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1. CyiUeCTByeT U9.1Iblil: Kpyr lf!H3H'I9CKHX 38Jl8'11 B KOTOpbiX CKOpOCTH 

JlBlOK9HHSI ( V) H3Y'I89MbiX M8T9pH8.1IbHhiX 06'h9KTOB Jl0CT8TO'IHO MS.Ilbl ITO 

Cp8BH9HHlO CO CKOpOCTblO CB9T8 (C) • flpH 8TOM 1 , MomeT 6biTb1 OC060I"O 

BHHMSHHSI 38C.nymHB89T TSK H83biB89M09 ( C06CTB9Hll0) Hepe.IISITHBHCTCKOe 

npH6.1IH)I{9HH9 1 B paMK8X KOTOpOI"O Y'IHThiB8lOTCSI TO.IlbKO M8.1Ibi9 B9.1IH'IHHhi 

nopsrJlKa v2 I c 2 , TOI"Jla KaK ae.nH'IHHhi nopsrJlKa v 4 I c 4 H BhiWe oT6paChi

BalOTCSI KaK 6eCKOH9'1HO M8.1Ibl9 0 

Ec.nH Mhi paccMoTpHM penSITHBHCTCKyro !flopMy.ny npeo6paaoaaHHSI Jlnst 

aaeprHH 

)(1-{3 
-1/2 

) 

I"Jle {3 = v I c , To B aepensrTHBHCTCKOM npu6numeHHH, aanpHMep Jlnsr noKo

srmeAcsr B CHCTeMe K , '18CTHUhi1 yKa38HH8SI cjJopMyna, 0'19BHJlH0 1 • 6y)leT HM9Tb 

BHJl 

E = E' ( 1 + 2_{3 2 ) • 

2 
(1) 

... 
0TKYil8 c Y'I~TOM TOI"O, 'ITO Jl.IISI JlSHHOA 'ISCTHUbl E, = m'c.2 • MO)I{HO hony-

'IHTb H3B9CTHYIO cjJopMy.ny 

E mc 2 + L mv 2 • 
2 



C npyroil: cTopOHhi, ecliH p ~ c IE'= v 'I c =f3 ' . .f. 0 H 

{3'=(3, (2) 

TO BMeCTO ( 1) 6y.lleM HMeTb 

E =(E'+acp') (1+..!....{32 ) =E'(l+J....f3 2 +f3{3' +..!....aJa')· 
,... " 2 2 2fJfJ. 

Ho B paMKax paccMaTpHBaeMoro npH6nH)KeHHsr B nocne.llHeM Bhipa)KeHHH 4-hiii 

qneH B CKOOKax 6ecKoHe'lHO Man. Ero cne.llyeT OT6pOCH~b. 
B pesynhTaTe ¢opMyna npeo6pasoBaHHSI .lliiSI saeprHH B aepensrTHBHCT

CKOM npHOIIll)KeHHH 6y.lleT HMeTb BH.llx/ 

E = E'(1 +]_{3 2 ) +{3cp: 
2 

(3) 

ilo aHanorHH C STHM .lliiSI COOTBeTCTBYIOlliefi ¢opMyllhl rrpeo6pa30B8HHSI HM-

nynhC8 6y.lleM nMeTh cne.llyiOmee Bbipa)Keane: 

P" = (p' + 1!._ E ' ) (1 + 1.. {32 ) • ( 3') 
" c 2 

Onnpasrch aa ¢opMynbi ( 3) n ( 3'), paccMoTpHM Terre ph rrpoue.llypy rrpe:-

o6pasoBaHRSI aenR'lHHhi E 2 _ c 2 p 2 
" 

npH nepeXO.lle K llPYI'OH CHCTeMe OTC'leTa. 

ilocne IIO.llCT8HDBKH yKa38HHbiX ¢opMyn H OT6paCbiBBHHSI qneHOB nopst.ll

Ka (3 4 Ha OCliOB8liiiH ycnoBIISI ( 2) IIOIIY'lllM 

£2 -c2 p2 =E'2(1 +{3 ) +2E'f3c p' -c2(p' +JiE' )2. 
" " c 

(4) 

ilpeo6pa3ySI .ll81Iee npaByiO 'l8CTb Bb!pa)Ke}IIISI ( 4) t K8K II B penSITllBHCT-

CKOM cnyqae, IIOIIY'lHM paBe}ICTBO 

£2 _ c2 p2 

" 
= E'2 

" 
-c2p'2 

" 

x/ · E, .v 1 R' :z. C yqeTOM Tj!r01 'lTD B paCCMaTpiiBaeMOM IIpii61IIIlKeHIIII =me ( ]+21-' I 

II p,; =m{J'c(I-t-}fJ2} t tPOpMylla (3) MOlKeT 6biTb1 B qaCTHOCTII, rrepeiiiiCaHa 

B BIIAe 

E = mc2 +Lm(v' +V ) 2 . 
2 

4 

(3a) 

l 
I 

\t 
! 

2. I1TaK, Mbi nonyqnnn- ¢opMynhi npeo6pasoBaHnii .onsr. saep: 

Ca B HepenSITllBIICTCKOM IIpll51III)KeHHlle 

CoBepmeHHO ecTecTBeHHo sa.oaTh Tenepb Bonpoc: 

A KaK npeo5pasyiOTCSI B paccMaTpnBaeMoM npn6nn)KeHnn n 

HO-BpeMeliHbie KOOp.OllH8Tbl II3y'laeMbiX. MaTepii81IhHbiX OO'beKTOB? 

C uenhiO oTBeTa na nero B03bMeM ¢opMyny npeo6pasoE 

.lliiSI KOOp.llllH8Thl X 

X = (X' + {3 C t' ) (1 -{3 2 ) -1/2 • 

Ha ocnoBaHIIII npe.llbl.tiYlliiiX pesynhTaToB cpasy MO)KHO cKasaTh 

IISITIIBIICTCKOM npiiOIIll)KeHHll ( I'Jle 'llleHbi IIOpSI.ttKa {3 
2 

COXpaH.IIIO'I 

mast ns (5) poPMyna npeo6pasoaaansr nnsr Koop.onHaThl x .oon)K 

OT COOTBeTCTBYIOllieH popMyllhi rannnesr.l1MeHH0 1 OH8 .llOII)KJ 

X 

1 I 
= ( x' +{3 c t' ) (1 +- {3 2 

) • 
2 

ilpll 9TOM CODTBeTCTBYIOlli8SI ¢opMyna rrpeo6p83DB8HliSI BpeMeHR 

qne oT no.oo5aoii ¢opMynhi rannnesr 6y.oeT .oaBaThCSI (no aaanor 

pa)KeHneM 

t' ( 1 + -1- {3 2 
) + _fi_ X ' 

2 c 

Ka'leCTBeHHo_ TaKofi Bll.ll nocne.oHeii ¢opMynhl onpe.oensteTcsr TeM, 

cnyqae BXO.llSillille B Hee KOOp.llHH8Tbi .x.~: .. n t' MoryT:•.OIIIICbii 
·. ~- K' xt. · · 

HeKoToporo o6'heKTa B cncTeMe~ 

3.tteCh MO)KHO OTMeTIITh T8K)Ke 1 _'lTD, HanpnMep, IIOTeHUHan: 

HHTHoro nonsr 6y.llyT npeo6pasoBhi:Ba.f'bc.II B paccMaTpiiBaeMo:~~. 
no ¢opMynaM 

A"=(A,; +{3 ¢')(1++{3
2

), Ay,z =A;,z ' cf> =cf> , (1 + 21 t 

x/ Eonee cTporiili BhiBon !jlopMyn ( 6) II ( 6') coneplKIITCH 

uenypa AOKa3aTellbCTBa Heii3MeHHOCTH IIpOCTpaHCTBeHHO-BpeMe 

na o6cyJKnaeTCH B
121 • 
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1 
C ={3 ':,f, :0 H 

( 2) 

+ {:3 {:3 , + 1.. {:3 .3{:3 , ) • 
2. . 

ocnenHeM Bbipameann 4-biti 

)pOCHTb, 

aneprnn B aepenHTHBHCT-

(3) 

liM-

(3') 

IM Terrepb rrpouenypy rrpe~ 

npyroti cncTeMe oTCtJ~Ta, 

pacbiBannH tJnenoB rropHn-

2(p' +JiE')2. (4) 
X C 

(4), KaK li B penHTliBHCT• 

, .. · . 1 
rrpn6mrmeHim E '=mcfl+2f3' ~ 

b, B qacTnocTn, rreperrncana 

(3a) 

l 
l 

2, HTaK, Mhi rrony•mnn cpopMynhi rrpeo6pa3oBaHnti nm1 aaeprnti n nMrrynb

ca B aepenHTHBHCTCKOM rrpn6nnmennn, 

CoBepweaao ecTeCTBeHHO 3anaTb Terrepb Borrpoc: 

A KaK rrpeo6pa3yroTCH B paccMaTpnBaeMoM rrpn6nnmeann rrpocTpaHCTBeH

Ho-BpeMeHHhie KOOpJlHH8Tbl H3ytJaeMbiX MaTepnanbHbiX 06'heKTOB? 

C uenbro OTBeTa na nero B03bMeM cpopMyny rrpeo6pa3oBannH nopenua 

)lnH KOOpllHH8Tbl X 

( 5) 

Ha OCHOB8HHH IIpeJlbiJlYIUHX pe3ynbT8TOB cpa3y MOlliHO CK838Tb1 '!TO B Hepe

nHTHBHCTCKOM rrpn5nnmennn (rne tJneHhi rropHJlKa {:3
2 

coxpanmoTcH) BhiTeKaro

maH H3 ( 5) popMyna rrpeo6pa30BaHHH Ami KOOpijHH8Tbl X gonmHa OTniilJ8TbCH 

OT COOTBeTCTBYIDIUe:ti ffiopMynbl fannneH.J1MeHH0 1 ona nonmna nMeTb Bnn 

I 

X ) . ( 6) 

Dpn 9TOM COOTB9TCTBYIDW8H cpopMyna rrpeo6pa30B8HHH BpeMeHn TaKme B OTnn-· .. 
tJne oT rrono6no:ti cpopMynhi fannneH 6yneT naBaTbCH (no ananornn c ( 3)) Bbi-

pameaneM 

= t' ( 1 + _l {:3 2 ) + ..fi_ x ' ( 6') 
2 c 

KatJeCTBenno TaKoti BHn rrocnennetl cpopMynhi orrpenenHeTCH TeM, '!TO B tJaCTHOM 

cnytJa~ · BxonHmne B nee Ko~nnnaTbi .~:.: .II: t' MoryT. orrncbiBaTb nBnlKenne 

neKoToporo o6'heKTa B cncTeMe K ' x[ .· 
~ 

3necb Momno oTMeTnTb TaKme, .'I':J'01 narrpnMep, rroTenunanbi aneKTpoMar-

HHTHoro rronH 6ynyT rrpeo6paaoBbiBa~bCH B paccMaTpnBaeMoM rrpn6nn)Kennn 

no cpopMynaM 

x/ /1/ 
. Eonee CTpOI"llH Bb!BD,l:l !flopMyn ( 6) ll ( 61

) CO,l:lepmnTCSI B rr,l , npo-
ue,~:~ypa ,l:IOK838TenbCTB8 HellaMeHHDCTH IIpOCTpaHCTBeHHO-BpeMeHHDI"D llHTepBa
na o6cym,~:~aeTCSI B/2/, 
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3. nony'I~:lHHbie Bbiiii8 peaynbT8Tbl YK83biB8lOT Ha T0 1 'ITO paCCMOTpeHHOe 

COOCTB8HHO HepenRTRBRCTCKOe R rannneeBO npn6nn~eHRR CYTb COB8plli8HHO 

pa3nH'IHbi8 npnonH~8HHRo npn STOM1 8CT8CTB8HH01 llOn~eH B03HHKHyTb cnenyiOIIIHli 

eonpoc: 

KaKRM ~opMynaM npeo6paaoeaHRli 6ynyT ynoeneTBopRTb sHeprng H HM

nynbc e TOM cnyqae, ecnn cooTBeTcTByroume ~opMynhi npeo6paaoBaHnfi nng 

KOOpllHH8T RM810T BUll 

X = X' +{3 C t ' , t = t, ? ; ( 7) 

Konb CKOpO B rannneeBOM npHonu~eHHH ~8KTH'I8CKH COXp8HRIOTCR TOnbKO 

'lneHbi ayneeoro nopRilKa no {3 , To BMecTo ( 3) u ( 3') B aToM cnyqae Mhi, 

O'I8BRilH01 6yneM HMeTb 

E = E' 

R ( 8) 

p = p 
"' "' 

+ JL E, c . 

Y'IHThiBaR nanee, 'ITO B rannneeeoM npn6nn~eHHH E' = me 2 , nocnenaee Bhi-

pa~eHne MO~Ho TaK~e nepenncaTb B ~opMe 

P,. =p: +m{3c 

TaKHM o6paaoM, KaK noKaaano npellbiilYIIIee paccMoTpeHne, npn peiiieHHH 

~H3R'IeCKRX 381l8'I llnR ll0CT8TO'IHO ManbiX CKOpOCTefi llBR~eHHR MaTepnanbHbiX 

o6~eKTOB B 38BHCHMOCTR OT TpeoyeMofi TO'IHOCTR Mbl MO~eM nonb30B8TbCR 

HnH COOCTB8HHO HepenRTHBUCTCKHM1 HnH rannneeBhlM UpHonH~8HH8Mo npn aTOM1 

ecTeCTB8HH0 1 H8nb3R C'IHT8Tb KoppeKTHbiM COBMeCTHOe npHMeHeHRe ~OpMyn 

( HanpnMep1 (Sa) R ( 7)) 1 OTHOCRIIIRXCR K paanR'IHbiM npn5nn~eHRRM. 
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