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Bctyn

Bcryn

Hapyanns y XXI cT. HEMOXX/INMBO yABUTY 0e3 BUKOPMUCTAHHA IM(PPOBUX TEXHOJIOTIN: BOHM € IHCTPYMEH-
TOM Bisyasisallil i OLIiHIOBaHHA HaBYaHHA, IIOLIYKY, OTPYMMAaHHA Ta ONpalllOBaHHA JaHMUX PiSHOMaHITHOTO II0-
XOI>KeHHA. E/IeKTpOHHI HaBYa/IbHI MaTepiaji BUTICHAIOTD TPafiULIiliHi MIKiNIbHI NigPyYHNUKH, K/IACHI KIMHATU
3aMiHIOIOTbCA Ha 6araTOMORY/IbHI IPOCTOPOBO-MaTepiaabHi 30HN, a caMi HaBYa/IbHi CepefoBIIIa CTAIOTD Bifj-
KPUTUMIL.
CyuacHi y4Hi i CTyIleHTH € aKTUBHMMIU Cy6’€KTaMyl BipTya/IbHO-peayIbHOTO IV POBOTO CepefloBUIIa, Yepe3
sIKe HUHI 3/1e0i/IbIIOoro 3iMICHIOITBCS iX KOMYHIKalis i conianizanis. JIugakTuka y [udpoBy enoxy po3LINpIe
CBOIO TEOPilo i IPAKTUKY Yepes3 iHTerpallilo BUK/IalaHHA Ta HaBYa/IbHUX HOC/iKeHb. Cy4acHMIT HMIKiIbHMIT K/Iac
Harajye HayKoBO-IOCTiHY mabopaTopito 3 HA6OPOM ycixX HeOOXiFHMX MPUCTPOIB, HOTPIOHNUX /15T IPOBEEHHS,
OIpallOBaHH:A J1 aHa/Ii3y pe3y/nbTaTiB eKcrepuMeHTy. OKpiM TOro, BAXXIMBUMMU i JOCTYITHUMM iHCTPyMEHTaMM
€ cy4dacHi Mo6inbHi Tenedonn (sAKi 30KkpeMa MiCTATH BiJIOBiTHI HAOOPY JaTUYMKIB), IPUAATHI /11 BUKOHAHHA
HaBYa/IbHUX JJOCTIi/I>KEHb.

BignosifgHo o mpomnosuiiit PexoMmenpaniriHoi pagyu €Bpokomicii

IO CKIajly K/IYOBMX KOMIIETEHTHOCTEN JI HaBYaHHA YIIPOLOBXK
XKUTTA (puc. 1) BXOAUTH IU(pPOBa KOMIETEHTHICTb, MOKa3HMKOM
copMOBaHOCTI AKOI € KpUTUYHE 3aTydeHH HUPPOBUX TEXHOMOTiil
J10 HaBYaHHS, IpodeciitHoi Ta CycHimbHOI AismbHOCTI .

B akryanpHil pemakiii 3a3HAYE€HOrO MOKYMEHTY, IIPUIIHATIN

17 ciuns 2018 p. (pekomenpanis 2018/0008 (NLE) €sporeiicbkoro
naprnamenTy ta Pagu €C), smicT nuppoBoi KOMIETEHTHOCTI KapAu-
HaJIbHO OHOBJIEHO BiZITIOBiHO [JO CYYaCHOT'O CTaHy i TeH/EHLiN po3-
BUTKY CYCHi/IbCTBA. 3ara/JIbHOBXVBaHa PaMKa I1(poBOi KOMIIETEHT-
HOCTi (BHepire onpumogHena y 2013 p.) HyHi MicTUTb 21 HaBYa/IbHUIA
pe3y/nbrar y Takux chepax’ (puc. 2):

iHpopmayiiina epamomuicmo i euxopucmanHa Ooanux (3okpema
HOIIYK, QiIbTpallis Ta OLiHIOBAaHH JAaHNX, KEPYBaHHA UPPOBUM
KOHTEHTOM Y CTPYKTYPOBAaHOMY CepeOBUIIL);

CNIZIKYBAHHA, CNiBNPAUS, YUACMb Y CYCNIIbHOMY JHUMMi, a caMme:
yMiHHA B3a€EMOJIATH (3aCTOCOBYBATHU BifIOBifHI 3acobu udpo-
BOTO CIII/IKYBaHHA Y Pi3HUX KOHTEKCTaX); 0OMiHIOBAaTUCA TaHUMI,
inpopmariero Ta HPpPOBUM YMicTOM; BUKOPUCTOBYBATH IM(POBi
TEXHOJIOTII /1A CAMOPO3BUTKY, YYaCTi y CYCIiIPHOMY XUTTi; BU-
KOPMCTOBYBATy IVQPOBi IHCTPYMEHTH i TeXHOJIOTI /1 criBIpai
Ta CTBOPEHHS peCcypcCiB 3HaHb; alallTyBaTy KOMYHiKalliliHi cTpa-
TeTii ;0 KOHKPETHOI ayAUTOPil, YyCBiZOMIIIOIYM 11 piSHOMAHITTS;
CMBOPeHHA UUPPO6020 KOHMEHMY, POSYMIHHA eMUUHUX NPUHUU-
nie, a came: 3MiHIOBaTV; YJOCKOHA/TIOBAaTH Ta iHTerpyBaTu iHdop-
Mallilo B HaABHUI MacUB 3HaHb /I CTBOPEHHS HOBOIO 3MICTy Ta
3HAaHb; PO3YMITH i JOTPMMYBATUCA aBTOPCHKUX IIPaB Ta JIiIeH3ii
L1070 3aCTOCYBAHHA NAHNX;

6e3nexa [ IPUCTPOIB, IMPPOBOrO BMICTY, HEPCOHAIBHIIX JAHUX
i xoH(imeHLiIHOCTI, JOOPOOYTY, 3M0POB’s i HABKOJMIIHBOTO Ce-
penoBuUIIa;

supiulenHs 3a60aHv i npobsem: TBOpYe BUKOPUCTAHHA LUPPO-
BUX TEXHOJIOTi JjIsi CTBOPEHHs HOBOIO 3HAaHHSA Ta iHHOBALill-
HUX TIPOIIeCiB i MPOAYKTiB, OIliHIOBaHHSA NOTPeOU, BUABIEHHA i
106ip MudpoBMUX iIHCTPYMEHTIB Ta MOXK/IMBUX TE€XHOJIOTI, BU-

! https://ec.europa.eu/jrc/en/digcomp/digital-competence-framework
2 URL:://ec.europa.eu/education/sites/education/files/annex-recommendation-key-competences-lifelong-learning.pdf
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®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

pillleHHS TeXHiYHMX HpoO6eM Hif 4ac poOOTY HPUCTPOIB, YMiHHA BILOCKOHATIOBATY BJIACHY LU(POBY
KOMIIETEHTHICTb.

Osonopinusa komnerenniamu XXI cT. nepenbadae yyacTb y mpolecax, AKi HoTpe6yoTb HaBUYOK BIUCOKOTO
MIC/IEHHS, cepef SAKMX BU3HAUeHHs Liifell, BUbip MeTOJiB HaBYaHHs, OL[iHIOBaHHSA Ta pedriekcii. 3ayBaxumo
TaKOX, 1110 YABJIEHHA IIPO NIpOLleC HABYaHHA JIIOAVHYI 3HAYHO 3MIHMINCA 3 PO3BUTKOM 33 OCTaHHI Ki/IbKa flecs-
TWIITh HayK IIPO JIIOAVHY: HeMPOIICUXOJIOTI], €TOJIOTi], HeMPOMTiHTBICTUKY, IICMXOIIearoriku 1a iH. [1].

CTBOpEeHHS i BIPOBa/PKeHHA BUCOKOAKICHMX IM(POBUX HaBYA/IbHNUX IIPOAYKTIB 10 CYTi € iH)KeHepielo Ha-
BYa/IbHOI [IIA/IBHOCTI y4uHs / cTyfeHTa i moTpebye Mi;rOTOBKY KOMIIETEHTHUX MearoriYHMX Kaapis, 3MaTHNUX
IpOeKTyBaTy epeKTVBHE CepefOBNILe HAaBYaHHS: BiJj 3aCTOCOBYBaHHS I POBMX BUMIpPIOBATbHIX KOMIIIEKCIB
JI0 CTBOPEHH i KepyBaHH: OCBITHIMY OHJIAJIH-PeCcypcami, MOAY/LIMY, KypCaMyl, My/IbTUMERITHIMY 3aCo00aMu
HaBYaHH: TOIIIO.

Pamka undposoi komnerentHocTi st ocBiTsaH (DigCompEdu) [34] ycix piBHIB ocBiTM BusHa4a€e 6 OCHO-
BHIUX Tralyseil y 22 CKJIaJHNMKAX, Y AKX BUPAKAETbCS KOMIETeHTHICTD yunTens (puc. 3).
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Puc. 3. Cmpykmypa yugposoi KomnemeHmMHocmi npayisHuKie ocaimu ycix pigHie?

3MiCT KOXKHOI 3 ranysei[, SIKi BUSHAYAIOTh BUMOTU oo I_U/[(l)pOBOI KOMIIEeTEHTHOCTi BUYNTEIA, CTUCIO PO3KPUTO TaK:

1) npogpeciiina 3anyueHicmo: BUKOPUCTAHHA LMPOBUX TEXHOJIOTIN IJIA CIIIIKYBaHHSA, CIIBIIpalli Ta Mpo-
deciltHOro po3BUTKY;

2) yugposi pecypcu: TIOUIYK, CTBOPEHHA i IOIVPeHHA IM(POBUX pecypciB;

3) HasuaHHs i 6UKNA0AHHA: KEPYBAaHHS Ta OpraHisallia BUKOPUCTAHHA NVI(PPOBMX TeXHOJIOTi Y BUK/IalaHHi
i HaBYaHHI;

4) oyiHI08aHHA: BUKOPUCTAHHSA IMQPPOBUX TEXHOJIOTIN i BIAIOBIIHUX CTpaTeTil i/Is1 BIOCKOHAIEHHS OL[iHIO-
BaHHS;

5) po3uiupeHHs MOKAUBOCHeET] Y4Hi6: BUKOPUCTAHHA IUQPPOBYUX TEXHOOTI /I BIOCKOHATIEHHS 1HKTI03il,
nepcoHaisalii Ta aKTMBHOTO 3a/Ty4eHHSA Y4HiB;

6) CNPUAHHA PO3BUMKY UUPPO60I KoMnemeHmHocmi yuHie: 3abe3NedeHHs MOX/IMBOCTel KpeaTMBHOTO i Biz-
IOBi/Ja/IbHOTO BUKOPUCTAHH: LM(POBUX TEXHOMOTN A1 poboTy 3 iHpopMaliieo, KOMYHiKalil, CTBO-
pEHHs KOHTEHTY, JOOpOOyTy Ta po3B’sI3yBaHHA IIPOOIEM.

ITpodeciitni KOMIIeTeHTHOCTI BUMTeA B IMQPOBY €I0Xy 3a3Ha4eHO y cTpyKTypi iioro IKT-komneTeHTHOCTI,
3aIpOIIOHOBaHII y BifnoBigHux pekomenpauniax komicii UNESCO [35]: posyminnsa IKT B ocsiti, po3pobnenns
HaBYa/IbHUX IIPOTPaM J1 OLiHIOBaHH:A, HABMYKM I1€larOri9Hol AisA/IbHOCTI, 3HAHHA TEXHIYHMX i IPOrpaMHUX 3a-
co6iB IKT, opranisanis i ynpasiiHHA 0CBiTHIM IIpomecoM, cTanmuii npodeciliHnit po3BUTOK. PekomeHpamii mo-
OyOBaHO 3 ypaxyBaHHAM TPbOX MiIXOAIB 10 M poBisallii 0CBITHOTO IpoIiecy B 3aK/Iaii OCBiTH, AKi OB sA3aH]
3 BifHOBigHMMY cTafissMy podeciiiHOro po3BUTKY IefaroriB y uuppoBoMy OCBiTHbOMY cepepoBuii. Ilep-
it migxipn - «3actocysanHs IKT» — BuMarae Bifi yunrestiB 3gaTHOCTI foroMaraty yunam kopucrysarucsa IKT
IULsL Tif{BUIeHHs eeKTUBHOCTI HaBYaIbHOI pOOOTHU; APYINIT — «OCBOEHHS 3HaHb» — [PYHTOBHO OIIAHOBYBATH
3MICT HaBYa/IbHMX IIPEIMETIB, 3aCTOCOBYBATH 37400y Ti 3HAHHA [/IA BUPillIeHH: KOMIUIEKCHNX 3aBJjaHb, AKi Tpa-

3 http://dystosvita.blogspot.com/2018/04/digcompedu.html



Beryn

IUIAIOTBCS B PeaIbHOMY CBiTi; TpeTiit — «BMPOOHMIITBO 3HAHb» — IOIIOMAraTyl YYHAM, MaliOyTHIM rpoMajssHaM i
IpaniBHMKaM BUPOO/IATY (TOPOMKYBATH) HOBI 3SHAHH, HEOOXIfIHI [/Is1 FTapMOHIIIHOTO PO3BUTKY i IPOLIBITaHHS
cycminberBa (puc. 4).

CrpykTtypa IKT -KkOMneTeHTHOCTi BUntens

MOﬂy.ﬂb ANA KOXXHOro 3

3 : 3actocyBaHHs IKT OcBOEHHSA 3HaHb B1pobHMLUTBO 3HaHb
niaxopis
PozymiHHs poni IKT B O6izHaHICcTb 3 OCBITHBLOK PosyMiHHS ocBITHBOI g v : .
e i 4 THiUitoBaHHS IHHOBaUIN
OCBITI MONITUKOKO MONITUKU

HaBuanbHa / ocBiTHA
nporpama i oUiHOBaHHSA

YMiHHSA rpoMagsiHuHa

BazoBi 3HaHHS 3acTocyBaHHS 3HaHb -
CyCninbCTBa 3HaHb

Po3B'azaHHa KOMMneKcHUX

MeparoriyHi NpakTUKn 3actocyBaHHsa IKT " 3paTHICTb 4O CaMoOCBITH
Texsiisl | nporpamy bazoBi iHCTpyMeHTM CknapHi iHCTpyMeHTH CyuyacHi TexHonoril
3acobu IKT

OpraHizauis i

TpaauuiiHi dhopmu

FAEREIEHGE pBaTH I'pynu cnisnpaui HaBuanbHa opranizauis

ynpaBniHHS OCBITHIM /
HaBYafbHUM NpoOLECOM

Yuutens sk MancTep

MpodeciiHnit po3BUTOK | Komn'toTepHa rpamoTHicTs | [lonoMora i MeHTOpcTBO eSO

Puc. 4. [pogpeciliHi komnemeHmMHocmi e4umens y pekomeHoauisx komicit UNESCO

Bce BumiesasHaueHe eMOHCTPYE BUMPa3Hi 3MIHM y CTPYKTYPi AiAZIbHOCTI BYUTENA, Y AKill MOXKHA BUABUTYI
inTerpauioo QyHKLi yunTens, AugaKTa it iHXeHepa, To6TO ¢axiBIis, 34aTHOTO CIPOEKTYBATY i MOOYAyBaTH
edextuBHe ocBiTHE cepenoBuire. OTxe, ponb yunrtensa y XXI cT. TpaHcdOpMyeTbes 10 «iHKeHepil HaBYaHHA
Ha OCHOBI IOCATHeHb HayKy» [32] , siKa IPYHTYEThCA Ha TPHOX K/IIOYOBUX KOMIIETEHIIisAX: pO3poO/IeHH] Linei
HaBYaHH, IIPOEKTYBAHHI J10r0 3MicTy i MeTOfiB oLiHIOBaHHSA (puc. 5).

ARC20)
IHxeHepis %‘3 JupakTuka

HaBuanbHuiA NpoaykT ]

KoHTponb aKkocTi ]

LM®POBE ocBIiTHE cepeaoBuLLe

Puc. 5. JudakmuyHa iHxeHepis y yugposomy oceimHbomy cepedosuuli

3ayBakMo, 110 iH)KeHepis y MMUPOKOMY ii po3yMiHHi (K BUAY AisAMBHOCTI) Mepefdadyae CTBOPEHHs Ha
OCHOBi HayKOBUX 3HaHb i METOJiB CYCIIi/IBHO 3HAYYI[OTO IPOAYKTY, & TAKOX KepyBaHHsA HUM it 06CIyro-
BYBaHHA. Y IIbOMY KOHTEKCTi IUIaKTUYHA iH)KeHePiA MOXKe PO3INANATACA AK 3aCTOCYBaHHA iHXXEHEPHOT O
MiJXO/ly B MeJarorili, a TAaKOXX TPaKTyBaTUCA K IPOAYKT i IpoIlec OCBiTHHOI AiAMBHOCTI ogHOYacHO. Ta-
KOXX MO)XHa BUOKPEMMUTH i BJIacHY IpeMeTHY I'ajy3b, IIOB’A3aHy 3 pO3pOOIEHHAM OCBITHIX IIPOAYKTIB,
Opi€HTOBAHMX, 3 OJHOTO OOKY, Ha pe3y/bTar, a 3 APYroro — Ha 3aCTOCYBaHHs HAayKOBOTO 1 iH)XeHEePHOTO
METO/IiB B aHa/li3i AUAAKTUYHMX CUCTEM, IIPOLIECIB 1 CUTYallill 3 METOI0 CTBOPEHHA e(beKTI/IBHOFO OCBiTHBO-
ro cepefoBMILa.
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Baromum BHeCKOM y pO3BUTOK Teopii i mpakTuky undpoBoi ocBitu B YKpaiHi € BUOKpEM/IEHHS e/IeMEeHTiB
udpoBoro HapyaHHA y [lep>kaBHOMY CTaHAAPTi MOYaTKOBOI OCBiTU (2018) fAK «3HATHOCTI O pO3B’A3aHHA
npo67eM i3 BUKOpUCTaHHAM IUPOBUX IPUCTPOIB, iHHOpMAIiTHO-KOMYHIKAI[ilTHIX TeXHOMOTil i KpUTNY-
HOTO MUCJIEHHS [ PO3BUTKY, TBOPYOTO CaMOBMPAXEHHs, BIACHOTO 71 CYCHi/IBHOTO KOO6po6yTy, HAaBUYOK
Oe3nevHol i1 eTMYHOI AisA/MbHOCTI B iHpopManiitHOMy cycminbcTBi» [28], a Takox X Bifo6paxenHa y CraH-
[apTi creniayisoBaHol OCBiTM HayKoBOro cupsMyBaHHs (2019), 30KpeMa y BUMOrax 0 pe3y/IbTaTiB JOCif-
HO-Opi€HTOBAHOTO HaBYaHHA 3400yBaviB OCBITU 3a IPUPOZHNYIO-MATeMAaTUYHIM Ta 33 TEXHIKO-TEeXHOJIOTIY-
HuM npodinamu [30].



BuToku iHcTpyMeHTa/bHOI LMPOBOI AUAAKTUKHU

BUTOKM IHCTpYMEeHTa/IbHOI LUPPOBOi AUAAKTUKU

HocnimkenHsa TpaHcOpPMYBaIbHOTO BIUIMBY TEXHOJIOTII Ha AVAAKTUKY IIOYa/My 3 SIBJIATUCA HAIPUKIiHII
XX cr. ITigcTaBo 1bOro CTaB OYPX/IMBMILI PO3BUTOK IIPOrPAMHOT0, iIHCTPYMEHTA/IBHOTO J1 allapaTHOTo 3abes-
IeYeHHs], sIKe CTBOPIOBA/IO MOXK/IMBOCTI 3400yBaHHsI, OIpAIllOBaHHs i Bidyasisalil JaHUX eKCIIepYMeHTY, 30-
KpeMa y popMmi fuHAMIYHNMX MOfiesiell. AKTMBHeE BIIPOBAJKEHHS LM(POBMX TEXHOJIOTIN Y HaBYA/IbHUI IPOLieC
CTBOPWJIO Mi[ICTaBY [/I NEPENIANY IpeMeTa, METH i 3aBJlaHb OUTAKTUKI.

Panime Hamu 6y710 3acBigueHo, mo nuppoBa ANAAKTIKA MOXKe PO3IVIANATUCH AK pe3y/IbTaT B3AEMOZII IICH-
XOJIOTO-TIefJarOrivYHNX, iHpopMaLiiiHuX i MPPOBUX TEXHOIOTI i3 BUKOPUCTAHHIM TPAHCAMCIUIUIIHAPHOTO
nigxony 1o popMyBaHHS HaBYaIbHMX CEePeOBMUIL, 110 IPYHTYIOTbCS Ha CYYacHUX IUPPOBKX 3acobax HaBYaH-
H:A. BoHa cripsiMoBaHa Ha IX epeKTUBHe BUKOPUCTAHHA SIK METOJY, TaK i pe3y/IbTaTy HaBYaHHA yCiMa yJacHMKa-
MU ocBiTHBOTO Iponecy y XXI ct. [16]. BusapneHo, 1110 moHATTA UMQPOBOI AUAAKTUKY Y KOHTEKCT] YIIPaBTiHHA
3HaHHAMU B OCBiTHbO-iH(GOPMAIiTHOMY CepefOBUILi CTBOPIOE MOXX/IVBOCTI [/IA iHTETPOBAHOTO OIMCY JIOTO
CK/IaJIOBYX i 3HAYHOTO CIIEKTPY Pi3HOMaHITHMX Jioro iHCTpyMeHTiB. OTXe, [U(poBa ANUAAKTIKA € iHHOBAILilI-
HOIO TajTy33I0 NeJlaroriki, sika IoTpedye CTBOPEHH HOBUX MOJie/Iell OCBITHBOTO CepefjOBUINa HAa OCHOBI iHTe-
rpauil JOCIi/>)XeHH 1 HABYaHHA.

PoskputTs 3MicTy Ti€i ckmazoBol udpoBol AUAAKTUKY, sIKa BioOpakae BUKOPUCTAHHs Y HaBYaIbHOMY
nporeci IMdpoBMX iHCTPYMeHTIB 3700yBaHHA 11 aHaJIi3y eMIIIpMYHMX JaHNMX PO MaTepiabHi 00’ €KTH, JaCTh
3MOTy 3p0o3yMiTH, fK i 3a sAkux ymoB norenuian IKT moxxe 6yTn sikomora epeKTHUBHillle BUKOPUCTAHO Y Ha-
BYa/JIbHOMY ITPOIIECI.

Indopmarusanis i nudposisauisa nporecy nisHaHHA TPUBOAUTD IO ICTOTHMX 3MiH y CK/IaIOBUX OCBITHBOTO
cepenoBuia (puc. 6).

f N\
LONIAMLHO- 3MiHa dacuniTaTopa — BUUTENb AOAATKOBO
SruRitIIc HaBYaETLCA Bif TOro, KOro HaB4ae
acnekr

4

e N

: . - MPOCTOPOBO-
Hosi 3qc06w HaBYaHHSA, AKi NOCTiiiHO MATEPIANIbHUIA
MoaundIiKyTbCH
acnekr

N 4

4 &)
IHPOPMAL|IAHO- MepBUHHMM € 3aCBOEHHSA iIHCTPYMEHTapito,
TEXHONOTIYHWIA AKWIA Hagani Moxe 6yTu BUKOPUCTaHO Y
acnekT caMocTiliHOMY 3406yTTi HOBMX 3HaHb

\ 2

Puc. 6. 3miHU y cknadosux yugposozo 0c8imHbL020 cepedosulla

Tak, y IpocTOpoBO-MaTepiaTbHOMY acIeKTi MPOJOBXKYIOTh IIMPOKO BIPOBAPKYBATICA IUPPOBi BUMipIo-
BajbHI koMIutekcy (IIBK) - HoBa ck/maioBa ocBiTHBOTO cepepoBuia, y skiit IIK BukoHye ponpb meHTpa s
OIpaIllOBAaHHA JAHMX Pi3HOMaHITHOTO IOXOIKEHHS, @ 10T0 30BHILIHII iHTepdeiic — creriaisoBanmit uu npu-
CTOCOBaHUII — € 3aco00M BUMipioBaHHA 4n / i peectpanii. TomosHoto nepesaroio IBK € oneparusHicTs onpa-
I[IOBaHHS eKCIIePYMEHTA/IbHMX JaHNUX Ta IHINX iHPOpMaLiiiHUX pecypciB, MaKCUMaIbHe CIIPOILEHH IIPOLeCy
BUMIpIOBaHHS Ta BUKOPUCTAHHS e/leMeHTIB CTaHIAPTHOTO KOMIT I0TePHOTO iHTepdericy s mpoBefeHHs 1abo-
paTopHoro gocmimkeHHs. []i 3aco6y HaBYaHHA epeOyBAIOTh Y CTaHi IOCTITHOTO YIOCKOHA/IEHHS i BUJJ03MiHI0-
BaHHS, IHTETPYI04M y pi3HUII CIIOCi6 ImpoIiec BUMipIOBaHHSA I ONPAIIOBAHHA JAHUX.

3MiHN B iHOpMaLillHO-TeXHOIOTiYHOMY acCIeKTi BifOyBaloTbCA CMHXPOHHO 3 MOfiepHisaliero iHpopma-
LifHMX KaHa/IiB: HaBYa/IbHI MaTepiany (HaIpUK/Iaf, MiIPYYHVKY i po60odi 30IMTH) Aefati yacTime JOCTyIIH]
y unppoBUX BepcifAx, MOXYTb 30epiraTucs Ha «XMapHUX cepBicax» (Hampukiaj, TexHosoris Chromebook) i
MAIOTb TillepTeKCTOBY GOpMY, IPUAATHY [I1 BUKOPUCTAHHSA YYHAMY / CTY[eHTaMI K Ha YpOIli, TaK i B mo3a-
ypouHuit yac. Bignosiganit indpoBmit KOHTEHT MOXKe MICTUTI MY/IbTUMefia, iHTepaKTUBHI 3acobu, cucteMn
HaJIAlITyBaHHA, aflalTalii Ta 36epiraHHA JaHUX PO poOOTy yYHA / CTyeHTa, MiATPUMYBAaTH Pi3HOMaHiTHI
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MATYMKI, AIUIETH [/ MOZIE/IIOBAaHHA i Bisyamisanii ¢isnyHMx ABUI Ta IX MaTeMaTUYHNX MOJE/Iel, IIOCUTaHHSA
Ha JIOaTKOBY iH(GOPMAILilo i BileOPONINKM, 1[0 CTOCYIOTHCS KOHTEKCTY IMpobieMy Towjo. Y 1[bOMY KOHTEKCTi
TaKOX IIPOJOBXY€E IHTEHCUBHO PO3BUBATUCSA AMUCTAHIiIHE HABYaHHA. 3AKOH IIOPIiYHOIO IOABOEHHA MOTOKY
iHpopMmanii cipruNHMB IepeopieHTAallii0 IejarorivyHNX TeXHO/IOTilI Ha pOpPMyBaHHA BMiHHA Y4HA / CTyfleHTa
HaBYaTVCA, TOOTO, IepeRyciM, camocmitino 3Haxooumu HeobxioHi dani. Lleit KpOK, OHAK, He 3aBX/IVI BUIIPABJO-
BYETBbCS B YMOBAX CepeHbOI LIKO/IV: MOXK/IVBICTh IIBUKOTO 30MpaHHs JaHVX HA/TAIITOBYE Cy0’ €KTa HaBYAHHS
Ha IIOIIYK TOTOBOI BifIIOBi/i Ha ITpo6IeMHe 3aMTaHHs, @ He Ha BUBYEHH LIJLAXIB ii 1oriyHoro 3n06yBanH:. [H-
IVBifiyasisalis € TOJIOBHOIO IlepeBarolo LJX TEXHOJIOTIN, a TOMY BOHM IIOBMHHI MaTy BUHATKOBO aJallTUBHUI
xapakrep. OTHaK HallBa)K/IMBIIIO0 0COOMMBICTIO CYJacCHOTO OCBITHBOTO CepefoBMIIa B iHPOpMaIiitHO-TeXHO-
JIOTiTHOMY aCIIeKTi € Te, 1[0 IEPBYHHIM Y IIPOIleci HaBYaHHA € OIaHyBaHHA IMI(PPOBOTO iHCTPyMeHTapilo, KNI
HajajIi MO>KHa BUKOPMCTATY Y CAMOCTITHOMY 3,00y TTi HOBUX 3HaHb.

Posrnsagaoun conianbHO-0COOMCTICHY CKIaJIOBY CY4acHOTO OCBITHBOTO CepeIOBUIIA, 3ayBa>KMMO, 110 Ld-
poBisaris Maybke Bcix cdep KUTTS Aefati rblile IepeHOCUTDb Cy0 €KTiB Mi3HaBa/JIbHOI Ais/IBHOCTI y IIPOCTIp
BipTya/IbHOI peasbHOCTI, ITOB’A3aHOI 3 peaIbHIM eKCIIEPUMEHTOM 4 TexHosoriew [37]. OdicHui maker npo-
TPaMHOTrO 3abe3NeueHHs BXXe € HelOCTAaTHIM /I pO3B’A3aHHA yCiX NUTaHb HaBYaHHA. ToMy Hait6inpuIol 3Ha-
JyIIOCTi HMHI HaOyBa€ He TibKY 06i3HAHICTh yuuTe/NA / BUK/Iafiada 3 TEXHOJIOTiAMY poOOTH y TOKaJIbHilL / T7I0-
Oa/IbHilI KOMIT I0TepHiil MepexXi: BiH 3000B’s13aHMi1 Oy TV aKTMBHUM KOPUCTYBadeM IUPpoBuX iHGOpMaLiiTHIX
TEXHOJIOTI, 30KpeMa 3 TOYKM 30py BUKOPUCTAHHA IX sK 3aco0y nomynsapusaunii Haykn [38]. CrocTepe)xeHHs
Ipoliecy HaBYaHHs BKa3yIOTh Ha 3MiHY ¢aculiTaTopa: HOMMPEHOI0 € CUTYAIlis, KOV Y4Hi / CTy/eHTH € 61bLI
06i3HaHMMM B IIeBHUX actiekTax [T, a 1je CIOHYKae BUMTENs JOZATKOBO HABYATHCS Bijj TOTO, KOTO BiH HaBYAE.

Harapaemo, 1110 K/1acM4Ha AUOAKTHUKA — 1€ Talysb IIefaroriky, Teopis HaBYaHHs I OCBITH, a TAKOX BUXO-
BaHHs y Ipolleci HaBYaHHs, sIKa TOCTI/PKYE 3arajbHi 3aKOHOMIPHOCTI ITi3HaBaJIbHOI His/IBHOCTI MIOAuHY (SIK
KepOBaHOI, Tak i caMoocBiTi). BoHa HayKOBO OOTPYHTOBYE 3MiCT OCBiTH, BBYAa€ 3aKOHOMipHOCTI, IPVMHIIVIIN,
MeTopu ¥ opraHisaniitHi popmu HaB4aHHA [20]. Y mporneci po3BUTKY AupakTiKa cpopMyBaja BIaCHUI KaTe-
rOpiajIbHMII amapaT, METOAM HOCTiKeHHA, IPUHIUIN, CTPYKTYPY i n0riKy. PospisHAOTD Taki ii IpyHIMIN:
€THOCTI OCBiTHBOI, pO3BMBA/IbHOI Ta BUXOBHOI (PYHKIIi/l HaBUaHHA; HAYKOBOCTi 3MICTy i MeTOZiB HaBYaHHS;
CUCTEMATUYHOCTI Ta IIOCIiIOBHOCTI; MilTHOCTi 3HaHb; JOCTYIIHOCTI, CBiJOMOCTI /1 aKTMBHOCTIi Y4HiB; HAOYHOCTI;
3B’A3Ky HaBYaHHS 3 IPAKTUKOIO, @ TAKOXX IPUHIVI iHAMBiAyanizanii. OCHOBHMMM KaTeropisiMu IUAAKTUKY €
IIpOoIieC HaBYaHHs, 3aKOHOMIPHOCTI i IPUHIMIIM HaBYaHHS, 3MIiCT OCBiTH, METOAM HaBYaHHsI, pOpMM OpraHisa-
1[ii HaBYa/IbHOTI'O IIPOLIECY, a II IpeIMETOM BIUCTYIIA€ HaBYa/IbHUII IIPOLIEC, & CaMe: MeTa, 3MICT, (bopMM, MeTO/IN,
crioco6u, 3acobu Jioro opraHisanii Ak 1A B3aeMopil cy6’eKTiB HaBUaHHS, TaK 1 A/ caMoocBiTH. [I>kepenamu
PO3BUTKY AUAAKTUKM €, HACAMIIepef, iIHHOBALiTHUII TIelarOriYyHNIT JOCBi/l, TEOpeTNYHi JOCTiIKeHH, (PaxoBi
MeTonMKH, dinocodis, ncuxornorid, BikoBa ¢izionoris, a Takox 1uppoBi TeXHOOTII.

Konrenr-ananis Mepexi [HTepHeT BUsBKB, 1[0 TOHATTS «IudpoBa auaakTrka» («digital didactics») gocuts
9aCTO BMKOPUCTOBYETHCA y PiSHOMaHITHMX IOBilOM/IEHHSAX i Ha3BaxX OHJIAH-PeCcypCiB Ta ixHiX yacTuH. Tpa-
IUIAIOTBCS «e-JUaKTIKa», «(poBa Mefarorika» y KOHTEKCTi CTBOPEHH:A eIeKTPOHHNX KYPCiB, SIKi MOXYTb
MICTUTHU TaKOXK Pi3HOMaHITHI iHCTPYMEHTU CyIPOBOZAY HAaBYaJIbHOTO NMpOLeCy. BusABieHo, M0 3a3HaYeHi 10-
HATTS BUKOPMCTOBYIOTD /IS OIVICY IIEBHI aCEKTH JUAAKTUIHNX CUCTEM Y IIUPPOBOMY cepefoBuIli abo JacT-
KOBi MeTOZMKM 1{1(PPOBOTo HABYAHH, @ IHOJI 11 IIPOCTO pO3I/IAAIOTh CMHOHIMIYHO, K Ha pecypci [10]. OgHaxk,
3a BMHATKOM CIpo0, HaBefleHuX y mpani [27], He BMABIEHO €IVMHOTO HAyKOBO OOI'PYHTOBAHOTO BU3HAYEHHSA
11 poBoi AUAAKTUKY. AHAIi3 IOKa3aB, 1[0 IefJaroriyHi JOCTiIKeHHA B IIbOMY KOHTEKCTi c(pOKYCOBaHO Iiepe-
BXHO Ha TEXHIYHOMY, a He Ha AUIAKTMYHOMY acIeKTi IIbOrO IMTaHHA.

B ogHoMy 3 Haiibinb1 panHix mKepen (2009) 3a3Ha4a€THC, 110 M POBe CYCIIbCTBO Ta AMIXKITai30BaHa
IIKOJIa 3MiHIOIOTh K/TaCUYHI 3acajy BUK/IaJaHHs i HABYaHH:, a TOMY BMHUKAE oTpeba y po3poObiii HOBOI Ha-
BYaJIbHOI TeOPii TeXHOJIOTii, OB’ A3aHOI 3 AMAAKTHUKOIO, SIKA OXOIUIIOE HOBi AMAAKTUYHI IOTOKM, 3 IKUMY BUM-
TeJli MaIOTh 3iTKHYTVCA B paMKaX HOBOI OCBiTHBOI pepopMy — IpOCyBaHHA 3HaHb [3].

ITpaxTyka IOKa3ye, M0 BUKOPUCTAHHA IM(PPOBMUX TEXHOJIOTII iCTOTHO CTUMYIIIOE IIPOIleC HaBYaHHS, AKIIO I
TEXHOJIOTII BJA/IO TIOENHYIOThCA 3 TPafINLIIIHOI METOJVKOK HABYaHHA, KA Y KOHTEKCTI MPUPOAHNYINX OVCI-
IUIiH nepe6adae MPOBeieHHs peabHOroO (HaTypHOTO) eKCIIePYMEHTY i CYIIPOBOKYETHCSI OTPUMAHHAM i aHaIi-
30M MacHBiB UMCIOBYX AaHuX. Lle cTBOpIO€ MmificTaBy [/ BUOKPeM/IeHHS MOHATTS iHCpPYMeHmanvHol yugposoi
oudaxmuxu (ILI]T) six ckmamoBoi nydpoBoi AMAAKTUKY, sIKa BifoOpakae iHTerpariio mpouecy 3fo0yBaHHs 3HAHb
i BUKOpUCTaHHA 3 TIi€f0 MeTOI0 IMPOBMX 3aC00iB OTPUMAHHSA, OIPAIIOBAHHA Ta aHATI3Y eMITIPYHIX TaHMX.

3aco6m ILIJl MO>KHa NOAIMNTY HA IBi OCHOBHI I'PYIM — IPUCTPOI 3XOO0YTTA AaHMX i mporpaMHi 3acobm ix
OIpaIloBaHH:. BOHV BUKOHYIOTD TaKi HaBYa/IbHi QPYHKIIII:

e indopmariiiHy (3aci6 HmoOIyKy JOBiIKOBMX MaTepialiB, OmuCy poOiT, MOJeNTOBaHHSA KOHKPETHMX 3a-
BJJaHb, TECTOBOTO MOHITOPVMHIY HaBYa/IbHUX JIOCSTHEHD);

¢ MynbTUQYHKIIIOHATBHOTO IPUIAfy /I OTPYMAHHS eMIIiPUYHUX JaHuX (3acib BMMiploBaHH:A);
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e 3aco0y OIpaIllOBaHHs YMC/IOBUX Pe3y/IbTATiB eKCIIEPUMEHTY (IporpaMHi 3aco6y pisHOMaHITHUX po3pa-
XYHKIB 1 Bigyasisalil faHux, HO6Y,E[OBI/I MOJIeJIell TOIIIO).

BaxnmBor ymoBolo BukopucTtanHs 3aco6iB II1]] e mockoHase BonofiHHA cy0 eKTaMy HaBYaHHS (y4mUTens-
MU 1 YYHAMM) aHATITUYHUM iHCTPYMEHTapieM i MeTOJ0/IOri€l0 ONpalloBaHHA MacUBY JaHUX HE3aJIeXKHO Bif
crtoco6y IX OTpUMaHHA.

3a3Ha4MMo, 1IJ0 iCHy€e IPMHIMIIOBA BiIMiHHICTh MK €/1eKTPOHHOI0 (POPMOI0 HaBYaHHS i LMPPOBOIO AVITAKTH-
koto. [lepia 3 HuX nepen6adae BUKOPUCTaHHA CTPYKTYPOBAHOTO KOHTEHTY (IIpe3eHTallii, Bifjeo, TEKCTY TOIIO), BTi-
JIEHOTO i MOJIAHOTO Y BUIIAZI IOC/IJOBHOTO HABYaTbHOTO KYpCYy Ha elIeKTPOHHIN IatdopMi. Y 1boMy BUIAIKy
«oyppoBaHMiT» BMICT Ji€ MIIe SIK aKTUBATOP CEHCOPHOTO CHPUITHATTS iH(opMarlil, ClpoLyioun YsBIeHHs PO
06’exTn HaBuaHH:. [Ipyra — undposa aupaktyuka (Hanpuknan I sx 1i ckimafoBa), 0 30pi€HTOBaHA Ha AKTUB-
He BUKOPJCTAHHS TeXHIKO-TEeXHO/IOTIYHMX 3aC00iB 300YBaHH: i1 ONpAIIOBaHHSA eMITIPMYHMX JaHNUX, aHAIITUYHNX
MOXIMBOCTEVI IPOrPaMHMX IIPOAYKTIB (MaTeMaTU4Hi Tab/mmLLi, Mporpamy JId BifleoaHastisy, 3acobu i mporpamMue 3a-
OesrnevyeHH I BYUMIpPIOBaHb) Y IIPOIleCi HABYAHHA, sIKe MO)Ke OyTH J1 e/IeKTPOHHUM, i KITACMYHUM (TPajyIiiiHIM).

PiBenp 3acrocyBanHsa IKT (Hm3bkmit, cepenHiit i BUCOKMIT) Y AUAAKTHLI CTBOPIOE MiICTaBU /ISl BUOKPEM-
JIeHHs YMOBHMX 30H HEPEeKPUTTS TPAJUIIHOTO, eeKTPOHHOrO i 11dpoBoro GpopMaTy HaBYaHHSA, TOFAHNX
y rpadivynomy Burnazni [32]. Husbkmit piBenb 3actocyBanHs IKT xapakTepusyeTbcs CIIOHTaHHUM BUKOPMC-
TaHHAM Y HaBYaJIbHOMY IIPOIleCi OKpeMMX TEeXHOJIOTIYHMX 3ac00iB, TAKNX 5K, HAPUKIIAZ, KAIbKY/IATOPYU 260
cranpapTHi odicHi nporpamu (Word, Power Point, Paint Tomo). Cepenniit piBeHb nepef6adae posimmpeHe 3a-
CTOCYBaHHA IUPPOBYUX IHCTPYMEHTIB Ta 3aC06iB CTBOPEHH:A My/IbTMMefia. BUCOKUII piBeHb CYIIPOBOKYETBCA
Li/IeCIIpsAMOBaHVM IJIAHOBMM BMKOPUCTAaHHAM 3aco6iB I1I]] ny1sa BuMipioBaHH:, aHaTi3y, MOJe/TIOBaHHA, Kepy-
BaHHs Ta IPOTrHO3yBaHH:. BogHOYac ¢popMaT HaBYaHHA MOXKHA OXapaKTepusyBaty sK Tpapuuiramit (Face-to-
Face (F2F)), ribpupnuit (3mimanmit) i aucranuiitamit (onnaiH). Y takoMy rpagivnomy npepcrasienHi 1] i
e/IeKTPOHHE HaBYaHHSA MOXYTb OYTH CKIafloOBUMM 1{M(POBOI AUJAKTUKY SAK JIOTITHOTO NPOITOBKEHHS TPaf-
Li/IHOI Teopii HABYAaHHA B YMOBAX CY4acHOTO CBiTy (puc. 7).

EaCTf_IigsggHHH LlMdeoBa

(— p,M.anTMKa )
| % e /4 _____________________

HCTpyMeHTallbHa /

% Eii’z;’::a |
| — ||

cepeanili L apuannm
) | } I Format

of teaching
F2F ribpuaHmia oHnaliH

Puc. 7. Micue IL}/] 8idnosioHo do pisHa 3acmocysarHs IKT i popmamy Has4aHHA

3a3HauMMO, 110 € NPUHUUNOBA BIOMIHHICINL MidC eNleKMPOHHUM i UuPposum HasuaHHAM. ENeKTpOHHe HaBYaHHS
nepeni6avae BUKOPYCTaHHA CTPYKTYPOBaHOIO KOHTEHTY (IIpe3eHTallii, Bifjeo, TEKCTY TOILO), BTL/IEHOTO i II0fJaHOTo y
BUITIAZ] IOCTTiJOBHOTO HABYa/IbHOTO KYPCY Ha eIeKTPOHHIi m1ardopmi. Y 1boMy BUITAAKY «OIpOBaHMI» BMICT
flie /yIIIe K aKTUBATOP CEHCOPHOTO CIPMITHATTSA iHpOpMallii, CIpOIyI0un yABIeHHA Ipo 00’eKTM HaByaHHA. Ha
BiMiHy Bif eneKTpoHHOrO, IMpoBe HaBYaHHA (IMpoBa ANIAKTIKA) IPONOHYE AKTVBHE BUKOPVCTAHHS aHAJIi-
TUYHVX MOXXIMBOCTeI! IIPOrPaMHYVIX IIPOAYKTIB (MaTeMaTy4Hi Tab/MuLi, TporpamMu I BiieoaHaisy, 3acobu i mpo-
rpaMHe 3a0e3IedeHHs UL BYUMIpIOBaHb) Y IIPOLieci HaBYaHHS, IKe MO>Ke Oy TH i e/IeKTPOHHVM, i 3BUYAITHMM.

Orxe, BOXX/IMBOIO 03HAKOK LUPPOBOI UIAKTUKY € Te, IO Cy06 EKTU HaBYaHHA (Y4UTENb i y4eHb) TOBUHHI
BOJIOAITY METOJOJIOTI€I0 OIPAIIOBAHHA MacUBY JAHUX HE3aJIeXKHO Bifj cocoby iX oTpuMaHHA. A ILie HoTpebye
JIOCKOHAJIOTO BOJIOAiHHA aHA/TITMYHNM iHCTPYMEHTapieM, AKNII 3aK/IafileHO B 3400V HaBYaHHA.

11
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AUJaKTUYHMHI TeTpaeAp uudpoBoi AMAAKTUKU

Ba>x/MBMM BeKTOpOM PO3BUTKY LVI(PPOBMX TEXHOJIOTi B OCBITi € IOJIINIIEHHS CIIIKyBaHHS BYUTENB i
Y4HIB Y K/Iaci Ta II03a HMM, a TaKOX CHPUAHHS e(eKTVBHOMY BUKOPMCTAHHIO HaBYAJIBHMUX PeCypciB uepes
IHTepHeT, iHTepaKTMBHI HOLKM a60 IPOEKTOPM [JAHNUX, SAKi MOKYTb OyTu 3B’a3aHi 3 ITK Bumrena. Orxe, 1ud-
POBi pecypcy nyOIiyHO BiffoOpaXKaroThCsl, HUMM MOXKHA MaHIIIy/TIOBaTM Ta KOMEHTYBATH Iif 4ac ypoky. Jlo
1jiei kaTeropil TaKOXX Ha/leXXaTh iHAVBiAya/IbHI IPUCTPOI, Yepes sAKi MoXKe 3/IiJICHIOBATIICS 3BOPOTHMIA 3B’ A30K 3
y4auTeneM i OOMiH iesMM 3 K/IaCOM 3arajioM.

3Mminu indopmaniitHoi i KoMyHiKaniitHOI iHpacTpyKTypy HaBYaIbHOTO IPOLIECY IIPUBEIN KO 3MiHM ITOfaYi
HaBYa/IbHMX MarepialiB, TaKMX SIK MiIAPYYHUKM i poboui 3ommTy, sKi Aefasi vacrile ZOCTYNHI y LuppoBUx
BepCifAX i MaOTh rinepTeKcTOBY POPMY, IPUAATHY [/ BUKOPUCTAHHSA YYHAMY / CTY[ieHTaMMI SIK Ha YPOIli, TaK i
B TI03aypouHmit 9ac. Taxmit udpoBmit TEKCT MOXKe MiCTUTI My/IbTMMeNia, iHTepaKTUBHi 3aco0H, CucTeMM Ha-
JAIITYBaHHA, affanTalii Ta 36epiranHa iHdopMalii mpo po6oTy y4IH:A / CTYAEHTa, HiATPUMYyBaTy pisHOMaHiTHI
JATYVIKV, aIUIeTV IS MOJe/TIOBAHHA i Bisyasisaril ¢pisuHMX ABUI Ta IXHIX MaTeMaTMYHUX MOJe/Iell, HOCHIaH-
Hs Ha JIOJATKOBY iH(OpMaIliio Ta BileOpOINKIY, 110 CTOCYIOTHCS KOHTEKCTY IPOOIeMI TOLIO.

Puc. 8. JludakmuyHuti mempaedp yugpposo20 0c8imHb020 cepedosuya

OcobmBocTi AUAAKTIYHOI B3aEMOAIi y 1MdPOBOMY OCBITHBOMY CEpeOBUILi MOXXYTh OyTH HOfiaHi y BU-
/LA eBPUCTIYHOI MOZeIi SIK TeTpaefipa, KOKHA 3 TpaHell AIKOTo BifloOpa)kae eBHY HaBYa/IbHY B3aEMOJIII0 MiX
BYMTE/IEM, 3MICTOM, TEXHOJIOTi€I0 Ta yuHeM / cTygeHTOM [31] (puc. 8). Tak, rpaHb «BUNTENIb—3MiCT-Y4eHb» —
Ije KJTacMYHa AVJaKTMYHA B3aeMOAiA (AMAAKTUYHUI TPUKYTHUK). [paHi «y4yeHb—3MicT-TeXHO/MOrifA» Ta «y4n-
Te/Ib—3MiCT-TEeXHOJIOTis» BifoOpakaioTh 1MdpoBe HABYAHHS YUHS I YUUTENA He3aJeXXHO OAMH Bif OHOTO.
Hanpukan, onaHyBaHHA BigIOBifHMMY IUPpOBUMM 3acOO6aMy i MeTOZaMy IPOBEeHHA TOCTI/KeHH: abo ca-
MOCTIIHOTO HaBYaHHA Y BipTya/JIbHO-peanbHOMY IIPOCTOPi. [paHb JUAAKTUYHOTO TETPAEAPA «YIUTENb—yI€Hb—
TEXHOJIOTisI» € II03HAaYeHHsIM BifITOBiHOI B3aeMOii 3 BUKOpPUCTAaHHAM LMdPOBMX 3ac006iB, sIKa BUXOUTH 3
MeXi KOHKpeTHOI ITpeMeTHOI rajysi, HalpyK/IaJ, piSHOMaHITHI BU/IY KOHCY/IbTYBaHH: (TaKOX i IBOCTOPOH-
HbOT0), MEHTOPCTBA, THIOTOPIHTY TOLIO.
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Hudpposa augakruka y STEM-HaBYaHHI

IToyarok XXI cT. 03HaMeHyBaBCsA NOSABOK AKICHO HOBOTO MiIXO[y O HABYaHHA, CYTHICTh AKOTO PO3KPU-
Baerbcsa akpoHiMoMm STEM. MeToro itoro BipoBaKeHHA € (GOPMYBaHHA B YYHIB 3[JaTHOCTI i TOTOBHOCTI J10
PO3B’s13aHHA KOMIUIEKCHUX 3aBJIaHb, IIOB SI3aHMX i3 peanpHUMU noTpebdamu crnoxusadis. STEM-HaBYaHHA
Ma€ BUPAXEHUI MDKAUCHUIUIIHADHMI XapaKTep: BOHO 3MiJICHIOETHCA i3 3a/y4eHHAM 3HAaHb, HAaBUYOK i
KOMIIETEHTHOCTEIA, AAKi POPMYIOTHCA IpU BUBYEHHI OKpeMMX AVICHUIUIIH (IpegMeTiB), i mndpoBux 3acobis
HaBYaHHA.

dopmyna HoBoi ykpalHCHKOI KO MiCTUTD JIeB’ITh K/IIOYOBJMX KOMIIOHEHTIB, sIKi TAaKO>X MOK/IAfleHo B IIi-
npoBi opienTpu STEM-nigxony B HaB4aHHi. 3ayBak1Mo, 1o sgpoM STEM-HaB4aHHS € BupilleHHs 3500yBa-
JaMI OCBITY CK/Ia[JHOTO IMTAHH 41 peasbHOI IPOoOIeMH, pO3I/IAHYTH SIKi MOYKHA JIIIe B KOHTEKCTI IeKi/TbKOX
pucuuiniig. e, 3 ogHOro 60Ky, NOoTpedye MigBUIeHHS IKOCTI 11 e(peKTUBHOCTI IEPBUHHOI IIPUPOIHIYO-HAYKO-
BoI ocBiTH (popmanbHa ocBiTa), a 3 gpyroro — STEM-ocBiTa BUXOANUTD 3a MeXi OCBITHBOTO 3aKJIajy, OCKiIbKI
nepen6adyae BCTAHOB/ICHHA 1 PO3BUTOK ITAPTHEPCHKUX 3aB’SI3KiB MK YYHAMM / CTyIeHTaMM, BUUTEIAMY, JO-
CTiZHMKaMM, HOBaTOpamy, ¢axiBLsAMM 3 BUPOOHUIITB Ta iHIIMMM 3alliKaBlIeHUMY cTOpoHamu (HedopMaibHa
ocBiTa).

Bigminnicte STEM-nigxony Bif TpaguuiitHUX OCBIiTHIX MOJe/eil OIATAE B TOMY, 1[0 BiH QOKYCyeTbCA Ha
TBOPYOMY BUpillleHHi IPO6/IeM ITOBCAKIEHHOTO KUTTS, PealbHNX 3aBJjaHb, PO3B A3aHHA AKUX IOTpebye Hay-
KOBOTO i1 iH)KeHePHOTO MUCJIEHH, a BifTak GOpMye Ta KOMIUIEKCHO PO3BMBAE J1OTO.

Haragaemo, 1110 TBOpYICTb — Ile CaMOCTiilHa Ais/IbHICTD Cy0 €KTa, I AKOI XapaKTepHi IOCTaHOBKa Ipobite-
M, IOITYK YMOB i cToco0y i po3B’si3aHHsA, CTBOPEHHs HOBOTO. PO3pi3HAIOTh HAYKOBY, HAYKOBO-TeXHI4HY i Tex-
HiuHy TBOpuicTh. HaykoBa TBOpUiCTb 3a0BOIbHAE MOTPeOY MisHAHHA HABKOIMIIHBOTO CBITY (Lie TBOPYICTD y
Mexax pyHIaMeHTaIbHMX HaykK). TexHiuyHa i HAyKOBO-TeXHIYHA TBOPYICTb MAIOTh YiTKi IpaKTWYHi Limi, crps-
MOBaHi Ha 3a/J0BOJIEHHS YTUIITAPHMX NTOTPed CycIinbcTBa. [010BHUMM pe3ynbTaTaMu TBOPYOCTi € BiIKpUTTH,
BUHAXOJM, PalliOHa/Ti3aTOPChKi MPOMO3NIIIT Ta KOHCTPYKTOPCHKi pO3pOOKU.

3ayBaxnumo, mo y koHTekcTi STEM-HaBuaHHA 3aBJaHHA POPMYIOTbCS BillIOBIHO IO HAYKOBOTO METOY Ta
iH)KeHepHOTO AM3aliHy, AKi € HiAIPYHTAM Oy[b-sKOTO IpOLieCcy JOCIiKeHb He3aIeXKHO Bij ranysi misHaHHs".

HaykoBuit MeTOJ pOo3yMilOTb SK CYKYIIHICTb OCHOBHMX CIIOCOOiB BMPOOIEHHS HOBVX 3HAaHD i BUpIllleHHA
3aBJIaHb i3 BUKOPMCTaHHAM IIOHATD, 3aKOHIB Ta iHCTPyMeHTAapilo eBHMX HayK. HayKoBuil MeTos OXOIITIOE CII0-
coOM HOCIi/PKeHH: ABUII, @ TAKOX IX CHCTeMaTy3allilo, KOPUIyBaHHA HOBYX i 300y TUX paHillle 3HaHb, OCHO-
BOIO JI/Ifl AIKUX € CIIOCTEPEXKEHHA i eKCIIEPUMEHTH.

KoHTeKkcTHMIT 3MiCT HAYKOBOIO METOAY HOCTIIKeHHA CXeMAaTM4YHO 300pa’keHO y BUIVIAML IeBHMX eTalliB,
AKI MOXKYTb IIOBTOPIOBATICA (IIpoIiec iTepalil) y pasi 3miHM miaxopy um nosABM HOBMX JaHMX (puc. 9, CyLinbHi
niHiT). PosriAHeMo OCHOBHI eTamy HaBYa/IbHO-HAYKOBOTO JOC/I/KEHHA 3 BUKOPUCTAaHHAM HayKOBOTO METOHY.

Ilocmanoéxka numanHs i 6U3HAMEHHA MeMU — HaliBaXK4a YacTVHA JOCIIIKEHH, 1[0 HacaMIlepey, Mae 0y Tu
LiKaBOI /I JOCTigHMKa. [HaKIle KaKy4y, Ile 3allUTaHH:A IIPO Te, 10 MOXKHA CIIOCTepiraTu: fK, o, KoM, XTO,
Hasimo 4 ge? OxpiM Toro, Cr1if 6paTyt O yBaru Take:

¢ TIONIYK BifNIOBifli Ha ITIOCTaB/IeHe 3aIMTAHH: 3HAYHO ITOJIETIIYETHCS, AKIO BOHO II0B A3aHe 3 BE/INYIHOIO,
AKY MO>KHA BUMIipsATH i mofatu y popMi umcra;

e Ha3aJjaHy TeMy € He MeHIlle TPbOX JHkeper indopMalii, 06 MoykHa 6y/10 BUKOPMCTATY BKe HasIBHUIT OCBIf;

® NNTaHHS Ma€ MIiCTUTY OAMH (akTop (3MiHHY), IKMII MOYKHA 3MIHUTH B eKCIIEPMMEHT], i X04a 6 OfiMH Ko-
edillieHT, AKMIT MOXKHA BUMIpATYU (HAIIPUKIIaJ, B OMHOMY BUIIPOOYBaHHI y6iMKHEHO CBITIIO, @ B iHIIOMY —
8UMKHEHO, 260 B OTHOMY BUIIPOOYBaHHI 6UKOPUCOBYOMbCS [OOPKBA, a B IHIIOMY — Hi);

e 0axaHo, [00 IPOTATOM BUKOHAHHS eKCIIepYMEHTY BMKOHYBasacs itoro ¢poro- abo Bigeodikcaiis Bu-
3HaYeHVMU 3ac00aMU 3 TOCTaTHBOIO TOYHICTIO i /Iiarla30HOM BMMipIOBaHb;

_ £
thico0e
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® CKCIEpUMEHT Mae 6YTI/I 6esneyHnmM 1A BUKOHaHHA;

® [ij yac IUIaHyBaHH: eKCIIePYMEHTA/IbHOTO JJOCI/KEeHHs IOTPiOHO 3’ACyBaTH, 4u € BCi MOTpPiOHI Marepi-
a/m Ta o6/1afHaHHA a00 3a AKMII Yac i 3a AKY L[iHy MO)XHA IX IpUAbaTiL.
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Puc. 9. Emanu Haykoeo20 memody (cyyinbHi niwii) ma tioco donosHeHHs IL)[] (wmpuxoei niHit)

Eman nposederns nonepedHix docnioxery HeoOXifHWIT /st 3’ ACYBaHHs HasIBHUX AHUX 11070 cHOPMYIbO-
BaHOI HayKoBOI Ipo6eMu. BiH 3aBepiryeTbcs po3po6neHHAM IIaHy IPOBeeHH TOCTiIKeHH, BUOKPEeMJIeH-
HAM KTI0YOBMX 3aIMTaHb, SKi JAI0Tb 3MOTY Oi/IbIII IOBHO PO3SKPUTH IIpeMET i 00’ €KT JOCTiIKeHH, CTBOPEH-
HAM T€OPETUYHOI MOJIEITi IOCTIIPKYBAHOT O TIPOLECY.

Ha npomy erami BM3HA4aIOTh 3MiCT KJIIOYOBVX TEPMiHiB i (paKTOpiB BIUIMBY, HOTPiOHUX A OOOPY fAK-
HaJIKpAIoro cIoco0y BUKOHAHHS IPOEKTY i 3al0o0iraHHs BXXe BiOMMM IOMIIKaM ab0 HeBIAIMM CIpobam.
Oco6nMBy yBary ciij 3BepHYTH Ha BiJloMi eKCIIepUMeHTa/IbHi MeTOMIVIKYL, SAKi IPU/ATHI 10 3aCTOCYBaHHA B PO3-
IIAfyBaHOMY IPOeKTi. Ile MOXyTb 6yTH CTaHAPTHI eKCIIepUMEHTa/IbHI MeTOAMKM 260 TabopaTOpHi MpaKTy-
KyMmu, a00 paHillle TpoBefieHi eKCIepUMeHTaIbHi JOCTipKeHHA 3 NofibHo1 mpobmemu. CaMe BOHM Jal0Th 3MOTY
YHUKHYTY IIPOTQ/IVH IIifi 9aC IPOEKTYBaHHA, OCKI/IbKY KO>KHA 3 HUX MICTUTBD IeperiK y>Ke almpo6oBaHOro 06-
JIaJIHAHHA, 3 SIKOTO YIIeBHEHO MO>KHA BUOpaTy HeoOXiHe /IS BITaCHOTO eKCIIePVIMEHTY.

OkpiM TOro, CaMe Ha eTaIli MoNepeSHbOTrO HOCTIKEHHS (POPMYIOTD CIIVCOK JIiTepaTypy /st BUKOPUCTAHHSA
IIiJ} Yac MiITOTOBKM 3aK/II0YHOTO 3BiTYy.

ITo6ydosa zinome3u siK IPUIYIIEHH: IIPO MOXK/IVBY BiJIIOBib HA OCTABJIeHe 3alIMTAHH, TOOTO IOIIYK I10-
SICHEHHs, sIKe MOYKHA eKCIIePMMEHTA/IbHO IlepeBipnuTy (Kpalie — BUMipsATH). Baamolo BBaKaloTh Taky rinoresy,
IO JIa€ 3MOTy 3pOOUTY IPOTHO3 Ha KIITAIT: «SKmo__ (3pobutm ie)  , To____ cTaHeThbcs (Ije) », 400
«fIxmo BinbyBaerbcsa abo € (me)___, To craHeTbcA (1e)__, 3a Takol yMoBM___ ». Hait6inbmi mpobmemu 3a-
3BJYail BUHVKAIOTh Ha eTalli H0OYZOBY TeOPETUYHOI MOJIeTi 3a3HaY€HOT0 IIPOIIeCY, OCKI/IbKY BiH 3a/IeXKUTD Bif
CTBOpeHHs (pi3MYHOI MOJiei Ta OBOJIOAIHHSA HOCTaTHIM MaTeMaTUYHUM anapatoM. [Hofi HeoOXifHi I/IsT BUKO-
HaHH: NIPOEKTY 3HAHHA BUXO[ATH 3a MEXi CTaHJaPTHUX HABYA/IbHUX IIPOTpaM. Y LIbOMY BUIIAZIKY JOCTiTHUKY
NOTPiOHO CaMOCTITHO ONAaHOBYBATV 3HauHi 06cAry HOBOI iHdopmanii. Crify HaroIOCUTH, 110 HaBYa/IbHE Ha-
YKOB€ JOCIiIPKEHHs HacaMIlepes] BilpisHAETbCA Bifj CyTO HAYKOBOT'O TUM, 11O [/ HABYa/JIbHOTO JOCTi>)KEHHA
iCHYI0TDb TeOpeTIYHi MOfIeIi, AKi MOYKHA BiflHAIITH Y My O/IiKaIlisAX; HATOMICTb JI1 CYTO HAaYKOBOTO JJOC/Ii/KEeHHS
HOTPiOHO CTBOPUTY BIIACHY YHIKaIbHY TEOPETUYHY MOJie/b. Y TilloTesi JOC/Ii/KeHHA MaloTh Oy TH 4iTKO Biffo-
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OpakeHi cTasi Ta 3MiHHI Be/IMYVHM, SIKi BUMIpIOBaTMMYThCS B eKCIIEPMMEHTI, @ TAKO>K JIOTTYHA 3a/IeXKHICTb MK
HUMMU, KA 6y;qe IePEBIPATUCA: €KCIIEPVIMEHT MA€ BU3HAYUTH BiiTIOBIJHICTD IillOTE3M CIiBBITHOIECHHIO 3aJI€XK-
HUX BeIMYVH 33 CTaINX PaKTOPiB BIIUBY.

ITocmanoexa excnepumenmy i nepesipka 2inome3u Hajjae MOXIMBICTD 3’ICYBaTy TOYHICTD IepefOadyeHH.
Ha npomy erami BaXk/1MBO IEePEKOHATHCS, 1[0 3MiHIOETbCs OFHOYACHO /IMILE OJHA BE/IMYMHA, a BCi iHIII 3a11-
IIAI0THCS He3MiHHUMMU. J[OIIi/IbHO IOBTOPUTY €KCIIEPMMEHTH JieKi/IbKa pasiB, 06 MaKCHMaTbHO 3MEHIIUTH
BUIIA/IKOBI IIOXMOKM.

3ayBa)k1MO, 1J0 HA IPOEKTYBAHH eKCIIEPUMEHTY BIUIMBAIOTD MONIePeHi JOCTiI)KeHH, HaABHICTb TOTPi6-
HUX MaTepiasiB i 3aco6iB BuMiproBaHH:. Tak, AKIO IOCTAHOBKA eKCIIEPUMEHTY Oy/fie KOPEeKTHOI, TO B OCIi-
JDKeHH] OyJe IPOCTIIKOBYBATICS YiTKA 3a/IeKHICTh MK BUSHAYEHMMI BelMM4yMHAMMU. SIKIO 5K BOHA BifICYTHS
4 3acO0M BUMIipIOBAaHHSA IIPAIIOI0Th Ha MEXIi JJOCTOBIPHOCTI OTPMMaHNX aHNUX, HEOOXiJHO KOPUTYBaTU caM
€KCIIEPMMEHT. Y pasi OTPMMaHHA YiTKOI 3a7€)KHOCTI MK BeIMYMHaMM, sKa He BifIIOBifjlae 3alIpONIOHOBaHI
rinoTesi, CJIij KOpUryBaTy caMy rirmoresy. 3a3HauuMo, 10 Iepef IPOBeNeHHAM eKCIIePUMEHTY He0OXiIHO pos-
po6uTH IUIaH i maroTyBaTyt TaOMNLI IS 3aIMCY OTPUMAHUX JaHMX. BaxkmmBuM Takox € GpoTosBiT mpo mpo-
BeJIeHH: eKCIIepMMEeHTY ab0 BiZe03anuc 0ro MpOXOIKEeHH .

Anani3 0anux i popmysanns 6ucHo6Ki6é BifOyBaIOTbCA MMic/A 30MpaHHA JaHUX eKCIEPUMEHTY, IX aHali3y
Ta NOPIBHAHHA 3 Ti0Te3010. SIKIO IPOrHO3Y i IPUIYILIEHHS He MiATBepKYIOThCsA (Take Hepinko OyBae y Ha-
YKOBUX JOCTIPKEHHAX), pe3y/lIbTaT! MOBiJOM/IAIOTECH, a MPOLeC JOCIiKEHHA ITOBTOPIOETHCA, TOYNHAIOYN 3
BUCYHEHHS HOBOI IillOTe3) 3 ypaXyBaHHAM aKTya/JbHUX JaHUX, 3i0paHMX ITifl 9ac eKCIIepUMEHTY. 3ayBaXKIMO,
1110 MO>KHA TaKOXX IIepeBipUTH Till0Te3y IOBTOPHO, ajIe iHIIMM CIIOCOO0M, HaBiTh AKIO BOHA MiATBEPIKYETHC.

OnpuntoOHeHHS OMPUMAHUX Pe3yNibmamié — 3aBeplIabHUI eTall, Ha AIKOMY OTpMMaHi JaHi moBifoMIA-
10TbcA y dopMmi 3BiTy, HaykoBoi ImyOmikaliii, BUCTyIy Ha ceMiHapi, KOHKypci Tomo. PopMyBaHHA 3BiTy Ipo
eKCIlepyMeHTaIbHe JOC/TiI>)KeHHsI Ma€ Bi/JIOBifaTy BUMOraM akademiutoi 006pouecnocmi. OfHi€0 3 HallBaXK-
JIMBIIINX YaCTVH 3BIiTY € aHaJIi3 BUAB/ICHUX i 004ncIeHNX GaKTOpiB JOCTOBIPHOCTI OTPUMAHOTO Pe3y/IbTaTy —
noxMO0K 004MCcIeHb 200 cTaTUCTUYHNX KoedinienTiB jocToBipHOCTI. [IoBHE ITOfAaHHSA KPOKiB HAYKOBOTO Me-
TOJY Y 3BiTi 36i/1bIIIye J10TO L[iHHICTD /1A HACTYITHMX KOPUCTYBAYiB i cripolrye po60oTy mporpam i3 IUTyBaHHA
HayKoBoOro TBOpY. Ilepen popMyBaHHAM 3BiTY CIlifi IepeBipuTy MaTepian Ha naaziam. lle 1acTb 3MOTy BUABUTH
HEeIMTOBaHi IIOCU/IaHHA Y 3MICTi MaTepiasy, a TAKOX 1Lje pas MePECBIYUTICA B AKTYa/IbHOCTI JOCTIIKEHHA.

Ha BigMiHy Bijj HayKOBOTO JOCTII>KEHHSI, TIPOLIEC iHHCeHePHO20 Ou3atiny — 1ie TIeBHA MTOCTiTOBHICTb KPOKIB,
AKUX IOTPUMYIOTHCS iH)KEHEPU 1A IOCATHEHHS TIOCTAB/IEHOI MeTH. [X BUKOPUCTOBYIOTh Y pO3pO6IeHHI HOBO-
ro a0 BJJOCKOHAJIEHH] B)Ke HassBHOTO IPOAYKTY (HAIPUKI/Ia/l, KOMII IOTEPHOTO KOy ab0 TeXHIYHOro BUPOOY),
SKWIT BiJTIOBiZla€ EBHUM KpUTepisM Ta / ab0 BUKOHYE IIeBHe 3aBIaHH:A. ETany iH)XeHepHOTo AM3aiiHy fielo
BifIpi3HAIOTBCA Biff €TaIiB 3aCTOCYBaHHA HAYKOBOTO METORY, AKUI MOKe OyTI TaKOX JaCTUHOIO IIPOEKTY.

ITpouec im>XKeHepHOro MPOEKTYBAHHA MOYKHA BUPA3SUTHI Yepe3 y3arajabHeHi eTamnu, AKi MOXXYTb IIOBTOPIOBa-
tics (puc. 10).

PosrisaneMo oco6mmBoCTi peanisanii etamiB iHxeHepHoro STEM-npoekry.

Busnauenns nompebu (3asdanns). Ilomyxk inei mis iHKeHepHOTO MPOEKTY PO3IIOYNHAETLCS 3 HOULYKY HO-
mpebu, TOOTO KOHKpeTH3allii TOro, Yuio i AKy came MoTpeOy OfHi€el Yy rpynm yofielt HOTpiOHO 3a0BOJIBHNUTIL.
Ha nipomy eTami ctii CTBOpUTYM HeperiK ycix pedeit, ki TypOyroTh mrofieit HaBkoso. [Ticis BuokpemneHns ifel
iH)XKeHepHOTO IPOEKTY MOTPiOHO 11 OnVcaTyt, HAPUKIIAJ, Y BUITIALI 3asA6KU NPo npobremy, IKa Ma€ BifnoBigaTn
Ha 3allMTaHHA «Y 4omy nojsrae npobneMa un norpeba?», «Y xozo € mpobnema uu norpeda?», «Jomy me Bax-
JIVBO BUPIMINTI?», @ TOTIM 0OTOBOPUTY 0COOMMBOCTI MOXK/IMBOI KOHCTPYKILii, iu3aitHy i cdepu Il mopanbuioro
3aCTOCYBaHHA.

IIposedenns nonepedHvozo (oHo6020) docnioncenns. Ciif mam ATaTy, IO BYUAB/IEHA Ipob6IeMa € OCHOBOIO
TpuBaoi noganbuoi po6oru B pamkax STEM-npoexry. Tomy HeoOxigHO:

® IIepeKOHATNCH, 1[0 BOHA aKTyasIbHa, I[ikaBa i JOCUTh KOHKPETHa, 1106 MO>KHA 6Y/I0 po3poOuTH pillleHHA
(30KpeMa HeOOXiIHO YiTKO yABJIATH, XTO € KOPUCHYy8auamu ab0 3aMOBHUKAMUL);

® 3’ACYyBaTy, KOPUCTYIOUMCH MepPeXKelo KOHTAKTiB 3 KOMIIETeHTHUMM 0C00aMM, AKi MaloTh Oi/ble JOCBimy
(HacTaBHUKaMM, 6aTbKaMU, BUNTE/LIMMN), U0 came NOMPiOHO 3Hamu, o6 Kpallje 3p03yMiTu 3a3Ha4YeHY
imKXeHepHY IIpo6ieMy, sIKi HayKoBi cepy OXOIUTIOE il BUKOHAHHSA, AKi MOXX/IMBI crioco6u 1i po3B’s3aHH;

o gidHalimu npuHaiiMHi mpu Oxcepena NUcobMos0i iHgopmayii 3 06paHOI TeMy, a TAKOXX BUABUTY aHA/IOTIYHI
IIPOAYKTY JUIA @HATi3Y, 1100 CIMpaTyCs Ha B)Ke HasIBHMIL JOCBiX i BifoMi po3B’s3aHHA OAIOHNX Tpo6eM.

Hns peanisanii HaBuanbHOro iH>keHepHOro STEM-NIpOEKTY Bask/IMBO 3a3[a/leTiflb OUiHUMU MONTUBE PUSU-
KU, AKI MOXKYTb IIPU3BECTH [JO HeB/layi. 3 MeTOI0 YHUKHEHH: 1IbOTO CJIifl BIATIOBICTYM HA TaKi 3allMTAaHHS CTOCOB-
HO pe3y/IbTaTiB Maii0yTHHOTO IIPOEKTY:
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e 4y OYAyTb BOHY KPAIMMI, HDK Ti, 1[0 BKe iCHYIOTD (HanpyKIIaf, felleBlie, eeKTHBHillle, 3pydHillle TOIIO);

® YJ € BOHU Oe3MeYHUMU Yy KOHCTPYIOBaHHi, HO6y,HOBi, BUKOPVICTaHHI, 36epiraHHi Ta YTUIi3aLlil;

e uy HasABHI BCi HeOOXinHI MaTepiamy i 06nmagHaHHA, a60 YV MOYKHA IX IIpUAOATH IIBUJKO i 32 JOCTYIIHOIO
11iHOIO;

® Y € JOCTAaTHbO Yacy I 3aBEeplIeHHA SU3allHy KOHCTPYKIII i BUTOTOBJIEHHS JIOTO Y 3aAB/IEHUII TEPMiH
(amxe TiIBPKM y BUHATKOBMX BUIIA/IKaX BCe MPAIIOE K Tpeba 3 MepIoro pasy).

SIK11o BiAMOBIAL Ha Iii 3aNIMTAaHHS He OYAyTh IePEKOHIMBUMM, TO, IMOBIpHO, C/Iifj IIyKaTy iHIIy mpobnemy
IJIA iHKEHEPHOTO IIPOEKTYBAHHA.

Busnauenns eumoe 0o KOHCTPYKI|I i [U3aliHy € BaXJIMBUM [i/IS1 JOCATHEHHs YCIIiXy B IIPOEKTI, a HallKpallnii
croci6 ix copmMynoBaTy — BUKOHATHU aHA/Ii3 KOHKPETHNX IIPYUK/Ia/iB MOf[iOHOTO, yyke HasABHOTO MPOAYKTY (¢i-
3MYHOTO 00’€KTa, MEXaHi3My, IPUCTPOIO, IIPOIPAMHOTO IIPOAYKTY, HATPOMAIXKEHOTO JOCBily ToIIO) i3 3a3Ha-
YeHHAM KOXKHOI JI0T0 KJII0Y0BOI 0COOIMBOCTI.

BusHayeHHA npobhemum

(3" acyBaHHA HanaBHOI iHPopMaLLT, NoGya0Ba TEOPETUUHOT MOAE/TI)

Bu3HauyeHHA BUMOr ]-——_

l

[ MonepeaHi AocNiKEHHA

' ™
[ MO3KOBMI ILITYPM, PO3BUTOK Ta BMOIp YHECEHHs 3MiH Y
-

KOHCTPYKTUBHOTO pillieHHA nporoTMn,
,
TecTyBaHHA Ta
3n06yBaHHA
HOBMX JlaHKX
Pos'acHeHHA npoToTyny ]
l . Py
TecTyBaHHA NpOTOTHIY
\
' 1 ~

= - MNMpoToTtnn YacTkoso abo
MNMpoTotvn Bignosigae ) i )
30Bcim He Bignosigae

BMMOram

lNopaaHHA pe3ynsTaTie

BHMMOIram

Puc. 10. Emanu Haykog8o-mexHi4H020 ma mexHiuHo20 00C/1iOXKeHHA 3 BUKOPUCMAHHAM emanis iHxxeHepHo20 ou3atiHy

Moskosuil wmypm CTBOPIOE YMOBM JIJIS IOIIYKY HaMKpaIoi ifiei 3 MoxnuBux (mepiua imes, AK BifjoMo, He
3aBXaM Haiikpaa). Ileit TBopunit mpouec nependayae KONMEKTUBHE BUBYCHHS HasABHMX AYMOK i pillleHb, BUKO-
pUCTaHHA aHAJIOTiN, CTBOPEHHA €CKi3iB, cCXeM i pucyHKiB Tommo. ITpakTyHNM pe3ynbTaToOM MO3KOBOTO IITYPMY
€ BuOIip pillleHHs, sKe HaiOiIbII IOBHO 3a0BOJIbHsE BuMoru. Ha 11poMy ertami MO>KHa 3acTOCyBaTy yHiBep-
CajIbHi KpuTepii [u3aiiHy, AKMMU MOXYTb OYTH: €leraHTHICTb, Mil[HiCTb, eCTeTUKA, BapTiCTh, pecypcy, dac,
MalicTepHIcTh, 6esneka abo ixmri. Ha 1jpoMy eTamni Mo)XHa CKOPMCTATIICA MAaTPUILIEIO PillleHHS.

Pospobnenns npomomuny nependadae feTatizalio KOHCTPYKIII i TpUBa€e IPOTATOM yCbOTO IPOLeCy Mpo-
€KTYBaHH, YaCTO HaBiTb IIiC/IA TOTO, SIK MPOAYKT Ipe3eHToBaHO. Ha nboMy etarmi BifOyBaerbcs BceOiuHMIt
PO3BUTOK iH)XeHepHOI IIpo6ieMn i MOLIYK BifmoBifi Ha 3anmmTaHHA «SIK 3pobuTy, 06 Lie mpaioBano?», «SIk
3HUBUTY PU3UKI?», «SIK JOCATTI HaiBMUIOI epeKTUBHOCTI?». MeTogaMu po3po6IeHHA IPOEKTY € CTBOPEHHSA
Kpec/IeHb, MOJIe/TIOBAHHA, IPOTOTUITYBaHHSA, 6ecimy, aHai3 i cuHTes.

ITo6ydosa pobouoi moderni, sika MOXKe OyTU BUTOTOBJICHA 3 iHIINX MaTepiasiB, HX OCTaTOYHWIT BapiaHT. 3a-
3BJYail BOHA HE HA/ITO [eTajli30BaHa, OHAK IIPOLeC ii CTBOPEHHS € K/III0YOBMM KPOKOM iH>XEHEPHOTO SU3aliHy.



Hudposa nujaktuka y STEM-HaBuYaHHI

Tecmysanns i nepenpoexmysants CIpsMOBaHi Ha BUIIPOOOBYBAaHH CTBOPEHOTO iH)XeHEPHOTO IPOAYKTY,
BUSIB/ICHHs NPO0OJIeM, BHECEHHs 3MiH i BUIIPOOOBYBaHHs HOBMX pillleHb Ilepell CTBOPEHHSIM OCTaTOYHOTO
JU3aNHYy.

IlosidomnenHs pesynomamise € 3aBeplIabHIM €TaIlOM IIPOEKTY, IO peasisyeTbCA Y BUIIALL MUCbMOBOTO
(ycHoro) 3BiTy abo mpeseHTanii. Bax/mBuM nocrae JoHeCeHHs KO ayAUTOPil pe3ynbTaTiB CBOTO JOCTiKeH-
Hs Ha pi3HOMaHITHMX KOHKYpPCaX, YeJIeH/XKaX, XaKaTOHaX Ta iHIMX nofi6Hux smaranHax. Cig ycsigomo-
BaTu Take:

e sKicHe IOBiffoM/IeHHA o peanizoBanuit STEM-nIpoekT MakcuMaabHO 361/blIIy€e MIAHCK HA IIEPEMOTY;

e npomoBa Mae 6yTy cTHCIOI0 (2-5 XB), BitoOpaXkaTy OCHOBHI IiICYMKM pOOOTH, @ TAKOXK HAYKOBY TeO-
pito, IKa «CTOITb» 3a IIPOEKTOM;

e 10TpiOHO 3aBYACHO 0OMipKyBaTI 71 0OTOBOPUTH Iepeslik MOK/IVBYX 3aIIMTAHb i BiAIOBICTY Ha HUIX;
® IIOACHIOBATY CTBOPEHUI IPOEKT JOCTYIIHOIO /1A ayAUTOPil MOBOIO;
® IPOSBIIATY NO3UTVIBHE CTABJIEHHS i 3aXOIIEHHs BUKOHAHOI POOOTOIO;

® YBa)>KHO CTAaBUTUCA IO BiITYKiB HA IIPOEKT, AKi MOXYTb CIIPUATH JIOTO YEOCKOHATIEHHIO.

3ayBa)k1Mo, IO i BUeHi, i iH>keHepy poOIATh 3HAYHMIT BHECOK Yy HAYKOBY TEOPIl0 i IPAKTUKY, IPOTE Pi3HUMMU
crioco6aMu. Y4eHi BUKOPUCTOBYIOTb HaAyKOBUIT METOJ, {00 IepeBipUTY TeOpeTHYHi IPUIyLIeHHs i 3poouTn
IIPOTHO3Y 1I0JJ0 HABKOIMIIHBOTO CBiTy. HaykoBelb cTaBUTh 3anMTaHHA i pO3pO0O/Isi€e eKCIepyMeHT a00 KOMII-
JIEKC eKCIIePVMMEHTIB, 00 BifmoBicT Ha Hboro. HaToMicTh iH)XeHepy BUKOPUCTOBYIOTH iHXXEeHepHUII IIpolLiec
IPOEKTYBaHHA, 1100 po3B’A3aTy mpobieMn. 3 Li€0 MeTO0 iHKeHep BIM3HA4a€ KOHKPETHY IOTpeby (komy i ons
4020 a060 womy 1je NOTPiOHO?), a MOTIM po3pobse 1i pileHHS.

Y peanpHOMY XMTTi BiIMiHHICTh Mi>)X HayKOIO i TEXHIKOIO He 3aBXXIM YiTKO BM3Ha4eHa. JJOCTigHMKM Jac-
TO BUKOHYIOTb iH)KeHEpHi poOOTH, a iH)KeHepy 4acTo 3aCTOCOBYIOTh HayKOBi IPMHIUIIN, 30KpeMa HayKOBUIA
Mmerop. Hanpukag, inpopmaTuka — 1ie BIacHe iH)KeHepis, ajiKe IIPOrpaMiCTy CTBOPIOIOTh HOBI IIPORYKTH /IS
3a/I0BOJIEHHA IeBHMX NOTPpe6. OTKe, IIPOEKT MOXKe IOTPANIUTH Y «Cipy 30HY» MK HAayKOI0 Ta TEXHIKO0, 1[0 €
I[i/IKOM HOPMaJIbHMUM. TaK, IPOEKTH, AKi CTOCYIOTbCS TEXHIKV, MOXYTb JI PO3pOO/ICHHS BUKOPUCTOBYBATH
HayKOBMUII METOL,.

ITincymoByroun, 3ayBa>KuMo, 110, AKII0 MeToo STEM-NIpOo€eKTy € BUHaXii HOBOTO IPOAYKTY, TO € CEHC Y JI0-
TPUMAaHHI €TalliB, IPUTAMAHHIX IIPOLIECY IH)XKEHEPHOIO JM3aiHYy.
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P03BHUTOK J1a60paTOPHOTO Pi3sMYHOT0 NPAKTUKYMY

STEM-ninxif B 0CBiTi CIIOHYKa€ [0 TeperiAfy BifloMIX, IOIIYKY i BIpoBa/i)KeHH A HOBUX IiIXOfiB [j0 opra-
Hisauii mabopaTopHOro MpakTuKymy. PosrisHemo HajteeKTUBHILI 3 HUX.

IIpogpeciiina i npaxmuuna cnpsamosaricmo nabopaTopHMX poobiT crIOHyKae Ko GOpPMYBaHHA CTiMKOI 1O3U-
TUBHOI MOTMBallil, yCBiJOM/IEHHA LJiHHOCTI HABMYOK €KCIIEPMMEHTYBAaHHA i, AK HaCiJOK, BUK/IMKAE IHTENEKTY-
a/IbHY i IIi3HaBa/IbHY 3alliKaB/IeHICTh Ta HABYAJIbHY aKTUBHICTb. JlabopaTopHi 3aBaHHA fepati 61bir cxoxi Ha
TEeXHiuHi 3aBJjaHHA, AKi IPYHTYIOTbCA Ha QyH/IaMeHTAIbHOMY 3HAaHHi. 3HaYHa Ki/IbKiCTb METOIMK Hepenbadae
II0YATKOBE JleTa/IbHe 03HAIOM/ICHHA CTYHEHTIB i3 IIPUK/Ia/JoOM IIOETAITHOTO PO3B sA3aHHA TAKOTO IPOOIEeMHOro
BiIKpUTOTO 3aBIAHHA.

OcobucmicHo opieHmosani mexHosnoezii B opraHisanii 1a60paTOPHOr0 IPaKTUKYMY IPYHTYIOTbCS Ha ipei
CTBOPEHHS ONTUMA/IbHIX YMOB /ISl AKHAMIINPIIOTO IIPOABY i BiJIIOBITHOrO PO3SBUTKY AK OCOOMUCTICHUX AKOC-
Teil 3000yBadiB OCBITH, Cepef; AKUX K/IIOYOBMMM € 3[JaTHICTh 10 CaMOOCBITH i camMopeartisalii CBOIX TBOPYMX
MO>KIMBOCTeT1, TaK i HABUYOK MAaKCHMaIbHO epeKTMBHOI B3aeMOAii cy6’eKTiB Mi3HaBa/IbHOI HiATBHOCTI.

Bukopucmanns yugposux mexnosnoziti y 1abopaTopHOMY IPaKTUKYMi iCTOTHO CTUMY/IIO€ IpolieC HaBYaH-
HS, SIKIIO 1]i TEXHOJIOTII BIAJIO MOEXHYIOTHCS 3 TPAIMIIITHOI0 METOAMKOIO HaBYaHH I, SIKa Iepefi6adae peaabHMIil
eKCIepUMeHT. 3acobu 1ydpoBoi AVAAKTUKN MOXKHA PO3JUINTI HA ABi OCHOBHI Ipymu — NpuCTpoi 300y TTA
JaHVX | IporpaMHi 3aco6M IX OIpaI[foBaHH:A, — SKi BUKOHYIOTb Taki (QyHKIIil y 1a00paTOpHOMY HpPaKTUKyMi
(puc. 11) :

e indopmariitHy (3aci6 HOIIyKy JOBiAKOBMX MaTepiasiB, OmNCy poOiT, MOJeMT0BaHHSA KOHKPETHMX 3a-

BJIaHb, TECTOBOTO MOHITOPUHTY HaBYaIbHNX JJOCATHEHD);
e MynbTUQYHKIIIOHATBHOTO IPUIAAY JIsi OTPYMAHH eMIiPUYHMX JaHUX (3aci6 BUMiploBaHH:A GisMYHIX
BE/IMYNH);

e 3aco0y OmpaIfOBaHHs YMC/IOBUX Pe3Y/IbTATIB eKCIIEPUMEHTY (IporpaMHi 3acoby pisHOMaHITHUX po3pa-
XYHKIB i Bidyanizanii JaHux, moOymoBy MOJieeit TOII0).

3acobw. cnocobu i MeTogK OyHKLT UM pOBMX TEXHONOMA Y

nabopaTopHOMY NpaKkTUKyMmi

y uncppoBin gugaktiy

MarepianeHi MporpamHi L Myners- 3acid

npucTpoi 3acofu Im'pop.maumna (DYHKUIMHMA ONpaLBaHHA

3noByTTA OnpautBaHHA ByHKLIA BiznuHIl OaHHX

OaHWx OaHNx npunag BKCMEepUMEHTY
7 A *

Puc. 11. 3acobu yugposoi dudakmuku ma ixHi pyHKYii

MeToANYHO IPOAYMaHNIT i KOMIT IOTEPHO OPi€EHTOBAHUII TaOOPaTOPHUII €KCIIEPYMEHT PO3BUBAE 3[aTHICTD
i TOTOBHICTb [JO BUKOPUCTAHHS Cy4acHUX iHCTPYMEHTA/TIbHUX 3aCO0iB MPOBENEHHS NOCI/KEHH, 10 Hepef-
0ayarTh TAKOX Ipoliec 30MpaHHs, 30epirannA i nepefaBaHH:A iHPOPMAIITHUX pecypciB.

CeKTop BUKOPUCTaHHA IM(POBUX TEXHOJIOTIN Y Cy4aCHOMY OCBITHBOMY CepefOBUILi iHTeHCHBHO PO3ILN-
PIOETHCS 332 paXYHOK HOBUX Hanpsmis Bukopuctans [1K, skuii € wis i cy6’eKTiB HaBYaHHS IHCTPYMEHTOM,
II[0 CTBOPIOE LI0Pa3y HOBi MOXX/IMBOCTI A/Is1 Mi3HAHHS NpKUpPOAN. Tak, osiBa MPOrpaMHMX 3aco6iB, OpieHTOBa-
HVIX Ha JOCTI/KEeHHA peanbHUX (i3MKO-TEeXHIYHMX IPOLeciB Yyepe3 aHayi3 300paXkeHb, 110 CYNPOBOKYIOTh
nepe6ir mporecy, BifKpuBae HOBe II0JIe [iANBbHOCTI 3 MOOYAOBYU Ta IPOBEleHHA Tab0paTOpHOTo (isMYHOTO
npaktukymy. Taki 3aco6u gany 3MOry po3miinTy y 4aci mporec HarpoMaJpKeHHA eKCIIepYMEeHTa/IbHIX JaHUX
Ta IX ONpallOBaHHA i B TAaKMIl CIIOCIO CTBOPM/IN B OCBITHBOMY CepefoBUIi HOBi, 0cOOMVBI Hillli, HAPUKIIAL,
IJIA TIPOBEJIEHHA aHali3y BifleoMarepialry, OTpMMAHOTO 3a MeXKaMy aygUTOpil.

Bigomo, 1o rpadiunuit MaTepian Hajjae Maibke IMOBHY iHpopMaio npo ¢isnyni nmporecu. Baxkko HaBecTn
IPUK/IaA) TUIIOBKX TabOPATOPHUX POOIT i3 Kypcy 3aranbHol (isuky, ki 6 He MicTvIN 3aBAaHHsA rpadivHOrO



P03BUTOK J1a60paTOPHOTO (i3UIHOT0 MPAKTUKYMY

BifloOpa)keHHsI eKCIIepYIMeHTa/IbHO OTPUMAHUX pe3y/IbTaTiB i MOfa/IbIIOro MOPIBHAHHSA, HANPUKIIAJ, 3 Bigo-
MOIO TEOPETUYHOIO 3aJIEXKHICTIO.

P03BMTOK CyYacHUX OCBITHIX cepefjOBMII] MO>KHA BU3HAYUTH K €IIOXY CTBOPEHHS KOMN HOMePHUX UUPposux
nabopamopiti, AKi IPOVIUIN TPUBAINI IIePiof KOHIENTYa/IbHOTO GOPMYBaHHSA AK KOMIUIEKCY. Y Oymb-AKiil 3
HIX BMOKPEMIIIOIOTHCA TEXHOJOTIYHI CETMEHTH, AKi IPOJOBXYIOTh YIOCKOHAIIOBATCD: CIIPUITHATTA 30BHIII-
HbOI iH(popMalii ceHcopowm, ii mepeTBOpeHHA Y IVQPOBMIT CUTHAI, TOAAIbIIE OIPAIIOBAaHH:A iHOpMaLiliHO-
TEXHO/IOTIYHMM 3acO00M 1 OflaHHA Y 3PY4HIiil I Cy6 eKTa MisHaBa/IbHOI Ais/IbHOCTI GpopMi, ajjanToBaHiit Ko
JI0TO IIOTIEPeHBOrO JOCBiAY — BidyanbHiit, TabmyHiit abo rpadivnii (puc. 12).

W, \
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CRpWiAHATTA —— NogaHHs y
5 i MepeTBOpEHHS i d— 3pyuHiii dopmi:
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N — CUrHan . 6 «  TabnwuHii
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Puc. 12. Emanu onpaytoeaHHs 0aHUX 8UMIipIO8AHHS 3aCO6aMU Yu@hposo20 8UMIPIO8ATbHO20 KOMNIIEKCY

SIk 6yzb-sKMil HOBUI 3aci6 misHaBaIbHOI Ais/IBHOCTI, LG poBi 1abopaTopii HOTPeOyI0Th HOBUX Ii/IXOAIB 1O
¢dbopMyBaHHA NpolecyalbHUX 3ac00iB, AKi MICTATb iHTepPaKTUBHI QparMeHTH, TiepIOCHIaHHA Ha MepeXeBi
pecypcu Ta iMIUIaHTOBaHi 3pasky BUMipIoBanbHUX omnepariit. Ilix gac ix ¢popmMyBaHHA yBara KOHIIEHTPYETh-
s Ha paljioHaIbBHOMY Ho60pi ceHcopiB, AUCKpeTN3allii BUMipIOBa/JIbHOTO IIPOIeCy Ta YMiHHI ONpalboByBaTH
oTpuMaHMit o6cAr iHpopMalil 3a JOIOMOTro IPOrpaMHOro 3acofy, mo ¢popmye HoBe LnppOBi3OBaHe MIIC-
JIeHHA Cy0’eKTa Mi3HaBa/lbHOI AistbHOCTI. ITpouecyanbHi 3acobu, cripsMoBaHi Ha Cy0 €KTiB, 1[0 IPOBAJATH
HaBYaJIbHY JiS/IbHICTD, JOIIOBHIOIOTHCS Bi3yayli3alli€l0 METOAVK BUKOPUCTAHHS LM(POBUX TabopaTopilt ms
INEMOHCTpaLil ZOCIiIKYyBaHNUX ABUIL, IIPOLIECIB Ta JeTaAbHMUM OIMCOM MOX/IMBOCTEN YCiX CETMEHTIB KOMILIEK-
Cy (OIMC CEHCOPHOI TPYIIN, TEXHONIOTi TOCTAaHOBKY JOCTIKeHHA, POOOTH 3 IIPOrpaMHIM IIPOAYKTOM Ta iHTep-
nperanii oTpuMaHoi iHdopmalii). MogepHisanisa unpposux 3acobis misHaBaNIbHOI Jis/IBHOCTI peasnisyeTbcs
B [JUHAMiYHOMY 3B A3KY 3 pecypcaMmu BUPOOHMKIB (caiiTamu, 6a3aMyl JaHVX, IIOHOBJICHHAMM IIPOTPaMHMX 3a-
co6iB onparoBanHA iHpopMalii Tomo). [Iponecyanpui 3acobu 1udpoBux maboparopiit MiCTATb iHTepaKTUB-
Hi pparmenTy, rineprocunaHHs Ha MepeXXeBi pecypcy Ta IMIUIAHTOBaHi 3pasky BUMipIOBaJIbHUX OIepaliiii,
AKi GOpPMYIOTD Y IIpoIleci BUKOHAHHSA HaBYaIbHO-JOCTITHNIILKOTO 3aBJJAaHHS HOBe LN(POBi30BaHE MUC/ICHHS
cy0’exTa mi3HaBa/IbHOI Ais/IBHOCTI.

3ayBaXXIMO, 1110 eKCIIepMMEHTYBAaHH € B)K/IMBOIO YaCTMHOIO IIPOLIeCY BUBYEHHS TeXHIYHMX i IPUPOSHU-
YJX HayK, 60 Ha J10r0 OCHOBi () OPMYIOThCSA YSABIEHHA PO TeXHIYHi IPOIIecH i IPUPOHi ABNUINA, PO3BUBAIOTHCA
HaBMYKY BUCYHEHHs TillOTe3 i MOLIYKy KpuTepiiB icTMHHOCTI cTBOpeHux Teopiit. Ilngposi naboparopii — 1e
HOBe IIOKO/IiHHS HaBYa/IbHUX TabopaTopiit, sAKi 3a0e31edyoTh aBTOMAaTH30BaHe 30MpaHH ii ONpallOBaHHA 1a-
HIIX, JAI0Th 3MOTY BiJoOpa)kaTi Xifi eKCIIepUMMeHTY y BUITIsAL rpadikis, Tabmuib, TokasaHb npuaazgis. Jaxi mpo
IIpOBefieHi eKCIIepMMEeHTI MOXKY Th 30epiratucs y pearbHOMY MaciuTabi yacy i BiATBOPIOBATUCA CMHXPOHHO 3 IX
BiffleozamcoM. Brukopucranaa nunuppoBux 1a60paTopiil y KOHTEKCTi OCBOEHHA MOHATD i METOMIIB CTATUCTHKIA,
MaTeMaTyKy, iHpOopMaLiilHIX TeXHOJIOTIN, AVICIMIDTIH MPOdeCiiiHOTO IMKITY BiIKpyBae MOX/IMBOCTI I MiX-
AVICLMIUIIHAPHOTO BYBYECHHS TeXHIYHMX i QyH/JaMeHTa/IbHVUX AVMCUMIUTIH, Mi/IBUIEHHA MOTMBALlil O HABYaH-
Hl, 3HAYHOTO 3MEHILIeHHS PYTUHHOI poO0TH 31 30MpaHHs faHUX, H0OyRoBM rpadikiB, HepeHeceHHs aKI[eHTy Ha
ix iHTeprperaio i aHai3 3MiH. OgHAK C/Tifl pO3YMiTH, 1110 BUKOPUCTAHHSA 1M(POBUX 1abopaTopiit He BUIIPaB-
JIaHO 32 BiICYTHOCTI B y4HA / CTy/leHTa CTifIKMX HaBMYOK 30MpaHHA I ONPAI[IOBAHHA JAHNX eKCIIEPUMEHTY 6e3
BUKOPUCTAHHA TaKVUX allapaTHUX 3aCO0IB JOCTiI>KEHH .

[TosiBa mporpaMHux 3aco6iB, OPiEHTOBAHUX Ha HOCTIPKEHHs peanbHuX (isMKO-TeXHIYHUX MPOLECiB Yepes
aHasli3 300pa’keHb, 10 CYIPOBOKYIOTH IIepebir mpolecy, fana 3MOTY pO3[UINTI Y Yaci Ipoljec HarpoMaJpKeH-
Hs1 eKCIIepYIMeHTA/IbHYIX JAaHMX Ta IX OIPAI[IOBAaHH:I i CTBOPUI/IA B OCBITHBOMY CepefoBIIIi HOBi, 0co0/muBi Him,
HAIIpUKJIaJ, A1 IPOBeJeHHA aHa/Ii3y BijeoMaTepiany, OTpMMaHOro 3a Mexxamu ayautopii. Liudposi poroamna-
paru, Mikpockomy, Teneckony Ta Web-kamepu 1aioThb 3MOry (ikcyBaTy pyxoMi 06’ €KTH, @ TAKOXX BUBYATY CaM
nporiec 6e3 BTpy4aHH: y Jioro mepe6ir. Ile, 30kpema, fa€ 3MOry eKCIlepMMEHTaTOPy AUCTAHIIIIOBATUCS Y IIPO-
neci BuB4eHHA Qisnynoro Asuma. OXHNM 3 HaBAATIIINMX HaBYaIbHUX IIPOAYKTIB BifleoaHaTi3y IIOJO JOCKO-
HaJIOCTi Ta JOCTYIHOCTI, Ha Hally AyMKY, € Tracker [33] - inTerpoBana 3 Mepexxeto Web-pecypcis nporpama
aHasi3y Bifjleodailyis, sika BUKOPYCTOBYE MOBY IIPOrpaMyBaHHs Java-aIljIeTiB i Mae HeBeNMKMIl po3Mip 3a 3Ha-
YHIUX MOXX/IMBOCTEIL.

3 inmoro 60Ky, 3araJbHOBijOMO, 10 TpadiuHMil MaTepian Hajae Marbke IOBHY iHopMalio mpo Mare-
MaTH4Hi 3aKOHOMipHOCTi mporneciB y mpupopi. [ijicHO, Ba)XKKO HaBeCTU IPUKIALM TUIIOBMX Ta00OPaTOPHUX
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pobir i3 Kypcy 3aranpHOI ¢isuKy, ki 6 He MicTIIN 3aBAaHHA IPadivHOrO BiToOpaskeHHs eKCIIepYIMEHTaIbHO
OTPUMAHMUX Pe3y/NbTaTiB i HOAAIBIIOTrO MOPiBHAHHS, HAIIPUKIIAJ, 3 BilOMOIO TEOPETUYHOIO 3a/IeXHicTIo. Tomy
Hai1617bIII0I0 METOAMYHOIO IIIHHICTIO IporpaM BifieoaHanisy Tumy Tracker € HaABHICTb cuCTeMM aHasi3y Ta-
OMMYHMX JAHMX 3 aIIPOKCUMALIIEI0 OTPUMAHMX Pe3y/IbTaTiB JO MaTeMaTUYHOI MOJIe/Ii IIPOIIeCy, BifTBOPEHOro
y Biffeosanmuci.

3ayBakumo, 1o IIIJl monoBHIOE anropUTM HAYKOBOTO METOAY il IPOILieCy iHXKeHEpHOTro [u3aliHy, fAKi €
OCHOBHMMM y peajlisalil crelliani3oBaHol OCBiTH HAaYKOBOI'O CIIPSAIMyBaHH:A. Po3IlsiHeMO 3a3HadYeHe 3 BUKOPIC-
TaHHAM CXeMU, Ha AKil CYLIbBHMMM JiHIAMU IIO3HAYEHO eTallMl NOC/iPKEHHA 3 BUKOPMCTaHHAM HayKOBOTO
MeTOfY, ITPUXoBUMU — BIUIUB 3aco06iB ILIJ] (puc. 9, mrpuxosi niuii). Tak, Ha eTamni nonepegHix JOCTiIKeHb
3’IB/IA€THCA MOXKIVMBICTD MTOOYAOBY iHTEPAKTUBHOI KOMIT I0TepHOI MOJierTi Ha OCHOBi cpOpMOBaHOI TeopeTnd-
HOI Mofieri. Y mpolieci KOHCTPYIOBaHHA TillOTe3V B IIbOMY BMIIA[IKy MOXKHA HOCTIiZNTY (HaKTOPU BIUIMBY, AKi
MOXXYTb BUJJO3MiHIOBAaTY iHTepaKTUBHY MOZE/b. Y IpoIleci MoOy0BY eKCIIEPYMEHTAIbHOTO IIPUCTPOIO € MOXK-
NMBICTD IMIIEMEHTALi] Yy T/IMBUX e/IeMeHTiB (JaTunKiB, KaMep, aHaisaropis). [Iporec aHaisy gaHuX cripomy-
€TBHCSI JOAATKOBYMY MOXK/IMBOCTSIMY Bisyasisanii. Ha 1ipoMy 5k eTamni 31iiiCHIOETbCsI Ge3I0CepeHE TOPiBHAHHS
OTPUMAaHUX JAHMX 3 IHTEPaKTMBHOIO MOJEJUIIO, B fKiil 3HOBY MOXKHa 3MiHIoBaTyu (pakTopy BIUIMBY. b1ok mo-
JaHHA pe3y/IbTaTiB MO)ke OyTI po3IIVpeHnil PyHKIi€I0 IIPOTHO3YBaHHA Iepebiry JOCTiIKyBaHOTO IIPOLeCy.



udpoBa IUJaKTUKA Y MDXKAMCIUIIIIHAPHUX AOCTIPKEHHAX

[ludpoBa AMAAKTHKA Y MIXKAUCHUILTIHAPHUX A0C/TiAKeHHIX

Binomo, 1110 OCHOBHUM JPKEpPEeIOM PO3SBUTKY NUAAKTUKM € IO3UTVBHII iHHOBALiIIHI ITearOTiYHMII JOCBIf,
TeOpeTUYHI HOCTIKEHHS, a TAKOXK 3400y TKM pisHOMaHITHUX HayK. Ha po3BUTOK 1111 pOBOI AMAAKTHKY 3HAYHO
BIUIMBAIOTh MDKAVCLMIUIIHAPHI BOCTIPKEHH:, 30KpeMa iIHTerpalisa iH)KeHepii 1 HayK IIpo XUTTA. Y Cy4acHUX
HaBYa/IbHUX IIPOrpaMax i3 IpUPOJHNYNX JVICLIUIUIIH aKTVBHO BUKOPUCTOBYETHCS (PEHOMEHONOTIYHMIT TifXif,
BiIMOBITHO JIO0 IKOTO yBara 30CepeKYETbCsA Ha MDKAVCIUIUIIHAPHOMY POSITIA/i pealbHuX sABUIL i 00’€KTiB
(HanmpumKIaJ, OpraHi3M JTIIOAMHY, HABKOJIUIIHE CEPEOBUIIE, eHepro3bepesKeHHsI TOIL[O), 1[0 HEMOXK/INBe 6e3 BI-
KOPMCTaHHA LM(POBUX TEXHOJIOTIN AK IHCTPYMEHTY Bisyasisalil i1 OI[iHIOBaHHA pe3y/IbTaTiB eKCIIePUMEHTY,
OTPUMAaHHA Ta ONPAIIOBAHHA JaHUX Pi3HOMaHITHOTO IIOXOJ KEHHS.

Y 3aIpOnOHOBAaHOMY IOCIOHUKY POSI/IAAAIOTHCA NMPUKIATHI aclleKTV UndpoBOI AUJAKTUKY JUCHUAIUTIHA
«®Disuka». OfHaK 3araIbHOBIIOMO, 1110 0OMiH 3HAaHHAMU MK AVCIUIUIIHAMM 3aBXKAM OYB 4YaCTMHOK HAyKOBOTO
KUTTA. bimbmie Toro, y XXI ¢T. MDKAMCIUIUIIHAPHICTD CTala OGHUM 3 IPiOPUTETIB HAYKOBOI IOMITUKM, HE3BA-
JKAIo4ul Ha 3Ha4YHi IePeIKOoy Pi3HOrO MOXO[KeHH:A. Ha cborogHi MK AMCIUITTIHApHI JOCTI)KeHHA I OCBiTa €
OCHOBHOIO TE€HJICHIIi€I0 B YHIBEepCUTETaX Ta areHTCTBAX, IO iX (iHAHCYIOTh, Ha CyOHALiOHAIBHOMY, €BPOIIETi-
CbKOMY Ta MDKHApOJHOMY piBHAX.

SlckpaBuM IpUKIaZoOM LbOTO € aHaTi3, BukoHaHui Digital Science and King’s College y JIonponi, mainxe 7000
TVIC. BIUIMBOBMX HAayKOBO-IOCTIJHUX TeM, ofaHuX o PamkoBoi mporpamu pocmimkenb (Research Excellence
Framework (REF)) y 2014 p. [Togani marepianu, HaBefeHi REE, Ha04HO IeMOHCTPYIOTh BpaXkarodi Mogie/i M-
IBVICIMIUTIHAPHOI CITiBIIpalli, BiTIOBITHO 10 AKMX MaJDKe 1Bl TPETUMHI HayKOBO-JOCITHUX TEM I'PYHTYIOThCA Ha
IOEIHAHH] Pi3HNUX AVCLAILIIH.

Hediniuia mbxaucummtinaprocti (multiple disciplinary) etepMiHyeTbest XapakTepoM B3aeMOZIl MX Ayic-
UMIUTiHaMU, 3ajiTHUMM [i1d peanidanii gocnimkeHHA. HalvactimuMmuy TepMmiHamu, AKi TpamaAmTbcA B iH-
dbopManiiHNX IKepenax, € MyIbTu- (1omi-), iHTep- (Kpoc-) Ta TpaHCAUCHUIUIIHAPHUI MAXOAY O BUpilIeH-
HA IPaKTUYHYX Ipo6reM. CIOBHMKY MOJAIOTD TaKi 3HaYeHH: 1A npedikciB: «multi-» — 6araro, 6ibire, HiX
OZIMH; «inter-» — cepel, MK HMMU; B3AaEMHUIL, B3a€EMHO; «trans-» — 4epes; OHaJ, 6i/Iblile; B HACTYITHWIT II€Piof;
Ha IpOTIWIeKHOMY 6011i. OfHaK I1i MOHATTS 9aCTO BUKOPVUCTOBYIOTHCS IIOIIEPEMIHHO i CMHOHIMIYHO, 110 CTBO-
PIO€ TPYAHOILI y PO3YMiHHI AK caMMX IiIXOAiB, TakK i crienudiky ix MpaKTUYHOTO 3aCTOCYBaHHS.

MUDKEMCUMIIIIHAPHICTD y IIMPOKOMY PO3YMiHHI CKIQ[Ja€ThCA 3 [JeKIIbKOX MO3MLiN, HAllpUKIIAL, «B3a€EMO-
IIPOHVIKHEHHs, B3aEMO36aradeHH: MiXO/iB i METOMIB Pi3HMX HAyK», «IPOTHU/isA HAAMIPHOMY 3BY>KE€HHIO IIpefi-
MeTa, cepy HAyKOBUX JOCIIJKEHb», @ TAKOXX «HAYKOBO-IIe[aroridyHa HOBallisA, 110 MOPOPKYE 3AATHICTD I10-
OaunTy, po3Mi3HATH, CIPUITHATY Te, IO € HEMOCTYIIHNM Y MeXKaX OKpeMO B35ATOI HayKu 3 ii crnenudivyamm,
BY3bKOOPI€EHTOBAHUM 00’ €KTOM, IPEIMETOM Ta METOLAMY JLOCTiKEHH».

BignoBiflHO MO OTpMMaHUX pe3Y/IbTaTiB iCHye I€BHa KOpe/ALisA MK pO3BUTKOM TEXHOJIOTiN i 4acTOTOIO
BXXVBaHHS 3a3HAYECHUX TEPMiHiB: CMHOHIMIUHI 10 MDKAMCHMITTIHAPHOCTI AediHinil moyamm 3’ aBnATUCA y -
TepaTypHUX JpKepenax octaHHboi TpetuHi XX cr. [Ipndyomy HaiiMonofmMM, OY€BUIHO, € TEPMiH «TPaHCHMC-
LIMIUTIHAPHICTD»: JIOTO CHCTeMATH4He BUMKOPUCTAHHA Yy JiTepaTypPHMUX [Kepenax CIIOCTEPIra€TbCA 3 IMOYATKY
XXI cT. i moB’sA3aHe 3i 3MiHaMM MeTOZIO/IOTii HAYKOBMX JJOCIIi/PKeHb, SIKi HUH] € IIepeBa’kKHO IPAKTIKOOPiEHTO-
BaHUMM i BUXO[ATD 3a AUCHUIUTIHApHI Mexi (puc. 13).
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Puc. 13. CxemamudyHe 306paxeHHaA Mynemu- (a), iimep- (6) i mpaHcoucyunniHapHocmi (8) («wecmepHi» CUMBOI3ylomb 2HOCMUYHI
noJsig oKpemux OUCYUNIIiH, MOYKU — NPOBSIeMHI NUMAHHS)
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®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

HocnimxenHs HaBeneHuX fediHilil fa€ miCTaBy 3a3HAYNTH TaKe:

® MyIbTUAUCHUIDUTIHAPHICTD (MOXKIVBUI CMHOHIM «aIUTUBHICTb») O3HAYA€ B3a€MOJIII0 AVCUVIUIIH y IPO-
1[eci MeBHOTO JOC/TIKeHHsI 6€e3 MOETHAHHS METO/IB i 3ac06iB BiIMOBIAHIX OHTO/IOTIT (HATIPUKJIA[, He3a-
JIeKHa eKCcIepTu3a MpobieMn 30i/IbIIeHHA 3aXBOPIOBAHOCTI HA IIYKpoBUii fliabeT daxiBIAMY JeKiTbKOX
rajyseit MeIMYHOI HAYKN Y CIiIBHOMY KOMIIJIEKCHOMY JOC/Ii/PKeHHi);

e iHTepAVCUMIUTIHAPHMII MiAXif (MOXK/IMBMIT CMHOHIM «IHTEpaKTUBHICTb») JO BUpPillleHHs IIpo61eMu 311iit-
CHIOETBCA Yepes pO3IIAf, OfHi€l AVICHVIDIIHY 3 BUKOPUCTAHHAM iHCTpyMeHTapiio i MeToziB iHImoi (Ha-
IPUKIAJ, 3aTy9eHHA MDKIMCIMIUTIHAPHOT KOMaH/u TpodecioHaniB yia po60TH HaJy CKIATHUM IIPO€EK-
TOM, YCIIIIIHA peasi3alis sKoro noTpedye ekimbKox HabopiB HABUYOK a00 Tramy3eil 3HaHb);

® TPAHCAMCUMIUTIHAPHMIL MiAXiT (MOXK/IMBIIT CMHOHIM «I[iTiCHICT») € HAOIIbII CKIa{HOK GOPMOIO MiXK-
AVICUUIUIIHAPHOCTI: I0TO 3aCTOCYBAaHHA 3YMOBIIIOE 3[00yBaHHA AKICHO HOBMX (TPaHCAUCLUIUTIHAPHUX)
3HaHb, SIKi He HaJIeKaTh O THOCTUYIHOTO ITOJIS )KOMIHOI 31 CK/TaZJOBMX OHTOJIOTIN (HAIIPUKJIa[], eKOTOTiYHa
eKOHOMiKa BUXOINTD 3a CTAHAAPTHI MeXi eKOJIOTil /1 eKOHOMIKM).

MixaucIMIUTIHAPHMIL MiAXi/| € pe3yIbTaToM CIIBIIpali i3 3a/y4eHHsAM [BOX ab0 Oi/blile AMCHMIUIIHY, YHA-
CIILJOK YOTO YTBOPIOETHCS IIEBHMUI piBeHb iHTerpanii 3HaHb. BignosigHa fisnpHicT nependadae po3pobieHHs
HOBOTO iHCTPYMEHTY JOCTI/I)KEHHH, 10 MOENHYEThCA 3 iHCTPYMEHTaMy, 110 BUKOPUCTOBYIOTHCA BCiMa 3afli-
AHUMM HayKaMJi, OPiEHTOBaHMMI Ha I[I0 KOHKpeTHY Ipo6remy. Hanmpukian, iHTepaycunIviiHapHe O€gHAHHSA
MeMIVIHA J1 aTOMHOI (i3VKVM CTBOPWJIO HOBY TEXHOJIOTiIO JIIKYBaHHS paKy, 3aCTOCYBaHHs MaTeMaTWYHMX Me-
TOJiB y pi3MLli 3yMOBMIIO OSIBY MaTeMaTUIHOI (pi3uKy, a iX IO€HAHHSA Y PO3IIAAL METeOPOIOTIYHNUX ABMUIL a00
nporeciB Ha GOHZOBOMY PUHKY IIPU3BEJIO IO CTBOPEHHS TeOpil Xaocy, epeHeCeHH A MeTOIB 3 (i3uKM eeMeH-
TapHMX YaCTMHOK B aCTPO(Di3MKy JIKNUTh B OCHOBI KBAHTOBOI KOCMOJIOTii, 3aCTOCYBaHHS KOMII I0TePHIX METO-
ZiB OIpAI[IOBaHHS 300pa)keHb CIIPUMYMHIIIO BUHMKHEHHsI KOMIT I0TEpPHOTO MUCTelTBa (computer art). 3acTocy-
BaHHA MDKAVCIUIUTIaPHNX HiJIXOMIB /I/Is1 pO3B’sI3aHHS KOMIUIEKCHUX IMPAaKTUIHMX IPO6IeM TaKOX MPUBOIAUTD
IO BUHMKHEHHS HOBVX AMCUMIUTIH. Tak, HaIpuK/Iajl, KBAaHTOBE OIpallOBaHHsA iHPOpMAILil TOEHYE eIeMeHTH
KBaHTOBOI ¢isuKy Ta iHpopmaTuky, 6ioiHpopmaTiKa OETHYE MONIEKY/LIPHY 6i0710TiI0 3 iHPOPMATUKOIO TOLIIO.

Ileparoriyna ImpakTMKa CBifYUTD, 10 peajli3aliil MDKIUCHUIUIIHAPHUX IPOEKTIB «y YUCTOMY BUITIALI» Y
CepefHiil Ta BUILIIM LIKOJI € JOBOJ CK/IAJIHUM HayKOBO-METOMYHMM 3aBJaHHAM, YCIIX SKOTO 00YMOBJIEHUI],
HacaMIlepesi, B3HaYeHH;IM ONTUMAaIIbHOTO 00’€KTa i MOIaHH:A peMeTiB JOCi/KEHHs Y BUITIA/I TPOOIeMHO-
Opi€HTOBAHOTO 3aBJaHH:A. BoueBMab, Ieif eTan BinOyBaeThCA 3a TICHOI B3a€EMOJIii BUK/Ia/jadiB Pi3HMX AVCIMIUTIH,
METOJMCTIB i HAYKOBLIiB, 3YCU/UIA SIKMX 00 €HYIOTbCS B HABYa/IbHO-HAYKOBYIX IHHOBAIL{THUX CepeOBUILAX, SK,
Harpukian, Bipryansuuit STEM-uentp Manoi akagemii Hayk Yipainn «STEM-na6oparopiss MAHJIa6». 3a3Ha-
YJIMO, IO Y IepeBaXKHill O1IbIIOCTI JOCIIiIKEHD /1 OTPUMAaHHS, ONIPAIIOBAHHA Ta iHTeNpeTalil JaHNX IIPoIIo-
HYETbCA 3aCTOCYBaHHA MIMPOKOTO CIIEKTPY CyYacHMX iHPOpMATUIHMX 3ac06iB: Bif 1 pOBUX BUMipIOBaTbHIX
KOMIIIEKCIB® /10 TporpaM OIpalfloBaHHs Bifjeo- i aymiodariiis, 1o epeOyBaTh y BIIbHOMY HOCTYIIi B Mepexic.

OCHOBHUMM IpUYMHAMY, fAKi IeTePMiHYIOTb HEOOXifHICTb 3a/ydeHHS [0 JOCIKeHb NeKiIbKOX JUCIV-
IUTiH, € BUPillIeHHA pea/JbHUX COIIia/IbHO 3HAYYIINX 3aBJaHb (€KOTOTiYHNUX, TeXHIYHIX, €KOHOMIYHMX), TeXHi-
KO-TEeXHOJIOTIYHA CK/IAIHICTD peajisanii akTyanbHuX apTedakTiB (BOfHEBI ManuBHi eeMeHTH, 6ioiHdopmaru-
Ka, aBTOMATy3allisi BUPOOHMIITBA TOLI0), HEOOXIZHICTD IIOPIBHAHHS Pi3HMX IOIVLAAIB Ha IpobIeMy, HoTpebda y
CTBOPEHHI HOBUX IIEPCIIEKTUBHUX TeOpiit, 3a0e3neYeHHs INPOKOTO CIEKTPY IOCYT TOLIO.

3ayBaKumo, IO s peasisaljil 3aBJaHHs y 3aIPOIIOHOBAHOMY JOCIi/KEHHI HEOOXiJHUM € 3aymyd4eHHs
3HaHb IepeBaKHO 3 Giomoril Ta ¢isuknu, a TakoX iHPOPMATUYHMX HABUYOK, IOB’SI3aHUX 3 BUKOPUCTAHHSIM
1¢poBoro o6agHAHHA /I 30MpaHHs i aHaJI3y HaHNUX JOCIiKeHH. [{MHaMiYHy B3a€EMOJIIO IIVIX CKJIaJJOBUX
MO>KHa 00’€[JHaTV Yepe3 CUCTeMY KepyBaHH: JaHUMM JOCTipKeHHs (puc. 14).

AxafieMivHi yCTaHOBM OpraHi3oBaHi Ha AMCUVIUIIHAPHMX 3acafiaX, aje K COLiaJbHi NOTpeby, Tak i eBo-
JIOLiA HayKM BMMAralTb II€PEOCMUC/IEHHSA IPOLeCy CTBOPEHHA 3HaHb. [JOCTIPKEHHA ITOKas3aslo, 10 MiX-
AVUCUUITIIHAPHA B3aEMOJis € HEOOXITHUM JJOIIOBHEHHSIM «YUCTUX» JUCHUIUTIH i ZeTepMiHYEThCS OTY>KHUMMU
HAayKOBMMI i CycmibHUMM nOTpebaMu. IHTepAncUMIUIIHAPHICTD € XapakTepHO® o3Hakoo STEM-nigxony mo
HAaBYaHHH:A. YCIIIHe BUKOPUCTAHHS IOTEHI[iay MDKAMCUMIUIIHAPHMX HOCTIPKeHb NMOTpebye 30epexeHHs
IPaBWIBHOTO 6alaHCy MDK QyHAaMeHTaIbHUMY AUCUMIUTIHAMY | MDKAVICIUITTIHAPHICTIO.

3ayBaXumo, 10 pyHAaMeHTa/IbHi AMCHVUIUIIHY IOBUHHI 3a/IMIIATUCS AAPOM aKa/[eMiqYHOI CHCTEMU, OCKi/Tb-
KJ CaMe BOHM CTBOPIOIOTH 3acajiii CTPYKTYPYBaHHA i posyMiHHA cBiTy. OfHaK reHepanis ifieil mocigae nes-
TpajibHe MicClie Y CTBOPEHHiI HOBMX 3HaHb, TOMY B3a€EMOJIisl MDXK JUCHMIUTIHAMY € CHOCOOOM 30i/IbIIIeHHS ITOTeH-
1jiasry, pO3MMPEHHA MeX i pyLIiliHOI0 CU/IO CTBOPeHHA 3HaHb. OTXKe, iHTEPAUCINIUIIHAPHICTD € BaXKIUBOIO

® Hanpuknag, umdposoro mikpockona (http://minisee.software.informer.com/1.1/)
¢ Hanpwiknag, Tracker (http://physlets.org/tracker/)



udpoBa IUJaKTUKA Y MDXKAMCIUIIIIHAPHUX AOCTIPKEHHAX

JUIsI €BOIIONIT Ta MOCTilTHOI peKOHIrypaliil AVCIVITTIH, a BiiIOBiIHI JOCTIPKeHHS MalOTh Ha MeTi He 3aMiHUTIH,
a IOITIOBHUTY JUCLUIUTIHAPHI JOCTiI>KEHHS.

Cr1if HaroJIOCUTY Ha TOMY, IO I'PYHTOBHI AMCUVIUIIHAPHI 3HAaHHA € OCHOBOIO e(eKTVBHOTO iHTEepPAVCI-
IUTIHAPHOTO JOCiKeHHsA. 1le cToCyeThCs K HayKOBOTO IMiIXOAY «3HU3Y — Bropy», L0 BUIUIMBAE 3 IOTPeO
KOHKPETHOI JVICUVIUIIHY i BigmoBigae akajeMiuHO opieHTOBaHMM (YHAaMEeHTa/JIbHUM ROCTIKEHHAM, TaK i
HiIXOfly «3rOpY — BHM3», METOIO SIKUX € Oi/IbII ITIMOOKe pO3YMiHHSA aKTyaIbHUX COLiaIbHUX MUTaHb. OCKiIbKY
BiMiHHa 0COOMBICTh KOMIIIEKCHIX HaYKOBO-iHTEHCUBHMX yHiBepCUTETiB IOBMHHA Oy Ty Oi/IbIIIO0, HDK cyma
YaCTUH, /I YHIBEPCUTETIB BaXK/IMBO PO3BUBATU AK AUCHUIIIIHAPHICTD, TaK i MDKOVCUIUTIHAPHICTD.

BlONoria

CUCTEMA
YMPAB/TIHHA

OAHUMUA
[OC/IAMEHHSA

IHOOPMALYJIHI
TEXHOAOTI
I MEQIA

PDI3UKA

Puc. 14. MixoucyunniHapHicme ILJJ]

Y MDK@MCOUIUTIHApHUX BOCTi/PKEHHAX iCHIOTb 3HAYHI PU3MKM, 30KpeMa TOMY, 10 I JOCATHEHHA TaKOTO
piBHA, Ha AKOMY iHTerparis CoHyKaTuMe 10 3400y TTs HOBOIO 3HaHHA AK y (PyHIaMeHTa/IbHUX, TaK i y mpu-
K/IQIHUX JOCTiKeHHAX, TOTPIOHO 6araTo 3ycusb i 4acy, TOMy Ba>K/IVBe 3Ha4YeHH: Ma€ e(eKTVBHE YIIPaB/IiHHA
BifITIOBIJHMMY IIPOEKTAMM.

Ilndposa gupmakTuka 3abesnedye iHTerpalio HaBYaIbHNUX AVCLUIUIIH i MOXKe OYTH YCHIIIHO BUKOPUCTAaHA
11st GopMyBaHHs IPOOIEMO-OPIEHTOBAHMX HaBYA/IbHO-JOCTIIHNX 3aBaHb. Hait6ibll IHHUMY TIPY IIbOMY €
TaKi 3 HMX, IKi MOXXYTb Oy TU METOAMYHO JIETKO i TOTiYHO PO3BUHYTI BiZi IPOCTNX, OPi€HTOBAHUX HA OTPYMaHHSA
HepeBaKHO 3HaHb 3 OKPEMMX HaBYa/IbHVIX IIPeMeTiB, HO CKIaJHNX, AKi, 3aTy4arodn coliaabHi HayKu, popmy-
I0Th HAYyKOBY KapTUHY CBiTY i CHPUAIOTDH AKHAMIIBUAIIOMY PO3BUTKY KII0YOBUX HaBMYOK XXI CT.

[ToganpuIvMy MepCIeKTVBAMI Y HOCTIKEHH] IHTepAMCUMIUIIHAPHOTO MifXony y 1udpoBiil AuaakTuii €
CTBOpeHHsl OaHKY 3aBJjaHb, IPUAATHUX I BUKOPUCTAHHS Y CepefHill Ta BUILil KO, TO3aLIKi/IbHIiT OCBiTi,
iX yIpoBaJpKeHH: y IefaroridyHy NPaKTUKY i JOCTi[[KeHHA IeJarorivHoro pesynbraTy. IHImMit BayKImBuii ac-
IIEKT CTOCYETbCA NOCTIIPKEHHA NUHAMIKM B3a€MOZil pisHOBUIB MDKAUCIMUIUIIHAPHOCTI, a caMe, B3a€MOfIl Ta
B3aeMHOI TpaHCchOpMaIlil TpaHC-, iHTep- i MYIBTUAVICIVITIIHAPHOCTI Y JOCIIKeHHAX, HaBYaHHI Ta, 30KpeMa y
STEM-ocBiTi.

Henani peanbHIINM CTa€ MpolleC HaaHHA OCBITHIX IOCTYT Ha ducmanyiiinomy piéHi. CTBOpeHHs CailTiB
AVCTAHIIITHOI OCBITH BifiIIOBIHO MOTpeOyBaTMMe Ka[pOBOro 3abesnedeHHs KOHCY/IbTaHTiB, 00i3HAHMX Y Tay-
31 Web-pecypciB i 3gaTHUX MiATpUMYBaTH CHiIKYBaHHA 3 YYHEM / CTYAEHTOM Ha JOCTaTHbOMY TEXHOJIOTIYHOMY
piBHi. YMiHHA yunTesna / BUKIafadya MUCTATY Ha «iHPOPMAIiliHiil XBW/Ii» KOMIT F0TepHOTO 3abe3NeyeHHs CTa-
BUTD JIOTO Ha piBeHb HACTAaBHMKA i HOMIYHMKA Y [jia/03i 3i CTyZeHTOM, J03BOJIA€ OYTH /I HBOTO I[i/IeBM3HA-
YaJIbHYM aBTOPUTETOM IJIS1 PO3UIMPEHH JIOTO THOCTUYHOTO IOJIA.

Sk 6aunmo, nmdposizalisa 3Milrye MeTogNYHe 3a0e3ledyeHHs HaBYaIbHOTO IPOLeCy y HAIpsAMi paljioHasb-
HOTO Iepepo3noyiny QyHKIil, HOK/IaeHNX Ha yYuTe/s / BUK/Iajada i yuHs / CTyfeHTa, g poBi 3acobu oTpu-
MaHHA JaHKX i KoM 'oTep. IIpoTe 1e >KOOHUM YMHOM He MiHiMi3ye 3HaueHHS >KOJHOTO 3 YYaCHUKIB IIbOTO
nporecy. CTBOpeHHsI HOBUX METOJVK, Halli/IeHNX Ha OBOJIOiHHA HOBMM IIPOTPaMHMM 3a0e3Ie4eHH M i BJ[0-
CKOHQAJIEHHA YMiHb palliOHa/IPHO IX BUKOPMCTOBYBATU — II€ BMMOI'a HOBOTO OCBiTHBOTO CEPENOBMIIA.
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®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

Po3BUTOK 1M PPOBOi AUJAKTUKU
3aco6amu STEM-n1a6o0paTopii «MAHJIa6»

HayxoBo-neparoriunumy npaniBHukamu jpabopatopii «MAHJIa6»
HanionanpHoro nenTpy «Mama akajemias HayK YKpaiHM» YIPOLOBXK
2013-2019 pp. po3pobiieHo it arpoOOBaHO 3a YIACTIO BUUTEIIB Ta YYHIB

' ycix perioniB Ykpainu mabopatopHi po60TH, HaBYa/IbHO-HAYKOBI JOCIi-

¢ ﬂfﬂ;"'laff”fﬁ"ﬂifiﬂwﬁﬁ JPKEHHSI 3 BUKOPVCTAHHIM MOX/IMBOCTEN Cy9acHOro [udpoBoro obmas-

: HaHHA (BUMIpIOBaJIbHMX KOMIUIEKCiB, IVIPPOBMX Biffeo / aymio3acobis

Ta MIKPOCKOIIiB, aHAITMYHUX Ta MOJEMIOBATIBHNX IIPOrpaM), 10 € 3Ha-

YYLIYM BHECKOM Y PO3BUTOK Teopil i mpakTuky undpoBoi AUAAKTUKY B
YkpaiHi.

3anponoHOBaHi HaBYaIbHO-HAYKOBI JOCTi/[KeHH:, AKi BiIIOBifal0Th

HaBYa/JIbHUM IIporpamam 3 ¢isuku mjisa 7-11 kmaciB i 3arabHOOCBIT-

E E HiX Ta IpoiNbHUX MK/ i ZAI0Th MOXK/IMBICTD TOCTIUTY BifXM/TeHHS Ha-
?. TYPHOTO eKCIIEPYMEHTY BiJl TEOPETUYHOI MOJIeIi, @ TAKOXX OOy yBaT! Ta
- MOPiBHATH TEOPETUYHY MOZENb 3 HACAIGKaM/ HaTYPHOTO HOCTiI KEHH.
E 3a3HaueHe MO)XKHa BUKOHATHU, 30KpeMa, HUIAXOM JOIOBHEHHA 1 TpPaHC-

(dbopMyBaHHA TeOPETUYHOI MOZIe/Ii 10 MajiKe IIOBHOTO 36iry 3 pealbHUMM
(Heifeai3oBaHMMU) pe3y/IbTaTaAMIU.

[TpakTMYHUM pe3yIbTaTOM AisNbHOCTI (axiBIiB Bigminry cTBOpeHHA
HaBYa/IbHO-TeMaTUYHMX cHcTeM 3HaHb HamionampHOro nentpy «Mama
akajemis Hayk Ykpaiun» (HI «MAHY») crano ctBopenHs 6inblie 30 a-
6opaTopHUX pobiT 3 Hi3MKM AK MPAKTUIHOTO BIPOBAMKEHH 11PpOBOI
IAMIAKTUKY, B AKUX HOEXHAHO LMPOBi, ICUXOTIOTO-NIearoriyui ta iH-
dbopMalilHi TexHOMOrii. 3aIpOIIOHOBaHI METOAVIKY, CTBOPIOIOYN MOXK/IVMBOCTI /I PO3BUTKY Cy0’€KTa OCBITH
BiJl BUKOHAHHA aJITOPUTMi30BaHNUX HOCTIIKeHb 1O TOOYIOBY MaTeMaTMYHIIX MOJie/Iell sIBULY i iHKeHepHO-Ha-
YKOBOTO IPOTHO3YBAHHS, 110 CYTi MiCTATb O3HAK) iHHOBALIIIHMX CUCTEM YTIPABJIiHHA 3HAHHAMH y CYy4aCHOMY
OCBITHbOMY CEpeJOBUIIL].

Bceykpaincpkmii
HAyKOBO-MeTOTMIHMIA
BipryanbHuii STEM-nentp
«STEM-na6oparopia MAH/Ia6»

Yci ma6opaTopHi po6oTy BUK/IafeHi Ha pecypci www.stemua.science y BiTbHOMY KOCTYymi.

Oco611BOI yBary y KOHTEKCTi pO3BUTKY LPPOBOI ANJAKTHKM 3aC/TyTOBYIOTD BipTyasbHi cepefobuina STEM-
OCBITH SIK, HAIIPMKJIaJj, HABYaTIbHO-HayKOBe iHHOBailiHe cepenosuie «STEM-maboparopis "MAHJIa6"», GyHK-
[iOHYBaHHS SIKOTO 3a0e31eYyeThCsl Bifiii/IOM CTBOPEHHS HaBYa/IbHO-TeMaTNYHNX cucteM 3HaHb HI] «MAHY»
y BipTya/IbHOMY Ta pealbHOMY pexumax. e — moprai, AKuit MiCTUTD fIeKibKa IpyIl faHux abo iHdopMariiHux
6mokiB. Tak, gaHi 1 BUNTENTIB IO 3aranbHy MeToponorito peanisanii STEM / STEAM-npoexris i 3acapu mud-
POBOI AMAAKTVKI BUK/IaZeHO Y pO3zini « MeTognaHmit KabiHeT».

Inei Ta MeTouyuHi po3pobku HaByanbHO-HayKoBUX STEM / STEAM-mocmimKeHb A/ Y4HIB BUKIQ[IEHO Y
poszinax «[Jocmiganibki pobotn» i «MeToaukm». 3ayBakuMO, 10 JOCI/PKEHH 3 IPUPOSHNYNX i ryMaHiTap-
HVIX AVICUVIVIIH, SKi BUK/IaieHO y GopMi ZOCTIFHUIIBKYX POOiT, 3SrpyHOBaHO 3a MiApO3/inaMu:

e Science — BiIIOBiHO /10 IIKITbHNX IPUPOJHNYNX JUCLUIUTIH: Bi3uKa, acTpoHOMif, Ximis, 6ionoris, reo-
rpadis, MiHepaoris Ta eKoJIoris;

e Technology - BimOBiHO KO CyYacHMX TEXHOJIOTiN: 6i0T€XHOIOTiA, MaTepiao3HABCTBO, iHpOpMaIiliHi,
XiMi4Hi, HAHO-, Xap4OBi, MEIMYHi TEXHOJIOTiI Ta €HEePreTIKa;

e Engineering — MOJeNOBaHHA, IPOTOTUIIYBAaHHA, TEXHOJIOTIYHE NPOEKTYBaHH:A, IIaTEHTHA [IisA/IbHICTD,
KOHCTPYKTOPCbKE IIPOEKTYBaHHS;

e All - BifnoBifHO KO IMIKiTBHUX I'yMaHiTapHO-eKOHOMIYHMX AVMCIMIUIIH: YKpaiHCbKa Ta iHO3eMHi MOBU,
icTopis, MUCTELTBO, fM3alIH, EKOHOMIiKa, IPaBO3HABCTBO;

e Math - anre6pa, reomeTpisi, Biilla MaTeMaTHKa.
Pospin «TecryBanua» noprany «STEM-mabopatopia "MAHJIa6"» MicTUTb AUCTAHIIHUI iHCTpyMeHTapiit

OiarHOCTYBaHHA iHTEpeCiB AUTUHI O NPUPOSHUYMX OUCHUIUIIH Ta JO3BOJIAE JOMYYaTUCA B0 IHAUBIZyaTIbHUX
i TPYNOBMX JOCTIFHULIIBKUX IPAKTUK Y BIpTya/lbHOMY i1 pealbHOMY peXXMMax.


http://www.stemua.science

Po3BuTOK 1uppoBoi augakTuKK 3acobamu STEM-nabopaTopii «xMAHJ/Ta6»

3 inmoro 60Ky, HaBuanbHe cepenoBuile «STEM-maboparopis "MAHJIa6"» Mae Taki oco6mmuBocTi B i10ro
CKJ/IaJIOBMX:

e iHdopMalliiiHO-TeXHOMOrIYHY: HaBYa/IbHi IIporpaMi, MeTOMYHI MaTepiau, BipTyanbHi mabopatopil;
® IIPOCTOPOBO-MaTepiaabHy: 0OMaHAHHS IPOBIIHNUX BITYM3HAHNUX Ta 3aKOPOHHNX BUPOOHMKIB;

®  COILia/IbHO-0COOMCTICHY: YUHIi 3aK/IajliB 3ara/IbHOI CEPeNHbOI i TO3ANIKIIbHOI OCBITH, CTYAEHTI 3aK/IafliB
BIIIIOI OCBiTHM, HAYKOBi, HAYKOBO-IIEArOTiuHi Ta Mearoriyni Kagpy, ¢paxiBii-BONTOHTEpH 3 Pi3HUX rajy-
3ell BUpoOHUITBa Ta eHTy3iacTy po3sBuTkKy STEM-ocBiTH B YkpaiHi.

MeropnyHi po3poOKyM TEOPETUKO-METOANYHMX 3acaji LIO/I0 OpraHi3auii HaBYaTbHNUX AOCI/KEHD, JOCIiNI-
HUIIbKUX IPAaKTUKYMiB, HaBYa/IbHO-HAYKOBMX EKCIIEAVIIili 3 BUKOPUCTAHHAM IUQPPOBOro 06/1afHaAHHS, BUKO-
HaHi cniBpobiTHuKamn mabopatopii «MAHJIa6» HIT «MAHY», foBenu cBowo edeKTUBHICTD, ix anpobaris B
IPAaKTUYHIl Jis/IbHOCTI IITHIX HAYKOBMX IIKiJI, Y 3aX0faX IPOEKTY «BinkpuTa ocBiTHA TabopaTopisa» € nepimnm
KPOKOM III0fI0 PO3BUTKY Teopii i mpakTuky udpoBoi AUAAKTUKY B YKpaiHi.

«STEM-naboparopis "MAHJIa6"» TakoX 3AiJICHIOE HayKOBO-METOAMYHMUII CYNPOBIf His/IBHOCTI MiTHIX
npupopanuux mkin (http://man.gov.ua/ua/activities/litni_shkoly) — ogroro 3 6ararbox ocitHix npoextis HIJ
«MAHY». Ha 6a3i MixzaapogHoro 1ieHTpy antsa4oi Haykosoi TBopyocTi HII «MAHY» y4Hi MaloTb MOXXIMBIiCTH
iy kepiBHUIITBOM daxisuis HI « MAHY» Ta HaykoBILiB ITpalfoBaTy HaJj HAYKOBMMM ¥ iH)K€HEPHUMM ITPOEK-
Tamy, popMyBaTy i pO3BMBATH YMiHHA CTABUTY 3aBIAHHA i BUPOO/IATI IUIaH Jill, 3100yBaTH HOCBi/l KOMaHHOI
po6OTI Hajj peaTbHUM HAYKOBO-IOCTITHUIIBKYIM IPOEKTOM, PO3LIVPIOBATH Ta IOIIMOIIOBATI 3HAHHSA Y IIiKa-
BIUX Ta/lTy3sAX HayKM, eQeKTUBHO NMpe3eHTYBaTU IMPOEKTY AeKimbKoMa MoBaMu. HaBemeMo NMpuK/Iafn JOCTiz-
HUIIBKUX IIPOEKTIB, 3aIIPOIIOHOBAHNUX Ha OfIHIN 3 Pi3MYHUX MIKi/T: ZOCTI/KEHHA YIbTPa3BYKOBOTO KaIi/IAPHOTO
edexTy, ocmimKeHHA POTOAKYCTUYIHOTO ePeKTy, JOCTIPKeHHA aKyCTUYHOI TiH3M 3 HOBITPAHOI KY/IbKU, HO-
CTi/PKeHHs 3MiHM 3BYKY Iifi 4ac obepTaHH: ucka Eitnepa, focmipkeHHs 3ByKOBUX KO/IMBaHb, 1[0 BUHMKAIOTD
y pasi 3iTKHeHH: KepaMiYHVUX MarHitis chepuanoi popmu.

Otxe, ocitHe cepepoBuie STEM-nmab6opatopii «MAHJIa6» € HaBYaIbHO-HAYKOBOIO METOAMYHOIO II/IaT-
¢dopMoto, sIKa penpe3eHTye iIHHOBALITHNII MeJaroTiYHmil JOCBif, iHTerpytoun 1upposy augaktuky i STEM-
nigxing y dopmyBaHHI HOCTITHUIIBKUX pobiT. BOHO € c1cTeMOor0, iHTerpOBaHO0 i3 COLIOKYIBTYPHUM OTOYEH-
HAM, 2 OT)Ke, THYYKOIO 1 9y T/IMBOIO O 30BHIIIHIX BIUIMBIB, HAIIPUK/IA/l, TEXHIKO-T€XHONIOT1YHUX.

Lugposa oudaxmuxa — pe3yabTaT B3aEMOJil IICMXO/IOTO-NIeAaroriyunx, inpopmaniitHux i undpoBux Tex-
HOJIOTiil 3 BUKOPUCTaHHAM TPaHCAUCIUIUIIHAPHOTO MiIXORy 10 GOpPMYBaHHA HaBYaIbHUX CEPETOBMUII 3 MaTe-
pia/zbHOIO Ta iHPOPMALiTHO-TeXHOIOTIYHOIO CKIaJOBUMIA, L0 IPYHTYIOTHCA Ha CYy4acHUX IM(POBUX 3acobax
HaBYaHH:A. BoHa crpsAAMoBaHa Ha ix e(eKTUBHe BUKOPVCTAHHA SIK METOAY, TaK i pe3y/IbTaTy HaBYaHHA yciMa
y4acHUKamm ocBitHboro npouecy y XXI c1. lludpoBa fupakTuka € 10riYHNM NPOROBKEHHAM TPajULitHOI
TeOpil HABYaHHA B yMOBaX Cy4acHOTO CBiTYy.
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TexHou10ril, AKi 3MiHIOIOTh OCBITY

Po3rsiHeMo OCHOBHI TpeHAN, SKi pafiKaabHO 3MiHIOITH GopManbHe i HeopMaTbHe OCBITHE CepefoBUIIIE:
® yugposi peanvrocmi: nonobHeHa (Augmented Reality (AR)), BipryanpHa (Virtual Reality (VR)) Ta 3mi-

mana (Mixed Reality (MR))’;

® yudposi HABUANLHO-HAYKO6I nabopamopii IIA CHiIbHOI KOMaHAHOI poOOTH: XMapOOpi€HTOBaHi, IO

MicTATh HabOPM BCiX MPUCTPOIB, HEOOXITHUX [ HOCTIIKeHH®, 3 BiAMOBiTHO ymMeOmboBaHyMy (Smart
Desk) i o6magHanuMy HaBYa/IbHUMM NIPUIAfaMy Uil PISHOMAHITHUX aKTMBHOCTel (TBOPYOCTI, JOCTi-
IKEHHsI, pPO3BUTKY, IIPe3€HTYBaHHsA, IHTEPaKTUBHOI B3aeMOfil, 0OMiHy maHuMmu), Hanpukaag, Future
Classroom Lab (puc. 15);

Puc. 15. Future Classroom Lab by European Schoolnet

® inmezpauyis popmanvHoi i HegpopmanvHoi oceimu 3a aKTMBHOI y4acTi yHiBepcuTeTiB’;
o wmyunuii inmenexm (Artificial Intelligence (AI)), siknit ;OIIOBHIOE pOOOTY yuuTeNs, HAIPUKIIAK, BIpTY-

aJIbHa KOHCY/bTalilHa cryx6a (IBM Watson, Chat bots, Cognii) (puc. 16);

nepcoHanizoéame HA84aHHA: Bifi BUOOPY MIKOMM (fep>KaBHOI, IPMBATHOI, BipTYaIbHOI), 3MILIAHOTO Ha-
BYaHHA (BUKOPMCTAaHHA [HTepHeTY I peanisanii iHuBiyaTbHOI HaBYaIbHOI TPAEKTOPIi, Y TOMY 4mC-
i BapiaTMBHICTh KOHTPOIIIO, Yacy, Miclid, LIJIAXIB Ta / abo TeMITY HaBYaHHA) 4O afJalTUBHOI TEXHOJIOTI]
HaBYaHHs, yepe3 AKY 3[ilICHIOETbCA MOCTIIHNI aHa/li3 JaHUX YYHIB / CTYHEHTIB y pealbHOMY 4aci, Ha
OCHOBi YOTO aBTOMAaTMYHO 3MIiHIOETbCs 200 3MiICT, 200 MOPAKOK OPMyBaHHS HaBUYOK; Ije HO3BOJISIE
YIHAM / CTyfIleHTaM B3aEMOZIATH 3 iHpopMalieio Ta 3 KOOpAMHATOPAMI HaBYaHHA Y BIACHOMY TeMII,
obupary iHAMBiyaTbHi HaBYA/IbHI TPA€eKTOPIi 3a JOIIOMOrOI0 JOCTYIIHOTO aBTOMAaTHYHOTO i IPOTHO30-
BaHOTO 3B A3KY;

7 YucneHHi noTy»kHi komnaHii (Hanpuknag, Apple, Google, Facebook, Microsoft, .. .
Sony) iHBecTylOTb y HOBi popMM B3aeMoZil MiX ntogbmMy Ta KOMM'loTepamu Mlcrosoft
(Human-Computer Interaction (HCI)), BigBigaHHA BipTyanbHUX €KCKYPCilt 3 .
okynapamu HoloLens Big Microsoft

8 Hanpwuknag, y 2014 p. y HaBuanbHux 3aknagax CLUA 6yno BukopuctaHo noHag Tpu minbinoHn komn'totepis Chromebook.
? IHwa Ha3Ba science talent search, inquiry based learning.



N

ﬁ« Promethean s M locorobo 0

TexHouJ10ril, AKI 3MIHIOIOTb OCBITY

(e
-

(tes

Puc. 16. Limyy4Hud iHmenekm y Has4yansHomy npoueci (IBM Watson, Chat bots, Cognii)

eeliMighikayis i cumynAyis: irpoBi TeXHOMOTII pOOIATD CK/Ia/iHe HaBYa/IbHe 3aBIaHHA OiIbII I[iKaBYIM Jf iH-
TePaKTUBHUM, OCKI/IbKYM TEXHOJOTisA IBUKO IIPOTPECYE, BOHA BUKOPUCTOBYETHCA I/l BUXOBHMUX irop y
KOXKHIVT AVCHUITIIHI SIK iIHMBifya/IbHO, TaK i CIiIbHO Yepe3 MOBTOPIOBaHI Ta IpogyMaHi il y 6esnedno-
My MYJIbTUCEHCOPHOMY CEPEeNOBUILL, IPM3HAYEHOMY JI/Id iMiTallil peabHOTO XXUTTH; OKPIiM TOTO, BipTy-
a/IbHi irpoBi CBiTM HaJAI0Th YHIKaIbHY MOXK/IVBICTh 3aCTOCOBYBATH HOBi 3HAHHA i IPUIIMAaTV KPUTUYIHO
Ba)X/IVBI pillleHHS, BUSHAYAI0UY II€PEIIKOM, PO3I/LAAI0YM YMC/ICHH] ITepCIeKTYBY, BUIIPOOOBYBATH pi3-
Hi BiANOBizi; B irpax iCHye MUTTEBMUII 3BOPOTHUII 3B’A30K, i Ile CTBOPIOE BIACHY IIO3UTUBHY MOTVBALIilO
KO>KHOTO Y4HS;

inmeprem peueii (IoT), Hampukaf, Promethean — iHTepakTuBHI AMcII/IE] 3 TEXHOMOTiEI0 MYTBTUOTUKY,
CYXOTO BUTMPAHHS, IPUPOJHOTO MICbMa 3 IPOrPaMHIUM 3a0e3IedeHH M [ JOCTaBKY YPOKiB Ha OCHO-
Bi XMapHMX TEXHOJIOTii 1 IIEPCOHA/JIbHOTO HaBYaHHsA BMK/IA[adiB, Scanmarker, axkuit gae 3MOr'y 4epe3
IpoToBMit / 6€3APOTOBUIT 3B’I30K CKaHYBATH i peflaryBaTy TeKCT i3 OyAb-AKMX HOCIiB 6e3mocepesHbO
Ha T'aJpKeT 3 MOZI/IbIIIO0 MOXKIMBICTIO 110TO IepeKkitany 6inbi Hix 40 MoBaMM, icHye HaBiTh QyHKLiA
IIPOCITYXOBYBaHHA IIifi Yac cKaHyBaHHA; LocoRobo - mpoBaiiiep HaBYaHHS IPOrpaMyBaHHs Ta pobo-
TOTEXHIiKM, BUKOPYCTOBYE POOOTIB I/ HaBYAaHHS MOB KOZyBaHHA, Takux sk Python, C, Javascript Ta
MatLab, a xypc LocoloT naBuae 6ynyBartu, nmpoextysary i migkmodatu cuctemu loT 3 myms; Kaltura
flae 3MOTy Y4HAM / CTy[€HTaM i BUK/IaJadyaM CTBOPIOBATH, PeJaryBaTy i IOMMPIOBATH BUCOKOAKICHE
BiZleo HAXXMBO 2060 Ha OY/b-AKUI FaJKET 3 KiHI[€BOIO METOIO B3a€MOII Ta TBOPYOCTi; 3 BUKOPUCTAHHAM
Tynker miTy moYMHaIOTh HaBYATUCA i KOZYBATH 3a JOIIOMOTOI0 OJIOKiB Bi3yaTbHOTO KOJY, IIIO JOIIOMArae
3pO3yMiTV KOHIIEMNIIil0 IpOrpaMyBaHHs, Iepll HiXK IepeiiTu 10 NONMyAApHUX MOB, TaKUX AK JavaScript
Ta Pyton; i HaBMYKM MOXYTb OYTM 3aCTOCOBaHI IO IPOrpaMyBaHHs APOHIB, JOAATKIB, irop, po6oTiB
touio (puc. 17);

|

Digital Literacy Solutions

canMarker KALTURA
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Puc. 17. I[HmepHem peueti 8 ocgimi
(Promethean Scanmarker, LocoRobo Kaltura Tynker)
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https://translate.googleusercontent.com/translate_c?depth=1&hl=uk&rurl=translate.google.com&sl=en&sp=nmt4&tl=uk&u=https://locorobo.co/&xid=17259,15700022,15700186,15700190,15700256,15700259,15700262,15700265,15700271,15700283&usg=ALkJrhjxAgYLTruqj7WkF8zqP55-r5LYIw
https://translate.googleusercontent.com/translate_c?depth=1&hl=uk&rurl=translate.google.com&sl=en&sp=nmt4&tl=uk&u=https://corp.kaltura.com/&xid=17259,15700022,15700186,15700190,15700256,15700259,15700262,15700265,15700271,15700283&usg=ALkJrhjIEwgsMc_Wc693I844S0Ihw4JjkA
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e texHonoris Blockchain — mait6yTHI MelTHCTPIM Y cdepi OCBiTH, CIIpAMOBaHMIT Ha MiATPUMKY HaBYaHHSA
YIIPOLOBX YChOTO KUTTs, 30KpeMa IOTeHIiifHIIT poOOTOfaBellb MOYKe BUKOPMCTOBYBATU aBTOMATH30-
BaHMII 60T 1 omryky Web-npodinis Heo6xigHux ciBpo6iTHUKIB (puc. 18).

kajeet-
[m] ZAi[m]
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Puc. 18. CyuacHi mexHonoeii 8 ocgimi



JlabopaTopHa po6oTa Ne 1

JlabopaTtopHa po6oTta Ne 1.

JocnigxeHHs NPSAMOJIiHIHHOTO
PiBHOIIPUCKOPEHOIO pyXy

Mema pobomu: TOCTiANTY PYX Ti/a, IO PyXa€eTbCs 3 MPUCKOPEHHAM, 3a JOIOMOTOK0 IIPOrPaMHOro 3abe3-
TIeYeHHs JIS aHaJIi3y BifleO3alNnCiB.

3asdanns pobomu:

1.
2.
3.

OsHarioMuTHCA 3 IPaBUIAMM CTBOPEHHA BiJle03aluCy pyxy Tina.
CTBOpUTH Bifje03anyuc piBHOIPUCKOPEHOTO PyXy ab0 3aBaHTa>KUTYU TOTOBMUII 3 PeCypcy.

3a JOIOMOroI0 IIPOrpaMHOro 3abesnedeHHs /I aHAJi3y BifeosamuciB oTpuMaTy rpadik pyxy Tima Ta
rpadik MBUAKOCTI Tina.

BUKOpPMCTOBYIOUM MaTeMaTHMYHMII allapaT IPOrPaMHOro 3abe3nedeHHsI, 00UMCIUTI IPUCKOPEHHS PyXy
Tina rpadiyHIMM METOIOM.

Ob6naonanns: 11K, nudposuit poroanapar abo Bimeokamepa, miHiliKa, irpamkoBuii aBToMo6inb abo i
Tina, pyx AKMx Oyze HOCTipKyBaTnC.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

Puc. 1. 3oeHiwHiti 8uensao sikHa npoepamu Tracker

Tracker — 1e 6e3KOLITOBHMII IHCTPYMEHT aHasi3y Bifeo, mobynoBanuit Ha mwiatgopmi Java Open Source
Physics (OSP). Bin mpusHaueHuit mia BUKOPUCTAHHA y (isuiii Ta iHIMMX ramyssax, fe BMBYAIOTLCA PyXoMi
06’extn. Tracker TakoXk Ma€e MO>XK/IUBICTb 06’€fHATY Bifieo 3 KOMIT IOTEPHIM MOJIETIIOBaHHAM (puc. 1).

Oco6mMBOCTAMY BKa3aHOTO IIPOTPAMHOT0 3a0e3IeYeHHS €:

py4YHe Ta aBTOMATM4He BicTeXkeHHS 00 €KTiB i3 HaKIaJaHHAM MapKepiB MO3MILil, IIBUAKOCTI Ta IpH-
CKODEHHS;

MOJIENIOBAaHHA 3 MOXK/IMBICTIO CTBOPEHHS KiHEMaTUYHUX Ta AVMHAMIYHMX MOJENIEN PyXy MaTepia/bHUX
TOYOK i IBOKOMIIOHEHTHUX cycTeM. HakazeHi Mofiei aBTOMaTYHO CMHXPOHI3YIOTbCS Ta MacIiTady-
I0ThCA Y BifIeo I MPAMOTO Bi3ya/IbHOTO MOPiBHAHHA 3 peaJlbHUM IIPOLECOM;

BUKOPMCTAHHA Bileo(inbTpiB, sIKi BpaXOBYIOTh IEPCIEKTVBHI CIIOTBOPeHHs i1 eeKT 00 eKTuBa TUITY
«pub’srae 0KO»;
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® MOXX/IMBICTb BUKOPUCTAHHA BUMipIOBAJIbHUX IHCTPYMEHTIB, TaKMX fK JIiHilIKa, TPAHCIIOPTUD;
® IIOTY>KHMI iIHCTPYMEHT aHaji3y JaHUX, AKUI MICTUTb aBTOMATHUYHI i py4Hi HACTPOIIKM KPUBMX;

® BUKOPMUCTAHHA pecypciB 1udpoBux 6i6mioTex.

Y wiit po6oti srafaHe IporpaMHe 3a0e3IeYeHHs 3aCTOCOBYETHCA I BU3HAUEHHS IIPUCKOPEHHS PYXY
irpamkoBoro aBToMo0isA, AKOro BiH HabyBae IIifi Yac pyXy 3 IOJOXKEHHA CIIOKOI0 32 PAaXyHOK IIPY)XMHHOTO
pyuris abo 6yAb-sAKOro iHIIOro pyXOMOro Tija, SIke BUKOPMCTOBYEThCA IIPY BUKOHAHHI pOOOTIL.

IIpsAAMOMiHIVIHNIT PiBHOIPUCKOPEHMII PYX Ti/la XapaKTepU3YETHCA BEIMYMHOIO i HAIIPAMKOM IPUCKOPEHHA
a. [ls aHamisy poro pyxy o6uparTh Bich KoopauHat Ox Tak, 106 BoHA Oy/ia IapajeNbHO TPAEKTOPIi pyXy
Ti/lIa. Y 1IbOMY BUIIAJIKY BUPa3 /I BUSHAYEHHA 3HAYE€HHA IIPOEKII MUTTEBOI IBUIKOCTI PyXy Ma€ BULTIAL:

Vy = Vg + @yt (1)

Ipadikom mBuAKOCTI Tia 6yme Bifpizok MpsAMOI, HaXMIEHNI i IIEBHUM KyTOM IO OCi 9acy, OCKiIbKM Iis
3aJIXKHICTD € JIiHITHOI0. 32 YMOBH, AKIIO Ti/I0O PO3IIOYMHAE CBill PyX 3i cTaHy CIOKOIO (174, = 0 ), Tpadik pos-
MIOYMHAETHCA 3 MOYATKy KoopanHaT. KyT Haxwny rpadika BU3HaYaeTbCs 3HAYEHHAM NPOEKIl IPUCKOPEHHA
PyXy Tina. BcTaHOBMBIIY BUIJIAN PiBHAHHA IPSAMOI, MOXKHA BU3HAUUTH 3HAK 1 3HAYEHHA IPOEKLII IPUCKOPEH-
HA PYXY Tina.

PiBHAHHA pyXy Ti/la Ipy piBHOIPUCKOPEHOMY PYCi Ma€ BUITIAJ, KBaIPaTMYHOI 3a/IEXKHOCTI:

a,t*
X =g+ Vgyt + "; . (2)

Tomy rpadikom pyxy Tina 6yge yacTuHa napadony. BcraHoBMBIIV BUIIAL PiBHAHHA Ii€l mapab oy, TaKoX
MO>XHa BM3HAYMTH 3HAK 1 3HaYeHHs IIPOEKUII IPUCKOPEHHA PYXY Tina.

Xio pobomu
Yacmuna 1. Ompumanns eioeozanucy

YcTaHOBITb Ha HOBEPXHIi CTONY JHINKY, IIONIepeHbO 3’ ACYBaBIIN ii JOBXKIHY.

2. HapaiiTe npy>XnHi fBUTyHa aBTOMOOI/ISI HEBETMKOTO CTUCHEHHS, o6epTanq1/1 Koseca aBToMOo0iIs, i BCTaHO-
BiTbh JI0T0 MOBepX NiHiikM. BifmycTiTh aBTOMOOINB i pOC/iKYyIiTe, 11100 BiH pyXaBCs B3XOBXK TiHIKI.

3. O6epiTp npucTpiii, AKMM B OyfieTe BUKOHYBATH Bifle03i1OMKY. 3’sCyIiTe SIKIiCTb 00 €KTHBa, 11100 HaasIi Bpa-
XyBaTy MOXX/IVBI CIIOTBOpeHHsI. 3’sICyiiTe, 3 SKOK YacTOTOI Oyfe BimbOyBatucs 3itoMKa Bifeo (6implricTh
IPUCTPOIB 3a 3aMOBYYBaHHAM poO/ATh 30 KaapiB Ha CEKYHAY).

4. YcTaHOBITb IPUCTPIii TaK, o6 miHilKa i pyXoMmit aBTOMOOi/Ib TOBHICTIO MOTPAIULAIN B Kafp i B mporeci
3TIOMKM IIPUCTPIll HE PyXaBCA.

5. Po3mouHiTh 3anmuc Bifieo i MOBTOPITh KPOK 2. 3po6iTh 1ie AeKiabKa 3aIuciB, 106 MO>KHa 6y/10 BUOpaTy Hail-
Kpamuit BapiaHT. JKII0 MOXXIMBOCTI 3/IifICHUTH Bifle03aliC HEMAE, 3aBaHTa)XTe TOTOBE Bifle0 3 pecypcy.
Yacmuna 2. Onpauroéanus ioeo

6. 3aBaHTaxTe Bifeo y nmporpamy Tracker. [lna mporo ckopucraiitecs KHOnkoo Open y BepXHbOMY MEHIO
nporpamu.

(# Tracker

File Edit Video Track Coordinate Sys

Z|H| = | mw- L

i 4 |Open avideo or tracker file in a newtab|

Tako)X MOXKHa «IepeTATHYT!» (ajll 3aI1Cy ¥ BIKHO IIporpaMy a0 3aBaHTa>KUTH i1oro yepes MeHIo File >
Import > Video. fIkio nmporpama He Z03BOIN/Ia 3aBAaHTAXWUTY Bifleo, HeOOXifHO AibpaTy iHIMIT fioro popmat
3a JIOIIOMOTOI0 PefakTopiB Biffeo (puc. 2).


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/rivnopriskoreniy%20ruh/rivnopriskoreniy%20ruh.wmv

& Tader

Fle Edt Video Track Coordnate System View_fielp

JlabopaTopHa po6oTa Ne 1

onrovs >

- 8 Qs | 2

2|\ % A AL L A

/- s8cC

ey s 4645 524700

Plotviow ofack dta vl appest hare.

Table dew of Fack daa willappeathere.

WIN_20180319._16_55_35_Pro.mpd |

a o |osa@l-

Puc. 2. Buznso sikHa npoepamu Tracker nicig 3a8aHmMakeHHs 8ioeo

7. BUKOpPMCTOBYIOYM KHOIIKM K€PYBAaHHA B HIDKHIIl YaCTVHI BiKHA 3 Bifleo, IepeI/IAHbTE 3aIIIC.

SIK1110 06’ €KTUB IPUCTPOIO JI/IsI 3IOMKH JIA€ CIOTBOPEHHS 300paskeHHs1, BUKOPUCTAliTe BifnoBigHMIt GinbTp

Bifieo.

8. YcraHOBITH HOMEP Kafipy, 3 IKOTO PO3IIOYABCs PyX aBTOMOOI/IA, Ta HOMep KaJipy, KON BiH JoiXaB JjO Kpalo

\lldén‘ Track Coordinate System View Help

Boplace- late =0 B | Q 112m |

Close

Goto... Cirl-G

Paste Image 13

¥ Visible

¥ Play All Steps

¥ Smooth Play {may be slow)
Filters. ]
Properties...

New P Baseline

Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize
Rotate
Strobe

Sum

MiHiKy. JIiYNIbHUK KafipiB pO3TalIOBaHMIA Y CTPiUlli KHOIIOK KEPYBaHHA y BiKHI BifleO3aIucy.

9. O6epitb y BepxHiit cTpiuni kHonky Clip Settings B. Bunage BikHO BCTaHOBIEHHsI MeX Ka/[piB Bifjeo3amnucy.
3a3HayTe B HbOMY HOMep [IOYATKOBOTO i KiHI[eBOTO KaJpy, KPOK 3MiHM KafipiB (K10 KafipiB 6arato, To Kpok
Jla€ 3MOTY 3MEHIINTH Ki/IbKiCTb KaJpiB /I aHa/Ii3y) Ta YaCTOTY 3/10MKM (32 3aMOBYYBAaHHAM IIporpaMa cama

4]

016 |100% E M P
-

obupae 1ell mapameTp i3 BlacTuBOCTeN Bigeosamnucy). O6epits Ok.

|16
Step size: |2

End frame: |48

Frame Times
Starttime:|0,000 5

Frame rate:|30,03 /s
Frame dt;[0,033 5

cone
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10. O6epitb y BepxHili cTpiuni kHonky Show or hide the coordinate axes ™=/, Ha Bifeo3anuci 3’aBnsaTbcs oci ko-
oppuHart. LIeHTp cucteMu KOOpAMHAT MEPETATHITh ¥ TOUKY, IO AKHAKpallle BiiIOBifjaTuMe CUTYaLil pyxy
aBToMo0ina. Hanmpukiag, cyMmicTiTh 1i 3 IeHTpOM HepegHbOro Kojeca aBToMo6insa. Oci KoOpAMHAT MOXYTh
noseprarucs. [Iporpaiite MOMEHT pyXy O KiHIIeBOTO KafIpy Ta «IIPOBEPHITb» BiCh TaK, 1100 BOHA IIPOXOAMIIA
Yepes L10 CaMy TOYKY Ha KiHIjeBoMY Kajipi. [ToBepTaTi cucteMy KOOpAMHAT MOXKHA, 0OpaBILY BiCh MaHimy-
nsaTopoM. JJogaTHMIT HATIPSIMOK Ha OCi BU3HAYAETHCSI KOPOTKOIO PUCKOIO Ha Hill. [IOBTOpHO 06epiTh KHONIKY

Show or hide the coordinate axes [+-|. Cucrema KoOpAVHAT 3HNUKHE, aJIe ii T0TI0XKEeHHsI ITporpaMa 3aram sTOBYE.

ks - 8 x
Flo Egi Vidoo Track Coordnato Systom View Help

S5 %8 e L | Koo o B Qa2 oh |\ 4 A A DA 4 A s-a3¢€

PR p—

< !
v foon [ u > 2 vz

WIN_20180319_16_55_35 Promg |

Puc. 3. Buenso ikHa npoepamu Tracker nic/isi 6CMaHo8/1eHHs NO0XeHHs cucmemu KOopOuHam

+10 |
\lﬂlv

11. Ob6epiTp y BepxHilt crpiuni kHonKy Show, hide or create calibration tools Ta B MeHIO — New >
Calibration Stick. IIporpama 3anpononye, yrpumyroun knasinry Shift, ob6paru Ha 306paxkeHHi nepuy i gpy-
Ty TOYKY /IS OfMHIYHOTO Bifipiska. Ha Bifeo 3’saButbhcs Bigpisok. Hap BifpiskoMm Heo6xifHO B 1judpoBo-
My IIOJIi BBECTM 3HA4Y€HH:A JOBXMHU LIbOTO Bifipi3Ka B MeTpuy4Hil cucrteMi. Kinni Bigpiska MO)KHa BiIbHO
HepecyBaTH «IIepeTAryBaHHAM» 1o 300pakeHH0. [lle pas o6epith kHONKY Show, hide or create calibration

Hol v N . .
tools II OmyHuYHMI Bifipi30K 3HMKHE, ajie IPOTpaMa 3aIlaM ATa€ J0To IONI0KeHHA i JoBXMHY (puc. 3).

& Tocker
Flo_EgU Vidoo Track Coordinato Systom View_Holp
s a8C

v 7 cawtion ape_step use 0B of 24740

Plotviow ofrack cat wil appeat e

o n
o oo [ 0 > o e

i

180315_15_85 35 Pro mpé

Puc. 4. Buenso sikHa npoepamu Tracker nicia cmaHo81eHHA 00UHUYHO020 8i0pi3Ka
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12. Jlns BifcTeXXyBaHHS PyXy aBTOMOOiNsA 00epiTh y BepXHbOMY MeHI0 KHOIIKY Create i y MeHIo — Point Mass.

O

¥ Create == B

Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools 3

Calibration Tools »

13. ¥V niBomy KyTKYy 3’aBuTbCA BikHO Track Control.

14. Hatuchits xiasimry Shift. Kypcop nabyne surnsaay Hesenukoi pamku. CyMiCTiTh Ijf0 paMKy 3 TOYKOIO, 3a
AKOIO BM OyieTe CTeXUTH, i HATUCHITb JIiBy KHOIIKY MaHimynaTopa. Ha 306pakeHHi 3’IBUTbCS MapKep TOY-
K1, i IporpaMa aBTOMAaTMYHO Ileperifie Ha HacTyIHMit Kazp. [ToBToploiiTe 1i KpOKM JO OCTAHHBOIO 0OPaHO-

ro Kazpy (puc. 4).

@ Toder - o x
Flo Edt Video Track Coordinate System View Holp

SH|S % B Y- L koo m B Qaw | o 02 [N\ XA A A4 A s-n3C
5] stop 15 [0 259 m ] y 3095 4m] 1 -

ozl i
026 27
k:
o -

Puc. 5. Buznsao sikHa npoepamu Tracker nic/is 8iocmexxysaHHs pyxy asmomobins

15. V BiKHaX IIpaBOi YaCTMHM 3’ ABIAThCA Tpadik i TabnmIis, Ha OCHOBI AKNUX Bif0yBaTUMeTbCS aHaI3 OTpUMA-
HUX JaHux. ko Bick koopamHat OX obpaHa B3TOBXK PyXy aBTOMOOI/NA i CIpsAMOBaHa B HAIIPAMKY J10T0O
PYyXYy, To rpadik MaTVMe TaKmit BUITIAL, K Ha puC. 5.

Yacmuna 3. Ananis oanux

16. O6epiTb y BepxuboMy MeHI0 View > Data Tool (Analyze...).

View | Help
.| ¥ Right View
[0 Bottom View

¥ Track Control
[0 Notes

[0 Data Builder (Define...)

® WIN_20180319_16_55_35_Pro.mp4
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34 ®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

17. 3’aButbcs HoBe BikHO Data Tool 3 rpadikom i Tabnuiiero.

¥ Data Tool — O X
File Edit Display Help
mass_A
i Measure h Ana[yze| Data Builder... || Refresh He£p|
= ad — = ;:
41 markers| [v]
T T T T T T T T T T e lines| [v]
0,26 - style| = o
024 axis| horiz vert
row t X
022 1— o  6670E-2| -5092E-4
030 1 0133 2404E-3
e | 2 0,200 7.898E-3
nisl 3 0,266 1,628E-2
; 4 0.333 2,662E-2
016 | 5 0,400 3,988E-2
) 0,466 5,506E-2
. 014 - 7| 0,533 7.252E-2
i 8 0,600 9,060E-2
012 i i i i i i i i 9 0,666 0111
10| 0,733 0,134
010 - : 11 0,799 0,157
nosl : 12| 0,866 0,181
! i 13] 0,932 0,208
0,06 - i 14 0,999 0,238
= 15 1,066 0,269
0,04 —
0021
D }
01 02 03 04 05 06 07 08 08 1.0
t
| Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buznso sikHa Data Tool

18. Ockinbknu rpadik x(t) € yacTuHOW mapabonu, To pyx, AKUi BiH ommcye, Oyne piBHONpuckopeHnm. Ak 3a-
3HAYaJI0CA MOIIePeHbO, PIBHAHHA PyXy aBTOMOOIIA (2) y TAKOMY BUIIA[Ky MaTVIMe BUIJLAL KBaJpaTU4HOI
$ynxuii. ¥ saranpromy surnani ynkuia mae samuc f(x) = Ax’ + Bx + C. baunmo, 1mjo xoedinient A =a /2.
3Bifcu mpoexiis mpuckopenus a_ = 2A. [ln4 Bu3HaYeHHs NPUCKOPEHHSA aBTOMOGi A HeOOXi/IHO 3HAITH KO-
edirienT A Ta HOMHOXUTH JToro Ha 2. [I/11 BU3HaYeHH: 11boro KoediljienTa HakmageMo Ha rpagik mapabony.

19. O6epitb Bxmaguuky Analyse > Curve Fits Ta B HYokHIlT yacTuHi BikHa Fit Name > Parabola. [Tosepx rpagika
PyXy 3’siButacs napaboa Ta Imij Hero — 3HadeHHs KoedillieHTiB. 3BepHITh yBary Ha Te, 1100 0ins Hagmucy
Autofit 060B’s13k0BO cTOsAB Mapkep. Lle 03Hauae, 1110 Iporpama caMOCTilTHO fo6epe IOI0XKeHHs ITapabosu

(puc. 6).
¥ Data Tool - O e
File Edit Display Help
| mass_A
H Measure || Anaiyze| Data Builder... H Refresh
; markers; [¥]
T T T T T T T T T : lines| [v]
0251 1= style e
axis| horiz vert
row t b3
0,20 — o  5670E-2] -5092E-4
1 0,133 2, 404E-3
2 0,200 7.898E-3
048 3 0,266 1,628E-2|
= 4 0,333 2,662E-2]
5| 0,400 3,988E-2
1ok 6 0,466 5,506E-2|
i 7| 0,533 7,252E-2]
& 0,600 9,060E-2]
a 0,666 0,111
0,05 - 10] 0,733 0,134
11 0,799 0,157
12| 0,866 0,181
04 ; ! ! ! . . . . ! 13 0,832] 0,208
a1 0,2 0,3 04 05 06 {17 0.8 05 1,0 14 0,999 0,238
t 15] 1,066 0,269
Fit Name:|Parabola |v ‘ | Fit ButiderJ Parameter Value
s 1 | [A 2,116E1
Fit Equation: x = A**2 + B* + C ﬂ B 3317E-2
oo LA -6,065E-3
Autofit rms dev: 1,204E-3
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 7. Buensao sikHa Data Tool nicna HaknadaHHa napabosnu
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20. PospaxyiiTe IpUCKOpeHHA PyXy aBTOMOOi/IA 3a KoedillieHTOM A i 3a3HauTe i1Or0 y BUCHOBKY. 3aIucC 3Ha-
4yeHH: KoedillieHTa 3i/ICHIOETbCA Y CTAaH/JApTHOMY BUIJIAL.

21. 3akpwmitre BikHo Data Tool i mepeiinith o BikHa rpacdika y mpasiit YacTuHi ocCHOBHOro BikHa. O6paBun
TI03HAYKY BEPTUKA/IBHOI OCi, BUOEpIiTh 3i CIIMCKY BEMMYMH TIPOEKIIiI0 MUTTEBOI IIBUIKOCTI Ha Bich v_. Y
npaBilt yacTuHi 3’ ABUThCA rpadik mBuaKocTi Tina. OcKinpKy nmporpama At yioro no6ynosu 6epe 3Ha4eHHs
3MiHM KOOpPAIMHAT TOYOK, IO Bifj3Ha4ammcs BaMy IIpu 0OpoO6/IeHH] Bifieo IPOTATOM OfHAKOBYX IPOMIXKKIB
Jacy, TOUKu rpadika He 000B’13K0BO OYIYyTh YTBOPIOBATU NpAMY (puc. 7).

22. Bigkpwmiite 3HOBY BikHO Data Tool Ta BupaniTh y BepxHiit yacTHHi Tabmm1li MO3HAYKM OiA KOIOHKU KOOP-
JVHAT, 1100 3a/IMIINBCA Tinbku rpadik msuakocTi (puc. 8).

4 Data Tool
File Edit Display Help

mass_A

T )
Measure 5| Analyze |
R e

040k

0351

a0k

025k

0,20

018k

0,05

i 01 02 03 04 05 0§ 07 08
t

08 10

Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting

Puc. 8. Buenso sikHa Data Tool 0519 npoekyii weuokocmi

Data Builder... || Refresh | Help
: markers| [v]
£ lines| [v]

style| B
axis| horiz vert
row t Wie

0,000

1 6,670E-2 2417E-2

2| 0133 5,675E-2

3 0,200 0,100

4 0,266 0,143

5 0,333 0,178

i 0,400 0,213

Tl 0,466 0,240

0,533 0,259

9| 0,600 0,286

1 0,666 0,313

11 0,733 0,343

12| 0,799 0,373

13| 0,866 0,383

14 0,932 0,416

15 0,999 0,448

16| 1,066
non-editable

23. O6epitpb Brmaguuky Analyse > Curve Fits Ta B HioKHIiT yacTuHi BikHa Fit Name > Line. IToBepx rpagika

PYXy 3’sBUIACA IPsAMA, IiJ] Helo — 3HaYeHH:A KoedilieHTiB (puc. 9).

"” Data Tool
File Edit Display Help

mass_A

Puc. 9. Buznso sikHa Data Tool nicnsi HaknadaHHs npsamor

| Measure |Analyze Data Builder... || Refresh ” Help |
| markers| vl
T T T T T T T T T lines| vl
stylel = =
axis|  horiz vert
row t Ve
0,000
1 6,670E-2] 2417E-2|
2| 0,133 5,675E-2|
3 0,200 0,100
= 4 0,266 0,143
5 0,333 0,178
B 0,400 0,213
kil 0,468 0,240
8 0,533 0,259
9 0,600 0,286
1 0,666 0,313
1 0,733 0,343
12| 0,799 0,373
13| 0,866 0,383
14 0,932 0,416
15| 0,999 0,448
.................................................................................. 16 1,068
Value
I s 4,397E-1
Fit Equation: vk = At + B 1,757E-2
Autofit rms dev: 1,279E-2
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

35
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24. Y 3aranpHOMY BUITIA/I piBHAHHA (1) Mae BuIAx niuiitHoil GyHKuil f(x) = Ax + B, ne xoedinient A i € mpu-
CKOPEHHA pyXy Tina. Voro 3HauYeHHA MOXKe Bifipi3HATHCA Bif 3HaUYe€HHA OTPMMAHOTO IIPY HaKJIafaHHI Ma-
pabonu Ha rpadik pyxy Tina B cuny ymoB nobynosu rpadika. Tomy 6imbin TOYHMM 3HaUYeHHAM Oyfie came
3HaueHHs1, OTPUMaHe NPy HaK/IaJaHHi mapabonn.
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JlabopaTopHa po6oTa Ne 2.
BuMiproBaHHS NPUCKOPEHHA BIJIBHOTO NaAiHHA

Mema po6omu: BU3HAYUTY 3HAYEHHsI IPUCKOPEHHs MaJ[iHHA Tila 3a JOIOMOIOI0 IPOrpaMHOTro 3abesrie-
YeHHs [/ aHa/li3y Bifleo3amnmucis.
3asoanns pobomu:

1. IIpoBecTu eKCriepuMEHT i3 Pi3HMMU TiaMy Ta CTBOPUTU Bifle03aNNCH iX MafiHHA.

2. BusHaunTyu 3HaYeHHA NPUCKOPEHHA NafiHHA Til i HOPIBHATHU IX 3i 3HAY€HHAM IPUCKOPEHHS BiTbHOTO
nagiHHA.

O6naoHanHA: TeHiCHUI M 514, TeHICHA Ky/IbKa, TyMOBa Ky/IbKa-CTpUOyHellb, JiHilika abo posrpadieHa mo-
BepxH4, I1K, nudposnit portoamapar abo Bigeokamepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

Fie EN Viaeo Track Coordinain Sysien View He

b | ACmom wm B | Quen | 03| N\ WA ALK A Z-n8e

EH sw 8

)l D S N
0 oo 0w 015 o 03

Eazmae sz

Puc. 1. 30eHiwHiti 8uensao sikHa npoepamu Tracker

Y 1ift po6ori srafjlaHe mporpaMHe 3ab6e3neueHHA 3aCTOCOBYETbCA /1A BUSHAYEHH IIPUCKOPEHHA M [iHHA Pi3HIX
IpeMeTiB: T[yMOBOI KY/IbKI-CTPMOYHIIA, TeHiICHOTO M’s14a i TeHicHOI Ky/nbKu. ITafjiHHA 1MX penMeTiB BinbyBaeTbcA
y TIOBIiTpi, TOMy BOHO JIVIIle HAaOMVKEHO BifIOBi/lae yMOBaM, 3a SIKUX BilOYBa€TbCs Bi/ibHe MafiiHHA Ti. MeTomo po-
60TY € TOPiBHATY IIPUCKOPEHHSA PYXY LIUX IIPEIMETiB Ta BUABUTY BIUIMB CEPEIOBMINA Ha Foro 3HadeHHA (puc. 1).

Xio po6omu
Yacmuna 1. Ompumanns eioeozanucy

1. VYcraHoBiTh posrpadrieHy OBepXHIO 200 JTiHIIKY 3 f0Ope MOMITHUMY HOAIKaMM CTPOTO BePTUKAJIBHO.

2. OG6epitb mpuctpiit, AKMM BU OyfeTe BUKOHYBAT! Bifle03iiOMKy. 3’scCyiiTe AKiCTb 00’ €KTVBA, 00 Hamai
BpaxyBaTyl MOXK/IVMBi CIOTBOpeHHA. BUKOpucTaliTe MaKCMMaTbHO MOXK/IMBY 4acTOTY 31IOMKM Bimeo (240-
1000 kagpiB Ha CEKYHAY).

3. VYcTaHOBIiTBH IPUCTPIil TaK, 106 NiHilIKa a60 po3rpadyieHa IOBepXHs Ta PyXOMi Tila IIOBHICTIO MOTPAIUIA/IN
B KafIp i B Ipo1ieCi 311IOMKM IPUCTPili He pyXaBCs.
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4. PosnoyHiTH 3amucC Bifieo i BITbHO BiAIyCTiTh Tin0. 3po6iTh 1Lie feKinbKa 3anmnciB, 106 Mo>kHa 6y/10 BUOpaTu
HalIKpaluil BapiaHrT.

5. IloBTOPiTh 3amMC Bifieo A/ ABOX iHIIMX Ti/l. SKIO MOXX/IMBOCTI 3[iliICHUTY Bifleo3anc HEMAE, 3aBAHTAKTE
TOTOBE BiJIeo 3 pecypcy.
Yacmuna 2. Onpaytoéanus 6ioeo

6. 3aBaHTaxTe Bifjeo y nporpamy Tracker. [Ins nporo ckopucraiitecs KHonkoo Open y BEpXHbOMY MEHIO
IIpOrpaMMI.

'E' Tracker
File Edit Video Track Coordinate Sys
=S H| =% 8 w- L

¥ [Open avidea or tracker file in a newtan|

7. TakoX MOXKHa «IIepeTATrHyTV» (aily 3aIucy y BIKHO porpamu abo 3aBaHTXUTH 11oro yepes MeHIo File >
Import > Video. fIkiio mporpama He 3MoI/Ia 3aBaHTaXXUTH Bifieo, HeoOXiHO nibparu iHmmit itoro popmar
3a JJOIIOMOT0I0 pPeflaKTopiB Bineo (puc. 2).

S H[5 %[ B e || ke = B Qon | S 00 [N\ S X AL A4 A 4-88¢
v

Puc. 2. Buenso gikHa npoepamu Tracker nicsis 3a8aHMaxeHHA 8ioeo

8. BuxopucToBylouM KHOIIKM KepyBaHH: B HIDKHII YacTMHI BiKHA 3 Bifleo, Ieper/IAHbTe 3alNC.

9. S0 06’€KTVB IPUCTPOIO AL 3IOMKMY JJa€ CIIOTBOPEHHS 300pakeHH 1, BUKOPUCTAlTe BiAIOBiTHMIT GiIbTp
Bifeo.

Video | Track Coordinate System View Help

Replace... late == B | O 112%
Close

Goto... cul-G

Paste Image L3

™ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)

Filters.

Baseline
Brightness

Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

o New »

Properties...



https://stemua.science/video/

10.

11.

12.

13.
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YcTaHOBITD HOMED Ka[py, 3 AKOTO PO3MOYABCA PYyX Tila, Ta HOMEP KaJpy, KOJIU Tino MOKUHYNO Kazxp. Jli-
YUIbHUK KaJIpiB PO3TAILIOBAHMUII Y CTPidlli KHOIIOK KepyBaHHA Y BiKHI BifleO3aIncy.

£l I

016 [100% E_ MoBE L=

O6epitsp y BepxHiit crpiuni knonky Clip Settings lE Bumnajsie BikHO BCTaHOBJIEHHA MeX KaJIpiB Bifleosamnu-
Cy. 3asHauTe B HbOMY HOMep II0YaTKOBOTO Ta KiHI[€BOTO KaJpy, KpOK 3MiHM KafpiB (Ko Kagpis 6araro, To
KPOK JIa€ 3MOTY 3MEHIINTY Ki/IbKICTb KaZIpiB /I aHasIi3y) i 4acTOTy 3i10MKM (32 3aMOBYYBAaHHAM IIporpaMa
cama o0mpae 1l mapaMeTp i3 BlracTuBocTel Bigeosanucy). O6epits Ok.

Frames
Start frame: |0 |
Step size:|25
End frame: 250
Frame Times
Start time:|0,000s |
Frame rate:|1,0E3/s |

Frame dt[1,00E-3 5

Cancel |

O6epitb y BepxHiit cTpivni kHoky Show or hide the coordinate axes -] Ha Bifteosamici 3’sIBIATHCA OCi KO-
oppuHat. LleHTp cucTeMy KOOpPAMHAT IEPETATHITh Y TOYKY, L0 AKHAJKpallle BignosifatumMe curyanii. Ha-
IIpUKJIAZ, CYMICTITD ii 3 LIEeHTPOM Tijla Ha OYaTKy pyxy. Oci KoopAMHAT MOXYTb IoBepTarucs. IIporpaiite
MOMEHT PYXY JI0 KiHI[€BOT'O KafIpy Ta «IIPOBEPHITb» BiCh TaK, I[06 BOHA IPOXOAVIA Yepes II0 caMy TOYKY
Ha KiHueBoMmy Kazpi. [ToBepraty crcTeMy KOOpAMHAT MO>KHA, 0OpaBuIM Bich MaHinmymaTopoM. JJomaTHumit
HaIpsIMOK Ha OCi BU3HAYAE€TbCS KOPOTKOIO PUCKOI0 Ha Hill. [ToBTOpHO 06epiTh KHONKY Show or hide the

coordinate axes +=|. Circrema KOODPAMHAT 3HMKHE, aJIe il IO/I0)KEeHH IIpOorpaMa 3aIaM ATOBYE.

& Todker
Fie Edt Video Track Coordimate System View Help

B[ % B ¥ L | kcome = ® Q| 0[N\ % A A4 4|4 A e
it e s jond 5363 [i[053_|mgansim et cleo | e
B i s
| =
[ 50 !
A
“© el
30
10 % i
T R o TV 20 - e S

[EENEED s i 3125 solctd (st angle o chnge ]

201 S u > = «

Coovanes

Puc. 3. Buenso sikHa npoepamu Tracker nicia CmaHo81eHHA NOIOXKeHHA cucmemu KOopouHam

. o . . . . . Ho | . .
O6epitp y BepxHiit cTpiuni kuonky Show, hide or create calibration tools| *'™ ta B meHto — New -> Calibration
Stick. ITporpama 3anpomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306paXkeHH] mepIny Ta Jpyry TOUKY
IUIsL OfMHUYHOTO Bimpiska. Ha Bimeo 3’saButhbesa Bifmpisok. Hap BimpiskoMm Heo6ximHO B nmdpoBomMy mormi
BBeCTY 3HaueHH: IOBXIHI IIbOTO Bifjpiska B MeTpUuHiil cucteMi. Kinni Bifpiska Mo>xHa BiZIbHO IepecyBa-

. . . . |-
T «IIepeTATYBaHHAM» 110 306paxkenHIo. Ille pas 06epith kHONKy Show, hide or create calibration tools | * ™.
OpyHMYHUI BiIpi3oK 3HMKHE, ajie IporpaMa 3araM sATa€ Joro IMOMI0XKeHHs Ta JOBXUHY (puc. 3).
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Pl of rack data i e o

Puc. 4. Buenao sikHa npoepamu Tracker nicia ecmaHo81eHHA 00UHUYHO20 8i0pi3Ka

14. Jlna BigcTexxyBaHHA PyXy Tina 06epiTh Y BepXHbOMY MeHI0 KHONKY Create i y meHIo — Point Mass.

¥ Create == B | O
Point Mass

Center Of Mass

Vector

Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools »

Calibration Tools L3

15. ¥V niBomy KyTKy 3’ sBuThCA BikHO Track Control.

16. HatucHitp krasimmy Shift. Kypcop Habyze Bursany Hepemikoi pamky. CyMiCTiTh I[f0 paMKY 3 TOYKOIO, 32 KOO BI
OyzneTe CTEXWUTHY, i HATYICHITD /1By KHONIKY MaHiny/sTopa. Ha 306paskeHHi 3’ABUTbCA Mapkep TOYKY, i porpama
aBTOMATIYHO Ieperiie Ha HacTYIHWIT Kajp. [ToBTOpIoiiTe 11i KPOKM 10 OCTAHHBOTO 0OpaHOro Kaapy (puc. 4).

250 oo [ w_»

coonaups |

Puc. 5. Buanao sikHa npozpamu Tracker nicnis idcmexxy8aHHA pyxy mina

17. Y BiKHaxX ITpaBoi YaCTMHY 3 ABNATHCA Ipadik i TabMNIIA, HAa OCHOBI AKMX BiffOyBaTMMeTbCs aHANII3 OTpUMa-
HuX gaHyx. Sxmo Bick koopauHat OX o6paHa B3OBX PYyXY Ti/a i CIpsIMOBaHa B HAIIPAMKY JIOTO PyXY, TO
rpadix MaTuMe TaKuil BUITIAJ, K Ha PUC. 5.
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Yacmuna 3. AHani3 0anux

18. O6epith y BepxHbOMY MeHI0 View > Data Tool (Analyze...).

m| Help
| ¥ Right View
[J Bottom View

¥ Track Control
[ Notes

[0 Data Builder (Define...)
O Data Tool {Analyze...)
® VWIN_20180319_16_55_35_Pro.mp4

19. 3’saButhcs HoBe BikHO Data Tool 3 rpadikom i Tabnuiero.

¥ Data Tool - O x
File Edit Display Help
| mass_A
Measure | Analyze Data Builder... ” Refresh | Help |
41 markers| [v]
49361 |[v] Auto— T T T T T T T T T T : lines| vl
style| =
0,45 | | ! | ! ! axis| horiz vert
Fow it *
040k | | | | | : 0,000] 12773
: 1 2500E-2 1,.975E-2
038k 2| 5,000E-2 4 700E-2
' 3 7,500E-2 8,049E-2
4 0,100 0,121
0,30 - 5 0,125 0,167
] 0,150 0,220
D26 7] 0,175 0,278
E 0,200 0,343
9 0,225 0,415
020 10] 0,250 0,403
015
040+
0,08 -
0
0 007 004 006 008 040 012 014 046 018 0,20 022 024
t
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buenao sikHa Data Tool

20. Ockinbkn rpadik x(t) € YacTMHOIO Mapabosn, TO pyX, AKNII BiH omICye, Oyne piBHOIIpUCKOpeHNM. PiBHAHHA
PyXy Tifa B TAKOMY BUIIa[IKy MaT¥Me BUITIAN KBafipaTuyHol GyHKii x(2) = at’/2 + v t + x,. Y 3aranbHOMy
BurIAni pynkuia mae 3anuc f(x) = Ax* + Bx + C. bauumo, mo xoediuieHT A = a/2. 3Bifcy MpUCKOpeHH:
a = 2A. Jlnis1 BUSHaYeHHS IPUCKOPEHHs M [iHHA Ti/la HeoOXifHO 3HANTH KoedillieHT A Ta HOMHOXXWUTH J10TO
Ha 2. 151 Bu3Ha4eHHs 1jboro KoedilieHTa HakIaeMo Ha rpadik mapaborny.

21. O6epitp BkmagnHKy Analyse > Curve Fits Ta B HyOkHil yacTuHi BikHa Fit Name > Parabola. [Tosepx rpagika
pyXy 3’saBWIacs mapabosa Ta I Helo — 3Ha4eHHA KoedillieHTiB. 3BepHITb yBary Ha Te, o6 6ia Hagmucy
Autofit 060B’s13k0BO cT0sAB Mapkep. Lle 03Hauae, 1110 Iporpama caMOCTilHO fo6epe IOIoXKeHHs apabosu

(puc. 6).
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@ Data Tool - (] X

File Edit Display Help
mass_A
Measure | Analyze Data Builder... | Refresh | Help
: markers| ]
T T T T T T T T T T T lines| v
045k style| T ——
g axis| horiz vert
0401 row 1 ¥
a5l o 0,000 -1.277E-3||
¥ 1 2,500E-2 1.975€-2
0,30 - 2] 5,000E-2 4,700E-2
3| 7,500E-2 8,049E-2
x 0,251 4 0,100 0121
5 0,125 0,167
0,20 6] 0,150 0,220
7| 0,175 0,278
0151 8 0,200 0,343
9 0.225 0,415
ol 10| 0,250 0,493
0,05+ |
0 1 i i i L t I L
0 002 004 006 008 010 D12 014 046 018 020 022 024
1
Fit Hame: Parabola x| |Fitousger| | Parameter | __Value
A 5,045E0
Fit Equation: x = A*t"2 + B*t+ C I B 7.149E-1
= |C -1,276E-3
[¥] Autofit rms dev: 3,089E-4 .
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting non-edita blé

Puc. 7. Buenso sikHa Data Tool nicna HaknadaHHa napabosnu

22. PospaxyiiTe NpUCKOpeHHs afiHHA Tina 3a KoedirienToM A. 3anuc sHaYeHHs KoedillieHTa 3/1/ICHIOETbCS Y
CTAaH[JAPTHOMY BUI/LAA. 3aNNIIiTh 3HAYeHH KO TaOIMIIi.

23. IToBTOPiTH KPOKM YacTUH 2 i 3 11 OBOX iHIIMX Ti/l. PospaxyliTe MpUCKOpeHH NMafiHHA. 3alNILiTh 3HA4eH-
Hs 1o tabauui. [TopiBHsiTe OTpUMaHi 3HaYeHHS 31 3HAYEHHSIM IPUCKOPEHHsI BIIPHOTO MafiHH: Ta 3p006iTh
BUCHOBOK CTOCOBHO IX BifMiHHOCTel1. 3’ACyiiTe, Ha AKe 3 TPHOX T/l CepefoBNUILe YNHMIO MaKCUMATbHUI
omip (puc. 7).

Tabnuys pesynvmamis
Hassa Tina IIpuckopenHs IIpuckopenHs
nagiHHA, BiZIBHOT'O MaliHHA,

a (m/c?) g (m/c?)
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JlabopaTtopHa po6oTta Ne 3.
JociiaKeHHs pyXxy Tijla, KHHYTOr0 BepTUKaJIbHO Bropy

Mema po6omu: BUKOPUCTOBYIOUY MOX/IMBOCTI IporpaMHoOro 3abesnedeHHs Tracker, zocmignty pyx Tina,
KMHYTOTO BEPTUKAIbHO Bropy.

3asoanns pobomu:

1. IIpoBecTu eKCIIepUMMEHT i3 TiZIOM, KUHYTUM BEPTHUKATbHO Bropy, i CTBOPUTH JI0TO Bifle03aIuc.
2. BusHaunTM 3a JOIIOMOTOI iHCTPYMEHTIB NIPOrpaMy IIOYaTKOBY IIBUIKICTh PyXy Ti/la.

3. BusHaunTy 32 JOIIOMOTOX0 iHCTPYMEHTIB IpOrpaMi MaKCUMMalIbHy BUCOTY IiJJIOMY Tila Ta po3paxyBaTu
32 HEI0 MI0YAaTKOBY WIBUAKICTD pyXy. IIopiBHATY 3HAYEHHA MIBUIKOCTEIL.

4. CTBOpPUTHU MOJIENb PYXY Ti/a i HOPIBHATH 1i 3 eKCIIepUMEHTATbHUMY JAHUMI.

O6nadnanns: TYMOBIIT M sT4-CTPUOYHELlb, MiHilKa, mrtatus, I1K, nudposnit poroanapar abo Bigeokamepa.

IIpozpamne 3a6esneuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

Fin S Vs Trich Contiams Sysiom Wew dety

S H |5 e @ e || ko o0 B[ Qnew 0N A ALE A
*

r

bt o 7ack 3o 1 30080 g

T »L

Puc. 1. 308HiwHil 8uznad sikHa npoepamu Tracker

Y wiit po6ori sragane mporpaMHe 3a0e3neyeHHs 3aCTOCOBYETHCS JUIsI BUSHAYEHHS IT0YaTKOBOI IIBU/KOCTI
PYXY T'yMOBOI KY/IbKJ IIiC/IA Bi/JCKOKY BiJj IIOBEPXHi CTONY i I/iA CTBOPEHHSA AMHAMIYHOI MOJIei, 0 BifoBifae
niit curyanii. Pyx kyapku BifOyBa€eTbcs y MOBiTPi, TOMY OOyIOBa MOJE TIIbKM 3 YpaxyBaHHAM IO CHIT
TSDKIHHA XOY i He3HA4HO, ajle BifIpisHATMMeTbCA Bifl pe3ynbTaTy peaqbHOro ekcriepuMeHTy. OgHNUM i3 3aBIaHb
po6OTH € CTBOPEHHS AMHAMI4HOI Mofiei i fobip mapameTpis, [0 MOXKYTb BIUIMBATH Ha pyX (puc. 1).

Pyx Tinma, KMHyTOro BepTHKa/IbHO BrOpY, BifOyBaeThcsA B IO/ ciT TAOKiHHA. B imeanisoBanilt Moperni, mo He
BPaXOBYe€ BIUIMBY CepeNOBUILA, MaKCVMa/IbHa BUCOTA HMiFHATTA KY/IbKU 3a/IeXKUTh BUHATKOBO Bif ii I04aTKOBOI
IIBUJKOCTI i 0OYMCTIOETHCS 32 BUPA3OM:

a3 (1)

3BIIKI

)
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To6TO /1A BU3HAUEHHSA IOYAaTKOBOI IIBMAKOCTI JOCTaTHbO BCTAaHOBMUTY MAaKCUMA/IbHY BMCOTY IifHATTA
Tina. Ile MoxkHa 3po6UTHK 3a Bieo3amucoM, 6e3nocepeqHiM BUMipIOBaHHAM MO/IOXKeHHA Tina. OgHaK 3HaYeHH:A
ITOYaTKOBOI IIBUAKOCTI TAKOXK HasABHE Y PIBHAHHI PyXY Ti/la B IPOEKIIifAX Ha BEPTUKAIbHY BiCh:

£ . gytz
VL) =Tyl — )
- 2

(3)

LS

[HCTpyMeHTM IIpOrpaMu JAIOTh 3MOTY, BiICTIAKyBaBIIN PyX Ti/Ia Ha NeBHii AiNAHLI, OTpUMaTy rpadik itoro
PYyXy. 3a KOHKpeTHMM 3amncoM (yHKIIiI, 110 BinoBigae rpadiky pyxy, TAKOXX HeCK/IaJHO OTPYMATI 3HAYCHHS
II0YaTKOBOI MIBUJKOCTI sIK OJHOTO 3 KOoe(illi€eHTiB, 110 BXOAATD y 3aIC.

Xio po6omu
Yacmuna 1. Ompumanns éioeozanucy

1. YcraHOBiTH IITATMB i NIiHIVKY 3 KOOPe ITOMITHMMY MOJIIKaMU CTPOTO BEPTUKAIBHO.

2. OG6epitb mpuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03itoMKy. 3’ACyiiTe AKiCTb 00 €KTHUBa, W06 Hajasmi
BpaxyBaTy MOX/IMBi CIIOTBOPeHH:. BrkopucrariTe MaKCMaTbHO MOX/IMBY YacTOTY 31IOMKM Bifeo (240-
1000 xappiB Ha CEKyHAY).

3. YcTaHOBIiTH IPUCTPIl TaK, W06 JTiHilKa i Ky/IbKa MOBHICTIO MOTPAIUIA/IN B Kajp i B Ipoleci 3i1OMKY Ipu-
CTpill He pyXaBcs.

4. PosnouniTh 3anuc Bigeo. [TiffHeciTh KynbKy B0 IOYATKY JiHIKYM Ta BiIbHO BifIIyCTiTh. 3aXOIiTh MOMEHT ii
IepLIOTro Ta IPYroro yaapy o0 IOBEepXHIO CTONY. 3pobiTh e leKinbka 3amnciB, mo6 Mo)kHa 6yI0 BubpaTu
HaKpaluii BapiaHT. K110 MOXX/IMBOCTI 3[iJICHUTH BiZle03aIJiC HEMA€E, 3aBAHTAXKTE TOTOBE BifleO 3 PECYpCY.

Yacmuna 2. Onpauto6anus ioeo

5. 3aBaHTaxTe Bifjleo y nmporpamy Tracker. Ina nporo ckopucraiitecsa kHonkoo Open y BEpXHbOMY MEHIO
IIPOTPaMM.

(#) Tracker

File Edit Video Track Coordinate Sys

E=IEE L .

v | Open avideo or tracker file in a new tab |

Tako)X MOXKHa «IIepeTATHYTV» (aill 3aIyCy Y BiKHO IIporpamy abo 3aBaHTXXNUTH i1oro yepes MeHio File >
Import > Video. fIkimo mporpama He 3MOITIa 3aBaHT)XXWUTH Bifieo, HeoOXifHO AibpaTy iHIIMIT Jioro popmart
3a JIOIIOMOT'OX0 pefaKTOPiB Bifieo.

© oo - 8 x
Flo_Eai Voo Track Coounate Systom Vew_Hop

SE[5 R B ¥ b Koewe B[ Qa7 b [N\ %A A LA A A
v

bt iw ofvack ata i appoar et

ENEIE=EFI

168 foon 0 » 2

omeaseran |

Puc. 2. Buenso sikHa npoepamu Tracker nicig 3a8aHmMakeHHs 8ioeo


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/ruh%20vgoru/ruh%20vgoru.wmv

6.
7.

10.

JlabopaTopHa po6oTa N2 3

BukopucTOByIOUM KHOIIKY KePyBaHHSA B HIDKHIN YacTUHI BikHA 3 Bifieo, eperiaHbTe 3anuc (puc. 2).

SIK1110 06’ €KTUB IPUCTPOIO A/IsI 3TOMKM Ta€ CIIOTBOPEHHSI 300pakeHHs1, BUKOPUCTAITe BifoBigHMiT HinbTp
Bifieo.

Video Track Coordinate System View Help

late = Bk | O 112% |

Replace...
Close

Go to... Cirl-G

Paste Image

™ Visible

¥ Play All Steps

¥ Smooth Play (may be slow)
Filters M New P Baseline

- | Brightness

Dark Ghost

Deinterlace

Ghost

GrayScale

Properties...

Hegative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

YcTaHOBITH HOMEP Kafipy, 3 AKOTO PO3IOYABCA BEPTUKAIbHIII PYX KYJIbKM BrOpY, Ta HOMep KaZpy, KOIn
KyJ/IbKa BIapuaacs MOBTOPHO. JIIYMIbHMK KaJpiB pO3TAIIOBAHMI Y CTPidlli KHOIIOK K€PyBaHHA Yy BiKHi Bi-
Ie03aIucy.

[ I

015100%511 L, L=

O6epiTtp y BepxHiit cTpiuni kHonky Clip Settings lE Bumnayie BIKHO BCTaHOBJ/IEHHS MeX KafIpiB Bifjeo3amu-
cy. 3a3HauTe B HbOMY HOMep ITOYaTKOBOT'O Ta KiHIIEBOTO KajIpy, KPOK 3MiHM KaapiB (KO KagpiB OaraTo,
TO KPOK /Ja€ 3MOTy 3MEHIINTY KiJIbKICTh KafIpiB /IS aHa/Mi3y) Ta 4acTOTY 3i1OMKM (32 3aMOBYYBaHHSIM IIPO-
rpama caMa o6ypae el mapaMeTp i3 BIaCTUBOCTEN Biffeo3amnucy). Y IiboMy eKCIIepyMeHTi 6axaHo obparu
BEJIVIKY KiZIbKiCTh TOYOK, 110 A€ 3MOTY 3p0OUTH (PYHKIIisl aBTOTPEKIiHTY, poOOTY 3 AKOI0 Oy/e 3aCTOCOBAaHO
nisuinre. O6epitp Ok.

X

Clip Settings

Frames

Start frame:|766
Step size:|1
End frame:|931

Frame Times

Starttime:|0,000
Frame rate:|240 00 /s
Frame dt:|4,17E-3 5|

O6epitb y BepxHilt cTpiuni kHonky Show or hide the coordinate axes k. Ha Bifjeosanuici 3’ABIATbCA OCi
KooppuHaT. LleHTp cucTeMy KOOpAVHAT IEepPEeTATHITh Y TOUKY, 110 SAAKHAJKpalle BifIoBifaTMMe CUTYyalil.
Hanpuxnan, cyMicTiTh ii 3 eHTpOM Tina Ha Io4yaTKy pyxy. Oci KOOpAMHAT MOXKYTb IoBepTaTucs. Jogar-
HIJT HAIIPSAIMOK Ha OCi BUSHAYAETHCAA KOPOTKOIO PIUCKOI0 Ha Hiit. [IoBTOpHO 06€piTh KHONKY Show or hide the

coordinate axes | +=|. Crcrema KOOPAVHAT 3HMKHe, aJie il TOJI0KeHH ITporpama 3anam siToBye (puc. 3).
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dizuka. [IpukJaiHi METOAUKY IHCTPYMeHTaNbHOI U PPOBOI AUAAKTUKH

® Tracker
Fle Edit Video Track Coorinate System View Help

@ H @ w8 e | $ome |Qzen | |\ %A A| L&A K|
v —axes [Jord ~ orgipixelpositon 1255 | [958 | angl fromhorizontal[ 00|

=iz s

Platiow ofrack oatawi agpeatnore.

i e (et angie o crange )]

sl B =

IS

bl iow o1 lack 6ata i ppoa e

cmcer.an

Puc. 3. Buensao sikHa npozpamu Tracker nic/is 8CmaHo8/1eHHs NOTOXeHHSA cucmemu KoopouHam

2
10
A

11. O6epitp y BepxHiit cTpiuni kHonKy Show, hide or create calibration tools II Ta B MeHI0 — New > Calibration
Stick. ITporpama 3anpomnonye, yrpumytoun knasinry Shift, o6patyu Ha 306pakeHHI IepIy Ta [PyTy TOUKY A
opmMHIMYHOrO Binpiska. Ha Bimeo 3’sBuTbhCs Bimpisok. Hap BifpiskoMm HeoOXifHO B 1judpoBOMY IO/ BBec-
TU 3HAYEeHH: JOBXVHY LIbOro Bifjpiska B MeTpuuHill cucremi. KiHui Bifpiska MOXXHa Bi/IbHO IlepecyBaru

. . . . o -
«IIepeTAryBaHHAM» 110 300pakeHHIo. [lle pas 06epite kHONKY Show, hide or create calibration tools vl
OnyHUYHMIL Biffpi30K 3HUKHE, aJie IIPOrpama 3araM sATa€ oro MOJIOKEeHH Ta JOBXKUHY (puc. 4).

& Tracker
Fle Edit Video Track Coordinate System View Help

- 8 x

@ H S % 8w L | xoeste = B | Qaon [ 0| N X A|LAL[A A
v catbration sickA_stop : longth G500m] anel rom x-axis 75|

/- B@e

remy nuse: 2148 124748

- res oo [ w > 0 =

i

Plotyiew oftrack dsta i appear nere.

Tabe dew of rack cata il sppesrsre.

cwesrAn

Puc. 4. Buenso sikHa npoepamu Tracker nicig ecmaHo81eHHS 00UHUYHO20 8i0pi3Ka

12. Ina BigcrexxyBaHHA pyXy Tina 06epiThb y BepXxHbOMY MeHI0 KHOIKy Create i y MeHto — Point Mass.

¥ Create =+

B

@

Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »

Data Track

}

Measuring Tools

4

Calibration Tools

]




13.
14.

15.

16.

17.

18.

19.

JlabopaTopHa po6oTa N2 3

Y niBomy KyTKy 3’saBuTbhCA BikHO Track Control.

Haruchitp xnasimry Shift. Kypcop Habyne Burnsany Hepenukoi pamku. CyMiCTiTh IJ0 paMKy 3 TOYKOIO, 32
AKOI0 BU OyJieTe CTeXXNTH, i HATUCHITD /By KHOIIKY MaHinynAaTopa. Ha 306paxkeHHi 3’ ABUTbCA MapKep TOY-
K1, i Mporpama aBTOMaTUYHO Iepelifie Ha HaCTYITHUIA Kaip.

[ToBepHiTh 3amyc Ha mepmMit Kafp i 00epiTh y BepXHbOMY MEHIO (PYHKIIiI0 aBTOTPEKiHTy, HaTMCHYBIIN

Cuz00% | o ol T

KHOHKy _I Show ar hide the EUTO'NECKEFL .

Y po6oyomy BikHi 3’ IBUTbCA BIKHO aBTOTPEKIHTY.

(# Autotracker mass A position %

@ Search| H Search This || Search Nex

Frame 766: No Template

Template: Evolution Rate 20%. Automark 45

Search: [] X-axis Only Look Ahead

Target:  Track | & massA [+] Point [position |+

To create a new key frame, shift-control-click the video feature of
interest Mouse over the controls above to learn more about settings
and adjustments

‘ Help || Show Key Frame || Delete H Close ‘

Y npoMy BikHi 3a3Hava€ThCs, 1[0 Oye BiICTeXyBaTICs MaTepialbHa TOYKA, AKY ITO3HAYMIN Ha MEpPIIOMY
Kazipi. [l mogabuIoro aBTOMaTYHOTO BiICTeXKYBAaHHS TOUKM HEOOXiTHO BUSHAUMTI K/TIOYOBUII Kafip 3a-
nucy. Hatucnite ogrouacHo xmasinm Ctrl i Shift. Kypcop smiHuTb cBiit 30BHIIIHIT BUITIAK Ha KOO 3 IIepe-
XpecTAM. YKaXKiThb MaHIITyIATOPOM TOYKY i HATUCHITD JIiBy KHOIIKY MaHimynaTopa. HaBkomo Touku yepes
NEeBHUII 9ac 3’AB/IATHCA KOO i MyHKTVpHA paMka. Koso 6yje oXoIUmoBaTy Tino, a paMka BKa3yBaTuMe OKist
Ha 300pa’keHHi, y IKOMY IIporpaMa aBTOMaTIYHO IIYKaTUMe JIOoro IpUCYTHICTb. Po3Mip Koma i paMky MOX-
Ha 3MiHIOBaTH. Y BiKHi aBTOTpPEKiHIy 3’ ABUTbCA 30i/blIeHe 300paXKeHHA Tila Ha MepPUIOMY Ta HACTYITHOMY
Kazipi. SIKicTh aBTOTpeKiHTy 3a/IeXKUTD Biji TOTO, HACKI/IbKY 3MiHIOBAaTMMeThCs 300pakeHH Ti/la Ha KOXKHO-
My Kafpi. Y pasi KpUTMYHOI 3MiHM IIporpaMa 3yIMHUTD BiICTeKyBaHHA Tijla i 3alIpOIIOHY€E 3MIHUTH OKil
BifICTE)XYBaHHA.

O6epiTh y BikHi aBTOTpeKiHTy KHONKY Search i gouyekaiitecst pesynbrary. SIKIo KifnbKicTh KafjpiB Jyis aHa-
/i3y 3HaYHA — Ie HoTpebyBaTVMe MeBHOTO Yacy. SKIo mpu BifcTeXXyBaHHI TpanuscA 36ili, BUgaINTH MO-
nepeHi TOUKM MO>KHa, 00paBIIN B IIboMYy BikHi kHOIKY Delete. SIkicTh po60TH aBTOTpEKiHTY BUSHAYAETHCS
6araTbMa yMOBaMI, ajIe TOJIOBHOIO € KOHTPACTHICTh 300pa)keHHs Ti/la CTOCOBHO 3afHboro ¢ony. Ilicma
3aBepIIeHHsA POOOTI aBTOTPEKIHTY 3aKpUIiTe JI0T0 BiKHO.

Y BikHaX IpaBoi YaCTUHY 3’ ABIATHCA rpadik i TabMNIIA, Ha OCHOBI AKUX BiTOyBaTMMeThCA aHaIi3 OTpUMa-
HUX gaHux. [To6mmsy BepTukanpHoi oci rpadika 06epits y. Skimo Bick koopauHaT Oy 06paHa BepTUKAIbHO,
TO rpadik MaTUMe TaKMil BUIJIAM, SIK Ha PuUC. 5.
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48 dizuka. [IpukJaiHi METOAUKY IHCTPYMeHTaNbHOI U PPOBOI AUAAKTUKH
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Puc. 5. Buenso sikHa npoepamu Tracker nicns po6omu asmompekiHey

Yacmuna 3. Ananis oanux

20. O6epiTb y BepxaboMy MeHI0 View > Data Tool (Analyze...).

| View | Help
| ™ Right View
[J Bottom View

¥ Track Control
[ Notes

[J Data Builder (Define...)

® VWIN_20180319_16_55_35_Pro.mp4

21. 3’aButbcs HoBe BikHO Data Tool 3 rpadikom i Tabnniero.

¥ Data Tool — O x
File Edit Display Help
~ mass_A
Measure ” Allaij'ze| Data Builder... " Refresh ‘IL“*’
; markers| [v]
T ; lines| [w]
| | style] ==
0,50 i axis| hariz vert
e Ty ‘ | FOW 1 ¥
B .. 0 0,000 2437E-4|=
’ 1 4167E-3] 13433
0,40 —— | T 2 B333E-3[ 1433E21=
o | L 3 1.250E-2( 281921
0,35 —— e e L 4 1,667E-2|  3,806E-2]
i | 5 5 2,083E-2| 5,006E-2]
0.30 4 % | B 250062 613357
= f | l 7l 2917E-2[  7.246E-2]
ol W || 8 3333E2[ 844262
! B o 3750E-2] 95242
4 ‘ ‘ I 10 4167E-2 0,107]
Wil T 11 456362 0,118
12 5,000E-2 0,129]
015 =z 13  5417E-2 0,140
14| 5,833E-2 0,150
g0k B . 159 6,250 0.162]
] 16|  6,667E2] 0,172}
0054 : 17 7083E2] 0,183
. 18]  7,500E-2 0,193
0 JPF | | | 19  7.917E-2] 0,204]
- 200 83332 0,214]
o 005 010 0415 0,20 0,25 0,30 Di35 040 045 050 055 060 0B85 21| 5.750E2 0.224|_
9167E-2] 023417
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buzanso gikHa Data Tool



22.

23.

24.

25.

26.

27.

28.

JlabopaTopHa po6oTa N2 3

Ockinbku rpadik y(t) € 4acTUHOIO apaboy, TO PyX, KU BiH ONKCye, Oyze piBHONPUCKOpeHNM. PiBHAHHS
PYXY Ti/la B TAKOMY BUIIQIKy MaT¥Me BUIJIAJ KBaApaTudHoi yHKLii y(t) = ayt2/2 Yt Yy Y saranpHOMY
BUI/LANE QyHKIiA Mae samuc f(x) = Ax? + Bx + C. Baunwmo, mo koedinient B = v, . Jlns BUSHAYCHH 1104aT-
KOBOI IIBUIKOCTi PYXy KY/IbKY Y BePTUKATbHOMY HAIIPAMKY HeoOXigHO 3HaiiTi KoediuieHt B. [l BusHa-
YeHH [[bOro KoedillieHTa HakTafeMo Ha rpadik mapaborny (puc. 6).

O6epitp BkmaguHKy Analyse > Curve Fits Ta B HyoKHill yacTuHi BikHa Fit Name > Parabola. [Toepx rpacdika
PYyXy 3’sABMIacs nmapaboa Ta Iif Hero — 3HaYeHHs KoedillieHTiB. 3BepHIiTh yBary Ha Te, 106 6ind Hagmucy
Autofit 060B’s13k0BO cTOsIB MapKep. Lle 03Hauae, 1110 mporpaMa caMOCTiiTHO fobepe MOMOoXKeHHsI apabon.
BusHa4Te NOYaTKOBY IIBU/IKICTb KY/IBKY Ta 3aIMIIITB ii 70 TabIMLi.

<# Data Tool - O ® |
File Edit Display Help
mass_A
Measure || Analyze Data Builder... || Refresh ” Help
41 markers| [v]
T T T T T : lines| [v]
050k ki [
axis| horiz vert
detar row t i
0.40] 0,000 -2,437E-d4|a
1 4 167E-3 1,343E-3
il 2 B8333E3[  1433E2|=
030f 3  1250E2 2,619E-2] |
o 4 1,667E-2 3,806E-2
0,25 5 2,083E-2 5,006E-2
6 2500E-2 5,133E-2
U2 7] 201762 7.246E-2
a5l 8 23333E2 844262
' 9 3,750E-2 9,524E-2
010 10|  4167E-2 0,107
nos kL 11 4,583E-2 0118
4 12|  5000E-2 0,129
0 1 1 1 1 1 1 1 1 1 1 1 1 1 13| 5417E-2 0,140
0 005 0,10 0,15 020 0,25 0,30 0,35 040 045 050 055 060 065 14 5833E-2 0,150
1 15| 6,260E-2 0,162
Fit Name: Parabola |v| | Fit Builder }: Parameter Value i :; ;gggg_ﬁ g::gg
I = 2 — |A -4 674E0 : ; -
- ) T 19  7,917E-2 0,204
Fit Equation: y = A*t'2 + B*t+ C II B 3.247E0 20 5333ED 0274
! - ml= 1.989E 2 21 87502 0.224]_|
Autofit rms dev: 3 527E-3 ! 5 916750 093]~
Dirag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting non-editable

Puc. 7. Buenso sikHa Data Tool nicna HaknadaHHA napabosnu

Y BepxHiit BKIagyHI 06epiTh Analyse > Statistics. ¥ Tabmui npaBopyd sHaiifiTh 3HaYeHHs Hai0IbIIOL BYI-
COTHU ITiAHATTS hmax, 11O BifIIIOBi/ja€ MaKCYMa/IbHOMY 3Ha4eHHIO KOOPAMHATH . 3aIMIIITh J10T0 JO TabmmILi.

3a popmyroro (2) po3paxyiiTe 3Ha4eHHS OYATKOBOI IMIBUAKOCTI PyXy KY/IbKM i 3aIMIIITh JIOTO SO TaOINIH.
[TopiBHsiIiTe 1ie 3HaUYEHHSI 3 ONepeqHiM i 3po6iTh BUCHOBOK (puc. 7).

Yacmuna 4. Ilo6ydosa modeni

3akpwuiite BikHO Data Tool. [ToBepHiTbCs O TOTOBHOTO BiKHa IIporpaMu. Y BepXHili cTpiulli MEHIO0 BUMKHITh
. . . . 5 012 . . A
IIO3HAYKy MaTepia/IbHOI TOYKM Ta IX HyMepallilo . YBIMKHITb JIiHiI0 TPa€KTOpil

CrBOpUMO UHAMIUYHY MOJENb PyXy KyAbKu. [l 1jboro 06epiTh y BepxHil cTpivni MeHto Trake > New >
Dynamic Particle Model - Cartesian. OcTaHHsA cTpiuKka BU3HAYa€ TUII CYICTEMY KOOPAMHAT.

3’ABUTHCA BiKHO OOYIOBY MOJIeTi Ta B IiBOMY KYTKY fAofaTtkoBo B maHerni Track Control — Hammuc model A
i mikTOrpama Mogerni.
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®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

@ Model Builder: Dynamic Particle (Cartesian) x
Startframe| 755&" End frame] 931'2' Launcher|  (none) ||
Modek:| © model A |~
Parameters =1
| Add H Copy H Cut H Paste |
Name | Expression
m |10
Initial Values
Mame Expression
it 0,000
i 0.0
¥ 00
W 0.0 =
Wy 00
Force Functions
[asa] [ com [ cm ][ pesee |
Mame Expression
fx 0
iy 0
Double-click to edit a cell, or click Add to define a new parameter or function.
Right-click ta edit the description =
-
| Help H Undo || Redo H Font Size H Close |

Puc. 8. Buansao sikHa Model Builder

I1s1 mo6ynoBy Mozesti pyxy HeoOXi/fHO BUSHAYNTICS 3 yCiMa ITapaMeTpaMmu, sIKi 6yAyTh BUKOPUCTaH] y 1po-
neci mobynosu. Kpok mepmmii — ycTaHOBiTh HOMep KiHIIeBOTO Kafipy. YCTaHOBITbH 3B 30K MOZIEJIi 3 TpOaHa-
ni3oBaHMM Bifieo — y mommi Launcher o6epitb mass A. Y crpiuni Parameters yBemiTh 3Ha4eHHA Macy KY/IbKIL.
O6epitp Add. ITif cTpiukoo Macy 3’sIBUThCS CTpiuka parameter. HaTucHyBIIM NpaBy KHOIKY MaHIiIy/is-
TOpa Ha Ha3Bi, 00epiTh [yIA LbOTrO IapaMeTpa IO3HAYKY g. Y IpaBilt yacTuHi TabMNIi ABiYi HATUCHITH Ha
3Ha4YeHHA Ta BBefiTh 9,81. OTxe, BU3HAaYeHa Maca Ky/IbKU i ycepe[JHeHe 3HAU€HHs IIPUCKOPEHH: BiIbHOTO
napinHa. [lepeiinite no 3anmoBHeHHA nons Initial Values. ITouaTtkoBi koopanHaTy Mopeni Bxe BU3HauYeHi
IpUB’A3KOI0 [0 Ti/a. Y cTpivlli vy BBefiTh 3Ha4YeHH: 0YATKOBOI IIBUIKOCTI KY/IbKY B3JOBXX BepTHUKaJli, BU-
3Ha4eHe y ronepefHix Bumipax. Ilepenpits y nmome Force Function. Fx — 11e mpoexuii cnir, 1o JiloTh B3JOBX
ropusoHty. Fy — mpoexuii cui, mo AifoTh BepTukanbHo. OCKiIbKM PO3IIAAETbCA TibKYU CUJIA TAXKiHHA,
3aIIOBHITh IOJIe 3HaueHHA fy, BBiBIIM —m*parameter. Mo>xmBi itepy OyayTh BUAVIMI IIpU 3aIIOBHEHH.
ITpocto 06epits i3 mepeniky (puc. 8).

Ha 306paxxeHHi 3’ABUBCSA TpeK Moferi. [I/1A onTiManbHOTO BiCTe)KyBaHHA YBIMKHITh O3HAYKM Ti/T Ta MO-
fieri, 0OpaBLIM KHOIIKY y BepXHbOMY MeHI0. [lepeMicTVBIINMCH Ha IepLInii Kajp, BiATBOPITh Bifeo3amuc.
Skmo Tpex Moperni He 36iraTMMeTbCsA 3 JOCTITHUM TPEKOM — He BpaXoBaHi JOAaTKOBi apaMeTpu, AKi BIIN-
BaIOTh Ha pyX KyiabKu. Crpo6yiiTe 3MiHIOBaTV IapaMeTpy Ta IXHi 3HAYeHHs, HAMATalO4VCh JOCATTU ONTH-
MaJIbHOTO CyMillleHHs Mofieni i mocmigHoro TpeKy (puc. 9).

v @ modelA m[1000 13

! ke pot| © massa |~ -
O massA © modsin massA(ty)

x

} T PP oy |

[EossTm ez [oSeTA st et

a3 [1o0% ¢ o PR

cucsran |

Puc. 9. Buznso sikHa npu cmeopeHHi mooesni
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Tabnuys pesynomamie
ITouaTtkoBa MakcumanbHa IToyaTkoBa MIBUJKICTb Tinla,
IIBUJKICTB TijNa, BJICOTA IiZJIOMY Tisa, BU3HA4YE€HA 32 MAaKCMMaJIbHOIO
BU3Ha4YeHa 32 KPUBOIO, h  (m) BJCOTOIO MifJiOMY,

max

S (Mm/c) Vo (m/c)
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Jla6opaTopHa po6oTa Ne 4.
JociiaKeHHs pyXxy TiJIa, KHHYTOrO il KyTOM /10 TOPU30HTY

Mema po6omu: BUKOPUCTOBYIOUYM MOX/INBOCTI IIporpaMHoro 3abesnedeHHs Tracker, nocmignty pyx Tina,
KMHYTOTO MiJi KyTOM /IO TOPM3OHTY.

3asoanns pobomu:

1. IIpoBecTu eKCIIepUMMEHT i3 TiZIOM, KUHYTUM IIiJj KyTOM JI0 TOPM30HTY, i CTBOPUTU JIOTO Bifleo3aiic.

2. BusHaunMTH 3a HOIOMOTOI iHCTPYMEHTIB NpOTrpaMy IIOYaTKOBY WIBUJKICTD PYXy Tila, KyT KUIAHHA,
TAIbHICTD IIOJIBOTY TijIa Ta MAaKCUMAJIbHY BUCOTY JIOTO IiJHATTA.

3. Hocnipnty XapakTep TpaeKTopii pyXy Tina.
PospaxyBaTu majnbHIiCTb IOJBOTY TiNa i MAaKCUMa/lbHY BUCOTY 3a IIOYAaTKOBOIO MIBUAKICTIO i KyTOM KI-
nanHA. [lopiBHATY 3HaYEHH:A AA/IbHOCTI i1 MAKCUMAJIbHOI BCOTH 3 PO3PAaXyHKOBYMIU JaHUMIL.

5. CrBopuTH MOfie/b PYXY TijIa i HOPIBHATH ii 3 €KCIIepUMEHTAIbHUMM JAHUMIU.

O6nadHannA: TUTAYA irpallika — IPYXVHHUI TiCTONET i3 Ky/IbKolo, miHilika, 11K, mudposnit poroamapar
abo Bizeokamepa.

IIpozpamne 3ab6e3neuenns: Tracker (http://physlets.org/tracker/) (puc. 1).

3azanvni eioomocmi

& Tucker - 8 x
Fle Edt Video Track Coordinats System View Help

S H|(8 %98 v L kceste = B [Qrm |2 02 N% A AL LA A 4-83¢€

v oy o518 f 24748

Plotviow o rack daa il appsarnore

Puc. 1. 3osHiwHiti 8uenao sikHa npozpamu Tracker

Y niit po6ori sragane mporpaMHe 3abe3neyeHHs 3aCTOCOBYETHCS JUIsl BUSHAYEHHS II0YATKOBOI IIBYU/KOCTI
PYXY, KyTa KMJaHHA, JaJbHOCTI IOMbOTY Ta MAKCHMAa/IbHOI BUCOTH IiIHATTA IUIACTUKOBOI KY/IbKM IIC/IA BU-
JIbOTY 31 CTApTOBOrO IPUCTPOIO, @ TAKOXK IJIsI CTBOPEHHA AVHAMIYHOI MOJEi, 110 BiAIOBIfA€ 1l CUTYyallil.
Kyrbka, 1110 BUKOPUCTOBYETBCS B JOCTIi/L, Ma€ MalleHbKY Macy. PyX Ky/bKu BifOyBaeTbCs y HOBITpi, TOMY BIIVB
cepenoBuina Oyfe 3HAYHVM i TPAEKTOPIs MONbOTY OyAe 6amicTiyHow. [Io6ynoBa Moaesi TibKY 3 ypaxXyBaHHIM
OIS CUJT TSDKIHHA Biffpi3HATMMETBCA Bijj pe3y/nbTaTy peajbHOro ekcrepuMeHTy. OfHUM i3 3aBIaHb pobOTH €
CTBOpPEeHH:A [UHaMiuHOI Mofierti i ;06ip mapaMeTpiB, 1[0 MOXKYTb BIUIMBATH Ha PYX.

Pyx Tina, KMHYTOrO MiZi KYTOM JJO TOPU3OHTY, BifOYBa€eThCA B IO CVUI TsKiHHA. B ifeanisoBaniit Mmopeni, o
He BpaxOBYe€ BIUIVBY CEPeNOBUILA, NATbHICTD IIObOTY Ti/la i 1I0r0 MaKCUMMajbHa BICOTA MiTHATTS 3a71€3KaTh Bif
JI0T0 TI0YaTKOBOI IIBU/IKOCTI, KyTa KUJJaHHA 1 00UNCTIOITHCS 32 BUPa3aMIL:
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visin2a

Smax =~ (1)
visinia

Rmax = T : )

Y peanbHUX YMOBax Ha TijJIO BIUIMBAE OIp cepeJoBUILA, BHACIILOK YOI0 TPAEKTOPIis Bilpi3HATUMETbCS Bif
napabonu. [HCTpyMeHTaMu IIpOrpaMHOro 3abesneyeHHss MO)KHA BUSHAYMTHU ITOYATKOBY IIBMJKICTb KVUJJaHHS,
KyT KUJIAaHHSA, JAaJIbHICTD ITOJIBOTY Ta MAaKCMMAaJIbHY BUCOTY IIZHATTA Tilla. BomHOdYac 3a mepmuMu gBoMa Ia-
paMeTpaMy, BUKOPVICTOBYIOYM ifieali30BaHy MOZENb, MOXKHA PO3paxXyBaTy Ja/lbHICTh Ta MaKCMMAalIbHY BUCOTY
HiHATTA i MOPIBHATY IX 3 eKCIepuMeHTaIbHUMY faHuMu. HaknafaHHAM mapaboiy Ha TPAeKTOPilo pyxy Tila
MO>KHA BUM3HA4YMTH, HACKI/IbKY BOHA BifIpi3HAETDCA Bif ifjeanisoBaHOI MOfieNi. BUKOpUCTOBYIOUM MOJIE/TIOBA/Ib-
Hi QyHKIII MporpamMy, MOXKHa CTBOPUTY MOJE/Ib 3 YPaXyBaHHAM CTOPOHHIX aKTOpiB BIUIVBY, TAKMX K OIIp
cepefioBUINA. 3arajioM C/JIa OLOPY CepefioBUINA HAIlpaBjIeHa B OiK, IPOTIIXHNII PyXy Ti/la, i mponopuiiiHa
MIBU/IKOCTI PyXy Ti/la Ha Ma/JIMX MIBUJIKOCTAX i KBaJpaTy MIBUJKOCTI PyXy Ha BeMKMX MIBUAKOCTAX. Cuma omo-
py obpaxoByerbcs 3a popmymamu:

Fc = _k‘ltf (3)

F_=—kv-, (4)

ne k, i k, - xoediiientu onopy cepeopuia.
11i Bupasu MOXyTb BUKOPUCTOBYBATHUCSA IIPY CTBOPEHHI JUHAMIi9HOI MOJIe/Ii PyXy Tila 3 METOK CTBOPEHHA
Oi/1bIII TOBHOI KAPTVHY Aii yCiX CuI.

Xio po6omu
Yacmuna 1. Ompumanns eioeosanucy

1. YcTaHOBIiTH NiHIiNKY 3 fOOpe NOMITHUMU MOJI/TKaMV TOPU30HTAIBHO.
2. O6epith npucTpiii, AKUM BM OyfeTe BUKOHYBATU Bifie03MIOMKY. 3’ACyiiTe AKiCTb 00 €KTMBa, 06 Hajai

BpaxyBaTy MOX/IMBi CIIOTBOpeHH:A. BukopucTariTe MaKCHMMaTbHO MOX/IMBY YacTOTY 31I0MKM Bimeo (240-
1000 xafpiB Ha CEKyHAY).

3. YcTaHOBIiTH IPUCTPIit TaK, OO JIiHilKa Ta Ky/IbKa IIOBHICTIO OTPAIUIA/IN B Kap i B Ipoljeci 3110MKM TIpH-
CTpili He pyXaBcs.

4. PosnouHiTh 3amuc Bifjeo. 3AilicHITE HOCTpin 3 irpaniku i 3adikcyiite mafiHHA Ky/IbK) Ha CTilT. BpaxoBytoun,
110 TPAEKTOPIs PyXy MOXKe BiIXVIATICS Bijj IVIOMMHY 3/I0MKY, 3pO0iTh I1ie IeKinbKa 3aIuciB, o6 Mo)KHa
Oyo BuOpaty HaliKpamuil BapiaHT. SIKI0 MOXX/IMBOCTI 3[i/ICHUTH Bijleo3anyc HeMae, 3aBaHTaKTe TOTOBE

Bifeo 3 pecypcy.

Yacmuna 2. Onpautoéanus eioeo

5. 3aBaHTaXTe Bimeo y mporpamy Tracker. [l iporo ckopucraiitecs kHonkoo Open y BepXHbOMY MEHIO IIPO-
rpamu.

(#) Tracker

File Edit Video Track Coordinate Sys

El=IE=E R

v |0pen avideo ortracker file in a newtab|

Takox MOXXHa «IIepeTATHyTV» (aii/l 3aNICy y BiKHO IIporpamu abo 3aBaHTXXNUTH iioro yepes MeHio File >
Import > Video. fIkio nporpama He 3MOIJIa 3aBaHTXXUTHU Bifjeo, HeoOXigHO #ibparTy iHMI ioro popmar
3a JIOIIOMOI'OK0 pefaKTOPiB Bifeo.

6. BuKOpMCTOBYIOYM KHOIIKM K€PYBAaHHA B HIDKHIN YacTVHI BiKHA 3 Bifie0, TepPEI/IAHbTE 3aIIC.

53
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7. SIK10 06’€KTVB IPUCTPOIO A1 3IOMKMY JJa€ CIIOTBOPEHHS 300pa>keHH 1, BUKOPUCTAlITe BiAIOBiTHMIT GiIbTp

Bifeo.

Video | Track Coordinate System View Help

late =0 @ | O 112% |

Replace...
Close

Go to...

Paste Image »
™ Visible
¥ Play All Steps
¥ Smooth Play {may be slow)

New » Baseline

Filters ]

Brightness
Dark Ghost
Deinterlace
Ghost

Gray Scale
Negative

Properties... Paste

Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

YcTaHOBITH HOMepP Kafipy, 3 SIKOTO PO3NIOYaBCs PYX KY/IbKM, Ta HOMep KaApy, KOlu Ky/abKa Baapuaacs oo
CTi. JIiYMIbHUK KafIpiB PO3TAIIOBAHMI y CTPiulli KHOIIOK KePYBaHH y BiKHI Bifle03aIucy.

[ I

~ ots100% [ M b E L=

SRR R R R R R R R R R R R R R R R R R R R R R R R ERERERERERERERERE

O6epiTtp y BepxHiit cTpiuni kHonky Clip Settings | = . Bunaze BikHO BCTaHOB/IEHHSI MeX Ka/ipiB Bieo3anu-
Cy. 3a3HauTe B HbOMY HOMep IIOYaTKOBOTO Ta KiHI[eBOTO KafIpy, KPOK 3MiHM KaJpiB (K10 Kaapis 6araro,
TO KPOK JIa€ 3MOTY 3MEHIINTH KiNbKiCTh KaApiB A4 aHaMi3y) i 4acTOTy 3MIOMKM (32 3aMOBYYBAaHHAM IIPO-
rpaMa cama o6Mpae el mapaMeTp i3 BJIaCTUMBOCTEN Biffeo3amnucy). Y IiboMy eKCIiepyMeHTi 6akaHo obpatu
BEJIVIKY Ki/IBKiCTb TOYOK /I aHAIi3y, IO A€ 3MOry 3poOuTy QYHKIIis aBTOTPEKIHTY, po6OTy 3 sIKOI0 Oyze
3acTocoBaHo misHimre. O6epits Ok.

Clip Settings X

Frames
Start frame:|E
Step size:|1
End frame: {740
Frame Times
Start time:|0,000 5
Frame rate:|1,0E3 /5|
Frame dt:|1,00E-3 5

10. O6epith v BepxHil cTpiuni kHONKY Show or hide the coordinate axes . Ha Bineosanuci 3’aBnaTbca oci
Yy BEP i y I

KooppuHaT. LleHTp cucTeMy KOOpAMHAT IEepPEeTATHITh Y TOUKY, 110 SAAKHAJKpallle BifjlloBifaTMMe CUTYyallil.
Hanpuxmaz, cyMmicTiTs ii 3 eHTpOM Tila Ha o4aTKy pyxy. Oci KoopauHaT MOXKYThb noBepraTuca. JJomar-
HUJI HAaIIPAAMOK Ha OCi BM3HAYA€ThCA KOPOTKOI pUCKOK0 Ha Hill. [ToBTOpHO 06epiTh kHONKY Show or hide

the coordinate axes 4|, Circrema KOOpPIMHAT 3HMKHE, ajie ii IOo/IOKeHHs IMporpaMa 3amaM ATOBYe. Y Il
po6OTi TOPM30HTAIBHY BiCh KOOPAMHAT CJIifi HAIIPABUTY ITapajIe/IbHO IIOBEPXHi CTOMY.
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& Tacer - 8 x
Flo_EAt Vidso Track Coordinate Systom View Holp

=T

- b Komue B Qs[5 0[N\ 0 A A4 AN A

v —+axes CJ6rid ~_orginpixelposiion [ 1424 | [s522 | anaerom horzomal [0+

“Tabl i ofack dta vl ppest e,

oo0 1008 [ 1 »

Puc. 2. Buenso sikHa npozpamu Tracker nic/is 8CmaHoeieHHA NOM0XeHHA cucmemu KoopouHam

11. O6epitp y BepxHiii cTpiuLii kHonky Show, hide or create calibration tools " Ta B MenI0 — New > Calibration
Stick. IIporpama sampornonye, yrpumyroun kiaasinry Shift, o6patn Ha 300pakeHHi mepury Ta Apyry TOY-
Ky Wi ogvHu4YHOro Binpiska. Ha Bineo 3’saButbca Bimpisok. Hap Bimpiskom HeoOxifHO B mudpoBomy mori
BBECTM 3HAYEHH: JIOBXXVMHY LIbOTO Bifpiska B MeTpuuHill cucremi. KiHui Bigpiska MOXKHA BiZIbHO IlepecyBaTiu

. . . . o |-
«riepeTAryBaHHsM» 110 306paxenH:o. 1lle pas o6Gepith kHonKy Show, hide or create calibration tools | *!™.
OpnvHMYHMI Bifipi30K 3HMKHE, ajle IIporpaMa 3aram sATa€ Joro IMOJIOKeHHs i JOBXIHY (puc. 2).

& Tacker

Flo_Egit Voo Track Coorgnats Systom View Holp

S E 5% 8 v || Ko = B Q| o |\ %A A DA N A
¥+ caliration stick A_step 0: length 1000 | angle from x-axis 0.5+ |

Plotvis o rack dsta i ppearhers

[E] o

Tatle iew o rack cat il sppesrhare.

] ] g B
L L] L L]

h

Puc. 3. Buenso sikHa npoepamu Tracker nicsis 8CmaHoeieHHA 00UHUYHO20 8i0pi3Ka

12. Jlna BigcTexXyBaHHA PyXy Ky/IbKI 00€piTh Y BEpXHbOMY MeHI0 KHONIKY Create i y MeHIo — Point Mass.

¥ Create == B

Center Of Mass

£

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools »

Calibration Tools 4
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14

15

16

17

18.

19.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

. Y niBomy KyTKy 3’ ABuTbCA BikHO Track Control (puc. 3).

. Hatucnirp xnaBimy Shift. Kypcop nHabyne Burany nesemikoi pamky. CyMicTiTh 1I0 paMKy 3 TOYKOIO, 3@
AKOI0 BU OyJieTe CTeXXNTI, i HATUCHITD JiBy KHOIIKY MaHinynAaTopa. Ha 306paxkeHHi 3’ ABUTbCA MapKep TOY-
K1, i MporpamMa aBTOMaTUYHO Iepeiifie Ha HACTYIIHUIL Kafp.

. [loBepHiTb 3amyc Ha mepumit Kafp i 00epiTh y BepXHbOMY MEHIO (PYHKIIil0 aBTOTPEKiHTy, HaTUCHYBIIN

L 200% | ool ™

KHOIIKY | Show or hide the autotracker|

. Y po6ouomy BiKkHi 3’ ABUTbCA BIKHO aBTOTPEKIHTY.

'?':,' Autetracker: mass A position x
mhis ||
Frame 766: No Template

Template: Evolution Rate QD%E Automark 45

Search: [[] X-axis Only Look Ahead

@ Search H Sear

Target: Track‘ & mass A ‘v‘ Point|posmon|v|

To create a new key frame, shift-control-click the video feature of
interest Mouse over the controls above to learn more about settings
and adjustments

| Help H Show Key Frame H Delete H Close |

. Y 1jpoMy BiKHi 3a3Ha4a€TbCs, MO Oy/e BiICTeXyBaTyCA MaTepiabHa TOUKA, AKY IIO3HAYVJIN Ha TIEPIIOMY
Kazpi. [I/1 MofaIbIIoro aBTOMAaTHYHOTO BiICTeKYBaHH TOUKM HeOOXiTHO BUSHAYMTY K/TIOUOBUI Kafip 3a-
nucy. Hatucnite ogHouacHo xmasinni Ctrl i Shift. Kypcop sMiHNTb cBiit 30BHIIIHIIT BUIIAL Ha KOO 3 Iepe-
XpecTAM. YKaXiTh MaHIIlyJIATOPOM TOYKY i HaTUCHITh /IiBy KHONIKY MaHinynaTopa. HaBkono Toukn yepes
HeBHMI Yac 3’ AB/IAThCA KOJIO i MyHKTMpHA paMKa. Koo 6yzie oxommoBaru Tino, a paMka BKa3yBaTy OKi/l Ha
300pa)keHHi, y AKOMY IIporpaMa aBTOMaTUYHO IIYKaTMMe JI0ro NpuCyTHicTh. Po3Mip Koma i paMky MoXHa
3MiHIOBaTH. Y BiKHi aBTOTPEKiHTY 3’IBUTbCs 30i/bleHe 300paXkeHHs Ti/la Ha MepIIOMY i HAaCTYITHOMY Ka-
ipi. SIKicTb aBTOTpPEKIHTY 3aIeXKNUTh Bifl TOTO, HACKIIBKY 3MiHIOBATMMETbCS 300paskeHHs Tila Ha KOXKHOMY
Kafpi. Y pasi KpUTMYHOI 3MiHM ITporpamMa 3yIMHUTD BiflICTE)KYBaHHA Tijla i 3alIpOIIOHY€E 3MiHUTH OKiM Bifl-
CTe)XYBAaHHS.

OO6epiTb y BikHi aBTOTpeKiHTy KHONKY Search i mouyekaiitecs pesynbrary. SKIo KiNbKiCTb KafjpiB Jyis aHa-
/i3y 3HauHa — Iie IIOTpebyBaTNMe IIeBHOTO 4acy. Ko Ipy BificTeXxXyBaHHi Tpanuscs 36iil, BULAIUTY 1O-
HepefHi TOUKM MOXKHA, 00paBIIM B 1IboMY BikHi KHONKY Delete. SIKicTb po60TH aBTOTpeKiHTy BU3HAYA€TbCA
OaraTbMa yMOBaMI, ajie OCHOBHOIO € KOHTPACTHICTh 300pakeHHs Ti/la CTOCOBHO 3agHboro ¢ony. Ilicna
3aBepIleHHA PoOOTU aBTOTPEKIHTY 3aKpMIiTe JI0TO BiKHO.

Y BikHax npaBoi 4acTMHM 3’ABNATbCA Ipadik i TabnuId, Ha OCHOBI AKMX BiTOyBaTMMEThCA aHai3 OTPU-
MaHuX gaHux. ko Bich koopauHat OX o6paHa TOPM3OHTANIBHO, TO Irpadik MaTUMe TaKWil BUITIAL, SIK
Ha puc. 4.
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Fie Edt Video Track Coordiate System View Help
@ H|$ 98w L] xoome = 8 [Qrow |~ 0|\ G XA |4 A N A
v 0 massa m[1o007g]

8 Autotracker: s  poston x

e |

e || seuchent
-
Tompiote:  evouton ate| 20%17} Avomark| 41

0,
© 01 02 03 04 05 05 07

D e e ]

o sncaseamps |

Puc. 4. Buenso sikHa npoepamu Tracker nicna po6omu aemompekiHzy

Yacmuna 3. Ananis oanux

20. Y ronoBHOMY BiKHi IIporpamMm 3HaMiTh y oy Tabmmuib no3Hadky Table i HaTuCHITS ii. 3’ABUTbCA HeBenuKe
BiKHO 3 TIepeTikoM KOJIOHOK, IO BiloOpaskaTMMyThcA B IiboMy nori. [TocTaBTe mo3HavKy 6114 KyTa BeKTOpa
MIBMAKOCTI OV i MOAY/IS IBUAKOCTI V. 3aKpuiiTe BiKHO.

isible Table Columns P

< mass A

| ] % ¥ =k [ler

[ wx vy v By

[] ax Ol ay = [ea

[ px L] py Ed p [lep

Lle w Oa Ok
Llstep [lframe []pixelx []pixely |

Define... H Text Columns H Close |

21. YV HaliBUMIIMX CTPiYKaX 3HAMIITh 3HAYEHHA KyTa i MOJY/IA IMIBUAKOCTI Ha II0YATKY PyXy KY/IbKM Ta 3all/ALIITh
o Tabnu1yi iXHe ycepeHeHe 3HAYEHH:. YCepeHeHHA CTifl 3poOuTy it 2—3 CTPidOoK.

22. YBIMKHITh BioOpa)KeHHS CUCTeMM KOOPAMHAT, 00 BU3HAYNMTY HOMEP TOYKM, Ha AKill Ky/IbKa IepeTHy/Ia
rOpM3OHTaIbHY Bich. Ha Bieo 006epiTh 1jto TouKy. Y BikHi Tab1MI[b BUCBITUTDHCS CTPivKa, IO BifIOBifa€ 11ilt
To4lli. 34MTaliTe KOOPAMHATY X, sIKa BiJIOBifaT#Me JaTbHOCTI ONIbOTY Tisa S, T 3AMMIIITB 11 1O TabmnIi.
Y BikHi rpadika 6151 BepTHKanbHOI 0ci 00epiTh .

23. ObepiTb y BepxHbOMY MeHI0 View > Data Tool (Analyze...).
View | Help

¥ Right View
[ Bottom View

¥ Track Control
[ Notes

[0 Data Builder {Define...)
[ Data Tool (Analyze...)
& \WIN_20180319_16_55_35_Pro.mp4

24. 3’aBuTtbcs HoBe BikHO Data Tool 3 rpacdikom i Tabmuiero (puc. 5).
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25

26.

27.

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

4 Data Tool - ] *
File Edit Display Help
mass_A
; Measure |Ana!yze Data Builder... || Refresh || Help
;. max| 7400E1| 67B5E1
—_— ; —_— : min| 00000 -8.992E-3)
0BE - T T T T T T | mean| 3700E-1] 445561
- : sd  2179E-1] 2.093E-1
G ; se| 2517E-2| 2417E-2
0,55 - | | J | | | | s N 75 75
| markers| [w]
0,80 - : : ' 1 : ' : : = lines| [w]
A sty —
D45 | | I I I | I : axis|  horiz vert
0,40 | | | | | | | | row t ¥
E 0| 0,000 0,000]~
L T | 1 1| 1.000E-2| 3.528E-D)
el 2| 2000E2] 7.435E2|=
! 3] 3.000E-2] 0,112]
0,25 - 1 _ 4 4,000E-2] 0,150] |
5 5000E-2] 0,184]
nz20F 6] 6.000E-2] 0,217
7| 7.000E-2] 0,248
0I5 T T ] | —1 8 B,000E-2] 0,277
i 9] 9.000E2] 0,206
i : 10] 0,100 0,334
Dok I AN I | i : 1 0,110 0,361
i 12| 0,120 0,386
a : 13| 0,130 0,410
0 005 040 045 0,20 025 0,30 0,35 0,40 0,45 0,50 055 0,60 0,65 0,70 - s 0,140 0435
t 15 0,150 0,455|—
LIS N 1en nAa E.IL
Correlation coefficient (R-squared) = 0,002 non-editable

Puc. 5. Buenad sikHa Data Tool nicnsa o6paxyHKy cmamucmuku

. Y BepxHiit BkmaguHIi 06epith Analyse > Statistics. ¥ Tabnm1ii mpaBopyd 3HaliTh 3HaUEHH:A HaNOIbIIOI BYI-

cotu migHATTA h e 10 BIJITIOBI/Ia€ MAKCMMa/TbBHOMY 3HAYEHHIO KOOPIMHATH . 3anuuiTh 1oro o TabamIIi.

3akpuiite Bikzo Data Tool. ¥V nori rpadika ocHOBHOTO BikHa 06€piTh 0i/isi TOPM30HTAIBHOI OCi TO3HAYKY X.
3HoBy Bigkpuitte Bikao Data Tool.

O6epitp BkmaguuKy Analyse > Curve Fits Ta B HyokHil yacTuHi BikHa Fit Name > Parabola. ITosepx rpa-
dixa pyxy 3’aBuaacs napaboma. Y nosi rpadika KypcopoM BUAITITh IepIly MoMoBMHY rpadika. Haxmagena
napabosa He 6yze 36iraTics 3 yCi€ro TpPa€KTOpi€lo, 10 CBIYMTH PO BiIMIHHICTD TpaeKTOPii Bij izeanbHOT
napaboniyHoi. 3BepHiTh yBary Ha Te, 106 6ina Hagmucy Autofit 0608’13k0BO cTOsIB Mapkep. Lle o3Hauae,
110 [TporpaMa caMOCTiiTHO fo6epe monoeHHs mapabomu (puc. 6).

¥ Data Tool — (] X
File Edit Display Help
mass_A
|| Measure || Aname|
; markers| vl [
T T i T ;i lines| [v] ]
= : style| e
0,6 - s 1 - 1 = axis| horiz | wert | vert
1 row & i il
05 0-2,776 0,000 0,000)~
1| 2,231, | 3525..| 1,000
ol 3| 4270.| 7,435 | 2,000
: 3 6427.| 0,112 3.000.) |
= 4| 8705 0,150 4,000}~
0,31 5| 0.108| 0,184( 5,000
6] 0130] 0,217] 6,000
¥ 0151 0,248] 7,000 |
[ 8 0,173 0277 8,000
8 0,194] 0,306] 9,000
01 L 10| 0215 02334] o100
11 0235 0381 0110
12| 0255 02388 0120
0 : 13| 0275 0410 0130
i 0,2 0,4 0,6 0,8 1,0 1,2 14 14 0295 0433 0140
X 15 0315 0455 0,150
T T e 6] 0335] 0478 0.160
: 17| 0355 0498 0,170
Fit Name: |Parabola |v| ‘ Fit Builder || SR EEHE : 4"74 0375 0514] 0180
= —— — = — I} -1,246E0 : 18] 0385 0532 0190
Fit Equation: y = A2 + B*x+ C [I B 1.846E0 0.414] 0548 0200
s il 5 - s -3,279E-3 :
; & 0,434) 0563 0210
[¥] Autofit  rms dev: 1,157E-3 | 2;} S0l n57al oozl
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buensao sikHa Data Tool nicna HaknadaHHa napabosnu
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28. BUKOpMCTOBYIOUN BUMIpsHi 3HaYeHHA KyTa KUJJaHHA i TOYaTKOBOI MIBUAKOCTI 3a ¢popmynamu (1) Ta (2),

po3paxyliTe JaIbHICTb IOIBOTY KY/IbKH, @ TAKOXK Il MAaKCMMAa/IbHY BUCOTY HiJHATTA. 3allMILITh pO3PaX0BaHi
3Ha4YeHH: [0 Tabmuii i mopiBHATe iX i3 BUMipAHMMY 3Ha4eHHAMMN. 3p00iTh BICHOBOK.

Yacmuna 4. Ilo6ydosa modeni

29. 3akpmitre BikHO Data Tool. IToBepHiTbCsA 10 TOIOBHOTO BiKHA IIporpaMul. Y BepXHiil CTpiulli MeHIO BUMKHITD

IIO03HAYKY MaTepia/IbHOI TOUKM Ta IX HyMepaIlioo * . VBiMKHITB fiHi0 TpaekTOpii

30. CrBopuMO AMHAMIi4Hy MOfieNb pyXy M sa4a. [Iyia mporo obepith y BepxHilt crpiuni mento Trake > New >

31.

32.

33.

34.

35.

Dynamic Particle Model - Cartesian. OcTaHHs cTpiuka BU3HAYa€ TUII CYICTEMY KOOPAMHAT.

3’ABUTHCSA BiKHO TOOYOBM MOfierTi Ta B JIiBOMY KYTKy fofaTkoBo B maHerni Track Control — Hagmmc model
A i mikrorpama moperni (puc. 7).

';"_’_:* Model Builder: Dynarmic Particle (Cartesian) x
Start frame TEEE Endlrame‘ 931L::| Launcher {none} [+
.

Moder‘.‘ @ model A |,‘
Parameters 12
et [ eopr [ 0w ] [Lame |
Mame ‘ Expression

m |10
Initial Values
Mame Expression
t 0,000
X 00
¥ 0.0
VK 0.0 =
W 0.0
Force Functions
[tsa ][ comr |[ ot |[ pose |
Mame Expression
x 0
Ty ]
Double-click to edit a cell, or click Add to define a new parameter or function
Right-click to edit the description. =
-
| Help H undo || Redo || Font Size || Close |

Puc. 7. Buanso sikHa Model Builder

I mo6ynoBy Mozeri pyxy HeoOXi/fHO BUSHAYMTIICA 3 yCiMa ITapaMeTpaMy, sKi OyAyTb BUKOPUCTaH] y Ipo-
neci mo6ynosu. Kpok meprumii — ycTaHOBITh HOMeP KiHI[eBOTO KaJpy. BcTaHOBITH 3B’s130K MozierIi 3 ITpoaHa-
nisoBaHMM Bifieo — y o Launcher o6epith mass A.

Y ctpiuni Parameters yBeniTh sHaueHHs Macy Kynbku. O6epits Add. ITif cTpiukoro Macu 3’ABUThCSA CTpivka
parameter. HaTucHyBIIN ITpaBy KHOIKY MaHIIy/IsATOpa Ha Ha3Bi, 00€piTh I I[bOr0 MapaMeTpa MO3HAYKY
g. Y npasiit yacTuHi Tabmuui ABiui HATHCHITH Ha 3HauYeHHs i BBemiTh 9,81. OTXKe, BU3HAYeHA Maca Ky/IbKI
i ycepegHeHe 3Ha4eHHA NPUCKOPEHHA BiIBHOTO mapiHHA. JlomaiiTe CTPiUKy [IA IEpIIOro IapaMeTpa, AKa
Oyze Haflami BUKOPUCTOBYBATHCA /1S 060PY sHaueHb KoediiienTis k ik, . [lepeiizith g0 3amoBHEHHA HOTIA
Initial Values. TToyaTkoBi KoopaMHaTI MO/ B)Ke BU3Ha4YeHi IpuB sI3Kok0 /1o Tina. [lepeiinite mo mons Ta-
O7u11b; Y TOIOBHOMY BiKHi 06epiTh Tabmuii mass A Ta 3a joromoroxo kHotky Table Bifkpuiite nepenik xoso-
HOK 1 lofjajiTe KOJIOHKY VX Ta Vy. Y 1o HO6YJIOBI/I MOJIeJIi Y CTpiYKax VX Ta Vy BBEMIiTh 3HAY€HHs [T09aTKOBOI
IIBU/IKOCTI KY/IbKI B3[J0OBXK TOPM30HTAII i BepTUKaJli, BU3HAYeHi 3a TaO/INUIIEI0 B TO/IOBHOMY BikHi. [TepeiiiTh
y none Force Function. Fx — 1je mpoexiii ¢, 0 AiI0Th B3[OBX rOpU3OHTY. Fy — Ipoexuii curm, mo JiloTh
BepTHKanbHO. Ha novatky mo0OyyoBu 3amoBHiTh 1oje 3HadeHHs fy, BBiBIIM — m*parameter. I]e BpaxyBaHHSA
TibKM Al ey TsoKiHHA. MoxxmuBi titepu 6ynyTh BUfMMI Ipy 3anoBHeHHi. IIpocTo Bubepith i3 neperiky.

Ha 306paxxeHHi 3’s5BUBCA TpeK Mogieni. [I/11 onTuManbHOro BicTeXXyBaHH: YBIMKHITh ITO3HAYKY TiNa i MO-
fieri, oOpaBILIM KHOIIKY y BEpXHbOMY MeHI0. [lepeMicTVMBIINMCH Ha IepLIMil Kajap, BiATBOPITh Bijeo3amnuc.
Tpex Mozeni He 36iraTuMeTbCs 3 JOCTITHUM TPEKOM — He BPaXOBaHO iCHYBaHHSA CUJIM OIIOPY HOBITpAL.

BpaxoByioun, 10 cuia OIOpy IOBITpPs HampaBlieHa IIPOTYM PyXy Tima, mopaiite y cTpiuky fx sammc
parametr1*vx, a 1o 3anmcy cTpiuku vy — parametr1*vy. CipoOyiiTe 3MiHIOBaTV 3HaY€HHs IIE€PIIOTO IIapame-
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Tpa, HAMaralo4yCh JOCATTI ONTHMA/IBHOTO CYMillleHHA MOJieri i JOCTiIHOrO TpeKy. Ko mBUAKICTb pyxy
Ky/IbKU Oyjie 3Ha4HOIO, IIOTPIOHO BBECTU KOPEKTUBY (OPMY/IN CHIM ONOPY, BPaXyBaBIlM, 1O MIBUKICTD
OpatuMeTbcsa y KBafiparti (puc. 8).

Fle £t Video Track

inate System ViewHelp

SHS» B

s b | Koo = # Qi |2 02 [\ 4 A AL A4 K|

Ar-R-K

ey nus: 8208 1 24748

1 co038_encasedmps

[FosTEm Faie]

740 [roo% [

[ iasl omeeql
0 I 1] V2
i

P |
T B TS|
1032 10

2 163]
2207

Puc. 8. Buznsio sikHa npu cmeopeHHi mooeni

Ta6nuys pesynomamie

ITouaTkoBa KyT xupanua MaxkcumanpHa MaxkcnumanpHa MakcumanbHa MakcnumanbHa
IIBUOKICTD Tija, | Tina, BUSHAYEHUIT TTaJIbHICTD BJICOTA IifJIOMY TalbHICTD BJCOTA MiJJIOMY
BM3HAYEHa 3a 3a TabnuIero, MONIbOTY Tifa, | Tijla, BU3HaueHa | MOJbOTY Tifa, | Tila, BU3HaUYeHa
Tabnuieo, a BM3HaYeHa 3a TabnnIEIo, BM3HaYEeHa 3a pO3paxyHKOM,

3a TabnuLero 3a
v, (M/c) ’ h (m) e (M)
PO3paxyHKOM,

s (M)

max

(M)

max
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JlabopaTtopHa po6oTta Ne 5.
JociiaKeHHs pyXy TijIa, KHHYTOr0 rOpyu30HTAJIbHO

Mema po6omu: BUKOPUCTOBYIOUY MOX/IMBOCTI IporpaMHoOro 3abesnedeHHs Tracker, zocmignty pyx Tina,
KMHYTOTO TOPU3OHTAIbHO.

3asoanns pobomu:

1. IIpoBecTu eKCIIEpUMEHT i3 Ti/IOM, KWHYTMM TOPM30HTAJIbHO, @ TAKOXK CTBOPUTH JIOTO Bifjeo3aIuc.

2. BusHaunMTM 3a JOIIOMOTOX iHCTPYMEHTIB IPOrpaMy IIOYATKOBY IIBUIKICTh PYXY TiJla B TOPM30HTA/IbHO-
MY HaIIpsIMKY.

3. PospaxyBaTy NIpUCKOpPEHHA PyXy Ti/lla Y BepTUKAJIbHOMY HAIPAMKY, BUKOPMCTOBYIOYM iHCTPYMEHTU
nporpamu Tracker.

4. CrBOpUTHU MOJE/Ib PyXy TijIa i HOPIBHATH Ii 3 eKCIIEPUMEHTAIbHYMY JaHUMI.

O61a0HanHA: TeHICHNIT M A4, IPUCTOCYBAHHA JI/IA 3aITyCKY Tia, BepTUKaIbHA TOBEPXH, MiHiiika, [TK.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvi gioomocmi

# Tader - X
Fle_Eat Video Track Coordinate System View Help

S H| S8 B e- b | komwe B Qo [ £ 0|\ G A 4| D A4 A
v

23[00% [0 » =

Puc. 1. 30eHiwHili 8uensao sikHa npoepamu Tracker

Y niit po6ori sraane mporpaMHe 3a0e3IeUeHHs 3aCTOCOBYETbCA /I BU3HAYEHHS IT0YaTKOBOI MIBUIKOCTI
PYXY Te€HiCHOTO M’slYa B TOPM3OHTA/IbHOMY HAIPAMKY, IPUCKOPEHHS JIOT0 PyXy y BepTUKA/IbHIl I/IOMUHI, a
TAKOX JIJIS1 CTBOPEHHS JVHaMi4HOI MOJierTi, 110 BifIIOBifla€e 3a3HaveHiit curyarii. Pyx M’s4a BifOyBaerbcs y mo-
BiTpi, TOMY 1100Oy0Ba MOZIE/Ii Ti/IbKY 3 ypaXyBaHHAM HOJIA CVWJI TSDKIHHA He3HAYHO, ajie BilpisHATUMETDCA Bif
pes3y/IbTaTy peaabHOro ekcrepyMeHTy. OfHUM i3 3aBjaHb poOOTY € CTBOPEHHs JMHaMiuHOI Moferni Ta fobip
IapaMeTpiB, 1IJ0 MOXXYTh BIUIMBATH! Ha pyX (puc. 1).
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Xio po6omu
Yacmuna 1. Ompumanns eioeo3anucy

1. YcraHoBiTh posrpadyieHy noBepxHio abo JiHiiKy 3 ZoOpe MOMITHUMM ITOFINKaMy CTPOTo BepTuKanbHo. [To-
MICTITB y 1Iiil IUTOLIVHI JOJATKOBI IPMCTOCYBAHHSA JIA 3aIIyCKy M S4a.

2. OG6epitp npuctpiit, AKMM Bu OyfeTe BUKOHYBATH Bifle03ifoMKy. 3’ACyiiTe AKiCTh 00 €KTVBa, W06 Hajasti
BpaxyBaTy MOXK/IVMBi CIIOTBOpeHHA. BUKopucTariTe MaKCMMaNTbHO MOXK/IMBY 4acTOTY 31IOMKM Bimeo (240-
1000 kagpiB Ha CEKYHAY).

3. YcTaHOBIiTH IPUCTPIiT TAK, 10O yTiHilIKa 260 posrpadyieHa OBEPXHA i M 'S4 IIOBHICTIO MIOTPAIUIA/IN B Kajp i
B IIPOLIEC] 3IOMKI IIPUCTPIil HE pyXaBCs.

4. PosnouHiTh 3amuc Bifeo. 3po0biTh Iie AeKiNbKa 3amucis, 106 Mo>kHa Oy/10 BUOpaTy HallKpalil BapiaHT.

5. IloBTOpiTh 3amyc Bifieo A BUOOPY HAMKpPAIIOro BapiaHTa. K0 MOXXIMBOCTI 3AiMICHUT Bifjeo3amic He-
Ma€, 3aBaHTa)KTe TOTOBE BifI€O 3 pecypcy.

Yacmuna 2. Onpauroéanus ioeo

6. 3aBaHTaxTe Bimeo y mporpamy Tracker. [l iboro ckopucrarirecsa kHonkoo Open y BepXHbOMY MEHIO IIPO-
TpaMIu.

(# Tracker

File Edit Video Track Coordinate Sys

=N I

v | Open avideo or trackerfile in a new tab|

Tako)x MOXKHa «IIepeTATHyTI» (ajll 3aIyCy Y BiKHO IIporpamy abo 3aBaHTXXNUTH itoro yepes MeHio File >
Import > Video. fIkimo mporpama He 3MOITIa 3aBaHTXWUTH Bifieo, He0OXifHO ibpaTy iHIIMIT Jioro popmart
3a JIOTIOMOT'0I0 PeflaKTopiB Bizteo (puc. 2).

S|SB e b | ko o B Qa0 N\ %A A4 D A4 A s-anc

= oy nuse 2508 o 26708

Plotwew ofrack st wil appearhers.

=] P

[T ———

253 1o Fw > =

goizau |

Puc. 2. Buznso sikHa npoepamu Tracker nicig 3a8aHmMakeHHs 8ioeo


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/ruh%20gorizont/ruh%20gorizont.wmv

7.

8.

10.

JlabopaTopHa po6oTa N2 5

BukopucToBywo4y KHOIIKM KEPYBAaHH:A B HIDKHII YacTMHI BiKHA 3 Bifjeo, IIepeIIAAHbTE 3aIlNC.

SIK1110 06’€KTUB IPUCTPOIO /s 3TIOMKM IA€ CIIOTBOPEHHS 300pakeHHsI, BUKOPMCTAliTe BiAOBiAHMIT PinbTp
Bifeo.

m‘rmck Coordinate System View Help

Remate lte ww B | Qs |
Close

Go to.. Cirl-G

Paste Image »
¥ Visible
[¥1 Play All Steps
¥ Smooth Play (may be slow)
Filters New » Baseline
Properties... Paste | Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize
Rotate
Strobe

Sum

YcTaHOBITH HOMED KaJIpy, 3 AKOIO PO3NOYaBCA T'OPMU3OHTANIBHII PYX Tila, Ta HOMEP KaJpy, KOIM Tilo I0-
TPanuIo B yNOB/0BaY. /IiYNIbHIK KafpiB pO3TALIOBAHMI Y CTPivlli KHOIIOK KEPYBAaHHA Y BiKHi Bifle03anmucy.

016100%EM » B . —]

O6epitp y BepxHiit cTpiuni kHonky Clip Settings lE Bumape BikHO BCTaHOB/IEHHA MeX KaJpiB Bifjeo3arnm-
cy. 3a3HauTe B HbOMY HOMep ITOYaTKOBOTO Ta KiHIIEBOTO KafIpy, KPOK 3MiHM KaapiB (KO KafpiB Oarato,
TO KPOK JIa€ 3MOTY 3MEHIINTH KiZIbKiCTh KaJpiB /IS aHaIi3y), a TAKOXK YaCTOTY 3MIOMKM (32 3aMOBYYBAHHAM
Iporpama cama oOupae Ijeil mapameTp i3 BmacTuBocTeit Bifeosamucy). O6epits Ok.

Frames

Startframe:|233 |
Step size:|3

End frame: |290

Frame Times

Start time:|0,000 5
Frame rate: 240,00@
Frame dt |4,17E-3 5|

B it |

e

O6epitp y BepxHiit cTpiuni kHonky Show or hide the coordinate axes -, Ha Bifeosamuci 3’ ABIATbCA Oci
KoopauHaT. LIeHTp cucTeMy KOOPAMHAT IEPETATHITh Y TOUKY, 110 AKHAMKpAIle BiIOBiflaTuMe CUTYyalil.
Hanpuxkmnan, cyMmicTiTh ii 3 IeHTPOM Tijla Ha OYaTKy pyxXy. Oci KoopuHaT MOXXYTb noBepTaTucA. JJonar-
HVIT HAaIIPSIMOK Ha OCi BUSHAYAETHCSI KOPOTKOIO PYUCKOI0 Ha Hiil. [IoBTOpHO 06€epiTh KHONKY Show or hide the

coordinate axes = Cucrema KOOPZIMHAT 3HUKHe, aJie Il I0JI0KeHHs IIporpaMa 3aram AToBye (puc. 3).
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& Tocker

v - a8 x
Fle Edit Video Track Coordinats System View Help

S H %[ B e || xomme = B[ Qo |7 b |\ %A ALL|AA -
v ~faxes [1Ga v originpioipostion (1745 | (3035 ] anseomhorzonta 55|

nE8c
remary s 2448 o 26708

= |

Plottow ofrack asta wil appeathore.

Tatie tew ofrsck data vl appear e

Puc. 3. Buensd eikHa npozpamu Tracker nicisi BCMAaHO81eHHS NOMIOKEHHSA cucmemu KoopouHam
11. O6epiTb y BepxHili cTpiuni KHonKy Show, hide or create calibration tools 1" ra B Meno - New » Calibration
Tape. [Iporpama sanpomnonye, yrpumytoun kiasimry Shift, o6pary Ha 306paskeHHi epIy Ta APyTy TOUKY AL
ORMHMYHOTO Bifgpiska. Ha Bizeo 3’s1BUThCs {BOHAIIpaBIeHnit Bigpisok. Haj Bigpiskom HeoOximHO B 1indpo-
BOMY I10J1i BBECTM 3HA4€HH: JOBXXIMHM LIbOTO Bifipi3Ka B MeTpu4Hill cucremi. KiHlli Bigpiska MOXKHa BiIbHO
IepecyBaTH «IIepeTATyBaHHAM» 110 306paxeHH!o. [lle pa3 o6epith kHONKY Show, hide or create calibration

Rl i -

tools | * " . OnyHuYHMII Bifpi3oK 3HUKHe, ajle IpOrpaMa 3araM siTa€ JIoro IMOJIOKEHHs Ta JOBXIHY (puc. 4).

& Tacer

Flo EaU Vidoo Track Coordinato Systom View Holp

2880
ey inuse 2608 o 26700

HES =

Ploiew o rackdsta wil appearhere.

|

Tave tew of rackdata wil appear ore

o 1o0s [ u +

_gorzan |

Puc. 4. Buensao sikHa npoepamu Tracker nicia 6cmaHosneHHAa 00UHUYHOR20 8i0pi3ka

12. Jlna BigcTexxyBaHHA pyXy Tilma 06epiTh y BepXxHbOMY MeHI0 KHONKY Create i y meHto — Point Mass.

¥ Create =5 ¥ | all

Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track ]

Measuring Tools ¥

Calibration Tools ]
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13. ¥V niBomy KyTKYy 3’ sBuTbCA BikHO Track Control.

14. HarucHits xnasinry Shift. Kypcop Habyne Burnany HeBemukoi pamku. CyMicTiTh

10 paMKy 3 TO4YKOIO, 3a

AKOI0 BM OyieTe CTeXUTH, i HATUCHITD JIiBy KHOIIKY MaHinynaTopa. Ha 300pakeHHi 3’IBUTbCS MapKep TOY-
K11, i TporpaMa aBTOMaTUYHO Nepelifie Ha HacTyImHMit Kazip. [ToBTOpIOiiTE I1i KPOKM O OCTAaHHBOTO 0OPaHO-

O KaJpy.

@ Tocker
Fle Edit Video Track Coordinat

SH sw |8y

s -3¢

renary nsse 2948 1 24748

¥ O massh m[1000%g] step 15: ]

ik P[0 massa~] -

mass At x)

e
Toossarieed]
EY Lo T

5

Puc. 5. Buenao sikHa npozpamu Tracker nicnia 6iocmexysaHHsa pyxy mina

15. Y BikHaxX MpaBoi YacTUHM 3 ABIATHCA Ipadik i Tab/MMIIA, Ha OCHOBI AKMX BifOyBaTMMeTbCS aHAIi3 OTPUMAHIX
manyx. Jxio Bick koopayHat OX 06paHa rOpM3OHTAIBHO, TO 'padik MaTMMe TaKMil BUIJIAL, AK Ha PIC. 5.

Yacmuna 3. Ananis oanux

16. O6epiTpb y Bepxubomy MeHio View > Data Tool (Analyze...).

View | Help

¥ Right View
[ Bottom View

¥ Track Control
[ Notes

[0 Data Builder (Define...)
[ Data Tool (Analyze...)
& \WIN_20180319_16_55 35 Pro.mpd

17. 3’sasButbcs HOoBe BikHO Data Tool 3 rpadikom i Tabnuueto (puc. 6).
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18

19.

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

@DataToo\
File Edit Display Help

mass_A

| Measure |Analyze Data erder...| Refresn| Help |
—

' markers| [v]

T T T T T T T T T T T lines| [v]
style| T

axis| horiz vert

0,30 -

row t ¥
0,000 7. 7T99E-4
1 1,250E-2] 1,872E-2
025k 2| 2500E-2]  3588E-2
3 3,750E-2| 5,382E-2
4 5,000E-2] ¥ 097E-2
FotL | | | | | | I 5|  6250E-2]  8.891E-2
: 6 7.500E-2| 0,106
“ Tl 8 750E-2] 0,124
8 1,000E-1 0,143
018+ 1 T T + + T T q el 0,112 0,160
1 0,125 0,176
1 0,137 0,193
gk 12| 0,150 0,212
+ 13| 0,162 0,232
14 0,175 0,247
15| 0,187 0,265
0,051 16| 0,200 0,285
17| 0,212 0,303
18| 0,225 0,321
19 0,238 0,339

0 002 004 008 008 040 012 044 016 018 020 022
1

Drag table columns to yellow (herizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buzn=ao sikHa Data Tool

. Ockinpku rpagix x(t) € mpAMoro, To pyx M’sA4a B3J0oBX oci Ox, AKmit BiH omycye, Oyae piBHOMipHUM. PiB-
HSAHHSA PYXy Ti/la B TAKOMY BUITQJIKy MaTMe BUIJIAN NiHiiHOT pyHKIi x(t) = v t + x,. ¥ 3arajbHOMY BUIIAN]
dyukuia mae sanuc f(x) = Ax + B. baunmo, 1m0 xoedinient A = v . OTxe, OYaTKOBa MBUJKICTb PyXy M's4a
B TOPM30HTA/IbHOMY HaNlpsIMKY OpiBHIOE KoedinieHTy A. []1s1 BUsHaYeHHs 1boro KoediljieHTa HaKIageMo
Ha rpadik npamy (puc. 7).

O6epitp BKmaguHKy Analyse > Curve Fits Ta B HYDKHINT yacTuHi BiknHa Fit Name > Line. IToBepx rpadi-
Ka pyXy 3’ABUIACA TPAMA, a IIifi Helo — 3HaYeHHA KoedillieHTiB. 3BepHiTh yBary Ha Te, 106 6ind Hagmmucy
Autofit 060B’a3K0BO cTOsB MapKep. Lle o3Hadae, 0 MporpamMa caMOCTiiTHO Hobepe IOTOXKEeHHs MPsAMOL

BusHayTe MOYATKOBY IIBUAKICTD M S4a.

'.’ Data Tool
File Edit Display Help

mass_ A

i Measure ‘.Ana{yze |

Data Builder... || Refresh | Help

y markers| [v]

T T T T T T T T T T T : lines| [w]
style| = o

0,30 - axis| horiz vert

row 1 ¥
0,25 0,000 7,799E-4]
1 1,250E-2 1,872E-2
2| 2,500E-2 3.588E-2
Rt 3 3,750E-2 5,382E-2
2 4 5,000E-2 7,097E-2
015k 5 625062  8.891E-2
' 6 7500E2 0,106
Tl 8,750E-2 0,124
010 8 1.000E-1 0.143
9 0,112 0,160
0,08 1 0,125 0176
11 0,137 0,193
12| 0,150 0,212
5 L L L = - L L + + + + 13| 0,162 0,232
1} 002 004 006 0,08 010 042 014 016 018 020 022 14 0,175 0,247
t 15| 0,187 0,265
Fit Name:|Line ‘v| |Fit Bui[dej| fiEameles LELE 1; g;;é gggf
— ;2 142180 19 0.238 0339

Fit Equation: x = A*t + B E B 6,685E-5 - -
Autofit  rms dev: 9 957E-4

Drrag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitling non-editable

Puc. 7. Buzenso sikHa Data Tool nicnisi HaknadaHHs npsamor



20.

21.

22.

23.

24.

25.

26.
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[ToBepHiTbCs O TOTIOBHOTO BiKHA IpOrpaMi i1 y BikHi rpacdika 6i/1s1 BepTuKanbHOI 0Ci 06epiTh M03HAUKY OCi
x. 3’IBUTbCS BIKHO 3 BapiaHTaMu napameTpiB. O6epiTh mapamerp y.

Burnan rpadika sminutbcs. Ilepeiinite no Bikaa Data Tool. BuMkHITS i yBiMKHITB 710T0 3HOBY. Y 1o rpa-
¢ika 6yne nBa rpadika. [Jns Bubopy rpadixa pyxy Tina mo oci Oy y nosi Tabnmib 3a1miiTe TIIbKY HO3HAYKI
017111 KOJIOHKM .

Ockinbku rpadik y(t) € YacTuHOO napabon, To PyX, IKUI BiH onucye, Oyne piBHONpUCKOpeHnM. PiBHAHHS
pyXy TiNa B TAKOMY BUTIa[IKy MaTiMe BUIJIAN, KBaapaTnuHoi GyHkuii x(t) = at’/2 + vt + x,. Y 3aranbHOMY
BurAni pynkiia mae 3anuc f(x) = Ax* + Bx + C. bauumo, mo xoediuieHT A = a/2. 3Bifcy MpUCKOpeHHA
a = 2A. JIna BU3Ha4YeHHS IPUCKOPEHHA PYXy M A4a Y BepTUKaIbHOMY HAIPsAMKY HeoOXi[HO 3HAlIT! Koe-
¢inieHT A i moMHOXWTH Jioro Ha 2. I/ BU3SHaUYeHHA 1[bOro KoediljieHTa HakIaieMo Ha rpadik mapadomy
(puc. 8).

O6epitb Bkmagnuky Analyse > Curve Fits Ta B HYoKHilT yacTyHi BikHa Fit Name - Parabola. [Tosepx rpagika
PyXy 3’saBuaacs mapabosa, a Mifi Helo — 3Ha4eHHs KoedillieHTiB. 3BepHITh yBary Ha Te, 100 0ina HagnuCy
Autofit 060B’s13k0B0 cTOsIB Mapkep. Lle o3Havae, 1110 MporpaMa caMocTiitHO fobepe MOMOXKeHHs apado.
binsa koediuieHTa CTOITh 3HAK «-», OCKI/IbKU IIPUCKOPEHHS CIIPAMOBAHO IIPOTUIEKHO HAIPAMKY oci Oy.

¥ Data Tool = O *
File Edit Display Help
mass_A
Measure || Analyze| Data Builder... ” Relresll! Hetpl
41 markers| v [l
T T T T T T T T T T T lines| ] =]
A stylel B
0,05 1 ;5 axis| hariz vert vert
N row t ¥ ¥
040 0 0,000 -7,799..|7 799E-4|
1{1,250E-2{ -5,460...|1,872E-2
2|2 600E-2{ -1,248._|3,585E-2
-0,15 33.750E-2| -1,950...|5,382E-2
= 415,000E-2| -2,808...|7,097E-2
020k 5{6,250E-2{ -3,900...|8,891E-2
87 500E-2{ -5,382 0,106
7|8, 750E-2] -6,707... 0,124
<028+ 8| 1,000E-1] -8,501... 0,143
b 9 0,112] -9,983... 0,160
L [ [ 10 0125 -0116] 0178
! i 1 0137 0136 0,193
12|  0150] -0158 0,212
0350 13 0162] -0186] 0,232

0 002 004 006 008 010 042 014 D016 018 020 022 14 0175 0208 0,247
15 0187 0230 _ 0.265

16) 0200 -0,260) 0,285

[ 17| 0,212] -0,239 0,303
Fit Name:|ParaboJ.a |v| | Fit Buk[de[| Parameter LT 18 0225 030 032
D ki | Y “4,824E0 I e
Fit Equation: y = A*1"2 + B*t + C “ B -3,321E-1 . t -
= = = |C -6,538E-4
Autofit  rms dev: 1 451E-3

Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 8. Buensao sikHa Data Tool nicna HaknadaHHA napabosu
PospaxyiiTe mprcKopeHHs NafiHHA Tina 3a koedinienTom A. 3anuc sHaYeHHA KoedillieHTa 31/ICHIOETbCA Y
CTaHZAPTHOMY BUITIALL.

CrBOpMMO AVMHAMiYHy MOZENIb pyXy M’s4a. [I1a mporo obepith y BepxHilt cTpiuni mento Trake > New >
Dynamic Particle Model - Cartesian. OcTaHHs cTpiuka BU3HAYa€ TUII CYICTEMV KOOPAMHAT.

3’ABUTHCSA BiKHO TOOYOBM MOJierTi Ta B JIiBOMY KYTKy fofaTkoBo B maHerni Track Control — Hagmmc model
A i miktorpama moperni (puc. 9).

67
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'@ Madel Builder: Dynamic Particle (Cartesian) x
Start frame 233. Endlrame‘ 15285 Launcher, (none} |w=
Model: © model A ~]
Parameters e
| Add || Copy || Cut H Paste |
Mame | Expression
m |10
Initial Values
Name Expression
t 0,000
X 0.0
¥ 0,0
X 0.0 =
W 0.0
Force Functions
[aaa ][ com |[ cm |[ poss |
Name Expression
fx 0
fy 0
Double-click to edit a cell, or click Add to define a new parameter or function
Right-click to edit the description. =
[ el ][ wado || Redo || rontswe || ciose |

Puc. 9. Buznsao sikHa Model Builder

27. JIns nobymoBu Mofierti pyxy HeoOXi/fHO BUSHAYMTIICS 3 yCiMa TapaMeTpaMu, sIKi OyAyTh BUKOPUCTaH] y Ipo-

28.

29.

neci mobynosu. Kpok mepmmii — ycTaHOBIiTh HOMep KiHIIeBOTO Kafipy. YCTaHOBITb 3B 30K MOZIEIi 3 TpoaHa-
ni3oBaHMM Bifteo — y noni Launcher o6epith mass A.

Y crpiuni Parameters yBeniTh 3HaueHHsA macu M's4a — 0,05 kr. O6epits Add. Ilig crpiukoro «maca»
3’IBUTBCS cTpiuka parameter. HatycHyBIIN ITpaBy KHOIIKY MaHIiITy/IATOpa Ha Ha3Bi, 00epiThb JyIA 1bOTO Ia-
paMeTpa I03Ha4Ky g. ¥ mpasiit yacTuHi Tab/mui ABiui HaTUCHITH Ha 3Ha4eHHs i BBemiTh 9,81. OT)Xe, BU3Ha-
YeHO Macy M’s4a i ycepefiHeHe 3HaUeHH IPUCKOPEHH BiIbHOTO nafiiHHA. [lepeiiiTh 10 3aII0BHEHHA 1O/
Initial Values. ITouaTkoBi KoopayMHaTV MOz B)Xe BU3HAYEHi ITPVB’A3KOI0 [0 Tiya. Y cTpidlli vX BBe/IiTh 3Ha-
YeHH: IT0YaTKOBOI IIBU/IKOCTI M sl4a B3[JOBX TOPM3OHTY, BI3HaUeHe IonepenHbo. [lepeitnits y mome Force
Function. Fx - 1ie mpoexuii cnii, mo fifoTh B3I0BX ropu3oHTy. Fy — MpoeKIiii cur, 1m0 AiloTh BEPTUKATbHO.
OCKiNbKM pO3ITIAIA€ThCA TIIBKM CHJIA TSDKIHHSA, 3aIIOBHITH 1071 3HaYeHHs fy, BBiBIIM —m*parameter. Mox-
nuBi mitepu Oy[yTh BUAMMI IIpyu 3anoBHeHHI. [IpocTo 06epiTh i3 meperiky.

Ha 306paskenHi 3’1BUBCsI TpeK Moferi. SIKIo BiH He 36iraTMMeThCsi 3 JOCTIHUM TPEKOM — He BpaXOBaHi
IOIATKOBi apaMeTpy, TaKi sK MIBUAKICTb 10 BepTHKali a00 IPOEKLi cut.

CrpoOyiiTe 3MiHIOBaTI ITapaMeTpy Ta IXHi 3HAYEHHs, HAMATalo4lCh JOCAITY ONTHMAJIBHO CYMillleHHS MO-
menti it gocnmigHOrO TpeKy (puc. 10).

Fle Ed1 Video Track Coordinate Sysem View_Help
S E[S % B e L | xeeme = B Qassn |7 o N\ 0 A A|4 A4 A -

¥ © modelA m[5300E2k

2 me

ey s 3208 5 24700

[ em[o memals]

model A (t, )

=t o]

20 oos [ w o+

G

el g5 Tz
e

Puc. 10. Buenso sikHa 3 Model Builder
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JlaGopaTopHa po6oTa N¢ 6.
JociiaKeHHs piBHOMiIpHOro pyxy TiJjia 110 KOJIY

Mema po6omu: BYKOPUCTOBYIOUY MO>K/IVBOCTI IIpOrpaMHOro 3abesnedeHHs Tracker, zocmignty piBHOMIp-
HUI pyX Ti/Ia IIO KOIy.

3asoanns pobomu:

1. IIpoBecTu eKCepMMEHT i3 Ti/IOM, IJO PIBHOMIPHO PYXa€TbCA 10 KOMY, a TAKOXX CTBOPUTH JIOTO Bifieo-

3alnc.

BusHaunTy 3a JOIIOMOTO0 iHCTPYMEHTIB IIpOrpaM JIiHilIHY, KyTOBY IUBUJKOCTI PyXY i JOLIEHTPOBE IIpU-
CKOPEHHH.

O6na0HannA: [UTAYA irpallIkoBa 3a/Ii3HNLA, TPAHCIIOPTHP i3 BU3HaYeHNMU posmipam, ITK.

IIpozpamne 3abe3neuenns: Tracker (http://physlets.org/tracker/) (puc. 1).

3azanvi gioomocmi

o %
Flo Edn Video Track Coordimato System View_Hlp

SO B9 8wl owe o B[Que | S0 NG A K LA LA s-nae
v memory 1 use: M8 of 24 |
e A

Plotwew o rackdaa i appearhere.

Puc. 1. 3o8HiwHili 8u2nis0 8ikHa npozpamu Tracker

Y it po6oTi srajjaHe mporpamMHe 3abe3nedeHHs 3aCTOCOBYEThC [ BUSHAUYCHH JIiHINHOI, KYyTOBOI IIBW/-
KOCTi pyXy IOTsIra irpalikoBoi 3a/1i3HuI i 10ro ZOLeHTPOBOTro HpucKopeHHs. Pyx motsra 6yze kBasipiBHOMIp-
HIM, OCKUIBKI BiH IPUBOJAUTHCA Y PYX €IEKTPOABUIYHOM, 1110 IIPAIIO€ 3a CTAJI01 HAIIPYIW KUBJIEHHA. MeTomo
po6OTH € BU3HAYEHHA OCHOBHMX ITapaMeTpiB PyXy Ti/a, 1[0 piBHOMiIPHO pyXa€eThbCs 110 KOJIOBil TpaeKTOpii.

Xio po6omu

Yacmuna 1. Ompumanuns eioeo3anucy

YCTaHOBITH irpalllKoBY 3a/IiSHMII0 HA TOPM3OHTA/IbHIN ITOBEPXHI i IOMICTITB Yy ii IIEeHTP TPaHCIOPTHUP.

O6epitb mpuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03ifoMKy. 3’ACyiiTe AKiCTb 00 €KTUBA, W06 Hajasi
BpaxyBaTy MOXJIVMBi CHOTBOpPEeHH:A. BukopucraiiTe cTaHJapTHY YacTOTy 31IOMKM Bifjeo (25-30 kafpiB Ha
CEKYHJY).
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3. YcTaHOBITH IPUCTPIiT TAK, 1106 3a/Ii3HNULIA IOTPAIUIA/IA B KaJp i B IIpoljeci 3110MKM IPUCTPIll He pyXaBcsl.
4. 3amycTiThb HOTAT i BCTAHOBITB J10r0 Ha Kojii. Po3noyHiTh 3amuc Bifeo. 3pobiTh Ie Aekinbka 3amncis, mo6

MO>KHa Oy/10 BUOpaTy HaiKpamuii BapiaHT. SIKIJ0 MOXK/IMBOCTI 3[ilICHUTY Bife03anuc HeMae, 3aBaHTaXTe
TOTOBE BiJIeo 3 pecypcy.

Yacmuna 2. Onpautoéanus ioeo

5. 3aBaHTaxTe Bimeo y mporpamy Tracker. [l iporo ckopucrarirecs kHonkoo Open y BepXHbOMY MEHIO IIPO-
rpaML.

(&3 Tracker
File Edit Video Track Coordinate Sys
EH| & B v

v |0»pen avideo or tracker file in a new tab|

Tako)X MOXXHa «IIepeTArHyTI» (ajill 3aIycy y BiKHO Iporpamu abo 3aBaHTXNUTH itoro yepes meHio File >
Import > Video. SIkujo mporpama He 3MOIIa 3aBaHTKUTY Bifieo, HeoOXifHO #ibpaTy iHIMII jtoro ¢popmar
3a JJOIIOMOT0I0 PeflaKTopiB Bixeo (puc. 2).

& Tacar - 8 x
o ot \idoo Track Coondnte

SH 5% 8 Y- L Ko

£ oy inuse 3608 o 26708

Table ew of Fack data il appear hre

oz oo [ > O

cucsiooan |

Puc. 2. Buenso sikHa npoepamu Tracker nicsis 3a8aHMaxeHHs 8ioeo

6. BuKOpMCTOBYIOUM KHOIIKY KePYBaHHs B HIDKHIN YaCcTVHI BiKHa 3 BiJleo, Ieper/IaHbTe 3amuc. SIKI0 00’ €KTUB
IPUCTPOIO J/IA 3MIOMKU JIa€ CIIOTBOPEHHA 300pa)KeHH:, BUKOPUCTAlTe BinnoBigHuit GinpTp Bigeo.

\ﬁm|Track Coordinate System View Help

late == B | 112% |

Replace...
Close

Go to... Clil-G

Paste Image »
¥ Visible
™ Play All Steps
¥ Smooth Play {may be slow)
Filters »

New » Baseline

Properties... Brightness
Dark Ghost
Deinterlace
Ghost

Gray Scale
Negative
Perspective
Radial Distortion

Resize
Rotate
Strobe
Sum



https://editor.inhost.com.ua/storage/MANLab/videoanaliz/ruh%20po%20kolu/ruh%20po%20kolu.wmv
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7. O6epiTb HOMeEp KaJipy, 3 IKOTO PO3IOYABCS PYX Tila, HABIPOTU XapaKTepHOI IOAIIKM TPAHCIIOPTHpA, Ta
HOMep KaJipy, KO/IM Ti/I0 IIOBEPHY/IOCA [0 L€l Mopinku. JIIYMIbHUK KaJpiB PO3TAIIOBAHMII Y CTPiulli KHO-
IIOK K€PYBAaHHA Y BiKHi Bifle03amucy.

o016 |100% E NP oE L=

e,

8. O6epirtp y BepxHilt cTpiuni kHomnky Clip Settings | = . Bunasie BikHO BCTaHOBJ/IEHHS MeX KaJpiB Bifieozamny-
Ccy. 3a3Ha4yTe B HbOMY HOMep II0YaTKOBOTO i KiHIIeBOTO KaJpy, KPOK 3MiHM KaJpiB (KO KafpiB 6ararto, To
KPOK JJa€ 3MOTY 3MEHIINTH KiJIbKiCTb KaJpiB I/IA aHasIi3y), a TAKOX YacTOTY 3MIOMKM (33 3aMOBYYBAaHHAM
Iporpama cama obupae Ijeit mapameTp i3 BracTuBocTeit Bifeosamucy). O6epits Ok.

| Clip Settings X

Frames

Start frame: |2
Step size: *@ |
End frame: {182

Frame Times

Start time: (0,000 s

Frame rate:[29.97 /s |
Frame dt:|0,033 5

9. O6epitp y BepxHiit cTpiuni KHOKy Show or hide the coordinate axes -] Ha Bifieosarmici 3’ sIB/IATHCA OCi KO-
oppuHat. LleHTp cucTeMu KOOpAKHAT MIePETATHITD Y TOUKY, L0 BifilIoBifja€e LeHTpY TpaekTopii. Oci Koopan-
HaT MOXYTb IoBepTaTucA. JJomaTHUIT HAIIPSAMOK Ha OCi BM3HAYa€ThCsA KOPOTKOIO PUCKOIO Ha Hiil. [IoBTOpHO
o6epitpb kHONKY Show or hide the coordinate axes [ Cucrema KOOPAVIHAT 3HMKHE, aJie Il II0/I0)KeHHs IIPO-
rpaMa 3aIlaMm ATOBYE.

Tabl wow ofack data vl appear ore

Puc. 3. Buensd eikHa npoepamu Tracker niciisa 6CmaH0o8/1eHHs NOI0XeHHSA cucmemu KoopoUuHam
10. O6epiTb y BepxHiii cTpiuni KHonKy Show, hide or create calibration tools 1" 1a B Menio - New - Calibration
Tape. [Iporpama sampomnonye, yrpumyroun krasimy Shift, o6pati Ha 3006pakeHHi mepiny i APyry TOUKy
VIS OVIHMYHOTO Bifpiska. Ha Bimeo 3’4BuUTbCA nBOHampaBieHuUi Bifpisok. Y nudpoBoMy o Hap Bifn-
pi3KOM HeOoOXiJTHO BBECTU 3HA4YEHHs JIOTO JOBXWHM B MeTpuuHil cucremi. Kinni Bigpiska MoxxHa BiTbHO
HepecyBaTy «IepeTATryBaHHAM» 1o 300paxeHHo. llle pa3 o6epiTs kHOIKY Show, hide or create calibration

+10
W[

tools . OpuHNYHNI BiIpi30OK 3HUKHeE, aJie IIporpaMa 3araM ATae J0To IO0/I0XKeHHA Ta TOBXUHY (puc. 3).
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© Tader

Fio_ Gt Voo Track Coordnate Systom View Holp

Tatte iew of rackcat il appesrhere.

Puc. 4. Buenso gikHa npoepamu Tracker nicsis 8CmaHoeieHHs 00UHUYHO20 8i0pi3Ka

11. Insa BigcTexxyBaHHA pyXy Tila 06epiTb y BepXxHbOMY MeHIo KHOIIKy Create i y MeHo — Point Mass.

¥ Create == ¥ | Oy
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools b

Calibration Tools .4

12. ¥V niBomy KyTKy 3’aBuThCA BikHO Track Control.

13. HarucHits xmasinry Shift. Kypcop Habyne Burnany HeBemukoi pamku. CyMiCTiTh IIF0 paMKy 3 TOYKOIO, 3a
AKOI0 BM OyjieTe CTeXUTH, i HATUCHITB JIiBy KHONKY MaHinmynaTopa. Ha 306pakeHHi 3’IBUTbCS MapKep TOY-
K11, i IporpamMa aBTOMaTUYHO Heperifie Ha HacTyImHM Kajp. IloBToproiiTe 11i KPOKM 10 OCTAaHHBOTO OOPAHO-
ro Kazipy (puc. 4).

Fle Edit Video Track Coordinate System View Help

G A A B A A

Puc. 5. Buenao sikHa npozpamu Tracker nicnis 8iocmexxy8aHHa pyxy mina
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14. Y BikHaX IpaBoi YaCTUHM 3 IB/IATHCA Ipadik i Tab/MMIIsL, Ha OCHOBI AKMX BiOYBaTMMeTbCS aHAII3 OTPUMAHIX
maHyx. SIkio Bick koopayHat OX o6paHa ropM3OHTAIbHO, TO padik MaTMMe TaKWil BUITISAL, K Ha pUC. 5.

15. [l BM3HAYeHH JIiHINHOI IBUAKOCTI PyXy Ti/la 06epiTh 61/t BepTUKaIbHOI OCi IIO3HAYKY V.

Yacmuna 3. Ananis oanux

16. O6epiTb y BepxuboMy MeHI0 View > Data Tool (Analyze...).

View | Help
¥ Right View
[ Bottom View

¥ Track Control
[ Notes

[0 Data Builder {Define...)
[0 Data Tool (Analyze...)
& WIN_20180319_16_55_35_Pro.mp4

17. 3’saBuTbhCs HoBe BikHO Data Tool 3 rpadikom i Tabnuriero.

¥ Data Tool — O x
File Edit Display Help
mass_A
| Measure " Anaf_vr.e| Data Builder... I Refresh | Help |
41 markers| = [
lines| [¥]
0,354 - style| . ol
axis| horiz vert
0,352
FOw I W
0,350+ [ 0,000
0,348 - 1 0,334 0,324
2 0,667 0,356
0,346 - 3| 1,001 0,351
0344 L 4 1335 0351
5 1,668 0341
0,342 - 6] 2,002 0,341
= 0,340 - 7 2,336 0,334
g 2,669 0339
0,338 - 9 3,003 0,341
10| 3,337 0,345
Lzl 11 3,670 0,349
0,334 - 17] 4,004] 0341
13| 4338 0,337
e : 14 4571 0,336
0,330 - : 18] 5,005 0331
: 16| 5,339 0337
0,328 - : 17] 5,672 0,340
0,326 | | : 18| 5,006
0 05 10 15 20 25 30 35 40 45 50 55 B0
i

Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 6. Buznao sikHa Data Tool

18. Ockinbkyu rpadik € 1aMaHOIO, Lie CBi[YNTH PO HEBEMNKI BiXVMIEHHS IIBUJKOCTI pyXy B MeXax J10ro Bifj-
crexXyBaHHA. Lli BifxnieHHA 3yMOB/IEH] HE3HAYHVMY KONIVBAaHHAMU IIPUCTPOIO I 3aIUCY i HETOYHICTIO
BU3HAUEHH: IIOJIOKEHHS Tilna Ipy BifcTexyBaHHI. 1A OTpyMaHHA HeOOXiTHOrO pe3ynbraTy HOTPiOHO
ycepenuutu fasi. s nporo obepits Analyze > Statistics. Hap TabnmuipaMu 3’IBIATbCA CTaTUCTUYHI AaHi.
O6epiTh 3HAUEHHA IBUAKOCTI Y cTpiuli mean (cepeHe). 3amyc BiTBOPIOETbCA Y CTAaHAPTHOMY BUITIAL.

19. IlT06 BM3HAYUTHM KYTOBY LIBUKICTh, CIIOYATKY 00epiTh OAMHUIII0 BUMIpYy KyTiB y pagiaHax. [Is mporo 3a-
Kpuiite BikHO fnopatky Data Tool, o6epith y BepxHiit cTpiuni menio Coordinate System > Units. ¥ BikHi, mjo
3’IBUTbCS, 00epiTh pafiaHHy Mipy KyTiB (puc. 6).

20. ¥ BixHi rpadikis 61151 BepTuKaabHOI 0Ci 00epiTh KyTOBY MIBUAKICTH w. Bigkpuiite BikHO Data Tool. O6epitsb
Analyze > Statistics. Hag Tabmumsamm 3’aBnaTbca cratucTuyHi gaHi. O6epiTh 3Ha4eHHA KyTOBOI MIBUAKOCTI
y cTpiunii mean (cepegHe). 3ammc BifTBOPIOETHCS Y CTAHAAPTHOMY BUTTIATI.

21. JIna Bu3Ha4YeHH: JOLEHTPOBOTO IIPUCKOPEHHA IIOBTOPITh MOIlepeHi KpOKM, 0OpaBIIy Y HO3HAYEeHHAX Bep-
TUKAIbHOI Oci rpadika OBHE IPUCKOPEHHH 4.



74 dizuka. [IpukJaiHi METOAUKY IHCTPYMeHTaNbHOI U PPOBOI AUAAKTUKH

Jla6opaTopHa po6oTa Ne 7.
JlociigKeHHs yMOB PiBHOBAaru Tijia mij Ai€lo KiJlbKOX CHAJI

Mema po6omu: BUKOPUCTOBYIOUY MOXK/IMBOCTI IIporpaMHOro 3abesnedeHHs Tracker, mocmignTy yMoBM piB-
HOBAarM Tifla ITiJ Ji€X0 KiTbKOX CHUJI.

3asoanns po6omu:

1. TIpoBecTy eKkCriepMMEHTH 3 Ti/IOM, 110 Ma€ 3aKpilIeHy Bich 00epTaHH, a TAKOK CTBOPUTH IX BiZeo3amnuc.
2. BusHaunTM 3a JOIIOMOTOI0 iHCTPYMEHTIB ITpOrpaMu IUIedi Aii CuL.

3. PospaxyBaTy i HOpiBHATM MOMEHTH [iil CMJI 3a piBHOBAru Tija.

Ob6naonanns: nnocka ¢irypa cknagHoi popmy, miHiliKa abo posrpadrieHa nmoBepxHs, auHamometpy, 1K,
nudposuit poroanapar abo Bizeokamepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

® Tacker

Fie Edil Video Track Coordinsio Sysiem View el
S H S0 E P enae = W Q| 0h N LA AL A A
v - wces Ciome v (203 | [eso | 1z |

- o %

s-une
ey o r 0
1 ke ot [+ omal .

BpeA L)

| e

R
[ogems sz '

Snsr
oo [0 »

Coozinea |

Puc. 1. 308HiwHil suznad s8ikHa npoepamu Tracker

Y wuiit poboTi 3rafaHe mporpaMHe 3abe3ledeHHs 3aCTOCOBYEThCS JIA BUMIpIOBaHHA Itedeit Ail cut. Tomo-
BHIM 3aBJaHHAM poOOTH € NMOPIBHAHHSA MOMEHTIB CWJI, IPUK/IAJeHNUX /IO Ti/la, Ta lepeBipka CIpaBeIMBOCTi
IpaBuIa MOMEHTIB (puc. 1).

Xio po6omu
Yacmuna 1. Ompumanns eioeozanucy

1. YcraHOBiTH Bich KpinieHHs (irypy Ha MarHiTHY OBEPXHIO i PO3TALIyliTe AMHAMOMETPH Y IUIOLVIHI OOepTaHHS.

2. OG6epitb npuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03itoMKy. 3’sACyiiTe AKiCTb 00 €KTVUBa, W06 Hajasi
BpaxyBaTy MOX/IVMBI CHOTBOpPeHH:. Bukopucraiite cTaHapTHY YacTOTy 31IOMKM Bifieo (25-30 kafpiB Ha
CEKYHJY).

3. YcTaHOBIiTH IPUCTPIlL TaK, {06 AMHAMOMETPH i Ti/IO MOTPAIUIA/IN Y Kajp i B IIpolleci 310OMKY IPUCTPili He
pyxaBcs.


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/rivnovaga/rivnovaga.mp4
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4. Posmnounith 3anuc Bifeo. IlepecysaliTe fuHaMOMeTpU IJIOMIMHOIO i 3yNMHANTe IX Ha KOPOTKUII 4ac. 3po-
6iTb Ile AeKinbKa 3amuciB, 106 Mo>KHa Oy/10 BUOpaTy HalKpaluii BapiaHT. SIKII[0 MOXX/IMBOCTI 3AiICHUTI
Bifje03amuc HeMagE, 3aBaHTAXXTe TOTOBE BifleO 3 PeCypcy.

Yacmuna 2. Onpautoéanus ioeo

5. 3aBaHTaxTe Bimeo y mporpamy Tracker. [l 1iporo ckopucraritecs kHonkoo Open y BepXHbOMY MEHIO IIPO-
TpaMIL.

@Tracker
File Edit Video Track Coordinate Sys
[B]H s | @ v L

avideo ortracker file

Tako)X MOXXHa «IIepeTArHyTV» (ajil 3anICy y BiKHO Iporpamu abo 3aBaHTXNUTH itoro yepe3 MeHiwo File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTKUTY Bifieo, HeoOXifHO #ibpaTy iHImMII itoro ¢popmar
3a JJOIIOMOT0I0 peflaKTopiB Bifeo (puc. 2).

B Tacker - 8 x
Fle Edit Video Track Coordinate System View Help

S H| &% | 8w L] Koee = @ [Quw |~ b N oA A |4 4L|N A 4-3ac
v ey i us: S4B of 24715
ke s

Platiew ofrack cata wi appearhore.

bl iew of ack 6ta wil sppsar hre.

oo w > O TR
onozimps

Puc. 2. Buznso sikHa npoepamu Tracker nicig 3a8aHmMakeHHs 8ioeo

6. BukopucToByHOYM KHOIIKY KepYBaHHs B HVDKHIV YacTVHI BiKHa 3 BiZieo, IIeperIAHbTe 3amuc. SIKIo 00’ eKTUB
IIPUCTPOIO J/IsI 3VIOMKY JIa€ CIIOTBOPEHHs 300pakeHHsI, BUKOPUCTaITe BiAOBigHMII QinbTp Bifeo.

-Im Coordinate System View Help

i late == B | Q1am |
Close

Go to... -G
Paste Image »
¥ Visible
¥ Play All Steps
@ Smooth Play (may be slow)

| Baseline
Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion |
Resize
Rotate
Strobe
Sum

7. 3yIMHITD 3aIKC Bifleo HA MOMEHTI IIepLIOro IOJI0XKeHH: IMHAMOMETPiB.

8. O6epirtp y BepxHiit cTpiuni kHotky Show, hide or create calibration tools IE ta B MeHI0 — New > Calibration
Stick. IIporpama 3anpononye, yrpumytoun kiasinry Shift, o6paru Ha 306pakeHHi HepIuy i Apyry TOUKy mis
ofMHIYHOro Biipiska. Ha Bifgeo 3’aButhcs Bigpisok. Y nudpoBomy nomi Haj BigpiskoM HeOOXiHO BBeCTH
3Ha4YeHH: JI0TO IOBXXVHM B MEeTPpUYHil cucreMi. KiHlli Bigpiska MO>KHa BiIbHO IlepecyBaTy «II€PeTATYBaH-
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A i -

HAM» 110 306pakenH!Io. Ille pas 06epith kHOnKy Show, hide or create calibration tools | *
Bi/Ipi30K 3HIKHe, ajie IPOrpaMa 3aIaM sATa€ oro MOI0KEHH Ta JOBXUHY (puc. 3).

. OpyHNYHMI

 Tcker
Fle Edit Vidso Track Coordinats System View Help

& 8% B - L | %creae B Q| b | N AA| LA A
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00021_sncocesmpd

Puc. 3. Buenso sikHa npoepamu Tracker niciis 6cmaHo81eHHS 00UHUYHO020 8i0pi3Ka

9. O6epitp y BepxHiit cTpiyni kHonky Show or hide the coordinate axes -] Ha Bifjeosanyici 3’ABIATbCA OCi

koopauHat. Oci KOOpAVHAT MOXYTD MoBepTaTucs. JJogaTHMI HAIPAMOK Ha OCi BU3HAYAETHCA KOPOTKOKO
puckomo Ha Hill. CucTeMy KOOpAMHAT MOXKHA IlepeMilyBary, nepeTsarytoun ii nentp. Came cucremMa Koop-
AVHAT Oyzie OTHMM i3 poOOYNX IHCTPYMEHTIB /I BUKOHAHHA L€l po6oTn.

10. OckinbKu jie4eM CUIH € HalfKOPOTIIIA BiICTaHb Bifl 0Ci 00epTaHHs [0 PSIMOI, B3[JOBX SKOI [Ii€ cua, HeoO-
XiIHO TTepeMiCTUTY Ta TOBEPHYTH CUCTeMY KOOPAVHAT TaK, {06 OfiHa 3 Oceli IIPOXO/MIIA Yepes Bich, a iHIIa
36iramacs 3 HanpAMKoM Aii cvmn. Hanpsamok Aii cutn BU3HaYaeThes HAIPSAMKOM Ha JUHaMOMeTp. Y Hallo-
My IpUKIaJi Ile TONOXKeHHA HUTKY, 10 3’ €JHYE Ti/IO i AUHaMOMeTp.

11. Jlna BUMiplOBaHHSA IJIeYa CHJIN Y BEPXHbOMY MeHI0 mporpamu 06epitsb Track > New - Measuring Tools >
Tape Measure. Ha expaHi 3’aBuTbcs ABOHampasjeHuii Binpisok. IllnaxoM neperAraHHsA CyMicTiTh KiHI
I[bOTO Bifipi3Ka 3 BicCro 06epTaHHs i TOYaTKOM KOOP/MHAT.

12. Ynucnose 3HaueHHA BifcTaHi [ Ta 3HaueHHA cyn F, Ky BKa3ye JHAMOMETP, 3aIlUIIITh O TaO/IuIIi.
13. IloBTOPiTH IIOIIEPENHI [l /1A APYTOrO AMHAMOMETpA.

14. IIporparite Bizeo3amnyc O HACTYIHOTO (PikCOBAaHOTO IOJIOKEHHA Ti/a i ;UHAMOMETPIB.

15. IToBTOPiTH BUMIpHM i 3aIMCK /1A IbOTO BUIIAZIKY.

16. IToBToproiiTe 11i Al /15 BCiX BUIA/KiB, 3apikcoBaHUX Ha Bifeo (puc. 4).

’ {ie por[  wpen]s

tapea(t L)

| 00021 encosed mpa

Puc. 4. Buenso sikHa npoepamu Tracker niciisa HaGknadaHHa cucmemu KOOPOUHAM Ma 8UKOPUCMAHHSA 8UMIPIO8ATbHO20 8idpi3Ka
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Yacmuna 3. AHani3 0anux

17. IepeiiniTh KO pO3paxyHKiB MOMEHTIB CIJL, IO [IIFOTh Y KO>KHOMY BUIIJIKY, 3apikcoBaHOMY Ha Bifeo. Po3pa-
XYHKM 3aIMIIITh A0 Tabmuni. Bpaxyiite, 1o MOMeHT cym, sKa o6epTae Tilo 3a TORMHHMKOBOIO CTPi/IKOI0,
BBA)XAETHCS JOJATHNM, a IPOTHU — BiJl EMHUM:

M = FI.

18. 3po6iTh BUCHOBOK CTOCOBHO BUKOHAHHsI IIPaBM/Ia MOMEHTIB JI/Isl POAaHaTi30BaHMX BUIMAZIKIB.

Tabnuus pesynomamie
Ne Cwuna, 1110 ITneue cumm, 110 Cwnna, 1110 IIneue cunmu, | MoMeHT cunu, o | MOMeHT cuin,
obepTae Tino 3a | obepTae TiNO 3a obeprae o obeprae obeprae Tino 3a | 10 obeprae
TONVMHHUKOBOIO | TOMVMHHMKOBOIO Ti/NO IpOTHU Tino mpoTn TOMHHMKOBOIO Tino mpoTu
CTPINIKOIO, CTPINIKOIO, TOAMHHMKOBOIL | TOAMHHUKOBOI CTPINIKOIO, TOAVMHHNUKOBOI
CTPiNIKI CTPINIKU CTpinKu
F, (H) 1, (m) PUIKIL, PUIKIL, M, (H-m) PUIKIL,
F, (H) 12 (m) M, (H-Mm)
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Jla6opaTtopHa po6oTta Ne 8.
JocaigxeHHs NPy KHUX BJIACTUBOCTEH TiJjl

Mema po6omu: BUKOPUCTOBYIOUM MOXKIMBOCTI IIporpaMHoro 3abesnedennsa Tracker, mocmigury npysxHi
BJIACTMBOCTI Pi3HUX TiJl.

3asoanns po6omu:

1.

2.
3.
4

[TpoBecTy ekcriepMMeHTH 3 TiTaMy, Mifgauy ix fedopMarii posTAry, Ta CTBOPUTH iX Bieosamnuc.
Busnaunty gedopmaliito po3TAry Til 3a FOIOMOrO0 IHCTPYMEHTIB IPOrpaMiL.

OTtpumarn rpadiku 3a1e>KHOCTI BUJOBXXEHHS Ti/l Bifi IPUKIaZeHOl CUIIN.

PospaxyBaTy >KOPCTKIiCTb Ti/ Ta IX KOMOiHaILilL.

O6nadnanHA: TYMOBMIL IKTYT, Habip Mpy>kuH, TiHiliKa abo posrpadrieHa IIOBepXHsl, BAHTaXi BiffoMoi Macy,
ITK, udposuit poroamapar abo Bifeokamepa.

IIpozpamne 3abesneuenns: Tracker (http://physlets.org/tracker/), Microsoft Excel.

3azanvni eioomocmi

& Tader

Fle 40 Video Track Coordinslo System View Heb
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Puc. 1. 308HiwHili 8uensao sikHa npozpamu Tracker

Y niit po6ori sraflaHe mporpamMHe 3a6esnedeHHs 3aCTOCOBYETLCA 1A BUMipIOBAaHHA BUIOBXEHHS Til IpH
nedopmaii posrary. [onoBHuMM 3aBTaHHAMY po60TH € 0bynoBa rpadikiB 3ae>XXHOCTI BUTOBXEHHA TiNl Bix
MIPUKJIa/IeHOI CU/IY i BUSHAYEeHHS )KOPCTKOCTI Ti Ta ix KombiHamii (puc. 1).

Xio pobomu

Yacmuna 1. Ompumanns éioeo3anucy

1. YcraHOBiTD KpilIeHH i Ti/l i $0OepiTh MaKCUMaIbHY Ki/IbKICTh BaXXKiB /14 iX gedopmariii. Makcumanp-
Ha KiJIPKICTh BaXKKiB 00yMOBJIeHa TUM, 1100 feOpMOBaHe Ti/Io He BUXOAVIO 38 MEXI KaJpy i Mic/s 3HATTS
HaBaHTAXEHHS BiIHOBJIIOBAJIO CBOIO OPMY. YCTAHOBITb Ha KpillJIEHHI ITeplIe Tilo — TyMOBMI KTYT.

2. OG6epirb NpuCTPpiit, AKMM B OyeTe BUKOHYBATH Bifje03i10MKY. 3'ACYyiiTe AKICTb 00’ €KTUBA, 1106 HaflasIi Bpaxy-
BaTJ MOXK/IUBI CIIOTBOPeHH:A. BukopucTariTe CTaHAapTHY YacTOTY 3i1OMKM Bifeo (25-30 kazipiB Ha CEKYHAY).


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/prugnist/
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3. VYcTaHOBITH IPUCTPIiT TAK, 1106 Ti/Ia HOTPAIUIANN Y Kafp i B Ipoljeci 3110MKYU IPUCTPIlt He pyXaBcsl.

4. PosnoyHiTH 3amyc Bifjeo. 3 HeBeMMKMMY IPOMDKKaMM B Yaci 30i/IbITyiiTe HABaHTa>KeHH: Ha JKTYT 1O MaK-
CMMaJIbHO MOXK/IMBOTO. BuKoHaiiTe 3JI0MKY [/IsI BOX NIPY>KMH OKPeMO i JIs iX MOC/Ii/JOBHOTO 3 €[HAHH.
SIK10 MOXXIMBOCTI 3M1ICHUTH Bifle03aIlliC HEMAE, 3aBaHTA)KTe TOTOBE Bifleo 3 pecypcy.

Yacmuna 2. Onpauroeanus eideo

5. 3aBaHTaXTe Bifieo /11 BUAOBXKEHHS JPKryTa y mporpamy Tracker. [ mporo cKopmcTaifTecss KHOIKOIO
Open y BepXHbOMY MEHIO IIPOTPaM.

(& Tracker
File Edit Video Track Coordinate Sys

EEIERN R

7 |Qpenaﬁdeo.orkackerﬁ1e inanew 1ah|

6. TakoXX MOXXHa «IIepeTATHyTI» (ajil 3amICy y BiKHO IporpaMu abo 3aBaHTXNUTH itoro yepe3 meHwo File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTaKUTU Bifieo, HeoOXifHO #ibpaTy iHuMII itoro ¢popmar
3a JJOIIOMOT0I0 peflakTopiB Bigeo (puc. 1).

@ Taacker - a8 x

Flo E6t Video Track Coordinae System View Help
S H| S %[ B Y- L | Keese = B[ Qusn [~ )|\ % A4 AL 4|4 K| 2> 8980
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Puc. 2. Buznso sikHa npoepamu Tracker nicia 3a6aHmMakeHHs 8ioeo
7. BuUKOpMCTOBYIOUNM KHOIIKY KepYBaHHA B HIDKHIV YacTVHI BiKHa 3 BiZleo, Teper/IAHbTe 3amuc. Ko 06’ eKTB
HIPUCTPOIO JIsI 31TOMKM JIa€ CIIOTBOPEHHsI 300pakeHHs1, BUKOPUCTaliTe BifmoBigHmit GinbTp Bifeo.

m] Track Coordinate System View Help

lte == B | Qs |

Replace...
Close

Go to... Chl-G

Paste Image »
¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)

¥ Baseline
Brightness
Dark Ghost
Deinterlace
Ghaost
GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

8. 3ymnuHiTh 3amMc Bifleo HAa MOMEHTI, KO/ HaBaHTa)KeHHA Ha JDKTYT CTBOPEHE BUHATKOBO YyTPUMYBa4YeM BaH-
TaXiB.
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9. O6epirtpy BepxHiit cTpivyni KHOonKy Show, hide or create calibration tools | *

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

K0 i -

Ta B MeHI0 — New > Calibration
Stick. ITporpama samnpononye, yrpumytoun Knasimy Shift, o6patnu Ha 306pakeHHi mepny i fpyry TO4ky
IUIsL OfVHUYHOTO Bifpiska. Ha Bimeo 3’sBuThCA Bifpisok. Y nudpoomy momi Haj BigpiskoM HeoOXifHO
BBECTM 3HAYEHH: JIOT0 JOBXMHY B MeTpUYHill cucreMi. KiHi Bigpiska Mo>KHa Bi/IbHO IlepecyBaTu «Iepe-

+an !
10
W

TATYBaHHAM» 110 3006pakenH!0. Ille pa3 06epith kHOnKy Show, hide or create calibration tools . Opn-

HIYHUI BiIpi3OK 3HMKHe, ajIe IporpaMa 3alaM sATae 0To MOIOXKeHH Ta IOBXUHY (puc. 3).

@ Tocker - o x
Fle Edit Video Track

IR

v catbraton stk

S N%AA|L L A #4-508€

ey v 3708 o1 24708
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50 | | | | ! = ! | |
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Puc. 3. Buensao sikHa npoepamu Tracker nicia 8cmaHoeieHHs 00UHUYHOR20 8i0pi3Ka

10. O6epitb y BepxHilt cTpiuni kHonky Show or hide the coordinate axes . Ha Bigeosanuci 3’aBnaTbes oci

KoopznHaT. Oci KOOpAMHAT MOXXYTb IOBepTaTUCA. [lofaTHMII HaIPAMOK Ha OCi BU3HAYA€THCA KOPOTKOIO
pUCKOI0 Ha Hill. CcTeMy KOOPJMHAT MOXKHA IlepeMilllyBaTy, IepeTaryoodn ii nenTp. JoninbHo cymicturu
IIOYATOK CHCTEeMM KOOP/IMHAT 3 BEPXHBOIO TO3HAYKOIO Ha JKTYTi, a Bich OX CIpAMYBaTy BEPTUKATbHO BHUS.

Ille pa3 o6epith kHONKy Show or hide the coordinate axes 4], ITporpama 3amam’siTae po3MillleHHs OCell.

11. Jlna BigcTexxyBaHHA PyXy Tila 06epiTh y BepXHbOMY MeHI0 KHONKY Create i y meHIo — Point Mass.

¥ Create == B | Oy
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools 3

Calibration Tools ]

12. Y niBomy KyTKy 3 aBuTbhcA BikHO Track Control.

13. Hatuchits xaasimy Shift. Kypcop nabyne Burnany Hesenukoi pamky. CyMiCTiTh 1[I0 paMKy 3 TOYKOIO, 3@

AKOI0 BU OygmeTe cTeXuUTu (y HAIIOMY BMUIIAZIKy Ile MiTKa Ha HYDKHBOMY KiHIIi JDKTyTa), i HATUCHITD By
KHOIIKY MaHimynATopa. Ha 306pakeHHi 3’ ABUTbCA MapKep TOYKM, i IIporpaMa aBTOMATMYHO Ilepeiiie Ha
HaCTYITHUM Kafp.

14. IIporpaiiTe Bifeosamnuc 0 Kaapy, Ha AKOMY [0 JPKTyTa NPUKPIIJIEHO MEePIINil BAHTaX, i IOBTOPITh TPEKY-

BaHH:. [IoBTOpIOJITE IIeil KPOK 10 MOMEHTY IPUKPIIUIeHHA BCiX BaHTaXiB (puc. 4).



15. Y BikHax IIpaBoi YacTHHM 3 ABIAThCA Tpadik i Tabmn1iid, Ha OCHOBI AKMX Bi0yBaTMMeTbCs aHaJIi3 OTpUMa-

16. Bupinite y TabnumIii KOMOHKY 3i 3HAYeHHAMI KOOPAMHATY X, CKOIIIONTe 1i 3HAYeHH Ta IIePeHecCiTh o Ma-

17.
18.

19.

20.

21.

) Tacker
Fle Edit Video Track Coorinats System View Help

JlabopaTopHa po6oTa N2 8

FEIEE LR
v mass m[ioeoi]

|2 N A A 44 A

[Clckto deselectai

MAHD0853 3 mpé.

Puc. 4. Buensao sikHa npozpamu Tracker nicnis 8iocmexy8aHHsA pyxy Mapkepa

HUX JAaHUX.

TeMaTu4YHuX Tabmunpb Excel.

[ Table | ¢ massA|v| Gaps -
(s} w y ||
I 0,000 0,331 5,200E-3
I 7,400 0,362 1,222E-3|
| 13,160 0,408 1,754E-3|
I 20,640 0,473 1,420E-3|
| 25720 | aeool 1 141E-3
| | Go To Step 643 I
As Formatted  |yymbers b
Set Delimiter ¥ |Text Columns »
Copy Image
Snapshot...
Define...
Analyze...
Print...
Help...

3aBaHTa)XTe y Iporpamy I10 Yep3i iHIlli 3anmcy A1 OKpeMUX NPY>KUH i 714 iX CIOoNTy4eHHS.

IToBTOPITH yCi KPOKM IJIs1 KOKHOTO BMUIIAJIKY i IepeHeciTh 3HaUYeHHSA KOOPAMHAT Ha OAMH JIUCT TabIuIb

Excel.

CTBOPITH Y TaO/NNIIAX JONATKOBI KOJIOHKM JI/Is1 BHECEHHs 3HaYeHb cymu F, MpuKIageHol 1o IKryTa, Ta I
abCcoMOTHOTO BUJOBXKEeHHs Ax. AGCOMIOTHE BUOBXXEHHS TOPIBHIOE Pi3HMIII TOTOYHOI JOBXIHU i JOBXKIHA

Ha IIOYaTKYy €KCIIEpUMEHTY:

[HCTpyMeHTaMu MaTeMaTMYHUX TaOMMLb po3paxyiiTe abCOMIOTHE BUMLOBXEHH KTy Ta i IPYXXWH A/IA KOX-
HOTO BUIIA/IKy HABAaHTA>KEHHS.

Yacmuna 3. Ananis oanux

Ax=x—x0.

[Tob6ynyitTe ToukoBi rpadiky 3ameXXHOCTI aOCOMOTHOTO BU/IOBXXEHHS BiJi IPUK/IAaeHOI CUIIN.

81
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22.

23.
24.

25.

26.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

OcKinbky cua Ipy>KHOCTI, 110 BUHMKAE IpK fedopMaltii, ZOpiBHIOE 3a MOAY/IeM IIPUK/IaeH T 30BHIIIHII
curti, mo6yosani rpadiku 6yayTs BogHO4ac rpadikamu sanexxHocTi F (Ax). 3a yMOBM BUKOHAHHS 3aKOHY
[yka excriepyMeHTa/IbHi TOYKYM MAIOTh HAJIeXaTy OfHIiN npsamiit (puc. 5).

CTBODITH Y KOXKHIiT TaO/MNUII JOZATKOBY KOTOHKY /11 BUPAXyBaHHs )KOPCTKOCTI Tina k.

PO3anYI7[T€ )KOpCTKiCTb k JJIA KOJKHOTO HaBaHTAa>K€CHHA i CeépefHE 3HaYC€HHA kcep /1A KOJKHOTO 3 Tin

k=== (2)

3aHoTyIiTe 10 TabmuIi B KiHIi omycy po6OTH 3HaYeHHA yCepeSHEHNX >KOPCTKOCTeN Till Ta ix koMbiHanjii,
OTpMMaHi Hifl yac excrepuMeHTy. Pospaxyiite 3a gpopmymnomo (3) TeopeTndHe 3HaYEHHS )KOPCTKOCTI K

. . . . P
U1 KOMOiHaIii BOX IPY>KMH Ta 3alMLIITh 10TO 1O TAONIII.

L o
TEOop +k
cepl " cep2

IlopiBHAJITEe TeOpeTUYHE 3HAYEHHSA KOPCTKOCTI kmeop KOMOiHaLil IPYXXVH 3 eKCIIepUMeHTaTbHIM 3HaUeH-
Ham k . Chopmyrnioiite BUCHOBOK /10 POOOTH.

pryT

F X Ax k
0,00 0,38 0,00 IRYT npyuHa 1
2,50] 0,36 0,03 21,80 025 012
4,50 0,41] 0,08) 5887 L
6,50] 0,47 0,14| 45,72 020 030 =
2,50] 0,53 0,200 43,10 i
57,37 0,15
S 0,06
0,10 i /
npysuHa 1 0.04 /
F X Ax k1
0,05 = 0,02 /
0,00 0,06 0,00 T o
0,50 0,06 0,01 76,38, 0,00 / 000 &
2,50, 0,03 0,03 80,42 000 100 200 300 400 500 600 700 BO00 900 000 100 200 300 400 500 600 700 800 9,00
4,50 0,12 0,06| 77,46
6,50] 0,14] 0,08  77.88
2,50] 0,17 011 78,10 .
Npy:KuHa 2 KOMBIHaL|IA NPyKUH
78,05]
0,20 0,25
0,18 ,)
npysmHa 2 015 020
F x ax K2 il
0,00] 0,07 0,00] 01z 0,15
0,50 0,09 0,02 21,90 0,10 i -
1,50 0,13 0,06 24,52 0,08 0,10
2,50] 0,17| 0,10] 2472 0,08
3,50] 0,21 0,14 2539 0,04 / 0,05
4,50 0,25] 0,18 2531 0,02 =t
24,37| 0,00 & 0,00 &

0,00 1,00 2,00 3,00 4,00 5,00 0,00 1,00 2,00 3,00 4,00 5,00

Puc. 5. Buenso sikHa npoepamu Excel nicna onpauro8aHHs 0aHux

Ta6nuys pesynomamis
VYcepenHeHa YcepenHeHa YcepenHeHa YcepegHeHa >KOPCTKICTb YcepenHeHa >KOPCTKICTh
JKOPCTKICTh JKOPCTKICTh JKOPCTKiCTh KOMOiHaLil IPYXWH, KOMOiHaIil Ipy>X1H,
IKIyTa, HIPY>XVIHM, HIPY>KMHH, €KCIepVMeHTa/IbHa, TeOopeTNYHa,
k (H/m) kcepl (H/m) kcep2 (H/m) k., (H/m) kmwp (H/m)
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JlabopaTopHa po6oTa N2 9.
BumiproBaHHA MOMeHTY iHeplii Tiyia (BapiaHT 1)

Mema po6omu: BUSHAYNTYI MOMEHTH iHepIil Ky/Ii i CyIi/IbHOrO LMTiHApa 3a JOIIOMOTOI0 IIPOTPaMHOTO 3a-
OesmnedyeHHs IS aHATI3Y Bifjeo3amncis.

3asoanns pobomu:

1. TIpoBecTy eKCIIepMMEHT i3 Ky/Ielo Ta IMTIHAPOM, IJ0 CKOYYIOTHCA IO >KOM00Y, a TAKOXX CTBOPUTH Bifieo-
3aIl/C IXHBOTO PYXY.
[To6ynyBaTn rpadik pyxy Ky it UuaiHApa i BUSHAYMTY iXHi KiHIIeBi IIBUAKOCTI.

PospaxysaTu 3a BuUMipaMy MOMEHTH iHEpPLi Ky/i i UMIiHAPA i HOPIBHATH IX i3 TEOPETUYHO PO3paX0OBa-
HVMMU 3HAYEHHAMIL.

O6na0HanHs: TATUB, KY/IA, CYLUIBHUI OWIHAD, NiHiliKa, )K0106, Tepesu, [1K, undposuit poroamnapar abo
BifleokaMepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

A 4 -n8cC

ey s 7208 1 2475

(Gt dezeec

asofioos [ W+

coootues

Puc. 1. 308HiwHil 8uznad sikHa npoepamu Tracker

Y wit po6oTi 3rajjaHe nporpaMHe 3a0e3eyeHHs 3aCTOCOBYETHCS /I BU3HAYEHH MOMEHTY iHepLii CyIiiib-
HOI Kyt 1 nmingpa. [Tpu ckodyBaHHi iX i3 MOXMIOro K0mo6y NoTeHIliaIbHa eHepris epeTBOPIETLCS Ha KiHe-
TUYHY eHeprilo IOCTYNANIbHOTO PYyXYy Ta KiHeTUYHY eHeprilo iXxHboro o6epTaHHs. 3a BiCYyTHOCTI BTpaT eHepril
MO>KHA 3aCTOCYBATH 3aKOH 30epe>keHHA MeXaHiuHOI eHeprii, o6 oTpuMaTy BMpas A PO3paxyHKy MOMEHTY
iHepmii Kyri i uTiHApa 3a eKcrepyMeHTaIbHUMM JaHuMH (puc. 1).

Hexaii HynboBMiT piBeHb ITOTEHIIia/IbHOI eHeprii BifIoBigaTiMe IOI0XKeHHIO Tia B Touni 2 (puc. 2). Y mo-
JIOKEHHI 1 ITOBHA eHepris Tija JOPiBHIOE JIOT0 MOTEHIIia/IbHil eHepril y IO/l CU/I 3€MHOIO TS KIHHA:

E, =mgh, (1)

Jie  — Maca Tina; h — BUCOTa LieHTpa Mac Tijla HaJj Hy/IbOBUM PiBHEM.

Y nono>xeHHi 2 IOBHA eHepris Tina Oyme cklIafaTcsA 3 KiIHETUYHOI eHepril IOCTyIaJbHOrO Ta 06epTOBOrO
pyxy:

83
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my? Jw?
E. =
= 2 + 2

, (2)

Jie v — IIBU/KICTD Ti/Ia B TOYI 2; ] - MOMEHT iHepIii Tina; w — KyToBa MBMUAKICTh 00epTaHHA Tijla B TOYIH 2.

[TpupiBHIOIOYM TOBHY eHeprilo B To4li 1 Ta 2, Ta BUpasyUBIIM KYTOBY IIBUKICTb 0OepTaHHA Ti/la w depes
MiHIVHY IWBUKICTH MOCTYIABHOTO PyXy V Ta Paiyc Tika 7, OTPMMAEMO BUPa3 I MOMEHTY iHepIii Tina:

J=mr'2 (2ghfv'2 - 1), (3)

AKUIT Oy/ie BUKOPUCTAHO JJIA pO3PaXyHKIB.

Puc. 2. Intocmpayisa 0o susedeHHs cniggioHoWweHb

Xio po6omu
Yacmuna 1. Ompumanns eioeozanucy

1. YcraHOBiTPH IITATHB i 3aKpilliTh Y HBOMY >k07100. barkaHo, 06 Ha HOBepxHi >k0m00y Oy Kobpe BUAMMI
TIOMITKM.

2. OG6epitp mpuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03itoMKy. 3’ACyiiTe AKiCTb 00 €KTUBa, W06 Hajasi
BpaxyBaTy MOX/IMBi CIIOTBOPeHH:A. BrkopucrariTe MaKCMMaTbHO MOX/IMBY YacTOTY 31IOMKM Bifeo (240-
1000 xappiB Ha CEKyHAY).

3. YcTaHOBIiTBH MPUCTPIlL TaK, 106 >K0/100 i Ti/IO TOBHICTIO MOTPAIIA/IN B Kap i B IpoLeci 3IOMKY IIPUCTPii
He PyXaBCA.

4. Po3mnouHiTh 3amuc Bifieo i BibHO BignycTiTh Ti/0. 3p006iTh LIje AeKinbpKa 3anuciB, 1[06 MoXkHa 6y/10 BOpaTH
HalIKpaluil BapiaHr.

5. Ko MOXX/IMBOCTI 3[iJICHUTU Bifle03allliC HEMAE, 3aBaHTaXKTe TOTOBE BifleO 3 PECYPCY.

Yacmuna 2. Onpauto6anus ioeo

6. 3aBaHTaxTe Bimeo y mporpamy Tracker. [l 1iboro ckopucrarirecsa kHonkoo Open y BepXHbOMY MEHIO IIPO-
rpamim.

|:'¢_’ 3 Tracker

File Edit Video Track Coordinate Sys

Q_Ew,ﬂw'i—

v |Dper| avideo or tracker file in a new tab|



https://editor.inhost.com.ua/storage/MANLab/videoanaliz/moment%20inercii%201/

JlabopaTopHa po6oTa N2 9 85

Tako)X MOXKHa «IIepeTATHyTI» (ajil 3alICy Yy BiKHO Iporpamiu abo 3aBaHTXNUTH Jioro yepe3 MeHo File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTXUTY Bifieo, HeoOXifHO #ibpaTy iHIMII itoro ¢popmar
3a JJOIIOMOT'0I0 peflakTopis Bigeo (puc. 3).

@ Tacer
o ot Vieo_Track_Canranat sstomview_o
B H &% 8w L ¥ceae B | Qres
v

S N%AA | LA A

nc

Plotuiaw o rack dsta il sppearhere.

conorups |

Puc. 3. Buznso sikHa npoepamu Tracker nicig 3a8aHMakeHHs 8ioeo

7. BUMKOpUCTOBYIOUM KHOIIKM KEpyBaHHA B HVDKHI 9aCTVHI BiKHA 3 Bifle0, IEpEITIAHbTE 3aINC.

8. SIKujo 00’€KTUB PYCTPOIO LA 31IOMKY JIa€ CIIOTBOPEHHS 300payKeHHS, BUKOPJCTAlITe BiIOBiHNMIT BiIbTp Bifjeo.

10.

11.

Vim|Track Coordinate System View Help

Replace...
Close

rate

Go to...

Paste Image

¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)

Filters

4

New P Baseline

Properties...

Paste

= B | Qs

Brightness

Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

YcraHOBITE HOMEp Kafipy, 3 IKOTO pO3IIOYaBCs PYX Ti/a, 1 HOMep Kafpy, KOIM Ti/Io Mai>Ke CKOTU/IOCA 3 II0-
XM7Ioro o7o0y. JIiYMIbHMK Ka/ipiB pO3TALIOBAHMII Y CTPiulli KHOIIOK KepyBaHHsI Y BiKHi Bife03aItncy.

4

Jm;mn%En o
5

O6epitpb y Bepxniit crpiuni kuonky Clip Settings | B . Bunagne BikHO BcTaHOBNEHHS MeX KafpiB Bifjeosa-
nycy. 3a3HauTe B HbOMY HOMep ITI0YaTKOBOTO i KiHIIeBOrO KaJpy, KPOK 3MiHM KafipiB (KO KafpiB Oararo,
TO KPOK JIa€ 3MOTY 3MEHIUNTH KiIIbKICTDb KaJpiB /IS aHA/Ii3y) Ta YaCTOTY 3i1OMKM (32 3aMOBYYBAHHAM IIPO-

rpama caMa obupae 1ei mapaMeTp i3 BlracTuBoCTel Bifeosamnucy). O6epits Ok.

O6epitb y BepxHiit cTpiuni kHonkKy Show or hide the coordinate axes -] Ha Bifieosamici 3’ABIATbCA OCi
KoopauHaT. LleHTp cucTeMy KOOpAVHAT IEepPEeTATHITh Y TOUKY, 110 AAKHAJKpallle BiIoBifaTMMe CUTYyalil.
Hanpuxan, cyMicTiTh ii 3 IeHTPOM Tila Ha TO4aTKy pyxy. Oci KoopAuHaT MOXYTb noBepTaTucs. IIporpaii-
Te MOMEHT PYXY /10 KiHI]eBOTO KaJIpy i «IIpOBEepHITb» BiCh TaK, II[06 BOHA IIPOXOANIA Yepe3 10 CaMy TOUKY
Ha KiHueBomy Kazpi. [ToBepraty crcTeMy KOOpAMHAT MOXKHA, 0OpaBLIM Bich MaHimymATopoM. JJomaTHuit
HaIpsIMOK Ha OCi BU3HAYAE€THCS KOPOTKOIO PUCKOI0 Ha Hill. [ToBTOpHO 06epiTh KHONKY Show or hide the

coordinate axes | 4|, Cicrema KOOPAMHAT 3HMKHE, aJIe il O/I0)KeHH IIporpaMa 3aIaM ATOBYe (puc. 4).



86

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

@ Tader
Flo_Eai Vidoo Track Coordinato Systom View Holp
| B[ % B ®- L | Keeae = B [ Qe | 2 0y |\ % A A4 A4 K| s-a8 €

| - axes CI6ra +orgin pixet poston 4253 ) (1505 anoletrom hovionta 155 | ey se saug or 2470

[Em—————

Taio ew ofrack data il appearnore

[ETzEs e

as0 oo [ w

wpe

Puc. 4. Buenao sikHa npoepamu Tracker nicia 8CmaHo8/1eHHA NOIOXeHHA cucmemu KOOpOUHAM

12. O6epiTb y BepxHili cTpiuni kHonky Show, hide or create calibration tools @ Ta B MeHI0 - New > Calibration
Stick. IIporpama 3ampomnonye, yrpumytoun kiaasimry Shift, o6patu Ha 306pakeHHi mepiy i Ipyry TOUKy
IUIs OpVHMYHOTO Bifpiska. Ha Bimeo 3’saBuTBCA Bifipisok. Y nudpoomy momi Haj BigpiskoM HeoOXigHO
BBECT! 3HAUYEHH: 10T0 NOBXMHYU B MeTpuyHill cucteMi. Kinui Bigpiska MoXHa Bi/IbHO IepecyBaTI «Iiepe-

. . . . 0| -
TATyBaHHAM» 110 300paxkenH:o. [lle pas o6epirs kHonky Show, hide or create calibration tools | * " Omu-
HYHWIT Biffpi30K 3HMKHe, ajle IporpaMa 3aram sATae oro MOJI0KeHH: Ta JOBXUHY (puc. 5).

 Trcker
Fie Edt Video Track Coordnate System View Help

SH|E w8 e L[ Koo o 8
v+ catbraonstek_stop: engih [15507] v om:

Pltviow of rack data il appear hee.

Tatie ew o rackdaa il appest ere

o0m

wofoox Flu » = O— «n o

s |

Puc. 5. Buenso sikHa npoepamu Tracker niciig 6cmaHo81eHHS 00UHUYHO20 8i0pi3Ka

13. Ina BigcrexxyBaHHA pyXy Tina 06epiThb y BepxHbOMY MeHIo KHOIKy Create i y MeHto — Point Mass.

@

¥ Create == &b

Center Of Mass

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model P
Data Track 4

Measuring Tools ¥

Calibration Tools ]




14. V niBomy KyTKY 3’ sBuTbCA BikHO Track Control.
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15. HarucHits xmasimry Shift. Kypcop Habyne Burnsany HeBenmukoi pamky. CyMiCTiTh 1110 paMKy 3 TOYKOIO, 3a
SIKOIO BM OyjieTe CTeKUTH, i HATUCHITD JIiBy KHOIIKY MaHinynsaTopa. Ha 300pakeHHi 3’IBUTbCSI MapKep TOY-
K1, 1 mporpaMa aBTOMaTMYHO Ieperifie Ha HacTyIHMII Kazp. [IoBTOpIojiTe 11i KPOKM JO OCTAHHBOTO 0OPaHO-

O KaJpy.

B Trocker
Fle_Edit Video Track Coordnate System View Help

S H|E %[ 8 e L[ Koee = B[ Qs | oh [N o A A|Z A A
¥ 0 messa mliounis] step: xlosism) yLeguEdm] s[ostem] & o0 |

s-z8C

ey s S5UB o 2671

© massA

.
o
"o

| e
[ T T Dl

ssofroon [ v =

i ke pot[© massa]+]

mass At x)

vim

z
e

(Gl daseiediail

s |

Puc. 6. Buenso sikHa npoepamu Tracker nicnis giocmexy8aHHsa pyxy mina

16. Y BikHax IpaBoi YacTHHM 3 sIB/IATHCA Ipadik i TabnnIis, Ha OCHOBI AKMX BifOyBaTMMeTbCs aHAJIi3 OTpUMa-
HUX gaHyx. Sxmo Bick koopauHatr OX 06paHa B3IOBX PYyXY Ti/a i CIpsIMOBaHa B HAIPSAMKY JIOTO PyXY, TO

rpadik MaTuMe TaKuil BUITIAJ, K Ha PUC. 6.

Yacmuna 3. Ananis oanux

17. O6epitb y Bepxubomy MeHIo View > Data Tool (Analyze...).

View | Help
¥ Right View
[ Bottom View

¥ Track Control
[0 Notes

[0 Data Builder (Define...)
[ Data Tool (Analyze...)
® WIN_20180319_16_55_35_Pro.mp4

18. 3’aButhbcs HoBe BikHO Data Tool 3 rpadikom i Tabmmuero (puc. 7).
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19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

¥ Data Tool s O x
File Edit Display Help
mass_ A
| Measure ‘ Analyze Data Builder... || Refresh || Help ||
4§ markers| [v]
T T T T T T T T : lines| [v]
0.6 T style| Ce—ames |
: axis| horiz. vert
B row t ¥
0.6 0,000 -6,238E-4]
! 1 0,100 2307E-2
2| 0,200 6,400E-2
UEdiy 3] 0,300 0123
S 4 0,400 0,200
G- E 0,500 0,295
6 0,600 0,408
03 7| 0,700 0,537
8 0,800 0,683
0,2 9 0,900 0,848
o1t
Dn

1] 01 0,2 0z 04 05 0,6 07 08 04
t

FitName:|Parabola |v| |F'rlBu'rlder|' Parameter Value
. - ] L ! [

Fit Equation: x = A*t"2 + B* + C [i.

(==}
7
i
=
I
I
m
i

Autofit  rms dev: 5 470E-4

Drag table columns to yellow (herizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 7. Buenso sikHa Data Tool niciis HaknadaHHs napabonu

Ockinbku rpadik x(t) € yacTMHO Mapabosy, TO PyX, KNt BiH omucye, Oyzie piBHONPpUCKOpeHNM. PiBHAHHSA
pyXy Tila B TaKOMY BUTIQJIKy MaTMMe BUIJIAT KBaapaTnuHoi GpyHKiii x(t) = at?/2 + vt + x. ¥ 3aranpbHoMy
surafi GyHkuia mae sanuc f(x) = Ax, + Bx + C. baunmo, mo koediuient A = a/2, a B = v,. 3igcu npu-
CKOopeHHA a = 2A. J]/11 BU3Ha4YeHHA IPMCKOPEHHSA PYXY Tila HeoOXifHO 3HaITH KoeillieHT A i TOMHOXUTH
jioro Ha 2. JIs BusHa4eHH:A KoeQillieHTiB HakIageMo Ha rpadik mapabormy.

O6epitp BkmaguHKy Analyse > Curve Fits Ta B HyoKHiN yacTuHi BikHa Fit Name > Parabola. [ToBepx rpacdika
PYXy 3’ABWIAcs Mapaboa, a Iij Helo — 3Ha4eHH:A KoedillieHTiB. 3BepHiTh yBary Ha Te, 106 6i/1 HagmmCy
Autofit 060B’s13k0B0 cTOsIB Mapkep. Lle 03Hauae, 1110 mporpama caMoCTilTHO Jobepe MONMOoXKeHHs apabou.

PospaxyiiTe mpucKOpeHHs pyXy Tina 3a koedinienToM A. 3amuc 3HaueHHs KoeillieHTa 3Ii/ICHIOETBCA Y
CTaHAPTHOMY BUTTIATI.

PospaxyiiTe KiHl}eBy IIBUJKICTD Ti/Ia 32 BUPa3oOM:

v=v,+ at, (4)

Jie t — 9ac, 10 BiAIIOBia€e HAHIDKYOMY IIOJIOKeHHIO Tija. Ilel yac Bu3HavaeThcsA 3a Tabmuiero y BikHi Data
Tool. 3anuuriTh 3HaYeHHA KiHLIeBOI MIBUAKOCTI KO TaOMMII.

3akpwuiite BikHO Data Tool i moBepHiTh cucTeMy KOOpAMHAT TaK, 06 Bich OX cTala rOpU3OHTAIBHOIO.
KoHTporb 3a MONOXXEHHAM OcCell 3/1i/ICHIOETbCA 33 HANMICOM Y BePXHill YaCTVHI MeHIO.

Y npaBomy noi rpadika o6epiTb 6iy BepTHKaTbHOI OCi HATINC .

Binxpmitte BikHo Data Tool Ta 3anumre y Tabnn4HOMY IO TiIBKYM Ti IIOMITKMY, 110 Bi/JIIOBial0Th KOOP/M-
Hari 1o oci Oy. BusHaure BificTaHb, Ha Ky 3MicTwIOCs Tino no BepTuKaiti. 114 Bigcrans i 6yme Bucororo h.
3anuiith il 3HaYeHH [0 TaOINIIi.

3a JonoMOrolo TepesiB BU3Ha4YTe Macy Tina m (y HalIOMY BUIIAJKY m_= 0,057 kr, m = 0,076 kr). 3a mormo-
MOTOI0 JIiHI/IK) BU3HA4TE paiyc Tina r (y Hamomy Bunagky r, = 0,022 m, r, = 0,024 M ). 3Ha4eHH 3aNNIIITD
10 TaOIUI.

3a eKCrepuMeHTaIbHUMY JJAHVMY PO3paxyliTe MOMEHT iHepIii Tisa |, BUKOPUCTOBYIOUN dopmyny (3).
3anuuiith 3Ha4eHHS [0 TaOINII.

BukopucToBy0UM CTaHZAPTHUI BUpa3 LI MOMEHTY iHepuii Til mpaBuibHOI popMy, po3paxyiite Teope-
TUYHMII MOMEHT iHepLil Tina ]Teop. 3anuuiith 3Ha4YeHHA [0 TabInIIi.
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29. IloBTOPiTH KpOKM YacTUH 2 i 3 114 iHwmoro Tina. [lopiBHANTe eKcliepyMeHTa/IbHi 3HaueHHA MOMEHTIB iHep-
11ii 3 TEOPETUYHO PO3PAaXOBAHMMY 3HAYEHHSIMM i 3p06ITh BUCHOBOK.

Tabnuys pesynomamie
Haspa tina | Maca Tina, | Papgiyc Tina, Kinnesa Bucora ExcniepumentanbHe | TeopeTtnune
HMIBUJIKiCTD O3MillleHHA | 3HAY€HHSA MOMEHT 3HAYEHHs
m, (x2) 1, (m) A p H . e Y
IOCTYIIAJIbHOTO | IIEeHTpa Mac inepii Tina, MOMEHTY
Xy Tina Tina inepuwii Tima
pyxy > > ] (k2-M2) pu >
v, (m/c) h, (m) T (kem?)

€eKc

KyJA

LVIiHAP
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Jla6opaTtopHa po6oTta Ne 9.
BumipoBaHHA MOMeHTY iHeplii Tijia (BapiaHT 2)

Mema po6omu: BU3HAUNTY MOMEHT iHepIil AMCKY i MOMEHT CVJI TepTs Ha OCi 3a JOOMOTOI0 IIPOTPaMHOTO
3abe3neyeHH /I aHAJIi3y Bifle03amnucis.

3asoanns pobomu:

1. ITpoBecTy YOTUPM €KCIIEPUMEHTH 3 HUCKOM, KT 06€PTAETHCs Ha OCH IiJT i€I0 BAHTAXY, IO OMYCKAETh-
Cs1, Ta CTBOPUTH Bifje03aIC PyXy CUCTEMIL.

BusHaunTy IpuUCKOpEHHs pyXy BaHTaXa, KyTOBe IPUCKOPEHH JJCKa B KOXKHOMY BUIIA/IKY.
PospaxyBaTyi MOMEHT CUJI, 1[0 IPUBOJATD AUCK Y 00epTaHHS, B KOKHOMY BUIIAZIKY.

[To6ynyBaty rpadik 3a/1eXKHOCTI MOMEHTY CIJI Bifl KYTOBOTO IIPUCKOPEHHS.

A

PospaxyBaTu 3a rpacikoM MOMEHT iHepIiii fiucKa i MOMEHT CJI TepTA Ha Oci AMcKa.

O6nadnanns: MOfeb TipOCKOIa i3 3aKpiIIEHOI0 BicClo 00epTaHH:, BICOKA IIiJiCTaBKa, HaOipHMIT BaHTaX,
niHiliKa, HUTKa, [1IK, udposuit poroamapar abo Bifeokamepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

& Tader - 8 x
Flo_ Gt Vigoo Track Coortinao System View Holp

S [ S %] B Y- L ko B[ Qs | 7 oh N\ % A A A A s-a3c
v sune

oo oo > O =«

| caotaups |

Puc. 1. 30sHiwHiti 8uensao sikHa npozpamu Tracker

Y wiit pobori 3rafane nporpaMHe 3abe3Ie4eHHs 3aCTOCOBYETbCA /I BU3HAUCHHA MOMEHTY iHepIii Aucka
i3 sakpinyieHo Biccio o6epTaHHA. [IMCK IPUBOAUTHCA B PYX 3aBJAAKM BaHTaXY, IO OIYCKAETHCA Mif| Hieto
CVIV 3eMHOTO TsDKiHHA. BaHTa)k 3’€JHaHMIT HUTKOIO 31 IIKiBOM, AKWII 3aKpilyieHO Ha AncKy. Paxiyc mkiBa —
2,2 cM. Y po60Ti BUKOPMCTOBYETLCA HAOipHMIT BAaHTaX, Maca AKOTO 30iMbIIyeTbcs Ha 50 T y KOXKHOMY eKC-
nepuMeHTi (puc. 1).

Ha tarapenp firoTh cuna TsOKiHHA mg i cuna Hatary HUTKK T. Y IPOEKIiAX Ha HANPAMOK IPUCKOPEHHS TH-
rapisi OTPMMA€EMO PiBHAHHA PYXY TATApIs y CKA/LAPHIN Gpopmi:

ma=mg-T. (1)
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3a III 3axoHoM HploTOHA, Ha LIKiB i€ IPOTUIEKHO CIIPAMOBAaHA CUJIA, MOJLY/Ib AKOi JOPiBHIOE MOAYIIIO
cunu T. Cunma T CTBOPIOE MOMEHT CUIIH, 1[0 i€ Ha HIKiB. MOMEHT i€l cumu BiTHOCHO OcCi 06epTaHHs HmIKiBa
INOPiBHIOE:
M=T.r, (2)

Ie r — pajiyc 1KiBa.

O6epTaHHA AMCKA BU3HAYAETHCS MOMEHTOM CU/IM HATATY HUTKY M i MOMEHTOM CUJI TepTs Mmp, 1110 A€ 3MO-
Ty 3aIlJICaTVi OCHOBHE PiBHIHHS 00€pTaIbHOTO PYXY Y BUITIAL:

IS :M_Mmp) (3)

Jie € - KyTOBe IPUCKOPEHHS JIUCKa.
3 piBHsHb (1) i (2) omep>KMMO MOMEHT CU/IV HATATY HUTKY BiTHOCHO OCi 06epTaHH::

M=m(g-a)r (4)
[lTepenuiemo piBHAHHA (3) y 3py4HOMY /14 IepeBipKM BUIIALL:
M=M, +Ie (5)

Ilevt BMpa3 o3Havae, IO 3a/IKHICTIO M(g) € IpsiMa /TiHiA, KyToBMil KoedillieHT k AKOi 4nceTbHO JOPiBHIOE
MOMEHTY iHepLiI CuCTeMI:

M

Mip ¢

Puc. 2. 3anexHicme MomMeHMY cusi 8i0 Kymog8o20 NPUCKOPeHHA

Matouu B posnopsAmKeHHI HabipHIIT BaHTaX, MOXKHA B IOCTaTHHO LIMPOKVX MeXKaX 3MiHIOBAaTU Macy 1, a
3HAUUTH, i BemmunHy M. To6TO MOXKHA eKCIlepiMeHTa/IbHO OTPUMATH 3a/IeXHicTh M(¢), mobynysatu rpagik,
OTPMMATH JiHII0 TPEHAY B MaTeMaTHYHUX TaONMMIISAX, PO3paxyBaTy MOMeHT iHepuii fucky I i MOMeHT cun
TepTA Mmp.

Xio po6omu
Yacmuna 1. Ompumanus eideozanucy
1. YcraHOBITH BUCOKY HiJCTaBKY, a Ha Hel — MOJIe/Ib ripocKoma. 3aKpilliTh y IVIOMMHI 06epTaHHA BepTUKaIbHO

NiHiNKY 3 f06pe noMiTHMMYM TofinKaMu. [lo6epiTh JOBXIHY HUTKY TakK, 106 IpU TOCATHEHHI ITOBEPXHIi
CTOJTy BOHA BiJi €IHyBasiacs Bijj IIKiBa.
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10.

11

12.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

O6epith mpucTpiii, AKUM BU OyileTe BUKOHYBATH Bifje031IOMKY. 3'ACyliTe AKICTb 00’€KTHBa, 106 Hajami
BpaxyBaTy MOXK/IMBI CIIOTBOpeHH:. Bukopucraiite CTaHZapTHY 4acTOTY 31loMKM Bifgeo (30-60 kampis Ha

CEKYHY).

YcTaHOBITH PUCTPIit TaK, {06 yCTaHOBKA IIOBHICTIO MOTPAIIIsIA B KaJp i B Ipolieci 31IOMKY IPUCTPiit He
pyxaBcA.

Ilo6epiTh mepuinit BaHTaXX, HAMOTAJITe HUTKY Ha IIKiB.
Po3noyHiTh 3amuc Bifjeo i BiIbHO BiIyCTiTh OVCK.
3po0iTh 1ie Tpy 3amNCcy, 301IBIITYI0YN MAacy BaHTaXY.

S0 MOXXKIMBOCTI 3[iICHUTY Bifle03aIliC HEMAE, 3aBaHTaXKTe TOTOBE BifleO 3 PECYPCY.

Yacmuna 2. Onpauroeanus 6ioeo

3aBaHTaXxTe Bifjeo y mporpamy Tracker. [l iboro ckopucraiitecs KHOIKoio Open y BepXHbOMY MEHIO ITPO-
TpaMIL.

(3 Tracker
File Edit Video Track Coordinate Sys
EH| & B v L

V|Open avideo or trackerfile in a newtab|

Takox MOXXHa «IIepeTATHyTI» (il 3anycy y BikHO Iporpamu abo 3aBaHTaXXNUTH iforo yepes MeHio File >
Import > Video. SIkujo mporpama He 3MOI/Ia 3aBaHTXXUTH Bifieo, HeoOXifHO #ibpaTy iHIMII itoro ¢popmar
3a JOTIIOMOT'OI0 PeJaKTOPIB Bifieo.

BukopucToByoo4Yy KHOIIKM KePYBaHHSA B HIDKHII 9aCTMHI BiKHA 3 Bifje0, TIepernaHbTe 3aIuC.

SIK1110 00’ €KTUB IPUCTPOIO 151 31IOMKH JJa€ CIIOTBOPEHHSI 300paskeHHsI, BUKOPUCTaiTe BifOBifHMIT QinbTp
Bifeo.

Video | Track Coordinate System View Help

late == B | O 112%

Replace...
Close

Go to... CHrl-G

Paste Image »
¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)
Filters
Properties... F Brightness
Dark Ghost
Deinterlace
Ghost

Baseline

Gray Scale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

. YCTaHOBITh HOMEP KaJIpy, 3 AKOT'O PO3IIOYaBCA PyX CUCTEMM, T HOMEP KaJ[py, KO/ BaHTAXX MalbKe TOPKHYBCA
IIOBEPXHi cToNy. JIIMJIBHMK KaJpiB PO3TALIOBAHMIA Y CTPidlli KHOIIOK KEPYBAaHH:A y BiKHi Bifjeo3amnucy.

< I

016100%Eu B L=

O6epitb y BepxHili cTpiuni kHonky Clip Settings . Bumage BikHO BCTaHOB/IEHHSI MeX Ka/IpiB Bifieo3anu-
Ccy. 3a3HauTe B HbOMY HOMep IIOYaTKOBOTO Ta KiHI[eBOTO KafIpy, KPOK 3MiHU KajpiB (Ko Kaxpis 6araro,
TO KPOK JIa€ 3MOTY 3MEHIINTY Ki/IbKICTb KaJpiB A/Is1 aHAJIi3y) Ta YaCTOTY 3i1OMKM (32 3aMOBYYBAHHSM IIPO-
rpaMa cama oOupae Iieif mapameTp i3 BlacTuBocTei Bigeosamnucy). O6epits Ok.

13. O6epiTb y BepxHiit cTpiuli kHonKy Show or hide the coordinate axes [ Ha Bifjeosanci 3’aBIATbCA Oci

KoopAuHaT. LleHTp cucTeMy KOOpAVHAT IEPETATHITh Y TOUKY, 110 AKHAJKpalle BifIIoBifaTMMe CUTYyalil.


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/moment%20inercii%202/

JlabopaTopHa po6oTa N2 9

Hanpuxnap, cymicTiTs ii 3 Biccto o6epranus fucka. IloBropHo 06epits kHOonKy Show or hide the coordinate

axes | =] . CucTeMa KOOp/IMHAT 3HUKHe, aJie 1 II0JIOKeHH IIporpaMa 3amnam siToBye (puc. 3).

 Tncker - o x
Fle Edit Video Track Coordinats System View Help

EH @ %8 e L | xceate
v ~axes [Grd _orginpixe positon 1070

1! |

| BN

Tabe wew ofrack data il apoear hre.

Puc. 3. Buenso gikHa npoepamu Tracker nicsis 8CMaHoe1eHHs NOIOXKEHHSA cucmemMu KoopoOUHam

14. O6epiTb y BepxHili cTpiuni KHonky Show, hide or create calibration tools IE Ta B MeHI0 - New > Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306pakeHHi mepiy i Ipyry TOYKy
IUIs OfVHMYHOTO Bifpiska. Ha Bimeo 3’sBuThCA Bifipisok. Y nudposomy momi Haj BigpiskoM HeoOXigHO
BBECTI 3HAU€HH: J10T0 NOBXMHY B MeTpuyHil cucteMi. Kinui Bigpiska MoXXHa Bi/IbHO IlepecyBaTI «Iepe-

. . . . o |-
TAryBaHHAM» 110 300paxenH:o0. [lle pas o6epirs kHonky Show, hide or create calibration tools | * . Opu-

HIYHWIT Bifpi30K 3HMKHe, ajle IporpaMa 3aram siTa€ oro MO0XKeHH 1 JOBXMHY (puc. 4).

® Tocr - o x
Flo il \ideo Track CoorinstSystem View o

S| S w| B e b Koo = B Qs [ 2 0[N o A AL A A /s-58¢C
v catoravon stk A_sep 200: oo 1050 ] ange fom - 555 |

Tale ew of rack dta il sppear hre

| cootawpa [

Puc. 4. Buenso gikHa npoepamu Tracker nicsis 8CmaHo8ieHHs 00UHUYHO20 8i0pi3Ka

15. Y nporpami Oype BificTeXXyBaTucs pyX ABOX TOYOK — OJHA 3 HMX CyMillleHa 3 BaHTaXKeM, IO OITyCKAa€eThCA,
pyTa — 3 IOMITKOI0 Ha AMCKY. [/ BificTeXKyBaHHA PyXy IepLIOi TOYKY 06€piTh Y BEpXHbOMY MEHIO KHOIIKY

Create i y mento — Point Mass.
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¥ Create == &b

Center Of Mass

@l

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model P
Data Track ]

Measuring Tools b

Calibration Tools ]

16. ¥ niBomy KyTKy 3’ aBuThCA BikHO Track Control.

17. HarucHitp xmasinry Shift. Kypcop nabyze Burnany sHesemkoi pamky. CyMicTiTh II}0 paMKy 3 TOYKOI Ha

18.

19.

20.
21.
22.

23.

24.

BaHTaXIi, 3a KO0 BU Oyfie CTEXUTM, i HATUCHITD JIiBy KHONKY MaHimynaropa. Ha 306pakeHHi 3’ABUTbCA
MapKep TOYKM i IporpamMa aBTOMATMYHO IIepeiifie Ha HacTynHuil Kaap. IloBToprosiTe 1i KpOKM 10 OCTaH-
HbBOTO 0OPAHOTO Kafpy.

Tk - 8 x
Fle_Edit Video Track Cooramate System View Help

S H| S % B e | kceae m B Qv S b [N QA AL LA A /- =8¢
25 m[1000kg] step 20: x[0119 ] y[311062m] r[ozam] #[02s0 |

i ask s | cootaues

Puc. 5. Buenao sikHa npozpamu Tracker nicnis giocmexxy8aHHa pyxy mina
Y BiKkHaX IIpaBoi YaCTMHMU 3’ IB/IATHCA Tpadik i TabMMIs, Ha OCHOBI AKMX Bifl0yBaTMMeTbCs aHAJIi3 OTpUMa-
HUX JJaHUX.

Il BincTeXXyBaHHs PyXy TOYKM Ha JAMCKY 3HOBY 00€piTh y BepXHbOMY MeHI0 KHOIKy Create i y MeHI0 —
Point Mass.

V Bikni Track Control 3’ aBuTbcs 111e OOMH HaIMC mMass B.
IToBepHiThCA Ha IepIINIi Kafip i TOBTOPITh BifiCTE)KyBaHHA ITOMITKM Ha JJUCKY O OCTAHHBOTO KaJpy.

Y BepxHilt yacTuHi MeHI0 00epiTh mocunanHa Coordinate System — Units. Y BikHi, 110 3’IBUTbCS, BKaXITb
Ha BYMIpIOBaHHA KYTiB y pafiaHax. Sximo Bick koopayHaT OX 06paHa rOpM30HTAIBHO, TO BIKHO IIPOTpaMu
MaTuMe TaK!il BUITIAL, K Ha puC. 5.

Yacmuna 3. Ananis oanux

[l BM3HAYEHHS NPUCKOPEHHS PyXy HabipHOro BaHTaXYy y 1oy rpadika BikHa Imporpamu o06epiTh BKIa-
AVHKY mass A Ta 0i/11 BepTUKaIbHOI OCi KOOP/MHAT — Y.

O6epitb y Bepxubomy MeHio View > Data Tool (Analyze...).



25.

26.

27.

28.

29.

30.

31.
32.

33.
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View | Help
¥ Right View
[ Bottom View

¥ Track Control
[0 Notes

[0 Data Builder (Define...)
[0 Data Tool (Analyze...)
® WIN_20180319_16_55_35_ Pro.mp4

3’saBuTbhCs HOBe BikHO Data Tool 3 rpadikom i Tabmurero (puc. 6).

¥ Data Tool — O *
File Edit Display Help
mass_A
| [i [
Measure [ Analyze! Data Bu'rl.der,.." Refresh | Help
41 markers| V]
¥
o+ T T T T T T i lines| [w]
-0 k- style| e |
| axis| horiz vert
02+ row t ¥
0,000 -6,941E-2
0k 1 0.167] 7.507E2
2| 0,333 -8,215E-2
3 0,500 -9,490E-2
Lo-04 4 0,667 -0,123
5 0,833 -0,135
el 6 1,000 0,148
2 i 1,167 -0,171
: 1,333 -0,201
08 : g 1,500 0,242
:' 1 1,667 -0,280
07 1" 1,833 -0,305
A8 12 2,000 -0,347
L L L L L L 13| 2,167 -0,385
] 05 10 15 20 25 30 14 2333 0433
t 15| 2,500 -0,482
B 16| 2667 0,530
3 -
Fit Name: Parabola |+ | | Fit Builder | Earamelne L ; . e s
| i ;i .
= - = |A 508162 : 19| 3167 -0,604]
Fit Equation: v = A*t"2 + B+ C JI B -3,792E-2 i 3 2333 o7
= = = 1€ -6,633E-2 S '
Autofit  rms dev: 4 B44E-3

Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable
Puc. 6. Buenso sikHa Data Tool nicns HaknadaHHa napabonu

Ockinbkn rpadik y(t) € 9acTuHOIO Mapaboymt, To PyX, AKUI BiH onucye, Oyze piBHONPpUCKOpeHNM. PiBHAHHA
pyXy Tifa B TaKOMY BUTIaJIKy MaTMMe BUITIAN KBaapaTuyHoi GyHKii y(t) = at’/2 + vt + y,. ¥ saranpbHoMy
surAni Gynkiuisa mae sanuc f(x) = Ax* + Bx + C . baunmo, 1o xoedinient A = a/2, a B = v,. 3sigcu npu-
CKopeHHs a = 2A. [Iy11 BU3HaYeHH: IPUCKOPEHHs PyXy Tila HeoOXigHO 3HaiTH Koe(illieHT A i TOMHOXWUTHI
jioro Ha 2. [Iy1s BusHa4eHHs KoeQillieHTiB HakageMo Ha rpadik mapaboiy.

O6epitsb Bkmaguuky Analyse > Curve Fits, a B HyokHiiT yacTnHi BikHa Fit Name > Parabola. [Tosepx rpagika
PyXy 3’saBuUIacs napabona, a IiJ Helo — 3HaueHH:A KoedillieHTiB. 3BepHITh yBary Ha Te, o6 6i11 HagmuCcy
Autofit 060B’A3Kk0BO cTOsIB Mapkep. Lle 03Hadae, 110 IporpamMa caMoCTilTHO o6epe MOIOKeHH MapaboIiL.

PospaxyiiTe IpUCKOpeHHs PyXy Tina 3a KoedirienToMm A. 3amuc sHaueHHs KoedillieHTa 3MilICHIOETbCA Y
CTaHZIapTHOMY BUI/IAAL. 3HaK 6111 KoedilieHTa 3yMOB/IEHNMII HAIIPSIMKOM OCi. [I/Is Mofanplnx po3paxyH-
KiB B)X/IMBUII TiIbKM JIOTO MOZY/Ib. 3aNVIIITh 3HAYEHH IPUCKOPEHHS 10 Ta0O/MuIIi.

3axpuiite BikHO Data Tool, a y BikHi rpagika o6epite mass B. bins Beprukanbhoi oci 06epiTh KyT 10-
BOpoTYy 0.

Binkpwuiite Bixao Data Tool. [TpoBenits HakaganHs napabomu Ha rpadik Ta 3a KoedinieHToM A pospaxyit-
Te 3HAYEeHH: KYyTOBOTO IIPUCKOPEHHs € = 2A. 3anuIliTh 3Ha4YeHHA 10 TaO/MuIIi.

3a popmyroro (4) pospaxyiiTe 3HaUCHHs MOMEHTY I M. 3anuuiTh 3HA4eHHs 0 TaOINIIi.

JInsa oTpuMaHHA BCIiX NONEPeJHIX NAHNUX /1A iHIIMX BaHTaXKiB IPOBEJITh YCi MonepenRHi KPOKM /A iHIINX
TPHOX 3amMKCiB. Yci AaHi 3anucyiite o Tabmuj.

IlepeneciTh OTpMMaHi JaHi YOTMPHOX €KCIEPVMEHTIB IJIA MOMEHTIB I M Ta KyTOBUX IIPUCKOPEHD € y
maremaTtnyHi Tabmuii Excel (puc. 7).
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96 ®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU
34. ITo6ynyiiTe TOYKOBY Aiarpamy [yid LMX JaHUX i BIMIIITD JIHIIO TPeHAY, BUKOPMCTOBYIOUM iHCTPYMEHTHU
MaTeMaTUYHUX TaOINIIb.

35. 3a oTpuMaHuUM PiBHAHHAM JIiHii TpeH/ly BU3HAUTe 3HAYeHHA MOMEHTY iHeplii A1cKy I i MOMEHTY CuyI TepTs
Ha oci Mmp. OTpuMaHmit pe3ynbTaT 3aHeciTh 40 Tabmuui i chopmyroiiTe BMCHOBOK 1O pOOOTHL.

10,0534 4,436
0,0428 3,284

0,0322 2,258 3anemHiCTb MOMEHTY CWA Bifi KYTOBOIO
0,0215) 1,134 MPUCKOPEHHA
0,06
v=0,0057x +0,0103
0,05
//

o0t /

0,03 /

0,02 -«

0,01

Puc. 7. Buen=ao sikHa mamemamuydHux mabauue Excel

Tabnuys pesynomamis
Ne Maca Papmiyc | IlpuckopenH:a Kyrose Mowment | ExciepumeHnTanbHe | MoMeHT
3/ | BaHTaxy, | WIKiBa, | PyXy BaHTaXy, | IPUCKOPEHH:A cuL, 3HAUYEHHA MOMEHTY | CWI TepTs,
m, (kr) r, (M) a, (M/?) Amcka, M (H-m) IHEpIL AVICKa, M, (H:m)
g, (pan/c?) J.. (KT-M?)
1 0,1 0,022
2 0,15
3 0,2
4 0,25
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JlabopaTopHa po6oTta Ne 10.
JocaigxeHHs pyXy 3B’A3aHOI CUCTEMH TiJI

Mema po6omu: BUSHAYNUTY IPUCKOPEHHS PYXY CUCTEMU 3B A3aHUX Ti/I 3a JOIOMOTOI0 IIPOIPaMHOTO 3a-
OesnedyeHHs /IS aHAII3Y Bifje03anyciB i MOPiBHATY JI0T0 3HAUeHHA 31 3HAYeHHAMM, OTPYMAHVIMU TEOPETUYHO.

3aedanns pobomu:

1. TIpoBecTu JeKkibKa eKCIEPUMEHTIB i3 CIUCTEMO 3B’S13aHMX Ti/ 3a Pi3HMX CIIBBiTHOIIEHDb iXHIX Mac i
CTBOPUTH Bifle03allNICh PYXY.
ByusHaunTy IPUCKOPEHHS PYyXy CUCTEMM B KOXKHOMY BUIIAfIKY.
PospaxysaTu npuckopeHHs PyXy CUCTEMM B KOOKHOMY BUIIAZIKY.

ITopiBHATHM eKcIIepMMEHTA/bHi JaHi 3 TEOPeTUYHUMIL.

O6naonanns: HepyXomuit 6710K, IITaTUB, HabipHi BaHTaXXi, HeBenuKi TArapii Macoro 1 1, miHilka, HutKa, [1K,
nudposuit poTtoamapat abo Bifeokamepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvi gioomocmi

 Tocar - 8 x
Fio_Ed Vieo Track Coontata Systam_View_ el
SH S% 8wl s ¥ Qs oh |\ o A K| L& A z:amc|

2 ey i us: 5008 o 24708 |

Fictiom ofack data wil appwarhore

contaupe

Puc. 1. 308HiwHili 8u2nao sikHa npoepamu Tracker

Y wiit po6ori 3rafjane mporpaMHe 3ab6e3Ie4eHHA 3aCTOCOBYEThCS /1A BUSHAYEHHA IPUCKOPEHHS PYXY CHC-
TeMI 3B A3aHUX Tl HA HepyxoMoMy Omoui. Sk 3B’43aHi Tina BUKOPUCTOBYIOTbCA HabipHI BaHTaXi, Maca AKUX
MO>Ke IUTAaBHO 3MiHIOBATUCA 3 KpokoM y 10 . Hepyxommit 6710k 3akpiljieHO Ha IITaTUBI, 1O AKOTO MpUESHAHA
nminiiika (puc. 1).

Ockinbky Macu HabipHMX BaHTaXXiB HabaraTo Oi/1bIi 3a Macy O/10Ky, ITpU CK/IaJjaHH] IMHAMIYHOTO PiBHSAH-
HA PyXy CUCTeMH 3HEXTYEMO MOMEHTOM iHepiiii 6710ky. I1Jo6 BUKTIOUNTY HAABHMIT MOMEHT CVUJI TepTA y 671011,
Ha [I0YATKY eKCIIepUMMEHTY BobepeMo JOJaTKOBMII BAaHTaX 3 HA0OPY ApiOHNX TATapIiB, 3a AKOrO CHUCTEMA Py-
XA€TbCS PIBHOMIPHO IIiC/IA JIETKOTO IOIITOBXY. B eTanonHil po6oTi Maca Takoro BaHTaxy ckiana 3 r. Hapani
Macy LIbOr0 BaHTa)Xy He Oy[ieMO BPaXOBYBaTy IIPU pO3PaxXyHKax.

[ mo6yoBy AMHAMIYHOI MOJe/li BBXKaTVMeMO, 110 BiChb KOOPAMHAT ClipsiMoBaHa Bropy. Ha HabipHi BaH-
TaXi JIOTb CiJIa TsDKIHHA i CUjla HaTATY HUTKU. Y NPOEKLiAX Ha HAIIPSIMKY IPUCKOPEHHA BaHTaXXiB OTpUMae-
MO CHCTEeMY PiBHAHD IXHBOTO PyXy B CKa/IApHIiil popmi:
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-mg+T=-ma
-mg+T=ma. (1)

ITicia mepeTBOpEHD PiBHAHD OTPUMAEMO BUpPa3 I/IA PO3PAXyHKY MOJY/IA IPUCKOPEHHA PyXy CUCTEMU Tifl:

a=—2 T2, @
m, +my"

Matoun B po3nopspKeHHi HabipHi BaHTaXi, MO>KHA B JOCTaTHBO IIVPOKMX MeXXaX 3MiHIOBATM IXHIO Macy, a

3HAYUTD, i BEIMYMHY IIPUCKOPEHHS, a TAKOXX IOPIBHATI €KCIIEPMMEHTA/IbHI JaHi 3 MaTeMaTUIHOI MOJIEIIIIO.

10.

11.
12.

Xio po6omu
Yacmuna 1. Ompumanns éioeozanucy

YcTaHOBITDH Ha CTOJI IITATUB i 3aKpiNiTh Yy HbOMY HepyxoMuii 610K. IIpuenHarite fo mrarusa miHilKy. [Jo-
OepiTb JOBXWHY HUTKM, JOCTATHIO JyIA BiIIBHOTO PyXy HabipHMX BaHTaXiB, Tak, 100 IIpK yhapi OXHOTO
BaHTaXYy 00 ITOBEPXHIO CTONY iHIINIA IIle He TOPKaBCsA OI0KY. 3aKpilliTh HA KiHIISIX HUTKY JIBa OJHAKOBUX
BaHTaxi macoro 100-150 1.

BusHaure, skmit BaHTaX Oyfie pyXaTicsl BHUS, i, IVIABHO JJOBAHTAXXYIOUM JIOT0O APIOHUMY TATApLSMU, JO-
CATHITD TOTO, 1106 32 HEBEIVIKOTO MOLITOBXY CUCTeMa IIPUXOANIA B PIBHOMIPHUIL PyX.

O6epiTb npuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03iloMKy. 3’sCyiiTe AKiCTb 00 €KTVBa, W06 Hajasti
BpaxyBaTy MOXK/IVBI CIOTBOpeHH:. Bukopucraiite CTAaHZApTHY 4acTOTY 31loMKM Bigeo (30-60 kampis Ha

CEeKYHY).

YcTaHOBITH IPUCTPIit TaK, 11006 yCTaHOBKA IIOBHICTIO MOTPAIIIsIA B KaJp i B Ipolieci 31IOMKY IPUCTPIit He
pyxaBcsl.

Ha BanTax, 1m0 Oyzie pyxaTucsi BHU3, YCTAaHOBITb JOJATKOBMIT BaHTaX (opieHTOBHO 10 T).

PosnoyHiTh 3amuc Bifjeo. BifTATHITS MEHIINIT BAaHTaXX [0 IOBEPXHI CTOMY i BIIbBHO BifIycCTiTh itoro. Hama-
rajitecs, o0 Iif yac pyxXy BaHTaxi He KonyuBaucs. 3po0iTh AeKilbKa 3aIuciB /11 TOTo, 06 MOXKHa 6y/I0
BMOpATV HaVKpAIIMil BAPiaHT.

36imb1IiTh Macy 060x BaHTaxiB Ie Ha 10 I. [ToBTOPIiTh eKkcrepuMeHT i 3amc Bizgeo.
[TocTynoBo 36imbuytoun Macy 060X BaHTaXiB, 3p00iTh Ije MiHIMYM Tpy eKCIIepYIMEHTH.

S0 MOXXIMBOCTI 3[iICHUTH Bifle03aIlliC HEMAE, 3aBaHTa)KTe TOTOBE BifleO 3 PECYPCY.

Yacmuna 2. Onpayto6anHs 6ioeo

3aBaHTaxTe Bifjeo y nporpamy Tracker. [Iist iboro ckopucraiitecs KHOIKoo Open y BepXHbOMY MEHIO ITPO-
rpaMIL.

(#3 Tracker

File Edit Video Track Coordinate Sys

E=IEE

v |0-pen avideo or tracker file in anewtab|

Tako)X MOXKHa «IIepeTATHYTV» (aiiI 3aIyCy y BikKHO IIporpaMu abo 3aBaHTXXNUTH itoro yepes MeHio File >
Import > Video. SIkujo mporpama He 3MOI/Ia 3aBaHTXUTH Bifieo, HeoOXifHO #ibpaTy iHmmii itoro popmar
3a JIOIIOMOT'OX0 peflaKTOPiB Bifieo.

BuxoprcToBy04M KHONKYM K€PYBaHHA B HYDKHIN YaCTVHI BiKHA 3 BiJleO, IePETIAHbTE 3aIINC.

SIK1110 06’ €KTUB IPUCTPOIO /TSI 3IOMKM IA€ CIOTBOPEHHS 300pa’keHHs1, BUKOPUCTAlTe BifIOBigHMIT (inbTp
Bifeo.


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/zviazana%20sistema/

13.

14.

15.

16.

JlabopaTopHa po6oTa N2 10

Video | Track Coordinate System View Help

fate == B O 1125

Replace...
Close

Go to...

Paste Image »
¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)
Filters »

New P Baseline
Brightness
Dark Ghost
Deinterlace
Ghaost

Properties...

GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

YcTaHOBITH HOMEp Kafipy, 3 AKOTO PO3IIOYaBCA PYX CUCTEMI, Ta HOMEP KaZpy, KOIM BAaHTAXX Mal>Ke TOPKHYBCSA
IIOBEPXHIi CTONY. JIIYM/IBHMK KaJipiB PO3TALIOBAHMIA Y CTPivlli KHOIIOK KEPYBaHHA Y BiKHI Bifjeo3amnucy.

016 |100% E L, B
A

e,

O6epitb y BepxHiit crpiuni kHonky Clip Settings . Bunage BikHO BCTaHOBJIEHHA MeX KafIpiB Bifieo3a-
nycy. 3a3HauTe B HbOMY HOMep II0YaTKOBOTO i KiHIIEBOTO KaJpy, KPOK 3MiHM KafipiB (K10 KafpiB bararo,
TO KPOK JJa€ 3MOTy 3MEHIINTY Ki/IbKiCTh KafIpiB /I aHa/Ii3y) Ta YacTOTY 3i1OMKM (32 3aMOBYYBAHHAM IIPO-
rpaMa cama obupae Iieil napameTp i3 BlracTuBocTe Bigeosamnucy). O6epits Ok.

O6epitp y BepxHilt cTpiuni kHonky Show or hide the coordinate axes . Ha Bigeosamnuci 3’aBisiThCs OCi
KooppuHaT. LIeHTp cucTeMu KOOPAMHAT MEPETATHITh Y TOUKY, L0 SAKHAMKpalle BifilOBifaTuMe CUTYyallii.
Hanpuxmnag, cymictiTs ii 3 Biccio o6epranus 61oky. IloBropHOo 06epith KHONKy Show or hide the coordinate

axes . CucreMa KOOpAMHAT 3HMKHE, ajle il IOTO0XKeHHs IIporpama 3amam AToBye (puc. 2).

® Toder - 8 x
Flo B viso TraekCooranate Sysem Viow b
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v |- axes [16nd _originpinelpositon [ 15263 [55.10_| anseromhorzomal [0+ | ey s 4500 o126
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EnEn
orsfoos ] w > S “1p
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Puc. 2. Buenso sikHa npozpamu Tracker nic/is 6CmaHoeieHHs NOM0XeHHS cucmemu KoopouHam

Hin i -

O6epitp y BepxHiit cTpiunli KHOnKy Show, hide or create calibration tools| *!" Ta B meHIo — New > Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306pakeHHi mepiy i Ipyry TOUKy
UL OfVHMYHOTO Bifpiska. Ha Bimeo 3’saBuThCA Bifipi3ok. Y nudposomy momi Haj BigpiskoM HeoOXigHO
BBECT! 3HAU€HHA J10T0 NOBXMHYU B MeTpu4Hill cucreMi. Kinui Bifpiska MoKHa BiIbHO IepecyBaTU «Ilepe-

10 |
i i

TATYBaHHAM» 110 300paxxeHHI0. Ille pas o6epith kHONKY Show, hide or create alibration tools
HMII Bijpi30K 3HMKHe, ajie IporpaMa 3alaM ATae Joro MOI0KEeHHsA Ta JOBXKIHY.

. Onunny-
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®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

17. Y nporpami 6yzme BifcTeXXyBaTuUCs PyX BaHTaXYy, WO NPsAMYE HOHU3Y. /I BiICTe)XYBaHHSA PyXy IepIIol

TOUYKM 00epiTh Y BepXHbOMY MeHI0 KHOIKY Create i y meHto — RGB region. L1 ¢yHkuia 6yme Bincrexxysaru
HEBEJIMKY JIIIAHKY €KPaHa 3 OJJHAKOBJM PO3IIOJilIOM KONIbopy. Ii BUKOpUCTaHHA BUIIpaB/laHe B pasi AKiCHO-
TO BiZleo3anicy i Mae Ha MeTi TOYHe BU3HAYEHH ITOJIOXKEHH Tila Ha 6araTbox Kaapax.

Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools »

Calibration Tools 4

18. Y niBoMy KyTKy 3 ABUTbCA BikHO Track Control.

19. Haruchits xmasinry Shift. Kypcop Habyze surnany Hesemukoi pamky. CyMicTiTh 1I}0 paMKy 3 TOYKOIO Ha

BaHTaXIi, 3a AKOI0 BU Oyfie CTeXUTH, i HATUCHITD JIiBy KHONKY MaHimynaropa. Ha 306paxkeHHi 3’ABUTbCA
KOJIOTIOAiOHMIT MapKep TOYKY, i IIporpaMa aBTOMATIYHO Iiepeiiie Ha HaCTYIHMIL KaJp.

Fle Edt Video Track Coordinale System View Help
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Puc. 3. Buenad sikHa npoepamu Tracker npu subopi asmompekiHzy

20. IToBepHiTh 3amyic Ha MepUINiT Kafp i 06epiTh y BEepXHbOMY MeHIO (QYHKIIiI0 aBTOTPEKIHTY, HATVCHYBIIN

21.
22.

Cozo0% | o ol T

KHOIIKY Show or hide the autotracker ]| .

Y po6ouoMmy BiKkHi 3’ ABUTbCS BIKHO aBTOTpeKiHTy (puc. 3).

Y uboMmy BiKHi 3a3HauaeThbcs, 1o Oyae BigcrexxyBaTucss RGB perioH, Axnit TO3HAYM/IM Ha IEPLUIOMY Kafipi.
[l TOfaIbIIOr0 aBTOMATUYHOTO BifICTE)XYBAHHS TOYKM HEOOXiZHO BM3HAUUTY K/IIOYOBUI Kafjp 3aIINCY.
HarucHits ogrovacHo xnasinti Ctrl i Shift. Kypcop sMiHUTS cBiit 30BHIIIHII BUITIAM Ha KOTIO 3 HEPEXPECTAM.
YKaXKiTh MaHIITy/IATOPOM TOYKY i HATUCHITD JIiBy KHOIIKY MaHiIy/ATOpa. HaBKO/IO TOUKM Yepes3 IeBHUI 9ac
3’IBUTBCS NYHKTMPHA paMKa. PaMka BKasyBaTiMe OKill Ha 300pa)kKeHHi, B AKOMY IIpOrpaMa aBTOMAaTIYHO
IIyKaTMMe HasABHICTDb periony. Po3mip koma i paMkyu Mo>kHa 3MiHIOBaTy. Y BiKHi aBTOTPEKiHIY 3’sIBUTHCS
30iblIIeHe 300paXkKeHH Ti/la Ha MepIIoMy Kajpi. SIKicTh aBTOTPEKiHTY 3a/1e)XNUTh Bijj TOTO, HACKI/IBKY 3Mi-
HIOBAaTMMETBCSI 300paXKeHHsI Ti/la Ha KOXKHOMY Kafipi. Y pasi KpuTHYHOI 3MiHM IIporpaMa 3ynuHNUTD BifcTe-
JKYBAaHHA TijIa i 3aIIPOIIOHYE 3MIHUTHU OKiJl BiZlCTeXKyBaHHS.



JlabopaTopHa po6oTa N2 10

23. Ob6epiTb y BikHi aBTOTpeKiHTry KHOIKY Search i modekaiitecs pe3ynbrary. SKIO KiNnbKiCTh KafIpiB JyId aHa-
i3y 3Ha4YHa, Ile HoTpeOyBaTIMe IIeBHOTO Jacy. SIKIIo Ipu BifcTexxyBaHHI TpanuscA 36iii, BUAIUTHU MIOIe-
PenHi TOuKM MOXKHa, 006paBIIM B 1[boMY BikHi kHONKy Delete. SKkicTb po60TI aBTOTpeKiHIy BU3HAYAa€ThCA
6araTbMa yMOBaMJ1, ajIe TOJIOBHOIO € KOHTPACTHICTh 300pakeHHA Tia MOoKo 3afHbOro GOHY Ta piBHOMIp-
HicTb 3ab6apBieHHs 00paHOro periony Ha Bcix kagpax. ITicis 3aBepiueHHA poOOTV aBTOTPEKIHTY 3aKpuiiTe
JIOTO BiKHO.

24. Y BikHax IpaBoi YaCTVHM 3 ABNIATHCA TpadiK i TabnmIiA, Ha OCHOBI AKMX BijOyBaTMMeTbCs aHasIi3 OTpUMa-
HUX gaHux. [To6mmsy BepTukanpHoi oci rpadika 06epits y. Skio Bick koopauHaT Oy 06paHa BepTUKAIbHO,
1O rpadik MaTUMe BUITIAL Hapabosn.

Yacmuna 3. Ananis oanux

25. O6epitp y BepxaboMy MeHI0 View > Data Tool (Analyze...).

View | Help
| ® Right View
[0 Bottom View

¥ Track Control
[0 Notes

[0 Data Builder {Define...)
[J Data Tool {Analyze...)
® \WIN_20180319_16_55_35_ Pro.mpd

26. 3’aButhbcs HoBe BikHO Data Tool 3 rpadikom i Tabmurero (puc. 4).

4 Data Tool - O X
File Edit Display Help
region_A
I Measure |Analyze Data Builder... || Refresh || Help |
4§ markers| vl
= T T T T T T T T T T T T : lines| [w]
020+ - | | ] | style| =
. axis| horiz vert
0,25 row t ¥
0 0,000 -0,170)~
bty 1 1,000E-2 0,170
035k 2 2.000E-2 0170 =
! 3 3,000E-2 0,171
5 N 4 4,000E-2 0,171
et 5 5,000E-2 -0,171
a5l 6 6,000E-2 0,172
7 7.000E-2 0,172
-0,50 8 8000E-2 -0,173
: o 9.000E-2 0,174
o | | | | | 1 : 10] 0,100 -0,175
; 11 0,110 -0,176
-0,60 | | | | | | | | 12| 0,120 -0,177]
: 13| 0,130 -0,178
] g1 o022 03 04 05 06 OF OB 09 10 11 12 13 14 0,140 0,179
t : 15 0,150 0,180
...... b 0 A : 16 0,160 0,181
1l 17| 0,170 -0,182
Fit Name: Parabola |« | Fit Buikler‘ Parameter Value =
| 18 0,180 0,183
. _— — A -2,103E-1
i 19 0,190 -0,185
Fit Equation: y = A"t"2 + B*1+ C B -4 871E-2 =
20 0,200 0,186
[ = [ -1.685E-1 2 0,210 0,187
Autofit  rms dev: _S,QQDE-d- 2 0.220 -0.189l™
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 4. Buenso sikHa Data Tool nicns HaknadaHHa napabosnu

27. Ockinbku rpadik y(t) € YacTuHOO Mapabd o, To PyX, KU BiH onncye, Oyne piBHOIPUCKOpeHNM. PiBHSIHHS
pyXy Tina B TaKOMY BUIIaJIKy MaTMMe BUITIAN KBaapaTuyHoi GyHkuii y(t) = at’/2 + vt + y,. ¥ saranpbHomy
surnagi Gynkuis Mae samuc f(x) = Ax® + Bx + C. bauumo, mo koedinient A = a/2, a B = v, 3Bincu npu-
CKOpeHHs a = 2A. [Iy11 BU3HaYeHHA NPUCKOPEHHS PyXy Ti/la HeoOXigHO 3HaiTi Koe(illieHT A i TOMHOXNUTHI
jioro Ha 2. [Iy1s BusHa4eHHs KoeQillieHTiB HakTafeMo Ha rpadik mapaboiy.
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28

29.

30.

31.

32.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

. O6epitp BKmagnHKy Analyse > Curve Fits Ta B HyokHiit yacTuHi BikHa Fit Name > Parabola. [ToBepx rpadixa
PyXy 3’sBMIacs mapabona, a Iij Helo — 3Ha4eHHs KoedillieHTiB. 3BepHIiTh yBary Ha Te, 100 6is1 HagmuCcy
Autofit 060B’s3k0BO cTOsAB Mapkep. Lle 03Hadae, 1110 Mporpama caMoCTilIHO Jobepe MONMO>KeHH apabon.

PospaxyiiTe mpucKopeHHA pyXy Tina 3a koedinieHToM A. 3amuc 3HauYeHHsA KoeillieHTa 3Ii/ICHIOETbCA Y
CTaHAAPTHOMY BUIJIAAL. 3HaK OinsA koedilieHTa 3yMOB/IeHNIT HAIPAMKOM Oci. 171 ofanbIIX po3paxyH-
KiB BXJIMBUII TiIbKY JIOTO MOZAY/Ib. 3aNNILITh 3HAYeHHs IPUCKOPEHHS 10 TaO/MuIIi.

IITo6 oTpuMmaty maHi A1 iHIIMX BaHTAXIB, 3A1MCHITD yci monepenHi Kpoku i iHmuXx 3anucis. Yci gaHi 3a-
HyCyiiTe B0 TaO/NIIi.

3a ¢popmynomw (2) po3paxyiite TeOpeTUYHI 3HAYEHHS IPUCKOPEHHS PYXy CUCTEMH Il KOXKHOTO BUIAJIKY.
Yci pai 3anucyiite go Tabmuii.

3a OTpMMaHUMM JAHUMI BUKOHAJITe IIOPiBHAHHS 3Ha4eHb Ta CPOPMYIIIOiiTe BUCHOBOK 1O POOOTH.

Tabnuus pesynomamie
Ne Maca Maca IIpuckopenHs IIpuckopenna pyxy
IIepLIOTO Ipyroro PyXy cucreMn CHUICTeMM TeOpeTUYHE,
BAHTaX BAHTaX eKCIIepMMeHTAaJIbHe
Y Y P > a,. M/c2)
m,(ke) m.,(ke) a,,m/c)

G| b= W[ N
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JlagopaTopHa po6oTa Ne 11.
Bu3HayeHHA rajbMiBHOr0 LHUISXY TijIa Ta KoedilieHTa TepTs KOB3aHHSA

Mema po6omu: BYU3HaUNTI KOeDillieHT CyXOro TepTs KOB3aHHA 3a JOIIOMOT0I0 IPOTPaMHOT0 3a0e3NedeHHs
[JI aHAJIi3y Bije03anucis.

3asoanns pobomu:

1. TIpoBecTu fekinbka eKCIIepYIMEHTIB i3 CHCTEMOIO, 1[0 CKIAIAEThCs 3 OpycKa i ;uHaMoMeTpa, 3a Pi3HUX
HaBaHTaXeHb OPYCKa, a TAKOXK CTBOPUTY BifIe03aICH PYXY.
BusHaunTy IPUCKOPEHHS PyXy CUCTEMH IIifi 9ac TabMyBaHHA B KOOKHOMY BUIIAfIKY.

POSanYBaTI/I KOC(I)iI.[i(—)HT CYXOro T€pTA KOB3aHHA B KOXKHOMY BUIIAAKY i 3HANTHU CepefHE 3HAYCHHA.

O6naonanus: nepep’siHa IIOBEPXH:A, IITATUB, OPYCOK, AMHAMOMETp, BaHTaXi, /MiHilika, HUTKa, I1K, udpo-
Buli poToamapar abo Bigeokamepa.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

Fie Edt Voo Track Coordimate System View Holp
5 5% MW | et B Q00 [N\ O A ALK LA z-amel
v

o0 100w [} w0 » e o2 I

Puc. 1. 3o8HiwHili 8u2na0 sikHa npoepamu Tracker

Y wiit po6ori 3rafane mporpaMHe 3abe3Ie4eHHA 3aCTOCOBYEThCS /I BU3HAUYEHHA IPUCKOPEHHA PyXY CIC-
TeM) B MOMEHT TabMyBaHHA. CcTeMa CK/IaJJa€ThCA 3 AMHAMOMETpa Ta OPYCKa, 3B’ A3aHNX HUTKOIO.

OcCKinbKy B MOMEHT TaJIbMyBaHHA NPUCKOPEHHA OPYCKY HajlaBaTVMe TiIbKV CUIA TepTdA, [UHAMI4He piB-
HAHHA MaTUMe BUTTIAL:

pmg = ma. (1)

[Ticns mepeTBOpEeHDb OTPMMAEMO BUPA3 LA PO3PaXyHKY KoedillieHTa CyXOoro Teprs:

P 2)
g

Maroun B po3IOpAI KeHHI BaHTaXi, MO>KHa 3MiHIOBAaTV Macy OpycKa Ta BUSHAYMUTY IIPYICKOPEHHA JI0T0 PyXy
B KIJIbKOX BUITaJKaX.
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9.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

Xio po6omu
Yacmuna 1. Ompumanns éioeozanucy

YcTaHOBITh Ha CTOJII IITATYUB i 3aKPIilliTh Y HBOMY IMHAMOMETP B TOPU3OHTA/IbHOMY II0/I0XKEHHI. YCTaHOBITh
Ha CTOJI JiepeB’siHy NoBepxHIO. [lo6epiTh JOBXIMHY HUTKY, KO0 Oyfie CKpilsIeHO OpycoK i fuHaMoMeTp,
TaK, 06 3a0e3neYnTy MaKCUMaIbHMII PO3TAT IPY)XMHMU AMHAMOMETpa Ta aTU OPYCKY MOXK/IMBICTD pyxa-
THUCA 10 TIOBHOI 3ynMHKN. [IprennariTe 10 MOBepXHi JIiHIKY.

O6epith mpucTpiii, AKUM BU OyieTe BUKOHYBATH Bifje03/IOMKY. 3'ACyliTe AKICTb 00’eKTHBa, 106 Hajami
BpaxyBaTy MOXK/IMBi CIOTBOpeHHA. BukopucTaiite mijBuIieHy 4acToTy 3i10MKM Bifeo (60-100 xazpis Ha
CEeKYHTY).

YcTaHOBITH IPUCTPIit TaK, 1106 yCTaHOBKA IIOBHICTIO MOTPAIIIsIA B Kajp i B Ipolieci 31IOMKY IPUCTPiit He
pyxaBcsl.

PosnouHiTh 3amuc Bigeo. BinTaruiTe 6pycok Tak, o6 cuna HaTAry HUTKM cKaana 2 H, i BiibHO BifmycTiTh
jioro. 3po06iTh [ieKisbKa 3amNCiB 15 TOTO, {00 MO>KHA Oy/10 BUOpATy HallKpaluil BapiaHT.

36inpuIiTh Macy 6pycka Ha 50 I. [IoBTOpiTh eKCIlepuMeHT i 3aIc Bifieo.
[ToBTOpiTh 3amyc 3a iHIINX HaBaHTaKeHb OpycKa.

SAKII0 MOXXIMBOCTI 3[iICHUTH Bifle03aIyC HEMAE, 3aBaHTa)XKTe TOTOBE Bifleo 3 pecypcy.

Yacmuna 2. Onpaytoéanus 6ioeo

3aBaHTaXTe Bifeo y nmporpamy Tracker. [Iy1s1 11poro ckopucraiitrecst KHonkoro Open y BepXHbOMY MEHIO ITPOTPaMIL.

(# Tracker
File Edit Video Track Coordinate Sys
E Hd| & | B8 w- |

v|0pen avideo or trackerfile in a newtab|

Tako)X MOXKHa «IIepeTATHYTV» (aiiI 3aIyCy y BikHO IIporpaMu abo 3aBaHTXXNUTH iioro yepes MeHio File >
Import > Video. SIkujo mporpama He 3MOI/Ia 3aBaHTXUTH Bifieo, HeoOXifHO AibpaTy iHumii itoro ¢popmar
3a JIOIIOMOT'OX0 pefaKTOPiB Bifieo.

BuxoprcToBy04n KHONKY K€PYBaHHA B HYDKHIN YaCTUHI BiKHA 3 BiJleO, IePETIAHbTE 3aTIC.

10. S0 06’ €KTVB IIPUCTPOIO IJIA 3FIOMKM JJA€ CIOTBOPEHH:A 300paskeHH A, BMKOPYCTaliTe BifnoBigHnii GinbTp Bigeo.

\mm|Track Coordinate System View Help

late == @ | O 112%

Replace...
Close

Go to... Cl-G

Paste Image »
™ visible
¥ Play All Steps
¥ Smooth Play {may be slow)
Filters ]

New » Baseline

paste | Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative

Properties...

Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

11. YcTaHOBITH HOMEpP KaJipy, 3 SKOTO PO3IOYANOCs raJbMyBaHHS OpycKa, i HOMep Kaapy, Komu O6pycok Io-

BHICTIO 3ynMHUBCA. JIIYMIbHUK KaJpiB pO3TAIIOBAaHMII Y CTPiYlli KHOIIOK KepyBaHHA y BiKHi Bifjeosarncy.

< I
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https://editor.inhost.com.ua/storage/MANLab/videoanaliz/galmivni/

12.

13.

14.

15.

JlabopaTopHa po6oTa N2 11

O6epitp y BepxHiit cTpiuni kHonky Clip Settings lE Bumape BikHO BCTaHOB/IEHHA MeX KaJpiB Bifjeo3arnu-
Cy. 3a3Ha4yTe B HbOMY HOMEp II0YaTKOBOTO i KiHIIeBOTO KaJpy, KpOK 3MiHM KajpiB (AKIIO KafpiB 6araro, To
KPOK JIa€ 3MOTy 3MEHIINTY KilbKIiCTb KaJpiB /IS aHa/Ti3y) Ta YaCTOTY 3/I0MKM (32 3aMOBYYBAaHHAM IIPOrpa-
Ma caMa obupae Lieit mapaMeTp i3 BracTuBOCTel Biffeosanucy). O6epits Ok.

O6epitb y BepxHilt cTpiuni kHonky Show or hide the coordinate axes - Ha Bifjeosanuici 3’ABIATHCA OCi
KoopauHaT. LleHTp cucTeMy KOOpAVHAT MEePEeTATHITh Y TOUKY, 110 AAKHAJKpalle BifIoBifaTMMe CUTYyalil.
Hanpuxiag, cymicTiTs ii 3 Toukoro Ha OpYCKYy, 3a sIKOI0 Oy/e BiicTeXXyBaTucs itoro pyx. [loBepHiTh KoOpanu-
HaTHi oci TaK, 106 HanpsAMok oci Ox 36iraBcs 3 HaNpsIMKOM pyxy 6pycka. [IoBropHO 06epith kHOIIKY Show

or hide the coordinate axes 4= Cucrema KOOPZAMHAT 3HMKHe, ajie 1i II0/I0)KeHHsI IIporpama 3aram AToBye (puc. 2).

@ T - 8 x
Fle_Ean viaso Track Cooranat Sysem view_ o

S H 5% B L Koew B Qs |2 [\ QA A A A4 A s-a8¢C
v 4aes Cloa = [agres] (280 [ro00 |

P ——|

Table e of rac cata il sppesrnere.

ovaaes |

Puc. 2. Buenso sikHa npozpamu Tracker nic/is 6CmaHoeieHHs NOM0XeHHS cucmemu KoopouHam

O6epitb y BepxHili cTpiuli kHonky Show, hide or create calibration tools 1" 1a B Menio - New - Calibration

Stick. ITporpama 3ampomnonye, yrpumytoun kiasimry Shift, o6patu Ha 306pakeHHi mepiny i APyry TOUKY
IUIsL OMMHUYHOTO Binpiska. Ha Bimeo 3’saBuTbca Bimpisok. Y mudpoBoMy momi Hajg BigpiskoM HeoOXigHO
BBECTY 3HAUYEHHs JIOr0 JOBXMHY B MeTpU4Hil cucremi. KiHni Bigpiska MOo>KHa Bi/IbHO IlepecyBaTu «Iepe-

. . . . |-
TATyBaHHAM» 110 306pakeHH!0. Ille pas o6epitb kHonky Show, hide or create alibration tools| * '™ . Oguuany-
HUII Biffpi30OK 3HMKHe, ajle IporpaMa 3araM ATa€e JOoTo IMOT0KeHHA Ta JOBXKIHY.

Y mporpami Oyme BifcTeXXyBaTucs pyX TOYKM Ha IOBepxHi Opycka. [Iist BiACTEeXyBaHHSA pPyXy TOY-
K1 00epiTh y BepXHbOMY MeHI0 KHOIKY Create i B MeHIo — RGB region. I]s ¢ynxuisa Oyzne Bigcrexysa-
T HEBENUKY [IAHKY eKpaHa 3 OJHAKOBMM pOSIOJi/IOM KO/MbOPY. [i BUKOPUCTaHHs BUIIPABJjaHe B
pasi sKicHOro Bifjeosamnycy i Mae Ha MeTi TOYHe BM3HAYEeHHS IONIOXKEHHS Tila Ha 0araTbox Kajpax.

Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model »

Data Track 4
Measuring Tools [
Calibration Tools 4

16. Y niBoMy KyTKy 3 ABUTbCA BikHO Track Control.

17. Hatuchits xaasimry Shift. Kypcop nabyne Burany Heenmukoi pamku. CyMicTiTh II0 paMKy 3 TOYKOI Ha

OpycKy, 3a AKOI0 BU Oyfie CTeXXWUTH, i HATUCHITD JTiBy KHOIIKY MaHiny/saTopa. Ha 306pakenHi 3’ 1BUTbCA KO-
JIOTIORiOHMIT MapKep TOYKIA, i TporpaMa aBTOMAaTUYHO TIepelifie Ha HaCTYITHNIL Kaip.
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18.

19.
20.

21.

22.

23.

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

& Tade - 8 x
Flo ot Vaso Track CooratoSytom viw o

SH (s 8 e L x Q| 02N\ %A A A AN A
¥ o regionA pixel radius 10 | step 0: [3009E4m ]

B

o regona

o

Framo 55:

Tompte: Evotutionote | 20%17] Awomark | 4]

searen: ltasis Only 7] ook Al

Tues ook [S ewmn ] pam[[1] al

conaenpe

Puc. 3. Buenao sikHa npoepamu Tracker npu subopi asmompekiHzy

[ToBepHiTh 3amuc Ha mepimii Kajp i 06epiTb y BEPXHbOMY MeHI0 (YHKIII0 aBTOTPEKiHTy, HaTMCHYBILIN

Qo200% | o ool | ™

KHOHKY _I Show or hide the autofracker L

Y pobodoMmy BiKkHi 3’ABUTHCS BIKHO aBTOTPEKiHTY (puc. 3).

Y npomy BiKHi 3a3HavaeThbcs, o 6ypae BigcTexxyBaTucsa RGB perio, siknit o3HauM/IM Ha MEPIIOMY Kafpi.
[l TogaIbIIOro aBTOMATVYHOTO BifICTEXYBAaHHA TOYKM HEOOXifIHO BM3HAUUTI K/IIOYOBUI Kafjp 3aIINCY.
HarucHits ognovacHo knasinti Ctrl i Shift. Kypcop 3aMiHUTS cBiit 30BHIIIHIN BUITIAL Ha KOJIO 3 HEPEXPECTSM.
YKaxiTh MaHIIyIATOPOM TOYKY i HATUCHITb JIiBy KHOIIKY MaHinynATopa. HaBKomo Touky yepes nmeBHMit yac
3’ABUTbCA MYHKTUPHA paMKa. PaMka BKasyBaTyMe OKi/l Ha 300pakeHHi, B AKOMY IIpOrpaMa aBTOMAaTHYHO
IIyKaTyMe HasABHICTb perioHy. Posmip xoma i paMkyu MokHa 3MiHIOBaTH. Y BiKHI aBTOTpPEKIHTy 3 ABUTbCS
36ipIIeHe 300paXKeHHA Ti/la Ha IepIIoMy Kajpi. IKicTb aBTOTpeKiHTY 3a/eXXNTh Bif TOr0, HACKITBKY 3Mi-
HIOBATVMETBCS 300paKeHH Tijla Ha KOXKHOMY Kazipi. Y pasi KpuTu4HOI 3MiHM IIporpaMa 3ynuHNUTD BifcTe-
JKyBaHHA Tijla i 3alIpOIIOHY€E 3MiHUTY OKiJl BifICTeXKyBaHHA.

O6epiTb y BikHi aBTOTpeKiHTy KHOIKY Search i mouekaiitecs pesynbrary. Ko KifnbKicTb KafjpiB [y1d aHa-
/i3y 3Ha4Ha, Iie MoTpebyBaTyMe eBHOTO Yacy. SIKIo Ipy BiicTeXyBaHHi Tpanuscs 36ii1, BUFaIUTH HOIe-
pefHi TOUKM MO)KHA, 06paBIIN B IbOMY BikHi kHOIIKY Delete. fIkicTh po60Tu aBTOTpeKiHTy BI3HAYAETHCA
GaraTrbMa yMOBaMI, ajie FOJIOBHMMH € KOHTPACTHICTh 300pa)keHH: Ti/la oo 3afHbOro (GOHY Ta piBHOMIp-
HicTb 3ab6apBiieHHs 0OpPaHOro perioHy Ha Bcix Kagpax. Ilic/ist 3aBeplieHHs poOOTI aBTOTPEKIHTY 3aKpuiiTe
JI0TO BiKHO.

Y BiKHax IIpaBoOi YacTUHY 3’ ABIATbCA Ipadik i TaOMNIIA, Ha OCHOBI AKMX BiffOyBaTMMeTbCs aHANI3 OTpUMa-
Hux gaHux. [To6mmsy BepTukanbHoi oci rpadika 06epits x. k1o Bick koopayuHaT Ox 06paHa rOpU30HTAIb-
HO, TO rpadik MaTyMe BUIJLAL TapabosiL.

Yacmuna 3. AHani3 0anux

O6epitb y Bepxabomy MeHio View > Data Tool (Analyze...).

View | Help
¥ Right View
[0 Bottom View

¥ Track Control
[0 Notes

[ Data Builder {Define...)
[0 Data Tool {Analyze...)
& WIN_20180319_16_55_35_Pro.mp4
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3’saBuThCs HOBe BikHO Data Tool 3 rpadikom i Tabmuiero (puc. 4).

¥ Data Tool — ] >
File Edit Display Help
region_A
|| Measure | Analyze Data Builder... ” Refresh “ Help |
4§ markers| v
0aal T T T T T + lines| [w]
; : style] =l
0,20+ ! | ! | : axis|  horiz vert
0181 I : I I A row 1 %
: 0 0,000 -1544E-3|~
il 1 _1000E2] 1077E2
014l 2 2000E2 2447E2
3 3000E-2] 352562
5 012 4 4 000E-2| 4 736E-2
naoL 5 5000E-2| 6016E2
6 B,000E-2] 7220E-2
0,08 - 7 7O000E-2]  8.363E-2]=
nos L 8 800052 9.3B9E2
' : 9 0.000E-2 0,103
0,04 - : - : : ; 10) 0,100 0111
: 1 0,110 0,120
b 12| 0,120 0,130
a : 13 0,130 0,138
1} 0,08 0,10 016 0,20 0,25 0,30 : 14 0,140 0,147}
t : [E 0,150 0,154
_______________________________________________________ b A A e U 16 0,160 0,162
1l : 17| 0,170 0,169
Fit Name:|Parabola | = | Fit Builder | Eatalsich MeblE
18 0,180 0,176
| : - | [ -1,923E0
19 0,190 0,181
Fit Equation: x = At'2 + Bt + C li B 1.327E0 20 0.200 0186
; [ = £ 151863 21 0.210) 0,192
Autofit  rms dev: _7,4D7E-4- > 0220 FETT he
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting non-editable

Puc. 4. Buenso sikHa Data Tool nicna HaknadaHHA napabosnu

Ockinbkn rpadik x(t) € YacTMHOI Mapabosy, TO pyX, KNIl BiH OIICYe, Oyne piBHOIPUCKOpeHUM. PiBHAHHA
pyXy Tifla B TAKOMY BUIA/IKy MaTUMe BUIMIAJ KBafgparudHoi GyHkuil x(t) = at?/2 + vt + x. ¥ saranbHOMYy
surAni gynkuia mae samuc f(x) = Ax* + Bx + C. bauumo, mo xoedinient A = a/2, a B = v,. 3sigcu mpu-
cKopeHHA a = 2A. ]I BU3Ha4eHH:A IPUCKOPEHHA PYXY Ti/la HeoOXifHO 3HANTI KoedillieHT A i TOMHOXNUTHI
jioro Ha 2. [I1s1 Bu3HaueHHs KoedillieHTiB Hak/lIaeMo Ha rpadik mapabony.

O6epits Bkmaanuky Analyse > Curve Fits Ta B HYOKHilT yacTnHi BikHa Fit Name > Parabola. [Tosepx rpadika
PyXy 3’ABMIacs mapaboa, a Iij Helo — 3Ha4eHH:A KoedillieHTiB. 3BepHiTh yBary Ha Te, 106 6i/14 HagmMCy
Autofit 060B’13k0BO cTOsIB Mapkep. Lle 03Havae, 1110 MporpaMa caMoCTiliHO JoOepe MOT0KeHHS apabonn.

PospaxyiiTe IpuCKOpeHHs PyXy Tina 3a KoedirienToM A. 3amuc 3HaueHHs KoedillieHTa 3[iICHIOETbCS Y
CTaHflapTHOMY BUI/IAAL. 3HaK 6111 KoedillieHTa 3yMOB/IEHUIT HAIIPAMKOM OCi. JI/If mofanbmmx po3paxyH-
KiB BYK/IMBUII TIIBKY JI0TO MOAY/Ib. 3alMIIiTh 3HAYeHHS NIPUCKOPEHHS KO Tab/mIi.

[ITo6 oTpumary maHi Ay iHMMX Mac, 3A1MCHITD yci monepeaHi KpoKu A1 iHIMX 3anuciB. Yci faHi sanucyii-
Te 10 TabImiIi.

3a ¢popmynomw (2) pospaxyitte koedilliEeHT CyXOro TepTs A KOXXHOTO BUIIAAKY. Yci maHi samucyiite o
TaOIMIIi.

Pospaxyiite cepeHe 3HaUeHHA KoedillieHTa CyXoro TepTA i cpopMymoiiTe BUCHOBOK 10 po6OTH.

Tabnuus pesynomamie
Ne IIpuckopennsa KoediuieHt CepenHe 3HauYeHHA
pyXy cucremy, TepTs, koedirienra repts,
2
a, (m/c) ¢ o

192 I8 I =N BRI \O 2 )
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JlabopaTopHa po6oTta Ne 12.
JociigKeHHs NPYKHUX | HENIPY>KHUX 3ITKHEHb

Mema po6omu: BUSHAYNMTY MBUAKOCTI PyXYy T/ 1O Ta Mic/1A 3iTKHEHH 3a IOIIOMOTOI0 IIPOTPaMHOTO0 3a6e3-
HeYeHHs JI/IS aHali3y Bijeo3amnmncis, epeBipuTy BUKOHAHHS 3aKOHY 30epeXKeHH: IMITY/IbCy B KOYKHOMY BUIIAJ-
KY; pOo3paxyBaTil 3MiHy BHYTPIIIHbOI €eHePTil CUCTeEMM NIPY HENIPY>KHOMY 3iTKHEHHI.

3asoanns po6omu:

1. CrBopuTH Bifje03alMcy IECTY eKCIIEPUMEHTIB i3 pyXOMUMH Bi3KaMI Ha [JMHAMI4Hill JIaBi 3a pisHUX BU-
IIaJIKiB 3iTKHEHDb Ta Pi3HOTO CIIiBBiHOIIEHHS IXHIX Mac.
BusHaunTy HIBUOKOCTI pyXYy Bi3KiB Y KOXKHOMY €KCIIEPMMEHTI B KOXKHOMY BUIIAJKY.

3. PospaxyBaru iMITy/Ibcy KapeTOK Y KO)KHOMY BMIIQZIKY i IepeBipUTH 3aKOH 30epexkeHH: iMITyIbCy s
3aMKHYTOI CUCTEMIL.

4. PospaxyBaTu BifHOLIEHHSA MEXaHIYHOI eHeprii CUCTEMMU [0 i IiC/IA HENPY>KHOTO 3iTKHEHHS i IOPiBHATHU
OTpMMaHe 3HAYEHHA 3 TEOPETUIHNM.

O6na0nann: TYHAMiYHA JTaBa, IETKOPYXOMi Bi3KJ, BAHTaX BiloMoi Macy, niHiiika, Tepesn, ITK, nudposmnit
doroamapar abo Bifeokamepa.

IIpozpamne 3abesneuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

& Tacker

Fle Egi Video Track Coordnate System View Help

S H S| 8w | Kereme 0 B Qs | 2 o[\ 8 A A4 A A
v

250 fps, m1 = 0,377 kg, m2= 0,376 kg, | = 0,5 m

bl viewofack data wil ppt hre

Puc. 1. 30eHiwHiti 8uensAo sikHa npozpamu Tracker

Y niit pobori sragaHe mporpaMHe 3abe3IeueHHs 3aCTOCOBYETbCA /IS BU3HAYeHHs LIBUIKOCTI PyXy Bi3KiB
Ha JIMHAMIivHiil J1aBi Ko Ta mics ix 3iTkHeHHsA (puc. 1).

JlMHaMiYHa JlaBa CTBOPIOE YMOBM, 33 AKMX CUCTEMY, O CKIANAETbCA 3 PyXOMMX Bi3KiB, MO)KHA BBAXKaTl
HAaO/MDKEHOI0 IO 3aMKHYTOI. Y TaKOMy pasi Ma€ BUKOHYBATHCA 3aKOH 30epeXeHHHA iMITy/nbCy. BusHaumBmm
LWIBAKOCTI PYXy Bi3KiB, TAKO)K MOXXHa BCTAHOBMUTY BTPATy MEXaHI4HOI eHepril cucTeMu IIpy epeXofi i1 y BHY-
TPILIHIO €HEPTIIO.

PosrianeMo BUIIa[OK HENPYKHOTO 3iTKHEHHA Bi3KiB 32 YMOBM, 1110 Ha ITOYATKy PYXa€TbCA Ti/IbKM MEPLINIA

Bisok. IIpy Hempy>XHOMY 3iTKHEHHi y IPO€EKIIiAX Ha TOPU3OHTA/NIbHY BiChb KOOPJVHAT 3aKOH 30epeXKeHHs iM-
IIy/IbCY MaTUMeE BUTJIAL:

myvy = (My + malvg | (1)
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Jie tm Ta m,— MacK Bi3KiB; v, — MOJY/Ib IIBUKOCTI [IEPIIOTO Bi3Ka [0 3iTKHEHHS; V, — MOJY/Ib IIBUIKOCTI Bi3KiB
IiC71A 3ITKHEHHA.

BusnaumBIIM IIBMAKOCTI Bi3KiB Ta 3HAIOYM iXHIO MacCy, MOXKHAa pO3paxyBaTy IIOYATKOBUI i KiHIIEBUII iM-
IY/IBCU CUCTEMM Ta MOPiBHATY iX. 3aCTOCYBaBIIN 3aKOH 30epeXKeHH: IMITY/IbCy i 3aKOH 30epe>keHHs eHepri,
MO>XHA pO3paxyBaTy TEOPETHYHE 3HAYEHHSA BifHOLIEHHA ITOYaTKOBOI MEXaHIYHOI eHepril cucTeMu [0 ii KiHIle-
BOro 3Ha4YeHHA. lle BifHOIIEHHA Ma€ BUITIAL;

W, _my4ms @)
W My

BusHaumBIIM Ha €KCIIEPMMEHTI MOAYII IBUAKOCTEN PyXy Bi3KiB, MO)KHa pO3paxyBaTy e€KCIEPYMEHTaIbHe
BiJHOIIEHHA LVIX €HEePTill i HOPiBHATH JI0TO 3 TEOPETUYHMM. EXcliepyMeHTaIbHe BiJHOIIEHHA PO3PaXOBYETHCA
3a popmyomw:

2
W1exe _ mivy

3)

W2 exc (m1+mz)”% ’

Y BumajiKy mpy>kHOro 3iTKHEHHS Bi3KiB 32 yMOBM, 1110 Ha IIOYATKy PYXa€TbCA TiIIbKM MEPLINIT Bi3OK, 3aImC
3aKOHY 30epeXKeHHs IMITY/IbCY B IPOEKIii Ha TOPM3OHTA/IbHY KOOPAVHATHY BiCbh 3aJIe)KUTD BiJ| CIIiBBiTHONIIEHH
Mac BisKiB. fIkiio Maca nepuioro Biska 6inblia, piBHAHHS Ma€ BUTTISL;:

My, = My, + myty, (4)
e V1 ta Yz — mBUAKOCTI Bi3KiB IiC/IsA 3ITKHEHHS.

SIxu10 Maca mepuoro Bi3ka MeHIIa, PIBHAHHSA Ma€ BUTTIAL:

MUy = —M,T, + Mavg. (5)

Buxopucrosyroun BUMipsAHi 3HaY€HHA MIBUAKOCTEN i Mac, MOXKHA IMOPIBHATH IIOYATKOBMIA Ta KiHI|E€BUIT iM-
IY/IbC CUCTeMI. Y pOOOTi IIPOIIOHYETHCA PO3I/IAHYTH 110 TPY BUITA[IKM HEIIPYXKHOTO Ta IPY>KHOTO 3iTKHEHHSA
Bi3KiB, @ TAKO)X PO3PaxyBaTH BiJIIOBi/IHi BeIMYVHI.

Xio po6omu
Yacmuna 1. Ompumanns eioeozanucy

1. YcTaHOBITH TOPM3OHTANIbHO JUHAMIYHY J1aBY, HAMAral4yuch OCATTH TOTO, 06 BisKu, poOs3MillleHi Ha Hil1, He
pyxanmucA. 3aKpiniTh y IIOLIMHI 37I0MKM JIiHiKY 3 ToOpe ITOMiTHMMU MOMiNKaMIL.

2. OG6epitp npuctpiit, AKMM BU OyfeTe BUKOHYBATH Bifle03iiOMKYy. 3’sCyiiTe AKIiCTb 00’ €KTUBA, 100 Hamai
BpaxyBaTyl MOXK/IVBi CIIOTBOpeHH:. Bukopucraiite CTaHZapTHY YacTOTY 310oMKU Bifgeo (30-60 kagpiB Ha

CEeKYHJY).

3. VYcTaHOBITH IPUCTPIit TaK, 106 YCTaHOBKA MOBHICTIO IOTPAIUIA/IA B Kafip i B IPOLieci 3110MKM IIPUCTPIil He
pyxaBcA.

4. YcraHOBITH Ha Bi3KM NPUCTPOI JyiA 3a0e3leyeHHs HEIPY)XHOTO yhapy. BusHaure 3a jonomororo tepesis
Macy KOXKHOTO Biska. 3Ha4eHHs 3alMIIiTh 1o Tabmmui 1.

Posramryiite ofuH Bi3OK ITOcepenyHi 1aBy, a iHIMIT — 61151 MYCKOBOTO MeXaHi3My.
Po3snoyHiTh 3amuc Bifieo Ta 3/iMiCHITD ITYCK IEPIIOTo Bi3Ka.

3pobiTh 1e ABa 3aNMCK, JOBAHTAKYIOUM Bi3KIL.

® N U

YcTaHOBITB Ha Bi3KM IPUCTPOI 7151 3abe3nedeHHs IPY)KHOTO yAapy. BusHauTe 3a JOIIOMOroI0 TepesiB Macy
KO>KHOTO Bi3Ka. 3HaUYeHHA 3alMIIITh K0 TA0m. 1.

9. 3milicHITH Bijeo3anucy TPbOX €KCIIEPUMEHTIB, 3MiHIOIOUM Macy Bi3KiB.

10. K110 MOXK/IMBOCTI 3[iJICHUTH Bifle03aNNC HEMAE, 3aBAaHTA)KTe TOTOBE BiJleO 3 PECYPCY.

109
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14.
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Yacmuna 2. Onpauto6anus ioeo

3aBaHTaXTe Bifleo I BUIIAJKY HEIPY>KHOTO 3iTKHeHHA y mporpamy Tracker. [lna nporo ckopucraiitecs
KHONKO0 Open y BEpXHbOMY MEHIO IIPOTPaM.

':“_—" Tracker
File Edit Video Track Coordinate S5ys
EHEH & B v

w [Open avideo or tracker file in a new tab|

Tako)X MOXKHa «IIepeTATHyTV» (aill 3amycy y BiKHO Iporpamu abo 3saBaHTXNUTH itoro yepes meHio File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTXUTY Bifieo, HeoOXifHO #ibpaTy iHIMII jtoro ¢popmar
3a JJOITIOMOTOI0 PeIaKTOPIiB Bifieo.

BI/IKOPI/ICTOBYIO‘H/I KHOIIKIN KEPYBAaHHA B HIDKHIM YaCcTUHI BiKHa 3 Bi,[[eO, [IEPETIAHDbTE 3aIINC.

SIK110 00’ €KTYUB IPUCTPOIO JIs 31IOMKH JIa€ CIIOTBOPEHHS 300paykeHHsI, BUKOPUCTaliTe BijoBifHMIT QinbTp
Bifeo.

Video | Track Coordinate System View Help

late == B | O 112% |

Replace...
Close

Go to...

Paste Image »
™ Visible
¥ Play All Steps
¥ Smooth Play {may be slow)

Filters ¥ New ) Baseline

Brightness

Dark Ghost
Deinterlace
Ghost
GrayScale
Hegative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

Properties... Paste

YcTaHOBITH HOMEp Kafpy, 3 AKOro Oyzie BiICTeXXyBaTuCA pyX IepLIOro BisKa, i 3pyYHNIT HOMep Kafipy At
BM3HA4YE€HHA IIBUKOCTI PyXy BisKa Iic/ia 3iTKHeHHA. JIIYMIBHMK KaJpiB pO3TalIOBaHMIA y CTPIiYIli KHOIIOK
KepyBaHHA Yy BiKHI BiJJe03aIlNCYy.

4 I

. 016100%Eu B L=

OGepiTb y BepxHiii cTpiuni kHornky Clip Settings | B . Bunagie BikHO BcTaHOBNIEHHS MeX KafIpiB Bifjeosanm-
cy. 3a3HauTe B HbOMY HOMep ITI0YaTKOBOTO i KiHIIeBOrO KaIpy, KPOK 3MiHM KaJpiB (Ko Kaxpis 6arato, To
KPOK J]a€ 3MOTy 3MEHIINTH KiNbKIiCTh KaJpiB /IS aHa/Ii3y) Ta YaCTOTY 3/I0MKM (32 3aMOBYYBaHHSM IIPOrpa-
Ma caMa obupae 11eit mapaMeTp i3 BaacTuBocTelt Biffeozamucy). O6epits Ok.

O6epiTb y BepxHilt cTpiuni kHonky Show or hide the coordinate axes -] Ha Bifjeosanyici 3’ABIATbCA OCi
KooppuHat. [leHTp crucTeMn KOOpAMHAT MEPETATHITH y TOUKY, 1O AKHAJKpallle BiIOBijaTMMe CUTYaIlil.
Hanpuknag, cymicTiTh 1i 3 XapaKTepHOI0 TOYKOIO Ha Bi3Ky. [loBTOpHO 06epiTh kHONKY Show or hide the

coordinate axes . Cucrema KOOpAMHAT 3HMKHe, ajle Il O/IOKeHHs IIporpaMa 3aram AToBye (puc. 2).



17. O6epiTb y BepxHili cTpiuni KHonKy Show, hide or create calibration tools | *
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& Tacker
Flo_EGi Video Track CoortinatoSystem View Hap
Kermme = B | Qo |2 o[\ 0 A A |2 AN A

ioon 1221 ] (5133 ansetomnorzomai o5+ |

v+ axes ClGna > or

250 fps, m1 = 0,377 kg, m2= 0,376 kg, | =0,5m

i
%7 AR N T N PRI W] S

fFame possie T
oo froox = S

{_nepnzne ume

Puc. 2. Buenso sikHa npoepamu Tracker nicyia CmaHo81eHHA NOIOXKeHHA cucmemu KOopoUuHam

Hin i -

Ta B MeHI0 — New -> Calibration
Stick. ITporpama 3anpomnonye, yrpumytoun kiasimry Shift, o6patu Ha 3006pakeHHi Iepiny Ta gpyry Tod-
Ky JUI OOVHUYHOrO Binpiska. Ha Bigeo 3’aBuTbcs Bifgpisok. Y nuudposomy nomi Haj BigpiskoM HeoOXifHO
BBECTI 3HAU€HH: J10T0 NOBXNHYU B MeTpuyHil cucteMi. Kinui Bigpiska MoXXHa Bi/IbHO IlepecyBaTl «Iepe-

R i -

TATYBaHHAM» 110 300paxkeHH!0. ll]e pas 06epith kHONKy Show, hide or create calibration tools | *
HMYHUI BifIpi30OK 3HUKHe, aJie TPOorpaMa 3aIaM sATa€ 0ro IION0KEHH Ta TOBXKIHY.

. Onun-

18. Y nporpami 6yze BicTe>XXyBaTucs pyx ABOX TOUOK: OffHA 3 HUX CyMilljeHa 3 IIepIIuM Bi3KOM, ipyra — 3 Ipy-

19.
20.

21.

22.

ruM. 1 BiicTeXXyBaHHA pyXy IepIIoi TOUKy 00epiTh Y BEpXHbOMY MeHI0 KHOIIKy Create i y MeHIo — Point
Mass.

¥ Create == @ | Oy

Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools »

Calibration Tools 4

Y niBomy KyTKy 3’ ABuTbCA BikHO Track Control.

Haruchits knasinry Shift. Kypcop Habyne Burnany HeBenukoi pamku. CyMicTiTh Iffo paMKy 3 TOYKOIO Ha Bi3-
Ky, 3a KOO BU Oyfie CTeXNUTN, i HATVUCHITH TiBy KHOIIKY MaHimynsaTopa. Ha 306paxxeHHi 3’ABUTbCA MapKep
TOYKIH, i IPOrpaMa aBTOMATUYHO Iepelifie Ha HaCTYIHUIA KaJp.

[ToBepHiTh 3amyc Ha IepLIMil Kafjp i 00epiTh Y BepXHbOMY MEHIO (PYHKIIif0 aBTOTPEKiHTy, HaTVCHYBIIN

i ,200% | oly T

KHOHKY Show or hide the autotrackerL‘

Y po6odomy BikHi 3’ABUTbCS BIKHO aBTOTPEKIHTY.

111



112

23

24,

25.

26.

27.
28.

29.

30.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

(3 Autotracker: mass A position X

@ Search H Search This | Search Next ‘

Frame 766: HNo Template

Template: Evolution Rate ZU%E Automark AE

Search: [] X-axis Only Look Ahead

Target: Track‘ < mass A "‘ Point|pnsmon|v|

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments

| Help H Show Key Frame H Delete H Ciose |

.Y OboOMYy BiKHIi 3a3HAYa€ETHCS, 1o 6YI[C Bi,[[CTe)KYBaTI/ICH MaTepia}IbHa TOYKa, AKY IIO3HAYMJ/IM Ha IIEpUIOMY

Kazipi. [l mogaabIIoro aBTOMAaTMYHOTO BiiCTeXXKYBaHHSA TOUKM HeOOXiTHO BIU3HAYMTY K/TIOUOBUI Kafip 3a-
nucy. Hatncrite ogrouacHo xmasinni Ctrl i Shift. Kypcop sMiHUTb cBiit 30BHIIIHII BUIIAL Ha KOO 3 Iepe-
XpecTAM. YKaXiTh MaHIIlyJIATOPOM TOYKY i HATUCHITH JIiBy KHOIIKY MaHinmynaTopa. HaBkono Toukn yepes
HeBHUII Yac 3’ AB/IATHCA KOJIO Ta TyHKTYpHA paMKa. Koo 6yze oXoImoBaTy Tifo, a paMKa BKa3yBaTIMe OKiJt
Ha 300pa)keHHi, B IKOMY ITporpaMa aBTOMATUYHO IIyKaTVMe JI0ro HasBHICTb. PosMip kora i pamku MoxkHa
3MiHIOBaTH. Y BiKHi aBTOTPEKIHTY 3’IBUTbHCs 30i/bleHe 300pakeHHsI Ti/la Ha IepLUIOMY i HACTYITHOMY Ka-
ipi. SIKicTh aBTOTPEKiHTY 3a/IeKUTh BiJi TOTO, HACKIIBbKY 3MiHIOBaTMMETbHCS 300payKeHHs Ti/la Ha KOXKHOMY
Kajipi. Y pasi KpMTMYHOI 3MiHM IIpOrpaMa 3yIMHUTD Bif[CTEXXYBAHHA Ti/Ia i 3aIIPOIIOHYE SMIHUTH OKisl Bifi-
CTEXYBAaHHS.

O6epiTb y BikHi aBTOTpeKiHTy KHOIKY Search i mouekaiitecs pesynbrary. Ko KilbKicTb KafjpiB [yid aHa-
/i3y 3HaYHa, Iie MoTpebyBaTyMe IEBHOTO Yacy. SKIo Ipy BificTe)XXyBaHHi Tpanuscs 36ii1, BUaIUTY HOIe-
pefHi TOYKy MOXKHa, 0OpaBLIM B I[boMY BikHi KHOIIKY Delete. IKicTb po60TI aBTOTpeKiHIy BUSHAYAETHCS
OaraTbMa yMOBaMu, ajie TOJIOBHOIO € KOHTPACTHICTb 300paKeHH Ti/a 1mofo0 3agHboro ¢pony. ITicnsa sasep-
IIeHHS poOOTI aBTOTPEKIHTY 3aKpMiiTe JI0TO BiKHO.

Y BikHaX ITpaBoi YaCTMHMU 3’ IBIATbCA Tpadik i TabMMIA, Ha OCHOBI AKMX Bifl0yBaTMMeTbCs aHAJIi3 OTpUMa-
HUX JaHUX.

Jlna BifcTexxyBaHHA PyXy ApYyroi TOYKY Ha PYTOMY Bi3Ky 3HOBY 00€piTh y BepXHbOMY MeHI0 KHOIKY Create
iy meHto — Point Mass.

V Bikni Track Control 3’ aBuTbcs 1e OAMH HagIUC mass B.

IToBepHiThCA Ha EpIINIL KaZip i MOBTOPITh BifICTE)KYBAHHA IIOMITKM Ha JPYTOMY Bi3Ky JJO OCTAHHBOTO KafIpy.

Yacmuna 3. Anani3 0anux
[l BU3HaYeHH MIBUAKOCTI PyXy IepIIOro Biska B osi rpadika BikHa IIporpamMy 06epiTh BKIaAMHKY mass
A, a 6ina BEPTUKAJIBHOI OCi KOOpAMHAT — X.
O6epitb y BepxuboMy MeHIo View > Data Tool (Analyze...).
View | Help

™ Right View
[0 Bottom View

¥ Track Control
[0 Notes

[ Data Builder {Define...)
[0 Data Tool {Analyze...)
#® WIN_20180319_16_55_35_Pro.mp4
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3’saBuThCs HOBe BikHO Data Tool 3 rpadikom i Tabmuiero (puc. 3).

¥ Data Tool o O *
File Edit Display Help

| Measure i_nnatyze Data Builder... ” Refresh-uﬁlpl_

41 markers, []
T T T T T T T T T T T T T Tk : lines| [w]
0,30 - ; stylel el

axis| horiz, vert

0,25 F i 1 L 1 A row 1 ! %
: 0,000 7299E-d4|~
4000E-3] 3,305E-3
8,000E-3] 5802E-3
1.200E-2) 8421E-3
1600E-2) 1.099E-2
2000E-2] 1,354E-2
2400E-2] 1.631E-2
2,800E-2] 1876E-2
3200E-2| 2145E-2
3,600E-2| 2306E-2
2,649E-2
2,815E-2
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5200E-2 3436E-2
5.600E-2| 3.682E-2
6,000E-2[ 3.,939E-2
6,400E-2[ 4.197E-2
6.800E-2] 4453E-2

T200E-2[ 4719E-2
. A = SHUZEE - : 7600E2] 4970E-2
.Frl Equation: x = A*t + B [' 8,146E-4 20 80002 5223Es
1 : 8,400E-2| 548562 |
8800E-2l 5 738F-2|~|
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable
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Parameter Value

Fit Name:|Line Iv| | Fit Burlder|

-
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o (=
-
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RIS

Autofit rms dev: 7, 388E-5

Puc. 3. Buznao sikHa Data Tool nicna HaknadaHHa npamoi

Ockinbkn rpadix x(t) € 1aMaHOI0, 110 CK/IAJJA€ThCA 3 JBOX BifpisKiB, TO pyX IepIIoro Biska B3foBx oci Ox,
SKWIT BiH onCYye, Oyae piIBHOMIPHUM Ha OKpEeMUX JI/ITHKAX, ajie 3 Pi3HO MIBMUAKicTIO. PIBHAHHA pyXy Tina
B TaKOMY BUIIQIKy MaTUMe BUTJIAM MiHiliHOT Gynkuii x(t) = v t + x, . Y 3aranbHoMy BUIIAA QYHKIIiA Mae
sanuc f(x) = Ax + B. bauumo, 1o koedirtienT A = v . OT>Ke, IBUJKICTb PyXy BisKa /10 3iTKHEHHS B TOPU3OH-
TaJIBHOMY HaIIPSIMKY HOPiBHIOE KoedinienTy A. 11 BU3HaueHHs [[boro KoedillieHTa HakIajeMo Ha rpagik
IpsAMY.

Bupinite Ha rpadiky mingHKYy, 1o Bignosigae pyxy go sirkHeHHA. O6epith BKIagnHKy Analyse > Curve Fits
Ta B HVDKHII yacTyHi BikHa — Fit Name > Line. IToBepx rpadika pyxy 3’saBuacs mpsma, a Iijj Helo — 3HaueH-
Hi KoedinieHTiB. 3BepHITH yBary Ha Te, 11006 Oina Hapmucy Autofit 060B’s13k0BO cTOsIB Mapkep. Lle o3Hauae,
1110 [IpOrpaMa caMOCTiiTHO fo6epe MoIoKeHHs IpsiMoi. Bu3HauTe mIBUAKICTD Bi3Ka 10 3iTKHEHHS.

Bupinite kypcopoM apyry 4acTuny rpadika. Brimcana mpsma 3sMiHUTD CBOE ITOIOXKeHH:. BusHauTe 3a Koe-
diienToM MIBUAKICTH Bi3Ka mmic/s 3iTkHeHA. OTpuMaHi 3HaYeHHs MBUAKOCTEN 3T 10 Ta0I. 1.

3axpuiite BikHo Data Tool Ta y BikHi rpadika obepith mass B. binsa BeprukanpHoi oci 06epitb kooppu-
HATY X.

Binxpuitte Bikao Data Tool. IIpoBenite HakmafgaHHA npsMol Ha rpadik Ta BU3HAUTeE i1OTO MIBUKOCTI 710 i
Imic/d 3iTKHeHH. 3anuIIiTh 3HaYeHHA 10 Tab. 1.

ITo yepsi 3aBaHTaXXyIOUM ABa iHIINX BifleO, IIOBTOPITH yCi IMONEPeHI KPOKM [ TPhOX BUIIAZIKiB HETIPYIK-
HOTIO 3iTKHEHHA Bi3KiB.

PospaxyiiTe iMITy/Ibc cucTeMM O Ta Mic/IA 3iTKHeHH A, BUKOPUCTOBYI0UM piBHAHHA (1) . 3anMIIiTh 3HAYeHHS
1o Tabs. 1 Ta mopiBHsIATE IX.

PospaxyriTe TeOpeTYHE Ta €KCIIEPUMEHTA/IbHE 3HAYEHH I BiTHOIIEHH A KiHETUYHNX €Heprill CUCTeMH [0 Ta
micis 3iTkHeHb 3a Bupasamu (2) i (3). 3anuiuite 3HaYeHH [0 Tab1. 2 i mopiBHsIITE IX.

3aBaHTaXXTe I10 Yep3i Bifle03anucy NPy>KHUX 3iTKHEHb Ta BU3HAYTE IIBUJKOCTI PyXy Bi3KiB y KO)KHOMY BM-
HajKy. 3anuiniTh 3Ha4eHHA 10 Tabm. 1.

BpaxoByloun cIiBBiZHOLIIEHH Mac Bi3KiB, BUKOpUCTOBYIoUM piBHAHHA (4) i (5), po3paxyiiTe iMITy/Ibc cuc-
TEMI JIO Ta IC/A 3iTKHeHH:A. 3HaYyeHHs 3aluIIiTh g0 TabI. 1.

[TopiBHAITe 3HAUEHHA IMIY/IbCIB i CHOPMY/IIOIITE BUCHOBOK IO POOOTIL.
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Ta6nuui pesynomamie
Tabnuus 1
N Bup Maca Maca [IBupkicTh Bupkicte | IIBUAKicTD Immynbe Immynbe
3iTKHEHHA | MepIIOro | JPYroro pPyxy pPyxy Pyxy CUCTEMU JIO | CUCTEMMU
BisKa, Bi3Ka, IepIIOTO IepIIOTO Opyroro 3iTKHEHHA, TmicnsA
Bi3Ka 1o BisKa mmicna | BisKa miciA 3ITKHEHHA
my(ie) | my(ke) | PONOA : : p (kem/c) ’
3iTKHEHH, 3iTKHEHHs, | 3iTKHEeHHs,
p (xe-m/c)
v, (m/c) v, (m/c) v, (m/c)
1 | Hempyxxne
2 | Henpyxne
3 | Hempyxmne
4 | [Ipyxwue
5 | IIpyxHe
6 | [Ipyxne
Tabnuys 2
Ne | Bwup 3iTkHeHHS BimHomeHH KiHETMYHNX BimHomeHH KiHETMYHNIX
€HEeprill CUCTEMU TEOPETUYHE, €Heprill cucTeMun
W, €KCIIepUMEHTa/IbHE,
1
W, Wy
Ws
1 | Henpyxne
2 | Henpyxsne
3 | Hempyxmne
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JlabopaTopHa po6oTta Ne 13.
JocaigKeHHs KOJIMBaHb HUTSAHOT0 MassTHUKA

Mema po6omu: BUSHAYNTY IVMK/IIYHY YaCTOTY KOJIBAHb HUTSAHOTO MasATHUKA 32 JIOIIOMOTO0 IIPOTPaMHOTO
3abe3IeyeHHs /I aHaJIi3y Bifle03amuciB i po3paxyBaTy 3HaYCHH: IPYICKOPEHH: Bi/IbHOTO MaJliHHS.

3asoanns pobomu:

1. CTBOpPUTH Bifle03amycK KiTbKOX eKCIIEPMMEHTIB i3 HUTAHMM MasATHUKOM 3a Pi3HOI JOBXUHU HUTKIL.
2. BusHauMTM IMKIiYHY 9YaCTOTY KOIMBaHb MasATHMKA I KOXKHOI JOBKVHY HUTKIL.
3. PospaxyBaTy 3HaueHHA NPUCKOPEHHA BiIIPHOTO Ha/liHHA.

O6ra0HanHa: IITATUB, BAHTAX, JTiHIVIKA, HUTKA, 11K, LU/{(prBMIZ Q)OToanapaT abo BifleokaMepa.

IIpozpamne 3a6esneuenns: Tracker (http://physlets.org/tracker/).

3azanvni gioomocmi

CMIN%AA|L A A

100 fps, lmr=0.613 m <

o

L 5CAALA A ey A
or [0} 0\2

— ==

é I

it |

Puc. 1. 30eHiwHili 8uensao sikHa npoepamu Tracker

Y 11iit po6oTi srajjlaHe mporpaMHe 3abe3IedeHHs 3aCTOCOBYEThCS /151 BUSHAYEHHSI IMK/IIYHOI 4aCTOTY KOJIN -
BaHb HUTSHOTO MasATHUKa (puc. 1).

1106 BM3HAYMTY IMKIYHY YaCTOTY KO/MMBaHb, HEOOXiJHO OTpMMATU PiBHAHHA PyXy MasATHMKA. Marema-

TIYHA MOJIEIb, 110 HaO/IVDKEHO OIICY€E PYX HUTSAHOTO MAasATHYKA, — Ile MaTeMaTYHNIT MasTHMK. []14 miel Mope-
i pIBHAHHA 3MiHM KOOPJVHATU MA€ BUITIAL:

x(t) = Acoslwt + @), (1)

abo x(t) = Asin{wt + @4) > (2)

oe A - aMH}IiTYI[a KOJIMBAaHb; W — I_U/IKTIi‘{Ha YaCTOTa KOJIMBAaHb; gDo — IIOYaTKOBa (1)333 KOJ/IMBAaHb.

PYX, Hi,HHOpH,I[KOBaHI/IIZ TaKVMM 3aKOHaM, Ha3MBaIOTb I‘aPMOHi‘IHI/IMI/I KO/JIMBaAaHHAMMN. ,HJIH MaTEMATUYIHOTI'O
MaATHHNKaA I_U/IK}Ii‘IHa YaCTOTa KO/IMBaHb ,I[OpiBHIOEZ

“"z\E’ (3),
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e | - BifcTaHb Bifj TOYKY HiABiCYy [0 LeHTpa Mac BaHTAXY.
I3 nporo BUpasy BUIINBAE, 10 IPUCKOPEHHS BiIbHOTO NaJiHHA OPiBHIOE:

g =w?l, (4)

OcranHiit Bupas i 6yze BUKOPUCTOBYBATHCS /ISl PO3PaXyHKIB.

Xio pobomu
Yacmuna 1. Ompumanns éioeozanucy

1. VYcraHoBiTH Ha cTOI IITAaTUB. 3aKPilliTh Y IUIOMMHI 3JIOMKY JIiHIVKY 3 0Ope MOMITHMMM HOAINKaMy. 3a-
KPpilliTh Ha TOPM3OHTA/IbHII I/IaHI]i IITaTUBA HUTSAHUI MaATHUK. BuMipsiiTe BifcTaHb Bifj TOUKY HifBICYy TO
[IeHTpa BaHTAXXy Ta 3alUILITh il 3HAYCHHS 0 TaO/MUII.

2. OG6epitp mpuctpiit, sKuM Bu OyfeTe BUKOHYBATH Bifle03iloOMKy. 3’sCyiiTe AKiCTb 00 €KTUBa, 106 Hajasmi
BpaxyBaTy MOXK/IMBI CIIOTBOpeHH:. Bukopucraiite CTaHZapTHY 4acTOTY 31ioMKu Bifgeo (30-60 kanpis Ha
CEKYHY).

3. YcraHOBIiTb IPUCTPIii TaK, 10O YCTAaHOBKA NOBHICTIO MOTPAIUIsA/IA B KaZIp i B IIpoIieci 31I0MKY NPUCTPiit He
pyxaBcsl.

Bigxmnith BaHTaX Ha HeBeNMKMit KyT (He 6ibire 10°) i BinbHO BiAyCTiTh itoro.
PosmoyHiTh 3amuc Bifieo.

3pobiTh 1i1e Ba 3aMMCK 32 Pi3HUX JOBXWH HUTKI.

N 9o

SKII0 MOXXIMBOCTI 3[iICHUTH Bifle03aIyC HEMAE, 3aBaHTa)XKTe TOTOBE Bifle0 3 pecypcy.

Yacmuna 2. Onpautoeanus ioeo

8. 3amaHTaxTe Bimeo y mporpamy Tracker. [l iboro ckopucrarirecsa kHonkoo Open y BepXHbOMY MEHIO IIPO-
rpamMm.

':&;‘ Tracker
File Edit Video Track Coordinate S5ys
EHEH & B v

v |Dpen avideo or tracker file in anewtab|

Tako)X MOXKHa «IIepeTATHyTV» (aill 3aIyCy Y BiKHO IIporpamy abo 3aBaHTXXNUTH i1oro yepes MeHio File >
Import > Video. fIkimo mporpama He 3MOITIa 3aBaHTXXWUTY Bifieo, He0OXifHO AibpaTy iHIIMIT Jioro popmaTt
3a JIOIIOMOT'OX0 pefaKTOPiB Bifieo.

9. BuKOpucTOBYIOUM KHOIIKM KEpPyBaHHA B HVDKHIJ YacTVHI BiKHa 3 Bifleo, IepeITIAHbTE 3alNC.
10. SIK1110 06’ €KTUB IIPUCTPOIO /IS 3TOMKM JIa€ CIIOTBOPEHHS 300paskeHHsI, BUKOPUCTaliTe BifnoBigHmit GinbTp Bifeo.

\mmanrack Coordinate System View Help

Replace... late == B | Ol 112%
Close

Go to...

Paste Image »
™ Visible
¥ Play All Steps
[ Smooth Play (may be slow)
Filters ¥ Hew ¥
Paste

Properties...

Baseline
Brightness

Dark Ghost
Deinterlace
Ghost

Gray Scale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum



https://editor.inhost.com.ua/storage/MANLab/videoanaliz/nitiani/
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11. YcTaHOBITH HOMEP KafIpy, 3 AKOro Oyfe BiICTEeXyBaTUCA PyX BaHTaXKy, HAIIPUK/Ia/l, KOIU BiH IPOXOAUTD
HaJHIDKYE TI0/I0KEeHHA. YCTaHOBITh HOMED KaJpy, Ha AKOMY BaHTaXX 3aBepIUNTD 2—-3 KOMMBaHHA. JIiunmib-
HIK KafIpiB PO3TAIOBAHMUI Y CTPiulli KHOIIOK KEPYBAaHHA Y BiKHi BiZle03amucy.

[ I

015100%511 B L=

12. O6epitb y BepxHiit ctpivni kHonky Clip Settings lE Bumnasie BiKHO BCTaHOBJIEHHA MeX KafIpiB Bifjeo3aIn-
Cy. 3a3HauTe B HbOMY HOMep ITI0YaTKOBOTO Ta KiHI[eBOTO KaJIpy, KPOK 3MiHM KaapiB (Ko kaapis 6araro, To
KPOK JIa€ 3MOTy 3MEHIINTY KiIbKiCTb KaapiB 11 aHasi3y) i 4acTOTy 3710MKM (32 3aMOBYYBAaHHAM IIporpama
cama obupae 11eit mapaMeTp i3 BactTuBocTeii Bifeozamucy). O6epits Ok.

13. Ob6epiTb y BepxHit cTpiuni kHonky Show or hide the coordinate axes - Ha Bifjeosanci 3’IBIATbCA OCi
KooppuHaT. LleHTp cucTeMy KOOpAMHAT IEepPEeTATHITh Y TOUKY, 110 SAKHAJIKpalle BifIoBifaTMMe CUTYyalil.
Hanpuknag, cymicTiTh 11 3 HaiTHMKYO0I0 TOYKOIO pyXy BaHTaXy. [IoBTopHO 06epiTh KHONKY Show or hide the

coordinate axes . Cucrema KOOpAMHAT 3HUKHe, ajie Il I0/I0KeHHsI IIporpama 3aram AToBye (puc. 2).

& Todker
Fle Edt Video Track Coordimate System View Help

S H| @ % 8w L ket = B Qi | 2 0 N\ %A A4 A4 KA
v ~+axes oo = [5753 ] o]

100 fpS, liur=0.613 m

——

S ERRERRRNEN:

o

0z

“Tabl i ofack aata wil appear ore.

og

or

& P A REMAALRLARSERERUERY

Nz
Hu

Puc. 2. Buensad eikHa npoepamu Tracker niciis 6CcmaH0o8/1eHHsA NOSI0XeHHS cucmemMu KoopouHam
. ‘o . . . . . o . .
14. OGepitb y BepxHili crpiuni kHonky Show, hide or create calibration tools| *'” Ta B Mento - New - Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306pakeHHi mepiny Ta Jpyry Tod-
Ky s OOVHMYHOrO Bifpiska. Ha Bifeo 3’siBuTbhes Bifpisok. Y nudpoBomy nomi Haj BigpiskoMm HeoOXifHO
BBEeCTY 3HAUYEHH: JIOr0 JOBXMHY B MeTpU4Hil cucremi. Kinni Bigpiska MO>KHa Bi/IbHO IlepecyBaTu «Iepe-

+ |
10
e

TATYBaHHAM» 110 300paxeHH!0. llle pas 06epith kHonKy Show, hide or create calibration tools
HIYHWIT Bifpi30K 3HMKHe, ajle IporpaMa 3aram siTa€e foro MOMOXKeHH Ta TOBXXIHY.

. Onu-
15. Jlns BigcTeXXyBaHHs PyXy BaHTa)Xy 00epiTh y BepXHbOMY MeHI0 KHOIIKY Create i y MeHio — Point Mass.
¥ Create == B | O

Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools »

Calibration Tools 4




118 ®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

16. ¥V niBomy KyTKy 3’ sBuThCA BikHO Track Control.

17. HarucHitp xnasiury Shift. Kypcop nabyze Buriany Hesemkoi pamky. CyMicTiTh 11J0 paMKy 3 TOYKOIO Ha
BaHTaXi, 3a KO0 BY OyfeTe CTEXXWUTH, i HATUCHITBH JTiBy KHOIIKY MaHinynsaTopa. Ha 306paxxeHHi 3’IBUTbCs
MapKep TOYKY, i MporpaMa aBTOMaTU4IHO Tepelifie Ha HaCTYITHMIA Kajp.

18. IToBepHiTh 3amyc Ha IepLINil Kafp i 00epiTh Y BepXHbOMY MEHIO (PYHKIIiI0 aBTOTpPeKiHTy, HaTYCHYBIIN

Q200% | oly |

KHOHKY _I Show or hide the autofracker L

19. Y po6o4oMy BikHi 3’ABUTbCS BiKHO aBTOTPEKIHTY.

() Autotracker: mass A position %

@ Search || Search This

Frame 766: Ho Template

Template: Evolution Rate ZU%. Automark 4E

Search: [] X-axis Only Look Ahead

Target: Track‘ < massA ‘v‘ Poinl|posmon|v‘

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments

‘ Help || Show Key Frame H Delete H Close. |

20. Y npoMy BiKHi 3a3Ha4AETHCS, 1[0 Oy BifICTEXXYBATICS MaTepiaibHa TOUYKA, Ky II0O3HAYN/IM Ha [IEPLUIOMY Ka-
ipi. [l moganblIoro aBTOMaTYHOTO BiZICTE)XYBaHHSA TOYKY HEOOXi/JTHO BU3HAYNTY KJIFOYOBUIT KaJp 3aINCY.
HatwncHiTte ogHouacHo kmasinn Ctrl i Shift. Kypcop sMiHnTb cBiil 30BHIIIHII BUITIAT Ha KOJIO 3 EPEXPECTSM.
YKaXiTh MaHIIIyZIATOPOM TOYKY i HATUCHITh JIiBYy KHOIIKY MaHimynaTopa. HaBkono Toukn yepes meBHuMi yac
3'SIBJIATBCS KOJIO Ta ITYHKTMpPHA pamKa. Kojo Oyne oxorumoBaty Tifo, a paMKa BKasyBaTuMe OKiJ Ha 300pa-
JK€HHI, B IKOMY IIporpaMa aBTOMAaTH4YHO LIYKaTHMe JI0r0 HasABHICTb. Po3Mip Kora i paMKy MOKHa 3MiHIOBa-
TI. Y BiKHi aBTOTpeKiHIy 3’ ABUTbCA 30i/bllIeHe 300pa’keHHA Tijla Ha MEepLUIOMY i HacTyImHOMY Kajpi. SkicTb
aBTOTPEKIHTY 3aJIeXXUTD BiJj TOTO, HACKIIbKM 3MiHIOBaTYIMETbCS 300paKeHHsI Ti/la Ha KOXKHOMY Kazipi. Y pasi
KPUTMYHOI 3MiHM IIPOrpaMa 3yIMHUTD BifICTEXXYBaHHA Tijla i 3aIPOIIOHYE SMiHUTY OKiJl BifICTeXKyBaHHA.

21. O6epiTb y BikHi aBTOTpeKiHTy KHOIKY Search i mouekaiitecs pesynbrary. Ko KinbKicTb KafpiB [id aHa-
/i3y 3Ha4Ha, Iie MoTpebyBaTMe IEBHOTO Yacy. SKIo Ipy BificTeXXyBaHHi Tpanuscs 36ii1, BUFaMUTY HOIIe-
penHi TOYKy MOXKHa, 0OpaBILIM B I[boMY BikHi KHOIIKY Delete. IkicTb po60TM aBTOTpeKiHIy BUSHAYAETHCS
GaraTrbMa yMOBaMI, aJjie TOIOBHOIO € KOHTPACTHICTD 300paskeHHA Tia o0 3agHboro dony. Ilicnsa sasep-
IIeHHA poOOTU aBTOTPEKIHTY 3aKpUiiTe 10T0 BiKHO.

22. V BiKkHaxX IpaBoi YacTVHM 3 ABIATHCA Irpadik i TabmuIls, Ha OCHOBI AKMX BiOyBaTMMeTbCS aHAIi3 OTpUMa-
HIIX JJAHUX.

Yacmuna 3. Ananis 0anux

23. O6epitb y BepxaboMy MeHI0 View > Data Tool (Analyze...).

View  Help
¥ Right View
[0 Bottom View

¥ Track Control
[ Notes

[0 Data Builder {Define...)
O Data Tool (Analyze...)
® WIN_20180319_16_55 35 Pro.mp4
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26.

27.

28.
29.
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3’saBuThCs HOBe BikHO Data Tool 3 rpadikom i Tabmuiero (puc. 3).

4 Data Tool - O x
File Edit Display Help
mass_A
i————— 1 i 1l
I Mﬁasure || Aname“ - _Data BErlder.,.J_‘ _Refresn_h"HeEp
L1t ; markers [
T T = lines| [we]
style| = e
1.0k axis| horiz vert
row t | G
05k 0| 0,000 -1,259]~
£ 1 1,000E-2 4,155|=
2 2,000E-2 9,733
3 3,000E-2 1516
o L A 4.000E2 20,67
5 5.000E-2 26,01
6  6,000E-2 3165
05 - 7|  7.000E-2 36,77
8  8,000E-2 4191
9 9,000E-2 4699
1oL 10 0.100) 51,96
11 0,110 56,90
12| 0,120 6176
L L= L 13 0,130] 66,62
i 0,5 1,0 1.5 14| 0,140) 7144
15| 0,150 7581
S S5l S BE ESSS AR A S SE SEEs e 16| 0,160 8010
Fit Name:|smusoia |v| | Fit Builder | EE IR el .; g};g g;“;ﬁ
= = —L | |A 1,395E2 :
- - i ; 19| 0,190 92,67
Fit Equation: x = A*sin(B*+C) ﬂ B -4,011E0 20] 0.200 96,40
= — = |C 3,086E0 =
VAutoﬁt rms dev: 9 565E0 . zﬂt[ gg;g 3333 =
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting non-editable

Puc.3. Buensao sikHa Data Tool nicns HaknadaHHA cuHycoiou

Ockinbkn rpadik x(t) € cuHycoifoo, piBHAHHA PyXy Tila B TaKOMY BUIIQJKy MaTuMe BUIIAL X(1) =
Asin(Bt+C). baunmo, mo koedinieHT B = w. [l BusHaueHHs 11boro KoediljieHTa HakmageMo Ha rpadik
CUHYCOIZY.

O6epitpb BKmaguHky Analyse > Curve Fits Ta B HyDKHil JacTusi BikHa — Fit Name > Sinusoid. Buginits
KypCOpOM MaKCUMaJIbHY KilbKicTh TO4OK rpadika. IToBepx rpadika pyxy 3’saBumacsi CMHYCOia, a Mif Helo
- 3HaueHHs KoedilieHTiB. 3BepHITh yBary Ha Te, 1106 6is1 Hapmucy Autofit 060B’s13k0BO cTOsIB MapKkep. Lle
O3Hauae, 110 IporpaMa CaMoCTilTHO lo6epe MONMOoXKeHHA CHHYCOia. BusHauTe IUK/TIYHY YaCTOTY KO/MBaHb.
3anuuiith 3HaYeHHS 10 TabImIIi.

PospaxyiiTe 3HaueHHs IPYCKOPEHHS BiIbHOTO Ia/iHH:, BUKOPUCTOBYIOUM BUpa3s (4). 3anuIith 3HA4YeHH:A
10 TabIuI.

3aBaHTaXXTe 10 4ep3i iHIIi Bieo3anycyu Ta MOBTOPITh MoNepefHi KPOKY. 3aNNILIiTh 3HAUYeHH 10 TaO/MNII.

PospaxyiiTe cepeiHe 3HAYEHHs IPUCKOPEHH: BIIBHOTO Ma/iHHA i cOpMyIoiiTe BUCHOBOK 10 po6oTH.

Tabnuus pesynomamie
Ne BincTans Bif TOuKM Iuxnivyna IIpuckopenus Cepenne
HifIBicy /10 IleHTpa Mac 9acToTa BiZTbHOTO 3HA4YeHH:
BAaHTaXYy, KOJIMBAaHD, najliHHA, IPUCKOPEHH:
BiJIbHOTO
I(m) w (c) g(m/c) .
HafliHHA,
2
g (m/c®)
1
2
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®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

JlabopaTopHa po6oTa Ne 14.
JocaigxeHHs KOJIMBAaHb NPY>KUHHOTO0 MassTHUKA

Mema po6omu: BUSHAYNTY IIepiof; KONMMBaHb NIPY>KMHHOTO MAasATHNUKA 3a JIOIIOMOTOI0 IIPOTPaMHOTro 3abe3-
IeYeHH J/I aHaJli3y Bifle03alliCiB i pO3paxyBaTyl >KOPCKICTb IPY>KIHIL.

3asoanns pobomu:

1. CTBOpPUTH Bifle03anMCK KiZTbKOX €KCIIEPMMEHTIB i3 IPY>KMHHUM MasATHUKOM 32 Pi3HMX MacC BaHTaXYy.
2. BusHaunTy nepiof; KOMMBaHb MAATHMKA /1A KOXKHOTO BAaHTAXKY.
3. PospaxyBaTy )KOPCTKICTb IPY>KMHI MasATHHKA.

Ob6naonanns: WTATVUB, HAOIpHMIT BaHTX, NiHiliKa, [TK, nudposuit poroamapar abo Bifeokamepa.

IIpozpamne 3ab6esneuenns: Tracker (http://physlets.org/tracker/).

3azanvni gioomocmi

& Tucer

Fle Edt Video Track Coordinste System View Help

S E S %) B ¥ k| Ko o B Q| 05| N\ % A 4| B A 4 K 0
v ey e SR s1260

e -
Pltview of rack e il st here

0z

Tatleiew o rackdata il appeathere.

oe

oy

31 O e S

T

000 [1o0% { w » G

coos7ues

Puc. 1. 308HiwHili 8uensAo sikHa npozpamu Tracker

Y niit po6oTi 3rafaHe nporpaMHe 3a0e3ledeHHsI 3aCTOCOBY€EThCS [/l BU3HAYEHHs TIePiOofly KONMBAHb MPY-
JKHHOTO MasATHMKA (puc. 1).

1106 BM3HA4YMTY IIE€PiOf KOMMBAHb IIPY>KMHHOTO MasATHMKA, HOTPiOHO oTpuMaTy rpadik 3MiHNM KOOpAVHATI
BaHTaXY, IIPMEHAHOTO /10 NPY>KMHN. 3a rpadikoM JIeTKo BUM3HAYNMTH Yac MIOBHOTO KOMMBAHHA, TOOTO Tepiof,.
ITepiop KoMMBaHHSA OB A3aHMII i3 MACOI0 BAHTaXY 1 )KOPCTKICTIO IPY>KMHY BUPA3OM:

T = EHE. (1)

3BiJcM BUIIIMBAE BUPA3 [/Is1 PO3PAXYHKY >KOPCTKOCTI IPY>KUHU:

*,R.i
L dm @
T‘


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/pruzinnij/

JlabopaTopHa po6oTa N2 14

Xio po6omu
Yacmuna 1. Ompumanus éioeo3anucy

1. VYcraHOBiTP Ha CTOMI IITATVB. 3aKPilliTh Y IVIOLVHI 3/IOMKM JTiHIIKY 3 fOOpe MOMiTHUMY TTOAiTKaMu. 3aKpi-
IiTh Ha TOPM3OHTA/IbHI IVIAHIII IITATVBA NPY>KUHHMI MAaATHMK. 3alIUIIITD KO TabMMLi Macy IpMELHAHOTO
BAaHTAXY.

2. OO6epitb mpuctpiit, AKMM Bu OyfeTe BUKOHYBAT! Bifle03iiOMKy. 3’scCyiiTe AKIiCTb 00’ €KTUBA, 10O Hamai
BpaxyBaTyl MOXK/IVBi CIIOTBOpeHH:. Bukopucraiite CTaHZapTHY YacTOTY 31ioMKM Bifgeo (30-60 kanpiB Ha
CEeKYHJY).

3. VYcTaHOBITBH IPUCTPIiL TaK, 06 YCTaHOBKA MOBHICTIO IOTPAIUIA/IA B KafIp i B IPOIieci 31I0MKM IIPUCTPIil He
pyxaBcs.

PosTarniTe npy>xuny i BIIbHO BifiyCTiTh ii.
PosmogHiTh 3amuc Bifieo.

3po0biTh lie ABa 3aNMCK 32 Pi3HUX Mac BaHTaXY.

NS

SK1o MOXX/IMBOCTI 3/11ICHUTH Bifle03aIllCc HEMAE, 3aBaHTAXKTe TOTOBE Bifleo 3 pecypcy.

Yacmuna 2. Onpautoéanus 6ioeo

8. 3amaHTaxTe Bieo y mporpamy Tracker. [l 1iporo ckopucraiitecs kKHonkoo Open y BepXHbOMY MEHIO IIPO-
TpaMu.

'f,‘ Tracker
File Edit Video Track Coordinate Sys
S H = s B v Lo

v |Oper| avideo ortracker file in a newtab|

Takox MOXKHa «IIepeTATHYTIU» (aliyl 3aIICY Y BIKHO IIporpamu abo 3aBaHTXUTH Jioro Yepe3 MeHio File >
Import > Video. ko nmporpama He 3MOIJIa 3aBaHTXXUTH Bifieo, HeoOXigHO AibparTy iHmMI fioro popmar
3a JIOTIOMOTOI0 PelaKTOPiB Bifjeo.

9. BuxopucToBylOuM KHOIIKM KepyBaHHs B HIDKHII YacTVHI BiKHA 3 Bifleo, Ieper/IAHbTe 3aINC.

10. SIx110 06’ €KTVUB PUCTPOIO 1A 31IOMKY JJa€ CIIOTBOPEHHS 300paskeHHsI, BUKOPUCTaliTe BioBigHMIT GinbTp
BifIeo.

Video | Track Coordinate System View Help

late == B | O 112%

Replace...
Close

Go to... Cirl-G

Paste Image »
¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)

Filters

} New P| Baseline

Properties... paste | Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative

Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

11. YcraHOBITD HOMep Kafpy, 3 AIKOro Oyfie BiICTeXXyBaTHCA PyX BaHTaXKy, HAIPUK/IAJ, KOMM BiH IIPOXOINTH
HalfHVDKYE TI0JI0)KEHHA. YCTaHOBITh HOMEpP KaJpy, Ha AKOMY BaHTa)X 3aBEPIINTD 2—3 KONMBAaHHA. JIidnib-
HMK KaJIpiB pO3TAlIOBAHMI1 y CTPi4lli KHOIIOK KepyBaHHA Y BiKHI BiZle03aIlnCy.

016100%5!‘ » B . —]
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12.

13.

14. O6epiTb y BepxHili cTpiuni KHonKy Show, hide or create calibration tools| *

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

O6epitp y BepxHiit cTpiuni kHonky Clip Settings lE Bumape BikHO BCTaHOBIEHHA MeX KaJ[piB Bifjeo3anu-
Cy. 3a3HauTe B HbOMY HOMep ITI0YaTKOBOTO Ta KiHI[eBOTO KaZIpy, KPOK 3MiHM KafipiB (AKIO Kazipis 6araro, To
KPOK JJa€ 3MOTY 3MEHIINTH KiIbKiCTb KafIpiB /1A aHa/Ii3y) i 4acTOTY 3110MKM (32 3aMOBYYBaHHAM ITporpaMa
cama obmpae Lieil ITapaMeTp i3 BIacTUBOCTeN Bifeosamucy). O6epits Ok.

O6epiTb y BepxHiii cTpivni kHonky Show or hide the coordinate axes -] Ha Bifjeosamici 3’ABATbCSA 0Ci KO-
oppuHar. LleHTp cucTeMn KOOpAMHAT IEPETATHITD Y TOUKY, IO AKHAMKpallle BinnosifaTume curyanii. Ha-
IIPUKJIAZ, CYMICTITb ii 3 cepeAMHOI0 TPAEKTOpil pyXy BaHTaxXy. IloBepHiTh oci koopauHaT Ha 90°. IloBTOpHO

06epitp kHOnKy Show or hide the coordinate axes |- Cucrema KOOPAVHAT 3HMKHe, ajie Il I0/I0)KeHHs IIPo-
rpaMa 3amam AToBye (puc. 2).

 Tacker
Fle_Eat Video Track Coortinate System View Help

S H S| B e L | xome B Qe[S 0 [\ % XA A A A A
v+ axes [l6rd v su17 ] (o747 ] |

ae

=050 w=0000]

sus oo o 1 > = 2 Wi

conzpe

Puc. 2. Buenso sikHa npoepamu Tracker nic/ia 8CmaHo81eHHA NOTOXeHHA cucmemMu KOOpOUHam

o | -

Ta B MeHI0 — New > Calibration
Stick. IIporpama 3ampomnonye, yrpumytoun kiasimry Shift, o6patu Ha 306pakeHHi IepIny Ta Jpyry Tod-
Ky JyId OBVMHUYHOTrO Binpiska. Ha Bifeo 3’aBurhbcs Binpisok. Y nudposomy nomi Haj BigpiskoM HeoOXigHO
BBECTI 3HAUYEHH: 10TO NOBXMHYU B MeTpuyHil cucteMi. Kinui Bigpiska MoXXKHa Bi/IbHO IepecyBaTH «Iiepe-

Hin | -

TATYBaHHAM» 110 300paxeHH!0. llle pa3 06epith kHOnKy Show, hide or create calibration tools | *
HIYHWIT Biffpi30K 3HMKHe, ajle IporpaMa 3aIaM sATa€ Joro MOJ0XKeHH: Ta TOBXIHY.

. Onn-

15. Jlna BigcTexxyBaHHA pyXy BaHTaXy 00epiTh y BepXHbOMY MeHI0 KHOIKY Create i y MeHio — Point Mass.

¥ Create == B | (4
Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track 4

Measuring Tools b

Calibration Tools .4

16. ¥ niBomy KyTKy 3’ aBuThCA BikHO Track Control.

17. HarucHits xmasinry Shift. Kypcop nabyze Burnany zHesemkoi pamky. CyMicTiTh 10 paMKy 3 TOYKOIO Ha

BaHTaXi, 3a IKOIO BU 6y11eTe CTEXXWUTM, i HATUCHITD MiBy KHOIIKY MaHinmynaTopa. Ha 306pa>1<eHHi 3’ ABUTHCA
MapKep TOYKM, i IporpaMa aBTOMaTUYHO Iepelifie Ha HACTYITHUIT Kaip.



JlabopaTopHa po6oTa N2 14

18. IToBepHiTh 3amuc Ha IepIIMil Kajp i 00epiTh Y BEpXHbOMY MeHI0 (YHKIIiI0 aBTOTPEKiHTy, HaTMCHYBILN

200% | . oly | ™

KHOIIKY | show or hide the autotrackerL‘

19. ¥ po6o4omy BikHi 3’ABUTbCA BIKHO aBTOTPEKiHTY.

20.

21.

22.

23.

(% Autotracker: mass A position >

@ Search| “ Search This | Search Next |

Frame 766: No Template

Template: Evolution Rate ZU%E Automark AE

Search: [ ] X-axis Only Look Ahead

Target: Track| < massA |v| Paoint |posiﬂon ‘v‘

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments.

‘ Help H Show Key Frame H Close |

Y npoMy BiKHi 3a3HaYa€ThCs, WO Oy/e BiCTEXyBaTHC MaTepiaibHa TOYKA, Ky [TO3HAYW/IN Ha IIEPLUIOMY
Kazipi. [l mogampbIuIoro aBTOMaTYHOTO BiICTeXYBaHHSA TOYKI HEOOXiTHO BUSHAYMTI K/TIOUOBUII Kafip 3a-
nucy. Hatucnite ogrouacHo xnasinn Ctrl i Shift. Kypcop sMiHuTb cBiit 30BHIIIHII BUIVIAL Ha KOO 3 Tepe-
XpecTAM. YKaXiTh MaHIIIyJATOPOM TOYKY i HATUCHITD JIiBy KHOIIKY MaHinynaTopa. HaBkono Toukn yepes
HeBHMI 9ac 3’ABJIATHCA KOJIO Ta IIHKTUPHA paMka. Koso 6y/e 0XOIUTioBaTy Tiflo, a paMKa BKadyBaTMe OKiI
Ha 300pa)keHHi, B AKOMY ITporpamMa aBTOMAaTMYHO IIyKaTyMe 1100 HasgBHicTb. Po3Mip kona i pamku MoxcHa
3MiHIOBaTy. Y BiKHi aBTOTPEKIHIY 3’ ABUTbCS 30i/bleHe 300pakeHH: Tijla Ha NepIIOMY i HACTYITHOMY Ka-
ipi. IKicTh aBTOTpPEKiHTY 3aIeXKNTh Bifi TOTO, HACKI/IbKY 3MiHIOBATMMETbCS 300pa’keHH Tila Ha KOKHOMY
Kajipi. Y pasi KpMTMYHOI 3MiHM IIpOrpaMa 3yIMHUTD BifICTEKYBAHHA Ti/a i 3alIpOIIOHYE 3MIHNUTH OKiN Bifi-
CTEKYBaHHA.

O6epiTb y BikHi aBTOTpeKiHTy KHONKY Search i mouyekaiitecs pesynbrary. SKIO KiIbKiCTb KafjpiB i aHa-
i3y 3Ha4YHa, Ile HOTpeOyBaTNMe IIeBHOTO Jacy. Ko mpy BigcTe)xyBaHHi TpanuscA 36iii, BUAINTH MOTe-
penHi TOUKM MOXKHA, 06paBLIM B 1IboMY BikHi KHOIKY Delete. SIkicTb po60TI aBTOTpeKiHI'y BUSHAYa€TbCS
6araTbMa yMOBaMI, ajie TOTIOBHOIO € KOHTPACTHICTh 300pakeHHA Tina mozo 3aguboro ¢ony. ITicna sasep-
IIeHHA poOOTU aBTOTPEKIHTY 3aKpUiiTe JI0TO BiKHO.

Y BiKHax IpaBoi YacTUHMU 3 ABIATbCA Ipadik i TaOMMIIA, HA OCHOBI AKMX BiflOyBaTUMeTbCs aHANI3 OTpUMa-
HUX JJaHUX.

Yacmuna 3. Ananis 0anux

O6epits y Bepxubomy MeHio View > Data Tool (Analyze...).

View | Help
¥ Right View
[ Bottom View

¥ Track Control
[ Notes

[0 Data Builder (Define...)
O Data Tool (Analyze...)
® \WIN_20180319_16_55 35 Pro.mp4
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24

25.

26.
27.
28.

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

. 3 aButhbcs HoBe BikHO Data Tool 3 rpadikom i Tabnuuero (puc. 3).
¥ Data Tool = ] ®
File Edit Display Help
mass_A
| Measure || Analyze| Data Builder... | Refresh || Help |
w10t : markers [v]
lines| [w]
Fas style .
axis| hariz vert
3t row 1 %

»

0 0,000 -5957E-2
1 1,000E-2[ -5 874E-2]
2  2000E-2| -5771E-2|
3  3000E-2| -5632E-2|
4  4000E-2| -5473E-2
5
6
7
8

5,000E-2[ -5268E-2]
5,000E-2[ -5045E-2]
7000E-2[ -4 812E-2]
8,000E-2[ -4 545E-2]
9  9000E-2| -4267E-2|

il 10] 0.100] -3.034E-2]
11 0,110] -3.618E-2]
12 0,120] -3281E-2]
= 13 0,130] 292267
14 0,140] 255362
4t 15 0,150] -2180E-2]
16 0,160] 1810E-2]
2l 17] 0,170] 1429E2
18] 0,180 104262
5 : 19 0,190] -6,478E-3
20 0,200] -2,631E-3
0 b3 2l & 21 0210 _1.267E-3] |
=040 #=4,36E-2] 2 0.220]_5.088E31~
Press shift-space key to togale freeze. non-editable

Puc.3. Buenaod sikHa Data Tool nicna subopy ykuii sumiptosaHHA

O6epitp Bmagnmaky Meashure > Coordinates. YcTaHOBITh Kypcop HaJ IepIIMM MAaKCMMYMOM i 34mTaiire
qac. [TepemicTiTh Kypcop Ha iHIMIT MakcuMyM (2-3) i Texx 3unTaiite yac. Pospaxyiite nepiop, pospinusimm
iHTepBas Ha Ki/IbKiCTh HOBHUX KO/MMBaHb. 3allMIIiTh 3HaYE€HHS 10 TaOMnIii.

PospaxyiiTe 3Ha4eHHS )KOPCTKOCTI IPY)XVHM, BUKOPUCTOBYIOUY BMpa3 (2). 3anmIiTh 3Ha4eHHA 10 TaOINUIH.
3aBaHTaXTe IO Yepsi iHIIi Bifeo3ancyu Ta HOBTOPITh NONepeHi KpOKM. 3aNNIIiTh 3HAUYeHH:A 0 TaO/IuIH.

PospaxyiiTe cepeHe 3HaUeHHA )KOPCTKOCTI i copMy/moiiTe BUCHOBOK 0 POOOTH.

Tabruus pesynomamie
Ne Maca BaHTaxy, Ilepion xonuBaHb, JKopcTkictp Cepenne
m (x2) T (c) MIPY>XMHU, 3HAYEHHS '
k (H/M) JKOPCTKOCT1
IPYXXUHH,
k_(H/m)
1
2



http://physlets.org/tracker/

Mema po6omu: nobynysaryu rpadidHy 3aleXXHICTb Iepiofy KonuBaHb (isMYHOrO MasATHVKA Bif BifcTaHi
MDK LIEHTPOM Mac i TOYKOIO IiZiBiCy, BUSHAYUTI MiHiMa/lbHe 3HAaYEeHHS IIePiofy KOIMBaHb Ta IIOPiBHATH JI0TO 3

JlabopaTopHa po6oTta Ne 15.

JlabopaTopHa po6oTa N2 15

JocaigKeHHs KOJIMBaHb (Pi3MYHOr0o MassTHUKA

TEOPETUYIHO pO3paxOBaHNM.

3asoanns pobomu:

1.

O6naonanns: GisnaHMit MAsITHUK Ha TifBici, miHilKa, Tepesn, ITK, nudposnit poroamapar abo Bizeokamepa.

IIpozpamne 3a6esneuenns: Tracker (http://physlets.org/tracker/), Excel.

DisyYHNM MasATHUKOM Ha3MBA€EThCA OY/b-s1Ke TBEpPAie Ti/0, sIKe Iif JIi€l0 CUIM TSKIHHS MOXKe BiIbHO KOJIN-
BaTICsI HABKOJIO HEPYXOMOI TOPM3OHTa/IbHOI oci. ¥ 1iit po60Ti 3rafjaHe mporpaMHe 3abesnedeHHs Oyze 3acTo-
COBYBATNCA I BUSHAYEHHA Iepiofly KOMMBAaHHA CYL[i/TbHOIO META/IEBOIO CTPVKHA, 110 MA€ ONIOPHY NPU3MY,
AKY MO>KHa niepeminnysatu (puc. 1). Ha ctpiokenp HaHeceHo 1mKairy. [Tepeminnytoun mpusmy B3TOBXK CTPIVDKHSA,
MO>KHa 3MiHIOBATY BifICTaHb BiJj TOUKM Ii/iBiCy MasATHMKA JI0 JIOTO IjeHTpa Mac (puc. 2). BBa)karouy MOMEHT CHIT

3azanvui gioomocmi

PospaxysaTu TeopeTu4yHe 3HaUeHH Bi[ICTaHi BiJj leHTpa Mac MasATHMKA 10 TOYKM IIifIBiCy, 1110 BifIoBifae
HalIMEHIIOMY IIepiofly KONVBaHb.
CTBOpUTH Biffeo3ammcy 5-6 eKCIIepUMEHTIB i3 GisMYHMM MasATHUKOM 3a BificTaHeil, 110 IepeOyBaloTh B
OKOJIi TEOPETUYHO PO3PAXOBAHOI BifICTaHi.
BusHaunTy nepios KonmMBaHb MasTHMKA /IS KOXKHOTO BUIIAJKY, BUKOPUCTOBYIOUM IIpOrpaMHe 3abesIe-
YeHH: JJI4 BifleOaHaNlisy.
[To6ynyBaTy rpadiuHy 3ame>XHICTh epiofy KoMMBaHb (isMUHOro MasiTHMKA Bij| BiiIcTaHi MK LIeHTPOM Mac
i TOYKOIO Mi/IBiCy, 3HAJITV eKCIIepYMEHTa/IbHe 3HAY€HHA BiJICTaHi Ta IIOPiBHATH JI0TO 3 TEOPETUYHIIM.

L=0.44 m, m = 0.302 kg,
a=0.09m

100 fps

oos 0 »
w0 [00s 0 » P

Puc. 1. 3o8HiwHili 8u2nig0 8ikHa npozpamu Tracker

TEPTSA Ma/IM, BBAXKa€EMO, 1110 PyX MasATHMKA BiJI6YBa€TbCH Hi,l'[ BIIVIVBOM MOMEHTY CIJI 3EMHOT'O TSOKIHHA:

M =-mgasing ,
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Iie a — BiICTaHb BiJj TOUYKM MifIBICY JO LIeHTPa MaC; ¢ — KYT BiIXVMIEHHA MaAT-

F HUKa BiJj IIOJIOXKEHHA PiBHOBAru. 3aCTOCOBYIOYM OCHOBHE PiBHAHHSA JIMHA-
e\?\ | MiKV 06epTaZbHOTO PyXy TBEpAOro Tia Ta Teopemy llITeitHepa, oTpuMaeMo
\ ‘ OCHOBHMII BUPA3 JI/IA TIEPiOfy KONMBAHb MAATHUKA:
N
\M a Ji
a
o
uﬁ/\ T =21 +-, 2)
ymga g
I . . o
= \ fie J,— MOMEHT iHep1lii CTPVOKHS BI[JHOCHO OTO II€HTPa Mac.
BoueBuzp, rpadik 3anmexxHOCTi Hepiofgy KonMMBaHb Bif BifcTaHi a Mae
\ . _ .
| \ exctpeMyM. TeopeTudHo nepioy focsArae MiHiMymy 3a:
\\ \
mg \\ I]_"
\ a= = (3)
| | T N

Puc. 2. ®izuyHUl MagmHuk Jinst ofHOPIHOTO CTPYOKHS:

mlL®
JFD = -12 > (4)

e L — moB>XX1HA MasTHUKA.

[TobynyBaBIy B MaTeMaTnyHux Tabmuisax Excel rpadiyny sanexuicts T(a), MOKHA BU3HAUUTH €KCIIEpU-
MEHTaJ/IbHe 3Ha4eHHA Bi[iCTaHi 4, 1110 BifIIOBijae MiHiMa/IbHOMY IIE€PiOfy KOMMBaHb, a TAKOXX IOPiBHATU J10TO 3
TEOPETUYHO PO3PAaXOBaHMM 3HaYeHHAM. OTKe, 3MiCT eKCIIepMMEeHTa/IbHOI YaCTUHM 3BOAUTLCA JO OTPUMaHHA
Bifleo3amnciB KONMMBaHb MasATHMKA, BI3HAUEHH: IEePiofy 110ro KOMMBaHb 3a Pi3HMX 3Ha4YeHb d, TOOTO Iy pis-

HJX TI0JI0’KEHb OITOPHOI IPU3MIL

Xio po6omu
Yacmuna 1. Ompumanns eioeo3anucy
YcraHOBITH Ha cTOM Qi3MYHMIT MaATHNK Ha MifBici. 3aKpiniTh y IVTONIVHI 31IOMKY JTiHIVKY 3 ZoOpe IOMiT-

HUMMU IOJi/TKAMMU.

Buxopucrosyroun popmynu (3) it (4) Ta gaHi Ipo JOBXMHY i Macy MasATHNKA, PO3paxyliTe TeOpeTHYHE 3HA-
YyeHHs BifcTaHi @, O BiITIOBiflae MiHiMa/IbHOMY Tlepiofly KONMBaHb MAaATHMKA. 3alNILiTh 3HaY€HHA 10
TabmuIi.

Hlo6epiTh 3Ha4YeHHA BificTaHel a, AKi OyAyTb BiIpisHATICSA Bifi TeOpeTUYHO po3paxoBaHoi Ha 1-3 cm. 3a-
MUUIITD L1 3HaYeHHA [0 TaOInIi.

YcTaHOBITH OIIOPHY IPU3MY Ha HepIIiil i3 06paHuX BificTaHeil.

O6epiTb mpuctpiit, AKMM Bu OyfeTe BUKOHYBATM Bifle03itoMKy. 3’ACyiiTe AKiCTb 00 €KTHBa, W06 Hajasli
BpaxyBaTy MOXK/IVMBi CHOTBOpPeHH:A. Bukopucraiite cTaHapTHY YacTOTy 31IOMKM Bifieo (30-60 kazpiB Ha
CEeKYHY).

YcTaHOBITH IPUCTPIil TaK, 0O YCTAHOBKA IIOBHICTIO MOTPAIVIANIA B Kap i B Ipoleci 31IOMKY IPUCTPiit He
pyxaBcs.

HITOBXHITh MaATHUK i PO3TIOYHITH 3aINC Bifleo.
3po6iThb pemITy 3anucis 3a 06paHKX BigcTaHel a.

Ao MOXX/IMBOCTI 3[iICHUTH Bifle03aIllC HEMAE, 3aBaHTaXXTe TOTOBE Bifleo 3 pecypcy.


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/physmaiatn/

10. 3aBanTaxTe mepuie Bifjeo y mporpamy Tracker. [lnsa nporo ckopucraiitecs kHonkow Open y BepXHbOMY

11.
12.

13.

14.

15.

JlabopaTopHa po6oTa N2 15

Yacmuna 2. Onpautoeanus ioeo

MEHIO IIPOrpaMMm.

'j“j‘ Tracker
File Edit Video Track Coordinate Sys
S EH = e B v L

w7 [Open a videa ortracker file in a newan|

Tako)X MOXXHa «IIepeTATHyTI» (ajil 3anICy y BiKHO Iporpamu abo 3aBaHTXNUTH jtoro yepe3 meHiwo File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTKUTY Bifieo, HeoOXifHO #ibpaTy iHImMII itoro ¢popmar
3a JOITIOMOTOI0 PeIaKTOPiB Bifieo.

BI/IKOpI/ICTOBYIO‘II/I KHOIIKM K€pyBaHHA B HIDKHIN YaCcTUHI BiKHa 3 Bi]leO, IeperIAnbTE 3aIuc.

SIK1110 06’ €KTUB IPUCTPOIO /s 3TIOMKM IA€ CIIOTBOPEHHS 300pakeHHsI, BUKOPMUCTAliTe BiIOBiAHMIT PinbTp
BifIeo.

Video | Track Coordinate System View Help

Replace... fate =2 @ | Q 112%
Close

Go to... cil-G

Paste Image 3
¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)
Filters

New P Baseline

Properties... 1 Brightness
Dark Ghost

Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion

Resize
Rotate
Strobe
Sum

YcTaHOBITH HOMeEp Kafipy, 3 SIKOTO OyfAe BiICTeKYBaTWCA PyX MaATHMKA, HAIIPUKIIAJ ITOYaTKOBUI Kajp.
YcTaHOBITH HOMED KaJIpy, Ha AKOMY MasATHUK 3aBEPIINTD 2—3 KONMMBAHHA. JIIYMIPHNK KaJjpiB po3TanIoBa-
HMI y CTpiYlli KHOIIOK KEPYBaHH:A Y BiKHI Bifje03anucy.

'016100%Eu>- —

>

O6epitp y BepxHiit cTpiuni kHonky Clip Settings lE Bumage BikHO BCTaHOB/IEHHA MeX KaJpiB Bifjeo3arnu-
Cy. 3asHauTe B HbOMY HOMep II0YaTKOBOTO Ta KiHI[eBOTO KaJpy, KPOK 3MiHM Kapis (Ko kagpis 6araro, To
KPOK JIa€ 3MOTY 3MEHIINTY KiJIbKICTb KaZIpiB /I aHasIi3y) i 4acTOTy 3i10MKM (32 3aMOBYYBaHHAM IIporpama
cama o0mpae el mapaMeTp i3 BlractuBocTell Bigeoszanucy). O6epits Ok.

O6epitb y BepxHil cTpiuni kHonky Show or hide the coordinate axes L. Ha Bifjeosanici 3’ABIATbCA OCi
KoopauHaT. LIeHTp cucTeMy KOOPAMHAT MEPEeTATHITh Y TOUKY, 110 AKHAJMKpalle BiIOBifaTMMe CUTYyalil.
Hanpuxiag, cymicTiThb ii 3 cepeinHOI0 TpaeKTOpii pyXy TOUKM Ha MasSTHUKY, 3a SIKOIO Oy/ie BECTUCS CTeXKeH-

Hs. [ToBTOpHO 06epiTh KHONKY Show or hide the coordinate axes ||, Cucrema KOOPJVHAT 3HUKHE, aje ii
IIOJIOXKEeHHSI ITpOrpaMa 3aram AToBye (puc 3).
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128 ®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

@ Tcker
Fle Edit Video Track
EAEIER * create =+ [ Qron

¥ ~+axes CIGna = onginpoelpostion [S523 ] [27 ] anglem

rinate System_View Help

Plotview f rack data i apear noe.

L=0.44 m, m = 0.302 kg,
a=0.09m
100 fps

“Tabl i ofack dta i appea o

Puc. 3. Buensd ikHa npoepamu Tracker nic/isi 6CMaHo8/1eHHs NO0XeHHs cucmemu KoopouHam

w0 i -

16. O6epiTb y BepxHili cTpiuni KHonkKy Show, hide or create calibration tools| *!” Ta B MeHr0o - New - Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun kiaasimy Shift, oOpatu Ha 306pakeHHi Iepiy i Zpyry TOUKy
IUIs OfVIHMYHOTO Bifpiska. Ha Bimeo 3’saBuThCA Bifipisok. Y nudpoomy momi Haj BigpiskoM HeoOXigHO
BBECTM 3HA4EHH JI0T0 JOBXXNMHM B MeTpU4Hil cucreMi. KiHi Bigpiska Mo>KHa BiIbHO Il€peCcyBaTu «Iepe-
TATYBaHHAM» 10 300paxeHH!o. Ille pa3 o6epith kHOnKy Show, hide or create calibration tools el

HIYHWIT Biffpi30K 3HMKHe, ajle IporpaMa 3araM sATa€ oro MOJI0XKeHH: Ta TOBXIHY.

. Onn-

17. Jln4 BigcTexXyBaHHA PyXy BaHTaXy 00epiTh y BepXHbOMY MeHI0 KHOIKY Create i y MeHio — Point Mass.

¥ Create == | Oy
= :
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track b

Measuring Tools »

Calibration Tools »

18. Y niBoMy KyTKy 3 ABUThCA BikHO Track Control.

19. Hatuchits xmasimy Shift. Kypcop nabyne Buriany Hepemykoi pamku. CyMicTiTh III0 paMKy 3 TOYKOKO Ha
MAaATHUKY, 32 AKOI0 BI OyfieTe CTeXUTH, i HATMCHITD /1iBy KHONKY MaHinmynATopa. Ha 306paskeHHi 3’IBUTbcA
MapKep TOYKW, i IporpaMa aBTOMaTU4IHO Iepelijie Ha HaCTYITHMIA Kajip.

20. IToBepHiTh 3amuc Ha mepmnii Kafp i 06epiTh y BepXHbOMY MeHI0 (YHKIIiI0 aBTOTPEKiHTy, HaTMCHYBIIN

KHOIIKY | Show or hide the autotracker|

L 200% | o ooly | T

21. Y pobouomy BiKHi 3’ ABUTbCSA BIKHO aBTOTPEKIHTY.



22.

23.

24,

25.

26.

JlabopaTopHa po6oTa N2 15

4 Autotracker: mass A position %

@ Search| “ Search This | Search Next |

Frame 766: No Template

Template: Evolution Rate QU%E Automark 45

Search: [[] X-axis Only Look Ahead

Target: Track| < massA |v| Poin||posmon ‘v‘

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments

‘ Help H Show Key Frame H Delete H Close: |

Y npoMy BiKHi 3a3HaYa€ThCs, O Oy/e BiCTEXXyBaTHC MaTepiabHa TOYKA, Ky TO3HAYM/IN Ha IIEPLUIOMY
Kazipi. [l mogambIIoro aBTOMaTYHOTO BiICTeXYBAaHHSA TOYKM HEOOXiTHO BU3HAYNTI K/TIOUOBUI Kafip 3a-
nucy. Hatucrits ogHouacHo xmasinn Ctrl i Shift. Kypcop 3MiHNTb cBiit 30BHIIIHII BUIVIAL Ha KOO 3 TIepe-
XpecTAM. YKaXiTh MaHIIIyJIATOPOM TOYKY i HATUCHITH JIiBy KHOIIKY MaHinynaTopa. HaBkono Toukn yepes
IIeBHUII Yac 3 sIB/IATHCA KOJIO Ta MyHKTUPHA paMka. Koo 6yze oxormoBari Tifo, a paMKa BKa3yBaTIMe OKi/t
Ha 300pakeHH, B IKOMY ITpOrpaMa aBTOMATUYHO IIyKaTyMe 10ro HasBHICTb. Posmip Koma i paMky MoyxHa
3MiHIOBaTH. Y BiKHi aBTOTPEKIiHIY 3’ ABUTbCS 30i/bleHe 300pakeHH: Tijla Ha MepIIOMY i HACTYITHOMY Ka-
ipi. IKicTb aBTOTpPEKIHTY 3aIeXKNTh Bifi TOTO, HACKI/IbKY 3MiHIOBATMMETbCS 300pa’keHH Tila Ha KOXKHOMY
Kajpi. Y pasi KpMTMYHOI 3MiHM IIpOrpaMa 3yIMHUTD BifICTEXXYBAHHA Ti/Ia i 3alIpOIIOHYE SMiHNUTH OKiN Bifi-
CTEKYBaHHA.

O6epiTb y BikHi aBTOTpeKiHTy KHOIKY Search i modyekaiitecs pesynbrary. SKIo KilbKicTb KafjpiB i aHa-
i3y 3Ha4YHa, Ile HOTpeOyBaTNMe IIeBHOTO Jacy. Ko npy BigcTexxyBaHHi TpanuscA 36iii, BUAAMINTH IOTIe-
penHi TOUKM MOXKHA, 06paBLIM B IIboMY BikHi KHOIKY Delete. SIkicTb po60TI aBTOTpeKiHI'y BUSHAUa€ThCS
6araTbMa yMOBaMM, ajie TOJIOBHOIO € KOHTPACTHICTh 300pakeHHA Tina mozo 3aguboro dony. Ilicna sasep-
IIeHHA poOOTU aBTOTPEKIHTY 3aKpUiiTe JI0TO BiKHO.

Y BikHaxX IIpaBoi YaCTUHM 3 sIB/IATHCA Tpadik 1 TabMMIs, Ha OCHOBI AKMX BiffOyBaTMMeTbCs aHAJIi3 OTpUMa-
HUX JJaHUX.

Yacmuna 3. AHanis 0anux

O6epitb y BepxuboMmy MeHIo View > Data Tool (Analyze...).

View | Help
¥ Right View
[ Bottom View

¥ Track Control
[ Notes

[0 Data Builder (Define...)
O Data Tool (Analyze...)
® WIN_20180319_16_55_35_Pro.mp4

3’ saBuThCs HOBe BikHO Data Tool 3 rpadikom i Tabnuuero (puc. 4).
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27.

28.
29.

30.

®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

4 Datz Tool - O >
File Edit Display Help
mass_A
Measure || Ana?yr.e| Data Builder... “ Refresh H Help |
w102 : markers| [v]
lines| [w]
style| T
axis| horiz vert
row t X
0| 0,000] -4279E-2(~
1 1.000E-2] -4469E-2|=
2 2000E-2[ -4650E-21
3 3000E-2] 4821E-2
4 4000E-2] -4994E-2
5 5000E-2| -5126E-2
B 5,000E-2| -5240E-2
" 7| 7000E-2[ -5349E-2
B 8,000E-2| -5415E-2
9 9000E-2[ -5491E-2
10| 0,100] -5540E-2
11 0,110| -5580E-2
12) 0,120 -5584E-2
13| 0,130{ -5563E-2
14) 0,140 -5534E-2
15 0,150{ -5487E-2
16| 0,160{ -5416E-2
17 0,170{ -5342E-2
18| 0,180] -5230E-2
19| 0,180| -5107E-2
' ' : 20| 0,200] 4053E2
0 0.5 20 25 S0 21 0.210] 4804E 2| |
[t=0,63 »=502E-2] | 2 0.220] 463327
Press shifi-space key to loggle freeze non-editable

Puc.4. Buenso sikHa Data Tool nicns eubopy ¢ykuii sumipto8aHHs

O6epitp BxmaguHKy Meashure > Coordinates. YcTaHOBITH Kypcop Haj mepuIMM MaKCUMYMOM i 3umraiite
vac. [lepemicTiTh Kypcop Ha iHmmit MakcumyM (2-3) i Tex 3unTaiite yac. Pospaxyiite nepios, pos3ainusim
iHTepBas Ha Ki/IbKiCTh HIOBHUX KO/MMBaHb. 3allMIIiTh 3HAYEHHS 10 TAaOMNIIi.

3aBaHTaXTe IO Yepsi iHIIi Bifeo3amnucy i MOBTOPITh MonepeaHi KpOKN. 3alMIIiTh 3HAYeHHA 10 TaOINIIi.

Y marematnunux tabmuusax Excel mobynyitte rpadix T(a). Busnadure 3HadeHHs a, , O BifMIOBIfA€ MiHi-
MaJIbHOMY II€piOfly KOMMBaHb. 3alMIIiTh 3HAY€HHSI 1O TaOMNI.

CdopmyioiiTe BUCHOBOK 10 POOOTIL.

Tabnuys pesynomamie

Ne Bincranp Ilepiopn TeopeTnyHe sHaYeHHs BifCTaHi ExcniepumeHTanbHe

Bifl IeHTpa Mac KOJINBAHbD, BiJ leHTpa Mac /10 IifBiCY, 3HaYeHHs BificTaHi

[0 TOYKM TifIBiCY, T (c) 110 BiJiIIOBifla€ MiHiMaIbHOMY BiJj leHTpa Mac /1o TifBicy,
a(m) nepiony, 110 BifiTIOBifma€e
MiHiMa/JIbHOMY IIepiofy,
(m)
meop
a,.(m

eKc

N G| | W] N
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JlagopaTopHa po6oTa Ne 16.
BuMiproBaHHA A0BXXWHM 3BYKOBOI XBUJII Ta IIBUAKOCTI 3BYKY

Mema po6omu: BUKOPVCTOBYIOUN MOX/IMBOCTI IIPOTrpaMHOro 3abesnedeHHs Tracker, BUSHAUMTH HOBXNHY
3BYKOBOI XBIJIi Ta IIBUAKICTD ITOIIMPEHHS 3BYKY B IOBIiTpi.

3asoanns pobomu:

1. IIpoBecTy eKCIepUMEHTH 3 YCTAHOBKOIO 3 BUMiPIOBaHH:A IOBXKMHM 3BYKOBOI XBI/Ii METOIOM PE3OHAHCY.
2. BusHauMTM DOBXXMHY 3BYKOBOI XBMJIi 32 JOIIOMOTO0 iHCTPYMEHTIB IIPOrPaMIL.

3. PospaxyBaTy IIBUIKiCTh IOV PEHHA 3BYKY B ITOBITpi.

O6ra0HaHH: ITATUB, MipHUIT UWTiHAP 06’emom 500 mi1, KaMepTOH (gacToTa 440 Iir), LIyMOMIip, EMHICTb i3
BOJIOI0, CUTIKOHOBA TPyOKa 3 3aTncKadeM, fmiHilka, [1K, undposuit poroamapar abo Bizeokamepa.

IIpozpamne 3abesneuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

& Toder - ®
Fle_EGR Video Track Coordnate System View Help

S H|E %8 - || kcome 0 B Qren | S o |\ 4 A A4 A A 7 ac
v

Plotuisw oftrack dta

[E] >

Tatle ew o rack cat il appesrere.

2 oo g

Puc. 1. 308HiwHil suznad s8ikHa npoepamu Tracker

Y wiit po6oTi 3rafjaHe IporpaMHe 3abe3re4eHHs 3aCTOCOBYEThCA JI/IsI BUMIPIOBaHHS TOBKVHY CTOBIIA MOBi-
TP y MipHOMY IVUTiHJIPi, 3@ AKOI CIIOCTEPIra€ThCA pisKe MiIBUIEHHA TYYHOCTi 3BYKY, CTBOPEHOTO KAMEPTOHOM
(puc. 1). 3 yMOBY BUHMKHEHHS CTOSYOI XBIWIi y TPy6i i3 3aKpUTUM KiHI]eM BUIUIMBAE, LIO MOAiOHe ABUIIE CIIO-
CTepiraerbCs, KoM BUMipsAHA JOBXXMHA CTOBIIA IIOBITPA JOPIBHIOBATIIME:

(2n — 112
.Sl 1)
4

fie A — JOBKMHA 3ByKOBOI XBIJTi; N — HATypasbHe YNCIIO.

Y peanbHMX yMOBax ekcriepuMeHTy n = 1. To6To:

A=4x. (2)
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®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

BuMipaBimm JOBXIMHY 3BYKOBOI XBIJIi i 3HAIOUM II YaCTOTY, MOXKHA PO3PaxXyBaTy IIBUAKICTD IOIIMPEHHA
3BYKY 32 BUPa3OM:

v =Av, (3)

Jie V — 4acTOTa 3BYKOBOI XBIWIi (B HamoMy Bunazky 440 Itx).
SIBuiie pe3oHaHCY QIKCYEThCS 3a TOKa3aMy IIyMOMipa, BCTAHOB/IEHOTO 6i/Is1 BiZKpUTOTro Kpalo MipHOTO Iy~
JiHgpa.

Xio po6omu
Yacmuna 1. Ompumanns eioeosanucy

1. YcTaHOBiTH IITaTMB Ha MOBEPXHi CTOJNY i 3aKpiliTh y JIamii mTaTMBa CKIAHKY Bynbda 3 TpybOkorw Ta 3a-
THCKadeM. 3aKpiliTh y MyQTi IITaTVBa KaMepTOH, AiOpaBIIM BIICOTY BCTAaHOB/ICHHA TaK, 00 BiH OyB po3-
TallOBaHMUII HaJl 3pi30M MipHOTO LWMIiHApPA. 3aKpilliTh Ha IITATUBI MIyMOMip HajJ KaMepToHOM. Ha ocHoBi
IITaTVBA MOMICTiTh MipHMII IMTiHAP. 3alOBHITh CKISAHKY Bynbga Boporo. 3akpimiTe Ha IITAaTUBI JTiHIKY 3
no6pe BUAVMUMY ITIOMiTKaMH.

2. OO6epitp npucTpiil, AKMM BU OymeTe BUKOHYBATU Bifje03MIOMKY. 3’ACyiiTe SKIiCTb 00’€KTMBa, 1100 Hamai
BpaxyBaTy MOXK/IMBI CIIOTBOpeHH:. Bukopucraiite CTAHZApTHY YacTOTY 31l0MKM Bifgeo (25-30 kajpiB Ha

CEeKYHY).
3. YcTaHOBITH NPUCTPIiT TAK, I[0O YCTAaHOBKA IIOTPAIUI/IA Y Kafip i B IIpoljeci 31I0MKM IIPUCTPill He pyXaBcsl.
4. PosnouHiTh 3anuc Bigeo. Bigkpuitte 3aTrckay Ha Tpy61i. [TepiogyyHo BAapsA0YM MOTOTOYKOM II0 KAaMepTO-
HY, O4YeKaiiTeCsi MOMEHTY, KOMIU I'y4YHICTb 3BYKY HOCATHE MaKCUMYMY i IIOYHe 3MeHIIyBaTucs. 3pobiTh 1ie

JleKi/ibKa 3amiciB, o6 MoXKHa 0y/10 BOpaTy HaiKpaiuii Bapiat. SKIo MO>XIMBOCTI 3AiliCHUTY Bifeo3a-
IIJC HEMAE, 3aBaHTa)XTe TOTOBE BifleO 3 peCypcy.

Yacmuna 2. Onpaytoanus 6ioeo

5. 3aBaHTaxTe Biffeo y mporpamy Tracker. I/ 1iporo ckopucrarTecs KHONKow Open y BEpXHbOMY MEHIO ITPO-
IpaMI.

':‘f‘ Tracker

File Edit Video Track Coordinate Sys

(Z|H = 8w L

v |0—pen avideo or tracker file in anewtab|

Takox MOXKHa «IIepeTATHyTV» (aiiI 3aIyCy Y BiKHO IIporpamy abo 3aBaHTXXNUTH itoro yepes MeHio File >
Import > Video. fIkimo mporpama He 3MOITIa 3aBaHTXWUTH Bifieo, He0OXifHO ibpaTy iHIIMIT Jioro popmart
3a JIOIIOMOT'OX0 pefaKTOPiB Bifieo.

6. BuKOpMCTOBYIOUM KHOIIKM KEpPyBaHHA B HVDKHIJ YaCTVHI BiKHA 3 Bifleo, IepEITIAHbTE 3aIIVC.

7. 3yNMHITH 3aIUC Bileo Ha MOMEHTi Hait6iIbIIIOTO ITOKa3y IIyMoMipa.

o | -

8. O6bepitp y BepxHiit cTpiuni kHonky Show, hide or create calibration tools| *!” ta B Menio — New > Calibration
Stick. IIporpama 3ampomnonye, yrpumytoun kiasimry Shift, o6patu Ha 306pakeHHi Iepiy Ta Jpyry Tod-
Ky JyId OBVMHUYHOTrO Binpiska. Ha Bifeo 3’aBurbcs Binpisok. Y nudposomy nomi Haj BigpiskoM HeoOXigHO
BBECTI 3HAUYEHH: 10TO NOBXMHYU B MeTpuyHil cucteMi. Kinui Bigpiska MoXkKHa BiIbHO IepecyBaTy «Iiepe-

+4n |
(LIRS

TATYBaHHAM» 110 300paxeHH!0. Ille pa3 06epith kHonKy Show, hide or create calibration tools . Opu-

HIYHWIT Biffpi30K 3HMKHe, ajle IporpaMa 3aram sATa€e 0ro MOJI0XKeHH: Ta JOBXUHY (puc. 2).


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/zvuk/zvuk.wmv

10.
11.

12.

13.

& Toder
Fle Edit Video Track Coordinaie System View Help

JlabopaTopHa po6oTa N2 16
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Puc. 2. Buenso gikHa npoepamu Tracker nicsis 8CmaHoe/ieHHA 00UHUYHO20 8i0pi3Ka

[l BUMipIOBaHHA TOBXXJHY NOBITPSAHOTO CTOBIA Y BEPXHbOMY MeHI0 Iporpamu obepits Track > New >
Measuring Tools > Tape Measure. Ha expaHni 3’41BuTbcs jBOHanpaBieHui1 Bigpisok. CyMicTiTh meperaraH-

HAM KiHIJi IIbOTO Bifjpi3Ka 3 KpaeM MipHOTO IMIiH/pa i 3pi3OM BOIM Y HbOMY.

Yucnose 3HaYeHHA Bi[CTaHi X 3alIMIIITh 10O TabIUIIi.

IToBTOpiTh NIONIEpENHi Ail /I IHINNX 3aMMCIB.

PospaxyiiTe cepeiHe 3Ha4eHHA NOBXXWHM ITOBITPAHOTO CTOBIIA i 33 IIVIM 3HAYE€HHAM — JOBXMHY 3BYKOBOI

Yacmuna 3. Ananis oanux

XBIIi 3a BupaszoM (2). Pospaxyiite 3HaUeHHs IBUJKOCTI 3BYKY 3a BUpa3oM (3).

3po06iTh BICHOBOK CTOCOBHO pe3y/IbTaTiB eKCIIePUMEHTIB.

Tabnuus pesynomamie

Ne HoBxxuHa
MIOBITPAHOTO
CTOBIIA,

x (m)

CepeuHe 3HAYCHHA
JOBXXVHU
HOBiTpHHOI‘O CTOBIIa,

X (M)

HoBxuHa
3BYKOBOI
XBUII,

A (m)

IIIBuAKicTD
3BYKY,
v (m/c)
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134 ®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

JlaopaTopHa po6orta Ne 17.

BuBYeHHA ABHUIIIA MeXaHi4YHOoro PE€30HaAHCY

Mema po6omu: no6yayBaTu rpadiyHy 3a/JeXHICTh aMIDIITyAM KOMMBaHb Kpalo IIOCKOI MeTajIeBoi IIac-
TUHY Bifi YaCTOTY BUMYLIYBaAbHOI CVUJIN, BUSHAYUTY PE30HAHCHY YaCTOTY i IOPIBHATH 1i 3 BIACHOI YaCTOTOIO

KOJIMBAaHb IVTACTUHMN.

3asoanns pobomu:

1. CrBoputy Bifeosamucu 10 eKCIepuMMEHTIB i3 3aKpilieHOw mocepenyHi B My(dTi IITaTyMBa CTANIeBOIO
IJTAaCTUHOIO (JTiHINKOI0) 32 Pi3HOTO PO3MillleHHs BaHTa)XiB Ha IJIACTHHI.

2. BM3HA4MTM 4acCTOTY KONMMBAHb IPABOTO KiHIA IJIACTMHY JII1 KOXKHOTO BUIIAJIKY i aMIIIITY/ly KONMBaHb
JNiBOTO KiHIIA IUTACTVHY, BUKOPUCTOBYIOUN IIPOTPaMHe 3abe3NeueHH s /I BineoaHarisy.

3. IlobynyBatu rpadiuHy 3a/me)KHICTh aMIUTITyAM KONMVMBAHb Biff 4aCTOTH.

BusHaunTy B/racHy 4acTOTY KOJMBAHb JIiBOTO KiHIA IJIACTUHY i MOPIBHATH ii 3 P€30HAHCHOIO YaCTOI0

KOJIMBaHb IIPaBOTO KiHIA.

O6nadnannsa: WTaTUB i3 My(TOI0, CTajIeBa IUIACTIHA (CTajleBa JIiHiliKa), TiHiliKa, HeogyuMoBi MarHiTH, [1K,

1udposuit poroanmapar abo Bieokamepa.

IIpozpamne 3abesneuenns: Tracker (http://physlets.org/tracker/), Excel.

3azanvni gioomocmi

 Tacker
Fle Edit Video Track Coordinate System View Help

S EH SR E YL K = B Qs [ 2 05 (N4 AA[ZL A4 A

wnfoos Flw » @

nnnnnn o |

Puc. 1. 3o8HiwHiti 8u2nis0 8ikHa npoepamu Tracker

KonmsanHs, AKi 37ilicHIOE MaTepia/ZibHa TOYKa, AKILO HAa Hei, KpiM IPY>KHOI CU/IM i CUJT OLIOPY, /i€ JOIATKO-
Ba 30BHILIHA IepioANYHA CVJIA, HA3WBAIOTHCA 3MylIeHyMu. [Ipukmtagom Moxxe OyTy KONMMBAaHHSA OJHOTO KiHIA
CTajIeBOI IUTACTVHM, 3aKPillJIeHOI II0CepeaVHi, ITiji BIUIMBOM IIOIITOBXiB 3 60Ky iHIIOro KiHng (puc. 1). 3miHHa
30BHIILIHA CIJIA, KA IPUKIJIeHa IO CUCTEMM 1 3yMOBJIIOE 3MYILI€HI MEXaHiYHi KONIMBaHH, Ha3MBAETbCs BUMY-
IIyBaJIbHOIO CHJIOM0. PyX i€l cucTeMy € JOCUTD CKITaHUM i OIMCYEThCs AydepeHIiaTbHUM PiBHAHHAM ApY-
roro nopsaxy. Hacmifgkamy posB’s3Ky 1[bOr0 piBHSHHS € iCHYBaHHS II€BHOTO YaCy BCTAHOBJICHHS 3MYIIEHUX
KO/MBaHb, AKi OYAyTh BifOyBaTICA 3 YaCTOTOI BUMYINYBATbHOI CH/IM. AMIUIITYA 3MyLIEHUX KOJMMBaHb Ma€E
MaKCUMYM 32 UUK/IIYHOI YaCTOTY BUMYIIYBA/JIbHOI CU/IN W, KA 3a[JOBOJIbHAE CIiBBiJHOILIEHHS:

o = Jm_§—2ﬂ=>
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fie w, - UMKIiYHa YacTOTa BiMbHUX KONMMBAHb CuCTeMM;  — KOedillieHT, 1[0 XapaKTepusye CUIM OMOPy y
CUCTeMI.

3pOCTaHHA aMIUTITyAM 3MYIIEHNX KOMMBAHb TPV HAOMVDKEHH] IIVK/TIYHOI 4aCTOTY BUMYIIYBAIbHOI CU/IN 1O
LIMK/IiYHOI YaCTOTY BI/IBHMX KOJMBaHb CUCTEMI Ha3MBAETbCA ABUILEM MEXaHIYHOTO Pe3OHAHCY. BigmoBigHO
JacTOTa w Ha3MBAETHCA Pe30HAHCHOIO YaCTOTOIO, a Ipadiky 3a/1eXKHOCTI aMIUTITY/iV KONMBAHb Biff YacTOTH, Ha-
BeJleHi Ha puC. 2, — pe30HAHCHUMU KPUBVIMIL.

Al

0 Wy Q
Puc. 2. Pe30HaHcCHI Kpusi

SIK mocmimKyBaHa cucTeMa B poOOTi BUKOPUCTOBYEThCS CTajleBa IUIACTIHA, 3aTYCHYTa B MyQTi LITaTKBA.
Y Micui kpirteHHS IWIACTMHU My(dTa Ma€e TYMOBY IIPOK/IJKY, L0 CIPOIIYe Mepefady IOIITOBXIB Bifj OZHOTO
Kpalo IVIaCTVHM [0 iHmoro. [libpaBuy MoMo>KeHHs IIACTUHY, 32 AKOTO YiTKO CIOCTEpiraeTbCs sABMIIE pe3o-
HAHCY MiX ii Kpasgmu, IacTuHy GikcyoTb. [lo 1iBoro (FocmipKyBaHoro) Kpa IpUeRHYOTb HEOSMMOBIT Mar-
HIT, mprbaM3HO nocepenyHi mwiactuuu. OTKe, 4aCTOTa KONMBAHD JIiBOTO KParo 3MiHIOEThCs. [0 TpaBoro Kparo
IUIACTVHM, KWL Oy/ie BUKOPUCTOBYBATVICA SIK 30yIHUK KOMMBAaHb, TeX IIPUENHYIOTh TaKuii camuii MarHiT. ITe-
peMillyoun MarHiT Ha NpaBoMy Kpal IUVIaCTVHY 1 IPUBOAAYM JIOTO 1I0pasy B KONMBAHHA, MOXKHA 3MiHIOBATH
4acTOTy BUMYLIYBa/IbHOI cuyy. CriocTepeKeHH: 3a TOBEIiHKOIO JIiIBOr0 Kpao Ja€ 3MOry BUSHAUYNUTH IIOJIOXKEH-
Hs Mar"iTy Ha IIpaBOMY Kpal, 3a IKOTO HaCTaHe PE30OHAHC CUCTEMI.

[l mpoBeneHHs CIOCTepeXeHb HEOOXiTHO MaTy MOXK/IVMBICTb BMMIpIOBAaTV 4acTOTY KO/IMBaHb IIPaBOTO
KPalo IUTACTYHY i aMIITITyy KOMMBAHb JIiBOTO Kpao. JI711 I1bOT0 BUKOPVCTOBYIOTHCA MOXK/IMBOCTI IIPOrPaMHO-
ro 3abe3neyeHH JyId aHali3y Bifeosdanucis. I1ix yac cTBOpeHHs Bifile03aInciB TaKOXX pOOUTHCS OJVH 3aIIIC, ¥
AKOMY HPUMYITYIOTb KOMMBATUCA JiBUI Kpaif /71 BUSHAYEHHS B/IACHOI YaCTOTM KOMMBaHb w,. [To6ynyBaBum
B MaTeMaTn4yHMX Tabmmiax Excel rpagiuny 3anexxHicTb A(w), MOXHA BUSHAYUTHU €KCIIEPUMEHTAIbHE 3HAYeHHS
PE30HAHCHOI YaCTOTH i MOPIBHATY JIOTO 3 BIACHOIO YaCTOI0 KOJIMBAaHb JIIBOTO KPalo ITACTUHI.

Xio po6omu
Yacmuna 1. Ompumanns éideozanucy

1. YcraHOBITB Ha CTOM WITATUB i3 My TOI0. BUroTOBTE HEBENMMKY ryMOBY POKIafKy. [lomicTiTh y MydTy cTane-
BY IUIACTVHY T4, lepeMilyoun ii, 3’scyiiTe IION0XKeHHs, 3a AKOT0 CIIOCTePiraEThCs Pe30HAHC IIPpY KOIMBaHH 1
KpaiB. [IpuTHCHITD 3aTVCKaYeM IUIACTUHY i 3 AICKpaBOro MaTepiany (cTikepa) 3po0iThb Ba MaJIeHbKIX MapKepu
Ha 1i Kpasx. 3aKpiliTh y IIOMMHI 3710MKM 617151 IPaBOTo Kpalo JIiHINKY 3 JOOpe MOMITHYMY ITOJiNIKaMIA.

2. YCTaHOBITh HEOAVMOBI MATHITH: NMEPIINI — MOCEPEVHI JiBOTO KpPalo IUIACTUHY, a JPYIUIl — HA IIPAaBOMY
Kpai 61Kde 0 TOYKM KPilIeHHS.

3. OG6epitp npucTpiil, AKMM BU OymeTe BUKOHYBAT! Bifje03MIOMKY. 3’scCyiiTe AKIiCTb 00’ €KTVBA, 100 Hamai
BpaxyBaTyl MOXK/IMBIi CIIOTBOpeHH:A. BukopucTaiiTe migBuineny 4acToTy 3itoMku Bifieo (500-1000 xazpis Ha

CEeKYHJY).

4. YcTaHOBITH NPUCTPIlL TaK, 06 YCTAaHOBKA ITOBHICTIO NOTPAIUIA/IA B Kaip i B IpoLieci 3110MKM IIPUCTPiil He
pyxaBcs.

5. Po3mouHiTh 3amuc Bigeo.
6. BipxwiitTh nmpaBmit Kpail IVIAaCTHHM {0 Hanlepesl 0OpaHoi TOYKY Ha JIiHiiL i BigITycTiTh itoro.

7. 3po0iTh pelTy 3amucis, epecyBaloydy MarHiT B3[JOBX IIPaBOro Kpaw i mopasy Bifxmisoun itoro Ha (ik-
COBaHY BifICTaHb.
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10.

11.
12.

13

14.

15.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

3po6iTh Bifeosanuc KoNMBaHb, BITXMIMBIIN i BiJIIyCTUBILY /TiBUI Kpail I/IACTUHIL.

SAKI0 MOXXIMBOCTI 3[IiICHUTH Bifle03aIyC HEMAE, 3aBaHTa)XXKTe TOTOBE Bifleo 3 pecypcy.

Yacmuna 2. Onpautoéanus ioeo

3aBaHTaXxTe Iepiue Bifeo y mporpamy Tracker. [Iya mporo ckopucraiitecs KHOIKOI0 Open y BepXHbOMY
MEHIO ITPOTPaMIL.

(3 Tracker
File Edit Video Track Coordinate Sys
EH| & B v

v |Dpen avideo or tracker file in anewtab|

Tako>k MOXKHa «IIepeTATHYTV» (aiiyl 3aluCy y BikHO ITporpamu abo 3aBaHTaXUTH Jioro yepe3 MeHio File >
Import > Video. SIkujo mporpama He 3MOI/Ia 3aBaHTXKUTH Bifieo, HeoOXifHO #ibpaTy iHIMII jtoro ¢popmar
3a JIOIIOMOTOI0 PEaKTOPiB Bifjeo.

BuxopucroByoo4n KHOIIKM KePYBaHHSA B HVDKHII 4aCTMHI BiKHa 3 Bifle0, IIepernAHbTe 3aIluC.

SIK110 00’ €KTYUB IPUCTPOIO [Is1 31IOMKH JIa€ CIIOTBOPEHHSI 300paskeHHsI, BUKOPUCTaliTe BijoBifHMIT GinbTp
Bifeo.

Video | Track Coordinate System View Help

Replace... late == B | O 112%
Close

Go to... Clil-G

Paste Image »
™ Visible
¥ Play All Steps
¥ Smooth Play {may be slow)

Filters

New » Baseline

Properties... Paste | Brightness
Dark Ghost
Deinterlace
Ghost

Gray Scale
Hegative
Perspective
Radial Distortion

Resize
Rotate
Strobe
Sum

. YcTaHOBITBH HOMep KaJpy, 3 AKOTO Oyfie BifcTexyBaTucs pyx mpasoro Kpawo. Ha KkokHOMY Bifieo BiH Mae Bizi-

HIOBi/JaTV OHAKOBOMY HAJI0i/IbIIOMY BiIXV/IEHHIO. YCTQHOBITbh HOMep KiHIIeBOTO Kapy, 301/IbINMBIIN JIOTO
Ha 500. JliunnpHUK KafpiB PO3TALIOBAHMIA Y CTPiYLli KHOIIOK KEPYBAHHA Y BiKHi BiZle03aIlnCy.

< I

015100%5:« b { =

O6epiTb y BepxHiit cTpiuni kHornky Clip Settings | B . Bunagie BikHO BcTaHOB/IEHHS MeX KafIpiB Bifjeosan-
Cy. 3a3HauTe B HbOMY HOMep IT0YaTKOBOTO Ta KiHI[eBOTO KaIpy, KPOK 3MiHM KafipiB (K10 Kazipis 6araro, To
KPOK JIa€ 3MOTy 3MEHIINTY KiNbKiCTb KaJpiB 11 aHai3y) i 4acTOTy 37I0MKM (32 3aMOBYYBAaHHAM IIporpama
cama obupae el mapameTp i3 BIacTuBOCTel Biffeozanucy). O6epirs Ok.

O6epiTb y BepxHiit cTpiuli kHOnKy Show or hide the coordinate axes [ Ha Bijeosanci 3’aBIATbCA Oci
KooppuHaT. LleHTp cucTeMy KOOpAMHAT IEpPETATHITh Y TOUKY, 110 AKHAJKpalle BiflIoBifaTMMe CUTYyalil.
Hanpukiag, cyMicTiThb ii 3 TOUKOIO KpilyleHHA InacTuHy. IloBepHITh oci koopauHat Ha KyT 90°. IloBTOpHO

06epitp kHonKy Show or hide the coordinate axes . Cucrema KOOpAVHAT 3HUKHE, aJIe ii I0JI0KEHH: IIPO-
rpama 3amam sToBye (puc. 3).


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/rezonans/
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ke - 8 x

fle ot Vdeo Track Coordmate System View Hep

BH Sw|B | Kcreae o B | Qw0 [N G A AL A0 K a-0-N

¥ ~+axes [JGa > orignpiotpostion [1003E3] [543 | anse womorzomai[s6~—| ey se 45 of 24745
P ke -

Ploiow ofrackgata wil appoarnore.

B a

Table iew ofrack data wil appear here

oo Fu > P e

| sezonans

Puc. 3. Buenso eikHa npozpamu Tracker niciis 8CmaHo8/1eHHs NOTOXeHHA cucmemu KoopoOuHam

16. O6epiTb y BepxHili cTpiuni KHonKy Show, hide or create calibration tools @ Ta B MeHI0 - New > Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306pakeHHi mepiny Ta gpyry Tod-
Ky s OOVHMYHOrO Bifpiska. Ha Bifeo 3’siBuTbhCs Bifpisok. Y nudpoBomy nomi Haj BifpiskoM HeoOXifHO
BBEeCTY 3HAUYEHHS JIOr0 JOBXMHM B MeTpUy4Hil cucremi. KiHni Bigpiska Mo>XHa Bi/IbHO IlepecyBaTu «Iepe-

. . . . ol
TAryBaHHAM» 110 300paxenH:0. [lle pas o6epits kHonky Show, hide or create calibration tools | * . On-
HIYHWIT Bifpi30K 3HMKHe, ajle IporpaMa 3aram siTa€e foro MO0XKeHH Ta TOBXKIHY.

17. I BigcTe>XXyBaHHA PyXy IIPaBOTO Kpato 06epiThb y BepXHbOMY MeHI0 KHOIKy Create i y MeHio — Point Mass.

¥ Create == B

Center Of Mass

@y

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model P
Data Track b

Measuring Tools »

Calibration Tools 4

18. ¥V niBomy KyTKY 3’sBuTbCA BikHO Track Control.

19. HarucHits xnaBimy Shift. Kypcop Habyne Burany Hesemkoi pamky. CyMiCTiTb 110 paMKy 3 MapKepoM Ha
IIpaBOMY Kpai i HATVCHITBb /TiBy KHOIIKY MaHinynsaTopa. Ha 306paxxeHHi 3’IBUTbCS MapKep TOYKM i Tporpa-
Ma aBTOMAaTMYHO Ieperifie Ha HaCTYITHUI Kafp.

20. IToBepHiTh 3amuc Ha mepmmii Kafp i 06epiTh y BEpXHbOMY MEHIO (YHKIII0 aBTOTPEKiHTY, HATMCHYBIIN

]| & 200%

KHOIIKY | Show Qr?ﬁde'tile.amokackerL'

G2

-

21. Y po6ouoMy BiKHi 3’ ABUTHCS BIKHO aBTOTPEKiHTY.
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23.

24,

25.

26.
27.
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) Autotracker. mass A position X

| Search Next ‘

Frame 766: No Template

Template: Evolution Rate 20%E| Automark 4E|

Search: [[] X-axis Only Look Ahead

@ Search| || Search This

Target: Track| & massA ‘v| Poin||posmon |v|

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments

| Help H Show Key Frame H Delete H Close |

. Y 11poMy BiKHi 3a3Ha4a€TbCs, MO Oy/e BiCTeXyBaTyCA MaTepiabHa TOUKA, AKY IIO3HAYVJIM HA TIEPIIOMY

Kafpi. [I/11 MofaIbIIoro aBTOMAaTUYHOTO BiICTe)KYBaHH TOUKM HeOOXiTHO BUSHAYMTY K/TIOUOBUII Kafip 3a-
nucy. Hatucnite ogHouacHo xnasinr Ctrl i Shift. Kypcop sMiHuTb cBiit 30BHIlIHIIT BUIIAL Ha KOO 3 Iepe-
XpecTAM. YKaXKiTh MaHIIlyJIATOPOM TOYKY i HATUCHITh /IiBy KHONKY MaHinynaTopa. HaBkono Toukn yepes
HEeBHUII Yac 3’AB/IATHCA KOJIO Ta TyHKTUPHA paMKa. Koo 6yze 0XOIUIoBaTH Tifo, a paMKa BKa3yBaTIMe OKi/T
Ha 300pa)keHHi, B AKOMY IIporpamMa aBTOMaTMYHO IIyKaTyMe 10ro HassBHicTb. Po3Mip kona i pamku MoxcHa
3MiHIOBaTH. Y BiKHi aBTOTpeKiHTy 3 ABUTbCA 30i1blIeHe 300pa’keHHA Ti/la Ha IepLUIOMY Ta HaCTYITHOMY Ka-
Ipi. SIKicTh aBTOTpPEKIHTY 3aIe)KNUTh Bifl TOTO, HACKI/IBKY 3MiHIOBATMMETbCS 300paskeHHs Tilla Ha KOXKHOMY
Kajpi. Y pasi KpUTMYHOI 3MiHM IIporpamMa 3yNIMHUTD BifJICTE)KYBaHHA Tijla i 3alIpOIIOHY€E 3MiHUTH OKiM Bifl-
CTEXXYBaHHA.

OO6epiTb y BikHi aBTOTpeKiHTy KHONKY Search i mouyekaiitecs pesynbrary. SKIo KiNnbKicTb KafjpiB Jyis aHa-
/i3y 3Ha4Ha, Lie HOTpebyBaTIMe IIeBHOTO Jacy. SKIo npu BigcTexxyBaHHi TpanuscA 36iii, BUFAIUTH TIOIe-
pefiHi TOYKM MOXKHa, 06paBiM B I[boMY BikHi KHOIKY Delete. IKkicTb po60T1 aBTOTpeKiHIy BUSHAYAETHCA
6araTbMa yMOBaM, ajie TOJIOBHOIO € KOHTPACTHICTh 300pa)keHH: Tia 100 3ajHboro ¢ony. Ilicna saBep-
IIeHHA poOOTU aBTOTPEKIHTY 3aKpUIiTe JI0TO BiKHO.

Y BikHaxX ITpaBoi YaCTUHM 3’ ABIAThCA Tpadik i TabmMIA, Ha OCHOBI AKMX Bifl0yBaTMMeTbCS aHasIi3 OTpUMa-
HIIX JaHVIX.

IToBTOPiTH NONIEpENHI KPOKY, TOUYMHAIOYM Bifl 18, 11 BificTe>XXyBaHHA KO/MMBaHb JIiBOIO Kpalo IJIACTUHIL.

Yacmuua 3. Ananis 0anux

Y BikHi 3 rpadikoM 00epiTb BKIaAMHKy mass A.

O6epitp y BepxuboMmy MeHio View > Data Tool (Analyze...).

View  Help
¥ Right View
[0 Bottom View

¥ Track Control
[0 Notes

[0 Data Builder (Define...)
[J Data Tool (Analyze...)
= WIN_20180319_16_55_35_ Pro.mp4

. 3’aButhbca HoBe BikHO Data Tool 3 rpadixom i Tabmmuero (puc. 4).
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¥ Data Tool - m| X
File Edit Display Help
mass_A
” Measure ‘ Analyze Data Builder... | Refresh || Help
w10t ’: markers| ]
208 T T T T T T T T T £ lines| [w]
: " ! ! ! ! ! ! ] ; hyid e
: axis _ horiz vert
2.5
Tow i *
208 0 0,000  3,169E-2|~
1 2,000E-3 3,059E-2|=|
15 b 2 4.000E-3] 2.845E-2
R 3 B6.000E-3] 2.54BE-2
10l 4 8,000E-3 2,093E-2
' il 5 1,000E-2 1,435E-2
r 6 1,200E-2 7490E-3
= 0511 . 7 1,400E-2 5,080E-4
8 1.600E-2| -6.108E-3
T 9 1.800E-2| -1.26BE-2
. 10| 2,000E-2] -1,835E-2
05 3 11 22002 -2273E2
12| 2400E-2| -2,509E-2
5B iy 13 2,600E-2| -2,583E-2
i 14 2800E-2[ -2,589E-2
18- 15 3.000E-2[ -2.436E-2
16 3200E-2[ -2,060E-2
a0k 17| 3400E-2] -1,543E-2
i 18| 3,600E-2| -1,009E-2
-28 ] ] 19 3,800E-2] -4348E-3
i : 200 4000E-2[ 2203E-3
] 01 0.2 03 0.4 0{5 0.6 0.7 0.8 0.9 1.0 ; 21 a200e2] 947363 |
: 2 4400E-2]  1.534E-2|F
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fiting. non-editable

Puc.4. Buenao sikHa Data Tool

29. O6epiTh KypcopoM Ieplunii MaKCUMYM i 34nTaiiTe yac y tabmuni npasopyd. O6epitb KypcopoM Makcu-
MyM, IO BificTOiTh Bif nmepuroro Ha 10 konmuBaHb. 3unraiite yac y tabmuui. Pospaxyiire nepion T, pospi-
JIMBIIM iHTepPBa/I Ha Ki/IbKiCTh IOBHMX KOMMBAHb. 3alMIIiTh 3HAUYeHHA [0 Tabmuii. Pospaxyiite nuKmiyny
YacTOTY KOMMBAHb 3a BUPA3OM:

Pesynbrar 3anmuuiits g0 Tabmuii.
30. 3akpuiite BikHO Data Tool.
31. V BikHi rpacdika o6epitp mass B. Binkpuiite BikHo Data Tool.
32. O6epitp Analyze > Statistics.
33. Y Tabnuui 3unTaiiTe MaKCMMasIbHe 3HaYEHHs aMIUTI TV KO/IVBAaHb JIIBOTO Kpaio A i 3anmiuite 1oro 1o Tabmmii.
34. 3aBaHTaXKTe 110 Yep3i iHIIIi BiZe03amCH i IOBTOPITh MOMEPeRHi KPOKN. 3aluIIiTh 3HaYeHHSI 10 TaO/MnII.

35. 3aBaHTa)XTe BiZle03aINC i3 KOMMBAHHAM JIiIBOTO Kpalo i BM3HAYTE YaCTOTY JIOTO KONIMBAHb, KOPUCTYIOUNChH
QITOPUTMOM, 3a3HaueHNM Y II. 8. Pe3ynbrar 3anuiiTs 1o Tabmuii.

36. Y matemaTnyHux Tabmuisax Excel mo6ynyiite rpadik A(w). BusHauTte 3HaueHHA w, 1110 BiANIOBila€ pe30HaH-
CY, Ta IOPIiBHSIITE JIOTO 3 YaCTOTOK W,,.

37. ChopmyioiiTe BUCHOBOK JI0 pOOOTH.

Tabnuys pesynomamie
Ne Ilepion xonuBaHby, Iuxmiyna gactoTa Ammnityga PesonancHa Bnacha wacrora,
KO/IMBaHb KO/MUBaHb YacToTa
T (c) ’ ’ ’ w,(Tu)
w (Iy) A (mm) w (Iu)

10
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Bigeo3agaui 3 MmexaHiku

1. Kynbka piBHOMiIpHO pyXa€eTbcs BCepeMHi BEPTUKATIbHOTO MipHOTO IIM/IiH/Ipa, BCTAHOB/IEHOTO HA PYXOMiii
Kaperni. KapeTka piBHOMipHO TOpM30HTabHO NEPEMIlllyETbCA MEPIEHMKYIAPHO PyXy KylabKu. Buxo-
PUCTOBYIOUM IHCTPYMEHTM IPOTpaMU JI/iA aHa/i3y Bile03amnCy PYXy Tijla, 3alIUIIITh PIBHAHHSA 3a/I€)KHOC-
i x(t), y(t), y(x) y cuctemi BifiKy, OB’ s3aHili 3 HEPYyXOMMM TiZIOM, BCTAHOBJIEHVM Ha TOPM3OHTA/IbHIN
mwomyHi. Bifeosanuc posmilieHo Ha pecypci.

2. Jlerka maacTMKOBa Ky/IbKa BUITAE 3 I€AKOI IIOYATKOBOK IIBUIKICTIO IiJj KyTOM O TOPU3OHTY 3 IIyCKO-
BOT'O NPUCTPOI. BUKOPUCTOBYOUM iHCTPYMEHTI IPOTPAMM JI/IA aHA/Ii3y Bile03aNMUCy PYXY Tijia, BUSHAYTE
paniyc KpMBM3HM TPA€KTOpIi Ky/IbKYM y HalIBUILiil TOYL[i Ta HA TOJIOBMHI MaKCMMAa/IbHOI BUCOTY IiJHATTA.
Bineosamnuc po3milieHo Ha pecypci.

500 fps, 1 =1'm

O e

3. Baxxka MeTazeBa Ky/IbKa, CKOYYIOUMCh 3 IIOXM/IOTO XKO0/100a, BUJTiTa€ B TOPM3OHTAIbBHOMY HAIPSIMKY. Brko-
PUCTOBYIOUM iIHCTPYMEHTY IIPOTrPaMI JI/IA aHAJIi3Y Bifle03aMNCy PYXY Tijla, 3aIMIIITh PIBHAHHA 3a/1€XKHOCTI
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http://physlets.org/tracker/
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4. CyuinbHuil JUCK KOTUTHCS 6e3 MPOKOB3yBaHHSA FOPM3OHTA/IBHOIO IUIOLIMHOW0. BUKOpUCTOBYIOUN iHCTPY-
MEHTH IPOrpaMM JiId aHaji3y Bifle03alMCcy PYXy Tija, BUSHAYTE Pafiiyc KPUBU3HU TPAEKTOPIi YOPHOI I10-
3HAYKM HA JUCKY B HaMIBMILIi TOYLi Ta Ii IPUCKOPEeHH: B el MOMeHT. Bifeosamnuc posmilieHo Ha pecypci.

®

5. KOTYHIKY 3 HAMOTAHOI0 Ha Hel HUTKOIO TATHYTDb 3a Bi/IbHUM KiHeI_Ib HUTKNU Hi}l KyTOM 10 TOPU3OHTY. Buko-

PMCTOBYIOUM IHCTPYMEHTM IPOTPaMI I aHaJi3y Bile03alUCy PYXY Tijla, BM3HAYTE BiJHOIIEHHA 30BHIII-
HBOTO Ta BHYTPIIIHBOTO Pajiiyca KOTYHIKM. Bifeosamuc posmimieHo Ha pecypci.

1.1'.1 ] 1‘1.12‘|0‘|‘|.L|‘| it 13!0|‘|‘|.1.l.n e ﬂlql.l‘l‘l‘

6. Jlerko pyxommii Bi3oK Macor 200 T IPMBOAUTLCS B PyX HEPO3TSHKHOK HUTKOIO, IEPEKMHYTOI0 Yepes OJI0K,
3aKpillZIeHNI1 Ha fleAKiit BucorTi. JJo Ipyroro KiHIg HUTKYM OPUENHAHO BaHTaXX Macomw 20 I. BukopucroBy-
104M iHCTPyMEHTM IIPOrpaMU [JId aHAJIi3y Bie03alUCy PYXy Tija, BM3HAa4YTe MPUCKOPEHH: PYXy Bi3Ka B
MOMEHT, KO/II IPUCKOPEHHS PyXy BaHTaXy 6yze mopisHoBaTu 0. Bigeosanuc posmilieHo Ha pecypci.

S
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7. 'Tino KoB3ae 3 NPUCKOPEHHAM ITOXW/IO IIOUIHOK. BUKOPUCTOBYIOUM iHCTPYMEHTY IPOrPaMy JIJIA aHaJIi-
3y BiJle03amucy pyxy Tila, Bu3HauTe KoedillieHT cyXoro TepTs KOB3aHHA /I KOKHOTO BUIIAfIKY. Bifeosa-
IICU PO3MillleHi Ha pecypci.

500 fps

8. JIBa TiNa IOB’A3aHi HEPO3TAKHOI HUTKOI, IEPEKMHYTOK depe3 Omoku. Ha mouarky cucrema mnepebysae
y criokoi. [lpyre Tino — €MHICTb i3 mickoM, y fAKilt 3po6meHo oTBip. Y mesAKkuii MOMEHT 4acy piBHOBara Io-
PYLIYETDCA, i cucTeMa IpUXoauTh y pyXx. Maca nepmroro Tina — 60 r. BUKOpUCTOBYI049M iHCTPYMEHTH IPO-
Ipamy JUIA aHaji3y Bile03alucy PyxXy Tija, 3alMLIiTh PIBHAHHA PyXy Ti/la 3i 3MiHHOIO Macoo. Bifeosamuc
PO3MillleHO Ha pecypci.

£

9. Ha oceppi Tpancdopmaropa ToMcoHa BCTaHOBJIEHO KiJblie 3 amoMiHito. IIpy BMUKaHHI cTpyMy BOHO Hif-
cTpubye Ha fiesKy Bucoty. Komu kinblje 3minnmm Ha MifgHe, BucoTa cTpubka smiHmnacs. Bukopucrosyoun
IHCTpYMEHTM IPOTrpaMM /I aHa/Ii3y Bile03anuCy PYXY Tijla, BU3HAUTE BiJHOIIEHHA MacC MifIHOTO I a/lIroMi-
HI€EBOTO Kijellb. Bifieo3amnuc posMillieHo Ha pecypci.

sl
= |
-

I ar
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10. Jlerko pyxoMmii Bi3ok Macor 130 I IpMBOAUTBHCA B PyX HEPO3TSHKHMMY HUTKAMU, IEPEKUHYTUMUI Yepes
6710k, 3aKpirieHi Ha JiesKkiit BucoTi. J[Jo Apyroro KiHIisl HUTKY NPMERHAHO BaHTaXi Maco 1o 50 r. Buxo-
PMCTOBYIOUM IHCTPYMEHTH IIPOrPAMMU [I/IA aHAJTi3Y Bile03anmuc XY Ti/la, 3aIMIIITh PIBHAHHA PYXY Bi3Ka.
Bimeosanuc posMileHo Ha pecypci.

11. OgHOpifHNIT CTPUIKEHB, 110 IepebyBae y BepTUKaIbHOMY II0JIOKEHHI, Tafla€ Ha TOPU30HTA/IbHY IIOBEPXHIO
TaK, 110 TOYKA J10r0 OIIOpY He 3MillyeTbCs. BUKOpUCTOBYIOUM IHCTPYMEHTH IPOTrpaMy /I AaHAMi3y Bifteo-
3aIUCY PYXY Tijla, 3aNMIIITh PiBHAHHA PYXY KiHIA CTPYOKHA. Bieosanuc posMilieHo Ha pecypci.

12. JIaHII0KOK, YTBOPEHUI 3’ €HAHNMM MeTa/IeBUMY KyIbKaMy, PO3TAallIOBAHMII Ha TOPU3OHTA/IbHII OBEpPX-
Hi. OfuH 3 J10T0 KiHIIiB BEPTUKA/IbHO 3BMCAE 3 Kpalo NOoBepxHi. [I1aBHO pyxawouy BepTUKaNIbHUII KiHellb,
HaMararmTbCA JOCATHYTH CTaHY CAMOCTITHOTO PyXy JJaHIIOXKKA. BUKOPMCTOBYI04YM iHCTPYMEHTH IIPOrpaMut
[JI4 aHa/Ii3y Bifle03amuCcy pyxy Tija, 3alMILITh piBHAHHA PyXy F'OPU3OHTA/IbHOL JIAHKY JIAHIIOXKKA Ta BU-
3Ha4Te Koe(illieHT TepTs JaHII0KKa 00 OBepXHI0. Bifeosarnc posmiieHo Ha pecypci.
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13. BUKOpKCTOBYIO4M iHCTPYMEHTM IpPOrpaMy [J/IA AHAJi3y Bile03alUCy PYXy Tijla, JOCIMITb 3a7eKHiCTh
UIBMIKOCTI XBIIi IOMiHO, 1110 ITa[Jal0Th, Bif BificTaHi MK HMMU. Bifeosamnuc posMileHo Ha pecypci.

500 fps s = 0,02 m

14. MeTajieBuii TaHII0OXOK, YTBOPEHMI 3’€[JHAHNMI Ky/IbKaMI, 9aCTKOBO IepeOyBae y CK/IAHI. Butaratoun ki-
Hellb JIAHII0)KKA, HAMAraloTbCsA TOCATHYTH JIOTO BiIbHOTO BUJIbOTY 3i CKIAHKM. BUKOpucTOBYI0OYNM iHCTpPY-
MEHTV IPOrpPaMM IS aHaJIi3y Bifle03aluCy PYXY Tila, AOCHIAITh GUHAMIKY PyXy JOr0 HalBMUIOI TOYKMU.
Bimeosamnyc posmileHo Ha pecypci.
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JlabopaTopHa po6oTta Ne 18.
JocnigxeHHs] 6pOYHiIBCbKOI0 pyxXy

Mema po6omu: oTpUMaTy TPAEKTOPII pyXy OPOYHIBCBKUX YaCTMHOK i 3’CYBaTy XapaKTep 3aKOHY, 1[0 OIIN-
Cye IXHil1 pyX.

3asoanns pobomu:

1. BuroToButy MiKpompenapat Jijis CIIOCTepeXXeHHs OpPOYHIBCbKOTO PYXY.
2. CTBOpUTH Bifie03amycy eKCIIepPUMEHTIB i3 MiKpoIlpenapaTrom.

3. BukopucroByroun nporpaMmHe 3abe3nedeHHs /I BifleoaHali3y, OTpUMATI TPAEKTOPIi pyXy KiNnbKox 6po-
YHIBCbKMX YaCTUHOK.

4. Ilepepipntu 3aKkoH EitHinTeitHa — CMOTYyXOBCBKOTO IS PyXy OpOYHIBCBKIX YaCTMHOK.

O6naonanus: 6ionoriunmit Mikpockor 3 06’ektrBoM 40*-60%, undposa kamepa i1 MiKpOCKOIIa, IIpeaMeT-
Hi CKe/blisA, TOKPUBHI CKenblis, kamepa [opsieBa abo iHIIa mpo3opa LIKana [ KaaiopyBaHHs, MiNeTKa, Uc-
TUIbOBaHA BOJA, MOJIOKO 3BIMYAITHOI XXMPHOCTI, Ipobipku, MipHa cKIgHKa, [TK.

IIpozpamne 3a6e3neuenns: miniSee (http://minisee.software.informer.com/1.1/), Tracker (http://physlets.
org/tracker/), Excel.

3azanvni eioomocmi

 Tacker
Fle Edit Video Track C

SHs» 8

#Ques s [N\ RA| L&A A s-n3c
e——
e =

Plotuiew o ack data il appsar o

@l
v

Tatte iew o rackcata il sppesrere

0.085 mm

Puc. 1. 3oeHiwHili 8uensao sikHa npoepamu Tracker

OpHuM i3 migTBep/KeHDb iCHYBaHHA TEIVIOBOTO XaOTUYHOTO PYyXY MOJIEKYII PEYOBMHY € OPOYHIBCHKMIL PYX.
Bin 6yB Bigkputnit y 1927 poui anriiiicekum 6oraHikom Pob6eprom bpoyHoM npu crioctepesxeHHi 3a JOIOMO-
rOI0 MiKpPOCKOIIA 3aBUC/IMX CIOp IJIayHa. bpoyHiBChbKUIT pyX — Ije HEBIOPAKOBAHUI PyX OKPEMUX 3aBMUCINX
qacTHOK. Vloro MOXHA CrOCTepiraTy, HapUKIA y flesikili cycrensii. O6rpyHTOBaHe MOsACHEHHS GPOYHiB-
cbKoro pyxy mamu Anbbept EitHinreitn (1879-1955) i Mapian Cmonyxoscbkuii (1872-1917) Ha ocHOBi Morte-
KY/IAApPHO-KiHETMYHOI T€OPiI.

3a 1i€r0 Teopi€ro, MOJIEKy/IN ra3y abo pinnHM NepebyBalOTh y MOCTITHOMY XaOTUYHOMY (TEITIOBOMY) Pyci,
IIPUYOMY HIBUIKOCTi OKPEMMX MOJIEKY/I BiIPiSHAIOTHCA AK 32 BEIMYMHOI, TaK i 3a HAIPAMKOM. bpoyHiBcbKmii
PYX BUKIMKAIOTh IIOIITOBXY IIPY 3iTKHEHHI MOJIEKY/ PifMHN i3 3aBUC/IOK YacTUHKOX. Hanpamok i Benmnynna
PiBHOAIIHOI CYIM yAapiB MOJIEKY/I 3MiHIOIOTBCA 3 BE/IMKOIO YaCTOTOIO, BHACTIZOK YOTO BifOyBaeThCs 3MiHa Ha-
IPAMKY PyXy OpOyHiBCbKOI YacTVHKM. BiffHOCHO BeMKi YaCTVHKM IifT €10 ITOITOBXiB HA0YBAIOTh HEBEIVIKIIX
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IPUCKOPEHb, TOMY IXHA IIBUKICTh IPAaKTUYHO HE 3MiHIOETDCA, 1 YaCTMHKA IMIIAETbCA HEPYXoMom. BHacmifok
IIbOTO BJJAETHCS CIIOCTEPIraTyt O6pOYHIBCHKMII PYX /MILE JOCUTD APiOHIX YaCTHMHOK.

Hespakaroun Ha BUITQJIKOBMII XapaKTep BEIMYMHM i HAPAMKY CIIM, IIO Ai€ HAa OPOYHIBCHKY YaCTUHKY,
XaOTUYHUI OpOYHIBCHKWIL PYX IiIATa€ NEeBHIl 3aKOHOMipPHOCTI, IO BMpaXKaeTbcA 3akoHOM ElfHIITelHa: ce-
pefiHE 3HAUeHH: KBafIpaTy 3MillleHHA OpOYHIBCbKOI YaCTVHKM IIPOIIOPIIifiHe YacoBi, 3a AKMII BifOyBaeTbCA Lie
3MilljeHH:. 3ara/JIbHIIL BUIVIAL BUPa3y AL L[bOTO 3aKOHY /11 OpPOYHIBCHKOTO PyXy B IUIOIIMHI TaKWil:

[r*] = 4Dt

ne [1*] - cepenne snauenns kBampary smimenns yacTuHKY 3a iHTepBan yacy t; D — koedirienT nudysii, sxuit
3aJIOKNTH BiJ MapaMeTpiB pigyHM Ta 6pOYHIBCHKOI YacTMHKM. Y 3a3HaueHill poOOTi 3a OIIOMOroI0 IIporpaMm-
HOTO 3a0e3IIe4eHHs /1A Bile0aHasIi3y IPONOHYETbCS NOOYAYBATY TPAEKTOPII PyXy KiTbKOX OpOYHIBCHKMX 4ac-
TMHOK Ta OTPMMATH B MaTEeMAaTHYHMX TAaOMMIAX 3aIKHICTh MXK cepefjHiM 3Ha4YeHHAM KBaJpary 3MilljeHHA Ta
IHTepBaJIOM 4Yacy.

Xio po6omu
Yacmuna 1. Ompumanns éioeozanucy

1. YcraHoBiTh Ha cTOi GiomOriyHMITI MIKPOCKOI i IpueRHANTe f0 Hboro 1ndpoBy Kamepy. ObepiTh 06’ €KTUB
KpaTHicTio 40*-60*.

2. Iiprotyitte mikponpemnapat. i nporo y mpo6ipii sminraiire AMCTUILOBAHY BOLY 3 MOTIOKOM B 00’ €MHI
nponopuii 1:10. JKupHicte Monoka mae 6yt He MeH1e 3,2%. MajleHbKy KpalUIMHY CYCIIeHsil MileTKow
HaHEeCITh Ha MpeJMeTHe CKJIO JI aKypaTHO HaKpMiiTe IPeMEeTHUM CKJIOM. BUTOTOBTe 1e [eKibKa MiKpo-
IIpemaparis, 3HIDKYIOUM KOHI[EHTpallifo Motoka 1o 1:15; 1:20. i mikponpenapaTy Heo6xifiHi 14 Toro, mo6
IiIbHICTD KMPOBUX KY/IbOK, 3a IKMMU BU OyfeTe crioctepiraty, 6yia JOCTaTHBOIO IJIsl YTBOPEHH: Opoy-
HiBcbKOTO pyxy. [Jobip Hailkpaoro Mikpolipenapary 3AiliCHIOETbCS eKCIePUMEHTaIbHUM LIUIAX0oM. Mi-
KpoIlperapary MaloTh BIACTUBICTb BUCKUXATY, TOMY iX 6a)KaHO TPUMATV B TepMETUYHII IIOCY/UHI.

3. IlomicTiTh MiKpoIpenapaT Ha IpegMETHUII CTOMMK MiKPOCKOIIA i BBIMKHITh OCBIT/IEHHA. 3allyCTiTh IIpO-
rpaMHe 3abe3IedeHHs KaMepy MiKpocokoma. MiKpoMeTpMYHMMY TBUHTAMMU JOCATHITD YiTKOTO 300pakeH-
HA Ky/IbOK >XMpy Ha ekpaHi I1K.

4. CnouaTKy OTpi6HO 3BEpPHYTH yBary Ha Te, 1100 KY/IbKM PyXa/MCs B MO 30pY, PifKO CTUKAIOUMCh MiX CO-
6010. [I)141 I1bOTO BUKOPMCTOBYIOTD iHIII Mikponpemnapatn. [laji Heo6XifHO JOCATHYTM ONITMMA/IbHOI OCBiT/Ie-
HOCTi Ta KOHTPACTHOCTi 300pa)KeHHs, peryooun jiagparMy ocBiTIOBava i ACKpaBiCTh JTAMIIN MiJICBITKIL.

5. Ilpu BHeceHHI Mikpollpernapara y 1oje 30py MiKpOCKOIIa BUHUKAIOTb CIIOHTaHHI IOTOKM PiflyIHY, 1O CIIO-
CTepira€Tbcsl B HAIIPaB/ICHOMY PYCi OpOYHIBCbKMX YacTUMHOK. Ilepes moyaTkoM 3ammcy HeoOXiJHO BUTPU-
MarTy IIpemapar, TOKM PyX YaCTMHOK He Bij0yBaTMMeThCs Y BCiX HaNpAMKAX 3 OHAKOBOIO iMOBipHICTIO.

6. PosmouniTh 3anmuc Bifeo.

7. SIK10 MOXX/IMBOCTI 3[iJICHUTU Bifle03alninc HeMa€, 3aBaHTa)KTe TOTOBE BifleO 3 Pecypcy.

Yacmuna 2. Onpautoéanus ioeo

8. 3aBaHTaxTe mepuie Bigeo y mporpamy Tracker. lns mporo ckopucraiitecss kHonkow Open y BepXHbOMY
MEHIO ITPOTPaMI.

I.PE":‘ Tracker
File Edit Video Track Coordinate Sys
EH| & B v

v |0-pen avideo or tracker file in anewtab|

Tako)X MOXXHa «IIepeTATHyTI» (ajill 3aIycy y BiKHO Iporpamu abo 3aBaHTXNUTH itoro 4epes meHio File >
Import > Video. fIkujo mporpama He 3MOI/Ia 3aBaHTKUTY Bifieo, HeoOXifHO #ibpaTy iHIMII jtoro ¢popmar
3a JIOIIOMOTOI0 PElaKTOpiB Bifeo.


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/broun/
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9. BuKopucToByHOUM KHOIIKM KE€PYBAaHHSA B HIDKHII 4acTMHI BiKHA 3 Bifleo, eper/AHbTE 3amuc. Bupimite Ti
YaCTUHKMY, AKi 3HiJICHIOIOTb XaOTMYHUI PyX i He CUJIBHO 3MIiHIOIOTDH CBill 30BHILIHIN BUITIAL Ha IIEBHOMY
inTepBai Bigeo. YacTuHKM, AKi 6epyTh y4acTb y HAIIPABI€HOMY PYCi, /I JOCTiIKEHHS HeNIPUAATHI.

10. SIKmo 06’€KTUB IPUCTPOIO /I 3/IOMKM A€ CIIOTBOPEHHs 300pa)KeHHs, BUKOPUCTANTE BiJIIOBiAHMI
¢dinbTp Bifeo.

Video | Track Coordinate System View Help

Replace...

fate o B | (L 112%
Close

Go to... cirl-G

Paste Image 3

¥ Visible
¥ Play All Steps
¥ Smooth Play (may be slow)

Filters

} New P Baseline

Properties... paste | Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion

Resize
Rotate
Strobe
Sum

11. YcTaHOBITH HOMEp Kajpy, 3 AKOTO Oyfie BiICTEXyBaTUCA PyX YaCTUHOK, i HOMep Kajpy, Ha KOMY IIpOLiec
3aKiHuMThCA. I aHamisy moTpibHa JOCTATHA KiMbKicTh Kaapi y Mexkax 10-20 c. JIiunnbHUK KafipiB po3-
TAIIOBAHMI y CTPiYlli KHOIIOK K€PYBAaHHA Y BiKHI Bile03amucCy.

016 [100% E‘ No»E =

12. O6epitb y BepxHiit cTpiuni kHonky Clip Settings lE Bumnayie BiKHO BCTaHOBJIEHHA MeX KafIpiB Bifjeo3aIu-
Cy. 3asHauTe B HbOMY HOMep IT0YaTKOBOTO Ta KiHI[eBOTO KaJIpy, KPOK 3MiHM KaJpiB (Ko kaapis 6araro, To
KPOK JIa€ 3MOTy 3MEHIINTY KiIbKiCTb KaapiB /I aHasi3y) i 4acTOTy 3710MKM (32 3aMOBYYBAaHHAM IIporpama
caMa obupae 11eit mapaMeTp i3 BactTuBocreit Bifeozamucy). O6epits Ok.

13. O6epitp y BepxHiit cTpiuryi kHonKy Show or hide the coordinate axes ’E Ha Bigeosamnici 3’IBATHCS OCi KO-
oppuHar. lleHTp cucTeMn KOOpAMHAT CYMICTiTh 3 IEPILIOI0 YaCTUHKOM. [IoBTOpHO 06epiTh KHONIKY Show or

hide the coordinate axes ’E Cucrema KOOpAVHAT 3HMKHE, ajie i O/I0)KeHH: IIporpaMa 3anam sAToBye (puc. 2).

Puc. 2. Buensao sikHa npozpamu Tracker nicsia CmaHo8/1eHHA NOMI0XeHHA cucmemu KOOpOUHAm

14. O6epitb y BepxHiii cTpiuni kHonky Show, hide or create calibration tools " 1a B Menio - New - Calibration
Stick. ITporpama 3ampomnonye, yrpumytoun knasimy Shift, o6patu Ha 306pakeHHi mepiry Ta ApPyry Tod-
Ky JUI OOVHUYHOrO Binpiska. Ha Bigeo 3’aBuTbcs Bifgpisok. Y nuudposomy nomi Haj BigpiskoM HeoOXigHO
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BBECTM 3HA4E€HHA JI0T0 JOBXXVMHM B MeTpU4Hil cucreMi. KiHni Bigpiska Mo>KHa BiIbHO II€peCcyBaTu «Iepe-

+1al
\lﬂlv

TATYBaHHAM» 110 300paxeHH!0. [lle pas 06epirh kHonKy Show, hide or create calibration tools . Onu-
HVYHWIT BiIpi3OK 3HUKHe, ajle IIporpaMa 3aIaM sATa€ JIoro IMOJIOKeHHs Ta TOBXUHY. OfMHIYHNIL Bifjpi3oK
€ Ha Bifeo3amnuci 3 pecypcy. SIKIo By IIpOBOANUTE POOOTY CaMOCTIIIHO, ITOTPIOHO ITOMICTUTH Mifi 00’ EKTUB
MiKpocKkoIa Kamepy lopsieBa 3 HaHeceHMMM Ha Hei KBaJjpaTaMy i BUSHAYUTHU PO3Mip IIOJIA CIIOCTEPE>KEHH .

15. Jlns BigcTeXXyBaHHs PyXy YaCTHMHKY 00epiTh y BepXHbOMY MeHIo KHOINKY Create iy MeHio — Point Mass.

¥ Create == B | (1
Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track b

Measuring Tools »

Calibration Tools »

16. ¥ niBomy KyTKy 3’aBuThCA BikHO Track Control.

17. HarucHits xmaBimy Shift. Kypcop nabyne Burnmany Hesemkoi pamku. CyMicCTiTh II0 paMKy 3 IepIIO0 Yac-

TVHKOIO i HaTUCHITb JIiBy KHOIKY MaHimynaropa. Ha 306paxxeHHi 3’IBUTbCA MapKep TOYKM, i Iporpama
aBTOMATMYHO Iepelifie Ha HACTYIHUIT Kaip.

18. IToBepHiTh 3aINC Ha MepIInii Kafp i 06epiTh y BepXHbOMY MeHIO (PYHKI[il0 aBTOTPEKIHTY, HATYCHYBIIN

Czo0% | o ol | ™

KHOIIKY Show or hide the autotracker L

19. Y po6o4omy BikHi 3’ ABUTbCS BIKHO aBTOTPEKIHTY.

'}";‘ Autotracker: mass A position x

Frame 766: Ko Template

Template: Evolution Rate QD%E Automark 45

Search: [[] X-axis Only Look Ahead

@ Search H Search This

Target: Track‘ < massA ‘v‘ Point|pos'rllo|||v|

To create a new key frame, shift-control-click the video feature of
interest. Mouse over the controls above to learn more about settings
and adjustments

| Help H Show Key Frame || Delete H Close |

20. Y npoMy BikHi 3a3HavaeThcs, 0 Oy/ie BificTe>XXyBaTuCA MaTepiasbHa TOYKA, Ky IO3HAYMIN Ha MepIIO-

My Kajpi. [l mofaapIioro aBTOMaTMYHOTO BifICTEXXYBAaHHS TOYKYM HEOOXi[HO BU3HAYMTM K/ITIOYOBMUIL
kagp sanucy. Hatuchnite ogHouyacHo knasimi Ctrl i Shift. Kypcop sminnTb cBiit 30BHimHIN BUIIAA Ha
KOJIO 3 IIepeXPEeCTAM. YKaXXiTh MaHIIyIATOPOM TOYKY i HATUCHITh JiBy KHOIIKY MaHinynaTopa. HaBkoro
TOYKM 4epe3 MeBHMIT 9ac 3’ ABIAThCA KOO Ta MYHKTUPHA paMka. Koo 6yae oxommoBaT Tino, a paMKa
BKa3yBaTUMe OKi/l Ha 300pa’keHHi, B AKOMY ITpOrpaMa aBTOMAaTHYHO LIYKaTUMe JI0Tr0 HasABHICTb. Po3Mip
KoJ1a i paMKy MO>KHa 3MiHOBaTH. {7151 i€l po6oTu pamMKy 6akaHo 3po6utu He 6inpuIO0, HIX 2 pO3Mipu
Koj1a. Y BiKHi aBTOTpeKiHTy 3’ABUTbCA 30i/bIeHe 300pakeHHA Ti/la Ha IEPUIOMY Ta HACTYIIHOMY KaJpi.
AKicTh aBTOTPEKiHTY 3a/IeXKUTH Bifi TOT0, HACKI/IbKM 3MiHIOBATMMETbHCA 300paXKeHHA Ti/la Ha KOXKHOMY



21.

22.

23.

24.

25.

26.

27.

28.

29.
30.
31.
32.

33.
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Kafpi. Y pasi KpMTUYHOI 3MiHM IIpOTrpaMa 3YIMHUTD BifICTEXXYBaHHA Ti/la i 3aIIPOIIOHYE 3MiHUTH OKil
BiICTeXXyBaHHA.

O6epitb y BikHi aBTOTpeKiHTy KHOIKY Search i mouekaritecs pesynbrary. Ko KinbKicTb Kaapis mns aHa-
i3y 3Ha4Ha, Lie MoTpebyBaTuMe MEeBHOTO 4acy. SIKijo mpu BifcTeXxXyBaHHI TpanmBcs 36iil, BUAIUTU HO-
HepeHi TOYKM MOXKHA, 0OpaBLIM B IIbOMY BikHi kHONKY Delete. SIKijo aBToTpeKiHr npomnoHye il mig gac
3YNMHKM, 00epiTh OHY 3 HUX JIsI IPOJOBKEHH BiICTeKYBaHHS YaCTUHKM. SIKicTh poOOTH aBTOTpEKiHTY
BU3HAYAETbCA OaraTbMa yMOBaMI, ajie TOJIOBHOIO € KOHTPACTHICTb 300pa’keHHs Ti/la MIOJ0 3aIHBOTO (OHY.
ITicna 3aBepuieHHSA poOOTY aBTOTPEKiHIY 3aKpMIiTe i10ro BiKHO.

Y BikHaX IpaBoOi YaCTUHY 3 ABIATHCA rpadik i TabMNIIA, Ha OCHOBI AKUX BinOyBaTMMeThCA aHAII3 OTpUMa-
HIIX JJAHNX.

O6epits y BikHi rpadika BepTUKaIbHY BiCh Y, a TOPM30HTA/IbHY — X. SIKIII0 rpadik Mae BUITIAM TaMaHOI TiHil
3 XaOTMYHUM PO3MIIlleHHM JTaHOK, TO YaCTMHKA 0OpaHa BAaso. SIKII0 X CIIOCTepiraeTbCsl XapaKTepHe 3Mi-
I[eHHA Y OTHOMY 3 HaIlPsIMKiB, HeOOXiJHO 3MIHUTI YaCTUHKY JyIs CIIOCTEPEXKEeHHS.

PosMip 9acTMHKYM Ma€e CyTTEBe 3HAUSHHA /I OTPYIMAHHS AKiCHOTO pe3y/IbTaTy, TOMY HOTPiOHO BUSHAYUTH
5-7 4aCTUHOK, 3a IKMMM CIIPOOYBATy IIPOBECTH CIIOCTEPEXKEHHS, BifliOpaBIIIM /IS IIO[a/IbIIIOTO aHAJII3Y TPU
3 HUX.

Sxmo yacTuHKa 06paHa BAao, y BikHi Tabmib HeoOXifHO 06paTy kHOnKy Table. Y BikHi, o BigkpueTbcs,
Tpeba 06paTu MapKep 6i/1s1 MO3HAYKY r. Y BiKHI TaONMMIb 3 IBUTHCS KOTOHKA, IO BifITOBiZaTHMe 3MillleHHIO
JaCTMHKM BiTHOCHO I10JIO>KEHH Ha MIEePLIOMY Kafipi.

Y moni Tabmuub BUAINITH KOMOHKY 4acy i 3MilieHHsA. KOJOHKM MO)XHA IepecTaB/IATU IepeTATyBaHHIM.
Hani 06epith

9:542 0:134 —?:?Q?E—E U:‘HD
9,576 0.136) -7.740E-2 0,112
9 g0al 2 nReE.o 2E4E 3] 1,847E-2

9 64 Go To Step 288 E -3,606E-2
g'g'l Copy Selected Cells #| Full Precision
9:?4 b o »| As Formatted
9,77 s
5.0 TextColumns »| Set Delimiter »

9.84 Copy Image 7 AB6E2
9.87 ¢napshot 5| 5557E2
ey 4,369E2
9,94 Define... e[ 3819E-2

Analyze... Pl  3427E-2
70,07 5| 3.302E2

Print... = Z

4

i mepeHecitp 3HayeHH: y Tabmui Excel. YV tabmuusax nepesipte, mo6 nepeHeceHi 3HAYeHHS CIPUIIMAINCH
SK YMCJIOBI JaHi.

IToBTOpiTH MOIIEpENHI KPOKY, TOYMHAIOYY Biff 14, 1€ 1yId MiHIMYM JIBOX 9aCTUHOK.

Yacmuna 3. Ananis oanux

Y MaTeMaTUYHMX TaOMUIAX 06€piTh KOJIOHKY 3 ZaHUMM Jisl Hepurol yacTuHKY mass A. CTBOPITh KOJIOHKY
JUTsT 3HAYEeHHsI 1”1 004YMC/IITD 11l 3HaYeHHs /s BCiX MOMeHTIB yacy. CTBOPITh KOJIOHKY J/Is1 OTPUMAaHHS yce-
pefHeHOTo 3HaYeHH [1’] i mpopaxyiiTe fioro 3Ha4eHHs, 3aikCyBaBIIY IOYATKOBE 3HAYEHHSA I°.

IToBTOPiTD [ii A714 ABOX iHIIMX YACTUHOK.
CTBOPITb KOMIOHKY CyMI yCepelHEeHUX 3HaYeHb [1°] /1A BCiX YaCTMHOK Ta IpopaxyiiTe ii.
[To6ynyitte rpadik samexxHocTi [r?] Big gacy t. [TobynyiiTe iHilo TpeHAY, MPOBIBIIY iHIIHY iIHTEPIIONALIIO.

Burnan orpumanoro rpacgika 3aneXuTh Bifl IKOCTi TPAa€KTOPIil pyXy YaCTUHOK, TOMY HO0ip YaCTIHOK MOX-
Ha 3[JiJICHIOBaT! HEOJHOPA30BO.

CdopmymioriTe BUCHOBOK JI0 pOOOTH.

149
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JlaopaTopHa po6oTta Ne 19.
JociigxxeHHd i3onpoueciB y rasi

Mema po6omu: [OCTiANTY IIPOLEC 130TePMiYHOTO CTUCHEHHS MOBITPsI.

3aeoanns pobomu:

1. IIpoBecTn eKCliepMMEHTM 3 i30TE€pMiYHOTO CTUCHEHHS CTOBIIA IOBITPA 3 BUKOPUCTaHHAM BMMipHMKA
TUCKY.

CTBOPI/ITI/I Bi;[eosam/[c €KCIIEPUMEHTY.

OrpuMmaTy 3HA4YeHHs TUCKIB i BifIIOBifIHOI JOBXXMHM CTOBIIA IIOBITPs, a 32 JOIOMOIOI0 MAaTeMaTHIHUX
TabMULb OOUMCINTI ,[[06YTKI/I IUX 3HAYEeHb.

O6na0HannA: BONAHUI MaHOMETP, AaT4uk Tucky, LIBK, ITK.

IIpozpamne 3abe3neuenns: Tracker (http://physlets.org/tracker/), Excel.

3azanvni eioomocmi

& Tocker
Fie Edt Video Track Coordnao Systam View Hob

G5 W er || w8 Q| o\ WA A A A

Plctiew otrack e il appeat here.

au

%
==y
[l

RN s RN}

| ]

L

Puc. 1. 30eHiwHiti 8uensAo sikHa npozpamu Tracker
[3oTepmiunmMit mpouec — GpiswdHMIL IIPOLIEC, Mif Yac AKOTO TeMIIepaTypa He 3MiHIOETbCS.

IsoTepMmiuHmMit mporec BiffOYBAa€TbCSA HOCTaTHBO IOBITBHO IS TOTO, 10O TeMIlepaTypa IiATpuMyBatacs
CTaJION0 3aBJIAKM TEIUIOOOMiHY i3 cepeoBuineM. SIKII0 0 i30TepMiYHOTO Ipolecy 3acTocyBaryu piBHAHHA Kita-
HeiipOHa, TO 3 YpaXyBaHHAM CTA/IOCTi TEMIIEpPAaTypy BOHO Haly/e BUITLALY:

piVy =pllz,

TOOTO IJIA lesIKOI Macy rasdy fOoOYTOK THUCKY rady Ha 00’eM 3a He3MiHHOI TeMIIepaTypy € CTa/IOK BEINYNHOIO.

Ileit 3axoH (3akoH boisa — MapioTTa) cipaBenmiBumit Ayt Oy/b-sKUX rasiB, sSKi MOXKHa BBaXKaT! ifjeaIbHIMI,
a TaKOX JI/IA IXHIX CyMillIeit.

MerTor 3a3Ha4eHOI poOOTH € TepeBipka BIUKOHAHHSA IIbOTO 3aKOHY IIPM IOBIIbHOMY CTVMCKaHHI IOBIiTpS,
IO MiCTUTBHCA B KOMiHi BOASHOTO MAHOMETPa, 3 €JHAHOTO 3a JOIIOMOTOI0 CYJTIKOHOBOI TPyOKM BM3HAYEHOI J1O-
BXMHY (II0YaTKOBa 3arajibHa JOBKJHA CTOBIIA IOBITPs B 3alMICAHOMY eKcrepyuMeHTi 1,32 M) 3 BUMipHUKOM
TicKy. OCKiIbKY fiaMeTpy TPyOKM MaHOMeTpa Ta CUIIKOHOBOI TPyOKy 30iraroTbes1, 00'€M HOBITPs: MOXKe Oy TH


http://physlets.org/tracker/
https://editor.inhost.com.ua/storage/MANLab/videoanaliz/pv/pv.wmv
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obuycIennit K KOOYTOK IO Iepepidy TPYOKM i JOBKMHY CTOBIIA HOBITPs. 32 YMOBY CKOPOYEHHS IIIOLI
nepepisy 3aKOH HabyBa€ BUITLALY:

paly = pal; s

Ie Lyral; - TOBXXVHM CTOBIIA ITOBITPSI.

N

L % N

10.

11.

Xio po6omu
Yacmuna 1. Ompumanns eéioeo3anucy

YCTaHOBITH Ha CTOJI PIIVHHNIT MAHOMETP i YaCTKOBO 3aIIOBHITB iforo nifdapOoBaHO0 PigHOIW.
IIpmenHaiiTe y IIOMMHI MaHOMETPA MiHINKY.

BumipstiiTe JOBXIHY CHTIKOHOBOI TPyOK1, 3’ €IHaiiTe i 3 BifKpUTUM JTiBUM KOTTIHOM MaHOMETpa Ta BUMipPHIKOM
TUCKY. Po3paxyliTe I0OYaTKOBY LOBXXMHY CTOBIIA IIOBITPs1, BUMIPABIIN BiZICTaHb JO MEHICKa PiiiHI B KOJIiHi Ma-
HOMETpa, Ta IOfiaiiTe 10 Hel JOBXXIHY CHTiIKOHOBOI TpyOKy. Po3paxoBaHe 3Ha4YeHH 3alVIIIITh 10 TAO/INLI.

YBIMKHITh BUMipHMK TYCKY i 3aIMIITh JO TaOINIIi ITOYATKOBE 3HAYEHHS TUCKY IOBITpSI.

[Tpuroryiite mpUCTpiit A/ Bigeo3anucy, 00epiTh CTaHAAPTHY YaCTOTY 3aMUCY i BCTAHOBITH J10T0 TaK, 100
YCTaHOBKA ITIOBHICTIO IIOTpaNnIa B Kajip.

PosnouHiTh 3amuc Bifeo.
3a IOIIOMOrOI0 IMIMeTKY II0OBI/IbHO 3aIIOBHIONTE IIpaBe KO/IiIHO MaHOMETpa PiAMHO0 O HAMBUIIOI TOUKM.
O6’eM pigmHy Mae 30i/IbIIYBATICS TOCTYIOBO 32 5-6 KPOKIB.

SIKI0 MOXKIMBOCTI 3[II/ICHUTH BiZle03aNNC HEMAE, 3aBaHTAXKTe TOTOBE BifleO 3 peCcypcy.

Yacmuna 2. Onpautoéanus eioeo

3aBaHTaXTe Bifieo y mporpamy Tracker. []y1s iboro ckoprucraritecs kHoOnKow Open y BepXHbOMY MEHIO IPOTpaMIL.

(#) Tracker

File Edit Video Track Coordinate Sys

Z|H =% 8w L

v |0pen avideo ortracker file in a newtab|

Tako)X MOXXHa «IlepeTArHyTV» (ajil 3an1Cy y BiKHO IIporpami abo 3aBaHTXNUTH jioro yepes MeHio File >
Import > Video. SIkiio nporpama He 3MOIJIa 3aBaHTXUTH Bifjeo, He0OXigHO Hibparty iHmMI itoro popmar
3a JOIIOMOTOI0 PElaKTOPIB Bifieo.

BukopucToByoo4y KHOIIKM K€PYBAaHH:A B HIDKHIN 4acTMHI BiKHA 3 Bifleo, IIeper/IAHbTE 3alliC 1 BUALIITD Ka-
IpY, KOJIM CTOBII IIOBIiTPA He 3MiHIOBaBCA.

12. fIk110 06’ €KTUB PUCTPOIO /IS 3TOMKI JIA€ CTIOTBOPEHHS 300paskeHHsI, BUKOPUCTaliTe BifmoBigHmit GinbTp Bifeo.

\mﬁﬂlTrack Coordinate System View Help

Replace...
Close

fate == B | L 112%

Goto... Crl-G

Paste Image b
¥ Visible
¥ Play All Steps
[ Smooth Play {may be slow)

Filters

"m Baseline
Paste

Properties... Brightness

Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum
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13. YcTaHOBITh MOB3YHOK Ha IepLInii 0OpaHMil Kaip Ta 3alMIIITh I0T0 HOMep [0 TabInIii.

[ I

- ots100% [ M b E L=

S

14. O6epitpb y BepxHiit cTpiuni kHonky Show or hide the coordinate axes -] Ha Bifteo3amuci 3’ABIATbCA OCi
KoopamHar. LIeHTp cucteMu KOOpAVHAT CYMICTIiTh i3 MeHiCKOM pifiHU B J1iBOMY KortiHi. IToBTopHO 06€piTh

kHonKy Show or hide the coordinate axes ], Cucrema KOOpJMHAT 3HMKHeE, ajie II ION0XKeHHs IporpaMa
3amam AToBYe (puc. 2).

SN %A AL A s:88C
¥ —-axes []Grid v origin pixel position [1574E3] (7833 | angle from horizontal [ 5 Now avaiabie verscn 505 mamory i use: 46UB of 2478
i -

Plotview of rack data i ppea e

@y

i

=3

L

(E TR RS AN

r ‘ 1 Tatteiew o rack data il appestere.

L

e
[ -
oot 10w ] w0 > = O = a1

Cousum

Puc. 2. Buenso sikHa npoepamu Tracker nic/is 8CmaHoeieHHs NOMIOXKEHHSA cucmemu KoopOUHAm

+10]
W

15. O6epitb y BepxHiii cTpiuni kHonky Show, hide or create calibration tools Ta B MeHI0 — New > Calibration
Stick. IIporpama 3ampomnonye, yrpumytoun knasimy Shift, o6partu Ha 306pakeHHi Iepiry Ta Apyry Tod-
Ky I/11 OBMHUYHOTO Binpiska. Ha Bifeo 3’aBuThbcs Bigpisok. Y undposomy nosui Hap BigpiskoM HeoOXiHO
BBECTI 3HAUYEHH: JI0TO NOBXMHM B MeTpM4Hil cucreMi. Kinii Bigpiska MOXXHa Bi/IbHO IepecyBaTH «Iiepe-

Hin i -

TATYBaHHAM» 110 300paxkeHH!0. llle pa3 06epith kHOnKy Show, hide or create calibration tools | *
HIYHWIT Biffpi30K 3HMKHe, ajle IporpaMa 3araM sATa€ Joro MOI0XKeHH: Ta TOBXIHY.

. Onn-

16. [lna BincTexxyBaHHA pyXy MeHicka 00epiTh y BepXHbOMY MeHI0 KHOIIKY Create i y MeHio — Point Mass.

Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile

RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools »

Calibration Tools 4

17. ¥V niBomy KyTKy 3’ aBuThCA BikHO Track Control.

18. HarucHhits xmaBimy Shift. Kypcop Habyne Burnany sesemikoi pamku. CyMicCTiTh IJ0 paMKy 3 ITOTOXKEHHAM
MeHicKa B JiBOMY KOJTiHi il HATVMCHITD iBy KHOIIKY MaHimynAaTopa. Ha 306pa)keHH] 3’IBUTbCS MapKep TOY-
K1, 1 IporpamMa aBTOMaTUYHO Ilepeiije Ha HaCTYIIHNUI Kagp.

19. 3anuuriTh Moka3 BUMipHMKA TUCKY 1O TaOIuI.

20. ITepeMicTiTh TOB3YHOK Ha HACTYIHUI Kafip, 0OpaHMit I/1s aHAi3y, i HOBTOPITh MOMepenHi Ail.



JlabopaTopHa po6oTa N2 19 153

21. ITpomoBxKyiiTe 1O OCTAHHBOI'O OOPAHOTO Kafpy.

22. Y BikHax IpaBoi YaCTVHM 3 ABNIATHCA TpadiK i TabNMNIA, Ha OCHOBI AKMX BifOyBaTMMeTbCs aHasIi3 OTpUMa-
HUX JJAHUX.

23. O6epitsb y BikHi rpadika BepTUKaIbHY Bichb Y.
24. Y noni Tabnuib BUIIIITh KOTOHKY 3MillleHH .

25. Jlami o6epith

9542]  0.434] 7.797E2 0,110

: 9576)  0136] -7.740E-2 0,112

9 goal 2 neaEn 2E4E 3] 1,847E-2

0,64 Go To Step 288 B[ -3,606E-2

g'?r{ Copy Selected Cells »| Full Precision

978 Numbers »| As Formatted

: 977 o

2 5.0 TextColumns »| Set Delimiter »

954 copyimage 7 156E-2

: S o| 5557E-2
m 9.9 E: 4.360E-2

: 9,94 Define... o[ 3810E-2[
o =

i 9.97 ppayze.. o| 3427E2
o 10,01 | 3302E-2|=
== = Lo =l

i mepenecitp 3HayeHHs y Tabmuui Excel. V tabmuisx nepesipre, o6 nepeHeceHi 3Ha4YeHHS CIPUIIMAINCS
SAK YMCJIOBI JaHi.

Yacmuna 3. Anani3 0anux
26. Y MaTeMaTYHUX TaOMVIIAX CTBOPITh KOJIOHKY 3 JAHVMMY JUIS TOBXXVHM CTOBIIA IIOBIiTPs, BifHABIIN Bif II0-
YaTKOBOI JOBXMHU 3MillleHHSI MeHicKa.
27. ChopmyiiTe KOTOHKY 3 JAHUMM JI1 BUMipSHOTO TUCKY HOBIiTpAI.
28. 3apaiite GOpMyYIOK0 ONepallilo MHOXKEHHS JOBXXMHY CTOBIIA i TUCKY MOBITpsI.
29. ObpaxyiiTe cepefHe 3HAYeHHs TOOYTKY /IS BCIX PO3IVISIHYTUX BUITAZIKIB i BifHOCHY IIOXMOKY.

30. IlopiBHsiiTe oTpuMaHi fAaHi i chopMyIIOiiTe BUCHOBOK KO POOOTH.
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JlaopaTtopHa po6oTta Ne 20.
BusHaueHHs cTasoi bosibiiMaHa Ta yHIBepca/IbHOI ra3oBoi cTaj101

Mema pobomu: excriepyIMEHTa/IbHO BUSHAYNTI 3HAYCHHSI CTayIoi bosbliMaHa Ta yHiBepca/IbHOI ra30BOi CTajIol.

3aeoanns pobomu:

1. IIpoBecTu eKCepyMeEHT 3i CKJIIAHOKO KYJIEH, BifIKadylo4y 3 Hel MOBITPsA i BUMIpIOI04N 1 Macy i THCK 10-
BIiTpA y Hill.
CTBOPUTH MOCTIZOBHICTD CBIT/IMH €KCIIEPUMEHTY.

3a JaHMMM, OTPUMAHMMH Y NIPOIieCi eKCIIepUMEHTY, pO3paxXyBaTyl 3HaUYeHH: yHiBepcaabHOI ra30Boi CTa-
j10i Ta cTanoi bompiiMaHa.

O6naonanna: cKsHa Ky Bifomoro 06’emy (1,18 1m?), enekTponHi Tepesn, TepMoMeTp, Hacoc KomoBcbko-
ro, garyuk tucky, LIBK, I1K, ¢poroamapar.

3azanvni gioomocmi

Aannewye p [ hPa.

Puc. 1. 308HiwHili 8U2/150 eKCcnepuMeHmMasabHo20 NPUCMPOIO

[l BU3HaueHHA yHiBepca/bHOI ra30BOi CTa/I01 Ta cTanoi bonbliMaHa BUKOPUCTOBYETHCA €KCIIEPUMEHTAIb-
Ha yCTaHOBKAa, fIKA Jla€ 3MOTY 3MEHILIYBATy TUCK MOBITPA y CK/AHINM Ky, 1[0 3aCTOCOBYETHCA J/I BUSHAYEHHSA
Macu noBiTpsA. Hanmmemo piBHAHHA Menpneneesa — Knaneiipona s JBOX BUIIAJKiB: /I BUIIAJKY, KOM KY/IA
3aIIOBHEHA HOBiTpHM 3a aTMOC(I)epHOI‘O THUCKY, Ta /11 BUIIAJKY, KON 9acTHa HOBiTpH BugajiiceHa 3 KYIIi A-
XOM BiZJKaqyBaHHS HACOCOM

psV = 2RI, (1)
p:h”fj RT, 2)

fie p, Ta p,— TUCK TIOBIiTPA y IBOX cTaHax; T — abCOMOTHA TeMIlepaTypa Py MPOBE/IeHH] eKCIepUMEHTY (f/1s
samcanoro Bunagxy T = 300 K); y — MonspHa maca nositps (4 = 0,029 kr); m, Ta m, — Maca HOBIiTps y Konbi y
IOBOX CTaHaX.
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BigHaBIIyM 1yx iBa piBHAHHA i BpaxyBaBIIM Macy CK/ISTHOI KOIOM, OTPUMA€EMO BUpas i PO3PaxyHKY yHi-

BEPCAIbHOI ra30BOI CTAOL:

_ wVip, -ps)
- Tim,-m,)

3)

PO?)JIiHI/IBH_II/I OTpMMaHE 3HAYCHHA Ha CTAaly ABora;[po, OTPMIMAEMO BHpa3 [jisd pO3paxyHKYy cTasnoi BO}IbHMaHaZ

I
A
ne N, = 6,02-10%.
Xio po6omu

N ke w N

™

Yacmuna 1. Ompumanus ceimnaun

YcraHoBiTh Ha CTOI Hacoc, eneKTpoHHi Tepesy, 11K, IIBK 3 jaTunkom tucky.

BinkpuiiTe BeHTM/Ib KyJli 1A 3Ba)XyBaHHA NMOBiTpA. [Ipounrarite 3HaueHHA 06’eMy Ky V (B Hamomy Bu-
nanxy 1,18 nM’) i 3aHOTYIiTe Lie 3HAYeHHS KO TaOMMIL.

VBIMKHITD €/IEKTPOHHI Tepe3) i BCTAHOBITh Ha HUX KYIIIO.

YBimkHiTh IIBK i 3amycTiTh mpoliec BUMiproBaHHSA TUCKY IOBITpA.

3pobiTh mepiry CBiTIMHY TaK, 106 4iTKo 6y/0 BUAHO 3HAYeHHS TUCKY p, i Macu Kymi m.
3HIMIiTb Ky/I0 3 TepesiB i mpuegHaiiTe ii 1o Hacoca. IIpuennaiite 1o Hacoca BUMiPHMK TUCKY.

O6epTaroun pyKosiTh HACOCa, 3p00ITh IeKi/IbKa KauKiB /IS 3MEHIIeHHS TUCKY BCepeHi Ky/Ii. SMeHIIMBILY TUCK
HaO/MKEHO BBIYi, 3yNMHITH BiIkadyBaHHA i 3p06iTh APYTY CBITIMHY TaK, 06 BUAHO 6yI0 SHAYEHHS TUCKY P..

3akpuiiTe BeHTVWIb Ha Ky/i. Bijy ejHaiiTe Kyiio Bify Hacoca i BCTaHOBITS ii Ha Tepe3n.

3pobiTh TpeTio CBITIMHY TaK, 06 6y710 06pe BUAHO 3HAYEHHA Macy Ky 1.,

10. fIK110 MOXK/IMBOCTI OTPUMATH CBIT/IMHY HEMAE, 3aBaHTAXKTE TOTOBI 3 PECYPCY.

Yacmuna 2. Onpauro6anns céimmaux

11. BusHayTe 3a MEPIIOIO CBIT/IMHOW MACY KYIi 3 MOBITPAM 1, | 3HAYEHHA TUCKY p,. 3AHOTYIITE I1i 3HAYEHHH J10

TabMuIIi.

12. BusHayTe 3a PYroOI0 Ta TPETHOKO CBIT/IMHAMM MACY KY/Ii 1, i 3HaYeHHA TUCKY p.. 3aHOTYIATE 1]i 3HaYEHHH J10

TabmnIi.

Yacmunua 3. Ananis oanux

13. Buxopucrosytoun ¢popmymn (3) Ta (4), obpaxyiite yHiBepcanbHy Ta3oBy cTany i ctany bonbpimana. 3aHo-

TyJITe OTPYMaHi 3Ha4YeHH: [0 TabmMLi.

14. IopiBHsTE OTpUMaHi 3HaUeHH 3 TAOMMYHUMIY i cHOPMYITIONTE BUICHOBOK JI0 pOOOTH.

Tabnuys pesynomamie
O6’em IToyarkosa | Ilouatkosmit | Kinnesa | Kinuesmit | ExcrepumenrtanbHe | ExcriepumeHTanbHe
NOBiTpA Maca Kymi, | TUCK IOBIiTpA, Maca THUCK 3Ha4YeHH: ra3oBol 3HAa4YE€HH: CTajI0l
B Ky/i, KyIIi, IIOBITPA, cTanoi, bonbimana,

m, (ke) p, (Ila)
V (m3) m, (ke) p,(lla) R( I/ (monv-K)) k (Inc-K1)
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https://editor.inhost.com.ua/storage/MANLab/videoanaliz/stala%20bolcmana/
https://uk.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D1%96%D0%BD
https://uk.wikipedia.org/wiki/%D0%94%D0%B6%D0%BE%D1%83%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D1%96%D0%BD_(%D0%BE%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D1%8F)
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JlabopaTopHa po6oTta Ne 21.
BuMiproBaHHS NOBEPXHEBOr0 HATATY piAuHU (BapiaHT 1)

Mema po6omu: eKCIIepYIMEHTa/IbHO BUSHAUNTY 3HAYeHH S [IOBEPXHEBOTO HATATY BOJY METOJIOM yTBOPEHHS
OynpOaIky 3a JaHoi TeMIlepaTypu.

3asoanns pobomu:

1. CkacTy eKCIlepyMeHTaIbHY YCTaHOBKY i IPOBECTH eKCIIePYMEHT i3 yTBOpeHH:A Oy/Ib0alIoK y BO.
2. CTBOpPUTHU Bile03aNNC €KCIIEPUMEHTY.

3. 3a [[OIIOMOroOI0 IPOrpaMHOro 3abes3ledeHHs BM3HAUUTY 3HAYEHHS HAJIVIIKOBOIO TUCKY BCEpefyHi
OynpOaIIKy i po3paxyBaTy IOBEPXHEBUIT HATAT.

O6nadHanHs: yCTAaHOBKA [/Is1 YTBOPeHHs 6ynbbanIox y piguHi (ocyanHa Ais KOCTiKYBaHOI pigyHm, Ka-
iIAp, BOAAHMIL acIipaTop, CK/IAHKA, 3’ €IHYBaui, TPUXOOBUII KPaH, CIIKOHOBI TPyOKN), BOAAHMIT MAaHOMETD,
TepMoMeTp, iydposuit mikpockor, I1K, poToamapart.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

S H S w 8w L | ko o B[ Oom ot % A A LA A A

Prlton iac s wil seat here.

Puc. 1. 3osHiwHiti 8uenao sikHa npoepamu Tracker

Jl71s1 BU3HaUYeHHs IIOBEPXHEBOI0 HATATY BOAIM 3a JaHOI TeMIIepaTypy BUKOPUCTOBYETLCS sSIBUIIE YTBOPEHHA
Oy/nbOaIIKy MOBITPs Ha HeBeNMKiil IMONHI. BynrbOalka yTBOPIOETbCA Ha KiHI[i TOHKOTO KalliApa, giaMeTp
AKOTO BifoMmit a0 BU3HAYAETHCS 3a JOIOMOTOI0 IM(PPOBOro MiKpOCKOINa. YMOBOI yTBOPeHHs OyIbOamKy
TIOBIiTPsI € CTBOPEHHS B Hiil HAAMIPHOTO TUCKY. SIK BioMO 3 Teopii, MaKCMMa/IbHMIT TUCK y Oynbbarii 6yze 3a
11 MiHiMa/ZIbHOTO JjiaMeTpa, 10 BifiIIOBila€ MOMEHTY YTBOPEHHA Ha KiHIi Kaliapa.

YcTaHOBKa 1714 BUMIPIOBAHHA IIOBEPXHEBOTO HATATY PiIVHM CKIAIAE€ThCA 3 MOCYAUHM i3 JOCTIKYBaHOO
PiAVHOIO Ta CKIAHOI TPYOKM 3 BiATATHYTMM HIDKHIM KiHIleM — KaminapoMm. Temmeparypa Boay HOpiBHIOE
TeMIlepaTypi HaBKONMIIHBOTO IMOBIiTPA i BUMIpIOETbcA TepMoMeTpoM. IlocynnHa 3a mOIIOMOTO0 cucTeMu
TPYyOOK 3’€HYETHCS 3 BOASHIM MaHOMETPOM Ta acIipaTopoM. AcHipaTop Mae CHONy4YeHHs 3 aTMocdeporo
Jepes TpUxofoBuit KpaH (puc. 1). Konu 3 acniparopa BuTikae Bofa, TUCK Yy MOCYAVHI 3HIKYETbCA, A 32 Jles-
KOTO i10T0 3HaueHHsA P mip fieto arMocdepHoro TicKy P depes KaminAp y piiuHy IPOTUCKYETbCA TyXUpPellb
noBiTps. Pisnuia AP = P - P BUMipIOETbCA BOITHUM MaHOMETPOM. TpuxofoBuit KpaH 3’€lIHy€e BCIO CUCTEMY
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3 arMocdeporo i Moxke 6y Ty 3akpuTM Bij atMmocepu. Tick BcepefnHi HOBITPSHOTO NyXMPLs B pigyuHi y Mo-
MeHT BifipuBy flopiBHIOE aTMOcdepHOMY P,. ['1IpoCTaTMIHNM TUCKOM MOXKHA 3HEXTYBATHU, OCKiNbKM IMO6MHA
3aHYpeHH: NyXMPILA B piiuHy € Majow. Tomy:

Py =P+P, (1)
e
20
B=—, 2)
R

Y wiit popmyi o - MOBepXHEBMIT HATAT pigyHy, R — papiyc Oyn1b6amkm, Akl y MOMEHT YTBOPEHHSA 0pPiB-
HIOE pajiycy Kaminsapa.

Tomi:
R
o=AP—. (3)
2
Xio po6omu

Yacmuna 1. Ompumanns 6ideo

1. VYcranositb Ha cToni nudposnit mikpockor, I1K (puc. 2).

2. YBIMKHITB MiKpOCKOII Ta BUMipsiiTe giameTp KaminsApa d. Pospaxyiirte yioro pagiyc R, moginmsum yoro gia-
MeTp HaBIIiI, TA 3aMMIIITh 3HAYEHH [0 TabInIIi.

Puc. 2. 308HiwHili 8u2nA0 8ikHA Yugpposo2o Mikpockony

3. Ck/agiTh excriepyMeHTa/IbHMI IPUCTPIili 32 CXeMOIo:

g;

L] .
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10.

11.

12.

13.

14.

15.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

3aIOBHITH IIOCYAVHY JOCTIKYBaHOIO pinyHo. Yepes KOPOK IPOCYHbTE KalliAp TaK, 100 BiH TOPKHYBCA
HOBEpXHi pifuHu. 32 JOMOMOTOI0 TPUXOJOBOTO KpaHa 3’€/[HaliTe IOCYAUHY 3 aTMOC(EpOIo, 106 PisHNUIIA
TUCKiB y MaHOMETDi opiBHIOBasa 0. BuMipsiiTe TepMOMETPOM TEMIIEPATYPY HABKOMIIHDOTO MOBITPA.

3akpuiiTe KpaH TaK, 106 NocyaAnHa Oy/Ia 3’€HaHa TI/IbKM 3 aCIipaTOpOM.

[TnaBHO BigKpMBaIo4M KpaH acIiparopa, JOCATHITb CTaHy, KO BOZIA 3 HbOTO BUTIKA€ KpaIIMHaMy, a Oy/ib-
Oalrka yTBOPIOETHCA B MOCYAuHI Yyepes 5-10 c.

[Tpuroryitte npucTpiil A1 Bifeo3anucy, 06epiTh CTAaHZAPTHY YaCTOTY 3aINCY i BCTAHOBITB JIOTO TaK, 106
yCTaHOBKa ITOBHICTIO OTpamIa B Kagp. OcobnuBy yBary npupiniTs Tomy, o6 y Kaapi 6ymo no6pe BugHO
ITOKa3¥ PifMHHOTO MaHOMETPA.

PosmoyHiTh 3amuc Bifieo.
Bineo mae mMicTuTy npouec yrBopeHHs 5-10 6yn1b6amiox.

SAKII0 MOXXIMBOCTI 3[iICHUTH Bifle03aIyC HEMAE, 3aBaHTa)XKTe TOTOBE Bifle0 3 pecypcy.

Yacmuna 2. Onpautoeanus ioeo

3aBaHTaxTe Bifieo y mporpamy Tracker. [l mporo ckopucTaiitecs KHOIKoo Open y BepXHbOMY MEHIO ITPO-
rpamMm.

':&;‘ Tracker

File Edit Video Track Coordinate Sys

SR

v |Dpen avideo or tracker file in anewtab|

Tako)X MOXKHa «IIepeTATrHyTI» (aill 3anKcy y BiKHO Iporpamu abo 3aBaHTXNUTH itoro yepes meHio File >
Import > Video. SIkujo mporpama He 3MOI/Ia 3aBaHTXKUTY Bifieo, HeoOXifHO #ibpaTy iHIMII itoro ¢popmar
3a JJOIIOMOTOI0 PeaKTOpiB Bifeo.

BukopucToByouy KHOIIKM K€PYBAHH: B HIDKHIN 4acTMHI BiKHA 3 Bifieo, Ileper/IsIHbTe 3alC i BUALMITD Ka-
LY, KOV Pi3HUIIA TYUCKIB 6y/Ta MaKCMMaJIbHOIO.

SIK1110 00’ €KTUB IPUCTPOIO 151 31IOMKH JJa€ CIIOTBOPEHHSI 300paskeHHsI, BUKOPUCTaliTe BifOBifHMIT QinbTp
Bifeo.

Video | Track Coordinate System View Help

late == @ | O 112%

Replace...
Close

Go to... Chl-G

Paste Image »
™ visible
¥ Play All Steps
¥ Smooth Play {may be slow)
Filters

¥ New ) Baseline

Properties... pasie | Brightness
Dark Ghost

Deinterlace
Ghost
GrayScale
Hegative

Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum

YcTaHOBITH TOB3YHOK Ha MEPLINiT 0OpaHMit Kafp Ta 3alIIiTh 10r0 HOMep 0 Tab/NIIi.

4 I

:i 015100%E|n boE o—

w0 i -

O6epitp y BepxHiit cTpiuni KHONKy Show, hide or create calibration tools| *!” Ta B MeH1o — New - Calibration
Stick. ITporpama sanpomnonye, yrpuMmyoun kiasimy Shift, o6paTy Ha 306pa)keHH] mepIy Ta pyry TOUYKY
IU1s1 OBMHMYHOTO Bifipiska. [I/Is1 I{bOTO eKCIIepMMEHTY 3pYYHO BUKOPUCTATH IIKA/Ty PiAMHHOTO MaHOMETPa,


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/poverhnevi%201/poverhnevi%20natiag%201.wmv

16.

17.

18.

19.

20.
21.
22.
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IporpajsiyeoBaHy B nackajsax. O6epith mepury i Apyry TOuKy Ha nmosuuii onydpoBaHmx moainok mkam. Ha
Bifieo 3’ABUThCA Bifipi3oK. Y undpoBoMy 1o Haj| BifpiskoM HEOOXiTHO BBECTM 3HAYEHHsI Pi3HMIII THCKIB.
Kinni Bifpiska MOXXHa BI/IbHO IIepecyBaTy «IIepeTATYBaHHAM» I0 300pakeHH!0. Ille pa3 o6epiTh KHONKY

+in!
10
WY

Show, hide or create calibration tools . OpuHNMYHUIT BifpisoK 3HMKHe, ajie IIporpaMa 3aIaMm ATae jioro

HOJIO>KeHHA Ta 3afiaHy omyHuIo. O6epith y BepxHiit cTpivni kHonky Show or hide the coordinate axes .
Ha Bigeosamnuci 3’BnATbCA oci KoopayHar. LleHTp cucTeMy KOOPAVHAT CYMICTITh i3 MEeHICKOM piffHI y TiBOMY
KortiHi (puc. 3).

- o

7 5@
v 7 tapostep 141: boouth 571 | amoterom x.avs 5 5+ e ey nune s 012

2 . oot 57 upea]~

7 wper 2 tape At L)

CETXNSER] = = Efices and gt

wifom Hn » —O e

Puc. 3. 3o8HiwHil 8u2nad sikHa npozpamu Tracker nicnsa ecmaHossieHHsA oceli KOOPOUHAM Ma 8UMIPIO8AIbHO20 8iOpi3Ka

[lna BUMiploBaHHA IOKa3iB MaHOMeTpa 00epiTh y BepXHbOMY MeHI0 KHOIKy Create — Measuring tools -
Tape Measure.

¥ Create &= B | O 250% | . 0ly

Point Mass :|
Center Of Mass

Vector

Vector Sum

Line Profile
RGEB Region

Kinematic Particle Model
Dynamic Particle Model »

{IHNTHH

Data Track 3 —
Measuring Tools » Tape Measure |
Calibration Tools »| Protractor ]
Clone » CErcfeF'mer_. E

Y nmiBomy KyTKy 3’sBUTbhCA BikHO Track Control - tape A Ta Ha Bifjeo — Bifpisok, KiHIIi IKOTO MOXHa Ilepe-
TATYBaTH.

CyMicTiTh KiHIi Bifipi3Ka 3 HMKHBOIO IIOBEPXHEI0 MEHiCKa y MPaBOMY KOJIiHi i HailO/IMXY0K0 TOYKOI Ha
TOPM3OHTAJIBHIl OCi KOOpAMHAT. 3unTaliTe 3HAYEHHS Pi3HMUI[i TUCKIB Ta 3aMUIIITh IO TaOMNII.

ITepeiiniTh Ha HaCTYIHWUIT OOpaHMIT BAMY KaJp i TOBTOPITh KPOKM 3 BUMipIoBaHH: pisHuui THcKiB. [Tpogo-
BXXYIITe IIi KpOKY O OCTAHHbOTO 0OpaHOro Kafipy. PesympraTy BMMiploBaHb 3ammcyiite 10 TaOMNII.

Yacmuna 3. Ananis 0anux

O6paxyiiTe cepegHe 3HaAYeHHA Pi3HMIII TUCKIB i 3aIMIIITH JI0T0 K0 Ta6/MNUII.
PospaxyiiTe moBepXHeBMiT HATAT 3a CepeHIM 3HaYeHHAM Pi3HUI TUCKIB, BUKOPMCTOBY0UM BUpa3 (3).

ITpoananisyiite ekcriepuMeHT i copMyIIIoiiTe BICHOBOK JJO pOOOTH.
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Tabnuus pesynomamie

Papiyc xaminsapa,

R (m)

Bumipsna pisHUIA THCKIB,

Ap(ITa)

CepenHe 3HauYeHHA
PpisHMIL THCKIB,

Ap (Ila)

IToBepxHeBMII HATAT,

o (H/m)
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JlaGopaTopHa po6oTa Ne 21.
BuMiploBaHHSA NOBEepPXHEBOr0 HATATY piAvHHU (BapiaHT 2)

Mema po6omu: eKCriepMMeHTaIbHO BM3HAYNTI 3HAYEHHs [IOBEPXHEBOTO HATATY BOAV METONOM BifpMBY
Ki/TbIIsl.

3asoanns pobomu:

1. CkmacTu eKcllepMMeHTa/lbHY YCTAaHOBKY i IPOBECTU eKCIePUMEHT i3 BipMBOM Ki/lblisl Bifl MOBEPXHi
BOJII.

2. 3 KOIOMOTrO0 POrpaMHOro 3abesnedeHHs BU3HAYNTI 3HAYCHHs CI/IN, HeOOXi/JHOI /st BiApMBY Ki/bIis,
Ta pO3paxyBaTy IOBEPXHEBUII HATAT.

O6na0HanHA: TAaTUB, NiAiIMaTbHNIT CTONVK, TOHKE Kilblie 3 mifBicoMm, yamka [leTpi, suctunboBaHa Boza,
LIBK, mat4yuk cunu 3 Momynewm, niHirika, ITK.

3azanvni eioomocmi

Puc. 1. 308HiwHili 8u2/1A0 eKcnepuMeHmMasabHO20 NPUCMPOIO

YcTaHOBKY A/11 BM3HaUeHH:A KoedillieHTa TOBEPXHEBOI'O HATATY BOAM METOJOM BiIpyBY Ki/bIls 3006paskeHO
Ha puc. 1. ToHKOoCTiHHe Kinblie (BUTOTOBJIEHe 3 MaTepiaty, 1o [oOpe 3MOYY€EThCA HOCTIIKYBAHOIO PiITHOI0)
nifBiyerbcs Ha gaT4nky cuny, 3’egHanomy 3 AITI. Kinbue migBimryiors Tax, mo6 yioro Bich 6y1a BepTuKaib-
Horo. [1if KinpleM Ha HififiMaJbHOMY CTO/NINMKY BCTaHOBJ/IEHA YallKa IleTpi, B AKy Ha/lmMTa JOCIi)KyBaHa pifinHa.
ITig 4ac migBefleHH:A YallIKM 3 PiVHOIO KiJblle TPOXM BTATHETbCA BCEPENVHY PifyHU. SKIo mic/id 4boro Io-
YHEMO IIOBi/IbHO OITyCKaTy IOCYAVHY 3 BOMOIO, CMJIA, SIKa PEECTPYETHCA NATYMKOM, IIOCTYIIOBO 3POCTATUME,
aX IIOKU KinbIle He BifjipBeThbcs Bii moBepxHi Bogy. I1pu nboMy BinbyneTbcs po3pyB MOBEPXHEBOI INTiBKI 10
o6uBa 60KV KOHTYPY Kinbs. ko Bumipsatu cuny F, AKy HeoOXifHO IpUKIacTH JO KinbLid, 00K posipBaTn
MOBEPXHEBY IIIBKY, Ta 0OYMCINTY BHYTpIilIHi i 30BHiIHI KOHTYpM Kinbig d, Ta d,, TO BUSHAYMMO TIOBEPXHe-
BUII HAaTAT 32 GOPMYIIOL:

F
g=—— (1)
mld, + d;)
ne d1 — BHYTPILIHIN iaMeTp Kilblisd; d2 — 30BHIIIHIN liaMeTp Ki/IbLiA.
BpaxoByroo4y, 1110 TOBIIVHA CTiHKY Ki/IbLIA Iy>Ke MaJjia, BHYTPIlIHIiN Ta 30BHIILIHIN iaMeTpy MOYKHA BBaXKaTu
opHakoBuMu. Toxi po6ounit Bupas it po3paxyHKy IIOBEPXHEBOTO HATATY HaOy/e BUITIAAY:
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1.

10.

11.

12.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

F
=—. (2)
7 ond
Xio po6omu

Yacmuna 1. Ompumanus 0anux

YcranoBiTh Ha croji mratus, [1K, IIBK 3 matunkom cuan. ITIoMicTiTh ITif maTYMKOM CMIM HifiliMajibHUIL
CTOMMK i3 gamkoxo Ilerpi.

Brnuitre y wamky Iletpi gociifKyBany pifiuHy, HapUK/IaZ BOAY.

Bumipsiite fiameTp KibIis d, OKpyI/IMBIIN 3HAUYeHHS 10 MiniMeTpiB (y HalIOMy BUIIAAKY 24 MM). 3alnIIiTh
pe3ynbTar fo Tabmuii. 3aKpimiTh Ki/blje Ha TauKy JaTYMKa CUJINL.

YBiMkuiTh [IBK Ta AK 4y TnmBuit e1eMeHT BU3HAYTE NaTYUK CUTIN.

3amporpamyiite IIBK BumiproBaTy HeoOMeXXeHy KilbKiCTb JaHVX i BCTAaHOBITh 4acTOTy 3aMipiB 5 3amipiB
Ha ceKyHAy. UyTmuBicTb maTumka obepits y MH.

YBIMKHITb 3aI1C JaHMX i TOBIIBHO MiHIMaNTe CTONMK O TOTO MOMEHTY, KOJIM Ki/Iblle 3aHYPUTbCA Y pifn-

Hy. Jlajii IOBiJIBHO OMyCKaliTe CTONMK JO MOMEHTY BilpUBY Ki/bliA Bifi IOBepXHi pifgnHM. JlaiiTe 3acrokoi-
TIUCS KONIMBaHHAM Ki/IbILIAl i TOBTOPITS Aii. 3yNNHITH 3aIUC JAaHUX.

HKH.[O MOXK/IMBOCTI IIPOBECTN EKCIIEPVIMEHT HEMAE, 3aBaAHTAXKTE ,I[aHi BI/IMipIOBaHb 3 PECYDPCY.

Yacmuna 2. Ananis oanux

[l aHasIisy OTpMMaHMX JAHUX Y HABE[EeHOMY eKCIIepYIMEeHTi BUKOPMCTOBY€EThCA Mporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). Paiin faHnux Mae
OyTu oTpyMaHMit ab0 BiIKpUTHII Y 1Iiil Iporpami.

Y rpacdiuHomy BikHi posTamosanuii rpagik smiay cvmm. Ha moyarky ontuMisyiite MaciiTa0, [y 4oro obe-
piTh y BEPXHbOMY MEeHI0 KHOTIKY «IIpumapKyBanns» % (puc. 2).

OGepiTb y BepxHbOMY MeHI0 KHONKY «Orisagy ‘H. Y BikHi rpadika 3’ABUTbCA paMKa, pPO3Mipy sKOi MOXHa
3MiHIOBaT! NepeTATYBaHHAM 3a KyTKu. [Ipmmamrryitte posmip i mosuiilo paMku Tak, o6 BepxHiit il kpait
TOpKaBcs Mika rpadika, 1110 BiilIOBifla€ MOMEHTY BiJpUBY, a HYDKHIIT Kpail — CTaHy piBHOBATY Ki/IbIIA y TOBITPi.

3uyTaiiTe y BiKHi IOPsJ 3 PaMKOIO 3HAUYeHHA Pi3HMILI BUMIPSHMX CWJI, IO BifNIOBifa€ CuIi, AKY MOTPiOHO
IIPUK/IACTH [1s BigpuBy Kinbus F i saHOTYIITE J10TO 10 TAOMMII.

[ToBTOpiTh BUMipy mj1s iHINX HiKiB Ha rpagiKy i 3HAAITH cepejHE 3HAYEHHs CU/IN BiIpUBY.

315 pen |

retatARY (oL * =
Jh+TE € F F

i
2020 amn

-

'
B ) E) o E] ) s

a o9 =D

Puc. 2. 308HiwHili U210 eKpaHa 3 2pagikom 3mMiHU CusU Ma 8UMIPIO8AIbHOK PAMKOIO


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/poverhnevi%202/poverh.msr
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13. Kopucryounch BupasoM (2), o6paxyiiTe IOBepXHEBUI HATAT pigyHU. 3aHOTYIITe 3HAYeHHS KO TaO/NILi.

14. IIpoananisyiiTe BIUIMBOBI (akTOpy, 1[0 BU3HAYAIOTb 3HAYEHHS ITOBEPXHEBOTO HATATY, Ta c(HOPMYIIONTE

BUMCHOBOK OO pO6OTI/I.

Tabnuys pesynomamie

HiameTp
Kinb1is,

d (m)

Cuna Bigpusy,

F(H)

Cepenns cuia Bifpusy,

Fc (H)

IloBepxHeBMII HATHT,

o (H/m)
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JlabopaTopHa po6oTta Ne 22.
BusnauenHsa KK/l renuioBoro npouecy

Mema po6omu: exCliepyIMeHTa/IbHO BY3HAUUTY 3HaYeHHA KoeQillieHTa KOPUCHOI i TeIIoBoro mporecy.

3aeoanns pobomu:
1. IIpoBecTu eKCIIepUMMEHT i3 MOJIE/IIIO TETIOBOTO ABUTYHA.
2. 3adikcyBaru nporiec 3MiHM TeMieparypu 3a gornomororo [IBK.

3. 3a maHMMM, OTPUMAHMMI Y IPOILeCi eKCIIepUMeHTY, po3paxyBaTy 3HaueHHA KoediljieHTa KOpMcHOI il
MOJei.

O6nadnannsa: mopensd tertosoro asuryHa (https://www.xump.com/science/Dr%20Johnsons-Heat-Engine.
cfm), MipHi cTakaHy, raps4a Ta XOMOZHA BOAA, HAaTYMKy Temnepatypu, LIBK, TIK.

3azanvni eioomocmi

Puc. 1. 308HiwHili 8U2/1A0 eKcnepuMeHmMasabHO20 NPUCMPOIO

[l BU3HaYeHHs KoedillieHTa KOpUCHOI Aii TeIJIOBOro Mpoliecy BUKOPUCTAEMO MOJie/Ib TEIIOBOTO JIBUTYHA,
II0 MA€ B OCHOBI IIPY>KMHY, BUTOTOBJIEHY 3 MeTaJTy 3 maM ATTI0 opmi. Taki ABUTYHM Ha3MBAIOTh MapTEHCUTO-
BUMM ABUT'YHaMM. [ IpuBeeHH iX y [iifo TOTPiOHO MaTM ABa PifKMX CepefiOBMINA 3 Pi3HMIEI0 TEMIIEPATYP Y
KiZIbKa JIeCATKiB rpapiyciB. Takumu cepefioBuIlaMy BUCTYNIAIOTh CK/IAHKY 3 TapsA40I0 Ta OXOJIOJPKEHO BOJOI0.
ITig yac po6OTH ABUTYHA HATPIBHUKOM € CK/ITHKA 3 TapsIY0I0 BOJIOI0, TEMIIEPATYPa B SKiil 3HIKYETHCS, & XOTIO-
IVITBHMKOM — CKJITHKA 3 OXOJIOI>KEHOI0 BOJIOI0, TeMIleparypa skoi 3poctae (puc. 1). Po3paxyBaBuy KiTbKicTb
TEIIOTY, BiijaHol HarpiBadyeM po6odyomy Tiny Q pTa Ki/IbKiCTh TETIOTH, IPUITHATOL XOTOAM/IBHIKOM QZ, OTpH-
Ma€eMO 3HaueHH: KoedillieHTa KOpUcHOI Aii 1jiel Mopeti. [y iforo po3paxyHKy BUKOPJMCTAEMO BUpPa3:

n= Q‘@—Q 1009% - (1)

1

I po3paxyHKY KiZIbKOCTEN TENIOTY CKOPUCTAEMOCS BIUPa3aMIL:

@y = cgmy(ty - t3), (2)

Q2 = cpgmalt; — &), (3)
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Jie m, Ta m,— Maca BOJI B MipHUX CTaKaHax; {, Ta {, — IOYAaTKOBA Ta KiHlleBa TeMIIepaTypa rapsa4oi Bouu, {, Ta
t, — KiHIleBa Ta MOYAaTKOBA TeMIIEPATypa OXOIOIXKEHOI BOM.

Ockinpky Temneparypa HarpiBHMKA i XOTOAVIbHUKA 3MIHIOETbCS IJIABHO i € HEOOXiHICTD Y BCTAHOB/IEHHI

ycepeqHeHOI TeMIlepaTypy B 000X CTaKaHaX IiC/Is NPUIIMHEHHs poOOTH BUTYHA, BUKOopucToByeThcs 1IBK 3
IBOMA JATYMKAMM TEMIIEPATY P, 110 3/1iJICHIOIOTh BUMipIOBaHHA B IMHAMIIIL.

10.

11.

12.

Xio po6omu
Yacmuna 1. Ompumanus 0anux

YcranoBiTh Ha cToni MipHi crakany, [1K, IIBK 3 gatuynkamy temneparypu.

Brmiite no ogHOro MipHOTO CTaKaHa XOJIOAHY BOAY 31 IIMAaTOYKaMIy IbOAY, O iHIIOro — okpin. O6’em Bopu
Mae OyTM Of[HAKOBYMM B 000X cTaKaHaX. 3alMIIiTh K0 TabMMIi Macy BOAM B 000X CTaKaHax.

YBimkHiTh LIBK i momicTiTh gaTymky TeMnepaTypu o CTaKaHiB.

3amporpamyiite LIBK BumiproBaTyt HeoOMe>XeHy KiIbKIiCTb JaHUX i BCTAHOBITb YacTOTY 3aMipiB — 2 3amipu
Ha CEeKyH[Y.

Konu 3HayeHHS TeMmepaTypy, o GiKCYIOTh JaTYMKM, CTabilTi3yeThbcs, YBIMKHITD 3aIIVIC JaHUX.
IToMicTiTh y CTaKaHM MOJE/Tb TEIZIOBOTO ABUTYHA /I HEBEMMKNM IIOLITOBXOM 3aIlyCTiTh JOTO.

3amnuc faHuX Mae BifOyBaTucs BIPOLOBXK poboTy ABUryHa i mporsarom 10-15 ¢ mics jioro 3aynuukm. Y Mo-
MEHT, KOJIU IBUTYH 3YIIMHUBCA, IIepeMilllaliTe BOAY B CTAaKaHAX JaTuMKaMy TeMIlepaTypu. 3ynMHIiTb 3anuc
JlaHUX Y MOMEHT, KOJIY TeMIlepaTypa B 000X CTakaHax cTabimizyBamacs.

SIKI0 MOXKIMBOCTI IIPOBECTH €KCIIEPMMEHT HEMAE, IIEPETTIAHBTE JIOTO Bifle03allliC Ta 3aBaHTaXKTe JJaHi BU-
MipIOBaHb 3 PECYPCY.

Yacmuna 2. AHani3 0anux

[l aHasisy OTpMMaHMX JaHUX Y HaBEJIEeHOMY eKCIIepYIMEeHTi BUKOPMCTOBY€EThCA porpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). ®aiin faHux Mae
OyTy oTpuMaHuit 260 BITKPUTHII y 11iil Iporpami.

Y rpadiynomy BikHi posTaioBaHi iBa rpadikn. Ha nmouarky onrumisyiite Macumrad, fis 4oro o6epirs y

BEPXHBOMY MEHIO KHOTIKY «[IpnmapKyBants» 4.

Ockinpky BUMipIOBaHHA 3[11JICHIOBA/IOCS IBOMA IaTYMKaMM TeMIIepaTypy, Ha eKpaHi € ia rpagiku. [Tepe-

MUKaHHS MK KaHa/TaMM TaHUX 3[1/ICHIOETbCSI KHOIIKaMu | T1 | T2

O6epiTh mepumit KaHas 3aIICy TeMIIepaTypy, @ Y BEpXHbOMY MEHIO Y BK/IQiMHIN «AHasis» o6epith «ITo-
Ka3aTy eKCTPUMI».

LUELES Onuii Bikno  Jonomor
1& Ananiz nikie
%‘J AHanis kpueoi
31& Mokasatv cepegHe 3HAYEHHA

|1.# Nokasatn kpuey
w Mokasatw iHTerpan

Mokasatn excrpmmn

1{' BusHaunTh ToYky EKBIEANEHTHOCT

| € 3mina kananis
| £ Ananiz Oyp'e...
m Mpunagyeanya dyHKuii
g""l‘ OBYNCANTH CEPEAHE SHAYEHHA...
$ 3rnaguTu...
# Bpizatn Strg+X

| % BusecTu na seykosy nnaty

Mokasatv iHdopMadito Npo NiBpO3NaA TOBLLIMHY
Tpadik npomiziy

Kanopumerpis...

PenTrenoccnektpockonia L
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13. Y BikHi, 110 3’ABUTbCS HA €KPaHi, 34MTaliTe MaKCYMabHe Ta MiHiMa/IbHe 3HAYCHHS TEMIIEPAaTypU rapsadol
BOJM t, Ta t, Ta 3aHOTYIiTe iX 10 Tabmui (puc. 2).

“ravisERatAsy|EEsE

ecsESE OB~ O
WrEUUN(msb+Ss €8 T [ 1
n
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Puc. 2. 308HiwHil 8U21a0 ekpaHa 3 epagikom memnepamypu

14. BUMKHITD IepInmii KaHa/I 3alyCcy TeMIIepaTypy, YBIMKHITD pyIuil i MOBTOPITh Aii A mpyroro rpadixa.
3anoTyiiTe 10 TaONMIli 3HAYEHHSA Temmepatyp ¢ i¢,.

15. Kopucryrouuch Bupasamu (2) i (3), obpaxyiite KinbKicTh TENIOTH, BiilaHy HarpiBHMKOM Q, i oTpuMaHy
XOMOAMIBHUKOM Q. 3HAYEeHHSs 3aHOTYIATE 10 TabImI.

16. Kopucryrounce Bupasom (1), obpaxyiite koedilieHT KOpucHOI Ail Mopieni ABUIyHA. 3aHOTYIiTe 3HAUYEHHS

1,0 TaOIUII.
17. IIpoaHanisyiite BIMBOBI pakTOpy, 10 BudHavaoTh 3HadeHHs KK]] Moperni, i chopmyrroiiTe BUCHOBOK J10
poborn.
Ta6nuus pesynomamie
Maca Maca IloyaTkoBa Kinmesa Kinnesa IToyarkosa |KimbkicTs | Kinpkicts | 1)
rapsA40i |0OXONMOIpKe- | TeMIlepa- |TeMIleparypa | TeMIepaTypa | TeMmIlepaTypa | TeIUIOTH, | TEeIIOTH,
BONIM, | HOI BOOM, Typa rapsi4ol BOiY, | OXO/IOIPKEHOI | OXOJIOMKEHOI | BiiJlaHOI | OTpMMAaHOIL
rapsraoi BOAU BOOU HarpiB- | XOJIOAU/Ib-
m, (ke) | m,(ke) P t,(°C) A, AL, P A
BOOU HIUKOM HUKOM
w t, (°C) t, (°C) ’ ’
t (°C) Q (Ix) | Q,(Ix)
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JlaGopaTopHa po6oTa Ne 23.
BuMiproBaHHA e/IEKTPOEMHOCTI KOHAEHcaTopa

Mema po6omu: excriepyMeHTaTbHO BU3HAYNTY 3HAYEHHsI EMHOCTI KOHJIEHCAaTOpa i HOPiBHATHU i10To i3 3a-
3HAYEHMM HOMIiHa/IOM.

3asoanns pobomu:

1. TIpoBecTu eKCliepUMEHT i3 3’€JHAHHSAM KOH/IEHCATOPIB.
2. 3acdikcyBaru mpoluec 3MiHM cTpyMy i Hanpyru 3a gornomororo LIBK.

3. 3a jaHMMU, OTPUMAHMMH Y IPOLIEC] eKCIIEpMMEHTY, pO3paXyBaTy 3HaUe€HH: e/IeKTPUYHOI EMHOCTI KOH-
IEHCATOPIB i HOPiBHATY JI0TO 3 HOMiHA/IbHUM.

O0671a0HAHHA: eTIeKTPUYHE KOJIO, IIPefICTaB/IeHe Ha CBIT/IVHI, IPKepesIo >KMBJIEHH:, JATYNKU CTPYMY Ta Ha-
npyry, LIBK, TIK.

3azanvni gioomocmi

Puc. 1. 308HiwHili 8u2/150 eKcnepuMeHmMasabHO20 NPUCMPOIO

OCHOBHOIO XapaKTepUCTUKOIO KOHIEHCATOPA € J10T0 eJIeKTPUYHA EMHICTD, 1[0 XapaKTepu3ye 3/JaTHiCTb KOH-
[leHCATOpa HAaKOMMYYBaT! e/IEKTPUYHMIL 3apsfl. Y IO3HaYeHHI KOHJeHcaTopa Qirypye 3HaueHHs HOMiHa/TbHOI
€MHOCTI, B TOI1 Yac fAK peajibHa EMHICTb MOXe Bifipi3HATHUCA. PeasbHa €MHICTb KOHZIEHCAaTOpa BU3HAYA€ J10TO
e/IeKTPUYHI BIACTUBOCTI. 3a O3HAYEHHIM, EMHICTb BIUSHAYA€THCA Bi[HOLIEHHAM 3apsily Ha OOK/IaiMHIIi 10 pi3-
HULI [TOTEHIjia/liB Mi>K 00K/IaqMHKaAMIA:

C= (1)

q
u
JInd BU3HaYE€HHA BENMYMHMU 3apANYy BUKOPUCTOBYETbCA IPOIEC 3apAJ KaHHA Ta PO3PAJ KAHHA KOHJIEH-
caTopa 4depes pesnucrop. Ak BifoMO, CTPYM € IOXi[JHOIO BiJ 3apsAny, B3ATOIO IO 4Yacy, a 3apAJ BiflOBiHO
BU3HAYAETbCA AK IHTETpasa Bifi 3MiHM cTpyMy. B3ATTA iHTerpana Ha eBHOMY IPOMDKKY 4acy MOXK/IMBE 3a
yMoBM 106y0BM rpadivHOl 3a/IeXXHOCTI CTPYMy Bij 4acy 3 BUKOPUCTAHHAM IHCTPYMEHTIB, BOYLOBaHNX Y
nporpamHe 3abesnedenHa IIBK. Tomy npouec 3apAmKkaHHA Ta pO3pAMKaHHA KOH/IEHCATOPA CYIPOBOKY-
€TbCS HENEPEPBHUM IIPOLIECOM BUMIPIOBaHHA CTPYMy Ta HAaIPyTM B KOJi. 3HaYeHHsA PisHMIII MOTeHIialiB,
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HeoOXifIHe Ji/Is1 PO3paxXyHKiB, BUSHAYAETHCS SIK MaKCYMa/IbHe 3HAUYeHHs HANPYTM Ha OOK/TaJMHKAaX KOHJIEH-
caTopa y Ipoleci 3apAKaHHs.

Xio po6omu
Yacmuna 1. Ompumanus 0anux

CkIafiTh eleKTpuyHe KOO, IpefcTapaeHe Ha puc. 1. [l edekTMBHOrO NpoBeieHHs eKCIIePUMEHTY Heo0-
XiZHO ibpaTy KOH/JIEHCATOPY 3HAYHOI EMHOCTI. Y I[bOMY BUIIaJIKy BUKOPUCTOBYIOTbCS 2 KOH/IEHCATOPH 3
HoMiHanoM 470 Mk®. [y BlleBHEHOI peecTpalii cTpyMy HaTYMKOM JOOMPA€EThCA pe3ucTop onopoM 49 Om.
JKuBneHns spiicHI0€TBCA KepenioM cTabinizoBanoi Hanpyru 12 B.

3’egHaliTe PKEPENIo CTPYMY 3 €IeKTPUYHUM KOJIOM i Iifi'€fHaliTe gaTd4uMk CTpyMy Ta Hampyru mo IBK.
3’epnaiite [IBK 3 1K Ta 3amycTiTh nporpamHe 3abe3rnedeHHs.

3amporpamyiite LIBK BumiproBaTit HeoOMe)xeHy KiIbKiCTb JaHMX i BCTaHOBITh 4acToTy 3amipis 2000 3ami-
piB Ha CeKyHJY (3Ha4eHHs YaCTOTY 33 3aMOBUYYBAHHAM).

YBIMKHITh 3ammc JaHuX. 3a JOIIOMOrOK IepeMMKada YBiMKHITb €/IeKTPMYHE KOJIO y PEeXXUM 3apA/pKaHHA
KOHJIeHCaTOpa i 4epes JieKi/bKa CeKyH/| IIepeMKHITh Ha po3psKaHHA. Komu 3HaueHHA Hanpyru crabimisy-
€TbCS, BUMKHITD 3aII1C JAHNX.

SKII0 MOXXIMBOCTI MPOBECTY €KCIIEPMMEHT HEMAE, 3aBAaHTAXKTE JJaHi BUMiPIOBaHb 3 DECYPCY.

Yacmuna 2. AHanis 0anux

[l aHasIisy OTpMMaHMX JAHUX Y HaBeJJEeHOMY eKCIIepYIMEeHTi BUKOPUCTOBY€EThCA porpama Phywe measure
4 Bepcin 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). ®aitn gaHnX Mae
OyTy oTpuMaHMit a60 BITKPUTHI Y 11iiT ITporpami.

Y rpadiunomy BikHi posramosani fBa rpadiku. Ha moyarky ontumisyiite Macurad, jis 4oro o6epirs y

BEPXHbOMY MEHIO KHOTIKY «IIpnmamKyBanHa» @,

Ockinbky BUMipIOBaHHA 3[Ii/ICHIOBA/IOCA IBOMA JIaTYMKaMI, Ha eKpaHi € Ba rpadikn. [lepeMukanHAa Mix

KaHa/IaMI IaHMX 3[i/ICHIOETbCS KHonKamm | Y | |

O6epiTh KaHaJ 3amuCy 3HAYeHb HALPYIM i y BepXHbOMY MeHI0 — KHONKY «Orap» . Y BikHi rpadika
3’SIBUTBCS paMKa, pO3MipM sIKOi MOYKHA 3MiHIOBATH NepeTATYBaHHAM 3a KyTKu. [Ipuamryiite posmip i no-
3UIL{I0 PaMKU TaK, 1100 BepxHiil 1i Kpail TOPKaBCs BEPXHbOI yacTyHM rpadika, 110 BiAIOBifae MaKcManb-
Hill Hanpy3i, a HYDKHIN Kpail — MiHiManbHi Hanpysi (puc. 2).

10. 3unTaiiTe y BikHi IIOpsA/ 3 PaMKO0 3Ha4eHHA MaKcuManbHOI Hanpyru U i 3aHOTYyiiTe i10ro o TabmIii.

- o x

e e 1

o |9m

Puc. 2. 308HiwHili 8u2190 ekpaHa 3 2pagikom 3miHU cmpymy i 8UOINEHHAM niKy
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[ . . .
12. O6epiTb KHONKY «Bupinnti» T+ BUJITITh PaMKOIO ITiK 3pOCTaHHA CTPYMY.

13. O6epiTb y BepxHbOMY MeHIO «AHasi3» — «Ilokasary iHTerpam».

Onuii Bikno  fJonomor
18 Awanis nikis
33"4 AHanis kpreoi

H MNokazatn CEPEAHE 3HAYEHHA

M Mokasatu kpuey

FMokasatk iHTErpan

3 r'\'.o_' MNokazatk EKCTOURMI

1._{'_' Bu3HaunTK TOYKy EKEIBRNEHTHOCTI

& 3miHa kananis

F Ananis Oyp'e...

l!:g., MpwnagsyeanHa dyHKLT

~§- OBUMCIIUTH CEPEAHE 3HAYEHHA, ..

$ 3rnaguTi...
& Bpizati Strg+X

) Busecti na seykoey nnary

Mokasatk iHd opMaLyito Npo NBPO3NaL TOBLLIMHY
Ipadik npomiky
Kanopumerpia...

PeHTreHoCNEKTpOCKONIA 4

14. 3unraiiTe 3Ha4eHHA 3apARY q , Ta 3aHOTYIITe MOTO J10 TabMuL.

15. IToBTOPiTH Al A4 MKy pO3pAIKaHHA KOH/IEHCATOPa, 34UTaliTe 3HAYEHHA 3apANY q,Ta 3aHOTYWITE [0 Ta-

6.

16. PospaxyiiTe cepeiHe 3HaYeHHA 3apANYy 4, i 3a ¢dopmynoro (1) — 3HaYeHHS €MHOCTI KoHAeHcaTopa C. 3aHo-
TyJiTe 3Ha4eHH: 10 Tabmuui. [TopiBHAITe OTpUMaHe 3HaUYEHHS 3 HOMiHAIbHUM.

17. IlpoananisyiiTe BIVIMBOBI (pakTOpH, 1[0 BU3HAYAIOTD IIOXMOKY BUMipIOBaHb, i CPOPMYyII0iiTe BUCHOBOK [0

poborn.
Tabnuys pesynomamie
MaxkcumanbHa 3HayeHH: 3HayeHH: Cepenne PospaxoBana HowminanbHa
HaImpyra, 3apAMY B IIpOLleCi | 3apAMy B IIpOLleCi | 3HaYe€HHA €MHICTD €MHICTD
U(B) 3apAIPKAHHSA, PO3psAKaHHS, 3apAny, KOHJIEHCAToPa, KOHJIeHCaTopa,
q, (Kn) q, (Kn) q, (Kn) C (mx®D) C, (mx®D)
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JlabopaTopHa po6oTta Ne 24.
Bu3HayeHHsA TeMnepaTypHOro KoedinieHTa onopy HaniBnpoBigAHUKA

Mema po6omu: eKcriepyMeHTa/IbHO BUSHAYNTY BUPA3 [/IA TeMIIEPAaTyPHOro KoedillieHTa MMTOMOTO OIIopy
HAIIiBIIPOBITHMKA Ta IMVPUHY 3a00POHEHOI 30HM.

3asoanns pobomu:

1. IIpoBecTu eKcriepuMMeHT 3i 3pa3KOM HaIliBIIPOBiJHMKA.
2. 3adikcyBary mpoliec 3MiHU CTPyMY, HalIpyTu i Temneparypu 3a gornomoromo [IBK.

3. 3a maHUMM, OTPUMAHUMM y NPOLECi eKCIepUMeHTY, oOynyBaTi rpadik TeMIepaTypHOI 3a/lIeXHOCTi
OIIOpPY 3pa3Ka, po3paxyBaTy 3HaYeHH: LIVMPYHM 3a00POHEHOI 30HM Ta 3aIMCaTy BUPa3 /s TEMIIepaTyp-
HOTO KoeillieHTa IMTOMOTO OIOpY.

O671a0HaHHA: TOCTIIKYBaHWIT 3Pa30K, elleKTPUIHE KOJIO, IIpefICTaB/IeHe Ha PuC. 1, IBa mKeperna KIBIEHHH,
JATYMKY TeMIlepaTypy, CTpyMy Ta Hanpyry, LIBK, TIK.

3azanvni sioomocmi

Puc. 1. 308HiwHili 8U2/1A0 eKcnepuMeHmMasabHO20 NPUCMPOIO

HamiBnpoBifHuKy — 11e pe4oBMHM, AKi 32 CBOEIO €/IEKTPONPOBIJHICTIO 3alIMAIOTh IIPOMIKHE ITO/TOKEHHHA
MDK MeTanami i fienekTpukamu. [Jo OCHOBHUX B/IaCTMBOCTEN HaNiBIPOBITHMKIB Hajie)XaThb Taki: 1) eekTpo-
IPOBiAHICTD i KOHIIEHTpallisg HOCIIB CTPYMY CYTTEBO 3ajIe)XaTh Bill 30BHILIHIX QaKkTopiB (TeMIepaTypu, omnpo-
MiHEHHA TOIIO); 2) 3pOCTAHHA TeMIIePaTypy IPU3BOANUTD IO 3POCTAHHA IIPOBITHOCTI i 3MEeHIIIEHHS OIOpY.

TemmepaTypHa 3a/1eXXHICTb OIIOPY HAaNiBIPOBITHMKIB BUPA’KA€THCA BUPA3OM:

Wy
R =Rnetm}) (1)

nie R - omip spaska sa temmneparypu 15 R — meskuit koedillieHT, cTanuii y BysbKoMy flialla3oHi TeMIeparyp;
W, - eHeprisa akTuBarlii mpoBiffHOCTI. EHepris akTuBaii MpoBiTHOCTI HOPIBHIOE MIVMPUHI 3a60pOHEHOI 30HU
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HamniBposigauka AE. TemnepaTypHuM KoedillieHTOM IMTOMOTO OIOPY HAIiBIPOBITHMKA Ha3MBAETHCS BEMNU-
4IHa, 110 JOPiBHIOE!

) )

“r = T 2kTE

[l BU3HAYeHH: 3a3HAYEHMX BEIMYMH HEOOXi[HO OTpUMATH TaOIMYHY 3aJIeXXHICTh ONOpPY 3pasKa HalliB-
IpoBigHMKa Bif TemmepaTypu 3a gornomorowo IIBK; iHcTpyMeHTaMy MaTeMaTYHMX TabMMIb TOOYAyBaTH T'pa-
(iuHy 3a71eXXHICTb OIIOPY Ta 3a JIiHI€I0 TPEH/Y OTPUMATI IINPUHY 3a00POHEHOI 30HM; 3a IIVMPIHOK 3a00pOHe-
HOI 30HM 3aIIJICaTyl BUpPa3 [y TeMIIepaTypHOro KoedillieHTa MMTOMOTO OIIOPY HAIiBIIPOBiHNUKA.

Xio po6omu
Yacmuna 1. Ompumanus 0anux

1. CkafiiTh elleKTpUYHe KOJIO, IIpefcTaBieHe Ha puc. 1. [Ins e eKTMBHOTO IIpOBeIeHHs eKCIIEPUMEHTY B KOJIO
HeoOXijHO momicTuTy perynpoBanuii onip. Hanpyra Ha Ko, B sike BMilljeHO 3pa30K HalliBIIPOBiJHIKA, Ma€
Oyt B Mexxax 5 B. JKnBjeHHs1 Kojta HarpiBHUKa 3/Ii/ICHIOETHCS KEPE/IOM PeryIbOBaHOI HAPYTH.

2. 3’epHaiiTe KepeNo CTPyMY 3 eleKTPUYHUM KOJIOM, IIifi €gHalTe faTunuk cTpymy i Hanpyru go LIBK. ITo-
MICTiTh JaTYMK TeMIIepaTypy B HarpiBHMK HOPsA 3i 3paskoM HamiBrposigHuka. 3’egnaiite 1IBK 3 IIK Ta
3aIlyCTiTh IporpaMHe 3a0e3NeyeHH .

3. 3anporpamyiite IIBK BuMiproBaTy HeoOMeXXeHY KiZIbKiCTh HaHNX i BCTAHOBITD YaCTOTY 3aMipiB — 2 3amipu
Ha CeKYHTY.

4. YBIMKHITD 3aIllC JaHNX. YBIMKHITb €/IeKTpMYHe KOJIO HarpiBHMKA i 3paska. Komn sHaueHHA TeMIlepaTypu
3paska jjocarse 50-60°C, BUMKHITb 3aN1C JaHUX.

5. HKH_[O MOXKIMBOCTI IIPOBECTU €KCIIEPUMEHT HEMAE, 3aBAHTAXKTE ,I[aHi BI/IMipIOBaHb 3 pECYDpPCY.

Yacmuna 2. AHanis 0anux

6. Jlna aHami3y OTpMMaHUX IaHNX Y HaBe[leHOMY eKCIIePMMEHTI BUKOPUCTOBYEThCs Iporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). Paiin fanux Mae
Oy Ty oTpuMaHuit ab0 BigKpuTHit y 11iit mporpami (puc. 2).

7. VY rpadiunomy BikHi posTaioBaHi Tpu rpagika. ObepiTh TabnuuHe npencTaBaeHHs iHpopMariii, HATMCHYB-

IV y BEPXHBOMY MeHI0 KHONKY «Tabrmmus manux» [ .

8. Ckormitorite faHi Tabmuii B 6ydep Ta mepenmuiiTh ix y MaTeMaTnyHi TabnmIii.

ezHa 0@ -~ @ (ravisrho+ary|Aeesm
LP HULLL &/ li-+S8 € B 0] T

M O |9 1 .

Puc. 2. 308HiwHil 8u21a0 ekpaHy 3 2pagikamu cmpymy, Hanpyau i memnepamypu
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9. BukopucTOBYIOUM IHCTPYMEHT) MaTeMAaTUIHNUX TAaO/INLIb, IepepaxyiiTe TeMIePaTypy B IIKaIy aOCOMOTHNIX
Temmeparyp i nobynyiite rpagix R(1/T).
10. ITo6ynyitte miHito TpeHAY sAK rpadik eKCrIoHeHIiaIbHOI PYHKII i BUSHAUTe 3HAYEHHsI IIOKa3HMKa.
11. 3a Bupasom (1) pospaxyiiTe eHepriio aKTUBallii, 10 JOPiBHIOE MIVPVHi 3a00POHEHOI 30H.
12. BukopucToByroun Bupas (2), 3anmIuiTh piBHAHHA /1 KoedillieHTa IMTOMOTO OIOPY HAIliBIPOBiTHMKA.

13. [IpoaHnanisyiiTe BIVIMBOBI paKTOpH, 1[0 BU3HAYAIOTH IOXMOKY BUMipIOBaHb, i CPOPMyI0iiTe BUCHOBOK [0
poborn.
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JlabopaTopHa po6oTa Ne 25.
JociiaKeHHd IBULIA eJIEKTPOMArHiTHOI iHAYKIii

Mema po6omu: TOCTiTNTY ABUILE eTeKTPOMATHITHOI iHTYKIIi.

3aeodanns pobomu:

1. IIpoBecTu feKinbKa eKCIIEpUMEHTIB i3 MarHiTOM, AKWUII Iafla€ KPi3b KOTYIIKY.
2. 3acdikcyBaru mpouec 3MiHM Hanpyru 3a gonomororo 11BK.

3. 3aaHyuMu, OTPYMAHVIMM Y IIPOLieci eKCIepuMeHTY, Hobynysaru rpadik sanexxHocti EPC ta MarHiTosye-
IIJIEHHA Bifi IIBUJKOCTI pyXy MarHiry.

O0671a0HAHHA: INTATUB, KOTYILKA, [KEPETIO KUBJIEHH, CK/IAHA pr6Ka, marHiT, [IBK, ITK.

3azanvti eioomocmi

Puc. 1. 308HilWHiIl 8U2/150 eKcnepuMeHmMasabHO20 NPUCMpPOoro

SABuie enexkTpomarniTHOIL iHAYKLil monArae y BunukHeHHi EPC inpykiil y 3aMKHYTOMY KOHTYpi IIpy 3MiHi
MarHiTHOTO ITOTOKY, 1[0 }10T0 NepeTynHa€e. MarHiTHUII HOTiK Y po6OTi CTBOPIOETHCA MAaTHITOM, IO IAJA€E i Mpo-
XO[IUTD KPi3h BUTKM KOTYIIKM, 3aMKHYTOI Ha BuMipHMK Hanpyru B IIBK. ®inanpna Benmnynna EPC BusHava-
€TbCsI 3aKOHOM:

, oy

6 =Ny

fie N — KinbKicTh BUTKIB y KoTymni; AQ — 3MiHa MarHiTHOTO IMOTOKY 4epe3 OINH BUTOK. 3MiHa MarHiTHOTIO I10-

TOKY 4epe3 yCi BUTKM KOTYIIKM Ha3MBAEThCA 3MiHOI0 MarHiTO34eIIeHH: i mosHavaeTbcA AW, BoHa BusHavaeTh-
Cs1 3TiIHO i3 3aKOHOM €/IEKTPOMATHIiTHOIL iIHAYKIii 32 BMpa3oM:

AW = At 2

173
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3MiHy MarHiTO34eI/IeHHs BU3HAYaIoTh IUTo1ero ¢irypu Mix rpagikom sminn EPC ingykiii 3 yacoM Ta Biccio
abcIic, Ky JIETKO OTPUMATH MaTeMaTUYHUMM 3aco6aMyl IporpaMHoro 3abesnedenHs. llIBuakicTs pyxy mar-
HITY Kpi3b KOTYIIKY MO>XHA BUSHAYNTH, 3HAIOUM JOBXXIHY MArHiTy i 9ac J10ro IpOXOKEHH KPi3h KOTYLIKY:

l

L (3)
At

Y 3aBmaHHAX poOOTH 3a3HAYEHO, 10 MOTPIOGHO IMPOBECTM [EKiNbKa eKCIIePUMEHTIB i3 pi3HOI IIBU/KICTIO
nafiiHHA MarHity. [le MoxxHa 3abe3neunTy, Kuaoyy itoro 3 pisHoi Bucotu. Yac mMpoxXofyKeHHs MarHiTy BU3Ha-
Ya€eThCA YacoM, 110 GikcyroTh poToBOpOTa, TeX 3’eqnani 3 LIBK. EPC ingykuii nopiBHIO€ Hanpysi, 1[0 BUHMKAE
Ha KoTyui it BuMiproerbcs LIBK.

Xio pobomu

Yacmuna 1. Ompumanusa 0anux

1. Cknapgitb eneKTpUYHe KOJIO, IIPEACTaB/IeHe HA CXEeMi.

& 3 BASICUNT a
@

Imp.Out ),

e

s 2
55 5B
N

I/ IpoBeMIeHH:A eKCIIePUMEHTY HeoOXifIHO cTabinizoBaHe [pKepeso Halpyru. BucTaBre HaNpyry )KMBJIeH-
HA poToBopiT 5 B.

2. 3axpiniTh y mTaTNBi CKIARY TPYOKY 3 KoTymkow. Hay koryukoro 3akpinite ¢poroBopoTa. Bifperymorite
HOJIOKEHHS TPYOKM TaK, j00 MarHiT Mir BIIbHO pyXaTucs, IIalalouu Kpi3b TPyOKy.

3. 3’epnaiire IIBK 3 IIK Ta 3anycriTh nporpamHe 3abesnedenns. O6epith y mporpami npunaj — «YHiBepcasb-
HMII BUMipIoBay».
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4. Y BikHi mporpammu 06epiTh Taki HaJlAIITyBaHH:

Normal Measurement | Fast Measurerment |

Get value Start of measurement
(" on key press ® on key press
® every 2 ms 'l C tme i
w -
End of measurement I' | J
® on key press ® bior C 1 |
€ tme [i02407 '
Display
" after |l i I+ Digital display 1 [+ Digital display 2
; [~ Digital display 3
i l —! ke r Anillag disppI:N [ Analog display 2
@ big € s [~ Diagram 1 [ Diagram 2
~Channels- -Calculated Channel —
v Analogin 1 v Analogin 2 Title |Calculated Channel
[ Calculated Channel
1 ful,uz)= |ut+u2
X data
| )
iTlme ﬂ Symbol U Unit v
[ s Digits |2 ﬁ
Range
Analog in 1: [+10v ~|
Analogin 2 Ii TV LI | Continue | Cancel |
Cobra3 - 01.203

5. PosramryiiTe MarHiT Ha nepuriit 06paHiit BUCOTi, yBIMKHITb 3aIJIC JaHUX i BiTbHO BigmycTiTh MarHiT. Komn
MArHiT BIIaJie, BUMKHITb 3aIlJIC JaHUX i ITepeflajiTe IX Ha ONpaIll0BaHHA.

6. Ilposepith Taki cami Aii, 3SMiHIOIOYM BUCOTY KM/IaHHA MarHiTy.

7. HKH.[O MOXKIMBOCTI IIpOBECTU €KCIIEPVMEHT HEMAE, 3aBaHTAXKTE ,I[aHi BI/IMipIOBaHb 3 PECYDpPCY.

Yacmuna 2. AHani3 0anux

8. Jlns aHa/Mi3y OTpUMaHUX JaHNUX y HaBe[leHOMY eKCIIePUMEHTi BUKOPUCTOBYETbCs Iporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). ®aitn fannx Mae
Oy Ty oTpuMaHmit a60 BiIKpUTHIA y 1Iiit Tporpami.

9. Ha expani 36epexeHo BikHa rpadikis, 10 BiiTOBigao0Th yciM gocmifam.

10.

O6epitb ofHe BikHO. Y rpadiyHoMy BikHi posrauoBaHi gBa rpadiku (puc. 2).

et
iravier[ha+ARY[ AL
|ap bl e br+Ts € (8 v [ w

ui - B

[r1- za08.ms X2 1992 m
1530V’ VBEHY
s

120 1250 o 150 1560 ms

Puc. 2. 308HiwHil 8u21A0 ekpaHa 3 epagikamu Hanpyeu i ikcayieto yacy pomosopomamu
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11. O6epitpb iHCcTpyMeHT «Ormsany |

MarHity. 3unTajite 3Ha4eHHs IJbOTO Yacy B paMlIii TOPsAJ i 3aHeCiThb 110ro 10 TaOMNI.

. Bupinite pamMxoro 1boro iHCTpyMeHTY iMITy/nbC Ha rpadiky 4acy pyxy

12. BupiniTh paMKoO iMITy/IbC HAIIPYTM i BU3HauTe cepefHe 3HaueHHA EPC mpoTArom nporo iMmynbcy. 3aHo-
Tyiite 3HadeHHA EPC o Tabmmi.

BK/IaMHII «AHanmi3» — «IlokasaTu iHTerpam».

Onu,i'l' Bixno  [onomor

{8 Awanis nikis
}.“J AHanis kpueoi

H MNokazatm CEPEAHE SHAYEHHA

:L_,f Mokasatu kpuey

FMokasatk iHTErpan

1 k MNokazatk EKCTPURAA

3;{; Bu3HauWTK TOYKy EKEIBANEHTHOCTI

& 3miHa kananie

F Awanis Oyp'e...

14:5.- MpunagacyeanHa dyHKLT
~# OBUMCIUTH CEPERHE SHAUEHHA, .

$ 3rnagnTH..
& Bpizati

Strg+X

) Bugecty va seyxosy nnaty

Mokazatv iHG opMaLIKD Npo NIBRO3NaL TOBLLWHY

Ipadik npomikky

Kanopumerpia...

PeHTreHoCREkTpoCKania

3uyTaiiTe 3HaUEHH: iHTerpana i 3aHoTyiite 1o Tabmuii. Ile 3HaUeHHs MarHITO3YeIIeHHS ‘I’I IToBTOPiTD Aii
3 IPYTOI0 YaCTUHOK iMITy/IbCy Hanpyru. lle sHayeHHst MarHiTo34yerieHHs ¥,

14. PospaxyiiTe cepefjHe 3HaUeHHs MaTrHITO3YeIlJIeHH i 3aHOTYIiTe 1O Tabmui.

15. BumipsiiTe JOBXUHY MarHiTy [ Ta, KOPUCTYIOUMCH BUpa3oM (3), po3paxyiiTe LIBUAKICTb PyXy MarHity. 3a-
HOTYJITe 3HaUYeHH: [0 TaO/muIii.

16. IToBTOPITH YCi il aHAI3Y 1A PEIITH JOCITIifiB.

17. IlepeHeciTp TabMMYHI 3HAYEHHA /1O MAaTeMAaTWYHMX TabmuIb i noOymyiiTe iIHCTpyMEeHTaMy MaTeMaTHYHUX
tabmuup rpadikm e(v) Ta A¥(v).

18. IIpoaHnanisyiiTe BIVIMBOBI paKTOpH, 1[0 BU3HAYAIOTH IOXMOKY BYMipIOBaHb, i CPOPMYII0iiTe BUCHOBOK [0

poborn.
Ta6nuus pesynomamie
Yac pyxy 3HaueHHA 3HaueHHA 3HayeHHA Cepenne snayenns | IBupxicts
MarHiry EPC, MarHiTO34YeIUIEHHA, | MarHiTO34YeIUIEHHH, | MAaTHITO3YeIlJIeHHs, | PyXy MarHiry,
B KOTVIIIIL
YHI e (B) ¥ (B-c) ¥, (B-c) ¥ (B-) v (M/c)

t(c)
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JlabopaTtopHa po6oTa Ne 26.
JlocigKeHHs eJIeKTPUYHHUX KiJl i3 HeJTiHINHUMMU eJleMeHTaMM

Mema po6omu: [OCTiANTY HeiHIVHI eleMeHTN eeKTPUYHUX KiJl.

3aeodanns pobomu:

1. IIpoBecTu eKCIIepMMEHTH 3 €/IeMEHTaMM €IEKTPUYHIX KiJl, II0 MalOTh HEJTiHIIHY BOJIbT-aMIIEPHY XapaK-
TE€PUCTHUKY.
3adikcyBary npoljec 3MiHU CTPyMy 3i 3MiHOI0 Hanpyru 3a fonomoroo LIBK.

IHCcTpyMeHTaMu nporpaMHoro 3abesneyeHHs orpumary BAX ycix eneMeHTiB Ta 3’scyBaTit 0cOOMMBOCTI
L[UX XapaKTepUCTUK.

O6naonanns: HabipHa aHesIb, TaMIIa PO3XKAPIOBAHHS, Ji0f, CBITNIOAi0A, MORY/Ib QYHKIIIOHA/IBHOTO reHepa-
topa, [IBK, IIK.

3azanvni gioomocmi

Puc. 1. 308HiwHil 8U2/150 eKcnepuMeHmManbHo20 NPUCMPOIO

EnexTpuyHi Kojma MOXXYTb MICTUTH €/IeMEHTH, TIapaMeTpU AKUX 3aJIeXKaTh Bifl npuknagenoi Hanpyru U. 3i
3MiHOIO IPUK/IAJIEHOI HAIIPYTU MOXKE 3MiHIOBATUCA CTPYM, AKUI IIPOXOAUTD KPi3h €IEMEHTH 3a CKIaJHUM 3a-
KOHOM, He IiAOPsAAKOBAaHNM MiHilHiN ¢yHKuii. Taki ereMeHTN Ha3MBaIOTHCA HeMiHIHNMMM. [J0 HUX Ha/leXaTbh
HaIliBIIPOBiTHMKOBI Ai0AM, TPAH3UCTOPU TOLIO.

OCHOBHOIO XapaKTepPUCTUKOK HETiHIHNX e/IeMEeHTIB, 3a IKOI pOOIATbh BUCHOBOK PO iXHi eIeKTPUYHi
B/IaCTUBOCTI, € 3a/IE)KHICTb CTPYMy Biji Hapyru. [i HasMBaOTb BOJBT-aMIIEpPHOI XapakTepuctukowo (BAX).
OCKiZIbKI TEOPETUYHO PO3paxyBaTy 3aJIEKHICTb He MOXKHA, L[}0 XapaKTepUCTUKY BU3HAYAIOTh €KCIIepUMEH-
TaJIbHO.

Y 3aBHaHHAX pOOOTY 3a3HAYEHO, 10 HOTPIOHO IIPOBECTY eKCIIEPVMEHTH 3 e/IEeMEHTAaMMU e/IeKTPUYHMX KiJl, 1]0
MaloTb HemiHilHy BAX, i mo6ygyBaTu rpadik 3ame>xHOCTi cTpyMy, AKMIT IPOXOANUTD KPi3h HUX, Bifl IPUKIIaZeHOI
Hanpyryu. BUkoHaTy Ije 3aBjaHHSA MOXKHA, YBIMKHYBIIN €/IeMEHT y KOJIO, B IKOMY Oyje IUVIaBHO 3MiHIOBATUCS
IpUK/IajieHa Hapyra (aBTOMaTUYHO a00 B PyYHOMY pexxnmi). A6o 1ie MO>KHA 3a6e311eunTt, BUKOPUCTOBYIOUN
ocobnuBuIt MORY/Ib, mpuegHanuit 1o IIBK, — ¢pynxuionanpumit reneparop. OyHKIisA bOTO IpUIALy MOJIATAE B
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TOMY, 1100 IUTaBHO i3 3a/jJaHNM ITepiofloM TOKPOKOBO 301/IbIIyBaTy IPYUK/Ia[eHy 4O elleMeHTa Hanpyry. basosuit
mopynb IIBK dikcye sHadeHHA MpUKIafeHol HAPYTH i CTPyM, 110 IPOXOAUTD KpPi3b €/leMeHT.

Xio po6omu

Yacmuna 1. Ompumanus 0anux

1. TIpuennaitre no IIBK Monynp ¢yHKIiOHaTBHOTO TeHepaTOpa i XKMB/IEHHS IO HbOTO.

2. CK}Ia,ILin €JIEKTPUYIHE KOJIO 32 CXEMAaTUYHUM 306pa>KeHHHM.

@YHKUIOHANBHUL Basosuti
2eHepamop modyrs
U, I
L ] AHanozosuii exid
252
+@® @ 3emns

| Enemerm |

3. JIx mepmmii efleMeHT NIpU€ENHANITe HAIlIBIPOBITHNKOBUIL TiOf.

4. 3anycriTh nporpamy i sk npunag o6epitb Power Graph. 3amycTite HamaumryBanHA. Y BikHi mporpamu obe-

piTh 300pa’keHHs aHA/IOTOBOTO BXOAY 2S2.

5. Y BikHi aHa/I0rOBOTrO BXOZly 00€piTh Taki Ha/lalITyBaHHA:

hlodule i Sensaor Enn maodule
Channel seftings
Labe: juz <
Range: 3V _7'
Unit: my >
Averaging

W Digital display

==

Cancel
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6. OO6epiTb 300pakeHHs MOA YA PYHKIIOHAIPHOTO TeHepaTopa i BBeHiTh TakKi Ha/lallTyBaHHS:

-

Module settings

Mode of operation:

iampl‘iiﬁe rarmp =
Signal satings
Signal tpe: [vattage

loc

Sianal form:

DC-Offset: 0 i

ChannalCurrent
Label: 0
I Aueraging
v Digital display
Channal amplitude
Lahel u <|
v Digital display
Channel flequency
Lahel:
I Digital display

;frq <|

Ramp zetfings

Start |-300 v
End: az0 o

Step size: l i

Dialay: o

-

O6epitb «Ok» i 3ammycTiTh IpoLec BUMiproBaHb. [Ipoliec BUMipOBaHb BiiOyBaeTbCs aBTOMATITIHO i3 KPOKOBUM
30i/IbIIEHHAM HAIIPYTV Ta BUMIPIOBAaHHAM CTPYMY. 3aBepIIiTh IIPOLieC BYMipIOBaHb, KO HAIpyTa OCATHE

MaKCMMa/IbHOT'O 3HAQY€HHA, BKa3aHOT'O B paMui «KiH]_[eBa HaIipyra». HepenaﬂTe BI/IMipI/I Ha OITpallfOBaHH:A.

Ilo 4epsi 3MiHITb JOCII/I)KYBaHi eJleMEHTH i BUKOHaliTe nonepefHi aii. 4 ciTmofiona i Ans mamnm pos-
JKapIOBaHHS KiHI[eBY HAIIPyTy Jo0epiTh 3riTHO 3 mapaMeTpaMM VX eJIeMEHTIB.

SKII0 MOXIMBOCTI IPOBECTY €KCIIEPUMEHT HEMAE, 3aBAHTAXKTE JIaHi BMMIPIOBaHb 3 PECYpPCY.

Yacmuna 2. Ananis 0anux

10. Jlst aHAsIi3y OTPUMAHMX JAHMX Y HaBe€HOMY eKCIIEPUMEHTI BUKOPUCTOBY€EThCS Iporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). Paitn faHux Mae

Oy Ty oTpyMaHMit 260 BiIKpUTHII y TIiif Tporpami.
11. Ha expani 36epe>xeHo BikHa rpadikis, 1110 BillIOBijaloTh yciM focmigam.
12. O6epiTb BiKHO, 1110 BifiIIOBi/ja€ HANiBIIPOBITHMKOBOMY Aiofy. Y rpadiuHoMy BikHi po3ramoBaHi Ba rpadi-

KI: CTPYMY i Hampyru.

DR e ———
ezHS OE [
B Uk s b+ Sy €]

vz

e U O S R e e R

4

250000 300000 50000 “dom00

00000 150000 200000

Puc. 2. 3o8HiwHil 8u2n1A0 ekpaHa 3 epagikamu Hanpyau i cmpymy
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13. O6epiTh ofMH i3 KaHA/IB, IEPEMUKAIOUNCH KHOIIKaMI v | | y BepxHiil yacTuHi MeH1o. O6epiTh iH-

CTPYMEHT «3IIa[[)KyBaHH» i nobepiTh cepepHiit piBeHb 3I7IaI)KyBaHH:. BuKoHaiiTe [i0 3I71aI)KyBaHHs;
nn iHmroro rpadixa (puc. 2).

14. O6epitb y BepXHbOMY MeHI0 «BumiproBaHHs» — «YIIpaB/IiHHA KaHATaMI».

AHa.nia Onuii  Bikr

&7 Cracysa: 3rnaguti Strg+Z
[Napametpu gucnnes.., F2
MesHaqwuTi...

¥npasniHHa KaHanaMn

BuGpartn kanan...

Buganuti kaHan...

E Tatnuug aaHux...
Excnopt aaHux Strg+C

ImnopT ganwx Strg+V

[MepeTeoprTit Ha GVHKLIC

Beectn gani epy4ny..

Beectu paHi rpadiunHo

Mogyne renepatopa dyHKLi

15. Y BikHi, 110 3’ ABUTHCA, 33 JOIIOMOTOI0 KHOIIOK KePyBaHHS BCTAHOBITb BilllIOBITHICTD OCeIi.

¥npaeninua kKananam *
[axepeno: Appecar:
Bick X:  |Bpema |Hanpaxenme UZ

BiCb ¥:  |Tok |

Hanprxenune U2 >
Hanprxenune U2 -
Tak Cracysati | [onomor |

16. OTpumaiiTe OCTaTOYHMIT BUITISL rpadika 3a/1e)XHOCTI CTPYMY Bifi HAIIPyTH i 30epexiTh pe3y/brar.
17. IloBTOPIiTH yCi Ail aHAIi3y /I peIITH JOCITifiB.

18. IIpoananisyitte oTpuMaHi rpadiku i chopMy/roiiTe BUCHOBOK O POOOTHL.
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JlabopaTopHa po6oTta Ne 27.
BuMipoBaHHA iHAYKTUBHOCTI KOTYLIKHA

Mema po6omu: eKCliepyIMEHTa/IbHO BY3HAUUTY 3HAYCHHA iHAYKTVBHOCTI KOTYIIKH.

3aeodanns pobomu:

1. IIpoBecTu eKCIIepUMMEHT i3 KOTYIIKOI iHYKTMBHOCTI, IPOITYCKAI04Y IMOCTITHNI i SMiHHMII CTPYM.
2. 3acdikcyBary Imporec 3MiHM CTpyMy Ta Hanpyru 3a goromororo I1BK.

3. 3a jaHuMM, OTPMMAHMMIU y IIPOIIECi EKCIIEPUMEHTY, PO3PaxXyBaTy 3HAYE€HHS iHTYKTUBHOCTI KOTYIIKH.

O671a0HaAHHA: eNeKTPIYHE KOJIO, IPeICTaB/IeHe Ha PUC. 1, Kepeso >KMBIeHHA 3MiHHOI HAaIlpyTH, IKepesio
XKVMBJIEHHA CTabi1i30BaHOI NOCTIiITHOI HANIPyTH, faTYMKYU CTpyMy Ta Hanpyry, LIBK, ITK.

3azanvti eioomocmi

Puc. 1. 308HiwHili 8u2/150 eKcnepuMeHmMaabHO20 NPUCMPOIO

Korymika iHZyKTMBHOCTI B €7IEKTPMYHOMY JIAHI[I03] /Il 3MiHHOTO CTPYMY M€ He Ti/lIbKM B/IaCHE OMiuHMII
oIip, a /I peaKTUBHMUII OIip 3MiHHOMY CTPYMY, SIKWIT HApOCTA€E IIpU 301IbIIIEHH] YaCTOTH, OCKI/IBKY ITpK 3MiHi
cTpyMy B KoTyui BuHrKae EPC camMoiHayKIil, 1110 IepemKopKae 1iil 3MiHi.

Kory1ka iHJyKTMBHOCTI Mae peaKTUBHMII OIIip, MOJYJ/Ib SIKOTO:

XL =wl (1)

me L - iHyKTUBHICTb KOTYIIKY; @ — UK/IiYHA YaCTOTA CTPYMY, 1[0 IIPOTIKaE.
Y naHU031i 3MIHHOTO CTPYMY ITIOBHMUIA OIIip KOTYIIKY JA€ MOXK/IMBICTb BU3HAUUTY IHIYKTUBHICTD:

vZI*-R*?

2mv

, )

e Z — noBHUII onip Kosa. IToBHMIt onip Ko/la BU3HAYa€ThCsA BiIHOIEHHAM MAaKCUMaIbHOI HAIIPYTHU IO MaK-
CUMaIbHOTO cTpyMy. OMiYHUII OIIip BU3HAYA€TbCA BifIHOIIEHHAM HAIIPYTH 0 CTPYMY IIpY IPOXO/KEHHI uepe3
KOTYILKY IOCTiiIHOTO CTPYMY.
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10.

11.

12.

13.

14.

15.

®izuka. [IpuknajHi MEeTOAUKY iHCTpyMeHTaIbHOI [UPPOBOI AUAKTUKU

Xio po6omu
Yacmuna 1. Ompumanns 0anux

CK/TafiiTh eleKTpUYHe KOJIO, IIpeACcTaBIeHe Ha puC. 1, Mii eAHABIIN IOCTIZOBHO 3 KOTYIIKOI MOZY/Ib aM-
IepMeTpa i mapanebHO 0 KOTYIIKM — MOAY/b BOIbTMETpa.

3’eqHAalTe KepesIo MOCTITHOIO CTPYMY 3 eleKTpUYHUM KooM. I1if'efHariTe JaTunk cTpyMy Ta HaIpyru
no IIBK. 3’enHariTe faTumk cTpyMy Ta Hanpyru 3 enekTpyyHuM konom Ta LIBK 3 ITK i sanycrith mporpamue
3abe3IeyeHHsl.

3amporpamyiite LIBK BumiproBaTy HeoOMe>XeHy Ki/IbKiCTh JaHUX i BCTAaHOBIiTh yacTOTy 3aMipiB — 10 3a-
MipiB Ha CEKYHTY.

YBIMKHITb 3amic JaHuX. 3aMKHITb elleKTpi4He Kojo KarodeM. Uepes [ieKisbKa CeKyH]] BUMKHITD 3aIiC fa-
HUX.

PosiMKHITB KOO Ta 3aMiHITb JPKEpeno MOCTITHOI HAIPYTH Ha PKEPEIo 3MiHHOI HaIIPYTH.
3anporpamyiite IIBK BumiproBaty 200 faHKX i BCTAaHOBITb 4acTOTy 3aMipiB 1000 3aMipiB Ha ceKyHAY.

HKH.[O MOXK/IMBOCTI IIPpOBECTU EKCIIEPUMMEHT HEMAE, 3aBAHTAXKTE JIaHi BI/IMipIOBaHI) 3 PECYpPCY.

Yacmuua 2. AHanis 0anux

[t aHasIisy OTpMMaHMX JaHUX Y HaBEJJEeHOMY eKCIIepYIMEeHTi BUKOPMCTOBY€EThCs mporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). ®aiin gaHux mae
OyTu oTpuMaHMit ab0 BiTKpUTHIl y TIiit Tporpami.

Ha novaTtky npoananisyiite rpadikuy, 1o BifIOBifa0Th IPOXOMKEHHIO IIOCTITHOTO CTpyMy. Y rpadiuHOoMy
BiKHI po3TalloBaHi Ba rpadikim.
Ockinpky BuMiploBaHHA 3[iMICHIOBA/IOCA ABOMA JaTYMKaMM, Ha eKpaHi € ABa rpadikn. [lepeMukanusa Mix

KaHa/JTaMI JaHUX 3[ilicCHI0OETbCsA KHonKamm | Y | |

OO6epiTb KaHasI 3aNMCy 3HAYEHb HALIPYTH i y BEpXHbOMY MEHIO — KHOIKY «CepelHe 3HaYeHH» B Buyraii-
Te JI0ro Ta 3aHOTYyIiTe Ko Tabmuui. [lepeMKHITbCA Ha KaHa/I CTPyMy i 3po6iTh aHaoriuHi Ail.

PospaxyiiTe oMi4HMIT OIip 32 BUPA3OM:

ITepetinith no rpadikis, 10 BiAIOBIZAOTb MPOXOMKEHHIO 3MiHHOTO cTpyMy. O6epiTh KaHas 3alycy 3Ha-

YeHb HATIPYTM i Y BEPXHbOMY MeHIO — KHOTIKY «Ormsiz» "5, V BikHi rpadika 3’ABUTbCA paMKa, po3mipn AKoi
MO>KHa 3MiHIOBATM IepeTATyBaHHAM 3a KyTku. [Ipumamryiite posmip i HO3UIiI0 paMKM TaK, {00 BepXHii
ii kpait TopkaBcA BepXHbOI YacTuHY rpadika, 1o BijIOBiTae MaKCUMaIbHiil HANIPY3i, a HIDKHI Kpait — Mi-
HiMasbHil Hanpysi (puc. 2).

Y pamui nopsx 34nTaiiTe 3HAYEHHS pO3Maxy HAIPYTH, HOAUIITh JIOro HAaBIIi/I Ta 3aHOTYIITe KO TabOINII 5K
MaKcuMasbHe sHavyeHHA Hanpyru U, . [lepeMKHiThCA Ha KaHas CTpyMy i 3po6iTh aHa/moriuHi fii.

PospaxyriTe moBHUII OIIip 32 BUPA3OM:


https://editor.inhost.com.ua/storage/MANLab/videoanaliz/induktivnist/
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Puc. 2. 308HiwHili 8u2nA0 ekpaHa 3 2pagikom 3MiHU Hanpyau i BUHAYeHHAM PO3Maxy

16. PospaxyiiTe iHIYKTMBHICTb KOTYIIKM 32 BMpa3oM (2). 3aHOTYyIiTe 3HaueHHA Jj0 Tabmuui. [Ipoananisyiite
BIUIMBOBI (haKTOPY, 1110 BU3HAYAIOTD OXMOKY BUMIpIOBaHb, Ta CHOPMYIIIONTE BUCHOBOK 1O POOOTHL.

Tabnuys pesynomamie
3HaueHHS 3HayeHHs | 3HaueHHS 3HaueHHS 3HaueHHS 3HayeHH 3HayeHHS
HaIlpyTu 3a CTpyMy OMIiYHOTO MaKCUMajbHOI | MaKCMMAJbHOTO | TIOBHOTO | iHAYKTMBHOCTI
MOCTiIHOTO B KOTYIII], oT10pY, HaIpyru CTpyMYy, oTIopY, KOTYIIKH,
CTpyMY, I (A) R (Om) 3a 3MiHHOTO I (A) Z(Om) L(Ti)
UC(B ) CTpymy,
Umax (B)
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Jla6opaTtopHa po6oTa Ne 28.
JlociA>KeHHA 3a/I0MJIEHHS CBiT/1a

Mema po6omu: po3paxyBaTyl IOKa3HUK 3aJIOM/ICHH:A IIPO30POT0 TBEPHOTO CepeTOBIIIIA.

3aeoanns pobomu:

1. CTBOpPUTH Bifle03aNIC €KCIIEPUMEHTY 3 IPOXO/I)KEHH CBIT/IOBOTO TPOMEH: KPi3b IPO30puIii MiBUMUIIHAD
3a pi3HMX KyTiB IagiHHA.

2. 3a [[OIIOMOroI0 IPOrpaMHOro 3abesnedeHHs IS aHAIi3y Bifjeo3anyciB BUSHAYUTY KYTH NafjiHHA Ta 3a-
JIOMJIEHHS IIPOMEHA CBiT/Ia.

3. IHCTPYMCHTaMI/I MaTeMaTUIHUX Ta6}II/[LU) po3paxyBaTit CEpENHE 3HAYEHHA ITOKa3HIKa 3a/IOM/IEHHA CBiT/Ia.

O6nadnanns: NOLIKa, IPO30puil MiBUMTIHAP, TasepHa yKaska, [1K, nqudposuit poroamapar abo Bigeokame-
pa.

IIpozpamne 3abe3neuenns: Tracker (http://physlets.org/tracker/), Excel.

3azanvni gioomocmi

- = x

Fle Ean Vide Track Coortate Sysiem View Help

£- 28 ¢€C

memory s S 012788

¥ i Pt |2 provactora| v .

protracter At 8)

coot0mpe

Puc. 1. 308HiwHili 8uensao sikHa npozpamu Tracker

SBuieM 3anoMIeHHA CBiT/Ia Ha3MBAIOTh ABUIIE 3MiHM HANIPAMKY IPOXO/PKEHHsA CBIiT/Ia Ha MeXi pospimy
IBOX IIPO30PUX CEPEJOBUIL IIPY IIPOXOMKEHHI CBiT/Ia Kpish Hel. Ile ABMINe XapaKTepu3yOTh 3aKOHY 3aI0MJIEH-
HA. JIpyruit 3aKOH 3a/I0M/IEHHs Ma€ Ha3By 3akoHy CHeutiyca i GOpMyIIOETbCA TaK: BiTHOIIEHHS CHYCa KyTa
MaJiHHA JO CMHYCA KyTa 3a/JIOMJIEHHsA IIPOMEHSA CBIT/Ia 3a/MIIAETHCs BEIMYMHOK CTAJIO I MEXi pO3hiny
IBOX CepefoBUIL i PIBHOIO BiTHOCHOMY IIOKa3HUKY 3a/IOMJIEHHS CBIiT/Ia I/ MeXXi LIMX CepeJOBUILL:

sinex

(1)

Mz = Siny’

[l BU3HaYeHH:A ITOKAa3HMKA 3aJIOMJIEHHS B Lill pOOOTi BMKOPUCTOBYETbCS MIPO30OPUIT HMiBUVITIHAP, 3aKpi-
IIJIEHUI B OJHIl IUIOIMHI 3 Ta3€pHOI0 YKa3KoI0. J/IasepHa yKasKa Ma€ Ha BUXO/li HEBE/IMKY LVIiHAPUYIHY JIiH3Y
31 CKJIAHOI IMa/IMYKY /1A CIIPAMYBaHHsA IIPOMeHs JIasepa Ha IIOBEPXHIO JOUIKMA, JO AKOI IPMEJHAHO MiBUVITIH/P.
3MiHI0I0UM KyT IaJiHHA IPOMeHs, MOXHa 3a(iKcyBaTy Ha Bile03amuci KyT JI0T0 3a/TIOM/ICHHA i, BUKOPYCTOBY-
104V {HCTPYMEHTH IIPOrpaMy /sl aHaTi3y Bifieo3anucy, BUMIpsATH 1i Kyt (puc. 1). ¥ MaTeMaTHIHMX TabMUIIsIX
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PO3paxoOBYETHCA 3HAYEHHA CI/IHYCiB KYTiB, IIOKa3HMKa 3a/IOMJICHHA /11 KOJKHOT'O KyTa HaI[iHH}I i CepenHe 3Ha-
YCHHA IIOKa3HMKa 3a/IOMJ/ICHHA.

Xio po6omu
Yacmuna 1. Ompumanuns eioeozanucy

1. YcTaHOBITb Ha CTOJIi MarHiTHY JOLIKY.
2. 3axpimiTh Ha JOILILI IPO30OPUII MIBUMIIHJP.

3. OO6epith npucTpiil, AKMM BU OymeTe BUKOHYBATU Bifje03MIOMKY. 3’sCyiiTe SAKICTb 00 €KTUBA, 100 Hamai
BpaxyBaTyl MOXK/IVBI CIIOTBOpeHH:. Bukopucraiite CTaHZApTHY YacTOTY 3110MKU Bifgeo (30-60 kanpiB Ha
CEeKYHJY).

4. YcTaHOBITH NPUCTPIlL TaK, 06 YCTAaHOBKA ITOBHICTIO NOTPAIUISA/IA B Kap i B IpoLieci 3iI0MKM IIPUCTPiil He
pyxaBcA.

5. VYBIMKHITb MasepHy yKasKy i CIpsAAMYyJiTe IPOMiHb Ha IUIOCKY TPaHb MiBUWIiHApa y cepenuny rpasi. Ilepemi-
L[yiiTe Ta3ePHY YKasKy TaK, 1100 IpOMiHb IPOLOBXKYBAB IOTPAIUIATY B IIONIEPESHIO TOUKY, ajie KYT IMafiHHs
3MiHIOBaBCs.

6. Ko MOXK/IMBOCTI 3IiJICHUTH Bifle03aIlC HEMAE, 3aBAaHTa)KTe TOTOBE BiJJeO 3 PECYpPCY.
Yacmuna 2. Onpautoéanus 6ioeo

7. 3aBaHTaXTe mepure Bigeo y mporpamy Tracker. [Ing mporo ckopucraiitecs kHonkoo Open y BepXHbOMY
MEHIO IIPOTPaMMu.

'j“j‘ Tracker
File Edit Video Track Coordinate Sys
S|H| =0 8 v L

v |0;}en avideo ortracker file in a newiab|

Tako)X MOXKHa «IIepeTATHyTH» (ajil 3aI1Cy y BiKHO Iporpamiu abo 3aBaHTXNUTH jioro yepe3 MeHiwo File >
Import > Video. fIxujo mporpama He 3MOI/Ia 3aBaHTXKUTY Bifieo, HeoOXifHO #ibpaTy iHIMII itoro ¢popmar
3a JJOITIOMOTOI0 PelaKTOPiB Bifieo.

8. BukxopucToByHOUM KHOIIKM KepyBaHH: B HIDKHII YacTVHI BiKHA 3 Bifleo, Ieper/IAHbTe 3alNC.

9. SIKmo 06’ €KTUB IPUCTPOIO [IsI 3MIOMKH JIA€ CIOTBOPEHHS 300paskeHHsI, BUKOPUCTaliTe BifnoBigHMIT GinbTp
BifIeo.

Video | Track Coordinate System View Help

late == B | O 112%

Replace...
Close

Go to...

Paste Image »
¥ Visible
¥ Play All Steps
@ Smooth Play (may be siow)

Filters ¥ New P Baseline

Properties... Paste | Brightness
Dark Ghost
Deinterlace
Ghost
GrayScale
Negative
Perspective
Radial Distortion
Resize

Rotate

Strobe

Sum
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10. Ina BuMiproBaHHA KyTa IafliHHA i KyTa 3aJIOM/ICHHA IPOMeHA 00epiTh y BepXHbOMY MeHI0 KHOIKY Create —
Measuring Tools - Protractor.

11.

12.

13.

14.

15.

7@ | ook |

012 |

¥ Create

Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track ]

‘Measuring Tools ¥ Tape Measure

Calibration Tools »| Protractor
Circle Fitter

Ha eraHi 3’ SIBUTbCSA TPaHCIIOPTUP Y BI/II‘}IHI[i KyTa, OHOPHi TOYKM AKOI'o MO>XHa HepeMiIJ_IYBaTI/I IIepeTAry-

BaHHAM. 3a TOTpebM 3MiHITh Korip iHii.

I[TepemicTiTh TOUKM KyTa Ha KYT IIafliHHA, a IIOTIM — Ha KyT 3aJIOM/ICHHA i 3aHOTYIITe 3HaUYeHH /10 TaO/INIIi.

3Ha4yeHHs KyTa BiJTBOPIOETHCS MOO/M3Y TPAHCIOPTUPA 1 ¥ CTPIULli BepXHBOTO MEHIO.

IlepekpyTiTh pONMK Ha KaJp, 110 BiIIOBifa€ HACTYITHOMY KYTY IIaJliHHS, i IOBTOPITb Ail.

Yacmuna 3. Ananis oanux

Y matematnynux Tabmuax Excel mo6ynyiite Tabmuiio i BukoHaiiTe Bci HeoOXinHI pospaxyHku. BusHaute

CcéperHE 3HAYCHHA ITOKa3HVKa 3a/IOM/IEHHA nc.

CdopmyrioiiTe BUCHOBOK O POOOTHL.

Ne | Kyt napinaa
IIPOMEHSA
B Ipajiycax,

a (epao)

Kyt
3a/IOM/IEHHsA
IIpOMEHs
B rpajycax,

y (2pad)

Tabnuus pesynvmamie
Kyt nazinnsa Kyr sina sin'y n, n
IpOMEHSA 3a7I0MJIEHHS
B pafliaHax, IpOMEHS
& (pad) B pajiiaHax,
y (pad)
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JlabopaTopHa po6oTa Ne 29.
JocaigxeHHA Kijieub Hbro0TOHA

Mema po6omu: po3paxyBaTy pafiiyc KpMBJ3HM JIiH3M 3a BUMipIOBaHHAMMU pajiyciB kinenp HploToHa, mpo-
BeJEeHMMM IHCTPYMEHTaMy IIPOrpaMu [/l aHajIi3y BiZle03alncis.

3asoanns pobomu:

1. CrBoputu psp cBiTIMH Kinenp HploToHA 32 pi3HOI JOBXXMHM XBUII CBIiT/Ia, 110 IIafia€.

2. 3a JOIOMOTOI0 IIPOrpaMHOro 3abe3NeyeHH s /I aHaJli3y Bile03anuciB MoOyyBaTy 3a/IeKHICTh KBaJpa-
Ta pafiiyca Kilblis Bifi 10ro IOPAZKOBOrO HOMEpPA.

3. IHcTpyMeHTaMM MaTeMaTUYHMX TAOIMIb pO3paxyBaTy CepefHE 3HAYEHH:A pafiiyca KpUBM3HY IOBEPXHi
JIIH3M.

O6nadnann: 6GIHOKYIAPHNIT MIKPOCKOIL, /TiH3a Ha IVIOCKiil OBEpXHi B OIIpaBi, OCBIT/IIOBaY i3 By3bKOCMYTO-
BuM cBitnodinsrpom, I1K, nudposuit poroamapar abo Bifeokamepa.

IIpozpamne 3ab6e3neuenns: Tracker (http://physlets.org/tracker/), Excel.

3azanvti eioomocmi

Puc. 1. 3o8HiwHili 8u2nis0 8ikHa npozpamu Tracker

YTBOpeHH: Kinenb HploToOHa € JOKa3oM XBUIbOBMX BracTuBOCTeil cBiTia. Lli kinbus e iHTepdepenuinoo
KapTUHOIO, KA CIIOCTEPIra€ThCsA NPY HAK/IAJaHHI KOTePEHTHUX IPOMeHIB. KorepeHTHi IpOMeHi yTBOPIOIOTHCA 3a
PaxXyHOK BiJOMTTS OZHOTO i TOTO CaMOTo IIPOMEHS BiJf ABOX IIOBEPXOHb — BUKPUBJICHOI OBEPXHi OIYK/IOI /IiH3M i
IJIOCKOI TIOBEPXHi CKIa, Ha AKiif BOHa po3TamoBaHa. OCKibKM OITyK/Ia IIOBEPXH: /TiH3Y Ma€ (opMy, HAOMVDKEHY
o chepryHoi, iHTepdepeHLiiHa KapTiHa HaOyBa€ BUITIALY KOHIIEHTPUYHVIX KiJIelb i3 IEeHTPOM y TOYI[i ZOTUKY
IBOX ITOBEPXOHb (puc. 1). MaTtemaTyyHmil aHa/li3 XOIy IIPOMEHIB NPV BUKOPMCTAHHI BilOMTOrO CBiT/Ia [jae 3MOTy
OTPMMATH 3a/IeKHICTb MK HOMEpPOM TeMHOTO Ki/IbIIA Ta JIOTO pajiiycoM, sIKa BUpakeHa y GOpMyIIi:

e = Ridm (1)

fie r — pajiiyc TEMHOTO Ki/bIls 3 IOPAZKOBMM HOMEPOM 1; R — pajiiyc KpuBM3HM MOBEPXHi /TiH3M; A — HOBX1HA
XBWIi CBIT/Ia, siKe afia€ (3a3Ha4a€ThCsI Ha CBITIIOQIIBTPI).

187
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YcTaHOBMBIIN 3a/IEXKHICTD KBajlpaTa pajiyca Bifil HOMepa TeMHOIO Ki/IblLiA 1 3HaI04M NOBXXMHY XBIJIi CBiT/Ia,
IO MajIa€, MOXKHA PO3paxyBaTy pafiiyc KpMBU3HM MOBEPXHIi /MiH3M. I/ Gi/IbII TOYHUX PO3PaXyHKIB MOTPiOHO
IIpOaHaTi3yBaTy iHTeppepeHIiliHi KapTHHM I Pi3HOI JOBKMHY XBWIi CBIiT/Ia, IO MAfia€; 1€ 3/iMICHIOEThCA 3
BUKOPVICTaHHAM OCBIT/IIOBaya 3 By3bKOCMYTOBYM CBiT0(inbTpoM. I1py mpoBesieHHi BUMipIoBaHb BUKOPHCTO-
BYIOTbCS iHCTPYMEHTH aHajIi3y IporpaMHoro 3abesnedenHs Tracker. ITicins orpumanHs rpadika 3amexxHOCTI
3I1/ICHIOETHCS AIIPOKCHMALLisl IIPSIMOIO, 32 PIBHAHHAM fKOI B3HAYa€ThCsA 3HaUeHHA J0OyTKy RA. A 3Hatoun jo-
BXXJHY XBIWII CBIT/Ia, IO MaJla€, MOJKHA PO3PaXyBaTU paliyc KPMBMU3HU JIiH3M IHCTPyMEHTaMM MaTeMaTUIHUX
TabOMNILIb.

Xio po6omu
Yacmuna 1. Ompumanus ceimaun

1. YcraHOBiTb Ha cTO/ 6iHOKY/IAPHMIT MiKPOCKOII i 3aMiCTbh OIHOTO OKY/IApa 3aKpilliTh OCBIT/IIOBAY i3 mepmmM
cBiTodinprpom. [Ipyruit oKyssp MOBMHEH MICTUTH IIKAJY, 3a IKOI0 OyJie pO3paxoByBaTUCs Pajiiyc Kilelb.

2. IloMicTiTh Ha CTONMMKY MiKPOCKOIIA JIIH3Y Ha IIJIOCKOMY CKJIi B onpasi. [lepeBipTe, uu yTBOPIOIOTbCS Ki/lbliA
B Miclli KoHTaKTy. Po3Mip msamm mae 6yTu B Mexxax 1-2 minimerpis.

3. O6epitb mpucTpiii, AKUM B1 OyieTe BUKOHYBATHU 3i1OMKY. 3’ACyiiTe AKiCTb 00 €KTIBA, 1106 Hafali BpaxyBa-
TU MOXX/IMBi CHOTBOPEHHA.

4. VYBiMKHITH OCBiT/IIOBaY i ;0OepiTh po3MiljeHHs oroamapara abo BigeokaMepy Tak, 106 Oy1o 4iTKO Bu-
IHO KinmbuA i mkany. JJo6epiTh onTMManbHy KpaTHICTD 36i/mbIeHHA 06 €kTHBa Mikpockomna. [[jig Haimoro
BUIIAJKY BUKOHaHHA poOOTU BUKOPUCTOBYBABCs 00’ €KTUB 3 KpaTHicTio 4*. Hayasi 11 BuMiploBaHb 3a i€l
KPaTHOCTi KOPUCTYIOTbCA TUM, IO IjiHa MOMIIKK mIKaayu cknagatume 0,025 MM.

5. Ko MOXX/IMBOCTI 3[iICHUTY 3aIlJIC HEMAE, 3aBaHTa)KTe TOTOBI CBIT/IMHU 3 PECYDCY.

Yacmuna 2. Onpauroeanns cé6immaun

6. 3aBaHTaXTe Hepiy cBiTIMHY y nporpamy Tracker. [l nporo ckopucTaiitecs KHonkow Open y BepXHbOMY
MEHIO IIPOTrpaMI.

':‘?‘ Tracker
File Edit Video Track Coordinate S5ys
EHEH & B v

w [Open avideo or tracker file in a new tab|

7. SIK10 06’€KTVB IPUCTPOIO AJIs1 3IOMKMY [Ja€ CIIOTBOPEHHsI 300pakeHH s, BUKOPUCTAlITe BiAIOBigHMIT GiIbTp
BifIeo.

Video | Track Coordinate System View Help

late == | Ol 112%

Replace...
Close

Go to... Clil-G

Paste Image L
¥ Visible
™ Play All Steps
¥ Smooth Play {may be slow)
Filters

} New » Baseline

Properties... pasie | Brightness
Dark Ghost

Deinterlace
Ghost

Gray Scale
Negative
Perspective
Radial Distortion

Resize
Rotate
Strobe
Sum
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O6epitb y BepxHiit cTpiuni kHonky Show or hide the coordinate axes 1|, Ha caitmmmi 3’ smmsrses oci KOOp-
puHart. LIeHTp crcTeMu KOOPAMHAT NEPETATHITD Y TOUKY, 110 AKHAMKpallle BifmoBigatuMe cutyanii. Hanpn-
KJIaJl, CyMicTiThb i 3 leHTpoM Kinenb. Oci KOOpMHAT NOBEPHITD TaK, {00 BiCh X IPOXO/VIA KPi3b KilbIiA 3
Hai1611p1I010 YiTKicTIO Ha 306pakeHHi. Hajani BinsHaueHHs mo3n1iii Kizerp 6yae IpOXOAUTH B3TOBXK i€l
oci.

O6epiTb y BepxHili cTpiulii kHonky Show, hide or create calibration tools “|" 1a B Menio - New - Calibration

Stick. ITporpama 3ampomnonye, yrpumytoun kiasimy Shift, o6patu Ha 306pakeHHi mepiny Ta gpyry Tod-
Ky I/11 OBMHUYHOTO Bifpiska. Ha Bifeo 3’aButhbcs Bigpisok. Y nupposomy nosui Hapg BigpiskoM HeoOXifHO
BBECTM 3HAYEHH: JIOTO JOBXXVHY B METPUYHIl cucTeMi. Y HallIOMY BUIIAJKY BifICTaHb Bifi IEHTpa Ki/enb 10
Hy/IbOBOI nofinky mkamm 2 MM. Kinni Bigpiska Mo)KHa BiIbHO IepecyBaTi «IIepeTATyBaHHAM» II0 300pa-

. . . . o |- o . .
xennw. llle pas 06epits kHonky Show, hide or create calibration tools | * ™. OguanaHMIT Bifpi3oK 3HUKHE,
aJle IIporpamMa 3aram sITa€ f1oro MOMOXKEHHS Ta JOBXKIHY.

[l/1s1 MapKyBaHHS [TOTIO>KEHHS Kijlellb 00epiTh Y BepXHbOMY MeHI0 KHOIKY Create i y MeHIo — Point Mass.

¥ Create == B | O

Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools b

Calibration Tools .4

. Y niBomy KyTKy 3’ ABuTbCA BikHO Track Control.
12.
13.

O6epiTh 3py4HMIT KOHTPACTHUI KOJIip MapKepa s Li€l CBITIMHMA.

Harucnirs xnasimy Shift. Kypcop Habyne Burnany Heemnkoi pamku. CyMiCTiTb 110 paMKY 3 TOUKOIO B LieH-
Tpi Il HATYUCHITD JTiBy KHOIIKY MaHinynATopa. Ha 306pakeHHi 3’ ABUTbCA MapKep TOYKI, i IporpaMa aBToMa-
TUYHO Ilepeiifie Ha HacTYIHMIL Kaap. [Iy14 ogHiel cBiT/MHY nporpaMoo nepegdadeHo BMKOHAHHS 8 KPOKiB.

IToBTOPITS il O OCTAHHBOTO KPOKY, I03BOJIEHOr0 Iporpamox. Ilpn 11boMy B MOKeTe KOPUTyBaTH MOJIO-
JKeHHsI MapKepiB IepeTATyBaHHAM IX 110 eKpaHy (puc. 2).

mass A (stap, tune)

aEiEs- |

Puc. 2. 308HiwHili su2nad sikHa npoepamu Tracker nicsis 8i03HaYeHHA NO0XeHHA Kineys i nobydosu epacika
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190 ®iszuka. [IpukaagHi METOUKH iIHCTpyMeHTalbHOI LMPOBOI AUAAKTUKHU

Yacmuna 3. AHanis 0anux

15. IlepetiniTs y rpacdiuHe moe expaHa i 61 ropusoHTambHOI OCi 06€piTh step.
16. Bins BepTHKanbHOL OCi y CIIMCKY, 110 3’ AIBUThCA, 06epiTh Define. ..

17. Ha expani 3’saButbcs BikHo Data Builder. Y npomy BikHi Heo6xigHo B momuni Data function o6parn Add i
y crpiuni ¢pyHkuii BBecTn, 06upaoun i3 3anpornoHoBaHNX 3MiHHUX, X*X.

i__.lél Data Builder X
E D”'l@ Autoload...
i Data Souroe:| < massA |v|
; Parameters e
| Add || Copy || Cut || Paste |
Mame | Expression
m 1.0 L
Data Functions
| Add || Copy || Cut || Paste |
MName | Expression |
func [ex Il
| Help || Undo || Redo || Font Size || Close |

18. Iicna Toro y mifmuci BepTukaabHoi oci moTpibHO 06partu func. OTxKe, BepTHKaabHa Bich HAOyBae 3HaYeHHS
1, @ HVDKHSA BiCb — HOMep KiJIbIs 1.

19. O6epiTb y BepxHbOMy MeHIO View > Data Tool (Analyze...).
View | Help

¥ Right View
[0 Bottom View

¥ Track Control
[0 Notes

[0 Data Builder (Defing...)
0 Data Tool (Analyze...)
= WIN_20180319_16_55_35_ Pro.mp4

20. 3’saButbcs HoBe BikHO Data Tool 3 rpadikom i Tabmurero (puc. 3).

¥ Data Tool = O x
File Edit Display Help
mass_A
Measure " hnahjze| Data Buiider...| Refresh | Help
4 markers| [v] [
T T T T T T T T T T T T T T T : lines| [v] 1
14E-BF | | | | | | | | | I | 1 - style] ~—s
axis| horiz. vert vert
VB 11— | T 1 1 row stepq fune t
: o  0000| 7 244E- 0,000
1,0E-6 I I I I - I ] 1 1.000] 2,445E7] 0,100
2| 2,000] 4860E-7 0,200
— : 3 3.000] 6,800E7] 0,300
§ e | | | | | | - | | | | T 4 4,000| 8 484E-7 0,400
o 5| 5,000| 1,013E-6 0,500
8,0E-7 — 1 i 1 T T T T T T T q B 6,000] 1,168E6 0,600
7l 7,000] 1.316E-6 0,700
qperl— 1 Lt | 1L |- [ ] § 8 &000[ 1,485E6] 0,800
20E-TL 1
0 05 10 15 20 25 30 35 40 45 50 55 60 85 7.0 7.4
tept
0,000 func=0,000 PiF
Fit Name: Line v| | Fit Buiideﬂ‘ Faksmelet Melie
- |A 1,808E-T
Fit Equation: func = A*step1 +B i B 8 127E-8
[¥] Autofit  rms dev: 4 412E-8
Drag table columns te yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 3. Buznso sikHa Data Tool nicns HaknadaHHs npamor



21.

22.

23.

24,

25.

JlabopaTopHa po6oTa N2 29

Ockinbku rpagik funk(step) e Bigpiskom npsmoi, y saranpHoMy BUIIAAL yHkuis Mae 3anuc f(x) = Ax + B.
Baunmo, mo koedinienT A = RA. []1 BusHa4eHHs 1[bOro KoedillieHTa HaK/IafleMo Ha rpadik mpsmy.

O6epitp Brmaguuky Analyse > Curve Fits Ta B HoKHIiT yacTuHi BikHa Fit Name > Line. IToBepx rpagika
PYXy 3’sIBUIacs IPsIM, a Iij] Heto — 3HaYeHHs KoedilieHTiB. 3BepHiTh yBary Ha Te, 106 6151 Hagmucy Autofit
000B’513k0BO cTOsIB Mapkep. Lle o3Havae, 1110 mporpama caMocTiitHO fobepe momoXKeHHs npsiMol. Brusnaute
no6yTok RA i 3aHOoTYyIiTe KO TAabMNMIIi.

IToBTOPITH yCi KPOKM 3 ONpAI[IOBAHHS CBIT/IMHY ii aHAJII3Y A1 iHIINX CBIT/INH, 3po6ieHux 3 inummu ¢inp-
TpaMI.

Y maremarnyHux tabmmusx Excel mo6yayiite Tabnuiio i BuKoHaiiTe Bci HeoOXigHi po3paxyHku. Busnaure
CepefHE 3HAYEHHS Pajiiyca KpMBU3HY IIOBEPXHI TiH3M Rc.

CdopmyrioiiTe BUCHOBOK 10 POOOTHL.

Tabnuys pesynomamie
JloBxnHa To6yTok RA, Papiyc xpuBusan CepenHe 3HaYeHHA pafiiyca
XBWJII CBiTJIa, ) IIOBEPXHI JIiH3M, KPUBU3HIU,
sAKe Tala€
A R (m) Re (m)

A (m)
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®izuka. [IpukiagHi METOAUKY IHCTPYMeHTalbHOI IUPPOBOI AUJAKTUKHU

Jla6opaTopHa po6oTta Ne 30.

Bu3HayeHHs JOBKHWHMU CBIT/IOBOI XBUJIL. CIOCTEepeKeHHA HellepepBHOro
i TiHiHYaTOrO CNEeKTPiB pe4OBUHU

Mema po6omu: BU3HAUUTY TOBXVHU XBUIb CBiT/Ia, IO BiJIIOBi/Jal0Th OCHOBHUM KOJIbOpPAM CIEKTpa, Ta
OTPMMATH PO3IOAII IHTEHCMBHOCTI CBIT/IA 33 JOBXMHAMM XBWIb J/IA JyKeperl, 0 JAIOTh JIiHiYaTi CIIEKTPU.

3aeoanns pobomu:

1. 3a [OIIOMOro0 IHCTPYMEHTIB IIPOrpaMHOro 3abe3nedeHHs Jyid 00OpOoOKM Bijeo3amnciB BUSHAYUTHU JO-
BXXMHY XBWIb CBiT/Ia, 10 BiINOBiIal0Th OCHOBHUM KO/IbOpaM Y HellepepBHOMY CIIEKTPi.

2. 3a [[0IIOMOroI0 IPOrpaMHOro 3abesledyeHHs /I aHAM3y BifeosamuciB mobymysaryu rpadidHy samex-
HICTb iHTEHCMBHOCTI BUIIPOMiHIOBaHHA Y JMiHINYaTUX CIEKTPax Bifl JOBXMHMI XBUII.

O6naonanus: I1K.
IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni gioomocmi

Puc. 1. 3osHiwHiti 8uenao sikHa npoepamu Tracker

HenepepBHmit CrieKTp — Iie CIEKTP, Y AKOMY MOHOXPOMATHYHi CKJIaJIOBi 3aIIOBHIOIOTH €3 po3puBiB yci iH-
TepBalIy XBU/Ib. XapaKTePHUMU JKePelaMy HEIIEPEPBHOTO CIIEKTPa € POSIrpiTi ;O BMCOKOI TeMIIEPATYPU Tija.
Y HenepepBHOMY CIIEKTPi BUPi3HAIOTH CiM OCHOBHUX KOJIbOPiB: YePBOHMI, OPAH)KEBUIL, YKOBTNI, 3e/IeHNI1, 671a-
KUTHUIL, CYHIT, dioneToBmit. Y 1iil po6OTi IPONOHYEThCA BUSHAYUTH yCePeJHEHY OBKIUHY XBIII CBiT/Ia, 1110
BifINIOBila€ KOXKHOMY i3 LIIX KO/IbOPIiB.

J>KepenoM NMiHi4aTuX CIIeKTPiB BUIIPOMiHIOBAHHA € CBiTHI rasy Ta pO3irpiTi O BUCOKOI TeMIIEPATypu IPo-
cTi eneMeHTH. BifIoOBifIHO i B HEIepepPBHOMY CIEKTPI, i B JIIHIYaTUX € PO3IOAiN iHTEHCMBHOCTI BUIIPOMIHIO-
BaHHA. JJoCIiKeHHA TiHITYaTOro ClieKTpa IMpOIIOHYEThCS MIPOBECTH Y IVIaHi TOOyRoBYM rpadiuyHoOl 3a/1e>XHOCTI
IHTEHCMBHOCTI BUIIPOMIHIOBAaHHA BiJj JOBXIMHM CBiT/10BOI XBIyIi. 1110 3a/€>KHICTh MOKHA aBTOMaTU4HO OTPU-
MaTH 3a [JOIIOMOTOX iHCTPYMEHTIB IIPOrpaMi [ ONPALIOBAaHHA Bifle03aNMCiB. YCTaHOBKA I OTPMMAHHA
300pa)keHb CIEKTPiB € TEXHOJIOTIYHO CKJIAJHOI0, TOMY B pOOOTi IPOIOHYETbCS BUKOPUCTATU TOTOBI 300pa-
JKEHHS, AKi MO)KHA 3aBaHTOXUTY 3a MocHIaHHAM: http://physlets.org/tracker/download/spectroscopy_videos.
zip Ha xo)xHOMY 306pa’keHHi HasABHi ONOPHi KaTiOpyBa/IbHi IVIAMM Bii KBAHTOBUX I'eHEPaTOpiB, IO IIPALIOI0TH
Ha 4acToTax 543,5 HM i 632,8 HM.


http://physlets.org/tracker/
http://physlets.org/tracker/download/spectroscopy_videos.zip
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Xio po6omu
Yacmuna 1. Ompumanus ceimnun

1. 3aBaHTaXkTe TOTOBi CBIT/IMHMU 3 PECYPCy:
http://physlets.org/tracker/download/spectroscopy videos.zip.

Yacmuna 2. Onpauroéanns ceimmaun

2. OO6epitb cBiTIMHY i3 300pakeHHAM HeIlepepBHOIO CIIEKTpa Ta 3aBaHTaxTe y mporpamy Tracker. [l mjporo
CKopucTaliTecss KHONKO0 Open y BEPXHbOMY MEHIO IPOTPAMIL.

(# Tracker

File Edit Video Track Coordinate Sys

B|H s % 8w L

7 |Open avideo ortracker file in a newtab|

Hin i -

3. O6bepitp y BepxHiit cTpiuni KHonKy Show, hide or create calibration tools| *!" Ta B MeH1o — New > Calibration
Points. Ha expaHi 3’ ABUTbCs 300pa>keHHs CUCTEMY KOOPAMHAT; Y BEPXHill CTpivlli Mporpama 3arpoIoHye,
yrpuMytoun Krasimry Shift, o6paru Ha 306pakeHHi nepury KaniopysanbHy TouKy. O6epiTh y BepxHiit cTpiu-
ni B moymryni Hasy KooppauHaT X only. YV BepxHiit yacTuHi MeHIo 06epith Coordinate System — Units. Y
HO/INYLi OVHNIb JOBKVHY BBEiTh NM Ta 3aKpuiiTe BikHO. YTpuMyloun knasinry Shift, mosnaure mepury
€TaJIOHHY TOYKY Bifi KBAHTOBOT'O TeHepaTopa Ha CIeKTpi i IPYTy TOUKY. Y BepXHill CTpidlli BBEliTh 3HAYEH-
HA JOBXVH XBWIb Y nm Jyist 000X To4yok (543,5 nm, 632,8 nm). [lle pas o6epitb kHonky Show, hide or create

+1a|
\lﬂlv

calibration tools . Kani6pyBanpHi TOUKM 3HMKHYTB, aJie IporpaMa 3aram sATa€ iXHE IOMOXKEeHH .

4. Jlna MapKyBaHHA ITOJIO>KEHHA KO/IbOPiB 00epiTh y BepXHbOMY MeHI0 KHOIKY Create i y MeHio — Point Mass.

¥ Create == B | O
Point Mass
Center Of Mass

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model
Dynamic Particle Model »
Data Track »

Measuring Tools »

Calibration Tools 4

5. V niBomy kyTKYy 3’ saBuThCA BikHO Track Control.

6. Harucaits xmaBimy Shift. Kypcop Habyne Burnany HeBenmykoi paMkn. CyMicTiThb If0 paMKy 3 HallBUpa3Hi-
IIe0 YaCTUHOIO BiZITIOBiTHOTO KOIbOPY i1 HATYCHITD JTiBy KHOIIKY MaHimynATopa. Ha 306pakeHHi 3’ ABUTbCA
MapKep TOYKM, i IporpaMa aBTOMAaTUYHO Iepelifie Ha HaCTyIHUI Kafp. [l ofiHi€el CBiTIMHN IporpamMor
nepen6adyeHo BUKOHAHHS 8 KPOKiB.

7. 1loBTOPIiTH Ail O OCTAHHBOTO KOILOPY, JFO3BOIEHOTO ITpOrpamor0. IIpy iboMy B MOXKeTe KOPUTYBATH I10-
JIOKeHHS MapKepiB IlepeTAryBaHHAM iX 1o ekpaHy (puc. 2).


http://physlets.org/tracker/download/spectroscopy_videos.zip
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H e o)

mass A (L 1)

Gickt ssectal

Puc. 2. 308HiwHili 8u2niA0 sikHa npozpamu Tracker nicns 8i03HaYeHHA NONIOXEHHA KOJTbOPOBUX CMYy2 y chekmpi

Yacmuna 3. Ananis oanux

8. [IlepeiimitTh y Tab/mu4He o€ eKpaHa, B KOJOHII 3 KOOPAMHATOIO X 3UMTATE 110 4ep3i 3HaUeHHs TOBXWH
XBW/Ib Ta [IEPEHeCiTh IX 10 TabmuILi.

9. 3aBaHTaXXTe CBITIMHY 3 TiHIlYaTHM CIEKTPOM BUIIPOMiHIOBaHHSA, 0OpaBIIN 1i i3 3aIIpOIIOHOBAHOTO HAOOPY.

10. Ins oTpuMaHHA PO3NOJiNTy IHTEHCMBHOCTI 3a JOBXVHAMU XBW/Ib 00€piTh y BEpXHbOMY MEHIO KHOIIKY
Create i y Menio — Line Profile. Yrpumytoun xmasimry Shift, mposenits niHifo 1o BcboMy CIIEKTpY.

11. Y rpaciunoMy BikHi 3’ABUTbCA Tpadik posnoxiny.
12. O6epiTb y BepxHbOMY MeHIO View > Data Tool (Analyze...).

13. 3’saButbcs HOBe BikHO Data Tool 3 rpadikom i Tabmuueto (puc. 3).

¥ Data Tool = O X

File Edit Display Help
[ profile_A
Measure | Analyze Data Builder... | Refresh | Help
4} markers| ] =]
290 E T T T T T T i lines| ] =
: style| —__
- axis| horiz vert vert
row ¥ luma n
1800 o 3703 8712 0,000/~
1 371,0 8,712 1,0001=
1601 H  3TE 8,712 2,000
3 3724 8,712 3,000
4 3732 8,712 4,000
140 5 3739 8&712] 5000
6 3746 8,712 6,000
g 120 i ¥l 3753 8,712 7,000
= E 8 3760 8,712 8,000
Joo L I H : 9 3767 s8712] 9000

8O- {

12 are9| 8712 1200
13 379.6] 8712 13.00
60 - 14 3303 8712 1400
h 15| 3810 6712] 1500
a0k s T : 16| 3817 6712] 16,00
| T i 17] 3825 6712] 17,00

20 30

| | 18 3833 8712 18,00
_.‘___p__-_ﬁ_ L : 19 3838 a712] 19,00

400 450 a00 " a50 GO0 G460 21 385 3 9239 21.00]_
s 6.0 9.239 22001
Drag table columns to yellow (horizontal axis) or green (vertical axis) for curve fitting. non-editable

Puc. 3. Buznsao sikHa Data Tool i3 po3nodinom iHmeHcugHocmi



14. IToBTOpPiTH OCTAHHI KPOKM [I/I iHIINX CIIEKTPIB.

15. ChopmyIroiiTe BUCHOBOK O POOOTHL.

Tabnuuys pesynomamie

Konip

JJoB>X1HA XBUJTi CBiT/Ia,

A (Hm)

®dioneToBui

Cunin

brakntHuin

3eneHninn

JKoBTnit

OpamxeBuit

YepBoHnii

JlabopaTopHa po6oTa N2 30
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196 dizuka. [IpukJaiHi METOAUKY IHCTPYMeHTaNbHOI U PPOBOI AUAAKTUKH

JlaGopaTopHa po6oTta Ne 31.
BHuBYeHHA ABMILA NOJIApU3alil CBiT/Ia

Mema pobomu: eKCriepMeHTaIbHO NTePeBiPUTY 3aJIEXKHICTh OCBIT/IEHOCTI, CTBOPEHOI J[)KePeTIOM CBiT/Ia, Bifl
KyTa MK IUIOLMHAMY NONAPM3alii IONIAPOIfiB.

3aedanns pobomu:

1. IIpoBecTu eKCIIepUMMEHT i3 MONIAPU3ATOPOM Ta aHAJIi3aTOPOM, 3MIHIOIOUM KYT MK IJIOLMHAMI HOJAPU-
3alrii.
3acgikcyBaru mpoliec 3MiHM OCBiT/IeHOCT] 3a gonomoroxo I1BK.

3. 3a gaHMuMM, OTPUMMAHMMM Y IIPOIieci eKCIIepUMEHTY, HO6YI[YBaTI/I 3aJIEKHICTb OCBIT/IEHOCTI Bifi KBagipaTa
KOCMHYCa KyTa MK IUIOIIVIHAMMA.

O6nadHanHA: yCTAaHOBKA, IPeACTaBIeHa Ha puc. 1, gaTuuk ocsitnenocri, LIBK, ITK.

3azanvni gioomocmi

Puc. 1. 308HiWHil 8u2/150 ekcnepuMeHmMaabHo20 NPUCMPOLO

ITpwazy, 3a HOIIOMOTOXO AKVX ITO/IAPU3YETDCSA CBIT/IO0, HA3VBAIOTBCSA MOIAPU3ATOPaMIL. Y OLIBIIIOCTI 3 HIX BUKO-
PUCTOBYIOTD TaK 3BaHi noApoiny. Ilonapoin — e TOHKa oA pusaniliHa IJIiBKa, I/1A AKOi XapaKTepHe ABUIIE IVX-
poismy. [Tonsapoiny mmpoKo BUKOPUCTOBYIOTD Y TEXHiLli TaM, fie BUCOKMII CTYIIiHb NO/IIpy3aLlil He € 000B A3KOBUM.
IIpunapgy, 3a HOIOMOIOO AKMX MOXKHA BUABUTY CTYIIIHD i Opi€HTAallil0 IVIOLMHY IO/LAPU3allil CBiT/Ia, HA3MBAIOTDh
aHaJli3aTOpaMM. SIKIo Ha LUIAXY IPOMEHs, 1O BUIIIIOB i3 MO/IApU3aTOpa, IOCTAaBUTU aHA/MIi3aTOp, TO IHTEHCUB-
HICTb CBiT/Ia, AKE IPOJILJIO Ye€Pe3 aHaMi3aTop, 3a/IeKaTuMe Bifl B3A€MHOI OPi€HTALl IIIOIMH IIPOITYCKaHHA CBIT-
JIOBUIX XBJ/Ib IIOJLIpM3aTOpa 71 aHamizaTopa. 1io 3amexxHicThb omcye 3akoH Mamoca, AKuii popMyII0ETbCA TaK: iH-
TEHCUBHICTb IJIOCKOIIOIAPU30BAHOTO CBiT/Ia, IO IPOXOAINTD Yepes aHa/li3aTop, IPOIOpIiliHa KBafpaTy KOCHHYca
KyTa MDK HallpsIMOM KO/IMBaHb, sKi IIPOITyCKa€e aHaisaTop 6e3 Ioc/1abIeHHs, i HalpsIMOM KO/IVIBaHb Y TIOJISIPH30-
BaHOMY CBIT/Ii, 1110 TTafia€ Ha aHaTi3aTop. MareMaTN4HO 3aKOH MaJtoca BUpaXKaeTbcst pOpMYIO:

I = kljcos*a, (1)

fie [ — iIHTEeHCUBHICTD CBIT/Ia, 10 MPOMIIIO KPi3b aHamisatop; I, — IHTEHCUBHICTD CBIT/Ia, 1[0 MA/IA€ Ha TIOJISIPU-
3aTOP; k — KoedillieHT IIOIIMHAHHA CBiT/Ia peYOBMHOIO IIO/IAPM3aTOPa Ta aHAII3aTOPa; & — KYT MK HAIpsIMOM


https://repository.curriculab.net/files/software/setupm_version_4613.exe
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KO/IMBaHb, fAKi IPOITyCKae aHami3aTop 6e3 mocnabIeH s, i HalpAMOM KO/IMBaHb Y HO/IAPU30BAHOMY CBITIIi, 1[0
ajia€ Ha aHaji3aTop.

Y niit po60Ti BUKOHYETHCA IepeBipka 3akoHy Maioca MIIXOM BUMipIOBaHHA PiBHSA OCBITI€HOCTi peecTpa-
TOPA, AKa IMPONOPIiliHa iIHTEHCMBHOCTI CBIT/Ia, 1[0 HA HHOTO MOTpAIIAE. 114 TepeBipKu 3aKOHOMiPHOCTI I10-
TpiOHO MOOYAYyBaTH IHCTPYMEHTaMV MaTeMaTUIHMX Ta6MIb IpadivuHy 3a/1eKHICTD BeIMYIMHY OCBIT/ICHOCT] Bif
KBaJ[paTa KOCMHYCa KyTa MK HaIIpIMOM KOJIMBaHb, AKi IIPOIyCKae aHaTi3aTop 6e3 ImocnabeH s, i HalpAMOM
KO/IMBaHb y NO/IAPM30BAHOMY CBiT/Ii, [0 Tafjae Ha aHasi3aTop. Y mepuioMy HabmKeHHI BoHa Oype miHilTHO.

Xio po6omu
Yacmuna 1. Ompumanus 0anux

CK/IafiTh yCTAaHOBKY, IIpeLCTaB/IeHy Ha CBIT/IMHI.
3anporpamyiite LIBK Ha ogyHIYHI BUMipIOBaHH:.

1

2

3. IlomicriTp 3a ananizaropom LIBK 3 peectpaTopom cBiTna.

4. CyMicTiTh NJIOMVHY OAPU3allii IOIAPKU3aTOPa 1 aHaTi3aTOpa Ta YBiIMKHITh JPKEPENo CBiT/Ia.
5

YBiMKHITD 3amic gaHux. [Todyeproso 36inbiryoun KyT Mix mronmHamy Ha 10°, dikcyiiTe 3HaYeHHA Ben-
4yHY OCBiTIeHOCTi. OCTaHHE 3HAYEHHA OTpUMaiiTe I/ KyTa B 90°.

Yacmuna 2. AHani3 0anHux

6. Jlnd aHami3y OTpMMaHUX IAHVX Y HaBeJleHOMY eKCIIePMMEHTI BUKOPUCTOBYEThCA Iporpama Phywe measure
4 Bepcis 4.6.13 (https://repository.curriculab.net/files/software/setupm_version_4613.exe). ®aiin faHux Mae
Oy Ty oTpuMaHuit ab0 BIIKPUTHI Y 11iil Iporpami.

7. OO6epiTh TaOMMYIHWIT BUTTISA], IPECTABIEHHS TaHUX 1=}
8. Obepirtp y MeHI0 «BumiproBanHs» — «Ekcropt mannx» i ckomiroiire ix y 6ydep.
9. BipkpuiiTe CTOpiHKY MaTeMaTMYHMX TaOMNUIb i TOMICTiTD y Hel gaHi (puc. 2).

10. CrBOpiTh KONOHKY A1 KyTa i 3anoBHITSH ii. [lepeBeniTh KyTu B pagianu. Pospaxyiite kBagpar KocuHyca
KOXKHOTO 3 KYTiB.

aview|a+ary (okr=
2| @B » T RH[E &k

Puc. 2. 308HiwHili 8u2nA0 ekpaHa 3 2pagikom 3MiHU Hanpyau i BUHAYeHHAM PO3MAaxy

11. TIobynyitTe rpadiuny 3a/meXHICTh OCBITIEHOCTI Bifl KBafjpaTa KocuHyca KyTa. [IpoaHanisyiite BIIMBOBI
dakTopy, 110 BU3HAYAIOTh MOXMOKY BUMipIOBaHb, Ta CHOPMYII0iiTe BICHOBOK IO pOOOTHL.

197
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JlabopaTopHa po6oTta Ne 32.
JlociaKeHHs TpeKiB 3apAJKeHUX YaCTUHOK 3a poTorpadisamu

Mema po6omu: inenTndikyBaTy TpeKM 3apAIpKeHNX YaCTUHOK, IIPeCTaB/IeHNX Ha CBIT/IVHI, pO3paxyBaTu
BiJHOIIIEHH:A €HEePTill 3apAIKEeHUX YaCTVHOK Ha IOYaTKY Ta B KiHII TPaeKTOpil pyxy.

3asoanns pobomu:

1. 3a JOIIOMOT OO iHCTPYMeHTiB IIpOrpaMHOro 3a0esneyeHHs [J1A oIlpaljlOBaHHA Bi,HeOSaHI/ICiB BU3HAYNUTU
pamycm KpUBU3HU TpeKiB 3apAMPKEHNX YaCTNHOK, IIPENCTAB/IEHNIX Ha CBIT/IMHI.

InenTndikyBaTy YaCTMHKY Ha CBiT/IMHI 32 pO3paXOBaHNM IIUTOMUM 3aPATOM.

PospaxyBaTu BifHOILIEHH: €HEPrill YaCTMHOK Ha IIOYaTKy Ta B KiHI|i TpaeKTOpil.
O6naonanns: 11K.

IIpozpamne 3a6e3neuenns: Tracker (http://physlets.org/tracker/).

3azanvni eioomocmi

Puc. 1. 3o8HiwHiti 8uenis0 8ikHa npoepamu Tracker

3apspKeHi YaCTMHKY IIiJ] 9ac pyXy B TPEKOBUX KaMepax 3a/IMIIAI0Th CIiM, sIKi MOXYTb OyTu 3adikcoBaHi
Ha cBiT/IMHaX. BMilieHHA TpekoBux Kamep (kamepu BinbcoHa, audysiitHoi kamepy TOIO) Y MOTYXHi MarHiTHI
TIOJISA JIa€ MOXK/IMBICTh PEECTPYBATU BUKPUBJIEHICTD IXHIX Tpa€KTOpiii. Pafiyc KpuBuU3HM TpaeKTOpii BU3HAaYa-
€TbcA cuytol0 JIopeHIia, 10 BIVIMBAE HAa PyX 3apAIKEHOI YJaCTUHKIL.

I 6yab-AK0i YacTMHKY Oyie BUKOHYBATICS CIIiBBiTHOLICHHS:

Y, (1)

q
m FBr

ne % — IUTOMUIA 3apsAf YaCTUHKM; V — CKJIaJoBa WIBUIKOCTI, IEepIEeHAUKYAAPHA JIiHil IHAYKII MarHiTHOTO

1ojis1; B — IHAYKIIiA MarHITHOTO IOJL; ¥ — Pajiiyc KpMBU3HU TPAEKTOPIL.

3a yMOBUY, 1[0 ITOYAaTKOBA IIBUAKICTh PyXy Pi3HMX YaCTMHOK Oyje OJHAKOBOIO 32 MOJY/IEM i HalPSIMKOM,
PO3paxyHOK IMTOMOTO 3apsAAY A€ MOXK/IMBICTD imeHTNIKyBaTH iHII 3apsAKeH] YaCTMHKY, AKIO Ha CBiT/IMHI
Oyne HasABHMII OVIH TPeK, 3a/IVIIEeHNIT BifoMOI0 YacTMHKOW0. Hanpukiaz, o/ mpoToHa MUTOMMII 3apsf MOXe
Oy Ty BU3HAYEHWIT CIIiBBi/JHOIIEHHAM:


http://physlets.org/tracker/
https://editor.inhost.com.ua/storage/MANLab/videoanaliz/trek/trek.jpg

JlabopaTopHa po6oTa N2 32

e v )
my  Bry’
3 Bupasis (1) Ta (2) oTpuMyeMO BMpas AjIs BU3SHAYEHHS MIMTOMOTO 3apsily HEBiJOMOI YaCTUHKUL:
1. 3)

m mpr

BpaxoByioun, 1j0 TiJ 9ac pyXy YaCTMHKY B TPEKOBili KaMepi BifOyBaeTbCsA 3MeHIeHHA 11 KiHeTUYHOI eHep-
rii, BUX0#A4M 3 BUpasy (1), oTpuMaeMo Bypas, AKNI Ja€ 3MOTY pO3paxyBaTy BifHOIIEHHS eHeprii JaCTMHKY Ha
noyvarky E, i B KiHili Tpaekropii E ;

E,
ErE @
Xio po6omu

Yacmuna 1. Ompumanus ceimaun

1. 3aBaHTaXXTe rOTOBY CBIiT/IMHY 3 peCypcy.

Yacmuna 2. Onpauro6anns céimmaux

2. 3aBaHTa>KTe CBiT}II/IHY Y HporpaMy Tracker. HTIH IObOro CKOPI/ICTaf/ITeCH KHOIIKOIO Open y BerHbOMy MEHIO
HpOI‘paMI/I.
'f,‘ Tracker
File Edit Video Track Coordinate Sys
S|H 5% 8w L

v |Oper| avideo ortracker file in a newtab|

3. O6epirtpy BepxHiii cTpiuni kHonky Show, hide or create calibration tools " 1a B Menio - New - Calibration

Stick. ITporpama 3ampomnonye, yrpumytoun kiasimry Shift, o6patu Ha 306pakeHHi mepiny Ta gpyry Tod-
Ky I/11 OBMHUYHOTO Bifpiska. Ha Bifeo 3’aButhbcs Bigpisok. Y nupposomy nosui Hapg BigpiskoM HeoOXifHO
BBECTY 3HA4YEHHs JIOro JOBXMHY B MeTpU4Hil cucremi. KiHii Bigpiska Mo)KHa Bi/IbHO IlepecyBaTu «Iepe-
TATYBaHHAM» 110 300pakeHHI0. CyMIiCTiTb KiHIIi Bifjpiska 3 ofyiHMYHMM BifipiskoM Ha ¢oro. Ille pas 06epith

0 i -

kHOIKy Show, hide or create calibration tools| *
J10T0 TIOJIOXKEHHA Ta TOBXIHY.

. OmMHMYHNI Bipi30K 3HUKHE, ajie IIPOTpaMa 3aIaM ATaE

4. [lna BuMiproBaHHA pafiyciB KpuBM3HM 00epiTh y BepXxHbOMY MeHI0 kKHONKY Create — Measuring Tools —
Circle Fitter.

¥ Create = B | O 126% | 7 0l

Point Mass

| Center Of Mass :;’

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Particle Model 2
Dynamic Particle Model »
Data Track »

Measuring Tools ¥ Tape Measure

Calibration Tools »| Protractor
Circle Fitter
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5. Y niBomy KyTKy 3’ABuTbCA BikHO Track Control.

6. Harucuite xnaBimy Shift. Kypcop nabyne Burnany HeBenukoi pamkyu. CyMiCTiTh LJ0 paMKy 3 IOYaTKOM
TpaekTopii 1 (Ije TpaeKTOpis MPOTOHA) i HATYUCHITD JIiBY KHONIKY MaHimysaTopa. [ToBropits ui Ail i Tpbox
TOYOK Ha I1iil Tpa€KTOPiI, pO3TAalIOBaHNX HEJAIEKO Bifi IIE€PIIO].

7. 'V BepxHiii cTpiuLi 3’ ABUTbCA 3HAYEHH pajiiyca KOJa, IO BIIMICaHe B TPAEKTOPIiIo, @ Ha 300paKeHH] — came
ko710. CKOperyiiTe IIOJI0)KeHHsI TOYOK TaK, 1100 KOJIO HalKpallie BIMCYBAIOCS B 110 AIAHKY. 3UnTaiiTe 3Ha-
JYeHHs pajiyca i samuurite go Tabmuui (puc. 2).

8. IlepeTsArHiTh TOUKM B KiHellb TPAeKTOpii. 3unTaiiTe 3HAYEHH: pajjiyca KpMBM3HM 1 3aHOTYIITE KO TaOMMILI.

9. IlpoBepnirb aHasyOriuHi Aii OAO IHIINX TPAEKTOPIil. Yci 3HaYeHHs paziyciB 3aMIIITh KO TaOIMIL.

| EnEr=rn]

Puc. 2. 308HiwHili 8u2nad sikHa npozpamu Tracker nicis enucy8aHHA KOJ1d 8 MpAaekmMopito

Yacmuna 3. Anani3 danux
10. BuxopucroBytoun Bupas (3), pospaxyiiTe IMTOMUI 3aps/, YACTVHKI JJIA TpaekTopiit 2,3,4. Inentudixyiire
JacTUHKU. PesynpraT 3aHOTYIITE KO TabMMILLi.

11. BuxopucToBytoun Bupas (4), pospaxyiiTe BifHOIIEHH eHEPriil Ha MOYATKY Ta B KiHIli pyXy KOXXHOI YaCTVH-
Ku. Pe3ynpraT 3aHOTYIITE 1O TaOMNIIL.

12. ChopmyrioiiTe BUCHOBOK IO POOOTIL.

Tabnuys pesynvmamie
Ne TpaekTopii Papiyc Papiyc IIntommii 3apAaf Haspa Bignomenns
YaCTUHKU TPa€eKTOpii Ha TPA€EKTOPII B YaCTUHKN, YaCTUHKU €HEPTill YaCTUHKA
II0YATKy PYXY, KiHLi pyXYy, q (Kn/x2) Ha II0YaTKy
r(m) r (m) m Ta B KiHIIi pyXY,
Ey
E;
1 IIPOTOH
2
3
4
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