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HaumenoBanue HanpasiaeHus «O00opyaoBaHue AJis1 0011e€00pa3oBaTeIbHbIX OPraHu3alui,

HE ABJIAIONUXCA MAJOKOMIIJICKTHBIMH)

1. Paznen «EcTecTBeHHOHAYYHAs1 HAIIPABJICHHOCTB)

1.1

[{udposas
mabopaTopus 1o

buznke
(yueHnueckas)

ObecrieynBaeT BBHINOJHEHUE HKCIEPUMEHTOB 10
TeMam Kypca busuky. Kommnexranus:
becnipoBogHOW MynbTUAATYMK MO (HU3UKE C 6-10
BCTpOeHHbIMH ~ Jatuukamu: LudpoBoit maTumi
TEMIIEpaTypbl C JUANa30HOM H3MEPEHUS HE YKe
gyemM ot -20 go 120C Hudposoit natyuy
A0COIIOTHOTO JJaBJICHUS C JUANa30HOM HM3MEpEeHUs]
He yxke yeMm oT 0 no 500 kIla JlaTuuk MarHMTHOTO
[OJIsl C UAna3oHOM M3MEPEHUS HE yxke yeM OT -80)
no 80 mTn JlaTuuk HampshkeHUs C JUana3oHaMu
M3MEpEHHs] HE YK€ 4eM OT -2 no +2B; ot -5 no
+5B; ot -10 1o +10B; ot -15 mo +15B JlaTunk Toka
He yke yeM oT -1 o +1A Jlaruuk akcenepoMeTp ¢
MOKa3aTeasIMM He MeHee ueM: +2 g; +4 g; +8 g
OtnenpHble ycTpoiicTBa: USB ocmummiorpad He
MeHee 2 kanana, +/-10 B Axceccyapsr: KabGemnp|
USB coenuHUTENbHBIA 3apsiAHOE YCTPOMCTBO C
kabenmem miniUSB USB Anantep Bluetooth 4.1
Low Energy KoHcTpykTOop [uIsi mpOBeeHUS
DKCIIEpUMEHTOB  KpaTkoe  pyKkOBOACTBO 1O

PKCILTyaTaluu ugpoBon naboparopuy|
[IporpammHuoe obecrieueHne Meronuueckue
[PEKOMEH1alluu (40 pabor) Hanuuue

[PYCCKOSI3BIYHOTO  calTa mnoaaepkku Hamuuue

BUJICOPOJIMKOB.

IIT.
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1.2

[udposas
mabopaTopust 1Mo
XUMUAN

(yueHuveckas)

OOecnieunBaeT BBINOJIHEHUE Ja00OpaTOPHBIX padoT
M0 XUMHM Ha YpPOKax B OCHOBHOW IIKOJE WU
[IPOEKTHO-UCCIIEA0BATEIBCKON NeSATEIbHOCTH|
yJaluxcs. Kommnekramnus: becnipoBoaHOi|
MyJIbTUAATUYAK 1O XUMHUU C 3-MS BCTPOCHHBIMU
natuynkamu: Jlatunk pH ¢ quama3oHoM U3MepeHHs]|
He yxe ueM or 0 go 14 pH [laruug
AIIEKTPONPOBOAUMOCTH C JIMara30HaMU MU3MEPEHUs
He yxe yeM oT 0 mo 200 mxCwm; ot 0 mo 2000
MKCM; ot 0 10 20000 MmxCwMm JlaTunk TeMreparypsl
C JMarma3oHOM M3MEpEHHUs: He yxe 4eMm oT -20 10
+140C OtaenbHble AaTYvKU: JlaTYUK ONTHYECKOM
miotHoct 525 HM Akceccyapsl: Kabens USB
COCIMHHUTEIIbHBIN 3apsaHOe YCTPOMCTBO ¢ KabemeM
miniUSB USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe  pyKoOBOJICTBO 1O  SKCILTyaTaluy|
udposoii ynaboparopun Habop mabopaTopHOH
OCHACTKH [IporpammHoe o0ecrieueHune
MeTtoanyeckue pekoMeHaanun He menee 40 pador
Hanmuune pyccKOA3BIMHOrO cailTa MOIJIEPKKH]
Haymmune BuaeopoInKoB.

IIIT.

30

1.3

[{udposas
mabopaTopus 1o

OHOJIOTUN
(yueHnueckas)

OO6ecnieurBaeT BBIMIOJHEHHUE JTAOOPATOPHBIX padoT
Ha YpOKax MO OWOJIOTMM B OCHOBHOW IIKOJE U
[POEKTHO-UCCIIEA0BATEIbCKOM NesITeIbHOCTH
YYaIUXCsl. Kommnexramust: becipoBogHOH
MYJIbTUIATUYUK MO OMOJOTHHU C 5-10 BCTPOEHHBIMU
naTyukamu: J{aTYMK BIAKHOCTH C JUANa30HOM|
m3meperuss 0...100% JlaTuuk OCBEIIEHHOCTH C
Uana3oHoM H3MepeHus He yxe uyeM ot 0 1o
180000 nx latunk pH ¢ nuama3oHOM HU3MEpEHMUS]
He yxe ueM oT 0 1o 14 pH Jlatuuk TemnepaTypsl ¢
TMarma3oHoOM HM3MEpEeHHUsT He yxe 4eM oT -20 10
+140C Jlatunk TemrnepaTypsl OKpY>Karolel cpebl
C JAMara3oHOM HU3MEpEHUs He yxke yeM oT -20 1o
+40C Axkceccyapbl: 3apsgHOE€ YCTPOHCTBO C
kabemem miniUSB USB Apanrtep Bluetooth 4.1
Low  Energy Kparkoe  pykoBOACTBO 1O
pKcIuTyaTanuu nudposoit maboparopun Lndposas
BHUJCOKAMEpa C  METAUIMYECKUM  IITATHBOM,
pazpemienue He meHee 0,3 Mnukc [Iporpammuoe
obOecnieueHre MeTOIMYECKHUE PEKOMEHIAIMU HE
MeHee 30 pabor VYmakoBka  Hammuue
[PYCCKOSI3BIYHOTO ~ caiiTa TOANEPKKH, HaTu4ue
BUICOPOJIMKOB

IT.

30
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2. Paznea «/lonoJiHUTEIbHOE 000PY/I0BAHHE»

2.1

YyeOHas
mabopaTopus 1o
HEUPOTEXHOJIOTUH

B cocrtaB BxoasaT: Cencop Tun 1 He menee 1 mr.,
00ecreurnBaeT BO3MOKHOCTh PErHUCTPAIlUN CUTHATIA
HIEKTPUYECKOM aKTUBHOCTH MBI
(anmekTpomuorpammel, OMI'). Perucrpanus noimkHa
OCYILIECTBIISETCS HEWHBA3UBHO, CyXUMH|
pIeKTpoaaMu. JlomKHAa HWMEThCS BO3MOXKHOCTH
KpEeIUIeHUsI K PYKe 4eJIOBEeKa, YTO JOJDKHO J1aBaTh
BO3MOXXHOCTh ~ PETUCTPUPOBATH  DIEKTPHUECKYIO
AKTUBHOCTH MBILIIBI B 00JIaCTH, HaJ KOTOPOH
pacmonaraercs kpemieHue. [lpu  HampsokeHHH
MBIIIIBl TOJDKHA OBITH OOecredueHa BO3MOKHOCTH,
HAOJIO/ICHUS] ITYYHOCTH CUTHANA (T.€. MPUCYTCTBUE
OMI'), mnpu paccnabieHUH MBIIIBI - €€
orcyrctBue. Cencop Tunm 2 He Mmenee 1 mir.,
00ecreurBaeT BO3MOKHOCTb PETrUCTPAlUN CUTHATIA
dotornerusmorpamMmel (DIII7) onTudyeckum myrem,
3a CYET U3MEHEHUS OTPAKEHHOTO OT KPOBEHOCHBIX
COCY/IOB CBETa, 00bEM KOTOPBIX H3MEHSETCS MO/
BO3JEHCTBUEM IYJIHCOBOM BOJIHBI. CEHCOp JTOJKEH|
OBITh OO0ECTeueH BO3MOXKHOCTBIO KpPEIUICHUS K
rnojayiieuke nanbpia yenoBeka. Cencop Tum 3 He
Menee 1 1T, o0ecmeyMBaeT BO3MOXKHOCTDH,
pETUCTpallii  CUTHaja  AJIEKTPOKapAHOTpaMMBbl
(OKI') He nHBa3UBHBIM CIIOCOOOM, perucrpauuu I,
Il u I1I orBenenuii. Cencop Tun 4 He meHee 1 .
o0OecrnieurBaeT BO3MOYKHOCTb: perucrpamnuu
CUTHAJIa KOXKHO-TambBaHmueckoi peakmuu (KI'P),
perucTpamusi KOTOPOTO  OCYILIECTBISETCS  HA|
MOCTOSIHHOM TOKE; TOJKITIOYEHHS K TeTy YelOBEKa
C MOMOIIBIO CyXHX AeKTponoB. CeHncop Tun 5 He
MeHee 1 mT., oOecrneynBaeT BO3MOXKHOCTH:
[PETUCTPAIIMK CUTHAIA DJICKTPUUECKON aKTUBHOCTH
Mosra (DOI') ¢ MOMONIBI0 CYyXHMX HEHWHBAa3HUBHBIX
DIIEKTPOJIOB; perucrpamnuu ANEKTPUIECKOM
AKTUBHOCTH pa3HbIX nojed Mosra. Cencop Tum 6
He MeHee | 1mT., oOecmedMBaeT BO3MOYKHOCTD:
[pETUCTpallMK CUTHAJIa KoJieOaHUsI TPYJTHOM KIIETKU
(Cencop  nabIxaHus);  ONpPENENEHUS  YaCTOTHI
NMbIXaHWUsI. YCTPOMCTBO [Isi cOOpa MaHHBIX OT
CCHCOPOB H  Tepefadyd Ha  [epPCOHATbHBIN
KOMITHIOTED O0O0ECIeYMBaeT BO3MOXKHOCTH COODA|
NMAaHHBIX OT TMOJKIIOYEHHBIX K HEMY CEHCOpPOB U
OTOpaBKy  MoJy4eHHbIX  gaHHbix Ha  [IK.
[lonxmouenne wneHtpanpHoro wmoayina k  1IK

JTOJDKHO ~ OCYIIECTBIISIThCSL ¢ momotibio  USB-

oIT.

10
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Kabens. YCTpoicTBO At cOOpa JNAaHHBIX JIOJDKHO
MMETh rajgbBaHuWyeckyro wm3omsiuuio ot [IK,
o0OecrieunBaTh  BO3MOXHOCTH  OJIHOBPEMEHHOTO
MOJKJIFOYEHHUS BIUIOTh 10 4 ceHcopoB. Kaxapii u3
BXOJIOB YCTpoicTBa [UIs cOOpa JAHHBIX JIOJIKHO
MMETh TaJbBAaHWYECKYIO H3OJAIUI0 (0OecTieueHue
MEKKaHaTbHOU rajJbBaHUYECKON H30JIAINN ).
[ToakmroueHrne CeHCOpOB K Y CTPOUCTBY i cOOpa|
TAaHHBIX OCYIIECTBIISETCS c MTOMOIILIBIO|
CIICLIMAIM3UPOBAHHBIX pazbeMoB Tuna LEMO,
00eCIICUNBAIOIINX TPABWIBHOCTh MOJKIIIOUCHUS]
pazbeMa U CHIKAIOUIUX PUCK CIIy4allHOTO KacaHUs
Pa3bEMOB TOKOMPOBOJSIIMX YacTe, a Takxke
00€eCIIEUNBAOIINX 3aIIUTY 0T
HECaHKI[MOHUPOBAHHOTO MOAKITIOUEHUS K
MPOU3BOJIBHBIM yCTpoiicTBaM. Monayib «KHOMKa)
He MeHee | 1mT., oOecmeuMBaeT BO3MOXKHOCTD:
[Pa3METKU PErucTpUpyeMbIx curHanoB. KonnyecTBo
pa3MedyaeMbIX COCTOSIHHM CHUTHAJIa JOJIKHO OBIThH
HEe MeHee 3-X pa3uyHbIX KaTeropuid. Y CTPOMCTBO)
JUIsl perHCTpallid apTEepUAIbHOTO JABJICHUS HE
MeHee | mr. Meroaudeckoe Mmocodue, KOTopoe
TOJIKHO coJiepxKaTh HE MeHee 30
IabopaTOPHBIX/IPAKTUYECKHUX/IEMOHCTPAITTOHHBIX
aboT.

2.2

KomriekT nocyib
1 000pyIOBaHUS
TS YYCHIYECKIX
OTIBITOB (XUMUS,
buzuka,
OHrOIOTHS)

[[Itatus nmabopaTopHblii xuMuyeckuit  HaGop
Jalek [lerpu Ha6op UHCTPYMEHTOB
npenapoBalibHbIX JIOKKa ISl CXKUTaHUsl BEIIECTB
Crynka dapdoponas ¢ nectukom Habop GaHok s
xpaHeHus: TBepabix peaktuBoB (30 - 50 mu) Habop
CKISHOK ((IaKOHOB) Ui XPaHEHUS PACTBOPOB
peaktuBoB HaGop mnpobupox (I1X-14, IIX-16)
[MpuGop nmns monydeHus ra3oB CHHPTOBKA
["oprouee miist cnupToBOoK DUIbTpOBaIbHAS Oymaraj
Konba xonuveckas Ilamouka creknsHHAsS (¢
PE3MHOBBIM  HAaKOHeYHHWKOM)  Yameuka  uid
BbIIIApUBaHUs (BBIIAPUTEIbHAS yalleuka) MepHbIl
nunuHAp (TUTacTUKOBBINM) BopoHka cTekisHHAS
(manmasi)  Crakan  crekisHHBIA (100 )
["a300TBOIHAS TpyOKa

IIT.
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2.3

OOpa3oBaTenbHBIN
HaOop TSt
M3yUCHUS
MHOTOKOMIIOHCHTH|
BIX

POOOTOTEXHUUECK

OOpa3oBaTeNbHBIHI Habop JOJIKEH OBITH
MpelHa3HaueH AJs U3y4eHUs: POOOTOTEXHUYECKHX
TEXHOJIOTH, OCHOB MH(POPMALMOHHBIX
TEXHOJOTMH W  TEXHOJOTMH  MNPOMBIIIJIEHHON
ABTOMATH3aLHH, a TaKxKe TEXHOJIOT U

MPOTOTUIIMPOBAHUA N aJAUTHUBHOI'O IIPOU3BOJCTBA.

IIIT.

10
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X CUCTEM U
MaHUYJISIAOHHBI
X pobOTOB

B COCTaB Habopa JTOJIKHBI BXO/IUTh
KOMIUIEKTYIOIIME M YCTpOICTBa, 00Jaaaromue
KOHCTPYKTUBHOMW, aNlapaTHOM M IIPOrPAMMHOU
COBMECTUMOCTBIO JIpyr ¢ npyrom. 1) Komriekt
KOHCTPYKTUBHBIX ~3JIEMEHTOB U3 MeTaula U
riacTUKa JiIsl COOpKH Mozesiell MaHUMY/ISIIMOHHBIX
poGOTOB C yTJIOBOU KWHEMAaTHUKOMH,
MJIOCKOMapaJlIeTbHON KUHEMaTUKOM, Delta-
KUHEMATUKOM.

2) HNuTennexTyanbHbIA CEpPBOMOJYJIb C
VHTETPUPOBAHHON CHUCTEMOM YIIPABICHUS - HE
Menee 7 mr. CepBoMOAynbh OJDKEH 001a1aTh
MHTETPUPOBAHHOU CUCTEMOM yIIpaBIEHHUS,
00ecIreunBaroIIeii 0OpaTHYIO CBSA3b WJIM KOHTPOJIIh
MapaMeTpoB - IIOJIO)KEHHWE Baja, CKOPOCTh
BpalleHusl, Harpy3ka IpUBOAA, a  TaKXKe
oOecrieunBaroeit BO3MOXHOCTb
[TOCJIEI0BATEIBHOTO MOAKIIOUEHHUS APYT C APYTOM
131 yIpaBIICHUS CEPBOMOYJIIMU (e
[TOCJIEI0BATEILHOMY MOJIYAYTUIEKCHOMY|
ACTHXPOHHOMY UHTEpdeiicy.

3) PoGoroTexanveckuit KOHTpOJLIED,
MPEICTABISAIONINI CO00M MOAYIHHOE YCTPOMCTBO,
BKJIFOYAIOLIEE B cebs OJITHOILJIATHBIM]
MUKPOKOMIIBIOTED JJI BBIOJTHEHUSI  CIOXKHBIX
BBIYMCIIUTEIBHBIX  OMepanuii, nepudepuitHbINd
KOHTpOJUIEp  JJi1  YOpaBJICHUS  BHEIIHUMHU
YCTPOWCTBAMM W IJIaTy  PacUIMpEeHHs I
[OAK/IIOUEHUsT BHEIIHUX YCTPOMCTB. Moaynu
POOOTOTEXHUYECKOTO  KOHTpOJUIEpa  JIOJIKHBI
o0nagaTb  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
AIMmapaTHOM M MPOTPAMMHON COBMECTUMOCTBIO
npyr ¢ ApyroM. PoGOTOTeXHMYECKUI KOHTpOILIEp,
NOJIKEH YIOBJIETBOPSATH TEXHUYECKUM
XapaKTEepUCTUKaM: KOJ-BO SJ€P BCTPOEHHOI'O
MUKPOKOMIIBIOTEPA - HE MEHEE 4, TAKTOBAs 4YacTOTA|
sapa - He meHee 1,2 I'Tu, oobem O3Y - He MeHee
512 M6, nannuue unrepdericos - SPI, 12C, 1-wire
TTL, UART, PWM, tudpoBsie - He MeHee 16 mT
Y aHaJOrOBbIE NOPTHI - HE MeHee § IT A
[TOAKJIIOYEHUSI BHEIIHUX YCTPOMCTB, BCTPOCHHBIN
mukpodon, a takke WiFi wmm Bluetooth mns
KOMMYHUKAIlMM CO BHEUIHUMHU YCTPONCTBAMH.
PoGoToTexHn4ecKkuii KOHTPOJIJIED JOJKEH|
o0ecreynBaTh BO3MOKHOCTb IIPOTPAMMHUPOBAHHS C
nmoMoIpio cpeAcTB s3bikoB  C/C++, Python n
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cB00OHO pacmpoctpaHsiemoii cpeanl Arduino IDE,
a TaKxe yIpaBiIeHUs MOJIETSIMUY]|
POOOTOTEXHUYECKMX CHCTEM C IOMOUIBIO CpE.bl
ROS.

4) IlporpaMMupyeMblii KOHTPOJUIED - HE MEHEE
lmr. IIporpaMMupyembliii KOHTPOJUIEP OJIKEH|
MPEICTaBIATh COOON BBIUMCIHTEIBHBIA MOIYIIb,
oOnagaronuM MUGPOBBIMUA TIOPTAMU - HE MEHee §
T ¥ aHAJIOrOBBIMM TOpPTaMU - HE MeHee 16 miT,
untepgpeiicamun UART, I12C,SPI, TTL, a Takxe
MoIysieM OecripoBOIHOM cBsizu Tuma Bluetooth iyl
WiFi 1 co3maHust  ammapaTHO-TIPOTPAMMHBIX
PEIICHU U  «YMHBIX/CMapT»-yCTPOUCTB  IJis
pa3paboTku pemeHnii «MTHTepHET Bemei».

5) Ilmara pacmmpeHuss IPOrpaMMHUPYEMOTO
KOHTpoJuiepa — He MeHee 1T, [lnara pacmmpenus
NOJDKHA obecrieunBaTh BO3MO>KHOCTH|
MOJKIIIOUYEHHUSI YHUBEPCAIBHOTO BBIYUCIUTEIHHOIO
MOJTyJIsl K ceTu mocpencTBoM uHTepdeiica Ethernet.
[lnara pacmupeHus AOKHA 00JaAaTh MOPTaMU
BBOJIa-BBIBO/IA [UISl TIOJKITIOYCHHS IHQPPOBHIX U
QHAJIOTOBBIX YCTPOMCTB — He MeHee 40 T,
uHTepdeiic SPI 1 BO3MOKHOCTBIO MMOJKIIOUEHUS]
BHEUTHEH KapThl MaMATH.

6) Mopyis TEXHUYECKOIO 3peHus,
MpEACTABISIONUNA  coO0N yCTpOMCTBO Ha 0ase
BBIYUCIUTEIEHOTO MHUKPOKOHTpPOJIIEpa u

WHTETPUPOBAHHOM  Kamepbl, 00EeCIeunBaloIIee
pacrio3HaBaHWE MPOCTEHIINX H300pakeHU HA
MOJIyJIe 332 CUET COOCTBEHHBIX BBIYMCIUTENbHBIX
BO3MOXKHOCTEH - He MeHee lmT; Moaynb
TEXHHUYECKOr0 3peHusi JOJDKeH O00ecreunBaTh
BO3MOKHOCTh KOMMYHHMKAllUM C aHAJIOTHYHBIMU
MOAYJISIMM ~ TIOCpPEICTBOM  IIMHBI Ha  0ase
mocjenoBaTeNbHOTO  HMHTepdeiica ¢ LEeJblo
NMajJbHEWIIe mnepefayu pe3yibTaTOB H3MEpPEHUH|
CpYIIIBI MOJIyJIEi Ha yIpasJstouiee
BBIUHUCIUTENLHOE YCTPOMCTBO, MOJKIIOYEHHOE K
NMaHHOW IMHE. Monynb TEXHHUYECKOIO 3pEHHS]
NOJKEeH o0ecrnieunBaTh BO3MO>KHOCTH|
OCYIIECTBJISATh HACTPOMKY MOIYJSI TEXHUYECKOIO
3pEHUsI - HACTPOWKY IKCIIO3HIINH, OanaHca 6ernoro,
[BETOPA3HOCTHBIX  COCTABJSIOLIMX,  IUIOHIAIH
0OHapyKUBAEMOM obnactu HN300pakeHus,
OKpYTJIOCTU oOHapyXuBaeMoi obmacty|
M300pakKeHUs,  TOJOKEHHE  OOHApYKHMBAEMBbIX
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o0yiacTeif OTHOCHTEIBHO JApYyr Jpyra. Momayib
TEXHUYECKOr0 3peHusi JOJDKeH O0ecleunBaTh
BO3MOXXHOCTb HAacTpPOMKHM Ha OJHOBPEMEHHOE
oOHapyxeHne He MeHee 10 pa3mTuyHBIX OJMHOYHBIX
00BEKTOB B CEKTOpe 0030pa, J1ub0 HE MeHee 5
COCTaBHBIX OOBEKTOB, COCTOSALIMX W3 HE MeHee 3
Pa3IUYHBIX TpapUUYEeCKUX MPUMUTUBOB. MOIyIb
TEXHUYECKOro  3peHus  JOJDKeH  00Jaaath
BcTpoeHHbIMU HHTepdericamun — USB, UART, 1+
wire TTL, I2C, SPI nmng KOMMyHHKalu#H CO
BHELIHUMH IOJKJIIOUAEMBIMU yCTpoicTBamu. 7) B
CoCTaB Habopa JOJDKHBI BXOIUTH IMHU(PPOBHIC
MH(pOPMALIOHHO-CEHCOPHBIE MOJYJIH,
MpeACTaBIsIIONMe CcOoO0OW ycTpolicTBa Ha 0Oase
[IPOrpaMMHUPyEMOr0 KOHTpOJIIEpa u
M3MEPHUTEIbHOTO djemeHTa. [ludpoBoit Momynb
NOJKEH o0nanath BCTPOCHHBIM|
MUKpPOKOHTpOJIJIEpOM  (TaKToBasi dYacToTa - HE
MmeHee 16 MI1, mmHA HAaHHBIX — HE McHee 8
Ko6aiit), wuHTepdeiicaMu g TOAKIIOUEHUS K
BHEITHUM yCTPOWCTBaM: MU(POBLIC W aHAIOTOBBIC
moptel, 1-wire TTL, passem tuna RJ. Iudporoii
MOJyJIb JIOJDKEH OOecreyrBaTb BO3MOKHOCTH
KOMMYHHMKAIlUd C  aHAJOTHYHBIMH  MOJYJISIMU|
MOCPEJICTBOM IIMHBI Ha 0a3e MOCIe0BATEIbHOIO)
uHTepdelica ¢ TIenpl0  JadbHEHIeH Tmepenadn
Pe3yJIbTaTOB W3MEPEHUN TIPYyNIbl MOAYJIEH Ha
YIpaBIsIONIee  BBIYMCIUTEIBHOE  YCTPOMCTBO,
MOJKIIIOYEHHOE K JJaHHOM muHe. B cocraB Habopa
NTOJDKHO BXOJUTH: IU(POBOM MOIYNIb TaKTOBOMU

KHONIKM — HE MeHee 31T, IU(PPOBOH MOIYIH
CBETOAMO/Ia — HEe MeHee 3T, MU(PpPOBOH MOIYIH
KOHIICBOTO TMpepbiBaTesis — HE MeHee 3IT,

nudpoBoi MOAYIL AaTUYMKA I[BETa — HE MeHee 11T,
udposoii Mmonyas RGB cBeropnona — He MeHee
lmr. 8) B cocraB Habopa JOMKHBI BXOIUTH
DIEMEHTHI JUIsl COOpKM BaKyyMHOIO 3axBara:
BaKyyMHasT IpHCOCKa — HE MeHee lmiT,
DIIEKTPOMATrHUTHBIM KJIamaH — HE MeHee 1T,
BaKyyMHBIH Hacoc — He MeHee lmT. 9) B cocras
Habopa JOJDKEH BXOAWUTh Y4YeOHBIH KOMIUIEKT,
BKJTIOYAIONUKA B ceOs ydeOHOoe mocobue, HabOp
OUONMMOTEK  TPEeXMEpHBIX  3JEMEHTOB I
MPOTOTUIIUPOBAHUS MOJIENeH MaHUMYISIIMOHHBIX
POOOTOB, a TaKkKe MPOTrpaMMHOE OOeCTIeUeHUe s
pabotel ¢ Habopom. IIporpammuoe obecrneueHmne
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NOTHKHO obecrnieunBaTh TPEXMEPHYIO
BU3YQJIM3allMI0  MOJEITH  MaHUMYJSIIIMOHHOTO)
poboTta (c YIJIOBOW, IUIOCKOMApalIeIbHOW H
nenbTa-KHHEMAaTUKOW) B Tporecce  paboThl,
o0OecrieunBaTh TOCTPOCHHUE MPOCTPAHCTBEHHOMH
TPaeKTOPUHU TIBYDKECHUS UCTIOTHUTEIIEHOTO
MeXaHH3Ma MaHUTYJSITUOHHOTO pobora,
BO3MOYKHOCTh 33JJaHHsI TIOCJICA0BATEILHOCTH TOUYEK
TUIST TIPOXOXKICHHSI 4Yepe3 HUX HCIIOJHUTEIHHOTO
MeXaHU3Ma MaHHITYJIIIIUOHHOTO pobora.
[TporpamMmmHoOe obecrieueHue JIOJKHO
(yHKIIMOHUPOBATh, KaK B OTICIBHOCTH B BHJC
Cpenbl MOJETUPOBAaHUS, TaK U B  PEKUME
MOHHUTOPUHTa B  pEAJbHOM  BpEMEHH TIpH|

MOJIKITIOYEHU N MOJIeTTH MaHUTYJIATOPA|
MOCPEIICTBOM POOOTOTEXHUYECKOTO KOHTPOJLIEPA.
[TporpammHuoe o0ecrieueHue JIOJKHO
oOecrieynBaTh BO3MOXHOCTb MIOCTPOCHHS

rpadUKOB 3aJaHHBIX M TEKYIIUX OOOOIICHHBIX
KOOPJAMHAT MaHUMYJSIIUOHHOTO poOoTa, rpadKoOB
3HaYCHUH CKOpOCTE U YCKOpEeHHs, TpaduKoB
[pacyeTHBIX 3Ha4YeHUW Harpy3ku. IIporpammHoe
oOecrieueHrne  JODKHO  TO3BOJSTH  331aBaTh
[OCJIEI0BATEIbHOCTD nepeBUKEHU]
MaHUTYJISTOpa TIOCPEACTBOM Habopa KOMaHI B
0yiouHO-TrpadguyeckoM  uHTepderice.  YueOHOe
mocoOue JOKHO COJEpKaTh MaTepHalbl  TI0
pa3paboTKe TPEXMEPHBIX Mojeleld MOOMIBHBIX
pPOOOTOB,  MAaHUMYJSAIHMOHHBIX  poOOTOB ¢
Pa3IMYHBIMM  THUIIAMH  KUHEMaTuku  (yryioBas
KHHEMAaTHKa, IJIOCKO-TIapajuielbHas KUHEMaTHKa,
nenpTa-kuHematuka, SCARA  wimm  phluakHasy
KuHemaTuka, Iulatpopma Crioapra U T.IL.),
MHCTPYKLUMHW 1O  TNPOCKTUPOBAHUIO  pOOOTOB,
WHCTPYKIIMA W METOAWKH  OCYIIECTBIICHUS
WHXEHEPHBIX pacyeToB MpU MPOEKTUPOBAHUMY]
(pacueTbl  Harpy3kuk ¥ MOMEHTOB, pacueT
MOIIIHOCTH  MpPHUBOJIOB,  pacueT  I[apaMeTpoB
KHHEMAaTUKH ¥ T.I.), HHCTPYKIHH TI0 pa3paboOTKe
CHCTEM yIIpaBJICHUS u MIPOrPaMMHOTO|
oOecriedyeHuss A YOpaBlIeHUS  podoTamu,
WHCTPYKLMNM M METOJUKH MO pa3paboTKe cucreMm|
VIpaBIeHUS C OJEMEHTaMU HUCKYCCTBEHHOTO
MHTEJJIEKTAa U MAIIMHHOTO 00Y4EHHUS.

2.4

OOpasoBaTenbHBIN

Ha0op 10

HaGop nmomxkeH  OBITh  NpeqHA3HAYCH s

MpOBEJIEHUS] Y4YEOHBIX 3aHATUH MO H3YYEHUIO

IIIT.

10




Ne | HaumeHoBaHue Kparkune npuMepHbIe TeXHHYECKHE Enununa | KoanuecTBo
n/n| o0oOpyaoBaHUA xapakrepuctuku (PBI1O) U3MepeHust
(PBIIO)
MCXAaHUKCE, OCHOB MCXAaTpPOHUKU u pOGOTOTGXHI/IKI/I,
MEXaTPOHUKE U [IPAKTUYECKOIO NPUMEHEHUs 0a30BBIX JIEMEHTOB
POOOTOTEXHUKE  PIIEKTPOHUKU M CXEMOTEXHUKH, a TaKxke Hamboiee

[pactpoCTpaHEHHOMN JIEMEHTHON 0a3bl U OCHOBHBIX
TEXHUYECKUX  PEIICHH, TPUMEHSEMBIX MpH
MPOEKTUPOBAHUH u MPOTOTUIIUPOBAHUN
PA3TUYHBIX WHXCHEPHBIX, KUOCPHETUYECKUX U
BCTpauBaeMbIX CHUCTeM. B coctaB Habopa MOJIKHBI
BXOAUTh  KOMIUIEKTYIOIIME W  YCTPOMCTBA,
oOnafaronue KOHCTPYKTHUBHOM, DIIEKTPUUECKOM,
AnIapaTHOM W IPOrPaMMHOM COBMECTUMOCTBIO
npyr ¢ apyroM. B coctaB Habopa 0JIKEH BXOAUTH
KOMIUICKT KOHCTPYKTHBHBIX 3JIEMEHTOB U3 METaJIa
UIsl COOPKHM MaKeTa MaHUTYJISAIMOHHOTO poOoTa U
KOMIUICKT ~ METaNIMYECKUX  KOHCTPYKTHUBHBIX
DIIEMEHTOB Ui COOpKM MakeTa MOOMJIBHOIO
pobora. B cocta Habopa MOJDKHBI BXOAWTH

MpUBOJA  Pa3jMYHOTO  TUHA:  MOTOPBl €
WHTETPUPOBAHHBIM  WJIA  BHEIIHUM  JaTYHUKOM|
MOJIOKEHUST — HE MEHee 21T, CEePBOIPHUBOJ

OoNbIION — HE MeHee 411T, CEpBONPHUBO MBI —
HE MeHee 2T, TMPUBOJ C BO3MOXKHOCTHIO
yIIpaBJI€HUS B IIArOBOM PEKHUME — HE MEHEe 2IIT.
B cocraB Habopa MOKHBI BXOAUTH DJIEMEHTHI IS
cOOpKHM BaKyyMHOT'O 3aXBaTa: BaKyyMHasl IPUCOCKA
— HEe MeHee 11T, 3JIeKTPOMarHUTHBIA KjanaH — HE
MeHee 11T, BakyyMHBIN Hacoc — He MeHee lmr. B
COCTaB Habopa JIOJDKHA BXOJIUTH JIEMEHTHas 0a3a
TUIST TPOTOTUIIMPOBAHMS: TIIaTa JJis OECraeqyHoro
MPOTOTUITUPOBAHUSA, KOMILIEKT MIPOBOJIOB
[PA3IMYHOTO TUTA U JIJIMHBI, KOMIUIEKT PE3UCTOPOB,
KOMILIEKT CBETOYOJ0B, CEMUCETMEHTHBIH
uHaukarop, aucrie JKK-tuma, kHOmkM — He
MEHee SIIT, TOTEHUUOMETPbl — HE MEHee 3 IIT,
uH(ppaKkpacHBI# JaTYMK - HE MeHee 3 1T,
YIBTPa3BYKOBOM JaT4YMK - HE MEHEe 3 1T, JaTYUK
TeMreparypbl - He MeHee | IUT, [AaT4yuK
OCBEIICHHOCTH - He MeHee | T, Moynb Bluetooth
— He MmeHee | wr, moayns WK-mpuemnuka — He
Mmenee | T, monyns MK-mepematunka B BHUIE
KHOIIOYHOTO MyJibTa yOpaBieHuss — 1 1T,
AKKyMYJsITOp — HE MeHee | 1T, 3apsaHoe
ycTpoiictBo — He MeHee 1 mT. B cocraB Habopa)
NTOJDKEH BXOJUTh MYJIbTHUIATUUK I HU3MEpPEHUs
TeMIIepaTypbl U BIAKHOCTU OKPYXKAIOIIEH CPeJibl —
He MeHee | mT. MynbTHIaTYuK JODKeH 00JaaaTh
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BCTPOCHHBIM  MHUKPOKOHTPOJUIEPOM  (TaKTOBas
gacToTa - He MeHee 16 MI'1, mmHa JaHHBIX — HE
Mmenee 8 KOaiiT), unrepdericamu 11 MOIKIIOYCHUS]
K  BHEIIHUM  ycTpoWcTBaM:  IUGPOBBIE U
aHanorosble moptel, 1-wire TTL, pazsem tuna RJ.
B cocraB Habopa JOMKEH BXOJIUTh KOMILIEKT
VHUBEPCAIbHBIX  BBIYUCIHUTENBHBIX  MOJMYJEH,
MPEACTABISIIONIUX CO00M 0a3oByIO ILIaTy, ILIaTy]
pacIIUpeHus] Il CETEBOr0 B3aUMOACHUCTBUS H
Miary — TOJKIIOYEHHsS  CHUJIOBOM  HarpysKu.
Bxogsamue B KOMIUIEKT YCTPOMCTBA  JOJIKHBI
o0nazaTh  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
DIICKTPUYECKOM, aNmapaTHOM U  IIPOrPAMMHOU
COBMECTUMOCTBIO Jpyr c¢ Apyrom. bazoBas miata
YHUBEPCAIBHOTO  BBIYUCIUTENBHOTO  MOJYJIA
NOJDKHA TIPEJICTABIIATh COOOM MPOTPaMMHUPYEMBIN
koHTpoiuiep B cpeae Arduino IDE  wuy
QHAJIOTUYHBIX ~ CBOOOJAHO  paclpOCTpPaHSIEMBIX
cpemax pa3paboTku. bazoBas 1uiata  JOJDKHA
oOnazaTh BCTPOCHHBIMH HMHTepdeicamu s
MONKIIOUEHUsT  UUGPOBBIX M aHAIOTOBBIX
yCTpPOWCTB, BCTpoeHHBIMH uHTepdeiicamu USB,
UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi.
[lnatra  pacmmpeHus  JODKHA  OOECreunBaTh
BO3MOXXHOCTb ~ IOJKJIIOUEHHUS  YHHUBEPCAIBHOI'O
BBIUHUCIUTENILHOTO MOJYJSl K CETH IOCPEACTBOM
uHTepdeiica Ethernet. [lnata pacumpenust 10KHA
001anaTh nopTamu BBOJIa-BbIBO/IA TUIs
MONKIIOUEHUST  UU(GPOBBIX M aHAJIOTOBBIX
ycTporictB, uHTepdeiic SPI M BO3MOXHOCTBIO
MOJKJIFOYEHUsT BHEIIHEHM KapThl mnamsatu. llnara
pacIIpeHust AJisl MOAKIIOUEHHUs CUIIOBOM Harpy3Kku
NMOJDKHA —OOECIeYrBaTh BO3MOXKHOCTH — MPSIMOTO)
MOJKJIFOYEHUSI BHEIIHEH CHUJIOBOM Harpy3Ku, 4
TaK)K€ pEryIMpyeMOM Harpy3Ku IOCpPEACTBOM
PWM wunTepdeiica. B cocraB Habopa T0DKEH
BXOIUTh pOorpaMMuUpyeMbIi KOHTpPOJLIED,
00ecreunBaOIUA  BO3MOKHOCTh ~ OCYILIECTBIISTH,
pa3pabOTKy MPOrpaMMHOTO KOJa, HCIOJb3Ys
WHCTpyMeHTapuii cpen pazpadotku Arduino IDE u
Mongoose OS u £3BIKOB NPOrpaMMHPOBAHUS]
C\C++, JavaScript. [Iporpammupyemsiii
KOHTPOJUIEp [JIOJDKEH o00lafgarh MOpTaMu s
MOAKIIOUEHUsT  UUQPOBBIX M AHAJIOTOBBIX
YCTPOMCTB, BCTPOECHHBIMU MPOTPAMMHUPYEMBIMH]
KHOMIKAMU U JJIEKTPOMEXaHWYECKUMHU MOJYJISIMU
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JUIsl OPraHU3allid CUCTEMbl PYYHOTO YIPaBIICHUS,
BCTPOEHHBIMH NPOTPAMMHUPYEMBIMHU CBETOIUOIaM Y|
U MHAWKAIUE pabodero pekuma, BCTPOCHHBIMHU]
untepgeiicamun USB, USART, 12C, SPI, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocras
Habopa JOJDKEH BXOAUTh MOAYJIb TEXHHUYECKOIO
BpEHUS , MIPECTABIISIOIUI coboi
BBIUHUCIUTENIBHOE YCTPOHCTBO €O BCTPOEHHBIM
MUKPOIPOLIECCOPOM (KOJI-BO siIEp - HE MEeHee 4 1T,
yacTtoTa sapa He MeHee 1.2 I'Th, o6sem O3V - He
MeHee 512MO6, o0beM BCTPOCHHOHM MaMATH - He
MeHee 8'6),  WHTErpUpOBaHHOW  Kamepou
(MakcUMalbHOE paspeleHue BUJIEOTIOTOKA,
nepenaBaeMoro no uHrepdeiicy USB - He MeHee
2592x1944 en.) n ontuyeckoi cucremoil. Monyip
TEXHUYECKOro  3peHus  JIoJDKeH  00Jaaath
COBMECTUMOCTBIO c pa3IuYHBIMY|
MPOrpPaMMHUPYEMBIMH KOHTPOJIEPAMHU C MTOMOIIBIO
untepdeiicos - l-wire TTL, UART, 12C, SPI,
Ethernet. Monynb TEXHMUYECKOTO 3PEHHS JIOJDKECH
o0OecrieunBaTh BBIMOJIHEHHE BCEX HW3MEpPEHUN WU
BBIYHUCTICHUI OCPEACTBOM COOCTBEHHBIX
BBHIYMCIIUTENIBHBIX ~ BO3MOXKHOCTEH  BCTPOECHHOIO
MUKpornpoiieccopa. Molyllb TEXHUYECKOTO 3pEHus]
NOJKEH 00J1ajaTh BO3MOKHOCTBIO KOMMYHHUKAIUH]
C AQHAJIOTMYHBIMM MOJYJISIMU TOCPEJICTBOM IIMHBI
Ha 0a3e MOoCIeI0BaTEIbHOTO UHTEpdEiica ¢ HeTbIo
NMaJbHEWNIIe mnepefayu pe3ysibTaTOB HM3MEPEHUH|
CPYIIIBI MopayJen Ha yIpasJstoniee
BBIUHCIUTENIHOE YCTPOMCTBO, MOJKIIOYEHHOE K
NMaHHOW IMHE. Monaynb TEXHHUYECKOIO 3pEHHS]
NOJbKeH — ofOecreynBaTh  HACTPOMKH — PEXKHUMOB
palboThI - HACTPOMKY IKCIIO3UIMHU, OanaHca 6enoro,
[[BETOPA3HOCTHBIX ~ COCTABISAIOIIMX,  IUIOLIA]Y|
0OHAPYKIUBAEMOM obnactu U300paxeHus,
OKPYTJIOCTH oOHapyXHBaeMOM obracTy|
M300paXKeHUs, TIOJIO)KEHUE  OOHAPYKUBAEMBIX
oOnacTell OTHOCHUTEIBHO IPYr JApYyra, MalIMHHOE
oOy4yeHHe TMapaMeTpoOB HEHPOHHBIX CeTeH ]
0OHApYKECHHS 00BEKTOB, bopmy 7|
3aKOJIMPOBAHHBIC  3HAYCHHS]  OOHAPYKUBAEMBIX
MapKepoB TUIa Aruco, pa3Mepbl 00HapyKUBAEMBbIX
OKPY>KHOCTEH, KBaJpaTOB M  TPEYroJbHUKOB,
MapaMeTpoB KOHTPACTHOCTH, Pa3MEpOB, KPUBHU3HbI
M TIOJIOKEHHsI pacro3HaBaeMbIX JuHUH. Habop,

TOJDKEH 00ecreunBaTh BO3MOXKHOCTHh Pa3pabOTKH
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MOJIEJIM MOOMIIBHOTO poOO0Ta, yrpasisemoii B FPV-
pexXUMe MOCPEACTBOM MIPOrPaMMHOT 0|
oOecriedeHus: JUIsl IePCOHAIBHOTO KOMIIbIOTEpa U]
MOOWIBHBIX ycTpoicTB Ha 6aze OC Android wim
108, 00€eCcIIeYnBaIoIIEro BO3MOKHOCTD
YIIpaBJICHUS MOOUJIBLHBIM POOOTOM M BCTPOCHHBIM|
MaHUTYJISTOPOM  TOCPEICTBOM  rpaduueckoro
nHTepdelica, BKIIOYAIOMUM B ce0s1 HAOOp KHOIIOK
W TepeKirouaTeNeld, JHKOMCTHK, O00JIacTh s
0TOOpaKEHHS BHUJIEO. Hab6op IIOJDKEH
oOecrieynBaTh BO3MOXKHOCTb HM3y4YCHHS OCHOB
pa3pabOTKW  MPOrpaMMHBIX U alapaTHbIX
KOMIUICKCOB WH)KCHEPHBIX CHCTEM, pCIICHUN B
chepe «VHTEpHET Bemiel», a TakKe pEHICHUN B
o0sacTu POOOTOTEXHUKH, HCKYCCTBEHHOI'O
MHTEJJIEKTa M MallMHHOro oOyueHus. B cocraB
Habopa OMKHO BXOJIUTH MOCOOWE MO H3YYEHUIO
OCHOB 3JICKTPOHUKHU M CXEMOTEXHUKH, PEIICHUN B
chepe «MuTepHeT Bemei», pa3paboTku U
MPOTOTUIIMPOBAHUIO MojeNeld poboToB. B cocraB
Habopa OKHO BXOJIUTH MOCOOWE MO H3YYEHUIO
OCHOB pa3pabOTKU CHCTEM TEXHUYECKOTO 3pEHUS U
HIIEMEHTOB HCKYCCTBEHHOT'O MHTEIIJICKTA.

2.5

O06pa3oBaTeIbHBIN
KOHCTPYKTOp JAJIst
MPaKTUKH
0JI0YHOTO
MPOTPAaMMUPOBAaHU
ST C KOMILIEKTOM
TaTYNKOB

PoGoTtoTexHuveckuii HabOoOp TpeaHA3HAYEH Jis
M3YYCHHUSI OCHOB POOOTOTEXHHKH, IETAICH, y3JIOB U
MEXaHU3MOB,  HEOOXOIMMBIX  JUIsl  CO3/IaHus
[POOOTOTEXHUYECKUX YCTPOMCTB. Ha6op
Mpe/iCTaBiIsieT CO00M KOMIUIEKT CTPYKTYpPHBIX
DIIEMEHTOB,  COCIUHUTENBHBIX  JJIEMEHTOB U
PIIEKTPOTEXHUYECKUX KOMITOHEHTOB. Habop
MO3BOJISIET  TPOBOAUTH  JKCIEPUMEHTHI  TIO
npenMeTy (usuka, co3iaBaTh U IPOrpaMMHUPOBATH
coOMpaeMble MOJENH, U3 KOMIIOHEHTOB, BXOISIIIHX
B €ro cocraB, paboune MoJenu MOOUJIBHBIX U
CTAIIMOHAPHBIX POOOTOTEXHUYECKHX YCTPOUCTB C
ABTOMATHU3HPOBAaHHBIM YIPABIECHUEM, B TOM YHCIIE
Ha KOJECHOM M TYCEHHYHOM XOIy, a TaKke
KOHCTPYKLUH, OCHOBAaHHBIX Ha HCIOJIb30BaHUY]
Pa3IMYHBIX BHUAOB TMepenad (B TOM  YHCIE
YEpBIYHBIX M 3y04aThIX) a TakKe phIYarosB.
BcrpoeHHbIE O€CIIPOBOTHBIC CETEBHIE PEIICHUS]
(Wi-Fi u Bluetooth), BO3MOXHOCTh MHTErpALIMH C
OccrmaTHBIM ~— oOmauneiM 11O,  oOecreunBaioT
BO3MO>KHOCTh MIPaKTUYECKOTO U3Y4EHUS
TEXHOJIOTMM  WHTEpPHETa  BEIEH U  OCHOB

MCKYCCTBCHHOI'O  MHTCJIJICKTA. OOecneunBaercs

IT.

80
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BO3MOYXHOCTh OOBEIMHEHHSI HECKOJIBKHX POOOTOB,
coOpaHHBIX W3 TMOAOOHBIX HAOOpPOB, B TPYIIBI C
ceTeBbIM  B3aumojencrteueMm.  [Ipenycmorpena
OIIIMOHAIbHAS BO3MO>KHOCTh paciupeHusy
TTOTIOTHUTEIbHBIMU KOMITOHEHTaMH (ue
BXOJIALIMMH B CTaHAAPTHYIO KOMIUIEKTALIHIO),
MO3BOJISIFOIIMMU HM3y4aTh TEXHHYECKOE 3pEHUe U
MPOMBIIIIEHHYI0 poOoTOTeXHUKY. [IpenycMoTpena
BO3MO>KHOCTh paboThI Habopa C
NOTIOIHUTENbHBIMU ~ OOJJAaUHBIMM ~ CEpBHUCaMHU.
[TpenycMOTpeHbI MUHUMYM B3
MPOrpaMMHUPYEMBIX KOHTPOJJIEpAa B IMJIACTUKOBBIX
KOpIycax, MTO3BOJISTFOIIIAX OJTHOBPEMEHHO
co3laBaTb 2 BapuaHTa pPOOOTOB  Pa3IUYHOTO
HA3HAYCHUS, UMEIOIINX BO3MOXHOCTh PabOTHI KaK
B IOTOKOBOM peXHME, TaK U aBTOHOMHO;
MO3BOJISTFOIINX peann3oBaTh oOyueHue
MPOrpaMMUPOBAHUIO B HECKOJIBKHX  Cpefax
pa3paboTKK Ha Pa3NUYHBIX S3bIKaX (K MpUMEPY, B
cpenax Mblock, Arduino IDE, Ha si3pikax Scratch,
C, Python, micro Python). Kak Mmunumym ogun u3
KOHTPOJJIEPOB UMEET BCTPOCHHYIO ONEPALMOHHYIO
cucremy, BctpoeHHble Wi-Fi u Bluetooth, mopt ans
MOJKIIIOUYEHUSI TOCIEA0BATEIbHO COEINHSAEMBIX
BHELITHUX YCTPOWCTB (He MeEHee
20 OTHOBPEMEHHO TIOJKIIOYAEMBIX YCTPOMCTB).
Kak MHUHMMYyM OJHMH U3 KOHTPOJUJIEPOB HMEET|
BO3MOXHOCTh OJIHOBPEMEHHOM 3alllCh HE MEHEe
8 mporpamMm, C BO3MOXXHOCTBIO TEPEKITIOYCHHS
Mexny Humud. Kak  MHUHMMYM — OAMH U3
KOHTPOJUIEPOB MMEET IIOJTHOLBETHBIM AMCILIEH
(IPS), mo3BONAMOMMI  BBIBOJUTH  JaHHBIE C
NMAaTYNKOB B BHUJE TaOnuil U TpaduKoB, a TaKKe
CO3/1aBaTh BCTPOCHHBIE B KOHTPOJLJIEP BHUIECOUTPHI.
KonndecTBO  CEHCOPOB W UCHOJHUTEIBHBIX
yCTPOICTB, BCTPOEHHBIX B OJJUH M3 KOHTPOJUIEPOB,
- He MeHee 10 mT. O01ee KOJIMYECTBO 3JIEMEHTOB
B HabOope He Menee 400 mT., B TOM YHCIE
noJKiIoYaeMble Moaynu: - Bluetooth monyns, -
NTBOMHOW JAaTYUK JIMHUU, - YIBTPA3BYKOBOM JaTUUK
paccTOsiHUS, - JaTYUK I[BETa, - NAaTYMK KAacaHUs
pIeKTpoMeXaHudyeckuii, - IR Momynb, - MoTOp|
MOCTOSIHHOTO TOKa C PEAYKTOpOM — HE MEHEe
2 IIT., - CEPBONPUBOA, - MYJIbT AUCTAHLMOHHOIO
yrnpaBinenuss IR, Habop  nmomxeH  OBITh
YKOMIUIEKTOBAH aKKyMYJISTOPHBIMU OaTapesMmH.
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Ne | HaumeHoBaHue Kparkune npuMepHbIe TeXHHYECKHE Enununa | KoanuecTBo
n/n| o0oOpyaoBaHUA xapakrepuctuku (PBI1O) U3MepeHust
(PBIIO)
[TporpamMMmHOe oOOecTeYeHHe, HCIOIb3yeMoe s
MPOrpaMMHUPOBAHUS coOupaeMbIxX
POOOTOTEXHUYECKHX  MOJENeH U  YCTPOIMCTB,
NOJDKHO ~ OBITh  JIOCTYMHO ISl OecIiaTHOTO
CKauMBaHUS U3 ceTu MHTEpHET M NOCIEAYIOLIETO
MCIIOJIb30BaHUSI.
2.6 |O6opynoBanue  [KOMIUJIGKTHOCTb: Ha0Op [UIs JEMOHCTpalMid o LIT. 10
TS ¢usuke «MexaHuka» (B cOCTaBe: MOHOPEIBC
IIEMOHCTPALIUU METATUYECKHUI — | MIT., TEIEKKH — 2 MIT., PIaxky

OTBITOB ((hU3UKa)

TUTSL TEJIEKKH — 4 TIT., TuHelka — 1 mT., 6pycok
NEPEeBSIHHBIN ¢ ABYMS KprOUKaMmu — | MIT., BEAEPKO
c meTaer — 1 WT., TOACTaBKHU JJIsi MOHOpEJIbca — 2|
IT., CTEPKHU MeTainaeckue (7,5 cM) ¢ pe3b0oil —
2 WT., TUIaCTUHA METaJUIM4ecKast — 1 WIT., KPIOUKHY|
— 2 ., 670K — 1 WrT., npyxuHa ¢ ¢puaxkom — 1
IT., KOBPUK — | IIT., MMUAIBKA-yIopbl (60 MM) ¢
CIUIMKOHOBBIMH TPYOKamMu — 3 IIT., TPAHCIOPTHUD C
oTBecOM — | mT., rpy3bl o 50 r — 6 WT., MOTOK|
HUTA — | mT.,, KycoK ImuactwivHa — 1 miT.,
MJIACTUKOBBIE IIAPUKM HA HUTH — 2 WIT.,
METATUYECKUI MapuK — | MT., HUTh C MarHUTOM|
— 1 ., oudunspusni noasec — 1 mr.) — 1 HAOOP,
HAaOOp DdJEKTPUYECKUX Moayied (B cocrase:
Moayib pesuctopa S u 10 Om, 5 Br — 1 mr.,
MonyJb pesuctopos 1 u 22 xOwm, 0,25 Bt — 1 mr.,
MOJyJIb pe3ucTopa nepemMeHHoro toka 10 Om — 1
LIT., MOJYJIb JaMIibl HakanuBanus 3,5 B, 0,15 MA —
1 wrt., Mmonyns koHaeHcaropoB 10, 100 u 1000,
MK®D £10%, 16 B — 1 wT., moxyns katymek 250 y
1000 BuTkOB — 1 IT., MOZYJIH TEpMOpE3UCTOpA — 1
IT., MOAYJIb COJTHEYHOTO JJIEMEHTa MUTaHus — 1
mT., MOAYIb (oTopesuctopa — 1 MIT., MOIYJH
nmuona — 1 mr., Moayne cBeroguoda — 1 wiT.,
Monysb Goronnoaa — 1 mT., MOAYNb TPaH3UCTOPA
— 1 mr., MOmyNnb NS TOAKIIOYEHHUS HMCTOYHHUKA|
TOKa — 1 IIT., MOAYJb PHIYAKHOTO BBIKIJIIOYATEIS —|
1 mT., MOIyNh TIEpEeKITIoYaTeNss Ha Ba TMOJOKEHUS]
— 1 mT., METAUIMYECKUN TUIUHAP — | 1IT., MeaHAas
mpoBosioka (@ = 0,14 mm, L = 1,0 m) — 1 1mT.,
KOMIUIEKT COEAMHHUTEIbHBIX MPOBOIOB — | mIT.,
MPOBOJ JIJISl TIOJKIFOYCHUST UCTOUYHUKA uTaHus (L
= 1,5 M) — | mT., 32KUMBI THIIA KKPOKOIWI» — 2
mt.) — 1 Habop, HaOop Ten paBHOW Macchl — 1 mT.,
Ha0bop Ten paBHOTO oObeMa — 1 mT., mpubop AJis
NMEMOHCTpAllMM JABJICHUS B JKUIKOCTH — | mmIT.,

npuOop Ui U3ydeHUs Ta30BbIX 3aKOHOB — | mT.,
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

TerUIoNpUeMHHK (rmapa) — 1 mrT., yueOHoe mocobue
— 1 mIT. pyKOBOJICTBO MO 3KCIUTyaTalluy — |1 IIT.

2.7

O6opynoBaHme
st
TEMOHCTpAINH
OTIBITOB (XMMHUST)

KommiiektHoCTh: annapar Kunmna (250 mi) — 1 wr.,
mpuOop Ui WUTIOCTPAIIMK 3aBUCUMOCTH CKOPOCTH|
XUMAYECKHX PEaKUUi OT ycinoBHid — 1 mrT., mpudop,
TSt OKHCJIEHUS cnupTra  Hal  MEIHBIM|
KaTaau3aTopoM — 1 1mT., mpubOp A MOTydeHUs]
rajJloNI0aIKaHOB — 1 MIT., CTEKJISIHHBIE KOJIOBI
(koHnueckas 250 ma — 1 wr., kpyriaogonHas 250
mia — 1 mrT.,, xpyriogonHas 500 mio — 1 mr.,
miockononHas 250 ma — 1 mT., niaockomorHas 500
mia — 1 T, MepHass ¢ metko 250 mi — 1 mr.,
MepHasi ¢ MeTkoil 500 M — 1 mT.) — 1 KOMILIEKT,
cTekJsiHHbIe cTakaHbl (50, 100, 150, 250 mi — mo 2
mT., 600 M — 1 mT.) — 1 KOMIUJIEKT, CTEKJISTHHBIC
npoOupku xumudeckue (14x120, 16x150 u 21x200
MM — 1o 4 mr.) — | KOMIUIEKT, MEpHbIE
cTexyisiHEbIe TUAUHAPHI (50 1 100 M — 1o 1 mT.) —
1 KoMIUIeKT, IpsiMasi CTeKJIsiHHas Tpyoka L = 15 cm|
— 1 1WT., CTEeKJISIHHBIE TPYOKH, 3arHYThIE O] YTIIOM
(60°, 90° u 100° — mo 1 mT.) — 1 KOMILJIEKT,
CTEKJISIHHbIE MAJTOYKU — 2 IIT., CTEKJIIHHAs YalllKa
[letpu — 1 mIT., CTEKISTHHBIC BOPOHKHU (IMaMETPOM|
56 1 75 MM — 1o 1 mT.) — | KOMITJIEKT, CTEKJISTHHBIC
munetkd (2, 5 u 10 ma — mo 1 wr.) — 1 KOMIUIeKT,
dapdoposslii crakan 150 M — 1 mt., papdoporas
CTymnKa ¢ mectoMm — 1 mr., ¢papdopoBsIil mmarens —
1 mrT., apeomerpsl (800, 900, 1000, 1100,
1200 kr/m3 — mo 1 mT.) — 1 KOMIUICKT, JIOKKa JIJIs
CKUTAHHS BEIIECTB — | IIT., 30KUM MPOOUPOIHBIN
— 1 mr.,, MeTamIudecKMi ImMHIET — 1 IIT.,
cuiMKoHOBass Tpyoka L = 1 M — 1 mmr,
paclbUIMTENbHAS CeTKa — | IOT., INTAaTUB JyIs
npobupox (10 rae3n) — 1 mrT., ciuproBka — 1 1mIT.,
pe3uHoBble mpoOku (auamerp 14,5 MM — 4 mrT.,
16 mm — 2 mt., 19 MM — 2 mT., 29 MM — 3 mT.) —|
1 KOMIUIEKT, pe3MHOBBIE TIPOOKHU C Ta300TBOAHBIMHU|
TpyOkamu — 2 mT., HabOp  ATHUKETOK|
camokiesmmxcss — 1 mT., OyMakHble (QHUIBTPHI
muamerpom 150 mm — 1 ym., yueGHOE mocoOue —|
1 mT., pyKOBOACTBO IO 3KCILTyaTaluy — | mrT.

IIIT.

10

2.8

Ha6op OI'D/EI'D
(pusuka)

CocraB Habopa: ITaTUB 1abopaTOPHBIH
¢buznveckuil ¢ AByMs My(TaMH U JIBYMs JIAIIKaMH
— 1 ., Bechl anekTpoHHbie A0 200 r — 1 mrT.,
MEPHBIM HUINHAP CTEKJISTHHBIN, PEE U3MEPEHUs

250 mu1, nena aenenust 2 M — 1 ., AMHaMoMeTp 1

oIT.

80
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

H, uena nenenus 0,02 H — 1 wt., nunamometp 5 H,
nena nenenus 0,1 H — 1 wr., qunuHap ctaiabHOH
25 cM3 — | WT., UUIUHAP ATIOMUHUEBBINA 25 cM3 —
I wrT., uunuHap amomMuHueBbll 34 cm3 — 1 T,
LWIMHIP TUIACTUKOBBIM 56 cm3 — 1 1T., npyKnHa
Ha mianmere 40 H/mM — 1 mr., mpyxuHa Ha|
rutanmere 10 H/m — 1 wr., rpy3st mo 100 r — 6 mir.,
Habop rpy3oB ¢ marom 10 T (50, 60, 70 u 80 1) — 1
KOMILI., MepHas JieHTa — | mrT., 1uHeika — 1 mwr.,
TpaHcnopTup — 1 mwT., OPyCOK ¢ KPIOYKOM U HUTHIO
— 1 wr., HanpaBmsromas aguHot 500 MM (¢
pasHbIMU KO3 PUIIMEHTaMU TpEeHUs Opycka Io ee
MOBEPXHOCTAM)  — 1 mT., CEKYHJIOMED
PICKTPOHHBIA €  JBYMS  JaTyvukamMu  XOJJjia
(cexyHmoMep B IIacTUKOBOM kopryce 130*57%30
MM, C HUGPOBBIM TPEXPA3pPSIHBIM HHAUKATOPOM|
Ui OTOOpaXeHWsS BpeMeHH (C  TOYHOCTHIO
mn3Mepenns B cekyHaax: 1o 10 — 0,01; mocne 10 —
0,1), xaonkamu «Crtapt/Ctom» u «Copocy, USB-
pa3beMOM Ui MOJAKIIOUEHHUs AaTYUKOB XoJuia) —|
1 wrT., HampaBsIOMIAs CO IMKanoi — 1 mrT., OpycoK
NIEPEBSIHHBIA C IMYCKOBBIM MAarHMTOM — 1 IIT.,
HUTSHOW MasTHUK (TPy3 C MYCKOBBIM MAarHUTOM,
HUTh C BO3MOXHOCTBIO HW3MEHEHUS JJIUHBL,
oudunsapuelidi  momsec) — 1 mT., pbIyarn
(C OTTpy30YHBIMH BHUHTaMH U KpIOYKaMU JJis
rpy3oB) — 1 mrt., 670K MOABMXHBINA — 1 1T., GJIOK
HEMOABWXHBIM — 1 1mT., Kamopumerp — 1 mrT.,
repmomerp Jsaboparopueii 0-100 C — 1 mT.,
MCTOYHUK MUTaHUS MOCTOSTHHOTO TOKA
(GaTapeitabiii 6ok 0-7,5 B ¢ BO3MOXHOCTBIO
[PETYJIUPOBKM BBIXOJAHOTO HANPSDKEHUS C I1aroM

1,5 B) — 1 wr., aMmmnepmeTp ABYXIpPEIEIbHbIN
(0,6 A c nenoit genenust 0,02 A u 3 A ¢ 1eHOH
nenennss 0,1 A) — 1 mr., BoIbTMETP

neyxnpenenbHeiid (3 B ¢ nenoit aenennst 0,1 B u
6 B ¢ uenont nenenus 0,2 B) — 1 wr., pe3ucropsl
4,7 u 5,7 Om Ha manenu — 1 mrT., nammnouka (4,8 B,
0,5 A) — 1 wT., HepeMeHHbIi pe3ucTop (peocrar)
o 10 Om — 1 mr., coeAMHUTENIbHBIE TTPOBOAA —
20 wT., Kmo4 — 1 mT., HaOOp NPOBOJIOYHBIX
PE3UCTOPOB  Ha  maHenu (W1 M3Y4eHUs
3aBCUMOCTH COINPOTUBIICHUS IIPOBO/IHUKA|
OT JJIMHBI |, momanm nonepevyHoro ceueHust S u
YIEIbHOTO CONpOTUBIEHUs p) — 1 Habop.,

coOuparomas JnuH3a, ¢GokycHoe paccrossHue 100
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

MM — 1 mT.,, cobuparomas JwmH3a, (HOKYCHOE
paccrosgaue 50 MM — | mIT., paccenBaroias JMH3a,
(doxycHOe pacctosiHue — 75 MM — | IT., SKpaH —
1 mT., onTudeckas cKaMbid — 1 INT., CHalj]
«Mopens mpeaMmeTra» Ha TOJACTaBke — | 1T,
OCBETUTEJIb Ha TMOACTaBKE — | IIT., TPO3payHbIi
MONYIWIMHAP — | MIT., TUTAHIIET C KPYTOBBIM|
TpaHcmopTupoM — 1 mT., mpubop AJiA U3Y4EHHUS
ra3oBbIX 3aKOHOB — | IIT., Kamwuisipbl — 2 WIT.,
mudpakaronnsie permetkd 300 u 600 mTpUxoB/MM
— 1 xomm., 3epkano — 2 IIT., Ja3epHas yKa3ka —|
1 wr., monsipona B pamMke — 2 mWT., menu KOHra Ha)
MJacTUHE — | MIT., KATYIIKa-MOTOK — | IT., AHO/BI
Ha MaHeau — | INT., KOHJEHCATOpbl Ha IaHely|
(4,7, 22 n 33 mx®) — 1 WT., KOMIAC MIKOIBHBINA —
11IT., MAarHUT MOJOCOBOM — 2 IIT., SJIEKTPOMArHUT
pa30opHBIA — | MIT., ONMUJIKK KeJle3HbIE B OaHKE —|
10 r, meyatHOE y4yeOHOE mocoOue — 1 MmIT., JIOTOK
a31aTOYHBIN — 4 MIT.

2.9

Ha6op OI'D/EI'D

(XuMHS)

B Habop BXOIAT BeChI TaOOpaTOPHBIC JIEKTPOHHBIC
200 r, cnupToBKa JabopaTopHas, BOPOHKA
KOHHMYECKas, Majouka CTEKJIsIHHas, mpooupka [1X-
14 (10 HITYK), CTaKaH BBICOKHUM
c Hocukom BH-50 ¢ meTko#t (2 mTyku), TATUHAD
M3MEPUTEIbHBIN 2-50-2 (CTEeKJISTHHBIH,
C MMPUTEPTOM KPBIIIKOW), IITATUB JJISI TPOOUPOK HA
10 rHE3m, 3aXUM NPOOMPOUYHBINA, MINMATENb
mokeuka (3 mTykm), Habop  (IIAKOHOB
Ui XpaHEHWS PacTBOPOB U PEaKTUBOB (00BeM|
¢nakona 100 M - 5 KOMIUIEKTOB MO 6 INTYK,
o0beM ¢dmakona 30 wmim - 10 KOMIUIEKTOB
Mo 6 IITYK), HUIHHAP U3MEPUTEIBHBIA ¢ HOCUKOM
1-500 (2 mwmTykm), crakaH Bblcokuid 500 M7
(3 mTyku), HaOOp epmiel Uil MBIThSI TIOCY/IbI
(epmr a1t MBITBS TMPOOUPOK - 3 IITYKH, €piI s
MBITBSI KOJIO - 3 1mITykHW), Xaymar Oemnbiii X/0
(2 mTykH), nepyaTKd PE3UHOBBIE XHMUYECKHUE
cToiikre (2 ITyKW), OYKH 3alIUTHBIC, (UIBTPHI
Ooymaxkusle (100 mTyk), roproyee IUIsi CIUPTOBOK|
(0,33 m1). B coctaB Habop BXOAIT PEAKTHBBHI:
QITIOMUHUM, xKeneso, COJISTHAS KUCIIOTA,
METUJIOpaHXK, (eHONPTATCHH, aMMHAK, TEPOKCH]T
BOJIOpOJIa, HUTpAT cepebpa W apyrue; B oOOIIEH
CIOKHOCTM - 44  pa3iuyHbIX  BEILECTB,
MCIONIb3YEMBIX JUISI COCTABJICHHS KOMILICKTOB

[PCAKTUBOB IIpU MPOBCIACHHUHU JK3aMCHAIIMOHHBIX]

IT.

10




18

n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

DKCIIEPUMEHTOB II0 KypCy IIKOJBHOW XHMMHH.
Pexomenayercs dopmupoBate Habop OI'D/EID,
HOSBOHHIOH_[I/II‘/JI MNPpOBOAUTL IMPAKTHYCCKUC 3aJlaHUs
Mpy  MPOBEACHUM OOILIEr0  TOCYIapCTBEHHOIO
DK3aMCHa 1o XUMHHU C HUCIIOJIB30BAHUCM|
COOTBETCTBYIOLIEH nabopaTopHOH MOCY/IbI,
[PEaKTUBOB, y4e0HO-IEMOHCTPAIIHOHHOTO
000pyIOBaHUS. [Tpu dhopmupoBaHUH|
PEKOMEHIYETCS YYUTBIBATH (bakTHUECKYIO|
MOTPeOHOCTH 00pa30BATENLHBIX OPTaHU3AIUH.

2.10Muxpockon

1dpoBoit

Tun  mukpockoma: Ouonmormyeckuiét  Hacanka)
MHUKPOCKOIIA: MOHOKYJISIpHAs Ha3nauenue:
maGopaTopHblii MeTox UcclIenoBaHMS: CBETIIOE
rmone Marepuas ONTHKH: ONTHYECKOE CTEKJIO
YBenuueHue MuUKpockomna, kpar: 64 — 1280
Oxymsipel: WF16x OObektuBbl: 4x, 10x, 40xs
(moanpyXxUHEHHBIN) PeBonbBepHas rojgoBka: Ha 3
oObekTMBa TUN  MOACBETKH:  3€pKaJ0 WY
cBeToauol PacrosiokeHne MOACBETKH: BEPXHSA U
HIDKHSA Martepuan kopiyca: metamn [IpenmeTHbIN
cronuk, mM: 90 Mctounuk nuranus: 220 B/50 Iyl
Yucno meranukcenen: |

IIIT.

20

3. Paznen «Komnbrore

HOe 000py/10BaAHME»

3.1

MHuorodyHKIIOHA
ITbHOE YCTPOMCTBO
(mpuHTEp, CKaHep,
KOITHP )

Tun YCTpOMCTBA:! MHoro¢yHKIIMOHAIEHOE
yctporictBo (M®YVY); LlBeTHOCTHh Te4yaTh: YEPHO-
Oenast; TexHomorus medaT: sJeKTporpaduueckast
(;1azepHasi, cBeroguonHas), dopmar mnedyaTw: He
MEHEe A4; Tun CKAaHUPOBAHMSL:
MPOTSHKHBIN/TTAHIITETHBIMN; Bo3MoxHOCTB
ckaHHpoBaHus B popmaTax: He MeHee A4; Crocob
nonkmoueHus: LAN, Wi-Fi, USB

IIIT.

10

3.2

HoyTt0Oyx

Dopm-dpakTop: HOYTOYK; Pasmep numaronamu: Hel
MeHee 15.6 mroiimoB; Paspemenue skpana: Full
HD, Quad HD wm Ultra HD; OOmmii o0bem
[YCTaHOBJICHHOM OTNIEpaTUBHOM MaMsTH: HE MEHee §
["6aiiT; MakcuManbHBINA OOIIMIA O AEPKIUBACMBIH
00BbeM orepaTUBHON MaMsATH: He MeHee 16 ['6aiT;
O0beMm SSD Hakonutens: He MeHee 240 I'Oaiit;
becipoBogHast  CBs3b: Wi-Fi; KommuectBo
BCTPOEHHBIX B Kopryc noproB USB: He meHee 2,
13 KOTOphIX He MeHee 1 moimkHo O0bITh USB Bepcun
He Hike 3.0; Pazpemenne B30-kamepbl, MIIMKCENb:
He wMenee 0.3; Bcerpoennwnidi = MHKpOQOH;
KnaBuatypa ¢ packiaaakol ¥W  MapKUPOBKOH|
krappm  QWERTY/MIIYKEH;  Iogaepxka

CTaH/1apTOB 0ecIpoBOIHOM CBSI3U:

IIIT.

30
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

802.11a/b/g/n/ac; [Ipou3BoAUTENBHOCTH
nporeccopa (3HadeHue mokazarenss «CPU Marky
mo Tecty «Laptop & Portable CPU Perfomance
http://www.cpubenchmark.net/laptop.html): HE
MeHee 5000 eaunun; Hanuuume MaHunynsaTopa
MBIILIb B KOMIUIEKTE: Ja; Y CTaHOBJIEHHAS]
oIepalMOHHas cucTema C rpaduvecKkuM
MOJIb30BATEILCKUM HHTEpQEcoM, CBEIEHUS O
KOTOPOM BKJIIOUEHBI B €JUHBIN PEECTP POCCUNCKUX
MpOrpaMM JUIsl 3JEKTPOHHBIX BBIYMCIUTEIBHBIX
MAaIlliH M 0a3 HJaHHBIX; YCTAHOBJIEHHBIH IIaKeT|
o¢ucHOTO MIPOTrPaMMHOTO obecrieueHus,
COBMECTUMOI'O C YCTAHOBJICHHON OIlE€palMOHHON
CHUCTEMOM, CBEIEHUS O KOTOPOM BKIIIOYEHBI B
CAVHBIM peecTp PpPOCCUUMCKUX MPOrpaMM s
DIEKTPOHHBIX BBIYMCIUTEIBHBIX MAllMH U 0a3
ITAHHBIX.

HaumenoBanue HanpasJenusi: «O6opynoBanue 1uis 001eo0pa3oBaTeIbHbIX OPraHU3alHId,

ABJIAIIIUXCH MAJTOKOMIIJICKTHBIMH)>

1. Pasnen «EcTrecTBeHHOHAYYHAsl HANPABJICHHOCTB)»

1.1

[udpposas
mabopaTopusi 1Mo

duzuke
(yueHu4eckas)

OOecrieynBaeT BBHITIOTHEHUE HKCIEPHUMEHTOB IO
reMaM Kypca buzuky. Komnnexranus:
becnipoBogHON MYIBTUAATYUK O (U3KKE C 6-10
BCTpPOCHHBIMHM ~ AaTuukamu: l[ludpoBoli maTymk
TeMIIepaTypbl C JIUANAa30HOM H3MEPEHHS HE YKe
gyem ot -20 go 120C [udpoBori maTymk
AOCOIFOTHOTO JIABJICHUS C JUANa30HOM HM3MEpEHUs]
He yxe yem oT 0 mo 500 kxIla JlaTuuk MarHUTHOTO|
110JI C AMANAa30HOM U3MEPEHUS HE YKe ueM OT -80)
o 80 mTn JlaTuyumk HampspKeHUs ¢ Auana3oHamy|
M3MEpPEHHsT HE YK€ 4eM OoT -2 1m0 +2B; ot -5 no
+5B; ot -10 1o +10B; ot -15 mo +15B JlaTunk Toka
He yke yeM oT -1 mo +1A Jlaruuk akcenepoMeTp ¢
MOKa3aTeasIMM He MeHee ueM: +2 g; +4 g; +8 g
OtnenpHble ycTpoiicTBa: USB ocmummiorpad He
MeHee 2 kanana, +/-10 B Axceccyapsr: KabGemny|
USB coenuHUTENbHBIA 3apsiAHOE YCTPOMCTBO ¢
kabenmem miniUSB USB Anantep Bluetooth 4.1
Low Energy KoHcTpykTOop Ui TIpOBEICHHUS
PKCIEpUMEHTOB  KpaTkoe  pyKOBOACTBO  TIO

PKCIUTyaTaIluu nudposoit nabopaTopun
[IporpaMmmHoe  oOecreueHne  MeTOAMUYECKHUE
[PEKOMEHTalUH (40 pabor) Hannume

[PYCCKOSI3BIYHOTO ~ cauTa mnoaaepkku Hamuuue

BHICOPOJIUKOB.

IIIT.

124
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

1.2

[udposas
mabopaTopust 1Mo
XUMUAN

(yueHuveckas)

OOecnieunBaeT BBINOJIHEHUE Ja00OpaTOPHBIX padoT
M0 XUMHM Ha YpPOKax B OCHOBHOW IIKOJE WU
[IPOEKTHO-UCCIIEA0BATEIBCKON NeSATEIbHOCTH|
yJaluxcs. Kommnekramnus: becnipoBoaHOi|
MyJIbTUAATUYAK 1O XUMHUU C 3-MS BCTPOCHHBIMU
natuynkamu: Jlatunk pH ¢ quama3oHoM U3MepeHHs]|
He yxe ueM or 0 go 14 pH [laruug
AIIEKTPOIPOBOAUMOCTH C IMara30HaMU MU3MEPEHUs
He yxe yeM oT 0 mo 200 mxCwm; ot 0 mo 2000
MKCM; ot 0 10 20000 MmxCwMm JlaTunk TeMreparypsl
C JMarma3oHOM M3MEpEHHUs: He yxe 4eMm oT -20 10
+140C OtaenbHble AaTYvKU: JlaTYUK ONTHYECKOM
miotHoct 525 HM Akceccyapsl: Kabens USB
COCIMHHUTEIIbHBIN 3apsaHOe YCTPOMCTBO ¢ KabemeM
miniUSB USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe  pyKoOBOJICTBO 1O  SKCILTyaTaluy|
udposoii ynaboparopun Habop mabopaTopHOH
OCHACTKH [IporpammHoe o0ecrieueHune
MeTtoanyeckue pekoMeHaanun He menee 40 pador
Hanmuune pyccKOA3BIMHOrO cailTa MOIJIEPKKH]
Haymmune BuaeopoInKoB.

IIIT.
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1.3

[{udposas
mabopaTopus 1o

OHOJIOTUN
(yueHnueckas)

OO6ecnieurBaeT BBIMIOJHEHHUE JTAOOPATOPHBIX padoT
Ha YpOKax MO OWOJIOTMM B OCHOBHOW IIKOJE U
[POEKTHO-UCCIIEA0BATEIbCKOM NesITeIbHOCTH
YYaIUXCsl. Kommnexramust: becipoBogHOH
MYJIbTUIATUYUK MO OMOJOTHHU C 5-10 BCTPOEHHBIMU
naTyukamu: J{aTYMK BIAKHOCTH C JUANa30HOM|
m3meperuss 0...100% JlaTuuk OCBEIIEHHOCTH C
Uana3oHoM H3MepeHus He yxe uyeM ot 0 1o
180000 nx latunk pH ¢ nuama3oHOM HU3MEpEHMUS]
He yxe ueM oT 0 1o 14 pH Jlatuuk TemnepaTypsl ¢
TMarma3oHoOM HM3MEpEeHHUsT He yxe 4eM oT -20 10
+140C Jlatunk TemrnepaTypsl OKpY>Karolel cpebl
C JAMara3oHOM HU3MEpEHUs He yxke yeM oT -20 1o
+40C Axkceccyapbl: 3apsgHOE€ YCTPOHCTBO C
kabemem miniUSB USB Apanrtep Bluetooth 4.1
Low  Energy Kparkoe  pykoBOACTBO 1O
pKcIuTyaTanuu nudposoit maboparopun Lndposas
BUJCOKAMEpa C  METAUIMYECKUM  IITATHBOM,
pazpemienue He meHee 0,3 Mnukc [Iporpammuoe
obOecnieueHre MeTOIMYECKHUE PEKOMEHIAIMU HE
MeHee 30 pabor VYmakoBka  Hammuue
[PYCCKOSI3BIYHOTO ~ caiiTa TOANEPKKH, HaTu4ue

BUICOPOJINKOB

IT.

124

2. Pa3nea «/lonojHuTEIbHOE 000PYI0BAHUE)»

2.1 |K0MnneKT MOCYIbl ‘HITaTI/IB 7a00paTOPHBI  XUMHUYECKHI Ha6op\

IIT.

62
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Ne | HaumeHoBaHue Kparkune npuMepHbIe TeXHHYECKHE Enununa | KoanuecTBo
n/n| o0oOpyaoBaHUA xapakrepuctuku (PBI1O) U3MepeHust
(PBIIO)
1 000pY/IOBaHMS [HalIeKk [lerpu Ha6op UHCTPYMEHTOB
TSl YAEHUYECKUX [IpernapoBajbHBIX JIojKKa A COKUTaHUSl BEILLECTB
onbIToB (xumus, [Crymnka dapdoposas c nectukom Habop 6anok ams
buzuka, xpaHeHus: TBepabix peaktuBos (30 - 50 mu) Habop
Ouoorus) CKISIHOK ((pJIakOHOB) JJIi XpaHEHHUs PACTBOPOB
peaktnBoB HaGop mnpobupox (I1X-14, IIX-16)
[Tpubop nns momydeHuss T1a3oB  CHUpPTOBKA
["oprouee mist cnupToBoK DUIbTpOBaIbHAS Oymaraj
Konb6a  xonumueckass  Ilamouka — cTexisHHAas
(C pEe3WHOBBHIM HAKOHEYHHKOM) Yamedka s
BbINIApUBaHUs (BBIIAPUTEIbHAS yalleuka) MepHbIl
nunuHAp (TUTacTHKOBBINM) BopoHka cTekisHHAS
(manmasi)  Crakan  crekisHHBIA (100 )
["a300TBOIHAS TpyOKa
2.2 |O6pa3oBarenbHbIi (OOpa3oBaTEeNbHBIN Habop JOJIKEH OBIThH LIT. 62
HaO0p JUIs MpelHa3HaueH AJs U3y4eHUs: pOOOTOTEXHUYECKUX
M3y4eHUS TEXHOJIOTUH, OCHOB MH(POPMALMOHHBIX
MHOTOKOMIIOHEHTHTEXHOJIOTUMT W TEXHOJIOTMM  NPOMBIIIJIEHHOM]
BIX aBTOMaTH3allNH, a TaKxe TEXHOJIOTUH]
POOOTOTEXHUYECK [MPOTOTUIIMPOBAHUS U AJJIUTUBHOTO MTPOU3BOJICTBA.
UX CUCTEM U B COCTaB Habopa JIOJKHBI BXOJIUTh
MaHUIYJISIIUOHHBI [KOMIUIEKTYIOIIIME W YCTpPOWCTBa, oOOJajaromniue
X poOOTOB KOHCTPYKTUBHOMW, aNlapaTHOM M IIPOrPAMMHOU

COBMECTUMOCTBIO APYT C APYTOM.
1) KoMmieKT KOHCTPpYKTHBHBIX D3JEMEHTOB W3
MeTallyla W IJIacTHKa Mg cOOpKH  Mojenei
MaHUITYJISIIUOHHBIX poboToB C YIJI0BOH|
KUHEMaTUKOM, TJIOCKOMapaAJIIIEIbHON
KuHeMaTukoi, Delta-KkuHeMaTHKOM.

2) NHTennexTyanbHbIi CEpPBOMOJYJIb C
VHTETPUPOBAHHOM CHUCTEMOW YIIPABICHUS — HE
MeHee 7mT. CepBOMOIYNb JOJDKEH 001a1aTh
MHTETPUPOBAHHOU CUCTEMOM yIIpaBIEHHUS,
00ecreunBaroIIeii 0OpaTHYIO CBSA3b WJIM KOHTPOJIIh
rapamMeTpoB MIOJIOKEHWE  BaJla, CKOPOCTh
BpallleHWs, Harpy3ka TIpuUBOAa, a  TaKke
oOecrieunBaroeit BO3MOXHOCTb
MOCJIE0BATEIBHOTO MOAKIIOYEHHSI APYT C APYTroMm|
131 yIpaBIICHUS CEPBOMOYJIIMU 1o
MOCJIeI0BATEILHOMY MOJTY1YTUIEKCHOMY|
ACTHXPOHHOMY UHTEpdeiicy.

3) PoGoroTexanueckuit KOHTpOJLIED,
MPECTABISAIOMNNA COO0H MOIYIBHOE YCTPOMCTBO,
BKJIIOYAIOIIEe B cebs OJTHOTIIIATHBIN
MUKPOKOMIIBIOTED JJI BBIOJTHEHUSI  CIOXKHBIX

BBIYMCIIUTEIIbHBIX ~ OMepanuii, nepudepuitHbIi
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

KOHTpPOJUIEp  JUIsl  YIOpaBI€HUS  BHEIIHUMY|
YCTpOMCTBAMM M IUIATYy  pacUIMpeHus  JJid
[OAK/IIOUEHUsT BHELIHUX YCTPOMCTB. Moaynu
[POOOTOTEXHUUYECKOTO  KOHTpoJiiepa  JOJIKHBI
o0nagaTb  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
AIMmapaTHOM M MPOTPAaMMHON COBMECTUMOCTBIO
npyr ¢ ApyroM. PoGOTOTeXHHYECKUI KOHTpPOILIEp,

NOJKEeH YIIOBJIETBOPSTH TEXHUYECKUM|
XapaKTEPUCTUKAaM: KOJ-BO SiZIEp BCTPOECHHOIO
MUKPOKOMIIbIOTEpa — HE MeHee 4, TaKTOBas|

gactoTa siapa — He menee 1,2 I'Th, oobem O3Y —
He MeHee 512 MO, nanmuue unTepdeiicoB — SPI,
12C, 1-wire TTL, UART, PWM, uudpoBsiec — He
MeHee 16 1T U aHajIoroBble MOPTHI — HE MEHEE §
T s TOJKIIOYEHUS BHEIIHUX YCTPOWMCTB,
BCTpOCHHBIM MHUKpodoH, a Takke WiFi wim
Bluetooth nans KOMMyHHKalMM CO BHEIIHUMHU]
ycTporicTBamMu. PoOOTOTeXHUYECKH KOHTPOJLIED
NOJKEH obecrieunBaTh BO3MO>KHOCTH|
MPOrpaMMHUPOBAHUS C TIOMOILBIO CPEJCTB SI3BIKOB
C/C++, Python u cBoOOAHO pacmpocTpaHsIeMoif]
cpenbl  Arduino IDE, a Ttaxxe ympaBieHUs
MOJENIIMA ~ POOOTOTEXHUYECKUX  CUCTEM
rnmoMouiso cpeast ROS.

4) IlporpamMmmupyeMblii KOHTpOJIEp — HE MEHEE
lmr. IIporpaMMupyembliii KOHTPOJUIEP OJIKEH|
MPEICTaBIATh COOON BBIUMCIUTEIBHBIA MOIYIIb,
oOnagaronuM 1U(PPOBEIMU TTOPTAMH — HE MEHEe §
T ¥ aHAJIOTOBBIMU MOpPTaMH — HE MeHee 16 T,
untepgpeiicamun UART, I12C,SPI, TTL, a Takxe
MoIyJieM OecripoBOIHOM cBsizu Tuma Bluetooth miyl
WiFi s co3maHust  ammapaTHO-TIPOTPaMMHBIX
PEIICHU U «YMHBIX/CMapT»-yCTPOWCTB  IJisl
pa3paboTku pemeHnit «MTHTepHET Bemen».

5) Ilmara pacmmpeHuss IPOrpaMMUPYEMOTO
KOHTpoJuiepa — He MeHee 1. [lnara pacmmpenus
NOJDKHA obecrieunBaTh BO3MO>KHOCTH|
MOJKIIIOUYEHHUSI YHUBEPCAIBHOTO BBIYUCIUTEIBHOIO
MOJTyJIsl K ceTu nocpencTBoM uHTepdeiica Ethernet.
[lnara pacmupeHus AOKHA 00JaAaTh MOPTaMHU
BBOJIA-BBIBO/IA [UISl TIOJKITIOYCHHS IHQPPOBHIX U
AQHAJIOTOBBIX YCTPOMCTB — He MeHee 40 T,
uHTepdeiic SPI 1 BO3MOKHOCTBIO MMOJKIIOUYEHUS]
BHEULTHEH KapThl MaMATH.

6) Mopyins TEXHUYECKOIO 3peHus,

MpEeACTABISIIONMKA  cOO0M yCTpOMCTBO Ha 0ase
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

BEIYHUCITUTEIILHOTO MUKPOKOHTpOJUIEpa u
WHTETPUPOBAHHOM  Kamepbl, 0O0EeCIeunBaIoIIee
pacrio3HaBaHWe MPOCTEHIINX H300pakeHU HA
MOJIyJIe 33 CUET COOCTBEHHBIX BBIYMCIUTENBHBIX
BO3MOXKHOCTE — He MeHee lmrt; Moaynb
TEXHUYECKOr0 3peHusi JOJDKeH O0ecleunBaTh
BO3MOXHOCTh KOMMYHHKAIIUM C aHAJIOTUYHBIMU
MOAYJISIMM ~ TIOCPEICTBOM  IIMHBI Ha  0ase
MOCIe0BaTeIbHOTO  HMHTepdeiica ¢ LeJbio
NMaJbHENIIe mnepefayn pe3yibTaTOB HM3MEpPEHUH|
CPYIIIBI MOJIyJIei Ha YIPABIISIIONIEE]
BBIUHCIUTENIHOE YCTPOMCTBO, MOJKIIOYEHHOE K
NMaHHOW IIMHE. Monaynb TEXHHYECKOIO 3pEHHS]
NOJKEeH o0ecrnieunBaTh BO3MO>KHOCTH|
OCYIIECTBISITh HACTPOUKY MOAYJS TEXHHYECKOTO
3pEeHUsI — HACTPOUKY IKCIO3UIInK, Oanmanca 6esoro,
[[BETOPA3HOCTHBIX  COCTaBIISIONINX,  IUIOMIA]IH]
0OHapyKHUBaEMOI obyactu HU300pakeHus,
OKpPYIJI0CTU oOHapyXuBaeMoi obmacty|
M300pakKeHUs,  TOJOKEHHE  OOHApYKHMBAEMBIX
o0yiacTeif OTHOCHTEIBHO JApYyr Jnpyra. Momayib
TEXHUYECKOr0 3peHusi JOJDKeH O0ecleunBaTh
BO3MOXHOCTh HACTPOWKM Ha OJHOBPEMEHHOE
oOHapyxeHne He MeHee 10 pa3TuYHBIX OJMHOYHBIX
O00BEKTOB B CEKTOpe 0030pa, J1ub0 HE MeHee 5
COCTaBHBIX OOBEKTOB, COCTOSALIMX W3 HE MeHee 3
Pa3TUYHBIX TpapUUYeCKUX MPUMUTUBOB. MoIyIb
TEXHUYECKOro  3peHus  JIoJDKeH  00Jaaath
BcTpoeHHbIMU HHTepdericamun — USB, UART, 1+
wire TTL, I2C, SPI nmnga KOMMyHHKaue CO
BHEITHUMH MMOAKITIOYaeMbIMH YCTPONUCTBAMHU.

7) B coctaB Habopa AOMKHBI BXOAUTH MUGPOBHIC
MH(OPMAIIMOHHO-CEHCOPHBIE MOJTYJIH,
MpeACTaBIsIIONMe CcOoO0OW ycTpolicTBa Ha 0Oase
[POrPaMMHUPYEMOTO KOHTpOJIEpa u
M3MEPHUTENbHOTO djemeHTa. [ludpoBoit Momynb
TOJIKEH o0nanath BCTPOCHHBIM|
MUKpPOKOHTPOJIJIEpOM  (TakToBasi dYacroTa — HE
MmeHee 16 MI1, mmHA HAaHHBIX — HE McHee 8
Ko6aiit), wHTepdeiicaMu i TOAKIIOUEHUS K
BHEITHUM yCTPOWCTBaM: MU(POBLIC W aHATIOTOBBIC
moptel, 1-wire TTL, pazsem tuna RJ. Iudporoii
MOJYJIb JIOJDKEH OOEeCHeunBaTh BO3MOXHOCTH
KOMMYHHMKAIlUd C aHaJOTHYHBIMH  MOJYJISIMU|
MOCPEJCTBOM INMHBI Ha 0aze TMOCIeI0BaTEIBHOIO
uHTepdelica ¢ IeNpl0  JadbHEHIeH mepeaadn
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

PE3yJIbTaTOB WM3MEPEHUN TIPYyNIbl MOAYJIEH HA
YIPABIAIOLIEE  BBIYMCIUTEIBHOE  YCTPOMCTBO,
MOJKIIOYEHHOE K JJaHHOM muHe. B cocraB Habopa
NTOJDKHO BXOJUTH: IU(POBOM MOIYNIb TaKTOBOMU

KHOTNIKM — HE MeHee 31T, IU(PPOBOW MOIYIH
CBETOAMO/Ia — HEe MeHee 3T, MU(PpPOBOH MOIYIH
KOHIIEBOTO TMpepbIBaTesis — HE MeHee 3IT,

nudpoBoi MOAYIL AaTUYMKA I[BETa — HE MeHee 11T,
udposoil Monyas RGB cBeronnona — He MeHee
.

8) B coctaB Habopa IOJKHBI BXOAMUTH AJIEMEHTBI
uis  cOOpKM BaKyyMHOIO 3axBaTa: BaKyyMHas
MPUCOCKa — HE MEHee |IT, 3JIeKTPOMAarHUTHBIN
KJanaH — HE MeHee l1IT, BaKyyMHBIA HAacoC — HE
MeHee 1miT.

0) B cocraB Habopa MODKEH BXOIUTH YUEOHBIN
KOMIUICKT, BKIFOYAIOIINN B ce0sl yueOHOe mocobue,
Ha0op OWMONMMOTEK TPEXMEPHBIX JJIEMEHTOB Jis
MPOTOTUITHUPOBAHKSI MOJIENICH MaHHUITYJISIIIHOHHBIX
POOOTOB, a TaK)Ke MPOrpaMMHOE OOecTiedeHUe ISt
pabotel ¢ Habopom. IIporpammuoe obecreueHue
NOJHKHO o0ecrneunBaTh TPEXMEPHYIO
BU3yalH3allMi0  MOJCIHM  MaHUMYISIUOHHOTO
pobota (Cc YIJIOBOM, TIJIOCKOMApPAUICIIBHON M|
nenbTa-KMHEMaTUKoi) B mporecce  paboThI,
oOecrieunBaTh IOCTPOEHUE MPOCTPAHCTBEHHOH
TPacCKTOPUU JIBUKCHUS UCTIOJTHUTEIIBHOTO)
MexaHHu3Ma MaHUMYJISIUOHHOTO pobora,
BO3MOKHOCTb 33JJaHHsI TIOCJICAOBATEILHOCTH TOYEK
TUI TIPOXOXKACHHSI 4Yepe3 HUX MCIOIHUTEIBHOIO
MeXaHH3Ma MaHUTYJSITUOHHOTO pobora.
[IporpamMmmHoe o0ecrnieueHue JTOJIKHO
(yHKITMOHUPOBATh, KaK B OTACIHLHOCTH B BHJIE
CpeIbl MOJETUPOBAaHUS, TaKk U B  PEKUME
MOHHTOPHHTa B  pEAIbHOM  BpPEMEHU  IpH|

MOIKITFOYCHU T MOJICTTH MaHHITYJISTOPA
MOCPEACTBOM POOOTOTEXHUYECKOTO KOHTPOJUIEPA.
[TporpammHOe obecrieueHue JIOJKHO
OGGCHG‘-II/IBaTB BO3MOXHOCTH MMOCTPOCHU A

rpauKoOB 3aJaHHBIX M TEKYIIUX OOOOIIECHHBIX
KOOpAWHAT MaHUMYJIALUOHHOTO po0oTa, rpaduKoB
BHAYCHU CKOPOCTEH M YCKOpEHHs, TpaduKOB
pacyeTHBIX 3HayeHUM Harpys3ku. lIporpammnoe
oOecrieueHrne  JOJDKHO  TO3BOJSATH  3aJaBaTh
[1OCJIE0BATEIBHOCTD IepeIBUKEHU]
MaHUIYJSTOpa TOCPEACTBOM Habopa KOMaHJI B
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

OonmouHo-rpaduueckoM — uHTepdeiice.  YueOHOE
mocodue JOKHO COJep)KaTh MaTepHalbl 0
pa3paboTKe TpPEeXMEPHBIX MOJeNed MOOMIBHBIX
POOOTOB, MaHUITYJISIMOHHBIX ~ pOOOTOB c
PA3IUYHBIMM  THUIIAMHA  KUHEMaTuku  (yrJioBas
KMHEMAaTHKa, IJIOCKO-NapasuielbHas KUHEMaTHKa,
nenbTa-kuHematuka, SCARA  wunmum  peryaxHas
kuHemaTuka, tiarpopma CrroapTa W T.IL.),
WHCTPYKLIMA 1O  TMPOCKTHPOBAHUIO  POOOTOB,
WHCTPYKUMM M METOAMKH  OCYIIECTBIICHUS
WHKCHEPHBIX pPacyeToB TPU MPOEKTUPOBAHUMU
(pacueTbl  Harpy3kui ¥  MOMEHTOB, pacuerT
MOIIIHOCTH  TMPHBOJIOB,  pacueT  I[apaMeTpoB
KMHEMATUKH W T.I1.), MHCTPYKIIMA TIO pa3paboTKe
CUCTEM yIpaBICHUS u MIPOrPaMMHOT 0|
oOecrieueHuss Il yIpaBleHUs  poOoTaMu,
WHCTPYKLIMA ¥ METOJIUKH TO pa3paboTKe cucreMm
YIpaBIEHUS C BJEMEHTaMU HCKYCCTBEHHOI'O
WHTEJUICKTA U MAIIUHHOTO OOYYCHHUS.

2.3

O06pa3oBaTeIbHBIN
HaOOp 1Mo
MeXaHUKe,
MEXaTPOHUKE U
POOOTOTEXHUKE

HaGop nomkeH ObITh  MNpegHA3HAYEH IS
MpOBEACHUST Yy4YeOHBIX 3aHATHUH 1O HU3YYCHUIO
OCHOB MEXaTPOHUKHU u POOOTOTEXHUKH,
MPAKTUYECKOTO NMPUMEHEHUSI 0a30BBIX AJIEMEHTOB
AIIEKTPOHUKU U CXEMOTEXHHUKH, a Takxke Hanboiee
[pPacTIpOCTpaHEHHOM AJIEMEHTHOU 0a3bl 1 OCHOBHBIX
TEXHUYECKUX  pEUIeHWH, MPUMEHSEMbIX IpHU
[IPOEKTUPOBAHUU u MIPOTOTUIIUPOBAHUMY]
PA3IMYHBIX WHXXCHEPHBIX, KUOEPHETUYECKUX U
BCTpauBaeMbIX cucTeM. B coctaB Habopa JOJIKHBI
BXOJIUTh  KOMIUIEKTYIOIIME U  YCTPOMWCTBA,
oOyafaromue KOHCTPYKTHBHOM, 3IIEKTPUUYECKOH,
AImapaTHOM M MPOTPAMMHON COBMECTUMOCTBIO
npyr ¢ npyrom. B coctaB Habopa 10KEH BXOAUTH
KOMIUIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB U3 METaIa
U1 COOPKM MaKeTa MaHUIYJIALMOHHOTO po0oTa U
KOMIUIEKT ~ METaJUIMYECKUX  KOHCTPYKTHUBHBIX
DIIEMEHTOB sl COOpKM MakeTa MOOMIIBHOTIO)
pobora. B cocraB Habopa OJDKHBI BXOAWTH

[PUBOJA  PAa3JIMYHOTO  THUIA:  MOTOPBl  C
MHTETPUPOBAHHBIM  WIM  BHELWIHHUM  JTaT4YUKOM|
MOJIOKEHNUST — HE MeEHee 2 IIT, CEepPBONPHUBOJ

OOJIBIIION — HE MEeHee 4 T, CEPBOMPUBO]T MAJIBIN —
HE MeHee 2 IUT, NPUBOJ C BO3MOXKHOCTBIO
YIIpaBJIEHUS B IIarOBOM pEXHME — HE MEHee 2IIT.
B cocras Ha60pa JOJI’KHBI BXOAUTDH DJIEMEHTHI 1A
cOOpKHM BaKyyMHOTI'O 3aXBaTa: BaKyyMHasl IPUCOCKA

IT.

62
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n/n

HaumMmeHnoBaHue
000py10BaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

— He MeHee | 1T, 3eKTPOMarHUTHBIN KJIanaH — He
MeHee | 1T, BAKYYMHBIM Hacoc — HEe MeHee 1mT. B
cocTaB Ha0opa JOJHKHA BXOJUTH dJIEMEHTHas 0a3a)
U1 TPOTOTUIIMPOBAHMS: TJIaTa AJig OecrnaeyHoro
MPOTOTUIIUPOBAHUSA, KOMILJIEKT IIPOBOJIOB
[PA3JIMYHOTO THUIA U JUIMHBI, KOMIUIEKT PE3UCTOPOB,
KOMILJIEKT CBETOJMO/IOB, CEMHUCETMEHTHBIN
uHauKatop, aucred JKK-Tuma, KHONKH — HE
MeHee 5 T, MOTEHIHMOMETPbl — HE MEHee 31T,
WHppakpacHBIW JaTYMK — HE MEHee 3MIT,
YIBTPAa3BYKOBOM JaTYMK — HE MEHee 3IUT, NaTYUK
TeMIreparypsl — HE MeHee lmT, [aT4yuK
OCBEIIEHHOCTH — He MeHee 1T, moxyns Bluetooth
— He meHee | mr, Mmoayns MK-mpuemHuka — HE
MeHee 1 T, moayns HK-nepemartumka B BuzE
KHOIIOYHOrO MyJnbTa yOopaBieHus — | T,
AKKyMyJIATOp — HE MeHee | mIT, 3apsaHoe
ycTporicTBo — He MeHee | mT. B coctaB Habopa
NOJDKEH BXOJUTh MYJIbTUIATUUK JII MU3MEpPEHHUs
TEMIIEpaTypbl U BIAXKHOCTH OKPYXKAIOIIEH CPeIbl —
He MeHee | mT. MynbTUIATIMK JAOKEH 00JaaaTh
BCTPOEHHBIM ~ MHUKPOKOHTPOJUIEPOM  (TaKTOBas
yactora — He MeHee 16 MI'1, mmHa JaHHBIX — HE
MeHee 8 KbGaiiT), uaTepdeiicamu 1J1s OAKITIOUEHHUS
K  BHEIIHUM  yCTpOWcTBaM:  IUQPOBBIE U
aHaioroBeie mopTel, 1-wire TTL, pazbem tuma RlJ.
B cocraB Habopa [OMKEH BXOAUTH KOMILIEKT|
YHUBEpPCAIbHBIX  BBIYMCIUTENBHBIX  MOAYJEH,
MPECTABIAIOMNX €000l 0a30Byl0 IUIATy, IJIaTy|
[paCIIMpEHMs] I CETEBOr0 B3aUMOJCHCTBUS M|
MaTy  MOJAKIIOYEHHMs]  CWJIOBOM  HArpy3KH.
Bxonsmue B KOMIUIEKT YCTPOMCTBA TOJIKHB]
o0nagatb  OJHOBPEMEHHOW  KOHCTPYKTHBHOM,
PICKTPUYECKOM, almapaTHOM MW MPOTPaMMHOM
COBMECTUMOCTBIO JpYr C¢ Apyrom. ba3oas miata
YHUBEPCAIBHOTO  BBIYHUCIUTEIBHOTO  MOJIYJIA
TOJDKHA TIPENICTaBIATh CO00M MporpaMMHUpyeMbIN
koHTpoyuiep B cpeae Arduino IDE  wim
QHAJIOTHYHBIX ~ CBOOOJHO  PacIpOCTPaAHSIEMBIX]
cpenax paspabotku. bazoBas mata J0MKHA
o0nafaTb  BCTPOCHHBIMH  HHTepdeiicaMu IS
MOAKIIOUEHUsT  UU(POBBIX M AHAJIOTOBBIX
YCTPOMCTB, BCTpOeHHBIMH uHTepdeiicamu USB,
UART, 12C, SPI, 1-wire TTL, Bluetooth, WiFi.
[lnara  pacmmpeHus JODKHA — OOECTeurBaTh
BO3MOYKHOCTb  NMOJKJIIOYEHHS]  YHHBEPCAIBHOIO
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BBIUHUCIUTENBHOTO MOJYJS K CETU IOCPEACTBOM
untepdeiica Ethernet. [1nara pacmmpenus 10mKkHa|
o0anathb opTamMu BBO/1a-BBIBOJIA 1S
MOAKIIOUYEHUsT  UU(POBBIX M AHAJIOTOBBIX
ycrpoiictB, uHTepdeiic SPI u BO3MOKHOCTBIO
MMOAKIIOUEHUsI BHENIHEH KapThl mnamMatu. llmara)
pacIIpeHus AJIs TOAKIIOUEHUs CUIIOBOM Harpy3ky
NOJKHA 00ecreurnBaTh BO3MOXKHOCTh — IPSIMOTO
[IOAK/IIOYEHUs] BHEIIHEH CHUJIOBOM HAarpy3ku, aj
TaK)K€ peryjlupyeMod Harpy3ku MOCpPEACTBOM
PWM wuntepdeiica. B cocraB nabopa moimkeH
BXOJIUTh MIPOrpaMMHUPYEMBIi KOHTpOJLIED,
00eCTIeYNBAIOIIUN  BO3MOKHOCTh  OCYHIECTBIISTH
pa3paboTKy MpPOrpaMMHOrO  KOJa, HCIOJIb3Ys
MHCTpyMeHTapuil cpen pa3padorku Arduino IDE u
Mongoose OS © A3BIKOB NPOrpaMMHUPOBAHMUS]
C\C++, JavaScript. [Iporpammupyemslii
KOHTpOJUIEp JIOJDKEH o0iafgarh MOpTaMu s
MOJKIIOYEHUS  IHU(POBBIX W aHAJOTOBBIX
YCTPOICTB, BCTPOCHHBIMU MPOrPAMMHUPYEMBIMU
KHOIIKAMHU U 3JIEKTPOMEXAHUYECKUMHU MOIYJISIMU
U OpraHU3alliy CHCTEMbl PYYHOTO YIpPaBIICHUS,
BCTPOEHHBIMH NIPOTPAMMUPYEMBIMHU CBETOUOIaMY]|
U1 MHAMKAIUK pabodyero pexuma, BCTPOCHHBIMU|
untepdeiicamu USB, USART, 12C, SPIL, 1-wire
TTL, ISP, Ethernet, Bluetooth, WiFi. B cocraB
Habopa MOJDKEH BXOJUTh MOIYJIb TEXHUYECKOTO
BpECHUS , MIPEACTABIISIIONTU N coboi
BBIUHUCIUTEIBHOE YCTPONCTBO CO BCTPOEHHBIM
MUKpOMPOIIECCOpPOM (KOJI-BO SiAEp — HE MEHee 41T,
vacrota siipa He meHee 1.2 I'T'u, oobem O3Y — He
MeHee 512MO, oObeM BCTPOCHHOW MaMsITH — HE
MEHEe 8['6),  WHTErpUpPOBAaHHOW  KaMepou
(MakcuMalibHOE paspelieHue BUJICOTIOTOKA,
nepenaaBaeMoro no uHtepdeiicy USB — He meHee
2592x1944 en.) u ontuyeckoi cucteMoit. Moyinb
TEXHUYECKOro  3peHHs  JIOJDKeH  o0Jsajarth
COBMECTUMOCTBIO C Ppa3IMYHBIMHY]
[IPOrpaMMHUPYEMBIMH KOHTPOJJIEPAMHU € ITOMOIIBIO
untepgeiico — 1-wire TTL, UART, 12C, SPI,
Ethernet. Moaynb TEXHHYECKOTO 3pEHHUS JOJKEH|
oOecrieunBaTh BBIMOJHEHUE BCEX H3MEpPEHUN W
BBIYHCIICHUI IIOCPEACTBOM COOCTBEHHBIX
BBIUUCIUTENBHBIX  BO3MOXKHOCTEH  BCTPOEHHOIO
MUKpornporeccopa. Moyslb TEXHUYECKOIO 3pEHUS]

TOJDKEH 00J1a/1aTh BO3MOKHOCTHIO KOMMYHHKAIIUN
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C aHAJIOTMYHBIMU MOJYJIIMH IOCPEICTBOM IIIMHbI
Ha 0ase mocieoBaTeIbHOTO HHTEpdeica ¢ 1eblo
NalbHEHIICH Iepefayd pe3yiabTaTOB H3MEpPEHUN
TPYIITIBI MoyJen Ha YIPABJISIONIEE]
BBIYMCIIUTENIBHOE YCTPONCTBO, MOJKIIOUEHHOE K
NMaHHOW IMHE. MoIynb TEXHHYECKOTO 3pEHHS]
NOJDKeH — oOecreynBaTh  HACTPOWKH — PEKHUMOB

paboOThl — HACTPOMKY OKCHO3UIMHU, OanaHca)
oeoro, I[BETOPa3HOCTHBIX COCTaBIISIONINX,
10T A TH oOHapyXHBaeMOi obJacTy|
M300pakeHUsl,  OKPYIJIOCTH  OOHapy>KUBaeMoM
obnactu n300pakeHus, MTOJIOKEHUE]

O0OHapy>KUBaeMbIX 00JacTel OTHOCHUTEIBHO JAPYT
npyra,  MalmlMHHOE ~ OOy4YeHHe  MapaMeTpoB
HEHPOHHBIX ceTed s OOHapyXKeHUs OOBEKTOB,
bopmy u 3aKOJIMPOBAaHHbIE 3HAYCHMUS]
00HapYyKUBAaEMbIX MApKEPOB THIIA Aruco, pa3Mepsl
00HapYKMBAaEMbIX OKPYXHOCTEH, KBaJpaToB W
TPEYrOJIbHUKOB,  [AapaMETPOB  KOHTPACTHOCTH,
[pa3MepoB, KPUBU3HBI u MOJIOKEHHU S
[pacrio3HaBaeMbIX JIMHUH. Habop JOJDKEH|
o0ecreuynBaTh BO3MOXKHOCTh Pa3paOOTKH MOJIEIH
MOOMIIBHOTO poboTa, yrpasiusemoil B FPV-pexume
MOCPEACTBOM IPOTPAMMHOI0 OOecredeHus s
MEPCOHATBHOIO  KOMIbIOTEpA U MOOWJIBHBIX
yctporictB Ha ©0a3ze OC Android wmum IOS,
00eCTIeYNBAIONIETO  BO3MOXKHOCTh  yIIPaBJICHUS]
MOOMITBHBIM poboTom u BCTPOCHHBIM
MaHHITYJIITOPOM ~ TIOCPEICTBOM  IpaduuecKoro,
uHTepdelica, BKIOYAOMUM B ce0s HabOp KHOIOK
W TepeKiIrouaTeNeld, JHKOMCTHK, O00JIacTh s
0TOOpaKECHHS BHUJIEO. Hab6op IIOJKEH
oOecrieynBaTh BO3MOXKHOCTb HM3Yy4YCHHS OCHOB
pa3paboOTKW  MPOrpaMMHBIX U allapaTHbIX
KOMILIEKCOB HMH)KEHEPHBIX CHCTEM, peIICHUil B
chepe «VHTEpHET Bemiel», a TakKe pEHICHUN B
o0sacTu POOOTOTEXHUKH, HCKYCCTBEHHOI'O
MHTEJJIEKTa M MalIMHHOro oOyueHus. B cocraB
Habopa OKHO BXOJIUTH MOCOOWE MO0 H3YYEHUIO
OCHOB 3JICKTPOHUKH M CXEMOTEXHUKH, PEUICHUN B
chepe «MuTepHeT Bemei», pa3paboTku U
MPOTOTUIIUPOBAHUIO MojeNeld poboToB. B cocraB
Habopa OKHO BXOJIUTH MOcOOWE MO H3YYEHUIO
OCHOB pa3pabOTKU CHCTEM TEXHUYECKOTO 3pEHUS U
HIIEMEHTOB HCKYCCTBEHHOT'O MHTEIIJICKTA.

2.4

O06pa3oBaTeIbHBIN

PoGoTtorexnuveckuid HaOOp TpeaHA3HAYEH JJIs

IT.

248
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KOHCTPYKTOP JIJIst
MPAKTHKH
0JI0YHOTO
[IPOrPaMMHUPOBAaHU
51 ¢ KOMIIJIEKTOM
TATYNKOB

M3YYCHHUSI OCHOB POOOTOTEXHHKH, IETAICH, y3JIOB U
MEXaHU3MOB,  HEOOXOIMMBIX  JUIsl  CO3JIaHus
[POOOTOTEXHUYECKUX YCTPOMCTB. Ha6op
MpeICTaBiIsieT CO00M KOMIUIEKT CTPYKTYpPHBIX
DIIEMEHTOB,  COCIUHUTENBHBIX  JJIEMEHTOB U
PIIEKTPOTEXHUYECKUX KOMITOHEHTOB. Habop
MO3BOJISIET  TPOBOAUTH  JKCIEPUMEHTHI  TIO
npenMeTy (usuka, co3iaBaTh U IPOrpaMMHUPOBATH
coOMpaeMble MOJENH, U3 KOMIIOHEHTOB, BXOISIIIHX
B €ro cocraB, paboune MoJenu MOOUJIBHBIX U
CTAIIHOHAPHBIX POOOTOTEXHUYECKHX YCTPOUCTB C
ABTOMATHU3HPOBAaHHBIM YIPABIECHUEM, B TOM YHCIIE
Ha KOJNECHOM M TYCEHHYHOM XOIy, a TaKke
KOHCTPYKLHN, OCHOBAHHBIX Ha HCIOJB30BaHUY]
Pa3IMYHBIX BHUAOB TMepenad (B TOM  YHCIE
YEpBIYHBIX M 3y04aThIX) a TakKe phIYarosB.
BcrpoeHHbIE O€CIIPOBOTHBIC CETEBBIE PEIICHUS]
(Wi-Fi u Bluetooth), BO3MOXHOCTh MHTErpallH C
OccrmaTHBIM — oOmaunbiM 11O,  oOecreunBaoT
BO3MO>KHOCTh MPaKTUYECKOTO U3Y4EHUS
TEXHOJIOTMM  WHTEpPHETa  BEIIEH U OCHOB
MCKYCCTBEHHOro uHTeliekTa. (OOecneunBaercs
BO3MOYXHOCTh OOBEIMHEHHSI HECKOJIBKHX POOOTOB,
coOpaHHBIX W3 TMOAOOHBIX HAOOPOB, B TPYIIBI C
ceTeBbIM  B3aumojencrteueMm.  [Ipenycmorpena
OIIIMOHAIbHAS BO3MO>KHOCTh paciupeHus|
TOTIOTHUTEITbHBIMU KOMITOHEHTaMH (ue
BXOJIALIMMH B CTaHAAPTHYIO KOMIUIEKTAIIHIO),
MO3BOJISIFOIIMMU HM3y4aTh TEXHHYECKOE 3pEHHUe Ul
MPOMBIIIIEHHYI0 poOoTOTeXHUKY. [IpenycMoTpena
BO3MO>KHOCTh paboThI Habopa C
NOTIOJIHUTENbHBIMU ~ OOJJAaUHBIMM ~ CEpBHUCAMHU.
[TpenycMOTpeHbI MUHUMYM 1Ba
MPOrpaMMHUPYEMBIX KOHTpPOJJIEpAa B IMJIACTUKOBBIX
KOpIycax, MO3BOJISTFOIIIAX OJTHOBPEMEHHO
co3laBaTb 2 BapuaHTa pPOOOTOB  Pa3IUYHOTO
HA3HAYCHUS, UMEIOIINX BO3MOXHOCTh PabOTHI KaK
B IOTOKOBOM pe€XHME, TaK U aBTOHOMHO;
MO3BOJISTFOIIINAX peann3oBaTh o0y4yeHue
MPOrpaMMUPOBAHUIO B HECKOJIBKHX  Ccpefax
pa3paboOTKK Ha pa3IUYHBIX S3bIKaX (K MpUMEpY, B
cpenax Mblock, Arduino IDE, Ha si3pikax Scratch,
C, Python, micro Python). Kak Mmunumym ogun u3
KOHTPOJJIEPOB UMEET BCTPOCHHYIO ONEPAllMOHHYIO
cucremy, BctpoeHHble Wi-Fi u Bluetooth, mopt ans
MOJKIIIOUYEHUSI TOCIEA0BATEIbHO COEIMHIEMBIX
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BHELIHUX YCTPOMCTB (He MeHee 20 OHOBPEMEHHO
MOAKIIOYAEMbIX YCTpoWcTB). Kak MUHUMYM OIHMH
u3 KOHTPOJIJIEPOB UMeeT BO3MOKHOCTH|
OJTHOBPEMEHHOM 3allUCH HE MEHEee 8 mporpamm, ¢
BO3MOKHOCTBIO TIEPEKIIOYEHUsT MeK1y HUMU. Kak
MUHUMYM  OIMH M3  KOHTPOJUIEPOB  HMEET|
nonHouBeTHeld  aucruie  (IPS), mno3Bossrommii
BBIBOJIUTH JIaHHBIE C JATYMKOB B BUJE TaOIUI] U
rpaduKoB, a TakXKe CO37aBaTh BCTPOCHHBIC B
KOHTpOJIep BUeOUTphl. KomndyecTBo ceHCcopoB U
VCIIOJTHUTENIbHBIX YCTPOUCTB, BCTPOCHHBIX B OJIMH
W3 KOHTpoyiepoB, - He MeHee 10 mr. OOmee
KOJMYECTBO 3JIEMEHTOB B HabOope He MmeHee 400
IIT., B TOM 4YHUCJIE TMOAKIIOYAEMbIe MOJIYIHU: -
Bluetooth Momynb, - ABOWHOW NaTYMK JMHHUH, -
YIbTPa3BYKOBOM JaTYMK pAcCCTOSHUA, - JaTYUK
L[BETA, - JATUUK KAaCaHUs SJIEKTPOMEXaHUUYECKUH, -
IR Moaynb, - MOTOp TIOCTOSSHHOTO TOKa ¢
[PEAYKTOPOM — HE MeEHee
2 IIT., - CEPBONPUBOA, - MYJIbT AUCTAHLUOHHOIO
yrnpasienuss IR, HabGop  nmomkeH  ObITH
[YKOMIUIEKTOBAaH aKKyMYJISTOPHBIMU OaTapesMmH.
[IporpamMmHOe oOecreyeHHe, HCIOIb3yeMoe s
MPOrpaMMHUPOBAHUS coOupaeMbIx
POOOTOTEXHUYECKHX  MOJENeH U  YCTPOMCTB,
NOJDKHO ~ OBITh  JIOCTYMHO ISl OecriaTHOTO
CKauMBaHMS U3 ceTH MHTEpHET M MOCIEIYIOUIEro
MCIIOJIb30BaHUSI.

2.5

O6opynoBanme
st
TEMOHCTpAIAH
OTBITOB ((hU3UKa)

KOMITIEKTHOCTE: Ha0Op AJisi JEMOHCTpAIMil 110
¢usuke «MexaHuka» (B COCTaBe: MOHOPEIBC
METATUYECKUH — | MIT., TEJIEKKH — 2 MIT., PIaxky
TUTSL TEJIEKKH — 4 TIT., TuHelka — 1 mT., Opycok
NEPEeBSIHHBIN ¢ ABYMs Kprouykamu — | IT., BEAEPKO
c meraer — 1 mWT., TOACTaBKHU ISl MOHOpEJIbca — 2|
IIT., CTEP)KHU MeTainaeckue (7,5 cM) ¢ pe3b0oil —
2 WT., IUIaCTUHA METa/uIM4ecKass — | IIT., KPIOUKHY|
— 2 wT., 610K — 1 WrT., npyxuHa ¢ ¢praxkom — 1
MT., KOBPUK — | IIT., MMUAIBKA-yIOpbl (60 MM) ¢
CIUIMKOHOBBIMH TPYOKamMu — 3 IIT., TPAHCIOPTHUD C
oTBecOM — | mT., rpy3bl o 50 r — 6 WT., MOTOK|
HUTA — | mT.,, KycoK ImuactwivHa — 1 miT.,
MJIACTUKOBBIE IIAPUKM HA HUTH — 2 WIT.,
METATUYECKUH MapuK — | MT., HUTh C MarHUTOM|
— 1 mT., Oudmisipasii moasec — 1 mr.) - 1 HAGOP,
HAaOOp DJEKTPUYECKUX Moayjied (B cocrase:

Moayib pesuctopa S u 10 Om, 5 Br — 1 mr.,

IIIT.

62
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MonyJsb pesuctopos 1 u 22 xOwm, 0,25 Bt — 1 mr.,
MOJyJIb pe3ucTopa nepemMeHHoro toka 10 Om — 1
IT., MOJYJIb JaMIibl HakanuBanus 3,5 B, 0,15 MA —
1 wrt., Mmonyns koHaeHcaropoB 10, 100 u 1000,
MK®D £10%, 16 B — 1 wT., moxyns katymek 250 y
1000 BuTkOB — 1 IT., MOZYJIH TEpMOpE3UCTOpA — 1
IT., MOAYJIb COJTHEYHOTO JJIEMEHTa MUTaHus — 1
mT., MOAYIb (oTopesuctopa — 1 MIT., MOIYIH
nmuona — 1 mr., Moayne cBeroauoda — 1 wiT.,
Monaysb Goronunoaa — 1 mT., MOAYNIb TPaH3UCTOPA
— 1 mr., MOmyNnb s TOAKIIOYEHHUS HMCTOYHHUKA)
TOKa — 1 IIT., MOAYJb PHIYAKHOTO BBIKIIIOYATEIS —|
1 mT., MOIyNh TIEpeKITIoYaTeNss Ha JBa TMOJOKEHUS]
— 1 mT., METaUIMYECKUN TUIUHAP — | 1IT., MeaHAas
mpoBosioka (@ = 0,14 mm, L = 1,0 m) — 1 T,
KOMIUIEKT COEAMHHUTEIbHBIX MPOBOIOB — | mIT.,
MPOBOJ, JIUISl TIOJKITFOYCHUST UCTOUYHUKA muTaHus (L
= 1,5 M) — | mT., 32KUMBI THIIA KKPOKOIWI» — 2
mt.) — 1 Habop, HaOop Ten paBHOW Macchl — 1 mT.,
Habop Ten paBHOTO oObeMa — 1 mT., mpubop s
NMEMOHCTpAIlMM JABJICHUS B JKUJIKOCTH — | mmIT.,
npuOop i1 U3y4EHUs Ta30BbIX 3aKOHOB — | MIT.,
TeIUIoNpUeMHHK (rmapa) — 1 mT., yueOHoe mocobue
— 1 mIT. pyKOBOJICTBO MO 3KCIUTyaTalluy — |1 1IT.

2.6

O6opynoBanme
st
TEMOHCTpAIAH
OTIBITOB (XMMHUST)

KommiektHoCTh: annapar Kunmna (250 mi) — 1 wr.,
puOop I WLTIOCTPALIMK 3aBUCUMOCTH CKOPOCTH|
XUMAYECKHX PEaKUUi OT ycinoBHid — 1 mT., mpudop,
TSt OKHCJIEHUS cCnupTa  Hal  MEIHBIM|
KaTtaau3aTopoM — 1 mT., mpubOp A MOTydeHUs]
raJloNI0aIKaHOB — 1 IIT., CTEKJISIHHBIE KOJIOBI
(koHnueckas 250 ma — 1 wr., kpyriaogonHas 250
mMia — 1 mrT.,, kpyrimogonHas 500 min — 1 mr.,
miockoqonHas 250 ma — 1 mT., naockomorHas 500
mia — 1 T, MepHass ¢ metko 250 mi — 1 mir.,
MepHasi ¢ MeTkoil 500 M — 1 mT.) — 1 KOMILIEKT,
cTekJsiHHbIe cTakaHbl (50, 100, 150, 250 mu — mo 2
mT., 600 Mo — 1 mT.) — 1 KOMIUJIEKT, CTEKJISTHHBIC
npooupku xumudeckue (14x120, 16x150 u 21x200
MM — 1o 4 mr.) — | KOMIUIEKT, MEpHbIE
cTexsisiHEbIe TUAUHAPHI (50 1 100 M — 1o 1 mT.)
1 xoMIUIeKT, IpsiMasi CTeKJIsiHHas Tpyoka L = 15 cm|
— 1 1WT., CTEKJISIHHBIE TPYOKH, 3arHYThIE TIOJ] YTIIOM
(60°, 90° u 100° — mo 1 mT.) — 1 KOMILJIEKT,
CTEKJISIHHbIE MAJTOYKU — 2 IIT., CTEKJIIHHAs YalllKa
[letpu — 1 wT., CTEKISHHBIC BOPOHKHU (IMaMETPOM|

56 1 75 MM — 1o 1 mT.) — | KOMIIJIEKT, CTEKJISTHHBIC

IIIT.

62
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mumnetkd (2, 5 u 10 ma — mo 1 wr.) — 1 KOMIUIeKT,
dapdopossiii crakan 150 M — 1 mt., papdoporas
CTymnKa ¢ mectom — 1 mr., ¢papdopoBsIil mmarens —
1 wr., apeomerpsl (800, 900, 1000, 1100, 1200
kr/M3 — mo 1 mT.) — 1 KOMIUICKT, JIOXKKA IS
C)KUTAaHHS BEHIECTB — | IIT., 30KUM MPOOUPOIHBIN
— 1 mr.,, MeTamIddecKHMi ImMHIET — 1 IIT.,
cuiMKoHOBass Tpyoka L = 1 M — 1 mmr,
paclbpUIMTENbHAS CeTKa — | INT., INTaTUB JyIs
npobupox (10 rae3n) — 1 mrT., ciupToBka — 1 1mIT.,
pe3uHoBble TpoOku (auamerp 14,5 MM — 4 mwr., 16
MM — 2 mT., 19 Mm — 2 ., 29 Mmm — 3 mT.) — 1
KOMIUICKT, PE3WHOBBIE MPOOKH C Ta300TBOJHBIMU
TpyOkamu — 2 mT., HabOp  ATHUKETOK|
camokyesmmxcss — 1 mT., OyMakHble (QHUIBTPHI
muamerpom 150 MM — 1 ym., yue6HOE mocodue — 1
IIT., PyKOBOJICTBO 1O DKCIUTyaTaIiu — | mrT.

2.7

Ha6op OI'D/EI'D
(pusuka)

CocraB Habopa: ITaTUB 1ab0paTOpPHBIH
(buznueckuil ¢ AByMS My(pTaMH U JBYMs JIAIIKaMH
— 1 ., Bechl anekTpoHHbie A0 200 r — 1 mrT.,
MEPHBIM HUIVHAP CTEKJISIHHBIN, IPEE U3MEPEHUs
250 mu1, ueHa aenenus 2 mi — 1 wr., AMHaAMomMeTp 1
H, uena nenenus 0,02 H — 1 ., nunamometp 5 H,
uena nenenus 0,1 H — 1 wr., qunuHap ctaiabHOH
25 cM3 — | WT., UUIUHAP ATIOMUHUEBBINA 25 cM3 —
I wrT., uunuaap amomMuHueBbli 34 cm3 — 1 T,
LWIMHIP TUIACTUKOBBIM 56 cM3 — 1 1wT., npyXnHa
Ha mianmere 40 H/mM — 1 mr., mpyxuHa Ha)
rutanmiere 10 H/m — 1 wt., rpy3st mo 100 r - 6 mir.,
Habop rpy3oB ¢ marom 10 T (50, 60, 70 u 80 1) — 1
KOMILIL., MepHasi JieHTa — | mrT., nuHeika — 1 mr.,
TpaHcnopTup — 1 mwT., OPyCOK ¢ KPIOYKOM U HUTHIO
— 1 wr.,, HanpaBmsromas anuHot 500 MM (¢
pasHbIMH KOd(PUIIMEHTaMU TpEeHUs Opycka Io ee
MOBEPXHOCTAM)  — 1 mT., CEKYHJIOMED
PICKTPOHHBIA €  JBYMS  JaTyvukamMu  XOJJa
(cexkyHIOMep B IIacTUKOBOM kopryce 130*57%30
MM, C HUGPOBBIM TPEXPA3PSIHBIM HHAUKATOPOM|
Ui OTOOpaXeHHWsS BpeMEHH (C  TOYHOCTHIO
mn3Mepenus B cekyHaax: 1o 10 — 0,01; mocne 10 —
0,1), xaonkamu «Crtapt/Ctom» u «Copocy, USB-
Pa3beMOM JIJIS1 TTOAKIIOUEHUS TaTIYMKOB Xojuta) — 1
IT., HAMpaBJSAIONMas co ImKamoi — 1 mr., Opycox
JIEPEBSIHHBIA C IMYCKOBBIM MAarHMTOM — 1 IIT.,
HUTSHOW MasTHUK (TPy3 C MYCKOBBIM MAarHUTOM,

HUTh C BO3MOXHOCTBIO HU3MCHCHHUA  JJIMHBI,

IT.

248
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oudunsapuelii moxsec) — 1 T, peyar (c
OTTPY304YHBIMU BUHTAMH U KPIOYKaMU ISl TPY30B)
— 1 mr., OJOK NOABMXHBEIAE — 1 mT., OJOK
HEMOABWXHbIH — 1 mT.,, kamopumerp - 1 mir.,
repmomerp Jsaboparopueii 0-100 C — 1 mT.,
MCTOYHUK MUTaHUS MOCTOSTHHOTO TOKQ
(GaTapeitabiii 6ok 0-7,5 B ¢ BO3MOXHOCTBIO
[PETYJIUPOBKM BBIXOJAHOTO HANPSDKEHUS C I1aroM
1,5 B) - 1 wt., amnepmerp aByxnpenensHbiit (0,6 A
c neaon gemenns 0,02 A u 3 A ¢ eHOM JeneHus
0,1 A) — 1 wr., BoAbTMETp ABYXHpeaeabHbIi (3 B ¢
nexnou penenns 0,1 B u 6 B ¢ nenoit nenenus 0,2
B) — 1 wr., pesuctopst 4,7 u 5,7 Om Ha nanenu — 1
mT., mammodka (4,8 B, 0,5 A) — 1 mT., nepeMeHHBIHA
pesuctop (peoctar) mo 10 Om - 1 T,
COeAMHUTEIIbHBIEC TTpoBOAA - 20 mIT., K4 — 1 mrT.,
HA0Op MPOBOJIOYHBIX PE3UCTOPOB Ha MaHENH (s
M3Y4CHUS 3aBHCHUMOCTH COIPOTHUBIICHUS]
MPOBOJHKUKA OT JJIMHBI |, TUIOMIATU MOTEPEYHOrO
CEYCHHS S W YJEIbHOTO COMPOTUBICHUS p) — 1
Habop., cobuparoras JIMH3a, ¢bokycHoe
pacctostaue 100 mm — 1 mT., cobuparornias JTMH3a,
dokycHoe paccrossaue 50 mm — 1 T,
jpaccenBaromias JuH3a, POKYCHOE paccTosHue - 75
MM — | mIT., 3KkpaH — 1 wT., onTHYecKas ckambs - |
mT., ciaiia «Mojenb nmpeaMeTa» Ha MOACTaBke — 1
[IT., OCBETUTEN]b Ha TMOjACTaBke — 1 wiT.,
MPO3payHbld MOMYHUIUHIAP — | IIT., MIAHIIET C
KPYrOBBIM TPAHCHOPTUPOM — | mIT., mpubop A
M3Y4YECHUSI Ta30BBIX 3aKOHOB — | IIT., KAMMILISPHI —
2 wr., audpaxknuonHsle pemetkn 300 u 600,
MTPUXOB/MM — 1| KOMIUL, 3epkajo — 2 IIT.,
mazepHasi ykaszka — | MT., moJaspoua B paMke — 2
mT., menau FOHra Ha mmactuHe — 1 mT., KaTyllKa-
MOTOK — 1 ImT., auoAsl Ha TIaHead — 1 mT.,
KoHJIeHcaTopbl Ha manenu (4,7, 22 u 33 mx®d) — 1
IIIT., KOMIIAC IIKOJLHBINA - 11IIT., MArHUT II0JIOCOBOM
— 2 ImT., 2JIEKTPOMarHuT paz0opHeid — 1 mrT.,
ONMUIIKKA >Kene3Hble B Oanke — 10 r, yueOHOE
mocobue — 1 mT., JIOTOK pa3aaTOYHbIN — 4 IIT.

2.7

Ha6op OI'D/EID
(Xumms)

B Ha®op BXOAAT BeChl 1a0OpaTOPHBIE AIIEKTPOHHbBIE
200 1, cnupToBKa JIabopaTtopHas, BOPOHKA|
KOHHYECKasl, Majloyka CTeKJIAHHAas, mpobupka 11X+
14 (10 mTyk), crakaH Beicokui ¢ HocukoM BH-50 ¢
METKON (2 ITYKH), UWJINHAP WU3MEPHUTEIbHBIN 2-

50-2 (CTeKJSIHHBIM, C TPUTEPTON KPBIIIKOH),

IIIT.
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Ne | HaumeHnoBaHnue
n/n| o0oOpyaoBaHUA
(PBIIO)

Kpatkne npumepHble TeXHHYECKHE
xapakrepuctuku (PBI1O)

Exnauna
U3MepeHust

KoanuecTtBo

mratuB A npobdupok Ha 10 THEN, 3aXKUM
MpOoOUPOYHBIN, IIMATENb-JIOKEYKa (3 IITYKH),
HaOop (IaKOHOB [UIs XpaHEHUS PACTBOPOB U
peakTnBoB (00bem ¢makona 100 mm - 5
KOMILUIEKTOB 10 6 mTyK, 00beM (iakona 30 mi -
10 xoMmIIekTOB 1O 6  ITYK), ITWIMHAP
n3MepuTeNbHbI ¢ HOocukoMm 1-500 (2 mrykn),
ctakaH BeIcOkui 500 mu (3 mTyku), HaObOp epiei
TUTSL MBIThSI TIOCYIBI (€I JIJISl MBIThSI TPOOUPOK - 3
IITYKH, €pIl JUIsI MBIThsI KOO - 3 IITYKH), Xauat
Oenblii x/0 (2 WTYyKW), NepUaTKU pPE3UHOBHIC
XUMUYECKHUE CTOMKHE (2 IMITYKH), OYKH 3alTUTHBIC,
¢bunbTpel 6ymaxknsie (100 mTyk), roprouee s
cnuptoBok (0,33 ). B coctaB Habop BXOIAT
[PEaKTUBBI: aTIOMUHUHN, JKEJIe30, COJSHAs KUCIIOTa,
METUJIOpaHXK, (eHONPTAICHH, aMMHAK, TEPOKCH]T
BOJIOpOJIa, HUTpAT cepebpa W apyrue; B oOOIIEH
CIOKHOCTH - 44  pa3iuyHbIX  BEILECTB,
MCIOJIb3YEMBIX JUISI COCTABJICHHSI KOMILICKTOB
[PEAaKTUBOB TMpHU MPOBEACHUU HK3aMEHAI[MOHHBIX
DKCIIEPUMEHTOB 10 KypCy IIKOJBHON XHMHH.
Pexomennayercs dopmupoBate Habop OI'D/EID,
MO3BOJISIFOIINY TPOBOAUTH MPAKTUYECKHUE 3a/IaHus]
Mpy TMPOBEACHUHU OOILIEr0 TOCYIapCTBEHHOIO
DK3aMEHa 10 XUMHUU C  HCIOJIb30BaHUEM|
COOTBETCTBYIOLIEH nabopaTopHOH MOCY/IbI,

[PEaKTUBOB, y4eOHO-/IEMOHCTPAITHOHHOTO
000pyIOBaHUS. [Tpu hopmupoBaHUH|
PEKOMEHIYETCS YUYUTHIBATH (bakTHUECKYIO)

MoTpeOHOCTh 00pa30BaTENBLHBIX OPTaHU3AIUH.

2.8 Muxkpockon
1dpoBoit

Tun  mukpockoma: Ouonmormyeckuidt  Hacanka)
MHUKPOCKOIIA: MOHOKYJISIpHAs Ha3nauenue:
maGopaTopHblii MeTox HcclIenoBaHMSA: CBETIIOE
rmone Marepuas ONTHKH: ONTHYECKOE CTEKJIO
YBenuueHue MuUKpockomna, kpar: 64 — 1280
Oxkymspel: WF16x OObextuBbl: 4x, 10x, 40xs
(moanpyXUHEHHBIN) PeBonbBepHas rojgoBka: Ha 3
oObekTMBa TUN  MOACBETKH:  3€pKaio WY
cBeToauo PacrosiokeHne MOACBETKH: BEPXHSA U
HIDKHSA Martepuan kopiyca: metamt [IpenmeTHbIN
cronuk, mM: 90 Mctounuk nuranus: 220 B/50 Iyl
Yucno meranukcenen: |

IIIT.
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3. Pa3znea «KomnbloTepHoe 000py10BaHHe»

3.1 MHorodyHkImoHa
JIBHOE YCTPOMUCTBO
(mpuHTEp, CKaHED,

Tun YCTpOIMCTBA: MHuoro(dyHKITHOHATEHOE
yctpoiictBo (M®YVY); LlBeTHOCTh MeYaTh: YEPHO-

Oenast; TeXHOIOTHUS TeYaTh: JIEKTporpapudeckas

oIT.
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Ne | HaumeHnoBaHue Kparkune npuMepHbIe TeXHHYECKHE Enununa | KoanuecTBo
n/n| o0oOpyaoBaHUA xapakrepuctuku (PBI1O) U3MepeHust
(PBIIO)
KOIIUD) (;1azepHas, cBeronuonaHasd); dopmar mneuyaTH: HE
MEHee A4, Tun CKaHUPOBAHMS:
MPOTSKHBIN/TITAHIIE THBIN; Bo3moxxHOCTH
ckaHupoBaHus B popmatax: He MeHee A4; Criocod
nonkiaouenus: LAN, Wi-Fi, USB
HoytOyk dopMm-pakTop: HOYTOYK; Pasmep auaronanu: IIT. 124

He MeHee 15.6 miolimMoB; Pasperienue skpana: Full
HD, Quad HD wmmm Ultra HD; OOmuii o0beMm|
[YCTAaHOBJIEHHOW ONEpaTUBHOM MaMATU: HE MEHee 8
['6aiiT, MakcuManbHBIA OOUTUH MMOAACPIKUBACMBIN
00BEM OIepaTHBHOU MaMsATH: HE MeHee 16 ['GaiiT;
O0bem SSD wakomnurtens: He menee 240 I'Oaiit;
becnipoBogHast  CBs3b: Wi-Fi; KomuuectBo
BCTPOCHHBIX B Kopmyc nmoptoB USB: He MeHee 2,
13 KOTOpBIX He MeHee |1 nomkHo ObiTh USB Bepeuy
He Hke 3.0; Pa3pemenne B30-kamepbl, MIIUKCENb:
He wmenee 0.3; BcerpoenHblii  MHKpPOQOH;
KnaBuarypa ¢ packiiagkol W  MapKHPOBKOH|
krapum  QWERTY/MIIYKEH;  Iomnepxka
CTaH/IapTOB OecrpoBOIHOM CBSI3U:
802.11a/b/g/n/ac; [Ipou3BoAUTENBHOCTH
nporeccopa (3HadeHue mokazarenss «CPU Marky
mo Tecty «Laptop & Portable CPU Perfomance
http://www.cpubenchmark.net/laptop.html): HE
MeHee 5000 eaunun; Hanuume MaHunynsaTopa
MBIIIb B KOMIUIEKTE: Ja; Y CTaHOBJIEHHAs]
oIepalMOHHas cucTemMa C rpaduvecKkuM
MOJIb30BATEILCKUM HHTEpQEicoM, CBEIEHUS O
KOTOPOM BKJIIOUEHBI B €JUHBIN PEECTP POCCUNCKUX
MpOrpaMM JUIsl 3JIEKTPOHHBIX BBIYMCIUTEIBHBIX
MAaIlliH M 0a3 HJaHHBIX; YCTAHOBJIEHHBIH IIaKeT|
o¢ucHOTO MIPOTrPaMMHOTO obecrieueHus,
COBMECTUMOI'O C YCTAHOBIICHHON OIlE€pPalMOHHON
CHUCTEMOM, CBEIEHUS O KOTOPOM BKIIIOYEHBI B
CAVHBIM peecTp PpPOCCHUMCKUX MPOrpaMM s
AIIEKTPOHHBIX BBIYMCIUTEIBHBIX MAllMH U 0a3

ITAHHBIX.




