IIpunoxenue

VYTBEPXJIEH

pacrnopsKkeHHeM MHHHUCTEPCTRA
obpaszoBanus Kuposckoit 06nactu

OT G ‘.'.] (;': L “'i /1 NQ

HHO®PACTPYKTYPHBIN JIUCT

77¢

A CO3AAHUST EHTPOB 00Pa30BAHHUSA €CTECTBEHHO-HAYYHOI

H TEXHOJIOruYecKol HanpaBJenHocTel «Touka pocray B 2024 roay

Ha 0a3ze 001e06pa3oBaTeNbHBIX OpraHM3alHi, PaCIOJIOKEHHBIX
B CeJbCKOH MECTHOCTH H MaJIbIX FOpoJax Kuposckoii o61actu

Ne | HaumeHnoBanue
n/u| o6opyxoBanus
(PBITO)

Kparkue npumepnsie Texanueckne
xapaxkrepuctuxu (PBITO)

Exununa
H3MepeHus

Koangecrso

Hanvenosanue nanpasienns «OGopyaosanue s 00meofpasoBaTeIbHBIX OpraHu3amMmii,

HE ABJIANIMMHXCH MAJTOKOMILICEKTHLIME

1. Pazjien «EcTecTBeHHOBAYyIHASN HAMNPABJIEHHOCTh)»

1.1 [Mudposas
nmabopaTopus 1o

(hu3uKe
(yuenuueckas)

ObecneumBaer BBINONHEHHE JKCIEPHMEHTOB 110
TeMam Kypca bu3uku. Kommnexranms:
becripoBonuo#t MyneTHAaTYMK O (HIHKE ¢ 6-10
BCTPOCHHBIMH ~ maTyukamu: [{udpoBoli garymk
TCMIICPATYphl C AHANA30HOM M3MEPEHHS HE YKe
yeM oT -20 mo 120C Iludpomoit marumy
abCOMOTHOTO JABIEHHS C JHANA30HOM H3MEpEHHsA
He yxe yeM oT 0 mo 500 xIla JlaTuuk MarEuTHOrO
[0JI C AHMAIa30HOM U3MEPEHHUS He YKe yeM ot -80)
n0 80 MTn Jlatuuk HanpsokeHHs ¢ JuanaszoHaMy|
H3MEPEHHs HE yXKe 4eM oT -2 go +2B; or -5 10
+5B; ot -10 g0 +10B; ot -15 10 +15B Jlatunk Toka
HE yiKke 4eM oT -1 0 +1A JlaTumk aKcenepomerp ¢
I0Ka3aTeAMH HE MeHee dem: +2 g; +4 g; +8 g
Otnenbrble yerpoiictea: USB ocummmorpad e
mMenee 2 kamama, +/-10 B Akceccyaps:: KaGeins
USB coemuuutensHeii 3apsgHoe YCTPOMCTBO ¢
kabenem miniUSB USB Apantep Bluetooth 4.1
Low Energy Konctpyktop mms mnpoBenenus
PKCIIEpUMEHTOB  KpaTkoe  pykoBoacTBO 11O

OKCIITyaTalinu nu(poBoit naboparopuy
[Iporpammuoe  ofecreuenme  Merommueckue
pPEKOMeH AN (40 pabor) Hamuuue

PYCCKOASBIYHOIO calita mnomnepxkd Haiuuue
BHIEOPOJIHKOB.

IIT.

30




Ne Haumenosanne Kparkue npamepnsie Texnnueckue Emnnnpa Koangeerso
n/n o0opynoBanus XapakTepuctuku (PBITIO) H3MepeHns
(PBITO)
1.2 [Mudposas nabopatopus|OGeceUnBaeT BEITIONTHEHNG nabopaTopHeIX pabor . 30
M0 XUMHH 10 XMMHH Ha YpOKax B OCHOBHOH INKOTE W
(yaenuueckas) [IPOCKTHO-HCCIEI0BATENILCKOMN JEeATENBHOCTH
yYanmxcs. Kommnexranus: Becnipososnoi

MYJTBTHAATIUK 10 XHMHH C 3-Msi BCTPOGHHBIMH]
pataakamu: Jlatank pH ¢ nquanasosom H3MEpeHus]
He ymke wem or 0 mo 14 pH Jaryux
P/ICKTPONIPOBOJIUMOCTH C HANA30HAMHI H3MEPCHHS!
He yxe geM ot 0 go 200 mxCwm; ot 0 mo 2000
MKCM; ot 0 o 20000 MxCwm JlaTunk TEMIIEPATYPHI
C AMaNa30HOM H3MEPEHHs He yxe yeM oT -20 10
t140C Otnenshble mataukm: JlaTauk ONTHYECKOI
[IOTHOCTH 525 HM Axceccyapel: KaGems USB
COCAMHUTE/IbHBLH 3apsaIHOe YCTPOHCTBO ¢ KabeneMm
miniUSB USB Anantep Bluetooth 4.1 Low
Energy Kpartkoe pykoBomcTBO 110 9KCILTyaTaluy
uugposoit  naGoparopun HaGop n1abopaTopHO|
OCHACTKH IMporpammuoe obecneuenue
Meronnyeckue pexoMenzamuu He Menee 40 paboT
Hanmwune pycckossbraaoro  caiita HOAJIEPHKKH
Hanune BHI€OpOIHKOB.

1.3 Mudposas maboparopus|OGeceunpaeT BIIOTHEHHE nabopaTopHeiX pabor T, 30
1o 6uosorun Ha YpOKax MO OMONOrMH B OCHOBHOM IIKOJE H
(yueHn4YecKas) [MPOEKTHO-UCCIIEI0BATEIBCKOIH OEATEIBHOCTH|
YYaLHXCS, Komrutextanust: Becnporoauoii

MYJIBTHIATIHK 110 OHOJIOTHH C 5-F0 BCTPOEHHBIMH
MaTuMKaMu: JIaTYHK BIQKHOCTH C JHANA30HOM
m3mepenns 0...100% Jlatuvk ocBemeHHOCTH ¢
AHalla30HOM H3MEpPCHHS He yxke ueM ot 0 J0
180000 nx Margux pH ¢ guanazomom H3MEpEHHS
He yixe ueM ot 0 1o 14 pH Jlatuuk TemnepaTypsi ¢
JIHalla30HOM HU3MEPEHHS He yke 4yeMm or -20 mo
+140C JlaTunk TemMuepatypsl okpysKaomeii Cpens]
C NanasoHOM HM3MEpPEHHs He yxke 4yeM oT -20 mo
t40C  Akceccyapsr: 3apsigHoe YCTPOHCTBO ¢
abesem miniUSB USB Apantep Bluetooth 4.1
Eow Energy  Kpatkoe pykoBomctBo 1o
OKCIUTyaTaluy LudpoBoit nadoparopun Lludpos
BHICOKaMepa C  METAIMYECKUM IHTaTHBoiﬂ
paspemienne He MeHee 0,3 Mmukc [TporpammHuoe
obecrieuenne MeTouueckne peKOMeHIAMH He
menee 30 paGor  VmakoBka — Hammume
PYCCKOA3BIYHOTO  caiTa IOANEPKKH, HAJTHYHE
BHICOPOJTMKOB




DNIEKTpoAamMu. JIomKHA MMEThCS BO3MOKHOCTD
KPCIUIEHUA K PYKE 4esloBeKa, 4TO HOJLKHO JaBaTh
BO3MOXKHOCTE ~ PETHCTPUPOBATE  HJIEKTPHYECKYIO
AKTHBHOCTH MBINIIBI B 00mactd, Haj KOTOPOI]
pacnionaraeTcs  kperuienue. Ilpy  HampsxeHun
MBIIIIEI JO/DKHA OBITH oOecleyeHa BO3MOKHOCTE
HAOJIIOACHUSA ITyYHOCTH CUTHANA (T.e. IIPUCYTCTBHE
OMI'), mpm paccnabnenmm Msuumsl -  ee
orcyrcreue. Cencop Tum 2 me memee 1 mrT.,
0OeCIeYrBaeT BO3MOXXKHOCTD PETHCTPALIHH CHTHANA
(horomnernsmorpammer (PIT) onTrueckum IyTeMm,
3d CHET H3MCHEHMS OTPa)KEHHOTO OT KPOBEHOCHBIX]
COCY/IOB CBETa, 00BEM KOTOPBIX M3MEHSICTCS IO
BO3/ICHCTBHEM My/IbCOBOM BOMHEL CEHCOp JOIKeH
ObITE 00eCIIeYeH BO3MOKHOCTBIO KpPEIUICHHS K
noxymeyxke nameia 4enoseka. Cencop Tum 3 He
MeHee 1 mrT., ofecme4HBaeT BO3MOMKHOCTE,
PETHCTPALIMK  CHTHAA  JJIEKTPOKAPIUOrPaMME]
(9KI') He uHBa3MBHEIM criocOGOM, permcTpamuy I,
II u III orBenenuit. Cencop Tun 4 ue menee 1 mr.
obecrieunBaeT BO3MOYKHOCTE: PErucTpaIim
CUI'HAlla KOXHO-ranbBaHuueckoll peakium (KI'P),
PETHCTPAIIAS  KOTOPOI'O  OCYIIECTBIIAETCS  HA
[IOCTOSHHOM TOKE; ITOAK/IIOUEHUS K TEIly 4eJ0BEKd
C IOMOLIBIO CyXHX 3JieKTpooB. Cencop Tum 5 He
MeHee 1 T, oOecrmeyHBaeT BO3MOKHOCTE:
PErUCTPAIH CHUIHAIA 2TeKTPUYECKOM aKTHBHOCTH
Mosra (D0I°) ¢ MOMONIBI CYXHX HEHHBA3HBHEIX
DIIEKTPOIOB; perucTpanun JJIEKTPUYECKOH
AKTUBHOCTH pa3HBIX Josieit mosra. Cencop Tum 6
He MeHee 1 mT., ofecmeunBaeT BO3MOIKHOCTE!
PETHCTpAIMH CHTHAJIA KOJIeOAHUs IPYAHON KIETKH
(Cencop  npIxamusi); ONpENENEHHS  YACTOTHI
IIBIXaHUs. YCTPOHCTBO a8 cOopa AAaHHEIX O
CEHCOPOB M  I€pefaud Ha  NEPCOHAJILHBIH
KOMIIBIOTEp 00€CIIeYHBaeT BO3MOXKHOCTH cGopal
JIAaHHBIX OT IOJKIIOYEHHBIX K HEMY CEHCOpPOB U
OTIIPaBKY  IOJYYEHHBIX  JaHHEIX Ha  [IK.
[lofkmouenue nentpanbHoro wmomyns k  IIK]

JOJDKHO

Ne | Hanmenosanne Kparkue npavepnbie Texnnyeckue Enuanna | Kommuecrso
/| obopyaoBanus xapakrepucruku (PBITO) H3IMepeHus
(PBITO)
2. Pazen «/lonmoanurensnoe obopyaoBanue»
2.1 [YueGuas B cocras Bxoxst: Cencop Tun 1 me menee 1 IIT., T, 10
mabopaTopys 10 |0GeCTeYHBaeT BO3MOMKHOCTS PEerucTpanyy CUrHaa)
HEHPOTEXHOJIOTHH PIIEKTPUUECKOMH AKTHBHOCTH MBIILIL]
(anexTpomuorpammer, M), Perucrpanus momxua,
OCYILECTBIISIETCS HEMHBA3HWBHO, CYXHMH




No
n/o

Haunmenopanne
ofopynoBauns
(PBITIO)

Kpatkne npumepnsie rexnnueckme
xapakrepuctukn (PBITO)

Enunnuna
H3MepeHus]

’KOJ’[H'-IGCTBC

OCYIIECTBAATECS ¢ nomompblo  USB-kaGens.
YerpoiterBo s c6opa maHHBIX HOmKHO HMETH
TIPBAHMYECKYT0 H30/1HI0 oT I1K, o6ecneunsaTy
BOSMOXHOCTE  OHOBPEMEHHOIO  MOIKIOUCHHS
BIUIOTE 10 4 ceHcopoB. Kakmeii wu3 BXO/IOB
YerpoiicTea s cBopa nammbx JOJDKHO HMETH,
TalbBaHHYECKYIO H30JISAIHIO (obecrieuenue
MCKKAHATBHOH  raJpBaHHYECKOH H30JIALIAH),
[MTonxmouenue CCHCOPOB K YcTpokcTBy uis c6opa
JTAHHBIX OCYIIECTBIIAETCS c TIOMOIIBO|
CICHHATH3NPOBAHHBIX passemoB THma LEMO,
00CCIICYMBAIONNX TPABMIBHOCTD TONKIFOUCHUS
Pa3beMa M CHHYKAIOLINX PHCK CIIY4aiHOIroO KacaHus
Pa3sbeMOB  TOKONPOBOIANIMX YacTed, a Taike
obecreunBarommx 3alIUTy oT]
HECAaHKIIHOHUPOBAHHOTO TIO/IKJTIOYEHHS K
HUPOM3BOJIBHBIM ycTpoiicTBaM. Moayns «KHomkay
He MeHee | T, obecmeynBaeT BO3MOKHOCTD:
pa3MeTKH PETHCTPHPYEMBIX CHTHAJIOB,
KonnuecTBo pasmedaeMbIx cocrosmmii  chruana
JIOIDKHO ~ OBITb  HE MEHee 3-X  pas/IMYHBIX
KaTeropui.  YCTpOHCTBO Ui perumcTpanum
APTCPHATBHOIO  JABIICHUS HEe MeHee 1 T,
Merosaeckoe  mocobue,  KoTOpoe  HOMKHO
COAEpIKaTh HE MeHee 30
JIa60paTOpHLIX/HpaKTH‘-leCKPIX/,IIeMOHCTpaHHOHHBIX
abor.

00

51

2.2 [KoMImexT mocypr u

OPYOOBaHUS N1

[VIEHHYECKHX OIIBITOB
(xumust, pusnka,

OJIOTHA)

[lItatue  1aGopaTOpHBI XUMHUECKHI Hab6op
HalieK HeTpu Habop HHCTPYMEHTOB,
lIpenapoBaabHEIX JIOXKKA U COKUTAHMS BEIECTB
Crynka ¢apdopoBas ¢ mectHkoMm Ha6op 6Ganox
UL XpaHEHUS TBEPABIX peakTHBOB (30 - 50 mu)
Habop ckmanox (¢makonoB) s XpaHeHus]
pacTBopoB peakTuBoB HaGop mpoGupox (ITX-14,
[1X-16) TIpubop mis monyueHus rason CruproBka)
["oprouee mns cnimproBok @UIBTPOBAIBHAS Oymara
Konba xonmueckas Ilamouka cTexisHHAS (c
PE3NHOBLIM ~ HaKOHEYHMKOM) Yameuxa s
BBIIAPUBAHHS (BBIIAPUTENbHAs Yamiedka) MepHbiii
UUIHHAP (IIAacTHKOBELT) BopoHka crekisuHas
(Mamas) CrakaH  CTeKIAHHBIT (100 M)
["a300TBOHAs TpyOKa

10

2.3

OGpazoBaTepHbIH
Ha0Oop T H3ydeHus

L:(HOFOKOMHOHCHTHLIX
0

OOTOTEXHHYECKHX

OO6pasoBarebHbIit Habop JOIKEH OBITH|
[IPEHA3HAYCH JJIA M3Y4YeHHS PoGOTOTEXHHIECKHX

IIT.

TEXHOJIOTHH, OCHOB HHOOPMALHOHHE
TEXHONOTMI ¥ TEXHONOTHI  MPOMBIIIICHHOI

10




Ne Haunmenosanne Kparkue npumepnsie Texunyeckne Ennnnna Koangecerso
n/m obopynosanns Xapakrepucrukn (PBITO) m3Mepennst
(PBIIO)
CHCTEM H ABTOMATH3AIHH, a TaKKe TEXHOJIOT U
MaHUITYIAIHOHHBIX UPOTOTHIMPOBAHKS ¥ aINTHBHOTO MIPOU3BO/ICTEA.
po6oToB B COCTaB Habopa  JOJKHEI BXO/IUThH

KOMIUICKTYIOIHE H  yCTpoMcTBa, obnagaronye)
KOHCTPYKTHBHOH, anmapartHoii wu IIPOTPaMMHOMH
COBMECTHMOCTBIO Ipyr ¢ zpyrom. 1) Komrurext
KOHCTPYKTHBHBIX DJIEMEHTOB M3 MeTalyia W

[1acTHKA ISt cOopku Mojeneil
MaHHUIYSIMHOHHBIX  poBOTOB c YIJIOBOH|
KHHEMAaTHKOIA, IIOCKONapaIeTbHOMH

}Kﬂﬂema'mxoﬁ, Delta-xunemaruxoii.

2) Unrennexryansusrit CEPBOMOJIYJIb ¢
MHTCTPUPOBAHHOM CHCTEMON yIpaBlleHUS - He
Menee 7 wr. CepBoMOAys J0KeH 0671agaTh
HMHTETPAPOBAHHOIA CHCTEMOIt YIIpaBJIeHHS,
obecrieunBaromieli 06paTHYIO CBA3b HIIH KOHTPOJTh
apaMETpoB -  TIOJIOXKCHHE Baja, CKOPOCTh
BpalllCHHs,  HArpy3ka TpPHBOLA, a  TaKkKe
obecrieunBaromeit BO3MOYKHOCTH
[TOCICZI0BATENLHOTO MOAKIIOYEHHSA PYT C JPYroM
H YIIpaBleHHS CEPBOMOYIISIMHA 10|
[I0CJIENI0BATENEHOMY IOy AYTI/IEKCHOMY]
ACHHXPOHHOMY HHTep(eiicy.

3) PoGoTorexnuyeckuit KOHTpOJIIEp,
[IPEACTaB/IAIOIMNE COO0M MOIYIBHOE YCTpOMCTRO,
BKJIIOYAKOIee B cebs OJIHOILIATHBIH
MHKPOKOMIIBIOTED Ui BBIMOJHEHHSA CJIOMHBIX
BEMHCIATELHBIX  Onepamui, nepudepuiHbIi
OHTPOJUIEp  HId  YOpaBieHHS  BHENIHUMH
g&:TpoﬁcmaMH H IJIaTy  pacllHpeHHs J:mﬂj
MOMKIIIOYEHHsl BHEIIHUX YCTpoicTB. Momymu
POOOTOTEXHHYIECKOTO  KOHTpOJIEpa  JOJIKHEI
o0najath  OJHOBPEMEHHOI KOHCTPYKTHBHOIA,|
anmnapaTHOH M IIPOrPaMMHON COBMECTHMOCTEIO
APYr ¢ mpyroM. PoBototexHmyeckuii KoHTpoIEp

JOJDKEH YAOBIETBOPATH TEXHHYECKHM
XapaKTEPHCTHKaAM: KOJI-BO AOE€P BCTPOEHHOTO
MHKPOKOMIIBIOTEPA - HE MeHee 4, TaKTOBasd|

4gacToTa anpa - He menee 1,2 I'T', 06vem O3V - ue
enee 512 M6, nanuaue unrepdeiicos - SPI, 12C,
l-wire TTL, UART, PWM, uudpossie - He MeHee
16 WT ¥ aHATOTOBLIE MIOPTH - He MeHee § WIT s
[ONKIIOYEHUS BHEIIHUX YCTPOHCTB, BCTPOEHHBIN
MuUKpodoH, a Ttakke WiFi mwm Bluetooth I

KOMMYHMKAI[HH CO BHEIIHHMH yCTpOHCTBaMH.

PoGoToTexnnyeckuii KOHTpOJLIED JOJDKESH




Ne HanmenoBanne Kpartkue npumepnsie Texunueckue Ennunupa [Ko.tmqec'mu
n/n obopynoBanns Xapakrepucruku (PBIIO) H3MepeHHs
(PBITO)

obecrneurBaTh BO3MOKHOCTS IPOrPaMMHPOBAHHS C
[IOMOIBIO  cpencTB  si3bikoB C/C++, Python wu
CBOGOAHO pacmpocTpansiemoii cpeast Arduino IDE,
a TaKxKe YIIpaBIeHUS MOJIEIIIMH
POGOTOTEXHHYECKHX CHCTEM C MOMOIIBIO Cpeibl
ROS.

4) TIporpammupyemsrii KOHTPOJIEp - HE MEHEe
lurr.  IIporpammupyemsrit KOHTPOJIIIEp JOJIKEH
[IPECTABIATE CO0OHM BBIUYMCIMTEILHEIH MOJZYIIb,
obanaomuM UQPOBEIME MOpTaMu - He MeHee §
[UT 1 aHaJOrOBBIMH [IOPTaMH - He MeHee 16 T,
uHTepdeiicamn UART, 12C,SPI, TTL, a Taxxe
MonyneMm OecnpoBofHOM cBa3u Tuma Bluetooth
i WiFi s cosnanus annapaTHoO-IporpaMMHE

PEIICHHH ¥ «YMHBIX/CMapT»-yCTpOHCTB
paspaboTku pemenuii « AHTEpHET Bemieily.

5) Ilnara pacumpenus IIPOrpaMMHPYEMOT0
KOHTpoJuiepa — He MeHee lwr. [Trata pacumpenns
ITOJIKHE obecrieunBarn BO3MOKHOCTH
[IOJIKIIFOYECHHUS YHHBEPCAIBHOTO BBIYHMCIUTEIHHOTO
MOJIylsl K CeTH MOCpeAcTBOM  uHTepdeiica
Ethernet. ITnara pacmmpenus nomkna o6mamaTh
[IOpTaMH  BBOJA-BBIBOAA /IS IOAKJIIOUEHHS
UE(pPOBBIX H AaHAJIOTOBEIX YCTPOMCTB — He MeHee
40 mT, wuHTepdeiic SPI M BO3MONKHOCTBIO
[TOIKTIOYCHHMS BHEIIHEH KapThl IIAMSATH.

6) Moayns TEXHUYECKOTO 3pEeHUS,
[IPEICTAaBIAIOMIN cODOH ycTpoiicTBO Ha 6ase
BEIYHCIIUTEILHOTO MHKPOKOHTpOJIIEpa U

MHTCIPHPOBAHHOH  KaMepbl, oOecleyHBaroiiee
PacriosHaBaHWe IPOCTEHINNX H300paXkeHHH Ha
MOZyNe 3a CYET COOCTBEHHBIX BHIYHMCIIHTENIBHEIX
BO3MOKHOCTEH - He MeHee lmr; Moaynb
TEXHUYECKOIO 3pPEHHs JODKEH o00eclednBa

BO3MOXKHOCTb KOMMYHHKAIIHH C aHaﬂoquLmT;l
MOJYJISIMH ~ TOCPEICTBOM  INHHEI Ha  Oa3se
[IOCIEI0BATEIBHOrO  HHTepdeiica ¢ IeIbio
JaTbHEHIICH Mepeaayn pe3yNbTaToB H3MEepeHHi
TPYIIBI Moty et Ha YIPaBIISIOLIEe
BEIYUCIIUTCIEHOE YCTPOHCTBO, IMOAKIIIOYEHHOE K
MaHHOH WIMHEe. MoOIynb TEeXHHYECKOro 3peHus
TOJIKEH obecrieunBarTh BO3MOJXHOCTH
OCYIIECTBIIATE HACTPOHKY MOIYNS TEXHHYECKOrO
BPEHHS - HACTPOHKY KCcmo3uIuy, Gananca Gemnoro,
[BETOPA3HOCTHBIX  COCTABIAIOMIMX,  ILIOLIA/H

00HapyKHBaEMOi obnacTu H300paXKeHHsL,|




Ne Hanmenosanue Kparkne npumepusie Texamueckne Enununa F(OJIH‘RCTBC
n/n o0opynoBanns Xxapakrepuctuku (PBITIO) H3MepeHus|
(PBITO)
OKPYTJIOCTH OOHapyKHBaeMOi o6acTh

M300paKEHHs,  IOJOKEHHE o0HapyKHBaEMBIX
obnacteit OTHOCHTENBHO Apyr napyra. Mouayis
TCXHUHYCCKOTO 3pPCHHS JOJDKEH o0OecrmeunBaTh
BOSMOXHOCTb HACTPOHKHM HA OJHOBPEMEHHOE
oOHapyxeHHe He MeHee 10 Pa3IHYHBIX|
OIAMHOYHEIX 0OBEKTOB B CeKTOpe 0630pa, ImG0 He
MEHEE 5 COCTaBHBIX 00BEKTOB, COCTOSIINX M3 He
MEHEE 3 DPA3IUYHEIX TPaQuUEcKUX IPHMHUTHBOB.
Monymb TeXHHYECKOTo 3peHHs HOMKEeH 061amars
BCTPOCHHEIMH HHTepdeiicamu — USB, UART, 1-
wire TTL, I2C, SPI mus KOMMYHHKAITHH €O
BHCIIHAMH IIO/IKTIOYaeMbIME ycTpoiicTBamu. 7) B
COCTaB HabOpa [HOJKHEI BXOIHTH IH(BPOBbIE
HH(OPMAITHOHHO-CEHCOPHBIE MOJIyJIH,
NpeICTaByAOIIe co00i ycTpoiicTBa Ha Gase
MPOrpaMMHpPyeMOro KOHTpOJUIEpa 51
M3MEPUTENLHOro aneMenta. I{udposoit momys
IOJDKEH obagaTs BCTPOEHHEIM
MHKPOKOHTPOJUIEPOM (TaKTOBas d9acToTa - He
Menee 16 MI'm, mmua gaHHEIX — He MeHee 8
KGaiit), wunTepdeiicaMum I8 HOAKIIOUEHHS K
BHCIIHHM YCTPOHCTBaM: HH(POBBIE U aHATIOTOBLIE
mopthl, 1-wire TTL, pazsem tuma RJ. Iudposoi
ONynMb JIOJDKEH O00ECHEeYHBATE BO3MOMKHOCTH
OMMYHHKallHH C aHAJOTMYHBIMH  MOJYISMH
[IOCPEICTBOM IIMHBEI Ha 0a3e IMOCIe 0BaTeIEHOrO
uHTepdelica ¢ uenslo  panpHeHnres nepeaaqym
PE3yIbTATOB M3MEPEHHH TIpynmbl Momysed Hal
YNPaB/IAIOIIee  BBIYHCIMTENBHOE  YCTPOMCTRO,
TO/IK/IFOYEHHOE K NaHHOH muHe. B cocras nabopa
MIOJDKHO BXOZWTH: UH(POBOH MOAYIE TaKTOBOIX
KHOIIKH — HE MeHee 3T, HHDPOBOH MOIYIb
CBETOAMONA — He MeHee 3mT, nudpoBO Momys
KOHLIEBOTO TIpEephIBATENsl — HE MEHee 3T,
U (pPOBOH MOTYITh IaT4YHKA [[BETA — He MeHee 1T,
undposoi Moxyns RGB csetommona — He MeHee
lmr. 8) B cocras Habopa MOMKHBI BXOIHTH
DJIEMEHTBl JUIss COOpPKM BakKyyMHOIO 3axBara:
BAKYyMHass [PHUCOCKA — He MeHee lmir,
DJIEKTPOMATHUTHBIM KjarmaH — He MeHee [T,
BAKYYMHBII Hacoc — He MeHee lmr. 9) B cocras
Habopa JIOMKEH BXOJHTH y4eOHBIH KOMILIEKT,
BKJIOHaOMUH B ceba ydeOGHoe mocobue, HabGop)
OHONMOTEK  TpeXMEepHBIX  OJIEMEHTOB st

OPOTOTHIHPOBAHUS MOJENIEH MaHHIYJISITHOHHE




Ne Haumenoranne Kparkne NPHMEpHBIE TEXHHYECKHE Emnunna Koamgecrre
n/n obopynoBanus Xapakrepuctuxu (PBITO) H3MepeHus]
(PBITO)

POGOTOB, a TaKyKe IPOrPAMMHOE 0BCCIICICHIE TUIs
pabotel ¢ HaGopom. IIporpammuoe o6ecneyenne
NOJKHO obecreynBaTs TPEXMEPHYIO
BH3YaM3aUHI0  MOJENH  MAHHUIYJISIHOHHOTO
pobGota (c yrnogoit, IUIOCKONAPAIUIENIBHON |
ACIbTa-KHHEMaTHKOM) B mpomecce  paGoThl,
obecrieunBath  mocTpocHHE IIPOCTPAHCTBEHHOH
TPaeKTOPHH JBHIKEHUS HCIIOHUTEIBHOIO
MeXaHH3Ma MaHUIYIAIHOHHOTO poGora,
BO3MOXKHOCTE 3aJaHHs IOCIESI0BATEIFHOCTH TOYEK,
UL [IPOXOXKACHHS 4Yepe3 HUX HCIONHHUTEILHOTO
MeXaHH3Ma MaHHIIYJIAHOHHOTO pobora.
[Tporpammuoe obecreyenue JOJIKHO
(pyHKIMOHHPOBATH, KaK B OTAETBHOCTH B BHJIE
CPCABI MOIENMPOBAHHS, TaK H B  PeKUME
MOHHTODHHIA B  pEalbHOM BPEMEHH IIpH

MOIKJIFOYEHHH MOJIEITH MaHHIIyIATOPA
[TOCPEACTBOM POOOTOTEXHHYECKOrO KOHTPOILIEpa.
[Iporpammuoe obecneuenue JOJIKHO|
obecrieynBaTh BO3MOXKHOCTE MOCTPOCHHUS

rPaUKOB 3alaHHBIX M TEKYIHX 06GOGIIEHHBIX
OOpAHHAT MaHHIYJIAIHOHHOrO poboTa, rpaduKos
BHATICHUH CKOPOCTEHl M yCKOpeHHs, rpadHKoB
PACUCTHBIX 3HAYECHMH Harpysku. IIporpammmoe
obecriedeHne  JOJDKHO — HO3BOJATH  3a/[ABATh
[TOCIIEJ0BATEIBHOCTE nepeIBUKEeHHU
MaHHUITYJIATOpa IIOCPEACTBOM Habopa KOMaHI B
Onouno-rpaguueckoM  uHTepdelice.  YueGHOe
MocoOHe NOJDKHO COAEpKaTh MAaTepHaNbl  TI0
pa3paboTke TpeXMEpHBIX Mojelieil MOGHIIBHBIX
poGOTOB,  MAHHMIYISUMOHHEIX  POGOTOB ¢
Pa3MUYHBIMH ~ THIAMH  KHHEMATHKH  (yrjoBas
KHHEMATHKa, IIIOCKO-IapajlIenbHas KUHEMAaTHKa,
JenbTa-KuHeMaTka, SCARA wiu pLIanKHasq
KuHeMatnka, 1atrpopma Crioapra u  T.aL),
MHCTPYKIHH 110  TPOEKTHPOBAHHIO  pPOGOTOB,
MHCTPYKIMH U METOAMKH  OCYLIECTBIICHHS
HHKCHEPHBIX PAcueTOB NPH IPOEKTHPOBAHUH
(pacuerTsl  HarpyskM M = MOMEHTOB, pacuert
MOIIHOCTH  NPHBOJOB,  pacyeT  MapameTpoB
KHHEMAaTHKM M T.IL), MHCTPYKIHH N0 pa3paboTke
CHCTEM YIIpaBIICHHSA u IIPOrPaMMHOI0
obecriedeHust i ynpaBaeHHs — poGOTaMH,
HHCTPYKIMH W METOAMKH I10 pa3paboTke cHCTeM
YIPaBJEHHA C 3JIEMEHTAMH  HCKYCCTBEHHOT'O

HHTEJIJICKTd 1 MAIIHHHOI'O 06Y'~IGHPIH.




Habop 1o MexaHuKe,
MEXaTPOHUKE U
poboToTexHuKe

[POBEACHHS Y4eOHBIX 3aHATHH MO H3YYEHHIO
OCHOB MeEXaTPOHUKH H poGoToTeXHHKH,
MPAaKTHYECKOr0 NMPUMEHEHHs 0A30BBIX 3JIEMEHTOR
PICKTPOHUKH M CXEMOTEXHHKH, a TaKKe Haubojee
PaclpOCTPaHEHHOH 3IIEMEHTHOH 6a3bl H OCHOBHEIX
TCXHUMCCKHMX  DCIICHHH, NPUMCHSEMBIX IIpH
[POEKTHPOBAHHUH " MPOTOTHIIHPOBAHHH
Pa3NIHYHBIX HMH)KCHEPHBIX, KHOEPHETHYECKHX H
BCTPAaMBaeMBIX CHCTeM. B cocTaB HaGopa m0mKHEI
BXOIMTE  KOMIUICKTYIOIIME M YCTpOIMCTBa,
obnanaromue KOHCTPYKTHBHOH, 3JIEKTPUYECKOH,
AnnapaTHOH H IPOrpaMMHONH COBMECTHMOCTBIO
AIPYT ¢ Apyrom. B cocras HaGopa momkeH BXxomuTh
OMIIICKT ~ KOHCTPYKTHBHBIX  3JIEMEHTOB U3
eTaia A cOOpKM MaKeTa MaHHITyJISIHOHHOIO
o0oTa " KOMILIEKT METa/UINYECKHX
OHCTPYKTHBHBIX JJIEMEHTOB Ui CGOPKH MakeTa
o0uneHOro pobora. B cocrap maGopa momKHEI
BXOIUTH TIPUBOJIA Pa3siM4HOrO THIIA: MOTOPEI C
HMHTETPHPOBAHHBIM ~ MJIM  BHEIIHHM  JaTYHKOM
[IONIOXKCHUS — HE MeHee 2IIT, CepBONPHUBOL
OonpmIoit — He Menee 41T, CEPBOIIPUBO/T MaJIBIH —
HE MEHee 2IIT, MNPHBOA C BO3MOKHOCTBIO
YTIPABJICHHS B LIArOBOM PEKHME — HE MEHeEe ZIHT#

B cocras Habopa HOIKHBEI BXOIHUTE 3JEMEHTHI T
COOpKH  BakyyMHOr0  3axBara: BaKyyMHas]
NPHCOCKA — He MeHee lIIT, 3IeKTpPOMarHHTHEIH
KJallal — He MeHee 1T, BakyyMHBIH Hacoc — He
Menee lmt. B cocras HaGopa momKHA BXOMHTH
PIEMEHTHas Oasa 17 IPOTOTHIMPOBAHHS ILIATA
I OECHaevyHoro MpOTOTHIHPOBAHUS, KOMILIEKT
[IPOBOJIOB Pa3IMYHOTO THIIA H IJIMHEL, KOMILIEKT
PE3UCTOPOB, KOMILIEKT CBETOJIMOMIOB,
CCMHCETMECHTHBIN MHAUKATOpP, auciuiel XKK-Tuma,
KHOTIKH — HE MeHee SIUT, IHOTeHUHOMETPEI — He|
MeHee 3 1T, HH(paKpacHLIH JaTYHK - He MeHee 3
[T, yJABTPasBYKOBOH HAaT4YMK - HE MeHee 3 mIT,
JIaTYHK TeMIEpaTypel - He MeHee 1 T, JaTdmk
OCBCILCHHOCTH - He MeHee 1 mT, Moxys Bluetoothl
— He Mmenee 1 mr, momyns MK-npumeMHuKa — He
MeHee 1 mr, moxyns HK-mepematumka B Buue
KHOTIOYHOIO  IyNbTa ympaBleHus — 1 mit,
AKKYMYJIITOp — He MeHee | T, 3apsmHOe
yCTpoHCTBO — He Menee 1 mT. B cocta HaGop

JOJIKEH BXOIUTH MVYILTHOATYHK I H3MEPEHH

Ne Hanmenopanne Kparkue npumephrie rexanueckue Eannuna Koanuecrre
n/m obopyroBanns xapakrepuctukn (PBITO) H3MepeHHs
(PBITO)
2.4 |06pazoparensubIi HaGop nomken  Gwith OpefHa3sHayeH s [T, 10
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Ne Haunmenosanue Kparkne npumepusie rexumueckue Emnnnna [Koamgecrsc
/i 00opynoBanus Xapakrepuctukn (PBITO) H3MepeHH
(PBITO)

TEMIIEPATYPEI U BIAXKHOCTH OKPYIKAOMIeH cpebl -
He Menee 1 wt, MynsTamatauk nomken o61amaTh
BCTPOCHHBIM ~ MHKPOKOHTPOJINEPOM  (TakTOBas|
1acToTa - He MeHee 16 MI'n, muHa maHHBIX — Hel
menee 8  Koa#it), wumrepbedicamm g

[OAKTIOYEHHS ~ K  BHEIIHHM  yCTpOHCTBaM:
UH(POBBIE W AHAIOTOBBIE nopter, 1-wire TTL,
paskeM Tuma RJ. B cocraB wmaGopa momken
BXOUTH KOMIIJIEKT YHHBEPCATBHBIX
BBITHCIUTCIEHBIX ~ MOJYJIEH, IpencTaB/IsIOMMY
coboii GasoByro Iuiary, muary paclIupeHus i
CECTEBOI0 B3aUMOICHCTBHA M MIATY MOIKIIFOYEHHS]
CHJIIOBOH  Harpy3ku. Bxopdmme B KOMIUIEKT
YCTPOHCTBA [IOJKHBI 00JamaTh OJITHOBPEMEHHOI]
KOHCTPYKTHBHOH, 3/IEKTpUYECKOl, anmapaTHOH
POrpaMMHOH COBMECTHMOCTBIO JIPYT ¢ ApYTroMm.
basoBas nata yHHBEpCATBHOTO BHIMHCTHTEIBHOLO

MOyt JIOJDKHA MPEICTABIIATE coboii
[IPOTpaMMHPYEMBIH KOHTpoOJIep B cpeae Arduino
IDE WA AHAJIOTUIHEIX ¢B0OOIHO

PacpoCTpaHsAeMbIX cpenax paspaboTkd. Bazosas
[UlaTa  Jo/uKHA — 00Jajarh BCTPOEHHEIMH
MHTEp(eiicaMy IS TOAKIIOYEHHS MU(POBBIX H
AHAJIOTOBBIX YCTPOMCTB, BCTPOEHHBIMH
uatepdeiicamn USB, UART, I2C, SPL 1-wire
TTL, Bluetooth, WiFi. Ilnata pacmmpenus
UTOJDKHA obecreynBars BO3MOJKHOCTB
[OJKTIOYEHUS! YHHBEPCAIBHOIO BEIYHCIHTEIEHOIO
MOIyIs K CeTH MOCPEACTBOM uHTepdeiica
Ethernet. ITnata pacmmpenus momksa o6mamars
[OpTamMM  BBOAA-BBIBOAA  JUIA  IOJKIIOYEHUS
LH(POBEIX M AHAIOrOBBIX YCTPOMCTB, HHTepelic
SPI u BO3MOXHOCTBIO TOIKITIOUEHHs BHEIIHEIH
hcaprm namatd. Ilmara  pacmmpenuss s
MONK/IIOYEHHUST  CHJIOBOM  HArpy3KH  JIOJIKHA)
obecrieynBars BO3MOJKHOCTE TIPSMOTO
[OJIKIIOYEHHS] BHEWIHEH CHIOBOHM Harpysku, a
TAKKE PEryqupyeModl Harpy3kd MOCPEICTBOM
PWM unrepdeiica. B cocras mabopa nomken
BXO/IHTH IpOrpaMMHUpPYeMBIi KOHTpOJLIEp,
oOecrevnBaroNii  BO3MOKHOCTE  OCYIIECTBIIATH
Pa3spaGoTKy IPOrpaMMHOrO  KOJa, MCIOIB3Ys
WHCTpyMEHTapuii cpen pazpabotku Arduino IDE u
Mongoose OS u s3bIKOB TporpaMMEpoBamHHs
C\C++, JavaScript. [Iporpammupyemsiii

KOHTPO/Iep IOJDKEH o01ajaTh NOpTaMH IS
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Ne
n/no

HaumenoBaumne
obopynosanus
(PBIIO)

Kparkue npumepusie Texunueckme
Xapaktepucruku (PBITO)

Eanauna Kommyecersc
H3MepeHHs,

[IONKITIOYEHHA  ITU(PPOBBIX H  aHaJIOroOBBIX
YCTPOHCTB, BCTPOEHHBIMH —[POTpPaMMHPYEMBIMH
KHOIMKAMH ¥ 3JeKTPOMEXaHHIECKAMH MOLYJIAMH]
/UL OPraHH3aliy CHCTEMBI PYYHOTO YIpaBJIeHHS,
BCTPOCHHBIMHA NPOrpaMMHPYEMBIMH,
CBETONMO/AMH JUI HHJUKAHHA Pabodero pexnMa,
BCTPOCHHBIMU HHTepdeticamu USB, USART, 12C,
SPL, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B
COCTaB  HabOpa  NOMKEH BXOAUTH  MOZYIH
TCXHAYECKOTO 3PEHHs , MpeACTaBISIOmA coboii

BBIYHCIUTEIIEHOE  YCTPOHCTBO €O  BCTPOEHHEBIM,
MHKPOIPOLIECCOPOM (KONI-BO simep - He MeHee 4
T, 9acToTa Aapa e Menee 1.2 I'Ty, o6vem O3V -
HE MeHee 512M6, o6beM BCTpOeHHON naMaTH - He
menee  8I'G),  mHTerpmpoaumOi Kamepoii
(MakcuMaIbHOE paspelnieHue BH/IEOTIOTOKA,
neperasacMoro mo uHTepgeiicy USB - He menee
2592x1944 exn.) u onTHYECKOH CHCTEMOI. Moy,
TeXHHYECKOI0  3peHHs  JOo/DKeH  ob6najars
COBMECTHMOCTBIO c Pa3IMYHBIMH
[IPOTPaMMHPYEMBIMH KOHTPOJIIIEPAMH ¢ HOMOIIBIO
untepgeiicos - l-wire TTL, UART, 12C, SPI,
Ethernet. Moxyns Texmmueckoro 3pEHHs JOJIKEH
00ecIeunBaTh BHIIONHEHHE BCEX H3MepeHHil u
BEIYHCTICHHI II0CPE/ICTBOM COOCTBEHHBIX
BBEIMHCIIUTCIIBHBIX  BO3MOXKHOCTEH  BCTPOEHHOTO
MHKpoIporeccopa. MoJyib TeXHHYECKOro 3peHus
JIOJDKEH 0011ajiaTh BO3MOXHOCTHI0 KOMMYHHKAIIHH]
C QHATOTMYHBIMH MOJIYJISAMH IHOCPEICTBOM IUHHE]
Ha Gase moCiIeN0BATENEHONO HHTEP(Elica C HEBIO
JJIBHEHILEH Tepefaun pe3ymbTaToB H3MEpPEHUH
CPYTIIIBI MOayneH Ha YIIPaBIISIOIIEE]
BBIYHCIIATEIBHOE YCTPOHCTBO, TOMKIIOYEHHOE K
flaHHOH mmHe. MoOIynb TEXHHYECKOro 3peHwms
JI0JDKEH  o0ecrevuBaTh  HACTPOMKH — PEKHMOB
PaboTHI - HACTPOMKY SKCIO3HINK, GataHca 6ernoro,
[BETOPA3HOCTHBEIX  COCTABISIOMIMX,  ILJIOMIAJIH
0OHapy ) HBaeMOi obnactu H300paXkeHus,
OKPYTJIOCTH obHapyxuBaeMoit obmacty
M300paKEHHS,  TOJIOXKEHHEe  OGHAPYKUBAESMBIX
obiacTeli OTHOCHTENLHO Ipyr apyra, MalluHHOE,
o0yyeHHe mapaMeTpoB HEHPOHHBIX ceTeif JyIA
OOHApYKEHHs 00BEKTOB, thopmy )%}
BaKOJMPOBAHHBIC 3HAYEHHS OGHAPYKHBAEMEIX
MapKepoB THIIA ATuco, pasMeps! 0GHAPYKHBAEMBIX

OKPYIKHOCTEH, KBaJpaTOB ¥  TPEyroJbHHKOB,
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Ne Hanmenopanue Kparkue npumepnbie Texunueckue Enuanna Koanuecrso
n/n obopynoBanus xapaxkTepucrukn (PBITO) 3MepPeHHA
(PBIIO)

[1apaMeTPOB KOHTPACTHOCTH, Pa3MEPOB, KPUBH3HEI
1 TIOJIOMKCHHS pacro3sHaBaeMBIX JmHHME., HaGop
JIOJDKEH 00ecrevnBaTs BO3MOMKHOCTS paspaboTku
MO  MOGHIBHOTO po0OTa, ympasiseMoif B
FPV-pesxume NOCPEACTBOM IPOTPaMMHOTO
obecreuenus s NepcoHaTbHOrO KOMIIBIOTEPA H
}MOGHJ‘I]:HBIX ycrpoiicts Ha 6aze OC Android unm
[0S, obecnieunBaroero BO3MOJKHOCTH,
YIPABICHUA MOOHIBHEIM POGOTOM M BCTPOEHHEIM
MaHHUIYTATOPOM  [IOCPEACTBOM  rpa)4ecKoro
HHTEp(deiica, BKIOYAONmMM B cebds Habop KHOIOK
M [epeKiovaTenci, KoHCTHK, o6macTe s
0TOOpakeH s BH/IEO. Habop JIOJDKEH
o0ecreYnBaTh  BO3MOXKHOCTH M3YYEHHS OCHOB
pa3pabOTKH  NpOrpaMMHBIX  H anmnapaTHBIX
KOMIUICKCOB HHXKCHEPHBIX CHCTEM, pENIeHUI B
chepe «MHTepHeT Bemeii», a Tawoke pemeHuit B
oOnactu POOOTOTEXHHKH, HCKYCCTBEHHOIO
MHTCIUIEKTa M MallMHHOrO o0yueHus. B cocras
Habopa MOIKHO BXOIUTH MOCOGHE T10 H3YYCHHIO)
OCHOB 3JICKTPOHHKH U CXEMOTEXHMKH, PELICHHUI B
chepe «MHTepHeT Bemeiiy, pa3paboTku M
TPOTOTHIIHPOBAHUIO Mojeneit poboTos. B cocras
HA0Opa JOIKHO BXOJHTH MOCOOHE MO M3YYEeHMIO
OCHOB Pa3pabOTKH CUCTEM TEXHHYECKOIO 3PEHHS H
PIEMEHTOB HCKYCCTBEHHOTO HHTEIIEKTA.

2.5 |O6pazoBarenbHBIit PobortoTexnnyecknii Habop mNpeaHasHavyeH JuiA T, 80
OHCTPYKTOP JUIS H3y4CHHSA OCHOB POOOTOTEXHMKH, JeTaieid, y3noB
PakTHKH 010YHOrO H MEXaHW3MOB, HEOOXOAMMEIX Ul CO3aHMs
POrpaMMUPOBAHHUS ¢ [POOOTOTEXHUUECKHX yCTpOHCTB. Habop
OMIITICKTOM JJATYMKOB [MPECTABISET COOOH KOMIUIEKT —CTPYKTYPHBIX
PIIEMCHTOB,  COCIMHHMTEIBHBIX  3JJIEMEHTOB W
DIIEKTPOTEXHUYECKHUX KOMIIOHEHTOB. Habop
[I03BOJIAET  TPOBOAMTH  OKCIEPHMEHTHI  IIO|
NpeaMeTy (usnka, co3aBaTh U IPOrPAMMHPOBATH
coOHpaeMBle MOJIEIH, U3 KOMIOHEHTOB, BXOJISIMX
B €ro cocras, paboune MoOjJelHd MOOHIBHBIX H
CTAllHOHAPHEIX POOOTOTEXHHYECKUX YCTPOHCTB ¢
ABTOMAaTH3HPOBAHHBIM YNPABJICHHEM, B TOM YHCIIS
Ha KOJECHOM M TYCEHHMYHOM XOAy, a TaKKe
KOHCTPYKIHH, OCHOBaHHBIX HA MCIIOJL30BAHHH
Pa3sMYHBIX BHJIOB Tepenad (B TOM  9HCIIE
YEPBAYHBIX M 3yOYaTBIX) @ TaKkKe pHIYATOB,
Berpoennble GeCIpOBOIHBIE CETeBble pEIIEHMS]
(Wi-Fi u Bluetooth), Bo3MOXHOCTE HHTErpamuy ¢
OecrtatHeIM ~ o6naunsiv  I10,  ofecmeunBaio
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Ne Haumenosanne Kpatkue npumepubie Texunueckne Emunnna Komnvecrso
n/n obopyaoBannsn xapakrepucruxn (PBITI0) H3MepeHHs]
(PBIIO)
BO3MO>KHOCTE NPaKTHYECKOTO H3YYeHHUs]

TEXHOIOTHH  MHTEpHETA Belmleif W OCHORB
MCKYCCTBEHHOTO uMHTewiekta. (OfecreunBaercs]
BO3MOIKHOCTh 00BEAMHEHHS HECKONBEKIX POGOTOB,
COOpaHHBIX M3 MOAOGHEIX HabopoB, B Ipymmsl ¢
CETEBEIM  B3amMoneHcTsueM.  IlpemycMoTpena
OIIHOHAIbHAS BO3MOXHOCTb pacuipeHus
JIOITOJIHU TENTEHBIMH KOMITOHEHTaMH (ue
BXOLIIMMH B CTAaHJAPTHYIO KOMILIEKTAIIHIO),
MO3BOJIIOIMMH  M3y4aTh TEXHHYCCKOE 3pEHHE H
MPOMBINIICHHYI0 poboroTexnuky. Ipexycmorpena
BO3MOXHOCTD paboThI Habopa C
AOIIONHUTEIBHBIME ~ OONTAYHBIMH  CEpBHCAMH.
[IpenycMoTpens! MHHHAMYM pip::!
[TPOTPaMMHPYEMBIX KOHTPOJUIEPA B IUIACTHKOBBIX
KOpITycax, II03BOJIAIONIHX OJTHOBPEMEHHO)|
CO31aBaTh 2 BapuaHTa pPOGOTOB Pa3THYHOrO
Ha3HAYCHHA, HMCIOIIHUX BO3MOXKHOCTh pabOTHI KaK
B IOTOKOBOM peXHME, TaK H aBTOHOMHO;
[103BOJIAFOIIHX peanu3oBaTh o0yuenue
HMPOTPaMMHPOBAHHIO B HECKOJBKHX  Cpefax
Pa3paboTKu Ha pa3sTHYHBIX A3BIKAX (K IPUMEDY, B
cpenax Mblock, Arduino IDE, Ha s3B1Kax Scratch,
C. Python, micro Python). Kak MHHHUMYM OJHH H3
KOHTPOJ/IJIEPOB HMEET BCTPOESHHYIO ONEPALOHHYIO
cucTeMy, BcTpoeHHble Wi-Fi m Bluetooth, mopr
T HOIKIIIOYEHHS IOCJIEI0BATEIBHO),
COCNMHACMBIX BHEUIHMX YCTPOHCTB (He MeHee
20 OTHOBPEMEHHO MOAKIIOYAEMBIX YCTPOMCTB),
Kax MHHEMYM OIMH W3 KOHTpOILIEpOB uMeeT
BO3MOJKHOCTb OJTHOBPEMEHHOM 3allMCH HE MeHee
8 mporpamMM, ¢ BO3MOKHOCTBIO IEpEeKIFOYeHHS
Mexny HumH. Kak MuHEMYyM omuH U3
KOHTPOJIZICPOB  HMECT IIOJIHOLBETHBIN JHUCIUIEit
(IPS), mo3BoNsArOMMI BBIBOAMTH [aHHBIE C
[aTYMKOB B BHJE TaOMHI W rpadMKoB, a TaKKe
CO3/1aBaTh BCTPOCHHbIC B KOHTPOJUIEP BHIECOMIPEL.
KonnaecTBO  CEHCOPOB M MCIIONHHUTEIBHBIX
YCTPOHCTB, BCTPOEHHBIX B OMMH M3 KOHTPOJIIEPOB,
- He MeHee 10 mT. Ofluee KOMHYECTBO IEMEHTOB
B HaGope He MeHee 400 mT., B TOM uHCIe
MOJK/II09aeMble Moaynu: - Bluetooth momyns, -
JIBOIMHO# JIaTIMK JIMHHH, - YJIbTPa3ByKOBOH HATUYHK
PacCTOsIHUA, - JaTYUK IBETA, - JATYUK KACaHMs
dSJIeKTpoMexanudeckuit, - IR Mmomyns, - wmorop

IIOCTOAHHOI'O TOKa C PEOYKTOPOM — HE MEHEE
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No HanmenoBanne
n/n obopynosanns
(PBIIO)

Kpatkue npuvepnsie rexumueckue
xapakrepucruxu (PBIIO)

Emnanna
H3MepeHus

F‘OJIH'-IGCTBG

2 mT., - CEepBONIIPpHBOL, - IIyneT JHCTAHIHOHHOIO
yiopasienus  IR.  HaGop  nomwkes  6wirs
Y KOMIIICKTOBAH ~aKKyMYJIATOPHBIMHE —GaTapesMu.
[Iporpammuoe o6Gecnevenye, UCTIOIB3yeMOe  Jijid
POrpaMMHPOBAHUS cobupaemsIx
POOOTOTEXHHYECKHX — Mozeiel u YCTPOMCTB,
AOIKHO  OBITh  JOCTYMHO IS GecIUIATHOrO
CkaduBanus u3 cetn MHTepHET M nocaenyiomero
HCIIOJIB30BAHHS.

2.6 (OGopynoBanume s
JIEMOHCTPALMH OIBITOB
(puzuka)

Kommntexktnocts: wabop s JEMOHCTpaLUi 110
$usuke «Mexanuka» (B cocrase: MOHOPEJBC
METaINIECKUH — 1 IUT., TeTeKKH — 2 M., (IIaKu
JULSL TENICXKKH — 4 IT., quHelika — 1 wT., Gpycox
ACPEBAHHBIN C ABYMs KPIOYKaMu — | ., BEJIEPKO
C nemei — 1 wr., moacTaBku s MOHOpeIkca — 2|
[IT., CTCPXXHU MeTaudeckue (7,5 cM) ¢ pe3nboit
2 IIT., INIaCTHHA MeTaTHYecKas — 1 mr., KPIOYKH
— 2 ., 610k — 1 mr., mpyxuHa ¢ duaxkom — 1
T., KOBPUK — 1 WT., mmuibku-ynopsr (60 Mu) ¢
CHIIMKOHOBBIMH TPYOKaMH — 3 IIT., TPAaHCHIOPTHP ¢
0TBeCOM — 1 mwT., rpy3st mo 50 r — 6 mT., MOTOK
HUTH — ] mMT., KycoK IuacTHiIuMHA — | IIT.,
[UIACTHKOBBIE IIAPUKM HA HHTH - 2 T,
METaNIMYECKHH IapuK — 1 IIT., HUTH ¢ MarHUTOM
— 1 wr., Gudmsaprsni noxsec — 1 mr.) — 1 Habop,
HAOOp OIEKTPHYECKHX MOAyNIeH (B cocTaBe:
Momyne pesuctopa 5 u 10 Om, 5 Br — 1 mr,,
MOJTyJIb pe3ucTopoB 1 u 22 kOm, 0,25 Bt — 1 mr.,,
MOJYb pesucTopa nepeMmeHHoro toka 10 Om — 1
LIT., MOAYJIb JTaMIIbl HakamiBauus 3,5 B, 0,15 MA
— 1 wr., Mmoxyns konzencaropos 10, 100 u 1000
MKD £10%, 16 B — 1 mr., Mogyns xarymek 250 u
1000 BurkoB — 1 wt., MOIyIH TepMope3ucTopa — 1
[IT., MOAYJIb COJIHEYHOTO JIEMEHTA NMUTAHHA — 1
LIT., MOAYNE (oTopesucTopa — 1 mwr., Momyry
oga — 1 mr., Momymb ceetommoma — 1 IIT.,
MOIyIb (oTosuona ~ 1 IWT., MOAYJIb TpaH3HCTOPA
— 1 WT., MOmynh IS MOAKIIOYEHHS MCTOYHHKA
TOKa — | IUT., MOZYJIb PBIYAKHOTO BEIKITIOYATENS —
1 wrT., Moy nb TepexmoyYaTe s Ha ABA MOJIOKEHHS
— 1 wr., Metamyeckuit mumuaap — 1 mit., MeaHas
mpoBosioka (@ = 0,14 mm, L = 1,0 M) — 1 mr.,
KOMIIIEKT COCAWHUTENBHBIX MPOBOAOB — 1 miT.,
[POBOA 1Is ITOJKIIOYEHHS HCTOUHNKA muTaHus (L
= 1,5 M) — 1 mr., 32KAMBI THIA (KPOKOTHI» — 2

mT.

uit.) — 1 Habop, HaGop Ten paBHOl Macckl — 1 .,

10




15

Ne HaumenoBanue Kparkne npumepnsie rexauueckmne Exnanna Koamvecrse
n/n obopynoBanns xapaktepucrukn (PBITO) H3MepeHHus
(PBIIO)

Habop Tes paBHOro o6bema — 1 mi., npubop s
ACMOHCTPAlliK NaBICHUS B XKHAKOCTH — | mmr.,
MPHOOp JUIs M3yYeHHs ra3’oBBIX 3aKOHOB — 1 T,
TEILIONPHEMHHK (rapa) — 1 mT., yueGHoe mocobue
— 1 wr. pykoBoxcTBO MO 3KCIUTYaTaMK — 1 10T,

2.7 O6opynoBanue s
JICMOHCTPALIMH OILITOB
(xuMus)

KommiextHoCTS: anmapar Kumnma (250 M) — 1 1.,
NpUGOp I HILTIOCTPAIUK 3aBHCHMOCTH CKOpOCTH
XUMUYCCKHX peakuuii ot ycnosuit — 1 wr., mpuGop
AUL - OKMCNICHHMSA — CIHpTA  Hal  MeOHBIM
}Karamaampom — 1 wr., npuGop mis momyuenus
FaloOUI0ATKaHOB — | mIT., CTEeKNSHHBIE KOJIObI
(xonmueckast 250 mi — 1 wr., KpyrionoHHas 250
MIT — 1 mr., xpyrmomounas 500 mum — 1 IIT.,
rtockonoHHas 250 M — 1 wr., mrockogorsas 500
M — 1 mr., mepuas ¢ Merkoit 250 mim — 1 mr.,
MepHas ¢ MeTko# 500 mn — 1 mwr.) — 1 kommexr,
CTEKIIIHHBIC cTakankl (50, 100, 150, 250 ma — mo 2
mr., 600 Myt — 1 mT.) — | KOMIUIEKT, CTEKISHHbIE
npobupku  xumuueckue (14x120, 16x150 u
21x200 MM — mo 4 wr.) — 1 KOMIIEKT, MEpHEIe
CTCK/ITHHbBIE NUIHHAPSI (50 1 100 Myt — o 1 mT.) -
1 xommtexT, mpsiMast creknsHEas TpyGKa L = 15 oM
— 1 1., crexnsaHHbIe TPyOKH, 3arHYTHIE IO YIIOM
(60°, 90° u 100° — mo 1 mr.) — 1 KOMILIEKT,|
CTEKJIAHHBIC MAJIOYKH — 2 IIT., CTEKJISHHAS YaIlKa)
LleTpu — 1 mT., CTEK/ISHHBIE BOPOHKH (m1ametpom
56 1 75 MM — 110 1 1iT.) — 1 KOMIIIEKT, CTEKTISHEbIC
nueTke (2, 5 u 10 Ma — mo 1 wr.) — 1 KoMmIexT,
(hapdopossrit crakan 150 M — 1 ., thapdoposas
CTyIKa ¢ mectoM — 1 mr., ¢paphoposslit mmaress —
1 wr., apeomerpsr (800, 900, 1000, 1100,
1200 kr/M3 — 1o 1 mrt.) — 1 KOMIUIEKT, JIOKKA JUIs]
CKMTaHUs BEIIECTB — 1 WIT., 3aKUM NpoGHpOYHEIit

— 1 wr, merammveckmit nuHmer — 1 mr.,
CUIHKOHOBas Tpybka L = 1 M - 1 mr,
PacIEUIMTENbHAS CeTKa — 1 IuT., [MTaTuB IyId

npobupok (10 rresn) — 1 wr., cnuproska — 1 mr.,
pe3uHOBbIe MpoOKu (auamerp 14,5 MM — 4 mrT.,
16 My — 2 mt., 19 MM — 2 wr., 29 MM — 3 mwr.) —
1 KoMIIEKT, pe3snHOBbIE TPOOKH ¢ Ta300TBOAHEIMH
TpyOkamMu  — 2 mT., Habop  ATHKETOK
camokyeammxes — 1 wr., GymakHble (HIBTPE]
jmamerpoM 150 MM — 1 ym., yueGHoe mocobue —|
1 WT., pYKOBOJACTBO MO SKCILTyaTaI|y — 1 1T,

T,

10

2.8 Habop OT'D/ETD
(puzuka)

CocraB  wnaGopa:  mrTaruB  1aGoOpaTOPHBINA

(husudeckuit ¢ gBYMs MyTamu u AByMs JIalKaMmu

80




16

Ne HaumenoBanue Kpatkne npamepnrie rexnnueckue Enunnua Konnuecrso
n/n obopynoBanns XapakTepuctuku (PBITO) 3MepeHus
(PBIIO)

— 1 mT., Bechr SJCKTpoHHBIe 10 200 r — 1 mT.,
MEDHBIH IHIMHAD CTEK/IMHHBIH, Ipee H3MEPEHHS]
250 mu, uena nenexus 2 M — 1 WIT., JTHHAMOMETD)
1 H, nena nenenns 0,02 H - 1 IIT., TUHAMOMETp 5
H, nena nememms 0,1 H — 1 IIT., LHTHHAD
CTalbHOM 25 cM3 — 1 ., OHIHHP alFlOMHHHERBIH!
25 em3 — 1 wt., LIUIHHAP ATFOMHHHEBBIH 34 cm3 —
| wr., mumaap mractukoBsdt 56 cm3 — | IIT.,
TIpy’KuHa Ha rnanmere 40 H/m — 1 mr., npysxuna
Ha nanmere 10 H/m — 1 ., rpyssi no 100 r — 6
mT., Habop rpysos ¢ warom 10 r (50, 60, 70 u 80 r)
— 1 xommn., mepuas nenta — 1 LIT., THHeHKa — 1
IIT., TPAHCTOPTHP — | 1WT., 6PYCOK ¢ KPIOYKOM H
HUTBIO — | 1mT., Hanpapmaromas wmwoit 500 M (¢
PasHBIMH KO3 dumuenTamu Tperms 6pycka mo ee
MOBEpXHOCTAM) — 1 T, CEKYHIIOMED,
PIEKTPOHHBIA C JBYMS JaTddkamu  Xoia
(CeKyHZOMEp B IIACTHKOBOM Kopmyce 130*57*3()
1MM, ¢ HHBPOBBIM TPEXPaspSAHBIM HHIMKATOPOM
I OTOOpaKeHHS BpeMeHH (C  TOYHOCTBIO
M3MEpPEHHs B ceKyHmax: 1o 10 — 0,01; nocne 10 -
0,1), xHOmKaMu «Crap1/Cron» u «C6poc», USB-
PasbeMOM UL MOAKIIOYEHHS JaTYMKOB X0Jj1a) —
1 mr., HampasnAOMmAas co mKanoi — 1 INT., OpyCoK
ACPEBAHHBIA C IIyCKOBBIM MarHuToM — 1 mT.,
HUTAHOH MasTHUK (TPy3 C IIYCKOBBIM MAarHHTOM,
HHTb C BO3MOXHOCTBIO HM3MEHEHHS JUIHHEL
Oudunspueii  nogsec) - 1 ., pHBIyar
(C OTrpy30uYHBIMH BHHTAMH M KPIOUKAMH JUls
rpy3oB) — 1 mrt., 610K IOABHXKHEL — 1 1mT., 60K
HEMOABIKHBIA — 1 1mr., Kamopumerp — 1 IuT.,
repMomeTp naboparopueii 0-100 C — 1 mr.,
MCTOYHHK HTAHHS MOCTOSIHHOT'O TOKa
(Garapeiinbiit 610k 0-7,5 B ¢ BO3MONKHOCTBHIO
PETYTHPOBKHA BBIXOJHOTO HANPSIKEHHMS C IIArOM
1,5 B) — 1 mr., aMmmepmerp AByXmpenenbHEIL
(0,6 A c nenoit menenns 0,02 A u 3 A ¢ ueHoi
penenns 0,1 A) - 1 mr, BomsT™erp
AByXnpenenbHbiid (3 B ¢ nenoii nenenust 0,1 B
6 B ¢ nenoit nenenus 0,2 B) — 1 mr., Pe3HCTOPEL
4,7 u 5,7 Om Ha nanenn — | 1wmT., naMnouka (4,8 B,
0,5 A) — 1 mr., nepemenHsIif pesuctop (peocrar)
o 10 Om — 1 wr., coenuHUTENBHBIE IIPOBOJA —
20 wr., wmou — 1 wr., HAGOP MPOBOIOYHEIX
PE3UCTOPOB  HAa  maHemu  (UiA  HM3ydYeHHs

BaBHCHMOCTH CONPOTHBJICHHS IPOBOTHUKA]
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Ne Haumenopaune Kpatkue npumepnbie Texamueckue Ennnnga Komnuecrsg
n/n obopyaoBanus Xapakrepucrukn (PBIT1O) 3MepeHnsn|
(PBITO)
OT JUIMHEL 1, muomanu nomepeunoro ceuenns S
pACIBHOTO — CONMpOTHBICHHS p) — 1 mHabop.,
cobuparomas uH3a, oxycHoe paccrosmme 100
MM — 1 mT., cobuparomas JHH3a, (OKyCcHOE

pacctosaue 50 MM — 1 mrt., paccenBaromast JIHH3a,
(boxycnoe paccrosume — 75 MM — 1 IIT., 3KpaH —|
1 wr.,, onruyeckas ckambs — |1 IIT., Caai
«Mozens npeamera» Ha mogcTaBke — 1 IIT.,
OCBETHTC/Ib Ha MOACTAaBKE — | INT., mpo3padmbiii
TONYUHIMHAD — 1 IOT., MIAaHIIET C KPyroBbIM|
TPAHCIOPTHPOM — 1 mwIT., NpuGoOp A1 U3ydeHwus
Ta30BBIX 3aKOHOB — 1 wWiT., Kamumispel — 2 .,
A pakHoHHbIe pemerkn 300 u 600 IITPHXOB/MM
— 1 KoMIL., 3epkano — 2 IT., JIa3epHas YKa3Ka —
I mrr., nonspoun B pamke — 2 wr., memm IOHra Ha|
[1aCTHHE — | IIT., KaTymIKa-MOTOK — 1 1IT., AHO/BI
Ha HaHejrd — 1 WT., KOHAGHCATOpHI HA MaHeIH
(4,7, 22 u 33 Mx®) — | T., KOMITAC IIKOIBHE —
lwr., MarsuT nos0cOBON — 2 ., 3JIEKTPOMArHHuT|
Pa30OpHEIit — | INT., ONMIIKK KeJIe3HEBIe B Oanke —
10 r, nevarHoe yuebuoe mocobue - 1 IIT., JIOTOK
a37aTOYHBIH — 4 T,

2.9 HaGop OI'3/ET'D B maGop Bxomar  Becwl nabopaTtopHele|  mT. 10
(xmust) prekTponnble 200 r, crnuproBka naGoparopHas,
BOPDOHKA  KOHHYCCKAs, Ial04YKa CTEKISHHaZ,
npobdupka [1X-14 (10 mryk), crakan BHICOKHIi
¢ HocukoM BH-50 ¢ metkoit (2 mrrykm), LHJIAHID
H3MEPHTEIBHBIN 2-50-2 (CTeKIAHHBIH,
C TIPUTEPTOH KPBIIIKOH), INTaTHB /I MPoGHPOK Ha
10 rmésn, saxuM npoGHPOYHBIH,  IITATENb-
lokedka (3 mTykm), Habop  (nakoHOB
/UL XPaHCHHs DPAacTBOPOB M PEakTHBOB (00BeM|
(naxona 100 mu - 5 kOMIUIEKTOB 1o 6 HITYK,
00beM ¢uakona 30 ma1 - 10 KOMIIEKTOB
110 6 WTYK), MUIHHAP U3MEPHTEIbHbIH ¢ HOCHKOM
1-500 (2 mrykm), crakas Beicokmii 500 I
(3 mTyku), HaGOp epmrel A MBITBS HOCY1b]
(epmr st MBIThS TPOGHPOK - 3 IITYKH, epm Juis
MBITBA KOO - 3 mTykH), Xamar Oenpii x/6
(2 WTyKkH), NEpYATKM pPE3MHOBBIE XHMHYECKHE
CTOMKHE (2 INTYKM), OYKM 3aIIUTHEIE, (DHIBTPLI
Oymaxkurie (100 wryk), roprouee s CIHEPTOBOK
(0,33 m). B cocra Habop BxomAT PEaKTUBEHI:
AIIIOMUHUIA, Keneso, COJISIHAs KHCJIOTa,
METHJIOpAHXK, (peHon(TanenH, aMMHuaK, MepoKCHy
BOJOpOJA, HHUTpAT cepebpa M apyrue; B obmieid
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Ne Hanmenosanune Kparkne npumepnsie rexanueckue Ennanna Konmvecrso
n/n o0opynoBanns xapakTepucruxn (PBIIO) H3MepeHHs]
(PBIIO)
CIIOXKHOCTH - 44 pasIuYHBIX BEILECTB,

MCIIONIE3YEMBIX NI COCT@BJIEHHA KOMILIEKTOR
PEAKTHBOB IIPU TIPOBEACHHH 3K3aMEHAHMOHHBIX
PKCICPUMEHTOB 10 KypCy TIKOIBHOM XHMMH.
Pexomennyeres opmuposarts Habop OI'D/EID,
[O3BOJIAIOIINI IPOBOJUTE NPAKTHYECKHE 3a0aHMs]
MpH  HPOBEACHHH OOWIEr0  rocyaapCTBEHHOIO
OK3aMCHa 10 XHMHH C  HCHOJIB30BAHHEM
COOTBETCTBYIOMIEH  ;abopaTopHodf  mocymsl,

[PEaKTHBOB, y4eOHO-1eMOHCTPaHOHHOTO)
oGopynoBanus. [Ipu (opmupoBanun
PEKOMEHAyeTC s YYHUTHIBATE daxTrueckyo
MOTPeOHOCTL 06Pa30BATENBHBIX OPraHHU3aIIHil.
2.10Muxpockon mudpoBoit [Tum MHKpocKkona: Ouonmormyeckuit Hacamka . 20
MHKpOCKOIa: MOHOKYJIIpHAS Haznavenwe:

1abopaTopHeii MeTos HcCleoBaHus: CBETION
nmone Marepuan ONTHKM: ONTHYECKOE CTEKIIO
YBeIuyeHHe MHKpOCKOmNa, KpaT: 64 — 1280
Okynspe: WF16x OGwextupr: 4x, 10x, 40xs
(moanpyxuHeHHEIH) PeBonbBepHas ronoBKa: Ha 3
oOobextuBa Tum moxcseTkm: 3epkamo  wm
CBETOJIMON Pacriosnioxenne MOACBETKH: BEPXHSS
HIDKHA Matepuan Kopmyca: Metasmt IIpenmeTHEbIi]
cromuk, Mm: 90 Mcrounuk nuranus: 220 B/50 '
Yucio meranukceneit: 1

3. Pazpen «KomnbioTeproe o6opyaoBanuer

3.1 orodyHkIHoHATEHOE [ HIT yCTpoiicTBa: Muorodysknuonansaoe| . 10
YCTPOHCTBO (punTep, [yerpoiicteo (M®V); LlseTHOCTH mEvaTh: YEPHO-
CKaHep, KOIup) Oenas; Texuomorus mewarn: snexrporpadudeckas
(yrasepnas, ceerommosaHas); dopMar meyarH: He
eHee A4, Tun CKaHUpPOBaHHS:
TIPOTSKHBIH/TUTaH e THBII; BosmoxrOCTH

CKaHHpoBaHHs B (opmarax: He MmeHee A4: Crocob
nonkmovenus: LAN, Wi-Fi, USB

3.2 Hoyt6yk Dopwm-taktop: HOyTOyK; Pasmep nuaromamm: mel  mr. 30
MeHee 15.6 moiimoB; Paspemenue skpanma: Full
HD, Quad HD wm Ultra HD; O6mmii o6nem
YCTAHOBJICHHO# ONEpaTHBHOW NaMSTH: HE MeHee
["6aiiT; MakcuManbHBIA 06WIHl O IEPKUBACMBIH
00BEM olepaTHBHOH maMsATH: He MeHee 16 I OaiiT;
O6vem SSD mnaxomutens: me meree 240 I'6aiiT;
becipoBosnas  cBsze:  Wi-Fi;  KosmgecTso
BCTPOCHHBIX B Kopityc mopToB USB: ue menee 2,
M3 KOTOpBIX He MeHee 1 oimkHo 651Th USB Bepcun
He Hmwke 3.0; Paspemenue B30-Kamepkl,
Mnukcens:  He Memee  (.3; Berpoennsiii
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Ne Hanmenosanne Kparkue npumepusie rexauueckne Exnnnna Koamuecrse
n/n obopynoBanns Xapakrepucruku (PBITIO) H3MepeHHs
(PBIIO)

}MI/IKp()d)OH; KnaBuarypa ¢ packiankodl m
MapkHpOBKOH  kmasumr  QWERTY/MIIYKEH:;
[lomnepxka crammapros OecripoBoHOM  CBsI3H:
802.11a/b/g/n/ac; I[IpousBomutensroCTH
rnponeccopa (3HaueHue moxazarens «CPU Marksy
1o Tecty «Laptop & Portable CPU Perfomances
http://www.cpubenchmark.net/laptop.html): He|
k::ﬂee 5000 emmnmn; Hamuume MaHHUIIYJISTOpA

Ilb B KOMILIEKTe: fda; YcTaHOBIICHHAA
OTEpallHOHHAs ~ cHCTeMa ¢ rpadHdIecKuMm
[OJB30BATEIECKUM HHTepdeitcoM, cBemeHHs o
KOTOPOM BKIJIFOYEHBI B €IMHBIN PEECTp pOCCHHCKHX]
[IPOTPaMM ISl  3NIEKTPOHHBIX BEIMHCIHTEILHBIX
P\damHH U 06a3 JaHHBIX; YCTaHOBJIEHHBIH mMaKer
o(pucHOTO IIPOrPaMMHOI0O obecrieyenus,
COBMECTHMOTO C YCTAaHOBJIEHHOH ONEpanHOHHOMN
CHCTEMOM, CBEIEHHA O KOTOPOM BK/IIOYEHBI B
CAMHBIH pEeCTp POCCHHCKHX mporpamMm s
QJIICKTPOHHBIX BBIYMCIHTEIBHEIX MAIIMH W 6a3
JTAHHBIX.

ABJIAKNIHXCH MAJTOKOMIIJIEKTHLIMH)Y

HanmenoBanune nanpasienns: «Obopynosanne qias o0ueodpasoBaTeIbHBIX OPraHH3aMHii,

1. Paspen «EcrecTBeHHOHAYYHAS HANIPABJIEHHOCTE»

1.1

H(pposas 1abopaTopus
o Qusuke
(ydeHuveckas)

OOecnieunBaeT BHINOIHEHAE SKCIEPHMEHTOB MO
reMam Kypca (buznku., Kommiekranus:
becnposonuoii MysnbTHIATIMK TO (H3EKE ¢ 6-10
BCTPOCHHBIMU  naTuukamu: [ludposoit maruux
TEMIICPATYpBl C QHANA30HOM H3MEPEHHs HE YKe
qeM or -20 gmo 120C Iludppomoit marum
abCONIOTHOTO JIABJIEHHUS C IHANA30HOM H3MEpPEH

He yixke ueM ot 0 mo 500 xIla Jlatunk MarHuTHOrO
10J11 C JHana30HOM H3MEPEHHUS He YKe ueM oT -80
no 80 MTn JlaTunk HanpsKeHHs ¢ [EANAa30HAMH
H3MEPEHHUs He yxKe ueM oT -2 go +2B; ot -5 nmo
+5B; ot -10 go +10B; or -15 g0 +15B JlaTuuk
ToKa HE yxke 4YeM oT -1 mo +1A Jlatuuk
AKCEJIEPOMETP C IIOKA3aTeIsIMH He MeHee ueM: =2
g, +4 g; £8 g Ornensubie ycrtpoiicrsa: USB
ocumiorpap He Memee 2 kanama, +/-10 B
Akceccyapsl: Kabens USB  coenuHuTe IbHBIH
3apsnHoe ycrpoiictBo ¢ kxabemem miniUSB USB
Apanrep Bluetooth 4.1 Low Energy Konctpykrop
JUIL  TIPOBENEHHs  JKCIepHMEHTOB  Kparkoe
PYKOBOACTBO 10  3KCIUTyaTauuu  LUQpoBoif

mabopaTopuu IIporpammuoe obecrieuenue

MIT.

124
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Ne Haumenopanmne Kparkne NpHMEpPHbIe TEXHHYEeCKHe Enununa Koanueerne
n/n obopynoBanns Xapakrepucruku (PBIIO) H3MepeHns|
(PBITO)

Meromuueckine  pexomenmamun (40  pabor)
Hamume  pycckosssrumoro  caiita NOANEPHKKH|
Hanuuue BHIECOPOIHKOB.

1.2 [Tudposas naboparopust O6ecnieYnBaET BBIIOTHEHHE nabopaTopHEIX paboT . 124
M0 XUMHH [0 XHMHH Ha ypoKaXx B OCHOBHOH INKOJE H
(ydaenuueckas) [IPOCKTHO-HCCIIEI0BATEILCKOI JEATETBHOCTH
yganmxcs. Kommnexramus; BecnpoBoiHoii

MYJTBTHAATYMK 10 XHMHH C 3-MSI BCTPOCHHBIMH
pardnkamu: Jarunk pH ¢ nuanasoHoM uaMeperns
HE yxke uwem or 0 go 14 pH Jlarumk
SJICKTPOTIPOBOAMMOCTH ¢ IHANa30HAMU H3MEPEHHUS]
He yixe 4eM oT 0 mo 200 mxCwm; ot 0 mo 2000
MKCM; o1 0 10 20000 MxCwM [TaTamk TeMIIEPaTyph]
C Malla30HOM H3MEpeHHus He yke ueM oT -20 10
+140C OtaensHble HaT9uKu: Harauk ontuyeckoi
IIOTHOCTH 525 HM Akceccyapwl: Kabens USB
COCTMHUTENBHEIN 3apsAHOe YCTPOUCTBO ¢ Kabeem
miniUSB USB Apantep Bluetooth 4.1 Low
Energy Kparkoe pykoBozcteo mo 9KCILTyaTaliu
uudposoit  aGoparopun  HaGop nabopaTopHOH
OCHACTKH [Tporpammuoe obecneuenue
Metouueckue pekoMeHanuy He Menee 40 paboT
Hanuune pycckosssrdEOro  caiita IO PIKKH
Hanyame BHICOPOIMKOB.

1.3 [Mudpopas nabopatopus |OGecieunBacT BEIIONTHEHNE nabopaTopHbIX pabot]  miT. 124
10 Guooruu Ha ypoKax o OHOJOIMM B OCHOBHOH INKOIE H
(yuenuyeckas) [IPOCKTHO-HCCIIEIOBATEILCKOM JEeATeTEHOCTH]
y4ammxcs. Kommnnexranus: BecnpoBouoit

MYyTbTHAATIHK 110 GUOJIOTHH C 5-10 BCTPOEHHBIMHU
JaTuuKaMu: JlaT9uK BIQXKHOCTH € JMANa30HOM
u3mepenus 0...100% JlaTuuk oOcBemeHHOCTH c
[IMaNasoHoM HU3MEpeHHs He yxe ueM ot 0 g0
180000 nx Maruux pH ¢ auanasoHom H3MEpeHHS]
He yoxe 9eM ot 0 10 14 pH Jlatunk Temmeparypsi ¢
JTHAIIA30HOM H3MEPEHHS He yxe ueM oT -20 10
+140C JlaTunk Temmeparypsr OKpYKaroIei cpesl
C HalasoHOM H3MEpPeHHsA He yxe 4yeM oT -20 1o
+40C  Axceccyapsl: 3apsamHoe YCTPOHCTBO C
abeneM miniUSB USB Anantep Bluetooth 4.1
Low  Energy Kpatkoe pykoBomcTBO 10|
PKCIITyaTauy nudposoi nabopatopuu Lludpopas
BHACOKaMEpPa € METALIMYECKMM  INTATHBOM,
paspemenne He menee 0,3 Mmmke ITporpammuoe
obecrieyenne MeTonnueckne peKOMEHJALNM He
menee 30  pabGor  VmakoBka — Haimume
YCCKOA3BIYHOIO  caiiTa NOMNEPKKH, HATHYHE
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Habop U1 H3yyeHus
\MHoromMHOHeHTme
POGOTOTEXHHYECKHX
CHCTEM H
MaHHITYJSIITAOHHBIX
poboToB

[IPEAHA3HAYCH IS H3Y4eHHs pOGOTOTEXHHUECKHX,

TEXHOJIOTHH, OCHOB HH(OPMALIMOHHEIX
TEXHOMOTMH M  TEXHOJOTHH IPOMBNILIEHHOMN
aBTOMAaTH3allHH, a TaKxKe TEXHOJIOTHH

[TPOTOTHIIHPOBAHUSA H a/IITHTHBHOI'O IPOH3BO/ICTEA.
B COCTaB Habopa JIOJIKHBI BXO/THTH|
KOMIIIEKTYIOIIME M YCTpoHCTBa, obOmamaronue
KOHCTPYKTHBHOM, amnmapaTHOH M HporpaMMHOM]
COBMECTHMOCTBIO JPYT C JIPYTOM.

1) KoMmmeKT KOHCTPYKTHBHBIX 3]EMEHTOB M3
METa/Ula W IUIaCTHKa Juii cOOpKH Mojeleid
MaHHIYIAIHOHHBIX ~ poOOTOB ¢ yIIOBOH
HEMaTHKOH, IJTOCKOMapaie/IbHOi
KHHeMaTuKo#, Delta-kiHeMaTHKOIH.,

2) WHTennexTyaibHEIH CEPBOMO/IY B v
MHTEIPUPOBAHHON CHCTEMOM YIIPABIEHHS — He
MeHee 7mr. CepBOMOIYIb JOKEH 06JagaTh
HHTErPUPOBAHHOI CHCTEMOM YOpaBJIeHHS,
obecnieynBaronieil 06paTHyIO CBSI3b WM KOHTPOJIb
[apaMeTpOB — IIOJOKEHHE Bajla, CKOPOCTH
BPAaIllCHUs, Harpyska IpUBOJAa, a  TakKKe
obecneunBaronieii BO3MOKHOCTH|
[I0CJIC/IOBATENLHOTO TIOAKIFOYEHHUS OPYT ¢ APYTroM
12§ yIIpaBlIeHus CEPBOMOLYJISIMH 1o
[IOCJIEJ0BATEIBHOMY IOy IYTIIIEKCHOMY)
ACHHXPOHHOMY HHTep(eiicy.

3) PobGororexuuueckuii KOHTpOILIEp,

NPEACTABIAIONIHNE c000H MOmyIbHOE YCTPOHCTBO,

Ne Hanmenosanne Kparkue npumepnsre rexnmaeckne Emnnnna Koanuecerso
n/n o0opyaoBanns Xapakrtepucrukn (PBITIO) H3MepeHus]
(PBIIO)
BHICOPOJIHKOB
2. Pa3nen «lonoHuTEILHOE obopynosanne»
2.1 Kommnexrt mocyneru |[LItatus 71abopaTOPHBIH  XMMHYeCKHit Habop| . 62
oOopyoBanus s Halex [Terpu Habop HHCTPYMEHTOB
YICHIYECKUX OTIBITOB  MpenapoBanbHEX JIOKKA ISl COKUTAHUS BEIIECTR
(xumust, pusuka, Crynka dapdoposas ¢ mectuxom Habop Ganox
Onoorus) /UL XpAHCHHS TBEPJBIX peakTHBOB (30 - 50 i)
Habop cxmsox (dmakosoB) s XPaHEHU
PacTBOpoB peakTHBOB Habop mpobupok (ITX-14,
[1X-16) IlpuGop s momyuenus ra3on Crnuproska
["oprouee nst cmprosok ®ubTpoBamsHas Oymara|
KonGa  xommueckas  ITamouka  crexisHHAs
(c pe3snuHOBBIM HaKOHEYHHMKOM) Yameuka J_I.IM\
BEIIAPUBAHKS (BbIApUTENEHAS Yalleyka) MepHsii
UMTMHIP  (TUIACTHKOBEIA) Boponka crexisumas
(Manasg) CrakaH  CTeKJISHHBIH (100 wn)
["a30oTBOgHAs TPyOKa
2.2 |O6pa3oBarenbHbIi OGpasoBatenbhplit  HaGop  fJomkeH  GBITH . 62
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Ne Hanmenosanue Kparkue npumepnsie rexnmueckue Emnnnna [Koanyecrso
/o o0opynoBanus Xapakrepuctuku (PBI1O) H3MepeHus,
(PBIIO)
BKJIIOUAIOIee B cebs OJHOILIATHEIHA

MHKPOKOMIILIOTEP JUIA BBIIOJHEHHS CJIOXKHBIX
BEIHCIHTEIBHBIX  Onepanui, mepuepuittbii
thHTpOJIJIep UISL  YOPaBIEHUS  BHENIHHMH
CTPOHCTBAMM H  miaty pacluMpeHus i
HOMIIOYEHHS]  BHEIIHHX  YCTPOMCTR. Mo,uym:’
poGoToTexHHIECKOro KOHTpOIIIepa  AOJDKHEIL
o0namate  0JHOBpEMEeHHOMH KOHCTPYKTHBHOM,
AIIIapaTHOH U IIPOrpaMMHON COBMECTHMOCTBIO
APYT ¢ Apyrom. PoGototexumueckuii koHTpoiep

IIOJIKEH YIOBIETBOPATE TEXHHYECKHM
XapaKTEPUCTHKAaM: KOI-BO SAEP BCTPOECHHOTO
MHUKDOKOMIIBIOTEpA — HE MeHee 4, TaKTOBa)l{

dacToTa Anpa — He menee 1,2 I'Th, o6vem O3V —
He Menee 512 MG, nammune untepdeiicor — SPI,
12C, 1-wire TTL, UART, PWM, mudpossie — ne
MEHee 16 T u aHanoroBble MOPTHI — He MeHee §
IIT JUIs  TIOAKIIOYCHUs BHEIUHHX YCTPOMCTB,
BCTPOCHHBIH MHUKpO(OH, a Takxke WiFi wmn
Bluetooth s koMmyHHKamuu co BHEmHHME
ycTpoiicTBamu. PoGoToTexHHYeCKHi KOHTpoIIIEp
NOKEeH obecreunBarsh BO3MOKHOCTH|
[POrPaMMHPOBAHHS C IIOMOIIBIO CPEJCTB S3BIKOB
C/C++, Python u cBoGoano pacIpocTpaHsIeMo
cpeael  Arduino IDE, a Taxke ympaenen
MOJEISAMH ~ PODOTOTEXHUYECKHX  CHCTEM ¢
MOMOILBIO cpeibl ROS.

4) IIporpaMmEpyeMEli KOHTpOLIED — He MeHee
lwrr,  TIporpammupyeMmsiit KOHTPOILIEP IOJIKEH
[PCCTABIIATE COOOH BBIYMCIIMTENBHbIA MOMYIIb,
obajarommm 1UQPOBLIMU TIOPTAMH — HEe MeHee §
HIT H aHAJIOTOBBIMH MOPTaMH — HE MeHee 16 mr,
iHTepdeiicamn UART, I12C,SPI, TTL, a Taxxe
MOJTyieM OecrpoBofHOM cBs3M Tuma Bluetooth
umi WiFi st cosflanus anmapaTHo-IporpamMMHBIX
PEIIEHHE M «yMHBIX/CMapT»-yCTPOMCTB s
paspaborku pemrenuii « MHTepHET Bemieity.

5) [Ilnara pacmmpenus nporpammmpyemoro
KOHTpomiepa — He MeHee 1mT. ITnata pacmupenus
NOJDKHA obecnegnBars BO3MOXKHOCTH
OJKJIFOYCHHA YHHBEPCATBHOTO BBIYMCIUTEIEHOTO)
MOIylls K CeTH TOCPEACTBOM HHTepdeiica
Ethernet. Ilnata pacmmpenus nomxHa 067127aTh
[OpTaMH  BBOJA-BBIBOAA JUIA  IIOJK/TIOYEHHS
LHU(POBBIX U AHAIOTOBBIX YCTPOMCTB — HE MEHEe

40 mr, wustepdeiic SPI W BO3MOXKHOCTBHIO
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n/n

Hanmenosanne
obopyaoBanus
(PBIIO)

Kparkue npavepnsie texunyeckue
XapakTtepucruku (PBITIO)

Ennanna Ll(o.ﬂnqecnac
H3MepeHHA

MOOKTIOYEHHUS BHEIITHEH KapThbl MMaMsTH.

6) Mopyins TEXHHYECKOro 3peHus,
[IPEACTABIAIOMMN  co00H  ycTpoiicTBO Ha 6aze
BEIYHCITHTEILHOIO MHKPOKOHTpOILIepa H

MHTCIPHPOBAHHOH  KaMephl, o6ecrneunBaomee
PAcClO3HABAHUE [POCTEHIMX wu306paskeHuil Hal
MOZyNEe 3a CYET COOCTBEHHBIX BBIMHMCIIMTE/IBHBIX
BO3MOXHOCTeH — He MeHee lmT; Monys|
TCXHHYICCKOIO 3peHHs J0DKEH obecneunBaTh)
BO3MOMKHOCTP KOMMYHHKAIlHH € AaHAJOrHYHBIMH
MOIYJIAIMH ~ IIOCPEJICTBOM  INMHBI Ha  0Oase
[IOCIICNOBATEIBHOIO  HHTEepdeiica ¢ 1elsio
AalbHEHINeH nepefads pesysnbTaToB H3MEpEeHHH
TPYIIIEL Moynei Ha YIpaBJIAIOLLIee
BBIMHCIIHTENIBHOE YCTPOHCTBO, IMOIKIIOYEHHOE K
JAHHOH mHHe. MOMymh TEeXHMYECKOTO 3peHus
UTOIIKEH obecrieynBaTh BO3MO3KHOCTE
OCYIIECTBIIATE HACTPOHKY MOJIYJIsS TEXHHYECKOTO
BPEHHS — HACTPOMKY IKCIO3MIHH, Hatanca Gesoro,
UBETOPAa3HOCTHBIX  COCTABIAIOIINX,  IIJIOIIAIH
00Hapy K HBaeMoii obnactu nu300pakeHus,
OKPYIJIOCTH o0HapyKHBaeMOH obnactH
H300paXKeHHs,  IOJIOKEHHE o0HapyKHBaeMBbIX
obacTelt OTHOCHTENBLHO ApYr mpyra. Monyns
TCXHHYECKOI0 3peHHsl MJOoJDKeH obecreumBars
BOSMOXHOCTh HAaCTPOHKH Ha  O/{HOBPEMEHHOE
oOHapyxeHHe mHe MeHee 10  pasTHYHBIX
O/TMHOYHEIX OOBEKTOB B CEKTOpPe 0630pa, MHGO0 He
MEHEE 5 COCTABHBIX OOBEKTOB, COCTOSINMX M3 He
MEHee 3 pasIMyYHBIX IpadMuYecKHX OPHMHTHBOB.
Mozyns TeXHHYECKOro 3peHHs MOJDKeH 0671anath
BCTPOCHHBIMH uHTepdeiicamu — USB, UART, 1-
wire TTL, I2C, SPI mis KOMMYHHKAIIUH CO
BHEITHUMH OJK/IIOYAEMBIMH YCTPOHCTBAMH.

7) B cocraB HaGopa JOMKHBI BXOIUTH U(POBEIE
MH(pOPMalHOHHO-CEHCOPHEIE MOZYJIH,
npencraBisaiomue coboif  ycrtpoiicTBa Ha 6Gaze
[IPOrPaMMHPYEMOro KOHTpOJLIEpa 41
H3MCPUTENILHOTO deMenTa. Lludposoit momyns
ITOJDKEH obanaTh BCTPOEHHBIM
MUKDOKOHTPOJUIEPOM (TakToBas 4YacToTa — He
MeHee 16 MI'm, mmHa JaHHBIX — He MeHee §
Koaiit), wunTepdeiicaMu U1 TOAKIIOUEHHS K
BHCIIIHHM YCTpOHCTBaM: HHU(POBEIE U aHAIOTOBLIE
nopter, 1-wire TTL, passem Tuna RJ. ITudposoit
MOIyTb JOJUKEH oOecrmeuumBaTh BO3MOMKHOCT
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No HanmenoBanne KpaTkue npumepnsre Texamueckue Enunnna [Koangecrse
n/n obopymoBanus xapakrepuctuxu (PBITO) H3MepeHHs
(PBIIO)

KOMMYHHKAUMH €  aHAIOTHYHBIMH  MOJY/ISIMH
[IOCPECTBOM IIMHBI Ha 0a3e IOC/Ien0BaTEebHOrO
uHTEp(eiica ¢ menslo manbHeHmed repenayy
PC3YJIbTaTOB H3MEPEHWI TIpyNIBl Moxynel Hal
YIPABIISIOEEe  BBLIYHCIUTENBHOE  YCTPOHCTBO,
OAKIIOYICHHOE K NaHHOH wwimMHe. B coctas HaGopa
JIO/DKHO  BXOJIUTB: UMGPOBONH MOJYIL TaKTOBOIA
KHOIIKM — He MeHee 3mr, uudpooif MOZYb
CBETOMMONA — He MeHee 3wT, HupPOBO MOJYIIH
KOHLICBOTO HpepbIBaTes — HE MEHee 31T,
1 GPOBOI MO/IYIIb TATUHMKA I[BETA — HE MEHEe LT,
idpoBoit Moxyns RGB ceerommona — me memee
lurr,

8) B cocras Habopa O/DKHBI BXOJHTE DIIEMEHTE:

UL COOPKH BaKyyMHOTO 3aXBaTa: BaKyyMH
[IPHCOCKA — HE MEHeEe lIuT, BNIeKTpOMArHWTHEIN
Kiamal — He MeHee 1T, BakyyMHBII Hacoc — He
MeHee 11T,

9) B cocrar Habopa JOIKEH BXOMMTH yueOHEI
KOMIUIEKT, —BKMOYaOmME B cebs  yueGHOe
nocobue, Habop  6GubmHOTEK TPEXMEPHBIX,
OJICMEHTOB  JUIs IPOTOTUIIMPOBAHHUS  MoJeeiil
MaHHITYJISIHOHHBIX poOoTOB, a TaKKe
[porpaMmmHOoe  obecredeHHe mus  paboTel
HabopoM. Ilporpammuoe ofecrmeuenne AOMKHO
obecnieynBaTh TPEXMEPHYIO BHU3YaTH3aI[HIO
MOJIENIH MaHHILYJIUHOHHOro pobora (¢ yraoBoii,
TTOCKONApAIIeIbHON M JIeJIbTa-KHHEMATHKOM) B
mporecce  paboTel, obecmeunBaTh MOCTPOEHHE
MPOCTPAaHCTBEHHOMH TPacKTOPUH JBHIKEHHUS
MCIIOITHHTEILHOTO MEXaHH3Ma MAHHITYJIALHOHHOTO
pobora, BO3MOXKHOCTh 3a/]aHA
[IOCIE0BATENLHOCTH TOYEK IS IPOXONKISHHS
9€pe3  HUX  HCIOJHUTENBHOIO0  MeXaHH3Ma
MaHUIYISIHOHHOIO pobora. [IporpammHuoe
obecrieueHre JODKHO (YHKIHOHMPOBATH, KAK B
OTACIBHOCTH B BHJIE CPEIBI MOACIIUPOBAHMS, TAK U
B PEKMME MOHHTOPHHIA B PEaIbHOM BPEMEHH IPH

T10/TKITFOYEHHH MOJIEITH MaHHIIYJIATOpA
[IOCPEACTBOM POOOTOTEXHMYECKOrO KOHTpPOJLIEPA.
[TporpamMmuOe obecrnieuenue JIOJDKHO
obecneunBarh BO3MOXXHOCTE IIOCTPOCHHS

rpaQUKOB 3aJaHHBIX ¥ TEKYIIMX 0GOGMICHHBIX
KOOpIMHAT MaHUIYIISIHOHHOTO poboTa, rpaduKkos
BHAYCHHH CKOPOCTEH M yCKOpeHHs, rpaduKoB

ACUCTHBIX 3HAYEeHWH Harpy3kd. [IporpamMmHOe
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No HanmenoBanne Kpartkue npumepnsie Texunyeckue Exnanna Koamgecrse
n/n obopynosanus xapaxkrepucruxu (PBITO) H3MepeHus,
(PBIIO)

obecrieueHHe  JOKHO  MO3BONATE  3a1aBath
MOCJIEI0BATEILHOCTE HEpeIBHKEHMI
MAaHHIIYJIATOpa MOCPEICTBOM Habopa KOMaHn B
Gi10uHO-TrpaduyecKom uHTEpdeiice.  VueGHoe
[0COOME JIOMKHO  COfepiKaTh MaTepHaisl 110
pa3paboTKe TpexXMepHBIX Mogenelt MOGHIBHLIX
POOOTOB,  MaHWIYIANMOHHEIX  poBOTOB ¢
PAsITHYHBIMH  THTIAMH ~ KHHEMAaTHKH  (YIJIOBas
KHHEMATHKA, MIOCKO-NapauielbHas KHHEMaTHKa,
AcIbTa-KuHeMaTuka, SCARA wim  peruaxras
KuHeMaTuka, mnargopma Crioapra u  T.I),
MHCTPYKIIMM O  [POEKTHPOBAHUIO  POGOTOR,
MHCTPYKIMH U METOAMKH  OCYIIECTBIICHHS
MHMCHEPHBIX  pacdeToB MpPH IIPOEKTUPOBAHHH
(pacdeTsl  HArpy3sKH W MOMEHTOB, pacuer
MOIIHOCTH ~ NPHBOZOB,  pacueT  MapaMeTpoB
KHHEMATHKH U T.I1.), HHCTPYKIHH 110 pa3paboTKe
cHCTEM yIpaBICHHUS u IIPOrPaMMHOro
obecrieueHyst s ympaslieHus pobotamu,
WHCTPYKIMH M METONHKH HO paspaboTKe CHCTEM
YIPABICHHAS € JJIEMEHTAMHM  HCKYCCTBEHHOTO
MHTEJJICKTa H MAIIMHHOIO 00YYEeHHS.

2.3 |O6pa3oBarenbHbI Habop nomxen ObiTb  npenHasHauen  jurs| . 62
Habop 110 MEXAaHHKE,  [IPOBENCHHMs Y4eOHBIX 3aHSTHH 1O U3YUEHHIO
MEXaTPOHHKE U OCHOB ~ MEXaTPOHHKH U poOOTOTEXHHKH,
poboToTeXHHKE [IPAKTHYECKOT0 IPHUMEHEHHSI (Ga30BBIX 3JIEMEHTOB

QIEKTPOHUKH M CXEMOTEXHUKH, a Takyxke Haubojee
PacpOCTPaHEHHOM 3]IEMEHTHOH 0a3bl H OCHOBHBIX
TCXHUYCCKUX  PCIICHHH, MNPUMEHSEMBIX IIpH
IPOEKTUPOBAHUH U MPOTOTHITHPOBAHUH
Pa3sTHYHBIX HHXXEHEPHBIX, KHOEpHETHYECKHX W
BCTPaMBaeMbIX CHCTeM. B cocras Habopa m0IKHEL
BXOJIUTE  KOMIUICKTYIOIIME W yCTpoiicTBa,
oGnajaionme KOHCTPYKTHBHOI, DIEKTPHYECKOH,
AIIapaTtHOH W IPOrpaMMHOM COBMECTHMOCTEIO)
Jpyr ¢ 1pyrom. B cocrap HaGopa 10KeH BXOIUTE
OMIUIEKT  KOHCTPYKTHBHBIX  3JIEMEHTOB  H3
MeTajl1a Uit COOPKH MaKeTa MaHHIYJISIHOHHOIO
pobota H KOMILIEKT METATMYEeCKHX
KOHCTPYKTHBHBIX JJIEMEHTOB IS COOpKH Makerta
MOOWIBHOTO pobGota. B coctaB HaGopa HOIKHBI
BXOIMTE NPHBOJA PasIMYHOIO THHA: MOTOPHI C
MHTETPUPOBAHHBIM  WJIH  BHEIIHHM  JaTYMKOM
[IOJIOKEHHA — HE MEHee 2 IUT, CEePBOIPHBO/Y
00JIbIIOH — He MeHee 4 1T, CepBONIPHBON MBI —
HE MEHEe 2 INT, NPHBOA C BO3MOXKHOCTBHIO




26

Ne Haumenosanue Kparkne npamepusie rexauueckue Eqnanna Koanuecrso
n/n obopynoBanus xapakrepuctuku (PBITIO) H3MepeHHs
(PBITO)

YIIPABJIEHUS B IIaTOBOM PEeXHME — He MEHee 2IMT.
B coctas HaGopa f0/KHBI BXOAHTE 3/1eMEHTEI JULSE
cOopkn  BakyymHOro  3axBata: BaKyyMHas
IPUCOCKA — HE MeHee | WIT, 3JIeKTPOMAarHHTHEIH
KJIallaH — He MeHee 1 mT, BakyyMHBI# Hacoc — He
MeHee lmr. B cocraB maGopa momkHa BXOIHTSH
PIICMEHTHas 0asa /Ul MPOTOTHIHPOBAHHS: ILIATA
JUIA DECIIacyHoro NPOTOTUNMPOBAHHS, KOMILIEKT
[IPOBOJIOB PaslIM4HOIO THIA H JUIMHEL, KOMIIIEKT
PE3HUCTOPOB, KOMIIJIEKT CBETOHMO/IOB,
CEMHCCTMEHTHBIH HHIMKATOD, MUCILIEH KK-tuna,
KHOTIKH — HE MEHee 5 IUT, MOTeHLHOMETPHl — He)
MeHee 31T, MH(PAKpacHBI JaTYHK — He MeHee
31T, YIETPasBYKOBOH HaTYMK — He MeHee 3w,
AaTYHK TEMIEpaTypbl — HE MEHee lmT, JaT4MK
OCBCIICHHOCTH — He MeHee lmT, Moayns Bluetooth
— He Menee 1 wt, moxyns MK-npuemunka — He
menee 1 wr, moxyns MK-nepematdmka B BHIe
KHOIOYHOrO TyJbTa ymnpaBleHWs — 1 T,
AKKYMYJATOp — He MeHee 1 T, 3apsmHoe
YCTpO#cTBO — He MeHee 1 mT. B cocTas Habopa
AOJDKCH BXOJUTE MYJIBTHUIATYUK JUISL H3MEPEHHS
TEMIIEPATYPbI U BIAXKHOCTH OKPYKAIOIIEH Cpebl
He MeHee | mT. MynbTHAATYMK NODKeH 06/1a1aTh
BCTPOCHHBIM ~ MHUKPOKOHTPOJIEPOM  (TaKTOBas
dacTora — He meHee 16 MI'm, mmHa gaHHBIX — He
mMeHee 8  Kb6aiit), wmuTepdeiicamm s
[MO/KIIOYEHHS! K  BHENIHMM  yCTpoHCTBaM:
UH(pPOBEIE M AHAIOTOBBIC NMOPTHI, 1-wire [ 5 ¥
paseeM THma RJ. B cocraB mHaGopa momken
BXOJIHTh KOMIIJIEKT YHUBEPCAJIBHBIX
BBITHC/IMTENIBHBIX ~ MOJYJIeH, IIPeACTaBISIONIHX]
coboii 6a30Byi0 IulaTy, IIATY pacIIHpeHHs s
CCTCBOI0 B3aUMOICHCTBUA W IUIATY IOIKJIIOYSHHUS
CHJIOBOM Harpy3ku. Bxopsgmme B KOMILIEKT
YCTPOMCTBA NOJDKHBI 0GNazaTh OJHOBPEMEHHOM

OHCTPYKTHBHOH, 3JIEKTPHYECKOH, ammapaTHO# w
[:Ip()l"paMMHOﬁ COBMECTHMOCTBIO JIPDYT C JPYIOM.
bazoBas niaTa yHHBEPCATBHOTO BEYHCIMTETHHOTO

MOy ISl JIOJIKHA NPEeNCTaBIIATh coboii
MPOrpaMMHUPYEMBIH KOHTpoJep B cpene Arduino
IDE HIH aHaJIOrMYHBIX ¢B00OIHO

PacIpoCTpaHsIeMbIX cpenax paspaboTku. Bazopas
nara IO/DKHA ~ obmajarte BCTPOCHHBIMH
MHTEepheficaMu Ul NOAKIIOYEHHs H(POBBIX M

AHAJIOTOBBIX YCTPOHCTB, BCTPOCHHBIM
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Ne Haumenosanue Kparkue npumepnsie rexunueckue Exnnnna Koanuecrse
n/n obopynoBanus Xapakrepucruku (PBITO) H3MepeHHs|
(PBITIO)

unTeppeiicamn USB, UART, I2C, SPI, 1-wire
ITL, Bluetooth, WiFi. IInara paciHpeHus|
ITOJKHA obecneunBars BO3MOXHOCTE
[IOJIKTIOYCHAS] YHUBEPCAIBHOIO BBIYHCIHTEIEHOTO
MOZYJIL K CETH IOCPEACTBOM  wuHTepdeiica
Ethernet. ITnata pacmmupenms nomkha obnanarh
[IOPTaMH  BBOAA-BBIBOAA  JUI1  MOIKIKOYECHHS
HH(PPOBBIX M AHATIOrOBBIX YCTPOHCTB, HHTepeiic
SPI H BO3MOXHOCTBIO MHOIKTIOYEHHS BHEIIIHEH
KapTel — mamATH. Ilmara  pacmmpenms s
[IOIKIIOYCHAS ~ CHJIOBOH  HAarpy3kH  [IOJDKHA
obecrieunBaTh BO3MOJKHOCTH MIPsAMOTO
MOJAKITIOUCHHS BHEIIHEH CHIOBOH Harpysku,

TaKkke pPeryJupyeMoi Harpysku Hocpencmon:‘
PWM wunrepdeiica. B cocras Habopa IoJDKeH
BXOJ/IUTh IIPOrpaMMUpPYeMBIH KOHTpOJLIEp,
obecreunBaomuil  BOSMOXKHOCTS  OCYILECTBIIATH
Pa3paboTKy mHporpaMMHOTO  Koja, HCIIOJIB3YS
MHCTPYMEHTApUi cpex pazpaborku Arduino IDE u
Mongoose OS u s3bIKOB IIPOrpaMMHPOBaHHS]
CACH+, JavaScript. ITporpammupyemsiit
KOHTPOIUIEp [JODKEH 00najaTh NOpTaMH IS
[OAKIIOYEHHS  HUGPOBEIX M aHANOTOBBIX]
YCTPOHCTB, BCTPOEHHBIMH IIPOTPaMMHPYEMEIMH
KHOTIKAMH M 3JIEKTPOMEXAHHYECKUMH MOJLYJISMH
ATl OpPraHU3aluH CUCTEMBI PYYHOTO YIpABICHHS,
BCTPOCHHBIMH IIPOTPAMMHPYEMBIMH
CBETOJIMOJIAMH JUIsl HHAMKAIKH paboyero pexuma,
BCTPOEHHBIMH uHTepdeticamun USB, USART, 12C,
SPI, 1-wire TTL, ISP, Ethernet, Bluetooth, WiFi. B
coCTaB  Ha0opa JONKEH BXOIMTH  MOJIYIIh
TEXHHYECKOTO 3PEHHS , NPEeACTABIAIOMUN coboii
BBIYHC/IUTEFHOE YCTPOMCTBO €O  BCTPOCHHBIM
MHKDPOIPOLIECCOPOM (KOII-BO si/iep — He MeHee 41T,
4acToTa sapa He meHee 1.2 I'Tu, o6sem O3V — He
MeHee 512MO, o6beM BCTpoeHHON mamard — He
menee  8'G),  mHTerpmpoBaHHOM  Kamepoif
(MaKcnManTbHOE — paspelleHHe  BHICONOTOKA,
nepenasaeMoro mno MHTepdeiicy USB — ne Menee
2592x1944 en.) u omTudeckoii cuctemoit. Moyis
TEXHHYECKOTO  3peHus  J0J/DKeH  obJamars
COBMECTHMOCTBIO c Pa3ITHYHBIMH
[IPOrpaMMUPYEMbIMH KOHTPOJUIEPAMH C [TOMOIIBIO)
mHTepgeiicos — 1-wire TTL, UART, 12C, SPI,
Ethernet. Moyyss Texuuueckoro spenus aoskeH

obecrieynBaTh BEHINONHEHHE BCEX H3MEPEHHH H
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Ne Haumenosanne Kparkune npumepnbie Texanveckue Enunnna Ll(o.uuqecmﬁ
n/n o0opynoBauus Xapakrepucruxu (PBIIO) H3MepeHHs
(PBITIO)
BBIYHCIIEHHH IOCPEICTBOM COOCTBEHHBIX

BLIMHCITHTEIBHEIX  BO3MOMKHOCTEH  BCTPOEHHOTO
MHKponpoLeccopa. MozysTh TeXHHYECKOTO 3peHHs
JOIDKEH 00/1a71aTh BO3MOXKHOCTBIO KOMMYHHKaIUK
C AHAIOrHYHBIME MOJYJISIMH TOCPEICTBOM IMHHB]
Ha Oase mocie10BaTebHOrO uHTEp(deiica ¢ 1enno
AalIbHEHIEH nepeqaun pesyspTaTtos H3MEpeHuH
PYIIIEL Monyel Ha YIpaBIIsIonIee
BEIMHCIIMTCIBHOE YCTPOMCTBO, IOAKIIOYEHHOE K
JAHHOH 1mHHe. MOMyNh TEXHHYECKOTro 3peHuUs
AOJDKEH  00eCrevynBaTh  HACTPOHKH PEXKUMOB

paboTel  —  HacTpoiiky 9KCIIO3HIMH, OanaHca
Gernoro, IBETOPA3HOCTHBIX COCTaBJISIOIIUX,
TIIOMIaH oOHapyXHBaeMoii obmacty
M300paXKEHUs,  OKPYITIOCTH 0oOHapy>kuBaeMoi
obnacTu H300paXkeHus, MOJIOJKEHHE,

oOHapyKMBaeMbIX 061acTell OTHOCHTEILHO JpyT
Apyra,  MalmlMHHOe  O0y4eHMEe  mapameTpoB
HEHPOHHBIX CeTell JUls OGHApYKeHHs 0GBLEKTOB,

bopmy " 3aKOAMPOBAHHBIE 3Ha4YEH

00HapyKHBAEMBIX MapKepOB THIIA Aruco, pasmepsl
00HApY)XKMBAaEMBIX OKPY:KHOCTEH, KBaJ|paToB H
TPEYroJbHHKOB,  I[1apaMETPOB  KOHTPAacTHOCTH,
pa3MepoB, KPHBH3HEI " HOJIOXKEHHUS
pacnosnaBaeMelXx  ymHHH.  Habop  momkeH
obecnieunBaTh BO3MOKHOCTH Pa3paGOTKH MOJIe/H
MOOHIIBHOTO poGoTa, ypaBiIseMoii B FPV-pexume
MMOCPEACTBOM IPOrPAMMHOTIO OOecIeYeHuss s
[IEPCOHATIBHOTO  KOMIBIOTEpPA M MOOMJIBHBIX
yctpolcTB Ha Gase OC Android umm 10S,
00€CIIeYHBAIOIIET0  BO3MOKHOCT  YIPABJICHHS
MOGHTEHBIM poboTom U BCTPOEHHBIM
MAHMITYJIATOPOM — MOCPEICTBOM  rpadHuIecKoro
MHTEp(elica, BKIIOYAIONNM B ce6st Habop KHOIOK
M TEpEeKIovaTeNei, MKOHCTHK, obmacTe s
oToOpaskeHHs BHJIEO. Ha6op JIOIDKEH|
oOecreyMBaTh BO3MOXKHOCTh H3YYEHHS OCHOB
Pa3paboTKH  MPOTPaMMHBIX M ANIapaTHBIX
KOMIUIEKCOB HHJKCHEPHBIX CHCTEM, pEIICHHH B
chepe «MuTepHeT Bemeii», a TakKe pelIeHMIT B
obnacTu POBGOTOTEXHUKH, HCKYCCTBEHHOT'O
MHTEJIEKTa W MallMHHOro oO0yuenus. B cocras
Habopa JO/DKHO BXOMHTH MOCOOHE 10 H3YHEHHIO
OCHOB 3JIEKTPOHHKH H CXEMOTEXHUKH, PELICHHI B
chepe «MuTepHer Bemieii», pa3paGoTKH H

[IPOTOTUIIMPOBAHHIO Mozenel poboros. B cocras
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No Haumenosanne Kparkue npumepusie rexnmueckue Ennanna Koangeersc
/i obopyaoBanus Xapakrepucruku (PBIIO) H3MepeHHs
(PBIIO)

HaboOpa MOKHO BXOAMTH mocobue mmo H3YUEHHIO
OCHOB pa3paboTKH CHCTEM TEXHHUECKOTO 3PEHUs U
DJICMEHTOB HCKYCCTBEHHOIO HHTEIEKTA.

2.4 |O6pasoBarensHbIi Po6oToTexanyeckuit Habop mpenHasHayeH s . 248
OHCTPYKTOp IS M3YHEHHs OCHOB POOOTOTEXHHKH, JETalel, y3iioB
MPAaKTHKH OJIOYHOTO | MeXaHH3MOB, HEOBXOZUMBIX IUIs.  CO3/IaHus]
POTPaMMHPOBAHHA ¢ POOOTOTEXHUYECKUX YCTPOHCTB. Habop

OMIUICKTOM NaTYUKOB [IPEACTABISET COGOH KOMILIEKT CTPYKTYPHBIX
OJICMCHTOB,  COCIAMHHTENBHBIX  93JIEMEHTOR W]
QIIEKTPOTEXHHYECKUX  KOMIIOHEHTOB. HaGop
[IO3BOJIICT  NPOBOAWTH  SKCIEPUMEHTHI 110
npeaMeTy QU3MKa, Co3aaBaTh U IPOrpaMMHPOBATH
CoOHpaeMbIe MOJICIIH, H3 KOMIIOHEHTOB, BXOJSIIHX
B Cro cocraB, paboyne MOJENH MOOHIBHBIX U]
CTAlHOHAPHBIX PODOTOTEXHUYECKHX YCTPOHCTB ¢
ABTOMATH3HPOBAHHBIM YIIPABICHHEM, B TOM YHCIIC
Ha KOIECHOM H TYCEHHYHOM XOAy, a TaKkKe
OHCTPYKI[HH, OCHOBaHHBIX HAa MCIOJIB30BAHHH
A3IMYHBEIX  BHAOB Tepemady (B TOM  9HCle
UCPBAYHBIX M 3yO4YaThIX) a TaKXKe pBIYAroB.
BeTpoeHHBIe  GecnpoBOAHBIE CETeBbIC pereHus
(Wi-Fi u Bluetooth), Bo3smoxHOCTD HHTETpaliH ¢
OecriaTHEIM — 06IaYHBIM [10, obecneunsarot
BO3MOYKHOCTB IIPaKTHYECKOT'O H3yYeHus|
TCXHOJIOTHH  HMHTEpPHETA Bemieif ©W = OCHOB
HMCKYCCTBEHHOTO HHTeekTa. Obecrneunsaercs
BO3MOXHOCTE OOBEAMHEHHA HECKOJIBKUX POGOTOB,
COOpaHHBIX U3 1OA0OHBIX HAaGOPOB, B TPYINIEL ¢
CETCBBIM  B3aumozeiictBueM.  IIpemycmotpenal
OIILHOHATIBHAs BO3MOXHOCTB paciMpeHus
JIOTIOTHUTENTEHEIMH KOMIIOHEHTaMH (ne
BXOIIUMH B CTAHJAPTHYIO KOMIUIEKTAIIHIO),
MO3BOJIAIOIIMMH H3y4aTh TEXHHYECKOE 3pPEHHE H
TPOMBIIITEHHYIO poboToTexnuky. IIpeaycmorpenal
BO3MOYXKHOCTh paboTsl Habopa v
JOTONHUTENBHBIME ~ O0NIaYHBIMH ~ CEpBHCAMIL.
[Ipenycmorpens: MUHHMYM J1Ba
[IPOTPaAMMUPYEMBIX KOHTPOJUIEPA B IIACTHKOBAIX]
KOpIycax, II03BOJISIONIHX OJIHOBPEMEHHO
co3maBaTh 2 BapuaHTa pOGOTOB Pa3THYIHOIrO
HAa3HAYCHHA, HMEIOIMX BO3MOXKHOCTE PaGoTHI KaK
B TIOTOKOBOM pE€XHME, TaK M AaBTOHOMHO
ITO3BOJISIOLINX peamu3oBaTh o0y4enue
[IPOTPAMMHPOBAHHIO B HECKOJNBKHX  CpPEJax
pa3paboTKK HA Pa3TUYHBIX A3BIKAX (K IIPHUMEDY, B
cpenax Mblock, Arduino IDE, na s3ekax Scratch,
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Kparkue npamepnsie rexunueckue
Xapaxkrtepucruku (PBIIO)

Ennnnna
H3MepeHn

OJIH4Y€eCTB(

C, Python, micro Python). Kax MHHHMYM OJHH H3
}mmpomepos HMEET BCTPOCHHYIO OIlePalHOHHYIO
CuCTeMy, BeTpoeHHble Wi-Fi m Bluetooth, mopr
1S MOJKIJIFOUCHHS II0CTIE10BATEIHHO
COCIMHACMBIX BHEIHUX YCTPOMCTB (He MeHee 20
O/IHOBPEMEHHO MOJKIIOYaeMBIX ycTpoiicTs). Kak
MHHAMYM ~ OMH H3  KOHTPO/UIEPOB  HMeeT
BO3MOXHOCTb OJIHOBPEMEHHOM 3aIicH He MeHee 8§
[IPOTpaMM, € BO3MOJKHOCTBIO  MEPEKITIOYEHHS
MEXAy HUMH. Kak MuHHMYM ommH U3
KOHTPOJUIEPOB HMMEET IIOJHOLBETHBIN JWCIUIeit
(IPS), mno3Bonsommit BBIBOJAHUTHE JaHHBIE C
JAaTYHKOB B BUJIC TAaOMMIl M rpadMKOB, a TaKKe
CO3/1aBaTh BCTPOCHHBIE B KOHTPOJLIED BH/ICOMIPEL
KonM4ecTBO  CEHCOPOB M MCIIOMHHTEIBHBIX
YCTPOHCTB, BCTPOEHHBIX B OJ(MH U3 KOHTPOILIEPOB,
- He MeHee 10 mT. O0mee KoNMH4ecTBoO 37eMeHToR
B Habope He Menee 400 mT., B ToM wmCIe
lonxmovaeMele Moaymu: - Bluetooth moxyns, -
[IBOHHOH NaTYHK JIMHHH, - YIBTPa3BYKOBOH JAaTUYHK|
PacCTOAHUA, - [JATYUK IBETa, - JaTYUK KAcaHWUs
SICKTpoMexanuyecknit, - IR moxmyms, - motop
[IOCTOAHHOTO TOKa C pPEAyKTOPOM — HE MeHee
2 WT., - CEPBONPHBOM, - MYNbT AMCTAHIIHOHHOIO
yrmpasienus  IR.  HaBop  jgomken  GwiTh
YKOMIUICKTOBAH ~aKKyMYJISTOPHBIMH —GaTapesMH.
[Iporpammuoe obecneuenue, UCIIONIE3YyEMOE  JIJIsL
[IPOrpaMMHPOBaHUs cobupaeMeIx|
poGoToTexHuueCcKHX  Mogeneift M ycTpoicTs,
J0JDKHO ~ OBITH  IOCTYMHO I GecIuIaTHOro
CkaunBaHuA u3 ceTH MHTepHeT M mocieiyromero
HCIIOIB30BAHHS.

Ne Hanmvenopanue
n/n obopynoBanns
(PBITIO)
2.5 |O6opymoBanue ms

JICMOHCTpAIIMH OIBITOB
(busmka)

KoMIIIeKTHOCTE: Habop Juist JEMOHCTpalui 10
(puzuke «Mexanuka» (B cocTase: MOHOPEITEC]
METALTHYECKHI — | IIT., TENMEKKH — 2 mT., QIIaxKKy]
VUL TENeXKH — 4 mT., JuHeiika — 1 mr., 6pycox|
ACPEBSHHBLH C JIByMs KPIOUKaM — 1 miT., Beepko
C meTneii — 1 IWT., MoCTaBKH I MOHOpEIsCa — 2
IIT., CTEPXKHE MeTaudeckue (7,5 cM) ¢ pe3nboii —
2 INT., IIACTHHA MeTajImieckas — 1 IT., Kpiouky
— 2 wr., 6nok — 1 1., npyxusa ¢ duaxkom — 1
[UT., KOBPUK — | IUT., NIIHIBKA-YTOphI (60 MM) ¢
CHUJIMKOHOBBIMH TPYyOKaMu — 3 IIT., TPARHCTIOPTHD C
oTBecoM — | wT., rpy3sl mo 50 r — 6 mT., MOTOK
HUTH — 1 wr., Kycoxk mmactwimEa — 1 mr.,

IIT.

MIACTHKOBEIE IIapHKH Ha HHTH — 2 IIT.

62
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Ne Haumenosanne Kparkue npumepnsre rexamueckue Emuanna Kommgecrse
n/m obopynoBanus Xapakrepucruku (PBIIO) 3MepeHH
(PBITIO)

METAITMYECKHH WapuK — | WIT., HUTH ¢ MAarHUTOM
— 1 wt., Gudunaprsii nomsec — 1 mr.) - 1 HaGop,
Habop  3JIeKTpHYECKHX Moayned (B cocrase:
MOZyJb pesuctopa 5 u 10 Om, 5 Br — 1 mwr.,
MOZYIb pe3uctopos 1 u 22 xOm, 0,25 Bt — 1 IIT.,
MOJYJIb PE3HCTOpa IepeMeHHOro Toka 10 Om — 1
[IT., MOIYTb JIaMIIbl HakanuBaHus 3,5 B, 0,15 MA
— 1 mr., Mmoxyin Konzaencaropos 10, 100 u 1000
MKD £10%, 16 B — 1 wr., Mozyms Karymex 250 o
1000 ButKOB — 1 WIT., MOZYIE TEpMOpe3ucTopa — |
MIT., MOZYJIb COJHEYHOTO BJIEMEHTA MHTaHHS — |
WT., MOAYTh (oropesucTopa — 1 mT., Momyis
auona — 1 ., Moxyme ceetommoma — 1 LIT.,
MOy (oTtoanoaa — 1 wT., MOIYIE TPaH3UCTOPA
— 1 wr., Moxyns mns momxmroueHHs HeTOYHMKA
TOKa — 1 INT., MOXY/Ib PHIYAKHOTO BHIKIIOYATEIS —
1 wr., Moyns mepekmoUaTens Ha sBa MOTOKeHUS]
— 1 mr., Meranmuyeckuii munuEap — 1 wr., meHas
nposonoka (@ = 0,14 mm, L = 1,0 M) — 1 mr.,
KOMIITIEKT COeTHHHTEIBHEIX IIPOBOAOB — 1 miT.,
[POBOJL /ULl MOJKITIOYEHHUST HCTOYHUKA TiTanus (L
= 1,5 M) — 1 wrr., 3a%uMBI THIA CKPOKOAMIIY» — 2
mT.) — 1 HaGop, Habop Ten paBHOl Maccs — | mr.,
HaOop Ten paBHOro obbema — 1 mmir., npudop s
ACMOHCTPAllUM JJABIIEHUS B JKUIKOCTH — 1 miT.,
pUOOp ISl U3YYEHHS ra30BBIX 3aKOHOB — 1 mmiT.,
TETUIONPHEMHHK (11apa) — 1 mit., yyebHoe mocoGHe
— | T, pyKOBOJICTBO 110 SKCITyaTamuy — 1 miT.

2.6 (Ob6opynosanue s KommektrocTs: anmapar Kunma (250 M) — 1 mr.,| mr. 62
ACMOHCTPAIIMH ONBITOB IPHOOP JUIS HILTIOCTPAITHY 3aBUCHMOCTH CKOPOCTH
(xuMus) XUMHYECKHUX PeaKImii oT yenosuit — 1 wr., npubop,

JUId  OKHCJICHHs  CIIMPTa  HAl  MEIHEBIM
KaTanusatopom — 1 wir., mpubop uis mosnyueHus
rajlOuI0ankaHoB — 1 T, CTeKIAHHBIE KOJIOBI
(konHyeckas 250 max — 1 mr., KpyriogonsHas 250
M — 1 wr., kpyrmogorHas 500 min — 1 mr.,
nockofoHHas 250 M — 1 mt., nmaockomodHas 500
M — 1 ., mMepHas ¢ metkoit 250 ma — 1 wr.,
epHag ¢ metkod 500 mi — 1 mrt.) — 1 KOMIIIeKT,
CTEKIAHHBIC cTakanel (50, 100, 150, 250 M — no 2
mT., 600 M1 — 1 WT.) — 1 KOMIUIEKT, CTEKISHHbIE]
npobupku  xummueckume (14x120, 16x150
21x200 MM — o 4 mt.) — | KOMIUIEKT, MEpHEIE
CTCKIAHHBIC NMIHHAPSI (50 1 100 M — mo 1 mr.,) —
1 KOMIUTEKT, psivast cTexsAHRas Tpy6Ka L = 15 cM
— | wT., cTeK/IsHEBIE TPYOKH, 3aTHYTHIE IO YIJIOM|
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No HanmenoBanne Kparkune npumepnsie Texnnueckne Ennanua Komngecrso
n/n obopyxoBanus Xapaktepuernku (PBITO) H3MepeHus
(PBIIO)

(60°, 90° m 100° — mo 1 WT.) — 1 KOMILIEKT,
CTCKIITHHBIC NATOYKK — 2 IIT., CTEK/ISHHAS YaIKa
[Tetpu — 1 wt., creknsHmEEE BOPOHKH (HaMeTpoM
56 175 MM — 110 1 mT,) — | KOMIIJIEKT, CTEK/ISTHHEIE
MUIETKH (2, 5 1 10 Mt — o 1 mwT.) — 1 KoMmexr,
(hapdopossrii cTakan 150 m — 1 ., Gapdoposas
CTYTIKa ¢ ecToM — 1 wt., haphopoBslit mmates —
1 mr., apeomerpnr (800, 900, 1000, 1100, 1200
Kr/M3 — nmo 1 mt) — 1 KOMIUIEKT, JIOXKKa zum{
CKUTaHUS BEMECTB — 1 WIT., 380KHM NPOGHPOYHbIiL
— 1 wT., merammmyeckuit muHmer — |1 IIT.,
CHIHKOHOBas Tpyoka L = 1 M - 1 mr,
PAacIbUIHTENIbHAS CeTKa — | IOT., INTaTHB I
npobupok (10 ruesn) — 1 mwr., cupTOBKa — 1 1N0T.,
Pe3rHOBEIE IIPOOKH (auametp 14,5 MM — 4 wr., 16
MM — 2 mT., 19 MM — 2 mT., 29 MM — 3 mT.) — 1
KOMILJIEKT, Pe3HHOBBIE MPOOKH ¢ ra300TBOIHBIMHU
TpyOkamMp  — 2 T, HabOp  ITHKETOK,
CaMOKJIeAuXes — 1 mr., GymaxHble (HIBTPE]
auamerpoM 150 mm — 1 ym., yye6Hoe mocobue — 1
IIT., PYKOBOJICTBO I10 SKCILIYaTauy — | 1.

2.7 Habop OI'D/ETD Cocras  nabopa:  wrratus nabopaTopHbIH|  ImT. 248
(bpuzuka) usmueckuii ¢ 1BymMs Mydramu u JOBYMsI JTAIIKaMH
— 1 mT., Bechl anekTponnsle 10 200 r — 1 mr.,
MEPHBIH UHITHHAP CTEKIIAHHbIA, IIPeIe]T H3MEpeHHs
250 mi, ueHa geneHus 2 M — 1 1IT., JUHAMOMET])
1 H, uena nenenns 0,02 H — 1 mr., JUHAMOMETD 35
H, nmema nenemms 0,1 H — 1| IIT,, LHJIHHAP
CTANBHOM 25 cM3 — | mT., HIMHAP aTIOMUHHERE
25 eM3 — | T, IHITHHAD aTIOMUHKEBbI 34 cM3 —
1 mT., numEAp mTacTHKOBEN 56 cMm3 — 1 INT.,
npyxunHa Ha mwianmere 40 H/m — 1 mr., npyxuna
Ha manmere 10 H/m — 1 wr., rpysst mo 100 r - 6
uIT., Habop rpy3os ¢ marom 10 r (50, 60, 70 u 80 r)
— 1 xommn., mepras nenra — 1 wr., muHelika — 1
IIT., TPAHCIOPTHP — | mT., OPycOK ¢ KproykoM u
HHUTBIO — | 1T., Hanpasasomas ;mHOH 500 MM (c
PasHBIMH Koo QHIMEHTaMH TpeHHs GpycKa IO ee
MOBEPXHOCTAM)  — 1 IIT., CEKYHIOMED)
QIEKTPOHHBIH ¢  JByMs marTyukamM  XoJuia
(CekyHnoMep B rmuacTukoBoM Kopiryce 130%57*30)
MM, ¢ HH(POBBIM TPEXPa3PSAHBIM HHMKATOPOM
Al OTOOpaXeHHs BpeMeHH (C  TOYHOCTHIO
M3MepeHnus B cexyHaax: qo 10 — 0,01; mocne 10 —
0,1), kHOKaM#u «Crapt/Crom» u «C6poc», USB-
A3bEMOM JIJIsl IIOJIKIIIOYEHHSA aT4nuKoB XoJuia) — 1
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Ne Hanmenosanue Kparkue npumepusie rexnmueckue Exnnnuna Koanuecrso
n/n obopyxoBanus xapakrepuctuku (PBITO) 3MepeHus
(PBITO)

[IT., HaNpaBJIfoWas co mkatol — 1 wr., Gpycox
JACPEBIHHBIA C IIYCKOBHIM MArHHTOM — | IT.,
HUTAHOH MasTHHK (Ipy3 ¢ IyCKOBBIM MarHuTOM,
HHTE C  BO3MOXXHOCTBIO HM3MEHEHHS JUTUHEL,
Oudunsapupti nogsec) - | IT., per4ar (c
OTIPY30YHBIMH BHHTAMH M KPIOYKAMH TS TPY30B)
— 1 mr, Gmox nomewkHEBIT — 1 mT., 650K
HETIONBIKHBIA — 1 WT., kamopumerp - 1 mr.,
TepMOMETp nabopatopusli 0-100 C — 1 LIT.,
MCTOYHHK MUTAHUSA HOCTOSIHHOT'O TOKa|
(Garapeiinsiii Gmox 0-7,5 B ¢ BO3MOXCHOCTBIO
PETYJTHPOBKH BBIXOIHOIO HANPSKEHHS C IIATOM
1,5 B) - 1 mr., avmepmerp AByXmpeneasHbli (0,6
A ¢ uenoit nenenns 0,02 A u 3 A ¢ nenoi JeJIeHHs
0,1 A) -1 mr., BomET™eTD AByXMpenensHelii (3 B ¢
uenoit nenenus 0,1 B u 6 B ¢ nenoit nenenns 0,2
B) — 1 mr., pe3ucTopr! 4,7 u 5,7 Om Ha manenn — 1
uT., Jamnouka (4,8 B, 05 A) - 1 mr,
NEPEMEHHBIH pe3ucTop (peoctaT) g0 10 Om — 1
IT., COETMHUTEIBHBIE TPOBOAA - 20 mIT., KMoy — |
mT., HaGOp MPOBOJIOYHBIX PE3HUCTOPOB Ha MaHEIH
(W11 M3ydeHHs 3aBHCHMOCTH COIIPOTHBIIEH

[IPOBOJHHKA OT JUIMHBL I, TIomanu momepeunoro
CECYECHHA S U YNETBHOTO COMPOTHBICHHS p) — 1

Hadop., cobuparomass  ;uH3a, (okycuoe
paccrostaue 100 Mm — 1 mrT., cobuparomias 1uH3a,
boxycHoe paccrosmme 50 MM — 1 IIT. |

paccenBaromas JiMH3a, (POKyCHOe paccTosHuE - 75
MM — 1 1T, 5kpan — 1 mr., onTHYecKas cKamps - 1
T, craaiin «Mozens npeamera» Ha mogcTaske — 1
[IT., OCBETHTENh Ha IIOACTaBKe — 1 mr.,
[PO3PAYHBIA MONYIHIMHAP — 1 INT., IUTaHILET ¢
KPYrOBBIM TpaHcHoptupom — 1 mr., npubop mis
M3Y4CHUA Ta30BbIX 3aKOHOB — | INT., Kanuisps!
2 wr., muppakuuonnsie pemerku 300 u 600
ITPHXOB/MM — | KOMIUL, 3epkamo — 2 mwirT.,
FlasepHas ykaska — 1 wr., monsgpoua B pamke — 2
., wemn FOura ma nnacture — 1 mr., xaTymka-
MOTOK — 1 mr., guonmsl Ha madmenn — 1 mr.,
}Kouneﬂcampm Ha nanemy (4,7, 22 u 33 Mx®) - 1
MIT., KOMIAC MIKOJBHBIX - lmT., Margum
[10JIOCOBOH — 2 IIT., 3TEKTPOMArHUT pa3GopHBIii —
1 wr., onunkm xenesusie B 6anke — 10 T, yuebHOe
nocobue — 1 mT., JIOTOK pasfaTounslif — 4 mr.

2.7 HaGop OI'D/El'D B mabop  BxomaT  Bechl nabopaTopHBle| T, 62
(xuMmus) prextponnble 200 r, crmupToBKa sabopaTopHas,
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Ne Haunmenosanne Kpartkue npamepusie rexnuveckue Emnmnnna Konmuecrso
n/m o0opynoBanus Xapakrepucruxn (PBITO) H3MepeHHs
(PBIIO)

BOPOHKA  KOHMYeCKas, Tano4ka CTEeK/ISHHAS,
npobupka I1X-14 (10 HITYK), CTaKaH BBICOKUH
HochukoM BH-50 ¢ metkoit (2 IITYKH), THIHHAID
MSMEPHTENBHIH  2-50-2  (creknaHHBIA, ¢
[PUTEPTONH KPBIUKOI), ITATHR mis IIpOOHPOK HA
10 rué&sn, 3axum npoOHpPOYHEIH, mmare)is-
flokeuka (3 mTykw), Habop diakoHoB jyis
XPAaHCHHS  PaCTBOPOB M  peaKTHBOB (06Bem
(hmakona 100 mn - 5 kommexTon no 6 mryk,
00beM rnakona 30 mMm - 10 KOMIUIEKTOB To 6
IITYK), LFTHHAP H3MEPUTETBHBI ¢ HOCHKOM 1-500
(2 wryku), crakan Boicokmit 500 Mo (3 mrykm),
Habop epieit 11s MBITBA ITOCY (b1 (epm1 Ut MBIThS
IPOOHMPOK - 3 INTYKH, epII [t MBITBS KOG - 3
IITYKH), Xanat Genbli x/6 (2 IITYKH), NepYaTKy|
PESUHOBEIC XUMUYECKHE CTOMKHE (2 MITyKH), OYKH
BAIMUTHBIC, (QUIBTPEI Gymakusle (100 HITYK),
roprotiee it crnuptosok (0,33 i1). B cocras Haﬁzj

BXOIST PEAKTHBHI: ATIOMHHH, KEJIe30, COJIAH

KUCIIOTa, METUIOpaHK, (eHonpTanenH, amMmuak,
[I€POKCHA BOJIOPOIA, HUTpAT cepebpa U Apyrue; B
obmeil caoxHOCTH - 44 pasnHUHBX BEIIECTB,
HCIIOJIB3YEMBIX JUII  COCTaBIEHHS KOMILICKTOR
[PCAaKTHBOB IIPH [POBEJCHHH 3K3aMEHAIHOHHBIX
PKCIICPUMEHTOB 110 KypCy INKOMBHOM XUMMH.
Pexomenntyercss opmuposats Habop OFB/EF()#

[IO3BOJIAIONIHI MPOBOAUTE NIPAKTHUECKHE 3a0aHK
[IpH  TIPOBENCHHH OOWIETO TrOCYAApCTBEHHOrO
OK3aMCHa 10 XHMHH C  HCIOJL30BAHHEM
COOTBETCTBYIOWICH  nabopaTopHO  mocymsl,

[PEaKTUBOB, Y4eOHO-IEMOHCTPAHOHHOTO
obopymoBaHus, [Tpu (opmupoBanuy
PEKOMEHIyeTC s YUUTHIBATh (axTHYecKyIO
MOTPeOHOCT 06pPa30BATENBHEIX OpraHH3aIuii,
2.8 Muxpockon muhposoit [Tun MUKpocKoma:  Guonmoruueckmit Hacaakal . 62
MHKpPOCKOIIA: MOHOKYJISIpHAs Hasnauenue:

madopatopupii  MeTon HcClIenoBaHHA: CBETIOE
noxe Marepuan ONTHKH: ONTHYECKOE CTEKIIOo
YBenuYenue MuKpockoma, kpar: 64 — 1280
Okynsapsr: WF16x O6wbextusbr: 4x, 10x, 40xs|
(moanmpy XKHHEHHBIH) PesoneBepHas ronoska: ma 3
oOvexkTMBa Tun moxcBeTkH: 3epKaI0 MM
CBETOAMON Pacronoienne mojcBeTKH: BepXHAS U
HIDKHAA Marepuan kopryca: meramn ITpeameTrbrii
croimuk, MM: 90 HMcrounuk maranus: 220 B/50 Iy
Hucino meranukceneii: 1
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Ne Hanmenosanne | Kparkne npumeprsie TeXHHYeCKHe Emnnuna ’Kommec'mu
n/n o0opynoBanus Xapakrepucruku (PBIIO) H3MepeHus
(PBIIO)
3. Paznen «Kommnbioreproe obopynoBanuey»
3.1 Muorodynxunoranmsroe Tum ycTpoiicTBa: MuorogyaxmuonansHoe . LT 62
YCTpoiicTBO (mpuHTEp, yeTpoiictBo (M®V); IleeTHocTh mewars: YEPHO-
CKaHep, KOIIup) Oenast; Texnonorus meyary: ANEKTporpaguyeckas
(mazepuas, CBeTonnMoaHas); DopMaTr meuatH: Hel
MEHee Ad; Tun CKaHHPOBAHMSA;
HPOTKHBIA/ I IaHIIETHBI; BosmosxHocTs
CKaHUPOBaHHSA B (hopmaTax: He MeHee A4; Cnocof
nonkmovenus: LAN, Wi-Fi, USB
HoyT6yx Dopwm-axtop: HOYTOyK; Pasmep guaromamm] . 124

He MeHee 15.6 moiiMog; Paspemenue 9Kkpana: Full
HD, Quad HD wam Ultra HD; O6mmit o6nem
YCTaHOBJIEHHOM ONEPaTHBHOM MaMATH: He Memee §
['6aiiT; Makcnmansnsit o6umii MO IEPIKUBAEMBIA
00BeM omepaTHBHOH namaTy: He MeHee 16 I"GaiiT;
Ob6wvem SSD makomurens: me menee 240 I'Gaiir;
becnipoBonHas  cBs3b: Wi-Fi;  Kommuectso
BCTPOCHHEIX B Kopmyc mopros USB: me menee 2,
113 KOTOpBIX HE Menee 1 nomkHo Gbits USB Bepeny
He  Hmwke 3.0; Paspemenue B20-KaMepBkl,
Mnukcens: He — Menee 0.3;  BcrpoenHnsri
MHUKpOdoH; Knasnatypa ¢ packiagkoii  m
MapKHUpPOBKOH  KJIaBHII QWERTY/MIIYKEH;
[lonnepxka crammapros OecripoBOJHOM  CBSI3H:
802.11a/b/g/n/ac; IIpousBomurensuocTs
poieccopa (3Havyenue mokazarens «CPU Marky
o tecty «Laptop & Portable CPU Perfomances
http://www.cpubenchmark.net/laptop.html): HE
Meree 5000 emmuun; Hammgwe MaHHILYJIATOP
MBIIIE B KOMILUIEKTe: 1a; Y CTaHOBIEHHAs
ONEpPALHOHHAs  cHCTeMAa ¢ rpaduvecKuM
[I0JIL30BAaTE/IbCKUM  HHTEep(deiicoM, cBejeHus o
KOTOPOM BKIJIFOYEHBI B €JUHEIH PEeCTp POCCHHCKHX
[IPOTPaMM  JIJIsi DIIEKTPOHHBIX BBIYHCIIHTETBHEIX
MalldH U 0a3 [JaHHBIX; YCTAHOBIEHHBII MakeT
oucHoro MIPOrpaMMHOTr0 obecrieyenus,
COBMECTHMOTO C YCTAHOBIEHHOM ONeparHoOHHOI]
CHCTEMOM, CBE/ICHHS O KOTOPOM BKJIIOYEHHI B

CIMHBIH  PeecTp pPOCCHHCKHX mporpamm
SJICKTPOHHBIX BBIYHCIUTENBHBIX MAIIHH H 043
[TAaHHBIX.




