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NMPEMMYLLECTBA POBOTOTEXHUYECKUX KOMMJMNEKCOB KOHCTPYKTOPA
LEGO MINDSTORMS NXT 2.0 B NOArOTOBKE OBY4AIOLWLUNXCA
CMNELMANBHOCTEN UKT

AHHOmauusi. B Odelicmsyroweli y4ebHoU nabopamopuu Kaghedpbl
«Hgpopmamuku» Kazaxckoeo HayuoHasbHo20 yHusepcumema (KasHY) umeHu
anb-®apabu npenodasamesisCKUM cocmasoM U y4ebHO-8crioMo2ameribHbIM
rniepcoHarnom ¢hakyrnbmema UHhoOpMayUOHHbIX mexHonoaul (PUT) 3adelicmeosaH
Komrisiekc y4ebHbix pobomos, 20e nposodsimcsi uccrie@ogaHuUss Mo U3YyHYEHUIo
peaynsamopoes cucmem yrpasneHus yugposbiMu KoHmposiepamu Lego Mindstorms
NXT 2.0 u QuHamuku O8UXeHUsI KOHCMPyKUuuu pobomos & MoldesibHOU cpede
LabVIEW u MATLAB. Pesynbmamsbi uccriedogaHuli no3gonusnu nod2omosums K
8bIMYCKY y4ebHO-MemoOu4YeckUx Mamepuasos o 6bIMNOMHEHUI NPaKmMu4YecKux u
nabopamopHbix pabom no coomeemcmeyrowuM  pazdeniam  QUCUUNIUH
obpazoeameribHbix rpozpamm MHgpopmamuku, C, CUB, AY u BTTIO. B cmambe
obcyxdaromess pe3ynbmambi pabombi Masucmepcko2o u bakanaspcko2o 6opo
«lpoekmbl 8bIx00HO20 OHSsI» y4ebHol nabopamopuu ®UT. Co cbopom repeozo
poboma Ha cmeHax 6ropo u e2o deMoOHCcmMpauyuel Ha eebuHapax U Macmep Kraccax
6bi1 onpaslaH 3aryck makoeao rpoeKma, rnpedcmasssoWuUM KaK yereKkamerbHble
Hay4Hble cemuHapsb! 05151 obydarowjuxcsi. B koHye 2019 yyebHozo 2o0a oxudaemcs,
ymo e 6ropo nosisumcsi cepuu pobomos NXT ¢ ynpasneHuem yepe3 LabVIEW. Takou
knacc pobomos 6ydym codepxamb 3 anekmpomomopa u 4 dam4yukos LEGO:
38ykogol Oam4uK, 0ea KOHMaKmMHbIX Oam4yuka U Oam4yuk ueema Ons
pacrio3HasaHus ygema.

Knroyeenie cnoea: VIHghopmamuka, pobomomexHuka, UHmesneKkmyarnbHbIU
pobom, OuHamuka dswxeHusi poboma, b6akanaspckoe 6ropo, obpazoeamersibHasi
npozpamma, KoHcmpykmop Lego, Mindstorms NXT.

Kulmamirov Serik Algozhaevich, Alimzhanova Laura Muratbekovna,
Islamgozhayev Urumgali, Alimzhanova Zhanna Muratbekovna,
Karyukin Vladislav Igorevich

Al-Farabi Kazakh National University

(Almaty, Kazakhstan)

ADVANTAGES OF ROBOTIC COMPLEXES DESIGNER
OF LEGO MINDSTORMS NXT 2.0 TRAINING ICT SPECIALTIES IN TRAINING



Abstract. In the existing educational laboratory of the department of
"Informatics” of the Kazakh National University (KazNU) named after Al-Farabi, the
teaching staff and teaching and support staff of the Faculty of Information
Technology (FIT) involved a set of training robots, where studies are conducted to
study the controllers of digital controllers LEGO MINDSTORMS NXT 2.0 and
movement dynamics of robots in the model environment LabVIEW and MATLAB. The
research results allowed to prepare for the release of teaching materials on the
implementation of practical and laboratory work on the relevant sections of the
disciplines of educational programs Informatics, IP, NIB, AU and VTPO. The article
discusses the results of the work of the master’s and bachelor’s bureau —Weekend
projectsll of the FIT training laboratory. With the collection of the first robot on the
walls of the bureau and its demonstration in webinars and master classes, the launch
of such a project was presented, which presented as fascinating scientific seminars
for students. At the end of the 2019 school year, it is expected that the NXT series of
robots with control via LabVIEW will appear in the bureau. This class of robots will
contain 3 electric motors and 4 LEGO sensors: a sound sensor, two contact sensors
and a color sensor for recognizing color.

Keywords: Computer science, robotics, intelligent robot, dynamics of robot
movement, bachelor’'s bureau, educational program, Lego constructor,
MINDSTORMS NXT.

OTTOK KasaxCTaHCKMX MHXEHEPHbIX U HayyHbIX kagpoB B oTpacnsax WKT 3a
pybex n obeanbHoe nageHne uHaHcupoBaHus obpasoBaHus B nocnegHue 20 net
NpVBEnu K OCTPOW HeXBaTKe KBanM@ULMPOBaHHbLIX MHXEHEPHO-TEXHUYECKNX KaapoB
M Hay4yHbIX pabOTHUKOB, CMOCOOHLIX pelwaTte coBpemeHHble VT 3agadnm HayqHo-
TEXHUYECKOro Mporpecca CTpaHbl, 0COOEHHO B LMAPOBN3ALIMN HOBBLIX TEXHOOTMIA.
Tenepb B KasaxcrtaHe BbiCKasbiBalOTCA O (POPMYMMPOBKE MPUOPUTETHBIX 3aaad
rocy4apCTBEHHOIO YPOBHSI BKMOYWTL MOATOTOBKY BbICOKOKBaANMMULMPOBAHHbIX
WHXXEHEPHO-TEXHNYECKUX PabOTHMKOB W NPUBIIEYEHNE MONOLEXKM K Hay4YHbIM
nccrnegoBaHMaM No LUMGPOBON TEXHOMOMMN.

[na coBpeMEHHON Ka3axCTaHCKOM 3KOHOMMKM MOAroToBKa BOCTPEOOBaHHbIX
Ha pblHKE Tpyda CneuuanuctoB MNo  QU3UKO-TEXHWYECKUM  HarpaBEHUSM
(MHdopmaLumoHHble KOMMYHUKaLMOHHbIE TexXHosornu, MHdopmaTuka,
ABTOMaTtusauuss M ynpaeneHue, BbluucnuTenbHas TexHMKa W MNporpaMMHOe
obecneveHne, PagnoanekTpoHuka 1 TenekoMMyHUuKauun, Kocmuyeckasa TexHvka m
TexHomnornsi, AnbTepHaTUBHasi 3JHepretuka, MexaTpoHuka un poboToTexHuKa)
SIBNSETCA peanu3yeMon 3apjadei. [Ina 39Toro cedac BCEMEPHO MNPOBOAMTCS
akkpeguTauma obpasoBaTenbHbix nporpamm (Ol1) cneunanbHOCTEW Ha ypoOBHE
BbiCLLEro 06pa3oBaHus, rae rmaBHOWM 3agadven ABnseTca npodnema npeacraBneHns
aKKpeauTauMOHHOMY OpraHy MaTepuanbHO-TEXHWYECKOW 0a3bl  HauMoHarbHbIX
YHVBEPCUTETOB CTPaHbI.

KazHY wum. anb-®apabu cornacHo cBoel cTpaTterMu 3aBeplunn  aTtan
akkpegutaumm Ol no Bcem cneuunanbHOCTAM YpOBHS Bbicllero obpasoBaHus. B
cTaTbe paccMaTpMBaETCS 3afadva COo3[aHus HOBbIX MCCIenoBaTeNbCKMX LLEHTPOB
(6ropo) u  yuyebHbIx nabopaTopuii, rgoe  akkyMynupylTcsa  cobBpemMeHHoe
obopynoBaHue B Buae mMatepuarnbHO-TEXHUYECKON 6a3sbl akkpeamToBaHHbix Oll. B



YaCTHOCTM B 3TOM HanpaBfeHWn akTMBHO MPOBOASATCA Meponpusitus kadpeapbl
WHopmaTukn PUT (www.kaznu.kz). Ha kadbegpe pelueHa npobnema obecneyeHus
obyyarowmmest y4ebHbix nabopaTopun, Hanpumep, 3anylueH B y4ebHbIA npouecc
Ans NpoBeAeHus NpakTU4eCKNX NabopaTopHbIX 3aHATUI y4eOHOPOBOTOTEXHUYECKUIA
komnnekc (y4ebHbii kopnyc Mexmar, 2 atax, ayd. 224). Tem Gonee 310 peLlueHue
OTHOCUTCS K YPOBHIO AarnbHenLwero NHHOBaLMOHHOIO pasBuTUsa obpasoBaTenbHbIX
yCryr Hallero yHuBepcuTeTa, B Buae Bbibopa coBpeMeHHOro uudposoro gopmarta
nepecTpovikn y4ebHo-nabopaTtopHbIx LeHTpoB (YJILL) ¢ ncnonb3oBaHveM B y4ebHOM
npouecce pasHOOOpa3HbIX NO NPUMEHEHWUIO U COCTaBY FMOKMX NMPOU3BOACTBEHHbIX
cuctem (I'MC) n cpencTe poGOTOTEXHMKN COBPEMEHHOTO YPOBHS.

OpHako poporoBusHa komnoHeHToB TIC 1 npobnembl goctyna K HAM Ha
Ka3axCTaHCKMX NpeanpuaTMaX He MO3BOMSAT Haanexawwm obpasom peunTb
KOMMMEKCHYIO 3aJady noaroToBKM COBPEMEHHbIX KagpoB. B uudposom dopmarte
CTaBWTCS 3agada opraHv3auum oby4eHus BbINyCKHUKOB BakanaepuaTta TeEXHONOormsamM
NPOEKTUPOBAHMS M MarucTpaTtypbl 3KCniyaTauum WHMOPMAaLMUOHHBIX CUCTEM,
NPOrpaMMHbIM U TEXHUYECKUM CpeAcTBaM aBTOMAaTM3auuuM  TEXHOMOrMYecKux
NPOLIECCOB 1 NMPOU3BOACTB HA OCHOBE KaK TPEXMEPHbIX LIMPPOBBLIX CUMYMALIMOHHBIX
Mozenen, Tak N HaTypHbIX MoAernen KoMnoHeHToB B cpeae LabVIEW n MATLAB,
co3gaBaeMbIxX Ha 6a3e KOMMNEKTYIOLWMX y4eOHbIX POBOTOTEXHNYECKNX HAabOPOB.

XoTa Obl Tenepb MOXHO HayuHaTb OCBaMBaTb OCHOBHbLIX [AOCTYMHbIX
koMnoHeHToB [TIC, WMpoko onucaHHbIX, HanpuMep, B MHAOPMaLMOHHBIX pecypcax
http://www.robotshop.com unm http://www.robotshop.com/sensors.html, "
WHXEHePHbIX cpeq pa3paboTkv nporpamMMHOro obecneveHns B 3TOM HarpasnieHum
[1-5].

HoBble BO3MOXHOCTM B OpraHu3auuu BUpPTyanbHOW peanbHOCTW, paboTbl
Npon3BOACTB, aBTOMATU3NPOBAHHbLIX CUCTEM MPOMBILLNIEHHON U 06pa3oBaTenbHOM
cdepbl, rnobanbHbiXx U3NYECKUX W  BUPTyamnbHbIX CETEW OTKPbIBAlOTCA C
UCMONb30BaHNEM YENOBEKO-MALUNMHHOMO WHTepdperica U OCHOB WCKYCCTBEHHOMO
WHTEnNneKTa Ha ocHoBe OecnpoBogHOM Owuonornyeckon obpatHowm cBaAsuM. OHa
obecneymBaeTcs B pearnlbHOM MacluTabe BpeMeHn MHOpMaLMen, n3BrnekaeMon 3
CUrHanoB OpraHn3ma YernioBeka, B TOM YNCNe U U3 AneKTpodHLedanorpadm4ecknx
CUrHanoB.

B nocnepgHve pecaTtb net HabniogaeTca ncnonb3oBaHue obpasoBaTenbHbIX
pOBOOTOTEXHUYECKNX KOHCTPYKTOPOB BO MHOMUX 3apyOexHbIX y4eOHbIX 3aBedeHNsIX.
OTO HbIHE CTano NpPosIBNSATLCA U B KA3aXCTaHCKMX Y4EOHbIX 3aBeAEHUSIX pa3nMyHOro
YPOBHS.

Ha kadpegpe «MHdopmaTukmn» dyHKUMOHUPYET yvebHasa nabopatopus no
pOOOTOTEXHNYECKOMY KOMMIIEKCY C LieNbio X NCMOoNb30BaHMS B y4ebHOM npoLecce
yHuBepcuteta. lNepcoHanom dakynbteta BUT n kadegpbl 3agymaH komnnekca
nabopaTopHbIX NPaKTUKYyMOB, OPUEHTUPOBAHHbIX Ha oObydeHne oby4vatoLmxcs,
npexne  BCEro, HaTypHOMYy  MOAENbHOMY  MPeACTaBMNEHUO  PasfNYHbIX
TEXHOMOIMYECKMX  MPOLECCOB U MPOU3BOACTBEHHBIX  CUCTEM,  BKIO4Yas
poboToTEXHMYECKME KOMMNNEKChI (pucyHok 1). YyebHas nabopatopus c sHBaps 2019
roga TecHo coTpyaHudaeT ¢ komnanven National Instruments (CLUA) ¢ uenbto
MOMHOr0 OCBOEHMSI BO3MOXHOCTEW rpadmyeckoro fAsbika nporpammupoBaHus NI
LabVIEW.



Ha nepcnektuBy cTaBuTCH 3ajaya opraHmsauum obmeHa WHdopmauuven
Mexay LmdgpoBbIMKU YCTPOMCTBaMM 3BeHbEB KOMMeKca No 6ecnpoBogHbIM KaHanam
C MHOroguanasoHHbIMU MyNbTUMEAUAHbIMU ramkeTaMmm (B UX uucne, Android-
ycTponctBamum u cmapTdoHamum Ttuna Apple iPhone). lNpegycMmotpeHo Takxke
3HaKOMCTBO C MPUHLMMNaMM OpraHn3auum 1 WCMonb30BaHUsS YernoBeKOMaLLUMHHOIO
nHTepdenca BUpTyarnbHbIX MAPOB, BUPTyaribHbLIX TPEXMEPHbIX MPOU3BOACTB, CUCTEM
aBTOMaTu3auun Ha 6a3e b6ecnpoBoaHON anekTpoaHuedanorpaduyeckon obpaTHow
CBSI3W.

Ons  gocTwkeHus uenen cTpaTerMm yHuBepcuteTa MO BHEOPEHUIO
OOCTMKEHMIN poBOTOTEXHUKM B y4ebHbIN npoLiecc, no GakanaeBpuaTy MUCMONb3yTCs
MexaHu4yeckme [eTanM U SMEeKTPOHHble KOMMMEKTYHLWMEe TaKkux TUMOBbIX
o6pa3zoBaTenbHbIX HAabopoB poGoTOTEXHUKM Kak |E-Robo-PICA komnaHum Inex
Innovate Experiment cdoupmbl Inex n MindStorms NXT komnanun Lego Group u ux
OnuMoHarbHbIE KOMMOHEHTbI, @ TawkKe SMNeMeHTbl [OoMOoNHUTENbHOrO Habopa
Pneumatics Add-On Set komnaHum Lego Group n 6ecnpoBogHoOe MHOrokaHanbHoe
anekTposHuedanorpaduyeckoe yctponcteso Emotiv EPOC dmpmbl Emotiv
Systems [2-3].

Hanpuwmep, KoMnaHusi Lego Group BbinyckKaeT pasnuyHble
poboToTexHnyeckne obpasoBaternbHble HAboPbI. HblHE po6oToTeXHMYECKME HAabopbI
pa3nuyHbIX 3apybexHbix npoussoauTenen yaobHbl ANA akTMBM3auunM KpeaTUBHbIX
cnocobHocTen obByyaemblX W MOBLILEHUS KavyecTBa OOy4eHMs MO MHOXEeCTBY
OVCUMNNWH, B TOM YYCNE OPUEHTMPOBAHHbIX AN U3YyYEHUsi OCHOB 1 MOOENMPOBaHUA
U3MEpUTENbHbLIX W  3MeKTpOMexaHu4ecknx npeobpasoBatenen, 3MNeKTPOHMKM,
pagvoTEXHVKKN, MNPOrpaMMUPOBaHUS  (HU3KOYPOBHEBOTO U BbICOKOYPOBHEBOTO
TEKCTOBOTO U rpaduyeckoro), MexaTpoHHbIX YCTPOWCTB, CTalUMOHapHbIX W
MOOWMBHLIX ~ pOGOTOB,  yNpaBneHWss  rpynnorM  MobumnbHbIX  pobOTOB  Ha
MYyTbTHAreHTHbIX KOONepaTUBHBIX anropuTMax U UHTEMMEKTyarnbHbIX BbIMUCIIEHNSIX,
KMHEMATUKM U CXEMOTEXHMKU, a TakKe CMMYnALmMn paboTbl yCTPONCTB B TPEXMEPHOM
BMPTyanbHOM NPOCTPaHCTBE, B cpeae BUPTyarbHOW peanbHOCTU.

Konnektus 6akanaepckoro 6topo dakynbteta ®UT ocBOMn KOMMOHEHTHbIN
COCTaB W UHCTPYMEHTarbHble NporpaMMHble cpeacTBa obpasoBaTtenbHbIX HabopoB
IE-Robo-PICA komnaHum Inex Innovate Experiment [6] n dpmpmbl Inex, MindStorms
NXT komnanum Lego Group ¢ NO NI LabVIEW ¢ onunoHanbHbIMY KOMMNOHEHTaMU, a
TaKkKe arieMeHTaMy OONofHUTENbHOro Habopa Pneumatics Add-On Set komnaHum
Lego Group (pucyHok 1). CocTaBneH TPEXTOMHbIN MPaKTUKYM MO BbIMONTHEHNIO
nabopaTtopHbix paboT AnA NpOBEeOEHUA MNPaKTUYECKUX 3aHATUA Ha y4ebHon
nnowaan  Gakanaspckoro 6wpo u  yyebHom nabopatopum  kadenpbl
«MHdopmaTrkmy.



PucyHok 1. HaTypHble Mogenu KOMNOHEHTOB pOBOTOTEXHNYECKMX KOMMNIIEKCOB C
nporpammHon cpegon LabVIEW n MATLAB

B coctaB Habopa |IE-Robo-PICA (komnaHus Inex Innovate Experiment) BxoaaT
MEXaHW4yeckme KOMMmeKkTywme (Habop ryCceHWYHbIX AeTanew, yHuBepcarnbHasi
MOHTa)KHasd nnaTta C UBETHbIMW NIacTUKOBbIMU KPEMEXHbIMW MNacTUHaMW, BUHTLI,
raviku, Wwanbbl, LWypynbl, CTOMKM W BTynkW); nnata RBX-887 c anekTpoHHbIMK
komnoHeHTamn, XKKU-MHOMKaTopoM M OTCEKOM MWUTaHWs; npuemonepeparoLmne
ycTponcTBa:  MH@pakpacHbein  npuemHuk ZX-IRM 1 4YeTbIpexXKHOMOYHbLIN
MH(PpaKpacHbIA NynbT AUCTAHUMOHHOTO ynpaeneHus ER-4; nnata nporpammaTopa
Innovative Experiment IE-PX-200 ¢ nHtepdericamm obmeHa aaHHeimm ICD2 1 USB;
[Ba KONNEKTOPHbIX MUKPOABUraTens NoCTOAHHOrO TOKa ¢ pegyktopom, |IE-BO2-48M,;
TUMNOBOW KOMMMEKT AaT4MKoB, BKtovatrowmii NKpednektop ZX-03 ona obHapyxeHusi
VK-oTpaxxeHun B 6rvkHen 3oHe, undposor VIK-gansHomep Ha 6a3e gatumka Sharp
mogenn GP2D120, koHTakTHbIN nepekntodaTens ZX-01 [3].

KomnnekT paclumpeH 3a cHeT gpyrmx KOMNoHeHToB komnaHum NI v oLleHOYHbIX
nnart apyrmx komnauui, Hanpumep, Parallax (http://www.parallax.com) n Devantech
Ltd (Robot Electronics) (http://www.robot-electronics.co.uk/ index.html) [7].

PaspaboTtka BCTpavMBaemoro nporpaMmmHOro obecnedeHus Anst HaTypHbIX
MoJenen pasnuuHbIX YCTponcTB Ha 6a3e PIC-mwukpokoHTponnepa PIC16F887
obecnevmBaeTcsl MHCTPYMEHTANbHOW CUCTEMOWN, MogaepKuBaroLlen rpadudecknin
A3bIK  nporpammupoBaHusi  LabVIEW, wn  nporpammHbivM - obecneyeHnem
nporpammMaTtopa (komnaHus mikroElektronika, http://www. microe.com). Cpeamn Hux —
micro C for PIC (uHTerpupoBaHHas rpadudeckas cpega paspabotku Cnporpamm) u
PICkit2 Programmer cooTBETCTBEHHO.
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Ha nnowagke y4yebHon nabopatopuu 3anyLleH HOBbIA MPOEKT LUKOMbHOMN
rpynnbl  (WKOMbHWKM . AnNMaTbl) M3 KOHCTPYKTOPOB, Yy4yacTBylOWMX B 6lopo
6akanaBpoB «[1poekTbl BbIXOAHOro AHsA». KOHCTpYKTOp 061EKTOB MOXHO cobpaTb No
HOBOMY, @ MOXHO WCMOnb30BaTb CYLUECTBYIOLUME, KaK 3TO HW CTPAHHO 3BYYMUT,
pasBuBaloLLimMe Habopbl AN cTapLleknaccHUKOB. [oyTn ngeanbHbIM M BO MHOMOM
YHUKanbHbIM, aensetca komnnekT Mindstorms NXT 2.0, cosgaHHbIV yeunmamu AByxX
KOMMaHWi, MUPOBbLIX nuaepoB B cBoux obnactax, LEGO Group u National
Instruments [8]. B Hem coxpaHeH KpeaTUBHbIN dNeMEHT, pa3BuBaroLwnii haHTasumio, 1
pobaBneHa KOMMbIOTEpHAs CoOCTaBnslowasi, T. €. KoyeBas KOMMOHEHTa
KOHCTpYKTOpa - koHTponnep NXT.

OTO HacTosIWMA  MHTennekTyanbHbli  poboT U3  KOHCTpykTOpa Lego,
obnapatowmii 6esrpaHMyHbIMKM Bo3MoxHocTsmu! Cepaue Lego Mindstorms - ato
KoMnbloTepHbin  kKoHTpornep NXT ¢ wupokum  Kpyrom  nepudepuinHoro
obopynoBaHusa, Bkmovaowero B ceba Bluetooth-mogyne gna  Bo3MOXHOCTU
ynpaBneHus poboTOM B peanbHOM BPeMEHM C MOMOLLLI0 MOBUMBHOrO TenedoHa.
Ero wwuvpoyarime BO3MOXHOCTM O4YeHb CUMbLHO  MpuBRekalT  ByayLumx
KOHCTPYKTOPOB — LUKOMbHMKOB I. ACTaHbl. B noggepxky 9TOro HanpasneHus BO
OBOpLe LWKONMbHUKOB cTonMubl KaszaxctaHa pyHKUMOHMPYET kabnHeT poboTOTEXHUKM
N KOHCTPYKTOPCKMX pa3paboTok.

Mpea cosgaHna Takoro KOHCTpyKTopa pogunack B MaccavyceTckom
TEXHOMOMMYECKOM WHCTUTYTE, HO O4eHb CKOpPO CcTana [JOCTOSHWEM OrpOMHOIO
KONMYECTBA aMEPUKaHCKMX LUKOM W ApYrux yvyebHbIX 3aBefeHun B KavecTse
HarnggHoro obyvatowlero maTtepuana. Korga mMonogon KOHCTPYKTOP C MOMOLLBH
Lego Mindstorms NXT 2.0 6ygoet ¢ yBneyeHmem 3aHAT M300OpeTeHMeMm 4ero-To
HOBOrO, MHTEPECHOTO, Aa €elle M MOABMAcTHOrO TOMIbKO eMy - NnoBepbTe, YTO 3TO
CTaHOBUTCH BECbMa 3aHATHasA camocTosTeNnbHasa paboTta. Kak BbickasbiBana mama
O[HOrO U3 CTapLUEKNacCHWKOB anMaTMHCKOW LUKOMbL «... Ans moero Oyayliero
DXKWUrMTa 4OCTaTOYHO XOPOLUMM SBSAETCH TOMBbKO NyYLUee. .. ».

Uudopmaumio o6 okpyxawwem mnx mupe Lego Mindstorms NXT poboTbl
nonyyalT oT 4eTbipex gaTtuukoB [9-10]. Cambii NpOCTOM M3 HUX - [AaT4yuK
MPUKOCHOBEHUSI pearvpyeT Ha CeHCOpHble Bo3gencTeus. K npumepy, ecnu Lego
Mindstorms NXT B kauecTBe norpy34vka BCTpe4aeT Ha CBOEM NyTW rpy3, TO AaT4nK
AaeT KOHTponnepy komaHay v cpabaTeiBaeT 3axsar.

To xe camoe MpouCXoAuT MpWU OMpeAeneHWn CTEMeHW OCBELLEHHOCTU C
nomMoLpio daTyvka ceeTa. Jlamnovka n ¢poTO3neMeHT, 13 KOTOPOro OH COCTOMT,
nossorseT poboTy Aaxe pasnuyate useta. MukpodoH pobota MOXeT pearmposaTb
Ha 3BYKM onpeaeneHHon rpoOMKOCTH, 1 Erko 3amMmeTHO, Kak YeTko 1 6e3 npomeaneHns
KOHCTpykumsi Lego Mindstorms ucnonHut miobyto komaHgy no xnonky. CnoxHbin
ynbTPasByKOBON [AanbHOMep coobwaer «mo3ry» poboTta paccTtosiHue fAo
Gnwkanwero npenAaTcTBUMS B CaHTUMETpax, YTO MNO3BOMSET KOHCTPYKUMW Nerko
NPOBOAUTL Camble CMOXHbIE MaHEBPbI.

Tpn pgBuratens, KOTOpbIMW HageneH poboT, cHabXeHbl BCTPOEHHbIMU
AaTunkamu nosopoTa, Gnarogapsi KOTOPbIM KOHTPONSep Y3HaeT, Ha Kakon yron
MOBEPHYNNCb OCU, N CMOXET C TOYHOCTbIO A0 OOHOro rpagyca BbiMONHWUTL KOMaH4y
X035MHa. KoHCTpyKkTOp cocTtouT 13 577 geTanen, BXOASALWMX B KOMMSEKT BCEro 3a
HecKonbKo YacoB cobpaTk YHUKarnbLHOro nNo cBoew cyTn poboTa - rymaHomaa, MalumnHy



WNn «KuBble cyllecTBa». Hagenve ero pasymom M 4yBcTBamMu, Ternepb nobow
Mosoaon KOHCTPYKTOpP MOXET cTaTb co3gaTenem Yyero-To
HeoObIKHOBEHHOTO.

Hogein Mindstorms NXT 2.0 ctan 6onee MogmguvumpoBaHHbIM, BO3MOXHOCTH
NporpaMMMpPOBaHUsi CTanu ropasfo LUMpe, NOSIBUNIUCL HOBble AeTanu U AaTyuKu
uBeTa, nosonsiowmMe poboTy pasnuyaTth LBeTa. BCTpOEHHbIN MUKPOKOMMbIOTEP
Tenepb MO3BOMNSIET MOMHOCTLIO YNpaBnsATb poOOTOM, Kak C KOMMbiTEpa, Tak U C
TenedoHa umetoLero Bluetooth-nepepaTtumnk [11].

Okcnnyatauusi cepum poboToB Ha cTeHax OakanaBpckoro 6opo cTaHeT
Tenepb ero noceTutTendam yelekaTellbHbIM TBOPYECKMM 3aHATMEM U YXKe K OCEeHU
2020 ropa nnaHupyeTcs, YTO B yHMBepcuTeTe nosiBuUTCA nepsbii po6oT NXT ¢
ynpasnsemMbiM LMpPOBbLIM perynsatopom. Takon poboT cogepxut 3 anekTpomoTopa
n 4 patumka LEGO — 370 3BYyKOBOW AaTuumK, ABA KOHTAKTHbLIX AaTYMKa 1 4aTyvK LBeTa
Ans pacnosHaBaHus useta [12].

Jlerkoe ansa socnpusTva u yaobHoe B paboTte, nporpaMmmHoe obecneveHne
LabVIEW ans komnbioTepa € HarnsgHeiMyM n3obpaxeHnamn nomoxet 6e3 Tpyaa
COCTaBUTbL anropuMTM AN HOBbIX NpoOrpaMm Mo ynpasneHuto pobotom. Takke
NPUCYTCTBYIOT 3BYKOBbIE U BU3yaribHble peaakTopbl, MNP NOMOLLM KOTOPbIX MOXHO
nepegatb nOOOM 3BYK MMM KapTUMHKY CBOeMy poOOTy Ans npuaaHus emy
YHUKanbLHOCTW.

B npoctopax NHTepHeTa koHCTpyKTOp Lego Mindstorms copepxut 6onee 600
COBEPLLEHCTBOBAHWUIA, U3 KOTOPbIX B HALLEM YHMBEPCUTETCKOM BOpo MOXHO Oyaer
cobpaTtb eLlé cepumn HOBbIX MoAenen - 3To HoBas Bepcusa poboTa «Anbca» Pekc,
Robocator - kpokogun, Shooter - poGoT, KOTOpbIN CTPENAET Lapukamm, n poodoT -
COPTMPOBLLVK WapukoB no ugety [13]. Opyrne HoBble YHKLMU BKIOYAKOT OECHATb
WHCTPYKUMI MO c6opke pobOTOB BHYTPU NporpamMmHOro obecrnevyeHms, a He ABe, Kak
B npegbiayLiert Moaenu (PUCyHoK 2).

KOHCTpyKUMM M3 nynbipyaTbiX KyOMKOB MOCTOSHHO CTAHOBATCS HOBOCTHbIM
MOBOAOM Ha cavTax MOCBSILLEHHbIX Hayke W TexHWKe, a Cpeau aBTOPOB 3TUX
KOHCTPYKUMIA penKo Koraa MOXHO OyaeT BCTpeTuTb MMeHa MOoJpOCTKOB — a BCe
bonblwe noAen  B3pOCMbIX,  YBMEYEHHbIX  WHXEHEPOB, MPOrpamMMMUCTOB,
KOHCTPYKTOPOB-apXuTeKTopoB. W3 petanen KoHCTpykTopa Lego pgenatoT mogenu
KOCMUYECKNX Kopabnemn, W3BECTHbIX MO MOMyNspHbIM KMHOWUMIbMaM, goma U
aBTOMOOUNY B HATyparbHyl BEMUYMHY, PA3fUYHOro poaa 3NeKTPOHHbIE YCTPOMCTBA
CO CMOXHbIM MPOrpamMM1pOBaHMEM U UCTOMNb30BaHNEM CEHCOPOB
(pucyHok 3).




PucyHok 2. MNpu gormkHOM ycepanm PucyHok 3. KoHctpykTop Mindstorms
13 Lego MOXXHO cobpaTb HacTOSALLMNIA NXT 2.0 co cBoMMM «LLynanbLammy -
KOMnbloTep narymkamm

Y Hac B KaszaxcraHckon nybnvke KOHCTpykTop Lego 60nbMHCTBOM
LUKOMbHMKOB BOCMPUHMMAETCS Kak AeTckas 3abaBa. Tunu4HblA o6Gpa3 OeTcKoun
UrpyLLUKK ¥ HAac — 3TO NbO CKPOMHOro BMaa kopoboyka C Napon AecATKOB AeTaneu,
nMBOo OrpoMHblE TeMaTUYeCKMe aTTPaKUMOHLI, KOTopble NPeACTaBnSATCS 3Takum
apXUTEKTYpHbIM (hEHOMEHOM, a He Monem ANt KOHCTPYKUMOHHOro TBopyecTsa. Ho
cnegyet 3amMeTuUTb, YTO Lego — KOHCTPYKTOp C OAEeNCTBUTENBHO BENUKMMU
TBOPYECKMMM BO3MOXHOCTSIMU ANS OHbIX KOHCTPYKTOpoB. OH OCHOBaH Ha ABYyX
rmaBHbIX NpuHUMNax. Bo-nepBbix, Bce AeTanyn Bo Bcex Habopax (Kpome [eTcKow
cepun Lego Duplo) coBmecTumbl mexgy cobow. Bo-BTopbix, nog 6psHa Lego
BbIMYLLLEHO OrpOMHOE KONMMHYECTBO pa3HOOOpa3HbIx HAboPOoB.

3a 60 ¢ nuwHuM net paboTbl kOMNaHus Lego BbinycTuna Gonblie COTHU
pa3nuyHbIX HAbopoB. Bce nx MOXHO YCNOBHO pa3genuTb Ha Heckonbko rpynn [14]:

- BO-NMEpBbIX, 3TO «COCTaBHblE» TeMaTU4eCcKne KOHCTPYKTOPbI, BbIMYyCK
KOTOpbIX ANUTCSA yke MHoro neT. K HMM oTHocaTcst Takue Habopsbl, kak Town, Space
unn Castle;

- BO-BTOPbIX, 3TO TeMaTU4YECKME KOHCTPYKTOpbI C onpeneneHHon naeen. K
Takum Habopam MOXHO oTHecTu Sports, Friends, Fabuland;

- B-TPETbUX, 3TO KOHCTPYKTOPbl, TEMbl KOTOPbIX JIMLEH3MPOBaHbl Y
MONynsapHbIX Ha MOMEHT BbiIXoAa Habopa npou3BEeOEHUN MacCKymnbTa: KHMUT,
KOMMWKCOB, OMNbMOB, aHMMaLMOHHbLIX NeHT. K aTon rpynne otHocATca Habopbl Star
Wars, Batman, Harry Potter;

- B-YETBEPTbIX, CYyLLECTBYET rpynna «TBOPYECKUX» KOHCTPYKTOpoB. OHU
NOCBSALLEHbI Pa3NMYHbIM TeMaM, obLLee B KOTOPbIX — 4OCTATOMHAsA peanucTM4HOCTb
N CNOXHOCTb ABnenus. K Takum Habopam mMoxxHO oTHecTu Creator n Architecture, a
Takke Technic — KOHCTpPYKTOp, NO3BONAIOLWMIA CO3aaBaTb pasnuyHble MalUWHbl U
MEXaH13Mbl, NCMOMb3ytoLue MOTopsbI [2].

MoTeHumnan Habopa HaCTONMBbKO OrPOMEH, YTO Ha NPOTSPKEHUN OECATU NET OH
OoCTaBasncsd aKkTyanbHOW TBOPYECKOW MIOLWaAKOW pPasfnyHbIX KOHCTPYKTOPCKUX
akcnepumeHToB. Ewe B Te ganekve 2008 rogpl Bbilwa BTopas Bepcust Habopa
Mindstorms — NXT. Cnegnom 3a Hel B 2009 roay — Tpetba: Mindstorms NXT 2.0.

Bbriok-npoueccop Mindstorms NXT nossonsieT nogknounte Kk cebe 3
anekTpoaBuratenss — WMMEHHO CTOMbKO MX W BXOAMT B MOCTaBKY KOHCTPyKTOpa.
Oeuratens Mindstorms NXT 2.0 — 3Tto cbopHOe YCTPOWCTBO, COCTOsiLLee W3
OCHALLEHHOrO peaykTopaMu ABuUraTens ¢ AaTyvMKOM YrMoBbIX nepemMelleHuni. B
KOHCTPYKUMW ABUraTens MMerTCst CTyMNuLbl Koneca ¢ OTBEPCTMEM Mop, ocb. Kak yxe
ObINo CcKasaHO BbIlle, YrrOBOW AaTyuMK MOTOpa MMeeT TOYHOCTe B 1 rpagyc, a
MaKc/MarnbHasi CKOpOCTb BpallleHus asuratens coctaBnseTt 170 060poToOB B MUHYTY.

MHTennekTyansHoe noBedeHne pobOTOB, MOCTPOEHHLIX C  MOMOLLbIO
KoHcTpykTOopa Mindstorms NXT 2.0, obecneumBaeTca ceHcopamMu, BXOASALIMMU B
cocTaB Habopa u Takke, Kak U MOTOpbI, NOAKMYaemMbiMu K Gnok-nporeccopy. B
6a3oBbIn Habop koHcTpykTopa Mindstorms NXT 2.0 BxogaT 4 ceHcopa — pOBHO
CTOIbKO, CKOMbKO MO3BONSIOT MOAKMIOYMTL K OMOKy-npoLueccopy ero nopTtbl BBOAA.



Cpeamn aTux CeHCOpOB ABa JdaTyvKka HaxaTus, OAUH YNbTPa3BYKOBOMW AaTyvK AN
3aMepa pacCTOSHUA U OUCTaHLUMOHHOTO OBHapYXeHNs NPensaTCTBUA U OOWMH OaT4UK
cBeTa (MOXeT OblTb MCMNOMb30BaH kak aneMeHT noacseTku). Kpome 6as3oBbix
ceHcopoB Kk Habopy Mindstorms NXT 2.0 Takke BbinyckaloTCs OaTyMKM 3BYKa
(MyKpodOH ¢ uHTEpdENCOM, COBMECTUMbIM C 6riok-npouieccopom Mindstorms NXT).

Bnok-npoueccop Mindstorms NXT, wuagywmii B nocTaBke KOHCTpyKTOpa
Mindstorms NXT 2.0 B eguMHW4HOM 3Kk3emnnsipe, npeacTaensieT coboi
cneunanuampoBaHHbI MUKPOKOMMbIOTEP, OCHOBAHHbIA HAa 2 MUKPOKOHTpOMnepax ¢
dnaw-namaATelo. Ha kopnyce 6rnoka-npoweccopa BblaensoTcs 4 KHOMKW ynpaBneHns
1N MOHOXPOMHbIV XUAKOKpUCTannnyeckuii gucnnen ¢ paspeweHnem 100 Ha 60 Tovek.
3agHas cTtopoHa 6noka npegctaBnsieT cobow KpbilKy GatapeHoro otceka Ansi
YCTaHOBKM 6 anemeHTOB nNuTaHus pasmepa AA. BEpXHIOO 1 HWXHIOK rpaHb Kopnyca
3aHMMalOT NOPThbI BBOAA M BbIBOAA AN NOAKMHOYEHUS CEHCOPOB M 311EKTPOMOTOPOB.
Takke Ha kopnyce umeetcss nopt USB 2.0 gna nogkmiodeHuss yCTPOMUCTBa K
KOMMbLOTEPY.

OcHoBon Mindstorms NXT saBnstotca 2 MukpokoHTponnepa. O6a oOHu
npousseaeHbl komnaHuen Atmel. MepBbii M3 HUX - AT91SAM7S256 — ncnonb3yet
32-6utHbii  npoueccop ARM7TDMI c¢ w4actotom ggpa 48 wmerarepy [15].
MwukpokoHTponnep umeet 64 kunobavita M3Y n ucnonbsyetr B kavectee O3Y
Flashnamate o6bémom 256 kunobant. Bropon mukpokoHTponnep ATmegad8 Ha
86uTHOM AVR-npoueccope ¢ YactoTton 8 merarepu,. O6bem ero M3Y coctaBnseTt 512
6ant, a O3Y — 4 kunobanta. Kak n B cnydae ¢ AT91SAM7S256, peyub naet o Flash-
namsaTu.

[lBa obcTosiTenbCcTBa Aanu KOHCTPYKTOpY Lego orpomMHyto nonynspHOCTb BO
Bcem wmwupe. [lepBoe — 3710 (pakTMyeckoe cyulecTBoBaHVMEe 6Groka-npoieccopa
Mindstorms NXT B ctatyce Open Source. KomnaHus Lego gaBHO OTKpbina Becb
COCTaB CXEMOTEXHUKM YCTPOMCTBA, He 3abblB BbINOXUTb B OTKPbITbIA AOCTYN KOZ
dupMeHHbIX npowuvBok. Jllobomy xenawowemy cendac [OCTynHbl Software
Developer Kit, Hardware Developer Kit (HDK) u Bluetooth Developer Kit. NMocnegHnii
OOKYMEHTUPYET M OMUCbIBAET NPOTOKOSbI 0OOMeHa MHGOpMaLIMK Yepe3 BCTPOEHHbIN
apganTep Bluetooth.

BTopoe 06cToaTENBCTBO — 9TO GoraThbi BbIOOP A3LIKOB NPOrpaMMMUpPOBaHUS U
WHCTpyMeHTapusa ans nporpammupoBanus Mindstorms NXT. OCHOBHbIM S3bIKOM
nporpammupoBanust ansa Mindstorms NXT sensitotcs kog RCX. Kpome Toro, Lego
oduumansHoO NoaaepXUBaET NakeTbl rpadmnyeckon paspadotkn NXT-G n Robolab.

dakTnyeckn, Npu OOMMKHOM YpPOBHE 3HaHWMA U paHTa3uM nporpamMMHble
cpenbl, coBmectumble ¢ Mindstorms NXT Bkyne ¢ Habopom Mindstorms NXT 2.0
CcnocobHbl CcTaTb [JOCTATOMHOW OCHOBOM [ANsl  peanusauum npoekta nobon
CNOXHOCTMW.

CoctaB  pobBOTOTEXHUYECKOrO KoHcTpykTOopa Lego  MindStorms
NXT Bkrntovaert:

- KOHCTPYKTOpCKMIA Habop conpsiraemMbIx AeTanen Ans cOopkM MexaHU4ecknx
pPOOOTOTEXHUYECKNX KOHCTPYKLMIA;

- TUNOBOW KOMMIEKT [OaTyuMKOB, OMpedensiembln  Mogenbio  Habopa.
Hanpumep, B Habope Tvna 8527 - aHanoroBbIi KOHTAKTHbIV AaT4UK KacaHusi (Touch



Sensor), Aatyrk 3Byka (Sound Sensor), aHanoroBbI gaTtymk oceeleHHocTn (Light
Sensor) 1 umdpoBon ynbTpasBykoBon pansHomep (Ultrasonic Sensor). Jo6on
Habop KOHCTPYKTOpa MOXET ObITb paclumMpeH nepudepuiiHbiMM YCTPONCTBaMM Kak
dupmbl LEGO, Tak n gpyrux nponssogurenen;

- 3 WHTEpPaKTMBHbIX CEPBONPMBOAA, B KOPNyce KaxOoro M3 KOTOpbIX
COAEPXKUTCH: MOANMDULMPOBAHHLIN padbeM Tuna RJ-12, KONNEKTOPHbIN ABUratens
MOCTOSIHHOrO TOKa C MOCTOSIHHBIMW MarHuTamu, MOHWXaKLWWUA pPegykTop C
nepegaToyHbIM Yncnom 48:1 1 aHkogep - doukcaTop yrna noBopoTa Bana (B rpagycax
unu nonHbix obopoTax). CKOpoCTb BpalleHUs 3agaeTcsl napameTpamuy LUMPOTHO-
MMMYNbCHOM MOZYNALMM TOKa NUTaHUSi CEPBOMPUBOAA;

- USB-kabenb Ans NOAKMOYEHUsT KOMMbOTEPA K KOHTPOMnepHomy O6roky
NXT;

- KOHTponnepHbii 6nok NXT ¢ nporpammoini LabVIEW u pasbemamu gns
NoAKMoYeHns nepuepunHbIx YCTPONCTB, KHOMKN ynpasneHus "
xungkokpuctannumdeckun gucnnen. C 6nokom NXT coeguHATCa He  TOmMbKO
pasHoobpasHble nepudepuiiHbie yCTponcTBa (CEpBONPMBOAbLI M AATYMKM), HO U
OCYLLeCTBNsIETCA NpoBoAHast 1 6ecnpoBoaHasi CBA3b C KOMMbIOTEPOM;

- 6nok NXT mukpokoHTpornnepbl komnaHum Atmel, obmeHnBatomecs mexay
cobon paHHbiMn no wwuHe [IC copepxuT: 32-paspagHbii  MUKPOKOHTPOMMEp
AT91SAM7S256 (paccmaTpvBaeMbli Kak rnaBHbIW Mpoueccop) u 8-paspagHbiv
RISC-mukpokoHTponnep AVR  cemeiictBa Mega (ATmega4d8); wmoaynb
OecnpoBOAHOro kaHana; 4 moaMdUUMPOBaHHbLIX pasbema Tuna RJ-12 noptos
BXOOOB (BXOAHbIX NopToB). Kaxabll pasbeM OpWEHTMPOBAH Ha MNOAKMYEHne
6npoBogHoro kabens uucpoBon nnatdopmbl, rpadmyeckun  LCD-amcnnen,
OVHaMUK C BepxHel uvacToTton nponyckaHuss 8 kl'l, 4YeTbipex KHOMOYHYHO
MeMOpaHHylo KnasuaTypy.

[Ona pacwmpeHnss BO3MOXHOCTEW HATypHOro MOAENMpPOBaHWA CpeacTs
aBTOMaTM3aumMmM TexHororudeckoro obopygosaHua B 6Gakanaepckom  6ropo
MarncTpamy MnraHMpyeTcs WCnonb30BaTb [AOMOMNHUTENbHbIM Habop Pneumatics
AddOn Set komnaHuu Lego Group. Habop BkntoyaeT 31 cneupanbHbIX 9NEMEHTOB, B
UX YMCrie MaHOMETP, HAaCcOChl, LMMNMHAPSI, KranaHbl, BO3OYLUHbIA PECUBEP 1 TPYOKW.
B atom npoekte 0coBGEHHO aKkTVMBHbIMK BbICTYNalT MCCreaoBaTteny M Maructpbl
kadenpbl «MexaHuKn» U3NKO-TEXHUYECKOTO paKynbTeTa YyHUBEPCMTETA.

AnroputMmbl paboTbl CKOHCTPYWMPOBAHHbIX 3MEKTPOMEXaHUYECKUX MoAenemn
MOXHO OMUCbIBaTb CPEACTBAMM Pa3fUYHbIX FPacUYECcKnX UMM TEKCTOBLIX A3bIKOB
NporpaMMMpOBaHUsi B OCHOBHOM B CneuManbHO OPUEHTUPOBAHHBLIX AN 3TOro
WHTErpupoBaHHbIX cpegax paspabotku (MCP) nmbo B cpemax MHOPMaLMOHHBIX
CUCTEM M cuUcTeM MHAOpMaLMOHHON 6e3onacHocTy (kacdegpa «MHdopMaunoHHbIe
CUCTEMbIY).

B unx uncne, LabVIEW ¢ mogynem LabVIEW Module for Lego Mindstroms
NXT, MS Visual C++ ¢ nogkntodeHHo 6ubnmotekon NXT++.lib (nubo NXT++d.lib),
Microsoft Robotics Developer Studio 2008 R3, MatLab&Simulink ¢ npunoxeHnem
ECRobot NXT Blockset nu6o mogynem RWTH-Mindstorms NXT Toolbox for
MATLAB.



PasnuyHble NO HasHa4yeHuio ynpaBrsieMble KOHCTPYKUMKW, MEXaHW3Mbl W
MaLUMHbI nonb3oBaTenb KoHcTpykTopa LEGO MindStorms NXT cnocobeH cobupatb
3 Habopa KOHCTPYKTOPCKMX 3rnemeHTOoB komnrekca. OH MOXeT npoBoAWTb
npeaBapuTenbHYI0, BUPTyanbHYyl0 COOpPKYy B TpexmepHon rpadmueckon cpeae,
dopmumpyemon KOMMepYeCcKumMu unu cBoboaHO pacnpocTpaHseMbiMu
NpPorpaMMHbIMK NPOAYKTaMM.

Mpymepamy Takoro nporpaMMHOro obecnevyeHuss CryXaT WHCTPYMEHTbI
LabVIEW, nHTerpnpoBaHHon cpeapl MatLab&Simulink, HekommMepyeckme NpoayKTbl
LEGO Digital Designer 1 Microsoft Robotics Developer Studio 2008 R3.

B 3aBepLueHne cTaTby HYXXHO OTMETUTb, YTO y4ebHble POBGOTbI NPaKTUYECKM
n3yYeHbl MNONHOCTLIO NepcoHanom Tpex kadeap: «UHdopmaTunkay, «MexaHuka» n
«MNHdopmaumoHHble cuctembl». MHxeHepamn 1 nabopaHtamu kacdeap npoBoasaTcs
UCCNeaoBaHua No  U3YYEHWUI0 AUMHAMUKW  OBWKEHUS KOHCTPYKLMUW  KOMMMeKca.
PesynbTaTthl nccnenoBaHuin no3BONMNM NOArOTOBUTL K nNyGnvkaumm Gonee 6
Hay4HbIX cTaTen [5-8].

OTmeTMm 3aBeplUeHHble U Haubornee nonynspHble cpeau oby4daroLmxcs
Tembl NabopaTopHbIX paboT:

1. YnpaeneHve npuBogamu pobOTOTEXHUYECKUX KOHCTPYKTOPOB.
2. MNporpammupoBaHne (yHKUMM AOBWXKEHWS poBoToB UM UX

3NEeMEHTOB.
3. [JaTtumkm poGOTOTEXHNUYECKOTO KOMMIEKC.
4. OGHapyxeHue npenaTcTBUN 7 OCBEeLLEeHHOCTH,

nporpaMMmpoBaHmne 3Byka poboTOTEXHNYECKNX YCTPONCTB.
5. VamepeHne paccTosiHuiA OO MpPEnsiTCTBUS BO BPEMS OBUXKEHUSI

poborTa.

6. lNporpammupoBaHne dyHKUMM poboTa B coOCTaBe HaTypHbIX
Mopenen.

7. CeHcopbl OpreHTaumm 3BeHbEB poboTa.

8. WaeHTtudmkauyus napameTpoB HaTYypPHbIX mMogenem

pOBOTOTEXHNYECKNX YCTPOWCTB.
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