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Y nponomnosanomy mamepiani onucano o0un 3 anpo608aHuUX 6apiaHmMie MemoOUKU GUEYEHHS OCHOBHUX
NON0dCeHb CneylianbHoi meopii 8iOHOCHOCMI Yy 3A2aNbHOMY Kypci Di3uku, AKull UKIA0AEMbCA 3d
npoepamamu nioeomosxku euumenie @izuku. OCHOGHI niOX00u, Ha AKUX OA3VEMbCA NPONOHOBAHA
MemoOuKd, Noasearomsv Yy NOCUIAHHI HA NPUHYUN BIONOBIOHOCMI w000 mpaucgopmayii @izuuHux
meopitl 8i0 IXHIX YACMKOBUX GUNAOKIE 00 Oinbli 3a2anbHux. Y ybomy HAAHI NPOAHATIZ08AHO MEICT
3acmocysanus kracuynoi mexauiku I anines — Hotomomna.

Tlocunarouuce na nocmynamu Eunwmetina, sAKi 1excamsv 6 OCHOGI meopii 8iOHOCHOCMI, 6UBEOeHO
dopmynu nepemsopenv koopounam i uacy Jlopenya. V pezyromami mamemamuiHo cmpo2o 008e0eHo
BIOHOCHICMb NOHAMb «OOHOYACHOCI NOOI», KNMPOMINCKIG HACY», «3MIHU PO3MIPIE MA (OPMU MLy MOUO.
Kniouosi cnoea: cucmema 6iOniky, npuHyun 6i0HOCHOCMI, NPUHYUN GIONOGIOHOCMI, NPOCMOPOBO-
yacosull ingapianm, nepemeopeHHsi KOOpOuHam i 4acy.
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Special Theory of Relativity (STR) is a fundamental physical theory that underlies modern physics and
has enormous worldview potential. At the same time, in the process of teaching (studying) the elements
of STR in school and higher education institutions face a number of problems. These problems are
primarily related to the complex mathematical apparatus that describes it; consideration of imaginary
model representations that do not really exist in nature; formation of the concept of “event” and
distinguishing under different initial conditions of the concepts of “relative”, “portable” and
“absolute” movements, etc. In this regard, it is important to find ways to improve the methodology of
studying the elements of STR, which is what this article is about.

The article offers one of the tested options for studying the main provisions of the special theory of
relativity in the general course of physics, which is taught in the programs of physical and
mathematical specialties of pedagogical universities. The main approaches on which the proposed
methodology is based are the reference to the principle of conformity in the transformation of physical
theories from their partial cases to more general ones. In this regard, the limits of application of
classical Galilean-Newton mechanics in the plane of absolutization by this theory of categories of space
and time, the simultaneity of events in a different frame of reference, the instantaneous transmission of
interactions between bodies at a distance, etc. are analyzed.

The physical meaning of Einstein’s postulates, which underlie the theory of relativity, regarding the
special status of the speed of light propagation as a natural phenomenon is clarified. On the basis of
these postulates, the formulas of the Lorentz coordinate and time transformations are deduced. A
consistent, detailed derivation of the formula for the transition coefficient from the Galilean coordinate
and time transformations (for the transition from one inertial frame of reference to another) to the
Lorentz coordinate and time transformations, which reflects their relativistic content, is given. The
establishment of these formulas is based on the mathematical apparatus, which corresponds to the level
of school mathematical training of participants in the educational process. Based on the obtained
results on the formulas of Lorentz transformations, the relativity of the concepts of “duration of
events”, “time intervals”, “changes in size and shape of bodies”, etc. is demonstrated mathematically,
if they are considered in reference systems that are in motion relative to each other.

Keywords: classical mechanics; reference system; the principle of relativity; space-time invariant;
coordinate and time conversion.

CrnenianeHa Teopis BigHocHOCTI (CTB) € pynaamenTanbHO0 (i3UYHOIO TEOpi€ro, sKa
JISKUTh B OCHOBI Cy4acHOI (PI3MKH 1 Ma€ KOJIOCAJIbHUM CBITOTJISAHUNA MOTEHIIal. Y TOW ke
yac mija yac BukianaHHs (BuBueHHS) eneMeHTiB CTB B mkomi 1 3BO cTUKarOThCs 3 HU3KOIO
npo6aem. Lli mpobiemu nmoB’s3aHi, HacaMmmepea, 31 CKIaJHUM MaTeMaTHYHUM anapaToM, 110
ii omHCye; pO3TIIAIOM YSIBHUX MOJIEIBHUX MPEICTaBIICHb, SIKi pEalbHO B MIPUPO/Ii HE iICHYIOTB;
(Ha KIITaNT «iHEpUiaJbHUX CHCTEM BIAJIIKY», SIKI BUMaraioTh HasBHOCTI TiJ BIJUTIKY, IO HE
B3a€MOJIIOTh 3 IHIIMMHU TiIaMH); (OPMYBAHHSAM MOHATTS «IIOZis» Ta PO3PI3HEHHAM 3a
PI3HHX TIOYAaTKOBUX YMOB TIOHSTH «BITHOCHOTO», «IEPEHOCHOT0» U «abCOIIOTHOIO»
nepemirieHs Tomo [6].

VY 3B’3Ky 3 UM aKTyaJIbHUM € MOLIYK HUISXIB YJAOCKOHAJIECHHS METOAMKHA BUBUYECHHS
enemenTiB CTB [6], yoMy i mpuCBsSYeHA 115 CTATTSL.
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HUtumeTses po oTpuMaHHs (HOpMYIT MEepeTBOPEHb KOopAWHAT 1 dacy JlopeHia, Ha
akuX GakTuaHo Oa3yroTbest Bci BHCHOBKM CTB. OcHoBoro mmx (opmyn € koedirieHT

k= 1/ J1-v?/c? | e vV — mBHAKiCTh 06°€KTa (CHCTEMH BiUTIKY), a ¢ — IIBUAKICTD MOUIAPEHHS

cBiTiIa y Bakyymi. CaMe B KOPEKTHOMY MaTeMaTHYHO OOTPYHTOBAaHOMY BHUBEIEHHI (popmynu
IIbOT0 KOe(diIll€eHTa TMOJISrae ONTUMAIbHUNA METOAWMYHHMMA MiAXiI 0 TOJAJIBIIOr0 BHBUYCHHS
enementis CTB.

3 1i€er0 METOW 3BEPHEMOCS [0 KUIbKOX MiIPYYHHKIB (MOCIOHUKIB), SKi
BUKOPHUCTOBYIOThCS Ha (Di3UKO-MaTeMaTUYHUX (PaKyIbTeTax INEAaroriyHuX yHIBEPCHTETIB, i
crpoOyeMO BiTHANTH ONTUMAILHUI BapiaHT OTPHUMaHHs BUpasy K, skuii BiAmoBigaB OU piBHIO
MaTeMaTHYHOI IMiITOTOBKH CTYJIEHTIB MEPIIOTO KypCy, SKi MOWHO 3aKiHYMIH KOy (OCHOBU
CTB BuBUaOTHCS B MEPIIOMY CEMECTPi Y po3iii «MexaHikay).

Haiickaaamime, Ha Hanry ITyMKy, BUBeAeHHs Qopmynu koedimieHta K maerbes y
NepeKyaiecHoMy YKpaiHChKOol0 MoBoro minpyunuky «Kype oisukm»y (Hernad A. A.,
SABopcekuit b. M.) [10, c. 174-177]. Tyt cknagaeTbes cucTemMa 3 IMIECTH PIBHSIHbB, 0 SKHX
BXOJIATh 6 HEBIIOMUX (PYHKIIIM HIBUIKOCTI pyXOMOi CUCTEMH BIJUTIKY a1, 02, 03, V1, V2, ¥3, —
BUJ SAKHX HEOOXiHO BHM3HA4YMTH. llomamnble «CHpPOLICHHS» BHUBEICHHS 3BOIUTHCA O
BBEJICHHS 1€ JBOX MPOMDKHHX HOBHMX HEBIIOMHX (QYHKIH mBuakocTi — by 1 by i Hu3KkM
HE/I0CTaTHHO OOIPYHTOBAHMX MPUITYILEHb, 10 POOUTH HOTo AE0 CXeMaTUYHUM.

v HaB‘-IaJII)HOMy nocionuky «Knacumuna mexanikay (JQymuk M. B., [dixtsapenko 0. B.)
[3, c.104-105] 3B’A30K MiX IIBHIKICTIO, KOOpJMHATAMH 1 YacoM y JBOX IHEpIialbHUX
cucTeMax BIJUIIKY, SIKI epe0yBaloTh y BIAHOCHOMY PYCi, MOAA€ThCs y (POpMi JBOX PIBHSHB
X' = a(x —Vt) it'= X+, 10 IKUX BXOAATH TPH MOCTIHHMX, 3AJIKHUX JIUILIE BiJ] MOIYIIS
HIBUAKOCTI KOoe(ilieHTH @, f, y. Iloganpin MaHImyIsa0ii 3 HUMU PIBHSHHSAMU Jal0Th HABEIEHY
Buiie popmyiny koedimienta K. Taki sk Tpu koedilieHTH a, [, Y BUKOPHCTOBYIOTH it aBTOpH [7,
c.193-195]. Ha BigMmiHy BiA 3a3HaYeHOTO HAaBYAJIbHOIO NOCIOHMKA [3] y HiAPYYHHKY
«Di3uka s yHiBepcuteTiB. [loBHUIA Kype B ogHOMY ToMi» (Bomosuk I1. M.) [2, c¢. 178-179]
y moai0OHi JBa piBHSAHHS X' = a(x - Vt) ixX'= a(x + Vt') BBOJUTHCS OJIUH 1 TOM ke KOedillieHT
a (y Hamomy BHNaaKy — 1i¢ K), mpuuoMy Iie CYNpOBODKYETHCS CIOBAMHU IIPHPOHO
HNPUITYCTUTH, 10 B OYyIb-SIKHH MOMEHT 4Yacy» KOOpJUHATH TOYKM B 000X CHCTEMax BIJUIIKY
«BIIPIZHATUMYTHCS Ha SIKUHCh MHOXXHHUK 0» (OJHAKOBHI Ui 000X cucTeM). 3pOo3yMisio, 1110
aBTOP 3a3/aJeriab (Hamepen) 3Hae, 10 e caMe TaK, aje He JUId BCIX CTYJIEHTIB i€ «IPUPOIHO
OUYEBHUIHOY.

AHanoriuHuil miaxig A7 BUBEACHHS BUpPa3y Uil K BUKOPHCTOBYETHCS i Y MOCIOHHUKY
«O6mwui kypc puszuku. Ontuka» (CuByxin 1. B.) [8, c. 636—637].

VY nociOHuky «3aranbHa (izuka. @i3uyHi OCHOBU MexaHiku. MonekynspHa ¢i3uka i
tepmoaunamikay ([ymenko B. I1., Kyuepyk 1. M.) [4, c. 142] Bupa3 mnst K BBoauThCs 0Oe3
JKOJTHOTO BUBEJCHHS, YOMYCh SIK «IIONpaBKa, SIKa MPAKTUYHO MOTPiOHA IS PO3paXyHKY
Cy4acHUX TIPUCKOPIOBAYIiB 3apsS/HKCHUX YACTHHOK». DOpMyIH TepeTBOpeHb KOOPIWHAT i
yacy 3a JIopeHIIoM, TIpo 10 HTHMETHCS JTali, HaBOASAThCs O0e3 moBeneHs [4, ¢. 148].

VY niapyunuky «®i3zuka» (boiiko B. B., Cykau I'. O., Kiganos B. B.) [1, c¢. 108-111]
(mompwm Te, 10 BiH pekoMeHoBaHui it 3BO) npo Teopito BiTHOCHOCTI 3ray€eThCs JTUIIE Ha
YOTHPHOX CTOPIHKAX, [0 OMOCEPEAKOBAHO MOKE CBIIUUTH MPO il MAaTEMAaTHIHY CKIIAIHICTB 1
HECTIPUUHATTS i1 JIOT1KU 3 TIO3MIII1 TaK 3BaHOTO «3/I0POBOTO TITY3Iy».
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ToMy OCHOBHOIO METOIO CTaTTi € pPO3poOKa ONTHMAIBLHOTO BapiaHTa METOIUKU
BHUBUYEHHS OCHOBHUX MosioxkeHb CTB, sxa nepenbavae po3B’si3aHHS HACTYITHUX 3aB/IaHb:

— TpoaHaNi3yBaTH MPUHIMI BiMHOCHOCTI [aminmes ¥ OCHOBHI 3aKOHH MEXaHIKH
HeroToHa 3 TOUKHM 30py MEX iX 3aCTOCYBaHHS;

— TOoJaTH ONTHUMallbHE 3a MaTeMaTUYHOIO CKJIAJHICTIO BCTaHOBIEHHS (opmyI
MepeTBOPEeHHsI KoopauHaT 1 yacy Jlopeniia;

— TPOJICMOHCTPYBATH «BIIHOCHUIY XapaKTep Nmepeoiry Aeskux (Hi3udHUX SBHII.

Po3p’s3aHHs mOCTaBIEHUX 3aBIaHb PO3MOYMHAEMO 3 PO3KPHUTTS 3MICTY BaKJIMBOTO
METOJIOJIOTIYHOTO «NPUHYUNY BIONOBIOHOCMI», IKUH € OJHHMM 3 €JIEMEHTIB (pOpMyBaHHS Y
CTYJCHTIB HAAMPEAMETHOT (KIIFOYOBOT) KOMITETEHTHOCTI.

[Tin yac WIATOTOBKHU BiIMOBIAHOIO JI0 METH CTATTI MaTepialy BHKOPHUCTOBYBAIHUCS
3araJlbHOHAYKOBI METOAM — aHali3y (HasBHUX MyOmikaiid i3 mpoOiieMu) i cuHTe3y (IXHIX
pe3yJIbTATIB) 3 HAIIPAIFOBAaHHSIM aBTOPIB MO0 BIPOBADKEHHS 1X Y IEaroriuHy MPakTUKY.

[MpuHIMI BiXMOBIAHOCTI y WOro HAWOWIBIN 3aranbHi (Gopmi cTBEpIKYyeE, IO
Teopii, JOCTOBIPHICTh SKHX BCTAHOBJICHA EKCIIEPUMEHTAIbHO [UIs Ti€l 4M Tiei Tramysi
MPHUPOJIO3HABCTBA, 3 TOSBOI0 HOBUX, OLIBII 3arajbHUX TEOPild, HE BIAKUIAIOTHCS SIK
MIOMMUJIKOBI, a 30epiraloTh CBO€ 3HAYCHHS ISl TIONEPEAHBOI CYKYIMHOCTI SIBUI SIK TPaHUYHA
¢dbopma 1 YaCTKOBHH BUIIAJOK HOBUX TEOPiil.

Y po3ropHyTOMY BUTIJIA/l IPUHLHUI BiAMOBIIHOCTI CTBEPXKYE: MO-TIEPIIE, IO KOKHA
NPUPOJHUYO-HAYKOBA TEOPisl € BiTHOCHOIO ICTHHOIO, SKa MICTUTH €JIEeMEHT abCOIOTHOI
ICTUHM; TO-Ipyre, BiH CTBEP/KYeE, IO 3MiHA NPUPOJHUYO-HAYKOBHX TEOpid — 1€ He
MOCIIJIOBHICTh PYHHYBaHHSI PI3HUX IMOMEPEAHIX TEOpiid, a JOTIYHUNA MPOIEC PO3BUTKY
MPUPOIO3HABCTBA, PYXY Yepe3 IMOCHII0OBHICTh BIJHOCHUX ICTMH JI0 aOCOJIIOTHOI; MO-TPETeE,
MPUHIMIT BIATOBIAHOCTI CTBEPIKYE, IO SK «HOBI», TaK 1 «cCTapi» Teopii YTBOPIOIOTH
CIIMHE IIJIE.

Ham pnocBin BuknaganHs ocHoB CTB mnepekonye, mo kpamie ii COpUMHATTS
CTyJEHTaMH BiOyBa€Tbcsd TOMI, KOJM BOHA TMPEACTABISAETHCS SIK JO TEBHOI MIpU
y3arainpHeHHs MexaHiku ["anines — HproToHa, 110 ¥ BiIMOBiAa€ MPUHIIUITY BiAMOBITHOCTI.

BuBuenHst 1iporo Marepiany HaMH peami3yeTbesi y PopMi KOMOIHOBAHO20 NEKYIHO-
NPAKMUYHO20 3aHAMMS, T 9ac SIKOTO TEOPETUYHI HOTO OCHOBM ITO/IAIOTHCS BHKIJIAZadeM, a
MaTeMaTU4YHI PO3PAXyHKU TMPOBOASATHCS CTYASHTaMH. 3a IbOTO BHUBUYEHHS OCHOBHHX
nonoxkeHb CTB 31iliCHIOETBCS y MpoIIeci MOCTYMOBOTO NMEPEXO0y BiJ aHAI3y TEOPETHUHUX
ycTaHOBOK MexaHiku ['amines — HploToHa, ski MaroThb OyTH 3acBO€HI CTyJIEHTaMH 31
HIKITBHOTO Kypey (i3uKH.

Sk BiIOMO, OCHOBHHUH 3aKOH KJIACHYHOI MeXxaHiku HbI0TOHA aHAIITUYHO BUPAKAETHCS
dbopmyIoro

d°r R
m-—-=ma=F, (1)
dt
ne F — cuna, ska Jie Ha MarTepialbHy TOUKy, a T — pajiyc-BeKTOp, SKHMil BH3HAUae

MOJIO’KEHHS MaTepiajbHOI TOUYKH BIIHOCHO OY/b-sIKOT 1HEpLIaIbHOI CUCTEMH BIAJIIKY.
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Z K Zr K’

Puc. 1

Po3rnsiHemMo /1Bi iHepLiaibHI CUCTEMHU BIJIIKY, OJHY 3 SKHUX Mo3Hauumo uepe3 K i
OyaemMo BBaXKaTH i HEpYXOMOIO (200 «HEMITPUXOBAaHOIO»), a Ipyry — uepe3 K', Ha3uBarouw ii
pyxomorio (abo «mTpuxoBaHotoy) (puc. 1). Hexail cucrema K' pyxaeThcsi BITHOCHO CHCTEMHU
K piBHOMIpPHO 1 IPSIMOJIIHIIHO 31 IIBUIKICTIO Ve y JoAaTHOMY Hampsimi Bici OX (1HIEKC «c»
O3HaYae «cucTemay). Skmo I i ' — paniycu-BeKTOpH, 0 BU3HAYAIOTH MOJIOKEHHS PYXOMOT
MarepiajibHOI TOUKU BIJHOCHO ITMX CHCTEM BiUIIKY B MOMEHT 4acy t, To BOHHU 3B’si3aH1 MiX
coboto nepemesopennsam I'anines

F=rF"+vt. (2)
3a 11pOTO MaM’ATaEMO, 1110 Y HBIOTOHIBCHKIM MeXaHiIll yac t BBAXKAETHCS aOCONOMHUM,
TOOTO BiH OJJTHAKOBUH Yy BCiX CHCTEMax BiJUIIKY.

JUis  copolleHHs, $Ke He BIUIMHE Ha 3arajbHICTh MOJANbIINX MIPKYBaHb,
BBa)XaTUMEMO, 10 BIAJIIK Yacy BeJIEThCS 3 TOTO MOMEHTY, KOJIM MOYaTKH KOOPAWHAT CUCTEM
K1 K’ cniBamany.

JIBiui gudepeHItioroun CHiBBiAHOIIEHHS (2) 3a dYacoM, 3HaxXoauMo GopMyIu
NEPETBOPEHHS IBUIKOCTI 1 TPUCKOPEHHS:

V; =Vi +V , d=3". (3)

(Inmexc «7» o3HaYa€ MBUAKICTD «TOYKH).

3 (3) BUAHO, IO NpUCKOpeHHs iHeapiaHmHe BIIHOCHO TepeTBOpeHb [ amines, ToOTO
BOHO ojHakoBe B 000x cucremax K i K'. Pamiycu-Bextopu T i T’ Ta mBuakocti Vi i Vi

HeoHakoBi. [IpoTe pi3HMII pajaiyciB-BEKTOPIB I},, a TaKOX pPI3HHILI IMBUAKOCTEH U, IBOX
Oynp-skux MatepianbHUX TO4YOK (1 1 2) omHi 1 Ti K, OCKUIBKM BOHHM BU3HAYAIOTh BiHOCHI
MOJIO’KEHHS 1 MIBUJIKICTh O/IHI€T TOUKH BIIHOCHO APYTOi:
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Flzzrl_rz:(Fl_Vt)_(Fz_Vt):ﬁ_F:Fu’ (4)
Up =V, =V, = (\71 _vc)_(vz _\70):\71 —V, =U,.

Cuna F y mexanini HploToHa 3aJ1€XKHTh JIMIIE BiJl Pi3HAL pajiiyciB-BEeKTOPIB i IIBHAKOCTEH
B3a€MOJIIOYMX MaTepiaJbHUX TOYOK. Tomy BOHa, a pa3om 3 Hewo U piBHAHHSA (1) He
3MIHIOIOTBCS (€ 1HBapiaHTHMMH) 3a TmeperBopeHb [amimes. Te »k HamexuTh 1 J0
nudepeHIiaTbHIX PIBHAHB PYXY cucmem mamepianbHux moyox y mexanini Hetorona. Came 3
TaKUX MIpKyBaHb (DOPMYJTIOETHCSI HACTYITHUH BHUCHOBOK: PIBHSHHsS MexaHiku HproToHa, siKi
BU3HAYAIOTh 3MIHU CTaHy PyXy MEXaHIYHHX CHCTEM, IHBapiaHTHI BiJIHOCHO IE€PETBOPEHB
Tanines. Ile MOTOXEHHS HA3UBAETBCA npunyunom gionocrnocmi Ianines. oMy MOXHa HagaTy
i1 OB PO3TOPHYTOTO (POPMYITIOBAHHS: 3aKOHU MPUPOJIH, SIKi BA3HAYAIOTH 3MiHU CTAaHYy PyXY
MEXaHIYHUX CHCTEM, HE 3aJIeKaTh BiJl TOTO, O AKOi 3 ABOX 1HEpLIaJIbHUX CUCTEM BIIUIIKY, SKi
PYyXaroThCs OJTHA BiIHOCHO OJHOT NMPSIMOMIHIMHO 1 PIBHOMIPHO, BOHH HAJICXKATh.

HopenaruBicTcbka (i3uka BBakajga oOuBa HaBeleHI (OPMYITIOBAHHS TOTOXXHHUMHU,
OCKUIBKHA 3a PIBHOMIPHOTO TOCTYNaJbHOTO PYyXy IHEpLiaJbHUX CHCTEM BIJUIIKY OJHI€l
BITHOCHO 1HIIOI BOHa HE MPHUIYyCKala >KOJHOTO IHIIOTO MepeTBOpeHHs [ 1 t, Kpim
nieperBopens [ anines. Hacripaai x apyre popMyaiOBaHHS Ma€ OUTBIN 3aralbHANA 3MICT, HiXK
MOTIepEHE, OCKUIbKU B HHOMY HE KOHKPETHU3YETHCS BUJ TOTO NMEPETBOPEHHS KOOPIWHAT 1
4acy, BITHOCHO SIKOTO iHBapiaHTHI PIBHSIHHSA MEXaHIKH.

TyT crynentam 0coONHMBO BapTO BiJI3BHAYUTH, IIO MPUHIUI BiIHOCHOCTI a)X HIIK HE
CTBEpKYE, IO OJHE W T€ X (i3UUHE SBUIIC MPOSBISETHCS OJHAKOBUM YHHOM Y Pi3HHX
1HepLiabHUX CcUCTeMaxX BiIKy. Piu y TiM, mo oxaHi numie audepeHIianbHi piBHIHHS
MEXaHIKM HE BU3HAYAIOTh OJIHO3HAYHO XapaKTep pyxy cucteMu. Jlo HUX HEOOX1HO T0aBaTH
e i MoYaTKOBI YMOBH, HallPHUKIIA[, 33/1aBaTl KOOPAMHATH 1 MIBUIKOCTI BCIX B3a€MOJIIFOUUX
YaCTMHOK Yy NMEBHUH MOMEHT 4acy. A IIi IOYaTKOBI YMOBM 3MIHIOIOTHCSI 32 MEPEXOaY B[
OJIHI€T cucTeMH BiUTIKY 110 1HIIOi. Came yepe3 pi3HMIIIO B TOYAaTKOBUX YMOBAaX pyX MpeaMeTa,
KWW, HaNpUKIAJ, Magae 3 BEPXHHOI MOJHUIl PIBHOMIPHO PYXOMOTO BaroHa, BiAOyBaeThCs
BHU3 I10 MPsIMii JiHIT (BEPTUKAIBHO), KO HOTO pO3IJIsIaTH BIIHOCHO CaMOT'0 BaroHa, y TOH
yac K BIJHOCHO KOJIii 3a113HOT IOpPOTH PYyX TOT'O K MPeAMeTa BiZIOYBa€THCS MO mapadoili.

Y dopMyntoBaHHI PUHIUIY BiJTHOCHOCTI WIETHCS HE MPO OJHAKOBICTH SBUII, a PO
00HAaKOB8IiCMb 3aKOHI8, K1 BU3HAYAIOTh 3MIHY CTaHIB pyXy MexaHiuHux cucreM. Came TomMy
dopmymoBaHHA Tmepuioro mnoctynary ElHmreiiHa, mo «Bci Qi3U4HI s6uwa 'y BCIX
IHEpIlaJTbHUX CHUCTEMax BIIIIKY BIIOYBarOThbCs onHakoBo» [4, c. 142] 1, mo «Bci (izuyHi
npoyecu Bi0YBaIOTHCS OJHAKOBO Yy BCIX IHEpUIAIbHUX CHCTeMax BiMIiKy» [9, c. 119] Oe3
BKa3iBKM Ha OJHAKOBICTh IMOYATKOBHX YMOB, SIK Il TpaBWiIbHO 3pobieno y [3, c. 103],
3BY4aTh HEKOPEKTHO.

CyTHICTh NPHUHIMITY BIAHOCHOCTI MOKHa IMPOJEMOHCTPYBaTH ILI€ W Ha TaKOMY
npukiaai. OdepeMo JOBUIBHY 3aMKHYTY (130J1b0BaHy) CHCTEMY TUT A 1 3aaMO iX MOYaTKOBI
MOJIOKEHHS 1 MIBHAKOCTI BITHOCHO iHepiianbHOi cuctemu K. I Hexait icHye ToTOoXHa 3 A
Jpyra 3aMKHyTa cuctema Tij A', y siKiif CTBOPEHO TaKi * IMOYaTKOBI YMOBH, aJie BXK€ BITHOCHO
iHepuianbHOi cucteMu BiTiKy K'. Toai pyx y cuctemi Tint A BigHocHO K Oyzne TOTOXHHI 3
pyxoMm y cuctemi Tin A’ BizHocHo K'. CaMe B 1IbOMY TMOJSITAE pi6HONPABHICIb THEPYIATLHUX
cucmem 8i0iKy, O W BCTAHOBITIOE MPUHITUTI BITHOCHOCTI.

He nuime HaykoBi CIIOCTEpEKEHHs, a W HaBITh MOBCAKICHHUH MPAKTUYHUNA JOCBIJ
3acBiUy€, WO SBHUIA TPUPOJA HEMOXKIWBO PO3AUIMTH HA YHUCTO «MEXaHIdHI» 1
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«HeMexaHiuHi». JlilicHO, OyIb-sfKe «MeXaHiuyHe» SIBHINE TOB’s3aHe 3 OaraTbMma IHIIUMHU
«p13MIHIMIY SBUIIAMHU 1 3yMOBJIOETbCSI HUMU. TOX KOJU O MPUHIIMIT BiJHOCHOCTI HE OYB
CHpaBeIUBUI A UX «(PI3UYHUXY SBUI, TO BiH HE MIr OM 3aJIMIIATUCS CHPABEIIUBUM 1
JUISL «4UCTO MEXAHIYHMX» SBHIL. Y 3B’SI3KYy 3 IIUM BUHHUKJIA MOTpeda MOMIMPUTH MPUHIUI
BIZTHOCHOCTI Ha BCl SIBUIIIa IPUPOH, IO i 3poOuB A. EifHIuTeiH, HafaBIM HOMY HACTYITHOTO
GbOpMYITIOBaHHS: 3aKOHU NPUpOOU, AKI SUHAYAIOMb 3MIHY CMAHIE (DI3UYHUX cucmeM, He
3anexcams 8i0 moeo, 00 AKOL 3 080X IHEPYIANbHUX CUCIeM GIONIKY, SIKI pyxaromvcsi 0OHA
BIOHOCHO 0OHOI NPAMONIHIUHO | PIBHOMIPHO, BOHU IOHOCAMbCAL.

Ha ocHOBI 1IbOTO MPUHIUITY, SIKHH BCTaHOBIIIOE PIBHOIIPABHICTH Juue THEPIiAIbHUX
cucrteM Bimniky, Eitamrein y 1905 pori i CTBOpHB YacTKOBY, ab0 cneyianbHy, TEOPIIO
BigHocHocTi (CTB). Uepe3 10 pokiB BiH y3araJlbHUB MPUHIUI BiJIHOCHOCTI Ha BUIAJIOK
JOBUIBHUX HEIHEPI[IAJIbHUX CHUCTEM BIAJIKY 1 CTBOPUB 3azanvHy meopito sionocrocmi (3TB),
sgKa TIe Ma€ Ha3BY pensmugicmcvkoi meopii msaocinusa. 3TB craza OCHOBHOIO TEOpIi€0 B
acTpodisuili, 30kpeMa B KocMmoorii. Oco0iauBoro 3HaueHHA L (yHAaMEeHTaIbHA TEopis
HaOya y 3B’513Ky 3 acTpO(I3UIHUMH BiIKPUTTSIMH OCTAHHIX JCCSITHPIY.

PozmupenHs 3MiCTy NPUHIUITY BIAHOCHOCTI 3MYCHJIO MEPETJIIHYTH W BiAMOBIIHICTH
iiomy mneperBopeHb [amimes. [IpoGmema 3BOIUTBHCS 1O HACTyMHOTro: sKmo X, Y, Z, t —
KOOpJMHATH 1 yac MeBHOI moAii B cuctemi Bimiky K, a B cucremi Bimniky K’ koopaunatu i
qac Ti€i sk caMoi mofii MaroTh 3HadeHHs X', Y', Z', t', — To IKUM YMHOM 3a 3HAYCHHSMH X, Y, Z, t
3HalTH 3HadeHHs X', Y', Z', t' 1 HaBmaku? Po3B’s3aHHS 1IbOTO 3aBJIaHHS IPYHTYETHCA Ha TPHOX
MPHITYIICHHSX.

[lepuie 3 HUX nocmyntoe, WO nNpocmip 0OHOPIOHULL | I30MPONHULL, & 4aC OOHOPIOHULL.
OHOPIIHICTh MPOCTOPY 1 YacCy O3HAYaE, 10 BCl TOYKH MPOCTOPY 1 BC1 MOMEHTH 4acy, IO B
cuctemi K, mo B cucremi K’', abcomoTHO exgigarenmui. 130Tpomist X MPOCTOPY O3HAYAE
MOBHY €KBIBAJIEHTHICTh BCIX MPOCTOPOBUX HampsAMiB y cuctemi K, a Takox y cuctemi K'. Ha
OCHOBI TaKOi OJIHOPITHOCTI ¥ 130TpoIii MpocTopy 1 Yacy 3B 430K Mixk X, Y, Z, t1 X', y’, 2/, ' mae
OyTHU AiHItIHUM.

Jlpyre NpUITYLIEHHS CTOCYEThCS PI3HUX CITIBBITHOLIEHb MK KaTeropisiMM MPOCTOpY 1
yacy y KiaacuuHii (i3uill 1 Teopii BITHOCHOCTI. Y JNOPENSATUBICTCHKINA (Di3UL npocmip 1 uac
BBKAIHCS HE3aJICKHUMH OAWH B OHOTO. Biocmans MiX I1BOMa MaTepiaJbHUMHU TOYKAMU B
OIIMH 1 TOW K€ MOMEHT 4Yacy, a TaKOX MPOMIXCKU 4acy MK JBOMA TIOMISIMH BBa)KaJIHCS
OJIHAKOBUMHU y BCIX cucTeMax BimmiKy. [HIuMu cnoBamu, OOWJBI BETMYHUHU BBaXKaIHCS
iHeapiaHmuuMy 3a TIEPEXOy BiJl OJIHIET CHCTEMHU BIIUIIKY 0 Apyroi. Y Teopli BiIHOCHOCTI
Taka iHBapiaHTHICTh Oyna yrpaueHa. 3aMicTh JBOX IHBapiaHTIB — MPOCTOPOBOTO 1 YACOBOIO —
B HIW 30epircs JuIle OAWH, NPOCMOPOBO-YaACO8Ull iHeapianm, KWW HA OCHOBI JIHIHHOTO
3B’SI3KY MiXK X, Y, Z, t 1 X', Yy, Z', t' MmoxHa cpopmyBaTH Ha OCHOBI ONTHUKO-TEOMETPUUYHUX
MIpKyBaHb, IIPO 110 HTUME MOBa AaJll.

Tpere mpumymeHHs, sKe BHWIUIUBA€ 3 JBOX TMEPIIUX, CTOCYEThCSA TOHSTH
«oOHOuacHocmi» 1 «HeoOHOHAcHocmi» TIEpeOIry OJHAKOBHX TMOAIN, SKI BiIOyBAarOTHCS B
pI3HUX cHCcTeMax BIUTIKY.

3a mpOro CIoOYaTKy BapTO BIAMITHUTH OCOOJMBOCTI IMIBHIKOCTI MOIIMPEHHS CBITIA, SIKi
CKJIaJIal0Th 3MICT JPYyroro rnocrynary EWHIITENHA: weuokicms nowupenns ceimaa y 6aKyymi
«C» He 3anexncums 8i0 pyxy 1o2o dxcepena abo nputimaia i 00HaK08a 8 YCix HanpsIMKax.

Tox OCKUIBbKH 3aBXKIM MOKHA BHOPATH TaliJICEBY CUCTEMY BIUIIKY, KA PYXa€ThCS 3
TaKOK JK IIBHUJKICTIO, 3 KO PYXa€ThCs JDKEpENo cBiTia (y MEBHHM MOMEHT dYacy), TO
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JpYruil IOCTYyIaT TOTOXKHUN TBEPPKEHHIO, 1110 IIBUJKICTH CBITJIA y BaKyyMi OJJHAKOBA Y BCiX
1HepIiaJTpHUX cucTeMax BLIiKY. Lle CBiquMTh Ipo Te, M0 MIBUAKICTH MOIIUPEHHS CBITIA Y
BakyyMi mocigae ocobnuBe micue y npupozai. Ha BiaMmiHy Bia ycix iHIIMX HIBHAKOCTEH
MaTtepialbHUX 00’€KTiB, 5K 3MIHIOIOTh CBOKO BEIIMYMHY 3a NEPEXOAY BIJl OIHIET CHCTEMH
BIJUTIKY JIO 1HIIOI, UBUOKICIb CEIMIA Y 8AKYYMI € IHEAPIAHMHOI0 8eaUdUHO0I0. C =NV,
HasBHICTD Takoi MIBUAKOCTI y IPUPOAL CYTTEBO 3MIHIOE YSIBJICHHS PO MPOCTIp 1 Yac,
a came: IpoCTip 1 Yac, SK Bi3HAYAIOCS, YTBOPIOKOTh €IUHUA YOTHPUBUMIPHUH MTPOCTOPOBO-
YacOBHI KOHTHHYYM TakK, IO 3a MEPeXOAy BiJ OJHI€l iHEpIiaJbHOI CHCTEMH BIUIIKY 10
Jpyroi 30epiraeTbCsi HE3MIHHOK (IHBapiaHTHOIO) BEJIMYHMHA ITPOCTOPOBO-YACOBOTO 1HTEPBATY

AS Mix TomisiMu: AS =inv. Bennunaa AS BU3HAYA€THCS 32 BUPA3OM AS = VC?At? —Ar? | abo
As® = C?At® — Ar?, e Ar — npocTopoBuii inTepsa, At — uacoBuii iHTepBal.

[ToBepHeMocs 3HOBY 10 NBOX iHepmianbHUX cucTeM Bimmiky K i K', aki pyxaroTbcs
PIBHOMIPHO 1 MPSMOMIHIHHO 3 MIBUIKICTIO V OHA BiTHOCHO OJHOI, 1 HEXall y NesIKuii MOMEHT
yacy JKepelno, sike HepyxoMo posrtamoBane B Toulli N (puc. 2) cucremu K, BUIpOMiHIOE
CBITJIOBHH crianax. Yepe3 mpoMixok vacy t el cnaax y cucremi K oHOYacHO JOCATHE BCIX
TOYOK, 1110 JIexaTh Ha moBepxHi chepu C 3 nentpoM y Toutli N i paaiycom r = ct.

VA Z'
K [|K
vt | -
V(:
r=ct <] r'=ct'
0 al b a' \b' X
C N N’ c' X
Y Y M
Puc. 2

VY cuctemi K' mIBUAKICTH CBITJIA, 3T1THO 3 APYTUM MOCTYJIaTOM, HE 3aJI€KUTh B pyXy
JoKepena 1o BiJHOIIEHHIO 10 1i€i cuctemu. OcKiUIbKU B cucTeMi K’ criasiax moImmproeThes Bijl
touku N’ (y momeHT 4dacy t = 0 monmoxkersst Touok N i N’ criBmamanu), To 3riHO 3 MEPUTUM
noctynaroM ElHIITelHA, CBITIO B Wi cHUCTeMi BIAJIIKY JOCATHE OJHOYACHO BCIX TOUYOK
coepu C' (BiaminHoi Bix chepu C) 3 nentpoM y Touuli N’ 1 pagiycom r' = ct’.

3a 11poro, XBUIbOBUI (PPOHT (IMOBEpPXHS OHAKOBOI (ha3u) MoBUHEH 30epiratu Gpopmy
cepryuHOi MOBEPXHI HE JIUIIE B CUCTEMI BIJUTIKY, BIIHOCHO SIKOi JPKEPEJIO CBITJIa HEpyXOMe, a
i Oytu cepruHUM, KOJIU BiH CHOCTEpIraeThCsl y CHUCTEMI BiAJIIKY, sika mepeOyBae B cTaHi
PIBHOMIPHOTO 1 TNPSAMOJIIHIKHOTO PYyXYy BIIHOCHO JDKepena (iHaKkmie 3a 3MiHOWO (GopMHU
XBWJIBOBOTO (POHTY MOXHa Oyno O BHSBUTH, L0 JDKEPENO pyxaerbes). ToOTo uis
HiATBEPKCHHS icmuHHOCmi CPOPMYITBOBAHOTO BHIIE TOCTYNATY, IO MIBUAKICTH CBITIa HE
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3aJICKUTh BiJl PyXy JDKepena, HeoOXiaHo, mo0 3a (GopMOI0 XBHIHOBOTO (DPOHTY HE MOXKHA
OyJI0 IOBECTH, YM 3HAXOAMTHLCS JHKEPESIO B CTaHI PIBHOMIPHOTO 1 MPSAMOJIIHIHHOTO PyXYy, YH
Hi. Ile y cBolo uepry 3BOIMTHCS [0 3a1adi 3HAXO/HKEHHS Takoi (OpPMHU TNEpPETBOPEHB
KOOPJMHAT 1 4acy, /¢ 0 BEJIMYMHA IIBUAKOCTI CBiTJIa Oylia HE3aJeKHOK BiJI pyXy JKepelna
abo npuiimMaya.

Otxe, cnocrepirau y cuctemi K depe3 ywac t Oyme KOHCTaTyBaTH, IO CBITJIOBUM
CUTHAJI MOIIMPUTHCS B YCIX HANpsAMKaxX Ha BIACTaHb I i CTBOPUTH GPOHT c(HepUUYHOi CBITIOBOT
XBUITI

X2 +y2 + 22 = r2, X2 +y2 + 22 = CZtZ, a60 X2 +y2 + 22—C2t2= 0. (5)

Lleii CBITIOBHIT CUTHA MOKYTh BHSBUTH (hoToenemenTH a i b ta npunax M (puc. 2).
Crocrepirau y cucremi K', sxwii mepeOyBae, Hampukman, y Toumi N', Tex Oyne
KOHCTaTyBaTH, 10 CBITJIOBUN CHUTHAN 3 MOYATKy KOOPAMHAT MOUIMPIOETHCS 3 IIBUIKICTIO C

(3rigHO 3 APYrHM MOCTyIaTOM) 1 3a yac t' (BiamoBigHui t) mocsATHE MOBEPXHI chepu
X’2 + y12 + 2'2 — r12’ X12 + y12 + Z!2 — Cztlz, a60 X!2 + y12 + 2!2 . C2t12: 0. (6)

Lle#t cocTepirau BBaskarume cedbe HepyxoMuM y meHTpi (y Tourti N') miei chepudanoi XBHIII.
Ockinbku koopauHatu (X, Y, z, 1) 1 (X', y', 2/, t') € xoopauHAaTaMH OJHOTO 1 TOTO X
SIBUIIA, HAIIPUKIIAA, KoopAuHaTamMu npuiany M, skuit 3adikcyBaB curnan y cuctemi K uepes
yac t, To Bupasu (5) 1 (6) 3riHO 3 MEPUIUM MOCTYJIATOM MOBHHHI TOTOKHO NIEPETBOPIOBATHUCS
OJIMH B OJIHOTO 3a nepexoxy Bix cucremu K no cucremu K', To0TO:
X2+y2+22—C2t2: X!2+y!2+212_02t!2. (7)

Sxmio x y (6) miacTaBuTH BUpa3u neperBopenb [amines X' =X —vt, y'=y, z'=z,t'=t,
TO OTpPUMAacThCS BHpPA3 X2 — 2XVt+ V22 +y? +72=C%?, mo SBHO HE Y3TOMKYETHCA 3
Bupazom (5).

Y Teopli BIAHOCHOCTI, J€ 3alepPeuyrOThCsl MOHATTS abCONIOTHOIO MpocTopy U
abcomoTHOrOo 4yacy, Bupa3 (7) BHU3Hauae (GOpMy NPOCTOPOBO-YACOBOIO I1HBApiaHTy 3a
nepexoay BiA OJHIET CHCTeMHM BIUIIKY J0 I1HIOL. SIK BHAHO, LEd 1HBapiaHT He
3aJI0BOJIBHAETHCS TalliJIe€eBUMHU (OPMYJIaMU NEPETBOPEHHS KOOPAWHAT, Ji€ Yac BBAXKAETHCS
OJIHAKOBUM JUIsl BCIX cucTeM Bimiiky. Lle o3Hauae, mo B Teopii BIAHOCHOCTI TOBWHHI
iCHYBaTH iHII (OpMYJIH MEPETBOPEHb KOOPAMHAT 1 Yacy 3a Mepexojy Bijl OJHIET CUCTEMHU
BIJUTIKY 110 iHIIIOI [5, ¢. 366-367].

Jlns BCTaHOBJEHHSA LUX (QopMmys OyaeMO CHUpATHCS Ha Halle NPUIYIIEHHS, 10
cucreMu K 1 K’ ogHa BiAHOCHO onHOi mepeOyBaiOTh y pyci 3 IIBHAKICTIO V. 3 I[bOTO
MIPUITYIIEHHS BUTUIUBAE, 0 Touka N’ mepemimyeTthes B cuctemi K 3 mBHakicTio V, a Touka N

B cucreMi K’ — 3 mBuakictio (— V). Toxai xoopaunata X'=0 3a X=vt, a X =0 3a X" =—t".
3 UX YMOB CKJIQJA0THCS JIBA PIBHIHHS ISl KOOpAWHAT X 1 X
X'= Kk (x—vt); (8)
X = k" (x"+ vt"), 9)

ne K i k'— koedimieHTH, sKi 3a1exarh JIUIIE BiJl MOIYJIS MIBHIKOCTI V, ajie He BiJI il HAMIPSIMKY,
1 TMOKM IO HemepeadadyyBaHO, IO BOHM MOXYTh OyTH OJHAKOBHMH, SK L€ ampiopi
nokJaaanocs B [2, ¢. 176-195].

Jlani 3aja4ya 3BOUTHCS IO BCTAHOBJICHHS (hOpMyJT JUtsl BU3HaueHHs KoedimieHTiB K i
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k’. Pi3Hi aBTOpH 10 Pi3HOMY PO3B’SI3YIOTH I[I0 33724y, PO M0 HIILIOCS B OIVISII JIITEpaTyPHUX
JoKepell. 3a Mboro, y OUTBIIOCTI MIAPYYHUKIB, Y AKUX BUKIagaroThesa ocHoBu CTB [5; 8; 10],
micyis  yKJIaJaHHS BHXIAHUX pPIBHSHb, HABOJAUTHCA TaKHWd, NPUOIM3HO, TEKCT: «IIiCIs
HECKJIAJIHUX ITiJICTAHOBOK 1 MAaTEeMAaTWUYHHX IEPETBOPEHb OJCPKYEMO ...», 1 TOHAIOTHCS
KiHIEBI (GopMynu sl IIykaHux koedimieHTiB K 1 K', sKi CTyJeHTH MarTh CHPUNHSTH
«Ha BIpYy».

JIOCBi HAIIOTO BHKJIAQJAAHHS O3HAYEHO! TEOpii CBIAYMTH, IO 32 LBOTO BTPAYAETHCS
JIOTiKa BHKJIQJy Martepiaiy, a 3 HEl i IOBHOTAa PO3YMiHHS Ta PIBEHb 3aCBOEHHS CTYACHTaAMHU
ocioB CTB, amke He TakuM YyXe W «TpHUBIaJbHUM» € BCTaHOBJCHHSA BHpa3y IHX
Koe(iIieHTiB.

TomMy MM MPaKTHKYeEMO METOJHMKY JETaTbHOTO BHBEICHHS (POPMYI IS OOYMCIICHHS
koedirtientiB K i K’ i3 3aimy4eHHsIM CTYAEHTIB y Takiil MOCIiTOBHOCTI.

1. Posrasmaemo pyx 000X cucTeM BiUTIKY B fonaTHoMy HampsMi oceir OX 1 OX', sxi
crmiBragaTh, a oci OY = QY' i OZ = OZ’ 3anuinaroThes mapajieabHUME caMi cobi (puc. 1).
Toni inBapianT (7) HaOyBae BUAY:

X2 — C’t%=x? - c’t”. (10)
[TincraBuBiu 3Ha4eHHs X' 3 (8) y (9) Bu3Hauaemo vac t" X = k’[k(x —Vt)+vt']; PO3KpUBAEMO
kBaapaTHi qyxku: X =Kkx—kkvt+kwt', a6o X —k'kx+k'kvt=k'vt". Tinumo Bci wienu miel
x  kkx kkvt kvt’

R + =
kk kk kk k'k

piBuocti ma kK:

434

\'

. X v,
1 oTpumyemo ——X+Vvt=—t', abo
k'k k

=t'. JlinMMo YMCeNpbHUK i 3HAMEHHHK [[LOTO BHpa3y Ha V 1 OTPUMY€EMO:

I st

Y k'’k

t':k{t—é{l—ﬁﬂ. (11)

2. Jaui, mo6 orpumMaTi Bupasu koedirienTis K i k', migcraBnsiemo 3naueHns X' 3 (8) i
t'3 (11) y mpaBy uactuny (10):

x2 —c2t? =[k(x - vt)[’ —Cz{k{t —3(1_ kiﬂ}z (12)

Po3kpuBaemMo kBaapaTH BUpPaA3iB y Mpasiil yacTuHi piBHOCTI (12):
X% =[k(x—Vt)P =k?(x—vt}? =k?(x* - 2xtv+vt?) = k?x? — 2k*xtv + t?k?V?  abo

\'
\'

Otxe,

X'? = x°k?® +t?k?v? — 2xtk®v . (13)
2
1
PoskpuBaemo Bupaz Ct'? = Cz{k{t - 5(1— Wﬂ} ; CIIOYaTKy MiJHOCUMO [0
v

ISSN 2307-4906
175



30ipHMK HAYKOBMX Npalb
YMaHCBLKOr0 Aep:KaBHOT0 NeIarorivyHoro yHiBepcuTery Bun. 2, 2022

2
. 1 o
KBajpary Bupa3 y dirypmx myxkax (t?): t'? = k{t—i(l—mﬂ ; TIOTIM TIAHOCHUMO [0
\

KBaJIpaTy BUpPa3 y KBaJ[paTHUX JYKKaX:

2 2 2 2
t_ﬁ 1_i :tz_ﬂ 1_i +X_2 1_i :tz_m+ﬂ+x_2 1_14_%):
v Kk’ v Kk ) v Kk’ v o vkk' v Kk k°k’
=t2—gxt+ixt+x2i2—x2 22 + X — 12 =
v vkk ' v vkk' vkk’
JIOMHOKYEMO KOKEH UJleH OTPUMAHOTo Bupasy Ha C°K’:
21,2 21,2 21,2 2 2k2 2k2
ot =267k — xt 2 k Fxt 2 K ZCE —x? 2 +x° ZCZ ~.
v vkk' v vkk’ vokk’
3. [IlincraBnsemo oTpumani 3HaueHHS X2 3 (13) i ¢?t? 3 (14) y npaBy uactuny (10):
2 242
X*—ct® =

(14)

2c2k? 2c’k?  ,c’k?* ,2c*k? , c%k?
- Xt X ;T X 2 X 207

Y, vkk v v-kk vk“k
(15)

= x%k? +t?k?v? — 2xtk?v —t%c?k? + xt

I'pymyemo unenu pisHocTi (15), siKki cTOATH cripaa mpu X2, t2, Xt:
2 242
X°—=Cct° =

21,2 21,2 21,2 21,2 21,2
:XZ(kz—C KT 2ck” 'k j+t2(k2v2—czkz)—xt(2k2v+zc k” _2c’k J (16)

vi o vikk' vPk’k'? vkk’ v
21,2
Jinumo unenu piBHOCTI (16), sIKi CTOATDH y Jy’KKax, Ha
v
x* —c*t? =
2 2 1 v v 2y
x|l 12 +tP = -V | x| -+ ——2v . 17
(CZ kk'  k?k'? c? ¢’ kk' (a7)

4. TlpupiBHoeMo koedimienTn mpu X, t2, Xt 3miBa i cnpasa y piHOCTI (17); 37iBa:
xoedimient npu X2 gopisuioe 1; mpu t? — nopisnioe (— ¢2); mpu Xt — gopiBHIOE 0. OTpUMYEMO

CUCTEMY TPbOX PIBHSHbB:

1 2 Vv

T, = 18

k?k'?  kk' c? (18)
4
V—Z—v2=c2; (19)
c

3
2L2+%—2v:0. (20)
c

V pisnsHHi (18) MiHseMo 3Hakn; unenn piBHanHES (19) ginumo Ha €2 unenu piBHAHHS (20)
IIAMO Ha 2V.

1 2 v?
k2 ke &)
vi v
R @)
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1.V 10 23)
kk"  ¢?

[lepenrcyemo 11i piBHSIHHSI, BUIITUBIIHA B HUX MOAI0HI €JIEMEHTHU:

1 2 V2
T U S 24
k’k'> Kk’ [ czl (24)
2 2
V—z[l— V—zj =-1; (25)
C C
1 v?
—=|1-—. 26
Kk’ ( c? j (26)
[TincraBnsgemo (26) y (24) it oTpuMyemo:
1 1
— =1 27
k 2k12 kkr ( )
2 2
V—z(l— V—zJ =-1. (29)
C C

2 2
[TpupiBHIOEMO J7iBi yacTuHU piBHAHB (27) 1 (28): #—%:V—z(l—v—z} Otpumyemo
’ ! C C

KBaJpaTHE PIBHSIHHS:
1 1 V2 v?
e ke e ) )
OueBuHO, 10 piBHAHHS (29) MaTtuMe po3B’s30K 32 yMOBH K =K', 1m0 BiJmoBigae piBHOCTI
MOJIyJIiB IIBUIKOCTEH MarepianbHOl Touku B cuctemax K i K'. 3a i€l ymoBu BoHO HabyBae

1 1 Vv v? . . .
BU]TY: PRy 1- e =0, a piBHgHHA (26) BIAMOBITHO:

2
kiz = [1 - Z—ZJ , 3BIIKH K = ! : (30)

5. TIlincraBnsiroun 3HaueHHss K y piBusHHA (8), (9), (11), otpumyemo ¢opmynu
NEpeTBOPEHHS KOOPIUHAT 1 4acy 3a Mepexoy B OJHi€l cucTeMH BiJUIIKY 10 1HIIOI B Teopil
BIJTHOCHOCTI, SIK1 CYTTEBO B1JIPI3HSAIOTHCS BiJ IepeTBOpeHs ['ainines, a came:

3a nepexoay Bia cuctemu K mo K’

t— Y x
X—vt , 2
X'= C oY=y 7=z t=——; (31)
2 2
1_L 1_L
c? c?

3a nepexoay Bia cuctemu K' mo K
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(32)

(®parmentu goBeneHHS 1 — 5 BUKOHYIOTHCS OKPEMHUMU CTYACHTaMH O1JIs JOIIKH).

VY Teopii BiIHOCHOCTI OTPHUMaHi BUpa3u HA3MBAIOTHCS MEPETBOPEHHIMH KOOPAMHAT i
yacy Jlopenma. 3 ictopii (i3uKH BiJoOMO, 110 BIEpIIIE 111 EPETBOPEHHS OyJIH OmmyOIiKoBaHi y
1900 pori y kHu3i anrmicekoro ¢isuka J[x. Jlapmopa «Aether and Matter» («Edip i
MaTepisi») y 3B’SI3KY 3 MOSCHEHHSM BiJl’€MHOTO pe3ynbTaTy aociiay MaiikenbcoHa — Mopii.
VY 1904 poni HezanexHo Bix Jlapmopa Taki x (HopMyaH OTpUMaB HiJepIaHICHKUN yUSHHN
X. A. ﬂopeHu, AKUI, TPOTe, HEe HaJaB iM HaleXKHOro (I3UYHOTO MOSICHEHHS. Y Teopil
Bl,[[HOCHOCTl A. Eifnireitna i NePEeTBOPEHH HaOyu (byHI[aMeHTanLHoro TIIyMaueHHs y
3B 3Ky 31 BCTAHOBJIEHHSIM BIJJHOCHOCTI HOHATH HPOCTOPY 1 4acy 1 €AMHOTO IMPOCTOPOBO-
4aCcOBOI'0 KOHTUHYYMY.

Amnanizytoun Gopmynu neperBopeHs JlopeHua, 3BepTaeMo yBary Ha Te, 110 3a V> C
BOHM BTPAYalOTh 3MICT, a/pke€ Yy 3HAMEHHHKY IIiJ] KBaJIpaTHUM KOPEHEM OTPHUMYETHCS
Big'emHe umcno. Came med (akT CBiAYUTH, IO B TEOpil BIAHOCHOCTI HMIBHJKICTH CBITIA y
BaKyyMi € TPaHHYHOIO MIBUAKICTIO JIJIS BCIX cHCTeM BLWIIKY. 3a V << C ¢opmynu JlopeHma
nepexoasTh y (opMyiH rnepeTBopeHs [ amimnes:

X'=x-vt'; y'=y; 2'=z; t'=t. (33)

Orxe, neperBopenHs JlopeHia, ski 0a3ylOTbCsS HA MPUHIUII BITHOCHOCTI, € OLIBII
3arajJbHUM BIJOOpaXEHHSAM TPOIECIB NPHUPOIH, NepeTBopeHHs k [aminmes — HproToHa i
3aKOHOMIPHOCTI KJIACHYHOI (Pi3UKH, sIKi OB’ S3YIOThCS 3 HUMH, CIIPABEUINBI JIUILE IS MAJTUX
HIBUAKOCTEH TLJI MOPIBHSIHO 3 MIBUAKICTIO CBITJIA.

3 neperBopeHb JlopeHIla BUIUIMBAE i 1€ KijbKa BaKJIMBHX HACIHIIKIB, 3’SCyBaHHS
SIKUX 3HOBY ITPOMIOHYETHCS CTyACHTaM (pparmeHTn 6—8).

VY neperBopeHHsax koopauHat ['anines — HploToHa BiACTaHb MIXK JBOMa TOUYKaMH abo
K JIOBXKUHA, HAaIIPUKJIa/l, CTEP>KHSI 3a MepeXoy BiJl OJIHIET CUCTEMH JI0 1HIIOI € 1HBapiaHTOM. 3
NOTIISATY K TIepeTBOpeHb JIopeHIa Take TBepKEHHs T030aBJIeHE 3MICTY.

6. Bionocnicmo oosaxcunu. Hexait y cucremi K B3goBxk gomatHoro Hampsimy oci OX
JICKHUTh CTEPKEHb NOBKHHOIO lo. Bupaxaroun HOBKUHY CTEpXHS 4epe3 KOOPIMHATH HOTro
KiHIIB, JicTaHeMo X, —X, =l,. BuszHaunmo noexuHy mporo crepskHs B cucremi K, sxa
pyxaeThcst BiTHOCHO cucteMu K 3 mBHjKicTIO V B HanpsaMmi oci OX. Jist nporo tpeba 3HaiTH
PI3HHUII0 KOOPAWHAT HOTO KIHIIB X, —X; =| B OAWH 1 TOH e MOMEHT Yacy 3a FOAMHHUKOM

cuctemu K'. BukopucroByrouu (opmynu meperBopeHb JlopeHna, BUPaKaEMO KOOPIWHATH
KIHIIIB CTeP)KHS, a CaMe:

! !
X VL

(34)
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3 Bupa3y (34) BugHO, MO B TEOpil BIAHOCHOCTI 0QO08XCUHA CHMIEPIICHS 3aANedCUms 6i0
weuokocmi cucmemu 6i01iKy — BOHa TUM MEHIIIA, YMM OUTbINA MIBUIAKICTh PYXY CHCTEMHU.

OCKiNBKH 3a 1BOTO, SKIIO X04ya O OJMH PO3MIp Tija 3a3Ha€ CKOPOYCHHS, TO U 00 'em
mina Mij 9ac pyxy TeX 3a3HaBaTUME 3MCHIIICHHS

(35)

CkopodeHHs JiHIMHHUX PO3MIPIB Tila y HANPIMKY PyXy HO3HAYA€ThCS W HA 3MiHi
¢dopmu mina. Tak, HanpukiIaa, Tio chepuunoi Gopmu, sike mepedyBae B CTaHI CIIOKOK B
cucreMi K, 3 Touku 30py crocrepiraua B pyxomiii cucremi K' Oyne 3maBaTucs enincoigom
obepranHs. Tyr nOpeyHO 3BEpHYTH yBary CTYAEHTIB, 110 BHUCHOBOK IPO CKOPOYEHHs
JTHIMHAX pO3MIpIB TN y HAMpsMi iX pyXy HE 03HAYa€ HAIBHOCTI SAKMXOCH (DI3MYHHUX 3MiH y
HYX, HANpUKIan, nedopMaiii CTMCKY y CTepKHi Tomo. Mimerbcs mpo mpouec i 3HAaueHHS
BUMIPIOBaHHS KOOPAMHAT KIiHIIIB CTEpXKHS y pi3HUX (pyxXxoMid 1 Hepyxomil) cucTemax
BIJUTIKY.

7. Bionochicms oonouacnocmi nodiu. 3 nepeTBopeHb JlopeHna BUIUIMBAE, MO IBI
nofii, siKi BiOyBaloThca B cucteMi K oJHOYacHO, ajie B PI3HUX TOYKaX MPOCTOpY, OyAyTh
HeoHoYacHUMH B cuctemi K', sika pyxaerbes BitHOCHO cuctemu K 3 mBuakicTio V. JlificHo,
skuio t, =t,, To

—— (36)

3BiJICH BHJHO, IIO 32 X, # X,, t; He mopiBHIOBaTtHMe t,. OTXe, 0OHOUACHICMb € NOHAMMSA

gioHOCHe.

JloBecT 1€ TBEP/DKEHHS MOXKHA ¢  «EKCHEPUMEHTAIbHO», PO3TAIlyBaBIIN
BIZINOBITHUM YMHOM (pHc. 2) y cuctemax K 1 K’ meBH1 npuiaau (Hanpukiaa, GoTOeIeMEHTH ).
Skmo posramyBatu ¢oroenementd @' i b’ Hepyxomi B cuctemi K' i ¢oroenementu a i b
HepyxoMi B cucteMi K, To B cuctemi K poTtoenementu a i b ogHouacHo 3apeectpyroTs npuxis
CBITJIOBUX CHUTHAJIIB 32 TOJAMHHUKOM IIi€i cUCTeMH; (POTOEIEMEHT K€ &' 3apeecTpye MpUX1L
CBITJIOBOTO CHUTHAJY paHilie, Hix goToeraeMeHnTH a i b (ockinbku, 8’ 3HAXOIUTHCS ONMKYE 10
mwkepena N), a Gortoenement b’ — misnimre, Hix a i b. I HaBmaku, 3a roguHHUKOM cucTemMu K’
oJHOYacHO 3adikcyroTh curHaiau Qoroenementn a' i b'; horoenement xe b 3adikcye npuxin
CHTHAJIB paHimie, Hix &' 1 b’, a poToenement a — mi3nime, Hixk 8’1 b'.

Takum ymHOM, TOMIi, SIKi OJHOYACHI B cucTemi BiIiKy K (ZOCATHEHHS CBITIIOBUM
cnasiaxoM To4ok cepu C), € HeOgHOYACHUMHU B cuctemi K'1 HaBmakw.

OTxe, y PpI3HHX IHEpUIaJbHUX CHCTEMax BIAJIIKY TMOHATTA OJHOYACHOCTI €
PI3HUM, TOXX HBIOTOHIBChKAa KOHIIEMIIiSI «aOCOJIFOTHOTO Yacy» BHSBISETHCS TaKOK K
HEOOTPYHTOBAHOIO, K 1 KOHIIETILIS «a0COIIOTHOTO MPOCTOPY».

8. [Ilowsmms eionocnocmi npomidxckie uacy. Hexaih y cucremi K', sxka
nepeMilyeTbest BiTHOCHO cucteMu K 31 MIBHIKICTIO V, 3HAXOJIUTHCS TOAUHHUK. YSBUMO, 110
B IIbOMY MICIIl, 7€ 3HAXOJIUTHCS I TOJAMHHUK, BIMOYIUCS JBI MOAIl, HAPHUKIIAI, MOYATOK i
3aKiHUEHHS I3BOHY «OyIMIbHHUKA, 1 HEXal MPOMIXKOK Yacy MiX IIMMHU MOJisAMHU y cuctemi K’
nopieuroe AT, =t, —t;.
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3actocoBytoun Qopmynu TepeTBopeHb JIopeHia, 3HalaeMO MPOMIXKOK dacy Mix
IUMH TTOAIsIMHU Y cuctemi K:

Vv Vv
t, +— X, tl’+—2xl’

AT =t, -t = ———C

v2 v2
I L

3ayBa)KMBIIIH, 110 NOAIT BinOyamcs B OAHIH 1 Tii e Toul, TOOTO ( X; = X, ), OJICPKYEMO:

t, -t AT
AT:tz_tlzz—ZaaGO AT:—OZ’ (37)
-2 -V
c c

ne AT, — mIpoMiXKOK 4acy B Tii CHCTeMi BIUTIKY, B AKiii 00MBI moxii BinOynucs B oaHii 1 Tiit

K€ TOYIIl POCTOPY; HOT0 HA3UBAIOTH GIACHUM YACOM.

3 Bupazy (37) BuWIUIMBae, IO MPOMDKOK Yacy MDK JBOMA IMOMISIMH B Teopil
BITHOCHOCTI 3aJIe)KHTh BiJl cucTeMU Biamiky. [IpoMixok yacy, sskuii BUMipsHUii y cucteMi K,
OUTHIIMI 3a MPOMDKOK dYacy, IO HOTO 3apeecTpye TOAUHHUK, SKHA PYXaeTbcs pa3oM 3
cucremoro K’ 1 mepeOyBae B Tiif jxe Toulli, Ae BinOymnucs noaii. ¥ pyxomiu cucmemi K' uac
MuHae nosinvuiwe, Hidxc y Hepyxomiu K.

3anponoHoBaHMi BapiaHT METOAUKH BUBYEHHS OCHOB CTB rpyHTyeThCs Ha noriyHii
MOCITIIOBHOCTI TIEPEXO/y BiJl MEHII ckiagHoro (MexaHiku [amines — HpioToHa) 10 OLIBII
CKJIQJIHOTO — CIemianbHoi Teopii BigHocHOcTi ElHmTeiiHa. 3a Takoro miaxony
3a0e3neuyeTbesi Oe3MocepeiHE 3allyuyeHHSl CTYAEHTIB J0 BUBUYEHHS Marepiany 1 3aBAsSKd
[bOMY OLIbII CBIIOMOMY (DOPMYBaHHIO y HHUX HaJIpPEIMETHOI KOMIIETEHTHOCTI, aJKe
BUKOPHUCTOBYIOTHCSI MIKIIPEAMETHI 3B’ 13K METOJ10JI0T1i HayKH ((yHIaMEeHTaIbHUM MPUHIUI
BiJIMOBIAHOCTI1), TeOMETPii, anredpu, KiIHeMaTUKU, JUHAMIKH, ONTHKHU TOIIO.

[Moganpmnii  PO3BUTOK  JOCHIPKYBAHOT TEMH MOXE CTOCYBAaTHUCS PO3POOKH
(YAockoHaNEeHHS) METOJJUKH BUBUEHHS OCHOB 3arajbHoi Teopii BiIHOCHOCTI.
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