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CTpeJihll,OB B.H. D:2-92-552 
OnhlT AuBca - CTH.11Y3J1J1a n pensiTHBHCTCKaSI ,11;mrna 

JloKall,HOHHaSI <POPMYJIHpoBKa TeOpHH OTHOCHTeJibHOCTH onepnpyeT CBeTO

BblMH, HJIH 3ana3,D;blBaJOm;HMH, paCCTOSIHHSIMH H BBe,D;eHHOH ua HX OCHOBe penSI
THBHCTCKOH, HJIH JIOKall,HOHHOH, .D;JIHHOH. CJie,D;CTBHeM KOHu,enU,HH 

peJISITHBHCTCKOH .D;JIHHbl SIBJISieTCSI (pOpMyJia YAJIHHeHHSI. IlpSIMblM nO,D;TBep)K

,11;euneM ee cnpaBe.D;JIHBOCTH (.D;JISI cpe,11;ueu .D;JIHHbl BOJIHhl CBeTa, HcnycKaeMoro 
.D;BH)KYlll,HMHCSI aTOMaMH B .D;BYX fipoTHBOTTOJIO)KffbIX uanpaBJieHHSIX) CJiy)KaT 

onhlThl Aiieca - CTH.IIY3JIJia H ,11;p. no n3y4eun10 KBa,11;paTHtJ.uoro 3Cj)¢eKTa 

D:onJiepa. IlpH 3TOM SIBJieHHe a6eppall,HH CBeTa CJie,11;yeT paccMaTpHBaTh KaK 

nepeoe npoSIBJieHHe CBeTOBOI'O paCCTOSIHHSI. 
Pa6oTa ehlnonueua e Jla6opaTOpnn BhlCOKHx 3ueprnu OM.SB1. 
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Coo6w_eH11e O!n.e,1111He1rnoro 11HCT11TyTa 11,11ep11bLX 11cCJJe,11osaH11.:i. )ly6Ha 1992 

Ilepeeo,11; aBTopa 

Strel'tsov V.N. D2-92-552 
Ives - Stilwell Experiment and Relativistic Length 

The radar formulation of the relativistic theory operates with light or 

retarded distances and relativistic or radar length introduced on their basis. The 

elongation formula is the consequence of the relativistric length concept. The 

experiments of Ives and Stilwell and others on the study of quadratic Doppler 
effect are direct experimental confirmation of this formula (for mean wave 

length of light emitted by moving atoms in two opposite directions). In spite of 

this the aberration of light should be considered as the first manifestation of the 

light distance. 
The investigation has been performed at the Laboratory of High Energies, 

JINR. 
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<<,,, ;JllKOltbl BCeX </JU3Ulf.eCKUX C06btmUU 
... coaepU1e1t1to oau1ta,coabt a 6ecK01te1(-

1toM M1to:acecmae cucmeM _omclf.ema, ... 
ltQ3btaae.MblX U1tepU,UOJlbltblMU cucme
Ma.MU • ... pe3yJtbmambt U3Mepe1tuii 
acezaa CGR.3llltbl apyz C apyZOM nocpeiJ-
cmaOM npeo6pa3oaa1tuii Jlope1tu,a». 

M.Eop1t1 l} . 

. -
· BBEJJ;EHHE_ 

. O6hl11HO OllblT MaHKeJibC0Ha -- Mop;rn [2 ] paCCMa!pHBaeTCSI KaK «pewaro:

IIJ;HH» 3KCIIepHMeHT, KOTOpbIH IIOCJIY)KHJI OCHOBaHHeM AJISI TeOpHH OTHOCHTeJih

HOCTH. XoTS1, 110 · HarneMy : MHeHHIO, HMeeTCSI • onpeAeJieHHaSI HeAoou;eHKa ero 
: ' ./ • ,> J 

BJIHSIHHSI Ha yCTaHOBJieHHe· <PYHAaMeHTaJibHOro npHH~na IIOCTOSIHCTBa CKOpo-

CTH CBeTa H BbITeKarom:en H3 Hero OTHOCHTeJlbHOCTH OAHOBpeMeHHOCTH [3 ]. Ko

He11110; 6eCCIIOpHbIM CJieACTBHeM 3TOro OIIbITa HaAO 
1
C'lHTaTb ~IIOTe3y <l>H~)Ke-

< pa.rrbAa - JiopeHu;a. · JJ;o HacroSim;ero apeMeHH S1BJ1eH1i'e coKpam;eHHSI IIP0AOJib

HhlX -pa3MepoB ABH)KYIIJ;HXCSI. Te.TI C11HTaeTCSI OAHHM H3 rJiaBHbIX peayJibTaTOB 

TeopH:u OTHOCHTeJI~HOCTH. KaK 6Lwo noKaaaHo [3 J, o6bltiHaSI TpaKTOBKa onhlTa. 

MaHKeJibCOHa - MopJIH cym;eCTBeHHblM o6pa30M OIIHpaeTCH Ha 11peACTaBJ1eHHe 

OTBepAhlX TeJiax. HMeHHO, IIJie11H HHTepq>epoMeTpa MMCJISITCSI q>aKTH'leCKH B 
BJIAe )KeCTKHX CTep)KHeii, 'ITO peaJIH3YeTCSI 3aAaHHeM HX pa3MepoB nocpeACT

BOM MrnoaeHHOH (oAHOBpeMeHHoii) AJIHHhl, T.e. paccioS111HeM Me~y KOHD;aMH 

crep)KH.sI, _B351TblMH B OAHH H TOT )Ke MOM.eHT BpeMeHH. DOJlhllie Toro, y)Ke ~ paM:.. .· 

·-.Kax TeopHH.OTHOCHTeJibHOCTH cor.11acHo 3n:HrnTen:Hy [4] AJIHHa ABH)Kym:erocS1 
< • - ' ', 

CTep)KHSI 011peAeJISieTCSI KaK paCCTOSIHHe Me~y OAHOBpeMeHHbIMH IIOJIO)KeHHSI-

MH ero KOHD;OB, T :e; OIISITb-TaKH 3aAaeTCSI MrHOBeHHOH AJIHHOH. . . 

. C · APYroH cropo~hl, npHane11eHHe JIOKa~HOHHOH AJIHHhI (Bhlpa)KaeMoii 11e

pea CBeTOBhle pacCTmiHHSI) npHBOAHT Kq>opMyJie YAJIHHeHHSI AJISI IIPOAO.T.IbHOro 

IIJieqa HHTepq>epOMeTpa [5 ]. HanoMHHM, ,'ITO JioKaD;HOHHOH, HJIH pe.TISITHBHCT

CKOH, AJIHHOH Ha3hlBaeTCSI IIOJI)'CYMMa paCCTOSIHHH, npoiiAeHHbIX. CBeTOBbIM ' 

.ClfrHaJIOM BAOJib ABH)Kym:erocSI ciep)KHSI (B npSIM0M H o6paTHOM HanpaB.JieHH-

2 

. ©"Om;e;iHHCIIHblM HHCTHT)'T HJ{Cl)HblX HCCJl~J{~BaHHM ,lfyoua, 1992 
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' 

{ 

SIX). OcHOBOH 3TOIO onpeAMeHHSI CJiy)KHT PaAHO.IIOKaa;HOHHhlH MeTOA H3Mepe

HHSI paCCTOSIHHH (CM., HanpHMep, [6 ]). 
Ho eCJIH onhlT MaiiKMbCOHa - Mop.11H c11HTaeTCSI ocHoaoii o6m:enpHHSIToii 

B HaCToSim;ee apeMSI 3HHI1ITeii11oiicKoii tPopMy.11npoBKH TeopHH OTHOCHTMhHO

CTH, TO BhlilO.IIHeHHbIH II011TH 50 JleT CIIYCTSI 3KCIIepHMeHT Aiiaca - CTHJIY3Jl.lla 

[7 ] MO)KHO paccMaTpHBaTh KaK CBffAeTe.llhCTBO B Il0.llb3Y a.llbTepHaTHBH~H, .110-

KaD;HOHHOH q>opMy.11npoBKH. B 3TOM onhlTe no HCC.1IeAOBa11n10 KBaAPaTH11Horo 

3tiJtPeKTa JJ;oil.llepa H3MepSIJiaCh ~.IIIIHa BO.ll~hl CBeTa, HCnycKaeMOIO ABH)Kym:n

MHCSI aToMaMH. A eCJIH y11eCTb, 'ITO B HaCTOSim;ee BpeMSI aa 3Ta.lIOH A.IIHHbI ripn

H.sITa tPaKTH11eCKH A.IIHHa BO.IIHhl, TO OIIhlThl TaKoro THna, O'leBffAHO, Il03BORSIIOT 

HenocpeACTBeHHO npoaepHTb B.IIHSIHHC ABJDKeHHSI Ha IIOBCAeHHe 3Ta.lIOHa AJIH

Hhl. Boo6m:e )KC, OCHOBHaSI o6naCTb npuMeHHMOCTH TeopHH OTHOCHTMbHOCTH ..,.... 

3TO SIB.11e11uSI MHKpoMnpa. C OAHHM ua IIOAOOHhlX SIB.11e11nft H HMeeT AMO onhIT 

Aiiaca - CTHJIY3Ma. • -

C.11eAyeT TaK)Ke aaMeTHTb, 11To 6o.11&moe 3Ha11e11ue onhlTaM TaKoro THria 

npu,iiaiia.11 3ii11mTeii11 [8 ]. BoJiee Toro, no CJIOBaM 30MMeptiJe.11&Aa [9 ]: <<3ii11w

TeiiH BJfAeJI B O)KffAaBIIIeMCSI KpaCHOM CMem;CHHH. experimentum crueis MSI Teo

PHH OTHOCHTMhHOCTH>>. Ilo HameMy Mne11u10, 3Ha11eHne· 3Toro onhlTa cym;ecr.

aeHno HeAOOa;eHHBaeTCSI, oco6e11HO B CBeTe COBpeMeHHOH _(.IIOKau;noHHOH) tiJop

MY.llllpOBKH Teopnu oTH0CHTMhHOCTH (cM., 11anpnMep, [10]) xoT.si, CCJIH y)K 

6bITb IlOC.IICAOBaTMbHhlM AO KOHa;a, TO HaAO ynOMSIHyTb n SIB.IICHHe a6eppa~H. 

[11), a KOTOpoM BnepBJ,Ie npOSIBH.IIOCh CBeTOBOe paCCTOSIHHe. . 

IlocraB.1Ie1111hle ao:npoc1,1 n 6YAYT a oc11oa110M npeAMeTOM Hamero noCJieAy

rom:ero paCCMOTpCHHSI. 

OilbIT A0BCA - CTMJIY3JIJIA 

B o6cy~aCMOM omue OIIPCAMSIJIOCb CMem;eHHe cpeAHeii A.IIHHbl BO.IIHhl OT

Ae.llhHOH cneKTpa.llbHOH JIHHHH, ncnycKaeMOH ABH)KYW:HMHCSI aTOMaMH BOAOpo

Aa, A 
0

J!MeH110,. naMepSIJiaCb BMH'IHHa 

Ar = ½(Ae + AH). (1) 

3AeCb A - AJIHHa ao.11111,1 CBeTa, ncnycKaeMoro aroMOM B 11anpaanemin ABH)Ke
e 

HHSI (BnepeA), A - B o6paTHOM HanpaB.lleHHH (Ha3aA). Ilony11eHHOe (Kpac11oe) 
H . 

cMem;eHHe 

dA = Ar - A• e/ ½P2i•, (2) 

I'Ae /Jc - CKOpoCTb ABH)KeHHSI aTOMOB, IIOATBep~aeT cnpaBeAJIHBOCTb pe.lISITH

BHCTCK0H tiJopMyJlbl yAJIHHeHHSI 

Ar= A•(t - /32)-1/2 = A•y. (3) 

e-\tihr.~·;,;t,1t 11Kei'ITJj =1 
U(tMil ~CttlOlllld 

fiHSnHOT~---• 



. 3,n:eCbA.. - .n:mrna BOJIHbl CBeTa, ucnycxaeMoro noK051III.HMC51 aTOMOM. BbipaX<e
HHe (1) nerxo nOJiyquTL H3 o6w.eii <l>oPMYJibI 

,l = ,l*(l - p cos,8)y, (4) 

nonara11 8 = 0 u 8 = n. 
B H 

3aMeTHM, qTQ H3MeHeHHe ,n:JIHHbI BOJIHbI npH ,n:BHX<eHHH B CTOpoHy KpaCHOI"O 
KOHI~a cnexTpa (xpacHoe CMem.eHue) - ,n:OCTaToqHo xopomo H3BeCTHbiii q,aKT, 
TaK )Ke, KaK H caMa <pOpMyJia (3) (CM., HanpHMep, (12]). 0,n:HaKO npH 3T~M co
BepmeHHO ynycxaeTC51 ua Bu,n:y .To, qTO a,n:ecb no cyTu ,n:ena Mhl HMeeM ,n:pyroii 
(oiimqJihIH OT o6w.enpHH51TOro) aaKOH npeo6pa30BaHH51 ,n:JIHHbI ,n:BH)Kyw.eroc11 
MacmTa6a. JJ:eiicrBHTMhHO, n q,opMyne (3) konucwBaeT, HanpuMep, paccro11-
iiue MeX<,n:y coce,n:HHMH rpe6H51MH BOJIHhl, KOTOpbie <<6epyTC51» B pa3Hble ·MoMeH
Thl :iipeMeHH. Tor,n:a xaK cornacHo 06w.enpuH11ToMy (3iiHmTeiitto~cxoMy) onpe
,n:eneHHIO ,n:JIHHOH ,n:BHX<yW.el'OC51 MaCWTa6a Ha3hIBaeTC51 paC~T051HHe MeX<,n:y O,n:
HOBpeMeHHblMH, nOJIOX<eHirnim ero KOH~OB. Ilpu. 3TOM B . CJiyqae 
cnpane,n:nunocru <l>oPMYJihl coxpa~eHH51 3<f>cpexT, oqenu,n:Ho, HMM 6hl ,n:pyroii 
3HaK, T:e. CMeIIJ,eHHe JIHHHii ,n:OJIX<HO 6hIJIO. 6hl npoucxo,n:HTh B qJHOJieTOByIO CTO-
poHy cnexTpa. . . . .. 

0tJ:eBH,n:HO, qTO H3BeCTHa.si: <<KJiaccuqecKa51>> npo~e,n:ypa aaceqeK ,n:JI51 ,n:JIHHhl 
BOJIHbI conepmeHHO He npm,t:eHHMa. BoJihme TOro, KaKBH,n:HO H3 q>OPMYJihl npe:
o6pa30BaHH.SI ( 4) . .Zl:Jl51A., yron Ha6iiro,n:eHH51 COKpaw.eHHOH ,n:JIHHbI BOJIHhl 3aBHCHT. 
OT cxopOCTn ,n:BHX<eHmI ( cos0 ;,,, P). A 3TO oaHa,.qaeT iaBHCHMOCTh ,n:aHHOro no1111-
TH51 OT CHCTf:Mhl OTCqeTa; xapaKTepHCTHKOH KOTOpOH CJIYX<HT ee CKOpOCTb ,n:BH
X<eHH51. Ho C TQqKH 3peHH51 npHH~Hrra QTHOCHTeJihHOCTH, no,n:o6Ha51 3aBHCH
MOCTh conepmeHHO He ,n:onyCTHMa. HanpOTHB, onpe,n:ene11ne peJI51THBHCTCKOH 
,n:JIHHhl BOJIHhl Ha OCHOBe q>OPMYJihl (I) HJIH nonepeqHoro 3q>q>eKTa .ll:oDJiepa 
(8 = ;c/2) nOJIHOCTbIO y,n:OBJieTBOp51eT Tpe6onaHHIO npHH~Hna OTHOCHTeJibHO-

• - • • • • I 

CTH, nOCKOJihKY He 3aBHCHT OT CHCTeMhl OTCqeTa. 
. TaKHM o6pa30M, MOX<HO CKa3aTh, qTo Ha MHKpoyponHe COKpaw.eHHa51 ,n:JIH
Ha .SIBJI51eTC.SI lIYX<,n:bIM 3JieMeHTOM. 3TO )Ke IIO,n:TBepX<,n:aeT H ,n:eTaJihHhlH aHaJIH3 

1 npocrpaHCTBeHHhIX COOTHOWeHHH, peanHayeMhIX B qJH3HKe BhICOKHX 3Hepmii' 
[13]. ' . 

KOH~Eil~l151 PEJI51Tl1Bl1CTCKO:A .D:JIM_Hhl (KP.D:) 

l13MepHTeJihHa.SI (JIOKa~HOHHa51) npo~e,n:ypa, CJiy)Kam:a11 OCHOBOH KP JJ: 
• (14 ], MhlCJIHJiach nepnoHaliaJihHO (no aHanomu c 3HHmTeiiuoncxoii [4]) xax 
MaKpOCKOnH1IeCKa51. l1MeHHO, H3BeCTHhlH pa,n:HOJIOKa~HOHHhIH MeTO,n: H3Mepe
HH51 paCCT05111HH 6hIJI npHMeHeH K .Zl:BHX<yW.eMyC51 CTCp)KHIO. HanOMHHM, 'ITO CO
rJiaCHO KP.D: peJI51THBHCTCKOH, HJJH JIOKa~HOHHOH, ,n:JIHHoiilr (TaKoro CTepirn.SI) 

Ha3hIBaeTC51 noJiycyMMa paCCT051HHH, npoii,n:eHHhIX CBeTOBhIM HJIH pa,n:HOCHrHa-

.................. 4· . 
,·";;{~h;Hi~ ~;;,.!~,r .,·1. ·~ ~': 

:/1;t.:.:c.v,.·:;.w:, :- 1,.: \'.1-~-.J;+!''-!>t1_: •• ; 

~r:_~1. ~r c~-~r\ '\.;~:~-:1t;;; 

-~ 

r 

.... , 
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JIOM B HanpaBJieHHH ,n:BHX<eHH51 (LB) CTep)KH51 H o6parno (IH), T.e. B .n:nyx npoTH

BOnOJIO)KHbIX HanpaBJieHH51X. B ,n:aJihHeiimeM [15 J npHWJIO nOHHMaHHe Toro, 
qTo I B ToqHocru cooTBeTCTBYeT aana3,n:hrnarow.eMy (R 1), a I - onepe)KaIO-

e re H 

w.eMy (Radv> paccro11HH51M n 3JieKTpo,n:nHaMnxe. C y1IeTOM 3TOro no onpe,n:ene-

HHIO 1 
1r = 2(Rret + Rad..) = f y, (5) 

r,n:e·f - .Zl:JIHHa ,n:aHHOI"O CTep)KH51 B nOKOe. 
Cne.n:yeT no,n:qepKHYTh, 'ITO 3ana3,n:wnarow.ee paccro11Hue• - 3TO pacCTO.SI

HHe MeX<,n:y TOlIKaMH, KOTopwe 6epyTC51 B pa3Hhle MOMeHThl npeMeHH. Ilpu 3TOM 
BeJIHlIHHa HeO,n:HOBpeMeHHOCTH COCTaBJI51eT Rr:/ C. KaK H3BeCTHO, paCCMaTpH-

naeMhle <<HeO,n:HOBpeMeHHhle paCCT051HH51» 00513aHhl CBOHM nponcxoX<,n:eHHeM 3a
na3,n:hIBaIOm;HM noTeH~HaJiaM, HJIH noTeH~HaJiaM JlueHapa - BnxePTa. CuHo
HHMOM Rret 51BJI51eTC51 CBeTOBOe paCCT051HHe, KOTOpoe, B qaCTHOCTJI, onpe,n:eJI51eT 

yron a6eppa~HH. 0TMeTHM, 'ITO B TepMHHax aana3,n:hlBaIOW.HX paCCT051HHH 3K
BHnOTeH~HaJihHhle nonepxHOCTH 3JieKTpH1IeCKOro nOJI51 ,n:BH)Kyw.eroc11 3ap51,n:a 
HMeIOT <f>opMy 3JIJIHncou,n:on npam:eHn11, BhlT51HYThlX B HanpanJieHHH ,n:BH)KeHH.SI 
. [ 17 ]. C noMOW.hIO cpanHeHH51 noTeH~nana JlueHapa - BnxePTa u xyJioHoncxo.,. 
ro noTeH~HaJia Jiel'KO nOJIYlIHTb qJOPMYJIY npeo6pa30BaHH51 aana3,n:h1Barow.ero 
paCCT051HH51 [16 ]: 

Rre,=R'"[(l -Pcos0)yJ-1
• (6) 

• Ilonara11 8 = 0 H :re, npu,n:eM K COOTBeTCTBYIOW:HM Bblpa)KeHH51M .Zl:Jl51 BeJinqnH, 

q,Hrypupyrom:ux B (5); OTCIO,n:a C ylieTOM R* = t CJie,n:yeT <pOpMyJia YMHHeHH51. 

0,n:HaKO o6bl1IHO B 3JieKTpo,n:HHaMHKe nepexo,n:51T K «MrHOBeHHbIM pacCT051HH51M>> 
(CM., HanpHMep, (18]), KOTOphle .CB513blBaIOT TOlIKY Ha6nro,n:eHH51 (B «HaCTO.SI
m:nii MOMeHT>>) C «HCTHHHhlM» noJIO)KeHHeM aap51,n:a, T.e. ero noJIO)KeHHeM B TOT 
X<e MOMeHT npeMeHn••. B CJiyqae .n:nuX<ym:eroc11 co CKOpoCThIO v = Pc aap51,n:a 

COOTBeTCTByrom:a11 cpopMyJia HMeeT BH,n: 

Rin = Rret - PRret" (7) 

B CJiyqae 3ap51,n:a, ,n:BHX<ym:eroc11 BAOJib OCH X, npe,n:CTaBHM (7) B KOMnOHeH-
Tax 

R. cos 8. = R 1(cos 0 - P), R. sin 8. = R 1sin 8; m I re r m I re r 
(8) 

*B AMbHei!meM A,/lll KpaTKOC!H IlOA 3THM TepMHHOM Mb( 6yAeM Il0HHM3Tb o6a YK333HHblX nOHSITHSI. 
TeM 6onee, 'ITO npH 33Mene yrna 11a6J110AeHHSI (J ➔ :n: + (J OHH nepexOASIT Apyr B APYra [ 16]. 
oqyo OTBe'laeT AYXY o6m,enpHHSITOro onpeAeJJeHHSI )VIHHbl CTep>KHSI KaK pacCTOSIIIHSI Me>KAY OAHO

npeMeHHblMH nOJIO>KeHHSIMH ero KOIIL\3-

5 



I ,, 

OTKy,zi;a CJie,zi;yeT, qTO «MrHOBeHHblH» H <<3ana3,IJ;b1B3IOUJ;HH» yrJibl CBSl33Hbl COOT-

HOWeHHeM 
cos0r -p 

ctg01 = (9) 

CJie,zi;ysi TepMHHOJIOrHH .ll.npaKa, Mbl HMeeM 3,IJ;eCb nepexo.zi; K MrHOBeHHOH Q>OpMe 

Teopnn OTHOCHTeJibHOCTH [ 19 ]. 

IlOCKOJlbKY SJieKTpoMarnHTHOe noJie .zi;eiicrsyeT Ha OOJibWHe paCCTOSIHHSI, 

TO BeJittq11Ha Rret MOX<eT, oqesH,lJ;HO, npttHHMaTb MaKpocKonnqecKne 3HaqeHttSI •. 

C .zi;pyroii CTOp0Hbl, AJIHHa CBeTOBOH BOJIHbl, peqb O KOTOpoii WJia BbIWC, MOX<CT 

· paccMaTpHB3TbCSI KaK MHKpocKonnqecKaSI peaJIH3al{HSI 3ana3,IJ;b1B3IOUJ;Cro pac

CTOSIHHSI. XOTSI B 3TOM CJiyqae BCC X<e Jiyqwe HCilOJlb30BaTb TCpMHH <<CBeTOBOe 

paCCTOSIHHe>>. 

3<1><1>EKT EPEJLJIJ1 

06HapyX<eHHaSI EpeAJIH a6eppal{HSI, HJIH OTKJIOHeHne, CBeTa 3Be3,IJ; (111 

SIBHJiaCb pe3yJibTaTOM cepnn Toqm,1x H3MepeHHll KaX<yUJ;HXCSI ce30HHbIX H3Me

HeHHH IlOJIOX<eHHSI 3Be3,zi;, B qaCTHOCTH 3Be3,IJ;I>I y .ll.paKOHa. 6blJIO ycTaHOBJieHC), 

qTo yKa3aHHble IlOJIOX<eHHSI HeCKOJibKO CMew;alOTCSI B HanpaBJieHHH ,ll;BHX<eHHSI 

3eMJIH • .ll.JISI 3Be3,IJ;bl, Haxo.zi;siw;eiicsi B 3eHHTe, a6eppal{HSI SIBJISleTCSI MaKCHMaJib- ' 

HOH. IlpH 3TOM yroJI HaKJIOHa TeJiecKona onpe,zi;eJISleTCSI paBeHCTBOM 

tg a= vie, (10) 

• 
r.zi;e v- CKOpoCTb 3eMJIH. 

,lLri.11 Hae 3,IJ;eCb cyw;eCTBeHHO TO, qTo B 3TOM SIBJieHHH BnepBble npOSIBHJIOCb 

ynOMSIHYTOC CBeTOBOe paCCTOSIHHe (R,), T.e. pacCTOSIHHC MeX<.zi;y TOqKaMH, KOTO'-

pblM OTBeqalOT pa3Hble MOMeHThl BpeMCHH, npuqeM <<CTeneHb ueo,zi;HOBpeMeHHO

CTH» Llt = R / c .. CorJiacno cospeMeHHhlM B033penmiM cseT _npe,zi;cTaBJI.sieT co:. 

6oio COBOKynHOCTb (peaJibHblX) (pOTOHOB., TOr,zi;a KaK 3Jie~~poMarHHTHOC noJie 

onucbrnaeTCSI MHOX<CCTBOM BHPTYaJihHhlX <pOTOHOB. IlpH 3TOM, uanpnMep, B 

npol{ecce H3JlyqeHHSI (,IJ;BH)Kyw;croCSI 3apSl,ll;a) BHPTYaJibHbIC (pOTOHhl npoCTO 

npespaw;alOTCSI B peaJibHhlC. TaKHM o6pa30M, CXO,ll;CTBO nose,zi;eHHSI R, H Rret 

HMCeT rJiy6oKyIO (pHJHqeCKYIO npupo.zi;y. CJie,zi;yeT OTMeTHTb, qro HeSIBHOe npu

MCHeime R, HCTOpuqeCKH 3HaqHTeJibHO onepe,IJ;HJIO B03HHKHOBCHHC «rJiaBHOro 

IlOJlb3QBaTeJISI>~ 3TOro IlOHSITHSI - TCOPHIO OTHOCHTeJibHOCTH, a TeM 6oJiee ee JIO

Kal{HOHHYIO (j>opMyJIHPOBKy. 

•ttuTepecuo, tJTO 6pewm onepttponan qacrm.1aMtt ceeTa. 

6 

I J 

J: 

IlepeXO,IJ;SI K ,ll;OilOJIHHTeJibHOMy (<<a6eppal{HOHHOMy») yrJiy a = :,i/2 - 0, 
nepenuweM cj)opMyJiy (9) B BHAe 

sina1 -P 
tg a,= ' (ll) 

r.zi;e Mbl T3KX<C 3aMeHHJIH HffAeKC <<r» Ha <<l». C yqeTOM MaJIOCTH a,, AJISI 3BC3,ll; B 

nomoce SKJIHDTHKH sina1 = a1 = p, cosa1 = I. 0TKy,zi;a CJie,zi;yeT, qTo B TCpMH

Hax MrHOBCHHblX paCCTOSIHttii, a CJie,zi;osaTeJibHO, B paMKax o6w;enpttHS1TOro 

no.zi;xo.zi;a a6eppal{ttSI He ,zi;oJIX<Ha HMeTh Mecra (20 ]. 

3AKJII01IEHJ1E 

TaKHM o6pa3oM, onhlT Aii:sca - CTHJIYSJIJia S1BJIS1eTCS1 npS1MblM sxcnepn

MeHTaJibHblM no,zi;TBepX<,zi;eHtteM JIOKal{HOHHOii cj)opMyJIHpOBKH (H B qaCTHOCTH, 

<l>opMyJ11>1 YAJIHHeHHSI) · B o6JiaCTn MHKpoMupa. 3<l><l>eKT a6eppal{Hii MOX<HO cqn~ 

TaTb caMI>IM nepBb!M npoSIBJieHHeM yKa3aHHOro no.zi;xo,zi;a K MaKpOCKOnHqeCKHM 

o6heKTaM, XOTSI H KaX<yUJ;HMCSI HaM MaJibIMH. 

IlPMJIQ)KEHME (1ITO BffAHT JleTSIUJ;HH MIOOH) 

<<MIO0ltllblU 3,ccnepUMeHm .MHO
zozpaHeH. 011 noamaep:;,caaem ~e
JLblX mpu npeac1Ca3llHUSl meopUU 
0mH0CUmeJlbH0Cmu: 3a.MeaJLeHUe 
xoaa ape.MeHU, C01Cpaiu,e1tUe aJlUH U 

cxoa11oe peJLstmuaucmc,coe noaeae-
11ue <tacoa acex munoa».' · 

B.I'o(jJ{jJJ.tall [21 ]. 

MIOOHbl' CYTb 3JICMCHTapHbIC qaCTHL{hl, BXO,IJ;Sllll;HC B COCTaB KOCMHqecKHX 

Jiyqeii. 06pa3y10w;11ecS1 B BCPXHHX CJIOSIX aTMOC<pCphl,' OHH ,ll;BH)KYTCSI co CKOpo

CTSIMH, oqeHb 6JIH3KHMH K CKOpoCTH CBeTa. MbI HC 6y,zi;eM KacaTbCSI <<BPCMCHHOH 

CTOpoHID> npHBC,ll;CHHOH ~TaT1>1; a ocraHOBHMCSI TOJibKO Ha ,ll;OBOJibHO H3BeCT

HOM YTBCPX<.zi;CHHH, qTo JieTSIUJ;HH MC30H «BH,lJ;HT» 3CMHble AJIHHhl COKpaw;eHHbl

MH (CM., HanpHMep, [16 ]. A 3TO, s CBOIO oqepe,zi;h, BC,ll;CT K YBeJIHqeHHIO ero spe

MCHH )KH3HH. 

PacCMOTpHM nose,zi;eHHC MIOOHOB c TOqKH 3pCHHSI ,zi;syx Ha6JIIO,IJ;3TeJieii; Ha 

puc.1 npe,zi;CTaBJICHa KaPTffHa, KOTOpyIO BffAHT Ha6JIIO,IJ;aTeJib, IlOKOSIUJ;HHC51 OT

HOCHTeJibHO 3eMJIH • .ll.asaiiTe Tenepb npoaHaJIH3HpyeM TY )KC caMyIO CHTya~IO 
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Pttc.l 

C TO'lKH apeHH.sI Ha6mo,AaTeJUIABHX<y~eroc51 BMeCTe C MIOOHOM. 3TOT µ-Ha6Juo
,AaTe.Tib YBHAHT, llTO 3el',fJI51 npH6JIHX<aeTC51 K HeMy (a 3HallHT HK MIOOHy) IlO'lTH 
co CKOPOCTbIO CBeTa, B peayJihTaTe qero OHa npeTepneBaeT COKpa~eHH.sI <~JIH

Hbl» (21 ]. HanpnMep, pacCT051HHe Me~y BepmnHoii ropbl AJI51 µ-Ha6Jiro,AaTe.n:51 
MHOI'O MeHbme, lleM AJI51 Ha6mo,AaTe.TI51, CT051~ero Ha IlOBepxHOCTH 3eMJIH 
(pnc.2). C <<TO'lKH apeHH51» MIOOHa, CKOpoCTb KOToporo VI = 0,998 c, BhICOTa ro-

pbI MeHhme B 16 paa, lleM AJI51 aeMHoro Ha6JIIOAaTe.n:51. C <<TO'lKH apeHH51>> APYro-

~ 

t t 
t . • M100N•1 t e, " t 

~- (I 

·-. - --,:;::S';'ti?F:'.: -~ " ..J.. 

Pttc.2 

8 

0 

ro MIOOHa, CKOpoCTh KOToporo v2 = 0,992 c, 3Ta BHCOTa MeHhme B_ 8 paa. J.fa CKa'

aaHHoro CJie,AyeT, llTO aa BpeM51 CBoero cy~eCTBOBaHH.H nepBHH, 6oJiee 6HCT-:
pbIH, MIOOH npoiiAcr BABOe MeifLmee pacCT051Hne, lleM BTopoii. A nocKOJihKY 
vI == v2 == c, To TaK X<e AOJIX<Hbl COOTHOCHTbC51 nx BpeMeHa X<H3HH. Ho, KaK Mbl 

3HaeM, B ,AeHCTBHTe.TibHOCTH nepBHH MJOOH ~HBeT BABOe ,AOJibWe, lleM BTOpoH. 
TaKHM o6pa30M, MH npmwiu K napa,AOKCy. IlpoaHaJIH3HpyeM n03TOMY BHHMa
Te.TibHee Hamn npeX<Hne paccy~eHH51. 

. CTporo f0B0p51, caM no ce6e onblT no onpe,Ae.n:eHHIO BpeMeHH X<H3HH AB~X<y-, 
~HXC51 Me30HOB He MOX<eT AaTh OTBeTa Ha BOnpoc O noBe,AeHHH paaMepoB ABH
:)KY~HXC51 om,eKTOB. O6bl'IHO )Ke ero_He51BHO ,AonoJIH51IOT yCJioBHeM, llTO MIOOH 
(HJIH µ-Ha6JIIO,AaTCJib) MOX<eT TaKX<e <iJHKCHpouaTb BffAHMhle paaMepbl OObeK
TOB, MHMO KOTOpbIX OH npoJICTaeT. Ilpu 3TOM, KaK H3BCCTHO [22,23}*' BffAHMa51 
BhICOTa_npu6nnX<aro~eiic51 K 

0

Mroouy rophl He TOJihKO He 6y,AeT ncnhlTblBaTb no
pem1,eBa coKpa~eHH51, a HanpoTuB, 6yACT 6on&me aeMnoii nponop11,uoHaJI&iio y. 

- Tor,Aa, 04CBH,AHO, X<HTb AOJihllle 6y,ACT OOJICC 6hICTphlii MIOOH, llTO IlOJIHOCTbIO 
COOTBCTCTByeT <IJopMyJie aaMe,AJieHH51 BpCMeHH. TeM caMblM napa,AOKC ycrpaH51-

'eTC51, H ycrpaHCHHe ero o6yCJIOBJieHO OTKa30M <:JT <IJopMyJihl coxpa~eHH.11. 
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