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Annomauusn

Tononornueckuii 3aps/ MapakCHAIbHOTO ONTHYECKOTO BUXPS MPU PacIpOCTPAaHEHUH B CBO-
0O0ZHOM NPOCTPAHCTBE B OOIIEM CiTydae HE COXPAHSAETCS, B OTIMYNE OT OPOUTAIBFHOTO YTJIIOBOTO
MOMEHTa, KOTOPEI coxpaHsercs. B pabdore Ha nmpumepe ['ayccoBa mydka ¢ IpOOHBIM TOTIOJIOTH-
YECKHM 3apsAJ0M B HAa4aJIbHOM IUIOCKOCTH MOKA3aHO YHCIECHHO, KaK MEHSETCS TOMOJOTHYECKUH
3apsii TIpU pacrpocTpaHeHnu. MMeercss 4eThlpe CHEeHapHs 3BONIONHWU ONTHYECKOTO BHUXPS C
HaYaJbHBIM APOOHBIM TOMOJOTMYECKHM 3apAOM, B 3aBUCHMOCTH OT OJIM30CTH APOOHOTO TOIIO-
JIOTHYECKOTO 3apsiaa K IeJIoOMy 4ETHOMY WM HEYETHOMY 4Mciy. s MpOCTBIX ONTHYECKHX
Buxpeir (Mmoxsl Jlareppa—T'aycca mmu beccens—["aycca) Tomomornueckuit 3apsa cOXpaHIeTCsS H
IIPH PacIpOCTPAaHEHNH, U TIPH c1aboM (pa30BOM HCKaKEHNH. DKCIEPUMEHTAIBHO MTOKa3aHo, 4TO
LEJIBIH TOTIOJOTHYECKUHA 3apsi/] ONTHYECKOTO BUXPS COXpaHSAETCSA NPH PaccesiHUM Ha (a3oBOM
CIIy4aifHOM 3KpaHe BIUIOTH JI0 BEJIMYMHBI CIyJalHOTO MCKa)K€HHs Pa3HOCTH XOJa Ha MOJOBUHY
JUTHHBI BONHBL. [loaTomMy mpu cnaboif TypOyJIEeHTHOCTH MMEET CMBICI M3MEpSTh TOIOJIOTHYe-
CKHH 3apsll, TaK KaK OH MEHSETCS] AUCKPETHO, a OPOUTANIBHBIN YIJIOBOH MOMEHT ITy4YKa, KOTO-
PBIif MEHSETCSI HEPEPHIBHO.

Karuesvie cnosa: ontrndeckuil BUXpPb, TPOOHBIA TOTOJIOTWICCKUN 3apsif, OMFDKHSS 30HA JH-
(dpakunu, 30Ha mudpakunn OperHens, JaabHSIS 30Ha.
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Beeoenue

OCHOBHBIMHU XapaKTEPUCTUKAMH JIA3EPHBIX BUXPEBBIX
my4koB [ 1] sBrstorcst Tomonornueckuit 3apsazn (T3) u op-
OurtanpHbIA yrinoBoir MoMeHT (OYM). Tomomorndeckuit
3apsix ontmdeckoro Buxpsa (OB) ¢opmansHO ompenenéx
Beppu B [2], a OYM Orin BBenéH B ontuky B [3]. Ecmu
nmonHbE OYM mapakcHambHOTO CBETOBOTO IMOJIS COXpa-
HSETCSI TIPH PACHPOCTPAHEHWH B CBOOOJHOM IPOCTPaH-
ctBe, TO T3 coxpaHseTcs He BCeraa. 1OoMOIOTHIECKUi
3aps] COXpaHIETCs PU PaclpOCTPAaHEHUH, €CIIH aMILIU-
Ty[dy HA4albHOTO CBETOBOTO IIOJSI MOXKHO ONKCaTh B
(hakTopuzoBaHHOM BHIAE E(r,0)=A(r)exp(ine), toe A(r) —
COCTaBIISFONIAst AMIUTUTYIbI, 3aBUCSIIAs TOJIBKO OT paju-
aJbHOW MEPEMEHHOMN 7, @ — a3UMYyTaJIbHBIN yroi, n — 1e-
Joe 4mcio, Tomonorndeckuit 3apsin OB. IIpumepamu Ta-
KHX CBETOBBIX ITOJIEH SIBIISIFOTCS] XOPOIIO U3BECTHBIE ITyd-
ku beccens—Iaycca u Jlareppa—Iaycca. [Ipumepsl Heco-
xpanenus T3 npu pacrpoctpaneann OB MOXXHO HalTH B
pabotax [4-9]. B [4] paccmoTpeHa mpocTasi CynepIio3u-
mus [ayccoBa myuka m moner Jlareppa—Taycca (JII') ¢

HomepoM (0, 77), mpuIéM pamuycsl mepeTsHkku y [aycco-
BbIX IYYKOB pa3Hble. M3-3a pa3HOH pPAacXoIUMOCTH B
KOMOMHHPOBAHHOM ITy4YKE MPU PaclpOCTPaHEHUH B MPO-
crpancTBe m3MeHsercs T3. Ecinu B HauanbHOM INIOCKOCTH
panuyc mepeTshkku ['ayccoBa myuka Ooiblne paamyca
nepeTspkka Moabl JII', To T3 KOMOMHHPOBAaHHOTO ITydYKa
cHavaja paBeH Hymo. I1o Mepe pacnpocTpaHeHHs patiy-
Chl 000MX IYYKOB BBIPAaBHHMBAIOTCS, M IIOCIIE 3TOW IUIOC-
KocTH paguyc Moabl JII' craHOBUTCS OObIIe, 4eM paau-
yc I'ayccoBa myuka. C storo mecra T3 KOMOMHHpPOBaH-
HOTO ITyYKa CTAaHOBHTCS paBeH 7. B [2] TeopeTmyeck, a B
[5, 6] skcnepuMeHTaNbHO TIOKa3aHO, YTO ['ayccoB MydoK
¢ HadalbHBIM ApoOHBIM T3 mpHu pacmpocTpaHEeHHH B
OmKkHel 30He uMeeT 1ensiid T3, paBHBIN [eTOMy YHCITY,
OmmkaiiieMy K IpoOHOMY umnciry. To ecTh eciy Hadalb-
Helld apoOHBIH T3 paBeH p=n+¢ (¢<1/2), To T3 myuka
paBer n. Ecmm wnHagampHbli T3 paBeH p=n-+g
(1/2<e<1), o T3 myuka paser n + 1. Ho okazanocsk, 4To
IIPY JJIBHEHIIIEM pacipoCTpaHEHUH TaKUX ITy4YKoB ux T3
NIPETEepIIeBACT M Jpyrde M3MEHEHWs, paHee HE W3BECT-
Hele. Tak, B [7] 4MCIEHHO M SKCIIEPUMEHTAIBHO TOKa3a-
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HO, uTo B 30He @penemns T3 ['ayccoBa onTudeckoro BUXps
€ Ha4aJIbHBIM APOOHBIM T3 paBeH 1eoMy YnCiTy Ha eIiHU-
1y GostbLieMy, YeM OJrKaiiIiee Hesoe YMCII0 K HAYaIbHOMY
npobromy T3. To ecth ecim HauanbHBIN ApoOHBIT T3 paBeH
p=n+e (0,1 <e<1), To T3 myuka pased n+1. Xota B [7]
€CTb HETOYHOCTH. HauanbHbli Iy4OK 3aJaH B BUIE
r*exp(-r2w?+ing), n ero ®penens-06pa3 MOIDKEH OBITH
nponopuronaneH GpyHkimu Kymmepa, 3aBucsiieii otr uucia
p. Ho B [7] ver pynkimu Kymmepa. AHanornuHoe ucciie-
JIOBaHME TIPOBENU aBTOPHI paboThl [8]. B [8] meiicTBUTEILHO
T3 usmepsiercss B Dypbe-uiockoctu (B okyce chepuue-
CKOHM JIMH3BI) W TIOJMYYeHBI Pe3yJbTaThl, OTIIMYHBIE OT pe-
3yneTaToB padots! [7]. B [8] mokazano, urto T3 ["ayccoBa
OIITUYECKOTO BUXPS eXp(—+*/w?+ i) ¢ IpOGHBIM Havalb-
M T3 p=(2k+1)+e (0,1<e<1) B mampHe# 30HE pa-
BeH 2k+1. A ecnu HavagbHbI apoOHBIE T3 paBeH
u=2k+e (0,1<e<1), To B nanpHel 30He paBeH T3 Tak-
ke 2k + 1. DT uccnenoBaHus MOKa3aJid, BO-TIEPBBIX, UTO
T3 He Bcernma coxpaHsaeTcs IIPH PacIpPOCTPAHEHUH, a BO-
BTOPBIX, YTO YETHBIE M HEUETHBIE 13 MO-pasHOMY BEIyT
cebs Tpu pacTpoCTpaHEHUH. DTO CIEAYeT W3 TOrO, YTO
Kakoi OBl ApOOHBIN HavyaabHBIA T3 He ObUT (ONM3KHIA K
4ETHOMY LEJIOMY WM ONHM3KUHM K HEUETHOMY IIEJIOMY), B
nanbHed 30He T3 OynmeT Bcerna LENbIM HEUETHBIM YHC-
JIOM.

3ameTuM, 4TO U3MEepATh T3 MOXKHO ¢ TIOMOIIBIO Tpe-
yrosipHOW amadparmer [10,11] wim mumuHIpHYECKON
JuH3EI [12].

3amMeTuM TakKe, UYTO ONTHYECKHH BUXPh MOXKET
HAXOAWTHCS Ha Mepu(epun pacupeneIeHns] HHTEHCUBHO-
CTH JIa3epHOTO ITyYKa, TaM, TJl¢ WHTCHCUBHOCTH OYEHBb
Mama. OOHapyXuTh SKCHEpUMEHTaIbHO Takoii OB 3a-
TPYIHHUTEIBHO, €CITH BooOIIe Bo3MoxHO. Ho mpu pacuére
no dopmyiie, kotopas onpezaeiser T3, takoit OB y4uthi-
BaeTcs, M BenMnIrHA T3 3aBUCHT OT 3TOro BUXps. B umc-
JICHHOM SKCIIEpUMEHTE pe3yJIbTaT pacuéra BennduHbl 13
3aBHCUT OT pagyca OKPYXHOCTH, IO KOTOPOH CyMMH-
pytoT rpaaueHt dasel cBeroBoro moss. [lodtomy mpa-
BIJIBHOTO pe3yJbTara pacuéra T3 ciemyeT 0Xuaath, KO-
IZla COTNACyIOTCA BCE TPH COCTABIAIOMIME: Pacyér Io
dopmyne [2], pacuéT MO MOAETHHBIM KapTHHAM (ha3bl
TIOJISL ¥ DKCTIEpUMEHTabHoe onpeaenenue T3 [10—12].

B nmanHo# paboTe MBI TEOPETUIECKH U YUCIEHHO pac-
cMaTpuBaeM s3Bomonuio l'ayccoBa OB ¢ HawgambHBIM
npobubiM T3 u (dakTuueckn OOBEAMHSEM pPE3YIbTATHI
pabort [2], [7] u [8]. MBI moKka3anu, 94To0 UMeeTcsi Bcero 4
BO3MOXKHBIX Bapuanta sBoiormn OB ¢ HadaabHBIM
npo6HbM T3. MBI okazanu, 9To B [2, 5, 6] uzmepsum T3
B OmwkHed 30He, B pabote [7] — B 30He DpeHens u B
[8] — B mambHEei#t 30HE.

Kak npasuito, npu pacnpocrpaneann OB B atmochepe
B MPUCYTCTBUM TYpOYyJieHTHOCTH [Uisl uaeHTudukanun OB
mmepsitor OYM [13, 14]. Ho u3-3a MalbIX «IpOoXKaHUi
BCETO Iy4Ka M ero cocTaBHBIX yacTeid OYM HempephIBHO
n3Mensiercsi. XoTs pu c1aboit TypOyIEeHTHOCTH OH U3Me-
HseTcs cnabo, a TMpu CHIIbHOW — cHiibHO. Ecim m3mepsTh
T3, TO OH MOXET U3MEHSTHCS TOJBKO THCKPETHO, OCTaBa-

sch ueibiM. [loatomy mpu cnaboii TypOynentHoct T3
BOOOIIIE HE JOJDKEH M3MEHSThCs. MBI MOKa3aiu ¢ IMOMO-
uipto audpaxuun OB Ha cityyaiiHoOM (ha30BOM 3KpaHe, uTo
T3 ocraércss HEM3MEHHBIM BILIOTH /IO CYIIECTBEHHBIX HC-
Ka)KEHUI BENTMUYMHBI CITy4aliHOH (ha3bl IKpaHa.

1. Teopusn

Tonosiornueckuit 3apsj] paCCUUTHIBAETCS C MOMOIIIBIO
(dbopmyisl, peanoxenHoit beppu [2]:

2

S
doLarg E(r,0) =
r_)ooh! 952 (r0)

. 21
1 lim I J‘d(pﬁE(r’(p)/a(p.
E(r,9)

Awmrmutntya "ayccoBa mydka ¢ Ha4aJlbHBIM JAPOOHBIM
TOTIOJIOTUYECKHUM 3apsJIOM UMeeT Bu [2]:

TC = lim L

(1

2nr—>o

E(r,9,z=0)=exp —iu(p_[%j -
2

ei?‘(].t Sin TCH C o ing-r?/w?

= " n

T n=-0n

Ammntyna nonst (2) B 30He PpeHenst BbIpakaeTcs
Yyepe3 pa3HOCTh MOIU(HIMPOBaHHBIX (yHKIMH beccerns
[15]:

1 _iZO lkpz .
E 593 =
(p.6,2) \/ﬁ[ - jexp( > +mu]x

xsin () vx exp(~x) 3)
xmgw(—[)\m\ W{]zl (x)—I# (x)} ,

rae x=(zo/2)Xp/W)*/(2q), g=1-i(z0/z), 1,(x) — Mogudu-
uupoBaHHas GpyHkiwms beccens.

B «OommxHel 30He» z<<zo mapameTpsl B (3) mpuHU-
MaloT BHI: x =ikp?/(2z), ¢=—i(z0/z). U Tak Kak Momuu-
uupoBanHas GyHkuusi beccens u 0ObIuHAs CBs3aHBI W3-
BECTHBIM COOTHOIICHUEM

1, (ix) =" J, (%), “4)

TO IoJiyyaeM B OJvKHE# 30He [2, 15]:

_ ! ikp® .
E(p.0.z) = \/ﬂexp( s +l7‘cujx
XSin(n“)\/Eexp(_iY)x 5)
2 im0
xm;w (—[)\m\ :_ m_j(\m\—l)/z |:sz1 (y) - iJ# (y)}

rne y=kp?*/(2z). B mpemene Ipu p—> 00, HCHOIB3Ys
acumntoTuky pyHkmii beccens

2
J(y>>1)= —cos(y—ﬂ—ﬁj, 6)
Y 2 4
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HOJTY9HUM:
E(p — o, 9,2) ~

_exp(imp)sin(np) & exp(imb) (7
- n MZ; w-m

Bripaxkenue (7) coBnagaer ¢ (2) mpu w — oo, [loacra-
BuB (7) B (1), nomyuum ¢opmyny s pacuéra T3 B
«OIKHEH 30He»:

Re | F| & ne 2 o |
weflsZliez] e o

0 P n=—o0o L—=1

Pacuér mo dopmyne (8) mpuBOAUT K W3BECTHOH CTY-
neHuaTol QyHKuu it T3 co ckaukamu mpu p=n+1/2
(puc. 1). Ha puc. | mokazana 3aBucumocts T3 ['ayccoBa
MyYka C Ha4dalbHBIM BHXpeM ¢ napobHemM T3 (2) B
«OmmKHEH 30HE» (z<<zp), paCCIUTAHHOTO IO (hopMyie
(8) g =7 <pu<7 c marom 0,05, OT BeNHIMHBI HAYATTEHO-
ro apo6Horo T3 p.

7C
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-6 | —

-6 -4 -2 0 2 4 6
Puc. 1. T3 I'ayccosa nyuka c nauanvhvim Opoonvim T3,
paccuumannwiii no gpopmyne (8)

Kax BuaHo Ha puc. 1, ckauku T3 uMeroT MecTo mpu
MOJYLeNbIX 3HaueHusX, korna p=n+0,5, T.e. Kak omnu-
caHo B [2].

Paccunraem nanee T3 nons ¢ HaYaabHBIM JPOOHBIM
T3 (2) B 30He Dpenens. [us 3TOro BOCIOJIB3yeMCS
aCHMMITOTHKOM st MoaudunupoBanHod ¢ynkunu bec-
cesist IpH OOJIBIIUX 3HAYCHUSIX apryMeHTa!

InT—l (ﬁ)‘f%l (&)~

et | (n—l)2—1 e
J2nt 8¢ 8¢
net

NG

Torma moiydum ¢ yu€tom acuMntToTuku (9) BMecCTo
(3) cnenmyroiee BeIpaXKCHUE:

E(p—)oo,G,z):

= __lz w 2 ikp® i X
_[ . J(pj exp[ > +lTE}.J.JSln(TC}.L) (10)

ki Alnl €Xp (im0
<3 (o 2y,

p—m

Ioncrasus (10) B dopmyny mist pacu€ra TOMOIOTHU-
yeckoro 3apaaa (1), moryanm:

= (i) n|n|ei""’

Re | 7 & u—n
TC=—1|=—"———do;. 11
2n j i (=)l || e ? (n

n=-» p—n

Puc. 2 noxaseiBaer T3 'ayccoBa mydka ¢ HadalIbHBIM
npobHeM T3 (2), paccumTaHHBII B 30HE IU(PAKIHUN
@penens no popmyne (11) gt S<u<10 c marom 0,05.

C

10 L

P 1
i 6 7 8 9 10

Puc. 2. T3 I'ayccosa nyuxa ¢ Hauanvhwvim Opodnvim 13 (2)
6 30He ougparyuu Openens, paccuumannviii no gpopmyne (11)

N3 puc.2 BuaHo, 9To ckauku TC HaxomsaTcst BOIM3U
KaXJI0TO TEJIOTO Yucia, korna p~n+0,1, kak onucaso B
[7]. Ho B [7] yTBepxmanm, 9yTO Takas 3aBHCHMOCTH IS
T3 umeer mecto B 30He audpakiuu DpayHrodepa, a He
Openens. Ho B [8] Takxe, kak B [7], uccnenosanu T3 B
nanpHed 3oHe (30He nudpakiun DpayHrodepa winm B
¢dokyce chepuueckoit Oypbe-IMH3bI) U MOIYUUIN IIPY-
rOH pe3yJibTar.

B panpheit 3ome mudpaxiuu (B Gokyce Dypbe-
JIUH3BI) AMIUIATY 1A TTOJIS IPUMET BH:

E(p,e,z):ﬁ{_jfz()}exp(inu)x

xsin(nu)\/;exp(_x)x (12)
xmgw(—i)\m\ w‘:ltl (x) - [‘m‘Tﬂ (x):| ,

rze apryMeHT y ¢yHkuuii beccens cranoBurcs neicTBH-
TeNBHOM BemmuuHOM X =(z0/f)*(p/W)*2, f — dokycHoe
paccrosiHue JIMH3bL, (DOPMHUPYIOIIEH NajbHIOI 30HY B
wiockoctu (okyca. Pacu€r T3 mo dopmyne (12) u mo
¢dopmyne (1) mpuBOAMT K cTyreHYaTrod (QyHKIMH, MOKa-
3aHHO# Ha puc. 3. Ha puc. 3 mokazan T3 ['ayccoBa myuka ¢
HavaIbHBIM IpoOHBIM T3 (2) B AajbHEH 30He AUGPAKIIH,
paccunrtanHbiii o ¢dopmynam (12) u (1) g —5S<p<S5
¢ marom 0,05.

CornacHO puc.3, CKa4Kd MEXTy COCEIHUMH IIEeIOYC-
JICHHBIMU 3HaueHWsMHU T3 TPOUCXOIAT MPU YETHBIX IIENIO-
YHCIeHHBIX 3HAYSHMIX, Kak ommcano B [8]. U3 puc. 3 Bun-
HO, YTO €CJIM HadalbHbIA T3 menblil W=7, TO OH TaKUM KE
ocTraHercss B JanbHell 30He. Ho cia0ble OTKIOHEHHS
HagajgbHOTO T3 OT IEnoro mpuBOAAT K PasHBIM MOCIEN-
CTBHUSIM, B 3aBUCHMOCTH OT TOTO, YETHOE FJIM HEUETHOE 3TO
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nenoe uuciao. Cinaldble OTKIOHCHHMS HadalibHOro T3 OT He-
YyETHOTO LIEJIOT0 YKCIIa He U3MEeHSIOT T3 B JajibHEH 30HE: OH
oCTaeTcs 1ENbIM He4éTHBIM unciioM. Caaldble OTKIOHEHHS
HayajabHOro T3 OT IeJIOro YETHOTO YMCIIa CKauYKOM H3Me-
H10T T3 Takoro ONTHUYECKOTO BUXPs B AajibHel 30He. Eciu
HayajabHBIH T3 HEMHOro MeHbIlIe YETHOIO LIEJIOro 4ucia
2m, T0 B mampHed 30He T3 Oyner paBeH 2m—1. A ecin
HavanpHB T3 Oyzer HeMHOTO GoJbIIe YETHOTO YHCa 21,
TO B aybHel 30He T3 Oyzmer paBeH 2m + 1. ABTOpHI TIOKa He
MOTYT OOBSICHUTB, TIOYEMY IIPOUCXOUT UMEHHO TaK.

TC
6

4 .
2 .

4 -3 -2 -1 0 1 2 3 4
Puc. 3. T3 I'ayccosa nyuxa ¢ nauanvhvim Opoorvim 13 (2)
6 Dypve-nnockocmu, paccuumannwlii no opmyaam (12) u (1)

U3 puc. 1-3 crexyer nHTEpeCcHas: 3BOJIOLMS CBETOBOTO
oJIst ¢ HavaTbHbIM IpoOHBIM T3 (2). VI3 purc. 3 BuaHO, 4TO B
JAJTbHEeW 30He r000€ HavyaibHOE APOOHOE TOJIe TPUBOINT
TOJBKO K He4€THEIM T3. UétHbie T3 B nanpHEH 30HE MOXKHO
chopMHUpOBATH, TOJIBKO €CJIM HAYAIBHOE T0JIe OylIeT UMETh
uensiii u€tHeil T3. JleficTBUTENBbHO, MyCTh B HAYalbHOU
wiockocth T3 paBen p=3,3. Torma B «OmmxHEH 30HE»
cpopmupyercst OB ¢ TC=3 (puc. 1), nanee B 30 PpenHens
pon30HAET pokaeHue HoBoro Buxps ¢ T3 +1, u T3 myuka
craneT paBeH TC=4 (puc.2). A B naibHel 30HE TPOU30M-
et poxaenue apyroro Buxps ¢ T3 —1, u T3 myuka omsTh
cranet TC=3 (puc. 3), kKak B «OIKHEN 30HE».

Wnas sBomronys y MOMA ¢ Ha4aJdbHBIM ApOOHBIM T3,
OJIM3KMM K 9YETHOMY LIEIIOMY YHCIy, Hanpumep, L=4,3. B
«OmmxHeW 30He» y Takoro myuka 13 pasen TC=4
(puc. 1), B 30He @penens oH paBeH TC=5 (puc.2), u B
nanbHei 3oHe T3 ocraéres paBapiM TC =5 (puc. 3).

EcTp ewmwé aBa cueHapus 3BOJIIOLUM IOJISI C HAa4allb-
HbIM poOHBIM T3, KOTOpBIC BUAHBI U3 Tabm. 1. B aToi
Tabnuile MpUBEICHBI Bce 4 BO3MOXHBIX CIIEHApHUS JBO-
JIOIMU HavyallbHOTO JApoOHOoro Buxps. Ecmu mpocroe
HadJaJlbHOE TI0Jie MMeeT Ienblid T3, TO OH coXpaHseTcs
npu pacnpoctpaHeHun. Ho ecnu umeercss uHeiHas
KOMOWHAIMS JBYX TIOJIEH C pa3HOH PacxoJUMOCTHIO, TO
HadaibHbIA 1ensiid T3 Oyner menarscs [4]. B Ipunoxe-
HuM A mpuBenéH pacuét T3 KOMOMHAIIMM BYX ONTHYE-
CKHX BHXpei, 0000mmaronuii pe3ynpraT pabots! [4].

2. Mooenuposanue

Jlns moaTBepKAeHWsT pacd€ToB BEIMYMHBI T3 1O
dopmynam (8), (11) u (12) B pa3HbIx 30HaX AUGPAKIHH
l'ayccoBa myuka ¢ Ha4aigbHBIM APoOHBIM T3 OBIIO TpO-
BEJICHO MOJETNpOBaHue. PacipeneneHuss HHTEHCUBHOCTH
u (a3bl B «OmKHEH 30He» 1 30He DpeHens ObUIM MOJY-
yernbl BPM-meromom (mporpamma BeamProp ¢upmsr

RSoft) mpu crexyronmx mapamerpax: IJIHHA BOJHBL:
A =532 um, paguyc nepeTspkku [ayccoBa myuka wo=SA
(mmHa Panes B 3ToM citydyae paBHa zg ~25TA), nonypas-
Mep pacu€THoi obmactu: R =S50\, MONEPEUHBIN Iar IHC-
kpetuzaiuu: Ax =Ay=»A/32, NpoJONBHBIH AT TUCKPETHU-
sanuu: Az=A/16. A pacnpeieicHuss WHTCHCHBHOCTH MU
(a3bl B 1aynbHel 30He ObLIH MOJYYEHBI C IIOMOIIBIO Tpe-
obpa3zoBanust Oypbe, BBIIOIHEHHOTO chepriyecKo JInH-
300t ¢ okycHbIM paccTosiHueM f=100 mm juts ayccoBa
My4Ka ¢ pajuycoM nepeTsnkku wo=0,5 MM, HO ¢ TeM ke
HadasibHbIM T3. Haganenerit T3 Obu1 paBen p=3,3 (Tun
SBOJIIOIMH COOTBETCTBYET UETBEPTOW CTpoke Tabm. ).
Pacuér B OiimkHEl 30HE ObLI HAa PacCTOSIHUM z=3A, a B
30He PpeHens — Ha paccTOSTHUU z = 50,

Tabn. 1. Cyenapuu usmenenus 13 npu pacnpocmpanenuu
Tayccosa nyuxa ¢ nauanvivim Opoonsvim T3 exp(—12/w?)+iug
(p — npoussonvhoe yenoe yucno, 0<e<1/2)

N T3 B 0mmx- | T3 B 30HE T3 B nanb-
Hauanensrnii T3 . N
2=0 Hel 30He Dpenernst Hell 30He
z<<20 Z=Z0 zZ>>2Z0
u=2p+eg 2p 2p+1 2p+1
pu=2p-—cg, 2p 2p 2p—1
p=2p+hH+e |[2p+1 2p+2 2p+1
p=2p+hH—-¢ |[2p+1 2k+1 2p+1

Ha puc. 4 moka3zaHsl pacIipeneneHusi HHTEHCUBHOCTH
(a,8,0) n dazsl (6,2, e) ['ayccoBa mydka ¢ APOOHBIM OII-
THYECKMM BHXpEM mopsiaka n=3,3 B «OmmwKkHEH 30HE»
(z=3L) (a,6), B 308 ®penens (z=501) (8,2) u B manb-
Hell 30He (B Dyphe-miockocTd CQepruuecKoi JHUH3BI C
¢oxycHpM paccrostaEeM f=100 MMm) (0, e). Ctpemkamu
Ha pacrpeeneHusx (a3bl MOKa3aHbl ONTHIECKUE BUXPHU
(WEeHTPBI CHHTYISIPHOCTEH) IUTIOC IEPBOTO IOpsAOKa, a
ITyHKTAPHOH CTpenKoi (Ha puc. 4e) moKazaH ONTHIECKUN
BHXPb MHUHYC IIEPBOTO MOPSIIKA.

Puc. 4 noxTBeprkiacT pe3ysbTaThl pacyéTa Mo MOoTydeH-
M Qopmynam (8), (11) u (12), xkoTOpble OTpakeHBI Ha
puc. 1-3 cootBercTBEHHO. W moOATBEPKIAET HBOIIOLUIO
OB, ommcannyto B ctpoke 4 Tabn. 1. [leficTBuTensHO, Ha
puc. 46 BUAHO, YTO, XOTS B HaYaNbHOH mmiockocTd (z=0) T3
ObLT paBeH PL=3,3, cpa3y e 3a HauaJIbHOU IIOCKOCTHIO (Ha
paccrosiain Beero 3A) y OB ecTh TONBKO 3 TOYKH CHHTY-
msipaocTd (T3 paBen 3). XoTs Kakwe-TO BO3MYIICHHUS (a3bl
C TIPaBOIl CTOPOHEI Ha pHC.46 MPUCYTCTBYIOT, HO PasIisi-
JIETh emI¢ TOYKHM CHHTYIBIPHOCTH He ymaéres. Ha puc. 4e Ha
paccrostain SOA (umHa Panes npumepHo 75A) BHIOHO, YTO
TIOSIBAJIACH YETBEPTAasl TOUKA CHHTYISIPHOCTH (3TO IMOKa3bl-
BaeT cOOH MOJIOC MOBBIIIE TPEX UCXOJHBIX TOYEK CHHTYIIAP-
HocTH). Tormoormueckuii 3apsin Tenepsb paseH 4. [Ipu mamb-
HEWIIeM pacnpocTpaHeHud (B (GoKyce cheprIecKoi JHH-
3b1), KaK TIOKa3aHO Ha pHC. 4e CHU3Y, MOSBILIETCS CIIE TOUKa
CHHTYJSIPHOCTH, HO ¢ 0OpaTHBIM 3HaKoM (—1). U momnHsIi
T3 mydKa onaTh CTall paBeH HAYaIbHOMY 3.

3. Ixcnepumenm

Otor maparpad TOCBSIMIEH M3YYCHHIO yCTOWYHBOCTH
T3 omrtuyeckoro Buxps K (pa3oBEIM HCKakeHHsM. B
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HaIeM SKCIEePHMEHTE MBI UCCIIeyeM COXPAaHEHHE IeJIOr0
T3 mpu ciyyaiiHbIX (Ha30BBIX MCKKEHUSIX BUXPEBOTO JIa-
3epHOro myuka. st mmepenust T3 MBI UCTIONB3yeM ITH-
TUHApUYecKyto MUH3Y [12]. 'ayccoB mydok ¢ nuameTpoM
nepeTspkku w=1,1 MM OCBeIaeT mpoCcTPaHCTBEHHBIH MO-
nyasrop ceera (SLM), Ha KOTOPOM 3ammcaHa BHXpeBas
¢aza mo ¢ m=5. Kaxnpnii mukcens SLM uckaxaercs no-
OaBneHueM uncna 2mol K ero ¢aze me. Benunna o sBsi-
eTcs ciy4JaiHbeIM umciaoM B mHTepBane [0, 1]. Ha pmc.5

MOKa3aHbl UCKKEHHBIE ()a3bl HAYAJIBHOTO CBETOBOIO MO-
751, 3anucanable Ha SLM (J1eBbIid cTonberr), pacmpenene-
uust uHTeHCHBHOCTH (600 X 600 MKM), H3MepeHHBIE B (O-
KaJIbHOH IUIOCKOCTH CQepruyuecKkoi JHH3bI ¢ (POKYCHBIM
paccrosinueM =150 MM (LUEHTpaJbHBIA cTONOEL), U pac-
npenenenus uHTEHCUBHOCTH (1900 % 1900 MKM), wu3Me-
peHHbIE Ha JBOMHOM ()OKYCHOM PAaCCTOSIHHU OT IMJIMH-
JIPUYECKOr JIMH3bI ¢ (OKYCHBIM paccTostHueM f=100 MM
(mpaBbIii cTONOCI) TSI pPa3HBIX (Da30BBIX UCKAKEHUH OL.

Puc. 4. Pacnpeoenenus unmencusHocmu (a, 8, 0) u (j)axbz (6, 2, e) I'ayccosa nyuka ¢ nauanoHvim Opoduvim T3 u = 3,3
6 bnudicnell 30ne (a, 6), 6 3one Openens (8, 2) u 6 danviell 30ne (0, e). Cmpenkamu Ha pacnpedenreHusx Pasvl NOKA3aHbl
onmuyecKue GUXpU NIC NEPE020 NOPAOKd, A NYHKMUPHOU CMPEKOll (€) NOKA3aH ONMUYeCKull 6UXpb MUHYC Nep8o2o NOPAOKA.
s paszwr uépnulii yeem — smo Hoawv, a benvill yeem — 2w

a) 0)

)

H) 0)

Puc. 5. Hekaoncénnvle gpasvl (a, 2, oic, K, H, p), pacnpeoenenus uHmeHCUSHOCIU (600 % 600 mxm) 6 poxkanvHol nrOCKOCMU
cghepuueckoil uH3bl ¢ PoKycHbIM paccmosanuem f = 150 mm (6, 0, 3, 1, 0, ¢) u pacnpedenenus unmencusnocmu (1900 x 1900 mxm)
Ha 080UHOM OKYCHOM paccmosHUY Om YUIUHOPULECKOU TUH3bL ¢ POKYCHbIM paccmosanuem [ = 100 mm (8, e, u, M, n, m) 015 pasuoul

cmenenu uckagicerus. o.= 0 (a, 6, 8), a = 0,2 (2, 0, e), a =

CornacHo puc. 5 ipu o.=0,6 (T0 ecTh (haza UCKaKaeTCs
cirydaiiHpIM 3HadeHueM B uHTepBaie [0; 1,271]) BcE emgé
Y4ETKO BU/HBI 6 ITMKOB Ha JMaroHajx 1moJ yrioM —45° (uiu
5 TEMHBIX TOJNOC, WIM 5 HyJel HHTEHCUBHOCTH), 4YTO
o3HauaeT, 4ro T3 onTHuyeckux BuUXped paseH 5. OpHako
npu o.>0,8 T3 He MoxkeT ObiTh 0OHapyxeH (puc.S). To
ecTb T3 oNnTHUECKOro BHXpPsS OCTAETCS LEIbIM YHCIIOM,
PaBHBIM 5, BIUIOTh 10 BEJIMYHHBI CITyYaiHOT'O NCKaXKEHUS
HavasbHOH (a3sl OB, mpuMepHO paBHOH IOJOBUHE JUIU-
HBI BOJIHBI (A./2).

3aknrouenue

B pabore Teopernuecku mokaszaHo, 4to I'ayccoB my-
YOK, B KOTOPBI BHEAPEH ONTHUYECKHH BUXPh C Hadallb-
HBIM JpoOHBIM T3, pu pacrpocTpaHeHUH HEe COXpaHseT

0,4 (oc, 3, u), a =

0,6 (x, 1, m), a = 0,8 (1, 0,n), o =10 (p, c, m)

HavyanbHbli T3. Tononoruueckuit 3apsia ['ayccoBa mydka
¢ Ha4YaJIbHBIM JIpoOHBIM T3 B paszHbIX 30HAX qudpakunu
(«OommxHel 30He» (z2<<z)), 30He @Dpenens (z=zp) u
JABHEH 30HE (z>>2z9)) MOXET OBITH pa3HBIA. ITO TOA-
TBEPXKJEHO UYUCICHHBIM MOJIEIHPOBAHUEM C IOMOILBIO
nporpammbl BeamProp (B OmiwkHeld 30HEe W 30HE Aau-
¢pakiun @penenss) W C MOMOLIBIO MPeoOpa3oBaHUA
®ypre (B manbHe# 30He). OmucaHbl 4 THIIA HBOJIIOLHMH
l'ayccoBa myuka ¢ HauyanbHbIM IpoOHBIM T3. OnuH H3
HUX, Hanpumep, Takoil. Eciu B HauansHOM mnockoctu T3
paBeH 3,3, To B «OmwkHel 30He» T3 paBeH 3, B 30HE
Openens 4, a B 30He Opaynrodepa (B pokyce chepuue-
CKOM JMH3bI) OonATh 3. TakuM 00pazoM, B 3TOM THIIE IBO-
monuu B 30He ®OpeHens nossuserca T3 +1, a 3ateM B
JnanbHel 30He nosiBisiercs eme T3 —1, KoTopblii KOMITEH-
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cupyetr T3 +1. Ho «poxmatecs» B X0Ie pacmpocTpaHe-
HUs fpomonHUTENsHBIEe OB MOTyT HE TONBKO B Cilydae
HAyYaJIbHOTO JPOOHOTO 3apsiia, HO U B Cilyyae KOMOWHU-
POBAaHHOTO My4YKa, COCTOSIIETr0 W3 JMHEWHOW KOMOWHa-
mun aByx mox Jlareppa-I'aycca ¢ Homepamu (0,7) u
(0,m) m pa3HBIMH pagmycamMH MepeTsDkeK [ ayccoBBIX
My4KoB. B 3TOM ciyyae MOTYT «poOXKOaTbes» cpasy He-
ckonbko OB |[n—m|. YHuuroxenne OB mpoucxoaur B
TOM CMBICIIE, YTO «poKaarTcs eulé |n—m| OB, Ho ¢ 00-
paTHBIMH 1O 3HaKy T3. DKCIIEpUMEHTAJIBHO IIOKAa3aHO,
YTO MpHU CJIadbIX CiydaiHbIX (a30BbIX HcKaxeHusx OB
(BenmnumHa 3aaepkku (azel MeHbIe T) T3 coxpansercs.
[Mosromy mns unentudukanuun OB B cuctemax Gecrnpo-
BOJIHOM CBSI3M MOXKHO HMCTIOJIb30BaTh m3Meperue T3 (Hapsi-
Iy ¢ uameperrnem OYM).

VY upuTarens MOXXeT BO3HHKHYTh BOINPOC: OTKyna Oe-
pytcs nomonauTenbHble OB B 30He @penens n Ppays-
rodpepa (cm. Taba. 1)? OtBer MOXKET OBITH TAKHM.
HaganbeHoe cBeToBoe moyie ¢ ApoOHBIM T3 comepKuT
BECh CIIEKTP YIJIOBBIX TApPMOHUK U «HEcET» B cebe 3TH
nonosHuTeNnsHBIe OB. Jloka3aTensCTBOM MOTYT CIYXKHTh
JIBa XOpOIIO M3BECTHBIX ciydas. Ecin B HadaJbHOHN
IUTOCKOCTH MMeEETCs ITydoK DpMHuTa—laycca ¢ HOMEpoM
(0, n), mpomremIuii Yepe3 MUIMHIPUIECKYIO JIMH3Y, IO-
BEPHYTYIO B Ha4aJbHOM IJIOCKOCTH Ha yrox B 45° K ne-
KapTOBBIM OCsiM, TO T3 Takoro my4ka B Ha49aJIbHOM IIIOC-
KOCTH paBeH Hy0. Ho Ha paccTosiHuM, paBHOM ABOMHOMY
(hOKYyCHOMY PaCCTOSIHUIO LUITUHAPUYECKOH JTHH3bI, (op-
MHUpyeTcs BuxpeBoil my4dok Jlareppa—Iaycca (JII') ¢ Home-
pom (0, 7) [16]. DTO 03HAYAET, YTO KPOAMIICS ONTHUECKUI
Buxpb ¢ T3 n. [pyroit npumep. [lycTs B Ha9aIpHON ILTOC-
KOCTH MMeeTCs cymepro3uuus ['ayccoBa mydka ¢ paany-
COM MEPETSLKKU Wi M onTuueckuit Buxpb JII' ¢ HoMepom
(0,n) u pamimycom mepeTsbKku wr. W mycts wi(0) <w»(0),
Toraa [4] B HA4aIbHOM IJIOCKOCTH U Aajiee 10 PACCTOSHI
z; T3 Takoro KOMOMHHUPOBAHHOTO ITy4Ka OYJET paBeH 7.
Ho nmpu z >z, xorma wi(z)>wa(z), T3 myuka usmeHuTcs u
CTaHET PaBEH HYNI0. JTO 03HAYAET, YTO «POIUIIHCEY N
onTrueckux Buxpei ¢ T3 —1, KoTopble «CKOMIEHCHPOBa-
nw» n onTudeckux Buxper ¢ T3 +1, koTopweie ObUH B
Ha4yaJIbHOM IJIOCKOCTH.
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Ilpunoscenue A

Hwxe mbl mpuBeném 1Ba mpuMepa KOMOMHHPOBAH-
HeIXx OB, y KoTOpHIX mpHu pacupoctpaneHnu 13 He co-
xpanserca. B [4] Ha npumepe KOMOMHUPOBAHHOTO Iy4-
Ka MOKa3aHo, 9yTo T3 Takoro mydka Mmpu pacupocTpaHe-
HUU He coxpansercs. Ho npsimoro Beruucienust T3 mo
dopmyne (1) B [4] mer. TlosTomMy HIKe MBI 0000ITUM
pesynbtar [4] u paccuutaeM T3 cymmsl aByx mon JII' ¢
Pa3HBIMH PaIUyCaMH TEPETSHKEK C MOMOIIBI0 MPSIMOTO
BeraucieHus no Qopmyne (1). AMmiuTyna mons Kom-
OMHMPOBAHHOTO ITyYKa, COCTOAIIET0 W3 ABYX mon Jla-

reppa—I"aycca (0, n) u (0, m) c pa3HBIMHU pagunyCcaMH Ie-
peTsiKeK, 3a/1a€Tcsl B BUJIE

b

22 (Ve
e re/wy (z)+ing +

E(r,p,z)=a "
" (A1)

—r2 /w3 (z)+imp
e 2 5

+b

w,(2)

rae wi(z) =wio[1 +(2/210)2]"? 1 wa(z) =wao[ 1 + (2/220)*]"* —
paanycHl epeTshKeK IByX I 'ayccoBbhIx my4koB B (Al), a u
b — GyHKIHU TONBKO OT z, U M — LENbIe TOIIOJIOTHYe-
ckue 3apaasl OB. IToacrasus (Al) B (1), momyunm:

1 2n inar”w (Z)eﬂ /wz( z)+ing +lmbrmwn(z)eflz/w 5 (2)+ime
TC =—1IlimIm | £ =
27'C Fom (p ar” W2 (z)e” /wl (z)+inp +bi" Wl" (Z)e—r /w2 (z)+imo
1w (2)=1/w3 (2))+i(n-m)e
w (z)e” 11 @10 + mbw! (2)
- _113.} Re j E =2 (1/w2 (2)=1/w3 (2))+i (n-m)o = (A2)
2n "Wy (z)e ! 2 +bw(z)

m,wl(Z)SWz(Z),

n, w(z)>w(z2).

B (A2) unaTerpan Berumcmsmica Tak. IIycTs wio>wo,
toraa wi(z)>wa(z) mpu z<kwiowz/2 U B IOKa3aTee KC-
MTOHEHTHI MO/ UHTErPAIOM B (A2) TIOJIOKHUTEIEHOE YHCIIO.
[TosTOoMy B mpernene »— oo B YHCIWTENE W 3HAMEHATENe
o1 MHTErpasioM B (A2) 9KCITOHEHTHI CTpeMsITCs K OecKo-
HEYHOCTH OBICTpee, YeM cTerneHb. [103ToMy BTOpBIMHE cia-
TaeMbIMH B YHCIHTENIC W 3HAMEHATeJe MOKHO MpeHe-
Opeub. A ocTaBIIMecs TEpBbIC CllaraéMble B3aUMHO CO-
Kpamrarotcsi, U octaércs Toapko n. Ilosromy T3 pasen n.
Ho nput z> kwigwao/2 paanyc nepsoid Moasl JII' ctaHOBHT-
Csl MEHBIIIE, 9YeM paguyc BTopoi Momsl JII' wi(z) <wa(z), u
MOKa3aTelb 3KCIIOHEHTHI B HHTerpaie (A2) OyzeT oTpura-
TeNbHBIM dnciioM. [losTomy B mpenene »— o0 TOA MHTe-
rpasioM B (A2) mepBbie cllaraeMblie B YUCIIUTENE W 3HAMe-
HaTene cTpeMsaTcs K Hyiro. OCcTaroTcst TOIBKO BTOPHIE Cia-
raeMble, KOTOPhIE B3aMMHO COKPAIAIOTCS, M OCTaTcsl B
gucnutene m. [loaromy T3 Oyner paBer m.

[n+1 .
*7‘2 M'z z b - 2
E(p.6,z)=ac wo BEDT (2 ik
21 qz
e x=(z0/2)(pm2)(2q), q=1~i(z0/z), zo =kw? /2. C yué-
TOM aCUMIITOTHKH (9) Tipu 7 — o0, BMeCTO (A4) moydmM:

P(p.02)=ac” 0+

. ‘n‘+l 2 .
b(—i n 2
LGN LIENES exp| 2% 4 ing
2n z p 2z

+

torga T3 mo dopmyie (1) OyneT paBeH:

2 27 +ing
/f(z)r e de (A5)

7C =L limRe |
TC > ikr?

ae O+ A(z)r2e2 ™

X exp 2—Z+in(p \/;exp(—x)x I‘m‘;l(x)—lm(x) ,
2

U, Ha000pOT, eciu wip<wyo, TO IPH z <kwiowzo/2 T3
Oyzer paBeH m, a mpH z>kwiowyo/2 T3 Oyner paBeH n.
Takum o0Opa3om, npu pacnpoctpaneHun myudka (Al) Ha
HEKOTOPOM PACCTOSHHUH POKIAIOTCA (WM YHHYTOXKAIOT-
cs1) [n—m| ontiueckux Buxpeit ¢ T3 +1.

AHAJIOTMYHO MOYXHO BBIYUCIUTH T3 JUIs KOMOWHHPO-
BaHHOTO ITy4Ka, y KoToporo Bmecto Mozs! JII' (0,7) BbI-
opan I'ayccoB Buxpb [14]. ¥ Takoro myuka T3 Toxe Mo-
JKET HE COXpaHATbCA. B HauaabHOU MJIOCKOCTH TaKOM KOM-
OMHHMPOBAHHBIN MTyYOK UMEET CICIYIONIYIO aMILTUTYLY:

E(r,)=ae " +be /e (A3)

IIpeobpazoBanne DpenHens A BTOPOTO CIaraeMoro
B (A3) m3BecTHO [14] (xaxxnoe cimaraemoe B (3)), Torma Ha
paccrostHAn z BMecTO (A3) moryanm:

(A4)

2

rac

”| ZoWz2

b(_i)\n\ﬂ

A(Z) - 2n

z

Tak Kak 9KCIIOHEHTa B 3HAMEHATENIe CTPEMHUTCS K HY-
JII0 TIpU ¥ —> o0 ObIcTpee, YeM OOpaTHBIM KBaIpaT paju-
aNbHOM MepeMeHHOH, To B Tipejene B (AS) B 3HaMeHaTesne
OCTaHEeTCsl TOJBKO BTOPOE CllaraeMoe, KOTOpOe COKPaTHT-
Csl C TAKMM XK€ BbIpakeHueM B uuciutene. T3 (AS) Oyzaer
paBeH # B 1oJe, a B HayasbHOU miockoctu (z=0) T3 mo-
a5t (A3) Oynet paBeH JubO HYJIIO, JIMOO /1, B 3aBUCHMOCTH
OT COOTHOIIICHHUSI PAJNYCOB MEPETHKKH:
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2n . —r2 /w3 +ing 1 O: W > W,
inbe { e (A6)

2n
7C = L timm [ do =ihmRejd<pa =
0

2 2 w2 i
2 ro® 0 ae " i + be™’ fwy +ing 2 row 76—)-1(]/w12—l/w§)—in(p +1 n, w, >w.

Cseoenus 06 asmopax

Kotasp Bukrop BuxropoBuy, 1957 roma poxaeHus, TOKTOp (PHU3MKO-MaTeMaTHIECKHX HayK, mpodeccop, 3aBemyro-
it maboparopueit mazepHbx mamepennit MICOU PAH — ¢uman ®HULL «Kpucrammorpadus u pororuka» PAH u o cos-
MECTHTEIBCTBY Tpodeccop Kadeapsl TeXHNIecKoi knoepHeTrkn Camapckoro yHuBepcurera. B 1979 rony oxorumn ¢usu-
geckuit (haxynpTeT KyHOBIIeBCKOT0 TOCYIapCTBEHHOTO YHUBEPCUTETA, B 1988 Tomy 3amuTi KaHAUAATCKYIO AUCCEPTALIHIO
B CapaToBCKOM TOCyJapCTBEHHOM YHHBEpCHTETE, a B 1992 romy — MOKTOPCKYIO muccepTanuio B LIeHTpanbHOM KOHCTPYK-
TOopckoM Oropo YHuKasHOTO Tproopoctpoerust PAH (. Mocksa). O6macTs HaydHBIX HHTEPECOB: HAaHO(OTOHMKA, Trdpak-
IIMOHHAs KoMITbIoTepHas ontuka. [Tyomukarmm: 300 HaydHBIX TPYIOB, 5 MOHOTPa(uii, 7 aBTOPCKUX CBUIICTEITBCTB.
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PAH. B cmucke Hayunbix pabot 6ornee 150 crareit. O6macTh HayYHBIX HWHTEPECOB: MaTeMaTHUYeCcKasi TEOPHS TU(pak-
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Birth of optical vortices in propagating fields
with an original fractional topological charge
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Abstract

In contrast to the orbital angular momentum (OAM), which is conserved on free space propa-
gation, the topological charge (TC) of a paraxial optical vortex (OV) is not conserved in the gen-
eral case. Here, we investigate a Gaussian beam with a fractional TC in the original plane and
demonstrate both theoretically and numerically how the TC changes in the course of propagation.
Depending on the proximity of the topological charge to an even or odd integer number, an optical
vortex with the original fractional TC is shown to behave in a number of different ways. For sim-
ple OVs (Laguerre-Gaussian or Bessel-Gaussian modes), TC is conserved both in propagation and
after weak phase distortions. An experiment shows that when scattered by a random phase screen,
the integer TC of an OV is conserved right up to a random phase variation of n. Therefore, in the
case of weak turbulences, it is expedient to measure a discretely varying TC instead of a continu-
ously varying OAM.

Keywords: optical vortex, fractional topological charge, near-field diffraction, Fresnel diffrac-
tion, far-field diffraction.
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