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um. B.M. LUykwuHa, Buiick, Poccus

UCNO/NIb3OBAHUE LUDPOBOI0O UBMEPUTEJIbHOIO KOMIJIEKCA
HA BA3E NJIAT®OPMblI ARDUINO B JIABOPATOPHOM
NMPAKTUKYME MO ®U3UKE

Ormnrcana MeTOAMKA IIOCTAHOBK U JIA0OPATOPHBIX PA0OT I10 (PUBUKE C UCIOIb30BaHIEM ITN(PPOBLIX U3MEPUTEIb-
HBIX KOMILIEKCOB Ha 6a3e mporpaMMHoO-annapaTHoii miardopmber Arduino. Mertonuka mpeoaraeT BHIIOJTHEHTE
00yuaeMbIMU TAKUX AEHCTBUH, KaK CO0OPKAa, IPOrpaMMUPOBaHNe, TECTUPOBAHNE N3MEPUTEIHHOTO KOMILIEKCa,
IpoBefieHIIe M3MePeH’l ¢ ero NCIoJb30BaHWeM, 00paboTKa MOJYUEeHHBIX JaHHBIX B cpefie TaOJIUYHOTO IIPO-
meccopa MS Excel. MeToanuecKkre MaTepuabl BKJIOYAIOT BBOAHBIN TEKCT O PA3BUTUU MUKPOIPOIECCOPHOIA
TeXHUKU, 0 MHOT000Pasnu Moan(puKanuii MUKPOKOHTPOJLIIEPOB 1 00JIaCTH UX TPUMEHEHU; PEKOMEHTalli Y 110
yCTaHOBKE ITPOIPAMMHOTI0 00eCIIeUeH s M TECTUPOBAHMIO IJIaThl Arduino; MaTepuaJ 11 H3yUYeHU I OCHOBHBIX
SABBIKOBBIX KOHCTPYKIMH u cuaTakcuca Arduino IDE; peKkoMeHIaIMy K BHIIOJHEHUIO JIA0OPATOPHEBIX PadoT.
IIpuBoAATCS MpPUMePH! BBITIOJHEHUS IBYX Ja00paTOPHBIX PaboT, peajausyrolne MPenMyIecTBa MupPoBhIX
U3MEPUTEJILHBIX KOMILJIEKCOB ITPU UX UCIIOJb30BAHUU B JIaOOPATOPHOM IPAKTUKYME.

Karouessble croBa: mporpaMMHoO-anmnapaTaas miatdopma Arduino, nudpoBoii U3MepUTeIbHbINA KOMILIEKC,

JabopaTopHbIe PA0OTHI IO (PU3UKeE.

B mocsnexHue roabl AJiA MOCTAHOBKM YUeOHBIX
SKCIIEPUMEHTOB 1O (pU3MKe BCe Iupe MPUMEHAI0T-
cdA mudpoBbie u3MepuTeabible KoMiLieKch (LK),
BKJIIOUAMOIINE KOMIIBIOTED, HJATUNKU Pa3JIUUHBIX
(husmyecKUX BEJIUUYUH, YCTPONUCTBO COMPAKEHUI
IaTUNKOB C KOMIIBIOTEPOM M COOTBETCTBYIOIIIEE
mporpaMMHOe obeciiedueHre. B MeToguuecKoi Jau-
TepaType ONMMCAaHbI MPEeUMYIeCTBA UCIIOIb30BaAHU A
IIVK npu nmpoBeseHNN JEMOHCTPAIIMOHHBIX DKCIIE-
PUMEHTOB U JIaOOPaTOPHBIX PAOOT B CPABHEHUU C UX
IIOCTAHOBKOH Ha TPAAUIIMOHHOM o6opynoBaumu [1].
Hasosem mpeumymniectsa IIWIK, KoTopble, HA HAaII
B3TJIAM, ABJIAOTCA HanboJiee 3HAUNMBIMU:

* YcuieHne MeTOLOJIOTUUECKOM COCTaBIAIONIEH B
CollepyKaHNM 00yUeHUA 3a CUEeT: a) COKPAIIeHUA Bpe-
MeHU, He00XOAMMOTO JJIA IOCTAHOBKY YUEOHBIX 9K C-
TIEPUMEHTOB, 0) IIOBBIIIIEHN TOUHOCTY U YBEJINUECHUA
o0beMa M3MepeHuil, B) aBToOMaTU3auu 00paboTKu
IaHHBIX C IPUMEeHEeHUeM BbIUNCIUTEIbHBIX, Ipadu-
YEeCKUX, CTATUCTUYECKUX METO/IOB, T') IPEICTABIEHUA
pes3yJIbTATOB ONBITOB B HATJISAAHOM (hopMe.

* PacimupeHue BOSMOYKHOCTEH /15T OpTaHU3aIl N
YACTUYHO-TIOUCKOBOI, yueOHO-1CCJIeN0BaTEIbCKOI,
MIPOEKTHOI TesTeIbHOCTH 00yUaeMbIX.

* @opMuUpoOBaHIe 3HAHUI 1 YMEHUHN 00yYaeMbIX B
00J1aCTH UCIIOJIBb30BAHUA CPEACTB IMUMDPOBON MUKPO-
SJIEKTPOHUKU JJIs CO3MAaHUA dKCIEePUMEHTAIbHBIX
YCTaHOBOK.

ITudposoe mabopaTopHOe 060pymAOBaHUE, KAK U
BCe IIpOYMe CPeICTBA O0yUEeHNA, MMEeT OTPaHUYEeHU I

B UX ucnoJyib3oBaHuu. Tak, B cratee [1] oTmeuaercs,
YTO B CUJIY MUHUATIOPHOCTY 000PY/IOBaHUSA B I€MOH-
CTPAIMOHHOM SKCIIEPUMEHTE TPYIAHO 06ecIeuuTs
TpeboBaHMe ero BuAuMOCcTU. Hampumep, ycTaHoBKa
UL meMoHcTparnuu 3akoHa Oma, cocTosinas us pe-
3UCTOpA, UCTOUYHUKA TOKA, JaTYUKOB CUJIBI TOKA U
9JIeKTPUUECKOTO HAIIPSKeHUsI, CKOpee BCero, Oyaer
BOCIIPMHUMATBLCS yUAIIUMUCA KaK HEeKUN YePHBIN
AINUK, «BeIb B cebe» . [loryueHHBIN B TeUeHE CBEPX-
KOPOTKOT'0 BpeMeHU Ha SKpaHe KOMIbIOTepa rpaduk
3aBUCUMOCTHU CUJIBI TOKA OT HANIPSKEHUA HE UMeeT
CYIIIECTBEHHBIX OTJIMYUHA OT aHAJOTUYHOTO rpaduKa
B yueOHUKe. [ToaToMy JeMOHCTPAIIMOHHEIE SKCIIePH-
MEHTBI C IPUMeHeHreM Iu(POBOro 000PYI0BAHUS
«I1eJIeco00pPas3Ho... IPOBOJUTH B COMOCTABJIEHUU C
KJIaCCUUYECKUMY MeTOIaMU UCCIeTOBAHNIN U KJIaCCH-
YeCKUMHU U3MePUTeJbHBIMU Ipubopamu» [1].

ITocTaBisiemble B yueOHbIE 3aBefeHU ITN(POBLIE
M3MEePUTEJbHbIE KOMILJIIEKCHI ITIOJTHOCTBHIO ITO/ITOTOB-
JIeHBI K paboTe 1 He TPeOYIOT IPOTrPaMMUPOBAHUS
MUKPOKOHTPOJJIEPOB. BMecTe ¢ TeM, Ha HATIII B3TJIA,
yMeCTeH TaKOU BAPUAHT BBITIOJHEHU A JJAO0OPATOPHBIX
paboT mo pusuKe, KOTOPLIH IIpeaycMaTpuBaeT 0oJjee
TJIy0OKOe 3HaKOMCTBO C IIPOrPaMMHO-aIIapaTHLIM
obecreueHEeM U3MEPUTEILHBIX KOMILIEKCOB. B mep-
BYIO ouepennb 9To Kacaercs ctyaeHToB I'T-mpoduieii.
K umcny rakux npodueii, B 4aCTHOCTH, OTHOCUTCS
IBoMHOU npoduab «Pusuka u nHGOpMaTUKa» Ha-
IIpaBJIeHUA MOATOTOBKU «Ilemarormueckoe o6paso-
BaHUE».
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B mammoii craThe IpeacTaBiIeHbl YUeOHO-MEeTO M-
YecKUe MaTepuasibl, UMeIoIIe I1eJbi0 03HAKOMUTH
CTYJIEHTOB C IPOTPaMMHO-annapaTHOH niaaTdopMoi
Arduino u moxasaTb BO3MOKHOCTH €€ IIPUMEHEeH U
JLJISl TIOCTAHOBKY J1a00PaTOPHBIX PaboT 1Mo usumkKe.
Bri6op miat@opmbr Arduino o6ycioBieH TaKUMU
ee IPenMYyIIeCTBAMY, KAK OTKPLITAA apXUTEKTypa 1
OTKPBITHII NCXOAHBIN KO, KPOCCILIAT(POPMEHHOCTh
(paboraet nox yupasiaearnem OC Windows, Mac OS
u Linux), mocTynHad maske AJIsT HOBUUKOB cpejna
IPOrPaMMUPOBAHUS, HU3KAA CTOUMOCTb. OTMeTUM
TaKk:Ke BO3MOYKHOCTH ucnosib3oBanusa IITVIK =Ha 6aze
Arduino coBMecCTHO C yiKe MMEIOIUMCA B YUeOHBIX
(usuueckux sabopaTOpUAX TPALUIMOHHBIM 000-
pymoBauueM, 0Jjiarogaps ueMy, BO-IIepBBIX, o0ecIie-
YMBAETCs IIPEeMCTBEHHAs CBA3h MEXKAY HOBBIMU U
TPagUIMOHHBIMY METOANKAMY ITPOBEIEHUS YIeOHBIX
SKCIIEPUMEHTOB, & BO-BTOPLIX, CYIIeCTBEHHO (BO
MHOTO Pas) COKpAIaloTCA 3aTPaThl HA IIOCTAHOBKY
HOBBIX JJaO0OpaTOPHEIX pabor.

B HayuHO-MeTOAMUYECKUX IMYyOIUKAIIUIX MOXKHO
HaNTHU IIPUMePHI pa3paboToK 1aboPaTOPHBIX PAOOT IO
(husuke c npumenenuem miratdopmber Arduino[2, 3].
OHaKO 5T HEMHOTOUNCJIEHHBIE ITyOJTNKAIIU He CO-
JIepeKaT moApOoOHOTO OTIMCAHU S CAMUX JIaO0OPATOPHBIX
paboT U MEeTOAUK WX peaju3aluu B yueOHOM IIPO-
necce. IIpuBeseHHbIe HUMKE YUeOHO-METOUUYECKHE
MaTepuaJibl UMeIOT IeJIbI0 B KaKOHi-TO CTeeHU BOC-
IIOJIHUTD STOT IPOOEI.

OxapakTeprayeM COCTaB 1 COJePIKaHIe MaTepua-
JIOB JIJISI IPOBEJIEHUS JIa00PATOPHBIX 3AHATHUH.

1. BgoOHubLit mexcm u npedenmauus 018 Gopmu-
posarusy cmyodenmos npedcmasieHus 0 MUKPOKOH-
mpoJiiepax. OTOT MaTepruas 3HAKOMUT CTYAEHTOB C
WCTOPUUYECKUMHU CBEJIeHUSAMU O TIOABJIEHUU U PA3BU-
TUU MUKPOIIPOIECCOPHOI TeXHUKHU, C 3JIEMEHTHBIM
COCTaBOM MUKPOKOHTPOJIJIEPOB, MHOTO0OPasmueM ux
monupuKanuii, odsacteio npuMeHenus. OCHOBHOe
BHUMAaHUE VIeJAETCS XapaKTePUCTUKE IPOrPaMMHO-
annapaTtHoii cpeabl Arduino. AnmapaTHas 4acTb
Arduino npexcrasisier co00li IeYaTHYIO ILJIATy C
YCTAHOBJIEHHBIM MHUKPOKOHTPOJIJIEPOM U MUHUMY-
MOM 5JIeMEHTOB, HEOOXOAUMBIX IJIs ero PaboThI.
Kpome TOro, BO3MOXKHO MOAKJIIOUEHNE PA3IUUYHBIX
pacmupennil (mmian) u copmecTuMbix ¢ Arduino
maTunkoB. Ha mjaTe mMeioTcss pasbeMbl IJIs O -
KJIIOUeHUs BHEIIHUX YCTPOMCTB, a TaKyKe pasbeM
[LJIsI CBSIBY C KOMITBIOTEPOM, 10 KOTOPOMY OCYII[eCT-
BJIAETCS IPOTPaMMUPOBaHNE MUKPOKOHTPOJLJIEPA.
Oc06eHHOCTH MCIOJIE3YEeMbIX MUKPOKOHTPOJIJIEPOB
ATmega pupmbl Atmel m03BONIAIOT TPOU3BOAUTD

IporpaMMupoBaHue 0e3 IPUMEeHEeHUA CIIeITUATbHBIX
mporpamMMaTopoB. Bee, 4TO HY KHO 1 CO3LaHUSA HO-
BOT'0 9JIEKTPOHHOTO YCTPOICTBA, 9T0 m1ata Arduino,
KabeJb CBSI3U U KOMIIBIOTED.

IIporpamMmHuOe obeclieueHue OIS CO3MaHUA
YIPaBISIONINX IPOorpaMM o0 beIUHIIIO B cebe cpemy
paspaboTKu U A3BIK IPOrpaMMHPOBAHUA, HPEJ-
craBJsoIui coboit BapuaHT A3bika C/C++ misa
MUKPOKOHTPOJLIEPOB. B Hero 106aBIeHbI 2JIeMEHTHI,
IIO3BOJIAIOIIME CO3/JaBaTh TPOTPAMMBbI 0€3 N3yUeHn A
anmnapaTtHoit vactu. [Toaromy mis paborsl ¢ Arduino
MIPaKTUYeCKHU JOCTATOYHO 3HAHUA TOJTHKO OCHOB IIPO-
rpammvupoBanua Ha C/C++. Ilna Arduino cosmano
MHOJK€eCTBO OMOJIMOTEK, COAEPIKAIINX KOI, pado-
TAOMINI ¢ PA3IMYHBLIMU yCTPoUcTBaMu. B 3akJio-
YUTEJHLHON YacTU BBOJHOTO MaTepuraJjia IpUBOATCA
3aMMCTBOBaHHbIe U3 ceTu VHTEpHET BHUAE03AMUCHU
IIPOEKTOB, CO3JMAHHBIX C MCIIOJIb30BAHUEM TE€XHO-
Jgorun Arduino (cBeTOAMOAHBIN TPeXMepPHbIHA K0,
poboT-ueperniaxa, YyCTPONCTBO AJSA PEryIUPOBAHUA
TIOJIOYKEHU S COJTHEUHOU GaTapen u Ip.).

2. Pexomendayuu no ycmaro6ke npozpammHozo
obecneyenus u mecmuposanuio naamout Arduino.
CrymeHTaM PeKOMEHIyeTCsS CJAeAYIONNi MOPIA0K
BBITIOJTHEHU A 9TUX NPAKTUUECKUX TeHCTBUM:

— YcramoBuTh nporpaMmHoe obecrneuenue IDE
s Arduino. Ilyisa aToro caenyer nepeiitu Ha odu-
MUaJIbHLIN cafiT https://www.arduino.cc/ (BKaagka
«Download»), ckauats guctpubytuB Arduino IDE
UL HAJWYHOM OIepaIjMOHHON CUCTEeMbBI U YCTAHO-
BuTh Arduino IDE Ha KoMmmbioTep.

— INoakaouurs maary Arduino UNO K xom-
MIbIOTEPY, IMOCJEe Yero BO3MOJKHBI JBa BapuUaHTa
mericTBuii. I1epBBIfT — KOMIBIOTED CaAM OIPENEJIUAT
mJaaTy, HalgeT W YCTAaHOBUT ApaliBephl IJs Hee.
Bropoit — KoMObioTep He MOYKET caM OIIPeeJUTh
ILJIaTy, TOTJA yCTaHABJIWBAaeM ApaiiBepbl BPYUYHYIO
yepes «JlucerTuep yeTpoiicTB» . [IpaiiBep HaX0AUTCA
B TOIi JKe IallKe, Kyaa ObLI0 ycTaHoBaeHo Arduino
IDE (Aduino\drivers).

— IIporectupoBars miaary. s sToro HeoOxo-
aumo 3anyctuth Arduino IDE u HacTpours ee s
paborsl ¢ maaToii Arduino ciaenyooiuM o0pasomM: Ha
TMaHeJI MHCTPYMEHTOB BbIOPATH «HCTPYMEHTHI»
u yoeauTbes, uro B nyHkTax «Ilmata» (Arduino/
Genuino UNO - aTo mozesns Hateit miaatel) 1 «IlopT»
(COMS3 — aT0 TOPT, K KOTOPOMY IIOAKJIIOUEHA IIjIaTa)
CTOAT HeoOXoAMMbIe HAcTPoKu. [lajsee BrIOMpA-
em «®aiin» /«I[Ipumepsni» /«1.Basics» /«Blink». B
pesyJibTaTe OTKpbIBaeTcs Koj ckerua «Blink», 3a-
rpyskaem ero B miaaty Arduino npu moMoIu KHOM-
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Ku «Barpysn'rb» Ha IIaHeJn MHCTPYMEHTOB HNJIN
«Cretu» /«3arpyska». #Knem, noxka IDE nposepur
KO/l Ha HaJInuue OINOOK U 3arpys3uT ero B iary. [Ipu
3arpyske Ha Hell OyoyT MUTraTh cBeToanoabl « RX» u
«RT», coobirias, 4To IIpoIiecc o0MeHa JaHHbIMU UIET
HOpMaJIbHO. [Tociie OKOHUAHMA 3aTPY3KU CKeTUa Ha
miaaTe Arduino ¢ HTepBaJIOM B OMHY CEKYHAY HAUHET
MUTaTh CBETOAMO, IIOAKJIIUYEHHBIN K pinl3.

3. Mamepuan 012 U3yieHUs OCHOBHbLX A3bLKOGbLX
KoHcmpykyuil u cunmaxcuca Arduino IDE. Heo6xo-
OUMBIA MUHUMYM 3HAHUH B 00JIaCTH IPOTPAMMUPO-
BaHUs BKJIIOYAET CJeIYIOIIe 3JIeMeHTHI.

dyurnun setup() u loop() ABIAIOTCA OCHOBHBIMU
7 00513aTeJILHO UCIIOJB3YIOTCS BO BCEX MMPOTPaMMAax.
Setup() ucoosbayercs M1 UHUIHAJIUSANUN TIepe-
MEHHBIX, OIPeJIeJIeHUs PEeKUMOB PAOOThI BHIBOJIOB,
3amycKa MCIO0Jb3yeMbIX OUOJIUOTEK U T.A., 3aIy-
CKaeTcs eIUHOMK LI IPK cTapTe mporpaMmmsel. Loop()
samyckaercs nocJie setup() u KpyTurcs B 6eCKOHeU-
HOM I[KJIE 0 BBIKJIIOUeHUS MUTAHUS. OTa PYHKITIA
TaKiKe OCYIIECTBJIAET BbIUNCIUTEIbHO-JIOTNUECKIe
omeparuu u pearupyer Ha Hux. @yurmnusa pinMode()
ycTaHaBJIWBaeT PeXKUM PabOThI 3aJaHHOTO BXona/
BbIXOZa (pin) Kak BXoJa MM KaK BbIXoma. DPyHK-
muu digitalWrite(), digitalRead, analogRead() u
analogWrite() ucmob3yroTes OJI OTIPABKYU U CUH-
ThIBAHUA COOTBETCTBEHHO I_II/I(I)pOBBIX 7 aHAJIOI'OBBIX
curHayioB. DyHKIUA TPOrPAaMMHOTO IPEPhIBAHUA
attachInterrupt(interrupt, function, mode) cay:xur
ILJISI COOOIIEH NS IIPOIIECCOPY O HACTYIIJIEHU U KAaKOT0-
11160 coObITHs. IIpu 5TOM BBEIIIOJIHEHE TeKYIIEH [10-
CJIeOBATEJIbHOCTH KOMAH] ITPHUOCTAHABINBAETCA U
yIIpaBJieHIe IepeaaéTcsa 00paboTUNKY IpephIBaHU,
KOTOPBIH BBITIOJIHAET PabOTy 10 00paboTKe COOBITHA 1
BO3BpAIllaeT yIpaBjeHre B IpepBaHHbBIN Ko . PyHK-
1A UCIOJb3YeT CJeAyIolue mapamMmeTpsl: interrupt
— HoMmep npepbiBanuda (int), function — pyurnus,
BBI3bIBaeMas IpepbiBaHueM, mode — peskum obGpa-
00TKU TIpepbIBaHuA. [[pruMepoM IpephIBAHUSA MOKET
CJIYKUTDb HAYKaTHe TAKTOBOUM KHOIIKH JIJIS OCTAHOBKU
«BBIUUCJIEHUI » U IIePeX0/a B PEXKUM OMKUITAHNIA NI
MePeKJII0UeHNe HA NHBIE « BBIUMCICHU» .

B marepuas n1s n3ydeHUSA BKJIIOUYEHBI TAKIKe
0a30Bble MOHATHUSA, IPUCYTCTBYIOINE B JIOOOM
CTaHJAPTHOM SI3BIKE IIPOrPAaMMUPOBAHUA: O TUIIAX
IaHHBIX, 00 YCJIOBHBIX OIlepaTopax, O IMUKJax, 00
apudMeTnUeCKUX OIepalnuax, 00 omepaTopax AJisd
paboTHI CO BpEMeHeM, O ITOAKJIIOUeHU N TOTTOTHUTE b~
HBIX 01OJIMOTEeK U paboTe C HUMU.

4. Memoduueckue peKomeHOayUl K 6bLNOAHEHUIO
Aa60paAmopHuLX pAbOM C UCTLONBL308AHUCM NAAMPOP-

Puc. 1. ITudpoBoit uBMepUTEIHHBII KOMILJIEKC 1 IPUHALIEK-
HOCTH K J1ab0paTOPHOI paboTe 0 OIpefeIeHNI0 YAeIbHOM
TEeIJIOEMKOCTY CTAJIU

MmuL Arduino u coomgememeynuiux 0amyuKos Qu-
3uueckux gesuyun. [IpuBesieM B KauecTBe IpuMepa
KpaTKoe OIMUCaHMe ABYX JIaO0paTOPHBIX pPadoT.

4.1. ITenp paboTsl «V3mepeHue yneibHOU Te-
IJIOEMKOCTY METaJJINYEeCKOTO 00pasiia» COCTOUT B
W3MepPeHUN yAeJbHOHU TemjaoeMKOoCTH cTaiu. [lpu
BBIIOJIHEHU Y PabOThI UCIOJIB3YETCA CJiefyolnee
obopymoBaHUe: ABa OAUHAKOBBIX II0 (hopMe U pas-
MepaM MeTaLInuecKux obpasiia (aJTIOMUHUEBBIA U
CTAJIPHOU IUJIWHAPHI 13 Ha0Opa KaJOpUMeTpuUe-
CKUX TeJ, yAeJdbHas TeIJIOEMKOCTb aJIOMUHUSA I10-
JlaraeTcsi U3BECTHOI), 9JIEKTPOILIUTKA, 9JIEKTPOHHBIE
Beckl, maata Arduino UNO R3, Tepmoniapa ¢ yniom
max6675, becrraeuHasa MakeTHad IiaTa, Kadeas BM
USB — USB, nepcoHa/JIbHBII KOMIbIOTED (puc. 1).

Vckomas BeJIMuMHA yAEIbHOMN TEIJIOEMKOCTH CTa-
JIU OIIpefiesisieTCs C IIOMOIIbIo 3aKoHa HbploTOHA s
OCTBIBAHUA TeJI, ROTOpI:IIjI MOJMKHO 3aImucaThb B Bge

ar 5( I,=T), (1)
dat C
rae T — MruoBeHHas Temneparypa tena; T — Tem-
mmeparypa OKpyskaroiIei cpenbl; ¢ — Bpems; C — Te-
IJIOEMKOCTD Tesaa; k — Kod(PUIIMEeHT, 3aBUCAIIUN
OT IJIOMIaAY IOBEPXHOCTHU TeJia, ero reoOMeTpPUu,
COCTOSHUA ITOBEPXHOCTHU U APYTUX (PaKTOPOB.
Pemenue ypaBuenus (1) umeer Bus

k

T=T,+(T,-TJe

rae T, — HavuasnbHas Temneparypa Teaa. [Tocre jgora-
PUGMUPOBAHUS ITOJYUNM
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111(T—T5):1n(_T0—TS)—%t. ()
Bsenem obo3HaueHUA:
In(T-T,)=y; ln(TO—TS):b;%:a. 3)

Torma saBucumMocTb (2) MpuOOPETET BUI JIUHET-
HOM (pyHKIIUU

y=b—at. 4)

OmnpenmesnB 13 OTMBITHBIX JaHHBIX YIJIOBOM K03(-
bunuenr a, rpadura GyHuruuu (4) 1714 aaoMUHTE-
BOro obpasiia, ¢ yuerom (3 ) mo hopmy.Jie

k=m,c,a,

MOKHO paccuuTaTh KoapduiiueHT k. B mocienuem
BBIDAXKEHWH 1M, — Macca aJloMUHUEBOTo o0pasma;
¢, — YAeJbHAasA TeILIOEMKOCTDb aTIOMUHUA.

Koaddumnuenr k monaraercs ofUHAKOBBIM I
oboux 00pasIioB, MTOATOMY, OIIPEAEJINB YIJIOBOMA KO-
addurireHT a, us rpadrKa OCTHIBAHUA CTAIHHOIO 00-
pasiia, ICKOMYIO BeJTUUNHY yAEeIbHOI TEeIJIOEMKOCTH
CTaJI} C, MOYXHO PACCYUTATH 110 (hopmy.Ie

k

b
medc

Cc =

rje m, — Macca CTaJbHOTO 00pasia.

PaboTa BBIIOJIHAETCA B CIAEAYIOIEM MMOPAIKE:

1. BaBemmuBaHueM Ha 3JIeKTPOHHBIX Becax ompe-
IeJisgeTcs Macca Kakaoro oopasia. C moMoIibio Jia-
0OpaTOPHOI'0 TEPMOMETPA U3MEPAETC TEMIIepPaTypa
BO3ayXa BJaboparopun. I1o cripaBoYHUKY OIIpeIesis-
eTcs yaeJbHas TeIIOEMKOCTDb aJTIOMUHUS.

2. Tepmomnapa ¢ mpeo6pasoBaTeeM MOAKJII0YAEeT-
cqa k maarte Arduino, a mocyiegHSA — K KOMIIBIOTEPY.
3anyckaercsa Arduino IDE, sarpy:kaercss roToBslit
CcKeTu st paboTel ¢ Tepmomapoir B Arduino UNO
60 MUIIeTcAa MPorpaMMa COTJIACHO MHCTPYKIIUH.
Hasee mpoBepsAeTcsa paboTOCIIOCOOHOCTD YCTAHOBKY,
IpU HeOOXOAMMOCTHA BHOCATCA KOPPEKTUPOBKU B
aJITOPUTM PabOTHI MJIN B caMy ycTaHOBKY. O6IieHme
maaTbl Arduino UNO u TepmMoniapbl OCHOBBIBaeTCA Ha
mpeobpasoBaTesie ¢ YuroM max6675. [y Toro 4Toon
He BHMKATH B IIOAPOOHOCTH paboThl max6675, mc-
TOJIL3yeTCs NOIOJHUTEIbHAA 01moIrmoTexa max6675
niast Arduino. B Hell nmpenycMoTpeHBI cieayioliue
¢dyurnun: thermocouple.readCelsius() gy1a BeiBOIA
TeMepaTypsl o miaJe Ileabcusa u thermocouple.

readFahrenheit() nst BEIBOgA TeMIIepaTyphl II0 IIIKA-
ae Papenreiita. CTyIeHTHI MOTYT CAMOCTOSITEIHLHO
BBIOpATH TKAJy n3MepeHuii. Kpome T0r0, ¢ TOMOIIIHIO
crangapraoit @yuakiuu Arduino delay() oau cmoryT
3a/IaBaTh YaCTOTy U3MEPEeHU B MUJLJINCEKYHAAX.

3. O6pasers ¢ 3aKpeIJIeHHON Ha HEM TepMOIIapoi
IIOMEIIaeTCsA Ha 3JIEKTPOILINTKY U HarpeBaeTcs 10
remmeparypsl (50—70) °C. Temmeparypa obpasima
KOHTPOJINPYETCS C IIOMOIIIbI0O U3MEPUTEIbHON CH-
crembl Arduino.

4. HarpeTbIit o0paserlr ToMeIaeTcsa Ha TeIJIOn30-
JIMPYIONIYIO IIOICTAaBKY U Ha 5—10 MuH 3amycKaeTcs
IIPOIleCcC U3MePeHUs TeMIIepaTypbl 1 BPeMeHH C I10-
MOIIIBIO U3MEPUTENbHOM crucTeMbl Arduino.

5. llonyuennsie qanHbie ¢ « MoHUTOpPA mMOPTa»
Arduino IDE konupyrorcsa Ha pabouwnii muct MS Excel.
ITu maHHBIE IPeodpasyioTcsa B MU(POBOI opmar ¢
KCIIOJIb30BaHueM onnun « HaiiTu u 3aMeHUTE» .

6. leiicTBUSA, ONUCAHHBIE B II. 3—5, BLIMOJHAIOTCSA
CO CTAJBLHBIM 00PAa3I[OM.

7. Ha nucte MS Excel o ¢popmynam (3) mepe-
CUUTHIBAIOTCA ITOJIYUYEHHBIE HJaHHBIE U CTPOATCA
TOUeUHbIe JUHeNHbIe TPAPUKY A/ KasKI0T0o o0pas-
1a. MeTo[oM HAMMEHBININX KBAAPATOB UYepe3 TOUKHU
Ka'KJI0T0 rpaduKa MPOBOJUTCA HAUIYUIIasa IpsaMasi
U BBIBOJIUTCS YPaBHEHUE PEeTrpeccuu Ha KOOpAUHAT-
HYIO TIJIOCKOCTh.

8. ITo HalifeHHOMY TaKUM 00pPa30M 3HAUEHUIO
yrJioBoro koa(dunuenTa s rpauka oCTHIBAHNA
aJIIOMUHUEBOT0 00pasIia pacCCUUTHIBAETCS IapaMeTp
k. ITo 3HaUEHMIO YIJIOBOTO Koa((puiimenTa rpapura
OCTBIBAHUA CTAJIBHOTO 00pasIiia U HalileHHOMY 3Ha-
YEeHUIO TapaMeTpa BBIUUCJIAETCI NCKOMAaA BeJIUUYNHA
yIeJIbHOM TEIJIOEMKOCTH CTaJIH.

Ha puc. 2, 3 npuBogurca npumep rpa@uKoB
OCTBIBAHUS CTAJILHOrO 00pasIia.

9. Halimensoe 3HaUeHNE YAEJIbHON TEJIOEMKOCTH
CTaJIu CPaBHUBAETCA C TA0IUYHBIM. Pasginune MeK Iy
HUMU BBIpa’KaeTcsA B a0COJIOTHOM U OTHOCUTEIbHOM
BHUJE.

Ecau momorHUTE rpaduK, IpUBEeIeHHbIN Ha puC. 2,
Al POKCUMUPYIOINIell KpUBOM, TO MOKHO YBUIETD,
YTO pazdpoc TeMIepaTyp OTHOCUTEIHHO 3TOM KPUBO
He mpessimaeT 10. B onbiTe, pe3yabTaThl KOTOPOTO
MpUBeeHbI Ha puc. 2, 3, HOTPEeITHOCT OIIpeaeIeH I
YAEeJbHON TeIJIOEMKOCTHU cTaJu coctaBuiaa 2 % .

4.2. ITens paborsr «M3yuenme 3aTyxXamIIux KO-
JebaHUH «MaTeMaTUuUYeCKOT0» MAaATHUKA» COCTOUT B
ompenesieHUY TapaMeTPOB 3aTyXaMuX KoJebaHmit
«HUTAHOTO» MafATHWKA (HauaJbHOU aMIJIUTYIHI,
nepuona, Koaduimenra saryxaHus, JeKpeMeHTa
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Puc. 2. 3aBucuMoCTb TEMIIEPATYPHI CTATIBHOT'0 00pasIa OT
BpeMeHN

3aTyXaHUs, IOTapU(PMUUECKOTr0 JeKPeMeHTa 3aTyXa-
Hus). [Ipu BBITIOJHEHUN PabOThI UCIIOJIb3YEeTCS CJIe-
Iyiolriee 000pyI0BaHe: MAATHUK, ITPEACTABIISIONT N
co00¥ IPAMOYTOJBHYI0 METAJJINUYECKYIO IIJIaCTUHY,
TIOIBEIEHHYI0 Ha ABYX HUTAX; YJIbTPa3BYKOBOH
manbHOMep HC-SR04, conpsaKeHHbIH ¢ KOMIBIOTEPOM
mocpexacteoM miaaTel Arduino UNO R3.

PaboTa BITIOTHAETCSA Ha CIeAYIOIIel TeOpeTUUecKoi
6ase. IToy0:KuM, UTO CHJIA COIPOTUBJIEHUS IBUKEHUIIO
MaATHUKA IPOIOPIUOHAJLHA CKOPOCTH MAATHUKA.
Torpma Bropoit 3akoH HbioToHa 3amuIercs B BUe

d*x dx

m =—kx—r—,

dt’ dt
rIe X — KOOpAuHAaTa KOJIeOJIIOIerocs Tesa; m — ero
Macca; t — BpeMs; k — KoahPUIINEeHT «KBA3ZUYIIPY-
TOIi» CHUJIBI, AEeHCTBYIOIEN Ha TeJjio; I — Koahdu-
IMUEeHT CONPOTUBJEHUA, T.e. KOOPPUIIUEHT IPO-
MOPIMOHAJIBHOCTHY MEKIY CKOPOCTBIO TeJIA U CUJIOHN
COIIPOTUBJIEHUA CPEeIbl, BHIBHIBAIOIIEH 3aTyXaHUe
KoJiebaHMI.

Perrenne 1aHHOT0O ypaBHEHUS MOXMKHO 3aIINCATh
B BUZE

()

x=A,e”” cos(art +ax),
2
rge A, — HavaubHAsA aMILIMTyAa; [ = ey K02d-
m

duIMeHT 3aTyXaHud; @ = 1/(0; —,32 — IUKJInYe-

cKas YacToTa 3aTyXaIMuX KoJebaHuil MasgTHUKA,

@), =,/— — DUKJMYecKas 4acToTa eTro CBOOOJHBIX
m

KoJsiebaHMIT; 0. — HauaabHasd (pasa KomebaHmi.

B coorBercTBUM ¢ Bumom pyHKNUU (5) 3ary-
xammiye KosebaHusa MOKHO PacCMaTPUBAThH KaK
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Puc. 3. 3aBucuMocCTb TeMIEPATYPHI CTATIBHOT'0 06pasiia OT Bpe-
MeHU B OJIyaorapudMUUecKux KOOpAUMHATAX

rapMOHUYECKUE C YaCTOTON M U aMILIUTYI0M A, 13-
MeHAIOIecA M0 3aKOHY

— ~pr
A(t)=Ae . (6)
B macrosmeii pabore mJjia pacuera JeKpeMeHTa
3aTyXaHUA II0 IOJYUYEHHBIM SKCIePUMEHTAJIbHBIM
JaHHBIM MOJKHO KCIIOJIb30BATh ABe (hOPMYJIbI:

__ A

- (7)
A(t+T)

1
W
D, = e, 8)
rae T — mepuon Kojebanuii. HarypaabHbIe Jora-
PU(PMBI 5TUX BEeJUYUH COOTBETCTBEHHO AAAyT ABa
HECKOJILKO Pa3INYAIONINXCA 3HAUEHU A JIOTapUPMU-
YEeCKOro IeKPeMeHTa 3aTyXaHUA A, U A,.

PexomeHayeTCs CaeayIOITUHN TOPSI 0K BITIOIHE-
HUA PabOTHI:

1. YVasTpassykoBoi gaasaomep HC-SR04 mome-
IIaeTcs Ha pacCToAHNY IpuMepHo 20 ¢M OT IIJIaCTUHBI
MasTHUKA. «[J1asa» masbHOMEpa JOJIKHBI PacIoJjia-
raTbCsA CUMMETPUYHO OTHOCUTEIBHO IIePIeHIUKYIA-
pa, BOCCTAHOBJIEHHOTO OT I[eHTPA IJIACTUHBI.

2. lanpHOMED IIOAKIOUaeTCs K mate Arduino, a
IMOCJIeJHSA — K KOMIIbIOTepy. 3amyckaercss Arduino
IDE, sarpy:kaercs TOTOBBIA CKeTd AJd PaboThI ¢
manabHOMepoM B Arduino IDE su6o nuimercss mpo-
rpaMMa corJiacHO MHCTPYKIuu. [lajiee mpoBepsaeTcs
PaboTOCIIOCOOHOCTD YCTAHOBKH, IIPY HEOOXOIMMOCTH
BHOCATCA KOPPEKTUPOBKY B aJITOPUTM PabOThI MU
B caMy ycTaHOBKY. C IIOMOIIbIO CTAHAAPTHON PYHK-
nuu Arduino delay() sagaercs IpoaoIKUTEIbHOCTD
BpeMeHU MeXK Iy NU3MePeHnsIMU B MUJLINCeKYyHIaX . B
IaHHOM padoTe BHIOMpPAETCA MUHNMAJIbHO BO3MOMK-
HOe 3HaueHwue 3Toii BeaudunHb! (50 Mc).
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3. IIpousBoauTca maMepeHUe KOOPAMHATHI He-
HOABM)KHOM MJIACTHUHBI MasTHUKA, HaXO4AIIelcsa B
MMOJIOXKEHUY PaBHOBECUs, AJs yero Ha 1-2 ¢ samy-
CcKaercd mpoiiecc uamepenuii. [lonyueHHble JaHHBIE
¢ «MouuTopa mopra» Arduino IDE konupyrorcsa Ha
pab6ouwnii siuct MS Excel, npeo6pasyroTcs B iudpo-
BOI1 (hopMmarT u yecpenHsioTea. B pesyabTaTe moryuynm
KOOPAMHATY IIJIACTUHBI MAaATHUKA B IIOJOKEHUN
paBHOBecus (OTHOCHUTEJIBHO JaJIbHOMEDPA).

4. MaATHUK NPUBOAUTCA B KoJiebaTeabHOE
OBUJKeHIe ¢ HaYaJbHON aMILIUTyAo# He 6oJsiee 70
(TOCKOJBKY PabOUUil yTOJI «HAOTIOAeHUA» JaTUNKA
HC-SR04 cocrasaser =15°). Beimosnsaercsa cepusa
M3MepPeHUH MOJ0MKEeHUs IPy3a MassiTHUKA B TeUEHUe
IIPUMEPHO AecATH Kosebannii. [losiyueHHbIe TaHHbBIE
¢ «MouuTopa mopra» Arduino IDE konupyiorcsa Ha
pa6ouwnii tuct MS Excel u mpeobpasyiorcs B iudpo-
BOII hopmar. B pesysbraTe MmoayunM KOOPAUHATHI
ILJIaCTUHBI MAasATHUKA B Pa3/IMYHbIe MOMEHTHI Bpe-
MeHU (OTHOCUTEJIBHO JaibHOMEPA).

5. Ha sucre MS Excel u3 xa:kIoro sHauyeHus
KOOPAMHATHI IJIACTUHBI MAATHUKA BBIUUTAETCS
KOOpJAMHATa ero I0JIOYKeH’sI paBHOBecHsi. B peay.ib-
TaTe IIOJYyUYMM KOOPAMHATHI IIJIACTHUHBI MaATHHUKAaA
OTHOCUTEJILHO OJIOYKeHUA paBHOBecus. Ha sucre
MS Excel cTpouTcs ToueuHbIH rpad) MK 3aBUCUMOCTY
x(t). Ilo Buny rpauka oreHuBaeTCAa KaueCcTBO U3~
MepeHUii. PesysbTaThl m3MepPeHUN MOXKHO CUUTATh
YIOBJIETBOPUTEIbHBIMU, €CJIU Yepes3 TOUKU rpadura
MOXKHO MBICJIEHHO ITPOBECTHU KOCUHYCOUIY C IIJIaBHO
yMeHbIIalIencs aMIanTynoii (puc. 4). Pasépoc To-
YeK He JoJIXKeH ObITE 0oJiee 0,5 cM OTHOCUTEJILHO 9TOI

X, M;
A m
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0,02 §
0,00
-0,02 1 %
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Puc. 4. HauanpHbIN yY4aCTOK rpaduka 3aBUCUMOCTHU KOOPAU-

HaThI MAasTHUKA OT BpeMeHU. Uepes aMIInTy JHbIe 3HAUEHUST

OTKJIOHEHUI MasiTHIKA [IPOBEJEeHA alllIPOKCUMUPYIOIAs 9KC-
[IOHEHTAa

MBICJIEHHO¥ KPUBO¥ (TaKOM BeIMYNHOM HAMU OIleHM-
BaeTcsdA peasjbHas MOTPEITHOCTD JaJbHOMEPa).

6. 13 cTo10110B 3HAUEHU T KOOPAUHAT X 1 BpEMEHU’
t BBITIOJTHAETCS BHIOOPKA MaKCUMAJILHBIX TTOJOMKU-
TeJbHBIX OTKJIOHEeHUH (aMIauTtyn A) MadATHUKA U
COOTBETCTBYIOIINX MOMEHTOB BpeMeHu. CTpouTcs
TOUeUHBIN rpad@uk saBucumoctu A(t). Metogom
HAaUMEHBIIIUX KBAAPaTOB IIPOBOAUTCS HAWJJIYUIIA
9KCIIOHEeHIMaJbHAA KPUBadA uepes3 dKCIepUuMeH-
TaJbHbIE TOUKU U BBIBOAUTCSA YPaBHEHUE PETPECCUN
Ha KOOPAUWHATHYIO IJIOCKOCTH (cM. puc. 4). B co-
orBeTcTBUU ¢ hopMyoi (6) ypaBHEHUE perpeccuu
COIEPIKUT BEINUNHY HAYAJbHOU aMILIUTYABl A U
Koa(dumenTa 3aryxanusa f3.

7. OnpenesnseTcs Iepuo] KOJIeOaHUM MasgTHUKA,
JIJLS 4eTO BpeMs BCceX KOJIeOaHUI NeJTUTCA Ha UHUCIIO
KoJIe0aHUA.

8. ITo gpopmy.ie (7) pacCUuTHIBaeTCA AEKPEMEHT
3aTyXaHUA MasgTHUKA OJA KayKION CMEeKHON Imaphl
aMILJIUTY], IIOCJIE Uero HaXOIUTCA cpeHee apudme-
THYEeCKOe OT HaliJeHHBIX 3HaueHuii. Ilo BearmumHe
[, BBATON M3 ypaBHEHUS PerPEeCCUM, BBIUMNCIAETCS
nexkpemeHT saryxanus D, dopmyna — (8). Hamree
PAacCUMTHIBAIOTCS M CPABHUBAIOTCA MEKAY CO0O0M
BEJIMYMHBI A, U A,.

B skcnepuMeHTe, pPe3yJbTaThl KOTOPOTO IIPEeJ-
CTaBJIEHBI HA puUC. 4, U3MEPEeHUs IPOU3BOAUINUCH B
TeueHue npuMepHo 70 ¢, 4TO cooTBeTCTBOBAJO 26
KosebaHuaM. VI3 puc. 4 BUAHO, YTO 9KCIIOHEHITNAJb-
Hasd KpuBad A(t), alIpOKCUMUPYIOIasa yObIBaHUE
aMIIIUTYIbI KoJIe0aHuil, Ha HauaJbHOM BPEMEHHOM
WHTepBaJie MPOXOAUT HUKE TOUEK, COOTBETCTBYIO-
IUX 9KCIEPUMEHTAIBHO MTOJYUEHHBIM 3HAUEHUAM
aMILIUTYL. OTO 03HAYAET, UTO IPU OOIBIITUX aMIIJIN-
Tymax KojebaHU!il, KOTJa CPeIHAA CKOPOCTh ABU-
YKeHUd IJIACTUHBI MadATHUKA BBIIIe, KOOPOUIUeHT
3aTyxaHUs 00JIbIIE, YeM IIPU MEHBIITNX aMILIUTYAaX.
JdaHHBIA pe3yJabTaT CBUAETEJNBCTBYET O TOM, UTO
UCXOHOEe ypaBHeHMHEe K0JaebaHmii, B KOTOPOM CHJa
BSIBKOTO TPEHUSA IIOJIaraeTcs IPOIOPIIMOHATbHOMN
CKOPOCTH TeJIa, He BIOJHE aJeKBATHO OIIMChIBAET 9KC-
ImepuMeHTaJbHbIe TaHHbIe. JIuHeliHas 3aBUCUMOCTD
uMeJia 6bI MECTO B CJIydyae JJaMUHAPHOTO O0TeKaHUA
rpysa MasgTHUKA, YTO HUKOTA He PeaJnu3yeTca. TOT
daKT mpeaIaraeTcsa yCTAHOBUTD CTYAEeHTAM B 3aja-
HUU K paccMaTpuBaeMoi JabopaTopHOii padoTe.

ITo mamreii orieHKe, IPEACTABIEHHBIE B CTATHE Me-
TOAUYECKIIEe MAaTePUAJIBI ITI03BOJIAIOT B CYII[€CTBEHHOM
Mepe PeaJn30BaTh Te BOSMOKHOCTY U TPEUMYIIIECTBA
U(PPOBBIX U3MEPUTEIbHBIX KOMILJIEKCOB, KOTOPbIE
YIOMSAHYTHI B HaUaJie JaHHOHU CTaThU.
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SOFTWARE AND HARDWARE PLATFORM

ARDUINO, DIGITAL MEASURING SYSTEM,

LABORATORY WORK IN PHYSICS
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work in physics.

This article describes a method of setting the
laboratory works in physics, using digital measuring
systems, including computer, sensors of various
physical quantity, connection device sensors with a
computer and corresponding software. Available in
educational institutions digital measuring systems
are completely ready to work and do not require
programming microcontrollers. However, according
to the authors, the laboratory work in physics,
which provides more in-depth familiarity with the
software and hardware of measuring systems is
more appropriate. In particular, this can be applied
to learning students of IT-major.

The article presents the training and methodical
materials with the aim to familiarize students with
the measuring system on the basis of hardware
and software platform Arduino and show the
possibilities of its application for statement of
laboratory works in physics. The choice of Arduino
platform is made due to its advantages such as an
open architecture and open initial code, available
programming environment, and low cost. It should
be noted that there is possibility of using digital
measurement systems based on the Arduino in

conjunction with the existing in physics laboratories
traditional equipment. Due to this, firstly, the
continuity of the connection between the new and
traditional teaching methodology experimentation
is ensured, and secondly, the cost of setting new
laboratory works is significantly reduced.

Teaching materials include the following
modules.

1. Introductory text for the students’ formation
of performance about microcontrollers. This
material make the students acquainted with
the historical information of the origins and
development of microprocessor technology, with
elemental composition of microcontrollers, variety
of modifications, the application area. It focuses on
the characteristics of the software and hardware
platform Arduino.

2. Guidelines for installing software and testing
Arduino board. Students are advised to install the
IDE software for the Arduino, connect Arduino
UNO board to a computer, install the drivers, and
test the plate.

3. The material for the study of basic language
constructs and syntax Arduino IDE. Here is the
required minimum of programming knowledge.

4. Guidelines for laboratory work using the
Arduino platform and the corresponding sensors of
physical quantities. As an example, a description of
two laboratory works, “Measurement of specific heat
of Metal sample” and “Study of damped oscillations
of ‘mathematical’ pendulum”. The work performing
includes assembly, programming, testing measuring
complex and measurements with its use. The data
processing is carried out in the medium MS Excel
spreadsheet processor. The desired quantities are
determined by the construction of graphs with using
the least squares method.
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