N.II. JIykun

OIITNYECKAS CUCTEMA CBs311 HA OCHOBE BUXPEBbBIX BECCEJIb-TAYCCOBBIX ITYYKOB

YK 535.2:621.373.8:621.391.6

OnTuyeckas cucreMa CBSI3H Ha OCHOBE BHXPEBBIX
Oecceib-TayCCOBBIX MyYKOB

N.II. JIykun

Hucmumym onmuxu ammocpepor CO PAH
634055, Tomuck, Poccus, na. Axademuxa 3yesa, 1, lukin_ip@iao.ru

Buxpesbie Geccesib-rayCCOBBI JIa3epHbIe YUK SIBJSIOTCS OJHUM W3 MEPCHEKTUBHBIX THUIIOB BUXPEBBIX IMTyy-
KOB, TIOCKOJIbKY B M3BECTHOU CTeNeHU 06JIAJIAl0T CBOICTBOM MHBapUAaHTHOCTH. B manHoii paGorte mpejacTaBieHa OI-
THUYECKAsT CHCTEMa CBSI3H, UCIOJIb3YIONIAs BUXPEBbIE Geccesib-TayCcCOBbI JadepHbie TyuyKkn. CrpaTerust oGHAPYKEHUs
JTAHHOW OTTHYECKON CHCTEMBI CBSI3M OCHOBBIBAETCSI HA OPTOTOHATBHOCTH BUXPEBBIX OECCENb-TAyCCOBBIX JIA3EPHBIX
my4KoB. llepeqaTynk KOAUPYET CHMBOJIBI COOGIIEHUST B 3HAYEHUS] TOTOJOTUYECKUX 3apSI0B BUXPEBBIX OeCCesb-
rayCCOBBIX Ja3epHBIX Ty4YKoB. Ha MpHéMHUKe MHOTOKAHATBHBIN KOPPEJSIIMOHHBIN JE€TEKTOP 10 BEJMUYNHE KOppe-
JISIIUOHHBIX METPUK B3aUMHON KOT€PEHTHOCTH TIOJell BUXPEBBIX 0ECCETb-TAyCCOBBIX MYYKOB OMPEEJIseT BETNINHY
TOTIOIOTHYECKOTO 3apsifia, T.e. CUMBOJ COOOIeHus. [IpencTaBieHbl pe3y/IbTaTbl TEOPETHYECKOTO HCCJIEOBAHNS
KOPPEJISIUOHHBIX METPUK B3aUMHOII KOTEPEHTHOCTH HA IIPUEMHOIl ameprype IoJiell BUXPEBBIX Geccesib-TayCCOBBIX
MYYKOB C PA3JMYHBIMH TOMOJOTMYECKUMH 3apsiiaMu B TypOyJeHTHOII atMocdepe. BpipakeHue st GyHKIUN B3a-
HNMHOI KOT€PEHTHOCT! BTOPOTO MOPS/IKa BUXPEBBIX Geccesb-TayCCOBBIX IIYYKOB B TypOyJIeHTHOII arMocdepe ¢ pas-
JINYHBIMI TOIOJIOTHYECKUMH 3apsAJaMy IOJyYeHO B MapaKCHAJbHOM NPHOIIKEHHN C HCIIOJb30BAHUEM PACIINpPEH-
Horo npuHiuna [oiirenca—®Dpenensa. [Ipu nocrpoeHny pelieHus MPUMEHSIACh KBaJpATHYHAS allPOKCUMAIIS
QYHKIINH, OMICHIBAIOINIEN MCKAKAIOIIEE BJMSHIE CIyYailHBIX HEOMHOPOAHOCTeH cpesl. [IpoBefieH aHAIN3 KOppe-
JIAIMOHHBIX METPUK B3aWMHOW KOTEPEHTHOCTH Ha TPHEMHON amepType MoJell Gecceb-TayCCOBBIX MYyYKOB C Pas-
JINYHBIMA TOTIOJIOTUYECKIME 3aPsiIaMU B 3aBHCHMOCTU OT ONTHYECKOi Tosmm atMocdepHoil TypOyaentnoctu. Ilo-
Ka3aHo, YTO BO3MOKHOCTb ONTHYECKOW CHUCTEMBI CBSI3U, MCHOJIB3YIONIEN OeCCeTb-TayCCOBbI MyYKH, HA OCHOBE KO-
JINIPOBAHUST TIO TOMOJOTHYECKOMY 3apsifly TMydYKa ¢ MHOTOKAHAJTBHBIM KOPPEJSIMOHHBIM JE€TEKTOPOM Ha TPHEMHUKE
He OrpaHHYeHa CYIIECTBEHHO MCKAKAIONIMM BIHSHUEM aTMOChEPHOU TypOyJIeHTHOCTH.

Knrouesvie caosea: ontuueckuii BUXpPb, GECCENb-TAyCCOB MY4YOK, ONMTHYECKAs CHCTEMa CBS3M, aTMochepHas
TypOyJEHTHOCTb, KOTEPEHTHOCTb, CPEIHsIST WHTEHCHBHOCTH; optical vortex, Bessel-Gaussian beam, optical
communication system, atmospheric turbulence, coherence, mean intensity.

BBeaeunue

KoHkpeTHOE HCIOIb30BaHIE ONTHYECKUX MOJI, HECYI[NX OPOUTAJIbHBIN yTJIOBOW MOMEHT, B ONTHYECKHX CHCTE-
MaxX KOMMYHHUKAIUH ITy6OKO M BCECTOPOHHE 06Cy:k/1anoch B 0630pHOil ctatbe [1]. IIponsBoanTeIbHOCTD MTPHEMHI-
Ka MpsiIMOro OOGHApY’KEHHsI B BHJE MAcCHBA KOJIBIEBBIX JIETEKTOPOB IPOAHAIM3NpOBaHa B pabore [2] mus 6ecrpo-
BOJIHOU ONITHYECKOW CHCTEMbI CBSI3M, UCIIOJIb3YIONIENl BUXPEBbIe JiadepHble My4yKku. CpaBHEHUE IPOM3BOIUTEIHbHOCTI
ONTHYECKUX CHUCTEM CBSI3U, WCIOJIB3YIONINX COOTBETCTBEHHO <«H/IealbHble» BUXPEBble NMyYKH M BUXPEBBIE JIATe€PP-
TayCCOBBI IyYKH, MPOBEAEHO B MyOJWKaIuu [3], Ipu 3TOM TOKa3aHO, YTO HepBas M3 ONTHYECKUX CHCTEM CBA3N
JIaeT MEHbBIIYIO YacTOTy OIUGOK IMPH TOil jKe MomHocTH mpueMa. B umcciaenoBanuu [4] cuMBosibl coobrmeHmit KOIu-
PYIOTCSI B PaJHaIbHOM WHJIEKCE KOAKCHAJbHBIX BUXPEBBIX JAre€PP-TAyCCOBBIX ITYYKOB, a HA MPUEMHUKE OOHApPYKe-
HHUe JocTuraercss 6;arofapst OpPTOrOHATBHOCTH ATUX IMy4YKOB. ONTHYECKAst CHCTEMA CBSI3M CBOGOIHOTO TIPOCTPAHCT-
Ba, NpeAHA3HAUYEHHAs [JIsI ONTHYECKOrO BUXPEBOTO MYJIbTHUILIEKCHPOBAHUS U JEMYJIbTUILIEKCUPOBAHUS GOJIBIIOTO
oObeMa, mpejicTaBjaeHa B paGore [3], rie B mpoiiecce J€TEKTHPOBAHUS HCIIONb3YeTCsl BUXpeBast perierka /laMManHa.
Binsinue ycpe/HeHus anepTypbl Ha OOHAPY’KeHUE TOMOJOTHYECKOT0 3apsijia PACCMOTPEHO B crathe [6], pesysbrare
KOTOPOW J/Ial0T KOJUYECTBEHHYIO OIleHKY 3(M(EKTHBHOCTH JETEKTOpPa TOMOJOTHYECKOTO 3apsifia, HCHOJIb3yeMOTro
B BUXPEBBIX ONTHYECKUX CUCTeMaxX CBs3U. Kak mokazaHo B pabore [7], MOXKHO yCTPaHUTh MCKaKe€HUS WHTEHCHBHO-
cti 1 (paspl MyYKOB ¢ OPOUTATHHBIM YIJOBBIM MOMEHTOM, BBI3BAHHbBIE TYPOYJEHTHOCTHIO aTMOCQEPDI, UCIOJb3YS
aJIANTUBHYIO cucTeMy KoMmencaimu (a3l 6e3 [aTynKa BOJTHOBOTO (DPOHTA. IKCIEPUMEHTATbHbBIE, TEOPETUYECKUE
U YHCJEHHDbIE MCCJIe0BAHNUs, MPOBeieHHbe B [8], mpuBesu aBTOPOB K HEOMHO3HAYHOMY BBIBO/Y, YTO HCIIOJIH30BA-
Hue 6asucHOro Habopa C TMOJSIMU, COJEPIKAIIUMH ONTHYECKHE BUXDPH, HE YBEJIMUYMBAET TEJEKOMMYHHKAI[MOHHBIE
BO3MOKHOCTH ONITHYECKON cucTeMbl cBsI3u. B crathe [9] Oblia mpessokeHa eiie ogHa BO3MOXKHaAs cTparerus oOHa-
DYJKeHUsI CUTHAJIA, OCHOBAHHAsI HA CBOICTBE OPTOTOHATBHOCTU BUXPEBBIX TAYCCOBBIX MYYKOB NMPH KOAMPOBAHUU IO
TOIOJIOTHYECKOMY 3apSijly JIA3€PHOTO MYYKA ¢ MHOTOKAHAJIBHBIM KOPPEJISIIIMOHHBIM JI€TEKTOPOM Ha ITPUEMHUKE.

Jlannast myOIMKaNys MOCBSIIEHA TEOPETUYECKOMY OGOCHOBAHUIO UCIIOJIb30BAaHUS MOAOOHOW crpareruu oGHA-
PYSKEHUS [JIsi ONTUYECKOIl CHCTEMbBI CBSI3M HA OCHOBE BUXPEBBIX 0OeCCeIb-TayCCOBBIX MyYKOB. B pabore mpoBeieH
aHaM3 KOPPEJSIIIMOHHBIX METPUK B3aWMHON KOT€PEHTHOCTH BTOPOTO MOPSIIKA Ha IIPUEMHOI ameprype moJei Gec-
CeNIb-TAyCCOBBIX MYYKOB C PA3JUYHBIMU TOIOJOTHYECKUMH 3apPSIaMU B 3aBUCHUMOCTH OT ONTHYECKON TOJIIH aTMO-
chepnoit TypOysertnoct. O6CyK/1a€TCSI BO3MOKHOCTD CO3/[AHUSI ONTUYECKOIl CUCTEMBI CBSI3M HA OCHOBE BHXPEBBIX
6eccesib-TayCCOBBIX JIA3€PHBIX ITYYKOB, HCIOJb3YIONINX KOJUPOBAHKE MO TOMOJOTMYECKOMY 3apsiy IydYKa IPU MHO-
TOKQHAJbHOM KODPPEJISIIIIOHHOM JIeTEKTOpe Ha MPHEMHUKE, KaK B OJHOPOJIHOI cpejie, Tak U B TypOYJEHTHOI aTMO-

cepe.
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OcHoBHbIE ompe/eJeHus

Jlist BUXpeBOro Geccesib-TayccoBa JIa3epPHOTO IMydYKa, PACIIPOCTPAHSIONIETOCS B HAIPABJEHUH OCH KOOPIUHAT
X, HavajpHOe pacupenenenue 1moas (x = 0 ) sanmceiBaercs cieayomum obpasom [10, 11]:

2

(o) = U _ ik, '
[Jo(P) = bo(p,(p) = EOeXP[ 2a§ 12R0 p J],n(Bp)eXp(lM(p), (1)

rae E, — HavagpHAsI aMIUIMTY/Ja TOJIT Ha ONTHYECKOW OCH JTa3epHOTO TYYKa; ¢y — HAYaJbHBIN PaJiyC rayccoBa
¢akTopa MOIA JazepHOTO My4yKa; Ry — paanyc KpUBH3HBI MapabGoJNYecKOTO BOJHOBOTO (DPOHTA B IIEHTPE H3JIY-
yaiomeil aneptypsl; k = 2m/A — BOJHOBOE YHCJO ONTHYECKOrO U3JIyYeHHs; A — [JIMHA BOJHBI OINTUYECKOTO H3JIy-
yenns B BakyyMme; B =+k> -k} — KOMIOHEHTa BOJHOBOrO BeKTOpa, opToroHambHas ocu x (mapaMerp GecceseBa
Iy4yKa, CKaAgpHas BeJUYMHA C Pa3MEpPHOCTBIO M ); k, — KOMIIOHEHTa BOJHOBOTO BEKTOPA MO HAMPABJIEHHIO OCH
x; p={yz= {p,;g} — ToTlepevYHas K HAIPaBJICHHWIO PACIPOCTPAHEHNS ONTHYECKOTO M3IyYeHNs MPOCTPAHCTBEHHAS
KoOpmHaTa; p = y> + 2>, ¢ = arctan(y/z) — MOy/ib W apryMeHT 3TOil KOOPAMHATBI; M — TOMOJOTHYECKHIl 3a-
P/l BUXPEBOTO J1asepHoro myuka (m — 1esoe uncio, Gespasmepnas Besnmunna); J,, () — dynkuus Beccens mep-
BOTO POfia 71 -OTO TOPSIIKA.

OcHOBHbBIE COOTHOLICHUS

AnaymuTtuveckoe peinerue st (DYHKIMM B3auMHOI KOTEPEHTHOCTH BTOPOTO TIOPSIIKA BUXPEBBIX Oeccesib-
rayccoBbix my4koB (1) ¢ pasamyHBIMU 3HAYEHUSAMHU TOIMOJOTMYECKMX 3apsIOB, PACIPOCTPAHSIOIUMHUCA B TypOy-
JIEHTHOU arMocdepe IO OIHOW W TOW JKe Tpacce, 3alUCAHO B MAPAKCUATHHOM TPUOIMKEHUN C UCIIOJIb30BAHUEM
pacmipenHoro npuHnuna [oiirenca—®penens [12, 13]. [Ipn HaXoX/IeHUHN pEIIeHNsT WCHIOJb30BATACh KBapaTHy-
Hasl anmpoKcuMalust (PyHKIMU, ONMUCHIBAIOIIEI NCKAXKAIOIIee BJIMSIHIE CAYYailHBIX HEOMHOPOIHOCTEH CPEeIbl.

[larHoe BbIpakeHue I (PYHKINM B3aMMHOW KOTEPEHTHOCTH BTOPOTO MOPS/IKA BUXPEBBIX 6eCCesb-rayCCOBBIX
JIA3ePHBIX ITYYKOB MMEET CJIeYIONIIi BU:

Ty (4,R,0) = (E,, (x,R) E; (x,R)) = (E,, (x, R, 0) E; (¥, R, o)) =

E} . . 2 % o % s
= 747:29? © exp{z(m - n)g}exp[z(m - n)(pR]expli—@ + ngCl) p (Ox) B’ - e (Ox) Rz} x

(2)

2n "
><J. d(peXp|:iT71(p —i g]; (%) BR COS((p):| x
: gr (%)

2n ~
. .97 (x) ~ = 2 gf?
xjdwexp{—m\y + 1g’;( )BRcos(\y) += 627B cos(¢ - \y)}
0 92 (x) 392(%)
rae {x,R} — KOOPAMHATHI TOYKU HAGJIONEHUS; X — PACCTOSIHUE OT ILUIOCKOCTU MCTOYHUKOB JIO IJIOCKOCTH TIPUEM-

Huka; R ={R,or} — mouspHble KOOpAMHATBI BEKTOpPAa TOYKM HabmoneHus; R =.k/xR — KoopamHata MOy

BEKTOpa TOYKM HaG/i0/IeHns, HOPMUPOBaHHas Ha JuameTp TepBoii sonbl Mpenens Jx/k; gr(x)=(1-n)+ iy —

reoMerpudeckuit  daxrop; a(x) = dpg,(¥) — TeKylee 3HAYeHMe pajuyca rayccosa JasepHoro myuka [13];
g-(x) = \/(1—11)2 +0Qp° (1+§Qoq) — TreoMeTpudeckuil (hakTOp, OMMCHIBAONINN M3MEHEHWUST PaJlyca TayccoBa Ja-
3epHOro Iyuka B TypOyJieHTHO# armocdepe [13]; n = x/Ry — mapamerp (OKYyCHPOBKH JazepHoro myuka [13];

Q) = kal/x — uncno @penens nepenatomeii aneprypsi [13]; = Jx/kp — nopmuposanubiii mapamerp koadduim-
enra GeccesieBa (pakToOpa JIa3epHOro IyuKa; ¢ = x/ (kp%) — TIapaMeTp, OTPEIESIONHIA ONTHYECKYI0 TOMIINHY Typ-

6ynentHoil atMocepnt [10, 11]; py — pammyc KOTepeHTHOCTH TLIOCKOH ONTHYECKOH BOJIHBI B TyPOYJIEHTHON aTMO-
cepe [13].

DyHKIUN B3aHMHOIT KOT€PEHTHOCTH BTOPOrO MOPSIAKA BUXPEBBIX 0€CCENb-TayCCOBBIX
MYYKOB C Pa3JIMYHBIMH 3HAYEHHSIMH TOMOJOTHYECKUX 3aPsI0B B TypOyJeHTHOH aTMochepe

Moyib (DYHKIMH B3aUMHOW KOT€PEHTHOCTH BTOPOTO TOPS/IKA MOJIeNl BUXPEBBIX (GECCeb-TayCCOBBIX Ja3ePHbBIX
[YYKOB C PA3JNYHBIMU 3HAYEHUSIMU TOTIOJIOTMYECKUX 3aps/IoB B TYPOYJIEHTHOH atMocdepe ONpeesM CJieyIOIiM
o6pasom:

81

NL.II. JIykun

OIITNYECKASI CUCTEMA CB311 HA OCHOBE BUXPEBbBIX BECCEJIb-TAYCCOBBIX ITYYKOB



N.II. JIykun

OIITUYECKASA CHUCTEMA CBSI1311 HA OCHOBE BUXPEBbBIX BECCEJIb-TAYCCOBBIX ITYUYKOB

\/{Re[l"z,,m (@R0)])" + {Im[ T3, (x,R0)]}

MaX[Fan (X’R’O)L,:o} ’ 3

Homn (X7Rr(pR) = an(x:R) =

rie Max[l}mn (x,R,O)L{:O} — MaKcHMaJbHOE 3HaueHne (PYHKIMM B3aMMHOHW KOTEPEHTHOCTH BTOPOTO MOPSI/IKA BUX-
PEBBIX GECCETb-TayCCOBBIX JIA3EPHBIX MYYKOB C PA3JUYHBIMU 3HAYEHISIMI TOMOJOTHYECKUX 3apsI0B B OXHOPOTHOM
cpene, T.e. npu g =0.

B narsmsiHoit hopMe mporiece TpanchopMari MOLy el PYHKIMH B3aNMHON KOTE€PEHTHOCTH BTOPOTO TMOPSIZAKA
BHXPEBBIX 0ecce/b-TayCCOBBIX JIA3EPHBIX IIyYKOB B TypOyJIeHTHOII atMocdepe p,,(¥,R) mpu WB =10, n=0
n Qp —> o0 C pasHBIMU TOMOJOTMYECKUMHU 3apsiIaMU MPEACTABIEH Ha pHC. 1. ITH PUCYHKU SABJAIOTCS I1[BETHBIMU
(100 mceBmOLIBETOB) KOHTYPHBIME TPAQUKAMU W, (4, R) mmst Buxpesbix (m 2= 1, n > 1) Geccelb-rayccoBbIX Jasep-
HbIX 1ydkoB (i, (4,R) € [1;0]) kak (yHKIMH OT HOPMHPOBAHHOI pajMabHOIl KoopanHaThl /kR/xR € [0;20]
1 HOPMHUPOBAaHHOrO mapamerpa (onTiueckoil To/mw TypGynentroit armocdepnr) ¢ € [0;10], paccuuranmbie 1o ¢op-
myaam (2) u (3).
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Puc. 1. DBosonus MOIy/Isi KOPPEJIAINN BUXPEBBIX GECCETb-TayCCOBBIX MyYKOB ¢ PA3HBIME TOMOJOTHYECKUMH 3apsgamu: M =1,
n=1 (); m=1, n=2 6); m=1, n=3 (); m=2, n=1(@); m=2,n=210); m=2, n=3 (e); m=3,
n=1(); m=3, n=2um=3, n=3 (3)

Mo:xHo Bbltesn Tpu Tuna rpadukos. Ilepsbiil Tum rpadukoB — 110 JMAaroHAJN MaTpHilbl rpadUKOB: B 3TOM
CJlyyae TOIOJIOTMYECKHE 3aps/ibl 060UX MYyYKOB COBNA/AIOT, a Ha rpaduKax IpejcTaB/ieHa 5BOJIONUS CpeJHell MH-
TEeHCHBHOCTH BUXPEBBIX 6eccesb-TayCCOBBIX MyYKOB. BTOPOIl THI — HEOCpeACTBEHHO PS/IOM C INArOHAJIBIO MaTpH-
IIBI TPA(PIKOB: TOMOJIOTHYECKIE 3apsA/Ibl MYYKOB OTJIMYAIOTCS Ha eIWHUILy, Ha rpadukax HaOII0JaeTCs OIMH <IJO0-
GaJbHbIIT> MUHUMYM, YCTOHUYUBBIN K BIMSHUIO aTMOoc(epHoil TypOyJaenTHOCTH. Tpernii Tun — Bce ocTajbHble Tpa-
(uxu: Korza TONOJOTMYECKME 3apsiibl IIYYKOB OTJIMYAIOTCS [PYr OT Jpyra Ha JBa U 6ojiee, TO KOJUYECTBO
«I106AJIbHBIX» MUHUMYMOB, YCTOHYMBBIX K BIMUSHUIO aTMOC(EPHOI TYypPOYJEHTHOCTH, PABHO ABYM.

OrMeTnM TakxKe, 4YTO MOAYJIN (DYHKIMU B3aUMHON KOTEPEHTHOCTH I0JIeil BUXPEBbIX (GECcCesb-rayCcCOBbIX JIasep-
HBIX IIYYKOB B TYpOyJIEHTHOIl arMocdepe OJMHAKOBBI /LIS CUMMETPUYHBIX I1ap 3HAYEHHIl TONOJIOTHYECKNX 3apsi/ioB
BUXPEBBIX JIA3€PHBIX MyuKoB (CJIeyeT HANpAMYI0 U3 TOro (akrta, 4To KOMILIEKCHOE CONpsiKeHne BbipaskeHus (2)
He MOKeT U3MeHuTh Bbipaxkenue (3)).
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KoppeasinuonHbie MeTPUKH B3aMHOII KOT€PEHTHOCTH Ha NPUEMHOIl aneprype

KoppesiiinoHnHble METPUKH B3aUMHOW KOT€PEHTHOCTU BTOPOTO MOPSIIKA Ha IPUEMHOI alepType [JIsl BUXPEBBIX
6eccesib-TayCCOBBIX JIA3EPHBIX IIYYKOB C PA3JUYHBIMU 3HAYEHUSIMU TOIOJOTHYECKHX 3apsiIOB MOJKHO OINPEIEUTH
caeyiomuM o6pasom [9]:

2n ar
J.d(PRJ.dR FZmn (xva(pR)

M, (mn) =2 0 (4)
Py (m) Py (n)
Py(m) = nay Eg eXP(—%Qoﬁzjlm (%QOBZJ, (3)
rae Py(m) — IHOTOK ONTHYECKOro H3JIyYeHHs BUXPEBOrO GeCCesb-rayccoBa JIA3EPHOTO IyYKa C TOINOJOTMYECKHM

3apsiIOM M B ILIOCKOCTH IPHEMHUKA; ¢, — PaAuyc mpueMHoil ameprypsr; [, () — MopuduiuposanHas GyHKIU
Beccens m-ro nmopsnka. KoppensiuoHHble METPUKHM B3aMMHON KOT€PEHTHOCTU BTOPOTO MOPSAKA IS BUXPEBBIX

Geccellb-TayccoBbIX JiadepHbix 1y4xkoB (4), (5) mpu pacnpocrpaHeHuu B OJHOPOJHOI cpeje win TypOyJEHTHOU ar-
Mocdepe, BCIEICTBHE OPTOTOHATLHOCTH BUXPEBBIX GECCENb-TayCCOBBIX MYYKOB, MPUHUMAIOT CJAEIYIONHi BUL:

My(mm) <1 [m=n],

M, (m,n) = (6)
0 [m = n).

KoppeJsunontble METpUKH B3auMHON KorepeHTHOCTH i m =n (6) npu @, —> oo paBHBI €JAUHULE, & [PH
KOHEYHOM pa3Mepe IPUEMHON alepTypbl ¢, BCeTJa MeHbIle eJuHHIbI. KoppessinoHHble METPUKN B3aUMHOI KoOre-

PEHTHOCTH BTOPOrO TOPSIIKA BUXPEBBIX (GECCEIb-TayCCOBbIX MYYKOB, paccuuTaHubie 110 dopmynam (2), (4) u (5),
n306pakeHbl HA pPUC. 2.

1.0 1.0
0.8 | e 0.8 -
’-'-..1: “.(‘I — ,’. f” 0.6 — ())
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E o4t i — ¢=0 |04} [ —_— =0
= .. et k e |
02k / il e UMY IS w10
[LU L | L 1 L | L {}_{) 2 1 L ] i 1 i
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08 F / 0.8 |-
o 0.6 | /! ) 0.6 / 2)
E: d b m=n=3 - i m=n=4
E o4t # — =0 |04} ' — g¢=0
Hfl -
= E / -——— g= . A e g
0.2 | ! g=10 [0.2 | - =10
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r r
Puc. 2. KoppeJisiiimoHHble METPHKH B3aUMHO KOI€PEHTHOCTH BTOPOTO MOPSIKA Ha MPUEMHOIl alepType JJisi BUXPEBBIX Geccelib--

rayCCOBBIX JIA3EPHBIX MYYKOB IPH /X/RB =10, n=0 u Qy =100

YpoBeHb KOPPETANMOHHBIX METPUK B3aUMHOI KOTEPEHTHOCTH BTOPOTO MOPSAAKA HA NMPHEMHOH amepTrype It
BUXPEBBIX (ECCesb-rayCCOBbIX JIa3epHbIX IMy4ykoB jocturaer =~ 0,80 1pum pasMepe TIpHEMHON anepTypbl

Jk/xa, ~10...12 (cm. pue. 2).
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3akouyenue

B pa6ore mpoBeseH TeopeTHYECKHII aHAIN3 TIOBEJEHWS KOPPEJSIIMOHHBIX METPHK B3aWMHOI KOT€pPEeHTHOCTH

BTOPOTO TIOPSIZIKA Ha TIPMEMHON amepType moJieil BUXPEBBIX 6eccesb-TayCCOBBIX JIa3ePHBIX IYYKOB C PA3JINIHBIMI
3HAYCHUAMHU TOMOJIOTUYECKUX 3apS0B B 3aBHCHMOCTH OT ITapaMeTPOB Ja3ePHBIX IIyYKOB, pasMepa IPUEMHOI amep-
TYpbl U ONTHYECKOH Tomu atMocdepnoii TypOynaentnoctu. IlokasaHo, 4TO BO3MOXKHOCTb ONTUYECKOW CUCTEMBI
CBSI3M, MCHOJIb3YIONell BUXpeBble Geccesb-TayCCOBBI JIa3ePHbIE MYYKH, HA OCHOBE KOJMPOBAHMUS 10 TOHOJOTHYECKO-
My 3apsily BUXPEBOTO Ja3epPHOTO My4YKa ¢ MHOTOKAHAJBHBIM KOPPEJSAIMOHHBIM JIeTEKTOPOM Ha IpHeMHHUKe He orpa-
HUYEHa CYIIeCTBEHHO MCKAKAIONUM BJIMSIHUEM aTMOC(epHOil TypOyJIeHTHOCTH.

10.

11.

12.

13.
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MdunancupoBanmne. Pa6ora 6blia BhinosHeHa B paMkax roc3aganus MOA CO PAH.
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I.P. Lukin. Optical communication system based on vortex Bessel-Gaussian beams.

Vortex Bessel-Gaussian laser beams are one of the promising types of vortex beams, since they have the
property of invariance to a certain extent. This paper presents an optical communication system using vortex
Bessel-Gaussian laser beams. The detection strategy of this optical communication system is based on the or-
thogonality of vortex Bessel-Gaussian laser beams. The transmitter encodes the message symbols into the values
of the topological charges of vortex Bessel-Gaussian laser beams. At the receiver, a multichannel correlation de-
tector determines the value of the topological charge, i.e. the message symbol, by the value of the correlation
metrics of the mutual coherence of the fields of vortex Bessel-Gaussian beams. The results of a theoretical study
of correlation metrics of mutual coherence at the receiving aperture of fields of vortex Bessel-Gaussian beams
with various topological charges in a turbulent atmosphere are presented. The expression for the second-order
mutual coherence function of vortex Bessel-Gaussian beams in a turbulent atmosphere with different topological
charges is obtained in the paraxial approximation using the extended Huygens — Fresnel principle. When con-
structing the solution, a quadratic approximation of the function describing the distorting influence of random
inhomogeneities of the medium was used. The correlation metrics of mutual coherence at the receiving aperture
of fields of Bessel-Gaussian beams with different topological charges are analyzed depending on the optical
thickness of atmospheric turbulence. It is shown that the possibility of an optical communication system using
Bessel-Gaussian beams based on topological charge coding of a beam with a multichannel correlation detector at
the receiver is not significantly limited by the distorting effect of atmospheric turbulence.
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