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CetttJaC MO)l(HO ClJHTaTb npH3HaHHblM MHeHHe (CM., HanpHMep, [1,2]), 'ITO rpa

BHTaUHOHHOe, CMelUeHHe tJaCTOTbl .srnm,eTC51 Ha caMOM .uene cne,uCTBHeM pen51TH

BHCTCKoro 3aKOHa coxpaHeHH51 3HeprnH B rpaBHTaUHOHHOM none (fTT) • 

. ,. H1nyqeune CBeTa B rn. JleHCTBHTenbHO, HanpHMep, .aim B036y)l(,!leHHOl'O 51,Upa 
. * 

(aToMa) MaCCbl M , H3nYtJmomero y-KBaHT hv, HMeeM 6anaHc 3Heprnii 

M *c2 = Mc2 + hv. 

TTpH HanH'JHH rn (c noTeHUHanOM <I>) 3TO Bblpa)l(eHHe nepenmneTC51 B cpopMe 

M*c2 +M*<l>=Mc2 +M<l>+hv. 
g 

OTCIO,!la np51MO BH,!lHO, 'ITO H]MeHeHHe tJaCTOTbl CBeTa 

(1) 

(2) 

(3) 

51BJrneTC51 cpaKTHtJeCKH cne,UCTBHeM B03,!leHCTBH51 non51 rnroTeHH51 Ha MaTepnanbHOe 

Teno (H3JJYtJaTem). 

HanOMHHM, 'ITO rpaBHTaUHOHHOe KpacHoe CMemeHHe cneKTpanbHblX nHHHH 

6b1Jl0 npe.ucKa3aHO 3HHIIITeiiHOM [3]. KaK OH 3aMeTnn: «ATOM nornomaeT HnII 

11cnycKaeT CBeT, tJaCTOTa KOTOporo 3aBHCHT OT noTeHUHana rpaBHTauHOHHOro 

non51, B KOTOpOM HaXO,!lHTC51 aTOM» [ 4]. 
CymecrnyeT, O,UHaKo, ycT051BillMC51 anbTepHaTHBHM TOtJKa 3peHH51 (CM., Ha

npHMep, [5,6]), cornaCHO KOTOpott: «JIHHeiitJaTblH cneKTp, 11cnycKaeMblH KaKHMH

JJH6o aTOMaMH, HaXO,!l511UHMHC51, HanpHMep, Ha ConHue, Bblfn51,!lHT TO'JHO TaK )Ke, 

KaK Bbffn51,UHT Ha 3eMJJe cneKTP, HcnycKaeMblH HaxO,!l51lUHMHC51 Ha Heii TaKHM_n )Ke 

aTOMaMH» [5]. l1HblMH cnOBaMH, 3,!leCb tJaCTOTa H3nYtJaeMoro CBeTa He 3aBHCHT 

OT <I>. C 3THM yrnep)l(,!leHHeM Bp51.!l nu MO)l(HO cornaCHTbC51, nOCKOnbKY OHO, KaK 

BH,!lHO, np51MO npOTHBOpe'IHT 3aKOHY coxpaHeHH51 3HeprnH. 

OnLIT IIayu,na - Pe6Ku. Ba)l(HOCTb 3KcnepHMeHTOB no H3MepeHmo rpae11-

Tau110HHOro CMemeHH51 lJ3CTOTbl 3aKJJJOtJaeTC51 OTHIO.!(b He B oqepe,UHOM no,UTBep)l(

.ueHHH H3BeCTHOro 3aKOHa, cnpaee,unHBOCTb KOTOporo He Bbl3bJBaeT COMHeHHH. Jleno 

B TOM, 'ITO B 3THX onbJTax CBeT, H3nYtJeHHblH B MeCTe C O,!lHHM rpaBHTaUHOHHblM 

noTeHu11anoM (<1>2), Ha6n10,naeTc51 3aTeM B MecTe c .npyrnM (HanpnMep, 11cqe3mome 

ManblM) IlOTeHUHanOM (<l>l). B pe3ynbTaTe H3Mep51eTC51 cyMMapHblH C,!(BHr 

Llvtot = Llv + LlvP 
g g g' 

Oln,,_ f,:,. ~:_tr.-.n 1;:.:mryr ·,. 
na~~~~K ut~!~1J~aHd 

6'1SJl~10TS:Klt --· 
(4) 



I 

06ycnOBJ1eHHhIH KaK yKa3aHHOH Bblllle npHlJHHOH, TaK H B03M0)KHbJM 113MeHeHHeM 

tJaCTOTbl npn pacnpocTpaHeHHH CBeTa B m. 
fipoJlenaHHble onhITbl (CM., HanpnMep, [7]) noKaJan11, tJTO 

Liv101 = Liv 
g g (Liv~= 0), (5) 

T.e. 'lacmoma (::mep2UJ1) ceema He U3MeHJ1emc11 11pu e20 pacnpocmpaHeHuu 6 11011e 
m1120meHUJ1 [8]. 

Pacnpoc:rpaueune ceeTa B m. B TO )Ke BpeM», cornacuo o6menpnH»ToMy 

MHeHHJO (CM., HanpnMep, [3,5~6,9, 1,0]): « ... nyq CBe_rn, ncnycKaeMbIH B o6nacrn c 

onpe)leneHHbIM noTeHUHM01>1 TH.roTeHHH H3 s2 H HMeJOIUHH npn ero ncnycKaHHH 

tJaCTOTY v2, H3MepeHH¥!0 11acaMH, HaXOJlHIUHMHC»·_ B S2, o6na,uaeT npn ero npn-

6bITHH B s I Jlpyrofi tJaCTOTOH VI' ecnn nocne)lH~H H3Mep»eTCH C nOMOIUb!O TOlJHO 

TaKHX )Ke tJaCOB, HaXOJlHIUHXCH B SI» [3]. Eonbllle Toro, « ... CBeT tJaCTOTbl v MO)KHO 

paccMaTpHBaTh KaK noTOK KBaHTOB c :rneprnefi £ = hv. 3TH KBaHTbl HMe!OT 'HHepT

HYIO Macey 
£ hv 

m ---- 2 - 2 ' 
C C 

KOTOpa», cornaCHO npnnunny SKBHBMeHTHOCTH, paBHa HX. rpaBHTaUIIOHHOH Macce. 

Koma KBaHTbl CBeTa hv npoXO)lHT paCCTOHHHe l npOTHB rpaBHTaUHOHHOro non» g, 
HX SHeprHH yMeHblllaeTCH Ha glm» [9) *. Ecnu )Ke !pOTOHbl JlBHraJOTCH s nanpaB

neHHH non», HX sneprn», OlJeBH)lHO, 803pacTaeT Ha TaKYJO )Ke BenlllJHHy. B STOM 

cnyqae B KOHUe nYTH sneprn» KBaHTa ti = hv I COCTaBHT 

hv1 =hv+gl:~=hv(l+~)- (6) 

CoKpama» Ha h n nepexoM K HallJHM 060JHa11eHH»M c yqeTOM gl = - <1>2 + <l>l' 

nonyquM [3, 10) 

VI = V2[1 + (<l>I - <1>2) / c2]. (7) 

Bocnonb30BaBllIHCb qiopMynofi (3) )lnH BenHlJHHbl v2, Hatt)leM, lJTO (B nepBOM 

np116nH)KeHHH) 

v 1 ::::V(l +<1>1/c
2
), (8) 

T.e. 11acrnrn npn6hIBllIHX HJ S2 (cKa)KeM, OT ConHua) B SI (cKa)KeM, Ha 3eMn10) 

!pOTOI-10B cosna,uaeT C tJaCTOTOH a1-1anorntJHbIX «MeCTHbIX» !pOTOHOB. KaK Mbl 

BH)lHM, o6menpHH»-i:oe npeJlCTaBneHHe 06 113MeHeHHH tJaCTOTbl CBeTa npn ero pac-

*HanpOTHB, B paMKax OTMe'!eHHOfO a.rJbTepHaTHBHOro no11xo11a « ... '!aCTOTa CBeTa BO3pacTaeT C 

}'Be.JIH'leHHeM a6COJIIOTHOii Be.JJH'IHHbl ITOTemmana rpaanTal(HOHHOfO ITOJlll, T.e. npn npn611mKeHHH I( co-· 

3/laIO[l(HM none Te.JJaM; nao6opOT, npn y11anennn 11yqa OT 3THX Te.JI '!aCTOTa CBeTa YMCHbWaeTCll» (5). 
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npocTpa11e111m s rrr 11e cornacyeTc» c pe3ynHan1Mn sKcnepm1eInos no InMe
peu1110 rpaBHTaUIIOI_IIIOro KpacHoro CMeme1111» cneKTpMbllbIX nmmfi. 

fiommcTbJO CXO)KHe pa_1::cy)l(Jle111rn, on11pa~m11ec» ua JaK011 coxpaHe1m» 11M

nyn1,ca, npHBOJlHT K a11anorn11Hofi '(3) qiopMyne Jlmi 'JlnHHbI son111,I: 

-1..•= t.(I +·<l>/c2)'"- I . (9) 
i: 

A COOTBeTCTBYJOIUHe OnhITbl (CM., 11anpm,1ep, [ 11]) CBll)leTenbCTBYIOT, lJTO _ OJIIIHa 

BOJIHbt (ll.M11}'Jlbc) rnema maK,Ke He 111Me1Utemc11 11p11· ezo pacnpocmpaJ:temm e rn. 
Asrnp s1,Ipa)KaeT 6naroJlap11ocT1, B.M.)Ka611uK0My II r.H.Aqia11ac1,esy Ja ue11-

111,Ie KpllTlllJeCKlle 3aMetJallllH. 
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