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B 3amaue pacceanunsa CBeTa OHHHOqHOﬁ CJIy‘IaﬁHO OpHeHTI/IpOBaHHOﬁ YacTUIei MK OépaTHOFO pacceaHud st
prHHOfI YaCTUIIbI HeraBI/IJII)HOI‘/’I CbOpMI)I CBA3aH C U3BECTHHBIM IIMKOM KOT€pEeHTHOI'o OépaTHOTO paccedanu:d. IToka-
3aHO, YTO CTEIIeHb JTUHEHO IoJIApu3annuu BO/IM3K HaIllpaBJI€EHUA pacCeAHUA Ha3a/ AJIA OIMHOYHOII YaCTHI[bI UMeeT
BCILIECK, (];)HBH‘IBCKOfI HpH‘lHHOﬁ IIOABJEHUA KOTOPOIrO ABJIAETCA TO Keé caMO€ KOrepeHTHOoe 06paTHoe paccedaHue.
B HpI/Iéﬂl/I)KeHI/II/I (t)HSI/I‘IGCKOfI OIITUKN HaMHU pacCYUTAHO OépaTHOG paccedgHune cBeTa KpyInHbIMU XaOTUYECKU OpUEeH-
TUPOBAaHHBIMU YaCTUILIAMU HeraBI/IJII)HOﬁ (bOprI. HoxasaHo, YTO 3HaK BCILIECKa IIOJIApU3alluu [1Jid Ilap COIps-
JKeHHDBIX IIYYKOB MOJKET OBITh KaK OTpHUIlaTe/JIbHBIM, TAaK U IOJOXUTEJbHBIM B 3aBUCUMOCTH OT CbOprI TpaeKToOpuunu
IIY4YKOB CB€Ta, KOTOPbI€ BHOCAT OCHOBHOI BKJIa/l B 06paTHoe paccedaHue. CyMMI/IpyH BCILJIECKH, MbI NPUXOAUM
K BbIBOJY, 4TO Oé].L[eI/ISBeCTHbIe ABJICHUA OTpI/ILIaTeJII)HOI‘/JI IoJiApu3alu He 06s13aTeTbHbBI LI caayvdad OHHHOHHOﬁ
qaCTHUIbI, paCCCHBaIOH.IeI?I CBE€T B OKPECTHOCTU HalIpaBJIEHUS pacCeaAHus Ha3al. Pe3yJIbTaTbI pa6OTbI 6y£[yT II0JIE3HDBI
JJIA UHTEepHpeTaluu JaHHbIX, II0JYyYaeMbIX pOCCI/IfICKI/IMI/I U MEXAYHAPOAHBIMU JUJAPHBIMU CETAMU.

Knwouesvie caosa: paccesHue cBera, MeTo[ (HU3NYECKOIl ONTHKY, MaTpuia Miojtepa, KorepeHTHOe oGpaTHoe
paccesiHue, OTpHIATeJbHAS MOJSIPH3anus, conpsukeHHble myuki; light scattering, physical optics method, Muel-

ler matrix, coherent backscattering, negative polarization, conjugate beams.

BBeaenne

Pacceanne cBera yacTHIIaMU HeTPaBUJIBHON (op-
MBI, pa3Mepbl KOTOPBIX HAMHOTO IIPEBBINIAIOT [JINHY
BOJIHBI TIQJIAIONIETO U3JIyYeHUsI, TPeACTaBIsIeT co0oit
CTIOKHYIO 3a/1a4y BBIYUCJIUTENbHON 37€KTPOINHAMUKHI.
J1JIs1 IJIMH BOJIH BUAMMOTO JUalia30Ha IpuMepaMi TaKHX
KPYIHBIX YaCTHUI SBJSIOTCSA TBLIb B aTMocdepax 3eM-
JU W IPYTuX HeGeCHDBIX TeJs, HENPaBUJIbHBIE arperaThl
KPHUCTAJLJIOB JIbJIa B TEPUCTBIX O6JaKax W T.N. B atom
cly4ae BO3MOJKHOCTH CTaHIAPTHBIX KOMITBIOTEPHBIX
MIPOTPaMM, PEMNIAOIINX ypaBHeHNsT MaKkcBe/UIa IS KPyTI-
HBIX yacTull (Takne Kak MeTo/i KOHEYHBIX Pa3HOCTEH BO
BpeMeHHOI o6jacti, Metoq T-MaTpuil, TpHOIMKEHNe
JUICKPeTHBIX aumoJiell u ap. [1—3]), cuIbHO orpaHuYeHbI
u3-3a pa3MepoB dacTull. TakuM o6pasoM, audpakiim-
OHHBII pasMep, onpejenaseMbiii Kak x = nd /A (rae d —
JMaMeTp YacTUIbl, A — JJUHA BOJHBI), OGBIYHO OTpa-
Hu4ynBaercs peqnunHamMu x < 100.
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B pesynbraTe uncieHHBIX pacyeToB [4—8] 6bLT0
MOKA3aHO, YTO CBET, PACCEeIHHBIH KPYIMHON dacTuilei
HeNpaBUJIbHOW (HOPMBI CO CJydaliHON oOpueHTaIlnel
B TPOCTpPaHCTBe, o6JafaeT JBYMs cBoiicTBamMu. Bo-
MEPBBIX, MMPOUCXOAUT YBeJIYeHIe NHTEHCUBHOCTH Pac-
CesTHHOTO CBeTa C MaKCHMAJbHBIM 3HaYeHWeM B o6paT-
HoM Hampasjennn (yronm paccesumsa 6 = 180°; aso-
BBl yrom o = 0°), KOTOpoe Ha3bIBaeTCsi BCILIECKOM
WHTEHCUBHOCTH [4, 5], WM TMKOM o6paTHOTO pacces-
Hus [6—8]. 3amernM, uTO B acTpodusuKe MPeATIOUNTa-
10T WCIOJIb30BaTh (ha30BBIN yTOJI, TOTAa KaK B TEOPHUH
paccesHUd Yallle NCTONb3YeTCd YTOJ PACCESTHUA.

Bo-BTopbIX, cTenenb JuHENHON NOJgpU3aluu pac-
CESTHHOTO CBeTa B CJIy4ae HEIMOJIIPU30BAHHOTO MAJai0-
1IeTo CBeTa

_ IL(OL)_III(O() _ M21(OL)
I (o) + I (o) M (o)

plo) 1)

uMeeT crellupUUecKyo 3aKOHOMEPHOCTb IPH MAJbIX
(a30BBIX yTIaX, Ha3bIBaeMyI0 OTPUIIATEIbHOI TOISIpH-
sanueit (marmpumep, [4, 9]). 3mecy I, I, — wHTEHCHB-
HOCTU PACCeSHIU, PETUCTPUpPyeMble TOJSIPU3aTOPOM,
OPUEHTUPOBAHHBIM TI€PIEHNKYIIPHO UIN TapalIeJbHO
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IJIOCKOCTH paccesduusi; My u My — 2JeMeHTbl Mat-
punpl paccesnng (Miomtepa). Orpulate/lbHas IIOJIA-
pHU3anmsa o3HAYaeT, YTO 3HAUEHNe p OTPHIATEJHbHO IPH
MaibIX (a3oBbIX yIrIaX. 3aTeM, HOCJTe TPOXOKIEHUS
JIOKQJIbHOTO MUHHMMYMa, 3HA4eHHE p NMeeT I0JIOXKH-
TeJIbHBII BCILTecK U T.A. [4].

BaskHO OTMETHTb, UTO JBa SBJEHUSA — MUK 00paT-
HOTO pacCesTHUS W OTpHUIlaTeJbHas TOJSIPU3alusd —
MU3BECTHBI B ACTPOHOMHUHM W acTpodusmke y:ke MOUYTH
100 et [10], rme MUK 06paTHOTO PacCesSHUS CBSA3bIBA-
10T C TaK Ha3bIBAeMBIM OIIMO3UIINOHHBIM 3(hHEKTOM.
B npupoze paccenBaiolnM 0ObEKTOM SBJISETCS HE OJ1-
Ha YacTHUIla, a MHOXKeCTBO. YacTHI[BI MOTYT 06pa30BbI-
BaTh KaK pa3peskeHHbIEe paccenBaiolie Cpelbl, HaIlpu-
Mep KOoCMW4YecKasd TbLIb, TaK W TJIOTHO YTaKOBAaHHBIE
pacceuBalolie Ccpejbl, HAPUMeEp JYHHBIN PETOJINUT.
B ciyvae masoii ontudeckoil TOJMIIMHBI pa3peskeHHbIX
paccemBaIoOINX CpeJ 3ajadya pPacCesHUs CBeTa CBOJUT-
cd K 3ajlaue paccesHUsA CBeTa OIMHOYHON dacTuilei
(cm., nampumep, [11]). B Hactostmiee Bpemst omy6.m-
KOBaHBI PaGOTHI, B KOTOPHIX KPUTHIECKHN OOCYKIATOTCS
JIECITKU PA3JIUYHBIX (DU3NYECKUX MEXAHU3MOB, 00DBSIC-
HAIOMUX OTPHUIATEJSbHYIO TOJAPU3AINI0O KaK TpH TI0-
JIIPUMETPHYECKOM JUCTAHIIMOHHOM 30H/NPOBAHUN 00b-
ekToB COJTHEYHOU CHCTeMbI, TaK W B JaGOPATOPHBIX
n3Mepenusx [11—25]. Tlongpusaius cBera, paccesH-
HOTO B HaNpaBJeHUW Ha3aJ, ObLIa WCCaeOBaHA [
aHAINM3a KOJUIOMIHBIX CYCTEeH3Wil U BU3yaJau3aliu
6moJiornyecknx TKaHell B pa6oTtax [26—28]. B actpo-
¢usuke oTpuUlATESbHAS TOJSAPU3AIMS HUCIOIb3YETCS
JUIST OTIpe/IeJIEHNsT pa3Mepa U ToKa3aTe s MpeOMIeHNUST
kocMudeckoil e [29, 30].

B 3amave paccesdHusa cBeTa OAWHOYHON CJIyYaifHO
OPUEHTHPOBAHHOI KpPyNHON dYacTuileil HelnpaBUJIb-
HO#l (opMBI THK OOPATHOTO pACCESHUS CBI3BIBAETCS
C M3BECTHBIM ITTMKOM KOT€PEHTHOro 06paTHOTO pacces-
nug [8, 31]. Ho mosBIeHWe HeraTMBHOU TOJApU3a-
1IN — 3TO 3arajika, /0 KOHIIa ellle He pas3TaJaHHasl.

[es paboThl — MOKA3aTh, YTO CTETEHDb JUHEITHO
nosgpusanuu ceera p(0) BOJIM3U HampaBjeHHs pac-
ceaHnda Hazang 0 = 180° a1 oJMHOYHOII YAaCTHUIIBI MMe-
eT Bciuleck. /Iy ympolleHusi TepMUHOJIOTHH Ha30BEM
3TO BCILIECKOM ToOJgApu3aru. MOU3n4ecKoil MPUUNHOI
TIOSABJIEHUST BCILIECKA TOJISIPU3AIUN  SIBJISETCS  KoTe-
peHTHOe 0o6paTHOe paccessHHue, OOYCJIOBJIUBAOIIEE W3-
BECTHBIII THK KOT€PEHTHOTO OGPAaTHOTO pacCesHus.
OpHako B oTmure oT nHka (MM BCIUIeCKa MHTEHCUB-
Hoctu [4]) KOTepeHTHOro OGPAaTHOIO PaCCEAHUS,
BCILJIECK TIOJIAPU3AIIME MOXKET ObITh KaK TMOJIOKHUTEb-
HBIM, TaK UM OTPHUIATEJbHBIM. 3HAK BCILIECKA IMOJISIPH-
3aI[IU HECTAITMOHAPHBIN W 3aBUCUT OT (OPMBI Tpaek-
TOpUNl TYYKOB CBeTa, BHOCAIINX OCHOBHOH BKJaj
B o6paTHOe paccesHiue.

Korepeurnoe o6paTHoe paccesiHue
B NpUOIMKEHHN (PU3HYECKON ONTHKH

PaccesHue cBeta gacTuileit ompezessieTcst 6o aM-
nautyaHoi Matpuueit paccesanst ([Ixonca) J, 6o
MaTpuiieii Miostepa M, KoTopble mpeo6pasyioT aJeK-

tpudeckoe nosie E u BekTop-mapamerpnr Crokca I co-
OTBETCTBEHHO:

E(n) = J(WE,, I(n) =M, 2)

rae n — Hanpasienue paccesnua (In|=1), a ungexc 0
OTHOCHUTCS K MajafolieMy usiaydeHuto. Marpuia Mios-
Jlepa omnpejesieTcs: yepe3 MaTpuily /[skoHca Kak

M=rgoJ)!, (3)

*

rme ® — mpousBeneHNe KpoHekepa; ™ — KOMILTEKCHO-
COTIpsKeHHAsT BeITMYNHA; [T — M3BecTHAs MaTpHIla Ipe-
o6pasoBanug [1].

B nacrogmieii pa6oTe MBI pacCUNTBIBaeM 06paTHOE
paccesiHHE CBeTa YacCTHIAMH HETPABUJIBHOII MHOTO-
rpaHHoil (POpPMBI, UCTOIL3Yd TPHUOIIKeHNe (husnde-
ckoit omruku [32, 33]. PaccMaTpuBaiOTCS YaCTHILBI
BBIMTYKJIOH (OPMBI, pa3Mepbl KOTOPBIX 3HAYUTEJSBHO
MIPEBBINIAIOT [JINHY Majaiolieil BOMHLI. [Ipubnmxenue
¢usnUeckoil ONTHKN O3HAYAeT, YTO CBET PACIpPOCTpa-
HsIeTCSI BHYTPU YaCTHUI[BI B COOTBETCTBHU C T€OMETPH-
YecKOW ONTHKOI, a B BOJIHOBOIl 30HE Mbl yYHTHIBaEM
nudpakiMoHHble U WHTepdepeHInOHHbIE 3(hHEKTHI.
3mech KaxkJasi OCBelNIeHHAasT T'PaHb CO3/aeT BHYTPH
YacTHUIBI TIJIOCKOIAPAJIeJbHbIH My4OK, KOTOPBIH Ipe-
o6pa3syercsl MyTeM IIOCJIE0BATEIbHBIX OTPa’KeHUil OT
IpyTuxX Tpaneii. /lasee Ty4oK MpeoMJigeTcs Ha BBI-
XOJHOH TI'paHU, IMOCJTE YeTro PACIPOCTPAHSETC B CBO-
60/THOM TIPOCTPAHCTBE, TPEBPAIIASACH B PACXOIATIYIOCS
BOJIHY COTJIacHO BeKTOpHOIl audpaxiun dpayHrode-
pa. Ilydox craHOBHTCS MATHOM Ha cepe HampaBJeHUI
paccesiHHSI n, OKpY’Kalolllell HallpaBJeHNue BBIXO/SIIETO
mydYKa N, B TeoMeTpHYecKoil onTuke. Kaskaprii m-ii
My4OK XapaKTepUusyeTcsl CBOell TpaeKTOpHeil, T.e. IO-
CJIeJOBAaTeTbHOCTBIO TpaHell YacTUIBI, OT KOTOPBIX IY-
YOK OTpakaeTcss, M paccesHHbIM ToseM E,(n — n,,).
Ecmu momepeuHsrii pa3Mep TyYKa Ha BBIXOIHON TpaHU
paBeH @, To yrioBas mupuHa nsatHa E, Ha cdepe Ha-
MpaBJieHuil paccessHUs TpuMepHO paBHa A/a. Ham
BBIYHMCJAUTENbHBIN KO/l PACCUNTBIBAeT MAaTpUIlhl /[koHca
J.(n-n,) u Momepa M,(n-n,) a14 KaxI0ro
my4Ka.

[Ipn dbuxkcmpoBaHHOI OpHEHTAIIMH YACTHUI[BI Mart-
puitel  /[>kKoHCa ONTHYECKUX TYYKOB CKJAIBIBAIOTCS
J = 2J., a marpuria Miosiepa cyMMupyeT Kak MaTpu-
116l MioJiiepa OT/IeTbHBIX IYYKOB, TaK U WHTepdepeH-
IINOHHDIE YJIEeHBI MeXKIY HIMU:

M = ZMM + Zr(Jn ®Jr. (4)

m n#k

Kaxxaprii mydok XapakTepu3yeTcs Takke ¢asoit
(nmm paszoBbM HaGerom) 3§, KoTopas OGBIYHO >> 27
i kpynHbix dactuil (d > A). CiejoBate bHO, UHTED-
(epeHITNOHHbII YieH Mexk1y AByMs nyukaMu N, mpen-
cTaBysgeT co6oil BeIMYNHY, MEHSIOUIYI0 3HAaK M GBICTPO
ocrupyonryo. OOBIMHO 9KCIIEPUMEHTATIBHO 3TH
4y1eHbl He obHapykuBaioTca. OJHAKO B HaIpaBJIeHUH
o6partHoro paccesHust 6 = 180° ¢a3pl HEKOTOPBLIX TMap
MTyYKOB PaBHBI.

Takum o6pasoM, B TpubamkeHun (Huandeckoit
ONTHKU MOKHO BBIJIEJUTb Tapbl IyYKOB B HaIlpaBJe-
HUU paccesTHUsI Ha3a/l ¢ HeGOJbIION pa3Hulleil B ¢asax.
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OnauH Ty4oK W3 Tapbl Ha3blBaeTCsd MPSIMBIM, a BTO-
poit — comnpspkeHHBIM. CoNpsKeHHBIN TydoK (opMu-
pyeTcs OTpakKeHHSAMH OT TeX Ke TpaHell YacTHI[, YTO
U TIPSIMOIi, HO B 06paTHOM TOPSI/IKE.

Nmenno wHTepdepeHng MesKIy MapaMH COMpSi-
JKEHHBIX IYYKOB IIPUBOJUT K BO3HUKHOBEHUIO JIOOBIX
3(deKTOB KOTepPeHTHOT0 06pPATHOTO paccesHUS B bu-
3uke [34]. B wactHOCTH, 31eMeHT M (; MaTpuilbl MroJi-
nepa M (4) cosmaer nuk o6patHoro paccesnus [8] as
OTHOM YacTHIbI, TOJOGHBII KOTrepeHTHOMY 06paTHOMY
paccessHUIO TP MHOTOKpaTHOM paccestHuu [31]. B Ha-
cTOsIEl cTaThbe TOKa3aHO, YTO 3JeMeHT My mpu 06-
PATHOM paccesiHUN CO3/aeT BCIIECK TTOISIPHU3AINH U3-
3a 3Toil nHTepdepeHIHN.

Bcneck MmoJisipu3aniun

Hexoropble (puszmieckre 3aKOHOMEPHOCTH, MPHUCY-
IMe KOTeEPEHTHOMY OGPaTHOMY pacCCesHHIO, JIETKO MO-
TyT OBITH TMOJyYeHBI [JII MYYKOB, PACCEHHBIX B 06-
patHoM HampaBieHun o = 0°. Panee B [33] MbI moKa-
3aJIM, 9TO TaKasd Mapa COMPSLKEHHBIX MYYKOB MOKUAET
TTOBEPXHOCTb YACTHIIBI U3 ABYX OTAEIbHBIX obJacTeii
mpocTpaHcTBa. B 1iockocTn, mepneHInKYJIIpHON Ha-
MIPaBJIEHUIO MAJIeHUsT U3JIy4eHusT BOJIM3N YaCTHIbI, Mat-
punbl /IKoHca IIpAMOro Imy4ka J U CONPSKEHHOTO eMy
myuyka J cBs3aHBI paBeHCTBOM J =UJ'U, toe J©
TpaHCIOHNpoBaHHasag Matpuma, a U = diag(1; -1) —
JMaroHaJbHAs MaTpuila. B BOJTHOBOIT 30HE YaCTHIIBI CY-
MEPIO3UIHS TIPSIMOTO U COTIPSIKEHHOTO IYYKOB B 06-
PATHOM HaIIpaBJIeHUH OIMICBIBaeTcsT Marpuieil /[oHca:

cC F

e b (5)

J+J:(
YTO o6ecleYnBaeT BBINOJHEHNE TeOpeMbl B3aWMHOC-
1 [35]. Cucrema KoopAMHAT 1T 0OPATHOTO HAIIpaB-
JIeHUsI B BOJTHOBOI 3oHe (puKcmpoBanHad. B aTolt cuc-
TeMe KOOpAUHAT 37eMeHTbl My MaTpul] Miosiepa 1st
npsvoro M i conpsikeHHOr0 M IIy4KOB IpH 06paTHOM
HATPaBJIEHNH JIETKO BBIPAXKAIOTCS Yepe3 3JIeMeHThl Mat-
puns (5) Kak

M, + My, = const(CP - [DP). (6)

B HacTosimeit paGoTe paccMaTpUBAIOTCS ITYYKH,
VIJIBl pPaccesiHUsI KOTOPBIX CJIab0 OTJIMYAOTCSI OT 06-
patHoro paccesinus o = (0°. Hamum 4mcienHble pacyeTsl
Matpuibl Miojuiepa (4) a1 BBIMYKJIBIX YacTHI[ MOKa-
3BIBAIOT, YTO OCHOBHOI BKJaJ B 06paTHOe paccesHue
BHOCSAT MYYKU CO CKOJIB3SIIUMU TPAeKTOPUSIMU TIaJle-
Hust. OTpaskeHUe CBeTa B TPAEKTOPUU CKOJIB3SIIETO
MaJIeHUsT TPOUCXOAUT TO/ YrjaMu, GJU3KUMU K TIOJHO-
My BHYTpPEHHEMY OTPaKeHWIO, CJIeJ0BATEeJbHO, SHEPTHUS
Iy4YKa IMocJe MHOTOKPATHBIX OTPAKEHUIl TTOYTH TOJIHO-
CTBI0 coXpaHfeTcd. B aToM ciaydae cBeT pacmpocTpa-
HAeTCsS TPENMYIIeCTBEHHO BIOJIb TTOBEPXHOCTH YACTH-
1pl. Korzia cBeT mokujaeT 4acTuIly Iocje TIpeIoMJIeHNns
Ha BBIXOJHOW T'DaHU, OH CO3[aeT My4YOK BOJIM3U Kpas
(mpoekITst KOHTYpa) 4YacTHIbl. Takue My4YKH BXOIAT
B YACTHIy W MOKHJAIOT ee BOIU3HM MPOTHBOIIOTIOKHBIX
KpaeB.

B wactHocTH, Ha puc. 1 MOKa3aHbI JBe Tapbl CO-
MPSDKEHHBIX TyYKOB A U D, TIpsIMble MyYKH KOTOPBIX
paccesiHbI B OKPECTHOCTh HAIpPaBJIeHUs Ha3al 1mon ¢da-
3oBeiMu yraamu 0,005 u 0,05° cooTtBercTBeHHO. IlpHm-
MepBl CYTEPIO3UINN MPSMOTO W COTPSIKEHHOTO Myd-
KOB B OJTIKHeH 30He YACTHUIIBI I ATUX Map MOKa3aHbI
Ha puc. 1, 6 u 2. Kaxkaas cymeprosunnsa XapaKkTepusy-
eTcsl TPeMSI BeJMYUHAMU: [JHaMeTpP YacTUIbl d, MOIe-
peuHbIil pazMep OT/AEJIbHOTO IMy4Kka /i u paccrostaue L
MeXIY TyIKaMu. [I71s1 BBITYKJIBIX YACTHIL 3TH BeJUIITHBI
00BIYHO TIOJUUHSIOTCS HepaBeHCTBY d > L > /.

a 2

Puc. 1. Ilapsl conpskeHHBIX Ty4koB A U b o6paTHOTO pac-
cessHust: ux Tpaektopur (¢, 6) U MpoeKIuu GopMbI B ILIOCKO-
CTH, TIepIeHINKYJIAPHON HanpasJieHuio nagenus (6, 2) B6/Iu-
3u wactunpl (cM. 1uB. puc. 1—4 Ha caiire http://iao.ru/ru/
content,vol.37-2024,/iss.05)

B BoJIHOBOIT 30He YaCTHIIBI CYTEPIO3UIINS TPSMO-
TO M CONPSKEHHOTO IMYYKOB HAaXOIUTCS KaK JBYMep-
Hoe mpeo6pasoBanne Dypoe [32, 33] mpocTpaHcTBEH-
HBIX o6sacteil u3 puc. 1, 6 u 2. Pesyibrarel mpeo6pa-
3oBanusl Dypbe, MOJyuYeHHBIE [ 2J1eMeHTOB My
u M, (4), nokaszanpl Ha puc. 2. 37ech HaIpaBJIeHHE
06paTHOTO PACCESTHUSI COOTBETCTBYET IleHTpaM cdep
HaIlpaBJIeHUI paccesHIs; HalpaBJIeHUEe PacCesTHUs Oll-
penessercs yriioM o, (1am 0) 1 a3uMyTaabHBIM yTJIOM f.
B mpeapiaymux Hammx pabotax, a TakKe B JaHHOI
cTaThe, Pa3MEepHOCTb 3JIEMEHTOB MATPHUIIBI PACCETHUS
paBHa MKM?/cp, Kak u g auddepeHInaIbHoro ce-
YeHUST PACCESTHI.

Ha puc. 2, @ ¥ 6 Mbl BHAUM, YTO MHTEHCHBHOCTH
cBeta My 06pa3yeT MHOKECTBO KBa3UIIapaJLIETbHBIX
M0JIOC, KOTOpBIE SIBJISAIOTCS Pe3yJbTaToM HHTepdepeH-
1IN BOJIH, MCXOJSANINX U3 ABYX OTIENbHBIX IIPOCTPAH-
CTBeHHBIX obmacteil Ha puc. 1, 6 u 2. CiegoBaTesbHO,
VIJIOBOE PACCTOSTHUE MEKIY MOJOCAMU PAaBHO IMPHMeEP-
Ho A/ L.
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Puc. 2. Pacupegesnenne snementoB Marpuitel My (a, 6) u My (6, 2) Ha cdepe HamlpaBieHUH paccesHHs B BOJHOBOH 30HE
ast map mydkos A (cmesa) u B (cmpaBa)

dyeMeHTBI My Ha puc. 2, 8 U 2 TakXke 00pa3yioT
T moJiockl. OAHAKO, B OTJIMYME OT MHTEHCUBHOCTH,
ajieMeHT My, SABJsieTCd 3HAKOTIEPEMEHHON BeJMYUHOII.
Ha puc. 2, 6 U 2 moJIO:KUTEbHBIE U OTPUIATETbHbIE
BEJIMYUHBI OTMeYeHbl KPACHBIM W CHHUM I[BETOM COOT-
BETCTBEHHO.

Puc. 2 mosyueHn mng yactuil ¢ (UKCHPOBAHHOI
opuenTaieil. Eciam dacTuila ToBepHyTa BOKPYT Ha-
MpaBJIeHUs] TaJleHusl CBeTa Ha a3MMYTaJbHBIN yroJ P,
TPAEKTOPUN IIYYKOB CBETAa U MPOCTPAHCTBEHHBIE 06.Jac-
T Ha puc. 2, 6 W 2 TOBEPHYTCA Ha TOT K€ YTOI,
YTO W COOTBETCTBYIONINE WM WHTep(depeHITNOHHbIe

KapTHHBI 1 ajeMeHToB My u My [33]. Bpamenue
YACTHUIIBI BOKPYT HAIPABJIeHUS TaJeHUsI CBeTa [aeT
HUCKOMBIH THK HWHTEHCUBHOCTH OOGPATHOTO pPacCesHIsa
U BCILTIECK TIOJISIPU3AINH B BH/E

2n
() = %!Mu(a, B)dp,

2n
M(a) = ijM21(a, B)dp. )
2n o
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3ameTuM, uto 3Hauenus [(o) u M(o) ajgUTUBHBI 1A
Pa3HBIX TAp COMPSLKEHHBIX MYYKOB M3-3a aUTHBHO-
ctu MaTtpull Miosepa.

Ha puc. 3 ¢ uennbio ouenku unrerpanos (7) pis
dyukiun M(o) u306pakeHbl pacipeeseHuss BeJu-
yuubl My(a, B) u3 puc. 2, 6, 2 10 BepPTHKAIbHBIM
U TOPHU3OHTATBbHBIM ocaM. Ha puc. 2 BepTHKanbHAS
ochb cootBercTByeT B = 0 u 180°, a ropu3oHTa/BHAA —
B =90 u 270°.

PaccMoTtpuM s Havyasia mapy A, IpelcTaBJieH-
Hyio Ha puc. 1. Mpl BuguM, uto BesmuuHa Moi(a, B)
MOJIOJKUTEIbHA B HAMpaBJIeHUU, TapasijiebHOM WH-
TepdepeHIIIOHHBIM TI0IocaM. B 3ToM HampaBJeHun
OHA HCYe3aeT MPU YIJe OKOJO A/d, TPU KOTOPOM HC-
Ye3aeT AU(PPAKINOHHAS KapTHHA OT MPOCTPAHCTBEHHOU
o6nactu. Ilo BepTHKaTBbHOI OCH, HATIPOTHB, MBI BUAUM
3HAKOTIEPEMEHHbIE OCIILINpYome (yHKIUH, COOT-
BETCTByMOIINEe HHTeP(MEPEHIINN ABYX HUCXOMASIINX BOJIH,
CO3/IaHHBIX JBYMS MPOCTPAHCTBEHHBIMEU O0OJACTSIMH.
Puc. 2, 6 n 3, @ nIOKa3bIBalOT, YTO ITOJIOKUTEJTbHBIN
3Hak My((a, B) BIOJIb [JaHHOTO HAIPABJIEHUSA MPUBO-
JUT W K TOJOKUTeabHOMY 3Haky M(o) BcIiecka Tmo-
JIIPU3AIlNN,

OpmHako st mapbl b cutyaiust oka3blBaeTcsl Ipo-
TUBOIIOJIOKHOMN: Benmauta My (a, B) 1, ciegoBaTenbHO,
Bemieck noJspusamuu  M(a) orpuiaresbubl. Takum
06pa3oM, BCIUIECKH TOJSPU3AINAN JsS AHAJOTHYHBIX
map COMPSIKEHHBIX IIYYKOB MOTYT OBITh KaK ITOJIOKH-
TeJIbHBIMHU, TaK M OTpHIlaTelbHbIMU. Ha puc. 4, @ u 6
IIOKa3aHo, 4YTO XOTA o6e mapnl A m b gaioT KorepeHT-
Hble THKH OOPATHOTO PACCESTHUSA, MX BCILUIECKU MOJIS-
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Puc. 3. Pacnpenenenne asnemeHTa Matpuitel My U3 puc. 2
o BepTHKambHOI (MyHKTHP) W ropusoHTanbHON (mITpHxoBas
kpuBasg) ocaMm a1g mnapbl A (a) u B (6) cooTBercTBEHHO.
Cpennee sHaueHnme My 10 a3UMyTaJbHOMY YIJIy {3 MOKa3aHO
CILTOIIHON KpHUBOI

pU3aIlUl UMEIOT MPOTUBONOJOKHBI 3HAK /I XaoTH-
YecKHM OPUEHTHPOBAHHOH 4YacTHIb! (CILIONIHbIe KPUBbIE
Ha puc. 4, 6 u ).
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-0,001
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o, Tpaj
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Puc. 4. Iuku o6parHoro paccestus (a, ) u Bemiecku nosspusanuu (6, 2) I ap CONPSUKEHHBIX MYYKOB U3 PHC. 1: CIUTONIHAS

KpHBasg — IOJHBIH BKJIaJ OT Iapbl IyYKOB IIPU YCPEIHEHUH 110 XaoTHYecKoll OpHeHTAalluu YacTUI[bl; MyHKTHPHAs KPUBas — BKJAJ

Hapbl, Korja cyMMapHO KOJMUECTBO IOJHBIX BHYTPEHHUX OTPa’KeHUI BHYTPU YACTHUIbI BapbupoBaicsa oT 1 g0 3; mMTpUXOBas KpH-

Basg — cJydval, KOTZa KaXK[bIil IIyYOK B Mape MMeJ JBa MOJHBIX BHYTPEHHHX OTpaskeHus (T.e. CyMMapHOe KOJHYECTBO MOJHBIX
BHYTPEHHUX OTPasKeHUIl /st mapbl PaBHO 4)
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B yem mpuunHa W3MEHEHWS 3HAKOB IOJISIPU3AIH-
OHHBIX BcrleckoB? Uto kacaercs map A u b, To MOX-
HO CKa3aTh, YTO MMEHHO TIOSIBJIEHHE IOJHBIX BHYTPEH-
HOX OTPaKeHWH BIOJIb TPAEKTOPUHU IyYKa AJs mapbl b
U3MEHIJIO 3HaK.

B 1mesioM 3HaK 3aBHCHT OT FeOMETPUHU TPAEKTOPUU
OPSIMOTO TyYKa Tapbl. 3HAK BCIUIECKA MOJISPU3ALNK
MOJKHO HAfiTH 10 MpaBIy, OCHOBAHHOMY Ha BbIpaske-
Hun (6). Xors sbipaxenue (6) mosyueHo st o6par-
HOTO pACCESHUsI, €ro MOKHO MPHUOIMKEHHO Pacipo-
CTPaHUTh HAa MyYKH C MAJBIMU OTKJOHEHHSIMH OT 06-
paTtHOTO paccesHusi. B pesyJbraTe TpaBIJIO TJIACHT,
4yro Bemeck Toagpusanun M(o) TOJIoKUTeNeH IS
Hapbl COMPSIKEHHBIX TyYKOB, €CJU WX MaTpuiia o6par-
Horo paccesnus J[xonca (5) IOJUMHSETCS yCJIOBHIO
IC| > |D|. Hanmporus, ecau |C|<|D|, snak momspusamu-
OHHOTO BCILIECKA OTPHUIATENbHBIN. ITH HepaBeHCTBa
HEsIBHO OTPakaloT CBOWCTBa (POPMBI TPaeKTOPHH IIyd-
KOB cBeTa 06paTHOTO paccesHusa. HamoMHUM, 4TO 3Ha-
ku p(a) u M(a) MPOTUBONIOJIOKHBI B CUJIY OIIpeieie-
nug (1).

Ha puc. 5 moka3aHbl BCIIECKU TOJISIPHU3AIINN, pac-
CYUTaHHbIE I CJIy4ailHO OPUEHTHPOBAHHBIX YACTHUIL
pas3nnmyHoil  (OpMBI. 3/1eCh HCIOJIB30BANUCH OOIIHE
ypasuenus (3) u (4). Mbl BUAMM, 4TO 4acTHIQ 3a/laH-
HOH OPMBI MO3KET 06PA30BBIBATH KAK TIOJIOKUTEIbHBII,
TaK U OTPUIATENbHBIH BCIUIECK TMoJsipu3anuu. B Ha-
meM ciaydae 6p1o 11 9acTHIr ¢ MOJOKUTEIbHBIM BCILIe-
ckoM 1 39 yacTull ¢ orputatesbbiM. OHAKO cpe/iHee
3Ha4YeHne 1Mo aHcaMOJIO 4YacTUI[ Ha pHC. 5, 6, OTMe-
YeHHOE TIONY;KUPHOHW KPHUBOM, /a0 OTPUIATENbHYIO
noJsgpusanuio ~ 0,013.

0,03 -
0,02

0,01F .

0 5 10 15 20 25 30
«, Tpaj

-

[#]

Puc. 5. Bemreckn nossipusanun g AByX dactun (@) u amis
HaGopa u3 50 wacturr (6) mpou3BoOIbHOI (HOPMBI pazMepoM
15 MM, mokasaresb npesomienus n = 1,6 + 0-1

CronT OTMETHTH, YTO aOCOJIIOTHAS BEJMYHHA II0-
JIIPU3AIUN TIPU MaJbIX (Pa30BBIX yTJAX yYMEHBITAeTCs
¢ yBeTWYeHWeM pa3Mepa YacTHI, YTO JOKa3aHO TIpS-
MbIMU pacuetamu [4, 36]. Takske Bciuleck, B HalleM
caydae IJid KPYITHON 9acTUIBI pa3dMepoM 15 MKM, JioKa-
JIN30BaH MPUMEPHO Ha 2,5°, YTO 3HAUMTETHHO MEHBIIe
06BIYHO HAOJTIOAEMOT0 3HAUEHUS /IS MEJKUX YaCTHII.
B nampHeiimeM MBI co6MpaeMcsT UCCTEIOBATh YACTHITHI
pPasHOTO pa3Mepa M C Pa3HBIMU MOKA3ATEJNSIMU TIPEJOM-
JIEHUS.

3aknoueHnne

B pa6orte MBI IIPO/IEMOHCTPUPOBAJIHN, YTO BCILIECK
MOJISIPU3AIUN [T OJMHOYHOU CJIyYailHO OPHEHTHPO-
BAHHOW BBINMYKJIONW YACTUI[BI CO3/IA€TCSI 32 CUET MHTEP-
epeHIT COMPSKEHHBIX Tap IIYYKOB CBETa, BBIXO[S-
MUX U3 YacTUIBl B OOpPaTHOM HampaBjeHWH. Bcemmeck
TOJIIPU3AIINN MOKET MMeTh KaK IOJOKUTETbHBIH, Tak
7 OTPUIATENbHBIN 3HAK B 3aBUCHUMOCTH OT (POPMBI yac-
THUIIBI, XOTS B GOJIBIIUHCTBE CJAYYaeB MBI TTOTydaeM OT-
PUIATENbHBIN BCIIECK. JTO TPOUCXOANT TOTOMY, UTO
B IIPHpOJie BCIIECKU TOJIIPU3AIUKE B OCHOBHOM OTpPH-
LATEJbHBI WM3-32 OCPEJHEHUsI 10 aHCaMOJI0 YacTHIl.
IToT (aKT moJsie3eH /s aHATH3A HKCIEPUMEHTATbHDBIX
HaG6JTI0/IeHNIT BCILIECKOB TOJISIPU3AIINN.

MunancupoBanne. PaGoTa BBINOJHEHA MPU TOJ-
gepxkke PH®  (Ne 22-27-00282, https://rscf.ru/
project,/22-27-00282/).
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N.V. Kustova, A.V. Konoshonkin, A.G. Borovoi. Polarization surges near the backscattering direction
for a single randomly oriented particle with an irregular shape.

In this article, we have calculated light backscattering by large irregularly shaped particles with random
orientations. We have utilized the physical optics approximation to analyze this phenomenon. Our findings
demonstrate that there is a distinct polarization surge in the degree of linear polarization, which arises from co-
herent backscattering. The sign of the polarization surge for pairs of conjugate beams can vary, being either
negative or positive, depending on the light beam trajectorie which significantly contribute to the backscat-
tering process. By summing up these surges, we have concluded that the well-known phenomenon of negative
polarization not necessarily occur when a single particle scatters light in the vicinity of the backscattering
direction.
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