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BBenenue
Kak xopoI11o n3BecTHO, KOT€PEeHTHOCTb ONITUYECKOTO BOJTHOBOTO ()pPOHTA UT'PaAEeT KIIOUYEBYIO POJib B
dbopmupoBaHMM MHBApMAHTHBIX CBETOBBIX Mojeii Jlareppa-Taycca, dpmura-Taycca u Beccens-
laycca ¥ TIpeACTaB/SIOT MHTEPEC B 00JIACTIX KpUcTaiorpadum, reHepamu Iiasmsl, U T.01. Ecim
MbI OyZIeM pacCMaTPUBATh ONITUUYECKOE MU3TyYeHMe KaK CYTIepro3UIINI0 KOHMYECKUX BOJIH, TO Cpasy
CTAHOBUTCSI SICHO, UYTO KOT€PEHTHOCTh TO 6a30BO€ CBOICTBO, KOTOPOE UTIPAET KIIOUEBYIO POJib B
dbopMupoBaHUYM TaKMX TUIIOB MTYYKOB. B maHHOI paboTe Mbl Ha mpuMepe IMydkoB Beccens-Taycca
MTOKa)KeM, UTO JAHHBII TUIT ITyUKOB MOXET ObITh CPOPMUPOBAH IPY MOMOIIYM MCTOYHUKOB CBETA,
KOTOpbIe SIBJISTFOTCSI BpeMeHHO HeKOorepeHTHbIMU HIMPOKOAMAa30HHbIMU
(monuxpoMaTuueckumMu). Icmonb3yio JaHHbII TUIT UICTOYHUKOB M3JTy4YeHMSs, Mbl IMOSICHUM, KaKUM

o6pa3zom chopMUpOBaAHHbBIE ITYUKM 3aBUCST OT QYHKI[MM IIMPUHBI CTIEKTPA.

1. ITonuxpomaTuueckue myuku beccesns

M3 KaHOHMYECKMX Y4yeOHMKOB [1] HaM XOpOIIO M3BECTHO, YTO XapaKTepHOV BOJIHOBOM
XapaKTepUCTUKON sIBJsieTcsl Audpakius CBeTa, KOTopas BO3HMKAET, eI UCTOYHUK U3JTydeHUs
SIBJIIETCSI TOYEYHBIM M TIPOMOAYIMPOBaH Mo dase wiuM aMIUVINTyAe, UYTO NPUBOOUT K
MHTepdepeHIIMM BOJIHOBOTO (GPOHTA C TMOUIEAYIOIIMM BO3HMKHOBEHMEM IMUGPaKIMOHHBIX
nopsifkoB. Iudpakiuusi, ¢ TOUKM 3peHMus] KBAHTOBOM MeXaHUKM CBsI3aHA HANpsIMyl0 C
TpefcTaBiieHeM e Bpoiiist o yacTuiie u MPUHIIUIIOM HeompeneneHHOCTU [eiiseH6epra u, camoe
I7IaBHOe, CBSI3aHA HAIPSIMYIO C JIJIMHOM BOJHBI, KOTOpasi 06paTHO MPOIOPIMOHATbHA MOMEHTY
yacTulipl. VIMEHHO C OTOM TOYKM 3peHusl pellleHMsT ypaBHeHMs [enbMrosbiia SIBJSIOTCS
MHBapMaHTaMM U TaK Ha3bIBaeMble TICeBI0-HeAdparupyolye myqyky Moayduin 3HaUNTeTbHbI
VMHTepeC K U3yUYeHUIO.

B naHHOIi paboTe HamMu OBLIO IOKA3aHO, UTO KOT€PEHTHOCTb CBETOBOTO W3JTyUeHMUSI
cepbésHelmumM obpazoM BiuseT Ha ¢opmupoBaHMe MyyKoB bBeccensi-Taycca mpu ycoioBumn

OTCYTCTBUA OUCII€PCUN OJISI PA3SJIMUHBIX TUIIOB M3JTYY€HMS, KaK IJIs Cl)EMHTOCeKYH,ELHOI‘O, TaK " OJIs1
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HEIpepbIBHOTO  M3aydyeHus. Kak  MOKa3bIBalOT  HAUIM  UCCIAeNOBaHUS,  UCTOYHUKU
MOJIMXPOMAaTUUYECKOTO CBeTa JeiiCTBUTENbHO MO3BOJSIOT popMupoBaTh Iyuku beccensi-Taycca, uTo,
B KOHEYHOM CyYeTe, [I03BOJISIeT HaM IOJOXUTENIbHO OLIeHMBATh CBOMCTBA TAKUX IYUYKOB C YUETOM
IIPOCTPAHCTBEHHOI ¥ BpeMeHHOI KOrepeHTHOCTU IT0JIS.

OCHOBHOJ XapaKTepuCTUKOi Tipu dopMupoBaHuu myuykoB bBeccensi-Taycca wim Apyrux
HeaVdparupymoImx MyvyKkoB, IBJSIETCS COOJI0IeHe TPeOOBaHMIA, CBSI3aHHBIX C TPOCTPAHCTBEHHOM
KOTePEeHTHOCTbI0O MCTOYHMKA ONTUYECKOro wu3nydeHus [3]. Hamu 6bu10 chopmupoBaHO
Henyudparupyioiliee CBeTOBOe pacIipefiesieHNe Tojsl, KOTOpoe 006/amano MpOCTPaHCTBEHHOM
KOT€PEeHTHOCTBIO, HO IPU 3TOM BpeMeHHasi KOTepEHTHOCTh MOJTHOCThIO OTCYTCTBOBAJIA.

IOns  dopmupoBaHMsI TOMMXpPOMATUYECKMX TTy4yKoB bBeccensi-Taycca Obita  co3maHa
SKCIMEPUMEHTANIbHASI YCTAaHOBKA. CBET OT MCTOYHMKA OINTUYECKOTO W3JIyYeHUS! TMPU MOMOILU
3epKaJIbHO-JIMH30BOTO KOHAEHCOpa M aXpoOMaTMUeCKOro MMUKPOOOBeKTMBa (OKyCcHMpoBasics Ha
BXOJHO¥ TOpeIl] ONTUYECKOTO BOJIOKHA C JMaMeTPOM CepAIeBUHBI 7,5 MKM U AMaMEeTPOM 000I0UKI
27,5 MKM.

Kak mokasamu HalmmM WCCIeSOBaHUs, WUCIONb30BaHMe OITUYECKOrO BOJIOKHA KpaiiHe
HeO0OXOIMIMO B CBSI3Y C TEM, UYTO MCTOUHMK ITOJIMXPOMATUUYECKOTO CBETA He SIBJIIETCSI KOTePEHTHBIM.
Jns1 co3maHmsl TAKOTO MCTOYHMKA U3MYIeHNUsI ¢ TTPOCTPAHCTBEHHOV KOTepeHTHOCThIO HaMU ObUIN
MpOaHa/IM3UPOBaHbI U TTPOBEPEHBI pasIMuHble BUAbI ONITUUYECKMX BOJIOKOH C CepAlleBMHOI OT 5 10
100 mxm. Kak oKa3anaoch eciy BOJIOKHO MMeeT OOJIbIIOi JuaMeTp CepAIleBUHbI, TO MHTEHCUBHOCTD
M3y4eHMsl TOplia BOJIOKHA AOCTaToOuHas g dopmupoBaHus Iyuka beccensi, HO cama KapTuHa
SIBJISIETCSI Pa3MBbITOM BCIENCTBME MAaJOil IJIMHBI KOTepeHTHOCTU. C Apyroi CTOPOHbBI, €CIu MbI
MCITIOJIb3yeM OITHYECKOe BOJIOKHO C MaJIbIM IMaMeTpPOM, TO B 3TOM C/Tydyae MbI MOKeM HaOJI0aTh
BBICOKOKOHTPACTHBIN ITy4oK Beccensi. Ho B maHHOM cC/lyyae MHTEHCMBHOCTb C(OPMMPOBAHHOI
KapTUHBI He TI03BOJIIET HaM 3a(pMKCHMPOBaTh TpebyemMoe HaM M300pakeHue.

[Tocme TIpOXOXKOEHMSI U3JIyUyeHMS] uepe3 ONTHMUYECKOe BOJOKHO Mbl (HOpMUPOBAIU
KOJUTMMMPOBAHHBIN My4OK AMaMETPOM 5MM, C TIOMOIIbI0 aXpOMaTUUeCKOTO MUKPOOOBbEKTHBA. B
MOC/IeACTBUM  KOUIMMMPOBAHHBIV ITY4OK HAIPaB/SICA Ha aKCUKOH - KOHUYECKYI0 JIMH3Y.
dokanbHYI0 30HY, CHOPMMUPOBAHHYI0 KOHMYECKO JIMH30¥, MbI ITPOEIMPOBAIM aXPOMaTUIECKUM

MUKpooObekTBOM Ha CMOS kamepy. Pe3ynbTaThl MpeacTaBieHbl Ha Puc.1a.

S

Puc. 1. ITyuox Beccensi-Taycca Hy/1eBOro mopsiaka (a) u ero mHtepdepeHIoHHas KapTuHa (0)
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AHanu3 wuHTephepeHIMOHHOM KapTMHbI, chOpMMPOBAHHON Oumnpusmoii @Ppenens, u
npencTaB/ieHHOol Ha Puc. 1 (6) yKasbIBaeT Ha TO, YTO Ha OCYU B I[EHTpe MyYKa IJIagKuii BOJTHOBOI
dbpoHT, a BOMM3KM OCUM HAOIIOHAIOTCS peryasipHble MHTepdepeHIMOHHbIe IMoa0chl. Kak MOKHO
3aMeTUTh MHTepdepeHIMOHHbIE T0JIOChI MMEIOT HEPEryasSpPHYI CTPYKTYPY, U UX MCKaKeHUe
dbopmupyeT <«BWIOUHYIO» CTPYKTypy. CremyeT OTMETUTb, UYTO <«BWIKM» B KIaCCUUYECKOI
MHTephepeHIMOHHO KapTuHe SB/SIIOTCS CTPYKTypaMy, KOTOpble T[IONy4YWiuM Ha3BaHue -
OTITMYEeCKMe BUXPU U COOTBETCTBYIOT TOUKaM BOJHOBOTrO (DPOHTA, IJle aMIUIMTyAa oOpaliaeTcs B
HOJIb, a a3a He ornpezeneHa [4,6].

Hamnume Buaok B nyuke beccens-Taycca Hy/nmeBoro Iopsaka —XapaKTepusyeTcs
TUIIOJIOTMYECKMM KBajpyrnonem. OpueHTalus «BUJIOK» XapaKTepus3yeT 3HaK TOIMOJIOTMYECKOrO
3apsiga ONnTuuYeckoro Buxps. Kak MOXHO 3amMeTuTb 13 Puc. 1 (6) HIDKHME M BepXHME <«BUJIKU»
OJITHAKOBBI, HO COOTBETCTBYIOT Pa3HbIM TOIOJIOTMYECKUM 3apsiam

Hamu 6buTM TIpOBeIeHbl CPAaBHEHMSI OMTUYECKMUX CBOVCTB Heaudparupyommux Ionein mnpu
MCIIOJIb30BAHNUY PA3IMYHBIX TUIIOB CBETOBBIX MCTOYHMKOB. B JaHHOM McCCIef0BaHMM HAaMU ObUIO
MOKa3aHO, UTO CYILIeCTBYeT BO3MOKHOCTb CO3[AaHMUS IMOIMXPOMATUUECKMUX TYYKOB Beccens He
TOJIKO HYJIEBOTO, HO ¥ BTOPOTO TMOPSITKOB.

B pesynbraTe pacrpocTpaHeHusi Hemudparupymoiero Imydyka beccens uepe3 cucremy
MOJISIPU3AaTOP — KPUCTALT — Tossipu3aTtop [7,8] Ha ocu mmyuka 6610 chopMMpoOBaHO M3006pasKkeHMe

(Puc. 2a) c MMHMMYMOM MHTEHCUBHOCTH, UTO COOTBETCTBYET ONTUYECKOMY BUXPIO.

a [0}

Puc. 2. ITyuok Beccens-T'aycca rmepBoro rnopsaka (a) M ero murepdepeHInoHHast KapTuHa (6)

[Ipu getanbHOM M3ydeHUM CHOPMUPOBAHHON MHTEepdEpPeHIIMOHHOV KapTuHbl (Puc. 26) mpu
oMoy 6urpusmbl OpeHessi, Ha OCK ITyYKa MbI MOKEM HaOJIOAATh IIBETHYIO «BUJIKY», KOTOpas
TOJIHOCTHIO COBIIAZAeT C pacIlooXKeHVeM MMHMMyMa MHTEHCUMBHOCTM IyykKa beccens-Taycca
repBoro rmnopsiaka. JlaHHbI (aKT CBUIETEIbCTBYET O TOM, YTO HAIIM IIpelBapuTeIbHbie
MPeAIOoNOKEeHNSI O HAJIMYMM ONTUYECKOTO BMXPS Ha OCK MOJIMXPOMATUMUYECKOro myudka beccensi-

Taycca repBOro mopsiika, MoJIHOCTHIO MTOATBEPAMIIOCH.
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3. BeiBOABI
B manHoit paboTe Ha nmpuMepe myuykoB Beccens-T'aycca mokasaHo, YTO JAHHBIN TUIT ITYYKOB MOSKET
O6bITh CcHOPMMPOBAH TMPU TIOMOIIM MCTOUHMKOB CBETa, KOTOpble SIBJSIIOTCS BpeMeHHO
HEKOTepeHTHBIMM MIMPOKOAMAIIa30HHBIMM (TTOJIMXpOMAaTHIeCKMMM). B maHHO paboTe HamMu GbLIIO
M0KAa3aHO, UYTO KOTePeHTHOCTh CBETOBOIO M3JIyUeHUs Cepbe3HeilnumM o6pa3oM BAMsSIeT Ha
dbopmupoBanme my4ykoB beccens-T'aycca mpy yCJIOBUM OTCYTCTBUSI OUCTIEPCUU IJIST Pa3TINUHBIX
TUIIOB M3JIy4eHMUs, KakK s (peMIITOCEeKyHIHOTO, TaK ¥ JJIsi HeIpepbhIBHOrO u3aydeHus. Kak
MOKa3bIBAIOT HAIIM MCC/IeN0BAHMSI, VICTOYHUKM TIOIMXPOMATUYECKOTO CBeTa OeNCTBUTETbHO
MO3BOJISIIOT (hopMMpoBaTh Mydku Beccesns-T'aycca Hy/ieBOTO 1 IMEPBOTO MOPSAKOB U MPEACTaBIISIOT

MHTEepeC B 00/1aCTIX KpucTaiorpadum, reHepaiyi Iaa3Mbl, 1 Ip.

baarogmapHocTH
Pa6ora BeinmonHeHa npu noagepskke POOU (rmpoekTtbl N2 N2 20-37-90068, N2 20- 37-90066, N2 19-
29-01233).
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Polychromatic Bessel-Gauss beams

Yu. Egorov, Ya. Akimova, M. Bretsko, A. Volyar, S. Halilov

Crimean Federal V.I. Vernadsky University, Institute of Physics and Technology, Simferopol, Russia.

In this scientific study, we will show the possibility of forming polychromatic Bessel-Gauss beams
of both zero and first orders using wide-range incoherent light sources, and interference patterns
will serve as proof of the creation of such types of beams.

Keywords: Polychromatic Bessel-Gauss beam, Topological charge, Topological quadrupole.
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