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PaccmoTpeHs! ycinoBusi BOSHUKHOBEHHSI TPOAOIBbHOTO 3¢ dekTa Jonmiepa U GU3NIECKUN CMBICT Ta-
pamerpa XaOb6mna. [TokazaHo, uto sBomonus BeceneHHONW MOXKET OBITH ONKCaHA B paMKax CTal[MOHAPHON
MOJIeJH, ecii apameTp Xab0ma mpeoOpa3oBaTh B yCKOPEHHUE MPOIecca pacIMpeHusl BUIUMOM JyacTi Bee-
JICHHOW, a TPaBUTAIMOHHYIO TOCTOSIHHYIO HHTEPIPETUPOBATh KAaK YCKOPEHHE Ipollecca YBEIUYCHHS
yIeTBHOTO0 00beMa MPOCTpaHCTBA BCceleHHON ¢ MOMEHTa pa3jielieHus] MepBUYHON (M HEW3BECTHON HaM)
(bopMBI CylIECTBOBaHMS MAaTEpUU HA BELIECTBO M MPOCTPAHCTBO. B 3THX ycnoBusax 3akoH Xab0na Oynet
OTIpeNeNATh HEe CKOPOCTh Y/IaJICHUsI KOCMHYECKUX 00BEKTOB OT HAOI0JaTeNs, a pa3HUILy B CKOPOCTSIX pac-
MPOCTPAHEHHUS SJEKTPOMArHUTHBIX BOJH MEXKIY COBPEMEHHOW SMOXOM M TeM BpeMEHEeM, KOrja u3Mepsie-
MOC€ HaMH HU3JIYYCHHC IMOKHHYJIO TOT WA WHON OOBEKT. COOTBGTCTBCHHO, SABJICHUE KOCMOJIOTHYECKOI'O
KpacHoro cMerienusi B0 BeeneHHoi oObsicHseTcsl He BOMHOBBIM 3 dextom Jlommepa, a HATMYHEM HEKO-
TOPOT0 YCKOPEHMSI KaK y Mpoliecca paclpoCTpaHEHHsI CBETOBOI'O CUTHaja B IPOCTPAHCTBE, TaK U Y YaCTOThI
€ro TeHepally BEeIECTBOM.

Beeoenue

VYHUKaJIbHOE NPUPOAHOE SBJICHHME B MacuITadax JOCTYMHOH Juisl HaOmoieHus dactu BceenenHoi —
KpacHOE CMEMICHHE CHEKTPAIbHBIX JHMHUN BCEX AJIEMEHTOB y NAJCKHX OT HAaIIeW TaJlakKTUKH MCTOYHUKOB
U3JIy4eHus, HaOJII0JJaeMOe BO BCEX HAIPABJICHUAX 3BE3AHOTO HeOa, — ObUIO YCTaHOBIJIEHO BIIEPBbIC D/IBU-
HOM Xa00JioM B HayaJie POLUIOTo CTOJETHs OJaroaapsi TEXHUUECKOMY Iporpeccy B 00JacTH U3MEPUTETb-
HOW acTpOHOMHUH. 3aMeydaTesbHOM 0COOEHHOCTBIO TOro (peHOMEHa SBISETCS 3aKOHOMEPHBIH pocT abco-
JIOTHBIX AA WIIM OTHOCUTENBHBIX Z =AA/A BETMYUH KPacCHOTO CMEIICHHUS MPOMOPIUOHANBHO yBEJINYe-
HUIO PacCTOSHUS 0 HAOII0AaeMbIX HAMU KOCMUYECKUX 00BEKTOB. IMEHHO 3TO 00CTOATENBCTBO MOCTYKHU-
JI0 Ha4yaJIOM HempeKpallarouieics 10 CUX Nop AUCKYCCHU O MPHUPOJIE caMoro (heHoMeHa, IOCKOJIbKY perie-
HUE ATOr0 BOIPOCAa MMEET HEMOCPEJCTBEHHOE OTHOIIEHHE K (OPMUPOBAHMIO HAIIUX MPEICTaBICHUN O
CTPOECHUHU U 3BOIIOLMHU BCeeHHOM.

He MeHee yHUKaIbHOMN CIOXHIACh K TOMY BPEMEHHU CUTYaIlUsl B €CTECTBO3HAHMUHU, KOI/1a CyOBEKTHB-
Hbl€ 1 HUYEM He OOOCHOBaHHBIEC MpeiCTaBieHuss A.DWHIITEHHA O MOCTOSHCTBE CKOPOCTH CBETa OTHOCHU-
TEJIbHO UCTOYHMKA U3JTy4eHHsI U HaOJr0AaTels HallIM ONpeAETICHHYIO MOJIEP’KKY B HAyUHOM COOOIIIECTBE,
a CKOpPOCTb CBETa IMOJIy4HJIa CTaTyC MUPOBOW KOHCTAHTHI MO MPUYUHE OTCYTCTBHSI MPUHIUIHAIBHON BO3-
MOKHOCTH OIIPEIENIEHUSI CKOPOCTH PACIIPOCTPAHEHMSI AIEKTPOMArHUTHOTO M3JIy4YeHUsI B OJHOM Harpabiie-
HUU, BHE cpepbl BIUSHUSA IPAaBUTALMOHHOIO MOJIS U B Pa3HBIX UCTOPUUECKHUX AMOXaX. YUHUTHIBAs 3TO 00-
CTOSITENICTBO, CTAHOBUTCS IOHSTHA MOMbITKa DnBHHA Xa00ia OOBSCHUTH NMPUYMHY HAOJIIOJJaeMOr0 UM
CABHUTa CHEKTPAJIBHBIX JIMHUN C MOMOUIbIO €IMHCTBEHHOTO ISl JaHHOW CUTYalluu MU3BECTHOTO 3aKOHA (HU-
3UKH — BOJTHOBOTO 3¢ dekTa Jlonmiepa, MOCKOIbKY JIpyrue BapuaHThl pelieHus] TpoOaeMbl BCTyanu Obl B
IIPOTUBOPEYHNE C OCHOBHBIMH MOCTYJIaTaMU CIIEUaTbHON TEOPUU OTHOCUTEIHHOCTH.

Tax BO3HHKJIO 4yZOBHIIHOE MO 3aMbICIIy U aOCYpAHOE 10 MEXaHU3MY pealu3aliy MpeICTaBIeHHE O
pacmmpsitonieiicss BeeneHHOM, cOrllacHO KOTOPOMY HECKOJIBKO MUJUIMAPIOB JIET Ha3ad B PE3yJbTaTe Tak
Ha3LIBAEMOT0 OOJIBIIIOrO B3pbIBa B KaKUC-TO JOJIM CECKYHILI B HEW3BECTHOM TOYKE HE CYmI€CTBOBABIIICTO
eIIe TPOCTPaHCTBA M HEU3BECTHO M3 4Yero oOpaszoBajoch BcE BemiecTBO BceenmenHoil. OLEeHKON CKOpPOCTH
pacmupenusi BeenenHolt siBnsieTcst moctosiHHas Xab07a, onpenessonias CTeleHb NpupaieHus CKOPOCTH
yJaJeHus KOCMHUYECKUX OOBEKTOB JIPYT OT Apyra ¢ yBeTHUYEHHEM pPAcCTOSHHS Mexay Humu. Cuuraercs,
YTO ¢ MOMEHTa OOJBILIOTO B3pbIBa U MO CEH JIeHb 3TO BEIIECTBO, B BUJIE OT/EIbHBIX CO3BE3IUH, IPOAOIIKA-
CT Pas3JICTaTbCA B PA3HBIC CTOPOHBI HCHU3BCCTHO KYyJa. Bo3Hukaer nmapaJgoKCajibHasA CUTYyallMd: B3PbIBHAA
MoJiesb pacunpsromelics BeeneHHoM HUKaK HE coriacyeTcsl C MperojaraéMbIM pa3/IBHKEHUEM BellecTBa
BO BCEX HAMPABJICHUSIX OTHOCUTEILHO JII000I MPOM3BOJIbHO BLIOPAHHOI TOYKHM B IPOCTPAHCTBE, A CKO-
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POCTBH pa3IBHIKCHHUS BELIECTBA, Cy/s 110 HAOIIOMAeMbIM CIIBUTAM CHEKTPAIbHBIX JIMHUN Yy Pa3IUYHO OT/AA-
JICHHBIX OT HAaC 00OBEKTOB, HAXOAUTCS B MPSIMOM 3aBUCUMOCTH OT PACCTOSIHUS MEXKIy OObEKTaMH, a TOUHEe
— OT BPEMEHH IPOXOXKICHHUS CBETOBOTO CUTHAJIA 1O 3eMJIM BO BCEX HAIPABICHUAX 110 3aKOHY Xab0a:
V=H;-r,

rzae V — ckopocTh yaajaeHus HabarogaeMoro 00beKTa OT 3eMITH HITM OTHOCUTEIIbHAS CKOPOCTh Pa3/IBUKECHUS
BelecTBa BO BeenenHoi, I' — paccTosiHue 10 HaOII01aeMOro 00beKTa, HCYHCIIEMOE B METanapcekax, T.e.
BpPEMEHEM MPOXOXKACHUSI CBETOBOTO CHrHaia a0 3emud, Ho — KoappuuueHT npornopuuoHaibHOCTH — T10-
crosiuHast Xab0:1a — ¢ pasMepHOCThIO (km/c)lMnk.

Hagno otnars nomknoe DaBuHy Xa00iy: y HEro, B OTJIMYME OT HEKOTOPBIX €ro KOJIJIET U Mociea0Ba-
TeNel, He OBUIO TOJHOW YBEPEHHOCTH B TOM, YTO KPACHOE CMEIICHUE SBISETCS MPOSBICHUEM BOJHOBOTO
s dexra Jonmnepa, T.e. pe3ylIbTaToOM MEXaHUYECKOTO MEepEeMEIIeHUs 0ObEKTOB B MPOCTPAHCTBE. JTa He-
YBEPEHHOCTh OCHOBBIBAJIACH HA 3JIPAaBOM CMBICIIC — CIUIIIKOM HEOOBIYHON U MPOTUBOPEUYNBON OKa3bIBAJIACH
B UTOre KapTHUHA OKpyKarolero Hac mupa. [loaToMmy naxe cpeau cnenuaaucToB HE ObLIO, U IO CHUX TOP
HET €IMHOTr0 MHEHHMS O NPUYMHAX KOCMOJOTMYECKOrO0 KPACHOrO CMEUIEHHUS, YTO MPOAOJIKAET BPEMS OT
BpPEMEHH IMPUBJIEKaTh BHUMAHHE HEKOTOPBIX UCCIIeJoBaTeNeil K 3Toi mpobieme. [I[puMUTHUBHBIN XapakTep
opuLIMaTBEHON BEpCHHM YCTpoiicTBa BceneHHON HAaBOAUT HAa MBICIH O TOM, YTO JUISl PEIICHUS MPOOIEeMbI
KpPacHOro CMEIIEHUSI HEeoOXOIUMO, MO-BHAMMOMY, KapJAMHAIBHO MEPECMOTPETh HAIIM MPEACTABICHUS O
(U3UYECKON CYITHOCTH TE€X MPOIIECCOB, KOTOPHIE OTBETCTBEHHBI 3a MEepeIauy Ha 3eMITIO AJIEKTPOMArHUTHO-
T'O U3JIy4yeHus U3 r1youH BceneHnHoil, U B mepByI0 ouepelb — Mpoliecca pacIpoCTpaHEHUs ATOr0 U3TyYeHUS
B mpocTtpaHcTBe. HekoTopsie BapuaHThI pelieHusi TpoOIeMbl MOKHO HalTH B MHTEepHETE, HO BCE OHU, K
CO’KaJICHHIO, HE MOTYT OBITh MTPOBEPEHBI IKCIIEPUMEHTAIBHHO.

B HacTosmieit pabote mpoaHaNU3UPOBaHBI YCIOBUSI BOZHUKHOBEHUS MpoAobHOTO dddekta Jlommie-
pa, 0COOEHHOCTH ero HabtoIeHUs! (PETUCTPAIMN TPUEMHUKOM) B Pa3JIMYHBIX TUHAMUYECKHUX 00CTaHOBKAX
(cuTyanusix) ¢ TOYKU 3pEHUs KIACCUYECKON MEXaHHMKH U MPEANIOKeHa aabTepHATUBHAS MOJIENIb BO3HUKHO-
BEHHUS KOCMOJIOTHYECKOTO KPACHOTO CMEIIEHUS, KOTOpasi He TpeOyeT MpHUBJICYSHUSI 0CO00T0 MaTeMaTHye-
CKOTO afmapara U Kakux-11u00 orpaHHueHUl Ha MpOoIlecC pacIpOCTPaHEHHUs CBETa B MPOCTPAHCTBE, U KOTO-
pasi B IPUHIUIIE MOXKET ObITh MPOBEPEHA HHCTPYMEHTAIbHBIMU MeTofamu. KpomMe Toro, mokasaHo, 4To mo-

cTosHHas Xa606m1a, ecliu IpUATh eif OOBIMHYI0 JT (U3MUECKUX BEMMUHH pasMepHocTh cm/C’, paGoTaeT
HE TOJIBKO 3a Mpe/iejaMH Halllell TajJakTUKY, HO U BHYTpU nociieHeil. OJlHako HUKakoro pacuupenus Bee-
JIEHHOU IIPU 9TOM HE IPOUCXOMHT.

Oghgpexm [onnnepa

O ekt Honmuepa, Kak U3BECTHO, 3aKIIOYAETCSI B U3MEHEHUHU MTapaMeTPOB 3JIEKTPOMArHUTHOTO W3-
JYYEeHHUsI B 3aBUCHMOCTH OT CKOPOCTH W HAaIpPaBJICHUs JBIKCHHUS UCTOYHHKA U MPUEMHUKA 3TOTO H3IIyde-
Hus. Horaa, s yTouHeHus: GU3UYECKO CYITHOCTH SIBIICHUS, TOBOPSAT O BOJIHOBOM HJIM YAaCTOTHOM 3(-
dexTe Jlommiepa B COOTBETCTBHHU C JBYMs IMapaMeTpaMu CKOPOCTH CBETa — JUTMHOW BOJIHBI M YaCTOTOW H3-
aydeHus. B 6onbmmHcTBE ciyyaeB 00e Gpopmbl 3¢ dexTa MposBISIOTCS OJHOBPEMEHHO, U JIUIIb B 0COOBIX
ciaydasix — B "yuctoM" Buze. D¢ ekt Jomnmiepa nMeeT OrpoMHOE 3HaU€HUE B HAOIIOAATEIbHOW acTPOHO-
mun. Tak, B mpenenax Hailel rajJakTHKH 110 BeITUYMHE M HAIPABJICHUIO CMELICHHs CHEKTPaIbHBIX JTUMHUH
OTJENTFHBIX 2JIEMEHTOB B CIIEKTPaX Pa3IMYHBIX OOBEKTOB YAAJIOCh ONPENEIUTh HAIPABIEHUE U CKOPOCTh HX
JBYDKEHUS, YTO MO3BOJIMIIO B UTOTE€ CMOJIEIIMPOBATh CTPYKTYPY BCeH rajakTHkH B 1ejaoM. boiee toro, »¢-
dexT Jommuiepa MO3BOJSIET TOCTATOYHO HAJIEKHO OIIEHUBATh CKOpOCTH BparmeHus CoiHIa, OMmKaiimx K
HaM 3BE€3J1 M LENbIX rallakTuk. UTo KacaeTcst KOCMOJIOTHH, TO 3/I€Ch POJIb TOTO SBJICHUS, II0-MOEMY, SIBHO
npeyBeNnyeHa.

BaxHbIM MOMEHTOM B pacKpbITUU (U3NYecKoil cymHuoctu s¢dekra Jlonmuepa sBiasercs 0IHO3HAY-
HOE TIOHMMaHHE TOTO, YTO MBI UMEEM B BHIY, KOTJa TOBOPHUM O CKOPOCTH IEPEABIKCHUS MaTepHaIbHOM
TOYKHU B NMPOCTPAHCTBE, B TOM YHCJIe — HICTOYHUKA U TPUEMHHKA W3TydeHus. be3 npenBaputenabHOro omnpe-



JIETICHHSI ATOTO TIOHATHUS BCE MOCIEIYIOIHUe paccykaeHus oo addekre Jommiepa He UMEIOT HUKAKOW Tep-
CIIEKTUBEI. B HalIUX MOCTPOEHUSX CKOPOCThH MEpeMeNIeHHs JIF000To 00bheKTa, Oyab TO UCTOYHHUK U3Tyde-
HUSI, CaMO W3JIy4YCeHUE WU HaOMonaTens (MPUEMHUK), OIICHUBACTCS C TOYKU 3PCHUS KIACCHYECKON Mexa-
HUKH, T.€. OTHOCUTEIHLHO MPOCTPAHCTBA, a HE KAKOW-TMOO PaBHOMEPHO ABMKYIICHCS CHCTEMBI KOOPIMHAT.
[ToATOMY CKOPOCTH CBETA BO BCEX TMHAMHUYECKUX CHUTYAIMSIX CUYMTACTCS MOCTOSHHOM (HO, Kak OyJeT moka-
3aHO HIDKE, JIUIIb Ha KOHKPETHBI MOMEHT BPEMEHHU) OTHOCUTEIIBHO MPOCTPAHCTBA, & HE UCTOUYHUKA U3IY-
YeHUs WIN HaOIIOaTells, KaK TOCTYJIMPYETCS B PEIATUBUCTCKON MexaHHKe. TOJIbKO MpH TaKOM MOHHUMA-
HUU CYIIHOCTH TpOIECCca IBUKEHHUS BO3MOXKHO OJHO3HAYHOE TOJIKOBAHWE MPHYUHBI PACCMATPHUBAEMOTO
SIBIICHUS C YKa3aHUEM OOBEKTa, JBMIKEHHE KOTOPOTO BBI3BIBACT M3MEHCHUE BOJHOBBIX XapaKTEPUCTHK
AJIEKTPOMArHUTHOTO U3IYYCHHUS, YTO UMEET MPUHIIMITHAIBHOE 3HAUCHUE ISl BEISICHEHHSI YCIIOBUIN BO3HHK-
HoBeHus ddekra [Jommiepa.

CkopocTh JBIKEHHUSI HAOIIOIATe sl B IIPOCTPAHCTBE, KaK OyJeT MOKa3aHO HUXKE, ONpeNesieTcs Kax-
JbI pa3 MO-pa3sHOMY B 3aBUCUMOCTH OT KOHKDPETHBIX CHTyalluld U COOTBETCTBYIOIIETO 3TUM CHUTyalUsM
ypaBHEHUsI paclpoCTpaHeHus cBeTa. UTo ke KacaeTcs UCTOYHUKA U3ITYYeHHUs, TO CKOPOCTh €ro IepeMelriie-
HUS B TIPOCTPAHCTBE HE BXOJAUT B IBHOM BHJIE B YPaBHEHUS PACIIPOCTPAHEHUS CBETA M HUKOUM 00pa3oM HE
3aBUCHT OT TOTO, TJIe HaXOAUTCS HAOII01aTelb, B KAKOM HAIlPaBJICHUH M C KAKOH CKOPOCTBIO OH JIBHXKETCS
U IIPUCYTCTBYET JIM BOOOIIIE ITPHU 3TOM.

CKOpOCTI) NEpEeMCIICHUS UCTOYHHUKA U3JTYYCHHA B IIPOCTPAHCTBC OUCHUBACTCA UCXOOA U3 CICAYIONINX
POCTBIX cooOpakeHuid. Ecim 3a onpepeneHHBIA POMEXKYTOK BpeMeHH t=1/V, paBHBI BpeMEHH IPO-
XO0KJICHUSI CBETOBOTO CUTHAJIa HA PACCTOSHUE JUTMHBI BOJHBI A CO CKOPOCTBIO CBETA ¢, UICTOYHUK U3IIy4de-
HUS [IEPEMECTUTCS B MPOCTPAHCTBE B JIIOOOM HAINpPABICHUHM HA HEKOTOPOE paccTossHHE AA CO CKOPOCTHIO
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Ha wmoii B3rsia, 3T0 camblit MPOCTOM, TOXOAYUBBIM M JIOTMUECKH OOOCHOBAHHBIM BBIBOJ (HOPMYIBI
CKOPOCTH TIepEMEIICHHUSI HICTOYHUKA U3JIYYeHHs B IPOCTPAHCTBE (B OTIMYME, HAaripumep, oT [1], rae oH 3a-
HHUMAET MOJICTPAHULBI TEKCTA U HE JAET ICTETUUYECKOTO YIOBIETBOPEHUS OT MPOUYUTAHHOIO B CHIIy OTCYT-
CTBUS DJIEMEHTAPHOM JIOTUKH YMO3PUTEIIbHBIX TOCTPOCHHUH MPU MOMBITKE PACCMOTPEHUS MTpoIecca ABUKE-
HUS C TOYKHU 3PEHUS PENATUBUCTCKON MEXaHUKH). YUYacTHe MOCTOPOHHEro HaOMoaaTeNs 3/1eCh He Mpeay-
CMOTPEHO, MTOCKOJIbKY B 3TOM HET HUKakoi HeoOxomumoctu. Eciu jxe Habmroaresnss HHTepecyeT BOIpoc, ©
KaKoW CKOPOCTBIO M B KAaKOM HaIpaBJICHUU (BIOJb Jy4ya 3pPEHHUS) JABIKETCS UCTOYHHUK H3ITYYCHHS, TO eMY
(Habnromarento) nMoTpedyercss KaKUM-TO 00pa3oM U3MEPUTh BEMUYNHY AA U ONPENeTuTh 4acTOTYy MPUHU-
Maemoro curHana. Jlajgee — aeiicTBoBaTh o 0OCTaHOBKE, T.€. COOOPA3HO BCEM BO3MOXKHBIM CUTYAIIHSIM.

B a710ii cBs3u ymecTHO Oyner oOpaTuTh BHUMaHKE HaOIIOqaTeNs Ha TO, YTO B pe3yNIbTaTe MPOBEICH-
HbBIX UM MaHI/IHYHHHI/Iﬁ, OH YCTAHOBUT CKOPOCTH NECPEMECIICHHUA NCTOYHHUKA U3ITYYCHUA OTHOCHTCIBHO ITPO-
CTpaHCTBa, a He ceOs caMoro, U CKOPOCTh TiepeMeIeH sl ce0si OTHOCUTEIBHO MPOCTPAHCTBA, & HE UCTOYHU-
ka u3inydeHus. Oco3HaB 3TO 00CTOSTENHCTBO, OH YK€ HUKOTJa HE MO3BOJIUT cebe AenaTh HeOOOCHOBAHHbIE
3asiBJICHUS TUTA: "MpU AA WIH Z TaKUX-TO, HAOIIOJAEMBIF OOBEKT ynaseTcss OT 3eMJIU, PaBHO KaK U 3eM-
751 OT HAOI0IaeMOT0 00BEKTA, C TAKOKH-TO CKOPOCTHIO", KOTOPHIE MOKHO BCTPETUTh B COBPEMEHHOM JIHTE-
patype. B nanHom ciydae nepemenieHrue 3eMiIM B MPOCTPAHCTBE B TOM WJIM MHOM HaIpaBJIEHUU JOKHO
OBITH €11l TTOITBEPKICHO COOTBETCTBYIOMICH YaCTOTON MPUHIMAEMOT0 OT 0OBEKTa CBETOBOT'O CUTHAIA.
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Tenepp paccMOTpUM MPOCTEHINHME CHUTyallMd BO3HUKHOBEHHS MpojoiibHOrO 3ddekra Jlonmiepa B
KOHTEKCTE BO3MOXHOCTH €r0 MPUIIOKECHHS K O0BSICHECHHIO MPHYMHBI KOCMOJIOTHYECKOTO KPACHOTO CMeIIe-
HUS BO BeeeHHoi.

1. O6bekT HaOMOACHHS (MCTOYHHUK JICKTPOMArHUTHOTO M3y4eHHUs) U Habmtonarensb (MpUuEMHHIK M3-
JTy4eHHsI) HEMOJBIKHBI OTHOCUTENIFHO OKpYXKaroliero ux npocrtpanctBa: V, . =V =0. YpaBHeHue pac-

IIPOCTPAHEHHUS CBETA

a=S
\'

MMEET BITOJIHE KOHKPETHBIA (PU3NYECKUI1 CMBICT: OHO OMpPEENsieT IINHY SJIeKTPOMAarHUTHBIX BOJH B 3aBU-
CUMOCTH OT YacCTOTHl UX TreHepaluu (WM 4aCTOThl BO3MYIIIEHHUS MTPOCTPAHCTBA) BEIIECTBOM (MCTOUHUKOM
U3ITy4eHUs) U CKOPOCTH MX PACHpPOCTPAHEHHS B MPOCTPAHCTBE (HO HUKAK MHA4Ye, TOCKOJBKY BBIPAKEHUS
v=Cc/A U C=VA He OTPaXKalT MPUYUHHO-CJICICTBECHHBIX CBS3CH MEXKIY NMEPEMECHHBIMU BEIHMUYMHAMH).
HabGmonarens, n3MepuB mapaMeTpbl U3JIYYSHHUSI U YCTAHOBUB, UYTO 3apETUCTPUPOBAHHAS €0 MPUEMHHUKOM
yactoTa V, =V npu AA =0, OpuaeT K BEIBOAY O TOM, YTO HU OH, HU OOBEKT €ro HaOIIOJICHUsI HUKYa HE

MnepeMCIIarOTCH.

2. llpu ynaneHun HaOrOAATENs] OT HEMOIBMKHOTO UCTOYHHUKA M3JTYUCHUS JIJTMHA BOJIHBI A HE MCHS-

€TCsl, a YaCTOTa UCXOAHOI0 CUTHAJIA CHIDKAETCS Ha HEKOTOPYIO BEJIMUMHY AV , MPOTMOPIMOHATBHYIO CKOPO-
CTH €ro JBWKEHHUS. Y PaBHEHHUE PACIPOCTPAHEHHUS CBETa OTHOCUTEIILHO HAOIIOJaTeNs

AN, =c-V, um A(V-AV)=c-V, =c(l-p).

CkopocTh IBHKEHHS HAOIIOAaTeNsi pacCUMThIBaeTCs MO0 MO HAOMI01aeMoi (perucTpupyeMoi mpuéMHHU-
KOM) 4aCTOTE U3JIydeHus V, =V —AV , 1u0o0 no BenuduHe AV :

V., =C—Av, =AV-A(V-AV) = 1AV .
CooTHo1ieHre Mex1y Ha0II0AaeMol 1 COOCTBEHHOM 4aCTOTON UCTOYHHMKA U3TYUECHHUS:

v =8V OV, =v(l-p).
c

3. HpI/I JBHMXCHUHN Ha6J'IIO)IaTeJ'I$I B CTOpPOHY HCIOJABHUKHOI'O MCTOYHUKA HU3TYUYCHUSA, NJIWHA BOJIH A

TaK)Ke€ OCTAeTCs HEM3MEHHOM, a 9acToTa V BO3pacTaeT Ha HEKOTOPYIO BeNMUMHY AV . YpaBHEHHE pacIpo-
CTpaHEHUs CBETa!

AV, =c+V, wm AV+AV)=c+V, =c(l+p).

CKOpOCTh JIBMKEHHSI HAOIIIOqaTes:
V., =Av, —C=A(V+AV ) — AV = JAv .

CooTHolieHre MeX 1y HaOr0/1aeMoi M COOCTBEHHOM YaCTOTOW MCTOYHHUKA U3ITyUCHUS:

vV V
Vll:C+ . :VC+ ”:V(1+ﬁ)
A C




Kak BuIuM, Ipu HEMOABMKHOM MCTOYHHMKE M3ITy4eHUs, BOMHOBOU 3¢ dexT [onmuepa He BO3HHUKAET,
HECMOTpPS Ha CKOJIb YrOJHO 3HAUYUMYIO CKOPOCTbH IE€PEMELICHUs HAOII0aTeNsl OTHOCUTENIFHO UCTOYHHUKA
u3IydeHuss. MeHseTcs b YacToTa PeruCTpUpyeMOoro HaboaaTeNneM curnaia. HarmsasiMu aHamorus-
MU TaKUX CHUTyallMid MOTYT CIY>KUTh OLIYLICHUS TUIOBIIA MJIM MAacCaKUpa JIOJKU B MpUOpexHOi 30He. [Ipu
JIBIDKCHUU JIO/IKU BIIIyOb MOpSI, T.€. HABCTPEUY BOJH, YaCTOTa MX MPEOJIOJICHUS BO3PACTALT, a MPH JIBHKE-
HUM K Oepery — yosiBaeT. [Ipu 3TOM 1JIMHA BOJTH OCTA€TCsl HEU3MEHHOM B JTI000M CUTYaIIHH.

3 \\
\

XapakTep pacpoCTpaHEeHHs CBETA OT JBUXKYUIETOCS UICTOUHHUKA U3ITYUYEHHUS.
CKOpOCTh CBETA BhIPAKEHA OTHOCUTENIBHO UCTOYHUKA U3ITyUYCHUS.

4. Ilpu ynajieHuu UCTOYHHMKA U3TYyYEHHs] OT HEMOJBUKHOIO HaOJt01aTeNsl, CKOPOCTh UCTOYHHUKA H3-
ny4deHus (1) He BXOAWT B IBHOM BHJI€ B ypaBHEHHE PACIpPOCTPAHEHUS CBETa, KOTOPOE CO CTOPOHBI HAOIIO-
natens (ToYKa ® cjieBa Ha PHC.) UMEET BUI:

(A+AA)(Vv—Av) =c. 2
I/I3MepeHHa$I Ha6J’IIOI[aTeJ'IeM JaCTOTa U3JIy4Y€HHSA [JOJIKHA COBIACTh C pvaeTHOﬁ BEJIMYUHOM:
C A v

vV o= =V = :
"OA+AL A+AL 148

Ecnu takoro coBmaseHus He OOHapyXHUBaeTcs (C MOMPAaBKOW Ha BIUSHUE TPaBUTAI[MOHHOTO MO
3eMJIH, eciIM UCTOYHMK U3JIy4eHUs U HaOro/aTeNb pacloyioKeHbl Ha OJJHOW CHJIOBOM JIMHUU 3TOTO MOJIA),
TO 3TO O3HAYAET, YTO HAONI0AaTeNb HAXOJUTCSI B COCTOSIHUM JIBUKEHHSI OTHOCUTENILHO MPOCTPAHCTBA. JTY
cuTyanuio Bo BpemeHa [ltonemes (korzia Oblia MpuayMaHa reoleHTpUYecKas MOAEIb MUPA) MOKHO OBLIO
OBl CUMTATh peaNbHOM Ui OJM>KHEr0 OKPYXKEHUS Hallel rajlakTHKW, IPUHMMAas BO BHUMaHUe 3aKoH Xa00-
na. Ho u torga npunuioch Obl MpU3HATh, YTO OYEHb JJAJIEKHE OT HAC CO3BE3/Us YIAIAIOTCA OT 3eMIIH CO
CBEPXCBETOBBIMU CKOPOCTSIMU. B Hame BpeMst mpodiema GoJIbIINX CKOPOCTEH «YyCIEIIHO» PELIaeTcss HeKOo-
TOPBIMU YYEHBIMU B PaMKax pelsaTUBUCTCKOrO 3ddexra onmiepa.

PackpriBas ypaBHeHue (2) 1 mpuHUMas Bo BHUMaHue (1), momydaem:

VAL = AVA+AVAL = AV(AL+AL) =V ;.
OTCIO,Z[a HaXO0AUM COOTHOIICHUA YaCTOT U JJIMH BOJI.
Al Av Av Av AL

A V—AV V Vv A+AL

H



a TaKXKXE JOIIOJHHUTECIbHBIC BEIPAXKCHHA, KOTOPBIC CBA3BIBAIOT CKOPOCTh YAAJICHUA HCTOUYHHUKA U3TTYUYCHUSA OT
Ha6JIIOI[aTCJISI C ImapamMeTpaM 4aCTOTHI:

Av Av
V,=c—=c——.

v, V—Av
TakuMm 00pa3om, Ipu yAaleHUH UCTOYHHUKA M3IIyYeHUs! OT HAOIIOATENsl, CKOPOCTh €r0 IMEepPEeMEIIeHHs OT-
HOCHUTEIILHO MTPOCTPAHCTBA (M HETIOJABWKHOTO HAOJIIOAATENST) MOXKET OBITh OIpe/ieieHa HECKOIbKUMH SKBH-

BAJICHTHBIMHU BbIPA)KCHUAMMU:

V., =c2 _uai=av(ian) = o2 — A
A V—Av v

H

5. [Ipu IBUKEHUU MCTOYHHMKA WU3IYYCHHUS K HETOJIBUKHOMY HAOJIOJIATEIO (TOYKA * CIIpaBa Ha PHUC.)
ypaBHEHUE PACIPOCTPAHCHHUS CBETA:

(A=A (V+Av) =c.

o . c A Y,
B JaHHOU CI/ITyaIII/II/I, qacToTa Ha HpI/IeMHI/IKe onpeaem{eTCﬂ BI)Ipa)KeHI/IeM VH = =V = y
A—AA A=A 1-p
AL AV AV
CKOpPOCTh MCTOYHMKA CBETa — BbIpakeHueM V , = 07 =VAL=AV(1—AL) = C—A =C—, COOTHOIIIE-
V+ AV \Y;

H

AV AA AL AV AV
HHA 9aCTOT U AJIMH BOJIH — BI)Ipa)KeHI/IflMI/I — = — =
\Y;

A—AA 1 A _V+AV=V

H

6. McTouHrK w3mydeHHus ¥ HAOII0AaTeh IBUKYTCS HABCTPEUy JIPYT K IPYTY BIIOJIb OJHOTO JIyda 3pe-
HUA. YpaBHEHUE PacpOCTpaHEHUs CBETA:

(A-AA)v, =c+V,.

Bocnpunumaemas HaOmrogaTeNIeM 4acToTa U3IydeHHsI JOJDKHA ObITh 3aBbILIEHA KaK B pe3ysbTaTe IepeMe-
IIEHUs] HCTOYHMKA M3JIy4YeHHUs] B CTOPOHY Halmoatens (CM. 1. 5), Tak ¥ B pe3yJbTaTe BCTPEYHOI'O JIBUXKE-
HUS NpUEMHMKA M CBETOBOrO curHama (cm. m. 3): V, >V. CKOpocTb JBM)KEHHS MCTOYHUKA U3IY4ECHUS

HAXOJUTCS, Kak U mpexae, 1o (1), a CKopocTs JBUKEHHS HaOto1aTeNs — 1o HabJI01aeMOoi 4acToTe U3Iy-
yenus: V, =(1—-AA)v, —cC.

7. VIcTouHMK M3ITydyeHus: U HaOIoaTellb IBUKYTCS B OJHOM HalpaBieHUH BJIOJIb Jyda 3peHUs, TIpU-
qeM Ha6J'IIOI[aT CJIb HAXOUTCA 1TO3aA UCTOYHUKA U3JTYUCHUS. YPaBHeHI/IC pacrpocTpaHCHUsI CBETA.
(A+AA)V, =c+V,.

I[BI/I)KCHI/IC HCTOYHHKA HU3JTYUYCHUS B IIPOTHUBOIIOJIOKHOM OT Ha6J'IIOI[aTCJ'I$I HaIllIpaBJICHHUU BBI3bIBACT YBCIIN-
YCHHUC JJIHMHBI BOJIHBI Ha A W CHIDKCHUE YaCTOTHI PETUCTPUPYEMOTO CHUTI'Halla HA HCKOTOPYIO BCIIMYUHY

AV (cMm. 1. 4). JIBmkeHne ke HAOMIoAaTeNss B CTOPOHY MCTOYHUKA M3TydeHUs (T.e. HABCTpedy BOJIH) 00y-
CJIaBIIMBAET BO3PACTAHHME YACTOTHI MPUHUMAEMOTO CUTHaIa Ha AV ¥ YBETUYEHHE CKOPOCTH IepeIadu CHT-
HaJla OTHOCHUTENbHO Habmoaarensd Ha V, (cm. 1. 3). Takum obpazom, V, =V+ AV —Av . CKOpocTb BHXKe-

HUS UCTOYHUKA U3TyUYeHUsI HaXoauTcs 1o (1), a CKOpoCTh NBMKCHHS HAOMIOAATENs — 1O HAOII0aeMoi va-
crore n3nydernus: V, = (A1 +AA)v, —c. [Ipu 5TOM BO3MOKHBI TPH BapuaHTa COOBITHIA:



7.1. Ecim Av =Av ,t0 V, =V n 'V, =V .. OTa cuTyanus COOTBETCTBYET OTHOCHTEILHO HEIOABHK-
HOMY II0JI0?KEHHI0 MCTOYHHUKA U3JIydeHHs U HaOmoaaTens. Y paBHEHUE PACIPOCTPAHEHHs CBETA!
(A+Adl)v=cCc+V,.

PackpeiB ckoOku, noaydum AAV =V um V =V, .

7.2. Eciu AV >AV', 10 V, >V u V, >V .. DTa cuTyalusi COOTBETCTBYET PEalbHOMY COJIMIKEHHIO
VCTOYHUKA U3TyYEHUS U HAOJIFO1aTes.

7.3. Ecim AV <AV, TO vV, <V u V, <V . Ora cuTyalus COOTBETCTBYET PEaIbHOMY YAAJICHHIO
JIpYT OT Ipyra UCTOYHUKA U3JIy4YEeHHUs U HaOI0JaTens.

8. HcTounuk HU3JIYUYCHUA U Ha6J’IIO,Z[aTCJ'IB JABWXXYTCA BJOJIb OAHOI'O Jy4da 3pCHUsA, IIPUUICM Ha6moz[a—
TCJIb HAXOJUTCA BIICPCAU HMCTOUYHHKA U3JIYYCHHA, T.C. HICTOUHHUK H3ITYUYCHHA U Ha6111011aTem, JABWIKYTCS B
TOM JKC HAIIpaBJICHHUH, YTO U IIPHUHUMACMBIC Ha6J’IIO)IaTeJ'ICM QJICKTPOMAruuTHLIC BOJIHBI. VpaBHeHHe pac-
IPOCTPAHEHU CBETA:
(A-Ad)v,=c-V,.

JIBMKEHUE NCTOYHHMKA W3Iy4EHHs B CTOPOHY HaOoaaTelns 00yCcinaBiIuBaeT COKPAIIEHUE JUTMHBI BOJI-

Hbl HA A/ W TOBBIIICHHE YACTOTHI IPUHUMAEMOT'0 HAOJII0IaTeNIEM CUTHAJIA HA HEKOTOPYIO BEUYUHY AV
(cm. 1. 5). Yanenue ke HaOMrOgaTeNsl OT UCTOYHUKA U3JIYYCHUs BEIET K CHUIKEHUIO YaCTOThl IIPUHUMAE-

MOro curuama Ha AV (cM. 1. 2). Takum oGpasom, vV, = V—AV +AV . B 3T0if cUTyaluy CKOPOCTb JBHKE-

HUSI HICTOYHUKA M3JTy4eHUS HAXOAWUTCS, KaKk U mpexzae, no (1), a CKopocTs ABMKEHHUS HAOIIOAATENs — 110
HaOmotaeMoli yacrore m3nydeHus: V, =C— (4 —AA)v, . [Ipu sTom, Kak H B 1. 7, BOBMOXKHBI TPH BapHaHTa

COOBITHIA:

8.1. Ecnm Av =Av ,t0 vV, =V n 'V, =V, .. OTa cuTyalus COOTBETCTBYET OTHOCUTEILHO HENOJBHIK-
HOMY II0JIOKEHHI0 MICTOYHUKA U3JIy4eHHs U HaOmoaaTens. Y paBHEHUE PACIPOCTPAaHEHHs CBETA:
(A-Ad)v=c-V, .

PackpsiB ckoOku, momydnm AAV =V um V =V, .

8.2. Ecm AV <AV, To V, >V u V, <V, . DTa CHTyaIus COOTBETCTBYET PealbHOMY COIMKEHHIO
UCTOYHUKA U3TY4YEHUS U HAOII0gaTesl.

83. Ecrm AV >AV, To V, <V H V, >V, .. Ota curyanus COOTBETCTBYET PEalbHOMY YyJAAJICHHIO
JpYT OT Apyra UCTOUHHMKA U3Ty4eHHs U HaOIroAaTes.

9. UcToyHuK HU3JTyUCHUS U Ha6J'IIOIIaTeJ'IB ABUIKYTCS BAOJIb OJHOT'O JIyda 3pCHUA B IPOTUBOIIOJIOKHBIX
HaIlpaBJIEHUSAX. Y paBHEHHUE PACIIPOCTPAHEHUS CBETA!
(A+AA)v, =c-V,.

Bocnpunnmaemast Habmro1aTeseM 4yacToTa U3Iy4eHHs JOKHA ObITh 3aHMKEHA KaK B pe3yNbTare y/aaeHHs
UCTOYHUKA U3NTy4eHHs OT HaOmroaatesns (CM. 1. 4), Tak U B pe3yJibTaTe NepeMelleHns MIpUEMHUKA B OHOM
HAIIPaBJIICHUU CO CBETOBBIM CHUTHANOM (cM. M. 2): V, <V. CKOpOCTh IBIKCHUS HCTOYHHKA W3ITy4CHUS

HAXOJUTCS, Kak U Ipexae, 1o (1), a ckopocTh ABMKEHUS MPUEMHUKA — MO0 HAOII0AaeMON YacTOTe U3JIyue-
HUS:

V, =c—(A+ AV, .

B pamkax paccmarpuBaeMoOi CHTyaIlMM IMO3BOJIO ceOe aKIEHTUPOBATh BHUMAHHE YHTATENs HA CITy-
yae, korga V, =V , 1mo aOCONIOTHON BEIUUYUHE, T.€. HA CIIydac CHHXPOHHOIO yIaJeHus Ipyr OT Apyra

HaOJroAaTeNs U MICTOYHUKA U3Ty4YeHHUs. JTO — KaK pa3 TOT CiIydail, Ha IpuMepe KOTOPOro CTOPOHHUKY T'H-



10Te3bl OOJIBIIOTO B3pbIBA IBITAIOTCS OOBSICHUTH IPUUMHY KPACHOTO CMelleHHs BO BeenenHoi, u BoBieusb,
TEM CaMbIM, HAIlly TaJJaKTHUKy B KaKOW-TO O€3yMHBII U HEMBICIMMBIA IO MEXaHU3MY peau3alliy IpoIece
pacupenust. Eciin Ham He Oe3pa3nuuHbl yciaoBus oOuTaHus BO BeeneHHOM, To HEKOTOPBIM U3 HAac, HaBep-
HOE, OyZIeT HHTEPECHO 3HATh, C KAKOIl 4aCTOTOW B 3TOM Clly4ae CIEAyeT 0XKHMIATh IPUXO/a CBETOBOIO CHUT-
HaJla OT CO3€pLIaeMOro HaMi KOCMHUYECKOro 00beKTa ¢ KOHKPETHON BEIMYMHOM KpacHOro cMemieHus. Yro-
OBl OTBETUTH HA 3TOT BOIPOC, HEOOXOAUMO PEIIUTh YPABHEHUE PACIPOCTPAHEHUS CBETA OTHOCUTENIBHO V, ,

3aMeHHMB npeaBaputTensHo V, Ha V!

(A+AA)v, = AV —AAv =V(1—-AL),
OTKyIa

A—AA 1-z
\Y; =V .
A+AA 1+z

W3mepuB 4acToTy M3IydeHHS KaKOTO-HUOYIb SJIEMEHTa Ha KOHKPETHOW JUITMHE BOJHBI (M BBEIS COOT-
BETCTBYIOIIME IONPABKM HA I'PaBUTALMOHHOE I0JI€ 3eMJIM), MOKHO, TAKMM 00pa3oM, OLEHUTh [IPaBOMEp-
HOCTb IPUJIOKEHUSI pACCMOTPEHHON CUTYalluu K pealibHOM AelicTBuTenbHOCTH. K coxanenuto, Takue pado-
Thl HUKEM HE HPOBOJIWINCH, YTO OOBSICHSETCS, MO-BUIMMOMY, HAIWYMEM OIpPECICHHBIX TEXHHUYECKUX
TPYAHOCTEN IPHU OCYLIECTBIEHUHU TOJ0OHOI0 poja 3KCIEPUMEHTOB. BriosHe BEpOsATHO, YTO TaKHUE JKCIIe-
PUMEHTHI BOOOIIE HE CTaBWJIUCh 32 HEHaJOOHOCThIO, TOCKOJIBKY MPOLIECC JBMXKEHUSI MAaTepUAIIbHBIX TNl B
JTAJIEKOM KOCMOCE BCEI/1a pacCMAaTPUBAJICS UCKIIFOUUTENBHO B PAMKaX PENIITUBUCTCKON MEXaHUKHU.

Ho u 6e3 3Tix u3MepeHuii SCHO, 4TO €CIM SKCTpanosaus 3aBucuMocty (3) B obaacte Z >1 He umeer
(U3UYECKOr0 CMBICIIA, TO U BO3MOXHOCTh MPUJIOKEHHUS 3TOT0 BapuUaHTa COCTOSHUS CHUCTEM K peajibHOU
JeMCTBUTENIBHOCTH (J1aXke MpU HEOONBIINX BEIMYMHAX Z) UCKItoYaeTcs B npuHuune. Iloatomy n obcyxae-
HUE IPUYMHBI KOCMOJIOTMYECKOT0 KpacHOro cMmelieHus: Bo BeenenHoii ¢ mo3unuu BoiaHoBoro g dexra Jlo-
NIUiepa He UMEET HUKAKOM IEPCIEKTHUBBI.

Kak BuguMm, cMmelieHHe CIEKTpPalbHBIX JIMHUN B KPACHYIO CTOPOHY HaONIOAAaeTcs NUIIb B Cllydae
HETIOCPE/ICTBEHHOTO TEePEeMENICHUS] WCTOYHUKA H3JIYUYECHUS B TIPOCTPAHCTBE B IPOTHBOIIOJIOKHOM OT
HAOJTI0IaTeIIs HAIIPABIICHUH, a BEJIMYMHA 3TOTO CMEIICHUS, BRIpa)KEHHAsT B a0COMFOTHONH AA WM OTHOCH-
TenpbHOU Z = AA/ A BenuuuHax, — OT aOCONFOTHON (OTHOCUTEIILHO TIPOCTPAHCTBA, a HE HAOJIFOIaTesl) CKO-
poctu ero naBuxkeHHs. [loaToMy mpu OTHON M TOM ke CKOPOCTH MEepeMeIleHUs NCTOYHHMKA W3ITyuyeHUs B
MIPOCTPAHCTBE, HAOIIOaTENh OYJAeT UKCUPOBATH OJHY M Ty K€ BEIMYUHY KPaCHOTO CMEIICHUs, He3aBU-
CHUMO OT TOTO, B KAKOM HampaBJIeHUH (OTHOCUTEIHHO 00bEKTa HAOIIOACHHS) OH JBUKETCS, C KaKOil CKOpO-
CTBIO, M JBHMKETCS JIH BOOOIIIE.

B 006001ieHHOM BUi€ CUTYallil BOSHUKHOBEHHUS MPOa0bHOTO 3ddekra [Jonmnepa cBenensl B Tabau-

nc:
/i | O6BexT HpI/IeMHI/IK YPaBHeHI/IC pacnpoCTpaHCHUA CKOpOCTL BIKEHHS I:Ia,(;T()Ta Ha IIpU-
CBE€Ta €MHHKE
e . A=clv V,=V,,=0 vV, =V
o °«— A(V—Av) =c(1- ) V, =c—-Av, = 1AV v, =v(1- /)
o e A(V+AV) =c(l+ p) V, =Av, —c=AAv v, =v({1+p)
AL v
o] . A+AL(V—-Av)=cC V. =V. == =vAl V =—
4 | (A +A2)(v - Av) w=Ve s
AL Vv
5 o} . A—-AL)(V+Av)=cC V.=V .22 —vAd vV, =——
- (A= ALV +AV) w=Ve ™ =

(3)



6 | o | - A-A)V+A)=c(+f) |V, =(A-Adv, —c |y =SV
A—AL
c+V

7 |«n — (A+A)v=cl+p) V =(A+AA)v,—cC v, o=—"
A+AA
c-V

8 o — °« A—AAV=c(l- V =c—(1-Ad)v, VvV =— "

(A2 =c(- ) -amy, v, =V

9 | n . A+ADV-AV) =cA-f) |V, =c-(A+Av, |v =SVu

A+ AL

O — 00BEKT Ha6J'IIOI[eHI/IH WM UCTOYHHUK HU3TTYUYCHUSA; * — HpI/ICMHI/IK, CTpCIIKaMM 3alaHbl HAIIpaBJICHUA IBU-
KCHUA

Wrak, aHanu3 pacCMOTPEHHBIX BBIIIE CUTYal[il IOKa3bIBAET, YTO U3MEHEHHE JJIMH BOJIH 3JIEKTpOMar-
HUTHOTO M3JIy4€HHs, WM TOSIBICHUE MPOJOJIbHOr0 BoJHOBOro 3ddexra Jommiepa, BO3MOXKHO JIUIIL B
clly4ae MepeMelIeHUEeM UCTOYHHMKA U3YyYEHHs B POCTPAHCTBE. BeIMUnHbI 3TUX U3MEHEHUN ONPENeNsIIoT-
Csl CKOpPOCTHbIO TEpEeMEIICHHUS] HWCTOYHUKA HW3NMYyYEHHUS OTHOCHTEIHHO MPOCTPAHCTBA U OCOOCHHOCTSIMU
HAXOXXJCHUS €r0 OTHOCUTEIBHO Habmoaarens. [[BmkeHue nocieHero He BIUseT Ha JJIMHBI BOJIH, HO CKa-
3bIBAETCSI HA YACTOTE PErUCTPUPYEMOro u3nyudeHus. CieqoBaTesbHO, BCTPEUAIOIIUECS HHOTIA B JIUTEPATY-
pe u WHTepHeTe yTBEpKIEHUS O TOM, YTO SIBJIEHHE KPAaCHOI'O CMEIEHHUs OOYCIOBIEHO OTHOCHUTEIbHBIM
yIajJeHueM JIpyr OT Apyra UCTOYHHUKA U3ITy4YeHHs W HaOnroaarens, 0e3 YTOYHEHHs TOTO, KTO U3 HUX JIei-
CTBHUTEJBHO TIEpEMENIaeTCs B MPOCTPAHCTBE, SIBIISETCS TIIyOOKHUM 3abmyxneHueMm. KpacHoe cmerieHue
MOKHO HAOIIOAATh JIMIIb TPU ABUKCHUU HUCTOYHHMKA M3ITYYEHHUS B MPOTHUBOIIOJIIOKHOM OT Habmojarens
HaNpaBJICHUU HE3aBUCUMO OT TOTO, KyJla JIBUXKETCS 3TOT HAOIrOAaTeNb M JBMXKETCs i BooOme. [loatomy
paccTosiHue MEXy HUIMH MOXET MEHATHCS, B 3aBUCMOCTH OT MOBEIEHUs HAOIoAaTeNs, B OOJBIIYIO WU
MEHBIIYI0 CTOPOHY, JTUOO OCTaBaThCs HEM3MEHHBIM — B CIydyae CUHXPOHHOTO MEpeMEIleHUs UCTOYHUKA
U3TY4EHUs U HabMoaaTess.

[Ipu onienke BenmuunH AA B CIIEKTpax HAOMIOAAEMBIX HAMHU OOBEKTOB M (POPMYIUPOBAHUU TIOCIIETY-
IOILUX BBIBOJIOB O XapaKTepe 3aperucTpUPOBAHHOIO MPUEMHUKOM CMEIIEHHS CIEKTPAIbHBIX JTUHUM, HE00-
XOJJMIMO YYUTBIBATh TO 0OCTOSITEILCTBO, UTO JIAOOPATOPHBIM UCTOUYHUK WU3TyYeHUS, UCIIOIb3yEMBIN B Kade-
CTBE pernepa CHEeKTPaJbHBIX JMHUHN, HAXOAUTCS B TOW )K€ AMHAMUYECKOM CUTyalluu, 4yTo U NpUEMHHUK (po-
TOIJIACTUHKA). JTO OOCTOSATENILCTBO MOXET KOPEHHBIM 00pa3oM MOBIUATH HA CIIOKUBIIMECS YXKe IMpe.-
CTaBJICHUS O (PU3MUECKON CYIIHOCTH HAOJI0JIa€MbIX HAMHU CMEIEHUN CHEKTPaJIbHBIX JUHUM Yy TeX WU
UHBIX HCTOYHUKOB U3JIY4EHUS, BKIIIOYAs U JaJIEKUE OT HAC KOCMUYECKUE OOBEKTHI.

Hamnpumep, B yaue6HOM mocobuu D.B.Kononosuua u B.M.Mopo3za [1, ctp. 189] uutaem: "Benencreue
obparmenus 3emun Bokpyr CotHITa €€ CKOPOCTh, TI0 a0COMIOTHOM BennunHe Ou3kas kK v = 30 km/c =3 - 10°
cm/c, BCe BpeMs MEHSIET CBOE HaIlpaBJICHHUE B TpoCcTpaHcTBe. [109TOMY TMHUM B CIIEKTpax 3Be3], K KOTOPhIM
B JJAHHBIM MOMEHT HAMPaBIICHO JIBI)KCHHE 3EMIIH, CIIErKa CMEIICHBI B (PHOJIETOBYIO CTOPOHY Ha BEIIMUUHY
AL, mpuuem

A_Y_ 19
A ¢

Jliist 3enenoit muanm ¢ A = 5000 A =5 - 10 cm cMmemenne cocrassier 0,5 A, 4TO JTE€rK0 MOXET OBITh H3Me-
peno". Jlamee cka3zaHo, 4TO B JIPYyrol CUTYallud, T.€. IPH YJAICHUH 3€MJIM OT SKOOBI MOKOSIINUXCS 3BE3,
JUHHUH B UX CIIEKTPaX CMEIICHBI B KPACHYIO CTOPOHY.

[To-moemy, oOBsicHeHne HabOIrOgaeMOro Ha (OTOIIACTHHKE CABWTA CIEKTPATBHBIX JIMHHN cHopmy-
JUPOBAHO C TOYHOCTHIO O HA0OOPOT — B JAHHOM cCllydae cpaboTall peNsITUBUCTCKHIA CTEPEOTHUI MBIIILIE-
HUS: €CIM OOBEKTHl COMMKAIOTCS, TO ATO JOJKHO MPHUBOIUTH K (PUONETOBOMY CMEIICHUIO CIIEKTPaIbHBIX
JMHUM, a €ClIU PacXOIATCS — TO K KPAaCHOMY CMEUICHHUIO.




C TOYKH 3peHHUs KJIACCHYECKOI MEXaHUKH Takas HHTEepIIpeTanus HaOll01aeMOro sBICHHS HEBEpPHA B
IMPUHIMIIC, ITOCKOJIBKY MEPCMCIICHHNC Ha6JIIOI[aTeJISI B IPOCTPAaHCTBC MPHU HCIIOABHUIKHOM HCTOYHHUKEC HU3JTY-
YeHHs HUKAK HE BJIMSCT Ha JUTHHY BOJH U, CJIEJIOBATEIBHO, BOOOIE HE MOXKET IIPHBECTU K BOSHUKHOBEHHIO
BOJIHOBOTO 3¢ dekra Jonmuepa (cm. 1. 1, 2).

Jlanee, IpUBEACHHOE BBIIIEC COOTHOLICHHE CKOPOCTEH M JJIMH BOJIH B JCHCTBUTEILHOCTH OTHOCHUTCS
HE K HaAOJI0AaTeNnto, a K JBUXKYIIEMYCS HCTOYHHKY W3Iy4eHHS, KOTOPBIH, IO YCIOBHIO IKCIEPUMEHTA,
Herno/BrkeH. Hanmuio siBHOE MpoTHBOpEYne, KOTOPOE JISTKO YCTPAHSIETCs, €CIIM TaHHBIN SKCIIEPUMEHT pac-
CMaTpUBaTh B paMKaX KJIaCCHYECKON MEXaHHKH.

Tax, npu nBUKeHUU 3€MJIU B CTOPOHY HENOABMXKHOM 3BE3/bl (KOTOpas, KCTaTH CKa3aTb, JOJDKHA
HAXOJUTHCS 3a MpeJesiaMy HaIlllel raJlakTUKU M He OJIKHA ObITh BOBJICYEHA B KaKOU-JINOO Ipyroi mporecc
JIBUKCHHS ), HAIl TaOOPATOPHBIN MCTOYHUK M3TYYCHHUS JBIDKETCS B TOM JK€ PEXKHUME, YTO U MPUEMHHUK, T.€.
doromnactunka. [lockoiapKy 3Be371a HEMOIBUXKHA, €€ IMHUU B CHeKTpe "QUKCHpoBaHbl" (MIPUBSA3AHBI K CO-
OTBETCTBYIOLIUM JUIMHAM BOJIH), @ YaCTOTHI 3TUX BOJH YBEJIMYEHBI HA HEKOTOPYIO BEJIUYMHY, [IPOIIOPLIHO-
HAJIBHYIO CKOPOCTH JBWXKeHHs 3emid (cM. 1. 3). Jluaum xe 1abopaTopHOTrO UCTOYHHMKA U3ITy4eHUs, KOTO-
PBIH JABIKETCS B MPOTHBOIOJIOKHOM OT (DOTOTUIACTUHKM HANPABJICHUH, OyJIyT CMEIICHBI B KPACHYIO CTO-
poHy crekTpa (cM. 1. 7.1). B urore Ha QoTOMIACTHHKE JIMHUH 3BE3/IbI OKA3bIBAIOTCS MO JIEBYIO CTOPOHY OT
JTUHUN dTanoHa (J1abopaTOpHOTO MCTOYHHMKA), MPOBOIMPYS HEKOTOPHIX M3 HAC HA 3aKIIOUYEHHE O SIKOOBI
HabmotaeMoM 3 dexTe GUoIeTOBOro CMEHICHHsI, KOTOPOE CIIEAYyeT U3 PENATUBHCTCKOIO MOAX0Ja K aHa-
M3y ABIXKYIIMXCS 00bekToB. Ha camom e nene B JTaHHOM ciydae Mbl HaOmomaeM 3(@eKT KpacHOro
CMEIIEHHUS OT JIBIXKYIIErocs 1abopaTopHOro UCTOYHHUKA U3TYyYEHUSs, a B KAUYECTBE perepa UCIOIb3yeM I0-
JIOKEHUE CIIEKTPAIBHBIX JIMHUW HETOABMKHOM 3Be3/Ibl. [103TOMY M YIIOMSIHYTOE BEIIIC YPAaBHEHHUE OTHCHI-
BaeT MPOIIeCcC IBUKEHHS TaOOPATOPHOTO UCTOYHUKA U3ITyYEHUS, a HE Pa3MbIIUICHUS HEMOIBUKHBIX 3BE3/I.

Korna e mbl "pukcupyem" monoxkeHue JUHUN TeX 3BE€3[, OT KOTOPHIX 3eMJis yAalsieTcsl ¢ TOW ke
CKOPOCTBIO, TO 0OHapy»UBaeM MX Ha (HOTOIIACTUHKE MO MPaBYI CTOPOHY OT JMHHM TabOpaTopHOro uc-
TOYHHKA M3JIY4YEHMs U, €ClIi HE 3aJyMaeMcs, CAeJIaéM BbIBOJ O BpoOje Obl HaOII0AaeMOM HaMU SBJIEHUU
KpPacHOro cMelleHus. B neficTBUTeNbHOCTH k€ Mbl UMEEM 110 ¢ (PUOJIETOBBIM CMEIIEHHnEM, 00yCIOBIIECH-
HBIM JIBUKEHUEM JTA0OPATOPHOTO UCTOYHUKA U3TyUYeHHUs B CTOPOHY (OTOIIIACTUHKY (cMm. 1. 8.1).

Kcratu, 1 B paMkax pensiTUBUCTCKON MEXaHWKH, KaK MOKa3aHO HAMU Ha cTpaHuIle caiita «Dusuue-
CKHE OCHOBBI CIEHHATBHON TEOpHuu OTHOCHTENbHOCTHY http://www.dmitrenkogg.narod.ru/, cmemienue
CIEKTPAJbHBIX JIMHUI BO3MOXXHO JIUIIh B CIy4yae HEMOCPEACTBEHHOTO MEPEMEIIeHUsS NCTOYHHKA CBETAa B
IIPOCTPAHCTBE, a He NMpuéMHUKa. [lepemenienue npuéMHIKA B IPOCTPAHCTBE HUKAK HE BJIMSIET HA JUIMHBI
BOJIH. Hampumep, koraa ABm>keHHe 3eMIIH HApaBIeHO B CTOPOHY HEMOBUKHON 3BE3/IbI, TO MPOIIECC pac-
IIPOCTPAHEHNUS CBETA OIMUCHIBAETCS, B PENATUBUCTCKOMN peaKui, ypaBHEHUEM

v, 1+ 4 ¢ 1+ﬂ,
1-p 1-p

N3 KOTOPOTIo CICAYCT, YTO HUKAKOTI'O USMCHCHUS JJIMH BOJIH HC IPOUCXOIUT.

OCHOBHO# BBIBOJI, KOTOPBIH CJIEIYeT U3 BCEro BBILIE M3JI0)KEHHOTO, CBOJIUTCS K ClleAylommeMy. D¢-
dext Jlomnmiepa, BO BCEX €ro MposiBICHUIX, MOXKET OBITh OIMMCAH TOJBKO B paMKaX KJIACCHYECKOW MEXaHMU-
KU — C YUE€TOM a0COJIIOTHOM CKOPOCTH MepeMelieHuss 00bEKTOB U aOCOMOTHONH CKOPOCTH PACIPOCTPAHEHUS
CBETOBOTO CHUTHaJa B MPOCTPAHCTBE. JTO — €AUHCTBEHHBIH U OOBEKTUBHBIA CIOCOO PErHCTPalluu TE€X H3-
MEHEHUI BOJHOBBIX XapAKTEPUCTUK JIEKTPOMATHUTHOTO U3Ty4EHHUs, KOTOpbIe BO3HUKAIOT B IpoLecce Ie-
pEeMEIIeHNS NCTOYHUKA U3ITydeHHs U HaOmonarens. Onepupys OTHOCHTEIbHON CKOPOCTBIO JBHKCHUS, MBI
anpuopH UCKaxaeM (U3NYECKYIO CYIIHOCTh HAaOII0aeMOro SIBJICHHUS.

Hpupoaa KOCMOI02UHYECKO20 KPpACHO2O0 CMEWERUA
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Urak, BomHOBO# 3 dexT JJomnmiepa paboTaeT TONBKO MPU HEOONBIINX BENMWYMHAX AA WU Z, T.C. B
obnactu zZ =AA/A <1. Curyanus, pu KOTOPO Z >1, €/Ba I MOKET ObITh PEATM30BAHA B OKPYKAIOIIEM

HAC MHUpE, TTOCKOJIBKY OHA MPEAToaraeT JBUKCHIE UCTOYHUKA U3ITyUYEHUSI CO CKOPOCTHIO, MPEBBIMAIOIICH
ckopocth cBera. CooTBeTcTBeHHO, (hopmyinbl (1) m (3) cnpaBeIMBBI TOJIBKO IJIsi HEOOJBIIUX BEIWYUH
KpPacHOTO CMEIICHHUS, YTO HABOJUT Ha BIIOJHE OMPECICHHBIC PAa3MBIIIJICHHUS MPU MOMBITKE CBI3aTh MEXa-
HU3M JaHHOTO () (eKTa ¢ KOCMOJIIOTUYECKAM KPaCHBIM cMelieHneM. HecocTosTenbHOCTh PEISITHBUCTCKOTO
MOJIX0J[a K MHTEPIPETAIMU KPACHOTO CMEIIEHUSI PacKphiTa HAaMU B cTaThe «DHU3MYeCcKre OCHOBBI CIICIIH-
QIBHOW TEOPHH OTHOCHUTEIILHOCTH Ha TAHHOM CalTe.

U, tem He MeHnee, a3ddext Jlommiepa nmpusHaeTcs oPpUIMaATbHON HAYKOW B KA4ECTBE €IUHCTBEHHOM
NPUYMHBI BOSHUKHOBEHUSI TAKOTO TPAHAMO3HOTO MO MacimTadaM MPUPOIHOTO SBICHHS, KaK KPAaCHOE CMe-
1ieHue. B urore Mbl IMeEM NIPOTUBOPEUNBYIO U JIMIIEHHYIO 3APAaBOT0 CMbICIA KOHLIETIIHIO PACIIUPSIOLIEH-
cs1 BceneHnHoii, OCHOBaHHYIO Ha IPUMUTUBHOM MOJIENH pa3BUTHs COOBITUN 110 aHAJIOTMH C KAaKUM-TO B3pbl-
BOM, B paMKaX KOTOpPOH SIBJIEHHE KOCMOJIOIMUECKOr0 KPacCHOIO CMEIEeHUs] 0ObSICHAETCS] BOJTHOBBIM 3 dek-
ToM Jlomnuiepa B yCIOBHSIX OJHOBPEMEHHOrO (CMHXPOHHOI'O) pa3/IBHKEHHUS BELIECTBA BO BCEX HaIlpaBlie-
HUSX (HAmojo0He pacCMOTPEHHOIO BbIIIE LIECTOr0 BapHaHTa COCTOSHUS CUCTEM C YCKOPSIOLIMMCS Mpo-
LIECCOM pa3/IBUKEHUSI 0OBEKTOB), YTO B MPUHIUIIE HEBO3MOKHO (aHAJIOTHS C JBYMEPHBIM 00pa3oM B BUJE
pacumpsirouielicss cepsl 3/€Ch COBCEM HEYMECTHA) M BBI3bIBAET €CTECTBEHHOE HEJOYMEHHE: Kak Takas
uzes BOOOIIe MOTJia BOBHUKHYTh U 00CYXKIaThCsS BCEPhE3, M TIOYEMY Ha MPOTSHKEHUH HECKOJIBKUX JIECSITH-
JeTUi OHa C HEBO3MYTHMBIM YIPSMCTBOM HaBS3bIBACTCS 3/IPABOMBICIISIIEMY OOBIBATENIO U OPUEHTHUPYET
CTYZICHTOB Ha IPEAB35ATOC, 3ayMHO THIIEPTPOPHPOBAHHOE BOCHPUATHE OKPYKAIOMIEH NEHCTBUTEIBHOCTH.
[Tpobnema GonbIIMX Z B 3TOM MOJAEIM pEIIaeTCsl IMyTeM MPUBJICUEHUS PENIATUBUCTCKOIO BBIPAXKEHUS IS
KpacHOTr'0 CMEIIEHHUS

AL 1+ p
I=—=_|— -1,
A 1-p
(z+1)*% -1
(z+1)?%+1
. OZTHaKo 3TU BBIPAKEHHSI MOKHO CIIOKOMHO OTNPaBUTh B KOP3UHY, MOCKOJIBKY OHU 0a3MpYOTCS Ha Mare-
MaTHYECKH HEKOPPEKTHBIX MOCTPOEHUAX (CM. CTpaHuLly caiita «Du3ndeckre OCHOBBI CIIEUAIBHON TEOPUHU
oTHocUTeapHOCTH http://www.dmitrenkogg.narod.ru/).

OTKYZa CKOPOCTH YAAJICHUA NCTOYHUKA U3TTYYCHUSA OT Semiu OIPEACIACTCA BBIPAKCHHUEM V =c¢

Mse npenctasnsiercs, 4yTo eciu >3pdext Jonmaepa He paboTaeT B 001acTH OOJBIINX Z, TO CIEAYET
UCKaTh JIPYT'YIO MPUYUHY KOCMOJIOTHYECKOMY KPaCHOMY CMEUICHHIO, a HE MPUIYMBIBATh NCKYCCTBEHHBIE
CHCTEMBI KOOPAMHAT JJIsl ONUCAHUSI OOBbEKTUBHBIX 3aKOHOB MTPUPO/Ibl. MHE MpeaCTaBISeTCs TaKkKe, YTO ec-
a1 Obl HE 3araJlouHoe (U 10 CUX MOp HEeOoOBACHUMOE) BIUSHUE DHHIITEWHA HAa (OPMUPOBAHHE HAYYHOTO
MHUPOBO33PEHUS OIPENICIIEHHOT0 Kpyra HccieoBaresell nepBoi MOJ0OBUHBI MPOIIIOTO CTOJIETHS, TO DJIBUH
Xab06m HempeMeHHO Hares Obl 0oJiee JOTHYHOE OOBSICHEHHUE pe3yJbTaTaM CBOMX HAOJIOICHUM, U €T0 He
Tep3aju Obl BCIO )KU3Hb COMHEHHUS O MPaBOMEPHOCTHU MPHUBJIEUECHUsI BOIHOBOTO 3(ddekra Jlonmiepa k 00b-
SICHCHHIO TIPHYUHBI SIBIICHUS B KAUECTBE €IMHCTBEHHO BO3MOXKHOTO MEXaHU3Ma.

S cumrtaro, 4TO coBceM HE 00s3aTENIbHO YTO-TO B3pbIBaTh U 3aCTaBJIATh Hally BceneHHyro pacuiu-
PATBCS HEU3BECTHO KyJIa, a TAK)Ke JBUTAThH JaJeKue OT HAC TajJaKTUKU CO CKOPOCTSIMH, OMU3KUMH K CKOPO-
CTH CBETA, JIUIIb JUIsl TOTO, YTOOBI CBSI3aTh KPAacHOE CMelIeHre ¢ poaosibHBIM A dexrom Jlommepa. De-
HOMEH KPAacHOTO CMEIICHHSI MOXKET OBITh 00YCIIOBIIEH COBEPIICHHO JPYTUMHU MPOIIECCAMHU B YCIOBHSIX CTa-
[IMOHAPHOTO COCTOSIHMSI BceleHHo#, Korja ABM)KEHHE KOCMUYECKHMX OOBEKTOB, YIpaBIseMOe 3aKOHAMHU
IpaBUTAIINH, JOKATU30BaHO B OIPaHUUYEHHBIX 00beMax MPOCTPAHCTBA, a CaMO MPOCTPAHCTBO HE UMEET (u-
3MYECKUX T'PAHULl U OMPEJEICHHBIM 00pa3oM CBSI3aHO C OTHOCHTEIHFHO PaBHOMEPHO pacIpeieseHHbIM B
HEM BEILECTBOM.

B vactHOCTH, TOCTaTOYHO MPHUAATH TaHJEMY NMPOCTPAHCTBA U BEILECTBA CTATYC CaMOpa3BUBAIOLIEICS
CHUCTCMBI, YTO ABJISACTCA O6’bCKTI/IBHBIM CBOMCTBOM MaTepuu, C yCKOpAOIUMCA TCUCHHUEM B HEH COOTBET-
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CTBYIOIIIMX IIPOIECCOB (IIpoIiecca reHepaluy IEKTPOMAarHUTHOTO M3Iy4EeHHUS BEIIECTBOM, C OJHOW CTOPO-
HBI, M TIPOIIECCa PACIPOCTPAHEHHSI ITOTO U3IyYeHHS B MPOCTPAHCTBE — C APYroi), kak BcenenHas Tyt xe
NpUOOpPETaeT OTHOCUTENBHBIN MOKOM, MOCKOJIBKY Al 00bSACHEHUS! (PEHOMEHA KPAaCHOTO CMEICHHS YK€ He
TpebyeTcst npusieyenue g dexra Jonmiepa, a 1151 00y3aHUsI MHUMBIX CBEPXCBETOBBIX CKOPOCTEH pazode-
raHus TAJaKTUK HET HUKAKOM HEOOXOAMMOCTH NMpHOeraTh K PEeIsTUBUCTCKUM HocTpoeHusM. [TokaxeMm 310
IIyTEM CIIEIYIOLIUX PACCYKICHUMN.

Bo-nepBhIX (4TO KacaeTcs MPOCTPAHCTBA), MPU YCKOPEHHOM PacIpOCTPAHEHHUU DJICKTPOMATrHUTHBIX
BOJIH B IIPOCTPAHCTBE, CKOPOCTh OTPBIBA CBETOBBIX CUTHAJIOB OT HAOJIOJAEMbIX HAMH KOCMUYECKUX O00BEK-
TOB C, JOJDKHA YMEHBIIATHCS MPOMOPIHOHAIBHO CTENEHU OTAAJICHHOCTH 3TUX 00bekToB OT 3emuu. I[lo-
3TOMY BpeMsI IIPOXOKAECHUS CBETOBOrO CUrHaja t oT HabIr01aeMOro HaMM KOCMUYECKOro 00beKTa 10 3eM-
JIM OIIPENEIAETCS BBIPAKEHUEM:

rae J — HEKOTOPOC YCKOPEHHUE, C KOTOPBIM JBHUXYTCA 3JICKTPOMArHUTHBIC BOJIHEI, CO — CKOpPOCTb CBETA Ha

MOMCHT OTpbIBa CBCTOBOI'0O CUI'Hajila OT TOIr'0O WJIW HUHOI'O O0BEKTa B C — CKOpPOCTb CBC€TAa HA MOMCHT pPCTHU-
CTpalliy CUuIrHajia HpI/IéMHI/IKOM B TOYKC Ha6J'II-O,I[eHI/I$[, T.C. COBpCMCHHAsA CKOPOCTh CBCTA. OTCIO,Z[aI

C—C, = gt. 4)

HerpynHo 3aMeTUTb, YTO 3TO ypaBHEHHUE SABJISETCS BUJOU3MEHEHHBIM ("'aloNTHPOBAaHHBIM" K YCIIOBHU-
M YCKOPEHHOI'O PaclpOCTPaHEHMs CBETa B IPOCTPAHCTBE) BbIpakKEHUEM 3akoHa XabObma V =H,-r, HO

OTIpeIeTIsieT HE CKOPOCTh YAJICHUsT HaOII0ITaeMbIX HAMU BHETAJTAKTHUECKUX OOBEKTOB OT 3€MJIM B 3aBUCH-
MOCTHU OT PACCTOSIHUSA JIO TUX 0OBEKTOB I', BEIPAXKEHHOTO BO BPEMEHH MPOXO0KJICHHS CBETOBOTO CHTHAja CO
CKOPOCTBIO ¢, @ Pa3HUILY B CKOPOCTSX PACIPOCTPAHEHHUS IIEKTPOMATHUTHBIX BOJIH MEXKIY COBPEMEHHOM
ATIOXOM M TeM BpeMEeHeM, KOTla U3MepsieMOe HaMH M3Ty4eHHEe MMOKUHYIIO TOT UM UHOW 00beKT. Bennunna
MpUpAIICHNUs] CKOPOCTU CBETa ( B ypaBHEHMH (4) COOTBETCTBYET NOCTOSIHHOW Xabbna Hop, eciu B pa3mep-
HOCTH TOCJIEHEN Meranapcek pacCTOSHMS MEPEBECTH B CEKYH]Ibl BPEMEHH U YHMCIIEHHOE 3HaY€HUe MOCTO-
SHHOHM pa3feluTh Ha KOJMYECTBO CeKyHJ meramapceka. CienoBaTe/ibHO, NOCTOSIHHOI BO BpeMeHHU Be-
JIMYUHOM, T.e. MUPOBOH KOHCTAHTOM, SIBJISIETCH He CKOPOCTHh CBETa, a ee¢ NMPHUPALLCHUE — YCKOPEeHHue
npouecca pacnpocrpasHeHusi cgera. [lostomy noctosHHas Xa60na paboTaeT HE TOJBKO 3a IMpeaesaMu
Hallel TalakTUKW, HO U BHYTPU KOMMYHaJIbHOW KBapTHUPBI.

[To mocnemHuM MaHHBIM, TIOJYYEHHBIM C MOMOIIBIO OpOUTATBLHOTO Teeckomna «Xab0m», 3HauYeHHE
MOCTOSIHHOM Xa00:1a orleHuBaeTcs B ipenenax Hy = 65 + 7 (km/c)[Mnk. Bojiee KOHKpETHAs BEJIMYHUHA ITOTO
napameTpa paccuutaHa A. B. bykanoBsiM mmyteM onucaHusi BeceneHHON Kak BAKYyMHOI'O KBaHTOBOTO Tap-
MoHMYeckoro ociuistopa (http://www.socionics.ibc.com.ua/socint.html) u cocrarnser 68,796 (km/c)/Mnk

umi 6,6917 -10°8 em/c?.

B03MOXXHOCTh HamM4usi y CKOPOCTH CBETa HEKOTOPOTO YCKOPEHHUs MOJTBEPKAACTCS pe3yJbTaTaMU
HEJTaBHUX MCCJIEIOBAHUM MPUPOTHOTO «sinepHOro peakTopa» B Oxio (I"adon, 3amagnas Adpuka) CtuBom
Jlamopo u [Ixacturom Toprepconom u3 Jloc-Anamocckoit HanmoHanbHO# nadopatopun CIIIA (Los Ala-
mos National Lab): http://n-t.ru/nv/2004/07061.htm,
http://www.membrana.ru/articles/global/2004/07/01/220600.htm|. HanomHto, 94TO B pe3yiabTaTre 3TUX HC-
cienoBaHuil ObUTO 3a()MKCUPOBAHO YMEHBIIEHUE MOCTOSIHHONM TOHKOM CTPYKTYPHI 0L BO BPEMEHHU, YHUCIICH-
HOE 3HAa4YE€HUE KOTOPOH 00paTHO MPOMOPLHUOHATIBHO CKOPOCTH CBETA!

27re?
hc
IJie e — 3apsj AMeKTpoHa, h — nocrosiHas [lnaHka, ¢ — CKOPOCTh CBETA.
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Bo-BTOpPBIX (4TO KacaeTcs BEIIECTBA), €CIIM HAOII0JAEMOE HAMH 3JIEKTPOMATHUTHOE M3IYYEHHE OT
JAJICKOIro KOCMHUYECKOI' O 06T>CKTa C 4acTOTOH
_ %
A
PETUCTPUPYETCS HALIUM MPUEMHUKOM Ha TOH K€ 4acTOTe, HO C OOJbIIEH JIHHON BOJHBI M COBPEMEHHOM

CKOPOCTBIO CBCTA
C A

Vo

V, = =V ,
A+AL  A+AA
A+AA AL
TO Cp =C———— MU C=Cy———~ =Cy +Cy—.
A+ A4 A A
[ToncraBuB 3HaUEHUE ¢ B BbIpaKEHUE (4), MOTYUUM:
AL=1 g_t
CO

Otcroga cienyeT, YTO BOSHUKHOBEHUE U ycuiieHHne ¢ (dekTa KpacHOro cMemieHus (1o Mepe mnepeHe-
CEHMS HAIIETO B3IJISAZa C OTHOCUTEIFHO OJM3KUX 00BEKTOB Ha BCE OoJiee NaneKkue) CBA3aHO HE C yBeJInde-
HUEM CKOPOCTH pa3JBM)KECHUS BEIIECTBA BO BCEICHHOI, a ¢ IUIMTENIbHOCTHIO TPOXOXKICHUSI CBETOBOTO CHUT-
HaJIa OT Ha0JIr01aeMoro HaMu 00bekTa. HBIMH cITOBaMu, BpeMsI TIPOXOKICHUSI CUTHAJIA OPE/ICIIICT BEIU-
YHHY MPUPAIICHUS CKOPOCTH CBETA OT MCXOTHOTO 3HAYCHUE, HA MOMEHT OTPbIBA CBETOBOT'O CHTHAJIA OT TO-
r0 WJIM MHOTO OOBEKTa, 10 U3BECTHOM B HACTOSIIEE BPpEeMs BEITUUYUHBI. A MpHUpAIICeHHEe CKOPOCTH TIepeIadn
curHayia (BO BpEMEHHU M MPOCTPAHCTBE) MPUBOJUT K COOTBETCTBYIOIIEMY YBEIIMUYCHHIO JJIUH BOJIH Ha BCEX
JacToTax M, KaK CJICACTBUC, — K OMMPEACITICHHOMY CABUTY CIICKTPaJIbHBIX JIMHUHA B KpaCHYIO CTOpPOHY. Cie-
JoBaTeNnbHO, HabMoMaemMas HaMu BceeneHHas B KOCMOJIOTHUECKHMX MacliTabax cTaThyHa — pacHIupsercs
JUIIH BUMMAs €€ YacTh, PalyC HAOIIOEHHUS, OTHOCUTEIHHO JIFOOOM TOUYKH. B 3TOM OTHOIIEHUU KaXKIbIH
YeNIOBEK BIIPaBE CUUTATh ce0s IIEHTPOM BceneHHoi, OT 4yero oH, BIIPOYEM, U HE OTKA3bIBAETCS.

[Ipn TakoM mnoHMMaHMM (PEHOMEHA KOCMOJIOTMYECKOTO KPAacHOTO CMEIIEHHsS HUKAKOW MpOoOJIeMbl
Oonpiux Z He cymiecTByeT. [IoHATHO, 4TO (pakTOp BpeMeHU (WM JUIUTEIHHOCTH MPOXOKIECHUS CBETOBOTO
CUTHaJIa 10 3eMJIM) HUKOMM 00pa3oM He MCKJII0YaeT BO3MOXHOCTH TosiBiIeHUs ¢ dexrta [Jommiepa (BoiaHO-
BOT'0 HUJIN qaCTOTHOFO) — OH JIMIIb BHOCUT JOMNOJHHUTCIBbHYIO COCTABJIAIOIIYIO B BCIUYHUHY Aﬂ,, KOTOpas
MpEBAUPYET TOJIBKO HA OYEHB OOJIBIITNX PACCTOSTHUSX.

CrnenyeTr OTMETUTD, UTO aBTOP HE OJIMHOK B CBOMX IPEJCTABJICHUAX 00 YCKOPEHHOM XapakTepe pac-
npocTpaHeHus ceera B npoctpanctse. Eme B 1990 rony Branumupom Podmanom Obuto BbICKa3aHO Mpe-
ITOJIOKECHHUE O HeHOCpeJICTBeHHOﬁ 3aBUCUMOCTH CKOPOCTH CBE€TA OT «CBGTOI‘IpOl‘Iyﬂ(HOﬁ» CITOCOOHOCTH Ba-
KyyMa, Kak IpOBOJSAIIEN U3IydeHue cpenpl [2]: «boiiee BbIcOKas CKOPOCTh CBETA B HACTOsLIEE BpeMs (I10
CPaBHEHMIO C HaOJI0JaeMbIM HaMU Ha rpaHunax MeTaraiakTUKy MpouuibiM BceeneHHoM) 3aKOHOMEpHO
CBiA3aHa C TEM, UYTO CBGTOHpOHyCKHa}I CHOCOGHOCTB BaKyyMa CCfI‘-I&C CcTaJla HAMHOI'O BBIIIC. BI/I,Z[I/IMO, C BBI-
JIEJIEHNEM U3 BaKyyMa 3HAUUTEIbHBIX Macc BEUIECTBEHHOW (JOPMBI MaTepUN YMEHBIINIACH €0 BHYTPEHHSA
SHCEPTOHACBIIICHHOCTL U, COOTBCTCTBCHHO, CHOCO6HOCTb 34aTOPMAKUBATL CKOPOCTH IMPOLECCCOB pacCHpo-
CTpaHCHUA SJICKTPOMArHUTHOI'O U3IYICHUS» (muTHpyeTCs o
http://physics.nad.ru/newboard/themes/51172.html).

Ctporo roBopsi, BeipakeHue (4) mpeacraBisieT coO0l ypaBHEHUE CKOPOCTU CBETA B Pa3HBIX UCTOPHU-
YCCKHX 2110XaX U HC UMECT HUKAKOIO OTHOMICHUSA K IMPOHCCCY NEPEMECIICHUA BEIICCTBA B IPOCTPAHCTBE, B
TOM YHUCJIC — U K IICPEMCIICHUTO HaGHIO,Z[aCMBIX HaMM1 KOCMHUYECCKHUX 06’LCKTOB. AHaJIOTUYHBIM 06pa30M BBI-
TIISIIAT U ypaBHEHHE CKOPOCTHU TpoIlecca TeHEepaluy BEIIECTBOM 3JICKTPOMArHUTHOTO M3IyYeHUs, T.€. da-
CTOTBI U3JITYUYCHUA (I/IJ'II/I KOJIMYCCTBA UMITYJIbCOB B CIUHUILY BpeMeHI/I) B Pa3HbIX UCTOPHUYCCKHUX 3I10XaAX, KO-
TOPOE BBITEKAET U3 ypaBHEHHUs (4), €ClIU B IIOCIETHEM C 3aMEHUTh NIPOU3BEJCHUEM AV, a C, — IpoU3Bee-

HUEM AV,


http://physics.nad.ru/newboard/themes/51172.html

V=V, =(qt, (5)

e MHOXUTENb (= §/A mpencrasiser coGoi npupaiierne (YCKOPEHHE) YaCTOThI U3Iy4EHHUs ONpEIesIeH-

HOTO pOJia, T.€. ISl KOHKPETHOW JITMHBI BOJIHBI IIPUMEHUTENILHO K JII0OOMY BemecTBy. Hampumep, mist 3e-
o 5
nenoit maauu Bogopoaa (A =4861 A =4,861-10" cm) yckopeHHe 4acTOThI U3Ty4eHHUs COCTABIISET:

-8
% = % =1,3766-10"° I/IMHyJ'IBCOB/CZ.

Du3HUeCKUil CMBICII 3TOTO MapaMeTpa CTaHeT OoJiee HATJISIHBIM, €CJTH IPUIATh €My Pa3MEPHOCTh KO-
JUYECTBAa UMIYJIBCOB B CEKYHIY 3a KaKOW-HUOYIb 0OJee UIMTEIbHBIA MPOMEKYTOK BPEMEHH, HAIPUMED,
OJIMH TOJI, OUH Mecdll U T.A. B Hamem ciydae 310 coctaBuT 43412 UMIynbCOB B CEKYHAY 3a TOJ, T.€. C
KaIbIM TOJIOM 4acTOTa M3IydeHHs Bojopoja Ha BonHe 4861 A Bospacraer Ha 43412 UMITYIIbCOB B CEKYH-
1y, WIH C KOKJbIM MecaleM — Ha 3618 uMmynbCoB B CEKYHAY, a C KaKJIbIM JHEM — No4YTH Ha 119 umnynb-
coB B cekyHay. KTo coMHeBaeTCsi — MOXKET IPOBEPHUTb.

KcraTn, ucxons u3 3Tux cooOpaxxeHUH, IITUTEIHHOCTh AaTOMHOM CEKYH/IbI, KOTOPYIO IIPUHSTO CUUTATH
paBHo# "9 192 631 770 nepurogaM KojaeOaHHUI IEKTPOMArHUTHONW BOJIHBI, U3JTydaeMOH aTOMOM 133cgm [1,
ctp. 31] cnenyer yBenuuuBath Kaxabie 100 et Ha 64,5 umnynabsca (4ToObI UATH B HOTY CO BpEMEHEM, a He
Oexarp "Briepeau mapopo3sa'):

9192631770
2,99792458-10"

q= % —g vl —~6,6917-10°° .31536-107 -100 = 64,5 (immyssca/c)/100 et

c

[Ipenmnonaraemoe cyiiecTBOBaHUE 3aBUCUMOCTH (D) MO3BOJIIET HE TOJIBKO TPOBEPUTH TPABOMEPHOCTH
HalllUX COOOpaXEHUH HKCIEPUMEHTAIBHBIM MyTeM, HO U TOYHO YCTAaHOBUThH YHMCJIEHHOE 3HAYEHHE MOCTO-
aHHOHN Xa00ua, T.e. BeJIMUNHY PUPALICHHS] CKOPOCTH CBETa BO BPEMEHHU.

Takum o0pa3om, Mmou npeacTaBjeHus 00 ycrpoiicTBe BeesieHHON 0CHOBaHBI HA IBYX KJIKYeEBbIX
MOJIOKEHHUSAX, OTHO M3 KOTOPBIX NPEAIoJaraer yCKOPpeHHOe PacIpoCTPaHeHHe YJIEKTPOMATHHUTHOIO
U3JIYYECHHUS] B NMPOCTPAHCTBE, APYroe — YCKOPEHHBbI Npouecc reHepanuy BelecTBOM 3TOr0 M3Jjayde-
Hus. O0a npouecca B3aUMOCBSI3aHbI MeKAY c000i, KOHTPOJIMPYIOTCH OAHUM U TeM Ke apaMeTpoM —
NOCTOSTHHOM Xa00J/1a — ¥ ABJSIIOTCS NPUYMHOI KOCMOJIOTHYECKOr0 KPACHOI0 CMellleHHUsl.

B ycnoBusix ycKOpeHHOro paclpoCTpaHEHUs CBETa B IMPOCTPAHCTBE YCIOBHBIM BO3pPACT 3TOr0 Mpo-
CTPaHCTBA, T.€. HEKOTOPBIM NPOMEKYTOK BPEMEHH, 3a KOTOPBIH CKOPOCTh CBETAa JOCTHUIJA MU3BECTHOW B
HACTOSALIEE BPEMs BETUUYHMHBI, PABEH:

10
L 3107 ~ 14 munnuapoos nem.

C
g 6,6917-10°

C yyeToMm TOro, 4TO0 MCTOYHUKOM 3JIEKTPOMATHUTHOIO M3JIY4YEHUs SBIISIETCS BEIIECTBO, YCIOBHBIN
BO3PACT MPOCTPAHCTBA MOXKHO PACCMAaTPHUBATh U KaK YCIOBHBIN Bo3pacT BceeneHHol B COBpeMEHHOM ee 00-
nuke. Haganmom orcyera 3TOro Bo3pacra ciielyeT CYMTaTh HEKOE COOBITHE, B PE3yJbTaTe KOTOPOTO BO3HHUK-
JI0 CrI0COOHOE K M3ITYYEHHUIO BEIIECTBO U OKPY’KaIoIIee ero MPOCTPaHCTBO, KOTOPOE CTAJI0 Cpesloi pacmipo-
CTPaHEHUs HTOTO U3IIy4EHUS.

BrioniHe BEposITHO, YTO TaKUM COOBITHEM MOT OBITH aKT pa3/eIeHUs] NEPBUYHON MaTepuu Ha Belle-
CTBO M IPOCTPAHCTBO C OAHOBPEMEHHBIM NPHOOPETEHNEM BELIECTBOM CBOMCTBA IPaBUTALMH, a IPOCTPAH-
CTBOM — CBOMCTBA JIEKTPOMArHUTHOTO MOJIsL. MeXaHu3M 3TOro mpolecca Mbl Bpsi JIM KOTrIa-HUOYyIb y3Ha-
€M, MOCKOJIbKY JaHHOE COOBITHE OT/EIEHO OT HAC HECKOJbKMMHU MHJUIMApJaMH JieT. MOKHO NpHBIIEKAaTh
pa3iIMYHbIE MOJEIIH €r0 PEAIN3aliy 10 AaHAJIIOTUH C U3BECTHBIMM YK€ MEXaHU3MaMU IIPUPOIHBIX IPOLEC-



COB (HampuMep, IPOLECCOM JIMKBAIMH KUAKON (a3bl HA JIBE COCTABIISIIONINE), HO MPU YCIIOBUH, YTO CIIE]I-
CTBHsSI 0003HAYEHHOTO Tpolecca OyayT KakKUM-TO 0Opa3oM COTJIACOBAHBI C M3BECTHBIMU YK€ 3aKOHAMHU
MPOSIBJICHUS CBOMCTB BEILIECTBA U IPOCTPAHCTBA.

[Tockonbky mpocTpaHCTBO 00Ja/1aeT CBOWCTBOM 3JEKTPOMArHUTHOIO IOJs, Jy4eBas CKOPOCTh pac-
MPOCTPAHEHUsSI KOTOPOTO paBHA CKOPOCTH CBETa HA JIAHHBIH MOMEHT BPEMEHM, TO paauyc '"BUIUMON"
Ha0II01aTeNIO (B CMBICIIE CIIOCOOHOI K Mepeaaye 3JIeKTPOMarHuTHOTO U3Iy4YeHHUs, U Jjanee — 0e3 KaBbIueK)

yacTtu BeeneHHol NOCTOSTHHO yBEJIMYMBAETCS C YCKOpEeHUEM (. 3a BpeMs t OH JOCTUT YCIIOBHOM BETMYMHBI:

CZ

R:lgt2 =,
2 29

I[eﬁCTBHTGHBHBIe Beanuuuel t 1 R Ham HCHU3BCCTHBI, ITOCKOJIbKY HCU3BCCTHA IMPOAOJIKUTCIBHOCTD
"co3peBaHMs" BelecTBa (0 HACTYIUICHUS TOTO MOMEHTA, KOTJIa OHO CTaJl0 CIIOCOOHO MeHEPHPOBAThH JJICK-
TPOMarHUTHOE U3JIy4€HUE), U HaydallbHas CKOPOCTb CBETAa Ha MOMEHT '"co3peBaHus" BemiecTBa. [loaTomy
Jr00OBIC TIONBITKU ONpeeIeHUs Bo3pacTta BeeneHHOM OecniepClieKTHBHBI B IPUHIIMIIE, @ CAMO MTOHATHE BO3-
pacta He uMeeT pu3nuecKoro cMmpicia. Yto KacaeTcs pajuyca BUIUMON yacTu BceneHHOH, TO ero MOKHO
OIPENIEIIUTh KaK YCIOBHYIO BEIIMYMHY pajnyca Toi chepbl MPOCTPAHCTBA, KOTOpas 00pa3oBajiaCh BOKPYT
HaOroaTelNs 3a yCIOBHOE BpeMs t Ipu ycIoBHOM "3amycke' MeXaHu3Ma IeHepalu 3JIeKTPOMarHUTHOTO
U3JIY4YCHHUSI BEUICCTBOM C HYJIEBBIX 3HaYCHHUU mapaMeTpoB V u V. B NeHCTBUTENBHOCTH 3TOT pajnyc He-
CKOJIBKO MCHBIIIC pvaeTHOﬁ BCJINYHMHBI.

O‘-IGBI/IIIHO, 4TO IPpU IreHepalru U Mnepeaadc 3JICKTPOMAriHuTHOIO M3JIYUCHUA Ha PACCTOAHUC, HaCTOTA
BO30Yy>KIa€MOr0 BEIIECTBOM CHUTHAJIa OMPEENsIeTcs CBONCTBOM BellecTBa (T.e. TOTO, M3 YEro CIIOKEHBI
SJICMCHTAPHBIC YaCTUIIbI BeHICCTBa) Ha I[aHHLIfI MOMCHT BPEMCHH, a HaYaJIbHasA CKOPOCTb PAaCIIPOCTPaHCHHUA
CBETOBOI'O CHTHaja B MPOCTPAHCTBE — CBOMCTBOM MPOCTPAHCTBA HAa TOT kK€ MOMEHT BpemeHHU. [Ipupona
IBOJTIOIIMHA YaCTOTHOTO PEXUMa T'eHEepaIliy BEIIECTBOM ASJICKTPOMArHUTHOTO HM3JIYYCHUS HaM IOKa HEW3-
BECTHA U TpeOyeT CIeNUaTbHOr0 pacCMOTpeHHUs. B OTHOIIEHHWU K€ CKOPOCTH PACIpOCTPAHEHHUS CBETa
MOJKHO C OOJIBIIION CTEIIEHBIO YBEPEHHOCTH TOBOPHUTH O TOM, YTO OHA ONPEACISAETCS BETHUYNHOUN YACIIEHOTO
00beMa MPOCTPaHCTBA, TTOCKOJIBKY 00a MmapaMeTpa B3auMO3aBUCHMBI MEXTy cOo00# BO BpeMeHU. PaccMoT-
pUM MaTeMaTH4eCKOe BBIPRKEHUE 3TOM CBS3U B pPaMKaX HBIOTOHOBCKOW TEOPHH T'PAaBUTAIUHU, HO C YUETOM
c(hopMyTUPOBAHHBIX BBIIIE TOMYIIICHHUH.

AHanmM3upys pa3sMepHOCTh IPaBUTAMOHHOM mocTosHHON G (cvm® -2 - ¢ ™), IpeAmnonokuM, 4To ITa

MOCTOSTHHAS SIBJISIETCSI He TOJIbKO MOKAa3aTeJieM CTeleH! CTPeMJIEHHsI BeleCTBA K TPABUTALIMOHHOMY
CHKATHIO, T.€. BeJIMYUHOM NMPHUPAIeHUs] CKOPOCTH COKPAIIIEHNS YAeJIbHOro 00beMa BellecTBa BHYTPH
HEKOTOpO# cdepbl MPOCTPAHCTBA, HO M TAKUM K€ PABHO3ZHAYHBLIM IMOKAa3aTeJieM CTEeNeHH CTpeMJIe-
HHS NPOCTPAHCTBA (WJIM BaKyyMa) K PaclIMpPEeHHUIO, T.e. BEJIMYUHOI NMPHUPAIIEHUS] CKOPOCTH yBeJIHU-
YeHHUsl y1eJbHOro 00beMa NMpPoCTPAHCTBA B mpouecce 3BoJonuu Beesiennoii. B Takom konTekcre dop-
myna Hbl0TOHa U1 OT/AeIbHO B3siToro Tena ¢ = GM/R? uMeer 1BOHCTBEHHBII CMBICI.

C onHOI CTOPOHBI, OHA OMPEAEISET BEIUINHY YCKOPEHHsI CBOOOIHOTO TMa/IeHus, T.€. BEIUYHHY MPHU-
pallleHus JIyueBOM CKOpPOCTH COKpalleHHs o0bema ToW BooOpaskaeMoil cdepbl MpocTpaHCTBa, B KOTOPOH
HAXOJHTCS TENO ¢ Maccoit M, a Ha caMoii cepe Ha paccTOSTHUU R OT 1leHTpa Tena — HaOIoaTeNnhb UK BbI-
OpaHHas UM MaTepuaiabHas Touka. [[IoHATHO, 4TO MpU CBOOOJHOM MaJCHUU 3TON Cepbl Ha TEIO C MEePBO-
HAYaJIbHBIM YCKOPEHHEM (, YAeNIbHbII 00beM BelllecTBa B pacuere Ha BCIO cepy OyneT yMeHbIIAThCs, a
TUIOTHOCTD — YBEITMYUBATHCA.

C nmpyroii cTOpoHBI, 3Ta ke GopMyia onpeAeseT BeTUIUHY TPUPAIICHUS Ty4eBOH CKOPOCTH PaCIIn-
pEHUS BUAMMOM YacTH MPOCTpaHCTBAa BeeneHHOM OTHOCUTENBHO JI000# ero TOYKH, T.€. OTHOCUTEILHO Me-
CTa HAXOXKJIEHUsI HAOIOMaTeNs WU NPpUEMHHUKA, B TOM YHCJIE W 3€MJIH, B 3aBUCUMOCTH OT "KoiudecTBa'
ATOTO MPOCTPAHCTBA (B MACCOBOM MCYHCIICHUH) U pajuyca ero BooopaxxaeMoii chephl, BETHIUHA KOTOPOTO

coctaBnser 1/2gt? Ha MOMEHT YCIOBHOTO BPEMEHH t, KOT/[a CKOPOCTh CBETA B TOUKE HAXOXKICHUS HABIIO-



W -W,

JaTens OOCTUrJIa BEJIMYMHBI C, . HpI/I TaKkou HHTCPIIpCTAaINH (1)I/I3I/ILI€CKOFO CMBbICJIa FpaBHTaHHOHHOﬁ I10-

CTOSIHHOM, CKOpPOCTb YBEJIMYEHUS YJIEIbHOro oO0beMa MPOCTPAHCTBA B IIpolecce 3BooLuu BceeneHHoi
OIIpEeJIeIISIETCS €€ BO3PAacTOM Ha JaHHbIN MoMeHT BpemeHnu: W, = Gt, a cooTHoIIeHHE BEIMYMH TOT0 Mapa-

MCTpPa B Pa3HbIX HCTOPUUCCKUX 3110XaAX — YPABHCHUCM:
Gt,

rje t — HEKOTOPBIH MPOMEXYTOK BPEMEHH MEXy HHTEPECYIOIIUMHI HAC COOBITUSAMH MK BPEMS IIPOX0K/Ie-
HUS CBETOBOI'O CUTHAJIA OT HAOII0AaEMOT0 HaMU 00BEKTA J10 3EMIIH.

Jnist Gosee HarMAAHOTO MPEACTABICHHS M3JI0KEHHBIX BBIIIE COOOPAKEHUN MPEICTaBUM ce0e, YTO He-
CKOJIbKO MWJUIMAPJIOB JIET Ha3aj, MOCIe Pa3JIeeHUs] IEPBUYHON MaTepHH Ha BEUICCTBO M IPOCTPAHCTBO,
I7Ie-TO Ha PacCTOSIHMM R OT TOro MecTa, TJe ceifuac pacroyio’keHa Hallla TalakTHKa, ObLI0 CPOPMHUPOBAHO
CHOCOOHOE K HM3JIYUYCHHIO BEIIECTBO, KOTOPOE CTall0 TeHEPUPOBATh HU3KOYACTOTHOE, COOTBETCTBYIOIIICE
TOMY BPEMEHH, 3JCKTPOMArHUTHOE M3IIyUYeHHE C ONpPEICICHHBIMU JJIMHAMU BOJH. [lepBoHauanbHas CKo-
POCTb paclpoCcTpaHEHHs ITUX BOJIH C, HaM HEM3BECTHA, HO OYEBUIHO, YTO OHA ObIIa HECOU3MEPHMO Majla
IO CPAaBHEHMIO C COBPEMEHHOM CKOpOCThIO cBeTa. I1o ncreyeHnto BpeMeHu t 3TH BOJHBI JOCTUIIIN 3€MIIH,

AJInHa BOJIH CYIICCTBCHHO CMCCTHUJIACh B KPAaCHYIO 001acTh CIICKTpPa, a CKOPOCTb UX PACHPOCTPAHCHUA B
MMPOCTPAHCTBC AOCTHUIJIA COBpeMeHHOﬁ CKOpPOCTH CBCTA:

c=gt=co+co%:co(l+z).

AHaIoruyHpIe CUTHAJIBI C TOTO MECTa, I'’I€ PACIIOJIOKCHA Hallla IraJlakTHUKa, T.C. C TOM XKe Ila.CTOTOI\/'I, C TOM XKe
BEIUYMHOMN KpaCHOIro CMCIICHHUA U COBpeMeHHOﬁ CKOPOCTBIO CBCTA ITOJIydaT TC Ha6J'IIO)IaT€J'II/I, KOTOPLIC
HaxXo4dATCA B HACTOSAIICEC BPEMA HAa OKpaMHAX BUJIMMOM HaMHU 4acTu BceneHHoi.

OueBuAHO, YTO /ISl COXPAHEHUS BEJTMUMHBI YCKOPEHHs Ha (PPOHTE MPOABIKEHHS SJIEKTPOMAarHUTHOM
BOJIHBI U Ha BOOOpaykaeMoOW MOBEPXHOCTH paCIIUPSIOLIEIics cepbl BUAUMON YacTH MPOCTPAHCTBA HEOOXO-

mmMo, uToObI BenmuuHa M/R? | min BenuumHa "KonMuecTBa" MPOCTPAHCTBA (B MACCOBOM BBIPAXKEHHIH),
HPUXOSIIErocst Ha UHUILY IJIOLIa U 3TOH cdepbl MPOCTpaHCTBA (47R? npu R =1/2gt?), ocrasanach mo-
CTOSIHHOW Ha MPOTSKEHHH BCEro Mpoliecca — ¢ MOMEHTA, KOrJa BEIIECTBO CTaJI0 CIOCOOHO MeHEepHpOBATh

SJICKTPOMArHuTHOC U3JIYYCHHUEC, U 10 HACTOALICTO BPECMCHH. [TocrossHHas Xa006a AacT CICAYIOUIYIO BEJIN-

YUHY 5TOr0 MapameTpa:
-8

M _9_689710 -, 55586 o/ cor.

R” G 6,7626-10

U BOT 3/1€Ch BO3HUKAET 3aMaHYUBOE TIPE/IITOJIOKEHUE: ITOYeMy Obl HU JOIYCTHTh, YTO y TPOCTPAHCTBA BU-
IUMOH 4vacTu BceleHHOM M/ R? =12/cm?, ecnu ToYHOE 3HAYEHHE MOCTOSHHON XaO6ia HemsBectHo? B

9TOM cly4yae BEJIMYMHA MPHUPALICHHS CKOPOCTH CBeTa OyAeT YMCICHHO paBHA TPaBUTAI[MOHHON MOCTOSH-
HOW: = 6,6726- 1078 ew/c? um 6,6726 A/cz, a moctosiHHas Xa00ya B mepBoHaYanbHO ee Buae Hy = 68,599
(km/c)/Mnxk, 9TO HAXOTUTCS B MIpeesiaX TOYHOCTH aCTPOHOMUYECKHUX PacyeToB. 3aMedy, YTO ATO JIOIMYIle-
HUE SIBJIICTCS YMCTO WHTYHTHUBHBIM IIAroM M HE MMEET NMPHHIMIAAIHLHOTO 3HAYCHHS ISl 00CYXKIaeMOM
MOJIENH yCTporcTBa BeeneHHom.

3Has BEIMYMHY IapaMmeTpa M/ R® u pamuyc BUIMMOH 4acTH BceleHHOM, HETPYAHO paccuuTaTh
yJIeNbHBIH 00beM MPOCTPAHCTBA Ha JIIOOOH MOMEHT BpeMeHH (WM MpH J1I000H CKOPOCTH CBETa):

2 2
u :47rR3/M AR R=2,8 g 22,60
3 3 Im | 3"g2" 377

(6)



OTO0 ypaBHEHHE MOKA3bIBAET, KAK COOTHOCATCS MEXIy COOOH yAenbHBINH 00BheM IpocTpaHcTBa (WK oopat-
Has eMy BEJIMYMHA — IJIOTHOCTh) U CKOPOCTh CBETA. YUUTaTh €ro MOXHO no-pasHoMy. C OHOH CTOpOHBI,
OHO IIOKAa3bIBA€T, KaKUM JOJIKCH OBITH YI[GHLHLIﬁ 00beM MMPpOCTPAHCTBA HA MOMCHT JOCTHXXCHUA CKOPOCTH
CBETa BEJIMYMHBI C U, CIE0BATEIBHO, CKOPOCTH NMPHUPAIIEHUS YASIBHOI0 00beMa IPOCTPAHCTBA BEITUUNHBI
W, a panunyca Bunumoii yactu BeeneHHol ycnoBHOHM BenuuuHbl R 3a ycnoBHOe BpeMs t ¢ MomMeHTa pasze-
JICHWS IEPBUYHON MaTE€pPUM Ha BEIIECTBO M MPOCTPaHCTBO. C Ipyrol CTOPOHBI, OHO OIPENENSIET CKOPOCTh
CBETa B 3aBUCUMOCTH OT yJIelbHOT0 00beMa U MilM INIOTHOCTH O NPOCTPAHCTBA:

3
272G O 2p7G’

c=g¢

YTO MOXET CIIY)KUThb MCKOMBIM OTBETOM Ha BOIIPOC O NPUYMHE YCKOPEHHOI'O PAacHpOCTPAHEHUsS CBETa B
IIPOCTPAHCTBE.

B nacrosiee BpCMms y,[[e.]lebIﬁ 00BeM IMPOCTPAaHCTBA PABCH:

B 27Gc?

—— =2,8196-10%an’/ 2,
39

U

a IUIOTHOCTh IIPOCTPAHCTBA, MU BaKyyMa, paBHa 0OpaTHOH BEIMYHHE YAEIBHOIO 00beMa:

2

39 _
P = W = 3,546610 292/C‘.7|/13.

HpI/I 9TOM CKOPOCTBH YBCIIMYCHUS YACIBHOT'O o0bema IMPOCTPAHCTBA YHUCJICHHO PaBHA CKOPOCTHU CBETA:

W =Gt =G < = 2,99792458.10° (e’ 1 2) /.
g

Hcxons n3 BeIlIE U3I0KEHHOTO, MOYKHO TOBOPUTH O TOM, YTO OKPY’KAIOLIUI HAC MUP ACHCTBUTEIBHO
pacmupsiercs. OgHaKo 3TOT MPOIecC HE SBISETCS MEXaHMYECKHM: pacIIUpsieTcsl JHUIIb BUIUMBIA 00beM
IpOCTpaHCTBA (C HAXOAALIMMHCA B HEM OOBEKTaMM) OTHOCHTEIBHO IMPOU3BOJILHO BBIOPAaHHOW TOUYKU
HaOroeHus, BKItovas 3eminto. CaMo ’ke MPOCTPAaHCTBO HUKY/AA HE PACHIMPSIETCA, TOCKOIbKY 3a Mpejena-
MU BUJAUMOM (OTHOCHUTENBHO 3eMIIM WM JIH000H Apyroi Touku HaOroaeHus) yactu Beenennoi HaxoauTes
TaKOH ke MUP, YTO U BOKpYT Hac. Ho Mbl y3HaeM 00 3TOM JuIlb crycTs 14 MUIUIMApAOB JIET, KOT/1a paciiu-
PUTCSI TOPU30HT BUIAMMOM yacTh BceneHHOM U CBET OT €€ OKpauH AOCTUTHET 3eMiH. [loaToMy ¢ KakapIM
JTHEM HAallld MPUOOPHI MOTYT PErUCTPUPOBATH FIEKTPOMArHUTHOE U3TyYeHHE OT BCE Oosiee Aaneknx o0bek-
TOB, KOTOpbIE HAYMHAIOT "MIPOSIBIIAIOTCS" HA OKpaWHaxX BUIMMOI yacTu BcenenHoil o mepe "cospeBaHus"
BElIeCTBa B JaJIEKOM IMPUMHUTUBHOM MPOCTPAHCTBE C MOBBIILIEHHOW MJIOTHOCTHIO. JIydeBasi ckopocTh pac-
mMpeHus HabmogaeMoil Hamu BeeneHHoi paBHa B HacTosIee BpeMsi CKOPOCTH CBETa, M 3Ta CKOPOCTh IO-

CTOSHHO YBEJIMUHBAETCS C ycKopeHneM ¢ = 6,6726-10°cu/c?.

CrpemiileHre MPOCTPAaHCTBA K PACHIMPEHUI0 (O KOTOPOM TOBOPHIIOCH BHINIE) HAJ0 MOHUMATh B TOM
CMBICJIE, YTO BEKTOpP § HaIpaBJIEH B CTOPOHY OTCYTCTBHUS IMPOCTPAHCTBA, T.€. K BEIIECTBY WJIU, CTPOTO I'O-
BOps, K aTOMaM U 3JIEMEHTapHbBIM YacTHULIaM BEIIeCTBA (HEUTPOHAM, IPOTOHAM M JIEKTPOHAM), KOTOPBIMU
3amojHEeHbI "MyCTHIKUA" B MpOCTpaHCTBe. MHBIMH clioBaMHU, Ha TpaHHIE MPOCTPAHCTBA M BelmiecTBa (Ha
MIOBEPXHOCTU aTOMOB M 3JIEMEHTAPHBIX YaCTHUI), IPUPOAA KOTOPOTO HaM [0 CHUX IOP HEU3BECTHA, BEKTOP
YCKOPEHHOTO PACUIMPEHHUs MPOCTPAHCTBA HAIPABIIEH B CTOPOHY BEILIECTBA W, BBHY OTOBOPEHHOW BBIIIE



IpeArogaraeMoi BO3MOKHOCTH JIBOMCTBEHHOT'O HPOYTEHUS (PU3MYECKOTO CMBIC/IA TPABUTALIMOHHOW IIO-
cTossHHOU G, BBIMONHAET OJHOBPEMEHHO (YHKIHIO BEKTOpa YCKOPEHHs! CBOOOTHOIO MAaZCHUS MO 3aKOHY
HeprotoHa /i oTAETBHO B3SATOTO Teda. CiaeqoBaTeIbHO, MOKHO MIPEATIONIOKHTE, YTO Y BCEX 3JIEMEHTAPHBIX

YACTHII BEWIECTBA BEMMYMHA M/F? MM, CTPOrO rOBOPSI, — BEIMUYHHA KOJIMYECTBA BEIIECTRA, MPHXOIAIIEr0-
cs HAa eIMHUIY IUIOMANN MOTPAHMYHOH cephl MeXIy BElECTBOM M HpocTpaHcTBoM (47r7), momkHa

OBITH OZIMHAKOBA U YHUCJIEHHO paBHA IIapaMeTpy M/ R? s Bumumoii yactu Beenennoii. IlosToMy oxkuma-
eMasi TNIOTHOCTb 3JIEMEHTApHBIX YaCTHUI] BELIECTBA Jr000H Macchl, 00paTHO MPOMOPIMOHANIBHA UX Pa3MeEpY:
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a paanyc, UCXO0Is U3 3aKOHa HBIOTOHa, PaBCH.

4TO B LOCJIOM HC IMPOTHUBOPCUYUT CYLCCTBYIOIIMM OICHKAM BCJIWYMH COOTBCTCTBYIOIIUX IIapaMCTPOB.

Hanpumep, ecii Macca MOKOsl IPOToHa cocTaBnseT 1,6726485-107%*2, To ero pamuyc J0mKeH OBITh paBeH

1,29331-10 **cu (mpu ycnoBum 4TO G/ g=1cu’/2), XOTa 10 OQHUIMATBHBIM JAHHBIM, HCXOS U3 KOMII-
TOHOBCKOM JJTMHBI BOJIHBI, OH Ha TIOPSIIOK MEHBIIIE:

ro=2A4 = N 1,3214099-107" cu,
mc

YTO MOJXKET OBITh CBSI3aHO C OCOOEHHOCTSIMU HEM3BECTHOW HAM TOKa BHYTPEHHEH CTPYKTYpHI JaHHOW 4a-
CTHULIBL.

C npyroii cTOpoHbI, CTpeMIIEHHE MPOCTPAHCTBA K PACHIMPEHHIO IIyTeM "BblIaBiIMBaHusA" U3 ceds aie-
MEHTApHBIX YaCTHI[ BelecTBa mpy pasencrse M/r’> = M/R? roBopuT 0 TOM, YTO ILIOMIA[b PACIIMPSIO-

mieiicst cepsl BUANMOM YacTu BeenenHol TopkHa ObITh paBHA IUIOINIANA MTOBEPXHOCTH BEIIECTBA, T.€. €T0
aneMeHTapHbIX YacTull. OTCI0[a MOKHO PaCCUUTAaTh KOJIMYECTBO BEIIECTBA, HAXOAUIETOCs B Ipeiesax BU-
JMMOM 9acTh BceneHHoM, U IIIOTHOCTD €r0 paclpeesIeHHs B IPOCTPAHCTBE 110 KOJIUYECTBY 3JIEMEHTAPHBIX
YaCTHIl BELIECTBA HA TAHHBII MOMEHT BPEMEHH.

B uwactHOCTH, MTomane chepbl BUAMMON yacTi BeenenHol B HacTosiee BpeMs, T.€. IIPU COBPEMEH-
HOM CKOPOCTH CBETa, paBHa:

c? ct
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S=47ZR2=47T(191'2) =4r 1g—2 =T—.
2 279 g

Torma, ecnm TUIOmMAAL TOBEPXHOCTH OJHOM YAacTUIBI BemecTBa (J000H Macchl) COCTaBIISIET
S=4xr? =47mG/ g, TO KONMMYECTBO SIEMEHTAPHBIX YAaCTHI] BEIIECTBA B Mpe/eNax BHAMMO JacTh Bce-
JIEHHOM PaBHO:

S c*

s :4gGm'



CJ'IG,Z[OBaTeJ'IBHO, Macca BeHiecTrBa (I/IJ'II/I MacCa BCETO KOJIMYECTBA 3JIEMEHTAPHBIX IIEICTI/H_[) OIIPEACIIACTCA
4

BbIpA)KCHHUCM M =Nm= . OTCIO,[[a INIOTHOCTB pacHpeeICHUA BEIIECTBA B IPOCTPAHCTBE COCTABUT.
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IToHATHO, YTO Macca BEHIECTBA OTHOCUTCA K BUJAMMOM 4acTh BCeneHHOM, a IIIOTHOCTh pacipeacicHus Be-
1IECTBa B MPOCTPAHCTBE MOXKHO PaCHpOCTpaHUTh Ha BClo Bcenennyro. Kak BuiuMM, macca U IJIOTHOCTh
pacrpeeneHns] BEIIeCTBA YMCIECHHO PaBHbI COOTBETCTBYIOIIMM IMapaMeTpaM IMPOCTPAHCTBA, YTO MOKHO
paccMaTpuBaTh Kak pe3yJbTaT CHMMETPUYHOI0 pa3je/ieHusl NepBUYHOH MaTepUH HA BelecTBAa M MPo-
CTPAHCTBO.

B cBeTe u3n0KE€HHOro, pEeIMKTOBOE M3JIy4€HHE, UHTEHCUBHOCTh KOTOPOIO B HEKOTOPOM JHara3oHe
4acTOT OJIMHAKOBAa BO BCEX HAIpaBJICHUSX 3BE3AHOT0 HeOa M (akT oOHApyKEHHs] KOTOPOro0 CUUTAETCS
[JIaBHBIM apI'yMEHTOM B I10JIb3Y TUIIOTE3bl O HEKOTja MPOU30IIEIIeM OOJIbIIOM B3pbIBE (110 IPUUUHE TOTO,
YTO CIIEKTP 3TOr0 M3IY4YECHUs HAIlOMHHAET CIIEKTP M3JIydyeHHs] aOCOIIOTHO YEPHOro Telsa, KaKuM, 110 MHe-
HUIO KOCMOJIOTOB, JOJDKHA ObuTa ObITh Hamla BceneHHas B mepBble MCHOBEHUS TOCIE CBOETO POXKICHUS),
MOYKHO pacCMaTpHUBaTh Kak pe3yabTHUpyromuil 3hdekT oT usnyuyeHus razoo0pa3Hoil 060104KH TPUMHUTHB-
HOTO BEIIECTBA, IIO-BUAUMOMY, TOrO K€ BOJOPOAA, IPUMBIKAIOLIEH K KPAar0 BUAMMOMN 4acTu BceseHHOM.
3TO0 Mpeanoa0kKEeHNe OCHOBAHO Ha CIEIYIOIUX COOOpaKEHUSX.

M3BecTHO, YTO B CIIEKTPax 3Be31 U OTHOCHTEIBHO ONM3KUX KBa3apoB HanOoJiee WMHTCHCUBHOM SIBIIS-
eTcs pe3oHaHCHas MuHUsA Bojopona L, (Jlaiiman-anbga) ¢ amuHoit Bonnsl 1216 A. Dra sxe nuuus mpucyT-
CTBYET U B CIIEKTpax IMOIJIOIIEHUSI MEXTaJlaKTUUECKOTo raza. Ecny 3Ta TUHUS COOTBETCTBYET MAKCUMYMY

PCIIMKTOBOT'O U3JIYUCHUSA C JJIMHOM BOJHBI OKOJIO A= 1MM, KaK U B CIICKTPC a0COJIFOTHO YCPHOTI'O TEyiIa, TO
001acTh 3apOXKACHUSA JAHHOT'O U3JITYUCHUA JOJIKHA UMETH BCIIMUNHY KPACHOTI'O CMCILCHU:

S A_/I B ) ~ 1um—0,0001216 ym

=8222,6842.
A A 0,0001216 mm

[Tpu Takoii BeIMYMHE KPACHOTO CMEIIEHUSI CKOPOCTh CBETAa HA MOMEHT (DOPMHUPOBAHUST PETUKTOBOTO H3JTY-
YEHUsI COCTABJIANIA!

_ ¢ 2,99792458-10"°
1+z 8223,6842

~ 36,45xm/ c,
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YCIOBHBIN Bo3pacT Beenennoi 6bu1 t, = —2 ~ 1,732 MWLIHOHOB JIET, a IWIOTHOCTh MPOCTPAHCTBA COCTAB-
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nsna P, ZZLGZ =2,4-102°2/cn®.
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Bce npyrue cepun Bogopoia pacnosaratoTcsi B AIMHHOBOJIHOBOM Y4acTKe CIEKTpa, BIUIOTh 10 10 cm
anst ocHoBHOM uHuK 123718 A cepus Xomndpu, 4To HOJIHOCTHIO COOTBETCTBYET JMANA30Hy BOIH PEHK-
TOBOT'O M3JIy4EHHUS.

OueBuAHO, YTO CO BPEMEHEM JUIMHA BOJIH (POHOBOIO M3ITydeHHUs OyJeT pacTy MPONOPLMOHAIBHO yBe-
JMYEHHUIO CKOPOCTH CBETa U paguyca BUAUMON yactu Beenennoii. Takum oOpaszom, "mernect” peluKToBOro
U3IY4EHUs, 10 OYEHb YJAYHOMY OINPEJAEICHUIO 3TOr0 SIBIECHHS aMEPUKaHCKHMM acTpoHOMOM CTHBEHOM
MapaHoM, OTpakaeT 3aBEpUIAIONIYIO CTaaWi0 (OPMHUPOBAHUS BEIECTBA HA OKPAMHAX PACHIMPSIOLIETOCS



o0beMa BUAMMOM yacTu BceneHHOM, TJie 3TO BEIIECTBO 110 HEM3BECTHBIM HAM IIPUYMHAM HAuMHAET B3au-
MOJIEHCTBOBAaTh C IIPOCTPAHCTBOM, U PE3YJIbTAT 3TOTO0 B3aUMOAECHUCTBUSI Mbl OOHAPYKMBAEM B HACTOAILIEE
BpeMs. YCTaHOBJIEHHOE HEJaBHO SIBJICHUE AHU3OTPOIIUHU PEIUKTOBOIO M3IYyYEHMs, CBHUIETEIILCTBYET, I0-
BUIMMOMY, O CYIIECTBOBAaHHH B "JOMCTOpHUYECKYIO" 310Xy BceneHHON GeCKOHEUHOro KOJIMYECTBa JOMeE-
HOB, "packpbITHE" KOTOPBIX HAUMHAJIOCh MPHU PA3JIMYHBIX IJIOTHOCTSAX MPOCTPAHCTBA U C pa3IMYHBIMU
Ha4YaJIbHBIMHU CKOPOCTAMH PACHPOCTPAHCHHUA SJICKTPOMArHUTHBIX BOJIH. HpI/I 3TOM Ka)I(I[bIﬁ HOBBIN JOMCH
"OTKpBIBaJICS" B COOTBETCTBUU C TEMU IapaMETPAMU CKOPOCTHU CBETA U IUNIOTHOCTU MIPOCTPAHCTBA, KOTOPbIE
y’e OBbUIN JIOCTUTHYTBI B COCEHUX, O0JIEe 3pENbIX, JOMEHAX.

Bo3Bpainasich k BOmpocy o mpupoje KpacCHOro CMEIeHH s, 3aMETUM, 4TO Bce Tpu ypaBHeHus (4), (5) u
(6), kaxI0€ M3 KOTOPBIX OTPa)KaeT OJHOTHITHBIA XapaKkTep TEYCHHs COOTBETCTBYIOLIHUX IPOIEcCOB BO Bee-
JICHHOM, CBSI3aHbl MEX1y COOOM OJIHUM U TEM K€ MapaMeTpOM — BEIMYMHONW KOCMOJIOTMYECKOI0 KPAaCHOTO
CMEILICHHUS:
_ AL _gt_ Gt _C-¢ :W—WO _V-Y,
A ¢ W, Co W, v,

z

Taxkum oOpa3oM, puU3MUECKUIT CMBICI 3TOTO MapaMeTpa (BEIMYUHY KOTOPOro MOKHO, YTO Ha3blBaeT-
cs, "momynars" — U3MEpUTh Ha (POTOIUIACTUHKE) COCTOMT B TOM, YTO OH OTPa)KaeT CTENEHb MPUPALICHUS
CKOpPOCTH CBETa, YaCTOThI U3Ty4E€HUS U CKOPOCTH YBEIMUYEHHs YAEIbHOr0 00beMa MPOCTPAaHCTBA (32 BpeMs
IIPOXOKIAEHUSI CBETOBOTO CUTHaJa JJO 3€MJIM) OTHOCUTEIbHO MCXOJHBIX BEJIWYMH HAa MOMEHT OTpPbHIBA CBE-
TOBOI'O CUTHaJla OT Ha0JII0JaeMOTr0 HAMU KOCMHUYECKOT0 0OBEKTa.

VYpaBHEHHE PaACIIPOCTPAHEHHS CBETA B YCIOBHUAX YCKOPEHHOI'O ITPOXOKICHMS CBETOBOIO CUTHAJIA B
MPOCTPAHCTBE OT HAOJIOIaEMOT0 00BEKTa 10 3eMIIH, MPU 3aJaHHOM YacTOTE U3IYYCHHS, UMEET CIIEeIYIO-
AN BUT:

(A+AA)v, =c, +qt.

3amenuB gt Ha C—C,, B COOTBETCTBHH C ypaBHeHHeM (4), monyunm (A+AA)V, =C,Tae V, =V, — dacrora

Ha PUEMHUKE, YTO aHAJIOTUYHO YPAaBHEHUIO PAaCIPOCTPAHEHUS CBETa B Cliydyae yIaJICHHs NCTOYHHKA U3ITY-
YEHUs OT HETMOIBIXKHOTO HAOII0JaTes IPU COBPEMEHHOM CKOPOCTHU cBeTa (CM. 11. 4), T.€.:

A+mr=S-5
vV, v,

"

Onnako (GU3MYECKUN CMBICT 3TOTO YpaBHEHHUsS B JAHHOM Cllydae IPYrou: 37ech oOpaTHas 3aBHCH-
MOCTh M&XIY Vv i AA (unu Z) 00ycoBJIeHA HE OMOCPEIOBAHHBIM YMEHBIIICHHEM YaCTOTHI U3JIYYCHHS V B
pe3ynbTaTe yaajdeHuss UCTOYHUKA W3IYICHHS OT HaOJr01aTensl, a eCTECTBEHHBIM ""OMOJIOKEeHHEeM"" TIporiecca
TeHepaIuy 3TOTO M3IYYCHUS U CAMOTO MPOCTPAHCTBA MO MEpPe YBEIUUYCHHs PACCTOSHUS MEXy HaOo1a-
TeneM (B JaHHOM ciiydae 3emyieii) U 00beKTOM ero HabmoieHns (JaIeKUMHU OT HAaC TaJJaKTHKaMH) — MEHb-
[IMMH BETUYMHAMHU V ¥ ¢ B 0OJiee paHHUE JIOXU CYIIECTBOBaHMS BceneHHO#, BHEITHUI OOJIMK 3BE3IHBIX
CKOIUJIEHUH KOTOPBIX (3THUX 31M0X) MBI HaOJII0/JaeM B HACTOSAIIEE BPEMs B BHJIE JOMIEIIINX 0 3eMJIA Yepe3
MHOTHE MIJIJTUOHHI JIET KAPTUHOK 3BE3HOTO Heba.

OTO XK€ ypaBHEHME I03BOJISET MPOBEPUTH JTOCTOBEPHOCTh HAIIMX PAacCYKIEHUH, B JOMOJIHEHHE K
PAcCMOTPEHHOH BBINIEC 3aBUCUMOCTH (5), TyTEM CPaBHEHHS PACUCTHBIX W 3aMEPEHHBIX YaCTOT HM3ITyYCHHS
JUTSE KOHKPETHBIX JITMH BOJH B 0001 obnactu Z. MI3mMepeHHas yacToTa JOKHA ObITh paBHA (MTOHITHO, YTO
B KQXKIOM Clydae HE0OXOJIUMO BBOJUTH COOTBETCTBYIOIIHE ITOTPABKY Ha BIIMSHHE TPABUTAIIMOHHOTO TOJIS
3emun):
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A+AL 1+1z
Jpyroii crocod mpoBepKH MpeAroIaraeéMoil MoJIeN yCTpolicTBa BCeleHHOM 3aKiIF09aeTcsi B ONpeIeliCHUN
paccTosiHUS 0 KaKOro-HUOY/Ib UICTOYHHUKA U3TYyYEHHS] HE3aBUCUMBIM CIIOCOOOM U CPaBHEHHH MOJTYYEHHOTO
pe3yJibTaTra C paCueTHON BETUYUHOM:

1 1 (c?-c? c?(@1+2)?-1
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Hrorom Hammx paSMBIHIJICHI/If/'I O BOSMOJHBIX IMPUYIMHAX KOCMOJIOTHYECKOTI'O KPAaCHOIo CMCIICHUS SIB-
JSETCA CIICAYIOIICC YPABHCHHUC COOTHOIIICHUM CBOUCTB BCIICCTBA U IIPOCTPAHCTBA BO BPCMCHU
Vo ¢ W, A 1

v ¢ W A+AA 14z

B KOTOPOM CBOMCTBA BCEX Tpex cyOcTaHlMi BceneHHON — BelecTBa, MPOCTPAHCTBA U BPEMEHH — CBA3aHbI
B €IMHOE 1I€JIO€ TIOCPEACTBOM COOTBETCTBYIOIIMX [1apaMETPOB — YACTOTHI U3JIY4YEHHUS V, JIy4€BON CKOPOCTH
pacmpocTpaHeHHsI 3TOTO U3IYYEHUs ¢, CKOPOCTH YBEIIMYCHUS YIEIbHOTO 00BheMa npoctpancTBa W u kpac-
HOT'O CMEIlEHNUs Z. BennunHa nociaeIHero oTpaxkaeT, ¢ OHON CTOPOHBI, YCIOBHBIM BO3pacT BceneHHOM Ha
MOMEHT OTpbIBa CBETOBOI'O CUTHaIa OT Ha0JII01a€MOT0 HAMH 00BEKTA:

Gy c

t, =),
g 9@l+2)

ac I[erﬁ CTOPOHBI — JJIMTCIBbHOCTD IMTPOXOKACHUSA DTOI'0 CUTHAJIA 10 SemMiu:
c-C, C 1
g g 1+z
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Ipunoscenue

W3noxxeHHble BbIlIEe MpeACTaBIeHUs 00 3BOMIOUMM (yHIAMEHTAJIbHBIX CBOWCTB BEIIECTBA M MpPO-
CTPAHCTBA BO BPEMEHM MO3BOJISIOT JOMOIHUThH (PU3MUYECKUI CMBICT HEKOTOPBIX MOHATHIA HOBBIM CO/EpIKa-
HueM. B "acTHOCTH, OKa3bIBaeTCs, YTO M3BEeCTHOE ypaBHeHue [lmanka mist suepruum ¢potona E =hv cmpa-
BEJIIMBO JIMIIIb HA KOHKPETHBI MOMEHT BPEMEHM B HCcTOpUM BceenenHol. Ecnu 3To ypaBHEHne nepenucarhb
B BUJIE DHEPIUM JJIEKTPOMATHUTHON BOJIHBI, TCHEPUPYEMOU OZHUM aTOMOM BEILECTBA, TO IOJYYUM IIps-
MYIO 3aBUCUMOCTb JIAHHOM YHEPTHH OT Bo3pacta BceneHHom:

E=tv=hS=|ndl
AL

riae h — mocrosunas [Tnanka, g — mocrosiHaas Xab06i1a, ¢ — CKOPOCTh CBETA Ha JJaHHBIM MOMEHT BpeMeHH, { —
YCJIOBHBIM BO3pacT BceneHHoM, a MHOKUTEIb [hg / ﬂ,] — CKOPOCTh MPHUPAIIECHUS SHEPTUU HU3ITYUCHHS IS
KOHKPETHOW JUTMHBI BOJHBL. [Ipu 3TOM cieayeT uMeTh B BHAY TO OOCTOATENBCTBO, YTO YBEIHMYCHHE DHEP-
TUH IIPOMCXOJIUT HE BO BPEMS JABUKEHUS BOJIHBI B IIPOCTPAHCTBE, & B MPOLIECCE €€ TEHEPALIMU BELIECTBOM,
T.€. K&KIbIA HOBBIM aKT M3JIy4eHUs HeceT B ceOe OOoJbIIYI0 SHEPTHI0 OTHOCUTENBHO npeabiayniero. Coot-
BETCTBYIOILIMI POCT DHEPIUU CIECAYET 0KUIATH U B IMPOLIECCE MOMIOMIEHUS dJIEKTPOMArHUTHOTO U3Ty4YECHUS
BEIIECTBOM. DTO O3HAYAET, YTO C TEUEHHUEM BPEMEHH BELIECTBO CIOCOOHO MOTJIOMATh BCE OOJIbIIEe KOIU-
YEeCTBO PHEPTUU Ha BCEX YacToTax. Mi3MeHeHue BeIMUMHBI SHEPTUH U3JTydeHHs (IIOTJIOIIEHHS) BO BpPEMEHU
MOJAYMHEHO TOM k€ 3aBUCUMOCTH, C KOTOPOW M3MEHSIOTCSI CKOPOCTh CBETA, YACTOTA U3IYUYEHHUS U CKOPOCTh
YBEJIMUYEHUS YJICIBHOTO 00BbeMa MPOCTPAHCTBA:



E-E, = jt,

rae j=hg/A — ckopocTh mpupaleHus: KOJIMYECTBa UCITyCKAEMOM HIIM MOIJIOIAEMOM OTHUM aTOMOM Be-

LIECTBA DHEPIUU HA KOHKPETHOMU JJIMHE BOJIHBI, a t — HEKOTOPBIN MPOMEXYTOK BPEMEHHM MEXIy UHTEpECY-
IOLIIMMHU Hac coObITUAMHU. OTHOCUTEIBHOE IPUPAILEHNUE SHEPTUH ¢ TEUCHUEM BPEMEHH ONPEeNsaeTcs, Kak u
B CJIy4ae cOo CKOpocThio cBeTa ¢, W U V, BEIMUNHON KPACHOTO CMELLIEHUS:

A _E-E
A E,

B pamkax mpenmonaraemoil Mojaenu yctpoicTBa BceeneHHOI, Tak Ha3piBaeMbIi (HOTOMETPUUECKUN
napaaokc, KoTopelid 0pu1 chopmynupoBan B 1744 1. XK. Ille3o B LIBeitnapun, a mosxe B 1826 r. I'. Onnbep-
coM B ['epmannu [1], MOKHO 00BACHUTH clieAyroMM oOpa3zoMm. Ilpu yckopsiromuxcs BO BpeMEHH IpoLiec-
cax IeHepaluy 3JIEKTPOMarHUTHBIX UMIIYJbCOB BELIECTBOM M IIEpEadyy UX HA PACCTOSIHUE, CBET OT OYECHb
JAJIEKMX UCTOYHUKOB M3JIy4E€HHs, KOTOPBII 110 MPUPOJE CBOEH SBISIETCS MEHEE YAaCTOTHBIM, Ye€M TOT, K KO-
TOPOMY MbI IPUBBIKIH, PO NPHWINYHOE PACCTOSHUE 332 HE MEHEE NMPUIMYHBIN IPOMEKYTOK BpPEMEHH,
OKa3bIBAE€TCsl CMEILICHHBIM B JUIMHHOBOJHOBBIN MaNa3oH CIEKTPAa U HE BOCIPUHUMAETCS HAIIUMU OpraHa-
MU 3peHus. [loaToMy nanee onpeneneHHOro rOpu30HTa, ¢ "KPUTUYECKOW" Ui HAlllero 3peHUs 4acTOTOM
U3JIY4EHUs, Mbl HUYETO He BUJIUM, YTO M M03BOJIIET HaM Pa3IMyaTh TOJIBKO OJMbKaiiiye K 3emiie 3Be3/1bl Ha
TEMHOM ()OHE HOYHOTO Heba.

OpHako r1aBHON NPUUMHON (POTOMETPUUECKOTO MMapaJoKca, I0-MOEMY, SIBJISIETCS TO 0OCTOSTENBCTBO,
4yT0 HaONro/1aeMasi HHTEHCUBHOCTh CBEUEHHMsI JIFOOOT0 MCTOYHMKA M3JIydeHHs! YOBIBAeT MPONOPLUOHATIBHO
KBaJpaTy paccTOsSHUS OT Hero. PU3NYECKHid CMBICT JTOTO SIBICHUS 3aKII0YAaeTCs B TOM, YTO MHTCHCHB-
HOCTh CBEUYEHMs 00BEKTa Ha paccTOSHUU R OT Hero ompezensercs "KOJIMYecTBOM'" CBETa, MPUXOAAIIETocs
Ha €JIMHUILY TUIOMAIU TOU chephl MPOCTPAHCTBA (47rR2 ), Tae HaxoauTcs Habmonarens. B actpodoTomer-
pUM 3TO TMOHATHE HOCUT Ha3BaHWE OcBelleHHOCTH. [loaTomy yeM Oomble paguyc cdepbl, Ha KOTOPOil
HaXOJUTCs HabJto1aTeNb, — TEM MEHbIlE "MJIOTHOCTh CBETA" Ha €€ MOBEPXHOCTU U TEM MEHEE SIPKUM BbI-
TJISIAT OOBEKT.

B 3akiroueHue HECKOJBKO CIOB O rpaHunax BeenenHoit. C ToUkHM 3peHUst opUIMANTBbHON HAyKH 3TOT
BOIIPOC PEILIAETCSI UCXO/sl U3 MPEIITOJIOKEHNS O TOM, YTO pa3Mephl BceneHHo# orpaHnyeHsbl ee rpaBUTalu-
OHHBIM PAJNYCOM H, CJIEJOBATEIbHO, KOHEUHBI. "Y TBEPkKAECHUE O KOHEUHOCTH pa3MepoB BceneHHol, KoTo-
poe MpH OIpe/IeTIeHHBIX YCIOBUIX CIIEAyeT U3 00IIel TeOpUr OTHOCUTEIHLHOCTH, O3HAYaeT, YTo Bce PU3U-
YeCKHE MPOIECChl 3aMKHYTHl B KOHEYHOM 00BbEME U HE BBIXOJAT «HApYKy». B uacTHOCTH, Ty4n cBeTa He B
COCTOSIHUH TIOKUHYTH 3TOT 00beM” [3 cTp. 194]. B 3TOM KOHTEKCTE BO3HUKACT €CTECTBEHHBIN BOIIPOC: @ YTO
K€ HaXOAUTCA 3a MpejesaMu TPaBUTAIMOHHOTO pajauyca, €Cid TaM HeT HH BEIIeCTBa, HU MpOCTpaHCTBA?
OdunmanbHas HayKa 3TOT BOIIPOC BOOOIIIE HE pacCMaTPUBAET.

C namelt TOUKM 3peHHs BOIPOC O rpaHuiiax BceneHnHoil 6GeccMbiciieH, MOckonbKy Beenennast 6ecko-
HeuHa. ToT 06beM IpocTpaHCTBA, KOTOPBIM OCTyINeH HaOI0AeHUI0 U3 000l Toukn BcenenHoil, B Tom
yuciie U ¢ 3eMJId, U KOTOPBI Mbl 0003HAYMIIM KaK BUJIMMYIO 4acTh BcenenHoll, orpannueH npumepHo 14
MIIIHAP/IaMHU CBETOBBIX JIET C YYETOM YCKOPEHHOI'O paclpOCTpaHEeHUs cBeTa B mpocTpaHncTe. C GosbIero
paccTosHUSL OTHOCUTEIBHO 3eMIIM MIJIM KaKOW-THO0O0 APyroil TOUKH HAOMIOEHUSI CBETOBbIE CUTHAJBI HE MO-
CTYHAloT B CHJIy TOTO, YTO B TO BpeMs HE ObUIO HU MPOCTPAHCTBA, B KOTOPOM 3TH CUTHAJIbI MOTJIH OBbI pac-
MPOCTPAHATHCS, HU BEIIECTBA, KOTOpoe TeHepupoBaio Obl 3Tu curHaibl. beuto HEUTO, dro mMoxHO
Ha3BaTh IIEPBUYHOU MaTEepUEH.

3aKja4eHue



Ha moit B3rsa, uenecoodbpaszHo mpusHaTh, 4TO HabOI0qaemMast Hamu BeeneHHast sSiBsieTcsl caMopa3BH-
BAIOIIEHCS CUCTEMOM, CBOCOOPA3HBIM T€HETUYECKH €IUHBIM TaHJIEMOM IPOCTPAHCTBA U BEIIECTBA, PyHIA-
MEHTAJIbHbIE CBOMCTBA KOTOPBIX — YaCTOTa BO30Y)K/1a€MOr0 BEIIECTBOM AJIEKTPOMArHUTHOTO U3JIy4YEHUS U
CKOPOCTb PACIPOCTPAHEHUS STOTO MU3JIYYCHHS B MPOCTPAHCTBE — UMEIOT OJIHO U TO K€ YCKOPEHHUE, YHCIICH-
HO paBHOE MOCTOSTHHOM Xa00sa. JIBHxKyIel CUIION 3TOro TaHAeMa SBJISIETCSI €CTECTBEHHBIN, YCKOPSFOIITH -
Cs1 BO BPEMEHH, MTPOLIECC IBOJIOLMH MaTepUalIbHOro Mupa. Kiirouom K MOHUMaHHUIO 3TOTO MPoIiecca CIyKUT
rpaBUTALMOHHAS MTOCTOSIHHAS G, NEHCTBUTENbHBIN (PU3NYECKUI CMBICIT KOTOPOM MPEICTOUT €IIe PACKPHITh.
@opMaJIbHO K€ 3Ty KOHCTAaHTY MOYKHO paccMaTpUBaTh, C OJHOW CTOPOHBI, KAK YCKOPEHHUE Mpoliecca yBe-
JMYEHHUS yIeIbHOr0 00beMa IPOCTPAHCTBA, a C IPYTol — KaK YCKOpEHHUe Mpoliecca COKPAIEHUs yAeIbHOrO
00BpeMa HaXOAIIErocs B 3TOM IPOCTPAHCTBE BEILIECTBA.
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