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* aBTOMaTH4YHMH 30ip JAHUX EKOHOMHUTPH Yac TA CHJIM YYHIB 1
J1a€ MOXKJIMBICTB 30CEPEIUTH yBary Ha CyTi JIOCIiPKSHHS;

*  BHUMIipIOBaHHS OUTBIIOT KUTBKOCTI TApaMETPiB €KCIIEPHMEH-
Ty, IO /1a€ MOXKJIMBICTH 3arTUOUTHUCS B caMy CyTh (i3uu-
HHX SIBHILL,

*  cIpwusi€ MiJABUIICHHIO PiBHS 3HAaHb 32 PaXyHOK aKTHBHOT [i-
SITBHOCTI YYHIB Y X0/ €KCIIEPUMEHTAIBHOT 10 CJIi THUIIBKOT
pob6otwu.

BucnoBku. KoM’ rotepusaltisi eKCIEpIMEHTY PO3IINPIOE
00i3HaHICTh YUHIB 3 IOCHI/PKYBaHUM sIBUIIEM, (HOPMy€e HABUYKU
1 Haylae TM BIIEBHEHOCTI Y BUKOPHCTAaHHI CyJacHHX €KCIIEPHMEH-
TaJbHUX METO/IB, O3HAHOMIIIOE 3 TIEPEAOBIMHU CIIOCOOaMH TTi3-
HaHHs, BUJAMHU KOHTPOJIIO 3a TeXHOJ’lOFi'—[HI/lMI/I npouecamMu Ha
BHPOOHUIITBI, Ja€ MOXJIUBICTh ITO-HOBOMY MITIHTH IO METOIHU-
KH IOCTAHOBKH IIKITEHOTO (PI3HYHOTO EKCTIEPUMEHTY [4].
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YYEBHBIN ®M3NYECKAT DKCITEPUMEHT
C UCIIOJIb30BAHUEM IIU®POBOM JIABOPATOPUH
NOVA5000

B crarbe paccMOTpeHO HCIONb30BaHHEe HU(POBHIX 1a60-
patopuii Ha ocHOBe Nova5000 Bo BpeMsl IIKOJIBHOTO (pu3mde-
CKOTO IKCIIEPHMEHTA, YTO CIOCOOCTBYET IIOBBIMICHUIO d(hdek-
THBHOCTH Y4eOHO-BOCITUTATEIBHOTO MPOLIECCa U aKTHBU3ALINH
MO3HABATENBHOM AesTenpHoCTH yuammuxces. Ocoboit addexrus-
HOCTBIO OTMEYAETCs COYETaHUE KOMIBIOTEPU30BAHHOTO Peallb-
HOT'O M BUPTYaJIbHOTO IKCIIEPUMEHTOB.

KiioueBble ¢/10Ba: MIKOIbHBIH (QU3HIECKHIT SKCIICPHMEHT,
uudposas gadoparopust Nova5000, peanbHblil 1 BUPTYaJIbHbINA
9KCHEPUMEHTBI.
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EDUCATIONAL PHYSICAL EXPERIMENT WITH THE USE
OF DIGITAL LABORATORY BY NOVAS000.

The article is considers the use of digital labs by Nova5000
during the school physical experiment that promotes increase of
the efficiency of the educational process and enhances the cogni-
tive activity of learners. The most effective combination marked a
computerized of real and virtual experiments. Computerization ex-
periment extends knowledge of pupils from the phenomenon. Use
the computer generates skills and gives pupils confidence in using
modern experimental techniques. Computer programs familiarize
for the pupils with advanced knowledge of methods, types of con-
trol over the production process. This is to teach methods of School
Physical Experiment by the teachers on new things for all allows.
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®OPMYBAHHS NPEOMETHOI KOMNETEHTHOCTI YYHIB OCHOBHOI LLKONU LUNSAIXOM
PO3B’A3YBAHHA ®IBNYHUX 3AOAY NTPA®IYHUM METOIOM

VY cTarTi po3msAaeThCs BOXIIMBICTD PO3B’SI3yBaHHS 3a/1a4 3 Pi3HUX po3/iiiB (i3uky rpadivHIM METOROM, IO crpusie Hopmy-
BAHHIO MPEAMETHOI KOMIIETEHTHOCT] Y4YHIB OCHOBHOI 1IKomH. TToKka3aHO, 10 po3B’sI3yBaHHs 3a1a4 rpadiuHUM METOLOM 30LIbIIy€e
MOXIIUBICTh BHKOPUCTAHHS JAOCIITHUIBKUX 3a/1a4 Ha YpoKax (i3MKH, 10 CHOHYKAaTUME Y4HIB BUKOPHCTOBYBATH OZICpKaHi 3HAHHS
3 (i3UKH B HOBCAKICHHOMY XHTTI, CIIPHATHME PO3BUTKY MHCJICHHS YUHIB Ta OPMYBAHHIO IX IPEAMETHOI KOMIETEHTHOCTI.

KimiouoBi cioBa: rpadiunnii metox, dizuyna 3asaqa, IpeaMeTHAa KOMIETEHTHICTh, OCHOBHA LIKOJIA.

PesynbraTi HaB4aIBHOI AiAIBHOCTI YUHIB Ha BCIX eTamax
IIKIJIBHOT OCBITH HE MOXYTh OOMEXYBATHUCSI 3HAHHIMH, YMiHHSI-
MH i HABHYKaMH, METOIO HaBUaHHS Mae OyTH c(opMOBaHa Ipe-
METHa KOMIETEHTHICTb, SIK 3arajbHa 3/aTHICTh, II0 0a3yeThCs
Ha 3HaHHAX, JOCBiJl Ta IIHHOCTAX 0COOMCTOCTI. YIOCKOHAIEHHS
OCBITHBOTO HPOIIECY 3 ypaxyBaHHSIM KOMIIETEHTHICTHOTO MiIX0-
Iy TIOJIITa€ B TOMY, 100 HABYUTH YYHIB 3aCTOCOBYBATH HaOyTi
3HAHHA U yMiHHﬂ B KOHKPETHUX HaBYAJIbHUX Ta XUTTCBUX CH-
Tyanisx. Ha KoMIeTeHTHICTHOMY MiIXOMi IPYHTYEThCS HOBHH
JepxxaBuuii ctanmapT 0a30Boi 1 MOBHOI 3arajbHOi CEPEeAHBOL
OCBITH, SIKM BIIPOBAJPKYETHCS B YaCTUHI 6a30B0{ 3arajibHoOI ce-
penuboi ocsité 3 01.09.2013 p., a B 9acTHHI MOBHOI 3arajbHOI
cepennpoi ocBiTH — 3 01.09.2018 p. Y moscHIOBanbHIN 3amuci
JI0 HOBOI HaBYaJIbHOI mporpamu 3 Gi3uku s 7-9 Kiacis, 30-
KpeMa, 3a3HadeHo: “TomoBHa MeTa HaBUaHHS (i3UKH B CeperHil
IIKOJIi MOJISITa€ B PO3BUTKY OCOOMCTOCTI y4HIB 3acobamMu (izu-
KU SIK HABYAJIBHOTO NPEAMETa, 30KpeMa 3aBIsKd (OPMYyBaHHIO
B HHX NPEAMETHOI KOMIIETEHTHOCTI Ha OCHOBI (pi3MYHUX 3HAHB,
HAyKOBOTO CBITOIVISITY W BiIIIOBIHOTO CTHJIFO MHUCIIEHHS, PO3-
BUTKY €KCIEPUMEHTAJIbHUX yMiHb 1 JOCIITHHMI[bKHX HABUYOK,
TBOPYHMX 3/1I0HOCTEH 1 CXHIBHOCTI 0 KPEaTHBHOTO MUCIICHHS .

®di3uKa IpyHTY€eThCS Ha €KCIIEPUMEHTI. bipIIicTh BUCHO-
BKIB 32 pe3yJbTaTaMi eKCIIEPUMEHTY POOUTHCSI Ha OCHOBI Ipa-
(igHOTO MaTepiaxy — 3a pe3ydabTaTaMHi CYMICHUX BHMIpPIOBaHb
OynyroTh rpadik 3aJe)KHOCTI MK BEIWYMHAMH, 32 SIKUM BCTa-
HOBJIIOIOTh PIBHSHHS 3B’SI3Ky MK (i3MYHHMHU BEIMYMHAMH Ta
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poOnsaTh BiamoBigHI BHCHOBKH. [y peamizamii KOMIIETEHTHiC-
HOTO MiJXO4y B HaB4yaHHi (i3uku i GopMyBaHHS IpeIMeTHOT
KOMITCTEHTHOCTi NMOTPIOHO HABYNTH YYHIB UHTATH, PO3YMITH,
ONpanboBYBAaTH, IHTEPIIPETYBaTH Ta OymyBaTH Tpadikd.

VY HaByasbHINM mporpami 3 i3MK{ cepen HalBajKIMBIIIMX
IMUTaHb BiJ3HAYEHO «yMIHHS IHTEPIPETYBaTH PE3YJIBTaTH EKCIIe-
PUMEHTY», cepel AKUX, 30KpeMa, «yMiHHs OyayBatu rpadikm», Ta
«po3B’s13yBaHHs Gi3MYHUX 3a]a9», 30KpeMa, rpadidHuM METOIOM.
Y mporpami Ge3rnocepejHb0 BKa3aHO Ha 00OB’SI3KOBE BUKOPUCTAH-
Hi TpadiKiB I1i/1 Yac BUBYCHHS IUTaHb KIHEMATHKH 1 TETUIOTH.

VY MeToauuHiil JiTepaTypi ONMHUCaHO BUKOPHCTAaHHS rpa-
¢igHOTO MeTOmy TIpH (OPMYBAaHHI ITOHATTS MHTTEBOI IIBHA-
KOCTI HEpIBHOMIPHOTO pyXy 3a BH3HAYaJbHUM PiBHSIHHSAM,
3HAXOKCHHI 3aJICKHOCTI MPOEKINT MepeMillleHHsT Bil yacy 3a
rpadikoM 3aIeXHOCTI MPOEKIlii MUTTEBOI IIBUKOCTI BiJ 4acy,
PO3B’s3yBaHHI 337124 Ha PiBHAHHS TEIUIOBOTO OanaHCy, ToOymoBi
POCTOPOBUX IpadikiB ra30BUX 3aKOHIB, MOICITIOBAHHI 3aKOHY
paioakTUBHOTO po3many Ta iH. Bukopucranus rpadiqnoro me-
TOJY TOKa3aJI0 HOr0 BUCOKY HAOYHICTP 1 €(PEKTUBHICTb.

Onnak mpobieMa BUKOPHUCTaHHS rpadidHOro MeTomy pos-
B’SI3yBaHHS 3a]ad I1i{ Yac BUBYEHHS (Di3WKHM B 3araJbHOOCBITHIX
HaBYAJIbHUX 3aKJaJaX HENOCTAaTHhO po3polOieHa. Jlis peamizarii
KOMIICTEHTHICTHOTO MMiIXOMy HEOOXiHO I[e B OCHOBHIM IIKOIT HE
TUTBKU COpMyBaTH B YIHIB BMIHHS YHTATH, PO3YMITH, OIpPAIbo-
BYBATH, IHTEPIPETYBaTH i OyayBaTH rpad)ikd, a JOBECTH Il yMiHHI
JI0 PIBHS CKJIAIOBOI NpPEJMETHOI KOMIETeHTHOCTI yuHiB. Lle 3a-
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Po30din 2. [ludakmuyra modens ynpaBaiHHs SKICmio

u BIAHHS [OTIOMArarTh

= BUPILIUTH rpadivHi 3a-

Jadi 3 Pi3HUX PO3ALTIB

(hi3uKy, sKi 32 BUMOTa-

MM KOMIIETEHTHICTHOTO

L MiIXony MOBHHHI OyTH

10 ¢ xp HAOMKeHI 710 peaib-

[Fe® HHUX YMOB JKHTTEIisUTb-

N HOCTI JIFOIMHH, CIIOHY-

v, KaTh JI0 BUKOPUCTaHHS

KM (i3MYHUX 3HAHB Y KUT-
TEBUX CHUTYaIlisX.

BaxxiuBy poins Bi-
JUrparoTh MDKIIPEIMET-
Hi 3B’513KH MaTeMaTHK{
Ta (i3UKH PH BUBYCH-
HI 3QISKHOCTEH MDK
GI3MYHIME ~ BEHYH-
HaMH, OCKUIBKHM Yy4YHI

Puc. 2 BHBYAIOTh Tpadiku Ha
YpOKax MaTeMaTHKH, a TOMYy TpadidHe MpeIcTaBIeHHS (PyHKIIIO-
HAJIBHUX 3JISKHOCTEH MDK (DI3SMMHMMH BEIMYMHAMH HE BUKIH-
Ka€ B HUX TPyAHOCTeH. 30KkpeMa 3HaHHs y4HIB 3 MaTeMaTHKH PO
JiHIHY (YHKIIFO JO3BOJISIOTH CTBOPUTH MareMaTHYHY MOJIEINh
HAKUMIPOCTIIIOTO HEPIBHOMIPHOTO PyXy — piBHOIPHCKOpeHoro. [1pu
[IbOMY BUHHMKA€ MOYKJIMBICTb aKTHBI3yBaTH i3HABAIBHY AiSUTbHICTH
YUHIB Yepe3 pealizalliro mpoOJIeMHOT0 BUKIIAIy MaTepiay i HaBiTh
YaCTKOBO-MIOIIYKOBOrO MeToxy [5]. OmHak MK MaTeMaTHKOIO Ta
(hi3MKOI0 TEeX ICHYIOTH NIEBHI CYIIEPEYHOCTI, 30KpeMa LI00 iCHY-
BaHHS PO3PHBIB Ta 371aMiB Ha rpadikax 3aeKHOCTI IMBHAKOCTI Ta
MPUCKOPEHHS PyXY T Bif 9acy. 3 TOUKH 30py MAaTeMaTHKH Tpadik
Moxke OyTH JIOBUTBHHM, a 3 TOUKH 30py ()i3MKH PO3PHBIB Ta 31aMiB
OyTH He MOBUHHO, OCKINIBKM BOHH CyIIepeyaTh PealbHOCTI: 371aM —
MIEBHOMY MOMEHTY 4acy BiJIIOBiZla€ MHO)KHHA 3HAYEHb LIBHIKO-
cti (puc. 1), pO3pUB — MUTTEBO MIBUAKICTH 3MIHIOBATUCH HE MOXE,
00 Tiyla MaroTh Macy (puc. 2).

Buxopucranust rpadikiB (yHKI[IOHATBHUX 3aJICKHOCTEH
MK ()i3MYHIMY BeJIMYMHAMM ITiJ] Yac BUBYCHHS PO3ALTIB «/IuHa-
MiKa» Ta «3aKoHH 30epekeHHsS B MEXaHili» MoKa3ano, M0 BOHU
CIIPHSAIOTh HAOYHOMY MPE/CTABICHHIO 3aJIEKHOCTEH MDK BeJH-
YUHAMH{ 1 HaBiTh CTAOTh OCHOBOIO JUIsl BCTAHOBJICHHSI 3aKOHO-
MipHOCTel Mixk BenmmauHamHu. [ padiku MOKHA BUKOPHCTATH JIJIS
UTIOCTpaNii TakuX omepamniii Ta 3aJIeKHOCTEH MK BEIUYMHAMMU:
1) 3as1eXKHICTb MPOEKIIT CHIIN BiJl KOOPJMHATH JUTS CHII IIPY>KHOCTI
Ta TSOKIHHS, 2) TpadivHe TomaBaHHS CUIT; 3) BH3HAYECHHS POOOTH
CHJIM 3a TpagikoM 3aJIeKHOCTI MPOEKLii CHIM BiJ KOOPAMHATH;
4) 3aJeXKHICTh MOTCHIATBHOI €HEpril MiJHATOr0 Hall 3eMIICIO
TiJa, TOTEHIIaIbHOT eHepril 1e()OpMOBaHOT MPYKIHU Ta KIHETHY-
HOI eHeprii Tia BiJ KOOpAWHATH; 5) TeopeMa Mpo MOTECHIIaIbHY
eHeprito: podoTa KOHCEPBAaTUBHUX CHJI (TSDKIHHS Ta IPYKHOCTI)
JIOPIiBHIOE 3MiHI MOTEHIATBEHOT SHEeprii, B3SATOI 3 MPOTHIICKHAM
3HAKOM; 6) TeopeMa Npo KiHETHYHY €HEprito: podoTa pe3yabTyo-
40i CHJIM JOPIBHIOE 3MiHI KIHETHYHOT eHeprii; 7) 3aKoH 30epexeH-
Hsl MEXaHIYHOI eHeprii; 8) B3aeM03B 130K MiXk (DYHKIIIOHATBHUMH
3aJIe)KHOCTSMH MPOEKIii CHIN Bil KOOPIUHATH, POOOTH CHIIH Bij
KOOP/IMHATH Ta 3MiHU HEepril BiJl KOOPMHATH.

Y Gararbox BUTIaKaxX ITiJ] Yac BUBYCHHS (DYHKIIOHATEHUX
3aJIKHOCTEH MK (DiI3MYHUMH BETMYUMHAMH CIiJ OymayBaTH He
cxeMaTu4Hi Tpadiky, a «KUTBKICHD» YM «HAIiB-KUIBKICHI», Ha
OCSIX SIKMX MO3Ha4eHi TUTHKH BiHOIICHHS BeMNYH. Po3ymiHHIO
SBHIIA T4 HOr0 ONUCY CHPHAIOTH LIIOCTpALlisl SBUILA ITOCTAIHO
4yepe3 Cepil0 PUCYHKIB Ta MOEIHAHHS CXEMaTHYHOIO MPEACTaB-
JICHHS €TAIliB SIBUIIIA 3 BIATIOBI THIMA MOMEHTaMH y TpadivHOMY
npencTaBieHH] QYHKIIOHATBHUX 3aJ€KHOCTeH MK BeIMYHHA-
MH, L0 OMHCYIOTh JaHe suule [3; 7].

JIOCUTB IIHPOKE 3aCTOCYBAHHSI JUIS PO3B’I3yBaHHS 3a/1a4 3
pi3HuX po3AiTiB (i3uKK MaroTh He nuine rpadiky, a it giarpamu,
HOMOTpaMH, JIMHAMI4HI TpaHCHIapaHTH.

[Ipu BuBUeHH] (Hi3UKK B CepeIHIN IIKOMI TyKe BOKIUBHM
€ BUKOPHCTAHHs HaTypaJbHOI, 00pa3HO-0II0CEPEIKOBaHO1, CXeMa-
THUYHOI Ta CHMBOJIIYHOI HAOUHOCTI. [IpoTe, K0 (i3uyHi ABHUIIA
MOKHA TIPOJIEMOHCTPYBATH a00 3MOJIEIIOBATH, POBIBIIH (i3Md-
HHUH EKCIIEpHUMEHT, TO 3MiHH C€HEprii HiJ 4ac IMX SBHUILI MOKHA
nue onvcard. OyHKIIOHAIBHY 3aJIEKHICTh MK (DiI3MYHUMH Be-
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JIMYMHAMM MOXKHA OITMCATH 4Yepe3 CUMBOJIIYHY HAOYHICTb, 3a/1aB-
iy if TabnuuHo, rpadivyHO UM PIBHSIHHIM 3B’3KY (QHAJITHYHO).
AnHanmiTnuHAN croci0 3amaHHsA (QYHKIIOHAJIBHOI 3aJIEKHOCTI €
O1b1II 3arabHIM, HAITPUKIIAI, IOBHA MEXaHIYHa €HEepris 3aMKHE-

HOT CHCTEMH, Y SIKii BIICYTHE TepTs, B 3araJIbHOMY BHIAIKy Ma-
2 2

+ mgh + > Aune BinnoBinHUH rpadik

THME BUDIIA: E =

(yHKIIOHAIBHOT 3aJIEKHOCTI MOYKHA TTOOYyBaTH JIMIIIE AT KOH-
KkpeTHoro Bunaky. Ha rpadiky Moxxaa 300pa3uty 3MiHU KO)KHOTO
BUy €HEpril BiJl KOOPJMHATH i pOOOTY CHJI, IO BUKIIUKAH IO
3MiHy, ofHaK rpadiku 6e3nocepeqHbO He LTFOCTPYIOTh NPHINHN
3MIHH Pi3HHMX BHIB €HEPrii Ta 3aKOH 30epe)KEHHs SHepril.

Iro npoGieMy JOIOMAraroTh Kpalle po3B’si3aTH eHepre-
TUYHI Jiarpamy, Ha SKAX KOKEH BHJ] €HEPrii I IEBHOTO €TaIry
TIOJIaHO Y BUIISIII HPSIMOKYTHHKA 3 BHCOTOIO YH MIMPHHOIO, IO
BIJIIOBiZJa€ 3HAYEHHIO €HEprii y meBHoMY Macmradi. [iarpamu
HAOYHILIE LTIOCTPYIOTH 3aKOH 30epekeHHs eHeprii, 60 Oe3moce-
PEIHBO TOKA3YIOTh, 1110 CyMa BCIX BB €HEPTil ISl KOXKHOTO eTa-
Iy 3aJIMIIAEThCst cTanoro. [Ipu 3MiHi AiarpaMu OHOTO CTaHy CHC-
TEMH HA IHIIUH MOXKHA IPOLTIOCTPYBATH IPUYMHU 3MIHH CHEPT1i.

EnepreTnyHi giarpaMu JOLIJIBHO BUKOPHCTOBYBAaTH JUIS
UTFOCTpAaIlii 3MiH eHeprii B MEXaHIYHUX Tporecax [3], a Takox B
TEIIOBUX TpOLEcaX, AKi BiIOyBalOThCS IPH IUIABJICHH] (KpHCTa-
ni3anii), BUIapoByBaHHI (KOHJIEHCALl), HArpiBaHHI PEYOBHHH,
3TOpsiHHI manusa (puc. 3), Npu BUPOOHHUITBI €IEKTPUIHOT eHep-
rii Ha TEIUIOBIH eNeKTPUYHiH cTaHwii Tomo [6].

OCKiJIbKHM CyMa BCIX BUJIB €HEpril Iyl KOXXHOTO CTaHy
3aJUIIAEThCS HE3MIHHOK, TO JiarpaMH HE JIMIIE iTIOCTPYITh
repeaady TeIia BiJ OXHOTO Tijia 10 1HIIOTO 1 BUKOHAHHS MeXa-
HIYHOT POOOTH, a € UTFOCTPAIIEI0 3aKOHY 30€PEIKCHHS CHEPTil He
JIMIIIE B MEXaHIYHHX, a 1 B TETUIOBHX mporecax. Came ToMy BHKO-
PHUCTaHHS €HEPreTUYHUX AiarpaM IpW BHBYEHHI 000X PO3ALTIB
CHpHsATHME OUTBII TOBHOMY PO3YMIHHIO YYHSIMH 3aKOHY 30epe-
JKCHHS €Heprii, a €IMHUHA MiAXi 10 MOSCHEHHS 3MiH €Heprii B
MEXaHIYHHUX 1 TEIUIOBHX MpPOLEcax CIPHATUME CHCTEMaTH3amii
Ta y3araJbHEHHIO 3HaHb YYHIB.

EnepreTnyHi JiarpaMu UTIOCTPYIOTH TakKOXX 3MIHHM €HEpTil
rpu poOoTi Ta30B0i TypOiHM, IBUTYHA BHYTPIIIHBOTO 3TOPAHHS,
NapoBoi MAIIHY Ta PEaKTHBHOTO ABUrYHA. OCKLUIBKH B KOXKHOT 3
TaKUX MAIVH Pi3HAH Koe(ilieHT KOPUCHOT /1ii, TO 1 BTpaTH TeIa
(BTparu eHeprii) Tex OyayTh pi3HUMH, TOMY BUKOPUCTAHHS €HEp-
TeTUYHHX JiarpaM CIpuse OUIbII HOBHOMY PO3YMIHHIO YYHSMU
MOHSATTS KoedilieHTa KOPUCHOI JTiT TETUIOBUX MalIvH [6].
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[poBeneHi memaroriyHi OCTIIKEHHS MOKA3aJIH, 10 BUKO-
pUCTaHHS €HEPreTHYHMX JiarpaM Uisl UTFOCTpallii 3MiHH eHepril
B MEXaHIYHUX 1 TEIUIOBUX MpoIlecax Ha ypokax (Di3HKH CIpHSE
aKTHBI3aIlil Mi3HABAIBHOT MISUILHOCTI YYHIB, PO3BUBAE IXHE MHUC-
JICHHS, JIOTIOMArae y4HsAM Kpalie 3po3yMiTH (i3udHi IPoIecH B
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HABKOJIMIIHBOMY CBiTi, 30KpeMa B IIOBCAKICHHOMY JKHUTTI, a OTKe,
cripusie GOpMyBaHHIO IPEMETHOT KOMIIETEHTHOCTI y4HIB.

I'padiunmit MeTox 03BOIISIE PO3B’A3aTH OAraTo Pi3HOILIAHO-
BHUX 3371a4, 30KpeMa, TaKi 3a1a4i JOCIiAHUIBKOTO XapaKTepy, AK:
«IImamox 1600y macoio m, i memnepantypoio t, Kuoaioniv y Kano-
pumemp 3 600010, MACaA 5KOL M., a memnepamypa t,. Busnauumu,
AK Oyoe npoxooumu menio00MiH, AKA MeMnepamypa Cmane 8
Kanopumempi 8 Cmami mepmoOUHAMIYHOI pieHosazu ma CKilbKu
6yOe 6 Kanopumempi 600U i 1600y 8 3ANeHCHOCNI 8i0 KOHKPEMHUX
3HAueHb GenuyuH. TenioeMHicmio Kanopumempa 3Hexnyeamin.
Jlany 3a71a4y MOXKHa PO3B’3aTH KiJIbKOMa CIIOCO0aMHU, TOMY 1110 B
3aadi He MOXKHA OfIpa3y BCTAHOBHUTH 4H Oynie TUIABUTHUCE JIiJ, UM
3amep3aruMe BoAa. OHaK BCi CriocoOH MOTpeOyOTh PO3B’I3aHHS
PIBHSIHHS TEIJIOBOTO OalaHCYy, sIKe YUHSIM BOCBMOT'O KJIacy Ba)KKO
PO3B’sI3yBaTH aHANITHYHO B 3araJIbHOMY BUIIAJIKY.

Jlemo cmpocTUTH pO3B’A3aHHA [OO3BOJISE TEpexXin BiA
PIBHSIHHS 3B’13Ky MDK (i3MYHUMH BEIMYMHAMH 1O PIBHSHHS
3B’S13KY MK YHCJIOBIMH 3HAYCHHSIMH BEITIYHH, aJle PO3B’ I3aHHS
3aIUIIUTECS TPOMI3AKHM, OCKUIBKH JOBEAEThCA KUIbKA pa3iB
CKJIQJIaTH 1 PO3B’sI3yBaTH CKJIA/HI PIBHSHHS TEIUIOBOTO OajlaHCy
Ta MePEeBIPSTH BUCYHYTI TOTE3H PO Xifl TEIIO00MiHY: a) Oyme
IJTaBUTHCH Jin? ©) 4u yBech JiJ po3IIaBUTECS? B) Oyne 3amep-
3at Boga? T) ud Bes Boja 3amep3He? i T.a. [1; 7; 8].

Jlnst peasizaniii KOMIETEHTHICTHOTO MIIX0Ay B HaBYaHHI (i-
3uKH 1 HOPMYBaHHS PEIMETHOI KOMIIETEHTHOCTI TOTPiOHO HABYH-
TH Y4HIB YHTATH, PO3YMITH, OIIPaIlbOBYBATH, IHTEpPIIPETYBaTH Ta Oy-
nysaru rpadiku. OckiTbku rpagivae 300paxeHHs QYHKIIOHAIBHOT
3aJIeKHOCTI HAOUHO MOKA3y€ Xi/1 MPOLECIB 1 y HaBYaIIbHiI Tporpami
3 (hi3UKN PEKOMEHI0BAaHO BUKOPHCTAHHs IrPadiKiB i 4ac BUBYCH-
HS1 TETUIOBHX SIBUII[ Ta BMiHHS YYHIB PO3YMITH 1 aHaITi3yBaTH rpadi-
KM TETUIOBUX MPOLIECIB, AOLIBHO PO3B’SI3aTH TaKy 3ajady rpagid-
HO, TIONEPEHBO YTOYHUBIIH, 10 71, = 1 kT, , =— 100 €C, m, = 1 k1,
t,=100 eC (puc. 4). IlpaxTrka Mokasye, o came rpadiqHuii MeTon
3 BUKOPUCTAHHAM JMHAMIYHUX TPAHCIAPAHTIB OUTBII HOBHO PO3-
KpuBae (i3muHMIl 3MiCT 3amadvi, € pamioHAJBHUM, 3PO3yMUIMM i
TIPOCTIIIIAM IS BIATBOPEHHS YUHSIMH.

BukopucranHs HEBH3HAY€HMX 3a/ad BUMArae BiJ y4HiB
JOCITIJDKEHHS, a caMe Lie CIPHsi€ PO3BUTKY TBOPYHMX 3/1i0HOCTEH
1 KpeaTHBHOTO MUCIICHHS YUHIB.

Po3B’s13yBaHHA 3a1a4 Ha PIBHSAHHS TEIUIOBOTO OajlaHCy rpa-
(IYHIM METOIOM JI03BOJISIE HE TLNBKH ChOPMYBATH B YUHIB BMiH-
HSl YUTATH, PO3YyMITH, OIPAllbOBYBATH, iHTEPIPETYBaTH 1 OymyBa-
TH rpadiky TEIUIOBUX IPOILECIB, a JOBECTH Il BMIHHS 10 PiBHS
CKJIJIOBOT NIPEIMETHOI KOMIETEHTHOCTI YYHIB Ta pealli3yBaTh
KOMITETCHTHICTHHH TTi/IX1]T B HABYAHHI (Pi3WKU B OCHOBHI IITIKOJII.

— 100 g/
£ o0 [

O, Kl

— 100

100 g/
—

Puc. 4

Y Harr yac € ocuTh 6araro 3aaa4 Ha JOCITIKEHHS (BYHKIT0-
HaJIbHHX 3aJIe)KHOCTEH, sIKi HaHOUTBII €()EKTUBHO PO3B’A3YIOThCS
3 BUKOPHCTaHHIM HOoMorpaMm. Homorpadist — po3zin MmaremMaTuku,
B SIKOMY BUBUYAIOThCS TEOPIs i METOIH TTOOYI0BH HOMOTpaM — rpa-
¢ixiB, GyHKIIT SIKUX 3aJIeXkaTh BiJ| KUIBKOX 3MiHHHX. CII0BO «HO-
morpadish» Mae rpenpke MOXOMKEHHS 1 03HavYae rpadidne 300pa-
JKEHHSI 3aKOHY. Byzb-sika HOMOrpama CKJ1ajaeThes 3 IPOCTHUX elie-
MEHTIB: IIIKaJl, OIHAPHUX IIOJIB, CIMEHCTB JIiHIN, OKpEMHX JIHIH 1
Touok. l1Ikanu y4Hi 3ycTpiuaroTh Ha aHAJIOTOBUX BUMIPIOBAIEHUX
npwiaaax. [IpoctiM npukiIagoM GiHAPHOTO MO € CiTKa i3 mapa-
nenel 1 MepuaiaHiB Ha reorpagiuniii kapti. IToHsATTS CcimelicTBa
JiHIN, OKPEMHX JiHIi Ta TOYOK y4YHI BHBYAJIM Ha YPOKaxX reoMme-
Tpii. Homorpamu 103BOJISIFOTE BUKOHATH OOYMCIIEHHS IIUISIXOM
MIPOCTHX TEOMETPHYHUX OIeParliii.

LliHHiCTP BHKOPHCTaHHS HOMOTpPaM HONATaE y iX He-
LIEBU3HI, JOCTYIHOCTI, NMPOCTOTI BHKOPHCTAHHS], HAOYHOCTI i
MIBUAKOCTI OTPUMAaHHS pe3yibTaTiB. Tak, 3a JOMOMOT0l0 HOMO-
rpaM MOXKHA PO3B’A3aTH PAA JOCHIAHUIBKUX 3a4a4 3 ONTHKH,
€JIEKTPHUKH, TEIUIOTH, PO3B’SI3aHHS SKUX aHAIITHIYHUM METOIOM
€ Iyxe rpomizakuM. Ll BracTuBicTh HOMOTpaM PoOUTH IX KO-
pUcHUMHE y HocTigHii podorti yuHis [10].

30Kkpema, 3 BHUKOPHCTAHHSIM HOMOTpaM MO)KHA IIpOaHa-
Ji3yBaTH 3 YYHSIMH, IO TIPH MapanensHOMy 3’ €IHAHHI MPOBif-
HUKIB Pe3yNbTyIOYHH OMip 3aBKIM MEHLIMK Bif HaWMEHIIOTO
(puc. 5), Tomi SIK BENMHMKA KiJBKICTh OOYHCIICHH HE JO3BOJISE 1€
MIPOAEMOHCTPYBAaTH AHATITHYHO 32 KOPOTKMI Yac MpH Pi3HUX
KUTBKOCTAX 1 3HAUCHHAX OMOPiB. AHAIOTIYHUI BUCHOBOK MOJKHA
3pOOUTH 1 PO MOCIIIOBHE 3’€JHAHHS KOHIEGHCATOPIB — pe3yJIb-
TyHO9a €EMHICTh MEHIIIA BiJ HaiiMeHIIOq [2].

o & T B 5 a4 3 % R

|||.|.|||_.||}_..‘i,..%

Puc. 5

Ha puc. 5 300paxkeH0 NMpUKIan s OOYUCICHHS OHOPY
napanesbHO 3’€JHAaHUX MPOBIAHUKIB, SKIIO EJIEMEHTIB Oijblie
JBOX, B IAaHOMY BUNAJKy Tpu: R, =5 Om, R, =4 Om, R, =2 Om.

. 1 1 1 .
Criouatky 3HaXOATh OIIp MEPIINX JBOX —— =—+— , JaJl
2 BB
S 1 1
JI0 LIbOTO PE3YIIBTATY «JI0AI0Th» TPETil Omip =—+—
Ros Ry R
i T.a. 3a HomMorpamoro: R , = 2,4 Om, R,, = 1 Om (puc. 5).

Po3B’s13aHHS TaKMX 3a]a4 3 BUKOPHUCTAHHAM HOMOTPaM CIOHY-
KaTUMe Y4YHIB BHKOPUCTOBYBATH OJIep)KaHi 3HAHHS B IOBCSK-
JICHHOMY JKHTTi, 8 3HaYUTh CHPHATHME ITiJBHINCHHIO PIiBHS IX
MPEIMETHOT KOMIIETEHTHOCTI.

IpoBeneHi megarorivuHi JOCTIHKCHHS MOKa3ad pPe3yiibTa-
THBHICTh BUKOPHUCTAaHHS TPpapiqHOr0 METOLY I PO3B’SI3yBaHHS
¢ismunNx 3a1a4. Po3B’s13aHHS 33124 rpadidHIM METOIOM 301TbITyE
MOKJTMBICTh BUKOPUCTAHHSI TOCITITHUAIIBKUX 3a/1a4 Ha YpOKax ¢i3u-
KU, IO CTIOHYKaTHMe YYHIB BUKOPHCTOBYBATH OJIEpKaHi 3HAHHS 3
(hi3UKK B TOBCSKICHHOMY JKUTTI, CIIPUSTHME PO3BUTKY MUCICHHS
Y4HIB Ta ()OPMYBAHHIO IX IIPEIMETHOI KOMIIETEHTHOCTI.
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O®OPMHUPOBAHUE HPE,I[METHOFI KOMIIETEHTHOCTH
YYAHIUXCsI OCHOBHOU HIKOJIbI ITYTEM PEHIEHUSA
OU3NYECKHUX 3A1AY TPAOUYECKUM METOAOM

B crarbe paccmarpuBacTCsi BaKHOCTb PELICHHS 3aqad U3
PasHBIX pa3zienoB (Gu3MKH rpadudeckuM MetonoM. IlokasaHo,
YTO pelICHHE 3a7ad rpadMuecKUM METOIOM YBEIMYHMBACT BO3-
MOKHOCTb HCIIOJIb30BaHM MCCIIEIOBATENbCKIX 3a/[ad Ha yPOKax
(husuky, KoTopas OyaeT noOyKiaTh y4EHUKOB UCIIOJIB30BATh I10-
JydeHHBIE 3HaHWS U3 (QU3MKH B TOBCEIHEBHOM XKU3HH, OyIeT co-
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JeliCTBOBATh PAa3BUTHUIO MBIIUICHHS yIEHUKOB OCHOBHOM LIKOJIBI
1 (OPMHPOBAHUIO UX MPEAMETHOH KOMIETEHTHOCTH.

KuoueBble ci1oBa: rpaduyeckuii Metol, pusndeckas 3a-
Jada, IpeMEeTHasi KOMIIETCHTHOCTh, OCHOBHASI IIIKOJIA.
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THE SUBJECT COMPETENCE OF PRIMARY SCHOOL
PUPILS THROUGH TO SOLVING PHYSICAL PROBLEMS
BY THE GRAPHIC METHOD

The article discusses the importance of solving problems
from different areas of physics graphical method. It is shown
that the solution of problems of a graphical method increases
the ability to use research problems in physics classes, which
will encourage students’ knowledge of Physics in everyday,
will promote the development of basic school pupils thinking
and the formation of their subject expertise.

Key words: graphic method, physical problem, subject
competence, Primary school.
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ANALYSIS OF THE COVERAGE OF KINEMATIC EFFECT OF THE SPECIAL THEORY
OF RELATIVITY IN THE TEXTBOOKS FOR SECONDARY EDUCATIONAL ESTABLISHMENTS

Methodological approaches to covering the basic provisions of the special theory of relativity available in the textbooks on physics for
secondary educational institutions are discussed. It is shown that in some textbooks there are physical errors and incorrect formulations and
explanations of the consequences of the special theory of relativity. Critical analysis of the peculiarities of implementation of the principle of
science during the coverage of the special theory of relativity in the textbooks for secondary educational institutions has been carried out.

Key words: special theory of relativity, principle of science, methodology of teaching, kinematic consequences of Lorentz

transformations.

Problem setting. The special theory of relativity (STR) is
the branch of physics which plays a critical role in shaping the
scientific outlook of students, provides them with modern con-
cepts of space and time, gives them the understanding the limits
of the laws of classical physics.

At present in the scientific and methodological literature
there is no unified approach to teaching this physical theory in
secondary school [1-13].

This is primarily due to the specifics of the STR and its para-
doxical consequences, in particular, kinematics one. It is the anal-
ysis of the kinematics consequences of the STR which is mainly
offered in the textbooks for secondary educational institutions.

Secondly, a relatively complex mathematical apparatus
(Lorentz transformations) requires students" high level of develop-
ment of logical and abstract thinking for the comprehension of the
essence of physical phenomena and processes described from the
positions of the theory of relativity. And these circumstances also
cause a wide range of methodological innovations in the study of
the STR in secondary educational establishments (SEE) [1-13].

In our opinion, the tasks facing the teacher in teaching the
STR are as follows:

e to create pupils’ adequate understanding physical reality that
goes beyond their everyday experience (and which is com-
pletely described by Newtonian mechanics);

e to help to understand the peculiarities of the laws of relativ-
istic physics (the region of high energies and velocities of
particles motion);

¢ to form the foundations of students" scientific outlook taking
into consideration that the essence of the STR as a physical
theory is the teaching about properties of space and time;

e to ensure the implementation of the principles of continuity,
correspondence and scientific character in studying classical
and relativistic mechanics, maintaining at that logical conti-
nuity and interconnection.

In accordance with these principles in teaching the special
theory of relativity one must adhere to the strict substantiation of
all the formulas, conclusions and provisions of relativistic phys-
ics that will provide an integral structure of this physical theory.

Analysis of the latest research of solving general prob-
lem and selection of unsettled issues. It is well known that
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classical mechanics is based on Newton’s laws, which are in-
variant relative to Galilean transformations, space and time are
considered as independent variables, time itself is absolute. In
contrast, in relativistic physics events occur in four-dimensional
space-time, it is based on two postulates of special relativity the-
ory formulated by Einstein and Lorentz transformations (LT).

Thanks to LT transformation of coordinates and time occur
at the transition from one inertial reference system (RS) to the
other. LT and their consequences are the scientific proof of the
existence of space-time as a reality with its specific geometric
properties. Therefore, understanding LT and their consequences
is a necessary part of forming students’ scientific outlook.

We note that the coverage of kinematics effects of the STR
on the sufficient methodological level was put into practice in
[1;2;3;6;13].

However, the analysis of modern textbooks and methodical
literature shows that the typical summary of relativistic mechanics
is the summary in the form of disparate facts and concepts, with
fragmentary lighting and not always with a sufficient profundity
of analysis and interpretation. In some textbooks and school books
[5; 9; 10] there exist physical errors, inaccuracies of definitions,
incorrect interpretation of some provisions of the STR.

Purpose of the article. In connection with this the goal of
the article in the most general terms is to realize the critical ana-
lysis of the peculiarities of the implementation of the principle of
science during the coverage of the special theory of relativity in
the textbooks for secondary educational institutions.

Summary of the basic material. In many textbooks on
physics for secondary schools [1; 3; 12] LT are not mentioned at
all, their place and importance in relativistic physics are not ex-
plained. This approach to the teaching of the special theory of rela-
tivity, in our opinion, does not ensure the principles of science and
system in presenting the material. Review of the key provisions
of the STR without illuminating LT leaves unsolved the question
of the transition from classical to relativistic mechanics, from
Galilean transformations to Lorentz transformations.

At that it’s unclear to pupils where a new law of addition
of velocities is from and so on. This approach does not allow to
form a system of knowledge, creates didactic difficulties leading
to misunderstanding this physical theory.
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