CKopocCTb cBeTa paBHa... (2)

Bunagumup bpava

25.07.2025
CkopocTb cBeTa B BakyyMme paBHa 299 792 458 m/c. OTHOCUTENBHO Yero?

VY IMBUTENBHO, HO IPABUIBHBIN OTBET Ha 3TOT BOIPOC O(UIIMATEHON HayKe 10 CHUX T1Op
HensBecTeH. Helnb3s jke MPUHUMATB BCEPBES «0TafKy» PEIATUBACTOB: «OTHOCUTEIBHO
M000H MHEPLHATBHON CUCTEMBI OTCUETa», KOTOPasi paBHOCHIIbHA YTBEPKACHUIO
«OTHOCHUTEIBHO HUYETO — MPOCTO CKOPOCTH U BCEN.

JlaBaiiTe nmonpoOyeM BbISICHUTh, OTHOCHTEIBHO Yero CKOPOCTh CBETAa B BAKYyM€ PaBHa...
TOMY, YEMY OHA paBHA.

[Toackasky maér caemyromas GopMmysa CKOPOCTH CBOOOTHOTO ABMIKEHUS (TTaJICHUs) TEJ B
LHCHTPAJIbHOM IIOJIC TATOTCHUA:

v =v2 +2u,

r7ie v, — OCTaTO4YHasi CKOPOCTh TeNa, a u — (MOJO0KUTEIbHbIN) MOTEHIINAII TIOJI TATOTEHUSI.

OcrtaTouyHasi CKOPOCTh WJIH THIIEPOOIMIECKAN U30BITOK CKOPOCTH — ATO 3HAUEHHE CKOPOCTH,
K KOTOPOMY CKOPOCTH Tella CTPEMUTCS TPU yIaJICHUH OT IIEHTPa TATOTeHUs Ha OECKOHEYHOE
OOJIBIIIOE PACCTOSTHUE.

Jl1st ckopocTr 0CBOOOXKICHUS (CKOPOCTH yOeraHusl, mapaboInIecKoi CKOPOCTH) 3TO
3HAUEHUE PAaBHO HYNIO. B ciydae runepOonnueckoil CKOPOCTH OHO OOJBIIIE HYJIS.

B cirydae ke 2JUIMIITUYECKON CKOPOCTH, CUTYalus KapAUHAIBHO OTINYACTCS OT JBYX
NpEebIAYINX — KBaJpaT OCTATOYHOM CKOPOCTH OTpUIlaTeNbHbIN. W, ciegoBaTenbHO, caMo
3HAa4YECHHUE OCTAaTOYHOU CKOpPOCTH MHHUMOC (‘ITO HMEET CBOU CMBICII — TEJIO ABWIKYIICCCA 1O
AJUTUNITHYECKOU OpOUTE HE MOXKET OKa3aThCsl HA OECKOHEUHOM yIaJIeHUH OT IICHTPA).

Ho Hukakux HEymoOCTB 3TO HE CO3AaET — B pacuéTax BCerJa HY)KCH JUIIb KBAAPaT
OCTaTOYHOM CKOPOCTH, a HE CaMO 3HaUEHUE.

[ToTenunan oOBIYHO CYMTAETCS OTPULIATENILHBIM U HEONPEIEIEHHBIM — OINpeIeIEHHON
CUHMTAETCsI JIUIb PA3HOCTh MOTEHI[MANO0B. B Hallem ciiydae Mbl cUMTaeM MOTEHIIUAI
MOJIOKUTETILHBIM U OTNIpeIeIEHHBIM, CO 3HaUYCHHEM HYJIb Ha OECKOHEYHOM y/1aJ€HUH OT
1eHTpa TaroreHus. Tak ynoOHee U MpaBUIIbHEE IO CMBICITY YPaBHEHHSI CKOPOCTH.

be3 KoHKpeTH3aluu BeIpaXeHUs AJIs IOTEHIIMaNa, TpUBeAEHHAs BbIIIE (hopMysia CKOPOCTH
CBOOOJHOTO IBUKEHMSI TEJI B LIEHTPAJILHOM II0JI€ TATOTEHHUS ABJISIETCS OOILEeH, U CrpaBeiIBa
KaK B LIEHTPAJIbHOM, TaK U B HE LICHTPAILHOM II0JIE.

JleiicTBUTENHHO, CUCTEMA TEJT Ha OECKOHEUHO OOJIBIIIOM yIaJICHHH OT He€ HEOTIUYNMA OT
MarepuaabHON TOYKH, U, CIIEOBATEIbHO, OCTATOYHASI CKOPOCTH B IMOJIE TATOTEHUS CUCTEMBI
TEJI UMEET TOT 7K€ CMBICIL, YTO U B I10JIE€ TATOTEHUS MaTepUaIbHON TOUkH. [loTeHnman xe
CUCTEMBI TeJl, IBJISACH B KAXKJOW TOUKE IOJISI CYMMOM ITOTEHIMAIOB TEJl B 3TOM TOYKE, B
TM000# TOYKE MOJIST HEOTIUYHM OT IMOTEHITHANIA MAaTePUATBHON TOYKH.
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O uyém roBoput Ham 3Ta hopmyaa? O TOM, UTO BETMYHUHA CKOPOCTHU Tela (C KOHKPETHOMH
OCTaTOYHOM CKOPOCTHIO, KOTOpasi UTPaeT POJIb CBOETO POJia HaYaIbHOM CKOPOCTH), B JIFOOOH
TOYKE I10JIs TATOTEHUS, ONIPEAEISAETCS TONBKO MOTEHIIMAJIOM I10JISI B 3TOM TOUKE, U, KaK
CJIEJICTBUE, HE 3aBUCHUT OT HAIIPaBJICHUs CKOPOCTHU B 3TOM TOUYKE — U30TPOITHA.

JlaBaiiTe Tenepb BCHOMHUM BBIBOJl, K KOTOpOMY IIpuIuiM MalkenbscoH 1 Mopiu o uToram
OIIBITOB IO OIPCACIICHUIO CKOPOCTHU 3eMJI1 OTHOCHUTEJILHO TMIIOTETUYECKOH CBETOHOCHOM
cpensl. CKOpoCTh CBETa Ha MOBEPXHOCTH 3€MIIM HE 3aBUCUT OT HAIPaBIIEHUS, T.€. H30TPOIIHA.
Tak e Kak ¥ CKOPOCTb BEIIeCTBA.

BriBoj HampammBaercsi cam co0oii. CBeT TOKe MOABEPKEH BIUSIHUIO TATOTEHUS U €T0
CKOPOCTH 3aBUCHUT OT MOTEHIMAA MOJIS TATOTEHUS, UITH, T10-IPYTrOMY, CBET YBJIEKAETCs
noJsieM TAroteHus. M oTBeT, Ha BONPOC «OTHOCUTENIBHO YErO CKOPOCTh CBETAa paBHA
299792458 m/c?», Takoi: OTHOCUTEIBHO OIS TATOTEHUS BOJIM3H MOBEPXHOCTH 3EMJTH.

KaxoBa KOHKPETHAaA 3aBUCUMOCTb CKOPOCTH CBCTA OT MMOTCHIIMAJIa ojisg? Mgl nojiara€m, 4To
CKOPOCTH CBE€TA MOAYHUHACTCA TOM XKe 3aKOHOMECPHOCTH, YTO U CKOPOCTH BCIICCTBA:

2 2
c”=c,+2u.

I[aHHaSI THUIIOTE3a OCHOBAHA HA TUIIOTE3C O CITUHCTBC MATCPUU.

EnuHCTBO MaTepuu moaraercsi B TOM, 4TO BCE MaTepuaibHOE — CyTh KoJebaHus apupa

(pusmueckoro Bakyyma), Wi, IO KpaitHel Mepe, HeKue ero Bo30yKIEHHbBIE cocTOsTHUSL. [[s
CBCTa U APpYTux I/I3J1y‘IeHI/II>'I 9TO OYEBUIHO. Ho MBI rnojiaracm, 410 U 3JICMCHTAPHBIC YaCTUIIbI
BEIIIECTBA MPEJCTABIISAIOT cO00M KosiebaHus d(hupa — CTOsTIre BOJTHBI KOJICOaHM, COJTUTOHBI.

D¢dup npenacraBiseTcs MOUTH «aOCOTIOTHO TBEPABIMY» 110 OTHOILIEHUIO K CBOUM YaCTSIM.
VIMeHHO MOATOMY €ero KojeOaHHst MOTYT UMETh TaKyl0 BHICOKYIO YaCTOTY U OTPOMHYIO
CKOPOCTh paCIIPOCTPAHEHHUS KaK Y CBETa U KECTKUX IEKTPOMArHUTHBIX U3Ty4EHUI.
Konebanus oOpasyromiye ieMeHTapHble YaCTULBI BEIIECTBA MPEICTaBIAIOTCA emmé Ooee
«K€cTKUMUY». HecMOTpst Ha CBOIO «TBEPAOCTHY, dPUP «IIpO3paueH» JUIsl BEIIEeCTBA.

XOTs TaHHas 3aBUCHUMOCTb CKOPOCTHU CBETA OT MOTEHIMAIA MOJIS Ka)KETCsl BIIOJIHE BEPOSITHOM,
HaIpsIMYIO0 OHa HUOTKYJ1Aa HE CIEAYET, U 3Ty TMIIOTE3Y CIEAYET IPOBEPUTH ONBITHBIM IIyTEM.

WuTepecHo, 0AHAKO, TOCMOTPETH, K YeMY MPUBEAET UCIOIb30BaHUE TAHHOW 3aBUCUMOCTH
CKOPOCTH OT MOTEHIMaJIa B pacy€Tax BMECTO ITOCTOSIHHON CKOPOCTHU CBETA.

Hanpumep, uTo0b! JO0CTHYB 3eMIIN TIPU TIOCTOSIHHON cKOpocTH 299 792458 m/c conneuHOMY
CBETYy moTpedyeTcst 0KoJIo 8-Mu MUHYT. CKOJIBKO BPEMEHH OTPeOyeTcst Ha 3TO IpH
IIEPEMEHHOI CKOPOCTH cBeTa?

Ecnu MBI XOTUM y3HATBh, 32 Kakoe BpeMs OyJeT IpOHIeHO paccTosiHue Ar = r, —7; IIpU
IIOCTOSIHHOM CKOPOCTH €, TO MBI JI€JIUM 3TO PACCTOSTHUE HA CKOPOCTh:

Ecnn e cKopoCTh He IOCTOSIHHA, TO MBI BBIYUCIIIEM BpEMS HA MAJICHBKUX OTPE3KaX IYTH,
roJiarasi CKOpOCTh Ha OTpe3Ke MOCTOSIHHOW, 1 CyMMHUPYEM 3TH BpeMeHa. A 4TOOBI pe3ynbTar



MOJTYYHJICS KaK MOXHO 00Jiee TOUHBIM, HY)KHO OpaTh OTPe3KH KaK MOYKHO MEHbIICH JUINHBI,
Jy4Ile BCero 6€CKOHEUYHO Maod — TO €CTh IPUOETHYTh K MHTEIPUPOBAHUIO:

t:j%dr.

[ToncraBmss croga CKOPOCThb ¢ U3 Hallel (hOPMYIIbI CKOPOCTU CBETA, MPUXOIUM K MHTETpaly:
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[Tpobnema 31ech B TOM, 4TOOBI MTPEACTABUTH NOTEHIMAT (PYHKIHEH pacCcTOsHuUS, u(r)

JU1 HEHTPaILHOTO MOJIS — HAPUMED, IS [0JI1 MaTEPUaIbHOW TOUKH, WM TENA CO
cepuuecKkrd CUMMETPUYHBIM paclpeaeIeHUEM MacChl — 3TO BBINOJIHAETCS:

GM

r

u =

B ciydae cuctembl M3 MHOTHX TeJ, IPEJACTaBUTh MOTEHIIMAN aHAJIOTHYHON (QyHKIHEH
paccrosiHus IpobaemMatudHo. [IoMoub MOryT MOAXOASIIME YIIPOLIEHHUS.

Urak, nys onpeneseHus: nepeMeHHON CKOPOCTH CBETA Ha MYTH K 3eMJie HaM HYKHO y4eCTh
BC€ MOTEHIIMAJIBI BIUSIONINE 3/IECh HA CKOPOCTh cBeTa. (Ha camoM jene 310 moTeHuraibl
Bcex macc Becenennoit. Ho mockonbky Hac uHTEepecyeT ckopocTh B COTHEUHOU CUCTEME, a HE
CKOpOCTb BO BceneHHoM, ToO moTeHIHall BceX Macc BeeneHHom, 3a MCKIIFOYEHNEM Mace CaMOu
CoHEeYHOM CHCTEeMBI, HaC 3/IeCh HE CUIIBHO HHTEPECYET. )

N3 ten ComHeyHOM CHCTEMBI, BIUSIOMNUX HA IOTSHIIMAN BOJU3H MMOBEPXHOCTH 3EMIIH,
octaBuM Comnue, 3emito, JIyny u FOnutep, Bnusarem octaiabHbIX Te COMHEUHON CUCTEMBI
npereOpexéM. JIyHy BO3bMEM B MOJHONYHHH, a KOnuTep B HHXKHEM COETUHEHHUH, U TAKUM
o0pa3oM MpuAEM K CIEAYIOIeH MOACILHON cUCTeME Tell, KOTOPYIO MOJIOKHM CTaTUYHOM:

ConHue 3emis JIyHa IOnurep
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Tor):[a, B FCHHOHCHTpH‘IGCKOﬁ CUCTEMC OTC‘-IéTa, MBI TOJTYUUM CJIICAYIOIIUC BBIPAKCHUA JIA
IIOTCHIIKNAJIOB HeOECHBIX TeJI Ha pPacCTOAHNU ¥ OT COJ'IHI_[a B HAIIpaBJICHUN 3emnu:
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HaMm Hy»XHO Tax»ke 3HaTh KBaJApaT OCTATOYHON CKOPOCTHU CBETA B HAILIEH MOJCIBHOU CUCTEME.
HaxoauTcst oH npu nomoru Toi e (popMysibl CKOPOCTH, yTEM €€ IPUMEHEHHUS K,
noJjlaraéMoi U3BECTHOM, CKOPOCTH CBETa BOJIM3U TTOBEPXHOCTH 3EMIIN:
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31echk ¢, — CKOPOCTb CBETA Ha MOBEPXHOCTHU 3emin, 299792458 m/c,
U, — NOTEHIMAJl Ha IOBEPXHOCTU 3eMIIH, HAa paccTosHuu 7, — R, ot ConHua, rae
7, — pacCTOSIHHE 10 3eMIIN,

R,— pannyc 3emmn.

OcTtaroyHast CKOPOCTb CBeTa Moiryyaet 3HadeHue 299 792 454,831 m/c.
Hrak, ckopocTh cBeTa Ha myTH oT CoiHIa K 3eMiie pecTaBiIeHa ()yHKIIHEH:
2
c=4/c, +2u.
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W unTerpan BpeMeHu UuMeeT BUA:
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rae R.—pannyc ConHua.
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B utore, pacuér Bpemenu nytu ot ConHua 10 3eMiIu IPUBOIUT K CIEAYIOLIEMY PE3yIbTaTy:

C IOCTOSIHHOM ckopocThio — 496,663561 c,

C TIepeMeHHO# ckopocThio — 496,663540 c.

Pasnuna Mexy BpeMEeHEeM IMOCTOSIHHOM CKOPOCTH U BPEMEHEM IIEPEMEHHOM CKOPOCTH
okasbiBaeTcst MusepHoit — 0,000021 c. [ToaTomMy B GOJIBIIMHCTBE CITy4aeB UCIOJIb30BAHUE

IMOCTOSIHHOM CKOpPOCTH CBCTA BIIOJHEC OIMpaBAaHO.




Ho ckopocTb cBeTa BOBCE HE «O/IHA U Ta KE BO BCEX MHEPIUATIBHBIX CUCTEMAX OTCUETA.
CkopocTh cBETa OIMHAKOBA B OJIMHAKOBBIX MOTEHIUAJIAX TSATOTEHUS, HO OTHOCUTEIBHO
WHEPIHUATBHBIX CUCTEM OTCUETa OHA TOYMHSIETCS OOBIMHOMY MPABIITY CIIOKEHUS CKOPOCTEH.

IIpu 3TOM cneayeT yuuThIBaTh, UTO CBET ITO BOJIHOBOM MPOLIECC, PACIIPOCTPAHSIOIIMICS B
cpelie, BHEIIHUM MPOSIBIEHUEM KOTOPOU SIBJIAETCS MOJIE TATOTEHUS.

OTO 03HAYAET, B YACTHOCTH, YTO CKOPOCTh CBETA HE CKJIA/IBIBAETCS CO CKOPOCTHIO UCTOYHHUKA
CBETa MEpEMENIAIONIErocs B MOJI€ TATOTEHHUS], HO CKIIAJbIBAETCS C AHAJIOTMYHON CKOPOCTBIO
npuémHuka. [Ipy 3ToM CKOpOCTh HCTOUHHMKA OyJET BIUATH HA YACTOTY U JUIMHY BOJIHBI CBETA,
TaK )K€ KaKk U CKOPOCTb IPUEMHHKA.

Ccblinka

Kunematnka n AJWMHAMHWKaA IBHMKCHHS B IICHTPAJIbHOM IT10JIC TATOTCHUSA
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