MVHWNCTEPCTBO OBPA3OBAHNA N HAYKI
YEUEHCKOW PECMYB/NKN
(MuHo6pHayku YP)

HOXUYUNINH PECMYB/NKWH
OJEWAPAH A, ULIMAHAH A MUHUCTEPCTBO

MPNKAS

r. Fpo3HbIiA

O6 yTBEPXAEHUN MHPPACTPYKTYPHOIO

JINCTa Mo CO3[4aHMI0 JeTCKUX TEXHOMAPKOB
«KBaHTOpMyM» Ha 6a3e 06uieo6pa3oBaTe/ibHbIX
opraHusaunii YeyeHckoi Pecny6numku B 2024 rogy

B uensax peanusaumm Komnnekca mep (4OPOXHOW KapTbl) MO CO34aHUID U
(YHKUMOHMPOBAHNIO  AETCKUX  TexHomapkoB  «KBaHTOopuymM»  Ha  6ase
obuweobpasoBarte/ibHbIX OpraHu3auuii, YyTBEPXAEHHOro npukKasom MUHUCTepCTBa
obpasoBaHMs K Haykum YeueHckoil Pecnybnukum ot 14 pekabpa 2021 ropga
Ne 1687-n «O co3faHMM [OEeTCKUX TexHonapkoB «KBaHTOpMyM» Ha 6a3se
06LLe06pa3oBaTeIbHbIX OpPraHM3aUnin», NTpuUKa3blBato:

1 YTBepAnTb npunaraeMblii  MHMOPACTPYKTYPHbIA AUCT MO CO3[4aHUI0
AETCKMX  TexHonmapkoB «KBaHTopuym» Ha 6a3e  06uieobpa3oBaTefibHbIX
opraHusauuin YeueHckon Pecny6nuku B 2024 roay.

2. KOHTponb 3a WCMONHEHWEM HACTOALLEro npukasa BO3/IOXKWUTL Ha
3aMecTuTena MMHUCTPa Y cmaHoBa A.P.

MwuHncTp X-b.b. [laaeB



no co3gaH

MNpunoxeHwne

pa3oBaHNs U HayKK
HeKoi Pecnybnnku

4r,

NHDpacTPyKTYPHbIA NnUCT
N0 I€TCKUX TeXHONAPKOB «KBaHTOPUYM»

Ne /E? 4A-

Ha 6a3e obLleobpasoBaTe/ibHbIX OpraHM3aumini HeueHcKon Pecny6/inku B

n/n

HanmeHoBaHue
obopyaoBaHus
(PBIO)

2024 ropny

KpaTkue npuMepHble TeXHUYECKuMe EauHuya

KonnyecTtBo

xapakTtepuctuku (PBIO) n3mMepeHnA

HanmeHoBaHMe HanpaBneHusa: «ECTeCTBEHHOHayUYHas HanpaB/IeHHOCTb»

HanmeHoBaHue
pasgena:
«EcTecTBeHHOHayu4Has
HanpaBNeHHOCTb»

Lindposas
nabopatopus no

3Kosiornn

Ob6ecneynBaeT nNpoBefeHMe y4ebHOro
3KO0/M10rMYyeckoro MOHUTOPUHra
WNHCTPYMEHTa/IbHbIMWN MeToZamun. Habop
NpPUMeHsAeTCA NPU N3yYeHUM 3KONOrnNn,
ovonornn, XumMnu, reorpapum n
NpUpoLOBeAEHUNS, a TaKXe Ans
NHAMBUAYANbHbLIX UCCNef0BaHUA U
MPOEKTHON AeATeNIbHOCTU LUKOMbHUKOB.
Komnnektauusa: becnpoBoAHO
MYNbTUAATYMK MO 3KONOTMYECKOMY
MOHUTOPWHIY C 8-10 BCTPOEHHbIMU
faTuvkamu: [aTynk HUTpaT-noHoB JaTtumk
xnopug-noHos Jatunk pH ¢ gnanasoHoM
n3mepeHunsa He y>xe yem ot 0 go 14 pH
[aTtumK BNaXHOCTU C AMana3oHoMm
n3mepeHua 0...100% [OdaTumnk
OCBeLLEeHHOCTH C AnanasoHoM U3MEPeHNs He
y>xe yem o1 0 go 180000 nk AaTumk
Temneparypsbl € AManasoHoOM U3MEpPEeHUs He
yxe yem ot -20 go +140C Jatumk
3/1eKTPONPOBOAMMOCTH C AnanasoHamu
n3mepeHuns He yxe yem ot 0 go 200 MKCwm;
ot 0 go 2000 MKCwm; oT 0 go 20000 MKCM
[atunk TemnepaTypbl OKpYXXatoLLein cpegbl
C AManasoHOM U3MEPEHUs HE YXKe YeMm OT -
20 po +50C OTAenbHbIE JaTUMKN U
MynbTUAATUMKK: [aTurK 3ByKa C PyHKLMeEN
WNHTErpupoBaHuna ¢ 41ManasoHoM U3MepeHus
4yacToT He MeHee Yem oT 50 'y go 8 kI,
[aTumK BNaXXHOCTU MOYBLI C ANana3oHOM

LUT.

5.00



r/n

HanmeHoBaHue
obopypaoBaHus
(PBMO)

MuKpockon
umnhposoi

Lindposas
naéopatopus no

thusnonoruu
(NpounnbHbIN
YPOBEHb)

KpaTkue npumMepHble TeXHUYEeCKue EonHuua
xapakTepuctunku (PBIMO) n3mepeHuns

[aTtunk okucu yrnepoga c gmanasoHom
n3MepeHns He yxxe yem ot 0 go 1000 ppm
Y[ynbTnaaTunk onTUYECKOM NAOTHOCTU U
MYTHOCTW CO BCTPOEHHbLIMW AATYMKAMMU:
[aTtunkK onTMYeckKoi NNoTHOCTU 470 HM C
AnanasoHoMm m3amepeHuna ot 0 go 2 D AaTyuk
ONTMYECKON NAOTHOCTAN 525 HM C
ananasoHoMm mameperHus ot 0 go 2 D AaTuuk
ONTUYECKON NNOTHOCTU 630 HM C
AnanasoHoMm u3amepeHuna ot 0 go 2 D JaTumk
MYTHOCTW pPacTBOPOB C AMaMa3oHOM
nsmepeHuns ot 0 go 200 NTU Akceccyapsbl:
Ka6enb USB coegunHuTeNbHbIA (2 WT.)
3apsagHoe yCTpoMcTBO ¢ kabenem miniUSB
USB Apgantep Bluetooth 4.1 Low Energy
CTep>XeHb And 3aKpenneHns 4aTYMKOB B
wraTtnese KpaTkoe pyKoBOACTBO MO
aKcnnyaTauum UngpoBoin nabopaTopum
MporpammHoe obecnevyeHne MeToguyeckue
pekomeHgaunmn He meHee 20 paboT
YnakoBka Hannmuume pyccKoa3blYHOrO cainTa
NoALEep>XXKW, Hanuumne BULEOPOSINKOB.

Tun MmukKpockona: 6uonornyecknini Hacagka
MUKpOCKONa: MOHOKYnapHasa Ha3HauyeHue:
nabopaTopHbIli MeTog uccnefoBaHus:
CBeT/IOe nosie MaTepuan OnTUKMU:
ONTUYECKOE CTEeK/I0 Y BennyeHne
MUKpoOcKona, Kpat: 64 — 1280 Okynspsbl:
WF16x O6bekTuBbl: 4x, 10X, 40xs
(noanpy>XMHEHHbIA) PeBoNbBepHas
ronoska: Ha 3 06bekTUBa TWUM MOLCBETKU:
3epKano unm ceetogmnon PacnonoxeHue
MOACBETKUN: BEPXHASN U HWKHAS MaTtepuan
Kopnyca: metann lNpegMeTHbIA CTONMK, MM:
90 UcTouHMK nutaHua: 220 B/50 'y Ywncno
meranukcenei: 1

OobecneuynBaeT NpoBejeHNe nccnefoBaHms
Nno PYHKLMOHMPOBAHUIO YeNI0BEYECKOTO
opraHmsma. KomnnekTtaumsa: becnpoBogHoiA
MYNbTUAATYUK NO (DU3NONOTUN C 5-10
BCTPOEHHbIMMK faTymKamu: [atuyunk
aptepuanbHoro gasneHumsa (0...250 mm pT.

LT,

CT.) JaTumK nynbca ¢ 4ManasoHoMm wr.

n3mepeHusa He yxxe yem ot 30 go 200
y4/MUH [aTumMK TeMnepaTypbl Tena ¢
Anana3oHOM U3MepeHUs He yXKe YeM OT +25
fo +40C [aTumuK 4acToTbl AblXaHuUsA C
AnanasoHoM nM3MepeHus He yxke yem oT 0 o
100 yunknoB/MUH OaTynMK YCKOpPEHUS C

KonnyecTBo

15.00

1.00



n/n

HanmeHoBaHue
obopygoBaHuA
(PBIMO)

Lnugpposas
naboparopus

«Punsmka»
npogunsHaa gns
negarora

Lindposas
nabopatopus

«XNMUA»
npothunbHas ans
negarora

KpaTkune nprumMepHble TeXHNUYECKMe EanHuua
xapakTepuctuku (PBIO) n3MepeHus

nokasatenamu 2 g; +4 g; +8 g OtgencHble
ycTpoiicTtBa: Aatuuk IKI ¢ guanasoHoMm
Nn3MepeHns He yxxe yem oT -300 go +300
MB) [laTumk cunomep ¢ gManasoHoM
n3MepeHnsa He yxxe yem ot 0 go 40 H
[atunk ocBeleHHOCTHU C frana3oHoM
n3MepeHnsa He yxe vem ot 0 go 180000 nK
Axkceccyapbl: Kabens USB
COeAMHNTENbHbIA 3apsAgHOe YCTPOCTBO C
kabenem miniUSB USB Apgantep Bluetooth
4.1 Low Energy KpaTkoe pyKoBOACTBO MO
aKcnayaTauum ungposoi nabopatopumn
UporpammHoe obecneyeHne MeTognueckne
3eKoMeHfauun He MeHee 20 pa6oT Hannuune
3YCCKOA3bIYHOIO caiiTa NoALepXKu
Hannune BNaeoponnKoB.

Ob6ecneuynBaeT BbINOJIHEHUE IKCMEPUMEHTOB
no TeMam Kypca ¢pusnkn. Komnnekraymnsa:
BecnpoBogHOW MynbTMAATYMK NO GU3NKE C
6-t0 BCTPOEHHbIMMW AaTtumkamu: Lingposoii
LaTyMK TemMnepaTypbl € jMana3oHoOM
n3MepeHna He yxxe yem ot -20 go 120C
LindpoBoit gatumk abCoNOTHOrO AaBneHuUs
C AMana3oHoOM M3MepeHUus He yxe yeM oT O
fo 500 klMa Jatynk MmarHMTHOro nons c
ANanasoHoOM U3MepeHunsa He yXe yem oT -80
40 80 MTn [aTuynK HaNpPSAXKEHUA C
AvanasoHamu U3MEPEHUS HE yXKe YeMm OT -2
o +2B ; ot -5 go +5B; ot -10 go +10B; oT -
15 po +15B [laTuuK TOKa He yXe yem OT -1
8o +1A [laTunkK akcenepomeTp C
nokKasaTefiiMn He MeHee YyeMm: =2 g; 4 g; 8
g OTaenbHble ycTpoicTea: USB
ocuunnorpag He meHee 2 KaHana, +/-10 B
Akceccyapsbl: Kabenb USB
COeNHNTENbHbIN 3apsaHOe YCTPONCTBO C
kabenem miniUSB USB ApanTtep Bluetooth
4.1 Low Energy KoHcTpykTOp And
nposefeHNa akcnepnmeHToB KpaTkoe
PYKOBOACTBO MO 3Kcnayatauuu LUupoBoi
nabopatopumn MporpammHoe o6ecrneyeHue
MeTognueckne pekomeHgaynm (40 pabor)
Hannune pycckoa3blYHOIO caiTa
noAnepXkKn Hannuve BUAEOPONNKOB.
ObecneymBaeT BbINONHEHNE NabopaTOPHbLIX
paboT N0 XMMUWN HA YPOKAX B OCHOBHOIA

L.

Kose n I'IpOGKTHO-I/ICCI'Iep,OBaTeﬂbCKOI7I .

AeaTeNbHOCTM yyauwmxca. KomnnekTtauus:
BecnpoBOAHOW MynbTUAATUMK MO XUMUK C

KonnyecTtBo

4.00

4.00



HanmeHoBaHue
obopypoBaHusA

n/n (PBMO)

KpaTkue npumepHble TeEXHUYECKMNE EanHuua
xapakTtepuctukn (PBIO) Nn3MepeHuns

3-MA BCTPOEHHbIMMW Agatyukamu: Aatymk pH
C AMana3oHOM M3MepeHus He yxe yem o1 0
fo 14 pH [laTyuK 3NeKTponpoBOLUMOCTHU C
AunanasoHamu M3MepeHns He yxxe yem OT O
80 200 mkCwm; o1 0 go 2000 mkCm; oT 0 go
20000 mkCm [atymk TemnepaTypbl C
Anana3oHOM U3MepPeHUs He yxe yem oT -20
o +140C OTgenbHble gatymkn: faTunk
ONTUYECKOM NAOTHOCTU 525 HM
Akceccyapsbl: Kabenb USB
COeAUHNTENbHbI 3apAafHOe YCTPONCTBO C
kabenem miniUSB USB ApanTtep Bluetooth
4.1 Low Energy KpaTkoe pyKoBO/LCTBO MO
aKcnayaTauum undpoBoint nabopatopuu
Habop nabopaTOpHOIi OCHaCTKMK
MporpammHoe obecneyeHne MeTogmyeckue
pekomeHaaumm He meHee 40 pa6oT Hannune
PYCCKOA3LIYHOMO caiTa nogaepXKu
Hannune BnLeoponnKos.

KonnyectBo

HanmeHoBaHWe HanpaB/ieHUA: «TexHonornyeckasd HanpasneHHoCcTb. POBO»

HanmeHoBaHue
pasgena:

1 «TexHonormnmyeckas
Hanpas/IEHHOCTb.
POBO»

O6pa3oBaTe/bHbll
KOHCTPYKTOp ¢
KOMN/IEKTOM
AaTYMKOB

O6pa3oBaTenbHbIA HA6OP AOMKEH ObITb
npejHasHa4yeH ANs U3YUYEHUS OCHOB
pa3paboTKu NporpaMMupyembix mogenei
aBTOHOMHbLIX MOOUALHLIX po6oToB. B
cocTaB Habopa AO/MKHO BXOAUTb: KOMMNAEKT
KOHCTPYKTUBHbIX 3/1EMEHTOB M3 NNacTUKA,
WHCTPYMEHT Ans paboTbl C KPeneXxHbIMuy
KOMMOHEHTamMu, CepBONPMBOL C BCTPOEHHOA
CMCTEMOW ynpaBfieHMs, obecneynBato L el
06paTHYO0 CBA3b MOMIOXEHWNIO, CKOPOCTU U
Harpyske - He MeHee 4 WT., NyNbT
ynpasneHus - He MeHee 1wWT, aT4nK
KacaHus - He MeHee 1 WT., JaTUYMK LBeTa -
He MeHee 1WT, faTYUK TaKTU/IbHO-
CEHCOPHbLIWA CO CBETOAMOHBLIM MOLY/EM -
He MeHee 11UT., KaMepa C BO3MOXHOCTbIO
OLAHOBPEMEHHOTO onpefeneHns HECKONbKUX
LLBETOB - He MeHee 1LWWT., aKKYMynsTopHas
6atapes - He meHee 1wT. B coctaB Habopa
LO/MKEH BXOAUTL PO6OTOTEXHMYECKNIA
KOHTpONfep - He MeHee 1wr.
P060TOTEXHMUYECKMNI A KOHTPONNMEP AOMKEH
06nafatb BCTPOEHHbIM LBETHbIM XK
39KPaHOM U BCTPOEHHbLIM WHEPLMOHHbIM

LT,

8.00



n/n

HanmeHoBaHue
obopyaoBaHus
(PBIMO)

O6pa3oBaTeNbHbIi
Habop Mo mexaHuke,
MexaTPOHUKe U
po6OTOTEXHUKE

KpaTkune npumepHble TeEXHUYECKME EanHnua
xapakTtepuctuku (PBIMO) N3MepeHuns

faTtumkom. PoboToTexpLlyecknil
KOHTPON/Iep JO/MKEH UMeTb He MeHee 12
NMOPTOB ANS NOAKMOYEHUS BHELHUX
YCTPOWCTB 1 NOPT A5 YCTaHOBKU KapThbl
namsaTu. B cocTaB Habopa JO/MKEH BXOAUTH
NpoOrpaMMupyemblii KOHTPO/IEP - HE MeHee
1wTt. MporpamMupyemsblii KOHTpONnep
[lO/MKEH NpeAcTaBnsATh Co60i YCTPOACTBO,
obecneymBatollee BOSMOXHOCTb
OCyLecTBNATL pa3paboTKy NPOrpaMMHOro
KOfa, NCMOMb3Ys MHCTPYMeHTapuii cpeg
pa3paboTkm Arduino IDE.
Mporpammupyemsblii KOHTPOIEP JOMKEH
obecneumBatb annapaTHY U
NMPOrpaMMHY COBMECTUMOCTb C
3N1eMeHTHOI 6a30i, BXoAsAL e B cocTaB
Habopa. MporpaMmmMupyembiil KOHTPOAIEP
JO/MKEH cofepXxaTb cnegyouime
NHTepdelicbl: UMDPOBbLIE U aHANOTOBbIE
nopTtbl - He MeHee 50wT, USB, USART,
I12C, SPI, ISP, Bluetooth, WiFi.
MporpaMMupyeMbliA KOHTPOAEpP LOMXKEH
cofepxaTb UHTepdelic 4N NOAKIOYEHUS
NMPUBOJOB M JAaTYMKOB POBOTOTEXHNYECKOTO
Habopa- He MmeHee 12 wWT.
Obpa3oBaTe/bHbll HA6OP AOMKEH BbITh
npeAHa3HayeH 411 U3YYEHUS MeXaHUKM,
MEXATPOHUKMN 1 POBOTOTEXHUKMN.
O6pa3oBaTeNbHbIA HA6OP NpegHa3HauyeH
4ns pa3paboTKy NporpaMmMupyembix
mMogeneli MexaTpPOHHbIX CUCTEM U
MOOUNbHBIX PO6OTOB, OCHALLEHHbIX
PasNUYHbIMU MaHUMYAALUOHHBIMU U
3axBaTHbIMM ycTpoiicTBamMmu. B cocTas
Habopa AO/MHKHO BXOAUTb: KOMMAEKT
KOHCTPYKTWBHbIX 3/IEMEHTOB U3 MeTanna,
KOMMIEKT KPEN&XHbIX 3/1EMEHTOB,
KOMMAeKT AnA c60pKM 3aXBaTHOro
ycTpoiicTBa —He meHee 1 1WT., Konecac
NPOpe3nHeHHbIM 06040M - He MeHee 2 WT.,
Ko/neca BCEHANPaBfeHHOT0 ABVMKEHUSA -HE
MeHee 2 WT., NPUBOJ NOCTOAHHOIO TOKA C
WHTErpPUPOBaAHHON CUCTEMOI ynpaBneHus,
obecneumBatoLLeil 06paTHYO CBA3b
MOJIOXKEHWUIO, CKOPOCTU W HArpyske - He
MeHee 4 WT., 4aTYUK INHUUN - He MeHee 3
WT., AaTYMK pPacCTOfHMA - He MeHee 1 wT.,
aKKyMynaTopHas 6atapes - He meHee 1wWT.,
3apAajHoe yCTpoliCcTBO - He MeHee 1 wT. B

LUT.

KonnuecTtBo

3.00



r|/_r|

HanmeHoBaHue
obopygoBaHusA
(PBMO)

KpaTkue npumepHble TeXHUYeCKUe
xapaktepuctuku (PBIMO)

cocTaB Habopa fO/MKeH BXOAUTH
nporpaMmMuUpyeMblii KOHTpOep
o6ecneymBaloLLMii BO3MOXHOCTb
OCYLLeCTBNATL pa3paboTKy NporpammMHOro
Koj4a, UCNONb3ys UHCTPYMEHTapuii cpes
pa3paboTkn Arduino IDE.
NporpammMupyemblii KOHTPOANEP JOMKEH
obecneymBaTth annapaTHyto U
NporpaMmmMHyt0 COBMECTUMOCTb C
3NEeMeHTHOR 6a30ii, BXoAALLEelA B cOCTaB
Habopa. MporpaMmmMupyembiil KOHTPONEP
JOMKEH cofepxaTh cnegyroLue
MHTepdelichl: LM pPOBbIE U aHANOTOBbIE
nopTtbl - He meHee 50wT, USB, USART,
12C, SPI, ISP, Bluetooth, WiFi.
MporpaMMupyemblii KOHTPOEP LO/KEH
coaepXaTb MHTepdeiic (4N NOAKNOYEHNS
NPMBOAOB M AATUMKOB POBOTOTEXHUYECKOTO
Habopa), peannM3oBaHHbIN Ha 6a3e WWHBI
RS-485 - He meHee 12uwrT.
MporpaMmupyemblii KOHTPONNEp LOSKEH
cojep>aTb CMIOBOM MOPT ANd
NOAKNOYEHNS BHELIHEW HAarpy3Ku uam
MOTOPOB - He MeHee 21WIT. B cocTaB Habopa
[0O/MKEH BXOAUTb MOAYNb TEXHUYECKOTO
3peHunda - He MmeHee 1wiT. MoAynb
TEXHWYECKOT0 3PEeHNA [OKEH
obecneynBaTb BO3MOXXHOCTb
KOMMYHUKaLWUy C aHaN0rMYHbIMU
MOAYNSIMU NOCPELCTBOM LWIUHBLI Ha 6a3se
nocnefo0BaTe/IbHOro NHTepgeiica ¢ Lenbo
JanbHeilwelh nepegaun pe3ynbTaToB
N3MEPEHWNIA Tpynnbl MOAYNER Ha
ynpaBnstoLLee BbIYNCANTENbHOE
YCTPOMCTBO, NOAKIOYEHHOE K AHHOA
WwrHe. Mofynb TEXHUYECKOTO 3peHus
[JO/MKeH obecneynBaTb BOSMOXHOCTb
OCYLLECTBNATb HACTPOKY MOAY /A
TEXHUYECKOro 3peHUs - HaCTPOMKY
akcnosuumu, 6anaHca 6enoro,
LLBETOPA3HOCTHbIX COCTaBAAK L UX,
nnowaan obHapyXxusaemol obnactu
n306paXKeHuns, OKPYrnocTu
06Hapy>X1MBaeMon o61acTn n3obpaxeHus,
NOM0XeHUe 06HapyXXnBaeMblx 061acTei
OTHOCUTENIbHO ApYr gpyra. Mogynb
TEXHNYECKOT0 3pEHUS LO/MKEH
o6ecneynBaTb BO3MOXHOCTb HACTPOWKN Ha
OA4HOBpPEMEHHOE 06HapyXxeHue He MmeHee 10

EanHnua
n3MepeHus

KonuyectBo



n/n

HanmeHoBaHMe
obopyaoBaHus
(PBMO)

O6pa3oBaTe/ibHbll
Habop no
3N1eKTPOHMKE,
3N1eKTPOMEXaHUKE 1
MUKPONpPOLLEeCCOPHOIA
TEXHUKe

KpaTkune npvmMepHble TeXHUYECKNE EanHuua
xapaktepuctuku (PBIMO) N3MepeHns

pas3finyHbIX OAMHOYHBIX 06BHEKTOB B CEKTOpE
3630pa, NMb60 He MeHee 5 COCTaBHbIX
06BLEKTOB, COCTOAWMNX N3 HE MeHee 3
pasfinyHbIX rpauyeckux NPUMMTUBOB.
Mopynb TEXHWYECKOTO 3peHUs LOMXKEH
o6nafaTb BCTPOEHHbIMU MHTepdeicamu -
JSB, UART, 1l-wire TTL, I2C, SPI ans
KOMMYHWKaLWUN CO BHELUHUMU
NOAKNOYaEMbIMUW YCTPOCTBAMY.

Habop gosmkeH 6bITb NpeAHas3HayvYeH Ans
npoBefeHUs y4ebHbIX 3aHATWIA NO
N3Y4YEHN0 OCHOB MEXaTPOHUKN ©
PO6OTOTEXHUKM, NPaKTUYECKOTO
nprMeHeHns 6a30BbiX 3/1EMEHTOB
3NEKTPOHUKN N CXEMOTEXHUKM, a TakXKe
Hanbosnee pacnpoCTPaHEHHO 3N1EMEHTHO
6a3bl U1 OCHOBHbIX TEXHUUYECKUX PELUEHNIA,
NMPUMEHSEMBIX NPU MPOEKTUPOBAHUMN 1
NPOTOTUNMPOBAHUMN PaA3TUYHbIX
WHXEHEPHbIX, KNBEPHETUYECKNX U
BCTpanBaembiX cucteMm. B cocTtaB Habopa
0OMKHBI BXOAUTL KOMIJIEKTYHOLLME U
ycTpolicTea, o6nagarolime KOHCTPYKTUBHOM,
3/IeKTPUYECKO,annapaTHON ©
NPOrpaMMHO COBMECTUMOCTbIO APYT C
apyrom. B cocTaB Habopa LONXEH BXOAUTb
KOMMNNEKT KOHCTPYKTUBHbIX 31EMEHTOB M3
meTanna gns cbopku makeTa
MaHUNYAALMOHHOIO po60oTa 1 KOMMNNEKT
MeTannMyecknX KOHCTPYKTUBHbIX
3NeMeHTOB AN COOPKM MakeTa MOOGUNLHOIO
pob6oTa. B cocTaB Habopa LOMKHbI BXOAUTb
npvBoja pas3/IMyHOro TUna: MoTopbI C
MHTErpupoBaHHbIM UAWN BHELWHWUM AAaTYMKOM
NONIOXKEHNS - He MeHee 21UT, CEpPBOMNPUBOL,
60NbLION - He MeHee 4T, CepBONPUBOS
Manblil - He MeHee 2WT, NPUBOS C
BO3MOXXHOCTbIO yNpaB/ieHUs B LLIATOBOM
pexume - He MeHee 2WIT. B cocTaB Habopa
LO/MKHbI BXOAWUTH 31E€MEHTbI 4719 CO0PKY
BaKyyMHOrO 3axBaTa: BakyyMHas npucocka
- He MeHee 1WT, 3N1EeKTPOMAarHUTHbI A
KnanaH - He MeHee 1T, BaKyyMHbIA Hacoc
- He MeHee 1wT. B cocTaB Habopa A0/MKHa
BXOAMNTb 3/ieMeHTHasa 6a3a 4ns
MPOTOTUNMNPOBAHUA: Nnata 4N4
6ecnaevyHoro NpoOTOTUNMPOBAHUSA, KOMMIEKT
MPOBOAOB Pa3/IMYHOIO TUMa W ANINHbI,
KOMMEKT Pe3NCTOPOB, KOMMAEKT

LT.

KonnyecTtBo

6.00



n/n

HanmeHoBaHue
obopyaoBaHus
(PBIO)

KpaTkue npumepHbie TeEXHUYECKne
xapakTepuctunkm (PBIMO)

CBETOA4MOA0B, CEMUCETMEHTHbIA MHAUKATOP
avcnnein XXK-tvna, KHONKKW - He MeHee
51T, NnOTeHUMOMETPbI - He MeHee 3T,
MH(paKpacHbIli gaT4YuK - He MeHee 3WT,
YyNbTPa3BYKOBOW JaTUMK - He MeHee 3LT,
JaTynK TeMnepaTypbl - He MeHee 1wiT,
[JaTYMK OCBELLEHHOCTU - He MeHee 1wWT,
moaynb Bluetooth - He meHee 1wT, MOAYb
MK-npuemHuKa - He MmeHee 1T, MOAY/b
MK-nepegatynka B BUAe KHOMNOYHOTO
nynbTa ynpaBneHns - 1w, akKymynartop -
He MeHee 1T, 3apsAgHOE YCTPOCTBO - He
MeHee 1wT. B cocTaB Habopa LOMKEH
BXOAUTb MYNbTUAATYUK AN U3MEPEHUS
TemnepaTypbl U BAAXHOCTU OKpYXatoLei
cpegbl - He MeHee 1LWT. MynbTUAaTUNK
[oMKeH 06nafatbh BCTPOEHHbLIM
MUKPOKOHTPOJI/IepoM (TakToBas yacToTa -
He meHee 16 MIL, WWHA JAHHBIX - He
mMeHee 8 K6aiT), uHTepdeincamm ans
NOAKNOYEHNS K BHELWHUM YCTPOCTBaM:
LMdpoBble 1 aHanoroBble NopThl, 1-wire
TTL, pasvem Tuna RJ. B cocTaB Habopa
[LOMKEH BXOAUTb KOMMIEKT YHUBEPCANbHbIX
BblUNCINTENbHbBIX MOAYe
npeacTaBnsWMNX coboii 6a30By0 nnaTty,
nnaty paclwmpeHnsa gna CeTeBoro
B3aMMOAENCTBUA ¥ NNaTy NOAKIOUYEHUS
CMNOBOI Harpysku. Bxogswime B KOMMIAEKT
yCTpolicTBa JO/MKHbI 061a4aThb
OAHOBPEMEHHOWN KOHCTPYKTUBHOIA,
3NeKTPUYECKOM, annapaTHoOMi K
nporpaMmmMHOlN COBMECTUMOCTbIO APYT C
apyrom. basoBas nnata yHUBepcanbHOro
BbIYUCANTENLHOIO MOAYNSA AOMKHA
npeacTaBNATb CO60M NporpaMmupyemblii
KOHTponnep B cpege Arduino IDE nnu
aHanornyHbIX cBO6OAHO
pacrnpocTpaHsieMblX cpefax pa3paboTku.
basoBas nnata foskHa 06najatb
BCTPOEHHbIMU UHTepteincamun a4ns
NOAKMOYEHUA LUPPOBLIX U aHANOTr0BbIX
YCTPOWCTB, BCTPOEHHbIMU MHTEpdeiicamm
USB, UART, I2C, SPI, 1-wire TTL,
Bluetooth, WiFi. MnaTta pacwupeHns
[JOMKHa 06ecneynBaTb BOSMOXHOCTb
NOAK/IIOYEHNA YHUBEPCASIBHOTO
BbIYUCNUTENBHOIO MOAYNA K CeTU
nocpeacTeoM MHTepdeiica Ethernet. Mnata

EanHnua
n3MepeHuns

KonnyecTtBo



HanmeHoBaHue
obopygoBaHusA

n/n (PBMO)

KpaTkue npumepHble TeEXHUYECKME
xapakTtepuctuku (PBIO)

pacLmpeHns fonxHa o6nagate nopramu
BBOJA-BblBOAA AN1A MOAKMHOYEHUSA
LUUGPOBbLIX N aHANOrOBLIX YCTPOWCTB,
nHtepdelric SPl 1 BO3MOXHOCTbLIO
NOAKNOYEHUSA BHELIHEN KapThl MamMAaTK
MnaTa paclwupeHnsa Ans NOAKIOYEHUS
CU/I0BOW Harpysku 4o/mkHa obecrneuynBathb
BO3MOXHOCTb NPAMOro MNOAKIKYEHUS
BHELUHEW CUIOBOW Harpysku, a Takxe
perynmpyemMoi Harpysku nocpeicTsom
PWM uHTepdelica. B cocTaB Habopa
0O/MKEH BXOAUTL MPOrpaMMupyemblii
KOHTpPONNep, obecneynBato L nii
BO3MOXHOCTb OCYLLECTBAATb pa3paboTKy
NporpaMMHOro Kofa, Ucnosb3ys
MHCTPYMeHTapuii cpeg paspaboTku Arduino
[DE 1 Mongoose OS 1 A3bIKOB
nporpammupoBaHna C\C++, JavaScript.
MporpaMMupyemblil KOHTPOINEP JOMKEH
o6nagatb nopTaMu 408 NOAKAOUYEHUS
LUMGPOBLIX N aHaN0r0BbIX YCTPOMICTB,
BCTPOEHHLIMU NPOrpaMmMunpyemMbIiMy
KHOMNKaMu 1 31eKTPOMEXaHNYeCKUMU
MOLYNAMU ANS OpraHn3auum cUCTeMbl
PY4YHOTO ynpaB/ieHUs, BCTPOEHHbIMM
nMporpaMMupyemMbiMi CBETOAUOLAMM A5
MHAMKaLMM paboyero pexnma,
BCTPOEHHbIMU UHTepdeicamun USB,
USART, I2C, SPI, 1-wire TTL, ISP
Ethernet, Bluetooth, WiFi. B cocTaB Habopa
BO/MKEH BXOAUTb MOAY/b TEXHUYECKOTO
3peHuns , npeAcTaBAfAOWNA coboli
BblYMCANTENbHOE YCTPONCTBO CO
BCTPOEHHbIM MUKPOMpPOLEeccopom (KO/-BO
A4ep - He MeHee 4T, YacToTa Agpa He
meHee 1.2 Ty, o6bem O3Y - He MeHee
512M6, 06bemM BCTPOEHHOW NaMATKH - He
mMeHee 8I6), UHTerpupoBaHHOW Kamepoi
(MakcuManbHOe paspelleHne BUAEONOTOKA,
nepefasaeMoro no nHtepgelicy USB - He
mMeHee 2592x1944 ef.) n oNTUYeCKON
cuctemoi. Mofynb TEXHUUYECKOTO 3peHUs
JoMmKeH obnafaTb COBMECTUMOCTbLIO C
pas3MUYHbIMK MPOrpaMMUPYEMbIMU
KOHTpO//1epaMn ¢ NOMOLL b MHTepdelicoB -
1-wire TTL, UART, 12C, SPI, Ethernet.
Mofynb TEXHUUYECKOTO 3PEHUA JO/KEH
obecneynBaTtb BbIMOMHEHME BCEX
N3MepeHUii 1 BbIYUCIEHNIA MOCPEACTBOM

EanHnua
n3mepeHud

KonnyectBo



HanmeHoBaHue
o6opyaoBaHus
(PBMO)

KpaTkne npumepHble TeXHNUYeCcKmne EanHuua

xapakTtepuctukn (PBI1O) n3MepeHunsa Konnuectso

n/n

COOCTBEHHbIX BbIYMCANTENbHBIX
BO3MOXXHOCTEW BCTPOEHHOTO
MUKponpoueccopa. Moay/ib TEXHNYECKOTO
3peHus fo/mKeH 061a4aTb BO3MOXHOCTbLHO
KOMMYHUKaLWUKU C aHaN0rMYHbIMU
MOAYNAMMW MOCPeACTBOM LUKHBLI Ha 6a3e
nocnefoBaTe/lbHOro NHTepgeiica ¢ Leblo
JanbHelWwen nepefayn pe3ynbTaTtos
N3MepPeHN rpynnbl MOAYNeR Ha
ynpaBnsoLLee BbIYNCANTENbHOE
YCTPONCTBO, NOAKNOUYEHHOE K AaHHO
WnHe. Mofynb TEXHNUUYECKOTO 3peHUs
[LOMKEH o06ecneynBaTb HACTPONKU PEXUMOB
paboTbl - HACTPOIKY 3Kcno3uuum, 6anaHca
6enoro, LBETOPa3HOCTHbLIX COCTABAAIOLWNX,
nnowagn obHapy>xxmsaemoi o6nactu
N306paXKeHmns, OKPYraocTu
06HapyXunBaemoi o6nactn nsobpaxeHus,
nonoXKeHne o6Hapy>XnBaembix ob6nacTei
OTHOCMUTENIbHO ApYT Apyra, MaWuHHOe
06y4YeHMe NnapameTpPoOB HEMPOHHbBIX CETeN
ANna 06Hapy>XeHns 06beKToB, (hopmy K
3aKOAMPOBaHHbIE 3HAYeHUA
06Hapy>XMBaeMblX MapKepoB Tuna Aruco,
pasMepbl 0OHapY>XUBaeMbIX OKPYXXHOCTeiA,
KBaZpaToOB U TPeYronbHUKOB, NapaMeTpoB
KOHTPacTHOCTK, pa3MepoB, KPUBU3HbI 1
NONMOXEHNS pacno3HaBaeMbIX TUHWIA.
Habop gomkeH obecneynBaTb BO3MOXHOCTb
pa3paboTkn mogenn MobunbHOro pobora,
ynpasnsgemoit B FPV-pexxnme nocpeactsom
nNporpaMMHoOro obecnevyeHus ans
NMepcoHanbHOro KOMnboTepa U MOBUMbHbIX
ycTpoiicTB Ha 6a3e OC Android nnm 10S,
obecneynBaloLLEr0 BO3SMOXHOCTb
ynpaBneHns mobunabHbIM po6oTOM ”
BCTPOEHHbLIM MaHWMNyNATOPOM MOCPEACTBOM
rpaguyeckoro nHTepgeiica, BKAOYAK L NM
B ce6a Habop KHOMOK W MepeknwovaTenei,
[DKOWCTUK, 06/1aCTb ANS 0TOBPaKEHNS
Buaeo. Habop gomkeH obecneymBaTb
BO3MOXHOCTb M3YUYeHUS OCHOB pa3paboTKm
NPOrpaMMHbIX 1 annapaTHbiX KOMMNeKCOB
MHXEHEPHbIX CUCTEM, PeLIeHUi B ctepe
«HTepHeT Bellei», a TaKXKe pelweHnin B
06nacT poboTOTEXHUKUN, UCKYCCTBEHHOTO
MHTeNNeKTa u MmawmnHHOro obyyeHnsa. B
cocTaB Habopa J0/HKHO BXOA4UTbL nocobue
MO M3YYEHUIO OCHOB 3MIEKTPOHUKMN 1



n/n

HanmeHoBaHue
obopygpoBaHuA
(PBIMO)

O6pa3soBaTeNbHbll
Habop 4Nna n3yveHuns
MHOFOKOMMOHEHTHbIX
PO6OTOTEXHNYECKUX
CUCTEM U
MaHUMYNALNOHHBIX
po6oToB

KpaTkue npumepHble TeXHNYecKune EanHuua
xapakTtepuctuku (PBIO) n3MepeHunsa

CXEMOTEXHUKN, peweHnin B cihepe
«/IHTepHeT BeLei», pa3paboTku u
NPoOTOTUNMPOBAHNIO Moaenein po6oTos. B
cocTaB Habopa J0/MKHO BXOAUTbL nocobue
Mo M3yYEeHNO OCHOB pa3paboTKy cUCTEM
TEXHUYECKOTO 3PEHNS N 3/IEMEHTOB
NCKYCCTBEHHOTO MHTENNEKTa
O6pa3oBaTenbHbIA HA6OP AOMKEH ObITb
npeAHasHayeH ANa n3y4vyeHus
PO6OTOTEXHUYECKUX TEXHOMOTUI, OCHOB
MHOPMAaLMOHHbBIX TEXHONOTUIA 1
TEXHO/IOTNIA MPOMbILLIIEHHO
aBTOMAaTM3aLnK, a TakXKe TEXHOOT Ui
NPOTOTUNMPOBAHUA W afAUTUBHOIO
nponsBofcTBa. B cocTaB Habopa AO/MKHb
BXOAUTb KOMMEKTYOLIME N YCTPOICTBA,
obnagatol e KOHCTPYKTUBHOWM, annapaTHOI
M NPOrpaMMHOl COBMECTUMOCTbLIO APYT C
apyrom. 1) KoMNneKT KOHCTPYKTUBHbBIX
371eEMeHTOB M3 MeTanna u naacTuka gns
COOpKM Mofenein MaHUNYNALNOHHbIX
PO6OTOB C Yr/10BON KMHEMATUKOIMA,
naockonapannenbHoO KnHematukoi, Delta-
KWUHEMATUKOI. 2) IHTennekTyanbHblii
CEpPBOMOJY/b C UHTETPUPOBAHHONA
CUCTEMOW ynpaBieHUs - He MeHee 7T,
CepBomoAynb AOMKeH 06nagatb
WHTErpMpoBaHHO CUCTEMON ynpaBfieHus,
obecneymBaloLLen 06paTHYO CBA3b UK
KOHTPO/Ib MapaMeTpoB - MONOXEHNE Bana,
CKOPOCTb BpalleHusi, Harpyska npneoja, a
TakXxXe o6ecrneynBarolLeli BOSMOXHOCTb
nocnef0BaTe/IbHOrO MOAKKYEHNUS APYT C
OPYTOM W ynpaBfieHUs CEPBOMOAYAAMM MO
nocnefoBaTe/lbHOMY NOAYAYNAEKCHOMY
aCMHXPOHHOMY MHTepdeiicy. 3)
P060TOTEXHUYECKMNIT KOHTPOAEp
npeacTaBnaloWMA coboh MOAYbHOE
YCTPONCTBO, BKAOYalOLee B cebs
OLHOMMAaTHbIA MUKPOKOMMbLIOTEP ANS
BbIMO/IHEHUSA CTIOXHbIX BbIYUCANTENbHbIX
onepaumnii, nepudepuniiHbiil KOHTpONNEP AN
ynpaBfeHUs BHEWHUMW YCTPONCTBAMY U
nnaTy pacwupeHnsa ans NoagKNoYeHus
BHELWHNX yCTpoicTB. Mogynm
PO6OTOTEXHUYECKOTO KOHTPONEPA AOMKHbI
obnagaTb 0HOBPEMEHHOI
KOHCTPYKTUBHOM,annapaTHON K
NMPOrpaMMHO COBMECTMMOCTbIO APYT C

LT,

KonnyectBo

6.00



Ne
n/n

HanmeHoBaHue
obopyaoBaHus
(PBMO)

KpaTkune npumepHbie TeXHUYECKNe
xapakTtepuctukn (PBIO)

LpyroMm. PoboTOTeXHUYECKUIA KOHTpONNep
LO/MKEH YAOBNETBOPATbL TEXHUYECKUM
XapakTepucTtukam: Kon-Bo fgep
BCTPOEHHOI0 MUKPOKOMNbLIOTEPA - HE MEHEe
4, TaKTOBAA yacTtoTa afpa - He meHee 1,2
Mu, 06bem O3Y - He meHee 512 M6,
Hanuuune uHTepdeicos - SPI, 12C, 1-wire
TTL, UART, PWM, ungppoBble - He MeHee
16 WT n aHanoroBble NOPThI - He MeHee 8
WT 4NA MNOAKIKYEHNS BHELWHUX YCTPONCTB
BCTPOEHHbIA MUKPOGOH, a Takxke WiFi nnu
Bluetooth gns KOMMyHMKaLUmM co
BHELIHWMW YCTPOMNCTBAMM.
P0o60TOTEXHMYECKUI KOHTPONNEP LOSDKEH
ob6ecrneymBaTb BO3MOXXHOCTb
NporpaMMmMpoBaHus C MOMOLLbIO CPeACcTB
A3blkoB C/C++, Python n cBo60gHO
pacnpocTpaHaemoli cpeabl Arduino IDE, a
TakXe ynpasfeHUa MogensiMu
POBOTOTEXHUYECKMUX CUCTEM C MOMOLLbIO
cpeabl ROS. 4) MporpaMmupyemblii
KOHTpPON/Eep - He MeHee 1uT.
MporpaMmMupyemblii KOHTPONNEP AO/KEH
npeacTaB/faTb COG0M BbIYUCANTENbHbIA
Moay/nb, o6nagarownum LuGhpoBbIMM
noptamu - He MmeHee 8 LIT N aHaNOr0BLIMYU
noptamMu - He MeHee 16 WIT, MHTepdelicamm
UART, I12C,SPI, TTL, a TakXe MoAynem
b6ecnpoBogHOM cBA3u Tvna Bluetooth nan
WiFi gna cosgaHusa annapatHo-
NPOrpamMMHbIX PEeLEeHNA N «yMHbIX/CMapT»-
YCTPOWCTB ANs pa3paboTKW pelleHnit
«MHTepHeT Bewei». 5) MnaTta pacwinpeHns
NPOrpaMMuMpyemMoro KOHTpoepa - He
mMeHee 1wT. MnaTa paclwMpeHnsa gonKHa
o6ecneymBaTb BO3MOXHOCTb MOAKNOUYEHNS
YHUBEPCANbHOT0 BbIYUCAUTENILHOTO MOAYNA
K CeTW nocpefcTBOM UHTepdeiica Ethernet.
MnaTta pacwnpeHns fomkHa 06najathb
nopTtamMu BBOAA-BbIBOAA A5 MOAKAOYEHUS
LUMEGPOBLIX U aHANOTOBbIX YCTPONCTB - He
meHee 40 wT, nHTepdeiic SPI n
BO3MOXHOCTbIO MOAKNOYEHUSA BHELLUHEN
KapTbl NamsaTu. 6) Moaynb TeXHWYEeCKOro
3peHunsa, NpeacTaBNAOLWMIA cobol
YCTPONCTBO Ha 6a3e BbIYMCANTENBHOTO
MUKPOKOHTPO//1EpPa U MHTErPUPOBAHHOIA
KaMmepsbl, obecneymBaloLLee pacno3HaBaHue
npocTenwmnx n3o6paxeHnii Ha Mogyne 3a

EanHnua
n3MepeHunsn

KonnyecTtBo



n/n

HanmeHoBaHue
obopygpoBaHusA
(PBMO)

KpaTkue npnmepHble TeXHUYeCcKue EanHunua

xapakTepucTuku (PBMO) namepenns OTMHECTBO

CYeT COBCTBEHHbIX BbIYUCAUTENbHBIX
BO3MOXHOCTEN - He MeHee 1wT; Moaynb
TEXHUYECKOT0 3peHNs AOMKEH
obecneynBaTb BO3MOXXHOCTb
KOMMYHUKaLWUK C aHaN0rMYHbIMU
MOAYNAMU NMOCPeACTBOM LUMHBLI Ha 6a3e
nocnefoBaTeNlbHOro MHTepdelica ¢ Lensto
fanbHellWweh nepegaym pesynbTaToB
N3MepeHunii rpynnel Mogynei Ha
yNpaBngtoLee BblYUCANTENLHOE
YCTPOMNCTBO, NOAKIOYEHHOE K AAaHHOA
WwrHe. MoAynb TEXHUYECKOTO 3peHus
JoMmKeH obecneynBaTb BO3MOXHOCTb
OCYLLEeCTBAATbL HACTPOMKY MOAY /A
TEXHUYECKOTO 3pPEHUSA - HACTPOIKY
akcnosuumnu, 6anaHca 6enoro,
LBETOPA3HOCTHbIX COCTaBASAOLLUX,
nnowaan obHapy>xxmBaemoi 06n1acTu
N306paXKeHmns, OKPYriocTu
06Hapy)Xusaemoi 06nacTn nsobpaxeHums,
NOM0XeHUe 06HapyXXnBaeMblx 061acTei
OTHOCUTENIbHO APYT Apyra. Mogynb
TEXHWUYECKOro 3peHnsa JO/KeEH
obecneynBaTb BO3MOXHOCTb HAaCTPONKKN Ha
O HOBpeMeHHOe 06Hapy>xeHue He meHee 10
pasNNYHbIX OOWHOYHbLIX 06BLEKTOB B CEKTOpE
0630pa, NMbo He MeHee 5 COCTaBHbIX
06BEKTOB, COCTOALWUX U3 He MeHee 3
pPasMyHbIX rpadinvyecknx NPUMMUTUBOB.
Mofynb TEXHUYECKOr0 3peHNs LONXKEH
06nafgatb BCTPOEHHbIMU MHTepdelicamu -
USB, UART, 1-wire TTL, 12C, SPI gns
KOMMYHMWKaLUN CO BHELIHNMU
noAKMKYaeMbIMK ycTpolicTBamu. 7) B
cocTaB Habopa AO/MKHbI BXOAUTb LU POBbIE
NH(POPMALUOHHO-CEHCOPHbIE MOAY U,
npeactaBnatolimMe coboit ycTpoiicTBa Ha
6a3e NnporpamMMuUpyeMoro KoHTpoaaepa u
N3MepUTeNbHOro anemeHTa. Lindposoi
MOAY/b fOMKEH 06M1afaTb BCTPOEHHbIM
MUKPOKOHTPO//IEpOM (TakToBas yactoTa -
He meHee 16 MTIL, WKNHA faHHbIX - He
meHee 8 K6aiiT), uHTepdeicamun ans
MOAK/OYEHNS K BHELWHUM YCTPOACTBaM:
LndpoBble 1 aHanoroBble NOpThl, 1-wire
TTL, pasbem Tvna RJ. LlndpoBoii mogynb
[0O/MKeH obecneynBaTb BO3MOXHOCTb
KOMMYHUKaLWUK C aHaN0rMYHbIMU
MOAYNSAMU NMOCPEACTBOM LUMHbI Ha 6a3e



u/n

HanmeHoBaHue
obopypoBaHUsA
(PBIMO)

KpaTkune nprvMepHble TeXHNYecKmne EavHuua

xapakTepuctuku (PBIO) n3MepeHns KonudecTso

nocnefoBaTelbHOro MHTepMeica ¢ Lenbto
JanbHellwen nepegayn pe3ynbTaToB
N3MEPEHNI TPpynnbl MOAY/ER Ha
ynpasnstoLLee BbIYUCANTENBHOE
YCTPOIACTBO, NOAKNOUYEHHOE K AaHHO
WwnHe. B cocTtaB Habopa 4O/MHKHO BXOAUTL:
UMPOBOI MOAYNb TAKTOBOWN KHOMKK - He
MeHee 3WT, ungpoBoii MOAYNb CBETOAMOAA
- He MeHee 3WT, LM(POBOA MOAYNb
KOHL,EBOr0 npepbiBaTens - He MeHee 3wWT,
LUMpoBOIM MOAYNb AAaTUMKA LBETA - He
mMeHee 1wT, umdposoii moaynb RGB
cBeToAmofa - He meHee 1wT. 8) B cocTaB
Habopa LO/MKHbI BXOAUTbL 3eMEHTbI AN4
cH60pKKN BaKyyMHOro 3axBaTa: BaKyymHas
npucocka —He meHee 1w,
3N1eKTPOMArHMUTHBIA KnanaH —He MeHee
1T, BaKyyMHbI Hacoc - He MeHee 1wrT. 9)
B cocTaB Habopa J0/MKEH BXOAUTb YUYe6HbIl
KOMMNNEKT, BKOYaOLWMNiA B ceba yuebHoe
nocobue, Habop 6UBINOTEK TPEXMEPHbBIX
371EMEHTOB 4719 NPOTOTMNNPOBAHUA
mMogenein MaHUNYNALUOHHbLIX po60TOB, a
TakXxe nporpammHoe obecneyeHue ans
paboTbl ¢ Habopom. MporpammMmHoe
obecneyeHune JOMKHO 0b6ecneynBaThb
TPEXMEPHYIO BM3Yyanu3auuno Moaenu
MaHUNynsaUMoHHOro poboTa (C yrnoBon,
naockonapannenbHoON n genbra-
KMHEMaTUKO) B mpouecce paboThl,
obecneymBaTb NOCTPOEHME
NMPOCTPAHCTBEHHOW TPAEKTOPUMN LBUKEHUS
NCNONHUTENILHOTO MexXaHn3Ma
MaHUNYyAALMOHHOTO po60Ta, BOSMOXHOCTb
3alaH1A nocnefoBaTeNbHOCTN TOYEK A4NA
NPOXO0XAEHNS Yepe3 HUX UCMONHUTENbHOTO
MexaHn3Ma MaHUNynALMoHHOro poborTa.
MporpammHoe obecneyeHne AOMKHO
(hYHKLUNOHMPOBATh, KaK B OTAE/bHOCTMN B
BMAeE cpefbl MOAENNPOBaHUS, TaK U B
pPeXnMe MOHUTOPUHTA B peasibHOM BPEMEHU
npy NOAKAKOUYEHUN MOLENN MaHUNynsTopa
nocpescTBOM POBOTOTEXHUYECKOTO
KoHTponnepa. MNMporpammHoe obecneyeHune
[JOMKHO 06ecneynBaTb BO3MOXHOCTb
MOCTPOEHUA TPaMKOB 3afaHHbIX W
TeKyWwunx 0606 EHHbIX KOOPAMUHAT
MaHUNYNALMOHHOTO poboTa, rpagnkos
3HaYeHWNi CKOPOCTEN N YCKOPeHMS,



n/n

HanmeHoBaHUe
obopypfoBaHuA
(PBMO)

KomnnekT ans
n3yyeHus
onepaunoHHbIX
CMUCTEM peanbHOro
BPEMEHMU U CUCTEM
ynpaBneHus
aBTOHOMHbIX
MO6GUAbHBLIX PO6OTOB

KpaTkune npumMepHble TEXHUYECKNE EanHnua
xapakTtepuctuku (PBIMO) n3MepeHUs

rpauKoB pacHeTHbIX 3HAUYEHU HArpysKu.
MporpaMMHoOe o6ecneyvyeHne JOMKHO
Mo3BOMATL 3afaBaTb MOCNEA0BATEIbHOCTb
nepeaBVKEHUA MaHUNynaTopa
nocpeacTtsom Habopa KomMaHA B 6/104HO-
rpamyeckom uHTepgeiice. YuebHoe
nocobue LO/MKHO COAEPXaTb MaTtepuansl no
pa3paboTke TPEXMEPHbIX MOAenei
MOOUWbHbLIX PO60OTOB, MAHUNYNALNOHHbIX
PO60TOB C PasIMYHbIMKU TUNAMU
KWUHEMAaTUKK (yrnosas KMHemMaTuka, naocko-
napannenbHas KMHeEMaTuka, fefbra-
KnHematuka, SCARA nnu polyaxHas
KnuHemaTuka, nnatopma CTroapta 1 T.0.),
WHCTPYKLUUM MO NPOEKTUPOBaHUIO pobOTOB,
WHCTPYKLUN U METOLUKN OCYLLEeCTB/IeHMS
MHXEHEPHbIX pacyeToB npu
NPOEKTUPOBaHUMN (pacyeTbl Harpysku u
MOMEHTOB, pacyeT MOLHOCTU NPUBOAOB,
pacyeT napaMeTpoOB KUHEMaTUKU U T.N.),
WHCTPYKLUMYM N0 pa3paboTKe CUCTEM
yrnpasfieHUs n NporpaMMHoOro obecrneyeHus
U1A ynpaeneHus poboTaMun, UHCTPYKLUKN Y
MEeTOAMKN N0 pa3paboTKe cUCTEM
ynpaB/ieHUs ¢ 31eMeHTaMMn UCKYCCTBEHHOTO
MHTeNNeKTa U MallMHHOTro 06yyeHus.
KomnnekT ana pa3paboTku v U3y4yeHus
mMogeneid MporpaMMupyemMbiX aBTOHOMHbIX
MOOGUNbHBIX POGOTOB. Y4YeOHbI KOMNNEKT
[O/MKEH M0O3BONAThL paspabaTbiBaTb 6/104YHO-
MOAYNbHYIO KOHCTPYKLUIO MOOGUNLHOTO
po6oTa. B cocTtaB Mo6unbHOro po6ota
LOMKHO BXOAMTL: TpuBoj BefyLnX Konec
- He MeHee 2WT. MpunBOA A0NXKEH
npeacTaBNAaTb CO6ONA
3NeKTPOMEXaHNYECKY COOPKY Ha OCHOBE
[ABuraTens NoCTOAHHOIO TOKa, pefyKropa,

faTymKa nonoXeHna sana u BCTpOGHHOVI wT.

cucTeMmbl ynpasneHusa. Cucrtema
ynpaBneHusa npusoja 40/KHa
o6ecrneymBaTb BOSMOXHOCTb 00beJUHEHUSA
NMPMBOLOB C NMOMOLLbLIO MOC/Ne[0BATE/IbHOTO
MHTepeica, BO3MOXHOCTb 3afaHus
napaMeTpoB KOHTYPOB yMnpaBieHus,
yrnpaBfeHne BpaweHneM npueoja no
CKOPOCTU Y NOMOXKEHWNIO, KOHTPOJIb
Harpysku. MNMporpaMMupyemMblii KOHTpoOANep
- He MeHee 1wT. MporpamMupyemsbilii
KOHTpONnep foMkKeH obnagaTb

KO/1In4yecTBO

1.00



Min

HanmeHoBaHue
obopygpoBaHusA
(PBIO)

KpaTkune npumMmepHble TEXHUYECKNE
xapaktepuctukn (PBIMO)

nHtepteiicammn - USB, UART, TTL, RS485,
CAN ana KOMMYHUKaumn ¢
NOAKMOYAEMbBIMWN BHELLHUMMU
YCTPOMCTBAMMU, @ TAKXKE LUPPOBLIMMK 1
aHafnoroBbIMM NopTaMu BBOAa/BbIBOAA.
OpHONNaTHbIA MUKPOKOMMbLIOTEP - He
MeHee 1wT. OAHONNATHBIA
MUKPOKOMNMbIOTEP AO/KEH MPeLcTaBnATh
ro6oi yCcTpONCTBO C apXMTEKTYPOIA
Mukponpoueccopa ARM, gomkeH obnagatb
He MeHee 2 BbIYNCINTENbHBIMWU A4paMn C
TaKTOBOI 4acTOTON He meHee 1MW,
NasepHblii CKaHUPYIOLW NI anbHOMEp - He
MeHee 1wT. JlazepHbIl CKaHUpPYOLW KA
LanbHOMep Ao/KeH obecnevnBaTb
Avanas3oH U3MepeHus LanbHOCTK A0
006bEKTOB HE MeHee 2.5 METPOB U CEKTOP
CKaHnpoBaHWA He meHee 360 yrnosbix
rpagycos. [JaTuumkK NWHWW - He MeHee 3 LUT.
[atuuk gonmxkeH obecneymBatb
[LeTeKTMpoBaHue NMHUN Ha KOHTPaACTHOM
(hoHe 1 nepefaBaTh faHHbIE B
nNporpaMMupyemMblii KOHTPONEp O ee
Hannymy nyTem nepejavyy aHanorosoro
CuUrHana unm LnhpoBoro cnurHana, nnM6o
nyTem nepegayn UungpoBoro nakera
JaHHbIX. [laTuMKa LBeTa - He MeHee 1 WIT.
Jatunk [onXeH pasnnyaTb LBETOBON
OTTEHOK Pacmno/ioXXeHHOro pagaoM C HUM
o6bekTa B RGB HoTayum v obecneymsatb
nepefayvy faHHbIX B MpOrpamMMupyembiii
KOHTPO/I/Iep 0 3HAYEHUWN KaxX[oro
LLBETOBOr0O KaHasa B BMUfe LN({pPOBOro
nakerta flaHHbIX. Maccues MK-gaTunmkoB - He
meHee 1wT. MaccuB NK-gaTunMKoOB A0/KEH
ObITb NpefHa3HayYeH A OTCNEeXUBAHUSA
NUHUW NS OBUMXKEHUA MobubHOro poboTa.
MaccuB LOMmKeH cofepXaTb He MeHee 6WT
MK-aaTunKoB, pacnofioXKeHHbIX Ha OAHOW
NHUN, Cucrtema TEXHUYECKOro 3peHus -
He meHee 1LwT. CucTeMa TEXHUYECKOTO
3peHuna fosKeH 06/1afaTb COBMECTUMOCTbIO
C pas3/IMYHbIMKN NPOrpaMMUPyEMbIMU
KOHTpON/epaMun ¢ NOMOLLbIO MHTepMelicoB -
TTL, UART, I12C, SPI, Ethernet. Cucrtema
TEXHWYECKOTO 3peHunsa LO/KHA
o6ecneymBaTb BO3MOXXHOCTb U3YUYEHUA
OCHOB MPUMEHEHUA aiTOPUTMOB
MaLlMHHOI0 06y4YeHNsA 1 HACTPOMKK

EanHnya
n3mMepeHuns

KonnyecTtBo



HanmeHoBaHMe
obopynoBaHumn
(PBMO)

KpaTkue npumepHble TeEXHUYeCcKne EgnHuua

KO/INYecTB
xapakTepuctuku (PBI10O) N3MepeHuns ONNHECTBO

n/n

napaMeTpoB HeilpoceTeil. Cuctema
reXHUYecKoro 3peHnsa foKHa
obecneumBaTb QYHKLMOHAN pacno3HaBaHuWA
pasnUUHbIX reoMeTpUuYecknx 06b-EKTOB NO
Habopy Npu3HaKoB, pacno3HaBaHus
rpathnyecknx mapkepos Tuna Aruco u ap,
pacno3HaBaHWs MacCUBOB IMHUIA ©
3N1EeMEHTOB [OPOXHbIX 3HAKOB U Pa3MeTKW.
Cuctema ynpaeneHus mobunbHoOro po6ota
[0O/MKHA MO3BONSATL OCYLLECTBMATL aHanu3
OKpYy>XatoLeih 06CTaHOBKM B npoLiecce
ABUXEHNs MobunbHOro poboTta u
OVHAMWYECKOM M3MEHEHUW OKpYXatoLlei
06CTaHOBKM, OCYLLECTBNATL (hOPMUPOBaHUE
KapTbl I0KanbHOW 06CTaHOBKN BOKpPYT
po6oTa 1 nokanusauunsa NonoxeHus pobota
Ha KapTe, NOCTPOeHMe rNobanbHOR KapTbl
OKpy>XatLwero npoctpaHcTea. Cuctema
ynpaBfeHns MO6UNLHOro poboTa J0MXKHa
N03BONATbL OCYLLECTBNAATL aHaIn3
nnaHa/KapTbl OKPYXaKLWero NnpocTpaHCcTBa,
o6Hapy)XeHne OKpyXalLwnx 06HEKTOB,
aBTOHOMHOE MJaHUpoBaHWe MapLipyTa u
06be3fa CTaTMUYECKUX U JUHAMMWNYECKUX
npensaTcTBuMiA. Cuctema ynpaBieHus
MOBUNbHOTO poboTa fOoMKHa obecnevynBaThb
BO3MOXHOCTb pasMeTKy KapTbl
OKPY>alLllero NpocTpaHCTBa Ha 30HbI C
pasInYHbLIMW NpU3HaKamu, 3aflaBaeMbiMu
nofb3oBaTenem (30HbI 3anpeTta 4ns
OBUXEHUSA, OTpaHUYeHUs CKOPOCTH 1 T.M.).
CucTtema ynpasfiieHns mobunbHOro po6ota
[0/MKHa obecneynBaTb BO3MOXXHOCTb
3aflaH1sA TOYEK M 30H Ha KapTe
OKpY>XXallLero npocTpaHcTBa A4
aBTOHOMHOTO MepPEMELLEHNS MEXAY HUMMU.
Cuctema ynpasneHuss Mo6unbHOro poboTa ,
BK/lOYaLwasa B cebs NOACMCTEMbI, Takue
KakK - cMcTema ynpaBieHnsa ABKEHUEM
po6oTa, cuctema cobopa n 06paboTKu
CEHCOPHOW MHopMaLmnm, cuctema
MOCTPOEHUA KapThl OKPYXXarLLero
NPOCTPaHCTBA U CUCTEMA HaBUraLuu,
JOMKHa ObITh peann3oBaHa Ha 6ase
nporpaMmMupyeMoro KoHTponanepa u
OAHOMMAaTHOrO MUKPOKOMMbIOTEPA, @ TaKXKe
YCTPOWACTB, BXOAAWMX B COCTaB KOMMIEKTA.
B cocTaB KOMMeKTa OMKHO BXOAUTb
nporpamMHoe obecneyeHue ansa



ii/n

HanmeHoBaHue
obopypoBaHumn
(PBMO)

UeTbIpEXOCEBOIA
y4eb6Hblii po6oT-
MaHUNynaTop ¢
MOZAY/bHbIMM
CMEHHBIMW HacajgKamm

KpaTkne npumepHbie TeEXHUYeCcKue EanHnua
xapakTepuctuku (PBI10O) n3MepeHuns

nporpaMMuUpoBaHns B TEKCTOBOM pefakTope
Ha nogobun Arduino IDE,
nporpaMmMmnpoBaHumn C MOMOLLLLIO CKPUNTOB
Ha A3blke Python, pa3paboTKu cucTem
ynpaeneHus Ha ocHoBe ROS. Tak e B
COCTaB KOMMJIEKT AO/KHA BXO4UTH
BUpPTYyanbHas Mofenb MOOUIBLHOTo poboTa B
BMPTYasibHOM OKPYXeHUU Ans
MOENMPOBAHWNA aNnropuTMOB CUCTEM
yrnpaB/ieHUs ¢ MOMOLLbIO Fpaduueckoi
cpefbl.

Y4ebHblii po60T-MaHUNYNATOP
npejgHasHayeH A1 OCBOEHUS
obyyatoWwmnMMmncs 0CHOB PO6OTOTEXHUKN, ANA
NMOATOTOBKN 06YYaKOLWNXCA K BHELAPEHUIO U
nocnegyroulLeMy Ucnosib3oBaHuio poboTos B
NPOMbILUNEHHOM NPOU3BOACTBE.
KonnyecTtBo oceit po60oTa maHunynaTopa -
yeTblpe. lMepemelleHne NHCTPYMEHTA B
NPOCTPaHCTBE MO TPEM OCAM [OJ/DKHO
yNpaBnATLCA WAroBbIMU ABUTaTENAMMN.
Hanps)KeHne NUTaHUS LWAroBbIX
asurateneii He 6onee 12 B.
CepBogBuraTenb YeTBEpPTOl OCU AOJDKEH
obecrneymBaTb NOBOPOT MHCTPYMEHTA. YToN
NMOBOPOTA MAHUNYNATOPA HA OCHOBaHUK
BOKPYT BepTMKanbHON ocu He MeHee 180
rpagycos. [ns onpefeneHns NoaoXeHus
MaHuUnynaTopa npu NoBOpoTe BOKPYT
BEPTUKANbHOW OCK JO/MKEH MCMONb30BATLCH
3HKOZep. Yron nosopoTa 3afiHero nineva
MaHunynatopa He meHee 90 rpagycos.
Yron nosopoTa fnepegHero nneva
MaHunynatopa He meHee 100 rpagycos.
[ns onpefeneHns NONOXeHWUN 3aHEr0 U
nepefHero nje4y MaHUNynaTopa L4OKeH
MCMO/b30BaThHCA MMPOCKON. Y ron noBopoTa
Mo 4YeTBEPTOl ocxM He MeHee 180 rpagycos.
[omKHa 6bITb BO3MOXHOCTb OCHalLeHuns
CMEeHHbIMMW Hacagkamu (Hanpumep,
JepxxaTenb KapaHgalla unum gpaomacrtepa,
NMpMUCcoOCKa C cepBofBUraTenem,
MEeXaHW4YyecKoe 3aXBaTHOE YCTPOWCTBO C
cepBofBuraTenemM, ycTponcTeo ans
Na3epHO rpaBUPOBKN MU YCTPONCTBO ANS
3D-neyaTtn). MUHMUManbHas KOMMNaeKTaL NS
CMEHHbIMUW HacafKaMun: MHEBMATUYECKUI
3axBaT (MpPUCOCKa), MeXaHWYecKuii 3axear,
HacafKa fepxartesb Ans

KO/In4yecTBO

1.00



n/n

HanmeHoBaHUue
obopygoBaHusA
(PBMO)

KpaTkune npuMepHble TEXHUYECKUNE
xapakTepuctuku (PBIMO)

Kapangalwa/mapkepa/pyyku, Hacagka
nepexogHWK ANA KpenneHns COBMeCTUMbIX
KOHCTPYKTUBHbIX AeTaneil u KOHCTPYKLUNA,
pacajka nasepHO rpaBUPOBKU, Hacajka
30-nevatu (ans paboTbl ¢ nnacTukom PLA
r anameTpom HUTK 1,75 mMm). [LoKeH 6bITb
OCHallleH CepBONpPUBOALOM AfNA
MHEBMATUYECKOT0 N MeXaHUYecKoro
3axBaToB, obecneynBalLWUM BpaLLeHmne
3aXBa4YeHHOro 06HEKTa BO BpeMs
nepemeLLeHns, NMOBOPOT NepPeMeLLLaeMoro
06beKTa BOKPYr BepTMKanbHON ocu. Ans
obecnevyeHns PYHKULMOHMPOBaHUA
MHEBMAaTMYECKOr0 3axBaTa fO/HKEH B6biTb
OCHallleH BCTPOEHHOW B KOpMyc
MaHunynaTopa NoMNoi. [o/mKHa 6biTh
BO3MOXHOCTb MOAK/HOUEHUS
LONONHUTENbHBLIX YCTPOCTB (Hanpumep,
TpaHcnopTepa, penbca ANd nepeMeLleHuns
poboTa, NyNnbTa ynpasfeHuUs Tuna
OXKOWCTUK, KaMepbl MallUHHOTO 3peHus,
ONTMYECKOro AaTymka, Moayns
6ecnpoBofgHoro gocrtyna). Po6oT-
MaHUNynATOpP AO/HKEH 06ecneynBathb
nepeMeLleHne HacajKun B NPpOCTpPaHCTBe
aKTUBAL MO HacagKu, BO3ZMOXHOCTb
MOMyYEHNS CUTHAMOB OT Kamepbl U
[aTYMKOB, BOSMOXHOCTb YNpaBneHus
[ONONHUTENbHLIMU YCTPOCTBAMU.
MaTepuan Kopnyca - aftoMUHWIA. unameTp
pabouyeli 30HbI (6€3 yyeTa HaBECHOrO
MHCTPYMEHTa 1 YeTBEPTO OCK) HE MeHee
350 mMm. NHTepdelic nogkntoyeHusa - USB.
[ o/mKeH NMeTb BO3MOXHOCTb aBTOHOMHOIA
paboTbl ¥ BHELWHEro ynpasaeHus. 4ns
BHELIHEro ynpaBaeHnUs LO/KeH ObIThb
nNpeAycMOTPeH NyAbT, MOAKKYAEMbIA K
po6oTy no Bluetooth. ¥ npasnstowwnii
KOHTpONep AO/MKeH 6biTb COBMECTUM CO
cpegoli Arduino. YnpaBnatounii
KOHTpO//Iep COBMECTUM CO Cpeaoi
nporpaMmmpoBaHusa Scratch n A3bIKOM
nporpammuposaHua C. [LomkeH
o6ecneymBaTb NOBOPOT NO MePBbLIM TPeEM
0CAIM B 3aflaHHbIN Yron u Ha 3aflaHHbIA yron
NMOBOPOT MO YEeTBEPTOI OCK Ha 3afaHHbIN
yron, gBuMxeHue B KoopauHatel X, Y, Z,
nepemMelyeHne Ha 3afiaHHOE paccTosHUe no
KoopauHatam X, Y, Z, nepefady faHHbIX O

EanHuua
n3MepeHUs

KO/iIn4yecTtBO



n/n

HanmeHoBaHue
obopypoBaHUsA

(PBIMO)

<OMMEKT nonen un
COpeBHOBATE/bHbIX

3/IEMEHTOB

Oob6pa3oBaTesibH

Habop 4nd M3ydeHus
TEXHO/NOrNiA CBA3M U

loT

bl

KpaTkue npuMepHble TEXHUYEeCKne EgnHnua
xapaktepuctukn (PBIMO) n3MepeHuns

reKyLieM NnosoXeHUN yrnos, nepegavy
[aHHbIX 0 TEKYLMX KOOPAMHATAX
NHCTPYMeHTa. [ oMXKeH NoafepXuBaTh
nepemelleHe B AeKAPTOBbIX KOOPAMHATAX
M yrnax noBopoTa Oceid, C 3a4aHHO
CKOPOCTbIO U yCKOpPeHMeM. Tunbl
nepemeLLeHN B 1eKapTOBbIX KOOpPAMHATaX:
ABVKEHWE N0 TPAeKTOPUU, ABMXKEHME NO
NpAMOR MeXay ABYMS TOUKaMU,
nepenpbirMBaHne uU3 TOYKKU U TOUKY
(nepeHoc o6bekTa). Kopnyc gonxeH 6biTh B
3alMLLEHHOM MCnofiHeHMe (Knacca He HUXe
1P20).

KomnnekT noneli n copeBHOBATENIbHbIX

3N1EMEHTOB AN14 npoBeaeHnA COpeBHOBaHI/II7I wT.

aBTOHOMHbIX MOGU/IbHBIX PO6OTOB
O6pa3soBaTenbHbIil HA6Op NpegHa3HayYeH
AN9 N3yYeHWUa OCHOB NPUMEHEHUS
TEXHONOrnin «HTepHeT Beleid» 1 CBA3M B
pPO60TOTEXHUYECKUX CUCTeMax. B cocTas
Habopa AO/HKEH BXOAUTb KOMMIEKT
KOHCTPYKTMBHbIX 31EMEHTOB U3 MeTanna
ans cbopku mofenu MmobuabHoro po6oTac
3axBaTHbIM YCTpPONCTBOM. B cocTaB Habopa
LO/MKEH BXOAUTb KOMNNEKT
KOHCTPYKTMBHbIX 3/IEMEHTOB /11 COOPKM
MOZENN «yMHOro» 3faHuns. Bce
KOMMEKTYOLW e N YCTPONCTBA, BXOAALLME
B cOCTaB Habopa, 4O/MKHbI 6bITh
COBMECTUMbI APYT C A4PYTOM
KOHCTPYKTUBHbIM, 3/IEKTPUYECKUM,
annapaTHbIM 1M NporpaMmMHbIM 06pasomM. B

cocTaB Habopa AOMKHO BXOAUTb: MPUBOA wr.

MOCTOAHHOIO TOKAa C AaTYMKOM MOJIOXKEHUSA -
He MeHee 21T, cepBonpuBog 60MbLWONA - He
MeHee 2T, CEPBONPUBOL Masblli - He
MeHee 2T, KaMepa - He MeHee 1T,
nporpaMmMupyemblii KOHTPONNEP - HE MEHee
1wT, aKKyMynaTop - He MeHee 1T,
3apsgHoe yCTpPOMCTBO - He MeHee 1lwT. B
cocTaB Habopa f0/KeH BXOAUTb KOMMIeKT
MHTeNNeKTYyanbHbIX CEHCOPHbIX YCTPOUCTB.
MHTennekTyanbHble CEHCOPHbLIE YCTPOKCTBA
AO/MKHbI NPeACcTaBNATb CO60I YCTPOICTBO
Ha OCHOBE BbIYMC/INTENbHOTO
MWKPOKOHTPO/I/Iepa 1 BCTPOEHHOTO
N3MEPUTENbHOTO 3/IeMEHTA.
NHTennekTyanbHble CEHCOPHbIE YCTPOliCcTBa
AO/MKHbI 06N1a4aTb BCTPOEHHbIM LU(PPOBLIM

KO/1IN4eCcTBO

1.00

3.00



Ne

n/n

HanmeHoBaHNe
obopyaoBaHus
(PBMO)

ABTOHOMHBbIA poboT
MaHUNynATop C
Konecamu
BCEHANpPaBNEHHOT0
ABVKEHUS

KpaTkne npumMmepHble TEXHNUYECKNE EanHnua
xapakTepuctuku (PBI10) n3mepeHms

1 aHanoroBbIM MHTepgelicom gas nepegayu
JaHHbIX, & TaKXXe BCTPOEHHbIM
nocnefoBaTeNbHbIM UHTEpgeicom ans
006beJUHEHNS APYT C APYTOM B CEHCOpPHbIE
cucTembl. KOMMAEKT UHTENNEKTYalbHbIX
CEHCOPHbIX YCTPOMCTB JO/MKEH COfepXaTb -
MOAY/lb CBETOAMOLA - HE MEeHee 21T,
moaynb RGB cBeToguoja - He MeHee 2WWIT,
moaynb MK-gatuymka NMHUK - He MeHee
3WT, MOAY/b 3BYKOBOTO U3Ny4aTens - He
MeHee 1T, MOAYNb U3MEPEHUS
TemnepaTypbl ¥ BNAXHOCTU OKpYyXatoLei
cpefbl - He meHee 1WT. MOAYNb TAKTOBOIA
KHOMKW - He MeHee 3WT, MOAY/b faTyuMKa
OCBELLEHHOCTU - He MeHee 1T, MOAY/b
[leTeKTopa YPOBHSA Wyma —He MeHee 1T,
MOAY/b N3MEPEHNSN faBNeHNA OKpYyXKatoLlel
cpefbl - He MeHee 1LwT, MOAYNb
NOTEHLUMOMETPA - He MeHee 2T, MOAY/b
fJlaTynKa MoJIOXKEHUA B MPOCTPAHCTBE - He
mMeHee 1T, MOAYNb KOHLEBOTO
npepoiBaTend - He meHee 1wT. B cocTas
Habopa LO/MKEH BXOANTb
NporpaMMupyemMblii KOHTPONNEP - He MeHee
1wT. MporpaMmupyemblid KOHTPOEp
JonmxeH obecneynBaTb BO3MOXHOCTb
nporpamMupoBaHnA Ha A3blke JavaScript u
opraHmsaumm web-cepeepa o6mMeHa
[aHHbIMU Yyepe3 VIHTepHeT.
MporpamMmunpyemMblii KOHTPONAEp LONXKEH
o6ecneymBaTb BO3MOXHOCTb MNOAKNOYUYEHNS
BHELIHUX YCTPONCTB C MOMOLLbIO
nHTepgeicos - GPIO, UART, 12C, 12S, SPI,
1-wire TTL, RS-485, CAN, Ethernet c
noaaepxkoii PoE

YyebHas mofenb aBTOHOMHOIO MOGUIbHOTO
po6oTa C MaHUNyNATopoM. MoBUNbHbII
po60T AOMKEH MpeAcTaBNATL CO6OM
YeTbIpeXKONECHYIO nnaThopmy
BCEHanpaBfEHHOTO ABWMXEeHUA. [Buratenu
fecweTouHble 4 WT, KaMepa ¢ yriom o63opa
120 rpagycos ¢ 5 mn. B cocTaB KOMMneKTa
0O/MKHO BXOAUTL: MexaHnyeckuii 3axsat
MHMpaKpacHbIA nasep 2-X 0CEBOI NojaBec
aKKyMynaTop Koneca BCEHANpPaB/leHHOro
OBUXEHNSA MPOrpaMMUPYEMbI KOHTPOAIEp
C BO3MOXHOCTbI MPOrpaMMmnpoBaHnNs B
cpege 6/104HO-rpaUyeckoro Tuna u B
CBOGOAHO pacnpoCcTpaHaeMbIX cpefax

KonnyecTtBo

4.00



n/_n

HanmeHoBaHue
obopypoBaHusA
(PBIMO)

Habop ans 6bIcTPOro
NPOTOTUNUPOBAHUSA
3NEeKTPOHHbIX
YCTPOMNCTB Ha OCHOBE
MWUKPOKOHTPOEPHOW
nnaTtopmsl

Ha6op gna 6bicTporo
NPOTOTUNUPOBAHUS
3NEKTPOHHbIX
YCTPOCTB HA OCHOBE
MUKPOKOHTPONIEPHONA
nnatpopmbl co
BCTPOEHHbLIM
MHTEpNpeTaTopom
Ha6op gnsa 6bicTporo
MPOTOTUNUPOBAHMUS
3N1EKTPOHHbIX
YCTPOIACTB HA OCHOBE
OLHOMIaTHOTO
KOMMblOTEpa

Ba3oBbIit
PO6OTOTEXHNYECKNT
Habop

KpaTkue npumepHble TeXHNYecKue EgnHuua
xapakTepuctuku (PBI10O) n3mMepeHus

3a3paboTKM C NOMOLL b TEKCTOBOTO A3blKa
NpoOrpaMmMuUpOBaHMA faTUUK 3BYKa AaTUUK
cnefoBaHunsa NnuHUK FPV pexum
BO3MOXHOCTb YNpaB/ieHUs ¢ MOOUIbHOTO
yCTpolcTBa Yepes NPUIoXeHue
nporpaMMupoBaHunsa Ha A3blkax Python,
Scratch a TakXe cucTemMa TEXHUYECKOTO
3peHUs 419 aBTOMATUYECKOro 06HapyXXeHus
M pacno3HaBaHUs 3afaHHbIX 00bEKTOB B
pabouein 30He. Moppepxka RaspberryPi
Hannuue Mopaaepxka Arduino Hannuune
Moaaepxka Micro:bit Hannune CMeHHbI A
MeXaHW4YeCKNn 3axBaT, yCTaHaBINBAEMbI
Ha MNOABMXXHYIO NnaThopmy CBepXy
Hannmumne MexaHNU4YeCcKUn 3axBarT,
yCTaHaB/MBAEMbIA Ha NEPEAHIOD YacTb
NOABWXHOW Niatpopmbl Hanuuue
B03MOXHOCTb MEHATb MH(paKpacHyto
NYyLWKY Ha MeXaHW4YecKuil 3axBaT Haluuume

MukpokoHTponnepHas nnatgopma Arduino:
Hanuuue, KOMMAEKT paguogetanei u
NpPOBOAOB: HanM4uMe, MakeTHas nnara:
Hanuuue

L.

MVKpPOKOHTpO/epHas nnatdopma co
BCTPOEHHbIM MHTepnpeTaTopom JavaScript:
Hanumumne, KOMMNMEKT paguogeTaneii:
Hanuume, nnaaTa paclIMpPEHUs: Halmume

LT,

OAHONNaTHbI KOMMblOTEP: Hannume, KapTa
namsaTn ¢ NpefycTaHOBAEHHOIA

onepauuoHHOA CUCTEMOI: Hannuue, 6GN0OK T,

NUTaHWUS: Hannune, KOMMNEKT Kabenen ans
NOAKNHYEHUA: Hann4vne

O6pa3oBaTeNnbHbIA HA6OP AOMKEH
npeacTaBnAaTb coboit Habop Ana pa3paboTku
NporpaMMupyembiX MOAenein aBTOHOMHbIX
po6oToB. B cocTtaB Habopa AOMKHbI
BXOAUTb: KOHCTPYKTUBHbIE,
COEMHUTENbHbIE U KPENEXHble 3/1IEMEHThI
13 NnacTukKa n antoMnHUA - He MmeHee 100
WT, NpOrpamMMupyemMblii KOHTPONJEP - He
mMeHee 1wiT, anekTpoaBuratenu
MOCTOSHHOIO TOKA C KPYTALWMUM MOMEHTOM

LT,

KO/1IN4eCcTBO

8.00

8.00

8.00

8.00



Ne

iilii

HanmeHoBaHMe
obopyaoBaHus
(PBMO)

KpaTkne npumepHble TeEXHUYeCKne
xapaktepuctuku (PBIMO)

He MeHee 3,6 Kr/CM - HE MeHee 2 WT,
JaTUYUKN U 3NEKTPOHHbIE KOMMOHEHThI- He
MeHee 6 LT, aKKYMYNATOPHYIO 6atapeto
Hanpsa)XeHWeMm He MeHee 6B M eMKOCTbIO He
MeHee 1500 MAUY - He MeHee 1T, 3apsafHoe
YCTPOWNCTBO ANA aKKyMYnATOPHOI 6aTapeu -
He MeHee 1 wT. MporpaMmmMunpyemblii
KOHTPONNEep AOMKEH COfepXaTb: NOPThbI ANA
aHanoroBbIX fAaTYMKOB - He MeHee 3 WT,
nopThl AN LNGPPOBLIX AATYNKOB - HE MeHee
3 wT, nopt ans 12C ycTpoiicTs - He MeHee 1
WIT, NOPT A4/19 CEPBONMPUBOJOB - HE MeHee 6
WT, NOPT 4NA MOTOPOB - HE MeHee 2 LWT,
nopT AN 3HKOJEPOB - HE MeHee 2 WT,
o6bem flash namatn He meHee 32 Kb.
MporpaMMupyemblii KOHTPOINEP JOMKEH
o6ecneymBaTb BO3MOXHOCTb
nporpamMupoBaHus poboToB B cpefe
6104HO-rpamMyeckoro Tuna uan B
CBOOOJHO pacnpocTpaHAeMbIX cpejax
pa3paboTKy C NOMOLL LK TEKCTOBOTNO fA3blKa
nporpaMmMupoBaHua. [JaTtunkn v
3NEKTPOHHbIE KOMMOHEHTbI LO/KHbI
cofepXaTb: Y NbTpa3ByKOBOW AaTuuK
paccTosHMA JoMKeH obecneynBaTb
co6paHHY0 MOoAe/lb BO3MOXHOCTbLIO
N3MEePATb PacCcToAHUe He MeHee 4 MeTpoB -
He meHee 1wT, KHONMKa-Mo4ynb AOMKEH
obecneumBaTb COGpaHHY0 MOfesb
BO3MOXHOCTbIO OMpefensiTb HaXxaTus Ha
KHONKY - He MmeHee 1lwT, [laTyuMK uBeTa
[OMKeH obecneynBaTb CO6paHHYO MOAENb
BO3MOXHOCTbIO OnpefeneHna LBeTa
00beKkTa, NpefHa3HayYeH AN U3MepeHus
RGB-cocTaBnaoWwmnx 1N ypoBHS
OCBELLEeHHOCTH, faTYnK LOKEH COLepXaTb
He MeHee 12 CBETOYYBCTBUTENbHbIX
31EMEHTOB - He MeHee 1 WwT, 3ymmep-
MOAYNb fO/KeH 06ecneymBaTbh COOPaHHYIO
MOJe/lb BO3SMOXHOCTbIHO BOCMPOM3BOAUTL
3BYKW, HOMWHa/IbHAA 4acToTa He MeHee
4Kl'y, MHTEHCUBHOCTb He MeHee 80 ab- He
meHee 1wT, Wi-Fi-mogynb fonxeH
ob6ecrneymBaTb BO3MOXXHOCTb MOAKNOYEHNSA
cobpaHHbIX pO60OTOTEXHMYECKNX MOAenen K
cetn, 1oT obnakam u Be6-cepBucam,
paboyee Hanps>xeHne moayns - 3,3B,
MOpTOB BBOJA BbIBOAA MOAYNA - HE MeHee 5
- He MeHee 1 wT, MuHn-pene ¢ paboumm

EanHnua
n3MepeHunsa

KonnyecTtBo



iilii

HanmeHoBaHMe
obopyaoBaHus
(PBIMO)

JlabopaTopHblii
KoMnnekc ans
n3yyeHuns
po6oToTexHuku, 3D
MOJEeNMpPOBaHUS 1
MPOMbILLJIEHHOTO
iV KEVICED

KpaTkue npumepHble TeXHNUYeCKue
xapaktepuctukn (PBIMO)

Hanps)>keHnem B gmanasoHe ot 3,3 go 5B.
notpe6nsgeMbiM TOKOM 71MA n
MaKCUMasibHbIM KOMMYTUPYEMbIM
Hanps)eHuem 28B nocTtosaHHOro Toka/250B
nMepeMeHHOro TOKa, pecypc yCcTpolicTBa He
mMeHee 50 ThiC. MepPeKIYEHN - He MeHee 1
WwT; Bxogauime B cocTaB KOHCTPYKTOpaA
KOMMOHEHTbl AO/KHbI O6blTb COBMECTUMbBI C
KOHCTPYKTUBHbIMMW 3/1IEMEHTAMU, a TaKXe
ob6ecrneymBaTb BO3MOXXHOCTb
KOHCTPYKTWBHOW,annapaTtHoOW u
NporpaMMHOA COBMECTUMOCTH C
KOMNNEeKTYOLWMMHU 13 coctaBa Habopa.
Komnnekc cocTomT 13 c60pHO-pa3bopHOro
3D npuHTepa, pyyHoro 3D ckaHepa u
nporpaMmmHoOro obecneyeHus no
thoTtorpammeTpuun. C60pHO-pa3bopHblii 3D
npuHTep. O6nactb neyatn: 200 mm x200 MM
x 200 MM MakcumanbHas CKOpPOCTb Meyatu,
cM3/4:> 30 CKOpOCTb NepemMeLleHuns
nevartarouleii ronosku, mm/c:> 80 Tun
COBMeCTMMOro ¢ 3D-npuHTEPOM MacTMKa:
PETG, SBS, PLA, ABS NHTepdelic
nofaknoyeHnna:n8B Flash Kannbposka
nnatgopmbl:lNonyaBToMaTMyecKas
KonnyecTBo conen Ha nedvataroLu el
ronoske: ot 1wt MUHMMaNbHaA TOMWNHA
cnos: > 0.01 n < 0.05 mm AuameTp conna: >
0.3 n < 0.5 mm MakcnmanbHaa Temnepartypa
nevartatouieli ronosku: > 250 rpag. C
OxnaxpgeHue 30Hbl Neyatn: [ByXCTOPOHHee
MakcumanbHaa Temnepatypa nnatpopMb
ans nedatun:< 150 rpag. C Tvn nnatopMmbl
and neyvatu: NMogorpesaemas CbeMHas Ha
3aKMMax, pukcupyemas Ha nnatopme
Hannune 3akpbiTOro Kopnyca: Het ®opmart
tharinos gnsa nedyatn: GCODE Tun
ynpaeneHusa npuHtepom: MNaHenb
yrpaBfeHns ¢ AUCNeemM Ha Kopnyce
ycTpolicTBa TN HanpaBAsOLWMNX:
KOHCTPYKUUOHHBIA npoguns PyuHoit 3D
CKaHep. TOYHOCTb CKaHupoBaHua: > 0.05 u
< 0.1 mm CKOPOCTb CKAHMPOBAHUSA, MJIH.
Touek/cek: > 2 ®dopmMaT coxXpaHeHUs
pe3ynbTaToB CKaHuMpoBaHua: vriml, ply, obj,
stl BO3MOXHOCTb CKAaHUPOBAHUSA B LiBeTE:
Ja Hannuyme ceHCOPHOro 3KpaHa: HeT
OnvHa n8B-nposoga:> 3 M TexHonorua
30-ckaHupoBaHna:OnTuyeckasa 3arpyska

EavHWHa
n3MepeHmna

KonnyecTtBo

3.00



HanmeHoBaHue
obopyaoBaHus
(PBMO)

KpaTkue npumepHble TeEXHUYECKUE EanHunua

xapakTepucTuku (PBMO) namepenus KOMHECTBO

n/n
npecetoB(WabnoHOB) CKaHepa:Hann4yune
D yHKUMKN nocTobpaboTKNHO 6peska mogenu.
PasfefneHne MOLeNn Ha OTAeNbHble YacTy,
YpaneHue NUWHNX 3NEMEHTOB, Y laneHune
O0TBEPCTWiA, co3gaHne GOoTOpeanncTUYHOM
TEKCTYpbl, cpaBHeHne 3D mogenen mexay
c0060i1, N3MepeHNe pa3MepoB MOJENeiA
CEYEHMAMU B PYUYHOM pexume, akcnopt
ceyeHmnit B XLS MporpammHoe obecneyeHune
4Ns co3faHus Mogeneil MeToLoM
(hoTOorpamMeTpuUn: Hannyume YnpasfeHue
NOBOPOTHLIM cTONOM no Wi-Fi: [la
MuHMManbHOe paccToAHNEe CKaHUPOBaHUS:
<25 c™
HanmeHoBaHWe Hanpas/ieHNA: «TexHo/Mornyeckaa HanpasneHHocTb. BO»
HanmeHoBaHue
pasgena:
1 «TexHonornyeckas

HanpaB/EHHOCTb.

BNO»
B coctaB Bxoaat: CeHcop Tun 1 He meHee 1
WwT., o6ecnevynBaeT BO3IMOXHOCTb
perucTpaymu curHana aneKTpuyeckol
aKTUBHOCTMW MblLWWL, (31eKTPOMUOTPaMMbl,
3OMIN). Pernctpayms fonkHa
OCYLLLECTBNAETCA HEUHBA3UBHO, CYXUMMU
3N1eKTpoAaMu. BO3MOXHOCTLIO KpenieHnsa K
PYyKe 4efioBeKa, YTO AO/KHO AaBaTb
BO3MOXHOCTb PermcTpupoBathb
3NeKTPUYECKYH aKTUBHOCTU MblLLbI B
o6nactu, Hag KOTOPOW pacnonaraertcs
KpenneHue. MNpu HANPAXEHUN Mbl LU Lbl

Y4yebHo- LOMKHa 6bITb 06ecneyeHa BO3MOXHOCTb

nccnepoBatenbckas  Habno4eHUA NYYHOCTU curHana (T.e.

nabopatopus npucytcTeue IMTI), npu paccnabneHmu . 15.00

6MOCUTHANO0B U MblW bl - ee oTcyTcTBMe. CeHcop Twun 2 He

HelpOTEXHONOrni MeHee 1T., 06ecneymBaeT BOSMOXHOCTb
permcrpawuum curHana
thoTonnetusmorpammbl (PMT) onTUYeCKUM
nyTem, 3a CHeT U3MEHEHUS OTPaXKEHHOro OT
KPOBEHOCHbIX COCY/0B CBeTa, 06bEM
KOTOPbIX M3MEHAETCA Moj BO3AeliCTBNEM
NyNbCOBOM BOMHbI. CEHCOP JOMKEH ObITb
obecrneyeH BO3MOXHOCTbIO KpenneHns K
nogylieyke nanbua yenoseka. CeHcop Tun
3 He meHee 1wwT., obecneymBaeT
BO3MOXHOCTb: perucrpauum curHana
anekTpokapauorpammbl (OKI) He
MHBa3WBHbIM cnocoboMm; peructpauuu I, 1l n



n/n

HanmeHoBaHue
obopyaoBaHus
(PBMO)

KpaTKune npnmepHbie TeEXHNYECKNE EgnHuua

xapakTtepucTtuku (PBIMO) Nn3MepeHunsa Konudectso

[Il oTBEAEHMIA; MOAKNIOYEHUSA 3NEKTPOAOB K
CEHCOpY C MOMOLLbID COeAUHUTENbHbIX
npoBoAoB, 06opyaoBaHHbIX TouchProof
pasbemamu. CeHcop Tun 4 He MmeHee 1 WT.
obecrneymBaeT BOZMOXHOCTb: perucrpauum
CUTHaNa KOXXHO-TanbBaHNYECKOW peakLmm
(KTP), pernctpaynsa KoToporo
OCYLLECTB/IAETCA HA NOCTOAHHOM TOKE;
NOAK/IOYEHNA K Tefly Yesn0BeKa C NOMOLbIO
CYXUX 3NEKTPOAO0B, MOAK/NHOYEHNE KOTOPbIX
K CEHCOpY OCYLLECTBAAETCA C NOMOLLbIO
TouchProof pa3semos. CeHcop Tun 5 He
mMeHee 1wWT., o6ecne4ynBaeT BO3MOXHOCTb:
permcTpayum curHana 3neKTpuYecKol
aKTUBHOCTK mo3ra (33I) c nomowbto
CYXMX HEWHBAa3MBHbIX 3NEKTPOLOB;
perncTpayumn 31eKTpUYecKoi akTUBHOCTH
pasHbIX fonei Mo3ra; NoAKNYEHNS
3NeKTPOL0B K CEHCOPY C NOMOLYbIO
COEUHUNTENbHbLIX NMPOBOLOB,
o6opypgoBaHHbIX TouchProof pasbemamuy;
3aKpenJsieHnsa 3/1eKTPOL0B Ha MOBEPXHOCTU
rosiosbl. CeHcop Tun 6 He MeHee 1 WT.,
obecrneymBaeT BOSMOXHOCTbL: perucrpaymu
cUrHana KkonebaHus rpyaHoON KneTku
(CeHcop gblxaHus); onpeaesieHUs 4acToThl
AbIXaHWUS. Y CTPONCTBO ANnA cbopa faHHbIX
OT CEHCOPOB M Mepefayn Ha NepcoHanbHbIl
KOMNblOTep o6ecneynBaeT BO3IMOXHOCTb
cbopa faHHbIX OT NOAK/IIOUYEHHBIX K HEMY
CEHCOPOB W OTMPABKY MOMYYEHHbIX AAHHbIX
Ha MNK. MNMoaknto4veHe LeHTpanbLHOro
moayna Kk MK ¢ nomowbto USB-kabens.
LleHTpanbHbIli MOAYNb UMeeT He MeHee 1
WT, : ranbBaHMyecky mnsonayuio ot MNK.
LleHTpanbHbIA Mmoayns obecneunBaeT
BO3MOXHOCTb OJHOBPEMEHHOIO
NOAK/IIOYEHNA BMNIOTb 40 4 CEHCOPOB.
Kaxablii n3 BxofoB LieHTpanbHOro mogyns
UMeeT rajibBaHM4YecKyro U30N5LuIo
(obecneyeHne MeXXKaHanbHOM
ranbBaHW4YecKkoi nsonauum). MNogknoyeHne
CEHCOPOB K LleHTpanbHOMY MOy N0
OCYLLeCTBNAETCA C MOMOLLbIO
crneymannM3MpoBaHHbIX pa3bemMoB TuUMNa
LEMO, o6ecneunBatomx npaBuabHOCTb
NOAK/IIOYEHNA pa3bemMa U CHUKAKLWUX PUCK
CNyyYaiiHOTo KacaHmus pa3bemMoB
TOKONPOBOASLLUX YacTel, a Takxe



HanmeHoBaHue
obopygaoBaHusA

n/n (PBMO)

AHannTuyeckune Becol

CnekTpooTomeTp

KpaTKune npumepHble TeEXHUYECKNE EgnHuHa
xapakTtepuctukn (PBIO) N3MepeHuns

obecneumBaroLUMX 3aWnUTy OT
HECaHKLMOHUPOBAHHOTO NOAKIOYEHUSA K
NPOU3BO/IbHLIM yCTpolicTBam. Mogaynb
«KHOMKa» He MmeHee 1 WwT., o6ecneymBaeT
BO3MOXHOCTb: pa3MeTKN PerucTpupyemMbix
CUTHAaNOB M OTMeYaTb He MeHee 3-X
pPasNYHbIX KaTErOpUM COCTOSHWIA.
YCcTpoiicTBO, BXOAALLEE B COCTAB
nabopartopuu, AO/MHKHO obecneymBaTb
BO3MOXHOCTb perucrpauuy aptTepuanbHoro
faBneHus.

MpefHa3HayYeHbl 415 TOYHbIX U3MEPeHU

MacCChbl, MO3BOIAKOT KOHTPO/TNPOBATb wT.

M3MEHEeHNS MacCbl C TOYHOCTbIO 0,1 Mr.
MpefHa3HayeH Ans onpegeneHus
ONTWYECKON NAOTHOCTU, KOIPDULNEHTOB
NPONYCKaHUS N KOHLEeHTpawumnm
pa3Hoo6pa3HbIX PacTBOPOB

LT,

KonuyectBo

1.00

1.00

HanmeHoBaHVe HanpaBfeHns: «KoMnbloTepHOe U Npe3eHTaLMOHHOe 060pya0BaHMe»

HanmeHoBaHue
pasgena:

1 «KomnbloTepHoe U
npeseHTauMoHHOe
o6opypoBaHune»

HoyTbyk

dopm-thakTop: HOYTOYK; Pasmep
AnaroHanu: He meHee 15.6 HOMOB;
PaspeweHune skpaHa: Full HD, Quad HD
nnn Ultra HD; O6wnii 06beM
YCTaHOBMEHHOW ONepaTUBHON NaMATU: He
mMeHee 8 6aiiT; MakcuManbHbI 06K
noaaepXunBaemblii 06beM onepaTMBHOM
namsTu: He meHee 16 M6ainT; O6bvem SSD
HakonuTensa: He MmeHee 240 [6anT;
becnpoBogHas cessb: Wi-Fi; Konunuectso
BCTPOEHHbLIX B Kopnyc nopTtoB USB: He
MeHee 2, N3 KOTOPbIX He MeHee 1 40/KHO

6bITb USB Bepcumn He Huxe 3.0; LT,

PaspelweHune B3b-kamepbl, MNUKCeNb: He
meHee 0.3; BCTPOEHHbIN MUKPOQOH;
KnaBunaTypa ¢ packnagkoii n mapKupoBKOii
knasuw QWERTY/MLYKBH; Mogaepxka
CTaH4apToB 6eCnpOBOAHON CBA3N:

802.1 la/b/g/n/ac; Mpon3BoanTEeNbHOCTb
npoueccopa (3HayeHne nokasatensa «CPU
Mark» no Tecty «Laptop & Portable CPU
Perfomance»
http://www.cpubenchmark.net/laptop.html):
He MeHee 5000 eguHuy; Hannuue
MaHUNynaTopa Mbllb B KOMNAEKTE: [a;

30.00


http://www.cpubenchmark.net/laptop.html

n/n

HanmeHoBaHue
obopygoBaHusA
(PBIMO)

M®Y Tun 1

M®Y Tun 2

Tenexka ona 3apagku
N XpaHeHus
HOYTOYKOB

®dnunyapT

NHTepaKTUBHbIN
KOMMeKc ¢

KpaTkune npumepHbie TeEXHUYECKNE EgnHunua
xapakTepuctuku (PBI10O) nsmepeHnsa

YcTaHOBMIeHHas onepaLuMoHHasa cuctema c
rpauyecknm nosib30BaTeIbCKUM
NHTeptencom, CBeLEHNS O KOTOPOM
BKJ/IIOYEHbI B €[JVHbIN peecTp POCCUINCKMX
nporpamMmm Ans 31eKTPOHHbIX
BbIYUCAUTENbHBLIX MallWH U 6a3 faHHbIX;
Y CTaHOBMEHHbIV NakeT OPUCHOrO
nporpamMHoOro obecrneyeHus,
COBMECTUMOTO C YCTAHOB/IEHHOIA
onepawLMoHHON CUCTEMON, CBEAEHNSA O
KOTOPOM BKJIHOUYEHbI B €4UHbIA peecTp
poccuitcknx MporpaMmm Anda 371€KTPOHHbIX
BbIYMCNUTENbHbLIX MalnNH 1 6a3 JaHHbIX.
Tun ycTpoictea: MHOro@yHKLNOHANbHOE
ycTpoiicteo (M@ Y); LIBeTHOCTb MeyaTsb:
yepHo-6enas; TexHONOrMA NeyaTtu:
anekTporpadguyeckas (nasepHas,

cBeTofMoAHas); dopmat neyaTu: He MeHee wT.

A4; Tvn ckaHMpoBaHMUA:
NPOTSXKHbIA/NNAHIWETHbIA; B0O3MOXHOCTb
CKaHupoBaHus B hopmaTax: He MeHee A4;
Cnoco6 noakntouyeHnsa: LAN, Wi-Fi, USB
Tun ycTpoiictBa: MHOroyHKLUMOHANbHOE
ycTpoictBo (M®Y); LiBeTHOCTb nmevathb:
uBeTHada; dopmar neyaTn: He meHee A4,

Tun cKkaHWpPOBaHUA: T,

NPOTSXHbIA/NNAHIWETHBIA; B0O3MOXHOCTb
CKaHMpoBaHWs B popmaTax: He meHee A4;
Cnoco6 nogkntoyeHunsa: LAN, Wi-Fi, USB.
TWUM Kopnyca: MeTan; BO3MOXHOCTb
6e30nacHOro 3awuiLeHHOro 3aMKoMm
XpaHeHNa HOYTOYKOB: Hanu4ue;
BO3MOXXHOCTb 3apsAfKn HOYTOYKOB:
Hanuuue, nogaepxka HoyToykos n.l.;
Hannuume poytepa Wi-Fi ctaHgapTa 802.1 In
NN coBpemMeHHee: 1 WT. nojAepxKa
HOYTOYKOB M.1; KONNYECTBO HOYTOYKOB: OT
15 WTyK, noggepXkKa HOyToyKoB n.1;
Hanps>xeHune nutaHua: 220B\50I;
MoTpebnsemas MOWHOCTL, BT (Makcumym):
2500; MoTpebnsaemblii TOK, A (MakKCUMyM):
12; AnvHa WHypa 3neKTponuTaHus: ot 2,5
MeTpa; 3almnTa OT NnepeHanpsXKeHuns,
KOpPOTKOrO0 3aMblkaHuA: Hanuuue; Koneca
ANa nepefBUXeHWA ¢ TOPMO30M: Hanuuue.
Pasmep paboueii o6nacTu: He MeHee
700x1000 mm

NHTepaKTUBHbLIA KOMMEKC ¢
BblYMUCANTENIbHBIM 6/I0KOM U MOGUNbHbLIM

LT,

LT,

LT,

KonnuyectBo

1.00

1.00

2.00

2.00

1.00



HanmeHoBaHue
obopypoBaHuA
(PBMO)

BbIYNCNUTENbH bIM
6/T0KOM U MOOUbHbBIM
KpenneHnem

n/n

KpaTkue npuMepHble TEXHUYECKNE
xapakTepuctuku (PBI10O)

KpenseHnem AO/KEH COOTBETCTBOBATH
cnefyowmmM TeXHUYEeCKUM TpeboBaHUSAM:
Pasmep gmaroHanu: He MeHee 74 AOIAMOB;
PaspelueHne aKkpaHa N0 rOpu3oHTaNN: He
meHee 3000 nukceneli: PaspelieHne aKkpaHa
no BepTuKanu: He MeHee 2100 nukcenei;
Moapepxka paspeweHns 3840x2160
nukcenen (npu 60 'y): ga; Hannuune
BCTPOEHHOW aKyCTUYECKOW CUCTeMbl: Aa;
Konn4yecTso Touek KacaHusi: He meHee 20;
BbicoTa cpabaTbiBaHWA ceHCOpa OT
NMOBEPXHOCTW 3KpaHa: He 6onee 3
MUNNUMETPOB; Bpemsa oTKAMKa CeHcopa
KacaHua: He 6onee 10 MUNANCEKYHA;
BcTpoeHHble (hyHKUMM pacno3HaBaHus
06bEKTOB KacaHua: fa; KonnyecTtso
noAAep>XNBAeMbIX CTUNYCOB
O[AHOBPEMEHHO: He MeHee 2; BO3MOXHOCTb
noakn4veHns Kk cetn Ethernet NnpoBoAHbIM
cnocobom: fa; Bo3MOXHOCTb NOAKIHOYEHMNS
K ceTn Ethernet 6ecnpoBogHbIM CNOCO6GOM
(Wi-Fi): pa; BO3MOXHOCTb MCMO/Ib30BaHUSA
NnajoHN B KAUeCTBE MHCTPYMeHTa CTUPaHMs:
ua; Hannmume MHTErpMpoBaHHOroO gaTymka
OCBEeLLEeHHOCTU AN aBTOMATUYeCKOIA
KOppeKLUnn SPKOCTU MOLCBETKM: Aa;
Hannune gpyHKUMM 6ECNPOBOAHOIN
nepegavm n3obpaxeHns ¢ yCTPOWCTB Ha
6aze OC Windows: aa; Hannuune hyHKUMUN
6ecnpoBoAHON Nepegayn n3obpaxeHus c
ycTpolicTe Ha 6a3e OC MacOS: aa;
Hannuune yHKUMn 6ecnpoBOAHON
nepejayv n3obpaxeHns c yCTPOMCTB Ha
6aze OC iOS: pga; Hanuune pyHKUMM
6ecnpoBOAHON nepegayn N306paKeHns ¢
yCcTpoicTB Ha 6a3e OC Android: aa;
BO3MOXHOCTb yaleHHOro ynpaBneHns u
MOHWUTOPUHra: fa; Hannune KpenneHus B
KoMnnekTe: ga; Hanuume cnota Ha Kopnyce
[ANS YCTAaHOBKMW AOMNOMHUTENbHOTO
BbIUMCNNTENBHOIO 6/10Ka: Aa
MakcumanbHbIi noaaepXuBaemblii 06bEM
onepaTMBHOM NaMATU JOMNONHUTENLHOIO
BbIYNCNNTENBHOTO 6/10Ka: He MeHee 8 [6;
MaKcuManbHbIi NOAAEePXKUBAEMbIA 06beM
HakonuTens AONONHUTENbHOTO
BbIUMCAINTENbHOTO 6/10Ka: He MeHee 128 I6;
Pasbem gnsd NogKIO4YeHns
[IOMOJIHNTENBHOIO BBIYNCANTENLHOTO 6/10Ka

EanHunua
n3MepeHus

KonnuecTtsBo



n/n

HanmeHoBaHue
obopyaoBaHus
(PBMO)

KpaTkue npumepHble TeEXHUYECKNe EamHunua

xapakTepuctuku (PBIO) M3MepeHUs Konnuectso

C KOHTaKTaMu 3/1eKTpOnuTaHums
BbIYUCANTENBHOIO 6/10Ka OT BCTPOEHHOIO
6/10Ka NMUTaHUA MHTEPaAKTUBHOIO KOMMeKca
M KOHTaKTamu A8 oK YEHUA
ungposoro sugeocurHana n USB ans
NOAKNOYEHNSA CEHCOPa KacaHUs: Halnuue;
Mpon3BoaMTENbHOCTL NpoLeccopa
LOMNONHNUTENBHOTO BbIYUCANTENIBHOTO 610Ka
'3HayYeHmne nokasatens «CPU Mark» no
Tecty «Desktop CPU Perfomance»
https://www.cpubenchmark.net/desktop.html
nnu no Tecty «Laptop & Portable CPU
Performance»
https://www.cpubenchmark.net/laptop.html):
He meHee 7000 eguMHuy; Pa3pelwleHue Ha
BbIX0/[€e BUAeOafanTepa BoIYUCANTENBHOTO
6noka npu paboTe C MHTEPAKTUBHbLIM
KOMMIeKcoM: He MeHee 3840 x 2160
nukcenen npu 60 'y; Hannune y
[LOMONIHUTENBHOTO BbIYNCANTENLHOTO 6/10Ka
6ecnposogHoro moayna Wi-Fi He HuXe
802.1 la/b/g/n/ac; MaKcumanbHbI YPOBEHb
Wwyma npu paboTe LONONHUTENLHOTO
BbIUMCNTENLHOIO 610Ka: He 60onee 30 ABA;
Hanuuune B KOMNAEKTE MOBUILHOTO
MeTaNINnYecKoro KpenaeHus,
obecneynBarLLero BO3MOXHOCTb
Hano/sbHON YCTAHOBKN WHTEPAKTUBHOTO
KOMMeKca, C NepeBMXHON KOMEeCHO
6a30li 1 BO3MOXHOCTbIO hMKcaumm Konec
A9 UCK/TIOYEHUSA HEMPOU3BOLHOTO
ABvXeHUs; MpeaycTaHOBeHHas
onepaLMoHHasA cucTemMa ¢ rpauyeckum
NoNb30BaTENbCKUM UHTepgelicom,
obecneymBatoLaa paboTy
pacnpocTpaHeHHbIX 06pa3oBaTefibHbIX U
06l eCUCTEMHbIX NMPUNOXEHWURA: Hann4uue;
dyHKLNA TpagMyecKoro KOMMEHTUPOBAHNS
NMOBEpPX MPOW3BOJILHOTO U306paxKeHus, B
TOM Yucne oT (PU3NYECKN NMOAKTIOUYEHHOTO
MCTOYHMKA BUAEOCUTHANA: Hanun4ue;
NHTerpmpoBaHHbIil B N0ONb30BaTENbLCKUIA
MHTepgenc hyHKLMOHAN NpocMoTpa U
paboThbl ¢ hainamm OCHOBHbIX hOpPMaTOB C
USB- HakonuTenel Wan CeTeBOro cepsepa:
Hannuune; IHTerpnpoBaHHbIEe CPeACTBa,
obecneunBatowne cnegytoLmnii
(hyHKLMOHaN: — co3fjaHune
MHOFOCTPAHUYHBIX YY4eOHbIX 3aHATUIA C


https://www.cpubenchmark.net/desktop.html
https://www.cpubenchmark.net/laptop.html

HanmeroBaHue KpaTKune npumMmepHble TEXHUYECKNE EanHnua
obopypoBaHuA P P P A 4

iilii (PBMO) xapaktepuctuku (PBIMO) n3mepeHns

KonuyectBo

MCMo/b30BaHUEM MeAMAKOHTEHTa
pasnnyHbIX hopMaToB, — cO3AaHue
HaAnNMCen N KOMMeHTapreB NOBEPX
3anyLeHHbIX NPUIOXEHUIA, —
pacno3HaBaHue QUryp n pyKonucHoro
TeKcTa (PYCCKWUI, aHTNMIACKNIA A3bIKK), —
HanM4yne NHCTPYMEHTOB pUCOBaHUA
reoMeTpUYECKMX Uryp u NHUIA.
BcTpoeHHble YyHKLUN: — TreHepaTop
CNyvalHbIX Yucen, — KanbKynatop, —
3KpaHHas knasuaTtypa, — Tanmep, —
pefakTop mateMaTuyecknx gopmyn.
JNeKTPOHHbLIE MaTeMaTUYecKue
WHCTPYMEHTbI: — LUPKYIb, — YTOJIbHUK,
— NWHeliKa, — TpaHCnopTup. Pexunm
«6enoin LOCKU» C BO3MOXHOCTLIO CO3JaHus
3aMeTOoK, pucoBaHus, paboTel ¢ Tabnuyamu
n rpagmnkamun: Hanmume. imnopT aiinos
thopmatos: PDF, PPT, PPTX

| anmeHoBaHWe HanpasneHus: «O6opyfoBaHMe aNa 4OMONHUTENIbHbIX HanpaBieHUA»

HanmeHoBaHue

pasgena: «XANTEK»
Twun npuHTepa: FDM, FFF, maTtepunan
(ocHoBHON): PLA, KonnyecTso
neyaTal L MX roso0BOK: He MeHee 1, pabounii
CTON: C nofjorpesom, pabouas 06nacTb

34 npuHTep (XY2Z): ot 300x300x400 MM,

npoeccMoHaNnbHbIR  MakKcMManbHad CKOPOCTb MeyaTu: He MeHee
150 mm/ceK, MUHMManbHasa TONUWMHA CNos:
He 6onee 20 MKM, 3aKpbITblii KOpMycC:
Hannmuume, OXNaXKAeHWe 30Hbl NeYaTu:
Hanuuue
Twun npuHTepa: FDM, FFF, maTepuan
(ocHoBHOI1): PLA, KONn4ecTBo
nmeyaTalwLiMX ro0BOK: He MeHee 2, pabounii
CTON: C nojorpesomM, paboyas ob6nactb

34 NpUHTED yUeBHbIi (XYZ): oT 180x180x180 mmMm, . W 200
MaKCUMasibHas CKOPOCTb NeyaTu: He MeHee
150 Mm/ceK, MMHMUManbHaa TOMLWLMHA CMoSA:
He 6onee 20 MKM, 3aKpbITbll KOpNyc:
Hanmuue, OXNaXKAeHWe 30Hbl NeYaTu:
Hanuuue

WT. 1.00



