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WBUAOKICTb CBITNA AK ®YHOAMEHTAJIbHA KOHCTAHTA
B TEOPII BIHHOCHOCT!I LWKIJIbHOIO KYPCY ®I3UKU

3amporoHOBaHO METOANKY BBEICHHS MOHATTS MIBHAKOCTI CBITNIA SIK (PyHAAMEHTAIIBHOI CTAJIOl, 110 AICMOHCTPYE iHBapiaHTHICTD
LIBUIKOCTI CBiT/IA Ta (hi3UYHMIT 3MICT 1i YMCIOBOTO 3HaUCHHsI. BUBUCHHS OCHOB CIELiaNbHOI Teopil BiJHOCHOCTI OLLIBHO 3aCHOBY-
BaTH Ha OCHOBHHMX IIPHHIIMAIIAX — BIJHOCHOCTI Ta IHBapiaHTHOCTI IBUKOCTI CBITIA y BaKyyMi. [Ipy BUB4EHI MaTepially aHaNli3yIOTh-
CsI TaKi MOHSTTS, SIK «IIBUAKICTB», «9acy, «TIOBKHHAY, «IMITYJIbCY», «eHEepris. OCHOBA IUX MOHSITH 3pO3yMiia Jisl YYHiB, HOTPiOHO

JIMIIE YTOYHEHHS IX 3MICTY 3 PENATHBICTCHKUX ITO3UIII.

BuBucHHS HOBOTO MaTepialty IIPOIOHYETHCS LIIAXOM PO3B’sI3aHH 33/1a4 Ha PO3PaXyHOK MacH i JOBKUHHU TilIa 1O PyXaeThes 3i
mBuakocTsiMu Big 0,1 1o 0,9 mBuAKOCTI CBITIA i3 3acTOCYBaHHAM rpadikis 3amexuocTei m(v), /(v). Y cTarTi IPpOIOHYEThCS HAOTHE
MePeKOHAHHS YUHIB Y CKOPOYCHHI JOBKHHH Ta 3MiHH MAacd Tijia B 3aJI€)KHOCTI Bifl HOro MIBUIKOCTI BiTHOCHO IIBHIKOCTI CBIiTIIA.
MerTozuKa 1110 IIPOIIOHYETHCS CIIOHYKA€ YUHIB 10 aKTHBHOI Mi3HABAIBHOT TisUIBHOCTI Ta cripusie pOopMyBaHHIO HAYKOBOTO CBITOIVISLY

Ta KpaloMy 3aCBOEHHIO PEIIATHBICTCHKUX 3aKOHIB.

Kuro4oBi ci10Ba: HaBuaHHs (i3UKH, MIBUJIKICTH CBITIIA, TEOPisl BIIHOCHOCTI, PENATUBICTChKA MEXaHiKa, iIHBAPiaHTHICTb, Maca,

JIOBKHHA.

ITocraHoBKa npo6aemu. Y ¢i3uii MBHAKICTH CBITNIA € OfI-
Hi€I0 3 (hyHJIaMEHTANILHUX KOHCTAHT. [i BU3HAYEHHS TIOB’SI3aHO 3
LUTMMH €MI0XaMHU B PO3BUTKY (i3WIN, a caMe XBHIbOBOI OITHKHY,
€IIEKTPOAAMHAMIKH, KBAHTOBOI TEOPil, CIeNiaIbHOI TEOpi€ero Bifl-
HocHOCTI. Teopist OMU3bKOIT, IO BUXOMUTH 3 YSBICHHS MPO CKiH-
YEeHHICTh MIBUAKOCTI Mepeadi Oyab-sKoi B3aeMOIii, Ma€ IIPHHIIH-
HOBE 3HAYCHHS JUIS J[IaleKTHKO-MaTepialiCTHYHOTO PO3yMiHHS
TporieciB IO BinOyBaloThCsl y HaBKOJMMIIHBOMY CBITi [1]. Tomy
VSBJIEHHS NPO HE3MIHHICTh HIBUAKOCTI CBITIa y Kypci (izuku
€ OJIHMM 3 OCHOBHHX IPH BUBYEHHI TeMi «OCHOBH crieniaabHOT
Teopii BiJHOCHOCTI» — TaKOX BHUXIJHHM HOHATTSM. AJle B Y4YHIB
HEIOCTaTHBHO ¢(hOPMOBAHE PO3YMIHHS IIOAO CTAIOCTI MIBUAKOCTI
cBiTIa. 3HAHOMCTBO 3 METOAAMU BUMIpPIOBAHHS IIBH/KOCTI CBIT-
JIa y4YHi [TOYMHAIOTH 3 BUBYCHHS CBITIOBUX SIBHIL, a came 3 inel
I Taminmes momo BU3HAYEHHS IIBHAKOCTI CBITJIA, & 3TOMOM 3 JI0-
ciinom ®i30 it acTpoHOMiYHUM MeTooM (MeTox Pemepa).

Aue nipy BUBYECHHI Teopii BITHOCHOCTI 3HAaHHOMCTBO Y4HIB
3 EKCIIEPHUMEHTAIBHUMH METOAaMH BHUMIPIOBAHHS IIBHAKOCTI
CBiTIIa He BinoOpakatoTs ii iHBapiaHTHiCTb. [Ipu BUBYEHHI Ii€el
TEeMHU BaXJIMBO c()OPMYBATH B YUHIB PO3YMiHHS, IO MIBUJIKICTH
CBiTJIa y BaKyyMi — IIe TpaHIUYHa MIBUIKICTH Iiepeadi CUTHAIY i
sIKa He 3aJIe)KUTh BiJl BUOOPY CHCTEMH BiJJTIKY.

AHaJi3 ocTanHiX Aocaimxkens i myGaikamiid. JJocmimky-
I0YM METOAMKY BUBUCHHS €JIEMEHTIB Teopii BitHOCHOCTI A. ['ma-
3yHOB B CBOiX po0oTax 3a3HauaB, IO LSl TeMa Ieplll 3a BCe Mae
3a MeTy chopMyBaTH B Y4HIB YSIBJICHHS [PO HAyKOBY KapTHHY
cBiTY. MeToanka BUBYEHHS Teopii BITHOCHOCTI Ha OCHOBI Ipa-
(iunOrO 300pakeHHs Oyna 3amponoHoBaHa C. KylmnkoBCbKHM
[2]. llIBuaxkicTh CBIiTNIA K (pyHIAMEHTalIbHA (hi3WYHA KOHCTAHTa
Oyna posrmsiHyTa B podorax O. Cripinonosa i K. Tominina [3-4].
3MicTy HaBYAJILHOTO MaTepialy Opi€HTOBaHOTO Ha (hOPMYBaHHS
¢iznaanX oHATE npuALTH yBary O. Byraiios, C. [oH9apenxo,
O. JIsmenko, Ta iHmi [5-6]. BucBimieHHAM npobieM, OB’ I3aHuX
3 BHKOPHUCTaHHSM iH(OpMaLiHO-KOMYHIKAliHHUX TEXHOJIOTiH
npu BHUBYEHI (i3WKH, a TakoX iX KiacH(ikalier 3aiManuch
I1. Aramanuyk, M. Iyt Ta inmi [10-11].
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Mera crarTi. AHani3 METOAUKHY BUBYEHHS TeMU « OCHOBHI
MOJIOKEHHS creniaipHoi Teopii BimHocHoCTi (CTB)», mo po-
OWTH aKIEHT Ha 1HBAPiaHTHOCTI MIBUIKOCTI CBIT/JIa Ta 3aBEPIIyE
(GopMyBaHHS HayKOBOTO CBITOIVISLY, YSBICHHS Npo (i3nuHMit
3MICT CTaJIOl IIBUAKOCTI CBITIIA.

Buxknaax ocHoBHoOro marepiaay. @opMyBaHHS LITICHOTO
HayKOBOT'O CBITOIVIAY O3HaJae BCeOIUHMI rapMOHIIHUI PO3BH-
TOK 0COOMCTOCTI B €IHOCTI ITHOOKUX HAYKOBHX 1 (QLIOCOPCHKH
OCMHCIIEHHX 3HaHb. DopMyBaHHS CBITOINSILY B mpoueci 3a-
CBOEHHSI KOHKPETHOTO (hi3HYHOTO Marepialy MoXe 3IiHCHUTHCS
JIMIIE B TOMY BHII4JIKY, SKIIO CBITOIIAAHHI acleKT pO3KpHBa-
€ThCs LIECIIPSIMOBAHO 1 CBiToMO B siBHOMY BUIIAAi. ToOTO B
MpoIleCi HABYATIBHOT JisUTBHOCTI YUHI: TPOBOASATH TOCHIIKCHHS;
CIIOCTEPEKEHHSI; BUMIPIOIOTh, ONKCYIOTh Ta aHAII3YIOTh OTpPH-
MaHi pe3yJabTaT; 3AiHCHIOIOTh HaJaro[KEeHHs amaparyp, To0-
TO OBOJIOJIBAIOTH YMIHHSIMH EKCIIEPHMEHTAIBHOTO XapaKTepy.
OnHak 00MEKyBaTUCS TUTBKH IIAMHU BUJIAMH HABYAIBHOI JisUTh-
HOCTI HE MOXHA, HEOOXiTHO IOMOITHUCS PO3YMIHHS YYHSMH
TEOPETHKO-TII3HABAILHOTO ACMEKTy EKCIIEPUMEHTY SIK METOLY
HayKOBOT'O Mi3HaHHsS. TOMY y4eHb, y MPOLECi TPOBEICHHS TOTO
YH 1HIIOTO JOCIiKEHHS, Ma€ OLIHUTH HOTO 3 TOYKHU 30py Me-
Tozmoorii. TUIbKY B TOMY BHIIQJIKY, KOJM KOHKPETHHH MaTepial
OB’ SA3Y€ETHCS 3 THMH YH {HIIUMH CBITOIVISTHUMU TTOJI0KEHHIMH,
y4eHb MO)Xe AIHTH BHCHOBKY, 110 JUKEPEJIOM Ii3HaHHS € Mare-
piaybHUIM CBIT, 1110 iCHY€ He3aJIeXHO Bifl cy0’€KTa, 1110 B Iporeci
i3HAHHS JIFOJMHA IEPETBOPIOE IIeH CBIT, BAKOPHCTOBYE BIIKPHUTL
3aKOHH Ha 0y1aro JIroAcTBa Ta iH. [9].

Teopist BIAHOCHOCTI € (Pi3MYHOIO TEOPIEIO MIPOCTOPY 1 Yacy.
BuHukHEHHS 1€l Teopii BU3HAYHIIO YMOBH Mepensiay Gi3naHo-
O CBITOIJISLY, B PO3YMiHHI TaKUX (yHAaMEHTAIbHUX MOHATb, IK
IIPOCTIp 1 4ac, Maca i eHeprist, abCONMIOTHICTD 1 BIAHOCHICTb 1 T.II.
BuBueHHSs eneMeHTIB Teopii BIIHOCHOCTI BiMOBIIa€ Mi3HABAIb-
HOMY 1 IPHKJIaJHOMY 3aBIaHHIM Kypcy (i3UKH.

JIOLiJIBEHUM € BUBYEHHSI HAaBYaIbHOTO MaTepialy CHUparo-
YKCh Ha OCHOBHI PUHIUTIH — IPUHITHIT BiTHOCHOCTI 1 MPHHIIAIIL
iHBapiaHTHOCTI IIBHIKOCTI CBiTia y BakyyMmi. Mertonuka Bu-
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BUCHHS TeMH 0a3zyeTbcs Ha aHaJi3l TaKUX IMOHATH, SIK «IIBH[-
KICTBY, «9acy», «IOBXKHHAY», KIMITYJIEC», «EHEPTis», OCHOBA SIKMX
sICHa 1 TOTPIOHO JIMIIIE YTOUHEHHS 1X 3MICTY 3 PEISATUBICTCHKUX
no3uuiii. HeoOximqHO BiA3HAYNTH, 110 HIBUIKICTH CBIT/IA Y BaKy-
yMi — KiHIIeBa i TpaHUYHA BEJIMYKMHA, IHBapiaHTHA 1I0I0 BUOOPY
cUCTeM BiuTiKy. HeMOXIMBO 3araipMyBaTd CBITIIO a00 HaJaTH
iiomy npuckopenHs. IlIBUAKiCTh CBiTA y BaKkyyMi — BeTMYMHA
abcomoTHa. BoHa € pensaTHBICTCHKOI0 KOHCTaHTOMO [1].

[Ipotupiuus mixx MexaHikor0 HbIOTOHA 1 eNEeKTpOAMHAMI-
KO0 MakcBesuia CTajio CTUMYJIOM JUTS CTBOPEHHS Teopii BiTHOC-
HocTi. EHfHIITEH A. 1ac HOBe BM3HAYEHHs IIOHATTS OHOYAC-
HOCTI: OJHOYaCHUMH CJIiJ] BBOKATH MOJii, IO BiIOyBalOThCS B
PI3HUX TOYKaxX IPOCTOPY, KOJIH HAAICIHaHI Y MOMEHT KOXKHOI 1O~
IiT CBITJIOBI MIPOMEHI 3yCTPiYarOThCS HAa CEpEelUHi BiApi3ka, IO
3’eqHye 1i Touk [7]. dynnameHTansHa GizndHa cTala IBHIKO-
CTi CBITJIa BUSABIISIETHCS OCHOBOIO I[bOTO BU3HAYEHHS, OCKIIBKU
Hay1li, Ha TOW yac, He OyJin BioMi MaTepiajibHi 00’ €KTH, 10 MO-
JKYTh PyXaTHCS 31 MIBHIKICTIO, sika OLTbIIA 3a3HAYEHOT IIBUIKO-
CTi cBiTia (3a CydyacHUMH qaHuMHu — 299 792 458 m/c).

VY nopanemoMy MoxHa c(OpPMYITIOBaTH OCHOBHI IOCTY-
JIaTH CTeNiadbHOI Teopii BitHOCHOCTI. [lepuiuti nocmynam: yci
3aKkOHH (i3UKH, 1[0 ONKCYIOTh (i3U4HI SIBHIIA, TPOTIKAIOTH OJ1-
HAKOBO B YCiX IHEPIIaMbHIX CUCTEMAX BIIIKY. /pyeuil nocmy-
Jlam: MBUAKICTH CBITIA Y BaKyyMi OJIHAKOBa JUISl BCIX 1HEPIIi-
aJBHUX CHCTEM BIJUTIKY, TOOTO iHBapiaHTa. BoHa He 3amexuTh
Hi BiJl IIBUAKOCTI JKepea, Hi Bil MIBUAKOCTI IpuitMaya CBiT-
JIOBOTO CHTHAIY.

3 mocTynariB creniaiibHOi Teopil BITHOCHOCTI BHUXOASATH
OCHOBHI HaCJIiJKH, @ caMe CKOPOUYCHHS JOBKHHY TiJla, yIIOBiIb-
HEHHsI 4acy, peJSITUBICTCHKHI 3aKOH JOAABAaHHS IIBHIKOCTEH,
PENATHBICTCHKUN IMITyJbC, 3aJICKHICTh MAacH BiJ IIBHAKOCTI,
pEIATUBICTCEKA €Hepris. 3 Y4YHSAMH PO3IISIHEMO OCHOBHI Ha-
crigku CTB [8].

Ckopouennsn 0oeicun 6idpizkis. Ilpu pyci Tin iX T0BXKH-
Ha B HAIPSIMKY PyXy CKOPOUYYETHCS, 1 THM OibIle, 9uM Oiplre
HIBUIKICTB pyXy. Po3Mipu Ti1 y HampsMKy, IeprieHIUKYIIPHOMY
HAampsIMKY PyXy, He 3MiHIOIOThCS.

Y i<l, )

ne [ — NoBXMHa TiNa, IO PyXacThbes, a /) — BlIacHa JOBKHHA Tijla
B CHCTEMI BIJTIKY, JIe BOHO ITOKOIThCSI.

Ynosinvnenna uacy. Yac, BignmiueHuid 3a TOIXUHHUKOM,
1[0 PYXAETHCS Pa3oM 3 TiJIOM, HA3MBAIOTh BIIACHUM 4acOM IIbOTO
Tina. BracHuil yac 3aBxan MEHIIE yacy, Bi/UTIYEHOTo 3a TOANH-
HUKOM, 1[0 PyXa€ThCs BITHOCHO Tia. PyXommuii TOAWHHHUK BUMI-
PIO€ Bipi3KHU Yacy MOBIJbHIIIE HIK TOH, 10 HEPYXOMHIA.

B i} t> toa (2)

e ¢ — JacoBHUii iHTEpBal, MO BiMTIIyETHCS 38 HEPYXOMUM TO-
JUHHUKOM, a f,—4acoBHi iHTEpBaJ, IO BilIiYyeThCS 3a TOIMH-
HHKOM, III0 PYXa€ThCA.

PenamusicmcobKkuii 3aKoH 000a6aHHA WEUOKOCHIEIL.

Ilpy MWBUOKOCTAX, 3HAYHO MEHIIMX LIBUAKOCTI CBiTIa
(V<<c¢, ¥, <<c),Bupasu V\V/c*=01a V,=V+ V, (k1acuuxa
MEXaHIKa).

Penamugicmcokuit imnynsc.

J€ M, Maca YaCTUHKH y HEPYXOMid CHCTEMi BiJUTIKYy. Ii nasu-
BAIOTh MACOI0 CITOKOIO 1 BOHA 30ira€ThbCs 3 MacoOK YAaCTHHKH B
KJIACUYHIA MeXaHil.

3anexcnicmo macu 6i0 wieuoxkocmi. Maca Tina 3pocTae
pa3oM 3i MIBUAKICTIO, 301IBINYOYHCH BiJi MACH CIIOKOIO m, 10
HECKIHUEHHOCTI IIPH IBUAKOCTI, IO HAOIMKAETHCS 10 [IBHIKO-
CTi cBiTJIa (peNATHBICTChKA Maca).
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[TOHATTA MacH CIOKOI /10 YaCTHHKHM, IIO PYXaeTbes 3i
MIBHAKICTIO CBiTa (OTOHA), HE 3aCTOCOBY€EThCs. Tina, Mo Ma-
IOTh CKIHYEHY Macy IpH HIBHIKOCTI, sSIKa JOPiBHIOE OIBHIKOCTL
CBITJIA, 3 MEHILIOIO IIIBUJIKICTIO PYXaTHCS HE MOXYTb.

Penamusicmcoka enepzin. EHepris i maca — 11e I1Bi B3ae-
MO3aJIeKH] XapaKTEPUCTHKU OyIb-sIKOTO (i3HYHOro 00’ €KTa.
2

E=—rns

IToBHa enepris Tina mpomopuiiiHa HOro peNSITHBICTCHKIN
Maci HE3aJeXHO BiJl TOTO, 3 SIKUX KOHKPETHHX BUMIB €HEprii
BOHA CKJIQJIA€ThCSI.
_ 2
Ey=myc”,
e E;— enepris Tina B criokoi (eHeprisi crokoro). byss sxa 3MiHa
SHEeprii TiJIa CyMPOBOIKYETHCS 3MIHOIO PEIATUBICTCHKOT MacH 1
HaBIaKu, TOOTO
AE
Am=—-.

2
c

B y4HIB MOXe BUHMKHYTH IIMTaHHS PO T€, 10 YOI'O MOXKE
MPHU3BECTH 3MEHIICHHS a00 30UIbIICHHS IIBUAKOCTI CBIiTIA.
Skimo 6 mwBuaKicTs cBiTIa Bussuiacsa 3 - 102 m/c, To 3a pos-
paxyHKaMH BUCHHUX, 3MiHa BIIaCTHBOCTEH GpoTOHA IpH3BeIto 6 10
PO3MOALTY MarHITHOTO HOJIS Ta €MEKTPUYHOTO CTPyMY, IPH IHO-
My CTajgo O HEMOXJIMBO CTBOPUTH T'€HEPATOPH W €NEeKTPOIBH-
I'YHH Ha BioMux HaM npuHimnax [8]. Takox MoxHa HaBecTH
MIPUKJIAJ, KOJIM YHCENbHE 3HAa4YCHHS IIBUAKOCTI CBiTIa OiibIne
YM MEHIIIE, T 3ipKH Oyiu 6 3aHAaATO ICKpaBUMU a00 HEJOCTAT-
HBO SICKPaBUMH ISl TOTO, 00 MiATPUMYBATH XKUTTSL.

J11st 6111 TITHOOKOTO 3aCBOEHHS HOBOTO MaTepially yuHsIM
MOJKHA 3alpPOIOHYBATH BUPIILIUTH TaKy 3anady. Tijo 3 mMacoro
my =1 Kr Ta JoxkuHOI0 /) = 1 M, 3MiHIO€ mBUAKICTH Bix 0,1 no
0,99 mBuaKoCTI CBiTINA. J[)Is IUX YMOB pO3paxyBaTH BiIIOBiIHI
3HaYCHHS MACH, TOBKMHH Tijla Ta 3MiHM iHTepBany 4acy £, = 1 c.
Pesynbratu 3anectu 10 mabnuyi 1 Ta nodymysatu rpadiku 3a-
nesxxHocti m(v), I(v), Hv).

BurkopucroByroun ¢popmyinu (1), (2) ta (3) po3paxoByemo
JOBKHHY, Macy Ta 4ac Tila IPH Pi3HUX 3HAYCHHSX LIBUAKOCTI.
Pesynsrati 3aHOCHMO 10 mabnuyi 1, IKy y9HAM IPOIOHYEMO
Oynysaru B Excel.

Tabnuys 1
3anescnocmi macu ma 006HCUHU MINA BIO 1020 UBUOKOCTT
V*c,
0,1 0,2 0,3 0,4 05|06 | 07|08 0,9
m/c
LM | 0,094 0,979 | 0,953 | 0,916 | 0,866 0.8 |0,714] 0,6 | 0,435
m, kr| 2,020 | 2,083 | 2,197 | 2,380 | 2,666 | 3,125 3,921 | 5,555 | 10,526
t,c 2,020 | 2,083 | 2,197 | 2,380 | 2,666 | 3,125 | 3,921 | 5,555 | 10,526
V*c,
e 091 1092|093 (094|095 | 0,96 | 0,97 | 0,98 0,99
I,m |0,414 0,391 (0,367 [{0,341] 0,312 | 0,28 | 0,243 [ 0,198 | 0,141

m, xr|11,634(13,020(14,803|17,18|20,512(25,510|33,840|50,505| 100,502

t,c |11,634(13,020(14,803|17,18|20,512{25,510|33,840|50,505| 100,502

3a pesynsraTaMu mabauyi I y4HSIM MIPOIOHYEMO IOOYIY-
BaTH Tpadiku 3anexnocti m(v), [(v) ta {(v).

I'padik 3anexHOCTI /(V) Mae BUTIIAA, SIKMH HaBEIECHO HA
pucynxy 1.

HaouHo y4HI TepeKOHYETECS B TOMY, 11O TIPH 301IbIIEHH]
LIBUIKOCTI PyXy Tila HOro JOBKHMHA B HAIPSIMKY PYXy CKOPO-
9yeThCsl, 1 TUM Oiibliie, UM Oijblile MIBUAKICTh HAONMKAETHCS
JI0 IIBHAKOCTI CBITIIA.

AmnarnoriuHo y4Hi OynyroTs Tpadik 3anexxHOCTI m(V) KU
Ma€ BUIIIS HAaBECHUI Ha pucynky 2.

Amnarizyroun nieit rpadik y4Hi poOiIaTh BHCHOBOK, III0 Maca
TiJIa 3pOcTae pa3oM 3i NIBUAKICTIO, 301TBLIYIOYHCE BiJl MacH CIO-
KOO 7, 110 HECKIHYCHHOCTI MPU MIBUIKOCTI, [0 HAOMHKAETHCS
JI0 IIBHAKOCTI CBITIA.

[oni6anm 110 Tpadiky 3a1eKHOCTI MacH Tija Bi HOro mBHA-
KocTi Oynie rpadik 3a1eKHOCTI Yacy Biji LIBHUAKOCTI (puc. 3).




8 ymoBax nepexody Ha 12-piyHuli mepmin HaBYaHHS Y WKOAI

Lm

0.8
04 \
0,2 \

i \

V, m/c

0 : : . :
0 oz2c o4c 06¢C 08¢ 1c

Puc. 1. Ipaghix 3anexcrnocmi 0062cuny mina 6i0 weUOKocmi
m, KI'

100

80

60

40

20 r g

0 : = . T
0 02¢ o4c 06c 08cC ic

V, m/c

Puc. 2. I'pagix 3anesxcnocmi macu mina 6io 11020 wiUOKocmi

1, C

100

&0

60
40
) /

0 T T T T
0 02¢ o4c 06C 08¢ ic

V, m/c
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Amnanizyroun rpadik y4Hi poOIsSTh BUCHOBOK, IO BIACHHHA
Jac 3aBKIU MEHILIE Yacy, Bi/U1i4€HOro 3a TOAMHHHUKOM, L0 pyXa-
€TBCS BIIHOCHO Tina. Xou rpadikd i MarTh MOMIOHUI BUTIIS,
ane ¢i3nuHa CyTh pi3Ha.

J1J1s OAaIbIIOro TOCTIKEHHS YYHSIM MIPOMOHYETHCS MO~
OymyBarty rpadiky 3aJeKHOCTI MacH Ta JOBXKUHH TiJla BiJ MIBU-
KOCTI pyXy B OJJHUX KOOP/IHHATAX.

Ha ocHOBI mpoBezieHOT0 aHai3y ofepkaHux rpadikis yuHi
POOIIATH BUCHOBOK, 1[0 NTPH MIBUAKOCTSX, SIKi HAONMKAFOTHCS 10
IIBUIKOCTI CBITJA, JOBKMHA Tijla 3MECHIIYETHCS, a Maca 3poc-
Ta€ aCHMNTOTUYHE HAOIMKAIOUKMCH 10 HECKiHUCHO! BETMYHHHU.
[IIBuaKicTh CBITNA XK, BEMYMHA IHBapiaHTHA Ta HEAOCSKHA.

VY SKOCTI JOMALIHBOTO 3aBAAHHS YYHSM IPONOHYETHCS
pO3B’s3aTH NONIOHY 3a/1a4y, aje BKe BiIIOBIIHO CBOET MacH Ta
JIOBKHHY Tina. OTpHMaHi pe3yIbTaTH aKTHBI3YIOTh ITi3HaBAJIbHY
AKTHBHICTH YYHIB O BUBYCHHS IIi€1 TEMH Ta CIPHUIIOTH HOPMY-
BaHHIO HAyKOBOTO CBITOIVIAAY Ta KPALIOMY 3aCBOEHHIO PENSTH-
BiCTCHKHUX 3aKOHIB.

BucnoBkn. Mertonyka (GopMyBaHHs YSIBJICHHS MPO Mak-
CHMaJIbHE 3HAYEHHs IIBUJAKOCTI CBIT/Ia NpPU BHBYEHHI TEMH
«OcHOBHI TOJNIOKeHHS crienianbHoi Teopii BiqHocHOCTI (CTB)»
Ha OCHOBI rpaiYHUX METOMIB Ta iHAMBIIYaIbHUX PO3PaXyHKO-
BUX 3aBJaHb 3HAYHO ITi/IBUIIYE PIBEHb 3aCBOCHHS TEMH Ta YCBi-
JIOMJICHHS 3aJICKHOCTI TOBXKMHHU Ta Macd TiJia MpH HaOIMKeH1
HOro MIBHIKOCTI 10 MIBHAKOCTI cBiTia. e crpusie po3ymiHHIO
YUYHSIMH 3Ha4YEHHs Ta (Pi3M4HOI CyTi CTaNOl MIBUAKOCTI CBITIIA.

IepcnexkTHBH MOAAIBIINX NOLIYKIB y HanpsiMi J0cJ1i-
JaxeHHs. [lomanpmmx gocnimkeHb noTpedye po3podka Ta BIO-
CKOHAJIEHHS] METOIMKH HAOYHHUX 3ac00iB JEMOHCTpALLT 3a1ex-
HOCTEH IHIINX BEJIMYNH TaKHX SIK «9aC», «JOBKHHAY, <IMITYIbC,
«EHEpris» Bi MMBHIKOCTI pyXy Tim abo cucteM. [locmimuTu
BIUTUB IIMX MTOHSTH Ta YSIBJICHB PO QyHIaMEHTAILHUI XapaKkTep
CTaJo1 CBIT/Ia HA PO3BUTOK HAYKOBOTO CBITOIIISTY YUHIB.
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CKOPOCTbD CBETA KAK ®YHJAMEHTAJIbHASL
KOHCTAHTA B TEOPUH OTHOCHUTEJBHOCTH
HIKOJbHOI'O KYPCA ®U3UKHU

B crarbe mpe/iaraeTcsi METOMKA BBEICHHS IOHSATHS CKO-
pOCTH cBeTa, Kak (hyHIaMEHTANIbHON TOCTOSHHOM, KOTOpast 1mo-
Ka3pIBaCT HHBAPHAHTHOCTH CKOPOCTH CBETA M MOKa3bIBaeT (u-
3MYECKHUIT CMBICIT €€ YHCIIOBOIO 3HaUCHHs. VI3yueHne OCHOBHBIX
MOJIOKEHHH CIIENUATBHON TEOPUH OTHOCUTENBHOCTH IETECO0-
Opa3HO CTPOUTH HA OCHOBHBIX MPUHIMIAX — OTHOCHTEIBEHOCTH
¥ MHBapHAHTHOCTH CKOPOCTH CBETa B BakyyMme. [Ipu u3ydeHnu
Marepuajja aHaJIU3HPYIOTCS TaKUe MOHATHS, KaK «CKOPOCTBY,
«BPEMSD), «IIHHAY, HMITYIBC», <«OHEprus». OCHOBa JTHX
MIPUHIIMIIOB M MOHATHI yYaluMcs H3BECTHA HEOOXOIMMO JINIIb
YTOYHUTD HX C PEISITHBUCTCKUX MMO3UIIHIA.

V3yueHyre HOBOro Marepuaia mpeiaraeTcesi MyTeM periie-
HISL 33/1a491 Ha PACYeT MACChI U JTHHBI Tella, KOTOPOE IBHYKETCSI
co ckopoctbio ot 0,1 10 0,9 ckopocTH cBeTa, ¢ UCIOIb30BAHU-
eMm rpadukoB 3aBucumocteit m(v), /(v). Ilpeanaraemas meto-
JIMKa HalJLIJHO YOEXJaeT yJaluxcsl B 3aBUCUMOCTH JUIMHBI U
MAacchl Tela OT €ro CKOPOCTH OTHOCHTEIBHO CKOPOCTH CBETA.
Takoli MOIX0O[ aKTHBU3MPYET MO3HABATEIBHYIO NEATEIbHOCTh
yUaluXxcsl IPH M3yYIEHHH TAHHOW TEMBI, CIIOCOOCTBYeT (op-
MHPOBaHHIO HayYHOIO MUPOBO33PEHHUSI H JIy4YIIEeMY YCBOCHHUIO
PETSATHBUCTCKUX 3aKOHOB.

KiroueBblie ciioBa: o0yueHue ¢usHKe, CKOPOCTb CBETa,
TEOpHsi OTHOCHTEIBHOCTH, PESTHBUCTCKAs MEXaHWKa, WHBA-
PpHaHTHOCTb, Macca, JUIMHA.

K. M. Zykova, G. O. Shyshkin
Berdyansk State Pedagogical University

THE SPEED OF LIGHT AS A FUNDAMENTAL CONSTANT IN
RELATIVITY THEORY THE SCHOOL COURSE OF PHYSICS

The article is considered a methodic for introducing the
conception of the light speed as a fundamental constant that
shows the invariance of the light speed and the physical mean-
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ing of its numerical value. It is advisable to study the founda-
tions of the special theory of relativity on the basic principles —
the relativity and invariance of the light speed in a vacuum.
During studying the material, such notion as “speed”, “time”,
“length”, “impulse”, “energy” are analyzed. Students know the
fundamentals of these principles and notion, it is only necessary
to clarify them from the relativistic positions.

To study the material is proposed by solving problems on the
calculation of the mass and length of the body, which moves at a
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speed of 0.1 to 0.9 speed of light, using the graphs of the depend-
ences m(v), /(v). The proposed method clearly convinces students
of the length and weight of the body from its speed relative to the
speed of light. This approach activates the cognitive activity of
students in the study of this topic, contributes to the formation of
a scientific view and better understanding of relativistic laws.

Key words: teaching physics, light speed, theory of relati-
vity, relativistic mechanics, invariance, mass, length.
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CONTRIBUTION OF UKRAINIAN SCIENTISTS TO THE ESTABLISHMENT
OF AVIATION AND ASTRONAUTICS

The contribution of Ukrainian scientists to the development of aviation and astronautics has been analyzed. The importance of
the scientific works of Ukrainian scientists in the establishment of aerospace industry has been proved. The priority of Ukrainian
scientists in a number of scientific issues in the world science is shown. The launch of first Sputnik, the first manned flight of man
into space, the first man in the open space, the first man on the surface of Moon, the first unmanned flight of the space plane «Burany,
the designing of the first aircraft with multiple motors, the first helicopter, which was made serially, and the world’s largest transport
aircraft «Mriia». All these achievements have been achieved thanks to works of Ukrainian scientists. Classification of the scientific
works of Ukrainian scientists according to historical eras has been done. The importance of current researches in aerospace industry,

which carried out by Ukrainian scientists is demonstrated.

Key words: aviation, astronautics, Ukrainian scientists, program «Apollo», space plane «Burany, the world’s largest aircraft
«Mriiay, probe «Rosettay, Ukrainian rockets «Zenit» and «Cyclone-4».

1 always repeat that I am Ukrainian. This is a fundamental
question for me...

Klim Churyumov

Formulation of the problem. In 1991, Ukraine emerged as
an independent country. A nuclear military capability of Ukraine
was the third in the world [1]. It has exceeded the potentials of
France, Britain and China together. In 1994, Ukraine signed
Budapest memorandum under the influence of external factors.
Budapest memorandum is an international agreement between
Ukraine, the US, Russia and Britain about the non-nuclear status
of Ukraine. According to Budapest memorandum, Ukraine became
a nuclear-free state. The US, Russia and Britain have guaranteed
sovereignty and territorial integrity of Ukraine. Ukraine has suf-
fered from military aggression from Russia in 2014. War goes on.
Thousands of patriots and civilians have been killed in Ukraine.

In 1991, leadership of Ukraine made the erroneous step.
President and members of Parliament have not consulted with
the Ukrainian people. The referendum was not held in Ukraine.
One of the reasons of this false decision is a not full research of
the historical past of Ukrainian people.

An analysis of current research. The contribution of
Ukrainian scientists to the development of aviation and astronau-
tics was demonstrated in manuals [2, 3], as well as scientific pa-
pers [4-6]. However, despite that, this issue remains challenging,
because the achievements of Ukrainian scientists are substantial
and demand a further analysis. The aim of this article is an analy-
sis of Ukrainian scientists’ contribution to the establishment of
aviation and astronautics.

Statement of the basic material. For many years, Ukraine
was a part of the empires (e.g., Russian Empire, Soviet Union).
Soviet regime killed millions Ukrainian people. Soviet Ukraine
is the world leader for the number of killed scientists, educa-
tors, artists and priests. Many Ukrainian scientists were unjustly
convicted and executed. But Ukrainian scientists continued to
create. The launch of first sputnik, the first manned flight of man
into space, the first man in the open space, the first man on the
surface of Moon, the first unmanned flight of the space plane
«Burany, the designing of the first aircraft with multiple motors,
the first helicopter, which was made serially, and the world’s
largest transport aircraft «Mriia». All these achievements have
been achieved thanks to works of Ukrainian scientists.

Ukraine in Russian empire

Oleksandr Zasiadko (1779, Poltava province — 1838,
Kharkiv) was an engineer. He first created a new type of gun-
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powder for rockets, several types of military missiles and a spe-
cial mechanism for firing by them. Zasiadko is a constructor of
multiple rocket launchers and accessories for missile guidance
to the target. Rockets of Zasiadko had a flight range of 3.100
meters, and European rockets had a flight range of 2.740 meters
at the same time. In 1828, Varna has been captured with using of
Zasiadko’s rockets during the Russo-Turkish war. Before this the
siege lasted six months.

Mykola Kybalrchych (1853, Chernihiv region — 1881,
Peterburg, Russia) was an author of the first world’s project of
space vehicle. In 1881, M. Kybalrchych took part at the prepara-
tions for the assassination of the Russian emperor Alexandr II. He
has been arrested. Kybal’chych scribbled the scheme with a but-
ton on the wall of the chamber few days before death. Scientist
considered the device of rocket engine, offered the flight control
with using of tilting the engine, the gradual combustion of fuel,
the method of stability of the space vehicle, etc. Gendarmerie
seized papers and sent them to the archive. Only in 1917 the
papers have been removed from the archive.

Igor Sikorsky (1889, Kyiv — 1972 Easton, United States)
was an author of the first aircrafts with multiple motors («Grand»,
«Rus’kyi Vitiaz’» and «Ilia Muromets’»), he created the turbine
helicopter, amphibious helicopter and the first helicopter, which
was made serially. Sikorsky has made first experimental flight
on helicopter on 14 September, 1939. After several years the
helicopter S-47 has been created. Model S-47 has a big rotor
and small tail rotor. At the present time almost all key production
programs of the US on the construction of helicopters are based
on helicopters «Sikorsky».

UKkraine in Soviet Union

Georgii Langemak (1898, Kharkiv province — 1938,
Moscow, Russia) was a constructor of missile technology, he
introduced into science the term «cosmonauticsy», the main con-
structor of rocket launchers «Katyusha». This weapon was suc-
cessfully used by Soviet Union during World War II. Stalin’s
regime condemned him to death on 11 January, 1938. He has
been shot on the same day. In 1955, G. Langemak has been com-
pletely rehabilitated.

Mykola Barabashov (1894, Kharkiv — 1971, Kharkiv)
was an Ukrainian astronomer. He first proved the possibility of
landing of man on the Moon. Barabashov has showed that the
surface of satellite has a solid structure. In 1918, he found that
the Moon'’s surface consists of volcanic rock basalt type with a
high porosity. Later it has been confirmed with direct study of
the moon using of spacecraft. Barabashov has opened the polar
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