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Annomauyus

C momompio Gopmyn Pudapnca—Bonbsha ommceiBaeTcst GOKyCHpOBKAa HWIHHIPHIECKOTO
BEKTOPHOI'O IIy4Ka BTOPOrO IOpsAJKa LIMPOKOANEPTYPHOU JIMH30M, OIPaHUYEHHON KOJIbLEBOU
ameptypoi,. [loka3zaHo, 4TO MOXXHO YBEIWYHTH OOJACTH OTPHUIATENBHBIX 3HAYCHHUN IPOEKIIUN
BekTopa [IOHHTHHra Ha ONTHYECKYIO OCh, YBEJIMYHMB IIyOMHY ()OKyca C IOMOIIbIO KOJIBIEBOI
anepTypsl. [IporeMOHCTpUpPOBaHO, UTO MpH (POKYCHPOBKE CBeTa OOBEKTUBOM C YHCIIOBOI amepry-
poii 0,95 ncnonp30BaHNe KOJIBIEBON allepTyphl, OTPAaHUYHBAIONICH yroia BXOJHOTo 3padka g0 0,9
OT MaKCHMaJILHOTO 3Ha4YEHUsI, TO3BOJISIET YBEIMYHUTh TIIyOUHY 00J1aCTH OTPHLATEIbHBIX 3HAYCHUH
mpoekiun Bekropa [IoMHTHHTa HAa ONTHYECKYIO OCh B 4 pa3a MpH MPaKTUYeCKd HEH3MEHHOH IIH-
pune obnactu (u3mensercs ¢ 0,357 mo 0,352 ot muHBI BOHBL oKycupyemoro ceeta). [Ipu aTom
B 2,5 pa3a Bo3pacTaeT OTHOIIEHHE aOCONMIOTHBIX 3HAYCHUI MUHUMAJIBLHOTO 3HAYEHUS] OCEBOU MPO-
exin BekTopa [loiiHTHHTa B (hOKyCce K MAKCUMAJIBHOMY.
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Beeoenue

B Hacrosmiee Bpems 3HaUMTEIBHOE YHUCIO padoT mo-
CBSILIEHO IOJY4YEeHHIO (POKYCHBIX IIITEH C YBEINYEHHOM
DIyOWHOU: onTHYeckux uri [1—5], CBeTOBBIX TOHHENEH
[6, 7] mm nemmouek doxycos [8—12].

CaMblif IpocToif croco0d YBEIHYUTh TIYOHHY (OKY-
ca — OrpPaHUYUTh BXOAHON My4YOK KOJBLEBOH amepTypoil
[13, 14]. MuHyC HCHIOIB30BaHUS KOJBIEBBIX amepTyp
oueBHJCH — CHIDKeHHEe 3((GEeKTHBHOCTH (HOKYCHPOBKH.
YToOBI 3TOr0 HE MPOUCXOIHUIIO0, MOXKHO BMECTO KOJIblie-
BO# amepTypsl UCMOJIb30BaTh OMHAPHBIC (Aa30BbIC MACKU
[15—18]. Emé onun criocob yBennueHust riryOuHbI (GOKy-
ca— 3aMeHa (YHKUMHM anoAu3anuy (OKYCHPYIOIIETO
oO0bexTuBa. Hanpumep, o0beanHenne cdepriaeckon JuH-
3bI ¢ akCUKOHOM [19, 20].

Panee Hamm wmccienoBanack (POKYCHpPOBKA ITyYKOB C
(hazoBoii [21] 1 TOSIPU3AIMOHHON CHHTYISIPHOCTBIO [22]
1 OBLIO TIOKA3aHO, YTO TPH OIPEIeNIEHHBIX YCIOBHUAX (PO-
KyCHPOBKHM TaKHMX IYYKOB B (poKyce MOXKHO HaOIOAaTh
005acTi, B KOTOPBIX HampaBjieHHe BekTopa lloiHTHHTA
OyIeT HpPOTHBONOJIOXHO HANpPAaBICHUIO PAaCHpOCTpPaHe-
Hus nydka. PaneeBckas yacTuia, noMewmEHHas B TaKylo
007acTh, OyIeT JBUTATHCS MO0 HAMPABICHUIO K MUCTOYHU-
Ky u3nydyenusi. OHaKoO JETEKTHPOBATh TAaKOE MOBEJCHUE
9acTHLl OyleT JOCTATOYHO CJOXKHO B CBSI3U C MaJIOCTHIO
o0yacT OTpULATENBHBIX 3HAYEHWH IIPOEKIMH BEKTOpa
[ToitHTHHra HA ONTHYECKYIO OCb ..

Kpome cBeToBBIX moNeH, (GpopMupyrOmUX OOpaTHBII
MIOTOK SHEPTHH B OKyCe, aKTHBHO M3YJArOTCS CIIOKHBIE
CBETOBBIE T10JIS C KITyOKaMH U y3JIlaMH CHHTYJISIPHOCTEH B
thoxyce [23 —25]. Y TakuX CIOXKHBIX IOJEH TOXKE MOXKET
MMETh MECTO OOpaTHBIA MOTOK CBETOBOH 3Hepruu. O0-
paTHBIN MOTOK PHEPIHMU MOXET ObITh HE TOJBKO Y CIIOXK-
HBIX CBETOBBIX IOJICH, HO M MPH HHTEPHEPEHIUH TPO-

CTBIX MaPaKCHAJIBHBIX XOPOIIO M3BECTHBIX CBETOBBIX MO-
sed. Tak, TopouzanbHBIA MMOTOK 3HEPIMH HUMEET MECTO
BOKpPYT KOJBIICBON JUCIOKALNH, 00pa3yIOmEHcs IpH KO-
aKCHAJIBHOM CJIO0)KEHHH JBYX | 'ayCCOBBIX Iy4YKOB C pas-
HBIM PaJiyCOM MEPETSHKKU U € JIMHEHHOW NOoJsipU3aluei
[26].

Henp naHHOM pabOTHl — YMEHBIINTH JUAMETP U yBe-
JIMYUTh OCEBYIO 00JIaCTh OTPHUIATENBHBIX 3HAYCHHH S,
yBeNMUYUB TIIyOMHY (OKyca C IOMOIIBIO KOJBLEBOH
anepTypsl. B wacTHOCTH, OBLIO MOKa3aHO, YTO MpH (POKY-
CHUPOBKE CBeTa OOBEKTUBOM C YUCIIOBOM ameptypoit 0,95
HCII0JIb30BAHKE KOJIBLIEBOM alepTyphl, OrpaHUIUBAIOLIEH
YroJj BXOAHOTro 3pauka A0 0,9 0T MakCUMallbHOrO 3Haue-
HUsSI, TI03BOJISIET YBEJIMYWTH TIIyOMHY 00JIacTH OTpHIa-
TEJIbHBIX 3Ha4YeHUi mpoekuun BekTopa [loiHTHHra Ha
ONTHYECKYIO OCh B 4 pa3a IpH NPAKTUUECKH HEM3MEHHOM
mupune obnactu (m3mensiercs ¢ 0,357 no 0,352 ot anm-
HBI BOJIHBI (hOoKycupyemoro csera). [Ipu atom B 2,5 pasza
BO3pAcTaeT OTHOUIEHHE aOCOJIOTHBIX 3HAYEHHH MHHU-
MajJbHOI'O 3HAayeHUs MNpoeKuuu Bekropa IloiiHTHHra B
(okyce K MaKCUMAIBHOMY |S; uin/ Sz maxl-

1. Teopemuueckuit ananu3
Ha ocnoee popmyn Puuapoca— Bonvgpa

B nanHO#l cTaThe MOJEIMPOBAHUE NPOU3BOAMIOCH
¢ niomorpio popmyi Pudapaca—Boabda [27]:

U(p,\u,z):_% J [ B(6,0)T(0)P(0,0)x "

Xexp {ik [p sin O cos ((p - \V) +zcos 6]} sin0d6d o,
rae U(p,y,z) — HanpsKEHHOCTh 3JEKTPUUYECKOTO HIN

MarHutHoro mnois, B(0,p) — anekrpuyeckoe WM Mar-
HUTHOE TI0JIe Ha BXOJE€ IIHPOKOANEPTYpHOH CHCTEMBI B
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KOOpAWHATAaX BBIXOIHOTO 3pauka (0 — MONSpPHBIA yTOI,
¢ — asumyTanbHbIN), T(0) — QyHKOMA amoan3anuyl JTHUH-
3bl, f— (OKyCHOE paccTosiHue, k =21/ h — BOJIHOBOE YHC-
710, A — JUTMHA BOJIHBI (B MOJACTUPOBAHUHU CUUTATIACh PaB-
HOM 532 HM), Olpin — MUHUMAJIBHBIA MOJISIPHBIA YTOJ, OI-

pedeiseMblil [UaMETPOM KOJbLEBOM anepTypbl, Omax —

MAaKCHUMAaJIbHBIA MOJISPHBIN yroJl, ONpeesseMbli YUCIIO-
BOi anepTypoit JMH3BI (NA =Sin Oy,,y), P (0, ¢) — BekTop
HONSAPU3ALUH A HANpPSDKEHHOCTH  ANEKTPHYECKOTO
U MarHUTHOTO MOJIEH, UMEIOLUHA BU;
1+cos? @(cos6—1)
P(6,¢)=|sinpcosg(cosO—1) |a(6,p)+
—sinBcos @
singcosp(cos6—1)
+|1+sin? @(cos0—1) |b(6,¢),
—sin Osin @
rae a0 ¢) u b(0, @) — hyHKUUY, ONMUCBHIBAIOIIUE COCTOS-
HHUE TOJSIPU3ALUM X- M y-KOMIIOHEHT HanpsDKEHHOCTEH
(hoKyCHpyeMOro ITydKa.

Jl1s1 cBeTOBOrO Mo ¢ LUMIMHAPUYECKOW MONsipU3a-
uer m-ro mopsaka Bekropa J[xoHca OyoyT IMETh BHI:

a(e,(l)) —sin(m(l))
E(0,0)= = 3
0= 4 (0.6) || cos(m) )
JUISL HATIPSKEHHOCTH 3JIEKTPUYECKOTO TIONS 1
a(0,9)) (—cos(md)
H(06,0)= = 4
( ¢) b(e,(l)) —sin(m(l)) )

JUTS HaNPsDKEHHOCTH MarHUTHOTO Tois. B Harmreii pabote
MBI HCCIIEIOBAIN LIMIMHAPUYECKUH BEKTOPHBIM ITy4OK
BTOpOTO Topsinaka m =2. Ecnu nonoxuts B popmynax (3),
(4) m=1, To oHn OyIyT ONMHUCHIBATH OOBIYHBIN aA3UMY-
TaJIbHO-TIOJISIPU30BAHHBIA CBET.

B [22] noka3aHo, 4TO NPOJ0IbHAS MPOEKIUS BEKTOpa
YmoBa —IloiinTHHTra BOIM3H (OKYCca UMEET BHI:

Sz,m = I()z,m - 122,m72 ) (5)
ch T 4 1/2
Iy, = TJ‘ sin O cos"* (1 + cos 0) x
0
x 4, (0) e’ J, (x)d6,
(6)

Lo = %Jsin 0 cos’? 0(1 —cos 0) x
0

x A, (0)e J  (x)de.

B (6) x=krsin®, J,, (x) — pyukius beccens m-ro mno-
psnka, 4,(0)=B(0, ) — nelictBuTenbHas QYHKIMS, OIH-
CBHIBAIOIIAsl AMIUIUTYAY BXOJHOTO MOJNS B IUIOCKOCTH
BXOJ/IHOTO 3padKa alulaHaTHYECKOH CHUCTEMBI, 3aBHCSILAs
TOJBKO OT yria 6 u OT mopsAnka m TOJMSPU3ALNOHHON
cuHrynspHOCTH. VHTETpansl B (6) MPOCTO BBEIYUCIAIOTCS,
€CJIM B Ka4eCTBE BXOJHOW (DYHKIIMU BHIOPATH O-(PYHKITHIO
Hupaxa. IlycTe HCXOQHOE CBETOBOE MOJE MUMEET Y3KHil
KOJIBLIEBOM CTIEKTP:

A4, (0) = 4,5(0-96,) . (7

Takoe morne mpencTaBiIseT codol KOHUIECKYIO BOJHY C
TIOJIOBUHHBIM YIJIOM IIPU BepIlKHE, paBHbIM 0 <0y <7/2.

C yuerom (7) BMecTO (5) HOTYIHM IIPOCTOE BBIpaXKe-
HUE:

Sun =5 (A2 (0) = B35 (). (®)

rue

42

A= Tsin 0, cos'? 0,(1+cos 0y),
)

B= %sin 0, cos'? 0, (1—cos 0y).

W3 (8) u (9) cnemyet, uro mpu m =2 BONH3H ONTHYC-
CKOM1 ocH (¥ TipH JIF00OM z) OyIeT UMETh MECTO OOpaTHBII
MIOTOK CBETOBOW SHEPIUH, MPONOPLUOHAIBHBIA (GyHKINT
Beccens nyneBoro nopsiaka:

B? .
S, =—7J§(xo), Xy =krsin®, , kr <<1. (10)
A Ha caMoii onTHYECKHi OcH OOpaTHBIH MOTOK OyneT
paBeH 0 BEITHMYUHE

2 2
S =-%=—%(%) sin? 6, cos By (1—cosBy)*.  (11)

W3 (11) BumHO, 4TO OOpATHBIN MMOTOK MPOMAAAET NPH
0p=0 (mer cBeroBoro moisi) u npu Gp=n/2 (cBeroBoe
M0JIe PACHPOCTPAHSAETCS MEPIECHIUKYIIIPHO ONTHYECKON
OCH), a MaKCHMAJIbHOE 3Ha4YeHue (110 MOIYII0) 00paTHO-
TO MOTOKa JOCTUTaeTCs MpuMepHo mpu By=m/4. 3ame-
THM, YTO €CJIM BMeCTO (DYHKIIMU anoAu3aiuu pedpaxiiu-
OHHOIT JTHH3BI (KaK 3T0 mpuHsTo B (6)) 7(0)=cos"0 BbI-
Oparth (QYHKIMIO anoau3anud JU(PaKIuOHHON JIHH3BI
7(0)=cos ™0, To Beipaxenne (11) ast 06paTHOro MOTOKA
NU3MCHUTCA U IPUMCT BUI:

2
S., = —%(%} sin? 0, cos™ 0, (1—cos0,)*. (12)

W3 (12) BuzpHO, uto npu Bp=m/2 oOpaTHBIA MOTOK
Ha ONTHYECKOH OCH CTPEMHTCS K OECKOHEYHOCTH.

2. Y3kaa xonvuyesan anepmypa

Ha puc. 1 mokazanel mis mpuMepa pacCUMTaHHBIE
o ¢opmyne (1) pacrpenesnenus S, B ¢pokyce npu Gokxy-
CHUPOBKE Iy4YKa, HC OTPAHUYCHHOrO KOJIBIICBOW amepTy-
poii (puc. la) U OrpaHUYEHHOI'O KOJBIIEBOW arepTypoi
Omin = 0,9%arcsin (NA) (puc. 16).

AHanoOrM4HoO Ha pHC. 2 MOKAa3aHO paclpeneneHue S,
B IUTOCKOCTH )zZ.

W3 puc. 1 u 2 BUIHO, 9TO HCIIOIB30BaHHUE KOJBIIEBOI
anepTypsl MPHUBOAUT K HEOOIBIIOMY YMEHBIICHHIO IIO-
MEPEYHBIX Pa3MEepPOB 00JACTH OTPHULATEIBHBIX 3HAYCHHUN
S, ¥ OTHOBPEMEHHO C 3TUM K YBEJIIMYECHUIO €€ Ty OHHEI.

OTMeTHM TaKXe, YTO IIPH CMELICHUH U3 obaactu do-
Kyca B TIONEPEYHON IIOCKOCTH HAOIIOHAIOTCS HEHyJIe-
BbIE IOIIEpeYHble KOMIIOHEHTHI BekTopa [lofHTHHra — Ha
puc. 3 moKazaHO paclpelelieHne WHTEHCUBHOCTH W Ha-
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npasiieHue BekTopa [loiHTHHTra B MONEPEYHON IUIOCKO-
CTH Xy NpU CMEIICHWH OT IUIOCKOCTH (pokyca Ha pac-

CTOSIHUE, paBHOE OAHOW /umHe BOMHEI 0,532 HM. XOTS B
¥, MKM

a) 05 0 05

¥, MKM
10
05
5
0
" s 0.5
1,0
0)

camMoil (hOKaFHON TUIOCKOCTH TIOTIEPEYHBIE COCTABIISIO-
e Bektopa [loifHTiHra paBHBI HyIO [22].

0

:\.

>

5

S

-0,5 0 0,5

Puc. 1. Pacnpeodenenue npodoavrou npoekyuu eexmopa Ilotinmunea S, 6 niockocmu (poxyca npu (hoKycupogke nyuxa
nopaoka m =2 qun3ot ¢ uuciosotl anepmypoii NA = 0,95. Heoepanuuennwlil ny4ox (a) u ny4ox, 02paHuyeHHslil
KOIbYe8oll anepmypoli ¢ Oy, = 0,9 %arcsin (NA) (6)

¥, MKM

058

a) -2 -1 0 1 2

10 1,0
-
0,5
5
0
e
Z, MKM, -1,0
6) -5 0 5

¥, MKM

=

Puc. 2. Pacnpedenenue npodoavHoti npoexyuu eexkmopa llotimmunea S, 6 niockocmu yz npu (hoKycupogke nyuka nopsoxka m =2
auH30U ¢ yucnogou anepmypoui NA = 0,95. Heoepanuuennulili ny4ox (a) u nyyox, 02panuieHHbvlil KoIbYesol anepmypoul
€ Ouin = 0,9 %arcsin (NA) (6)

N W

1 ‘
04 -02 0
Puc. 3. Pacnpedenenue unmeHcueHocmu u Hanpasiexue
sexkmopa [lotiinmunea 6 nIOCKOCMU Xy HA PACCMOAHUU
0,532 mxm om oKy CcHOU NIOCKOCIU NpU POKYCUPOBKE NYUKA
nopaoka m = 2 qun301 ¢ yuciosotl anepmypoti NA = 0,95,
02paAHUYEHHOU KObYeBOl anepmypoll € Oy, = 0,9 %arcsin (NA)

0,2 x,MKkm

3. Ananu3s pe3yiomamos mooeauposanus

C nomosto popmyn Puuapaca—Bonbsda monenupo-
BaTach (HOKYCHPOBKA LMJIMHIPUYECKOTO BEKTOPHOTO
IMy4ka BTOPOTO TOpAAKa (A7 MPOCTOTH ()POHT BOJHEI
CUNTAJICA TIOCKHM), OTPAaHWYEHHOTO KOJIBIIEBOH arepTy-
poit. MUHHMMAITBHBIH yroJl anepTypbl BHIOUPAICs PaBHBIM

0 (t.e. HeT orpanndenus), 0,5 n 0,9 oT BenMUNHBI MaKcH-
MaJbHOTO yIja, ONPENENSIEMOr0 YHCIOBOM amnepTypoil
JIMH3BL.
Pe3ynbraTsl MOAEIMPOBAaHUS MOKa3aHBI HA pHC. 4—6

u B 1a0n. 1. Hlupuna (rnyOuHa) o6nacTu OTpHLATEIbHBIX
3HAYEHUH 3aMepsulach Ha PACCTOSHMU IONyCIana 3Hade-
HUSL S, OT HyJI1 A0 MHHUMAJIBHOI'O 3HAUCHHs B IIEHTpE
(OKyCHOTO TsITHA.

1S min/ Sz, man|

2,5

2,0

15

1,0

0,5

0 PRS-t | | . NA
0,80 0,85 0,90 0,95 1,00
Puc. 4. 3asucumocmov abcontomnou senudunbl OMHOUEHUS.
MUHUMANLHOU BEAUYUHBL S, iy K MAKCUMATLHOU S gy
6 NIOCKOCMU (POKYCa Om 6eIUYUHBL YUCTIOBOU ANepmypbl TUH3bL
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DOE
14

12

10

0 ! ! ! NA

0,80 0,85 0,90 0,95 1,00
Puc. 5. 3asucumocms enybunvt obracmu 06pammnozo nomoxa
OM YUCTOB01L Anepmypbl JUH3bL

FWHM, A
0,375

0,370

0,365

0,360

0,355

0,350

0 L L L N4

0,80 0,85 0,90 0,95 1,00
Puc. 6. 3asucumocms wupunvt 061acmu 06pamHo20 NOMOKA
oM YUCTIOBOT Anepmypbl IUH3bL

Tabn. 1. 3agucumocms abconomHoll eudUnbl OMHOUEHUA MUHUMATLHOU 6eIUYUHbL npoekyuu eekmopa Tlounmunea
Ha ONMUYECKYI0 0Cb K MAKCUMATLHOU | S, yyin/ Sz max| 8 N10cKOCmU hokyca, enybunst gpoxyca DOF u wiupunsr obracmu o6pamuozo
nomoka FWHM om @enuuunsl 4ucio8oil anepmypbl JUH3bl

G NA 1S /S el DOF, mxm FWHM, %,

0,99 2,0701 6,562 0,348

. 0,05 0,9579 7,707 0,352
0,9xarcsin (NA) 0,90 0,5297 9,122 0,355
0,80 0,2130 12,447 0,359

0,99 12311 2,006 0,352

0,5xarcsin (NA) 0,05 0,5115 2,152 0,355
0,90 0,2801 2,496 0,359

0,80 0,1130 3,372 0,363

0,99 1,0949 1,859 0,352

0 0,95 0,4452 1,932 0,357
0,90 0,412 2,231 0,359

0,80 0,0976 2,976 0,363

Kaxk BugHO 13 Ta6:m1. 1 1 puc. 4 — 6, npuMeHEHHE KOJTb-
LIEBOH anepTypbl MO3BOIAET KaK 3HAYUTENILHO YBEINYNTh
IIyOuHY 00NacTH OTPHULATENbHBIX 3HAYEHUH MPOCKLUH
BekTopa IloiMTHHra Ha ONTHUYECKYIO OChb, TAK U YCUIIUTH
BEJIMYMHY 00paTHOTO MMOTOKA B (hOKYyCe.

3aknrouenue

B manHOW cTaThe paccMaTpuBaiach (OKYCHpPOBKA
MIINHAPUYECKOTO BEKTOPHOTO IMy4yKa BTOPOTO MOPAIKA
LIMPOKOATIEPTYPHOI JTUH30M, OrpaHMYEHHOH KOJBIIEBOM
aneptypoil. bbuto mokazaHo, 4TO MOXHO YBEJIUYUTH 00-
JIaCTh OTPULATEIbHBIX 3HAYCHMHM IPOEKLMM BEKTOpa
[MoliHTHHra HA ONTHYECKYIO OCh, YBEJINYUB IIIyOHHY (o-
Kyca ¢ TIOMOIIBIO KOJIIIEBOH anepTypsl. bpito nokasano,
4TO TpH (OKYCHPOBKE CBETAa OOBEKTHBOM C HHCIIOBOM
aneprypoit 0,95 mcmonp30BaHME KOJNBIEBOH amepTypHl,
OTPaHWYMBAIOIIECH Yrol BXOAHOTO 3padka 10 0,9 oT Mak-
CHUMAITFHOTO 3HAUYEHHsSI, TIO3BOJISIET YBEIHYHUTH TIyOHHY
o0JacTé OTpUIATENBHBIX 3HAUYEHUH MPOEKIMH BEKTOpa
[oiiHTHHTa HA ONTHYECKYIO OCh B 4 pa3a MpH IMpaKTHIe-
CKHM HeM3MEHHOH mupuHe obnactu (n3mensercs ¢ 0,357
10 0,352 ot nymHBL BonHb hokycupyemoro ceeta). [1pu
9TOM B 2,5 pasza BO3pacTaeT OTHOIICHHE abCONIOTHBIX
3HAYEHUH MUHHUMAJIILHOTO 3HAYEHUS MMPOCKIUHU BEKTOpa
[ToliHTHHTa B (hOKyCE K MAKCUMAIBHOMY.

B nanbHeiimeM aBTOPHI IUIAHMPYIOT HCCIIENIOBATH
BiIMsIHME OMHApHBIX MAacoK Ha yBEJIWYEHHE 00JacTH OT-

pULIATEeNbHBIX 3HAYEHUM Mpoekuuu Bektopa lloitHTHHTA
Ha ONTHYECKYIO OCh.

bnazooapuocmu

Pabora BrimonHeHa npu moxnepikke Poccmiickoro Ha-
ya”oro ¢oHma (rpasT 18-19-00595) B yactn «Y3Kas KOIb-
neBas arepTypa», Poccriickoro ¢oHma GpyHIaMEHTaIbHBIX
uccnenoBanuii (rpantel 18-07-01122, 18-07-01380, 18-29-
20003) B yacTn «AHaIHA3 PE3yILTATOB MOJCIHUPOBAHUS» H
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Abstract

In this paper, we have investigated the focusing of a second-order cylindrical vector beam by
using a high numerical aperture (NA) lens limited by a ring aperture using the Richards-Wolf for-
mulae. It was shown that the range of negative on-axis projections of the Poynting vector could be
increased by increasing the depth of focus through the use of a ring aperture. It was shown that
when focusing light with a lens with NA =0.95, the use of a ring aperture limiting the entrance pu-
pil angle to 0.9 of maximum, allows the depth of the region of negative on-axis Poynting vector
projections to be four times increased, with the region width remaining almost unchanged and
varying from 0.357 to 0.352 of the incident wavelength. Notably, the magnitude of the reverse en-
ergy flow was found to be larger than the direct one by a factor of 2.5.

Keywords: Richards-Wolf formulae, energy backflow, tight focusing, cylindrical vector beam,
ring aperture.
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