MHUHUCTEPCTBO OBPA3OBAHMUSI
MOCKOBCKOM OBJIACTH

PACIHHOPAXEHUE
09.01.2023 xo P-2

r. Kpacnoropck

OO0 yTBepK/IeHUH NEepeUHss MUHUMAJIbHOTO KOJIMYECTBA 000PYAOBaHNUs, PACXOAHBIX MAaTEpHAIIOB,
cpelcTB 0OY4YEeHUs U BOCIIUTAHUS, HEOOXOAUMBIX ()YHKIIMOHATIBHBIX
Y TEXHUYECKUX TpeOOBaHM [ co3/1aHus U (YHKUMOHUPOBAHUA B 00111€00pa30BaTEIbHbIX
OpraHu3aLUsAX, PACIIONIOKEHHBIX B CEJILCKOM MECTHOCTH M MaJIbIX FOpoJax, IIEHTPOB
00pa30BaHus €CTECTBEHHO-HAYYHO! M TEXHOJIOIMUECKOM HanmpaBieHHocTel «Touka pocTa»
B 2023 rony B MoCKOBCKOI 00J1aCTH

B COOTBETCTBUU C METOJIMYECKUMU  PEKOMEHAALMIMU o CO3/IaHHUIO
U (QYHKIMOHUPOBAHUIO B  00mIEOOPa30BATENBbHBIX  OPraHU3alUsaX,  PACIOIOKEHHBIX
B CEIbCKOW MECTHOCTM M MalbIX TropoJiaX, LEHTPOB 0Opa3oBaHMs €CTECTBEHHO-HAyYyHOU
U TeXHoJIornyeckoi HampaBieHHocTed «Touka pocta» (nmanee — LleHTpsl «Touka pocrtay),
HallpaBJICHHBIMA  IMCbMOM  MunucrepcrBa  npocsemenuss  Poccuiickont  denepanun
or 25.11.2022 Ne TB-2610/02 «O HampaBIeHUH METOJAMYECKUX PEKOMEHIAIIUI»
U pacrnopsbkeHneM MuHuctepcTBa oOpasoBaHuss MockoBckoil o6mactu ot 29.11.2022
Ne P-768 «O peanuzanuu MEpONPHUATHI IO CO3MAHUIO M OOECTeueHUI0 (DYHKIIMOHUPOBAHUS
B 0011€00pa30BaTENbHBIX OpraHU3alMIX, PACIOJIIOKEHHBIX B CEIbCKOW MECTHOCTH M MalbIX
ropojax, LleHTpoB 00Opa3oBaHHs €CTECTBEHHO-HAyYHOW M TEXHOJOTWYECKOH HampaBiIe€HHOCTEH
«Touka pocta» B 2023 rony»:

1. YTBepauTh mpuiaraeMblii NepedyeHb MUHUMAJIBHOTO KOJIMYEeCTBa 00OpYyH0BaHUS,
pPacxoAHbIX MaTEepHaliOB, CPEACTB OOYYEHHS M BOCIUTAHUS, HEOOXOAMMBIX (DYHKIHOHAIbHBIX
U TEXHUYECKUX TpeOOBaHUI A co3dgaHMs M (PYHKIMOHHUPOBaHHMS B 00LIe00pa30BaTEIbHBIX
OpraHM3alUsaX, PpaclOJIOKEHHBIX B CEJIBCKOM MECTHOCTM M MajblX TIOpoJax, LEHTPOB
o0pa3oBaHUsl €CTECTBEHHO-HAYYHOW M TEXHOJOTMYECKOW HampaBieHHOCTeH «Touka pocray
B 2023 roay B MockoBckoit 061acTu (1anee — HHQPaCTPYKTYPHBIN JTUCT).

2. PexomeHnoBaTh opraHaM MECTHOT'O CaMOYIPABJICHHUS MYHHUIMIAIbHBIX 0Opa30BaHUM
MockoBckoil 00iacTd, OCYIIECTBISIOUIMX YyIpasieHHe B chepe oOpa3oBaHus, 00ecHedyHUThb
B 2023 romy co3mamue U  (yHkumonupoanue  lLlentpoB  «Touka  pocta»
B COOTBETCTBHUHU C UH(PPACTPYKTYPHBIM JIUCTOM.

3. Kontpounb 3a BBIIIOJIHEHUEM HACTOSILErO pacnopsKeHUs BO3JIOKUTH
Ha 3aMeCTUTeIIsI MUHUCTpa oO0pazoBaHus MockoBckoit obinactu Hukuruna E.O.

%, T o oan,
XPaHUTCS B MeXBEOMCTEEHHON CHCTEME SNeKTPOHHOTO
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YTBEPX/IEH

pacnopsbkeHneM MuHucTepeTBa 00pa3oBaHUs

MOCKOBCKOH 00J1aCTH
oT 09.01.2023 No P-2

[TEPEYEHD

MUHHMAJILHOTO KOJIMYECTBAa 000PYI0BaHUS, PACXOIHBIX MaTEPUATIOB, CPEACTB O0yUCHUS
Y BOCIIUTAHUS, HEOOXOIUMBIX (DYHKIIMOHATIBHBIX U TEXHUYECKUX TPpeOOBaHUMN Il CO3AaHUs U PYHKIIHOHUPOBAHUS

B 00111e00pa30BaTeIbHBIX OpraHU3aIMIX, PACIIONOKEHHBIX B CEIbCKOH MECTHOCTH U MAJIbIX TOPOJax, IICHTPOB 00pa30BaHUs
€CTECTBEHHO-HAYYHOM U TEXHOJOTUYECKOM HampaBieHHocTel « Touka poctay B 2023 rogy B MockoBcKoi 06J1acTi

HaumenoBanue o6opynoBanns

KpaTkue npumMepHbIe TeXHUYECKHE XapaAKTEPUCTHKH

Enunnna
M3MeEpEeHUs!

KoamuecTBo

1 HaumeHnoBanu

e HanpasyeHus:: « Obopydosanue 01 06ueobpa308amenbHblX OPLAHU3AYUL, He AGTOUUXCI MATOKOMIIEKIMHBLMUY

HanmenoBanue pazaeia: «ECTCCTBCHHO-Hay‘IHaH HapaBJICHHOCTbH»

udposas mabopaTopus mo
Orosorun (yueHudIecKas)

O0ecrnieurBacT BHINOJIHEHHE J1a00PaTOPHBIX pab0T HA YPOKaX MO OUOJIOTHH B OCHOBHOM IITKOJIC X IPOCKTHO-
MCCIICIOBATEIbCKOM IeATCIFHOCTH yuamuxcs. KoMruiekranus: becrpoBoiHON MyIBTHAATYHK [0 OHOIOTHA
C 5-10 BCTPOEGHHBIMU JaT4uKaMu: J{aTuuk BlaxxHOCTH ¢ nuanazoHoM uamepenus 0...100% datuuk
OCBEIIEHHOCTH C JIMAra3oHoM m3MepeHus He yxe yeM ot 0 mo 180000 nk datunk pH ¢ nuanazonom
m3Mepenus He yxe 9yeM ot 0 1o 14 pH [latumnk TemmnepaTypsl ¢ Aana30HOM H3MEPEHUs He yxke dyeM oT -20
imo +140C JlaTumk TeMmepaTypbl OKpY>KaroIel Cpe/Ibl ¢ IUAra30HOM H3MepeHus He yxe dyeM ot -20 10
+40C Akceccyapsl: 3apsiaHoe yerpoiictBo ¢ kadenem miniUSB USB Anmantep Bluetooth 4.1 Low Energy
KpaTkoe pykoBOJCTBO 10 dKCIUTyaTanuu Iudposoit nadopatopuu Lludposas Bugeokamepa ¢
METaJUIMIECKAM IITAaTHBOM, pa3pemieHue He MeHee 0,3 Mmuke [IporpamMmmHuoe obecrieuenne Metoandeckue
pexoMenaanun He MeHee 30 padot YmakoBka Hamimaue pycckosI3BIYHOTO caiiTa MOICPIKKH, HATHIUE
BHICOPOIIUKOB

189.00

Hudposas madbopaTopus Mo
XIMHH (YICHUIECKas)

«ObecnieurBaeT BHITIOIHEHHE JIAOOPaTOPHBIX padoOT 10 XMMHUH Ha ypOKaX B OCHOBHOM IIIKOJIE M ITPOEKTHO-
MCCIIEIOBATEIbCKON eATENbHOCTH yqamuxces. KoMruekranus: becipoBogHOM My IbTHIATYHK IO XUMHH C
3-Ms1 BcTpOoeHHbIMU JaTunkamu: JlaTuuk pH ¢ nuanazoHom namepenus He yxxe yem ot 0 o 14 pH Jatuuk
PIEKTPONPOBOAUMOCTH € AuanazoHaMu u3aMepeHus He yxxe yem ot 0 1o 200 MxCwm; ot 0 1o 2000 mxCwm; ot O
o 20000 MxCwM JlaT4uK TeMIlepaTyphl C THana30oHoM u3MepeHus He yxke ueM oT -20 no +140C OtaenbHble

IIT.

189.00
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

maTauku: JlaTauk onTudeckoi IioTHoCTH 525 HM Akceccyapbl: Kabens USB coennHuTeNnbHBIN 3apsiaHoe
ycTpoiicTBo ¢ kabeneM miniUSB USB Axanrtep Bluetooth 4.1 Low Energy Kpatkoe pykoBoacTBO 1O
PKCIUTyaTariu udpoBoi madoparopuun Hadop nadopatopHoii ocHactku IIporpammuoe odecrieueHue
MeTogmdaeckue pekoMeHmanuu He MeHee 40 padot Hammaue pycckosi3pIaHOTO caiita moaepxkn Hamnane
BUICOPOITUKOB. )

[udposas madopaTopus Mo
(busmke (yaeHHYecKas)

«O0ecrieunBaeT BHITIOTHEHUE SKCIIEPUMEHTOB 110 TeMaM Kypca ¢pusuku. Kommekranms: becnipoBoaHoit
MYJIBTHIATYHK 110 (PH3HKE C 6-10 BCTPOCHHBIMU naTdyukamu: L{nppoBoii JaT4rK TeMIepaTypsl ¢ AHana30HOM
m3MepeHus He yxe deM ot -20 mo 120C Hudporoii gaTunk aGCOMOTHOTO AaBICHUS C THATA30HOM
n3Mepenust He yxke yeM oT 0 1o 500 kIla JJaTunk MarHuTHOIO MOJIS C IMANIAa30HOM U3MEPEHUS HE YKE YeEM
0T -80 1o 80 MTn daTuuk Hanps>KEeHUs ¢ quanazoHaMH U3MEPEHUs He yxKe 4eM oT -2 10 +2B; ot -5 no +5B;
oT -10 1o +10B; ot -15 10 +15B  [laTuuk Toka He yxke 4em oT -1 g0 +1A JlaTuuk akcenepoMeTp ¢
MokasaTessiMU He MeHee ueM: £2 g; +4 g; +8 g OtnenbHble ycrpoiicTBa: USB ocuuutorpad He menee 2
kaHana, +/-10 B Akceccyapsr: Kabens USB coenvnunTenbHbIN 3apsaHoe ycTpoiicTBo ¢ kabeiaem miniUSB
USB Anantep Bluetooth 4.1 Low Energy Konctpykrop [uist mpoBenienns skcrepumeHToB Kpatkoe
[PYKOBOJICTBO IO 3KCILTyaTanuu mudpoBoit 1aboparopuu [Iporpammuoe obecrnieuenue Metoandeckue
exomeHaanuu (40 pabot) Hamuume pycckos3pIYHOTO caiita moaaep kku Hanuure BUICOPOITUKOB. »

189.00

1.2

HaumeHoBaHue pazaeiaa: <<KOMHLIOTepHOC O60pyﬂOBaHI/Ie»

IMHoOr0(GyHKIIMOHATHHOE
1.2.1lyctpoiicTBO (IpHHTED, CKaHED,
KOTTHD)

Tun ycrpoiictBa: MHorodyakunonansHoe ycrpoiictso (M®YVY); L{BeTHOCTh NeuaTh: 4epHO-0emast;
TexHoNOoTH IMevYaTH: dJIeKTporpadudeckas (JazepHas, cBeToauoaHasn); @opmat nmeyatu: He MeHee A4; Tun
CKaHUPOBAHMS: TTPOTSHKHBIN/TINIAHIIETHBIN; BO3MOXHOCTh CKaHUPOBaHUS B (hopMaTax: He MeHee A4,
Crioco6 nmoakirouenus: LAN, Wi-Fi, USB

IIT.

126.00

1.2.2HoyT0Oyk

«Dopm-pakrop: HOyTOYK; Pasmep nmaronanu: He MeHee 15.6 moiimoB; Paspemenwne sxpana: Full HD, Quad
IHD nnm Ultra HD; O6muit 00beM yCTaHOBICHHOH OTepaTHBHON NaMATH: He MeHee 8 ['0aT;
IMakcuManbHBIH OO TOAIEep)KUBAEMbIii 00BEM OTNEpaTHBHOM maMsaTh: He MeHee 16 ['6aiiT; O6vem SSD
HakoruTels: He MeHee 240 ['6aiit; becipoBomHas cBs3p: Wi-Fi; KonmdecTBo BCTPOCHHBIX B KOPITYC IIOPTOB
USB: He MeHee 2, u3 KOTOpbIX He MeHee 1 nomkHo O0biTh USB Bepcun He Hike 3.0; Paspemenne B30-
kamepbl, Mrukcenb: He meHee 0.3; BerpoeHnsiit Mukpodon; KitaBuaTtypa ¢ packiagkoid ¥ MapKUPOBKOU
KJIaBHIII QWERTY/ﬁHYKEH; Ionnepxka ctangapToB O6ecripoBoHOI cBsi3u: 802.11a/b/g/n/ac;
[TpousBoanTeILHOCTH NpoLieccopa (3HaueHue nokasatenst «CPU Mark» no tecty «Laptop & Portable CPU
IPerfomance» http://www.cpubenchmark.net/laptop.html): He meree 5000 equauL, Hanmune MaHUITyIaTOpa
MBIIIH B KOMIUIEKTE: ]a Y CTAHOBJICHHAS OTIEPALIMOHHAS CHCTEMa C Tpa(huIecKUM TOIb30BaTEIECKUM
mHTEp(EHcOoM, CBEIEHHS 0 KOTOPOM BKJIIOUEHBI B €TUHBIN PeecTp POCCHUIICKHUX MPOrpaMM IS 3JIEKTPOHHBIX
BBIYHMCIINTEIBHBIX MAIIMH U 0a3 JaHHBIX; Y CTaHOBJICHHBIH MakeT O(HCHOTO MPOrPaMMHOTO 00ecIieueHu s,
COBMECTHMOT'O C YCTAaHOBJICHHOH OINepalliOHHON CUCTEMOM, CBEEHUSI O KOTOPOM BKJIFOUEHBI B €JUHBIHI

[peecTp POCCHUCKUX MPOTPaMM ISl 3JIEKTPOHHBIX BBIYMCIUTENbHBIX MAIINH U 0a3 TaHHBIX.»

IIT.

189.00

1.3

HaunmenoBanue paszena: «/lononHurensHoe 060pya0BaHHE)
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n/n

HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

1.3.1

O0pasoBaTenbHBINH HAOOP IS
M3y4EeHNs] MHOTOKOMITOHEHTHBIX
[POOOTOTEXHUYECKUX CUCTEM U
MaHUITYJISSIIUOHHBIX POOOTOB

«O0pa3oBaTeNbHBIN HA0OP TOJDKEH OBITh MPeAHA3HAUCH JJIs U3YUCHHUS POOOTOTEXHUIECKUX TEXHOJIOTHA,
OCHOB MH(OPMAI[OHHBIX TEXHOJIOTHH M TEXHOJIOTHH POMBIIIJICHHOH aBTOMATU3aIIMH, a TAK)Ke TeXHOJIOTHit
MPOTOTHIHNPOBAHUS U aIIUTUBHOIO IPOU3BOJCTBA. B cocTaB Habopa JOMKHBI BXOAUTH KOMIUICKTYIOITHE U
yCTpOHCTBa, 00JIaJaromie KOHCTPYKTHBHOM, alliapaTHOM U IPOrpaMMHOM COBMECTUMOCTBIO PYT C IPYTOM.
1) KoMmiekT KOHCTPYKTHBHBIX JIEMEHTOB M3 METAJIIA M TUIACTHKA JUIsi COOPKH MoAeIei
MaHUITYJISIIIHOHHBIX POOOTOB C YIIIOBOH KMHEMAaTHKOH, INIOCKONApaJlIeNbHOW KHHEMaTHKoH, Delta-
KHHEMAaTUKOH. 2) VHTeIUIeKTyalbHBIH CepBOMOIYIIb C MHTETPUPOBAHHOM CHCTEMOM yIIPaBIICHIS - HE MEHEe
7mr. CepBOMOIYIb DOJDKEH 00J1aJaTh HHTETPUPOBAHHON CHCTEMON yIIpaBJIeHHsI, 00eCTIeINBaAIOIIEH
00paTHYIO CBSI3b WJIM KOHTPOJIb NapaMeTPOB - MOJI0KEHHE BaJla, CKOPOCTh BPAIICHHUs, Harpy3Ka NPUBOAA, a
TaxxKe 00ecIeynBaroNIeii BO3MOXKHOCTH ITOCIEA0BATEIHHOTO MOAKIIOYEHUS IPYT C APYTOM U yIIPaBICHHS
CEpBOMOIYJISIMH TI0 TTOCJIEIOBATEIBHOMY MOJIYIYIUIEKCHOMY aCHHXPOHHOMY HHTepdeicy. 3)
P00GOTOTEXHUYECKHI KOHTPOJLIEP, TPEACTABILIIOIINI CO00I MOYIbHOE YCTPOMCTBO, BKIIOUAtOIee B ce0st
0JTHOTIATHBINT MUKPOKOMITBIOTED JUISl BHITIOJIHEHHUS! CJIOKHBIX BBIYMCIIUTEIIBHBIX ONEpaliid, nepudepuiHbIit
KOHTPOJUIEp AJISl YIPaBJICHUS BHEITHIUMHU yCTPOIICTBAaMU U IUIATY PACIIUPEHUS ISl MOIKIIOUEHHUS BHEITHUX
yCTpOMCTB. Moayiu poOOTOTEXHHYECKOT0 KOHTPOJLUIEpa TOJKHBI 00J1a1aTh OTHOBPEMCHHOI
KOHCTPYKTHUBHOH, almapaTHOMN W IPOTrpaMMHON COBMECTHMOCTBIO IPYT € IpyroM. PoboToTexHIYeCKIiA
KOHTPOJUIEP TOJDKEH yIOBIECTBOPSITH TEXHUUECKUM XapaKTEPUCTHKAM: KOJI-BO SIAEP BCTPOSHHOTO
MUKpPOKOMITHIOTEpA - He MeHee 4, TAKTOBast 4acToTa sijpa - He MeHee 1,2 [T, oo0bem O3V - He menee 512
IM6, Hamuane uaTepdeticos - SPI, 12C, 1-wire TTL, UART, PWM, mmudpossie - He MeHee 16 T u
AHAJIOTOBBIC TIOPTHI - HE MEHEE § IIT A MOAKIIOUEHHS BHEIIHUX YCTPOIHCTB, BCTPOSHHBIH MUKPO(OH, a
ratoke WiFi mim Bluetooth aist KoMMyHHKanmy co BHEITHUMH ycTpocTBaMu. PoOoTOTeXHNUECKHI
KOHTPOJUIEP JI0JDKEH 00ecTieunBaTh BOZMOXHOCTh ITPOTPaMMHPOBAHUS C TIOMOILBIO Cpe/CTB si3b1koB C/CH++,
Python n cBo6oHO pacnpoctpansemoii cpeasl Arduino IDE, a Takxke ynpaieHHs MOAETSIMU
[POOOTOTEXHUUECKHUX CUCTeM ¢ moMomIbio cpeabl ROS. 4) [IporpammupyeMslii KOHTpoIIep - He MeHee 1.
[TporpamMmmupyeMbIii KOHTPOJIEP TOJDKEH MPENCTABIATh COOOH BHIYMCIUTEIBHBIN MOYJIb, 0018 1aI0INUM
POBBIMH IOPTAMH - HE MEHee § IIT M aHAJOTOBBIMHU IIOpTaMu - He MeHee 16 mr, natepdeiicamu UART,
12C,SPI, TTL, a Taxxe Moaynem OecripoBOaHOM cBsi3u Tuna Bluetooth mimm WiFi nns co3manus anmapaTHO-
MPOTPAMMHBIX PEIICHUH M «yMHBIX/CMapT»-YCTPOMUCTB AT pa3paboTKu pemeHui « HTepHeT Bemei». 5)
[Tnata pacupeHus IpOrpaMMHUPYEMOro KOHTpoiepa — He MeHee 1. [Tnata pacumpesus qomkHa
o0OecreunBaTh BO3MOXXHOCTD MOJKITIOUCHHS YHUBEPCAIBHOTO BEIYUCIUTEIEHOTO MOJYIIS K CETH
mocpencTBoM uHTepdetica Ethernet. [Tnara pacmupenns nomkaa 0671a1aTh MOPTaMU BBOIa-BBIBOA TSI
MOJKITIOUEHHS U(PPOBBIX U aHAJOTOBBIX YCTPOUCTB — He MeHee 40 T, natepdeiic SPI u BO3MOXKHOCTEIO
MOAKIIFOYEHHS BHEIIHEH KapThl HaMATH. 6) MOysIb TEXHHYECKOTO 3pEHHMS, TPEACTABIISIOMINI CO00i
YCTPOMCTBO Ha 0a3e BEIYUCIUTEILHOTO MUKPOKOHTPOJUIEPA M MHTETPUPOBAaHHON KaMephl, 00ecIieunBaroIee
[pacrio3HaBaHUE NPOCTEHIINX N300paskeHNH Ha MOJTyJIE 32 CUET COOCTBEHHBIX BHIYNCIUTEIBHBIX
BO3MOXKHOCTEH - He MeHee 1mT; Moyinb TEXHHYECKOTO 3peHHMs TOJDKEH 00ecIIeunBaTh BOZMOXHOCTh

KOMMYHHUKAINU € aHAJIOTMYHBIMHU MOAYJISIMHU MMOCPEACTBOM MIMHBI HA Oaze IIOCJICAOBATCIBHOTO HHTep(i)eﬁca

IIT.

63.00
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

C IIeJbI0 abHEHIIeH mepeadn pe3yabTaToB H3MEPEHUH TPYIIIBI MOYNIEH Ha yIpaBIsfioiee
BBEIYUCITUTEIFHOE YCTPONUCTBO, TIOAKIIOYCHHOE K JAHHOW MmKHE. MOIyJIh TEXHUYECKOTO 3pEHHS JOIDKEH
o0OecreunBaTh BO3MOXKHOCTD OCYIIECTBIISATh HACTPOUKY MOAYJIS TEXHHUECKOTO 3pEHHUS - HACTPOUKY
PKCIIO3HUINY, OaaHca OeJIoTo, IIBETOPA3HOCTHBIX COCTABIIONINX, TUIOIAAN OOHAPYKIUBaeMO 00IacTi
M300paKeHHSI, OKPYTIIOCTH O0HAPYKUBAEMOU 00JIaCTH N300paskeHHsI, IOJIO0KECHHUE OOHAPYKHBAEMBIX
00acTei! OTHOCHUTENFHO APYT Apyra. MoIyih TEXHHIECKOTO 3pEHUS JOJKEH 00eCIeunBaTh BOZMOKHOCTh
HACTPOHKH Ha OHOBPEMEHHOE OOHapykeHre He MeHee 10 pa3IiyHBIX OMUHOYHEIX OOBEKTOB B CEKTOPE
0030pa, MO0 HE MEHEee 5 COCTaBHBIX 00BEKTOB, COCTOAIINX M3 HE MEHEe 3 pazIMyHBIX IpaUIecKuX
MPUMUTHBOB. MOyJIb TEXHUYECKOTO 3pEHHS JOJDKEH 001a1aTh BCTpOCHHBIMU HHTepdeticamu — USB,
UART, 1-wire TTL, I2C, SPI anst KOMMyHHKallMU CO BHELTHUMH NOAKIIIOYaeMbIMU yCTpoiicTBamu. 7) B
cocTaB HabOpa JODKHBI BXOAUTH NU(POBbIC HHPOPMAITMOHHO-CCHCOPHBIC MOIYIIH, MPEICTABIISAIONINE COO0M
yCTpoicTBa Ha 0a3e MpOrpaMMHUPYEMOTo KOHTPOJUIEpa U U3MEPUTENLHOTo eMenTa. L{udpoBoit Morynb
ImoJkeH 06J1a71aTh BCTPOCHHBIM MUKPOKOHTPOJIIIEpPOM (TaKTOBasi 4acToTa - He Menee 16 MI'n, mmHa
ImaHHBIX — He MeHee 8 KOaiiT), nuatepdeiicamMu sl MOJKIIOUYCHUS K BHEITHUM yCTpOiicTBaM: u()POBhIC U
aHaiorosble opThl, 1-wire TTL, pazsem tuna RJ. Ludpooii Moxyns nomkeH obecrieunBaTh BO3MOXKHOCTh
KOMMYHHKAIIUY C aHAJIOTHIHBIMHA MOIYJISIMH TIOCPEJCTBOM IITMHEI Ha 0a3e MOCIeJ0BaTeIbHOTO HHTEpdeiica
C LIEJIBIO abHENIIEH epeaaun pe3yiabTaToOB U3MEPEHUM MPyIIIBI MOAYJIEH Ha YIPABIIAIOILEE
BEIYUCITUTEIIFHOE YCTPOUCTBO, TIOAKIIIOYCHHOE K JaHHOH muHe. B coctaB Habopa TOMMHKHO BXOIHUTH:

I POBOI MOAYIIb TAKTOBOHM KHOIIKH — HE MEeHee 31T, TH(POBOA MOIYIb CBETOAMOA — HE MEHee 31T,
G POBOI MOAYIb KOHIIEBOTO IIPEepHIBATENS — HE MeHee 31T, MUPPOBOH MOAYIb AaTYNKA [BETa — HE MCHEE
L, mudpooit moayins RGB cBetoanona — He MeHee 1mT. 8) B cocTaB Habopa JTOKHEI BXOUTH
PIIEMEHTHI [T COOPKH BaKYYMHOTO 3aXBaTa: BAKYyMHasl IIPUCOCKA — HE MEHee 11T, 2IeKTPOMAarHUTHBIH
KJaraH — He MeHee 11T, BaKyyMHbII Hacoc — He MeHee 1mT. 9) B cocraB Habopa JOImKeH BXOIUTh
[VICOHBIA KOMIUICKT, BKIFOYAKONIUH B ceOs yueOHOE mocoOue, Habop OMOIMOTEK TPEXMEPHBIX 3JICMEHTOB
TS IPOTOTHITMPOBAHKS MOJICIICH MAHUIYJISAIIMOHHBIX pOOOTOB, a TAKXKE MPOrPaMMHOE 00eCIICUeHUE IS
padoTel ¢ HabopoMm. I[IporpammHOe 0OecTIeYeHHE JOKHO 00ECIICUNBATh TPEXMEPHYIO BU3YAITU3AIIHIO
MO/JIEJTN MAHUIYJISIIIMOHHOTO po0oTa (C YIIIOBOH, INTOCKOMapaIeIbHON U JeNIbTa-KHHEMATHKOH) B TIpoIiecce
paboThI, 00ecTIeYnBaTh TOCTPOCHUE IPOCTPAHCTBEHHON TPACKTOPHUHU ABMKCHUS UCTIOTHUTEIIFHOTO
MeXaHU3Ma MaHUITYJSILHOHHOTO PoO0Ta, BO3SMOXKHOCTD 3aaHUS ITOCIEAOBATEIFHOCTH TOYEK IS
MPOXOKACHUSA Yepe3 HUX UCTIOIHUTEIFHOTO MEXaHU3Ma MaHUITYJISIIMOHHOTO poboTa. [Iporpammuoe
oOecriedeHne TOKHO (PYHKITMOHHUPOBATh, KaK B OTAEITBHOCTH B BHJIE CPEIBI MOJICIHPOBAHUS, TaK U B
[peKMME MOHUTOPHHTA B pEaTbHOM BPEMEHH IPH MOAKIIOUYSHUN MOJIEITH MaHUTTYJISTOpa TIOCPEACTBOM
[POOOTOTEXHUIECKOTO KOHTpoJutepa. [IporpaMMHoOe oOecriedeHre JOMKHO 00eCIeYnBaTh BO3ZMOXKHOCTD
MOCTPOCHUS TPAPUKOB 33JaHHBIX U TCKYIIHX 0000ICHHBIX KOOPIUHAT MAHUTYJIAIIHOHHOTO po0oTa,
rpadKOB 3HAYCHUI CKOPOCTEH U YCKOPSHHS, TPaQHUKOB pacUeTHHIX 3HaYCHUH Harpy3ku. [IporpammMHoe
oOecriedeHre TOKHO TT03BOIIATh 33/1aBaTh ITOCIICIOBATEIPHOCTD IEPEABIKCHUN MaHUTYIIATOPA

MOCPECTBOM HaOOpa KoMaH[ B O09HO-TpadudeckoM nHTepdeiice. YdaeOHOe mocodue TOMHKHO COEPKATh

[okyMeHT co3faH B anekTpoHHou dopme. Ne P-2 ot 09.01.2023. cnonHutens: Unbun O.1.

Crtpanuua 5 u3 18. CtpaHuua cosgara: 29.12.2022 12:56

NpasutenscTeo
Mockosckon obnact



w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

MaTepHaJbl 10 pa3paboTKe TPEXMEPHBIX MOeIeH MOOMIBHBIX pOOOTOB, MAaHUITYISIIHOHHBIX POOOTOB C
[Pa3NUYHBIMY THIIAMU KHHEMATHKH (yTJIOBast KHHEMaTHKa, INIOCKO-TIapaliebHas KUHEMaTHKa, JIeJIbTa-
knHeMatuka, SCARA wnu peryaskHasi KnHeMaTuka, miatdopma CTioapTa u T.11.), HHCTPYKITUH 110
MPOSKTHPOBAHUIO pOOOTOB, HHCTPYKIIMU ¥ METOIAMKH OCYIIECTBICHUS HH)XCHEPHBIX PACYETOB IIPH
MPOCKTHPOBAHUH (PAaCcUYeThI HATPY3KH M MOMEHTOB, PacdeT MOITHOCTH IPHUBOJIOB, PAcUeT IapaMeTpPOB
KHHEMATHKH U T.11.), HHCTPYKIIUH 110 pa3paboTKe CHCTEM YIPaBICHUS U MPOTPaMMHOTO 00SCTICUCHHS IS
YIIpaBJICHUS poOOTaMU, MHCTPYKIUHU U METOAUKH IO pa3pabOTKe CHCTEM YIIPABIICHUS C JICMCHTAMH
MCKYCCTBEHHOTO MHTEIUIEKTa U MAallIMHHOTO OOYYCHHUS. »

YersipéxoceBoii yueOHBIH poOOT-
1.3.2MaHUIyIATOP C MOLYJIbHBIMHU
CMEHHBIMH Haca/lKaMH

«Y4eOHBIH poOOT-MaHHITYIATOP MIPEeJHA3HAYCH IJI1 OCBOCHHUS O0YJAIOIIMMHUCS OCHOB POOOTOTEXHUKH, TUIS
MOATOTOBKY O0YYArOIIUXCS K BHEAPESHHUIO U MOCIIECIYIOMEMY HCIIOIB30BAHUIO POOOTOB B IPOMBIIIICHHOM
npousBoJcTBe. KosmuecTBo oceit poboTa MaHUITyJIsITOpa - YeThipe. [lepemMenieHue HHCTpyMEHTa B
MPOCTPAHCTBE IO TPEM OCAM JOJLKHO YHIPABJIATHCH IIAaroBbIMU ABUTATCIIAMU. Hanpﬂn{eHHe IIUTaHUuA
raroBeIX aBurareneil He 6osnee 12 B. CepBoaBuraresb 4eTBEPTOI OCH JODKEH 00ECIICUYUBATh TOBOPOT
MHCTPYMEHTA. YT0J IOBOPOTa MAaHUITYJIATOPA HA OCHOBAaHUH BOKPYT BEpPTHUKAJIbHON ocu He MeHee 180
rpanycoB. [l onpenencHus MOJIOKEHUS MaHUITYJIITOPa IIPYU IOBOPOTE BOKPYI BEPTUKAIBLHOM OCH JOJIKCH
MCIIOJIB30BaThCSI HKOJEP. YTOJI IOBOPOTA 3aHETO0 IJIeua MaHUMyJsITopa He MeHee 90 rpagycos. Yron
[MOBOPOTA NEPEIHETO IUIeya MaHumysitopa He MmeHee 100 rpagycos. [l onpeaeneHus NOoJ0KEHUS 3aJHETO
W TIepeTHETO TUIeY MaHUITYJIATOpa TOJDKEH HCITOB30BAaThCS TUPOCKOIL. YTOJ MOBOPOTA IO YETBEPTOI OCH He
mMeHee 180 rpamycoB. [lomkHa OBITE BO3MOXKHOCTE OCHAIIIEHHUS CMEHHBIMH HacaJKaMu (HampuMep,
ImepxaTenb KapaHama win (haoMacTepa, IpHUCcocKa C CepBOABHUTATEIIEM, MEXaHIMYECKOEe 3aXBaTHOE
[YCTPOHCTBO C CEpPBOABHUTATEIIEM, YCTPOUCTBO IS JIA3EPHOM TpaBUPOBKHU MM YCTPOUCTBO At 3D-neuaTn).
MUHMMaIbHAs KOMITJIEKTAlMsl CMEHHBIMHU HacaJIKaMu: THEBMAaTHUYECKUI 3aXBaT (IIPUCOCKA), MEXaHUYECKHU
3axBart, HacajaKa JAepiKaTelb JUI KapaHiama/MapKepa/pydky, HacaaKa NepexoHUK JUIsl KPeIUICHHs
COBMECTHMBIX KOHCTPYKTHBHBIX JIeTajlell 1 KOHCTPYKLUI, Haca Ika Jla3epHOM ITpaBUPOBKH, Hacaaka 3D-
neyatyu (a7t padoThl ¢ wactukoM PLA ¢ muamerpom HutH 1,75 MM). JlomkeH OBITh OCHAILCH
CEpBOIIPUBOIOM JJISl THEBMAaTHYECKOTO M MEXaHWYECKOT'0 3aXBaTOB, 00ECIEYMBAIOIINM BpalleHUE
3aXBaYCHHOTO OOBEKTA BO BpPEMsI IIEPEMEIICHUS, IOBOPOT IIEPEMEIIaeMOro 00bhEeKTa BOKPYT BEPTHKAIBLHON
ocu. Iy obecnieuenns GyHKIIMOHUPOBAHUS ITHEBMATHUYECKOTO 3aXBaTa JOJKEH OBITh OCHAIIEH BCTPOSHHOM
B KOPIIYC MaHUITYJIATOpa ITOMIIOH. I[OJDKHa OBITH BO3MOKHOCTH IIOAKIIFOYCHHU S OOIIOJIHUTCIIBHBIX yCTpOﬁCTB
(HarmpuMep, TpaHCTIOPTEPA, peibca I epeMeneHns poboTa, MyIbTa YIPaBIeHUs THIIA JXKOWCTHK, KaMephl
MAIIMHHOTO 3PEHUS, ONITHYECKOTO JaTYNKa, MOyl OECIIPOBOAHOTO A0cTyma). PoboT-MaHHUITyIATOD
ImoypKeH obecreuynBaTh IepeMeIIeHie Haca K1 B IIPOCTPAHCTBE, aKTHBANNIO HACAIKH, BO3ZMOKHOCTb
MOJIYYCHUA CUTHAJIOB OT KaMEPBI U JaTYUKOB, BO3MOKHOCTE YIIPaBJICHUA JOIMMOJTHUTCIbHBIMA
ycTpoiicTBamMu. MaTepual Kopiyca — almoMuHuiA. JJuamerp padoueii 30HbI (0€3 ydeTa HABECHOTO
MHCTPYMEHTa U 4eTBepToil ocu) He MeHee 350 mm. UnTepdeiic nogxmouenus — USB. JlomkeH nuMeTh
BO3MOXKHOCTh aBTOHOMHOM paOOTHI M BHELITHETO yIpaBlieHHs. J{JIs1 BHEITHETO YIIPaBICHUS JOJDKCH OBITH

MpeLyCMOTpPEH MyJIbT, MOJKII0YAaeMbIi K poboTy 1o Bluetooth. Ynpasmstronuii KOHTpOIIIEp TOIKEH OBITh

IT.
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

COBMECTHM €O cpenoi Arduino. Ypasisiominii KOHTPOJUIEP COBMECTUM CO CPEION MPOrpaMMHUPOBAHHUS
Scratch u s13p1koM nporpamMmupoBanus C. JlomkeH obecrnieurBaTh HOBOPOT MO TIEPBBIM TPEM OCSIM B
3aJlaHHBIN YrOJI U Ha 3aJaHHBII YroJl, IOBOPOT 10 YETBEPTOM OCH Ha 33JaHHBIN YIroJl, IBUKECHUE B
KoopauHaThl X, Y, Z, NepeMelleHle Ha 3aJaHHOE PacCTOsIHUE 10 KoopauHaTaMm X, Y, Z, neperady AaHHbIX
0 TEKYIIEM I0JIOKEHHUH YTJIOB, Iepelady AAHHbIX O TEKYLIMX KOOpAUHATaX UHCTpYMEHTa. JloikeH
[MOEPKUBAThH IEPEMELICHHE B JEKAPTOBBIX KOOPAMHATAX U YIJIaX MOBOPOTA OCEH, € 3aJaHHON CKOPOCTHIO
1 yCKOpeHHeM. THIbl epeMeleHuid B AeKapTOBbIX KOOPANHATAX: IBUKEHHUE 110 TPAEKTOPUH, ABHKEHUE TIO
MPSIMOH MEXIY ABYMS TOUKaMHU, IIEPENPhITMBaHIe U3 TOYKH U TOUKY (TepeHoc o0wekTa). Kopiryc nomkeH
OBITH B 3alIUINICHHOM HCITOJIHEHUE (Kiacca He Hike [P20).»

OOpazoBaresbHbIH HAOOP MO
1.3.3|MexaHuKe, MEXaTPOHUKE U
[poOOTOTEXHUKE

«Habop nomkeH OBITh IpeHA3HAYCH AJIS TPOBEACHNUS YUCOHBIX 3aHATHI M0 M3YYEHHIO OCHOB MEXAaTPOHUKHU
M pOOOTOTEXHUKH, IPAKTUYECKOTO IIPUMEHEHHS 0a30BBIX DJIEMEHTOB JJIEKTPOHUKU U CXEMOTEXHUKH, a
raroke HanboJiee pacrpoCTpaHEHHOMN 3JIEMEHTHO# 0a3bl 1 OCHOBHBIX TEXHHYECKUX PEIICHUH, TPUMEHAEMbIX
MPY IPOEKTUPOBAHUU U IPOTOTUIIMPOBAHUH PA3NUIHBIX HHKCHEPHBIX, KHOEPHETHUECKUX U BCTPAUBAEMBIX
crcteM. B cocTaB HaOOpa OJDKHBI BXOJMTH KOMILIEKTYIOILINE U YCTPOHCTBA, 00aaatomye
KOHCTPYKTUBHOM, 2JIEKTPUYECKOM, allllapaTHOU U IPOrpPaMMHOM COBMECTUMOCTBIO APYT ¢ ApyroM. B cocras
HabOpa JTOJKEH BXOANUTH KOMIUIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB M3 MeTaJlla JUIls COOPKH MakeTa
MaHUITYJISIIHOHHOTO po0OTa M KOMITIEKT METAJUINYECKUX KOHCTPYKTHBHBIX 3JIEMEHTOB ISl COOPKU MaKeTa
MOOMITBHOTO poboTa. B cocTaB Habopa TOMKHBI BXOAWTH MPUBOJA PA3ITMIHOTO THIIA: MOTOPHI C
MHTETPUPOBAHHBIM MM BHEIIHUM JAaTIMKOM ITOJIOKEHUSI — HE MEHEe 21T, CEPBOIIPUBOJ OONBIION — HE
MeHee 41T, CEpBONPHUBO MAJBIH — HE MEHEE 2IIT, IPHBOJ C BO3MOXKHOCTBIO YIIPABJICHHS B IIAaTOBOM
peIMe — He MeHee 2IT. B coctaB Habopa JOKHBI BXOAUTD 3JIEMEHTHI IJIs1 COOPKH BaKyyMHOTO 3aXBaTa:
BaKyyMHasl IpHCOCKa — HE MeHee 11T, 3eKTPOMarHUTHBIN KJIanaH — He MeHee 11T, BaKyyMHBII Hacoc — He
menee lmT. B coctaB HaOOpa 10/DKHA BXOAUTD dJIeMEHTHast 0a3a At MPOTOTUIIMPOBAHUS: TIaTa JJIs
OecraeqHOro MPOTOTHITUPOBAHKS, KOMIUIEKT IPOBOIOB PA3IMYHOTO THIIA U JUTMHBI, KOMIUIEKT PE3HUCTOPOB,
KOMILIEKT CBETOUO0B, CEMUCETMEHTHBIA HHIUKATOP, Auciier JXKK-Tuna, KHONKKN — HE MEHee SIIT,
MOTEHIIIOMETPHI — He MeHee 31T, HHPPAKPACHBIH JaTYMK - He MEHee 3IIT, yIbTPa3ByKOBOW IaTUHK - HE
MeHee 31T, JaTYUK TEMIIepAaTyphl - He MeHee INT, JaTYMK OCBELEHHOCTHU - HE MEeHee 11T, MoayIib
Bluetooth — He Menee 1mt, monyns UK-npuemurka — He menee 1, monyns MK-nepenaTunka B BUIE
KHOTIOYHOTO ITyJIbTa yIIPaBICHHUS — 11T, aKKyMyIATOp — HE MeHee 11T, 3apsJHoe YCTPOHCTBO — HE MEHEe
lmT. B coctaB Habopa T0KEH BXOAUTh MYNbTHAATIHK I H3MEPEHHs TeMIIepaTyphl U BIAXKHOCTU
OKpYy>Karomiel cpeabl — He MeHee 1 mT. MylbTHAATINK JOJDKEH 001a1aTh BCTPOCHHBIM MUKPOKOHTPOIIIIEPOM
(TakTOBast yacToTa - He MeHee 16 MI'w, mmHa gaHHBIX — He MeHee 8 KOalT), natepdeiicamu yis
MOAKIIIOUEHHS] K BHEIIHUM YCTPOUCTBaM: HU(POBBIE 1 aHaiorosbie noptsl, 1-wire TTL, pazsem Tuna RJ. B
cOoCTaB HaOOpa TOJDKEH BXOAUTH KOMIUICKT YHUBEPCAIBHBIX BHIYUCIUTEIBLHBIX MOTYJIEH, TPEICTaBIISIOIINX
co00i1 6a30ByIO IIIATY, ATy PACIIMPEHUS VISl CETEBOTO B3aUMO/ICHCTBYS U IJIaTy HOAKIIIOUSHNS CHIIOBOM
Harpy3KH. Bxosiyie B KOMIUIEKT yCTPOHCTBA TOJDKHBI 00J1a1aTh OJHOBPEMEHHOW KOHCTPYKTUBHOM,

PIIEKTPUYECKOH, anmapaTHON ¥ NPOrpaMMHON COBMECTUMOCTBIO APYT ¢ ApyroM. basoBas miaTa

IIT.
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KoaunuecTBoO

[YHUBEPCAJIBLHOTO BBIYMCIUTENILHOTO MOYJIS JIOJDKHA TPECTABISATE COO0H MporpaMMHUpyeMblii KOHTPOILIEP
B cpene Arduino IDE win aHanornyHeIx CBOOOIHO pacIpoOCTpaHsIeMbIX cpefax pa3paboTku. bazoBas miarta
IMoJpKHa 00J71a1aTh BCTPOSHHBIME UHTep(eiicaMy 1JIsi HOAKITIOUEHHs IIM(POBBIX M aHAJIOTOBBIX YCTPOHCTB,
BcTpoeHHBIMU HHTepdeticamu USB, UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi. ITnata pacmmpenus
IMomKHA 00€CTIeYNBaTh BO3MOXKHOCTD HOAKIIIOUCHNS] YHUBEPCATIBHOTO BEIYUCIMTEILHOTO MOIYIIS K CETH
nocpeactsoM nHTepdeiica Ethernet. [Tnara pacompenus nomkHaa 001a1aTh MOPTAMHU BBOIA-BBIBOA JJIS
MOAKIIIOUEHHS (P POBBIX M aHATOTOBBIX YCTPOHCTB, nHTEpdeiic SPI 1 BO3MOXKHOCTHIO OAKITIOUCHHS
BHELTHEH KapThl naMsATH. [lnaTta pacmupenus 11 HOAKIIOYEHHUS CUIOBON HArpy3KH JI0JDKHA 00eCIIeunBaTh
BO3MO>KHOCTB TPSIMOTO HMOAKJIIOUEHHS BHEIIHEH CHIIOBOW HAarpy3KH, a TaKKe PEryJIMpyeMOi Harpy3Ku
nocpenctBoM PWM untepdeiica. B cocraB Habopa 10/KEH BXOIUTH IPOrPAMMUPYEMbIH KOHTPOJLIEP,
oOecreynBaOIMH BO3MOKHOCTh OCYILECTBISITh Pa3paboTKy NPOTrPaMMHOIO KO, HCIIOJIb3Ys
MHCTpyMeHTapuii cpea pazpabotku Arduino IDE u Mongoose OS u s3b1k0B nporpammupoBanusi C\C++,
JavaScript. [TporpaMMupyemblit KOHTPOJUIEP JOJDKEH 00J1a1aTh MOPTAMU JIJIS TOAKIIOUYCHUS IIU(QPOBBIX U
QHAJIOTOBBIX YCTPOMCTB, BCTPOCHHBIMU [IPOIrPAMMHUPYEMBIMH KHOIIKAMMU U 3JIEKTPOMEXaHUUECKUMHU
MOZIYJIIMU [JIs1 OPraHU3alUU CUCTEMBI PyYHOIO YIIPaBJIEHUsA, BCTPOCHHBIMU IIPOIPAMMUPYEMBIMU
CBETOAMOIaMH I MHAWKAIIUH padouero pexxnma, BctpoeHHbIME HTepdeticamu USB, USART, 12C, SPI,
I-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocraB Habopa 1omkeH BXOAUTh MOAYIIE TEXHHYECKOTO
BpEHNS , MPEACTABIAIOMINI OO0 BEIYMCIUTENILHOE YCTPOUCTBO CO BCTPOSHHBIM MHKPOIPOLIECCOPOM (KO-
BO sijiep - He MeHee 41T, yactoTa saapa He meHee 1.2 [T, oobem O3V - He meHee 512MO, o0beM
BCTPOCHHOW NaMATH - He MeHee 81'0), HHTerprupOBaHHON KaMepoil (MaKCUMAIBHOE pa3pelIeHIe
BUJICOTIOTOKA, IepeaBaeMoro 1o narepdeiicy USB - He menee 2592x1944 en1.) 1 onTHYECKOH CHCTEMOH.
MoyJib TEXHUUECKOTO 3pEHUS JOJDKEH 00J1aJ1aTh COBMECTHMOCTBIO C Pa3IMYHBIMH IPOIPAMMHPYEMBIMU
KOHTpOJUIEpaMH ¢ roMouipio uarepdeiicos - 1-wire TTL, UART, I12C, SPI, Ethernet. Moxyib TeXHU4EeCKOTO
BPEHUsSI JOJDKEH 00eCIIeYrBaTh BHIIIOJTHEHHE BCEX U3MEPEHUI U BEIYMCIICHUH MTOCPEACTBOM COOCTBEHHBIX
BEIYHMCIINTEIBHBIX BO3SMOXKHOCTEH BCTPOCHHOTO MUKPOIIpoIieccopa. Moy TEXHHYECKOT0 3pEHHs TOJDKeH
00J1a/1aTh BO3MO’KHOCTBIO KOMMYHHKAIIH C aHAJIOTHYHBIMU MOJTYJISIMHU ITOCPEICTBOM ILIMHEI Ha 0a3e
MOCJIEI0BATEIIEHOTO HHTEpdeiica ¢ IeNbI0 JadbHENIIeH epeiadn pe3ynbTaTOB U3MEPEHHH TPYIIIHI
MOJYJIEH Ha YIIPABJIAIOIIEE BEIUUCIUTEIBLHOE YCTPOUCTBO, OAKIIOYEHHOE K JAHHOH KnHEe. Moayib
TeXHUYECKOTO 3peHHs JOJDKEH 00ecreuynBaTh HACTPOUKH PEKIMOB PaObOTHI - HACTPOUKY SKCIIO3HIIN,
bananca 6e10T0, IBETOPA3HOCTHBIX COCTABISIOIINX, IUIONAAN OOHAPYKHUBAEMOH 001aCTH U300paskeHNs,
OKPYTJIOCTH OOHApYKUBaeMO# 00JIaCTH M300paKeHN s, TTOJI0KEHHE OOHAPYKUBAEMBIX 00JIacTeit
OTHOCHTEJILHO JIPYT JIpyra, MallMHHOE 00y4YeHHE MapaMeTpOB HEWPOHHBIX CeTeH Uil OOHAPYIKEHUS
00BEKTOB, (popMy M 3aKOJMPOBAHHBIC 3HAYCHUSI 00HAPYKNBACMbIX MapKEPOB THIAa Aruco, pa3mMepsl
0OHApY )KMBAaEMBIX OKPYXXHOCTEH, KBaJI[paTOB M TPEYTOJILHUKOB, TapaMETPOB KOHTPACTHOCTH, pa3MEpOB,
KPUBU3HBI M TIOJIOKEHHUS paclio3HaBaeMbIX JIMHUHA. Habop noimkeH obecrieunBaTh BO3MOKHOCTB pa3paboTKu
MOJIeTT MOOMIIBHOTO poboTa, ynpasisieMoi B FPV-pexxnme nocpencTBoM mporpaMMHOT0 00eciedeH st 1715

MEPCOHATBHOTO KOMIBIOTEpa W MOOMIBHBIX yeTpoiicTB Ha 6aze OC Android mwmm [0S, ob6ecrieunBaromero
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KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA
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KoaunuecTBoO

BO3MOKHOCTb YIIPaBJICHUA MOOMJIEHBIM pO6OTOM 1 BCTPOCHHBIM MAaHUITYJIATOPOM IMOCPEACTBOM
rpaduueckoro uaTepderica, BKIIIOYAIOIINM B ce0s1 HAa0Op KHOIIOK U MepeKiroyareneil, JKoHCTHK, 001acTh
Iuist oToOpaxkenust Buieo. Habop noimkeH obecneyrBaTh BO3MOXKHOCTh U3yUYEHHUS] OCHOB Pa3pabOTKH
NPOrPaMMHBIX H aIlllapaTHBIX KOMILIEKCOB HH)KCHEPHBIX CHCTEM, PEIleHu B cdepe ««««HTepHeT
BELIEH»«««, & TAKXKE PELICHUH B 00JaCTH POOOTOTEXHUKH, HCKYCCTBEHHOTO HHTEIUICKTA ¥ MAIIMHHOTO
00yueHus. B cocTaB Habopa TOKHO BXOAUTB IIOCOOHE MO M3YYCHUIO OCHOB DIICKTPOHUKH M CXEMOTEXHUKH,
perieHuil B chepe ««««HTEepHeT Beleiin«««, pa3pad0oTKH U MPOTOTHIIHPOBAHHUIO MoJenel podoToB. B
cocTaB Habopa JOJDKHO BXOJUTH MOCOOHE M0 H3YYEHHIO OCHOB Pa3pabOTKH CHCTEM TEXHHYECKOTO 3PEHHUS U
PIIEMEHTOB MCKYCCTBEHHOTO MHTEJICKTA.»

1.34

OOpazoBaTesIbHBIH KOHCTPYKTOP
IS IPAKTUKK OJIOYHOTO
MPOTPaMMHPOBAHUS C
KOMIUIEKTOM JIaTYHKOB

IPo6oToTexHIUECKUIT HabOp TpeIHa3HAYCH IS H3YYCHUS OCHOB POOOTOTEXHUKH, AeTaleH, Y3JI0B U
MEXaHU3MOB, HEOOXOIMMBIX JIJIS CO3aHus pOOOTOTeXHUYCCKHX YCTpoiicTB. Habop mpencrasisier coboit
KOMILJIEKT CTPYKTYPHBIX 3JIEMEHTOB, COCIMHUTENILHBIX JIEMEHTOB U MIEKTPOTEXHUYECKUX KOMIIOHEHTOB.
Ha®op mo3BosisieT npoBOANTH AKCIIEPUMEHTHI 110 IpeiMeTy (hu3uKa, CO37aBaTh U MPOTPaMMHUPOBATh
coOupaeMble MOJIENH, U3 KOMIIOHEHTOB, BXO/ISIIHMX B €r0 COCTaB, paboyre MOAEIN MOOWIIBHBIX U
CTallMOHAPHBIX POOOTOTEXHUYECKUX YCTPOUCTB C aBTOMAaTH3UPOBAHHBIM YIIPABICHUEM, B TOM UHUCIIC HA
KOJIECHOM M T'YCEHUYHOM XOJIy, a TAK)K€ KOHCTPYKLUN, OCHOBAaHHBIX Ha UCTIOJIB30BAaHUHU PA3IMYHBIX BUIOB
mepeaad (B TOM YHCIIE YePBSIYHBIX U 3y09aThIX) a Tak)Ke peIdaroB. BeTpoeHHBIE O€CIIPOBOIHEIC CETEBBIC
pemenuns (Wi-Fi u Bluetooth), Bo3MoskHOCTh HHTETpaIuu ¢ OecruraTHbiM oonadabM 110, obecrieunBaroT
BO3MOYKHOCTD MIPAKTUIECKOTO M3YICHHUS TEXHOJIOTHII HHTEpHETa Bellel 1 OCHOB HCKYCCTBEHHOTO
mHTeIUIeKTa. ObecrnednBaeTcs BO3MOKHOCTh 00BeIMHEHNS HECKOIBKUX POOOTOB, COOpPaHHBIX U3 OJOOHBIX
Ha0OPOB, B TPYIIIHI C CETEBBIM B3aUMOAEHCTBHEM. [IpeaycMoTpeHa onroHaIbHast BO3MOKHOCTD
[pacIIUpEHHs JOOTHUTEIEHBIMA KOMIIOHEHTaMH (HE BXOSIIIUMHU B CTAHJAPTHYIO KOMIUICKTAIUIO),
MO3BOJISIOIIMMHI M3Yy4aTh TEXHUYECKOE 3pEHHE U IIPOMBIIIIEHHYIO poO0oTOTeXHUKY. [IpenycmoTpena
BO3MOXHOCTh PabOThI HA0Opa C OMOTHUTEIBHBIMA 00TaYHBIMU cepBHcaMU. [IpeaycMOTpeHbI MUHHMYM
MBa MpOrpaMMUpPYEMBIX KOHTPOJLIEpa B IUNIACTUKOBBIX KOPITycaX, HO3BOJISIOIUX OJHOBPEMEHHO CO3/1aBaTh 2
BapHaHTa POOOTOB PA3JIUYHOTO HA3HAYCHHS, IMEIOIIIX BO3MOXKHOCTD Pa0OTHI KaK B IOTOKOBOM PEKUME,
TaK ¥ aBTOHOMHO); ITO3BOJIIOINX PEaM30BaTh 00yUCHHE IPOrPaMMHUPOBAHHIO B HECKOJIBKHX Cpeliax
pa3paboOTKM Ha pa3NIMYHBIX S3bIKaX (K mpuMepy, B cpenax Mblock, Arduino IDE, Ha si3bikax Scratch, C,
IPython, micro Python). Kax MuUHNMYM OAMH U3 KOHTPOJUIEPOB UMEET BCTPOSHHYIO OTIEPALMOHHYIO CUCTEMY,
BecTpoeHubie Wi-Fi i Bluetooth, mopT [11st mOAKTFOUEHUSI TOCICI0BATEIBHO COCTUHICMbIX BHEITHIX
ycTpoicTB (He MeHee 20 OJTHOBPEMEHHO ITOAKIIIOYAEMBIX YCTPOUCTB). Kak MUHMMYM OJIMH U3 KOHTPOJUIEPOB
MMeeT BO3MOXKHOCTh OJTHOBPEMEHHOH 3alrcH HE MEHee 8 MporpaMm, C BO3MOKHOCTBIO TTEPEKITIOYCHHS
MeXTy HUIMHA. Kak MEHUMYM OJTMH U3 KOHTPOJUIEPOB UMEET MOTHOIBETHBIH quciuie (IPS), mo3Bomsromuit
BEIBOJWTE JTaHHBIC C JATYMKOB B BUJIC TaONHII ¥ TPApUKOB, a TAKIKE CO3AaBATh BCTPOCHHBIC B KOHTPOJLIEP
BHACOUTPHL. KOM4ecTBO CEHCOPOB M UCTIOTHUTENBHBIX YCTPOHCTB, BCTPOCHHBIX B OJIMH M3 KOHTPOJUIEPOB, -
He MeHee 10 mT. ObIee KoImIecTBO 3JIeMEHTOB B Habope He MeHee 400 mIT., B TOM YHUCIIe IMOAKII0YaeMbIe

Mo ryH: - Bluetooth Moyns, - TBOIHOI JaTYMK JIMHWH, - YIETPA3BYKOBOH TATUYHUK PACCTOSHHUS, - TATIUK

IIT.

126.00

[okyMeHT co3faH B anekTpoHHou dopme. Ne P-2 ot 09.01.2023. cnonHutens: Wnbun .1
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HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

[[BETA, - JATYHK KaCaHUS JICKTPOMEXaHNIECKUH, - IR MOyIB, - MOTOP MOCTOSTHHOTO TOKa C PEIYKTOPOM —
He MeHee 2 IIT., - CEpBONPHUBO/, - MMYJIBT TUCTAHIIMOHHOTO yrpasieHus IR. Habop nomxken ObITh
[YKOMIIJIEKTOBAH aKKyMYJISTOpHBIMU 6atapesmu. [Iporpammuoe oGecriedenne, HCIoIb3yeMoe st
MPOTPaMMHUPOBAHUSI COOMPAEMBIX POOOTOTEXHHIECKUX MOAENEH U YCTPOHCTB, JOIDKHO OBITH JOCTYITHO JIS
OecrlaTHOTO CKaYMBaHUA U3 ceTH MIHTepHET M NOCIIeyIONIEr0 HCIOIb30BAHUSL.

1.3.5

Muxkpockor rrdpoBoit

Tun Mukpockona: ononorniyeckuit Hacanka Mukpockona: MOHOKy sipHast HasHauenue: 1abopaTopHBIit
MeTo/1 HCClieIOBaHH: CBETIIOE Mojle MaTepHa ONTHKH: ONTHYECKOE CTEKJIO Y BETMYCHNE MUKPOCKOTIA,
kpat: 64 — 1280 Oxymsper: WF16x O0bextuBs: 4x, 10x, 40xs (moanpyxuHeHHBIH) PeBomsBepHas
rooBKa: Ha 3 00bekTHBa THII MOJICBETKH: 3epKaJIo HIIM CBETOIMOA PacronoxeHne NoOACBETKH: BEPXHSS U
HIDKHSST MaTepuai kopiryca: metait [Ipenqmetssiii ctonmuk, mM: 90 Mcrournk murarust: 220 B/50 I'n Yucmo
Meranukcenei: 1

IIT.

126.00

HaumenoBan

HC HAlIpaBJICHUA ((060]7)/00607—[“6 ons 06W€06pa306am€ﬂbl—lb1x opeaHu3auuﬁ, AGIAIOUUXCA MATTOKOMNTIEKIMHbIMU )

2.1

HaunmenoBanue pazacia: <(ECT6CTBCHHOHay‘1HaH HalpaBJICHHOCTL»

2.1.1

[udposas naboparopus 1o
Orostorny (yueHmIecKast)

«ObecnieurBaeT BBINOJIHEHHE JIAOOPATOPHBIX paboT Ha ypOKax 10 OMOJIOTUU B OCHOBHOM LIKOJIE U
MPOEKTHO-KCCIIEI0BATEIBCKO JesaTenbHOCTH yuaruxcs. KoMruekranus: becrpoBoHOM MynbTHIATYHK TIO
OMOJIOTHH C 5-10 BCTPOCHHBIMU JTaTUMKaMU: JIaTuuK BIaXHOCTH ¢ quana3oHoM m3mepenus 0...100%
JlaTumK OCBEIEHHOCTH C Juana3oHoM u3MmepeHus He yxe yeM oT 0 1o 180000 nx [latunx pH ¢ quanazonom
m3Mepenust He yxe yeM ot 0 o 14 pH JlaTumk Temiiepatypsl ¢ Juana3oHOM H3MEpEeHHs He yxe ueM ot -20
imo +140C JlaTunk TemnepaTypsl OKpYXKarolIei cpeasl ¢ uana3oHOM U3MEpEeHUs He yxxe ueM oT -20 1o
+40C Axceccyapsl: 3apsigHoe yerpoiictBo ¢ kadenem miniUSB USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe pyKOBOACTBO IO AKCIUTyaTaIiy uQpoBoii mabopatoprn Llndposas Bugeokamepa c
METATMIECKUM INTAaTHBOM, pa3perieHune He MmeHee 0,3 Mmukc [Iporpammuoe obecriederne MeTogudeckne
pexomenpamuy He MeHee 30 paboT YnaxkoBka Hanuane pyccKOsI3BIYHOTO caiiTa OANCPKKY, HATNIUE
BUICOPOJIUKOBY

IIT.

8.00

2L[I/I(prBasl nmadopaTopus 1o

XUMUH (YIeHHYECKas )

«ObecreunBaeT BBITIONHEHUE JTAOOPATOPHBIX PabOT 10 XMMUHU Ha YPOKaX B OCHOBHOM ITKOJIE ¥ IIPOSKTHO-
HCCIIEI0BATENbCKOM esATeNbHOCTH yuamuxcsa. Kommiekranus: becnpoBogHol MynbTUAATYHK IO XUMHUU C
3-Ms1 BcTpoeHHbIMU JaTuukamu: Jatuuk pH ¢ nnanazonom uzmepenus He yxxe uem ot 0 1o 14 pH Hatuuk
PIEKTPONPOBOAUMOCTH € AuanazoHaMu u3MepeHus He yxxe yem ot 0 10 200 MxCwm; ot 0 1o 2000 MxCwm; oT O
imo 20000 MmxCMm JlaT4rk TeMIIepaTypsl C JUana30HOM u3MepeHus He yxe 4eM oT -20 go +140C OtaenbHble
imatunku: Jlatank ontudeckoi mwiotTHocTH 525 HM Akceccyapsl: Kabens USB coenmauTenbHBIN 3apsaaHoe
ycrpoiicTBo ¢ kabenem miniUSB USB Anantep Bluetooth 4.1 Low Energy Kparkoe pykoBoacTBo 1o
bKcIUTyaTanuu mudposoii madoparopuu Habop maboparopHoit ocHacTku IIporpamMmMHoe obecriedeHme
MeToaudeckue pekoMeHaauu He MeHee 40 paboT Hanudre pycckos3bdHOTO caiita moanepxku Hammaue
BUIECOPOITUKOB.»

IIT.

8.00

[udposas madopatopus Mo

(busnke (yueHndeckas)

«Obecrnie4rBaeT BHINOJIHEHHE YKCIIEPUMEHTOB 110 TeMaM Kypca ¢usuku. Kommekranus: becripoBoanoii
MYJIBTHIATYHMK 10 (PU3HKE C 6-10 BCTpOeHHBbIMH AaTunkamu: [lndpoBoil faturuk TeMneparypsl ¢ AMana3oHoM

8.00

[okyMeHT co3faH B anekTpoHHou dopme. Ne P-2 ot 09.01.2023. cnonHutens: Anbun .1
Crtpanuua 10 ns 18. CtpaHuua cosgaHa: 29.12.2022 12:56
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KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

m3Mepenus He yxe yeM ot -20 1o 120C IudpoBoii naTuuk abCOMOTHOTO AaBICHHS C JHaNa30HOM
m3Mepenus He yxe yeM oT 0 1o 500 xI1a JJaTuuk MarHUTHOTO MOJIS ¢ AMANIA30HOM H3MEPEHUS He yKe YeM
0T -80 mo 80 MTn laTunk HampspKEHUsI ¢ qUana3oHaMH U3MEpPEHHs He yke 4eM oT -2 70 +2B; oT -5 mo +5B,;
oT -10 1o +10B; ot -15 1o +15B  [laTuuk ToKka He yxe yeM oT -1 g0 +1A [laTuuk akcenepoMerp ¢
MoKa3aTeIsiMA He MeHee 4eM: £2 g; +4 g; +8 g OtnenpHble yeTpoiictBa: USB ocummiorpad He MeHee 2
kaHana, +/-10 B Axceccyapsl: Kabens USB coequHUTENBHBIN 3apsaaHoe yCTpOUCTBO ¢ kaberem miniUSB
USB Apnanrep Bluetooth 4.1 Low Energy Konctpykrop ans mpoBeneHus skciepumMerToB Kparkoe
[PYKOBOJICTBO I10 SKCIITyaTauy nnugposoii 1abopatopun [Iporpammuoe obecniedenne MeToandeckue
exomeHganuu (40 pabot) Hannaune pycckosi3pluHOTO caiiTa moanepkku Haimdne BugeopoInKkoB.»

2.2

HaumenoBanme pasaciaa: «KOMHBIOTepHOG O60pyI[OBaHI/Ie»

2.2.1

MuorodyHKIMOHaIbHOE
lycTpoiicTBO (TIpuHTEp, CKaHep,
KOTIUD)

Tum ycrpoiictBa: MHOTOQYHKIHOHANEHOE yeTpoiicTBo (MDY); LlBeTHOCTS IMevaTh: YepHO-Oemas;
TexHoOrHs NeyaTH: IeKTporpaduueckas (J1azepHas, ceeroaunoaHas); ®opmat neyaru: He Mmeree A4; Tun
CKaHWPOBAHUS: MPOTSIKHBIN/IUIAHIIETHBIH; BO3MOXXHOCTh CKaHUpOBaHUs B opMaTax: He MeHee A4;
Crioco6 noaximouenus: LAN, Wi-Fi, USB

16.00

2.2.2

HoyTtoyx

«DopMm-pakrop: HOyTOYK; Pasmep nmnaronanu: He menee 15.6 mroiiMoB; Paspemntenue sxkpana: Full HD, Quad
HD nnn Ultra HD; O01mnit 06beM yCTaHOBJIEHHOH OnepaTHBHOM namsTh: He MeHee 8 ['0aiir;
MaxcumanbHBIH 00K ToAIep)KUBaEMbIil 00bEM ONlepaTUBHOM naMsTH: He MeHee 16 ['6aiit; O6vem SSD
Hakonurels: He MeHee 240 ['Gaiit; bectipoBonHas cBs3b: Wi-Fi; KommuecTBo BCTpOEHHBIX B KOPITYC OPTOB
[USB: He MeHee 2, u3 KOTophIX He MeHee 1 momkHo 0b1Th USB Bepcun He HIke 3.0; Paspenienne Ba0-
kamepbl, Mrmkcens: He MeHee (.3; Berpoennsiit Mukpodon; KitaBnaTypa ¢ packiagkoir 1 MapKUpOBKON
knasum QWERTY/MIIYKEH; IMoanepskka ctranaapToB GecnpoBoroii csizu: 802.11a/b/g/n/ac;
[Tpom3BOANTENBHOCTH TIpotieccopa (3HaueHue mokasarens «CPU Mark» no tecty «Laptop & Portable CPU
IPerfomance» http://www.cpubenchmark.net/laptop.html): e menee 5000 equnui, Hamuane MmanumyasTopa
MBIIIb B KOMIDIEKTE: J]a Y CTAaHOBJICHHAS! OTIEPAIlIOHHAs CUCTEMa C TpaUueCcKUM M0JIb30BATEIbCKUM
mHTEp(EeicoM, CBEICHHS 0 KOTOPOM BKITIOUCHBI B €IMHBIH PEECTp POCCUICKUX MPOTpaMM JUIS JIEKTPOHHBIX
BEIYHMCIINTEIBHBIX MAIIMH U 0a3 JaHHBIX; Y CTaHOBJIEHHBIH MakeT O(HCHOTO MPOrpaMMHOT0 oOecIieueHu s,
COBMECTHMOTO C YCTAaHOBJICHHOW OIIEPAMOHHON CUCTEMOM, CBEJICHHSI O KOTOPOM BKJIFOUCHEI B CMHBIN
€eCTP POCCHICKHX MPOTPaMM IS JICKTPOHHBIX BRIYHCIUTEIBHBIX MAIIMH U 0a3 TaHHBIX.)»

IIT.

20.00

2.3

Haumenosanne pazacia: «I[OHOJ'IHI/ITSJ'IBHOG 060pyHOBaHI/I€»

2.3.1

O6pa3oBaTeIbHBIN HAOOP LIS
M3Yy4YCHHUA MHOT'OKOMIIOHCHTHBIX
[POOOTOTEXHUYECKUX CUCTEM U
MAaHUITYJISIITUOHHBIX pO6OTOB

«OO0pa3oBarenbHbIl HA0Op AOJDKEH OBITH MpenHa3HAueH ISl M3ydeHUs] POOOTOTEXHMYECKUX TEXHOJIOTHH,
0CHOB MH(OPMAIIMOHHBIX TEXHOJIOTHI U TEXHOJIOTUH NMPOMBIIUICHHOW aBTOMATH3aLUH, a TAaK)Ke TEXHOJIOTUH]
MPOTOTHIIMPOBAHKS M aJIUTUBHOTO IMPOM3BOACTBA. B cocraB Habopa JOIKHBI BXOJUTH KOMIUIEKTYIOITHE U
[yCTpoiicTBa, 00JIagaroe KOHCTPYKTUBHOM, alapaTHOi ¥ MpOTrpaMMHON COBMECTUMOCTBIO APYT C APYTOM.
1) KoMmIuteKT KOHCTPYKTHBHBIX 3JEMEHTOB U3 MeTayla W IDIacTHKa [ COOpKH  Mojenei
MaHUIYJSIUOHHBIX POOOTOB C YIVIOBOW KHHEMAaTHUKOW, IUIOCKOMAapaljiebHOW KHHeMaTtuko, Delta-

KHHEeMaTUKOM. 2) VIHTeIeKTyaabHbIM CepBOMOTYJIb C MHTETPUPOBAHHON CHCTEMOH yNpaBlICHHS - HE MEHEE

8.00

[okyMeHT co3faH B anekTpoHHou dopme. Ne P-2 ot 09.01.2023. cnonHutens: Unbun .1
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

7mt. CepBOMOAYNb MOJKEH 00JamaTh HHTETPHUPOBAHHOM CHCTEMOH yIIpaBiieHHs, OOecleunBalomel
0OpaTHYIO CBSI3b MJIM KOHTPOJIb IIAPaMETPOB - MOJIOKEHHE Bajia, CKOPOCTh BpAllleHHs], HArpy3Ka MPHBOJA, a
rarke o0ecreunBaoield BO3MOKHOCTD TIOCIIEIOBATEIBHOTO MOJKITIOYSHHUS APYT C IPYrOM M YIpaBleHUs
CEpBOMOJYJISIMH TI0 TOCJICAOBATEILHOMY MOJYAYIJIEKCHOMY AaCHHXPOHHOMY HHTEpQeNCy. 3)
IPoboToTeXHUYECKUIT KOHTPOJIIEP, MPEACTABILSIIONIMNA CO00M MOIYIbHOE YCTPOHCTBO, BKIIOUYAOLIEe B ceOsl
OTHOTIATHBIIT MUKPOKOMITBIOTEP IS BBITTOJTHEHUSI CIIOKHBIX BBIUMCIUTEIBHBIX ONEpaIii, epudepriHbIi
KOHTPOJUIEP [UISl yIIPABICHUS BHEIIHUMH YCTPOMCTBAMH U IUIATY PACIIUPEHMS [UIS MOIKIIOYEHHS BHEIIHHUX
YCTPOMCTB. Mogynmun  poOOTOTEXHHYECKOTO  KOHTpOJUIEpAa JOJDKHBI  00JajaTh  OJHOBPEMEHHOM
KOHCTPYKTHUBHOM, anmapaTHOW M HPOrpaMMHOH COBMECTHMOCTBIO JAPYT C JpyroM. PoOOTOTeXHHYECKHH
KOHTPOJUIEp JOJDKEH YHOBJICTBOPSTH TEXHMYECKUM XapaKTepUCTHKaM: KOJ-BO sIep BCTPOEHHOTO|
MUKPOKOMITBIOTEpA - He MeHee 4, TaKToBas yacToTa siapa - He MeHee 1,2 I'Tt, o6sem O3V - He MeHee 512
MO0, nanmuue untepdeiicop - SPI, 12C, 1-wire TTL, UART, PWM, nudpossie - He MeHee 16 mT u
AHAJIOrOBBIE MOPTHI - HE MEHee 8 INT JUIsl MOJKJIIOYEHHs BHEIIHHX YCTPOWCTB, BCTPOEHHBIH MHUKpPO(QOH, a
ratoke WiFi wmu Bluetooth juis kKOMMyHMKanuMu co BHEUIHUMH ycTpoiicTBamu. PobororexHu4eckuit
KOHTPOJUIEP JA0JKEH 00eCreYrBaTh BO3ZMOKHOCTh MPOrPAMMHUPOBAHHUS C TOMOIIBIO CpeCTB si3bIkoB C/C++,
Python wm cBoGogHO pacupoctpansemoit cpensl Arduino IDE, a Takke ymopaBieHHS MOICISAMHA
[POOOTOTEXHUYECKUX CUCTEM ¢ moMoInsio cpensl ROS. 4) IIporpamMmmupyeMslii KOHTPOJUIED - HE MeHee 1miT.
[IporpaMMupyeMBIii KOHTPOJUIEP INODKEH MPEACTABISATH COOOW BBIYHUCIUTEIHHBIN MOIYNb, 00IagaroIinM
U(GPOBBIMU TIOPTAMH - HE MEHee 8 IIT W aHAIOTOBBEIMH TOpTaMH - He MeHee 16 mmt, natepdeiicamu UART,
12C,SPI, TTL, a taxxe moxyneM OecripoBonHOH cBsizu Thmna Bluetooth i WiFi g cozmanuns anmapaTHO -
MPOTPAMMHBIX PEHICHHH M «&ULCKCCYMHBIX/CMaPTH (KUK KK(-YCTPOUCTB  [UIsl  pa3paboTKM pelIeHUH
«w«ww««aTepHeT Bemen»«««««««. 5) Ilnara pacmmpeHust nporpaMMHIpyeMOro KOHTpoJIepa — He MeHee
lmr. Ilnara pacmmpeHuss JODKHAa OOeCHeYMBaTh BO3MOXHOCTh IOJKIIOYECHHUS YHHBEPCAJIBLHOTO
BBIYMCIINTEILHOTO MOJYJSL K ceTH IocpeacTtBoM uHTepdeiica Ethernet. Ilnara pacmmpenust noikHA
00J1a1aTh OPTaMM BBOJA-BBIBO/A JUIS NOAKIIOUEHHS IU(POBBIX U aHAJIIOTOBBIX YCTPOMCTB — He MeHee 40
T, naTepdeiic SPI 1 BO3MOXXHOCTBIO MOJIKITIOYEHHUS] BHEIIHEH KapThl MaMATH. 6) Mojayiab TEXHHYECKOTO
BPEHUs, MPENCTaBIAIONIMI CcOo00M YCTPOHCTBO Ha ©0a3e BBIUUCIUTEILHOTO MHUKPOKOHTpOJUIEpa WU
MHTETPUPOBAHHOM KaMmephl, oOecIedYrnBaloiee paclo3HaBaHUE MPOCTEHIINX H300paXeHWH Ha MOZIyNe 33|
CueT COOCTBEHHBIX BBIYHCIUTEIBLHBIX BO3MOKHOCTEH - HE MEHEE 1HIT, MO)IyJ'[B TCXHHUYCCKOTO 3pCHUA
VTOJIDKCH o0ecreunBaTh BO3MOXKHOCTh KOMMYHUKAIIMU C aHAJIOTUYHBIMU MOJAYJIAMU MOCPEACTBOM HIMHBI HA
0ase mocienoBaTeNbHOTO WHTEpdeiica ¢ menplo JalbHEHIeH mepeaadn pe3yabTaToB M3MEPEHUH TPYIIIBI
MOAYJIEH Ha YNPAaBIAIOLIEE BBIUUCIMTEIBHOE YCTPOMCTBO, MOIKIIOUEHHOE K JaHHOM wmuHe. Monyinb
TEXHUYECKOTO 3pEHMSI JOJDKEH OO0ecleunBaTh BO3MOXKHOCTh OCYIIECTBISITH  HAacTPOMKY MOy
TEXHUYECKOTO 3pEHUS] - HACTPOMKY SKCHO3uImu, OamaHca Oenoro, IBETOPA3HOCTHBIX COCTAaBIISIOIINX,
TUTOIIAAN OOHAPYKUBAEMOM 007JacTH M300pakeHUs, OKPYTIOCTH 00HApYKUBaeMOI 00JacTH H300pakeHus,
MOJIOKCHHE OOHApYXHMBAaeMbIX 00JAacTed OTHOCHTENBHO Ipyr Apyra. MoJynb TEXHHYECKOTO 3pEHus

JTOJDKEH o0ecneynBaTh BO3MOKHOCTD HaCTpOﬁKPI Ha OJHOBPEMCHHOC O6Hapy)KCHI/Ie He meHee 10 PA3INIHBIX

[okyMeHT co3faH B anekTpoHHou dopme. Ne P-2 ot 09.01.2023. cnonHutens: Unbun .1
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

OIMHOYHBIX 0OBEKTOB B CEKTOpe 0030pa, MO0 HE MEHEee 5 COCTaBHBIX OOBEKTOB, COCTOSAIINX U3 HE MeHee 3
Pa3NUYHBIX IpadUIecKuX MPUMUTHBOB. MOIyIb TEXHHYECKOTO 3pPEHUS NOJDKEH 007anaTh BCTPOCHHBIMU
naTepdeiicamu — USB, UART, 1-wire TTL, 12C, SPI mjist KOMMyHUKAIIMU CO BHEITHUMH MOJIKII0OYAEMBbIMU
ycTpolictBamu. 7) B coctaB Habopa AOIDKHBI BXOTUTH IU(PPOBBIC WHPOPMAIMOHHO-CEHCOPHBIC MOIYJIH,
MpeICTaBISIOMUEe co00i ycTpolicTBa Ha 0a3ze MPOTrpaMMHUPYEMOTO KOHTpOJUIEpa W H3MEPUTEIHHOTO
biemenTa. L{uppoBoit MOIYNs HOKEH 00JIaaTh BCTPOCHHBIM MHUKPOKOHTPOJIICPOM (TAaKTOBAas 4acTOTa -
He MeHee 16 MI', mmHa nanHeIX — He MeHee 8 KoOaiir), mHTEpdericaMu A MOIKIIOYCHUS K BHEIIHUM
ycTpoiicTBaM: IidpoBele U aHaoroBsle MopThl, 1-wire TTL, pazsem tumna RJ. Ludposoit Moxyms momkeH
oOecrieynBaTh BO3MOXKHOCTE KOMMYHHKAIIUHM C aHAJOTHUYHBIMA MOJAYIIMH ITOCPEICTBOM INUHBEI Ha 0ase
MOCJIeIOBAaTENIbHOTO MHTepdeiica ¢ 1enblo JalbHEWIIed Iepefadyn pe3ysibTaToB W3MEpEeHHH TpyIibl
MOJyJel Ha yIpaBidollee BBIYMCIUTEIBHOE YCTPOWCTBO, IMOJIKIIOUEHHOE K JaHHOM mmHe. B coctap
HaOOpa O/DKHO BXOAWUTH: HUGPOBOW MOMAYJIL TAKTOBONW KHOIKH — HE MeHee 3T, mU(POBOH MOIYIIH
CBETOJMO/Ia — He MeHee 3T, U(pPOBOM MOIYJIh KOHLEBOTO IpephIBaTelsi — He MeHee 31T, u(poBOH
MOJIyJIb TaTYMKa L[BeTa — He MeHee 11T, nudposoi Mmoayins RGB ceeronmona — e menee lmr. 8) B cocrap
HaOOpa JOJDKHBI BXOJUThH AJIEMEHTHI JJIsi COOPKM BaKyyMHOTO 3aXBaTa: BaKyyMHas IPHCOCKAa — HE MEHEe
T, 3MeKTpOMarHUTHBIA KJIallaH — He MeHee 11T, BakyyMHBIH Hacoc — He MeHee lmT. 9) B cocraB Habopa
ITOJDKEH BXOIWTHh YUYEOHBIM KOMIUICKT, BKIIOYAIONIMA B cebs ydeOHoe mocobme, Habop OMOIHOTEK
TPEXMEPHBIX 3JIEMEHTOB IUIT MPOTOTHIIMPOBAHHUS MOZENeH MaHUIYIANHOHHBIX pPOOOTOB, a Takke
mporpaMMHOe obecriedueHue st paboTel ¢ HabopoMm. IIporpamMmHOe obecrieueHne TOJDKHO 00eCTieunBaTh
TPEXMEPHYIO BH3YAIM3AIlMI0 MOJCIH MaHHITYJSIMOHHOTO poboTa (C YIIIOBOH, IUTOCKONApaJIeNbHONH M
InenbTa-KMHEMATHKOM) B mporecce paboTbl, obecrieuynBaTh NOCTPOSHHE INPOCTPAHCTBEHHOH TPaeKTOpUU
ITBIDKEHUSI ~ UCIIOJIHUTEIHHOTO  MEXaHM3Ma MAaHMIYJSLHMOHHOTO  po0OTa, BO3MOXKHOCTH  3aJlaHMs
MOCIAEJOBATEILHOCTH  TOYEK  JJI  IMPOXOXKJACHHUA  uYepe3  HUX  HCIOJIHHUTEIbHOTO  MEXaHHU3Ma
MaHUITYJSIIHOHHOTO podoTa. [IporpaMmHoe obecrieueHre JOKHO (PyHKIMOHUPOBATh, KaK B OTAEIHHOCTH B
BUJIC CPE/Ibl MOJCIUPOBAHMSA, TaK U B PEXHMME MOHHMTOPHMHIa B PEAILHOM BPEMEHU IPH IOAKIIOYECHHY]
MOJIETIM MaHUIYJIITOpa IIOCPEJCTBOM POOOTOTEXHHYECKOro KOHTpoiuiepa. IlporpammHoe obecrnedeHue
IMOJDKHO  0OecreunBaTh BO3MOXKHOCTH IOCTPOCHHMSA TpadMKOB 3aJaHHBIX M TEKYIIUX OOOOIIEHHBIX
KOOPAWHAT MaHUITYJIALHOHHOTO po0oTa, TpaduKOB 3HAUYEHUH CKOPOCTEH W YCKOpEHHUs, TpaduKoB
pacueTHBIX 3Ha4yeHHMl Harpy3ku. IlporpamMMHOe oOecmedyeHMe JODKHO — TO3BOJIATH  33/1aBaTh
MOCJIEI0BATENILHOCTD MEPEIBUKEHUH MaHUIYJIATOPA MOCPEICTBOM Habopa KoMaH]| B 0J104HO-Tpaduueckom|
mHTepdeiice. YuebHOe mocoOme TOMHKHO COJEpKaTh MaTepuaibl M0 pa3paboTKe TPEXMEPHBIX MOJIENeH
MOOMJIBHBIX POOOTOB, MAHMITYJSIIMOHHBIX POOOTOB C pa3IWYHBIMH THUIIAMH KHHEMAaTHKH (yTiIoBas
KMHEMAaTHKa, IUIOCKO-TIapajuleNibHas KHHEMaTHWka, JenbTa-kuHematnka, SCARA wim  peraaxHas
KrHeMaThka, miatgopma CTroapTa W T.I.), HHCTPYKIMH MO IPOCKTHPOBAHHIO POOOTOB, MHCTPYKIUH U
METOAHMKH OCYIIECTBICHHUS WH)KCHEPHBIX PAcUeTOB IIPHU MPOCKTUPOBAHUH (pPacyeThl HATPY3KH U MOMEHTOB,
[pacdeT MOIIHOCTH MPHBOIOB, PacyeT MapaMeTpoOB KHHEMATHKH H T.I1.), HHCTPYKIIHHU IO Pa3paboTKe CHCTEM

YIIpABJICHUA W TIPOTPAMMHOTO o0ecreueHus JJIA YIIPABJICHUSA pO60TaMI/I, HWHCTPYKOMHU W MCTOJUKH TI10
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KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

[pa3paboTKe CUCTEM YIPaBIEHUS C DJIEMEHTaMU UCKYCCTBEHHOTO MHTEIJICKTa M MAITMHHOTO 00YUEHHS.»

[HeTpIipéxoceBoll yueOHBIH pOOOT-
2.3.2MaHUIYIATOP C MOAYIbHBIMU
CMEHHBIMH HaCaJKaMH

«YueOHBIH pOOOT-MAHUITYJISITOP MPEeAHA3HAYEH JIJISI OCBOCHHS O0YYAIOIIMMHCS OCHOB POOOTOTEXHUKH, JJIS
MOJTOTOBKUA OOYYArONIMXCS K BHEIPEHUIO U TOCIEAYIONEMY HCTIOIb30BAaHUIO POOOTOB B MPOMBIIIJICHHOM
npousBoacTBe. KommdyectBO oceil poOoTa MaHHIyIsTOpa - 4YeThipe. llepeMerieHue HHCTPYMEHTa B
MPOCTPAHCTBE TI0 TPEM OCSM JOJDKHO YIPABIATHCS MIATOBEIMH JBUTATENsAMH. HamnpspkeHWe NHTaHUS
MraroBeIX nBurareneil He Oomee 12 B. CepBomBuraTens 4eTBEpTOH OCH JOJDKEH 00ECHEeYMBAThH MOBOPOT
MHCTPYMEHTA. YTONI IOBOPOTa MAaHHITYJISATOPa Ha OCHOBAaHUHM BOKDPYT BEpTHKAILHOW ocH He MeHee 180)
rpamycoB. s ompeneneHus MOJ0XKESHNS MAaHHUITYJIATOPa TIPH TIOBOPOTE BOKPYT BEPTHKAIBHON OCH JOJDKEH
MCIIOJIE30BaThCS HKOAEP. YTOJ IMOBOPOTA 33aMHETO IUIeYa MaHUMIyIsTopa He MeHee 90 rpamycoB. Yrod
MOBOPOTA MEPEIHEro Iuieda MaHumysiTopa He MeHee 100 rpagycos. s onpemeneHns OJI0KEHUS 3aTHETO
M TIEpeHEeTo TUIeY MaHUMYJISTOpa JOKEH UCMOB30BaThCS TUPOCKOI. YTOJ IOBOPOTA MO YETBEPTOH OCU HE
MeHee 180 rpamycoB. JlomkHa OBITH BO3MOXKHOCTh OCHAICHHMS CMCHHBIMHM HacaakaMu (Hampumep,
nep>kaTenb KapaHaama wid  (uiomacTepa, NPUCOCKA C CEPBOJBUraTeleM, MEXaHHYeCKOe 3aXBaTHOE
[YCTPOMCTBO C CEpBOABUTaTENIEM, YCTPOUCTBO JJIS JIA3€PHOU TPAaBUPOBKHU HIIM YCTPOUCTBO 1Uist 3D-mevarn).
MuHUMaTbHAsE KOMIUIEKTAlMs CMEHHBIMU HacaJKaMu: THEBMAaTHYECKUN 3aXBat (MPUCOCKA), MEXaHUYECKHU N
BaxBaT, HacajJka JepKaTelb U1 KapaHIalla/MapKepa/pydykd, Hacajka MEPEeXOJHUK Ul KpPEIUICHHUs
COBMECTHMBIX KOHCTPYKTHUBHBIX JAeTaleil W KOHCTPYKLHMH, Hacagka JIa3epHOH TpaBHPOBKH, Hacaaka 3D-
medatn (A paboTel ¢ mactukoM PLA ¢ gmamerpom HuTH 1,75 MM). JlolbkeH OBITH OCHAaIICH
CEpPBONPUBOJOM [UII ITHEBMAaTHYECKOTO M MEXaHWYECKOTO 3aXBAaTOB, OOECIIEYMBAIONINM BpAIICHUE
BaxBaueHHOTO O0BEKTa BO BpPEeMs NEpPEMEIICHHS, TIOBOPOT MEPEMEIIAeMOTO 00BEKTa BOKPYT BEPTHUKAIBHOIM
ocn. s obecrieuenns GyHKIIMOHUPOBAHISI ITHEBMAaTHUYECKOTO 3aXBaTa JOJKEH OBITh OCHAIIIEH BCTPOSCHHOH
B KOPITYC MaHUIYJISATOPA MOMIOH. J[okHA OBITHh BO3MOXHOCTD IOJIKIIIOYCHHUS TOMOJHUTEIBHBIX YCTPOHUCTB
(HampuMep, TpaHCIIOPTEPa, pebca s IepeMenICHHs PoO0Ta, MyJIbTa YIPABICHHUS TUMA HKONUCTHK, KAMEPhI
MAIIMHHOTO 3PCHHUS, ONTHYCCKOTO JaT4YMKa, MOIYJIsS OECHpOBOJHOTO JaocTyma). PoOoT-mMaHUMyNsTOp,
IMOJDKeH 00ecreyuBaTh MEPEMCIICHHE HACaJKH B IPOCTPAHCTBE, AKTHBALUIO HACAJIKH, BO3MOXHOCTH
[OJIyYEHUs] CHUTHAJIOB OT KaMepbl M JaTYUKOB, BO3MOXKHOCTb VYIPABICHUS JOMOJIHUTEIbHBIMU
ycTpolicTBaMu. Marepuan kopmyca — amoMuHuid. J(mamerp paboueid 30HBI (0e3 ydera HaBECHOIO
MHCTPYMEHTa W 4eTBepToil ocu) He MmeHee 350 mm. UuTepdeiic moakmouenus — USB. [lomwkeH MMeTH
BO3MOXHOCTh aBTOHOMHOW pa0OOTHI M BHEIIHETO yTpaBieHus. JlJii BHENIHEro YNpaBJICHUS JODKEH OBITh
peAyCMOTPEH MyJIbT, HOJKII0YacMblii K poboTy mo Bluetooth. Ympasnsromuii KOHTpOJIIEp T0JIKEH OBITH|
COBMECTHM CO cpemoil Arduino. YmpaBisiOmIui KOHTPOJJIEpP COBMECTHM CO CPEIoH MpOrpaMMHPOBAHUS
Scratch u s3pikom mporpammupoBanust C. JlommkeH obecrednBaTh MOBOPOT IO TMEPBBIM TPEM OCSIM B
BaZlaHHBI YroJ M Ha 3aJaHHBIA yroj, IOBOPOT IO YETBEPTOHl OCH Ha 3aJaHHBIA Yroj, ABM)KEHUE B
KoopauHAaThl X, Y, Z, epeMelleHUe Ha 3alaHHOE pacCTOsIHUE N0 KoopauHaTaMm X, Y, Z, nepenady JaHHBIX
0 TEKyIIeM IIOJIOKEHUH YTIIOB, Iepelady OaHHBIX O TEKYIIUX KOOpJMHATaX HWHCTpyMeHTa. JlomkeH
MOJICP>KUBATh TIEpEMEIICHIE B JEKapTOBBIX KOOPAMHATAX M YTJaxX IMOBOPOTA OCeH, C 3aJaHHOW CKOPOCTHIO

1 YCKOPCHUCM. Tumnsr HepeMeH.[eHI/Iﬁ B JICKAPTOBBIX KOOPAWHATAX! IBHKCHUC 110 TPACKTOPHHU, ABMIKCHHUC 11O

8.00
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w/n HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

MpSAMOM MEXTy ABYMS TOUKaMH, IIEPETPBHITMBaHUE U3 TOYKU M TOUKY (mepeHoc obbekra). Kopiyc momkeH
OBITH B 3alIUINIEHHOM HCITOJHEeHUE (kiacca He Huke [P20).»

O6pa3oBarenbHBIH HAOOP MO
2.3.3MexaHUKe, MEXaTPOHUKE U
[POOOTOTEXHHKE

«Habop momkeH ObITh IpeqHAa3HAYCH I IPOBEACHUS YIEOHBIX 3aHATHH 110 U3YYEHUIO OCHOB MEXaTPOHUKH
1 poOOTOTEXHUKH, NMPAKTHYECKOTO MPHUMEHEHHs O0a30BBIX 3JIEMEHTOB 3JIEKTPOHUKH M CXEMOTEXHHKH, a
Taroke HanboJiee pacipoCTPaHEHHOH 3JIEMEHTHON 0a3bl 1 OCHOBHBIX TEXHHUYECKUX PELICHUH, MPUMEHIEMBIX
MpU MPOCKTUPOBAHUH M TPOTOTHITUPOBAHUN Pa3IMUHBIX HHKEHEPHBIX, KHOEPHETHIECKUX W BCTPANBAEMBIX|
CHCTEM. B cocra Habopa OMKHBI BXOAWTh KOMIUICKTYIOIIME M YCTPOWCTBa, o0ONamaromue]
KOHCTPYKTUBHOM, 3JIEKTPUYECKOMN, alnapaTHON U MPOrpaMMHOM COBMECTUMOCTBIO IPYT C IpyroMm. B cocTas
HaOOpa /OJDKEH BXOANTh KOMIUIEKT KOHCTPYKTHBHBIX OJJIEMEHTOB M3 MeTaula Uil COOpPKH MaKeTa)
MaHHUITYJSIIIHOHHOTO po0OTa M KOMIUIEKT METAUIMYECKUX KOHCTPYKTHBHBIX JIEMEHTOB Ul COOPKH MaKeTa)
MOOWIBHOIO poboTa. B cocraB Habopa HOMKHBI BXOJUTh NPUBOJA PA3JIMYHOTO THIA: MOTOPBHI C
MHTETPUPOBAHHBIM WJIM BHEIIHUM JAaTUYMKOM IIOJIOKEHHS — HEe MEeHee 2IIT, CEepBONPHBO OOJIBIIOW — HE
MeHee 4IIT, CEepBONPHBOJ MaJblii — HE MeHee 2IIT, IPUBOJ C BO3MOXKHOCTBHIO YNPABJIEHHS B IIarOBOM
pexxrMe — He MeHee 2T. B cocraB HaOOpa JOKHBI BXOJAUTH DJIEMEHTHI JUI COOPKH BaKyyMHOTO 3axBara:
BaKyyMHasl IPHCOCKa — HE MEHee 1IIT, 3JeKTPOMarHUTHBIN KJIalaH — He MeHee 1IIT, BaKyyMHBIH Hacoc — He
menee lmrt. B cocraB Habopa MOmKHa BXOAWTH JJIEMEHTHas 0a3a Uil NPOTOTUIMPOBAHUS: IUIaTa s
GecriaeqHOro MPOTOTHIIMPOBAHMS, KOMIUIEKT NPOBOJOB PA3JIMYHOTO THIA M JJIMHBI, KOMIUIEKT PE3UCTOPOB,
KOMILUIEKT CBETOJMO/IOB, CEMHUCETMEHTHbIH HHAMKATOp, auciuied KK-tuma, KHONKM — HE MeHee SmiT,
MOTEHIIIOMETPEl — HE MEHee 3T, HHPPAKPaCHBIH JaTYMK - HE MEHee 3IUT, YIbTPa3ByKOBON JATUHK - HE
MeHee 3T, JaTYMK TEMIEpaTypsl - HE MEHee lINT, JaTYMK OCBELIEHHOCTH - HE MEHee lIuT, MOmyI
Bluetooth — ne menee lmT, Mmoxyns UK-npuemanka — He menee lmt, Mmomyns MK-nmepemartumka B BuAE
KHOIIOUHOrO MyJbTa YIpaBIeHUs — |IIT, akKyMyJIaTop — He MeHee 11T, 3apsaHOe yCTpOIICTBO — HE MeHee
lmr. B cocraB Habopa NODKEH BXOJUTh MYJBTHIATYMK IS U3MEPEHUS TEMIIEPaTypbl M BIaXXHOCTH
OKpy»Karomiei cpeasl — He MeHee 11uT. MyJbTHAATYNK JOJDKEH 001a1aTh BCTPOCHHBIM MUKPOKOHTPOJIIIEPOM|
(TakTOoBast yactoTa - He MeHee 16 MI'm, mwmHa naHHBIX — He MeHee 8 KoOaiit), mHTepdeiicamu mns
MOAKIIIOUEHHS] K BHEITHUM YCTpPOHCTBaM: U(POBEIE U aHaIoroBele Nopthl, 1-wire TTL, pazbem tuna RJ. B
cocTaB HaOOpa JJOJDKEH BXOJUTh KOMIUIEKT YHUBEPCAIbHBIX BEIYMCIUTEIBHBIX MOJYJIEeH, IPEICTaBISIONINX|
co0oii 0a30BYyIO IJATy, TJIATYy PacIIMPEHHs AJIs CETEBOTO B3aWMOJICHCTBUSA U MJIATy MOJKIIOUEHHs CHIIOBOIL
Harpy3kd. Bxonsiiue B KOMIUIEKT YCTPOWCTBAa MOJDKHBI 00JagaTh OJHOBPEMEHHON KOHCTPYKTHUBHOM,
QIIEKTPUYECKOH, ammapaTHOM M IPOrpPaMMHOM COBMECTHUMOCTBIO JApyr ¢ JApyrom.  basosag muiara
YHIBEPCAJIHHOTO BBHIYHCIUTEIIEHOTO MOIYIS AOJDKHA MPEACTABIATE COO0H MPOrpaMMHPYEMBI KOHTPOJLIEP,
B cpene Arduino IDE unu aHanorugHbIX ¢BOOOTHO pacmpocTpaHsIeMbIX cpeaax pazpaboTku. bazosas miara)
ImoJpKHA 00JagaTh BCTPOCHHBIMM HMHTEpdeiicaMu s MOIKITIOUCHUS NHU(POBBIX M aHAJOTOBBIX YCTPOMCTB,
BcTpoenHbIMU uHTepQeiicamun USB, UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi. Ilnara pacmmpenns
ImoykHa oOecrieunBaTh BO3MOXKHOCTH TTOJKIIOUCHMS! YHUBEPCAJIBHOTO BBIYMCIHMTENILHOTO MOAYJSI K CETH
nocpeactBoM uHTepdelica Ethernet. Ilmata pacmmpenus nomkHa o0nanaTh MOPTaMHM BBOJA-BBIBOJA IS

IIT.

MOAKIIIOUEHHs] IM(POBBIX M aHAJIOTOBBIX yCTpOWCTB, mHTep(eiic SPI M BO3MOXKHOCTBIO MMOIKIIOYCHUS
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BHEIIHEH KapThl mamaTH. [lnara pacumpenns Ui MOIKIIOUEHHU CHIIOBOI Harpy3KH JOJDKHA 00eCIeurnBaTh
BO3MOXXHOCTb IIPSMOIO IIOAKJIIOUEHUS BHEUIHEW CHJIOBOM HArpy3kH, a TaKKe pPeryJMupyeMoil Harpys3ku
mocpenactBoM PWM wuntepdeiica. B coctaB Habopa J0KEH BXOIUTH MPOTPAMMHPYEMBIH KOHTPOJLIED,
oOecrieynBaOMMi  BO3MOXHOCTh ~ OCYHIECTBIIAITH ~ Pa3padOTKy INPOTPaMMHOTO  KOJa,  HCHOJNB3YS|
mHCTpyMeHTapuidi cpen paszpabotku Arduino IDE um Mongoose OS u si3p1k0B mporpammupoBanus C\C++
JavaScript. [IporpaMMupyeMblii KOHTPOIIEp AODKEH 00JIafaTh IMOPTaMH AJISl MOAKIIOUCHHS IU(PPOBBIX U
QHAJTOTOBBIX YCTPOMCTB, BCTPOCHHBIMH NPOTPAaMMHPYEMBIMH KHONKAMH M 3JEKTPOMEXaHHYECKUMU]
MOJYJISIMH JUIS OpraHW3allid CHCTEMBl PYYHOTO YIPABIEHHS, BCTPOSHHBIMH MPOTPAMMHPYEMBIMHU]
CBETOIMOAaMU Ul HHAWKAUN pabodero pexxkuma, BcTpoeHHBIMU mHTepdeticamu USB, USART, 12C, SPI,
1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B cocraB Habopa HO/DKEH BXOIUTH MOIYJb TEXHUYECKOTO
BpEHUS , TIPESICTABIISAIONINNA COO0M BRIYMCIUTEIBHOE YCTPOWCTBO CO BCTPOCHHBIM MUKPOIIPOIIECCOPOM (KOJI-
BO siiep - He MeHee 4T, yactora sapa He Menee 1.2 ITu, oobem O3Y - He menee 512M6, oObeMm
BCTPOCHHOW mamsATH - He MeHee 81'0), HHTErpHpoBaHHOM KaMepol (MaKCHMallbHOE pa3pelIeHue
BUJICOIIOTOKA, repeaaBaeMoro 1o unrepgeiicy USB - He menee 2592x1944 en.) u onTH4eckod CHCTEMOH.
MO[lyﬂb TEXHUYCCKOTO 3pCHHUA JOJIKCH O6HaﬂaTI) COBMECTHUMOCTBIO C pas3IMYHbIMH HNPOrpaMMHUPYCMbBIMU
KOHTpOJUIepaMu ¢ moMoInsio naTepdeticos - 1-wire TTL, UART, 12C, SPI, Ethernet. Momyns TeXHHYIECKOTO
BpEHNST JOIDKEH O0ECIeYMBaTh BBINOJIHEHHE BCEX M3MEPEHUH M BBIYHMCICHHH IOCPEICTBOM COOCTBEHHBIX
BEIYHCINTEIBHBIX BO3MOXKHOCTEH BCTPOEHHOTO MHKPOIIpoIeccopa. Mogysb TEXHHUECKOTO 3PEHUS TOKEH
00s1aiaTh BO3MOJKHOCTBIO KOMMYHHKAIMM C AHAJOTMYHBIMH MOJYJSIMH IIOCPEICTBOM INIMHBI Ha Oase
MOCIEeOBATEIFHOTO HWHTEpdeiica C Menplo JalpHEeWImed mepemaydl pe3yabTaTOB HM3MEPEHHUH TPYIIIBI
MOJIyJieil Ha YNpaBisoONlee BBIYMCIUTEIBHOE YCTPOWCTBO, IMOJKJIIOYEHHOE K JaHHOW mmHe. Moayib)
TEXHUYECKOTO 3pEHUSI JOJDKEH 00ecreYnBaTh HACTPOMKH PEXUMOB PAaOOTHI - HACTPOMKY JKCIIO3HMLIUH,
0axaHca Genoro, LBETOPA3HOCTHBIX COCTABIISIOIIMX, IUIOMIAAN OOHApY)XMBaeMoOW 00JIacTH M300paskeHus,
OKpYIJIOCTH  OOHapy)XMBaeMoW oOJlacTH HM300paKeHHWs, IOJOKEHHE OOHapyKMBaeMbIX oOnacTel
OTHOCHTEJIFHO ApYr Jpyra, MallMHHOE OOYyYeHHE IapaMeTpoB HEHPOHHBIX ceTell 1 OOHapyKeHHs
00beKTOB, (OpPMy U 3aKOJMPOBAHHBIE 3HAUCHMS OOHAPY)KMBAEMBIX MapKepoOB THIA Aruco, pa3sMmepsbl
0OHApy>KUBAaeMBIX OKPYKHOCTEH, KBaJgpaTOB M TPEYrOJIBHHUKOB, IMapaMeTPOB KOHTPACTHOCTH, Pa3MEpOB,
KPUBH3HBI 1 TIOJIOJKEHHS pacro3HaBaeMbIx TuHUI. Habop momkeH obecrednBaTh BO3MOXKHOCTD Pa3paboTKH
MOIeTT MOOUIIFHOTO poboTa, yrnpasisemon B FPV-pexxime mocpeacTBOM NMpOrpaMMHOTO 00€CTICUeHMSI JJIst
MEepCOHAJIBHOIO KOMITbIOTEpa U MOOWIIBHBIX ycTpoicTB Ha 6aze OC Android mim I0S, oGecneunBatoriero
BO3MOXHOCTb  YIIPaBJICHUA MOOHIIEHBIM pO6OTOM U BCTPOCHHBIM MAaHHUIYJIATOPOM MOCPEIACTBOM
rpadudeckoro uHTepdeiica, BKIOYAONIM B ce0s1 Habop KHOMOK M MepeKIiodaTeNnel, JKOHCTHK, 001acTh
st otoOpakeHuss Buaeo. Habop nomkeH oOecreuynBaTh BO3MOXKHOCTH H3Y4YEHHS OCHOB pa3pabOTKH
MPOTPAaMMHBIX M alIapaTHBIX KOMIUIEKCOB MHXEHEPHBIX CHCTEM, pelleHui B cepe «VHTepHeT Bemei», aj
Takke PEIIeHN B 00JacTH POOOTOTEXHHMKH, MCKYCCTBEHHOIO WHTENJIEKTa M MAIIMHHOTO oOydeHHs. B
cocTaB HabOpa JJOIDKHO BXOAUTH IOCOOME MO M3YYEHHIO OCHOB HJICKTPOHUKH M CXEMOTEXHUKH, PEIICHHUH B

chepe «VHTEpHET Bemei», pa3padOTKH M MPOTOTHIHPOBAHMIO Mosieseii poboToB. B coctaB Habopa K0MmKHO
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n/n

HaumeHnoBaHue 060pyaoBaHus

KpaTKue NPUMEPHDbLIC TEXHUYECKUEC XaPAKTCePUCTUKHA

Eaununa
HM3MepeHust

KoaunuecTBoO

BXOOUTH rnocobue 10 HN3Y4YCHUIO OCHOB pa3pa60TKH CUCTEM TEXHHUYECCKOIO 3pEHHA U DJICMCHTOB|
MCKYCCTBCHHOI'O MHTCJJICKTA.»

2.3.4

O6pa3oBaTeNbHBIN KOHCTPYKTOP
IS IPAKTUKH OJIOYHOTO
MPOTPaMMHPOBAHUS C
KOMILIEKTOM JIaTYMKOB

«PoboToTexHHMUeCKuil HabOp MpegHa3sHA4YeH Il W3Yy4YeHHs OCHOB POOOTOTEXHMKH, AeTaylei, y3I0B U
MEXaHH3MOB, HEOOXOJMMBIX IIJIsl CO3/IaHUs POOOTOTEXHMYECKUX ycTpoucTB. Habop mpencramisier coboi
KOMIUIEKT CTPYKTYpPHBIX 3JIEMEHTOB, COCAWHHUTEIIBHBIX 3JIEMEHTOB M 3JIEKTPOTEXHUYECKUX KOMIIOHEHTOB.
Ha®op mo3BOJISIET MPOBOAWTH AKCIICPUMEHTHI II0 TpeaMeTy (H3HMKA, CO37aBaTh M MPOTPaMMHPOBATH
coOupaemMble MOAENM, W3 KOMIIOHEHTOB, BXOASAIIMX B €ro COCTaB, pabodhe MOIEIHM MOOWIBHBIX H
CTAIMOHAPHBIX POOOTOTEXHHYECKUX YCTPOWCTB C aBTOMAaTH3MPOBAHHBIM YIPABICHHWEM, B TOM YHCIIE Ha|
KOJIECHOM M TYCEHHYHOM XOJIy, a TaKXKe KOHCTPYKIMH, OCHOBAaHHBIX Ha WCIIOJIb30BAHUH PA3JIMYHBIX BHIOB
mepenad (B TOM YHCIE YEPBSYHBIX M 3yOUaThIX) a TAKXKE phIYaroB. BcTpoeHHBIE OECIPOBOIHBIE CETEBBIE
peumenust (Wi-Fi u Bluetooth), Bo3moxxHOCTh MHTErpanuu ¢ OecruiaTHeIM oOauHbiM [10, obecnieunBaroT
BO3MOXKHOCTh TIPAKTHYECKOIO M3y4YEHHUsS TEXHOJOTMH WHTEpHETa BEIEH M OCHOB HCKYCCTBEHHOIO
mHTeIeKTa. O0SCIeUYnBacTCs BOZMOXKHOCTh 00BEIUHCHUST HECKOJIBKUX POOOTOB, COOPAaHHBIX U3 MOOOHBIX|
HaOOpOB, B TPYNIBI C CETEBbIM B3amMmozelcTBueM. lIpemycMoOTpeHa OIMOHANbHAsT BO3MOXKHOCTD
pacIIMpeHys. JONOJIHUTEIBHBIMU KOMIIOHEHTaMH (HE BXOJSIIUMH B CTaHJAPTHYIO KOMILIEKTAIUIO),
MO3BOJISIIOIIMMH  M3y4aTh TEXHHYECKOE 3pEHHE M NPOMBIIUICHHYI0 pobororexHHKy. [IpemycmorpeHal
BO3MOXKHOCTB PabOThI Habopa C JOMOJHHUTEIBHBIMU OOJAaYHBIMU cepBHCaMu. [IpemycMOTpeHBl MHHUMYM
IMBa MPOrpaMMHPYEMBIX KOHTPOJUIEPA B IIIACTHUKOBBIX KOPITYCaX, MO3BOJISIIOIINX OJHOBPEMEHHO CO3/1aBaTh 2
BapuaHTa POOOTOB PA3IMYHOTO HA3HAYCHMUS, MMEIOIINX BO3MOXKHOCTH PabOTHl KaK B MOTOKOBOM PEXHME,
TaKk W aBTOHOMHO, MO3BOJISIOIIMX PEaTH30BaTh OOYdYEHHE NPOrPaMMHPOBAHHIO B HECKOJNBKHX Cpegax
pa3pabOTKM Ha pa3IMYHBIX SA3BIKaX (K mpuMmepy, B cpemax Mblock, Arduino IDE, ma s3sikax Scratch, C,
Python, micro Python). Kak MUHHMYM 0/1MH M3 KOHTPOJUIEPOB UMEET BCTPOCHHYIO OIIEPALIMOHHYIO CUCTEMY,
BcTpoeHHble Wi-Fi n Bluetooth, mopr mns monxkimroyeHWs IMOCIENOBATEIbHO COCAMHIEMBIX BHEIIHHX|
ycTpoicTB (He MeHee 20 OTHOBPEMEHHO IMOKIII0YAaEMbIX YCTPOHCTB). Kak MUHIMYM OJIMH M3 KOHTPOJUIEPOB
MMEEeT BO3MOXKHOCTh OJHOBPEMEHHOM 3allCU HE MEHee § IpOorpaMM, ¢ BO3MOMKHOCTBHIO MEPEKIIOUEHUS
Mekay HUMH. Kak MUHHMYM OJIMH M3 KOHTPOJUIEPOB MMeEET IOJHOLBeTHbIH auctuer (IPS), nozBonsronuii
BBIBOJIUTH JIJAHHBIE C JATYUKOB B BHJE TaOJHI M TpaduKOB, a TAKKE CO3/aBaTh BCTPOCHHbIE B KOHTPOJUIEP
BUACOUTPHI. KoIndecTBO CEHCOPOB M MCTIONHUTEIBHBIX YCTPONUCTB, BCTPOCHHBIX B OJIMH M3 KOHTPOJIIIEPOB, -
He MeHee 10 mr. O0Imiee KOIUYeCTBO 3JIeMEHTOB B Habope He MeHee 400 mT., B TOM YHCIIe MOAKII0YaeMbIe
Moaynu: - Bluetooth Moayne, - 1BOiHOM NaT4MK JMHUHM, - YIBTPa3BYKOBOH NaTYMK PACCTOSHUS, - AAaTUUK
[[BETA, - JATYUK KaCaHUs AIIEKTPOMEXaHHIeCKHH, - IR MOmymb, - MOTOP OCTOSHHOTO TOKa C PEIYKTOPOM —
HE MEHee 2 INT., - CEpBONPHUBOJ, - IyJIbT IUCTAaHIMOHHOTO ympasieHus IR. HabGop momxen OBITH
[YKOMIUIGKTOBaH ~AaKKyMyJIATOpPHBIMH OaTapesimu. IlporpamMHoe obecmeueHue, UCIOJIB3yeMOe I
MPOTPaMMHUPOBAHUS COOMPAEMBIX POOOTOTEXHMYECKUX MOJAENIEH U yCTPONUCTB, TOIDKHO OBITH JOCTYIHO IS

IIT.

OeCIIaTHOrO CKAYMBAHMS U3 CETH I/IHTepHGT 1 MOCJICAYOIICTO NCTTIOJIb30BAHUS.»

16.00
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roJOBKa: Ha 3 00beKTHBa THI MOACBETKU: 3€PKAI0 WM CBETOAMOJ PacnonoskeHne moacBeTKu: BEpXHSI U
HIDKHSST Martepuan kopiryca: Metamt [Ipenqmerseriii ctoiuk, MM: 90 Mcrounuk nuranus: 220 B/50 I'n Yucnol

MeTaIlKceaen: 1

Ne Eaununa
HaumeHnoBaHue 060pyaoBaHus Kpatkue npuMepHbIe TEXHUYECKHE XapaKTePUCTHKHI KoanuectBo
n/n H3MepeHust
Tun mukpockoma: Omosormuecknit Hacanka mukpockoma: MOHOKyJsipHas Hasnauenme: mabGopaTopHBII
MeTon uccnenoBaHus: CBeTaoe moine MaTepuan ONTHKH: ONTHYECKOE CTEKJIO YBEIMUYEHHE MHUKPOCKOIA,
o kpar: 64 — 1280 Oxymsaper: WF16x OOwextuBsl: 4x, 10X, 40xs (moampyxuHeHHBIH) PeBompBepHas
2.3.5Mukpockon mudppoBoi P yIp ’ i (noanpy ) P LIT. 28.00
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