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CKopoCTh pacnipocTpaHeHUsI cBeTa (IToToKa (DOTOHOB) B CTEKIIOBOJIOKHE 3aMETHO MEHBIIIE CKOPOCTH CBETA
B BaKyyMme. DTO 0OCTOSITEILCTBO MO3BOJISIET PACCMOTPETh MPOolLecC pacnpocTpaHeHusi HOTOHOB B Tak Ha-
3BIBAEMOI1 COMYTCTBYIOIIEH cucTeMe oTcueTra. Mcronb3oBaHre 3TOM CUCTEMBI TTO3BOJISIET, HAIIPUMED, Ha-
[JISITHEE U TIPOIIE ONMKUCATh 3aKOHOMEPHOCTH JIBVKEHUST VIBTPAPEIITUBUCTCKUX 3aPSIKEHHBIX YacTUILL U
raMMa-KBaHTOB B yIOpsSIIOYeHHOM cpene (3ddeKkT KaHaaupoBaHus). Takoe pacCMOTpEeHHE ITOMOTaeT 00-
Hapy>XUTb HEKOTOPBIE TIPOCTHIC, XOTS U IOCTATOUHO HEOXUIaHHbIE MAaKPOCKOUYECKEe KBaHTOBbIE (-
(heKThI, KOTOpbIE MOTYT TPOSIBIIATHCS TIPU MPOXOKICHUM SJIEKTPOMArHUTHOTO M3TYYeHUS TTO0 BOJIOKOH-
HBIM CBeTOBOJaM. B yactHOCTH, Mpu paciipocTpaHeHU (DOTOHOB I10 ONITOBOJIOKHY, 3aKPYYEHHOMY B CITH -
pajib, TIPY OMpeIeJIeHHBIX MTapamMeTpax CIupaiyd JOJKEH MPOsBIAThC 3(hGEeKT KBaHTOBaHWSI MOMEHTA
nmmnyinbca poroHa. O6GpaTUTh BHUMaHUE Ha BO3BMOXHOCTh TaKOTo 3 deKTa v sABIsieTcs 3aaadeii 3Toi cTa-
TBH, coepKaiieit GopMyJIUPOBKY YCIOBUIT M OLIEHKHU MapaMeTpoB, TPU KOTOPHIX 3 GhEeKT KBAHTOBAHUS
MOMEHTa UMITYJIbca (POTOHOB, ABUXKYIIIMXCS 10 CITUPAILHOMN TPAaeKTOPUM, MOXHO HaOJI01aTh.

KioueBbie ciioBa: (OTOHBI, KBAHTOBAHME MOMEHTA UMIYJIbCa, ONITUYECKOE BOJIOKHO, COIMYTCTBYIOLIAS
cucreMa oTcyeTa, KBAaHTOBAsl BJIEKTPOAMHAMMUKA, KaHAJIUPOBaHUE, PEIITUBUCTCKAs (DU3MKa, CKOPOCTh
CBETa, JIa3epHOE U3JIydeHUE, KOT€PEHTHOCTb.
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BBEAJEHUWE

HauyneM ¢ KoHCTaTanMM HECKOJBKUX OOIIen3-
BECTHBIX (haKTOB.

Jlazepbl McmycKaioT (GOTOHBI C OIpeneIeHHBIM
3HAaUYCHWEM OJHEPTruM W OIIpeleJIeHHBIM BEKTOPOM
uMmmnyiabca. PakTUUECKU BCe HUCITyCKaeMble Ja3epoM
(hOTOHBI, TOMYUHSISICH CTATUCTUKe bo3e—DitHIITET-
Ha, OKa3bIBAIOTCS B OMMHAKOBBIX COCTOSTHMSIX, OTIH-
ChIBa€MBbIX OAMHAKOBBIMU BOJTHOBBIMU (DYHKIIUSIMH.

IIpoiiecc pacnpocTpaHEeHUSI ONTHUYSCKOTO M3IIY-
YeHMS B Cpelie C TOYKM 3pEeHMsI KBAHTOBOM 2JIEKTPO-
nuHamMuku [1, 2] mpencraBisieT coOoil 1LIEMOUKY
MOTJIOIICHU M MCIyCKaHW (DOTOHOB aToMaMU U
MOJIEKYJIaMU CPedbl, B PE3yJIbTAaTe YETO CPEIHSISI CKO-
pPOCTb pacrnpocTpaHeHUsI TToToKa (POTOHOB B cpele
cHmxKaeTcs. B Makpockonmmueckoil onTUKe OTHOIIIe-
HUE CKOPOCTHU pacIpocTpaHeHuss (DOTOHOB B BaKyy-
Me ¢, = 3 X 10% M/c K CKOpOCTH pacIpoCTpaHEHUs
3JIEKTPOMATHUTHOTO U3JIy4eHUs B cpelie v < ¢, Ha3bl-

Baetcsl KO3(OUIIMEHTOM NPEJIOMICHUS Cpeabl WU
OINTUYECKOU MIOTHOCTHIO 1 = ¢;/v >1.

B npo3pauyHoii cpene HOBbIE (POTOHBI IIEPEU3ITY-
YaloTCs B TOM Xe, 00IIeM IS ITOTOKa Ja3epHBIX (ho-
TOHOB, COCTOSIHMM, HE pa3pylllas ero KOrepeHTHO-
cTiu. B cOBpeMEHHBIX ONTOBOJIOKOHHBIX JIMHUSIX
CBSI3U JOCTUTHYT UCKJIIOUMTEILHO BEICOKIIT YPOBEHB
MpPO3PaYHOCTU CTEKJIOBOJIOKHA [3]. JIydimne BoJIOK-
Ha 00ecIIeunBaloT 3aTyXaHUe MIPOXOISIIEro U3ayde-
Hus Ha ypoBHe ~0.1 1b/kM, onTrudeckasi IJIOTHOCTh
BOJIOKHA cOXpaHsieTcsl Ha ypoBHe n ~ 1.5, kKak B
OOBIYHOM CTEKJIe, UTO ITO3BOJISIET B JOJKHOI Mepe
MPOSIBASATHCA 3 (EKTy MOJTHOT0 BHYTPEHHETO OTpa-
KEHUST U3JIyYEeHUST MPU IMPOXOXKIECHUU IO BOJIOKHY.
CKOpOCTb pacnpocTpaHEeHUsI CBeTa B BOJIOKHE CO-
CTaBJISIET JIMILbL OKOJIO 2/3¢c, 1 Bce (pOTOHBI TTOTOKA,
CTeHEepHUPOBAHHOIO Ja3epoOM, MPOIOJLKAIOT CoXpa-
HSITb KOT€PEHTHOCTb U, (DaKTUYECKU, €AMHYIO BOJI-
HOBYIO (PYHKLIMIO, HECMOTPSI Ha peryJsipHbIE aKThl
MOMIOIIECHMS 1 IEPEUCITyCKaHUSI.
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3aMeTHOe OTJIMYME CKOPOCTU MOTOKA KOTE€PEeHT-
HBIX (POTOHOB B Cpelie OT CKOPOCTU CBETa B BaAKyyMe
MO3BOJISIET MaTeMaTU4YeCKU PacCMOTPETh Mpoliecc
€ro pacnpocTpaHeHUs B TaK Ha3bIBaEMOIi COMMYTCTBY-
oieit cucteme orcuera (CCO), ahhEeKTUBHO HC-
MOJIb3yeMOi, HalmpuMmep, Mpu U3yYeHUU Ipoliecca
MPOXOXIEHUS U B3aUMOIEHCTBUS CO Cpenoit ybTpa-
PEJNISITUBUCTCKUX 3apsKeHHbIX YacTUIl M ramma-
KBaHTOB [4—6]. Takoe paccMOTpeHHEe MO3BOJISIET 3a-
METUTb HEKOTOPbI€ MPOCThIE, XOTSI U JOCTATOYHO
HEOXUJIaHHbIE MAaKPOCKONIUYECKNE KBAHTOBbIE (-
(deKTbl, KOTOpble MOTYT IMPOSIBIASTLCS MPU MPO-
XOXIEHUU ONTUYECKUX (POTOHOB IO BOJIOKOHHBIM
cBetoBogaM. OOpaTuTh BHUMaHue Ha Takue 3¢pdek-
ThI U SIBJISIETCS LIEJIBIO 9TOM CTaThU.

[MPOXOXIAEHHWE ITOTOKA JIABEPHOT'O
W3JIVYEHUSA 1O CITUPAJIbBHOM
TPAEKTOPHU, HABJIFOHAEMOE

N3 CONYTCTBYIOINEN CUCTEMbI
OTCUYETA

ITycTb MOTOK J1a3€pHOTO U3JIyYeHUsI TIPOXOIUT 110
MPSIMOMY CBETOBOJY CO CKOPOCTBIO V =¢y/n ~ (2/3)cy,
e n — ONTUYecKas TNIOTHOCTh BellleCTBa CBETOBO/IA.
B CCO, mgBuxyuieiica BMecTe ¢ ()POHTOM ITOTOKa
¢oTOHOB, 1 caM (pPOHT, W JI00asd Apyras BOITHOBas
TTOBEPXHOCTh, OYAYT Ka3aThCsl HEMOABUKHBIMU. Pe-
JIITUBUCTCKUE (D DEKTHI 3aMeJIEHUSI BpEMEHU U CO-
KpalieHus1 JJUHbI TIPU CKOPOCTU CUCTEMBbI OTCYETa
v~ (2/3)c, OynyT 3aMeTHBI, HO He Benuku (JlopeH1-

daxrop y= (1 — Vz/cg )~1/2 ~ 1.3). COOTBETCTBEHHO,
4acToThl ® (poToHOB, HabmomaeMmbix B CCO, He Oy-
IyT CUJIBHO OTJIMYATHCS OT UX YACTOTHI (0, HabJIrona-
€MOIi B JabopaTOPHOIi CUCTEeMe OTCYETa.

Tenepb pacCMOTPUM CHUTYallMIO, KOTIa BOJOKHO
CIIUPAJIEBUIHO 3aKPY4eHO BOKPYI HEKOTOPOUM OCH
OZn mar crimpaiy A MHOTO OOJIbIIIE paguyca 3aKpyT-
ku r (h/r > 1). BeibepeM 1eHtp orcuera CCO Tax,
YTOOBI OH IBUTAJICS CO CKOPOCTBIO, PABHOM Z-KOM-
IMOHEHTE CKOPOCTU BOJTHOBOTO (hpoHTa v = (co/n)(1 +
+r2/h?)~12 = ¢y/n. B 10CTaTOYHO ONTUYECKU ILIOT-
HO# cpele CKOPOCTh pachpocTpaHeHHWsT (OTOHOB
MOXET 0Ka3aTbCsl CUJIbHO HUKe ¢. UMIynbehl hoTo-
HOB, HaOJrogaeMbix B 3ToM ciaydae B CCO, coBmagyT
C momnepeyHbIMU (IIePIEeHIUKYIIpHbIMUA ocu OF)
KOMITOHEHTaMM WMITYJIbCOB (DOTOHOB, HabII0Hae-
MBIX 13 JJaOOPaTOPHOM CUCTEMBI, 1 COCTABSIT

p = (hor/hey). (1)

Cxopocth notoka ¢poroHoB B CCO OyneT oyeHb
HU3KOM MO CpaBHEHUIO CO CKOPOCTBIO CBETa: Vv =
=cr/h <c.

Kaxk n3BecTHO, ITpaBUIa KBAHTOBAHUSI OPOUTATIb-
HOI'O MOMEHTa MMITyJbca L, B KBAHTOBOM MeXaHUKe
TpeOYIOT, YTOOHI €0 IPOCTPAHCTBEHHBIE KOMITOHEH -
ThI IPUHUMAJTN JIUIIb JUCKPETHBIE 3HAYEHUSI, CTPO-
ro KpatHele rnocrosiHHoi Ilnanka [6, 7]: L, = mh,
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(m=0, =1, £2, ...). Tak KBaHTYIOTCS OpOUTAJILHbIE
MOMEHTHI IBMKEHUS 2JIEKTPOHOB B atoMax. I1ogo06-
HBII 3(pheKT MOXKHO OXUAATh U MPU TIPOXOXKICHUN
($OTOHOB IO OIITOBOJIOKHY. MOMEHT mMIyJibca po-
TOHA MPU IBMXKEHUU CO CKOPOCTBIO V ITO OKPY>KHOCTHU
panuyca r paBeH L, = pr, TIe UMITYJIbC p ONIPENeIsieT-
cs1 BeipaxeHueM (1). COOTBETCTBEHHO, 1LI€bIM YKC-
JIaM m TOJDKHBI ObITh PaBHBI BEJTMYMHBI

m= pr/h = worz/hco = 2nr2/h7u, 2)

IIe Wy ¥ A — 4acToTa U JUTMHA BOJHBI (DOTOHA, IIPOXO-
IOIIET0 MO CHUPAIbHO 3aKPyYeHHOMY BOJIOKHY,
B J1aOOpaTOPHOIT CUCTEeMe OTCUETA.

DODEKT KBAHTOBAHHWA OPBUTAJIBHOI'O
MOMEHTA I1PHU ITPOXOXJIEHHWH ®OTOHA
1O CITMPAJIBHOM TPAEKTOPHUHN

Kak cnenyer u3 (2), oTHOIIeHWEe paguyca CIIM-
pajbHOI TpAaeKTOPUM # K €€ 1Iary /4 JOJIKHO IPUHU-
MaTh 3HAYCHUS

r/h = mcy|wyr = m\/2mr. 3)

COOTBETCTBEHHO, NOJKHBI BO3HUKATh OMpeae-
JICHHBbIE KBAHTOBBIE OCOOCHHOCTU ITPOXOKICHMS
CBETa MO BOJIOKHY B 3aBUCHMMOCTH OT BBITIOJTHEHUS
ycnosust (3). [Tpu HeBbIMOJHEHUY yciaoBuUs (3) mpo-
HUKHOBEHHE JIyda B BOJIOKHO TOJLKHO OBITH 3aTPYI-
HEHO, TaK KaK €ro COOTBETCTBYIOIIAs CIIpaJIeBUIHAS
TPaeKTOPUSI CTAHOBUTCSI KBAHTOBO HEBO3MOXKHOI.

ABTOpBI (TEOPETUKMW) HE OEpyT Ha ce0sT CMEIOCTh
CyIUTb O TEXHUYECKON pearn3yeMOCTH 3IKCIlepu-
MEHTa Io HabmoneHuio atoro 3pdexkra. 1 xotar
TOJIBKO OTMETUTD, UTO, CKOPEE BCETO, ISI HAOJ0e-
HUS CJIEACTBUI ONTMCaHHOTO Bblliie 3(h(heKTa KBAaHTO-
BaHNsI MOMEHTA MMITyJIbCa IBUKYIIIETOCH 11O CIINpa-
Ju hoTOHA HE MOTpeOyeTCsl U3roTaBIMBaTh 0CO00E
BOJIOKHO.

OTMeTUM TaKKe, YTO TEOPETUIECKU TPACKTOPHUS
Jlyda cBeTa BHYTPU OOBIYHOTO ITPOMBILIJIEHHOIO
OINTOBOJIOKHA CaMa MOXET UMETb CIUPaJIeBUIHYIO
dbopMy, ecru ITyCTUTD Y3KHIA Tyd IO HEOOJTBIITNM YT -
JIOM O, K OCH CBeTOBOJA. 711 COBpeMEHHBIX CBETOBO-
JIOB C TUaMeTpamu cepaueBuHbl d ~ 10 MkM ycioue (3)
MOXeT OBITh BBITTOJTHEHO, €CJTM MCIIOB30BaTh JIa3ephl
nHppakpacHoro auarazoHa. OaHaKo Takast BO3MOX-
HOCTb TpeOyeT JOMOJHUTEILHOTO aHaIu3a, YYUThI-
BAIOIIIETO TEXHWYECKHUE XapaKTEePUCTUKNA KOHKpPET-
HBIX JIa3€POB 1 CBETOBOOB.

SABEPINAIOIIME 3SAMEYAHHWA

KonunyecTtBeHHast olleHKa BO3MOXHOCTU HabJI0-
JIeHust oocyxmaeMoro 3 dexra KBaHTOBaHUsI OpOu-
TAJTbHOTO MOMEHTA TIPHW MTPOXOXKIEHUMW (DOTOHOB TT0
OINTUYECKOMY BOJIOKHY TpPeOyeT aKKypaTHOro pac-
CMOTpEHHST 0OCOOEHHOCTE ! pacTipocTpaHeHUsI JIa3ep-
HOTO WU3JTy4eHUsI B BoJOKHe. Hy>XXHO OLICHUTD BIIMSI-
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HUE PacXOOUMOCTU JIA3€PHOTO JIyda, AUCIIEPCUIO U
CTCIICHb KOJUIUMALlUMN. Hy)KHO NPUHATHL BO BHUMa-
HUE HEOTHOPOMTHOCTh ONTHYECKOM IIOTHOCTU pe-
aJIbHOTO BOJIOKHA U KOHKPETHYIO T€OMETPUIO pac-
MMPOCTpaHEeHMs JIydya B CBETOBOAE (ITPULIEIbHBIN Ma-
paMeTp II0 OTHOLICHMUIO K OCH CBETOBOIA, Yo
HaAKJIOHA K OCH M T.I1.). 3a BBINOJIHEHUE TaKUX pacye-
TOB MMEET CMBICI OpaTbcsl HA OCHOBE IapaMeTpOB
KOHKPETHOM 3KCIEPUMEHTAILHOM YCTAaHOBKU. AB-
TOPBI, OTHAKO, HAIEIOTCS, YTO IIPUBEACHHbBIE B 3TOM
KOPOTKOM COOOIIIEHUM COOOpaxXeHUsT M TIPOCThIC
OLICHKM IIPUBJICKYT BHUMAaHMS 3KCIIEPUMEHTAaTOPOB
K IPUHLIMIHUAITBLHON BO3MOXKHOCTH HAOIIOASHUS 3(-
¢dexTa KBaHTOBaHMSI MOMEHTA MMIIyJbca IIPpU pac-
IIPOCTPAaHEHNM CBETA IO CIIMPaJeBUIHOI TPaeKTO-
pPUU B ONITOBOJIOKHE.

BJIIATOOJAPHOCTHA

Pabora BwmmomHena mpu momuepxke IIporpaMMbr
“ITPUOPUTET 2030”.

CITMCOK JIMTEPATYPbI

. Berestecky V.B., Lifshitz E.M., Pitaevsky L.P. Quantum

Electrodynamics. Elsevier Publishers Ltd., 1982

. Chang W. Principles of Lasers and Optics, 2005. ISBN-13:

978-0521642293 ISBN-10: 0521642299

. beiiau /., Paiim 5. BoJIOKOHHAsI ONTUKA: TEOpUS U

npaktuka. I[lep. ¢ anm. M.: Kymui-ITpecc, 2008.

. Kanawnuxoe H.II., Oavuax A.C. // TloBepXHOCTb.

PeHTren., cuHXpOTp. 1 HeTpoH. uccien. 2017. Ne 6.
C.79.

. Kalashnikov N.P., Olchak A.S. // Journal of Surface In-

vestigation X-ray, Synchrotron and Neutron Tech-
niques. 2018. V. 12. Ne 2. P. 299

. Kalashnikov N.P., Olchak A.S. // Journal of Surface In-

vestigation: X-ray, Synchrotron and Neutron Tech-
niques. 2022. V. 16. Ne 4. P. 659.

. Jlanoay J1.J1. Jlugpuuy E.M. Teoperudeckasi husuka.

Towm III. KBanToBast mexanuka. M.: Hayka, 1989.

On the Possibility of Observing the Effect of Quantization of the Orbital Momentum,
during the Passage of Laser Radiation through an Optical Fiber
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The speed of propagation of optical radiation in an optical fiber is noticeably lower than the speed of light in
vacuum. This fact opens the possibility to consider the propagation of light in fiber in the so-called comoving
frame of reference. This type of consideration proved to be very useful and helping, for example, in studying
the motion of ultrarelativistic charged particles and gamma rays in ordered media (channeling effect). This
type of consideration makes it possible to notice some simple, albeit rather unexpected, macroscopic quan-
tum effects that can manifest themselves when laser radiation passes through optical fibers. In particular,
when photons propagate along an optical fiber twisted into a helix, at certain parameters of the helix, the ef-
fect of quantization of the moment of the photon momentum should reveal itself. Attracting attention to the
possibility of such an effect is the goal of this note, which contains the formulation of the conditions and es-
timates of the parameters under which the effect of quantization of the angular momentum of photons mov-

ing along a spiral trajectory should be observed.

Keywords: photons, angular momentum quantization, optical fiber, comoving reference frame, quantum
electrodynamics, channeling, relativistic physics, speed of light, laser radiation, coherence.
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