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B pabore paccmorpeHo popmupoBaHue GasoBbIX FOJIOTPAMM METOIOM CYIePIIO3ULIN MOTY/ISIA
ILJISL TIOJTyYeHMST BUXPEBbIX JIa3ePHBIX MYYKOB. [ToyueHHbIe Ia3epHbIe MyUKy IIPYMEHeHbI B cXeMe
ONTUYECKOTO TMMHIIEeTAa [JIs 3axBaTa ¥ MaHMIYIMPOBAHMS aHCAMOMSIMM MMUKPOUYACTMII.
[IpomeMOHCTpUpPOBaHA BO3MOXKHOCTb HE3aBMCMMOIO VIIPaBIE€HMS TOJOKEHMEM BUXPEBbIX
JIa3epPHBIX MYYKOB U UX OPOUTAIbHBIM YIJIOBBIM MOMEHTOM. ITo/IyueHHbIe Pe3y/IbTaThl OTKPhIBAIOT
HOBbIE€ BO3MOKHOCTM [IJIST OTITUUECKMX MAaHUITY/ISILIMIA B IPUIOKEHMUSIX 61MO(DOTOHMKHA.

Knwuegvie cnosa: Ontudeckoe MaHUIynuposanue, OnTorepMmudeckast JOBYIIKa, BuxpeBoii na3epHbIit
my4yok, Cyrneprno3uuusi Mopy/siumii, Mukpocdepsl atekca.
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N300peTeHne ONTUYECKOTO MuHLeTa [1] ompemenmynio 3HAYUMTENbHBIN IIporpecc B o061acTu
MUKPOMAaHUNYIALNUIA U [OeTeKTUPOBAHMUM OOVMHOYHBIX MOJeKyl. Ha ceromHsmHuii IeHb
OTITUYECKMII MUHLIET LIMPOKO IPUMEHSIeTCSI B Pa3/IMYHbIX 00/1acTsIX HAayKy, BKIoUas husnuveckue
[2] u xumudeckme [3] HaykM, HO Haumbojee IMOJHO TEXHOJOTUS OMNTUYECKOTO MMHIeTa Oblia
peanu3oBaHa B OMOMEIMIIMHCKUX NPWIOKEHMSIX BBUAY HeMHBasUBHOCTM MeTona [4]. OmHako
0COObIt MHTepeC MpeNCTaB/sIOT KOMOMHMPOBAHHbIE ONTOTEpMMUYECKME JIOBYIIKYM, B KOTOPBIX
Jla3epHoe M3JIydyeHMe UCIIO/Ib3yeTCsl He TOJMbKO KaK MCTOYHMK CUJI CBETOBOTIO aBeHVs, HO U [Jis
dbopmupoBaHus rpagueHTa TeMIepaTryp B KMUIKOI cpefe. IIpumeHeHMe CTPYKTYpUPOBAHHOTO
CBeTa B CXeMe OITOTepMMYECKOi JIOBYIIKM paciiypsieT CYIIeCTBYIOLMII apCceHal MeTOLOB
OINTUYECKUX MaHUMY/ISLUUA BCIeLCTBME BO3MOXHOCTM KOHTPOJS psifia IapaMeTpPOB BUXPEBBIX
JIa3epHBIX ITYYKOB.

B HacrosimieMm [OKIaze COOGIIAIOTCS pe3yabTaThl MO CMHTe3y ToJorpaMM Jisl TOTydeHMs
Habopa BMXPEeBBIX JIa3ePHBIX NYUYKOB C 3aJaHHBIM IIOJIOKEHMEM ¥ BEIMUYMHOV OpPOUTAIBHOTO
YIJIOBOI'O MOMeEHTA. [ CcMHTe3a rojorpaMMm MCI0/Ib30BAJICSI METOZ, CYIIePIIO3ULIMU MOLYISILIVIA,
MIPeyMyIeCTBOM KOTOPOIO $IBJSeTCS IIPOCTOTa MCIIONb30BaHMS M BO3MOXKHOCTL pacuerta
TpebyeMbIX TOJIOTpaMM 0e3 MpUBIeYeHMS] UTepalMOHHBIX UMCIeHHbIX MeromoB. Ha Puc. 1
IIpUBeeH IIp/Mep CMHTe3MPyeMO TOIOrPpaMMbl U M3MepeHHOe paciipezereHye MHTeHCUBHOCTA B

IIJIOCKOCTU OHTOTEpMI/I‘I@CKOVI JIOBYIIKN. U3 PUCYHKa BMOHO, YTO I/ICHOJ’IB?:yeMbII‘/J[ I1o0aXxo 4 I103BOJIsIeT
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dbopmupoBaTh HabOp BUXPEBBIX Ja3epHbIX ITyYKOB. UucaeHHble pacyeThl IMOKA3bIBAKOT, YTO
BeJIMUYMHBI TOmojormuyeckux 3apsaoB (T3) paccMaTpuBaeMbIX ITYYKOB XOPOIIO COTNIACYIOTCSI CO

3HaueHusiMu T3, 3alaBaeMbIX Ha 3Tare IMIPOeKTUPOBAHMS TOJIOTPAMM.

Puc. 1. Cunre3upoBaHHas Ga3oBas rosorpamma (d4epHsbiii — 0, 6esblii - 21) (a), BUXpEBbIE ITyUKK B
TIJIOCKOCTY ONITOTEePMMUUECKOI JIOBYLIKY (0) U IeMOHCTpPAIMs ONITUYECKOTO 3axBaTa MUKpocdep

JlaTeKkca BUXPeBbIMU ITyYKaMu (B)

B 9KkcmepMmeHTe 1O OINTUYECKOMY MaHUITYJIMPOBAHMIO WMCIIOIb30BAINCh JIaTEKCHbBIE
MMKPOYACTHULIBI C IMaMeTPOM 2 MKM. B pexkuMe HarpeBa Jia3epHbIM U3JIyYeHMeM IO, NeiiCTB1eM
KOHBEKTMBHBIX IOTOKOB MMKpOChepbl YCTPEM/ISZIMCh B 00aCTh ONTMYECKOTO IMHIIETA U
00pa30BbIBAIM KOIbIIEBbIE TTPOCTPAHCTBEHHbBIE KOHMUTYpaIMK, KaK rokaszaHo Ha Puc. 1. ITo mepe
M3MeHeHMsI (a30BbIX TOJIOTPAMM MEHSIOCH U MOIOKEHME OTHOTO M3 BUXPEBBIX JIA3€PHBIX ITYUKOB,
YTO MPUBOIWIO K CMEIIEHNIO aHCcambis1 Mukpocdep. B muHaMuke HaOM0IaI0Ch OpOUTATIBHOE
IBUKEHMEe MUKPOUYACTUIL IT0 YaCOBOII CTPEJIKe.

Takum 06pa3omM, TMoOKazaHa BO3MOXHOCTb CHMHTe3a (Ha30BbIX TOJOrpaMM METOIOM
CYTIepTIO3UIIY MOAYJISILINAIA JJIs1 TIOMYYeHMUsI BUXPEBbBIX JIa3epHbIX MYyYKOB U MUX MCIIOJIb30BAaHUS B
cxeMe OITOTepMUYEecKOi JOBYHIKM. [lomyyeHHble pe3ylbTaTbl IIPENCTABISIOT MHTeEpec [Jis

pa3BUTHA TEeXHOJIOTUI HAaHO- U MVIKI)OM&HI/IHYJ'IFIL[I/IVI B 6MOM€,E[I/IHI/IHCKI/IX IMPpUIOKEeHUAIX.
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Configurable vortex laser beams for optical manipulations of
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The paper considers the formation of phase holograms by the method of superposition of
modulations to obtain vortex laser beams. The resulting laser beams are used in the scheme of
optical tweezers for trapping and manipulating microparticle ensembles. The possibility of
independent control of the position of vortex laser beams and their orbital angular momentum is
demonstrated. The results obtained open up new possibilities for optical manipulations in
biophotonic applications.

Keywords: Optical manipulation, Optothermal trap, Vortex laser beam, Modulation superposition,
Latex microspheres.
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