BEJIOPYCCKHWM I'OCYJAPCTBEHHBIIA YHUBEPCUTET
dakyabTeT paAMO(PU3NKH U KOMIIBIOTEPHBIX TEXHOJIOT Uil

Kadeapa uares/ieKTyajbHbIX CHCTEM

AHHOTAITUS K TUTITIOMHON padoTe

«DopMHUpOBaHNE U CBOIICTBA 0eccesIeBbIX CBETOBbIX IYYKOB
Pa3JIMYHBIX MOPSIIKOB)

baneikun Urops BanepreBuu

HayuHnblii pykoBoauTEnb: BEAyILIMW HAy4dHbId COTpyAHUK  HHCTUTyTa
bumsuku  HAH  bBenmapycu  kanmupmat  (GU3HMKO-MaTEMaTHYECKUX HayK
A. A. PoixeBuu

2018



PE®EPAT

Junimomuas ~ pabora: 81 crpanuma, 37 pucyHkoB, 11 TaGmui,
103 ucnosib30BaHHBIX UCTOYHUKA, 1 IPUIIOKEHHE.

METOJl ©®OPMUPOBAHUA CBETOBOI'O IIVYKA, BECCEJIEB
CBETOBOHM IIVYHOK, IMPOHUKAIOIIAA CIIOCOBHOCTDL JIA3EPHBIX
I[TYYKOB, KAYHECTBO CBETOBBLIX ITYUYKOB.

Obvexm uccaedosanusi — OECCENEBbl CBETOBBIE IMyYKH HYJIEBOI'O, IEPBOrO U
BTOPOTO MOPSIAKOB.

Lenv pabomul: pa3paboTaTh U UCCIEAOBATh HOBBIE METOJIbI (POPMHUPOBAHHUS
OecceneBbIX CBETOBBIX ITyYKOB W3 JIA3€PHOTO H3JIyYEHUS C HCIOJIb30BAHUEM
OJTHOOCHBIX M JBYOCHBIX KPHCTaJUIOB M AaKCHKOHA, CPaBHHUTHh IPOHUKAKOLIYIO
CIIOCOOHOCTh CBETOBBIX ITYYKOB PAa3JIMYHBIX THUIIOB, ONPEICIUTH IapaMETPhI
KayecTBa (POPMUPYEMBIX CBETOBBIX ITyUKOB.

PabGora o0beaMHAET HKCIEPUMEHTAIbHBIE U TEOPETUUYECKUE MCCIICA0BaHUS
IPOLECCOB (POPMHUPOBAHUS, PACIPOCTPAHEHUS U MPeoOpa3OBaHUs CBETOBBIX
IIyYKOB Pa3JMYHBIX TUIOB, B aHU30TPOITHBIX, HEOJHOPOAHBIX M PACCEUBAIOIINX
cpenax. [lomydyeHsl ciienyronie pe3yabTaThl:

— Co3maHo  BBICOKOA((EKTUBHOE  yCTPOMUCTBO  Juisl  (DOPMHUPOBAHHUS
KOHMYECKHX CBETOBBIX IIYYKOB C PAaJHAIBHOW, a3UMYTaJbHOM WM JMHEWHOU
nojisipu3aiueii, 00JaaronMX BUHTOBOM JUCIOKAIlMEd BOJHOBOTO (poHTa Ha
OCHOBE JIBYyOCHOI'O KpHCTaJLa.

— IlpennoxxeH M HKCIEPUMEHTAIBHO peaNn30BaH METoA (POpMUPOBAHUS
BCIT 2-ro mnopsnka €  UCHOJIB30BAHUEM  OAHOOCHBIX  KPHUCTAJUIOB,
OPUEHTHUPOBAHHBIX BJOJIb ONTUYECKOM OCH.

—Ilpemyioxken M anmpoOMpOBaH METOA JJisi KOPPEKTHOIO CpaBHEHUS
IPOHUKAIOIIEH CHOCOOHOCTH CBETOBBIX IYYKOB pA3IMYHbIX THUIOB IpHU
IPOXOXACHUU Yepe3 00pa3iibl, UMUTUPYIOLIUME OMOJIOTHYEeCKY0 TKaHb. [loka3aHo,
YTO THUIl ITy4Ka IPAKTUYECKH HE BIIMAET HAa €ro NPOHUKAIOIIME CBOWCTBA M
CYMMAapHYIO SHEPTHIO CBETa, MPOLIEAIIErO Yepe3 CIOM pacCerBAIOILEro MaTeprana

— B kauyecTtBe OOBEKTHUBHBIX XapakTepucTuk kaudectBa bBCII HyneBoro
nopsiJika MPEeIIo’KeHO HMCIO0JIb30BaTh HA0Op M3 TPeX 3aBUCUMOCTEN MapameTpoB
KauecTBa OeccesieBa CBETOBOIO MMy4YKa OT MPOJ0JIbHON KOOpAUHAThL. Pa3paboTaHbl
METO/Ibl U AITOPUTMBI JJIS UX OTPEICICHHUS.

Pe3ynbTaThl JaHHOM paOOThl B CHITY MajibIX MOIMEPEYHBIX PA3MEPOB OCEBOIO
MuHUMyMa HHTEHCUBHOCTH BCII BBICIIMX MOPSAKOB M HAIMYUIO PaJAUAIbHON
(a3uMyTaJIBHOW) MOJIIpU3ALMM  MOTYT HAWTH [PUMEHEHUE IIPpU PEIICHHUH
NPUKIAJAHBIX 33/1a4 JTHATHOCTUKU MOBEPXHOCTEN MaTepUalioB U U3AEIIUNA C OCEBOI
CUMMETpUel O0ECKOHEYHOIO MOpsAKa, ONTHYECKON TUArHOCTHUKU OMOJIOIMYECKUX
TKaHEeH, BO3IEUCTBUS HA MUKPOOOBEKTHI, JIa3epHON 00paOOTKN MaTepUaoB.



PODEPAT

Heimuiomuass mpana: 81 craponka, 37 wmamronkay, 11 Ta6min, 103
BBIKAPBICTAHHBIX KPBIHII, | gamarax.

METAJ]T ®APMIPABAHHS CBETJIABBIX IIYYKOVY, BECEJEY
CBETJIABBl IIYUOK, IIPAHIKAJIbHASA 3J0JIbHACIb JIASEPHBIX
[IYYKOY, SKACLb CBETJIABBIX ITYUKOYV.

Ab'exm Oacnedaeanus - GeceleBbl CBETJABbISA My4YKi HYJSBOTa, mepiiara i
JpyTOra mapaakay.

Mbma  pabomei: pacnpanaBailb 1 JaclieJlaBallb HOBBIA ~ MeETaibl
dapmipaBaHHs OecCeNsIBBIX CBETJABBIX IMYy4YKOY 3 Jila3epHara BbIIPaMEHbBAHHS 3
BBIKAPBICTAHHEM a/IHABOCEBBIX 1 JBYBOCHBIX KPBIMITAJISAY 1 aKCIKOHA, MapayHallb
MpaHIKaJbHYIO 37I0JIbHACIIh CBETJIABBIX ITYYKOY PO3HBIX ThINAY, BBI3HAUBIIH
napaMeTpsl sKacili 3¢hapMipaBaHbIX CBETIABBIX MYUYKOY.

PaboTta a0'anHOyBae 3KCHEPHIMEHTAJIBHBIS 1 TIAPITHIUHBIA Aaciie/laBaHHI
npatpcay gpapmipaBaHHs, paclayCloKBaHHS 1 IepayTBAp3HHS CBETIABBIX ITyUYKOY
PO3HBIX ThIMAy y aHI3aTPONHBIX, HEAJHAPOAHBIX 1 pacceMBarOYbIX aCAPOII3SIX.
ATpbhIMaHbl HACTYIHBIS BBIHIKI:

— CTBOpaHa BbICOKad(EKThIYHAs MpbuUIaga s (papMipaBaHHS KaHIYHBIX
CBETJIaBBIX IMYYKOY 3 pajblsuibHAl, aziMyTaibHail a0o JiHEHHal maysipbl3allblsai,
SKisS BaJIOJAIONb BIHTABOW JBICIIAKaIbIsAil  XBajeBara (POHTY Ha acHOBE
JIByBOCHAra KpbIIITasl.

— IlpamanaBaHbl 1 3KCHEpbIMEHTAIbHA plajizaBaHbl MeTaj (apmipaBaHHS
BCII 2-ra nmapaaky 3 BbIKapbICTAHHEM aJHABOCEBBIX KPBILITAJSAY, apbIEHTABAHBIX
y3JI0Y>K anThIYHAK BOCI.

—IlpananaBanbl 1 ampabaBaHbl MeTax JUIsl KapdKTHara mapayHaHHS
npaHikajdbHail 3[10JIbHACII CBETJIABBIX MYYKOY PO3HBIX ThINAY MpPbI MpaxoHKaHH1
npa3 IJIacThl, SKig IMITYIOLb OlsJlariyHyl0 TKaHiHy. [laka3zaHa, mTO THIN My4YKa
MpaKkThlYHA HE YTUIbIBAC Ha SITO MPaHIKAJIbHBIA YJIACHIBACII 1 CyMapHYIO SHEPTiio
CBSITJIA, IKOE MIPAMIILIO TTPa3 MIacT pacceiBaroyara MaTIpbIsLTy

— V skacui a0'eKThIYHBIX xapakTapblcThiK sikacii BCII HynsiBora mapaaky
nparnaHaBaHa BBIKApBICTOYBAIlb HA0Op 3 TPOX 3aJEKHACISY MapaMmerpay sKacii
OecelsBa CBETIaBOTa My4Ka aJl Majoy»Hal KaapJbHaThl. PacrpanaBanbl MeTabl 1
QJITapPBITMBI JIJIS 1X BBIZHAYIHHSI.

BriHiki raTaii paboThl 3-3a MaJbIX MAMSIPOYHBIX TaMepay BoceBara MiHIMyMy
iamIHciyHaci  BCII  BeImMmBIX  mapagkay 1 HasgyHAcIl  paablsibHal
(aziMyTanpbHAl) TaNSIpPbI3albll MOTYIh 3HAWCI TPBIMAHEHHE TPHI BBIPAIIIHHI
MPBIKJIAIHBIX 33J1a4 JBISITHOCTBHIKI TTABEPXHSY, MAaTIphIsUIay 1 BeIpabay 3 BoceBait
CIMETpBIS OsICKOHIIara mapajKy, anThblYHAW JBIATHOCTHIKI OISJIariYHBIX TKaHIH,
V3I3estHHS. Ha MUKpaad’ eKThl, Ja3epHall anparoyKi MaT3phisiiay.



ABSTRACT

Thesis: 81 pages, 37 figures, 11 tables, 103 sources, 1 application.

METHODS OF LIGHT BEAM FORMING , BESSEL LIGHT BEAM, A
PENETRATING ABILITY OF LASER BEAMS, QUALITY OF LIGHT
BEAMS.

The objects of study are Bessel light beams of zeroth, first and second
orders.

The purpose of work is to develop and investigate new methods for forming
Bessel light beams from laser radiation using uniaxial and biaxial crystals and an
axicon, to compare the penetrating power of light beams of various types, to
determine quality parameters of the light beams being formed.

The work combines experimental and theoretical studies of the formation,
propagation and conversion of light beams of various types in anisotropic,
inhomogeneous and scattering media. The following results were obtained:

— A high-efficiency device on the basis of a biaxial crystal has been created
for the formation of conical light beams with radial, azimuthal or linear
polarization, which have a screw dislocation of the wave front.

— A method for the formation of a second-order BLB with the use of
uniaxial crystals oriented along the optical axis was proposed and experimentally
realized.

— A method for a correct comparison of the penetrating power of light beams
of various types when passing through samples that mimic biological tissue is
proposed and tested. It is shown that the beam type has practically no effect on its
penetrating properties and the total energy of light transmitted through a layer of
scattering material

— As an objective quality characteristic of BLB of the zeroth order it is
proposed to use a set of three dependences of the quality parameters of a Bessel
light beam on the longitudinal coordinate. Methods and algorithms for their
determination have been developed.

The results of this work, due to the small transverse dimensions of the axial
minimum intensity of high-order BLBs and the presence of radial (azimuthal)
polarization, can find application in the solution of applied problems of diagnostics
of surfaces of materials and products with axial symmetry of infinite order, optical
diagnostics of biological tissues, exposure to microobjects, laser treatment
materials.



