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<l>paHK I-1.M. 

3AHwTeAH ~ npo6neM~ onT~K~ 

/K CTOneT~~ CO AH~ pO~AeH~~ Anb6epTa 3AHwTeAHa/ 

AoKnaA, npo4~TaHHbiA 2 MapTa 1979 r. a 6epn~He Ha cec
c~~ AKaAeM~~ HayK ~ ¢~3~4ecKoro o6~ecTaa rAP, noca~~eHHoA 

CTOneT~~ CO AH~ pO~AeH~~ Anb6epTa 3AHwTeAHa. 
PaccMoTpeH~ HeKoTop~e nono~eH~~ cne~~anbHOA Teop~~ oT

HOC~TenbHOCT~ ~ KBaHTOBOA TeOp~~ ~3ny4eH~~ 3AHWTeAHa, a TaK
~e cneACTB~~ ~3 H~x. 06cy~Aa~Tc~ rnaaH~M o6pa3oM ABe npo6ne
Mbl: BOnpoc 0 CKOPOCT~, npea~wa~eA CKOpOCTb CBeTa B nycTOTe, 
~ 3¢¢eKT Aonnnepa a cpeAe a era Knacc~4ecKoA ~ KBaHTOaoA 
~HTepnpeTa~~~. 

Pa6oTa BbJnonHeHa a Jla6opaTop~~ HeATPOHHOA ¢~3~K~ 01-1111-1 

npenpHHT 061oellHHeHHOI"O HHCTHTyTa H.QepHblX HCCnellOBSHHII, Lly6Ha 1979 

Frank I .M. P2 - 12429 
Einstein and Problems of Optics 
(Talk on the Occasion of 100 th Birthday of 
A.Einstein) 

The talk was delivered on March 2, 1979 in Berlin at 
a special session of DDR Academy of Sciences and Physical 
Society of DDR devoted to 100 th birthday of Albert Einstein 
Some aspects and conclusions of Einstein special relativis
tic theory and quantum theory of radiation are discussed. 
Much attention is given to the following problems: on velo
city exceeding the velocity of light in vacuum, and on the 
Doppler effect in medium in both classical and quantum inter 
pretation. 

The investigation has been performed at the 
Laboratory of Neutron Physics, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 

llpe.o;nmKeHHe AKa.o;eMHH HayK r ~p BbiCTYllHTb c ,!J,OKna.o;oM. 

llOCBJI.IUeHHbiM CTOneTHIO CO ,!J,HJI. pO)I(,!J,eHHJI. Anb6epTa 3HHlliTeiiHa, 

6blno .o;nJI. MeHJI. ueo)I(H.D;aHHbiM * 0 B caM oM .o;ene, y MeHJI. HeT 

pa60T flO TeOpHH OTHOCHTenbHOCTH, H Jl He MOry C'IHTaTb ce6Jl 

Cllel{HanHCTOM B 3TOH o6naCTHo liblnO 6bl Tpy.D;HO BbiCTynHTb H B ponH 

HCTOpHKa Hay.KH, T o.Ko npo6neMOH pa3BHTHJI. H.D;eH, CBJI.JaHHbiX C Teo· 

pHeH OTHOCHTenbHOCTH, Jl HHKOr.D;a Cllel{HanbHO He JaHHManCJI.o Ilo3· 

TOMY scero ecTeCTBeHHee 6blno 6bl no6naro.o;apHTb Ja oKaJaHHYIO 

'leCTb H OTKaJa TbCJI. OT ,!J,O.Kna.o;ao Bee )l(e B03HH.KnH COMHeHHJI., CBJI.· 

JaHHble C TeM, 'ITO 3iiHWTeHH O.KaJan Ha !IJHJHKOB Hawero llOKOneHHJI. 

orpoMHoe snHJI.HHe 0 R o6pa THnC.ll K 'leTbipexToMHOMY co6pauuro 

Hay'IHbiX Tpy,!J,OB 3HHWTeHHa, HJ.D;aHHbiX Ha pyCC.KOM .113bi.Ke B cepHH 
' 1 4 I 

"KnaCCHKH HayKH" - : 3TO 'ITeHHe npHHeCnO 'IYBCTBO pa.D;OCTH, 

BOCXHIUeHH.ll H BMeCTC C TCM llOHHMaHH.ll TOrO, 'ITO MHOrHe H3 

6nH3.KHX MHC peJynbTaTOB MOryT cny)I(HTb HnniOCTpal{HCH K OCHOBO· 

nonararomuM pa6oTaM 3iinwTeiiHa HnH )l(e noneJHbl .o;n.11 HX o6cy)l(

.o;eHH1Io 0Tcro.o;a cornacue c.o;enaTb .D.OKna.n, uecMOTp11 ua o'leBH.D.HYIO 

TPY.D.HOCTb 3Toii Ja,IJ,a'IHo 

Coo6meHHe oJarnasneno: "3iinwTeiiu H npo6neMbi onTHKH" 0 

~n.ll 06Cy)I(,!J,CHH11 H36paHbl ,!J,BC npo6neMbl • BOllpOC 0 CKOpOCTH, 

npeBbiwaromeii CKopoCTb caeTa, H J~eKT ~onnnepa a npenoMn1fro· 

meii cpe,IJ,e B ero KnaCCH'!CCKOH H KBaHTOBOH HHTepnpeTaUHHo 

06e npo6neMbl opraHH'!eCKH CBl!JaHbl CO JHaMeHHTbiMH pa60TaMH 

3iiHwTeiiua 1905 ro: pa6oToii, a KoTopoii 6bina c!IJopMynupoaaHa 

TeOpHll OTHOCHTenbHOCTH '' of> , H pa60TOH, JanO)I(HBWeH OCHOBbl 

~OKna,IJ,, npO'IHTaHHbiH 2 MapTa 1979 r o B liepnHHe Ha 

ceCCHH AKa,IJ,eMHH HayK H <l>HJH'IeCKOrO o6meCTBa r ~p, fiOCBJI· 

meHHOH CTOneTHIO CO ,!J,Hll pO)I(,IJ,eHHll Anh6epTa 3HHWTeiiHao 

. ! ' s '1/ 
Zur Elektrodynamik bewegter Korper 

0 

0 C'M.' n p. 7° -35 ° 
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KBaHTOBOH TeOpHH HJJiy'feHHJI KJia,LJ. JHHUJTeHHa B pa3BHTHe 

npo6neM OllTHKH, paJyMeeTCJI, 3Ha'fHTeJibHO UIHpe TOrO, 0 'feM 

Jl 6y.D.y rosopHTb . Moii ,LJ.oxna,LJ. Jl npowy paccMaTpuaaTb JIHWb xax 

HeKOTOpyJO HJIJIJOCTpa)lHJO pOJIH Tpy,LJ.OB 3iiHWTeiiHa ,LJ.JIJI 3TOB o6naCTH 

!JIHJHKH . 

* 
MupoaaJI cnaaa 3iiHwTeiiHa oco6eHHO wupoxo pacnpocTpaHH

nacb cpe,LJ.H !Jiu3HKOB acero caeTa nocne OKOH'faHHJI nepaoii MHpoaoii 

soiiHbi 
17 1

• MHe Ka)KeTCJI, JTO 6blno oco6eHHO cymecTBeHHbiM .D.JIJI 

HayKH Mono,LJ.oro CoaeTcxoro rocy,LJ.apcTaa . ~o 0KTJI6pbcxoii peso

JIJO)lHH 1917 r. HMJI 3BHUJTeiiHa 6blJIO y HaC H3BeCTHO TOJibKO Y3-

KOMY Kpyry y'feHblX - Clle)lHaJIHCTOB B 06JiaCTH TeopeTH'feCKOB !JIB-
fo:* 

JHKH · IIoJIO)KeHHe pe 3Ko MeHJieTcJI c Ha'fana ,LJ.Ba,LJ.Jla TbiX ro,LJ.OB. 

3HaMeHHTaJI JieK)lHJI 3BHUJTeBHa "r eoMeTpHJI H OllbiT" I l O : npO'fH

TaHHaJI B AKa,LJ.eMHH HayK B IJepJIHHe B JIHBape 1921 r.**~ y)Ke 

B CJie,LJ.yJOI.I.IeM, 1922 ro,LJ.y, DhiXO,LJ.HT Ha pyCCKOM Jl3biKe . B TOM )Ke 

ro,LJ.y BbiXO,LJ.HT KHHra "0 !JIHJH'feCKOB DpHpO,LJ.e llpOCTpaHCTBa" / 1 1/, 

CO,LJ.ep)Kal.l.laJI H 3TY JieK)lHJO H CTaTbJO "3!JIHp H TeOpHJI OTHOCHTeJib

HOCTH"****' 121 . ~JIJI pyCCKOrO H3,LJ.aHHJI 3iiHUJTeBH DHUJeT Dpe,LJ.HCJIO

BHe . 

3a 3THM CJie,LJ.yeT )leJiaJI CepHJI KHHr 3BHUJTeiiHa, HJ,LJ.aHHblX 

Ha PYCCKOM Jl3h1Ke. TOJibKO B nepHO,LJ. 1921-23 rr . J1 HaC'fHTan 

CeMb KHHr ***** 

llonyJIJipHOCTb 3BHUJTeBHa B Haweii CTpaHe y)Ke TOr,LJ.a 6biJia 

HCKJIJO'fHTeJibHOB, a UJHpOKOe pacnpOCTpaHeHHe KHHr DO TeOpHH 

OTHOCHTeJibHOCTH CBH,LJ.eTeJibCTBO )Ka,LJ.HOrO HHTepeca MOJIO,LJ.OB 

COBeTCKOB HayKH KO BCeMy HOBOMY H nporpeCCHBHOMY, 'ITO DpOHC

XO,LJ.HT B MHpe. 0,LJ.HaKO ,LJ.JIJI COBeTCKOB HayKH xapaKTepHO He llpOCTO 

oana,LJ.eHue JHaHHJIMH. B 1922 ro.n;y noJIBJIJieTCJI JHaMeHHTaJI Tenepb 

cTaTbJI .neHurpa,LJ.cxoro y'feHoro AnexcaH,LJ.pa «<lpH,LJ.MaHa12 31 "0 xpu

BHJHe npOCTpaHCTBa" ****** 

t 'r-.1. :3 
1 

r·Tp . 92· · 107.· Uber einen die Erzengung und Verwandlung 
des Lichtes betreffenden heuristischen Gesichtpunkt 16 ' . 

** MHe HJBeCTHhl TOJibKO ,LJ.ae ny6nuxa)lH H pa6oT 3iiHwTeii

Ha Ha PYCCKOM Jl3biKe , H3,LJ.aHHble ,!1.0 1917 r. /eM. I B,g l / . 
*** CM ( 21 CTp . 83-94. 
"**" CM / 1/ CTp. 682-689. 

***** CM., HanpuMep/ 13 ·. 

****** CM. TaK)Ke ' 14 · 15 1 
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Xopowo HJBeCTHO, 'ITO 3iiHwTeiiHOM B 1917 r. 6hiJIH JaJIO)KeHbl 

OCHOBbl HOBOB HayKH - peJIJITHBHCTCKOB KOCMOJIOrHH I 16_1 cllpH,LJ.MaH 

c,LJ.enan J,LJ.eCb cne,LJ.yJOmHii war, ace HCKJIJO'fHTeJibHoe 3Ha'feHHe xo

Toporo pacxpwnocb JIHUJb DOJ)Ke . 

* 
~Ba CBOHX Tenepb UIHpOKO H3BeCTHblX DOCTyJiaTa TeOpHH OT-

HOCHTeJibHOCTH 3iiHUJTeBH !JiopMyJIHpyeT TaK I S!; " ••. ,LJ.JIJI BCeX KO

Op,LJ.HHaTHblX CHCTeM, ,LJ.JIJI KOTOpblX cnpaBe,LJ.JIHBbl ypaBHeHHJI Mexa

HHKH, cnpaBe,LJ.JIHBbl Te )Ke CaMble JJieKTpO,LJ.HHaMH'feCKHe H ODTH

qecKHe 3aKOHbl • • • " "3TO npe,LJ.DOJIO)KeHHe /Co,LJ.ep)KaHHe KOTOporo 

a ,LJ.aJibHeiiweM 6y,LJ.eT ua3LIBaTbCJI "npBH!lBDOM OTHOCHTeJibHOCTH" I, 
Mbl HaMepeHbl npeapaTHTb B npe,LJ.DOCblJIKy H C,LJ.eJiaTb, KpOMe TOrO, 

.n;o6aaoquoe ,LJ.onymeHHe, uaxo,LJ.JilJleecJI c nepabiM JIHUJb a xa)KymeMCJI 

npOTHBOpe'fHH, a HMeHHO, 'ITO CBeT B DYCTOTe pacnpOCTpaHJieTCJI 

C onpe,LJ.eJieHHOB CKOpOCTbJO C • He 3aBHCJilJleB OT COCTOJIHHJI ,LJ.BH)Ke

HHJI H3Jiy'faJOmero Tena" *. IIo)KaJiyii, caMoe nopa3HTeJibHoe a JToii 

pa6oTe TO, KaK ycTpaHJieTCJI 3BHUJTeBHOM 3TO Ka)KymeeCJI DpOTH-

aopeque. Hy>~<Ha 6Lina reauaJibHOCTb 3iiawTeiiaa, 'fTo6w 3aMe-

THTb, 'ITO, Ka3aJIOCb 6bl, O'feBH,LJ.HOe DOHJITHe O,LJ.HOBpeMeHHOCTH 

Ha caMOM ,LJ.ene Tpe6yeT onpe,LJ.eneHHJI. ~JIJI cuaxpoHH3aJlHH qacoa 

B TO'fKaX A H B, HeDO.D;BH)I(HbiX OTHOCHTeJibHO ,ll.pyr ,ll.pyra, OH 

npe,LJ.JiaraeT HC1101Ib30BaTb 06MeH Me)K,LJ.y HHMH CBeTOBblMH CHrHa

JiaMH. Heo6xo,LJ.HMoe .D.JIJI JToro apeMJI npoXO)K,LJ.eHHJI caeToaoro 

CHrHaJia TeM 60JibUJe, 'feM 60JibWe paCCTOJIHHe Me)K,ll.y TO'fKaMH 

A H B - apeMJI MO)KeT cny)KHTb Mepoii paccTOJIHHJI H Hao6opoT. 

Cne,LJ.yeT OTMeTHTb, 'ITO 3BHWTeBH HHr,LJ.e B nepBOB pa6oTe He 

YTBep)K,LJ.aeT, 'ITO CKOpOCTb CBeTa B DYCTOTe C - eCTb npe,LJ.eJibHaJI, 

npeawweHHe KOTopoii HeB03MO)KHO. OH o6cy)K,LJ.aeT JTOT aonpoc 
1 171 

D03)Ke, B 1907 r. , HCD01Ib3YJI 3aKOH CJIO)KeHHJI CKOpOCTeB. 

ECJIH B KaKOB-JIH60 CHCTeMe KOOp,LJ.HHaT B03MO)KH0 DOJIY'fHTb CHr

HaJI, pacnpocTpaHJIJOI.I.IHBCJI co cxopoCTbJO V, npeawwaJOmeii cxo

poCTb CBeTa C, TO, Hll6JIJO,LJ.aJI 3TOT CHrHaJI B CHCTeMe KOOp,LJ.HHaT, 

y6era10meii OT Hero CO CKOpOCTbJO U, MeHbWeB C, MO)KHO, KaK 

CJie,LJ.yeT H3 TeopeMbl CJIO)KeHHJI CKOpOCTeii, DOJIY'fHTb OTpH)laTeJibHOe 

BpeMJI DpOXO)K,LJ.eHHJI CHrHaJia. "3TOT pe3yJibTaT, - UHWeT 3BHWTeBH,

DOKa3hlBaeT, 'ITO Mbl BblHY)K,LJ.eHbl C'fHTaTb B03MO)I(HblM MeXaHH3M 

nepe,LJ.a'fH CHrHaJia, npH HCDOJib30BaHHH KOTOporo ,LJ.OCTHraeMOe 

,LJ.eiicTBHe npe,LJ.wecTBYeT npH'fHHe. XoTJI JTOT peJyJibTaT c 'fHCTo 

* CM :
111 

CTp. 7. 
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JIOrBl.feCKOH TO'IKH JpeHH.II B He CO,llep)I(BT, IIO"MOeMy , B Ce6e 

HHKaKHX IIpOT HBOpel.fBH , OH BCe )l(e HaC T OJihKO IIpOT BBOpe'IBT x apaK 

Tepy sce r o Hawero OIIbiTa , 'IT O H e BOJMO)I(HOC T h V " e npe ,llcTas

JI.IIe T C.II B )lOCTa TO'IHOH CTeiieHH ,llOK a J aHHOH" * · 

llO,lll.fepKHeM , 'IT O B JTOM paCCY)I(,lle HHB Ol.feHh Cywe CTBe HHO 

T O, 'IT O V - BMeHHO CKOpOCTh pacnpOC T paHeHB.II CHr Hana . 

Ecnu Tene ph, qepeJ ceMh.LleC.II T neT n ocne Toro , KaK JTO 6hm o 

CK a J aHO , J a)laTh BOIIpoc: BOJMO)I(Ha JIB CKOpOC T h , npeBhiWa iOwall 

CKOpOCTh CBeTa, TO OTBeT 06bl1.fHO 6blsaeT TaKOB: H e BOJMO)I(Ha 

CK OpOC T h , 60JihWa.ll CKOpOCTH CBeTa C B nyC T OTe , HO BIIOJIHe 80 3-

MO)I(Ha CKOpOCTh , npeBbiWaJOwall CKOpOCTh CBeTa B npeJIOMJIJIIOweii 

cpe,lle . HMeHHO JTOT cnyqaii, KaK HJBeCTHO, ocywecTsnlleTcll 

a JcWleKTe Basunosa- "llepeHKosa . 

TaKOH OT BeT , 110 KpaiiHeii Mepe, HeiiOJIOH . CTOBT OCTaH OBBThCll 

Ha JTOM sonpoce no,llpo6Hee . 

* 
B ,lleHCTBHTeJihHOCTH BOJMO)I(Hbl CKOpOCTB, npeBhiWaiOwHe CKO

POCTh CBeTa C. TaK, BMeCTO l.faCTHUbl , ,llBB)I(Yweiic.ll, HanpHMep, 

HJ TO'IKH A B TO'IKY B, MO)I(HO paccMaTpHBaTh CBeTOBOH BMIIYJihC , 

6erywuii B.LlOJih np.IIMoii AB. HeT PY.LlHO y6e)lHThCll , 'ITO npH JTOM 

OTIIa,llalOT KaKHe-nH60 orpaHHl.feHH.II B BeJIHl.fHHe CKOPOCTH . B caMOM 

,lleJie, rrpe,lliiOJIO)I(HM , 'ITO B BaKyyMe HJ He:KOTOpOH T O'IK H C, y,lla 

neHHOH oT AB ,ucrrycxaeTC.II xopoTKHii cse T osoii HMrrynhc. B cnyqae, 

IIOKaJaHHOM Ha puc. 1, OH ,llOC T Hr aeT CHal.faJia TO'IKB A / IIOJIO)I(eHHe 

HMIIYJihCa 1/, a JaTeM rro6e)I(HT OT A K B CO CKOpOCThiO V a~ 
cos 'P 

/rrono)I(~HH.II 2 H 3/. TaKHM o6paJoM, cxopocTh ero pacrrpocTpaHe-

HH.II 60JihWe C, H TeM 60JihWe, l.feM 6JIH)Ke rf> K .!.!_ • 

" 2 llpH 1> .. F, T. e. rrpH HOpMaJihHOM rra,lleHHH cseTa, cxopocTh 

V CTaHOBHTCll 6eCKOHe1.fHO 60JihWOH - B A H B CBeTOBOH CHrHaJI 

IIpHXO,llHT O,llHOBpeMeHHO. KaJaJIOCh 6bl, MO)KHO C ero IIOMOllihiO 

O)lHOBpeMeHHO CBHXpOHHJHpOBaTh l.faCbl B o6eHX JTHX TOl.fKaX . 

llpu JTOM cseTosoii ~Mrrynhc , 6erywuii rro rrnocxocTH OT A K B , 

cosepweHHO peaneH. B JTOM nerxo y6e.LlBThC.II, rroMeCTHB , Harrpu

Mep, Ha IIY TH OT A K B pacceHBaTeJIH CBeTa. llorra)laHHe B HHX 

CBeTOBOro HMIIYJihCa 6y)leT COIIpOBO)K,llaThCJI HJJiyl.feHHeM HJ JTHX 

TOl.feK CBeTOBbiX BCIIbiWeK. B JTOM CJiyqae HeT, B CY lliHOCTH , paJ

JIHl.fHll C l.faCTHUeB , .LlBH)I(Yweiicll OT A K B H HJJiyl.faJOweii CBeT. 

• CM.11 ' CTp . 76. 

6 

c 

·/~ 

B 

c 
V = coslf 

Puc. 1. KopomKuil caemoaoil uMnYIIbC, ucnycKaeMblil U3 yoaAeHHoil 
mo<4KU C, oocmuzHya mo<4KU A , 6exum aoollb npJIMOU AB co cKo-

pocmMo V " c . 

llpOTHBOpe'IBT JIB 3HHWTeHHY TO, 'ITO npB JTOM CKOpOCTh V 60Jih

w e CKOpOCTB C ? llpOTBBOpel.fBT JIH 3iiHWTeBHY TO, 'ITO l.faChl 

B A H B B , He JaBHCBMO OT paCCTOJIHHJI Me)I(.LlY HBMH, MO)KHO CHHXpO

HBJHpOBaTh CKOJih yrO,llHO 6hiCTp0 H ,lla)Ke MrHOBeHHO? llpe)K,lle 

scero, nerKo y6e.LlHTbCll, 'ITO J,lleCh HeT rrpoTBBope'IBll c TeopHeii 

OTHOCBTeJibHOCTH, TaK KaK e10 JanpeweHa He CKOpOCTh, 60JihWa.ll 

C, a TOJihKO CKOpOCTb pacnpOCTpaHeHHJI CBrHaJia, npeBhiWaiOwall 

CKOpOCTh CBeTa B nycTOTe . B ,llaHHOM )Ke cnyqae HMIIYJihC, IIpBXO

)llllliBH B B , HBKaKOH HH«iJOpMaUBH 0 TOl.fKe A He HeceT, B OH He 

MO)KeT paCCMaTpHBaTbCll KaK CBrHaJI, B.LlYlliBH BJ A · qTO Kaca

eTCJI BOJMO)KHOCTB CBHXpOHBJaUBB l.faCOB, TO OHa Ta:K)Ke He rrpo-

TBBOpe'IHT 3HHWTeHHY . 

BMeCTe C TeM V ,lleHCTBBTeJibHO BMeeT peaJihHhiH CMhiCJI. 

qTo6hl y6e.LlBThCll a JTOM, ,llOIIYCTBM, HarrpuMep, 'ITO oTpeJOK AB 

,llBH)KeTcll co cxopocThiO U B.LlOJih csoero HarrpasneHBll, y6era.11 
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OT BCTOqHBKa CBeTa jpuc. 2/. Tor,ZJ;a, B CBJIY a6eppaUBH CBeTa, 

yron cP Me:lK,ZJ;Y HanpaBJieHBeM nyqea H llpJIMOB AB B3MeHHTCJI 

B npeBpa TBTCJI B cP ', a V B V '. 0cTpbiB yroJI cP' MO:lKeT npH 

U-U 1 cTaTb npJIMhiM I puc. 2b /, B Tor,ZJ;a cxopocTb V ' c,ZJ;enaeTCJI 

6ecxoHeqHoB:. llpa ,ZJ;aJibHeB:weM yuenaqeHHH U ,ZJ;O U E U 
2 

, ¢' npe

BpaTHTCJI B TynOB yron, H CKOpOCTb V ' B3MeHHT CBOB 3HaK, 

Tax qTo cueTOBOB BMnynbc no6e:lKHT OT B K A /puc. 2c /. llpa 

3TOM nerKO y6e,ZJ;BTbCJI, qTo TpaHCcllOpMaUBJI V npoHCXO,ZJ;HT B Toq

HOM COrJiaCBB C peJIJITBBBCTCKBM 3aKOHOM CJIO:lKeHBJI CKOpOCTH 

V B U, qTo, pa3yMeeTCJI, He CJiyqaBHO. Mbl nonyqaeM B COOTBeT

CTBBH CO CKa3aHHhiM Te :lKe CJie,ZJ;CTBBJI, KOTOpbie fiOJiyqHJI 3HH

wTeBH ,ZJ;JIJI V, 6onbwero c. Ecna 6hl nona,ZJ;aHHe BMnynbcou B A 

B B MO:lKHO 6biJIO paCCMaTpHBaTb KaK CBrHaJI, BbiXO,ZJ;JIJUHB H3 

a b 

A~, • '\,8 I v'= oo j 
A7 B 

cos op' = 

'f' U=U1 

cos 'f'- J..L c 
1-cos'f'g 

v·= v- u 
1- vu c2 

c 

~ A B 
If> u u '2 

c 
V = COS'f' 

' c 
V = cos'f' 

Puc. 2. B omAut~ue om puc. 1, ompe30K AB 06UJKemc.R co 
cKopocmbro U /puc: b u c /. Tozoa 6 pe3yAblllame a6eppa-
11UU c6ema yzoA ¢ npe6paiJiaemc.R 6 ¢' /eM. Ha pucyHKe peA.R
mu6ucmcKyro ¢opMyAy, C6.R3bJ6a10IJIY10 c os ¢ c c os¢' /. YzAy ¢' 

COOJI6eJICIII6ye111 CKOpOCIIIb pacnpocmpaHeHU.R UMnyAbCa 600Ab np.R
MOU AB, pa6Ha.R v '. Ilpu u = u 1 6eAU'IUHa v ' z \:0 jyzoA ¢ '- l,f- /, 
a npu u ... u2 6eAut~uHa V ' ompu11a111eAbHa. IlocAeoo6allleAbHOCIIIb 
C06biJIUU 6 3JIOM CAy'lae MeH.ReiiiC.R - UMnyAbC npUXOOUIII 6 . B paHb
Uie, t~eM 6 A . JlezKo y6eoumbc.R, 'IIIlO V' C6.R3aHo c V u U peA.R
JIU6UCJICKOi1 fPOpMyAOU CAOJICeHU.R CKOpOCJieU. 

8 

A /npaqaHa/ , a npaxO,ZJ;JIIUHB B B xax cne,ZJ;CTBBe, TO B3MeHeHBe 

3 Haxa V' 03Haqano 6hl, qTo cne,ZJ;CTBHe npe,D;WeCTByeT npaqaHe -

BMnynbc B B B03HBxaeT paHbwe HMnynbca B A . O,ZJ;Haxo B ,ZJ;aH

HOM CJiyqae CKOpOCTb V, 60JibWaJI <;. XOTJI B peaJibHa, HO He npH

BO,ZJ;BT K npOTHBOpeqHJO C 3aKOHOM npHqBHHOCTB . 

PaCCMOTpBM ,D;pyrOB npHMep , B3 KOTOporo TaK:lKe BH,ZJ;HO , qTO 

paCCMaTpBBaeMaJI CKOpOCTb V BMeeT 6JIH3KYIO aHanorHIO CO CK0-
/ 26 / u 

poCTblO qacTBUhl • 6 y,ZJ;eM cqaTa Tb A rpaHauea pa3,ZJ;ena ,ZJ;Byx 

cpe,D;, nnocxocTb xoTopoB: nepneH,ZJ;BxynJipHa nnocxocTH qepTe:lKa . 

llyCTb npenoMJIJIJOIUaJI cpe,D;a n c noxa3aTeneM npenoMneHBJI n2 
3anonHJieT nonynpocTpaHCTBO HB:lKe rpaHHUhl AB , Tor,ZJ;a cBeTouoB: 

BMfiYJibC B3 C , 6erYIUBB B,ZJ;OJib rpaHHUhl pa3,ZJ;eJia, npHBe,ZJ;eT K no

JIBJieHHIO npeJIOMJieHHB BOJIHbl B cpe,D;e II . H,ZJ;YIUeB no,ZJ; yrnoM e 
K rpaHBUe pa3,ZJ;ena I puc. 3/. llpH :noM c os e Y,ZJ;OBJieTBOpJieT 

TaKOMY :lKe COOTHOWeHHIO, xaK B xapaxTepHbiB yron 3iWJexTa Ba

BBJIOBa- qepeHxoua ,ZJ;JIJI qacTBUhl co cxopocTblO V I CM . puc. 3/ . 

n n~ 

cos 'P = n~ cos a 

c 
cos e =rev 

~ 

cos'f =£ 
v 

Puc. 3. Ompe3oK AB AeJKum Ha nAocKoi1 zpaHUIIe pa3oeAa 6aKyy
Ma I u cpeObl I I c noKa3allleAeM npeAOMAeHu.R n 2 . C6emo6oi1 
UMnyAbC, npUXOO.RIJIUU Ha zpaHUIIY pa30eAa ,C030aem npeAOMAeHHY10 
60AHY noo YZAOM (H) K no6epXHOCIIIU. HempyOHO y6eOUIIIbC.R, '11110 
KOCUHYC (3 C6.R3aH CO CKOpOCIIIb10 V 1fleM JKe C001fiHOUieHUeM, 
111110 u xapaKmepHbiU yzoA 6 U3Ayt~eHuu Ba6uAo6a- flepeHK06a, 
a UMeHHO: cos (H)= _c __ 

n 2V 

O,ZJ;Haxo, ecnH B 3iWJexTe Bauanoua-qepeHxoua cxopocTb ucer,ZJ;a 

MeHbWe C, TO 3,ZJ;eCb OHa MO:lKeT 6b1Tb Jll060B. Kpyr BOllpOCOB, CBJI-

3aHHbiX CO CBepXCBeTOBbiMH CKOPOCTJIMB, npBBJieK BHBMaHHe B 6hiJI 

9 



He)laBHO )leTaJihHO 06Cy)l()leH / ~? ·28 ' . 113 CKa3aHHOrO BH.UHO , Ha

CKOllbKO CYllleCTBeHHO yTBep)l()leHHe 3HHWTeifHa 0 TOM, 'i T O orpa 

HB'IeHHJI HaKJia)lb!BaiDTCJI TOJihKO Ha CKOpOCTb pacnpOC T paHeHHJI 

CHrHaJia, KOTOpaJI He MO)I(eT npeBb!WaTb C. 

B 1905 r. 3iiHmTeHHOM 6hm nony'ieH H e111e O.UHH sa)I<HeiimHii 

pe3yJihTaT, B CYlliHOCTH, 3aBepWHBWHH C03)laHHe cneuHaJihHOH 

TeOpHH OTHOCHTeJihHOCTH, a HMeHHO: ycTaHOBJieHHe 3aKOHa npo

llOpiJ.HOHaJihHOCTH BeJIH"'HH 3HeprHH H MaCChi ' t g ' - 3HaMeHHTOrO 

COOTHOWeHHJI E ~ me 2 • 3iiHWTeHH paCCMaTpHBaeT B CBJI3H C 3 THM 

O'ieHh npOCTOH MbiCJieHHbiH OllbiT, B KOTOpOM BnepBbie npHMeHJieT 

K npou.eccaM H3lly'ieHHJI CBeTa 3aKOHbl COXpaHeHHJI 3 HeprHH H HM

nyJihCa: llOKOJilliHHCJI H3lly"'a Tellb HCnycxaeT B npOTHBOllOJIO)I(Hbie 

CTOpOHbi )lBe paBHbie llOPU.HH 3HeprHH . O'ieBH.llHO, 'iTO CBeT YHO

CHT HMllYllhC, paBHbiH HYJllO, H H3Jiy'iaTeJib OCTaeTCJI llOKOJilliHMCJI . 

B .llBH)I(YllleHCJI CHCTeMe KOOp.UHHaT OH 6y)leT HMeTb TY )l(e CKo

pOCTb, Kaxyro HMeJI 6bl H3Jiy'iaTeJih, He HCllyCTHBWHH CBeTa. llpH 

3TOM, O)lHaKO, ero KHHeTH'ieCKaJI 3HeprHJI .llOJI)I(Ha 6b!Tb HHOH, 

a 3TO B03MO)I(HO, TOJihKO eCJIH HeO)lHHaKOBbi HX MaCChi. 113 TaKoro 

paCCMOTpeHHJI, BCllOJih3yiDlllerO 3aKOH COXpaHeHHJI 3HeprHH, O.llH0-

3Ha"'HO cne.D.osano, 'iTO 3HeprHJI cseTa E yHecna c co6oii Macey 

m Taxyro,"'TO E . me 2 
. 

3TOMY pe3yllhTaTy, llOJiy'ieHHOMy B 1905 ro.uy , 3iiHWTeiiH 

npH.uaeT, HeCOMHeHHO, O'ieHh 60JibWOe 3Ha'ieHBe, H B 1906-1907 rr . 

OH BHOBb llOCBJilllaeT eMy CTaTbB, "'T06hi 060CHOBaTb npe.UllOJIO)I(e-
2 / 182 0 / * 

HHe 0 TOM, 'iTO 3aKOH E .• me ' JIBJIJieTCJI YHHBepcaJibHbiM . 

Cne.uyeT OTMeTBTb, 'iTO 3aKOHbl COXpaHeHHJI 3HeprHH H HM

llYllbCa 3iiHWTeHH C'iBTaJI HaCTOJibKO f}lyH)laMeHTaJibHbiMH, 'iTO Bbi-
~ 

Texaro111ee B3 HBX COOTHOWeHBe E • me .llliJI Hero 6biJIO HeCoM-

HeHHbiM, XOTJI npoBepBTb ero 3KCnepBMeHTaJihHO B TO BpeMJI e111e 

He npe)lCTaBJIJIJIOCh B03M0)K}fb!M. HeJih3JI 6binO 0)1(H)laTb, LITO Me

Hee 'ieM 'lepe3 TPH .uecJITHJieTBJI npaxTH'Iecxoe npHMeHeHHe 3Toro 

3aKOHa CTaHeT HeOGXO.llHMhiM .llliJI Jl)lepHOH I}!B3HKH. 3TO Bbi

JICHHJIOCb llOCJie TOro, KaK llOJIBHJiaCb B03MO)I(HOCTh H3y"'aTb npo

u.eCCbl, npoucxo.nJilliHe c oT.uenhHbiMH 'laCTBU.aMH BellleCTBa. B 'lacT

HOCTH, 6b!JIH BCCJie)lOBaHbl 3JieKTpOMarHHTHble npou.eccbl, B KOTO

pb!X BCJI Macca . 'laCTBU. B03HHKaeT 3a C'leT MaCChi f}loTOHa. Ha 

* CM / 11cTp. 38. 

10 

puc. 4 noxa3aH cny'laii po)l()leHHJI napbi H3 3JieKTpoHa H no3HTpoHa, 

B03HHKaiDlliHX npH HC'Ie3HOBeHHH 'laCTBU.bi CBeTa - f}lOTOHa C 3Hep

rHeH E = 2,6 M3B. 
)l.JIJI )laJibHeifmero CyllleCTBeHHO, 'ITO 3aKOHhi COXpaHeHHJI 3Hep

rHH H HMllYJI£Ca 3HHWTeHH npBMeHBJI B CBOeH KBaHTOBOH TeOpBH 

B 3Jiy'leHBJI. OH noxa3an, 'ITO , B OTJIB'IB e OT cny'laJI , xor.ua npu

MeHBMbl KJiaCCB'ieCKHe npe)lCTaBJieHBJI, COrJiaCHO KOTOpbiM H3Jiy

'laeMaJI BOJIHa 06bi'IHO pacnpOCTpaHJieTCJI BO BCe CTOpOHbi, BhineT 

xsaHTa cseTa scer.ua HanpasneH. 

Puc. 4. t1>omozparjJu11 3/leKmpoH- no3umpoHHoi1 napbl, eo3HUKwei1 noo 
oei1cmeueM ) -Ay~ei1 c 3Hepzuei1 ¢omOH06 2,6 M3B /cHUMOK 6 Ka
Mepe BullbCOHa, nolly~eHHbli1 H . B .FpoweebiM u H.M.tl>paHKOM/. 
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B 3aMe'laTenbHOH pa6oTe 1916 r. "K KBaHTOBOH TeOpHH H3ny

'leHH.II " / ~1.' KypeHBOM Bbl,lleneHa 4Jpa3a : "0Ka3bleae111CJI, '11110 K He

npOJtU60pe'IU60U Jteopuu Mbl npui}e..w 1110AbKO 6 1110M CAy'lae, eCAU 

ece 3AeMeHJtapHble npoijeccz.r 6y(}e..w ct~umamz. noAHOC111MO Hanpae

AeHHbiMU" ~ 0Tero,lla ene,llyeT, 'ITO : " B JneMeHTapHOM npoueece 

enouTauuoro H3ny'leHH.II Monexyna nonyqaeT HMnynbe OT.Ila'IH , ae

nuquua KOToporo paaua h v/c, a uanpaBneuue onpe,llen.lleTe.ll, eo

rnaeuo eoapeMeHHOMY eoeTO.IIHHIO TeOpHH, nHWb " enyqaii:HOeTbiO" *": 

3Ha.ll Bee 3TO H DOnbJy.lleb JaKOHaMH eoxpaHeHH.II JHeprHH H HM

nynbCa, MO)KHO, B qaeTHOeTH, H3 JneMeHTapuoro KBaHTOBOrO 

paeeMoTpeuH.II nony'IHTb u Jaxou ~onnnepa. HacxonbKO .11 Juaro, 
'29' 

JTO 6bmo Bnepable e,llenauo IIIpe,llHHrepoM B 1922 r. . 
1 2 1 22 ' B pa6oTax 3ii:uwTeiiua 1916 r. • anepabie 6bmH BBe,lleHbi 

H Henonb30BaHbl ,lln.ll Bb!BO,Ila 4JopMynbi IlnaHKa K034l4JHUHeHTbl 

aepo.IITHOCTeii nepexo,lla : 

1/ CnouTauuoro nepexo,lla A11 H3 eoeTO.IIHH.II Z B JuepreTH'Ieexu 
m m 

6onee HH3Koe Z 11 , npu KoTopoM HJnyqaeTe.ll KBaHT -f1 w I puc . Sa/ . 

2/ HH.IlYUHpOBaHHOro H3ny'leHH.II, KOTOpoe " . . . MO)KeT Bbi3biBaTb 

e paBHbiM yeneXOM KaK yMeHbWeHHe JHeprHH, TaK H npupaJUeHHe 

Juepruu" *** 1221 . 

B nepBoM cnyqae uenyexaeTe.ll HH.IlYUHPOBaHHbiii: ll!oToH, u Be

po.IITHOCTb nepexo,lla nponopuuouanbua B~ /na,llaroiUHii 4JoToH po*

,llaeT eiUe O.llHH ll!oTOH ii w /, T.e . BblneTaroT ,llBa ll!oToua, /puc . Sb/. 

Bo BTopoM enyqae ll!oTOH nornoiUaeTe.ll. Bepo.IITHOeTb nponopuuo-
m . 

uanbua B 11 I puc. Slf/. 

CyiUeeTaeuuo KBaHTOBbiMH 3ii:uwTeii:u e'IHTaeT Bee TPH npouee

ea Y*e noTOMY, 'ITO nepexo,ll npouexo,llHT Me*.llY .llBYM.II .llHCKpeT

HbiMH 6opOBeKHMH eoeTO.IIHH.IIMH. 0,1lHaKO OH He Bbi,Ilen.lleT npouece 

HH.IlYUHPOBaHHOrO HenyeKaHH.II 4JOTOHa KaK 'IRe TO "KBaHTOBbiH" ,B OT

nH'IHe OT TOrO, KaK 3TO 06bi'IHO ,llenaeTe.ll Tenepb . Y Hero Br:n H 
m 

B n paBHOnpaBHbl. Ilo 3TOMY DOBO.IlY OH DHWeT: "EenH pe30HaTOp 

Ilnauxa uaxo,llHTe.ll B none H3nyqeuu.ll, TO 3uepru.11 pe3oHaTopa H3Me

H.lleTe.ll 6naro,llap.ll TOMY, 'ITO 3nexTpoMarHHTHoe none eoaepwaeT 

Ha,ll pe30HaTOpOM pa6oTy; 3Ta pa6oTa MO)KeT 6b1Tb DOnO)KHTenbHOH 

HnH OTPH"UaTenbHOH, B 3aBHeHMOeTH OT eOOTHOWeHH.II 4Ja3 pe30Ha-

* CM.7:r7 eTp. 394. 

** c 13 1 
406 M. eTp. • 

*** CM (3/ eTp. 390. 
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J 

A" ? 
m 

Q)-hw, 
n 

Q)-hw, 
n 

a a' 

Bm n B" m 

hw,-G) 
Z.n 

hw, -Q)= 2nw, 
Zn 

b b' 

Puc. S. HAAIOcmpaijUJI K :JiiHwmeiiHoecKuM Ko3,p¢UijUeHma..w eepoJim
Hocmeii nepexo(}oe A u B . B KPYJICKax yKa3aHbl coomeemcmey10rque 
u..w KeaHmoeble nepexo(}z.r. Ko:J(J(JuijueHm A1~ omcymcmeyem /3HaK 

eonpoca Hac} KPYJICKOM cnpaea/. 

Topa u oeuunnupyroiUero non.11" * 12 11 . K eo)Kaneuuro, o6 JTOH 

xnaeeuqecxoii: auanornu nornoiUeHH.II u HH.IlYUHPOBauuoro ucnyexa

HH.II Tenepb qaeTo 3a6biBaroT **. 
06paiUaeT Ha ee6.11 BHHMaHHe TO, 'ITO ,D;n.ll eUOHTaHHOrO npouec-

n m 
ea eeTb TOnbKO Ko34l4JuuueuT A m , a xoJ4l4JuuueuTa A 11 BeT /eM. 

puc. Sa/. P a3nuque c uu,n;y-uupoBaHHbiMH npoueeeaMu npe,n;eTaBn.lleT

e.11 O'leBB,Il;HbiM - enOHTaHHbiH npoueee B03MO)KeH TOnbKO e Bbi,D;e

neuueM 3Hepruu, noexonbKY uuxaxoro auewue r o B03.1leii:eTBB.II, 

KOTOpoe MOrno 6bl noen:.Bn.IITb 3Hepruro, 3,D;eeb BeT. 0,1lHaKO 3TO 

. nepeeTaeT 6b1Tb O'leBH,Il;HbiM, eenB npe,n;eTaBBTb ee6e, 'ITO BeTO'IHBK 

B3ny'leHB.II ,D;BB)KeTe.ll e O'leHb 6onbWOB exopoeTbiO B npenoMn.lliOIUeii: 

epe,n;e, u ero xuueTB'Ieexa.ll 3uepru.11 MHoro 6onbwe, 'leM JHepru.ll 

uenyexaeMoro xaauTa. 3axou eoxpaueuu.11 3Hepruu B 3TOM enyqae 

He 6y,n;eT HapywaTbe.ll, T.K. KBHeTB'IeeKOH 3HeprBB ,n;oeTaTO'IHO 

u ,n;n.11 uenyexauu.11 ll!oToua u ,n;n.11 nepexo,n;a Z 11 • Z m . Ilo'leMy *e 

u aeer,lla nu ueB03MO)I(eH ,n;n.11 enouTauuoro npoueeea uap.11,n;y 

* CM ! 3 
I eTp. 396. 

*'* Kax oTMeTun npu o6ef)K,IleBBB ,n;oxna,n;a H.r . liaeoB, 3TO, 
BepO.IlTBO, npoBeXO,IlHT UOTOMy, 'ITO B ,n;eii:eTBHTenbHOeTH auano

rH.Il ue o'lelfb 3neMeHTapua. 
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"-A. A n "-A. A"' ' 0 C K03'1"i-'H~HeHTOM m H K03'1"i-'H~HeHT n ? TBeT COCTOHT B TOM, 

'ITO KpOMe JaKOHa COXpaHeHHX 3HeprHH ,II;OIDKeH 6biTb Y,II;OBJieTBO

peH H JaKOH COXpaHeHHX HMnynbca . He cny'laHHO 3HHWTeHH MHOro

KpaTHO H HaCTOH'IHBO nO,II;'IepKHBaeT Ba~HOCTb ,II;JIX npo~eCCOB HJ· 

ny'leHHX 060HX 3THX JaKOHOB. 

llpe~,~~;e acero, ecnH npHMeHHTb coaMeCTHO o6a 3 TH JaKoHa 

K ,II;BH~YllleHCX 'laCTH~e , TO nerKO y6e,II;HTbCX , 'ITO npH paBHOMep

HOM H npXMOJIHHeHHOM ,II;BHJKeHHH Japx,~~;a B BaKyyMe CO CKOpOCTblO, 

MeHbWeH CKOpOCTH CBeTa , y,II;OBJieTBOpHTb HX O,II;HOBpeMeHHO Hellb" 

3X. B COOTBeTCTBHH C JaKOHaMH 3 JieKTpO,II;HHaMHKH npH TaKOM 

,II;BH~eHHH 3JieKTpH'IeCKHH J a pX,II; B CaM OM ,~~;ene He HJJiy'laeT CBeTa ~ . 

HHoe nono~eHHe HMee T MeCT O ,~~;nx Japx,~~;a, ,II;BH~Ylllerocx c ,~~;o

cTaTO'IHO 6onbWOH CK OpOC T blO B c pe,~~;e . CxopoCTb H3 liY 'IaTenx 

3,11; e C b MO~eT 6b!T b 60JibWe H <!>aJO BOH H rpy nnoBOH CKOpOCTH CBeTa 

,~~;nx xax o ii - nH6o o 6 nacTH qacToT. llpou ec c c n o HTaHHoro HJnyqe-
/ :33' 

HHX CTa H OBHTC X B03MO~Hb!M ' , H B CaM OM ,~~;e ne nOXBJIXeTCX xo-

pOWO HJBeCTHoe seeM HJny'leHHe BaaHnoaa-~epeHxoaa. ~acTHua, 

H3Jiy'laX CBeT, TepxeT CBOIO KHHeTH'IeCKYIO JHeprH JO. )l.eHCTBHTeJib

HO, B JTOM cnyqae H3 npOCTbiX KJiaCCH'IeCKHX coo6pa~eHHH cne,~~;yeT, 

'ITO JneKTpOMarHHTHOe none BOJ!Hbl, ,ll;eHCTBYJOlllee Ha '!aCTHUY, 
' •>O , 

Taxoao, 'ITO cTpeMHTCX ee JaTopMOJHTb " . To ~e caMoe ,~~;on~Ho 

6binO 6bl 6biTb H ,II;JIX 'laCTHUbl, ,II;BH~YllleHCX B BaKyyMe CO CKo

pOCTblO, npeBb!WaJOmeii c, xax anepabie noxaJan A.3oMMeP<!>enb,ll; 

eme a 1904 r. 
131 3

?
1

• 

EcnH ~e HJny'laTe nb He HMeeT Japx,~~;a, HO o6na,~~;aeT co6cTaeH

HOH '!aCTOTOH H ,II;BH~eTCX B npenOMJIXJOllleH cpe,11;e, TO npH onpe

,~~;eneHHbiX ycnOBHXX B03HHKaeT TaK Ha3b!BaeMbiH aHOMaJi bHbiH J<!>· 

<!>eKT )].onnnepa. B JTOM cnyqae cnoHTaHHbiH nepexo,~~; c aoJ6y~-
v ~~ A"' v ,ll;eHHeM, onpe,~~;en x eMbiH KOJ'I"i-'HUHeHTOM n , ,ll;eHCTBHTeJibHO CTa-

HOB HTC ll B0 3MO~HbiM , H H3JIY'IaTellb CB eTa TaK~e Tepl!eT KH H eTH

'!eCKYIO J H e prHJO. 

K 'IHCJIY OCH OBHbiX B Onp OCOB , paCCM OTpe HHbiX B n e pBOH pa6oTe 

nO T eOpHH OTHOCHTeJibHOCT H t ;, ,, OTHOCHTCX H J cWJ e K T )].onnnepa . 

3iiHWTeiiH C'IHTan JTY npo6neMy <i>YH,II;aMeHTanbHOH . MHoro noJ~e. 

. +- ~T06bi y6e,II;HTbCX B JTOM, ,II;OCTaTO'IHO nepeHTH B CHCTeMy 

KOOp,II;HHaT, B KOTOpOH '!aCTHUa llOKOHTCX /TaKaX CHCTeMa KOOp,II;H" 

HaT paBHOnpaBHa C HCXO,II;HOH/ . 

14 

B 1916 r., B CTaTbe "K KBaHTOBOH TeOpHH H3Jiy'leHHX"
1211

oH 

llHWeT : " . . . KaKyJO 6b! <!>opMy HH npHHHMana TeOpHX 3JieKTpOMarHHT" 

Hb!X npoueCCOB, npHHUHll )l.onnnepa H JaKOH a6eppaUHH BO BCXKOM 

cny'!ae coxpaHxTcx . •• " '· 

EcnH HCTO'IHHK CBeTa ,II;BHJKeTCX B cpe,~~;e, JanonHeHHOH aemecT

BOM C llOKa3aTeneM npenOMJieHHX n (w) , OTJIH'IHbiM OT 1, TO JaKOH 
1 17 1 

)l.onnnepa nerxo nony'IHTb no aHanorHH co cnyqaeM aaxyyMa 

H3 npOCTbiX BOJIHOBbiX C006pa~eHHH . )].nH penXTHBHCTCKOH CKOpo

CTH JaKoH )].onnnepa HMeeT BH,II; , npe,~~;cTaaneHHblii <!>opMynoii Ha 
' B6 ' puc. 6a . 0Ha COOTBeTCTByeT Clly'laJO, KOr,ll;a ,II;BH~eTCX HCTO'IHHK 

CBeTa, HMelOlliHH C06CTBeHHYIO 'laCTOTY w 0 . a cpe,~~;a nOKOHTCX. 

flpH JTOM 6- yron Me~,ll;y ny'IOM CBeTa H CKOpOCTblO 'laCTHUbl, 

H3MepxeMbiH B HellO,II;BH~HOH CHCTeMe KOOp,II;HHaT, CBX3aHHOH CO 

~n(w')cos El < 1 

w'= wof17 
1-" ( ' ,.n w l cos El 

0 

\T 

~=c 

~n(w"lcosEl >1 

w"= Wo~ 
f3" (w") cosEl-1 

hw" 

b 

Puc. 6. <PopMyAbl ,l(onnAepa OA.II cpeObl /ucmo'lHUK ceema oeuxem
C.II, a cpeoa noKoumc.ll/. HopMaAbHbtil 3rflrfleKm ,l(onnAepa cAeea, 
a aHoMaAbHblil - cnpaea. BHu3y noKa3aHbl coomeemcmeyJO~que eo3-
HUKHoeeHuJO HOpMaAbHbiX U aHOMaAbHbiX 'laC1/10111 K8aH1/108ble nepe
XOObl . 

* / 3 / 
CM. CTp. 402. 
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Cpe)J.OH. 0TJIH'IHe 3TOH ljlopMyJihl OT CJiy'lall BaxyyMa JIHWb B TOM, 

'ITO XOCHHYC B 3HaMeHaTeJie )J.OnOJIHHTeJibHO YMHO)I(eH Ha BeJIH'IHHY 

noXa3aTeJill npeJIOMJieHHll. 

llpu 3TOM B ypasueHHe )).onnnepa BXOJJ.HT noxa3aTeJib npenoM

neHHll He )J.Jill C06CTBeHHOH 'laCTOTbl H3Jiy'laTeJill w 0 . a )J.Jill )J.Onnne

pOBCXOH w ' 3TO 06CTOliTeJibCTBO B pli)J.e CJiyqaeB MO)I(eT npHBO

JJ.HTb x cymecTBeHHhlM oco6eHHOCTJIM. Bo3MO)I(HO, HanpuMep, pac

menneHue )J.OnnJiepOBCXOH 'laCTOThl Ha HeCXOJibXO XOMnOHeHT 

TaX Ha3biBaeMhlH CJIO)I(HhlH 3~eXT )1.onnnepa
1 261

. Tax xax JJ.OnnJie

pOBCXall 'laCTOTa W' -BeJIB'IBHa cymeCTBeHHO nOJIO)I(BTeJibHaJI, TO 

Heo6xo.D.HMO BhlnonHeHBe HepaseHCTBa puc. 6a. CnexTp JJ.Onnne

poscxux qacToT, onpe.D.eJilleMhlx ypasHeHHeM puc. 6a, Ha3biBaiOT 

HopMaJibHhlM. B HB)I(Heii: qacTH puc. 6a cxeMaTB'Iecxu noxa3au 

MeXaHH3M B03HBXHOBeHHll HOpMaJibHbiX )J.OnnJiepOBCXHX 'laC TOT. 

B H3Jiy'laTeJie, xax B 06bi'IHO, npOHCXO)J.BT CnOHTaHHbiH nepeXO)J. 

C yMeHbWeHHeM BHyTpeHHeH 3HeprHH Ha BeJIH'IHHY "h w0 , H npB 

3TOM B03HHXaeT lj!OTOH C 3HeprHeH h (u '. 

)).Jill JJ.aJILHeii:wero cymecTBeHHO, 'ITO ypasHeHHe puc. 6a He 

liBJilleTCll e.D.BHCTBeHHhlM. B nJIOTHOH cpe.D.e c n(w), 6oJibWHM 

e)J.HHHJ..{hl, B )J.Jill peJiliTHBHCTCXOH 'laCTHJ..{hl B03MO)I(eH T .H. aHO-
- - 126 1 

MaJibHhlB 3~exT )).onnnepa, onpeJJ.eJilleMbiH ypasHeHBeM puc. 6·b 
QqeBBJJ.HO, 'ITO JJ.Jill Toro, 'IT06bi B 3HaMeHaTene ypasHeHHll puc. 6b 
CTOliJia nOJIO)I(HTeJibHall BeJIH'IHHa, TaX)I(e He06XOJJ.HMO BhlllOJIHeHHe 

HepaseHCTBa, Ho y)l(e o6paTHoro no cpaBHeHBIO c puc. 6a. )).Jill 

noliBJieHHll aHoMaJILHoro u CJIO)I(HOro 3~exTa )).onnnepa cymecT

seHHYIO pOJib HrpaeT He TOJibXO ljla30Ball, HO B rpynnoBall CXOpOCTb 

CBeTa. llpH 3TOM B3JIY'IaTeJib He MO)I(eT nOJIHOCTbiO o6rOHliTb 

B3JiyqaeMbiH HM CBeT 124 ,25 / . 

HeTPYJJ.HO y6eJJ.HTbCll, 'ITO JJ.Onnneposcxall qacToTa npu aHo

MaJibHOM 3~eXTe Be)J.eT ce6ll COBCeM He06hl'IHhlM o6pa30M. B ca

MOM )J.eJie, Mhl npBBbiXJIB, 'ITO )J.BB)I(Yll.IHHCll BCTO'IHHX CBeTa snepe)J. 

H3JiyqaeT cseT Hau6onee Bblcoxux qacToT /cuHee cMemeHue B 

cnexTpe/, a Ha3a.D. - Hau6onee HB3XHx /xpacHoe cMemeHue/. 

)).Jill aHOMaJibHOrO 3~eXTa )).onnnepa 3Ta 3aBHCBMOCTb HHall. 

Tax, B 06JiaCTH cnexTpa, B XOTOpoii: noxa3aTeJib npeJIOMJieHBll MaJIO 

MeHlleTCJI, )J.OnnJiepOBCXaJI 'laCTOTa C yBeJIB'IeHHeM yrJia 8 He 

yMeHLwaeTCll, a, Hao6opoT, pacTeT. nerxo y6eJJ.HTbCll, 'ITO aHo

MaJibBblii: 3~eXT )).onnnepa, B OTJIH'IHe OT HOpMaJibHOrO, B03MO

)I(eH TOJibXO )J.Jill OCTpbiX yrJIOB 8 , B )J.Jill Xa)I()J.OH Wo , )J.Jill XOTOPOH 

16 

OH B03MO)I(eH, HMeeTCll noporOBaJI CXOpOCTb, He06XO)J.BMall )J.Jill 

ero B03HHXHOBeHBll . 3a6erall Bnepe)J., CXa)l(y, 'ITO npH aHOMaJibHOM 

3~eXTe )).onnnepa npOHCXO)J.BT cnOHTaHHOe B036y)I()J.eHHe B3JIY

qa TeJill Ha BeJIH'IHHY 't eu 0 , c ucnycxaHHeM ljloToHa hw ", xax 3To 

noxa3aHo Ha puc. 66. 
Mhl npHBhlXJIB X TOMY, 'ITO eCJIB BMeeTCll H3Jiy'laiOll.IBH CBeT 

OCUHJIJiliTOp, TO C03)J.aBaeMoe HM 3JieXTpOMarHHTHOe none )J.OJI)I(BO 

)J.eHOTBOBaTb Ha Hero TaX, 'IT06bl XOJie6aHHll 3aTyXaJIH . 3TO ec

TeCTBeHHO, TaX xax H3Jiy'leHHe CBeTa YHOCHT 3HeprHIO, H, CJie)J.o

BaTeJibHO, no 3aXOHY COXpaHeHHll 3HeprHH )J.OJI)I(HO npOHCXO)J.BTb 

yMeHbWeHue 3Hepruu xone6aHHH, T . e. ux 3aTyxaHHe. 0JJ.Haxo 3a

paHee He O'leBH)J.HO, XaXOBa 6y)J.eT peaXUHll nOJill Ha H3Jiy'laTeJib, 

eCJIH OH )J.BH)I(eTCll 6hlCTpee, 'leM H3JiyqaeMall HM CBeTOBall BOJIHa. 

0Xa3biBaeTCll, 3TO npHBe)J.eT X TOMY, 'ITO H3MeHHTCll H peaXJ..{Hll 

nOJill Ha H3Jiy'laTeJib H B03HHXHeT CHJia, CTpeMllll.laliCll pacXa'IHBaTb 

ero H3Jiy'laeMOH HM BOJIHOH l aG / . HeTpy)J.HO y6eJJ.HTbCll B TOM, 'ITO 

3)J.eCb He n03HHXaeT HHXaXHX npOTHBOpe'IHH C 3aXOHOM COXpaHeHHll 

3Hepruu. B caM oM JJ.ene, none H3Jiy'leHHll npu 3TOM TopM03HT 

)J.BH)I(Yll.IYJOCll 'laCTHUY H, CJie)J.OBaTeJibHO, ee XHHeTII'IeCXall 3Hep

rHll npeBpamaeTCll xax B 3HeprHIO XOJie6aHHH, TaX H B 3HeprHIO 

H3Jiy'leHHll. 

TipupoJJ.y 3~exTa )).onnnepa nerqe scero BbiliCHHTb, npuMeHHB 

3axoHhl coxpaHeHHll 3Hepruu H HMnynLca x npol..{eccy ucnycxaHHll 

lj!OTOHa )J.BH)I(Yll.IHMCll B cpe)J.e HCTO'IHHXOM CBeTa. Taxoe pac

cMoTpeHue, xax y)l(e OTMe'laJIOCb, - 3TO 3JieMeHTapHoe cne.D.

CTBHe pa60T 3ii:HWTeii:Ha. ECJIH npH XBaHTOBOM paCCMOTpeHHH 

)J.OnyCTHTb, 'ITO 3HeprHll H3Jiy'laeMOrO lj!OTOHa MaJia no cpaBHeHHIO 

C XHHeTH'IeCXOH 3Heprueii: )J.BH)I(eHHll /'ITO , COOTBeTCTByeT )J.Ony

meHHIO, 'ITO )J.BH)I(eHHe npOHCXO)J.HT C nOCTOliHHOH CXOpOCTbiO/, 

TO, XaX H )J.OJI)I(HO 6b1Tb, noJiy'laiOTCll XJiaCCH'IeCXHe ljlopMyJihl 

)).onnnepa. )).Jill HCTO'IHHXa CBeTa, )J.BH)I(Yll.lerocll B npeJIOMJiliiOll.leii: 

cpe)J.e, He BnOJIHe 3JieMeHTapHbiM JIBJilleTCll TOJibXO BOnpoC 0 TOM, 

xaxoii: HMnyJibC CJie)J.yeT npunuca Tb H3JiyqaeMOMY HM lj!OTOHY. Oxa-

3aJIOCb, 'ITO )J.Jill TOrO, 'IT06bl noJiy'IHTb npaBHJibHYJO BeJIH'IHHy 

HMnyJibCa lj!OTOHa B cpe)J.e, CJie)J.yeT BeJIH'IHHY HMnyJibCa lj!OTOHa B Ba -
h ' 33 34 / 

XyyMe - ~- YMHO)I(HTb Ha noxa3aTeJib npeJIOMJieHHll cpe)J.bl . • 
c 

ECJIH H3Jiy'laTeJib CBeTa, HCnycXaJI lj!OTOH, nepeXO)J.BT B3 O)J.HOrO 

3HepreTB'IeCXOrO COCTOliHBJI B )J.pyroe, TO, B COrJiaCHH C 3HHWTeii:

HOM , CJie)J.yeT npHHHMaTb BO BHHMaHBe, 'ITO npOBCXO)J.BT B3MeHeHBe 
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• 
MaCChi nOKOJI, MeHJIIOil.lee npH 3a,naHHOH CKOpOCTH H BenH"'HHY 

- / 25 35 / 
KHHeTH"'ecxoa 3HeprHH. H3 pe JynbTaToB paccMoTpeHHR o.nHo-

3Ha"'HO nonyqaeTcR, "'TO HOpManbHbiii: 3$¢eKT .D:onnnepa /¢opMyna 

puc. 6aj COOTBeTCTByeT 06bi"'HOMY ,nnR H3ny"'eHHJI npo~eccy 

cnoHTaHHOMY nepexo.ny H3 6onee BbiCOKoro 3HepreTH"!ecxoro co

CTORHHR B 6onee HH3KOe, OTnH"'aiOil.leeCR no 3HeprHH Ha BenH"'HHY 

'tw 
0

. liTo xacaeTCR aHoManbHoro 3¢¢exTa .D:onnnepa, TO cnoH.TaH

HOe H3ny"'eHHe ¢oToHa 'i! 'v" B caMOM .nene conpoBo)l(.naeTCR caMo

B036y)l(,neHHeM, T.e. nepeXO,IJ;OM B 6onee BbiCOKOe 3HepreTH"'eCKOe 
.. / 35 / 

COCTOJIHHe, OTCTORil.lee OT HCXO,IJ;HOrO Ha oenH"'HHY nw0 • Mbl 

BH,li;HM, TaKHM o6pa30M, "'TO B CnOHTaHHOM H3ny"'CHHH MO)I(eT 6biTL 

CYil.ICCTBeH He TOnbKO 3HHWTeHHOBCKHH K031j>¢H~HeHT A nm . HO 

TaK:>Ke H K031j>¢H~HeHT A~ . O.nHaKo 3TO npoHcxo,nHT nHWb Tor.na, 

KOr,na CKOpOCTb H3ny"'aTenR npeBOCXO,IJ;HT ¢a30BYIO CKOpOCTL CBeTa 

,nnR H3nyqaeMOH "!aCTOTbi. Cne,nyeT HMCTL B BH,ny, "'TO XOTJI nony

q a eMLie TaKHM o6pa30M KBaHTOBbie tlJopMynbi ,nnR 3¢¢eKTa 

)1;onnnepa B cpe,ne He OTnH"'aiOTCJI OT KnaCCH"'eCKHX /eM. puc.6/, HO 

HX HHTepnpeTa~HJI npH KBaHTOBOM no,nxo,ne HHaJI. IlpH KnaCCH"'eC

KOM paCCMOTpeHHH ,IJ;BH)I(YILIHHCJI OC~HnnRTOp H3nyqaeT O,IJ;HOBpeMeH

HO H HOpManLHYIO H aHOManbHLie "!aCTOTLI /ecnH OHH B03MO)I(HLI/ . 

PeaK~HJI nonR ,nnR HOpManbHbiX "!aCTOT CTpeMHTCJI BLI3BaTb 3aTyxa

HHC KOne6aHHH OC~HnnRTOpa, a H3ny"'eHHe aHOManLHbiX "!aCTOT - HX 

pacKa"'KY 
136 1 . C KBaHTOBOH TO"'KH 3peHHJI 3TH npo~eCCbl He O,li;HO

BpeMeHHbi, a npOH CXO,li;JIT nocne,IJ;OBaTenLHO: HanpHMep npOHCXO,li;HT 

CnOHTaHHOe B036y)l(,neHHe H 3ny"'aTenR C H3ny"'eHHCM aHOManLHOH 

qaCTOTbl, a 3aTeM CnOHTaHHbiH n e p e xo,n B HH)I(He e CO CTO JIHHC C H3 -

ny"'eHHeM HOpManbHOii: qacT OTLI I puc. 7/ H T . .n. HcTO"'HHKOM 3Hep

rHH J!BnReTCJI KHHeTH"'eCKaJI 3HeprHJI ,IJ;BH)I(eHHll, KOTOpaR ,IJ;Oll)I(Ha 

npH 3TOM yMeHbWaTbCJI I S O/ . 

K CKa3aHHOMY cne,nyeT ,no6aBHTL HCCKOnLKO cnOB 06 3HHWTeH-
~ n m 

HOBCKHX K03'¥'i'H~HeHTaX B mH B n ,nnll BbiHY)I(,IJ;eHHbiX npo~eCCOB . 

IlpH TOM )l(e yrne na.neHHR npo~ecc nornomeHHR caeTa .non)l(eH 

Bb13LIBaTb o6paTHbiH no OTHOWeHHIO K HCnycKaHHIO nepexo,n. 0TCIO

,na cne,nyeT, "'TO Mbi nony"'HM pa3HbiH pe3ynLTaT, B 3aBHCHMOCTH 

OT TOro, B03,IJ;eHCTByeT nH Ha ,IJ;BH)I(YILIHHCJI H3ny"'aTenL tPOTOH tJ w' , 
COOTBeTCTBYIOILIHH HOpManbHOMY npo~eccy, HnH tPOTOH 'fi W " , COOT

aeTCTBYIOILIHH aHoManbHOMY npo~eccy . B nepBOM cnyqae /puc . 8/ 
BCe npOHCXO,li;HT TaK, KaK 3TO yKa3aHO 3ii:HWTeHHOM. IlpH norno

IlleHHH tPOTOHa npOHCXO,IJ;HT B036y)I(,IJ;eHHC, a npH HH,IJ;Y~HpOBaHHOM 
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Puc. 7. CnoHmaHHoe U3Ay~eHue c6ema 6 cAy~ae, Kozi:Ja 603MOJICeH 
aHoMaAbHbrii 3rfo/>eKm ,[fonnAepa. HcnycKaHue ¢omoHo6, coom6em
CIII6YIOIJIUX QHOMQAbHOMY 3rfo/>eKIIIY ,lfonnAepa - hw" U HOpMaAbHO
MY- "tw ', cAei:JyKJm i:Jpyz 3a i:JpyzoM. 

A';., 

B"' 
" 

,_,/ 
8 

hw' 

l I .. \1 

1--U 

hw"/' 

~n (w') cosE.l < 1 

s;;, 

\Y 

Puc. 8. PoAb 3i1Hwmei1H06CKux Ko3¢¢uqueHIII06 A u B 6 cAy~ae 
HOpMaAbHozo 3rfo/>eKma ,lfonnAepa. Bee npoucxoi:Jum maK, KaK yKa-
3aHo 3iiHWIIIeUHOM /puc. 5/. 
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HCDYCXaHHH !l>oTOHa &MeeT MeCTO nepeXO,A B HH3Wee COCTOJIHHe . 

B cnyqae aHoManbHoro npouecca, xax Mbi BB,Aena npa cnoHTaHHOM 

H3ny'leHBB, npoacxo.AHT B036y)I(,AeHBe H3ny'laTenJI I puc. 9/ a, 

cne,AooaTenbHO, npa nornomeHBH lboToHa hw" ,AOll)l(eH npoacxo

.ABTb nepeXO,A 83 BepxHero COCTOJIHHJI B HB)I(ftee . liTO xacaeTCJI 

BH.AYUBPOBaHHOrO HCDYCXaHBJI !l>OTOHa, TO OHO, Ha060pOT, ,AOll)I(HO 

conpoBO)I(,AaTbCJI oo36y)I(,AeHBeM. TaxaM o6pa3oM, ponb 3HHwTeu-
n m 

HOBCXHX X034>!l>BUHeHTOB 8 m B 8 n B3aHMHO MeHJieTCJI MeCTaMB, 

xax 3TO DOXa3aHO Ha puc. 9. 

A";. 
,,/"" hw" 

~n(w")cose > 1 
9 

t-'---u 

s; Bft 
"' 

1-----u 

hw" /"" 

Puc. 9. PoA& :JI1HJUIIIeiiHo6cKux K03t/HPUflUeHIII06 A u B 6 cAy'lae 
aHOAWA&Hozo 3t/HPeKIIIa ,[fonnAepa. B OIIIAU'lue 0111 npu6&f'lHozo, cnoH-
JJaHHoe U3Ay'leHue onpei:JeAJreJJCJr K03t/HPUflUeHmoM A~ . 'IIIlO Ka-
caeJJCJr Ko3t/HPUflUeHIII06 B, 1110 ux poAu MeHJriOIIICJr MecmaMu. Ko3¢
¢uflUeHIIIY ff COOIII6eiiiCIII6Yelll nozAorqeHue, a B m - 6bfHy:Mri:JeHHOe m n 
ucnycKaHue c6ellla /cp. c puc. 5/. 

MO)I(HO O)I(B,AaTb B ,Apyrae OC06eHHOCTB B CBOHCTBaX HCTO'IHH

XOB CBeTa, ,ABH)I(YiliBXCJI B cpe,Ae. Tax, npH pacceJIHBB CBeTa 3apJI

)I(eHHOH 'laCTHUeH, ,ABB)I(YilleHCJI B cpe,Ae, xpoMe pacceJIHHOrO !l>o

TOHa ti w
2

, B03M0)1(80 DOJIBneHHe H HH.AYUHpOBaHHOrO !l>oTOHa. 

llpB 3TOM Da,AalOiliBH !l>OTOH fl w l npeBpamaeTCJI B ,ABa !l>OTOHa
1 3 71 

jpuc. 10/. 3TOMY HH.AYUHpOBaHHOMY npoueccy COOTBeTCTByeT 

CDOHTaHHbiH, npB XOTOpOM O,AHOBpeMeHHO HCDYCXalOTCJI ,ABa !l>oTO

Ha 1i w
1 

B '\i w2 • KBaHTOBOe paCCMOTpeHHe DOXa3biBaeT, 'ITO TaKoe 
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&3ny'leHHe Baoenooa -llepeHKOBa c acnycxaHHeM cpa3y .ABYX lbo

TOHOB B03MO)I(H0 / 3 7 / XOTJI 3XCDepHMeHTanbHO DOXa He H3y'leHO. 

hw, 

_-:;:::::::;. 2 h l..) 1 .. --- ~"" e L--"" --- 2 

~, --..hw~ 

Puc. 10. AHoMaA&Hoe pacce.JIHUe ceema Ha 'lacmulle, i:Jeuxyrqeiic.JI 
6 npeAOMAJIIOflleU cpei:Je . Ilai:JaiOUIUU tflOIIIOH nw 1 Bbf3bfBaem UH
i:JYilUPOBQHHbfU tflOIIIOH u, KpOMe IIIOZO , 603HUKaem pacce.JIHHbfU tjo
IIIOH 11 w2 · Coomeemcm6YIOfiiUU 3IIIOMY cnoHmaHHbfii npoijecc - ooHo-
6peMeHHoe ucnycKaHue ¢omoHOB hw 1 u h w2 /i:Jeyx¢omoHHMii 
3t/HPeKm BaeuAoea- IJepeHKoea/. B o6oux cAy'laJrx Heo6xoi:JuMo, 
'lmo6&r 6MAO f3 n (w 1)cosli') 1 1 u f3 n (c.J 

2
) cos E>

2
_ 1 UAU Hao6opom. 

B03BpamaJICb K npo6neMe B03M0)1(H0H CXOpOCTH ,ABH)I(eHHJI, Mbl 

MO)I(eM CXa3aTb Clle,AylOillee: HeB03MO)I(H0, 'IT06bi 06bJ'IHaJI 'laC

THUa o6na,Aana CXOpOCTblO, 6onbWeH CXOpOCTH CBeTa B DyCTOTe, 

O,AHaXO B cpe,Ae B03M0)1(H0 ,ABH)I(eHHe CO CKOpOCTblO, 6onbWeH !l>a-

30BOH CXOPOCTH BOllH. TeM He MeHee, npHpO,Aa He DOllHOCTblO 

CHHMaeT coou 3anpeT. B caM oM ,Aene, Ha npHMepe 34>!l>exTa · Ba

BHllOBa-"tlepeHXOBa H aHOMallbHOrO 3!l>!l>eXT a ,D,onnnepa Mbl BH,AHM, 

'ITO npH 3TOM BCer,Aa B03HHXaeT CDOHTaHHOe H3lly'leHBe. llOCXOnb

xy Ha H3ny'leHBe 3aTpa'IHBaeTCJI KBHeTH'IeCKaJI 3HeprHJI, TO, cne

,AOBaTenbHO, npB CBepXCBeTOBOH CXOpOCTH ,ABH)I(eHHe nepecTaeT 
/ 25 30 / 
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