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HpOCTpaHCTBeHHOE paspelienue OOBITHOM OIITHUKH, HeOéXO}IHMOG AJI1 Hepa3pyllalollero 3axXxBaTa MHUKPO-
06'beKTOBy OTrpaHHUYEHO ;[M(bpalcuneﬁ A0 BeJUYNHDI, paBHOfI I10/1I0BUHE JAJIMHbI BOJHbI U3JTyUYeHU. HeCMOTpFI Ha 3TO
OrpaHuveHne, MUCIOJb30BaHE ONTUYECKUX METOHAOB ABJAETCA OAHUM N3 OCHOBHBIX HaHpaBJIeHI/H‘/JI B GHOJIOTHYECKIX
n 6I/IOM6,C[I/IL[I/IHCI<I/IX nccaeJ0BaHNAX, TaK KaK TOJBKO 3TH MeTO/bl OKa3bIBalOT MUHHUMAJIbHOE BOSHeP’ICTBHe Ha JXKHBbI€
OpraHu3MbI. EI)ICprIIL/'I IIporpecc B 3TOH 06JIaCTH BO MHOTOM CBSI3aH C Ppa3BUTHEM HOBBIX OITHYECKUX TeXHOJIOl'I/II‘/'I,
a 3HAUUTETbHBIH Inporpecc B Me30pa3MepHof/’1 CbOTOHI/IKe TI0O3BOJIAJI UCCJIeOBATEAM MOJYYUTh METOAbl YIIPaBJIEHUA
CTPYKTYPUPOBAHHBIMU MYyYKaMHU IJId ONITUYECKUX JIOBYIIEK. B HaCTOHH.IefI paéoTe MBI PAaCCMOTPEJIN HEKOTOPbIE I10-
cjeaHne TeHJeHIUNU B 006/IaCTH OITHYECKOTO MaHUITYJIUPOBaHUA Ha OCHOBe Me30MacIITabHbIX JUIJIEKTPUYECKHUX

YaCTHUII.

Kmouesvie cro6a: Me3oMacIITaGHBIH 3J€MEHT, AMIJIEKTPUIECKas JaCTHIA, ONTHYECKas CIUIa, OTOHHAs Ha-
HoCTpysI, (POTOHHBIH KPIOK, ONTIYEeCKOe MaHUIyIupoBaHue; mesoscale element, dielectric particle, optical power,

photonic nanojet, photon hook, optical manipulation.

BBeaenne

BrepBble 0 CyIeCTBOBAHNUM CBETOBOTO JIaBJIEHUS
caenan npennonoxenne . Kemep B8 XVII B., a akcre-
puMeHTabHO ero o6Hapy:kun [1.H. Jle6enes B 1899 . [1].
Bo3MOKHOCTh 3aXBaTa M HepaspyIIaloUlero IepeHoca
OTJeTbHBIX OOBEKTOB MHUKPOHHBIX U CYOMHUKPOHHBIX
pa3MepoB TOJ AeHCTBUEM CHJIBI CBeTa MMeeT GOJIbINTeE
MePCIIEKTHBBI B PA3JMIHbIX O6JACTAX HAYKH U TeXHHU-
k1 [2—4]. V306peTeHne ONTHYECKOTO THWHIIETA W €To
npuMeHeHne B 6nodusuke 6b110 oTMeueHo HobeseBc-
Koil npemueil o ¢usuke B 2018 r. Oco6eHHO aKTyasb-
HBI B TOCJE[Hee BPeMsi BOIPOCHI Pa3paGOTKH HOBBIX
METO/IOB ONTHYECKOTO YIPABJIEHUsS HAHO- U MUKPOYAC-
THUIIaMU, TPOCTPAHCTBEHHOIl JIOKAIU3AIMU U YCUJIEHUS
3JIEKTPOMATHUTHOTO TOJII Ha CYGBOJHOBBIX MacIITa-
6ax. Ho xopo1io m3BecTHO, YTO TIPOCTPAHCTBEHHOE Pa3-
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pelieHre OOBIYHON ONTHKHU OIpee/sSeTCS TOJbKO [JTH-
HOli BosHbI m3iaydeHus (B cpele) W 4uCAOBOIH arep-
Typoll OoNTHYecKOro OODBEKTHBA; OHO He IIPEBHIMAET
BEJIMYNHBI ITOPSAKA TIOJOBHWHBI [JIMHBI BOJHBI M3-3a
pyHIAMEHTATBHBIX AN(PAKIMOHHDIX OrpaHudYeHuit [S].

B mocsieame rofpl 6bLIN MOJYyY€HBI W HUCIOJIb30-
BaHbI Pa3HOOOPA3HbIe THUIIBI CTPYKTYPUPOBAHHDBIX OII-
THYeCKHNX TYYKOB [6—8] 1711 MexaHmuecKoro Bo3/eiicT-
BHsI Ha HAHOYACTHIBI B CyGBOJHOBOM MacinTabe [9—11].
Himske KxpaTKo paccMOTpUM MeTO/bI JOKAIU3AINN dJIeK-
TPOMATrHUTHOTO IIOJIsI, OCHOBAHHble Ha IIPUMEHEHUU
MPUHIIUIOB Me30MAaCIITAGHON JAMATIEKTPUYEcKoil (hoTo-
HUKH.

Me3somacmtabHast auaaeKTpuueckass (OTOHUKA
npe/noJiaraeT B3auMo/elicTBUe U3JIyueHUs ¢ IUdJeK-
TPUYECKUMH O6BEKTaMU IIPOMEKYTOYHOTO MaciTaba
(«pasmepHbIit» mapamerp Mu q = 27/A ~(2—20)w [12—
15], rme A — AnuWHA BOJIHBI M3JIyYeHUd; a ¥ — Xapak-
TEPHbIl PaJUyC YACTUIIbI), KOTOPbIE CJUIIKOM BEJUKH,
YTOOBI OBITD OXapaKTepH30BAHHLIMHI KaK IIPOCTbIE M-
MO, W CJAWIIKOM MaJbl, YTOOBI OBITh ONNCAHHBIMU
B paMKaX IeoMeTpPHYeCKOil OITHKHU.
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Cy6B0JIHOBOE yIIpABJIEHIE JEKTPOMATHUTHON JHEP-
rueii OGBIYHO CBSI3aHO C PE30HAHCHBIMU SIBJEHUSIMU
[16, 17]. /Tanee KpaTKO pacCMOTPUM KJacc Hepe3OHaH-
CHBIX AN(PAKIMOHHBIX 3JeMeHTOB (Me3oMaciiTaGHble
JDJIEKTPUYeCKUe YACTHUIIbI) /s MaHUIYJISAIUil HaHO-
U MHKDPOYaCTUI[AMH.

1. HaHocTpyKTypUpOBaHHbIE
JIN3JIeKTPUYECKHUEe YaCTUIIbI

Bo3MoXHOCTH MaHUIYJIMPOBaHHUS CBETOM HA OC-
HOBe Me30MACIITaGHBIX IUIJEKTPUUECKUX CTPYKTYP
MIPUBJIEKAIOT BHUMaHUe Bce GOJIBIINEr0 YUCJa UCCJIE0-
Batesieil. [Ipe/iokeH MUPOKUN CIEKTP CHOCO60B Cy6-
BOJTHOBOII Jlokanusaiuu cBeta. VccregoBanbl (GhOTOH-
Ho-kpuctaanmdeckne (OK) muussr [17—19], sneMenThI
TpexMepHoit audpakunonHoit ontukn [20, 21] u 1wI0-
CKWe TIJTa3MOHHBIE JIMH3BI HAa OCHOBE HAHOCJOEB [22—
24] nnga GoKycupoBKH cBeTa 3a IpefejaMu AudpaKi-
oHHOro Tpenesa. B 2017 r. 6pL1a mpeasioskeHa KOHU-
Yyeckas JBYMepHasl IJIacCTHHYATas JIMH3a HAa OCHOBe
HAHOCJTOSI C TIIa3MOHHOI 30HON 1719 (OKYCHPOBKI
JIATThHETO TIOJI CO CBepXpaspelneHueM [25] myTeM Bo3-
Oy’KIIeHIsT TOBEPXHOCTHBIX ILJIA3MOHHBIX BOJH U UX
COTIPSKEHMST € PACIIPOCTPAHSIONIUMUCS U3TyYaIONIMU
Mogamu. [paauentable DK-IUH3BI ¢ BO3AYUITHBIMU
OTBEPCTHSAMH PA3JIMYHOTO padMepa ObLIN HCCJIeOBAHDBI
B [26, 27]. Coob6miasoch, 4TO ¢ IIOMOI[bIO TaKOM JIMH-
3bl MOKHO TOJIYYUTH JIOKAJN30BAHHBII MyYOK CBeTa
C TIOJTHO¥ MUPUHON HA YPOBHE IOJIOBUHHON MHTEHCHUB-
noctu nonst (FWHM) ~A/75 [27].

Bomnee mpuBiekaTeIbHBIMH KaxKyTcs (POTOHHBIE
Hanoctpyu (DHC) [12—15, 28] u3-3a mPoOCTOTHI pea-
JU3AIIN U KOMIAKTHBIX pa3MepoB (oKycupyromiei
yactuibl. Ho MunHumasbHasi mupuHa nyyka DOHC
00bIYHO cocTaBisteT ~A/3 [12—15], moatomy Heo6xo-
JIUMO WCKAaTh HOBBIE CTOCOOBI JaTbHeTIero yMeHblie-
HUA pa3Mepa 00JaCTU JIOKAJU3AINH 3JIeKTPOMArHUTHO-
ro nosist GHC.

Jlnst tiy6okoit cy6BOJHOBOI (DOKYCHPOBKHU CBETa
Jaiexo 3a AnpaKIMOHHBIM mpeaeioM A/2n B [27]
6bLIa TpelIoKeHa HAHOCTPYKTYPUPOBAHHAS JAMIJIEKTPH-
yeckasi MHUKpocdepa. YcujieHne TOJig B Takoil HAHO-
CTPYKTypUPOBaHHOU cepe 006YCJIOBIEHO KOHTPACTOM
MEXAY [AUAJIEKTPHYECKOil MPOHUIAeMOCTHIO MaTepua-
Jla HaHOCTep)KHeHl W MarepHaja IU3JIeKTPHYECKUX
MuKpodacTuil. [IpeanoxxeHHas HaHOCTPYKTYpPUPOBAH-
Hag Me3oMacmTabHag cdepa obafaeT psSIOM YHHU-
KaJIbHBIX cBoiicTB. Hampumep, oHa MoXeT NPOU3BO-
JINTb BBICOKYIO HAIMPSIKEHHOCTb 3JEKTPUYECKOTO TOJIS
B o6mactn oTBepctus (C HHU3KUM MOKasaTejeM IIpe-
JIOMJIEHUS, HAIIpUMeP, B BO3/[yXe) Ha YPOBHAX, KOTO-
pble He MOTYT OBITb JOCTUTHYTHI C TMOMOTIBIO OOBIYHBIX
®DHC [12—15], nmpom3BoaANMBIX cpeprmiecKUMI dac-
TUI[AMU C TEM JKe [UaMeTpoM, HO 6e3 HaHOCTPYKTY-
pupoBanus. UncieHHOe MoJeTMPOBAaHUE TIOKA3bIBA-
eT [27], 4To cBeTOBOE TOJIE JIOKAJIM30BAaHO BHYTPHU Ha-
HOOTBEPCTHUSI, Ja’ke KOTAA AWAaMeTpP 3TOTO OTBEPCTHS
apasieTcss cy6BosHOBbIM (o Kpaiineir mepe, A/40).
IIpu sTOoM moOmepeuHblil pasMep (OKATIBHOTO TATHA

BOJIN3M TeHEBOW MOBEPXHOCTU YACTHUIBI COTIOCTAaBUM
¢ pa3MepoM HaHOOTBEPCTH.

[IpuMep MOKaIM3aIUK TOJS B HAHOCTPYKTYPHUPO-
BaHHON Me3oMacmITabHOW cdepe TpuBeaeH Ha puc. 1.
3aech MOKas3aHO paclpe/eeHne OTHOCHTEJbHON WH-
TEHCUBHOCTU OTITHYECKOTO TMOJII B Pa3JUYHBIX IIPO-
JIOJIbHBIX ceveHnsix (110 X0y pacipocTpaHeHHsl OITH-
YECKOT0 M3JAyYeHNsI) AW3JIeKTPUIecKoll MuKpocdepbl
¢ HAaHOMETPOBBIM CKBO3HBIM OTBEPCTHEM, OCBeIaeMoii
IJIOCKOW 3JIEKTPOMarHUTHON BosHoi. Ha puc. 1, 2 mo-
CTPOEH TIOTIEPEYHBIH TPOMIIb UHTEHCUBHOCTH B ILIOC-
KOCTH XY, OTCTOSIIEell OT cpe3a OTBEPCTHS Ha PACCTOS-
nue A/1000. BujHo, 4To HaHOOTBEpPCTUE B JUAJIEKTPH-
YecKoil Me3oMacIHITaGHON YacTHIle MO3BOJISIET «CyKATh»
ONTHUYEeCKOe ToJie BOJIM3M ee 3aJHell TOBEPXHOCTHU
u TonyunTh XapakTtepHyio mias MDHC cBepxiokammn3a-
M0 MHTEHCUBHOCTU OITHYECKOTO TOJIS 0 Pa3MepoB
3TOTO HAHOOTBEPCTHS.

Ha ocHoBe 3THX HuCCIeIOBAaHWI MBI TPEITOKUIN
KOHIIEMIINIO TIPOCTOTO B PEATN3AINH «ONTHYECKOTO IThI-
gecoca» [29]. OcHoBHaa ued 3aKII0YaAeTCS B HCIIOJb-
30BaHUM HAHOCTPYKTYPUPOBAHHOW U3JEKTPUYECKON
MesoMacinTabHoll yactuipl (chepruyeckoi, MUIMHAPH-
yeckoll mam Ky6mdeckoli ¢hopMbI) [UIsT MepeHalpaBJie-
HUSI ONTUYECKOTO MMITYJIbCA U JOCTIIKEHUS KeJaeMbIX
oTNTOMeXaHNYeCKNX 3(PpDeKTOB NI MaHUIYJISIUN Me-
TaJJINIECKUM HaHOPa3MepHbIM 00bekToM. Ha ocHoBe
YUCJIEHHOTO MOJIEeJUPOBAHUA OBbLIO MOKA3aHO, YTO OII-
THUECKHe CUIBI Foy, AeficTBylolue Ha 30J0TYI0O HaHO-
chepy, MHOTOKPATHO YCUJIMBAIOTCS BOJM3N HAHOOT-
BEpPCTHSA B Me30MacIITaOHON AMATEKTPUYECKON YacTHUIle,
YTO TPHUBOANT K 3(ppeKTHBHOMY [BIIKEHUIO MeTas-
JIMYeCKNX HAHOYACTUI[ B CTOPOHY HAHOOTBEPCTHUS.
Hanpumep, amanu3 ¢asoBoro mopTpeTa IBIKEHUS,
T.e. 3aBHCHMOCTH CKOPOCTH TlepeMelleHHusT 4acTUIpl V
OT ee KOOpPAWHATHI z, HaHo4acTuubl (coKycumpoBaH-
Hag jguaza ¢ NA=0,5 opu A =600 HM U MONTHOCTH
10 Br) mokasax [29], 4To 4Yepe3 HECKOJBKO MIULLIHCE-
KYH/I OT HayaJa CBETOBOTO BO3/EICTBUSI HAHOYACTHUI[A
Au mepeMeraercst 10 KOHEYHOIl TOYKM cBoeil Tpaek-
TOPHUHU, PACIOJIOKEHHON Ha paccTogHuu ~2(0 HM BHYT-
PU OTBEPCTHSA KyOWUYeCKON AN3IeKTPUIeCKON JacTHIThI
(puc. 2).

W3 pucyHka, B 4YaCTHOCTH, CJeJIyeT, YTO OTBep-
CTHEe B JAUAJIEKTPUUIECKONl MHUKPOYACTHIIE MOXKET OBITH
He CKBO3HBIM, a HeGOJbIION TTyOUHBI CO CTOPOHBI Te-
HEBOUl MOBEPXHOCTH 3TON YACTHI[BI, TIOCKOJDbKY Tpai-
€HT CHUJIBl BCerJla MaKCUMaJbHBIH OKOJIO OTBEPCTHUS.
Bosee Toro, BUIHO, UTO yBeJMUYeHUE MOKA3aTeNsd IIpe-
JIOMJIEHUSI JACTUIBI BBINIE XAPAKTEPHOTO YPOBHS [IJIS
o6pazoBanusi (POTOHHOIT cTpyn (HampuMmep, paBHOTO
2,2 Ha puC. 2) IPUBOAUT K CYIIECTBEHHOMY COKpallle-
HUIO PaCCTOSHUS <«3aXBaTay MeTaLINYecKOd HaHoYa-
crunpl (B ~3 pasza). DTo CBA3aHO C TeM, YTO IIPH IIO-
Ka3aTeJie TIpeJIOMJIEHUsI MaTepuajia YacTHIIBI BBINIE 2
2JIEKTPOMATHUTHOE TO0Jie JIOKAJN3yeTcs BHYTPH ITOM
YACTHUIIBI W He BBIXOAWT 3a TIpe/leJibl ee TeHeBOU TO-
BepxHocTu [16].

UucsieHHOEe MOJIEMPOBAHIE TIOKA3bIBAET, UTO TPE-
JIO’KeHHAsT HAHOCTPYKTYPHPOBAHHAS [IU3JIEKTpHYecKast
Me3oMaciiTabHas 4acTHUI[a MOKeT ObITh HCIIOJIb30BaHA
JUUIST ONTOMEXAHWYECKOTO YJIABJIUBAHUA METAJLINUECKUX
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Puc. 1. PacmpeesieHne HHTEHCHBHOCTH B OKPECTHOCTH [IUAJIEKTpUUecKoi Mukpocdepbl (iuamerp Dy = 3,51, MoKa3zaTesb IpeIoM-

nerust n = 1,5) co ckBosHbIM orBepcTueM (aumamerp A/15): a — obuuil BUI; 6, 6 — yBeqMueHHOe N306pakeHIe BBIXOJHOTO Cpe3a

OTBEPCTHS; 2 — MHTEHCUBHOCTh B TOTMEPEYHOI MIOCKOCTH XY, pacrosokeHHol Ha paccrosuuu A/ 1000 ot cpesa orBepctusi. Onri-
yecKoe U3JIyueHHe TajaeT cjeBa HampaBo. PucyHok B3sT us [22]
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Puc. 2. ®asosbie noprpersi (DII) tpaektopurt 15-HM 30710~
TOl cpepbl, M3HAUATBHO PACIOJIOKEHHOI OKOJIO TEHEBOIl TI0-
BEPXHOCTH Ky6uueckoil uwactuipl («crapr») Ha OAHON ocu
¢ orBepcTreM (rpaHuiia TIoMeyeHa Kak «kKyGoua») [29]. lniHa
CTOPOHBI TPaHK YaCTUIbI paBHa AJauHe BoaHbI (600 HM), mo-
KasaTesb IpeJoMIeHns Matepraia: a — n=2,0; 6 — n=1,8;
¢ — n = 2,2 uM. V3nyueHue majaeT B HAIpaBJeHUU OCU Z.
[l cupaBKu TIpUBeIEHO paclpejiesieHue z-KOMIOHEHTBI OIl-
THYECKOU CUJIbI JIOBYIIKU

HaHodacTun. Ilo cpaBHEHHIO ¢ TPaJAUIMOHHBIME OIITH-
YeCKUMH MeTOJaMH, OHa ¥MeeT OGOJIbIIOH IOTEHIIA
B GUOMEIUITMHCKUX, XUMUYECKUX, TEeXHOJIOTHYECKUX
MIPUJIOKEHUAX, CUCTEMAX OYHMCTKH BO3/yXa M BO3/YII-
HBIX mabTpax [30—34].

2. «@MOTOHHDI KPIOK»: HOBBIN
CyOBOJIHOBOIT caMOU3rHOaIOIMMiics
CTPYKTYPHUPOBAHHBINH CBETOBOM MyYOK

B HactosIee BpeMs onTuveckasd TPAHCIIOPTHPOBKA
7 yJaBJIUBaHUE AaKTWBHO Pa3BUBAIOTCA. DBLTO Hccite-
JTOBAaHO MHOTO HOBBIX 3((PEKTOB, KOTOPbIe MOKHO HUC-
M0JIb30BaTh /st 3axBata. Hampumep, B 2015 r. 6bL1
OTKPBIT HOBBIH TUI CyGBOJHOBOTO CTPYKTYPUPOBAHHOTO
CBETOBOTO ITy4YKa, TOJYYNBIINI Ha3BaHWe (HOTOHHOTO
kpiouka (photonic hook, PH) [35]. Cser or ¢oToHHOTO
KpIOUKa JIOKATM3yeTcs He BIOJb MPIMOii, a M0 KpH-
BoJimHeliHO# TpaekTopuu [35—39] 3a cuer audpakimn
3JIEKTPOMATHUTHOII BOJIHBI Ha Me30MacIiTaGHOW [Ii-
3JIEKTPUYECKOIl MPOCTPAHCTBEHHO-CTPYKTYPUPOBAHHOI
vactute (SIHyca), BbINOJHEHHON B Buje KyGouaa ¢ Ha-
pymenHoit cumMmertpueit [35, 36, 38]. OrandurenbHblE
ocobennoctn PH 3akiiodaioTcst B TOM, 4YTO MOINEped-
HBbIil pa3Mep U PAJUyC KPUBU3HBI ITyYKAa COCTABJSIOT
JTOJIIO JTMHBI BOJTHBI MAJAIOIIETO M3JIY4YeHUs, a GOKO-
BBI€ JIETIECTKN HE TOBTOPSIOT (POPMY OCHOBHOTO My4YKa
u He M30THYTH [36—39]. OTMeTHM Takke, 4TO AN
TeHepaIui XOpOIIO M3yUYeHHBIX KPUBOJUHEIHBIX My4-
KOB Diipu 06bIYHO TPEGYIOTCS JTOPOTOCTOAIIIE U CJIOXK-
Hble ONTHYECKHE 3JeMEeHThI ¢ KyOudeckoil ¢pazoif, 4TO
HEpeIKo JeaeT ONTHYeCKNe 3JIeMeHThI HelpPUTO/HbI-
MU I BCTPAMBAHUS B ONITUYECKYIO CUCTEMY.

HepnaBuue wuccienoanug cemeiicts PH-myuykos
TMO3BOJIMJIN  PEATN30BATh WX JJd PA3TUIHBIX THUIIOB

Onrnyeckoe MaHUMY TMPOBaHHE MUKPO- M HAHOOGBHEKTaMH HA OCHOBE CTPYKTYPHPOBAaHHBIX ME30Pa3MEPHbBIX YACTHI... 37O



BOJTHOBBIX B3aMMO/IelicTBHIl, BKIIOUast ontuky [37—39],
TTx [38], moBepXHOCTHBIE TLTa3MOHHBIE BOJHBI [40],
aKkycTuky [41], m B IesloM Jaiu HOBBIH UMITYyJIbC pas-
BUTHIO Me3oMacuITabHO# (OTOHWKH, 06eclevYnB HO-
Bble BO3MOKHOCTH B MAaHUIIYJMPOBAHUU YaCTUIAMHU
Ha cy6BOTHOBBIX MaciiTtabax [37, 39] 6aaronaps ad-
dexty MacmtabupoBanusd. 3 ONTUKW U3BECTHO, UTO
ecm ecTh aBa O6bEeKTa OJAMHAKOBOW (POPMBI C OIMHA-
KOBBIMHU CBOWCTBAMU MaTepHajia, HO Pa3HOTO pa3Mepa,
TO OHH OJMHAKOBO PaCCEMBAIOT MAJAOIIyI0 HAa HUX
3JIEKTPOMATHUTHYIO BOJIHY IIPU YCJIOBHM COXPaHEHUS
mogo6ms, KOrja OTHOIIEHNE JHHEHHBIX pa3MepPOB 9THX
00BEKTOB K JIJINHE BOJHBI U3JyYeHUsI OHO U TO JKe.

DoronnbIil Kpiouok [42—48], o6pa3oBaHHbBIN CTPYK-
TYPUPOBAHHBIM JAM3IEKTPUIECKUM IIUIHHIPOM CO BCTPO-
€HHBIM CTEKJISHHBIM KyOMKOM, Ha OCHOBE YHCJIEHHOTO
MoJieJupoBaHus obcyxaancs B [42]. ChenuaiabHO pas-
paboTaHHbIe TATHCIOWHBIE AMAIEKTPUYECKNe IHIITH/IPBI
TO3BOJISTIOT ToTy4ath ABoiiible PH [44]. HemaBHo mis
reHepanuu (POTOHHBIX KPIOYKOB OBLIN MpPeaosKeHbBI
JIIBJIEKTPIYECKUE YACTHUIIBI ¢ HAPYIIEHHOU CUMMeTpHeil,
COCTOMINIE M3 MaTepHajoB € Pa3JINIHBIMHU TIOKa3are-
JaMU TipesioMyienud [45, 46] W 4nCIeHHO WCCJIeT0BaH-
Hble B [45—47], n 6u-a/IMNTHYECKUE TTUTMHIPUIECKIE
vacTuisl [48].

lenepalinss KpUBOJMHENHOH 06JIaCTH JIOKAJIN3alluN
U3JIy4eHUs] Ha OCHOBE METAJTMH3bI B BUIUMOM JHAlla-
30He oOTHcaHa Takyke B HefaBHell pabote [49]. ITm
nccJIeIOBaHUS He WMeIoT OTHONIEHUS K (POTOHHBIM
KpPIOYKaM, TOCKOJBKY pPa3Mepbl MeTaJMH3Bl He Y/OB-
JIETBOPSIIOT C(POPMYIMPOBAHHOMY BBIIIE YCIOBUIO Me-
30MacmTabHOCTH, a CTPYKTypa JIOKAJM30BAHHOTO IIOJISI
HE OTBeyYaeT XapaKTePHBIM TIpuU3HAKaM (POTOHHOTO
kpiouka [35—39]: kpuBu3Ha mMy4yKa CyIIeCTBEHHO 6OJIb-
Ile JJINHBI BOJIHBI, a TMPOCTPAHCTBEHHAsI CTPYKTypa
ToJIsI, BKJIIOYASI CTPYKTYPY OOKOBBIX MaKCHMYMOB,
aHAJIOTUYHA PacIpe/leIeHII0 TIyYKOB Jiipu.

B 1es0oM uccaeoBaHHSI IOKAa3add BO3MOMKHOCTD
reHePUPOBAHUS TIPOCTPAHCTBEHHO-CTPYKTYPUPOBAHHBIX
3JIEKTPOMArHUTHBIX W aKyCTHYECKUX IoJiell, IT03BO-
JISIONIIX TIOMHMO 3aXBaTa OCYIIECTBJIATH 6oJiee pa3HO-
o6pa3Hble BHIbI ONTHYECKUX MAHUITYJSIUNA HaHOOOD-
eKTaMi. B 49acTHOCTH, OHU TIPUBEIN K KOHIEMINU OII-
THYECKOTO KPIOYKAa Ha OCHOBE ONTHKO-MEXaHIMYECKOTO
MaHUITYJISITOPa, KOTOPBIN IO3BOJISIET KOHTPOJUPOBATH
JBIKEHIE 3aXBaueHHBIX YaCTHUI[ 10 MCKPUBJIEHHON Tpa-
eKTOPHHU Ja’Ke BOKPYT AM3JIEKTPUYECKUX IIPEMSATCTBUI
[37, 50].

MopaenupoBanue [51] mokaspiBaer, 4TO B MpUOIH-
JKEeHHIM, KOTJa YaCTUIA SBJISETCS 3JEKTPUYECKUM -
nojeM, T.e. dacTulleii Pajesd, mHaHouyacTHIla-MUIIEHDb
JIBUZKETCST BOKPYT JUAJIEKTPUUYECKON TIACTUHBI-TIPETISAT-
CTBUSI. JTO MO3BOJIsIET JIydllle MaHEBPUPOBATh HAHOYA-
CTUIIAMU-MUIIEHSIMI BOKDPYT, HANpPUMep, CTEKJISTHHBIX
npernatcteuii. C apyroii croporbl, Metaurndeckas (Au)
IJIACTIHA TOJIHOCTBIO HapyliaeT Kak copMUpPOBaHHOE
JIOKAJTM30BaHHOE TI0JIe, TaK U TPAeKTOPUIO JBUKEHUS
Takoil HaHodacTuilbl-Mumienn [37]. OgHO U3 BO3MOXK-
HBIX GHOMEIUITMHCKUX TIPUMeHEeHUT 3TOW KOHIIEINH iR
vitro 3aKI0YaeTcsd B TOM, YTOOBI HAIPABJIATH KJETKU
IO M30THYTOU TPaeKTOPUH [JI TOCTEAYIONETro aHAH-
3a [50]. Konnenmus ¢hoTOHHOTO KpIOYKa IPEIToIaraeT

TIPENN3NOHHBIII KOHTPOJIb 32 JBWKEHNEM YaCTHIIBI JIJIS
MaHUIY/JMPOBAHIS T COPTUPOBKU KJIETOK Ha TIatdop-
Max «j1a6opaTopust Ha kpucrane» (Lab-on-chip) u Muk-
podmonaHbIX yeTpoiicTBax 6e3 Heo6XOAMMOCTH MHO-
TOKpPATHOTO 3aXBara Jiyda.

Eme onna uHTepecHass 06JacTb NPUMEHEHUS Me-
30MaCIITAGHBIX JUAJEKTPUYECKIX YaCTHI[ — OITHYEC-
KIe JIOBYIIKH HA OCHOBE CTOSTYNX BOJH. YJIABJIHBAaHWE
U MaHUITY/TMPOBAHNE HAHOYACTUIIAMHU B CTOSYEN BOJIHE
(KoTopasg MOKeT TeHEepPHPOBaTbCsI C IMOMOIIBIO ABYX
BCTPEYHO PACHpOCTpaHAomuxca KorepeHTHbIX MHC)
B pe’KUMe MPOITYCKAHUSI pACCMATPUBATINCH B [52], a B pe-
JKIMe OTPa’KeHUs BIIEPBBIE HCCJIeT0BATICH B [53].

3akouenue

OcHoBHbBIE (DYHKITHOHAJIbHbIE BO3MOXKHOCTH ONTHU-
YeCKUX IMHIETOB OIPEIENIIIOTCS TJIaBHBIM 006pa3oM
IIPOCTPAHCTBEHHOI CTPYKTYPO#l ONTHYECKUX JIOBYIIEK
U CcTeleHblo JoKajauzanuu usiydenus. Ho asekrpo-
MarHUTHOe H3JIydeHune o6JaaeT CBOMM XapaKTepHBIM
MacimTaboM — JUIMHON BOJHBI. [/l COBpeMeHHBIX 3a-
gad GU3NKM 1 GMOJIOTUH 3TO JIOCTATOYHO OGOJIbINOI
Macmtab. us adpdexkTuBHON paboOTHl M yIpPaBIeHUSI
HAHOYACTHIIAMH COOTBETCTBYIONHE OITHYECKUEe <«YII-
PaBJISIONINE> HIEMEHTBI JOJIKHBI 06ecreunBaTh pabo-
TOCIIOCOGHOCTh Ha CYGBOJHOBBIX MaciitabaXx — MeHbIIe
JUIMHBL BOJIHBI [54—60]. OTu mpobeMbl OTHOCITCS
K HOBOMY COBDEMEHHOMY HAIIPABJIEHUIO HAYYHBIX HC-
cleloBaHUIl — CTPYKTYpPHPOBaHHBIE CyOGBOJHOBbIE ITyY-
k. OcHoOBHAsI 3ajJjaya, pelraeMas C IOMOIIbIO TaKUX
Iy YKOB, MaHUIYJUPOBATh HAHOOGBEKTAMU Ha Mac-
mTabax MeHbIle [JINHBI BOJIHBI, T.e. JeJaTb TO, YTO
B TPA/IMIMOHHOI OIITHKE paHee CYUTAJIOCH IPUHIINIIH-
AJIbHO HEBO3MOKHBIM.

B mociieiHee BpeMsl HHTEHCHBHO Pa3BUBAeTCsl Me-
3oMacmtabHass [uaseKTpryeckas (poTOHHKA, KOTOpas
UMeeT JIeJIO C ONTHYECKUMH 3JIeMeHTaMU HeGOJIbIINX
pasMepoB (IOpsiiKa HECKOJBKUX [JINH BOJIH), OTJIH-
YAIOIMMUCSI OTHOCHTEJBHO IIPOCTOTON TeXHUYECKOIl
peaym3aiuu. B o6yacT ONTHKO-MeXaHNYECKUX MaHH-
My/Ianuil HaHOYACTHIIAMU CHCTEMbI Ha OCHOBe IIPUHITH-
OB Me3oMacImTabHON (OTOHHKKH MOTYT OBITH JIETKO
UHTErPUPOBaHbl B MasoraGapuTHyo MmiaTopMy <«Jja-
6opartopust Ha kpucrauies. C UCHOIb30BAHHEM HOBOTO
cyGBOJIHOBOTO CTPYKTYPUPOBAHHOTO ITyYKa CTAHOBUTCS
BO3MOSKHBIM BBINIOJIHATD OIEpaluil MaHUITYINPOBAHUS
00beKTaMHI Ha CyOBOTHOBOM YPOBHE.

Kpome Toro, ¢ moMompbio 3¢pdeKTa ONTHIECKOTO
(oToHHOTO KpIOYKA MHKPOYACTHIIBI MOTYT ObITh Ha-
npasJieHbl (TPAHCTIOPTUPOBAHbBI) HA PACCTOAHUA B Mac-
mrabaxX JJUHBI BOJIHBI ONTHYECKOTO W3JIydeHHus, Ha-
IpuMep, /IS Iiesleil COPTHPOBKU CyOKJIETOYHOTO OHO-
JIOTHYeCKOTO Marepuasa. Tak, YacTHIbI MOTYT OBITb
OTCOPTHPOBAHBI MO TIOKA3aTeJio NpeoMieHus, (opme
u pasMmepy. Ha ocHoBe koHIeniuu (HpoTOHHOTO KpIOy-
Ka Takske MOKeT ObITh pa3dpaboTaHa pasindHas ¢op-
Ma CBEPXTOYHOTO JIa3epPHOTO cKaJbness [61].

Pa6ora BbINONHEHA IIPH YACTHYHON IOJJIEPKKe
PODU (rpaur Ne 20-57-S52001, Munun M.B., Mu-
HuH O.B.), B paMKaxX IpOrpaMMbl ITOBBIIIEHHST KOHKY-
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peHTOCTIOCOGHOCTH TOMCKOTO HOJNTEXHUYECKOTO YHHU-
Bepcuteta n «Hayunoro ¢ouma nm. /.M. Menneneena
ToMckoro TOCyZlapcTBEHHOTO YHUBEPCHTETa» M TOCY-
gapcrBentoro saganna MMOA CO PAH (1I0.9. Teiinm,
E.K. ITanuna).
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L.V. Minin, O.V. Minin, Yu.E. Geints, E.K. Panina, A. Karabchevsky. Optical manipulation of mi-
cro- and nano-objects based on structured mesoscale particles: brief review.

The spatial resolution of conventional optics, which is necessary for non-destructive capture of micro-
objects, is limited by diffraction to a value equal to half the radiation wavelength. Despite this limitation, the
use of optical methods is one of the main directions in biological and biomedical research, since only optical
methods have a minimal impact on living organisms. Rapid progress in this area is largely based on the devel-
opment of new optical technologies. Significant progress in mesoscale photonics has allowed researchers to de-
velop methods for controlling structured beams for optical traps. Some recent trends in the field of optical ma-
nipulation based on mesoscale dielectric particles are analyzed, mainly based on our studies.
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