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OO0 yTBep)KIeHUN UHPPACTPYKTYPHOTO
aucta st coznaHus  LleHTpoB
0o0pa3oBaHMsI  €CTECTBEHHO-HAY4YHOM
U TEXHOJOIMYECKON HalpaBIeHHOCTEH
«Touka pocra» B 2023 rony

B cooTBeTCTBMM C METOAMYECKUMHU PEKOMEHJALMSIMHU [0 CO3JAAHUIO
U (YHKIHOHUPOBAHUIO B 00HIC00pPA30BATENbHBIX OPraHU3ALUAX, PACIOIO0KEHHBIX
B CEJIbCKOW MECTHOCTM M MalbIX TOpOJiax, LUEHTPOB OOpa30BaHUsS €CTECTBEHHO-
HAy4YHOM W  TEXHOJOTMYECKOM  HampaBjeHHocTed (mucbmMo  MuHHCTEpCTBA
npocsenienust Poccuiickoit ®@enepanun ot 25.11.2022 Ne TB-2610/02), npukazom
MunucrepctBa o6pasoanus Kamuatckoro kpas «O co3zganuu LlenTpoB o6pa3oBanus
€CTECTBEHHO-HAYUYHOW M TEXHOJIOrM4YeCKOM HampaBieHHOCcTeN « Touka pocta» B 2023
roxy» oT 20.12.2022 Ne 1011, mucbmom MunmctepcTBa 006pazoBanusi Kamaarckoro
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or 17.01.2023 No 24.24/175 n nuceMom ®DI'AY «lleHTp NpPOCBETUTENBCKUX
VHUIMATUB MunucrepcrBa IIPOCBEILECHUS Poccurickon denepauun»
«O  cooTBETCTBUM MH(PPACTPYKTYpPHOTO JHMCTa €IUHOW TEXHOJOTMYECKOW cpene
HIIO» ot 18.01.2023 Ne 100/1801-07
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[Ipunoxenue 1 K MpUuKasy
MuHucrepcTBa oOpa3zoBaHus
Kamuarckoro kpas
oT 23.01.2023 Ne 68
HNudpacTpykTypHBbIii JHCT
Ne HanmenoBanmue KpaTkue npuMepHble TEXHHYECKHE XapakTepucTukd | Eqnnnma KomuecTBo
n/n| o6opynosanusi (PBIIO) (PBIIO) HM3MEpPEeHHUs
HaumenoBanue HanpasyeHusi: ""Obopyoosanue 01sa 00uieodpa3oeamenbHbIX OPZAHU3AYUIL, HE AGCAIOUUXCA
Mmanoxkomnaekmuovimu "’
HaumenoBanue pasnena:
1 ["EcrecTBeHHOHay4YHas
HanpaBJICHHOCTD'"

[ {upposas nabopamopus
no gusuxe (yuenuueckas)

Obecneuusaem gbINoaHeHUE IKCHEPUMEHNOE NO MEMAM KYpca
dusuxu. Komnaexmayus: becnpogoonot Myremuoamyux no
dusuke c 6-10 gcmpoennvimu oamuuxamu: Llugposoi oamyux
memnepamypul ¢ OuanasoHom usmeperus ne yoice uem om -20
00 120C Lugposoii damuux abconomno2o 0asienus ¢
Ouanazonom usmepenus ne yaice yem om 0 0o 500 xlla
V{amuux MazHumno20 nois ¢ OuanazoHoMm usmepenust He yice
uem om -80 0o 80 mTx [lamuux nanpsisicenusi ¢ OuanazoHamu
usmepeHust He yce yem om -2 00 +2B; om -5 0o +5B; om -10
00 +10B; om -15 0o +15B JJamuux moxa He yoice uem om -1
00 +1A4 Jlamuux axcenepomemp ¢ NOKa3amenimu He MeHee
uem: £2 g; +4 g; +8 g Omoenvhuvie ycmpovcmea: USB
ocyunnoepagh ne menee 2 kanana, +/-10 B Axceccyapui:
Kabenv USB coedunumenvhsiil 3apsaonoe ycmpoucmeo ¢
kabenrem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Koncmpyxkmop 0713 npogedenus skcnepumenmos Kpamxoe
PYKOBOOCME0 NO IKCHAyamayuu yugposot rabopamopuu
lIpoepammnoe obecneuenue Memoouueckue pekomenoayuu
(40 pabom) Hanuuue pyccrkoszoluno2o caima noooepiucKu
Hanuuue 6udeoponuxos.

6.00

[ ugposas nabopamopus
no xumuu (yuenuyeckas)

Obecneuusaem gplnoaHeHue 1a60pamopHuIx pabom no Xumuu
Ha ypoKax 6 OCHOBHOU WKOe U NPOEKMHO-
UCCIe008aMENbCKOU OesIMENbHOCHU YHAUUXCS.
[Komniekmayus: becnpogoonoti myremudamuux no Xumuu ¢
3-m5 6cmpoennvimu damyuxamu: Jamuux pH ¢ ouanazonom
usmeperus He yoce yuem om 0 0o 14 pH Jlamuuk
BAEKMPONPOBOOUMOCU C OUANAZOHAMU USMEPEHUS He Ve
wem om 0 0o 200 mxCm; om 0 0o 2000 mxCm; om 0 0o 20000
mxCm Jamuux memnepamypul ¢ Ouana3zoHom usmepenus He
yorce uem om -20 0o +140C Omoenvrvie Oamuuxu. Jlamuux
onmuueckou nromuocmu 525 nm Axceccyapwi: Kabeno USB
coedunumenvhviti 3apsionoe ycmpoticmso ¢ kabeiem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyK080dCcm60 no sKcnayamayuu yugposou rabopamopuu
Habop nabopamopnoti ochacmku Ilpoepammnoe obecneuenue,
Memoouueckue pexomenoayuu ne meree 40 pabom Hanuuue
YCCKOAZLIUHO020 cauma noddepxcku Hanuuue sudeoponuxos.

6.00

[ {ugpposas rabopamopus
no ouonocuu
(yueHnuyeckas)

Obecneuugaem 8bInoaHeHUe 1AO0PAMOPHLIX pAOOM HA YPOKAX
no 6UOIO2UU 8 OCHOBHOU WIKOE U NPOEKMHO-
Uccre008amenbCeKol 0esamenbHOCY Y4auuxcs.
Komnnekmayua: becnpo8ooHoll My1emuoamyux no ouoaoeuu
c 5-10 6cmpoennbiMu damuuxkamu. JJamuux GnaniCHOCmu ¢
Ouanazonom usmepenus 0...100% Jlamuuk océewennocmu ¢
Ouanazonom uzmepenus He yoice wem om 0 0o 180000 nx

Vlamuuk pH ¢ duanazonom usmeperus ve ysce yem om () do 14

6.00




n/n

HaumeHnoBanue
obdopynosanus (PBI1O)

KpaTKue NPUMEPHBIC TEXHUYECCKUE XAPAKTEPUCTUKHA
(PBIIO)

Eaununa
HM3MEpeHUus

IKoJimuecTBO

pH Jlamuyux memnepamypul ¢ OUANA30HOM USMEPEHUSL HE YIice
uem om -20 0o +140C Jamuux memnepamypwvl okpysicarouen
cpeodvl ¢ duanazonom uzmepenus He yoce yem om -20 do +40C
Uxceccyapwi: 3apsonoe ycmpoticmeo ¢ kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyKosoOcmeo no sxcniyamayuu yu@dposoi 1abopamopuu
{ugposas sudeokamepa c MemaiiuiecKum wmamueom,
paspewenue ne menee 0,3 Mnuxc IlpoepammHoe obecneuenue
Memoouueckue pexomenoayuu ne menee 30 pabom Ynaxoska
Hanuuue pyccKkosa3vbluHo20 calima noo0epicKu, Haiuyue
6UOCOPONUKO8

HanmenoBanue paznena:
" JlononHUTETBHOE
oOopynoBanue"

[Komnnexm nocyowvt u
0bopyoosanus 01
VUeHUYeCKUX ONbINOG
(xumus, usuxa,
buonocus)

B cocmas dondichbl 6xooums: LlImamue rabopamopHoiil
Habop ons npenapuposanus Cmynka ¢appoposas Yawxa
[Tempu d=35 mm - 10 wm. Cxasnka 30 ma 0ns pacmeopog
peaxmueog - 6 wm. Ckaauxa 100 mn Ons pacmeopog
peaxmusog - 5 wm. I[Ipobupka I[1X-14 - 20 wm Ilpobupxa I1b-
14 - 20 wm [Ipubop ora nonyuenus 2azos Cnupmoska
lnabopamopnas 100 mn I'oproyee ons cnupmogok Konba
konuueckas 100 mn Quuvmpor bymasicnvie d=12,5 cm (100
wm., benas nenma) Ilanouxa cmexnanuas (0
pazmewnsanus, moukas) Yawa ons evinapusanus 50 ma

[ [ununop meprutii ¢ Hocuxom 50 ma Bopouka B-56-80 XC
Cmaxan 100 mn cmexnsannvtii. Tpyoxa eazoomeoonasi ¢
npobkoil (cubkas) Ilecm Jlooicka 0nst cocueanus seujecms

2.00

Obopyoosanue 0ist
OeMoHCmpayuy onsimos

(¢uszuxa)

Cocmas: 1. [lImamueé demoHcmpayuoHHblil ¢
npunaonesxcHocmamu 2. Ucmounuk nocmosHHo2o u
nepemennozo nanpsxcenus 3. Cmoauk noovemuwiil 4.
Manomemp srcuoxocmuol demoncmpayuonnviii 5. Kamepmon
Ha pesonancrhom awuke 6. Hacoc eaxkyymmwiii ¢
baexmponpugooom 7. Tapenxa eakyymuaa 8. Bedepko
Upxumeoa 9. Oenueo sozdywnoe 10. Ilpubop ons
Oemoncmpayuu dasnenus 6 scuoxocmu 11. [lpubop ors
Oemoncmpayuu ammocheprnoco dasreHus (mazoebypackue
norywapus) 12. Habop men pasnozo oo6vema 13. Cocyoul
coobwarowuecss  14. Habop men pasnoii maccol 15. Tpyora
Hviomona 16. Lllap Ilackans 17. [llap c konbyom 18.

[ {ununoper ceunyosvie co cmpyeom 19. Ilpubop Jlenya 20.
Maznum dyz2o00pasuwiii demoncmpayuonusiti 21. Maenum
nonocogoil demoHcmpayuonnbill (napa) 22. Cmpeaxu
\maeHumusie na wmamusax 23. Habop demoncmpayuonnsiti
"Onexmpocmamuxa” B cocmag Habopa 00nx#CcHbl 8X00UMDb:
Dnexmpockonul (napa), Cyaman snekmpocmamuyeckuil napd,
Ilanouka cmexnaunnas, Ilanoyka s36onumosas, [lImamueuwt
uzonupyiowue (napa). 24. Mawuna snekmpogoprnas 25.
[Komniekm npo6o0dos

2.00

Obopyoosarue 05
OeMoncmpayuu onvimos
(xumust)

Cocmag: Cmonux noovemmuwiii 200x200 Llmamues
0eMoHcmpayuonHblil Xumuieckuti. Annapam ona nposedenus
umuneckux peaxyuti Habop ons snexmponusa
Oemoncmpayuonnsiti Habop graxonos (250 mn onst xpanenus
pacmeopos peakmueog) Komniexm meprwix ko6 Ilpubop ons
UATIOCIPAyUY 3aKOHA COXPAHEHUS MACCHL 8eUjecma
lenumenvHas 60poHKa Ycmanoska 015t Nepe2oHKL elyecing
Ipubop ona nonyuenus 2azoe bausa kombunuposannas
nabopamopuas Pap@oposas cmynka ¢ necmuxKom

[Komniexm mepmomempos

1.00

\Habop OI'D/ETD
(¢usuxa)

Cocmas: Komnnexm Nel: - Becvt anekmponnvle. Ilpeden
636ewusanus 0oadicer bvimo nHe menee 200 2, mounocmo

usmepenust ne menee 0,01 2. - HzmepumenvHulil yurunop ¢

2.00




n/n

HaumeHnoBanue
obdopynosanus (PBI1O)

KpaTKI/Ie NPUMEPHBIC TEXHUYECCKUE XAPAKTEPUCTUKHA
(PBIIO)

Eaununa
HM3MEpeHUus

IKoJimuecTBO

noocmarannuxom - [lnacmukogulii cmakau (ne menee 2 wim.).
Ob6vem cmakana oondice 6bims ne menee 300 ma. -
unamomemput - I pysvr yununopuueckue - Iloeapennas conv
- Jloowcka 05 nepemewuganusi. - Humo Onunoii ne menee 1,2
m - Konmetinep 05 xpauenus obopyooganusi Komniexm Ne 2:
- LlImamue 1a60pamopHblil ¢ NPUHAOIEHCHOCAMU -
V[unamomempeoi - [lpyscunst - Habop epy3os - Jlunetika
naacmuxoeas - bpycox - Tpaucnopmup - Hanpaenaowas ¢
usmepumenvHou wraiou - Humo onunot ne menee 1,2 m -
Konmetinep 0ns xpanenust obopyoosanusi Komnaexm Ne 3: -
\Bamapetinulii 610K ¢ B03MOICHOCIBIO Pe2YIUPOGKU
6b1X00H020 Hanpsdcenust - [Ipubop Ons usmepenus noxa3anuu
Hanpsocenus 6 yuacmkax snexmpudeckou yenu - Ipubop ons
U3MepeHUs. NOKA3AHULL CUIbI MOKA 8 YY4ACMKAX INeKMPUYecKoll
yenu - Dnemenmul dnekmpuyeckou yenu - Habop
npoeonouHbIX pesucmopos - Komniexm npogooos - Knou ons
BAMBIKAHUSA U PAZMBIKAHUA dNleKmpuieckoll yenu - Jlamnouxa
4,8 B - Konmetinep 0ns xpanenus obopyoogarnus Komniexm
We 4: - Bamapeiinblii 010K ¢ 803MONACHOCTBIO Pe2yIUpO8KU
8bIX00H020 HanpsaxceHus - Jlunzvl - Jlunelika niacmuxogas -
Hanpaensiowas ¢ usmepumenbHou wKaniou - IKpar cmanbHou
c petimepom - Komnaexm npo6o0oé - Kniou ons 3amvikanus u
pazmuikanus snekmpuieckoui yenu - Hemounux ceéema na 3,5
B ¢ petumepom - Illenesas ouaghpaema - Cnauo "Modenw
npeomema" ¢ peiimepom - Kopnyc nnockoeo ucmounuxa
ceema - [Inanuwem - Konmetinep 015 Xpaunerust 000py008aHus
Komnnekm Ne 5: - CekynOomep 91eKmpOHHbIIL CO
CnapenHbiMU MAZHUMOYNPABIAeMbIMU OaMYUKamu OJis
UMepeHUs NOKA3AHUL Omcyema 8pemMeHU -
Maznumoynpasisiemvle 2epKOHO8ble OaMYUKU CeKyHOoMepa -
Mexanuueckas ckamwvs - LlImamue nabopamopHuiii ¢
npunaonesxcnocmamu - Tpancnopmup - Humo onunoti ne
wmenee 1,2 m - Jlenma mepnas - I'pysvl yurunopuveckue -
Maenum - Tpybka anomunuesas - 3axcum 015 6ymae
Kanyenspcxuil - Konmetinep ons xpanenus 000pyoosanus
Komniexkm Ne 6. - [[Imamue nabopamopmbwiil ¢
npunaonesxcHocmamu - Potuae - Iloosusichwiil anemenm 6
coope - HenoosuoicHviti 21emenm 6 coope - I py3
yurunopuueckutl (ne mernee 3 wm.) - Junamomemp - Jlunetika
nracmukosas - Tpancnopmup. - Konmetinep 011 xpanenus
obopyoosanusi Komniexkm Ne 7: - Kanopumemp - Tepmomemp,
lnabopamopHulii - Becwvl anekmponnvle. [lpeden 63sewiusanus
0o1cen bvimb He menee 200 2, mounocmv usmepeHust He
menee 0,01 2 - Hamepumenvhwiil yuiunop ¢ NOOCMAKAHHUKOM
- I py3el yurunopuueckue - Humo onunou ne menee 1,2 m -
[Konmetinep 015 xpauerust 000py008aHus

\Habop OI'D/ETD (xumus)

B nabop exoosim eecwi 1abopamopuvie snekmpontsvie 200 2,
cnupmogka 1a60pamopHas, B0POHKA KOHUYECKAsl, NANOUKA
cmexnsnnas, npooupka I[1X-14 (10 wmyxk), cmakan @vlcokuil ¢
Hocuxom BH-50 ¢ memxou (2 wimyku), yurunop
usmepumenvHulil 2-50-2 (cmekasHHbl, ¢ npumepmot
KpblwiKol), wmamus 01 npodupok Ha 10 ené3o, 3axcum
npobupounslil, wnamenv-10xceuxa (3 wmyxu), Habop
(raxoHo6 014 XpaneHuss pacmeopos u peakmugos (0o6vem
dnaxona 100 mn - 5 komnnexmos no 6 wimyk, oovem iaKoHa
30 mn - 10 komniexmos no 6 wimyx), yurunop
usmepumenvHulil ¢ Hocuxom 1-500 (2 wmyku), cmaxau
evicoxutl 500 ma (3 wmyku), Habop eputeti OJist MblMbsL ROCYObl
(eput 015t MblmMbs NPOOUPOK - 3 WMYKU, epui OJist MbIMbs KOAO
- 3 wmyku), xaram 6enviii X/0 (2 wmyKku), nepuamku

e3UHOBble XUMUiecKue cmotxue (2 wmyku), ouKu

2.00
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HM3MEpeHUus

IKoJimuecTBO

Bawumuvle, punvmpol Oymadicuvie (100 wmyk), eoprovee Os
cnupmogok (0,33 1). B cocmae Habop 6xo0sam peaxmuewi:
anoMunUL, JHcene3o, CONHAS KUCIOMA, MEMULOPAHIC,
(penongpmaneun, ammuax, nepokcud 8000pooa, HUMpam
cepebpa u Opyeue; 6 obwetl croxcHocmu - 44 paziuyuneix
6eecms, UCNOIb3YeMbIX OISl COCMABILeHUsI KOMNIIEKMO8
peakmueoe npu npoeedeHUU IK3AMEHAYUOHHBIX
DKCREPUMEHMOB NO KYPCY WKOAbHOU XuMmuy. Pexomendyemcs
opmuposame nabop OI O/EI D, nozeonsiowuii nposooums
mpakmuuecKue 3a0anus npu nposedeHun 00wezo
COCYOapCmeeHH020 HK3AMEHA NO XUMUU C UCHOIb308AHUEM
coomeemcemayroweti 1a60pamopHoti nocyobl, peaKxmugos,
yuebHO-0eMOoHCmpayuoHHo2o 0bopyoosarus. Ilpu
opmuposanuu pexomenoyemces yuumuleams QaKxmuyeckyo
nompebHocmb 06pPa306aAMENbHBIX OP2AHUSAYUIL.

ObpaszosamenvHblil HAOOP
0151 U3yueHUs.
\WMHO20KOMNOHEHMHbIX
pobomomexHuyeckux
cucmem u
MAHURYTSAYUOHHBIX
pobomos

O6pazosamenvhblil HAOOP VoadCeH ObIMb NPEOHA3ZHAUEH 0I5
U3yUeHUsE POOOMOMEXHULECKUX MEXHONI02UTL, OCHO8
UHDOPMAYUOHHBIX MEXHOLO2UTL U MEXHONO2UL NPOMBIULIEHHOU
aemomamuzayu, a Mak’ce MexXHON02UN NPOMOMUNUPOBAHUS
U a0oumueno2o npouzgoocmaa. B cocmas nabopa 00ncHbl
8X00UMb KOMNJIEKmMyowue u ycmpoticmsd, obnaoaroujue
KOHCIMPYKMUBHOU, annapammuoll U npocpammHoil
coemecmumocmoio opye ¢ opyeom. 1) Komniexm
KOHCIMPYKMUBHBIX 2NEMEHMO8 U3 MEMALA U NIACIMUKA OJsl
cOOpKU MOOenetl MAHUNYIAYUOHHBIX POOOMOS C Y2080l
KUHEeMAMUKOL, NIOCKONapaiieivHol kunemamukot, Delta-
Kunemamuxou. 2) HumeniekmyanvbHwlii cepgomooyisb ¢
UHMEZPUPOBAHHOT CUCMEMOTL YRPAGILEHUS - He MeHee Tuim.
Cepsomodyinb 00dceH 001a0ams UHMeSPUPOBAHHOU
cucmemotl ynpasienus, obecneuugaioueis 0Opammylo cés3o
WU KOHMPOIb NAPAMEMPOS - NOOACEHUE BAlLd, CKOPOCHLb
6paugenus, Hazpy3Ka npueodd, a makdice obecneuugaroulels
603MOIACHOCHb NOCIEA0B8AMENLHO20 NOOKTIOUEHUSL OpYe C
Opyeom u ynpasienusi cepeomMoOYIsaiMU NO
nocnedosamenbHoMy NOLYOYNIEKCHOMY ACUHXPOHHOMY
unmepgeticy. 3) Pobomomexunuueckuii KOoHmpoJiep,
npedcmaensowuil coool MOOYIbHOE YCMPOLUCMEO,
sKI0UAIOWee 8 ceOs1 OOHONIAMHBII MUKPOKOMNbIOMED OJis
6LLNOJIHEHUSL CLOJICHBIX BLIYUCTUMENbHBIX ONePayUl,
nepugepuiinbliic KOHMpPOJLEP Oisk YRPAGIEHUsL BHEUHUMU
Ccmpoticmeamu u niamy pacuiupenust 0s NOOKIIOYeHUs!
eHewnux ycmpoticms. Mooyau pobomomexnuueckozo
KOHmMpOIepa OONHCHbI 061a0amsb 0OHOBPEMEHHO
KOHCIMPYKMUBHOU, annapammuoil U npocpammHoll
cosmecmumocmuio opye ¢ opyeom. Pobomomexnuueckuti
KOHmMPOLLEP O0NAHCEH YOOBLEMBOPAMb MEXHULECKUM
xapakxmepucmuxkam: Koi-60 s10ep 6CIpoeHHO20
MUKpokomnviomepa - He MeHee 4, maKxmoagas 4acmoma s0pa -
e menee 1,2 I'Ty, oovem O3Y - ne menee 512 M6, nanuuue
uumepeiticos - SPI, I2C, 1-wire TTL, UART, PWM,
yupposvle - ne menee 16 wm u aHanO208ble NOPMbL - He MeHee|
8 wim 013 NOOKIIOYEH U, BHEWHUX YCIMPOIICNG, 6CIMPOEHHbLI
muxpogon, a makaxce WiFi unu Bluetooth ona kommyHuxayuu
co eHewnumuy ycmpoticmeamu. Pobomomexuuueckuii
KOHmMPOLLEp 00NIHCEH 06eCneutu8anb G03MONCHOCHLb
npoSPAMMUPOBAHUS C NOMOUBIO cpedcms s3bikog C/C++,
Python u c60600n0 pacnpocmpansiemout cpedvt Arduino IDE,
@ makoice ynpasienusi MoOensamu pobOmMomexHu4ecKux
cucmem ¢ nomowvio cpedvt ROS. 4) Ipoepammupyembiii
Konmponep - ne menee lwm. [Ipoepammupyemoiii

KOHmpoJuiep Qoscen npedcmaefmmb 000U BbIYUCTUMETILHBLI

1.00
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00y, 001a0arWUM YUDPOBLIMU NOPMAMU - He MeHee 8
Wim U aHAN0208bIMU NOPMAMU - He Menee 16 wm,
unmepeticamu UART, I2C,SPI, TTL, a makace mooynem
becnposoonotl cesizu muna Bluetooth unu WiFi ona cozdanus
annapamuo-npocpammmusix peuwierui u "ymuvix/cmapm”-

cmpoticma 0 paspabomku pewenuti "Mnmeprnem sewgeii”.
5) Ilama pacuupenus nPo2pamMmupyemo2o KOHmMpoiepa —
e menee lwm. Ilnama pacuupenus 0ondxcHa obecheuugamas
603MOACHOCHIL NOOKTIOYEHUSL YHUBEPCATLHOO
BLIUUCTUMENTLHO20 MOOYIISL K Cemu ROCPeOCmeom unmepgetica
Ethernet. [Tnama pacuwiupenus 0ondcrha obradams nopmamu
6600a-6b1600a 0151 NOOKTIOYEHUSL YUDPOBBIX U AHATIO206bIX
yempoiicme — ne menee 40 wm, unmepgetic SPI u
603MOIACHOCIBIO NOOKIIOYEHUS HEeUlHell Kapmyl namsmu. 6)
Modyne mexHuueckoeo 3penus, npedCmagisowull cooou
VCmpoucmeo Ha 6aze GbIYUCIUMENbHO20 MUKDOKOHMPOILIEPA
U uHme2pupo8anHoll Kamepul, obecneuusaioujee
pacnosnasanue npocmetiuux u300paxcenull Ha Mooyne 3a
cuem cobCmBEeHHbIX GbIYUCTUMENbHBIX B03MOICHOCHEN - He
wmenee lum, Mooynb mexnuuecko2o 3peHus O0aNCeH
0becneuusams 803MONCHOCHb KOMMYHUKAYUU C
AHANOUYHBIMU MOOYIISIMU NOCPEOCMBEOM WUHbL Ha Oa3e
nociedosamenvHo20 unmepgeiica ¢ yenvio OanbHelutel
nepeodauu pe3yrbmamos usmepeHuti 2pynnvl Mooyiel Ha
VIpasnsaouee GbIYUCIUMENbHOE YCMPOUCMB0, NOOKIIOUEHHOe
K OanHoU wuHe. MoOynb mexHuuecko2o 3peHust O0INCEH
0becneuusams 803MOICHOCTIb OCYUECMEIISING HACMPOUKY
IMOOY/IS MEXHUYECKO20 3PEHUs - HACMPOUKY IKCNO3UYULL,
bananca 6en1020, YGeMOPAHOCMHBIX COCMABTAIOUUX,
nrowaou obHapydcusaemou obaacmu u300paxcenus,
OKpY2oCmu 0OHapyIHCUBAEMOl 00IACU U30OPANHCEHUS,
nonooicenue 0bHapyscusaemvix obacmel OMHOCUMENbHO
Opye opyea. Modynb mexHuuecko2o 3penust 00IHCeH
0becneuusams 803MONCHOCHb HACMPOUKU HA 0OHOBPEMEHHOE
06Hapyscenue ne menee 10 pasnuyHblx 0OUHOUHBIX 0OBLEKMOS
6 cekmope 0030pa, Mbo He MeHee 5 COCMABHBIX 00BEKMO8,
cocmosiux u3 He menee 3 pasiuiHbIX papuyeckux
npumumueos. Mooyib mexHuuecko2o 3peHust Q0ANCEH
o6naoame ecmpoennvimu unmepeticamu — USB, UART, 1-
wire TTL, 12C, SPI 0113 koMMyHUKQyUU CO BHEUHUMU
nooxknouaemvimu ycmpoticmeamu. 7) B cocmae nabopa
007101CHbL 8X00UMb YUDPOBble UHPOPMAYUOHHO-CEHCOPHbIE
mooyu, npedcmagagiowjue coboll ycmpoucmea na 6ase
npoSpamMmMupyemo2o KOHMpoLIepa U U3MepumeibHo20
baemenma. L{ugposoti modynw donxcen obradame
6CMPOEHHBIM MUKPOKOHMPOIIEPOM (MAKMOBAS YACMOMA -
e menee 16 MI'y, wuna oannoix — ne menee 8 Koavim),
unmepgheticamu 05t NOOKIIOUEHUS K BHEWHUM YCIMPOUCMEAM.
yugposvie u ananozosvie nopmot, 1-wire TTL, pazvem muna
RJ. Lugpposoii modyns dondicen obecneuusams 803MONCHOCHb
KOMMYHUKAYUU C AHATIO2UYHBIMU MOOYIIMU NOCPEOCIBOM
WuHbl Ha Oaze Noci1e008amenbHo20 uHmepdghelica ¢ yenvio
OanbHetluiell nepedaiu pe3yibmamos usmepenutl 2pynnvl
MoOyell Ha ynpagisiioujee blYUCIUMENbHOE YCMPOLICMEO,
nookmouennoe k dannou wiure. B cocmas nabopa 0onicro
6X00UMb. YUDPOBOU MOOYIb MAKMOBOU KHONKU — He MeHee
Swm, yughposoit Modyib céemoouoda — ne menee Jum,
YUDPOBOLL MOOYIb KOHYEBO2O Npepbleames — He MeHee 3uim,
yUPPo6oil MoOYIL damuyuxa yeema — He mexee luim,
yudposoii mooyrs RGB ceemoouoda — ne menee luum. 8) B

lcocmas Habopa 00nICHbL 8X00UMb d7leMmenmbl OJisl COOPKU
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BAKYYMHO20 3aX8aMA: 6AKYYMHAA NPUCOCKA — He MeHee luim,
biekmpoMacHUMHbLI KNanan — He Meree 1uim, 6aKyyMHulll
Hacoc — ne menee lwm. 9) B cocmas nabopa 0onoicen
6X00UMb YUeOHbIIL KOMNIEKM, KI0UAOuUll 8 cebst yuebHoe
nocobue, HAbOp OUOIUOMEK MPEXMEPHBIX INEMEHMO8 OISl
npomomunuposanus Mooenetl MaHUNYIAYUOHHbIX poOOMO8, a
maxoice npoepammuoe obecneuenue 0 pabomsi ¢ HAOOPOM.
IIpoepammHoe obecneuerue 00IHCHO 0becneyusams
Impexmeprylo u3yanuzayuo Mooeu MaHunyIAYyuOHHO20
poboma (c yenosoi, niocKonapaiieibHol u 0enbma-
KuHeMamuxol) 8 npoyecce pabomsl, obecneuusams
nocmpoene npocmpancmeeHHol mpaeKmopull O8UHCEHUs]
UCHOTHUMENLHO20 MEXAHUBMA MAHUNYTIAYUOHHO20 poboma,
603MOJICHOCb 3A0AHUS NOCIE008AMENLHOCIU MOYEK O
MpoxodNCcOeHUs uepe3 HUX UCHOIHUMENbHO20 MeXAHUIMA
Wmanunynsyuonno2o poboma. Ilpoepammnoe obecneuenue
0012CHO PYHKYUOHUPOBAMb, KAK 8 OMOEIbHOCHU 8 8Ude
Cpedbl MOOEUPOBAHUSL, MAK U 8 PEICUME MOHUMOPUHSA 8
peanvHoM 8pemenu npu NOOKIIOYEHUU MOOENU MAHUNYAMOPA
nocpedcmeom pobomomexHu4ecko2o KOHmpoiepa.

I IpocpammHoe obecneuenue 00IAHCHO 0becneuusams
BO3MOMHCHOCHD NOCIPOCHUS 2PAPUKOE 3A0AHHBIX U MEKYUUX
0000 eHHbIX KOOPOUHAT MAHUNYTAYUOHHO20 poboma,
epaguxos 3nauenuii ckopocmeil u YycKOpenus, epaguros
pacuemnuvix snauenutl Hazpysxu. Ilpoepammmnoe obecneuenue
00NIHCHO NO360AMb 300A6AMb NOCIE008AMENTLHOCHIb
nepeosudtCenUtt MaHUNYIMopa nocpeocmeom Habopa KOMAHO
6 OnouHo-epaghuueckom unmepghetice.  Yuednoe nocodue
007121CHO coOepaicams Mamepuaisl no paspabomxe
mpexmepuvix mooenell MOOUTbHBIX pOOOMmO8,
MAHURYIAYUOHHBIX POOOMOE C PAZIULHBIMU MUNAMU
KuHeMamuxu (yenoeas KUHeMAmuKa, nioCKo-napanieibHas
Kkunemamuxa, oenvma-kunemamuxa, SCARA unu pviuasicuas
Kunemamuxa, naamgopma Cmioapma u m.n.), UHCMPYKYu no
npoexmuposanuio pobomos, UHCMpPYKYuu U MemoouKu
0Cyuecmenenus UHJICeHEPHbIX paciemos npu
npoexmuposanuy (pacuemsl Hazpy3Ku U MOMEHNO8, paciem
WMowHOCMU NPU0008, paciem napamempos KUHeMamuxi u
m.n.), UHCMpYKyuu no paspabomke cucmem ynpagieHus u
npoepammnozo obecneuenus 0 ynpagieHus poobomamu,
UHCMPYKYUYU U MemoOuKy no paspabomke cucmem
VApagneHus ¢ INeMeHMAMU UCKYCCMBEHHO20 UHMENNIeKma U
MawunHo20 0byueHus.

Yemuvipéxocesotl yueOHbIll
pobom- manunyiamop c
WMOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebuwiii pobom-manunyisamop npeonasnaven s 0C8OEHUs
0OYyYarWUMUCS OCHO8 POOOMOMEXHUKU, O/ NOO2OMOBKU
0OyYarwuxcs K 6HeOPeHUIo U NOCIeOVIOWeMy UCHOIb308AHUIO
pobomoe 6 npomvluwienHom npouzsoocmee. Konuuecmeo oceti
poboma manunynsimopa - uemuipe. Ilepemewenue
UHCINDYMEHMA 8 NPOCTNPAHCIIEE O MPEM OCAM OOINHCHO
VAPABGIAMbCsL uazosbimu dgueamensmu. Hanpsocenue
numanus wazoswix ogucamenetl He 6onee 12 B.
Cepsodsuecamens uemgepmotl 0Cu 001H#CeH 0becneuugams
nogopom uncmpymenma. Y2on nogopoma MaHunyisamopa Ha
OCHOBAHUU 80KPY2 8epmuKanbHol ocu He meHee 180 epadycos.
V{15t onpedenenusi NON0NCEHUsL MAHUNYISMOPA NPU NOBOPONLEe
BOKpY2 BEPMUKANLHOU OCU QONINHCEH UCHONL308ATNBCS IHKOOED.
Yeon nosopoma 3aonezo nieva manunynsmopa ne menee 90
epadycos. Yeon nosopoma nepednezo nieua MaHunyismopa
e menee 100 epadycos. [ns onpedenenust noioicenus
BaoHe20 U nepeorezo niey MaHunyismopa O0JINCeH

UCNOIb308AMbCIH CUPOCKON. Veon nosopoma no qemeepmoﬁ
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ocu ne menee 180 epadycos. JJondcra Obimb 603MOHCHOCTb
OCHaWeHUs CMEHHBIMU HACAOKamu (Hanpumep, oepaicameid
Kapanoauia unu gromacmepa, NPUCOCKaA ¢ cepeodgueamenem,
IMexanuueckoe 3axeamuoe yCmpoucmeao ¢ cepeoosueameem,
VCmpocmeo 0Jist 1a3epHOUL 2PAGUPOSKU ULU YCHPOUCMEO OISl
3D-neuamu). Munumanbhas KOMIIEKMAYUs CMEHHbLMU
Hacaokamu: nHeeMamu4eckull 3axeam (NPUcocka,),
\Mexanuueckuil 3axeam, HAcaoka depicamens OJis
Kapanoauia/maprepa/pyuKu, Hacaoka nepexoOHUK OJist
KpennieHuss COBMeCmumblx KOHCMPYKMUSHbIX demanetl u
KOHCMPYKYUll, HACAOKA JIA3ePHOL 2pAsUPo6KuU, Hacadka 3D-
nevamu (0ns pabomul ¢ naacmuxom PLA ¢ ouamempom nHumu
1,75 mm). [Honowcen Obimos ochauier cepsonpugooom s
MHEEMAMULECKO20 U MEXAHUYECKO20 3aX68AMO8,
0OecneuusaOuWUM 8pAULeHUE 30X6AHEHHO20 00bEKMA 60
6peMsL nepemelyers, NOBOPOM NepPemMewaemo2o 00beKma
6oKpye sepmuranvholl ocu. /[ns obecneuenus
(DYHKYUOHUPOBAHUSL NHEEMAMUYECKO20 3AX6AMA OONICEH
ObINb OCHAUEH BCTPOEHHOU 8 KOPNYC MAHUNYISIMOPA
nomnotl. JJonxcHa 6vims 603MOHCHOCHb NOOKIOUEHUS
0onoHUmMeNbHbIX YCMpOCme (Hanpumep, mpancnopmepa,
penvca 0ns nepemewyenus poboma, nyibma ynpasieHusi muna
Oorcoticmux, Kamepvl MAUUHHO20 3PEHUsl, ONMULECKO20
Oamuura, mooysi becnposodnozo oocmyna). Pobom-
WManunyasmop 0oadicen obecneyusams nepemeujenue Hacaoku
6 npocmpancmee, AKMUBAYUIo HACAOKU, 603MONCHOCHLL
MOYHeHUs. CUSHATLO8 O KAMEPbL U OAMHUUKO8, BO3MOICHOCTb
VIpasnieHust OONOIHUMeRIbHbIMU yempoticmeamu. Mamepuan
Kopnyca — antomunuil. Juamemp paboueti 30Hbl (Oe3 yuema
HasecHo2o UHCMpyMeHma u yemeepmotui ocu) He meree 350
wm. Unmepghetic nooknouenus — USB. Jlonocen umems
603MOIICHOCHb ABMOHOMHOU PAOOMbL U HEUIHE2O
vnpaenenus. /lns enewtne2o ynpasienus 0oaicen ovlms
npedycmompen nyibm, ROOKIOUAeMblil K pooomy no
Bluetooth. Ynpaenstowuil konmpoaiep 0onicen 0bimo
coemecmum co cpedou Arduino. Ynpasenarowuii KoHmpoiiep
cosmecmum co cpedoii npoepammuposanus Scratch u azvikom
npoepammuposanus C. JJondicen obecneuusams nogopom no
nepebiM mpem 0CsM 6 3a0aHHbLIL Y2OIL U HA 3A0AHHDBLIL YOI,
nogopom no uemeepmor 0cu Ha 3a0AHHBLI YO, OBUNCEHUE 6
Koopounamot X, Y, Z, nepemewenue na 3a0aHHoe paccmosnue
no koopounamam X, Y, Z, nepedauy OanHwix 0 meKyuem
nonosicenuu y2nos, nepedayy OaHHbIX 0 MeKYUUX
Koopounamax uncmpymenma. Jlonsxicen noooepaicueams
nepemewenue 6 OeKapmogulx KOOPOUHAMAX U Y2iax n08opomd,
ocetl, ¢ 3a0annoll CKOPOCMbIO U YcKopeHuem. Tunvl
nepemewenull 8 0eKapmosvlx KOOPOUHAMAX: O8UICEHUE NO
mpaexmopuu, 08udicenue No NPAMOU MeNCOY O8YMs MOYKAMU,
nepenpvleugane us moyKy U moyxy (nepeHoc 06vekma,).
[Kopnyc domicen 6blmb 6 3auuyeHHOM UCTOIHEeHUe (K1acca He,
ruoice IP20).

ObpaszosamenvHblil HAOOP
no mexanuxe,
\mexamponuke u
pobomomexHure

Habop oonswcer bvimob npeOHA3HaAYeH 01 NPOBeOeHUs
VUEOHBIX 3aHANUL NO UZYYEHUIO OCHO8 MEXAMPOHUKU U
pobomomexHuKu, NPAKMUYecKo2o NPUMeHeHus 6a306bIX
DIeMEHNO8 INeKMPOHUKYU U CXEMOMEXHUKU, d MAKHCEe
Hauboaee pacnpocmpanenHoll diemMeHmHOU 0a3bl U OCHOBHBIX
IMexXHUYeCKUx peweHull, nPUMeHaeMblX npu NPOeKMUposaHull
U NPOTNOMUNUPOBANHUU PAZTUYHBIX UHIHCEHEPHDIX,
KubepHemuyeckux u 6cmpausaemvix cucmem. B cocmas
HAbOpa 00NIXHCHBL 6X0OUMb KOMUAEKMYIOWUe U yCmpoucmsa,

oba0arwue KOHCMPYKMUBHOU, IeKMPUYECKOLl,

2.00
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annapamnoii u npoSpaAMMHOL COBMECMUMOCMbIO Opye C
Opyeom. B cocmae nabopa dondicen 6x00ums KOMRAEKM
KOHCMPYKMUGHBLX INEMEHMO8 U3 MeMaLla 0isi COOpKU
IMaKema MaHunyIsyuoHH020 pOOOMA U KOMUIEKN
IMemanIuieckux KOHCMPYKMUGHbIX dJIeMEHMOo8 071 COOPKU
maxkema modbunvHo2o poboma. B cocmas Habopa dondicHbl
6X00UMb NPUBOOA PATUYHO20 MUNA: MOMOPbL C
UHMESPUPOBANHBIM ULU GHEULHUM OAMYUKOM HOTONCEHUSL — He
menee 2uim, cep8onpuoo 601buiol — He menee 4uim,
cepsonpuso0 manvlii — e mMeHee 2uim, npugoo ¢
603MOIACHOCIBIO YIPABTIEHUS 8 WA20BOM PECUME — He MeHee
Rwm. B cocmag Habopa 001dcHbL 6X00UMb 3j1eMeHmbl OJisl
COOpKU 8AKYYMHO20 3aX6ama. 6aKYYMHAS NPUCOCKA — He
menee lwim, 21eKMpoOMazHUMHbBLI K1anax — He Menee lwm,
6aKyymHblil Hacoc — He menee lwm. B cocmae nabopa
00101CHA 8X00UMb dN1eMeHmHas 0a3a OJis NPOMOMUNUPOBAHUSL:
nrama 01 Gecnaeuno20 NPOMOMURUPOBAHUSL, KOMNIIEKN
nPO6OO0E PAZIUUHO20 MUNA U OUHBL, KOMIIEKI PE3UCHOPOS,
KOMIIEKM C8emMOOU0008, CEMUCEMEHMHbLL UHOUKAMOP,
oucnnen JKK-muna, knHonku — ne menee Suum,
nomenyuomempol — He menee 3wm, UHGPAKPACHBIT OAMYUK -
He MeHee 3uim, YIbmpaseyKoeo OAm4uK - He MeHee 3uim,
Oamuyuk memnepamypol - e menee luim, oamuux
oceewennocmu - He menee lum, mooynv Bluetooth — ne menee
lwm, mooyne UK-npuemnuxa — ne menee luum, moodynv UK-
nepedamuuxa 6 guoe KHONOYHO20 nyIbma ynpasienus — lwm,
axKymynsimop — ne menee luim, 3apsonoe yempoucmeo — ne
\mernee lwum. B cocmas nabopa oonicen 6xoo0ums
MYTbMUOaAmyuK Oist USMEPEHUS. MEeMNEPAMYPbL U GIANCHOCIU
oKpyaHcarouseli cpedvt — ne meree lwm. Mynomuoamuux
0o191Ccen 06aa0ams 6CMPOEHHBIM MUKPOKOHMPOLLEPOM
(makmosas wacmoma - He menee 16 MI'y, wuna Oannwix — e
menee 8 Kbatim), unmepdgheticamu 015t NOOKIIOUEHUSL K
GHEWHUM YCMPOUCMEAM: YUPPOsble U AHAN0208ble NOpMbL, 1-
wire TTL, pasvem muna RJ. B cocmae nabopa donscen
6X00UNb KOMNAEKM YHUBEPCANbHBIX 8bIYUCTUMETbHBIX
modyietl, npedcmagiauwux coboti 6a308y nAamy, niamy
pacuupenust O cemego2o 83auMoOetcmeust U niamy
MOOKIIOYeHUs. CUNOBOT HA2PY3KU. Bxodsuue 6 komniekm
CmMpoUcmea O0IHCHbI 001a0amb 00OHOBPEMEHHOU
KOHCIMPYKMUBHOT, ]IeKMPUYECKOT, Annapamuoil u
NpoSPAMMHOLL CosMecmuMocmyio opye ¢ opyeom. bazosas
nIama yHueepcaibHo20 GbIHUCIUMENbHO20 MOOYIISL OOIICHA
npedcmaesnams coO0U NPOSPaAMMUPYeMbLLL KOHMPOJLLED 8
cpede Arduino IDE unu ananocuunvlx c60600HO
pacnpocmpansemuvix cpedax paspabomxu. bazosas niama
Do0icHa 0badams 6cmpoeHHbIMU UuHmMepgelcamu o
MOOKIIOUEeHUS. YUPDPOBBIX U AHATO20BLIX YCIPOUCME,
ecmpoennvimu unmepgeticamu USB, UART, 12C, SPI, 1-wire
TTL, Bluetooth, WiFi. [Inama pacuwupenus 0oxcHa
0becneuusams 803MOACHOCHb NOOKIIOYEHUSL YHUBEPCATIbHO2O0
BLIUUCTUMENTLHO20 MOOYIISL K Cemu ROCPedCmeom unmeppetica
Ethernet. [Inama pacuwiupenus 0onxcrHa obraoams nopmamu
6600a-6b1800a 0151 NOOKAIOUEHUS. YUPPOBLIX U AHATO20BbIX
vempoiicms, unmepgetic SPI u 803M0%CHOCIbIO NOOKIIOYEHUSL
enewnel kapmel namamu. Iliama pacuwupenus ons
MOOKIIOUeHUs! CUNOBOT HAZPY3KU O0JINHCHA 0DeCneyusams
603MOIACHOCHIL NPAMO20 NOOKNIOYEHUS GHEUHEll CUNOBOT
Hazpy3Ku, a maKoice pe2yiupyemou Hazpy3Ku nocpeocmaom
\PWM unmepgeiica. B cocmas nabopa dondicer 6xo0umso

npozpammupyemslii KOHMpoaLep, 00ecneuusarouull
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603MOICHOCHIb OCYWECMBAMb PA3PAOOMKY NPOSPAMMHO20
KOO, UCnoIb3ysi UHCMpYyMenmapuil cped papabomxu
Urduino IDE u Mongoose OS u 5136108 RPOZPAMMUPOBAHUSL
C\C++, JavaScript. IIpoepammupyemviti KOHMporiep O0NHCEH
0b1a0ames nopmamu 0151 NOOKIIOYeHUs YUPposwix u
AHAN0208bIX YCMPOTICME, CIPOEHHBIMU RPOSPAMMUDYEMbLMU
KHONKAMU U ]IeKMPOMEXAHUYECKUMU MOOYISMU Ol
Opeanuzayu Cucmembl pyYHO20 YNPAGLeHusl, 6CHPOEHHbIMU
Mpoepammupyemvimu c8emoouooamu Oisi UHOUKAyUU
paboueeo pesicuma, scmpoennvimu unmepghericamu USB,
USART, 12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi.
B cocmas Habopa 0ondicen 6x00ums MoOYib MEXHULECKO20
Bpenus , npedcmasisouuti co601l BbIYUCTUMENbHOE
VCMPOUCMB0 CO BCMPOEHHBIM MUKPONPOYECCOPOM (KOA-60
10ep - He menee 4um, yacmoma aopa we menee 1.2 I'Ty,
00vem O3Y - ne menee 512M6, 06vem 6cmpoenHou namsamu -
e menee 81°6), unmezpuposanHoll Kamepou (MaKCUManbHoe
paspeuienie 6udeonomoka, nepedasaemMo2o no unmepgericy
USB - ne menee 2592x1944 eo.) u onmuyeckoil cucmemou.
Mooy mexnuuecko2o 3penust 00dicer 001a0ams
COBMECMUMOCMBIO C PA3IUYHBIMU NPOCPAMMUPYEMbIMU
KoHmpoepamu ¢ nomowvto unmepgeticos - 1-wire TTL,
UART, I12C, SPI, Ethernet. MoOynb mexuuuecko2o 3penus
Qondicen 0becneuusams GbINOIHEHUE BCEX UIMEPEHUU U
BLIUUCTCHUL HOCPEOCIBOM COOCHIBEHHBIX BLIYUCTUMETbHBIX
603 MONMCHOCIEN 6CMPOECHIH020 MUKponpoyeccopa. Mooy
ImexHuuecKo2o 3penust Qoicer 001a0anms 803MONCHOCHIBIO
KOMMYHUKAYUU C AHATIO2UYHBIMU MOOYIIMU NOCPEOCIBOM
WuHbl Ha Oaze Nocied08amenbHo20 uHmepdghelica ¢ yenvio
OanbHetiuiell nepedaiu pe3yibmamos usmepenutl 2pynnvl
MoOyell Ha ynpagisiioujee blHUCTUMENbHOE YCMPOLICMEO,
nooktouennoe k dannou wune. Mooyas mexuuuecko2o 3peHus
Qonicen 0becneuusamsv HACMPOUKU PeXCUMO8 pabomul -
Hacmpouxy sxcnosuyuy, baranca 6eno2o, YBEMOPA3HOCMHBIX
lcocmasnsowux, niowaou obHapyxicusaemol obracmu
U300padicenus, OKpy2iocmu 0OHapyicueaemoi ooracmu
U300padicenus, NOL0JICeHUe 0OHAPYIICUBAEMBIX obnacmell
omHocumenvHo Opye Opyea, MawuHHoe obyyeHue
napamempos HeupoHHbIX cemetl OJisk OOHAPYHCEeHUs 0OBbEKMO8,
hopmy u 3aK00uposanHble 3HAUEHUS OOHAPYIHCUBAEMBIX
maprepos muna Aruco, pazmepvl 0OHAPYIHCUBAEMBIX
OKpYJICHOCMEl, KAOPAMO8 U MPEY2ONbHUKOS, NAPAMEMPOs
KOHMPAcmHocmu, pasmepos, KPUGU3HbL U HOIONCEHUS.
pacnosznasaemuvix munuil. Habop doncen obecneyusamo
603MOACHOCHIb PA3PAOOMKU MOOEU MOOUTLHO20 poboma,
vnpasnsemou 6 FPV-peacume nocpedcmeom npocpammmnozo
0becneuenust 0Jisl NEPCOHANLHO20 KOMNbIOMEPA U MOOUIbHBIX
vempoiicme na 6ase OC Android unu 10S, obecneuusarowezo
603 MONCHOCTb YRPABLEHUSL MOOUTLHBIM POOOMOM U
6CMPOEHHBIM MAHUNYTIIMOPOM NOCPEOCHBOM 2PAPUUECKO20
unmepdghetica, sknouarOwum 8 cebs Habop KHONOK U
nepexouamenetl, OHCOUCMUK, 061acmb 0151 OMOOpaANCeHUs
sudeo. Habop Oonwcen obecneuugams 603MOMCHOCMb
U3YUEeHUsL OCHOB PA3PAOOMKYU NPOSPAMMHBIX U ANRAPAMHBIX
KOMIIIEKCO8 UHICEHEPHBIX CUCTNEM, peuleHull 6 cghepe
"Humepnem sewetl”, a maxoice pewienuii 6 oonacmu
pobomomexHuKu, UCKYCCMBEHHO20 UHMELIEKMA U MAWUHHOO
0Oyuenus. B cocmas nabopa 00dHCHO 6X00ums nocooue no
U3VHUEHUIO OCHO8 INEKMPOHUKU U CXEMOMEXHUKU, PeuleHUll 6
chepe "Hnmepnem seweu”, pazpabomku u

npomomunuposanuio mooenei pobomos. B cocmas nabopa
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0012ICHO 8X00UMb ROCOOUE NO UYYEHUIO OCHO8 PA3PAOOMKU
cucmem MexHUUecKo20 3PeHUst U 2NEMEHMO8 UCKYCCIMBEHHO20
UHmMeLIeKmA.

ObpazosamenvHblii
KOHCMpPYKmMop 05
npakmuxi O104H020
npOSPAMMUPOBAHUS C
KOMNAEKMOoM 0amuuKo8

\Pobomomexnuueckuti Habop npeoHasHayen s U3y4eHusl
0CHO8 pobomomexHuKuy, demanet, Y3108 U MEXAHUZMOS,
HE0OX00UMBIX 01151 CO30AHUSL POOOMOMEXHUYECKUX
vempoticme. Habop npeocmasnsem coboii komniexm
CIPYKMYPHBIX 91eMEHIMO08, COCOUHUMETbHBIX DNIEMEHMO8 U
bIeKmpomexHuieckux Komnonenmos. Habop nosgosnsem
npO6OOUMb IKCNEPUMEHMbL NO NpeOMemy PU3UKA, CO30a8amb
U NPOCPAMMUPOBAMb COOUPaeMble MOOETU, U3 KOMNOHEHMOS,
6X00aUUX 8 €20 cocmags, pabouue MoOenu MOOUTbHBIX U
CcmayuoHapHvlx pOO6OMOMEXHUYECKUX YCMPOUCTE C
aemomamuzupoeanbim ynpasienuem, 8 mom yucie Ha
KOJIECHOM U 2YCEHUYHOM X00Y, d MAaKdIce KOHCMPYKYuil,
OCHOBAHHBIX HA UCTIONb30BAHUU PAZIUYHBIX 8UO08 nepeday (8
MoM YuCie YepBsIUHbIX U 3YOUAMbLX) A MAKIICE PbIYA08.
Bcmpoennbie becnposooHvle cemegule peuserus (Wi-Fi u
Bluetooth), 6osmodrcHocms unmezpayuu ¢ Oecniamusim
obnaunvim 110, obecneyusarom 603MOICHOCHb
MpaKmu1eckoeo u3yueHusi MmexHoao02Ull UHmepHema eeweil u
ocHo6 uckyccmeennoz2o unmennekma. Obecneuueaemcst
603MOACHOCHb 0OBEOUHEHUST HECKOILKUX POOOMOS,
COOPaHHbIX U3 NOOOOHBIX HAOOPOS, 6 2PYNNbL C CEMesbiM
63aumooeticmeuem. Ilpedycmompena onyuonanvhas
603MONCHOCHIb PACUUUPEHUS OONOTHUMETLHLIMU
KOMROHEeHmamu (He 6X00SWUMU 8 CIMAHOADIIHYIO
KOMIIEKMAYuio), RO380SIOUWUMU U3VHANb MEXHULECKOe
Bpenue u npomvluLieHHyo pobomomexuuxy. Ilpedycmompena
803MOdICHOCMb PAbOMbL HADOPA ¢ OONOIHUMETbHBIMU
o6naunvimu cepsucamu. Ilpedycmompenvt MuHuMym 08a
npoSpaMmMUpyemvix KOHMpoLIepd 6 NIACMuUKO8bIX KOPHYCcax,
MO360ASIOUUX OOHOBPEMEHHO CO30a6amb 2 8apuanma
poOOMO6 PaA3TUYHOL0 HAZHAYEHUS], UMEIOWUX B03MONCHOCHTL
pabomul Kax 6 NOMOKOBOM pedicume, max u AMOHOMHO;
MO360AAIOUUX PEATU308aAMb 0OYUEHUE NPOZPAMMUPOBAHUIO 8
HecKoIbKUX cpedax paspabomKu Ha pa3iIudHbIX A3bIKAX (K
npumepy, 6 cpedax Mblock, Arduino IDE, na sazvikax Scratch,
C, Python, micro Python). Kax Munumym ooun u3
KOHMPOLLEPO8 UMeen CIMPOCHHYIO0 ONEPAYUOHHYIO CUCTIEMY,
ecmpoennvie Wi-Fi u Bluetooth, nopm 011 nooxntouenus
noCe008amMenbHO COCOUHSIEMbIX GHEULHUX YCMPOUCME (He
lmenee 20 00no8pemeHHO nOOKIIOYaeMblx ycmpoticms). Kak
MUHUMYM OOUH U3 KOHMPOJLIEPOE UMEEH 803MONCHOCHb
00HOB8PeMEHNOI 3anucy He MeHee 8 NPOcSPamMM, C
603MONCHOCIBIO NEperoYenUs mexcoy Humu. Kax munumym
00UH U3 KOHMPOJLIEPO8 umeem noaHoysemuwii oucniei (IPS),
no3eoasaI0UWUL 661800UMb OAHHbBLE C OAMYUKOS 8 8U0e MAOIuY
u epaguros, a maxoice co30asamv 6CMpPOEHHbIE 8 KOHMPOJLIED
sudeouepul. Konuwecmeo ceHcopos u UCHOIHUMENbHbIX
VCMPOUCme, CMPOCHHbIX 6 OOUH U3 KOHMPOIEPOS, - He
menee 10 wm. Obujee Koauuecmso 31eMeHmos 8 Habope He
mernee 400 wm., 8 mom uucie nooKIOUAeMble MOOYIU. -
Bluetooth mooyns, - 080UHON OAMYUK TUHUU, -
VIbMPA38YKOBOU 0AMUUK PACCMOAHUSA, - OAMYUK Y8emd, -
Oamuyux Kacaunus snekmpomexanudeckutl, - IR Mooyan, -
MOMOp NOCMOSIHHO20 MOKA ¢ peOYKMOpOM — He MeHee 2 wim.,
- cepsonpusoo, - nyibm OUCMAanyuonHo2o ynpasienust IR.
Habop oondicen Obimb YKOMNIEKMOBAH AKKYMYISAMOPHLIMU
oamapesimu. [Ipoepammnoe obecneuenue, ucnonbzyemoe 0l

npocpamMmuposanus cooupaemvix poooOmomexHu4ecKux

2.00
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ooenell u ycmpoucms, 00JACHO OblMb OOCMYNHO OISl
Oecnnamnoeo ckauusanus uz cemu Mumeprem u
nocnedyouezo ucnoib3068anusl.

Yuebnas nabopamopus no
HetpomexnHonocuu

B cocmas éxodsm. Cencop Tun 1 ne menee 1 wm.,
0Oecneuusaen 803MONCHOCIb PELUCMPAYUU CUSHAA
DIEKMPUYECKOT AKMUBHOCHIU MbIUUY (DNEKMPOMUOSDAMMBbL,
OMT). Pecucmpayusi O0JHCHA 0CYUeCMEISIeMCsi HeUHBAZUGHO,
cyxumu anexmpooamu. JJonNCHA UMEMbCSE 803MOICHOCHLL
KpennieHust K pyKe 4eilo8exd, 4mo O00INCHO 0a8amb
603MOIICHOCHTb PE2UCPUPOBAb IJIEKMPULECKYIO
axmueHocmu Muluiysl 8 0baacmu, Had KOmopoti
pacnonazaemcs kpennenue. Ilpu nanpsisicenuu Moiuliol
QonicHa Ovimsb obecneyena 803MONCHOCHb HADII0OEHUs
nyunocmu cuenana (m.e. npucymemeue IMI), npu
paccrabnenuu moiuysl - ee omcymemeue. Cencop Tun 2 ne
menee 1 wim., obecneuusaem 603MONCHOCHb PeUCMPAYUL
cuenana pomonnemuzmozpammol (OIII) onmuueckum nymem,
3a cuem uzMeHeHUs: OMPANCEHHO20 OM KPOBEHOCHBIX COCYO08
ceema, 00bem KOMopwvix usmMeHsemcs noo 8030elicmeauem
nynbcosoii goanwl. CeHcop 0ondiceH Obimb obecneyeH
603MONCHOCIBIO KPENJIeHUs: K NOOYueyKe NaIbld 4elo8exd.
Cencop Tun 3 ne menee 1 wm., obecneuugaem 603MOHCHOCMb
pecucmpayuu cuenana snekmpoxapouocpammol (IKI) ne
uneazuehvim cnocooom, peeucmpayuu I, Il u 11l omeedenuil.
Cencop Tun 4 ne menee 1 wm. obecneuusaem 603MOACHOCHb!
pecucmpayuy cueHanNa KoNCHO-2Ab8AHUYECKOU PeaKyu
(KI'P), pecucmpayus Komopoz2o oCcyuwecmensiemcs Ha
NOCMOSIHHOM MOKe; NOOKIIOYEHUsL K Mely YeNl08eKd C
nomowyvio cyxux 21ekmpo0oos. Cencop Tun 5 ne menee 1 wim.,
0becneuugaem G03MONCHOCHIb: PEUCMPAYUL CUSHATLA
baexmpuueckou akmugnocmu mo3zea (33I) ¢ nomowvio cyxux
HEUHBA3UBHBIX DNEKMPOO0E, PECUCMPAYUL DTIEKMPULECKOL
axmuenocmu pasuvix 0oneu moszea. Cencop Tun 6 ne menee 1
wim., obecneuusaem 603MOACHOCHb. PESUCPAYUU CUSHANA
konebanus 2pyonou kiemxu (Cencop ovixanus), onpedeneHus
uacmomul ObIXaHusi. Ycmpoucmeo 01 cOopa OaHHbIX Om
CeHCOpo6 U nepedayu Ha NePCOHANbHBIL KOMNbIOMED
0becneuusaenm 803MoNCHOCMb cOOPA OAHHBIX OM
MOOKIIOUEHHBIX K HEMY CEHCOPO8 U OMNPAGKY NOLYUEHHbIX
Oannvix na I1IK. [looknouenue yenmpansvrozo mooyns Kk IIK
00101cHO ocywecmenamscs ¢ nomouwvio USB-kabens.
Yempoticmeo ona coopa danneix 0ondcHo umems
eanveanuyeckyto uzonayuto om 11K, obecneuusamo
603MONCHOCHb OOHOBPEMEHHO20 NOOKIIOYUEHUS 61I0Mb 00 4
cencopos. Kaowcowiii uz 6x0006 Ycmpoticmea 05 coopa
OaHHBIX OONINHCHO UMENMD 2ATbEAHUYECKYTO UZ0TAYUIO
(0Oecneuerue MENCKAHAILHOU 2ANb8AHUYECKOU UZ0IAYULL).
Ilookntouerue cencopos Kk Ycempoticmsy 0nsi coopa OaHHbIX
oCyIecmsnsaemcs ¢ NHOMOWbIO CREYUATUSUPOBAHHBIX
pasvemos muna LEMO, obecneuusarowux npasuibHocmy
MOOKIIOUEHUS. PA3LEMA U CHUICAIOUUX PUCK CTYUATIHO20
Kacanus pazvemos moKonpogoOsyux yacmetl, a maxoice
0OecneuusaoOwUx 3auuUmy om HeCauKYUOHUPOBAHHO20
noOKIIOUeHUs K NPOU3BONIbHBIM ycmpoticmeam. Mooyne
«Knonkay ne menee 1 wim., obecneuugaem 603MONCHOCTIDb!
pasmemku pecucmpupyemuix cuenanos. Konuuecmso
pazmeuaemvix cCOCMOSAHUL CUSHANA OOJHCHO ObIMb He MeHee 3-
X pazauunslx kamezopuil.  Ycmpoticmeo 0t pecucmpayuu
apmepuanvroeo dasnenus ne menee 1 wm. Memoouueckoe
nocobue, komopoe 00HCHO codeprcampb He meHee 30

l1abopamopHuIX/NpaKmu4eckux/0eMoOHCMPAYUOHHBIX padbom.
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upposas nabopamopus
1o Kon02UU

Obecneuugaem npogedenue y4ebH020 IKOI0SUHECKO20
Monumopunea uncmpymenmanviubimu memooamu. Habop
MpUMeHAemcs npU U3yYeHuU IKON02UU, OUOLO2UU, XUMUL,
eeoepaguu u npupodosedenus, a makice Ois
UHOUBUOYAILHBIX UCCAEO08AHUSL U NPOEKMHOU OesimebHOCMU
wkonvHuxos. Komnnexmayus: Becnpogoouoii
MYTbMUOAMYUK NO IKOA0SUHECKOMY MOHUMOPUHZY € 8-10
BCMpOeHHbIMU OamuuKamu. JJamuux Humpam-uo1o8 JJamuux
1opuo-uonos Jamuuk pH ¢ ouanasonom usmepenus He yxce
uem om 0 0o 14 pH Jlamuux érasxicnocmu ¢ OuanazoHom
usmepenus 0...100% Jlamuuk oceewgennocmu ¢ OuanazoHom
usmeperust we yace uem om 0 oo 180000 nx Jamuuk
memnepamypul ¢ OuUana3oHom usmeperusi ne yoice uem om -20
00 +140C [lamuuk s1exmponpogooumocmu ¢ OUana3oHamu
usmepenus ne yoice wem om 0 00 200 mxCm; om 0 0o 2000
wmrCm,; om 0 0o 20000 mxCm [Jamuux memnepamypoi
OKpYAHCatoujeli cpedsbl ¢ OUANA30HOM USMEPEHUsL He VIice Yem
om -20 0o +50C OmoenvHvle Oamuuxu U MyITbMUOAMYUKIL:
Vlamuuk 36yKa ¢ pyHKYuell uHmMe2pupo8arus ¢ OUana3oHom
usmepenus yacmom ne menee vem om 50 I'y 0o 8 kl'y;
V]amuuk enasxcHocmu nougsl ¢ OUANA30HOM USMEPEHUS He Ve
uem om 0 0o 50% Jlamuuk okucu yenepooa ¢ OuanasoHom
usmepenust we yace uem om 0 oo 1000 ppm Mynemuoamuux
onmuuecKou NIOMHOCMU U MYMHOCIMU CO 6CIPOEHHbIMU
Oamuuxamu. Jamuux onmuueckou nromuocmu 470 um ¢
Quanasonom usmepenus om 0 0o 2 D Jlamuuk onmuueckol
nromuocmu 525 um ¢ ouanazonom usmeperusi om () 0o 2 D
Vlamuux onmuueckoil niommnocmu 630 HM ¢ Ouanazonom
usmeperuss om 0 0o 2 D Jlamuux mymnocmu pacmeopos ¢
Ouanasonom uzmepenus om 0 0o 200 NTU Axceccyapul:
Kabenv USB coedunumenvhuiil (2 wm.) 3apsaonoe
ycmpoticmao ¢ kabenem miniUSB USB Adanmep Bluetooth 4.1
Low Energy Cmepoicensb 015 3aKpenieHus 0amuukos 8
wmamuse Kpamxoe pykosodcmeo no sxcniyamayuu
yupposoii 1abopamopuu [lpoepammuoe obecneuenue
Memoouueckue pexomenoayuu ne menee 20 pabom Ynarxoseka
Hanuuue pycckosizbluHo2o caima noooepicku, Harudue
6110C0PONUKOS.

1.00

[ {uppposas nabopamopus
no gusuonocuu
(npogunvhwill yposeHs)

Obecneuusaem npogedeHue Uccie008anus no
DYHKYUOHUPOBAHUIO YENI08EYECKO20 OP2AHUZMA.
Komniekmayusa: Becnpogoonot My1emuoamyux no
uzuonozuu ¢ 5-10 gcmpoennvimu oamuuxamu. amuux
apmepuanvrozo oasnenus (0...250 mm pm. cm.) lamyux
nynvca ¢ ouanazonom usmepenus ne yoice vem om 30 0o 200
Vo/mun JJamuux memnepamypvl meia ¢ OUana3oHom
usmepenuss ne yoice yuem om +25 oo +40C [Jamuux uacmomoi
OblXaHUsL ¢ OUanazoHom usmeperust we yce yem om 0 oo 100
YUKI06/MUH JJamyuk ycKopeHus ¢ nokazamensimu +2 g; +4 g;
+8 g Omoenvhvie ycmpouicmea: Jamuux IKI ¢ ouanazonom
usmeperust we yoce yem om -300 0o +300 mB) Jamuux
cunomep ¢ ouanazonom usmepenus He yoice wem om 0 0o 40 H
V{amuuk oceewjeHHocmu ¢ OUana3oHOM U3MepPEHUsL He Yice
uem om 0 0o 180000 nx Axceccyapwi: Kabeno USB
coedunumenvhusitl 3apsaonoe ycmpoiicmeso ¢ kaberem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyK06odcmeo no sxcniyamayuu yupposou rabopamopuu
lIpoepammnoe obecneuenue Memoouueckue pekomenoayuu
ne menee 20 pabom Hanuuue pycckoszviunoeo caima

nodoepaicku Hanuuue eudeoponuxos.

1.00
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HaunmenoBanue pasnena:
"KomnsrotepHoe
oOopynoBanue"

Muoeoghynkyuonanroroe
ycmpoticmeo (npunmep,
cKauep, Konup)

Tun ycmpoiicmea: Muozogynkyuonansroe ycmpoucmeo
(MDY); Llsemnocmo neuamn: uepno-denas; Texnonoeus
nevamu: snekmpozpaguueckas (1azepuas, c6emoouoonas),
Dopmam neyamu: ne menee A4; Tun ckanupoganus:
npomsicHblll/naanuemnbl; Bozmodcnocme ckanupoganus 8
hopmamax: ne menee A4, Cnocod nooknouenus: LAN, Wi-
Fi, USB

2.00

\Hoymoyx

Dopm-gpaxkmop. noymoyk; Pasmep ouazonanu: He menee 15.6
Ortimos,; Paspewenue skpana: Full HD, Quad HD unu Ultra
HD,; Obwuti 06bem yCmanoei1eHHOU OnepamueHotl NaMsmiL:
e menee 8 I'oaum,; Maxcumanvusiii 06w
noodepoicusaemulii 00beM ONepamueHoll NaMAMU: He MeHee
16 [oaiim; Obvem SSD naxonumens: ne menee 240 I'baum,
becnpogoonas ceaszw: Wi-Fi; Konuuecmeo ecmpoenmbix 6
Kkopnyc nopmoe USB: ne menee 2, uz komopuix ne menee I
0o101cHO 6bimv USB eepcuu He Hudice 3.0; Paspewienue 630-
Kkamepwl, Mnuxcenwv: ne menee 0.3; Bempoennwiii Muxpoghom;
[Knasuamypa ¢ packiaoxotl u MapKupoeKou Kiasuu
OWERTY/UI]YKEH; Iloddepaicka cmandapmos
becnposoonoui cessu: 802.11a/b/g/m/ac;

[ Ipoussodumenvrocmv npoyeccopa (3HaveHue noKa3amess
«CPU Mark» no mecmy «Laptop & Portable CPU
Perfomance» http.//www.cpubenchmark.net/laptop.html): ne
mernee 5000 eounuy,; Hanuuue manunynamopa moiuib 6
Komniekme: 0a; YcmanoseneHnas onepayuoHHdas CUCmemMa ¢
epaguueckum noib308amenbCKUM Umepheicom, ceedenust 0
KOMOPOM GKIIOUEHBL 8 COUHBLI PEeCP POCCULICKUX HPOSPAMM
07151 DIEKMPOHHBIX GLIYUCTUMETbHBIX MAUUH U 6A3 OAHHBIX,
Yemanoenennuiii nakem ogucrozo npozpammnozo
0becneyenuss, COBMeCmumMo2o ¢ YCMaHOBIeHHOU
onepayuonnol cucmemot, c6edeHust 0 KOMopPoM GKIIOUEHbL 6
leOunblLl peecmp pocCcutickux npocpamm O0Jisk INeKMPOHHBIX
6LIUUCTUMENTbHBIX MAUWUN U 6A3 OAHHBIX.

6.00

manokomniaekmuvimu'’

HaumenoBanue HanpaByeHusi: ""Odopyoosanue 01 00uieo0pa3oeamenbHbIX OPZAHUAUUIL, ACIAIOUUXCSA

HanmMenoBanue pasnena:
"EcTecTBEeHHOHAaYy4Has!
HAIPaBIEHHOCTD"

[ {uppposas nabopamopus
no gusuxe (yuenuueckas)

Obecneuusaem gbInoaHeHue IKCHEPUMERNOE NO MeMAM Kypca
dusuxu. Komnaexmayus: becnpogoonot Mynremuoamyux no
dusuke c 6-10 gcmpoennvimu damuuxamu: Llugposoi damyux
memnepamypul ¢ OuanasoHom usmeperus ne yoice uem om -20
00 120C Lughposoti damuux abconomuozo 0asieHus ¢
Ouanazonom uzmepenus He yoce wem om 0 0o 500 xlla
V{amuux MazsHumHo20 nois ¢ OUanazoHOM U3MepEeHUsl He Yice
uem om -80 0o 80 mTr JJamuux nanpsicenus ¢ ouanazonamu
usmepenust ne ysce yem om -2 00 +2B; om -5 0o +5B; om -10
00 +10B; om -15 0o +15B  Jamuux moxa He yoice uem om -1
00 +1A Jlamuux axcenepomemp ¢ noKazamenimu He MeHee
uem: +2 g; +4 g; +8 g Omoenvruvle ycmpoticmsa: USB
ocyunnocpagh ne menee 2 kanana, +/-10 B Axceccyapwi:
Kabenv USB coedunumensuuiii 3apadnoe ycmpoiicmeo ¢
kabenrem miniUSB USB Aoanmep Bluetooth 4.1 Low Energy
Koncmpyxkmop 0ia npogedenus sxcnepumenmos Kpamxoe
pyKosoOcmeo no sxcniyamayuu yugdposoii 1abopamopuu
IIpocpammnoe obecneuenue Memoouueckue pekomeHoayuu
(40 pabom) Hanuuue pycckosa3bluHo2o catima no00epiIcKu

Hanuyue udeoponuxos.

12.00
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[ {ugpposas nabopamopus
no xumuu (yuenuyeckas)

Obecneuusaem gplnoaHeHue 1a60pamopHuIx pabom no Xumuu
Ha ypoKax 6 OCHOBHOU WKOE U NPOEKMHO-
UCCIe008aMeENbCKOU OesIMENbHOCHU YHAUUXCS.
[Komniexkmayusi: becnpo8ooHot MyTbmudamyux no Xumuu ¢
3-ms1 6cmpoennvimu damuuxamu: Jamuux pH ¢ duanazonom
usmeperus He yoce yuem om 0 0o 14 pH Jlamuuk
BIEKMPONPOBOOUMOCIU C OUARAZOHAMU USMEPEHUSL HE YIICE
wem om 0 0o 200 mxCm; om 0 0o 2000 mxCm; om 0 0o 20000
mkCm Jlamuux memnepamypsi ¢ OUANA30HOM USMEPEHUS He
yoirce uem om -20 0o +140C Omoenvrvie Oamuuxu. Jlamuux
onmuueckou nromuocmu 525 nm Axceccyapwi: Kabeno USB
coedunumenvhviti 3apsionoe ycmpoticmso ¢ kaberem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyK0600Ccm60 no sxcnayamayuu yugposou rabopamopuu
Hab6op nabopamopnoi ochacmku Ipoepammnoe obecneuenue,
Memoouueckue pexomenoayuu ve menee 40 pabom Hanuuue
VCCKOSI3bIUHO20 caiima noddepacku Hanuuue udeoponuxos.

12.00

[ {upposas nabopamopus
no ouonocuu
(vuernuueckas)

Obecneuugaem 8bInoaHeHUe 1AO0PAMOPHLIX pAOOM HA YPOKAX
1no Ouo02UU 8 OCHOBHOU WKOAE U NPOEKMHO-
Uccre008amenbCeKou 0esamenbHOCU Y4auuxcs.
Komnnekmayua: becnpo8ooHoll Myremuoamyux no ouosoeuu
c 5-10 6cmpoennviMu oamuukamu. Jamuuk enaxcHocmu ¢
Ouanazonom usmepenus 0...100% JJamuux oceewennocmu ¢
Ouanazonom usmepenus He yoice wem om 0 0o 180000 ax
Vlamuuk pH ¢ ouanazonom usmeperus e yce yem om () do 14
pH Jlamuux memnepamypul ¢ OUANA30HOM USMEPEHUSL He Yice
uem om -20 0o +140C Jamyuk memnepamypul okpysicaiouei
cpeodul ¢ duanazonom uzmepenus He yoce yem om -20 do +40C
Ukceccyapel: 3apsonoe ycmpoticmeo ¢ kabenem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
pyKosoocmeo no sxcniyamayuu yugdposoi rabopamopuu
{ugposas eudeokamepa c MemaiiuiecKum Wmamueom,
paspewenue ne menee 0,3 Mnuxc IIpoepammnoe obecneuenue
Memoouueckue pexomenoayuu ne menee 30 pabom Ynaxoska
Hanuuue pycckosizbluHo2o caima noooepicku, Harudue
6LOCOPONUKO8

12.00

HaunmeHnoBanue pasnena:
"KommnbrorepHoe
oOopynoBanue"

MuocoghynkyuonaneHoe
ycmpoticmeo (npunmep,
cKkauep, Konup)

Tun ycempoiicmea: Muoeo@yHKyuoranbHoe yCmpoucmeo
(MDY); Lleemnocmo neuams: uepno-denas; Texnonoeus
nevamu: snekmpozpaguueckas (1azepuas, c6emoouoonds),
Dopmam neyamu: ne menee A4; Tun ckanupoganus:
npomsdicHblll/naanwemnbld; Bo3modcHocme ckanupoganus 8
bopmamax: ne menee A4; Cnocob nooxnoyenus: LAN, Wi-
Fi, USB

6.00

\Hoymoyxk

Dopm-gaxkmop. noymoyk,; Pasmep ouazonanu: ne menee 15.6
Ortimos,; Paspewenue skpana: Full HD, Quad HD unu Ultra
HD,; Obwuii 06bem yCmanoei1eHHOU OnepamueHotl NAMsIMIL:
e menee 8 I'oaum,; Maxcumanvusiii 06w
noodepoicusaemulii 00beM ONepamueHoll NAMAMU: He MeHee
16 [oaiim; Obvem SSD naxonumens: ne menee 240 I'baum,
becnpogoonas ceaszw: Wi-Fi; Konuuecmeo ecmpoenmbix 6
Kkopnyc nopmoe USB: ne menee 2, uz komopuix ne menee I
0oa01cHo 6bimv USB eepcuu ne nHudice 3.0; Paspewenue 630-
Kkamepwl, Mnukcenwv: ne menee 0.3; Bcmpoennviil Mukpogon,
[Knasuamypa ¢ packnaoxotl u MapKupoeKou Kiasuu
OWERTY/UI]YKEH; Iloddepaicka cmandapmos
becnposoonoui cessu: 802.11a/b/g/n/ac;

[ Ipoussodumenvrocmv npoyeccopa (3HaveHue noKa3amess

«CPU Marky no mecmy «Laptop & Portable CPU

12.00




n/n

HaumeHnoBanue
obdopynosanus (PBI1O)

KpaTKue NPUMEPHBIC TEXHUYECCKUE XAPAKTEPUCTUKHA
(PBIIO)

Eaununa
HM3MEpeHUus

IKoJimuecTBO

Perfomance» http.//www.cpubenchmark.net/laptop.html): ne
mernee 5000 eounuy,; Hanuuue manunynamopa moiuib 6
Komnaexme: 0a, YcmaHoeieHHAs ONePaAYUOHHAS CUCTEMA C
epaguueckum noib308amenbCKuM unmepheicom, ceedenust o
KOMOPOM GKIIOUEHbL 8 COUHBLI PEeCmP POCCULICKUX HPOSPAMM
07151 DIEKMPOHHBIX GLIYUCTUMETbHBIX MAUUH U 6A3 OAHHBIX,
Yemanoenennuiii nakem ogucrozo npozpammnozo
0becneuenuss, COBMeCmumMo20 ¢ YCMaHOBIEeHHOU
onepayuonHol cucmemotl, c6edeHust 0 KOMOPOM GKIIOHUEHbL 6
leOunblll peecmp pocCutickux npocpamm 0Jisk INeKMpPOHHbIX
6LIYUCTUMENTbHBIX MAUWUN U 6A3 OAHHDBIX.

HanmenoBanue paznena:
" JlononHUTETBHOE
oOopynoBanue"

[Komnnexm nocyowvt u
0bopyoosanus 01
VUeHUYeCKUX ONbINOG
(xumus, usuxa,
buonocus)

B cocmas dondichbl 6xooums: LlImamue rabopamopHoiil
Habop ons npenapuposanus Cmynka ¢appoposas Yawxa
[Tempu d=35 mm - 10 wm. Cxasnka 30 ma 0ns pacmeopog
peaxmueog - 6 wm. Ckaauxa 100 mn Ons pacmeopog
peaxmusog - 5 wm. I[Ipobupka I[1X-14 - 20 wm Ilpobupxa I1b-
14 - 20 wm [Ipubop ora nonyuenus 2azos Cnupmoska
lnabopamopnas 100 mn I'oproyee ons cnupmogok Konba
konuueckas 100 mn Quuvmpor bymasicnvie d=12,5 cm (100
wm., benas nenma) Ilanouxa cmexnanuas (0
pazmewnsanus, moukas) Yawa ons evinapusanus 50 ma

[ [ununop meprutii ¢ Hocuxom 50 ma Bopouka B-56-80 XC
Cmaxan 100 mn cmexnsannvtii. Tpyoxa eazoomeoonasi ¢
npobkoil (cubkas) Ilecm Jlooicka 0nst cocueanus seujecms

24.00

Obopyoosanue 0ist
OeMoHCmpayuy onsimos

(¢uszuxa)

Cocmas: 1. [lImamueé demoHcmpayuoHHblil ¢
npunaonesxcHocmamu 2. Ucmounuk nocmosHHo2o u
nepemennozo nanpsxcenus 3. Cmoauk noovemuwiil 4.
Manomemp srcuoxocmuol demoncmpayuonnviii 5. Kamepmon
Ha pesonancrhom awuke 6. Hacoc eaxkyymmwiii ¢
baexmponpugooom 7. Tapenxa eakyymuaa 8. Bedepko
Upxumeoa 9. Oenueo sozdywnoe 10. Ilpubop ons
Oemoncmpayuu dasnenus 6 scuoxocmu 11. [lpubop ors
Oemoncmpayuu ammocheprnoco dasreHus (mazoebypackue
norywapus) 12. Habop men pasnozo oo6vema 13. Cocyoul
coobwarowuecss  14. Habop men pasnoii maccol 15. Tpyora
Hviomona 16. Lllap Ilackans 17. [llap c konbyom 18.

[ {ununoper ceunyosvie co cmpyeom 19. Ilpubop Jlenya 20.
Maznum dyz2o00pasuwiii demoncmpayuonusiti 21. Maenum
nonocogoil demoHcmpayuonnbill (napa) 22. Cmpeaxu
\maeHumusie na wmamusax 23. Habop demoncmpayuonnsiti
"Onexmpocmamuxa” B cocmag Habopa 00nx#CcHbl 8X00UMDb:
Dnexmpockonul (napa), Cyaman snekmpocmamuyeckuil napd,
Ilanouka cmexnaunnas, Ilanoyka s36onumosas, [lImamueuwt
uzonupyiowue (napa). 24. Mawuna snekmpogoprnas 25.
[Komniekm npo6o0dos

6.00

Obopyoosarue 05
OeMoncmpayuu onvimos
(xumust)

Cocmag: Cmonux noovemnwii 200x200 LlImamus
0eMoncmpayuontvlil Xumuieckuli Annapam oas npogedenus
umuneckux peaxyuti Habop onsa snexmpoausa
Oemoncmpayuonusiti Habop grarxonos (250 mn ons xpauerus
pacmeopos peakmueos) Komniexm mepruix konb Ilpubop ons
UATIOCIPAyUY 3aKOHA COXPAHEHUS MACCHL 8eUjecma
lenumenvHas 60poHKa YcmarnosKka 0nia nepecoHKu eewecms
Ipubop ona nonyuenus 2azoe bana kombunuposanuas
nabopamopuaa apghoposaa cmynka ¢ necmuxom Komniexm
mepmomempos

7.00

\Habop OI'D/ETD
(¢usuxa)

Cocmas: Komnnexm Nel: - Becvt anekmponnvle. Ilpeden
636ewusanus 0oadicer bvimo nHe menee 200 2, mounocmo

usmepenust ne menee 0,01 2. - HzmepumenvHulil yurunop ¢

10.00
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noocmarannuxom - [lnacmukogulii cmakau (ne menee 2 wim.).
Ob6vem cmakana oondice 6bims ne menee 300 ma. -
unamomemput - I pysvr yununopuueckue - Iloeapennas conv
- Jloowcka 05 nepemewuganusi. - Humo Onunoii ne menee 1,2
m - Konmetinep 05 xpauenus obopyooganusi Komniexm Ne 2:
- LlImamue 1a60pamopHblil ¢ NPUHAOIEHCHOCAMU -
V[unamomempeoi - [lpyscunst - Habop epy3os - Jlunetika
naacmuxoeas - bpycox - Tpaucnopmup - Hanpaenaowas ¢
usmepumenvHou wraiou - Humo onunot ne menee 1,2 m -
Konmetinep 0ns xpanenust obopyoosanusi Komnaexm Ne 3: -
\Bamapetinulii 610K ¢ B03MOICHOCIBIO Pe2YIUPOGKU
6b1X00H020 Hanpsdcenust - [Ipubop Ons usmepenus noxa3anuu
Hanpsocenus 6 yuacmkax snexmpudeckou yenu - Ipubop ons
U3MepeHUs. NOKA3AHULL CUIbI MOKA 8 YY4ACMKAX INeKMPUYecKoll
yenu - Dnemenmul dnekmpuyeckou yenu - Habop
npoeonouHbIX pesucmopos - Komniexm npogooos - Knou ons
BAMBIKAHUSA U PAZMBIKAHUA dNleKmpuieckoll yenu - Jlamnouxa
4,8 B - Konmetinep 0ns xpanenus obopyoogarnus Komniexm
We 4: - Bamapeiinblii 010K ¢ 803MONACHOCTBIO Pe2yIUpO8KU
8bIX00H020 HanpsaxceHus - Jlunzvl - Jlunelika niacmuxogas -
Hanpaensiowas ¢ usmepumenbHou wKaniou - IKpar cmanbHou
c petimepom - Komnaexm npo6o0oé - Kniou ons 3amvikanus u
pazmuikanus snekmpuieckoui yenu - Hemounux ceéema na 3,5
B ¢ petumepom - Illenesas ouaghpaema - Cnauo "Modenw
npeomema" ¢ peiimepom - Kopnyc nnockoeo ucmounuxa
ceema - [Inanuwem - Konmetinep 015 Xpaunerust 000py008aHus
Komnnekm Ne 5: - CekynOomep 91eKmpOHHbIIL CO
CnapenHbiMU MAZHUMOYNPABIAeMbIMU OaMYUKamu OJis
UMepeHUs NOKA3AHUL Omcyema 8pemMeHU -
Maznumoynpasisiemvle 2epKOHO8ble OaMYUKU CeKyHOoMepa -
Mexanuueckas ckamwvs - LlImamue nabopamopHuiii ¢
npunaonesxcnocmamu - Tpancnopmup - Humo onunoti ne
wmenee 1,2 m - Jlenma mepnas - I'pysvl yurunopuveckue -
Maenum - Tpybka anomunuesas - 3axcum 015 6ymae
Kanyenspcxuil - Konmetinep ons xpanenus 000pyoosanus
Komniexkm Ne 6. - [[Imamue nabopamopmbwiil ¢
npunaonesxcHocmamu - Potuae - Iloosusichwiil anemenm 6
coope - HenoosuoicHviti 21emenm 6 coope - I py3
yurunopuueckutl (ne mernee 3 wm.) - Junamomemp - Jlunetika
nracmukosas - Tpancnopmup. - Konmetinep 011 xpanenus
obopyoosanusi Komniexkm Ne 7: - Kanopumemp - Tepmomemp,
lnabopamopHulii - Becwvl anekmponnvle. [lpeden 63sewiusanus
0o1cen bvimb He menee 200 2, mounocmv usmepeHust He
menee 0,01 2 - Hamepumenvhwiil yuiunop ¢ NOOCMAKAHHUKOM
- I py3el yurunopuueckue - Humo onunou ne menee 1,2 m -
[Konmetinep 015 xpauerust 000py008aHus

\Habop OI'D/ETD (xumus)

B nabop exoosim eecwi 1abopamopuvie snekmpontsvie 200 2,
cnupmogka 1a60pamopHas, B0POHKA KOHUYECKAsl, NANOUKA
cmexnsnnas, npooupka I[1X-14 (10 wmyxk), cmakan @vlcokuil ¢
Hocuxom BH-50 ¢ memxou (2 wimyku), yurunop
usmepumenvHulil 2-50-2 (cmekasHHbl, ¢ npumepmot
KpblwiKol), wmamus 01 npodupok Ha 10 ené3o, 3axcum
npobupounslil, wnamenv-10xceuxa (3 wmyxu), Habop
(raxoHo6 014 XpaneHuss pacmeopos u peakmugos (0o6vem
dnaxona 100 mn - 5 komnnexmos no 6 wimyk, oovem iaKoHa
30 mn - 10 komniexmos no 6 wimyx), yurunop
usmepumenvHulil ¢ Hocuxom 1-500 (2 wmyku), cmaxau
evicoxutl 500 ma (3 wmyku), Habop eputeti OJist MblMbsL ROCYObl
(eput 015t MblmMbs NPOOUPOK - 3 WMYKU, epui OJist MbIMbs KOAO
- 3 wmyku), xaram 6enviii X/0 (2 wmyKku), nepuamku

e3UHOBble XUMUiecKue cmotxue (2 wmyku), ouKu

13.00




n/n

HaumeHnoBanue
obdopynosanus (PBI1O)

KpaTKue NPUMEPHBIC TEXHUYECCKUE XAPAKTEPUCTUKHA
(PBIIO)

Eaununa
HM3MEpeHUus

IKoJimuecTBO

Bawumuvle, punvmpol Oymadicuvie (100 wmyk), eoprovee Os
cnupmogok (0,33 1). B cocmae Habop 6xo0sam peaxmuewi:
AIFOMUHUTL, JCene30, CONAHASL KUCTIOMA, MeMUIOPAHIIC,
(penongpmaneun, ammuax, nepokcud 8000pooa, HUMpam
cepebpa u Opyeue; 6 obwetl croxcHocmu - 44 paziuyuneix
6eecms, UCNOIb3YeMbIX OISl COCMABILeHUsI KOMNIIEKMO8
peakmueoe npu npoeedeHUU IK3AMEHAYUOHHBIX
DKCREPUMEHMO8 NO KYPCY WKOAbHOU XUMUU.

Tenescka-xpanunuuye
HOYMOYKO08

mun Kopnyca.: Memai,; 603MONCHOCHb OE30NACHO20
BAWUWEHHO20 3AMKOM XPAHEHUsI HOYMOYK0G: Haudue;
603MOACHOCIb 3aPSIOKU HOYMOYKOS. HAUYUE, ROOOEPIHCKA
Hoymoykoe n.1.1.1.; nanuuue poymepa Wi-Fi cmandapma
802.11n unu cogpemennee: 1 wm. noodepcka HOymoykog
n.1.1.1.; konuuecmeo Hoymoykog: om 15 wmyk, noooepiicka
Hoymoykoe n.1.1.1.; Hanpsocenue numanus: 220B\500y;
[lompebnsemasn mowpocms, Bm (maxcumym): 2500
llompebnsemviil mox, A (maxcumym): 12; [nuna wnypa
brexmponumanus: om 2,5 mempa, 3awuma om
nepenanpsidicenst, KOpomKo2o 3amvlkanus: namdue, Koneca
07151 nepedsUNICeHUsL C TMOPMO30M: HALUYUE.

2.00

Obpazosamenvhblil HAOOP
0151 U3yyeHust
\MHO20KOMNOHEHMHbIX
pobomomexHuyeckux
cucmem u
MAHURYTAYUOHHBIX
pobomos

Obpazosamenvhbiil HADOP 00AXHCEH OblMb NPpeOHA3HAYeH Ol
U3yUeHUsL POOOMOMEXHUYEeCKUX MEXHOA02ULL, OCHO8
UHDOPMAYUOHHBIX MEXHONIO2ULL U MEXHOLO02ULL NPOMBIULIEHHOT
aemomamuzayuuy, a Maktce MexHoN02Ul NPOMOMUNUPOBAHUS
1 a00umueHo20 npouzeodcmed. B cocmae Habopa 0ondicHbL
6X00UMb KOMIJIEKMYIOWue u ycmpoucmsa, obraoarouue
KOHCMPYKMUBHOU, annapammuoi u npocpammHol
coemecmumocmuoto opye ¢ opyeom. 1) Komniexm
KOHCIPYKMUGHBIX INEMEHNO08 U3 MEMALA U NIACMUKA OJIsL
coopru mooenell MAHUNYIAYUOHHBIX POOOMOE C Yel080U
KUHeMamuKxotl, n10CKonapaiieibHol kunemamuxo, Delta-
Kunemamuxoil. 2) HumeniekmyanvHbili cepgomooyis ¢
UHMESPUPOBANHOU CUCMEMOT YIPABTIEHUSL - He MeHee Tulm.
Cepsomodynb 0ondicen 061adamov UHMeZpUpPOBaAHHOU
cucmemotl ynpasienus,, obecneuugaioweli 0Opammyio c6s3o
WU KOHMPOJIb RAPAMEMPOS - NOLOJICEHUE BATd, CKOPOCTb
6pawyenus, Hazpy3Ka npueoodd, a makdice obecneuugaroujels
603MOICHOCHb NOCIEO0B8AMENLHO20 NOOKTIOUEHUs. OpYe C
Opyeom u ynpasienusi cepsomMooyasimu no
nocnedosamenbHoMy NOLYOYNIEKCHOMY ACUHXPOHHOMY
unmepgbeticy.  3) PobomomexnuuecKkutli KOHMpoiep,
npedcmasnarowull coootl MoOyIbHOE YCMPOLUCMBO,
sKIIOUAIOWee 8 ceO5 OOHONIAMHbLI MUKPOKOMNbIOMED OJisl
6LINOJIHEHUSL CLOJICHBIX BLIYUCTUMENLHBIX Onepayull,
nepugeputinvlii KOHMpPOJIEP OJisk YAPAGIEHUs BHEUHUMU
yempolicmeamu u naamy pacuupenus st NOOKIIOYeHUs.
6HewHux ycmpoucms. Mooyau pobomomexuuyeckozo
KOHmMpOLIepa OONHCHbL 001a0amb 0OHOBPEMEHHOU
KOHCMPYKMUBHOU, annapamuol U npocpammHol
coemecmumocmuto opye ¢ opyeom. Pobomomexuuueckuii
KOHMPOLILEP O0NHCEH YOOBNEMBOPSMb MEXHULECKUM
Xapakmepucmuxkam: Koi-60 s0ep 6CmpoeHHO20
IMuKpokomnviomepa - He MeHee 4, makmogas wacmoma s0pa -
e menee 1,2 I'Ty, o6vem O3Y - ne menee 512 Mo, naruuue
unmepgeticos - SPI, 12C, 1-wire TTL, UART, PWM,
yugposvle - ne menee 16 wim u aHano0208vle NOPMbL - He MeHee,
8 wm 015 NOOKIIOYEHUS BHEUHUX YCIMPOUICME, 6CMPOEHHbLI
muxpogon, a makace WiFi unu Bluetooth ons kommyHukayuu
co enewnumu ycmpoticmeamu. Pobomomexnuuueckuti
KOHMPOLLEp 00NHCEH 0OECneuu8ams G03MONCHOCHb

npocpamMmuposanus ¢ nomMowbio cpedcms si3vikos C/C++,

4.00
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\Python u c60600n0 pacnpocmpansiemou cpedvt Arduino IDE,
@ makdice ynpasnenusi Mooenamu pobomomexHu4ecKux
cucmem ¢ nomowwio cpedvt ROS. 4) [Ipoepammupyemuvlii
Konmponnep - ne menee lwm. [Ipoepammupyembiii
KOHmMPOILILEP O0NIHCEH NPEOCMAGIsiNG CODOU GbIYUCIUMETbHbLU
MoOyb, 0baadarowum Yyu@dpossimu nOpmamu - He mexee 8
Wim U AHAI0208bIMU NOPMAMU - He Menee 16 wim,
unmepgeticamu UART, I2C,SPI, TTL, a makoce mooynem
becnposoonot ceéasu muna Bluetooth unu WikFi ons cozdanus
annapamuo-npocpammisix peuterui u "ymuvix/cmapm”-
yempoiicma 0 paspabomku pewenuti "Hnmepnem sewen”.
5) Ilhama pacwupenus npoepammupyemozo KOHmpoiepa —
e menee lwm. [Inama pacwupenus dondicHa obecneuueams
603MOIACHOCIb NOOKIOUEHUSL YHUBEPCATLHOO
BLIUUCTUMENLHO20 MOOYIISL K Cemu ROCPEOCmEoM unmepgetica
[Ethernet. [Inama pacwiupenus 0ondicha obradams nopmamu
6600a-6b1800a 0151 NOOKIIOYEHU YUPDPOBBIX U AHAIO208bIX
yempoticme — ne meree 40 wm, unmeppetic SPI u
BO3MONCHOCMBIO NOOKNIOUEHUS 6HeU el Kapmbl namsamu. 06)
MoOoynb mexnuuecko2o 3peHust, NPeocmasisiowuli coootl
Vempouicmeo na 6aze GbIUCIUMETbHO20 MUKPOKOHMPOILIEPA
U UHMEZPUPOBAHHOLL KAMepbl, obecheuusaroujee
pacnosznasanue npocmeriuiux uzobpasicenull Ha mooyne 3a
cuem cobCmBEeHHbIX GbIUUCTUMENbHBIX BO3MOICHOCIEN - He
menee luum;  Modyns mexnuueckoeo 3penus 00HCeH
0Oecneuusams 803MONCHOCIb KOMMYHUKAYUU C
aHAO2UYHBIMU MOOYAAMU HOCPEOCMBOM UWUHbL HA Oa3e
nociedosamenvHo2o unmepghelica ¢ yeavio OanbHeuuLel
nepedauu pe3yibmanmos uzmepeHuti 2pynnvl MoOyiel Ha
VRpasnsouee GblYUCIUMeNIbHOe YCHPOUCMBO, NOOKIIOUEHHOe
K OanHotl wiuHe. MoOynb mexHuuecko2o 3peHus 00aHCeH
0becneuusams B03MONCHOCIb OCYUECMEIISING HACMPOUKY
MO0/l MEXHUYECKO20 3PEHUs - HACMPOUKY IKCHOZUYUU,
bananca 6en02o, Y8eMopPAHOCMHbIX COCMABNAIOUUX,
nowadu oonapyicueaemol ooaacmu u306padicenus,
oKpY2nocmu 06HapyICUBAEMOTE 0OAACMU U300PAdICEHUS,
nonooicenue 0OHapyscusaemvix ooacmel OMHOCUMENbHO
Opye Opyea. Mooynb mexnuueckoeo 3penus 00NHCeH
0becneuusams 803MONCHOCTb HACMPOUKU HA 0OHOBPEMEHHOE
06Hapyoicenue ne menee 10 pasiuyHblx 0OUHOUHBIX 00bLEKMOS
6 cekmope 0030pa, 1bo He MeHee 5 COCMABHBIX 0OBEKMO8,
cocmosiuux uz He menee 3 pazIuuHbIX epapuyeckux
npumumueos. Mooyib mexnuuecko2o 3penusi 00MICeH
obradame scmpoennvimu unmepgeticamu — USB, UART, 1-
wire TTL, 12C, SPI 015 kKomMmyHuKayuu co 6HeWHUMU
nooxouaemviMu ycmpoticmeamu. 7) B cocmas nabopa
0011CHBL 6X00UMb YUPPOBblEe UHPOPMAYUOHHO-CEHCOPHbIE
mooynu, npedcmasnsioujue coboll ycmpolcmea Ha 6asze
npoSpaAMMUpyemo20 KOHMpOoLIepa U UsMepumenIbHo20
baemenma. L{ugpposoti modyns dondxcen obradame
6CIMPOEHHBIM MUKPOKOHMPOIIEPOM (MAKMO8AS. YACMOMA -
e menee 16 My, wiuna oannvix — ne menee 8 Koaiim),
uHmepghelicamu 015 NOOKIIOYEHUs K BHEUHUM YCIMPOUCMBAM.
yughposwvie u ananozoevie nopmet, 1-wire TTL, pazvem muna
RJ. L{ughposoti modyinb ondcern 0becneuusams 603MONCHOCTb
KOMMYHUKAYUY C AHATIOZUYHBIMU MOOYTIMU NOCPEOCTNEOM
WuHbL Ha Oaze nocied08amenbHo20 unmepgheiica ¢ yeivio
Oanvuetiwell nepedadu pe3yibmanos UsmMepeHuil pynnol
WMoOyell Ha ynpasisoujee blHUCIUMeNbHOe YCMPOLCMEO,
nooknouerHoe Kk OanHou wiute. B cocmas nabopa 0onicro

6xX00UmMb. YUPPOBOU MOOYIL MAKMOBOU KHONKU — He MeHee
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Swm, yughposoit Modyib céemoouoda — He meree Jum,
YUDPOBOLL MOOYIL KOHYEBO2O Npepbleamens — He Menee 3uim,
Yupposoi Modynb oamuuka yeema — He meree luwim,
yupposou mooyis RGB ceemoouooa — ne menee lwum. 8) B
cocmag Habopa 00XHCHBL 8XOOUMb d1eMeHmbl 0I5l COOPKU
6AKYYMHO20 3aX6aMA: 6AKYYMHASL NPUCOCKA — He MeHee [um,
beKMpOMacHUMHbLIL KIANaH — He Menee luim, 6aKyyMHblil
Hacoc — He menee Twm. 9) B cocmag Habopa 0ondicer
6X00UMb YUeOHbBLU KOMNLEKM, SKII0UAIOwUll 8 cebst yuebHoe
nocobue, Habop OUOIUOMEK MPEXMEPHBIX INEMEHMOE OISl
npomomunuposanusi Mooeetl MAaHUNYIsYUOHHbIX pobomos, a
maxoice npocpammmoe obecneuerue 05 pabomul ¢ HAOOPOM.
I Ipoepammuoe obecneuerue 00IACHO 0becneyusams
ImpexmepHyIo uU3yanu3ayuI0 Mooeu MaHunyIsYyuOHHO2O0
poboma (c yenogoii, nioCKonapanienbHou u 0ebma-
KUHeMamuxot) 8 npoyecce pabomsl, obecneuusams
nocmpoenue npoCmpancmeeHHOU MpaeKmopull OGUICEHUS.
UCIOTHUMENTbHO20 MEXAHUIMA MAHUNYTAYUOHHO20 poHoma,
603MOINCHOCHb 3A0AHUSL NOCIE008AMENLHOCIU MOYEK 0I5l
MpPOX0NCOEHUS Yepe3 HUX UCHOIHUMENbHO20 MeXAHUIMA
manunynsiyuonno2o poboma. Ilpoepammnoe obecneuenue
009HCHO PYHKYUOHUPOBAMB, KAK 8 OMOETbHOCIU 8 8U0e
Cpedbl MOOETUPOBAHUSL, MAK U 8 PedCUME MOHUMOPUHEA 8
peanvHoM 8pemenu npu NOOKIIOYEHUU MOOELU MAHUNYISMOPA
nocpedcmeom pobomomexHu4ecko2o KOHmpoiepa.

[ IpoepammHoe obecneuerue 00IHCHO 0becneyusams
603MOINCHOCHL NOCMPOEHUSL 2PAPUKOE 3A0AHHBIX U MEKYUUX
0000UIeHHbIX KOOPOUHAM MAHUNYIAYUOHHO20 pobOoma,
epaguros 3HaveHuil ckopocmelti u YCKopenust, 2papuros
pacuemnvix 3navenutl Hazpysku. Ilpoepammnoe obecneuenue
0012/CHO N03801AMb 3A0A8AMb NOCAEO08AMETbHOCHb
nepedsudicenuli MAHUNYIAMopa nocpeoCcmeom Habopa KOMAano
6 OouHo-epaghureckom unmepghetice. Yuebnoe nocobue
00J10ICHO COOepaicams Mamepuaivl o paspadomie
Impexmephvix Mooenet MOOUIbHBIX pOOOMmMO8s,
MAHUNYIAYUOHHBIX POOOMOE C PAZTUYHBIMU MUNAMU
Kunemamuxu (yeno8as KuHemMamuxa, niocko-napaiiebHasl
Kunemamuxa, oenoma-kurnemamura, SCARA unu pvruasxcras
Kunemamuxa, niamgopma Cmoapma u m.n.), UHCMPYKYuu no
npoeKmupoB8anuo pobomos, UHCMPYKYUU U MEMOOUKU
OCyuecmenenus: UHICEHEPHBIX PACYEemo8 npu
npoexmuposanuu (pacuemul HA2PY3KU U MOMEHMOS, pAcyem
IMowHOCMU NPUBOO0S, paciem Napamempo8 KUHeMamuxi u
m.n.), uHCMpPYKyuu no paspabomke cucmem ynpagieHus u
npoepammno2o obecneyenus 0Jis ynpagieHus pobomamu,
UHCIPYKYUU U MEMOOUKU O pa3pabomke cucmem
VAPABNEHUsL C INEMEHMAMU UCKYCCMBEHHO20 UHMENIeKMa U
MawunHo20 0byueHus..

Yemuvipéxocesotl yueOHbIll
pobom- manunyaamop c
MOOYIbHBIMU CMEHHBIMU
Hacaokamu

Yuebnuiit pobom-manunynamop npeonasnayer 01 0C80eHUs
0OVyUarOWUMUC OCHO8 POOOMOMEXHUKU, O/ HOO2OMOBKU
0OYUaIOWUXCsL K 6HEOPEHUIO U NOCIeOVIOUWEMY UCNOb308AHUIO
pobomoe 6 npomviuiienrom npouzsoocmee. Konuuecmeo ocetl
poboma manunynsimopa - uemuipe. Ilepemewenue
UHCMpYyMenma 8 npocmpancmee no mpem 0CSIM OONHCHO
VAPAaBIsmbCsl wazogbimu dgueamensmu. Hanpsocenue
numanusa wazoswix osucamenet He 6onee 12 B.
Cepgoosueamens uemgepmoti 0cu 00aIceH 0becnevusans
nogopom uncmpymenma. Y2on nogopoma MaHunyisamopa Ha
OCHOBAHUU BOKPYe 8epmMUKAbHOU ocu He menee 180 epadycos.
V{5t onpedenenust NON0NCEeHUsL MAHUNYIAMOPA NPU NOBOPOME

BOKpye eepmukaﬂbﬂoﬁ 0CU Q0NHCEH UCNONb308ANMbCSL 3HKO()€p.

4.00
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Yeon nosopoma 3aonezo nneua manunynamopa ne menee 90
epadycos. Yeon nogopoma nepeonezo nieua Manunyiamopa
e menee 100 epadycos. [lns onpedenenusi NOA0NCEHUS
BaoHe20 u nepeore2o niey MaHunyIamopa O0JHCeH
UCRONBL308AMBCS CUPOCKON. Y201 nosopoma no uemeepmoi
ocu He menee 180 epadycos. JJonxcha Obimb 603MOHCHOCHIL
OCHaWeHUs CMEHHLIMU HAcA0Kamu (Hanpumep, 0epaicameint
Kapanoawia unu gromacmepa, NPUCOCKA C cep8o0sUcameem,
\Mexanuieckoe 3axeamuoe yCmpoucmeo ¢ cepeoosuzamenem,
yCmpoucmeo 018 1a3epHOlU 2pAsUPOSKU UL YCMPOLUCEO 05
3D-neuamu). MunumanvoHas KOMRLIEKMAYUS CMEHHBIMU
Hacaokamu: nHeeMamuyecKull 3axeam (npucocka),
\Mexanuueckuil 3axeam, Hacaoka oepoicament Ojisl
Kapanoauia/mapkepa/pyyKu, Hacaoka nepexoOHUK OJist
KpennieHuss CoBMeCmumblx KOHCMPYKMUGHuIX oemanneil u
KOHCMPYKYUll, HACAOKa 1a3epHoll 2pasupoexu, Hacaoka 3D-
nevamu (01a pabomut ¢ nracmuxom PLA ¢ ouamempom Humu
1,75 mm). [Honscen 6vimos ochauier cep8onpugooom s
MHEBMAMUYECKO20 U MEXAHUYECKO20 3aX6aAMmO8,
0becnevusaOwuM 8paujeHue 3ax6a4eHHo20 00veKma 6o
6pema nepemeuyenius, NOGOPOmM nepemeaemoco 0oveKxma
6OKpYe 6epmuranvHoll ocu. [{na obecneyenus
DYHKYUOHUPOBANUSL NHEEMAMUYECKO20 3AX8AMA OONHCEH
Obimb OCHAUEH 6CMPOEHNOU 8 KOPNYC MAHUNYAAMOPA
nomnou. JJonxicna 0bimsb 603MOHCHOCHb NOOKNIOYEHUSA
0ONOTHUMENbHBIX YCmMPOUCME (Hanpumep, mpascnopmepa,
penbca 0ns nepemewyenus poboma, nyibma ynpasieHus, muna
0orcoticmux, Kamepvl MAUWUHHO20 3PEHUs, ONMULECKO20
Oamuuxa, mooynsa becnposodnozo docmyna). Pobom-
WManunyasmop 0oadicen obecneuusams nepemeujenue Hacaoku
6 npocmparncmee, AKMUBAYUIo HACAOKU, 603MONACHOCHIL
NOYYeHUs: CUSHANIO8 OM KaMepPbl U OATYUKOS, B03MONCHOCb
VIpaenenus OONoaHuUmenbHuiMu ycmpoticmeamu. Mamepuan
Kkopnyca — amomunuil. Juamemp paboueti 30ubl (be3 yuema
HagecHo2o uHCmMpymMenma u yemeepmou ocu) ne meree 350
wm. Humepdgetic nookmouenus — USB. [lonoicen umems
603MOJICHOCHIb ABMOHOMHOU pAbOMbL U BHEUIHESO
vnpasnenus. /[na enewine2o ynpasienus 0oaicer ovlmo
npedycmomper nyivm, ROOKIUAeMblil K pobomy no
Bluetooth. Ynpasaarowuii konmpoaiep 0ondicen ovbims
coemecmum co cpedou Arduino. Ynpasnarowuii KOHmpoiiep
coemecmum co cpedou npocpammuposanus Scratch u a3vikom
npoepammuposanus C. [Jondicen obecneuugams nogopom no
nepeviM mpem 0CcAM 8 3a0aHHbLU Y20l U HA 3A0aHHbII Y20,
1nogopom no Yemeepmoul ocu Ha 3a0AHHBLIL Y201, 08UNCEHUE 8
Koopounamvl X, Y, Z, nepemewjenue na 3a0annoe paccmosue
no koopounamam X, Y, Z, nepedauy 0anuwix 0 meKyuwem
nonodNCeHUU YeNlos, nepedaiy OaHHbIX O MEKYUUX
Koopounamax uncmpymenma. Jlonicen noooeparcuseams
nepemewenue 6 0eKapmogulx KOOPOUHAMAX U Y2iax no8opoma,
oceltl, ¢ 3a0anHOlU CKOPOCMbIO U YycKoperuem. Tunvi
nepemewenull 8 0eKapmosbix KOOPOUHAmMax: 08uUdlICeHue no
mpaexmopuu, 08udiceHue No NPAMOU MeHCOY 08YMs MOYKAMU,
nepenpbieuganue u3 MouKu U mouxy (nepeHoc oovekma,).
[Kopnyc doncen Obims 8 3aujuyyeHHoM UCoHeHue (Kiacca He|
ruoice IP20).

ObpaszosamenvHblil HAOOP
no Mexanuxe,
\mexamponuke u
pobomomexHuxe

Habop donorcer 6bimob npedHasHaveH 0Jisi NPOEeOeHUs.
VUEOHBIX 3aHAMULL NO U3YHEHUIO OCHO8 MEeXAMPOHUKU U
pobOmMomexHuKY, NPaAKMU4ecKo2o NpUMeHeHus 6a308bix
BIEMEHMOB INEKMPOHUKU U CXEMOTNEXHUKIL, A MAKice

Haubosee pacnpocmpaneHHou dieMeHmuou 0a3bl U OCHOGHbIX

wm. 6.00
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IMexHUuecKux peueHutl, NPUMeHAeMbIX NPU NPOEKMUpPo8aHUY
U NPOMOMUNUPOBAHUU PAZTUYHBIX UHICEHEPHDBIX,
Kubeprnemuueckux u 6cmpausaemuvix cucmem. B cocmas
Habopa OONICHBL 6X00UNb KOMIIEKIMYIOWUE U YCIMpoucmed,
obadaiouue KOHCMPYKMUBHOL, INEKMPULECKOU,
annapamuoil u nPOSPAMMHOL COBMECMUMOCTIbIO OpYe C
Opyeom. B cocmae nabopa dondxcen 6x00ums KoMnieKkm
KOHCIPYKMUGHBIX NEMEHNO08 U3 Memaia Oisi COOpKU
\Makema MaHunyIsyUoOHH020 pOOOMa u KOMHIEKN
\Memaniuueckux KOHCMpYKMUGHbIX dJIeMeHmMOog 07 COOpKuU
maxema mobunbHozo poboma. B cocmas nabopa 0ondicHbl
6X00UMb NPUBOOA PATUYHOZ0 MUNA: MOMOPbL C
UHMESPUPOBANHBIM ULU GHEUHUM OAMYUKOM NOTONCEHUS. — He
Imernee 2uim, cepgonpusod 6onbuiol — He MeHee 4uim,
cepeonpugod manvlii — He MeHee 2um, nPuUood ¢
603MONCHOCIbBIO YAPABTIEHUSL 8 ULA2OBOM PENCUME — He MeHee
Qwm. B cocmag Habopa 001icHbl 6X00UmMb 371eMeHmyl 0Jist
COOpPKU 8aKYYMHO20 3aX6ama. 6AKYYMHASL NPUCOCKA — He
\mernee luim, 21eKMpoOMasHUMHbIL K1anax — He Menee lwm,
8aKyyMHblU Hacoc — He menee lwm. B cocmae nabopa
0oa01cHa 8X00UmMb d1emenmuas 6a3a 0sl NPOMOMUNUPOBAHUA!
nrama 0 6ecnaeuHo2o NPOMOMURUPOBAHUSL, KOMIAEKN
MpPO6000E PAIUYHO20 MUNA U OJUHBL, KOMIIEKM PE3UCTIOPOS,
KOMNIEKM C8EmMOOU0008, CEMUCEMEHMHbIL UHOUKAMOP,
Oucnneti JKK-muna, knonku — ne menee Suim,
nomenyuomempul — He meree 3um, UHGPAKPACHBIT OAMYUK -
He MeHee Juim, YIbmpaseyKosol OAmyuK - He MeHee 3uim,
Oamuuk memnepamypol - e menee luim, oamuux
oceewennocmu - He menee lum, mooynv Bluetooth — ne menee
[wm, mooyne UK-npuemnuxa — ne menee luum, mooyno UK-
nepedamuyuxa 6 6ude KHONOYHO20 NYIbma ynpagienus — lum,
axkymynsmop — ne menee lwim, 3apsionoe ycmpoucmeo — ne
menee luum. B cocmae nabopa oonicen 6xooumo
WMyIbMUOamyuK 0ist UsMepeHusi memMnepamypbl U GAaiCHOCmu
oxpyosrcaroweli cpedvl — He menee lwim. Mynomuoamuux
Qondicer 061a0ams 6CMPOEHHLIM MUKPOKOHMPOJLIEPOM
(maxmosas uacmoma - He menee 16 MIy, wiuna Oanuvix — He
menee 8 Kbaiim), unmepdgbeticamu 015 NOOKAIOYEHUsL K
GHEWHUM YCIMPOTUCMEAM: YUDPOSbIE U AHANO208ble NOpMbl, 1-
wire TTL, pasvem muna RJ. B cocmae nabopa dondxcen
6X00UNb KOMNAEKN YHUBEPCALLHBIX GbIYUCTUMETbHBIX
lmooynetl, npedcmagnaouwux coboti 6a308yto nAamy, niamy
pacuupenust O cemegozo 83auMoOeticmeus u niamy
noOKII0OUeHUs CULOBOU Hazpy3KU. Bxooawue 6 komniekm
yempoiicmea 00cHbl 001a0amb 00HOB8PEMEHHOU
KOHCIMPYKMUBHOU, dJIeKMpU4eckou, annapamuou u
MpOCPaAMMHOLL cosMecmumMocmyio opye ¢ opyeom. bazosas
nIama yHueepcaibHo20 8bIHUCTUMENbHO20 MOOYIISL OOINHCHA
npedcmagiamo coboil NPO2PAMMUPYeMbLL KOHMPOILIED 8
cpede Arduino IDE unu ananocuunvlx c60600HO
pacnpocmpansiemuix cpedax paspabomxu. Bazosas niama
0oa01cHa 0b1a0amb 6CmMpoeHHbIMU UHmMepgelicamu o1
NOOKIOYeHUS YUPPOBBIX U AHANO208bIX YCIPOLCMS,
ecmpoennvimu unmepgeticamu USB, UART, I12C, SPI, 1-wire
TTL, Bluetooth, WiFi. [Inama pacuupenus 0014CHA
0becneuusams B03MONCHOCIb NOOKIIOYEHUSL YHUBEPCATILHO2O
BLIYUCTUMENLHO20 MOOYIISL K Cemu ROCPeOCmeom unmepgetica
[Ethernet. [Inama pacwiupenust 0ondcrha obradams nopmamu
6600a-6b1600a 0151 NOOKTIOYEHUSL YUPDPOBBIX U AHATIO206bIX
yempoiicms, unmepgetic SPI u 6o3mooicnocmuio nookmouenus

eHewnell kapmol navsamu. Ilnama pacwiupenust 0ns
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MOOKIIOUEeHUs! CUNOBOU HAZPY3KU O0JINHCHA 0DeCneyusams
BO3MOJICHOCHIb NPAMO20 NOOKMIOYEHUS 8HeuHell CUT0BOT
Hazpy3KU, a maKoice pe2yiupyemou Hazpy3Ku nocpeoCcmeom
\PWM unmepgeiica. B cocmag nabopa dondxicer 6xo0umso
npocpamMmMupyemplii KOHMPOLEP, 06eCneyUusarowull
6O3MONCHOCHIL OCYWECMEIAMb PA3PABOMKY NPOSPAMMHO0
KOO, Ucnob3ysa uHcmpymenmapuii cpeo paspabomxu
Urduino IDE u Mongoose OS u A361K08 npocpammuposanus
C\C++, JavaScript. [Ipocpammupyemviii KOHMPOIEP OONIAHCEH
0b1a0ame nopmamu 0Jisi NOOKIOHEeHUs. YUPPOBbIX U
ananoeo8bix yCmpoucms, 8CMpoeHHbIMU NPOSPAMMUDYEMBIMU
KHONKAMU U 91eKIMPOMEXAHUYECKUMU MOOYIAMU Ol
opeanuzayuy cucmemsl pyuHo2o ynpasieHus, 6CmpoeHHbIMu
npocpammupyembiMu c6emoouo0amu Oas UHOUKayuu
pabouezo pesxcuma, scmpoennvimu unmepgheticavu USB,
USART, I12C, SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi.
B cocmas nabopa 0ondicen 6xo0ums MoO0yib MEXHUYECKO20
BpeHus , npedcmasasowull coo01l bIYUCTUMENbHOE
VCIpOTICME0 O 8CMPOEHHLIM MUKPORPOYECCOPOM (KOA-60
s10ep - He menee dwm, uacmoma sopa ne menee 1.2 I'Ty,
00vem O3Y - ne menee 512M6, 06vem 6cmpoennoi namsamu -
e menee 81°6), unmezpupo6anHoU KamMepoll (MaKCUMANbHOE
paspewenue udeonomoxa, nepedasaemozo no unmepgericy
USB - ne menee 2592x1944 e0.) u onmuyeckou cucmemoil.
Modynb mexHuueckoeo 3perust 00dceH 001adams
COBMECMUMOCMbBIO C PATUYHBIMU NPOSPAMMUDYEMBIMU
KoHmponepamu ¢ nomowpro unmepgeticog - 1-wire TTL,
UART, I2C, SPI, Ethernet. MoOynb mexuuuecko2o 3peHus
Dondicen obecneuusamy GblNOIHEHUe 8CEX USMEPEeHUN U
6bIYUCTIEHUL HOCPEOCBOM COOCIMBEHHBIX BLIYUCTUNETLHBIX
603 MOCHOCIEN 6CMPOEHH020 MUKponpoyeccopa. Mooys
mexnuuecko2o 3penust Qoaicer 001a0anmsv GO3MONCHOCHILIO
KOMMYHUKAYUY C AHATIOZUYHBIMU MOOYTIIMU NOCPEOCTNBOM
Wbl Ha Oaze nocredosamenvHo2o unmepghetica ¢ yeavio
OanvHeliweri nepedauu pe3yibmamos usmepeHuti 2pynnul
WMooynell Ha ynpasnaoujee 8blyucIumensHoe yCmpoucmeo,
nooxatouentoe Kk 0anHol wute. Moodyns mexuuueckoeo 3penus
0oa101cen 0becneuusams HACMPOUKU PEXCUMO8 pabOmbl -
HACmMpOUKY 9KCno3uyuu, bananca 6en02o, YeemopasHOCHHBIX
cocmagaawux, niowaou obHapyjicusaemoli ooracmu
U306padicenus, OKpy2r1ocmu 0OHapyxcueaemol ooracmu
U306padicenus, NOL0AdCeHUe 0OHApYIcCUBaeMblx obracmeri
omHocumenvho opye opyea, MawunHoe ooyuerue
napamempos HeupouHvIx cemetl 05 0OHAPYIHCEeHU 00BEKMOB,
hopmy u 3aKk00uUposanHble 3HAUEHUS OOHAPYIHCUBAEMBIX
Wmaprepos muna Aruco, pasmepvl 0OHAPYIHCUBAEMBIX
OKpYJHCHOCTElL, KAOPAMO8 U MPEY2ONbHUKOS, NAPAMEMPOs
KOHMPACMHOCMU, PA3MEPOB, KPUBUSHBL U NOTONCEHUSL
pacnosnasaemvix tunull. Habop donocen obecneuusams
603MOJICHOCb PA3PAOOMKU MOOeNU MOOUTBLHO20 poboma,
vnpaensiemotl 8 FPV-pescume nocpedcmeom npoepammuoco
0becneyenuss 0 NEPCOHATLHO2O KOMNbIOMEPA U MOOUTbHBIX
vempoticme na 6ase OC Android unu 10S, obecneuusaroueco
603MOXHCHOCD YIPABAEHUSA MOOUTLHBIM POOOMOM U
6CMPOEHHBIM MAHUNYTIAMOPOM NOCPEOCHBOM 2PAPUUECKO20
unmepdhetica, 6KIOUAIOWUM 8 ceb51 HaDOP KHONOK U
nepexmowamenetl, 0AHcotucmux, 0oaacme 0Jisi OMoOPaNCeHus
6udeo. Habop donocen obecnewusams 603MONCHOCMb
U3YUEeHUsL OCHOB PA3PAOOMKYU NPOSPAMMHBIX U ANNAPAMHBIX
KOMNIIEKCOB8 UHIICEHEPHBIX CUCTNEM, peuleHull 68 cdhepe

"Unmepnem seweil”, a maxoice pewienuii 6 obnacmu
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pobomomexHuKy, UCKYCCMEEHHO20 UHMENNEKMA U MAUUHHOZO
0Oyuenus. B cocmas nabopa 00NdCHO 6X00ums nocooue no
U3YHUEHUIO OCHO8 DNEKMPOHUKU U CXEMOMEXHUKU, PeuleHUll 6
chepe "Hnmepnem sewen”, pazpabomku u
npomomunupogaruro mooeneti pobomos. B cocmas nabopa
00712/CHO 8X00UMb ROCOOUE NO U3YYEHUIO OCHO8 PA3PAOOMKU
cucmem mexHUHecKo20 3peHUst U SNEMEHMO8 UCKYCCMBEHHO20
uHmennexma.

ObOpazosamenbHblil
KOHCTMPYKMOpP 07151
npakmuku 6104HO20
NpoCPaAMMUPOBANUs C
KOMNIEKMOM OamyUKos

\PobomomexHuuecKkuti Habop npeoHazHayen Oisl U3yueHus
l0cHO8 pobomomexHuKuy, demanet, Y3108 U MEXAHUZMOS,
HE0OX0OUMBLX 0J151 CO30AHUSL POOOMOMEXHUYECKUX
ycmpoticms. Habop npedcmasnsiem co60ii KoMniekm
CMPYKIMYPHBIX 91eMEHMO8, COCOUHUMETbHBIX DNIEMEHMO8 U
BeKmMpomexHuiecKux Komnonenmos. Habop noseonsem
npPOBOOUMb IKCHEPUMEHMbL NO NPeOMemy (U3UKA, CO30A6amb
U npocpamMmuposams cobupaemvle MOOeU, U3 KOMHOHEHMOS,
8X005WUX 8 €20 cocmas, pabouue MoOeIU MOOUTLHBIX U
cmayuoHapHbix pOOOMOMEXHUYECKUX YCIMPOUCME C
a8mMoMamu3uUPOBAHHLIM YNPAGLEHUEM, 8 MOM YUCTe HA
KOJIECHOM U 2YCEHUYHOM X00Y, d MAaKdIce KOHCMPYKYuil,
OCHOBAHHBIX HA UCTIONL30BAHUU PA3TUYHBIX 8UO08 Nepeday (8
IMoM yucie YepesuHbIX U 3yOUaAmbLX) a MaKdice pbluazos.
\Bcmpoennvie becnpogoousie cemesvie pewenus (Wi-Fi u
Bluetooth), 603modcHocmsb unmezpayuu ¢ Oecniamusvim
obnaunvim I10, obecneyusarom 603mMoNCHOCHb
MPAKMU4ecKo20 u3yieHus: MexHoN02uti uHmepHema eeweti u
ocHo8 uckyccmeenno2o unmeniexkma. Obecneuueaemcst
803MOANCHOCb 00bEOUHEHUSI HECKOILKUX POOOMO8,
COOpaHHbIX U3 NOOOOHBIX HAOOPOS, 8 2PYNNbL C CeMmesbiM
63aumooeiicmeuem. Ilpedycmompena onyuonanbras
603MONCHOCHb PACUUPEHUST OONOTHUMETbHLLMU
KoMnoHeHmamu (He 6X00AWUMU 8 CMAHOADMHYIO
KOMNIEKMAYUio), NO3GONAIOWUMU UZYHATND MEXHUYECKOe
Bpenue u npomviuLieHHyo pobomomexuuxy. Ilpedycmompena
603MOIACHOCHIL pAbOMbL HAOOPA ¢ OONOIHUMENLHBIMU
0bnaunvimu cepsucamu. Ilpedycmompensvi MuHuMym 08a
MpoCpaMMUpyemMuix KOHMpPOoLIepad 8 NIACMUKOBbIX KOPNYCax,
MO360AAIOUUX OOHOBPEMEHHO CO30a6amb 2 apuanma
POHOMO6 PABIUUHO20 HAZHAYEHUS], UMEIOWUX B03MONCHOCHTL
pabomoel Kax 6 NOMOKOBOM pedicume, MaK U AGMOHOMHO;
MO360ASOUUX PEANU308aNmb 0OYUeHUe NPOCPAMMUPOSAHUIO 8
HecKkoIbKUX cpedax paspabomku Ha pa3iudHbIX A3bIKAX (K
npumepy, 6 cpedax Mblock, Arduino IDE, na asvikax Scratch,
C, Python, micro Python). Kax munumym ooun u3
KOHmMPOLLEPO8 UMeen CIMPOEHHYIO0 ONEPAYUOHHYIO CUCTIEMY,
ecmpoennvie Wi-Fi u Bluetooth, nopm 01 nooxknouenus:
n0C1e008AMENLHO COCOUHEMbIX GHEULHUX YCMPOUCME (He
menee 20 00HoO8peMeHHO noOKIoYaemblx ycmpoticms). Kax
MUHUMYM OOUH U3 KOHMPOJLIEPOE UMEEN 03MONCHOCHIb
0OHOBPEMEHHOTL 3anucu He MeHee 8 npo2pamm, ¢
603MONCHOCIBIO NEPeKoYenUst Meducoy Humu. Kax munumym
00UH U3 KOHMPOJLIEPO8 umeem noaHoygemuwli oucnie (IPS),
no380asI0UUL 8bIB00UMb OAHHBIE C OAMYUKOS 8 8Ude Mabauy
U epaghuros, a makdice co030a6ameb GCMPOEHHBLE 8 KOHMPOILILED
sudeouepuvl. Konuwecmeo cencopos u uChoIHUMeIbHbIX
VCMpOoUCcma, CMPOEHHbIX 6 0OUH U3 KOHMPOIIEPOS, - He
menee 10 wm. Obujee KoauUecmso 3/1eMeHmos 6 Habope He
mernee 400 wm., 6 mom uucie nooxmouaemvle MOOYIU: -
Bluetooth Mooy, - 080UHOU OAMUUK TUHUU, -
VAILMPA38YKOBOT OAMYUK PACCMOSHUSL, - OAMYUUK YBemd, -

Oamuyuk kacanus snekmpomexanuyeckutl, - IR Mmooy, -
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0MOp NOCMOAHHO20 MOKA € PEOYKMOPOM — He MeHee 2 wim.,
- cepeonpusoo, - nyibm oucmanyuonHo2o ynpasnenus IR.
Habop oondicen Obimb YKOMNIEKMOBAH AKKYMYIAMOPHLLMU
oamapesmu. IIpoepammuoe obecneuernue, ucnovzyemoe 0is
NPOSPAMMUPOBAHUS COOUPACMBIX POOOMOMEXHUYECKUX
lmooenetl u ycmpoticms, 0014CHO Oblb 0OCMYNHO 0I5
Oecniamnoeo ckauusanus uz cemu Mumeprem u
nociedyouezo UCHOIb308aAHUSL.

Muxpockon yugposotl

Tun muxkpockona: buonozuveckui Hacaoka muxpocxona:
wonokyaapuas Haznavenue: nabopamopmuiti Memoo
uccnedoganus: ceemioe noie Mamepuan onmuxu:
onmuueckoe cmekio Yeenuuenue mukpockona, kpam: 64 —
1280 Oxynsipwi: WF16x Obvexmuguvl: 4x, 10x, 40xs
(noonpyoicunennsiii) Pegonveepras eonoska: Ha 3 o6vexmusa
Tun nodceemxu. 3eprano unu ceemoouod Pacnonoscenue
noodceemxu: epxussn u HUdxCHAA Mamepuan kopnyca: memainn
Ipedmemuwiti cmonux, mm: 90 Ucmounux numanus: 220 B/50
'y Hucno mecanuxcenei: 1

11.00

Yuebnas nabopamopus no
HelpomexHonocuu

B cocmas éxodsm. Cencop Tun 1 ne menee I wm.,
0becneuugaem 803MONCHOCb Pe2UCMPAYUU CUSHALA
BaeKmMpuUUecKou akmugHOCIU Mbluy (INEKMPOMUOSDAMMUL,
OMT'). Pecucmpayus 00ax4CHA OCYuecmensaemcs HeuH8a3ugHo,
cyxumu anexmpooamu. J{oniCHa uMemscs 803MOHNCHOCb
KpennieHust K pyKe 4eilo8exd, 4mo 00INCHO 0a8amb
803MOCHOCb PecUCMPUpOo8ams INEKMPUYECK)IO
aKxmueHoOCmu Mbluybl 8 00IACMU, HAO KOMOPOU
pacnonazaemcs kpennenue. Ilpu nanpsascenuu moluiyol
0o101CHa ObIMb 0OECneueHa 603MOANCHOCMb HAOIIOOEHUs
nyunocmu cuenana (m.e. npucymcemeue IMI'), npu
paccrabrenuu moiuysl - ee omcymcemsue. Cencop Tun 2 ne
\mernee 1 wm., obecneuugaem 603MOHCHOCHb Pe2UCMPAYUU
cuenana pomonnemuzmozpammol (DIII) onmuyeckum nymem,
3a cuem usMeHeHUs. OMPANHCEHHO20 OM KPOBEHOCHBIX COCYO08
ceema, 00vem KOmMopwvix usMeHsemcs noo 8030elicmeauem
nynocoeoil soanvl. Cencop 0oicen Obimsb 0becneyeH
603MONCHOCIBIO KPENJieHUst K NOOYueyKe Naibld 4elo6exd.
Cencop Tun 3 ne menee 1 wm., obecneuugaem 03MOHCHOCHb
pecucmpayuu cuenana snexmpoxapouozpammol (OKT) ne
uneazugHvim cnocooom, peeucmpayuu I, Il u 11l omeedenuil.
Cencop Tun 4 ne menee 1 wm. obecneuusaem 603MOACHOCHb!
pecucmpayuu cueHana KOJHCHO-2ANb8AHUYECKOU peaKyuu
(KI'P), pecucmpayus Komopo2o ocywecmensiemcs na
nocmoanHoM mokKe; NOOKIIOYEHUs K Mely 4elo8eKd ¢
nomowyvio cyxux 2nekmpooos. Cencop Tun 5 ne menee 1 wim.,
0becneuugaem 603MONCHOCMb: pe2UCMPAYUY CUSHALA
brekmpuueckol akmugnocmu mosea (331) ¢ nomowvio cyxux
HEUHBA3UBHBIX DNEKMPOO0E; PECUCMPAYUL DNEKMPULECKOLL
axmuenocmu pazuwix ooneti mosea. Cercop Tun 6 e menee 1
wim., obecneuusaem 603MOACHOCHb. PESUCPAYUU CUSHANA
Kkonebarnus epyonoti knemiu (Cencop Ovixanus), onpedeneHus
uacmomsl Obixanus. Ycmpoticmso oisi coopa OaHHBIX OMm
ceHCcopo6 u nepedayu Ha NEPCOHANbHBII KOMNbIOMED
0becneuugaem 603MOHCHOCHL COOPA OAHHBIX OM
MOOKNIOUEHHBIX K HeM) CeHCOPO8 U OMNPABKY NOLYYEHHbIX
Oannwix Ha IIK. [looknouenue yenmpanvrozo mooynsa k IIK
0oa01cHO ocywecmenamsca ¢ nomouvio USB-kabens.
Yempoticmeo ons coopa oannwix 00124CHO umems
eanveanuueckyio uzonayuio om 11K, obecneuusams
603MOACHOCHL OOHOBPEMEHHO20 NOOKIIOUEHUS 61I0Mb 00 4
cencopos. Kaowcowiti uz 6x0006 Ycmpoticmea 015 coopa

OaHHBIX QONIICHO UMEMb 2ANb6AHUHYECKYIO U30IAYUIO
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(0Oecneuenue MENCKAHAILHOU 2ANb8AHUYECKOU U30IAYULL).
[lookntouerue cencopos Kk Ycempoticmsy 05 coopa OaHHbIX
oCyIecmsnsaemcs ¢ NHOMOWbIO CREYUATUSUPOBAHHBIX
pasvemos muna LEMO, obecneuusarowux npasuibHocmy
MOOKIIOUEHUS. PA3LEMA U CHUNCAIOUUX PUCK CTLYUATIHO20
Kacanus pazvbemos moKonpogoOsyux yacmetl, a maxoice
0becneuusaIOWUx 3auuUmy Om HeCauKYUOHUPOBAHHO20
noOKIIOUeHUs K NPOU3BONIbHBIM yempoticmeam. Mooy
«Knonkay ne menee 1 wim., obecneuugaem 603MONCHOCb:
pasmemku pecucmpupyemuix cueHanos. Konuuecmso
pazmeuaemvix cCOCMOAHUL CUSHANA OOJHCHO OblMb He MeHee 3-
X pazauunblx kamezopuil.  Ycmpoticmeo 0t pecucmpayui
apmepuanvroeo dasnenust ne menee 1 wm. Memoouueckoe
nocobue, komopoe 00HCHO codeprcamsb He meHee 30
l1abopamopHuIX/NPaKmMueckux/0eMOHCMPAYUOHHBIX padbom.

{ugposas nabopamopus
1o dKon02UU

Obecneuusaem npogedenue yuebH020 IKOI0SUYECKO20
\MOHUMOPUHeA UHCMPYMEHMATTbHLIMU Memodamu. Habop
MpuUMeHsAemcs npu U3yYeHUU IKOL02UU, OUOLO2UU, XUMUL,
eeoepaguu u npupodosedenus, a maxice 0is
UHOUBUOYAILHBIX UCCAEO08AHUS U NPOEKMHOU OesimelbHOCmU
wkonvHuxos. Komnnexmayusa: Becnpogoouoti
WMYTbMUOAMyUK No IKOA02UHECKOMY MOHUMOPUHZY C 8-10
8CMpOEeHHbBIMU OamuUUuKamu. J{amuux Humpam-uono8 Jamuux
i0pud-uonog Jamuuk pH ¢ ouanazonom usmepernust He yoice
uem om 0 0o 14 pH Jlamuux érasicnocmu ¢ ouanazoHom
usmeperus 0...100% [lamuuk oceéewjeHnocmu ¢ OUanazoHoM
usmeperust He yoice yem om 0 oo 180000 nx Jamyux
memnepamypbul ¢ OUaANAa30HOM usMepeHus He yace yem om -20
00 +140C [lamuuk snekmponpogooumocmu ¢ OUAna3oHamu
usmeperus e yace uem om 0 0o 200 mxCm; om 0 0o 2000
mxCm; om 0 0o 20000 mxCm [Jamuux memnepamypsoi
OKpYAHCatoujeli cpedsl ¢ OUANA30HOM USMEPEHUSL He Yice Yem
om -20 00 +50C Omoenvubie 0amyuxu U MyabmMuoamuuKu.
Vlamuux 36yKa ¢ pynKyueil unmezpuposanust ¢ OUAna3oHOM
usmepenus wacmom e menee uem om 50 I'y oo 8 kl'y;
Viamuuk 61ax)cHOCMU NO46bl ¢ OUANA30HOM UIMEPEHUs He Yaice,
uem om 0 0o 50% Jlamuuk oxucu yenepooa ¢ OuanasoHom
usmepenust we yoce uem om 0 oo 1000 ppm Mynemuoamuux
onmuyeckou RIOMHOCMU U MYMHOCIU CO 6CMPOEHHbIMU
Oamuuxamu. Jamuux onmuueckoi nromruocmu 470 um ¢
Ouanasonom uzmepenus om 0 0o 2 D [lamyux onmuueckoii
nromuocmu 525 um ¢ ouanazonom usmeperus om () 0o 2 D
V[amuux onmuuyeckou niomuocmu 630 HM ¢ Ouanazonom
usmepenuss om 0 0o 2 D Jlamuux mymnocmu pacmeopos ¢
Ouanazonom usmepenuss om 0 0o 200 NTU Axceccyapor:
Kabenw USB coedunumenvhbiil (2 wim.) 3apsonoe
yempoiicmeo ¢ kabenem miniUSB USB Adanmep Bluetooth 4.1
Low Energy Cmepoicenv 0Jist 3aKpenjienust Oamyukos 6
wmamuse Kpamxoe pykosodcmeo no sxcniyamayuu
yupposoii rabopamopuu l[lpoepammuoe obecneuenue
Memoouueckue pexomenoayuu He menee 20 pabom Ynaxoexa
Hanuyue pyccKoa3vbluHO20 caima no00epiCcKU, Haiudue
61I0COPONUKOS.

2.00

[ {ughposas nabopamopus
no gusuonocuu
(npounbhbill yposeHs)

Obecneuusaem npogederiie UCCie008anUs NO
DYHKYUOHUPOBAHUIO YENI0BEUECKO20 OP2AHUZMAL.
Komnaekmayusa: becnpogoonoll My1bmuoamyux no
Guzuonozuu ¢ 5-10 gcmpoennvimu damyuxamu. Jamuux
apmepuanvrozo oasnenus (0...250 mm pm. cm.) Jamuux
nynseca ¢ ouanazonom usmeperusi ne yace yem om 30 0o 200
VO/Mun Jlamuuk memnepamypuvl meaa ¢ Ouana3oHom

usmeperust we yoce yem om +25 0o +40C Jamuuk yacmomol
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OblxaHUsl ¢ OUanazoHom usmeperust we yce yem om 0 oo 100
YUKI06/Mun Jlamuux yckopenus ¢ nokasamenamu =2 g; +4 g;
+8 g Omoenvhuie ycmpoiicmea: Jamuux OKI ¢ duanazonom
usmepernus ne yoce yuem om -300 0o +300 mB) Jamuuk
cunomep ¢ ouanazornom usmepenus He yoice wem om 0 0o 40 H
Vlamuuk oceewjeHHocmu ¢ OUana3oHOM U3MepPEHUsL He Yice
uem om 0 0o 180000 nx Axceccyapwi: Kabeno USB
coedunumenvhwiti 3apsaonoe ycmpoticmso ¢ kaberem miniUSB
USB Aoanmep Bluetooth 4.1 Low Energy Kpamxoe
PYKOBOOCME0 NO IKCHIyamayuu yugposot rabopamopuu
[Ipoepammnoe obecneuenue Memoouueckue pexomenoayuu
He menee 20 pabom Hanuuue pycckosizviunoeo caima

noodoepoicku Hanuuue eudeoponuxos.




