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TpaI[I/I]_[I/IOHHaSI METOZIMKa IIPOBEACHUA NCCJAEA0OBAHUA TIPU AEMOHCTPA-
IMMOHHOM S9KCIIEpUMEHTE Ha YPOKaxX (I)I/I3I/IKI/I XOpOoIIO M3BECTHA. C no-

MOIIBIO /IATYUKOB ITPOBOJATCS 3aMepbl MCCIelyeMbIX XapaKTepUCTUK
noJist. Kak mpaBuiio, 3aMepbl IPOBOASITCS B HECKOJBKUX TOYKAX, B 00JIb-
HIMHCTBE CJIyYaeB CydailHbIM 00pa3oM pasMelleHHbBIX B IIPOCTPAHCTBE.
B takom skcrniepuMeHTe MOKHO TOBOPUTD JIUITb O KAYeCTBEHHBIX XapakK-
TEePUCTUKAX ITPOIIECCOB.

Ecsin mornpoboBaTh MCIIOIH30BaTh B 9KCIIEPUMEHTE POOOTU3NPOBAH-
Hble TEJIEKKU M YCTAaHOBKU C BO3MOKHOCTHIO TMO3UITMOHUPOBAHUS B
MPOCTPAHCTBE, TO MOKHO TIOJIYYHUTh OoJjiee JeTaJbHOEe ONMCAaHUe UCCIIe-
JyemMoro (pusnyecKkoro mpoiiecca. B aTom ciyyae Haio He TOJBKO CO3/1aTh
KOHCTYKITNIO, HO M HAIlUCATh HECJOKHYIO IIPOrpaMMy TiepeMeleHus po-
6ota B mpoctpancTse. [lostBisieTcst HeOOXOAUMOCTDh B TIPOPAOOTAHHOM
CIIeHAPUU TTPOBEIEHIST UCCIIE0BAHNSI, CO3/IAHIS aJITOPUTMA PaOOTHI.

MecTo Kypca B y4eOHOM npouecce

Komrurexe po6oToTexHIUIecKuX JJabopaTopHbIX paboT 110 (U3UKE CO3/1aH
Ha ocHoBe YMK: Illynexko E. M., llynexko A. T., 5-6 kiacc. Dusu-
Ka: yueb. kHura i 5 kiacca: B 2 4. M.: BUHOM, 2014; ®usuka: yueb.
kHura a8 6 kmacca: B 2 4. M.: BUHOM, 2014. 910 HayaabHbII OJI0K
HECJIOJKHBIX JTaGOPaTOPHBIX PabOT MPOTIEAEBTUIECKOTO Kypca (hU3UKH,
KOTOPBIE MOKHO IIPOBOIMTD Ha YPOKaX (PU3NKU B 5-X Kiaccax (1abopa-
Toptbie paboTsl 1-7) u 6-x Kiraccax (sabopatopHbie paboTsl 8—12) ma-
paJIeIbHO U3YYEHUIO TEOPETHYECKOTr0 yueOHOTro MaTepuasia. BoamMoskHo
[POBe/IEHIE BCeX JTabOPaTOPHBIX PabOT OXHUM GJIOKOM.
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HeoGxoaonmoe obopynoBaHue

Jlist ipoBeieHust paboT HeOOXOAMMO Ha KaKayio Opuraay Kak Tpaju-
IHoHHOE 06opyaoBaHKe KabuHeTa (bU3UKK 7151 TabOPaTOPHBIX PaboT,
TaK ¥ JIONIOJIHUTEThHOE — TIEPCOHAJIBHBIN KOMITBIOTEP M IOCTATOYHO HO-
BbIii Mukpokomisiotep EV3 (Basossrit Habop LEGO MINDSTORMS
Education EV3). Bce akciieprMeHTbI MOKHO TPOBOANTD TAKIKE C UCTIOJIh-
3oBanreM MukpokomibioTepa NX T nipensinyieit mogudukaium (baso-
Borit Habop LEGO MINDSTORMS Education NXT). 3amerum Taxike,
YTO JAHHBIN KOHCTPYKTOP ABHO YCITENTHO UCTIOJIb3YeTCsI BO MHOTUX aMe-
PUKAHCKUX YHUBEPCUTETAX HA MJIAJIIINX Kypcax B AKCIEPUMEHTAIbHOM
pabore. Yke 6oJiee JeCSATH JIET MHOTHE IKOJIbI POCCHE OCHAIIIEHbBI HTUM
obopynoBanueM, Kabeapbl POOOTOTEXHUKN ¥ aBTOMATU3AIMA MHOTHX
POCCUMCKUX TEXHMYECKUX BY30B MTPOBOJISAT CO CTY/I€HTAMU HA MJIAJIIIAX
Kypcax jgabopaTopHbie pabOThI Ha 3TOM 000pyoBaHuu. B aTx Habopax
HUMEIOTCS IITaTHBIE JATYUKH, T000P KOTOPHIX JOBOJBHO PasHOOOPa3eH.
Jlist yBeJIm4eHust TOUHOCTH M3MEPEHU MPU pOOOTOTEXHUYECKOM 9KC-
HmeprMeHTe MOKHO HCII0JIb30BaTh Hojiee TOUHbIE U MTPOdeCcCHOHATbHbBIE
natyuku — gatyuku Bepubep (Viernier) mian aHaJOTUYHbBIE 110 TOYHO-
CTH, HO 3HAUUTEJIHHO JEIIEBbIE [0 CTOMMOCTH JAaTYNKH, Pa3padOTaHHbIE
poccuiickoil ¢pupmoii «Yurexnpubop». C momoripio ajganrepa Vernier
NXT aTut JaTYUKK MOAKIIOYAIOTCS K POOOTH3NPOBAHHBIM YCTPOHCTBAM
LEGO Mindstorms Education. OtmeTum, 4To, 110 CpaBHEHHIO CO IITAT-
ueiMu natunkamu LEGO Mindstorms Education, 51 1atunkym mMeror
6oJiee MMUPOKUIT AMAMa30H U3MEPEHNUsT BEJUYNH U BBICOKYIO TOYHOCTD,
MOATOMY ITO3BOJISIIOT TIPOBOAMTH OoJjiee TOHKHE 3MepeHust. KoHCTpyK-
IUU POOOTU3UPOBAHHBIX YCTAHOBOK TIPEAEIBHO TIPOCThie. MOKHO OI1H
pa3 cobpaTh YCTAHOBKY U ITOTOM ITPOBOJAKTD C €€ MOMOIIBIO CEPUIO IKC-
MEPUMEHTOB.

NMporpammupoBaHue

OTInYnTENBHON 0COOEHHOCTHIO POOOTU3UPOBAHHBIX JJAOOPATOPHBIX Pa-
60T sIBJISIETCST HEOOXOAMMOCTD HE TOJIBKO B KOHCTPYHUPOBAaHUU TIPOCTEN-
HIUX TIPUCTIOCOOIEHNI, HO ¥ B TIPOTPAMMHUPOBAHUHN IIPOIEcca aBTOMa-
Tusaiuu cbopa AaHHBIX ¢ AaT9uKoB. Co3maHue HeCTOKHON TPOrPaMMBbI
7151 (PU3UIECKOTO MCCIIe/IOBAaHUS HE TPUMEHSIETCS TPAaKTUIECKU HUT/IE
Ha ypokax ¢pusnku. Bo MHOrMX U3BeCTHHIX (pu3nyeckux 1upoBbIX Ja-
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OOpaTOPHUSX CTABUTCS 3ajlada 3allyCTUTh Pa3paboTaHHYIO paHee aBTOpa-
mu 1iporpammy. CriocoOHOCTH sKe TTKOJLHUKOB, YK€ HACTOJBKO ajie-
KO IpoJBUHYTHIX B I'T, HUKaK He BKJIOYEHBI B IIPOIlECC MCCIIE0BAHMSI.
OO6bIYHO TIPOTPAMMHBII KOMILTIEKC HA/IEKHO 3aKPHIT OT BMEIIATEIHCTBA
B HEro, Ma0bl MIKOJbHUKY HEJb3si OBLIIO HUYEr0 UCTIOPTUTD. Tereph ke
IpejiiaraeTcs BHECTU B (PU3UKY HAPSALY € TPAAUIIMOHHO UCIIOIb3YEeMbIM
MaTeMaTUYeCKUM alapaToM BO3MOKHOCTb IporpamMmMupoBanusi. [Tpor-
paMMUpOBaHusI He aOCTPAKTHOTO, a ¢ BU3yaIU3alueil pe3yabTaToB aj-
ropuTMuyYeckux uccaenopanunii. [losaraem, uro yuntens: hpusuku, 3Has
BCE CJIOKHOCTH UCTIOJIb30BAHMS HA YPOKAX U3BECTHBIX MU POBBIX J1aH0-
paTopwii o0 BpeMEHHBIM 3aTpaTtaM, HeOJZOOPUTETHHO OTHECYTCS K ATOMY
MomenTy. Ho ampobariust iokasasa, 9T0 HeCKOJIbKO MUHYT (5—7 MUHYT),
MOTPAYEHHbIX Ha HAITMCAHKE ITPOTPAMMBI, C IUXBOIM OKYIATCS IIPU TIOJTY -
YeHU! KPACUBBIX, NH(MOPMAIMOHHBIX TPA(UKOB He TI0 «TPeM TOYKaM», a
110 COTHSIM U3MEPECHUI.

OcranoBuMcsT Ha BbIOOpE cpesibl porpaMMmupoBanus. [Ipepmaraercs
MCII0JIb30BaTh MHKEHEPHYIO cpely Tpaduyeckoro mporpaMMupoBaHUs
LabVIEW ¢upmbr National Instruments. Bei6op atoit coBpeMeHHOIT
cpenbl iporpamMmmupoBanust He ciydaen. LabVIEW sBastercst haktude-
CKMM CTaH/IapTOM aBTOMATHU3aIlMHU dKCIIEPUMEHTA B COBPEMEHHO Hay-
Ke U MPOU3BOJICTBE. ITOT SA3bIK ITPOIPAMMMUPOBAHUS BBICOKOTO YPOBHS
MIO3BOJISIET COCTABJISATH MIPOTPAMMBI C COKPAIlleHHBIMU BPEMEHHBIMU 3a-
TpaTaMy U MUHUMAJIbHOUN OJTOTOBKOU IPOrPAaMMUCTOB-IITKOJBbHUKOB.
On HarJis/ieH 1 oHATeH, TaK Kak nMeeT rpadudeckuii maTepdeiic, u Bes
Iporpamma IpejicTaBisieTcst B Bujie cxeMbl. OHa cOBpeMeHHA U O4YeHb
HPABUTCS yYAITUMCH.

Kak >xe HaMm MOXeT NOMO4b poooT
npv NnpoBeaeHNn 3KCNepmMeHToB?

Hpe>1</:[e BCEr'o 9TO aBTOMaTHU3alud 9KCIIEPUMEHTA, HCO6XOIII/IMaF[ JJIA 110~
BbllI€eHWA TOYHOCTU HBMGPCHHﬁ. Hepememaﬂ B IIPOCTPAHCTBE JaTUUKU
OKO0JI0 0OBEKTOB nccje10BanuAg njianu caMu 00BEKTDI nccjae10BaouA OKO-
JIO 1aTUYNKOB, Mbl CMOKEM CHHUMATD IIOKa3aHMWA C IaTYUKOB B HECKOJIbKHUX
TOYKaX IIPOCTPAHCTBaA, COXPaHATb 9TU M3MEPEHU, O6pa6aTbIBaTb nx,
CTpOUTb I'pa(l)I/IKI/I N3MEHECHUA (bI/ISI/I‘IGCKI/IX BE€JIMYMH B y,Z[O6HOM BHU/E,
BbIBOJIUTb HECKOJIbBKO I‘pa(bI/IKOB Ha OJHO OKHO. HpI/I BCEM 9TOM MOKHO
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OBITH YBEPEHHBIM, YTO TTOKA3aHUs OYIyT CHUMATBCS C MMOCTOSTHHDBIM, 3a-
JaHHBIM JICKPETOM TI0 BpEMEHU WJIH TIPOCTPAHCTBY. 3a 9TUM OYIET cJie-
JIMTH KOMITBIOTEP. V1 MBI CMOKEM PETryInpoBaTh U OBICTPO U3MEHSITH BCE
napameTpbl cbopa JaHHbIX.

B cpene mporpammuposanust LabVIEW nmeercs crieruanbHast maanT-
pa ¢ muKTorpaMMaMu (OYHKITUI pabOThHI ¢ TIPeI/IaraeéMbIMU JaTYNKaAMHU,
9TO He YCJIOKHSIET TPOTPaMMIPOBaHUe POOOTOB C ITaTYNKAMU TP TPO-
BeJIEHUH 9KCTIEPUMEHTOB.

B zakiouenue cienaeM HEKOTOPbIE BBIBOJIBI.

KoncTpynpoBanue sKCrepuMeHTaIbHON YCTAaHOBKU, paboTa 1Mo MO3H1-
IIUOHUPOBAHUIO PoHOTA, TOPAOOTKA CIIEHAPUST UCCIE0OBAHS, AJITOPUT-
MU3aIMs, IPOrpaMMUpOBaHie 00pabOTKY JaHHBIX 1 TIOBEAECHUS poOoTa —
BCE 3TH COCTABJISIONINE POOOTHU3NPOBAHHOTO MCCIIEIOBAHIS TIO3BOJISIIOT
MPOBOAUTH MIPSIMOE UCCIIe0BaHME (DU3UYECKUX BEJTMUNH, TPUMEHSIST [TH-
MaKTUYeCKUIi TPUHITAII CO3HATENLHOCTH 1 aKTUBHOCTH. Vcoib3oBaHme
POBOTOTEXHUYECKOTO MOIETMPOBAHNUST TIO3BOJISIET TIO3HAKOMUTD IITKOJTh-
HUKA C COBPEMEHHBIM ITPOIECCOM MTPOBE/IeHNUsT (PU3MUECKOTO HCCITET0BA-
HUS, TIOAHSITD MHTEPEC K OKCIIEPUMEHTAIHLHON padoTe, pa3BUTh (DU3UKO-
MaTeMaTu4IecKue CIoCOOHOCTH yyanuxcs: ¥ c(hopMUPOBATH MOTHBAIIHIO
K WH)KEHEPHOMY TPY/Ly U TBOPYECTBY.
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. JlaboparopHasi ckameiika.

. [IIrtaTus.
. [ITapuk Ha HUTH.
. bpycox (skemaTesbHO MeTalIMyecKuii, HO MOAOWUAET U JIePEeBSH-

HBIIT).

. HaGop rpys30B ¢ KproukaMmu.
. IlosockOBBINT MATHMAT.
. ITorkoBOOOPa3HbIiT MATHMUT.

DJIEKTPOMATHUTHBIN CEPACYHKK U 1ETlb JIJIsI Hero.
Crpy0ruHa.
VcTouHuK uTanus — Oarapeiika.

Kycok n3osi1inoHHON YepHOi JIEHTHI.
JIuneiika.
[TnactukoBast GaHKa.

Marepuasn 1Jist KperieHus:: IByCTOPOHHUI CKOTY, Pe3UHKHU KaHIle-
JISTPCKHE.

JaTunku:

+ nmarunk kacauus 2 mr. (u3 LEGO-na6opa);

+ garunk ocserteHHocTr (n3 LEGO-na6opa);

+ yabrpa3ByKoBoii gambHOMep (13 LEGO-1abopa);

« marunk cusbl (Bepabep nau HITIT «Yarexmpubop»);
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+ marumk temrepatypsl (Bepubep nau HITIT «Yarexupubop»);
e gnartyuk MarautHoro noJisa (Bepuwvep niau HIIIT «Yurexmpu-
60p»).
17. Bepubep-niepexogHuk Kk Mmukpokomiibiotepy EV3 unu NXT, ecan
UCIIOJIb3YIoTC BepHbep-1aTynkiu.

18. 45544 DBasoswiit Ha6op LEGO MINDSTORMS Education
EV3, mukpokommbiorep EV3 wim 9797 Basossiit Habop LEGO
MINDSTORMS Education NXT, mukpoxommbiorep NXT.

19. IlepconasbHBIN KOMIBIOTEP CO BCTPOEHHBIM MUKPO(OHOM 1 yCTa-
HOBJICHHBIM TIPOTPAMMHBIM 00€CIIeUeHIEM.

20. Cpema mporpammupoBannss LabVIEW ¢ Toolkit LEGO
MINDSTORMS Robotics n aBropckas manesnb paboThl ¢ AaTdu-
kamu HITTT «Yarexmpubop».

Bce mporpammuoe obecriedenre U IpUMepPbI IIporpaMM st tabopa-
TOPHBIX pabOT, PACCMOTPEHHBIX B KyPCe, HAXOAATCS Ha IPUIATaeMOM K
kuure DVD.



JlabopaTtopHas padoTta 1

OnpepeneHue BpeMeHU ABNXEHNS Opycka
MO HaKIOHHOM NJIOCKOCTHU
O6opyaoBanue: 1abopaTopHast CKaMeiika, ITaTuB, 6pycok, 43544 Baso-

Borit Habop LEGO MINDSTORMS Education EV3, aBa matunka kaca-
Hust, Mukpokommbiorep EV3, PC.

A | 3apaHue 1. Cobmpaem yCTaHOBKY 1-1
B | 3apaHue 2. Co3gaem nporpammy 1-2
C | 3apaHne 3. OnbIT 1 1-3
D | 3agaHne 4. OnbIiT 2 1-3
BbIBOA,: kKak 3aBUCUT BE/INHYUHA BDEMEHU [IBVXKEHWS] Bpycka
10 HaKJIOHHOV MJIDCKOCTU OT BbICOTbI KPErJieHus1 xenoba
E | JononHuTenbHble MaTepuasbl: pe3dyfbTaTbl BbIMOJHEHUS 1-4
OnbITOB

JlaGopaTtopHas pa6oTa 2

N3yyeHne nameHeHum KkonedaHum masTHUKa

Oo6opyaoBanue: JTMHENKA, MAPUK, JKeJTaTETbHO C IISTHIIEBOH TTOBEPXHOC-
THIO Ha HUTH, MTAaTUB, 43344 Basoserii Habop LEGO MINDSTORMS
Education EV3, natunk ocemennoct, Mukpokommbiorep EV3, PC.
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TemaTtnyeckoe NAaHUPOBaHME

A | BapaHue 1. Cobupaem ycTaHOBKY 2-1
B | 3agaHue 2. Co3paemM nporpaMmmy 2-2
C | 3agaHme 3. OnbiT 1 2-5
D | 3agaHue 4. OnbIT 2 2-6
BbIBOA,: Kak 3aBCUT rnepunoa kosebaHust MasiTHUKa OT [AJINHbI
HUTYN
E | JononHuTtenbHble MaTepuanbl: GOTO yCTAaHOBKU, NporpaMmma 2-7
07151 ONbITOB, Pe3y/ibTaTbl BbIMO/IHEHWUS OMbITOB, MHCTPYKLS
rno cOopke NoAcTaBKU ANS KpenseHus (7 waros)

JlabopaTopHasa padoTta 3

N3yuyeHune KonebdaHuii MasSTHUKA HA HUTU

060pyz_103aH1/1e: lmapuK C I‘JIHHL[BBOﬁ ITOBEPXHOCTbIO HA HUTH, IITATUB,

45544 Bazossiii Habop LEGO MINDSTORMS Education EV3, gaTunk

ocBetnieHHOCTH, MUKpoKoMmIibioTep EV3, PC.

A

3apgaHue 1. YctaHoBka 13 nab. pabotsl 2. MoaepHu3auus
nporpammbl. BeiBoa, neproga konebaHuin MasTHUKaA Ha rpaduk

3-2

3apanuve 2. OnbIT 1, oNbIT 2, oNbIT 3

BbIBOA,: CyLLECTBYET /11 3aBUCUMOCTb MEXAY NepuoaomMm
KosnebaHus U MakCUMasibHbIM OTK/IOHEHNEM MasiTHUKA
OT I0JI0XKEeHWSI PaBHOBECUS]

3-5

JononHuteneHble Matepumasibl: nporpamMmmMa angd onbiToB,
pe3ynbTaTbl BbIMOJIHEHNA OMNbITOB

3-6

JlabopaTopHas pabota 4

N3mepeHne NponaeHHOro paccTtoaHns
npyv ABU)XeHUU 6pycka No HaKJIOHHOM NJIOCKOCTU

Oo6opynoBanue: tabopaTopHasi ckamelika, OpycoK, mraTtus, 43344 Da-
30Bb1il Habop LEGO MINDSTORMS Education EV3, yisrpasBykoBoii
nagbHOMep, MuKpokoMmiibiotep EV3, PC.




Tematnyeckoe NAGHUPOBaHKE 13

A | 3apaHue 1. Cobupaem yCTaHOBKY 4-1
B | 3agaHue 2. Co3paemM nporpaMmmy 4-2
C | 3apaHue 3. OnbIT 1 4-5
D | 3agaHume 4. OnbIT 2 4-5

BbIBOA,: O TOM, Kak 3aBUCUT U3MEHEHME MPONAEHHOIrO

OPYCKOM pacCTOSIHNSI CO BPEMEHEM OT BbICOTbI KPEI/IEHUS

HaKJIOHHOW MJ10CKOCTU
E | JononHutenbHble Matepuasnbl: GOTO YyCTAHOBKK, NporpamMmma 4-6

0191 ONbITOB, PEe3y/ibTaTbl BbINOJHEHWS OMNbITOB AJA TPEeX

KpenneHuii xenoba

JlaGopaTtopHasa padoTta 5

N3yyeHne NnpAsMOSIMHENHOrO paBHOMEPHOIo
ABUXXeHus Opycka

Oo6opynoBanue: 1abopaTopHas CKaMeliKa, KyCOK HUTH, CTPyOInHa, Opy-
COK WJIM JIOBOJIHO TSKENast MPSIMOYTOJIbHAsT KOPOOKA, MUHUMATbHBIN
pasmep pebpa KOTopoii Ha MeHee 6 cM, 43344 Basoseiii Habop LEGO
MINDSTORMS Education EV3, MoTop ¢ KaTyIIKOI /st HAMATHIBAHISI

HUTH, YJIBTPA3BYKOBOH anbHOMED, MUKpokoMIibioTep EV3, PC.

Ang onbiTa, pe3ynbTaT BbIMOJIHEHNA OMNbITAa

A | 3apaHue 1. Cobupaem yCTaHOBKY 5-2
B | 3agaHue 2. Co3paemM nporpaMmmy 5-3
C | 3apaHue 3. OnbIT 1 5-3
D | 3apaHue 4. BolumcnsieM CKOPOCTb Ha PasHbIX yHacTkax nyTu 5-3
no rpaduky
BbIBOA,: KaKk M3MEHSIETCSI CKOPOCTb Tesa npv PaBHOMEPHOM
JABVXKEHUW Ha Pa3HbIX y4acTkax nytu
E | JononHutenbHbie Matepuasnbl: GOTO YyCTAHOBKK, Nporpamma 5-4
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