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Ne
n/n

HaumeHnoBaHue
o0opyaoBaHus
(PBIIO)

Kparkune npuMepHbIe TEXHHYECKHE
xapakrepuctuku (PBIIO)

Eanauna
U3MepeHust

KoanuyecTBO

HanmenoBanue HanpasiieHus «O0opynoBanue s 001meo0pa3oBaTeIbHbIX OPraHU3anMi,

HE ABJAIOIUXCH MAJTIOKOMIIJICKTHBIMHM))

1. Pasznes «EcTecTBeHHOHAYYHAs1 HANIPABJIEHHOCTD)

1.1

[{udpoBast
maboparopust 1o

buzuke
(yueHuueckas)

OOecnieynBaeT BBIOJHEHUE SKCIEPUMEHTOB IO
reMaM Kypca ¢buzuky. Kommexrarus:
becnipoBogHON MyNIbTUIAATYUK TO (uU3MKE C 6-10
BCTPOEGHHBIMM ~ JaTuvkamu: LludppoBoil nardmy
TEMIIEpPATypbl C JHMANla30HOM M3MEPEHUs HE YKE
gyem oT -20 npo 120C IludpoBoil naT4uk
a0COJIIOTHOTO JABJICHUS C AMANa30HOM M3MEpEHHs
He yxke yem ot 0 mo 500 kIla J[aTunk MarHUTHOTO
MOJISl ¢ IMara3oHOM M3MEpEeHHus He yxe yeM oT -80
no 80 MTn Jlatuuk HampspKeHHsl ¢ Juarna3oHaMu
M3MEPEHHUsT HE YyXe 4eM oT -2 o +2B; ot -5 no
+5B; ot -10 1o +10B; ot -15 no +15B JlaTuuk TOKa
He yxe uyeM oT -1 10 +1A [laTunk akcenepoMerp ¢
[OKa3aTesIMM HE MeHee uem: +2 g; +4 g; +8 g
OtnenbHble ycrpoiictBa: USB ocummtorpad He
MeHnee 2 kanama, +/-10 B Axkceccyapsr: KabGenpb
USB coenuHUTENBHBIN 3apsiiHOE YCTPOWCTBO C
kabenem miniUSB USB Apantep Bluetooth 4.1
Low Energy KoHcTpykTOp Ui mNpOBeIEHUS
DKCIIEpUMEHTOB  KpaTkoe  pyKOBOACTBO IO

PKCIUTyaTaIluu ndpoBoit nabopaTopun
[IporpaMmmHOoe  oOecriedenne  Meroauueckue
[PEKOMEHTAlIN (40 pabor) Hannune

PYCCKOSI3BIYHOTO  calTa mnoaaepxkku Hamuuue

BHICOPOJIUKOB.

ImT.

30
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1.2

[{udpoBast
maGopaTopusi 1Mo

XUMUAN
(yueHuveckas)

OOecnieunBaeT BBIMOJHEHUE JT1a00paTOPHBIX padoT
[0 XUMHM Ha YPOKaxX B OCHOBHOW IIKOJE U
[MPOEKTHO-UCCIIEI0BATEIHCKON NEeSATEIbHOCTH
yJaluxcs. Komriuiekranus: becnipoBoaHoiA
MyJIbTUIATYAK 0 XUMHH C 3-Ms BCTPOCHHBIMU
natunkamu: Jlatuuk pH ¢ nuanazoHoMm u3mepeHus
He yxe uem or 0 gmo 14 pH J[arumk
HIIEKTPONPOBOIUMOCTH C TMana3oHaMH W3MEpEeHus]
He yxe yem oT 0 mo 200 mxCwm; or 0 mo 2000
MKCwMm; oT 0 10 20000 MmxCwm [laTunk Temneparypsl
C JMarma3oHOM M3MEpEeHHs He yxe deM oT -20 10
+140C OtacnbHbIe OaTYUKH: JaTUMK ONTHYECKOM
minotHoctd 525 HM  Akceccyapel: Ka6ens USB
COCTMHUTENbHBIN 3apsaHOe YCTPOMCTBO ¢ KabeneM
miniUSB USB Ananrtep Bluetooth 4.1 Low Energy|
KpaTtkoe  pyKoBOJACTBO IO  OKCIUTyaTaluu
nudposo sabopatopun Habop mabGopaTtopHOU
OCHACTKH [TporpammHoe obecrnieueHue
Metoaudeckue pekomeHaauuu He MeHee 40 pabot
Hannuue pycCKOS3BIYHOTO —caiiTa MOJAEPKKHU
Haymune BuaeoponKoB.

30

1.3

[ludposas
maboparopust 1o

Oroorun
(yueHuueckas)

OOecnieunBaeT BBINOJIHEHUE J1a00paTOPHBIX padoT|
Ha YpOKax MO OWOJIOTMM B OCHOBHOW IIKOJE U
[TPOEKTHO-UCCIIEA0BATEIBCKON JESTEIbHOCTH
YJaIIXCS. Kommnekranus: becnipoBoaHoOiA
MYJIbTHJIATUUK MO OMOJOTMU C 5-}0 BCTPOECHHBIMU
naTyukaMu: JlaT4MK BIAXKHOCTH C JUANa3oHOM
m3meperuss 0...100% JlaTyuk OCBEIIEHHOCTH C
nuana3oHoM H3MepeHuss He yxe dyem ot 0 1o
180000 nx Jlatuuk pH ¢ nmana3zoHOM u3MepeHHs
He yxxe yeM oT 0 1o 14 pH Jlatuuk Temmeparypsl ¢
Marna3oHOM H3MEpeHHs He yxke 4eMm or -20 1o
+140C Jlatunk TemiiepaTypbl OKpYKArOLIEH Cpebl
C IMana3oHOM M3MEpEeHHs He yxke ueM oT -20 1o
+40C Axceccyapsl: 3apsilHOE€ YCTPOWCTBO C
kabenmem miniUSB USB Anantep Bluetooth 4.1
Low  Energy Kpatkoe  pyKOBOACTBO  TIO
pKCIUTyaTanuu nudposoit madbopatopun Ludposas
BHUJIEOKaMepa C  METAUIMYECKHUM  IITaTHBOM,
paspemenue He MeHee 0,3 Mnukc IIporpammuoe
oOecnieueHne MeTonMYecKUe pPEKOMEHJAUN HeE
MeHee 30 pabor VYnakoBka Hanuuue
PYCCKOSI3BIYHOTO  caliTa TMOJJAEPKKH, HAJTU4Ne
BHUJIEOPOJINKOB

ImT.

30




Ne | HaumeHnoBaHue Kparkue npumepHbie TeXHUYECKHUE Eaununa | KoanyecTBo
n/n| o0opyroBaHUA xapakrepuctuku (PBI1O) H3MepeHust
(PBIIO)
2. Paznen «/lonoJiHUTEIbHOE 000PY/I0BAHUE)»
2.1 [VueOHas B cocraB Bxomsar: Cencop Tun 1 e menee 1 mr., LIIT. 10
maboparopus Mo  (0OECIeurnBaeT BO3MOXHOCTh PErHCTPAIK CUTHANA|
HEUPOTEXHOJIOTUH PIIEKTPUYECKOM AKTUBHOCTH MBIIIIIT
(3nexTpoMuorpammsl, OMI'). Perucrpanus nomkHa
OCYILIECTBIISICTCS HEWHBAa3UBHO, CyXHMH

QIeKTpoAaMu. JloikHa HMEThCS BO3MOXKHOCTH
KpEeIUIeHUsI K PyKe 4YeJOBeKa, YTO JOJDKHO JaBaTh
BO3MOXKHOCTh ~ PETHCTPUPOBATH  AJIECKTPUUYECKYIO
AKTUBHOCTH MBIIIIBI B O0JIaCTH, HaJa KOTOPOM
pacrioyiaraercsi  Kperienue. Ilpu  HanpspkeHun
MBIIIIBI JOKHA OBITH OOecreueHa BO3MOXKHOCTH
HAOJIIOICHUS ITYYHOCTH CUTHANA (T.€. MPUCYTCTBUE
OMI'), mnpu paccnabieHUU MBIl - €€
orcyrctBue. Cencop Tunm 2 ne Mmenee 1 mir.,
o0OecreunBaeT BO3MOXKHOCTb PETUCTPAIIMU CUTHANA
doromnerm3smorpammel (PIIY) onTuyeckum myrem,
3a CYEeT U3MEHEHUS OTPAKEHHOTO0 OT KPOBEHOCHBIX
COCY/IOB CBETa, 00bEM KOTOPBIX HU3MEHSETCS MOJ|
BO3JICHCTBUEM ITYJIbCOBOM BOJHBL. CeHCOp J0JKEH
ObITh OOECIeueH BO3MOMKHOCTBHIO KpEIUIEHUS K
noayuieuke nanblia yenoBeka. Cencop Tum 3 He
Menee 1 1mIT., oOecmeuuBaeT BO3MOYKHOCTD
PETUCTpallii  CUTHAaJa  AJIEKTPOKAPIUOTPaMMBbI
(OKI') He nHBa3UBHBIM CIIOCOOOM, peructpauuu I,
II u I1I orBenennii. Cencop Tum 4 He meHee 1 miT.
oOecrieurnBaeT BO3MO>KHOCT: perucTpalnu
CUTHaja KoXKHo-ranbBaHuuyeckoil peakiuu (KI'P),
perucTpanmss  KOTOPOTO  OCYLIECTBISIETCS  Ha
[MOCTOSIHHOM TOK€; IMOJKIIOUEHHUS K TENy YelIOBEKa
C TTOMOIIBI0 cyxuXx 3ekTpoaoB. Cencop Tum 5 He
MeHee 1 mT., oOecrmeynBaeT BO3MOYKHOCTE:
[PErUCTPAllMK CUTHAJIA AJIEKTPUIECKON aKTUBHOCTH
Mosra (23I') ¢ MOMONIBI0 CYyXMX HEMHBAa3MBHBIX
PIIEKTPOJIOB; perucrpanuu AIEKTPHUIECKOU
AKTUBHOCTH pa3HbIX nosed mosra. Cencop Tum 6
He MeHee 1 1mT., oOecrieunBaeT BO3MOXKHOCTH!
[PETUCTpAIK CUTHANIA KOJIeOaHUs TPYIHON KIETKU
(Cencop  nmpIxaHus);  ONpENETCHUS  YacCTOTHI
NMBIXaHUS. YCTPOUCTBO uis cOOpa JaHHBIX OT
CEHCOPOB M  TNepeayd Ha  MEPCOHAIbHBIM
KOMITBIOTEP OO0ECIeYnBaeT BO3MOXKHOCTH CcOOpa
NMAHHBIX OT TOAKIIOYEHHBIX K HEMY CEHCOpPOB H
OTIIPaBKY  TMOJY4eHHbIX jgaHHbIXx Ha [IK
[Tonkmtouenue ueHTpasibHOoro wmoxayias Kk 1IK

JTOJDKHO ~ OCYHIECTBJIAThCA ¢ mnomoinipio  USB-
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KaOensi. YCTpoWcTBO Aisi cOopa JNAaHHBIX JIOJIKHO
MMETh rajgbBaHHuecKyro wu3omsimuto ot 11K,
o0ecreunBaTh  BO3MOXXHOCTh  OJTHOBPEMEHHOTO
MOJKJIFOYEHHUS BIUIOTh 0 4 ceHcopoB. Kaxpii u3
BXOJIOB YCTpoWcTBa [uis cOOpa JAaHHBIX JIOJIKHO
MMETh TalbBaHUYECKYIO0 H30JLHI0 (oOecreueHue
MEXKAHAJIbHOW  TaJIbBAHUYECKOM  HM3OJISIIUN).
[ToakmroueHrne ceHCOpOB K Y CTPOUCTBY 1Isi cOopa
TAaHHBIX OCYIIECTBIISIETCS c ITOMOLIbIO
CHeLMaIu3UpOBaHHbIX pa3zbeMoB THna LEMO,
00ECTICUMBAIOIINX TPABMWJIBHOCTh ITOJIKITFOUCHHS
pa3beMa U CHIKAIOIIMX PUCK CIYyYalHOTO KacaHUs
Pa3beMOB TOKOMPOBOJAIIMX YacTel, a TaKkxke
00eCreurBaOIINX 3alIUTy oT
HECaHKIIMOHUPOBAHHOTO MOAKITIOYEHUS K|
[POU3BOJIBHBIM ycTpoiicTBaM. Moaynbs «KHomka
He MeHee 1 mT., oOecrneyMBaeT BO3MOKHOCTD:
[Pa3METKU PErUCTPUPYEMBIX CUTHANIOB. KonmyecTBo
[pa3MeuaeMbIX COCTOSIHMM CHUTHAJa JOJDKHO OBITH
HEe MeHee 3-X pa3jIMyHbIX KaTeropuid. Y CTpPOMCTBO
JUTsl PETUCTpAllMd apTEePUATBLHOTO JaBJICHUS HE
MeHee 1 mr. Meroanueckoe mocobOue, KOTOpoe
TTOJIYKHO coJiepxKaTh HE MeHee 30
mabopaTOPHBIX/MPAKTUYECKUX/ IEMOHCTPAIITMOHHBIX
paboT.

2.2

KoMmiekT nocyast
1 000pyI0BaHUS
U1 YYEHUYECKHX
OTBITOB (XUMHS,
bu3uka,
OroIorus)

[lITatuB naGopaTopHbii xumuueckuit HaGop
EENIS [Terpu Habop WHCTPYMEHTOB
MpenapoBalbHbIX JIOKKa Ul CKMTaHUS BEILECTB
Crynka ¢apdoposast ¢ nectukom Habop 6aHok /1151
XpaHeHus TBepAbIX peakTuBos (30 - 50 mi) Habop
CKJISTHOK ((IaKOHOB) JAJIi XpaHEHHUs pPacTBOPOB
peaktBoB HaGop mpobupox (I1X-14, I1X-16)
[IpuGop nns momyueHuss razoB CHnHUpPTOBKA
["oprouee anst ciupToBok OuUiabTpoBaibHast Oymara
Konba xonuueckas Ilamouka creknsHHas (c
PE3UHOBBIM ~ HAaKOHEUHWKOM)  Yammeuka  yis
BbINIAPYBAHUS (BBIIApUTENIbHAS yalieyka) MepHbIi
IMHAP (TJIaCTUKOBBIM) BopoHka cTekisHHas
(manmasi)  Crakan  crexiasHHbIA (100 wmm)
["a300TBO/IHAs TPyOKa

ImT.
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2.3

O06pa3oBaTeIbHBIN
HaOop a7
M3yJICHUS
MHOTOKOMIIOHEHTH
BIX
000TOTEXHHUYECK

O6pazoBaTeNbHbIN Habop JIOJIKEeH OBITH|
MpelHa3HaueH A7 U3y4eHUs: pOOOTOTEXHUYECKHX
TEXHOJIOTHH, OCHOB WH(pOPMaAITMOHHBIX
TEXHOJOTUM M  TEXHOJIOTHHA  IPOMBIIUIEHHOM
ABTOMAaTH3AIlHH, a TaKxKe TEXHOJIOTHH

MPOTOTUIIMUPOBAHUSA U aJAUTHBHOTO NIPOU3BOJICTBA.

10
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X CUCTEM U
MaHHITYJISTITHOHHBI
X poOOTOB

B COCTaB Habopa JIOJKHBI BXO/JIUTH|
KOMIUIEKTYIOIIIME UM YCTpPOWCTBa, oOOJsajaromue
KOHCTPYKTUBHOM, aIlllapaTHOM M INPOrpaMMHOMU
COBMECTMMOCTBIO Apyr ¢ npyrom. 1) Kommiekr
KOHCTPYKTUBHBIX JJIEMEHTOB U3 MeTalla U
M1aCTUKA JUIs1 COOPKU MOZEIIeH MaHUIYJIALMOHHBIX
poboTOB C YTI0BOU KHHEMAaTUKOH,
IJIOCKOMapaJlJIeIbHON KUHEMAaTUKOM, Delta-
KMHEMaTUKOM.

2) WHTennexTyanbHbli CEpPBOMOAYIIb v
VHTETPUPOBAHHOM CHUCTEMOM YIIPABIEHUS - HE
meHee 7 mr. CepBOMOIydb JOJDKEH 00J1a/1aTh
MHTETPUPOBAHHON CHUCTEMOH YIIpaBJICHUA,
oOecreunBaromieil 00paTHyI0 CBSI3b MM KOHTPOJIb
apaMeTpoB - IIOJIOKEHHWE Baja, CKOPOCTh
BpalllcHUs, Harpy3ka IpUBOAA, a  TaKKe
00ecTIeYnBarOIICH BO3MOXHOCTb
[10CJIE0BATEIBHOTO MOAKIOYEHHS APYT C APYIOM
141 yIIpaBJICHUS CEPBOMOYIISIMU 1o
[10CJIEI0BATEILHOMY HOJIy 1YTUIEKCHOMY)
ACHXPOHHOMY UHTEpdeiicy.

3) PoGorotexnuueckwii KOHTPOJLJIED,
MPEACTABISIIONIMNA OO0 MOJYJIBHOE YCTPOUCTBO,
BKJIFOYAIOLIEE B cels OJIHOIUIATHBIN
MUKPOKOMIBIOTEP Ul  BBIIOJHEHHUS CIIOKHBIX
BBIUMCIIUTENIBHBIX  Omlepainuii, nepudepuitHbil
KOHTpOJUIEp  JUIsl  YOpaBlI€HUS  BHEIIHUMU
YCTpOMCTBAMM M IUIATy  pacUIMpeHus  AJs
MMOAKIIOUEHUsT BHEUIIHUX YCTPOMCTB. Moaynn
POOOTOTEXHUYECKOTO  KOHTpoJilepa  JOJDKHBI
o0jazaTh  OJHOBPEMEHHON  KOHCTPYKTHBHOM,
annapaTHOM M TPOrpaMMHOM COBMECTUMOCTBIO
npyr ¢ apyroMm. PoboToTexHU4ecKkuii KOHTpoJIep
NOJKEH YIOBJIETBOPSITH TEXHUUYECKUM
XapaKTepUCTHKaM: KOJ-BO fJ€p BCTPOEHHOIO
MUKpPOKOMIIBIOTEPA - HE MEHEE 4, TAKTOBAs YacTOTa
sipa - He meHee 1,2 [T, o0bem O3Y - He MeHee
512 MO, nanuuue unrepdeiicos - SPI, 12C, 1-wire
TTL, UART, PWM, mmudpoBsie - He MeHee 16 1T
W QHAJIOTOBBIE IOPTHI - HE MEHee & T
[MOJKJIIOUYEHUs] BHEIIHUX YCTPOWMCTB, BCTPOECHHBIN
Mukpopon, a Ttakxke WIiFi nimu Bluetooth nns
KOMMYHHMKAI[MM CO BHEIIHUMHU YyCTPOWCTBaMHU.
PoOoTOTeXHMUECKUI KOHTpOJLIED JIOJKEH
o0ecreunBaTh BO3MOXKHOCTb IIPOrPAMMHUPOBAHMUS C

noMoIpio cpenacts  s3plkoB  C/C++, Python u
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cB00OHO pacmpoctpansiemoii cpeanl Arduino IDE,
a TaKxe yIpaBieHUs MOJIEeTISIMU|
[POOOTOTEXHUYECKHX CHCTEM C IOMOIIBIO CpPeIbl
ROS.

4) IlporpaMMmupyeMblii KOHTPOJIIEP - HE MEHEE
lmr. IIporpaMMupyemsbiii KOHTPOJUIEp JTOJKEH|
MPEICTaBIATh COOOH BBIUMCIUTEIBHBIA MOJYIb,
oOnanaromuM HU(POBBIMU MOPTaMU - HE MeHee 8§
T ¥ aHAJIOTOBBIMHM TOPTaMHU - HE MeHee 16 miT,
untepgpeiicamun UART, I2C,SPI, TTL, a Takxe
MOJIyJIeM OecripoBOIHOM cBsizu Thma Bluetooth i
WiFi nns  co3manusi  anmapaTHO-IIPOrPaMMHBIX
PEIICHH ©  «YMHBIX/CMapT»-yCTPOMCTB  IJis
pa3paboTku pemeHuil «IHTEpHET Bemiei».

5) Ilmara pacmmpeHuss OpOrpaMMHUPYEMOro
KOHTpoJsuiepa — He MeHee lmT. [1nara pacmmpenus
NOJDKHA obecrieunBaTh BO3MO>KHOCTH|
MOJKIIIOUEHUSI YHUBEPCAIBHOTO BBIYMCIUTEIBHOTO
MOJTyJIsl K CeTH mocpencTBoM uHTepdeiica Ethernet.
[lnara pacmupeHus A0DKHA 001aAaTh MOpPTaMU
BBOJIa-BBIBOZIA JJI TIOJMKJIIOUEHHUS IU(PPOBBIX H
AQHAJIOTOBBIX YCTPOMCTB — He wMeHee 40 T,
untepdeiic SPI 1 BO3MOXKHOCTBIO MOAKIIOUEHUS
BHEILIHEW KapThl IaMsTH.

6) Monyinb TEXHUYECKOT O 3peHus,
MpeICTaBIgIoNMi  coboil  ycTpoiicTBO Ha 0asze
BBIYMCIIUTEIIBHOTO MHKPOKOHTpOJIIIEPA )51

WHTETPUPOBAHHONW  Kamephl, oOecleynBarolee
[pacrio3HaBaHUE TMPOCTEHINX H300paKEHUH HA|
MOJIyJie 32 CYET COOCTBEHHBIX BBIUMCIIUTENIBHBIX
BO3MOXKHOCTEH - He MeHee lmT; Moaynb
TEXHUYECKOT0 3peHUs JOJDKeH o0ecredynBaTh
BO3MOXHOCTh KOMMYHHKAIIMM C aHAJIOTUYHBIMU
MOJYJISIMH  TIOCPEACTBOM  IIMHBI Ha  0ase
MOCNIeZIOBaTEeIbHOTO  HMHTepdeiica ¢ LeJbio
NalbHENIICH Iepefayu pe3yiabTaTOB H3MEPEHUU
CPYIIIIBI Moayien Ha yIpasisonee
BBIYHUCIIUTEIBHOE YCTPOMCTBO, MOJKIOYEHHOE K
NMaHHOW I1MHE. MoOIynb TEXHHYECKOTO 3pPEHHUs
NOJKEH obecrieunBaTh BO3MO>KHOCTH|
OCYILIECTBIISATH HACTPOMKY MOAYISI TEXHUYECKOTO
3peHMs - HACTPOUKY HKCIO3MILINH, OanaHca 6ernoro,
[BETOPA3HOCTHBIX  COCTABJSAIOIINX,  IUIOLIAJH
0OHaPYKUBAEMOM obnactu MU300pakeHus,
OKPYTJIOCTH oOHapyXKHBaeMOI obnactu

M300pakeHMs,  TOJIOKEHHE  OOHApY)KHBAEMBIX!
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o0acTeil OTHOCHTEIBHO JpYr 1pyra. Momynb
TEXHUYECKOI0 3peHHs JOJDKEeH o0ecreyuBaTh
BO3MOXXHOCTb ~HAaCTpPOMKH Ha OJHOBPEMEHHOE
oOHapykeHHe He MeHee 10 pa3nuyHbIX OJMHOYHBIX
00BEKTOB B CEKTOpe 0030pa, JmbOO He MeHee 5
COCTaBHBIX OOBEKTOB, COCTOSIUX U3 HE MeHee 3
Pa3NUYHBIX TpapUUecKuX MNPUMHUTUBOB. MoOayip
TEXHUYECKOro  3peHus  JOJDKeH  olsajath
BcTpoeHHbIMH HHTepdericamun — USB, UART, 1-
wire TTL, 12C, SPI ngns xoMMyHUKanuu co
BHELIHUMH IOJIKJIIOYAaEMbIMU YyCTpoiicTBamu. 7) B
cocTaB Habopa JOJDKHBI BXOAUTh LH(POBbIE
MH(POPMAIOHHO-CEHCOPHBIE MOJYJIH,
MpeJCTaBisAoIIMe Cco0oi  ycTpoiicTBa Ha 0Oase
[IPOrpaMMUPYEMOTO KOHTpOJLIEpa u
u3MepuTenbHoro anemenrta. LugpoBoit Moaysb
NOJDKEH obmanarp BCTPOCHHBIM
MUKPOKOHTPOJUIEPOM  (TakToBas 4YacToTa - He
MmeHee 16 MIn, mmHa IaHHBIX — HE McHee 8
KoOaiiT), wuHTepdelicaMu Id TMOAKIIOUEHUS K
BHELIHUM yCTpPOWCTBaM: LIM(PPOBBIE U AHAJIOTOBBIE
noptsl, 1-wire TTL, pa3sem tuna RJ. Ludposoit
MOJYJIb JIOJDKEH OOEeCHeurBaTh BO3MOXHOCTH
KOMMYHHMKAIlUd C AaHAJOTMYHBIMH  MOJYJISIMU
MOCPEACTBOM ILIMHBI Ha 0a3ze MOCiIer10BaTeIbHOTO
uHTepdeiica ¢ 1enpl0 JanbHEWIed mepeaadn
[PE3yJIbTAaTOB M3MEPEHUM TpyNmbl MOAYJIEH HA|
YIPABISAIOUIEE  BBIYUCIUTEIBHOE  YCTPOMCTBO,
MOAKITIOUEHHOE K JaHHOU 1mwuHe. B coctaB Habopa
NOJDKHO BXOAMTH: LHM(POBOM MOIYydh TaKTOBOM

KHOIIKM — HE MeHee 3T, HUPPOBON MOIyIb
CBETO/IMO/Ia — HE MeHee 31T, IU(PPOBOH MOIYNb
KOHIIEBOTO IIpephIBaTeNsi — HE MeHee 31T,

1upoBOI MOy b TaTUMKA [[BETa — HE MeHee 11T,
uupposoit Mmonyns RGB cBeronuona — He MeHee
lmr. 8) B cocraB Habopa HOMKHBI BXOIUTH,
PIEMEHThl JUIsi CcOOpKM BaKyyMHOIO 3axBara:
BakyyMHasi TpUCOCKa — He MeHee 1T,
PIEKTPOMArHUTHBIN KJIallaH — HE MeHee T,
BaKyyMHBIH Hacoc — He MeHee lmT. 9) B coctas
Habopa JOKEH BXOAWUTh YYE€OHBIM KOMIUIEKT,
BKJIIOUaroNuii B cebs yueOHoe mocobue, Habop
OMOIMOTEK  TPEXMEPHBIX  JJIEMEHTOB  JIJIf
MPOTOTUITHUPOBAHMSI MOJIENCH MaHHUMYISIIIHOHHBIX
POOOTOB, a TaK)Ke MPOrpaMMHOE OOECTICUCHHUE IS
abotel ¢ Habopom. IIporpammuoe obGecredeHue




n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

TTOJKHO obecrieunBaTh TPEXMEPHYIO
BU3yAIM3alUI0  MOJEIM  MaHHUIYJISIHOHHOTO
pobora (C yIJIOBOW, IIIOCKONAPAIETBHON H
nenbTa-KUHEMATHKOH) B mporecce  padoThl,
oOecrieunBaTh MOCTPOCHHE MPOCTPAHCTBEHHOM
TPACKTOPHH JIBHKCHHS UCIIOJTHUTEIBHOTO
MCXaHH3Ma MaHUITYJIAIUOHHOT'O p060Ta,
BO3MOYKHOCTh 3aJIaHHUsI TIOCIICIOBATEIbHOCTH TOYCK
JJI MIPOXOXKACHUA 4Y€pC3 HUX MCIIOJIHUTCIILBHOI'O
MeXaHU3Ma MaHUIYJISIIUOHHOTO pooora.
[TporpammuoOe obecrnieyeHue TOJDKHO
(YHKIIMOHHPOBATh, KaK B OTICIBHOCTH B BHIE
CpCAbL MOACIIMPOBAHUA, TakK n B PEKUMC
MOHHTOPMHTAa B  PEAIbHOM  BPEMEHH  IIpH

MOJIKJIFOUEHU U MOJIENH MaHUIYJISATOPA
MOCPEJICTBOM POOOTOTEXHUYECKOIO KOHTPOJIIEpA.
[IporpamMmHoOe obecrnieueHue JOJKHO
o0ecreunBaTh BO3MOXHOCTb MIOCTPOEHMS

rpadUKOB 3alaHHBIX M TEKYIIUX OOOOIICHHBIX
KOOpJIMHAT MaHUMYISALIUOHHOTO poboTa, rpaduKoB
3HAUYEHUN CKOpPOCTEH U YCKOpeHHs, TIpauKoB
[pacyeTHBIX 3HaYeHu Harpy3ku. IIporpammuoe
oOecrieueHrne  JOJDKHO  TO3BOJSATH  3a]aBaTh,
[IOCJIEJ0BATEIBLHOCTD nepeABUKEHUN
MaHUIYJISTOpa TOCPEACTBOM Habopa KOMaHJ B
OonmouHo-TpadguueckoM  uHTepdelice.  YueOHoe
mocoOue JOKHO COJIep)KaTh MarepHuaibl 10
pa3paboTKe TpPeXMEpPHBIX Mojenell MOOUIBHBIX
pPOOOTOB, MaHUIYJISIIAOHHBIX poboToB c
Pa3IMYHBIMM  TUMAMHA  KUHEMaTukud  (yriioBas
KMHEMAaTHKa, IJIOCKO-TapasuiebHas KUHEMaTHKa,
nenbTa-kuHematuka, SCARA  wunmm  peluaxkHas
KuHeMatuka, IMargopma Crroapra U T.L.),
MHCTPYKIIMM [0  NPOEKTUPOBAHUIO  POOOTOB,
WHCTPYKUMM U METOAMKH  OCYIIECTBIICHUS
WHXEHEPHBIX PAacuyeToB IMpU NPOECKTUPOBAHUU
(pacueTbl  Harpy3ku ¥  MOMEHTOB, pacuyerT
MOIIHOCTH  IIPUBOJIOB,  pacueT  IapaMeTpoB
KMHEMAaTUKU M T.N.), HHCTPYKLUUHU MO pa3paboTke
CUCTEM yIIpaBICHUS u MIPOrpaMMHOT0
oOecrieueHuss  JJs  YOpaBieHHS  poOoTaMmu,
WHCTPYKIIMM M METOJAMKU 1O pa3paboTKe CHCTEM
YIpaBI€HUS C DOJEMEHTaMHU HCKYCCTBEHHOIO
WHTEJUIEKTA ¥ MAIIUHHOTO OOYYEHHUS.

2.4

O06pa3oBaTeIbHBIN

HabOp 1Mo

HaGop nomkeH ObITb  TNpeAHA3HAYeH A

MpOBECHUST y4YeOHBIX 3aHATHH 1O H3YYEHUIO

IIT.
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Ne | HaumeHnoBaHue Kparkue npumepHbie TeXHUYECKHUE Eaununa | KoanyecTBo
n/n| o0opyroBaHUA xapakrepuctuku (PBI1O) H3MepeHust
(PBIIO)
MEXaHHUKE, OCHOB MEXaTPOHUKHU u POOOTOTEXHUKH,
MEXaTPOHUKE M [MPAKTHYECKOTO0 MPUMEHEHHS 0a30BBIX JJICMEHTOB
POOOTOTEXHUKE  PIEKTPOHHKH M CXEMOTEXHHKH, a TaKKe HamboJee

[pacpoCTpaHEHHOW 3JIEMEHTHON 0a3bl 1 OCHOBHBIX
TEXHUYECKUX  PpELIEHUH, MPUMEHSEMBIX IIpU
[IPOEKTUPOBAHUH u MIPOTOTUIINPOBAHUY
PA3NMUYHBIX WH)KEHEPHBIX, KHOEPHETUYECKUX U
BCTpanBaeMbIX cCHUCTeM. B coctaB HaGopa JOJKHBI
BXOJUTh  KOMIUIEKTYIOIIME U YCTPOMCTBA,
oOnanarolue KOHCTPYKTHBHOW, DSIEKTPHUYECKOH,
AIIApaTHOM M MPOTPAMMHON COBMECTHMOCTBIO
npyr ¢ apyroM. B coctaB Habopa q0MKEeH BXOJIUTh
KOMIUIEKT KOHCTPYKTUBHBIX 3JIEMEHTOB U3 METaILIA
Ui cCOOpKHM MakeTa MaHUMYJISIIMOHHOTO poOoTa u
KOMIUIEKT ~ METaUIMYECKUX  KOHCTPYKTHUBHBIX
DIEMEHTOB Jii COOpKM MakeTa MOOWJIBHOTO
pobora. B cocraB Habopa MODKHBI BXOIHTH

IIpUBOJa Pa3IMIHOro THUIIA: MOTOPBI C
HMHTCTPUPOBAHHLBIM  WJIMK  BHCIOHHUM  JaTUUKOM|
IOJOXCHHUA — HEC MCHCC 2H_IT, CCPBOIIPUBO/

00JIbI1I0M — HE MeHee 411T, CEpBONPUBO] MAJIBIA —
HE MEHee 21T, TMPUBOA C BO3MOXKHOCTBIO
YIIpaBJI€HUS B IIarOBOM pEXHME — HE MEHee 2IIT.
B cocraB Habopa JTOMKHBI BXOJIUTH 3JIEMEHTHI IS
cOOpKHM BaKyyMHOTI'O 3aXBaTa: BaKyyMHas IIPUCOCKA
— He MeHee |IIT, 2JIeKTPOMarHUTHBIN KJlallaH — HE
MeHee lmiT, BakyyMHBIN Hacoc — He MeHee lmr. B
cocTaB HaOopa JOJKHA BXOAWUTH AJIEMEHTHas 0a3al
JUIs. TPOTOTUIMPOBAHMS: IUIaTa JJisi OecraeyHoro
MIPOTOTUIIMPOBAHMS, KOMIUIEKT IIPOBOZIOB
[PA3JINYHOTO THIIA U JUIMHBI, KOMIUIEKT PE3UCTOPOB,
KOMILIEKT CBETOJMO/IOB, CEMHCETMEHTHBIN
uHauKatop, aucred JKK-thma, KHONKH — HE
MeHee SIIT, NMOTEHIMOMETPbl — HE MeHee 3 WIT,
WHppaKkpacHBId JaTYMK - HE MeHee 3 T,
YIABTPa3ByKOBOM NaT4YMK - HE MEHee 3 IIT, AaTUUK
TeMIeparypsl - He MeHee | IUT, JaT4yuK
OCBEIIEHHOCTH - He MeHee | T, Mmoayib Bluetooth|
— He MeHee | mT, Mmoxgynes MK-nmpuemHnka — Hel
meHee | mT, monyns HK-nepemarumka B Buze
KHOIIOYHOTO MyJbTa ympasiaeHus — 1 T,
AKKYMyJIATOp — HE MeHee | 1T, 3apsaHoe
yCcTpolicTBO — He MeHee | mT. B coctaB Habopa)
NOJDKEH BXOJUTh MYJBTUIATUUK A U3MEPEHUs
TeMIIEpaTyphbl U BIAXKHOCTH OKPYXKAIOLIEH Cpebl —
He MeHee | mrT. MylIbTUIATYUK AOJDKEH 00J1aaTh
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Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

BCTPOEHHBIM  MHUKPOKOHTPOJUIEPOM  (TaKTOBas
gacToTa - He MeHee 16 MI'1, mmHa JaHHBIX — HE
menee 8 KOaiit), uarepdericamu U1 HOIKIIOUCHUS
K  BHEIIHMM  yCTpoWcTBaM:  IU(pPOBbIE U
aHayoroBbie mMopthl, 1-wire TTL, pazsem Tuma RJ.
B cocraB HaOopa [OKEH BXOAUTh KOMILIEKT
YHUBEPCAJIbHBIX  BBIUYMCIMUTEIBHBIX  MOZYJEH,
MPECTABIAIOIMNUX €000l 0a30ByI0 IUIATy, ILIATY|
pacIIMpeHusl JUIsl CETEBOr0 B3aWMOJAEWUCTBUS U
1aTy — NOJKIIOYEHMsST  CHUJIOBOM  HarpysKu.
Bxonsanme B KOMIUIEKT YCTPOMCTBA  JOJIKHBI
o0najaTb  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
DIEKTPUYECKOM, almapaTHOM M NPOrpaMMHOMU
COBMECTUMOCTBIO Ipyr ¢ Apyrom. basosas miara)
YHUBEPCAJIbHOTO  BBIYUCIMTEIBHOTO  MOJIYJS
NOJDKHA TPEJICTaBIATh cO00M IporpaMMupyeMblit
KoHTpoutlep B cpene Arduino IDE  wm
QHAJIOTMYHBIX ~ CBOOOJHO  pacnpoCTPaHsAEMbIX|
cpenax paspaborku. baszoBasg 1uiata J10JIKHA
o0iajaTb  BCTPOEHHBIMH  HHTepdeiicaMu  JuIs
MOJAKIIIOUEHUST  LU(QPOBBIX M aHAJIOTOBBIX
YCTPONCTB, BCTpoeHHBbIMU uHTepdeiicamu USB,
UART, I2C, SPI, 1-wire TTL, Bluetooth, WiFi.
[lnata pacmmpeHus  JOJDKHa — 0OecrednBaTh
BO3MOXXHOCTh ~ HOJKIIIOYEHHUS]  YHHUBEPCAJIBHOTO
BBIYHUCIUTEIBHOTO MOIYJsI K CETH IOCPEACTBOM
untepdeiica Ethernet. Ilnara pacmmpenus 10kHa
o0aaThb opTaMu BBOJIa-BbIBOJIA JUIs
MOJAKIIOUEHUST  LU(QPOBBIX M aHAJIOTOBBIX
ycTpoiictB, uHTepdeiic SPI u BO3MOXKHOCTBHIO
MOAKJIIOYEHUsT BHEIIHEH KapTel namsatd. [lmara
[pacIIMpEeHMs AJIs TOAKIIIOUEHUS CUIIOBON Harpy3Ku
NOJKHA O0EecCreurBaTh BO3MOXKHOCTb  IPSIMOIO
MOJKJIIOUEHUSI BHEIIHEH CWIOBOM Harpys3ku, 4
TaK)K€ pEeryjlMpyeMod Harpy3kd IOCPEICTBOM
PWM wuntepdeiica. B cocraB Habopa 10iKeH
BXOJIUTh IPOrpaMMUPYEMBIi KOHTpOJLIED,
00ecTeYnBaOIUil  BO3MOXKHOCTh  OCYIIECTBIISTh
pa3paboTKy MpPOrpaMMHOIO  KOJa, HCIOJIb3Ys
MHCTpyMEeHTapHil cpen pa3padbotku Arduino IDE u
Mongoose OS U A3BIKOB INPOTPaMMHPOBAHUS
C\C++, JavaScript. [IporpamMmmupyemsblii
KOHTpOJUIEp JIOJDKEH o0iafgarh MopTaMu s
MOJKIIOYEHUS  HU(POBBIX U AHAJIOTOBBIX
[YCTPOMCTB, BCTPOCHHBIMH IIPOTPaMMHUPYEMBIMU

KHOIMKAMH W 3JICKTPOMCXAHUYCCKUMHU MOIAYJIAMU
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HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

JUIs OpraHU3alliy CUCTEMbl PYYHOT'O YIpPaBJIEHUS,
BCTPOECHHBIMH NPOTPAMMHPYEMBIMHU CBETOIUO0IaMU
Ul MHIUKAIMA paboyero pexuma, BCTPOCHHBIMU
uatepdeiicamu USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocras
Habopa JOJDKEH BXOAUTh MOAYJb TEXHHUYECKOIO
3peHus , MIPEICTABIISIFOIIIHIA co0oif
BBIYUCIUTENIBHOE YCTPONCTBO €O BCTPOCHHBIM
MUKpOMPOILIECCOPOM (KOJI-BO si/IEp - HE MeHee 4 1T,
yactoTta sjapa He MeHee 1.2 I'T, o6bem O3V - He
MeHee 512MO, 00beM BCTPOCHHOHM MaMATH - HE
MeHee  81'0),  WHTErpUpOBaHHOH  KaMepou
(MakcuMalIbHOE paspelieHue BU/JICOIIOTOKA,
nepenaBaeMoro no unrepdeiicy USB - He menee
2592x1944 en.) n ontudeckoi cucteMoil. Moy
TEXHHYECKOro  3peHus  JobKeH  o0jaaarh
COBMECTUMOCTBIO C pa3IUYHBIMH
[POrpPaMMHUPYEMBIMH KOHTPOJIJIEPAMHU C MTOMOIIBIO
untepdeiicos - 1-wire TTL, UART, 12C, SPI,
Ethernet. Moynb TEXHUYECKOTO 3pEHHUS JOJKEH
oOecrieurBaTh BBIIOJIHEHWE BCEX HW3MEpPEHUl U
BBIYMCIICHU MOCPEJICTBOM COOCTBEHHBIX
BBIUUCIUTENBHBIX BO3MOXHOCTEH BCTPOEHHOTO
MUKpornporeccopa. Monyslb TEXHUYECKOTO 3PEHUs
NOJKEH 00J1aJ1aTh BO3MOKHOCTBIO KOMMYHHUKALIUN
C aHAJIOTUYHBIMU MOJYJIIMH IOCPEICTBOM IIIMHBI
Ha 0ase mocleoBaTeIbHOTO UHTEpQeEica ¢ 1ebIo
NalbHEHIICH Iepefayu pe3yiabTaTOB H3MEpPEHUU
CPYIIIIBI MoayJen Ha yIpasioLee
BBIYMCIIUTENIBHOE YCTPOMCTBO, IMOJKIIOUYEHHOE K
MaHHOW 1MHE. MOIynb TEXHMYECKOTO 3pEHHUs
nomkeH — obOecreynBaTh  HACTPOMKH — PEKHUMOB
PabOTHI - HACTPOUKY IKCIIO3HIINH, OastaHca 0esoro,
[BETOPA3HOCTHBIX  COCTABJIAIONIMX,  IUIOUIAAH
0OHapyKUBaEMOI obnactu HU300pakeHus,
OKpPYTJI0CTH o0HapyXKUBaeMOi obnactu
M300paKeHUsl, IOJIO)KEHUE  OOHAPYKUBAEMBIX
oOnacTeld OTHOCHUTEIBHO IPYT JAPYyra, MaIlMHHOE
oOyueHue TMapamMeTpoB HEWPOHHBIX ceTed s
OOHapyKEHHS 00BEKTOB, bopmy y
3aKOJIMPOBAHHBIE  3HAYEHHUS  OOHApYKUBAEMBIX
MapKepoB TUIa Aruco, pa3Mepbl 00HAPYKUBAEMBIX
OKPY)KHOCTEH, KBaJpaTOB U  TPEYroJbHUKOB,
MapaMeTpoB KOHTPACTHOCTH, Pa3MEPOB, KPUBU3HBI
M TIOJIOKEHHSI paclio3HaBaeMbIX JHHE. Habop

NOJDKEH 00ecreurnBaTh BO3MOXKHOCTb Pa3pabOTKH,
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

MOJIeJIM MOOMIIBHOTO poOO0Ta, yrpasisemoi B FPV-
pexXUMe MOCPEACTBOM MIPOrPaMMHOT O,
oOecrieueHus sl MePCOHATBLHOTO KOMIBIOTEpA U
MOOWIBHBIX ycTpoiicTB Ha 6aze OC Android wim
108, 00ecIIeYnBaIoIIEro BO3MO’KHOCTb
yIIpaBJIeHUSI MOOWIIBHBIM POOOTOM U BCTPOCHHBIM
MaHUTYJISTOPOM  TMOCPEIACTBOM  rpaduueckoro
nHTepdelica, BKIOYAIOMUM B ce0s HabOp KHOIIOK
W TEepeKIoYaTeNield, JPKONCTHK, O00JIacTh JJis
OTOOPaKECHHS BUJIEO. Hab6op JIOJKEH
o0ecrieunBaTh BO3MOXXHOCTh HM3y4YCHHS OCHOB
pa3paboOTKW  MPOrpaMMHBIX U alapaTHBIX
KOMIUICKCOB HWH)XCHEPHBIX CHCTEM, pCIICHUH B
chepe «VHTEpHET Beliel», a TakKe pElICHUN B
o0acTu POOOTOTEXHHKH, UCKYCCTBCHHOTO
WHTEJJIEKTa M MallMHHOro oOyudeHus. B coctas
Habopa TOHKHO BXOTUTH MOCOOME MO W3YYCHHIO
OCHOB JJICKTPOHUKHU M CXEMOTEXHUKH, PEIICHUN B
chepe «MHTepHeT Bemici», pa3paboOTKu U
MPOTOTUIIMPOBAHUIO Mojee poboToB. B cocras
Ha0opa JOJKHO BXOIUTH TMOCOOME MO H3YYEHUIO
OCHOB pa3pabOTKU CHCTEM TEXHUYECKOTO 3PEHUS U
DIIEMEHTOB MCKYCCTBEHHOTO MHTEIUICKTA.

2.5

O0pazoBarenbHBIN
KOHCTPYKTOP JIJIst
MPaKTUKH
0JI0YHOTO
MPOTrpaMMUPOBAHU
51 C KOMITJICKTOM
MaTYNKOB

PoGoToTexHuuecknii HaOOp MpeAHAa3HA4YeH s
M3Y4EHUsI OCHOB pOOOTOTEXHUKH, JI€TaJEeH, y3JI0B U
MEXaHH3MOB, HEOOXOAMMBIX  [UISI  CO3/IaHus
[POOOTOTEXHUYECKUX YCTPOMCTB. Habop
MpeICTaBiIsieT Co00M KOMIUIEKT CTPYKTYpPHBIX
DIICMEHTOB,  COCIUHUTEIBHBIX  DJIIEMEHTOB U
PIEKTPOTEXHUYECKUX KOMITOHEHTOB. Habop
MO3BOJISICT  TPOBOJUTH  JKCIIEPUMEHTBI  TI0
npenMeTy (pu3uKa, co3iaBaTh U MPOTPaMMHUPOBATH
coOMpaeMble MOJIEITH, U3 KOMITOHECHTOB, BXOISIIINX,
B €ro cocrtaB, paboune MOJend MOOWIHHBIX U
CTAIIMOHAPHBIX POOOTOTEXHUYECKHX YCTPOWUCTB C
ABTOMATHU3HPOBAHHBIM YIPABIECHUEM, B TOM YUCIIE
Ha KOJECHOM W TYyCCeHHYHOM XOJay, a TaKKe
KOHCTPYKIIMW, OCHOBAHHBIX Ha HCIOJIb30BaHUU
pPa3IMYHBIX BHUJOB TIepenad (B TOM  YHCIS
YepBSYHBIX M 3yO4aThlX) a TakKe phIYaroB.
BcTrpoeHnbie  OeCpOBOJIHBIE CETEBBIC PEIICHUS
(Wi-Fi u Bluetooth), BO3MOKHOCTh MHTETpAIIUU C
OccrmaTHeIM ~— oOmauneiM 1O,  oOecriednBaroT)
BO3MOYXHOCTh MPAKTUIECKOTO U3YYCHUS
TEeXHOJIOTM  WHTEpHETa BEUleW U  OCHOB

MCKYCCTBCHHOI'O  MHTCJIJICKTA. OOecneunBaercs

ImT.

80
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

BO3MOYXHOCTh OOBEAMHEHHUSI HECKOJIBKUX POOOTOB,
coOpaHHBIX M3 TOJOOHBIX HAaOOpPOB, B TPYIIIBI C
ceTeBbIM  B3aumojelctBueMm.  [IpemycmorpeHna
ONIIMOHATIbHAS BO3MOYKHOCTh pacumpeHus
TOTIOJTHUTEIbHBIMU KOMITOHEHTaMHU (ue
BXOJALIMMH B CTaHAAPTHYIO KOMILUIEKTALUIO),
MMO3BOJISIIOIIMMH M3y4YaTh TEXHUYECKOE 3pPEHUE U
MIPOMBIIIJICHHYIO poOoToTeXHUKY. [IpeaycMoTpenal
BO3MOKHOCTh paboThI Habopa C
NOTIOIHUTEIBHBIMU ~ OOJIAYHBIMH ~ CEpBUCAMHU.
[IpeaycMoTpeHsI MUHUMYM 1IBa
[POrpaMMHUPYEMBIX KOHTpPOJUIEpa B IUIACTHKOBBIX
KopIycax, MO3BOJISOIINX OJIHOBPEMEHHO
co3laBaTb 2 BapHaHTa pPOOOTOB Pa3IMYHOrO
Ha3HAYCHHS, UMEIOIINUX BO3MOXKHOCTh PabOThI Kak
B IIOTOKOBOM pEXHME, TaK U aBTOHOMHO;
MO3BOJISFOIINX peann3oBaTh o0ydeHue
[POrpaMMHUPOBAaHUI0O B HECKOJBKMX  cpenax
pa3pabOTKK HA Pa3IMYHBIX s3bIKaX (K MpUMEpy, B
cpenax Mblock, Arduino IDE, Ha si3p1kax Scratch,
C, Python, micro Python). Kak Munumym oaus u3
KOHTPOJIJIEPOB UMEET BCTPOEHHYIO ONEPALIMOHHYIO
cuctemy, Bctpoennbie Wi-Fi u Bluetooth, mopt ains
MOAKJIIOYEHUsI TOCJIEA0BATENIBHO  COEAMHSIEMBIX
BHEIIHUX YCTPOMCTB (ne MEHee
20 OIHOBPEMEHHO TMOJKIIOYaeMbIX YCTPOUCTB).
Kak MuHHMYM OJMH U3 KOHTPOJIJIEPOB HMEET
BO3MOKHOCTh OJHOBPEMEHHOM 3alHucH HE MEHee
8 TporpamMm, ¢ BO3MOKHOCTBIO TEPEKIIOUYCHHS]
Mexay HuMH. Kak  MHUHUMyM  OOuUH U3
KOHTPOJUIEPOB MMEET IIOJHOLBETHBIM  JUCIUIEH
(IPS), mo3BONAIOMIMIT  BBIBOJUTH JIAaHHBIE C
MATYNKOB B BHUAE TaOiMIl M TpauKoB, a TakKe
CO3/71aBaTh BCTPOEHHBIE B KOHTPOJIJIEP BUIACOUTPHI.
KomnyecTBO  CEHCOpPOB W HWCIOJIHUTEIBHBIX
YCTPOMCTB, BCTPOCHHBIX B OJIMH U3 KOHTPOJIJIEPOB,
- gHe MeHee 10 mrr. O0IIee KOJINYECTBO DIIEMEHTOB
B Habope He MeHee 400 mT., B TOM 4YHCIE
nmoAKIouaeMbie Moaynu: - Bluetooth momyns, -
JIBOMHOW JAaTYMK JIMHUU, - YJIBTPA3BYKOBOM JaTUUK
[PACCTOSIHUS, - NaTYWK I[BETA, - JIaTYUK KaCcaHWs]
pleKTpoMexanudeckuii, - IR mMoxyns, - mortop
MMOCTOSIHHOTO TOKa C PEAyKTOpOM — HE MEHee
2 WT., - CEPBONPUBOJ, - MYJbT AUCTAHIIMOHHOTO
yopasienuss IR, HabGop  momkeH  OBITH

YKOMIUIEKTOBAaH AaKKyMYJIATOPHBIMU OaTapesMu.
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Ne | HauMeHOoBaHHe Kparkue npumepHbie TeXHUYECKHUE Eanauna | KoaudecTBo
n/n| o0opyroBaHUA xapakrepuctuku (PBI1O) H3MepeHust
(PBIIO)
[IporpammHoe oOecrieyeHue, HUCIOJIb3yeMoe IS
MPOrpaMMHUPOBAHUS coOupaeMbIX
POOOTOTEXHUYECKHX  MOJeNell ¥  YCTPOWCTB,
NOJDKHO ~ OBITh  JIOCTYMMHO IS O€CIIaTHOTO
CKauMBaHHS W3 ceTU MHTEpHET M MOCHEAYIOLIErO
HMCIIOIb30BaHMS.
2.6 |O6opynoBanue  |[KoMruleKTHOCTh: HaOOp A JEMOHCTpAalUi MOl  INT. 10
NN ¢uzuke «MexaHuka» (B CcOCTaBe: MOHOPEIBC
IIEMOHCTPALIUU METaJUTMYECKUH — 1 MIT., TeIEeXKKH — 2 IIT., (HIaxKKH

OTBITOB ((hHU3UKa)

Ui TeleXku — 4 wmT., JuHerka — 1 mT., OpycoK
NIEPEBSIHHBIN C ABYMs KpIOYKaMu — | MIT., BEAEPKO
c metyied — 1 1., HOJACTaBKU AJIsi MOHOpebca — 2
IIT., CTEP’KHU MeTajnueckue (7,5 cm) ¢ pe3p0oil —
2 WT., IUIACTMHA MeTajulndyeckas — 1 IIT., KoUKyl
— 2 wrT., 670K — 1 wr., npyxuHa ¢ ¢raaxkom — 1
IIT., KOBPUK — | IIT., IIWIBKU-YHIOpHl (60 MM) ¢
CHJIMKOHOBBIMU TpyOKamu — 3 IUT., TPAHCHOPTUP C
orBecoM — | mrT., rpy3bl o 50 r — 6 WIT., MOTOK
HUTH — | mT., KycoK mjacTwiMHa — 1 mT.,
[UIACTUKOBBIE IIAPUKM HA HUTH — 2 WIT.,
METAJUIMYECKUH MAapUK — | IIT., HUTh ¢ MarHUTOM
— 1 mr., 6udpwmisapusii nogsec — 1 mr.) — 1 Habop,
HAaOOp DJJIEKTpPUUYECKHX Moaynel (B cocTase:
Monysb pesucropa 5 m 10 Om, 5 Br — 1 mr,,
MoayJsb pesuctopoB 1 u 22 kOwm, 0,25 Bt — 1 mrt.,
MOJyJIb pe3ucTopa nmepemeHHoro toka 10 Om — 1
I1T., MOJTYJb JJaMTIbl HakanuBanus 3,5 B, 0,15 MA —
I ., monyns konaeHcatopoB 10, 100 u 1000
MKD +10%, 16 B — 1 mT., Mmoaynb karymiek 250 u
1000 BuTKOB — 1 1IT., MOAYSH TEpMOpe3ucTopa — 1
IIT., MOAYJIb COJHEYHOTO 3JIeMEHTa nuTaHus — 1
mT., MOAYlb Qoropesucropa — 1 MmMT., MOIYJb
nmiona — 1 mT., MOAynb cBeroaMoga — 1 T,
MOy b oTonuona — 1 mT., MOIY/Ib TPaH3UCTOPA
— 1 mrt., MOAyNnb IJs MOJAKIIIOUYEHUS HCTOYHUKA
TOKa — 1 IIT., MOAYJb PBIYAKHOTO BBIKJIIOUATEIS —
1 mT., MOIYNb MEepeKoYaTess Ha ABa MOJI0KEHUS]
— 1 mrT., MeTayunyeckuit TAMHAp — | mWT., MeaHas
npoBosiioka (@ = 0,14 mm, L = 1,0 m) — 1 mt.,
KOMIUIEKT COEAMHMUTEIbHBIX MPOBOJOB — | mT.,
MIPOBOJ JUIsl MOJKIIOYEHHsI UCTOUHMKA nuTaHus (L
= 1,5 M) — 1 mr., 32KUMbI THIA «KPOKOAUI» — 2
mT.) — 1 Habop, Habop Ten paBHOW Macchl — 1 mT.,
Habop Ten paBHOro obovema — 1 wT., mpubop s
NEMOHCTpAllMM J1aBJIECHUSA B KMIKOCTH — 1 mIT.,

npuOOp Ul M3y4YeHHs Ta30BBIX 3aKOHOB — 1 miT.,
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TeIUIoNpUEeMHHK (rapa) — 1 mrT., yueOHoe mocooue
— 1 mIT. pyKOBOJCTBO 10 AKCILIyaTauu — | mirt.

2.7

O06opynoBanue
st
TEMOHCTpAIAH
OTIBITOB (XMMHUSI)

KomiuiektHocTh: annapar Kunna (250 mut) — 1 mr.,
puOOp Ui WILTIOCTPAIMK 3aBUCUMOCTH CKOPOCTHU
XUMAYECKHX PEeaKkUuii oT ycinoBuid — 1 mrT., mpudop!
JUIS  OKUCJIeHMsS ~ COUpTa  HaJA  MEIHBIM
KaTaau3aTopoM — 1 mrT., mpubop A MOJydeHUs
raJlONI0AIKaHOB — 1 MIT., CTEKJISHHbIE KOJIOBI
(konmyeckas 250 mu — 1 wT., kpyraogonuas 250
Ma — 1 mr., kpyriogonHas 500 mu — 1 T,
miockogoHHas 250 ma — 1 mt., niaockomodHas 500
mia — 1 T, MepHas ¢ metko 250 mu — 1 mir.,
MepHast ¢ MeTkoi 500 mu — 1 mwT.) — 1 KOMIUIEKT,
cTeKJIsiHHBIE cTakaHbl (50, 100, 150, 250 mi — mo 2
mT., 600 Mo — 1 mT.) — 1 KOMIUJIEKT, CTEKJISTHHBIC
npooupku xumuueckue (14x120, 16x150 u 21x200
MM — 1o 4 mr.) — 1 KOMIUIEKT, MEpHbIE
cTexisiHHbIe TIUHAPHI (50 1 100 M — o 1 mT.) —
1 KoMIUIeKT, IpsiMasi CTeKJITHHAs TpyOka L = 15 cm
— 1 1mT., CTeKJISIHHBIE TPYOKH, 3arHYTHIE O] YIIIOM
(60°, 90° u 100° — mo 1 mr.) — 1 KOMIJIEKT,
CTCKJISIHHBIC MAJIOYKX — 2 IUT., CTEKJIIHHAs YalllKa)
[letpu — 1 wWT., CTEKISHHBIE BOPOHKHU (AMaMETPOM
56 1 75 MM — o 1 mT.) — 1 KOMIJIEKT, CTEKIISTHHBIE
etk (2, 5 u 10 Mo — mo 1 1mT.) — 1 KOMILIeKT,
dapdoposslit ctakan 150 mi — 1 wt., dpaphopoast
CTYIIKa ¢ iecToM — | 1mT., (appopoBbIil MIIATEND —
I wr., apeomerpsr (800, 900, 1000, 1100,
1200 xr/m3 — mo 1 mT.) — 1 KOMIUIEKT, JIOKKA JIJIsi
COKUTAHUS BEIECTB — | IIT., 32KUM MPOOUPOUHBIi
— 1 1mT.,, MeTaIMYecKHM IHMHIOET — 1 1T,
CUJIMKOHOBass Tpyobka L = 1 M - 1 mr,
pacnbUIMNTENbHAs ceTka — | INT., INTaTUB JUid
mpobupok (10 rueszn) — 1 wr., cniuproBka — 1 mT.,
pe3nHoBbIe MpoOku (auamerp 14,5 mm — 4 mrT.,
16 mm — 2 mit., 19 MM — 2 mT., 29 MM — 3 mT.)
1 KOMIUIEKT, pe3MHOBbIE IPOOKHU C ra300TBOAHBIMY
TpyOkamu — 2 mT., Habop  ATHKETOK
camokyiesnuxcd — 1 1mT., OymMaxHble (QUIBTPHI
muamerpoMm 150 mm — 1 ym., yueGHOE mocoOue —
| T, pykKOBOACTBO MO JKCILUTyaTauy — 1 mr.

10

2.8

Hab6op OI'D/EID
(pusuka)

Cocras Habopa: LITaTHB 1a00paTOPHBIH
(dbusznueckuit ¢ IByMst My(QTaMu U IBYMsl JIalIKaMH
— 1 mrT., Becel anekrponsusle 10 200 r — 1 mrT.,
MEpPHBIA HWIMHIP CTEKISHHBINA, IPees N3MEpeHus]

250 mu, ieHa aesnenus 2 M — 1 wt., tuHamomerp 1

ImT.

80
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H, uena nenenus 0,02 H — 1 wrt., nunamometp 5 H,
ena nenenus 0,1 H — 1 wr., qunuuap craiabHOH
25 cM3 — 1 WT., IMIKMHAP ATFOMUHUEBBIN 25 cM3 —
1 ., nunuaap amomuHueBsli 34 cm3 — 1 T,
LWIMHIP TUIACTUKOBBIM 56 cM3 — 1 1T., NpyKnHa
Ha mianmere 40 H/mM — 1 mr., npyxuHa Ha|
rtanmiere 10 H/m — 1 mr., rpy3st mo 100 T — 6 mr.,
Habop rpy3oB ¢ marom 10 1 (50, 60, 70 u 80 1) — 1
KOMIUIL., MEepHasi JeHTa — | mrT., JuHewka — 1 mrT.,
TpaHcmopTHp — | mwT., OPYCOK C KPIOUYKOM U HUTHIO
— 1 wr.,, HanpaBustomas anuHot 500 Mm (¢
pasHbIMH Kod(h(dULIMeHTaMH TpeHHus Opycka 1o ee
MMOBEPXHOCTAM)  — 1 ., CEKYHJIOMED
QIEKTPOHHBIA € JABYMs  JaTydkamMu  XOJUIa
(cexyHaoMep B I1acTUKOBOM Kopmyce 130*57*30
MM, C HUGPOBBIM TPEXPa3psIHBIM HHAUKATOPOM
Uil OTOOpaK€HHs BpeMeHHM (C  TOYHOCTBIO
mn3mepenus B cekyHnaax: 10 10 — 0,01; mocie 10
0,1), xaonkamu «Crtapt/Ctonm» u «C6pocy», USB-
pPa3beMOM JUIS MOJAKIIOUEHHUs JATYUKOB XOJuia) —
1 1rT., HampaBJAIoNMAs CO MIKajaou — 1 mT., 6pycoK
NEpeBSIHHBI C MYCKOBBIM MarHutoM — | miT.,
HUTSHOW MasTHUK (TPy3 C ITYCKOBBIM MarHUTOM,
HUTh C BO3MOXXHOCTBIO HW3MEHEHUS JIJIHHBI,
OuuisgpHeld  moxaBec) — 1 mT.,,  pblyan
(C OTTpy30YHBIMH BHUHTAaMH U KPIOYKaMHU s
rpy30B) — 1 mrT., 6JIOK MOABMKHBIN — 1 mT., 6JIOK

HENOJABWXKHBIM — | mT., kamopumerp — 1 mir.,
repmomMeTrp JsabopatopHeiii 0-100 C — 1 miT,,
MCTOYHUK MUTAHUSA IIOCTOSIHHOTO TOKQ|

(6arapeiinbiit 6ok 0-7,5 B ¢ BO3MOXHOCTHIO
[PETYJIUPOBKM BBIXOJHOIO HAIpPSIKEHUS C IIAaroM
1,5 B) — 1 mr., aMmmepmeTrp ABYXNIpEeIeIbHbIN
(0,6 A ¢ nenoit nenenus 0,02 A u 3 A ¢ 1eHoi
nenenuss 0,1  A) I  wr., BOABTMETP
neyxnpenenbHelid (3 B ¢ uenoit aenenus 0,1 B u
6 B ¢ uenoit genenus 0,2 B) — 1 wrT., pe3ucropsl
4,7 u 5,7 Om Ha manenu — 1 mr., namnouka (4,8 B,
0,5 A) — 1 wT., mepeMeHHbI pe3ucTop (peocrar)
o 10 Om — 1 mT., COENUHUTENBHBIE MPOBOAA —|
20 mr., kmo4 — | mT., HAbOp MNPOBOJOYHBIX
pe3ucTopoB  Ha  maHenu (AN U3y4UEHUs
3aBUCHUMOCTHU COIPOTHUBIICHUS MIPOBO/THUKA]
OT JJIMHBI |, TIIOIIAaM MOMEPEeYHOro CeYeHus S U
YACIBHOTO COMPOTHBICHUS p) — 1 HaAOOPp.,

cobupatomas iuH3a, ¢GokycHoe paccrosHue 100
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MM — 1 mT.,, cobuparomas JnH3a, (HOKYCHOE
paccrosgaue 50 MM — 1 mIT., paccenBaroias JMH3a,
(doxycHOe pacctossHue — 75 MM — | 1mT., SKpaH —
1 mT., onTudeckas cKaMbi — 1 INT., CiHalj]
«Mopgenb mnpeaMera» Ha MOACTaBke — 1 T,
OCBETUTEIh Ha MOJCTaBKEe — | IIT., MPO3payHbIH
MONYUMIUHAP — | IIT., MJIAHIIET C KPYrOBBIM
TpaHcnopTupoM — 1 mT., mpubop AJi U3yUeHUs
ra3oBbIX 3aKOHOB — | IIT., KamWuIIpbl — 2 IIT.,
mudpakaronnsie pemeTkd 300 u 600 mTpuxoB/MM
— 1 KoMIUI., 3epKaio — 2 IIT., JIa3epHasi yKa3Ka —
1 wr., monsipoun B pamke — 2 mwrt., menu KOHra Ha
MJacTUHE — | MIT., KaTYIIKa-MOTOK — | IIT., AHOIBI
Ha MaHenu — | INT., KOHJAEHCATOPbl HAa MaHENn
(4,7, 22 n 33 Mk®) — 1 mIT., KOMIIaC MIKOJIBHBIN —
11T, MarHUT MOJOCOBOW — 2 MIT., JIIEKTPOMArHUT
pa30opHBIA — | IIT., ONMJIKK KEJIe3HBIE B OaHKE —|
10 r, meyatHoe yuebHOe mocobue — 1 mIT., JIOTOK|
[pa3aTovYHbINA — 4 IT.

2.9

Ha6op OI'D/EI'D
(XuUMHs1)

B HaOop BXOAAT Bechl 1a00paTOPHBIE AJIEKTPOHHbIE
200 r, couproBka JlabopaTopHas, BOPOHKA
KOHHMYECKasi, Majoyka CTeKJIsAHHas, npobupka [1X-
14 (10 HITYK), CTaKaH BBICOKHM
c HocukoM BH-50 ¢ meTkoif (2 mTyku), IUIUHAD,
M3MEPUTEIBHBIN 2-50-2 (CTEeKJIIHHBIH,
C IPUTEPTON KPBIIIKOI), IITaTUB Ul TPOOUPOK Ha|
10 THE3N, 3aXuUM NpPOOUPOYHBIM, IINATEINb-
moxeuka (3 mTyku), Habop  (pIAaKOHOB
JUIs. XpaHEHUs pacTBOPOB U pEaKTUBOB (00beM
¢nakona 100 M - 5 KOMIUIEKTOB MO 6 HITYK,
o0bem (¢makona 30 wmia - 10 KOMIUJIEKTOB
1o 6 IUTYK), HUIMHIP U3MEPHUTEIbHBIN ¢ HOCUKOM
1-500 (2 wmTykm), crakaH Bbicokuil 500 M
(3 mTykn), HaOop epuieid AN MBIThsI MOCY.IBI
(epm1 st MBITbS MPOOUPOK - 3 IITYKH, epul JJis
MBITBSL KOJIO - 3 1IUTykH), Xamar Oenblii X/0
(2 mTykd), NepyaTKH PE3UHOBbIE XHUMHUYECKHE
cToiikue (2 IITYKH), OYKH 3alIUTHBIC, (UIBTPHI
oymaxusie (100 mTyk), roprodee JUisi COUPTOBOK
(0,33 ;1). B cocraB HabOp BXOIAT PEAKTUBBI:
AITFOMUHUH, JKeJes3o, coJIsiHas KHCJIOTA,
METHIIOpaHXK, (peHonTanenH, aMMHUaK, MEPOKCU]
BOJIOpOJa, HUTpAT cepebpa W JApyrue;, B 0OIIeH
CIIO)KHOCTH - 44  pa3nIW4HBIX  BEIIECTB,
WCIOJNb3YyEeMBIX JUISI COCTaBICHHUS KOMIUIEKTOB

CAKTUBOB IIpU TPOBCACHUN SK3aMCHAIIMOHHBIX]

IIIT.

10
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DKCIIEPUMEHTOB 10 KypCy IIKOJBbHOW XHWMUHU.
Pexomennayercs dopmupoBate Habop OI'D/EID,
MO3BOJISIFOIINN TTPOBOANTH MPAKTUYECCKHUE 3a/IaHus
NpU  TPOBEACHUM OOIIET0  TOCYJapCTBEHHOTO
PK3aMEHa 10 XUMHUU C  HCIOJIb30BaHUEM
COOTBETCTBYIOIICH 71a00paToOpHOIA MOCY/IbI,
[PEaKTUBOB, y4eOHO-/IEMOHCTPAITUOHHOTO
000pyI0OBaHUS. [Tpu bopMHUpOBaHUH
[PEKOMEHTYeTCS YUUTHIBATH (haKTUYECKYIO
noTpeOHOCTh 00pa30BaTEIIbHBIX OPTaHU3AIHIA.

2.10Mwuxkpockon

dposoit

Tun  mukpockoma: Ouosornyeckudt  Hacanxal
MHUKPOCKOIIA: MOHOKYJIIpHas Ha3nauenue:
mabopaTopHbli MeToa UCCIIeIOBaHHS: CBETIOE
rmone Marepuas ONTHKU: ONTHUYECKOE CTEKIIO
VBenmnyeHne MUKpoOckoma, kpaT: 64 — 1280
Oxymaper: WF16x OObextuBbl: 4x, 10x, 40xs
(moanpyxuHeHHbIN) PeBonbBepHas rosjoska: Ha 3
oObekTMBa TUN  MOACBETKH: 3€pKallo  WJH
cBeToauno]l PacrosnokeHue MmojacBEeTKU: BEPXHSSA U
HKHAsE Martepuan kopiyca: metami [IpeameTHslit
croinuk, MmM: 90 Mctounuk nuranus: 220 B/50 I'n
Uucno meranukcenei: 1

20

3. Paznen « Komunbrore

HOe 000py/10BaAHNE»

3.1

MHoro¢pyHKIIMOHA
IIBHOE YCTPOMUCTBO
(mpuHTEp, CKaHep,
KOTIHP)

Tun YCTpOMCTBA:! MHoOro¢pyHKIIMOHAIBHOE
ycrpoiictBo (MDYVY); LlBeTHOCTh TeYaTh: YEPHO-
Oenasi; TexHOJOrUs medatu: 3neKTporpapudeckas
(;mazepHas, cBeroauMonHas); dopmar mnedaTH: He
MEHee Ad4; Tun CKaHUPOBAHMS:
MPOTSKHBIN/TITaHIIE THBIN; Bo3moxxHOCTH
CKaHUpOBaHUA B ¢opmaTax: He MeHee A4; Criocob
noakarouenus: LAN, Wi-Fi, USB

10

3.2

Hoytoyk

Dopm-PakTop: HOyTOyk; Pasmep numaroHanu: He
meHee 15.6 mroiimoB; Paspernenue skpana: Full
HD, Quad HD wmmu Ultra HD; OOmuii o6bem
YCTAaHOBJICHHOW ONEPATUBHOM MaMsTH: HE MEHee &
['6aiiT, MakcuManbHBIA OOITUHN MOACPKUBACMBIN
00BEM OIEepaTHBHOW MaMsATH: HEe MeHee 16 ['GaiiT;
O6vem SSD wHakomutens: He MeHee 240 I'Gaiir;
becnipoBoaHas CBSI3b: Wi-Fi; KomuuectBo
BCTPOEHHBIX B Kopnyc noproB USB: He MmeHee 2,
13 KOTOphIX He MeHee 1 nomkHo O0bTh USB Bepcun
He Hke 3.0; Pa3pemenue B30-kamepbl, MIIUKCenb:
He wMenee 0.3; BcerpoeHHbli  MHKpPOQOH;
KnaBuarypa ¢ packiiaikol ¢  MapKHUPOBKOM
krapum  QWERTY/MIYKEH;  Iomiepxka

CTaHJIaPTOB OeCIpPOBOTHOM CBSI3H:

30
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802.11a/b/g/n/ac; [Tpou3BoAUTEIBHOCTH
nporeccopa (3HadeHue mokazarenss «CPU Marky
mo Tecty «Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): HE
Menee 5000 emunun; Hamuuume ManumynsTopa
MBIIIIb B  KOMIUIEKTE: [J1a; Y CTAaHOBJIEHHAs
oTiepalMOHHas cucrema c rpaduuecKuM
MOJIb30BATEILCKUM HMHTEpQeEiicoM, CBEIEHUs O
KOTOPOM BKJIFOUYEHBI B €IUHBIN PEECTP POCCUNCKHUX
[porpaMM JUIsl 3JIEKTPOHHBIX BBIYMCIUTEIbHBIX
MalliH M 0a3 JaHHBIX; Y CTAHOBJICHHBIN ITaKeT|
oducHOrO IIPOTrpaMMHOTO obecrnieueHus,
COBMECTUMOI'O C YCTAHOBJIEHHOM OIEPALMOHHON
CUCTEMOI, CBEIEHHS O KOTOPOM BKIIIOUEHBI B
CAVHBIM peecTp PpPOCCHUHCKUX MPOrpaMM  JUIs
DIEKTPOHHBIX BBIYUCIUTEIBHBIX MalIMH U 0a3
ITAHHBIX.

HanmenoBanune nHanpasjenusi: «O6opynoBaHue 1Js 0011e00pa30BaTeIbHBIX OPraHN3aIui,

ABJAIOIUXCH MAJTOKOMIIJICKTHBIMHM))

1. Pa3znen «ECTeCTBeHHOHay‘lHaH HanpaBJICHHOCTL»

1.1

[{udposas
imabopaTopus 1o

buznke
(yueHnueckas)

OObecrieunBaeT BBINOJHEHUE HKCHEPUMEHTOB I10
reMaM Kypca ¢bu3nKu. Kommuiexrarnust:
becripoBoiHONM MyNbTHAATUMK MO (uU3MKE C 6-10
BCTPOEHHbIMM  JaTuukamu: LugpoBoil  naTumy
TEeMIIEpaTypbl C JAMANa30HOM M3MEPEHUs HE YKe
gyeM or -20 go 120C Hudposoit natumk
A0COJIFOTHOTO JIaBJICHUS C JUANa30HOM M3MEpPEHUs]
He yxke yeMm oT 0 o 500 klIla J[aTunk MarHUTHOTO
MOJISL C JMAITa30HOM HM3MEpEeHHs He yke ueM oT -80
no 80 MTn JlaTynk HampspKeHHs ¢ JUana3oHaMu
M3MEPEHHUST HE yXe 4eM oT -2 no +2B; ot -5 no
+5B; ot -10 1o +10B; ot -15 o +15B JlaTuuk ToKa
He yxe uyeM oT -1 10 +1A JlaTunk akcenepoMeTp ¢
[MOKa3aTesIMM HE MeHee uem: +2 g; +4 g; +8 g
OtnenbHble yctpoiictBa: USB ocummnorpad He
MeHnee 2 kanama, +/-10 B Axkceccyapsr: KabGenb
USB coenuHUTENBHBIN 3apsiiHOE YCTPOWCTBO C
kaOenem miniUSB USB Apantep Bluetooth 4.1
Low Energy KoncTpykTOop [uisi IpOBeIeHUs
bKcriepuMeHTOB ~ KpaTkoe ~ pyKOBOJACTBO 1O

PKCILTyaTaluu 1 poBoi naboparopuu
[IporpammHoe  oOecneyenne  Meroauueckue
[PEKOMEH1alluu (40 pabor) Hanuuune

[PYCCKOSI3BIYHOTO calTa mnoaaepxkku Hanmuuue

BUJICOPOJIMKOB.

124




20

n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

1.2

[{udpoBast
maGopaTopusi 1Mo

XUMUAN
(yueHuveckas)

OOecnieunBaeT BBIMOJHEHUE JT1a00paTOPHBIX padoT
[0 XUMHM Ha YpPOKax B OCHOBHOW IIKOJE U
[MPOEKTHO-UCCIIEI0BATEIHCKON NEeSATEIbHOCTH
yJaluxcs. Komriuiekranus: becnipoBoaHoiA
MyJIbTUIATYAK 0 XUMHH C 3-Ms BCTPOCHHBIMU
natunkamu: Jlatuuk pH ¢ nuanazoHoMm u3mepeHus
He yxe uem or 0 gmo 14 pH J[arumk
AIIEKTPONPOBOAUMOCTH C TMANa30HaMH U3MEpEeHus]
He yxe yem oT 0 mo 200 mxCwm; or 0 mo 2000
MKCwMm; oT 0 10 20000 MmxCwm [laTunk Temneparypsl
C JMarma3oHOM M3MEpEeHHs He yxe deM oT -20 10
+140C OtacnbHbIe OaTYUKH: JaTUMK ONTHYECKOM
minotHoctd 525 HM  Akceccyapel: Ka6ens USB
COCTMHUTENbHBIN 3apsaHOe YCTPOMCTBO ¢ KabeneM
miniUSB USB Ananrtep Bluetooth 4.1 Low Energy|
KpaTtkoe  pyKoBOJACTBO IO  OKCIUTyaTaluu
nudposo sabopatopun Habop mabGopaTtopHOU
OCHACTKH [TporpammHoe obecrnieueHue
Metoaudeckue pekomeHaauuu He MeHee 40 pabot
Hannuue pycCKOS3BIYHOTO —caiiTa MOJAEPKKHU
Haynune BuaeoponKoB.

124

1.3

[ludposas
maboparopust 1o

Oroorun
(yueHuueckas)

OOecnieunBaeT BBINOJIHEHUE J1a00paTOPHBIX padoT|
Ha YpOKax MO OWOJIOTMM B OCHOBHOW IIKOJE U
[TPOEKTHO-UCCIIEA0BATEIBCKON JESTEIbHOCTH
YJaIIXCS. Kommnekranus: becnipoBoaHoOiA
MYJIbTHJIATUUK O OMOJOTMU C 5-10 BCTPOECHHBIMU
naTyukaMu: JlaT4MK BIAXKHOCTH C JUANa3oHOM
m3meperuss 0...100% JlaTyuk OCBEIIEHHOCTH C
nuana3oHoM H3MepeHuss He yxe dyem ot 0 1o
180000 nx Jlatuuk pH ¢ nmana3zoHOM u3MepeHHs
He yxxe yeM oT 0 1o 14 pH Jlatuuk Temmeparypsl ¢
NMarna3oHOM H3MEpeHHs He yxke 4em or -20 1o
+140C Jlatunk TemiiepaTypbl OKpYKArOLIEH Cpebl
C IMana3oHOM M3MEpEeHHs He yxke ueM oT -20 1o
+40C Axceccyapsl: 3apsilHOE€ YCTPOWCTBO C
kabenmem miniUSB USB Anantep Bluetooth 4.1
Low  Energy Kpatkoe  pyKOBOACTBO  TIO
pKCIUTyaTanuu nudposoit madbopatopun Ludposas
BHUJEOKAMepa C  METAIMYECKHMM  LITaTHUBOM,
paspemenue He MeHee 0,3 Mnukc IIporpammuoe
oOecnieueHne MeTonMYecKUe pPEKOMEHJAUN HeE
MeHee 30 pabor VYnakoBka Hanuuue
PYCCKOSI3BIYHOTO  caliTa TMOJJAEPKKH, HAJTU4Ne

BUJICOPOJIMKOB

ImT.

124

2. Paznen «/lonmosHuTEILHOE 000PY/IOBAHNE»

2.1 ‘KOMHHGKT IOCY/IbI ‘I_HTaTI/IB 7a00paTOPHBIA  XUMHUYECKHH Ha60p‘
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Ne | HammeHoBaHue Kparkue npumepHbie TeXHUYECKHUE Enununa | Koanyecrso
n/n| o0opyroBaHUA xapakrepuctuku (PBI1O) H3MepeHust
(PBIIO)
1 000pY/ZIOBAaHUS  [allleK IIerpu Ha6op UHCTPYMEHTOB
ISl YYEHUYECKUX [IpernapoBaibHbIX JIOXkKKa U1 CKUTaHMS BEIIECTB
onbIToB (xumus, [Ctymnka dapdoposas ¢ nectukom Habop 6anok ams
buzuKa, xpaHeHus TBepabix peaktuBoB (30 - 50 mu1) HabGop
OroI0rUs) CKISTHOK ((pJIaKOHOB) Uit XpaHEHHs PAacTBOPOB
peaktBoB HabGop mpobupok (I1X-14, I1X-16)
[MpubGop nans mnomydenuss Tr1a3oB  CHOupTOBKA
["oprouee anst ciupToBOK DuUIIbTpOBaNbHAS Oymara
Konba  xonuueckas  Ilamouka  crekisiHHas
(c pe3uHOBBIM HaKOHEYHUKOM) Yamieuka IS
BbIIIApUBaHUs (BbIIAPUTEIbHAS yalieyka) MepHbIi
UWIMHAp (TUIaCTUKOBBIM) BopoHKa cTekisHHAs
(mamast)  Crakan  crexkimsHabld (100 wmu)
["azooTBO/IHASA TPYOKa
2.2 |O6pazoBatenbHblii (O0pa3oBaTenbHBIE ~ HAOOp  JIOJDKEH ObITH|  WIT. 62
HAOOD IS MpelHa3HauYeH A7 U3y4eHUs: pOOOTOTEXHUYECKHX
M3Yy4EHUS TEXHOJIOTH, OCHOB MH(OpPMaLMOHHBIX
MHOTOKOMIIOHEHTHTEXHOJIOTMMT M TEXHOJIOTMH  MPOMBILIIEHHOU
bIX ABTOMATH3ALHH, a TaKKe TEXHOJIOTHH
POOOTOTEXHUYECK [MPOTOTUIIMPOBAHUS U AJIUTUBHOTO MIPOU3BOJICTBA.
MX CUCTEM U B COCTaB Habopa JTOJIKHBI BXOJIUTH|
MaHMITYJISIUOHHBI KOMIUIEKTYIOIME U YCTpPOHCTBa, oO0Jsagaromnue
X poOOTOB KOHCTPYKTUBHOM, aIlllapaTHOM M NPOrpaMMHON

COBMECTUMOCTBIO APYT C APYTOM.
1) KoMmmieKT KOHCTPYKTHUBHBIX 3JEMEHTOB W3
MeTajula W IUlacTHKa Il cOOpKM  Mojerneit
MaHHITYJISIUOHHBIX po0oTOB c YTJI0BOM
KMHEMAaTUKOM, IJI0CKONapaJUIEIbHON
KrHeMaTukou, Delta-knHeMaTHKOM.

2) WHTennexTyanbHbIi CEpPBOMOYJIb C
VHTETPUPOBAHHOM CHCTEMOW YIIPABICHHUS — HE
MeHee 7mT. CepBOMOIyib JIOJDKEH 00Ja1aTh
MHTETPUPOBAHHON CHUCTEMOH YIIpaBJICHUS,
oOecrieunBaronieii 00paTHyIO0 CBSI3b MJIM KOHTPOJIb
rapamMeTpoB MOJIOKEHHE  Bajla, CKOPOCTh
BpallleHUsl, Harpy3ka TIpUBOAA, a  TaKKe
0OecIeunBaroIIEn BO3MOYKHOCTh
MIOCJIEI0BATEIBHOTO MOAKIOYEHHS APYT C APYIOM
138 yIIpaBICHUS CEPBOMOYIISIMU 1o
[1OCJIEI0BATEILHOMY MOJIYAYIUIEKCHOMY)
ACHXPOHHOMY UHTEp(deiicy.

3) PoGorotexHuveckwmii KOHTpOJLIED,
MPEACTABISIONINNA CO00M MOIYJIBHOE YCTPOUCTRBO,
BKJIIOYAIOLIEE B cels OJIHOIUIATHBIN
MUKPOKOMIIBIOTED U1  BBIIOJHEHHUS  CIIOKHBIX

BBIUMCIIMTENILHBIX  ONepanuii, nepudepuitHbIi
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

KOHTpPOJUIEp  JUIsl  YOpPaBJIEHUS  BHEIIHUMU
yCTpOMCTBAMM M IUIATy  paCIIMpEHus s
[OAKJIIOUEHUsT BHELIHUX YCTPOMCTB. Monaynu
POOOTOTEXHUUYECKOIO  KOHTpoJlepa  JOJKHBI
o0nagatb  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
AnapaTHOM M IPOrPaMMHOM COBMECTUMOCTBIO
npyr ¢ ApyroM. PoGOTOTeXHHYECKH KOHTPOJUIEP

JTOJI2KCH YAOBJICTBOPATDH TEXHHUYCCKHUM|
XAPAKTCPUCTHKAM: KOJI-BO AJ€p BCTPOCHHOTO
MUKPOKOMIIBIOTEpA — HE MCHCC 4, TaKTOBasd

yactoTa siapa — He menee 1,2 I'T', oovrem O3Y —
He MeHee 512 MO, Hammuue uHTepdeiicor — SPI,
12C, 1-wire TTL, UART, PWM, mudpoBsie — He
MeHee 16 1T ¥ aHaJIoroBble MOPTHl — HE MEHEe §
T 8 T[OAKIIOYEHUS BHEIIHUX YCTPOMHCTB,
BCTpOCHHBIM MUKpodoH, a Takke WiFi wim
Bluetooth pans KOMMyHHKamuu CO BHEIIHUMH
ycTpoiicTBaMu. PoOOTOTEXHUYECKUH KOHTPOILIEP
NOJKEH o0ecrieunBaTh BO3MO>KHOCTH|
[IPOrpaMMHUPOBAHUsl C MOMOUIBIO CPEICTB SI3bIKOB
C/C++, Python m cB0OOJHO pacmpocTpaHseMoil
cpeasl Arduino IDE, a Takxke ympaBieHHs
MOJIETISIMU ~ POOOTOTEXHUYECKUX  CHCTEM  C
rnomo1bo cpenst ROS.

4) IlporpamMmupyemblii KOHTpOJJIEpD — HE MEHEe
lmr. I[Iporpammupyemslii  KOHTPOJIIEP JTOJKEH
MPEACTABISATh COOOM BBIYUCIUTEIBHBIN MOJYIIb,
o01afaromuM U(PPOBBIMU NTOPTAaMH — HE MeHee §
T U aHAJIOTOBBIMM MOpTaMU — He MeHee 16 T,
untepdeiicamu UART, 12C,SPI, TTL, a Takxe
MoyJieM OecripoBoIHOM cBs3u Tuma Bluetooth wim
WiFi nns  co3manHusi  anmapaTHO-TIPOTPaMMHBIX
pPEIIeHHH U «yMHBIX/CMapT»-yCTPOMCTB  AJid
pa3paboTku pemeHuil «MIHTEpHET BemIei».

5) Ilnmara pacmupeHuss OPOrpaMMHUPYEMOTO
KOHTpoJuiepa — He MeHee 1mT. [Inara pacmupenus
NOJKHA o0ecrnieunBaTh BO3MO>KHOCTH|
MOAKITIOYEHUSI YHUBEPCAIBHOTO BBIYUCIUTEIBHOIO
MOJYJIS K CeTH nocpeacTBoM unrepdeiica Ethernet.
[lnara pacmupeHus AODKHA 00IaaaTh MOpPTaMHU
BBOJIa-BbIBOAA JUISl TOJKIIOYEHUS IUPPOBBIX U
AHAJIOTOBBIX YCTpPOMCTB — He MeHee 40 miT,
unTepdeiic SPI 1 BO3MOXKHOCTBIO MOAKIIOUEHUS
BHEILIHEW KapThl NaMSITH.

6) Monyib TEXHUYECKOTO 3peHusl,

MpeICTaBISAIoNMi  co00i  ycTpoiicTBO Ha 0asze
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

BBIYUCIIUTEEHOTO MHUKpPOKOHTpOJLIEpa u
WHTETPUPOBAHHOM  Kamepbl, oOecrneunBarolee
[pacrio3HaBaHWE TMPOCTEUIINX W300paKCHU Ha|
MOJyJIe 32 CUET COOCTBEHHBIX BBIYUCIUTEIbHBIX
BO3MOXKHOCTE — He MeHee lmrt; Moaynb
TEXHUYECKOro 3peHusi JOJDKeH o00ecreunBaTh
BO3MOYKHOCTh KOMMYHHKALIMU C aHAJIOTMYHBIMH
MOAYJISIMM ~ TIOCPEICTBOM  IIMHBI Ha  0asze
MocJeoBaTeNbHOTO  HMHTepdeiica ¢ Lelbio
NaNbHEWIe repenayn pe3ysibTaToB H3MEPEHUN
CPYIIIIBI MoAayJen Ha yIpasioLee
BBIYHUCIUTENFHOE YCTPOMCTBO, MOJKIIOYEHHOE K
NMaHHOW IMHE. MOIynb TEXHMYECKOIO 3pEHHUs
NOJKEeH o0ecrnieunBaTh BO3MO>KHOCTH|
OCYILIECTBISATh HAaCTPOMKY MOAYNSI TEXHUYECKOTO
3peHusi — HACTPOIKY PKcro3uIy, Oanganca 6esoro,
[BETOPA3HOCTHBIX  COCTABJIAIOIIMX,  IUIOLIA/N
0OHapyKHUBaeMOU obyactu Hn300pakeHMS,
OKpYIJI0CTU oOHapyX1BaeMou obacTu
M300paKeHUs, TOJIO)KEHHE  OOHAPYKUBAEMBIX
oOjacTeld OTHOCHUTENBHO JApyr Jpyra. Moayib
TEXHUYECKOr0 3peHHs JOJDKeH o0ecredynBaTh
BO3MOXHOCTh ~HAacCTpPONMKH Ha OJHOBPEMEHHOE
oOHapykeHHe He MeHee 10 pa3MyHbIX OAMHOYHBIX
00BEKTOB B CEKTOpe 0030pa, JuO0 HE MeHee 5
COCTaBHBIX OOBEKTOB, COCTOSIIUX W3 HE MeHee 3
Pa3NMUYHBIX TpaQHUUEeCKNX NPUMHUTHUBOB. MOayIh
TeXHUYECKOro  3peHus  JOoJDKeH  o0Jsajarth
BCcTpoeHHbIMH HHTepdericamun — USB, UART, 1-
wire TTL, 12C, SPI ngns xoMMyHUKanuu coO
BHEIITHUMHU TTO/IKJIFOYaEMbIMH yCTPOICTBAMHU.

7) B cocraB Habopa JOKHBI BXOAMTH LU(POBBIE
MH(OPMALIMOHHO-CEHCOPHBIE MOJyJIH,
MpeJCTaBIsAoIIMe CcOo0Oi  ycTpoiicTBa Ha 0Oase
MPOTPaMMHUPYEMOTO KOHTpOJuIepa u
3MepuTenbHOro anementa. LudpoBoit Momynb
TOJDKEH o0J1azaTh BCTPOCHHBIM
MUKPOKOHTPOJUIEPOM (TakTOBask 4Yacrora — HE
MmeHee 16 MI'n, mmHa JaHHBIX — HE MEHee 8
KOaiit), wuHTepdeiicaMu Ui TMOAKIIOYEHUS K
BHEIIHAM yCTpOICTBaM: U(POBHIE U aHAIOTOBHIE
noptsl, 1-wire TTL, pa3bem tuna RJ. Ludposoit
MOJYJIb JIOJDKEH OOecneurnBaTh BO3MOXHOCTH
KOMMYHHUKAIIUM C  AHAJIOTUYHBIMH  MOJYJSMU
MOCPEACTBOM IIMHBI Ha 0a3ze MOCierI0BaTEeIbHOTO

uHTepdeiica ¢ 1enplo0  JalbHEWIel mepeaadn
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

PE3yJIbTaTOB M3MEPEHUM TpyNIbl MOAYJIEH HA|
YIIPaBIAIOLIEE  BBIYMCIUTEIBHOE  YCTPOMCTBO,
MOJKIIFOUYEHHOE K JIaHHOU muHe. B cocraB Habopa
NOJDKHO BXOAMTH: LU(POBOM MOIYyIb TaKTOBOMH

KHOIIKM — HE MEHee 3T, HUPPOBOH MOIYIh
CBETOAMO/Ia — HE MeHee 31T, HU(POBOM MOIYIb
KOHIICBOTO TMpepbIBaTesis — HE MeHee 3IT,

U POBOI MOTYJIh TATUYMKA [[BETA — HE MeHee 11T,
udposoii Moxyar RGB cBeromnona — He MeHee
lurr.

8) B cocraB Habopa JOJKHBI BXOIUTH 3JIEMEHTH]
st cOOpKM BaKyyMHOTO 3axBaTa: BaKyyMHas
MPUCOCKa — HE MEHee |mT, AJIeKTPOMAarHUTHBIN
KJIallaH — He MeHee 11T, BaKyyMHBIH Hacoc — HE
MeHee 11iT.

0) B cocraB Habopa OMKEH BXOIUTH Y4EOHBIN
KOMIUICKT, BKJIFOYAIOIINN B ce0sl yueOHOe mocodue,
Ha0Op OWONIMOTEK TPEXMEPHBIX JJIEMEHTOB IS
MPOTOTHITHPOBAHKSI MOJICICH MaHHUITYJISIITAOHHBIX
POOOTOB, a TaKKe MPOrpaMMHOE O0ECTICUCHHE IS
pabotel ¢ Habopom. [Iporpammuoe obecrieueHue
NOTHKHO obecrnieunBaTh TPEXMEPHYIO
BH3yaJM3al[dI0  MOJACITH  MaHUIYJISIUOHHOTO
poboTa (c YIJIOBOW, TIOCKOMApAIEIbHON U
nenbTa-KMHEMAaTUKoi) B mpouecce  paboThl,
oOecrieunBaTh TMOCTPOEHUE IPOCTPAHCTBEHHOM
TPaCKTOPUU JIBUKCHHS HCIIOJTHUTEIBHOTO
MeXaHU3Ma MaHUMYJSITUOHHOTO pobora,
BO3MOYKHOCTh 33JJaHHS TTOCIIEOBATEILHOCTH TOYEK
TUIS TIPOXOXKACHMSI 4Yepe3 HUX HCIOIHUTEIHHOTO
MexaHHu3Ma MaHUMYJISUOHHOTO poOora.
[TporpamMmmHoOe obecrnieueHue JIOJKHO
(YHKITMOHUPOBATh, KaK B OTICIHHOCTH B BHJC
CpeIbl MOJETUPOBaHUS, TaK U B PEKUME
MOHHTOPHHTa B  pEaJlbHOM  BpPEMEHU  TIpHU

MTOIKJIFOUEHU N MOJIeNN MaHUITYJIATOPA
MOCPEICTBOM POOOTOTEXHUYECKOIO KOHTPOJLIEPA.
IIporpamMmMHoOe o0ecrieueHue JOJKHO
obecreunBaTh BO3MO>KHOCTh MIOCTPOEHHUS

rpadMKOB 3aJaHHBIX M TEKYIIUX OOOOIIEHHBIX
KOOpJIMHAT MaHUMYJISLHUOHHOTO poboTa, rpaduKkoB
3HaYeHWH CKOpOCTeH U YCKOpEHHus, TIpaduKoB
pacdeTHBIX 3HaYeHUM Harpy3ku. IIporpammuoe
oOecriedeHne  JOJDKHO — TO3BOJATH  3aJ]laBaTh
[0CJIEI0BATEIBHOCTD NepeBIKEHUI

MaHMITYJIITOpa IOCPEACTBOM Habopa KOMaH] B
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n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

OonmouHo-TpadguueckoM  uHTEpdeiice.  YuebHOE
nocodue JOIKHO coJepXaTb MaTepuaybl 110
pa3paboTKe TPEXMEPHBIX MoOJEIed MOOUIBHBIX
POOOTOB,  MAHUNYJSALMOHHBIX  pOOOTOB ¢
PA3NUYHBIMK ~ TUNAMHU  KWHEMAaTUKd  (yrioBas
KMHEMaTHKa, IUIOCKO-NapajiesibHas KHHEMaTHKa,
nenpra-kuHeMatuka, SCARA  wuinm  pblyakHas
KUHeMaThKa, Iulatpopma Crroapra W T.IL.),
WHCTPYKIIMM [0  TPOCKTUPOBAHUIO  POOOTOB,
MHCTPYKIIMM U METOJUKH  OCYILECTBIICHUS
WH)XCHEPHBIX pAacyeToB TMPH MPOSKTHPOBAHUU
(pacueTsl Harpy3ku M  MOMEHTOB,  pacyer
MOIITHOCTH  NPUBOJIOB,  pacyeT  MapaMeTpoOB
KMHEMAaTUKU M T.I.), HHCTPYKIMU IO pa3paboTKe
crCcTEM yIIpaBIICHUS " IPOTPaMMHOTO
oOecriedeHuss Uil yOpaeieHHs — poOoTamuy,
WHCTPYKIIMA M METOJMKH 10 pa3pabOTKe CHCTEM
yIpaBJIEHUs] € 3JEMEHTaMH HCKYCCTBEHHOTO
MHTEIJUICKTA M MAIIMHHOTO OOyUYCHHS.

2.3

O0Opa3oBaTebHBIHI
Ha0op 1o
MeXaHUKe,
MCXAaTPOHUKE U
POOOTOTEXHUKE

HaGop ngomxeH  ObITh  MpegHA3HAUYEH s
MPOBEACHUS YYEOHBIX 3aHIATHH 10 U3YYCHHIO
OCHOB MEXaTPOHUKH u POOOTOTEXHUKH,
MPAKTUYECKOTO MPUMEHEHHs] 0a30BBIX JJIEMEHTOB
DIEKTPOHUKU U CXEMOTEXHHUKHU, a TaKke Hanbolee
[pactipoCTpaHEHHOMN JIEMEHTHOMN 0a3bl U OCHOBHBIX
TeXHHYECKUX  pEIIeHWH, TPUMEHSEMBIX TpHU
MPOCKTUPOBAHUH u MIPOTOTHITUPOBAHUN
PA3TMYHBIX WHXEHEPHBIX, KUOEPHETUYECKUX U
BCTpanBaeMbIX CUCTEM. B coctaB Habopa JOJIKHBI
BXOAUTh  KOMIUIEKTYIOIIME M  YCTPOMCTBA,
oOnagaronue KOHCTPYKTHUBHOM, DSJIEKTPUUYECKOH,
anmapaTHOM M TPOrPaMMHOM COBMECTUMOCTBIO
npyr ¢ ApyroM. B coctaB Habopa q0/KEH BXOIUTH
KOMIUIEKT KOHCTPYKTUBHBIX 2JIEMEHTOB U3 METAILIA
Ui cCOOpKHM MakeTa MaHUNYJISIUOHHOTO po0oTa U
KOMIUIEKT ~ METaJUIMYECKUX  KOHCTPYKTHUBHBIX
HIIEMEHTOB il COOpKM MakeTa MOOMJIBHOTO
pobota. B coctaB Habopa [OMKHBI BXOAUTH

MPUBOJA  Pa3IMYHOTO  THIMA:  MOTOPBl €
VHTETPUPOBAHHBIM  WJIA  BHEIIHUM  JIaT4YUKOM
[OJIOKEHUs — HE MeHee 2 IIT, CEepPBONPHBOJL

OoNbIION — HE MEHee 4 IIT, CEPBOIPUBO MAJIBIN —
HE MEHee 2 1IUT, NPHUBOJ C BO3MOKHOCTBIO
YIIPaBJIEHMS B IIarOBOM PEXHUME — HE MEHEE 21IIT.
B cocraB Habopa OMKHBI BXOIUTh JIEMEHTHI s

cOOpKM BaKyyMHOTO 3aXBaTa: BaKyyMHasl IPUCOCKA]

IIIT.

62




26

n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

— HE MEHee | 1T, 3JIEKTPOMArHUTHBIN KJIallaH — He
MeHee | 1T, BAKYYMHBIM Hacoc — He MeHee 1mT. B
cocTaB Habopa JTOJKHA BXOJIUTH dJIEMEHTHas 0a3al
JUI TPOTOTUIIMPOBAHMS: IUIaTa AJisi OecraeyHoro
[IPOTOTUIIMPOBAHMS, KOMILIEKT IIPOBO/IOB
[Pa3JIMYHOTO TUIA U JUIMHBI, KOMIUIEKT PE3UCTOPOB,
KOMILJIEKT CBETOJMO/IOB, CEMHCETMEHTHBIN
uHaukarop, auciied JKK-Tuma, KHONKH — HE
MeHee 5 T, MOTEHLMOMETPbl — HE MEHee 31T,
uH(ppakpacHbIH JaTYMK — HE MeHee 3IIT,
yJIbTPa3BYKOBOM JAaTUMK — HE MeHee 31UT, JaTYUK
TeMmreparypsl — HE MeHee lmT, [aTyuK
OCBCIIIEHHOCTH — HEe MeHee 11T, Moayis Bluetooth
— He menee 1 mrt, mogynr UK-mpuemnuka — He
Menee 1 mT, mMomynes HMK-nepemarumka B Buae
KHOIIOYHOTO MyJbTa ympaeieHus — 1 1T,
AKKyMyJIATOp — HE MeHee | 1T, 3apsaHoe
ycTpoiicTBo — He MeHee | mrT. B cocraB Habopa
NOJDKEH BXOJUTh MYJBTUIATUUK JJIS U3MEPEHUs
TeMIIepaTypbl U BIAKHOCTU OKPYKAIOILIEH CPebl —
He MeHee | mT. MynbTUIATYUK JO0KEH 00J1aaTh
BCTPOCHHBIM ~ MUKPOKOHTPOJUIEPOM  (TaKkTOBas
gactora — He MeHee 16 MI'1, mmHa JaHHBIX — HE
meHee 8 KOaiit), unrepdelicamu U1 NOIKIIOUEHUS
K  BHEUIHMM  ycTpoWcTBaMm:  IUGPOBBIE U
aHaoroBbie mopThl, 1-wire TTL, passem Tuna RJ.
B cocraB Habopa JOMKEH BXOJIUTh KOMILIEKT
YHUBEPCAIbHBIX  BBIYMCIUTENBHBIX  MOJYJIEH,
MPEACTABISIIONIUX CcO00M 0a30ByI0 TUIaTy, IUIATY
pacIIMpeHusl JUIsl CETEBOrO B3aWMOACWUCTBHSA U
riaty — TOJKIIOYEHHS  CHUJIOBOM  HarpysKu.
Bxondmue B KOMIUIEKT YCTPOMCTBA  JOJIKHBI
o0janaTh  OJHOBPEMEHHOH  KOHCTPYKTHBHOM,
DJICKTPUYECKOM, aNmapaTHOM M  MPOrpPaMMHOU
COBMECTUMOCTBIO Jpyr ¢ Apyrom. bazoBas miata
YHUBEPCAIBHOIO  BBIYMCIMUTEIBHOTO  MOJIYJA
NOJDKHA TIPENICTaBIsATh COOO0M MporpaMMHUpyeMbIid
koHTporiep B cpene  Arduino IDE  wim
AQHAJIOTUYHBIX ~ CBOOOJAHO  PacHpOCTPaHSIEMBIX
cpenax pa3paboTku. ba3zoBas maTa J10JDKHA
o0nazaTe BCTPOEHHBIMU  UHTepdelicamMu s
MOJKIIOYEHUS  HU(POBBIX U AHAJIOTOBBIX
YCTpOWCTB, BCTpoeHHBIMH uHTepdeiicamu USB,
UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi.
[lnara  pacmmmpeHus  JODKHA — OOecreuyuBaTh

IBOSMOXXHOCTb ITOAKJIFOUYCHU A YHUBCPCAJILHOI'O
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BBIUUCIUTEIBHOTO MOJYJsl K CETH IOCPEACTBOM
untepdeiica Ethernet. [lnara pacmmpenus momkHa
o0agaThb opTamMu BBOJIa-BbIBOJIA JUIsl
MOAKIIOUEHUsT  UUQPOBBIX M aHAJIOTOBBIX
yctpoiictB, uHTepdeiic SPI u BO3MOXHOCTBHIO
MOJKIIIOUEHUsI BHeIIHel KapThl mnamsatu. I[lnara
[pacIIMpeHust AJIs MOAKIIIOUEHUS CUIIOBOM HArpy3Ku
NOJKHA O0EeCIeurBaTh BO3MOXKHOCTb MPSIMOIO
[MOJKJIFOYEHUS BHEIIHEH CUJIOBOM Harpysku, a
TakK€ pEeryjlupyeMod Harpy3kd IOCPEICTBOM
PWM wuntepdeiica. B cocraB Habopa momkeH
BXOJIUTh IPOrPaMMHUPYEMBIii KOHTPOJLIED,
00ECTICeYNBAIOIINN  BO3MOXKHOCTh  OCYHIECTBIISTH
pa3paboTKy MPOrpaMMHOIO  KOJa, HCIOJb3Ys
MHCTpyMeHTapuii cpex pa3padbotku Arduino IDE u
Mongoose OS u 43bIKOB NPOrPaMMHUPOBAHUS
C\C+, JavaScript. [MporpammupyembIit
KOHTpOJUIEp [JIOJDKEH 00iafarh MOpTaMu s
MOJIKIIOYEHUST  HU(POBBIX W aHAJOTOBBIX
YCTPOMCTB, BCTPOCHHBIMH IMPOTPaAMMHUPYEMBIMU
KHOIIKAMU U DJIEKTPOMEXAHUYECKUMH MOJYJISIMU
JUIsl OpraHU3allid CUCTEMBI PYYHOTO YIpaBIEHUS,
BCTPOEHHBIMH NPOTPAaMMHPYEMBIMU CBETOIMOIaMU
TUIST MHAWKAIUU pabodyero pekruma, BCTPOSCHHBIMU
unrepdericamu USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocrap
Habopa JOJKEH BXOAUTh MOAYJb TEXHHUYECKOIO
3peHus , IIPECTaBIISIFOIINN coboi
BBIUHUCIUTENIBHOE YCTPOHCTBO €O BCTPOEHHBIM
MHUKPOIIPOIIECCOPOM (KOJI-BO Jep — HE MeHee 41T,
yacTtoTta siapa He menee 1.2 [T, o6bem O3Y — He
MeHee 512MO6, o0beM BCTPOCHHOH MaMsATH — HE
MeHee  8['0),  WHTerpupoBaHHON  Kamepoi
(MakcUMalIbHOE paspelieHue BUJIEOTIOTOKA,
nepegaBaemoro o uatepdeiicy USB — He MmeHee
2592x1944 en.) u ontuyeckoil cuctemoil. Moyib,
TEXHHUYECKOro  3peHus  JoJbkeH  00Jaaarh
COBMECTUMOCTBIO C pa3IUYHBIMHY|
MPOrpaMMUPYEMBIMH KOHTPOJIJIEPAMHU € MOMOUIBIO
untTepdeiicos — 1l-wire TTL, UART, 12C, SPI,
Ethernet. Monyinp TEXHMUECKOTO 3pEHHS JIOJDKEH
oOecreynBaTh BBIMOJIHEHUE BCEX H3MEPEHUl H
BBIYHUCIICHUI MIOCPEJICTBOM COOCTBEHHBIX
BBIYHUCIUTENBHBIX BO3MOXHOCTEH BCTPOEHHOTO
MUKpompolieccopa. Moyllb TEXHUYECKOTO 3pEHUs

JOJIDKCH 06HaI[aTb BO3MOXXHOCTbO KOMMYHUKAIINH
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C AHAJIOTMYHBIMU MOJIYJIIMHM ITOCPEICTBOM ILIHMHBI
Ha 0ase mocienoBaTelbHOI0 MHTEpdelica ¢ LEebio
NanbHENIIEH Iepefadu pe3yjbTaTOB H3MEPEHUU
IPYIIIIBI MOnyJIer Ha YIPaBIAOLICE
BBIYMCIIUTEIIBHOE YCTPOMCTBO, IOJKIIOYEHHOE K
NaHHOW MKMHE. Monaylb TEXHHUYECKOrO 3pEHUs
NOJDKEH — oOecrieuMBaTh — HAacTPOMKHM — PEKHMMOB

paboOTBl — HACTPOMKY OKCIO3MWIMH, OanaHca
Oeroro, I[BETOPA3HOCTHBIX COCTaBIISIOIINX,
TUIOLIAHA oOHapyKHBaeMOn oOJactu
M300paXeHUsS,  OKPYTJIOCTH  OOHapyKHBaeMOU
o0acTh n300pakeHus, [IOJIOKEHHE

O0OHapyKUBaeMbIX 001acTel OTHOCHTEIBHO JPYT
npyra,  MalMHHOEe  OOydyeHHe  HapaMeTpoB
HEHPOHHBIX CEeTe UIsl OOHapyKeHHS OOBEKTOB,
bopmy U 3aKOJMPOBAHHBIE 3HAa4YeHUs
0OHapyKUBAaEMbBIX MAapKEPOB THIIA ATuco, pa3Mepsl
O00Hapy>KUBaeMbIX OKPYKHOCTEH, KBaJIpaTroB WU
TPEYrOJIbHUKOB,  MAapaMETPOB  KOHTPACTHOCTH,
[pa3MepoB, KPUBHU3HBI u HOJIOKEHHUS
pacnio3HaBaeMblx ~ JuHUM.  HabGop  momkeH
o0ecreynBaTh BO3MOKHOCTh Pa3pabOTKH MOJAETH
MOOUIIBHOTO poboTa, yrpasisemol B FPV-pexxume
MOCPEJICTBOM MPOTPaMMHOTO OOecredyeHus: s
MEPCOHATBHOTO  KOMIBIOTEpAa W MOOWJIBHBIX
ycrpoiictB Ha ©0aze OC Android wumum 10OS,
00€eCreunBaOIIEro  BO3MOXKHOCTh  YIPaBJICHUS
MOOMIIbHBIM poboTom U BCTPOECHHBIM
MaHHITYJIITOPOM ~ TIOCPEACTBOM  TpadUvecKoro
uHTepdeiica, BKIOYAOMUM B cebs HabOp KHOIOK
W TepeKiovarened, JPKOWCTUK, o00JacTh Jyis
O0TOOpaKEHUS BUJIEO. HaGop JOJKEH
oOecrieynBaTh BO3MOXXHOCTh HW3YyYEHHS OCHOB
pa3pabOTKM  NPOTPaMMHBIX M ammapaTHBIX
KOMILUIEKCOB HMH)KEHEPHBIX CHCTEM, PEIICHUH B
chepe «HTepHeT Bemiel», a Takke pelIeHUil B
o0nactu POOOTOTEXHUKH, HCKYCCTBEHHOI'O
MHTEJUIEKTa M MallMHHOTO oOyudeHus. B cocras
Ha0opa JOHKHO BXOIUTH MOCOOHE MO U3YYCHHIO
OCHOB DJIEKTPOHUKH M CXEMOTEXHHKH, PEIICHUH B
chepe «MuTepHeT Bemiel», pa3pabOTKU U
MPOTOTUIIMPOBAHUIO Mojienell podoToB. B coctas
Ha0opa JOJKHO BXOIUTH MOCOOHE MO U3YYCHHIO
OCHOB Pa3pabOTKH CHUCTEM TEXHUYECKOI'O 3peHHs U
HJIEMEHTOB MCKYCCTBEHHOI'O MHTEILIEKTA.

2.4

O0pasoBarenbHBIN

PoOoToTexHHUeCKUil HabOp TNpeAHa3HAa4YeH s

248




29

n/n

HaunmenoBanue
000opy10BaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

KOHCTPYKTOP JJIst
MPAKTHKH
0JIOYHOTO
[POrpPaMMHUPOBAHU
s1 ¢ KOMIIJIEKTOM
TaTYNKOB

M3YYCHHSI OCHOB POOOTOTEXHHKH, ICTAICH, y3JIOB 1
MEXaHU3MOB, HEOOXOIMMBIX  JUIsI  CO3JIaHus
[POOOTOTEXHUYECKHUX YCTPOMCTB. Habop
Mpe/CTaBiIsieT COo00M KOMIUIEKT CTPYKTYpPHBIX
DIIEMEHTOB,  COCIUHUTENIBHBIX  DJIIEMEHTOB U
PIEKTPOTEXHUYECKUX KOMITOHEHTOB. Habop
MO3BOJISICT  TPOBOJAUTH  JKCIEPUMEHTBI  TIO
npenMeTy (usmka, co3iaBaTh U MPOrpaMMHUPOBATH
coOMpaeMble MOJCIH, U3 KOMIIOHEHTOB, BXOISIIINX,
B €ro cocraB, paboune MOJeNd MOOWIbHBIX U
CTAIIMOHAPHBIX POOOTOTEXHUYECKHX YCTPOUCTB C
ABTOMATHU3HPOBAHHBIM YIPABIECHUEM, B TOM YUCIIE
Ha KOJECHOM M TyCCHHMYHOM XOdy, a TaKKe
KOHCTPYKLUN, OCHOBAaHHBIX Ha HCIOJB30BaHUU
Pa3IMYHBIX BUAOB TMepemnad (B TOM — YHCIIE
YepBSAYHBIX M 3yO4yaThlX) a TakXKe phIYaros.
Bcrpoennbie  OecpOBOJIHBIE CETEBBIE PEIICHUS
(Wi-Fi u Bluetooth), BO3MOKHOCTb MHTEIPALMU C
OccrmaTHBIM ~— oOmauneiM 11O,  obOecrieunBaroT]
BO3MOYXHOCTh MIPAKTHYECKOTO W3Y4YCHUS
TEXHOJIOTM  WHTEpPHETa BEIEW HU  OCHOB
MCKYCCTBEHHOTOo uHTelsiekTa. (OOecrneunBaercs
BO3MOXKHOCTh OOBEIMHEHHSI HECKOJIBKUX POOOTOB,
COOpaHHBIX M3 MOJOOHBIX HAOOPOB, B TPYHIMBI C
CeTeBBIM  B3amMojeilictBueM.  [Ipegycmorpenal
OTIIMOHAIbHAS BO3MOKHOCTb paciupeHus
TTOTIOTHATETLHBIMU KOMITOHCHTAMU (ae
BXOJALIUMH B CTaHAAPTHYIO KOMIUIEKTAIIHIO),
MO3BOJISIFOIIIMMH HM3y4aTh TEXHUYECKOE 3pEHUE W
MPOMBIIIJICHHYI0 pPOoO0TOTeXHUKY. [IpeaycMoTpenal
BO3MOKHOCTh paboThI Habopa v
NOTIONTHUTEIBHBIMU ~ OOJIAYHBIMH ~ CEpBUCAMHU.
[TpemycMOTpeHbI MUHUMYM 1B
MPOrPaMMHUPYEMBIX KOHTPOJIJIEpAa B TUIACTUKOBBIX
KOpITycax, TTO3BOJISTFOIIIHX OJTHOBPEMEHHO
co3lMaBaTh 2 BapuaHTa pPOOOTOB Pa3IMYHOTO
Ha3HAYCHUS, UMCIOIINX BO3MOXXHOCTh PabOTHI KaK
B IOTOKOBOM pEXHME, TaK U aBTOHOMHO;
MTO3BOJISTFOIIIMX peaim30BaTh o0OydueHue
MPOrPaMMUPOBAHUIO B HECKOJIBKHX  Cpeaax
pa3pabOTKK HA Pa3IMIHBIX sA3bIKaxX (K MpUMepy, B
cpenax Mblock, Arduino IDE, Ha si3p1kax Scratch,
C, Python, micro Python). Kakx Munumym oaun u3
KOHTPOJIJIEPOB UMEET BCTPOCHHYIO OINEPAIlMOHHYIO
cuctemy, BctpoeHnble Wi-Fi u Bluetooth, mopt as
MOJNKIIIOUEHUSI TIOCTIEOBATENHHO  COCTUHSIEMBIX
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BHELIHUX YCTPOMCTB (He MeHee 20 0THOBPEMEHHO
MOJIKIIIOYaeMbIX ycTpoicTB). Kak MUHMUMYM OIIMH
u3 KOHTPOJIIEPOB uMeeT BO3MO>KHOCTh
OJIHOBPEMEHHOI 3amucu He MeHee § Mmporpamm, C
BO3MOKHOCTBIO TIEPEKIIOYeHUsT MeKy HUMHU. Kak
MUHUMYM  OIMH M3  KOHTPOJUIEPOB  HMMEET
nonHouBeTHbld  auctuied  (IPS), mno3Bomnstomumit
BBIBOJIUTH JIaHHBIE C JAATYUKOB B BUJIE TaOIUI U
rpaguKoB, a TaKXe CO3JaBaThb BCTPOCHHBIE B
KOHTpOJIep BHICOUTphl. KomndyecTBO CEHCOPOB U
VICTIOTHUTEJIbHBIX YCTPOUCTB, BCTPOCHHBIX B OJIMH
13 KOHTpoJiepoB, - He MeHee 10 mT. OOmiee
KOJIMYECTBO 3JIEMEHTOB B Habope He MeHee 400
IIT., B TOM YHUCJIE TMOAKIIOYaeMble MOIYIU: -
Bluetooth Momynb, - ABOWHOW NMaTYMK JIMHHUH, -
yIBTPa3BYKOBOM JIaTYMK PACCTOSHUS, - JAaTYUK
[BETA, - JATUYUK KaCaHUs IEKTPOMEXaHUYECKUH, -
IR Monmynb, - MOTOp TMOCTOSHHOTO TOKa C
PEAYKTOpOM — HE MeHee
2 IIT., - CEPBOMPHUBOMA, - MYJIbT AUCTAHIMOHHOIO
ynpasienuss  IR. HaGop  nmomxen  OBITH
YKOMILIEKTOBAH aKKyMYJISTOPHBIMU OaTapesMu.
[IporpamMMHOe oOecrieueHne, HCIOJIb3YeMOe s
[POrpaMMHUpPOBAHUSA coOupaeMbIxX
POOOTOTEXHUYECKUX  MOJIENeH U  yCTPOMWCTB,
NMOKHO  OBITh  JOCTYNHO Uil  OECIIaTHOTO
CKauMBaHHS U3 CeTH HTEpHET M MOCIEIYIOIIETO
MCIIOJIb30BAHMSL.

2.5

O06opynoBaHue
st
TEMOHCTpAIHH
OTIBITOB ((hH3HKa)

KomrmiekTHOCTh: HAOOp JUIsi JAEMOHCTpaIlUid 10
¢duszuke «MexaHuka» (B COCTaBe: MOHOPEIBC
METaJUTMYECKUH — | MIT., TeIeXKKH — 2 MIT., (HIaKKH
Ui TeNeXXKH — 4 IIT., JuHelka — 1 mT., 6pycoK
NIEPEBSHHBIN C IBYMS KprOdukamu — | IIT., BEAEPKO
c meTyied — 1 mT., TOJCTaBKU AJIsi MOHOpenbca — 2
IIT., CTEP>KHU MeTaindeckue (7,5 cMm) ¢ pe3b0oii —
2 IIT., IJIJACTMHA METajlInyeckas — 1 MIT., KpIoUKy|
— 2 mr., 010K — 1 wT., npyxuHa ¢ ¢raaxkoMm — 1
IIT., KOBPUK — | MT., InmiIbKU-ynopsl (60 MM) ¢
CHUINKOHOBBIMU TPyOKamu — 3 IIT., TPAHCHOPTHUD C
oTBecoM — | miT., Tpy3bl o 50 r — 6 WIT., MOTOK
HUTH — | 1T, KycoK IUlacTwinHa — 1 1miT.,
[IACTUKOBBIE I[IAPUKM HAa HUTH — 2 WT.,
METaJUIMYECKUH MAapuK — | IIT., HUTh ¢ MarHUTOM
— 1 ., Gudunapueii nogsec — 1 mwr.) - 1 Habop,
Ha0Op AJIEKTPUYECKUX MOaylied (B coCTaBe:

Moaysb pesucropa 5 m 10 Om, 5 Br — 1 mr,,

62
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MoayJb pesuctopoB 1 u 22 kOwm, 0,25 Bt — 1 wr.,
MOYJIb pe3ucTopa nepemeHHoro toka 10 Om — 1
IT., MOJYJIb JJaMIibl HakanuBanus 3,5 B, 0,15 MA
1 wmr., moxyns koHaeHcatopoB 10, 100 u 1000
MKD +10%, 16 B — 1 wt., Mmoaynb karymiek 250 u
1000 BuTKOB — 1 mT., MOAYJIH TEpMOpE3UcTOpa — 1
[IT., MOJIYJIb COJIHEYHOTO 3JeMeHTa nutanus — 1
mT., MOAYIb (oTtopesuctopa — 1 MIT., MOIYIb
muona — 1 T, Momyne cBeroguoxa — 1 1mT.,
Moaynb Goronnoaa — 1 mT., MOAYNb TPaH3UCTOPA
— 1 mT.,, MOAY"Ab ISl TOAKIIOUEHHUS HCTOYHHUKA
TOKa — 1 IIT., MOAYJb PHIYAKHOTO BBIKIIOUYATEIS —|
1 mT., MOZYJb TIEPEKITIOYATENSI HA JBA TIOJIOKCHUS
— 1 wT., MeTamnueckuil uuauHAp — 1 mwrT., MenHas
npoBosioka (@ = 0,14 mm, L = 1,0 m) — 1 mrT,,
KOMIUIEKT COEAMHHUTEIBHBIX MPOBOJOB — | mmIT.,
MPOBOJ JUISl TIOJKITFOYCHHSI UCTOYHUKA nuTaHus (L
= 1,5 M) — 1 mT., 32%KUMBI TUIA KKPOKOIUI» — 2
mt.) — 1 Habop, HaOop Ten paBHOW Macchl — 1 mT.,
HaOop Ten paBHOrO oObeMa — 1 mT., MpUOOp 1A
NIEMOHCTPAIIMHA JABJICHUS B JKUJIKOCTH — 1 mIT.,
mpuOop AN U3y4eHHUs Ta30BBIX 3aKOHOB — | mmIT.,
TeruIonpueMHUK (rmapa) — 1 wT., yuebHOe mocodue
— 1 mT. pyKOBOACTBO MO AKCILTyaTanuu — | mr.

2.6

OGopynoBaHue
st
ITEMOHCTpAIHH
OTIHITOB (XMMHUSI)

KommextHocTh: annapar Kunma (250 mut) — 1 mr.,
npubOop I WITIOCTPALMK 3aBUCUMOCTH CKOPOCTH,
XUMHUECKHUX peakuil oT ycioBuil — 1 mrt., mpudop
JUIs  OKUCJIEHMsT ~ COUpTa  Hajg  MEIHBIM
KaTaau3aTopoM — 1 mrT., mpuboOp A MOJSydeHus
rajJoui0alKaHoB — 1 IIT., CTEKJISHHBIE KOJIObI
(konmyeckas 250 mu — 1 mmT., kpyraoaonHas 250
M1 — 1 mr., kpyrmogonHas 500 min — 1 mr.,
mockogoHHas 250 mir — 1 mT., mockomorHas 500
Ma1 — 1 mT., MmepHas ¢ Metkod 250 mi — 1 mrT.,
MepHast ¢ MeTkoi 500 mut — 1 mT.) — 1 KOMIUIEKT,
cTexysiHHbIe cTakaHbl (50, 100, 150, 250 ma — o 2
mT., 600 Mo — 1 wT.) — 1 KOMIJIEKT, CTEKIISTHHBIE
npobupku xumuueckue (14x120, 16x150 u 21x200
MM — 1o 4 mr.) — 1 KOMIUIEKT, MEepHbIE
cTexsisiHHbIe TUHAPH (50 1 100 M — o 1 mmt.)
1 xoMIIeKkT, mpsiMast cTeKJIsHHas Tpyoka L = 15 cm
— 1 mT., cTeKJIAHHBIE TPYOKH, 3arHYTHIE MO/ YTIIOM
(60°, 90° u 100° — mo 1 mr.) — 1 KOMILJIEKT,
CTCKJISIHHBIE MAJOYKX — 2 IIT., CTEKJIIHHAs YalllKa)
[lerpu — 1 mIT., CTEKJISTHHBIE BOPOHKH (JHaMETPOM

56 1 75 MM — 110 1 mT.) — | KOMIIIEKT, CTEKJISTHHBIE
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nunetkd (2, 5 u 10 mut — mo 1 mwt.) — 1 KOMIIEKT,
dhapdopossiii crakan 150 M — 1 mr., papdoposas
CTymnKa ¢ mectom — 1 mr., ¢papdopoBsiil mmarens —
1 mr., apeomerpnr (800, 900, 1000, 1100, 1200
kr/M3 — mo 1 mT.) — | KOMIUIEKT, JIOXKKa JIJis
COKMTaHUS BEIIeCTB — | IIT., 3aKUM MPOOUPOYHBIH
— 1 mr.,, MeTalIWdYeCKMii IMHOET — 1 IIT.,
cCuIMKOHOBas Tpyoka L = 1 M - 1 mr,
pacTlbUIMTENbHAS CeTKa — | IOT., INTaTUB JyIs
npobupox (10 rae3n) — 1 mT., ciuproBka — 1 mT.,
pe3nHoBbIe TpoOKU (nuametp 14,5 mm — 4 wr., 16
MM — 2 T., 19 Mm — 2 mT., 29 Mmm — 3 mT.) — 1
KOMIUICKT, PE3UHOBBIC MPOOKH C Ta300TBOIHBIMHU
TpyOkaMmu — 2 mT., HabOp  ITHUKETOK
camokyesmmxcss — | mT., OyMakHbIe (QHIBTPHI
muamerpom 150 mm — 1 ym., yueOHoe mocobue — 1
IIT., PyKOBOJICTBO MO AKCIUTyaTaiu — | mmrT.

2.7

Ha6op OI'D/EI'D
(pusuka)

CocraB Habopa: IITaTUB 1a0opaTOpHBIN
(buznveckuil ¢ AByMS My(hTaMH U IBYMs JIAITKaMH
— 1 ., Bechl anekTpoHHbie a0 200 r — 1 mrT.,
MEPHBIN HUIMHAP CTEKJISIHHBIN, PEIeT U3MEPEHUS
250 M, uena neneHus 2 miu — 1 wr., iuHamometp |
H, nena nenenus 0,02 H — 1 mt., nuaamometp 5 H,
ueHa aenenus 0,1 H — 1 wT., uuauHap cTaibHOU
25 cM3 — 1 WT., IMIMHAP aTIOMUHUEBBIN 25 cM3 —
I wr., unnuaap amomuHueBbld 34 cm3 — 1 T,
HMIMHP TUIACTUKOBBIM 56 cM3 — 1 1mT., NpyKuHa
Ha muaHmere 40 H/M — 1 mT., npyxuHa Ha
rtanmere 10 H/m — 1 wr., rpy3st o 100 1 - 6 mrT.,
Habop rpy3os ¢ marom 10 r (50, 60, 70 u 80 r) — 1
KOMIUIL., MepHasi jeHta — 1 mrT., JuHeika — 1 mrT.,
TpaHcnopTHp — 1 mT., OPYCOK C KPIOUYKOM U HUTBIO
— 1 mr., HampaBnstomas anuHo 500 Mm (¢
pasHBIMU KOX(pPHUIIMEHTaMU TpeHHs Opycka 1o ee
MOBEpXHOCTAM)  — 1 mT.,  CEKyHAOMEp
DIIGKTPOHHBIA € JABYMs  JaT4MKaMud  XOJa
(cekyHIOMEp B TUIacTHKOBOM Kopmyce 130*57*30
MM, ¢ HU(POBBIM TPEXPa3psAHBIM HHIUKATOPOM
UIs  OTOOpakeHHsT BpeMeHHM (C  TOYHOCTHIO
n3Mepenus B cekyHaax: 10 10 — 0,01; mocne 10 —
0,1), xnonkamu «Ctapt/Cton» u «Copocy, USB-
Pa3beMOM JUTsl TOAKIIOYSHHS JaTYuKoB Xomna) — 1
IIT., HAPaBJISAONMIAs CO IKajgol — 1 mT., Opycok
NepeBSHHBIA C ITYCKOBBIM MarHMToM — 1 mIT.,
HUTSHON MasTHUK (TPy3 C IYCKOBBIM MarHuTOM,

HHUTh C BO3MOXHOCTBIO H3MCHCHHA  OJIMHBI,

ImT.
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ouunspueii monmsec) — 1 mT., peryar (c
OTIPY304YHBIMU BUHTAMH U KPIOUKaMH ISl TPY30B)
— 1 mT., OJNOK HOABIKHBIA — 1 1ImT., OJOK
HEMOABWXHbIH — 1 mr.,, Kamopumerp - 1 mir.,
repmomMeTrp Jsabopatopueiii 0-100 C — 1 mT,,
MCTOYHUK MUTaHU MIOCTOSIHHOTO TOKA
(Oatapeiinbiii 610k 0-7,5 B ¢ BO3MOKHOCTBHIO
[PETYJIIMPOBKU BBIXOJHOTO HAMNPSHKEHUS C I1aroM
1,5 B) - 1 wrt., amnepmerp aByxnpezaenbubiii (0,6 A
c nenor aemenus 0,02 A u 3 A ¢ 1ieHOM JencHus
0,1 A) — 1 wr., BonbT™MeTp ABYyXIpeaenbHslil (3 B ¢
nenou npenenns 0,1 B u 6 B ¢ nenout genenns 0,2
B) — 1 wr., pesucropsl 4,7 u 5,7 Om Ha nanenu — 1
mT., 1ammodka (4,8 B, 0,5 A) — 1 mT., nepeMeHHBIH
pesuctop (peocrar) nmo 10 Om — 1 T,
COeMHUTEIIbHBIC TTpoBoAa - 20 mIT., K4 — 1 mrT.,
HA0Op MPOBOJIOYHBIX PE3UCTOPOB Ha MaHenw (s
M3Y4YCHUS 3aBUCHUMOCTH COTPOTUBIICHUS
MPOBOJHKMKA OT JUTUHBI |, TUIOIIAIN MOMEPEYHOTO
ceueHuss S U YAETbHOTO COMpOTUBICHHS p) — 1
Ha0op., coOupatoras JIUH3A, dokycHOE
paccrosiuue 100 MM — 1 mT., cobuparomas JInH3a,
¢dbokycnoe paccrosane 50 mMm  — 1 T,
paccenBaromias JMH3a, (POKYCHOE paccTosHUE - 79
MM — | mIT., 9kpaH — | mIT., ONTHYECKask CKaMbs - 1
mrT., cnaiig «Mopens nmpeameray Ha moacTaBke — 1
IIT., OCBETHTE]b Ha TMOJACTaBKe — 1 1mT.,
MPO3payHblii MOMYUUIUHAP — | IIT., TUTAHIIET ¢
KPYTOBBIM TpaHCIOPTHUpOM — | mT., mpubop s
M3Y4YECHUS Ta30BBIX 3aKOHOB — | IIT., KAMMILISPBI —
2 wr., nudpakunonusle pemerkun 300 u 600
MTPUXOB/MM — 1 KOMIUL, 3epkajio — 2 wT.,
mazepHasl ykaska — | MIT., MOJSPOUT B pamMke — 2
mt., mend FOHra Ha mnactuHe — 1 WIT., KaTyiika-
MOTOK — 1 1mIT., Owoxpl Ha MaHeaw — 1 IIT.,
KOHJIeHcaTophl Ha manenu (4,7, 22 u 33 Mx®d) — 1
IIIT., KOMIIAC IIKOJIFHBIN - 1IIIT., MAarHUT II0JIOCOBOM
— 2 mMmT., 3JEKTPOMAarHUT pa3z0opHbii — 1 mT.,
OMWIKK Kene3nble B Oanke — 10 T, ydyeOHOE
mocobue — 1 mT., TOTOK pa3naTOYHBIN — 4 MIT.

2.7

Ha6op OI'D/EI'D
(XUMHS)

B Habop BXOIAT Bechl 1a0OpaTOPHBIE FIEKTPOHHBIE
200 1, coupToBKa J1labopaTopHas, BOPOHKA
KOHUYecKasi, ajJlouka CTeKIsHHas1, npooupka [1X-
14 (10 mTyk), cTakaH BeicOkuii ¢ HocukoM BH-50 ¢
METKOM (2 MTYyKHW), MWIAHAP HU3MEPUTEIBHBIA 2-

50-2 (CTeKJISIHHBIM, C TPHUTEPTOH KPBILIKON),
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Ne | HaumenoBanue
n/n| o0opyroBaHUA
(PBIIO)

Kpatkne npumepHbie TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
H3MepeHust

KoJunuyecTBo

mratuB A npooupoxk Ha 10 THEN, 3aKUM
MpOoOUPOYHBIN, IIMATeNb-JIOXKeYKa (3 IITYKH),
HaOop (IaKOHOB Ui XpaHEHUsT PACTBOPOB U
peakTuBoB (00beM ¢makona 100 mim - 5
KOMILUIEKTOB 10 6 mTYK, 00beM ¢aakona 30 mi -
10 xoMIIeKTOB 1O 6  ITYK), IWIKHAD
M3MepUTENbHBI ¢ HOcukoM 1-500 (2 mTykn),
ctakaH BeicOkui 500 mi (3 mTyku), Habop epiiei
TUIS. MBITBSI TIOCYZIBI (€I U1l MBIThS TIPOOUPOK - 3
IITYKH, €pII A MBIThSI KOJNO - 3 IITYKH), XauaT
Oenplii x/0 (2 IWTYKW), TEpYaTKH pPE3UHOBHIC
XUMHUYECKHE CTOWKHE (2 MTYKH), OYKU 3alUTHBIE,
¢buibTpel Oymaxkueie (100 mTyk), roprodee IS
cnuptoBok (0,33 ). B cocraB Habop BXOIAT
[PEaKTHUBBI: ATIOMHHHUHN, KeNe30, COISTHAs KUCIIOTa,
METHJIOpaHXK, (QeHonaTalenH, aMMHaK, MEPOKCH]T
BOJIOpO/Aa, HUTpaT cepedpa W napyrue; B 0OIIel
CIIO)KHOCTH - 44  pa3nuuHbIX  BEIIECTB,
WCTIONB3YEeMBIX JUISI COCTABJICHHS KOMIUIEKTOB
[PEAKTUBOB MPHU MPOBEACHUU HSK3aMEHAI[MOHHBIX
ODKCIIEPUMEHTOB TI0 KypCy IIKOJBHOW XHMHH.
Pexomenayercst ¢opmupoBate Habop OI'D/EID,
MO3BOJISIOMINN TIPOBOANTH MPAKTUYECKUE 3a/IaHUS
OpU  IPOBEAEHUH  OOLIEro  IoCyJapCTBEHHOTO
DK3aMeHa 10 XHMHH C  HCIOJb30BAHUEM

COOTBETCTBYIOLIEH 1abopaTopHOii MIOCY/IbI,
[PEaKTHBOB, y4eOHO-1eMOHCTPAIIMOHHOTO
000pyI0BaHUS. [Ipn dbopmupoBaHuY
[PEKOMEH/TyeTCs YYUTHIBATh (bakTHIECKYIO

noTpeOHOCTh 00pa30BaTEIbHBIX OPraHU3AIMM.

2.8 Muxkpockor
1 poBoH

Tun  mukpockoma: Ouosornyeckudt  Hacankal
MUKPOCKOIIA: MOHOKYJISIpHAs Haznauenue:
mabopaTopHbIii  MeTon ucciaenoBaHUS: CBETIIOE
nosie Marepuan ONTHKH: ONTHYECKOE CTEKIIO
VBenmnyeHne MUKpOcKoma, kpaT: 64 — 1280
Oxynsapel: WF16x OObextuBbl: 4x, 10x, 40xs
(moanpyxuHeHHbI) PeBonbBepHas rojoBka: Ha 3
o0bekTHBa THUI  MOACBETKM: 3€pKajo  MIH
cBeToauol Pacmono)keHrne MOJCBETKH: BEPXHSASA U
HIDKHAS Martepuan kopiryca: metaul [IpeamerHslii
croiuk, MM: 90 Mctounnk nuranus: 220 B/50 I'n
Yucno meranukcene: 1
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3. Paznen «KomnbloTepHoe 060py10BaHuEe»

3.1 [MHuorodyHkImona
ITBHOE YCTPOMCTBO
(mpuHTEp, CKaHeEp,

Tun yYCTpOMCTBA:! MHoro(yHKIIMOHAJIEHOE
yctporictBo (M®VY); LlBeTHOCTH Te4aTh: YEpPHO-

Oenast; TexHomorust medaTH: sJeKTporpaduueckas

ImT.
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Ne | HammeHoBaHue Kparkue npumepHbie TeXHUYECKHUE Enununa | Koanyecrso
n/n| o0opyroBaHUA xapakrepuctuku (PBI1O) H3MepeHust
(PBIIO)
KOIIUD) (J1azepHas, cBeronuonHas); dopmar neyaTu: HeE
MeHee A4, Tun CKaHUPOBAHMS:
MPOTSKHBIN/ TITAHIIIE THBIN; Bo3moxxHOCTH
ckaHupoBaHus B popmatax: He MeHee A4; Criocod
noakarouenus: LAN, Wi-Fi, USB
HoytOyk dopMm-pakTop: HOYTOYK; Pasmep aumaronanu: IIT. 124

He meHee 15.6 mioiimoB; Paspemenue skpana: Full
HD, Quad HD wmmmu Ultra HD; OOmuii o0beMm
[YCTAaHOBJICHHOW OIEpaTUBHOW MaMSATH: HE MeHee &
['6aiiT, MakcuManbHbIA OOITUH IMTOACPKUBACMBIN
00BEM OIEepaTHBHOW MaMsATH: HEe MeHee 16 'GaiiT;
O60bem SSD Hakomutens: He MeHee 240 I'Gaiit;
becnpoBognast  cBs3p:  Wi-Fi;  KonmuectBo
BCTpOeHHBIX B Kopnyc noproB USB: He meHee 2,
13 KOTOpbIX HEe MeHee 1 nomkHo O0bTh USB Bepcun
He Hike 3.0; Paspemienue B30-kamepbl, MIIUKCETb:
He wmeHee 0.3; BcerpoeHHblid  MUKpO(OH;
KiaBuatypa ¢ packiagkod UM MapKHUPOBKOU
krappm  QWERTY/MIYKEH;  IMomiepxka
CTaHIapTOB OecrpoBOTHOM CBSI3U:
802.11a/b/g/n/ac; [Mpou3BOAUTETLHOCTD
mporeccopa (3HaueHue mokazarenss «CPU Marky
no Tecty «Laptop & Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html): He
Menee 5000 emunun; Hamuume wMaHumynsTopa
MBIIIb B KOMIUIEKTE: Ja; Y CTAHOBJICHHAs
oTiepalioHHas cucrema c rpaduyecKkum|
MOJIb30BaTEIbCKUM HMHTEp(deiicoM, CBeleHus o
KOTOPOM BKJIFOUEHBI B €IUHBIN PEECTP POCCUNCKHUX
[porpaMM JJIsl 3JEKTPOHHBIX BBIYMCIUTEIbHBIX
MalliH W 0a3 JaHHBIX, YCTAHOBJICHHBIN IIaKeT|
oucHoro IPOrPaMMHOTO o0ecrieyeHus,
COBMECTUMOI'O C YCTAHOBJIEHHON ONEPAlMOHHON
CUCTEMOM, CBEIEHUS O KOTOPOM BKJIIOYEHBI B
EAVHBI peecTp PpPOCCHUHWCKUX MPOrpaMM  JUIs
DIEKTPOHHBIX BBIYUCIUTEIBHBIX MAlIMH W 0a3

TAaHHBIX.




