ISSN 2076-586X. Bicnux Yepracvkozo yuisepcumemy. 2016. Ne 17

YK 530:378.004 JIAIIEHKO 10. O.,
JOKTOP (pi3UKO-MaTEeMaTUYHUX HAYK, JIOICHT,
nupextop HHI ¢i3uku, maremaruku ta KIC
YepKachbKOro HAI[IOHAIBHOTO YHIBEPCUTETY
iMm. bormana XMeapHULIBKOTO

JIOYK B. A,

KaHJIUJAT TEXHIYHUX HayK, HoieHT kadeapu AKIT
HHI ®M Ta KIC Yepkacbkoro HaIioHaJIbHOTO
yHiBepcHuTeTy iM. bornana XMenpHUIIBKOTO

POMAHOBA A. 10O.,
acriipanT YepKkacbKOTo HaI[lOHATHHOTO YHIBEPCUTETY
iM. borgana XMensHUIIBKOTO

I'PUIIEHKO B.T'.,

KaHJUaT NearoriyHux Hayk, goueHt kadenpu AKIT
HHI ®M Tta KIC Yepkacbkoro HaioHaJbHOTO
yHiBepcHuTeTy iM. bornana XMenbHULIBKOTO

PO3POBKA TA METOJAUKA 3ACTOCYBAHHA ABTOMATHU30BAHOI'O
AITAPATHO-TPOI'PAMHOI'O KOMILVIEKCY IJIA ITPOBEJIEHHSA
JIABOPATOPHUX POBIT 3 ®I3UKHU

Y pobomi posenamymo npunyunu nody0osu ma Memoouxy 3acmoCy8aHHS NPOSPAMHO-
anapamHozo  agMoOMAmu308aH020 KOMMWIEKCY ONsl  IHMeHCUQIKayii npoeedeHHss HABUATbHUX
excnepumenmie 3 Kypcy izuxu. Po3pobnenuil agmomamuzo8anuti KoMniekc nooyoogaHo 3
sacmocysannam mini-komn tomepa Raspberry Pi3, ons sxozo pospobaeno eionosione npozpamme
sabesneuenns  Ilokaszano, Wo  3aNPONOHOBAHA  CMPYKMYpPA  NPOSPAMHO-ANAPAMHO20
ABMOMAMU30BAHO20 KOMNIEKCY 0036078€ NIOBUWUMU eDeKMUSHICMb AK IHOU8idyanbHoi pobomu
cmyoenmis, mak pobomu euxiadaua nio Yac nposedeHHs: 1a00pamopHux npakmuxymie. Memoouka
3aCMOCY8aHHSL PO3POONEHO20 ABMOMAMUZ0BAH020 NPOSPAMHO-ANAPAMHO20 KOMNJLEKCY PO3SITHYMA
Ha npuxadi 6a3060i 1a60pamopHoi pobomu no 8UBHUEHHIO MOOEi MAMEMAMUYHOZ0 MASMHUKA.

Knrouosi cnosa: memoouxa nasuanns, Raspberry Pi3, Android, Moodle, asmomamuszosanuii
NPOSPAMHO-ANAPAMHUL KOMNIEKC, 1A00PAMOPHULL NPAKMUKYM 3 (I3UKU.

IMocTanoBka npodjaemu. OnHiero 3 061acTell 3aCTOCYBaHHS MIKPOIIPOLIECOPHOT TEXHIKH €
30ip 1 00poOKka JaHWX 3a TPOBEJECHHS HAYKOBUX Ta HABUYAJIbHUX EKCIEPUMEHTAIBHHUX
JOCTiIKeHb. ICHye HM3Ka HaBYAlbHUX MUCIMIUIIH, B TOMY 4uchi ¢i3uka, B AKX (axoBa
MIATOTOBKA CHeEIiajgicTa HEeMOXJMBa O€3 TPOBEACHHS HATypHUX EKCICPUMEHTIB 3
MOJAJIBIIOK 00POOKOIO Ta aHali30M 310paHux qaHux. HuHi B yHiBepcuTeTax JUist IPOBEICHHS
eKCIIEpUMEHTAJIbHUX JOCHIKEHb 3 (I3UKM BHUKOPHCTOBYETbCS 3HAayHA PI3HOMAHITHICTb
BUMIPIOBAJILHOIO O0JIQHAHHA. AJie NPaKTHYHO Maike BCE BOHO CTBOPEHO B MHUHYJIHMX
JNECATHIIITTAX 1 BUIJISAA€ 3aCTapUIMM, B TOMY YHUCII i 3 METOAMYHOI TOukH 30py. IlepeBaroro
TaKUX NpPUJIaJiB € HasBHICTb B HHUX CHUCTEM BHUMIpPIOBAHHS CHUTHAJiB. AJie BUKOPUCTAHHS
(GYHKIIOHATBFHO 3aCTapuliiX aHaJOTOBUX Ta AaHAJIOrOBO-IM(POBUX KaHAiB 300py Ta
BiZJoOpaxkeHHs iH(popMallii 3HHKYE TOCTOBIPHICTh Pe3yJIbTaTIB EKCIIEPUMEHTIB.

AHali3 ocTaHHIX T0CiaxKeHb i myOaikaiiil mokasye, Mo BUXOIOM 3 TaKOi CHUTYyaIlli €
3aCTOCYBaHHS BIPTyaJIbHHUX KOMITIOTEPHHUX (I3MUYHUX EKCIIEPHUMEHTIB, SKI 3aMiHIOIOTH a0o
JIOTTIOBHIOIOTHh HATYpPHI €KCIIEPUMEHTH Ta PO3IIUPIOIOTh METOJINYHI IHCTPYMEHTH BHKJIQJIAHHS
Ta BUBYEHHS 3aKOHIB (i3MKH. 32 YMOBU MPAaBUIHHOI MOOYJOBH KOMIT FOTEPHOI MOJIENI TOTO
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YU 1HIIOTO JOCHIPKYBAHOTO SIBHINA MPHUPOIUM HA OCHOBI PO3BHUHYTHX (DI3UUHUX MOJEneH
3aBXKAM OTPUMYIOTBCS JOCTOBIpHI pe3ynbraTH. lle mMoke OyTH OCHOBOIO JJisi BU3HAYEHHS
NOXMOOK, LI0 OTPUMYIOThbCA Il 4Yac MPOBEJCHHS HATypHUX €KCIEpUMEHTIB. Pecypcu
Cy4acHUX KOMIT'IOTEPHHX CHUCTEM Ta PO3BHHYTI METOJM KOMII IOTEPHOTO MOJICIIOBAHHS Y
LIOMY JOCTaTHI JAJsl TNPOBEICHHS SKICHOTO MOJEIBHOIO EKCIEPHUMEHTY 3 €KpPaHHOIO
Bi3yanizaiiero mporeciB. Ha choropHimHii yac uisi 1a0OpaTOPHUX MPAKTHKYMIB HIHPOKO
BUKOPHUCTOBYIOTh Taki TeAaroriydi mporpamHi 3acooum sk "BipryaibHa (di3uuHa
naboparopis", "bidmioreka enekTpoHHUX HaodHocTei", "Ternosi mporecu. version 3.0" ta
iHme [1 — 4]. [IpoTte Takwil miaxig Mae OJWH CYTTEBUM HEHOJIK — KOMIT IOTEPHI MOJEi
BUJAIOTH PE3YNbTATH, 33J[aHi PIBHAHHAMHU Ta MapaMeTpaMH, 10 OMUCYIOTh IF0 MOJETb. AJe
BOHM HE€ J03BOJISIIOTH BpPaxOBYBaTH JOAATKOBI (akTOpH, sIKI HEMHHYYE CYHNPOBOUKYIOTh
nepedir peasibHUX (HI3MYHHUX MPOLECIB.

Takum ymHOM, B cucTeMmi (i3WYHOI OCBITH, B TOMY YHCII B 00JIaCTI BHUBYCHHS
IH)KEHEPHHUX JUCIUIIIIH, BBAXKAETHCS JOIUIBHUAM 1 aKTyaJIbHUM pO3pOOKa HOBUX MiAXOMIB 110
CTBOPEHHSI EKCIEPUMEHTAIIbHUX YCTAHOBOK 3 KOMII IOTEPHUMH iHTepdelicamMu ynpaBiliHHS,
300py, mepenadi Ta 0OpoOKH JaHWX, OLIHIOBAHHS 1HIWBITyadbHOI poOOTH CTyIEHTIB. I came
PO3BUTOK HOBHMX €JIEKTPOHHHUX 3aCO0IB CTa€ IMEpeyMOBOO JJIsi MacIITaOHOI aBTOMaTH3allii
eKCIePUMEHTAIBHUX JOCIIIKEHb DPI3SHOMAHITHUX (i3udHuX mpoueciB Ta sBum. [lupoka
HOMEHKJIaTypa Npenu3iiHux nudpoBUX JaTYMKIB yXKe Ha CydacCHOMY €Talll Ja€ MOKJIMBICTh
nepeiTn 10 po3poOKHM aBTOMATH30BAaHMX KOMIUIEKCIB, IO JO3BOJIUTH 3HAYHO MiJABHIIUTH
SKICTh BUKOHAHHS €KCIIEPUMEHTAIbHUX JOCIIKEHb B IPOLIECi HABYAHHSI CTY/ICHTIB.

CporosiHi Ha pUHKY iCHY€ 3HaYHA KiJIBKICTh €JIEKTPOHHUX IU(POBHUX JabopaTopiid, mo
JIO3BOJISIFOTH MOJIEPHI3YBaTH MpPOLENypy HPOBEIEHHS eKkcrepuMeHTIB. Cepell TakMX MOXKHa
Bunumatu cuctemu "Apximen', "Einstein", "LabDisc", "Pasco", "AFS" ("All For School"),
"COBRA 3" 1 "COBRA 4", "NOVA Link" Ta iami [5 — 10]. [lepeBaxkHa yacTuHa 3a3HaUYE€HUX
KOMIUIEKCIB OpIEHTOBaHAa Ha BUKOPHUCTAaHHS B LIKOJIaX 1 HE Mependadae pi3HOMAHITTS 4
BapiaTUBHOCTI MPOBEAEHHS JOCHIKeHb. YacTHMHA CUCTEM BUKOPHUCTOBYE Hallp NATYHKIB, Y
AKUX BIJCYTHINH 3aXMCT BIJ] B3a€EMOJIi 3 arpeCUBHUMH CEpENOBUIIAMU, MAlOTh OOMEXKEHY
KUIBKICTh BUMIPIOBAaHMX HapaMeTpiB TOIIO. [HIIa 4acTHMHA CHUCTEM B3arajli MiCTUTh OCHOBHY
YaCTUHY JIaTYMKIB BCEPENMHI KOPIYCy, II0 OOMEXY€E MOXJIIMBOCTI BUMIpIOBaHb. Takox
NPaKTUYHO BCl CUCTEMHU ONPAIbOBYIOTh JaHI Yy BJIACHUX MPOTPaMHUX JI0JaTKaX, L0 TAKOX
HaKJIa/Jla€ TeBHI OOMEXEHHsI Ha BaplaTHBHICTb OOpOOKM NaHUX. BaxsinBuM OOMEXEHHSIM
BKa3aHUX CHCTEM € HEMOXJINBICTh 3aCTOCYBAaHHS JOJAaTKOBUX JIaTUMKIB Ta OpraHizaiii HOBUX
1abopaTOPHUX POOIT.

BkazaHni Buile neperyMOBH pOOJSATh aKTyaJlbHUM CTBOPEHHS BIIMOBIJHOTO amapaTHoO-
IpOrpaMHOro 3abe3NedyeHHs Ta NOoJalbIly pO3poOKy Ha iX 0a3l aBTOMAaTH30BaHOTO
KOMIUIEKCY IPOBEIEHHS (PI3UYHOTO €KCIIEPUMEHTY JUTS TOCTATHHO BEJIMKUX TPYII CTYICHTIB.

Cepen iCHYIOUMX Ha PHUHKY MIKPOMIPOIIECOPHUX 3ac00iB PO3pOOKH HANOLIBII
BukopuctoByBanumMu € Arduino, STM32F4DISCOVERY, MSP430, Raspberry PI Ta ixmni
noxizHi Ha 6a3i ARM-mpouecopiB. 3 Hamoi TOYKM 30py, HAHOUIBII ONTHMAIbHUM IS
PO3pOOKM aBTOMATH30BaHUX KOMILJIEKCIB MPOBEACHHS J1a0OpAaTOPHUX JOCHIJKEHb 3 (I3UKH €
3aCcTOCYBaHHA MiHi-KOMII toTepiB Ha 6a3i ARM-mponecopis, 30kpema Raspberry PI3. Mini-
KOMIT IOTep Mpaiftoe Ha 6a3i onepariiiiHoi cuctemu Raspbian — ozHi€i 3 pisHOoBHIIB Linux, 1110
Jla€ MOJKJIMBICTb BHMKOPHMCTOBYBAaTH 00 €KTHO-OpPIEHTOBAaHY MOBY mporpamyBaHHs Python,
OpIEHTOBAHY Ha IMiJIBUILLIEHHS MPOAYKTUBHOCTI po3po0OHHKa 1 YnTabenbHICTh Koay. CHHTaKCUC
anpa Python MinimanicTuunuii. ¥V To# ke yac cTaHgapTHI 0i0Ji0TE€KH BKJIIOYAIOTH 3HAYHY
KUIBKICTh TOTOBUX (yHKIIH. TakumM 4YWHOM, Ha JJ0jady 10 0a30BOro pPo3poOJIEHOTO
IPOTPaMHOTO 3a0e3MeUeHHs, TOCTIIHUK MaTUMe 3MOTY IIBUAKO CTBOPUTH MOTPIOHMM came
JUISL HBOTO JI0JIATOK, UM MPOIIEAYPY OOpOOKH JaHUX.
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Mera crartTi nosisrae B po3po0Oii CTpyKTypu IPOrpaMHO-arapaTHOr0 KOMIUIEKCY ISt
aBTOMATH3allii MPOBEJCHHSA HABYAJHHUX EKCIEPUMEHTIB 3 (DI3MKH Ta OMHCY METOJIUKU HOro
3aCTOCYBaHHSI.

Jlist  MOCSITHEHHST TOCTaBIIEHOI MeTH Oylid BHKOPUCTAHI HACTYIHI  Memoou
00Cni0JCeH A . TEOPETUYHUM aHalli3, HATYpHUM Ta KOMIT IOTEPHHUI eKCIIEpUMEHT, CUHTE3 Ta
y3arajibHEHHS! BUCHOBKIB.

Hayxosa mosuzna pe3ynbTaTiB MOCHIIKEHHS TIOJSATAE Yy PO3KPHUTTI €PEKTUBHOCTI
aBTOMaTH3allii MpOBeACHHS JTa0opaTOpHUX pOOIT Ta (I3UYHUX NPAKTUKYMIB B Tpymax
CTYJECHTIB 13 3aCTOCYBaHHSIM aBTOMAaTH30BAHMX IPUJIAJIB Ta aBTOMATU30BAHUX arapaTHO-
IPOTPAMHUX CUCTEM 300pY JaHUX Ta KOHTPOJIIO PE3YNIbTaTiB pOOOTH.

Bukiaa ocHoBHOoro wmarepiaiay. CTpykTypa po3poOJIEHOrO0 aBTOMAaTH30BaHOTO
IPOTPaMHO-aNapaTHOrO KOMILIEKCY MpeACTaBIeHa Ha PUCYHKY 1.

Po3po6nenuii aBTOMaTU30BaHUM MPOrpaMHO-AaapaTHUM KOMIUIEKC NOOYyI0BaHO Ha
ocHOBI MiHi-koMmT'toTepa Raspberry PI3, mo mepemae ympapnsitodi CcUrHanmM Ha
eKCIIEPUMEHTAaJIbHI YCTAaHOBKHU (CTEHIH, NaTYMKH, BUKOHYIOY1 MPUCTPOI 1 TOIIO) Ta OTPUMYE
BUMipsHI curHanmu dyepe3 iHTepdeiic GPIO 3 BignoBigHMX UUPPOBHX MAATYUKIB YK
MEPETBOPIOE AHAJIOTOBI CUTHAIM Yepe3 JO0JATKOBO BCTAHOBICHHH MOIYNIb PO3IMIUPEHHS
aHAJIOTO-IIM(PPOBOTO MepeTBOproBayda. JIokanbHe ympaBiiHHSA MiHi-KOMI'F0TepoM Raspberry
PI3 3nilicHIO€TBCS Ha OCHOBI PO3POOJIEHOTO MPOTPAMHOIO 3a0e3MEUEeHHs Yepe3 CEHCOPHUil
ekpan. OTpumaHi 3 aBTOMAaTH30BAaHHX EKCHEPHUMEHTAIBHUX (I3MYHUX MPHUCTPOIB daHi
nepenarThes 3acobamu mepexi Wi-Fi Ha MOOUTBHI TaKeTH CTYJCHTIB Ta EPETBOPIOIOTHCS
3a 1OTIOMOTr0 AHJPOiN-A0aTKIB B Bi3yallbHY 1H(QOpPMAILi0 3 3aBHaHHIMHU i1 HUX. OTprMaHi
CTYJIEHTaMH €KCIIEPUMEHTAJIbHI J1aHI 00OpOOIIAIOThCS Ta aHATI3YIOTHCS CTY/IEHTAMHU B paMKax
BUKOHAHHS 1HAWBIAyaJIbHHX 3aBlaHb. B cucremi mepembadyeHa TeHepallis Ta BiImpaBKa
€JIEKTPOHHOI 3BITHOCTI Yepe3 TaKeTH CTYACHTIB Ha BiJIalieHU cepBep 3 BCTAHOBICHUM
cepeloBUIlleM AWCTaHIliiHOro HaBuyaHHsi Moodle. J[lanuii migxix J03BOJSIE  BECTH
€JIEKTPOHHUM JKypHaJI JIOBIOTPUBAJIOTO EKCIHEPUMEHTY, CHCTeMaTu3alii Ta I0JalbIIoro
aHamizy 3i10panux pe3ynbrariB. [lig dYac mpoBeneHHS HABYAIBHOTO EKCIEPUMEHTY
€JIEKTPOHHA 3BITHICTb JI03BOJISIE BUKJIAJaueBi 3JIHCHIOBATH SIKICHUA MOHITOPUHI po0OOTH
CTYJEHTIB TPYIIU Ta i1 OLIHIOBaHHS.
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MoOiapHUIT  MOO1IBHUI MoO1iIpHUN
PUCTPii MIPUCTPIN IpUCTPii
crvaenTa N
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Puc. 1. Cmpykmypa asmomamuzo8anoco KomnieKkcy O0Jisi NpOBeOeHHs
1a6OpamopHUX NPAKMuKymie 3 Qizuxu

Anpobauyia anapamuo-npozpamnHo20 KOMRNIAEKCY ma MemoOuKa npoeeoeHHs
Qizuunozo excnepumenmy Ha o020 ocnosi. Po3pobneHa crucrema Oyiia mpoTecTOBaHA ITiJ
yac BUKOHAHHA psny JabopaTopHux poOiT. OnumemMo MPOBEACHHS TMOPIBHUIEHOTO
EKCIEpUMEHTY 3 ICHYIOUMMH JIOCHIAHMLBKUMHU KOMIUIeKcaMu. Tak, 30Kkpema, IiJ uac
BHUBUYCHHS KOJMBAaHb MAaTEMAaTUYHOTO MAasSTHHKA MOXJIMBE 3acTocyBaHHS npuctporo FPM-03
NOJBCHKOrO0 BUPOOHMLTBA «ENbBapo», 30BHILIHIM BUIIAJ SKOI NMPEACTaBIEHO HAa PHCYHKY
2,a). FPM-03 Mmosxe mifpaxoByBaTH KUIBKICTh KOJHMBAaHb MAasTHHKA Ta 3arajlbHUM dYac
€KCIIEPUMEHTY.

VY gKocTi MATEMaTUYHOTO MasATHHKAa BUKOPHUCTOBYETHCS METaleBa KyJbKa 3 paJiycoM T,
1110 MiJBillICHA HA TOHKIN HUTII 3 HoBKHHOMW |. Toi, /T po3paxyHKy MPHCKOPEHHSI BITBHOTO
NaJliHHS 3aCTOCOBY€ETHCS BUPa3 g= 4”_2| .

T2

YV XoIl BUKOHAaHHS POOOTH 13 3aCTOCYBaHHSM aBTOMATH30BAHOTO KOMILIEKCY
CKCIIEPUMEHTATOPOM BHMIPIOETBCS JIOBXKHMHA MasitHuka |, pagiyc kymi r. MasTHUK
BIIXUJISIETHCS 3 TIOJIOXKEHHS PIBHOBAaru Ha 4-6° (g 3a0e3nedeHHs] YMOBH MaJIUX KOJHMBAHB)
Ta MPUBOAMUTHCSA B CTaH KoiuBaHb. B FPM-03 peectpyuuii mpucTpiii Ha OCHOBI CBITJIO- Ta
dotomioniB (Qikcye Yacu MPOXOKEHHS KYJIHKOI TOJOKEHh PIBHOBArM 3 IMiIPaXyHKOM
KUTBKOCTI KOJIUBAHb.
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Puc. 2. Ipucmpini 01 0ocniodcenHs KOAUBAHL MAMEMAMUYHO20 Md QI3UYHO20
MAAMHUKIB:

a)FPM-03; 6) moougixosana cucmema na 6aszi Raspberry Pl 3 ma Ook-cmanyii
Motorola ATRIX 4G Lapdock

VY X0zl eKCHepUMEHTY 3a CTaHIAAPTHOI METOJHMKOI0 BUMIPIOIOTHCS MOMEHTH uacy t
micist 3A1MCHEHHsS KOXKHOi cepli N MOBHUX KOJIMBaHb. BHMiploBaHHS yaciB KOXKHOI cepii
KOJIUBaHb NpPOBOJATHCS 3 — 4 pasu. Ilpu npomy 3a nepebGirom eKCHepUMEHTY CTYAEHT
MOBUHEH CJIIKYBAaTH CaMOCTIHHO, IO MpU poOOTI B rpynax 4acTto MPU3BOAUTH 1O MOMMIIOK.
B Hamomy miaxoni miJ yac 3acTOCyBaHHS aBTOMaTu30BaHOTOo komruiekcy (Puc. 2, 0))
BUKJIA1a4-€KCIIEPUMEHTATOP 3aHOCUTH B MPOTOKOJ EKCHEPUMEHTY 3aco0aMH PO3pOOIIEHOTO
IPOTrpaMHOro 3abe3nedyeHHs] BUMIPsHI 3Ha4eHHs JOBXHHHU MiABICY Ta pajiyca Kynbku. Hum
K€ MAasSTHUK TIPUBOIUTHCA B pPEXUM KoiuBaHb. CucCTeMa aBTOMAaTHYHO TPOBOIHUTH
HEOOXITHUH BIIJIIK 3aJlaHOi KUIBKOCTI KOJUBaHb Ta (PiKCye MPOMIKKH 4acy KOXKHOI cepil
KOJIMBaHb 4epe3 3alporpaMoBaHMil TaiimMep Ha MiHI-KOMI'toTepi. 3i0paHi JlaHI BUMIpIOBaHb
nepeaaTbess Ha AHJIPOIA-NPUCTPOI CTYACHTIB B po3po0IeHUH JOAATOK Ta Bi3yai3ylOThCs.
Jani, cTyaeHTH B XOJl BUKOHAHHS 1HJIMBITyaJbHUX 3aBJlaHb PO3PAXOBYIOTh 3HAUYEHHS
NPUCKOPEHHS BUIBHOTO MAaJiHHA TICHsA KOXXHOI cepii KoJIMBaHb, 3HAXOJATh CEpEeIHE Ta
BITHOCHY NOXHOKY jgociipkeHb. OTpuMaHI pO3paxyHKOBl1 JaHI CTYAEGHTH 3aHOCATH B
AHApOIN-101aTOK Ha CBOIX TajpkeTax Ta 3aBepIIyIOTh poOOTY HUIAXOM Iepeiadi JaHUuX B
CepeloBHUIlle JUCTaHIliiHOro HaBuaHHs Moodle. JomaTkoBO CTyAeHTH 4epe3 po3poOieHUi
AHAPOIN-101aTOK MalOTh MOXJIMBICTH NPOXOJUTH TECTOBUN KOHTPOJIb A0 J1abOpaTopHOi
po0oTH, 1110 opraHizoByeTbes 3acobamu Moodle. Bukiiagayd nerko omiHioe pe3ysabTaTi rpynu
CTY/ACHTIB CTaHJapTHUMHM 3acobamu cepenosuia Moodle 3 BianmoBinHOMIO (ikcalli€ro OLIHKUA
poOOTH KOXHOTO 13 CTYIEHTIB B BIJINOBIAHIM HaKOMUUyBaJbHIM 0a31 KOXHOI TIpymnu
CTYJICHTIB.

BucnoBku. 1. Y po6oTi mpoBEIEHO ONMHUC PO3POOJICHOTO anapaTHO-MPOTPAMHOTO
aBTOMATH30BAHOT0 KOMIUIEKCY JUIsl IPOBEIEHHS Jab0opaTOpHUX poOiT 3 ¢i3uku Ha 0a3i MiHi-
xomit’totepiB Raspberry Pi3.
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2. Po3po0iieHO ONnTUMalbHY CTPYKTYPY PO3IMOMAITICHOT CHUCTEMH aBTOMATH30BaHUX
(Gi3MYHUX EKCIIEPHMEHTIB 13 3aCTOCYBaHHSM OCHAIICHUX EJIEKTPOHHUMH JIaTYUKAMHU
EKCIICPUMEHTAIBHUX TPHCTPOIB Ta MOXIIMBICTIO BUKOHAHHS 1HIUBIAyaJbHUX 3aBIaHb
CTYJICHTAMH TPYIH i3 3aCTOCYBaHHSIM pO3pOOJICHUX AHIPOin-A0AaTKiB. {7 miBHIEHHS
e(eKTUBHOCTI pOOOTH BHKJIAJada 3aCTOCOBAHO CHCTEMY aBTOMATH30BAaHOTO 300py 3BITIB
CTYACHTIB TpyNH TpPO BHUKOHAHY EKCIIEPUMEHTAIbHY po0OoTy 3aco0amMu cepefoBHUIIa
nucTaHIiiHoro Hapyanus Moodle.

3. TlpoBeneHo mMOpIBHSUIbHMI 0a30BHA (HI3MUHUN EKCIEPUMEHT IO JOCIIKEHHIO
KOJINBaHb MaTEeMAaTUYHOTO MAsTHHKA, IO Ja€ 3MOTY OIIHUTH €()EeKTUBHICTh BUKOPUCTAHHS
PO3pOOIEHOTO MPOTPAMHO-AMAPATHOTO KOMITJICKCY B HABYAIIBHOMY ITPOIIEC.
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DEVELOPMENT AND METHODS OF APPLICATION OF THE AUTOMATED
HARDWARE AND SOFTWARE COMPLEX FOR PHYSICS LABORATORY WORKS

Abstract. Introduction. In this work the principles of construction and method of use of
automated hardware-software complex for intensification of educational experiments of physics
course were studied. The automated system was built using a mini-computer Raspberry Pi3, for which
the software was developed. The basis set of an automated system is that the automatically collected
experimental data is transmitted to the students’ Android devices for further study and then the reports
are sent to a file server. The received students’ reports and their answers to the test questions are
systematized and rated by the Moodle — the environment of a distance learning. It is shown that the
proposed structure for automated hardware-software complex allows to increase the effectiveness of
both - individual students and the teacher work in the laboratory workshops. Teaching methodology of
developed hardware and software complexes considered on the example of basic laboratory work for
the study of mathematical pendulum.

Purpose. Of our work is in development of the structure of hardware and software for
automation of educational experiments in physics and describe the methods of its application.

Methods. Ttheoretical analysis, natural and computer experiment, synthesis and synthesis of
finding.

Originality. Scientific novelty of research is revealing the efficiency of automation of laboratory
work and individual workshops to groups of students with the use of automated devices and automated
hardware and software systems for data collection and monitoring the results.

Results. Main results of the study are that developed the structure for hardware and software
automation of educational experiments in physics. The software and hardware complex development
is based on a mini-computer Raspberry PI3, transmits control signals to the experimental units
(displays, sensors, performing devices, etc.) and receives the measured signals via GPIO with
corresponding digital sensor or converts analog signals through optional expansion module installed.
The local control of mini-computer Raspberry PI3 is done by the developed software by using the
touchscreen. The obtained from automated experimental physical devices data is transmitted by Wi-Fi
to the students’ mobile devices and is displayed by Android application to visualize the information
and tasks. The experimental data is processed and analyzed by students within the individual tasks.
The system provides a report generation and sends them through students’ mobile devices to a remote
server with an established distance learning environment Moodle. This approach allows the creating
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of electronic log for a long experiment, systematization and further analysis of the collected results.
During the educational experiment the electronic reporting allows teacher to perform qualitative
monitoring of the students group and its assessment.

The system was tested during the laboratory work. We describe a comparative experiment with
the existing research complex. In particular, in the study of mathematical pendulum oscillation it is
possible to use the device FPM-03 of polish production "Elvaro". The realized system automatically
carries out the required countdown, specified number of vibrations and fixing intervals of each series
of vibrations via programmed timer on a mini-computer. The collected measurement data is
transmitted by the students’ Android devices to the developed application and is displayed. Then,
student in his individual task calculates the acceleration of gravity after each series of vibrations and
finds out the average relative error of research. The resulting estimates are entered to the Android
application on students’ gadgets which are then transformed to the environment of distance learning
Moodle. Additionally, students have to pass test control of laboratory work in a developed Android
application, organized by means of Moodle. Teacher easily evaluates the results of student groups in
the Moodle environment with the proper latching assessment of each student.

Conclusion. In our work the hardware and software automated complex for physics laboratory
practicum using mini-computer Raspberry Pi3 was described. An optimal structure of the distributed
system of automated physical experiments using electronic devices equipped with sensors and the
possibility of experimental individual tasks of students using Android applications was developed. To
increase the efficiency of the teacher the system of automated collection of student reports using the
distance learning environment Moodle was developed Comparative experiment on basic of physical
research of the mathematical pendulum oscillations was done, allowing to evaluate efficiency of the
developed hardware and software automated complex for physics teaching in the classroom.

Keywords: teaching methodology, Raspberry Pi3, Android, Moodle, automated hardware and
software complex, physics laboratory works.
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