[TPABUTEJILCTBO APXAHTEJIbCKOU OBJIACTU

MHHHCTEPCTBO OFPA30BAHHS APXAHTEJLCKOM OBJIACTH

PACIIOPSDKEHVE

oT 24 auBaps 2024 r. Ne 105

I. ApXaHTeNnbCcK

06 yrBepiaeHHH HH(PPACTPYKTYPHOIO JIUCTA B 9ACTH KPATKHX NPUMEPHBIX
TeXHHYECKAX XaAPAKTEPUCTHK U KOJIHYECTBA 060pyI0BaAHHS, PACXOAHBIX
- MaTepPHAJIOB, CPEACTB 00yUeHHs M BOCIIUTAHMS, IJIAHHPYEMBIX
K NPHOOPETEeHHIO AJIA OCHAIIEHHS 001e00pa3oBaTeIbHbIX OPraHu3aMii,
PACHOJIOKEHHBIX B CeJIbCKOIl MECTHOCTH H MAJIBIX I'OpoJax, ¢ HeJbIo
cozaanus 1 QYHKUHOHHPOBAHHS IIEHTPOB 00Pa30BAHMS €CTeCTBEHHOHAYYHOMH
M TeXHOJIOTHYeCKOii HanpasieHHocreil «Touka pocra» B pamMkax
PErHoHAJILHBIX IPOEKTOB, 00eceYHBAIOMINX JOCTHKEHHE IeJIeH,
nokasareJieil H pe3y/IbTaToB derepaasHOro npoexra «CoBpeMennas mMKoJIa»
'HANMOHAJIbHOTO0 npoexTa «O0pa3zoBanne» B ApXaHrejIbCKoi 001acTH
| B 2024 roxy

B coorBercTBuu ¢ [IpaBmiamu npenocTaBpieHns U paciipeaeIeHus CyOCH iy
U3 QenepanbHoro Oroxera OomkeTaM  cyOBekToB Poccuiickoit ®emeparmu
u Oropxery r. balikoHypa B IensX COpUHAHCHPOBAHHUs PACXOMHBIX O0S3aTENBCTB
- cyosektoB Poccuiickoit ®epmepamum u r.  balikoHypa, BO3HMKAONUIMX IIPH
peaNu3alyiyl PErMOHANBHBIX IPOEKTOB, OGECIEYMBAIOIINX AOCTIKEHHE Lenel,
NoKa3areieil W Ppe3yNbTaToB  (pellepalbHBIX IPOEKTOB, BXOJSAINMX B COCTaB
HAIMOHAIBEHOTO IIPOCKTA «O6paszoBanne»,  (GelepatbHOrO  IIPOEKTa
«IIpodeccuoHanuTeT», He BXOAAIIErO B COCTAB HAIIMOHAIIBHOI'O IIPOEKTA B PAMKAX
rocyqapcTBeHHOM nporpammsl Poceuiickoit ®eneparmu «PasBuTie 06pa3oBaHisny,
VKa3aHHBIMK B NIPHIOXKEHMH Ne 5 K rocyJapcTBeHHOM mporpamme Poccuiickoi
Degeparun «Pa3BuTHe  00pa30oBaHMS», YTBEPKICHHOM  ITOCTAHOBIICHHUEM
HpaBHTenLCTBa' Poccuiickoit ®eneparmu or 26 nmexadbps 2017 r. Ne 1642,
HA OCHOBAHWH NHCbMa  (elepalbHOrO = IOCYAApPCTBEHHOTO - ABTOHOMHOIO
yapexenus «[[eHTp IpoCBETUTENLCKUX HHUIIMATHB MUHHCTEPCTBA MPOCBEIIEHHUS
Poccwmiickoit ®enepaiuu» ot 15 suBaps 2024 r. Ne 100/1501-19 «O COOTBETCTBHU
HH@)paCprKTypHoro JIMCTa eUHOM TeXHOmormyeckol cpene HIIO»:
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1." YIBepauTh MpUiaraeMelii HHQPACTPYKTYPHBIH JIMCT B 9acTH KPaTKHX

. IPUMEPHBIX TEXHHYECKMX XapakTepHCTUK U KOJU4YecTBa 0OOpYAOBaHHS,

pPacXOOHBIX ' MAaTepHaloB, CpeAcTB OOy4eHHsS W BOCIHTAHUS, IUIAHUDYEMBIX
K TPUOOPETeHWIO Ui OCHAlleHHs o0meo0pa3soBaTeNbHBIX —OpraHu3alluii,
PacIoJIOXKEHHBIX B CEIIbCKOM MECTHOCTH M MAIBIX TOpOAax, ¢ LEIbI0 CO3MaHuA

.4 (QYHKIMOHMPOBAHWS ~ IIEHTPOB  00pa3soBaHMs  E€CTECTBEHHOHAYYHOM

¥ TeXHoJormyeckoi HampapieHHOcTel «Touka pocray B 2024 romy coriacHo
TPUJIOKEHHUIO, K HaCTOSIIIEMY PACIIOPSKESHHUIO.
2. Hacrosimiee pacriopsbKeHHE BCTYHAET B CHILY ‘CO JIHSL €r0 TOAIMCAHMS.

7 :
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HUcnosmsromui

00513aHHOCTH MUHHCTPA U.B. Ilonosa



[MTPMJIOXKEHUE
K paclopsHKEHUI0 MUHHUCTEPCTBA

oOpa3oBaHusi ApxaHTelbCKOU 00s1acTu
oT « 24 » auBaps 2024 r. Ne 105

MH®PACTPYKTYPHBIA JUCT
B YaCTH KPATKHUX NPUMEPHbIX TEXHUYECKUX XaPAKTEPUCTHK M KOJIUYECTBA 000Py10BAHUS, PACXOAHBIX MATEPHAJIOB,
cpeacTB 00y4eHHs U BOCIIMTAHUSA, INIAHUPYEMBIX K IPHOOPETEHHIO VISl OCHALIEHHS 0011e00pa3oBaTe/IbHbIX
OPraHM3aluil, PacoJ0KEHHBIX B CEJIbCKOH MECTHOCTH U MAJIBIX TOPOJAAX, € HEJbI0 CO31aHuA U QYHKIUOHUPOBAHUSA
LEHTPOB 00Pa30BaHM €CTECTBEHHOHAYYHOM M TEXHOJIOIMYeCKOM HanpaBiaeHHocTeld « Touka pocra» B 2024 roay

Ne | HaumeHoBaHue 000pyI0OBaHMs Kpatkue npuMepHble TeXHUYECKHE XapPAKTEPUCTUKHU Ennnnna KoanuectBo
n/n U3MepeHus

HaumenoBanue HanpaBJCHUS: «OﬁopmeBa}me JJISA 06me06pa3OBaTenbﬂmx opraﬂnsauuﬁ, HE ABJAIOIUXCH MAJTOKOMIIJICKTHBIMHA))

1. HaumeHoBaHue pasaejia: «ECTeCTBeHHOHay‘{Haﬂ HalpaBJCHHOCTb»

1 2 3 4 5
1. OO6ecnieunBaeT BBIMOTHEHNUE YKCIIEPUMEHTOB TI0 TEMaM

Kypca (pU3UKH.

Kommekranms:

becripoBogHON MyIbTUAATYUK IO PU3HKE C 6-10
BCTPOEHHBIMH JaTYUKaMMU:

[MudpoBoii AaTyuK TeMIEpaTyphl ¢ AUANa30HOM U3MEPEHHS
He yxe ueM ot -20 1o 120C

[MudpoBoit gaTyuK aOCOMIOTHOTO JABJICHUS C AUANa30HOM IT. 33
n3mepenus He yxe uem ot 0 1o 500 Ila

JlaTunk MarHUTHOTO MOJISl C IMANa30HOM U3MEpPEHUs HE yxKe
geM oT -80 1o 80 mTn

JlaTuuk HampspKeHUs ¢ Auana3oHaMy U3MEpPEHUs He yKe
yeM ot -2 10 +2B; ot -5 mo +5B; ot -10 mo +10B; ot -15 mo
+15B

JaTunk Toka He yxke yeM oT -1 10 +1A

udposas nadopaTopus 1no
¢u3uke (yueHnyeckas)
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JlaTuuk akcenepoMeTp ¢ moKa3aTeIsIMU He MeHee yeM: £2 g;
+4 ;48 g

OtnenbHbIE YCTPOICTBA:

USB ocrnmmnorpag He meHee 2 kanana, +/-10 B
Axceccyapsl:

Ka6ens USB coeqnHUTENBHBIIM

3apsiiHOe yeTpoiicTBO ¢ Kabenem miniUSB

USB Apnanrep Bluetooth 4.1 Low Energy
KoucTpykTop A mpoBeneHus: 3KCIEPUMEHTOB
KpaTkoe pykoBOJCTBO 10 3KCIUTyaTaluu HUppoBoil
nJabopaTopun

[Iporpammuoe obecrieueHue

Meroandeckue pekomenaanuu (40 pador)
Hannuune pyccKosI3pIYHOTO caiiTa OAEPKKU
Hanuuue BuaeOpoInKoB.

[udposas nadopaTopust 10 XUMHU
(yuenuueckas)

OO6ecnieunBaeT BBINOJIHEHNE 1a00paTOPHBIX paboT 110
XMMHH Ha ypOKaxX B OCHOBHOH IIKOJIE M TPOEKTHO-
MCCJIEI0BATENIbCKOM IEATETbHOCTH yUaIuXCsl.
Kommnekrarusi:

becripoBogHON MyJIBTUAATYUK IO XUMUH C 3-MsI
BCTPOEHHBIMH JAaTYUKAMHU:

Hatuuk pH ¢ nuama3zoHoM u3mepeHus He yxe uem ot 0 10
14 pH

JlaT4uK 3IeKTPONPOBOAMMOCTH C JUATIA30HAMU U3MEPECHUS
He yxke yeM oT 0 10 200 MkCwm; ot 0 10 2000 MxCwm; ot 0 110
20000 mxCm

JlaTuuk TeMIiepaTypsl ¢ TMana3oHOM U3MEPEHUS HE yiKe
yeMm ot -20 1o +140C

OTtaenbHbIC TATYNKH:

JlaTank onTHYECKON MUIOTHOCTH 525 HM

Akceccyapsl:

Kabens USB coennHUTENILHBIN

3apsigHOE yeTpoiicTBO ¢ kabenem miniUSB

USB Anantep Bluetooth 4.1 Low Energy

ImT.

33
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KpaTkoe pykoBOJCTBO 10 3KCIUTyaTauuu udpoBoit
nabopaTopuu

Hab6op nabopaTopHoit ocHacCTKH

ITporpamMmmHOe obecrieueHue

Meroandeckue pekomeHaanuu He meHee 40 padot
Hannune pycCKosI3bIYHOTO caiiTa NOAIEPKKU
Hanuuue Buaeopoiankos.

[Mudposas nadbopatopus 1no
Ouooruu (yueHu4eckast)

ObecneunBaeT BHINIOIHEHUE TAOOPAaTOPHBIX PadoT Ha
ypOKax 1o OMOJIOTUU B OCHOBHOM IIKOJIE U MPOEKTHO-
HCCIIEIOBATEIILCKON ACATEIBHOCTH yYaIUXCS.
Kommekranus:

becripoBogHON MyIbTUAATYUK 110 OMOJIOTHU C 5-10
BCTPOCHHBIMU JATYMKAMHU:

JaTtunk BnaxHocTH ¢ quanazonoM usmepenus 0...100%
JlaTyrk OCBEIIEHHOCTH ¢ AMANa30HOM MU3MEPEHUS HE YKe
gyem oT 0 1o 180000 nx

Hatunk pH ¢ nuanasoHoM uzmepeHus He yxe yem ot 0 110
14 pH

JlaTumk TeMnepaTypsl C TUana3oHOM U3MEPEHUS He yxKe
yem oT -20 po +140C

Jlatuuk TeMnepaTypbl OKpyKarolei cpeibl ¢ AUara3oHoM
u3MepeHus He yxxe yem ot -20 o +40C

AKkceccyapsl:

3apsiiHOe ycTpoiicTBO ¢ Kabenem miniUSB

USB Apnanrep Bluetooth 4.1 Low Energy

KpaTkoe pykoBOJCTBO 10 3KCIUTyaTauu U poBoit
nabopaTtopuu

[{udposas BuIeOKaMepa ¢ METALUTMIYECKUAM I TATHBOM,
pazpemenue He MeHee 0,3 Mnukc

[Iporpammuoe obecreueHne

Mertoanyeckue pekomeHnanuu He menee 30 padot
VYnakoBka

Hanuune pyccKos3pIYHOTO caiiTa moep KKK, HATHYKe
BUJICOPOJINKOB

ImT.

33
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2. HammenoBanue paznena: «{onoJHuTeIbHOE 000PY10BAHNE)

O6pazoBatenbHbIi HAOOP I
W3YYCHHSI MHOTOKOMITOHEHTHBIX
POOOTOTEXHUYECKUX CUCTEM H
MaHUTTYJISITHOHHBIX POOOTOB

O0pa3oBarenbHBI HAOOP JOKECH OBITH MTPEIHA3HAYCH IS
U3y4eHHsI pOOOTOTEXHUYECKUX TEXHOJIOTUM, OCHOB
MH(POPMALMOHHBIX TEXHOJIOTUN U TEXHOJIOTUI
IIPOMBIIIJICHHON aBTOMATU3AlMH, & TAK)KE TEXHOJIOTUH
IPOTOTUIIMPOBAHUS U AJJIUTUBHOTO MPOU3BOJICTBA.

B cocraB Habopa JOKHBI BXOJUTh KOMIUIEKTYIOIUE U
ycTpoiicTBa, 001a1a10111Me KOHCTPYKTUBHOM, annapaTHoil 1
IIPOrPaMMHOM COBMECTUMOCTBIO IPYT € APYTOM.

1) KoMIuieKT KOHCTPYKTHUBHBIX 3JIEMEHTOB U3 MeTaljia U
IUTACTHKA JUIsl COOPKU MOJieIel MaHUITYIAIUOHHBIX pOOOTOB
C YIJI0BOM KMHEMATHUKOM, IIJIOCKOIapAIIIEIIbBHON
KHHeMAaTHKOH, Delta-kuHeMaTHKOM.

2) UnTennekTyanbHbli cepBOMOAYIIb C UHTEIPUPOBAHHOMN
CHCTEMOM YIIpaBJICHUS - HE MEHEe 71IT.

CepBoMOyJIb 10JKEH 00J1a/1aTh HUHTETPUPOBAHHON
CHCTEMOH yIipaBlieHHs, oOecrieunBaroieil 00paTHyIO CBSI3b
WM KOHTPOJIb MTApaMETPOB - MOJI0KEHHUE Bajla, CKOPOCTh
BpallleHNs, Harpy3Kka IpuBo/a, a TaKkxke o0ecreynBaromei
BO3MO>KHOCTb TOCJI€I0BATEILHOTO TOIKIIOUEHHSI IPYT C
JPYTOM U YIPaBJIEHUS CEPBOMOAYIISIMU 10
MOCJIEI0BATEIBHOMY MONTYAYIJIEKCHOMY aCHHXPOHHOMY
uHTEepdeiicy.

3) PoGoToTexHrueCKUi KOHTPOILIED, TPEICTABIISIFOIIHIMA
co0oif MOJyJIbHOE YCTPOMCTBO, BKITIOUAIOIIEE B CE0s
OJIHOIUTATHBIM MUKPOKOMITBIOTED JUISI BHIIOJTHEHUS
CJIO’KHBIX BBIYMCIUTEIBHBIX Ollepanui, nepudepuitHblii
KOHTPOJUIEP JUIsl YIpaBJIe€HUS! BHEIIHUMU YCTPOUCTBAMHU U
IUIaTy pacIIMPEHUS s OJKIIOUEHHS BHEILIHUX YCTPOMCTB.
Moynu poO0TOTEXHUYECKOTO KOHTPOJUIEPa TOJIKHBI
001aaTh OTHOBPEMEHHOI KOHCTPYKTUBHOM, anmapaTHON 1
IIPOrPaMMHOM COBMECTUMOCTBIO IPYT C APYTOM.
Po0oToTexHrueCKuil KOHTPOJUIEP TOJKEH YJOBIETBOPSTH
TEXHUYECKHM XapaKTEPUCTHKAM: KOJI-BO siIEp BCTPOCHHOIO

11
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MUKPOKOMIIBIOTEPA - HE MEHeE 4, TAKTOBas 4acToTa spa -
e menee 1,2 I'T, 06bem O3V - He menee 512 MO, Hanudue
unrepdeticos - SPI, I12C, 1-wire TTL, UART, PWM,
u(poBbIE - HE MEeHee 16 T U aHaJIOrOBbIE OPTHI - HE
MeHee 8 IIT I MOAKJIIOUYEHHUS BHEIIHUX YCTPOUCTB,
BCTPOCHHBIH MUKPO(hOH, a Takxke WiFi unu Bluetooth s
KOMMYHHKAIUHU CO BHEIIIHUMH yCTPONWCTBAMHU.
PoboToTexHruecKnii KOHTPOIIEP JOJIKEH 00€eCTIEYNBaTh
BO3MO>KHOCTb IIPOTPaMMHUPOBAHUS C IIOMOILBIO CPENICTB
s3pikoB C/C++, Python u cB0O60O1HO pacmpocTpaHsieMoin
cpensl Arduino IDE, a Takxke ynpaBiieHus MOIETIIMU
POOOTOTEXHUUECKUX CUCTEM C TTOMOIIBIO cpeabl ROS.

4) [IporpaMMupyeMbIii KOHTPOJLJIEp - HE MeHee 11IT.
[IporpammupyemMblii KOHTPOJUIEP TOJKEH MPEACTABIIATH
co00M BBIYMCIUTENbHBIN MOAYIIb, 00JIaAaI0IUM

1M (POBBIMU IOPTAMHU - HE MEHEE 8 LIT U aHAJIOTOBBIMU
nopramu - He MeHee 16 mT, untepdeiicamu UART, 12C,SPI,
TTL, a Taxke MoyseM OeCIpOBOIHOM CBSI3U THIA
Bluetooth i WiFi s co3nanus annapatHo-
IPOTPaMMHBIX pelIeHuH U "yMHBIX/cMapT'"'-yCTPOUCTB A
pa3paboTku pemeHuil "MHTepHer Bemen'".

5) IInara pacmmpeHus nporpaMMHUpyeMOro KOHTposiepa —
He MeHee lmr. [1naTa pacmpenus qomKHa 00ecTeurnBaTh
BO3MO>KHOCTb TOJKJIIOYEHHS] YHUBEPCAIBHOTO
BBIUHCIUTEIBHOTO MOJYJISl K CETH MOCPEICTBOM
untepodeiica Ethernet. [1nara pacmmpenus gomkHa
00JaaTh MOpTaMU BBOJIa-BbIBOJIA JIJISI TIOIKITIOUEHUS
U(POBBIX U AHAJIOTOBBIX YCTPOCTB — HEe MeHee 40 T,
untepdeiic SP1 1 BO3MOKHOCTHIO MOAKITIOYEHNS BHEITHEH
KapThl NaMSATH.

6) Moaynp TEXHUYECKOTO 3pEHHUs, PEACTABISIOMNNA co00it
YCTPOMCTBO Ha 6a3e BHIYMCIUTEIBHOTO MUKPOKOHTpOJLIEpa
Y MHTETPUPOBAHHON KaMephbl, 00ecrieurBarolee
pacrio3HaBaHME NPOCTEHIINX N300paKeHUI Ha MOJTyJIe 3a




6

CYET COOCTBEHHBIX BBIYHUCIUTEIIBHBIX BO3MOXKHOCTEH - HE
MeHee 1miT;

Monynb TEXHHYECKOTO 3pEHUs 10JKEH 00eCcieunBaTh
BO3MO>KHOCTh KOMMYHUKAILIUY C aHAIOTUYHBIMU MOJYJISIMU
IIOCPEJICTBOM ILIMHBI Ha 0a3e 10ociIe0BaTEIbHOTO
uHTepdeiica ¢ MeNblo JATbHEHIIEH mepeaayu pe3yibTaToB
M3MEPEHUH rpynIbl MOAyJIel Ha yIpaBisioniee
BBIUHCIIUTEIBHOE YCTPOMCTBO, IOJKIIOUEHHOE K JaHHOU
HINMHE.

Moysib TEXHUYECKOTO 3pEHUSI JOJKEH 00eCcTIeunBaTh
BO3MOYKHOCTb OCYIIECTBIISITh HACTPOUKY MOAYJIS
TEXHUUYECKOI'0 3pEHMSI - HACTPOMKY IKCIO3ULINH, OanaHca
0e710ro0, IBETOPA3HOCTHBIX COCTABIIAIOIINX, IIOIIAAH
0o0Hapy>KMBAaeMOH 00JIaCTH N300paKeHUs, OKPYTIOCTH
oOHapyXUBaeMoil 00J1aCTH U300paKEHUS, TTOJTOKEHHE
0o0HapyKMBaeMbIX 00JacTeil OTHOCUTEIHHO APYT ApyTa.
Monyb TEXHHYECKOTO 3pEHUs 10JKEH 00ecrieunBaTh
BO3MOXXHOCTh HACTPOWKH Ha OJTHOBPEMEHHOE OOHApYKEHHE
He MeHee 10 pa3IMyHBIX OJUHOYHBIX OOBEKTOB B CEKTOPE
0030pa, MO0 HE MEHee 5 COCTaBHBIX 0OBEKTOB, COCTOSIINX
U3 HEe MeHee 3 pa3InyHbIX IpapuuecKux NPUMUTHBOB.
Moyib TEXHUYECKOTO 3pEeHuUs 10JKEeH 001a1aTh
BcTpoeHHbIMH HHTEep(Peiicamu — USB, UART, 1-wire TTL,
12C, SPI ny11 KOMMyHHMKaIIMU CO BHEITHUMHU
MOJIKJIFOYaeMBbIMU YCTPOMCTBAMH.

7) B coctaB Habopa JOIKHBI BXOAUTH IIUPPOBBIE
HMH(OPMaLIOHHO-CEHCOPHBIE MOJTYJIH, MPECTABIIAIONINE
co0oii ycTpoiicTBa Ha 6a3e MPOrpaMMUpPYEMOTo
KOHTpOJIJIEPA U U3MEPUTETHHOTO 3JIEMEHTA.

[TudpoBoit MOIYIb JOKEH 00J1aAaTh BCTPOSHHBIM
MUKPOKOHTPOJUIEPOM (TaKTOBAs 4acTOTa - HE MeHee 16
MI ', mmHa nanHbXx — He MeHee 8 KOaiiT), untepdeiicamu
JUTSI TIOAKJTIOUYEHHUS K BHEITHUM YCTpONCTBaM: UG POBLIE U
a”asoroBsle opthl, 1-wire TTL, pazpem Tuma RJ.
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[{udpoBoit MOIyNb AOKEH 00ecreunBaTh BO3MOXKHOCTh
KOMMYHHUKAIMH C aHAJIOTMYHBIMU MOAYJISIMU ITOCPEICTBOM
HIMHBI Ha 0a3e MociiejoBaTeIbHOr0 nHTEpdeiica ¢ 1eblo
JalbHEHIIEHN TIepelay pe3yJIbTaTOB U3MEPEHUM IPYIIIIbI
MOJ1yJIel Ha YIPaBJIAIOIIEE BEIUUCIUTENEHOE YCTPOICTBO,
ITOAKJIIOYEHHOE K JAHHOW IIUHE.

B coctaB Habopa 10KHO BXOAUTH: HU(POBON MOTYIb
TaKTOBOU KHOIIKH — HE MeHee 31T, nu(poBoii MOTYIIb
CBETOJINO/Ia — HEe MeHee 31T, HU(POBON MOTYIh KOHIIEBOTO
npepeIBaTeNs — He MeHee 31T, HU(POBO MOTYJIb TaTINKA
1Bera — He MeHee 1T, udpoBoit Mmoayins RGB cBeroanona
— He MeHee lmT.

8) B cocraB Habopa JOMKHBI BXOJUTH JIEMEHTHI AJIs
cOOpKHM BaKyyMHOI'O 3aXBaTa: BaKyyMHasl IPUCOCKA — HE
MeHee 1T, 371eKTPOMAarHUTHBIN KJallaH — He MeHee 1T,
BaKyyMHbIH Hacoc — He MeHee 11IT.

9) B coctaB Habopa H0JKEH BXOJIUTh YU€OHbII KOMIUIEKT,
BKJIIOUAIOLIUH B ce0s1 yueOHOoe ocodue, Habop OubInoTeK
TPEXMEPHBIX 3JIEMEHTOB I IPOTOTUIIUPOBAHUS MOJENE
MaHMITYJISIUOHHBIX pOOOTOB, a TAK)KE MPOTrPaMMHOE
oOecnieueHue i paboTsl ¢ HAOOPOM.

[TporpamMHoOe oOecrieueHHe JOIKHO 00ecrieunBaTh
TPEXMEPHYIO BU3YyaJIU3allMI0 MOJIETN MaHUITYJISLIMOHHOTO
poboTa (C yrioBoi, MIOCKONapauIeNsHON U JenbTa-
KMHEMaTUKOI) B Ipoliecce paboThl, 00ecreynBaTh
IIOCTPOEHUE IPOCTPAHCTBEHHOMN TPAEKTOPUU JABHKEHUS
MCIIOJTHUTEJILHOTO MEXaHU3Ma MaHUITYISIUOHHOTO poOoTa,
BO3MO>KHOCTb 3aJJaHMsI I10CJIEJOBATEILHOCTH TOUEK IS
MPOXOKIACHUSI Yepe3 HUX UCIOIHUTEIbHOTO MEXaHU3Ma
MaHMITYJISUOHHOTO poboTa. [Iporpammuoe obecnieueHue
JOJKHO (DYHKIIMOHUPOBATh, KaK B OTJEJIBHOCTH B BHJIE
CpeJlbl MOIETTUPOBAHUS, TaK U B PEKMME MOHUTOPHHTA B
peaibHOM BpPEMEHU IPH MOAKIIOUYEHUU MOJIENH
MaHMITYJISITOPA MOCPEACTBOM POOOTOTEXHUYECKOTO
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KoHTpoJuiepa. [IporpaMMHoe oGecrieyeHue A0IKHO
o0ecrieynBaTh BO3MOXKHOCTh IIOCTPOCHUS TPapUKOB
3aJJaHHBIX M TEKYIIUX 0000IIEHHBIX KOOPHHAT
MaHMITYJSIIUOHHOTO POOOTa, TpaMKOB 3HAUYCHUN
CKOpOCTEH U YyCKOpEHUs, IpaKOB pacyeTHBIX 3HAYCHUN
Harpy3ku. [IporpamMuoe obecnieueHme JOIKHO MO3BOJISATh
3aJjaBaTh MOCJIEI0BATEIBHOCTD NEPEABIKEHHUM
MaHHMITYJISITOPA TOCPEACTBOM Habopa KOMaH/ B OJIOYHO-
rpadguveckom uHTEpdEiice.

Y4eOHOoe mocobue JOMKHO COlepKaTh MaTepHAIIBI 1O
pa3paboTKe TPEXMEPHBIX MOJeeil MOOMIBHBIX POOOTOB,
MaHHITYJISITUOHHBIX pOOOTOB C PA3TUYHBIMH THITAMHU
KHHEMaTHKH (YIJI0Bas KMHEMaTHKa, IIOCKO-NapaiesibHas
KHHEMAaTHuKa, nenbTa-kuHeMmaruka, SCARA umu peraaskHast
KHHeMaTHKa, iatgopma CTioapTa u T.11.), MHCTPYKLIUH 110
POCKTHPOBAHUIO POOOTOB, HHCTPYKIIUN U METOAUKH
OCYILIECTBIJICHUS] UHKEHEPHBIX PACUETOB MPHU
MIPOEKTHUPOBAHUH (pacyeThl HArPY3KH M MOMEHTOB, PacyeT
MOIITHOCTH MTPUBOOB, pacueT MapaMeTpoOB KHHEMATHKU U
T.I1.), MHCTPYKIIMH MO pa3paboTKe CUCTEM YIpaBJIECHUS U
IPOTPaAMMHOTO 00eCTieueHUs ISl YIIpaBJIeHUs] poOOTaMH,
MHCTPYKLIUU ¥ METOJMKH 110 pa3paboTKe CUCTEM
YIIPaBJICHUS C HIIEMEHTAMHU UCKYCCTBEHHOTO MHTEIUIEKTA U
MaIIMHHOTO O0y4YeHUsI.

YeTrIpexoceBoil yueOHbIi poOOT-
MaHHUITYJISATOP ¢ MOAYIbHBIMHU
CMEHHBIMU HacaJKaMH

VY4eOHbIi poOOT-MaHUITYIATOP MpeIHA3HAUEH JIUIsl OCBOSHUS
00y4JaroIMMHUCs OCHOB POOOTOTEXHUKH, AJISl OJTOTOBKU
00y4aromuxcst K BHEJPEHHUIO U MOCIEeTYIOEMY
HCIOJIb30BaHUIO0 POOOTOB B IPOMBILIUIEHHOM MPOU3BOCTBE.
KonngectBo oceil po6oTa MaHUITYJIATOPA - YETHIPE.
[lepemenieHe MHCTPYMEHTA B IPOCTPAHCTBE IO TPEM OCSIM
JIOJIKHO YTIPaBJIATHCS LIArOBBIMU JIBUTATENSIMH.
Hanpsoxkenue nuTanust aroBbIx ABurareseit He 6osee 12 B.
CepBoaBuraTelib 4eTBEPTOM OCH JOJKEH 00eceunBaTh
OBOPOT MHCTPYMEHTA.

11
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VY01 10BOpOTa MAHUITYJIATOPA HA OCHOBAaHUH BOKPYT
BepTUKAIbHOM ocu He MeHee 180 rpamycos.

st onpenesienrs MoJIoKEeHUs MaHUITYJISITOpa MPU TOBOPOTE
BOKPYT BEPTUKAIBHOM OCH JOJIKEH MUCIOJIb30BATHCS
SHKOJIEP.

VYroi moBopoTa 3aIHETO IJieya MaHUIyJIaTopa He MmeHee 90
rpagycosB.

YroJ moBOpoTa NEpPEeHEro Miieya MaHUIYJISITOpa HE MEHEe
100 rpagycos.

st onipeiesnieHust OJI0KEHUS 33 THET0 U TIEPEHETO TIeY
MaHUIYJSATOPA I0JKEH MUCIOIb30BaThCS TUPOCKOI. YTOI
IIOBOpOTa 10 YeTBepToil ocu He MeHee 180 rpaaycos.
JomxHa ObITh BO3MOXHOCTh OCHAIICHHUS] CMEHHBIMH
HacaJkaMu (HarpuMep, JAepxKaTesib KapaHaaiia uin
domacTepa, IpUCOCKa C CepBOJIBUraTeNIeM, MEXaHUYECKOE
3aXBaTHOE YCTPOMCTBO C CEPBOJABUTATENIEM, YCTPOMUCTBO IS
Ja3epHON TPAaBUPOBKH WU YCTPOUCTBO 11 3D-nevatn).
MuHruManbHast KOMIUIEKTAIMsI CMEHHBIMU HACaIKaMU:
ITHEBMAaTUYECKHM 3aXBat (pUCOCKa), MEXaHUUYECKUH 3aXBar,
HacaJiKa JIepKaTenb JUIsl KapaHaliia/MapKkepa/pydKH,
HacaJKa MepexoIHUK /ISl KPETJIEHNUsI COBMECTUMBIX
KOHCTPYKTUBHBIX JieTalieil 1 KOHCTPYKIIUMA, HacaIKa
Ja3epHOM TpaBUPOBKH, Hacanka 3D-neuatu (amst paboThI ¢
wiactukoM PLA ¢ nuameTtpom Huta 1,75 Mm).

JloimkeH OBITH OCHAITIEH CEPBOIPUBOIOM IS
MMHEBMATHUYECKOT0 M MEXAHMYECKOT0 3aXBaTOB,
00ecTeunBaroIMM BpalleHHE 3aXBaY€HHOTO 00BEKTa BO
BpeMsI MIepeMEIICHUS, TOBOPOT MEPEMENIAEMOT0 00bEKTa
BOKPYT BepTUKAIBHOU ocu. Jlyisa obecnieueHus
(GYHKIIMOHUPOBAHUSI THEBMAaTUYECKOTO 3aXBaTa JOKEH
OBITH OCHAIIICH BCTPOSHHOHN B KOPITYC MAaHHUITYJISTOPA
TTOMIIOH.

JlokHa OBITH BO3MOYKHOCTB TTOAKITIOYSHUS
JOTIOTHUTEIBHBIX YCTPOUCTB (HapuMep, TpaHCIIOPTEPA,
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pelibca AJis nepeMenieHus poboTa, MmyJibTa yrpaBieHHs TUIIA
JUKOHCTHUK, KaMepbl MAllIMHHOTO 3PEHHUSI, OIITUYECKOTO
JaT4rKa, MOAYJIS OECIIPOBOAHOIO AOCTYIIA).
PoGoT-MaHHUITyIATOP TOKEH 00ECTIEYMBATh NIEpEMEIICHUE
HAaCaJK{ B IPOCTPAHCTBE, AKTUBALIMIO HACAJKH,
BO3MO>KHOCTb MOJIYYEHHsI CHTHAJIOB OT KaMEphl U JATYUKOB,
BO3MO’KHOCTb YIIPABJICHHUSI IONOJIHUTEIbHBIMU
YCTPOMCTBAMMU.

Martepuan kopnyca — amoMuHuil. J{luameTp paboueit 30HbI
(0e3 yuera HaBECHOIO MHCTPYMEHTA U YETBEPTOM OCH) HE
Mmenee 350 mm. MuTepdetic noakmouenus — USB.

JlomkeH nMeTh BO3MOKHOCTh aBTOHOMHOM paboThI U
BHEILIHETO ynpasieHus. J[Jig BHEIIHETO YIIpaBiIeHUs JOJIKEH
OBITH MTPEYCMOTPEH MYJIbT, MOIKIIOYaEMBIN K pOOOTY 110
Bluetooth.

YnpaBisromuii KOHTPOIIIEP T0JKEH OBITh COBMECTUM CO
cpenoif Arduino.

YnpaBiastomuil KOHTPOJUIEP COBMECTUM CO CPEOU
IporpaMMUpoOBaHus Scratch U S3bIKOM IPOrpaMMHUPOBaHUS
C.

Jlomxen obecrieunBaTh MOBOPOT MO MEPBBIM TPEM OCSIM B
3aJJaHHBIN YroJl ¥ Ha 3a/laHHbIIN YToJI, TOBOPOT 10 YETBEPTON
OCH Ha 33JJaHHbIN yTOJ, IBUKEHUE B KOOpAUHATHL X, Y, Z,
IEpEMELIEHUE Ha 3aJaHHOE PAaCcCCTOSHUE 10 KOOpAUHATAM X,
Y, Z, nepeayy JaHHBIX O TEKYIIEM MOJ0KEHHUH YIJIOB,
nepesavy JaHHbBIX O TEKYIIMX KOOpAMHATaX MHCTPYMEHTA.
JlomkeH nmoa/iepKuBaTh NepeMenieHle B 1EKapTOBbIX
KOOpJMHATax M yriax oBOpOTa OCEH, ¢ 3aJaHHON
CKOPOCTBIO U YCKOPEHHEM.

Tunsl nepeMenieHnii B IEKapTOBbIX KOOPAUHATAX:
JBUKEHHE 110 TPAEKTOPUH, IBHIKEHUE TI0 IPSIMON MEXTY
JBYMsI TOUKaMH, IEPENPHITUBAHUE U3 TOUYKH U TOUKY
(mepeHoc o0beKTa).

Kopmyc momkeH ObITh B 3alIMIIIEHHOM HCIIOJIHEHUE (KJ1acca
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He Hke [P20).

O06pasoBarenbHblii HabOp MO
MeXaHUKE, MEXaTPOHUKE H
POOOTOTEXHUKE

HaGop nomxen ObITh peIHA3HAYEH JJIS IPOBEACHHS
yueOHBIX 3aHATUHN MO U3YUYEHUIO OCHOB MEXaTPOHUKH U
POOOTOTEXHUKH, TPAKTUUECKOIO IPUMEHEHNUS 0a30BBIX
AIIEMEHTOB 3JICKTPOHUKH U CXEMOTEXHUKH, a TAKXKe
HauboJIee pacIpOCTPAHEHHOM AIEMEHTHOM 0a3bl U
OCHOBHBIX TEXHUYECKUX PEIICHUN, TPUMEHSIEMbIX IIPU
IIPOEKTUPOBAHUU U IPOTOTUIIMPOBAHUY PA3INYHBIX
WHXCHEPHBIX, KHOEPHETHUECKUX M BCTPAUBAEMBIX CHCTEM.
B coctaB Habopa 10JKHBI BXOJAUTh KOMIUIEKTYIOLIUE U
yCTpoiicTBa, 001a/1a1011IMe KOHCTPYKTUBHOM,
ANEKTPUYECKOM, allapaTHON U NPOrpPaMMHOU
COBMECTHMOCTBIO JPYT C APYTOM.

B coctaB Habopa 10/15KeH BXOJUTh KOMILIEKT
KOHCTPYKTUBHBIX JIEMEHTOB M3 MeTaJlia Jisi COOPKH
MakeTa MaHUMYJISILIMOHHOTO po00Ta U KOMILJIEKT
METAJUINYECKUX KOHCTPYKTHBHBIX JIEMEHTOB JUJIsl COOPKHU
MakeTa MOOMJILHOTO poOoTa.

B cocraB Habopa JOKHBI BXOJUTH IPUBOAA PA3TUYHOTO
THUIIA: MOTOPHI C UHTEIPUPOBAHHBIM UJIM BHEIIIHUM
JATYNKOM IOJIOKEHUS — HE MEHEE 21T, CEPBOIIPUBO.L
001b111011 — HE MeHee 41T, CEpBONPUBOJ] MAJIbI — HE MEHEe
21UT, IPUBOJ € BO3MOKHOCTBIO YITPABJICHHUS B IIarOBOM
peKUME — He MEHee 211IT.

B coctaB Habopa JOIKHBI BXOJUTD JIEMEHTHI [ COOPKH
BaKyyMHOTI'O 3aXBaTa: BaKyyMHas IIPUCOCKa — HE MeHee 11T,
AJIEKTPOMAarHUTHBIN KJIanlaH — HE MEeHee | 1T, BaKyyMHBIH
Hacoc — He MeHee 1 mT.

B cocraB Habopa 1oKHA BXOANUTH 3JIeMEHTHast 6as3a Juis
MIPOTOTUITUPOBAHMUSL: TIJIaTa JIsl O€CIaeuHOro
IIPOTOTUIIHPOBAHHUS, KOMIUIEKT IIPOBOJIOB PA3JIMYHOIO THIA
U JJTUHBI, KOMIUIEKT PE3UCTOPOB, KOMILJIEKT CBETOIMO]IOB,
CEMHUCETMEHTHBIN nHANKaTop, nucruien XKK-tumna, kHonku —
HE MEHee SIIT, MOTEHIIMOMETPhI — HE MEHEee 31IT,

11
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nH(]ppaKpacHBIN JaTYHK - HE MEHEE 3T, YIbTPa3BYKOBOH
JIaTYMK - HE MEeHee 31UT, 1aTYMK TEMIIEpaTyphl - HE MEHEe
lmt, JaTYUK OCBEIIEHHOCTH - HE MeHee | 1T, MoayiIb
Bluetooth — ve menee 1T, moayns UK-npuemnanka — e
Menee lur, Mmoayns MK-nepegaTunka B BU1€ KHOIIOYHOTO
IyJbTa YIpaBJIeHNus — 11T, akKyMyJIATOp — HE MeHee 11T,
3apsiAHOE YCTPOMCTBO — HE MeHee 11IT.

B coctaB Habopa 10JKEH BXOIUTh MYJIbTHIATUHK JIJIS
M3MEPEHMS TEMIIEPATYPHI U BIAXKHOCTH OKpYKarolen
cpelpl — He MeHee 11T, MynbTuaaTuuK 10JKeH 00J1a1aTh
BCTPOEHHBIM MUKPOKOHTPOJIJIEPOM (TAaKTOBAsl 4acTOTa - HE
meHee 16 MI'm, muHa nanHbIX — He MeHee 8§ Koaiir),
uHTepdeiicaMu I MOAKIIOYEHHUS K BHEITHUM
yCTPOMCTBaM: IU(PPOBBIC U aHAIOTOBBIC MOPTHI, 1-wire TTL,
pasbem Tuma RJ.

B coctaB Habopa 1015KeH BXOIUTh KOMILIEKT
YHUBEPCAIbHBIX BBIYMCIUTEIBHBIX MOJIYJIEH,
MIPEACTABIISIIONIUX cO00M 0a30BYIO IIIATY, IJIATY
paciMpeHust Uisl CETeBOTr0 B3aUMOAECHCTBUS U TIATy
MOAKJIIOYEHUS CUIIOBOM HAarpy3ku. Bxopsiye B KOMIUIEKT
yCTpOMCTBa JOJKHBI 00J1a/1aTh OJTHOBPEMEHHOMN
KOHCTPYKTUBHOM, JJIEKTPUUECKOM, alllapaTHOU U
IIPOrPaMMHOM COBMECTUMOCTBIO IPYT € APYTOM.

bazoBas maTta yHUBEpCaaIbHOIO BBIYMCIUTEIBHOTO MOIYIIS
JIOJI’KHA MPEACTaBIATh COO0M MPOrpaMMHUPYEMBIii
koHTposuiep B cpene Arduino IDE wnn ananorugseix
CBOOOJHO paclpocTpaHsIeMbIX cpeax pa3padoTku. basopas
riata JohkHa 007a1aTh BCTPOSHHBIMU HHTEpdeiicamMmu s
MOJIKJIIOUEHUS IIU(PPOBBIX U aHAJIOTOBBIX YCTPOMCTB,
BcTpoeHHbiMu uHTepdeiicamu USB, UART, 12C, SPIL, 1-
wire TTL, Bluetooth, WiFi.

[Tnara pacmupenus qokHa 00ecredrnBaTh BO3SMOKHOCTD
MOJIKJIFOUEHUS] YHUBEPCAIBHOTO BBIUMCIUTEIFHOTO MOYJIS
K ceTu nocpenctBoM uHrepdeiica Ethernet. [Tnara
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paciMpeHust 10JKHa 00JiafjaTh MOPTaMU BBOJAa-BhIBOAA TSI
MOJIKJTFOUEHUS IIU(PPOBBIX U AaHAJIOTOBBIX YCTPOKUCTB,
untepderic SPI 1 BO3MOKHOCTBIO MOJKIIIOUCHUS BHEIITHEH
KapThl MaMsTH.

[Inara pacmupenus Uit MOAKIIOUEHUS CUIIOBOI Harpy3Ku
JIOJDKHA 00ecrieYnBaTh BO3MOKHOCTD MTPSIMOTO
MOJIKJIFOUEHUS BHEIIHEW CUIIOBOI Harpy3KH, a TaKkkKe
peryaupyeMoii Harpy3ku nocpeactsom PWM untepdeiica.
B coctaB Habopa 10KeH BXOIUTh MPOTrPaMMUPYEMBbIi
KOHTPOJUIEP, 00ECTICYMBAIOIINI BO3MOKHOCTh
OCYIIECTBIISITh Pa3pabOTKy IPOrpaMMHOTO KOJIa, HCTIONb3YS
WHCTpyMeHTapui cpen paspadbotku Arduino IDE u
Mongoose OS u s3p1k0B nporpammupoBanust C\C++,
JavaScript. I[TporpaMMupyembiii KOHTPOJUIEP TOJDKEH
00nasaTe mopTaMu 7S MOJKIIOYCHHS HU(PPOBBIX U
aHAJIOTOBBIX YCTPOWCTB, BCTPOECHHBIMHU
MIPOrpaMMUPYEMbIMU KHOTIKAMU U AJIEKTPOMEXAHUYECKUMHU
MOAYJISIMU TSI OPTaHU3AIUUA CHUCTEMBI PYYHOTO
yIpaBJICHUS, BCTPOCHHBIMHU MTPOTPAMMHUPYEMBIMU
CBETOJIMO/IaMU JI MHIUKAIIUN paboyero pexmnma,
BcTpoeHHbiMH HHTEp(deiicamu USB, USART, 12C, SPI, 1-
wire TTL, ISP, Ethernet, Bluetooth, WiFi.

B coctaB Habopa 10JKeH BXOUTh MOAYJIb TEXHUYECKOTO
3peHus , MPEACTABISAIONINI COO0N BBHIUNCIUTENHHOE
YCTPOMCTBO CO BCTPOEHHBIM MUKPOIIPOLIECCOPOM (KOJI-BO
a5iep - He MeHee 41T, yactoTa siipa He meHee 1.2 [T,
00vem O3V - He meHee 512M6, 06beM BCTPOEHHOM MaMATH
- He MeHee 81'0), MHTerpupOBaHHON KaMepon
(MakcuMalibHOE pa3pellieHre BUAeON0TOKa, IEPEeIaBaeMoro
no unrepdeiicy USB - He menee 2592x1944 en.) u
ONTHYECKON cucTEMON. MOAYIb TEXHUYECKOTO 3PEHUS
JOJIKEeH 0071aaTh COBMECTUMOCTBIO C Pa3IMYHBIMU
MIPOrpaMMHUPYEMBIMUA KOHTPOJUIEPAMHU C TIOMOIIBIO
untepdeiicos - 1-wire TTL, UART, 12C, SPI, Ethernet.
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Monynb TEXHHYECKOTO 3pEHUs 10JKEH 00eCieunBaTh
BBITNIOJTHEHUE BCEX U3MEPEHUN U BBIUMCIIEHUH TOCPEACTBOM
COOCTBEHHBIX BBIYMCIUTEIbHBIX BO3MOXKHOCTEH
BCTPOEHHOI0 MUKpompoueccopa. Moiysb TEXHUUECKOTO
3peHUs JOJKEH 00J1a/1aTh BO3MOXKHOCTBIO KOMMYHUKAIMH €
AQHAJIOTMYHBIMU MOJAYJISIMM ITIOCPEICTBOM LIMHBI Ha 0a3e
MOCJIEIOBATEILHOTO HHTEpdElica C IeNIbI0 JaTbHEHIIICH
IIepeadn pe3ysIbTaTOB U3MEPEHUM I'PYIIIIBI MOAYJIEH Ha
YIPaBJIAIOLIEE BHIUNCIUTEIBHOE YCTPOHCTBO,
MOAKJIIOYEHHOE K JAHHOW IuHEe. MoyJIb TEXHUYECKOTO
3peHUs JOJKEH 00ecreunBaTh HACTPOMKHU pEeXXUMOB pabOThI
- HaCTPOMKY 3KCHO3UIMH, OastaHca Oesoro,
[[BETOPA3HOCTHBIX COCTABJIAIONIUX, TIOMAAN
0o0Hapy>KMBAaeMOH 00JIaCTH N300paKeHUs, OKPYTIOCTH
oOHapy)uBaeMoil 006J1aCTH H300paKEHUs, TIOJOKEHUE
oOHapy>KMBAaeMbIX 00JacTell OTHOCUTEIBHO APYT JIPYyTa,
MalllMHHOE 00y4YeHHUe MapaMeTpoB HEMPOHHBIX ceTeil s
oOHapyx’eHHsI 00bEKTOB, (HOPMY U 3aKOAUPOBAHHbBIE
3Ha4YeHHs OOHAPYKMBAEMbIX MapKepoB Tuma Aruco,
pasmepbl 00HAPYKUBAEMBIX OKPY)KHOCTEH, KBaIpaTOB U
TPEYTroJIbHUKOB, IAPAMETPOB KOHTPACTHOCTH, Pa3MEPOB,
KPUBHU3HBI U NTOJIOKEHNS] paClIO3HABAEMBbIX JIMHUM.

Habop nomxkeHn obecieunBath BO3MOKHOCTh pa3padOTKU
MOJIEJIN MOOMIIBHOTO poO0Ta, yrpasisemoit B FPV-pexnme
MOCPEACTBOM IIPOrpPaMMHOT0 OOecTeueHus st
MEPCOHATBHOTO KOMITBIOTEPA M MOOMIIBHBIX YCTPOMCTB Ha
6a3ze OC Android mmm I0OS, oOecrieunBaronero
BO3MOYKHOCTh YIPaBJICHUS MOOMIIBHBIM pOOOTOM U
BCTPOEHHBIM MaHUIYJISATOPOM IMOCPEICTBOM IrpapuuecKoro
uHTepdeiica, BKIOYAOUMM B ce0s Ha0Op KHOTIOK U
nepeKIrouaTesei, HKONCTHK, 00J1acTh sl OTOOpayKEHUS
BU/JIEO.

HaGop nomxken obecrieunBaTh BO3MOKHOCTHh H3YUCHUSI
OCHOB pa3pabOTKH MPOTPAMMHBIX U allapaTHBIX
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KOMIUIEKCOB MHXKEHEPHBIX CUCTEM, pellleHui B cdepe
"NHTepHeT Bemei'", a TakKe pereHunii B 001actu
POOOTOTEXHUKH, HCKYCCTBEHHOTO UHTEIIEKTa U
MalIMHHOTO 00Y4YEeHHUSI.

B coctaB Habopa 10JKHO BXOAUTH TOCOOHE 110 U3YUYEHUIO
OCHOB 3JICKTPOHUKH U CXEMOTEXHUKH, PEIICHH B chepe
"UHTepHeT Bemiei", pa3pabOTKX U TPOTOTUITUPOBAHUIO
MoJieJIeit poOOTOB.

B coctaB Habopa T0JKHO BXOAUTH MTOCOOHE M0 U3YUEHUIO
OCHOB Pa3pabOTKU CUCTEM TEXHUYECKOTO 3PEHUS U
AJIEMEHTOB MCKYCCTBEHHOTO MHTEJUICKTA.

O06pazoBaTenbHbI KOHCTPYKTOP
JUIsl IPAaKTUKU OJI0OYHOTO
nporpaMMupOBaHra ¢ KOMIIJICKTOM
JaTYNKOB

PobGoTorexHnueckuit HabOp NpeaHa3HAuYEH I U3Y4YEeHUS
OCHOB pOOOTOTEXHMKH, AeTalnel, y3710B U MEXaHU3MOB,
HEOOXOIUMBIX JJISl CO3/1aHUs POOOTOTEXHUYECKUX
YCTPOUCTB.

Habop npezacrasisier co00il KOMITJIEKT CTPYKTYPHBIX
AJIEMEHTOB, COEIMHUTEIIBHBIX 2JIEMEHTOB U
AIIEKTPOTEXHUYECKMX KOMIIOHEHTOB.

HaGop no3BossieT npoBOIUTH SKCIIEPUMEHTHI 110 MPEAMETY
¢u3nka, co3gaBaTh U MPOrpaMMHUpPOBATH COOMpaeMble
MO/JIEJIN, U3 KOMIIOHEHTOB, BXO/SIIMX B €r0 COCTaB, paboune
MOJI€JM MOOMJIBHBIX U CTAllMOHAPHBIX POOOTOTEXHUYECKUX
YCTPOMCTB ¢ aBTOMAaTU3UPOBAHHBIM YIIPABIEHUEM, B TOM
YHClie Ha KOJIECHOM U TYCEHUYHOM X0y, a TaKkKe
KOHCTPYKLUI, OCHOBaHHBIX HA UCIIOJIBb30BAHNN PA3JIMUHBIX
BUJIOB ITepeiay (B TOM YKCJIe YEPBSIUYHBIX U 3y0UaThIX) a
TaKXe prlyaroB. BcTpoeHHble 6ecripoBOIHbBIE CETEBbIE
pemenus (Wi-Fi u Bluetooth), Bo3M0OKHOCTh MHTETrpaIuy C
OecrutatHbIM 06sauHbIM [10, 0b6ecnednBaroT BO3MOXKHOCTD
MPAKTUYECKOT0 N3YUYEHHUs TEXHOJIOTHI HHTEpHETa Belleil u
OCHOB MCKYCCTBEHHOT0 MHTeIuIekTa. ObecneunBaercs
BO3MOXKHOCTh O0bE/IMHEHUSI HECKOJIBKUX POOOTOB,
COOpaHHBIX U3 MOIOOHBIX HAOOPOB, B TPYIIIBI C CETEBBIM
B3aumoieiictBueM. [Ipegycmorpena onuoHaabHast

ImT.

11




16

BO3MOYKHOCTb PaCIIUPEHUS 1OMOJIHUTEIbHBIMU
KOMIIOHEHTaMH (HE BXOJSALIMMH B CTaHJAPTHYIO
KOMILJIEKTALMIO), TTO3BOJIIOIMMH U3y4aTh TEXHUYECKOE
3peHHE U MMPOMBIIUIEHHYIO POOOTOTEXHUKY.
ITpenycmoTpeHa BO3MOXKHOCTb pabOThI Habopa ¢
JIOTIOJTHUTEIbHBIMU 00JIaUHBIMU CEPBUCAMHU.
[TpenycMOTpeHbl MUHUMYM J1Ba IPOTPAMMUPYEMBIX
KOHTpOJIJIEPA B IJIACTUKOBBIX KOPITYyCaXx, MO3BOJISIOLINX
OJIHOBPEMEHHO CO3/1aBaTh 2 BapUaHTa poOOTOB Pa3IMYHOIO
Ha3HAYEeHUsI, UMEIOLUX BO3MOXKHOCTh pabOTHI KaK B
IOTOKOBOM P&XHUME, TaK U aBTOHOMHO; [TO3BOJISIOIINX
peain3oBaTh 00y4yeHHE IPOrpaMMUPOBAHUIO B HECKOJIBKUX
cpenax pa3pabOTKH Ha pa3IMyHbIX A3bIKaX (K IpUMepy, B
cpenax Mblock, Arduino IDE, Ha si3p1kax Scratch, C,
Python, micro Python).

Kak MUHMMYM OJIMH U3 KOHTPOJIJIEPOB UMEET BCTPOCHHYIO
OIepallMOHHYIO cuctemy, BcrpoeHHsle Wi-Fi u Bluetooth,
MOPT /JIs1 HOJKITIOUEHHS TTOCIIEI0OBATENIbHO COEANHIEMbIX
BHEIIHUX yCTPOUCTB (He MeHee 20 0JTHOBPEMEHHO
MOJKIII0YaEeMBbIX YCTPOHCTB).

Kax MUHMMYM OJIMH U3 KOHTPOJIJIEPOB UMEET BO3MOKHOCTh
OJIHOBPEMEHHOM 3aIlMCH HE MEHEE & Iporpamm, C
BO3MO>KHOCTBIO IEPEKIIIOUEHUST MEKTY HUMHU.

Kak MMHMMYM OJJMH U3 KOHTPOJIJIEPOB UMEET
notHOUBETHBIN auctuieit (IPS), mo3Bomstomuii BEIBOIUTH
JTaHHBIE C IATYUKOB B BUJIE TAOIHUIl ¥ TPaUKOB, a TAKXKE
CO3/1aBaTh BCTPOCHHBIE B KOHTPOJIJIEP BUICOUTPHI.
KonnuecTBo ceHCOPOB M UCIIOIHUTEIBHBIX YCTPOMCTB,
BCTPOECHHBIX B OJIH U3 KOHTPOJUIEPOB, - HE MeHee 10 mIT.
Ob1iee KOMMYEeCTBO 7€MEHTOB B Habope He MeHee 400 miT.,
B TOM YHCJIE TIOJIKJIFOUYAEMbI€ MOJIYJIU:

- Bluetooth moynb,

- TBOMHOM JaT4YWK JTUHUH,

- YJITPa3BYKOBOM JAaTUYMK PACCTOSHUA,
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- JaTYUK LIBETA,

- JaTYUK KacaHUs IEKTPOMEXaHUYECKUM,

- IR monyib,

- MOTOP IOCTOSIHHOT'O TOKa C PEIYKTOPOM — HE MEHee 2 IIT.,
- CEPBOIIPUBO,

- IyJIbT AUCTAHIIMOHHOrO ynpasieHus IR.

HaGop nomkeH ObITh YKOMILIEKTOBAH aKKyMYJIATOPHBIMU
Oarapesmu.

[TporpammMHoe o0ecrieyueHue, UCTI0NIb3YeMOe JUIs
IPOTPaAMMHUPOBAHUS COOMPAEMBIX pOOOTOTEXHUYECKUX
MoJiesiel U yCTPOMCTB, JOKHO OBITh IOCTYITHO JUIS
OecriaTHOrO CKaunMBaHUs U3 ceTu MHTepHeT u
IOCJIEAYIOLIETO HCIOIb30BaHMS.

Ha6op OI'D/EI'D (dusuka)

Pexomennyercst popmupoBats Habop OI'D/ETD,
HO3BOJISIFOIINH TPOBOJUTH MPAKTUYECKUE 3aJaHUs TIPH
MPOBEICHUH OOIIETO rOCyIapCTBEHHOTO K3aMeHa 0
(bu3uKe C UCIOIB30BAHUEM COOTBETCTBYIOIIECH
71ab0paTOPHOM MOCY/IBI, PEAKTUBOB, YIEOHO-
JIEMOHCTPAIIMOHHOTO 000PYA0BaHMUSL.

[Tpu hopmMupOoBaHUN PEKOMEHYETCS YIUTHIBATh
(bakTHuecKyto MoTpeOHOCTh 00pa30BaTEIbHBIX
Opra"u3aluu.

11

Ha6op OI'D o xumun

B Habop BXoasT Bechl 1abopatopHble dekTpoHHbIe 200 T,
CIIUPTOBKA JabopaTopHas, BOPOHKA KOHMYECKasl, al04Ka
crexisHHas, npodupka [1X-14 (10 mryk), crakaH BRICOKHI
¢ HocukoM BH-50 ¢ meTkoii (2 mTykn), HUIXHAD
u3MepuTenbHbli 2-50-2 (CTEKISTHHBIHN, ¢ TPUTEPTOI
KPBILIKOH), ITaTUB JUIs MpoOupok Ha 10 rHé3a, 3akuM
pOOUPOYHBIH, MINaTeNb-I0KeuKa (3 mTyKH), Habop
(1aKOHOB I XpaHEHUs! paCTBOPOB U pEaKTUBOB (00BEM
¢nakona 100 My - 5 KOMIJIEKTOB 110 6 MTYK, 00bEM
¢naxona 30 mi - 10 KOMIUIEKTOB 10 6 IITYK), HAIHHAD
M3MEpUTENbHBIN ¢ HocukoM 1-500 (2 mTykn), cTakan
BbIcOKHH 500 M1 (3 mITYKH), HAOOP epIIeH NI MBIThS

ImT.
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HOCYZBI (€pII AJIST MBIThSI IPOOMPOK - 3 IITYKH, €pIIl IS
MBITBS KOJIO - 3 mITyKH), Xanat 6enbii x/0 (2 mrykn),
HepYaTKH PE3MHOBBIC XMMUYECKHE CTOMKHE (2 ITYKH), OYKH
3ammTHBIE, GUIbTPbl OyMaxuble (100 mTyk), roprouee s
criupToBok (0,33 ).

B coctaB Habop BXOJAT peaKkTUBbI: AIFOMUHUMN, KEJIE30,
COJISTHAs! KMCJIO0Ta, METHIIOPAHXK, (PeHON(TaIeHH, aMMHAK,
MIEPOKCH/T BOJIOPO/a, HUTPAT cepedpa u Apyrue; B o0IIei
CIIOKHOCTH - 44 pa3Iu4HBIX BEIIECTB, UCIIOIb3yEMbIX IS
COCTaBJICHUS] KOMIUIEKTOB PEAKTHUBOB IIPH MPOBEACHUHT
9K3aMEHAIIMOHHBIX SKCIIEPUMEHTOB I10 KYpPCY IIKOJIBEHON
XUMHH.

Pexomenpayercs popmupoBats Habop OI'D/ElD,
MO3BOJISIOMINI POBOAUTH NPAKTUIECKUE 331aHUS TIPU
IPOBEJICHUH OOIIEr0 roCyapCTBEHHOT0 SK3aMeHa 10
XMMHHU C HUCTIOJIb30BAHNEM COOTBETCTBYIOMICH
71a00paTOPHOI! MOCY/Ibl, PEAaKTUBOB, YUeOHO-
JIEMOHCTPAIIMOHHOTO 000PYIOBaHMUSL.

[Tpu hopmMupoBaHUN PEKOMEHTYETCSl YIUTHIBATh
(bakTHUecKyto MoTpeOHOCTh 00pa30BaTEIbHBIX
Opra”u3aluu.

Muxkpockon nuppoBoi

Tun Mukpockona: OMoNIOruuecKui

Hacanka MUKpOCKOna: MOHOKYJIIpHAst
Ha3nauenwue: nabopatopHbIii

Meton uccnenoBaHus: CBETIOE N0JIe
Matepuan OnTHKU: ONTUYECKOE CTEKIIO
YBenuueHne Mukpockona, kpat: 64 — 1280
Oxyisipsl: WF16x

OO6wexTuBsl: 4x, 10x, 40xs (moaAnpyKUHEHHBIH )
PeBonbBepHas ronoBka: Ha 3 00bEKTHBA

Tun NoACBETKHU: 3€pKajio WIHA CBETOINO/
PacrnionosxeHre moJICBETKU: BEPXHSISI U HUKHSS
Marepuan kopmyca: MeTal

IIpenmertHsiil cTouk, MM: 90

11
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HUcroynuk nuranus: 220 B/50 I'n
Ywucio Mmeramukcesneii: 1

Hudposas nabopaTopust Mo
9KOJIOTHH

Ob6ecnieunBaeT NpoBeACHUE Y4eOHOTO HIKOJIOTHYECKOTO
MOHUTOPUHTA HHCTPYMEHTAJILHBIMUA METOAaMHU.

Habop npumensieTcs npu U3y4eHUU 3KOJIOTUH, OUOJIOTHH,
XUMHH, Teorpaduu U IPUPOIOBEICHUS, a TAKXKE JUIS
WHJVBUIyaJIbHBIX UCCIIEI0BAHUS U IPOEKTHON
JIeATETbHOCTH IIKOJIbHUKOB.

Kommnekramnus:

becnipoBoAHONM MYIBTUAATYHK I10 IKOJOTUYECKOMY
MOHUTOPHUHTY C 8-10 BCTPOCHHBIMH JIATUNKAMMU:

JlaT4uK HATpAT-MOHOB

JlaTuuk XJI0pUA-NOHOB

Hatuuk pH ¢ nuamazonom usmepeHus He yxe yem ot 0 10
14 pH

Hatunk BnaxHocTH ¢ quanazonom usmepenus 0...100%
JlaTurK OCBEIIEHHOCTH C JUANla30HOM U3MEPEHHUS HE YxKe
geM oT 0 mo 180000 nkx

JaTuurk TeMiiepaTypsl C 1Maa30HOM U3MEPEHUS HE yKe
yem ot -20 10 +140C

JlaT4uK 31eKTpOoNnpOBOAMMOCTHU € AUANIa30HAMU U3MEPEHUS
He yxke yeM ot 0 10 200 MxCwm; ot 0 10 2000 MxCwMm; oT 0 110
20000 MxCm

JlaTuuk TeMIiepaTypbl OKpYyKaroiel cpeibl C TUana3oHoM
u3MepeHus He yxxe 4em oT -20 1o +50C

OtnenpHBIC TaTYUKA U MYJIbTHAATUAKY:

JlaTtuuk 3ByKa ¢ QyHKIMEH HHTETPUPOBAHUS C TUATIA30HOM
n3MepeHus 4actot He meHee yeM oT S50 'y mo 8 kI '1;
JlaT4uK BIaXXHOCTH MOYBHI C IMANA30HOM U3MEPEHUS HE
yxke gem ot 0 10 50%

JlaTunk oKMcH yriaepoja ¢ AMana3oHOM U3MEPEHUs HE YiKe
yeMm ot 0 1o 1000 ppm

MynbTHIATYUK ONTUYECKON MIIOTHOCTU U MYTHOCTH CO
BCTPOCHHBIMH JTATYNKAMM:

ImT.
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Jatunk ontudeckor minoTHOocTH 470 HM ¢ AUamma3oHOM
u3mepenus ot 0 10 2 D

JlaTuuk onTHYECKOM MIOTHOCTH 525 HM ¢ Auama3oHOM
u3mepenus ot 0 10 2 D

Jatuuk ontrdeckoi mioTHOcTH 630 HM ¢ AUana30HOM
u3mepenus ot 0 10 2 D

JlaTunk MyTHOCTH pacTBOPOB C IMANa30HOM U3MEPEHUs OT
0 10 200 NTU

Akceccyapsl:

Ka6ens USB coennuuTensHbIN (2 mT.)

3apsigHOe yeTpoiicTBo ¢ kabenem miniUSB

USB Apnanrep Bluetooth 4.1 Low Energy

CrepikeHb JUIsl 3aKpeTIeHUs JaTYNKOB B IITATUBE
KpaTkoe pykoBOJCTBO 10 3KCIUTyaTaluu HUppoBoit
nJabopaTopun

[IporpammHuoe obecrieueHue

Metoauueckue pekomeHaanuu He menee 20 pabot
YnakoBka

Hannuue pycckosA3bIMHOTO caiTa MOJIEPKKH, HAIUINE
BHJICOPOJIMKOB.

[udposas nadopaTopus 1no
¢buznonoruu (mpouIbHBIN
YPOBEHD)

ObecneunBaeT NMPOBEACHNE HCCIEIOBAHUS IO
(GYHKIIMOHUPOBAHUIO YEIOBEYECKOTO OPraHu3Ma.
Kommnekrarusi:

becripoBogHON MyIbTUAATYUK IO (PU3UOJIOTUH C 5-10
BCTPOEHHBIMH JaTYUKaMHU:

Hatuuk aprepuanbaoro gasieHus (0...250 mm prt. CT.)
JlaTuuk nynbca ¢ 1Mana3oHoOM U3MEpPEHUs He yxe ueM oT 30
1o 200 ya/muH

JlaTuuk TeMiieparypsl Teja ¢ Juana3oHOM U3MEpPEHUS He
yxke gem oT +25 mo +40C

JlaTunK 4acTOTHI JbIXaHUS C JUANa30HOM U3MEPEHUS HE
yxe ueM oT 0 1o 100 uukiIoB/MUH

JlaTunk yckopeHus ¢ mokasaTtessaMu +2 g; +4 g; £8 g
OTtnenbHbIE YCTPOICTBRA:

11
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Haruuk OKI' ¢ nnana3zoHoM u3MepeHus He yxxe yem oT -300
1o +300 mMB)

JlaTuuk cuiomMep ¢ quanazoHoOM U3MepeHHs He yke ueM oT 0
1040 H

JlaTuuK OCBEIIEHHOCTH C JHAa30HOM U3MEPEHUS HE yKe
gem oT 0 1o 180000 nx

Axceccyaphl:

Ka6ens USB coeqnHUTENBHBIH

3apsigHoe ycTpoiicTBo ¢ kabenem miniUSB

USB Apnanrep Bluetooth 4.1 Low Energy

KpaTkoe pykoBOJCTBO M0 3KCIUTyaTauu U poBoit
naboparopuu

[TporpamMmmHoe obecrieueHuE

Metoauueckue pekomeHanuu He menee 20 pabot
Hanuuue pycckosi3pIuHOTO caifTa MOJAePKKU

Hanuuue Buaeopoamkos.

3. HammenoBanmue pasaena: «KomnbelorepHoe 000py1oBaHue»

MHoro¢pyHKI1OHAIbHOE
YCTPOKICTBO (MIPUHTEP, CKAHED,
KOIUD)

Tun yctpoiictBa: MHOroyHKIIMOHAIBHOE YCTPOICTBO
(MDY);

[{BeTHOCTD MeuaTh: YepHO-Oenas;

TexHomorus nevatu: 3aekTporpaduyeckas (JlazepHas,
CBETOMOJIHASA);

dopwmar neyatu: He MeHee A4;

Tun ckaHUpOBaHUS: MPOTSHKHBIN/TUTAHIIETHBIN;
Bo3moxHOCTh ckaHMpoBaHUs B (popmaTax: He MeHee A4;
Cnoco6 monkmouenusi: LAN, Wi-Fi, USB

11

HoytOyx

dopm-dakTop: HOYTOYK;

Pa3zmep nuaronanu: He meHee 15.6 m10iiMOB;
Paspemenue skpana: Full HD, Quad HD unu Ultra HD;
OO6muii 00beM yCTaHOBJIEHHOM ONEpaTUBHOMN MaMsATH: HE
MeHee 8 ["0aliT;

MakcumanbHBIN 00N MTOICPKUBAEMBIH 00bEeM
oIrepaTuBHOM mamsTu: He MeHee 16 ['6aift;

O0veM SSD nakomnurtensa: He MeHee 240 I'0aiiT;

ImT.
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becnipoBoanas cBszb: Wi-Fi;

KonuuecTBo BcTpoeHHbIX B kKopiyc noptoB USB: He MeHee
2, U3 KOTOphIX He MeHee | momkHo ObiTh USB Bepcun He
auxe 3.0;

Pa3pemenne B30-kamepbl, Mmkcens: He menee 0.3;
Bcerpoennsiit Mukpodos;

KnaBuarypa ¢ packiiagkoil 1 MapKMpPOBKOW KJIaBHUII
QWERTY/ULYKEH;

[Tonnepskka cTaHAapTOB OECIIPOBOAHOM CBSI3U:
802.11a/b/g/n/ac;

[Tpou3BOUTENBHOCTH Mpolieccopa (3HaUeHHE TTOKa3aTeNs
«CPU Mark» mo tecty «Laptop & Portable CPU
Perfomance» http://www.cpubenchmark.net/laptop.html): ne
Menee 5000 enuHwMIL;

Hanuuue MaHumynsTopa MbIlb B KOMILJIEKTE: Ja;
YcTaHoBIIEHHAs OllepallMOHHAs CUCTEMa C rpapuuecKuM
M0JIb30BaTEIbCKUM UHTEp(EicoM, CBEACHUS O KOTOPOM
BKJIFOYEHBI B €INHBIN PEECTP POCCUUCKUX MPOrPaMM IS
AJIEKTPOHHBIX BBIUUCITUTEIHHBIX MAITMH U 0a3 JaHHBIX;
YcTaHOBNEHHBIN MAKeT OPUCHOTO TPOrPAMMHOTO
o0ecrnevyeHnst, COBMECTUMOI'O C YCTaHOBJIEHHOM
OIEpallMOHHON CUCTEMOM, CBEIEHUS O KOTOPOM BKJIFOUEHBI
B €IMHBIN PEECTP POCCUNUCKUX MPOTPamMM IS SJIEKTPOHHBIX
BBIUMCIIUTENbHBIX MAllIUH U 0a3 TaHHBIX.

HanmenoBanue HanpasiieHusi: «O0opyaoBaHue 1Jisi 0011e00pa30BaTe/JIbHbIX OPraHNu3alUil, ABJISIOIMXCH MAJTOKOMILIEKTHBIMID)

1. HammenoBaHnue pa3zena: «KEcrecTBeHHOHAYy4YHAsi HANIPABJIECHHOCTb)»

ObecneunBaeT BHIIOJIHEHUE SKCIIEPUMEHTOB IO TEMaM
Kypca (QU3uKH.

Kommnekrarusi:
Hudposas nadboparopust 1o becripoBogHON MyIBTUAATYUK IO PU3UKE C 6-10 wr 38
¢duzuke (yueHUUecKas) BCTPOCHHBIMU JATYMKAMHU: '

[MudpoBoit JaTyuK TeMIepaTyphl ¢ AUAMA30HOM U3MEPEHUS
He yxe ueM ot -20 1o 120C
[{udposoit gaTunk abCOTOTHOTO JABICHUS C AUATTA30HOM
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n3Mepenus He yxe yem ot 0 go 500 klla

JlaT4rK MarHUTHOTO MOJISA C AUANIa30HOM U3MEPEHUS HE YKe
yeM 0T -80 go 80 MTn

JlaTuuk HanpsKEHUs ¢ Auana3oHaMy U3MEPEHUsS HE YKe
yeM oT -2 1o +2B; ot -5 10 +5B; oT -10 mo +10B; ot -15 10
+15B

Jaruuk Toka He yxe 4eM oT -1 1o +1A

JlaTuuk akcerepoMeTp ¢ MoKa3aTessIMU HE MEHee ueM: +2 g;
4 g, 48 ¢

OTtaenpHbIE yCTPOUCTBA:

USB ocuunnorpad He meHee 2 kanana, +/-10 B
Akceccyapsl:

Kabens USB coennHuTeNbHBIN

3apsimHOE yeTpoiicTBO ¢ Kabermem miniUSB

USB Apnanrep Bluetooth 4.1 Low Energy

KonctpykTop /1t mpoBeieHUs SKCIIEPUMEHTOB

KpaTkoe pykoBOJCTBO M0 KCIUTyaTaluu U poBoit
naboparopuu

[IporpammHuoe obecrieueHue

Metoauueckue pekomenaanuu (40 padbor)

Hannuune pyccKosI3pIYHOTO caiiTa MOAIePKKU

Hanuuue BuACOpOINKOB.

Hudposas nadboparopust 1o XUMUU
(yueHmnueckas)

OO6ecnieunBaeT BHIMOIHEHNE TA00PATOPHBIX PadOT MO
XUMHUH Ha YPOKaX B OCHOBHOM IIKOJIE M IPOSKTHO-
HCCIIEIOBATENLCKOM IeATEIHbHOCTH yUAIIUXCSl.
Kommmnekranus:

becripoBogHON MyTBTUAATYUK IO XUMUH C 3-MsI
BCTPOCHHBIMH JTaTIUKAMH:

Hatuuk pH ¢ nuanazoHoM u3MepeHus He yxke 4em ot 0 1o
14 pH

JlaTuuK 37eKTPONPOBOAMMOCTH C JUANa30HAMH U3MEPEHUS
He yxke yeM ot 0 10 200 MxCwm; ot 0 10 2000 MxCwMm; oT 0 110
20000 mxCm

JlaTuuk TeMIiepaTyphl C TUaa30HOM U3MEPECHHS HE YKE

mT.
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yeM oT -20 go +140C

OtnenbHbIC TaTYUKH:

JlaTunk onTHYECKON IUIOTHOCTH 525 HM
Akceccyapbl:

Ka6ens USB coenqnHuTENEHBIN

3apsimHOE yCeTpoiicTBO ¢ kabenem miniUSB

USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe pyKoBOJCTBO IO IKCILTyaTaluu UGpoBoit
nJabopaTopuu

Hab6op nabopaTopHoit ocHacTKH

[TporpamMmmHoe obecrieueHuE

Metoauueckue pekomenanuu He menee 40 pabot
Hanuuue pycckosi3pIuHOTO caifTa MOJAePKKU
Hanuuue Buaeopoamkos.

Hudposas nabopaTopust Mo
ouooruu (yueHU4ecKasi)

OObecnieunBaeT BBINOJIHEHUE JTA00PATOPHBIX paboOT Ha
YpOKax 1Mo OMOJIOTHH B OCHOBHOM IIKOJIE ¥ IPOCKTHO-
MCCJIE0BATENbCKOM IEATETbHOCTH yYalIUuXCsl.
Komnnexkranus:

becripoBogHON MyTBTUAATYUK IO OMOJIOTHU C 5-10
BCTPOCHHBIMH JIATYUKAMH:

JaTtunk BnaxHocTH ¢ quanazonoM umepenus 0...100%
JlaT4rK OCBEIIEHHOCTH C TUANa30HOM U3MEPEHHUS HE YKe
yeMm oT 0 mo 180000 nx

Hatuuk pH ¢ nuama3zoHoM n3mepeHus He yxe uem ot 0 10
14 pH

JaTuuk TemriepaTyphl ¢ TUAa30HOM U3MEPEHHS HE YKE
yem ot -20 1o +140C

JlaTuuk TeMIiepaTypbl OKpYKaromiel CpeIbl C TUama3oHoOM
u3MepeHus He yxe 4em oT -20 o +40C

Axceccyapsl:

3apsitHOE yeTpoiicTBO ¢ kabenem miniUSB

USB Anantep Bluetooth 4.1 Low Energy

KpaTkoe pykoBOJCTBO MO KCIUTyaTaluu UG pOBOit
nabopaTopun

ImT.
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[Tudposas BugeOoKkaMepa ¢ METAIIIMYECKUM ILTATUBOM,
paspemenue He meHee 0,3 Mnukc

ITporpammHoe oOecrieueHue

Metoauueckue pekomenanuu He menee 30 padot
VYnakoBka

Hannyue pyccKosA3bIYHOTO caiTa NOAAEPKKU, HAIMYHE
BHUJICOPOJIMKOB

2. HaumeHoBaHmue pa3aejia: «I[OHOJ'IHI/ITCJ'ILHOQ 060py1103a1me»

OobpazoBatenbHbIN HAOOp 11
M3y4eHHUs] MHOTOKOMITOHEHTHBIX
POOOTOTEXHUUECKUX CUCTEM U
MaHMITYJIIUOHHBIX pOOOTOB

OO6pa3oBaTebHbIN HAOOP TOJDKEH OBITh MpEIHA3HAYCH TS
M3y4eHUs1 pOOOTOTEXHUYECKUX TEXHOJOTUM, OCHOB
WH(POPMAITMOHHBIX TEXHOJOTUHA U TEXHOJOTHMA
MIPOMBIIUICHHON aBTOMATU3ALINH, a TAK)KE TEXHOJIOTHI
MPOTOTUIIMPOBAHUS U AJIUTUBHOTO TPOU3BOJICTBA.

B coctaB Habopa M0KHBI BXOJUTH KOMILIEKTYIOIINE U
ycTpoiicTBa, 001a1ar01IKe KOHCTPYKTUBHOM, anmnapaTtHoil u
MIPOrpaMMHOI COBMECTUMOCTBIO JPYT C IPYTOM.

1) KoMIuIeKT KOHCTPYKTUBHBIX SJIEMEHTOB U3 METalljia U
MJIACTUKA JIsl COOPKU MOJENIe MaHUITYIISIIUOHHBIX POOOTOB
C YIJIOBOW KMHEMATUKOM, INIOCKONIapaJIeIbHON
KuHeMaTHKoH, Delta-kuHeMaTHKOM.

2) NnTennekTyanbHbIi CepBOMOAYIb C UHTEIPUPOBAHHOM
CHUCTEMOM yTIpaBJICHUS - HE MEHee 71IIT.

CepBoMOIyb 10JKEH 00J1a/1aTh HHTETPUPOBAHHON
CUCTEMOH yTpaBJIeHHMsI, 00ecrieurBaroiel 0OpaTHYIO CBSI3b
WJIM KOHTPOJIb TAPaMETPOB - MOJI0KEHUE Bajia, CKOPOCTh
BpaIleHus1, Harpy3Ka IMPUBO/JIA, @ TAKKE 00ECIICUNBAIOIICH
BO3MO>KHOCTh TIOCJIEIOBATEIHHOTO TOAKIFOUEHHSI IPYT C
JIPYTOM | YIIPaBJIEHUS CEPBOMOIYIISIMHU TIO
MOCJIEI0BATEIbHOMY MONYYIUIEKCHOMY aCHHXPOHHOMY
uHTepdeiicy.

3) PoGoToTexHIUECKUN KOHTPOIJLIEP, TPEICTABIISIFOIIHIA
c000¥ MOYJILHOE YCTPOMCTBO, BKITIOUAIOIEEe B Ce0s
OJIHOILJIATHBIN MUKPOKOMIIBIOTEP IS BBIMIOJTHEHUS
CJIOKHBIX BBIYMCIUTENBHBIX ONepanuid, nepudepuitHbIi
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KOHTPOJUIEP Ul YIIPABIEHHS BHEIIHUMHU YCTPOMCTBAMU U
IUIaTy paclIMpPEHus JJIs IOIKIIOUEHHS BHEIIHUX YCTPOMCTB.
Mozaynu po60TOTEXHUYECKOT0 KOHTPOJLIEPA T0JIKHbI
00Ja1aTh OIHOBPEMEHHON KOHCTPYKTUBHOM, anmnapaTHON U
IPOrPpaMMHOM COBMECTUMOCTBIO JIPYT € IPYIOM.
PobGoToTexHruecknii KOHTPOIJIEP JOJKEH YI0BIETBOPATH
TEXHUYECKUM XapaKTEPUCTUKAM: KOJI-BO AJI€p BCTPOEHHOT'O
MUKpPOKOMIIbIOTEPA - HE MEHEE 4, TAKTOBas 4acToTa si/pa -
e meHee 1,2 [T, oobem O3V - He meHee 512 MO, Hanuume
untepdeiicos - SPI, 12C, 1-wire TTL, UART, PWM,
U(pOoBbIE - HE MEeHee 16 T U aHaJIOrOBbIE OPTHI - HE
MeHee 8 IIT I MOAKJIIOUEHHUSI BHEIIHUX YCTPOUCTB,
BCTPOEHHBIN MUKpPOdOH, a Takke WiFi wiu Bluetooth s
KOMMYHMKAIMHU CO BHEIIHUMHU YCTPOWCTBAMHU.
PoOoToTexHrueckuili KOHTpoOJUIEp IOJKEH o0ecreunBaTh
BO3MOXKHOCTb IPOTPaMMHUPOBAHUS C IIOMOILBIO CPEJICTB
s3pikoB C/C++, Python u cBo60HO pacnpocTpaHsieMon
cpensl Arduino IDE, a Takxke ynpaBiieHUus MOJEIIMU
POOOTOTEXHUUECKHUX CUCTEM C TTOMOIIBIO cpeasl ROS.

4) ITporpaMMupyeMblit KOHTPOJIIEP - HE MeHee 11IT.
[TporpammupyemMbIii KOHTPOJUIEP TOJKEH MPEACTABIIATH
co00M BBIYMCIUTENbHBIN MOAYIIb, 00JIaAat0IUM

1M (POBBIMU IOPTAMHU - HE MEHEE 8 IIT U aHAJIOTOBBIMU
nopramu - He MeHee 16 mT, untepdeiicamu UART, 12C,SPI,
TTL, a Taxke MoyseM OeCIpOBOIHOM CBSI3U THIA
Bluetooth unu WiFi ans co3nanus anmaparso-
MPOrPaMMHBIX peleHui U "yMHBIX/cMapT"-yCTPOUCTB IS
pa3paboTku pertenuit "MHTepHer Bemeit".

5) Ilnara pacummpenus NporpaMMUpPyeMOro KOHTpoJLIepa —
He MeHee 11uT. [Inara pacimmpenus qomKHa 00ecieunBaTh
BO3MO>KHOCTh MOJKITIOYEHHS] YHUBEPCATIHLHOTO
BBIUYHCIUTEIBHOTO MOJYJIS K CETH ITOCPEICTBOM
untepgeiica Ethernet. [1nara paciupenus nomxHa
001a1aTh MOPTaMH BBOJIa-BBIBO/IA IS TIOAKIIIOUCHHS
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U(POBBIX U AHAJIOTOBBIX YCTPOUCTB — HE MeHee 40 miT,
untepdeiic SPI 1 BO3MOKHOCTBIO MOAKIIOUEHHST BHEITHEH
KapThl IaMATH.

6) Moaynp TEXHUYECKOTO 3pEHUs, IPEACTABIAIOINN cO00M
YCTPOMCTBO Ha 6a3e BBIYMCIUTEIBHOIO MUKPOKOHTpOJLIEpa
¥ MHTETPUPOBAHHOM KaMepbl, oOecrieunBaroniee
pacrio3HaBaHHMe NPOCTEUIINX U300pakeHUI Ha MOJyIIe 3a
CYeT COOCTBEHHBIX BBIYHCIUTEIBHBIX BO3MOKHOCTEH - HE
MeHee 1mT;

Moysib TEXHUYECKOTO 3pEHUSI JOJKEH 00eCcTIeunBaTh
BO3MOYKHOCTh KOMMYHUKAIIUU C aHAJIOTUYHBIMU MOZYJISIMU
IIOCPEACTBOM IIMHBI Ha 0a3e MoCe0BaTENbHOIO
uHTepdeiica ¢ Lenblo JanbHelIel nepegadn pe3yibTaToB
M3MEpPEHUI rpynibl MOAYJIEH Ha YIpaBIIsItoOIIEe
BBIYUCIIUTENILHOE YCTPOICTBO, MOJKIIOYEHHOE K JJAHHOM
HIVHE.

Monyb TEXHHYECKOTO 3pEHUs 10JKEH 00ecrieunBaTh
BO3MOXKHOCTb OCYILIECTBIISITH HACTPOUKY MOJTYJIS
TEXHUUYECKOT'0 3pEHMSI - HACTPOMKY SKCIO3UIINHU, OamaHca
0es10ro, IBETOPa3HOCTHBIX COCTABIISIOIINX, IIOIIAAH
oOHapyXuBaeMoi 00J1aCTH U300paKEHUs, OKPYTIOCTH
oOHapyKuBaeMo# 00JIaCTH N300pakeHUs], TOJIOKEHHE
0OHapyXUBaeMbIX 001acTeil OTHOCUTENBHO JIPYT JIpyra.
Moy TEXHUYECKOTO 3pEHUs 10JKEH 00ecrieunBaTh
BO3MO)XHOCTh HACTPOWKH Ha OJTHOBPEMEHHOE OOHApyKEeHUE
He MeHee 10 pa3Iu4HbIX OJJMHOYHBIX OOBEKTOB B CEKTOPE
0030pa, 1100 HEe MeHee 5 COCTaBHBIX OOBEKTOB, COCTOSIIINX
U3 He MeHee 3 pa3IMyHbIX rpauuecKUX MPUMUTUBOB.
Motynb TEXHUYECKOTO 3pEHUS JOJKEH 001a1aTh
BcTpoeHHbIMU uHTepdeiicamu — USB, UART, 1-wire TTL,
12C, SPI nyis KOMMYHHKAIMKA CO BHEITHUMU
MOJKII0YaeMbIMHU YCTPOWCTBAMH.

7) B coctaB Habopa 10JI>KHBI BXOAUTH HU(POBHIE
MH(OPMALOHHO-CEHCOPHBIE MOYJIH, NIPEJICTABIISIONINE
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co0oii ycTpoiicTBa Ha 6a3e MPOrpaMMUpPyeEMOro
KOHTPOJUIEPA U H3MEPUTEITHHOTO HJIEMEHTA.

[Tudposoit MOyb NOKEH 00J1aAaTh BCTPOEHHBIM
MUKpPOKOHTPOJUIEPOM (TaKTOBAs 4acToTa - HE MeHee 16
MI 11, muHa naHHbBIX — He MeHee 8 KOaliT), matepdeiicamu
JUTS IOJKJTFOUEHUS K BHEITHUM yCTPOCTBaM: IIU(PPOBBIE U
anajoroBsie mopThel, 1-wire TTL, pazsem Tuna RJ.
LudpoBoii MOIYTH JOIHKEH 00ecTiedYnBaTh BO3SMOXKHOCTD
KOMMYHHKAIMH C aHAJOTMYHBIMU MOAYJISIMU TIOCPEICTBOM
IIMHBI Ha 0a3e MoCIIe0BaTeIbHOr0 HHTEpdeiica ¢ TeNbo
JanpHeiel nepegadn pe3ysibTaToB U3MEPEHUH IPYIIIbI
MOJyJIel Ha YIPaBJISIOIIee BHIYUCIUTEIBHOE YCTPOUCTBO,
HOJKJIFOYEHHOE K JJaHHOM IIIKHE.

B cocraB Habopa qOHKHO BXOIUTH: HU(POBOM MOTYITh
TAaKTOBOM KHOIIKM — HE MeHee 311T, uudpoBoil Moyib
CBETOAMO/A — HE MEeHee 31T, U(PPOBOI MOAYIIb KOHIIEBOTO
npepbIBaTens — He MeHee 31UT, HU(POBO MOy b 1aTYHKA
1BeTa — He MeHee 11T, udpoBoiit Mmoayins RGB cBeroanona
— He MeHee | mT.

8) B coctaB HaOopa 10MKHBI BXOAUTH 3JIEMEHTHI IS
cOOpKH BaKyyMHOTO 3aXBaTa: BaKyyMHasi IIPUCOCKA — HE
MeHee 11T, 3IeKTpOMarHuTHBIN KilanaH — He MeHee 11T,
BAKyyMHBII HACOC — HE MeHee | mT.

9) B coctaB Habopa H0JKEH BXOJIUTh YU€OHbII KOMIUIEKT,
BKJIIOUAIOLUH B ce0s yueOHOoe mocodue, Habop OubInoTeK
TPEXMEPHBIX IIEMEHTOB JJIsl IPOTOTUITUPOBAHMS MOJIENIEH
MaHHITYJISIITHOHHBIX pOOOTOB, a TAK)KE IPOTPAMMHOE
obecrieyeHue A paboThl C HAOOPOM.

[IporpammHuoe obecrieueHne JOMKHO 00eCTIeYnBaTh
TPEXMEPHYIO BU3YAIM3AIIUIO MOJIETH MAaHUITYIISIIIMOHHOTO
poboTa (C yriIoBOH, TIIOCKOMapauIeIbHON U JIeNTbTa-
KHHEMaTHUKOI) B Ipoliecce paboThl, 06ecreunBaTh
MOCTPOCHHE IPOCTPAHCTBEHHON TPACKTOPHH JABIKEHHSI
MCTIOJIHUTEJILHOTO MEXaHN3Ma MaHUIYJSIIIMOHHOTO po0oTa,
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BO3MOXXHOCTbH 3aJ[aHHsI ITOCJIEIOBATEIbHOCTH TOYEK IS
MIPOXOXKICHUS Yepe3 HUX UCIOJIHUTEIIHOIO MEXaHU3Ma
MaHUNYISUOHHOTO poboTa. [Iporpammuoe obecneuenue
JOJKHO (DYHKIIMOHUPOBATH, KAK B OTJCIBHOCTH B BHJIC
Cpelbl MOIETTUPOBAHUS, TaK U B peKMME MOHUTOPUHTA B
pealbHOM BPEMEHH MPHU MOAKIIOUEHUN MOACIIN
MaHUIYJSATOPA MOCPEICTBOM POOOTOTEXHUUECKOTO
KoHTposuiepa. [IporpaMMHOe oOecrieueHre TOJKHO
obecrneynBaTh BO3MOXXHOCTh MTOCTPOCHUS IpapuKoB
3aJIaHHBIX M TEKYIIHUX 0000IIEHHBIX KOOPIUHAT
MaHUNYJSIUOHHOTO poO0Ta, rpaMKOB 3HAYEHUI
CKOPOCTEH B YCKOpEHUsI, TPaUKOB PACYCTHBIX 3HAUCHUHN
Harpy3ku. [IporpammHoe obecriedeHre JOIKHO MO3BOJIATh
3a/1aBaTh MOCIEA0BATEIIBHOCTD MEPEABUKEHUN
MaHUMYJSATOpa MOCPEICTBOM Habopa KOMaH/ B OJI0YHO-
rpaduyeckom uHTEpdEiice.

YuebHoe nocobue AOIKHO CoAepkKaTh MaTepHalIbl O
pa3paboTKe TPEXMEPHBIX MOjIeNIel MOOMIBHBIX pOOOTOB,
MaHUTYJISITUOHHBIX POOOTOB C PA3TUYHBIMU THITAMU
KMHEeMaTuKH (yrJioBas KWHEMaTHKa, TUIOCKO-TapasuiebHas
KHHEMAaTHuKa, nenbTa-knHeMatuka, SCARA unum peraaskHast
KMHeMaTuka, ardopma CtroapTa U T.11.), HHCTPYKIIMHU TI0
MIPOEKTUPOBAHUIO POOOTOB, HHCTPYKIIMH U METOJUKH
OCYIIECTBIICHUS] HH)KEHEPHBIX pAacUueTOB MpU
MIPOCKTUPOBAHUH (paCcUEeThl HATPY3KU U MOMEHTOB, pacueT
MOIIHOCTH MIPUBOJIOB, pacdeT NapaMeTpOB KHHEMATUKH U
T.I1.), FHCTPYKIIUH T10 pa3pabOTKe CUCTEM YIPaBICHUS U
MPOrPaMMHOTO O0ecTieueHus AJisl yIpaBIeHUs pOOOTaMu,
WHCTPYKIIUU U METOJIMKH TI0 pa3pabOTKe CUCTEM
yIpaBIeHUS C SJIEMEHTaMU UCKYCCTBEHHOTO UHTEIJICKTA U
MaITMHHOTO O0YJCHHSI.

YetbipéxoceBoit yueOHbIN poOOT-
MaHHITYJISATOP C MOJYJIbHBIMU
CMEHHBIMH HacaIKaMu

Y4eOHbIil poOOT-MaHUITYJIATOP MPEIHA3HAYEH JIJIsI OCBOCHHUS
00y4aromyuMHUCsS OCHOB POOOTOTEXHUKH, JUISI TOJITOTOBKH
00y4aroIuXcsi K BHEPEHUIO U MOCTIEIYIOLEMY

mT.
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HCIOJIb30BaHUIO0 POOOTOB B IPOMBILUIEHHOM MPOU3BOCTBE.
KonuuectBo oceit poboTa MaHUIYJIATOPA - YETHIPE.
[lepemenieHe MHCTPYMEHTA B IPOCTPAHCTBE IO TPEM OCSIM
JIOJKHO YIPABISATHCS IArOBBIMU JIBUTATEIISIMU.
Harmpshxenne nmuTaHus maroBeIx ABuraresneii He 6osuee 12 B.
CepBoBHTaTENIb YETBEPTOM OCH JIOJDKEH 00ECTIeunBaTh
MOBOPOT HHCTPYMEHTA.

VYroi moBOpOTa MaHUITYJISITOPA HA OCHOBAHUHU BOKPYT
BEpTUKAJIbHON ocH He MeHee 180 rpamycos.

st onpeniesnieHus MOJIOKEHHST MAaHUTTYJIATOPA IPU TOBOPOTE
BOKPYT BEPTUKAIBLHOW OCH JIOJKEH HCIIOIb30BATHCS
SHKOJEP.

Yo noBopoTa 3a/IHEro Iieya MaHUITYJsITopa He MeHee 90
rpagycosB.

VY01 MoBOpoTa MEpPEeHEro Mieua MaHUMYJISTOpa HE MEeHee
100 rpagycos.

Jns onpenenenus MOJ0XKEHUS 3aJHETO U IEPEAHETO TIeY
MaHUIYJISATOPA 10JIKEH MCIOIb30BaThCSl THPOCKOM. YTOJ
MOBOPOTA IO YeTBepTOil ocu He MeHee 180 rpaaycos.
JomxHa OBITh BO3MOKHOCTh OCHAIICHHUSI CMEHHBIMH
HacaJKkaMu (HarpuMmep, JAepxKaTeslb KapaHaaiia uin
domMacTepa, IPUCOCKa C CEPBOJIBUTATENIeM, MEXaHUYECKOE
3aXBaTHOE YCTPOMCTBO C CEPBOJABUTATENIEM, YCTPOMUCTBO IS
Ja3epHON TPABUPOBKH WM YCTPOUCTBO 11 3D-nevartn).
MuHuManbHAsE KOMIUIEKTAIMsI CMEHHBIMU HACaIKaMU:
MTHEBMATUYECKHI 3aXBat (MPUCOCKA), MEXaHUUYECKUH 3aXBarT,
HacajKa JepKaTelb JUisl KapaHalia/MapKepa/pydaKu,
HAacaJKa MepeXoIHUK ISl KPEIJIEHUsI COBMECTUMBIX
KOHCTPYKTUBHBIX JIeTaJlel U KOHCTPYKIIMH, HacaIKa
Ja3epHO TPaBUPOBKH, Hacaaka 3D-nevaru (ams paboThI ¢
wiactukoM PLA ¢ nuametpom Hutu 1,75 Mm).

JlomkeH OBITh OCHAIIEH CEPBOMPUBOIOM IS
MTHEBMATHYECKOTO M MEXAaHHMYECKOTO 3aXBaTOB,
00ecreYnBarOIINM BPAIICHHE 3aXBAYCHHOTO 00BEKTa BO
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BpeMsl IepeMEIICHUs, TOBOPOT MEPEMEIIAEMOro 00bEKTa
BOKPYT BEpTUKAIBHOU ocu. [[ist obecrieueHus
(GyHKIIMOHUPOBAHMSI THEBMAaTUYECKOTO 3aXBaTa JOKEH
OBITh OCHAIIIEH BCTPOCHHOM B KOPIIYC MaHUITYJISTOpA
MIOMIIOM.

JlomkHa OBITH BO3MOXKHOCTb MOJIKIIFOUCHHS
JIOTIOTHUTEIbHBIX YCTPONCTB (HapuMep, TpaHCIIopTepa,
pernbca Ui nepeMenieHus podoTa, MmyJabTa YIpaBICHUs THIIA
JOKOMCTHK, KaMepbl MAILIMHHOTO 3PEHUS], ONITUYECKOTO
JaTYMKa, MOIYJsl OECIIPOBOIHOTO JIOCTYIIA).
PoboT-manumynarop qoikeH odbecrnedynBaTh nepeMelieHmne
HACaJIKi B IPOCTPAHCTBE, aKTUBALIMIO HACAKU,
BO3MO’KHOCTb ITOJIyYE€HHS] CATHAJIOB OT KaMephl U JaTYMKOB,
BO3MO>KHOCTH YIPABJICHUSI IONOJIHUTEILHBIMU
YCTPOMCTBAMU.

Marepuain kopiryca — amoMuHui. J{uamerp padodeit 30HbI
(6e3 ydera HaBECHOTO MHCTPYMEHTA U YETBEPTOM OCH) HE
menee 350 mm. UnTepdetic moaxmoueHus — USB.

JlomxeH nMeTh BO3MOKHOCTh aBTOHOMHOM paboThI U
BHEILIHETO ynpaBieHus. JJig BHEIIHETO YIIpaBiIEHUs JOJIKEH
OBITh MPEYCMOTPEH MYJIbT, MOAKIIOYaEMBIN K poOOTY 1O
Bluetooth.

VYrpapisomui KOHTPOJUIEP TOKEH ObITh COBMECTUM CO
cpenoii Arduino.

YrpaBastomuil KOHTPOJUIEP COBMECTUM CO CPENOM
porpaMMHUpPOBaHus Scratch U S36IKOM POTPaMMHUPOBAHUS
C.

Jlomxen obecriednBaTh MOBOPOT MO MEPBBIM TPEM OCSIM B
3a/IaHHBIN YTOJI ¥ HA 3a/IaHHBIN YTOJI, TOBOPOT 110 YETBEPTON
OCH Ha 3aJJaHHbIN yToJl, IBUKEHUE B KoopauHathl X, Y, Z,
nepeMenieHre Ha 3aJaHHOE PacCTOSTHUE 110 KOOpAUHATAM X,
Y, Z, nepenavyy JaHHBIX O TEKYIIEM MOJOKEHHUH YTIIOB,
nepeaady JaHHBIX O TeKYIUX KOOpAWHATAX HHCTPYMEHTA.
JloJbKeH moaiepKUBaTh MEPEMEIICHUE B ICKAPTOBBIX
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KOOPJMHATAX M yriax MOBOPOTA OCEH, C 3aJaHHON
CKOPOCTBIO U YCKOPEHHEM.

Turer nepeMerieHuii B 1€KapTOBBIX KOOPANHATAX:
JBIDKEHUE 110 TPACKTOPUH, IBUKECHHUE TI0 TPSMOU MEXKIY
JIBYMsI TOUKaMH, TIEPETIPHITUBAHNE U3 TOYKH U TOUKY
(mepenoc o0beKTA).

Kopnyc nomken ObITh B 3aIIUIICHHOM UCIIOMHEHUE (Ki1acca
He Hmxe [P20).

O06pasoBarenbHbli HabOp MO
MeXaHUKe, MEXaTPOHUKE H
POOOTOTEXHUKE

Ha6op nomxeH ObITh IpeHa3HAUEH AJIs TPOBEICHUS
y4€OHBIX 3aHATUHN MO U3YYEHUIO OCHOB MEXAaTPOHUKHU U
POOOTOTEXHUKH, TPAKTUUYECKOTO IPUMEHEHHUs 0a30BBIX
AIIEMEHTOB 3JIEKTPOHUKH U CXEMOTEXHUKH, a TAKXKE
HauboJsee pacnpoCTPaHEHHOM AIIEMEHTHOM 0a3bl U
OCHOBHBIX TEXHUYECKUX PEIICHUN, IPUMEHEMbIX IIPU
MIPOEKTUPOBAHUU U MPOTOTUITUPOBAHUH PA3IUYHBIX
MHXEHEPHBIX, KHOEPHETUUECKUX U BCTPAUBAEMBIX CUCTEM.
B cocraB Habopa JOKHBI BXOJUTH KOMIUIEKTYIOIUE U
yCcTpoiicTBa, 001a/1a10111M€ KOHCTPYKTUBHOM,
JJIIEKTPUYECKOM, alllapaTHON U MPOrpaMMHOU
COBMECTUMOCTBIO JPYT C APYTOM.

B cocraB Habopa JOmKEH BXOAUTh KOMITJIEKT
KOHCTPYKTUBHBIX 2JIEMEHTOB M3 METaJUIa JUIsl COOPKU
MaKeTa MaHUITYJIALIHOHHOTO POO0Ta U KOMILIEKT
METAJIINYECKUX KOHCTPYKTUBHBIX 3JIEMEHTOB JUIsl COOPKU
MakeTa MOOMJIBHOTO poOoTa.

B coctaB Habopa 10KHBI BXOAUTDH MPUBO/IA PA3INYHOTO
THUIIA: MOTOPHI C UHTErPUPOBAHHBIM UJIM BHEIIHUM
JATYUKOM TOJIOKEHUS — HE MEHee 21T, CEPBOIIPUBO/]L
OoubION — He MeHee 41T, CepBONPUBO/I MAJIbI — HE MEHEee
21T, NIPUBOJ C BO3MOXKHOCTBIO YIIPABJICHUS B IIarOBOM
pEeKUME — HE MEHEe 21IT.

B cocTtaB HaGopa q0KHBI BXOIUTH AJIEMEHTHI JIsl COOPKH
BaKyyMHOI'O 3aXBaTa: BaKyyMHasl IIPUCOCKa — HE MeHee 11T,
AJIEKTPOMATrHUTHBIN KJIallaH — He MeHee 1T, BaKyyMHBII
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Hacoc — He MeHee 11iT.

B coctaB Habopa 10DKHA BXOIUTH dJIEMEHTHAs 0a3a st
MPOTOTUITUPOBAHMUS: IIJIaTa JIsl OECIIaeuHOTo
MPOTOTUIIUPOBAHUS, KOMIUIEKT ITPOBOJIOB Pa3IUYHOTO THUIIA
U JUIMHBI, KOMIUJIEKT PE3UCTOPOB, KOMIUIEKT CBETOIHO/IOB,
CEMHCErMEHTHBIN HHAUKATOP, Auciuier JKK-tuna, KHOIKY —
HE MEHee SIIT, MOTEHIIMOMETPhI — HE MEHee 31T,
UH(pPaKpaCHBIM JaTYUK - HE MEHee 31T, YIbTPa3ByKOBOM
JaTYMK - HE MeHee 31UT, JaTYMK TEMIEPATypPhl - HE MEHEE
lmit, JaTYUK OCBEIICHHOCTHU - HE MeHee 11T, MOayib
Bluetooth — ne menee 1mt, moayns UK-npuemHuka — He
meHee lmr, monyns UK-nepenatunka B BUJe KHOIOYHOTO
MyJIbTA YIOpaBieHUs — 1T, aKKyMyJIsSITOp — HE MeHee 11T,
3apsAIHOE YCTPOMCTBO — HE MeHee 11mT.

B coctaB Habopa 10KeH BXOIUTh MYJIbTHIATYHK JIJIS
M3MEPEHHS TEMIIEPATYPHI U BIAXKHOCTH OKpPYXKarolen
cpensl — He MeHee 1mT. MynbTUIaTUYuK TOJKEH 001a1aTh
BCTPOCHHBIM MHUKPOKOHTPOJUIEPOM (TaKTOBAsi 4acTOTa - HE
meHee 16 MI'n, mmHa nanHbIx — He MeHee 8 Kobaiir),
uHTepdeiicaMu A MOAKIIOYEHHUS K BHEITHUM
ycTpoicTBaM: IUGPOBBIE U aHATOTOBbIE MOPTHI, 1-wire TTL,
pazbeM Tumna RJ.

B coctaB Habopa 10J15KeH BXOJIUTh KOMILJIEKT
YHUBEPCAIbHBIX BBIYMCIUTEIbHBIX MOYJIEH,
MIPEACTABISIIONTNX CO00M 0a30BYIO IIIATY, IJIATY
paCIIMpPEHHUs 1JIs1 CETEBOI0 B3aUMOJCICTBUSA U IJIaTy
MOAKJTIOYEHUS CUIIOBOM HAarpy3Ku. BXoasiiye B KOMIUIEKT
YCTPOMCTBA JOMKHBI 00J1a/1aTh OJTHOBPEMEHHOM
KOHCTPYKTUBHOM, 3JIEKTPUYECKOMN, aIllllapaTHOUN U
MIPOrpaMMHOI COBMECTUMOCTBIO JAPYT C IPYTOM.

ba3oBas nmiarta yHUBEpCaIbHOTO BHIYMCIUTEIIBHOTO MOIYJIS
JOJIKHA MPEACTABIATH COOO0M MPOrpaMMUPYEMBIii
koHTpoJiep B cpene Arduino IDE mnm anamorundHsix
CBOOOHO PACIIPOCTPAHIEMbIX cpeiax pa3padborku. basopas
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riara JobkHa 001a1aTh BCTPOEHHBIMU UHTEpdeiicaMu Aiis
MOJIKJTFOUEHUS IIU(PPOBBIX U AaHAJIOTOBBIX YCTPOKUCTB,
BcTpoeHHbIMH uHTEp(deiicamu USB, UART, 12C, SPI, 1-
wire TTL, Bluetooth, WiFi.

[Tnara pacimupenus qokHa 00ecreduBaTh BO3SMOKHOCTD
MOAKJIIOYEHUS] YHUBEPCAIBHOTO BRIUUCIUTEIBLHOTO MOTYJIS
K cetu nocpeactBom uHTepdeiica Ethernet. [Tnara
paciMpeHust T0JDKHA 00JIafaTh MOPTaMU BBOA-BBIBOA TSI
MOJIKJIIOUEHUS IIU(PPOBBIX U aHATIOTOBBIX YCTPOMHCTB,
unrepderic SPI 1 BO3MOXKHOCTBIO MOJIKIIOUECHUS BHEITHEH
KapThl NaMsTH.

[Tnara pacimmpenus Uit MOAKIIOUEHUS CUIIOBOM Harpy3Ku
JOJIKHA 00ecreynBaTh BO3MOXKHOCTD MIPSIMOTO
ITOAKJIIOYEHUS BHEIIHEH CUIIOBOM HArPYy3KH, a TaK¥Ke
perynupyeMoil Harpy3ku nocpenctsom PWM untepdetica.
B cocTtaB Habopa 10/KEeH BXOAUTH MPOTPAMMUPYEMBIi
KOHTpOJIIEp, 00eCTeYNBAIOIINI BO3MOKHOCTh
OCYIIECTBIISATh Pa3pabOTKy IPOrpaMMHOTO KOJIa, UCTIONb3Ys
MHCTpyMeHTapuli cpef pazpadbotku Arduino IDE u
Mongoose OS u s3p1K0B nporpammupoBanust C\C++,
JavaScript. [IporpammupyemMbiii KOHTPOJIIIEP TOJKEH
00naiaTe mopTaMu A7 MOJKIIOYSHHS IU(PPOBBIX U
aHAJIOTOBBIX YCTPOWCTB, BCTPOSHHBIMHU
MIPOrpaMMUPYEMbIMU KHOTIKAMU U AJIEKTPOMEXaHUYECKUMHU
MOAYJISIMU TSI OPTaHU3AIUNA CHCTEMBI PYYHOTO
yIpaBJIeHUs, BCTPOCHHBIMU MTPOTPaMMUPYEMBIMU
CBETOMOIaMH JIJIS1 MHIAUKAIIUHA PadoUvero pexnma,
BcTpoenHbiMu uHTepdeiicamu USB, USART, 12C, SPL, 1-
wire TTL, ISP, Ethernet, Bluetooth, WiFi.

B coctaB Habopa 10KEH BXOIUTh MOAYJIh TEXHUIECKOTO
3peHHUsI , IPEICTABIISIFONTNI COO0H BEIYUCIUTEIHLHOEC
YCTPOMCTBO CO BCTPOEHHBIM MUKPOIIPOLIECCOPOM (KOJI-BO
saep - He MeHee 41T, yactoTa sajapa He medee 1.2 [T,
o0bem O3Y - He menee 512M6, 00beM BCTPOCHHOM MaMSTH
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- He MeHee 81°0), MHTEerpUpPOBAHHON KaMepo
(MakcMMaJIbHOE pa3pelIeHne BHICOTIOTOKA, IEPeIaBaeMOro
o uHTepdeiicy USB - He meHee 2592x1944 en.) u
ONTHUYECKON CUCTEMON. MOIyIb TEXHUYECKOTO 3pEHUs
JIOJDKEH 00J1a1aTh COBMECTUMOCTBIO € PAa3IMYHBIMU
IPOTPaAMMHUPYEMBIMU KOHTPOJIJIEPAMH € TIOMOIIBIO
unrepdeticos - 1-wire TTL, UART, 12C, SPI, Ethernet.
Moynb TEXHHYECKOTO 3pEHUS I0JDKEH 00eCTIeunBaTh
BBINOJIHEHUE BCEX U3MEPEHUH U BBIUMCIIEHUH 1TOCPEICTBOM
COOCTBEHHBIX BBIYHCIHTEIBHBIX BO3MOXKHOCTEH
BCTPOEHHOT'0 MUKpoIIporieccopa. Molysib TEXHUUECKOTO
3peHHs JODKEH 00J1a/1aTh BO3MOKHOCTBIO KOMMYHUKAIHH C
aQHAJIOTUYHBIMU MOJYJISIMU [TOCPEJICTBOM IIMHBI Ha 6a3e
MOCJIeA0BATEIHHOT0 HHTEp(eiica ¢ IeNblo JaTbHeHIIeiH
nepeaayy pe3yabTaToB U3MEPEHUI IPyIIIbl MOTYJIeH Ha
YIIPABJISAIONIEE BEIUNCIUTEIBHOE YCTPOHCTBO,
MOJKJIIOYEHHOE K JaHHOHU IrHe. MoJlyIb TEXHUYECKOTO
3peHHS JOJDKEH 00eCIeunBaTh HACTPOMKH pPEKUMOB pabOThHI
- HaCTpOMKY 3KCHO3UIMH, OasiaHca Oesoro,
[[BETOPA3HOCTHBIX COCTABIIAIONIUX, TIOMAAN
oOHapyXuBaeMoi 00J1aCTH U300paKEHUs, OKPYTIOCTH
oOHapyKuBaeMo# 00JIaCTH N300pakeHUs], TOJIOKEHHE
00HapyXUBaeMbIX 001acTell OTHOCUTEIBHO IPYT IpYyra,
MalllMHHOE 00y4YeHHe MapaMeTpoB HEMPOHHBIX ceTeil s
oOHapyxeHHsI 00bEKTOB, (HOPMY U 3aKOAUPOBAHHbBIE
3HA4YEHUs1 OOHApYKMUBAEMbIX MapKepOB TUIA ATuco,
pa3Mepsl 00HAPYKUBAEMBIX OKPY)KHOCTEH, KBaIpaToOB
TPEYroJbHUKOB, TAPaMETPOB KOHTPACTHOCTH, Pa3MEPOB,
KPUBHU3HBI U ITOJIOKEHUS PACIIO3HABACMBIX JIMHUH.

HaGop nomxken obecrieunBaTh BO3MOXKHOCTb Pa3paboOTKH
MoJieJIl MOOMIIBHOTO poboTa, ynpasisiemoil B FPV-pexume
MOCPEICTBOM MPOTrPAMMHOTO 00ecTIieyeHHs st
MEPCOHATBHOTO KOMITBIOTEPA M MOOMIIBHBIX YCTPOWCTB Ha
0a3ze OC Android wmm IOS, obecneunBaromiero
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BO3MOXXHOCTh YIIPaBIIEHUsI MOOUIIBHBIM POOOTOM U
BCTPOCHHBIM MaHUITYJISATOPOM TIOCPEICTBOM IpaduiIecKoro
uHTepdelica, BKIFOYAIONUM B ce0s1 HAOOp KHOIIOK U
MEPEKITI0YATENeH, JHKONCTHK, 00JIACTh ISl OTOOpaKeHUS
BU/ICO.

Habop momkeH obecrieunBaTh BOZMOKHOCTh H3yUSHUS
OCHOB Pa3pabOTKU MPOTPaMMHBIX U aIlllapaTHBIX
KOMIUICKCOB HMH)KEHEPHBIX CUCTEM, PEIICHUH B cdepe
"NHTepHeT Bemiei", a Takke perieHui B 001acTu
POOOTOTEXHUKH, HICKYCCTBEHHOT'O MHTEJUICKTA U
MAIIMHHOTO O0y4YeHUSI.

B coctaB Habopa JOJDKHO BXOAHUTH MTOCOOHE 110 U3YUSHUIO
OCHOB DJIGKTPOHHUKHU M CXEMOTEXHHKH, pElIeHUi B cepe
"UuTepHer Bemei", pa3paboTKH U IPOTOTHITMPOBAHUIO
Mozeleld poOoToB.

B coctaB Habopa JOJDKHO BXOAHUTH MTOCOOHE 110 U3YUECHUIO
OCHOB Pa3pabOTKU CHCTEM TEXHUYECKOTO 3PEHUS U
AJIEMEHTOB MCKYCCTBEHHOT'O MHTEJUICKTA.

OO0pazoBaTenbHBIN KOHCTPYKTOP
JUTSI IPAKTUKHA OJIOYHOTO
MIPOrpaMMHUPOBAHUS ¢ KOMILJIEKTOM
IaTYNKOB

PoOoToTexHnueckuii Habop MpeaHa3HaueH JUIsl U3Y4YEHUs
OCHOB POOOTOTEXHUKH, AETajeH, y3710B U MEXaHU3MOB,
HEOOXOIUMBIX JUI CO3/1aHUSI pOOOTOTEXHUYECKUX
YCTPOMCTB.

HaGop npezacrapisier co00i KOMIUIEKT CTPYKTYPHBIX
DJIEMEHTOB, COCIUHUTCIIBHBIX 3JICMCHTOB U
AIIEKTPOTEXHUYECKMX KOMIIOHEHTOB.

Habop no3BossieT npoBOUTh SKCIEPUMEHTHI [0 MPEAMETY
¢u3mka, co3gaBaTh U NIPOrpaMMHPOBATE COOMpPaEMbIe
MOJICIIH, U3 KOMIIOHEHTOB, BXOSIINX B €T0 COCTaB, paboune
MO/JIEJIN MOOMIIBHBIX U CTallMOHAPHBIX POOOTOTEXHUUECKUX
YCTPOMCTB ¢ aBTOMAaTU3UPOBAHHBIM YIIPABICHUEM, B TOM
quciie Ha KOJECHOM U TYCEHUYHOM XOAY, a TaKXkKe
KOHCTPYKHHﬁ, OCHOBAHHBIX Ha UCITIOJIB30BaAHNH Pa3JINIHBIX
BUJIOB Tiepesiay (B TOM YHCIIE YEPBAUYHBIX U 3yOUaThIX) a
TaKXe pbl4aroB. BcTpoeHHble GeclIpOBO/IHBIE CETEBbIE

mT.
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pemenus (Wi-Fi u Bluetooth), BO3MOXXHOCTb HHTETpAIHH C
oecmuraTHbIM 001auHbIM 11O, 00ecIeunBaroT BO3MOXKHOCTD
IPAKTUYECKOT0 U3yUYEeHUs] TEXHOJIOTHI HHTEpHETa BelleH 1
OCHOB MCKYCCTBEHHOT0 MHTeIuIeKkTa. O0ecrneunBaercs
BO3MOYKHOCTh OObEAMHEHUS] HECKOJIBKUX pOOOTOB,
COOpaHHBIX U3 MOIOOHBIX HAOOPOB, B TPYIIIBI C CETEBBHIM
B3auMoJieiicteueM. [IpenycMoTpeHa onuuoHanbHast
BO3MOYKHOCTh PaCIIUPEHUS TOTOIHUTEIbHBIMU
KOMIIOHEHTaMH (HE BXOJSALIMMHU B CTaHIAPTHYIO
KOMILJICKTAIIHIO ), TIO3BOJITIONIMMHE U3Yy4aTh TEXHHYECKOE
3peHHE U IPOMBILUIEHHYIO POOOTOTEXHUKY.
[IpenycmoTpeHa BO3MOKHOCTh pabOThl Habopa ¢
JIOTIOJIHUTEIBHBIMHU 00JJaUHBIMU CEPBUCAMHU.
[TpenycMOTpeHb MUHUMYM JIBa TIPOTPAMMHUPYEMBIX
KOHTPOJUIEPA B IUIACTUKOBBIX KOPITyCaX, MO3BOJISIOIIUX
OJIHOBPEMEHHO CO3/1aBaTh 2 BapuaHTa poOOTOB pa3IMuHOIO
Ha3HAYEHUs!, UMEIOIINX BO3MOXKHOCTh Pa0OTHI KaK B
MIOTOKOBOM PEXHUME, TaK U aBTOHOMHO; TTO3BOJISIOIINX
peann3oBaTh 00y4eHHE POTPAMMHUPOBAHHIO B HECKOIBKUX
cpenax pa3pabOTKH Ha pa3IMUHBIX S3bIKaX (K IPUMEPY, B
cpenax Mblock, Arduino IDE, na si3pikax Scratch, C,
Python, micro Python).

Kak MUHIMYM O/IMH M3 KOHTPOJUIEPOB HMEET BCTPOSCHHYIO
OIepallMOHHYIO cucTemy, BcrpoeHHsle Wi-Fi u Bluetooth,
MOPT JUTS TTOKITFOUYEHUS TTOCIIE0BATEIFHO COSAMHIEMBIX
BHEIIHUX YCTPOHCTB (He MeHee 20 0 THOBPEMEHHO
MOAKITIOYAEMBIX YCTPOWCTB).

Kak MUHMMYM O/IMH U3 KOHTPOJJIEPOB MMEET BOZMOXKHOCTh
OJTHOBPEMEHHOM 3aIiCcH He MeHee 8 IporpaMm, C
BO3MOYKHOCTBIO MIEPEKITIOUCHHS MEXTy HUMH.

Kak MUHIMYM O/IMH U3 KOHTPOJUIEPOB HMEET
nonHonBeTHBIN auctuiel (IPS), mo3Bosmsromumii BHIBOIUTH
JTAHHBIE C IATYNKOB B BUJIE TAOJHII M TPa(hUKOB, a TAKKE
CO3/1aBaTh BCTPOCHHBIE B KOHTPOJIJIEP BHJICOUTPHI.
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KonndyecTBO CEHCOPOB M MCIIOJIHUTEIBHBIX YCTPOUCTB,
BCTPOEHHBIX B OJIUH U3 KOHTPOJJIEPOB, - HE MeHee 10 mT.
OO011ee KOJIMYECTBO AJIEMEHTOB B Habope He meHee 400 miT.,
B TOM YHCJIE TTOJAKIIOYAEMbIE MOTYJIU:

- Bluetooth momyb,

- IBOMHOM JaTYNK JTUHUH,

- YIbTPa3BYKOBOM JATUYUK PACCTOSHUSI,

- JATYUK 1IBETA,

- TaTYUK KacaHUs AJICKTPOMEXaHUUYCCKUM,

- IR monyib,

- MOTOP MOCTOSIHHOT'O TOKa C PEIyKTOPOM — He MeHee 2 IIT.,
- CEpBOIPUBO/I,

- IyJIbT AUCTaHLIMOHHOTO ynpasienus IR.

HabGop moimkeH ObITh YKOMIUIEKTOBAH aKKYMYJIITOPHBIMHU
Oarapesmu.

[IporpammHuoe obecrieueHre, UuCIoIb3yeMoe JIst
MPOrPaMMHUPOBaHUS COOUPAEMBIX pOOOTOTEXHHUECKUX
MOJIeJIel U YCTPONCTB, JOJKHO OBITH JOCTYITHO JIJIst
OecruiaTHOTO cKauMBaHus U3 cetu HTEpHET U
MOCJIEIYIOLIEr0 UCIIOIb30BAHMSL.

Hab6op OI'D/EI'D (xumus)

B Habop BXoasT Bechl 1abopatopHble dekTpoHHbIe 200 T,
CIIUPTOBKA JabopaTtopHas, BOPOHKA KOHHMYECKasl, alo4Ka
ctexyisiHHas, npobupka [1X-14 (10 mryk), cTakaH BEICOKUIM
¢ HocukoM BH-50 ¢ meTtkoii (2 mTykn), HUIXHAD
u3MepuTenbHbli 2-50-2 (CTEKISTHHBIHN, ¢ TPUTEPTOI
KPBILIKOH), ITaTUB JUIsi MpoOupok Ha 10 rHé3a, 3akuM
IpOOUPOYHBIH, MINaTeNb-I0KeuKa (3 mTyKH), Habop
(b1aKOHOB I XpaHEHUs! paCTBOPOB U pEaKTUBOB (00BEM
¢nakona 100 My - 5 KOMIJIEKTOB 110 6 MTYK, 00bEM
¢dnaxona 30 mi1 - 10 KOMIUIEKTOB 10 6 IITYK), HAIHHAP
M3MEpUTENbHBIN ¢ HocukoM 1-500 (2 mTykn), cTakan
BbIcokuit 500 mut (3 mTyku), Habop epiieit A MBIThS
1OCyIbI (epIl JUIst MBIThSI MPOOUPOK - 3 IITYKH, €pILl JJIs
MBITBS KOJIO - 3 mITyKH), Xanart oenpiid X/0 (2 mrykn),

19




39

NepyaTKy Pe3UHOBbIE XUMUYECKUE CTOMKHUE (2 MITYKH), OUKU
3ammTHbIe, GUIbTPbl OymMaxublie (100 mTyk), roproydee uIs
criupToBok (0,33 ).

B coctaB Habop BXOJAT peaKTUBbI: AIFOMUHUMN, JKETIE30,
COJIsSIHAsl KUCJI0Ta, METUIIOpaHXK, (heHondranent, aMMuax,
MIEPOKCH]T BOJIOPO/a, HUTPAT cepedpa u Apyrue; B o0IIei
CJIOHOCTH - 44 pa3iNyYHbIX BELIECTB, UCIOJIb3YEMBIX IS
COCTaBJICHUS] KOMIUICKTOB PEAKTHUBOB IIPH MPOBEACHUHT
HK3aMEHALMOHHBIX SKCIIEPUMEHTOB 10 KYpPCY HIKOJIBHON
XUMUH.

Pexomenpayercs popmupoBats Habop OI'D/ElD,
MO3BOJISIOMINI MPOBOANTH MPAKTUIECKUE 33JaHUS TIPU
MPOBEJICHUH O0ILIEro rocy1apCTBEHHOI0 AK3aMeHa 10
XUMHHU C UCTIOJIb30BAHNEM COOTBETCTBYIOIICH
71ab0paTOPHOI MOCY/IbI, PEAKTUBOB, Y4€OHO-
JEMOHCTPAIIMOHHOTO 000PYIOBaHHUSL.

[Tpu popmupoBaHUYN pEKOMEHAYETCS YIUTHIBATH
(haKTHYECKyI0 TOTPEOHOCTh 00pa30BaTEIbHBIX
Opra"u3aluu.

Muxkpockon 1uppoBoi

Tun Mukpockona: OMoNIOruyecKuit

Hacanka MUKpOCKona: MOHOKYJIIpHast
Haznauenue: nabopaTtopHblit

Metop uccnenoBaHus: CBETIOE NOJIE
Matepuan ONTHKU: ONTUYECKOE CTEKIIO
YBenuueHne Mukpockona, kpat: 64 — 1280
Oxkysipsl: WF16x

OO6wexTuBsl: 4x, 10x, 40xs (moaAnpyKUHEHHBIH)
PeBonbBepHas ronoBka: Ha 3 00bEKTHBA

Tun noACBETKHU: 3€pKajio WIH CBETOHOA
PacrnionosxeHne moJICBETKU: BEPXHSISI U HUKHSIS
Marepuan kopmnyca: MeTal

[TpenmeTtHsIiil cToMK, MM: 90

Hcrounuk nutanus: 220 B/50 'y

Yucno Meranukcenen: |

mT.
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Hudposas nabopaTopus 1mo
¢buznonornu (MpoPUIBLHBIN
YPOBEHB)

Ob6ecneunBaeT NpoOBEACHUE UCCIIETOBAHMUS 110
(YHKIIMOHUPOBAHUIO YEIOBEUYECKOTO OpPraHU3Ma.
Kommnekranus:

becnipoBoHO MyNIbTUAATYHK 110 (PU3HOIOTHUH C 5-10
BCTPOCHHBIMH JaTYUKAMHU:

[Jatuuk aprepuansHoro gasnenusd (0...250 MM pr. cT.)
Jlatuuk mynbca ¢ AMana3oHoOM U3MEpeHus He yxke ueM oT 30
1o 200 yn/mMuH

JlaTuuk TeMreparypsl Tela ¢ [uana3oHoOM U3MEPEHHS He
yke uem ot +25 mo +40C

JlaTuuK 4acTOTHI JbIXaHUS C TUATIA30HOM U3MEPEHHS He
yxke gem oT 0 10 100 nukIIoB/MUH

JaTuuk yckopeHus ¢ nokazarensimu +2 g; +4 g; £8 g
OTtaenpHbIE yCTPOUCTBA:

Hatuuk OKI' ¢ nuana3zonom usmepenus He yxe uem ot -300
10 +300 mB)

JlaTuuk cunoMep ¢ quanazoHOM U3MEpPEHMs He yke 4eM oT 0
1m0 40 H

JlaTuuK OCBEIIEHHOCTH C JUana30HOM U3MEPEHUS HE yxkKe
yeM oT 0 mo 180000 nk

Akceccyapsl:

Ka6ens USB coegMHUTENBHBIH

3apsiiHOe yeTpoiicTBO ¢ Kabenem miniUSB

USB Apnantep Bluetooth 4.1 Low Energy

KpaTkoe pykoBOJCTBO 10 3KCIUTyaTauuu U poBoit
nabopaTtopuu

[IporpammHuoe obecrieueHne

Mertoanyeckue pekomeHanuu He menee 20 padot
Hannune pyccKosI3pI9HOTO caiiTa MOAIePKKU

Hanuuue BUAEOPOIMKOB.
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3. HammenoBanue pasaena: «KomnberorepHoe 000py1oBaHue»

MHoro¢pyHKIHOHAIbHOE
YCTPOKICTBO (TIPUHTEP, CKAHEDP,
KOIIHP)

Tun yctpoiictBa: MHOroyHKIIMOHAIBEHOE YCTPOICTBO
(MDY);
[[BeTHOCTH I1€4aTh: YepHO-0Oenas;

mT.
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TexHonorus neyatu: saekTporpaduyeckas (JiazepHas,
CBETOAMOJIHAA);

dopwmat neyaTu: He MeHee A4,

Tun ckaHuPOBaHMS: POTSHKHBINA/TTAHIIETHBIN;
Bo3moxHOCTE ckaHMpOBaHUs B opMarTax: He MeHee A4;
Cnoco0 nmogkmouenus: LAN, Wi-Fi, USB

HoytOyx

dopM-hakTop: HOYTOYK;

Pa3mep nuaronanu: ne menee 15.6 q10iMoB;

Paspemenne skpana: Full HD, Quad HD wunu Ultra HD;
OO0mmit 06peM yCTaHOBIIEHHON ONIEPAaTUBHON MAMATH: HE
MeHee 8 ['0aiiT;

MaxkcuManbHBIA OOIIHIA ITOIIEP)KUBAEMBIH 00beM
OTICPAaTHBHOM MaMATH: He MeHee 16 I'0aiT;

O0beM SSD nakonutens: He MeHee 240 I'0aiiT;
becnipoBoanas cBszb: Wi-Fi;

KonuuecTBo BcTpoeHHbIX B kopryc noptoB USB: He MmeHee
2, u3 KoTophIX He MeHee | nomkHo 0bITh USB Bepcun He
amxe 3.0;

Pazpemenne B30-kamepsl, Mukcens: He MeHee 0.3;
Berpoennsiit Mukpogos;

KnaBuatypa ¢ packinaakoil 1 MapKHPOBKOM KJIaBHIII
QWERTY/MULYKEH;

[Tonneprkka cTanIapTOB OECIPOBOAHOM CBSI3U:
802.11a/b/g/n/ac;

ITpon3BOAUTENBHOCTD NpoLiEccOpa (3HAaUEHUE TIOKa3aTeNs
«CPU Mark» nio Tecty «Laptop & Portable CPU
Perfomance» http://www.cpubenchmark.net/laptop.html): ne
menee 5000 empHmMIT,

Hanuune MaHuIynsiTOpa MBIIIB B KOMIUIEKTE: J1a;
VYcTaHoBieHHAs onepalloHHas CUcTeMa ¢ rpaduuecKuM
M0JIb30BaTEIbCKUM HHTEp(EicoM, CBECHUS O KOTOPOM
BKJIFOYEHBI B €JIMHBIN PEECTP POCCHUUCKUX MPOrPaMM IS
AIIEKTPOHHBIX BBIUMCIUTENBHBIX MALIMH U 0a3 JaHHBIX;

Y cTaHOBICHHBIN MaKeT OPUCHOTO TPOTrPAMMHOTO

ImT.
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o0ecrnevyeHust, COBMECTUMOIO C YCTaHOBJIEHHOM
ONEPALIMOHHON CUCTEMOM, CBEACHUSI O KOTOPOM BKJTFOUEHBI
B JIMHBIN PEECTP POCCUNUCKUX MPOTPamMM IS SEKTPOHHBIX
BBIYMCIIUTENLHBIX MAIIMH U 0a3 TaHHBIX.




