MAPHH 2J1 PECITYBJINKBIH MHUHHUCTEPCTBO

TYHBIKTbIII JIA IHAHYE OBPA3OBAHUA U HAYKH
MUHUCTEPCTBBIKE PECIYBJIMKNA MAPHH 21
——————————————————————————————————————————————————
NPUKA3

or« ¥ » OX 2025 No £ 42

O BHeCeHHH H3MeHeHHs B NpuKa3 MHHHCTepCTBA 00pa30BaHHSA H HAYKH
PecnyGankn Mapuii a1 ot 3 peBpais 2023 r. Ne 86

Ha OCHOBAHHH nucbMa ®enepalibHOrO aBTOHOMHOI'O
roCy/apCTBEHHOrO yupexaeHus  «lleHTp NpoCBeTHTENbCKHX HWHHLIMATHB
Munuctepersa npocselienus Poceniickoil ®enepauun» ot 30 mapra 2023 r.
No 100/3003-17 «O nOBTOPHOM pacCMOTPEHHHM HMH(PACTPyKTypHOro JIMCTa
Ha COOTBETCTBUE eauHON TexHosoruudeckou cpeae HIIO», B cooTBeTCTBUH
¢ MeToAHYEeCKUMH PEKOMEHIALMAMH 110 CO3JaHHI0 M (PYHKLUHOHHPOBAHHIO
neTckux TexHomapkoB «KBaHTopuym» Ha 0Oase 00uieoOpa3oBaTe/bHbIX
OpraHM3allMii Ui UCIONb30BaHus B pabore B 2023 1 mocieyroluX roaax»
(micemMo  MunuctepcetBa  mpocBeiieHus — Poccuiickoi  Deaepauuu
or 1 nekabps 2022r. Ne TB-2662/02 «O HampaBIeHMH METOAHYCCKHX
pPEeKOMEHAALMKW») T P U K a3 bl BalO:

1. BHectu B nprka3 MuHucTepcTBa 00pa3oBaHus 1 Hayku PecryOonnku
Mapuit  Dn  or 3 ¢espans 2023r. Ne86 «O0  yTBepKACHHH
uHPPacTPYKTypHOro JIMCTa Ul OCHAllleHUsl  oOlieoOpa3oBaTebHbIX
opranuzainuii 00OpysOBaHHEM, PacXOAHbIMK MaTepualaMH, CpeACTBAMH
oOyyeHuss ¥  BOCIMTaHMi IpM  CO3JaHUM  JIETCKHX  TEXHOMNApKOB
«KBantopuym» B 2023 rogy» ciaeayroiiee U3MEHEHHE:

MHOPACTPYKTYPHBIH JIUCT JUlsi OCHAIeHHsi 001ieoOpa3oBaTebHbIX
opraHuzauuii  00OpyZOBaHHEM, pPacXOJHbLIMH MaTepualaMu, CpeaACTBaMH
oOy4yeHHMss W  BOCHMTaHMs [PM  CO3JaHHU  JICTCKHX  TEXHONApKOB
«KBantopuym» B 2023 roay, yTBepK/IeHHbIH yKa3aHHbIM BBILIE [TPUKA30M,
M3JI0KUTh B HOBOW pellaKl1y (npuiaraercs).

2. KoHTponb 3a MCIOJHEHHEM HACTOALIEro MpHKasa BO3JIOKHTDH
Ha 3aMeCTHTeNss MUHHCTpa obpasoBanusi M Hayku Pecry6nanku Mapuii Oi
["aBpunoBy B.I'.
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«YTBEPXJIEH
npuka3zoM MuHHUCTEpCTBa
obpa3oBaHus U HAYKH
Pecny6muku Mapwuii Dn
ot 3 ¢eBpaist 2023 r. Ne 86
(B pelaKkIMy MpHKasa
MuHnucrepcTBa 06pazoBanus
1 Hayku PecrtyGnuku Mapuit Dn
oT 4 ampens 2023 . Ne%42)

UH®PACTPYKTYPHBIN JIUCT

AJIst OCHaUIEeHHs1 001e00pa3oBaTeIbHBIX OPraHu3auuii 06opyI0BaHHeM,
PACXOAHBIMH MaTepHAJIaMH, CPeJICTBAMH 00y4YeHHS H BOCIIHTAHHS
NpH CO3JaHHH 1eTCKHX TexHonapkoB «KBanTtopuym» B 2023 roay

HaumeHoBanue Kpatkue npumepHbie TexHuueckne xapaktepuctukn | Eannnua [Koauuectso
obopynosanus (PBI10) (PBITO) M3MepeHHs
| 2 | 3 £ 1053

Haumenosanue Hanpasienus: « TexHonornyeckas HanpasaeHHocTs. BUO»

I. |Haumenopanue paznena:

(TexHonoruueckas

HarnpasineHHocTs. BHO»

CnektpodoTomerp [lpenHasHauen ans  onpeneieHWs  ONTHYECKOH | WITYK 1
MIOTHOCTH, ko3 duLmneHToB MpOMyCcKaHHus
H KOHLEHTPALHK pasHoOOpa3HbIX PacTBOPOB

AHATMTHYECKHE BECHI [lpennasHaueHsl A1 TOUHBIX M3MEPEHMH Macchl,| INTYK 1
NO3BOJIAKDT  KOHTPOJIHPOBATE H3MEHEHHH MACChI
¢ TouHOCThIO 0,1 Mr.

VyeGHo- B cocrar Bxonar: Ceuncop Tun 1 ve menee | wr.,| wryk 15

MCCIIe10BaTeNbCKas obecneuuBaeT BO3IMOMKHOCTL PErHCTPAlUMM CHIrHajla

nadbopartopus INEKTPHYECKOIH aKTHBHOCTH MBIILILL

OHOCHIHANOB (3nexTpoMuorpammel, IMI). Peructpauns noskua

H HEHPOTEXHOJIOrHIi ocyllecTBaseTca HEWHBA3HBHO, CYXHMH

IeKTpoaaMH. BO3IMOKHOCTBIO KperieHuss K pyke
4e0BeKa, 4TO JIOJKHO J1aBaTh BO3IMOMKHOCTH
PErHcTPUPOBAaTh IEKTPHYECKYIO AKTUBHOCTH
MbllILbl B 00nacTH, Hax KOTOPOil pacnojaraeTcs
Kperuienne. TlpH HanpsKeHMHM MBbILILBLL  10JHa
ObITh  ODecreveHa  BO3IMOKHOCTb  HaO/IOAEHHSA
MyYHOCTH CHrHana (r.e. npucyrcteue DOMI), npu
paccnabieHun Mblibl - ee otcyTcTBHe. CeHcop
Tun 2 He Menee | wr., obecneynBaeT BO3IMOKHOCTD
perucTpaumm CHrHasa (hoTonneTHIMOrpaMMsl
(@I1I') onTHYeCKWM MyTeMm, 3a CUeT H3MEHEeHMs
OTPa@XKEHHOro OT KPOBEHOCHBIX COCYIOB CBeTa,
00beM KOTOPBIX H3MEHAETCH [0 BO3AEiCTBHEM
nynbcoBon  BonaHbi. Cencop  nosmen  ObiTh
obecneyeH BO3MOKHOCTLIO KPEIUIEHHS K MOAYIIEYKe
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nansua yesnopeka. Cencop Tun 3 He menee | 1wT.,
obecneynBaeT BO3MOKHOCTb: PErMCTPALIMK CUTHANa
sekTpokapanorpammel  (IKT)  He  MHBA3MBHBLIM
cnocobom; peructpaunu I, 11 u Il oTBeneHwmi;
NOAKMTHYEHHWA 3NEKTPOAOB K CEHCOpPY C NOMOLBKY
COEIHHHUTEIIbHBIX MPOBOJ10B, 000pY 10BAHHbIX
TouchProof pazsemamu. Cencop Tun 4 ne menee |
wT. o0ecneyuBaeT BO3MOMKHOCTb: PErHCTPALIUH
CHTHANAa KOKHO-ranbBaHuyeckoil peakuund (KI'P),
perucTpauMs  KOTOPOro  OCYILECTBIAETCA  Ha
MOCTOSHHOM TOKE; MOAK/IIOYEHHA K TeJly YeloBeKa ¢
MOMOILLBIO  CYXHX  3JIEKTPOJOB,  MOAKIOYEHHE
KOTOpbIX K CEHCOpPY OCYLIECTBIAETCA € MOMOILLBIO
TouchProof pazbemos. Cencop Tun 5 e menee |
wTt., obecrneunBaeT BO3MOKHOCTb: PETHCTPALMH
CHIHANA JNIEKTPHYECKO akTHBHOCTH Mo3ra (D317) ¢
MOMOLLLIO  CYXMX  HEHMHBA3MBHBIX  JEKTPOJIOB;
PEerucTpaulM 3EKTPHYECKOH aKTHBHOCTH pa3HbIX
[10J1ef MO3ra; MOAK/IKYEHHS JJIEKTPOL0OB K CEHCOpY
c MOMOLLLIO COEIMHHTENbHBIX MPOBO/I0B,
000py10BaHHBIX TouchProof pazbeMaMu;
3aKpErUICHHUA 3JEKTPOLOB Ha MOBEPXHOCTH I'0JIOBbI.
Cencop Tun 6 He menee | wr., obecneuusaer
BO3MOKHOCTb: PErMCTPAaLMW CHIHana KosebaHus
rpyaHoit kinetkn (CeHcop NbIXaHus), onpenesieHus
HACTOThI AbIXaHWA. YcTpoiicTBo ans cOopa JaHHbIX
OT CEHCOPOB W Mepelayd Ha MEepPCOHanbHbIil
KOMIbloTEp obecreyHBaeT BO3MOKHOCTL cOopa
NAHHBIX OT MOJKIIOYEHHBIX K HEMY CEHCOPOB M
OTNpaBky  NOJIyYeHHbIX  AaHHbIx  Ha  TIK.
[Moakatovenue UeHTpanbHoro moayas k ITIK ¢
nomolbto  USB-kabGensa. llenTpanbHbiii  MOIyJb
MMeeT He MeHee | WT, : ralbBaHHYECKYI0 H30JIALHIO
or TIK. LlenTpanbHblii Moaynb obecrnieunBaeTt
BO3MOMKHOCTb  OJIHOBPEMEHHOIO  MOJKIIOYEHHS
BroTh 10 4 cexcopoB. Kawiblii M3 BXO1OB
LleHTpaibHOTO MOAY/NA  MMEET [ajlbBaHHYECKYIO

308 LHIO (obecneueHue MEKKaHaIbHOM
ransLBaHUYecKoii H?DJ'IFILIHH). nﬂ}'lKI‘Il(‘l'-[EHHE
CEHCOpOB K LleHTpanbHOMY MOIYJIHO

OCYLLECTBIAETCA € MOMOUIBIO CMEUHATIH3HPOBAHHBIX
pazbemo  tuna  LEMO,  ofecneuusaioumnx
NpaBHIbHOCTD MOAKTHOYEHHS pazbema H
CHWKAIOIIMX PHMCK Chy4aiiHoro kacaHus pa3bemMoB
TOKOMPOBOA LLIHX yacTeil, a TaKKe
obecrieuHBaOLINX 3ALHTY oT
HEeCaHKLIMOHHPOBAHHOI O MOAKIHOYEHHA K
MPOM3BOJLHLIM ycTpoiicTBam. Moayns «KHonka»
He meHee | wr., obecneyuBaeT BO3IMOKHOCT!
pa3MeTKH PericTPHpPYeMbIX CHIHAlOB M OTMEuaTh
He MeHee 3-X paszJIMuHbIX KaTeropuH COCTOAHHIA.
VetpoiicTBo, BXoasllee B cocTas nabopaTtopuu,
JI0JKHO oDecrevuBaTh BO3IMOKHOCTb PETHCTPALMH
apTEPHaAIbHOTO NaBIEHHS

HaumeHosanue Hanpasierus: «O0opynoBaHie s 10NOJHHTENbHbIX HANpasieHHi»

HaumeHoBaHuWe pasjena:
«TEO-ADPO»

HaumeHoBanue painena:
KHAHO»

(P8 ]

HaumeHoBaHue pasnena:
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XAUTEK»

MHorodyHKIHOHANbHAS
CTAHLLHA

L1 MeXaHHYeCKOH
oOpaboTku

H I'I]JOTOTH]'[HPCIBBH WA

VYuebuasn MOJlyJbHas CTaHLHA J10J1KHa
oOecrieunBarb BOIMUKHOCTB M3YYEHHS He MeHee
TpeX  TEXHOJOTMMH  MPOM3BOACTBA  H3JENHI
] obpaboTku MaTepHaslos, a Takke
NPOTOTHIIHPOBAHKA W3aenuil. YueOHaa moayibHas
CTAHUMA JO/KHA MMETb Ccllelyloluidi  cocTas
M XapaKTepUCTHKH: MarepHan  KOHCTPYKLMH:
anoMuHuil KonnyecTBo HanpaensiioUIMX: He MeHee
4 wr. HaGop untepdeiicos: - Ethernet, He menee
| wr. - USB, He menee 2 wr. - MicroSD: nannuue. -
Moayne OecnposoaHoii ceasu  Wi-Fi:  Hanuume.
[lavenbs ynpaBiaeHWs c 3KpaHoM: Hanuuue Tun
YMpaBieHWs JKpaHa: ceHcopHoe Tun 3KpaHa:
LCD-natenb LIBeTHOCTH JKpaHa: LIBETHOM
InaroHans 9KpaHa: He MeHee 3,5 moiima
[Mnatdopma noporpesaemas: wanuuue [lnardopma
ans 3D-nevatw  MarwuTHas  rudkas:  HanMuwMe
CosmectumocTh  nnardopMel  ans  3D-neuartw
¢ nnardopmoii nogorpesaemoii: Hannune CMeHHbIi
Moayib  3D-nevatu: HanWuue  TexHonorus
3D-neuatn: FDM wunu FFF Jluamerp comna: He
meHee 0.4 MM MakcumanbHas TemnepaTypa Harpesa
cora: He Menwee 250 °C  MakcumanibHas
TemrnepaTypa Harpesa nojorpesaemoil niaatopmel:
He Menee 80 °C MuHMManbHas TOJILUWHA CIOS: HE
Oonee 50 mkm MakcumanbHas TOJILWHA CllOA: He
menee 300 mkm Ckopocts 3D-nevaru: He metee 100
MM/c  MakcuManbHbI  pasMep HM3roTaBJHBAaEMOil
MOJIENH: HE MeHee 200x210x200 MM
[MTomnepxkuBaemble  Matepuansl s 3D-nevarw:
PLA-, PETG-, TPU-, ABS-, PC-, Flex-nnacTuk
JHuametp HutH rulactuka: e Gonee 1,75 mm Cencop
oOHapyXeHuss HUTH MJacTHKA: HaluyHe DyHKLMA
aBTOMaTH4YecKoi KanuOpoBku: Hanu4yue CMeHHbIH
na3epHbIit MOAYJbL: HalMuue MOLIHOCTB Jla3epa: He
meHee 1,6 Br @yHKuMs nasepHOro rpaBHpOBaHHs:
Hajmuume @DYHKUMA NasepHOil  pesku: Hanuuue
Pa3smepsl paGoueii obnactu: ve menee 200x200 mm
[MopnepuBaeMble  marepuaibi: Oymara, KapToH,
JepeBo,  njactuk, koxka CMeHHbIH  ModyJsb
¢bpesepoanus ¢ YITY: nHanuune MakcumanbHas
CKOpOCTh BpalleHHsa wWnuHaens: He mexnee 8000
06/MuH MakcumanbHblil IHAMETpP 3aKHMa MaTpoHa:
He MeHee 4 MM @pesa: Hanvuuwe @DyHKUHA
MJIOCKOCTHOrO W oObemHOro  ¢pesepoBaHus:
Hanvuue [lomepiuBaemble MaTepHalbl: 1EPEBO,
TEKCTONIMT, MiacTHk Koxkyx 3aluTHBIN: Hannuue
Ouku  3awnTHeie ¢ YO-dunbTpoMm: Hanuuue
Apantep nutaHus: Haiudyue KoMriekT 3anacHbixX
(DYHKLUMOHANbHBIX 3JIEMEHTOB: HAJIMUHE

WTYK

[TasnbHas ctaHuma tvn |

[MasnbHuk: pabouas Temmnepatypa. °C: ot 200 no
480 MouwHocTs nasnbHuka: He wenee 50 BT,
Kepamuueckuil Harpesarteb: HalH4YHe

WTYK

[TasinbHas cTaHumsa

Men: pabouas temneparypa, “C: ot 100 no 480,
nasjabHHK: padouas Temneparypa, “C: ot 200 no 480
MouHocTh  nasibHMka: He Menee 50 B,
KepamuueckHil HarpeBaTeslb: HalH4He

HITYK

31 npuHTEp YyueOHbl it

Tun npuutepa: FDM, FFF, matepuan (0cHOBHOI):
PLA, KOIMYECTBO Me4yaTalolnx rojoBOK: He MeHee

WTYK




[@annapaTHelii  KOMIUIEKC
10 poboTOTEXHHKE

M MPOBEIEHHA IKCNEPUMEHTOB /1 00pa3oBaHus M
MOBbILLEHHS KBaJIH(HKaALIHHU B obnactu
JJICKTPOTEXHUKH W JNEKTPOHMKH M UH(PPOBBIX
texHonoruii  Coctas:  Moayib  KOHTPOJIBHO-
M3MEpHUTENIbHbIT uHTepdeiic - ue menee | wT.
Betpoennblit - npoueccop  Mutepdeiic  USB,
CKOpOCTb Mepeaayvn JaHHbIX He MeHee 12MOuT/cek
Uutepdeiic WLAN 2.4 I'Tu, IEEE 802.11 b/g/n
Uluna 11s NOAKNIOUEHHS IKCIEPUMEHTAILHBIX KapT
Bbixoabl: TlporpaMMHpyeMblii aHaloroBblil BBIXOL,
+/- 10B, 0.2A, DC-5MIw, pazvembl BNC u 2mm
8 pene 24B nocrosHHoro Toka / 1A, u3 uux 4 pene
Ha 2 MM paszbemax 16 OMT uM(pPOBbIE BBIXOILI, M3
HHX 8 OuT Ha 2 mm paseemax, TTL / CMOS,
TaktoBas vactora 0 - 100 kI'u, max. Hanpsxenue +/-
15 B Bxoabl: He MeHee 4  aHanorosbix
anepeHLnaIbHBIX BXOIA € N0JI0COIT MPponycKkaHus
10 MI'u, max. nanpsseunue 100B, yactora onpoca
100MSample, 9 nuanazoHoB wu3MepeHuil, 06bem
namaty 4 x 8K x 10 6ut, BNC (2 Bxoma) U 2-MM
pasbeMbl (4 BXoaa) He MeHee 2 aHaJOroBbIX BXOJa
JUIA M3MEPeHHA TOKa, max. cuia Toka 5 A, yacTtora
nuckpetusaumd 250 KSample, 2 auanasoua
M3MepeHHH, paspewende 12 Our, pazbembl 2MM | 6-
O6MT undposbie BbIXOABI, W3 HUX 8§ OMT Ha 2MM-
pasvemax, TTL / CMOS, TakrtoBas uactora
0-100xkI"u, audnextpuueckas npouwnocts +/- 15B
BupTyanbHble MHCTpyMeHTBI: He MeHee 2 X VI
BosbT™MeTp, 2 X VI amnepmerp: AC, DC,
9 aunanazonor ot 100mV go 50V, TrueRMS, AV -
He menee | x VI wu3sMmepuTelb MOLIHOCTH:
9 nnanaszonos ot 100 MB 10 50B. « He meHee | x VI
2-kaHanbHblit amnepmetp: AC, DC, 2 awuanazona
300 MA u 3 A, TrueRMS, AV ne menee 1 x VI 2-
KaHaibHbli BONbTMETP: AC, DC, 9 nuana3oHoB ot
100mV no 50V, TrueRMS, AV He menee 1 x VI
2/4-kaHanbHblit ocunanorpad: noaoca npornyckaHus
10 MI'u, 25 BpemenHbix auanasoHos ot 100
Hc/pasnenenne no 10 c/paznenenue, 9 nManasoHOB
HanpsskeHus ot 20  mB/paspenenue o 10
B/pasnenenue, Tpurrep u nperpurep, pexum XY
v Xt, dyHkuns Kypcopa, ¢GyHkuns ao0aBieHus
M YMHOkKeHHA ans 2 KaHaloB. He mexee | x VI
aHanu3aTop crnektpa: 9 1Mana3’oHOB HanpsKeHMs
or 100 MmB no 50 B. nuana3on BXOIHBLIX 4acTOT
ot 3 'y no | MI'u, orobpaxeHue BO BpeMeHHOIi
obnactu. He menee | x VI nnorrep auarpamm bone:
9 nawnanazonoB Hanpsmenus ot 100 mB g0
50 B, awuanazon uactor or | [u mo 5 Ml
oTobpakeHue BO BpeMeHHO ofnactu u anarpamma
JIOKaJlbHON KpHBOIi. He MeHee | x VI peryaupyemslii

2 3 4 5

2, pabouuil cTon: ¢ nogorpesom, pabouas obnacTh
(XYZ): or 180x180=180 mm. MaKCHMallbHas
CKOpoCTL  meuaTi:  He menee 150 mm/cen,
MHHHM@IbHasA TOJIIMHA cNos: He Oonee 20 MKM,
3aKPLITLIH  KOPNYC: HallHuHe, OXJIakIeHHE 30HbI
NevaTH: Hajluuue

HaumenoBanue paznena:

«3NeKTpoIHEpreTHKaN

ITporpaMmHblii- KoMMbloTepH3MpoBaHHas cucTeMa /Uis TPEHHPOBKM |  LUTYK 1
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MCTOYHMK nocTosHHoro Hanpsbkenus 0 - 10 B DC
ne menee 1 x VI renweparop ¢yuxumii: 0.5 T'u -
5 MIy, 0 - 10 B, cuHyc, HpPAMOYIUJIBHHK,
TpeyronbHHK, * He MeHee | X VI nporpaMmmupyembiii
redepatop, | x VI I'eHepatop umnylibCOB He MeHee
1 x VI 16 x uudposoit Beixoa, 1 x VI 16 x
undposoit Bxox, 1 x VI 16 x uudposoi sxon /
BBIXO/L: oToOpaxeHHe JBOMYHBIX,
eCTHAALATEPHUHbBIX, NECATHYHBIX n
BocbMepHuHbIX  undp Habop  conpoTtusieHHH
pa3/iMuHBIX HOMWHAIOB Ha NeyaTHol naarte -1 wr. *
He MeHee 6 wyHToB: 2 X 1 OM, 2 x 10 Om 2 x 100
Owm HaGop npoBoioB M nepemblyek - | WT, He MeHee
28 npoBomoB, wrTekep 2 MM He Menee 10
nepeMbliuek, wrekep 2 MM/5 MM YHHBEpcalbHbINH
MOAYJb IS MOAKIHUYEHHA 3KCNEPHMEHTAIbHBIX
KapT K KOHTPOJIbLHO-H3MEpHTEIbHOMY HHTepdeiicy -
1 wr. AHAIOroBblii BbIXOA (HKCHPOBAHHOIO
Hanpskenus 5 B, 1A (rvespa 2 Mm) He MeHee
2 aHa0roBbIX BbIXO/1a (hHUKCHPOBAHHOTO
HanpsikeHus +/- 15 B, 1A (rHe3na 2 MMm) He meHee
3 pery;iMpyeMbIX aHaloroBbix Bbixona +/- 20 B, 1A,
DC-150 T'u (ruesna 2 mm) Kypc obyuenus:
JKcnepMMeHTalbHa — Kapta € JIOTHYECKHMHU
J/leMeHTaMM  Hallidue DKCNepHMeHTalbHas Kapra
¢ JK-tpurrepom HaJIH4He [TporpammHoe
obecneyeHue Kypca NOJIAKHO obecneuunThb
cieayioulee  cojepkanne  bajoBele  noruyeckue
cxembl  TabGauuel  nepexonos,  obo3HaueHue
Ha cxeme, Joruyeckue (yHKUMH H LIMKJIOrpamMMbl
NOTHYECKHX 3N1EMEHTOB bynesa anreOpa
JKCnepUMEHTaNbHOE  MOATBEpAKAEHHE  QyHKLHH
M 3akoHoB  byna  Jlorudeckue — 3JIE€MCHTHI
B TexHosornn NAND u NOR MuHumusauus
JIOTHYECKHX cxeM ¢ momouwbio kKapT Kapho
[punuun  pabotel  Tpurrepa  Mccnenosanune
JK-tpurrepa  (cTaTHY4eCKMH M JAHHAMHYEC KU
BXOJHOI  curHan  /  MOTAKTOBBIII  PEXKHM)
WUccnenosanne UC cuetunka [Tonck ommnbdok”

HaumeHoBaHue HanpasieHus: «EcTecTBeHHOHAYYHasA HANPaBJeHHOCTbY

HaumeHoBaHue pasnena:
«EcTecTBeHHOHayuHas
HanpaBJIeHHOCTbY

Lindposas nadopatopus
X umus» npoduabHas
JU1s nenarora

O6ecneunBaeT BbINONHeHHe JabopaTopHbIX paboT
N0 XHMHM Ha YPOKax B OCHOBHOW LIKOJIE
M MPOEKTHO-HCCNEN0BATENLCKON  AEeATENbHOCTH
yuauMxcs. KoMmrmnexkraums: BecnporoaHoii
MYJLTHAATYUK MO XWUMHH C 3-Mf BCTPOCHHBIMH
natyukamu: Jlatuuk pH ¢ auanasoHoM H3MepeHus
e yxke uem or 0 go 14 pH Jlatunk
3]€KTPONPOBOAMMOCTH C AMANa3oHaMHu HIMEPEeHHs
He yxke uem ot 0 10 200 MkCwm; ot 0 10 2000 MkCm;
or 0 no 20000 mxCwm JlaTumk TeMNepatypbl
¢ [IMana3oHOM W3MepeHus He yxke uem oT -20
no  +140C  OtaensHbie  natyuku:  JlaTumk
onTHueckol rioTHocTH 525 HM  Akceccyapsi:
Kabenb UsB COEMHUTENIbHBIH 3apsaaHoe
yctpoiictBo ¢ kabenem miniUSB USB Anantep
Bluetooth 4.1 Low Energy KparTkoe pyKOBOACTBO
no skcrutyataumu unpposoii nadopatopun HaGop

WTYK
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naboparopHoii OCHACTKH [TporpammHoe
obecneyenne  MeToanueckHe  peKOMEHIALIHH
He Menee 40 pabot Hannune pycekoauimnoro caiira
noaaepkkn Hannune Buneoposinkos

Lidpopas naGoparopus
«@usuka»  npoduabHas
U1 nenarora

OGecneuuBaer BbINOJHEHHE 3KCMEPHMEHTOB MO
TemMaMm  Kypca  (U3MKH. Komnuektaums:
becnpoBoaHOii MyAbTHAATYHK M0 (H3MKE ¢ 6-10
BCTPOEHHBIMH  1aTHHKaMU: [ludposoii  natumk
TEMMEPATYPbI € IHANA30HOM H3IMEPEHHS HE YiKE YeM
ot -20 no 120C Ludposoit naTyuk abcomoTHOrO
J@BJIEHNA C [MANa3OHOM H3MEPEHUS HE YiKE YeM
or 0 no 500 klla JlatTyuk MarHWTHOro mMons
C JIMANa30HOM H3MepeHUs He yie ueM oT -80 no 80
MTn JlaT4uK  HanpskeHus C  JIuanasoHaMu
H3IMEPEHHA He yie 4eM oT -2 10 +2B : oT -5 1o +5B;
ot -10 no +10B; ot -15 1o +15B JlaTuuk TOKa He
yke vem ot -1 no +1A  Jlatuuk akcenepomertp
C MokasaTe/lsiMH He MeHee uyem: +2 g; +4 g; +8 g
Ortnenbhble ycTpoiictea:  USB ocuminorpad we
menee 2 kaHana, +/-10 B Akceccyapbl: Kabens USB
COE/IHHHTE/IbHBIH 3apaaHoe ycTpoiicTBO ¢ kabenem
miniUSB USB Anantep Bluetooth 4.1 Low Energy
KOHCTPYKTOp /118 MPOBELEHHS  IKCIEPHMEHTOB
KpaTkoe pyKOBOACTBO MO 3IKCMIyaTaudu uHppOBOI
naboparopun [Tporpammuoe obecneyeHue
MeToanueckue pexkomennaunu (40 pabor) Hanuumne
pycckos3bluHOro  caiita  noasepxku  Hanuuue
BHJIEOPOJIHKOB

WITYK

Liudposas nadoparopus,
no (hH3HONOTHH
(npodunbHLIH ypoBeHb)

Obecneuusaer nposeneHue UCCTIeI0BAHHA
N0 QYHKLMOHHPOBAHHIO YEIOBEYECKOr0 OPraHU3Ma.
Komnnekrauus: becnpoBoaHoil  MyJIbTHAATYHK
no (GU3HONOrHK C 5-10 BCTPOEHHBIMHM AaTYMKAMH:
Jlatuuk aprepuanshoro aasnexns (0...250 MM pr.
ct.) Jlatuuk nyabca ¢ AMAna3’oHOM H3MEPEHHs He
y#e ueM ot 30 1o 200 ya/mMun JlaTuuk TeMneparypsbl
TEe/la ¢ AMana3’oHoM H3MEpeHHs He yie ueMm oT +25
10 +40C JlaTyuK 4acTOThl IBIXaHHA C IHANA30HOM
u3MepeHusa He yke yeM orT 0 no 100 UMKIOB/MHMH
JlaTuuk yckopeHus ¢ nokalzatenamu +2 g; +4 g: +8 g
OtnenbHble ycTpoiicTsa: Jatumnk DK
C [Hana3’oHOM W3MepeHHMs He yxe uem oTr -300
no +300 mB. JlaTyuk cuioMep ¢ aMana’oHoM
u3mepeHusa He ymxe uvem ot 0 no 40 H J[aruumk
OCBELIEHHOCTH C JMana3’oHOM M3MEpeHHs He YiKe
uyem ot 0 no 180000 nk Akceccyapbl: Kadeas USB
COENUHHUTENBbHBIH 3apsaHoe ycTpoiicTBO ¢ kabesnem
miniUSB USB Anantep Bluetooth 4.1 Low Energy
Kparkoe pykoBOACTBO 1o 3KCIIyatauui uubposoii
nabopatopuu [MporpammHoe obecneueHue
Meroauueckue pekomeHnauun He menee 20 pabor
Hanuume  pycckosspiuHOrO — caiiTa  MoIepKKH
Hanuuue BUaCOpONHKOB

IITYK

Mukpockon undposoii

Tun mukpockona: OHONOrHYeCKHii Hacanka
MHMKPOCKOMNA:  MOHOKY/ApHas Ha3snaueHnue:
nabopaTopHelii  MeTon uccnenoBaHus: cBeTlioe
noje  MarepHan ONTHKM: ONTHYECKOE CTEKIO

VBenuuenne Mukpockona, kpat: 64 - 1280
Okynspel: WF16x  Ob6vextupbi: 4x, 10x, 40xs
(noanpysHHEHHbIiT) PeronbeepHas  rofjioska:

a 3 obbektuBa. TN MOACBETKH: 3epKal0 MM

IITYK
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cBetonnon  PacnonoxeHue MoACBETKH: BepXHAS H
HikHAs Matepuan kopnyca: metann [lpeameTHbiit
cronnk, MM: 90 Hctounuk nuranus: 220 B/50 Nu
Yucno meranukceneii: |

Lindposas naboparopus
110 KOOI HH

Obecneuunsaer npoBesieHHe yueGHOro
3KOJIOrHYECKOro MOHHTOpPHHTa
HHCTPYMEHTAIbHLIMH METONaMH. HaGop
NPUMEHAETCS MPH M3YYEHHH IKOJOTHH, OHOJOIHM,
XHMHH, reorpadu W NPUPOIOBENEHHS, @ TAKKE [U1s
WHIHBUIYAJIbHBIX ~ HMCCJIC/IOBAHHA M TPOEKTHOM
NEATENLHOCTH  LIKOJIbHHKOB. Komnnexrauus:
becnpoBonHoit MyIbTHAATYHK MO IKOIOTHYECKOMY
MOHUTOPHHTY € 8-10 BCTPOEHHBLIMM JATYMKaAMH:
Jlatiuk  HUTpaT-woHOB  JIaTYMK  XJIOPHA-HOHOB
Jatuuk pH ¢ nMana3’oHOM M3MepeHHs He yke uem
ot 0 1o 14 pH [latuuk BIamHOCTH C AMANA30HOM
usmepenus  0...100%  JlaTuuk  OCBELIEHHOCTH
C  IMana3oHOM  H3MEPeHHA  He  ykKe  YeM
or 0 pgo 180000 nk J[latumk TemmnepaTypbl
C J1Mana3oHOM W3MEpeHHus He yike uem oT -20 1o
+140C Hatunk 3JIEKTPONPOBOIHMOCTH
C  1Mana3’oHamMM  M3MEPEHHs He  yKe ueMm
or 0 no 200 mxCm; or 0 mo 2000 MxCwm;
or 0 no 20000 mkCwm J[laTyuk TemmnepaTypbi
OKpYkalolleH Ccpeabl ¢ AHanasoHOM HW3MepeHHs
He yke 4eM oT -20 no +50C OtnenbHbie JaTYHKH
M MyabTHAATYMKM: J[laTyuk 3Byka ¢ dyHKUMed
MHTETPHPOBAHHA C HANA30HOM H3MEPEHHS YacToT
He meHee uyem or 50 I'm no 8 kl'u; Jlatuwk
BIIQ)KHOCTH MOYBbl € JIHANA30HOM  H3MEPEHMs
He yie ueM ot 0 no 50% Jlaryuk okucu yriepoaa
C 1Hana3oHoM M3MepeHus He yike uem ot 0 o 1000
ppm  MynbTHIATYHK — ONTHYECKOH  IUIOTHOCTH
H MYTHOCTH CO BCTPOEHHbIMHM HaTdukaMmu: JlaTuuk
OnTHYeckoil nuoTHocTH 470 HM ¢ 1MANasoHoM
usmepenus ot 0 g0 2 D Jlatuumk ontuyeckoi
[UIOTHOCTH 525 HM ¢ [1Hana3’oHOM H3MepeHus
ot 0 1o 2 D JlaTuuk onTHyeckoii mioTHocTH 630 HM
¢ nvanazoHom wuimepenus ot 0 mo 2 D Jlatuuk
MYTHOCTH pacTBOPOB C [IHANa3oOHOM HW3MepeHHs
or 0 mo 200 NTU Akceccyapei: Kabenr USB
COeNMHUTENbHLII (2 wWT.) 3apanHoe ycTpoiicTBO ¢
kabenem miniUSB USB Apnantep Bluetooth 4.1
Low Energy CrepieHb /Ulsi 3aKperuieHHs 1aT4HKOB
B wratse KpaTkoe pykoBOACTBO No IKCIulyatauuu
uudpooii naboparopuu [TporpammHoe
obecneuenne MeToanueckHe PpeKOMEHAALMM HE
MeHee 20 pabot VYnakoska Hanuune
PYCCKOA3BIYHOrO  caita mnomnepkkH, HaluuHe
BHJIEOPOJIMKOB

WTYK

Haumenosanue nan

pasJyieHus: «KomnbloTepHoe W npeseHTauMoHHoe 060

DY 10BaHHE)

)

HaumenoBanue paznena:
«KomnsiotepHoe

1" Mpe3eHTallHOHHOE|
o0opynoBaHHe»

HHTepakTuBHbIH
KOMTILIEKC

IC BBIYHCIIUTEIIbHLIM
OnoKoM M MOGHIBHBIM
KperuieHHeM

HHTEpaKTHBHBIH KOMIUIEKC € BbIYHCIHTEIbHBIM
O0OKOM M MOOMIbHBIM  KperuileHHeM  JIOJIKEH

COOTBETCTBOBATL CNEAYHUIHM TEXHHYECKHM
TpebGoBaHusm: Paimep amarowanu: ue medee 74
aoiMoB; Paspelnenne skpaHa no ropH3oHTalM: He

LITYK
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MeHee 3000 nukceneii: Paspewenne >kpaHa Mo
BepTHKaiH: He Menee 2100 nukceneit; [Nonnepika
paspewienns 3840x2160 nukceneit (npu 60 I'u): na;
Hannyme BetpoeHHoit akyctuueckoii cuctembl: a;
KonuuectBo Touek kacanus: ne menee 20; BricoTa
cpabatbiBaHHA CEHCOPA OT [OBEPXHOCTH YKPAHA: HE
Oonee 3 muniumetpoB: Bpems oTkamka ceHcopa
kacanus: He Gonee 10 munnucekyna; Berpoenubie
(GyHKLUMK pacro3HaBaHus OOBLEKTOB KacaHus: /a:
Konuuectso Mo/LIEPKHBAEMBIX CTUIIYCOB
OHOBPEMEHHO:  He MeHee 2: Bo03MOKHOCTB
noakaodeHnss k  cetn  Ethernet  npoBoaHbIM
crnocobom: na; BO3MOKHOCTL NOAKIIOYEHHS K CeTH
Ethernet GecnpoBoausiM cnocobom (Wi-Fi): 1a;
B03MOKHOCTb MCNOJNBL30BAHHSA aJIOHH B KauecTse
MHCTPYMEHTA CTHpAHHS: na; Hannune
MHTErPUPOBAHHOTO [aT4HKA OCBEIUEHHOCTH IR
dBTOMATHYECKOH KOPPEKLWH SPKOCTH MOACBETKM:
na; Hanuwuwe dynkumn OecnposoaHoil nepenaqu
u3obpaxenus ¢ ycrpoiicte Ha Gaze OC Windows:
na; Hanwune dynkuuu GecnposoaHoii nepenaun
uloOpaxenua ¢ yetpoiicte va 6aze OC MacOS: na;
Hannune  dynkumn  OGecnposoanoll  nmepenaum
uzobpakeHus ¢ ycrpoiicts Ha Gaze OC iOS: na;
Hanuune  ¢dynkunn  OecripoBoanoil  nepenauw
n3o0paxkeHus ¢ ycrpoiicts Ha 6aze OC Android: na;
Bo3amoxHocTh YAaneHHOTo YIpaBJieH1sA
H  MoHuTOpMHra: jpa; Hanwuue  kpennenus
B KOMIUlekTe: na; Hanuume cnora Ha kopnyce s
YCTAHOBKH  JIOTIOJIHUTEILHOTO  BbIYHCIIHTEILHOIO
Onoka: na; MakcuManibHblil  MOAAEpPKUBAEMBbITT
o0beM oOnepaTHBHONH NamMATH IOMOAHHUTENLHOIO
BbIYHCIIHTENILHOrO  Onoka: He MeHee 8 [0
MakcuMasbHblii NoAEPAKHBACMbIH 00beM
HaKONUTENAs 10NOJHHTENLHOTO  BbIYHCIHTENLHOTO
Gnoka: He menee 128 I'6; Pasbem i noakaoueHus

JIONONTHHTENILHOTO BbIYHCIUTEILHOIO Onoka
C KOHTAKTaMH 3JIEKTPONHTAHHA BbIYHCIHTEILHOTO
6noka ot BeTpoeHHoro  Gnoka NUTaHKUs

HHTEPAKTHBHOIO KOMIUIEKCA M KOHTaKTamu s
noakaodeHnst uudposoro Buaeocuruana u USB
sl MOAK/IIOYEHHMSA CEHCOpa KacaHusl: HalWyMe;
[Tpou3BoAHTENBHOCTH npoueccopa
NOMOJHHTELHOTO BbIYHCIIMTENILHOTO Onoka
(3Hauenne nokasatens «CPU Mark» no Tecty
«Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop.html uau no
Tecty «Laptop & Portable CPU Performancey
https://www.cpubenchmark.net/laptop.html):

He Menee 7000 enunuu; Paspewenune Ha BbIXOIE
BHI€OANANTEpa  BbIYMCIMTENbHOrO  OJ0Ka  mpH
paboTe ¢ MHTEPAKTHBHBLIM KOMIUIEKCOM: HE MEHee
3840 x 2160 nukceneit npu 60 Iy Hanuuue
Yy  JOMOJHHUTENLHOIO  BbIYMCIMTENLHOIO  OJ0Ka
Oecnpooanoro  moayns  Wi-Fi we  Huxe
802.11a/b/g/n/ac; MakcHMaiibHbIH YPOBEHb lIyMa
npu paboTe NOMNOJHHTENBHOTO BbIYHCIHTENLHOTO
Onoka: e Gonee 30 nbA; Hannune B KoMmruiekte
MOGHJ’][‘;HOFO METAIHYCCKOro KPCIMJICHHWA,
obecneuHBarOLIEro  BO3MOKHOCTH  HAMoJbHOM
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YCTaHOBKH WHTEPAKTHBHOIO KOMIJIEKCa,
C nepeaBHAHONH KosiecHOI 6a30if U BO3MOKHOCTBIO
(hukcaunn Konec A HCRTHOMC HEA
HEMPOH3BOJIbHOrO ABMKeHUA; [1penycTaHOBAEHHAA
onepalHoHHas cucTema ¢ rpaHyYecKum
MOJIb30BATEIBCKHM uHtepdeiicom,
obecneuunpatomwas  paboTy  pacnpocTpaHeHHbIX
o0pa3oBate/ibHbIX H OOLLECHCTEMHBIX MPHIOKEHHII:
HaTHYHe: DyHKLHA rpaduueckoro
KOMMEHTHPOBaHUA noBepx MPOU3BONBHOTO
u3o0pakeHns, B TOM uuciae OT  (HU3HYECKH
MOJKJIK4EHHOTO HCTOYHHKA BH/IEOCHTHANA;
Hannuue: MHTErpupoBaHHblii B Mo/b30BaTe/IbCKHI
uHTepdeiic  dyHKUMOHAT npocmoTpa M paboThl
¢ daiinamu  ocHoBHblX  ¢opmatos ¢ USB-
HAKOIMWTEIEH WIKW CETEBOr0 cepBepa: HaIHuME,
WnuterpupoBatHble  cpeinctBa, obecreunBaioline
CICYIOLLHHA GyHKUHOHAN: co3aaHue
MHOTrOCTPaHHY HbIX y4eOHbIX 3aHATHI
C  MCMO/Ib30BAHMEM MEIHAKOHTEHTA Pa3iHYHBIX
(opmartos, co3naHue Haanuceil U KOMMEHTApHEB
MOBEPX 3anyUIeHHbIX NPUIOKEHHI, pacro3HaBaHue
thuryp H  PYKOMHCHOTO  TekcTa  (pPYCCKHIA,
AHTJIMACKMA  A3BbIKH),  HallHMME  MHCTPYMEHTOB
PHCOBAHHA  TEOMETPHYECKHUX (GUryp W JIHHHIL
BeTpoenHble  yHKUMH:  reHepaTop  clydaiHbIX
uMcen, KanbKyaaTop, dKpaHHas KjiaBHaTypa, Taimep,
penakTop MareMmatHueckux Qopmyn. DNeKTPOHHbIe
MaTeMaTH4YecKue MHCTPYMEHTbI: LIMPKY/1b,
YroJIbHUK, JIMHelika, TpaHcnoptup. Pexum «Genoii
JAOCKH» € BO3MOKHOCTBIO CO3JaHHA  3aMETOK,
pucoBaHus, pabotel ¢ TabnuuaMu W rpaduKamu:
Hannuve. Mmnopt daiino dopmatos: PDF, PPT,
PPTX

‘Daunyapt

Pasmep pabGoueii oGnactu: ve menee 700x1000 mm

WTYK

Tenexka mns  3apaaku
H XpaHeHHs HOYTOYKOB

THN KOpMyca: MeTall; BO3MOXKHOCTbL 0e30nacHoro
JALIMILEHHOrO  3aMKOM  XpaHEeHHsi  HOYTOYKOB:
HalHYMe; BO3MOKHOCTbL  3apAlAKH  HOYTOYKOB!
Hanuuue, nojiepxka Hoytoyvkor n.1.1.1.; Hanuuue
poyrepa  Wi-Fi  cranmapra  802.11ln  wam
coBpemeHHee: | wt. nopnepxkka HoytOykoB n.1.1.1.;
KOJIMYeCTBO HOYTOYKOB: OT 15 WITYK, moaaepikka
HoyTOykoB  n.l.1.1.;  HanpsikeHue  nuUTaHus:
220B\50I'u;  TlotpebGnsemas  MowHocTh, BT
(makcumym):  2500; [Tlorpebasiemblit  TOk, A
(makcumym): 12; JInuHa WIHYpa 3EKTPONMTaAHMUA:
or 2,5 merpa; 3awmnta OT nNepeHanpsKeHus,
KOPOTKOrO 3ambikaHus: Hanuuue; Koneca ans
nepeaBHKeHNA C TOPMO30OM: HaJIMYHE.

WITYK

8]

MDY tun 2

Tun ycTpoiicTsa: MHorodyHKIHOHANBHOE
ycTpoiicto (MDYVY); LlBeTHoCTh neuars: LBETHas,
®opmat nevartu: He MeHee A4; TUn cKaHUpOBaHMsA:
MAaHLEeTHbIH; Bo3MOkHOCTh CKaHHUPOBaHHA
B opmarax: He meHee A4; Cnocol noaKIOUYeHUs:
LAN, Wi-Fi, USB

WTYK

M®DVY tun |

Tun yCTpoOiicTBa: MuorotyHKUHOHANbHOE
ycTpoiicteo (M®V); llBeTHocTh mnevaTh: YepHO-
Oenas; TexHonorus neuatu: snekTporpaduyeckas
(nasepHas, CRETO/IMO/IHAN ), dopmar nevyarTu:
He MeHee A4, Tun CKaHMPOBAHMA:

WITYK
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NPOTAKHbIH/T1aH e THBII; Bo3MoxkHOCTD
CKaHupoBaHus B Qopmarax: He meHee Ad; Crnocob
noakmouenia: LAN, Wi-Fi, USB

HoytGyk

®opm-thaktop: HOYTOYK; Pasmep auaroHanu:
He menee 15.6 moiimoB; Paspeluenue skpana: Full
HD, Quad HD wunu Ultra HD; OOwuii oObem
YCTAHOBJIEHHOI ONEpaTUBHONH MNaMsATH: He MeHee
8 I'GaiiT; MakcHMallbHbI i o0LHi
NOIEPAHBAEMbIH  00bEM  OMEpaTHBHON namsTH:
He MeHee 16 [0aiit; Obbem SSD Hakonwurens:
He meHee 240 ['Oaiit; becnposoaHas ces3b: Wi-Fi;
KonuyecTso BcTpoeHHbIX B Kopnyc noptoB USB: He
MeHee 2, U3 KOTOpbIX He MeHee | noskHo ObiTe USB
Bepcuu He Huxke 3.0; Paspewenue BIO-kamepsl,
Mnukcens: He menee 0.3; Berpoennbiiit MUKPOhOH:;
KnaeuaTypa ¢ packjiaakoii 1 MapKHpOBKOM KJIaBHLL
QWERTY/MLIYKEH; [loanepikka craunaptos
BecrnpoBoaHOi CBA3M: 802.11a/b/g/n/ac;
[lpon3BoauTenbHOCTE  mMpoueccopa  (3HadeHue
nokaszatens «CPU Mark» no tecty «Laptop &
Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html):

He menee 5000 enunuu; Hanwuwe manunynstopa
Mblllb B KOMMJEKTe:  1a;  YcTaHOBJEHHas
onepauHoHHas cHCTEMA c rpauueckum
M0JIb30BaTENbLCKHM HHTEpheicoM, CBE/IEH M3
0 KOTOPOM  BKJIOHYEHbl B  €IHHBIH  peecTp
POCCHICKMX ~ MporpaMm Ui J1EKTPOHHBIX
BbIUHCIUTENBHBIX — MaliMH M 0a3  JaHHBIX;
YeTaHoB/IEHHbIH NakeT oUCHOrO NpPOrpamMMHOro
obecneyeHns, COBMECTHMOrO € YCTaHOBJEHHOMH
OMEpauMOHHONH CHCTEMOH, CBEIEHMA O KOTOpPOM
BKJIIOYEHbI B €/1MHbIH PEECTP POCCHHCKHX NPOrpamMm
IIA DEKTPOHHBIX BBIYHCIMTEIbHBIX MallMH W 6a3
NAHHBIX,

LITYK

HaumeHnoeanue HarpaeJieHHA! «TexHonoruueckas HanpaBJ1€HHOCTE.

POBO»

1. [HaumeHoBaHHe pa3nena:
«TexHonoruueckas
HAMNPABRIEHHOCTE.

POLO»

JlabopaTtopHslii
KOMILUIEKC [Ulst H3YUYeHHA
podoToTexHHKH, 3D
MOJIEIMPOBAHHA H
MPOMBILLIEHHOTO
JH3aiina

Komnnekc coctout u3 cBGopHo-pa3Gophoro 3D
npuHTEpa, pyyHoro 3D ckaHepa M NpoOrpaMMHOrO
obecnievenuss no  dortorpammerpun.  COopHo-
pasz0opHbiii 3D npuntep. Ob6nacte newatn: 200 mm
x200 mm x 200 mm MakcumanbHas CKOpOCTb
nevatd, c¢M3/u:> 30 CkopocTb nepeMeLleHHs
neyaTaroLe rOJOBKH, MM/C:> 80 Tun
coBmectumoro ¢ 3D-npuHtepom muactuka: PETG,
SBS, PLA, ABS Hurepdeiic noakmouenus: USB
Flash Kanubposka nnaTdopmsl:
[TonyaBromatnueckas  KonuvectBo comen  Ha
neyaratolteii ronoske: ot | wrt MuHUManbHas
TosauuHa cnog: = 0.01 u < 0.05 mm Tnametp conna:
> 03 n < 0.5 MM MakcumanbHas Temneparypa
neyaratouteii ronosku: > 250 rpan. C OxnakaeHue
30Hbl  newatu:  JIByxctoponHee MakcHmanibHas
TemnepaTypa naardopmel ana nevatu:< 150 rpan. C
Tun nnargopmbl  ans neudatu:  [Tlonorpesaemas
ChEMHAA HA 3daKHMAX, c]:mccupyemau Ha nnaTanopMe
Hanuuue 3akpeitoro kopnyca: Her @opmar daitnos

WITYK
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ans neyatn: GCODE Tun ynpasneHus npuHTepom:
[Tanens ynpaBneHust ¢ JIMCILIEEM HAa Kopryce
ycTpoicTBa Tun HAlPABJIAHILLNA.
KOHCTPYKUHMOHHBIH npoguab Pyunoii 3D ckanep.
Tounocts ckanupoBauusa: = 0.05 u < 0.1 MmMm
CKOpOCTb CKaHUpOBaHWs, MIH. Touek/cek: = 2
dopmaT coxpaHeHusi pe3y/bTaTOB CKaHHUpPOBaHMA:
vrml, ply, obj, stl BO3MOKHOCTL CKaHMPOBaHHS
B usere: Jla Hanuuue ceHcopHoro oskpaHa: HeT
Jnuwa USB-nposoma: = 3 wm  TexHonorus
3D-ckanupoBanus: OnTuyeckads 3arpys3ka npeceTos
(wabsoHOB) CKaHepa: Hanuuue DyHKIMH
nocrobpaborku: OOGpeska monenn, PasneneHue
MOZIEJIH Ha OTHAeNbHble 4acTH, YaaneHHe JIHLIHUX
J1eMEHTOB,  YiajleHWe  OTBEpCTHi,  co3laHue
(hoTOpeanuCTHUYHON  TeKCTypbl, cpaBHeHue 3D
moaeneii wmexay coboii, u3IMepeHWe pa3sMepoB
Mozeneii CevyeHWsIMH B PYYHOM PEKUME, IKCNOPT
ceuenuit B8 XLS [lporpammuoe obecneuenue nns
co3naHus  Mojeneil MetonoM  (hoTorpaMMeTpHH:
Hanuuue  YrpaeieHHe  MOBOPOTHBIM  CTOJIOM
no Wi-Fi: Jla MuHuManbHOE  paccTosHHE
CKaHHPOBaHHs: <25 ¢M

bazosbiii
po00TOTEXHHYECKHI
Habop

OOpasoBate/bHblii HAa0Op [0OMKEH NPEACTABATH
coboit Habop i pa3paboTKH MPOrpaMMHpyEMbIX
Mojeneii aBToHOMHbIX poboToB. B cocras nHabopa
JIOJIAHBI BXOMTb: KOHCTPYKTHBHbIE,
COC/IMHUTENIbHbIE M KPENEeKHbIE  INEMEHTBI
M3 [UIACTHKA M allOMHHMA - He menee 100 wr,
MporpaMMHpYeMblii KOHTpoJsiep - He meHee luwr,
3/1IEKTPOIBUraTeNH NMOCTOAHHOIO TOKA C KPYTALLIHM
MOMEHTOM He MeHee 3.6 Kr/cM - He MeHee 2 1T,
JATYUKH M 3NEKTPOHHBIE KOMIMOHEHThI- HE MeHee
6 WT, aKKyMYJSTOPHYH Oatapeld ¢ HanpskeHHeM
He MeHee 6B u emkocThio He Menee 1500 mAu -
He MeHee | wWT, 3apAdHOE YCTPOHCTBO [id
aKkKymynsTopHoil Oatapeu - He wMmeHee 1 wT.
[TporpammHpyeMmblil KOHTpOJLIEP NI0J1KEH
CONepixKaTk: NOPThI 1718 AHANONOBLIX NATYHKOR - HE
MeHee 3 IUT, MOpPThl 1A UH(PPOBBIX NATUHKOB -
He menee 3 wt, nopt ans [2C ycTpoiicTs - He MeHee
| wT, NOPT 1S CEPBONPHBOJOB - HE MEHee O LT,
MopT IS MOTOPOB - HE MeHee 2 wWT, MOPT s
3HKOAEpOB - He MeHee 2 wT, obbem flash namsaru
He MeHee 32 kb. IlporpamMmupyemsblii KOHTpOILIEp
NONKEH obecrneynBarh BO3MOMXHOCTh
nporpaMMupoBanus  poGotoB B cpene Gio4HO-
rpajuyeckoro THNA WIH B cBodoIHO
pacnpoCTpaHseMblX cpelax pa3paboTkH ¢ NOMOLILIO
TEKCTOBOIrO #A3blKa MNpOrpaMMHpoBaHMs. JlaTuuku
M 2JEKTPOHHbIE KOMMOHEHTBI J0JKHbl COINEPKATH!
VYnbTpa3BykoBOH  JaTYMK  PacCTOAHHA  J0JIKeH
obecneynBaTs COOPAHHYIO MO/E]b BO3MOKHOCTHIO
M3MEpAThH paccTofAHHEe He MeHee 4 METpOB - He
menee lwr, KHonka-monyab nojxkeH obecneynsars
coOpaHHyl0 MO[e/b BO3MOMKHOCTBIO OMNPEENATh
HaKAaTHA HA KHOMKY - He MeHee lwT, JlaTuuk usera
nomkeH  obecrieyusatb  coOpaHHylO — MOzelb
BO3MOMKHOCTBH onpeacicHua uBeTa obbekTa,
npejaHasHaueH Uil u3mepedus RGB-cocTapsommx

WTYK
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rpaaycoB ¢ 5 mn. B cocrtaB KoMmmiekTa A0JKHO
BXOAMTb: MexaHndeckuil 3axsaT HH(ppaKpacHbIii
nasep 2-X OCeBOH MoOJBEC AKKYMYJIATOp Kojeca
BCEHAMNPABJIEHHOTO ABHKEHHA MPOrPaMMHPYEMbIi
KOHTPOJIEP € BO3MOKHOCTBIO NPOrpaMMHpPOBaHHs B
cpene GnouHo-rpaduyeckoro THna U B CBOOOAHO
pacrpocTpaHseMbIX cpeax pa3paboTKH € [10MOLUBIO

TEKCTOBOrO f3blKa MNPOTPAMMUPOBAHMA  AATHHK
3Byka JaT4MK cienoanus auHud  FPV pemum
BOIMOKHOCTD yipasJieHHA C MOOHIBHOTO
YCTPOHCTBA yepes MpHJI0KEHHE

2 3 4

M YPOBHA  OCBELIEHHOCTH, JaT4MK  JIOJIKEH
cojepxaTb He MeHee |2 CBETOYYBCTBMTENbHBIX
3/IEMEHTOB - He MeHee | w1, 3ymmep-monyib
JojKeH  obecneyuBaTh  coOpaHHy — MO.elb
BO3MOMKHOCTBIO BOCMPOMU3BOANTD 3BYKH,
HOMHHaJ1bHAA JacrtoTa HE MEHEE 4KrLl.
HHTEHCHBHOCTL He MeHee 80 nb- ue menee | wir,
Wi-Fi-moayab nomkeH odecneyuBarb BOIMOKHOCTD
NOAKIOYeHHs  coOpaHHbIX  POOOTOTEXHHYECKHX
mozeneit k ceru, loT obGnakam wn BeG-cepBucaMm,
pabouee Hanpskenue moayns - 3,3B, nopros BBoaa
BLIBOJIA MOJYIA - He MeHee 5 - He meHee | wr,
Mutu-pene ¢ padouyuM HanpskeHHEM B 1HanasoHe
or 33 nmo 5B, norpebnsembiM TOKOM 7IMA
M MakCHMalibHbIM KOMMYTHPYEMbIM HArMpsiKeHHEM
28B noctosHHoro Toka/250B nepemMeHHOro TOKa,
pecypc  ycrpoiictBa  He  meHee 50 ThIC.
nepeknoueHnit - He Menee | wt, Bxoasuwue
B COCTAB KOHCTPYKTOPA KOMIMOHEHTbI J10JI#HbI ObITh
COBMECTHMBI C KOHCTPYKTHBHBIMH 3JIEMEHTAMH,
a TakxKe obecrnieunBaThb BO3MOMKHOCTh
KOHCTPYKTHBHO#, annapatHoii W NporpammHoii
COBMECTHUMOCTH € KOMIUIEKTYIOILMMH M3 COCTaBa
Habopa

Habop mns  ObicTporo | OfHONAATHBIH KOMMBIOTEP: HAMYME, KApTa NamaTH | WTYK

NPOTOTHITHPOBAHHA C TNpeLyCTAHOBIEHHON OMNEPalLMOHHOW CHCTEMOM:

DIIEKTPOHHBIX Hanuuue, OJI0OK TMHUTAHWA: HAIHYHE, KOMIUIEKT

lyCTpOHCTB  Ha oOcHOBe | kabenei 115 NOAKNIOYEHHA: HATHY HE

OIHOMNATHOrO

KOMIbIOTEpa

HaGop nans GwicTporo | MUKpPOKOHTpOIIEpHas MaThopMa CO BCTPOEHHbBIM | LITYK

MPOTOTHNHPOBAHHMA unTepnperatopoM JavaScript: HanuuyMe, KOMIUIEKT

IIEKTPOHHBIX paadojeTaieii:  HaJuuue, Mjaarta  pacliMpeHHs:

YCTPOHCTB  HAa OCHOBE | HA/lM4He

MHKPOKOHTPOJLIEPHOI

n1aThopmbl

co BCTPOEHHBIM

HHTEpNpeTaTopoM

IHaGop 1ans  GeicTporo, MHKpOKOHTpOJIEpHAS ruardopma Arduino: | wTyK

MPOTOTHITHPOBAHHA HaHuWe, KOMIUIEKT palHoaeTaned U MNpOBO/OB!

HIEKTPOHHBIX YCTPOHCTB| HATMYKME, MAKETHAA TUlaTa: HalHvyHe

Ha OCHOBE;

MHUKPOKOHTPOIIEPHO#

riaTopmbl

IABTOHOMHBIH po6oT | YuebHas Moaenb aBTOHOMHOTO MOOWILHOrO pofoTa |  WTYK

MaHHIYSaTOp ¢ MaHunynstopom.  MoGunbHeiil poboT n0JKEH

c KOJIecaMy | pecTaBasTh cOBO0M UeThIpexKoecHY0 naathopmy

BCEHAMPABIEHHOTO BCEHANMpPaBAEHHOIO  JBHIKEHHS. puratenu

INBHAKEHHSA Gecuietounsle 4 wWT, Kamepa ¢ yraom ob3opa 120
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MporpaMMHpoBaHus Ha sa3bikax Python, Scratch
a TaKKe CHCTEMA TEXHHYECKOrO 3peHust [
ARTOMATHYECKOID Oﬁilﬂp}'}lri‘.‘}llm H pacnosnanarrimn
3a/aHHbIX 00beKTOB B paboyeii 3oke. [loanepikka
RaspberryPi  nanuune lMonnepwka  Arduino
Hanuuue [lloanepika Micro:bit nanuune CmeHHbIi
MEXaHMYECKHIl  3axBar, yCTaHaBIMBaeMblii  Ha
NOJABHKHYHO nnathopmy  cBepxy HaNHuHe
Mexannyeckuil  3axBar, ycTaHaBiMBaeMblii  Ha
NEPEHION YacTb NOABHKHON nuatdhopmel Hannume
BosmoxkHocTe MensTh MHpakpacHyio nywky Ha
MEXaHHYECKHI 3aXBaT HaHYHe

(O6pasoBaTebHblii
Habop 1d  u3yueHus
TEXHONOTHit cBsizn u loT

OOpaszosatenbHblit  Habop  npeanasHaueH s
M3yYeHHs  OCHOB  MPHMEHEHHMA  TEXHONIOrHii
WMutepHer Beuleil U CBS3M B poBOTOTEXHHYECKHX
cuctemax. B coctap HaGopa n0/KeH BXOIMTh
KOMIUIEKT KOHCTPYKTHBHBIX 3JEMEHTOB W3 MeTania
ans  cObopku  mozenu  MoOabHOro pobota ¢
3axXBdTHBIM YCTpoicTBoM. B cocra HaGopa nosken
BXOIIUTb KOMIUIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB
s cOOpKH  Momenu  «ymHOro» 3namus. Bcee
KOMIUIEKTYIOLLHE W YCTPOICTBA, BXOAALLWE B COCTAB
Habopa, 10/KHbI ObITh COBMECTHMBI APYT € APYIOM
KOHCTPYKTHBHBIM, 3JIEKTPHYECKHM, anmaparHbiM H
nporpamMMHbiM 06pa3oM. B coctas HaGopa nossHO
BXOJMTb: MPHBOI MOCTOAHHOTO TOKA C JaTYUKOM
NOJIOKEHNSA - HE MeHee 21T, CEPBONPHBO/ GONbILOH
- He MeHee 21UT, CEPBONPHUBOI Masiblil - He MeHee
2wT, Kamepa - He MeHee |wWT, MPOrpaMMUpyeMbiii
KOHTPOJJIEP - HE MeHee |WIT, aKKyMyJsTop - He
MeHee 1T, 3apsaHoe yCTpOICTBO - He MeHee |LiT.
B cocras Habopa [0/KeH BXOAMTb KOMIUIEKT
HHTE/LIEKTY A bHBIX CEHCOPHbIX YCTPOMHCTB.
UHTennextyanbHble CEHCOpHbIE ycTpoiicTea
JOJUKHBL - NpeacTaBnath cobol  ycTpoiicTBo  Ha
OCHOBE  BBIYMCIIMTE/ILHOTO  MHKPOKOHTpOILIEpa
H  BCTPOEHHOTNO  M3MEPHTENBLHOTO  3JIEMEHTa.
HHurennekryanbHbie CEHCOpHbIE ycTpoiicTea
Non#Hel  0bnanarte  BCTPOEHHBIM  LH(POBLIM
M  aHanorosbiM  MHTepdeiicom ais  nepesaum
NAaHHBIX, @ TAKkKE€ BCTPOCHHBIM MOCI/EA0BATENLHbIM
uHTepdercoM wiA 0ObEAMHEHHA APYr C ApPYrom
B CEHCOpHbIE CHCTEMBI. Komnnekr
HHTEICKTYA/IbHBIX CEHCOPHBLIX YCTPOIHCTB 10J1%KeH
colepkaTh - MOAY/Ib CBETOAMO/A - HE MeHee 2wT,
Moaysib RGB cBetonMona - He MeHee 21T, MOIY/b

UK-natuuka JMHMH - He MeHee 3WT, MOMIyJb
3BYKOBOTO H3/ydyaTess - He MeHee lwT, Moaysb
H3MEpeHHA TEeMMepaTyphbl " BJIAKHOCTH
OKpysKawuleh cpeabl - He MeHee |wT, MOayJb

TaKTOBOH KHOMKH - He MeHee 31UT, MOAY/b AaTiuHKa
OCBELIEHHOCTH - He MeHee |1UT, MOy/lb AeTeKTOpa
YPOBHS WIyMa - He MeHee |luT, MOAYJIb H3MEpEeHHs
NaBJieHHs OKpyxaioulei cpeabl - He MeHee |,
MOIyab MOTEHUHOMETpPa - He MeHee 21T, MOaylb
NaTYHKa MOJIOKEHHA B MPOCTPAHCTBE - HE MeEHee
[T, MOJY/b KOHLEBOrO MpepbIBATENs - HE MEHee
lwr. B cocras nabopa [10/KeH  BXOIMTb
NMpOrpaMMHpYEMEIil KOHTpOJIep - He McHee T,
ITporpammupyembiii KOHTpoJL1ep NOJIKEH

WITYK

(%)
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obecneyuBaTh BO3MOKHOCTL NPOrPAMMHUPOBAHHS Ha
aipike  JavaScript u  opranusaumu web-ceppepa
obMmcHa JaHHBIMH Hepes Hurepuer.
[Tporpammupyembiii KOHTpOJIIep NOJIAKEH
obecneuymnsars BO3MOKHOCTh NOAKMIOYEHHs
BHELWIHHX YCTPOWHCTB C MNOMOLULIO HHTepdeiicoB -
GPIO, UART, I2C, 128, SPI, 1-wire TTL, RS-485,
CAN, Ethernet ¢ noanepkoii PoE

Komruiekr noJiei
H COPEBHOBATE/IbHbIX
DIEMEHTOR

KomniekT noneii v copeBHOBATE/IbHBIX NEMEHTOB
I MPOBEIEHHSA  COPEBHOBAHHMI  ABTOHOMHBIX
MOOHIBbHBIX POOOTOB

LITYK

YeTbipéxoceBoii

yueOHbIi poGoT-
MaHUIyJIsTOp
c MO/LYJIbHBIMH

CMEHHbLIMH HacaJlkKaMH

YueOHblil pobOT-MaHHNYIATOP NpeaHa3HaueH s
OCBOEHHA 00y4aloLMMHCS OCHOB POOOTOTEXHHKH,
LIS MOATOTOBKH  00y4alolWKXcs K BHEAPEHHIO
M MOCIenyliemMy  HMCIMOJb30BaHHK — poDOTOB
B NPOMbILLIEHHOM npou3BoacTee. Konnuecto oceii
pobota mauumynstopa - uerwipe. [lepemeteHue
MHCTPYMEHTA B TpPOCTPAHCTBE MO TPEM OCAM
JIOJIZKHO  YNPaBAATLCA  LIATOBbIMH  JIBUTATEISAMH.
HanpskeHue  nuraHus  1aroBeiX — IBMratenei
He Gonee 12 B. CepBoiBurarenb 4eTBEpPTOil OCH
noskeH obecneyuBaTh NOBOPOT HHCTPYMeHTa. Yo
NOBOPOTA MAHWMYNATOPA HA OCHOBAHWUM BOKPYT
BEpTHKa/IbHOH oCcH He menee 180 rpanyco. [lns
OMpeNeNeHns  MOJNOKEHUA  MaHHUMYJATOpa  Mpw
NOBOPOTE BOKPYT BEPTHKAJIbLHOH OCH  [0JUKEH
HCMOJIL30BATLCA IHKOAEP. Yro/l MoBOpoTa 3ajHEro
niieya MaHunynsatopa He mevee 90 rpaaycos. Yron
NOBOPOTa  MEPEAHEro  [ule4a  MaHWMyJsTopa
He menee 100 rpaaycoB. J[lns onpeneneHus
NOJNIOKEHHA  3aQHEro W MepeaHero  rjey
MaHHMYAATOpa A0JKEH WCMOJBb30BaThCA THPOCKOT.
Vron nosoporta no uerseproil ocu He meuee 180
rpaaycoB. Jlon#Ha OblTh BO3MOKHOCTh OCHALLIEHHS
CMEHHBIMH  HacaakaMW (Hanmpumep, Aepikarelb
KapaHaatia HIH (nomacrepa, npucocka
C CepBOJABMraTesieM, MEXaHHYECKOE 3axBaTHOE
YCTPOHCTBO C CEpBOJABHraTeseM, YCTPOCTBO s
jlazepHOil  rpaBHpPOBKH  WAM  YCTpoiicTBO  UIs
3D-neuatw). MunumMansHas KOMIJIeKTalus
CMEHHbIMH HacaakaMH: [HeBMAaTHYeCKHil 3axBar
(npucocka), MexaHMyeckuit  3axpar,  Hacalka
nepxareb i KapaHialla/Mapkepa/pyuKu,
Hacajka MepexoaHHK 115 KPErieHHs COBMECTHMBIX
KOHCTPYKTHBHbIX J€TaNeil U KOHCTPYKLUHIi, Hacaaka
NlasepHoi rpaBMpoBkM, Hacaaka 3D-neuarn (s
pabotbl ¢ nnactukom PLA ¢ auameTpoM HWTH
1,75 mm). JlonxkeH ObITh OCHAILEH CEPBONPHBOIOM
U1 MHEBMATHYECKOrO M MEXAHHYECKOro 3axBaToB,
obecneynBaoLLUM BpalleHHe 3aXBauYeHHOro
o0bekTa BO  BpeMs  MepeMeuleHHs, [OBOPOT
nepemelaeMoro odbekTa BOKPYr BepTHKaJbHOMH
ocH. Jlna  obecneveHuss  PyHKUMOHHPOBAHHUSA
MHEBMATHYECKOrO 3axBara /0/eH OblTh OCHALLeH
BCTPOEHHON B KOpNyc MaHHNyJsaTOpa MOMIMoii.
Homxua  ObITh  BO3MOKHOCTH  MOAKIIOHEHHS
NOTMOMHHTENbHBIX YCTPOHCTB (Hanpumep,
TPaHcropTepa, pejbca Als nepemMelleHns pobora,
NynbTa YMApaB/lcHUA TUNa DHKOWCTHK, KaMepbl
MALHHHOTO 3pe}mﬂ, ONTHYECKOIo Nat4yHka, Mmoayns

WITYK
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GecnpooaHoro  aoctyna).  PoGor-manunynstop
nomkeH obecneynBaTh MNEpeMellleHHe  Hacaiku
B NPOCTPAHCTBE, AKTHDAUING HACAAKI, DOINMOINITTSTY
MOJYYEHHs CHIHATI0B OT KaMepbl W JaTYMKOB,
BO3IMOKHOCTb  VIPABIEHUS  JIOMOJHUTENLHLIMMU
ycrpoiicteamu. Martepuan Kopryca - allOMHHHIA.
Huametp paboueil 30Hbl (0e3 yueTa HaBecHOro
MHCTPYMEHTA W YeTBepTOii ocH) He MeHee 350 MM.
Uutepdeiic noakmovenus - USB. JlonkeH umeThb
BO3MOKHOCTb aBTOHOMHOM paboTbl W BHELIHEro
ynpasneHusa. s BHELIHEro ynpasjieHus J0JKEH
ObITh  MPedyCMOTPEH  NyJAbT,  NOAKIHOYAEMbil
K pobdoty no Bluetooth. Ynpasasiouuii KoHTpoanep
NomKeH ObITh COBMECTHM co cpenoii  Arduino.
Vipapasiiouuii KOHTPOIIEP COBMECTHM CO Cpeloi
NporpaMMHpOBaHHA Scratch " A3BIKOM
nporpammupoBanus  C. Jlomken obecneuuBath
MOBOPOT MO MEPBbIM TPEM OCAM B 3aJaHHbIil yron
M Ha 3aaaHHbIA Yros, NOBOPOT M0 4YeTBEPTOii OCH Ha
3a/aHHblil yron, ABWKeHHe B koopauHatel X, Y, Z,
nepemelleHue Ha 3a1aHHoe paccTosHHe
no koopauuwaram X, Y, Z, nepeanaduy NaHHbIX
O TEKyLIeM MOJIOKEHHH YIJI0B, nepeaavyy daHHbIX
0 TeKYLIMX KOOpauHaTtax HHcTpymeHTa. Jlomken
MOMIEPAKHBATL  MEPEMELIEHHE B JEKapTOBbIX
KOOpAMHATAX M yriax noBOpOTa Ocei, ¢ 3aJaHHOMH
CKOPOCTBIO M yCKOpeHHeM. Tunbl nepemelieHui
B N1EKApTOBbLIX KOOpAHHATaxX! JIBUKEHHE
M0 TPAeKTOPHH, [BWKEHHE M0 [psAMoil Mexay
NBYMS TOYKAMH, MEpenpbIruBaHue U3 TOYKH K TOUKY
(nepeHoc  oObekta). Kopnyc  nomken  ObiTh
B 3alUMLLIEHHOM HcnojiHeHue (kaacca He Huke [P20)

2
Komrmekr s
H3yueHust
ONepaLnoOHHbIX  CHCTEM
peanbHOro BPEMEHH

M CHCTEM YMpaBleHHs
ABTOHOMHBIX
MOOHIIBHBIX POOOTOR

Komnnexr ana paspaboTku u wu3ydeHus Moaeneii
MPOrpaMMHpPYEMbIX  ABTOHOMHBIX ~ MOOWIIBHBIX
poboTOoB. YueOHbIH KOMIICKT NOJKEH TMO3BOJATH
pazpadartbiBaTh ON0YHO-MOAYIBHYIO KOHCTPYKLHIO
MoOunbHoro podora. B cocras mobuasHoro pobora
nonAHO  BXoAMTh: [lpuBoa Beaywwux konec -
He wmenee 2wrT. [lpuBon nomkeH npencTarnsTh
cobo# anekTpoMexaHHueckylo cOOpPKY Ha OcCHOBe
NBUraTens NOCTOAHHOIO TOKA, pelyKTopa, JaTuMKa
MONOKEHHA  BaJla M BCTPOSHHOI  CHCTEMBI
ynpasneHnus.  Cucrema  ynpaBieHMs — NpHBoJa
nonkHa obecneynBarb BO3MOKHOCTL OObeAHHEHHUS
MPHBOAOB €  MOMOLILK  MOCNEA0BATE]BHOIO
uHTepdeiica, BO3MOKHOCTb 3aJaHHA NapaMeTpoB
KOHTYPOB yMpaBlieHHs, YyMpaBleHHe BpalleHHEM
l'IpHBO,Ela no CKOpDCTH H NONOKEHHID, KOHTPOIb
Harpy3ku. [lporpammupyembiii  KoHTpoanep -
He Menee | wT. [lporpammupyembiii KOHTpoalep
nonxen obnanate uutepdeiicamn - USB, UART,
TTL, RS485, CAN a1  KOMMYHHMKauUHH
C MOIKTIOYAaeMbIMH BHELIHHMH  YCTPOHCTBaMH,
a rtakke UuddpPOBLIMH M AHAIOTOBLIMH [OPTAMH
BBOA&/BbIBOIA. ONHOMIATHBIH MHKPOKOMILIOTEP -
He MeHee lwT. OaHonnaTHbIi MHKPOKOMIbBIOTED
NOJIAEH NnpeacTaBIATh coboii YCTPOHCTBO
¢ apxuTeKTYpoii Mukponpoueccopa ARM, nosken
obnanars He MeHee 2 BbIMMCIMTENbHBIMMH SAApaMH
¢ TakToBOM uactoToil He menee 1[Tw. Jlazepuwiii

IITYK
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CKaHUpYIOLMil JalbHOMep - He MeHee lwT.
JlazepHblii  CKaHUPYIOLWMWIA  nanbHOMEp  JIOJDKEH
o0ecneynBarb AMana3’oH M3MEpeHUs NalbHOCTH 10
o0beKTOB He MeHee 2.5 MeTpoB M CeKT
Op CKaHUpOBaHHA He MeHee 360 yrioBbIX rPadycoB.
JlaT4uK NTHHUK — He meHee 3 wT. [laTuuK 10JKeH
o0ecneynBarhb JIeTEKTHPOBaHHE JTUHHH
Ha KOHTpacTHOM (oHe M nepeaasaTh JaHHbIC
B MpOrpaMMHUpYeMblii KOHTpPOJIEp O €€ HalH4hH
nmyTeM [epelayd  aHaloroBoro  CHMrHana — win
uudpoBoro cursana, Jsubo nyTem  nepenadu
uuppoBoro nakera aavHbix. JlaTuuka ueera -
He Medee | wr. Jlatuuk nomkeH  pasnivuyath
LIBETOBOH OTTEHOK PAacrofloKEHHOro psaoM ¢ HHUM
obbekta B RGB Hotauun u obecneuuBarh nepeaayy
JIAHHBIX B MPOrpaMMHpYEMbIii  KOHTpoJulep
0 3HAuYeHHWH KakKIOro LBETOBOrO KaHana B BHJE
undposoro nakera nanHpix. Maccus MK-narumnkos -
He menee lwt. Maccus MK-natunkos noskeH ObiTh
MpeaHa3HaueH Ana  OTCAEKHBAHHA JIMHWUK 14
nBuxkeHns moOunbHoro podorta. MaccuB N0MKeH
conepkarb He Menwee 6wrT  HMK-patuukos,
pacnoiiokeHHblx  Ha  0oaHOH  suHuM.  CucTema
TEXHHUUYECKOTO 3peHus - He Mmedee lwt. Cuctema
TEXHHYECKOTO 3peHus NOITAKEH obsnanarb
COBMECTHMOCTBIO C Pa3NHYHbIMH
[POrpaMMHPYEMbIMH KOHTPOJIIEPAMH C MOMOLLBIO
untepgeiicos - TTL, UART, I12C, SPI, Ethernet.
Cuctema TEXHHYECKOTO 3peHus NOAHA
obecneunBarb  BO3MOKHOCTb  W3YHEHHS  OCHOB
MPUMEHEHHS AITOPUTMOB MAlUWHHOTO 00yueHus
M HacTpoilku mnapameTpoB Heiipoceteil. Cucrema
TEXHHYECKOTO  3peHHA  Jlo/bkHa  obecneyunBath
dyHKLHOHAN pacno3HaBaHHs pa3aHYHBIX
reoMeTpuueckux 00BEKTOB M0 Habopy MPH3HAKOB,
pacro3HaBanus rpauueckux Mapkepos THNa Aruco
H JIp, pacrno3HaBaH1s MAacCHBOB JIMHHIT H 2IEMEHTOB
JOpPOKHBIX ~ 3HakoB W pasmeTkd.  Cucrema
ynparieHus MOGUIBHOTO pobora NOJIKHA
MO3BOJIATL OCYLIECTBJIAT AHANH3  OKPYKaIOLWEH
006CTAHOBKM B Mpoliecce ABHKEHHA MOOHIBHOTO
po6oTa M IHHAMHYECKOM W3MEHEHHH OKpYKaroueH
00CTAHOBKH, OCYWIECTBIATL (POPMHPOBAHHE KapThl
JIOKAbHOM 00CTaHOBKH BOKpYT poboTa
M JOKanu3auus nonoxeHus poboTa Ha KapTe,
noctpoeHne rnodanbHOil  KapThl  OKPYKaOLEro
npocrpacTBa. Cuctema ynpasieHus MOOWIBHOTO
poGoTa A0/KHA MO3BONATH OCYLIECTBIATH aHaIH3
niaHa/KkapThl OKpYKaloLlero NPOCTPAHCTBA,
ofHapyKeHHe OKPYKalolMX 00bEKTOB, aBTOHOMHOE
JIaHWpOBaHHWE MapupyTa H 00be3aa CTATHYECKHX
" NUHAMHYECKHX NpenATCTBHIi. Cuctema
ynpaBieHHsl mMoOunbHoro  pobora  10/DKHA
obecneynBaTb  BO3MOMKHOCTh  PasMETKy  KapTbl
OKpYKaLero NpOCTPaHCTBA Ha 30HbI
c pa3siH4HBIMH NMpH3IHaKaMH, 3a1aBacMbIMH
nojib3oBatesieM (30Hbl 3anperta Ui ABHXKEHHS,
orpanuuenus  ckopoctu M T.n).  Cucrema
yrpaBlieHus MOOHIBHOTO poboTta NIOJIKHA
obecrneunsBarbh BO3MOMHOCTh 3aJaHHsd TOYEK H 30H
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Ha KapTe OKpYXKalolero npocTpaHcTBa /s
aBTOHOMHOTO nepemelueHus Mexay Humu. Cuctema
ynpasjienia mMobununoro pobora . srmouaroan
B ce0a nNoOACHMCTEMbl, TakMe Kak - cHcCTeMa
YNpaBieHus JBHKeHHeM poboTa, cuctema cBopa
u oOpaboTku cexcopHoii uHpOpMauuH, cHcTeMa
MOCTPOCHHSA KapThl OKPYKAKOLIEr0 [POCTPAHCTRA
M CHCTEMa HaBHMIrauMM, JomkHa ObITh peann3oBaHa
Ha  0a3e  nMporpaMMHpYeMOro  KOHTpoJuiepa
M OJHOMIATHOTO MHKPOKOMIMbIOTEPA, a Takike
YCTPOHCTB, BXONALIHX B COCTAB  KOMIUIEKTA.
B coctae  komniekta  Q0MKHO  BXOAMTb
porpamMmmHoe obecneveHue
Ui MPOrpaMMHUPOBAHUA B TEKCTOBOM pelakTope
Ha noaobun Arduino IDE, nporpammupoBaHuu
C IOMOLLIBIO CKPUMTOB Ha A3bike Python, paspaboTku
cucTeMm  ynpassieHds Ha ocHoBe ROS. Tak ke
B COCTaB KOMIUIEKT [0JIKHA BXOAMTH BHPTyallbHas
Mozenb  MoOMIBHOTO pofoTa B BUPTYAJILHOM
OKPYAKEHHH 118 MOJEIMPOBAHHUA  AJrOPHTMOB
CHCTEM YMpaB/leHUs ¢ MOMOLULIO rpaduuecKoii
cpellbl

(ObpaszoBatenbHblil
Habop s M3yueHus
MHOTOKOMITOHEHTHBIX
POOOTOTEXHHUYECKHX
cHcTeM

U MaHMMYJISAUHOHHBIX
pobotos

O6pazoBatesibHblii Habop JIOJIKEH ObITh
npeaHa3’Ha4yeH Ui M3Y4YeHHsA poOOTOTEXHHYECKHX
TEXHOJIOTHI, OCHOB HH(OPMALHOHHBIX TEXHOIOTHi
H TEXHOJIOTHI MPOMBIUIIEHHOH aBTOMATH3ALMKH, a
TaKxKe TEXHOJIOTHii NPOTOTHIHPOBAHKA H
aUIMTHBHOTO npoussoacTea. B cocrae  HabGopa
NOJIKHBI BXOAHTH KOMIUIEKTYIOLULME H YCTPOHCTBA,
obnanarouine KOHCTPYKTHBHOH, annapatHoii
M NPOrpaMMHON COBMECTHMOCTBIO APYT C APYroMm.
1) KOMNIeKT  KOHCTPYKTMBHBIX — 2JIEMEHTOB M3
MeTanna Mo MjacTuka  an4  cOopku  Moaesnei
MaHHITY IS LIMOHHBIX pobotoB c YTI0BOi
KHHEMaTHKO, niockonapauie/ibHOH KHHEMATHKOIM,
Delta-kuHemaTukoii. 2) UurennexktyanbHblii
CEpBOMOAY/b € WMHTErPHPOBAHHON  cucTeMoil
ynpasinesus - He MeHee 7 wTt. CepBoMoayib
noskeH obnanate  MHTErpUPOBaHHOIT  cUCTeMoil
ynpasiieHus, obecrneyuBatouleii oOpaTHyY CBA3b
MM KOHTPOJIb [apamMeTpoB - [MOJIOKeHHe Bana,
CKOPOCTb BpaLLUEHHs, HAarpy3ka MpHBOAA, a TaKKe

obecneymnparoiei BO3MOKHOCTh
MOCEN0BATEILHOIO MOAKIIOYEHUSA APYT C APYIOM H
YNpasieHus CEpBOMOIY/IAMH no
Noc/1e10BaTeIbHOMY noJyaynjieKcHoOMY
ACHHXPOHHOMY uHTepdeicy.
3) PoGoToTexHuueckmii KOHTpoOJLIep,
npeacTaBnAowMii codboil MoaynbHOe YCTpOIiCTBO,
BKITIOYaloLLee B ce0s OJIHOMIATHBIH
MHKPOKOMIIBIOTEP U1 BBIMOJHEHHS  CJAOMHBIX
BbIYHCIIUTENbHBIX ornepatmit, nepudepHiiHbIi

KOHTpOJIEp ans ynpasJieHHs BHELIHUMH
YCTPONCTBAMM M MJaTy  pacllMpeHus s
NOAK/IOYEHHA  BHEWHHX  yCTpoicTB.  Moaynu
poOOTOTEXHHYECKOrO KOHTpoJIepa NOJIKHBI
obnanatb OQHOBPEMEHHO KOHCTPYKTHBHOM,
annapaTHoi U NPOrpaMMHONH COBMECTHMOCTBIO ApYT
¢ apyrom. PoboToTexnuyeckmuii KOHTPOIIEP NOMKEH
YAOBJIETBOPATL  TEXHHYECKHM  XapaKTEPUCTHKaM:

WITYK
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KOJI-BO siIep BCTPOEGHHOTO MHUKPOKOMITbIOTEPA - HE
MeHee 4, TakTOBas yacToTa sapa - He MeHee 1,2
ITu, o6bem O3V - e menee 512 MG, nannune
untepgeicos - SPI, 12C, l-wire TTL, UART,
PWM, undpossie - He MeHee 16 WIT U aHANOroBhbie
NoOpThl - HE MEHEE 8w A8 MOAKJTHOYEHHA BHELWHHX
VCTPOHCTB, BCTpOeHHLIIT MUKpodoH, a Takke WiFi
Hin Bluetooth 11 KOMMYHHKALMH CO BHELIHWUMH
yctpoiicteamu.  PoboToTexHuueckuit  KOHTposaep
NOJTKEH obecneuusars BO3MOMKHOCTh
MNPOrpaMMHUPOBAHUA C MOMOLIBK CPEICTB A3bIKOB
C/C++, Python u ceoboaHo pacnpocTpaHAeMOH
cpeabl  Arduino IDE, a Takke ynpaBieHus
MOJENAMH poOOTOTEXHHYECKHX CHCTEM C MOMOLLBIO
cpeasl ROS. 4) Tlporpammupyemblit KOHTpoJuiep -
He Menee lwrT. [lporpammupyemslii KoHTpoJIEp
NOJIKEH MpeicTaBaaTe Cco00i  BbIYMCIHTEbHbIH
MOylb, 001a1al0WHM UHQPOBLIMH MOPTaMH - He
MeHee 8 LT W aHANOrOBbIMH NOPTaMH - He MeHee 16
wT, uHreppeitcamu UART, 12C,SPI, TTL, a Taxxe
moaynem GecnpoBonHoii ceasu Tuna Bluetooth ninu
WiFi a1 co3nanus  annapartHO-NpOrpaMMHbIX
pelueHuit " YMHBIX/CMapT-yCTPOHCTB s
paspaboTku peweHuii MutepHer Bewei. 5) [lnara
paclMpeHus MpOrpaMMHPYEMOro KOHTposepa — He
menee lwr. [lnara  pacwmpeHds  10JKHa
obecneuunsarb BO3MOKHOCTh NOAKIOYEHHA
YHUBEPCAILHOTO BbIYHCIMTEIbHOTO MOAYIA K CETH
nocpeactsom  uHtepdeiica  Ethernet.  [lnara
pacliMpeHus 1o/kHa obnajate nopraMu  BBOMA-
BbIBO/1A ans MOAKIIOHEHUA LHpoBbIX
M aHaloTOBbIX YCTpOicTB - He wmeHee 40 wr,
uHTepdeiic SPl M BO3MOKHOCTBIO MOAKTHOUYEHHS
BHellIHel kapThl namatu. 6) Moayab TeXHHYECKOro
3peHHs, NpeacTaBasiolnii  coboit  ycTpoiicTBO
Ha 0ase BBIYHCIMTENLHOIO MHKPOKOHTpOJUIEpa
M MHTErpUPOBaHHOH Kamepsl, obecneynsaollee

pacrno3HaBaHue npocTenx 1300pakeHHii
Ha MOayne 3a CUer COOCTBEHHBIX BbIYHCIHTENbHbBIX
BO3MOXKHOCTEH - He Mewee lwt; Moayns

TEXHHYECKOro 3peHWs  ao/keH  obecnevuBarhb
BO3MOKHOCTb  KOMMYHHKaLHH C @HalOrH4YHbIMH
MOAYJISAIMH  OCPEACTBOM  IIMHBI  Ha  Oase
nocnenoBaTeNbHOro  WHtepdeiica ¢ ULENbIO
nanpHeiiweil nepejayd  pesysnbTaTOB  M3MEPEHHI
rpymmbl Moayei Ha yrpasisiolee
BbIYHCIHTEIBHOE  YCTPOICTBO,  MMOIK/IOYEHHOE
K OaHHOH wWwHHe. Moaynb TEXHHYECKOTo 3peHHs
noJkeH o0ecrneuHBaTh BO3IMOKHOCTL OCYILECTBIATh
HACTPOIKY  MOAYNsl  TEXHHYECKOro  3peHHs -
HaCTPOIiKy IKCTIO3HLIUH, Oananca  Oenoro,
LIBETOPA3HOCTHBIX COCTaBJIAIOLLNX, naowanm
o0HapyxHBaeMoH obnactu n3o0paxkeHus,
OKPYTJIOCTH oOHapyxknBaeMoii obnactu
n300pakeHua, nojokeHue  oOHapyKHBAEMbIX
obnacteil  OTHOCHTENbHO apyr apyra. Moaynb
TEXHHUYECKOTO  3peHus  Jo/keH  odecneuuBaTh
BO3MOKHOCTb ~ HACTPOiikM  Ha  ONHOBPEMEHHOE
obHapyxeHue He MeHee 10 pasiMYHBIX OJHHOYHBIX
o6bekTOB B cektope o03opa, aubo He meHee 5
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COCTaBHBIX OOBLEKTOB, COCTOAILMX W3 HEe MeHee 3
paznuHbIX rpaduuyeckux NnpuMHTHBOB. Moayis
TEXHUYECKOTO 3peHHs JIOJIKEH 00JIadTh
BCTPOEHHbIMK  HHTepGeiicamn — USB, UART,
l-wire TTL, 12C, SPlI ans KOMMYHHMKaLHH
CO BHEWHWMH MNOAKJIHYACMbIMH yc1p0ﬁcr13ami.
7) B coctaB HaGopa n0J#HbI BXOIWTbH UM(PPOBbIE
HHHOPMALHOHHO-CEHCOPHBIE MOJLYJIH,
npejacrapisiouine cobdoii  ycrpoiictea Ha Oase
MpPOrpaMMHpyeMoro KOHTpoOJIEpa
M u3MeputensHoro asnemenTa. Lludposoit Momyns
N0KEH obanarb BCTPOEHHbLIM
MHKPOKOHTPOJIEPOM (TaKTOBas 4acToTa - HE MEHee
16 MI'u, wwuHa navueix - He meHee 8§ Koaiir),
uHTepdercaMu IS NOJAKIIOYEHHA K  BHELIHWM
ycTpoicTBam: UM(POBbIE W aHANOrOBbiE MOPTHI,
I-wire TTL, pazvem Thna RJ. Lludposoii monyns
NOJTAEH obecneynsarhb BO3MOKHOCTb
KOMMYHHMKaUMH €  aHAIOTHYHBIMH  MOJYJIAMH
MOCPe/CTBOM LIMHLI Ha Oa3ze nocie10BaTe/lbHOTO
uHTepdeiica ¢ UenblO  nanbHelimed  nepenadu
pe3y/ibTaTOB  M3MEPEHHit  rpynmbl  MOAyJeH
HA YNpaBlfAlOLIEe BbIYHCIHTEILHOE YCTPOHCTBO,
MOAK/IIOYEHHOE K JaHHOi wuHe. B cocrap HaGopa
J0JKHO BXOJWTh: UWGPOBOIi MOLYIb TakTOBO#H
KHOMKH - He MeHee 3wT, uddpoBoii Moayib
cBeToanona - He MmeHee 3wT, uMppoBoil MOLYIb
KOHLEBOTO MpepbiBaTes - He MeHee 31T, LHPPOBOii
MOJYJIb JaT4MKa UBeTa - He MeHee |wT, uupoBoi
moayns RGB cBeroauona - He MeHee 1T,
8) B coctaB Habopa 0OMKHBI BXOAHTh 3JIEMEHTBI
ans cOOpkM  BakyyMHOro 3axpara: BakyymHas
Mpucocka - He MeHee [T, 2NEKTPOMArHUTHbII
KnanaH - He MeHee llUT, BaKyyMHbIi Hacoc - He
meHee lwrt. 9) B cocras HaGopa n0/KEH BXOAWTH
yueOHblii KOMIIEKT, BiJOUatoluii B ceda yueGuoe
nocoGue, HaGop GUOIHOTEK TPEXMEPHBIX JIEMEHTOB
ans MPOTOTHITHPOBAHUA Mojeneit
MaHUMYISLUHOHHBIX pODOTOB, @ TAK#kKE NMPOorpaMmMHoOe
obecneuenue wis padbotel ¢ Habopom. Iporpammuoe
obecneyeHue M0KHO obecrne4yuBaTb TPEXMEPHYIO
BU3YAIM3ALHI0 MOJENH MaHUMyIsUHOHHOrO poboTa
(c  yrioBoii, mnuockonapauie/bHOH W [eJbTa-
KMHEMaTHKOi1) B npouecce paboTbl, obecnevynBath
nocTpoeHHe NPOCTPaHCTBEHHOH TPaeKTOPHH
NBHIKEHUSA MCTOIHUTEILHOTO MexaHH3Ma
MaHHMYJIALUHOHHOTO podoTa, BO3MOKHOCTh 3al1aHus
MOC/Ee0BATENLHOCTH  TOYEK U MPOXOKIACHHSA
uepes HHX HCMOJIHHUTENILHOTO MeXaHW3Ma
MaHHMYJIALHOHHOIO poboTa. [TporpammHoe
obecneveHne J0KHO  (QYHKUHOHHPOBATh, Kak
B OTIE/]LHOCTH B BHIE Cpellbl MOIETHPOBAHHA, TaK
W B peKHME MOHUTOPHHIA B PealbHOM BPEMEHH MPH
MOAKIIOYEHHH MO/E/IH MaHUITYJATOpPa NOCPEACTBOM
poGoToTexHH4eckoro KouTtposiepa. IlporpammHoe
obecnevyeHue J0JkHO obOecneunBaTh BO3MOKHOCTh
NOCTPOEHHA rpaukoB  3ajaHHbIX M TEKYLIHX
0000LIEHHBIX ~ KOOPAMHAT  MaHHWMyJIALHOHHOTO
pobora, rpaHKoOB IHAYEHH#H cKopocTei
U ycKopeHMsi, rpadMKOB pacyeTHbIX 3HAYEHHH
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Harpy3ku. [lporpammHoe oOecnevyeHHe [OJIAKHO
No3BONATH 3anaearth nocnenoBaTeNbHOCTh
nepeaBuKeHmi MAHHMIY IS TOPa [IULPELLCTBUM
Habopa KOMaH1 B O1104HO-rpayecKkom
uHTepheiice. YueGHoe nocobue M01KHO colepkarh
Matepuaibl N0 paspadoTke TPEXMEPHbIX Mojenei
MOOHIbHBIX pOOOTOB, MaHUMYJIALHOHHBIX POOOTOB
C pasNM4YHLIMH THNAMH KHHEMATHKH (yrjioBas
KHHEMaTHKa, TMUIOCKO-NapaiieibHas KWHeMaTHKa,
nenbta-kiHematuka, SCARA  uam  pbiuaxHas
kuHematuka, nnatdopma Crioapta W T.0.),
MHCTPYKLUMH 1O MPOEKTHPOBAHHK  poOOTOB,
MHCTPYKLHH M METOAMKH  OCYLIECTBIEHHA
MHAKEHEPHBIX  PacuyeToB TNpH  MPOCKTHPOBAHHUH
(pacueTbl Harpy3kn H MOMEHTOB, PaciyeT MOLIHOCTH
NpPHBOAOB, pacyeT NapaMeTpoB KHHEMATHKH H T.I1.),
MHCTPYKLHH M0 pa3padoTKe CHCTEM YNpPaBieHHs W
nporpaMMHOro  odecrnieyeHuss Ui yNpaBJeHHs
poboTamMH, HHCTPYKLIMH H METOAHKH 10 pa3padoTke
CHCTEM YIPaBIEHHA € IEMEHTAMH HCKYCCTBEHHOIO
MHTEIEKTa H MaLLHHHOTO 00y4eHHs

O0pa3oBarte/bHblii
Habop MO NEKTPOHHKE,
PIEKTpOMEXaHHKe

M MHKPOMpPOLECCOPHOI
TeXHHKe

HabGop  pomkeH  ObITb  npeaHasHaueH s
npoBejeHHs YUeOHbIX 3aHATHII N0 W3YUYEHHIO OCHOB
MEXATPOHUKH M pOOOTOTEXHHKH, MPAKTHUECKOTO
npHMeHeHHs 0a30BbIX IIEMEHTOB  3JIEKTPOHHKH
H CXEMOTEXHHKH, a TaKxe Haubosee
pacnpocTpaHeHHoH 3neMeHTHOI 0a3bl H OCHOBHBLIX
TEXHHUYECKHX  PELIEHHH,  TNPHUMEHAEMbIX  [pH
MPOEKTHPOBAHHH H MPOTOTHITHPOBAHHM Pa3THYHBIX
MHIKEHEpPHBbIX, KHOEpHETHYECKHX M BCTPaMBaeMBbIX
cucteM. B coctaB HaGopa [0JKHBI  BXOIMTh
KOMIUIEKTYIOLIHE W yCTpoiicTBa, obnanaiouue
KOHCTPYKTHBHOI,  3JIEKTPHYECKOH,  annapaTHoOi
M NpPOrpaMMHON COBMECTUMOCTBIO JIPYT C APYIOM.
B cocraB Halopa [0/JKeH BXOAMTb KOMIUIEKT
KOHCTPYKTHBHBIX DJIEMEHTOB W3 MeTaia Juis
cOOpkH  MakeTa  MaHHMyJaUHOHHOTO  poboTa
M KOMIUIEKT META/IHYECKUX  KOHCTPYKTHBHbBIX
3MNEMEHTOB A CGOpKH MakeTa MOOMNBLHOTO poﬁo’ra.
B cocrae Habopa n0/KHbI BXOAMTHL TpPHBOJA
pazHYHOrO THIMA: MOTOPbI C HHTEMPHPOBAHHBIM HITH
BHELIHUM [aTYHKOM MOJOMKEHHs - He MeHee 21T,
cepBonpuBon  Oonbwoit -  He  MeHee 4w,
CEpPBOMPHUBOI Malblii - He MeHee 2T, MPHBOI
C BO3MOJKHOCTBIO YIpaB/IEHHS B LUATOBOM PEKHME -
He meHee 2wT. B coctaB Habopa 10MKHBI BXOAWTH
neMeHTbl s cOOpKH  BakyyMHOro 3axsarta:

BaKyyMHas — npMcocka — He  MeHee  lwT,
3JeKTPOMArHWTHBIN  KJanaH — He MeHee lwT,
BaKyyMHblii Hacoc — He wmeHee lwr. B cocras

Habopa J0/KHA BXOAMTL 3leMeHTHas Oasza s
NpOTOTHNNPOBAHUA: nnata A  OGecnae4yHoro
NPOTOTHITHPOBAHMUS, KOMIUIEKT MPOBO0OB
pazIMYHOTO THMA M JUIHHBI, KOMIUIEKT PE3HCTOPOB,
KOMILIEKT CBETO/IHO/10B, CeMHUCEerMeHTHBbIH
uHankartop, auciieil KK-tuna, KHONKH - He meHee
ST, MOTEHUMOMETPbl - HE  MeHee  3wrT,
MH(pakpacHblii  JaTYMK - HEe  MeHee 31T,
YAbTPa3BYKOBOH JaTHHMK - He MeHee 3T, JaT4HK
TeMmnepaTypbl -  He  MeHee  lwT,  1aTyMK

wT
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OCBELLEHHOCTH - He MeHee |wT, Mmoayns Bluetooth -
He meHee 1w, moayns MK-npuemuuka - He MeHee
lwr, monynbs MK-nepesaryuka B BUAE KHOMOYHOTO
MyJbTa yNpaBleHus - T, akKyMyasaTop - HE MeHee
lwit, 3apsiHoe YCTpOicTBO - He MeHee [T,
B cocras Ha0opa N0O/KEH BXOAMTh MYJIbTHAATUMK
s H3IMEPEHHA TEMI'IEpaTypI:I H BJIAXKHOCTH
okpykatoleii  cpeabl - He  meHee  lwT.
MynbTHaaTiHK 10/KeH o00naaath BCTPOEHHBIM
MHKPOKOHTPOJIJIEPOM (TAaKTOBAsA 4acTOTa - HE MEHEE
16 MI'u, wwuHa naHHbiX - He menee 8 Koaiit),
uHTepdeiicaMu U1 MOAKIIOYEHHS K BHELIHMM
ycTpoiicTBam: UM(pPOBbIE W AHAIOTOBbIE TOPTHI,
l-wire TTL, pasbem Tuna RJ. B cocras naGopa
NOJKEH  BXOAWTb  KOMIUIEKT — YHHBEPCAIbHbIX
BbIYMC/IMTENIBHBIX — MOZYJEH,  MpeacTaBisioUINX
coboii GazoByio niaTty, Miatry paclIMpeHHs JulA
CeTeBOro B3aMMOAEHCTBHA W IUIATY MOAKIHOYEHHS
CHI0BOI  Harpy3kd. BXxoasiuue B KOMIUIEKT
yCTpOiicTBa [10/KHBI  00Naaarh OJHOBPEMEHHOH
KOHCTPYKTHBHOM,  3/IEKTPUYECKOM,  annapaTHoi
M MPOrpaMMHOI COBMECTHMOCTLIO IPYr € JAPYIrOM.
basosas mniara YHHBEPCAIbHOIO BbIUHCIHTENLHOIO

MOy N0 HA NpeacTaBIsiTh coboii
NporpaMMHUpyeMblil KOHTpOIEp B cpele Arduino
IDE WJIH AHANOrHYHbIX c¢B000AHO
pacrnpocTpaHsieMblX cpeaax pa3padoTku. basosast
niara JIOJTKHA oOsanars BCTPOEHHBIMH
uHTepdeiicaMmn A MOAKIKYEHUS UH(POBBIX
H aHaJI0TOBbLIX YCTPOMHCTB, BCTPOEHHBIMH

untepgeiicamu USB, UART, 12C, SPI, 1-wire TTL,
Bluetooth, WiFi. [Ilnata pacumupenus 00JKHA
obecneunsarb BO3MOKHOCTh MOAKIOYEHUA
YHHBEPCAIBHOTO BbIYMCIIMTEILHOTO MOIYJIA K CETH
nocpeactsom  uHtepdeiica  Ethernet.  [lnara
pacluMpeHus 1o/kHa obnazarte MoOpramu  BBOjJA-
BbIBO/1A ans MOAKIOYEHHA LHpOBbIX
M @HAIOroBLIX  YCTpoiicTB,  uHTepdeiic  SPI
H BO3MOMKHOCTBLIO TOIKIOUEHHS BHELIHE KapThl
namath. [lnara pacluMpeHus Ans  NOAKIHOYEHHs
CHJI0BOI Harpy3kn  aosbkHa  obecnevmBath
BO3MOKHOCTb MPAMOTO  TMOAKIIOYEHHA BHELLHEH
CHIOBOH  Harpysku, a Takke PeryjinpyeMoii
Harpy3ku  nocpeactBom  PWM  untepgeiica.

B COCTaB HaOopa JIOJI3KEH BXO/MTb
porpaMMHpyeMblii KOHTpoJLIep, obecneyHBalOLIHi
BO3MOKHOCTb OCYILECTBIATh pa3zpaboTky

MPOrpaMMHOTO KO, WCMOJb3YS HHCTPYMEHTapHii
cpen paspaborkn Arduino IDE u Mongoose OS
W s3bikoB nporpammuposanus C\C++, JavaScript.
IporpaMMHpyeMblil KOHTpOJJIep AonkeH obnanark

nopTamu ans NOAKITHOHEHUS uHpoBbIX
" aHANoroBbIX YCTPOIiCTB, BCTPOEHHBIMH
MpOrpaMMHpyEMbIMH KHOTMKaMH

H INEKTPOMEXAHHYECKHMH MOIYAAMH s
OpraHu3alMi  CHCTEMbI  PYYHOrO  YMpaBleHHA,
BCTPOCHHBIMH MPOrPAMMHPYEMbIMH CBETOLHOIAMH
s HHOMKauuu pabouero pexuma, BCTPOCHHbIMH
unTtepdeiicamn USB. USART, 12C, SPI, l-wire
TTL, ISP. Ethernet, Bluetooth, WiFi. B cocras
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Habopa [0MKEH BXOAMTb MOIYJb TEXHHYECKOro
3peHHs , NpeacTaBIftoLHi co0oii BLIUMCINHTEILHOE
YCTPOHCTBO €O BCTPOEHHBIM  MHKPOTPOLIECCOPOM
(KOJ"I'BO ALEP - HE MEHEC 4|.|JT. 4acToTa AIpa HE
menee 1.2 ITu, odwvem O3V - ne menee 512M0O,

o0beM BCTPOeHHOH namath - He MeHee 8[0),
HHTErpHPOBaHHOI Kamepoi (MaKkcumanbHoe
paspetuenmne BHIEOMOTOKA, repenaBaeMoro

no uHTepdeiicy USB - He menee 2592x1944 en.)
M ONTHYECKOiH cucTeMoi. Moayab TeXHHYECKOro
3peHust  JojikeH  o0/lagatb  COBMECTHMOCThRO
c pa3nH4YHbBIMH NpoOrpaMMUpyeMbIMH
KOHTPOJIJIEPAMH € MOMOLLBIO HHTepdeiicos - |-wire
TTL, UART, I[2C, SPI, Ethernet. Moaynb
TEXHHYECKOTO  3peHWs  JomkeH  obecnevyuBaTh
BbINO/IHEHWE BCEX H3MEPEHHIT M BBIMMCIIEHHI
MOCPeACTBOM  COOCTBEHHBIX  BbIUMCIHTENbHbIX
BO3MOMKHOCTEH  BCTPOEHHOrO  MHKpOIpoLeccopa.
Moayib TEXHHYECKOro 3peHHs 1o/ukeH obnanath
BO3MOJKHOCTBIO KOMMYHHMKaLMH C aHAJOrHYHBIMH
MOAYISAMH  [1OCPEACTBOM  IWIWHbI  Ha  Oase
nocjenoBaTelbHOro  HHTepdeica ¢ UEIbO
NaibHeiiel nepenayd  pesysibTaToB  H3MEPEHHH
rpynbl momayJei Ha yrnpasnsiouiee
BbIYHC/IMTE/ILHOE  YCTPOICTBO,  MOAKJIKOYEHHOE
K AaHHOH wuHe. Moaynb TEXHHYECKOrO 3peHHsA
noskeH obecneynBaTh HACTPOIKH pPesHMOB paboThl
- HAcTpOWKYy 9kcnosuuuu, OanaHca Genoro,
LIBETOPA3HOCTHBIX COCTABJIAOLLMX, Ma0Lanm1
oOHapyKHBaeMoi obnactu n3o0pakeHus,
OKPYI10CTH oOHapyKHBaeMoi obnactu
n3o0paeHus, nonoxeHue  oOHapyKHBAEMBbIX
obnacTeil OTHOCHTENLHO IpYr Apyra, MallHHHOE
ofyueHHe mnapaMeTpoB HEHPOHHBIX CeTel /s
o0Hapyxenus 00beKToB, (OPMY W 3aKOAHPOBaHHbBIC
3HaueHHs oOHApYKHBAEMbIX MApKEPOB THMa Aruco,
pa3Mepsl 00HapyKHBAEMbIX OKpYKHOCTEH,
KBAApaTOB M TPEYroJibHHKOB,  MapameTpoB
KOHTPACTHOCTH, pazMepoB, KPHBHU3IHEI U nonoxeHud
pacno3HaBaeMbIX JIMHUIA, Habop NIOJI7KEH
obecrneunBarbh BO3MOMKHOCTb pPa3pabOTKH MOJIENH
moOuibHOrO pobota, ynpasiasemoii B FPV-pexume
MOCPENACTBOM MPOrPaMMHOr0  oOecrneveHHus Ui
NEPCOHATLHOTO  KOMIbIOTEPa M MOOMIIbHBIX
yerpoiicte Ha Oaze OC  Android wnu 108,
o0ecrneyrBaloILEro  BO3MOMKHOCTb  YMpaBJiEHHA
MOOHIIBHBIM poboTom " BCTPOEHHBIM
MaHHUIYJSITOPOM  MOCPEICTBOM  rpaguyeckoro
uHTepdeiica, BroyalowuM B cebs Habop KHOMOK
M nepekirouartenei, wkoicTuk, obnacte s
otobpaxenns suaeo. Hadop nomken oGecne4yusarh
BO3MOKHOCTH ~ M3yueHuss  OCHOB  pa3paboTku
MPOrpaMMHbLIX M annapaTtHeIX  KOMIJIEKCOB
MHAKEHEPHBIX cHcTeM, pelueHuil B chepe Mutepuer
BELLEH, a TaKKe peLueHui
B obnactu  poDOTOTEXHHKH,  HCKYCCTBEHHOTIO
MHTENJIeKTa M MallnHHOro o0ydeHus. B coctas
Halopa I0/KHO BXOAWTbL MOCOOHE MO H3YUYCHMIO
OCHOB  JIEKTPOHHKH W CXEMOTEXHHKH, PCLUICHHH
B chepe  Murepuer  Beweil,  pa3paboTKu
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NPOrpaMMHPYEMbIX MOJIEIEH MEXATPOHHBIX CHCTEM
H MOOMIbHLIX poOOTOB, OCHALLEHHBIX Pa3IHYHBIMH
MaHHMYIALUHOHHBIMH H 3aXBATHBLIMH YCTPOHCTBaMH,
B cocraB Habopa [07%KHO BXOIWTb: KOMIUIEKT
KOHCTPYKTHBHbIX 2JIEMEHTOB W3 METa/lid, KOMIIEKT
KPen&KHbIX IJIEMEHTOB, KOMIUIRKT Ui cOopkH
3aXBaTHOrO ycTpoiicTBa - He MeHee | wT., Koseca
C Mpope3nHeHHbIM 00010M - He MeHee 2 WIT., KoJeca
BCEHAMNpaBJIEHHOrO [BHMAKEHHA - HE MeHee 2 LWT.,
MPHBOA MOCTOAHHOrO TOKa € MHTErPHPOBAHHOH
CHCTEMOIH yrpasJeHms, obecneuusatoLeit
00paTHYIO CBA3b MOJOKEHHIO, CKOPOCTH W HArPY3Ke
- He MeHee 4 WT., 1aTYUK JTUHHH - HE MeHee 3 1T,
JATYWK  paccTosHMs - He MeHee | 1T,
aKkkymynsatopHas Oarapes - He Menee | 1T,
3apsiHoe ycTpoicTBo - He Menee | wrt. B cocras
Habopa 10mKeH BXOAWTL  NMPOrpaMMHUpYeMblii
KOHTpoilep,  o0ecnevyuBarolinii  BO3MOKHOCTb
OCYLIECTBAATL pa3paboTKy MporpaMMHOro Koja,
MCNONb3YA  HMHCTPYMeHTapuil cpea  pa3paboTku
Arduino IDE. [lporpammupyembiii  KOHTposiep
AOMKeH obecneunBaThb annapatHyo
M MpOrpaMMHYK) COBMECTHMMOCTb C 3JIEMEHTHOMH
0azoii, BXOAALIEH B cocTas Habopa.
[TporpaMmupyembiii KOHTpOJLIEp NOJIKEH
colepikaTh credylouue WHTepdeiicel: undposbie
M aHajloroBble noptel - He Menee S0wrt, USB,
USART, 12C, SPI, ISP, Bluetooth, WiFi.
[Tporpammupyembilii KOHTpOJep JIOJTKEH
colaepkatb  MHTepdeiic  (An8  NOAKIOYEHHUS
MPpHBOIOB H JaTYHKOB pOGOTOTBXHH‘IGCKOFO
HaGopa), peanu3oBaHHblil Ha Oa3e wKHbl RS-485 -
He MeHee |2wt. [lporpammupyemslii koHTpoOLIEp
NOJIKEH  COJepAaTb  CHIOBOI nopt A
MOAKIIKOYEHHS BHELLIHEH HArpy3KH WIH MOTOPOB - He
meHee 2wT. B coctaB HaGopa noskeH BXOIWTH
MOIY/b TEXHWYECKOro 3peHHs - He MeHee lT.
Moayib TEXHHYECKOTO 3peHus JIOJIKEH
obecne4uBarhb BO3MOKHOCTh KOMMYHHKaLHH
C @HAIOTHYHBIMH MOJYJIAIMH TOCPEACTBOM LUHHBI
Ha 0Oa3e mocllenoBaTeNbHOrO MHTepdeiica ¢ Uenbio
nanbHeileil nepeaaud pe3ysbTaToOB  HM3MepeHHil
rpynbl Moaysei Ha ynpasisiotiee
BbIMMC/IMTE/ILHOE  YCTPOHCTBO,  MOAKIIKOYEHHOE
K aHHOH wuHe. Moaynb TEXHHYECKOTO 3peHHA
no/KeH o0ecneyunBaTh BO3MOKHOCTL OCYLIECTBIATh
HACTPOIKY MOAYNA  TEXHHYECKOro  3peHus -

HAcTpOHKY IKCMO3HLHH, Oananca Oenoro,
LUBETOPA3HOCTHBIX COCTaBNAOLINX, njaoLant
oOHapyxuBaeMoil obnactu n300paxeHnus,
OKPYTJ10CTH oOHapy#xHBaeMoii obGnacTH

u300paxeHus, MoJIOKEHHE oOHapyKUBAEMbIX

2 3 4
U NPOTOTHIHPOBAHHIO Mozeneii poboTos. B cocras
Habopa 10/I)KHO BXOAMTbL MOCOOHE M0 M3YYEHHIO
OCHOB pd’SpdGUI'KH CHCTEM  TEAHHYCULKUIL  SPEHHMA
H 3JIEMEHTOB HCKYCCTBEHHOIO WHTE/IEKTA
(OOpasoBatenbHblii ObpaszoBaTtesbHblii nabop JIOJIKEH ObITb |  WITYK
Halop No  MexaHHuke, | NpeaHa3HaueH ans H3yueHHs MEXaHHKH,
MEXATPOHHKE MeXaTpoHHKH U poboToTeXHUKH. OOpa3zoBaTenbHblii
H pODOTOTEXHHKE Habop npejiHasHayeH ons pazpadoTkH
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obnacteii oTHocuTenbHO apyr apyra. Moayib
TEXHHYECKOrO  3peHHs  1omkeH  obecrneuusarthb
ROIMOKHOCTL  MACTPOIIKI  Na  oanobpenctiios
oOHapy#eHue He MeHee 10 pasnnyHbIX OJHHOUHBIX
o0bekTOB B cekTope oG3opa, nuG0 He MeHee
5 COCTaBHBLIX OOBEKTOB, COCTOALIMX M3 HE MeHee
3 pasMuHbIX rpaduueckHX NPUMUTHBOB. Momynb
TEXHHUYECKOTO 3peHHs NOJIAKEH obnanatb
BCTPOEHHBIMH HHTepdeiicamu - USB, UART, |-wire
TTL, 12C, SPI nns KOMMYHMKALHH CO BHELIHHMH
NOAKIHO4YAEMbIMH YCTPOHCTBAMH

OOpazoeartenbHblii
KOHCTPYKTO
C KOMIUIEKTOM JaTHHKOB

OO6pasoBatebHblii Hadop JIOJIKEH ObITh
NpeHa3HaueH s M3Y4eHHUs OCHOB pa3pabdoTKH
MpOrpaMMHpYEMBbIX Mozenei ABTOHOMHbIX
MOOWIBHBIX poboToB. B coctas naGopa n00#HO
BXOJHTb: KOMIJIEKT KOHCTPYKTHBHbBIX 3JIEMEHTOB W3
MI1aCTHKA, HHCTPYMEHT A1 paboThl C KPenekHbIMH
KOMMOHEHTAMH,  CEPBOMNPHBOA €  BCTPOEHHOI
CHCTEMOI yTpaBieHHs, obecneyusatoLeii
00paTHyl0 CBA3b MOJNOKEHHIO, CKOPOCTH U Harpy3ke
- HEe MeHee 4 wWT., MyILT YNpaBleHHs - HE MeHee
LT, natyuk Kacawus - He MeHee | WIT., JATUMK
uBeTa - He MeHee lIUT, NaTYMK TaKTHIILHO-
CEHCOPHBIH CO CBETOAHOAHBIM MOIYJIEM - HE MeHee
| Wr., Kamepa ¢ BO3MOKHOCTBIO OJHOBPEMEHHOIO
onpeeieHns HECKONbKUX LIBETOB - He MeHee | wiT.,
akkymynsatopHas Oarapes - He MeHee | T.
B COCTaB Habopa NOJTKEH BXOJIHTh
pobOTOTEXHHYECKHIH KOHTpo/iep - He meHee |wirT.
PoGoToTexHuueckuii KoHTpo/Iep o/keH 0bnaiaTh
BCTPOEHHBIM UBeTHbIM JKK 3KpaHOM M BCTPOEHHBIM
MHEPUHOHHBIM  natdukoMm.  PobotoTexHuueckuii
KOHTPOJIEP IOJIKEH HMETh He MeHee |12 nopro wns
NOAK/IIOYEHHA BHEWHWX YCTPOHCTB M MOPT s
YCTaHOBKH KapTel naMaTH. B coctaB Habopa nomkex
BXO/IWTb  MpOrpaMMMpYEMBblil  KOHTposiep -
He MeHee | wrt. [porpammupyemslii KoHTponEp
NIOJKEH  MpeacTaBasTh  coboil  yCTpoWCTBO,
O6ECI'IEHHBEFOIHCQ BO3IMOMWKHOCTE OCYIIECTBIATE
pa3paboTKy — NpOrpaMMHOr0  Koda,  HCHOJbL3YA
MHCTpYMeHTapuii cpea paspabotrku Arduino IDE.
[Mporpammupyemblii KOHTpOJLIEp NOJIAEH
ofecrneyuBath  annapaTHyild W NPOrPaMMHYIO
COBMECTHMOCTb C 3JIEMEHTHOH 0a3o0il, BXoasLIei
B coctaB Habopa. [lporpammupyemblii KOHTpoIEp
NOIAKEH  COAepHkaTh  Ccledylolle  HHTepdeiicsl:
unppoBLIE U aHANIOrOBbIE MOPTHI — He MeHee S0wT,
USB, USART, I2C, SPI, ISP, Bluetooth, WiFi.
[Mporpammupyembliii KOHTpoJLIEp NOJI3KEH
conepkaTe MHTepdeiic s NnoaAKIOUeHHs TIPUBOIOB
H 1aT4HKOB poboToTexHHYyeckoro Habopa- He MeHee
12 wr.
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