MNPOP®UJIBHBIA KOMILIJIEKT OBOPYJIOBAHUSA

N HaumenoBanue o0opyoBaHus

BA30BAS (OBA3ATEJIBHAS HACTD)

ECTGCTBCHHO'Hay‘lHaSI HaIlpaBJICHHOCTDb

1. [udposas nadbopatopus 1no
Ouooruu (yueHu4eckast)

Kparkue npumepHble TEXHUYECKUE

XapaKTCPHUCTUKHU

OO6ecnieynBaeT BBIMIOJIIHEHUE JIA00PATOPHBIX
paboT Ha ypoKax Mo OMOJIOTUN B OCHOBHOM
IIKOJIE ¥ TIPOEKTHO-KUCCIIEI0BATENbCKOM

ACATCIIBHOCTH YUalluXCs.

Kommnexramnus: becnpoBoiHON MylIbTHAATYUK
110 OMoJIOTHH C 6-10 BCTPOEHHBIMH JaTYUKaMHU:
JlaT4MK BIQXKHOCTH C JUANIa30HOM U3MEPEHUS

0...100%

JlaTuuK OCBEIIEHHOCTH € AUana3oHOM
n3mepenus He yxe yem ot 0 go 180000 nx
Hatuuk pH ¢ nuanazoHoM U3MepeHMsI HE yKe

yem ot 0 1o 14 pH

JlaT4Mk TeMIepaTypsl C 1AAIa30HOM

KoanuecTtBo enunnin
JUIS PO UIILHOTO
KOMILUICKTa
(obmeoOpa3zoBaTeIbHbBIC
OpraHu3aIy, He
SIBJISIOILIECS
MaJIOKOMIUIEKTHBIM),
e/1. U3M.

3 .

Taoauma Ne2

KoanuectBo enunmnin
JUTS PO HIILHOTO
KOMILUICKTa
(MaIOKOMIIIIEKTHBIE
0011e00pazoBaTebHbIC
OpTaHM3aIH), /1. U3M.

2 IIT.



2.

[Mudposas nadboparopus 1no
XUMHH (yYeHUYECKast)

u3MepeHus He yxe yem oT -20 go +140 C
JlaTduK 3IEKTPONPOBOJAUMOCTH C AUAMTa30HAMU
u3Mepenus He yxke uem ot 0 10 200 MkCwm; oT
0 1o 2000 mxCwm; ot 0 70 20000 MKCM
JlaTuuk TeMrnepaTypbl OKpYysKarolei cpebl ¢
JIMAra30HOM U3MEPEHUsI He yxke ueM oT -20 10
+40

AKceccyapsl:

Ka6Gens USB coenqnauTenbHbIN

3apsigHOE YCTPOMCTBO ¢ KabeneM miniUSB
USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe pyKkoBOJICTBO 10 3KCIUTyaTaIlHH
nudposoii 1aboparopun

[udposas BupeokaMmepa ¢ METALTUICCKIM
HITaTUBOM, paspenienue He meree 0,3 Mnukc
[Iporpammuoe obecnieueHune

MeTtoaudeckue pekomeHaanuu He meree 30
pabot

YnakoBka

Hanuuune pycckosi3pIUHOTO caifiTa MOIIePIKKH,
HaJIM4Y1e BUACOPOTHKOB.

OObecnieunBaeT BHINIOJIHEHUE TAOOPATOPHBIX 3 mr.

paboT Mo XMMHMU Ha ypOKaxX B OCHOBHOM ILIKOJIE
U IIPOEKTHO-UCCIIE0BATEIBCKON AEATENBHOCTH
y4aImxcs.

Kommnekramust:

becnipoBoHOM MyIBTHAATYHMK IO XUMHH C 4-
Ms1 BCTPOEHHBIMU JJaTYNKAMHU:

Hatuuk pH ¢ nnana3oHoM U3MEpEHUs HE YxKe
yem ot 0 no 14 pH

JlaT4MK BBICOKOM TEMIEPATYPBI
(TepMmonapHBbIit) ¢ AMANIA30HOM U3MEpPEHHsI He
yxe gem oT -100 1o +900 C

JlaTuuK 371eKTPONPOBOAUMOCTH € AMANA30HAMU
n3Mepenus He yxke uem oT 0 1o 200 MxCwm; oT

2 IIT.



3.

Hudposas nabopaTopust 1Mo
¢duznke (yueHu4eckas)

0 1o 2000 MxCwm; ot 0 70 20000 MKCMm
JlaTuMk TeMIiepaTypsl INIATUHOBBIN C
Jarna3zoHoM U3MepeHust He yxke ueM ot -30 10
+120C

OTtnenbHbIE JATUYUKU:

JlaT4yuK ONTUYECKON INIOTHOCTH 525 HM
AKceccyaphl:

Kabens USB coenquHuTENbHBII

3apsiHOe ycTpocTBO ¢ kabenem miniUSB
USB Ananrep Bluetooth 4.1 Low Energy
Kpatkoe pykoBOJICTBO 10 SKCILTyaTalluu

1 dpoBoi 1abopaTopuun

Ha6op naGopaTopHoii OCHAaCTKH
[Iporpammuoe obecnieueHmne

MeTtoauyeckue pekomeHaanuu He meree 40
pabot

Hanuuue pycckosi3pIuHOTO caifTa moIIepKKU
Haynnune BuaeopouKoB.

ObecnieunBaeT BBIOJIHEHNE IKCIIEPUMEHTOB 3 wr.

Mo TeMaM Kypca (U3HKH.

Kowmmexrammus:

BecripoBoHOI MyNnbTUAATUMK 110 PU3KKE C 6-
10 BCTPOEHHBIMU JaTYNKaAMHU:

Hudposoii faT4Mk TeMIepaTypsl ¢
JTMAria30HOM U3MEPEHUsI He Yxke ueM oT -20 10
120 C

Hudposoii gaTunk aOCOIOTHOTO JABICHHUS C
JIMara3oHOM U3MepeHus He yxe ueM oT 0 110
500 xITa

JlaTark MarHUTHOIO OJIS C JUAIa30HOM
n3mMepeHus He yxe yem ot -80 no 80 mTn
JlaTuMk HanpsKeHUs ¢ Auana3oHaMu
HU3MEpPEHHs HE yKe ueM oT -2 1o +2 B; ot -5 1o
+5B; or-10 o +10 B; ot -15 o +15 B
JlaTuuk TOKa HE yxe yeM oT -1 1o +1 A



KommbrorepHoe o6opynoBanue

4, Hoytb6yxk

JlaTuuk akcenepoMeTp ¢ moKa3aTelsIMU He
MeHee yem: +/- 2 Q; +/-4 g; +/-8 g

OtnenbHbIC YCTPOMCTBA:

USB ocuumiorpad He meHee 2 kanana, +/- 100
B

AKceccyapsl:

KabGens USB coennHuTe1bHBII

3apsigHOE YCTPOMCTBO ¢ KabeneM miniUSB
USB Anantep Bluetooth 4.1 Low Energy
KoHcTpyKkTOp 11 TpOBeIeHUs SIKCIIEPUMEHTOB
Kpatkoe pykoBOJICTBO 10 SKCILTyaTalluu

1 dpoBoi 1abopaTopuun

[IporpamMmMHoOe obecrieueHue

Meroanueckue pexomenaamnuu (40 pador)
Hanuuue pycckosi3pIYHOTO caiiTa moIIepKKU
Hannune BuaeoponKoB.

®dopm-PakTop: HOYTOYK; 3 mr.

XKectkas, HEOTKIIIOUaeMas KiIaBuaTypa:
HaJIN4ue;

Pycckas packiagka KiaBuaTyphbl: HAIMUUE;
Jluaronans skpaHa: He MeHee 15,6 nroiMoB;
Pa3pemenue skpana: He Mmenee 1920 x 1080
MMHUKCEIICH;

KonnuecTBo siiep npoueccopa: HE MEHeE 4;
KonmuecTBO MOTOKOB: HE MeHee §;

basoBas TakTOBas yactoTa Ipoueccopa: He
menee 1 I'T;

MaxkcruMaibHasi TAKTOBas 4acTOTa Ipoleccopa:
He menee 2,5 I'T;

Komr-namsts mporeccopa: He MeHee 6 MOaiiT;
OO6beM yCcTaHOBJIEHHOM OllepaTUBHON MaMsITH:
He MeHee 8 ['0aliT;



MOV (nmpunrep, ckaHep,
KOIIUD)

O0BeM noIIeP)KUBAEMOM OTIEpaTUBHON
namMsTH (17151 BO3MOXKHOCTH PAaCUIUPEHUS): HE
MeHee 24 I"6air;

O60mwem Hakorutens SSD: ne menee 240 I'0aiiT;
Bpewmst aBToHOMHOI paboThI OT GaTapeu: HE
McHee 6 Jacos;

Bec HoyTOyKa ¢ ycTaHOBJICHHBIM
aKKyMyJsaTopom: He 6oiee 1,8 kr;

Buemnwnii uatepdeiic USB crannapTa He HIKe
3.0: He MeHee TpeX CBOOOIHBIX;

Buemrnawnii uatepdeiic LAN (ucrnons3oBaHue
MEPEXOTHUKOB HE MPEAYCMOTPEHO): HATUYHE;
Hanuuue monyneit u uarepdeiicon
(ucnosib30BaHUE MEPEXOAHUKOB HE
npenycmotrpeno): VGA, HDMI;
BecnpoBoanast cBsa3p Wi-Fi: nannume ¢
noanepxkon cragaapta IEEE 802.11n wimn
COBpEMEHHEE;

Web-kamepa: nanuuue;

Manunynsatop "MbIb": HAINYKE;
[IpenycranoBneHHas onepaoHHasi CHCTeMa C
rpadUuecKuM MOJIB30BaATEIbCKUM
uHTepdeiicoM, obecneunBaronias padbory
pacipocTpaHEeHHBIX 00pa30BaTEIbHBIX U
00II1eCUCTEMHBIX MPUITOKEHUM:

HaJIn4ue.

Tun yctpoiicta: MOV (pynkuuu nevaru, I .

KOIIMPOBAHMUS, CKAHUPOBAHUS);

®opmar Oymaru: He MeHee A4;

L[BeTHOCTD: YepHO-OeTbIi;

TexHonorus nevaru: jJazepHas
MaxkcruManabHOE pa3pelIeHUE NTeYaTH: HE MEHEe
1200 x 1200 Touek;

Wutepodeiicer: Wi-Fi, Ethernet (RJ-45), USB.

1 mrr.



JOITOJIHUTEJIbBHOE OBOPYIOBAHUE

ECTCCTBGHHO-Hay‘lHaH HaIIpaBJICHHOCTb

1. Hudposas nabopaTopus 1mo OO6ecnieurBaeT BBIMIOJHEHUE JJa00PATOPHBIX 1 .

Oononoruu (yueHU4ecKasi) paboT Ha ypoKax Mo OMOJIOTHU B OCHOBHOU
IIKOJIE ¥ MPOEKTHO-KUCCIIEI0BATENbCKON
NEeSTEIbHOCTH YUaIIXCS.
Kommnekranus: becnipoBoaHON MyIbTHIATYUK
110 OMOJIOTHH C 6-10 BCTPOSHHBIMH JJATIUKAMH:
JlaTuuk BIAXXKHOCTH C TUANa30HOM U3MEPEHUS
0...100%
JlaTuuK OCBEIIEHHOCTH C JHana3oHoM
n3mepeHnus He yxxe yem ot 0 1o 180000 nx
Hatuuk pH ¢ nruanazoHoM U3MepeHHs He yKe
yem ot 0 1o 14 pH
JlaTuuk TeMmnepatypsl ¢ TUana3oHoM
n3MepeHus He yxxe yem ot -20 o +140 C
JlaTuuk 31eKTPONpPOBOAUMOCTH C AHANa30HAMU
m3mepenus He yxe yem ot 0 1o 200 mxCwm; oT
0 1o 2000 MxCwm; ot 0 10 20000 MxkCm
JlaTauk TeMIepaTypbl OKpYKaroIeh cpebl ¢
Jarna3oHoM U3MEepeHHsl He yxke ueM ot -20 10
+40
AKceccyapsl:
Kabens USB coennHUTENbHBIN
3apsigHOE yeTporicTBo ¢ kabenem miniUSB
USB Anantep Bluetooth 4.1 Low Energy
KpaTkoe pykoBOJICTBO MO dKCILTyaTalluu
nudposoit 1abopatopun
Hudposas Bumeokamepa ¢ METALTUICCKIM
ITaTUBOM, pa3pemieHne He Menee 0,3 Mmnukc
IIporpammHoe obecnieueHue
Mertonuueckre pekomeHaanuu He menee 30
pabot



2.

Hudposas nabopaTopus 1Mo
XUMUHU (ydYEHUYECKasT)

VYnakoBka
Hannuune pyccKosI3pIYHOTO caiiTa NOANEPKKH,
HaJu4ue BUIACOPOJIUKOB.

ObecrieynBaeT BBIIOJIHEHUE JIA0OPATOPHBIX 1 mr.

paboT Mo XMMHH HA yPOKaX B OCHOBHOM IIIKOJIE
Y IPOEKTHO-UCCIIEI0BATENbCKON e TEIbHOCTH
y4Yalmxcs.

Komruiekranus:

BbecripoBojHOM MyJIBTUATUMK 110 XUMUU C 4-
Ms1 BCTPOCHHBIMU JJATUNKAMU:

Hatuuk pH ¢ nnana3oHoM U3MeEpEHUs HE yxKe
yeMm oT 0 1o 14 pH

JlaT4MK BBICOKOM TEMIIEPATYPBI
(TepMomapHslii) C TMana30HOM U3MEpPEHUs He
yxke yem oT -100 o +900 C

JlaTuuk 31eKTPONPOBOAUMOCTH C AHANa30HAMU
m3mepenus He yxe uem ot 0 1o 200 mxCwm; oT
0 7o 2000 MxCwm; ot 0 70 20000 MkCwMm

JlaTumk TemMIiepaTyphl INIATHHOBBIN C
JIMAra30HOM M3MEpPEHHUsI He yxke ueM oT -30 10
+120C

OTtnenbHbIE JaTYUKHU:

JlaT4uK ONTHYECKON ITIOTHOCTH 525 HM
AKceccyapsl:

Kabens USB coenuHuTeNbHBII

3apsigHOe yeTpoicTBo ¢ kabenem miniUSB
USB Anantep Bluetooth 4.1 Low Energy
Kpartkoe pykoBOACTBO MO 3KCILTyaTallu
nudpoBoit Taboparopun

Hab6op nabopaTopHoii OCHACTKH

[IporpamMmMHoe obecrieueHue

Meroaunueckue pekomeHaanuu He mexee 40
pabort

1 mr.



3.

Hudposas nadopaTopus mno
¢dbusuke (yaeHnuecKas)

Hannune pycckosi3pI4HOTO cailTa moAACPKKU
Haynmune Buaeopomkos.

OObecnieunBaeT BHINIOJIHEHUE SKCTIEPUMEHTOB 1 wr.

0 TeMaM Kypca (HU3HKH.

Kommnekranus:

becnipoBoHOM MyIbTHAATIHK 110 PU3KKE C 6-
10 BCTPOCHHBIMHU JTATYHKAMH:

udpoBoii gaTYMK TEMIEPaTypPHI C
JMAra30HOM U3MEPEHUsI He Yke ueM OT -20 10
120C

Hudposoii gaTyrk aOCOTFOTHOTO ABICHUS C
Jarna3oHoM U3MepeHust He yxke yeM ot 0 110
500 xI1a

JlaTyuk MarHUTHOTO TOJIS C TUANIa30HOM
n3mMepeHus He yxe uem ot -80 1o 80 mTn
JlaTuuk HampspKeHUs ¢ AUana3oHaMu
M3MEpEeHus He yKe yeM oT -2 10 +2 B; ot -5 1o
+5B; or-10 no +10 B; oT -15 1o +15 B
JlaTunk Toka He yxke 4em ot -1 10 +1 A
JlaTuuk akcenepoMeTp ¢ oKa3aTeNsIMH He
MeHee yeM: +/- 2 Q; +/-4 g; +/-8 g

OTtnenbHBIE YCTPOMCTBA:

USB ocnmutorpad He MmeHee 2 kanana, +/- 100
B

AKceccyapsl:

Kabens USB coeqnHUTENbHBIIHI

3apsnHoe ycTpoicTBO ¢ kabenem miniUSB
USB Apnantep Bluetooth 4.1 Low Energy
KoncTpykTop 1151 IpOBEICHHS SKCIIEPUMEHTOB
KpaTkoe pykoBOJICTBO MO dKCILTyaTalluu
nudpoBoit Taboparopun

IIporpammHoe obecnieueHue

Meroandeckue pexomeraamnuu (40 pador)



4.

Hudposas nadopaTopus mno
¢dbusumonoruu (MpopUILHBIN
YPOBEHD)

Hannune pycckos3bI9HOTO caiiTa MOAACPKKU
Haynmune Buaeopomkos.

ObecnieunBaeT MPOBEACHNE HCCIIEIOBAHMUS IO 1 .

(YHKIIMOHUPOBAHHIO YEJIOBEYECKOTO
opranusma. Komrutekranus: becripoBogHoi
MYJIbTUIATYUK 110 (PU3UOJIOTUH C 5-10
BCTPOCHHBIMU JaTuyuKamu: JlaTunk
aprepuanbHoro aasiaeHus (0...250 MM prt. CT.)
JlaTuMK myJsibca ¢ JUana3oHOM U3MEPEHUs He
yxke yem oT 30 mo 200 yn/mMun

JlaTunk TemriepaTypsl TeJla ¢ AUarna3oHOM
n3MepeHus He yxe uem ot +25 no +40 C
JlaT4MK 4acTOTHI ABIXaHUS C IUAMa30HOM
n3mepenus He yxe yem ot 0 go 100
LIUKJIOB/MUH

JIaTdauK yCKOPEHHUs C moKazatensamu +/- 2 ¢; +/-
49;,+/-8¢g

OtnenbHBIE YCTPOMCTBA:

Hatunk OKI ¢ nuamna3oHOM u3MepeHus He yxKe
gyem ot -300 10 +300 MB)

Hatuuk pH ¢ nnana3oHoM U3MEpEHUs HE yxKe
gem ot 0 no 14 pH

JlaT4uK cuioMep ¢ Auarna3oHOM H3MEpPEHUs He
yxke ueM ot -40 o 40 H

JlaT4rK OCBEIIEHHOCTH C JUATIa30HOM
n3mepenus He yxe yem ot 0 go 180000 nx
AKceccyapsl:

Ka6ens USB coenmuHUTENbHBII

3apsnHoe ycTpoicTBO ¢ kabenem miniUSB
USB Ananrep Bluetooth 4.1 Low Energy
KoncTpykTop 1151 IpOBEICHHS SKCIIEPUMEHTOB
Kpartkoe pykoBOACTBO O IKCILTyaTallu
nudpoBoit Taboparopun

IIporpammHoe obecnieueHue

Mertonuueckre pekomeHaanuu He menee 20



5.

Hudposas nabopaTopus 1Mo
9KOJIOTHH

pabot
Haynune pyccKosi3pIMHOTO cailTa NOAACPKKU
Hanuuue Buaeoponnkos.

OO6ecneunBaeT MPOBEICHUE YICOHOTO 1 .

9KOJIOTMYECKOI0 MOHUTOPUHIA
WHCTpYMEHTaJIbHBIMHU MeTo1aMu. HaGop
MIPUMEHSIETCS [TPU U3YyYEHUH SKOJIOTHH,
OMOJIOTHH, XUMUH, Teorpapuu u
MIPUPOJIOBEICHMSI, a TAKKE

JUTSL UHAUBUYaJIbHBIX UCCIEIOBaHUS U
MIPOEKTHOH J1€ATENbHOCTH ILIKOJIbHUKOB.
Kommekranusi: becipoBogHOM MynbTHAATUUK
I10 3KOJIOTUYECKOMY MOHUTOPHUHTY C 8-10
BCTPOEHHBIMH JIATYUKAMM:

JlaT4MK HUTPAT-HOHOB

JlaTuMK XJIOpUA-UOHOB

Hatuuk pH ¢ nnana3oHoM U3MEpEHUs HE YxKe
gyem ot 0 1o 14 pH

JlaTuuk BIaXXHOCTH C TUANa30HOM U3MEPEHUS
0...100%

JlaTuuK OCBEIIEHHOCTH C JUana3oHoM
n3mepenus He yxe yem ot 0 go 180000 nx
JlaTuMk TeMIepaTypsl C 1AANa30HOM
n3MepeHus He yxxe yem ot -20 1o +140 C
JlaTuuk 31eKTPONpPOBOAUMOCTH C AMANA30HAMU
n3mepenus He yxxe yem ot 0 o 200 mxCwm; ot
0 o 2000 mxCwm; ot 0 mo 20000 MxCm
JlaTuuk TeMnepaTypbl OKpYKarolel Cpesl ¢
JIMaa30HOM U3MEPEHHUsS HE yke ueM oT -20 10
+50C

OTaenpHble TaTYNKU:

JlaTuuk 3ByKa ¢ QyHKIMEH UHTETPUPOBAHUS C
Jarna3oHOM U3MEpEeHHs YaCTOT HE MEHee YeM
oT 50 I'y no 8 xI'1y;

JlaT4uMK BIaXXHOCTH MOYBBI C TUANIA30HOM

1 mr.



Muxkpockon nuppoBoi

n3mepenus He yxe yem ot 0 1o 50%
JlaTuuk KHCII0pO/ia € AUara30HOM U3MEpPEHUs
ot 0 1o 100%

JlaT4yuK ONTHUYECKON IIOTHOCTH 525 HM
Jatank ontuyeckoi mioTHoCTH 470 HM
JlaT4uK TypOHIUMETP C JHANa30HOM
u3Mepenus He yxke uem ot 0 1o 200 NTU
JlaTuuk okucH yriepoja ¢ JuarnazoHoM
u3Mepenus He yxke uem ot 0 1o 1000 ppm
AKceccyapsl:

Kabens USB coenuuuTenbHbli (2 mrT.)
3apsiHOE YCTPOMCTBO ¢ KabemeM miniUSB
USB Apnantep Bluetooth 4.1 Low Energy
CrepkeHb IS 3aKPETUICHHS TaTYHKOB B
IITaTUBE

KpaTtkoe pykoBOJICTBO 110 3KCIUTyaTalluu
nudposoii taboparopun

[IporpammHoe obecnieueHue
Metoauyeckue pekomeHaanuu He menee 20
pabot

YnakoBka

Hanuuune pycckosi3pIUHOTO caiiTa MOIIePKKH,
HaJU4re BUICOPOJIUKOB.

Tun Mukpockomna: 61MoIorn4ecKkuit 1 mr.

Hacanka Mukpockona: MOHOKYJISIpHas
Ha3znauenue: nabopaTopHbIit

Meto[ ucciieJOBaHu: CBETIIOE MOJIE
Martepuran ONTHKU: OITUYECKOE CTEKIIO
YBennueHne MAUKpOCKora, kpat: 64 - 1280
Oxynsaper: WF16x

OO6mbexTuBsl: 4x, 10X, 40xs (MoANPY>KUHEHHBIN)
PeBonbBepHas TosioBKa: Ha 3 00BEKTHBA

Tun noacBeTKu: 3epKajo Wi CBETOINO/
Pacnono)xeHne noicBETKU: BEPXHSISI U HUKHSASA
Marepuan kopmyca: MeTail

1 mT.



Ha6op OI'D o xumuu

[IpenmeTtHsIil cToMK, MM: 90
Hcrounuk nuranus: 220 B/50 'y
Yuciao meranukcene: 1

B Habop BXoasT Bechl JlabopaTOpHbIE 1 mr.

anexktponHsie 200 T, ciupTOBKa 1aboparopHas,
BOPOHKA KOHUYECKas, ajo4Ka CTEKIIsIHHAS,
npo6upka [1X-14 (10 mTyk), cTakaH BEICOKUI
¢ HocukoM BH-50 ¢ meTkoii (2 mTykn),
TWINHAP U3MEepUTeNnbHbIN 2-50-2
(CTeKJISIHHBIH, C IPUTEPTOM KPBIIIKOIL), INTATUB
ISt TpoOUpoK Ha 10 THE3 ., 3aKUM
MPOOUPOYHBIH, IITATENb-T0KeuKa (3 MTYKH),
Habop (ITaKOHOB I XpPAaHEHUSI PaCTBOPOB U
peakTrBOB (00BeM dakona 100 mut - 5
KOMIUIEKTOB 110 6 mITyK, 00beM (iiakona 30 mi
- 10 KOMITJIEKTOB 1O 6 MITYK), HUIUHAP
MU3MepuTeNbHbIN ¢ HocukoM 1-500 (2 mrykn),
crakaH Bbicokuit 500 mi (3 mTykn), Habop
epIIe JIs1 MBIThS TIOCYBI (€PII 1T MBIThSI
MPOOUPOK - 3 MITYKH, €pLI ISt MBIThS KOJIO - 3
LITYKH), Xajnat 6enblil X/0 (2 mWTyKu), epyaTku
PE3UHOBbIE XMMUYECKHE CTOMKHE (2 ITYKN),
OYKH 3allluTHBIE, GUIbTPBI OyMaxHsbIe (100
HITYK), Toptouee Juist cnuptoBok (0,33 ).

B cocraB HaOOp BXOAAT peaKTHBBI: AIIFOMUHUH,
KeJe30, COsTHAsE KUCI0Ta, METHIIOPaHK,
dhenondTanenH, aMmmMuaKk, IEPOKCHI BOJIOPOA,
HUTpAT cepedpa u Ipyrue; B oomeit
CJI0’KHOCTH - 44 pa3InYHbIX BEIECTB,
HCIOJIb3YEMBIX JUISl COCTABJICHUSI KOMILJICKTOB
PEaKTHBOB TPU TIPOBEICHUH
9K3aMEHAIIMOHHBIX HKCIIEPUMEHTOB T10 KypCy
IIKOJIBHOW XUMUHU.

1 mr.



VYuebnas madoparopus 1o
HEUPOTEXHOJIOTHUH

B cocTtaB Bxog4T: 1 mr.

Cencop Tun 1 ve menee | mrT., obecrieunBaer
BO3MOYXHOCTh PETHCTPAIIUU CUTHAIA
3JEKTPUUYECKON aKTUBHOCTH MBIIIIL]
(anexTpoMuorpamMmel, DMI).

Peructpanus no1KHa OCyILIECTBISETCS
HEHMHBA3UBHO, CYXHUMH 3JIEKTPOJAAMH.
B03MOXHOCTBIO KPEIUIEHHS K PYKE UEJIOBEKa,
YTO JOJKHO J1aBaTh BO3MOYKHOCTh
PEruCTpUPOBATH INEKTPUUECKYIO AKTUBHOCTH
MBIIIIBI B 00JIACTH, HaJl KOTOPOH
pacnonaraercs kpemienue. [Ipu HanpsxeHun
MBIIIIBI TOJIKHA OBITh 0OeciedeHa
BO3MOKHOCTh HAOJIO/ICHHSI ITyYHOCTH CUTHAJIA
(t.e. mpucyrctBue OMI'), mpu paccrnabienuu
MBIILLBI - €€ OTCYTCTBHUE.

Cencop Tun 2 He MeHee 1 mT., oOecrieunBaeT
BO3MOXXHOCTb PETMCTPALIMU CUTHAIA
¢otomnerusmorpammsl (PIIIN) ontuueckum
IIyTEM, 3a CUET U3MEHEHHUS OTPAKEHHOIO OT
KPOBEHOCHBIX COCY/IOB CBETa, 00bEM KOTOPBIX
W3MEHSETCA MO BO3JACHCTBUEM TYJILCOBOM
BOJIHBI. CeHCOp J10JKEH ObITh 0OecreueH
BO3MO>KHOCTBIO KPEIUIEHHUS K ITOAYIIEUKE
najiblia YeJI0BeKa.

Cencop Tun 3 He menee 1 mrT., obecrieunBaet
BO3MOXXHOCTh: PETUCTPALlUU CUTHaja
anekTpokapauorpammsel (OKI') He HHBa3UBHBIM
CII0CO00M;

peructpauuu I, Il u Il oTBenenuit;
MOJIKJIFOUEHUS SJIEKTPOJIOB K CEHCOPY C
MOMOIIIbIO COEIMHUTEIIbHBIX MIPOBOIOB,
obopynoBanubix TouchProof pazsemamu.
Cencop Tun 4 He menee | mT. obecrieunBaeT
BO3MOXKHOCTB: PETUCTPALIMU CUTHAJa KOXKHO-
ranpBannueckoi peakuuu (KI'P), perucrpanus

1 mr.



KOTOPOTO OCYLIECTBIIETCS Ha TOCTOSSHHOM
TOKE; TIOJKJIIOYEHMS K TETy YeJIOBEKa C
MTOMOIIBIO CYXUX 3JEKTPOAOB, NOJIKIIOUEHHE
KOTOPBIX K CEHCOPY OCYLIECTBIIETCS C
nomotbio TouchProof pa3semos.

Cencop Tun 5 He menee 1 mt., odecrieunBaer
BO3MOXXHOCTh: PETUCTPALIUU CUTHAIa
3IEKTPUYECKOM akTuBHOCTH Mo3ra (D31 ¢
MIOMOIIBIO CYXUX HEMHBA3UBHBIX 3JIEKTPOOB;
perucTpanum 3IEKTPUIECKON aKTUBHOCTH
Pa3HbIX J0Jei MO3ra; HOIKIIOYEHUS
AJEKTPO/IOB K CEHCOPY € IOMOIIbIO
COEIMHUTENBHBIX TPOBOIOB, 000PYI0BaHHBIX
TouchProof pazpemamu; 3akpenneHus
AJIEKTPOIOB HA TIOBEPXHOCTH T'OJIOBBI.

Cencop Tun 6 ne menee 1 mit., o0ecrieunBaeT
BO3MOXXHOCTh: PETUCTPALIMU CUTHAIA
KoseOaHus rpynHoit kietrku (CeHcop
JIBIXaHUSI ); ONIPEICIICHUS YaCTOThI JbIXaHHUS.
YcrpoiicTBo /Ui cO0pa JaHHBIX OT CEHCOPOB U
nepeiayy Ha NePCOHAIbHBIN KOMITbIOTED
obecrneunBaeT BO3MOXKHOCTh COOpa JaHHBIX OT
MOJKITIOUEHHBIX K HEMY CEHCOPOB U OTIPABKY
MOJIy4eHHBIX JaHHbIX Ha [1K.

[Togkmrouenne neHtpanpHOro Moy k 11K ¢
nomoinbto USB-kabens. LlenTpanbHblil MOTyTh
MMeeT He MeHee | MIT.: raJlbBAHUYECKYIO
n3ossinuio ot [1K.

enTpanpHBIN MOTYSE 0OECTICUNBACT
BO3MO>XHOCTb OJJTHOBPEMEHHOTO MOKIIOYEHHUS
BIUIOTH 10 4 ceHcopoB. Kaxk1plii U3 BXOJ0B
LenTpanbHOTrO MOYJISI UMEET
raJlbBAaHUYECKYI0 H30JIALHMI0 (0OecneueHre
MeXKaHAITbHON TaTbBaHUYECKOU U3OJISIIIHHN).
[Toaxmrouenue ceHcopo k LleHTpanbHOMY
MOJIYJIIO OCYILIECTBIISIETCS C IOMOIIBIO



CIICIMAIM3UPOBAHHBIX pazbeMoB Thuna LEMO,
00eCTIeYnBaOIIUX MTPABUIBHOCTD
MOJIKJIIOUEHUS Pa3beMa U CHIDKAIOIIUX PUCK
CIIy4alHOT'O KaCaHHsI pa3beMOB
TOKOTIPOBOJIALINX YacTeH, a

TaK)Ke 00eCreUnBaIOIIUX 3AIIUTY OT
HECaHKLIMOHUPOBAHHOTO MOAKIIOUEHUS K
MIPOU3BOJILHBIM YCTPOMCTBAM.

Moayns "Knonka" He menee 1 mr.,
o0ecreynBaeT BO3MOKHOCTD: Pa3METKH
PETUCTPUPYEMBIX CUTHAJIOB U OTMEYATh HE
MeHee 3-X pa3IMYHbIX KaTerOpUu COCTOSHUIA.
YcTpolicTBO, BXOIAIIEe B COCTAB J1aOOpaToOpHH,
JIOJDKHO 00ecrieynBaTh BO3MOYKHOCTh
perucTpaluu apTepruatbHOro AaBJICHUS.
[Iporpammuoe obecneuenue (manee - [10).
JlomkHO o0ecrieurnBaTh BU3YaAIH3aIUI0 U
00pabOTKy PEruCTPUPYEMBIX CUTHAJIOB.
I'maBHOE OKHO MPOTPAMMBI JIOJKHO COCTOSTH
U3 BKJIQJIOK, KXJast U3 KOTOPBIX COJEPKUT
Habop rpaguKoB, HEOOXOAUMBIX IS
otoOpaxkeHHst TpeOyeMoii HHpOopMaLUu.
JloIKHA UMETHCSI BKIIKA JTS
OJTHOBPEMEHHOT'0 ITPOCMOTpPA CUTHAJIa CO BCEX
CEHCOPOB, OJTHOBPEMEHHO TTOAKIFOUYSHHBIX K
LleHTpasibHOMY MOAYIIO.

OT10 0becrneynBaeT BO3MOKHOCTb
MHOTOKaHaIbHOTO (TTOTUTrpaduIecKoro)
pexxnmMa paboThl yCTPOUCTBA.

Taxoke T0JKHBI IMETHCS BKIIAJKHU JIJIs
BU3yaJIN3allUN CUTHAJIOB OT ceHCOpoB OMI',
OIII', KT, KI'P, 33T, cencopa apixaHus,
KHOTIKH; a TaK)Ke MTPOM3BOTHBIX rpauKoB, HA
KOTOPBIX BU3YAJTU3UPYIOTCS CHICLIM(PUUHBIE TS
TOTO WJIM MHOTO CHTHAJIa BEJTMYNHBIL.

I1O nomxHO 1aBaTh BO3MOXKHOCTb



BH3yaJIU3aIlMi U 00PaOOTKH PETUCTPUPYEMBIX
CUTHAJIOB, @ UMEHHO:

- OMI'": Bu3yanu3anus cUrHaia, ClekTp
CUTHAaJIa, aMILTUTYIHBIN TPUTTEP

- OIII": BU3yanu3anus curuaia, Crekrpa
CHTHAJIa, TaXOIPaMMBbI, rpauK MyIbca

- OKT': Bu3yanm3anus curuasia, TaxorpaMMmBbl,
rpaduk myibca

- KT'P: Bu3yanuzanus curaia

- O0I': BU3yanu3auus CUrHajia, CrieKTp
CUTHaJIa, aMIUTUTY/a ajb(pa-puTMa, aMIiuTy1a
OeTa-puT™ma.

- CeHCOp NIbIXaHUs: BU3YyalIHU3allisl CUTHAIIA,

- Knonka: Bu3yanu3anus CUrHanga pa3MeTKu
I1O nomKHO UMETHh BO3MOKHOCTh
Kactomu3zauuu 1 Hactpoiku [10

U1 93 (HEKTUBHOTO OTOOpaKeHHS TpadUKOB:
HACTpOIKa 1[BeTa, BIOOp mapaMeTpoB AJis
aHaJln3a, BEIOOp 0TOOpakaeMbIX TpauKoOB,
MacirabupoBanue rpapukon. [10 nomkHO
HUMETh BO3MOKHOCTb 3allMCH U
BOCIIPOU3BEJIEHUS PETUCTPUPYEMBIX CUTHAJIOB.
B03MOXXHOCTh HACTPOMKH MapamMeTpoB
(buIbTpaluU CUTHANA C TOMOIIBIO GUIbTPa
HIDKHUX YaCTOT, GUIBTPA BHICOKUX YacTOT,
MI0JIOCOBOTO (PMIIBTPA, PEXKEKTOPHOrO (pUIbTpa.
C uenpro yno0OcTBa aHalii3a CUTHAJA, JOHKHA
HUMETBCSI BO3MOKHOCTD 3allMCH
pPEruCTPUPYEMBIX CUTHAJIOB B (haii,

C MOCJENYIOIIEH BO3MOKHOCTBIO UX
MOCJIEAYIOIEro BOCIPON3BEAECHUS B JAHHOM
[1O (uMuTHpys perucTpaiuio curHaia B
peXHUME PeabHOTO BPEMEHHN ).

B cocraBe: meToauueckue Matepuabl st
YUUTENS U 00yJaromuxcsl, ONMCaHue
MOJIKJIIOUYEHUS] CEHCOPOB J1abopaTopuu,



Texnomornueckas HAIpaBJICHHOCTb

9. O0pa3oBarenbHbII KOHCTPYKTOP
JJIsl IPAKTHKU OJIOYHOTO
[IPOrPaMMUPOBAHHUS C
KOMILICKTOM JaTYHUKOB

WHCTPYKIIMH 110 ucnob3oBanuio 110,
OITMCaHUE Ja0OPATOPHBIX U MPAKTHYCCKUX
paboT, KOTOPOE B TOM YHCIIE CONEPIKHUT
MPE3CHTAIOHHBIC MAaTEPUAJIBL.
YmnakoBka/KopoOka 1abopaTopuu J0JKHA
obecrieunBaTh yJ00HOE XPAaHEHUE U COACPKATh
MOJICKA3KH ISl PACTIOJIOKECHHUSI CEHCOPOB U
yCTpoicTB nabopaTopuu st yI0OHOTO
WCIIOJIb30BAHUS TIPENOIABATEISIMUA U
00yJaromuMucs.

PoboToTexunueckuii Habop npenHazHaveH st 1 mT.

U3Yy4eHUs] OCHOB POOOTOTEXHUKH, JeTaJeH,
y3JI0B U MEXaHU3MOB, HEOOXOJUMBIX JIJIS
CO3J1aHUs pOOOTOTEXHUYECKUX YCTPOUCTB.
Ha6op npeacrasnsieT co00i KOMITJIEKT
CTPYKTYPHBIX 3JIEMEHTOB, COEIMHUTENBHBIX
AJIEMEHTOB U 3JIEKTPOTEXHUYECKUX
KOMITOHEHTOB.

Ha6op no3Bosnsier cobupars (u
IPOrpaMMHUPOBaTh COOMpaeMble MOJIENN), U3
3JIEMEHTOB BXOJSIIMUX B €r0 COCTaB, MOAEIHN
MEXaTPOHHBIX U pOOOTOTEXHUUYECKUX
YCTPOMCTB ¢ aBTOMaTU3UPOBAHHBIM
YIPaBIEHUEM, B TOM UUCIIE HA KOJIECHOM XO.Y,
a TaK k€ KOHCTPYKIUI, OCHOBaHHBIX Ha
HCII0JIb30BaHUU Niepeaay (B TOM 4HCIe
YepBSIYHBIX U 3y04aThIX), a TaK K€ pbIUaros.
CBETOAMO/IHBIM MaTPUUHBINA JHCIIIeH ¢ Oenoit
MOJICBETKOM Ha KOHTPOJIIIEPE

KonnyecTBo nmopToB BBOAA/BBIBOIA HA
KOHTpOJIIEpE HE MeHee 6

KonnuecTBo kHONOK HE MeHee 4



10.

O06pasoBarenbHbli HabOp MO
MeXaHUKe, MEXaTPOHUKE H
POOOTOTEXHUKE

OO0111ee KOJIMYECTBO JIIEMEHTOB: He MeHee 520
LIT., B TOM YHCJIE:

1) nporpaMmupyeMmslii 610K yrpaBieHUs,
KOTOPBIN MOXKET paboTaTh aBTOHOMHO U B
IIOTOKOBOM PEXHME;

2) cepBOMOTOpBI

3) IaT4YMK CHUIIBI

4) naT4uK paccTosHUsA

5) naT4MK 1BeTa

6) akkymynaropHas OaTapes

7) IlnacTUKOBBIE CTPYKTYPHBIE JJIEMEHTHI,
BKJTIOYast 1iep(oprupoBaHHBIE SJTE€MEHTHI:
0aKu, KyOMKH, OCH U BaJibl, COEIUHUTEIbHbIE
AJIEMEHTHI K OCSIM, ILIECTEPHH,
IpeJHa3sHaueHHbIE [T CO3/1aHUS YEPBSIUHBIX U
3yOuaThIX nepeaay, COeIUNHUTEIbHBIE U
KpEMeKHbIE 3JIEMEHTHI;

7) IIporpamMmMHOe 0OecrieueHe, UCI0JIb3yEMOE
JUISL TIPOTPAaMMHUPOBAaHUS COOUPAEMBIX
POOOTOTEXHUYECKHX MOJIENIEH U yCTPOMCTB,
JOCTYIHO JJIs CKauuBaHuUs U3 cetu MHTepHer

Kommnexkt AJIsT UIBYYCHUA OCHOB 3JICKTPOHUKH 1 .

1 pOOOTOTEXHUKH

Habop nomken ObITh MpeHA3HAYEH IS
MIPOBEICHUS] YUEOHBIX 3aHITUH IO
INEKTPOHUKE U CXEMOTEXHHUKE C IIEIBI0
M3ydeHHs HanboJee pacpoCTpaHEHHON
AIIEMEHTHOU 0a3bl, MPUMEHIEMOM st
WHXCHEPHO-TEXHHYECKOTO TBOPYECTBA
yyanmxcs U pa3padoTKi y4eOHBIX MOJIEe
pob6oToB. Habop 10mKeH MO3BOMIATH YUAITUMCS
Ha TPAKTHKE OCBOUTH OCHOBHBIE TEXHOJIOTUU
MIPOCKTUPOBAHUS POOOTOTEXHUIECKUX
KOMIUJIEKCOB Ha MIpUMepe y4eOHbBIX Mojenei
pOOOTOB, a TAK)KE H3yYUTHh OCHOBHBIE

1 mT.



TEXHUUYECKHE pelleHus: B 001acTu
KHMOEPHETUUYECKUX U BCTPAUBAEMbIX CUCTEM.

B cocraB koMIuiekTa JOIKEH BXOIUTH HA0Op
KOHCTPYKTHUBHBIX 3JIEMEHTOB IS COOPKHU
MakeTa MaHUMYJISIIUOHHOTO poO0Ta, KOMITJIEKT
METAJNINYECKUX KOHCTPYKTUBHBIX 2JIEMEHTOB
JUIsl COOPKH MakeTa MOOMJIILHOTO Po0OTa U T.II.
B coctaB komIuiekTa BXOJuT HAOOp
3JEKTPOHHBIX KOMIIOHEHTOB JJIs1 U3y4YEHUs
OCHOB JIEKTPOHUKHU U CXEMOTEXHHUKH, a TAKIKE
KOMIUIEKT MPUBOJIOB U AATUYUKOB PA3IMUYHOIO
TUNA IS Pa3pabOTKH pOOOTOTEXHUYECKHIX
KOMILJIEKCOB.

B cocraB komIiekTa JOIKHO BXOJUTh:
MOTOPBI C 3HKOJIEPOM - HE MEHee 2 1T,
CEPBOIPHUBO/T OOJIBIIION - HE MCHEE 4 T,
CEpBONPUBOJI MaJIbIN - HE MEHEe 2 1T,
nH(PaKpaCHBIN TaTUMK - HE MEHee 3 IIT,
yJIbTPa3BYKOBOM JTaTUMK - HE MEHee 3 IIT,
JATYMK TEMIIepaTyphl - HE MeHee | 1T, JaT4uK
OCBEIICHHOCTH - HE MeHee | 1T, Habop
JIEKTPOHHBIX KOMIIOHEHTOB (PE3UCTOPHI,
KOHJICHCATOPbI, CBETOAMObI PA3IIUYHOTO
HOMHHAJA), KOMIUJIEKT MPOBOJIOB JIJIsI
OecraeqyHoro MpoTOTUIMPOBAHMS, IJIaTa
OecraeyHOro MPOTOTUIHPOBAHUS,
AKKYMYJISITOP U 3apATHOE YCTPOMCTBO.

B coctaB koMIiekTa JOIKEH BXOIUTh
MIPOrpaMMHUPyEMBbII KOHTPOJLIED,
nporpamMmmupyeMsliii B cpene Arduino IDE unmn
aHAJIOTUYHBIX CBOOO/IHO PacIpOCTPaHIEMbIX
cpenax paspabotku. [Iporpammupyemslit
KOHTPOJIEP JIOJKEH 001ajaTh MOPTaMHU IS
MOAKITIOUEHUS TU(PPOBHIX U

aHAJIOTOBBIX ycTpocTB, uHTepdeiicamu TTL,
USART, I12C, SPI, Ethernet, Bluetooth nim



11.

YeTripexoceBoil yueOHbIH
PpOOOT-MaHUTTYJISITOP C

WiFi.

B cocraB komIuiekTa J0KEH BXOUTh MOAYIIb
TEXHUYECKOTO 3PEHUS, TPEACTABIISIIONTUN
c000i1 BEIYHCIUTEIBHOE YCTPOHCTBO CO
BCTPOCHHBIM MHKPOTIPOIECCOPOM (KOJI-BO sziep
- He MeHee 4 11T, 4acToTa Apa He MeHee 1.2
I'Tu, o6bem O3V - He meHee 512 MO, 00beM
BCTPOEHHOM aMATu - He MeHee 8 1'0),
WHTETPUPOBAHHON KaMepol (MaKCHUMaJIbHOE
paspelnieHue BUIC0N0TOKa, epeaaBaeMoro mno
untepdeiicy USB - ne menee 2592 x 1944 en.)
U ONTHYECKON CHUCTEMOM.

Monynb TEXHUYECKOTO 3PEHHUSI TOIKEH
00J1a71aTh COBMECTUMOCTBIO C Pa3IMYHBIMHU
MIPOrPaMMHUPYEMBIMH KOHTPOJIIIEPAMHU C
nomoisio uaTepdeiicos - TTL, UART, 12C,
SPI, Ethernet. Moaynb TeXHUYECKOTO 3pEHUS
JIOJKEH UMETh BCTPOEHHOE IMPOTPAMMHOE
obecrieueHre Ha OCHOBE OTEPaIMOHHOMN
cucteMbl Linux, mO3BOJIAIONIEE OCYIIECTBIATh
HaCTPOMKY CHCTEMBbI MAIIMHHOTO 00YYEHUS
napaMeTpoB HEUPOHHBIX CeTeH s
0oOHapyXeHHsI O0BEKTOB, OTIPEICTICHUS UX
MapaMeTpoB U JalbHEUIIeH uaeHTHPUKAIIIH.
KommnekT momkeHn obecrieunBaTh
BO3MOYXHOCTh U3YU€HHUSI OCHOB Pa3pabOTKH
MIPOrPaMMHBIX U allapaTHBIX

KOMIUJIEKCOB HH>KEHEPHBIX CUCTEM, PEIICHUN B
chepe "MHTEpHET Bemiel", a TakKe peleHnu B
o0yacTu poOOTOTEXHUKH, UCKYCCTBEHHOTO
WHTEJUJICKTA U MAITMHHOTO OOyYeHHSI.

VY4eOHbIil poOOT-MaHUITYIATOP NMpeHa3HaueH 1 mT.

JUISL OCBOCHHUS 00Y4aIOIUMHUCS OCHOB
POOOTOTEXHUKH, IS TOATOTOBKH
oOy4aromuxcst K BHEAPEHUIO U MOCIETYIOIEMY

1 .



MOAYJIbHBIMHU CMCHHBIMU
HacagKaMu

HCIOJIb30BaHUIO POOOTOB B IPOMBILIIEHHOM
MIPOU3BO/ICTBE.

KomnunuecTtBo oceit poboTa MaHUIynATOpA -
YeThIpE.

[lepemenienue HHCTPYMEHTa B IPOCTPAHCTBE
10 TPEM OCSIM JIOJKHO YIPABIISATHCS
IIarOBBIMU JIBUTATEIISIMHU.

Hanpsoxkenre nuTaHus aroBbIx ABATATENCH
He 6onee 12 B.

CepBoaBuUraTeiib 4YeTBEPTON OCH JI0JKEH
o0ecrne4nBaTh MOBOPOT UHCTPYMEHTA.

VYroJ moBOpOTa MAaHUITYJISITOPA HA OCHOBAHUH
BOKPYT BEpTUKaIbHOM ocu He MeHee 180
rpalycoB.

Jliig onpesienieHus MOJM0KEHUST MaHUIYJISITOpa
IIPU TTIOBOPOTE BOKPYT BEPTUKAILHON OCH
JIOJKEH HCIIOJIb30BaThCS SHKOEP.

VYo moBopoTa 3aIHETO IJIe4a MAHUIYJIATOpA
He MeHee 90 rpamycos.

VYros noBopoTa NepeIHero mieya
MaHunyastopa He menee 100 rpaaycos.

Jlns1 onipenenieHnst MOJ0KEHUSI 33 JHETO U
MEePEAHETO TIJIeY MAaHUITYJISITOPA TOJKEH
WCIIO0JIb30BATHCSI THPOCKOM. YTOJI MOBOPOTA MO
yeTBepTOi ocu He MeHee 180 rpagycos.
JlomkHa OBITh BOBMOKHOCTH OCHAIICHHUSI
CMEHHBIMU HacaJKaMu (HarpuMmep, epKaTelib
KapaHjama win paomactepa, Iprucocka ¢
CEPBOJIBUTATENIEM, MEXaHUYECKOE 3aXBATHOE
YCTPOMCTBO C CEPBOJIBUTATENIEM, YCTPOMCTBO
TUTST JTa3€PHOU TPABUPOBKHU UJIH YCTPOUCTBO
s 3D-nieuatn).

JlomkHa OBITH BO3MOKHOCTH TTOKTFOYCHUS
JIOTIOTHUTEIBHBIX YCTPOICTB (HaIIpUMep,
TpaHCIIOpTEpa, pebca JJIsl IepeMeeHUs
po0oTa, mynbTa YIpaBICHHS TUTIA JXKONCTHUK,



Kamepbl MAalIMHHOTO 3pEHUs, ONTUYECKOTO
JaTYrKa, MOy sl 0€CIIPOBOTHOTO AOCTYTIA.
Pob6or-manunynsarop noikeH odecrneynBaTh
[IepEMEILEHUE HACATKU B IPOCTPAHCTBE,
AKTUBALMIO HACAJKH, BO3MOKHOCTb ITOJIy4EHUS
CUTHAJIOB OT KaMepbl U JTaTYUKOB,
BO3MOKHOCTb YIIPABJICHUS IOIIOJIHUTEIIbHBIMU
YCTPOMCTBAMM.

Marepuan koprnyca - annroMuHui. Jluamerp
paboueii 30HbI (€3 yueTa HaBECHOTO
WHCTPYMEHTA U YeTBEpTOU ocH) He MeHee 320
mmMm. UnTepdeiic moakmodyenus - USB.
JloykeH uMeTh BO3MOKHOCTh aBTOHOMHOM
paboThl U BHEIIHETO YIPABICHUS.
YrpaBigomui KOHTPOIJIep JOKEH ObITh
COBMECTHM cO cpeoit Arduino.
VYrpaastomuii KOHTPOJIJIEP COBMECTHM CO
cpenoi mporpammupoBaHus Scratch, u siI3pIKOM
nporpamMmupoBanus C.

JlokeH obecnieunBaTh MOBOPOT MO MEPBBIM
TPEM OCSAM B 3aJIaHHBIN yTOJ U Ha 3aJaHHBII
yTroJl, IOBOPOT IO YETBEPTOM OCH HA 3alaHHBIN
YroJi, IBH>)KEHUE B KoopuHaThl X, Y, Z,
IIEpEMEILEHUE HA 33JaHHOE PACCTOSHUE 110
koopauHatam X, Y, Z, nepeady JaHHBIX O
TEKYILEM I0JIO)KEHUH YTJIOB, IIepeady
JAHHBIX O TEKYLIUX KOOpAUHATaX
MHCTPYMEHTA.

JlomkeH nmoaaepKuBaTh epeMelieHne B
JIEKapTOBBIX KOOPAMHATAX U yTriaxX MOBOPOTa
0CeM, C 3aIaHHON CKOPOCTBIO U YCKOPEHHUEM.
Tunel nepeMelieHnii B IEKapTOBBIX
KOOpJUHATaxX: ABM>KEHUE IO TPACKTOPHH,
JBUKEHUE 10 IPSIMOM MEXK]Ty IBYMsI TOUKAMH,



12.

O6pazoBarenbHbIi HAOOP A
U3y4YeHHSI MHOTOKOMIIOHEHTHBIX
POOOTOTEXHUYECKUX CUCTEM H
MaHUITYJSIIHOHHBIX POOOTOB

MEpEnpPhIriBaHUE U3 TOYKH U TOUKY (IIEpEeHOC
00BbeKTA).

OO0pazoBaTenbHBIN KOMIUIEKT JOHKECH OBITh 1 .

MpeAHa3HayeH AJI1 U3y4EHUs
POOOTOTEXHUUECKUX TEXHOJIOTHI, OCHOB
MH(OPMALIMOHHBIX TEXHOJOTUHN U TEXHOJIOTUI
MIPOMBIIIIJICHHOW aBTOMATHU3allMH, a TAaKXKe
TEXHOJIOTHI MPOTOTUIIMPOBAHUS U
aJIMTUBHOTO TIPOU3BOJICTBA.

B cocraB komIuiekTa JOIKHO BXOJUTH:

1) MnTennexTyanbHbIi cCEpBOMOYJIb C
WHTETPUPOBAHHON CUCTEMOM yIIpaBIIEHUS,
MO3BOJISTIONIECH OOBEIUHSITE CEPBOMOIYIH APYT
C IpYroM II0 MOcieI0BaTeIbHOMY UHTEpdeiicy
- He McHee 6 IIT;

2) PoGoTOoTEXHUYECKHIA KOHTPOJLIESP
MOJ1YJIBHOT'O THIIa, IPEICTaBISAIONINI coO0M
OJIHOIIJIATHBIM MUKPOKOMIIBIOTED C
OTIepallMOHHOM cucTeMoil Linux,
00bETMHEHHBIN ¢ epU(pepUitHBIM
KOHTPOJJIEPOM C TIOMOILIBIO TJIaThI
pacmupenus. POOoToTexHU4eCKHit
KOHTPOJIIEP JIOJIKEH YAOBIETBOPATH
TEXHUYECKUM XapaKTEPUCTHUKAM: KOJI-BO SIJEP
BCTPOEHHOTO MUKPOKOMITBIOTEPA - HE MeHee 4,
TaKTOBas 4yacToTa siapa - He meHee 1,2 [T,
00nbeM O3V - He meHee 512 MO, Hamn4me
untepdeiicos - SPI, 12C, 12S, TTL, UART,
PWM, nudposbie 1 aHAIOTOBBIC TTOPTHI JJIS
MOAKJIIOUYEHHUSI BHEIIIHUX YCTPOICTB, a TAKkKe
WiFi unu Bluetooth nis koMMmyHUKammm co
BHEIIHUMH YCTPOWCTBaMHU.
PoboToTexHnueckuii KOHTPOIIEP JOJIKEH
o0ecrnevnBaTh BO3MOKHOCTh
MIPOrpaMMHUPOBAHUS C TOMOILBIO CPEJICTB



s361K0B C/C++, Python u cBoGoaHO
pacnpoctpansiemoii cpenbl Arduino IDE, a
TaK)Ke YIPaBJICHUS MOJACISIMU
POOOTOTEXHUYECKUX CHCTEM C TOMOILBIO
cpeast ROS.

3) BeruncnauTenbHbli MOAYNb CO BCTPOEHHBIM
MUKPOKOHTPOJIJIEPOM - HE MeHee | mT.
BbraucnuTenbHbIi MOYITb TOJIKEH 001a1aTh
BCTPOEHHBIMH LIU(PPOBBIMU MTOPTAMHU - HE
MeHee 12 T ¥ aHaJIoroBBIMU ITOPTaMU - HE
MeHee 12 mT. BeruuciuTenbHbii MOYIb
JIOJKEH 00J1a1aTh BCTPOEHHBIM MOAYJIEM
OecnpoBoHOM cBsi3m ThIa Bluetooth u WiFi
JUIS CO3JJaHMsl anapaTHO-IPOTPaMMHBIX
peuieHui u "yMHBIX/cMapT''-yCTPOICTB 1715
pa3pabotku pemienuit "MHTEepHET Bemei'.
BoruncnuTenbHbIi MOYITh TOJKEH 001a/1aTh
COBMECTHMOCTBIO € TIepu(pepUHBIMY IIJIATAMHU
IUTs moakJIroueHus K cety Ethernet u
MTOJIKJIFOUEHUS BHEIIHEW CUIIOBOM HArpy3KHu.

4) Monynb TEXHUYECKOTO 3pEHMS,
MIPEICTaBISAIONINI cOO00H yCTpONCTBO Ha Oa3ze
BBIYHUCIUTEIHOTO MUKPOKOHTpOJLIIEpA

Y UHTETPUPOBAHHON KaMephl,
o0ecrnieunBarollee pacro3HaBaHue MPOCTEHIINX
n300pakeHUI Ha MOYJIE 3a CUET COOCTBEHHBIX
BBIYHUCIIUTENbHBIX BO3MOXKHOCTEH - HE MeHee |
IIT;

Monynb TEXHUYECKOTO 3PEHUSI TOJIKEH
o0ecreynBaTh BO3MOYKHOCTh OCYIIECTBIIATh
HACTpPOMKY 3Kcrno3unuu, 6ananca oenoro, HSV
COCTABJISFOLINX, TUIOLAIM OOHAPYKUBAEMOM
o0acTu n300paxeHusi, OKPYIJIOCTH
oOHapykuBaeMoi 001IacTH U300paKeHUs,
M0JIOXKEHHE 0OHapYKHBaeMbIX o0siacTeit
OTHOCHUTEJIBHO JPYT Apyra



Monynb TEXHUUECKOTO 3pEHHS T0JIKEH UMETh
BcTpoenHble naTepdeiice - SPI, UART, 12C
uiu TTL 1 KoMMyHUKaIMy Ipyr ¢ APyrom
WJTY BHEITHUMHU YCTPONCTBAMH.

5) KommieKT KOHCTPYKTUBHBIX JIEMEHTOB M3
MeTaya iyt COOpPKH MOJIENId MAaHUTTYJISITOPOB -
He MeHee 1 miT;

6) KoMIiekT 3meMeHTOB a5t COOpKU
BaKyyMHOI'O 3aXBara - He MeHee | miT.
O06pa3zoBarenbHbIi POOOTOTEXHUYECKUN
KOMIUIEKT JIOJDKEH CoJepKaTh Habop
OMOJIMOTEK TPEXMEPHBIX MOJEICH ISt
MPOTOTUIIUPOBAHUS MOZENIEH MOOMIIBHBIX U
MaHUITYJISITUOHHBIX POOOTOB Pa3JIMYHOTO THUTIA.
B coctaB komIiekTa JOMKHBI BXOJIUTh
WHCTPYKIIMU U METOAMYECKUE YKa3aHUS 110
pa3paboTKe TPeXMEPHBIX MOJIelei MOOUITBHBIX
pOOOTOB, MAHUTTYJISILIIOHHBIX POOOTOB C
Pa3TUYHBIMU TUITAMU KHHEMATHKH (YTIIOBas
KHHEMAaTHKa, TUIOCKO-TIapasuieabHas
KWHEMaTHKa, AenbTa-KknHeMatuka, SCARA
WJIM phIUaXHasi KHHEMaTHKa, miaaTgopma
Crroapra u T.11.).

OO6pazoBaTenbHbIN POOOTOTEXHUYECKHIA
KOMIUIEKT JIOJKEH COZEPIKaTh MHCTPYKIUH TIO
MPOEKTUPOBAHUIO POOOTOB, MHCTPYKIIUU U
METOAMKH OCYIIECTBICHUS MHKEHEPHBIX
pacyeToB MpU MPOEKTUPOBAHUU (PacdeThl
Harpy3Kd ¥ MOMEHTOB, pacyeT MOIITHOCTH
MIPUBOJIOB, pacyeT MapaMeTPOB KHHEMATUKH H
T.11.), FHCTPYKIIUHU TI0 pa3pabOTKe CUCTEM
yIpaBIEHUS U MPOTPAMMHOT0 00ecTieYeHUS
JUTS YIIpaBJeHUs poOOTaMu, HHCTPYKIIUH 1
METOJIMKH T10 pa3paboTKe CUCTEM YIIPaBICHUS



KommsrorepHoe o0opynoBanue

13.

HoytOyx

C 2JIEeMEHTaMH UCKYCCTBEHHOTO MHTEIICKTA U
MAaIIMHHOTO 00yUeHUSI.

®opm-pakTop: HOYTOYK; 1 .

XKectkas, HeoTKIIIOUaeMas KiIaBHarypa:
HaJIN4ue;

Pycckas packiagka KjiaBuaTyphbl: HAIHYUE;
Juaronans skpaHa: He MeHee 15,6 11oiMoB;
Pazpemenune sxpana: ne menee 1920 x 1080
MMHKCEIICH;

KomnnuecTBo sinep npoueccopa: He MeHee 4;
KonnyecTBo MOTOKOB: HE MeHee §;

bazoBast TakTOBas yacTtoTa mnpoieccopa: He
menee 1 I'T;

MaxkcuMaibHasi TAKTOBas 4acToTa MpoIeccopa:
He MeHee 2,5 I'T'm;

Kom-mamste npoueccopa: He MmeHee 6 MOaiT;
OO6beM ycTaHOBJIEHHOM OllepaTUBHON NMaMSITH:
He MeHee 8 ['0aliT;

O06bem noep )KUBAEMO OTepaTUBHOM
MaMsTH (JI7151 BO3MOKHOCTH PACIIUPEHHUs]): HE
MeHee 24 1"0aliT;

O6wem Hakorutens SSD: He menee 240 I'0aiiT;
Bpewms aBTOHOMHOI paboThl OT GaTapeu: HEe
McHee 6 JacosB;

Bec HoyTOyKa ¢ yCTaHOBIEHHBIM
aKKyMyJsaTopoMm: He Oornee 1,8 kr;

Buemnuit unrepdeiic USB crannapta He HUXe
3.0: He MeHee TpeX CBOOOIHBIX;

Bueurnuit uarepgeiic LAN (ucnonab3oBaHue
MEePEXOTHUKOB HE TIPEyCMOTPEHO): HATTHIHE;
Hannuue monyneit u uarepdeiicon
(ucmonbp30BaHME MEPEXOTHUKOB HE



14.

Tenexxa - XxpaHuIUILE
HOYTOYKOB

npeaycmoTpeno): VGA, HDMI,
becnipoBonHas csizp Wi-Fi: Hanmmuue ¢
noanepxkon cranaapra IEEE 802.11n wimn
COBpEMEHHEE;

Web-kamepa: Hannuue;

Manunynstop "Mbllb": HAJIUYKE;
[IpenycranoBieHHas onepalroHHasi CUCTEMA C
rpadu4ecKrM MOIb30BATEIbCKUM
nHTepdeiicoM, odecrieunBaroIias padory
pacmpocTpaHEeHHBIX 00Pa30BaTEIbHBIX
00IIECUCTEMHBIX MPHUIIOKEHUN: HATUYHE.

THUII KOpIryca: MCTaJI; 1 1.

BO3MOKHOCTh 0€301acHOT0 3alIUIIEHHOTO
3aMKOM XpaHEHHUs1 HOYTOYKOB: HAJIUYUE;
BO3MOKHOCTbH 3apsJIKM HOYTOYKOB: HAJHUHE,
MOAJIEP>KKa HOYTOYKOB U3 KOMILJIEKTa
MOCTaBKH,

Hannuue poyrepa Wi-Fi crangapra 802.11n
WA COBpeMEHHee: | mT.

noJiiep>KKa HOyTOYKOB 13 KOMIUIEKTa
MTOCTaBKU;

KOJINYECTBO HOYTOYKOB: OT 6 IITYK,
MoJiIep KKa HOYTOYKOB M3 KOMILUIEKTa
MIOCTaBKH;

Hampspxenne mmranmst: 220 B\S0 I'o;
[ToTpebnsemas MomHOCTH, BT (MakcuMyMm):
2500;

[ToTpebnsemsrii Tok, A (Makcumym): 12;
JInvHa mHypa 37IEKTPONUTAHUS: OT 2,5 METpa;
3amumra OT NepeHarpsLKeHUs, KOPOTKOTO
3aMBIKaHHS: HATHYHE;

Komneca u1st mepeBMXeHUsI C TOPMO30M:
HaJINYHE.

1 .



