JenapramMeHT 00pa3oBaHus, KyJbTYPHI H CIIOPTA
HeHelKoro aBTOHOMHOI'0 OKpyra

PACIIOPSI’KEHHUE

or A4 suBaps 2022 r. Ne 3970
r. Hapesan-Map

O06 yrBepaeHnH HHPPaCTPYKTYPHOFO JHCTA
AJIsi OCHALIeHHUs1 001meo0pa3oBaTe/IbHBIX
opranu3anuii HeHenlkoro aBTOHOMHOI0 OKpyra
obopynoBaHHeM, pacXOAHbBIMH MaTepHAJIaMH,
cpeAcTBaAaMH 00y4YeHHs H BOCHHTAHHA JJI CO3JaHHSA
H (yHKIIHOHHMPOBaHHUS LIEHTPOB 00pa3oBaHus
€CTECTBEHHO-HAY4YHOH H TEXHOJIOrH4YeCKOH
HamnpasJieHHOcTeill «Touka pocray»

B nensax peanusanuu KoMIuiekca Mep (DOpOXKHOH KapThl) IO CO3JaHHIO
1 (GYHKIMOHHPOBAHHIO B 00IeoOpa3oBaTeNnbHBIX oOpraHu3anuiax HeHenxoro
aBTOHOMHOTI'O OKpyra  ILIEHTpPOB obpa3oBaHus €CTEeCTBEHHO-Hay4YHOH
U TEXHOJNIOTMYecKoi HampaBileHHocTed «Touka pocTa», YTBEPKIECHHOIO
pacnopsbkeHueM — AnMmuHHCTpauud — HeHenkoro  aBTOHOMHOTO — OKpyra
ot 01.12.2020 No 107-p, B COOTBETCTBUH C METOJMUYECKUMH PEKOMEHIALUSIMHU
[0 CO3JaHHI0O U (PYHKLHOHHPOBAHMIO B 00HIe00pazoBaTeNbHBIX OpraHu3alusx,
PacCIIOJIO’KEHHBIX B CETbCKOW MECTHOCTH U MaJIBIX FOpOAax, IEHTPOB 00pa30BaHMs
€CTECTBEHHO-HayYHOM M TEXHOJOTHYECKOH HamnpaBlIeHHOCTEH, Ha OCHOBaHHH
nHCbMa (enepaIbHOr0 TrOCyapCTBEHHOTO aBTOHOMHOTO YyupexnaeHus «®PoHL
HOBBIX (popM pazButus obpazoBanus» ot 20.01.2022 Ne 100/2001-02:

1. YTBepouThH UHPPACTPYKTYPHBIHA JIUCT TUISt OCHaIEHUs
obmeobpazoBaTeNnbHBIX ~ OpraHuzanuii  HeHenxoro  aBTOHOMHOIO  OKpyra
obopynoBaHHEM, pacXOIHBIMU MaTepHallaMt, CPeICTBaMU O0y4eHHUs U BOCITUTAHUS
IUIs CO3AaHUs U (PyHKIMOHHPOBaHUS LIEHTPOB 00pa30BaHusl €CTeCTBEHHO-HAaYJHOMH
U TEXHOJIOTMYECKOH HamnpasieHHocTer «Todyka poctay cornacHo IIprnoxeHnuro.

2. O6pazoBarenbHEIM OpraHu3alusM, y4acTHUKaM MEpOTPHUATHS
10 CO3JAHMIO LIEHTPOB OOpa30BaHUsl €CTECTBEHHO-HAay4YHOH M TEXHOJOTHYECKOMH
HanpasJeHHocTel «Touka pocTta», obecreunTs pa3paboTKy TEXHUUECKHX 3aJaHUH,



IIPOEKTOB KOHTPaKTOB, 000CHOBAaHMSI HAYaJIbHBIX (MaKCUMaJIbHBIX ) 1{eH KOHTPAKTOB
Ha OCHOBAaHHHU YTBEPKAECHHOT0 UH(PACTPYKTYPHOTO JIUCTA.

3. KoHTponp 3a HCHOJHEHHEM HACTOSILEro paclopsKeHUs OCTaBJIsIo
3a coboit.

4. Hacrosiiee pacriopsiKeHHe BCTYNaeT B CHILy ¢ MOMEHTa €ro NOAMNKCaHus.

SRS .

osoptugely Jlenapra
00pa30BaRKTKY BTy PE
Her&?éﬂgo%g%éM Dlﬁ))

NG, &Lﬂg\é/ﬁ_y/ /: &
AN




IIpunoxenune

K pacnopsbkeHuIo JlemaprameHTa
o0Opa3oBaHus, KYJIETYpPHI H CIIOpTa
Henerxoro aBTOHOMHOIO OKpyTa

or A7 .01.2022Ne 30 -p

«O0 yTBEpKIEeHUH
HHGPaCTPYKTYpHOTO JIUCTa

JUTsl OCHAaIIeHHs 001ie00pa3oBaTeNbHbIX
opra"u3anui HeHenkoro aBTOHOMHOIO
OKpyra 000opyIOBaHHEM, PaCXOIHBIMU
MaTepHajlaMH, CpeCTBaMu 00y4eHHs
¥ BOCIIUTAHHS JJIS CO3aHHsA

1 QyHKIIMOHUPOBaHHUS IIEHTPOB
o0pa30BaHus €CTECTBEHHO-HAY4HOM!

¥ TEXHOJIOTHYECKOM HallpaBJI€HHOCTEN
«Touxa poctay

HNudpacTpyKTypHBIil JHCT
AJisl OCHaHIeHHus 001eo0pa3oBaTe/IbHbIX
opranu3zanuii HeHenxoro aBTOHOMHOro OKpyra
obopyaoBaHHeM, pACXOJAHBIMH MaTepHaIaMH,
cpecTBaMH 00y4eHHS H BOCIIHTAHHA JJIS1 CO3JaHHS
U GQYHKIHOHHPOBAHHS LIEHTPOB 00pa3oBaHUMA
eCTeCTBEHHO-HAY4YHOH H TEXHOJIOTH4YeCKOMH
HanpasjeHHocTel «Touka pocra»

Ne
/i

Haumenoranune Kparkune npuMepHbIe TEXHHYECKHE Ennnuna |Komuuec
obopyznoBaHus XapaKTEPUCTHKH M3MEpEHHUs| TBO

HanmeHnoBaHue HallpaBJICHHUA «bazoBas (o6;13aTem,Hax qacn,)»

1.

ECTCCTBCHHO-Hay‘iHaH HalIpaBJICHHOCTDH

1.1

Hudposas Onwucanue: obecreynBaeT BEIIIOJIHEHHE IMtyxa 9
naboparopus 9KCIIEPUMEHTOB I10 TeMaM Kypca GH3UKH.
o usnxe Kommexkranus:

(ydyenuyeckas) 1. BecnipoBoaHO#t MyIETHAATYHK IO (HU3HKE

C 6-I0 BCTPOEHHBIMH JaTYUKaAMH:

U(POBOI AaTUYHK TEMIIEPATYPHI C JHANIa30HOM
u3MepeHus He yxe yeM ot -20 o 120C;
1uQpOoBOii AaTIHK a0COMIOTHOTO AaBJICHHS

C IHana3oHOM H3MEpPEHHS He yxe 4eM oT 0 o
500 xIIa;

JaTYMK MarHUTHOTO TOJIA C JHANa30HOM
n3MepeHus He yxe yeM ot -80 xo 80 MTur;
JaTylK HanpspKeHUs ¢ Auana3oHaMH U3MEepeHHs




No
n/m

HaumeHnoBauue
o6opynoBaHus

Kpartkue npuMepHbIie TeXHHYECKHE
XapaKTEepHCTHKH

Eaununa
H3MEpEeHHUS

Komuuec
TBO

HE ye 4yeM ot -2 1o +2B; ot -5 no +5B; ot -10
no +10B; ot -15 no +15B;

JaTYUK TOKa He yXKe 4eM oT -1 10 +1A;

JaTYHK aKCEeNIEpPOMETP C NOKa3aTeNIIMH HE MEHEe
geM: +2 g; +4 g; +8 g.

2. Otpensuele yerpoiictBa: USB ocuusutorpad
He MeHee 2 kaHana, +/-10 B.

3. Akceccyapsl:

kabens USB coelMHUTEBHEIN;

3apsgHoe ycTpocTBo ¢ kabenem miniUSB;
USB ananTep;

Bluetooth 4.1 Low Energy;

KOHCTPYKTOp JUISl IPOBEAEHUS DKCIIEPUMEHTOB.
4. KpaTkoe pyKOBOJACTBO IO SKCILTyaTalHu
udpoBoii taboparopuu.

5. IlporpamMMmHOe obecnieueHHe.

6. Meromnyeckue pexomenznamnuu (40 pabor).

7. Hanyuuue pyccKOS3BIYHOTO caiiTa MOMIEPKKHU.
8. Hannune BUIEOPOIMKOB

1.2

Hudposas
nmabopaTtopus 1o
XUMHH
(yyeHuyeckas)

Onucanue: obecrieynBaeT BEINOTHEHUE
smabopaTopHbIX paboT MO XMMHUH Ha YpOKax

B OCHOBHO# LIKOJIE ¥ IIPOEKTHO-
HCCIIEIOBATENbCKO IEATENHHOCTH yYaluXcsl.
KomMmmnexranus:

1. BecipoBOAHOI MYJIBTHAATYHK 110 XUMHHU

¢ 3-Ms BCTPOCHHBIMHU JAaTYHKaAMHU:

natuuk pH ¢ quanazoHom U3MepeHus He yxe,
yeMm ot 0 no 14 pH;

JATYUK IJIEKTPONPOBOJIUMOCTH € IHANa30HaAMH
u3MepeHus He yxe ueM ot 0 1o 200 MxCwm; ot 0
10 2000 mxCwm; ot 0 10 20000 MxCw;

JATYHK TEMIIEPATYPhI C AHANIa30HOM H3MEPEHHUS
He yxe 4eM ot -20 go +140C.

2. OTnenbHbIE JaTYUKH:

JATYUK ONTHYECKOMH MJIOTHOCTH 525 HM.

3. Akceccyapsl:

Kab6ens USB coequHUTEILHEII;

3apsIHoe ycTpoiicTBo ¢ kabenem miniUSB;
USB aganrep;

Bluetooth 4.1 Low Energy.

4. KpaTtkoe pyKOBOJCTBO HO 3KCILTyaTalluH
u¢poBoii 1abopaTopuu.

5. Ha6op nabopaTopHoii OCHACTKH.

6. IlporpammMHoOe obecnieueHue.

7. Meromnueckue pekoMeHpanuu (He MeHee 40
pabor).

8. Hanmuune pyccKOsSI3bIMHOTO caifTa IOIIEPHKKH.
9. Hannuue BUIIEOPOJIHKOB

1.3

Hudposas
nabopaTopus 1o

Onucanue: obecriequBaeT BLINOJHEHHE
nabopaTopHEIX paboT Ha ypoKax 1o OHonoruu

lTyka




n/n

HanmMenopanue
obopynoBaHus

Kparkue npuMepHBIe TEXHUYECKUE
XapaKTEPUCTHKH

Emuauna
H3MEpeHHs

Konuuec
TBO

OHOJIOrHH
(yuenuueckas)

B OCHOBHOI1 LLIKOJIE U IIPOEKTHO-
HCCIIEI0BATENbCKOM IESTEIBHOCTH yHaluXCsl.
Kommnekranus:

1. BecnipoBomHO# MyJIbTHAATYHK 110 6HOJIOTHH
C 5-10 BCTPOEHHBIMH JaTYMKaMHU:

JIaTYHK BIQXHOCTH C JHANa30HOM H3MEpEHHUs
0...100%,;

JATYUK OCBEIIEHHOCTH C JHana30HOM H3MEpPEHHS
He yxe yeM oT 0 no 180000 nx;

natuuk pH ¢ quama3oHoM H3MEpeHHs He yKe,
yeM ot 0 1o 14 pH;

JaTYUK TEMIIEPATYPHI C AHANa30HOM H3MEpPEHHS
He yxe 4yeM oT -20 no +140C;

JaTYMK TEMIIEpaTyphl OKpY>Kalolei cpeabt

C IUana3oHOM H3MEpEeHHs He yxe 4eM ot -20

1o +40C.

2. Axceccyapsl:

3apsiAHOe yCTpoicTBO ¢ kabeneM miniUSB
USB anantep;

Bluetooth 4.1 Low Energy.

3. KpaTtkoe pyKOBOACTBO MO IKCIUIyaTallMH
1ugpoBoii tabopaTopuu.

4. ITudposas BuAEOKaMepa ¢ METAIINYECKUM
INTaTHBOM, pa3penienue He MeHee 0,3 Mmukec.
5. IlporpaMmmHOe obecnieueHue.

6. Metoauyeckne pekoMeHnauuu (He menee 30
pabor).

7. YnakoBka.

8. Hannuue pyccKos3bIYHOTrO caiita moiepKKy,
HaJInyHe BHICOPOJIMKOB

KomnsrotepHoe 06

OpyZlOBaHHe

MO®Y (upunrep,
CKaHep, KOIHp)

Onucanne:

1. Tun ycrpoiicrsa:
MHoro(yHKIHoHansHoe ycTpoiicTtBo (MOY);
HBETHOCTH IIeYaTh: YepHo-0ena;
TEXHOJIOTHUS MeYaTH: deKTporpaduyueckas
(ma3epHasi, cBETOANOAHAsN);

¢dopmar neqatu: He MeHee A4,

2. Tun ckaHNUpPOBaHHUS:
HPOTKHBINA/ITaHIIETHEIIH;

BO3MOXXHOCTb CKaHHPOBaHHs B popMaTax:
He MeHee A4;

criocob noakmouenus: LAN, Wi-Fi, USB

2.2

Hoyt6yx

Onucanue:

tdhopM-pakTop: HOYTOYK;

pa3Mmep IuaroHaiu: He MeHee 15.6 mroiiMOB;
paspemenue 3xpana: Full HD, Quad HD unu
Ultra HD;

o6muit 06beM YCTaHOBJICHHOH ONepaTHBHOM
nmaMaTH: He MeHee 8 1"0aiiT;




n/n

Haumenosanue
obopynoBaHus

Kpartkue npumMepHble TEXHUYECKHE
XapaKTEPUCTHKH

Enuuuna
H3MEPEHHUs

Komnuec
TBO

MaKCHMAaJIbHBIH 00Ul oIIepKBaeMblii 00beM
onepaTuBHON naMsaTH: He MeHee 16 '6aiiT;
o6weM SSD nakonurens: He MeHee 240 ['Gaii;
6ecnpoBosHas cB3b: Wi-Fi;

KOJIMYECTBO BCTPOEHHBIX B Kopiyc noptoB USB:
HE MeHee 2, U3 KOTOPHIX He MeHee 1 JOJIKHO
6wiTe USB Bepcun He Huke 3.0;

paspeleHue B30-kaMepsl, Mukcenb: He MEHee
0.3;

BCTPOEHHBII MHKPOGOH;

KJIaBHaTypa ¢ packjIaaKoi 1 MapKHpOBKOH
xiasum QWERTY/MLIYKEH;

MOJIEPKKA CTAaHAPTOB OeCIIPOBOAHOI CBSA3H:
802.11a/b/g/n/ac;

IIPOU3BOAUTENBHOCTD IIpoLieccopa (3Ha4eHHE
noxasatens «CPU Mark» no tecty «Laptop &
Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html):

He MeHee 5000 equnuI;

HaJIMYHE MaHHUITYJIATOPa MBIIIB B KOMIUIEKTE: 1a;
yCTaHOBJIEHHAS ONEpalliOHHAs CHCTEMA C
rpaguyecKuM MoJIb30BaTENbCKAM HHTEpdeiicoMm,
CBEJIEHHUS O KOTOPOM BKJIIOUEHEI B €OUHBIH
peecTp pOCCUHCKHUX NPOrpaMM IS STEKTPOHHBIX
BBIYHCIIHTENFHBIX MAIIMH U 0a3 JaHHBIX;
yCTaHOBJIEHHBII ITaKeT OQHUCHOTO IPOrPaMMHOI0
obecriedeHusl, COBMECTHMOTO C YCTaHOBJIECHHOH
OIlepalluOHHON CHCTEMOH, CBEAEHUS O KOTOPOM
BKJIIOYEHEI B €IUHBIH PeeCTp POCCHICKUX
IIPOTpaMM JJIsl 3JIEKTPOHHBIX BBIYHCIUTEIBHBIX
MalnH ¥ 6a3 TaHHBIX

HaumeHnoBanue HanpapneHus «JlonoaHUTENEHOE 060pYA0OBaHHEY

1

KoMnrloTepHOE 000pyioBaHNE

1.1

Moy
(npuHTED,
CKaHep, KOIUp)

Onucanue:

1. Tun ycrpoiictna:
MHoroyHknuonansHoe ycrpoictso (MOVY);
LBETHOCTH I1€4aTh: YepHO-0ena;
TEXHOJIOTHUS II€YaTH: dJIEKTporpaduieckas
(y1a3zepHasi, CBETOQMOHAS);

¢dbopMmar neyat: He MeHee A4.

2. Tun ckaHUPOBAHHUSA:
IPOTSKHBIN/TUIaHIIECTHHIIA;

BO3MOKHOCTh CKaHHPOBaHHUS B popMarax:
He MeHee A4,

crmoco6 noakmouenud: LAN, Wi-Fi, USB

1.2

Hoytbyx

Omnucanue: :

dopm-dakTop: HOYTOYK;

pa3Mep JuaroHainu: He MeHee 15.6 mioliMoB;
paspeurenue 3kpana: Full HD, Quad HD unu
Ultra HD;

IITYKa




n/n

HaunMeHoBaHHE
obopynoBaHus

KpaTKne NPUMEPHBIE TEXHUYECKUE
XapaKTCPpHCTHKH

Enunnna
H3MEpPEHHS

Konuuec
TBO

ob1uit 06beM YCTaHOBIEHHOH ONepaTHBHOM
rmamsTH: He MeHee 8 ["0aliT;

MaKCHMAaNBHBIA 00U MOAAEPXKUBAEMEI 00BEM
onepaTHBHOM maMATH: He MeHee 16 I"6aiiT;
06veM SSD nakonurens: He MeHee 240 I"OaiiT;
OecnpoBoaHas cBs3b: Wi-Fi;

KOJINYECTBO BCTPOEHHBIX B kopryc noproB USB:
He MeHee 2, N3 KOTOPHIX He MeHee 1 TOmKHO
6vrts USB Bepcun He Hinke 3.0;

pa3pemenue B30-kamepsl, MIIHKCeb: HE MEHEE
0.3;

BCTPOEHHBI MUKpPO(OH;

KJIaBHATypa C pacKiIaaKoOH U MapKHPOBKOH
xasum QWERTY/MIIYKEH;

MOJIEpIKKa CTAaHAApTOB OECIPOBOHO CBSI3H:
802.11a/b/g/n/ac;

IIPOU3BOJAUTENHHOCTD IIponieccopa (3HaueHue
mokasatens «CPU Mark» no Tecty «Laptop &
Portable CPU Perfomance»
http://www.cpubenchmark.net/laptop.html):

He MeHee 5000 equHuI;

HaJTMYHe MaHUITYJIITOpa MBI B KOMIUIEKTE: 1a;
YCTaHOBJICHHAs OIIEpAl{HOHHAS CUCTEMA C
rpaHuecKAM HOJIB30BATEIECKUM UHTEpEHicoM,
CBEJIEHHA O KOTOPOM BKJIFOYEHBI B €UHBII
peecTp POCCHICKHX MPOrpaMM sl 3JIEKTPOHHBIX
BBIMHCJIUTENIFHBIX MallIMH H 06a3 JaHHBIX;
YCTaHOBJICHHBII MakeT OGHCHOro POrpaMMHOTO
obecreyeHus, COBMECTHMOTIO C YCTaHOBJIEHHOI
OTIEPALIHOHHOM CHCTEMOH, CBEIEHHS O KOTOPOM
BKJIIOUEHBI B €IUHBIH peecTp POCCHICKUX
TIPOTpaMM IS 3JIEKTPOHHBIX BEIYHCIUTEIbHBIX
MallgH ¥ 6a3 JaHHBIX

TexHomornueckas

HAIIpaBJICHHOCTh

OO6pa3oBaTenbHEI
i Habop s
U3yYEHUs
MHOTOKOMIIOHEH
THBIX
poboToTexHUUEeC
KHX CHCTEM U
MaHHITYJISI{HOHH
BIX poOOTOB

Omnucanue: o6pa3oBaTenbHbIi Habop
IpeAHa3HaA4YeH IS H3YYECHUS
pOOOTOTEXHUYECKHX TEXHOJIOTHI{, OCHOB
UHGOPMAIHOHHBIX TEXHOJIOTHI U TEXHOJIOTHiA
IIPOMBILUICHHON aBTOMaTH3alllH, a TaKXKe
TEXHOJIOTHII MPOTOTHIHPOBAHUS U aJIUTHBHOIO
IIPOU3BOICTRBA.

B cocraB Habopa AOMKHBI BXOJHTH
KOMIUIEKTYIOIIHE U YCTPOCTBa, obnajatomue
KOHCTPYKTHBHOH, annapaTHoi ¥ IporpaMMHOH
COBMECTHMOCTBIO OPYT C APYIOM:

1) KOMIUIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB U3
MeTajlla U IacTUKa Juis cOopKu Moaenen
MaHHIYJIIIHOHHBIX poOOTOB C YTI0BOH
KHHEMaTHKOM, IJIOCKONapaJUIeNIbHOM
KuHeMaTHKoi, Delta-knHeMaTHKOIM.




n/m

HaumenoBanne
000pyIOBaHHS

Kpatkue npuMepHBIe TEXHHYECKHE
XapaKTEPUCTHKH

Enununa
H3MEpPEHHS

Komuuec
TBO

2) UHTEIUIEKTYaIBHbIH CEPBOMOYJIB C
HHTETPHPOBAHHOI CHCTEMOH YIIpaBJIeHHS -

He MeHee 7 LITYKY.

CepBoMonayib JomkeH obnaanarh
HHTETPHPOBAHHON CHCTEMOH yNpaBieHHs,
obecneunBaronieif 06paTHyIO CBS3b HIIH
KOHTPOJIb IapaMeTPOB - TOJIOKEHHE Baa,
CKOpOCTb BpalleHHs, Harpy3Ka IIpUBOJa,

a Takxe obecreynBaroIEell BO3MOXHOCTh
TI0CTEA0BATENIEHOIO MOAKIIIOYEHUS IPYT

C IpYTOM H YTIpaBJIEHHS CEPBOMOAYJISIMH

I10 ITOCJIEIOBATEILHOMY MTOMYAYIUIEKCHOMY
aCUHXpPOHHOMY UHTepdeiicy.

3) poboToTexXHUYECKUH KOHTPOJLIED,
IpeCcTaBisIomuit coboii MoaynbHOE
YCTPOKCTBO, BKJIIOHaloIee B ce0s 0HOMNATHBIHA
MHKPOKOMIIBIOTED ISl BHIIIOJTHEHHUS CIIOXKHBIX
BBIYHCITHTENBHBIX ONEpaLHii, mepudepritHbIH
KOHTPOJUIEP I YIPaBICHUS BHELTHUMU
YCTPOUCTBAMH H ILIATy PaclIMpPEeHUs IIs
HOJKJIFOYEHHS BHEIIHUX YCTPOMCTB.

Mopaynu poO0TOTEXHUYECKOTO KOHTpOJIIiepa
JIOJKHBI 0071a/1aTh OJHOBPEMEHHOH
KOHCTPYKTHBHOM, annapaTHoi 1 NporpaMMHOi
COBMECTHMOCTBIO JPYT C APYTOM.
PoGoToTexnuueckuit KOHTpOJUIEP JOKEH
YIIOBJIETBOPSTH TEXHHYECKHM XapaKTePHUCTUKAM:
KOJI-BO SIIEp BCTPOEHHOTO MUKPOKOMMNIBIOTEpPA -
He MeHee 4;

TaKTOBAas 4acToTa sijpa - He meHee 1,2 ['Tn;
06veM O3V - He menee 512 Mo;

Hanuuue uHtepdeiicos - SPI, 12C, 1-wire TTL,
UART, PW;

UG poBele - He MeHee 16 IITYK ¥ aHaJIOrOBBIE
IIOPTHI - HE MEHee 8 MTYK JUIs MOJKITIOYEHUS
BHEIIHUX YCTPOHCTB;

BCTPOEHHEIH MUKpodoH, a Taxxke WiFi min
Bluetooth a1 xoMMyHHKaLHHK CO BHEITHUMH
yCTpOICTBaMH.

PoboToTexHnYecKkuit KOHTPOJLIEP XOMKEH
obecnieunBaTh BO3MOXXHOCTH IIPOrpaMMHPOBAHUS
¢ nomonibio cpencts A3bikoB C/C++, Python

U cB0OOHO pacmpocrpaHseMoii cpens! Arduino
IDE, a Taxoxe ynpaBieHUsI MOAEISIMU
POBOTOTEXHUYECKHX CHCTEM C ITOMOIIBIO CPEIbI
ROS.

4) nporpaMMHpyeMbIif KOHTPOJLIED - HE MeHee 1
HITYKH.

ITporpaMMupyeMBIH KOHTPOJLIED JOJDKEH
IIPEACTaBIATh C000H BEMHCINTENbHbIH MOAYIIB,




Ne
n/n

Haumenosanue
060pyOBaHHUS

Kpatkue npuMepHbIe TEXHUYECKHE
XapaKTEpHCTHKH

Enununa
H3MEPEHUS

Konnuec
TBO

obagaromuM nHGPOBEIME ITOPTaMH - HE MeHee §
IITYK ¥ aHAIOTOBBIMH IIOPTaMH - He MeHee 16
wtyk, uatepdeticamu UART, 12C, SPI, TTL,

a Takxe MoAyJieM OecIIpOBOIHOH CBSI3M THUIIA
Bluetooth wn WiFi s co3aHus anmapaTHo-
MIpOrpaMMHBIX PEIEHUH U «YMHBIX/CMapT»-
ycTpolicTs uist pa3paboTku pemenuit «MHTepHer
BelLEeH».

5) naTa pacmypeHus NporpaMMHUpYEMOro
KOHTpoOJUIepa — He MeHee | ITyKH.

[TnaTa pacmspeHus 10/pkHa obecreynBaTh
BO3MO>KHOCTH NOJKIIOYEHHS YHHBEPCATBHOIO
BBIYHCIIMTENLHOTO MOYJIS K CETH IIOCPEACTBOM
unTepdeiica Ethernet. [Inata pacmmpenns
JoJbKHa obsiafaTh nopTaMy BBOJa-BhIBOJA

IUTSI IOJIKJTFOUEHHS MU(POBBIX U aHATOTOBBIX
ycTpoiicTB — He MeHee 40 mTyk, uarepdeiic SPI
H BO3MOXXHOCTBIO IOAKIIIOYEHHU S BHEIIHEH KapTh
TaMsTH.

6) MoIyJIb TEXHUYECKOIO 3pEHHS,
IpeJCTaBISIONH coboit ycTpolicTBO Ha 6ase
BBIYHCIIUTENIEHOIO MUKPOKOHTPOJIIEPA U
MHTETpHPOBaHHOI KaMepbl, obecneynBaroliee
pacro3HaBaHKe NpocTeHinnX H306paxKeHuit Ha
MOJIyJie 3a CYET COOCTBEHHBIX BHIYHCIUTENBHBIX
BO3MOXXHOCTEH - HE MEHee | MTYKH.

Moy TEXHUYECKOr0 3pEHUS AOIKEH
obecrnieynBaTh BO3MOXXHOCTh KOMMYHHKALUU

C aHAJIOTUYHBIMU MOAYJISIMH IIOCPEACTBOM IIMHEI
Ha 0Oaze nociegoBaTenbHOro HHTEpdeiica c
HENbIO JaNbHeNIel nepeiayu pe3yabTaToB
M3MEpEHHil IpynIbl MOIyJeH Ha yrpaBisiolee
BBIUHCIIHTENIEHOE YCTPOHCTBO, MOAKIIIOYEHHOE

K JaHHOM 1mHe. Moaysb TEXHHYECKOTO 3pEHHS
JI0JKEH o0ecreynBaTh BO3MOXKHOCTD
OCYIIECTBIATH HACTPOHKY MOJYJIsi TEXHHYECKOTO
3peHHUs - HaCTPOHKY 9KCIIO3UINH, baaHca
6enoro, NIBETOPa3HOCTHBIX COCTABIISIOIINX,
wiomanayu oOHapyXuBaeMoii o6nacTu
u300paXkeHHs, OKPYTJI0CTH OOHapyKHUBaeMoit
obnacti u3obpaxkeHus, NOJ0KEHHE
oOHapyxuBaeMbIX 00siacTelf OTHOCHTEIBHO APYT
npyra. Moaynp TEXHHUECKOTO 3pEHHUS HOJKEH
obecrieuuBaTh BO3MOXHOCTh HACTPOHKH Ha
OIHOBpeMeHHoe oOHapyxeHue He MeHee 10
pa3IMYHBIX OJJHHOYHBIX OOBEKTOB B CEKTOpE
0630pa, b0 He MeHee 5 COCTaBHBIX 00BEKTOB,
COCTOSIIIUX U3 HE MEHEe 3 pa3InYHbIX
rpadH4ecKUX IPUMHTUBOB. Moayinb
TEXHHYECKOT0 3peHHsl NOJDKeH 001a1aTh




No
n/n

HaumeHnosaunue
o0opyoBaHUS

KpaTkue nmpiuMepHBIe TEXHHUECKUE
XapaKTePUCTHKH

Enguauna
H3MEpEHHS

Komnuuec
TBO

BcTpoeHHbIMU HHTepdeticamu — USB, UART,
1-wire TTL, 12C, SPI 1yt KOMMyHHKauu co
BHEITHHUMH NTOAKTIOYaEMBIMH YCTPOHCTBaMH.

B cocrtaB Habopa TOKHBI BXOAUTH LU POBEIE
HH(pOpMaIHOHHO-CEHCOPHEIE MOJIYIIH,
npeacTaBisiomue coboit ycTpoiictBa Ha 6aze
IIpOrpaMMHpPYEMOT0 KOHTpoJUIepa U
H3MEPUTENILHOTO dMieMeHTa. L{udpoBoit Moxyns
JIOJKEH 06J1a1aTh BCTPOEHHBIM
MHUKPOKOHTpOJUIEPOM (TaKTOBast 4YacToTa -

He MeHee 16 MI 11, minHa JaHHEIX — HE MeHee 8
K6aiiT), untepdelicaMu I MOAKIIOUSHUS

K BHEIIHUM YCTpOHCTBaM: M (pOBLIE

U aHajoroBsle moptsl, 1-wire TTL, passeM Tuna
RJ. Iludporoii Moxyns nomkeH obecnieynBaTh
BO3MOXXHOCTH KOMMYHHKALHH C aHAJIOTHYHBIMHU
MOZIYJISIMH ITOCPEJCTBOM LUMHEI Ha 6a3e
HOCJIeIoBaTeNIFHOTO0 HHTEpdeiica ¢ 1emnbio
JanpHeimel nepeayn pe3ynbTaToB H3MEPEHHH
IpynIbl MOJyJIel Ha yrpaBisoiee
BBIMUCIIUTENILHOE YCTPOHCTBO, MOAKIIIOYEHHOE
K JaHHOH UIHHE.

B cocraB Habopa DOKHO BXOAHTH:

UG poBoH MOAYJIb TAKTOBOH KHOIIKH — HE MEHEe
3 mTyK;

¢ poBoit MOIYNIb CBETOAKUO A — HE MEHee 3
HITYK; HU(PpOBOIt MOy KOHIIEBOTO
IIpepHIBATEN — HE MEHee 3 IITYK;

uuGpoBoif MOIYNb AaTYHKA I[BETA — HE MeHee |
HITYKH;

nudpopoit Mmoxyns RGB ceetoamona — He MeHee
1 mrykw.

B cocraB Habopa ZOMKHEI BXOJUTH 3JIEMEHTHI
JU1st cOOpKH BaKyyMHOTO 3axXBaTa:

BaKyyMHast IPHCOCKa — He MeHee 1 mTyky;
9JIEKTPOMAarHUTHBIA KJIanaH — He MeHee 1 MTyKH;
BaKyyMHBII Hacoc — He MeHee 1 mTyxku.

B cocras Habopa DOMKEH BXOOUTh YUeOHBIH
KOMIUJIEKT, BKJIFOYAIOIIHIA B ce0s1 yueGHOe
nocobue, Habop OUOIMOTEK TPEXMEPHBIX
3JIEMEHTOB JUIsl IPOTOTUIIMPOBAHUS MOJEIei
MaHHUNYJIIIUOHHBIX poOOTOB, a TaKxe
nporpaMMHoe obecrieyeHue Ui paboTsl ©
Habopom. IIporpammHoe obecneyeHne TOMKHO
obecneunBaTh TPEXMEPHYIO BU3YITH3AIHIO
MOJeJI MaHUMYJISHHOHHOro poboTa (C yIjIoBoii,
IJIOCKONapaUIeNnbHOM U JeNbTa-KHHEMATHKOIT)
B niporecce paboThl, obecreynBaTh MOCTPOEHHE
IPOCTPAHCTBEHHOH TPAEKTOPHH ABHIKEHUS
HCIIOJHUTEILHOIO MEXaHHU3Ma




HaunmenoBanue
000pynOBaHHS

Kpatkue npuMepHble TEXHUUECKHE
XapaKTePUCTHKH

Enununa
U3MEpPEHHS

Komnuuec
TBO

MaHHIYJIAIHOHHOro po60Ta, BO3MOXHOCTH
3aIaHus [MOCIENOBaTEIEHOCTH TOYEK JUIS
MIPOXOXKIEHUS Yepe3 HUX HUCIIOJHUTENBHOIO
MeXaHHU3Ma MaHUIYJIAIHOHHOro poboTa.
IIporpaMMHoOe o6ecnie4eHHe TOKHO
(YHKIIHOHHPOBATh, KaK B OTHENEHOCTH B BUIE
cpelb! MOACTHPOBAHUS, TaK H B PEXKUME
MOHHUTOPHHTA B peajlbHOM BPeMEHU IpH
MOAKITIIOYCHHH MOJIEJIH MaHUIIYJIITOpa
IIOCPEACTBOM POOOTOTEXHUIECKOTO
koHTpoJuIepa. [Iporpammuoe obecneyenue
JIOJDKHO oDecriedynBaTh BO3MOKHOCTD
OCTpOeHUs TpaMKOB, 3aJJaHHBIX U TEKYIINX
00001eHHBIX KOOpAUHAT MAHHITYJISILIMOHHOTO
poboTa, rpadKOB 3HAYEHHIT CKOpoCTEit U
YCKOpEeHHS, rpa)HKOB pacyeTHHIX 3HaYCHHUt
Harpy3kH. [IporpaMMHoe obecrieueHne J0JKHO
IIO3BOJIATH 331aBaTh IIOC/IEIOBATENFHOCTD
nepeIBHKEHUH MaHHITYJISITOpa NOCPEACTBOM
Habopa komaHx B G5104HO-rpadMuECKOM
uHTepdeiice. YueOHoe nocobue H0IKHO
COZiep>KaTh MaTepHaIbl [0 pa3paboTKe
TPEXMEPHBIX MOJeNieil MOOGHIIBHEIX po6OTOB,
MaHUNYJISHOHHBIX pOOOTOB C pa3IHYHBEIMU
THIAMH KHHEMAaTHKH (YTJIOBasi KHHEMATHKa,
TUIOCKO-TTapaJlieNibHasi KHHEMaTHKa, JeIbTa-
kuHeMatuka, SCARA unu peryaxsas
KHHeMaTHKa, mnardopma Crroapra u T.11.),
HHCTPYKIIMH 10 IPOEKTHPOBAaHHIO POOOTOB,
HHCTPYKIIMH U METOJMKH OCYIECTBIICHUS
HH)KEHEPHBIX PacyeToOB IIPH NPOECKTHPOBaHUU
(pacueTs! Harpy3Ku # MOMEHTOB, pacyeT
MOIIHOCTH IIPUBOJIOB, pacyeT apaMeTpoB
KHHEMaTHKH H T.II.), HHCTPYKLHH 110 pa3paboTke
CHCTEM YIIpaBJIEHHs H IPOrPaMMHOTO
obecnieueHus I yIpaBieHHs poboTaMu,
HMHCTPYKLIHH U METOJMKH 110 pa3paboTke CHCTEM
YIIpaBJICHHS C DJIEMEHTaMH HCKYCCTBEHHOTO
HHTEJUIEKTa U MAIIHHHOTO 00yJYeHHs

2.2

Obpa3oBaTe/IbHbI
it gabop 1o
MEXaHHKe,
MEXaTpPOHUKE U
pobOTOTEXHHKE

Habop npennasnaueH nis npoBeacHUsl y4eOHBIX
3aHATUI IO U3YYEHUIO OCHOB MEXaTPOHUKHU

U poDOOTOTEXHHUKH, IPAKTHYECKOTO MPUMEHECHHUS
6a30BBIX 2JIEMEHTOB 3JIEKTPOHUKHU

U CXEMOTEXHHKH, a Takxke Hanboee
pacnpoCTpaHEHHOH 3JIEMEHTHOH 0a3bl

¥ OCHOBHBIX TEXHHYECKUX PEIICHHUH,
IIPUMEHSEMBIX ITPH ITPOEKTHPOBAHNH

U IPOTOTHIHPOBAHUH Pa3INYHBIX HHKEHEPHBIX,
KuOEpHETHYECKHX M BCTPAUBAEMEIX CHCTEM.

B coctas Habopa 10IKHBI BXOOHTD

IMiryka
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n/n

HaumenoBanue
000opy1oBaHNs

Kparkue npuMepHBIe TEXHUYECKHE
XapaKTEPUCTHKH

Enuauna
H3MEPECHUS

Komuuec
TBO

KOMIUTEKTYIOIINE U YCTpoiicTBa, obanaromue
KOHCTPYKTHBHOH, 3JIEKTPHYECKOM, annapaTHoi
M IIPOTPaMMHOI COBMECTHMOCTBIO JPYT

¢ npyroM. B cocraB Habopa nomkeH BXOAUTH
KOMILJIEKT KOHCTPYKTHBHBIX 3JIEMEHTOB

M3 MeTaiuia st cOOpKH MakeTa
MaHUIYJISIHOHHOr0 poboTa ¥ KOMIUIEKT
METAJUIMYECKUX KOHCTPYKTHBHBIX 3JIEMEHTOB
11 cOOpKH MakeTa MOOHIBHOrO podoTa.

B cocraB Habopa HOMKHEI BXOJUTH IPUBOJA
pa3JIMYHOro THIIA!

MOTOPEI C HHTETPHPOBAaHHBIM UTH BHEIIHUM
JIATYAKOM IT0JIOXKECHHS — HE MeHee 2 IITYK;
cepBonpuBoj 00O — HE MeHee 4 IITYK;
CEPBOIIPHBOJ] MaJIbIH — HE MEHEE 2 ITYK;
IIPUBOJ C BO3MOXKHOCTBIO YIIPaBJIEHHS B
IIarOBOM pEXXUME — HE MEHee 2 IITYK.

B cocraB Habopa JOKHEI BXOHTH 3IEMEHTHI
J1s1 cOOpKH BaKyyMHOTO 3aXBara:

BaKyyMHas IPUCOCKa — He MeHee 1 mTyKy;
3JIEKTPOMAarHUTHBIH KJlanaH — He MeHee 1 HITyKH;
BaKyyMHBIH Hacoc — He MeHee 1 ITyKH.

B cocraB Habopa Jo/KHa BXOJUTE 3JIEMEHTHAS
6a3a a1 NpOTOTHIHPOBAHMUS:

1ara Juist GecraeyHoro IpOTOTHITHPOBAHMS;
KOMILIEKT IIPOBOJIOB Pa3IYHOro THNA U JJIHHEI;
KOMIUIEKT PE3UCTOPOB, KOMILJIEKT CBETOJIHOJIOB;
CEMHCErMEHTHBII HHAUKATOP;

mucrnet XKK-tuma;

KHOIIKHM — HE MEHee 5 IITYyK;

MOTEHIHOMETPHI — He MeHee 3 ITYKH;
HH()paKpacHbI JaTYHK - HE MEHee 3 IITYKH;
YJIBTPa3BYKOBO# JaTYHK - HE MeHee 3 INTYKH;
JaTYUK TEMIIEPATYpHI - HE MEHee 1 MITYyKH;
JIATYHK OCBEIIEHHOCTH - HE MeHee 1 INTyKH;
Moxyns Bluetooth — He MeHee 1 mTykwy;
Moaynb UK-nipueMHnka — e MeHee 1 mTyky;
Moaynb UK-nepenaTunka B BUAE KHOIIOYHOTO
IyJbTa yrnpaeileHus — 1 mTyka;

aKKyMYJISATOp — HE MeHee 1 ITykH,

3apsIHOE YCTPOMCTBO — HE MeHee 1 ITyKH.

B cocras HaGopa H0oKEeH BXOOUTH
MYJIbTHIATYHK JJI U3MEPEHHUS TEMIIEpaTyphbl

U BJI&YXHOCTH OKpYXaloLeH cpeas! — He MeHee
1 mryku. MynasTUIaTYHK JODKEH 061anarTh
BCTPOEHHBIM MHKPOKOHTPOJIIIEPOM (TaKTOBast
YacToTa - He MeHee 16 MI'1, InnHa JaHHBIX ~
He MeHee 8§ KGaiit), naTepdeiicamu st
HNOJKJIIOYECHHs K BHEIIHHM YCTPONUCTBaM:
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n/u

HanmeHnoBanue
obopynoBaHus

Kpatkue npuMepHble TEXHUYECKHE
XapaKTepHCTUKH

Egunnna
H3MEpEHHUs

Komuuec

nudpoBeie 1 ananorosbie noptsl, 1-wire TTL,
pa3beM Tumna RJ.

B cocras Habopa HOMKEH BXOAUTh KOMILJIEKT
YHHBEPCAIBHEIX BEMHUCIUTENBHBIX MOLYJIEH,
MIPEJICTaBJSIIOMAX c000ii 6a30BYIO MIIATY, IIJIATy
paclIMpEeHHs /IS CETEBOIO B3aUMOACHCTBHUSA

Y IUIaTy NOAKIIOYEHUS CHIIOBOH Harpy3KH.
Bxopsimue B KOMIUIEKT YCTPOHCTBA JOMKHBI
ofnanaTh 0ZHOBPEMEHHON KOHCTPYKTHBHOM,
3JIEKTPUYECKOH, annapaTHO! U IpOrpaMMHOMN
COBMECTHMOCTHIO JpyT ¢ ApyroM. ba3oBas miarta
YHHUBEPCAIHHOTO BHIMHCIUTEIBLHOTO MOAYJIS
JIOJKHA MPEACTaBIATE COO0H NIPOrpaMMHUpPyeEMBIH
koHTposuiep B cpene Arduino IDE unu
aHAJIOTHYHBIX CBOOOJHO PacIpOCTPaHIEMBIX
cpenax paspaborku. ba3zoas miara nomxHa
o0samaTh BCTPOCHHBIMU HHTEpdeiicaMu

JUISL TIOAKITFOUEHUS UG POBBIX U aHATOTOBBIX
YCTPOHCTB, BCTpOeHHBIMHU HHTepdeiicamu USB,
UART, I2C, SPI, 1-wire TTL, Bluetooth, WiFi.
ITnara pacupeHus 1oKHa 00ecnednBaTh
BO3MOXXHOCTb NOJKJIIOYEHHS YHUBEPCAIBHOIO
BBIUHCINTEIHHOTO MOYJIS K CETH IIOCPEACTBOM
uHrepdeiica Ethernet. Ilnara pacimupenus
IOJDKHA 0071a1aTh MOPTAMHU BBOJA-BBIBOJA

IUIS HONKITIOYEHHS IU(POBBIX M aHAJIOTOBBIX
ycTpoiicTB, uHTEpdeiic SPI 1 BO3MOKHOCTBIO
MOJIKJTIOYEHHS BHelIHeH KapTel naMaTH. Ilnata
pacLIMpeHHs IS NOAKIIIOYEHUS CHIIOBOM
HarpyskH JoJbKHa obecrieynBaTh BO3MOXKHOCTh
HPSIMOTO MOJKITFOYEHHsI BHEIIHEH CHIIOBOH
HarpyskH, a TaKXe peryJupyeMoit Harpy3Kku
nocpeacteoM PWM unTtepdeiica.

B coctaB Habopa JOKEH BXOIUTh
NpOrpaMMHpPYEMEIi KOHTPOJLIED,
o0ecneynBaroIHif BOSMOXHOCTh OCYIECTBIISIT
pa3paboTKy IIporpaMMHOIO KOJa, UCIOJb3Ys
HHCTpyMeHTapuii cpex paspaborku Arduino IDE
4 Mongoose OS u S35IKOB IIPOrpaMMHpPOBaHHSA
C\C++, JavaScript. [TporpaMmupyeMsrit
KOHTPOJUIEP AOJIKEH 00J1afarh NopTaMH

JUISL TOJIKITFOUEHHS U POBBIX U aHATIOTOBBIX
YCTPOHCTB, BCTPOEHHBIMH IIPOrpaMMHPYEMBIMH
KHOIIKaMH H 3JIEKTPOMEXaHHYECKMMHU MOIYJIIMU
JUISL OpraHU3allii CHCTEMEI PYYHOTO
yIIpaBJIeHHs, BCTPOCHHBIMH IIPOrPaMMUPYEMBIMHU
CBETOAHOAAMH JUIsi HHAUKAIMH paboyero
pexuMa, BCTpoeHHbIMH uHTepdeticamu USB,
USART, I2C, SPI, 1-wire TTL, ISP, Ethernet,
Bluetooth, WiFi.
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Ne
n/m

HaumenoBanue
obopyoBaHHs

Kpatkue npumepHbIe TeXHHUECKHE
XapaKTepUCTHKH

Emununa
HU3MEpPEHHS

Komnuuec
TBO

B cocraB Habopa J0MKEH BXOOUTH MOIYJb
TEXHHYECKOTO 3peHHUS, IPeACTaBIAIOMmuUl coboit
BBIYUCIIHTENIHOE YCTPOHCTBO CO BCTPOSHHBIM
MHKPOIIPOLIECCOPOM (KOJI-BO siIEp - HE MeHee 4
HITYK, 4acToTa siipa He MeHee 1.2 [T, oO6pem
O3V - He MeHee 512MO, 06beM BCTpOEHHOM
naMsTH - He MeHee 81°0), MHTerpupoBaHHOM
Kamepoi (MakCHMaJbHOE pa3pelieHHe
BHJEOIIOTOKA, IIepelaBaeMoro 1o HHTepgeiicy
USB - e menee 2592x1944 en.) u ontrueckoit
cucteMod. MoJlyIb TEXHHYECKOTO 3pEeHHs
ZIOJDKEH 0051aiaTh COBMECTHMOCTBIO €
Pa3IMYHBIMH NTPOTPAMMHUPYEMBIMH
KOHTPOJUIEPAMH C IIOMOLIBIO HHTEpGEICOB -
1-wire TTL, UART, I2C, SPI, Ethernet. Moxyns
TEXHUYECKOr'0 3peHHs JOKeH obecrneynBaTh
BBINIOJIHEHHE BCEX U3MEPEHUHN U BEIYHCIEHUH
IIOCPEACTBOM COOCTBEHHBIX BHIYHCIUTENBHBIX
BO3MOKHOCTEH BCTPOEHHOTO MUKPOIIpOLECCOpa.
Monynb TeXHHYeCKOro 3peHus JOJKeH 001a1aTh
BO3MOXHOCTHIO KOMMYHHKAIIHH C
aHAJIOTHYHBIMH MOJIYJIIMH TOCPEICTBOM IHHHBI
Ha 06a3ze nocnenoBaTenbHOro HHTEpdeiica ¢
LEIBIO JanbHEHIeH repeayl pe3yibTaToB
MU3MEPEHUH IPYIIBI MOAYJIEH Ha yIpaBisiolee
BBIYHCIHTENBHOE YCTPORCTBO, MOAKIIOYEHHOE

K JJaHHOH miHe. MoJyib TEXHHYECKOTO 3pEeHHs
JoJKeH obecnieynBaTh HAaCTPOHKH PEXKUMOB
paboTkhI - HaCcTPOIKY 3Kcno3ulKH, Oananca
6enoro, IBETOPa3HOCTHBIX COCTABIISIOMINX,
iomanu obHapyuBaeMoii obnactu
u300pakeHus, OKpYTJIOCTH 0OHapyKuBaeMoit
o6nacTi u3o0pakeHusl, ON0KEHHE
oOHapyXuBaeMbIX 00JIacTelf OTHOCHTELHO IPYT
JIpyra, MallliHHOE 00Y4YEeHHE TapaMeTpoB
HeHpOHHBIX ceTelt 111 oOHapyKeHUsI 0OHEKTOB,
¢hopMy H 3aKOJUPOBAaHHBIE 3HAYCHHUS
0oOHapyXHBaeMBIX MapKepoB THNa Aruco,
pasMepsl 00Hapy)KHBaeMBIX OKPYXHOCTEH,
KBaJIpaTOB U TPEYTOJILHUKOB, HapaMeTPOB
KOHTPacTHOCTH, pa3MEpOB, KPUBHU3HEI U
IIOJIOXKEHHS pacno3HaBaeMbIX iuHuit. Habop
JIOJOKeH obecrieynBaTh BO3MOXKHOCTh pa3paboTKH
Mozesi MOOMIIBHOTrO poboTa, ynpasnsieMoi

B FPV-pexxume mocpeIcTBOM porpaMMHOT0O
obecnieyeHUs A1 IEPCOHATTBHOTO KOMITBIOTEpA
U MOOUIBHBIX ycTpoiicTB Ha 6a3e OC Android
uiu 10S, obecrednBaromero BO3MOXHOCTD
yTpaBjieHHss MOOUIBHEIM po6OTOM U
BCTPOEHHBIM MAHHNYJIATOPOM IIOCPEACTBOM
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Ne
n/

HauMeHoBanue
o0opynoBaHus

Kpatkue npuMepHbIe TEXHHYECKHE
XapaKTepUCTHKH

Ennnanna
H3MEpEHHS

Komuuec
TBO

rpaguyeckoro HHTepdeiica, BKIIOYAIOIHUM

B cc0s1 Habop KHOMOK U NepeKsoJareie,
JDKOUCTHK, 0051acTh U1 0TOOpaXKeH s BUAEO.
Habop nomxken obecneunBaTh BO3MOXKHOCTb
H3Y4YCHHUS OCHOB pa3pabOTKH MPOrpaMMHBIX

U anmnapaTHBIX KOMIUIEKCOB HHKEHEPHBIX
CHCTeM, pelneHHii B chepe «VIHTEpHET Bellei»,
a Taxxe pelieHui B 061acTH poOOTOTEXHUKH,
HCKYCCTBEHHOT'O HHTEJUIEKTa U MallMHHOTO
o0yueHus.

B cocraB Habopa JO/KHO BXOAUTH ocobue
10 M3YYEHHIO OCHOB 3JIEKTPOHUKH U
CXEMOTEXHHKH, pelneHHii B cepe «VHTEepHeT
Belleil», pa3paboTKH U MPOTOTUIHPOBAHHIO
Mozeneit poboToB.

B cocras Habopa JOMKHO BXOAUTE nocobue
[0 U3YYEHHIO OCHOB pa3paboTKH CHCTEM
TEXHUYECKOTO 3pEHHS U 3JIEMEHTOB
HCKYCCTBEHHOTO MHTEJUIEKTa

2.3

OG6pazoBarenbHbI
H KOHCTPYKTOp
JUIA IPaKTHKH
6y0uHOTO
IIpOrpaMMHpPOBaH
U C KOMIUIEKTOM
JIAaTYHKOB

PoboToTexnuueckuii Habop npenHa3HaveH JUIL
U3y4eHHS] OCHOB pOOOTOTEXHHKH, JETAICH, Y3/I0B
U MEXaHU3MOB, HEOOXOIUMBIX IS CO3JJaHHs
poboToTexHuueckux ycrpoiicts. Habop
IpeacTaBiseT co00it KOMIUIEKT CTPYKTYPHBIX
3JIEMEHTOB, COSAMHUTENBHBIX JJIEMEHTOB

1 3JIEKTPOTEXHHYECKHX KOMIIOHEHTOB. Habop
IIO3BOJISIET IPOBOJIUTH 3KCIIEPUMEHTEI 110
npeamery ($H3HKa, CO3AaBaTh U
HpOrpaMMHPOBaTh COOHpaeMBIe MOJIEIH,

H3 KOMIIOHEHTOB, BXOJSIIHUX B €r0 COCTaB,
paboune Mozield MOOMJIBHBIX M CTallMOHApHBIX
poOOTOTEXHUYECKUX YCTPOHCTB C
aBTOMaTH3HPOBAHHBIM YHPABJICHHEM, B TOM
YHCJIE Ha KOJECHOM H T'yCEHMYHOM XOJY, a TaK¥kKe
KOHCTPYKLIHH, OCHOBaHHBIX Ha HCIIOJIB30BaHUH
Pa3lMYHBIX BUAOB Iepenay (B TOM YHCIIE
YEepBAYHBIX ¥ 3yOUaThIX) a TAKXKE PBIYaroB.
BcerpoenHbie 6€ClIpOBOAHBIE CETEBBIE PENICHUS
(Wi-Fi u Bluetooth), BO3MOXXHOCTh HHTETpaLlUH
¢ 6ecruiatHpM o6naynbM [10, obecrieunBaroT
BO3MOXHOCTb ITPAaKTHYECKOT0 H3yUCHHS
TEXHOJIOIHi HHTEPHETA BEIeH ¥ OCHOB
HCKYCCTBEHHOrO uHTesuiekTa. ObecneunBaercs
BO3MOXHOCTb O0BEITMHEHUS HECKONIBKHUX
po6OTOB, COOpaHHEBIX H3 MOAOOHBIX HAOOPOB,

B I'PYIIIBI C CETEBBIM B3aHMOJEHCTBHEM.
IIpenycmoTpeHa onHOHaAIbHAS BO3MOXKHOCTD
pacIINpeHHs] JONIOJHUTENbHBIMH KOMIIOHEHTaMHU
(He BXOOSIIUMHU B CTaHAAPTHYIO
KOMILIEKTAlHIO), TO3BOJIAIOIIUMH H3Y4aTh
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/o

HaumeHnoBanue
o0opynoBaHus

Kpartkue npuMepHBIe TEXHHYECKHE
XapaKTepHCTUKU

EnuHuna
H3MEpEHHUS

Komuuec
TBO

TEXHHYECKOE 3pEHHE H MPOMBINIICHHYIO
pobotoTexHuky. IIpenycMoTpeHa BO3MOXKHOCTh
paboThl Habopa ¢ JONOIHUTENEHBIMI
obnaynsmvu cepBucamu. IlpenycMoTpeHs!
MHUHHMYM J1Ba IPOIpaMMHPYEMBIX KOHTPOJUIEPA
B IJIACTUKOBBIX KOpIycaX, NO3BOJISIOIMX
OJIHOBPEMEHHO €03/1aBaTh 2 BapHaHTa poOOTOB
pa3IMYHOro Ha3HAueHHsI, IMEIOLIHX
BO3MOXHOCTH PabOTHI KaK B IIOTOKOBOM PEXHME,
TaK 1 aBTOHOMHO; IT03BOJISIOIINX pealn30BaTh
o0y4eHHe IpOrpaMMHPOBAHHUIO B HECKOJIBKHX
cpenax pa3pabOTKH Ha pa3NIMYHBIX S3BIKAX

(x mpumepy, B cpenax Mblock, Arduino IDE,

Ha si3bIkax Scratch, C, Python, micro Python).
Kax MUHHUMYM OMH U3 KOHTPOJUJIEPOB HMEET
BCTPOEHHYIO ONIEPallHOHHYIO CUCTEMY,
BcrpoenHbie Wi-Fi u Bluetooth, nopt mst
MTOJIKJIFOYEHHSI ITOCIIEIOBATENIEHO COSIHHIEMBIX
BHEIIHUX yCTpOHCTB (He MeHee 20
OJIHOBPEMEHHO ITOJIKITIIOYaEMBIX YCTPOHCTB).
Kak MHHIMYM OZIHH U3 KOHTPOJUIEPOB HMEET
BO3MO>XHOCTh OJJHOBPEMEHHOM 3anlCH HE MCHEE
8 mporpamMmM, ¢ BO3MOXXHOCTBIO IIEPEKITIOUEHHUS
Mexny HumH. Kak MUHUMYM OIMH U3
KOHTPOJUIEPOB UMEET MTOJTHOUBETHBIH AHCIUICH
(IPS), no3Bosnsom#ii BHIBOJUTE JaHHEIE

C IaTYUKOB B BHJE TabiHL ¥ rpa)uKOB, a TAKKE
co37aBaTh BCTPOEHHBIE B KOHTPOJIIED
BUAEOHrpEl. KonnyecTBO CEHCOpOB

M HCIIOJHUTENBHBIX YCTPORCTB, BCTPOEHHBIX

B OJIMH U3 KOHTPOJIIIEPOB, ~ He MeHee 10 mTyK.
OO61ee KOJIUYECTBO JIIEMEHTOB B Habope He
MeHee 400 mTyK, B TOM YHCIIE NOAKIIOYaEMBIE
Moyu: Bluetooth Mmoayns, nBoitHO#M naTynk
JIMHUY, YJIBTPa3BYKOBO# NaTYHK PacCTOSHMS,
JIaTYUK IBETa, TATUYHK KaCaHUs
anekTpomexanndeckuit, IR Moxyns, MoTop
MIOCTOSIHHOTO TOKa C PEIyKTOPOM — HE MEHEee

2 MTYK, CEPBONPUBOI, MyJIbT JUCTAHIIHOHHOIO
ynpasnenus IR. HaGop nomxen 61T
YKOMIUIEKTOBaH aKKyMYJIATOPHBIMH OaTapesiMu.
IIporpamMHoOe obecniedeHne, HCIONB3YEMOE
JUIs IPOrpaMMHPOBaHHUs COOUpaeMBbIX
pOOOTOTEXHUYECKHUX MOJIENEH U YCTPOHCTB,
JIOJKHO OBITH TOCTYIHO AJ1s GecTIaTHOro
CKa4yMBaHUS U3 ceTH VIHTEpHEeT U MoCeRyIOEro
HCIOJIb30BaHHUs

ECTCCTBGHHO-Hay‘{Ha}I HamnpaBJICHHOCThH

Vuebuas
sabopaTopus 1o

B cocrtas Bxomar:

Iityxa




15

Ne| HaumenoBanue Kpatkue npuMepHble TEXHUYECKHE Emnanna |{Komuuec
n/n| o6opymoBaHHs XapaKTepPUCTUKH H3MEPEHHs|  TBO
HeifporexHonory | 1. Cencop Tun 1 He Menee 1 mrTyxu,
%4 obecnieqnBaeT BO3MOXKHOCTb PErHCTPAIHU

CHTHAaJIa 3JIEKTPUYECKOH aKTHBHOCTH MBIIIIY
(anexTpoMuorpammst, IMI). Perucrpanus
JIOJDKHA OCYUIECTBIIAETCS HEMHBA3UBHO, CYyXHUMH
anekTpoaaMu. JlomKHa HMETHCS BO3MOXKHOCTD
KpEIUIEHUS K PyKe 4YeJIOBeKa, YTO JIOJDKHO JaBaTh
BO3MOYKHOCTb PETHCTPHPOBATh JIEKTPHYECKYIO
aKTHBHOCTH MBI B 001aCTH, HaJl KOTOPOH
pacnonaraeTcs kperuienue. [Ipu HanpsKeHUH
MBILIIIBI TOJIKHA OBITh 00ecreyeHa BO3MOXKHOCTh
HaOJIIOACHHUS TyYHOCTH CHTHANA

(1.e. mpucytcTBre OMI'), mpu paccnabieHuu
MBIIIIIB - €€ OTCYTCTBHE.

2. Cencop Tun 2 He meHee 1 mTykKy,
obecneynBaeT BO3MOXKHOCTb PETHCTPAIHH
curiaia ¢orormetuamMorpammsl (OII)
ONTHYECKUM IIYTEM, 32 CUET H3MEHEHHUS
OTPa’XK€HHOT'0 OT KPOBEHOCHBIX COCYZIOB CBETa,
00BEM KOTOPBIX M3MEHAETCA 0] BO3ACHCTBHEM
NyJbCOBOH BoJIHBL. CeHCOop OJKEH ObITh
obecrneueH BO3MOXKHOCTHIO KPETIJIEHHS K
NoAyIleyKe Najiblia YenoBeka.

3. Cencop Tun 3 He MeHee | TyKH,
obecrnieynBaeT BO3MOXKHOCTb PErHCTPalUH
curHaia snexrpokapauorpamMmsl (OKI') He
HMHBa3uBHBIM criocoboM, peructpauus I, IT u 111
OTBEJICHHI.

4. Cencop Tun 4 He MeHee 1 mTyku
obecrneynBaeT BO3MOXKHOCTh: PErHCTPAIUH
CHTHaJIa KOXKHO-TatbBaHKu4eckoi peakuuu (KI'P),
perucTpanusi KOTOporo OCyuecTBIsAETCS Ha
NOCTOSIHHOM TOK€; IOIKITIOYEHHS K TEILy
4eJIOBeKa C IIOMOIIBIO CYXHX 3JIEKTPOJIOB.

5. Cencop Tun 5 He menee 1 mTykH,
obecrnieyrBaeT BO3MOKHOCTh: PETHCTPALIH
CUTHaJIa 3JIEKTPUYECKOM aKTHBHOCTH MO3ra
(O3I') ¢ noMoIBIO CYXHUX HEMHBA3UBHBIX
3JIEKTPOJIOB; PETHCTPALUHU 3IEKTPUIECKOH
aKTUBHOCTH pa3HbIX HoJieit Mo3ra.

6. Cencop Tun 6 He MeHee 1 WTyKH,
obecneynBaeT BO3MOKHOCTh: PETHCTPAlHH
CUTHaJIa KoJjieGaHusl rpyQHON KIIETKH

(CeHcop apIxaHus); onpeaeneHHs YacToTh
JIbIXaHUS.

7. YcTpoicTBo Juist cOopa JaHHBIX OT CEHCOPOB
U Ilepelayy Ha EPCOHAIBHBIA KOMIIBIOTED
o0ecrnieynBaeT BO3MOXXHOCTb cO0Opa JaHHBIX

OT IOJKITIOYEHHBIX K HEMY CEHCOPOB U OTIIPABKY
noygydeHHBIX Ja"HbIX Ha [IK. Iloakmouenne
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n/n

HaumeHnoBanue
o6opynoBaHuUs

Kpartkue nmpuMepHble TEXHHYECKHUE
XapaKTEpPHCTHKH

Enununa
H3MEpPEHHs

Komnuec
TBO

nernTpanbHoro Moayis k I1IK gomkxo
ocyuiecTBIAThCs ¢ noMouibio USB-kaberns.
VYerpoiicTBo i c60pa JaHHBIX JOJKHO UMETh
rajibBaHuueckyro uzonsauuio ot 11K,
ofecneunBaTh BO3MOXXHOCTh OJJHOBPEMEHHOI O
HOJIKJIIOYEHHS BILIOTH 110 4 ceHcopoB. Kax b
U3 BXOJIOB YcTpoiicTBa Juis cOopa AaHHBIX
JIOJIKHO UMETh rajIbBAHMYECKYIO H30JISIIHIO
(obecneueHne MeXXKaHAJIBHOMN rajlbBaHH4YECKOH
n3omnsuun). [Toaxnrouenne ceHCopoB K
YerpoiicTBY miist c6opa JaHHBIX OCYIIECTBIISETCS
C IIOMOUIBIO CHENHATH3HPOBAHHBIX PA3beMOB
tuna LEMO, obecneunBaromux npaBUIBHOCTb
MTOJIKJTIOYEHHUS pa3bheMa U CHIDKAIOMIUX PHCK
CilyyaitHOro KacaHHus pa3beMOB
TOKOIIPOBOJSAIINX YacTel, a Takxke
00eCreynBaroIHX 3alUTY OT
HECaHKIIHOHHPOBAHHOT'O MOJKIIOYEHHUS

K [IPOU3BOJIEHBIM YCTPOHCTBAM.

8. Monyns «KHomnka» He meHee | mTykH,
obecrnieunBaeT BO3MOXXHOCTh: Pa3METKH
pETUCTPHpPYEMBIX curHanoB. KonuyecTso
pa3MeyaeMbIX COCTOSHHI CHIHana I0JDKHO OBITh
He MeHee 3-X pa3uyHBIX KaTeropHuii.

9. YcTpoHCTBO IS periCTpaliii apTepuaibHOro
JIaBJICHHUS HE MEHee | TyKH.

10. MeTtoauueckoe nocobue, KOTOpoe TOJHKHO
conep)xath He MeHee 30
1ab0paTOPHBIX/IPAKTHYECKUX/ IEMOHCTPAIIHOHH
bIX paboT

3.2.

Muxpockon
nudpoBoi

Onucanue:

THII MEKPOCKOIIa: OHOJIOrHYeCKHUi;

Hacajika MHKPOCKOIIa: MOHOKYJISIpHasi;
HazHayeHue: JabopaTopHEIH;

METOJ HCCIIE0BaHUS: CBETIIOE N0JIE;

MaTepUall ONTHKH: ONITHYECKOE CTEKJIO;
YBEJIHMUYEHHE MUKpPOCKoOIIa, Kpat: 64 — 1280;
okyssipel: WF16x;

00BeKTUBEL: 4X, 10X, 40xs (IoAnpyKHHEHHBII);
pPEBOJIbBEPHAs IOJIOBKA: Ha 3 OOBEKTHUBA;

THII TIOACBETKH: 3€PKAJIO UIIH CBETOAHON;
pacrojoXeHHe MOJACBETKH: BEPXHSI 1 HIKHSS,
MaTepHaJl KOpIiyca: MeTasul;

NIPEIMETHBIN CTONMHK, MM: 90;

“cToyHuK nutanus: 220 B/50 ';

YHCJIO METammuKceneit: 1

27

3.3

[Tudponas
naboparopus o
9KOJIOTHH

Onucanue: obecneyuBaeT NpoBeAcHUE yYeOHOTO
5KOJIOTHYECKOr0 MOHHUTOPHHTa
HHCTpYMEHTAJIBHEIMI MeTojiaMu. Habop
IIPUMEHSETCS IPH H3YYEHHH DKOJIOTHH,
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n/m

Hanmenosaune
o6opynoBaHHus

KpaTKI/Ie INPAMEPHBIC TEXHHYCCKHUC
XapaKTCpHCTHKH

Emunnna
HU3MEpEHHS

Konuuec
TBO

Ouosioruy, XMMHUH, reorpaduu 1
MIPUPOJIOBENCHHUS, & TAKOKE JUISl HHAMBUAYAIBHBIX
HCCJIEOBaHUS U NIPOEKTHOH EATENHHOCTH
IIKOJIBHUKOB.

Kommnexranus:

1. becnpoBoHOM MyJIBTHAATYHK IO
3KOJIOTHYECKOMY MOHUTOPHHTY C 8-10
BCTPOEHHBIMH JATYHKAMHU:

JaTYHUK HUTPAT-HOHOB;

JIaTYUK XJIOPUJ-HOHOB,;

natunk pH ¢ quana3oHoM H3MeEpeHHs He YXe,
yeMm ot 0 1o 14 pH;

JATYHK BJIXXHOCTH C AUAMA30HOM H3MEpEHUS
0...100%;

JATYHK OCBEIEHHOCTH C JHANa30HOM H3MEPEHUS
He yxe yeM oT 0 1o 180000 nx;

JATYNK TEMOEpATyphl C THANa30HOM H3MEpPEHHS
He yxe 4eM oT -20 no +140C;

JIaTYUK 3JIEKTPONPOBOJIUMOCTH C JHANa30HaAMH
u3MepeHus He yxe yeM ot 0 1o 200 mxCwm;
ot 0 mo 2000 MxCwm; ot 0 mo 20000 MxCum;
JIaTYHUK TEMIIEPaTyphl OKpYXKaroIeH cpeJibl

C AMana3oHOM H3MEpEHHUs He yxe yeM oT -20
1o +50C.

2. OTnenbHbIE JaTYHKH U MYJIBTHIATYHKH:
JaTYUK 3ByKa ¢ GYHKIUEH HHTErPHPOBaHHS

C IHana3oHOM H3MEpEHHS 4acTOT He MeHee,
geM oT 50 I't mo 8 kI

JIaTYHK BJIQXKHOCTH ITOYBHI C JHATIa30HOM
u3Mepenus He yxke 4eM ot 0 10 50%;

JATYHK OKUCH YIJIepoja ¢ IHana3oHOM
u3MepeHus He yxe yeM ot 0 go 1000 ppm.

3. MynbTHAATYHK ONTHYECKON IUNIOTHOCTH

M MYTHOCTH CO BCTPOEHHBIMH JIaTUUKaMHU:
JaTYUK OoNTHYecKoi mnotHocty 470 HM

¢ nquana3zoHoM usMepenus ot 0 o 2 D;
JaTYUK OINTHYECKOH INIOTHOCTH 525 HM

¢ nuana3zoHoM uamepenus ot 0 no 2 D;
JaTYMK ONTHYECKOH miuoTHOCTH 630 HM

¢ nuanasoHoM usmepenus ot 0 1o 2 D;
JIaTYMK MYTHOCTH pacTBOPOB C AHANIa30HOM
usmepenus ot 0 go 200 NTU.

4. Akceccyaphr:

kabens USB coenunuTenbHbli (2 INTYKH);
3apsAHOe ycTpoiicTBo ¢ kabeneM miniUSB;
USB Anantep Bluetooth 4.1 Low Energy;
CTEPXKEHB JUI 3aKPEIJICHHS IaTYUKOB

B LITATHBE.

5. Kpatkoe pykOBOJCTBO I10 3KCIUTyaTal{HH
nudpoBoii 1abopaTopuH.
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Ne | HaumeHoBaHHe KpaTkue npumepHbIe TEXHUYECKHE Envnuna {Konuyec
n/n{ o6opynoBaHUA XapaKTEPUCTHKH HU3MEpEHHUs| TBO
6. IIporpammHoOe obecrieueHue.
7. Meronnueckue pekoMeHaanuu (He meuee 20
pabor).
8. Ynakogka.
9. Hanmnuue pycckos3bIMHOTrO caifTa HOIIEpKKH.
10. Haynyne BUIEOPOIIMKOB
3.4| Iudpo.as ObecneynBacT IpoBEZCHAE UCCIIEAOBaHUS Hltyxa 1
sabopaTopus o | 110 GyHKIIHOHHPOBAHUIO YEJIOBEYECKOTO
¢busnonoruu oprann3Ma. Kommekranus:
(mpodunpHEH 1. BecripoBoHOM MYJIBTHAATYHK MO GHU3HOIOTHH
YPOBEHB) C 5-10 BCTPOCHHBIMHU JaTYHKAMHU:

JaT4yuk aprepuanpHoro jaasieHus (0...250 mm
pT. CT.);

JaTYNK NyJIbca C AUala30HOM H3MEPEHHUs

He yxe, yeM oT 30 go 200 yn/MuH;

JaTYUK TEMIEpATypHl Tesla ¢ AHaa30HOM
HU3MEPEHHS HE yxKe, yeM oT +25 no +40C;
JaTYMK YacTOTHI NbIXaHHUS C JHANAa30HOM
HU3MepeHHus He yxe, yeM ot 0 1o 100
IHKJIOB/MHH;

JaTYNK YCKOPEHHUS ¢ IoKa3arensMu £2 g; +4 g;
+8 g.

2. OTzenbHBIE YCTPOICTBA!

Jatauk OKI' ¢ fuana3oHoM H3MepeHHs HE yxKe,
geM ot -300 go +300 MB);

JaTYHK CHJIOMED C JHANa30HOM H3MEPEHHUS

He yxe, yeM oT 0 o 40 H;

JaTYHK OCBEIIEHHOCTH C IHAa30HOM U3MEpPEHHUS
He yxe, yeM oT 0 no 180 000 k.

3. Akceccyapsl:

kabens USB coeMHUTEIBHEIH;

3apsiiHOe yCTpoHCTBO ¢ Kabenem miniUSB;
USB agantep;

Bluetooth 4.1 Low Energy.

4. Kpatkoe pyKOBOJCTBO I10 3KCIUTyaTalHH
uupoBoii 1abopaTopuu.

5. IlporpammHOe obecnieueHue.

6. Meroanyeckue pekoMeH1aluu (He MeHee

20 pabor).

7. Hasmmune pyccKosI3BIMHOTO caiiTa HOIIEPIKKH.
8. Hannune BUACOPOITHKOB




