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Mpupopa cBeTa
Banbtep babuH

DononHeHune, 21 anpensa 2005 r.

Hecornacue ¢ HWwxenpvBeAeHHOW MHTepPNpeTaLMen pacnpoCcTpaHeHUs1 CBETA BO3HUKITO B CBA3M C
TEM, YTO OHa He OODBbACHSIET 3Be3aHYI0 abeppaumto. 3Ta Nnpobnema paspellaeTcs NPocTo, Tak Kak
TpebyeTcs ToNbKo, YTOObI BONTHOBOW (OPOHT BbIN ANCKPETHLIM; CBOMCTBO CBETA,
noctynupoBaHHoe 300 net Hasag [oreHcoM 1 BO3poXaeHHOe DNHLLITENHOM B BUAE CBETOBbIX
kopnyckyn (dooToHoB). [1ns Toro 4tobbl NoMMaTb n3obpaxeHue, Teneckon anuHebl [l],
OBWXKYLLIMACS CO CKOPOCTLHO V], AOMMKEH ObiTb OTKITOHEH Ha paccTosHue [d] Tak,uTobbl [d = Iv/c].

OkcnepuMeHT MaiikenbcoHa-Mopiu ¥ TI0I00HBIE TTOCIIETYIONTHE IKCIIEPUMEHTHI
MOATBEPIKIAIOT, YTO B CHCTEME OTCUYETa HAOII0AaTeNsl CKOPOCTh CBeTa mocTosiHHa. U3
ATOTO JOJIKEH JIOTUYECKH BBITEKAThH CJIEIYIOIINE BHIBOJIBI:

a. Ceert pacnpocTpaHdaeTcAa He3aBUCMMO BO BCeX MHepLMalbHbIX CUCTEMAX OTCHETa.

b. OH obOHapyxnBaeT COCTaBHbIE CKOPOCTM Kak M3MepEeHHble HabngaTtensimm B
OTHOCUTENBHOM ABWXKEHUN.

c. Hanuune cpegpl, cneundmnyHOM aNns Kaxaonm CUCTEMbI OTcHeTa, oba3aTenbHO.
d. CkopocCTb ABNAETCHA TOMbKO XapakTepPUCTUKOW cpebl (U TakkKe He 3aBUCUT OT YacToThl)
e. Ee noctosaHcTBO onpefensieT obbl4HbIE CBOMCTBA Cpefbl, Yepes KOTOPYH CBET ABUXKETCS

f.  3OTo Bo3MyLLeHMe cpeabl. JTokann3oBaHHbIA «O0BEKT» HE MOXET OAHOBPEMEHHO
3aHMMaTb HECKOMbKO MOMOXEHWMNA.

g. OHeprusa M3ameHsieTcs B COOTBETCTBMM C OTHOCUTENbHLIM ABWXEHMEM CUCTEM OTCYeTa
h. Mexay cuctemamu otTcyeTa HET CMEXHOCTHU

CocTtaBHble CKOPOCTWN Haxo4AT noaTBepXaatLlee JoKkas3aTenbCTBO B NpeobpasoBaHmax
JlopeHua u aBnsaTCA €ANHCTBEHHOW NPUYUHON MHBApPUAaHTHOCTM ypaBHeHu MakcBenna gng
pacnpocTpaHeHusi ceeTa. CyleCcTBEHHOE OTNInYME Takoro NPeAcTaBneHns OT KIacCcu4eckoro
B3rnisiga COCTOMT B TOM, YTO abCOMOTHbIE CUCTEMBI OTCHETA SABNATCS aTpMbyTOM YacTulbl, a He
yHMBepCanbHON CyOCTPYKTypbl. 3Ta MHTEpnpeTauns cornacyercs ¢ KoHuenuuemn
9KBMBANEHTHOCTU MHEpPLUUManbHbIX CUCTEM, B TO BPeMS Kak YHMBepCcarnbHbIn 3up He
cornacyetcs. OTcloga cnefyeT, YTO abConoTHbIE U3MEPEHNS B Npedenax UHepumnanbHbIX
CUCTEM SABMAIOTCA ENCTBUTENbHbLIMU, JONYCKas B TO XXe BPeMS OTHOCUTENbHbIE
B3aUMOAEWNCTBUS MEXAY CUCTEMaMM.

MpeanoxeHHas OWHLITENHOM KOHLENUMs pOTOHA U ee NpMMeEHEHME K (POTOINEKTPUYECKOMY
achbexTy n adpdpekty KomntoHa He NPOTUBOPEYUUT NPUBEAEHHOMY Bbille. POTOHbI UMEIOT
aHarnoruto ¢ rroreHOBCKUMM BTOPUYHBIMUW BOSTHAMU, UCMOMb3YEMbIMU AN 0O bACHEHUS PE3KOro
pasrpaHMYeHnst Ha Kpasix CBETOBbIX BOMH. VI Te n apyrne CTporo nogTBepXaatT B3rnsg, 4to
n3ny4deHne 06s3aHO TOMbKO KBAHTOBOMY BO3DYXAEHUI0 OpOUTanbHbIX 3NEKTPOHOB U
CTOMKHOBEHMWSIM, @ HE HEMpepbIBHOMY CNEKTPY paBHOMEPHbIX konebaHui, AnMHa BOSHbI KOTOPbIX



N3MEHSIeTCS B 3aBUCUMOCTM OT MMMyJibCa U OTHOCUTENBHOW CKOPOCTU. PerynsapHocTtb
CMEKTPOCKOMNWU SBMSIETCS TOMY NOATBEPXKAEHUEM U MPUBOAMUT K BbIBOAY, YTO pasMepbl POTOHOB
OCTaloTCs NOCTOSAHHBIMM.

@POTOHBI ANCKPETHbI, 1 KOMMTOHOBCKME CTOSIKHOBEHWS 3aCTaBNAOT NpegnoniaraTe NO OTHOLLEHMIO
K HAM CchepuryecKyro CMMMETpUto. To ke caMoe 3aknioveHne MOXET ObiTb caenaHo Ha
OCHOBaHuUM cnekTpa Bogopoaa. dopmyna Puabepra umeet Bua:

k = R(1/n?-1/nf) (1)

rae Rq=vVv/(4n L c), k= - BennunHe, obpaTHOW ANMHE BOMHbI, Ny U N; pPaBHbl KBAHTOBLIM
yucrnam HavyanbHOW U KOHEeYHON opbuT.

YckopeHue 1 TOpMOXeHME NPUBOASAT K YBENUUEHUIO NOTEHLMana 1 nocneayoLlen ammccum
n3nydeHusi. OTOT Nepexon 13-3a MHAYKUUM NPUBOAUT K KBaAPaTUYHOMY BPEeMEHU 1
chepryeckon NOBEPXHOCTU B 3HaMeHaTesne

E = -[r(B, - By))/2¢(tz - t;) = vPe/2¢?r = e/2c%t

roe B - marHuTHOe none, E — anekTpuyeckoe none, r v t - paguyc n Bpems. O6Luas dopma
OKa3blBaeTcs TOW e caMoii, YTO U NpuBeaeHHas Bbille, eCrv NPeACTaBUTb B TEX Xe
pa3MmepHocTsX. ( BpemeHa ypaBHeHbI 1 NpeanonaraloTcs OCHOBHbIE €AMHULbI U3MEPEHUS ).

KuHeTnyeckas sHeprust GoTOHa NpeAcTaBrieHa Kak NoBTOPSOLAsACS NOCTOosIHHAsA [naHka ( 21
MoVl ). [encTBUTENBHOE SHEPreTUYECKOE BbIpaXKeHWE NOMOBUHBLI KBAAPaTUYHON CKOPOCTH
BbIBEEHO NPV YCNoBMKU NpeactaBneHuns [KC] kak YacToTbl pagmaumm [f] u uneHa [4n ] B
3HamMeHaTene.

hf = hkc = Yam,cv, (2)
roe my - «3KBMBANEHT Macchbl» POTOHA, TO €CTb OTCYTCTBME MACCh!

3710 06yCnoBNMBaET COBEPLUEHHO YAOBNETBOPUTENBHBIN pe3ynbTaT, Tak Kak 3MUCCUS, eCru
Yy4YeCTb KBAHTOBbIE YMCIa, TOYHO paBHa Pa3HOCTU MexaHUYeckux aHeprui. PaspelueHa
npobnema 3anasgbiBaloLmx BOSH Ae bponnsa n ee BepoATHOCTHast MHTeprpeTaums™ ™ **. HyxHo
06paTuTb Takke BHUMaHWE Ha TO, YTO MOMEHT UMMYnbca hOTOHA AOMKEH YMEHbLUMTLCS A0
Krnaccu4yeckoro pasmepa Ansl CornacoBaHusi ¢ (KOMATOHOBCKOM) ANWMHONM BOSHbI
3KCMNepMMeHTaNbHO MOMYYEHHOrO AENCTBUTENBHONO MarHUTHOrO MOMEHTA 3IEKTPOHA.

OrpaHunymBas Hale uccriegoBaHue cybaTtoMHbIMM YacTULaMu, Mbl MOXEM Cpefly OTOXOEeCTBNATb
C 3NeKTpOMarHMTHbIM nonem, nsberasi Takmm obpasom nNpeanonoxeHun. B To Bpemsa kak
CYyLLIeCTBYET NpakT/Ka AyMaTb O CKPbITOM CMMOLIHON cpefe, NULIEHHON hn3nYeckux CBONCTB,
noneBas KOHLENLMs COornacyeTcs C XOpoLLO 3HaKOMbIMU (PU3NYECKMMU BENNYMHAMM,
accouMmMpyoLwMMmUCs ¢ 3apsigoM 1 Maccon. B KBaHTOBaHHbIX COCTOSIHMAX aTOMa BOAopoAa
nMeeT MeCTO NPOorpeccusi 4O TOYKM HyreBoK aHepruu. MNMporpeccusi oueBngHa B AnNnHaxX BOJSH.
HaunHasd ¢ «knaccm4eckoro paguyca anekTpoHa», KOMATOHOBCKas AnuHa, nepBasd 60poBckas
opbuTa aToma Bogopoaa 1 noctosiHHas Puabepra nporpeccusHo yBenuuusarTeda B [1/a], aTy
NPeKPacHyo NMMHENHYIO NOCTOSIHHYIO.

PacnpocTpaHeHne cBeTa BHE BCAKOrO COMHEHWsT 3aBUCUT OT 3TOr0 COOTHOLLEHWUSI. B
KayeCTBEHHOM CMbICre, OYHKLUA MOXeT BbiTb NpeAcTaBneHa Kak ObICTpbIn nepexoa Mmexay
KMHETUYECKOM U NOTEHLMANbHON SHEPTUSMU, BbiPaXKEHHbIW B CBETOBOM M CyHCBETOBON
cKopocCTAX (2). ATa kKoMOBMHaLMsA CKOPOCTEN BCTpeyaeTcs NoBcoay U 0COB6EHHO HarnsigHo B
dopmMynax Teopum OTHOCUTENBLHOCTU. IMEET MeCTO OAHOBpPEMEHHAs reHepaums MarHUTHOrO U
3MEKTPUYECKOrO NMOJIEN, KOTOPbIE HE MOTYT ObITb NPUNMCAHbLI YEMY-TO APYrOMY, KPOME Kak cpeae
Unu, Kak 0yaeT yCTaHOBMEHO HWXE, AyanbHON cpefe U HENPepbIBHOW pereHepaunm
3MEKTPOMAarHMTHbIX CUN.



CocTtaBHble CKOPOCTN OTHOCUTENBHO CUCTEMbI OTCHYeTa Habntogatens ge-akTo SBnsTCA
ocHoBol adpdpekta CaHbsika. BbluncrneHns 0CHOBaHbI, Kak NpaBuIio, Ha BpaleHun, HO TOYHO
Takow pesynbTaT BbiTeKaeT U3 NMHENHOro NnpeobpasoBaHusl, eCrv CKOPOCTb BpaLleHNs 3aMeHUTb
Ha OTHOCUTENbHYH CKOPOCTb.

MmetoTca cunbHble apryMeHTbl B NOMb3y TOro, YTO (POTOHHbLIM acnekT cBeTa (ero pmsmyeckuni
MOMEHT) SIBNSIETCA UCKNIOYMUTENBHO MarHUTHbIM (PEHOMEHOM, 060COGNEeHHbIM OT MaTepuu, Tak
Kak BKMoYaeT BCE Huxecneaywulee:

a) 3apsia u3ny4aembix PyHAAMEHTarbHbIX YacTuL, SBMSIETCA NOCTOSAHHBIM. MarHuTHoe
nosie UsMeHsieTcs.

b) ®oToH He obnagaeTt YMCTbIM 3apsa0M, Noapa3yMeBatoLLMM AUNOMNBHY KOMMNOHOBKY.

c) KomnToHOBCKOEe CTOSNIKHOBEHME 0GHapPYKMBAET TONbKO AMHAMUYECKYIO U MAarHUTHYHO
nepemMeHHbIe.

d) CnuH Yero-To MOXHO NpPeacTaBUTb TONbKO B AUMNONBHOW KOMMNOHOBKE, €CIN OH eCTb.
e) B krmaccu4yeckoM Lyre BOSH HanpaBfieHMe MarHUTHbBIX CUI NapanfesnibHO ABMKEHUIO.
f) B addpekte KomnToHa 00begmHAKOTCA ANTMHA BOSHbI 4EACTBUTENBHOIO MarHUTHOrO

MOMEHTa U (POTOH.

K aToMy MoxeT ObITb OGaBNEH CyLEeCTBEHHbIN (haKT, YTO (POTOH ABMSIETCA OCBOBOXAEHNEM
noTteHunanbHOM aHeprun. Ee auckpeTHbIN xapakTtep, 6e3 coMHeHus, 0693aH yCTaHOBNEHHOMY
BblLLE ChepnYECKOMY acnekTy.

' Max Born: Einstein's Theory of Relativity (1965): Dover Publications Inc. p94-95



