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Hacrosimee pykoOBOACTBO MO OJKCIUTyaTallMd NpPeJHA3HAYEHO [UIsl O3HAKOMJICHUS
MOJIb30BaTeNel C yCTPOMCTBOM, MpUHIUIAMU pabOThl, MpaBUJIAMU OKCIUTyaTalldd M|
TEXHUYIECKOTO 00CTyKMBaHHSI IPOrpaMMHO-aInapaTHoro komriekca Promobot M13.

PykoBOACTBO CONEPKUT OCHOBHBIE CBEJIEHUS O KOMIUIEKCE, MHCTPYKIIMU MO MOHTAXY,
JIEMOHTAXYy, UCTIOIH30BAHHIO, O0CITY)KUBAHUIO, OMUCAHNE PEKUMOB paOOTHI, PEKOMEHIAIIH 10
YCTPaHEHUIO HEUCIIPAaBHOCTEH U MpaBmiia 0€30MaCHOCTH.

PykoBOACTBO MO OSKCIUTyaTallid TMPEAHA3HAYEHO IS CIEAYIOMUX KaTeropui
MOJIb30BaTeNeH:

- omepaTopoB, pabOTaIIMX HEMOCpeACTBEHHO ¢ Promobot M13;

-  UWH)XCHEPOB, OTBEYAMOIIMX 3a HACTPOHKY, NMPOrpaMMHUPOBAHUE W JTUATHOCTUKY

Promobot M13;
- TEXHHYECKOTO MEePCOHAA, BHIMOIHSIONMIETO TEXHIUECKOEe 00CTY)KUBAHUE, PEMOHT H
MPOBEPKY paboTocrocodHocTH Promobot M13.

JIOKyMEHT Tak)Ke MOKET OBITh MCIOJIb30BAaH MHBIMU KAaTETOPUSMH TOJIb30BaTEIICH st
00y4eHHs MepcoHaia U B KaueCTBE CIIPABOYHOI0 MaTepuaja mpu padore ¢ Promobot M13.

OyHKIIMOHATFHBIE BO3MOXXHOCTH MAHHUITYJISITOpa HAIEJeHbl HAa UCIOJIb30BaHHE B
ciaenaymux chepax MPOMBIIUICHHOCTH: MUILEBOM, XMMUYECKOU, AepeBOoOOpabaThIBaIOIeH,
aBTOMOOMIIECTPOCHUH, METAJUTYPIHH M METAI000padoTKe, Ipyrux cdepax.

Promobot M13 mpencrasiser co0oi mporpaMMHO-aNmapaTHbI KOMILIEKC, COCTOSIITH
U3 MaHUITyJIATOpa, IKada ynpaBlieHUs W TMyJbTa yNpaBieHUs. B cocTaB KoMIieKca Takke
BXOJISIT COCTMHUTENLHBIC AJIEMEHTHI U YIIPABIISIOIIEe MPOrpaMMHOE 0OecTieueHue.

Promobot M13 W3TOTOBIICH 1o TV 28.99.39-006-40897141-2024. ITo
anekTpobesomacHoctu Promobot M13 ynoBieTBopsier TpeGoBaHMsIM ammnapaTypsl 1 Kiacca 1o
['OCT IEC 60204-1.

KawectBo u ©OeszomacHocts Promobot M13  moxarBepxmaeTcs — cepTUPHKATaAMU
TP TC 004/2011 «O 6e3omacHOCTH HU3KOBOJBTHOTO obOopymoBaHus», TP TC 010/2011 «O
Oe3omacHOCTH  MammMH W obopymoBanus», 1P TC 020/2011  «OnekrpoMarHuTHas

COBMCCTUMOCTB TEXHUUCCKUX CPCACTB.
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ONNPEJAEJIEHUS, OBO3ZHAYEHUSA U COKPALLIEHUA

B HacrosimeM AOKyMEHTE MNPUMEHSIOT CIEAYIONIUE COKpAaIlleHUs, OO0O3HAUCHUS U

TCPMHHBI C COOTBCTCTBYIOIIUMH OIIPCACIICHUAMMU:

Promobot M13/ — poOOT TPOMBIIUIEHHBI aJanTUBHBIA C  KOHTYPHBIM
Kowmrneke yIpaBlIeHUEM dIeKTpoMexannueckuit Promobot M13;

1o — TporpaMMHOE OOecredyeHHe;

[Tpunoxenue — BeO-unTepdeic nans yrpaBieHHs, TPOrpPaMMHpPOBAHUS U
Promobot M Control/ MOHHMTOPHHIa paboThl MaHuITyJIITOpa Promobot M13;
[Mpunoxenune/Beo-

uHreppeiic

Iy — IyJbT yIPaBICHUSA,

CII —  CEpBOIPUBOJ;

OTH — LEHTpajJbHas TOYKAa UHCTPYMEHTA,;

qIry —  YHUCJIO0BOE NPOIPaMMHOE YIIPABJICHUE.



IKCIIVIYATALIMA, TEXHHUYECKOE OBCJHYXHUBAHHUE H

BE3OITACHOCTBb PROMOBOT M13

1 OIIMCAHUE U PABOTA

1.1 Onucanue u padora

111 Ha3nauyenne

Pobort IIPOMBIIIJICHHBIN aJanTUBHBIN c KOHTYPHBIM yIIpaBJICHUEM

aeKTpoMexaHndeckuii Promobot M 13 npeHa3zHadeH 715 BBHITTOTHEHUS 3a7a9 aBTOMAaTH3AI[UU

B IIPOMBIIJICHHBIX U Ha60paT0pHBIX YCIIOBHAX. MaHI/IHy.]'ISITOp C MECThIO CTCIICHAMU CBO6OI[BI

o0ecreunBaeT BbICOKOTOYHOE IMEpPEMEINICHNE, MO3ULIMOHUPOBaHNE U 00pabOTKy OOBEKTOB B

MIPOCTPAHCTBE.

Promobot M13 wuHTerpupyercss B yCaoBHs paboyeil cpeapl € NpPUMEHECHHEM

JOITOJIHUTCIIBHOI'O 060py1103aH1/151 H OCHAaCTKH.

Ob6nacTu NpUMEHEHHUS:

cBapka (IepeMerieHrne CBapOYHOTr0 MHCTPYMEHTA IO 3a/JaHHON TPAaeKTOPUN);
nepeMeIIeHne TOTOBOM MPOAYKLNH, MOTy(}haOpuKaToB M TOBAPHO-MaTepHAIbHBIX
IICHHOCTCI;

nepeMelIeHre 3aroTOBOK U JieTaiel (aBTOMaTU3MpOBaHHAas 3arpy3Ka WK BEITpy3Ka
neraneid B cranku ¢ YIIY, nurbeBble MallvMHBI, MPECcChl; paboTa € TAKEIBIMU
3arOTOBKAMM);

MexaHuueckass —oOpaboTka  Jeraneil: 3ayucTKa, [MOJMUPOBKA,  HUIM(OBKA
(ucrionp3oBaHMe  aOpa3WBHBIX WHCTPYMEHTOB s (UHUIIHON  00paboTKH
NOBEPXHOCTE M MHUHUMHU3AIUSA AePEeKToB Onarogapss TOYHOMY IOBTOPEHHIO
npoduis uzaenusi), hppe3epoBka (BBHIIOTHEHNE YEPHOBONH M YHUCTOBOM 0O0pabOTKH
METAJUTMYECKUX WM MJIACTUKOBBIX 3aTrOTOBOK);

cKkaHupoBaHMe 00BEKTOB (3D-ckaHupoBaHUE ISl KOHTPOJISI TE€OMETPUU JIETaNeH,
BBISIBIICHUSI JE(PEKTOB; MHTETPALUs C CHUCTEMaMH KOMIBIOTEPHOTO 3PEHHUS JUIS
ABTOMATHUYECKON KOPPEKIMH TPOU3BOJCTBCHHBIX MPOIECCOB; MPUMEHEHHE B

pEeBEPC-UHKUHUPHUHTE U IIUPPOBOM MOJISTUPOBAHUN );
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- HaHECEHME XUJKOCTEH U MaTEepHaJoOB: KJeH, Kpacka, TepMETHUK U IIPOUee;

- HCIIOJB30BaHUC B KadYCCTBC O6pa3OBaTeJ'II)HOI‘O 060py,I[OBaHI/I}I JUISA o6yquI/151

CTYACHTOB OCHOBaM pO6OTOTCXHI/IKI/I, nporpaMMHupOBaHrA WU aBTOMATHU3AllUU, JIA

OTpa6OTKI/I PCaJIbHBIX ITPOU3BOJACTBCHHBIX CIICHAPHCB B na6opaTop1/1;1X;

- HCIIOJIb30BAHUC B Ka4YCCTBC JACMOHCTPAIIMOHHOIO O6OPYI[OB8,HI/I$I Ha BBbICTAaBKax,

KOH(EpEeHIUIX, B IIOypyMax.

1.1.2 TexHu4eckne XxapaKTepUCTHKH

OcHOBHbBIEC TEXHHUECKHE XapakTepucTuk Promobot M13 npuenens! B Tabmnuie 1.

Ta6muma 1 — Texaudeckue xapakTepucTuku Promobot M13

ITapamerp 3Hauenmne
OCHOBHBIE XapaKTePUCTUKHU
KonuuecTBo creneneit cB0OO bl MAHUITYIISITOPA 6
['py30n0abeMHOCTS MAaHUITYJISTOPA, KT 13
JIuneliHasgs  CKOPOCTh  IEPEMEUICHUs  LIEHTPAJbHOM  TOYKH 1
uHctpymenTta (L{THU), m/c
CpenHsisg MOBTOPSIEMOCTD, HE XYK€, MM 0,05

PaGouwnit paguyc ot ocu ocHoBaHMs (paboyas 30Ha), MM

ot 150 1o 1300

Bricota, Mmm

Pabounii quana3zon cyctaBoB®, rpamayc +358

Crenenb 3alIUThI KOPITyCa MAHUIYJIATOPA IP56

I"aGapuTHBIE pasmepsl MaHHMITYJISATOPA, HE Oonee

JlnuHa, MM 1696

lupuHa, MM 546

Bricota, MM 262

labaputHble pa3Mepbl MaHUMYIATOpa (TPAHCIOPTUPOBOYHOE

MOJIOXKEHHUE), He OoJee

JlyimHa, MM 540

[[Iupuna, MM 1008
403

1-10




IHapamerp

3HaueHue

['aGapuTHBle pa3Mepbl MaHUITYJIATOpAa B YIakoBKe, He Oolee

JnHa, MM 1139
Iupuna, MM 660
Bricota, Mm 605
Macca MaHuIyssTOpa, He 60see, KT 66
Macca MaHMIyJISITOpa C IyJBTOM YIIPaBJICHHUS B YIaKOBKE, HE 75
ooiee, Kr

Crenenb 3a1IUTHI KOpITyca miKada ynpaBiaeHHUs IP44
I"abaputHbie pa3mepsl mikada ynpasieHus, He Oosee

JlnvHa, MM 693
Iupuna, Mm 279
Bricora, Mmm 592
["abaputHbie pa3Mepsl Kada yrnpaBieHus B YIIaKOBKe, He Ooee

JnuHa, Mm 147
Mupuna, MM 362
Bricora, Mmm 649
Macca mkada ynpasieHusi, He Oonee, KT 25
Macca mkada yrpaBiaeHus B yrakoBke, He Oosee, KT 27
CreneHb 3alUTHI KOpITyca MyJIbTa yIPaBICHUS IP54
["aGapuTHbIE pa3Mepsl IyJbTa yIpaBiIeHus, He Ooiee

JlnuHa, MM 392
[lupuna, MM 227
Bricora, Mm 52
Macca mynbTa yrpasieHus, He Ooee, KT 3
Temneparypa skcrryaramnuu, °C ot +5 1o +50
OTHOCcHTENbHAS BIAXXHOCTh MaKCUMalTbHas (03 KOHaeHcanun), % 80
HomunanbHas notpe6iisiemast MOIHOCTh, BT 2500
MaxkcuManbHas noTpedseMas MOITHOCTh MaHUITYJIsITOpa B cOope 3600

230 B AC, ne 6o1ee, Bt
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IHapamerp 3HaueHnmne
MakcumanbHass ~— mOTpebisieMas ~ MOIIHOCTh — MaHHUIYJSTOpa 3200
48 B DC, Br
MakcumanbHass ToTpebiisieMasl MOITHOCTh MyJbTa YIPaBIICHUS 10
12 B DC, Bt
Pecypc, He MeHee, yacoB 10000
OtHocuTenbHass BIaxHOCTh npu 25 °C (6e3 KOHIEHCAlWH), HE 80
oonee, %
Pazbpem 1t MOIKITIOYEHUST HHCTPYMEHTA SF812B/S8
WnTepdeiic Mexannueckui ¢dnanen KpYyTJIbII B

COOTBETCTBUU c

I'oOCT P 60.3.4.1-2017/UICO
9409-1:2004, ucnonnenue 63-
4-M6

Hixa¢g ynpasiaenus

CocraB armnapaTHbIX KOMIIOHCHTOB

- BBIYHMCIIUTEILHEIN OJIOK;
- 1marta 0e30IMacHOCTH;

- 1UIaTa KOMIICHCAIUU;

- OJIOKM MUTaHHUA

XapakTepuCTUKH BbIYUCIUTEIbHOT0 0J10Ka

[Tpoueccop

4-sniepHbIi c TaKTOBOH

yactoToi 3,3/4,3 I'Tx

OmnepaTuBHas nMaMmsITh, He MeHee, ['0

16

Cranpmaptel Wi-Fi

IEEE 802.11ac, IEEE 802.11n,
IEEE 802.11g, IEEE 802.11b,
IEEE 802.11a, Wi-Fi Direct

Yacrota 6ecipoBoanoi cBsizu, ['T11

2,4;5

O0bem mamsTH IS XpaHEHUs JaHHBIX, HE MeHee, [ 0

120
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IHapamerp

3HaueHue

CepBucHas naHesnb

1 paszpeM BXOJIHOTO
nutanusg 230 B 50 I'i;

1 pazbeM 1t OAKITIOUEHUS
MyJIbTa YIPaBJICHHUS;

1 pazbeM 111 MOAKITIOUEHUS
MaHUIYJIsTOpa

Ilonp30BaTenncKas maHelnb

11 pa3beMHBIX KIEMMHUKOB
15EDGVC-3.5-08P-14;

1 pa3beMHBIA KIEMMHUK
15EDGVC-3.5-04P-14;

2 pazbem USB tunm A nmis
ITOJIKJTIOYCHHU S
nepudepuiiHbIX YCTPOUCTB;
1 paseem Ethernet musa
MOJKIIOUCHNS K BHEIIHEH
CeTH;

1 pazsem HDMI nns
MOJKIIIOUYEHUSI  BHEIIHETO
MOHHTOpPA
IMyasT ynpaBiaeHus
Pazperienre ceHCOpHOTo 3KpaHa, TOYEK 1280%800
JluaroHans KpaHa, JI0HUM 10,1

* B 3HaueHHH napamMeTpa ykKasaH TIOJTHEIA MEXaHHYEeCKHMN Aralia3oH JABWXKCHUSA CEpBONPHUBOAA. I[OCTyHHHﬁ JHara3oH

MOKET OBITh MEHBIIIE U3-3a Ol"paHPI‘ieHPIﬁ, NpeAOTBpallatOINUX CAMOKOJIIM3UN MAHUITYJISITOPA
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["abGapuTHBIC pa3Mephl COCTaBHBIX yacTeil Promobot M13 (cMm. Pucynok I-1).

(=)
"/

I

£36

1542

4916

al

R

6298

(—\

(=]

1.2

Te

5385

2068

Pucynok |-1 — I'aGapuTHbIe pa3Mepsl cocTaBHBIX yacTeil Promobot M13, rue:

a) MaHUIYJISATOP, O) mKad ynpaBiaeHUs, B) MyJbT YIPABICHUS
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1.1.3 Cocrtas

OO6mwmit Bua Promobot M13 (cMm. Pucynok 1-2).

Pucynoxk I-2 — O6mmii Bun Promobot M 13

B xomruiekt Promobot M 13 Bxoaur:

- manunynsatop Promobot M13;

- ImynbT ynpasinenus Promobot M13;

- mka¢ ynpasiaeHus Promobot M13;

- BCTpOEHHOe mporpammHoe obecrneuenne Promobot M Control;
- KOMIUIEKT KaOeJieit;

- TacIopT;

- PYKOBOJCTBO IO AKCIUTyaTalllu;

- JIUCT OIIMCH ITOCTAaBKH.
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114 MapkupoBka

MapKI/IPOBKa BBIITIOJIHCHA

B

BHUJIC OTHUKCTOK,

PAacCIIOJIOKCHHBIX Ha  YIIAKOBKC

Promobot M13, a takxke Ha MaHUITYJIATOPE, MKade YIPaBICHUS U ITyJIETE YIIPABICHHS.

TpauncnioptupoBounbsie 3THUKETKH (cM. Pucynok |-3) pacnonararorcsi Ha OOKOBBIX

MOBCPXHOCTAX COOTBCTCTBYIOIINX YIIAKOBOK.

> Promobot

Manunynatop Promobot M13

(D)

a)

MporpaMMHO-annapaTHbIi MyneT ynpasneHna Promobot M13 Promobot,
Komnnekc Promobot M13
Ne: n r.
Ne:
HanmeHoBaHue uspenus ManunynsTop MNyneT-ynpasneHus
OcHoBHble
F: <600X300x1550 MM <400x300X100 MM
[Oara np-s8a r. naHHbe
Macca uspenua <75 kr <2 kr
Snewp Hanp: nuTaHuA 48:38 12:058
Usrorosutens:
XAPAKTEPMCTUKK Make. noTpe6nseMan MOLHOCTL M3AENUA 3200 BT 10 BT
000 «MNpomoboT», Poccun,
r. Mepms, yn. LWocce KocMoHaBeToB,
ctp. Ma, nomews. 6
WaroTosuTens: MpowusseaeH B cooTaeTcTaIM ¢ TY 28:99.39-001-40897141-2025
000 «Mpomo6oTs,
Q | +7(342) 257-80-85 Poccus, 1. Mepms, COAEPIKMT: MAHUNYNATOP U NYNbT-yNpPaBneHus o
P = yn. lWocce KocMoHasTos, Cpok cnymEbi: 5 net W
@® | info@promo-bot.ru o cTp. Ma, nomeu & FapaHTMIAHbLIR cpok: 12 MecaLes 6
enaHo
<] | Promobot_Support_bot ——

CpenaHo B Poccun

[@*7(542) 257-80-85 | @ info@promo-bot.ru

<] Promobot_Support_bot ]

0)

Ne:

Wkad ynpasneHus Promobot M13

n

&

pPrormobot,

OCHOBHbI@ TeXHN4YECKUE AaHHbIe

HaumMeHoBaHWe uafenva

Wkad ynpasneHuma

FabapuTtHble pasmeps!

<650x300x540 MM

Macca usnenva

<35 Kkr

HoMuHanbHoe HanpsaxeHue NuTaHua

230120 B, 5518 My

3nekTp

Make. notpe6naemMan MOLHOCTL U3aenua

WUsrotosurens:

000 «Mpomo6oT,
Poccusg, r. Mepmb,

yn. locce KocMoHaBToE,
crp. Ma, nomeww. 6

Crenako B Poccuu

MNpousseaer & cooTseTcTBMM C TY 28.99.39-001-40897141-2025

ConepwuT: Wkad ynpaeneHns Promobot M13
Cpox cny6bi: 5 net
TapanHTUitHBIA cpok: 12 Mecsues

3600 Bt

[ Q +7 (342) 257-80-85 @& info@promo-bot.ru | <) Promobot_Support_bot J

B)

Pucynoxk |-3 — TpaHcnopTHbIE 3TUKETKH, T]I€: a) 3TUKETKa Ha 00IIel yakoBKe

Promobot M13, 6) sTikeTKa Ha yaKOBKE MaHHITYJISITOPA C IyJIETOM YIIPABJICHHUS, B) ITUKETKA

Ha yMakoBKe IKada yrnpaBieHus
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OtukeTku komruiekca (cMm. Pucynok 1-4) umeror oOmmii ¢opMar u pacroiaramTcs: y
MaHUMYJATOpa — Ha OCHOBAaHMHM, y IIKada ympaBlieHHs — Ha OOKOBOW MaHEeNIH, y IMyJibTa

yIpaBJICHUS — HA 3aJHEH CTEHKE.

Manunynsatop Promobot M13 & eromobot
Fa6apuTHble pasmepbl <600x300x1550 MM TIpbiaaepes & cooTaaTETau I-I-I Ka ¢ yn pa Bn e H M q
Macca TSk c© TY 28.99.39-001-40897141-2025

Crenenb sawmTsl 1PS4
PaBouas TeMnepatypa oKpyXakllen cpeabl | o 5°C Ao 40°C

HomMuHanbHble BxoaHble NapaMeTpbl 4B8:3B CepHitHBIM HOMED:
e Erme oo Gk . Promobot M13 prormobot,

[ Q3 +7(342) 257-80-85 | @ info@promo-bot.ru | g Promobot._Support_bot ) e o [a6apuTHbIe pasmMeps! <650X300X540 MM
Macca <35 Kkr
HoMuHanbHble BxofiHble NapaMeTpbl 230420 B, 558 'y
a) Makc. notpe6nsemMas MOLLHOCTb 3600 BT
CreneHb 3aWmTbl IP44
I'Iyan ynpaBneHusa Promobot M13 @ Promobot, Temnepartypa akcnnyaTtaumuu ot 5°C no 40°C
fMa:::T'* LIS PAIMEpL Z‘:(Or“cc"“"c i e e WaroToeuTens: Mpon3sseaeH B COOTBETCTBUM
m T 21058 Cepuiinei Homep: 000 «MpomMo6oT», ¢ TV 28.99.39-001-40897141-2025

cTp. Ma, novew. 6

Makc. noTpebnsieMas MOWHOCTL 10 BT MaroTosuTens: Poccus, r. Mepmb, c 2 1
000 af) 60T, ©PUNHDbIA HOMep:
CreneMb 3awmThl P54 ol ':n;:p:: yn. Wocce KocMoHaBToB,
Pabouas a " cpe, oT 5°C flo 40°C 2 d
u; P penbl il yn. Wocce 3 ctp. MMa, nomew. 6 CoenaHo B Poccun

[ B +7(342) [ a bot.ru | L _Support_bot J

Crenano B Poccum

( Q + 7 (342) 257-80-85 @ info@promo-bot.ru

<4} Promobot_Support_bot ]

0)
B)

Pucynoxk |-4 — MapkupoBKa COCTaBHBIX YacTel KOMILIEKCa, T/Ie: a) MaHUIYJISATOp, 0) MyJIbT

yIpaBlieHus, B) mKad yrnpaBIeHUsS

1.1.5 Ynakoska

YnakoBka MaHHUMNYJISTOpa U TyJdbTa yMOpaBlIeHUS C KOMIUIGKTOM KabOenen
(cm. Pucynok |-5) Bemmonnena wu3 rodpokaproHa c¢ JjoxkemeHTamu. lllkad ympaBneHus

COJICP>KHUTCS B OTACIBHOMN YIIaKOBKE U3 TO(PpOKapTOHA C JIOXKEMEHTAMH.
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a) 6)

Pucynoxk |-5 — YnakoBka, rje: a) ynmakoBka ¢ MAHUIYJISTOPOM U ITyJIbTOM YIIPABIICHUS,

0) ynakoBKa cO IKapoM yIpaBJIeHU

1.2 Onucanue n padoTa COCTABHBIX YacTei

1.21 Manunyasitop

Manunynsarop  Promobot M13  (cm.  Pucynok |I-6)  mpexacraBnser  coboit
IJIEKTPOMEXAHUYECKOE YCTPOMCTBO, COCTOSLIEE U3 CIETYIOIINX YacTeH:

- OCHOBaHHe, o0ecreyuBarollee yCTOMYMBOCTh MAHMITYJISITOPA; BHYTPU OCHOBAHHS
PacroJI0KEHbI JIEMEHTHl KOMMYTAIUH;

- CII1 —noBopoTHOE OCHOBaHHE, O0ECIIeUnBarOIee BpallleHne MAHUITYJISITOPa BOKPYT
BEPTHKAJIBHOW OCH;

- CII2 — nnevo, obecrneunBaroIIee IBIKCHUE B BEPTUKAITBHON MJIOCKOCTH;

- CII3 — mpearmieybe, COEIUHEHHOE C MJICYOM M 00eCIedrBaroIee JOTOTHUTEIIEHOE
JBUKEHUE B BEPTUKAIBHOMN IIOCKOCTH;

- CII4, CIIS u CII6 — 3ansicths, oOecreynBaronie OpUEHTAMI0 HHCTPYMEHTA WU

3aXBaTHOI'O YCTPOMCTBA B IPOCTPAHCTBE;
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¢manen HHCTpyMEHTa, NMpeIHA3HAYCHHBINA U1 YCTAHOBKM 3aXBATHOTO YCTPOMCTBA

HJIX UHCTPYMCHTA.

Pucynok 1-6 — Manunynsrop Promobot M13
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CocraBHble yacT MaHUIyIsATOpa (cM. PrcyHoK I-7).

cne

@E [ﬁﬂ s _——
Crn4
E n

cns

Mnevo CN3-C4

oo o
-

cna

Mnewo CN2-CN3

cm

JAw
1/

Pucynok |-7 — CoctaBHbI€ YacTU MAaHUIYJIATOPA

cnz

OcHopaHue

Kaxnpriit CII npencrapisier co00# y3ea B KOpIyce, COAep KallHii:

3JIEKTPOMOTOP;

- PEAYKTOp,

- YHUBEPCAIBHYIO CUCTEMY ITACCUBHOI'O TOPMOKEHHS;

- YIPaBJIAIOLINMN BBIYACIUTEIBHBIA MOAYJIb;

- cucrtemy onpenenenus nonoxenus CII;

Mexanudeckass YacThb MAaHMIYJIATOpa paboTaeT Ha OCHOBE B3aMMOJACWUCTBUS
cepBonprBo0oB. Kaxaas ock ynpaBisercss OTIENbHBIM OE€CKOIIEKTOPHBIM 3JIEKTPOMOTOPOM,

KOTOPBIN IEPENAECT ABUKEHUE YEPE3 PEAYKTOP Ha COOTBETCTBYIOLIUN MIEMEHT KOHCTPYKIHUU.
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Bricokast TOUHOCTH JBMKEHUI 00€CTICUNBACTCS 32 CUET UCIIOJIB30BAHUS BOJTHOBBIX PEAYKTOPOB
U CHCTEMBbI OOpPAaTHOM CBSI3U, COCTOSIICH U3 DHKOJICPOB U TATYMKOB TOKA.
Pa6oyast 30Ha ManunyssTopa (cMm. Pucynok 1-8), nocturaer 1300 mm ot ocu CII1 1o ocu

¢dnaHIa UHCTPYMEHTA.

R 1300

Pucynoxk 1-8 — PaGouast 30Ha MaHUTTYISITOpa

1.2.2 IIxa¢ ynpasiaenus

[Mkad ynpaBnenuss Promobot M13 (cMm. Pucynok I-9) Bweimonuser ¢GyHKIUU
DJIEKTPONUTAHMS, yIpaBieHUs, oOecreynBaeT 0e30MacHOCTh paboThl U TO3BOJISIET
MaHHITYJISITOPY UHTETPUPOBATHCS ¢ BHEITHUMH CHCTEMaMH aBToMarm3anuu. s obecneueHus
JTAHHOTO (DYHKIIMOHANA IIKa(] YIpaBIeHUS CONEPXKUT IPYIIBI ANEKTPUIECKUX HHTEp(HEeHcoB —
BXOJIbl ¥ BBIXOJBI Kada ynpapieHus. Bce BHEITHUE MOAKIIOYEHUS JODKHBI OCYIIECTBIATHCS
UCKJIIOUYUTEIBHO Yepe3 Te€PMOBBO/IBI Pa3HBIX JMAMETPOB, 0OECIIEUMBAIOIINE 3aIIUTy KOpIyca
mkada OT MPOHUKHOBEHUS MBUTK | XKHUIKOCTeH (cM. Pucynok 1-15).

Ipumeuyanue — [lonoxeHne pa3beMOB W TEPMOBBOJOB MOXKET OTIMYATHCS OT

Ipe/ICTaBICHHOT0 Ha pucyHke (cM. Pucynok 1-15).
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Pucynox 1-9 — lIka¢ ynpasnenns Promobot M13

1.2.3 IIynbT ynpaBiaeHus

ITY Promobot M13 (cm. Pucynok 1-10) npennasHaueH aiasi B3auMoJIeCTBUS oriepaTopa
¢ ManunynaropoM. [1Y obecrniednBaer yrpaBieHUE IBHKEHHEM MaHUITYJIATOPA, HACTPOUKY

napamMEeTpoOB pa6OTBI, BBOJ IIporpamMm, IMarHOCTUKY U MOHUTOPUHT COCTOAHUA CUCTCMBI.

Pucynox 1-10 — [Tynet ynpasnenust Promobot M13
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ITY cocTouT M3 ciaeayonmx KOMIoHeHToB (cM. Pucynok 1-11):

-  QJIIOMUHHUEBBIM KOPIIyC, KOTOpBI oOecreyuBaeT 3alluTy OT MEXaHWYECKUX
MOBPEXKACHUN: uMeeT kiacc 3auuThl [P54 (3amuTa oT nbliv 1 Blaru);

- CCHCOpPHBIN IUCIUICH A 0TOOpakeHUss MHPOPMAIIUU O COCTOSTHUM MaHUIYJISATOPA,
napaMmeTpax padoThl U MEHIO YIIPaBJICHHUS;

- (GyHKUIMOHAJIbHBIE KHOIKH: KHOIKA BKJIFOUEHUS/BBIKIIIOUCHUSI KOMILIEKCA, KHOIKa
aBapHUITHOTO0 OCTaHOBA MAHMITYJISITOpA, KHONKA FreeDrive;

- MHKpOKOHTpOJIJIGpHBIﬁ MOIYJb IJIA O6pa60TI(I/I CUTHAJIOB CCHCOPHOI'O AUCILIICA.

KHonka aBapuiHOro octaHoBsa KHonka Bknio4eHus

Knonka FreeDrive

CeHcopHas naHenb

Pucynok 1-11 — CocraBubie yactu ITY

1.24 Bcerpoennoe 11O Promobot M Control

[Iporpammuoe obecneuenne Promobot M Control mpemnasHadueHo uisi oOecriedeHHs
B3aMMOJICHCTBUS ONEpPaTopa C MAHUITYISITOPOM.

OcnoBubie pynkiuu [10:

- ympaBli€HHE JBM)KCHHEM MAHMITYJIATOPA B PYYHOM PEXKHUME;

- CO3[aHHe, PeJAKTUPOBAHHUE U COXPaHEHHUE IMPOTPaMM JIBIKCHUS;

- BHU3yanu3anus pabodeil 30HbI U TPACKTOPHUIl IBUKCHHS,

- MOHHUTOPHHT COCTOSIHUS U IMarHOCTHKA HEUCITPABHOCTEH;

- HUHTCrpanursa ¢ BHCIITHUMHA CUCTCMAaMU YIIPABJICHUS.
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[ToapoGHoe OmnucaHue MPOrPpaMMHOTO obecrnieueHHs MpEeACTaBICHO B

tome II. ITIPUJIOXKEHME PROMOBOT M CONTROL.

2 NCITOJb30OBAHME 11O HASHAYEHHWIO

2.1 IKCIIyaTalMOHHbIE OrPAHUYeHHUS

OKcIuTyaTamusi yCTPOWCTBA JOJDKHA OCYIIECTBISITRCS B CTPOTOM COOTBETCTBHH C
TEXHUYCCKHUMH XapaKTCPUCTHKAMH M PEKOMEHIAIUSAMH, YKa3aHHBIMU B TAHHOM PYKOBOJICTBE.
HecoOmronenne 3KCIUTyaTallMOHHBIX OTPAaHWYEHUH MOXKET TIPHBECTH K IMOBPEKICHUIO
Promobot M 13, TpaBmMamM niepcoHasia ¥ IpyruM HETaTUBHBIM MTOCIICACTBHSIM.

Jlns obecnieuenust 6e3omacHoil U 3¢ dexTuBHON padboTel Promobot M13, Heobxoaumo
CTPOTO COOIOAATh AKCIUTyaTAIIMOHHBIC OTPaHUYCHUS, TIPUBEACHHBIC B TA0IUIIE 2.

Tabnmma 2 — DKCIUTyaTalliOHHBIC OTPaHUYEHUS

Mapamerp 3HaveHue Mpumeyanue
MakcumanbHas 13 [IpeBblieHre  HArpy3Kd  MOXKET  NPUBECTH K
rPy30M0bEMHOCTh MEXaHUYECKUM TOBPEKICHUAM, CHUKEHUIO TOYHOCTH
MaHUMYJSATOpa, HE OoJee, KT WJIM CO3JaHUI0 AaBAPUNHBIX CUTyalui
Honyctumblii nuama3oH | oT +5 mo | Pabora 3a mpeaenamu yka3aHHOTO JHama3oHa MOKET
temriepatyp, °C +50 MPUBECTH K CHWKEHHID NPOU3BOJUTEIBHOCTH WIH

BBIXOy KOMIIJICKCA U3 CTPOA

OTHocuTENbHAs  BIAXHOCTH 80 He pnomyckaercs »skciulyaTanuss MAaHMITYJISATOpa B
BO37yXa, % YCIOBHUSIX  IOBBIIIEHHOW  BJIQXKHOCTH  WIHA B
MOMEIIEHUAX ¢ 00pa30BaHUEM KOHIEHCATa. DTO MOKET
BBI3BaThb KOPPO3UI0, KOPOTKOE 3aMbIKAHUE WIIHU

MOBPCIKACHUC 3JICKTPOHHBIX KOMIIOHCHTOB
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IMapameTp 3HavyeHue IIpumeuanue

Jluneitnas CKOpPOCTh 1 [IpeBbilieHrEe 3TOrO MapaMeTpa MOXKET IMPHUBECTH K
MepeMEILeHUsI  LEHTPaJIbHOU MOTEpe TOYHOCTH, MOBpexAcHUI0 Promobot M13 nmun
toukn wuHCTpyMeHTa (L[THN), TpaBMaM IepcoHasa

He 0oiree, M/c

MaHummynaTop JIODKCH TOAKIIYAThCS TOJBKO K HMCTOYHUKY DIICKTPOITUTAHHS,
COOTBETCTBYIONIEMY TEXHUYECKUM XapaKTEPUCTHKaM (HAMPsDKEHUE, 9aCTOTa, MOIITHOCTH ).

Crporo 3ampeiiaercs SKCIUIyaTUPOBATh MAHUITYJISITOP B YCIOBUSX, XapaKTEPU3YIOIIUXCS
MOBBIINIEHHOW 3albIICHHOCTHIO, a TAaKXE B Cpelax, COACpKAIIUX arpEeCCUBHBIC XUMHUYECKUE
BCIIIECTBA, TAKUE KaK KUCJIOTHI, IIEJI0YH, PACTBOPUTEIH U Tak Aanee. Kpome Toro, HeomycTumMo
MOJIBEPraTh MAHUMYJISATOP YyIApPHBIM HAarpy3kaM, BO3JCHCTBHIO BHOpallMid WM WHBIM
MEXaHHYECKUM BO3JICHCTBUIM.

3amnpemniaeTcss HCMONb30BaTh MAHUMYJIATOp Ui paboOThl €O  B3PHIBOONACHBIMH,
JICTKOBOCIJIAMEHSIOIIIUMUCS WM TOKCHYHBIMH MaTepuajaMu 0e3 JOMOJHUTEIBHBIX Mep
3aIUTHI, TPELyCMOTPEHHBIX PEIMTPUATHEM-H3TOTOBUTEIIEM.

Perynsipuo oOHOBistiiTe mporpammHoe obecnedenne Promobot M Control, uToObI
obecneunTh CTabMIbHYI0 paboTy 1 0€30MaCHOCTh KOMILJIEKCA.

3anpemniaeTcss TPOBOJUTH  CAMOCTOSITEIBHBIM  PEMOHT 0€3  COrjlacoBaHHWs C
PENPUATHEM-HU3TOTOBUTEIIEM WA aBTOPU30BAHHBIM CEPBUCHBIM IIEHTPOM.
HekBanuduimpoBaHHoe BMEMIATENLCTBO MOKET HAPYIIUTh IITATHYI pabOTy yCTpOWCTBa H
C/IeTaTh €ro UCTOIh30BaHHE HEOE30MMaCHBIM, a TAK)KE aHHYJIUPYET TapaHTHIO.

Takxe He mOmMycKaeTcsi caMOCTOSTENbHAs MOAM(PUKANUS MEXAHHUYECKHUX Y3JIOB,
DJICKTPOHUKHU WM MPOTPAMMHOTO 00SCIICYCHHSI MAHHUITYJISTOpPA.

MaHunynaTop JOJDKEH HCIOIb30BAThCA TOJBKO IS 3a7ad, MPEIYCMOTPEHHBIX €ro
Ha3HAYEHUEM. 3arpeniaeTcs MPUMEHSTh KOMIUIEKC JIJISl BHITIOJHEHUSI paboT, HE YKa3aHHBIX B
TEXHUYECKOW JOKYMCHTAIIUH.

CobmoieHre yKa3aHHBIX OTpaHWYeHHH oOecredyrBaeT Oe30MacHOCTh CHEIHAIUCTOB,
NPOJICBACT CPOK CIIY>KObI MAaHHITYJISITOpPA M TapaHTHUPYET €ro KOPPEeKTHYI0 paboTy. B ciydae

BO3HHUKHOBCHHA HCIITATHBIX CI/ITyaHI/Iﬁ WIA COMHEHUH B MMPaBUJIIBHOCTHU OSKCILTyaTallun
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IPEKPATUTE MCIOJIb30BaHUE YCTPOWCTBA U OOPATUTECh B CEPBUCHYIO CIYKOY MpeIIpHUsITH-

HN3TOTOBUTCIJIA.

2.2 IHoaroroBka K 3KCIIyaTaAllUA

[lepen wnHauamom »okcruryatamu Promobot M13  HeoOXoaMMO  BBITIOJIHUTH — PAJT
MOATOTOBUTEIBHBIX MEPONPUSITHI, YTOOBI OOecreyuTh 0e30MacHyl0 M KOPPEKTHYIO paboTy
YCTPOWCTBA.

JleficTBHs mepesl yCTaHOBKOM:

- y0eauTech, YTO YCIOBUSI IKCILUTyaTaIlMl COOTBETCTBYIOT TPeOOBaHUSM, ONMCAHHBIM

B pazzene 2.1 «OKkcmyaTaliMoHHbIe OrpaHUYCHUS Y,

- ybeauTtech B OTCYTCTBUM Ha YMAaKOBKE TOBPEXICHUN, TOIYYECHHBIX MIPHU
TpaHcnopTupoBke. Ilpu oOHapykeHun neeKToB Ha YIakoBKe Tpedyercs
00paTUTbCST K MPEANPUSITHIO-U3TOTOBUTENI0O M HE MPHUCTYNaTh K paClaKOBKe
KOMILJIEKCA.

Buumanue!

1  He gomyckaeTcsi MOAKIIOUEHUE U BKIIOUEHUE MAaHUITYJISITOPA JO €r0 MOHTaXa.

2 YcraHOBKa KOMIUIEKCA JTOJDKHA TPOXOJIUTH B YCIOBUSX, OTBEYAIOIINX TPEOOBAHUSM

Kj1accCa 3alIMThI.

2.2.1 MoHTax

[Ipu ycraHOBKE MaHMITYJIATOpPA, BBUAY OOJBIIOrO Beca, HEOOXOJUMO HCIIOIH30BAThH
CTPOIIBIL:
- HCIOJIb3YHTE KPYTIOMPSIIHbIC TEKCTUIIBHBIE CTPOITBI JUTMHOW 2 METPa;
- mpu o0XBaTe CTPONaMU HUCIONB3YITE 3aXBaT MepTBOi metieit 3a miuedo CI12—CI13
(cM. Pucynok 1-12);
- Henb3s MOJBEpraTth yCWJIUsM 3arpelieHHble Mecta ooxsarta (CII4, CIIS, CII6) u

TUIACTHKOBBIC 3aIIUTHBIE KPBHIIIKH (cM. Pucynok 1-12).
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Pucynoxk 1-12 — Pa3peniennsle u 3anpeiieHHble MecTa 00XBaTa MpH MOHTaXKe/ IEMOHTaXKe

MaHHIYJIATOpa

Jlns ycraHoBKM Promobot M 13 BeImoSTHUTE CiIeIyrOIINE CHCTBUS:

a)

U3BJIIEKUTE  MaHUMOYJIATOp, IIKad  ympaBieHHs, MyJIbT  yNOpaBlIeHUs U

KOMIUICKTYIOIINE U3 YMaKOBKU (OylIbTe aKKypaTHBI MPH PaCMaKOBKE, YTOOBI HE

MOBPEIUTh YNAKOBOYHBIA MaTepuanl — OH MOXKET MOHaJO0OUThCA AJisl XpaHeHUs U

JanpHeWIIel TpancopTHpoBku Promobot M13);

IIPOBEPHTE KOMIUJIEKTHOCTH COIJIACHO MACIOPTy KOMIUIEKCA;

yOenuTech B OTCYTCTBHM TOBPEXKIEHUN COCTaBHBIX uactei Promobot M13 mpu

TPaHCIOPTHUPOBKE;

OTIpEeNIeTUTE MECTO M CIOCO0 yCTAaHOBKH: HAMOJIbHBIN, HACTEHHBIN, MOJBECHOM, Ha

JBIDKYIIEHCs TuiaT¢hopMe WK Ha TUHEHHOH ocu:

- IpU yCTaHOBKE HEOOXOJMMO yUWUTHIBATh pabOYMil AMANAa30H MaHUMYJSATOpPA U
00ecrneunTh AOCTAaTOYHOE MPOCTPAHCTBO Uil JIBMKEHUS COTJIACHO MYHKTY 4.3

«Paboyee OKpyKEHHE MaHUITYJISITOPAY;
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- MECTO YCTaHOBKM POBHOE, YCTOHYHBOE M CBOOOJHOE OT BHEITHUX BHOpAIIHiA,
crocoOHOE BBIIEPXKATh HArpy3Ky ¢ Bo3aelcTBrUeM cuiibl B 2 kH;

- TpeOOBaHUE K HAIIOJIBHOMY MTOKPBITHIO: OETOH He Xyxke Mapku b20 u TonuHon
He menee 200 MM,

- TpeOOBaHHUA K PEKUMY CKOPOCTH JIMHEMHON OCH WM IBUXKYILEHCA m1aTdopme:
MUHUMAaJIbHOE BpEMs YCKOpeHHMs U 3amemiaeHus — 0,6 c., MakcUMaibHas
JTuHENHast CKOpocTh — 1 M/c;

Ba:xno! HecoOmonenne pexuma CKOPOCTH MOXKET HPUBECTH K CpabaThIBAHUIO
aBapHUITHOIO OCTAaHOBA U MOBPEXKICHUIO MAHUITYJISTOPA.
1) YCTaHOBUTE MaHUILYJSATOP:

- IpocBepaUTE 4 MOHTAXKHBIX OTBEPCTHS IO OKPYXHOCTH IHAMETPOM 0254 MM

NOJl KpEIJIEHUS! OCHOBAHHUS MAaHUITYJIATOPA COIVIACHO CXEME pPa3METKU (CM.

Pucynoxk 1-13);

<
—y

Pucynok 1-13 — Cxema pa3MeTku OTBEPCTHI /11 MOHTa)XKa MaHUITYJISITOpa

- YCTAaHOBUTEC MAHUITYJIATOP OCHOBAHHMEM Ha IOATOTOBJICHHYIO IMOBCPXHOCTH H
3aKpPCIUTEC KPCIIC)KHBIMU JJICMCHTAMMU: Ha XUMHUYECKUI aHKEp CO IIMHUIBKON HE

MeHee MS8x100 wnu Ha BuHTBL M8 (HE BXOASIT B KOMIUIEKT ITOCTaBKH,
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npuoOpeTaroTcsl OTAENbHO), pekomenayeMbiil crangapr DIN 912, kimacc

MPOYHOCTH HE HIXKE 8.8;

B HuwMmawnue! [locne MOHTa)ka OCMOTPUTE MAHUITYJISITOP M YOSIUTECH, UYTO OH HAJIEHKHO

3aKperieH U yctoinunB. HeycToliunBas ycTaHOBKa MOXKET IPUBECTH K HEKOPPEKTHOM paboTe,

MIOBPEXKACHUAM MAaHUITYJIATOPA U TPaBMaM IIEPCOHAIIA.

e)

pa3MecTuTe Ha Moy mKad yrnpaBIeHUs:

- JIOTyCKaeTCss MOHTAX IKada yInpaBJICHUS Ha CTEHY C UCITOJIb30BAaHUEM YEThIPEX
MOHT)KHBIX OTBEPCTHUH @6 MM Ha Kopmnyce Ikada (OTBEpCTHs 3aKPBITHI
3ariaymKamu);

- U1 00ecTIeueHUs IUPKYJISAIAA BO3{yXa C KaXKI0H CTOPOHKI Kada ynpaBIIeHUS
HEO0OXOJIMMO OCTAaBUTh CBOOOIHOE MPOCTPAHCTBO mUpuHON 100 MMm;

- YCJIOBHS PacHoOJIOKCHHs IKada YNIpaBiIeHHUS JODKHBI COOTBETCTBOBATH €I0O
KJIACCY 3alllUTHI,

yOemuTech, YTO TpPH SKCIUTyaTaly KaOelmb TMyJiabTa YIPaBICHUS HE CO37acT

OMACHOCTU CHOTKHYTHCS; JJIsl yI0oOCTBa XpaHEHHUs IyJbTa MOXKHO HCIOJIb30BaTh

CHeIUabHbIE KPOHIITEHHBI (HE BXOAST B KOMIUIEKT IMOCTAaBKU, MPUOOpETAIOTCS

OTACIBHO);

3akpenuTe pabounii KHCTpYMEHT Ha (anen (cMm. Pucynok 1-14):

- ¢nanen wuHCTpyMeHTa BbImosHeH B cooTBerctBUU ¢ [OCT P 60.3.4.1-
2017/MCO 9409-1:2004 ucnonuenue 63-4-M6;

- [pU HEOOXOJUMOCTH TOIKIIOYCHUS MHCTPYMEHTa BO3MOXKHO HCIIOJIB30BAHUC

pa3zbema SF812B/S8 (cM. pasznen «2.2.2.2 IloakimodeHre HHCTPYMEHTA).
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Pucynok 1-14 — ®naner; ”HCTpyMeHTa

u) ybenutech, 4YTO paboyasi 30Ha CBOOOJIHA OT NOCTOPOHHUX MIPEIMETOB;
K) YCTaHOBUTE OIpPaXICHUS WM MapKepbl JUisi 0003HAYeHUsi 30HBI PabOTHI

MaHUMYJATOpa (HE BXOSIT B KOMIUIEKT MIOCTABKH, MPUOOPETAIOTCS OTAEIBHO).

2.2.2 IMoaxarouyenune
2.2.2.1 Tloak/aoyeHune 3JIeKTPUIECKHUX COeTMHEHUH

[loakmiounte mkad ynpaBieHUs W MyJdbT YIpPaBICHUS KaOelnsiMU M3 KOMIUIEKTa

noctaBku Promobot M 13 crnenyrommm o6pazom:
a) TOJKIIOYUTE KaOellb MUTaHUs K BXOJHOMY pa3beMy Ikada yrnpaBleHus;
0) moakIOUMTE Kabelb MaHUMyJsITOpa K mKkady ynpaBiCHUS U K MaHUIYJISTOPY

(cM. Pucynok 1-15);
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Pasbem BxogHoro nutanma 230B 50Ty

PasbeM Ana nogknoyeHunst
MaHunynaTopa

3

Pasbem DVI ans nogknioyeHus
nyneTa ynpasneHus, | \| l'epmoBBOabI

Pucynok 1-15 — Pacrnionoxxenue pazbema MoJAKIIOUYEHUS MAHUITYJIATOpPa U TEPMOBBOIA ISt

pOX0J1a Kabess MmyibTa YIpaBICHUS

B) OTKpoHTe mKkad ympaBlieHUs, yOeIuTech, YTO ABTOMATHYECKHUI BBIKIIOYATENb
HaxonuTcs B nmojioxkeHnn « BBIKJDy;
I) TOJKIIOUUTE MyJbT yrpaBieHus B pazbem DVI;
1) TOJKIIOYNTE HeOOXOAuMbIe NepudepHuitHbie YCTPOUCTBA U MOJTYJIH (TIPU HAJTHMYUHN )
(cM. paznen 2.2.2.3 «[lonkiroueHre BHEITHUX YCTPOHCTBY);
€) yOeaurtech, 4TO JONOJIHUTENIBHBIE KHOIKM aBAPUHHOIO OCTAHOBA yCTAHOBJIEHBI U
nepesefieHsl B monokeHue «BKJI»  mmbGo B cooTBeTcTByMOIIME pa3beMBI
yCTaHOBJICHBI TiepeMbIYKH (cM. paznen 4.4.1 «KaTeropuu octaHOBa»);
K) TIOAKIIOUNTE Kabeiabh MUTAaHUS K MHUTAIOIICH CeTH.
IIpumeuyanue — Ecam kommiekc ObUT MepeMelleH U3 30HbI € OTPHUIATENbHOMN
TEMIIepaTypol B TEIUIOE MOMEIeHHE, 0053aTeIbHO BBICPKHUTE €r0 B HOBBIX TEMIIEPATYPHBIX
yCIIOBUSAX He MeHee 12 yacoB, Mpex/ie YeM MOJKIIOYUTh K AJIEKTPOCETH.

3) TepeBeAMTE ABTOMATUYECKHI BBIKIIOUATENh MIKada ympaBieHHs B TOJOXKECHHE

«BKJI»;
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M) HKXMHUTE KHOIIKY BKIIOUEHUS HA ITyJIbTE YIPABICHUS: TIOCIIE MTOAa91 MATAHMS MIKad
yIpaBlIeHUs U3JACT OJIMH JITTMHHBINA 3BYKOBOI CUTHAI, HA ITyJIbTe ypaBieHus Oyaet
oToOpaxkaThCs Mpollecc 3arpy3ku yrpasistoniero [10;

K) 3aKpouTe mkad ynpaBiIcHUS.

Baxno! Yo6eaurech, uto mkad ynpaBiaeHus U KaOeau HE KOHTAKTUPYIOT C BOJIOM.

[TocnencTBust KOHTaKTa MOTYT IPUBECTH K CMEPTEIHHOM TpaBMe.
2.2.2.2 TloakawYeHUe HHCTPYMEHTA

Ha ¢nanne HaxonsTcs TpymIbl AJIEKTPUYECKUX WHTEpQeiicoB, HEOOXOIUMBIC s

MOJIKJIFOUEHHUs HHCTpyMeHTa (cM. Pucynok I-16).
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Pasbem AnNA NOAKNKYEHUS
WHCTPYMEHTa

Paawem gnsa nogknioYeHus
CHNOMOMEHTHOMO gaTt4uka

2)
y
// ® @\

0) B)

Pucynok 1-16 — I'pynmsl anektpuueckux naTepdericoB Ha ¢aanie, Tae: a) BXOIbl U BBIXO/bI
Ha (raHIe UHCTpyMeHTa, 0) pazbem SF2012/S151 nns noakitoueHus] CHWIIOMOMEHTHOTO

natymka, B) pazbeMm SF812B/S8 nns moaxirouenus HHCTpyMeHTa
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[Topsitok pacroyioskeHusi KOHTAKTOB pa3beMa HHCTpyMeHTa (cM. Pucynok 1-17).
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Pucynoxk 1-17 — Topsiiok pacroyioxKeHusl KOHTAKTOB pa3beMa HHCTPYMEHTa

Onucanue u XApaKTCPUCTUKU OTIINYAIOTCA B 3aBUCHMOCTH OT YCTaHOBHeHHOfI BCPCHUU

1aThl MHCTpyMeHTa V2 unu mnaThl MHCTpyMeHTa V3. Bepcus miaTel, yCcTaHOBJIEHHAas Ha

BallleM MaHUITYJIATOPE, OTOOpa)kaeTcsi B MPUIIOKEHUU : BKIagKa «MOHHTOPHHI» — pasfen

«[IporpammHoe obecrieucHre» — Bepcus miatel nHCTpyMenTa Gadget (PCB)(cwm. pasaen 11.7.5

«[IporpamMmmMHOe oOecrieueHue»).

Onucanve U XapaKTEPUCTHUKA KOHTAKTOB pa3beMa MHCTPYMEHTA IMPU YCTAHOBJIECHHOMU

Bepcuu 1wiatel nHCTpyMeHTa V2 (PCB 2) npencrasiens! B Taduie 3.

Tabnuma 3 — OnucaHue W XapaKTEPUCTUKA KOHTAKTOB pa3beMa HWHCTPYMEHTA IUIATHI
uncrpymenta V2 (PCB 2)

Ne Kpartkoe Onucanue XapaKkTepuCcTUKHU
HAaNMEHOBaHHe
1 GADGET_1 AHanoroBelii  Bxon 2 | Pexxum m3mepeHus HanpsoKeHUs:

(AIN2) / RS-485 (B)
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Kparkoe
HAaMMEHOBaHUe

Onucanue

XapakTepucTuKH

GADGET_2

AHAaJIOroBBIi BXOJ, 1

(AIN1) / RS-485 (A)

- MakcumansHOE

HanpspkeHue — 24 B;
- Bxoanoe conporusnenue — 11,5 kOm.
PexxuM TOKOBOM meTIIN:

HU3MEPAEMOC

- MakcumaibHOE BXOJHOE HAMPSIKEHUE —
5 B;

-  MaxkcuManabHBIN BXOIHOU TOK — 25 MA,;

- Bxonnoe conpotusnenne — 182 Om

GADGET 3

Ludposoii Bxox 2 (DIN2)

GADGET_4

[Mudposoii Bxox 1 (DIN1)

- Bayrpennss
50 xOwm;

- Jlornueckuii «0»: <2 B;

- Jlornueckas «1»: >5 B;

- MaxkcumanpHbplii  paboumMii  TUana3oH
0-24 B;

- Makc nonycrumoe Hamnpspkenue 26 B

IIOATSXKKA: K 3€MIJIC

GADGET_5

Hudposoit BBIXOJ] 2

(DOUT2)

24 B, makcumym 1 A
Bo03MOKHBIE PEKUMBL:

- Sinking (Low/open);
- Sourcing (High/open);
- Push/Pull (High/Low)

GADGET_6

BBIXOJI 1

Hudposoit
(DOUTY)

12 B, makcumym 1 A
Bo3MOKHBIE PEKUMBL:

- Sinking (Low/open);
- Sourcing (High/open);
- Push/Pull (High/Low)

GADGET 7

[MTuranue (0 B) /24 B

24 B, makcumym 1 A

GADGET_8

3emist (GND)

Makcumym 1 A, oObenUHEHA ¢ KOPIIYCOM

yYCTpOKCTBa

Onucanue M XapaKTEpUCTUKH KOHTAaKTOB pa3beéMa MHCTPYMEHTA IPHU YCTAaHOBIEHHOMN

Bepcu wiatel uHCTpyMeHTa V3 (PCB 3) mpencrasienst B Tadnuie 4.
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Tabmuma 4 — Onucanue

uncrpymenta V3 (PCB 3)

U XapaKTCPHUCTUKKU KOHTAKTOB pa3dbeMa HWHCTPYMCHTA IIJIATHI

(AIN2) / RS-485 (B)

2 GADGET 2

BXOJ 1

(AIN1) / RS-485 (A)

AHaJIOroBbIHI

Ne Kparkoe Onucanue XapakTepucTUKHA
HAHMeHOBaHUe
1 GADGET_1 AnanoroBeli  BxoJ 2 | Pexxum u3MepeHus HanpsiKeHUs:

- MakcumansHoe A3MEPSIEMOE
HanpspkeHue — 24 B;

- BxoamHoe  compoTuBiieHHME = —
11,5 kOwm.

Pexunm ToKOBOM NIETIIN:

- MakcumansHoe BXOJIHOE

Hanpsikenue — 5 B;
- MakcuMaabpbHEIA BXOJHOH TOK —

25 MA;

4 GADGET 4

Hudposoii Bxox 1 (DINT1)

- BxomHoe  compoTtuBiieHHME = —
182 Om

3 GADGET_3 [udposoii Bxox 2 (DIN2) | - Bxognoe CONPOTUBIIEHUE —
50 kOwm;

- Jlornueckuii «0»: <2 B;

- Jlornueckas «1»: >5 B;

- PaOounii qnamnason — 0-24 B;

-  MaxkcuManarHO JIOITyCTUMOE
HanpspkeHue — 26 B

5 GADGET 5

[MudpoBoit  BBIXOA 2

(DOUT2)

HOCTYHHBIG HAIps>KCHU AL

- 24 B, makcumanbsHO 1 A.
Bo3MoxHBIE PEXKUMBL:

- Sinking (Low/open);

- Sourcing (High/open);
- Push/Pull (High/Low)
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6 GADGET_6 [Mudposoii BbIXOJ | JloCTymHbIE HaNpsSXKEHUS:

1 (DOUT1) - 12 B, makcumanbsho 1 A;
- 24 B, makcumainbHO 1 A.
Bo3MOXHBIE PEIKUMBI:

- Sinking (Low/open);

- Sourcing (High/open);
- Push/Pull (High/Low)

7 GADGET_7 [Muranue (VOUTPUT) JlocTymHbBIE HAPSKSHUS:

- 24 B, makcuManpHO 1 A;
- 12 B, makcumanbHo 1 A;
- 0B (GND), makcumanbao 1 A

8 GADGET_8 3emist (GND) MaxkcumanpHO 2 A, oObeIMHEHA C

KOPILyCOM yCTpOMCTBa

IIpumeyanus

- JI1 MHIYKTUBHBIX HArpy30K PEKOMEHAYETCS MCIONIb30BaTh 3aIUTHBIN JUOLI.

- HudpoBbie BX0Abl € BBICOKOOMHBIMU MOJTSATUBAIOUIMMU PE3UCTOPAMU — O3HAYaeT, 4YTO
IJIABAIOIIHAN BXOJ] BCEI1a UMEET HU3KUI YPOBEHbD.

- AHasioroBble BX0/ibl Heiu(epeHnanbHble 1 MOTYT ObITh HACTPOEHBI Ha Hampsbkenue (024 B)
WM ToK (4-20 MA).

- KopoTtkoe 3ambikaHue LU(QPOBBIX BBIXOJOB WM NOPTa IUTAHUS MOXET TPUBECTH K
noBpexaeHuo M13

2.2.2.3 ToakJ/jo4yeHue BHEIIHUX YCTPOMCTB

Jis obecrnieyeHHsl WHTETpallMd C BHEUIHUMH yCTPOWCTBaMHU IIKad ympaBieHus
Promobot M13  comepXuT TpymHIbl JJIEKTPHYSCKUX HWHTEP(EHCOB, paCIOIIOKEHHBIX Ha
0JIb30BaTEIILCKOW TIAHEIIM — BXOJIbI M BBIXO/IbI IIKada yrpasieHus (cM. Pucynok 1-18).

['pynmbel  3MeKTpUYEeCKMX ~ HMHTEpP(EcoB  MMEIOT  CBETOBYIO  HHAMKAIHUIO,
CUTHAJIM3UPYIONIYIO0 00 UX aKTUBHOM COCTOSIHUU.

Bce BHelHME MNOAKIIOYEHMS OCYIIECTBIIATH HCKIIOUUTEIBHO YEpPE3 I'€PMOBBOJbI,

obecrieunBaroIue 3aluTy Kopiryca Kkada oT MPOHUKHOBEHUS TTBUTH U KUJIKOCTEH.
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Pucynoxk |-18 — OOuuii Buj noib30BaTENbCKON MaHenu 1mKada yrnpaBieHUs

Onucanue u XApaKTCPUCTUKHU OTIINYAIOTCA B 3aBUCHMMOCTH OT YCTaHOBHeHHOﬁ BCPCHUU

miatel 6e3onacHocTy V2 unu V3. Bepcus niaTel, ycTaHOBJICHHAsl Ha BallleM MaHUITYJISITOPE,

oToOpakaeTcsi B

obecnieuenue» — Bepcus wiatel 6e3omacuoctu Safety (PCB) (cm. pasnen I1.7.5 «IIporpamMmmuoe

obecrieueHue»).

MIPUIIOKEHUU:

BKJIaJIKa

«MOHMTOpPUHI» — pazaen
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Onucanue M XapaKTEpUCTUKU HUHTEPPENCOB, MPU YCTAHOBJIEHHON BEPCHUU IUIATHI

oezonmacuoctu V2 (PCB 2), npeacraBicHbl B Tabnuie 5.

Tabmuia 5 — Onucanue u XapakTepuCcTUKU HHTEepdeiicoB miathl Oe3onacHoct V2 (PCB 2)

Ne HaumenoBanue Onucanue XapakTepucTUKH
pa3beMa pa3bemMa
1 Bxomgsl PasbeMel s | Pazvem: 1SEDGVC-3.5-04P-14;
BKJIFOUCHHA YAAJICHHOT'O Hymepanus KOHTaKTOB CHU3Y BBEPX:
MaHHUITyJISITOpa BKITIOUCHHS - 1,3-12 B, cymmapso makc. 0,3 A;
MaHHIyJIATOpa - 2 — KOHTAaKT BKJ.;
- 4 — KOHTaKT BBIKJ.
Hanpsoxenue:
- TIpenenbl  HampspKeHUs Ui 00JacTu
«BKJL»: mun. 7 B, Hom. 12 B, makc. 14 B;
- Tpenmenbl  HampsDKEHUs i o0jactu
«BBIKJL.»: muH. -3 B, Hom. 0 B, makc. 3 B.
Tok: muH. 1 MA, HOM. 2 MA, Makc. 20 MA
2 Bxonpr I'pynibt HymMepanus KOHTaKTOB CHU3Y BBEPX:
Emergency JIUCKPETHBIX - 1,3,57:
BXOJZIOB i - HanpsbkeHue: 24 B;
- Makc. cyMMapHsbli Tok 0,7 A;
HONKIIIOICHIA - 2,4 - anmapaTHble BXObI (/151 HOPMAIBHOM
KHOTIOK " paboTHI 1OJKHBI OBITh 3aMKHYTHI Ha 24 B);
- 6, 8 — uudpoBsie BXOHI.
JATYUKOB

[TapameTtps! IU(POBBIX BXO/IOB:

- Hampsxenue:

- TpemeNbl HANpSOKEHUS JUIsl  00JacTh
«BKJL»: wMmmH. 11 B, BHOM. 24B,
makc. 30 B;

- Tpenenbl HaNpsDKeHUs JUisl  o0nacTu
«BBIKJI.»: wmuu. -3B, nom. 0B,
makc. 11 B.

- Toxk: muH. 2 MA, HOM. 5 MA, Makc. 15 MA

1-39




Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pa3bema pa3bema
3 Brixonsl 24 B, | UcTtounuku HymMmepanus KOHTaKTOB CHU3Y BBEpX:
12 B, 5B M | IOCTOSIHHOTO - 12-24B (£5%), 0,7 A;
uHTepderic HanpspKeHus  JUIs | 3412 B (+5%), 0,7 A;
- 5-5B(*5%),0,7 A;
RS-485 BHEIIHAX - 6-RS-485 (A);
YCTPOMCTB. - 7—RS-485 (B);
- 8-GND
[Ipumeuanue: B
nporecce
IKCILTyaTaIluu
uHTepdeiica
RS-485 npu
HEO00OXOIUMOCTH
YCTaHOBHTE
BHEIITHUH
TEPMHUHATOP
4,5,8,9 | Ludppossie Bxonsl | ['pymiibr Hymepariust KOHTaKTOB CHH3Y BBEPX.
DI_1-DI_4, JIUCKPETHBIX Hampsixenue:
DI_5-DI_8, BXOJIOB AN | - mpemenbl  HAaNpsOKEHMs  JUIi  00JIAcTH
DI_9-DI_12, [OK/TIOEHHs «BKJL»: mun. 11 B, nom. 24 B, makc. 30 B;
- TpeneNbl  HAmpsDKeHUsS  JUIT  O0JIAaCTH
DI_13-DI_16 AaT9uKOB «BBIKJL»: mun. -3 B, HoMm. 0 B, makc. 11 B.
Tok: muH. 2 MA, HOM. 5 MA, Makc. 15 MA
6, 7, 10, | Hudpossie ['pynmsl Hywmeparius KOHTaKTOB CHU3Y BBEpX:
11 Bbixoabpl  DO_1- | auckpeTHbIX - 1, 3,5, 7 - BeIXoOsl:
DO 4, DO_5- | BeIxom0B TS - Hanpskenue: 24 B;
- Tok Makc. 0,3 A;
DO_8, DO_97 YHpaBJICHUA - 2.4.6.8—GND
DO_12, DO_13- | BHEUITHUMH
DO_16 yCTpoiicTBamMu
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Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pazbema pa3beMa
12 AHaJIOroBuIe Bxonbl u Beixonbl | Hymepanus KOHTaKTOB CHHU3Y BBEPX:

Bxonbl (AIN) 1, 2
u AHAJIOTOBBIC
Beixoabl (AOUT)
1,2

JJIA aHaJIOI'OBBIX

CHUTHAJIOB

1, 3 — aHaAJIOTOBBIE BXOIBI:

- B pPOKUME U3MEpPEHUS HaNpsHKEHUs
0...10 B, 11,5 kOm

WIn

B pexume TokoBoM mermin 4...20 MA;
150 Owm;

5, 7 — aHaJI0rOBBIE BHIXOBI:

- B POKHME  HaIpsHKCHUS
0...20 MA

WJIn

B pexuMe TOKOBOM memiu 4..20 MA,
Makc. 12 B;

2,4,6,8—-GND

0..10 B,

IIpenoxpanurens

[Ipennaznauen
IS 3aIMTHI
noproB GND ot
CYMMAapHOI0
MPEBBILLICHUS

TOKa 6 A

CwMmenHsbIi penoxpanutens 6 A, kopryc 5x20
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Ne
pa3bema

HanmenoBanue
pa3bema

Onucanue

XapaKTepUCTHKHU

CBeToBag

HWHAWKaI s

CBeTonuoasl s
nepeaadn

uHpopMaIUd O
COCTOSIHUM  WJIH
npoiiecce paboTh

MaHUIYJISTOpa

Haznauenwne CHHU3Y BBCPX:

- Processing unit — WHAUKATOpP COCTOSHUS
BBIUMCIIUTEIIBHOTO  OJloKa  (IMTOCTOSTHHOE
CBEUCHHME  3€JeHbIM —  HOpMajlbHOE
(GyHKIIMOHMPOBAHUE BBIYUCIIUTEIILHOTO
O1oka MaHUIYJISATOPA; OTCYTCTBYET
CBEUEHHE —  BBIYMCIHUTEIBHBIA  OJIOK
OTKJIFOYEH);

- Robot power — B mpormecce:
- 3amycka CHCTEMBI:

YCHEIHOM WHUIIAIN3AlAN
(MOCTOSIHHOE ~ CBEYEHHUE 3€JICHBIM —
BBIUMCIUTENbHBIM ~ OJOK  3amylleH,
MHUIMaIM3anus rnepudepun mpomuia
YCIEIIHO);

- paboTbl KOMILIEKCa: UHIUKATOp
HAIMYUS HAMPSOHKEHHS HA MAHUITYJISITOPE
(IpepbIBUCTOE CBEUEHUE Pa3 B CEKYHAY
— HaNpsDKEHUe MOJIaHO Ha
MaHUIYJISATOP);

- System status — wWHAMKATOp COCTOSHUS
IUIaThI 0e30macHOCTH (mocrosiHHOE
CBEUEHME 3€JICHBIM — 3arpy34UHK 3aIyIleH Ha
IUIaTe; MPEPHIBUCTOE CBEYEHHE — HAIM4He
omunboK Ha  IUIaTe 0€30I1aCHOCTH;
OTCYTCTBYET CBEYEHHE — OTCYTCTBHE
ommOOK Ha Mate Oe30IacHOCTH WIIU
3amy1eH npouecc ooHosneHus [10 Ha tate
0€30MacHOCTH);

- Emergency button — uHAUKATOP COCTOSHHUS
AaBapUMHON KHOIIKM Ha ITyJIbTE YNPABIICHHUS
(TOCTOSIHHOE CBEYEHHE 3€JICHBIM — KHOIKa
JICaKTUBUPOBAaHA (COCTOSIHME HOPMaJbHO
3aMKHYTO€); OTCYTCTBYET CBEUEHHE —
KHOIIKa aKTUBUPOBAaHA (cocTosiHUE
Pa30MKHYTOE))

WHJIUKATOP

HDMI Monutop

Pa3pem s
HOIKIIOUYECHUS
BHEIITHETO

JUCIIIICA

Twm: A;

Cranpapr: 1.4a
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Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pa3bema pa3beMa

- uUsSB [Topt s | Crapmapt: USB 2.0;
TIOTKITFOYCHUST Tumn: Type-A,
BHEITHUX Tok: 500 MA
nepupepuiHbIX
YCTPOWCTB

- Ethernet CereBoit Crangapt: 100BASE-TX;
untepdeiic 114 | Ckopocts: 100 Mowur/c;
NOAKIIIOYCHUSA K | Pazpem: §P8C
BHEILIHEN
JIOKaJIbHOU ceTH

Onucanne M XapaKTEpUCTUKU HUHTEpPeicoB, NMpH YCTAHOBJIEHHON BEPCHUU IUIATHI

oe3omacuoctu V3 (PCB 3), npeacrasicHsl B Tadiuiie 6.

Tabmuma 6 — Onmcanne W XapakTepUCTHUKW WHTepdeicoB miata Oe3omacHocTH V3

(PCB 3)
Ne HaunmenoBanue Onucanue XapaKTepHCTHKHU
pazbeMa pazbeMa
1 Bxomsl PasbeMel g | Pazsem: 15EDGVC-3.5-04P-14;
BKJIFOUCHHA YAAJICHHOT O Hymepanus KOHTaKTOB CHU3Y BBEPX:
MaHMITyJISITOpA BKJTIOUCHMS - 1,3-12 B, cymmapuo makc. 0,3 A;
MaHHIyJIATOpa - 2 — KOHTAaKT BKJ.;

- 4 — XOHTAKT BBIKII.

Hanpsoxenue:

- TIpeleNbl  HANpPSDKeHHWs i1 O0JacTH
«BKJL»: mun. 7 B, Hom. 12 B, makc. 14 B;

- TIpeAeNbl  HANpsOKeHHWs I 00JacTh

«BBIKJL»: mun. -3 B, HoM. 0 B, maxkc. 3 B.
Tox: muH. 1 MA, HOM. 2 MA, Makc. 20 MA
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Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pa3bema pa3bema
2 Bxonb1 ['pynms Hywmepanust KOHTaKTOB CHU3Y BBEPX:
Emergency JIUCKPETHBIX - 1,357
BXOJIOB s - Hanpsbkenue: 24 B;
- Makc. cyMMapHbii Tok 0,7 A;
HOAKIIIOYCHHA - 2,4 — anmapaTHble BXOBI (/15 HOpMAJIbHOM
KHOIIOK " paboThI NOJIKHBI OBITH 3aMKHYTHI Ha 24 B);
- 6, 8 — mudpoBsIe BXOIBI.
JATUYUKOB )
[TapameTtps! HUGPOBBIX BXOIOB:
- Hanpsxenue:
- Tpenenbl HaOpsDKeHUs JUisi  o0nactu
«BKJL»: wMumH. 11 B, HOM. 24B,
makc. 30 B;
- TpemeNbl HANpPSOKEHUS JUIsl  00acTh
«BBbIKJL.»: wMuH. -3B, #nHoMm. OB,
Mmakc. 11 B.
- Tok: muH. 2 MA, HOM. 5 MA, mMakc. 15 MA
3 Brixonsr 24 B, | UcTounuku Hymepauust KOHTakTOB CHU3Y BBEpX:
12B, 5B  u | HOCTOSHHOTO - 1,2-24B (£5%), 1,5 A;
uHTEepdeiic HalpsDKEHU  JUIA | 3,4-12B (#5%), 0,7 A;
- 5-5B(*5%),0,7 A;
RS-485 BHEIITHUX - 6-RS-485 (A):
YCTPOHCTB. - 7-RS-485(B);
- 8-GND

IIpumeuanue: B
nporecce
HKCIUTyaTalH
uHTepdeiica
RS-485 npu
HE00X0JUMOCTH
YCTaHOBHTE

BHEIITHUN

TEPMUHATOP
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Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pazbema pa3beMa
4,5,8,9 | Ludpossie Bxoabl | ['pyribt Hymepaiiust KOHTaKTOB CHU3Y BBEPX.
DI_1-DlI_4, JUCKPETHBIX Hanpspxenue:
DI_5-DI_8, BXOZIOB AN | - mpemedbl  HANpPSOKEHMs  JUIL  0OJIACTH
DI_9-DI_12, ™~ «BKJL»: mun. 11 B, Hom. 24 B, maxkc. 30 B;
- Tpenenbl  HampspDKeHus  ans  o0nactu
DI_13-DI_16 AaTIUKOB «BBIKJL.»: mun. -3 B, oM. 0 B, maxkc. 11 B.
Tok: muH. 2 MA, HOM. 5 MA, Makc. 15 MA
6, 7, 10, | Hudpossie ['pynmb Hymepaiust KOHTaKTOB CHU3Y BBEPX:
11 BeIXoabl DO _1- | nucKpeTHBIX - 1, 3,5, 7 - BuIXoOsl:
DO 4, DO_5- | BeIXom0B TUTS - Hanpsbkenue: 24 B;
- TOK Makc. 1,9 A; cymMMapHBIi Makc. TOK
DO_8, DO_9- | ynpapnenus Bcex 16 mopToB BMecCTe ¢ Bbixojamu 24
DO_12, DO _13- | BHEIIHUMH B- «l» «2» =35 A
- 2,4,6,8—-GND
DO_16 yCTpoiicTBamMu
12 AHaorossie Bxonbl 1 Bbixoapl | Hymeparnus KOHTaKTOB CHU3Y BBEPX:

Bxogsl (AIN) 1, 2
" aHaJIOTOBEIC
BbIxoabl (AOUT)
1,2

JJIA  aHaJIOI'OBBIX

CHUT'HAJIOB

- 1, 3 — aHA/IOrOBEIE BXOIKI:

- B pPEXKUME U3MEpPEHUs HaNpsHKEeHUs
0...10 B, 11,5 kOm
15R10 1
B pexxume TokoBoW merTin 4..20 MA;
150 Owm;
- b, 7 — a”Hamorosnle BHIXOIBI:

- B POKAME  HaNpsDKCHUS
0...20 MA
WJIN
B pexxume TOKOBOM mneriu 4..20 MA,
Mmakc. 12 B;
- 2,4,6,8-GND

0..10 B,

ITpenoxpanurens

[Ipennasnauen
IS 3aIUTHI
noproB GND or
CYMMAapHOI0
MIPEBBIIICHUS

TOKa 6 A

CwMmenHblil npeioxpanutens 6 A, kopryc 5x20
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Ne
pa3bema

HanmenoBanue
pa3bema

Onucanue

XapaKTepUCTHKHU

CBeToBag

HWHAWKaI s

CBeTonuoasl s
nepeaadn

uHpopMaIUd O
COCTOSIHUM  WJIH
npoiiecce paboTh

MaHUIYJISTOpa

Haznauenwne CHHU3Y BBCPX:

- Processing unit — WHAUKATOpP COCTOSHUS
BBIUMCIIUTEIIBHOTO  OJloKa  (IMTOCTOSTHHOE
CBCUCHUE  3C€JICHBIM —  HOPMAJIbHOE
(GYHKIIMOHHPOBAHUE BBIYUCIIUTEIILHOTO
Oyoka MaHHMITYJISATOPA, OTCYTCTBYET
CBCUCHHUEC —  BBIYMCIMTEIbHBIA  OJIOK
OTKJIFOYEH);

- Robot power — B mpormecce:
- 3amycka CHCTEMBI:

YCIICLIHOU

WUHUKATOP

UHULAATU3aLUuU
(MOCTOSIHHOE  CBEYEHHUE 3€JICHBIM —
BBIUUCIUTENbHBIH ~ ONOK  3amylleH,
MHUIMaIM3anus rnepudepun mpomuia
YCIEIIHO);

- paboTbl KOMILIEKCa: UHIUKATOp
HAJINYMS HANPSDKEHUS. HA MAaHUILYJISTOPE
(IpepbIBUCTOE CBEUEHUE pa3 B CEKYyHAY
- HalnpspKeHue HOJJaHO Ha
MaHUIYJISATOP);

- System status — wWHAMKATOp COCTOSHUS
TUIATHI 0e3omacHOCTH (moctostHHOE
CBEUEHME 3€JICHBIM — 3arpy34UHK 3aIyIleH Ha
IU1aTe; MPEPHIBUCTOE CBEUEHUE — HAIM4YUE
omunboK Ha  IUIaTe 0e301acHOCTH;
OTCYTCTBYET CBEYEHHE — OTCYTCTBHE
ommOOK Ha Mate Oe30IacHOCTH WIIU
3amy1eH npouecc ooHosneHus [10 Ha miare
0€301acHOCTH);

- Emergency button — uHAUKATOP COCTOSHHUS
AaBapUMHON KHOIIKM Ha ITyJIbTE YNPABIICHHUS
(TOCTOSIHHOE CBEYEHHE 3€JICHBIM — KHOIKa
JICaKTUBHUPOBAHA (COCTOSIHME HOPMaJbHO
3aMKHYTO€); OTCYTCTBYET CBEUYEHUE —
KHOIIKa aKTUBUPOBAaHA (cocTosiHME
Pa30MKHYTOE))

HDMI Monwutop

Pa3pem s
HOIKIIOUYECHUS
BHEIITHETO

JUCIIIICA

Twm: A;

Cranpapr: 1.4a
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Ne HaunmenoBanue Onucanue XapaKTepUCTHKHU
pasbema pasbemMa

- uUsSB [Topt s | Cragmapt: USB 2.0;
TIOTKITFOYCHUST Tumn: Type-A,
BHCITHNX Tok: 500 MA
nepudepuiHbIX
YCTPOWCTB

- Ethernet CereBoit Crangapt: 100BASE-TX;

untepdeiic 114 | Ckopocts: 100 Mowur/c;
NOOKIIOYCHUS K | Pasznem: 8P8C
BHEIITHEN

JIOKAJILHOU ceTH

2.2.2.4 Cxembl NOAKJIKYCHUA JAaTYUKOB MU HCIHOJHHUTEJIBHBIX MEXAHU3MOB K

nopram

IIpumeuyanus

1 B pazaene onuchIBAaIOTCS CXEMbI OJKIIOUYEHUS MPU YCTaHOBJIEHHOW BEPCUU IUIATHI
unctpymenta V2 (PCB 2) u mmater Gesomacioctn V2 (PCB 2) (cm. pasmen 11.7.5
«[TporpamMmMHoOe obecrieueHue»).

2 Ilepen mnoaxiIOYeHHWEM YCTPOMCTB 00s3aTE€IBHO HM3YyUUTE XapaKTEPUCTUKH
KOHTAaKTOB pa3beMa WHCTPYMEHTa TMPHU YCTAHOBICHHOW BEPCHMU IUIAThl WHCTpyMeHTa V2
(cm. Tabnuna 3) W XapakTepUCTUKH WHTEp(EHCOB, TMPH YCTAHOBJICHHOW BEPCHU ILIATHI
0e3zomacHoct V2 (cm. Tabnuna 5).

JUis  TOAKIIOYEHUS TOTOBBIX JAaTYMKOB WJIM  HUCIOJHUTENBHBIX  MEXaHU3MOB
UCTIOB3YFOTCS:

- TOpPTHI (BXOIBI M BBIXOJBI) HA MOJB30BATEIbCKOM MaHeNu mKada ynpaBiIeHUS

(cMm. Pucynoxk 1-19);
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1 2 3 12

b 5 6 1 8 9 10 1
| OFF | [TGND |
12v 5V
i
gk

- KHonku de3onacHocmu - Lluppobou bxod E Ananozobuiu bxod
- Lugppobou beixod - Ananozobuiu beixod

>‘:n

Pucynox 1-19 — [TopThl Ha TOTB30BaTENBCKOM MaHeH MKada yrpaBIeHUS]

- mopThI (BXOBI ¥ BBIXOJIBI) HA (hi1aHIle HHCTpyMeHTa (cM. PucyHnok 1-20);

Lugpobou Beixod

Lugpobod bxod

Ananozobuit Bxod

-

NononHumensHoe Mumaxue

RS-485

Pucynoxk 1-20 — ITopTsl Ha naHIle HHCTpYMEHTA

Tunoast cxema NOJKJIIOUYEHUS K IUPPOBOMY BXOAY:

- moakiIroueHue aaryuka tuma «Cyxoit KoHTakT» (cM. Pucynok I1-21).

128/ 248 ‘ @
| T
[lomb30bamessckad nawens, | Bexod |
Pa3beM UHCITPYMEHMA | | damyuka |
| I

Bxod { @

Pucynok I-21 — IMoakmouenue natunka tTuma « Cyxoi KOHTaKT»
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Turnosbie CXEMBbI INOJKIIFOYECHMS K aHAJIOTOBOMY BXO4Y.

- MOJKJIIOYEHHE JAaTYUKA C BBIXOJIOM IO HAMPsHKEHUIo (cM. Pucynok 1-22);

Pasber uHCmpymMeHma

|
{
|
[Ton30bamensckag nadens,
|
|
|
|

PucyHnok 1-22 — CxeMa MoaKII0OYeHHS JaTUuriKa C BBIXOJIOM 110 HAMPSKCHUIO

- TOJKJIIOYEHHE JaTUMKa C BBIXOJOM THIIA «TOKOBas meTis» (cM. Pucynok 1-23).

N . D
Z D |r Jam L/U/(T
[Tone3obamesbckas navems,” | |
Pa3bem UHCMpYMeHma | : :
|
! | |
Bxad | L ]

Pucynok 1-23 — CxeMa MoxI0ueHHs JaTYUKa C BBIXOJIOM THIIA «TOKOBAs TETIIS

TurnoBbie CXEMBbI MNOAKIFIOYCHHUSA K HI/I(prBBIM BBIXOJAaM.
- INOAKJIOYCHHUE  HCIIOJTHUTCIIBHOI'O ME€XaHui3Ma C III/I(l)pOBI)IM AUCKPCTHBIM

untepdeiicom (cMm. Pucynox 1-24);

Beixod (128/24L5)

Pazver vHompyMeHma

|
;
|
[onb3obamensckas navens, |
|
\
|
[
|

Pucynok 1-24 — Cxema noKIII0YE€HNS UCTIOTHUTEIHHOTO MEXaHU3Ma C IU(POBBIM

JTUCKPETHBIM UHTEpPeiicom
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- MNOAKIOYCHHUC HUCITIOJIHUTCIBHOI'O MCXaHHu3Ma C HHGBMOHHTGp(beICOM

(cMm. Pucynoxk 1-25).

Pazbem UHC MpYMEeRma

|
%
|
[Tonb30bamensckag nasens, |
\
|
|
1
|

Pucynok 1-25 — Cxema moaxIroYeHus HCTIOTHUTEIIEHOTO MEXaHH3Ma C THEBMOMHTEp(hericoM

IIpuMeyanue — PeKoMeHIyeTCsl UCHOJIB30BaTh 3AIIUTHBIA JUOJ MPU MOAKIIOYEHUN
MEXaHHU3MOB C THEBMOMHTEp(eiicoM (MHIYKTUBHAS Harpy3Ka).

Tumospie cXeMBbI MOAKIIOUYCHHS K aHAJIOTOBBIM BBIXOIaM.

-  NOJKIIOYEHHE HCIOJHHUTEILHOTO MEXaHH3Ma CO BXOJOM THIIA TOKOBas IICTIISI»

(cMm. Pucynok 1-26);

loop + % : 128/ 248
[lo/b300ame/Ibckas naHe b : Bxod
logp - i
************ | /v
= ]

PucyHnok |-26 — CxeMa moakIr04eHHs] UCIIOJIHUTEIBHOTO MEXaHU3Ma CO BXOJOM THIIA

«TOKOBas IICTIA»

- MOAKIIOUCHUC HCIIOJTHUTCIBHOIO MCXaHHM3Ma CO BXOJOM IIO HAaAMPAXKCHUIO

(cM. Pucynoxk 1-27).
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Brixod (128 max/

[lo/b 300amensckasg naqes s

Pucynoxk 1-27 — Cxema moaKITI0OueHUST UCTIOTHUTEIIBHOTO MEXaHN3Ma CO BXOJIOM I10

HAIIPsAKCHUTIO

TumnoBas cxema nonkiroueHus k uaTepdeiicy RS-485 (cm. Pucynok 1-28).

/828 | Mumawe oyuosanshol |
; @ | |

A | ! B '

[Tonw3obamensckas nawens,” p \ @ : p ﬂgmqu,(:
Pazber UHCmpyMenma L7 |
GND | | GND !

— 7 |
fffffffffffffffffff L]

Pucynok 1-28 — Cxema nmoaxmroueHus uarepdeiica RS-485

2.3 Oxcmayaranusa Promobot M13

231 Bxuirouenue Promobot M13

[epen BxiarouenneM Promobot M13 BeimosHUTE CieayroIIne AeHCTBUA:

a) yOemutech, YTO B paboyeM OKPY>KEHUU MaHHUIYJISTOPA OTCYTCTBYIOT IOCTOPOHHUE
NpeIMEeThl, KOTOPbIE MOTYT MOMEIIATh MAaHUITYJISITOPY BBIMTH U3 TPAHCIIOPTHOIO
MIOJIOKEHHSI U/UJTH KaIMOPOBKE MaHUITYJIATOPA,;

0) mnpoBephTe, UTO B paboyeM OKPYKEHUU MAHUITYJIATOPA HAXOAUTCS TOJIBKO OMepaTop,
OTCYTCTBYIOT IOCTOPOHHHUE;

B) yOeauTech, YTO KHOMKA aBapUMHOIO OCTAHOBA HA MyJbTE YIPAaBJICHUS U KHOMKHU
aBapUitHOTO OCTaHOBA, MOJKIIOYEHHBbIE K IIKady YMpaBieHUs, HaXOASITCS B
nonoxxenun «BKJI» (cm. paznen 4.4.2 «KKHONKH aBapUtHOTO OCTaHOBAY);

r) yOeautech, 4To K mKady ymnpaBleHUs MOAKIIOYEHBbI Kabellb MUTaHUS U Kabesb

MaHUITYJIATOpA.
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[Tpu mraTHOM BKITHOYeHHE Promobot M13 BeimonauTE Ciieayromue 1eCTBYS:

a) TOJKIIOYUTE Kabellb MUTaHUs K CETH,

0) oTkpoiiTe mkad ympaBieHUS U MEPEBEIUTE ABTOMATHYECKUN BBIKIIOYATEIh B
nonoxxenne «BKJI»;

B) TMPHUBEINUTE KHOMKY aBapUHOTO OCTaHOBA Ha IMYJIbTE YINpaBlieHHs B padouee
MIOJIOYKEHUE;

I) HaXMHUTE KHOMKY BKJIIIOUCHUS HA MYyJIbTE YIPABICHHUS:
- mKkad ympaBieHHs U3aCT 3BYKOBOM CUTHAI;
- Ha IyJIbTe yMpaBleHUs: 0TOOpA3UTCs Mpoliecc 3arpy3ku ympasistoniero [10;
- mnocne 3arpy3ku ympasistomero [IO orobpa3uTcs OKHO nii BXoJa B

npuiokenue (cM. Pucynok 1-29);

Promobot M Control

MNporpammHoe obecnedenmre Ans MMBKoM MHTErpaUmn poboTa-MaHUnyNsTopa B
paboYMii MPoLECE M PELUEHWA 38084 YNPaBNeHNA, BU3Yan13aLmnn v B38MMOOENCTBIR
C nons3oBaTenem

Pucynok 1-29 — OkHo 1151 BX0/1a B IPUIIOKEHUE

o) aBropusyitech B mnpuwioxkenun (cm. pasgen 1.2 «<ABTOPU3ALUA B
[MPUJIOXKEHUIN»).

I-52




2.3.2 Pe:xumbl padors Promobot M13

Promobot M13 npenycmarpuBaeT clieiyrome pexkuMbl paboThI:
- OOBIYHBIN PEXKUM;

- KOJUTaOOPaTHBHBIN PEKHUM.
2.3.2.1 OO6bruHbIii pesxkuM padoTsl Promobot M13

OOBIYHBIH pEXKUM — 3TO CTaHAAPTHBIN peskuM padoTel Promobot M13, o6ecnieurnBarorimii
MaKCHUMAaJIbHYI0 TPOU3BOJUTEIHHOCTh, HO HE OO0JIAJAIOMUNA BCTPOCHHBIMU (DYHKIUSIMH
aJlanTalyy K MPUCYTCTBUIO YelloBeKa (Koju1abopaTuBHOCTH U FreeDrive, KoTopble HOCTYIHBI
TOJILKO B PEXKHME KOJTAOOPATUBHOCTH).

Homyctumbie ckopocT U yckopenus CII manumymnstopa B OOBIYHOM PEKHME OIHCAHBI

B Ta0JmIeE 7.

Tabnuua 7 — Jlonyctumble ckopocTd 1 yckopenus: CII Manumynsaropa B 0OBIYHOM pexuMe

CycraBbl Ckopocts (paa/c) Yckopenue (paa/c?)
CII1 0,8 1
CII2 0,8 1
CII3 1,3 1
CI4 1,5 1,5
CIIS 1,5 1,5
CII6 1,5 1,5

JUis  oNTHUMH3alUU  TPOU3BOJIUTENBHOCTH  (MAKCUMHU3ALMHU  CKOPOCTH  PabOThI)
PEKOMEH/IYEeTCs HCII0JIb30BaHNE KOHTYpa (KJIETKH) 0€30MacHOCTH.

[Tpu coznanum nporpammbl B 00braHOM (cM. paszen 11.5.1.8 «/IprwkeHre») yuuThIBaeTCs
MakcuManbHasi ckopocTh LITU npu nmunerinom amxennn (LIN), 3HaYeHns: koTopoii yka3aHbI B

Tabmnure 8.
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Tabmuna 8 — Makcumanbhas ckopocts LITU mpu nmunerinom nsrokeHnn (LIN) B oObraHOM

pexume paboThl MAHUITYJISITOpA

ITapamerp Ckopoctb Enxnanna
U3MepeHust
CkopocThb 0,37 m/c
Yckopenue 0,18 M/c?
3ameiienue 0,18 M/c?
CkopocTh BpanieHus 0,75 pan/c

2.3.2.2 KoanadopaTuBHbIii peskum padorsl Promobot M13

KomnaGopaTuBHbIl pexuM mpeqHa3HayeH Il OO0EeCHedeHUs KOHTPOJIUPYEMOTO
B3aUMOJICUCTBUS MAHUITYJISITOPA C YEJIIOBEKOM M OKPYKAIOIIMMU 00BEKTaMU IPU BHITIOJIHEHUN
TEXHOJOTHYECKUX ONEPALIUM.

[Ipu BKJIIOUEHHOM pEXHUME cUcTeMa yrpasieHus Promobot M13 konTposampyer
napaMeTpel JBWKEHMS M Harpy3kd MAaHUIYJATOpA, OIpPEAENseT MPU3HAKKM BHEIIHETO
MEXaHMYECKOr0 BO3ACHCTBUS W MPHU TMPEBBIINIEHUH YCTAHOBJICHHBIX JOMYCTUMBIX 3HAUYECHUU
aBTOMAaTUYECKH OCTAHABIIMBAET JIBUYKEHUE.

OyHKIMS NPUMEHSETCS COBMECTHO C YCTAHOBJIEHHBIMM OTPaHUYEHHUSIMH CKOPOCTH,
YCKOPEHHS, ITOJIOKEHUS U IPYTUX [1apaMeTPOB JBMKEHUS MaHUIYJIATOPA.

Homnyctumbie ckopocTu 1 yckopenust CI1 manumymsitopa B pexume KojiiabopaTuBHOCTH
yKa3aHsl B Tabmuie 9.

Tabmuua 9 — Jlomyctumele ckopoctu u yckopenuss CII manumynstopa B pexume

KOJUTabOpaTUBHOCTHU
CycraBbl Ckopoctsb (paa/c) Yckopenue (pan/c?)
CIll 0,25 0,3
CII2 0,25 0,3
CII3 0,25 0,3
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CycraBbl Ckopoctsb (paa/c) Yckopenue (pan/c?)

CI14 0,25 0,3
CII5 0,25 0,3
CIlI6 0,25 0,3

VYka3zaHbl MakcUMaibHble AomycTuMbie 3Hauenus ausi CII, momp3oBaTenb MOXKET UX
MOHU3UTh B MPUIOKeHHH B pasjen «Ilomoxenue u mpeaensd» (M. pasnpen 11.6.4 «IlonoxeHue
U TIPEIETIBI»).

[lpn co3manmm mporpammbl  (cMm. pazzmen 11.5.1.8  «/IBmwkeHne») yduTHIBaeTCS
MakcuMalibHast ckopocTh LITU npu simueitnom nuxernn (LIN), B pesxxume koimabopaTuBHOCTH
MaHHITYJISATOpa €€ 3HaUYeHus yka3aHsl B Tabmwmie 10.

Tabmuna 10 — Makcumanehas ckopocth I[TU npu nmuerinom aemwkenun (LIN) B pexume

KOJUTa0OpaTUBHOCTH MAaHUITYJISTOPA

Mapamerp Ckopoctb Ennnuna
U3MepeHust
CkopocTb 0,06166666667 m/c
Yckopenune 0,036 Mm/c?
3ameieHue 0,036 M/c?
CKOpOCTh BpalieHUs 0,125 pan/c

[Tpunuun pa®oThl KOMIAOOPATUBHOCTH 3aKJIHOYAETCS B TOM, YTO BO BPEMs JBHKCHHS
cucremMa ymnpasieHuss Promobot M13 HempepblBHO KOHTPOJHPYET COCTOSHHE IPHBOJIOB
MaHUIYJIATOPA.

JUis xaxaoi ocu ompefensercs MOMEHT, ()aKTHYeCKH CO3/aBacMblii MPHUBOJIOM, U
pacCcUMTHIBAETCS MOMEHT, HEOOXOIUMBIH JIsl BHITIOJIHEHHUS 3aJaHHOTO JIBHKeHus. [Ipu pacuere
YUUTBIBAIOTCSA COOCTBEHHAs! MAacca 3BeHbEB MAHUITYJISITOPA, YCTAaHOBJICHHAS ITOJIE3HAs HArpy3Ka,
MOJIO)KEHUE MAaHUITYJIATOPA U BHYTPEHHHE COMTPOTUBIICHUSI MEXAHUYECKON CUCTEMBI.

Ha ocHoBanum pacxoxaeHusi MeXy (pakTHYeCKHMM U pacueTHBIM MOMEHTOM CHCTEMa
OILICHMBAET HAJMYKe BHEIIHETO BO3/IEUCTBUS Ha MAHUITYJIATOP.

[Ipn mnpeBbIIEHMM YCTAHOBJIEHHOI'O IOpOra BHEIIHEr0 BO3ACHCTBUS cuUcCTEMA

perucTpupyer omnMoKy U HHUIIMUPYET aBapUUHBIN OCTAHOB.
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Yci10BUSI KOPPeKTHOMH padoThl GyHKIHT

JIie KOppEeKTHOro OOHApY)KEHHUS BHEIIHETO BO3JCHCTBHS IEpel HadajloM padoThI
JIOJDKHBI OBITH IPABUIIBLHO 33 IaHBI:

- TIOJIO)KCHHE YCTAaHOBJICHHOTO MHCTPYMEHTA,

- TIOJIOKEHHUE IIEHTPa Macc MOJIe3HON HATrPY3KH;

- JIONMyCTHMBIC TApaMETPhl TBUKCHUS;

- TapameTpsl YyBCTBUTEIBHOCTHA OOHAPYKEHHUS CTOTKHOBECHHUS.

[Tocne wW3MEHEHHsS WHCTPYMEHTa WM TIOJE3HOW Harpy3ku TpeOyeTcs MOBTOPHAS
kanuoposka FreeDrive (cm. pazzaen 11.6.5.3 «Kanu6poska FD (FreeDrive)»).

HexoppekTHble TaHHBIE O Harpy3Ke M3MEHSIOT PacueTHBIA MOMEHT MPHBOJOB U MOTYT
NPUBECTH KaK K MPESKICBPEMEHHOMY cpaOaThiBaHUIO (YHKIUH, TaK W K CHIDKCHUIO
YyBCTBUTEIBHOCTH OOHAPYKCHHS BHEITHETO BO3/ICHCTBHI.

OyHKIMS OOHAPYKCHUS CTOJKHOBCHHS HE SIBISICTCS CPEIACTBOM HETMOCPEICTBECHHOTO
WU3MEPEHUS CHUITBI KOHTAKTa.

B03M0XHOCTh OOHAPYKCHHSI BHEIITHETO BO3JICHCTBHS 3aBUCHT OT:

- MecTa NPWJIOKEHUS CHIIBI;

- HalpaBJICHUS BO3JCHUCTBUS;

- monoxenusi CIl manumynsaropa;

- TEKyHIeW CKOPOCTH U YCKOPCHHUS;

- BEJIMYMHBI [I0JIE3HON HArPY3KH,

- MapamMeTpoB MEXaHWYECKOW CHCTEMBI;

- YCTaHOBJIEHHOH YyBCTBHUTEIHHOCTH OOHAPYXKEHHUS.

BHemnee BO3neHCTBHE, KOTOpOE HE CO3/1aeT JAOCTATOYHOIO HM3MEHEHHUS MOMEHTa Ha
KOHTPOJUPYEMBIX OCSIX, MOYKET HE IPUBECTH K BOZHUKHOBCHHIO OIIHOKH.

Hamnune ¢ynknun «KommabopatnBHOCTE» camo mo ce0e HE O3HAdaeT, yTo Jro0oe
NpPUMEHEHNE MAHMITYJIATOPA SBISIETCS O€30MACHBIM ISl HETIOCPEJCTBEHHOTO B3aMMOICHCTBUS
C 4elIoBeKOM. be3onacHOCTh pOOOTOTEXHIMUECKOT0 KOMIUIEKCa JOKHA OMPEAENIATHCS C yUeTOM
BBHITIOJTHSEMOM ~ OTNEpalyy, YCTaHOBJICHHOTO WHCTPYMEHTA, TIepeMelaeMbiXx OOBEKTOB,
BO3MOKHBIX 30H 3allleMJICHHS, CKOpPOCTEH [BWKEHHS U pe3yJbTaTOB OLEHKH pHUCKa

KOHKPCTHOI'O IPUMCHCHUS.
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2.3.3 CHHIyJISIPHOCTH
2.3.3.1 OO0mme cBeJeHNUsI 0 CHHIYJISIPHOCTH

CunrymnspHocTh — ocobasi KOHPUTypalusi KHHEMaTHKHd MaHHITYJIATOpa, TPU KOTOPOH
JBIDKEHUE UeHTpanbHON Touku uHcTpyMmeHnta (LITHU) w/mnm opuenHTanmm HMHCTpyMEHTa
orpanmuuBaercs (cM. Pucynok 1-30), a ans BeImonHEHUs TpeOyeMOro MepeMeIIeHUs] MOTYT

l'IOTpe6OBaTI>C}I HCIIPOIIOPIUOHAJIBHO OopIIHe CKOpPOCTH OTACJIBHBIX CYCTaBOB.

Pucynok 1-30 — ITpumep koHbUrypariu KHHEMaTUKA MAHUTTYJIATOPA, TIPH
MPUOTMKEHUH K CHHTYJISIPHOCTH

[Ipu npubIMKEHNU K CUHTYJISPHOCTH WM MPHU BBIXO/IE U3 HEE BOZMOMHBI:

- PE3KOoe YBEJIMYEHHE YIIIOBBIX CKOPOCTEH OTJIETbHBIX CYCTaBOB;

- 3aTpyJHEHUE WJIM HEBO3MOXHOCTb JOCTHXEHUS TpeOyeMoW MOo3bl U OpUEHTALUU
UHCTPYMEHTA;

- IpepbIBaHUE MEpEeMELIEHUS 10 3alaHHOM TPAeKTOPHH;
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HEIpEeACKa3yeMoe C TOUYKH 3PEHHs OlepaTopa U3MEHEHUE XapakTepa ABUKEHUS

MaHUMYJISATOPA.

CI/IHFYJIHpHOCTB HC ABJICTCA HCUCIIPABHOCTBIO MAHUITYJIATOpPA, OJHAKO OTHOCHUTCA K
IMOTCHIUAJILHO OIIaCHBIM pPCXKHMaM IBHIXXCHHUA W HOOJDKHA YYHUTBIBATHCA IIpU PYYHOM

YIPaBICHUH, HAJIAJIKE U CO3JaHUH IPOTPaMM.
2.3.3.2 TunoBble CHHTYJISIPHbIE TOJI0OKEHUS

Jlis Promobot M13 Haumbonee XapakTepHbl CIEAYIOIIME Cily4daud OpHUOIMKEHHUS K

CUHT'YJIAPHOCTHU!

- CHHTYJISIPHOCTb BHEIIHEH IpaHullbl padoueii 30HbI (cM. Pucynok 1-31) — Bo3HuKaeT

npu padboTe BOIM3U NPEAETbHOIO BbUIETA MAHUITYJISITOPA,;

& “ BHeLHAA rpaHnLa
L e pa6oueil 30HbI

A4
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Pucynok 1-31 — CUHTYSIpHOCTH BHEUTHEH I'paHUIbl paboUeii 30HBI

- CHHTYJSIPHOCTh BHYTPCHHEH 30HBI Yy ocHOBaHMs (cM. PucyHnok 1-32) — Bo3HHKaeT
npu paboTre BOJM3M OCH OCHOBAaHUS MAHHIYJISATOpa, B TOM YHCIE TpHU
MEPEMENICHUAX HEMOCPEICTBEHHO HAaJ WM MOJ OCHOBAaHMEM, KOTJa 4acTh MO3 H

OpUEHTAlUI CTAaHOBUTCS HEJIOCTH>KUMOM UIT TpeOYET pe3KOoro nepepacrpeacieHus
JIBDKEHUH 10 CycTaBawm,
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BHYTpeHHsa 30Ha
Yy OCHOBaHUsA

O6nacTb
orpaHuU4YeHHoMn
AOCTUXUMOCTU

Pucynox 1-32 — CHHTyIIpHOCTh BHYTPEHHEH 30HBI Y OCHOBAHHS

CUHTYJIIPHOCTH 3amscThs (cM. PucyHok 1-33) — BO3HUKAET MpH TaKOM B3aMMHOM
MOJIOXKCHUH  3aISICTUH, TIPH KOTOPOM OpHEHTAIlUsl HHCTPYMEHTa Tpedyer

BbIpaBHUBaHuUA oceil CII u mpuBoauT K pe3komy pocty ckopocteit CI14—CII6.
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Pucynoxk 1-33 — CUHTYISIPHOCTB 3aICThs

2.3.3.3 Ilpu3Haku npudIHKeHUs K CHHTYJIAPHOCTH

[Tpu3Hakamu MPUOIMIKEHUSI K CUHTYJISIPHOCTH SIBIISTFOTCS:

HEO0OXOJIMMOCTh 3HAYUTEJILHOTO MepEMELIEHUsI OJTHOTO MJIM HECKOJIBKUX CYCTaBOB
pu Manom cmemenuu L{TH;

3aTpy/IHEHUE JOCTHKEHUSI MAaHUITYJISITOPOM TpeOyeMoi OpueHTAIIMN HHCTPYMEHTA,

NOSIBJICHUE MPEIyNPEeKACHUH B puioxennu Promobot M Control.

[Ipu pyuHom ympaBnenun B npuioxeHun Promobot M Control otobpaxkaroTcs
ClIeyIoIue COOOLICHHUS:

«MaHuIyIsTOp HAXOAUTCS B CUHTYJIIPHOCTHY;
«MaHuIyITOp NPUOIHKAETCS K CUHTYJISIPHOCTIY;

((MaHI/Il'Iy.]'IHTOp OTAAIACTCA OT CUHTYJIAPHOCTH.
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2.3.3.4 TpeOoBaHusi 6€30N1ACHOCTH NPU PYYHOM YNPaBJIeHUH NPH NMPUOTUKEHUHN K

CHHTYJSIPHOCTH

[Ipu pyyHOM ympaBlieHUM MaHUIYJIATOPOM COONIOAANTE ClenyIomue TpeOOoBaHUs

0€30I1aCHOCTH:

nepej HayajaoM JBIDKEHHS yOeauTech, 4To pabodas 30Ha CBOOOAHA OT JIIOACH,
MHCTPYMEHTA, 3aTOTOBOK M MHBIX MIOCTOPOHHUX MPEJAMETOB;

BBIMIOJTHANWTE TEPEMENICHUS C MHUHUMAJIBHO JOCTAaTOYHOH CKOPOCTBIO H
MUHUMAaJIbHBIM [IarOM, OCOOCHHO TIPU U3MEHEHUU OPUEHTAIIMN UHCTPYMEHTA;

Py IPUOTUKEHUH K CUHTYJIIPHOCTH TIPEIITOYTUTEIHHO UCIIONIb30BAaTh YIIPABIICHUE
no cycraBam CII1-CII6, a HEe mpomomKaTh MEPEMEIIEHUE TOJIBKO 110 KOOPIUHATAM
HTH;

HE JIOMyCKAalTe HAXO0KJIEHUsl YacTell Tela B 30HE BO3MOYKHOTO PE3KOro MOBOPOTa
3BEHhEB MAHUMYJISITOPA, MHCTPYMEHTA U 3aTOTOBKU;

HE TMPHUKIAIBIBANTE YCHINE K MaHUMYJIATOPY BHE MPEAYCMOTPEHHBIX PEKHUMOB

PYUYHOTO TTepEMEIICHHSI.

2.3.3.5 TpeOoBanusi 6€30MACHOCTH NMPHU CO3AAHUN MPOrPAMM NPU NPUOIMKEHUU K

CUHTYJ/ISIPHOCTH

[Ipn co3manmm ¥ OTHAAKE TMporpaMMm coOmogaiiTe ciexyrone TpeOoBaHUS

0€e30I1aCHOCTH:

10 BO3MOYKHOCTH HCKJIIOYAlTE TPACKTOPHHU, MPOXOAIIUE BOJU3M IPEACIBHOTO
BBUICTa MaHUIYJISATOpPA, BOJU3M OCH OCHOBAaHWS U B IOJIOKEHUSX BBIPABHUBAHUS
3aIsCTh;

€ClIi JIMHEWHOE TIepeMEIeHUE He SBIISIETCS 0053aTeIbHBIM, UCTIONB3YHTE TIEPEX0/T
yepe3 0e30MacHy0 MPOMEKYTOYHYIO 103y 0 CyCTaBaM;

npu HEOOXOIUMOCTH HW3MEHSHTE OpPUEHTAIMI0 WHCTPYMEHTa WU 100aBIsiTe
MIPOMEXKYTOYHBIC TOYKH, YTOOBI MCKIIIOUHTH MPOXOXKICHUE Yepe3 CHUHTYISIPHYIO
00J1aCTh;

MOCJIC WU3MCHCHUS TPACKTOPHH OO0s3aTEIbHO IOBTOPHO IIPOBEPSHTE JIBMIKCHUE

MaHHITYJIATOpa B O€30MIaCHOM PEKUME;
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- IEpBbIM 3aIlyCK HOBOM WJIM U3MEHEHHOU IPOrPAMMBI BBIIOJHANTE HA TOHMKEHHON

CKOPOCTH U TIpH CBOOOIHOM paboueii 30He.
2.3.3.6 JleiicTBuUsI onepaTopa NpH NpeaynpekIeHuH 0 CHHTYJIAPHOCTH

[Tpu nosiBieHun npenynpexaeHuss « MaHUNyIaTop NpUOIMKAETCS K CHUHTYJISIPHOCTH
onepaTopy HEOOXOIUMO BBIIOIHUTE CIACAYIOIINE ICUCTBUSA:
- CHU3UTbh CKOPOCTh NEPEMEUICHUS NI OCTAHOBUTH TEKYIEE ABUKEHUE;
-  OULCHHUTH TOJIOKEHHE MAHUMYJIATOpa W YOEOUThCA B OTCYTCTBUU JIOJEH U
MPENSATCTBHM B paboueii 30He;
-  W3MEHUTh TPACKTOPUIO JBH)KCHUS, OPUECHTAIMI0O MHCTPYMEHTA WM BBIIIOJIHUTH
OTBOJI MAaHUNYJISATOPA B 0€30M1aCHOE MOJIOKEHUE;
- [pU pPYYHOM YIOPABICHUU MEPEUTH K YNPABICHUIO IO CyCTaBaM M BBIBECTH
MaHHUITYJISITOP U3 OMACHOW KOH(UTYPALIMH MaJIbIMU ITEPEMEIICHUSIMHU.
[Tpu nosiBneHnu coodueHust « MaHUITyISTOP HAXOIUTCS B CHHTYJISIPHOCTHY ONEPaToOpy
HEO0OXOIMMO BBITIOJHUTH CIIEAYIONINE JECHCTBUS:
- HEMEIJICHHO OCTAHOBUTH TEKYILEE IIEPEMELICHHUE;
- BBIBECTM  MAHUIYJATOP W3  CHUHIYJSIPHOTO  TOJIOKEHUS C  IIOMOIIBIO
MOCJIE0BATEIIBHBIX MaJbIX MEPEMENICHHUI IO CyCTaBaM;
- HE BO30OHOBJISITH BBIIOJTHEHHE aBTOMATHYECKOTO IMKJIA IO YCTPAHCHUS MPUYUHBI

BO3HUKHOBCHWMSI CHHTYJISPHOCTH U TTPOBEPKH H3MEHEHHOM TPACKTOPHH.
2.3.3.7 3anpeumiaercsi Npu NPUOIUKEHUH K CHHTYJISIPHOCTH

[Tpu nmpeaynpexIeHUN O CHHTYJIIPHOCTH 3aIPEIIaeTCs:

- UTHOPHPOBATH NMPEIYyNPEKICHUS U COOOIIEHUS O CHHTYJIIPHOCTH,

- MHOTOKPATHO MOBTOPSTH OJHO U TO K€ MepeMelieHne 0e3 N3MEHECHHS TPACKTOPUHU
WIM OPUEHTAIlMd WHCTPYMEHTA IIOCJIC BO3HUKHOBEHHS MPEAYNPEKICHUS WIN
OIIINOKH;

- HAXOAWTHCSI B paboueil 30HC MaHUIMYJSATOpPA MPHU BBIBOAC €r0 U3 CHHTYJISIPHOTO

ITOJIOKCHUS.
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2.3.3.8 OcTaTo4Hblii prcK NpH NPUOTUKEHNH K CHHTYJISIPHOCTH

Haxke npu coOmrogeHny TpeOOBaHUI HACTOSIIIETO PYKOBOACTBA BOJIM3U CHHTYJISPHBIX
MOJIOKEHUU BO3MOXKHO OBICTPOE M3MEHEHHE CKOPOCTEHl OTAENbHBIX CYyCTaBOB U HU3MEHEHHE
XapakTepa JBIKEHUS MaHUIysitopa. OnepaTop 00s3aH yUUTHIBATh JaHHBIA OCTaTOYHBIN PUCK

IIPY pPYYHOM YIIPABJICHUH, HAJIAJKE U IPOIPaMMHUPOBAHUH.

234 Boixkarwuenue Promobot M13

[Tpu mrratHoM BeIKIIOYeHHH Promobot M13 BeImoHUTE ClIEAYIONINE CHCTBHS

a) BBIKJIFOYMTE MAaHUMYJIATOP B npuiioxeHuu (cMm. Pucynox 11-9);

0) HaXMHUTE KHOMKY aBapUHHOTO OCTAaHOBA Ha MYJIBTE YIIPABIICHHUS,

B) OTKpoiTe mKad ympaBlieHUS MU TEPEBEAUTE ABTOMATHUYECKUU BBIKIIOYATENbh B
nosnoxxeune «BBIKJI»;

I) TMpyd HEOOXOJWMOCTH TOJHOTO OOECTOUYMBAHUSA MAHUITYJISATOpPA — OTCOCTUHUTE

KaOeJIb MUTaHus OT MUTAIOIICH CETH.

2.4 HemonTax Promobot M13

[Tepen nemontaxkem Promobot M13 BeinoaHuTE Clieayroue qeHCTBU:
a) JEMOHTUPYWTE UHCTPYMEHT U OCHACTKY, 3aKPEIUICHHYIO Ha MaHUITYJISTOPE.
0) mepeBeaUTE MAHHUMYJIATOP B TPaHCIOPTHOE mojoxkeHue (cm. pasmgen 11.6.5.1
«TpaHCIIOPTHOE TIOJIOKEHHUE).
B) BeIkIounTe Promobot M13 (cMm. pasznen 2.3.4 «BbIKTIOUEeHUE);
[Tpu nemonTaxke Promobot M13 BeINOJIHUTE CIICAYIONIUE JCHCTBHS:
a) 3apuUKCHUpyHTEe MaHHUMYJATOP, YTOOBI MPEIOTBPATUTH MAJCHHE U TOBPEKICHUE
000py10BaHuS,
0) MNEeMOHTHUPYHTE MAHHIYJISTOP C MECTa YCTAaHOBKH, HCIIONB3YS KPYTJIOMPSITHBIE
TEKCTHJIHHBIE CTPOTIBI IJTUHOMN 2 MeTpa.:
1) o6xBarute crpomamu twiedo CII2—CII3 mepTBO# meTiedl Kak yka3aHO Ha
pucyHke (cMm. Pucynok 1-12) (Henb3st moBeprath YCHIUSIM 3alpelieHHbIC MEeCTa
obxpara (CII4, CII5, CII6) u MIACTUKOBbIE 3alIUTHBIE  KPBIIIKU

(cMm. Pucynok 1-12));
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2) OTKpYTUTE KPEIUICHWE OCHOBAHWS MaHUITYJIATOPA U CHUMHTE MAHHITYIISTODP C
MECTa yCTaHOBKU;

3) mocraBbTE MAaHHITYJISITOP OCHOBAHHEM Ha POBHBIH ITOJT;

4) TIIATEIBHO OYUCTUTE MAHUIYJSATOP OT MBUIM, TPS3H, HCHOJB3YHTE MSTKUE
TKaHW W 4YUCTsmue cpeactsa (cM. pasgen 3.1 «PermameHTHOE TeXHHYECKOE
00CITy)KUBaHHE »);

5) mepeMecTUTe MAaHUMYJIATOP HAa MECTO YIAKOBKH, HCIIOJIB3YS TOIKATHYIO
TEJIEKKY.

[Tpu otnpaBke Promobot M 13 Ha XxpaHeHue co0ito1aiiTe HHCTPYKIUIO, IPUBEICHHYIO B

paznene 7.2 «I[loAroToBKa K XpaHECHHIO».
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3 TEXHUYECKOE OBCJIYKUBAHHUE

Texnnueckoe oOciyxuBaHue # peMoHT Promobot M13 npennHasHaueHbl Ui

oOecreyeHHsT 3asBJICHHBIX TEXHUYECKHX XAPAKTCPUCTUK KOMIIJICKCA Ha IIPOTAXKCHHUH BCCTO

CpOKa 3KCILTyaTaluu.

3.1

PeriiaMeHTHOe TeEXHHYECKOE OﬁCJ’ly)Kl/IBaHl/Ie

PerynsipHoe TexHuueckoe 00CIy>KMBaHUE MaHUITYJISITOpA MpeCcTaBieHo B Tabmuie 11.

Tabmuma 11 — Texuuueckoe 00CITyKUBAHUE MAHUITYJISITOPA

IlepnoanuHocTs ITapamerp npoBepku Cnoco0 npoBepkn
ExxenneBHO BusyanbHslii ocmoTp | O0oiauTe MaHUMIYJIATOP €O BCEX CTOPOH,
MaHUIYJIATOpa IIPOBEIUTE BU3YAJIbHBII OCMOTP Ha HalIU4yue
TPELINH, MOBPEXICHUH, nedeKToB u
3arps3HECHUI
ExenneBHO [IpoBepka KHOIIKM | HakMuTe KHONKY aBapuilHOM OCTaHOBKM Ha
aBapUMHON OCTaHOBKU IIyJIbTE YIPABJIEHUS BO BpEMs Nay3bl, JOJKHO
0TOOpa3UThCs yBEAOMIIEHHE Ha DKpaHe
ExxenneBHo Tect 6e3omacHoOrO 3anmycka B | BeimonauTe 11000 CKpUNT HA MEIJIEHHOM
pexKUME HUZKON CKOPOCTH ckopoctH (kodddunuent 0,1)
Exemecsuno ITpoBepka  kpemenuit u | [Ipu oGecroueHHOM MaHMITyJIATOpE MOMPOOyiTe
OCHOBaHUS MaHUILYJISATOpa BPYUYHYIO CIIBUHYTb MaHHILYJISITOP 32 OCHOBAaHUE.
[Ipu Hanmuuum THO(TOB MPOTSAHUTE KPETJICHUS
OIIOPBI
Exemecsauno OcmoTtp kabeneil u pa3beMoB | BuzyanbHo mnpoBenuTe KOHTpoOJb Kabeneil u
Ha U3HOC npoBoaku. He pomyckaercss Hanuunme TpeniuH,
IIOPE30B, MPOITYCKOB N30JSLAA
ExemecsuHo Ounctka 51 npoBepka | OrcoequuuTe (PyraHer THCTPYMEHTA U MPOBEIUTE
3axBaTa/MHCTPyMEHTA €ro OCMOTP M OYHMCTKY OT MEXaHHYEeCKHX

3arpsA3HECHUIN

1-65




Ilepuoagu4HoCTH ITapameTrp npoBepku Crnoco0 npoBepkn
Exemecsauno IIpoBepka KaauOpoBKM | BeIMONHKUTE TOMHBIA 3allyCcK MaHUITYJIATOPA,
SHKOAEPOB U  JIaTYMKOB | JOJKHBI OTCYTCTBOBATh OLIMOKHU
II0JIOKEHHUS
Pa3 B 3—6 | Jluarnoctuka pexykropos Ha | [Ipu ob6ecToueHHOM MaHHITYJISTOPE MOOYEPETHO
MecCSLEB TOQPT U IIyM nonpoOyiTe BPYyYHYIO CABHHYTb MaHMILYJISITOD
3a mevyo kaxaoro CII u npoBepbTe Ha HanNUuUe
modToB. Ilpm Hamuuum modTOB paboTa Ha
MaHHUITYJISITOPE 3alperiaeTcs
3amycTuTe 000M CKPUNIT HA MaHUMIYJISATOpE.
[Ipy  Hamuyuum  HEXapakTEpPHBIX  LIYMOB,
JOKAJIM3UPYHTE MECTO BO3HUKHOBEHMS IIyMa,
o0ecToubTe MAHUIIYJISITOPD U 00paTtuTech B
CepBHCHYIO cy>k0y. PaboTa Ha MaHumymisTope ¢
JAHHBIM JAeQEeKTOM 3amperiaercs
Pa3 B 3—6 | IIpoBepka cocrosiHus | [Ipu oOHapykeHHUU HeXapaKTepHBIX BUOpaIui,
MECSLEB IIPUBOJIOB (Temmeparypa, | IIyMOB u IIPEPBIBUCTOCTH IBUKCHUH,
BUOpAINH, [IIyMbl) OCTaHOBUTE pPadOTy MaHMIYJIATOpa. 3amepbTe
MUPOMETPOM TEeMIIEpaTypy y37I0B
MaHUNYJATOpa, 3apUKCUpPYHTE  JaHHblE U
nepenainTe B CepBHUCHYIO ciayxOy. Pabora Ha
MaHUIYJIATOpPE C BBIILIEIIEPEUN CIICHHBIMU
nedexkTaMu 3arperiaeTcs
Exeronno 3amena W3HOUIEHHBIX | [leramu, wuMerommMe  XapakTepHbIA  M3HOC,
neranei 3axBara U | OTpULIATEIBHO BIUSIOLIIE Ha
YIUIOTHUTEIEH paboTOCITOCOOHOCT, HEOOXOIMMO 3aMEHHUTH Y
IPENNPUATHS-U3TOTOBUTENS W
CepTU(HUIIMPOBAHHOTO CEPBUCA
Exeronuo OO0OHOBIEHHE npomuBky | Cwm. pazzen 1.8 «OBHOBJIEHUME
KkoHTposuiepa u I[10 ITPUJIOXXEHM S »
Esxeronno KamOpoBka Bcex natumkoB | OOparurech B CEPBHUCHYIO CITyKO0y

U  IpoBEpKa  TOYHOCTH

MMO3UITUOHUPOBAHUA

npeaAnpuATUA-U3roTOBUTCIIA
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3.2 JIHarHoCTHKA HeNCIPaBHOCTEMH

Bo3MoXxHBIE HEHCIPABHOCTH, WX MPUYUHBI M METOIBI PEIICHHUS MPEICTaBICHBI B
tabnure 12.

Tabmuna 12 — JlnarHocTHka HEUCITPaBHOCTEH

HeucnpaBHOCTH Bo3moxkHas npuyuHa MeToabl ycTpaHeHUst

3J1eKTp0Mexaanec1cne HECUCIIPAaBHOCTH

He Bkarouaercs OKpaH IyJibTa OTkIII04eH Bxnrouuts aBTOMATHYECKUM
yHpaBJICHUA aBTOMaTHYCCKHI BBIK/IIIOYAaTCIIb B mKa(by
BBIKJIFOYATCJIb YHpaBJICHUA

He mnoncoenunen kabenb | [IpoBepuTh MOAKITIOUCHUS

MyJIbTa K mkady

yIIpaBJICHUS

HewucnpaBHocTb kabenst | 3aMeHHUTh Kabenb
nmyJbTa

He 3amyckaercs mikad | OOpaTuTbes B CEPBUCHYIO CIYKOY
yIpaBJIeHUs

MaHHITYJIATOPOM

He MOCTYIACT HAIIPAKCHUC 3aMEHUTH HeI/ICHpaBHHﬁ ka0enb

cetu 230 B ATAHUA

IIpu pabGore Manunynsatopa | HeucnpaBHocTs penykropa, | OOpaTHUTbCS B CEPBUCHYIO CIIyXKOY
CIIBIIIHO TIOCTOPOHHME 3BYKH | ApaiiBepa MOTOpa

npu paboTe cepBOIPHUBOIOB

BuszyansHoe 3amemiienne | [leperpes mkada | [Ipoeputh  paboOTOCTIOCOOHOCTH
uHTepdeiica Ha IIyJIbTE | YIIPaBJICHUS DJIEKTPUYECKOT0 BEHTHIIATOPA
yTpaBIeHHUS, 3aBHCaHUE
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BUPTYaJIbHBIX
IIEPEKIIIOYATENEH,  OTKPBITBIX
JTMAJIOTOBBIX OKOH MHTepdeiica
yIIpaBJICHUS.
Camornpoun3BoJIbHOE
BBIKJIIOUEHHE  MAaHUITYJISTOpA.
3aBHCaHHE  HCIOJHHUTEIHLHOM

MIPOrpPaMMBbI

Bo3zaymnsbrit bunsTp | [IpomyTs BKIambIT TUOO 3aMEHUTH
mkada ynpasieHus 3a0WT | HA HOBBIM

MIBUIBIO

Mkad ycraHoBjieH | OCBOOOIUTH MECTO BOKPYT IKada
HEMPaBUIBHO,

BEHTUJISIIIIOHHBIE

OTBCPCTHA 3aKPBITHL

TeMmneparypa okpy)arouien
CpCabl IMPEBLIIACT

pabouyto TeMIiepaTypy

CHuzutpb TeMIIepaTypy

OKpYXaroIei cpeasl 10

A0IIYCTUMBIX 3HAYCHUMN

Hewncnpasen  BeHTWIIATOD

MAaTEPUHCKOM IIAThI

3aMeHUTh BCHTUJIATOP

[[lenkaroniue 3ByKM HA OJHOM
W3 CEpPBOMPHUBOAOB BO BpeMs

paboThI

ABapHiiHBINA OCTaHOB
KaTeropuu 0.

HewncnpasHocTs TOpMO3a

OOpaTuThCs B CEPBUCHYIO CITY KOy

VBegomiienne 00 OmMUOKE B

ITO Promobot M Control

OOpaTuThCs B CEPBUCHYIO CITYkKOY

3.3

PexomMeHnganum mo peMoHTy

B ciyuyae CcnoXHBIX HEHCHPABHOCTEH WM OTCYTCTBUS HEOOXOJMMBIX HAaBBIKOB

oOpaTuTech B CEpBUCHBIN IIEHTP MPEINPUATHSA-U3TOTOBUTES.

He mbITaiitech peMOHTHPOBATH JJIEKTPOHHBIE KOMIIOHEHTHI

00eCIeYCHNE CAMOCTOSTCIBHO.

WA TIPOTPaMMHOE

Ecan MAaHUITYJISITOPp HaXOAHUTCS Ha TapaHTHUHU, PEMOHT JOJIKCH BBIINIOJIHATHCS TOJIBKO

YIOOJIHOMOYCHHBIMHU CIICHUATTUCTAMU MMPCAITPUATUA-U3TOTOBUTECIIA.

Coxpanute macnopT Promobot M 13 u 1oKyMeHTBI, TOATBEPKAAIOIIHNE ATy MOKYIIKH.

3.4

XpaHeHune 3al1aCHBIX YacTeil

JUis  omepaTHBHOTO YCTpaHEHHs] HEHCIPAaBHOCTEH pPEKOMEHAYyeTCsi UMETh Halbop

3aMacHbIX YacTeW: BKIAABIIIM U1 GUiIbTPOB (12 1IT.), pe3MHOBBIE YIUIOTHUTEIbHBIE KOIbLIA.
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XpaHI/ITe 3aIMaCHbIC YaCTU B CYXOM W YUCTOM MCCTC, 3allIUIIICHHOM OT BJIalrd U IbLIHN.

3.5 Peructpanusi o0cay;KuBaHUs U PEMOHTA

Bce nmpoBeneHHble pabOThl MO TEXHUYECKOMY OOCITYKMBAHHMIO M PEMOHTY JOJKHBI
PEerucTprUpoBaThCs B )KypHase ydera. JKypHai T0JKeH COepKaTh cleayouue rpadsol:

- Jara nmpoBeJieHus paborT;

- (QaxThueckas HapaOOTKa M3JENMs C Hayaja SKCIUTyaTallud Ha J€Hb MPOBEIEHUS
TEXHUYECKOI0 00CTy)KMBaHUS WK PEMOHTA, Y;

- BHJI TEXHMYECKOTO OOCIY>KMBaHUS WIM pPEMOHTa U KpaTKoe OIMCaHue
BBINOJIHEHHBIX padoT;

- HUCHOJIb30BaHHbIE MaTepUaJbl U 3alIACHBIE YACTH;

- noanuck 1 ®UO nuua, npou3BoaUBIIETO PaOOTHI 10 0OCITYKUBAHUIO;

- noxmnuck U ®UO nuna, pa3pemariero myck OTpeMOHTHPOBAHHOT0/00CITyKEHHOTO
o0opyioBaHMsI, JaTa MycKa.

B ciiyyae BO3HMKHOBEHUSI BOIIPOCOB WJIM CIOXHOCTEW 0OpaTUTECh B CEPBUCHBIN LIEHTP

MpCaANPUATUA-U3TOTOBUTCIIA.

4 MEPBI BE3OITACHOCTH IIPU UCITOJIB30OBAHUU

4.1 OO0mue TpedoBaHUs 0€30MACHOCTH

PaGora ¢ Promobot M13 TpeGyer ctpororo cobOmtojeHus Mep Oe30MacHOCTH.
HecoOmroieHre Mep MOXKET MPUBECTH K TpaBMaM IEPCOHAja, MOBPEKICHUIO KOMILICKCA U
JIPYTMM  HETaTHBHBIM mociieACTBUsIM. CienyiiTe TPUBEICHHBIM HUXE TpeOOBaHUIM
0€30macHOCTH, YTOOBI MUHUMHU3HPOBATh PUCKHU:
- y0emuTech, 4YTO MAHUMYJISATOP M HMHCTPYMEHT CMOHTHPOBAaHBI  COIJIACHO
UHCTPYKITHH,

- y0emuTech, 4TO paboyee OKPYKEHHE MAHUIYJSATOPAa COOTBETCTBYET AJITOPUTMY
JIBYOKCHUS;

- y0emuTech, YTO MPOBOJAHBIC MOAKIIOYCHHS MAHMITYJIATOpa, IMKada M IMyJIbTa

yHpaBJICHNA BBIITOJTHCHBI COTJIACHO MHCTPYKIINH,
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4.2

yoemurech, dYTo K MmKady yOpaBJICHHUS TOJKIIOYEHBI BCE JATYUKH W
WCIIOJIHUTEJIbHBIE MEXaHU3Mbl, OT KOTOPBIX 3aBUCHUT AJITOPUTM JABUXKCHUS
MaHUITYJISITOPA;

yOeaUTeCh, YTO KHOMKH aBapUHOTO OCTAaHOBA PACIIONIOKEHBI B JIOCTYIHBIX IS
MEPCOHAJIa MECTAX;

yOeauTech, YTO TEPCOHA OCBEJOMJICH O PACIOJIOKEHUU KHOIOK aBapHHOTO
OCTaHOBAa M METOJAaX HX AaKTHUBAIlMM B CIydae BO3HMKHOBEHMSI HEHITATHBIX
CUTYallN;

yOenuTech, 4YTO KpbIIIKa MmKada yIOpaBAeHUS ¢ KPBIIMIKA CEPBONPHBOIOB
MaHUITYJISITOpA 3aKPBITHI,

yOeIUTECh, YTO COOIIOICHBI BCE MEPHI M TEXHUKA O€301TaCHOCTH TIPH MEPEMEIICHIH
MaHUITYJISITOPA, €CIU yIIPaBiICHUE TPOUCXOIUT C TIOMOIIBIO MyJIbTa YIIPaBICHUS,
IIPY BOBHUKHOBEHHH B TIPOIIECCE IKCILIyaTaliy COOOIIEHNH 00 OMMOKax CleaynTe
WHCTPYKIHUSM YIPABISAIOIIETO TPOTPAMMHOTO 00ECIIeUeHN s,

n30eraiTe CTOMKHOBEHHUHN ¢ MAaHUITYJISTOPOM;

3anpeniaeTcss HOCUTh CBOOOIHYIO OJICKY WIIM FOBEIUPHBIC U3JENHs MPU paboTe ¢
MaHUITYJISITOPOM;

3ampeniaeTcs UCIOab30BaTh KOMIUIEKC MTPH HAJTMYUU MEXaHUUYECKUX MOBPEKICHUM
KOPIIyCOB  MaHUIyJsATOpa, Inkada  ympaBleHWs, IMyjJbTa  YyMPaBJICHHUS,
COCTMHUTEIBHBIX Kabelel, KperexKei;

3ampeniaeTcsi BHOCUTh M3MeHeHus: B Promobot M13. JlroOble m3MeHEHUsT MOTYT
MPUBECTH K TOSBJICHUIO OMACHOCTEW, HE NPEAYCMOTPEHHBIX MPEANPUITHEM-

HN3TOTOBUTCIICM.

TpeOoBaHus K onepaTopy

Omneparop, paboratouuii ¢ Promobot M 13, momxeH:

HpOﬁTH O6y‘I€HI/IC I10 OKCINTyaTallui KOMIIJIICKCA U O3HAKOMUTHLCA C PYKOBOACTBOM
110 SKCILTyaTalnu,
HUMETh HAaBBbIKHU pa6OTI>I C IIPOMBIIIICHHBIM O60py210BaHI/ICM n cucreMmamMu

yIIPaBJICHUS;
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- coOmoparh TpeOoBaHMs O€30MacHOCTH, yKa3aHHble B pasaene 4 «MEPBI
BE30OITACHOCTHU ITPU NUCITOJIb30OBAHWN» HacTosiero pykoBoACTBA.

[Ipu sxcrutyatanu Promobot M13 onepatop 06s13aH:

- BBIMOJHATH TPeOOBaHUS SKCIUTyaTAIlMOHHON JOKYMEHTAllUU, MPABUI AJIEKTPO- U
no>kapHOU 0€30MaCHOCTH;

- HE JIOMyCKaTh pacHoyioKeHHsl kabened mnutanus U uHTepPeicHBIX Kabened B
MECTax, IJIe UM MOTYT OBITh HAHECEHBI MEXaHUYECKHE TOBPEKICHUS;

- TIpU NOSIBJICHUH MOCTOPOHHUX IIYMOB MPEKPATUTH pab0Ty U 00€CTOUYUTH KOMILIEKC;

- TIpY BO3HUKHOBEHHUU B MPOIIECCE IKCIUTyaTaIlUU cOOOIIeH 00 omnOKax ciaen0BaTh
WHCTPYKIIHSIM YIPABJISIONIETO MPOTPaMMHOTO 00ECTICUEeHNS;

- CBOECBPEMEHHO IPOBOJUTh TEXHHUECKOE OOCITyKHBaHHE KOMIUIEKCA COTJIACHO
WHCTPYKIIHH.

3amnpeniaercs:

IIPOU3BOJUTH JCHCTBHUS, MPOTHUBOPEUALME IKCILUTyaTallMOHHOM TOKYMEHTAIIMU HA

KOMIUIEKC;

- paboTarb BO B3PHIBOOMACHOW cCpene, pPSAOM C JIETKOBOCIUIAMEHSIOUUMUCS
IIpeAMETaMu;

- TNPOU3BOAUTH MOHT@X M JIEMOHTaX DJIEKTPOOOOpYynoBaHMsS Oe€3 BBIKIIOUYEHUS
KOMILJIEKCa;

- OTKpBIBaTh U pa3dHpaTh KOPILYC MAHUTTYIIATOPA;

- Moau(pUUIMPOBATh MAHUMYJSATOP (M3MEHSATh WM YAAIATH AJIE€MEHThl KOHCTPYKIIHMH);

- NPOU3BOJUTH PEMOHT KOMIUIEKCA CAMOCTOSTEIBHO;

- HCIIOJB30BaTh KOMIIJICKC HE I10 HA3HAYCHHUIO.

4.3 Pa0o4ee oxkpy:KkeHHe MAHUITYJIATOPA

Paboyee okpyx’eHHE MaHUMYJISATOPA JOHKHO COOTBETCTBOBATH aJTOPUTMY JBMIKCHHUS
MaHHITYJISITOPA.

[lepen nHawamom paboThl ybOemuTech, 4TO B paboyeM OKPYXKEHHH MaHHUITYJISITOPA
OTCYTCTBYIOT U3MEHEHUSI, KOTOPhIE MOTYT MPUBECTH K CTOJKHOBCHHSM U COOSIM B aJlTOPUTME

JIBUKCHMS.
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IIpn Hanmagke yCTpPOMCTBAa HCIOJB3YWTE PEKHUM C OrPAaHUYEHHOM CKOPOCTBIO: 3TO
MO3BOJIUT N30€XKaTh PE3KUX JBMKEHUN U CHUZUT PUCK TPAaBMHUPOBAHUS.

[Ipy mnporpaMMuUpOBaHMM MAHMITYJISITOpa YOEAUTECh, YTO BBl MOXKETE OBICTPO
OCTaHOBUTH YCTPOMCTBO B ciyuyae HEOOXOJIMMOCTH: IIYTH OTCTYIUICHHS HE JOJIKHBI OBITH
3a0JI0KMPOBAHBI.

Ilepen 3amyckom mporpaMMbl Ha MOJHON CKOPOCTHM MPOBEIUTE TECTUPOBAHHME Ha
MOHUKEHHOMN CKOPOCTHU. Y 0€TUTECh, YTO MAHUITYJISITOP JIBHXKETCS 10 3aJJaHHOM TpaeKTopuu 6e3
OTKJIOHCHUH.

3anpelaercs nojuie3arb Mo ABMKYIIMECS OCH MaHUITYJISITOPa, MOMPABIIATh 3aTOTOBKU

pyKamu BO BpeMs pabOThl MpOrpaMMbl U HAXOUTHCS B pabouei 30He 6€3 HE0OXOJUMOCTH.

4.4 JleliCTBHSI B ABAPUITHBIX CHTYALMSIX

441 Karteropum ocranosa

B Promobot M13 kateropuu octanoBa peaiu3oBanbl B coorBercTBUH ¢ [[OCT MOBK
60204-1:

- Kareropus 0: aBapuiiHbiii ocTaHOB. [IpuMeHseTcss npyu BOZHUKHOBEHUH OIACHBIX
W/WK aBapuiHbIX cutyalruii. ConmpoBOKIAETCS CHATUEM MUTAHMS C MAHUITYJISTOPA
1 OJIOKMPOBKOM y3JI0B CEPBOIPUBO/IOB MEXaHUYECKUM TOPMO30M.

- Kareropuss 1: xoHTpoiupyembiii octaHoB. I[IpumeHsieTcs npu BO3HUKHOBEHUH
HEKOTOpBhIX KaTeropui OmMOOK, a TakXke MpU IYCKOHANAJO4YHBbIX padoTax.
ComnpoBoxiaercsi OJJOKMPOBKOH y3710B CEPBOMPHUBOIOB MEXAHUYECKUM TOPMO30M.

- Kareropus 2: maysa. IIpumensiercss B KadyecTBE IJIAHOBOI'O WM BHEIJIAHOBOTO
OCTaHOBa IMpU HOpPMaJdbHON pabore wMaHumynstopa. He compoBoxgaercs

OJIOKMPOBKOM y3JI0B CEpPBOIIPUBOJIOB MEXAHUUYECKHM TOPMO30M.

4.4.2 KHonku aBapuiiHOro ocTaHOBA

KHonkyu aBapuilHOro OCTaHOBa SIBJIAIOTCS BAaXKHBIM 3JIEMEHTOM CHUCTEMBI 0€30MacHOCTH
U TIpeTHA3HAYEHBI JIsl SKCTPEHHON OCTaHOBKHM 000PYI0BaHUS B aBAPUITHBIX CUTYalUsX !
- anmapaTrHble KHOIKU aBapUHUHOI'O OCTAaHOBA!
- OCHOBHAs KHOIIKA aBapUHUHOI'0 OCTAHOBA PACIIOJIOKEHA HA ITyJIBTE YIIPABICHHUS,
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- KHOIIKa SBJIAETCS HOPMAJIBHO 3aMKHYTOM: B OTKAaTOM COCTOSHMM LEIb
CKOMMYTHPOBaHA, [IPY HAKaTHUHU HA KHOIIKY LIENb Pa3MbIKAETC:

- K ImKady ynOpaBleHHS MOXHO TOJKIIOUUTH JO0 JABYX HOpPMalbHO
3aMKHYTBIX JOIOJIHUTENIBHBIX KHOIIOK aBApUIHHOIO OCTAHOBA,

- HUCHOJIB3YyHUTE I JAHHOTO THUIIA KHOIOK aBapUMHOIO OCTaHOBA KOHTAKTHI
1-2, 34

- BCE  anmapaTHble  KHOIKM  aBapMHHOIO  OCTAHOBA  IOJKJIIOYEHBI
II0CJIEZIOBATEIIBHO;

- B ciydae cpabareiBaHMs (pa3MbIKaHUsI) XOTsA Obl OJHOM KHONKH, C
MAaHHUITYJIATOpPA CHUMAETCA NHUTAaHUE W Y3Jbl CEPBONPHUBOJNA MaHUITYJISTOPA
OJIOKHPYIOTCSI MEXaHUYECKUMH TOPMO3aMH;

- 1udpoBble KHONKHU aBAPUHHOT0 OCTAHOBA!

- K IKady ynopaBieHHs MOXKHO HOJKIIOYHUTH 0 ABYX UU(POBBIX KHOIOK
ABAPUHMHOIO OCTAHOBA;

- HUCHOJB3YWTE IS JAaHHOTO THUIA KHOIOK aBapHIHOI0 OCTaHOBA KOHTAKThl 5—0,
7-8.

Baxno! Eciu KHONKM aBapuifHOTO OCTaHOBA, MOJKIIIOYaeMble K KAy ynpaBieHus,
HE HUCMOJIb3YIOTCA — TpeOyeTcs YCTaHOBUTH YEThIpPE MEPEMbIYKH B Pa3beMbl MOJIKIIOUYCHUS

KHOIIOK MeX 1y KoHTaktamu 1-2, 3—4, 5-6 u 7-8 (cm. Pucynok 1-34).
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Pucynoxk 1-34 — YcranoBka nepeMbIuek Mexy koHtaktamu 1-2, 34, 5-6, 7-8

443

ABapuiHbIH 0CTAHOB

[Ipu cpabaTeiBaHMM aBapUITHOIO OCcTaHOBAa B B30-MHTEepdeiice oToOpaxaeTcs: ommnoKa.

Jlnst BoccTaHOBIEHUS pabOThl MaHUITyJATopa (cOpoca aBapHtHOTO OCTAHOBA) BBHITIOIHUTE

CIEYIOIINE IEUCTBHUS:

1)
2)

3)
4)

YCTPAaHUTE NPUYMHY aBAPUIHON OCTAHOBKU;

nepesamycture BeO-untepdeiic, HaxkaB kHomky «llepesamyctuts Ul» B okHe
BBIBOJIA OIITNOKHU,

OTOKMUTE KPAaCHYIO KHOIIKY Ha IyJIbTE YIPABICHUS;

MOAKIIOYNTE MAaHUMIYJISATOP B BeO-uHTepdelice, Ha MaHUITYJISATOPE 3aIMyCTUTCS

KaarOpoOBKa, MOCIe Yero NpoI0JDKUTe padoTy.

Ecnu Bo Bpems kannuOpoBKU MpU MOAKIIOUYEHUN MAHUITYJISITOpa OOHapyKeHa olunoKa, To

o0paTuTeCh B CEPBUCHBIN LIEHTP IPEINPUATHA-U3TOTOBUTEISL.

Ecnu ommbOka BO3HHKIIA IIpHU CTOJIKHOBCHUHN C MPCIATCTBUEM U €CTh HCO6XO}II/IMOCTI)

HN3MCHUTDH ITOJIOKCHHUC MAHUITYJIATOPA A0 MOAKIIOYCHHA MAHUITYJIATOpA B B€6-I/IHT€p(1)€I‘/JIC€,

BOCTIOJNIL3YHTECH QyHKITMEH «/[BrxkeHune 6e3 naunmanu3anumy (cm. pasaen 11.6.5.2 «J[Bmxenue

0e3 MHUIHATA3ALIANY).
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3) BE3OITACHOCTD

5.1 Nupukanusa Promobot M13

IHKa(b YIIpaBJICHUA OCHAIICH BCTPOCHHBLIM 3BYKOBBIM H3JIYHATCICM IJIA WMHAUWKAIIUH

coctosHuii Promobot M13.

DneMeHThl UHIUKALMY TaKKE€ MOTYT OBITh MOJKIIIOYEHBI K HU(POBBIM BBIX0J1aM HIKada

YIIpaBJICHUA. Hcnonp3oBaHue JTaHHBIX

IMMOJIb30BATCIIBCKUM aJITOPUTMOM.

Ba:xno! BCTpOCHHaH 3BYKOBasd HHAUKAIOHA ABJIACTCA J3JICMCHTOM Oe3omacHo

9JICMCHTOB

sKkcruTyatauuu Promobot M 13 u He MOXeT ObITh OTKITFOUEHA.

Onucanue BCTPOESHHOM 3ByKOBOM MHIMKAIIMKM COCTOSIHUIA MTPUBEACHO B Tabnuie 13.

Ta6mmma 13 — BecTpoeHHas 3ByKOBasi HHIWKAITUS COCTOSTHUM

WHIUKAIMKA  OyJIeT ONpenensaThCs

Curyauus eas curnaja 3ByKOBOM IToBTOpsieMoOCTH
CUTHAJ
Bxmrouenue mikada OroBenieHue:
OnH UIHHHBIH OnHOKpaTHO
yIpaBJIEHUS HOpMaJsbHas padora
Brixnmrouenue mkada OroBenieHue:
OnuH JTMHHBIN OnHoOKpaTHO
yIPaBJICHUS HOpMaJbHas pabora
Bxirouenue nuranus Tpu WIMHHBIX,
[Ipenynpexnenue OnHOKpaTHO
MaHUITyJISTOpa TPU KOPOTKHUX
Brixnrouenue nutanus Tpu KOpOTKHX,
[Ipenynpexnenue OnHoOKpaTHO
MaHUITYJISITOpa TPH JJIMHHBIX
Ocranos kareropun 2 | Ilpenynpexnenue Her OnHokpaTHO
OcranoB kareropuu 1 [Ipenynpexnenvne | OauH ITWHHBINA OnHOKpaTHO
Ocranos kareropuu 0 ABapus OnuH 1IVHHBIN OpnHOKpaTHO

I-75




6 TAPAHTUHMHBIE OBA3ATEJIBCTBA

[MapanTuiiablil CpOK MPEeANPUITHI-U3TOTOBUTENS cOCTaBisieT 12 (ABeHAIIATh) MECSIIEB.
[apaHTHIHBIA CPOK UCUUCIIIETCS MO 00IEeMyY TpaBUITy ¢ 1aThl mprodpeTenust Promobot M13 y
NPEANPUITHA-U3TOTOBUTENA. [apaHThifHBIM Ccpok Ha Promobot M13, mpuoOpeTeHHbIN
PO3HUYHBIM MOTpeduTeneM (rpaxkIaHuHOM, mpuodpetaromuM Promobot M 13 uckitountenbHO
JUISL TUYHBIX WJIM WHBIX HYXKJ, HE CBS3aHHBIX C OCYIIECTBIIEHHEM MpeaNpUHUMATEIbCKOM
JIEATeTbHOCTH ) UCUUCTISAETCS C 1aThl TpuoOperenust Promobot M 13 po3HUYHBIM OTpEOUTETIEM.

IIpu oGnapyxxennu B Promobot M13 HemocTaTkoB B MEpHOJ] TapaHTHUHHOTO CpOKa
Biajeneln o0sA3yeTcsd He3aMeAJITEIbHO IMHUCHbMEHHO COOOIMTH 00 3TOM MpPEeANpUSATHIO-
U3TOTOBUTEJIO, OMKCAB MOJPOOHO MPU3HAKU BBISBIEHHOTO HEJAOCTATKA, U B TEUCHHUE OJHOTO
pabodero aHS oOecmeduTh MO TPEeOOBAHUIO MPEANPHUSATUS-U3TOTOBUTEINS TUCTAHIIMOHHBIN
nocTym Kk Promobot M 13 15t AMCTaHIITMOHHOM TUAarHOCTUKH.

B nepuon rapaHTUifHOTO CpoKa MpeaNpHUsITHE-U3TOTOBUTENb 005S3yETCs IPU MOTYyUYECHUU
MPETEH3UH 00eCreyuTh 0€3BO3ME3IHOE yCTpaHeHue HeAocTatkoB Promobot M13 B cpok He
6onee 60 pabounx AHEH ¢ MOMEHTA MOIYYEHHS TPEIPUITHEM-U3TOTOBUTENIEM TPETEH3UH U, B
clydyae HEOOXOIUMOCTH, NPEIOCTAaBICHUSI HUCTAHIIMOHHOTO JocTynma K Promobot M13.
[IpenrnpusiTue-u3roTOBUTENH BIIPaBe MO CBOEMY BHIOOPY OCYIIECTBUTH 3aMeHy Promobot M13
HEHaJJIeKallero KauecTna.

B cnyuae cymecTBeHHOro HapyueHusi TpeOoBaHUM K KaudecTBY Promobot M13
(oOHapyXeHHsI HEYCTpPaHHMBIX HEJIOCTAaTKOB, KOTOpbIe HE MOTYT OBITh YCTpaHEeHbl 0Oe3
HECOPa3MEpPHBIX PACXOJOB WJIM 3aTpaT BPEMEHH, WM BBISBISIOTCS HEOJIHOKPATHO, JIMOO
HEOJIHOKPATHO TMPOSBISIOTCS BHOBBH IOCIE WX yCTPAHEHUs) BIAJENel] BIpaBe MOTPeOOBATH
3aMeHbl Promobot M 13 HeHa uiexarero kayecrsa.

["apaHTUiiHBINA CPOK MPOJIEBACTCS HA BpeMsl, B Te4eHne Kotoporo Promobot M 13 He mor
UCIIOJIb30BaThCS M3-3a2 OOHAPYKEHHBIX B HEM HEIOCTATKOB, & UMEHHO Ha IMEPHUOJl BPEMCHH,
pPaBHBINA TIEPUOTY C MOMEHTA MOJTYUYCHHS YIOJHOMOYEHHBIM JIUIIOM MPETEH3UU O HEeIOCTaTKaxX
Promobot M13 1o MomMeHTa yCcTpaHEeHHUsI HEJJOCTATKOB.

[MapantuitHoe 00CITyXKHMBaHUE OCYIIECTBISETCS Ha BBHIOODP MPEANPHUATHSA-U3TOTOBUTEIS

M0 MECTY €T0 HaXOXKJICHHUS WJIH 110 MECTY HaxoxaeHus: Promobot M13.
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["apanTHitHoMy peMOHTY (3amMeHe) He oanexxutT Promobot M13:

HKCIUTyaTUPOBABIIMICS ~ cOCOOOM, HE  COOTBETCTBYIOIIMM  TpeOOBaHUSM
PykoBozcTBa 110 3KCIUTyaTaluy;
-  HMEIOUIMH [0 BHUHE IOJIb30BATENIE MEXAHUYECKHUE IOBPEKICHUS, SBUBIIHECS
IPUYMHOMN 00pallleHus 3a rapaHTUHHBIM PEMOHTOM;
- DKCIUTyaTUpOBABIIMICS ~ WJIM  XpaHUBIIWHCA B  yClIOBUAX  (cpenme), He
COOTBETCTBYIOLIEH  TpeOOBaHUSM,  YCTAHOBJIEHHBIM  JIOKYMEHTalued  Ha
Promobot M13;
- mpomieamuii MoguduKano (M3MEHEHUS) WM  peMOHT  0e3  ydacTus
KOMITAaHUU-TIPOU3BOTUTEIS.

l'apantmitaeie  00s3aTeNbCTBA  pacHpoCTpaHsAOTcs Ha Promobot M13 B Toit
KOMIUIEKTAlliH, B KOTOPOM OH HaXOWJICS HA MOMEHT IIOCTAaBKH MPEANPUATUEM-U3TOTOBUTETIEM,
U HE PaCHpOCTPAHSIOTCS Ha HEJOCTATKH, BO3HUKIIWE B pe3yjbTaTe HeBepHoil pabotel [10
Promobot M Control, pazpaboranHoro (JiopabOTaHHOI0) MOJB30BATEIEM CAMOCTOSTEIILHO 03
COTJIACOBAHUSI C MPEANPUATUEM-U3TOTOBUTEIIEM.

[Topsimox ocyiecTBICHUST TapaHTHiTHOrO oOciyxuBaHus (pemonTta) Promobot M13
ycTtaHoBJieH [lonoxeHneM o rapaHTUHHOM PEMOHTE U MTPOBEICHUN CEPBUCHOTO 00CTYKUBaHUS
00opyaoBaHHUS 00O «ITPOMOBOT», Pa3MEILIEHHOTO o CCBUIKE:
https://promo-bot.ru/warranty-repair-and-service-provision/.

B rapanTuiinoe o6cnyxuBanue (peMOHT) HE BKIIOUEHBI JIOTIOJIHUTEIbHBIC YCITYTH, B TOM
yucle, 3arpy3ka nadopmanuu Ha Promobot M13, nopabotka [10, pyHkuMOHana, MOHUTOPUHT
coctosinusi Promobot M 13, He cBs3aHHBINA C HUCIPABICHUEM HEIOCTATKOB. JlOMONMHUTENBHBIC
YCIIyT'H OKa3bIBAIOTCSI HA OCHOBAHMM OT/AEJBHO 3aKJIIOUYEHHOIO BO3ME3JHOrO COIJIALLEHUs, B

gacTHocTH CornamieHus 00 ypoBHe cepBuca (SLA).

7 XPAHEHUE

IIpaBunpHOE  XpaHeHue  Promobot M13 ~ oOecneunBaer  COXpaHHOCTb  €rO
paboTOCIOCOOHOCTH M MPENOTBpAIIAeT TMOBPESKICHUS B TEPHOJ, KOIJIa YCTPOMCTBO HE
ucrnoiyb3yercs. B maHHOM pasznene omnucaHbl OCHOBHBIE TpeOOBaHUS U PEKOMEHAAIMH IO

XPAaHEHUIO MAHUITYJIATOPA.
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7.1

YcaoBus xpanenuss Promobot M13

I[J'IH obOecreyeHus COXpPAaHHOCTH MAHUIIYJIATOPA BO BPEMA XPAaHCHUA HGO6XO,Z[I/IMO

cO0JII01aTh CIIETYIONINUE YCIOBUS:

7.2

TeMnepaTrypa okpysxatouieit cpeasi: ot -10°C no +40°C;

OTHOCHTEIbHAS BJIAXKHOCTE: He 0ojiee 80%;

Promobot M13 momkeH XpaHUTHCS B YMCTOM IMOMEIICHUH, 3aIUIICHHOM OT IBLIH,
TpsI3U U arPECCUBHBIX XUMHUUYECKUX BEIIECTB;

MecTo XpaHeHusi Promobot M13 nomkHO ObITH Oe30mMacHbIM, 0€3 pHcKa MaJleHus
MPEeIMETOB WIH MOBPEXKICHUS MAHUITYJIATOPA;

MOMEIIEHUE JOHKHO OBITh 3aIIMINEHO OT MPSMBIX COJHEYHBIX JIy4eil, KOTOphIE

MOTI'YT BbI3BATbh BBIIIBCTAHUC UJIH IIOBPCIKACHUC MATCPHUAJIOB.

IMoaroroBka k xpanennto Promobot M13

IToaroroska k XPaHCHHUIO BKIIIOYACT B cebs (G (S144:10)1115(§ JCUCTBUS:

a)

0)

B)

7.3

JEMOHTaX KOMILJICKCA COTJIACHO MHCTPYKIUH (cM. pasnen 2.4 «JlemoHTax») (eciu
MaHUNYJIATOp OyneT XpaHUTbCA JUIMTENIBHOE BpeMs, TO PEKOMEHIyeTCs
JICMOHTHPOBATh ChEMHBIC KOMITOHEHTHI i XPaHUTh UX OTACIBHO B YITAKOBKE).
yIIaKOBKa MAaHHUMYJISITOpa B OPUTHMHAIBHYIO YIIAKOBKY JJISI MOPEAOTBPALICHUS
ITIOBPEKICHUM;

IIpoBepka, 4TO yCTPOWCTBO B YITAKOBKE HAJICKHO 3ALIUILEHO OT BJIATHA U MbUIH.

IMepuoanueckoe odcay:kMBanue BO Bpemsi xpanenusi Promobot M13

[lepnoguueckoe oOCTy)KMBaHUE BO BpEeMsl XpaHEHHUs BKIIOYaeT B cels cieayrolue

NENUCTBUS:

a)

6)

IIPOBEJICHUE OCMOTPA MAHUITYJISTOPA HE PEXKE OJHOIO pas3a B MECAL ISl IPOBEPKH
€ro COCTOSIHHUS,
MPOBEpPKA YMAKOBKH Ha IEJIOCTHOCTh — YIAKOBKa HE JIOJDKHA OBITh TOBPEXKICHA U

JIOJDKHA 00€CreunBaTh HAJICKHYIO 3aIIUTY.
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7.4 IMoaroroBka K NCMOJIH30BAHMIO MOCJe XpaHeHuss Promobot M13

Hepez[ BO3BpAllICHUCM MAHUIIYJIATOpAa B O3KCILIyaTallulO BBIIIOJIHUTC ﬂeﬁCTBHH,

ormmcannbie B pazzaene 2 «MCIIOJIb3OBAHUE 110 HASHAYEHUIO».

7.5 XpaHeHHe 3aMacHBIX YacTeil H akceccyapoB Promobot M13

3amacHbIC YacTH U aKCCCCyaphbl JOJKHBI XPAHUTBHCA B OTACIIBHBIX YITAKOBKAX B CYXOM U

yrcToM MecTe. OHu JOJIXKHBI OBITH 3allIMIICHBI OT BJIArH, IIbIJIM U MCXaHHYCCKHUX HOBpC)K,Z[GHHfI.

8 TPAHCITIOPTUPOBAHHUE

[IpaBunbHas  TpaHcmoptupoBka Promobot M13  saBisieTcs  BaXkKHBIM  DTAroM,

o0ecreynBaroM COXPaHHOCTh YCTPOICTBA U MPEJOTBPALIAIOIINM OBPEKACHHUS.

TpancnopTupoBKa JOJKHA OCYIIECTBISATHCA B COOTBETCTBUM C IMPABUIIAMU MEPEBO3KHU

Ipy30B, JEHCTBYIOIIMMHU Ha TEPPUTOPUM CTPAHbI, a TaKXe C YYETOM pEeKOMEHAaluin
IpEeANPUITUSA-U3TOTOBUTEIS:

a) YCJOBHS TPAaHCIOPTUPOBAHUS U XpaHeHus Promobot M13, cpoku coxpaHseMOCTH
JI0 BBOJIa B JKCIUTyaTallMIO JIOJDKHBI COOTBETCTBOBATH JAHHBIM, YKa3aHHBIM B
taommie 10;

0) paccTaHOBKa M KpeIieHHe yrnakoBaHHbIX Promobot M13 B TpaHCHOPTHBIX
CpeICTBax JOJDKHBI oOOecreduBaTh WX YCTOWYMBOE IOJIOKEHUE, HCKIIOYaTh
BO3MO>XHOCTb CMELIEHUS U YAAPOB O CTEHKH TPAHCIIOPTHBIX CPEJICTB;

B) TpaHcnoptupoBanue Promobot M13 crnenyer mpous3BOAUTH B COOTBETCTBUHU C
IPpaBWJIAMH NIEPEBO3KH I'PY30B, AEHCTBYIOIIMMH Ha KaKJIOM BHJI€ TPAHCIIOPTA,

r) TpaHcnoptupoBanue Promobot M13 [0MKHO NPOU3BOAUTHCA JIOOBIM BHIOM
TpaHCIIOpTa, TMpPHU  yCIOBHH  COONIOAECHUS  TpeOOBaHWHM, YCTaHOBJIECHHBIX
MaHUMYJISIUOHHBIMUA 3HAKaMU, HAHECEHHBIMU Ha TPAHCIIOPTHOM Tape;

) B Cllydyae KpaTKOBPEMEHHOI'O TPAHCIOPTUPOBAHUS HA OTKPBITBHIX aBTOMAIIMHAX

ynakoBka Promobot M 13 nomxHa ObITh HAKPBITA BOAOHETIPOHHUIIAEMBIM OPE3EHTOM.
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Tabnuua 14 — YcinoBust TpaHCIOPTUPOBAHMS, XPAHEHU S, CPOKH COXPAHIEMOCTH

O0o3HauYeHMe yCJI0BUI TPAHCIIOPTHPOBAHUS O06o3nauenue Cpoknu
B YACTH BO3]eHCTBUA YCJIOBHI XpaHeHHus COXPaHsIeMOCTH B
no 'OCT 15150 YIAKOBKe
U3rOTOBHUTEJISl, FO/IbI
MeXaHUYeCKUX KJIMMaTH4YeCKHX
¢akropos nmo 'OCT ¢akTopoB no
23216 I'OCT 15150
C YXJI4 1J1 5

9 YTUIMN3ALUA

Yrunuzamus Promobot M13 nomkHa npou3BOAUTECSA B COOTBETCTBUU ¢ 3akoHamu P®
Ne 96-®D3 «O6 oxpane armocdepHoro Bozmyxa», Ne 89-d3 «O6 oTxomax HpPOU3BOJCTBA U
notpebnenns», Ne 52-®3 «O caHUTapHO-IMTUACMHUOIOTHIECKOM OJIaromoydny HACEIICHUS», a
TaK)K€ JIDYyTUMH POCCHMCKUMU M PETHOHAIBHBIMH HOPMAaMH, aKTaMH, I[paBUJIaMH,
pactopsiKEHUSIMU U IPOYUMHU HOPMATUBHBIMU JIOKYMEHTAaMU, IPUHITHIMUA B UCTIOJIb30BAHUE B

yYKa3aHHBIX 3aKOHAX U AKCITYyaTUPYIOIeH OpraHu3aimi.
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1. HNPUWIOXEHHMUE PROMOBOT M CONTROL

1 BBEJAEHHUE

Hactosimmii pasgen pykoBOJCTBAa IO SKCIUIyaTallMM OIMCHIBAET IMOPSJIOK pabOThl €
npuioxenrnem Promobot M Control wmanumynsropa Promobot M13. Tlpunoxenue
IpeJHa3HaueHO JUIsl YIPaBJIEHUs, IPOrpaMMUPOBAaHUS U MOHUTOPUHTIA PabOThl MAaHUITYJIATOPA
Promobot M13 uepe3 BeO-unTepdeiic. OHO oOecreunBaeT py4YHOE YIPaBICHHE B PEaIbHOM
BPEMEHU U CO3/JaHHE aBTOMATU3UPOBAHHBIX IPOIPaMM Pa3IMuHON CIOKHOCTH.

[Ipunoxenne oOnamaer  QyHKIMOHAJIOM  OOHOBJIEHMS, KOTOPBIM  MO3BOJISET
TIOJTb30BATENSIM BCETJ]a UMETh aKTYalbHYIO BEPCHIO C YIYUYIIEHHOW MPOWU3BOIAUTEIHHOCTHIO,

HOBBIMHU (bYHKI_II/DIMI/I " UCIIPpAaBJICHHBIMHA OIIMOKaMU.

2 ABTOPU3ALIMA B ITPNJIOKEHUHN

[Tocne Bxiroyenust Promobot M 13 HeoOXoauMoO aBTOPU30BATHCS B MPHIIOKEHUU. J[Iist
aBTOPU3AIMH HAKMUTE KHOTIKY «BOWTH» B OKHE JUIs BXO/a B mpuitoskeHue (cM. Pucyrok 1-29).

OTto0pa3uTcst OKHO aBTOpHU3allMu B puiioxkennn Promobot M Control.
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Promobot M Control 3aBbinn naponb?

MNporpamMmHoe cbecneveHmne Ons rMBKoA MHTErpaummn peboTa-MaHUNynaTepa B

DGGOHMW MPOLECT M PELUEHMA 38084 YNPaBNeHNA, BU3Yann3aumniK v B3aMMo0eACTBNA
C NoNb30BaTeENeM

Pucynox I1-1 — OxHo aBTOpH3anIUK

B npunoxxenun npenycMOTpPEHBI IBE YUYETHBIE 3alIMCH C PAa3HBIMU MPAaBaMM JOCTyIA K

¢dyukmonary Promobot M13:

a)

6)

ydeTHasl 3aluch aJIMUHUCTpATOpa — MpeJHa3HauYeHa /il MMOBCETHEBHON pabOThI

orepaTopa ¢ MaHUIYJSTOPOM; B HEHM TOCTYMHBI 0a30BbIe (PYHKIIMH MPUITIOKEHUS:

pyYHOE yIpaBieHUE MaHUMIYJIATOPOM (BKJIaaKa «PydHoe yrpaBieHue»);
co3nanue u 3ammyck nporpamm (Blockly, Python);

HACTPOIKa MHCTPyMEHTa, pabouel 30HbI, MOJ0KEHUS U TIPECIIOB;
MOHHTOPHHT  COCTOSIHMS ~ (KypHaJI,  CyCTaBbl, IKad  ympaBieHUs,
BXO/IbI/BBIXO/IbI);

OOHOBIIEHUE MPHIIOKEHUS;

CepBHCHAs YUYEeTHas 3alUCh — JaeT JOCTYII K CIETYIOIINUM CEPBUCHBIM (DYHKITUSIM:

TPAHCIIOPTHOE MOJO)KEHUE — aBTOMATHYECKUN IEPEeBOJ MAaHUIYJATOpa B
TPAHCIIOPTHOE IOJI0KECHUE;

JBUKEHUE 0€3 MHUIMANIM3AlMU — PY4YHOE MEepeMellleHhe MaHUIYJIsITopa Mpu
OTKJIFOYEHHOM B MIPHUIIOKEHUHN POOOTE, YTOOBI BHIBECTH €r0 M3 30HBI KOJUTU3UU

WIN BEPHYTh B UCXOJJHOE MOJIOKEHHE TP cO0€ JaTUYNKOB;
-2




kanmuOpoBka FreeDrive — kanmuOpoBka cucremsl FreeDrive, HeoOxomumast st

paboThI B pekUMe KOJIITaOOpaTUBHOCTHU, ONepanus TpeOyeT MOBBIIICHHBIX TPaB

" CBsI3aHa C pUCKOM ITOBPCKICHHWA O60pyI[OBaHI/I$L

3 HOAKJIIOYEHHUE W BbBIKVIIOYEHUE MAHUIIYJIATOPA B

IMPUJIIOKEHUU

Benure norvH W mapois B OKHE AaBTOPU3alMA W HAXMUTE KHONKY «Boutm»

(cM. Pucynox 11-1).
Otobpasutcst nHTEpdEiic pyyHOTO YIPABICHUS MaHUITYJIATOPOM B PEXKUME CHMYJISLIUH

(cM. Pucynox 11-2).
[% Bbixog

{3 Hactpoitka ‘E‘ Mowutopuar  [F] Meerpykumn

T noawniounts ZEI PyuHoe yrpaBneHHe [, ] Co3faH1e NporpamMM
MaKC. CKOPOCTb [JBMMEHUS

OCTaHOBUTL

"

&

HepocTynHo B pexume
CUMYNaUMK

2

UTW  KoopmuHaThl  CycTaEbl

Promobot M13
Bepcwua MNO: virtual

Pucynok I1-2 — UnTepdetic pydHoro ynpapieHUs] MAHUITYJISATOPOM B PEKUME CUMYIISIIIUA

B Bepxneil uwactu uHTep(eiica pacmonaraercsl riaBHas NaHeNlb BKJIaJ0K, KOTOpas

conepxut (cMm. Pucynok 11-3):
[9 Boixon

{8 HacTpoiika E\— MOHUTOPUHT E HHCTpyKUMK

T° Noawnicunts :E} PyuHoe ynpasneHue E Co3fjaHu1e NporpamMm

Pucynoxk 11-3 — I'maBHast maHenb BKJIAIOK
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-  KHOIIKH:
- «[ToAKIIOYUTE» — KHOIIKA TTOAKIFOUCHNUS/OTKITFOUCHUS] MAHHITYJISATOPA;
- «HWHCTpyKnmu» — KHONKA JUIS OTKPBITHA pykoBojacTtBa Promobot M13 Ha
[opTaJIe IPOU3BOIUTEILS;

- «Bpxom» — KHOIKa A1 BEIKJIIoUueHus M13;

- BKJIAQJKHU:
- «PyuHoe ympaBineHue» — uHTEeppeEHC I PYYHOTO  YIPABIICHUA
MaHHUITYJIATOPOM;

- «Co3nanue mporpamMm» — HHTepdeic IUIsl CO3/aHusl MPOrpaMM € IOMOUIbIO
sS13BIKOB TIporpamMmupoBanus Blockly, Python;
- «Hacrpoiika» — uatepdeiic s HaCTpoeK pabOThl CUCTEMBI U HHCTPYMEHTA;
- «Monutopunr» — uHTepdEic 1T MOHUTOpHUHTA paboTel Promobot M13.
B wwxkHell dactu wuHTepdeiica pacrojiaraeTcss HIKHSS TaHenb (cM. Pucynok 11-4),
KOTOpasi OTOoOpa’kaeT HAaMMEHOBaHHE YCTpoucTBa, Bepcuio [1O u comepXuT HHIUKATOP

COCTOAHUA KOJIJ'Ia60paTI/IBHOCTI/I H KHOIIKY, I10 HAXKAaTHUIO Ha KOTOPYIO OTKPBIBACTCA 3KpaHHAA

kinaBuarypa (cm. Pucynok I1-5). Jlonroe yaepkaHue KHOIIKH @ NEaKTUBUPYET (HYHKIIUIO
ABTOMATUYECKOTO OTKPBITUS DKPaHHON KJIaBUATypbl MPU HaKaTUW B JIIOOOM TI0Jie BBOJA

3HAYEHUW B IPUIIOKEHUH.

Promobot M13
=l
Bepcus MO: virtual ©

Pucynoxk I1-4 — HuwxHsisa nanens

Space

Pucynok |1-5 — Dkpannas knaBuatypa
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Nudopmanmsi Ha TaHENM WCMONB3YyeTCS IS OBICTPOH TIPOBEPKH  COCTOSIHHS
nporpaMMHoO# yacTu. [locie noakitoueHus K pealbHOMY MAaHUITYJISITOPY OTOOpaXKaeTcst BepCus
cucreMHoro IIO. B pexume cumymisiuu BMECTO HOMEpa BEPCHUU OTOOpakaeTcs
3HaueHue virtual, a /uIsi KOMaHJ, KOTOpbIe HENb3sl BBIMOJIHUTH 0€3 pealbHOro KOHTpPOJIIepa,
BBIBOJUTCSL cooOmieHne «HemnocTynmHo B peXMMe CHUMYIAIUU», a WHIUKATOP COCTOSIHUS
KOJJIA0OPATUBHOCTH B PEeXKUME CUMYJISIIIMU 0ToOpaxkaeTcs Kak «He monkitoueny.

JIns NOAKITIOUEHUST MAaHUIYJIATOPA HAXKMUTE KHOMKY «lIOAKIIFOUNTE» B BEPXHEM JIEBOM

yriay (em. Pucynoxk 11-6).

‘f MogHNKoYKTh

Pucynok 11-6 — Knomnka «IloakmroduTs»

Ha manunynarope 3amyctutcst kanuOpoBka. B mpuiioxkennn otoOpa3utcs yBeAOMIICHUE
«Ilouck manunymnsTopay. Ilpu ycrnenHoM nogkaI0uYeHMH KHONKA U3MEHUT LBET Ha 3€JICHBIN U

otobpasutcs kak «OTkIounTh» (cM. Pucynok I1-7).

i? OTKNKUYMTD

Pucynoxk I1-7 — Knonka «OTKIIOYUTH»

Ecnau npu nmoaxiaroueHUM MaHMMOYJSATOpa HA IyJIbTE YHPABJICHHUS KHOIKA aBapUilHOTO
OCTaHOBa B paboyeM MOJO0KEHUEe, TO B IMPUJIOKEHUH oToOpazutcs yBeaomieHue «Haxkara
KHOIIKAa aBapMWHOIO OCTaHOBa». 3aKpOWTE YBEJOMIJICHHE, OTOXMHUTE KpPACHYIO KHONKY U

TOJIKITIOYHMTECH 3aHOBO (cM. Pucynok 1-8).

Ha)xarta KHOMKa aBapu NHOro
OCTaHOBa

OTOMMUTE KPACHYH KHONKY W NOAKNHYHTECE 383HOBO

3aHpbITh

Pucynok 11-8 — YBenomienue
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I[JIH BBIKJIFOUCHUA MAHUITYJISATOPA U CUCTCMbI HAXKMUTEC KHOIIKY «BBIXOZ[» u BI>I6epI/ITC

«BBIKITIOYNTh MaHUIYISTOP» (M. Pucynok 11-9).

:% Brixon

& CMenuTh nonbsosatens

() BoiknoUMTL MaHUMyNaTOP

Pucynok 11-9 — Jlnanorooe okHO KHONIKH «BbIxoma»

Mento «Brixoa» coaepKuT AB€ KOMaH/IbI:
-  «CMeHUTh IIOJIB30BATENSI» — 3aBEPIINTh TEKYLIM CceaHC M BEpPHYTbCA K
aBTOpU3aIK 0€3 BBIKJIIIOUEHUS MaHUITYJISITOPA;

-  «BBIKJIIOYHATH MAHMITYJIATOP» — 3aBEPIINTHL padoTy Promobot M13.

IIpumeuyanue — [lepen cmeHOM mosib30BaTeNs TpeOyeTCs OTKIIOYUTh MAHUITYJIATOP B
PUIOKEHUH.

Komanny «CmeHUTH NOJB30BaTENsA» NPUMEHSIOT, B YacTHOCTH, AJI1 BXOAA TOJ
CEepBUCHON ydeTHOM 3amuchio. CepBUCHBIE (DYHKIIMHM JOCTYMHBI TOJBKO MOJIb30BATENSIM C

COOTBETCTBYIOIIMMU MIPABAMH.

4 PYYHOE YIIPABJIEHUE

PyuHoe ynpaBieHne MaHUITYJISITOPOM IPUMEHSAETCS 1JISL:

- MPOBEPKH pabOTHl HHCTPYMEHTA;

- JIMarHOCTHKHU MPUBOJOB U JATUUKOB;

- BBIBOJIa MAHUITYJISITOPA B UCXOJIHBIE TO3ULIUH MEPE]l ABTOMATUUECKUM LIUKIIOM.

Ba)xHO MOMHUTE, UTO MAaHUTTYJISTOP MOXET OKa3aThCs B CUHTYJISIPHOCTU. B mpuiioxeHun
PEeyCMOTPEHO 3 THIA ONMIMOKN CHHTYJIIPHOCTH, OTICaHHbIE B Tabnuiie 15.

Tabnuua 15 — Tunel o1mrOOK CUHTYISIPHOCTH

Texker oIMOKM 1UIS MOJIb30BATENS YpoBeHb KPUTHYHOCTH

MaHuMyasTOp HAXOIUTCSA B CHHTYJISIPHOCTH ERROR
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ManunynsaTop npuOIrmKaeTcs K CHHTYJIIPHOCTH WARNING

MaHuUIyasSTOp OTAAIACTCS OT CHHTYJISIPHOCTH WARNING

TpeOGoBanust 0e30macHOCTH W TOPSAOK JACHCTBUE TpuBeneHbl B paszumene 1.2.3.3
«CHHTYJISIPHOCTH.

WuTepdeiic pyyHoro ympasieHHs MaHUIYJIATOpoM (BkiIagka «PydHoe ynpaBieHue»)
COCTOMUT U3:

- BHUPTYaJBHOTO NpocTpaHcTBa ¢ 3D-mMoaensbo MaHUIYIATOpPA;

- TaHEJH PyYHOTO YIPABJICHHUS] MAaHUITYJISITOPOM.

4.1 BupryanbHoe npocTpancTBo ¢ 3D-Moe/1b10 MAaHUIYASTOPA

Bupryansroe mnpoctpancTBo ¢ 3D-momenbto manunynstopa (cm. Pucynok 11-10)
BOCIIPOU3BOJIUT JBMKEHMS HacTosuiero Manumyistopa. O63op 3D-monenu manumysstopa

MOKHO PETYJIMPOBATh KACAHUCM ITajJiblla PYKH 00 HHTCPAKTHUBHBIMHU KHOITKAMMH.
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)

JC)

Pucynok 11-10 — BupryansHoe npoctpanctBo ¢ 3D-Mozaenbio Mmanumyasitopa

NHTepakTHBHBIE KHONIKU:

— TIepeMeIIeHUE CIICHBI,

— BpAILICHUE CLICHBI;

<
“
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a — U3MEHEHNE MacITaa;

— oToOpaxxeHHMe CHCTeM KOOpJIWHAT OCHOBAHUS
MaHumyisitopa  («baza»),  MHpOBOM  CHUCTEMBI

koopauHaT («Mwup») u wuHcTpyMeHTa («L[TU») c
e Basa [ @ o . '
KHOTKOM «Simple» — oto6paxenue L[TU B Bume ¥ .
® Mup [ @
® LTK [ @) }’
4.2 IlaHeab py4HOro ynpasjieHUsI MAHUILYJISATOPOM

[Tanenb py4HOro yrpaBie€HUsS MAHUIYJIATOPOM COCTOUT U3!
- TAHEIW OTPAaHUYEHHS] CKOPOCTH U OCTAHOB JBH)KCHUS;
- nanenu «L{TH»;

- nanenu «KoopauHateny;

- IMaHCIIN ((CYCTaBBI» .

421 OrpannyeHus CKOPOCTH U OCTAHOB IBUKEHHS

[Tanenp orpaHUYEHUS] CKOPOCTH M OCTaHOB JBIoKeHHs (cM. Pucynok 11-11) conepxur:

- TOJN3YHOK «Makc. CKOpPOCTh ABMKEHHUS» — 3a/laeT OTPAaHMYEHHE CKOPOCTH s
nepeMelleHusT MaHuMydasTopa (Mpu MEpBOM JABWXKEHHMM, II0CJIE€ H3MEHEHUs
MHCTPYMEHTA, KpEIUIeHHUsI, pabouel 30HbI WM MPEJIENIOB UCIOIb3YIHTE MOHMKEHHYIO
CKOPOCTb);

- kHOnKy «OCTaHOBUTH» — MpeKpallaeT TeKyllee MPOrpaMMHOE JIBUKEHUE, HO HE
3aMEHsET anmnapaTHyo KHOIIKY aBapHUItHOIO OCTaHOBA.

IIpu oracHOM cUTyalluy IPUMEHSIITE alnapaTHbIA aBapUUHbBIA OCTaHOB.

Pucynoxk |1-11 — [Tanens orpaHuueHuss CKOPOCTU U OCTAHOB JABUKEHUS

11-9



4.2.2 UTH

[Manens «IITHU» (cMm. Pucynok 11-12) mo3BosiseT ympaBisTh LEHTPAIbHONH TOYKOM

uHCTpyMeHTa ((praHIeM HHCTPYMEHTA) ¢ MMOMOIIBIO KHOIIOK CO CTPEIKaMH HaIlpaBJICHUS.

(21 2 1)
e 1]
x4

Rz- ) Rz+
)
|:.F!x+ 3 |

LUTH KoopoWHaT CycTaBbl

Pucynoxk 11-12 — TTanens «ITH»

4.2.3 Koopaunarsi

[Manens «Koopmunater»y (cM. Pucynok 11-13) mo3Bossier ynpaBiisTh MaHUITYISTOPOM B

TPEXMEPHOI cucTeMe KOOpJUHAT JIMHEHHO U cepruyecku Bokpyr L[TH.

11-10



S 34.3 o

o : 0.0 cm

— bz 148.2 cwm

— @ RX -0.0

(%]

+ + 4+ + o+ o+

— | ¥ RY -0.0

(8]

__ b RZ -0.0

LITIA KoopOoWMHaTEI CycTagebl

Pucynok 11-13 — ITanens «KoopauHate

JIluHeliHple 3HAYEHMsS] KOOPAMHAT OTOOpa)KalOTCS B CAHTUMETPax, a 3HAYCHHS
chepuuecku B rpaaycax.

IIpumevyanue — B npuiokeHnu 3Ha4€HUSI KOOPAUHAT OTOOPAXKAIOTCS B CAHTUMETPAX,
a pu nmporpammupoBaHuu yepe3 SDK — B meTpax.

[Ipu nBUXKEHUU MaHUIYJISTOPAa HEOOXOJMMO YUUTHIBATH KOHCTPYKTUBHBIE OrPaHUYCHUS

JTMAIa30HOB BpalleHus, ykazanubie s kaxaoro u3z CIT (CIT1-CI16) (cm. Pucynoxk 11-14).
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Pucynok 11-14 — HanpaBnenue Bpaienust CII manunynsitopa

4.2.4 Cycrasbl

[Manens «CycraBel»y (cM. Pucynok 11-15) mo3Bosser ynpasisTe MOBOPOTHBIMH y3JIaMHU
MaHUIYJIATOpA:
- «IlneueBoit mognon» — uzmensiet yroin CII1;
- «llogpem nmneua» — uzmenser yron CII2;

- «JloxoTe» — u3menser yroa CII3;

11-12



- «3amscrbe 1» —uzmenser yron Cl14;
- «3amsctbe 2» — u3Mmenser yroa CII5;
- «3amsactbe 3» — u3mensiet yroa CII16.
3HaueHus 0TOOpaXkaloTCs B rpaaycax.
IIpumeyanue — B npuiiokxeHUH 3HAUYEHUs YIJIOB OTOOpaXkaroTcsl B rpajaycax, a Mnpu

nporpammupoBanuu uepe3 SDK — B panuanax.

MaKC. CKOpOCTb ABMMEHMWA

]

_ MneyeBoW NoonOOH 170.4

[#]

. MoabeM Nneya 186.5

_|_

]

o NOKOTb 182.0

o 3anacTbe 1 182.0

_|_

o 3angcTbe 2 182.0

_|_

o 3anacTbe 3 182.0

_|_

LTI HKoopouHaThbl CyCTaBbl

Pucynoxk |1-15 — [Tanens «CycTaBb»
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3) CO3JAHHUE ITPOT'PAMM

Brnanka «Co3ganme mporpaMm» IMO3BOJSIET pa3pabaThiBaTh MPOTPAMMBI JIBHKEHUS
MaHHUITYJISITOPA ¢ IOMOIIIBIO SI3IKOB MporpammupoBanus Blockly, Python.

Hutepdeiic co3manus mporpaMM UMEET BEpXHee MEHIO ¢ KHomKaMH (cM. Pucynok 11-16):

o ['j 'L Blockly e Python >

Pucynok 11-16 — Bepxuee MeHo

«Ckauatby — KHONKa T8  CKa4MBaHHSA
g CO3IaHHOTO CKPHIITA B TEKCTOBOM (hopMare;

«3arpy3uth» — KHOIKA 3arpy3KH TIOTOBOTO
T CKPUIITA,

«¥Y 1anuTh BCE» — KHOMKA JIJIS1 OYUCTKHU pe€aoaKTopa,

«PacniiHOBKa» — KHOIKA AJIS OTKPBITHUS CXEMBI
PacCTONOKEHUs SIEKTPUIECKUX HHTEpP(HEnHcoB Ha
dbnaHe ¥ MOJIB30BATEILCKON TMaHEIH, aKTHBHA
TOJIBKO MTPH KOH(PUTYPUPOBAHUHU TTOPTOB;

«Blockly» — mepexon B rpaduyeckuii peaakTop
0] Blockly Blockly;

L

«Python» — nepexon B pegakTop koaa Python;
e Python

«3aImycK Ha MaHHMITYJISITOpE» — KHOIIKA 3aIycKa
> CKpHIITAa HA MAaHUITYJISITOPE.

B unrepdoeiice npenycMmoTpeno nose «Pe3ynbTar BhIOIHEHUS POTrpaMMBbl». JIBOMHBIM

Ha)KaTHEM I10JIe YBEIIMYHUTCS 32 CYET BUPTYaJIbHOTO MpocTpancTBa (cM. Pucynok 11-17).

11-14



Pe3ynbTaT BEbBINONIHEHWA NPOrpaMMbl:
Connect
get_control
Pucynox I1-17 — ITone «Pe3ynbratr BEIIOJIHEHUS IPOrPAMMBD)
51 Blockly

S3bix Blockly npencrasnsier coboii Habop rpaguueckux 0JIOKOB OIpeaeneHHON Hopmbl
(oubmuoreka Blockly) u rpaduueckuii pegaktop (cMm. Pucynoxk 11-18). Coequnsis ogau 6J10KH ¢

APYIuMH, MOKHO CO3aaBaTh IIpOrpaMmy JBHOKCHMH 115 MaHHUITYJISATOpA.

f OTKNKOUMTE :Z: Py4HOe ynpasneHue Co3nanve nporpamMm @ HacTpoitka ‘E MOHWUTOPKUHT E MHCTpYKUMK [9 Bbixog,

R I {F [2] Blockly @ Python >

I Noruka
Maremartuka
Tekct
MNepemeHHble
Linknsl
DyHKUMKM

Maccuesl

BuxeHue

TM031LMN CYCTAaBOB

[Mozuunm LT

I Mepudepna:
NoNL30BaTENLCKAA NaHens b
I Mepndepua: MHCTPYMEHT

Pe3synbTaT BbINONHEHWUA NPOrpaMMbl:

Promobot M13 @
Bepcusa MO: 0.26.0

Pucynok I1-18 — MuTtepdeiic coznanus nporpamm, s3eik Blockly

bubmuorexka Blockly comepxutr chenyromme HaGoper  OnmokoB:  «Jlormkay,
«Maremarukay, « Tekc», «Ilepemennsiey, «Lluknby», « DyHkium», «MaccuBby, «/IBUxeHHEY,
«Ilozunuu  cycraBoB», «llosunmu L[TU», «llepudepus: wunctpymenr», «llepudepus:

ITIOJIB30BAaTCIIbCKAasA ITIaHECIIb)).
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511 Jloruka

Ha6op 6110k0B «JIoruka» coaepKuT 0J0KH yCIIOBHi 1 cpaBHeHui (cM. Pucynok 11-19).

Ecnu ycnoeWe WCTHHHO, BLINONHAET KOMaHAEL

BsIGpaTs no

2CNd MCTHHA

BCNd NoXs

MpoeepAeT ycnoswe BuiGopa. ECW YCNOBWE WCTWHHO, BO3BpALLEET
Mepeoe IHaYeHWe, B NPOTUBHOM CMYUYAS BO3BPALLAET ETOPOS 3HAUSHHE.

T

Eo3BpallaeT 3HaYeHHe MCTHHA, ecnM ofe BCTAaBKK MCTUHHLI

T

EBo3EpallaeT NoNOX¥WTENEHOE 3HEYEHWE, BCNKM EBOON DAEHEI

MCTHHE »
Bo3epalyaeT 3HayeHre UCTHUHA MM NOX¥L.

Eo3epallaseT HUTO.

Pucynox 11-19 — bnoku «JIorukay

51.2 MarteMaTuka

HaGop OmoxoB «MaremaTtuka» COAEPKUT OJOKM BBIYMCICHMA U (Qopmyin

(cMm. Pucynox 11-20).
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LO)| o el

Huecno. Bo3IepalyasT cyMmy JByX YHCEN.

(m.npanuﬁ EOpEHE * :
Bo3epalyaeT kea paTHLIA KOPeHL YKCTA.

Bo3EpallasT CHHYC YITa B rpanycax.

=]

Bo3EpallaeT ogHy M3 PRCNPOCTPAHEHHBLY KOHCTAHT. T
(3141 ), e (2.718.), ¢ (1.618..), sqri(2)
(1.414..), sqri(>2) (0.707__) unK == (JeCKOHEYHOCTR).

MpoEepAET, ABMNASTCA MK YUCMO YETHLIM, HEYETHLIM, NPOCTLIM,
LLeMNLIM, MONO¥MTENLHEIM, OTPULIATENEHEIM MW OHO KPaTHO
ONPe0enEHHoMY YACTy. BOSEPALLAST 3HAYSHHUE CTHHA UMK NS,

DEpYMHTE *
OKPYIMAST YACNO A0 SOMBLSTD UMK MEHELIEN.

Eo3sepalyasT cymMMmy ECEX YMCEN B CIMCHe.

OCTETOK OT ‘ < '

Eo3epallaeT oCTaTok OT AENeHUA OBYX YHCen.

OIPaHWUHTE 1 CHHSY ‘ CHERXY '

OrpaHM4MBasT YHCNO HUHHEN W BEPXHEN IPaHULEMM (BKIYMTENLHO).

Cl'ljﬂ-lﬂﬁHﬂE Lenoe U\Mcno oOm 1 oo ‘

BodepallasT cnydaiHoe YHCNo MEXOY OBYMA
Za0aHHEIMK Npegenamy (BKNHYanA M Hx).

cnyuauHoe yweno ot 0.0 go 1.0 (exn.)

BosepawaeT cnyyaiHoe ydcno ot 0.0 (exmoynTensHo) oo 1.0.

Pucynok 11-20 — brnokn «MaTeMaTnka
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51.3 Teker

Habop 06510x0B «TekcT» comepkut 010k paboTsl ¢ TekcToM (cM. Pucynok 11-21).

EykBa, CNOBO MMW CTPOKA TEKCTA.

| COSOATH TEECT 43

Co3gaéT parMeHT TexcTa, 00be0WHAR NHND0e YUCNO 3NeMEHTOR

x AoGaEMTE TexkCT

[o0aEnTh TEKCT K NEPEMEHHOR «3NEMEHTs.

Bo3epalyaeT YMCno CHMBONOE (BEMHOYan npoSent) & 3a0aHHOM TexCTe.

o -

E03EpallasT 3HaYeHne MCTHHA, eClK NPeNoCcTaENeHHbIA TEKCT NyCT.

CE T O Teker + JCETTLE nepeoe -+ Bxu:neuuerexcm'

Bo3EpallasT HOMEP NOZULIMK NePEOTO/NOCNeAHEro BXo¥IeHHA NepEoro
TexcTa 8o ETopow. Bosspawaet 0, ecnu TEKCT He HARaeH.

s rexore | TR | swre CTSTEERMY

BoagpawaeT OYKEY B YES3AHHOA NOZMLMK. #1 - NEpBLIR 3NeMEHT.

svercre | EETEED  esave noncpory ¢ G ICRI N o CTOTA N

Bo3EpallaeT YEa3aHHYH YacTh TEKCTA.

1:' JATMABHBIE BEYEBBI - I

EyKBa, CMOBO MMW CTPOKA TEKCTA.

S ¢ neyx cropon - |

Bo3epawaeT KON TekcTa ¢ npodenam,
YOANEHHEIMA C OQHOMD UMK 000U KOHLOB.

BHI'IDUCI'ITI: ¥ NONL30BEATENA TEKLT.

MeyartasT TEKCT, YHCTO MNKW Apyrod 00besT.

Pucynox 11-21 — bioku «Texcr»
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5.1.4 IlepeMmenHbIe

Habop OnoxoB «llepemeHHBIE» COAEPKUT OJIOKM CO3JaHUS U PENaKTHPOBAHUS

nepeMeHHbIX (cM. Pucynok 11-22).

MoaTeepauTe AcicTEME Ha 192.168.88.112

Mma HoBON NepemMeHHO:

[ MepemaHHan ‘I| ]

Bo3EpallgeT 3HaYeHe 3T NepeMeHHoH.

npHCEONTL =

[NpYCEAMBRET NEpemeH HOWA 3HEYEHWE BCTABKW.

YERNIAUMTE va N
[ofaEnAer Yucno K nepemedHol TlepemenHan 1.

Pucynok |1-22 — bnoku «IlepemeHHbIe»
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5.1.5 Mukabt

Ha6op 0J10KOB «L[I/IKJII)I» COACPIKUT O10KH MHOTI'OKPATHOT'O ITIOBTOPCHUA OIIPCACIICHHBIX

nevictBuii (komana) (cm. Pucynok 11-23).

ELINONHATE

BLINONHAST HEKOTOPLIE KOMBHOE HeCKOM:ED pas.

MOETORATH

EBIMONHATE

MNoKa 2HaYeHWe WCTHHHD, BRINONHAST KOMaHOH.

e 0 o Gl 20 W o o oK

ELINONHATE

MpUMCEaVERET NepemMeHHoN T 3HaYSHUA OT Ha4ansHoro 0o
KOHEYHOMD © 3303HHEIM LWAMDM W BEINONHAST YEA3AHHLIS KOMaHOLL

AnA kazgoro anesenrta [ B crmcee

EbINONHATE

[NA kaxnoro 3NeMeHTa B CNWCKE, NPUCEAWERET NepeMeHHoN
k' Z3HaYEeHWEe ANEMEHTA W BLINOMHAET YEA3aHHEIE KOMaHOE.

A BediTAMa -

[MpepwBaeT 3TOT LMED.

Pucynox I1-23 — bnoku « L {uxmb
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5.1.6 DOyHKIUU

Ha6op 0650koB «DYHKIIUM» COASPKUT OJIOKH CO3JIaHHMsI COOCTBEHHBIX MpOIEayp M

UMCHOBAHHBIX moanporpamm (cM. Pucynok 11-24).

LA BT TR BRINOMHMTE UTO-TO

C030aéT NpoLUenypy, He B03EPALLAHILLYID SHAYEHME.

Ecru nepeoe HaYyeH1e MCTHHHO, BOZEPALLAST BTOPOS 3HAYEHKE.

ERINMTHATE 4TO-TO

WMcnonHAET onpeaen&HHyY NoNk30BaTeNeM NpoUenypy "BeIiNoNHWTE YTo-TO"

BEINOMTHATE UTO-TOZ

McnonuAeT onpenenéqqyio NoNL20EaTeneM Npouenypy
"BRINOMNHUTE YTO-TOZ' M E03EPALLAET BIMMCNEHHOS 3HAYEHHE.

Pucynoxk 11-24 — broku «DyHKIIAM»
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517 MaccuBbl

Habop O6mokoB «MaccuBbl» COJIEPXKHUT OJOKH pabOThl C D3JIEMEHTaMHU CIHCKOB

(cMm. Pucynoxk 11-25).

1| CosnaTh MYCTOW CIMCOK

Co30aéT cnUCoK C NHOOLIM YMCIIOM 3NEMEHTOE.

| COSOAThH CTIACDE K3

C030aéT CNUCOoK C MHOOLIM YKMCNOM 3NEMEHTOE.

COa0aTe CNACDEK B3 3nNeMeHTa ' » NOETORAMKLWENDCA ﬂ paz

Co30aET CNMCOK, COCTOALLMA M3 33 0aHHOT0 YMCNA KOMWA AneMeHTa.

Bo3epallasT OrMHy CMCEa.

Eo3epawaeT 3HaueHne WCTHHE, eCri CrIMCOK MyCT.

gencke | IRl | sanT [ EXONIEHWE SNBMEHTE ‘

Bo3epallaeT HOMEP NMO3MUMK Nepeoro/nocnefHero BXoIeHnA
anemedTa B cnucke. BoaepawaeT 0, ecnu aNeMedT He Hainen.

s crncee | SRS o
Bo3EpallaseT INeMEHT B YEA3aHHOW No3uUMy cnkcka. #1 - NepeLId 3nemeHT

& cncee [ ETETRD oy -4

MpHUCEAVBAET 3HEYSHKWE IANEMEHTY B YE3aHHOM
MOSHLMK CMCES. #1 - NepBLIA 3NeMeHT.

e [ CrWcoE -+ | mnancnum:cnm‘ mm'

Co303ET KONWIO YKA3aHHOW YaCTH CriMcka.

[caensr cncoc s eeera - [ EEERSERASHE |

Faa0WeaeT TEKCT B CNMCOK TRECTOR, NO Pa3NenuTEnamM.

—— ) sospacrano -

CopTUpOBATL KOMWID CNKMCKA.

Pucynox 11-25 — biioku «MaccuBbn»y
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5.1.8 JABu:xeHue

HaGop ©OmokoB  «J/IBmkeHHE»  CONEPXKHUT  OJOKM  KOMaHA  TEpeMEIICHUs

(cMm. Pucynoxk 11-26).

MNepemecTuTecA B TOUky *  HoxpgHoe nonoxedswe ™

co ckopoeTein [E) w yoropeswes [E))

QLERTLE RS PTF - |

MepeMeCTUTLCA B YKasaHHYH TOMKY
+ PTP

LIN

PTP — nBuxeHue Bcex CyCcTaBoB 110 KpaT4allieMy MyTH

LIN — aBmxenue L{TU no npsmoit tuHum

Hesceesine No rpynne Noz9wME

nasnposc: (EIED

maxcumansHan ckopocts: (G

marcumanthoe yoxopesue: [0

BLINOMNHWUTE ABMAHEHME MO TPYNNe No3vLMiA
C YKA3aHHRMW NapamMeTpami NNaHupoBaHA

Mogo#oaTs YEasaHHoe BPemMA

Mpynna nosvuMiA OOHOro THNA

Pucynok |1-26 — brnoku «/IBrxenue»

CkopocTh 1 yckopeHnue B 0sokax «llepemecTutscst B TOUKy» U «JIBHyKeHHE 1O TpyIIe
NO3UIMIY) YyKa3bIBaIOTCA Kak KOA(P(UUMEHT MacluTaOMpOBaHUS OT CKOPOCTH U YCKOPEHHS,
yKa3aHHBIX B mpuiokeHuu (Bkianka «Hactpoiikay — pasgen «llonoxenune u mpenemnsn»)
(cMm. pasnen 6.4 «ITomoxenue u mpeaensn). MakcuMallbHbIH KOAPGHUIIMEHT MacITaOuPOBaHUS
— 1, paBen 100%. MakcumanbHas ckopocts LITU npu nunaeiinom nemxenun (LIN) paznmugaercs
IPU Pa3HBIX PeKUMaxX pabOThl MAHUITYJIATOPA.

brnok «['pynma mosunwmii» (cM. Pucynok I1-27) ¢dopmupyer ynopsigodeHHBIH HaOOp

COXPAHEHHBIX MO3UIUNI.

J_[pynna nosuyuit ()

Pucynoxk 11-27 — Biiok «I'pyrina mo3uiui»
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J171st pelakTUpOBaHUs WU A0OABIICHUS TTO3ULIUNA:

-  HaXMHTE n;

- ortobpasurcs ¢popma «I pyrma mosuruii» (cMm. Pucynok 11-28);

MNeynna nosuuui: Npynna Nno3vumMin

X

B VcxooHoe nonoweHue

m m

‘g ‘g
i
=]
1]
=
s’
=
]
m
[s1]
3
o

B Pabouas noamMums

KaTanor nosvMumMid +

Pucynok 11-28 — ®opma «I'pynna nozunuii»

- BbIOEpHUTE yXe HMEIoUIMecs MO3UIMH WKW co3aaiiTe HoBble (cM. paszzmen 5.1.9
«ITo3uiuu cycTaBoB»).
[Tocne pemakTHpoBaHMs TPYIIBI TOBTOPHO MPOBEPHTE BCE MEPEXO bl HA TIOHWKCHHOM

CKOPOCTH.

5.1.9 IHo3uuuu cycraBos

Ha6op 6mokoB «Ilo3uiuu cycTaBoB» COACPKUT OJOKH COXPAHEHHUS W HCIOJIb30BaHUS
touek monoxeHuss CII  MaHumynsTOpa OTHOCHTENHHO  BEPTUKAIBHON  TUIOCKOCTH
(cMm. Pucynoxk 11-29).
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OoBaenTe NOZWLMID CYCTBBOE

Pucynok 11-29 — Bnoku «Ilo3unium cyctaBoB»

Jliist moOaBIIeHUsT U COXPAHCHMSI TIO3UIINI BBITOJTHUTE CIICIYIONIUE TCHCTBHS:
a) HaXMHUTE KHOTKY «/[00aBUTh MO3UIMIO CycTaBOB», oToOpasutcs Gopma «llozumus

1o cycraBam» (cm. Pucynox 11-30):

NMo3mMuma No cyctagam X

HawWMeHOoBaHKE

BeeOuTe MMA NO3MLMK

MaKc. CKOpOCTh OABMMEHWA

— Nneyesown NogooH 170.4 ° _|_

— | MNombém nneya 1865 °

—  Jlokotb 182.0 °
Cycrasbi

Yoanute

CoXpaHWTb [ OCTAaHOBMTL ABHMKEHKME

Pucynox 11-30 — ®opma «Ilo3unms mo cycraBam»
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0) BBexuTE UM MO3UIMH U 3HAYCHHUS MOJIOKEHHS CYCTaBOB;

Ilpumeyanue — Bo Bpems HM3MEHEHHs 3HAYEHMH MaHUIYJSATOP JBUXKETCS, IpPU
HEOOXOJIMMOCTH €r0 MOYXXHO OCTAHOBHUTH C MTOMOIIBIO KHONKU «OCTaHOBUTD JABUKEHHUEY.

B) HaXMHUTE KHONKY «COXpaHUTbHY.

[To3unusa otro6pasutcs B 61okax «[lo3unum cyctaBoBy.

JUis peJakTUpOBaHMsI CO3JaHHOM MO3ULIMYU BBIIIOJHUTE CIEIyIOIINEe AeHCTBUSA:

a) HaXMWUTE Ha HAMMEHOBAHHME CO3/JaHHOM Mo3ulUU B Osokax «llo3umuu cycraBoB»

otobpasutcs popma i penaktupoBanus (cMm. Pucynok 11-31);

Mo3Muma no cycrtaegam X

Paz6noKnpoBaTh peaakTUpoBaHWe

(1) PepakTupoBaHMe cOPOCUT BCE KOOPAWHATHI A0 TEKYLLETD
NONOXeHWA MaHWNyNATopa

nalMeHOBaHWE

Hoeaa no3vuma

CycTaBbl

CoXpaHWTb [ OCTaHOBWTb OBMMEHMKE Yoanute

Pucynok 11-31 — ®opma pegakTupoBaHus MO3UINH 10 CYCTaBaM
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0) HaxMmuTe KHOMKY «Pa30ioKupoBaTh peIaKTUPOBAaHUE», OTOOpasutTcs (opma
«[lo3umust mo  cycraBamM» € yKa3aHMEM  MPEAbIAYIIEr0o  MOJOXKEHUs

(cMm. Pucynox 11-32);

No3uuma no cycrtaegam X

Mpeabipywee nonoxeHune: 150.6° 180.0° 180.0° 180.0°, 180.0°, 180.0°
HaWMeHOBaHKME

Hoeas no3znuyma

MaKc. CKOpPOCTE OBMMEHMWA

_ Nne4yesown NooOcH 150.0 © _|_
- MNoobéM nneya 180.0 © _|_
_ JTOKOTb 180.0 ° _|_

YoanuThb

CoXpaHWTb [ OCTaHOEBWTL OBHMKEHWe

Pucynok 11-32 — ®opma «Ilo3unms mo cycraBam»

B) YCTaHOBUTE HOBBIC 3HaUCHHsI U HAXKMUTE «COXPaHUTHY.

Hosple 3Hauenus mo3unuu OyayT COXpaHEeHBI.

Jnist yaneHust HO3UIMY BBITIOJHUATE CIEAYIOUINE JeHCTBUSA:

a) HaXMHTE Ha HAUMEHOBAaHWE CO3/IaHHOW Mo3unuu B Onokax «[lo3urmu cyctaBoB»
orobpasutcs popma st penaktuposanus (cM. Pucynok 11-31);

0) HaXMUTE KHOMKY «Y IaUTHY.

[To3umus Oynet ynaneHa.
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5.1.10 Ho3uuuu THU

Ha6op 6soxoB «Ilosuruu IITH» (cMm. Pucynok 11-33) comepkut OJI0KH COXpaHEHHUS H
WCIIOJIb30BAHMSI TOYEK IOJIOKCHUS IEHTPAIBHON TOYKH WHCTpyMeHTa. Jlns moOamieHHsS H
COXpaHeHMsI O3UIINKA HaXXKMUTE KHOMKY «Jlo6aButh mo3unuro LT, oTobpazutcs dpopma mms

coznanus nozuuu L[TU (cm. Pucynok 11-34).

HNobasuTtb nozvumio LT
| Tpynna nosuymi (11

Pucynoxk 11-33 — brioku «ITozumum LT

Mosuuwmsa no UTU X

HauvmeHoBaHWe

BeeguTe MMA No3uMumMm

MaKc., CKopoCcTe OBHMEHMA

G 50%

s a!

zZ- | Z+ 7

LTI KoopowWHaTbl

CoxpaHWTb l OCTaHOBWUTE ABMMEHKWE ¥YoanuTe

Pucynox 11-34 — ®opma muist coznanus no3uiuu [[TU

Janee anroput™ necTBUM 10 aHajgoruu ¢ pasnenom 5.1.9 «Ilo3umuu cyctaBoB».
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5.1.11 Ilepugepus

[lepudepuss — 5TO mHporpaMMHUpOBAHUE TPYIMI IIEKTPUUECKUX HUHTepdeiicoB Ha

M0JIb30BATEIBCKON NaHENH U Ha (IaHIIe.

Jlis TpaBUJILHOTO OMpENETICHHs] PACHOJIOKEHHs JJIEKTPUUECKUX HHTEp(eiicoB mnpu

HCIOJIL30BAHUN O0JIOKOB Hepl/l(l)epI/II/I, MOXHO HCIIOJIb30BAThb KHOIIKY ir IJIA OTKPBITHUA CXCMbI

ux pacroyiokenus (cMm. Pucynok 11-35).

PasbeM uHcmpymeHma

[one3obamensCckaa naHens
1 2 3 L 5

6

GADGET_&

Lugppobou beixod

Lugppobod bxod

AHonozobeiu bxod

-

[lonoAHume nsHOE TumaHue

GADGET_3

RS-485

11

12

7 8 9 10

[OFF | N0 | [D%] [Ds] [[GNo] [[GN0] [D72] [D%6] [(GND_] [[GND ]
12V Bl e qc| |24V 24V D0t | [Dos 24V 26V [Do_t2] [Do_té
[N A (03| [D.7| [GND_| [CGND_| [Dif| [DIt5| [GND_| [ GND_|
12V 5V 2LV 24V D03 [Do7 24V 26V [Doi] [Dots

v | [Dbz] [oe] [ | [Gwvo] [ooo| [0 | [Gvo | [GND | [ Go |

24V 24V Do_2| [Dos 24V 26y [Dotd| [Dotk]| [CAL2

. [0 [o5] [ew] [fawo] [D9] [oCB]| [GNo| [CGho ] [CGND |

24y 24V Do_1] [Dos 24V 24V D0_9| [Do_13] [CAL1

Lugppobou buixod - Ananozobuiu Beixod

- KHonku Ge3onacHocmu

Avanozobuit Bxod

Lugpobou bxod

Pucynox I1-35 — Cxema pacnonoxeHus 3IeKTpUIeCKUX HHTepQeiicoB
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Jloruka paboTel C AaHAJOrOBHIMH TOPTAMH: CHayajla TMOPT JOJDKEH OBITh
CKOH(QUIypUpOBaH OTAEIbHBIM OJIOKOM Jajieeé B IPOrpaMMe MOKHO MHCIIOJIb30BaTh IOPT C
BbIOpAaHHBIMH HACTPOMKaMHU.

PaGora ¢ 1nudpoBeIMM MOpPTaMU Ha IOJb30BATENbCKOM MaHETHM He TpedyeT uX
KOH(UTYpUPOBAHHUS, Il HU(POBBIX BBHIXOJOB pazbeMa MHCTPYMEHTA UMEETCS BO3ZMOXKHOCTD

BBIOOpA pekuMa pabOTHI.
5.1.11.1 Ilepu¢epusi: nojb3oBaTebCKas NaHe b

Habop 6110x0B «Ilepudepus: moap3oBarenbckas naHenb» (cM. Pucynok 11-36) mospossier

MPOrPaMMHUPOBATH TPYTIIBI AIEKTPUUECKUX HHTEP(DEiicoB HA TTOJIB30BATEIHLCKON TTAaHEIH.
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HoHpuryprpoeaHme BxoOoe:
Ananonoesil Bxon

= 1 & HanpAameHae -

Pexvm aHanorogoro exona Safety: HanpA#eHMe UNK ToK

AHANOIOEEM BXOn m

HamepuTs HENPAMEHWE

MamepuTeE HANDA¥EHWE HE aHanorosom exXone Safety (float)

Ananoroesm exon: [EURED

Mamepums Tok

MzMepuTE TOK Ha aHanoroeom exofe Safety (float)

EoHburypupoBaHMe BeXON0E:
Ananoroesi eexon: EEIER
peMAM:

Pexiam aHanoroeoro eelxoga Safety: HanpA#eHWe WnW ToK

Ananoroesi escon: EEEIED

YeTanoewms Hanprxerne [1)

YWCTAHOBWTE HAMNPAR¥EHWE HA BHANOMDBOM Bhlx0le Safety

Ananoroesi escog: (GRS

Yeranoewms Tox £

YCTaHOEWTE TOK Ha aHaNoroeoM Brixoge Safety

Uuthposod exoa: [ IEIED

CUNTAETE NOTWUECKWA YPOEEHE

CyMTaTL NorMYeckMid YpoEeHL Ha MWHe (true/false)

Unchposoit sxxon: (RIS

YeTanoenTs aHaueHwe: [IEN

YCTAHOBWTL 3HAYEHWE Ha LIMhPOBOM BhIXOIE

Pucynox 11-36 — broku «Ilepudepust: monp3oBarenbckas MaHe b»
Habop coctout u3 cienyromux OJI0KOB:
a) aHaJOTOBBIN BXOJ:
- Osok xoHdurypuposanus (cM. Pucynoxk 11-37):
- mapameTp: «AHAJIOTOBBIM BXO» — moe: «Al_1» ... «Al_2»;

- mapameTp «pexum» — nose: «Hanpsokenuey» / « Toxy,
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KondmrypuposaHwe BXO0B:
AHAanNoroBLIi BXOL;

=L HanpsseHuwe -

Pucynok 11-37 — bnok koHpurypupoBanus

- Omoku u3mepenus (cM. Pucynok 11-38):
- mapameTtp: «/3MepuTh HanpsHKCHHUEY;

- napameTp: «M3mepuTh TOK»;

AHANOroBbLIi BXOM;

M3mepuTs HanpskeHwe

AHAnNOToBbLINA BXOM;

MamepuTb TOK

Pucynox 11-38 — brioku usmepenus

0) aHaJIOTOBBII BBIXOJ:
- Onok koHdurypuposanus (cMm. Pucynoxk 11-39):
- mapameTtp: «AHajorosbiil BeIxoa» — noine: «AO_1» ... «AO_2»;

- mapameTp «pexum» — none: «Hanpsoxerne»/ «Tok»;

KondmrypupoBaHie BbiX0O0B:
AHAMNOroBLIA BLIXO.

=0 Hanpaswenwe -

Pucynok 11-39 — bnok kondurypupoBanus

- OJIOKM 3a/1aHUs BBIXOJIHOTO curHajia (cM. Pucynok 11-40):
- napaMeTp: «Y CTaHOBHTH HAIPSHKCHUE,

- mapameTp: «YCTaHOBUTH TOKY»;
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AHANOroBbLIA BLIXOM,

YeraHoeuTb Hanpsxenme [1)

AHANOTOBLIA BLIXO/:

YCTaHOBUTL TOK

Pucynox 11-40 — biioku 3a1anust BBIXOJHOTO CUTHAJIA

IIpumevyanue — OrpaHnueHus: MO BXOJHBIM/BBIXO/JHBIM XapaKTEPUCTHKAM MOPTOB B
COOTBETCTBHU C pazaenoM |.2.2.2.3 «IlogkinrodueHne BHEITHUX YCTPOUCTBY.
B) 1udpoBoi Bxon (cM. Pucynok l1-41) — mapamerp: «IludpoBoii BXoma» — moe:

«DI_1» ... «<DI_16».

Linchporoit exon: [RIIEIED

CuMTarb NoOrTMYECcKMA YpoBeHb

Pucynox 11-41 — ITudposoit Bxox

r) 1udpoBoi Berxoa (cM. Pucynok 11-42):
- mapamertp: «Iludposoii Berxom» — noze: «DO_1» ... «DO_16»;

- mapametp: «YCTaHOBHUTB 3HaueHue» — moie: «0» / «1».

Linchposoit suixon: ([RICIEIED

Yeranosutb sHadeqve: [ED

Pucynox 11-42 — [{ludpoBoii BeIxox
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5.1.11.2 Ilepudepusi: HHCTPYMEHT

HaGop 0OmokoB  «Ilepudepus: wuHcTpymeHnt»  (cM. Pucynok 11-43)  mosBonser

IPOTPaMMHPOBATH TPYTIIBI NEKTPHUECKUX HHTep(delcoB Ha (aHIe.

KoHbwurypauma uwcposoro Belxona Gadget v2: enifop pexuma BeiXoaa

Fondwmrypuposatne

P = e GADGET 1 =

PexuM aHANOroEoro X003 HANPAREHWE UMK TOK

¥npaaneHwe

(IERVAERT ML GADGET 5 -

Coctoanwe: [ELRED

¥npaenexsye ynhpoebiM Beixogom Gadget v2:
EAPWAHTEl 38BUCAT OT PEXMME KOHDUIYDaLm1K

YnpasneHwe

Pestvm GADGET_7

BriGop pexwuma nopta GADGET_T: 24B unu GND

PN Ty gl GADGET 1 =

MamepuT: HaNpANEHWE

ZMEpWTE aHANOMDEDSE HAYeHKE Ha NKHe (float)

Ananomewn sxon; (SRR S IEE
Mamepums ToK
A2MepUTE TOK HE aHanoroeomM nuHe (float)

Uuchposoi exon: [ELTEEEIEED

CUNTaTL NOMWYECKMA YDOBEHL
CYMTaTL NOMMYeCcEWA ypoEeHL Ha NHe Gadget (trueffalse)

Pucynok I1-43 — bnoku «Ilepudepus: nHCTpyMEHT»

Hab6op coctout u3 ciieyronux 6JI0KOB:
a) aHaJOTOBBIN BXOJ:

- Onok koHdurypuposanus (cM. Pucynok 11-44):
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KondgpurypuposaHme

AHanoroBeid Bxon: [LE7ARIE] = R B
PEKIM:

Pucynok 11-44 — bnok koHpUrypupoBaHus

- mapameTp: «AHajaoroBbiii Bxoa» — noje: «GADGET _1»/ «GADGET _2»;
- mapameTtp: «pexumy: none: «Hanpsoxenuey / « Tok».
- OJIOKM U3MEPEHHUIA:

- mapamertp: «M3meputs HanpsokeHue» (cM. Pucynok 11-46);

AHAMNOroBbIi BXOL
W3mMepuTh HanpspkeHue

Pucynoxk 11-45 — biiok nu3mepenust HanpspKeHUs

- mapameTtp: «M3meputs Tok» (cM. Pucynok 11-46);

AHAMNOroBbLIi BXOL
WMamepuTts TOK

Pucynox I1-46 — brnok u3mepenus Toka

- TIATaHUC MHCTPYMCHTA.

- OJoK 3a1aHus BBIXOAHOTO curHana (cM. Pucynok 11-47):

Ynpasnenue

Pexxum GADGET 7

Pucynok 11-47 — biok 3a1anusi BBIXOJHOTO CUTHAIA

- mapametp: «Pexxum GADGET 7»:
— mone: «24By;
— none: «GND».
IIpumeyanue — OrpaHuyueHUs MO BXOHBIM/BBIXOJHBIM XapaKTEPUCTUKAM TOPTOB B
cooTBeTCTBUU ¢ pazfenom 1.2.2.2.3 «[loakiroueHne BHEITHUX YCTPOHUCTBY.
0) mwmdporoit Bxon (cMm. Pucynok 11-48): mapamerp: «udpoBoii BXxom» — moie:
«GADGET _3» / «GADGET _4»;
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(WG Lh P R il GADGET 3 -

CunTath NOrM4YecKnid yposeHb

Pucynok 11-48 — I{udposoii Bxon

B) 1u(}poBOI BRIXO!

- Onok xoHpurypuposanus (cM. Pucynok 11-49):

KondurypuposaHue

Lincbposoid Bbixop:
5.1 OpenDrain -

Pucynox 11-49 — brnok kondurypupoanus

- mapameTp: «[{udposoii Bxoa» — nose: «<GADGET_5»/ «GADGET_6»;
- mapamertp: «Pexum» — mone: «OpenDrain» / «OpenSource» / «Push/Pull»;

- Onoxk ynpasnenus (cMm. Pucynoxk 11-50)

YnpasneHue

Lincposoii Bbixon:
CocTosHHE:

Pucynox I1-50 — bnok ynpasneHus

- mapamertp: «[{udpporoii Beixoa» — none: «<GADGET_5»/ «GADGET_6»;

- mapamertp: «CocTosiHue» (3aBUCHT OT BepCHHM IuiaThl (cM. pasaen 1.2.2.2.2
«[lomkaroueHre MHCTPYMEHTa») H mapaMmerpa «Pexum» B OJIOKe
«Kongurypuposanue. L{luppoBoii BEIX0a»):

- Bepcus IUIaThl HHCTpyMeHTa V2!
— GADGET_S:
— pexum «OpenDrain»: cocrosaus «HighZ», «GND»

(cm. Pucynok 11-51);
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KondurypuposaHue
LiucppoBoit BbxoA:
5.0 OpenDrain -

Ynpaenenwe
LiuchpoBoit BuixoA:
Cocrosanme:

7/ GND
HighZ

Pucynoxk I1-51 — Koudurypuposanue nudposoro Beixoga GADGET 5 B pexume

«OpenDrain» u cocrostanu «HighZ» nnn «GND»

— pexum «OpenSource»: coctostHUS «24B», «HighZ»

(cMm. Pucynoxk 11-52);

Kondpmrypuposanme
Linchposoit Bbixoa:
3.5 OpenSource -

YnpaeneHue

Lincbposoii Bbixon:
CocTosiHKE:

/ 24B
HighZ

Pucynok 11-52 — Kondurypuposanue mudposoro Beixoga GADGET 5 B pexxume

«OpenSource» u coctostann «24B» nnn «HighZ»

— pexum  «Push/Pull»:  cocrostaust «24B», «GND»

(cm. Pucynok 11-53);
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Kondgurypuposanme
Linchposoii BubxoA:
=Y Push/Pull ~

YnpasneHue

Lindbposoit Bbixop;

Cocroanme: PLIERS

< 24B
GND

Pucynoxk 11-53 — Koudurypuposanwue mudposoro Beixoga GADGET _5 B pexume «Push/Pull»
u cocTostHUU «24B» nmn «GND»

— GADGET_6:

— pexum  «OpenDrain»: cocrosaus «GND», «HighZ»

(cMm. Pucynoxk 11-54);

Kondwurypuposanme
Liucbposoit BuixoA:
5.5 OpenDrain - _

Ynpaesnenwe

Linchposoit Bbixoa:
CocTosiHMe:

7/ GND
HighZ

Pucynok I1-54 — Kondurypuposanue nmudposoro Beixoga GADGET 6 B pexxume

«OpenDrain» u cocrositaun «GND» unmn «HighZ»

— pexum  «OpenSource»: cocrosaus «12B», «HighZ»

(cm. Pucynoxk I1-55);
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KondurypuposaHue
LiucppoBoit Bbixo:
500 OpenSource -

Ynpasnenue
Liuchposoit Buixo:
Cocrosanme: [[EEED

s/ 12B
HighZ

Pucynox 11-55 — Koudurypuposanue nudposoro Beixoga GADGET 6 B pexume

«OpenSource» u cocrosianu «12B» wm «HighZ»

— pexum  «Push/Pull»:  cocrosaust «12B», «GND»

(cMm. Pucynoxk 11-56);

Kondwmrypuposanme
Liuchposoii Buixoa:
== "8 Push/Full -

Ynpasnenue

Linchposoii Bbixoa:
Cocrosanue: [[EEED

+ 12B
GHND

Pucynok 11-56 — Kondurypuposanue nudposoro Beixoga GADGET _6 B pexume «Push/Pull»

u coctosguuu «12B» nnn « GND»

- BepcHs IUIaThl HHCTpyMeHTa V3.
— GADGET_5:
— pexum «OpenDrain»: cocrosaus «GND», «HighZ»,
(cMm. Pucynok 11-51);
— pexum  «OpenSource»: coctosaus «24B», «HighZ»

(cm. Pucynoxk 11-52);
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—  pexuMm «Push/Pull»: COCTOSIHHS «24B»,
«GND»(cm. Pucynoxk 11-53);
— GADGET_6:
— pexum «OpenDrain»: cocrosaus «GND», «HighZ»,
(cMm. Pucynoxk 11-54);
— pexum «OpenSource»: coctosiaust «12B», «24By,
«HighZ» (cm. Pucynok 11-57);

Kondwurypuposanme
Liucbposoit BuixoA:
5,05 OpenSource -

Ynpaesnenwe

Linchposoit Bbixoa:
CocTosiHMe:

7/ 24B
12B
HighZ

Pucynok I1-57 — Kondurypuposanue nudponoro Beixoga GADGET 6 B pexxume

«OpenSource» u cocrostann «12B», «24B» uan «GND»

— pexum «Push/Pull»: cocrostans «24B», «12B», «GND»

(cm. Pucynoxk 11-58).
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KondgurypuposaHme
LichpoBoii BoixOA:
== 1'% Push/Pull -

YnpaeneHue
Lichposoii BuoA:
CocrosaHme:

v 24B
126
GND

Pucynoxk 11-58 — Koudurypuposanwue 1udposoro Beixoga GADGET _6 B pexume «Push/Pull»

u coctostHuU «12B», «24B» nim «GND»

5.2 Python

Python mpencrasisier coboi pegakTop kona Python mis Hanucanus, perakTHpOBaHUS U

COXpaHEHUs KOJIa, ONITUMHU3UPOBAHHBIN 1O/ CUHTaKCHUC s13bika Python (cm. Pucynok 11-59).

r OTKNKOUYMTE ::: PyuyHoe ynpasneHue @ CoagaHve nporpamMmM (B HacTpoitka g MoHWTOpUHT E MHCTPYRLMK [—) Bbixon

i, i E] D E] Blockly e Python [>

1 import asyncio
2 from sdk.commands.move_coordinates_command import MoveCoordinatesParamsPosition, Mi
3 from sdk.commands.data import Point3D, Position, Orientation, JointPosition, Jaintl

4 from sdk.manipulators.ml3 import M13

6 host: str = '172.17.e.1'
7 client_id: str = "1227'

g login: str = '13' o+
9 password: str = '14'
18 —
11 manipulator = M13(host, client_id, login, password) <2
12
13 async def make_manipulator_connection():
14 try: (a
15 print(“"Connect™)

manipulator.connect()
1 print(“"get_control™)
18 manipulator.get_control()
1
20 # Baw xop 348cCe ;"
2 print(“Hello, World!")
22
23 except Exception as e:
24 print("Boshukna ownbka')

25 print(e)

27 loop = asvncio.new event looo()

Pe3ynbTaT BbINONHEHWA NPOrpaMMbl:

Promobot M13
Bepcua NO: 0.26.0 @ =

Pucynok 11-59 — Python B npunoxxenun Promobot M Control
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Ecmu panee B Blockly Obina cozmana mporpamma, TO €€ KOJ MOXKET aBTOMAaTHYECKH
reHepupoBatbes B Python. Jlanee MOXHO pelakTUPOBATh CYIIECTBYIOIINE CTPOKH.

[Ipn Hammcanun COOCTBEHHOTO Kona ucmoiib3yihte ombmmoreky SDK, ommcannyio B
paszaene |1l kPROMOBOT M CONTROL SDK».

[Tpm 3arpy3ke roroBoro ¢aiiia Python yurute, 4ro mporpaMMHBINA KOJ B (aiiiie T0HKeH
ObITh HamUcaH 1o npasmiaM PEP8, cam daiin momkeH UMeTh paciiupeHue Py wiu .json.

B cootBerctBum co crpykrypoir JSON popmar coxpaneHus mnporpamMMmbl TaKOH —
B JSON-00BeKTEe TPUCYTCTBYET €IMHCTBEHHOE IoJie "program": “/* TekcT mporpammbl */",
coJieprKalliee BCIO MporpaMMy B THIIE JaHHBIX "CTpoka”. Kaxkaas HoBast CTpoKa Ko/ia OTIENSIeTCs
OT MPEABIIYIIEeH PX TTOMOIIHM CUMBOJIA "\N" (0€3 UCTIOBE30BaHHS IEPEHOCA CTPOKH).

[Tpumep nporpaMMHOTO KOJ1a B popmare .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

print(\"get_control\")\n manipulator.get_control()\n \n # Bam «xox
371ech\N print(\"Hello, World\ ")\n \n except Exception as e:\n print('Bo3nuk:ia
ommbka')\n print(e)\n\nloop =
asyncio.new_event_loop()\nasyncio.set_event_loop(loop)\nasyncio.get_event_loop().run_until_

complete(make_manipulator_connection())\n"

¥

6 HACTPOMKA

Wntepdeiic s HacTpodiku  (Bkimagka  «Hactpoiika») — comepKUT — paszensl
(cM. Pucynoxk 11-60):

- «OO0mme 1 CUCTEeMHbIE HACTPOHKN» — cOpOC K3IIa U nepe3anyck nurepderica,

- «HMHcTpymMeHT» — AoOaBieHUE, peAaKTUPOBAHUE, aKTUBALMSA LEHTPAIbHON TOUYKHU

WHCTPYMEHTA,

11-42



- «llonoxeHune u npeness» — OrPaHUYEHNUE CKOPOCTEN U COWICHEHU I MAHUITYJIATODA,;

- «Paboyast 30Ha» — 3aIKTa OT CTOJIKHOBEHUS C I10JIOM;

- «CepBucHble (YHKUHUN» — NEPEBOJ MAHUIYJIATOPA B TPAHCIIOPTHOE TOJIOKEHUE U
JBYDKEHHE 0e3 MHMLIMaIu3aluu (pas3ien AOCTYNEH TOJNBKO JJIs IMOJIb30BaTEeNs C

JOCTYIIOM K CEPBHCHBIM ()YHKIIUSIM).

f OTKNIOUATE :Ej PyuHoe ynpasnexHue [,] CozpaHue nporpamMm {a HacTpoiika —E MOHUTOPUHT E HHCTpyHUMK [—) Brixon

|Z| & ax (o)

06LMe U CUCTEMHBIE

- MHCTPYMEHT PaBoyan 30Ha rNonoxeHWe 1 Npeaens
HacTPOMKHK

Promobot M13 @
Bepcusa MO: 0.26.0

Pucynox 11-60 — UuTepdeiic ans HacTpoiku

6.1 OOmue ¥ cuCTeMHBbIE HACTPOMKH

Paznen «OOmme u cucteMHbie HacTpoiku» (cM. Pucynok 11-61) mo3BosseT HACTPOUTH
Oe30macHbIl pexXuM paboThl MAHMITYJIATOPA PAJOM C HYEJIOBEKOM M TMPEAOCTaBUTH PEKUM
PYYHOTO BEIECHHUS MAHUMYJATOpA 3a CUeT OrpaHHuYeHus AUHAMHKH, QyHkuuu FreeDrive u
OCTaHOB IIPU CTOJIKHOBEHUHU C MOCJIEAYIOIMM BOCCTAHOBIEHUEM O€3 Iepe3amycka CHCTEMHOIO
[1O. Takxe B pasjaenie UCHOIb3yeTCsS (PYHKIUSA N1 OCBOOOXIEHHUS MaMITH M HCIPaBICHUS
OLINOOK.

Pa3nen conepxut cnenyromme noapasaessl:

- «Pexum paboThl» — HaCTpoiiKa pexxuma paboThl MAHUITYJIATOPA;
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- «/lpyrue HaCTpOMKW» — Ipyrue HaCTPOMKHA MAHUITYJIATOPA.

f OTKNIOUATE ',E,‘ PyuHoe ynpasneHue [,] CospaHue NnporpamMm {a HacTpoiika g MOHWUTOPWHT E HHCTRpYKUMK [% Brixon

O6LlWKe 1 CUCTEMHbIE HAaCTPOMKK Hasap

- PeumM MaHunynaTopa

. OG6bIYHBIA peXUM KonnaGopaTUBHOCTb
[pyrve HacTponKK

Promobot M13 @
Bepcusa MO: 0.26.0

Pucynox 11-61 — Pazgen «O01iue u cucTeMHble HACTPONUKID

6.1.1 Pexum padoTsl

Manunynarop  umMeer  JBa  pexxuma  palboTel:  «OOBIYHBIA  peXUM» |
«KomnaboparuBHocts» (cM. Pucynok 11-61). Ha3HaueHne © XapaKTEpPHCTHKH PEKHUMOB
onrcanbl B pazzaene 1.2.3.2 «Pexxumbl paboThI».

Jlyis Bo3Bparta B 001IME U CHCTEMHbBIE HACTPONKH HaXXMUTE KHOMIKY «Hazamy.
6.1.1.1 OObIYHBIH pe:xuM

Jlig nepexoaa B OOBIUHBIN PEXUM BBINOIHUTE CIAEAYIOIINE ACHCTBUS:

- TepeBelUTE MAaHUMYJATOP B MCXOAHOE TOJOKEHHUE PYUYHBIM YIIPABJICHUEM JTUOO C
nomoineto Blockly (em. pazmen 5.1.9 «Ilo3unuu cyctaBos»);

- mepeiaute Ha BkiIaaky «Hacrtpoiikay —  pazmen «OOmue H CHCTEMHbIE
HACTPOUKI» — mojipasaen «Pexum paboTsy;

- HaXMHTE KHONKY «OOBIYHBIN PEKUMY;
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- JIOKJIUTECh YBEJIOMIICHHUS O MEPEX0/JIe B OOBIUHBIN PEXKUM.

Wuaukatop pesknMa Ha HHKHEH maHenu 3enenbli (cMm. Pucyrok 11-62).

CBRYHEIR peXim

Pucynok 11-62 — Maaukarop pexxuma
6.1.1.2 Ko/ss1abopaTuBHOCTH

Oyukius «KomrabopaTuBHOCTEY MpeAHa3HAUYEeHA JUIsl 00ecTieueHus KOHTPOIUPYEMOTO
B3aUMOJICHCTBUSI MAHUITYJISITOPA C YEIOBEKOM U OKPYKAIOIUMHU O0OBEKTaMU TIPU BBITIOTHEHUN
TEXHOJIOTHYECKUX OTIePALIHA.

[Tpu BrITIOYEHHOU (DYHKIIUU CUCTEMA YIIPABJICHHSI KOHTPOJIUPYET MapaMeTphl ABUKCHHS
Y Harpy3Kd MaHUITYJISTOPA, OMPEeNsieT MPU3HAKYA BHEIIHETO MEXaHUYECKOTO BO3JICUCTBUS U
NP TPEBBIIICHUN YCTAHOBJICHHBIX JOMYCTUMBIX 3HAUYEHUH aBTOMATHMUECKH OCTAHABIMBACT
JIBIDKCHHUE.

OyYHKIMS MPUMEHSETCS COBMECTHO C YCTAHOBJIEHHBIMU OTPAHMYCHUSMH CKOPOCTH,
YCKOPEHHUS, TIOJIOKEHUSI ¥ IPYTUX TTapaMeTPOB ABUKEHUS MAHUITYJIATOPA.

Pexxum kommaboparuBHocT B Promobot M13 moapasymeBaeT jaBe (YHKIMH — 3TO
KOJJTaOOpaTUBHOCTh (OCTAaHOBKA TMpH CTOJKHOBeHMH) u  FreeDrive (pydHoe BeneHHe
MaHUMyJsATOpa). Pexkum KomabopaTUBHOCTU palboTaeT Mpu (PUKCUPOBAHHOW CKOPOCTH U C

uHCTpyMeHTOM BecoM 10 1800 rpamm.
Pexum Ko/1J1a00paTUBHOCTH

Ba:kno! [lns paboTel B pexxnMe KoutadopaTHBHOCTH TpeOyercst kanmuoposka FreeDrive
(cM. paszzen 6.5.3 «Kanubporka FD (FreeDrive»)).
Jliig mepexoa B pexuM KOJIJIaOOPaTUBHOCTH BBITIOJIHUTE CIETYIOUINE 1eHCTBUS:
- NEepeBEIUTE MAHUIYJIATOP B MUCXOJHOE MOJOKEHNUE PYUYHBIM YIIPABICHHEM JIMOO C
nomoinpto Blockly (em. pasmen 5.1.9 «Ilo3unuu cyctaBoB»);
- mepeiinute Ha BKIanky «Hacrtpoiika» —  pasmen «OOmume W CHCTEMHBIE
HACTpONKU» — nojapaznen «Pexum padoThi»;

- Haxwmure KHOIKY «KoysabopaTUBHOCTBY;
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- JOXKIUTCCh YBCAOMIICHUSA O ICPEXO/C B PCIKUM KOJ'IJ'Ia60paTI/IBHOCTI/I.

Wuaukatop peskuMa Ha HUKHEH naHenu cuauii (cMm. Pucynox 11-63).

@ KonnabopaTMBHOCTb

| S—

Pucynok 11-63 — Manukarop pexxuma
FreeDrive

IIpumeuyanue

1  FreeDrive pabotaet TOJBKO B peKHME KOJITa0OPAaTHBHOCTH.

2 Bo Bpems paboTs FreeDrive urHopupyroTcs MpOBEPKH CHHTYIIIPHOCTH M KOJITH3HIA.
Ecnu ¢ momompto FreeDrive mpuBecTH MaHHITYJISATOP B KOJUIM3HMIO, OMIMOKA OTOOpasuTCA
TOJBKO Tpu jaeaktuBanuu FreeDrive u mombiTke TEpEeMECTHTh €ro, HalpuMep B PYYHOM
pexume.

Jns paGoter  FreeDrive Ha mynbTe ympaBieHus 3akMuTe KHONKYy FreeDrive

(cM. Pucynoxk 1-11).

Nupukarop pexxnma Ha HUKHEW IMAHEIW W3MEHUT LIBET HA OPaHXKEBBIN , DKpaH
CTaHET TEMHEE.
VYnepxuBas kHonky FreeDrive pykamu nepememaiite CII mMaHumynstopa B HYXHOE
nonoxenue (cMm. Pucynok 11-64):
- U3MEHSIOTCS 3HAYCHMS MOJIOKEHUSI CyCTaBOB M KOOPAMHAT Ha BKIAJKe «PyuyHoe
YIIPaBIICHUEY;

- MeHseTcs nojoxxeHne 3D-Moaenu MaHuIyIsTopa
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Pucynok I1-64 — Vcnons3oBanue FreeDrive

6.1.2 JIpyrue HacTpoiiku

B noapasnene «/Ipyrue nHactpoiiku» (cM. PucyHok 11-65) Haxoautcst kHonka «COpOCUTH
KOII ¥ TIepe3amyCcTuTh uHTepdeiic», KoTopas MOKET OBITh UCIIOIB30BAHA JUISI OCBOOOXKICHUS

MaMATH 1 UCIIPABJICHUSA OH_II/I6OK, BO3HUKAIOIIUX ITPHU pa60Te C IIPHUITOKCHUCM.
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OTHNIOUHTE {31 PyuHoe ynpaenenne C03AaHNE NpOrpamMm HacTpoiika D) MOHMTOpMHT VHCTpyKLm —  Bbixo,
M B o Py a

OBLyMe U cUCTEMHbIE HACTPOIAKK Hazag,

Pexum paboTsl CGpoCHTE K3ll M NepesanycTUTb MHTepdeic

Jipyrue HacTpoMKu

Promobot M13 @
Bepcwa NO: 0.26.0

Pucynok 11-65 — [Toapasnen «/Ipyrue HacTpoitku»

Jl1s1 BO3Bpata B 00IIME U CUCTEMHBIE HACTPOUKK HaKMUTE KHOTIKY «Hazamy.

6.2 HNucTpymeHT

Pazgen «Muactpyment» (cMm. Pucynok 11-66) mo3Bosisier 100aBisATh EHTPAIbHYIO TOUKY

unctpymenTta (IITH), ycranoBiaenHoro Ha dianerr.
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f OTRNIOUMTE

Jlo6aBUTb MHCTPYMEHT

Be3 MHCTpymeHTa

Promobot M13
Bepcua NO: 0.24.0

:E} PyuHoe ynpasnexie a Cosganve nporpamm {3 HacTpoimka —E Monutopurr — [W) Mnctpyym

[+ Bexog

Hasap

HHH IIO6aBJIeHI/I}I HHCTPYMCHTA BBIIIOJIHUTC CIICAYIOIIHC IIGIZCTBPISI:

Pucynok I1-66 — Paznen « aCcTpyMeHT

a) HaXMUTE KHOMKY «J00aBUTh MHCTPYMEHT», 0ToOpazutcs dhopma i 100aBICHUS

HOBOH TOYKH (cM. Pucynoxk 11-67);
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f OTKNOUNTE :E: PyuHoe ynpasneHue a CoafiaHne nporpaMm @ Hactpoinka —E MoHKTOpMHT E MWHcTpyrumn [4) Buixog

Hasap
HoBas Touka

HaumenosaHue:
3axear

Moauumus

X, oM ¥, cm ZcMm
15 5 5
Mosopar

RX, RY, RZ,

| 40 ‘ 0 0

CoxpaHuTb OTmMeHa

e 1 2 3 4 5 6 7 8 9 0 -
L y K e H r W ) 3
bl B a n p 0 n il x
Y c M W T b 6 ]
Mpoben 3aKkpbiTh

Pucynoxk 11-67 — ®opma 1151 1o6aBICHHUSI HOBOK TOYKH

0) BBeqUTE HAMMEHOBAHKE M 3HAYCHUS MMO3UIIUH B TPEXMEPHOU cUCTeMe KoopauHaT (B
CaHTHMETpAaXx) U 3HaYCHHS pacrnoyiokeHnus chepuuecku Bokpyr LITU (B rpagycax);
B) HaXMHTE KHONKY «COXpaHUTh.
Jlist oTMeHBI J00aBIIeHUsI THCTPYMEHTAa HAXMHUTE KHONIKY «OTMEHa».
PenaktupoBaHue CO31aHHOTO HHCTPYMEHTA JJOCTYITHO JIBOWHBIM Ha)KaTHEM HaJblia Mo
HAaUMEHOBAHUIO NHCTPYMEHTA Ha 3KpaHE.
JI7st CO3JaHHOTO MHCTPYMEHTA M0 KOHTEKCTHOMY MeHIo (cM. Pucynok 11-68) noctymHer

CIEYIOLINE IEVCTBHUS:

3a¥ear

WHCTPYMEHT

COenaTh asTUBHLIM
OyGnuposaTts

¥oannTe

Pucynok 11-68 — KonTekcTHOE MEHIO
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- «Cpenatp aKTUBHBIM)» — aKTUBHPOBATH HHCTPYMEHT;

- «lybmupoBaTtk» — co3gaTh KOMUIO HMHCTPYMEHTa (HE JOCTYIHO IIpH
AKTUBUPOBAHHOM MHCTPYMEHTE);

- «YnamuTb» — YAAIHTh HMHCTPYMEHT (HE JOCTYITHO NpU aKTHBHPOBAHHOM
UHCTPYMEHTE).

JIns neakTUBalMKM WHCTPYMEHTa aKTHBHUpPYHTE MHCTpyMeHT «be3 mHCcTpymeHTa» 0o

JIPYroi CO3AaHHBIM MHCTPYMEHT.

6.3 Pa0ouas 30Ha

Paznen «Pabouas 30Ha» mpegHa3zHayeH ISl HACTPOUKHU OTOOpakeHHsl paboueil 30HbI U
KpEIUIEHHUS] MAaHUITYJISITOpa B BUPTYaJIbHOM IPOCTPAHCTBE.

Paznen conepskut 3 moapasaena: «Kperierue u MoHTax», «I paHuibny, « OOBEKTHD».

6.3.1 Kpenuienne u MoHTa®XK

[Mompaznen «Kperienne W MOHTax» TMO3BOJSET BBIOpAaTh BapHaHT KpPEIUICHUS
MaHUIYJIATOPA.

Breibepure BapmanT kperuienus («Hamomenoe», «Iloromounoe», «HacteHHoe»
(cm. Pucynoxk 11-69)), n10o ycTaHOBHTE I0Jb30BaTEIbCKHE 3HAYCHHS B 1OJIAX X, Y, Z B MeTpax
u RX, RY, RZ B rpanycax («Ilonb3oBarenbckoe»). Haxmure xHomky «CoxpaHUTh» JIHOO
«OTMEHUTBH» IJI1 OTMEHBI JEHCTBUS.

Baxno! 3meHenue kpernseHus: MEHsIET HalpaBJIeHUE OCel OCHOBAHUSI OTHOCUTEIILHO
MHUPOBOW cucTeMbl koopauHat. [locne coxpaHeHus o0s3aTenbHO IMPOBEpPhTE pabouue 30HBI,

O6’beKTI)I, COXPAaHCHHBIC IMTO3UIINHU U TPOTrpaMMBbI IBHUKCHUS.
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OTKAKYMTD : PyuyHoe ynpaeneH4e E CospaHue nporpamMm @ HacTpoitka S MOHUTOPKHHT E WHCTpYKLMM [% Boixog,

Pab6ouag 30Ha Hasan |

Kpenneue n BuiBepuTe BapMaHT KPEMMeHHs:
MOHTa

HanonbHoe MoTonouHoe HactenHoe Monb30BaTENBCHOS
MoaHuuel

Ym Zw

RX RY RZ \I

O6bexTsl

Pucynox 11-69 — IToapaznen «Kpermnenue 1 MOHTaX»

JIns BO3Bpara K IpyruM HaCTpOWKaM Ha)KMHTE KHONKY «Hazan».

6.3.2 I'panunbl

[Tongpaznen «I'paHULBD» TO3BOJISET HACTPOUTH T'pPaHUIBI pabodero OKPYKECHHS
MaHUITYJISITOpPA U OTOOPA3UTh UX B BUPTYaJTbHOM MPOCTPAHCTBE, YTO 00ECTICUUBAET 3AIIUTY OT
CTOJIKHOBEHHSI MAHUITYJISITOPA C MOJIOM U CTEHAMMU.

Jis  oToOpakeHUs OMOpPHOM IUIOCKOCTM MAHMITYJISITOpa aKTHUBUPYHTE ciaiinep
«BKJIFOYUTH OMOPHYIO IIOCKOCTHY». {1 0TOOpaXkeHHs CTeHBl HaXMUTE KHOMKY «Jl00aBUTH
CTEHY», YCTAaHOBUTE 3HaueHuUs B oysix X, Y, Z B Merpax u RX, RY, RZ B rpagycax u Haxxmure

kHOTNKY «Coxpanuth» (cM. Pucynok 11-70) mu6o «OTMEHUTE» I OTMEHBI ICHCTBUSI.
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OTKNIOUATD

Pa6oyada 30Ha

Kpennedue 1 MOHTaX
MpaHu LI

OBbeKThl

Promobot M13

=l
Bepcus MNO: 0.25.0

{+] PyuHoe ynpasnenue @ Co3faHue NporpamMm

@ s«nouuTs onopuyio nnockocTs

CreHa
Haseauue

Crexa

. =
(B HacTtponka o

MOHUTOPKUHT

™M UHerpykumm

[+ Buixon

Hazan

Pucynox I1-70 — [Togpaznen «I'paHutbn

[Tocnme coxpaHeHusi NMPOBEPHTE, UTO BUPTyaJlbHAs T'PAHULA COOTBETCTBYET pPEAJbHOM

sTYEHKeE.

ﬂﬂﬂ YAaJICHUA CTCHBI HAXKMHUTC Ha €€ HAMMCHOBAHUC U HAXKMHUTC KHOIIKY «YI[EUII/ITB».

JIns BO3Bpara K ApyruM HaCTpOMKaM Ha)KMUTE KHOIIKY «Hazazn».

6.3.3

O0BLeKThI

ITogpaznen «OOBEKTB» TMO3BOJIAET JOOABUTH HOBBIM OOBEKT B pPabOUYyr0 30HY

MaHHUITYJIsITOpPA. OOBEKTHI HCITOJIB3YIOTCA IMPH ITPOBCPKE KOJUTU3UM U JOJIDKHBI COOTBETCTBOBATH

¢dakTuUeckoi reomMeTpun paboden 30HbI.

Jlis mo0GaBiieHHss 00bEKTa Ha)XKMHTE KHOMKY «J[00aBHTH OOBEKT», 3alOJHUTE TOJIE

«Ha3Banue», BeiOepute hopmy o0bekTa («Kyo», «umuunp», «Cdepa»), ycTaHOBUTE 3HAYCHUS

B noisix X, Y, Z B metpax u RX, RY, RZ B rpaaycax u ykaxure pasmep oovexra. Haxmure

kHONKY «CoxpaHuTh» (cM. Pucynok 11-71) mu6o «OTMEHUTH» ISt OTMEHBI ICHCTBUS.
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firal

f OTKMUNTD {v) PyuHoe ynpaeneHue E CozgaHune nporpamMm (B Hactpoiika 5 MonnTopuHr E HHCTRYKLHH [9 Bbixog

Pa6ouaq 30Ha Hasan
KpenneHwve v MoHTax Ky6 ‘
Haseanwe
MpaHuLbl
Kyo
OB6bEKTHI o
Mozuuua
XM Y, M Zm
03 05 05
MNoeopoT
RX, ® RY,® RZ,©
a 0 o
Pazmepn
XM Y, M M
02 02 02

Promobot M13

=l
Bepcusa MO: 0.25.0

Pucynok 1-71 — Ilonpaznen «OObEKTHI»
JIns BO3Bpara K ApyruM HaCTpOMKaM HaXXKMUTE KHONKY «Hazazn».
6.4 IHos10:xeHme U mpeaesIbl

Paznen «Ilonoxxenue u mpenens» (cMm. Pucynok I1-72) mo3BomisieT 3agaTh mpeenbl
CKOpPOCTEH M COWJIEHEHHH, YTOObl OTrpaHWuYMBATh PabOYMil IUAna3oH MaHUMYJSATOpa IS

ITOBBIIIIEHHST 0€30IaCHOCTH B CTECHEHHBIX YCIOBUSIX.
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f OTKNKYMATD [E] Py4yHOe ynpasneHue @ Cospanue nporpamm @ HacTpoitka S MOHUTOPKUHT E WHCTpYKUMK [—) Bbixon

nPeJZLEJ"I bl @ Mo ymonuanmio O Monb3osaTensckMi Hasan

CropocTs (%) YexopeHue (°c?) O3MLMA ( MuH. nosnums %)

Mnevesoi noanc .., j— .

Cropocrs (3c) Vexopenue (6% Make nosuums (°)  Mum. nosuuus (%)

Monvem nneva .., —

CHOpOCT ) YcuopeHue MMM, Nozvuma ()
NokoTb — j— -
4.48 573 2.8¢
Make. nosuums M. nozmuus )
3ansacTtbe 1 - .
MaKe. nosMumMA (°) MUk, nosMums (7)
3anacTbe 2 - o
CropocTs (%/c) Ycxopenue (°/c?) Makc. ne3numa (° MuH. Noznumd 7)
3anqacTbe 3 N — S ~
8594 8594 356.95 28
Promobot M13

Bepcus MNO: 0.25.0

Pucynoxk 11-72 — Paznen «IlonoxxeHne u mpeaeisn

JJiss HaCTPOMKM HOBBIX MpefesioB ycTaHoBUTE (rar «Iloap30BaTeNbCKUi» — HACTPONKHU
MpEeNIOB 0TOOpa3sATcsl B pelakTupyeMoM ¢opmare. BBeaute 3HaueHHs HOBBIX TIPEEIIOB

(cMm. Pucynoxk 11-73) u HasxmuTe KHOTIKY «COXpaHUTHY.
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f OTKNKOUMTR ::] PyuyHoe ynpasneHue Co3paHue nporpamm @ HacTpoitka S MOHUTOPUHT E MHCTpy kUMK [% Boixog,

Mpenensb O Mo ymonuarnio @ Monb3oceatenscrkui Hasan

CropocTs (3] Voxopenve (67 Make nosaume 7] Mus. nosuuus {7)
Mnedesoit NOAAC 450, 573 35695 286

CropocTe (%) YokopeHue (%c?) Makc. nosuMuma (°)  MuK. nosvums (%)
Monwém nneva oo, 573 35695 226

CropocTte (%/c) YckopeHue (%/c?) Makc. nosuuma (°)  MuK. nosmums (°)
TNoxoTe 74.48 573 35695 226

CropocTe (%/c) VekopeHue (%c?) Make. nosuuma (*)  Mul. nozvums (°)
3anactee ] 2594 2594 35695 286

Cropocts (4/c) Yexopeuue [c?]  Make. nosuuma {)  Mus. noauuus (°)
3anacTbe 2 as594 8594 35695 286

CuopocTs (3/c) Yexopeuue [c?)  Make. nosuums () Mus. nosuuus ()
3anactee 3 8594 8594 356.95 226

OTMEHUTE COPOCHTE 10 33BOACKUX

Promobot M13

=
Bepcwua MN0: 0.25.0

Pucynox I1-73 — Hactpoiika HOBBIX MpeAeIoB

OTo0Opasutcs yBeIOMIICHUE PUMEHEHUST HaCcTpoeK (cM. Pucynok 11-74).

v 5

MpumMeHeHUe HACTPoeK

Moxanyicra, nogoxaure. HaCTPOAKKH NPUMEHSIOTCS...

Pucynok 11-74 — Yeenomnenue «IIpumenenre HacTpoeK»

Jloxxnurech  mosiBiIeHUs — yBenomieHus — «HacTponkum — npUMEHEHBl  YCHEIIHO»

(cM. Pucynoxk 11-75). 151 OTMEHBI yCTaHOBKH HOBBIX MPECIOB HAKMUTE «OTMEHAY.
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T°  omkniounts (31 PyuHoe ynpaeneHue @ Cospanue nporpamm {1 HacTpoiika —E— MonuTopuHr  [M] MHeTpykumm [= Bobxon

Mpegensl O Mo ymonuandnie @ Mons30BaTenseKUi Hazan

CropocTs () Yexopenue (Yc? Make nosuuns [} Mun. nosws (%)
Mne4esoi NOANC ,5q, 5 35695 286

CropocTs (%/c) Yexopetue (%c? Makc. nosuume (°)  MuH. nosKuma °)
Momvémnneda ,sq, 573 35695 286

CropocTs (%/c) Vewopedue (Yc? Makc. no3uume (°)  MuH. nosKuma (°)
JNokoTb 7448 573 35695 286

CropocTs (%) Ycxoperue (%/c? Makc. no3uums (°)  MuH. nosmuma (7]
3anactee]l 8594 8594 35695 286

CropocTs (%c) Vewopenue (e’ Makc. nosuuKes (°) MUK, nosuuma (°)
3anacTee 2 8594 8594 35695 286

Cuopocts (%c) Yewopeuue (e Makc. no3uums (°) Myl nosuuma °)
3anactse 3 8594 8594 35695 286

CoxpaHWTh OTMEHUTb COpPOCHTD [0 3aBOJACKMX

Promobot M13

=l
Bepcua N0C: 0.25.0

Pucynok |1-75 — YBenomnenue «HacTpoiiku npuMeHEHbI yCIIEITHOY

IIpy nomeITKE yBECTH MAHHUILYJIATOP 3a YCTAHOBJICHHBIE I10JIb30BATEIBCKUE IPEIEIIBI,
OpU PYYHOM YIOPABICHUHU WIM MPHU CO3JaHUU MPOTPaMMBbl, OTOOpa3uTCs MperyHpeKIecHUE

(cM. Pucynox I1-76).
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§°  ommounts (¥ Pyunoe ynpasnesme f'.‘*] Coigasmenporpamm  (J)  HacTpoia ::CQ MOHITOPIHHT E} VHCTPypm

139.4° |

196.8 °©
& 143.6
Q 939 ° 4
Q

1824

OcTaHOBUTL

Cycrassi

Promobot M13 =
Bepcua M0O: 0.24.0

Pucynoxk 11-76 — [IpeaynpexneHrne 0 HEBO3MOKHOCTH JTATbHEHIIIETO TBHKECHUS

MaHUITYJISTOpA

Jlns Bo3Bpara k HacTpokkaMm mnpenenoB «llo ymonmyaHuio» mnepeauTe Ha BKIAAKY
«Hactpoiiku» — pazgen «llonoxkenwe u mnpeaens», HaxMute KHOMKY «COpOCUTH 10
3aBOJICKMX», a 3aTeM KHONKY «CoxpaHHUTb», au00 ycrtaHoBute ¢iar «Ilo ymomuanuio» u

HaXMUTE KHONKY «COXpPaHUTHY.

6.5 CepBucHble QyHKIIUM

IIpumevyanue — Paznen 40CcTyneH TOIBKO 715 MOIB30BATEINS C JOCTYIIOM K CEPBUCHBIM
GYHKIUSM.

s oroOpaxkeHHs! pas3zelia aBTOPU3yHTeCh B MPUIOKEHUHU IOJ CEPBUCHOW YYETHOM
3anuckio (cM. paznaen 2 «kABTOPU3ALIMA B ITPUJIOXKEHI»)

Paznen «CepBucusie pynkuuu» (Pucynok 11-77) mo3Bossier nepeBoIuTh MAaHUITYIISTOD B
TPAHCIOPTHOE TIOJIO)KEHHE, TPOU3BOJUTH JBIKCHHUS MAaHUIYJISATOpa BpydHylO 0e3

VMHHIIMAIN3AIH U TIPOBOINTH KanmuOpoBky FreeDrive.
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] & ax (o)

OBLMe U CMCTEMHbIE HACTPONKN WHCTpyMeHT Pabouas 30Ha Monoxexue u npegensi

1<%

CepBHCHBIE (hyHKLWM

Promobot M13 @
Bepcwa NO: 0.26.0

Pucynok |1-77 — UnTepderic 1y1st HACTPOUKHU MOJIH30BAaTENIEM C JOCTYIIOM K CEPBUCHBIM

byHKIUAM

Paznen comepxutr Tpu mnoapaszaena: «TpaHcmopTHOE mMosoxeHuey, «JlBmxenHue 6e3

uHAnHamu3anum» 1 «Kamuoposka FD».

6.5.1 TpancnopTHOE MOJI0KEHUE

IIpumeuyanue — Ilompasgen OOCTyNEH TOJIBKO Ui IOJB30BATENsl C JOCTYIOM K
CEPBUCHBIM (DYHKITUSIM.

[Tonpasznen « TpaHCIOPTHOE MOJIOXKEHUEY MPETHA3HAYEH /IS IEPEBO/Ia MAHUITYJISTOPA B
TPAHCMOPTHOE TIOJIOKEHHE, IJIs1 TOTO BBIIIOJIHUTE CIACAYIONINE JCHCTBUSA:

a) TOJKJIIOYMTE MAHUMYJISATOP B npuiiokeHuu (cMm. Pucynok 11-6);

6) otkpoiite Bkiagky «Hactpoiika» — pasnen «CepBucHbie QyHKIun». OToOpasurcs

uHTepderic cepBrcHbIX QyHKIMA (cM. PucyHok I1-78);
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f OTKNIOYKTE [T} PyuHoe ynpaeneHue @ Co3aHne NporpaMm (B HacTpoika ol MOHMUTOpWHT

CepBUCHbIEe PYHKLUM

TpaHCMOPTHOE MOMOKEHHUE
OTNPaBWTL B TPAHCNOPTHOE NOMNOMEHHe

Promobot M13

=
Bepcusa MNO: 0.25.0

[}

M WHeTpyxumu

[9 Bbixon

Hasan

Pucynox I1-78 — Bxiagka «HacTtpoiiku»

B) HaXMHUTE KHONKY «OTOpaBUTh B TPAHCIIOPTHOE MOJIOKEHUEY;

I) JOXAWTECHh MOKAa MAHUMYJSTOpP MPUMET TPAHCIOPTHOE MOJIO)KEHHE M Ha JKpaHe

0TOOpa3uTCs yBEJOMIICHUE

(cMm. Pucynoxk 11-79).

«IIporpamma
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5 onmoun. 73 Pywice ynpasneser

w3 Hopowa 2 Mowropes (7] Wi [+ Buxop

CepBucHble hyHKUN Hasag

TPaKCNOPTHOR NoNaXEHHe

Promobot M13
Bepons N0:0.24.0

Pucynox I1-79 — Paznen «CepBucHbie QpyHKIINN

6.5.2 JIBuskeHMe 0€3 MHULMATIN3AIHT

IIpumeuyanue — Ilompasnen AOCTYNEH TOJBKO JUIsl MOJIB30BATENsl C JOCTYNOM K
CEPBUCHBIM (DYHKIUSAM U IIPH OTKJIIOUEHHOM MaHUITYJISATOPE B MPUIIOKEHHUH.

[Tonpaznen «/IBuxeHune 6e3 MHUIHMAIA3AIUNY — 3TO PYYHOU PEXKHUM TEpEeMEeIIeHUsT Ha
MaHUNYJIATOPE, peAHa3HAYCHHBIN 17151 TOTO, YTOOBI BRIBECTH MAaHUITYJIITOP U3 30HBI KOJUIU3HH,
71100 BEPHYTH €r0 B UICXO/IHOE MOJI0kKEHHE MPU c00€ TaTYUKOB. UTOOBI OCYIIIECTBUTD IBUKEHHE
0€3 MHUIMAIM3alMK BBITIOJIHUTE CIIETyIOUINe 1eHCTBUS:

a) yOemuTech, UTO MAHUITYJSTOP OTKIIOYEH B puiiokeHnH (cM. Pucynok I1-7);

6) otkpoiite Bkiaaky «Hactpoiika» — pa3aen «CepBucHbIE QYHKIHU», OTOOPA3UTCS

uHTEep(eiic CepBUCHBIX (PYHKINH;

B) BbIOepuUTE mMojapazaen «/[BmwkeHne 6e3 MHUIMAIN3AINIY, 0TOOpa3uTCs HHTEpderc

yhpaBjieHHs ABMKeHneM 0e3 nHuianu3anuu (cMm. Pucynok 11-80);
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OAKMIOUMTE :3: PyuHoe ynpasneHue E Co3paHue NporpamMm (8 HacTpoiika —E— MoHUTOpUHT E HHCTpyKunKn [% Buixog

CepBUCHbIEe PYHKLIUK Hasan
TD&HCHC-pTl—DE nonoxeHue E-Jl'f\EF-VTe CepBy W BKNKOYUTE DEXKWM OBUMEHNR Be3 MHWUMaNM3auMK
OBueHne 6€3 MHMLHanM3aLnm Ukdopmauma Cepael AswxeHne
. cm BKNOYUTL PEMMM OBHUHKEHUA 6e3 MHWUManu3auum
He BniGpaHa
O cnz
O cns3
Unconfigured - *
ncontigure
9 cna
cns
Che

Promobot M13
Bepcwa MNO: virtual

Pucynoxk 11-80 — IToapaznen «/[Bmkenune 6€3 MHUITHATAZ AT

r) BbeiOepute CII mist nBUYKEHUS, aKTUBUPYUTE cllaiiiep « BKIIOUYUTE peKUM JIBUKEHUS
0e3 MHULMAIN3alun» U YIPaBISINTe ABMKEHUEM C MOMOIIBIO KHOMOK «-» U «+»

(cMm. Pucynoxk 11-81).
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: Pyaroe ynpaeneHme  [5.] Cosmawuenporpamm {5} HacTpoitka ‘E‘ Mormtopuir M) Mectpykumm [ Boixon

CepBUCHbIe QYHKUUU Hasan

BoibepuTe CepBy M BKNKYUTE PEXUM OBMMEHNS Bea nHMuMansaumn.
WHbopMauma CepBbl OBuweHUe

cm BKNOYAUTD PEXWUM OBUMEHWA 6e3 WHHUUKWanmsaumm

PEKUM SKTHEEH cnz

o0 ©
O

cn3

opa Active - +
Chn4

cns

Cne

Promobot M13
Bepcua MO: virtual

Pucynok 11-81 — BximroueHue pexxuma IBIKCHUS 0€3 WHUAIHATU3AIuN

6.5.3 Kamm6poska FD (FreeDrive)

IIpumeuyanue — Ilompasnen AOCTYNEH TOJBKO JUIsl MOJB30BATENsl C JOCTYIOM K
CEPBUCHBIM (DYHKIIHSIM.

Ba:xHno!

1  Tlpu xanubpoBke FreeDrive MaHUITYJIATOp UMEET BHICOKHE PUCKU MOBPEKICHHS OT
CTOJIKHOBEHHUSI C NMPENSATCTBUSMH B paboueM OKpYKEHUH, MO3TOMY BBINOJIHATH €€ Jydylle B
NPUCYTCTBUU MIPEJICTaBUTENEH CITy:KObl CEPBUCHOTO OOCITYKUBAaHUS KOMITAHUU-U3TOTOBUTEIIS.

2 Kamubposka Bcex CII BeimonHseTcss npuMepHO 2 Jaca.

3 Bo Bpewms kanuOpOBKHU HEIb3s OCTABISTh MAHUITYJISTOP 0€3 MPUCMOTpA.

KamnOposka FreeDrive BbImonHsieTCS €AWHOXKABI TEped aKTUBAIMEH pexnma
KosmabopaTuBHOCTH. Jlanee HaCTPOMKH XPaHATCS B CHCTEME.

VYcnoBust 17151 HOBTOPHOU KaTMOPOBKHU:

- Ha MaHMIYJIATOPE U3MEHMUJICS BEC MHCTPYMEHTA;

- KaJ'II/I6pOBOLIHI>Ie JaHHBIC HA OAHOM U3 CII crammu HCBAJIMJIHBIMU.

11-63



Jlns xanuOpoBku FreeDrive BIMOIHUTE CACAYIONIHNE ACHCTBUSA:

a)

BOIANUTE TMOJ] CEPBUCHOW YYETHOM 3alMChiO, C MOMOIIBI0 KHOMKU «CMEHHUTH
nojp3oBaress» (cMm. Pucynok 11-9);

MOJIKJIFOUYUTE MAHUTTYJIATOP B MPUIIOKEHUH;

nepeiauTe Ha BKIaIKy «Hactpoiika» — pazaen «O0miue 1 CUCTEMHbBIE HACTPOUKIY,
otobpasutcs uurepdeiic pazaena (Pucynok I1-61);

HOKMHUTE KHONKY «KomrabopaTWuBHOCTE», OTOOPAa3UTCS  YBEIOMIIGHHE O
NEPEKITIOYEHUH B PEXKHUM KOJIIIaOOPaTUBHOCTH;

MPOYTHUTE YCIOBUS U HAXMUTE KHOTIKY «[loaTBepauThy;

TOKIUTECh yBenoMiIeHHUS «PexuM KouTaboOpaTHBHOCTH HEAKTHBEH: TpeOyeTcs

kaarOpoBkay, HaKMUTE «OK» (cM. Pucynok 11-82);

r N

Pe)XXuM KonnabopaTMBHOCTU
HeaKTUBEH: TpebyeTcqa
KanmbpoekKa

Deactivating hardware
Updating configuration
Activating hardware
Setting limits

Success

OK

Pucynok 11-82 — YBenomnenue

WHIUKATOp peKHMMa Ha HIDKHEW IIaHEIM M3MEHUT LBET Ha KPACHBIU

(cMm. Pucynox 11-83);

KonnabopatMeHocTe (HET KanMEpoBKK)

0=

Pucynok 11-83 — Unaukarop pexxuma

k) TepelauTe Ha BKIaAKy «PydHoe ynpaBieHuey;
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3) ycranoBute nosioxenue CII1 Ttakum oOpaszom, npu koropom CII2 cmoxer
oecnpensTcTBeHHO ABUraThes Ha 90, 180 u 270 rpaxycoB U IpH 3TOM OCTaIbHBIC

CII He CTONKHYTCS C MPEMATCTBUSIMU B pabodeM okpyxeHuu (cM. Pucynok 11-84);

¢ omniouns (T} Pyuwoeynpasnewwe [ Cosgamenporpamm (3} Hacrpoia S Momwopmr  [H]  Usctpyaym [~ Beixon

_ —— 0% OCTaHOBHTH

— Mneuesoi noaacH 89.9 +
— Mogwém nneva 180.0 +
— NokoTs 180.0 —|—
— | 3anacTee 1 180.0 +
— 3anAcTee 2 180.0 —|—
— 3anscTee 3 180.0 —|—

uTn KoopguuaTil CycTaBbl

Promobot M13 ©
Bepcua NO: 0.26.0

Pucynok 11-84 — ITpumep nonoxxenus: CII1 nepen HayaioM KanuOpOBKH, OTHOCUTEIBHO CTEHBI

NpuMmeyanus

1  Manunynsarop HayHeT KanuOpoBKy B Tekymiem nonoxeHuu CII1, nocne vero CII2
OyZeT mocienoBaTelbHO Mepememiarbes B mnojoxkenue 90 rpagyco — 180 rpagycoB — 270
rpaaycos (cMm. PucyHok 11-85).

2 Baxno BwiOpath nonoxkenue CII1, B koropom octanbhbie CII He CTONKHYTCS €

I1IOJIOM, CTeHOﬁ, HWHBIMU IPEAMETAMHU U TTOBCPXHOCTAMMU.
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VIaKC. CKOPOCTE [BHKEHNA

O 50% OcraosuTs

— | Mneuesoii noaaoH 89.9°
- Mogbém nneya 265.9 _|_
— | Nokotb 180.0 ©
—  3anscmee 1 180.0 ©
—  3anscrse 2 180.0 °
— | 3anscmbe 3 180.0 ©

utn Koopguwate:  CycTaBel

Promobot M13 ©
Bepcwa NO: 0.26.0

Pucynox 11-85 — [Ipumep TpaekTopuu IBMKCHHUS MAaHUITYJISITOPA TP KATHOPOBKE

u) mepeiigute Ha BKIagky «Hacrtpoiikm» — pasgen «CepBUCHBIE (QYHKITUNY,

orobpasutcs uaTepdeiic cepBucHbIX QyHkuui (cMm. Pucynok 11-86);
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CepBUCHBbIE (PYHKLUU Hasan

TpaHCnopTHOE NOMOKEeHWE
OTnpaBUTL B TPAHCNOPTHOE NONoOMeHWe

FD Kanubposka

Promobot M13 @
Bepcwa NO: 0.26.0

Pucynox 11-86 — Paznen «CepBucHbie QpyHKITII

k) Haxmute kHONKY «FD KanmnbpoBka», oToopasutcs okHo «Kanmnbposka FreeDrive»

(cMm. Pucynoxk 11-87):
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Kanu6poska FreeDrive

Mocne

iy % P

Mosop P i
Yron nosopota SP1 | 90.3
CepBbl AN1S1 KANNGPOBKY

Bce BeiGop ceps
TpoBepnTL rOTOBHOCTL Observer
Craryc friction model:

shoulder_pan_joint: can't load friction model: Catch exception loading frictions model: filesystem error:
directory iterator cannot open directory: No such file or directory

/optp pm_: ?_( _( _pan_joint]; r_lift_joint:
can't load friction model: Catch exception loading frictions model: filesystem error: directory iterator cannot
open directory: No such file or directory

14 pm_: :_( ibration_ r_lift_joint]; elbow_joint: can't load
friction model: Catch exception loading frictions mode!: filesystem error: directory iterator cannot open

3anycTuTb KanuépoBKy

3aKkpbiTh

Pucynox I1-87 — Oxno «Kannbposka FreeDrive»

- 3Hauenue yria noBopora SP1 (CII1) coBnamaer co 3HauYeHHEM, BHIOpPAHHBIM B
PYYHOM YTIpaBJICHUHY;
- B pazzaeine «CepBbl A1 KaTMOPOBKM» MOXKHO BbIOpaTh CII 1st KamnOpOBKU:
- «Bce» — xamubpoBka CII2-CII6 — kaxmas CII kanubOpyeTcss OTAEIBHO
(CII1 e kamubpyeTcs);
-  «Beibop ceppy — BeIOOp ormenbHbIX CII g kanuOpoBKH
(cm. Pucynoxk 11-88):
- «shoulder_lift_joint» — CII2;
- «elbow_joint» — CII3;
- «wirist_1_joint» — CII4;
- «wirist_2_joint» — CII5;
- «wirist_3_joint» — CII6;
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Kanu6pogka FreeDrive
MNocne onepauwii KANMBPOBKW pekoMeHAYeTCA NOMHbBINH NepesanycK ycTpoicTBa
MNoBOPOT BEPTHKANbLHOI NMOCKOCTH KanWBpPoBKU

¥Yron nosopora SP1 | 90.3

CepBbl ANA KANUGPOBKU

o (meen)

shoulder lift_joint
g clbow joint
g wrist_1_joint
[% wrist_2_joint
% wrist_3_joint
joints_to_calibrate:
["shoulder_lift_joint","elbow_joint","wrist_1 joint", "wrist 2 joint","wrist_3_joint"]

MpoeepuTs rATOBHOCTL Observer

Craryc friction model:

shoulder_pan_joint: can't load friction model: Catch exception loading frictions model: filesystem error:
directory iterator cannot open directory: No such file or directory
[fopt/p i ion_data/shoulder_pan_joint]; shoulder_lift_joint:

can't load friction model: Catch exception loading frictions model: filesystem errar: directory iterator cannat
open directory: No such file or directory

[fopt/p lare/pm_z it o ibration_data/shoulder_lift_joint]; elbow_joint: can't load
friction model: Catch exception loading frictions model: filesystem error: directory iterator cannot open

3anycTHTb KaNWGPoBKY

Pucynoxk 11-88 — Bei6op cepr

Ba:xno! Ilepen xkanu6poBkoit, He Bkatovaromen CI12, MaHUTYISATOP JOJDKEH 3aHUMATh
BEpTHKaJIbHOE ToJI0KeHue (cM. Pucynok 11-84).

- Jnsa mpoBepku ctaryca kanuOpoBku CII mcnonb3yercss kHomnka «IIpoBeputh
TOTOBHOCTH observer», mocieqHui pe3ynabTaT oToOpakaeTca B moje «CraTtyc
friction model»;

) HaxMmuTe KHONKY «IIpoBepUTh TOTOBHOCTH Observer», 0TOOpa3uTCsl yBEJOMIICHHE O

HE TOTOBHOCTH K KoJITabopatuBHOMY pexumy (cM. Pucynok 11-89);
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Observer He roToB

_pan_joint: oAl He roToB k pabote; shoulder_lift_joint:
Habntogatens He rotos k pabote; elbow_joint: HabngaTens He roTos K
paborte; wrist_1_joint: HabnioaaTens He roToB k pabote; wrist_2_joint:
Habntogatens He rotos k pabote; wrist_3_joint: Habnogatenb He roTos K
pabore; iTe b

Pucynoxk 11-89 — YBenomnenue

M) HaxMHUTe «OK», YTOOBI 3aKPHITh;
H) 3alyCTUTE KaJIUOPOBKY, HaXXaB KHOIKY «3alyCTHTh KaJMOPOBKY», OTOOPa3UTCS

okHo «IIporecc kamudbpoBkm» (cM. Pucynok 11-90):
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Mpouecc KannépoBKK

KanuBpoBKa aKTvBHAa: .

shoulder_lift_joint: collab limits: max_vel = 0.25, max_accel = 0.3
elbow_joint: def limits: max_vel = 1.3, max_accel = 1.8
elbow_joint: collab limits: max_vel = .25, max_accel = 8.3
wrist_1 joint: def limits: max_vel = 1.5, max_accel = 1.5
wrist 1 joint: collab limits: max vel = 8.25, max_accel = 8.3
wrist 2 joint: def limits: max vel = 1.5, max_accel = 1.5
wrist 2 joint: collab limits: max vel = .25, max_accel = 8.3
wrist_3_joint: def limits: max_vel = 1.5, max_accel = 1.5
wrist_3_joint: collab limits: max_vel = 0.25, max_accel = 0.3
Replace collab limits with default

Pucynox 11-90 — Oxno «IIporecc kamuOpoBKw»

npyd  HEOOXOAMMOCTH KAIMOPOBKY MOXHO TpepBaTh, HaXaB KHOIKY
«IIpepBarby;

cpennee Bpems kanubpoBku ogHoro CII — 20 MunyT;

M0 OKOHYAHUIO KAJTMOPOBKHU B OKHE 0TOOpa3uTcs coodiienne «CepBep yCrenHo

3aBepiInI BeinoaHeHue» (cM. Pucynox 11-91);
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Kann6poska FreeDrive

Mpouecc KanuépoBKK

KanuGpoeKa aKTmeHa: .
Wi Lo juints vepEat mu U £
wrist 3 joint: repeat #1 of 2
wrist 3 joint: current calibration info: time: 3.8; velocity: 0.5; repeats number: 6
wrist_3 joint: repeat #0 of 6
wrist_3_joint: repeat #1 of 6
wrist_3_joint: repeat #2 of 6
wrist_3_joint: repeat #3 of 6
wrist_3_joint: repeat #4 of 6
wrist 3 joint: repeat #5 of 6
wrist 3 joint: current calibration info: time: ©.8; velocity: ©.5; repeats number: 2
wrist_3 joint: repeat #8 of 2
wrist_3_joint: repeat #1 of 2
wrist_3 joint: calibration finished
wrist_3 joint: calibration finished
Movement stoped
Replace now limits with collab
Collab limits applied successfully
Enable collisions detector

Action status:

(4) STATUS_SUCCEEDED — Cepsep

Mpepeats

Pucynoxk 11-91 — 3aBepiienne kamOpOBKU

BBIKJTFOUUTE CHUCTEMY TIIOCJIC 3aBEpUICHHS KaJTUOPOBKH, 3allyCTUTE 3aHOBO
(aBTOpH3YHTECH KaK MOJIB30BATEIb C TOCTYIIOM K CEPBUCHBIM (DYHKIIHSIM);
nepeiaure Ha BriIanky «Hactpoiikm» — pasgen «CepBUCHBIE (QYHKITUHY,
otobOpasutcst uuTepdeiic cepBucHbIX GyHKIHHA (cM. Pucynok 11-86);

HaxxmuTe KHOMKY «FD Kamubpokay, orobpasutcst okHo «Kanmubposka FreeDrivey
(cMm. Pucynoxk 11-87);

HaXMHUTE KHONIKY «[IpOoBEpUTh TOTOBHOCTH Observer», 0TOOpa3uTCs yBEIOMICHUE O

TOTOBHOCTH K KOJIJTaOOpaTHBHOMY pexumy (cM. Pucynok 11-92).
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Observer rotoB

Freedrive 1 konnabopaTMBHOCTb roToOBbI K paboTe

Pucynoxk 11-92 — YBenomienue

Wuaukarop pe)xxrMa Ha HIKHEH MaHeIn H3MEHUT IBeT Ha cuHuii (cM. Pucynok 11-93).

@ KonnabopaTMBHOCTb

Pucynoxk 11-93 — Manukatop pexuma

HCTOpI/Iﬁ COXpaHCHHUC I(aJ'II/I6p0B0‘IHBIX JAHHBIX:
- KaJII/I6pOBO‘-IHLIe JAaHHBIC COXpPaHAIOTCA B IarkKe:.
/opt/promobot/share/pm_admittance_controller/calibration_data

(cMm. Pucynox 11-94);
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Q

) Recent

% Starred

{st Home

) pocuments

¢ Downloads
Music

(& Pictures

& Videos

fij Trash

Sep4 1452 (i
{si Home / Documents / losses_calibration / calib_bck

calib_bck calib_bck

r_pan_joint

1_joint

+ Other Locations

Pucynox 11-94 — KanuOpoBouHble TaHHBIE

y kaxjoro CII cBoii Habop KaTMOpPOBOUHBIX JaHHBIX;

npu HoBoM kanuOpoBke CII, maHHbIEe TpeabIAYyIIeH KaTuOPOBKH MEPEMEIIAlOTCs B
nanky: /tmp/calibration_data_bck;

B ClTy4ae OIMOKH, MPU HOBOU KaTMOPOBKE, HOBBIE COOpaHHBIE JaHHBIC YIASIOTCS,
a  JaHHBICE  TpeAbIaymed  KamMOpOBKM  BO3BpAIAlIOTCA B MANKY:
/opt/promobot/share/pm_admittance_controller/calibration_data;

€clId HOBasi KaJMOpPOBKA IMPOIIUIA YCIENIHO, TO JaHHbBIE MPEIbIIyIIeH KaTuOpOBKU
yaaJsIoTCs U3 manky: /tmp/calibration_data bck;

JUIS KICTIOJIb30BaHUsI HECKOJIBKUX HAOOPOB KaTMOPOBOYHBIX JAaHHBIX HEOOXOAMMO
KOIUPOBATh TEKYUIUE KaTUOPOBOYHBIE JTAHHBIE B HOBYIO CO3/IaHHYIO [MalKy B
cucteme, Hanpumep «JloKyMEHTBD» U MPOBECTH HOBYIO KaJMOPOBKY; AJI 3TOTO
noTpedyeTcs NoAKIIoYUTh K Promobot M 13 MoHuTOp, KIIaBUATYPy W MBIIIIb;

JUIIT CMEHBI OJIHUX KaJIUOPOBOYHBIX JAaHHBIX Ha JpPYrue paHee TMOJyYCHHBIC
KaTMOpOBOYHBIE  JIaHHBIE, HEOOXOAUMO  YAQJIUTh TEKyIIMEe W3  TamKu
/opt/promobot/share/pm_admittance_controller/calibration_data u mepemectuts B

Hee HYXKHBIM Ha00p KaMOPOBOYHBIX TAHHBIX.
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7 MOHHUTOPHUHI'

Wnrtepdeiic  moHuTopuHra  (Bkiaaka — «MOHHMTOPMHI»)  NpedHa3HAadeH Ul
KYPHAJIUPOBAaHUS ~ COOBITHH, oOTOoOpakeHUs  MOKa3areiaed  paboTbl  MaHUIYJATOpA,
uHpopMupoBaHus 0 Bepcuu penusa [10 u akTyanbHBIX IPOIIMBOK I1aT. AKTyalbHbIE JaHHbIE
0TOOpaXKaroTCs TOJIBKO MPHU MOJKIIOYEHHOM MAHMITYJISTOPE.

WnTepdeiic MOHUTOpUHTA BKIIIOYaeT B cedst pasaensl: «Kypnam», «Cycrasby, «kad

ynpasiieHus», « Bxoapl/Boixone», «IIporpaMmmHoe obecrieueHue».

7.1 Kypnan

Pazmen <« Kypnam» (cm. Pucynok 11-95) mnpemnasnadueH pansi BemeHHS >KypHaia
CJIEYIOIUX COOBITHH:
- cpabarbeIBaHHE KHOIIKY aBapUHHOIO OCTAHOBA,
- TOpenynpexIeHUss M OLIMOKH, NpPUChUIaEMble C IUIaThl O€30MaCHOCTH, ILIaThl
uHCTpyMeHTa, miat CII,;

- moTeps cBsi3u ¢ npwioxenuem Promobot M Control.

f OTKNUHTE :T: PyuHoe ynpasnexune @ Cosgarne nporpamm @ Hactpoiika —Eh MoHuTopuHT E VIHCTRYKLMK [9 Bhixog
Hypan Owmbka Mpegynpexgexve Wudopmaums SKCnopT XypHana
Cycragbl JATA U BPEMA THN HAMMEHOBAHWE
11.08.2026 11:52:27 W EM_0001 n 6 -
Wikach ynpasnexus HchopmaLms | ogpoGHee
Bxoabl/Buixoas! 11.08.2026 11:52:22 Owmbka PROCESS_DEFAULT MogpoGHee
MporpammHoe 11.08.2026 11:52:21 Owmbka PROCESS_DEFAULT MogpoGHee
obecneueHne
11.08.2026 11:51:20 Owmbka BUTTON_CATEGORY 0 REINIT MopapoGHee
11.08.2026 11:50:25 Vkchopmalns EM_0001 MogpoGhee
10.08.2026 19:13:30 VHchopmauns EM_0001  TMogpoGHee
10.08.2026 18:55:49 Owwnbka ERROR_TEMPERATURE Mopgpo6Hee
10.08.2026 18:55:46 WHchopmauns EM_0001  TMoppoGHee
10.08.2026 18:55:17 WHchopmauns EM_0001  MogpoGHee
-
cp.1
Promobot M13
Bepeua MNO: 0.25.1

Pucynox I1-95 — Paznen «Kypuan»
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XKypnan orobpaxaer Ha 3kpaHe 50 HOCIEIHUX 3aMUCeil C BO3MOXKHOCTBIO POKPYTKU U
HOCTPaHUYHOI O nepexona. [lonb3oBarens UMEET BO3MOKHOCTh (PHIIBTPOBATH 3alKUCHU 110 TUITY
cooOrieHus (OMMOKH, IPEXyPEKIACHUS, HHYOPMAIINS).

3amucu  MMEIOT I[IBETOBYIO MAapKHpPOBKY: Ui OMMOOK —  KpacHbIM, Juis
NPEIYTIPEKICHUHA — KETHIH, 11 HHPOPMAIIH — OEIBIH.

B ctpoke 3anucu otaenbHON KHOMKOU «IlogpoOHee» OTKphIBaeTcs OKHO C ONHCAaHUEM

omuOku/coobITus (cM. Pucynok 11-96).

BUTTON_CATEGORY_0_REINIT

koA HW_0011

™R Owmbra
BATA W BPEMA 11.08.2026 12:11:03

PEKOMEHAALMIA
Lo AUTECH BOCTYMHOCTM KHOMKN «Tepesanyck Ul» U nepesanyctute uHTepdeic.
Ok

Pucynoxk 11-96 — OxHo ¢ onricanreM ONTMOKH

Kypnan MoxkHO 3KCHOpTHpOBaTh B (hopmare *.CSV C MOMOIIBIO KHOMKH «DKCIOPT
KypHaJay.
Kypuan coObiTHii XpaHuTcs B cucteme Promobot MI13 mo 15 nwelt, 3atem

ABTOMATHUYCCKHU OUYHUIIIACTCA. I[aHHBIC COXPAaHAIOTCA MCKAY CCCCUAMMU.

7.2 CycraBbl

Paznen «CycraBb» (cM. Pucynok 11-97) npennasnadeH 1uii MOHUTOPUHTA TEMIIEPATYPbI

N HAIPsSKCHUA KaXXIA0ro M3 MmECTH CYCTaBOB. 3HaueHUs CIEaAyEeT OUCHUBATH COBMCCTHO C
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NPEaYNPEeKICHUSIMA M YCIOBHAMH paboTel poboTa. HyneBble, OTCyTCTBYIOUINE WA HE
OOHOBJISAIOLIMECS] 3HAUYEHHUS O3HAYAIOT OTCYTCTBUE AaKTyaJlbHOH TeleMeTpuu Jinbo

HCHOI[KJ'IIO‘-ICHHBIﬁ Y3C€I 1 HC JOJIKHBI TPAKTOBATHCA KaK HOPMAJIBHOC COCTOSHUC.

¢ ommounts ::: PyuHoe ynpasnesxne [, ] Co3gaxne nporpamm CE} Hacrpoiika —E— MoHMTOpHHT E VIHCTPYKUIMK [~ Buixon
XypHan
CycraBbl
CycTasbl CYCTAB TEMMEPATYPA HAMPAKEHWE
Ts)
—\I -
5
Wkady ynpasneHus Cyctas 1 37.0°C 482V —TT
BX0mbIBbX0ab! Cyctas 2 37.0°C 482V
|
CycTas 3 39.0°C 479V i
MporpaMmHoe
oBecneuerie Cyctae 4 37.0°C 478V
2 | 1
CycTae 5 40.0°C 473V —_|
-
CycTas 6 39.0°C 479V
Promobot M13
Bepecua MNO: 0.25.1

Pucynox 11-97 — Pazgen «CycTaBbi»y
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7.3 IIkad ynpasieHus

Paznen ((H_IKa(b YIPaABJICHUA» IIPCAHA3HAUYCH IJII MOHHUTOPHHI'A 3HAYCHUN CHUCTEMHOTO

TOKa U HaNpsKEHUs B HIKady BO BPEMsI BHIIIOJIHEHHSI IPOTrPaMMBI.

f OTKNUHTL ::j PyuHoe ynpasnexue [,] Cosgarne nporpamm @ Hactpoiika —E— MouTopunr E VIHCTRYKLMK [_4) Bhixog

XypHan
CHCTEMHBIRA TOK (0B1imiA) 0.3A

CycTaBbl

HanpsxeHnue B Wkady 48.0V
Wkadh ynpaeneHus

Bxoabl/Beixogbl

MporpaMmHoe
obecneueHve

Promobot M13
Bepecua MNO: 0.25.1

Pucynoxk 11-98 — Paznen «Illkad ynpasnenus»
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7.4 Bxoans1/Beixoabl

Paznen «Bxoawl/Beixonp npeaHasHadyeH 1Jiss MOHUTOPHHTA!
- CHTHAJIOB I0JIb30BaTelIbckol maHenu (moxapaszen «llomb3oBaTeNbekasi MaHENb))

(cm. Pucynoxk 11-99).

f OTKTIOUNTL :Z: PyuHoe ynpaenexue @ CozfaHue nporpamMm @ HacTpoiika g MoHUTopUHT E MHCTRYKLMM [9 Buixog
KypHan MoNL30BaTENECKaA NAHENE DraHeL MHCTPYMEHTA
Cycrasbl ” UEE -
Wkad ynpaenexuns AL 0.0mA AHANOIOBbI
Bxogbl/Beixoasi A2 0.0 mA AHANOIOBbINA
MporpanmHoe AO_1 40mA AHANOroBbIii
obecneyeHne

AD_2 40mA AHaNOroBbiii

DI_1 [ ] Luchposoii

DI_10 [ ] L

DI_11 [ ] L

DI_12 [ ] Ly

DI_13 [ ] L

DI_14 [ ] L

DI_15 [ ] Ly

DI_16 [ ] L

Promobot M13

Bepecua NO: 0.25.1

Pucynox 11-99 — ITogpaszaen «Iloap3oBaTenbckas naHe by

-  CUTHaJOB pPa3pbe€MOB HHCTpyMeHTa (moapaznen «drnaHenm HMHCTPYMEHTa»)

(cm. Pucynox 11-100);
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¢  ommouuts 731 Pyuwoe ynpagnerme [&] Cosmanme nporpamm {7 Hacrpoiika E“ Mowutopusr (] MucTpyrumn = Beixog

KypHan Monb3oBaTenkbckas NaHeb PnaHeL, MHCTPYMEeHTa

CycTaBbl

Wkadp ynpaenexms DIGITAL_INPUTS_DIN1 ] u
Bxogbl/Beixogb! DIGITAL_INPUTS_DINZ ® U
Mporpammoe GADGET_1 0.0V AHANOTOBbIiA
obecneyenune
GADGET_2 0.0V AHANOroB
PORTS_CONTROL_AIN_MEASUREMENTS_MODE [ ] Uinchposoii
PORTS_CONTROL_VOUT_MODE_HIGH [ ] Linchposoii
PORTS_CONTROL_VOUT_MODE_LOW [ ] Linchposoii

Promobot M13

B
Bepcua MNO: 0.25.1

Pucynoxk 11-100 — Ionpazaen «Dnanen HHCTPYMEHTa»

3Ha4YeHHUs CUTHAJIOB.

- [IBeTOBas WMHJWKAIUMsA Ha HU(POBBIX CUTHAJAX: 3€JICHBIA — BKJIIOYEH, CUHUU —
BBIKJIIOUCH, CEPhIii — HEAKTUBEH;

- YHCJIOBOC 3HAUYCHHUE /I aHAJOIOBBIX CHTHAJIOB — HA3HAYaeTCS IT0JH30BATEICM

BPYYHYIO IIPHU CO3JaHUU IIPOTrPaMM.

7.5 IIporpammHoe obecnieueHue

Paznen «IIporpammuoe obGecrneyenue» (cm. Pucynok 11-101) mnpeanasHaveHn st
0TOOpaXeHHUsI BEPCH MTPOTPAMMHBIX U alapaTHbIX KOMIIOHeHToB Promobot M13:

- Bepcus cucremuoro I10 (penus);

- Bepcus BeO-uHTepdeiica,

- Bepcus SDK;

- Bepcus MPOIIUBKH IIaThl Oe3onacHocTH (Safety);

- Bepcus muaTel nHCTpyMenTa Safety (PCB);

- Bepcus MPOILIMBKY IUIaThl HCTpYMeHTa (Gadget);
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- Bepcwus miaThl HHCTpYyMeHTa Gadget (PCB);

Bepcus npommsku CII.

£ ommounts (7} Pywiosynpasnesme 5] Cosgawmenporpamm  {§  HacTpoika S MoHuropur W] Uncpyryn [+ Buixop

XKypHan I'IporpaMMHoe oGecneueHne

»

CycTagbl
Bepcua cucteMHoro MO 0.25.1

Wkady ynpaBnexsuns Bepcua WEE 510.12
Bxoabl/Beixoasi Bepcua t sdk 7.10.3

MporpammHoe Bepcus Python SDK 0.6.13

obecneueHne
0.2.14

0.2.6

R 0.6.5

R 0.6.5

S 0.6.5

Promobot M13

=
Bepewa MNO: 0.25.1

Pucynox 11-101 — Paznen «IIporpammHoe obecrnieueHue»

JlaHHOE PYKOBOJICTBO IO 3KCIUIyaTallud COOTBETCTBYET BEPCUU PEliM3a, yKa3aHHOU Ha

TUTYJIBHOM JINCTC.

8 OBHOBJIEHHUE ITPUJIOKEHUA

[lepen oOHOBIEHHEM CpaBHUTE BEPCHUU MPOTPAMMHBIX U alMapaTHBIX KOMIIOHEHTOB
Bamero Promobot M13 ¢ Bepcusimu B mocienaem penuse. [locienHue akTyaabHbIE BEPCHU BBI
MOXeTe y3HaTh B pykoBojicTBe B Confluence (B nmpuioxxeHnn HaXXKMUTE KHONIKY « THCTpYKIIMN,
nepeiaute B paznen 8 «PEJIN3» u BeIOepuTe BEPCHIO € TIOCIICIHEH 1aTOMH).

[Ipn HecooTBETCTBUM, MPHUBEAUTE MAHUITYJISITOP B HCXOJHOE IMOJIOKEHHE, KpacHas
KHOIIKA JIOJDKHA OBITh OTXKata, mojakirounte Promobot M13 k mHTEpHETY M BBHIIOIHHUTE BCE
OOHOBJICHHUS 110 OYEPE/IH:

a) oonoswute I10:

1) 3akpoiiTe MPHUIOKEHUE,;
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2) sanycrute daiin «Update_Mcontrol» va pabodem ctose (cm. Pucynoxk 11-102);

Update_Mcontrol

Pucynox 11-102 — daiin «Update_Mcontrol»
3) otkpoercs mporpamMmubiii uHTEpdetic «Terminal». OTobpa3uTcs AMAIOroBOE
OKHO Ut BhIOOpa Tuna ooHoBneHus (cM. Pucynok 11-103);
Tun o6bHoBNEHUA

Beibepute Tun obHoBNEHKA

ObHoBneHKe MO
OBHOBNEHKWE NPOLIMBKK

ObHoBneHKWe eeba

Bhixog

Cancel

Pucynok 11-103 — JTuanoroBoe okHO /i BEIOOpA THIIA OOHOBICHUS

4) Boeioepure «OoHOBIeHUE [10» 1 HAskmuTe «OK». OTOOpa3uTCs yBeAOMIICHHE O
3amycKe OOHOBIICHHS,

5) mo 3aBepiicHUIO OOHOBIICHUS OTOOPAa3UTCS YBEAOMIICHHE O 3aBEpIICHUU.
Haxxmute «OK»;

6) MOXIUTECh MOSIBJICHUS JIMAJOTOBOTO OKHA JUIs BBIOOpPAa THUIA OOHOBJICHHS

(cM. Pucynoxk 11-103);
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06) oOHoBuUTE BeO-MHTEPEIIC:
1) BeIOepuTe «OOHOBIEHHE BeOa» U HaxMuTe «OK»;
2) 1o 3aBepHICHHI0O OOHOBICHHS OTOOPA3HUTCS YBEIOMIICHHE O 3aBEPIICHUHU.
Haxxmute «OK»;
3) IMOXAWTECh TOSBICHHS JHAIOTOBOIO OKHA JIJIsl BBIOOpA THIAa OOHOBIICHHS
(cm. Pucynoxk 11-103);
B) OOHOBUTE MPOIIUBKY:
1) BeiOepute «OOHOBIEHHE mTpoOmUBKE» H Haxkmure «OK». Ortobpasutcs

JIMAJIOTOBOE OKHO JIJIs BEIOOpa ycTpoiicTBa utst mpommuBKH (cM. Pucynok 11-104);

Bblbop yCTpPOHCTB ANA NPOLIUBKHM

BhibepuTe YCTPOWCTEA N8 NPOLWMBKM

Safety_Board
Gadget

Driver

Pucynok 11-104 — JTuanoroBoe okHO /Ui BEIOOpa yCTPONUCTBA JIJIsl IPOIIUBKU

2) BbIOEpHUTE OJHO WM HECKOJBbKO ycTpoiicTB m Haxxmure «OK». OToOpazutcs
yBenomiienne  «Haiinena  nmpommBka: ... [IpogoymkuTe  OpoOLIMBKY?»

(cm. Pucynok 11-105);
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UPDATE MControl

HaineHa npowmeka: pm_driver_0.5.10.bin

MpoaonKuTe NPOLIMBKY?

Pucynox 11-105 — YBegomieHne mponmBKu

3) Haxmute «Yes». [Ipu 0OHOBICHUU:
- «Gadget», «Driver» — orobpasurcs npeaynpexacaue «llepen Havamom
npoueaypbl OOHOBIIGHUS IpaiiBepoB: 1) MaHUMyNATOp B HCXOIHOM
nonoxxenun. 2) Kuomka aBapuiiHoi ocraHoBku OTXXKATA. Byner

OOHOBIICHO ... JpaiiBepoB cycTaBoB. [Ipomomxuts?» (cM. Pucynox I1-106);

UPDATE MControl

Mepen Havyanom npouenypel obHOBNEHMA OpafBepOE:
EHMH.

Mpon {NTh?

Pucynok 11-106 — IIpenynpexaenue

- «Safety Board» — otobOpasurcs mnpenynpexuaenue «llepen Hayamom
nporieaypbl ooHoBieHus Safety Board: 1) MauHumysiastop B HCXOTHOM
nonoxenun. 2) Knonka aBapuitnoit ocranoBku HAYKATA. TIpoaomkuts?»

(cM. Pucynoxk 11-107);
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UPDATE MControl

Mepef Ha4anomM NpoLenypbl
1. ManuMny.

MpononmxuTe?

Pucynok 11-107 — IIpenynpexaenne

4) ecnM BCE yCIOBHUS BBITIOJIHEHBI, TO HAKMHUTE « Y es». OTOOpa3UTCs yBEIOMIICHUE

o Havasne ooHoBieHus (cM. Pucynok 11-108);

O6HOBNEHWE NPOLUMBKHU

MpowKrBeka Driver 1 {noneimka 1 13 3)...

Pucynox 11-108 — YBegomnenue 06 0OHOBICHUH

5) npu OOHOBICHHH:
- YCHEIIHOM — OTOOpa3uTCsl YBEJOMIICHUE O 3aBepIiieHuu, HaxMuTe «OK»;
3aKpOiTe UaOroBOE OKHO, Ha)kaB KHOMKY «Cancel»;

- HCYCIICIITHOM - 3aITyCTUTCHA BOCCTAaHOBJICHHC yCTpOﬁCTBa

(cM. Pucynox 11-109).

BocCTaHOBJIeHME YCTPOMCTBA

BbIKNHOYEHWE NMTAaHKA...

Pucynok 11-109 — YBenominenue o BOCCTAaHOBICHHH yCTPOUCTBA

6) mocie BOCCTAHOBIICHHSI YCTPOWCTBA OOHOBJICHHWE MPOIIUBKU 3allyCTUTCS

aBToMatuuecku (cMm. Pucynox 11-110);
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O6HOBNIEHNE NPOLUMBKH

lMNpowwBkKa Driver 1 (noneitka 3 u3 3)...

Pucynoxk 11-110 — YBegomiienue 06 0OHOBICHUN

7) ecinu MOBTOPHOE OOHOBJICHHE MPOIIMBKH MPOHAET HEYCIEIIHO, TO OTOOpa3UTCs

yBEIOMIICHUE O KpUTHUYECKOM ommnoOke (cM. Pucynok 11-111);

KPUTUHECKASA OLUMBKA

Mpolwmeka ycTpoicTea Driver 1He yaanace !

OBPATWTECE K NMPOWM3BOANTENHO !

Pucynok 11-111 — YBegomineHnue o KpuTUYECKOM oInoke

8) naxmute «OK». OTobpaszurcs jor ommbku (cMm. Pucynok 11-112);

Nor ownbku npowmnsku Driver 1

aHHBIA TaRMayT.

aHHBIA TARMayT.

Pucynox 11-112 — Jlor ommOku MpoOIIMBKU

9) coobuTe HHPOPMALIUIO O JIOTe OIMIMOKU MPU OOpAICHUN B CEPBUCHBIN IICHTP

NPpCANPUATHAA-U3TOTOBUTCIIA.
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Ha nannpiii MOMeHT ojHOBpeMeHHOe oOHoBIeHue Bepcui 110, mpommBku U BeO-
uHtepdeiica HenoctynHo. I[loouepenHoe OOHOBIEHHE TapaHTUPYET CTAOMIIBHYIO paboTy
TPUIIOKCHHUS.

B HekoTopbIX chyuyasx MOXET NOTpeOOBaThCs Nepe3arpy3ka yCTpOHCTBa IOCIe
OOHOBJIEHMSI, IPU 3TOM OTOOPA3UTCS YBEIOMIIEHHE O TPEOOBAaHUM MEpe3arpy3Ku.

[locne  obHOBieHus B  uHTepdelice  MOHUTOPUHIa  OTOOpAa3sATCS  BEPCHH,

COOTBETCTBYIOIINE MOCIEAHEMY PEIIN3Y.
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PROMOBOT M CONTROL SDK

Hasna4yenue u 00J1acTh NpUMEHEHUS

Promobot M Control SDK npenoctaBisier nporpaMMHbIi HHTepQENC A ynpaBiaeHUs

poOoTaMU-MaHUIYJIATOPaMU, paboTaroUMHU 1o/ yripaBiienuem Promobot M Control, B vacTHOCTH

OPOMBIIIJIEHHBIM ~ poOOTOM-MaHumynaropoM Promobot MI13. SDK mnpeanasnHauen s

ABTOMATU3allMU 3aJa4 U UHTCIrpallii MaHUITYJIATOpPAa C BHCIHHUMU CUCTCMAMM. HOI[I[ep)KI/IBaIOTCH

CUHXPOHHBIC OIICpaluu, COI'OUtine'BBISOBBI, KOMaH/bI 0e3 OXUJaHus pe3yjibTaTa U IIOTOKOBOC

yIpaBJICHUE.

OcuoBHbIE Bo3MoxHOCTH SDK:

a)
6)

MOAKJIIOYCHHUC MaHUIIYJISATOPA,

IIEPEMELICHUE U YIIPABICHUE ABUKCHUEM:

3aJIaHKe IIEJICBBIX KOOPJIWHAT B JEKAPTOBOM IMPOCTPAHCTBE WJIM IICJIEBBIX YIJIOB
KaXXJI0TO y3J1a JJIsl TOYHOTO TTO3UIIMOHUPOBAHMS MAHUITYJISITOPA;

yIpaBJeHUE MapaMeTpaMH IBMKCHHUSI C IOMOIIBI0 KOA(D(PHUIIMEHTOB CKOPOCTH
YCKOPEHUS;

peanuzaius  CIOXKHBIX  TPAaGKTOpHiH, BKJIOYas JIBUKEHHE IO Jyre H
MOCJIEI0BATENIbHBIC TTEPEMEIIICHHUS 110 TOUKaM;

OTCJICKUBAHUE TIOJOKEHUS MAHUITYJISITOPAa M €ro y3JI0OB B PEKUME PEATbHOTO
BPEMEHU;

yIOpaBJICHUE COCTOSHHEM MaHUIYJSITOpa (aKTUBHBIM PEXHUM, PEKUM OXKHIAHUS,
OCTaHOBKA U T.1.);

CMCHA PECXKHUMOB YIIPaBJICHUA CEPBOIIPUBOIAMU,

paboTa ¢ MHCTPyMEHTOM U CMEHHBIMU MOAYJISIMU:

yIpaBJ€HUE NUTAHUEM UHCTPYMEHTA MaHUITYJISITOPA;

yIPaBJICHUE TPUIIIEPOM M BAKyyMHBIM HACOCOM IIPU HAJIUYUU COBMECTHMOIO
CMEHHOI'0 MOJYJIS;

HACTpOMKa MUTaHUS U HUPPOBHIX BHIXOJI0B (iIaHIla UHCTPYMEHTA;

BOCTIPOU3BEICHUE ayAr0(haIOB IPY HAIMYUH U HACTPOUKE ayAUOIOICUCTEMBI;

B3aUMOJICUCTBUE C BHEIIHUMH YCTPOﬁCTBaMH - pa60Ta C JaTYuKaMHu H

UCTIONHHUTENbHBIME ycTpoiictBamu uepe3 GPIO, 12C, Modbus RTU u RS-485 B

npejenax BO3MOKHOCTEH KOHKPETHOM KoMIutekTauu Promobot M13;
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1) aBTOMAaTH3alIMs:

- BBINOJIHEHMS IIPOIPAMM 110 YKa3aHHOMY HUMEHU;

- BbinosiHeHue Python-ckpunTos;

- BBINOJHEHHE porpamm ¢ nepenadeid JSON-1aHHbBIX;

- TallM-ayTbl ONEPALNH;

€) JuarHocThka — o0paboTka cOOeB M OMMOOK MaHUITYJISATOPA.

2 APpXHUTEKTYpa U NPUHIMIILI padoTel SDK

2.1 KoMnoHeHTHI

KiroueBbie kommoHeHTHI (cM. Pucynoxk 111-1):

- KIIMCHT: KOMIIBIOTCP I10JIb30BATCIIA / IIPUITIOKCHUC C SDK,

- KOHTpOJUIEp MAaHUIYJIATOpa — NpuHUMaeT Komanasl SDK, nposepseTr ux u mepenaer

HCIOJHUTCIBHBIM ITOJACHUCTEMAM,

- Promobot M Control — npuosxeHue HaCTPOWKH, TPOrPAMMHUPOBAHMS H TUATHOCTUKH

MaHHUITYJIATOPA.

= HOMM=OTER Nk I0Banenm

H Python/C++

GeinmoTons [ *OMAHE

npoTaron MOTT

MaHunynaTop

Cuctemuoe MO

mOMaHEa

SDK

= WEB npunosanna

Thin S0k

HOMAHZA

BT

'WEB socket

ORI ON

el

> rashridge

pm_develop_api
(MQTT server) . hardware
(¥NpARNEHRE)
e
ms? actionisenice/topic ,____.--‘

e achon/sensoeiinpic

-~
pm_api -

TosE DCDONSCETSCeopic

BBaHMOHCﬁCTBHe MMOCTPOCHO IO MOJCIN KIIMCHT — CCPBCP C MCIIOJIB30BAHHUCM IIPOTOKOJIA

MQTT.

SDK paGotaer mo MoAenu KIHEHT — cepBep. KIMEeHTCKoe MpuiioKeHHe TepeaaeT
KOHTPOJUIEPY KOMaHJAbl YIPaBIEHHUS W IOJIYYaeT PE3yJIbTAaTbl BBINOJHEHUS, TEJIEMETPUIO U

JUAarioCTHNYCCKUC COO6HI€HI/I$[. BHYTpeHH}IH IMporpaMMHasd apxXuTCKTypa KOHTPOJLJICPA HC ABJIACTCA

[1-2

Pucynok I11-1 — KommnoHeHTbI




4acThl0 NoJb30BaTeabckoro APl m MoxkeT H3MEHSTHCS MCXKAY BCPCHUAMU IIPOIrpaMMHOIO

ob0ecreyeHus.

2.2

Mogesan padoTsl

Mojaenb pa6OTI>I BKJIFOYAET B ceOs CICAYIOUC 3TaIlbl:

a)
6)

3

3.1

ycTaHoBKa 1 HacTpoiika SDK Ha cTOpoHE KIIMEHTa;

HNOJKJIIOYEHNE K KOHTpoJulepy MaHunyisitopa Promobot M Control no IP-aapecy u
rapameTpaM aBTOpPU3allNy;

3axBaT YOpPaBJIEHUS MaHMUIYJIATOpoM (get control) M pe3epBUpOBaHME KaHaja
YIPaBJICHUS JBUKCHUEM,

BBIMIOJIHEHWE  KOMaHJ|  JIBWKEHMs, yINpaBieHus nepudepueidl wWid  3amyck
porpamm/CLIeHapHEB;

Ipy HEOOXOAMMOCTH — IOJYYEHHE COCTOSHHUS MAHHUITYJSITOpAa UM JUArHOCTHYECKUX
JAHHBIX;

0CBOOOK/IEHUE YTIPABJIEHUS U 3aBEPIICHUE PAOOThI MPUIOKEHUS.

SDK Python

TpeOoBanus u noaroroBka cpeast Python

SDK Python npennaznauen ajis pa3pad0TKH BHEIIHUX MPUIIOKEHU, B3aUMOIEHCTBYIONIUX

¢ KoHTposepoM Promobot M 13 o cetu. B nonbs3oBaTenbckuit uHTEpdeEiic BXOAAT MOAKIIOUYEHHE,

MOJTy4eHUE YIIpaBJICHHS, ABU)KCHHE, YTEHHUE COCTOsSIHHS, BbIOOp coxpanenHoro TCP, paGora c

BBOJAOM-BBIBOJAOM, 3aIlyCK IIpOrpamMm, COOBITHS | IOAACPKUBACMEBIC  JTOIIOJJHUTCIIBHBIC

uHTEp(PEech.

Pexomenryemblit MOPsIIOK pa3pabOTKU MPUITOKECHHS:

a)
0)
B)
r)
)

yctanoBUTh Python u SDK B oT/ie1pHOE BUPTYaIIbHOE OKPYIKCHHUE;

MPOBEPUTH CETEBYIO IOCTYMHOCTH KOHTposuiepa u TCP-nopra 1883 B joBepeHHOI ceTy;
BBITIOJTHUTH TIEPBOE TOIKJIFOUYCHUE U TIPOYMTATh KOOPIMHATHI O€3 IBHIKCHUS

NOJYYUTh yIpaBiIeHne MeTo oM get control();

npoBeputh TCP, mone3Hyro Harpy3ky, OrpaHUYCHHS U COCTOSTHHE 000PYI0BaHUS;
UCIOJIb30BaTh CUHXPOHHBIE METOABI ISl MOCIIEOBATENbHBIX CIIeHapueB JIMOO SBHO
yKa3aHHbBIE coroutine-MeTO Il JJIsl aSyncio;

obOpabaTeIBaTh TaliM-ayThl B omuOku SDK;

B Ostoke finally cHaTh moamucku u BeI3BaTh disconnect().
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[Tapametpsl SDK Python onucansl B TabGmuie 16.

Tabnuma 16 — [Napamerpsr SDK Python

IHapamerp 3HauyeHue
[Tpumensiemas Bepcus SDK 0.6.13
ITonnepxxuBaemas Bepeus | 3.12.X
Python

OCHOBHOI1 KJ1acc

sdk.manipulators.m13.M13

Tpancnopt

MQTT no TCP; nopt 1883 no ymonyaHuto

Haznauenue

HOI[KJHO‘-ICHI/IG, YHOpaBJICHUEC ABUKCHUCM, YTCHUC COCTOAHUA, BBO -
BBIBOJI, 3allyCK MpPOrpaMM U pabdoTa C JOMOJHHUTEIbHBIMH
unTepdeiicamu Promobot M 13

Ilpumeuanume — Pa3ngen ommchiBaeT MOAAep KMBAEMBIN IOJIH30BATEIbCKUN HHTEpdelic
SDK 0.6.13. Mcnonp3yiite SDK U3 KOMIUIEKTa OCTABKW WM U3 YTBEPKICHHOIO PEMO3UTOPUS
MaKeTOB, COOTBETCTBYIOMIMI Bepcuu Promobot M Control Ha koHTposiepe. KomaHabl 1BMKEHUS

paspeliaercs BBIMOJIHATH TOJBKO MOCJE MPOoBEepkH padoueit 30ub1, TCP, nHcTpymMeHTa, MOJIe3HOM

HArpy3KH, OTPAaHUYCHHM, COCTOSIHUS 000PYIOBAHUS U JTOCTYITHOCTH aBAPUIHOTO OCTAaHOBA.

TpeGoBaHMSA K KOMIIBIOTEPY:

onepanuonHas cucrema Windows mwnu Linux ¢ Python 3.12.x;

- cereBoii nHTepdelic, UMEINIUi MapIIpyT 10 KOHTposuiepa Promobot M13;

- JOCTYM K YTBEpKJACHHOMY NUCTpuOyTUBY SDK M peno3uTopuio NakeTos;

- yuernsle nanHbie MQTT, nmpegoctaBieHHbI€ 111 KOHKPETHON YCTaHOBKU;

- yHUKanbHbIH client id Ay Kaka0ro OJJHOBPEMEHHO MOJKIIOUEHHOTO MPUITTOKEHHUS.

- Ilopr 1883 momxkeH OBITH JOCTYNEH TOJBKO BHYTPH JOBEPEHHON MPOM3BOACTBEHHOU
CeTH WJIM 4epe3 YTBEP>KIACHHBIM 3amuiieHHbli kanan. He myOnukyiite MQTT-mopt
KOHTpOJIepa HanpsiMyto B IHTepHET U He XpaHUTE YUeTHbIE JaHHbIE B UCXOJHOM KOJIe

IIPUIIOKEHHUS.

[ToaroroBka MaHUMyJISITOpA:

- MaHUITYJIATOP YCTAaHOBJICH U BBCJICH B OKCILNTyaTalluO B COOTBETCTBHUU C PYKOBOACTBOM

IO 3KCILTyaTalnuu.

- pabouas 30Ha 0OCBOOOXK/IEHA OT JIFOJIEH M MIOCTOPOHHUX MPEIMETOB.

- aBapUMHBIA OCTAHOB JOCTYIIEH ONIEPATOPY U IIPOBEPEH YCTAHOBICHHBIM ITOPSIKOM.

- B Promobot M Control nactpoens! aktyanbubie TCP, HHCTpyMeHT U moJie3Has Harpys3Ka.

- MMPOBCPCHBI ITPOTrPAMMHBIC 1 MCXAHUYCCKUC OI'PAHUYICHUS JIBUKCHUS.
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- U TepBbIX HUCHBITAHUNA HMCHOJB3YIOTCA MUHUMAJbHBbIE MPAKTHUYECKH IOMYCTHUMbIC
KOA((HUIUEHTHI CKOPOCTH U YCKOPEHHUS.
IIpumeuanue — Meton stop movement() sBisieTcss mporpaMMHON KomaHaod. OH He

3aMeHsieT aBapuiiHblii octaHoB, STO u uHbIe anmapaTHbie PyHKIMH 0€30MaCHOCTH.

3.2 IMosnyuyenue u ycranoka SDK

3.2.1 IIpoBepka Bepcuu Python

Jia SDK pexomennyercs Python 3.12.x. Ilepen co3naHueM BUPTYaldbHOTO OKPYKEHUS
npoBepbTe ycTaHOBIEHHYI0 Bepcuto. Ecnmu Python otcyrctByer, ycranoBute Python 3.12 ¢

oduimanbHoro caiita python.org st Windows n1u60 u3 peno3uTopust AMCTpuOyTrBa Juist Linux.

py -3.12 --version
python3.12 --version

3.2.2 Co3nanne BupTyajibHoro okpyxenuss B Windows PowerShell

Komanns! HUKe cO34a10T U30JIMPOBAHHOE BUPTYAIbHOE OKPYXKEHUE .VeNV, aKTUBUPYIOT €10,
OOHOBJISIIOT Pip M yCTaHABIMBAIOT 3aBUcUMOCTH M makeT SDK u3 peno3urtopus, yka3aHHOTO B
aKTyaJIbHOM JOKyMeHTanuu Promobot. BeimonHsiiTe KoMaHAbl B KaTajuore Ballero NpoeKTa; mocie

akTuBanuu B npuriameHuu PowerShell 06p1yHO 0TOOpakaercs mpedukc (.venv).

py -3.12 --version

py -3.12 -m venv .venv

A\.venv\Scripts\Activate.psl

python -m pip install --upgrade pip

python -m 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

3.2.3 Co3nanne BUPTYaJIbHOTO OKpYkeHus B Linux

KoManapel HUXKE CO3Mal0T W aKTUBHPYIOT OTACIbHOE OKpykenwe Python, mocme wyero
yctaraBiuBaroT 3aBucumoctu 1 maket SDK. B Ubuntu/Debian nipu orcyrcrBun Python ycranosute
nakeTel python3.12 u python3.12-venv. Ilpu OTKpHITHM HOBOrO TEpMHHAJIa BUPTYaJbHOE

OKPYKCHHUC HGO6XOI[I/IMO AKTUBHUPOBATH ITOBTOPHO.
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python3.12 --version

python3.12 -m venv .venv

source .venv/bin/activate

python -m pip install --upgrade pip

python -m 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

INpumeuanue — Komanma --break-system-packages He TpeOyercs M He J0JDKHA
UCTIOJh30BAThCS BHYTPH BHUPTYAIBHOTO OKPYXXCHHs. ECITU pemo3uTopuii MakeToB HEIOCTYIICH,

ycranoBute wheel-gaitn SDK, npenoctaBieHHbIH H3TrOTOBUTETIEM.

3.2.4 YcTraHOBKA M3 JIOKAJIBHOIO JUCTPUOYTHBA

Eciu SDK mnocraBnen B Buae wheel-daiina, momecture ¢daiim B KaTtagor NpOEKTa,

AKTUBUPYWUTE BUPTYAIBHOE OKPYKEHHUE U BBIIIOJHUATE:

python -m pip install pm_python_sdk-<version>-py3-none-any.whl

3.2.5 IIpoBepka ycTaHOBKH

IIpoBepka NOATBEPKAAET, YTO MAKET YCTAHOBJEH B aKTUBHOE BHUPTYaJbHOE OKDPYKEHHE,
ocHOBHOW Kkjacc Promobot M13 noctymen ans ummopTa, a BepcUsl YCTaHOBJICHHOIO IakeTa

OIIpCAcCiICHA. HOIIKJIIO‘-ICHI/IG K MaHHUITYJIATOPY IIPU 3TOM HEC BBITIOJIHACTCA.

from importlib.metadata import version

from sdk.manipulators.m13 import M13

print("Mmmopt SDK BeImonHeH, Bepeus:", version("pm-python-sdk™))
OxunaeMblil pe3yJIbTar:

Nmnopt SDK BeINOIHEH, Bepcus: <yCTaHOBJICHHAsI BEPCUS™>

Ecnu ycraHoBneHHast Bepcusi OTJIMYaeTcs OT BEPCHM, YKa3aHHOW B TaliMile mapaMeTpoB
SDK, wucnonp3yiTe MOKYMEHTAIIMIO COOTBETCTBYIOIIETO BBIMyCKa JHOO YCTAaHOBUTE MAKET W3

KOMIIJICKTA IMMOCTABKHU KOHTPOJLICPA.
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3.3 Hacrtpoiika ceTu U nepBoe NMoJAKJIIOYEHHE

3.3.1 I[TapamMeTpsbI NOAKJIIOYEHUS

[TapaMeTpbl ceTH U y4eTHBIE JaHHBIEC JOJDKHBI COOTBETCTBOBATh HACTPOMKAM KOHKPETHOTO
KOHTpoJiepa, a client id — OBITH YHHKATBHBIM ISl K&KIOTO aKTHBHOTO KIMEHTCKOTO IpoIecca.
AprymeHThl KOHCTpYKTOpa M 13 npuBeneHsl B cienyrouieid Tadbauue 17.

Ta6muma 17 — [TapamMeTpbl CETH U yYETHBIC JaHHbIC

IHapamerp Ha3znauenmue TpedoBanue
host IP-anpec nnm cereBoe ums | JlorokeH  ObITh  OCTYyEH € KOMITBIOTEpA
KOHTpOJUIEpa nonp3oBarens. localhost mpuMeHsieTcst TOIBKO TPU

3aIlyCKEC IIpOrpaMmMbl Ha CAMOM KOHTPOJIJIEPE

client_id Unentuduxatop MQTT- | JomxkeH ObITh YHUKAIBHBIM CPEAX OJHOBPEMEHHO
KJIMEHTa AKTUBHBIX KIIMEHTOB
login Wms nonws3oBarenst MQTT | Mcnonb30BaTh JaHHBIE KOHKPETHOM YCTaHOBKU
password [Tapons MQTT He xpaHuTh B OTKPBITOM PEMO3UTOPUU; B pabouemM
MIPUIIOKEHUU YUTATh u3 3alUIIEHHOU
KOH(UTyparuu
3.3.2 IIpoBepka 10CTYNNHOCTH KOHTPOJLJIEpa

ITepen 3anmyckom SDK mpoBeprte IP-cBs3HOCTh U goctynHOCT MQTT-niopra. Koman bl

Windows u Linux mpuBeaeHBI OTACIBHO.

ping 192.168.0.10
Test-NetConnection 192.168.0.10 -Port 1883

ping -c 4 192.168.0.10
nc -vz 192.168.0.10 1883

3.3.3 IlepBrlii 3anyck 0e3 ABUKEHUS

HCpBBIﬁ TECT AOJDKCH TOJBKO IMOAKIIOYUTHBCA K KOHTPOJIJICPY H MOJYUYUTH TCICMCTPHIO.

HonyquI/Ie yYHOpaBJICHUA U KOMAaHbI IBUKCHUSA B 3TOM IPHUMEPE HEC UCIIOJIB3YIOTCA.
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import json

from sdk.errors import CommandTimeout, ConnectionError as SdkConnectionError,
SdkError

from sdk.manipulators.m13 import M13

ROBOT_HOST ="192.168.0.10"
CLIENT_ID = "m13-sdk-check-01"
LOGIN = "<login>"

PASSWORD = "<password>"

robot = M13(ROBOT_HOST, CLIENT_ID, LOGIN, PASSWORD)

try:
robot.connect()

cartesian = json.loads(robot.get_cartesian_coordinates(timeout_seconds=10.0))

joints = json.loads(robot.get_joint_state(timeout_seconds=10.0))

print("JlekapToBbl KOOpAMHATHL:", cartesian)

print("CycraBsl:", joints)

except SdkConnectionError as exc:
print(f"Omuoka nogxroueHus: {exc}")
except CommandTimeout as exc:
print(f"Taiim-ayT komaHabl: {exc}")
except SAKError as exc:
print(f"Ommbka SDK: {exc}")
finally:

robot.disconnect()

INpumeuanue — Meronsr get_cartesian_coordinates() u get_joint_state() BosBpaimator
JSON-ctpoku. [lmst goctyma k mojsiMm CTpoku mpeoOpasyrorcst pynkmuert json.loads(). Cocras
H0JIel 3aBHCUT OT BEPCHU KOHTPOJUIEPA; MPHUIIOKCHUE JIOJDKHO MPOBEPATh HAIMYHUE TPEOYEeMBbIX

KJIFOYEH.
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3.4 Mojaeib BBINOJTHEHUS KOMAH/T

B SDK npumenstorcs nsate Mojeneit BoizoBa. Cypdukc async caMm no cedbe He rapaHTHUPYET,
YTO METOJ SIBJISIETCS coroutine U MOXeT ObITh Hepenan omeparopy await. Mcnonb3yilte TOJIBKO
BapUaHTHl, SBHO NPHUBEACHHBIE B IOJIL30BATEIbCKOM clpaBoyHHKe. Omnucanue Mojenei
npecTaBieHo B Tabymiie 18.

Taomuna 18 — Onmcanue Moaeie BHI30BA

Mopean Kak pacno3narsb IloBenenue PexomMenganus
Cunxponnas | method(...) Otnpasnser KOMaHJy u | OCHOBHOM  BapHaHT
OJIOKMpYET TEeKyIIMid TOTOK JIO | s JIMHEHBIX
pe3ynbTara wiu Taitm-ayTa. CIICHApHEB.
Coroutine async def; o0ObuHO | BeI3bIBacTCs uepe3 await u He | Mcrons3oBaTh
* async await WM | OJIOKHPYET IUKIT asyncio. TOJILKO JJISI METOJIOB,
OTJICIIbHBIE ~ METOJbI SBHO  OTMEUYEHHBIX
*_async Kak coroutine.
OO0BeKT YacTtb MeTonoB | Co3maér HU3KOYPOBHEBBIN | J{i1s MPUKJIIAJTHOTO
KOMaH/IbI * async Bo3BpamaeT | 00bekT. OmepaTop await kK TakoMy | Koja
Command WIH | METOTy HETIPUMEHHM. IPEIOYTUTENCH
Promise CHHXPOHHBII 17001

coroutine-Bapuasr.

be3 oxxumanus | *_no_wait(...) Otnpagnset 3anpoc 6e3 oxunanus | [[pumenstes,  Korma
pe3yabTaTa BhITIOJHEHHUS. MIPUIIOKEHNE
CaMOCTOSITEILHO
KOHTPOJIUPYET
COCTOSIHUE 51
OIIINOKH.

IToTokoBas stream_* [lepenaér neneBbie 3HaueHus Oe3 | Tpebyer
MOJITBEPKICHUS KOKIOW TOUKH. | IPEABAPUTEIHLHOTO
BBIOOpa CEepBO-
pexxuma u
IIOCTOSTHHOM
nepeaayy TaHHbIX.

3.4.1 PexomeHayemMble mapbl MEeTOI0B

Jli1s BBIOOpa BapraHTa OJJHOTO IEUCTBUS JIsl TIOCTIEA0BATEILHOM MPOTrpaMMBbl, MPHIIOKEHHS
Ha asyncio Wiu OTIPaBKU 0e3 0KUIaHMsI pe3yIbTaTa BOCIOIb3yHTeCh JaHHBIMU, TIPUBECHHBIMU B
tabmune 19. He Bce onepanuu MMErOT MOJHBIA HA0Op BapHaHTOB, MOITOMY HMCIOJIB3YHTE TOJIBKO

(dakTHUecKH yKa3aHHBIC TapHbI.
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Tabnuma 19 — JlelicTBus 41 OCIEI0BATENBLHON TPOrPaMMBI

Onepanus CHHXPOHHBI MeTO Coroutine qis await be3 oxxupanus
[MTonyuutsb get_control() get_control_async_await() |get_control_no_wait()
yhIpaBJeHUE
JIBYoKEHME o | move_to_coordinates() | move_to_coordinates_asyn | move_to_coordinates_no_
KOOpIMHATaM c_await() wait()

JIBroKEHME no | move_to_angles() move_to_angles_async() move_to_angles_no_wait(
cyCcTaBam )
Promobot M13

OcTaHoOB ABMKECHUI

stop_movement()

stop_movement_async_awa

it()

stop_movement_no_wait(

)

3amyck  MpOrpaMMbl
10 UMEHU

run_program_by name

0

run_program_by name_asy
nc_await()

run_program_by name_n
0_wait()

3anyck Python-kona

run_python_program()

run_python_program_async
_await()

run_python_program_no_
wait()

Baxxno! Meronx move_to_angles async() sBmsercst coroutine. B oTmuume oT Hero

move to_coordinates_async() Bo3BpaiiaeT 00beKT KOMaHIbl U HE JIOJKEH BBI3BIBATHCS Uepe3 await.

JI71s1 KOOpIMHATHOTO JIBIXKEHUS TPUMEHANTE move to coordinates async await().

3.4.2

OO0mue napamerpsl

[TapameTpsl, ompenensionIue BpeMs OXHUIaHUsA, CIOCO0 OO0pabOTKU OMIMOKU U PEeXKUM

BBITIOJTHCHUSI W TIOBTOpsrolMecs Bo MHorux komanmax SDK omumcanbsl B Tabmuie 20. Ilepen

U3MEHEHHEM 3HAaYeHUN YYMUTHIBAlTE JJIUTENBHOCTh peadbHOM omepanud © TpeOoBaHUs

MMPUITOKCHHA K JTUArHOCTUKCE.

Tabnuua 20 — ITapameTpsl, onpeaensonme BpeMs 0’KUAaHus, Cnocod 00paboTKN OMMUOKHU U PEKUM

BBIITOJIHCHU A

IHapamerp

Ha3nauenue

timeout_seconds

MaxkcruManbHOE BpeMs 0KHJIaHUS pe3yJibTaTa KOMaH Ibl. 3HAYCHHE
M0 YMOJYaHHIO JIJIs1 OONBITUHCTBA METOA0B — 60 ¢

throw_error

[Tpu True ommOKka WM TalM-ayT HEepeAalOTCs MPUIIOKESHUIO
WCKIIFOYeHHEM. [[ns NpHKIagHBIX NPOrpaMM PEKOMEHIYETCs
coxpaHsiTh True

velocity_factor

velocity_scaling_factor

/| Koaddurment cxopoctu. st mepBBIX 3allyCKOB HCIOJB3YHTE
MHWHUMAJIbBHOC BAJIMIUPOBAHHOC 3HAYCHHUC
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IHapamerp Ha3nauenue

acceleration_scaling_factor /| Koo dpurment YCKOPEHHUSI. Jomken COOTBETCTBOBATH
acceleration_factor HACTPOMKaM M OrpaHUYCHUSM KOHKPETHOH yCTaHOBKU
enable_feedback Bxitouaer 00paboTKy NMpPOMEKYTOUYHBIX CTaTyCOB JIJISI METOIOB,

KOTOpBIE MTO/JIEPKUBAIOT OOPATHYIO CBSI3b

SDK 0.6.13 He nexiapupyeT MOTOKOOE30MacHOCTh MapallieIbHBIX KOMaHI. B pamkax
oHOTO 00bekTa M 13 cepuanu3zyiiTe KOMaH bl ABMXKEHUS U HE COUYETANTE OJTHOBPEMEHHO OOBIUHOE,
NO_Wwait- 1 MOTOKOBOE yIpaBJICHHE.

Baxno! Hcreuenue timeout seconds mpekpamiaeT OXHAAHUE pe3yibTaTa KIMEHTCKUM
NPWIOKEHUEM, HO caMo 1Mo cebe He MOATBEpKIaeT (PU3NYECKYI0 OCTaHOBKY jaBIKeHus. [locie
TaliM-ayTa 3allPOCUTE COCTOSHME M TEKYIIWE ONIMOKHU; NalbHEHUINNE NCHCTBHUS BBIMOJIHSINUTE IO
YTBEP)KIECHHOW TMpoIeaype, MpU HEOOXOAMMOCTH HCIIONB3Yysl MPOrPaMMHBIA WM amnmnapaTHbIN

OCTaHOB.

3.5 EnuHunbl n3MepeHusi U CTPYKTYPbI IaHHBIX

Enunannpel u3mepenus u GopMaThl, IPUMEHsIEMBIE B MOJIB30BaTENbcKOM HHTEpdeiice SDK
yKkazaHbl B Tabymie 21. Bce ncxoaHbie AaHHBIC CIICAYET MPUBECTH K YKA3aHHBIM CIUHUIAM JI0
dbopMupoBaHus 00BEKTOB KOMaH/ U OTIPABKU UX KOHTPOJUIEPY.

Tabnuua 21 — Eqununel usmepenus 1 popmaTsl, IpUMEHsIEMbIE B MOJIb30BaTENIbCKOM HHTEp(delice

SDK

Beauyuna Enunnna/gopmar

JlexkapTOBbl KOOPAUHATHI X, Y, Z METPbI

VYTl CycTaBoOB paavaHsbl

CkopocTu CycTaBoB paauaHel B CEKyHIY

OpueHTanus — KBaTepHUOH X, Y, Z, W; €INHUYHBI KBATEPHUOH

OpueHTanus — yrisl Diinepa IX, Iy, IZ; paJiiaHbl

GPI10-cnoBo L[eJI0€ 3HAUEHUE WM CTPOKOBas Macka B 3aBUCUMOCTH OT
MeTo/1a
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HpMMeanne — I[J'I)I ACKAPTOBLIX JIBHOKCHU I IMPUMCHAKOTCA MCTpPBI, paavaHbl H

equHuyHbI kBatepHUOH. Co3nanue win penaktupoBanne TCP uepe3 SDK 0.6.13 B nanHOM

paszfene He ONMCHIBAETCS, MOCKOJIbKY €IMHUIBI nojell Angles He 3aUKCHUpPOBaHbI IMyOJIUYHBIM

koHTpakToM. Hactpausaiite TCP B Promobot M Control u ucnionb3yi#ite SDK 1151 uTeHus u Beioopa

coxpanennoro TCP.

35.1 OcHOBHBIE KJIACCHI JAHHBIX

OcHOBHBIE KJIaCChI, U3 KOTOPBIX popMupyrorcs napametpsl asuxenust, TCP u unrepdeiicon

¢dnanma onucansl B Tabnuie 22. UMnoptupyiite Kjlacc U3 yKa3aHHOTO MOJYJISI U HE 3aMEHSITE ero

OJIHOMMEHHBIM KJ1accoM u3 apyroro ¢aiina SDK.

Tabmuia 22 — OcHOBHBIE KJIACCHI JaHHBIX

Kuaace HMmnoprt Hasnayenue
MoveCoordinatesParams | sdk.commands.move_coordinate |Ilo3umms X, y, z Ui KOOPAWHATHOTO
Position s_command JIBHKEHUS
MoveCoordinatesParams | sdk.commands.move_coordinate | Ksarepunon wim yriel Diepa s
Orientation s_command KOOPAUHATHOTO JBUKEHUS
PlannerType sdk.commands.move_coordinate | Tum tpaekropuu PTP wiu LIN

s_command

Position sdk.commands.data Mosummst mis TCP wu  pacumpeHHBIX
KOMAaH]]

TCPInfo sdk.commands.data Omnucanne coxpanennoro TCP

ManipulatorState sdk.utils.enums CocrosiHue KHU3HCHHOTO [IHKJTa
MaHHUITYJIITOpa

ServoControlType sdk.utils.enums PexxuM MoToKOBOTO ynpaBiIeHUs

3.6 IMosryuyeHue ynpaBJ/ieHUsl U NIePBbIii cLieHAPUI

Meroa connect() ycTraHaBiIMBaeT TPAHCHOPTHOE coenuHeHue. s KkomMaH[, W3MEHSIOMINX

COCTOAHHEC o6opy11013aH1/1$1, IIOCJIE€ TIOAKIIIOYCHU S H€O6XOJII/IMO 3alpOCUTH YIIPABJIICHUC METOAOM

get_control().

from sdk.manipulators.m13 import M13

ROBOT_HOST ="192.168.0.10"
CLIENT _ID = "m13-sdk-control-01"
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LOGIN = "<login>"
PASSWORD = "<password>"

robot = M13(ROBOT_HOST, CLIENT_ID, LOGIN, PASSWORD)

try:

robot.connect()

robot.get_control(timeout_seconds=10.0)

# HeneBaﬂ TOYKa JOJI?KHA OBITH BaJInAUpPOBaHa AJIA KOHerTHOﬁ YCTaHOBKH.

# He caumaiite KoMMeHTapHil 10 IpoBepKu paboueii 30HbI, TCP 1 mone3Hoii Harpy3Ku.

# robot.move _to_angles(

#
#
#
#

#)

spl, sp2, sp3, sp4, sp>5, spo6,
velocity factor=0.05,
acceleration_factor=0.05,
planner_id="PTP",

finally:

robot.disconnect()

Baxno! B mnpumepe komaHia IBWKEHHS 3aKOMMEHTHUPOBAHA HAMEpPEHHO. 3HA4Y€HUS

CyCTaBOB HEJb3sl CUNTATh YHUBEPCATBHONW O€30MaCHON TOUKOW: OHU JOJDKHBI OBITH TOJYYEHBI U3

YTBEPKIEHHOM KOH(PUTYpaluu KOHKPETHOTO pabouero Mecra.

3.7

3.7.1

JIBH:KeHHEe MAHUITYJIATOPA

J{Bukenue mo cycrapam (move_to_angles)

CycTaBHOE JBI)KEHUE 33J1aeT IIeJIEBhIE YIJIBI JJI1 BCEX IIecTH MpuBo0B Promobot M13 u

BBIIIOJIHACTCS C BI)I6paHHI)IMI/I KOB(i)(i)HHI/IGHTaMI/I CKOpPOCTHU U YCKOPCHHUS. Hepeﬂ HCIIOJIb30BaHUEM

3aMEHUTE 3HAYCHUS Ha MPOBEPEHHYIO KOH(UTYpaIHIo, TOTYyYUTe yIpaBICHUE MAHUITYIATOPOM U

Y6GJII/ITGCI), 4dTO TPACKTOPHUA HC HAPYIIACT OIrpaHNICHUA pa60qeﬁ 30HBI.

move_to_angles(spl, sp2, sp3, sp4, sp5, sp6, spl v=0.0, ..., sp6_v=0.0, velocity factor=0.1,

acceleration_factor=0.1, planner_id="PTP", timeout_seconds=60.0, throw_error=True) -> None
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[Tepememaer mects cyctaBoB Promobot M13 B 3amanHble yrioBbie TosiokeHUsA. CyCTaBbI
nepenaroTcs B mopsake shoulder_pan_joint, shoulder_lift_joint, elbow_joint, wrist_1_joint,
wrist_2_joint, wrist_3_joint.

[TapaMeTpbl KOMaH/IbI ONTMCAHBI B TaOIUIIE 23.

Tabnuma 23 — [lapaMeTpsl KOMaHIBI ABMXKEHUS IO CyCTaBaM

IMapamertp Onucanne
[IpenycnoBus VY CTaHOBIIEHO COEIMHEHUE, MOIYYEHO YINpaBICHHUE, IIPOBEPEHBI OIPAaHUYEHUS U
TpaeKTopus
Bo3sspamaemoe None rociie HoATBEPKAEHHOTO 3aBEPIIECHUS KOMaHIbl
3HaYEHUE
OcobenHoctn spl...sp6 3anmatorcs B panuanax; spl v...sp6 v — B paauaHax B CEKyHAY.
planner id B rekymem M 13 npumensieTcs kak cTpoka, 00braHo «PTP»

ACWHXPOHHBIN BapHaHT AJis aSYNCIO:

async def move_to validated_joint_target(
robot: M13,
target: tuple[float, float, float, float, float, float],
) -> None:
await robot.move_to_angles_async(
)
acceleration_factor=0.05,
velocity_factor=0.05,

*target,

3.7.2 JIBHKEeHHUe 10 1eKAPTOBbIM KOOPAUHATAM

JlekapTOBO ABMXKECHME 3aJacT LEIeBOE MojokeHue u opueHtauuro TCP oTHocuTEnbHO
paboueit cuctembl kKoopauHat. B mpumepe siBHO BbeiOupaercs miuaHupoBmuk LIN umm PTP;
KoopauHaThl, opueHTanusi, TCP u mosje3Has Harpy3ka JIOJDKHBI ObITh NMPOBEPEHBI A0 OTHPABKU

KOMAaH/IbI.
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from sdk.commands.move_coordinates_command import (
MoveCoordinatesParamsOrientation,
MoveCoordinatesParamsPosition,
PlannerType,

)

from sdk.manipulators.m13 import M13

robot = M13(""192.168.0.10", "m13-cartesian-01", "<login>", "<password>")

position = MoveCoordinatesParamsPosition(x=0.40, y=0.00, z=0.35)
orientation = MoveCoordinatesParamsOrientation.from_quaternion(
x=0.0, y=0.0, z=0.0, w=1.0

try:
robot.connect()

robot.get_control(timeout_seconds=10.0)

# Mcnonp3yiTe TOIBKO NOCIIE MPOBEPKHA TOUKHU U BCEU TPACKTOPHUH.
# robot.move_to_coordinates(

#  position=position,

orientation=orientation,

velocity_scaling_factor=0.05,

acceleration_scaling_factor=0.05,

H HF H

planner_type=PlannerType.LIN,
# timeout_seconds=30.0,

#)

finally:

robot.disconnect()
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[TapameTpbl KOMaH/IbI ONIMCAaHBI B TabuIle 24.

Tabmuna 24 — [TapameTpbl KOMaHABI ABMKCHHUS 110 JCKAPTOBBIM KOOpAMHATAM

Ils1aHupoBIIUK Ha3nauenue
PlannerType.LIN JIuneitnoe nepememienne TCP B nekapToBOM NpOCTPaHCTBE
PlannerType.PTP [lepememienne K 1LENEBOM I1103€ 1O TPAEKTOPUHU, PACCUUTHIBAEMOM
IUTAHUPOBIIHUKOM CyCTaBOB

IIpumeuanune — daktuueckoe 3HaueHue planner type mo ymomyanuto B SDK 0.6.13 —
PlannerType.LIN. B mnpou3BOJACTBEHHOM KOJ€ PEKOMEHIyeTCsS Bcerjga IiepeaaBaTh THII

IIAHWPOBIIWKA SIBHO.

3.7.3 ACHHXPOHHOE KOOPAMHATHOE IBUKEHHE

ACUHXpOHHBI BapHaHT NPUMEHSETCA B MPWIOKEHHSIX Ha asyncio, KOrja BO Bpems
OXKHJIaHUS 3aBEpIICHUS JBIDKCHHS TOJDKHBI 00pabaThIBaThbes Apyrue 3amaud. Jns oxumgaHus
pe3ynbrara UCIIOJIb3YHTE UMEHHO move_to_coordinates_async_await(); METO/T

move to coordinates async() Bo3BpalaeT 0ObeKT KOMaH/Ibl M HE SIBJSIETCA coroutine.

import asyncio

from sdk.commands.move_coordinates_command import (
MoveCoordinatesParamsOrientation,
MoveCoordinatesParamsPosition,
PlannerType,

)

from sdk.manipulators.m13 import M13

async def main() -> None:
robot = M13(""192.168.0.10", "m13-async-01", "<login>", "<password>")
try:
await robot.connect_async()

await robot.get_control_async_await(timeout_seconds=10.0)

position = MoveCoordinatesParamsPosition(0.40, 0.00, 0.35)

orientation = MoveCoordinatesParamsOrientation.from_quaternion(0.0, 0.0, 0.0, 1.0)
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# CHMMaliTe KOMMEHTAapUH TOJIBKO JIJIsl IPOBEPEHHBIX TOUYKH U TPAEKTOPHUHU.

# await robot.move_to_coordinates_async_await(

#  position,

# orientation,

# velocity_scaling_factor=0.05,

# acceleration_scaling_factor=0.05,

# planner_type=PlannerType.LIN,

#)
finally:

robot.disconnect()

if _name_ ==" main_":

asyncio.run(main())

3.7.4 OcTaHoB IBMKEHUSA

I[OCTYHHI)IC BAapHUaHTBI HpOFpaMMHOﬁ KOMaHJbl OCTaHOBa MW HUX MOACIb OXHIAAHHA

pe3yibTara CpaBHUBAIOTCS B Tabmuie 25. DTU METONbl MpeaHA3HAYEHBI IS YNPaBICHUS

nporpaMMOi M HE 3aMEHSIIOT aBapuiiHbli octaHoB, STO u apyrue amnmapaTHble (QYHKIIUU

0€30I1aCHOCTH.

Tabnuna 25 — BapuaHnThl mporpaMMHO KOMaH]IbI OCTAHOBA M UX MOJIETb OKUIAHUS pe3yIbTaTa

Meton

Ha3nauyenune

stop_movement()

OTnpaisieT IpOrpaMMHYIO0 KOMaHIy OCTaHOBA U OKUJIA€T OTBET

await
stop_movement_async_await()

Coroutine-BapuaHT MPOrpaMMHOTO OCTAHOBA

stop_movement_no_wait()

Otnpaensier koMaHy 0e3 0XXHaHus pe3yJbTaTa

3.75 PacuupeHHble ABUKEHUSA

Cnenuanu3upoBaHHbIE CIIOCOOBI IBMKEHUS, KOTOPbIe HE TPeOYIOTCS I MEePBOTo 3amycKa

npencraBiaeHsl B Tabaune 26. Ilepen mnpuMeHeHueM HEOOXOAUMO MPOBEPUTH T'E€OMETPHUIO

TPACKTOPpHH, COBMCCTUMOCTD UCITOJIb3YCMbIX KJIIACCOB JIAHHBIX U OTPAHUYCHUA KOHKpGTHOfI BEpCHUHU

KOHTpOJLIEpa.
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Tabnuna 26 — Cenuam3upoBaHHbIE CTIOCOOBI JIBYKCHHUS

CemeiicTBO Hasnayenue IIpumeyanue
arc_motion* JBmxenue mno gyre uepes | s moxeneit Pose uMIopTupoBaTh Kiacchl U3
IEJICBYIO M [IEHTpasIbHY0 o3kl | SdK.commands.arc_motion. [Tepen

IIPUMEHEHUEM IIPOBEPUTH T'€OMETPUIO JYTH

paletizing_movement | [Tayjutetusupytomiee nsumxenue ¢ | Ums metoma B SDK  0.6.13  comepxut
* JUCKPETU3ALMEN TPAaeKTOPUU HalucaHue paletizing. Hcnonb3oBate
CHHXPOHHBIH paletizing movement()

move_group™ Boimonnenue rpymnmbel Todyek B | PacmiupeHHBI HHTEpdeiic; Bce OOMYyCKU H
JIEKApTOBOM  WJIM  CYCTaBHOM | paInyC CIJIQXKMBAHUS 33]]aBaTh SIBHO
MpPE/ICTaBICHUH
3.8 CocTosiHuEe M TMATHOCTHKA

Metonel B Tabmuie 27 TO3BOJSIOT IMONYYUTh TEKYIIYIO I03Y, COCTOSHHE CYCTaBOB,
JIOMAIITHEe MOJIOKEHUE, OMMOKUA M COCTOSIHUE MAHUITYJISITOpa. UTeHHEe COCTOSHUSI PEKOMEHIyEeTCs
BBITIOJIHSTH TIEPET IBHYKEHUEM U TIOCJI€ TaliM-ayTa UM OTKa3a KOMaH/IbI.

Tabmuna 27 — MeToIpI YTCHHSI TEKYIICH MTO36I, YTIIOB CYCTAaBOB, COCTOSIHHS, OIIMOOK M JOMAIITHETO

TIOJIOXKEHUS
Merton PesyabTatr IIpumenenne
get_cartesian_coordinates() | JSON-ctpoka Teky1as qekapToBa mosa
get_joint_state() JSON-cTpoka TekyIue MoJ0XKEHHS U COCTOSTHHE CYyCTaBOB
get_home_position() dict JlomariiHee — TOJIOKEHHWE,  TOJyY€HHOE  OT
KOHTpoOJLIepa
get_current_errors() JaHHble OIMUOKK WM | TekyIue TMarHOCTUIECKHE COOOIICHHS
None
get_cobot_state() uaeHTUUKaTop/3Haue | Tekylee COCTOSIHIE MaHHITYJIATOpa
HHUEC COCTOSIHUA WU
None
tcp_get_current() TCPInfo AKXTHBHAsI CHCTEMa KOOPIMHAT HHCTPYMEHTA
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import json

joints = json.loads(robot.get_joint_state())
coordinates = json.loads(robot.get_cartesian_coordinates())
errors = robot.get_current_errors()

state = robot.get_cobot_state()

print(joints)
print(coordinates)
print(errors)

print(state)

IIpumeuanune — B nons3oBarenbckoM API SDK 0.6.13 nma cocTossHUS MaHUITYJATOpa
MOJ/IJICPKUBAETCS CHHXPOHHBIA MeToJ get cobot state(). Meron get cobot state async await() B
PYKOBOJICTBO HE BKJIIOUEH. B MpuiiokeHUU asyncio CHHXPOHHBIM BBI30B MOKHO BBIMIOJHUTH Yepe3

asyncio.to_thread().

3.9 TCP u uHCTpyMEHT

TCP omnpenensier pabouyio TOYKY HWHCTpPyMEHTa OTHOCHTENbHO ¢uanina. Co3maBaiiTe u
penaktupyiite TCP B Promobot M Control, rae qoctynssl npoBepka reoMeTpun U eauHmIl. Yepes
SDK pekomenayercsa uutath cnucok TCP, momywyats axktuBHbi TCP u BbeIOMpaTh paHee

COXPaHEHHYIO0 KOH(PHUTYpaIIUIO.
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from sdk.manipulators.m13 import M13

robot = M13(""192.168.0.10", "m13-tcp-01", "<login>", "<password>")

try:
robot.connect()
robot.get_control()

tcps, current_name = robot.tcp_get_list()
print("Texymmit TCP:", current name)
for tcp in tcps:

print(tcp)

# BeiOupaiite Tosbko panee npoBepenHsiii TCP.
# robot.tcp_apply(*“tool_1")

finally:
robot.disconnect()

Metoasl TCP omncansl B Tabnuiie 28.

Taomuna 28 — Meroaer TCP

Merton Ha3nayenue
tcp_apply() BriOpate coxpanéunbiii TCP
tcp_delete() Ynanure TCP. Tlpu ynanenun axtuBHoro TCP TpeOyeTcst omnpeaeinTh

reset_current/apply_other

tcp_get_current() [Tonmyuuts aktuBHbIH TCP kax TCPInfo

tcp_get_list() [Tomyuuts cnucok TCP u ums nocneanero npumeHeHHoro TCP

Ipumeuyanue — [Ipumensiire tcp_apply() Toasko k TCP, co3manHOMy 1 IPOBEPEHHOMY B
Promobot M Control. Y ganenue aktuHoro TCP BbINOTHSANTE TOJNBKO MPU HATMYUH YTBEPKICHHOM

npoleaypsl BeIOOpa, 3amerniatomiero TCP.
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3.10 GPIO, Bbixoabl 1 uHTepdeiickl giaHna

3.10.1 Pa6ora ¢ umenoBanubiM GPI1O-pecypcom

NwmenoBannelii GPIO-pecypc mno3BosisieT 4yuTaTh WJIM H3MEHSITh KOHKPETHBIA CHUTHAI
KOHTpOJIepa IO €ro CUCTEMHOMY MMEHH. llepen 3amuchlo yTOUHHTE aKTyallbHOE MMs pecypca,
HalpaBlieHHE CUTHAJIA U JIOMyCTUMBIN (popMaT 3HAYCHUS JUIs UCTIOIBb3yeMoi Bepcuu Promobot M

Control.

from sdk.manipulators.m13 import M13

robot = M13(""192.168.0.10", "m13-gpio-01", "<login>", "<password>")
GPIO_RESOURCE = "safety/digital ports/digital _outputs/value"

try:
robot.connect()

robot.get_control()

# 3anuch BKIIFOYAWTE TOJIBKO JUIsl IPOBEPEHHOIO pecypca U MOAKIOYEHHOW HAarpy3KH.
# robot.write_gpio(GPIO_RESOURCE, 1)
value = robot.get_gpio_value(GPIO_RESOURCE)
print("3nauenue GPI1O:", value)
finally:

robot.disconnect()

Ba:kno! ViMeHa pecypcoB 3aBHCSAT OT BEPCUHU KOHTpoJUIepa U KoHpuUrypamuu Promobot M
Control. Tlepen 3anuckio MONy4YUTE YTBEPKIACHHBIN MepeueHb PECypcoB KOHKpETHOro u3nenus. He

NEepEeHOCHUTE UMEHA U3 IPUMepa Ha APYTYI0 KOHQUTYpaLnio 6€3 IPOBEPKH.

3.10.2 IloOuTOoBasi U MacoyHasi padora

Paznuune Mexay onepamnusiMu ¢ OTIASTBHBIM OUTOM M 3aIUCHIO WIIM YTEHUEM TTOJTHOM MacKH
GPIO oto6paxeno B tabmure 29. Homep Oura, pa3psaHOCTh MACKH M JOMYCTUMbIE 3HAUCHUS

JOJDKHBI COOTBCTCTBOBATH KOHKPETHOMY UMCHOBAHHOMY PCCYPCY KOHTPOJLICPA.
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Tabnuna 29 — Paznuune Mex 1y oneparusMu ¢ OTASTbHBIM OUTOM U 3aIUCHIO WU YTCHUEM TTOJIHOM

macku GPIO

Metona IMapameTp 3HaYeHMsI Pe3yabTar
write_gpio_bit(name, value) 0 nmm 1 3anuchIBaeT OTACILHOE 3HAUCHUE
get_gpio_bit(name) — BosBpamiaer 3nadenue win None
set_gpio_on_mask(name, CrpokoBasi Macka B 3anuceIBacT MacKy
value_mask) dbopmare KOHTpOJIEPa
get_gpio_mask(name) — BosBpamaer mask value kak str wim

None
3.10.3 Amnanorossblie, nugpossie u 12C-BbIX0abI

HuskoypoBHeBbIe cocoObl ympaBieHus: Bbixonamu U uHtepdeiicom [2C nepednciens B
tabnuie 30. DnekTpuuecKkue Juana3oHbl, aipeca KaHAIOB U JI0MyCTUMbIE HATPY3KU OMPEEIISIFOTCS
annapatHoi KoHpurypanueit M13 u noaxkIr04eHHOro 000py10BaHUS.

Tabnuna 30 — HuskoypoBHEBBIE criOcOObI yIipaBieHusl BbixoaaMu U uaTepdeiicom 12C

Merton Ha3nayenue Orpannuenue
write_analog_output(chann | 3amucs sgayenud | Kanai, emMHMIbLI W [OMANa3oH JOJKHBI
el, value) AHAJIOTOBOTO BBHIXO1A COOTBETCTBOBATH pazzaeny PD o

AJIEKTPUUYECKUM HHTepdeiicaM KOHKPETHOM
koMmIuiekTanuu. He ucnons3yiire meron 6e3
MOJTBEPKIEHHON KapThl KAHAIOB

write_digital_output(chann | 3amuch True/False B | HoMmep kaHamna J0mKeH ObITh COMOCTABJICH C
el, value) U(PPOBON BBIXO/] buznIecKkuM BBIXOJIOM DO B
JOKYMCHTAllMK  KOHKPETHOH  Bepcuu

KOHTpOJUIepa
write_i2c(name, value) [lepenaua nenoro 3nadenus B | Umst  pecypca, ¢opmat wu aapecanus
umeHoBaHHbII [2C-pecype OIIPE/ICIISAIOTCS KOH(HTyparmeit
KOHTpOJUIepa u TIOIKJTFOYCHHBIM

YCTPOMCTBOM

3.10.4 daaner

Wutepdeiicel ¢uaHna HUCHONB3YIOTCS Ui HACTPOWKH IH(PPOBBIX BHIBOJOB W IMHTAHUS
IOAKIIOYEHHOIO0 HHCTpYyMeEHTa. [lepen BbIIOIHEHHEM IpUMEpPaA IPOBEPLTE HA3HAYEHUE KOHTAKTOB,

THUIT BbIXO/J4, JOIMTYCTUMOC HAITPAKCHUC U SJICKTPHUICCKUC XAPAKTCPUCTUKH BHCITHCTO yCTpOﬁCTBa.
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from sdk.commands.data import FlangePinName, OutputType, VPWRType

from sdk.manipulators.m13 import M13

robot = M13("192.168.0.10", "m13-flange-01", "<login>", "<password>")

try:
robot.connect()

robot.get_control()

# U3smenenue PCKHUMaA U ITUTAHUA BBITIOJHSMTE TOJILKO JJIsA HpOBCpeHHOI\/'I CXCMBEI.
# robot.configure_flange_dout(

# pin_name=FlangePinName.GADGETS5,

# output_type=OutputType.PushPull,

#)

# robot.configure_flange_vpwr(VPWRTYype.\VV24)

result, output_type, voltage level, value = robot.get_flange_dout(
FlangePinName.GADGET5

)

print(result, output_type, voltage level, value)
finally:

robot.disconnect()

3HaueHus AJi1 HaCTPOUKH LIU(PPOBBIX BHIBOJAOB ONUCaHbI B Tabnuie 31.

Tabnuua 31 — 3HaueHust 1St HACTPONKHU U(PPOBBIX BHIBOJIOB

IHepeuncienue JdomycTumMble 3HAYEHUS
FlangePinName GADGETS5, GADGET®6
OutputType OpenSource, OpenDrain, PushPull
VoltageLevel V12, V24, NONE
VPWRTYype GND, V12,Vv24
BoardName SAFETY, GADGET, FLANGE
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Ba:xno! V3MeHeHue pexumMa BbIX0Ja WIKM HANpPsDKEHUs (uiaHIa AO0IMyCKaeTcs TOJNbKO MpU
COBMECTUMOCTH C TMOAKIIOYEHHBIM oOopymoBanueM. OmuboyHass KOHPHUTyparusi MOXKET

MOBPEJIUTHh BHEIIHEE YCTPOMCTBO.

3.11 3anmyck mporpamMmm

3.11.1 3amyck coxpaHeHHOIl IPOrpaMMbl

MeTton 3amyckaeT MporpaMMmy, 3apaHee COXpaHEHHYI0 W TpoBepeHHyio B Promobot
M Control. B kome HEoOX0IMMO yKa3aThb TOYHOE HMs MPOrPpaMMbI, CYIICCTBYIONIEE Ha

KOHTPOJIICPEC, IICPCO 3aIlYCKOM IIPUIIOKCHHUC YCTAHABINBACT COCIMHCHNC U I1I0JIYYACT YIIPABJICHHC.

from sdk.manipulators.m13 import M13

robot = M13("192.168.0.10", "m13-program-01", "<login>", "<password>")
PROGRAM_NAME = "m13/<program_name>"

try:

robot.connect()

robot.get_control()

robot.run_program_by name(PROGRAM_NAME, timeout_seconds=300.0)
finally:

robot.disconnect()

Wmst TOIKHO COOTBETCTBOBATH Iporpamme, cymectBytomieii B Promobot M Control. Ctpoka
m13/<program_name> B npuMepe o0o3HavaeT Gpopmat 1 JoJHa ObITh 3aMeHEHa Ha aKTUYeCKoe

UMs IPOTPAMMBL.

3.11.2 3anyck JSON-nporpamMmmsl

Meton run_program_json(name, program_json) npunumaet cioBapb Python. Crtpykrypa
JSON nomxkHa OBITH CHOpMUpOBAHA WM IKCIOPTUPOBaHA COBMECTUMOHM Bepcueit Promobot
M Control. PykoBoncTBo He 3amaer yHuBepcaibHyr cxemMy JSON, MOCKOJBbKY OHa SIBISETCS

9acTeio (hopMara mporpamMM KOHTPOJLIEpa.
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import json

from pathlib import Path

program = json.loads(Path("program.json™).read_text(encoding="utf-8"))

robot.run_program_json(*"program_1", program, timeout_seconds=300.0)

3.11.3 3anyck Python-kona Ha KOHTpoJLIEpe

Meton mnepemaer TekcT Python-mporpammel KOHTpoJIEpyY W O0XHIAET 3aBEpLUCHUS
BBINIOJIHEHUS. VICnonb3yiTe TOJBKO JTOBEPEHHBIM KOJ M3 KOHTPOJIUpyeMoro pemnoszutropus. He
neperaBaiiTe MOJb30BAaTEIbCKUN BBOJA HANpPSIMyl0, HE YyCTaHABIMBANTe HEIPOBEPEHHBIE
3aBHUCHMOCTH M 3apaHee 3ajJaBaiiTe JocTaTouHbIi timeout seconds. JlOCTymHOCTh MAaKETOB U

OTpaHUYEHUS BHITIOIHEHHUS OTIPENIEISAIOTCS KOH(pUTYypaIueil KOHTpoIuiepa.

from sdk.manipulators.m13 import M13

robot = M13(""192.168.0.10", "m13-python-program-01", "<login>", "<password>")

try:
robot.connect()
robot.get_control()
robot.run_python_program(
python_code="print('"Hello from M13!")",
python_version="3.12",
requirements=[],
)
finally:

robot.disconnect()

Baxkno! run python program() BwImoiHsSeT Koa Ha KoHTposuiepe. I[Ipumensiite meton
TOJIbKO TIPY HAJIMYUU PA3PEILICHUs, YTBEPKICHHOTO MEPEUHs] 3aBUCUMOCTEH, )KypHAIUPOBaHUS U

nmponcaypbl BOCCTAHOBJICHHA KOHTPOJIIICpA.
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3.12 IloTokoBOE ynpaBJieHue

[ToTokOBBIC METO Bl TPUMEHSIOTCS JJIs TTOCIEAOBATEIIBHOM Mepeadyu eICBBIX MOJI0KCHUN
WK cKopocTei. OHU HE 0KUIAIOT MOATBEPKACHUS KaXKIOH TOUYKH U TPEOYIOT HEMTPEPHIBHOTO IIUKJIA
yIpaBJICHUS, KOHTPOJS CBS3M W 3apaHee ONPEICIICHHOW peakIMH Ha MpPeKpalieHue IOTOKa.
[ToaTBeprkaCHNE KOMaHIbI BHIOOpA CEPBO-PEKHMMA O3HAYACT OTHPABKY KOMaHJbI KOHTPOJUICPY;
nepesi Ha4ajJoM TIOTOKAa IMPHIIOKEHUE IODKHO MPOBEPUTH (DAKTHUYCCKYIO PEAKIIMIO CHUCTEMBI B
UCTIBITAHHOM CIICHAPHH:

a) TOJKIIOYUTHCS U TIOJTYYUTh YIIPABICHHCE;

6) BoeIOpath pexxum JOINT JOG, TWIST unu POSE,;

B) BKIIIOUHTH IOTOKOBBIN peKUM MeT0I0M enable servo_streaming(True);

r) TMepenaBaTh TOYKHU C MOCTOSHHBIM NIEPUOJIOM, YCTAHOBJICHHBIM ITPOSKTOM,;

n) B Onoke finally BBIKITIOUUTH MOTOKOBBIN PEXXUM U Pa30pBaTh COCAMHEHUE.

import time

from sdk.manipulators.m13 import M13

robot = M13("192.168.0.10", "m13-stream-01", "<login>", "<password>")

try:
robot.connect()
robot.get_control()
robot.set_servo_joint_jog_mode()

robot.enable_servo_streaming(True)

# Crincok JoyKeH ObITh CPOPMUPOBAH MPHUIIOKEHUEM U3 BAJHIUPOBAHHBIX TOUEK.

validated_points: list[tuple[float, float, float, float, float, float]] = []

for point in validated_points:
robot.stream_joint_angles(*point)
time.sleep(0.1)
finally:
robot.enable_servo_streaming(False)

robot.disconnect()
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[TorokoBBIE METOABI ONTMCAHBI B Ta0IUIE 32.

Tabmuia 32 — [TorokoBBIE METOIBI

Meton IlepenaBaemblie 1aHHbIE
stream_joint_angles() [Iects yrioB Promobot M13 u mects ckopocTeit
stream_joint_positions() CroBapu positions u velocities ¢ *UMCHaMHU CyCTaBOB
stream_cartesian_velocities() CroBapy JTMHEHHON U YIIIOBOM CKOPOCTH
stream_coordinates() [Mo3unwms u opuentarus TCP

IIpumeuyanue —Yacrora 10 ['m B npumepe 1EMOHCTPUPYET TOJIBKO MEXaHU3M BBI30BA U HE
ABIIA€TCA TpeOoBaHUEM cucTeMbl. Pabounii mepnoa, 10MyCTUMBIN MPONMYCK MMaKETOB U MOBEICHUE
OpU MPEKpalleHUuN IMOTOKA JOJDKHBI OBITH OIpPENENCHbl W MCIBITAHBI B MPOEKTE KOHKPETHOTO

IMPUITOKCHHA.

3.13 CocTosiHNSI M IPOTPAMMHBII OCTAHOB

Mertoasl HUXKE MIPeHA3HAYCHBI IJIs1 YTCHUS] U U3MEHEHUSI COCTOSIHUS KU3HEHHOTO IUKJIA U
JUTSE IpOrpaMMHOTO octaHoBa. Mcrmonb3yiite change state() Toibko B mepexojax, pa3perieHHbIX
KOHTPOJIJIEPOM U JKCIUTyaTallMOHHOM TMporeaypoil. stop movement() He siBhseTcs (QyHKIueEH
GbyHKIIMOHAIEHOM 0€30MacHOCTH U HE 3aMEHsIeT aBapuiiHbIi octaHoB win STO.

MeTobl yIipaBJI€HHsI COCTOSIHUEM H MPOTPAaMMHBIM OCTAaHOBOM OIMCAaHBI B Tabnuiie 33.

Ta6muia 33 — MeTo/b! yrpaBieHUsI COCTOSSHUEM M MPOTPaMMHBIM OCTaHOBOM

Merton Ha3nayenue YpoBeHb NpUMEHEHHUA
change_state(state) H3meHnuTH COCTOSIHHE yepes | Tobko B pa3pelIeHHBIX
ManipulatorState. nepexo1ax KU3HEHHOT O IHUKJIA.
get_cobot_state() [ToayuuTh TEKyIee COCTOSIHHE [Tonp30BaTEIBCKHI METO/
stop_movement() [Iporpammuo  octaHOBUTH Tekymiee | He 3amensier safety-pyHkimm
JIBIDKCHUE

[Tepeuncnenne ManipulatorState comepuUT HACHTU(PUKATOPHI COCTOSHUN >KHU3HEHHOTO
mukiaa SDK. Ono He 3amaer rpad IOMyCTUMBIX TMEPEXOJOB: Iepes BbI30BOM change state()
IPOBEPHTE TEKYIEE COCTOSTHUE, TEKYIIHE OMMOKY U Pa3pelIeHHBIN epexo 1 st Bepcuu Promobot
M Control, ycraHoBieHHOM Ha KoHTpoiuiepe. Mumentudukaropsl cocrosauii ManipulatorState

nepeyvrciieHsl B Tadnuie 34.
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Tabmuna 34 — CocrossHust ManipulatorState

ManipulatorState 3HauyeHue
UNKNOWN HewusBecTtHOE cocTosiHME
UNCONFIGURED He nactpoen
INACTIVE Heaktusen
ACTIVE AKTUBEH
FINALIZED 3aBepiieH
PAUSED [Tay3a
CONFIGURING Hacrpoiika
CLEANING_UP Ouuctka
SHUTTING_DOWN BrixmroueHue
ACTIVATING AxTuBanys
DEACTIVATING JeaktuBarus
ERROR_PROCESSING O6paboTka ommnoKu
PAUSING [lepexon B may3y
RESUMING Bo3o6HoBnenue

IIpumeuyanue - Ilepeuncienue otrpaxkaer wuueHtuduxkatopel SDK, HO He 3amaer

paspeiieHHbI Tpad mepexoqoB. JomycTUMbIE Mepexonbl JIOHKHBI COOTBETCTBOBATH JIOTHKE

TEKYyLIEH BEPCUU KOHTPOJUIEPA U DKCIUTYaTallMOHHOW MPOLeaype.

3.14 CoObITHA M TOANUCKH

CoObITHSI TIO3BOJIAIOT MOTyYaTh OOHOBIIEHUSI 0€3 MEePUOIMYECKOTO BBI30Ba getter-MeTo/10B.
O06paboTuuku ciaeayeT perucTpupoBarh nocie connect(), uroosl moamucka MQTT co3gaBanack

PN aKTUBHOM COCAMHCHHWU.
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import time

from sdk.manipulators.m13 import M13

robot = M13("192.168.0.10", "m13-events-01", "<login>", "<password>")

try:
robot.connect()

@robot.on_joint_states()
def handle_joint_states(data: dict) -> None:

print("Joint states:", data)

@robot.on_hardware_error()
def handle_hardware_error(data: dict) -> None:

print(""Hardware error:", data)

time.sleep(10.0)
finally:
robot.clear_all_handlers()

robot.disconnect()

JlekopaTopbl PErUCTPUPYIOT 00paOOTYMK COOBITHS IIOCIE YCTAHOBJICHUS COCIMHCHUS.
O6paboTuuk JOMKEH OBICTPO 3aBEPIIATHCS U HE BBIMOJIHATH OJIOKUPYIOIINE KOMAH bl JIBHKEHUS,
JUINTENbHYI0 00paboTKy mepenaBaiite B odepenb npuioxenus. llepex disconnect() ynmamurte
obOpaboTturku metosiom clear all handlers() wim oTnummTech OT OTACIBHBIX TOTTHKOB.

CoObITHS M IEKOPATOPHI MOMUCKU TIEPEUHCIICHBI B Ta0IuIe 35.

Tabnuna 35 — CoObITHS U IEKOPATOPHI TOAMUCKU

Jexopartop Tonuk/codbiTHE
on_coordinates() Tekyiue KOOpIUHATHI
on_joint_states() CoCTOSsIHHSI CyCTAaBOB
on_gpio_states() Cocrostnus GP1O
on_hardware_state() CocrosiHHE anmapaTHON 4YacTh
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JexopaTtop Tonuk/codbiTHE
on_hardware_error() AmmaparHble OIIHOKH
on_coordinate_limits() KoopauHaTHBIC OrpaHHYCHHS
on_gamepad_info() JlaHHBIE YCTPONCTBA PYYHOI'O YIIPABICHHS
on_manipulator_info() OO6mast nH(pOpMAaIHSI MAHHUITYJIATOPA

AJbTepHATHBHO MOXXHO Tmepenarb (QyHkmuo Meromamu  Set_coordinates_handler(),
set_joint_states_handler(), set gpio_states handler() u apyrumu set * handler(). [dns cusaTus
noanucku npumenstorces  unsubscribe _from_topic(), unsubscribe from_streaming_topics() u

clear_all_handlers().

3.15 Modbus RTU u RS-485

NuTtepdeiic Modbus RTU npennasHaueH i KOHQUTypUpPOBaHHs YCTPOUCTB Ha IMHUU RS-
485 v momy4eHus pe3ynbTaToB onpoca. [lapamMeTpsl THHAH, aipec BEAOMOTO YCTPOHCTBA, (DYHKIIHH,
aJpeca pETUCTPOB, TOPSAOK OaTOB MW MacmTaOMPOBAaHUE JIOJDKHBI COOTBETCTBOBATh

JOKYMEHTAIUU TTOKIFOYEHHOTO 000PY/I0BaHMUS.

111-30



import time

from sdk.commands.modbus_command import ModbusSignal

from sdk.manipulators.m13 import M13

robot = M13("192.168.0.10", "m13-modbus-01", "<login>", "<password>")
SLAVE_ID=1

try:
robot.connect()

robot.get_control()

signals = [ModbusSignal.holding_registers(address=12, count=2, poll_ms=200)]
robot.modbus_add_device(SLAVE_ID, "device 1", signals)
robot.modbus_toggle_polling(True)

time.sleep(1.0)
print(robot.last_ modbus_data)
finally:
try:
robot.modbus_toggle polling(False)
robot.modbus_remove_device(SLAVE_ID)
finally:

robot.disconnect()

Metoapl Tabnuibl ynpaBisitoT oOmieil koHurypauuein Modbus, cnuckoM YCTpPONCTB U
UKIAYECKUM ompocoM. Ilepen moGaBneHMEM yCTpOWCTBa OCTAHOBHTE OINPOC, TPOBEPHTE
yHHKaIbHOCTD slave id u copmupyiite curnansr ModbusSignal mo kapte peructpoB. Pesynprar
MOCJICTHETO KOPPEKTHO pa300paHHOTO OTBETa JOCTyIeH B robot.last modbus data kak cioBaph ¢

nosisimu type, slave id u values mu6o kak None 70 moiry4eHusl TaHHBIX.
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Metoast Modbus RTU onmcansr B Tabnuiie 36.
Tab6auma 36 — Meroast Modbus RTU

Meton Ha3znauenmune
modbus_set_parameters(params) [epenats mapamMeTpsl MOCICIOBATEIBHOMN JHHUN U OIIPOCa
modbus_add_device(slave_id, name, | Jlo6aBUTh yCTPONCTBO U CITUCOK CUTHAJIOB
signals)
modbus_remove_device(slave_id) VY 1aauTh ycTpoicTBO
modbus_list_devices() ITomy4YuTh CIIUCOK YCTPOMCTB
modbus_toggle_polling(enable) BKIIFOYHTH WK BBIKITIOYMTD OIPOC

3.15.1 ®opmuposanue curiajos ModbusSignal

®abpuunbie MeTONbI (OopMUPYIOT omucaHue orepanuun Modbus: kon ¢GyHKIWHU, aapec,
KOJIMYECTBO PETUCTPOB U MEPHUOJI onpoca. BeiOupaiiTe METOI B COOTBETCTBUM C KapTOM PETUCTPOB
YCTpOICTBA U MPOBEPSIITE TOMYCTUMBIE ajipeca v (popmaT nepeaBaeMbIX JaHHBIX.

®abpuuHbIe METOABI ONTMCAHBI B Ta0wuIe 37.

Ta6mmma 37 — ®abpuyHbIe METOIBI

Dadpu4HbIi MeTo] Ha3nayenue
holding_registers(address, count, poll_ms) UYrenue holding-peructpos, pynkmums 0x03
input_registers(address, count, poll_ms) Yrenue input-peructpos, Gpynkius 0x04
coils(address, count, poll_ms) Yrenwue coils, pynkims 0x01
discrete_inputs(address, count, poll_ms) YreHue TUCKPETHBIX BXO0B, GyHKIHs 0x02
write_single_coil(address, value) 3anuck oHOM KaTymiku, pyHkius 0x05
write_single_register(address, value) 3amuck OAHOTO peructpa, Gyrkius 0x06
write_multiple_coils(...) 3anuch HECKOIBKUX Karyirek, Gyaknus 0x0F
write_multiple_registers(...) 3anuch HECKOJNBKUX PErucTpoB, pyHkims 0x10
mask_write_register(...) MackupoBanHas 3anuch, GpyHkius 0x16
read_write_multiple_registers(...) CoBMerni€HHOe YTeHue U 3anuch, pyuakuus 0x17
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Baxno! 3nauenus address, count, value u snemeHnTsI data 1OJKHBI ONIaAaTh B AUAa30HbI,
pa3peuIeHHble MOAKIIOYEHHBIM ycTpoiictBoM. SDK ¢dopmupyer ommcanue omnepanuu, HO He
IIPOBEPSIET CMBICI aJPECOB, MOPSAJOK CIOB U KOIPPHUIMEHTH MACIITAOMPOBAHUS KOHKPETHOIO

npubdopa.

3.16 JlomoJIHUTe/IbHbIE YCTPOIiCTBa

Mertoasl I OMIIMOHAIBHBIX YCTPONCTB U IMOJCUCTEM, KOTOPBIE MOTYT OTCYTCTBOBAaTh B
KOHKpETHOW KoMmruiekTanmu Promobot MI13 ommcaner B Tabmume 38. HMcmombsyiiTe
COOTBETCTBYIOIIIEE CEMEHCTBO TOJIBKO MMOCTIE MPOBEPKH HAMHYMs 000PYyI0BaHHMS, €0 HACTPOUKHU U
MOJAEP>KKH TEKYILIEH BEPCUEH KOHTPOJLIEPA.

Ta6mmma 38 — MeTos! it ONITMOHATBHBIX YCTPOUCTB | IMOJICUCTEM

CemeilicTBO MeTO10B Hasnayenue YciaoBue npuMeHeHus

play_audio* Bocnpoussenenue ayauodaiiia | AyauonoacucreMa yCTaHOBICHA U
(aiisr ToCTyIIEH KOHTPOJLIEPY

play _gcode draw* Beinonaenue G-code Jutst | YcTaHOBIIeHA COBMECTHMast
PHCOBAHHUS OCHACTKa M IpoBepeHa pabouas
cHCTEMa KOOPIMHAT

play_gcode_3dprint* Beimonnenne G-code mist 3D- | YeraHoBiaeHO u HACTPOEHO
nevyaru COOTBETCTBYIOIIIEe 000pyAOBaHKE
move_linear_ module* [Iepememienue JMHEHoro | Mozayib MOJAKITFOUEH u
MOIYJIS CKOH(UTYPHPOBAH
set_conveyer_velocity* 3aaHre CKOPOCTH KOHBeHepa B API 0.6.13 wums conxepxut
conveyer; YCTPOMCTBO
MOJIKJIFOUEHO
3.17 O0padoTka 0IIMOOK M MOMCK HEHCIPABHOCTEMH
3.17.1 HUckmouenns SDK

ComnocraBienue 0OCHOBHBIX HckimoueHr SDK ¢ THOBBIMU MPUYMHAMU UX BOZHUKHOBEHUS
onucano B Tabmune 39. B o0paGoTumkax cHavana TmiepexBaTbiBaiiTe Oo0jiee KOHKpPETHBIC

uCKITtoueHus, a 3atem 0a3oBbiit SdkError, coxpaHss muarHocTudeckoe cooOIIeHUE B Ky pHAIE.
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Tabmumna 39 — CormocTaBieHre OCHOBHBIX HCKItoueHHH SDK ¢ THIOBBIMM TpUYMHAMH WX

BO3HUKHOBEHHUS
Hckarouenne Curtyanus
SdKError Bbazoswrit knace ommbox SDK
ConnectionError Ommbka nmoakmroueHus K MQTT uimu oTripaBku cooOIeHus
CommandTimeout He mosryden oxkugaeMblii pe3ysbTar B npejenax timeout seconds
CommandError OmnOKa BEIMOJHEHUS KOMaH/IbI, KOT/Ia OHA repeaana yepes uepapxuto SDK
import json

import logging

from sdk.errors import CommandTimeout, ConnectionError as SdkConnectionError,
SdKError

from sdk.manipulators.m13 import M13

logging.basicConfig(level=logging.INFO)
log = logging.getLogger(__name_ )

def main() -> None:
robot = M13(
host="192.168.0.10",
client_id="m13-production-client-01",
login="<login>",

password="<password>",

try:
robot.connect()

robot.get_control(timeout_seconds=10.0)

state = robot.get_cobot_state(timeout_seconds=10.0)
joints = json.loads(robot.get_joint_state(timeout_seconds=10.0))

log.info("State: %s", state)
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log.info("CycraBsr: %s", joints)

# 31ech pa3MeIaloTCs TOIBKO BaJIMIUPOBAHHBIE KOMAH/Ibl IIPUIIOKEHHUS.

except SdkConnectionError:

log.exception("He ymanoch mMoaKIFOUYATECS K MAHHUITYIATOPY")

except CommandTimeout:

log.exception("ManumyasSTOp HE OTBETHII B IIpeieax Taiim-ayTa')

except SdkError:

log.exception("Komanma SDK 3aBepimiack ommokoii")

except Exception:

log.exception("HenpenBuaeHHas ormoOKa MPHUIOKEHHS ")

finally:

robot.clear_all _handlers()

robot.disconnect()

if _name_ ==" main_":
main()
3.17.2 Tunossie npodeMbl

JlnarHocTHKa IMOCTPOCHA IO CXEME «IpPH3HAK — IPOBEpPKa — JICHCTBHE» M OINKCaHa B
tabnuiie 40. BeimonHsiiTe MpoBEpKH MOCIEAOBATENHHO U HE MIEPEXOAUTE K KOMaHaM JABUKEHUS,
MOKa MPUYMHA OIMMOKH TOAKITFOUSHUS, YIIPABICHUS WU TTapaMeTPOB HE YCTpaHEHa.

Ta6muma 40 — /lnarHocTuka TUIMOBBIX TTPOOIIEM

pydantic i paho

YTBEPKACHHOIO PENO3UTOPUS B
aKTHBHOE BUPTyaJlIbHOE
OKpYXEHHE

IIpusnak IIpoBepka JelicTBue
ModuleNotFoundError: | AkTuBHO M BUPTyaJbHOE | AKTUBUPOBATh  .v€env M  IOBTOPHO
sdk OKpYKCHHUE; YCTAHOBIICH JIM TTAKET | BBITOJHHUTH YCTAHOBKY IaKeTa

pm-python-sdk
ModuleNotFoundError: | Ycranosien nu maker SDK wu3 | [ToBropHO BBITTOJTHUTh KOMaH 1y

ycranoBku SDK u3 pasgena «Ilomyduenue
n ycraHoBka SDK»

TaliM-ayT MOJKIIOYEHUS

IP, mapmipyT, nopt 1883, yueTHsle
JTAaHHBIE

[poseputs ping/Test-NetConnection/nc u
Hactpoiiku MQTT
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Command/Promise

IMpusznak IIpoBepka JeiicTrBue
IMonximroueHuEe Cosnapnarot nu client_id Hasznaunts KaXI0MY npo1eccy
0OpBIBAETCS PU BTOPOM YHUKaIbHBIH client id
KJIMEHTE
Komanga nemwxkenus He |[lomydeno  ym  ympasienwue; | Bei3Barh get_control(), POYUTATH
BBIIOJTHAETCS cocrosiuue; TCP; orpanwucuus; | get_current_errors() 5 IIPOBEPHUTH
OLIMOKH Promobot M Control
TypeError:  object Hcnons3oBan M oObruHbIH | BeiOpate Merom * async await
cannot be used in await | * async, BO3BpAIIAIOIINi | yKa3aHHBIN coroutine-BapuaHT

ITosyuena JSON-cTpoka
BMmecro dict

Meton
get_joint_state/get_cartesian_coor
dinates

BemonauTs json.loads(result)

3.18

Kaxxnoe mnpuiokeHne TOJKHO 3aBEpIIaTh MOTOKOBBIM PEXUM, YyIalsTh 00pabOTUMKU
cOOBITHI M 3aKpbIBAaTh COEAMHEHHUE HE3AaBUCHUMO OT pe3yJIbTaTa OCHOBHOM onepauuu. Eciau komanaa

3aBCpHINIACh IIO TaﬁM-aYTy, CHaydaJla OIIpCACIIUTC (baI(TI/I‘-IeCKOG COCTOSHHUC MAHUITYJIATOPA U

KoppekTHoe 3aBepiieHne MporpaMmmMabl

TOJIBKO 3aTE€M MEPEXOAUTE K CIACAYIOIMINM JICUCTBUSM.

a)
0)

CII0CO00M,;

BbI3BaTh disconnect() B 6moke finally;

robot = M13(host, client_id, login, password)

try:

robot.connect()

# OTUKA NPUITOKEHUS

finally:

robot.clear_all_handlers()

robot.disconnect()
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npu akTUBHOM Streaming Bei3Bath enable_servo_streaming(False);

npu H€O6XO,Z[I/IMOCTI/I OCTaHOBHUTDL BBITTOJIHACMOC ABMIKCHHUEC YCTAHOBJICHHBIM ITPOCKTOM

yaanuth o0pabotunku clear all handlers() win oTrucatbest OT OTACIBHBIX TOMHKOB;

HE T10JIaraThCs TOJIBLKO Ha aBTOMATHYECKUI BBI3OB JiecTpykTopa Python.




IIpumeuyanue — B mnoap30BaTeIbCKUN CHPABOYHUK BKIIFOUYEHBI TOJIBKO METOJIBI,
NOJIIEpP>KUBaeMble Uil TIpuKiIaaHoro wucroib3oBanus B SDK 0.6.13. Bryrpennme 0OBEKTHI
Command/Promise, cinyxeOHbIe 00paOOTYHKH U METOIBI C U3BECTHBIMU JIe()EKTAMHA HAMEPEHHO HE

MyOJUKYIOTCS Kak Mojb3oBatenbckuid API.

3.19 Kapra meTo10B 1o 3agauam

Kapra npennaznauena anisg ObICTpOro MoMcka METO/a MO MOJIb30BaTENbCKOM 3amaue, 6e3
npocMoTpa mojHoro andasutHoro cnucka. llocne BblOOpa cemeiicTBa mnepeiautre K
COOTBETCTBYIOLIEMY pa3/ielly PYKOBOJICTBA U NMPOBEPHTE MPEAYCIOBUS U OTPAHUUYEHHUS METOJa.
Kapra meto0B 110 3a7a4am onrcaHa B Tabmnuie 41.

Ta6muma 41 — Kapta MeTo/10B 110 3a/1auam

33)13‘13 PeKOMeH)IyeMbIe METOAbI

[Moakarouenue connect(), connect_async(), disconnect(), get_control(),
get_control_async_await(), get_control_no_wait()

JIBYOKEHHE move_to_angles(), move_to_angles_async(), move_to_angles _no_wait(),
move_to_coordinates(), move_to_coordinates_async_await(),
move_to_coordinates_no_wait(), stop_movement(), arc_motion(),
paletizing_movement(), move_group()

JlnarHocTuka get_cartesian_coordinates(), get_joint_state(), get_home_position(),
get_current_errors(), get_cobot_state()

TCP tep_apply(), tcp_delete(), tcp_get_current(), tcp_get_list()

BBoa-BbIBOT get_gpio_value(), write_gpio(), write_gpio_bit(), get_gpio_bit(),
set_gpio_on_mask(), get_gpio_mask(), write_analog_output(),
write_digital_output(), write_i2c()

dnaner configure_flange_dout(), get_flange_dout(), configure_flange_vpwr(),
get_flange_vpwr(), set_gpio_enable(), get_gpio_enable(), reset_gpio()

[TporpamMmer run_program_by name(), run_program_json(), run_python_program()

Streaming set_servo_joint_jog_mode(), set servo_twist_mode(), set_servo_pose_mode(),

enable_servo_streaming(),  stream_joint_angles(),  stream_joint_positions(),
stream_cartesian_velocities(), stream_coordinates()

CoObITus on_coordinates(), on_joint_states(), on_gpio_states(), on_hardware_error(),
on_hardware_state(), unsubscribe_from_topic(), clear_all_handlers()

Modbus/RS-485 modbus_set_parameters(), modbus_add_device(), modbus_remove_device(),
modbus_list_devices(), modbus_toggle_polling()
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3.20 IMoanep:xxkuBaeMblii yka3zarejb MeTo0B M13

Vkazarenb COACPKUT NOAACPKUBACMBIC IMOJIB30BATCIILCKUEC U PACHINPCHHBIC METO/IbI KJTaCCa

MI13 c¢ yderom HacnenoBaHuss oT Manipulator. BuyTpennue o0bekThl Command/Promise,

CJIy}Ke6HBIe O6pa60T‘II/IKI/I, CCPBUCHBIC MCTOAbI U MCTOJAbI C U3BCCTHBIMU ,Z[C(i)eKTaMI/I HNCKIIIOYCHBEI.

Jlns kaxkzioro Metoa npuBeeHbl paktuyeckas curnarypa SDK 0.6.13 u craryc npuMeHeHHs.

3.20.1 IHoak/aroueHue U ynpapJjieHue

MCTOI{BI YCTAaHOBJICHUA COCAUHCHUS, ITIOJTYYCHUA IMpaBa YIIPABJICHUSA U 3aBCPHICHHUA CCaHCA

CO6paHI>I B Ta6JII/ILIe 42. Ux CICAYCT HCIIOJIb30BAaTh B HAYAJIC M KOHIC KaXXIOI'0 ITPHIIOKCHUA,

coOro1asi YHUKaJIbHOCTS client id U rapaHTUPOBaHHOE OTKIIIOUEHUE.

Tabnuna 42 — MeToibl yCTaHOBJICHHS COCIMHEHUS, TTOTYUYCHHS TTpaBa yIpaBlIeHUs U 3aBEPIICHUS

ceaHca
Meton dakTnyeckas curiarypa SDK 0.6.13 CraTyc npuMeHeHust
connect connect() -> None [Tonp30BaTEIbCKHIA
connect_async connect_async() -> None [Tonp30BaTEIbCKHIA
disconnect disconnect() -> None [Tonp30BaTeIbCKHIA
get_control get_control(timeout_seconds:  float =  60.0, | [Toap30BaTeabCKHiA
throw_error: bool = True) -> None

get_control_async_a |get_control_async_await(timeout_seconds: float = | ITonp30Barenbckumii

wait 60.0, throw_error: bool = True) -> None

get_control_no_wait |get _control_no_wait() -> None PacimpeHHbIi: 0e3

OXKnaaHusa

3.20.2 CocTosiHME M TMATHOCTHKA

MeTtozapl moy4eHus: TeIeMEeTpUH, TeKYIIUX KOOPAMHAT, COCTOSHUN CyCTaBOB, OMIMOOK U

AUArHOCTUYCCKHUX JOAaHHBIX IIPUBCIACHLI B Ta6J'II/III€ 43. BonbIIMHCTBO W3 HUX HE H3MEHSIOT

COCTOAHUC O60py,Z[OBaHI/I$I " IOAXOIAT I MPEABAPUTCIIBHBIX ITIPOBECPOK U MOHUTOPUHTA.
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Tabnuma 43 — MeToapl MONyd4eHUS TEIEMETPHH, TEKYIIUX KOOPAWHAT, COCTOSHHUN CyCTaBOB,

OIIMOOK U JUArHOCTUYCCKUX JaHHBIX

Cratyc
Metoa daxkTnueckas curnarypa SDK 0.6.13 rary
NMPUMECHECHUSA
get_cartesian_coordinates get_cartesian_coordinates(timeout_seconds: float | ITonb30BaTenbcKuit

= 60.0, throw_error: bool = True) -> str

get_cartesian_coordinates_asy | get_cartesian_coordinates_async_await(timeout_s | IToiis30BaTe/IbCKuit

nc_await econds: float = 60.0, throw_error: bool = True) ->
str
get_cobot_state get_cobot_state(timeout_seconds: float = 20.0, | [Tonb30BaTenbcKuit

throw_error: bool = True) -> int | str | None

get_current_errors get_current_errors(timeout_seconds: float = 60.0, | ITos30BaTeNBCK M
throw_error: bool = True)

get_home_position get_home_position(timeout_seconds: float = 60.0, | ITos30BaTeNBCK M
throw_error: bool = True) -> dict

get_home_position_async_aw | get_home_position_async_await(timeout_second | IToas30BaTeabCKuii
ait s: float = 60.0, throw_error: bool = True) -> dict

get_joint_state get_joint_state(timeout_seconds: float = 60.0, | ITonb30BaTenbCKuit
throw_error: bool = True) -> str

get_joint_state_async_await | get_joint_state_async_await(timeout_seconds: [Tonp30BaTEILCKHIA
float = 60.0, throw_error: bool = True) -> str

3.20.3 CoCTOSIHUSA M OCTAHOB

Meroasl ynpaBiaeHUs COCTOSHUSIMU >XU3HEHHOTO LMKJIA W IIPOrPAMMHBIMU OCTaHOBaMU
conepxkarcsa B Tabnuue 44. [IpumensiiTe UX TOJNBKO B IOMYCTUMBIX NIEPEX0/Iax KOHTPOJUIEpA U HE

CMENIMBATe MPOTPAMMHBIN OCTAaHOB C arnmnapaTHbIMUA QYHKIIUSIMH 0€30MaCHOCTH.

Tabmuma 44 — Metoapl ynpaBi€HUS COCTOSHHSMHU J>KU3HEHHOTO IMKJIA W IPOTrPpaMMHBIMU
OCTaHOBaMU

Meton ®akTnyeckasi curnarypa SDK 0.6.13 Craryc npumMeHeHust
change_state change_state(state: ManipulatorState, | ITonp30BaTebCKHiA

timeout_seconds: float = 60.0, throw_error: bool
= True) -> None

change_state_async_await | change_state_async_await(state: [Tone30BaTenbCKUI
ManipulatorState, timeout_seconds: float = 60.0,
throw_error: bool = True) -> None

change_state_no_wait change_state_no_wait(state: ManipulatorState) - | PaciupenHbiii: 0e3
> None OKUTAaHUS
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MeTton daxkTnyeckas curnarypa SDK 0.6.13 Cratyc npuMeHeHusl

stop_movement stop_movement(timeout_seconds: float = 60.0, | [Toap30BaTEeIBCKHIA
throw_error: bool = True) -> None

stop_movement_async_awai | stop_movement_async_await(timeout_seconds: | ITonb30Barenbckuit

t float = 60.0, throw_error: bool = True) -> None
stop_movement_no_wait stop_movement_no_wait() -> None PacimpeHHbIi: oe3
OXKXHnaaHus
3.20.4 JIBH2KeHNe U TIJIAHUPOBAaHUE

CycraBHble, 1€KapTOBbBI, JYTOBLIE U TPYIIIOBHIC JBMKECHUS, 4 TAKXKE BAPUAHTHI OXKHIAHUS
pesyiabTara coOpaHel B Tabmuie 45. Jlng Kaxaoro creHapus HEOOXOIUMO OIPeaeIuTh
TJIAHUPOBIIHK, OTPAHUYEHHUS CKOPOCTH U YCKOPEHUS U TPOBEPEHHYIO IEJIEBYI0 KOH(PUTYPALIUIO.

Tabnuna 45 — CycraBHble, I€KapTOBBI, JYTOBBIE U TPYIIOBBIE ABMKCHHS

Merton ®akTnuyeckas curiarypa SDK 0.6.13 Crarye
NMPUMECHCHUSA

arc_motion arc_motion(target: Pose, center_arc: Pose, step: | IToib30BarenbCKkuii
float = 0.05, count point_arc: int = 50,
max_velocity scaling_factor:  float = 0.5,
max_acceleration_scaling_factor: float = 0.5,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

arc_motion_async_await arc_motion_async_await(target: Pose, center_arc: | IToib30BaTenbCKuii
Pose, step: float = 0.05, count_point_arc: int = 50,
max_velocity scaling_factor:  float = 0.5,
max_acceleration_scaling_factor: float = 0.5,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

move_group move_group(points: Optional[List[Point3D]] = | [lomk30BaTenbCKUiA
None, positions: Optional[List[JointPositions]] =
None, move_group: str = 'main’,
planning_pipeline: str =
'pilz_industrial_motion_planner’, planner_id: str =
'PTP, max_velocity: float = 0.5,
max_acceleration: float = 0.5, position_tolerance:
float = 0.01, orientation_tolerance: float = 0.01,
blend_radius: float = 0.1, timeout_seconds: float =
60.0, throw_error: bool = True) -> None

move_to_angles move_to_angles(spl: float, sp2: float, sp3: float, | [Tonp3oBarensckmii
sp4: float, sp5: float, sp6: float, spl_v: float = 0.0,
sp2_v: float = 0.0, sp3_v: float = 0.0, sp4_v: float
= 0.0, sp5_v: float = 0.0, sp6_v: float = 0.0,
velocity factor: float = 0.1, acceleration_factor:
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float = 0.1, planner_id: str = 'PTP,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None
move_to_angles_async move_to_angles_async(spl: float, sp2: float, sp3: | [Tons30BaTenbCK Uit

float, sp4: float, sp5: float, sp6: float, sp1_v: float
=0.0, sp2_v: float = 0.0, sp3_v: float = 0.0, sp4_v:
float = 0.0, sp5_v: float = 0.0, sp6_v: float = 0.0,
velocity factor: float = 0.1, acceleration_factor:
float = 0.1, planner_id: str = 'PTP,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

move_to_angles_no_wait

move_to_angles_no_wait(spl: float, sp2: float,
sp3: float, sp4: float, sp5: float, sp6: float, spl v:
float = 0.0, sp2_v: float = 0.0, sp3_v: float = 0.0,
sp4_v: float = 0.0, sp5_v: float = 0.0, sp6_v: float
= 0.0, \velocity factor: float = 0.1,
acceleration_factor: float = 0.1, planner_id: str =
'PTP") -> None

Pacmmpennsrii: 6e3
OXHIaHHS

move_to_coordinates

move_to_coordinates(position:
MoveCoordinatesParamsPosition, orientation:
MoveCoordinatesParamsOrientation,

velocity scaling_factor: float,
acceleration_scaling_factor: float, planner_type:
PlannerType = PlannerType.LIN,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

Ilonp30BaTenbCcKku

move_to_coordinates_async_
await

move_to_coordinates_async_await(position:
MoveCoordinatesParamsPosition, orientation:
MoveCoordinatesParamsOrientation,

velocity scaling_factor: float,
acceleration_scaling_factor: float, planner_type:
PlannerType = PlannerType.LIN,

timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

[Tonp30BaTenbCcKu

move_to_coordinates_no_wai

move_to_coordinates_no_wait(position:

Pacmpennsrii: 6e3

t MoveCoordinatesParamsPosition, orientation: | oxxuaaHus
MoveCoordinatesParamsOrientation,
velocity_scaling_factor: float,
acceleration_scaling_factor: float) -> None

paletizing_movement paletizing_movement(target_point: Pose, | IToms30BaTeNbCKUi
hold_orientation: Orientation = Orientation(),
use_orientation: bool = False, step: float = 0.05,
count_point: int = 50,
max_velocity scaling_factor:  float = 0.1,
max_acceleration_scaling_factor: float = 0.1,

1-41




Craryc

Meton daktuveckas curnarypa SDK 0.6.13
NPUMEHEeHUs

timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

3.20.5 TCP 1 HHCTPYMEHT

Urenue, BbIOOp U ynaneHue coxpanenHoro TCP mpuBenensl B ciemnyromieit tabmuie 46.
Coznmanue u penaktupoanue TCP Bemomnnsiite B Promobot M Control.

Ta6muma 46 — Utenue, Be100p U ynanenue coxpaneaHoro TCP

Metoxa daxkTnyeckas curuarypa SDK 0.6.13 Craryc
NMPUMECHECHUSA

tcp_apply tcp_apply(name: str, timeout_seconds: float = |Iloap3oBarenbekuii
60.0, throw_error: bool = True) -> None

tcp_delete tcp_delete(name: str, reset_current: bool = True, | IToie30BarenbCKuin
apply_other: str =", timeout_seconds: float = 60.0,
throw_error: bool = True) -> None

tcp_get_current tcp_get_current(timeout_seconds: float = 60.0, | IToap3oBaTenbCKmii
throw_error: bool = True) -> TCPInfo

tcp_get_list tcp_get_list(timeout_seconds: float = 60.0, | ITone30BaTenbCKmin
throw_error: bool = True) -> tuple[list[ TCPInfo],
str]

3.20.6 BBoa-BbiBOa U duiaHely

Metoast umeHoBaHHOTO GPIO, moOOWTOBBIX M MacCOUYHBIX OIEpalMii, aHAJIOTOBBIX H
1 poBbIX BeIX0/0B, [2C u unTepdeiicoB ¢uanma nepeuynciensl B tadmuie 47. Ilepen 3amnucebro
TpeOyeTcsi MPOBEPUTh Ha3HAUCHUE PECypca U SJEKTPUUECKUE OTPAaHUYCHUS TTOAKIIOUCHHOMN 1IETIH.
Tabnuna 47 — Meroasl unmeHoBaHHOTO GPIO, mOOUTOBBIX ¥ MACOYHBIX ONEpaIii, aHAJTOTOBBIX U

ndpoBbIX BeIX0oA0B, [2C u uaTepdeiicoB dhaanma

Merton ®akTuyeckas curiarypa SDK 0.6.13 Craryc
NPUMCHCHUSA
configure_flange _dout configure_flange_dout(pin_name: [Monmp30BaTEIBCKUIA

FlangePinName,  output_type:  OutputType,
timeout_seconds: float = 60.0, throw_error: bool =
True)
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configure_flange_vpwr configure_flange_vpwr(mode: VPWRTYpe, | [Tons30BaTeabCKuii
timeout_seconds: float = 60.0, throw_error: bool =
True)

get_flange_dout get_flange_dout(pin_name: FlangePinName, | IToip30BaTebCKHiA
timeout_seconds: float = 60.0, throw_error: bool =
True)

get_flange_vpwr get_flange_vpwr(timeout_seconds: float = 60.0, | [Tomp30BaTEIBCKHIA
throw_error: bool = True)

get_gpio_bit get_gpio_bit(name: str, timeout_seconds: float = | [Tomp30BaTeNbCKHIA
60.0, throw_error: bool = True) -> Optional[float]

get_gpio_enable get_gpio_enable(board_name: BoardName, | [Tons30BaTenbCKuii
timeout_seconds: float = 60.0, throw_error: bool =
True)

get_gpio_mask get_gpio_mask(name: str, timeout_seconds: float | [Tons30BaTenbCKuiA
= 60.0, throw_error: bool = True) -> str | None

get_gpio_value get_gpio_value(name: str, timeout_seconds: float | [Tons30BaTenbCKuit
= 60.0, throw error: bool = True) ->
Optional[float]

on_gpio_states on_gpio_states() [onmp30BaTENBCKUIA

reset_gpio reset_gpio(timeout_seconds: float = 60.0, | [Toap30BaTeNBCKHIA
throw_error: bool = True)

set_gpio_enable set_gpio_enable(board_name: BoardName, | [Tosip30BaTe bCcKmit
enable: bool, timeout seconds: float = 60.0,
throw_error: bool = True)

set_gpio_on_mask set_gpio_on_mask(name: str, value_mask: str, | ITomp30BaTenbCKHiA
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

set_gpio_states_handler set_gpio_states_handler(handler: [Tonp30BaTensckuii
Callable[[Dict[str, Any]], None]) -> None

write_analog_output write_analog_output(channel: int, value: float, | [Toas3oBaTenbekmin
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

write_analog_output_async_aw | write_analog_output_async_await(channel: int, | [Toas3oBaTenbckmii

ait value: float, timeout_seconds: float = 60.0,

throw_error: bool = True) -> None

write_analog_output_no_wait

write_analog_output_no_wait(channel: int, value:
float) -> None

Pacmipennsrit: 6e3
OXXHIIaHUSA

write_digital_output

write_digital_output(channel: int, value: bool,
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

IMTonn30BaTeIbCKUN
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NPUMCHCHUSA
write_digital_output_async_aw |write_digital_output_async_await(channel:  int, | IToap3oBaTenbckmii
ait value: bool, timeout seconds: float = 60.0,

write_digital_output_no_wait

write_digital_output_no_wait(channel: int, value:

Pacmmpennsrii: 6e3

timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

bool) -> None OKUJAHHS
write_gpio write_gpio(name: str, value: int, timeout_seconds: | IToip30BaTenbCcKmii
float = 60.0, throw_error: bool = True) -> None
write_gpio_async_await write_gpio_async_await(name: str, value: int, | IToap30oBaTenbCckmii
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None
write_gpio_bit write_gpio_bit(name: str, value: int, | IToap30BaTeNbCKHIA
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None
write_i2c write_i2c(name: str, value: int, timeout_seconds: | IToap30BaTenbCKHii
float = 60.0, throw_error: bool = True) -> None
write_i2c_async_await write_i2c_async_await(name: str, value: int, | IToap30oBaTenbCcKmii

3.20.7

IMoTokoBoOE cepBOyNpaBiIeHUE

MeToibl BBIOOpa peXrMa CEpBOYTPABIICHHUS, BKIIFOUEHHUS IOTOKOBOMW Mepeaaun U OTIPABKU

NOCJIEZIOBATENIbHBIX 1I€JIEBBIX 3HAaYeHWH coaepkuT Tabmuna 44. Oty uHTepdeicsl TpeOyroT

YCTOMYMBOIO LIMKJIA TNPWIOKEHUS U 3apaHee OINPENCIEHHOM pEakUMd Ha IOTEPI0 CBSA3U WIIH

IpEKpalleHue TO0TOKa.

Tabnuua 48 — MeTtonbl BbIOOpa pekUMa CEpBOYNPABIEHUS, BKIIOYEHHUS MOTOKOBOW Mepeadyu U

OTIIpaBKH IMOCJICOOBATCIbHBIX CJICBBIX 3HAUYCHUM

Merton daxkTnuyeckas curuarypa SDK 0.6.13 Crarye
INPUMCHCHUSA

enable_servo_streaming enable_servo_streaming(enabled: bool = True, | Pactumpennsrit
timeout_seconds: float = 60.0, throw_error: bool =
True) -> None

enable_servo_streaming_async | enable_servo_streaming_async(enabled: bool = |Pacuupennsrii
True, timeout_seconds: float = 60.0, throw_error:
bool = True) -> None

set_servo_control_type set_servo_control_type(control_type: PacmpenHbIit
ServoControlType, timeout_seconds: float = 60.0,
throw_error: bool = True) -> None
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set_servo_control_type_async_a |set_servo_control_type_async_await(control_typ | Pacmmpennsrii
wait e: ServoControlType, timeout_seconds: float =
60.0, throw_error: bool = True) -> None
set_servo_control_type no_wait |set_servo_control_type_no_wait(control_type: PacimpeHHbIii:

ServoControlType) -> None

0€e3 0XKUJaHUSA

set_servo_joint_jog_mode set_servo_joint_jog_mode(timeout_seconds: float | Pacuupennsrii
= 60.0, throw_error: bool = True) -> None
set_servo_joint_jog_mode_no_w |set_servo_joint_jog_mode_no_wait() -> None PacimpeHHbIii:

ait

0€e3 OKUOaHU

set_servo_pose_mode set_servo_pose_mode(timeout_seconds: float =|Pacmmpennsrii
60.0, throw_error: bool = True) -> None
set_servo_pose_mode no_wait |set_servo_pose_mode _no_wait() -> None PacimpeHHbIi:

0€e3 OKUNAHUS

set_servo_twist_mode set_servo_twist_mode(timeout_seconds: float =|Pacmupennsrii
60.0, throw_error: bool = True) -> None
set_servo_twist_mode_no_wait |set_servo_twist_ mode_no_wait() -> None PacrmpeHHsbiii:

0€e3 OKUOaHU

stream_cartesian_velocities

stream_cartesian_velocities(linear_velocities:
Dict[str, float], angular_velocities: Dict[str, float])
-> None

Pacmmpennslii

stream_cartesian_velocities_asyn
c

stream_cartesian_velocities_async(linear_velociti
es: Dict[str, float], angular_velocities: Dict[str,
float]) -> None

Pacmmpennslit

stream_coordinates

stream_coordinates(position:
MoveCoordinatesParamsPosition, orientation:
MoveCoordinatesParamsOrientation) -> None

Pacmupennslii

stream_coordinates_async

stream_coordinates_async(position:
MoveCoordinatesParamsPosition, orientation:
MoveCoordinatesParamsOrientation) -> None

Pacmupennslii

stream_joint_angles

stream_joint_angles(spl: float, sp2: float, sp3:
float, sp4: float, sp5: float, sp6: float, v1: float =
0.0, v2: float = 0.0, v3: float = 0.0, v4: float = 0.0,
v5: float = 0.0, v6: float = 0.0) -> None

Pacmmpennslit

stream_joint_angles_async

stream_joint_angles_async(spl: float, sp2: float,
sp3: float, sp4: float, sp5: float, sp6: float, v1: float
= 0.0, v2: float = 0.0, v3: float = 0.0, v4: float =
0.0, v5: float = 0.0, v6: float = 0.0) -> None

Pacmupennslii

stream_joint_positions

stream_joint_positions(positions: Dict[str, float],
velocities: Dict[str, float]) -> None

Pacmupennslii
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stream_joint_positions_async stream_joint_positions_async(positions: Dict[str, | Pacuupennsrii
float], velocities: Dict[str, float]) -> None

3.20.8 BoinosiHeHnune nporpamm

Meronsr 3ammycka coxpaHeHHbIX, JSON-, Python- u G-code-miporpamm, BKITIOYasi BADHAHTBI
06e3 oxunanus cobpanbl B Tabmmme 49. Ilepen BrI3oBOM ybOeauTech, 4To (opMmaT MPOTPaMMBbI
NOICP)KUBAETCSL KOHTPOJUIEPOM U BCE UCIIOIB3YEMBIE PECYpPChI JOCTYIIHEI.

Tabnuma 49 — Mertoasl 3anmycka coxpaneHHbIX, JSON-, Python- u G-code-mporpamm, BKiIrO4Yast

BapUaHTHI 0€3 0XKUIAHUS

Mertoa dakTtuyeckas curiarypa SDK 0.6.13 Craryc
NMPUMECHCHUSA
play_gcode_3dprint play_gcode_3dprint(gcode_file: str, | PaciupeHHbIi
temperature: float = 200, velocity near: float =
0.01, velocity _far: float = 0.01,

acceleration_near: float = 0.02, acceleration_far:
float = 0.01, timeout seconds: float = 60.0,
throw_error: bool = True) -> None

play_gcode 3dprint_async_await | play_gcode_3dprint_async_await(gcode_file: PacumpeHHbIi
str, temperature: float = 200, velocity near: float
= 0.01,  velocity far: float = 0.01,
acceleration_near: float = 0.02, acceleration_far:
float = 0.01, timeout seconds: float = 60.0,
throw_error: bool = True) -> None

play_gcode_draw play_gcode_draw(gcode_file: str, velocity _near: | Paciuupenusrii
float = 0.01, wvelocity far: float = 0.01,
acceleration_near: float = 0.04, acceleration_far:
float = 0.02, timeout seconds: float = 60.0,
throw_error: bool = True) -> None

play_gcode draw_async_await | play_gcode_draw_async_await(gcode_file: str, | Paciumpennsrii
velocity near: float = 0.01, velocity far: float =
0.01, acceleration near: float = 0.04,
acceleration_far: float = 0.02, timeout_seconds:
float = 60.0, throw_error: bool = True) -> None

run_program_by name run_program_by name(program_name: str, | Ilosp30BaTenbCKUiA
timeout_seconds: float = 60.0, throw_error: bool
= True) -> None

run_program_by name_async_a |run_program_by name_async_await(program_ | [Tons30BaTeabCKuii
wait name: str, timeout seconds: float = 60.0,
throw_error: bool = True) -> None
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run_program_by name_no_wait

run_program_by name_no_wait(program_nam

Pacummpennsiit: 6e3

program_json: dict, timeout seconds: float
60.0, throw_error: bool = True) -> None

e: str) -> None OXKUTAHUS
run_program_json run_program_json(name: str, program_json: | ITonp30BaTenbCKuii
dict, timeout_seconds: float = 60.0, throw_error:
bool = True) -> None
run_program_json_async_await | run_program_json_async_await(name: str, | [Tonmp30BaTeIbCKUIA

it

e: str, python_version: str ='3.12', requirements:
List[str] = None, timeout_seconds: float = 60.0,
throw_error: bool = True) -> None

run_program_json_no_wait run_program_json_no_wait(name: str, | Pacumpennsiii:  6e3
program_json: dict) -> None OXKHJIAHHSI
run_python_program run_python_program(python_code: str, | [Tomp30BaTeIBCKUIA
python_version: str = '3.12', requirements:
List[str] = None, timeout_seconds: float = 60.0,
throw_error: bool = True) -> None
run_python_program_async_awa | run_python_program_async_await(python_cod | ITois30Barenbckuii

run_python_program_no_wait

run_python_program_no_wait(python_code:
str, python_version: str = '3.12', requirements:
List[str] = None) -> None

Pacmmpennsiii: 6e3
OXKHTAaHHSI

3.20.9

CoObITHA ¥ MOANMUCKH

JlexopaTopbl 1 00pabOTUMKH [IJIsl TIOJTYUEHHUsI COOBITUIM KOHTpOJUIepa 0e3 MepruoaniecKoro
ompoca mnepeunciieHbl B Tabnuie 50. OOpaboTYMKU PETUCTPUPYIOTCS TMOCHE MOAKITIOYCHHS U
JIOJIKHBI OBITH y/IAJICHBI IIPU 3aBEPIICHUH TPUITOKCHUSI.

Tabmuma 50 — JlekopaTopbl ¥ 00pabOTUMKH [Jisi TIOJY4YEHHUs COOBITUM KOHTpojuiepa 0e3

MNEPUOANYCCKOTO OIIpoca

Meton ®akTuyeckas curiarypa SDK 0.6.13 npp?;:;z,}cmn
on_coordinate_limits on_coordinate_limits() [Tonb3oBarenbckuit
on_coordinates on_coordinates() [Tonb3oBarenbckuit
on_gamepad_info on_gamepad_info() [Tonp30BaTEIbCKHIA
on_hardware_error on_hardware_error() ITonb30BaTensCKUit
on_hardware_state on_hardware_state() [Tonb30BaTeabCKuit
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Meton ®aktuveckas curnarypa SDK 0.6.13
NPpUMCHECHUSA

on_joint_states on_joint_states() [Tonp30BaTEIbCKHIA

on_manipulator_info on_manipulator_info() [Tonb3oBarenbckuit

set_coordinate_limits_handler set_coordinate_limits_handler(handler: [Tonp30BaTEIbCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_coordinates_handler set_coordinates_handler(handler: [Tonp30BaTEIbCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_gamepad_info_handler set_gamepad_info_handler(handler: [Tonp30BaTEIbCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_hardware_error_handler set_hardware_error_handler(handler: [Tonp30BaTEIBCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_hardware_state_handler set_hardware_state_handler(handler: [Tonp30BaTEILCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_joint_states _handler set_joint_states_handler(handler: [Tonp30BaTEIBCKHIA
Callable[[Dict[str, Any]], None]) -> None

set_manipulator_info_handler set_manipulator_info_handler(handler: [Tonp30BaTEIBCKHIA
Callable[[Dict[str, Any]], None]) -> None

subscribe_to_joint_state subscribe_to_joint_state(callback: callable) -> | ITons3oBarensckumii
None

unsubscribe_from_joint_state unsubscribe_from_joint_state() -> None [Tonp30BaTEILCKHIA

unsubscribe_from_streaming_top | unsubscribe_from_streaming_topics() -> None | [Toas30BaTenbCKHii

ics

unsubscribe_from_topic unsubscribe_from_topic(topic: str) -> None [Tonb30BaTenbCKuUit

clear_all_handlers clear_all_handlers() -> None [Tonb30BaTenbCKuit

3.20.10

MeTtonbl HacTpoiiku ycTpoiicTB Modbus u ynpaBiieHus: HUKIMYECKUM OMPOCOM MPHUBEACHbI

B cienyromieit Tabmuue 51. [lapameTpsl nuHUM, agpec BEAOMOTO YCTPOMCTBAa U KapTa PETUCTPOB

Modbus RTU

JOJIZKHBI COBITadaThb C JIOKYMGHTaHI/Ieﬁ BHCEHIHET'O 060py210BaHI/I$I.

Tabnuma 51 — Metozas! HacTpoliku ycTpoiicTB Modbus 1 ynpaBieHHs IUKINYECKHM OIIPOCOM

signals: List[Dict[str, Any]], timeout_seconds:

Meton daxkTnuyeckas curnarypa SDK 0.6.13 Crarye
NPUMECHECHUSA
modbus_add_device modbus_add_device(slave_id: int, name: str, | Paciuupennsbrit
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float = 60.0, throw_error: bool = True) ->
Dict[str, Any]

modbus_list_devices modbus_list_devices(timeout_seconds: float = | Paciumpenusrii
60.0, throw error: bool = True) ->
List[Dict[str, Any]]

modbus_remove_device modbus_remove_device(slave id: int, | PaciupenHbIii
timeout_seconds: float = 60.0, throw_error:
bool = True) -> Dict[str, Any]

modbus_set_parameters modbus_set_parameters(params: Dict[str, | Pacuiupennbrii
Any], timeout seconds: float = 60.0,
throw_error: bool = True) -> Dict[str, Any]

modbus_toggle polling modbus_toggle_polling(enable: bool = True, | Paciunpennsrii
timeout_seconds: float = 60.0, throw_error:
bool = True) -> Dict[str, Any]

3.20.11 Iepudepusn

WNuTepdeiicel nmonnepxuBaeMoi ONUUOHAIBHON Nepudepun NpHUBEAECHBI B CIEAYIOIIEH
tabmue 52. Hammume wmeroma B SDK He mnoarBepkpaeT HamuuMe COOTBETCTBYIOIIETO
000py1I0oBaHMS B KOHKPETHOM IOCTaBKeE.

Tabnuua 52 — UnTepdeiicel noanepxuBaeMoil ONuoHanbHOM nepudepun

Craryc
Merton ®akTnyeckas curnarypa SDK 0.6.13 y
l'IpI/IMeHeHI/IH
move_linear_module move_linear_module(distance: float, | Pactumpennsrit

timeout_seconds: float = 60.0, throw_error:
bool = True) -> None

move_linear_module_async_awa | move_linear_module_async_await(distance: | Pacurupenusrii
it float, timeout seconds: float = 60.0,
throw_error: bool = True) -> None

play_audio play_audio(file_name: str, timeout_seconds: | ITonb30BaTenbCKuit
float = 60.0, throw_error: bool = True) -> None

play_audio_async_await play_audio_async_await(file_name: str, | [Tonp30oBaTEITLCKHIA
timeout_seconds: float = 60.0, throw_error:
bool = True) -> None

play_audio_in_background play_audio_in_background(file_name: str, | IToap30BaTEIbCKHIA
timeout_seconds: float = 60.0, throw_error:
bool = True) -> BackgroundAudioPlayback
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MeTton dakTnyeckas curnarypa SDK 0.6.13
NpUMeHeHUs

set_conveyer_velocity set_conveyer_velocity(velocity: float, | PacimmpenHbrii
timeout_seconds: float = 60.0, throw_error:
bool = True) -> None

set_conveyer_velocity_async_aw | set_conveyer_velocity async_await(velocity: | Pacimpenubrit
ait float, timeout seconds: float = 60.0,
throw_error: bool = True) -> None

3.20.12 OrpaHnyeHus1 CyCTaBOB

Meroabsl HacTpOMKH OIpaHMYECHHM CYyCTAaBOB IIPEJHA3HA4YECHBl [UIs1 aBTOPU30BAHHOU
KoH(purypanuu pabodero Mmecta. 3HAYEHHs] JOJDKHBI COOTBETCTBOBATh  yTBEPKIECHHBIM
OTPaHUYEHUSAM KOHKPETHOI'O MAaHHUITYJISATOpA; IMOCIE 3alucu TpeOyeTcs He3aBUCHMas IMpOBEpKa
koH(urypanuu B Promobot M Control.

Metozap! HACTPOWKH OTpaHUYEHHI CyCTaBOB ONKCAHbI B TabuIe 53.

Tabnuma 53 — MeToap! HACTPOWKH OTPaHUYCHHUH CyCTaBOB

Meton dakTnyeckas curnarypa SDK 0.6.13 Crarye
NPUMECHCHUSA

set_joint_limits set_joint_limits(limits: list[JointLimit], | ITonb30BaTenbCKMit
timeout_seconds: float = 60.0, throw_error:
bool = True) -> None

set_joint_limits_async_await set_joint_limits_async_await(limits: [Tonp30BaTEILCKHIA
list[JointLimit], timeout_seconds: float = 60.0,
throw_error: bool = True) -> None

3.21 AndaBUTHBIH yKa3aTelb

AndaBuUTHBIN yKa3aTenb, MPEACTaBICHHBIN B Ta0nuie 54, MO3BOJSIET HAWTH METOH IO
TOYHOMY UMEHH U OMIPEICTUTH €ro PYHKITMOHAILHBIN pa3zeln u craryc npumeHeHus. [locie moucka
HCTOJIb3YUTE OCHOBHOW pPa3Jei WM NOJHBIA yKa3aTelb METOAOB ISl NMPOBEPKH CUTHATYPBI U
OrpaHUYCHUU.

Tabnuua 54 — AndaBUTHBIN yKa3aTeib

Meton DOYyHKIUOHAJIBHBIN pa3jen Cratyc
arc_motion JIBr>KeHUE Y JITaHUPOBAHUE [Tonp3oBaTenbckuit
arc_motion_async_await JIBYOKEHHE U TUTAHUPOBAHHE ITonb30BaTensCKUit
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Meton DOYyHKUMOHAJbHBIN pa3aen Craryc
change_state CocTrosiHus 1 OCTaHOB [Tonp3oBarenbckuii
change_state_async_await CocTosiHUA U OCTAaHOB [Tonp3oBaTenbCckuii

change_state_no_wait

CoCTOsTHUSA ¥ OCTaHOB

Pacmmpennsrii: 6e3

OKMJIaHUS
clear_all_handlers CoOBITHS U TOAMUCKA [Tonp30BaTEIbCKHIA
configure_flange_dout BBoa-BeIBO 1 (hiaHel] [Tonp30BaTeIbCKHIA
configure_flange_vpwr BBon-BeiBog 11 (prianely [Tonb3oBarenbckuit
connect [TogknroueHne u ynpaBiieHHE ITonb30BarenbCckuit
connect_async [ToxknroueHue u yrpasieHue [Tonp3oBaTenbCckuii
disconnect [Toxknrouenue U ynpasieHue ITons30BaTenbcKuii
enable_servo_streaming [ToTrokoBoe/cepBOypaBiICHNE Pacmmpennbiit
enable_servo_streaming_async | [TotokoBoe/cepBoympaBicHUE Pacmmpennsrii
get_cartesian_coordinates CocTosiHME U IUarHOCTUKA [Tonb30BaTeabCKuit
get_cartesian_coordinates_async | CocTosiHue B JHarHOCTHKA [Tonb30BaTenbCKuit
_await

get_cobot_state CocrosiHUEe 1 TUarHOCTHKA ITonb3oBaTenbCKuit
get_control IToaxmroueHue U yrnpaBlIeHHUE ITonb3oBarenbCcKkuit
get_control_async_await [ToxknroueHue U yrpaBieHue [Tonp3oBarenbckuii

get_control_no_wait

[TogknroueHne n ynpaBiieHHE

Pacmmpennslii: 6e3

OYKHTaHUS
get_current_errors CocrosiHue U AMarHOCTUKA [Tonp3oBarenbckuii
get_flange_dout BBoa-BbIBO 1 (hi1aHel] [Tonp30BaTEILCKHIA
get_flange_vpwr Broa-BeIBO M (prtaHel] [Tose30BaTenbCKUI
get_gpio_bit BBon-BeiBO 1 (prianely [Tonb3oBarenbckuit
get_gpio_enable BBon-BeiBOI 1 (prianely [Tonb3oBarenbckuit
get_gpio_mask BBoa-BbIBO 1 (hi1aHel] [Tons30BaTEIBCKHIA
get_gpio_value BBoa-BeIBO 1 (hi1aHel] [Tons30BaTEIBCKHIA
get_home_position CocTosiHUE U TUarHOCTUKA [Tonb3oBarenbckuit
get_home_position_async_await | CocTosiHMEe U JHarHOCTHKA [Tonb30BaTeabCKuit
get_joint_state CocrosiHHE U THArHOCTHKA [Tons30BaTEIbCKHIA
get_joint_state_async_await CocrosiHHE U THArHOCTHKA [Tonp30BaTEIbCKHIA
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Meton DOYyHKUMOHAJbHBIN pa3aen Craryc
modbus_add_device Modbus/RS-485 PacmmpenHbiii
modbus_list_devices Modbus/RS-485 PacimpenHsIii
modbus_remove_device Modbus/RS-485 PacimpenHsIii
modbus_set_parameters Modbus/RS-485 PacmmpenHbiii
modbus_toggle_polling Modbus/RS-485 PacmmpenHbiii
move_group JIBr>KeHUE 1 IJIaHUPOBAHUE [Tonp3oBaTenbCckuii
move_linear_module [epudepus PacimpenHsIii
move_linear_module_async_awa | Ilepudepust Pacmmpennsrii
it
move_to_angles JIBU>KEeHUE U MIIaHUPOBAHUE [Tonp3oBaTenbCckuii
move_to_angles_async JIBr>KeHWE Y INTAaHUPOBAHUE [Tonb30oBaTenbCKUi

move_to_angles_no_wait

JIBr>KeHWE Y IITAaHUPOBAHUE

Pacmmpennsriii: 6e3

OKMJIaHUS
move_to_coordinates JIBM>KeHUE U MIIaHUPOBaHUE [Tonp3oBaTenbCckuii
JIBrKeHNe 1 IIJIaHUPOBAHUE [Tons30Barenbckuit

move_to_coordinates_async_aw
ait

move_to_coordinates_no_wait

I[BI/I)KGHI/IG U IJIaHUPOBAHUC

Pacmmpennsiii: 6e3

OYKHTaHUS
on_coordinate_limits CoOBITHS U TTIOATTUCKU [Tonmp30BaTEIHCKHIA
on_coordinates CoOBITHSA U TTOAITHUCKH ITonp30BaTeabCcKut
on_gamepad_info CoObITHS M TIOAITHCKI [Tose30BaTenbCKU
on_gpio_states BBoa-BeiBOI 1 dhaHely [Tonp3oBaTenbCckuii
on_hardware_error CoOBITHS U TIOANUCKU [Tonp30BaTEIbCKHIA
on_hardware_state CoOBITHS U TIOANUCKA [Tonp30BaTEIBCKHIA
on_joint_states CoOBITHS U TIOAMUCKA [Tons30BaTEIBCKHIA
on_manipulator_info CoOBITHS ¥ MOIIUCKH [Tonb30BaTenbCKUit
paletizing_movement JIBuKeHHe U TUTAaHUPOBAHHE [Tonb3oBarenbckuit
play_audio [epudepus [Tonmp30BaTeNbCKHIA
play_audio_async_await [epudepus [Tons30BaTEIBCKHIA
play_audio_in_background [epudepus [Tonp30BaTEIBCKHIA
play_gcode 3dprint BeInonHeHue nporpamm PacimmpenHblii
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Meton DOYyHKUMOHAJbHBIN pa3aen Craryc
play_gcode_3dprint_async_await | Beimonaenue nporpamm PacmmpenHbiii
play_gcode_draw BeInonHeHue nporpamm PacimpenHsIii
play_gcode draw_async_await | BeimonHenue nmporpamm PacimpenHsIii
reset_gpio BBon-BeiBO 1 (prianely [Tonp3oBarenbckuii
run_program_by name BrinosineHue nmporpamm ITonb30BaTeNbCKUN
run_program_by name_async_a | BeimmonHenue nporpamm [Tonb30Barenbckuit

wait

run_program_by name_no_wait

BrinosineHue nmporpamMm

Pacmmpennsrii: 6e3

OKHJIaHUSI
run_program_json BrinosineHue nmporpamMmm [Tonp3oBaTenbCckuii
run_program_json_async_await | BeimonHenue nporpamm [Tosp30BaTenbCKUi

run_program_json_no_wait

BrinosineHue nmporpamMmm

Pacmmpennsriii: 6e3

OKMJIaHUS
run_python_program BrinosineHue nmporpamMmm [Tonp3oBaTenbCckuii
Brimonnenue nporpamm ITonws30BarenbCckuit

run_python_program_async_awa
it

run_python_program_no_wait

BrinosineHue nmporpamMmm

Pacmmpennslii: 6e3

OYKHTaHUS
set_conveyer_velocity [Mepudepust Pacmmpennsrit
set_conveyer_velocity_async_aw | ITepudepus PacmmpenHbrii
ait
set_coordinate_limits_handler CoOBITHS U TTIOATTUCKU [Tonmp30BaTEIHCKHIA
set_coordinates_handler CoOBITHS U IIOAIMCKH [Tonb30BaTenbCKuUit
set_gamepad_info_handler CoOBITHS U IIOAIMCKH [Tonb30BaTenbCKUit
set_gpio_enable BBon-BeiBOI 1 (prianely [Tonb3oBarenbckuit
set_gpio_on_mask BBon-BeiBO 1 (prianely [Tonp3oBarenbckuii
set_gpio_states_handler BBoa-BeIBO 1 (hi1aHel] [Tonp30BaTENbCKUI
set_hardware_error_handler CoOBITHS ¥ MOIIMUCKH [Tonp30oBaTenbCKUit
set_hardware_state_handler CoObITHS ¥ TOAMUCKI [Tonb3oBarenbckuit
set_joint_limits [Ipouee [Tonb3oBarenbckuit
set_joint_limits_async_await ITpouee [Tonp30BaTEIBCKHIA
set_joint_states_handler CoOBITHS U IIOAIMCKH ITonb30BaTeasCKUit
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Meton DOYyHKUMOHAJbHBIN pa3aen Craryc
set_manipulator_info_handler CoOBITHS ¥ MOJITUCKH [Tonb30BaTeabCKUit
set_servo_control_type [ToTokoBOE/CcepBOyIIpaBICHNE Pacmmpennsrit
set_servo_control_type_async_a | ITotokoBoe/cepBOyIpaBieHHE Pacmmpennsiii

wait

set_servo_control_type no_wait

[ToTokoBoe/cepBOympaBiIcHHE

Pacmmpennsrii: 6e3
OXKUIaHHS

set_servo_joint_jog_mode

[ToTrokoBoe/cepBOyIpaBICHNE

Pacmmpennsiit

set_servo_joint_jog_mode_no_w

ait

[ToTokoBoe/cepBOympaBiIcHHE

Pacmmpennsrii: 6e3
OXKUIaHHS

set_servo_pose_mode

[ToTrokoBoe/cepBOypaBiICHNE

Pacmmpennslii

set_servo_pose_mode _no_wait

[ToTokoBoe/cepBOympaBiIcHIE

Pacmmpennsrii: 6e3
OXKUIaHHS

set_servo_twist_mode

[ToTrokoBoe/cepBOypaBICHNUE

Pacmmpennslii

set_servo_twist_mode_no_wait

[ToTrokoBoe/cepBOypaBiICHNE

Pacmmpennsriii: 6e3

OXKHUIaHUS
stop_movement CocTrosiHus ¥ OCTaHOB [Tonp3oBaTenbCckuii
stop_movement_async_await CoCTOSIHUS ¥ OCTaHOB ITonb30BaTenbCKuit

stop_movement_no_wait

CoCTOSHUS K OCTAaHOB

Pacmmpennsiii: 6e3

OXXHJIaHUS
stream_cartesian_velocities [ToTokoBoOe/cepBOyIpaBICHNE Pacmmpennbiit
stream_cartesian_velocities_asyn | [TotokoBoe/cepBoymnpaBicHue Pacmmpennsrit

C

stream_coordinates [ToTrokoBoE/cepBOyIpaBICHNE Pacmmpennbiit
stream_coordinates_async ITorokoBoe/cepBOyIpaBICHNE Pacmupennslii
stream_joint_angles ITorokoBoe/cepBOyIpaBICHNUE Pacmmpennsrii
stream_joint_angles_async [TorokoBOE/cepBOyIIPaBICHHE PacmmpenHbrii
stream_joint_positions [TorokoBO€/cepBOyIIPaBICHHE PacmmpenHbrii
stream_joint_positions_async [ToTokoBo€/cepBOypaBiIcHIE Pacmmpennsrii
subscribe_to_joint_state CoObITHS ¥ TOAMUCKI [Tonb3oBarenbckuit
tcp_apply TCP v UHCTpYMEHT [Tonp3oBaTenbCckuii
tcp_delete TCP u uHCTpYMEHT [Tonp30BaTEIbCKHIA
tcp_get _current TCP 1 uHCTpYMEHT [Tonb30BaTenbCKUM
tcp_get_list TCP u uHCTpyMEHT [Tonp30BaTenbCKUit
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Meton DOYyHKUMOHAJbHBIN pa3aen Craryc
unsubscribe_from_joint_state CoObITHS U IIOAIMMCKH [Tonb30BaTeabCKuii
ynsubscribe_from_streaming_top CoOBITHS M ITOAIHCKH [Tosb30BaTenbCKUM
ICS
unsubscribe_from_topic CoObITHS U IOAIMMCKH [Tonb30BaTeabCKuit
write_analog_output Broa-BeiBOI M dhiiaHel] [Tonp3oBaTenbCckuii
write_analog_output_async_awai | BBoa-BeiBoa 1 utaHelr [Tonmp30BaTEIHCKHIA

t

write_analog_output_no_wait

BBoa-BriBOI M dhiraHel]

Pacmmpennsrii: 6e3

OXKHTaHHS
write_digital_output BBoa-BbIBO 1 (hi1aHely [Tonp30BaTEIbCKHIA
write_digital_output_async_awai | BBoa-BeiBoa U hitaHelr [Tonp30BaTEIbCKHIA

t

write_digital_output_no_wait

BBon-BeiBO 11 (priaHely

Pacmmpennsriii: 6e3

OYKHTaHUS
write_gpio BBoa-BbIBOI M hiraHel] [Tonp3oBaTenbCckuii
write_gpio_async_await BBon-BeiBO 1 (priaHely [Tosp30BaTenbCKuit
write_gpio_bit Bron-BeiBO 11 (prtaHely [Tose30BaTenbCKU
write_i2c BBon-BeiBog 1 (prianery ITonp30BaTenbCcKut
write_i2c_async_await BBoa-BeIBOJ 1 (hi1aHel] [Tonmp30BaTeIHCKHIA
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3.22 KoHTpoJIbHBIN CIHCOK Nepe/1 3a1yCKOM

KoHTpoNbHBIN CHUCOK, MpeACTaBICHHBIH B Tabuuie 55, HEOOXOIMMO MPOUTH TMepen
MEPBbIM TMOJKIIOUEHUEM U TOBTOPSATH MEpell BBIMOJHEHUEM KOMAaH]l JIBIXKCHHS IOCTe
W3MEHEHUs KOoH(urypanuu. HeBBIMOJHEHHBIH WM HEMOATBEPKAEHHBIA TYHKT SBIISCTCS
OCHOBAHHUEM HE 3aIyCKaTh MPOTpaMMy J0 YCTPAHEHHUS 3aMEUaHus.

Ta6muma 55 — KoHTpoabHBIN CIIUCOK

Ne IIpoBepka

1 Python 3.12.x ycTaHOBJIEH, BUPTYaJIbHOE OKPYKEHHUE aKTUBHO

2 3aBucuMoCcTH U yTBepkIeHHbIM naker SDK ycraHoBieHbl 0e3 OmMOOK; BepcHsl HakeTa
COOTBETCTBYET JOKYMEHTAI[UU

Kontpomnep noctynen no cetu, TCP-nopt 1883 OTKpHIT TONBKO B JOBEPEHHON CETU

client_id yHukaneH, y4eTHbIC JaHHBIC TTOJYYCHBI ISl TAHHOW YCTAHOBKH

I[1epBrrii read-only TecT ycnemHo moxyyus1 KOOPIUHATHI U COCTOSIHUSI CYCTaBOB

PaGouas 30Ha OCBO60)K,Z[€H8., aBaprIHLIfI OCTaHOB NOCTYIICH

TCP, uHCTpyMEHT, NOJIe3HAasl Harpy3Ka U OTpaHUYEHUS IPOBEPEHBI

HepeﬂaBaeMble TOYKH W BCA TPACKTOPHA BAIIUIUPOBAHBI

© 0| N[O | o bW

Omubku u TaiimM-ayTbl 0OpalaThIBAIOTCS; Mocje TaliM-ayTa MpoBepsercss (akTuyeckoe
COCTOSIHME MAHHUITYJIATOPA

10 | disconnect(), ynaierne oOpabOTIMKOB M OTKJIFOUYCHHE streaming Haxoasarcs B finally

3.23 MuHuMAaJIbHBINA MIA0JI0H NPUWIOKEHUS

[ITabnoH 00BEOUHSIET PEKOMEHIYEMYIO CTPYKTYpPY IOJB30BaTEIbCKOIO MPHUIIOKEHUS:
HACTPOMKY JKypHaJIUpOBaHUs, co3ianue Promobot M13, moakmoyenne, 6e30macHOEe YTEHHE
COCTOSIHMSA, O0OpabOTKYy HCKJIIOYEHHWH W TrapaHTHPOBaHHOE OTKIoueHue B Onoke finally.
KomaHnpel NBMKEHHST HAMEPEHHO HE BKJIIOYEHBI M JOJDKHBI JOOABISATHCS TOJBKO IOCIHE

IPOBEPKU KOHKPETHOT'O CLIEHAPUSI.
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import json

import logging

from sdk.errors import CommandTimeout, ConnectionError as SdkConnectionError,
SdkError

from sdk.manipulators.m13 import M13

logging.basicConfig(level=logging.INFO)
log = logging.getLogger(__name_ )

def main() -> None:
robot = M13(
host="192.168.0.10",
client_id="m13-production-client-01",
login="<login>",

password="<password>",

try:
robot.connect()

robot.get_control(timeout_seconds=10.0)

state = robot.get_cobot_state(timeout_seconds=10.0)
joints = json.loads(robot.get_joint_state(timeout_seconds=10.0))
log.info(*'State: %s", state)

log.info(""CyctaBbr: %s", joints)

# 321601) pPasMCIIarOTCA TOJIbKO BATMAWPOBAHHBIC KOMAaHABI ITPHUIIOKCHUA.

except SdkConnectionError:

log.exception("He yaanoch MoaKIFOUYATECS K MAaHHUITYIATOPY")
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except CommandTimeout:
log.exception("ManumyasSTOp HE OTBETHII B IIpeieiax Taiim-ayTa')
except SdkError:
log.exception("Komanga SDK 3aBepinmiach onmoKoi'")
except Exception:
log.exception("HenpenBuaeHHas ommmoOKa MPHUIOKCHHS )
finally:
robot.clear_all _handlers()
robot.disconnect()
if _name_ ==" main_":

main()

4 SDK C++

4.1 TpeOoBanusi u ucnoab3opanue C++

MaHunynaTop U KOMIBIOTEP JOJKHBI OBITH JOCTYIHBI APYT APYTY MO CETH (JOKAIBHO
wnu yepe3 MuTepHer).

SDK Tpebyer kommuusitop u cucremy cOopku CMake. TpeGoBanue «
KOMIWIATOPY: KoMmmuiiaTop ¢ momaaepxkkon C++17 (GCC 9+, Clang 10+, MSVC 2019+).

bubnnoteka pacnpocTpassercs B IpeJBapUTEIbHO COOPAaHHOM BUJE.

411 IIpoBepka koMnuJIATOpPa

g++ --version

# oxumaercs Bepcus 9 Wi BbIIIIe
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41.2 Crpykrypa ycranoBjeHHoro SDK

[Tocne monyuennss SDK, B kopHEBOM manke HaxoAWTcs Kartajor install co crmemxyrorei

CTPYKTYpOM:

install/

| |— pm_sdk/ # 3aronoBounsie daitasl SDK

| |— manipulator.npp
|— types.hpp

| |— debug_logger.hpp
| L—nlohmann/ # JSON 6u6miorexa

| L— matt/ # 3aronoBounslie Qaiiasl Paho MQTT
—lib/

| |— libpm_sdk.a  # Craruueckas 6ubmuorexa SDK

| |—libpaho-mqttpp3.so # Paho MQTT C++ 6ubmmoreka

| L—libpaho-mqtt3*.so  # Paho MQTT C 6u6nuotexu
L— pin/

L — MQTTVersion  # Vrumura mst nposepkn MQTT

4.1.3 Hoakarouenue SDK k nmpoekty
[Mpumep CMakeL.ists.txt miist Barero npoekra:

cmake_minimum_required(VERSION 3.10)
project(sdk_demo)

set(CMAKE_CXX_STANDARD 17)

include_directories(3{ CMAKE_SOURCE_DIR}/../install/include)
link_directories(${CMAKE_SOURCE_DIR}/../install/lib)

add_executable(${PROJECT_NAME} main.cpp)
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target_link_libraries(${PROJECT_NAME}
pm_sdk

paho-mqttpp3

paho-mgqtt3as

)

4.2

Tunsl koMaHg

SDK MMOoAACPKUBACT HCCKOJIBKO TUIIOB KOMAaH/I JJIA THOKOTI0 YIIPpaBJICHUA:

CUHXPOHHBIE — BBINOJHAIOTCA IO OYepeau U OJOKHPYIOT BBINOJIHEHHUE [0
3aBepieHus. [lpunumarot mapamerp throwException (mo ymonadanuio true).
ACMHXPOHHBIE — HE OJIOKUPYIOT BBIIIOJIHEHHE; UMEIOT cypduKc Async U IPUHUMAIOT
callback-¢ynxruro.

CTPUMHUHTOBBIE — JUUIsl PEATbHOTO YIIPABJIEHUSI MAJIBIMU IIaraMy (CKOPOCTH, MO3bI,
CyCTaBbl).

HNOJNUCKKM — JUIsI ACHMHXPOHHOIO TOJYYEHHMs JaHHBIX COCTOSIHUSL —4epes3

Subscribe/Unsubscribe.

Ba:xno! He Bce MmeToapl ”MEIOT acCHHXpOHHBIE Bepcuu. Hanmpumep:

GetControl() — ToIbKO CHHXPOHHBIIA;

Connect() — TOBKO CHHXPOHHBIN;

CancelCommand() — ToJIbKO CHHXPOHHBI;

GetCartesianCoordinates() — TONBKO CHHXPOHHBIH (HO €CTh AaCHHXPOHHAsS

nmoanucka SubscribeCartesianCoordinates).

BonpmmucTBO KOMany nBmwkenus (MoveToAngles, MoveToCoordinates u ap.) umMeroT

KaK CHHXPOHHBIC, TaK U aCHHXPOHHBIE Bepcun. Beerna npoepsiiite Hanuune cypdukca Async

B 3ar0JIOBOYHBIX (haiinax.
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42.1 IIpumepsI BHI30BOB

// CHHXpOHHBIN BBI30B (OJOKUPYIOIIIHIA)
manipulator.GetControl();

manipulator.MoveToAngles(angles);

/I Acurxponnsiii Be130B (¢ callback)
manipulator.MoveToAnglesAsync(angles, [J(CommandResult result) {
if (result.GetState()) {

std::cout << "JIBmxenue 3aBepireno” << std::endl;

}
bk

/l ACHMHXPOHHAA ITIOAIIMCKA Ha COCTOSAHUA
manipulator.SubscribeCartesianCoordinates([](const nlohmann::json& data) {

std::cout << “Koopaunatsl 00HOBIIEHHI: © << data.dump() << std::endl;

bk

4.2.2 YnpasJiieHue JOrHpoOBaHUEM
s otnagku SDK npeaycMoTpeHa cucteMa JOTMpOBaHUS:
// TIoAKTIOYUTH 3aTOJI0BOYHBIN (aiin

#include "pm_sdk/debug_logger.hpp"

// BK1rvouuTh BCE JIOTH

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

[l BkmrouuTts Tosibko Jjjoru SDK

DebugLogger::SetEnable(LogEntity::SDK, true);

// Bkatounts TosIbKO JTorkt MQTT
DebugLogger::SetEnable(LogEntity::MQTT, true);
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/| OTKIIFOYUTB BCE JIOTH

DebugLogger::SetEnable(LogEntity::ALL, false);

,Z[anee B [IpUMCpax 6y,ILYT HCIIOJIb30BATHCA CHHXPOHHBIC MCTO/bI, CCJIM HC YKA3aHO MHOC.

4.3 IIporpamMmmHubie 0/10kH (CTPYKTYpa NPOrpaMMbl)

CtpyKTypy nporpaMmbl yA0OHO pa30UTh Ha JOTUYECKHE OJTOKHU:
a) TOAKJIIOYEHHUE 3arojoBOYHbBIX (aiinoB SDK;

0) cos3maHue 0OBEKTAa MAHUIYJIATOPA U TIOJIKIIOYCHUE K HEMY
B) 3axBaT YNpaBJICHHS,

I) OCHOBHOU OJIOK BBIMIOJHEHUS (JIBH>KCHUS, YTCHUE TaHHBIX);
o) 00paboTKa HCKITIOUEHUM.

Hikxe — MUHMMAaIBHBIN MMPpUMEP MOAKIIOYCHUS U 3aXBaTa YIIPABJICHUS.

#include "pm_sdk/manipulator.hpp™
#include <iostream>

int main() {
using namespace pb_sdk;

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

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

M13 manipulator(host, client_id, login, password);
manipulator.Connect();

if (manipulator.GetControl()) {

std::cout << "VYmnpagsnenue nmomydeno! " << std::endl;
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} catch (const std::exception& €) {

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

¥

return O;

43.1

OcHOBHOM 0J10K BBINOJTHEHUA (IBUKEHHUSA, YTEHHE JAHHBIX)

OcHOBHO 0JIOK BBITIOJTHCHUS (IBUKCHHS, YTCHUE JIAHHBIX ) OTKCAH B Ta0nwuie 56.

Ta6mmma 56 — OcHOBHO# OJIOK BBITTOTHEHUS (JIBMYKSHUSI, YTEHHUE JAHHBIX )

HaumenoBanue Onucanue Komannga IMapameTpsl IMpumep
Komanabl nepemerenust

MoveToAngles | Ilepememaer manipulator.Mo |- angles.m_ #include
manumyssatop | veToAngles(ang position — | "pm_sdk/types.hpp"
o yriiam | les); JointPositions
IIECTH At 6 | MoveAnglesM13Para
CYCTaBOB: CYCTaBOB ms angles(
shoulder_pan_j [pan]; JointPositions(0.0, -

oint,
shoulder_lift_j
oint,
elbow_joint,
wrist_1 joint,
wrist_2_joint,
wrist_3_joint

angles.m_velo
cities -
JointVelocities
JUTS 6
CyCTaBOB
[pan/c];
angles.m_
velocityFactor
KO3 UIIUEHT
ckopoctu 0.0-
1.0;

angles.m_
acceleration
Factor -
KO3(QPHUIHUEHT
YCKOpPEHHUS
0.0..1.0;
timeout_secon
ds —
OIIIINOHAJIBHBI
51 TalmayT
OIEepaliu;

1.57, 1.57, 0.0, 1.57,
0.0), /" yriel 6
CyCTaBOB [pa]

JointVelocities(0.0,
0.0, 0.0, 0.0, 0.0, 0.0)
// ckopoctu [pan/c]

);

angles.m_velocityFact
or = 0.1; I
K03 puLreHT
CKOPOCTH
angles.m_acceleration
Factor = 0.1; 1l
K03 puLreHT
YCKOpPEHUS

manipulator.MoveTo
Angles(angles);
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Haumenosanue

Onucanue

Komanga

ITapameTpbl

IIpumep

throw_error —
OTLIMOHATHHBI
i ¢bnar
BbIOpAChIBaHU

S UCKIIFOYCHU A

MoveTo
Coordinates

JBmxeHue Mo
KOOpJAMHATAM

manipulator.Mo
veToCoordinate
s(coords);

coords.positio
N — 00BeKT
Position(x, v,
2);
coords.
orientation —
00BEKT
Orientation(x,
Y, Z, W);
coords.velocit
y_
scaling_factor
kodurment
CKOPOCTH,;
coords.
acceleration_
scaling_ factor
KO3QPUIHEHT
YCKOpEHUH,
coords.planner
_ type — Tun
IJIaHUPOBIIUK
a, o
YMOJIHaHHUIO
PlannerType::
LIN;
coords.timeout
seconds -
TaimayT
0XKUJTAaHUS,
coords.throw _
error -
BbIOpACHIBATh
NCKIIHOYCHUC
IpU OIuoOKe

#include
"pm_sdk/types.hpp"

MoveCoordinatesPara

ms coords(
Position(0.5, 0.0,
0.3), Xy, 2
Orientation(0, 0, 0,
1.0), IIx,y, z, w
(KBaTepHHUOH)
0.1, Il

velocity scaling_facto
r

0.1 I
acceleration_scaling_f
actor

);

manipulator.MoveToC
oordinates(coords);

MoveArc

JIBuxeHue mo
yre

manipulator.Mo
veArc(arc);

arc.target -
1ejieBasi ToYKa

Ayru;

#include
"pm_sdk/types.hpp™
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HaumeHnoBanue Onucanue Komanna ITapameTpbl IIpumep
arc.center_arc |// Co3maem I1eleBYIO
— IICHTP AYTH, | TOYKY M LICHTP JYTH
arc.step — mar | MoveArcParams::Tar
MEXTY get target(

TOYKaMH JIyTH; Position(0.25, -0.1,
arc.count_poin | 0.25), I Xy, z
t_ arc — yucio | ueaeBo TOUKU
TOYCK Orientation(0, 0, O,
anmpokcuman | 1) // opueHTaus
uu, );
arc.max_veloc
ity_scaling_fa | MoveArcParams::Cen
ctor — | terArc center(
MakCHMaITbHBI Position(0.15, 0.0,
W Macmab | g 20), Xy, z
CKOpOCTI/I; LIEHTpPA JyTH
arc.max_accel | Qrientation(0, 0, O,
eration_scalin | 1
g_ factor — );
MaKCHUMaJIbHbI
u Macitad
// Co3maem mapamMeTpsl
YCKOpPCHUA
Iy
MoveArcParams arc(
target, 1
neJjieBasa TO4YKa
center, Il mentp
Iy
0.05, /] step -
mar MExay TOUYKaMu
50, Il
count_point_arc -
KOJIMYECTBO TOYECK
0.5, I
max_velocity scaling
_factor
0.5 Il
max_acceleration_scal
ing_factor
)i
manipulator.MoveArc
(arc);
CTpumMHHT
SetServoTwistM | ITepeknrouenn | manipulator.Set - // PeKUMBI
ode /e pexkuma | ServoTwistMod
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HaumeHnoBanue Onucanue Komanna ITapameTpbl IIpumep
SetServoPoseM | ctpumuHra: e(); /I st manipulator.SetServo
ode / | ckopocTu CKOPOCTH TwistMode();  // s
SetServoJointJo | (TWIST), no3a CKOpPOCTH
gMode (POSE), manipulator.Set manipulator.SetServo
CYCTaBbI ServoPoseMode PoseMode();  // dna
(JOINT_JOG). | (); /] Hns MO3bI
Pexum 03Bl manipulator.SetServolJ
BEIOHMpAETCs 110 ointJogMode(); // Jns
OTHPABKH manipulator.Set CycTaBoB
CTPUMMHIOBBIX | ServoJointJogM
KOMaH[| ode(); // Hna
CyCTaBOB
StreamJoint CTpuMUHT manipulator.Stre positions: // BKIIOYaeM pEeXHM
Positions cycraBoB (6 | amJointPositions JointPositions | JOINT _JOG
oceit) (positions, IS 6 | manipulator.SetServoJ
velocities); CYCTaBOB; ointJogMode();
velocities:
JointVelocities | JointPositionsM13
At 6 | positions(0.5, 1.0, 0.8,
CyCTaBoB 0.2, 0.1, 0.15); I
yIJibl 6 CyCTaBOB
JointVelocitiesM13
velocities(0.2, 0.1,
0.15, 0.05, 0.05, 0.05);
// ckopocTi
manipulator.StreamJoi
ntPositions(positions,
velocities);
StreamCartesian | CtpuMuHT manipulator.Stre linear — | // BkimogaeM pexum
Velocities CKOpocTei amCartesianVel 00BEKT TWIST
ocities(linear, LinearVelocit | manipulator.SetServo
angular); y(X, Y, 2); TwistMode();
angular -
00BEKT LinearVelocity
AngularVeloci | [inear{0.02, 0, 0};
ty(rx, ry, rz) | AngularVelocity
angular{0, 0, 0.01};
manipulator.StreamCa
rtesianVelocities(linea
r, angular);
Stream CtpuMuHT manipulator.Stre pos — oObekT |/ Bximouaem pexum
Coordinates O3Bl amCoordinates Position(x, vy, | POSE

(pos, orient);

2);
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HaumeHnoBanue Onucanue Komanna ITapameTpbl IIpumep
orient — | manipulator.SetServo
00BEKT PoseMode();
Orientation(x,

Y, Z, W) Position pos(0.5, 0.0,
0.3);
Orientation orient(0, 0,
0, 1);
manipulator.StreamCo
ordinates(pos, orient);
ITporpammel
RunProgram 3armyckaer manipulator.Run | name — wnassanue | manipulator.RunProgr
TOTOBYIO Program("m13/ | mporpaMmsr; am("m13/default");
nporpammy Ha | default");
MaHHUITYJIATOPEC
RunProgram 3amyckaer manipulator.Run name — | nlohmann::json
JSON porpammy, ProgramJSON(" Ha3BaHHE program_json = { /* ...
copmupoBanH | program_1", nporpammsl; | */ };
yiO B BHUAE | program_json); program — | manipulator.RunProgr
JSON- JSON-06bexT | amJSON("program_1"
crieHapus nlohmann::jso |, program_json);
N C KOPHEBBIM
KirouoM Root
RunPythonProgr | 3amyckaet PythonProgram py.code — | PythonProgram
am Python-kon py("print(‘Hello CTpOKa c | py("print('Hello from
PSIMO Ha | from M13!") "); Python- M131)");
MaHUNyJATOpe |auto result = KOJIOM. auto result =
manipulator.Run py.env_name | manipulator.RunPytho
PythonProgram - ums | nProgram(py);
(Py); BHPTYaJIbHOTO
OKpYKEeHU,
OINIIAOHAJILHO;
py.python_
version —
BepcuUs
Python,
OINIMOHAIBHO,
py.requiremen
S — cnoucok
3aBUCHMOCTEH
, OIIINMOHAJIBHO
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HaumeHnoBanue Onucanue Komanna ITapameTpbl IIpumep
OcTaHoBKa I[BI/DReHI/Iﬁ
StopMovement | OcranoBka manipulator.Sto — manipulator.StopMov
BCETO pMovement(); ement();
ABHUKCHU S

CocTrosiHuA U AAaHHBbIC — ME€TOAbI 1JISl MOJYYCHHUA COCTOAIHUS MAHUITYJIATOPA U MOAIIUCOK. Bce
MeToabl Bo3BpaiaT nlohmann::json

GetJointStates /
GetHomePositio

n /
GetCartesianCo
ordinates /
GetManipulatorl
nfo /
GetCoordinateLi
mits /
GetHardwareErr
or

CunxpoHHOE
MOJIy4YeHHE
JTAHHBIX

manipulator.Get
JointStates();

manipulator.Get
HomePosition();

manipulator.Get
CartesianCoordi
nates();

manipulator.Get
Manipulatorinfo

0;

manipulator.Get
CoordinateLimit

s();

manipulator.Get
HardwareError()

/' Tekymue  yTIbl
CyCTaBOB (6 3HAUYCHHUI)
auto joint_states =
manipulator.GetJointS

tates();

std::cout << "VribI
CyCTaBOB: " <<
joint_states.dump(2)
<< std::endl;

// JlOMaIIHss MO3UIUS
auto home_pos =
manipulator.GetHome
Position();

std::cout <<
"JloMaIlHssT [O3UITHS:
" <<
home_pos.dump(2) <<
std::endl;

/l Tekymue
koopauHatel X, Y, Z
auto coords =

manipulator.GetCartes
ianCoordinates();
std::cout <<
"Koopaunater: " <<
coords.dump(2) <<
std::endl;

/- Wundopmauus o
MaHHMITYJIITOpE

auto manip_info =
manipulator.GetManip
ulatorinfo();

std::cout <<
"Mudopmarms: " <<
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Haumenosanue

Onucanue

Komanga

ITapameTpbl

IIpumep

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

I/ OrpannueHus
KOOpAuHAT

auto limits =
manipulator.GetCoord
inateLimits();

std::cout <<
"Orpanuuenus: " <<
limits.dump(2) <<
std::endl;

/l Omunoku
o0opyoBaHus

auto errors =
manipulator.GetHard
wareError();

std::cout << "Omubku:
" << errors.dump(2)
<< std::endl;

SubscribeCartesi
anCoordinates /
SubscribeJointSt

ates /
SubscribeGPIO
States /

SubscribeCoordi
nateLimits /
SubscribeManip

ulatorinfo /
SubscribeHardw
areError

Tlognucka Ha
0OHOBJIEHUS

manipulator.Sub
scribeCartesianC
oordinates

manipulator.Sub
scribeJointStates

manipulator.Sub
scribeGPIOState
S

manipulator.Sub
scribeCoordinate
Limits

manipulator.Sub
scribeManipulat
orinfo

manipulator.Sub
scribeHardware
Error

/l [Toamumcka Ha
KOOPIUHATEI
manipulator.Subscribe
CartesianCoordinates(
[1(const
nlohmann::json& data)

{

std::cout <<
"KoopanHatel
00HOBIEHB: " <<
data.dump() <<
std::endl;
b

/l [Toammcka Ha
COCTOsIHHUEC CYyCTaBOB
manipulator.Subscribe
JointStates([](const
nlohmann::json& data)
{

std::cout << "Vrusl
CyCTaBOB OOHOBJICHBI:
" << data.dump() <<
std::endl;
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Haumenosanue

Onucanue

Komanga

ITapameTpbl

IIpumep

H:

// ITonnucka Ha
coctossaue GPIO
manipulator.Subscribe
GPIOStates([](const
nlohmann::json& data)
{

std::cout << "GPIO
obmoBsieno: " <<
data.dump() <<
std::endl;

H:

// IMoanucka Ha
OIrpaHUYCHUA
KOOpAuHAT
manipulator.Subscribe
CoordinateLimits([](c
onst nlohmann::json&

data) {

std::cout <<
"Orpanuuenus: " <<
data.dump() <<
std::endl;
b;
// IMoammcka Ha
UHpOPMaIINIO 0
MaHUTYJISATOpPE

manipulator.Subscribe
Manipulatorinfo([](co
nst nlohmann::json&

data) {

std::cout <<
"Nudopmarus 0
Manumyisrope: " <<
data.dump() <<
std::endl;
b

/l [Toammcka Ha
OIIMOKHU
o0opyoBaHUs
manipulator.Subscribe
HardwareError([](con
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Haumenosanue

Onucanue

Komanga

ITapameTpbl

IIpumep

st nlohmann::json&
data) {

std::cout <<
"OrmmnoKa: " <<
data.dump() <<
std::endl;
b

UnsubscribeCart
esianCoordinate
S /
UnsubscribeJoin
tStates /
UnsubscribeGPI
OStates /
UnsubscribeCoo
rdinateLimits /
UnsubscribeMa
nipulatorinfo /
UnsubscribeHar
dwareError

Otmucka oT
0OHOBIIEHUI

manipulator.Uns
ubscribeCartesia
nCoordinates();
manipulator.Uns
ubscribeJointSta
tes();
manipulator.Uns
ubscribeGP10St
ates();
manipulator.Uns
ubscribeCoordin
ateLimits();
manipulator.Uns
ubscribeManipul
atorInfo();
manipulator.Uns
ubscribeHardwa
reError();

manipulator.Unsubscri
beCartesianCoordinate
s0);
manipulator.Unsubscri
beJointStates();
manipulator.Unsubscri
beGPIOStates();
manipulator.Unsubscri
beCoordinateLimits();
manipulator.Unsubscri
beManipulatorinfo();
manipulator.Unsubscri
beHardwareError();

Baxuo! i acHHXpOHHOTO TOJyYEHHUs ITaHHBIX MporpamMma JOJDKHA TPOJ0JDKATh paboTarh
(Hampumep, UMETh LUKI WM OKUIAHHE), YTOOBI yCreBaTh 00padaThiBaTh BXOSIINE COOOIICHUS.
[Moanucku pabotaroT B OHOBOM MOTOKE W BhI3bIBarOT Barn Callback mpu kaxmaom oOHOBIEHHH
JTAHHBIX Ha MaHUITYJISITOPE

SetJointLimits

YcTraHoBka
MpeeioB
CyCTaBOB.
OmmOku
BO3BpAIIAOTCS
B dbopmare
JSON: {"type":
id, "message":

G

manipulator.SetJ
ointLimits(limits

);

// YcraHoBka
OTpaHUYCHUI
CKOpPOCTHU U YCKOPEHUS
JUJISL CyCTaBOB
std::vector limits = {

JointLimit(*shoulder
pan_joint", 2.0, 3.0),

JointLimit("shoulder _|I
ift_joint", 1.5, 2.5),

JointLimit("elbow_joi
nt", 2.0, 3.0),
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Haumenosanue

Onucanue

Komanga

ITapameTpbl

IIpumep

JointLimit("wrist_1 _jo
int", 2.5, 3.5),

JointLimit("wrist_2_jo
int", 2.5, 3.5),

JointLimit("wrist_3_jo
int", 2.5, 3.5)
b

manipulator.SetJointLi
mits(limits);

Il [Monyuenue
TEKYLIUX
OTpaHUYCHU N

auto current_limits =
manipulator.GetJointL
imits();

4.3.2

Yupasiaenue GPI1O

GPIO (General Purpose Input/Output) mo3BosiseT ynpasisTh HUPPOBEIMU BXOJAMH U

BBIXOJIaMH MAHMIIYJIATOpPA. DTO IOJE3HO JJI1 B3aUMOJCHCTBHS C BHEUIHUMHU YCTPOMCTBAMM,

JAaTYUKAMH, CBETOJUOIAMU U APYTUMHU TTepUPEepUITHBIMUA KOMITOHEHTaAMH.

Ynpasnenne GPIO onmcano B Tabmurie 57.

Tabnuua 57 — Yopasneane GP1O

HaumenoBanue Onucanue Komanna IIpumep
OcCHOBHBIE METObI
GPIOPIn Kounduryparms bool result = | bool result =
GPIO nuna manipulator.Configure | manipulator.ConfigureGPIOP
GPIOPIn("gadget_digi | in("gadget_digital_outputs_d
tal_outputs_dout2", out2", false); // false = Bbixon,
false); true = BxoJ
GetGPIO Urenne 3unauenus | manipulator.GetGPIO( | nlohmann::json  value =
GPIO "flange/digital_ports/d | manipulator.GetGPIO("flange
igital_inputs"); /digital_ports/digital_inputs");

-17




HaumenoBanue Onucanue Komanna IIpumep

GPIO

SetGPIO Banuck 3HaueHus | SetGPIO("flange/digit | manipulator.SetGPIO("flange

al_ports/digital_output | /digital_ports/digital_outputs"
s", 1); , 1);

Pa6ora ¢ undpoBsiMu nopramMmu

WriteDigitalOutput | 3anucs

manipulator.WriteDigi | manipulator.WriteDigitalOutp

UG pOBOro talOutput(1, true); ut(1, true); /I Kaman 1,
BbIXO4a BKJIHOYUTDH
manipulator.WriteDigitalOutp
ut(2, false); // Kanan 2,
BBIKJIFOYUTH
manipulator.WriteDigitalOutp
ut(3, true); /| Kanan 3,
BKJIIFOYUTH
4321 I[Ipumeps! ucnosn3osanuss GP10
[Tpumeps! ucnonwszoBanus GPIO onucans! B Tabmnuie 58.
Ta6mmma 58 — Ynpasneane GPIO
HaumenoBanue IMpumep
Konduryparms GPIO nuna bool result =

manipulator.ConfigureGPIOPIn("gadget_digital_outputs_dout2",
false);
if (result) {

std::cout << "ITum gadget digital_outputs_dout?2 ycmemniHo
ckoHpurypuposan" << std::endl;

}else {

std::cout << "Omubka koH}purypanun nuna" << std::endl;
¥

Yreuue u 3amucsy GPIO

nlohmann::json input_value =
manipulator.GetGPIO("flange/digital_ports/digital_inputs");
std::cout << "Cocrosiaue Bxoja: " << input_value << std::endl;

// 3anck B mopT
manipulator.SetGP10("flange/digital_ports/digital_outputs", 1);

Il TIpoBepka 3amucu

nlohmann::json check_value =
manipulator.GetGPI10("flange/digital_ports/digital_outputs");
std::cout << "Cocrtosiaue Beixoa: " << check_value << std::endl;
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KomrutekcHbIi npumep c | #include
aBTOMAaTHU3alAEN #include

void AutomatedProcess(M13& manipulator, Position target_pos,
Orientation target_orient) {
// KoHduryparus muHOB

manipulator.ConfigureGPIOPIn("gadget_digital _outputs_doutl",
false);

manipulator.ConfigureGPIOPin("gadget_digital _outputs_dout2",
true);

std::this_thread::sleep_for(std::chrono::milliseconds(500));

// TIpoBepka HanM4unst 00BEKTA
nlohmann::json sensor_value =
manipulator.GetGPIO("flange/digital_ports/digital_inputs");
if (sensor_value ==1) {
std::cout << "O6bekT oOHapyxen" << std::endl;

// TlepemetieHne K 0OBEKTY

MoveCoordinatesParams coords(target_pos, target orient,
0.1,0.1);

manipulator.MoveToCoordinates(coords);

// AKTHBaIMs 3aXBaTa yepe3 Hu(poBOi BHIXOA
manipulator.WriteDigitalOutput(1, true);

std::this_thread::sleep_for(std::chrono::seconds(1));

// JleakTuBaIus yCTpOHCTBa
manipulator.WriteDigitalOutput(1, false);

std::cout << "Omnepanus 3aBepuiena” << std::endl;

} else {

std::cout << "O0ObekT He 0OHapyx)eH" << std::endl;
¥

}

43.2.2 Ocob6ennoctu padorsl ¢ GP1O na M13

[IpenBapurensHas koH(urypamus: nepea ucnonb3oBanueM GPIO nuHOB HEoOX0aMMO
BBITIOJHUTB UX KOH(pUTrypamuto ¢ nomomrsto ConfigureGPIOPIN.

[{udpoBbie BEIXOABI: YIPABISAIOTCSA IO HOMEpPaM KaHaJIOB ¢ OyJIeBBIMU 3HAUECHUSIMHU.
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Baxwno! [Ipu padore ¢ GPIO nmopramu cobimtonaiite Tpe6OBaHUS 1O HANPSHKEHUIO U TOKY.

HeraBI/IJ'H)HOQ HCIIOJIb30BAHUC MOXKCT ITIOBPCINUTDH O60py,I[OBaHI/Ie.

4.3.3 I[Ipumepsbl HCNOJIL30BAHUSI KOMAaH/

B cocrae SDK mpemocraBieH IeMOHCTpPallMOHHBIH TMPOEeKT B Kartajgore demo. OH
MOKa3bIBA€T  KCMOJb30BAaHME OCHOBHBIX KOMAaHJ[ YIPaBICHUS  MAHUIYJIATOPOM U
JIOTIOJTHUTEITbHBIMUA MOTYJISIMHU.

Jl1st cOopkH J1eMo:

cd demo
mkdir build
cd build
cmake ..
make
Jsdk_demo

434 Modbus n RS-485

Manumnynsrop Promobot MI13  mnoguepxuBaeTr B3aMMOJICHCTBHE C  BHEIIHHMU
ycTpoiictBamu 1o uHTepdeiicy RS-485 ¢ mcnons3oBanmem mnpotokona Modbus RTU. Oro
MO3BOJISIET MOAKIIOYATh JAaTYUKW, KOHTPOJUIEPHl, MPHUBOJBI M JPYroe MNpPOMBILIIEHHOE

o0opyTIoBaHHE.
4341 APpXHUTEKTYPa U TEPMHUHOJIOT U

B3anmozencTBue cTponuTes BOKPYT CIEAYIOIMX KOHICTIIUN:

- VYcrpoiictBo (ModbusDevice): nornueckoe mnpeacrasienue BHemHero Modbus-
yCTpoicTBa, nmoakmoueHHoro kK RS-485. Kaxmoe ycTpoiicTBO HAESHTHPHUIIUPYETCS
ceoum Slave_id.

- Currman  (ModbusSignal): onmuceiBaeT 3ampoc K yCTPOHCTBY:  (DYyHKIIHMIO
(uTeHMe/3aMnCh), aIpec PErucTpa, KOJIMYECTBO HJIEMEHTOB M HMHTEpBAJ OMpOCca

(poll_ms).
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- ITapamerpsr

ITWMHBI

(ModbusParameters): rmo0anpHbIC

RS-485

HACTPOWKH

uHTepdeiica (CKOpocTh, OUTHI JAHHBIX, YETHOCTH U T.J1.).

- Kangpm

(ModbusFrame): neobpaboTanHble OaMTHI,

KOTOPBIMH  OOMEHHBAETCS

MaHumysaTop. SDK  mo3Bossser moamnuchiBathess Ha oTnpaBieHHbie (TX) wm

nosy4yeHHble (RX) kaapel aig oTiaaky.

SDK mpenoctaBisieT Kak BBICOKOypoBHEeBBI APl mis paboTel ¢ ycTpoWcTBaMU U

CHUT'HaJIaMH, TaK U HHSKOYpOBHCBBIﬁ AJIA OTHPABKU CBIPBIX JAHHBIX.

43.4.2

Ipumepsl ucnoab3zopanusa Modbus u RS-485

[Tpumeps! ucnonszoBanus Modbus u RS-485 onucansl B Tabnuie 59.

Tabmuna 59 — Yrpasneraue Modbus u RS-485

HaumenoBanue Onucanue IMpumep

VYrpasnenue [lepen wawanom | // IToaroroBka napamerpoB RS-485

rnapameTpamu padoThI nlohmann::json rs485_params = {

muHbl RS-485 HE00XO0IUMO {"modbus.baudrate", 9600}, // CkopocTs, 6011
HacTpoOUTh {"modbus.data_bits", 8}, // BUTBI JTAHHBIX
TTapaMeTphI {"modbus.parity", "none"}, // YetHocTs: "none",
MOCNENOBATENLHO | ngyenn nodde
FBOTO HHT;E?:?;; {"modbus.stop_bits", 1.0}, // CTon-6uTsI
T — {"modbus.response_timeout_ms", 500}, // TaiimayT
U3MEHEHUU OTBCTa, MC )
KOH(HryparH {"modbus.poll_period_ms", 100} // Tlepuon ompoca
ceTH CUTHAJIOB, MC

}

// TlpumeHeHre mapaMeTpoB
manipulator.ModbusSetParameters(rs485_params);

VYpasnenue ITocne HacTpoiiku | // BKiIIOUNTH HUKINYECKUNA OMPOC CUTHAJIOB
OIpoCOM YCTPOMCTB u | manipulator.ModbusTogglePolling(true);
CUTHAJIOB, OIPOC
MOKHO 3allyCTUTE | /[ OTKII0YUTH ONIPOC
W OCTAHOBUTE. | manipulator.ModbusTogglePolling(false);
Orto riobanbHas
KOMaHJa JijIsl BCeX
100aBJIEHHBIX
YCTPOMCTB
Kondurypauus YcTpoiicTBo // Co3maHue CHUTHaJa 4YTeHHA 2-X YJICpKHUBAIOIIUX
Modbus- OIUCBIBACTCS peructpos ¢ agpeca 1000
CTPYKTYpO#
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HaumenoBanue Onucanue IIpumep

YCTPOUCTB u | ModbusDevice, ModbusSignal read_signal(

CHTHAJIOB KOoTopas ModbusFunction::READ_HOLDING_REGISTERS, //
COJIEPIKUT (GyHKUIMA YTEHUS

slave id, umsa wu
CIIMCOK CHUTHAJIOB
(ModbusSignal)

1000, // HaYabHBIN agpec
2, // KOMTMYECTBO PETHCTPOB
1000 // mHTEpBaI ompoca (Mc)

);

// Co3maHue CUrHaJla 3alvcy B OJMH PETUCTP (aHAJOTOBBIH
BBIXO[)
ModbusSignal write_signal =
ModbusSignal::CreateWriteSingleRegister(

2000, // ampec peructpa

1234, // 3HayeHue mId 3aIHUCH

0  //poll ms=0 (e onpammBaTh UKITHYECKN)

);

/I Coopka ycrporicTsa ¢ slave id =1
ModbusDevice device(1, "TemperatureSensor");
device.signals.push_back(read_signal);
device.signals.push_back(write_signal);

/I JoGaByieHHe yCTPOUCTBA HA MAHUITYJISITOP
auto result = manipulator.ModbusAddDevice(device);
std::cout << "Device added: " << result.dump() << std::endl;

Tunsl ¢pyuxumii Modbus: SDK nopnepxxuBaer ocHoBHbie (yHkiuu: urenue (1,2,3,4), 3anuce
(5,6,15,16), mackupoBaHHyIO 3anuch (22) u uyteHue/3anuch (23). Mcmnons3yiiTe COOTBETCTBYIONINE
3HaueHus u3 nepeuuncienus ModbusFunction

VYnpasnenue SDK  mnoszBossiet | // Ilonydenue crucka Bcex YCTPOMCTB
YCTpOICTBaMH NoJIy4aTh CHMCOK | std::vector<ModbusDevice> devices =
BCEX manipulator.ModbusL.istDevices();
HaCTPOCHHBIX for (const auto& dev : devices) {
YCTpOHCTB u std::cout << "Device ID: " << (int)dev.slave_id << ",
YIAIATh HX Name: " << dev.name << std::endl;
std::cout << " Signals count: " << dev.signals.size() <<
std::endl;
}
/l'Y nanenwne ycrpoiictsa o slave_id
manipulator.ModbusRemoveDevice(1);
OtnpaBka s // TloaroToBKa NaHHBIX Ui 3ampoca (Hampumep, Modbus
IIPOU3BOJILHBIX MaKCUMaJIbHON RTU kanp)
ruOKOCTH unu | std::vector<uint8_t>raw_data = {
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HaumenoBanue Onucanue IIpumep
JaHHBIX 10 RS- | paboTh c 0x01, // slave ID
485 HECTaHJAAPTHBIMU 0x03, // function code (read holding registers)
MIPOTOKOIaMHU 0x03, OxES8, // start address (1000)
MOKHO 0x00, 0x02, // quantity of registers (2)
OTIpaBJATE 0xC5, Ox7E // CRC
CBIpOU MaccHB ¥
OamT. MoxHo
ggmﬂa;i(;;;);s:;: // OrmpaBka U oxuaanue orsera (taimayt 500 mc)
HIH  OTTIDABHTH RS-4_185RaWResponse response =
manipulator.RS485SendRaw(
ACHMHXPOHHO
raw_data, // maHHBIE
1, Il device_id (mornueckuii uaeHTUDUKATOP, HE
slave_id)
true,  // wait_response
500 / response_timeout_ms
);
if (response.success) {
std::cout << “ITomyuen oTBert: ";
for (auto byte : response.data) {
std::cout << std::hex << (int)byte << "";
}
std::cout << std::endl;
}else {
std::cout << "Ommbka: " << response.error << std::endl;
}
MoHuTOpUHT Hns otnaaku | // [oanucka Ha UCXOASIINE KaPbI
Modbus-tpaduka | MOXKHO manipulator.SubscribeModbusTx([](const ModbusFrame&
noamucatses  Ha | frame) {
BCC  mcxomamme | std::cout << " [TX] " << frame.ToString() << std::endl;

(TX) u BxopasIHe
(RX) xaaper. SDK
MPEAOCTaBIISAET
TUTSt 3TOTO
KOJIO9KH, KOTOPBIE
MOJTY4aroT
CTPYKTYpYy
ModbusFrame c
BPEMEHHOM
METKOH,
HalpaBJIEHUEM U
JTAHHBIMHU

i

// Tloamucka Ha BXOIAIINE KaIPBI
manipulator.SubscribeModbusRx([](const ModbusFrame&
frame) {

std::cout << " [RX] " << frame.ToString() << std::endl;

bk

// Tloanucka Ha ommbku Modbus (ranpumep, ommboka CRC,
TaliMayT)
manipulator.SubscribeModbusError([](const
error) {

std::cerr << "Modbus Error: " << error << std::endl;

bk

std::string&
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HaumenoBanue

Onucanmne

IIpumep

// Otnucka ot Tpaduka
manipulator.UnsubscribeModbusTx();
manipulator.UnsubscribeModbusRx();

Crtpykrypa ModbusFrame npenocrasJisier y100HbIe METO/IbI ISl BLIBO/IA:

- frame.ToString() — Bo3Bparaer cTpoky ¢ pacimmdpoBkoi Kaapa (Hampumep, tx Slave 1: Read
Holding Registers, Addr=1000, Count=2 | [01 03 03 E8 00 02 C5 7E]);

- frame.ToHex() — Bo3Bpaliaer recTHaANATePHYHOE IPEICTABICHHE JaHHbIX.

BaikHO [1Jisl IPOMBILLJIEHHOT0 HCIIOJIHb30BAHMS:

- ybemurecs, uto puznueckoe noakitoueHne RS-485 pemonneno npasuibHO (poBoga A/A+, B/B-

, GND);

- Ckopocth, OUTBl JAHHBIX M YETHOCTh JIOJDKHBI COBIAAaTh JJIsi MaHMITYJISITOpa U BCEX
MOJKJIFOUEHHBIX YCTPONCTB;

- uHTepBaikl orpoca (poll_ms) u TaiimMayThl JOIKHBI OBITH HACTPOCHBI aJIEKBATHO BPEMEHHU OTKIINKA
YCTPONCTB, YTOOBI HE IEperpyKarh LIMHY;

- Ui JUIMTENIbHBIX CEAHCOB PEKOMEH]IyEeTCSl MCIIOJIb30BATh CUHXPOHHBIE BBI30BBI C 00pabOTKON
VCKJIFOYEHUM JIJIS HAJIeKHOCTH.

[Tonnseli npumep:
OIpoC  JaT4MKa
TEeMIIEpaTypbl

B srom npumepe
JEMOHCTPUPYETCS
HacTpouKa
rapamMeTpoB
IITUHBI,
no0aBJIeHHe
yCTpOMCTBa c
CUTHAJIOM YTEHUS
TeMIlepaTypsl U
MOCIIEY O
PY4YHOM 0ompoc

#include "pm_sdk/manipulator.hpp"
#include <iostream>
#include <thread>

int main() {
using namespace pb_sdk;

M13 robot("192.168.88.182", "sdk_client", "13", "14");
robot.Connect();
robot.GetControl();

/I 1. Hacrpoiika RS-485

nlohmann::json params = {
{"modbus.baudrate", 19200},
{"modbus.data_bits", 8},
{"modbus.parity", "none"},
{"modbus.stop_bits", 1},
{"modbus.response_timeout_ms", 300}

j

robot.ModbusSetParameters(params);

// 2. Co3nanue curHana (urenue 1 peructpa c agpeca 300)
ModbusSignal temp_signal(
ModbusFunction::READ_HOLDING_REGISTERS,
300, // anpec
1, // KOIU4ecTBO PETHCTPOB
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HaumenoBanue

Onucanmne

IIpumep

1000 // poll ms (aBTOMaTHuecKHii OMPOC KAKIYIO
CEKYH]LY)

);

// 3. Co3nanue ycTpoicTBa U 100aBIIEHNE CUTHATA
ModbusDevice temp device(10, “TemperatureSensor”);
temp_device.signals.push_back(temp_signal);
robot.ModbusAddDevice(temp_device);

[l 4. BxintoueHHe IUKIMYECKOTrO OIpoca
robot.ModbusTogglePolling(true);

/5. Tlommucka Ha TONy4YCHHBIC 3HA4YCHUS (dYepe3
CUTHAJIBI)
// TlpuMe4aHue: MOJNyYCHHBIC NaHHBIC MPUXOAAT Yepe3
toruku /modbus/...
/I dns aToro nmpumepa noanuieMcs: Ha Tpadpuk RX mis
HaOIOCHUS
robot.SubscribeModbusRx([]J(const ModbusFrame&
frame) {
/I Tlapcum otBeT, ecinu 310 oTBEeT OT slave 10 c
¢byHkuuei 3
if (frame.data.size() >= 7 && frame.data[0] == 10 &&
frame.data[1] == 3) {
/I O0benuHsieM Ba OaliTa B 3HaYEHHE PErucTpa
int temp_raw = (frame.data[3] << 8) | frame.data[4];
float temperature = temp_raw [/ 10.0f; //
[MpeanonoxuM, 4To TATYUK OTAACT JACCATHIC I0JIU rpagyca
std::cout << “Temperature: “ << temperature << *
°C” << std::endl;
}
b;

/] 6. OCHOBHO# MK
std::this_thread::sleep_for(std::chrono::seconds(10));

/I 7. Ounctka
robot.ModbusTogglePolling(false);
robot.ModbusRemoveDevice(10);
robot.UnsubscribeModbusRx();

return O;
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4.4 3akjaoueHue

HpI/I BO3HHUKHOBCHHHU Hp06JICM PICHOJIBSYIZT@ OTJIQJIOYHBIN BBIBOJI:

#include "pm_sdk/debug_logger.hpp"

/] BJIroueHue Bcex JIOrOB

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

/l Bkmrouenue tonbko SDK 5oros

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

[/ Bkimouenue Tonsko MQTT soros

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

[Ipy BO3HUKHOBEHUHU MOIPOOHBIX JJOTOB OOPATUTECH B CEPBUCHBIN LHEHTP MPEATNPUATHUS-

HN3TOTOBUTCIIA.

PGKOMGHI[aI_II/ISIZ AJI TOBBIIICHUA HAAC)KHOCTH UCITOJTHCHH A BCC BBI3BOBBI KOMAaH/ CJICAYCT

000opaunBaTh B KOHCTPYKITHIO try/catch, 4To0BI KOPPEKTHO 00pabaThIBATh BO3MOKHBIE OIIHOKH.
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