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B cnenpasnara Teopus Ha OTHOCUTEIHOCTTA, AMHIIANH W3Ka3Ba HAKOJIKO IIOCTYJIaTa:

1)IIpyHIUIBT HA OTHOCHUTETHOCTTA: 3aKOHUTE HA (PU3WKATA CA €IHAKBU BbB BCHYKH WHEPIUATHNA OTIPABHA CHCTEMH.

2)YHUBEPCATHOCT Ha CKOPOCTTA Ha cBersmHara: CKOPOCTTA HA CBETJIMHATA € €IHA W ChIA BbB BCUYKH WHEDPIUATHU
OTMPABHY CHCTEMHU.

3) Ipanuuna ckopocT Ha asuxkenue: Nudopmarusara He MOXKE Ja e MPEJaBa CbC CKOPOCT MO-TOJISAMa, OT CKOPOCTTA Ha
CBETJIMHATA BbB BAKYYM.

IpeobpazosarusTa Ha JIOPEHIT TABAT BPBH3KATA MEXKIy KOODAMHATHTE U BpeMeTo (X, Yy, 2,t) B €JHA NHEPIUATHA CHCTEMA
S, copamo koopgmHaTuTe U Bpemero (x',y’, 2/, t') B npyra nmeprmanma oTnpasHa cucteMa S’ KOATO Ce MBIXKH CbC CKOPOCT
U HACO4YeHa 10 ocTa T Ha cucremara S (Bux dur. 1).
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Bede koopauHaTHTE M BpEMETO HE Ca HE3ABUCHMU a Ce PA3TJIEXKIAT B €JHA ChbBKYIIHO Y€THPHU MEPHO IIPOCTPAHCTBO-BPEME,
Taka HapedeHoTo npocrpancrso Ha Munkoscku. ToBa KoeTo orroBapsi Ha AbJRKHHA B TOBA Y€TEPUMEDPHO IIPOCTPAHCTBO CE
HApUYa WHTEPBAJ MEXKJy JIBE ChOWTHS W C& TaBa KATO:

sta = (et = cta)” = (w1 —22)" = (y1 = 2)" = (21 — 2)°

WHTEPBaJIla MEZKYy IBE CbHOUTHS € UHBAPUAHT (e,ZLHaK’bB 3a BCUYKHU HHEPpHIUAJIHU OTIIPDABHHA CI/ICTGMI/I).
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Qurypa 1:
Sagaun:
1.1

N3non3paiikn nmpeodbpasoBanusTa Ha JIOpeHI[ MoKaykeTe 4e: ABe ChHOUTHS, KOUTO Ca €IHOBPEMEHHU B €JHa WHEPIINaJIHa,
KOOp/IMHATHA CHCTEMa MOTaT Jla He Ca eJHOBPDEMEHHHU B JIpyra WMHepInaJHa KoopAuHaTHA cucrtema. Kora gase chbuTHs ca
€THOBDEMEHHU BbB BCSIKa WHEPIMAJIHA KOOPIUHATHA CHUCTeMa?

1.2

Mznon3saiiku npeobpaszosanusita Ha Jlopenr nokaxkere, |ge:

a) B COOCTBEHA, MHEPIIUAIHA OTTIPABHA CHCTEMa (CHCTEMa B KOATO TAJIOTO € B TIOKOi) BPEMETO Tede Hail-GaBHO.

6) B COOCTBEHA WHEPIUAIHA OTIPABHA CUCTEMA JbJIXKUHATA HA JBUKEIIOTO CE TAJIO € HAK-TO/IsIMAa.

1.3

Mznon3saiikn JlopeuioBure TpancdopMaluu moIydeTe PEJATHBACTKUAT 3aKOH 33 ChOMpPaHe HA CKOPOCTH. Y II'bTBAHE:
Pasryiesaiire 15510, KOETO €€ JBUKHU CbC CKOPOCT ¥ CIPSIMO HEMOJIBUXKHATA KOODJIMHATHA CHCTeMa S W HaMepere KakKBa €
CKOPOCTTa Ha TAJIOTO B OTIIPaBHa cucTeMa S’ JBUzKeIa e ¢ HOCTOSHHA CKOPOCT U, HACOYEHA 10 OCTa, T CIIPAMO HEIOBUAKHATA
OTIIPABHA CUCTEMA S.
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[Mon3Baiiku pesynrata OT NPEIUITHATA 3312494 TOKAYXKETe, Je:

a) B IPAHUYHUAT CJIy4ail KoraTo ¢ — 00, TO PEJIATUBUCKUSAT 3aKOH ChbOMPaHe Ha CKOPOCTH [IPEMUHABA B 3aKOHA HA [asuiieii
3a cbbupane Ha CKOPOCcTU (KJIACUYECKUAT 3aKOH 33 CbOMpAHe Ha CKOPOCTH).

6) axo |v| < ¢ To moKaxkere, Ue 3a BCAKA OTMpaBHA cucrema umare |[v'| < ¢ | Toect 3a BCAKa OTTIPABHA CHCTEMa CKOPOCTTA
Ha JaCTUIATa He HAJIMMWHABA CKOPOCTTA HA CBETJINHATA.



1.5

IMonspaiiku pesysrara or 3azada 1.3 Hamepere, 3a Masiku ckopocru (4, v << ¢), I'bpBara IONPABKA KbM 3aKOHA HA
lasuseit 3a cpbupane Ha ckopocTr. A KaKBO cTaBa ¢bC camure TpaHcdopmanuu Ha JIOPEHIl Ipu ChIuTe yCaoBus?

Yrbreane: momsBaiiTe pubamkenara dbopuyna (1 —a)” ~ 1 — na, koraro o << 1.

1.6

Heka nBe yactuiu ce JBuzKaT CbC CKOPOCTU U1 U U B HENOABHMXKHATA OTHPaBHA cucreMa S (aboparopHara CHUCTEMA).
[Mokazkere, ge roleMuHATA HA TAXHATA OTHOCUTEIHA CKOPOCT Ce JaBa mo (GhopMmyIaTa;

G 7)) — (%) x ) /2
otn RN 2\2 :
(1 —71.05/c?)

Yubrane: B penaruBuckara MeXaHHKa OTHOCHTEIHATA CKOPOCT MEXK/Iy JB€ YACTUIM CE OIPEeJeJisi KATO CKOPOCTTA HA
eHaTa YACTUIA B OTTIPABHA CHCTEMA B KOSITO JApyrarta JacTuia e B Mokoi. Toect pasriemaiite jabopaTopHaTa OTTpaBHA

—

2 2 2
CUCTEMA U CHCTEMa B KOSTO €HJAaTa 4acTula € B oKoi. [TosspaliTe paBeHCTBOTO (Ei.l;) = (a)2 (5) — (@' X l;)

1.7

Enno ciencTerie oT yabaKaBaHETO HA BPEMETO € MapagoKca Ha oimsHaimTe: Ako nMaMe asaMa Opars OJIM3HAIN, OT KOUTO
€IMHUSAT € KOCMOHABT M TPbI'BA HA IMHTENIECTBAE B KOCMOCA, ChC CKOPOCT OJIM3KA, 10 CKOPOCTTA HA CBETIMHATA CJIEJ M3BECTHO
BpEMe Ce BDPBINA HA 3eMATa W BUXK/A CBOS Opar Ojm3HAK € ocTaps mo-Bede or Hero. Ho or ryienna Todka Ha Opara, KOHTO
€ CTOsisT Ha 3eMsTa TpsibBa He TOH Ja e ocTapsyi a 6par My, MOHEXKe MMaMe PaBHOIpaBue Ha ornpasHuTe cucremu. Obsicaere
[apaioKca.

1.8

Ako mMame rapazk B KOHTO MCKaMe 13 HapKHpaMe KOoJja, HO T € IIO-IbJIra OT raparka, KaKBO MOXKEM J1a HalpaBuM?
MoskeMm Jir 7@ 3aCUJINM KOJIATa JOCTATHIHO ObP30 W TOraBa OT OTIPABHA CHCTEMA HA Taparka KOJATa, IMe Ce€ CKbCH U IIe
MOXKEM Ja ImpubepeM Ignara B rapazka’ A ako pasriemaMe 3aJadaTra B OTIPABHA CHCTEMA B KOSITO KOJATa Ce ABUXKHU, HIMA
JIK rapazka Ja usriexkaa ckbeen? ObscHere napaiokca.

1.9

IMapanokc na Ependecr (Ehrenfest):

Juck ¢ paamyc R 3amovBa Ja ce BbPTH OKOJIO OCTa CH C bIVIOBA CKOPOCT w, KaTO € moKa3aHo Ha ¢wur. 2. Obukoakara
Ha aucKa Om TpsAOBAJIO 7@ W3MUTBA JIOPEHIIOBO CK'bCsABAHE, TIOHEXKE CKOPOCTTA € BUHATY B ITOCOKA HA OOMKOJIKATA HA, IWCKA,
HO paamycCa € II'bK BUHAI'U IIEPIECHAUKYIAPEH Ha Ta3W CKOPOCT W CJI€I0BATE/THO HAMa Ja CEe U3MEHA. TOFaBa OTHOIIEHUETO Ha
OOMKOJIKATa, KbM pajuyca TpsOBa /13 ce m3MeHsl, TOeCT T TPAOBa /1a HE € KOHCTAHTA a [1a 3aBHCH OT OTIPABHATA, CHCTEMA.
O06sicHeTe Tapa oKCa.

Qurypa 2:



Pemtenns:

1.1

Heka B cobcrBena uHepimasiHa cucreMa S KOODAMHATUTE M BPEMETO Ha IbPBOTO cbburue ga ca (x1 = 0,y1 = 0,21 =

0,t1 = 0) a na Broporo cbburue aa ca (T2, Y2, z2,t = 0) or Jlopenuosure rpancdopmanuy cieisa, 4e B UHEPIUAIHA OTIIPABHA
cucrema S’ KOOPIUHATHTE U BPEMETO B KOETO Ce CAYYBa I'bPBOTO CHOUTHE CA:
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ToecT BTOPOTO ¢HLOUTHE B OTHPAaBHA CHCTEMa S’ MOXKE Jia Ce CJIyYHd IIPEIU IIbPBOTO MK CJIEJ, 'bPBOTO B 3aBHCUMOCT OT 3HAKA
Ha, KOOpamMHATaTa To. OUEBMIHO IBETE CHLOWTHSI €IHOBPEMEHHHU B €JHA KOODAWHATHA CHCTEMA IIE CA €THOBPEMEHHW W BbB

BCSAKA JIPyTa WHEPITHATHA KOOPANHATHA CUCTEMA aKO Ce CJYIBAT B €THU W CHIMU KOOPIUHATH .
1.2

B cobeTBena nHepnmannaa cucreMa S’ koopamaaTuTe u Bpemeto ca (2,1, 2',t') a ot Jlopeanosute TpanchOpMaIlnn CIeIBa
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HEKa HAYAJIOTO Ha KOOPIMHATHATA CHCTEMA Ja € CBHP3aHO C JBUIKEIIOTO ce Taao = Ax' =0 =

2
At = At f1- 2
C

ToecT BpEMETO KOETO MEPHM B JTa00paTopHaTa cucTema At € Mo-roJIsiMO CIPSMO BPEMETO KOETO MEPHM B COOCTBEHATA OTITI-
pasra cucrema (At'). Axko mepum mbmxuanre Ax’, Ay’ Az’ B cOBGCTBeHA MHEPIMATTHA CHCTEMA T€ CA CBbP3aHU C IbIKAHATE
Ax, Ay, Az B 1abopaTopHATa OTIPABHA CHCTEMA, II0 CJCTHUAT HAYH:

Ax’ At
Ax:w, Ay = Ay, Az= A7,
1-

7 TIOHEYKEe MEPHUM JIbJIXKAHATA B €UH U CbII MOMEHT OT Bpeme At = 0 =

2
Az’ = Azy/1— Z—2, Ay=Ay, Az=A7Y.

ToecT nmaMme CKbLCABAHE HA, ABJIZKUHATA CaMO TI0 TOCOKa Ha JIBUKEHUETO, HO HE W TIO APYTUTE ABE HANPABJICHUSA.
1.3

Or Jlopenmosute TpaHCHOPMAIIANA UMAME:
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IMony4yennre paBeHCTBA U3PA3ABAT PEJIATUBUCTKUST 3aKOH 3a chOupane nHa ckopoctu. O6parnara Tpancdopmarus (CKo-
pocTTa v u3paseHa upes v') Moxe Ja ce NoMydH Karo (HOPMATHO CMEHUM U C —U, Uy, C Uz, Uy C Uy U V. C V..
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IMonsBaiiku pesysirarure OT HPEAMIIHATA 33/J@4a 3a€/HO C IPAHMYHOTO yciaoBue ¢ — 0o (toest v,u << ¢) TO MOXKeM Ja

nperebperseM MankuTe dienose (uv,) /¢ u u?/c? =
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Ot npeaummara dhopumyna (1 —a)” ~ 1 — na, koraro o << 1 mmame
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CJIe10BATEJIHO aKO KOM6I/IHI/IpaM€ CbC 3aKOHa 3a c1>61/1paHe Ha CKOPOCTH HUMaMe:
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1.6
N36upame ocra x na saboparopHara oTipaBHa cucrema (S) 1a e Haco4YeHa [0 CKOPOCTTa Up Ha BTOpaTa dacruna. ToraBa
Sl i

3a cucremara S’ umame u = vo. CkopocTTa U; MOXKEM [a PA3IOKUM HA JBe KOMIIOHEHTH U) -YCHODETHA HA OCTa & W U7 -

TepneHanKyJIdpHa Ha OCTa T.
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ce TpancdopMHEpa KaTo Vi, HUIH KaTO Vi, => OT PEJATUBUCTKUAT

ITo ompenenenne vﬂ = vy, a HApeYHaTa KOMIOHEHTa Vi
3aKOH 3a CbOMpaHe Ha CKOPOCTH IIOJIy4YaBaME:
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1.7

ITapamokc HAMA MTOHEKE IBETE OTIIPABHU CUCTEMHU HE Ca PABHOMOCTaBeHH. T03u OJM3HAK, KOWTO Ce JBUKHU ChC KOCMUAYIEC-
KUSAT KOpad, TpsiOBa [1a Ce € YCKOPWI U CAEJOBATEIHO HE € OWJI MHEepIHUaIHA CHCTeMa. 33 J1a Ce BbPHE OOPATHO HA 3eMATa
TOi TpsAOBa Ja 3a0aBM XOJa CH M Ja OObpHE, CJAEJOBATEIHO OTHOBO MMaMe He WHEpIINAJIHa cucTeMa. II'bIHOTO 0bsicHeHne Ha,

mapagokca Ha Omm3HanuTe Moxke ma ce ooscam me cbe CTO a ¢ OTO.

1.8

JBamara Habarogarenn ca npasu. 3a Ja O0ACHUTE TOBA TBbPICHUE MOXKE Ja MOJI3BATE IOIYIEHUAT PE3YITAT OT 331393
3a 1moIpobHO 00sICHEHNE HA TTapaIoKca BUXK NpuMepHo http://en.wikipedia.org/wiki/Ehrenfest_paradox Unu Buxk

1.1, 3a ToBa Ue ABe CHLOUTHS €THOBPEMEHHU B €IHA CUCTEMA MOTAT 3 He CA €JHOBPEMEHHW B [IPyra CUCTEMA.

1.9
cooprmka na Griffiths http://ed.quantum-bg.org/books.html 3amava 12.11



