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MHHHCTEPCTRO OBPA3OBAHHA H HAYKH
XabaposcKoro Kpas
{Munodpuaycn Xabaposckoro Kkpai)

PACINNOPHAEHHE
14048035,  BOB

i Xafiaposck

(¥ pHeceHHH HIMCHCHHA B nepel:eui' oDOpYnOBAHMA, PACXOOHBIX MATCPHATOS,
cpeacTs OOYUeHHA M BOCTIMTAHMUS IS OCHAMEHHA ONHOTO LIEHTPA ECTECTBEHHOHA-
VYHOI # TEXHONOTHYECKOH HanpaBneHHocTed " Tovka pocra” 8 weobpazopaTelib-
HBIX OPTAHMIAUWAX, PACTIONOMEHHBIX B CENbCKOA MECTHOCTH M MAJhix roponax
kpas B 2023 rony, YTBEpKIEHHEIH PaclOpPAKEHHEM MHHHCTEPCTEA oDpa3opaHus
i HaykH XaGaposckoro kpas ot 30 nexaGpa 2022 r. M 1619

BHecTH HIMEHEHHE B MNEPEYeHB 000PYIOBaHHA, PAcXO[HBIX MATEpHANOH,
cpeacTB 0DYYEHHS H BOCITHTAHHA JJI% OCHALUEHHS OIHOIO LEHTPa eCTECTBEHHOHA-
yuHO# # TexHonorwueckod Hanpasnennocted "Togka pocta” B 0GUIe0bpasOBATEN b
HEIX OpPraHH3alHAX, PACcTONOKEeHHBX B CENLCKOH MECTHOCTH M MATHIX MOpojax
kpast, B 2023 rogy. yTREpAIEHHEIH PACNOPAMEHHEM MHHHCTEPCTEA ofpaiosaHHA
u Hayku Xabaposckoro kpas o1 30 aexabps 2022 1. Ne 1619 "0 npuobpetesun 0bo-
pYAOBAHHA, PACXOJHLIX MaTEpPHANOB, CPEICTB OOYUEHHA H BOCIHTAHMA B paMKax
PEANHIAINA MEPONPUaTHi No coznanmo ¥ QYHKIHOHWPOBAHHKIO B 00meobpaiosa-
TEIbHHX OPraHH3allMAx, PACTIONOMEHHbIX B CENBCKOA MECTHOCTH H MANLIX ropo-
fax, NeHTPOB 0OPAI0BAHMS eCTECTBEHHOHAYTHONH W TEXHONOIMHECKOH HANPABIEH-
pocTeil "Touka pocta” B paMkax deaepatsioro npoexta "Coppemennas [Koga”
HAIMOHAMEHOTO npoekta "O6pazopanue” B 2023 roay". WINOKHB €ro B HOBOH
penaKiiMi COrMacHO MPHIOKEHNIO K HACTORLIEMY PACTIOPAKEHHIO,

MunncTp %ﬂé{ B.I'. Xnebuuxosa
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ITEPEYEHE

0DOpYNOBaHHA, PACXOIHEIX MATEPHAIIOB, CPEICTR OGY4YEHHA H BOCTIHTAHMA

AMH OCHAEHHA 0OHOMO IJ_E:HT".‘I& CCTECTEREHHOHAYYHOH H TEXHOMOTHYECKOH

HanpaeiteHHocTedl "Touka gcc‘m" B 00WeodpaloBaTeILHLIX OPraHHIALMIY,
PACTIOOKEHHBIX B CETECKOH MECTHOCTH W MATEIX ropofax kpas, g 2023 rogy
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Ne | Haumenosanme | Kparkue npuMepHuie TEXHHYECKHE HHLA | "o
n'n | o0OpyaoBaHHA XApaKTEPHCTHEH HaMe- | oo
perHs
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1. Haumenosanwe Hanpaenenns: "Obopynosanme ana ofweobpasoBaTens-
HEIX OpraHM3alHi, He ABTTOMHNCE MATTOKOMILISKTHRIME "

1.1.  Hanmenopanwe pasgena: "EcTecTBeHHOHayYHAR HANPABICHHOCTE"

1.1.1. Llndpopas na- obecrneynpacT BEINOIHEHHE 3KCOEpPH- LT 40
DOpaToOpHS MO MEHTOB MO TeéMaM kypca duzuka. Kom-
hHINKe (V98- NISKTAIHA: DECTIPOROIHON MYIBETHAAT-
HHYECKHAR ) YHK N0 (PHIHKE C 6-10 BCTPOSHHBIMH

JaTYHKAMH: UHOPOBOH JaTydK Temne-

aTyphl ¢ OHANAIOHOM HMIMEpPEeHHA He
I:;I.Eg?-lem ot -20 a0 120 C; Eﬁp:c]npumﬁ
AaTuuyx abcomoTHOrD NaRNeHHs C HAa-
MA30HOM HIMEDEHHN He Yy#e HeM OT
0 mo 300 glla; JaTuysk MArHRTHOTO Nons
C JAHANAIOHOM MIMEPEeHMS He ViKe uem
ot -80 a0 80 MTn; aarunk FanpaKeHHA
C AHANaIoHaMH HIMEPeHHs HE YHE H4eM
ot -2 1o +2B; or -5 go +5B; ot -10 go
+108; ot -15 go +13B; gatauk TOKa He
vie geM o1 -1 go +1A; DaTyHK aKcene-
POMETP C MOKAZaTeIAMH He MEeHee YeM:
42 g; +4 g +8 g. OrnensHbie yeTpoii-
crea: USB ocumnnorpad e wmenee
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1.1.2. Llupposas na-

1.1:3,

fopaTopUs Mo
XHMHH (yHEeHH-
qeckan )

Lingpoeas na-
DOpaTOpHE [0
DHOMOTHA
(y4eHHYecKan)

7 Kanana, +/- 10 B. Axceccyapel: kabels
USB  coenwHHTEnsHLIA; — 3apaqHOe
yveTpoHcTo ¢ kabenem miniUSB: USB
Anantep Bluetooth 4.1 Low Energy.
KoHcTpykTOop IUIH NPOBEIEHHA IKCOE-
puMenTOB. Kparkoe pyKOBOACTBO MO
IKCIAyaTauHy  uHpoBoi nabopato-
pun. [Iporpammnoce obecnedenne. Me-
TOOHYecKHe pexoMeHtannd (40 pabor).
Hanuupe pyccros3slMHOID caiiTa noj-
NEePAKH, HATHYHE BHIEOPONHKOB

obecneynsaeT BRNOIHeHKe NabopaTop-
HEIX paboT no XMMHH Ha YPOKax B OC-
HOBHOH MWIKOIe W NPOEKTHO-HCCIeq0Ra-
TENBCKOH JOEATEIBHOCTH  YUALIHXCA,
KomMmnextauus: GecnpoBOAHOH MyIb-
THIATYHE MO XHMHH ¢ 3-M8 BCTPOEH-
HBIMH JaTyHKaMH, gatauk pH c guana-
30HOM HIMepeHHs He ywe dem or 0 1o
14 pH: paT4HK 3NeKTPONPOBOIHMOCTH
C AHANE30HAMH HIMEPEeHHA HE YVIKe HeM
ot 0 go 200 MxCwm; ot 0 go 2000 MrCwM:
or 0 o 20000 mkCwM; AaT4HE TeMnepa-
TYPHI € JHANIAIOHOM HIMEDEHHSA HE YHe
yem ot -20 ao +140 C; oTnensHbie JaT-
YHKH: JATYHE ONTHYECKOH MIOTHOCTH
525 aM. Axceccyapsl: kabens USB co-
eNHHATENLHLIH; 3apaiHOe gﬂ HCTBO
c xabenem miniUSBE; US P
Bluetooth 4.1 Low Energy. Kpatkoe py-
KOBOACTBO MO SKCIUTYaTallHH UH(po-
Boli naboparopus. Habop na TOP-
Ho# ocHacTkR. [lporpammuoe obecne-
yenre. MeTonHYyeckHe pexoMeHAlHH
He meHee 40 pabGor, Hanwune pyccko-
AIBIYHOTO cadTa MONIepHKH, HATHYHE
BHICOPOIHKOB

ofiecnedHeaeT BeIMoaHeHHe nabopatop-
HelX paboT HA ypokax mo GHONOrHM
B OCHOBHOM LWKONE H MPOEKTHO-HeCTe-
AoBaTenbCKOR  OEATENBHOCTH  y4a-
muxes. Komnnexrauns: SecnpoBogHoi
MYNTHIATIHK To Owonorme ¢ 5-10
BCTPOSHHBIMH  JaTYHKaMM, JaTHHK
BIAKHOCTH C JManaioHoM HIMEpeHHd
0 = 100%; #aarumK OCBELICHHOCTH
¢ IHAMAI0HOM HWIMEPeHHA HE VKEe HeM
ot 0 go 180000 ax; narumk pH ¢ nrana-
30HOM WiMepeHHs He yie 4eM oT [ no
|4 pH; martynk TeMOoepaTyphl ¢ HHANA-
30HOM H3MEpPeHHs He Yixe deM ot -20 1o
+140 C; naTuuk TeMriepaTyphl OKpY#Ka-
IOLIEH CpenEl C IHAMAIOHOM H3IMEPeHHA
He yie dem ot -20 go +40 C. Axceccy-
ApEI; 2@PAMHOE YCTPOHCTBO ¢ KaDenem
miniUSB; USB Anantep Bluetooth 4.1
Low Energy. KpaTkoe pykoBoacTeo no

40
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Haumenopaaue painena: "KomnsiotepHos obopylosatne”

MdY  (oprr- THO oficTBa: MHOIMOQYHKIHOHANE- 10T

3KC TauHd UHQPOBOH 1abOpaTo-
pnur.uﬂﬁcbpnm BHIEOKaMepa ¢ MeTan-
aH4YeCKHM IMITATHBOM, PA3pLIICHHE HE
meree 0,3 Mmuke. [TporpamMmuoe obec-
nededue. MerogHueckHe PpPeKOMEHIA-
u me Mepee 30 pabor. Ynakoeka.
E.mmue PYCCEON3BIYHOTO CAHTA Toa-
NepEKH, HATHYHE BHISOPOITHEOR

Tep, ckaHep, Hoe ycrpoiictee (M®Y). [lsetnocts

KOIHP)

Hoythyk

neyart: YepHo-Denan; TEXHONOrMa ne-
yaTH. InexKTporpadHdeckans (nasepHad,
CEETOOHOIHAN ); POpMaT NEYaTH: He Me-
Hee A4, Tun ckaHHpOBAHHA: MPOTHK-
HL/MAAHINETHR; BOIMORHOCTL CHAE-
HHpOBAHHA B (hopmaTax: He MeHee Ad
EE-E:#E nogkmodeHns: LAN, Wi-Fi,

topm-haxTop: HO K pa3MeEp AHaro-
HAnW: He MecHee |5.6 modMOR, paspe-
menne sxpara: Full HD, Quad HITH
Ultra HD; ofmui obsem ycTaHOBIEH-
HOll onepaTHBHOH NMAMATH: HE MEHee
& ['GaiiT; maxcumansHel obnmii moa-
nepaxHBacMbiil o0keM onepaTHBHOH Na-
MATH: He Meree 16 I'Galit, obwem S5D
HAKOMMTENA: HE MEHEE 240 T'Gaiir; Bec-
nposoaras caask: Wi-Fi. Komnuecrso
BCTPOSHHBIX B Kopmyc nopTtos LUSB: ne
MeHee 2, H3I KOTOpPBIX He MeHee
1 pomxHo ObiTE LISB BEpCHH HE HHXE
3.0. Pazpemenne B36-kamepsl, Mnuk-
Cl.'."..l'a:-: He menee ().3; Berpoentsii MHHE
odoH, KTABHATYpa C© PacKIagko

> MADKH m]:_luﬁ knasam QWERTY/
gLLI?EE . Tlopnep#ka cTaHJApTOR
BecnpopoaHoi ceasH: 802,114/ bfﬂn.-’ac:
MPOH3B0IHTENIEHOCTE NPOLECCo

{3uagenne mokazarens "CPU Mark” no
Te:;‘fry "Laptop & Portable CPU
Perfomance”  hup//www.cpubenchm
ark.net/laptop.html): ne wmenee 3000
eOMHMIL,  HANHYHE  MaHHMYAATOpa
MEIIIE B KOMIUIEKTE: Oa. YCTAHOR/ISH-
Haf OMEpPaHOHHAN CHCTEMA C rpadude-
CKHM MONBIOBATENBCKHM HHTEp(eH-
COM, CBEJEHHH O KOTOPOM BKTHOHEHLI
B eJMHEI peecTp pOCCHHCKHX mnpo-
rpaMM U8 INEKTPOHHEIX BhIYMHCTH-
TENLHEIX MAIMIHH H 0a3 JaHHBIX, VCTa-
HOBIEHHEIH naker oOQHCHOIO Mpo-
rpaMMHOTO oDecreqeHHs, COBMECTH-
MOTO ¢ YCTaHOB/IEHHOH onepauHOHHOH
CHCTEMOI, CEEIeHHs O KOTOPOM BK/IO-
yeHsl B CAHHEIH peecTp POCCHHCKHX

10

S0
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NpOrpasMyM A JIEKTPOHHLI BRIMHCTH-
TenbHBX MammH 1 6a3 JaHHBX
1.3. Hanmenosanue pazgena: "JononuuTenkHoe obopylosadne”
131 430BaATeNE- OOpasoBaTENLHEI Habop AoKeH OMTE WIT 10

HEIH Habop nns
HIYVYeHHS MHO-

rOKOMIOHEHT-
Heix  poboTo-
TEXHHYECKHX
CHCTEM W Ma-
HHITYIRHOH=

HEIX poDOTOB

npedHasHadeH ans HI3YYeHHA poboTo-
TEXHHYECKHX TEXHONIOIWH, OCHOB HH-
pOpMALHOHHEIX TEXHOIOTHH H TEXHO-
NOTHH NPOMBINUIEHHOH aBTOMATH3A-
UHH, a TAKKe TEXHOMOIHA NPOTOTHITH-
Eonmum H ANAHTHBHOIO MPOHIBOACTRA,
cocTap Habopa JOIAHBL BXOOHTH
KOMIUIEKTYVIOmHME M yeTpokcTsa, ofina-
JAKIIHE KO VETHBHOH, anmnapaTHoH
H TIPOrpaMMHOH COBMECTHMOCTLIO APYT
¢ apyrom. 1) KoMmaekr KOHCTPYKTHB-
HbIX ANMEMEHTOB H3 METAJLTA H NIACTHKA
ans cOoOpkH Mogenedl MasHHOyIAITHOH-
HBIX poGFc'non ¢ yraosoi KWAEMATHKOM,
MACCKONMAPANIENEHOH  KHHEMaTHKOH,
Delta-kunemariroi,. 2) Hurtemanekty-
ANBHEIH CEpBOMOIYNE C HHTETPHPOBAH-
HOM CHCTEMOil YNpaBIEHHA — HE MeHee
7 wr. CepeoMoiyib J0T#eH 00NA0aTh
WHTEIPHPOBAHHOH CHCTEMOH yIpaene-
Hug, obecneusBaroued PETHYH
CBA3E HIM KOHTPOIE MAPaMETPOE — Mo~
NO#EHHE BaNA, CKOPOCTE BpallleHHA,
HATPY3Ka TPHBOJA, a Takke oDecnedyH-
BAKOIIEH BOIMOKHOCTR NOCIEI0BATENh-
HOMO MNOOKIIOYEHHA APYT € JpYyrom
H YOPABIeHHA CEPBOMOAYIAMH 0 Mo-
CNEN0BATENBHOMY NONYIYTUIEKCHOMY
acHHXpoHHOMY HHTEpdeiicy. 3) Pobo-
TOTEXHHYECK KOHTpOJUIER, mped-
CTRBIAIIHIA cobo MOIVIEHOE
yerpoficTeo, BRIIOHAKOMe: B ceby of-
HOILTATHRIH MHKPOKOMTIBIOTED A BbI-
MONHEHHA CIOKHBIX BEYHCTHTENBHBIX
onepaumii, nepH@epHHHLIH KOHTPOI-
nep  JANA  YMPaBNeHHA  BHEUTHWMH
YCTPOHCTEBAMH W MIATY paclllHpeHHA
ana MOLKI0YEHHA BHELIHHX
yerpolicte. Moaynn poboroTexHnye-
CKOTO KOHTpONJEpa JCIKHE obnagars
OAHOBPEMEHHON KOHCTPYKTHBHOH, an-
NapaTHOH M MpOrpaMMHOA _COBMECTH-
MOCTBIO OpYT ¢ apyrom. PoboToTexHH-
YecKHiHl KOHTpO/AIep [O/&eH YIOBIe-
TEOPATE TEXHHHECKHM XapaKTepHCTH-
KaM! KOI-BO A1Ep BCTPOSHHOTO M
KOMNLIOTEPA — HE MeHee 4, TAKTOBaf

yacToTa Aapa — He medee 1.2 [T,
obwem O3Y - ne menee 512 MO, Hanu-
YHE HH ficos — SPI, [2C, 1-wire
TTL, UART, PWM, umﬁ_:-pnme - He

meHee |6 wT, 1 AHATOTOBEIE MOPTE — HE
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MEHEE B ﬂni‘i ANA ﬁnnmmqeu#n RHEL-
HHX OHCTE, BCTPOCHHEIA MHKPO-
thoH, icggme WiFi anu Bluetooth ana
KOMMYHHKALHH CO BHELIHHMM YCTPOii-
cTeami. PoBoToTexHnueckuii KOHTpO-
Jep ponaeH O0ECrEUMBATE BOIMON-
HOCTH NPOrPAMMHPOBAHHA C NOMOILIEIO
cpencte s3ekos C/C++, Python # cBo-
OHO ACTpOCTPAHAEMONH  Ccpelbl
Arduino IDE, a Tak&e yNpaRIcHHA MO-
AeIAMH TEXHHUYECKHX CHCTEM
¢ noMomsio cpenst ROS, 4) Tporpam-
MHpYeMEI KDHTpOMIEp — HE MEHee
| wt. MporpaMMHpyeMBIH KOHTPOILIEP
AOTAEH NPeIcTARISTE cobol BRIYHCTH-
TeAbHBIH MOIYIE, 0DMaJANOIIAM M-
pPOBRIMA TOpPTaMH — He Menee & WIT.
H aHANOIOBBIMH TIOPTAMH — HE MEHee
16 mr., HuTepdedicamy UART, 12C,
SPI, TTL, a tamke momaynem Becrnpo-
pomHoH caasn THNa Bluetooth wm Wik
anA  CO3NAHHA  ANNapaTHO-NMporpaMm-
HBIX pelleHHd W "yMHBIX/CMapT'
— YCTPOHCTB A ﬂla?aﬁnﬁ:ﬂ peleHHi
HrepHeT sewei”. 5) IInata pacumpe-
HHA TPOTPAMMHPYEMOT0 KOHTpPONEpa
— e Menee 1 mr. [lnata pacluspenua
gomxHa ofecrnedrBaTh BOIMOKHOCTH
MOAKIHYMEHHT YHHBEPCAThHOTD BRITHC-
NHTENBHOTO MOAYJAA K CETH Mocpen-
creoM HHTepheica Ethemet. [lnara
pacHiMpeHna foxHA obnanate nop-
TaMH BROJA — BRIBOJA [JIA MOAKMHOME-
HHA  UMGBPOBRIX M AHANOTOBBIX
c-g;u:ﬁc‘rn — He Menee 40 WT., HHTEP-
¢ SPI H BOIMOKHOCTEIO NOJKIHYE-
HHMA BHEIUHEH KapThl namatd. 6) Mo-
JIYIE TEXHHYECKOTO 3PEHHA, NpeacTas-
amomAid coboii yetpoiicreo Ha Oaze
BEIYHCTHTENEHOTO MHKPOKOHTPOJLIEDa
W HHTCIPHPOBAHHOH Kamepsl, obecrne-
YHBAIOIIEE Ppacmo3HaBaHMe [pocTei-
wHx M3odpaxeHHid Ha Moayne 3a CHeT
HHBIX BBIYHCIHTENBHBIX BO3-
MomHocTel — He Medee | wrr. Moayae
TEXHHYECKOTD IPEHHA A0mKeH obecne-
YUHEATH BOIMOMHOCTE KOMMYHHKAIIHH
C aHANOrHYHEIMH MOIVIAMH [OCPEN-
CTBOM LUMHE Ha Daie NoCHeaoBaTE/lh-
Horo uHTepdeiica c ueNs0 HANBHCH-
el nepeIats peryNsTaToOB HIMEepeHHI
rPYNIb] MOLYIEH HA YIPABNAOIICE Bhi-
UHCAMTENBHOE VCTPORCTBO, MOMKTO-
yeHHOE K JAHHON mmuHe. MOAyls Tex-
HHYECKOID 3PEHHA J0m#eH oDecrneqH-
BATE  BOIMODKHOCTE  OCYIIECTRIATH
HACTPOHKY MOIYNS TEXHHYECKOTD 3pe-
HHA — HACTPOHKY 3KCNO3HIIMK, DanaHca
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Denoro, UBETOPAIHOCTHLIX COCTARIAI-
HX, NAOMaan oOHapykHBaemol ob-
NACTH H30DpameHHA, OKPYTIOCTH obHa-
py#HBAEMOR 061aCTH H300pakeHHs,
noJokeHHe obHapyxHBaeMelx oOna-
cTeil OTHOCHTENBHO Opyr apyra. Mo-
Th TeXHHYSCKOrD 3IPEHHA O0KeH
NeuHBaTh BOIMOWHOCTh
HacTpOHKH Ha OTHOBpEMEHHOE ODHApY-
weHHe He Medee |0 pammMuHBIX OIOH-
HOUHEIX ODBEKTOB B cextope ob3opa,
mibo He MeHee 5 COCTABHEIX DOBEKTOB,
COCTOAIHX M3 He MeHee 3 paiIndHBIX
audeckux npuMHTHBOB. Momyis
TEXHHYECKOrD 3peHns N0/iKeH obna-
OaTh BC HHEIMH HHTEDHEACAMH —
USB. Uiaﬁ. T. ]-Wiﬂ: TTl[ﬂq- -Eq- EFI. mm
KOMMYHHKALMH CO BHELIHHMH NOIKTIO-
yaeMbIMK ycTpodcTeami. 7) B coctas
nafopa OOMEHE BXOIHTE UM(POBLIE
HHQOPMALHOHHO-CEHCOPHEE  MOIYIIH,
npeAcTaEnonme coboH yCTpoHCTREA
Ha Base NporpaMMHpYeMOro KOHTpOI-
nepa H HIMEPHTENBHOTO HEMEHTA.
Linhpono#i Moayns DOTHKEH Th
BCTPOEHHEIM :.mxpm:nm]:-:mnﬂ:uu
(TakTOoBan YacToTa — He MeHee 16 M,
(IIWHA TanHEX — He Menee & KOaiT). ue-
TepdedcamMn NS NOAKIYEHHSA
K BHEUIHHM YCTpOHCTBAM: UHOPOBLIE
H aHanorossle moprel, l-wire TTL,
pazbeM THma RJ. tpoBoi MOTYIB
Hon#eH oDecnedHBaTh BOAMOMHOCTE
KOMMYHHKAIHH € SHAJOTHYHRIMH MO-
AyASMH TOCPEACTBOM WiHHB Ha Baze
nocnenoBaTeIRHOTO HATEpheHca ¢ e-
B0 JanbHeHled nepega4ymn pe3yiibla-
TOR H3IMepeHHH rpynnel moaylied Ha
YIpaBNAIoIee BHIYHCITHTENEHOE
YCTPOHCTRO, NOAKTHYEHHOS K JaHHOH
wiHe. B coctag Habopa OOMKHO BXO-
AuTh: UAGPoROH MOIYIL TakToBOH
KHOTIKM — HE MeHee 3 WT., mmbpposoi
MOIyb CBETOAHOA — HE MeHee 3 WiT.,
R POBOH MOAYAE KOHIEBOTOD Mpephl-
BaTeENd — He MeHee 3 mT., undpobol
MOOYJb AaTYHES LBETa — He MeHee |
mT.. mudposoil Mogyas RGB ceetoau-
oga — He meHee | wr. 8) B cocras
Habopa AOMKHB BXOJAHTE 3/EMEHTH
Ans cHOPEH BAKYYMHOTD 3aXBaTa: BAKy-
yMHafA NpHCOCKE — He MeHee | wm.,
INEKTPOMATHHTHEIA KNalaH — HE MEHee
| wT., BAKYYMHBIA HAacoC — He MeHee
| mt. 9) B cocTas Habopa OOMKEH BXO-
OATE yueOHbIE KOMNIEKT. BEIOMAK-
mwit B cebs yuebHoe nocobue. Habop
OubnHOTEK  TpeXMepHBIX IEMEHTOB
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AN NpPOTOTHIMPOBAHHA MOJeleH Ma-
HHITYIRLUMOHHRX pofioTos, a Takwe
rpaMMHOe obDecrnedeHHe AN8 pa-
GoTel ¢ Hadbopom. [IporpamuHoe obec-
neyeHHe AOKHO oDecrnedHBaThH Tpex-
MEPHYI0 BHIYATHIALHIO MOISAH MaHH-
MyASUHOHHOTD 18 (C vyrnoBoil,
MUIOCKONAPANNeNsHOH H _NenbTa-KHHE-
MATHKOIT) B mpoLecce padg'ru obecrie-
4HBATEH MOCTPOSHHE NPOCTPaHCTBEHHOH
TPREKTOPHH IBHAKEHHA HCMOMHHTENB-
HOIO MEXAHH3IMA MaHHMYIALMHOHHOTC
, BOIMOMHOCTE 3aaHHA noche-
NOBATENRHOCTH TOYEK A MPOXOMIE-
HHA Yepe3 HHX HCMOMHHTEbHOTD MeXa-
HAIMA  MAHMMYJIRUMOHHOTO  pPOBOTA.
[porpaMmioe  obecledeHHes JOIKHO
dVHKIHOHHPOBATh, KAK B OTICALHOCTH
B BHJAE CPeEl MOISTHPOBAHHA, TAK H B
peEHME MOHHTOPHHIE B PEATRHOM Bpe-
MEHH MPH NOAKIOYEHHH MOJETH MAHH-
NYAATOPA MNOCPEICTBOM TEXHH-=-
UECKOIo KOHTPOILIEpa. D&IFPEMMHM
obecrnedenne OOMEKHO CeYHBaTh
BOIMOKHOCTE [OCTPOEHHA PadHKoOB,
IaaHHBIX B TERYIIHX 0000 IeHHEN KO-
OpIMHAT MaHWMYIALHOHHOTO poboTa,
0B IHAYECHHHA CROpPOCTEH H YCKO-
peHHs, rpadEKoB pacueTHLIX 3HAYEHH
Harpy3kH, 1Iporpammuce obecneyenue
AOGKHO MO3BONATE 33JABATE MOCNER0-
BATENLHOCTE [EPEIBHREHHA MaHHITY-
nATOpa nocpedcTeoM Habopa KOMaHA
B Onoyso-rpadmueckom uHTephedce.
Yyebroe nocobHe JOMKHO CONEPKATH
MaTepHaNsl 110 pg?ﬁﬁﬂTKE TpEXMep-
HEIX Mojencd MoGHIRHEIX poboToR,
MaHAMYNALUHOHHEIX pOGOTOR ¢ pazind-
HEIMH THNaMH EHHEMATHKM (Vriosas
KHHEMATHKA,  [UIOCKO-MapaiielbHas
KHHEMAaTHKL, HenbTa-KHHeMATHEA,
SCARA HIH phiMamHad KHHEMATHE],
naaripopma CTIOAPTA W T.0L), HHCTPYE-
MM 110 NPOEKTHPOBAHHIO pObOTOR, HH-
CTPYKLHH ¥ METOIMKH OCYILeCTBIEHHA
HHKEHEPHBIX PACYETOB [IPH MPOSKTH-
POBAHWH (pAcYeThl HAIrPYIKH H MOMEH-
TOB, PACYET MOIIHOCTH [IPHBOAOR, pac-
ueT NapaMeTpoB KMHEMATHKH H T.71.),
MHCTPYKIIHH 1o paspaboTKe CHCTeM
yIpaBleHHd H TIPOrpaMMHOIo odecne-
YeHHN [UIA VOpaBneHHs poboTamMu, HH-
CTPYKLHH H METOIMKH Mo paspaboTke
CHCTEM YTIPABIEHHA ¢ MIEMEHTAMM HC-
KYCCTBEHHOIO MHTENIeKTA H MAlTHH-
HOro ObYYeHHs

1.3.2. Yermpexoce-  y4eOHBIH poDOT-MaHHIYIATOD NPeNHa- [T 10
BOM  vueOHBIA 3HAYEH 014 OCBOCHHA O0YHaIOIMMHCHA
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- MaHH- OCHOB TeXHHKH, And noaro-

My/JIATOp € Mo-
OVIEHBIMHA
CMEHHEIMH
HACATKAMH

TOBKH O0GYYaMIIHXCH K BHEIPCHHID
M MoCHeIyIIeMy HCIOIEIOBAHNID po-
BOTOB B NPOMEIIIEHHOM MPOH3IBOMI-
ctee. KonuuecTo oceii poboTa MaHH-
nynsTopa — HeTeipe. [lepememenne -
CTPYMEHTA B NMPOCTPAHCTBE MO TpeM
OCAM JIOTKHO YIPABIATECA WANOBBIMH
neHratensMd. Hanpawednwe OHTAHHA
marossix asdratencgii me Honee 12 B.
Ewmc%ﬂmm YeTBEpPTOA OCH J0J-
WWeH NeYHBaTh NOBOPOT HHCTPY-
MeHTa. Yron nosopoTa MaHHIYJIATOPE
HA OCHOBEHHMH BOKPYT BEPTHKANLHOH
ocH ne menee 180 rpagycos. /ina onpe-
OeneHHd MNOoA0KeHHA MAHHIIYISTOPRA
npH MOBOPOTE BOKPYD BEPTHEANLHOH
OCH JOIACH HCMOMBIOBATRCA IHKOOED.
Yro/ mMoBOPOTA 3AMHEro [1eYs MaHHTY-
naTopa He meHee 90 rpamycos. Yron
MOBOPOTA NEepelHero niedd MaHHTy -
Topa He Menee 100 rpamycos. us
ONpedeneHMs  [OJOKEHHA  3A0HETO
H MepeIHero ey MaHHnyIsTopa noi-
#WeH HCNONBIOBATECA THPOCKOMN. Yron
MOBOPOTA TIO METBEPTON OCH HE MeHee
180 rpagycos. JdomkHa OBITE BOIMOM-
HOCTh OCHAIIEHWR CMEeHHBIMH Hacan-
KaMH (HanpHMep, ACPHKATENh KapaH-
Aama wWoH  QuiomMacrepa. NPHCOCKA
¢ CepBOABHIATENEM, MEXAHHYECKDE 3a-
XBAaTHOE YCTPOWCTBO C CepBOJBHraTe-
feM, YCTPOHCTBO 14 IA3ePHOA rpasu-
poBkH Hnu ycrpoHcreo nns 3D-ne-
yaTH), MuHAMATEHAT KOMMJEKTAlHA
CMEHHBIMH HACAOKAMM: MHEBMATHYE-
CEMH 3axsar (MPHCOCKA), MEeXaHHHEe-
CKWH 3axBaT. HACAOKA Nep#aTeNns A
KapaHaama/ Maprepa/pyuks,  Hacalka
MepexOHHK [T KPeTIeHMs COBMECTH-
MBIX KOHCTPYKTHBHBIX AeTaned H KOH-
CTPYKUHI, HAcamka jajepHOH rpaBH-
Eumm, Hacaaxa 3D-peuaty (InNA pa-
orkl ¢ fracTHkoM PLA ¢ nHaMeTpoM
HATH 1,75 MM). Jomxen ORITE OCHALIEH
CepBOMPHBOIOM 18 MTHEBMATHYECKOTD
M MEXaHHYeCKOoro 3axXBaToB, obecneyn-
BaIOIIHM BPAIIEHHE 3axBayeHHOro o0s-
eKTa BO BPeMSA NepeMenieHns, NosopoT
mepeMelaeMoro o0BeKTa BOKPYT Bep-
TakansHoil ocm. Jlns obecneveHHA
(hYHKUHOHHPOBAHHA NMHEBMATHHECKOTO
MNBATA JoONKeH OBITh OCHALICH BCTPO-
eHHO B KOpPOYC MAHHMYIATOpa IIOM-
no. Jomrssa OBITE BOIMOKHOCTE MO~
KM EHHA IONONHHTENTBHBX

YCTPOHCTE (HanpHMep. TPaHCTOpPTEPa,
penLCca N8 NepeMelleHHs poboTa,
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S, o

Ubpasosarens-
HeH Habop no
MEXAHHEE, Me-
XATPOHHKE

H pobororex-

HHES

MYIBTA YIPABIEHHA THIOA MOHCTHE,
KaMEpBl MAMIMHHOTO 3IPEHHA, ONTHYE-
CHOTO JaT4HEE, M:.';%)’JIH becnpoBon-
HOTO ﬂm&i}. PoboT-manumynarop
AOTHEH EYHBATE NepeMellIeHne
HAcaAKkM B MPOCTPAHCTRE, AKTHBALIMIO
HACAAKH, BOIMOKHOCTE NOTYHCHHRA
CHTHATOB OT KaMephl M JaTYHKOB, BO3-
MOWHOCTE YTIPABIEHHA JOMOIHHTETE-
HBIMH YcTpoHcTRamH. MartepHan xop-
nyca — amoMmunnii. [deaverp paboueil
30HBI (D3 yueTa HABECHOID WHCTPY-
MEeHTA H YeTBEpPTOH OCH) He MeHee
330 wmm. Hatepheiic nogxmoyeHHA
— USB. lomxen MMETE BOIMOWHOCTE
ABTOHOMHOH HOTEL M  BHEWHEro
ypaBieH s, ﬂﬁ BHEIIHETD YTIpaBie-
HHA JomkeH OwTE NpeIycMOTpeH
gj{ﬂﬂ, noakmoYaeMuii k pobory mo
uetooth, Ynpasamowmi KoHTpOAn

AOMKEH OBITE COBMECTHM €O Cpejo
Arduino. Ynpasnsoummi KOHTpOINEP
COBMECTHM CO CPe/Iof MporpaMMHpOBa-
HuA Scratch B A3RKOM NPOTPaMMHPOBS-
uua C. Jlomgen obecneduBath NOBOPOT
[0 NEPBLIM TPEM OCAM B 38JaHHLIA YTon
H Ha 3afaHHB Yo, NoBopoT No Yer-
BEPTOH OCH Ha 3AJaHHLIH yroga, ABHme-
HHE B KoOpAHHATHL X, Y, £, nepemerie-
HHE Ha Ia0aHHO2 DACCTOAHHE O IEEHJP-
muHataMm X, Y, 7. nepenauy JaHHEIX
0 TeKyIIeM MONOMEHHH YITIOB, nepe-
Iaqy JaHHBIX O TEKYIUHX KOODIHHATAX
HHCTpyMeHTa. [lomkeH moanep#weats
NepeMEIICHEE B JEeKapTOBRIX KOOpIH-
HATAX ¥ YI7Iax NOBOPOTA OCei, ¢ 3%51311—
HOH CKOPOCTEIO H YCKOpeHHeM. THNE
nepeMeileHdil B IeKapTOBBIX KOOpIM-
HATaX: JBHKEHHE 110 TPAEKTOPHH, 1BH-
WEHHE MO MPAMOH MENKIY ABYMA TOY-
KAMH, TMEpPENpLITHBAHHE W3 TOYKH
H To4ky (nmepeHoc obbexta). Kopmye
NoI#eH ObITE B 3aNIHILEHHOM HCIOMHE-
HHE {Kk1acca He Huxe [P20)

Habop nomkeH ORITEL NpeIHAIHAYEH 118
npoeeieHHA y9eOHBIX 3aHATHI Mo W3-
YEHHI) OCHOB MEXATPOHHKH H poboTo-
TEXHHKH, NMPaKTHYECKOro NMpAMEHEHHSA
Da30BRIX  WIEMEHTOB  WIEKTPOHHKH
M CXEMOTEXHHKH, 8 Tak#e Hanbonee
PacpocTPaHEHHOM MeMEHTHOH Da3ml
H OCHOBHBIX TEXHHYECKHX PpPEIUSHHH,
NPHMEHAEMBIX TIPH MPOESKTHPOBAHHH
H NPOTOTHNHPOBAHHH Pa3NHYHEIX HH-
HEHEPHEIX, KHOEPHETHHECKHN H BCTpa-
HBaeMbix cHeteM. B coctae w

JOGEHBE BXOOHTE EKOMNOIEKTYIOIIHE

mT
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H YCTpOHCTBa, ODJIAfaIIHE KORCTPYK-
THEHOIH, anemg:me:unﬁ, annapaTHo#H
H MpOrpaMMHON COBMECTHMOCTRIO JIpyT
¢ apyroM. B cocras nHabopa nomses
BXOMHTD KOMMAEKT KOHCTPYKTHBHEIX
WIEMEHTOR H3 METANNA 118 COOPKM Ma-
KETA  MaHHMyTANHOHHOTO  pobota
W KOMILIEKT METATIHYECKHX KOHCTPYK-
THBHBIX JEMEHTOR 1A cOopkH MakeTa
MobunsHoro pofota. B coctas nabopa
AOAHE BXONHTE [PHBOOA PAIIHYHOTG
THIIA: MOTOPSI ¢ HHTEIPHUPOBIHHEIM HIH
BHEITHHM [aTUHKOM MONOMEHHS — He
MeHee I mT., CepBONPHMEON GONBINOH
— He MEHeE 4 WIT., CEpBONPHBOA MALIH
— He MeHee 2 [T., NPHBOJ ¢ BOIMOMKHO-
CTBID YNPARIEHHA B IArOBOM pPeXHME
— He MeHee 2 wr. B cocras w
JOMAKHR  BXOIMTE 20EMEeHTH /I8
cOOPKH BaKyyMHOro 3axpara: Bakyym-
Had MpPHCOCKA — He MEeHee | wT,, amek-
TPOMATHHTHRIA EKnanmaH — He MeHee
| WT., pAaKY¥YMHBIA HAacoC — HEe McHee
| wt. B cocras wabopa momksa BXo-
AHTE JTEMEHTHAs Dala UIA NPOTOTHITH-
POBaHMS: naata a4 GecnaeyHoTo Npo-
TOTHITHPORAHMA, KOMIUIEKT MPOBOAOE
Pa3iHYHOIO THNA H ANHHEL, KOMIUIEKT
PEIHCTOPOB. KOMIUIEKT CBEeTOIHOJI0E,
CEMHCETMEHTHRIA HHIHKATOP, AHcraed
AK-THNA, KHONKH — He MeHee 5 .,
NOTCHUHOMETPH — He MeHee 3 IIT., HH-
(PpaKpacHEIi JaT4HK — He MeHee 3 .,
;m*rpasaymﬂnﬁ JaTYHK — HE MeHee
LUT., JATYHK TEMIIEPATYPR — HE MEHee
| WT., JaTYHK OCBEMICHHOCTH — HE Me-
Hee | wr., moayae Bluetooth - re me-
nee | wr., monyas HK-npuemunxa — ve
smenee | wr., mogyns HK-nepenatunka
B BHAE KHOMNOYHOTO MYNLTa YIIpasie-
HHA — | [OT., SKKYMYJIATOD — He MeHee
1 [T, 3apAgHOE YCTPOHCTBO — He MeHee
| wr. B cocras wabopa nomsen Bxo-
AUTE MYNBTHIATYHE U1 HIMEpPeHHS
TEMMEPATYPRI H BIAKHOCTH OKPYKAK0-
el cpelbl — He Meree | wr. MyasTa-
AATHHE JOJkeH 00nagaTh BCTPOEHHLIM
MHEPOKOHTpOIEpOM  (TAKTORaN 4a-
cToTa — He MeHee |6 MI'u, mwra nan-
HeIX — He MeHee § KGaiit), uHTepdei-
CAMH [INA NOAKMOYEHHS K BHEUIHHM
YCTPOHCTBAM. UM(POBEIE W aHanoro-
Bhie mopTel, |-wire TTL, passem Tuna
RJ. B cocras nabopa nomaeH BXoIHTs
KOMIUIEKT YHHBEPCATBHEIX BRIYHCIH-
TEABHEIX MOAYISH, NPeICcTABNANIONUNK
BasoByIO MIATY, NIaTy paciiHpe-
HHA /I8 CETEBOI0 BIaNMOIcHCTEMSA
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H IUIATY NOJKHOMEHHA  CHIOBOR
HAIPY3iKH. Bxogsmwe B wxoMmmnekr
VCTPOHCTBA No/KHE! ofnanate oIHo-
BPEMEHHOH KOHCTPYKTHBHOI, 31eKTpH-
YECKON, annapartHol W NporpaMuHEoli
COBMECTHMOCTBED APYT ¢ ApyroM. bazo-
Baf MIATA YHHBEPCANBHOND BEIYHCIM-
TENLHOIO MOAYNA NONKHA NpPEeAcTAH-
aaTe coboll nporpaMMHpyemeiil KoH-
Tponaep B cpene Arduino IDE anu ama-
AOrMYHEIY  ¢BOBOIHO Ggmpncmamc—
MBIX cCpegax basopas
MaTa J0MKHEA OONANaTE BCTPOCHHEIMHE
HHTEpQEHCaMH 8 NOAKTOYCHHS
UAQPOREIX W AHATOTOBBIX YCTPOHCTS,
BC HHEIMH untepdedicamu  USB,
UART, 12C, S8PI, " l-wire TTL,
Bluetooth, WiFi. Tlnara pacumpenus
AOKHA ODeCneuHBaT: BOIMOKHOCTE
MOOKTIOMEHHA YHHBEPCATEHOTO BLIYHC-
JIHTENBHOTO MOAYAA K CETH MOCped-
creoM  uHTepdeHca Ethermnet. [Tnata
pPacliHpeHua Jon#Ha obnajate nop-
TiMH BBOJa-BEIBOIA [UTA NOIKTIOHCHMA
UHPOBEIX H SHANOTOBRIX YCTPOHCTSE,
uuTepdedic SP1 ¥ BoOaMONKHOCTRIO MOJ-
KIHYEHHS BHEIIHCH KapThi MaMATH.
[Mnara %ﬂtlﬂﬂpﬂHﬁ:ﬁl LA NOOKIHYEHHA
CHIIOBOH HArpy3iKW JOM&Ha obDecneun-
BaTh BOIMOKHOCTE NPAMOTO MOOKMIO-
YEHHS BHEWHER CHIOBOH HarpyskH,
4 TaKke peryaupyemMod H KH To-
CpeacTBOM HHTepthefica. B co-
CTAR Hahopa 10/xeH BXOAHTE NPOTPaM-
MHPYeMEIH KOHTponnep, obecneanpaio-
UIHH BOIMOKHOCTE OCYILECTBIAATE pas-

PabOTEY NPOrpaMMHOIO KOI2, HCNOTE-
‘:Em HHC EHEHTH?PHH cpea d)&:-:p&ﬁmn
rduino IDE u Mongoose OS o a3bikos
rpaMmuposanis C\C++, JavaScript,
POTPEMMHPYEMBIH KOHTpOULIEp Aon-
weH 001a1aTh MOPTaMH AN% MOIKIHoYe-
HHS  UHpPOBRIX W EHATOIOBBIX
YCTPOHCTB, BCTPOSHHEIMM TPOTPAMMH-
PYEMBIMH KHOIKaMH H JeKTPOMEXAHH-
YECKHMH MOIYIAMH IUIN OpTaHHIalny
CHCTEMBI PYYHOTO YIPARNeHHA, BCTPO-
C€HHBIMH [pOrpaMMHPYEMBIMH CBETO-
AHONAME 118 HHAHKALHA pabodero pe-
AHMa, HHBIMH _MHTEpQeiicamn
USB, USART, I2C, SPI, |-wire TTL,
ISP, Ethernet, Bluetooth, WiFi. B co-
CTap Habopa MOMKEH BXOJHTH MOLYIIh
TEXHHYCCKOI'0 3DEHHA, NpeIcTaBINiD-
i COBOH BEMHCIHTENLHOE YCTPOH-
CTBO CO BCTPOEHHBEIM MHKPONPOLIECCo-
POM (K071-BO RIEp — He MeHee 4 [T, ya-
CTOTA Aapa He Menee |,2 [Tu, obbem
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LI3Y — ne menee 512 MG, obnem
EHHOH MaMATH — He MeHee 8T6), uHTe-
TPHpoBaHHOH KaMepoi (MakCHMAaTEHOE
IMEHHEe BHICONOTOKA, Nepelanae-
ETE no mi're;tf:leﬁc}r USB — e menee
2592x1944 en.) u onTHYeckol cHeoTe-
MoH. Monyas TexHHYeckoro speHus
AOMTAEH o0nagaTh COBMECTHMOCTEIO
C PayIHYHEIMH NPOrPAMMHPYEMBIMH

KOHTPO/UIEPAMH € TTOMOLIED mrrg:-
elcon— IEw'trE TTL, UART, I2C, SPI.
“thernet. Moayas TexHudeckoro 3pe-
HHA OomweH obecnevMBaTh BhINOTHE-
HHE BCEX MIMEPEHHH M BEIYHCIEHME
MOCPENCTBOM COODCTREHHEIX BRIYHCTH-
TENBHLIX BOIMOMKHOCTEH BCTPOEHHOTD
MHKponpoueccopa. Monyne Texauve-
CKOI'D 3peHHA JonmeH obNagzaTe BO3-
MOAHOCTEIO KOMMYHHKAUHH ¢ SHAN0-
THYHEIMH _ MOTYAAMH  [OCPEICcTBOM
IHHE 1A a3e [0CNeI0RaTENbHOTD HH-
Tepdeiica ¢ uennio paneredmed nepe-
Ja4i Pe3yNETATOR HIMEPEHHA TPYIINLI
MOIYIeHd Ha YNpasIsiOIUee BhIMHCTH-
TENbHOE YCTPOHCTBO, NOAKMIOYEHHDES
K DaHHOH WHuHe. Mooyne Texandeckoro
JpeHHs  gomkeHn  oDecneyHBaTh
HACTPOHKH PERHMOB paboTh
— HACTPOHKY 3KCho3nmiK, Bananca Be-
0T, UBETOPAIHOCTHEIX COCTABISHO-
WHX, MAOWATH obHapy#HBaeMoi ob-
NacTH W300paKeHHA, OKPYTIOCTH 0bHa-
PYAHBacMOR 00NacTH  MioOpamenus,
MOMOMEHHE ODHAPYAWRAEMEIX o06na-
CTell OTHOCHTENBHO OPYr Apyra, Ma-
WHHHOE — oby4eHHe  nmapaMerpos
HEHPOHHBIX ceTel IUIA obHapymeHus
KTOB, OPMY H 3aKOJHPOBAHHBIE
IHAYEHHA ODHADYAHBAEMALIX MAPKEPOR
THNa Aruco. paiMmepsl ofHapy®uBae-
MBIX OKPYKHOCTEeH, KBAaIpaToB H Tpe-
YroNLHUKOR, NAPAMETPOB KOHTPACTHO-
CTH, PAIMEPOR, KPHBHIHBI H [ON0HEHAA
pacnossasaeMelX aunmi. Habop mon-
HeH oDecredHMBATE BOIMOKHOCTE pai-
KH MOJETH MODHIBHOTO

ynpasngemod B FPV-peamive nocpen-
CTBOM MpPOTPAMMHONG  obecneyeHns
AUIH NEPCOHATBHOND KOMIBHOTEPA H MO-
OHABHLIX YCTpOHCTB Ha Gaze OC
Android win [0S, ofecneunparomero
BOIMOMKHOCTE YIpanieHHs MODHITEHEIM
poBOTOM H BCTPOSHHBIM MAHHTYIATO-
poM nocpeicTeOM TpafHYeckoro uH-
Tepdedica, BKmovaoiuM B cebs HaGop
KHONOK H nepexiouareneh, mwolcTHk,
obiacTe A% oToOpameHHA BHIOEO.
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1.3.4.

OfpazopaTelnh-
HEIH KOHCTPYE-
TOp AAA Npak-
THEH DI09HOTO
NpoTpaMMHEpo-
BAHHA ¢ KOM-
IASKTOM  Jat-
YHKOB

Habop non#en ofecneqiBaT BOIMOX-
HOCTE HIYYEHHA OCHOB paspaboTim
NpOrpaMMHBIX B ANNAPAaTHRX KOMITIEK-
COB MHMEHEPHBIX CHCTEM, pPeIUeHHH
B cihepe "HutepHer sewei”, a Taxue
pewieHHA B obnmacTH poBoToTeXHHKH,
HCKYCCTBEHHOI'O MHTE/LTEKTa B MAITHH-
Horo ofiyseHus. B cocras wabopa
JAOMKHO BXOOHTE nocobHe nmo Miyde-
HHI0 OCHOB IEKTPOHHKH W CXEMOTex-
HHKH, pelleHK#A B cepe "Hureprer pe-
weit”, pazpeBoTKH W NPOTOTHIHPORA-
HHIKO wMmoneneii poboror. B cocras
HaGopa JON#HO BXOOMTH MocobHe no
HIYYEeHHK) OCHOB pa3paloTkl cucTeM
TEXHHYECKOTO 3PEHHN H WIEMEHTOR He-
KYCCTBEHHOIO HHTEILIEKTa

poboToTexHryecknii Habop npeaHaIHA-
YEH N8 WIYYCHHR OCHOB poboTtoTex-
HHKH, OeTaNneH, YIN0B H MEXAHHIMOR,
HeoOXOHMBIX /18 CO3aHHS poGoTo-
TeXHHYecKHX ycTpoicTe. Habop npen-
CTARIAET coDOH KOMILIEKT CTRPYETYD-
HEIX 3MEMEHTOB, COEOMHATENRHAIX Jle-
MEHTOB H 3EKTPOTEXHHYECKHX KOMITO-
HeHToB. Habop noisoaseT nposoauTs
JKCIIEPHMENHTEL MO NpeaMeTy (MIHKa,
CO31aBalhk M NPOrpaMMHpOBaTH cobm-
PasMBle MOIETH, H3 KOMIIOHEHTOB, BXO-
AALIHX B €ro coctan, paboyue mogenn
MOOH/IBHBIX M CTALHOHAPHLIX POBOTO-
TEXHHYECKHX YCTPOHCTRE ¢ 8BTOMATHIH-
POBAHHEIM YTIDABNEHHEM, B TOM YHCIE
Hd KOJECHOM M TIYCEHHYHOM XOmdy,
4 TAK#Ee KOHCTPYKUHH, OCHOBAHHELIX Ha
HCMONBIOBAHHH PayTHYHLIX BHAOB Me-
peaay (B TOM YHCNE HEPBAYHRIX W 3y6-
YAThIX ) & TaKKe pryaros. Berpoendnie
GecnpoBoIREIe ceTeBbie pelenus (Wi-
Fi i Bluetooth), sosMokH0CTs HETEDA-
UHH ¢ OGecnnaTHeM obnagnev 110,
0BeCIeYHBAIOT BOIMOKHOCTE [IPAKTH-
HecKoro HEE‘JEHH:FI TEXHOMOTHH HHTEp-
HETA BELUCH W OCHOB MCKYCCTBEHHOID
HHTEeMNekTa. OfecneMusaeTc BOIMOK-
HOCTH 00bEIHHEHHA HECKOTBRHX pobo-
TOB, cobpaHNEIX W3 nogofHEX Habo-
POB, B IPYNNGI ¢ CETEBLIM B3aHMoIeii-
creHeM. llpenycmorpena onmumonans-
Had BOIMOKHOCTE PACLUHPEHHS TONON-
HHTETBHBIMH KOMITOHCHTAMH (HE BXO-
AAUHMHE B CTAHJAPTHYIO0 KOMILTEKTa-
LMK ), NOIBONAKOIIMMHA H3YYATE TEXHH-
JECKOL IPEHHE M IPOMBIILTEHHYIO Po-
Gotorexnuxy. [l CMOTPEHA RO3-
MOFKHOCTE paboTel HADOpa ¢ A0MONHH-
TENEHEIMH  00NaYHBIMH = CEPBHCAMH.

40
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1.3.5. Mukpockon
b poBoH

llpemycMOTpEHBl MHHHMYM JjBa npo-
rPaMMHPYEMBIX KOHTPOIIEpa B Iiia-
CTHKOBBIX KOPNYCAX, MO3IBONRIOLIHNY
CIHOBPEMEHHO CO3JasaTs 2 BapHaHTa
poBOTOR PaINHYMHOTD HAIHAMCHHS, HME-
HHX BOIMOKHOCTE paDOTRI KaK B o-
TOKOBOM PeXHME, TaK H ABTOHOMHO!
NOIBOMARUINK peamH3oBaTh ofydeHue
NMPOrPaMMHPOBAHHE) B HECKOJBKHX
cpenax paspaboTrH Ha PASIMYHBIX H3bi-
Kax (k npHMepy, B cpemax Mblock,
Arduino IDE, Ha simkax Scratch, C,
Python, micro Python). Kak MitHusym
O[IMH W3 KOHTPO/IEPOB HMEET BCTPOEH-
HYI0 ONEpPalHOHHYK) CHCTEMY, BCTPO-
EHHEIS ﬁél H Bluetooth, r};up‘r TE'LII
NOAKMOYEHHA MOCTeNoBATeNLHO CO-
COHHAEMBIX BHEIIHMX YCTpoHcTE (He
mMeHee 20} ogHOBpeMeHHO MomKmMOuae-
MBIX VCTpoiicTr). Kak musmMyM ogun
H3 KOHTPONIEPOB HMEET BOIMOKHOCTE
ONHOBPEMEHHOH 3anHCH HeE MeHee
8 MporpaMM, ¢ BOIMOMKHOCTEI) Mepe-
KMOYeHHA Mekay HaMH, Kak MuarMym
OlHH H3I KOHTPOLIEPOB HMEET NOIHO-
uUBeTHRIH awcrinedi (IPS), nozponso-
WMH BEIBONMTE MAHHLIE ¢ JaTYHKOH
B BHAE TaDIHL ¥ rpahHKkoB, a Takwe co-

3MABATE ar:'?:oeimue B KOHTPOILIEP BH-
neorrpet. Konuvecrso cencopos M He-

MOMHATENILHEX  YCTPOHCTE, BCTPOEH-
HLIX B OJHH H3 KOHTPO/LIEPOE, — HE Me-
Hee 10 mr. OGimee KOTHYECTBO NEMeH-
TOB B Habope He menee 400 wrr., B TOM
HHCIE  NONKMIOYAEMBIE  MOJIYIIH:
— Bluetooth Moaye, — nBoliHoi naTuug
THHHH, — YNETPaIBYKOBOH AaTYHK pac-
CTOAHHA, — JATYHMK LBETA, — NaTIHE Ka-
CAHHA MEeKTPOMEXAHHYSCKHH, — [R Mo-
AY7Th, — MOTOP MOCTOAHHOIO TOKA ¢ pe-
AOYKTOpOM — He MeHee 2 T., — cepio-
NpUBOJ, — IE{J",T THCTAHIHOHHOIO
ynparnenua IK. Habop monmsen Grith
KOMILIEKTOBEH  aKKYMYIHTOPHRIMM
Tapeam#. [lporpammuce obecnege-
HHE. HCMOJIb3YEMOe [TA MPOIPAMMHEPO-
BAHHA CcOOHPaeMBIX poboTOTEexXHHYE-
CKHX MOJENeH H YCTPOHCTB, J0OMKHO
BEITE JocTynmHO 404 GecniaTHOro cia-
4HBAHHA W3 ceTH MHTepreT u nocney-
HMIETD HCHOALIOBAHHA

THI  MHUKpOCKOOA: OHOJOTHYECKHH,
Hacanaka murpockona: MoHOKyaspHas,
Haznayenwe: nabopatophnii. Meton
HCClIeJoBaHHA: ceeTaoe none. Mare-
PHAI ONTHEH: ONTHYECKOE CTEKI0, Y Be-
THYEHHE MHKpOCKOna, kKpar: 64 —
1280. Oxynspei: WF16x. ObnekTHES:

20
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4x. 1Ux, 40xs (nognpvHBEeRnL ), Pe-
BOJbBEPHAN MONOBKA: Ha 3 oOBEKTHRA.
THn noacseTKH: 3epKATO HAM CRETO-
mro. Pacnonowenne nogcreTrn: Bepx-
HAH H HHEHAA. MaTtepian kopnyca: me-
Tann. [lpeaMernsii croamk, mm: 90,
Hetounnk nurasms: 220 B/S0 Iy
Yueno meranuxceneii: |

1.3.6. Llupposas na- ofecneunsaeT NpoBelcHHe yweBHOro T
TOPHA 10 JKOJOIHYECKOr0 MOHHTOPHHTA HHCTPY-
IKONOTHH MEHTANLHLIMH MeTolamu. HaGop npi-
MEHSETCH MpPH HIVUEHHH JKONOTHH,
Guonorum, xumun, reorpadun 1 NpHpo-
ADBEIEHHA, & TAKAC T8 HHIH aTh-
HBIX WCCNEN0BAHMA H NPOeKTHOH Nes-
TENBHOCTH MIKOIBHHKOR, KoMnnexTa-
uua: DecnposoaHOH MYILTHIATHHK 110
IKOMOTHYECKOMY MOHHTOPHHTY
¢ 8 BCTPOSHHBIMH JNSTYHKAMM, JaTIHK
HHTPET-HOHOB; JaT9HK XI0pHI-HOHOB;
datynk pH ¢ guanazoHoM wamepenus
He yie deM of 0 mo 14 pH; marumx
BIAMHOCTH ¢ JHANa3I0HOM H3IMEDEHHSA
0...100%; pmaremk  oceelleHHOCTH
C AWana3oHOM HIMEDEHHA He Yike uem
oT 0 no 180000 nx; matyuk Temnepa-
TYPBI C IHAMA30HOM HIMEPEHHSA He yXe
uem o1 -20 no +140 C; natuuk snexipo-
NPOBOIHMOCTH C THANA30HAMHA HiMepe-
HHA He yie 9eM oT [ mo 200 mrCwm: or
0 no 2000 MxCws; ot 0 go 20000 MECw:
JaTYHE TEMMOEPATYPSLl  OKPY#alomei
Cpefibl ¢ JMANAIOHOM HIMEDEHHS He
y#e 9eM ot -20 mo +50 C. Ornensunie
OaTHHIKH W MYTIBTHOATYHEH: NaTHHK
3EyKa © dyukusedl MHTerpHpoBanus
C JHAMAIOHOM W3IMEPCHHS 4YacToT He
Menee 4eM ot 30 ['n go 8 klu; aamumx
BIQKHOCTH MOYBEI ¢ AHATIAIOHOM HiMe-
PeHHA He Yxe deM ot () go 50%; naTank
OKHCH YTJIEPO/1a C AHANIA30HOM HIMepe-
HHA He yae seM or 0 go 1000 ppm.
MynbTHAATUHK ONTHYECKOH ILNOTHO-
CTH H MYTHOCTH CO BCTPOEHHBIMM [aT-
YHKaMH: DaTYHK ONTHYECKOH MIOTHO-
CTH 470 HM ¢ IHanasoHOM HIMepeHHs
or () go 2 [: gat4mk ontHyeckoii nioT-
HOCTH 525 HM C IHANA30HOM HiMepe-
HHR oT () a0 2 D; marqHk onTHYeckod
MIOTHOCTH 630 AM © AHanazoHOM Hime-
perus ot O go 2 D; pnatamk MyTHOCTH
Erac-mu B C IHANE3I0HOM HIMEDEHHA OT
_fo 2%'% N% AKcece aij kabenn
USB coeauunrensunii (2 m‘r.l:lzglg:ﬂ -
Hot ycrpolficteo ¢ kabenem minil/SB
USB: ananrep Bluetooth 4.1 Low
Energy, crepweHsr ONA saxpenieHus
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JATYUKOE B INTATHBE. KPATKOE PYKO-
BOJCTBO 10 IKCIUTYATaLHH uuggmﬂnﬁ
nabopatopuu. [lporpammuoe obecne-
qeHne. Metognueckie pexomenganum,
He MeHee 20 pabor. Ynakoska. Hanm-
HHE PYCCKOAIBRIMHOIO cadta noa-
JEPHKEH, HATHYHE BHISOPOITHKOR

1.3.7. Ludposas ma- ofecmedusaeT NposefeHHe HCCIE0Ba- LU 10

PHE MO HHA No PYHKLUH BAHHIO YeoBeYye-
;i:»ﬂ:munnmn CKOro oprafisMa. Komnnestauna: Gec-
NPOQHILELIE  NPOBOIHON MYTBTHIATIHE Do dmano-
VPOBEHE) NOTHH C 5 BCTPOSHHBIMH JATYHKAMH
JaTHMK  apTepUATEHOING  JARTeHHS
(0...250 MM pT. CT.); DaTHHK MynsCa C
AHANAIOHOM H3MEDEHHA He YKE YeM 0T
30 no 200 yn/mun.; maT4mk Temmepa-
Bl TENA C AHAMAZ0HOM HIMEPeHHS He
;'.'.;I:L yeM ot +25 mo +40 C; nﬁﬁux ya-

CTOTBI ABINAHHA ¢ JHATAIOHOM HIMe
HHA He yae 4eMm ot O go 100 mHx-
JNOB/MHH.. JaT9HK YCKOPEHHS C NoKaia-
TensMmy =2 g +4 g £¥ o OrnenbHee
yerpodiersa: natank KT ¢ amanazo-
HOM HIMEpeHHs He yixe gem oT — 300 no
+300 MB); naTunk CHIIOMEp ¢ OHanazo-
HOM H3IMEPEeHHs He yie dyem o1 () go 40
H. matumk ocBelleHHOCTH ¢ amanazo-
HOM HIMEpEeHHA He yxe 4eM oT () go
180000 nx. Axceccyapr: kabens USB
COCLHHUTENBHEIH; 3apaHoe g'c'rpuii—
cTBO ¢ kabDenem minil/SB, USH: anan-
Tep Bluetooth 4.1 Low Energy. Kpat-
KOe DYKOBOJACTBO M0 JKCIUIYATALHEA
unpposoil nabopatopun. Tlporpamw-
Hoe obecneyenwe. MeToauueckue pe-
KOMEHOALHH. He MeHee 20 -
Hanwune pycckosasmsoro cajita non-

JEPHKKH. YHE BHACOPOIHKOE

2. Haumenosanue manpasnenns: "Ofopynosanke mis obieofpasosaTens-
HBIX OPraHH3aluyi, ABISI0NIHECHE MATOKOMILIEKTHRIMK"

2:1 Haumenosanmne pasnena; "EcTecTBeHHOHAYYHAS HANPABIEHHOCTS

2.1.1

Lindgpopas na- ofiecneunBaer BrmomHenne IKCHEpH- [T 32
TOPHA NO MEHTOB MO TeMaMm Kypca dninkn. Kom-
Guiuke (yue- nnekrauma: GecrnpoBOIHON MYIETHIAT-
HHYECKAA ) HHE 10 QHIEKE © 6-}0 BCTPOSHHLIMA
JaTdukaMu: QHQPoBol JaTYHK Temne-
PaTYphl C IHANAIOHOM MIMEPEHHS He
y#e yem ot -20 go 120 C; undposoii
JaT4HK abCOMOTHOTD NARTEHHA C Jua-
MasoHOM  H3M Hi He YKe weMm
oT 0 mo 500 xIla; naT9uk MarEHTHOrG
MOMA C AHANA30HOM HIMEPEHHA HE yike
qeM ot -80 no 80 mMTn; naT4uk Hanps-
MEHHA ¢ JQHAMAZOHAMH HIMEDEHHH He
yae yem o1 -2 no +2B; o1 -5 10 +5B: ot
-10 mo +10B; ot -15 g0 +15B; narysx
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2.1.2. Undposas na-
GOpaTopHs Mo
XHMHH (Y9eHH-
YeCcKad)

2.1.3. Uwndpopas na-
TOPHA 1o

GHONOTHH
(yuenwdeckasn)

5|

TOKa He yxe 4eM oT -1 go 1A Jartauk
4KCENEPOMETD ¢ TMOKAIATENAMH He Me-
Hee vem: +2 %j +4 g; £8 p. OrnensHbie
yerpodcrea: USB ocumnnorpad we me-
nee 2 kanana, +/-10 B, Axceccyaps: ka-
bems USB coemmnuTensHbI; mémm-me
yeTpoiicTeo ¢ kabenem miniUSB; USB
Ananrep Bluetooth 4.1 Low Energy.
Konctpy And OpOBeIeHHs IKChe-
pHMeHTOB. KpaTtkoe pykosogcTeo mno
FCNAVATAUHE  unppoBoll  nabopato-
prw. [porpammuoe oGecneueHue. Me-
TonHueckHe pexomengauuu (40 pabor).
Hanwame pycckosssiMuoro caiita non-
OEPHKH, HATHYHE BHISOPOIHKOR

ofecnennaeT Brnonnense nabopatop-
HEIX pafoT N0 XHMHH Ha YpPOKax B oc-
HOBHOH WIKOJIC M NPOeKTHO-MCCIEN0Ba-
TEIBCKOH JEATE]LHOCTH  YHALIHXCH.
Komnaexramsn: Gecnposogholl mynn-
THAATYHE M0 XHMHH C 3-M= BCTpOEH-
HRIMH NaTYHKaMH; aar9uk pH ¢ gnana-
JOHOM HIMEpPEHHA He yae HeM o1 0 1o
14 pH; natiue snekTponposomHMocTH
C OHANAI0HAMH HIMEPEHHS He qemM
oT U no 200 MeCu; ot 0 1o 2000 meChm:
o1 0 1o 20000 MrCwM; TATHHE TeMIepa-
TYPHI € JHANAI0HOM HIMEPEHHA He Yike
geM oT -20 no +140C; otneasHeie aT-
YUHKH. JATYHK ONTHYECKOH NAOTHOCTH
525 nm. Axceccyaper: kabean USB eo-

CAHHHTEIbHEI; AAHOE yeTpoHCTBO
¢ Kabenem mini:I‘.JaEB: USE ﬁam&p
Bluetooth 4.1 Low Energy. Kparxoe py-
KOBOACTRO MO 3KCONyaTAlMH_ UH(PO-
Boil nabopatopun. HaGop mﬁnw
HOH ocHacTkd, [lporpaMmHECe obecne-
qeHHe. MeTonHYeckHe pexoMeHaannu
He Menee 4{) T. HamHune pyccko-
A3RIMHOIO CaiiTa NOJIEPKKH, HATHYHE
BHAEOPDOMHKOB

ofiecnevnBaeT BenonHeRKe nabopaTop-
HEIX pafoT Ha ypokax nmo OGHOJOTHH
B OCHOBHOH IIKO/IE H MPOSKTHO-HCCTe-
JOBATENLCKOR — ACSTENBHOCTH  yya-
uHxcs. Komnnexrauun: Gecnposoisoi
MYJLTHOATYHE N0 GHOMOTHH © S5-10
BCTPOCHHBIMH = JaTYMKAMMH,  JaT4HK
BIAAKHOCTH C IHANA30HOM HIMEPEHHSA
0 — 100%; natyuk ocBelmeHHOCTH
¢ OHAMA3OHOM H3IMEPEHHS He e qem
ot ) 1o 180000 nk; garwnx pH © anana-
I0HOM H3IMEepeHHA He yike HeM ot () 1o
14 pH: natymuk Temneparypsl ¢ amana-
30HOM HIMEPEHHA He yxe YeM ot -20 1o
+140C; natumk TeMnepaTyps OKpYy#a-
KOLEH CPE/IE! C THANIA30HOM H3IMEPEHHA

mr

32
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2.2.2.

Hanmerosarue pasnena: "Komneotepuoe ofiopyaosanme”
MDY  (opun-

He yie 4eM ot -2 0o +40C, AKCeccy-

Bl 3APATHOS YCTPOHCTBO ¢ Kabenem
i:pEniUE : USB m‘fﬂp Bluetooth 4.1
Low Energy. Kpatkoe pykoroactso mo
SKCIIyaTalnn  uMpposod  naboparo-
piH. Lludposas srieokamepa ¢ MeTat-
AHYECKHM INTATHBOM, paspelieHHe He
veree (1,3 Mnmxe. [lporpammace ofec-
nesdenne, MeToguteckie pexomenma-
UHH He sMenee 30 pabor. Vnaxosxa
HYHE PYCCKOAIRMHOMD cafita noa-
JEPHEH, HATHYHME BHISOPOIHKOB

THI YCTPOHCTBA: MHOTODYHKIHOHATE-

Tep,  cCKaHep, Hoe ycrpodcTRo (MOYY) LisetHocTh

KOmHp)

Hovrhyx

NeYaTH: YepHo-0enad; TeXHOIOrH me-
HATH: MEKTporpadHYeckan (nazeprHan,
CBETONHOAHAA ); GOPMAT MevaTH: He Me-
Hee A4, Tun cxanMposanus: nporTsx-
HBIA/ INAHIIETHBIA; BOIMOMKHOCTH CKa-
HHPOBAHHA B QOpMaTax: He MeHee A4,
Egtﬁcuﬁ nogkmovenna: LAN, Wi-Fi,

thopm-thaxTop: Hq:?"rﬁ : pasMep aHaro-
HAMH: He MeHee [5.6 moiiMOB; paspe-
wenne skpara: Full HD, Quad HJIH
Ultra HD; obumit ofsem yeTanosmen-
HOH_ONepaTHBHON MAMATH He MeHee
8 I'GaiiT; MakcHmansueii obumii noa-
JepruBaeMelii obbeM onepaTHRHOI na-
MATH: He menee |6 ['GaiiT; ofnem SSD
HAKOMHTEA: He Menee 240 [GaiiT: Gec-
npoBojHad cea3k: Wi-Fi. Konuyectro
BCTPOEHHKIX B Kophiyc nopros USB: xe
MeHee 1, H31 KOTOpWX He MeHee
1 nomawuo OuTe USB Bepcun He Huwe
3.0. Paspemenme paG-kameps, Mnuk-
cellb: e menee (1.3; Berpoenssiii Muk-
podon, KlaBMaTYpa ¢ pacKIanKoi

MapKHpoBKOH Knaeuin QWERTY/
%I_IY% . lloanepxka crannapros
BecnporogHol caazm: 802, lab/g/nfac;

NPONIBOAHTCILHOCTE mpoLeccopa
(3Hauenne nokasatens "CPU Mark" mo

mrfry "Laptop & Portable CPU
Per uma_m:eE http://www.cpubench
mark,net.-’[aptup.htmll;: He mMeHee S000)
CAHHMLL,  HANHYHE  MaHMITy.

MEIllIL B KOMILIEKTE: Oa. YcTaHORIEH-
Had onepalMoHnas cHeTeMa ¢ rpaduye-
CKHM M0BIOBATENECKHM HHTepdeii-
COM, CBEIEHHN O KOTOPOM BEIHYEHE]
B CAHHEIH peecTp poccuifckux mpo-
rpaMM U8 3IEKTPOHHBIX  BEIYHCIH-
TelILHLIX MallMH ¥ 0a3 JaHHBIX, YCT4-
HOBNEHHEIA mMaker odHCHOMO [Opo-

T

13

78
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rPaMMHOIO ODECTIEYEHHA, COBMEcTH-
MOro ¢ YCTaHOBIEHHOR OnNepausoHHoR
CHCTEMOH, CBEJIEHHA O KOTOPOM BKITIO-
HEHRI B e0HHBIH peecTp poccHiickmux
MPOTPaMM I8 NeKTPOHHBIX BEIYHCIH-
TENBHAIX MAITHH H B&3 JTaHHBIX

Haumenosanue paznena: " JonoanutensHoe obopynoRaHMe"

05 BaTelb-
HEIH Habop ana
HIVHEHHS MHO-
IOKOMITOHEHT-
HeX  poboTo-
TEXHHHYECKHX

CHCTEM H Ma-
HHITY/IALIHOH-
HBIX B

obpazosarensHLIil Habop foMKeH GbiTh
MperHazHAYeH A W3ydeHHs poboTo-
TEXHHYECKHX TEeXHOMOTHHA, OCHOB HH-
MAIHOHHLIX TEXHOIOTHH H TEXHO-
TOIMH  NpOMBINIEHHON apTOMaTHIA-
LHH, & TAKKE TeXHOTOTHA NpOoTOTHIH-
EDBEI-LH.H H aJTHTHBHOTO NPOHIBOACTEA.
COCTAE Habopa AOMEKHBI BXOIHTH
KOMILTEKTYEOLUHE H YCTPOHCTBA, obmna-
JAKIlHe KOHCTPYKTHRHOH, annapaTHoi
H [IPOrPAMMHON COBMECTHMOCTRED IPYT
¢ apyrom. 1} KoMniekT KOHCTpYKTHB-
HBEIX 3ICMEHTOB H3 METAIS M MIACTHES
Aa cOOpKH MonencH MaHATYIAUHOH-
HEIX OB ¢ ¥TI0BOH KHHEMATHKOM,
MIOCKONAPANIENbHOH  KHHEMATHKOIH,
Delta-xusemarnrofi. 2) Hurennexry-
AIBHEH CEPBOMOIYIIE C HHTEMPHPOBAH-
HOH cucTemMoll yNpanTeHHs — He MeHee
7 wr. CepoMOayaes AomkeH obnanaTh
HHTETPHPOBAHHOH cHCTEMOl ynpasne-
HHR, obecneunBamined a
CEA3b WK KOHTPOIIL NAPAMETPOB — No-
AOKEHHE BATE, CKOPOCTH BpPAIISHMHS,
HAIDY3IKa NPHBOOE, & TAKKE ODecrneym-
BAKOLIEH BOIMOKHOCTS NOCTEN0BATETh-
HOI0 NOIKMOYEHHS JApYr ¢ Ipyrom
H YNIPEBNEHHA CEPBOMOIYIAMH MO Mo-
CTENOBATENRHOMY  MOITY AYTIIEKCHOMY
ACHHXpOHHOMY HHTepdeiicy. 3) Pobo-
TOTEXHHYECKHH Ko ep, mnpen-
cTaBlsomwmii  cobo MOJYIBHOS
YCTPOHCTBO, BENMOYarlee B cebs og-
HOTLIATHRIH MHEPOKOMTEBIOTED /718 BhI-
MOMTHEHANA CHOMHEIX BEMYHCIHTEILHBIX
onepauni, nepudepniineii  KoHTpoa-
Iep I8 YOPaBNeHHS  BHeIHHMH
YCTPOHRCTBAMH H MNATY pacliHpeHHs
Jilit] NOIKTHOMEHHS BHELIHHX
yerpoiicts. Moayn# poforoTexHuue-
CHOrO KOHTPO/Iepa DOKHE obnajnaTs
OMHOBDCMEHHOH KOHCTPYKTHRHON, an-
NapaTHOH H TpOrpaMMHOR COBMECTH-
MOCTEIO OpyT ¢ gpyroM. PoboToTexHm-
YecKHH KOHTPOULIED NOJIAEH YOOBEIE-
TBODATL TeXHHYECKHM XapakTepHcTH-
KamM: KOJI-BO Aflep BCTPOCHHOMD MK
KOMOBIOTEPA — HE MeHee 4, TAKTOBas
HacTora fAOpa — He menee 1.2 I'To

LT

13
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“obbeM L3y — He Medee 512 MD, HadH-

HHE edcor — SPI, 12C, 1-wire
TTL, U ., PWM, ustpossie — e
MeHee | 6 IIT. 4 aHANOrOBLIE NOPTH — He
MeHee 8 |1rffI ANA MOOKTIOYEHHMA BHEMI-
HHX Ve CTB, BC HHBIH MHKpO-
l:]}l:lu,i '.I]‘-'Etp;ijﬁe WiFi Iipngieﬂ-]uﬂlnnthﬁjﬁn
KOMMYHHKAUMH CO BHELTHHMH yCTPOH-
cTBamy. PoboroTexHnyeckuii KOHTpoI-
Jep Ao/uKeH obecTeYHBATE BO3ZMOM-
HOCTh MPOrpaMMHEpPOBAHHA ¢ [OMOIIILIY
cpencte m3nkor C/C++, Python u ceo-

JIHO gacnporrrpammnﬁ Cpeanl
Arduino IDE, a Taioke ynpasienna Mo-
AeNAMH  POBOTOTEXHMHECKHX CHCTeM
¢ nomonisio cpeasl ROS, 4) [Mporpam-
MHDYEMBIA KOHTPOMIED — HE MeHee
L wrT, ITporpamMmBpyemsnii korTpoiep
JOmKEH IPEACTARNATE COG0H BRIMHCITH-
TENBHBIA Mogyas, obmataoummM ud-
POBEIMH NOpTaMH — He MeHee 8 T,
H AHATOMOBEIMH MOPTAMM — He MeHee
16 mrr., werepdeticamn UART, [2C,
SPI, TTL. a Takxe MoayaeM Gecrpo-
BOAHOH cBA3H THna Bluetooth wnu WiFi
AN COINAHHA ANNapaTHO-NPOrPaAMM-
HHIX pelmenwd B "yMHBIX/cMapT”
— YCTPOHCTE AnA aboTKH pelenuii
"Hureprer n:meﬁ Inara paciumpe-
HHA MpOTPaMMHPYEMOI'0 KOHTpO/lepa
— He Menee | wr. [nara pacmmpenns
Jon#HA ODECNEYHBATE BOIMOMKHOCTE
MOOKMIOYEHHA YHHBEPCATEHONO BEIYHC-
THTENLHOID MOMYNA K CETH Nocpei-
cTBoM wHHTepdenca Ethernet. aTa
pacliupenus domkHa obaagate nop-
TaMH BBOJA — BMBOIA JNA MOIKIHOUYE-
HHA  UHQPOBBRIX H  AHATOTOBEIX

'l&ponma - He menee 40 wr., uHTEp-
%:: ¢ SPI H BoIMOWKHOCTBIO NOIETRoqe-
HHA BHeWHEH KapTel mamsard, 6) Mo-
AYTb TEXHHHECKOIO 3PEHHA, PeJCcTaB-
NAIOMHA coboll yoTpoHcTeo Ha Oasze
BEIMHCIHTETEHOIO MHKPOKOHTPOIC S
H HHTEIPHpOBAHHOM KaMepnl, obecre-
HHBAIOLICE pacnoInaBaHHe npocTed-
IHX H3obpameHuil Ha Momyne 3a cuer
CODCTBEHHBIX BRIYHCTHTENLHLMX BO3-
MOKHOCTeH — He Menee | wr. Mogyns
TEXHHYECKOrD 3PEHHA J0m#eH obeche-
YHBATE BOIMOKHOCTE KOMMYHHEALIHH
C BHATOrHYHBIMH MOZYIAMH mNocpea-
CTROM LUMHEI Ha Dase NocnenoBateis-
HOrO HHTepdiedca ¢ uenko aankHefi-
e Nepenadi pesyIsTaTon HIMEPeHHIH
TPYIIL MOIYTIER Ha YIIPABNAIOIIES Bil-
YHCAHTENRHOE YCTPOHCTBO, NOIKTH-
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SCHHOE K JaHHOH WHHe. Moayns Tex-
HHHECKOID 3peHHA O0/IHeH neymH-
BATE  BOIMOKHOCTE  OCYILECTBIATE
HACTPOHKY MOTYNA TEXHHYeCKOrD Ipe-
HHA — HACTPOHKY IKcnozuumn, Sananca
Benoro, UBETOPAIHOCTHEIX COCTARIINO-
lHX, TUIOWaaH oOHApyRHBAeMOil ob-
NacTH H3ohpameHus, OKpYTraocTH o0Ha-
py#uBaeMoll  o0nacTH HioDpaenus,
noloweHHe obHapyXHBaeMBIX OGTa-
CTeH oTHOCHTENBHO Apyr apyra. Mo-
b TEXHHYECKOND 3DPEHHA OOIMeH
NEYHBATE BOIMOKHOCTE HACTPOH-

KH Ha 0JHOBpEMEHHOE oDHapYKeHHe He
MeHee 10 paaiuuHEX OOHHOYHEIX 0OB-
EKTOR B CeKTOpe 0b30pa, mHbo He MeHee
3 COCTABHEIX O0LEKTOB, COCTOALIMX H3
HE MeHee 3 pauTH4HBIX rpadHyecins
NpHMHTHBOB. Moayns Texumyeckoro
IPEHHA Jom#eH oDN&aIaTh BCTPOCH-
HEIMH H Hcamu — USB, UART,
I-wire TTL, I2C, SPI ans xoMmMyHuKa-
UHH CO BHEIIHHMH ITOJIKTHOYIeMEIMH
yetpolicteami. 7) B cocras HaGopa
JOIKHEL BXOIHTE UHGPOBKIE HHdopMa-
UHOHHO-CCHCOPHEIE MOJIY M, IpeACTan-
nawie coboll yetpoHorsa Ha Gase
NporpaMMHpyeMOro KOHTPOLIEDA H H3-
MEPHTENBHOIO JnemMedTa. [[n BOH
MOOY/IL NOTEEH 00IA08TE BCTPOEHHEIM
MHEDOKOHTROJIEPOM  (TAKTOBAs w[a-
CTOTa — He mMeHee 16 L, WHHA JaH-
HBEIX — He meHee B Kbaiit), u -
CAMH IUI8 NOAKMOYEHHA K HHENTHHM
YCTpOHCTBAM: UHM(BPOBLE H aHAJOIO-
BEIE [0 |-wire TTL, passem Tuna
RJ. Iuporoii Mogyne pomken obec-
MEYHBATE BOIMOXHOCTE KOMMYHHKE-
LHH C aHATOTHYMHLIMH MOAYTAMH [0-
CPENCTBOM IIHHBI HAa 43¢ MocneaoRa-
TENEHOro WHTepdeiica ¢ Uenkio Jaih-
HEHILEH NMepesayn pe3ylbTaToB HiMe-
PeHHH rpynmel Moyneli Ha yTpaBIsio-
HIee  BRIMHCIHTENLHOE  yeTpoiicTso,
NOJKIHOMEHHOE K aanHoi wwHe. B co-
CTaB HabOpa I0MKHO BXOAHTE! MHMpo-
BOH MOZYNIE TAKTOBOR KHOIIKH — He Me-
Hee 3 wT., unpoBoli MonynsL cEeTOIN-
0la — He MeHee 3 IWIT., TADPOBOH Mo-
OYNh KOHUEBOTO NPEPLIBATEN — HE Me-
Hee 3 wr., UHGPOBOK MOIyIL AaTuHKa
LBEeTa — He MeHee | wr., unbhposoi Mo-
ayne RGB ceetonvona — He menee
I . 8) B coctas Habopa Kom#Hb BXO-
AWTE 3MI€MEHTHl ATA cOOpKH Bakyym-
HOTO 3AXBATA! BAKYYMHAA NPHCOCKS
— He MeHee | wT., ANeKTPOMArHHTHLIA
KI4lan — He MeHee | [UT., BAKYYMHRL
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HAEcOC — He MeHee | umr. 9) B cocran
Habopa NomkeH BXOAHTE YueOHEIl KoM-
ILIEKT, BEAKYAIOWHE B cebn yuelnoe
nocobue, Habop GubnmoTek Tpexmep-
HEIX JMEMEHTOB I8 IPOTOTHIIHpPOEAE-
HHA Monenel MaHWmyTAUHOHHEIX po-
GoToB, & Takke NporpaMmMHOe obeche-
UeHHe 118 oggﬁum ¢ wabopom. [T
rpaMMHOE ODECTIEYEHHE JOTKHO obec-
NMeYHBATE TPEXMEPHYIO BHIVATHIALMIO
MOJENH MEHHNYIALHOHHOTO pobota
(¢ yrmosolf, ~nuockonapannenkHod
H AE/bTa- KHHEMATHROMN ) B Tporecee pa-
GoTwi, ofiecnednBare nocTpoeHHe mpo-
CTPAHCTBEHHON TPAEKTOPHH IBHMEHHS
HCTIONHHTETEHOIO MEXAHHIMA MAHKITY-
JRAUMOHHONO podoTa, BOIMOKHOCTL 38-
ASHHA MOCNeNORATE/NBHOCTH TOUYSK 18
NpOXOHEIEHHA YePes HHX HCMOTHHTE Th-
HOTO MEXAHH3IMA MaHHIYIRIHOHHOID
. Ilporpammuce ‘ofecnedensme
JNOMKHO (DYHKIHOHHPOBATL, KAK B OT-
AENEHOCTH B BHAE Cpebl MOAETHPOBE-
HHE, TAK H B pPEEHME MOHHTOPHWHTA
B DEATEHOM BpPEMEHH [pPH TOIKIHYe-
HHH MOJRIH MAaHHMyIATOpa mocpen-
CTHOM POGOTOTEXHHYECKOIO KOHTpO.-
aepa.  llporpammuoe  ofecnesenne
DOKHO O0eCNeYHBaTE BOIMORKHOCTE
NOCTPOEHHA IPAPHKOB, 3aaHHEIY H Te-
KYUIHX 0000MIeHHBIX KOOPOHHAT MaHH-
MyNALHOHHOrO poboTa, rpadgHKos 3Ha-
HEeHHH CKopocTell M ycKopeHus, rpadu-
KOB DacueTHLIX 3HAMEHHA HArpyIKH.
[porpammuce ofecrievenne nomsso
NO3BONATE 3JANABATE [IOCAEN0BATENE-
HOCTE NEPeIBHACHHA MaHHMYNATOpa
NOCpenCcTROM Habopa KOMAHT
B ﬂFIHD-rpEIngtEI:KﬂM HHTEpdekice,
YuaefHoe nocobue NOMKHO coTepmath
MATEPHANE N0 BoTke Tpexmep-
HBIX Mojened MoOMIBHBIX poboTos,
MaHHIYIAUMOHHBIX pofoTos ¢ paiiuy-
HEIMH THIIAMH KHHEMATHKH (yrooBas
KHHEMaTHKa,  [NOCKO-TIAPALTeNbHas
KHHEMaTHKa, OenbTa-KHHEMATHEA,
CARA win perdasiad KMHemaTHka,
nnaTpopma CTioapTa M T.IL), HHCTpYK-
LOHH MO NPOSETHPOBAHWIO POGOTOR, HH-
CTPYKUHH H METOAHKH OCYIIECTRIEHHS
HHACHEPHBIX Pac4eToR MpPH NPOeKTH-
POBAHHH (pacteThl HAMPYIKH H MOMEH-
TOB, pacdeT MOIIHOCTH MPHBOJOR, pac-
HET NapaMeTpoB KHHEMATHKH W T..),
HHCTPYRUMH 1o paipaboTke cucteM
YNIPABNEHHA H MporpaMMHoro ofecne-
MEHHA JIIA YIPABTEHHA poDoTamu, HH-
CTPYKIIHH H MeTOAHKH no paspaboTke




[ ]

3

q XOCEe-
mﬂeﬁnuﬁ
poboT- Mmaun-
OYJAATOp © MO-
IYMBHBIMH
CMEHHEIMH

HaCadEaMH

CHCTEM YMDABNEHHA ¢ JIEMEHTaMH He-
KYCCTBEHHOTO HHTENJIEKTA W MAITHH-
HOro o0yyeHHs

yueOHBIH poBoT-MaHHIYIATOP NpeHa-
3HAYEH [UIA oCcBOeHHA O0VUYalonIHMHCS
OCHOB pODOTOTEXHHMKH, A% NOgro-
TOBKH ODYHalOUMXCE K BHEApeHHIO
H OOCTEAyHOLIEMY HCMONTB30BAHHID PO-
GOTOB B TMPOMBIILIEHHOM NPOHIBOI-
cree. Komutecrso oceif pofiota mamu-
MynATopa — 4eThipe, [lepeMemienne uu-
CIpyMEHTa B MPOCTPAHCTBE MO TPEM
OCAM [OMAHO VIPABNATLECS [UATOBEIMH
JABHTATEIIAMH. PRACHHE MMHTAHKA
WAroBLIX ABHraTencii He Donee 12 B,
Ceproasurarens uerseproll ocu aon-
#eH obecneyHBaTh NOBOPOT HHCTPY-
MEHTA. Yron nopopoTa MaHHmyaaToOpa
HA OCHOBAHHH BOKPYT BEpPTHKANLHOH
ocH He menee 180 rpanycos. [ns onpe-
ACTCHHA NONOKEHHN MaHHITYIATOpa
NPpH MOBOPOTE BOKPYI BEPTHEAIBHOM
OCH JOTKEH HCNOIB30BAThCH IHKOIED.
¥YTron nosopoTa 3aIHero neYa MaHmy-
JaaTopa He menee 90 rpamycos. Yron
NOBOPOTA NEpeaHero IUeda ManHmy -
Topa He MeHee 100 rpamycom. lns
OnpefeneHHs  NONOWEHHA  3agHero
H [epeqHero Nied MaHHnyASTopa A0J-
WEH HCNONBIOBATRCR THpOCKON. Yroa
MOBOPOTA MO YETBEPTOH OCH HE MeHee
180 rpanycon. JonwHa GEITE BOIMOW-
HOCTE OCHAILEHHA CMEHHBIMH Hacaj-
KaMH (Hanpumep, JAepwaTens Kapan-
nama MM (romacTepa, MpHCOCKA
C CEPRONBMIaTEleM, MEXAHHYECKOE 33~
XBATHO® YCTPOHCTBO C CepROIBHTaTE-
NEM, YCTPORCTRO IS JlasepHoH rpas-
POBKH HIM ycTpolcreo gns 3D-ne-
yatH). MuHHMaTbhas KoMmnnexTamHs
CMEHHBIMH HACAIKAMM: MMHEBMATHYe-
CKWH 3aXBaT (NMPHCOCKA), MeXaHHYe-
CKMH 3aXBAT, Hacalka Jepkarenb s
Kapanfaila’Mapkepa/pyiks,  Hacalka
NEPEXOIHHK [18 KPEMJIEHHA COBMECTH-
MBIX KOHCTPYKTHBHBIX Jetanci M Kou-
CTPYKIHH, HACANKa JNA3epHOH TpaBH-
Bgun:u, Hacaika 3D-newatw (oA pa-

Thl C TAacTHROM PLA ¢ nmameTtpowm
HHTH 1,75 muM). Jomwes BuiTe ocHamen
CEPBONPHBOIOM JNS MTHEBMATHYECKOTD
H MEXAHHYECKOrD 3aXBaToB, obecmeyn-
BAKIHM BPAIIEHHE 3JaXBAYEHHOTO 00 L-
€KTa BO BPEMA NEPEMELIEHNE, OBOPOT
NEPEMELIAEMOrO ODBEKTA BOKPYT Bep-
THEAILHOH ocH. [lng obecrnevenns
OYHEIHOHHPOBAHMS MHEBMATHYSCKOTD

13
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06 BATETh-
HelH HaGop nmo
MEXaHHKE, Me-
XATPOHHKE

H poboroTex-
HHUKE

3aXBaTa JOKEH DLITH OCHALEH BCTpO-
CHHOH B KOPNYC MaMHNYIATOPE mOM-
noi. Jonaua OLITE BOIMOKHOCTE MOJ-
KIHOYEHHA AONONHHTENbHEX
YCTPOHCTB (HanpuMep, Tpancnoprepa,
penbCa mnd nepemelleHus pofora,
MyNbTa YMPABIEHHA THMA THOHCTHK,
KaMeph! MAINIHHHOIO 3PEHHA, ONTHYe-
CKOI0 JaT9MKA. Momyns Gecnpomoa-
HOTO noﬂa}. P -MAHHTTYIATOP
OTHEH MEYHBATE NEpeMENIEHHE
HACAOKH B MPOCTPAHCTBE, AKTHBAILMIO
HBCAaOk#H, BOIMOEHOCTE MOTYHEHHA
CHTHANOE OT KAaMEphl W JAaTUHKOR, BO3-
MONHOCTE YTIPaBACHHA JONOMHHTETh-
HeIMH yCTpolicTeamu, Marepnan kop-
nyca — amoMHHHA. [Inametp paboueti
souel (De3 yueTa HaBecHOro MHCTpY-
MEHTA H HeT OCH) He MeHee
350 mm. HuTepdeiic nogxmouenus
— LUSB. Jlon#weH HMeTs BOZMOMHOCTE
ABTOHOMHOH 0Tkl H BHELIHEro
YIPaBIeHHA. BHEIIHEND yIpasie-
HHA momkeH OwITE  npeaycMotpen
LT, MOJETONseMel K poboTy no
uetooth, Vnpasnswommii eE
AOMAeH ORITH COBMECTHM CO Cpeio
Arduino. Ynpasnmommii KOHTpOJIEp
COBMECTHM CO Cpelol nporpaMMHpoRa-
HHA Scratch B #361K0M NporpaMMHPORa-
uud C. Jomwen obecneqnsats no
MO NEPBEIM TPEM OCAM B 381aHHEIH yron
H Ha 380adHbIA yron, nosopoT no vet-
BepTOH OCH Ha 3MaHHBI VIO, IBHKe-
HHe B Koopaunatel X, Y, 7, nepemerne-
HHe Ha 3aJaHHoe fﬂcﬂmﬁHHﬂ Mo Koop-
IuHataM X, Y, Z, nepedady naHHBIX
O TeKYINEM MOMOMKEHHH YTIIOB, fepe-
Jauy JaHHBIX O TEKVIUHX KOOPAHHATAX
HHCTpYMeHT2. [IomKen noinepkuBath
NEPEMEILIEHHE B NeKAPTOBEIX KOODIH-
HATEX H YTIIaX NOBOPOTA OCeH, ¢ 3amaH-
HOH CKOPOCTRIO H YckopenHem. THm
MEPEMEIEHHA B IeKAPTOBBI KOOpIH-
HATAX: IBHACHHE M0 TPAEKTOPHH, IBH-
AEHHE MO NPAMOH MEKIY NBYMN TOH-
KaMH, MepeNpLIrHBAHHE W3 TOYKH
H Touxy (nepesoc obwexta). Kopmyc
JA0JLKeH OBITE B 38 EHHOM HCNOTHE-
HHE (KNacca He HuKe Ibﬂ}

Halop JoaweH OITH NpeaHaIna9en as
MPOBENCHNA yHeOHEIX 3aHATHI 0 H3y-
MEHHIO OCHOB MEXATPOHHKHM H pofoTo-
TEXHHKH, MPaKTHYECKOr0 NPHMEHEHHS
BalOBRIX  IMEMEHTOB  3JEKTPOHMKH
H CXEMOTEXHHMEH, a Tak&e HanboTee
PacnpocTpaHeHHoH aneMeHTHOH Gaiwl
H OCHOBHBIX TEXHHYECKHX peleHHH,

mT
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OPHMEHAEMEIX [IPH NPOEKTHPOBAHWA
H MPOTOTHOHPOBAHHMK PARMHYHEIY HH-
ACHEDHBIX, KHOEPHETHHYECKHX M BCoTpa-
HBBEMBIX cHcTem. B coctap nabopa
AOHKHBl  BXOANTE  KOMILIEKTYEOUIHE
H YCTPOHCTEA, 00aaaIolIHe KOHCTPYK-
THEHOH, e BCKOM, anmapatHoii
H IPOIPAMMHOM COBMECTMMOCTREY JIPYT
¢ gpyrom. B cocrap mabopa momaew
BXOOHTE KOMIUIEKT KOHCTPYKTHEHEIX
IMEMEHTOB W3 MeTanna s chopku Ma-
KETa  MaHHNYIAUHOHAOrO  pobota
M KOMILIEKT METAIUIHYECKHX KOHCTPYK-
THBHBIX 3NIEMEHTOB A1a cDopxu Maketa
MobHibHOTO pofiota, B coctas nabo
ACTKHEI BXOAHTE MPHBOJIA PASTHEHOIO
THIIA: MOTOPLI ¢ HHTErPHPORAHHEIM HIIH
BHEINHHM OJaTYMKOM MOJIEEHHA — He
MeHee I WIT., cepBonpHBOA GoaBlNOH
— He MeHee 4 IIT., CEPBONPHBOI MATLIH
— He MeHee 2 [WIT., NPHBOJ ¢ BOIMOEHO-
CTBIO YTIDABNEHHH B LIATOBOM peWHMEe
~ He meHee 2 wTt, B cocrap H
AOTAHBl  BXOOHTH  JIEMEHTEL MR
COOPKH BAKYYMHOIO 38XBATA: RAKYYM-
Haf MPHCOCKa — He MeHee | 1T, 3jex-
TPOMArHHTHLIH KIanaH — He wMeHee
LOT., BAKYYMHEIH Hacoc — He MeHee
| wr. B cocras nabopa gonmwHa Bxo-
AMTE JIeMeHTHAS 6a3a N4 MPOTOTHIH-
POBAHHS: nnata Ans GecnacyHoro npo-
TOTHMHPOBAHHA, KOMIIIEKT NPOBOLOB
PAIIAYHOTO THMA M IIHHEL, KOMIIEKT
PEIHCTOPOB, KOMIIEKT CBETOAHOIO
CEMHCErMEHTHEIH HHAHKATOP, JHCIIE
-THIA, KHOMKH — HE MeHee 5 mr.,
MOTEHLIHOMETPRI — HE MeHee 3 [T, HH-
(paKpacHslii TaTuHK — He MeHee 3 T,
NETPASBYKOBOH JaT9HK — He MeHee
IT., JaTHHE TEMIEPATYPL — HE MeHee
| WIT., J8TYHE OCBeIEHHOCTH — He Me-
Hee | mr., mogyne Bluetooth — me me-
wee | wr., momyne HK-npuemanka — ge
Menee | wr., Mmogyas HK-nepegatunka
B BHIE KHOMDYHOIO MYNETA yhpasmie-
HHA = | WT., AKKYMYJATOp — He MeHes
| IIT., 3aPAAHOE YCTPORCTRO — He MeHes
I wr. B cocras H% NOIKEH BXO-
INTE MYIBTHOATYHMK [UI8 HIMEpPEeHHS
TEMNEPATYPR! H BISKHOCTH OKDYKEH0-
IeH cpelbl — He Menee | mt. Mynei-
AaTHHE A0m#eH 00a0aTs BETPOSHHEIM
MHEKPOKOHTPOIIEPOM  (TAKTOBAN Ya-
CTOTa — He MeHee 16 MI'u. muea naw-
HBIX — He Menee 8 K6aiit), unrepdeii-
CAMH INMA MOOKMTHOUYSHHE K BHEIHHM
yeTpoHcTBaM: UHbpossie H aHanoro-
BElE nopthl, 1-wire TTL, pasbem THNa




k). B cocTas HaGopa NomweH BXoanTs
KOMIIEKT YHHBEPCATBHEIX BLIYHCIH-
TEJBHBIX MOOYIEH, MpPeacTaRISIONIHY
coboii Hazosyro niaty, naary pacimpe-
HHA 1ONA CETEROI0 B3IaHMOJeHCcTBHA
H IU&ETY MNOOKMHYEHHA CHIOBOH
Harpyskd. Bxomsmme B xommnesT
YCTPOHCTEE NOMKHE obMagaTh 0IHO-
BPEMEHHOA KOHCTPYKTHEHOI, ANEeKTPH-
HECKOM, annapaTHoil H NporpaMmHoi
COBMECTHMOCTRIO APYT ¢ Ipyrom. Baio-
BAf MNATa YHHBEPCANBHOTO BRIMHCTH-
TEALHOTO MOOYAd AOMKHA NpeacTas-
NATE CoGOH NporpaMMHpYEMbil KOH-
Tponnep B cpede Arduino IDE unw aua-
TOTHYHEIY CcEOBOOHO NpocTpanse-

MEIX cpenax nga.a . bazosas
MIaTa OOIEHL JaJATh BﬂI‘pﬂtHHHMH
HHTepelicaun  ans nogkmoderns

UHOPOBLIX M AHANOTOBLIX yCTpoficTs,
OCHHBIMH  uHTepdeficamu 1SR,
UﬁlE'{T. 12C, SPI, ° l-wire TTL,
Bluetooth, WiFi. Ilnara pacumMpeHms
AonkHa olecnevHRaTh BOIMOKHOCTE
NODKIHYEHHS YHHBEPCANTBHOTO BRIYHC-
THTENLHOMO MOIYIS K COeTH Mocpe-
CTBOM eica Ethemet. Tlnata
PacilMpeHua JokHa ofagats nop-
TdMH BBOJa-BRIBOJA JLI8 NOJKIHYEHHA
UHOPOBLIX H AHATOTOBAIX YCTPOHCTB,
uuTephedc SPI M BoamomHOCTRIO MOT-
EIIOYMEHHA BHEIUHeH KapTel NaMATH.
[Thata pacumpenns naa noakmouenms
CHIOBOH HArpy3kH Jo/kna obecneym-
BATE BOIMOMHOCTE NPAMONO MOIKTIO-
GEHHH BHEWHCH CcHIOBOH Harpyiky,
a TAKKE PeryTHpYeMol H KH mno-
CPencTROM m HETEp(Qefica. B co-
CTaB Haﬁunga AOTHEH BXOTHTE MPOrpaM-
MHDVEMBIH KOHTpPOILIED, obecnednBar-
BOSMOKHOCTE OCYILNECTEAATE pad-
' npnrpae-mﬂni;::m KOJa, Hﬂélnﬂﬂb-
IYH MHC eHT cpen paipaboten
I{I'dL]IﬂD-l?gEH Mag“ oose (FSH AIBIKOR
fporpaMMupoBanna U\C++, JavaScript,
POTDAMMHDYEMEIH KOHTPOILTEp moi-
#EH 0B1anaTe NOpTaMK A8 NoAKHoe-
HHE  UHQPOBRIX W AHANOTOBLIX
YCTPOHCTR, BCTPOSHHBIME NPOTPaMMH-
PYEMBIMM KHOIMKAMH H 3IeKTPOMEXaNH-
HECKHMH MOIyNSMHM ANS OpraHH3alHn
CHCTEMLI DYMHOIO YIPaRIeHHs, BC
CHHBIMH NPOrPAMMHPYEMEIMH  CBETO-
AHOIAMH A HHIHKAUMK pabogero pe-

WHMA, HHEIMH HHTepheHcamu
USB, USART, 13C. SPL. | miarisamn
ISP, Ethernet, Bluetooth, WiFi. B co-
¢TaB Habopa JOM#eH BXOAMTE MOIYIE
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- TEXHMHMECKOIO 3peHHA, [pencTaBifio-

LKA cobolt BREYHCIHTENRHOE YCTpOii-
CTBO CO BCTPOEHHEBIM MHKDOTIDOLIECCO-
PoM (koa-Bo saep — He mMenee 4 wT,, ua-
CTOTa Aapa He menee 1.2 T, eM
O3V — ne menee 512 M6, o6wem BeTpo-
EHHON MaMATH — He MeHee BI6), wute-
FPHPOBAHHOH KAMEpPOH (MakcHMaibHoe
paspellieHde BHIGONOTOKA. NepeaaBsae-
MOro 0o HuTepdeficy UISB — ne menee
2592x1944 en.) H ontHYeckol cHeTe-
MOH. Monyne TexHHYecKoro 3penms
AOTAEH AllaTh  COBMECTHMOCTRIO
C PavIH4HEIMH  [IPOIPAMMHPY EMEIMH
KOHTPOMITEPAMM € MOMOIIEID  MHT
Hoon — Ilfwirr;': TTL, UART, I2C, Sﬁ:
thernet. Moayne rexmmdeckoro 3pe-
HHA OO0T#eH O0ecrneqMBaTh BRINOIHE-
HHE BCEX HIMEPeHHH H BEIYHCICHWH
NOCPEeNCcTBOM CODCTBEHHBIX BRIYHCIIH-
TENLHEIX BOIMOWKHOCTEH BCTPOCHHOTO
MHEponpoieccopa. Moayne texnuye-
CKOr0 3peHHs Jomsed obnanarte pos-
MOMHOCTEH) KOMMYHHKAIHH ¢ aHano-
THYHEIMH = MOOYTAMH = NOCPENCTBOM
IDHHEL Ha Oale Nocne oBaATeIRHOIO HH-
Teppeiica ¢ uenslo daneHelmed n
AA4H Pe3yNbTaTOB HIMEPeHHNR rpynmsl
MOIyAell Ha YNpapifiollee BEMMHCTH-
TEJBHOE YCTPOHCTBO, NOIKTIOYEHHOS
K JaHHOH mHHe. Moay s Texuuyeckoro
IpeHHn I0JIKeEH obecnevyHeaTe
HACTPOHKH PEAHMOR paboTel
= HACTPOHKY 3KCMO3IMLUMK, Damanca De-
A0T0, UBETOPAa3HOCTHEIX COCTABINIO-
IIHX, NIOmATH odHapy#EHBaeMol 06-
NEcTH H300PaKeHAN, OKPYIIOCTH obHa-
PY®HBaemMoll ofnacTH Wiobpamenns,
noloxeHHe 00HApYKHBAEMBIX o0O7a-
CTeH OTHOCHTENRHO ApYT APYra, Ma-
UIHHHOE obyueHne napaMeTpon
HEHPOHHLIX CeTell nua oOHapy:keHns
00BEKTOR, MY H 33K0AMpOBAHHEIE
3HAYCHHA ODHAPYAWHRAEMEIX MapKepoR
Thna Aruco, pasmepsi oOHapy#xHBae-
MBLIX OKpY#HOCTCH, KBAIPATOR H Tpe-
YTOIBHHKOB, NAPAMETPOR KOHTPACTHO-
CTH, pa3MEPOR, KPHEH3IHBI H DONOMEHHS
pacriosHasaemex mumni, Habop non-
#eH o0ecnevHBaTh BOIMONKHOCTD Spaj-
KH MOJEIH MODHIBHOMO pobora,
ynpasiagemod & FPV-pesume nocpen-
CTBOM MPOTpaMMAOTO  obDecnedeHus
A NEPCOHANLHOIO KOMIEIOTEPA H MO-
HITBHBLX }rcrlpomzm Ha Gaze OC
Android win [0S, ofecneunparomero
BOSMOMKHOCTE YIIPABNCHHA MODHIBHBIM
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[EgamaaTMa-
H KOHCTPYE-
TOp N4 Mpak-
THEH SIoYHOrO
NpOrpaMMEpO-
BAHMA C KOM-
MIeKTOM JaT-
HYHKOR

pobDOTOM W BCTpPOEHHEIM MAHHITYIATO-
POM nocpeacTeoM rpadmueckoro HA-
Tepdeiica, BRTROYAOMNM B cebs Habop
KHOMNOK H Mepexmodarencii, HKoHcTHE,
0bnacTs ans  orolpameHHs BUIEO.
HaGop aomken obecneunsaTh BoaMosk-
HOCTE H3yHeHHA OCHOB pazpaboTkn
[porpaMMHLIX H AMNAPaTHAIX KOMILISK-
COB HHAECHEDHBIX CHCTEM, peleHuii
B cthepe "Muteprer Bemei”, a takke
PelleHHA B ofnacTe poboToTexHMKH,
HCKYCCTBEHHOTD HHTEMISKTa M MAILIMH-
Horo obyuenns. B cocras maGopa
ACILEHO BXOAHTE Mocobue nmo u3yve-
HHED OCHOB 3IEKTPOHHKH M CXEMOTEX-
HHEH, pemenuil 8 cepe "Huteprer se-
uer”, paspaboTEH M MPOTOTHITHpOBA-
HHKO wMojdeneii poboror. B cocTas
HAlopa NON#HO BXOOMTE Nocobue mo
H3YH9EeHHH) OCHOB pa3paloTKH CHOTeM
TEXHHYECKOTO 3PEeHHA M 3TeMEHTOR HC-
KYCCTBEHHOTO HHTEUTEKTA

poboToTexamiecknii Hafop npeanazHa-
9EH 114 HIYMEHWS OCHOB pofoToTex-
HHKH, NeTAleH, y30B M MEXAHHIMOR,
HEOOXOQMMBEIX 118 co3TaHHs poboTo-
TeXHHYeCKnX_ ycTpoiicte. Habop npej-
CTaBmeTr CoDOH KoMnnexT c
HBIX 3MEMEHTOR, COSAHHHTENLHAIX JTe-
MEHTOB H 3NEKTPOTEXHHYECKHX KOMIT0-
Heutop. Hafop nossonser npopoauts
IKCMEPHMEHTE MO NPeaMeTy (HIHKa,
CO3JABATE H MPOrPAMMHPOBATE COOH-
PACMEIE MOJEIIH, H3 KOMIOHEHTOR, BXO-
JALLMX B €ro cocTas, paboune Mogenn
MOBHIBHEIX H CTAUMOHAPHEIX poboTo-
TEXHHYECKHX YCTPOHCTE C ABTOMaTHIH-
POBEHHEIM YIpAaBIEHHEM, B TOM YHCae
HE KONECHOM M IYCEHHYHOM Xony,
4 TAKHE KOHCTPYKLHHA, OCHOBAHHELX Ha
HCNONBIOBAHHH PAITHYHEIX BHIOB Me-
PEliad (B TOM 9HCAE YepPBAYHLIX H 3Y6-
HATRIX) & Taloke per4aron. BerpoenHeie
NPOBOJIHEIE CETEBElE pemeHns { Wi-
Fi n Bluetooth), soamoscocTs uirerpa-
UHH ¢ OecriaTHeM obaaune 110,
0DECNEeYHBAIOT BOIMOKHOCTE MPaKTH-
HECKOI'D HIYHCHHA TeXHOTOrMH HHTEp-
HETA BellEeH H OCHOB HCKYCCTBEHHOTO
HHTELIeRTa. ObecnevynBaeTes BoIMOR-
HOCTH 0OBEIHHEHHA HECKOIBKHX poGo-
TOB, COOpaHHLIX W3 NomobHEIX Habo-
POBE, B IPYMIL ¢ CETEBRIM B3aMMOIei-
CTBHEM. CAYCMOTPEHa ONUHOHANL-
Had BOIMOMKHOCTE PACITHPEHMA 1OMON-
HHTE/ILHBIMH KOMIIOHEHTAMH (HE BX0D-
JAAUHMHE B CTAHJADTHYIO KOMINIEKTA-

39
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2.3,

Muxpockon
[THPPOROH

UHIO), MO3BONRFOIWHMH HIYHaTh TEXHH-
HMECKOE 3peHHe W NPOMBIILIEHHYIO po-
GoToTexHHKY. Hp:a%zmmp-:ua BO3-
MO®HOCTE paloTel Habopa ¢ nonomH#-
TEMbHbIMH  ODNaYHBIMH - CEpBHCAMH.
IlpenycmoTpensl MuAMMyM niRa [po-
rpEMMHDYEMEIX KOHTpPOJepa B mwia-
CTHKOBBIX KOpIyCax, TMOIBOMHIOMMX
OQHOBDEMEHHO CO3[aBATL I BapHaHTa
B PA3NHYHOTO HaiHAYeHHE, HMe-
HMIHX BOIMO#HOCTE paboTel KAk B no-
TOKOBOM pPe&HME, TEK H ABTOHOMHO,
NOIBONAKIINY PEATHIOBATE 00VYEHHEe
NPOTPaMMHPOBAHHI) B HECKOJIBKHX
cpenax paspaboTEH Ha PASTHYHELK A3hi-
Kax (K Ili%ﬂyﬂp}r, B cpenax Mblock,
Arduino IDE, Ha s3rmcax Scratch, C,
Python, micro Python). Kak M
OIHH H3 KOHTPOMNEPOR HMEET BCTPOEH-
HYHO OTIEPALHO CHCTEMY, BCTpO-
eHHbie Wi-Fi w Bluetooth, hopr s
NMOAKIHOYEHHA NOCTENOBATENLHO CO-
CAHHACMBIX BHEIIHMX YCTpOHcTE (He
MeHee 2} oIHOBpEMeHHO NoONKIIOYae-
MLIX YCTpoicTs). Kak MHHEMYM omun
H3 KOHTPOIIEPOS HMEET BOIMOMHOCTE
OTHOBPEMEHHON 3amHCH He MeHee
8 NMpOrpaMM, ¢ BOIMOKHOCTEK) nepe-
KIHYEHHA Mesny HiMK. Kak MuarMyM
OIHH H3 KOHTPONJSPOB HMEET MONHO-
useTHelA gueneit (IPS), mossonsio-
WA BEIBOJHTE NAHHBIE © JATYHKOR
B BHie Ta0JHI B rpahHKoB, a Takke co-
INABATE HHEIe B KOHTPONIEp BH-
ACOHIPEL. KOMHYECTBO CeHCOpOB H He-
FMIOTHHTENIRHELY,  YCTPOHCTE, BCTpOEH-
HBIX B OJHH W3 KOHTPOILIEPOB, — He Me-
Hee |0 mr. O6mes KonHYECTEO 31eMeH-
TOB B HaGope ne menee 400 wr., B Tom
qMCIE  [OAKTIOYAeMEIS MOTY.H:
— Bluetooth MOIYIE, — OBOHHOR JaTuHk
THHHM, — YABTPa3IBYKOBOH NATYHK pac-
CTOAHMA, — NaTYHK LBETa, — JaTYHE Ka-
CaHHA eKTpoMexaHwyeckuil, — IR Mo-
AYIIE, — MOTOP MOCTOAHHOTO TOKA C pe-
AYKTODOM — He MeHee 1 IT., — cepBo-
NpHBOI, — EHIBT AHCTAHUHOHHOTD
yopasienusa [R. Habop momsen Gbrru
KOMILTERTOBAH  AKKYMYJIATOPHBIMH
atapeamu. [lporpamsuoce obBecneye-
HHE. HCMOIL3YEMOE IS MpOrpaMMHpO-
BaHHA COOHpaeMBIX pPODOTOTEXHHYe-
CKHX Momened w y HCTB, JAOIKHO
OBITH JOCTYIHO UTA BECNIaTHOrO Cka-
HHBAHHR U3 cetw MHTepHeT H nocneny-
IOIIEr0 HCNOALIDBAHKA

THIT  MHKpoCckona: Duonorwdeckwii,

A0KA MHKDOCKONA: MOHOKY/IADHAS.
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2.3.6.

2
Lladpposan na-
Gopatopus mo
IKONOTHH

Hasnauenne: naGopatopreifi, Meton
HCCIENOBANHA: CBeTnoe nome, Mare-
PHad ONTHEH: ONTHYECKOE cTekno, Vee-
NMTHYEHHE MHKPOCKONa T. 04 —
1280, C}l?ﬂnpm: WF16x. EKTHERI
4x, 10x, 40xs (MOAnpy:RHHeHHEH). Pe-
BOJIBBEPHAS MOA0BKA: Ha 3 o0BeKTHEA.

HI MOOCBETHH: IEPKAID WIH CBEeTO-
Auon. PacnonomeHHe NoicseTin: BEPX-
HAA H HEKHAA. Matepwan kopryca: me-
Tl Tlpeasernsni cromms, mm: 90.
Hetousnk nuramms: 220 B/SO ['u.
Urcno meranuxcenei: |

ofecnednsaer nposenenHe yyeSnoro
INONOrMHYECKOI0 MOHHTOPHATA HHCTDY-
MEHTaNbHWIMKH MeTonami. Habop npa-
MEHAETCA [PH H3IYMEHHH SKONOHH,
bromorIs, XHMHK, reorpadisiE | NpHpo-
AOBEICHHA, & TAKAE JUIS HHIH anlb-
HBIX HCCIENOBAHHSA W MPOCKTHOH nes-
TEMBHOCTH WKOMBHMKOE, KoMmnnerra-
uns: GecnpoBoaHol MYIETHIATYHE M0
IKONOTHYECKOMY MOHHTOPHHTY
C ¥ BCTPOCHHBIMH JaTYHKAMMH, DaTYHE
HHTPAT-HOHOB, JMaTHHME XIOPHI-HOHOB:
AaT4MK pH ¢ gmanazonom wimepemus
He yike deM or 0 go 14 pH; narqux
BIAKHOCTH ¢ JHANAIOHOM H3IMEPEHHS
0...100%; gat9Hk  oOCBeLIEHHOCTH
C MHANAI0HOM WIMEDEHHS He yiKe ueM
ot (| go 180000 nk; natunx Temmnepa-
TYPH C IHANAI0HOM HIMEDEHHA HE Ve
HeM ot -20 10 +140 C; natunk 3nexipo-
[POBOHMOCTH C IHANAI0HAMH HiMepe-
HHA He %ﬂe qgeM o1 ) 1o 200 meCwsm: ot
0 no 2000 MxCwm; ot 0 go 20000 mECM;
JETHHK  TEMIEPATYPRl  OKpYHaomei
CPEabl € AWANA30HOM MIMEDEHHA He
yi#e q9em o7 -20 no +50 C. OraensHie
AATHHEH H MYJILTHIATYMMKH: JaT9HK
3BYKA ¢ QyHKIHed MHTeIPHPOBAHHS C
AHAMA30HOM HIMepeHHs YacToT He Me-
Hee qeM ot 30 ['n go 8 wl'u: paTymk
BIIEMHOCTH MOYBLL C THATIEIOHOM HIMe-
PEHHA HE Yie 9eM ot [} go 50%; naTaug
OKHCH YTIlepoia ¢ AHama3oHoM HiMepe-
HEA HE y#e geM ot 0 g0 1000 ppm.
MyNLTHIATIHK OnTHYECKOR MLIOTHO-
CTH H MYTHOCTH CO BCTPOCHHBIMM 1aT-
THEAMH. NaTUHK ONTHYECKOH MIoTHO-
CTH 470 HM ¢ aHanazomoMm HIMEpPeHHN
oT U go 2 D; narauk onThveckol nior-
HOCTH 325 HM ¢ JManazoHom HiMepe-
HHA 0T 0 mo 2 D; gatvuk onTHYeckoi
MACTHOCTH 630 BM ¢ IHanazoHOM HIme-
penus o1 O no 2 D) jateHk MyTHocTR
au'rnt%poncnﬂanamunm H3MEPEHHS OT
Jo 200 NTU. Akcﬂccyapn]?exaﬁmh
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2.3.7. Undposas na-
Gopatopus  mo
HIHOIOTHH
npodHIEHEIH
YPOBEHE )

3aMeCTHTEh MHHHCTpA —
HAYaIbHHK YTIpARIeHHS
0bLIere obpazoBanus

USB coeluHnTeNEaLIN (2 [T.); 3apsi-
HOE YCTpoHctBo ¢ Kabenem mir:;?ﬁ%%
USB; amantep Bluetooth 4.1 Low
Energy; cTepxkens Ans 3akpenienns
AATYHKOE B wmTathee. Kpatkoe pyxo-
BOACTBO N0 IKCIUTYATAUMH THPPOBOR
i HH. [lporpammuoe cne-
ICHHE, METOIHYECKHE pEKOMEHTALHH,
He Mewnee 20 pabor. Ynakoska. Hamu-
HHE pYCCHOR3IBIMHOrO cafita mog-
ASPHKH, HATHYHE BHICOPOIHKOR

obecneuHBaeT NPoOBCACHHE MCCISA0Ba-
HHA 00 QYHKIHOHHPOBAHHIO YeToBeye-
CKOTo opranMiMa. Komnnektaumn: Gec-
NPOBOAHOH MYTETHIATYHE TO (H3HO-
JIOTHM € 5 BCTPOEHHBIMH JaTYHKAMH:
Oa8THHK  apTepMANEHOND  JaBTeHHA
(0...230 MM pT. €T.); garyMK nynasca
C [AHAMAIOHOM HIMEDEHHN He yHe 4eM
ot 30 go 200 vo'sus.: gaTank TeMepa-
TYPBI TEA C IHANAI0HOM HIMEPEHHS He
y#e geM oT +25 mo +40 C; patymk ua-
CTOTE! JBIXAHHA C JHANAIOHOM HIMepe-
HHA He y#e dem oT 0 go 100 mux-
NIOB/MMH.; TATHHK YCKOPEHHSE C MOKA3a-
TEMAMH +2 g: +4 p: £ K%‘ Otnensarle
verpoiictsa: nmatumk 3KI ¢ amanaso-
HOM HIMEPEHHA He Yike em o1 — 300 go
+300 mB); natumk cunomep ¢ ananaszo-
HOM H3MepeHHH He y#e d9eM ot (0 go
40 H; naT4mKk OCBEILEHHOCTH ¢ aWana-
30HOM H3MepPeHHs He yvie yeM oT () 10
| BO0D00 nk. Axceccyapsi: xabens Ugﬁ
COSTHHHTENbHBIN: 3APAIHOE  YCTpOI-
¢Teo ¢ kabenem miniUSB, USB; agan-
Tep Bluetooth 4.1 Low Energy. Kpar-
KOe PYKOBOACTBO M0 IKCOMYATALHH
upoBoil  tabopatopun. [Iporpavm-
Hoe obecnevenne, Meroauyeckie
KOMeHIalHH, He MeHee 20 pabor.
Hanwume pycckomasmuoro caiita noj-
JEPHKH, HYHE BHACOPOIHKOR

o
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