

throw_error

_action()

result = await

cmd.result()
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep

get rgb_async_ | ITonyunts RGB | await X, y — | result = await

await 3HAYEHUS manipulator.pixy_c KOOPAUHATHI manipulator.pixy_ca
MTUKCEIS B | am_usb_control. TOYKH, m_usb_control.get_rg
3amaHHON  Touke | get_rgb_async_aw saturate=False — | b_async_await(x=50,
Kajpa. ait(...) NpU3HAK y=40, saturate=False)
ACI/IHXpOHHa}I HACBhIIIICHUA
dbopma c 3HAYCHMI;
OXKHIaHHEM timeout_second
pe3yiibTaTta S,

throw_error

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

3aJaHHON TOYKE

saturate=False —

b(x=50, y=40,

Kajpa. TPU3HAK saturate=False)
CunxponHas HACBILECHUS
hopma 3HAYEHMH;
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)
opma:  cosnmaer timeout_second | await
00BEKT KOMaH/IbI S; cmd.make_command
throw_error _action()
result = await
cmd.result()
set_lamp_async | Ynpasnenue await upper, lower — | result = await
_await MTOJICBETKOM manipulator.pixy_c BKJIIOYMTH/BBIK | Manipulator.pixy_ca
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
Pixy?2. am_usb_control. rounTh Jlammbl | m_usb_control.set la
ACHHXPOHHAs set_lamp_async_a (0/2); mp_async_await(1, 1)
dopma ¢ | wait(...) - timeout_second
0KUJJAHUEM S;
pe3yJibrarta - throw_error

set_lamp VYapasienue manipulator.pixy_c | - upper, lower — | result =
IOJICBETKOM am_usb_control. BKJIIOYMTH/BBIKJI | manipulator.pixy_ca
Pixy2. set_lamp(...) ounTh  Jtammsl | M_usb_control.set_la
CunxpoHHas (0/1); mp(1, 1)
dopma - timeout_second

S,

throw_error

UART - cnenuduunbie meroasl PixyCamUartModule

get_version_asy

nc

[Tonyunts

BEPCHUIO Pixy2

(kak
BO3BpaIaeT
KOHTPOJLIED).

AcuHXpoHHas

c€C

dbopma: cozmaer

00BEKT KOMAaHIbI

manipulator.pixy_c
am_uart_control.
get_version_async(

)

timeout_second
S,

throw_error

cmd =
manipulator.pixy_ca
m_uart_control.get_v
ersion_async()

await

cmd.make_command

_action()

result = await

cmd.result()

get_version_asy

nc_await

[Tonyunts

BEPCHUIO Pixy2

(kax
BO3BpallacT
KOHTPOJIIED).
AcHHXpOHHAas
¢dopma
OKUJaHUEM

pe3yJbTarta

cC

await
manipulator.pixy_c
am_uart_control.
get_version_async

_await(...)

timeout_seconds;

throw_error

result = await
manipulator.pixy_ca
m_uart_control.get_v

ersion_async_await()
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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
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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Komanna

ITapamerpbl

IIpumep

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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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
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
AcCUHXpOHHAas 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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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
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()

137




HanmeHoBaHue Onucanue Komanpna ITapamerpbl IIpumep
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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IIpumep

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€TAa 3aBHUCUT OT
backend.
AcHUHXpOHHas
dbopma C
OXHNJaHHUuEM
pe3yiibTaTta
line_all [Mosy4uTh manipulator.pixy_c max_items= 100 | result =
features_usb nojHeIA  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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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
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
pe3yabTara.
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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HaumenoBanue Onucanue Komanna IMapameTpbl Mpumep
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)

CUTHATypHI 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

atesS u  TOmHK

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
TOIHKA _async()

/pixy_coordinates

HpaKaneCRne 3aMEeYaHud 10 IKCILIyaTauu

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
OrPaHUYCHHOT'O

yria o63opa u

apdexra

«pBIObEro Iiaza»

Ommnoxu Ecmu  Pixy2 He — pixymon ue nomkex | [Tpu

TOJIKJTFOYCHUST | TIOJKITIOYAeTCS, yIIePKUBATh Hesoese/nepeesie
HYXHO 3aKpBITh YCTPOMCTBO BO | 3axBaTa
pixymon " BpeMs pabotel SDK | koppekTrpoBath
Nepe3anyCcTUTh 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 6u6nnorexa
|

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 OJIOKUPYIOT BBINOJIHEHHE; UMEIOT cyPpdukc Async U NPUHUMAIOT
callback-¢ynxrmuro.

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

[loanmucku — JuIs  aCMHXPOHHOTO  MOJYYEHUS  JAHHBIX  COCTOSIHMSL — 4epes

Subscribe/Unsubscribe.

Baxno! He Bce MmeTo1bl HIMEIOT aCUHXPOHHBIE Bepcun. Hampumep:

GetControl() — TobKO CHHXPOHHBIM

Connect() — TOIbKO CHHXPOHHBIH

CancelCommand() — TOIbKO CHHXPOHHBIM

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

SubscribeCartesianCoordinates)
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bonpmmacTBO KOMana 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

/! ACHUHXPOHHAaA 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:

// TIOAKIFOYUTH 3aTOJ0BOYHBIN (haii

#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 IIporpammubie 6,10k (CTPyKTypa mporpamMmsi)

CtpyKTypy nporpaMmbl yA0OHO pa30UTh Ha JOTUYECKHUE OJIOKHU:
. Tlonkmrodyenue 3arooBouHbIX (aitnoB 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()) {
std::cout << "VYmpasienue monyueHo!" << std::endl;
}
} catch (const std::exception& e) {

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

return O;
8.4.4 OCcHOBHOM 0J10K BBINOJHEeHUS (IBUKEHUSA, YTeHHE JAHHBIX)

OCHOBHOM OJIOK BBIIIOJIHEHUS OnMcaHd B Tadmuie 9.

Ta6mmma 9 — OcHOBHO OJIOK BBITIOJHEHUS (JIBHKCHHS, YTCHHE TAHHBIX )

HaumenoBanue Onucanue Komanna IMapameTpsbl Mpumep

KomaHabl nmepeMemeHus

MoveToAngles [epemerenue o | manipulator.MoveT | MoveAngles MoveAnglesParams
yriiam tpex | 0Angles(angles) Params: angles(
yIpaBisieMbIx oceid M - m_position -

Edu: OCHOBaHHUE, JointPositions; | JointPositions(0.05,
Ie4o, cTpena. - m_velocities — | -0.35, -0.75),

JointVelocities; JointVelocities(0,
- om_ 0, 0)
velocityFactor; | )i
- m_accelerationF

actor
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HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep
MoveToAngles ACHHXPOHHOE manipulator.MoveT | - angles — | manipulator.MoveT
Async nepeMeIeHHe o | 0AnglesAsync(angl MoveAnglesPar | oAnglesAsync(angle

yrmam ¢ callback | es, callback) ams; S,
[OCA€  3aBEPIICHUS - callback(Comma | [[(CommandResult
KOMaH[bI ndResult result) | result) {
if
(result.GetState()) {
}
b
MoveToCoordinates | Ilepemerenue B | manipulator.MoveT | MoveCoordinatesPa | MoveCoordinatesPa
JIEKapTOBBI oCoordinates rams: rams coords(
KOOPAUHATHI (coords) - position —| Position(0.32, -
Position(x, y, z); | 0.004, 0.25),
_ orientation —| Orientation(0, 0, O,
Orientation(x, v, | 1.0),
Z, W); 0.1, 0.1
- velocity_scaling | );
_factor;
- acceleration_sca
ling_factor
MoveArc JIBmxenue no ayre ¢ | manipulator.Move | - target; MoveArcParams
anmpoKCUMAaITUeH Arc(arc) center_arc; arc(target,  center,
TPaeKTOpUU HaOOPOM - step; 0.05, 50, 0.5, 0.5);

TOYCK

- count_point_arc;
- max_velocity_sc
aling_factor;

- max_acceleratio

n_scaling_factor

YunpasiieHue HacaaKaMu
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HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep
NozzlePower IMomaua nuranwst Ha | Manipulator.Nozzle |true - sBxaroumTs | Manipulator.Nozzle
Hacagku mepen ux | Power(true) UTaHHE Power(true)
aKTHUBaILUEN
GripperAttachment | MexaHu4decKwii - GripperAttachm | - rotation — yrox | - gripper.Activate(

3axsar. B C++ SDK ent MOBOPOTA 20, 10);
HaCaJKu OITHCaHbBI gripper(manipul HaCaJIKH, - gripper.
OT/IEIbHBIMU ator); rpasychl; Deactivate()
KJIacCaMu - gripper.Activate | - gripper —
(rotation, TIO3UIIHSI/ YTOJT
gripper); 3axBara,
gripper.Deactiva rpaxychl
te ()
VacuumAttachment | Bakyymnas nacanka. | VacuumAttachment | rotation —  yrox |- vacuum.Activate
vacuum(manipulato | moBopora Hacamku, (-40);
r; Tpajychl - vacuum.Deactiva
vacuum.Activate(ro te()
tation);
vacuum.
Deactivate()
LaserAttachment JlazepHas HacajKa. LaserAttachment channel — Homep | LaserAttachment
laser(manipulator, | kanama laser(manipulator,

channel);
laser.Activate();

laser.Deactivate();

1);
laser.Activate();

laser.Deactivate();

CrpuMuHr
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HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep
SetServoTwistMode | ITepexmoueHre - manipulator.Set | Pesxum BriOupaercst | manipulator.Set
| SetServoPoseMode | pexxima  CTpUMHUHTA: ServoTwist hi (o) ormpasku | ServoTwistMode();
| SetServoJointJog | ckopoctw, o3a, Mode(); CTPUMHHTOBBIX
Mode CYCTaBBI - manipulator.Set | KomaHx

ServoPoseMode
0;
- manipulator.Set
ServoJointJog
Mode()
StreamCartesian CrpumuHr nuHerHO# | manipulator.Stream | - linear - LinearVelocity

Velocities u yrioBoi ckopoctu | CartesianVelocities LinearVelocity( linear{0.02, O,
(linear, angular) X, Y, 2); 0};
- angular - AngularVelocity
AngularVelocity angular{0, 0,
(rx, ry, rz) 0.01};
StreamCoordinates | Ctpumunr  1ieseBoit | manipulator.Stream | - pos — Position(x, Position
O3Bl Coordinates(pos, Y, 2); pos(0.27, 0.0,
orient) - orient - 0.15);
Orientation(x, v, Orientation
Z, W) orient(0, 0, 0, 1)
StreamJointPositions | Ctpumusr manipulator.Stream | - positions - JointPositions

MOJIOKEHUH CyCTaBOB

U CKOpOCTEM

JointPositions(posit

ions, velocities)

JointPositions;
- velocities

JointVelocities

positions{0.5,
1.0, 0.8}
JointVelocities
velocities{0.2,
0.1,0.15}

IIporpammsl
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HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep
RunProgram 3amyck roroBoii | manipulator.RunPr | name - ums | manipulator.RunPro
IPOrpaMMBbI Ha | ogram(name); IPOTrPaMMBI gram("edum/default
MaHMITYJIATOPE ")
RunProgramJSON 3amyck JSON- | manipulator.RunPr |- name — wuwmsa | manipulator.RunPro
CIICHapHs ogramJSON(name, MIPOrPaMMBHI; gramJSON("progra
program_json) - program_json —|m_1",
nlohmann::json | program_json)
RunPythonProgram | Bemonuenne Python- | PythonProgram - code — crpoka | PythonProgram
Ko/ Ha | py(code); Python-kona; py("print('Hello
MaHHUIYJISITOPE u3 | auto result  =|- env_name — umsa | from C++1')")
C++ SDK manipulator.RunPyt venv (omit.);
honProgram(py) - python_version
— Bepcust Python
(om.);
- requirements -
3aBUCUMOCTH
(omt.)
OcTaHoBKA IBUKEHUH
StopMovement CunXpoHHas manipulator.StopM | — manipulator.StopMo

OCTaHOBKa JBUXKCHUS

ovement()

vement()

CancelCommand

Otmena TEKyIlen

KOMaH/bI

manipulator.Cancel

Command()

manipulator.Cancel

Command()

COCTOHHI/IH, MNOANMUCKHU U JIOTHPOBaHUE
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HanmenoBanue

Onucanue

Komanna

ITapamerpbl

IIpumep

SubscribeCartesianC | AcunxponHas manipulator.Subscri | callback(const manipulator.Subscri
oordinates OJIITHCKA Ha | beCartesianCoordin | nlohmann::json& beCartesianCoordin
OOHOBJICHHS ates(callback); data) ates(
JeKapTOBBIX [1(const
KOOp/AMHAT nlohmann::json&
data) {
std::cout <<
data.dump();
)
DebugLogger::SetEn | Yopasienue DebugLogger::SetE | - entity — | DebugLogger::SetE
able norupoBanreM SDK u | nable(entity, state); LogEntity::ALL | nable(LogEntity::A
MQTT st oTnaaku / SDK/MQTT; |LL, true);
- state —true/ false | DebugLogger::SetE
nable(LogEntity::A
LL, false)
Konseiiepnas jenra (MGbot)
MGBotSetMotorSpe | 3azath ckopocth | manipulator. MGBo | speed — namamason | manipulator.MGBot
ed MOTOpa KOHBelepa tSetMotorSpeed(sp |0..100 SetMotorSpeed(10)
eed)
MGBotSetServo [ToBepHYTH manipulator.MGBo | angle — rpagycst manipulator.MGBot
Angle CEpPBOMPHUBO/T tSetServoAngle(ang SetServoAngle(45)
KOHBelepa le)
MGBotSetLedColor | YcranoButh uBset | manipulator. MGBo |r, g, b — mmamason | manipulator. MGBot
CBETOJIMOJIOB tSetLedColor(r, g, |0..255 SetLedColor(255, 0,
KOHBelepa b); 0)

MGBotDisplay Text

Tlokazatp TEKCT Ha

JMCIUIee KOHBeWepa

manipulator. MGBo
tDisplay Text(text)

text — crpoxa UTF-8

manipulator.MGBot
DisplayText("Hello"

)
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HaumenoBanue Onucanue Komanna IMapameTpbi Mpumep
MGBotSetBuzTone | IToxats 3BykoBoii | manipulator. MGBo | level — pamamason | manipulator.MGBot
curHain Ha kouseiiepe | tSetBuzTone(level) | 1..15 SetBuzTone(10)
MGBotGetSensorsD | [Tonyuuts gannbie ¢ | auto sensor_data = | enabled=True —|auto sensor_data =
ata JIaTYMKOB KOHBeiepa. | manipulator. MGBo | BepuyTs mannbie B | manipulator. MGBot
tGetSensorsData(en | JSON; GetSensorsData(true
abled); OIS oTBeTa: | );
DistanceSensor,
ColorSensor(R,G,B,
Prox), Prox
Bocnpomnenenne ayauo
PlayAudio CHHXpPOHHOE manipulator.PlayAu | file_name - wumsa | manipulator.PlayAu
BOCIIPOU3BEICHHUE dio(file_name); ayaunodaiina na | dio("start.wav")
aynuogaiina Ha MaHUITYJISITOPE
MaHHUITYJISITOpE
PlayAudioAsync ACHHXPOHHOE manipulator.PlayAu | file_name — wums | manipulator.PlayAu
BOCIIPOU3BEICHHUE dioAsync(file_nam | daiina; dioAsync("notificati
aynuogaiina c | e, callback) callback(Command | on.mp3",
callback Result result) [J(CommandResult

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