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CKPBIBBIKMHA A.A., KOCTPOMBIKMHA B.B., POTOXXHHKOB I'.C.
PazpaboTka xuaKkuX onTHYECKUX (PaHTOMOB OMOTKAHH IS 32124

HIUPOKOTIOIOCHON CIICKTPOCKOIIH . ....c.veveverrsiereeneestestersetentesseseenses suessessessessessenne 384
BEPJIBIBAEBA 111.T., TEJIbMHWHOB E.H., COJIOJJOBA T.A.

BonuoBoaHsli na3epHblil ceHcop Ha Kpacutene «Hubckuil KpacHsI»................ 386
SAKUMVYK B.A., AJICAN® 4., AHAPEEBA O.B., 3AKOJIJTAEB P.A.

CeHCcopHBIE CBOMCTBA ONTUYECKOIO BOJHOBOA B HAHOIIOPUCTOM CPEJIE. .............. 388

ABPAMYHMKOB M.O., T'YPBEB JI.A., HUKOJIAEB H.O., IYCTOBAJIOB A B,,
PABUH A.P., IBETKOB B.B., YEXJIOBA T.K.

Juddy3noHHbIE ONTHYSCKIE BOIHOBOBI B CUIIMKATHOM U (ochaTHOM

HEOJIMOBOM CTEKIIC.......ueurieeuiareueeueeeeneeteseemeteseeseseseeseseesteseseeneseseeseseeeeseseesenenene 390
CEMUH H.C., KWHHAEBCKUI1 1.0., KOBAJIEB B.1., CEJIE3HEB JLB.,
KOPUBYT A.B., IVHAEBA E.3., MOHIH A.A.

BriHy)XI€HHOE KOMONHAIIMOHHOE paccesHie YUPIUPOBAHHBIX HMITYJILCOB

TUTaH-Cal(UPOBOTO J1a3epa B IEEITUTONOJOOHBIX KPUCTAIIIAX ....vevveneerervenrereeennn 392
CYBBOTUH K.A., TUTOB A.1., JIUC J.A., SUMUHA 10.11., AMJJEHKO 41.C.,
OJIABEJJMH I'.3., EPEMEEB K., COJIE P.M., ATYWNJIO M., BOJIKOB IL.A.,
[IOIIOB I1.A., YEPHOBA E.B., JIUA3 ®., KAMU I1., MATEOC X., JOMKO ILA.

Pocr, cTpykTypa, TemI0BBIE CBOICTBA M CIIEKTPOCKOMHS MOHOKPHCTAIIA

MgMoO4, TETHPOBAHHOTO HOHAME T ...t 394
AHUKBEB A.A., YMAPOB M.®.

KomOuHamyonHoe paccessHie cBeTa B KpUCTaIIaX HHOOATa JINTHS

C IIPUMECSIMH MTEPEXOTHBIX METAIIIOB. ... euvveuteenteenreeneesseesueeneeeneeseessesnseenee vesnsesnsennes 396
TOKKO O.B., KAJIETOBA A.B., IPYCCKHIA A.1., [IAJJATHUKOB M.H.

Pentrenorpaduyeckue nccnenopanus kpucramwioB LiNbO3:Mg, Zn,

MOJYYE€HHBIX METOJIOM MPSIMOTO U TOMOTEHHOTO JIETHPOBAHHS. .....c.veenvenveneeneenneenss 398
COCYHOB A.B., [IETYXOB H1.B., TIOHOMAPEB P.C., KYHEBA M.

HccnenoBanue cTpyKTypbl MOHOKPHUCTAIUIOB HHOOATA JINTHS METOIOM

PEHTTEHOBCKOM KOMITBIOTEPHON TOMOTPADHU . ......vevverrerrenrerrerreriesesesessessensessenennes 400
AHUKBEB A.A., YMAPOB M.®., AHUKBEBA 3.H.

AHOMaNMM TeTUI0OEMKOCTH U IUIOTHOCTh COCTOSTHHI B KpUCTaJLIax

HUO0ATa TUTHUS C EPEKTAMHU CTEXUOMETPH . ... .vvverrerrerrensensersersersesnsessessessesseessenes 402
CMHPHOB M.B., TUTOB P.A., CUAOPOB H.B., [TAJJATHUKOB M.H.,
TEIUUISIKOBA H.A.

Onrrueckue cBoiicTBa kpuctamuios LiNbO3, mernpoBaHHEIX KaTHOHAMH

N2 T B oottt ettt et es 404
AHUKBEB A.A., YMAPOB M.®., AHUKBEBA 3.H.

OnykTyanuy GOHOHHON IUIOTHOCTH B HUOOATE JINTHSI B OKPECTHOCTH

(DABOBOTO TTEPEXOIA. 1. c.vcevvererereenetenteeeseeseeeneeteseeteneesebeseaeeneaseeeseneesensenesseeene rensnes 406
BOBPEBA JI.A., CUIOPOB H.B., [TAJJATHUKOB M.H.

OcoberHocTy (opMHUpOBaHHS KOMIUIEKCHBIX Je()eKTOB B KpHCTaILIax

LANDO3IGAIME. .ttt ettt e 408
MYPABBEB N.A.,TPEUMH C.I'.
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HABHBIKO B.H., BJIOIIKAA 1.C., KYJIAK I'.B., LIAHIAPOB C.M.

Camoandpakius CBETOBBIX BOJH IPH UX BCTPEYHOM B3aUMOJICHCTBUI

B KpUCTAIIE GAAS CPE3a (001) cveviiiiiiiieierereeeeee et 412
JABBIZIOBCKAS B.B., HABHBIKO B.H.
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HUYUIIOPKO C.®.

BiusiHUE BHEIIHEro 3JIEKTPUYECKOT0 MOJIS Ha SHEProOOMEH IPH JIBYXBOJHOBOM

B3anMoJieicTBUM B KpucTaiuie Bi12Si020 cpe3a (111) c.ovvevveviiiiiniciniiiieeciece 418
TPETBHSIKOB C.A., KAIIZIYHOB 1.A., U BAHOB A.M., MOJIYAHOB C.B.,
CTEITAHOB B.C.
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MOJIMPOBAHHBIX MOBEPXHOCTEH MAPATEIUTYPHTA. ¢ ..veeuveenreaneereeeneesneenneenneenneenseesennes 420
HIEBYEHKO O.H., MUKEPUH C.JI., KOX K.A., HUKOJIAEB H.A.

TepcrekTuBbI NpUMeHeHHs KpuctaiuioB GaSe:S 11 TelIeKOMMYHHKALIMOHHBIX

CHCTEM CIICAYIOIMIETO TTOKOTICHIS. ... euveuvertenrentesesinseeseaseeseeseeseeneeneenteseensensessensensenses 422
AHUKBEB A.A., BAPBIIITHUKOB H.B., AHUKBEBA 3.H.
JIBIDKEHHE BOJIHOBOTO MAKETa B MOTEHIHANAX PA3ITHYHON DOPMBL.........cevvenenrenee 424

PYXXUIIKAA A.4., MUHBKOB K.H.
MeroauKa U3rOTOBJICHHS YIBTPAKOMIIAKTHBIX BBICOKOZOOPOTHBIX
KPHCTAJUINYECKUX MUKPOPE30HATOPOB € MOJIaMH THUIA IEMUyIIeHd rajepem......... 426
TTAHTEJIEEBA E.II., KABAHOBA O.C., MEJIbHKOBA E.A.
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IMonspuzaunoHHbe 3QGEKTH HA IPAHUIAX AHU30TPOIHBIX CPEM..c.vuvvevenrereveneeneane 430

BAHUH A.U., COJIOBBEB B.T'., IBETKOB A.B., SHUKOB M.B.

IToBepXHOCTHBIE TJIa3MOH-TIOJSIPUTOHBI B METAIIOANDIICKTPUUECKIX

CTPYKTYPAX HA OCHOBE OTIATIOB.....ccuueeuerenreeneeenseenseenseaneeeneeensesseesseesseesseesnsesnsesneenseens 432
PBIBAK A.A., KY3HELIOB C.A., HUKOJIAEB H.A.

Jm3zaits TepareprioBoro GUIBTpa ¢ MUPHHON MOJIOCH MeHee 4 % Ha 6aze

YaCTOTHO-U30UPATENBHBIX TIOBEPXHOCTE] . ..c..vvverrereentitenreaieesiesieseeneeseesiesesessenaenns 434
KOCTPOMBIKMHA B.B., POTOXXHUKOB I'.C.

Monenb yclioBHO-CBOOOAHOTO ITPOCTPAHCTBA B 33/1a4ax JUCTAHIIMOHHOTO

30HIUPOBAHUS B TEPATEPIIOBOM JUATIAZ0HE HACTOT . c.uveeueeererreeaneereeeeennsenseensnenseenas 436
AKMAJIOB A.2., KO3JIOBCKU K.1., KOTKOBCKU I'.E., KY3UIIWH I0.A.,
JIAPUOHOB C.A., MAKCHUMOB E.M., MAPTBIHOB 1.JI., OCUIIOB E.B.,
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HUKOJIAEBA 1.H., POTOXHHKOB I'.C.
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JUISL PETHCTPALIMK TEPArepLioBOro U3Iy4eHHs B 3a/1a4aX JUCTaHLIMOHHOTO
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T'ABPYIIKO B.B., KAJJIPUEB O.P., TACTKVH B.A.
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(DOTOTIPHEMHIKOB. .....c.vevvenvinreereeneteententestestessensesseeseeseessessessessensesessessesseeseensessensenes 442
KOHPAIU [I.C., CPEJUH B.T.

MopenrpoBaHue HU3KOIHEPTETUUECKON BHEOCEBON 3aCBETKU

MK MaTpUYHOTO (DOTOIPHEMHIKA. ... .everveneieereeriinieeteeieesieietententestetetesieseeseeseesenes 444
30JIOTOBCKUI 1.0., JIAIIVH B.A., CEMEHIIOB 1.

JluHaMyKa KBa3HHETIPEPHIBHOM BOJIHBI B aKTHBHOM HEOJHOPOIHOM CBETOBOZE....446
KAJISI3VHA J.B., BAPXKEJIb C.B., IMUTPUEB A.A., BAPXEJIb A.C.,
KVYJIMKOBA B.A.

HccnenoBanue BIUSHYS TEMIIEPATYPHOTO OT)KUra Ha CIIEKTPaIbHbIE

XapaKTEPUCTUKU BOJIOKOHHOM OPITTOBCKOM PEIIETKH. ......euveeivenereeenieieieneeeieeenens 448
BABKNH 0O.3., BABKMHA JI.A., WJIbTHA B.B.
ToncTocnoiHBIE TOKPBITUS ONTHIECKOTO BOTOKHA. ... vevveutereveeeeesienseemeeeenaeeeneens 450

TTYEJIKMH I'.A., XOXJIOB A.B., TEP-HEPCECHII E.B., BYP/IUH A.B.,
JEMUJIOB B.B., MATPOCOBA A.C.

HccnenoBanne xapakKTepPUCTHK MAJIOMOJIOBBIX KUPATBHBIX

MHUKPOCTPYKTYPUPOBAHHBIX ONITUYECKUX BOJIOKOH C IIECTHIO CEPALICBHHAMM. ...... 452
BOT'AUKOB U.B.

HccnenoBanust CrieKTpa OpUILTFOIHOBCKOTO PACCESHUS B ONTHYECKOM

BOJOKHE «DRAKAN ....cooiiiiie ettt et e eaae e 454
JIVIIEHKO A.C., KOHHH IO.A.

B3aumoeiicTBre B ONTHYECKOM BOJIOKHE BCTPEUHBIX UMITYJIbCOB C dHEPTUCH

BBIIIIC TIOPOTOBOM. .. .c.veetiateetieueetieteeteeueeutettete et estestestentes sheeseestebeebeeneessessesensbeneenseneen 456
3AMIEB A.U., KABAHLIEB C.1O., ®POJIOB A.A., ®EJIFOK M.O., EFOPOBA O.H.,
J)KYPABJIEB C.I'., CEMEHOB C.JI.

BrnusiHUE EPEKPECTHBIX MOMEX OT MOYJIMPOBAHHOTO JIA3EPHOTO M3ITyICHUS

Ha KBAaHTOBBII KaHAJ CBSI3U B MHOTOCEP/ILIEBUHHOM BOJIOKHE. .......eerveenereneeeneeeneenns 458
BOI'AYKOB U.B.

XapakTepucTHKH paccesHus MannenbimTaMma—bpuiiiosHa B oNTHYECKUX

BOJIOKHAX PABTTHUHBIX BHIIOB. ......cveeueemtententenuensenseeseentensensensessessessessessesnsensessessensenses 460

TAPKVIINWH A.A., HUI®OHTOBA E.B., PACVYIJIEB P.I1., KPUIIITOII B.B.,
'APUIIOBA M.A., 3YEBA I1.B., BOJIbXHWH U.JI., CTOPOXEB C.A.,
XWXXHSAKOB 1O.H.

N3mepeHune xapakTepuCTHK IPOTOTHIIA CUCTEMBI IIepeJaull SHEPTUU

gyepe3 ONTOBOJIOKHO MOIIHOCTBIO 10 5 BT.c..oouiiiiiiiiiiricinieeccceceecce 462
BOI'AUKOB H.B.

VcenenoBaHus XapaKTepHCTHK paccessHus MauensiraMa—bpuiiiosna

B ONITHYECKOM BOJIOKHE CO CMEIIEHHOMN JTIMHOM BOTHBI OTCEUKH....cvvvevivenerereenenens 464

20 ISBN 978-5-7262-2931-7 POTOHNKA N NTHO®OPMALIMOHHAA ONTUKA



BOI'AUKOB H.B.
OKCnepuMeHTaIbHbIE HCCIEJOBAHUS XapaKTEPUCTUK PACCESTHHS

Mannensiitama—bpuiniosHa B onTHYECKOM BOJOKHE G.657....cvveviiveiiiiiiciienee, 466
BOI'AUKOB H.B.

HccnenoBanus xapakTepUCTHK paccessHAs ManaensmTama—bprnmosna
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CABHH B.B., KOHHOB K.A., KOHHOB /I.A., KO3JIOBA A.1.,
KVYJIMKOBA B.A., BOJIOIIMHA A.JI.
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BEKIINWH M.M., SIKOBEHKO H.A.
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MEKMOJOBOM MHTEPDEPEHITHI. .....c..venvenrenrenrerrentententeesesteeseesteseeneensessessensensessessensenee 474
KOB3JIOBA A.U., MOOP 4.1., BAPXEJIb C.B., BOJIOIINHA A.JL.,
CABHH B.B., KOMUCAPOB B.A.

Pa3pabotka u rccnejoBaHNe BOJIOKOHHO-ONMTHIECKOH CHCTEMbI THHAMUYECKOTO

M3MEPCHHS BECA ABTOTPAHCIIOPTA. ...covveeieicesii s 476
SIHYKOBUY T.I1., UCMAWNJIOBA A.C., JUKYHI A /.
MaremaTrn4eckoe MOACIMPOBAHNE ONITOBOJIOKOHHOTO CEHCOPa CHIIBI TOKA........... 478

KJIMIINHA B.A., BAPXEJIb C.B., KYJINKOBA B.A., CKOBOPOJAKNHA M.B.
PazpaboTka BOTOKOHHO-ONITHYECKOTO YyBCTBUTEIHHOTO 3I€MEHTA JJaTINKa

CKOPOCTH Y HATIPABIICHIIS TIOTOKR. .....vevveuteneertereenteneeseesuessenseceseeseeneessensensensensessesneens 480
CYIAC JII1., TOJTAHT K.M.
D¢ dexT onTrIecKoro NHHIETA B BOJIOKOHHBIX PEPPAKTOMETPAX . ....ververerenrenrennes 482

HIYPVIIOB A.H., MTYEJIKVH I''A., EBCTPOIIBEB C.K., BYJIbIT'A [I.B.,
MYCCAVU A., AEMU]JIOB B.B.

JIroMUHECIICHTHBIE BOJIOKOHHO-ONTHYECKUE JaTYMKH HOBOIl KOHCTPYKINH

JUTSL BBICOKOTEMITEPATYPHBIX UBMEPEHHUM . .....veereieneernieaneeniieieerenneeneeeneesnsenneesseens seees 484
BOJIOIINHA A.JL., IMUTPUEB A.A., BAPXEJIb C.B., KO3JIOBA A.I.,
CABHH B.B., KOMVCAPOB B.A.

Pa3paboTka u uccne0BaHNe TyBCTBUTEILHOTO IIEMEHTa AMILUTUTYIHOTO

BOJIOKOHHO-ONITHYIECKOTO JATUHKA TEMITEPATYPBL.......eevenverrereneeresesensesseseeseneesensenes 486
XOMYTUHHHUKOBA JI.JIL., MEILIKOBCKUI N.K., EBCTPOIIBEB C.K.,
JIMTBUHOB M.IO., IJISICHOB C.A., BBIKOB E.II.

JletekTHpOBaHHE MeTaHa BOJIOKOHHO-ONTHYECKUM CEHCOPOM IPU MPUMEHEHUH

¢doroxatanuzaTopa ZnO-Sn02-Fe203.......cueuiniiieiiiiniiieiciceecceecieeeeeees 488
MVYPAIIIKNHA T.U., TAPIIINKOBA T.B., INIOTHUKOBA E.1O.

Omnpeienenre pa3MepoB 1 KOHGHUTypanuu HEGA MAl[EHTa C TIOMOIIBIO

BOJIOKOHHO-OTITHIECKOTO CKAHEP . ....eevereerenresenseseesensesensesessesesansesesesensesessesesseness 490
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BOJIOTOB A.B., KASAHIIEB C.1O., KOJIECHHKOB O.B., KOMAPOB O.A.
3aruTa BOJIOKOHHO-OITHYECKUX JIMHUM CBS3U OT BO3JCHCTBHUIA aTMOC(EpHBIX
PABPIIIOB. ..c.enteneentente ettt et be sttt stes bt be et e st e st es e et e st en b es b et e b e bt et beeheeae bt ebeenes 492

BE3BOPOJIOBA E.C., XOMYEHKO H.B.

O1eHKa TUCTIEPCUH CUTHAIIA B BOJIOKOHHO-ONTUYECKOM JINHUU CBSI3H

¢ Y4€TOM CIEKTPaJIbHON 3aBUCUMOCTHU IOKA3ATEISl IPETOMIICHHUS. .....vvenverennnnens 494
BOI'AUKOB H.B.

ABToMaTu3anus 00padOTKH OPUILTIOIHOBCKUX PeIEKTOrpaMM ONITHUECKHX

BOJIOKOH, HAXOJSIIUXCS B PASITMIHBIX COCTOSHHSX ... vevvuvneereneeninnereeeneeneeeneseenenns 496

BOBE A.C., BOSHECEHCKAA A.O.

HccnenoBanue ONTHYECKUX CUCTEM HPOTOYHOIO aHAIM3a MPOMBIIIUICHHBIX

CUCTEM JJIs 33]1a4 aBTOMATH3AILMH Y MOHUTOPHHT . .....veeveenreeneerneenneeneeseeneeeneeneees 498
KOCTPULIKUI C.M., SILIEHKO A.B., ®EJIOPOB B.A.

Bnmsiaue nmuposnekrprueckoro adgdexra Ha paboTy MHOTO(YHKIIMOHAILHOTO

HUHTETPATBHO-ONTHYECKOTO DIIEMEHTA. .....veeuvierreereeeeenreeueseesneenseenseeseesneesseensesnsenns 500
TIETPOB B.M., CEMUCAJIOB [1.B., XJIVCEBUY [I.C., IKOBJIEB M.I.

Paspabotka u co3nanue kBantoBoro CNOT-refiTa Ha OcHOBE

HUHTETpaIbHO-ONTHYECKUX HHTephepomeTpoB Maxa—LleHaepa.......ccceeveeuveueencene. 502
BEKIINH M.M., KVJIUII O.A., SKOBEHKO H.A.

Pa3paboTka HHTErpaIbHO-ONTHYECKIX HAPABICHHBIX OTBETBUTEIICH B CTEKIIC

JI7IS1 KBAHTOBBIX JIOTHUECKUX DITIEMEHTOB. ... ceevvreereeereeareeesseeeseeesneasseeessseessseensnens 504
UBPATUMOB P.3.

CHHXpOHH3AIUS OTIOPHOTO TETEPOANHA B KOTEPEHTHOM ONTHYCCKOM MPUEMHHUKE

C MHOTOYPOBHEBBIM (DOPMATOM MOTYIISIIIH L. ......venvrereerrerrersensensessensessessesseessensensenses 506

BOI'AUKOB H.B.

Paspabotka TecTupyromeil mporpaMMBl U KOHTPOJIS 3HAHUH CTYAEHTOB

0 BOJIOKOHHO-ONITHYECKUM TE€ITEKOMMYHHUKAIIMOHHBIM CHCTEMAM.d......c.coveurerenennnen 508
TOHYAPOB P.K., BOJIBIYEB E.A., NBAHKOB H.A., CEHUK K.A.

[MonyonpenenéHHoe MPOrpaMMHUPOBAHUE B IIPHIIOKEHUH K CUCTEMaM

KBAHTOBOTO PACTIPEICTECHUS KITFOUA.....euvveereneeenreaneenneenseesseensesenseensesneesnsessesseensesnses 510
BOJIOTOB /1.B., EPOXIH K.I1O., KASAHIIEB C.1O., KOJJECHUKOB O.B.,
KVY3HELIOB C.H.

Bosmosxknoctn npumenernss HOK EMQOS 1.0 st uccnenoBaHus TEXHOJIOTHH

KBaHTOBOT'O PACTIPENIEIICHHS B CBOOOTHON ATMOCKEPEL. ... c.vveeeeereneenienrerierieienienienee 512
CAHTBEB A.A., ETOPOB B.1.

MHoromnons30BaTeNbCKast KBAHTOBAs CETh AN MHTEPHETa BEIlei Ha OCHOBE

CHCTEM KBAaHTOBOTO PacCHpeie/IeHUs KII0UeH Ha GOKOBBIX YACTOTAX.....c.crververvenne 514
BAXYC A.B., BOJITAHCKUU M.B., TPO®HMOB H.C., LIAXOBOU P.A.
Peanu3anus KBAHTOBOTO F€HEPATOPA CIYUANHBIX UHCEIL..c..vevereereeueenrennereervenveenees 516

BOJITAHCKUI M.B., BAXYC A.B., LIAXOBOM P.A., TPO®UMOB H.C.,
YEXJIOBA T.K.

HOCTOGpaGOTKa W aHAJIN3 BBIXOAHBIX JAaHHBIX KBAHTOBOTO reHepaTopa
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BOPOHLIOBA 1.0., TOHYAPOB P.K., TYIISIKOB JI.B., KUCEJIEB ®.]I.
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TIPOHUH A.A., TYEJIKUHA H.B., YCAYEB K.II., YNX C.A.
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B.IL JIPAUEB

CKOMKOBCKULL UHCIUMYM HAYKU U MEXHON02Ul

TUBPUIHBIE IIJIASMOH-KPEMHHMEBBIE YCTPOHCTBA
B UHTET' PAJIbHON ®OTOHUKE

O6cyxnatorcs (JOTOHHBIC MHTETPaIbHBIE CXEMbl HA OCHOBE KPEMHHI-HA-H30JATOpE C
UCIIONB30BaHUEM IIIA3MOHHBIX CTPYKTYp ISl OyIyIuX IPUMEHEHUH U TeKyIHUi cTaTyc.

V.P. DRACHEV
Skolkovo Institute of Science and Technology

HYBRID PLASMON-SILICON DEVICES
FOR INTEGRATED PHOTONICS

We discuss photonic integrated circuits based on silicon-on-isolator with plasmon
structures for potential applications and status.

OxuaeMoe o0bequHeHNEe (POTOHUKH M AJICKTPOHUKH Ha eNHOI Tiardopme
NpUBEAET K TNPOPHIBHBIM H3MEHEHUSIM B TEXHOJIOTHSX TEJICKOMMYHHKAIIHH,
LIEHTPOB 00pabOTKM NaHHBIX M BHICOKOIPON3BOAMTENBHBIX BIUUCICHUH. Cpenu
MEepPCTIEKTUBHBIX TNPUMEHEHHH KpPEeMHHEBOH ()OTOHMKHM HW3BECTHBI TaKHe Kak
ONITOTEPArepIOBbIA peoOpa3oBareIb/TeHepaTop u KOT€PEHTHOE
JETeKTHPOBaHUE  TEpPareploBBIX CHUTHAJIOB s  OECIIpOBOAHOW  CBA3M
clemyiomero TmokoseHHs [l] W IIMPOKOMOJOCHBIX  aHAJIOTO-IU(PPOBBIX
nmpeoOpaszoBareleil Juana3oHa CBEPXBBICOKUX 4acToT [2].

O4eBHIHBIM NPEUMYIIECTBOM TEXHOJIOTHH KpeMHuil-Ha-m3omsrope (KHI)
SBISIETCA  COBMECTMMOCTh C  CYHIECTBYIOIIMMH  MOJYHPOBOAHUKOBBIMH
TEXHOJIOTHSIMHA TIPOM3BOACTBA «KOMIUIEMEHTAPHBIX CTPYKTYp METaJuI-OKHCEI-
noxaynpoBogHuk» (KMOII). Opnako, MOMBITKH HaNpsAMYI0 HHTEIPUPOBATh
tdororryr0 ¢(yakmmonambHOCTE B KMOII winm OHIOISIpHBIE KPEMHHEBEIC
TUTACTUHBI 03 BHECEHMS KAKUX-THO0 TEXHOIOTHUECKIX M3MEHEHUH TIPHBOIUIIA
K MOIYYEHUIO YCTPONCTB C HU3KOW MPOM3BOAMUTENBHOCTBIO U HKOHOMHUYECKU
HEoIpaBIaHHbL. BMecTe ¢ TeM, kpeMHU SBIsSeTCa NOAXOAAIEH MaTepualbHON
6azoif U1 co3maHus (OTOHHBIX YCTPOMCTB, TaKkKe KaK M SJIEKTPOHHBIX.
brnarogapst BEICOKOMY KOHTpacTy MOKa3aTelsl NMPEeIOMIICHUsl, OCHOBHAs MOAa
st TE-nonsipusanuy BOJTHOBO/A UMEET KOMITAaKTHBIE pasMepsl, 500 x 220 HM
1pY ATFHE BOJHEI 1550 HM 1 HU3KUX MOTepsx, mopsiaka 3 nb/cm.
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Hens xpemHMEBO#l (OTOHWKH — pa3paboTaTh (OTOHHBIE CXEMBI, Ine
uHdopmarust OecHpensaTCTBEHHO IepefaeTcsi M3 JJIEKTPOHHOW o00nacTH B
ONTHYECKYl0 ¥  o0parHO. IlepcreKTHBHBIM  HAampaBJICHHEM  SIBISETCS
ruOpuau3anyss KpEeMHHUEBBIX BOJIHOBOJOB C IUIA3MOHHBIMU CTPYKTypamMH B
HarpaBJIeHHbIH OTBeTBHUTEINb. [loBepXxHOCTHBIE TIa3MoH-nossiputonsl (I1I1IT)
pacnpoCTPaHAIOTCS BAOJIb IPAHUL], pa3AESIOINX H30TPOIHBIE AUIIEKTPUKU U
Mmeraundeckue Marepuansl. [IT1I1 o6pa3yloT J0KanIn30BaHHbIE, 3aBUCSIIHE OT
COOTHOIICHHS JHUINICKTPHUECKUX IPOHUIAEMOCTEH ONTHYECKHE OTKIMKH.
CBOJCTBa JIOKATIHM3AaLUM W YyBCTBUTEIBHOCTh K KOHIEHTPALMH 3ICKTPOHOB
Metamta faenatoT IIIII1 nHTEepecHBIM KOMIOHEHTOM (POTOHHBIX HHTETPaJIHHBIX
CXEM B YaCTH OITORJIEKTPOHHOTO IpeobpazoBanus. [loBeneHne HanpaBIeHHOTO
OTBETBUTEIS] MOXKHO PpAcCUMTaTh C IIOMOILIBIO TEOPUH CBSI3aHHBIX MOI.
I'mOpuaHas WHTErpaNbHast TEXHOIOTHS KPEMHHEBOH (OTOHMKH W IUTa3MOHHUKH
M03BOJISIET M3TrOTABIMBATh 3()()EKTUBHBIE AIEKTPOONITHYECKHE YCTPONUCTBA.

B noxnazne OynyT oOCyIarbcsi MEPCIEKTHBHBIC PUMEHEHUSI KPEMHUEBO
¢doronnkn u mpencrasieHsl pabotel JlaGoparopun Ilnasmonmku Ckonrexa
[3 - 6] mo pa3paboTke (POTOHHBIX MHTETPAIBHBIX CXEM I OMTOICKTPOHHBIX
KOMITOHEHT Paano()OTOHUKH U HOBOTO TTOKOJICHHUS OECITPOBOIHOM CBSI3H.

Cnucok aumepamypul

1. Harter T., Muehlbrandt S., Ummethala S., Schmid A., Nellen S., Hahn L., Freude W.,
Koos C. Silicon-plasmonic integrated circuits for terahertz signal generation and coherent detection
// Nature Photonics. 2018. V. 12. P. 625-633.

2. Crapukos P.C. ®oronnsre ALl / Yenexu coBpeMeHHOH paauodneKTpoHukH. 2015. Ne 2.
C. 3-39.

3. Pshenichnyuk L.A., Nazarikov GI., Kosolobov S.S., Maimistov A.L,, Drachev V.P. Edge-
plasmon assisted electro-optical modulator // Phys. Rev. B. 2019. V. 100(19). P. 195434.

4. MaiimucroB A.U., ITmennanrok U.A., Kocono6os C.C., [paues B.I1. Ilenouku cBsI3aHHBIX
MHKPOPE30HATOPOB B HHTErpanbHoi ontuke / [puknaguas porornka. 2020. T. 7. Ne 2,

S.Zemtsov D.S.,  Zhigunov D.M.,  Kosolobov S.S.,  Zemtsova AK.,  Puplauskis M.,
Pshenichnyuk I.A., Drachev V.P. Broadband silicon grating couplers with high efficiency and
robust design // Optics Letters. 2022. V. 47. No. 13.

6. Koconooos C.C., ITmenwunrok U.A., Xurynos .M., 3emuos /I.C., Kocomo6os B.C.,
Jlpades B.I1. IlnaHapHBIA 3/1€KTPOONTHYECKHI MOIYIATOp cBeTa Ha moneBoM 3¢dekre
BO30Y)KIEHHUSI YIIIOBBIX IUIA3MOHOB B THOpHIHOM BonHOBozE. [Tarent PD 2021125699/28(054303).
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MEPECTPAUBAEMBIE OITUYECKHUE CBOMCTBA
HAHOYACTHUI INXAJBKOI'EHUJI0B ITIEPEXOJHbBIX
METAJUUIOB, CHUHTE3UPOBAHHBIX C IOMOILIBIO
JA3ZEPHOM ABJISILIAU U ®PATMEHTALIMHA

IIpencraBieH NHHOBALMOHHBIN MOAXO0J K YIIPABICHUIO PE30HAHCHBIMH CBOHCTBaMH
HaHovactul (HY) Ha ocHOBe OOBEMHBIX AMXAIBKOTCHHJOB INEPEXOIHBIX METaJlIOB,
HOJTy4aeMbIX IOCPEACTBOM JIa3epHOH almsiuu ¢ mociexyromedl Moaudukanuendn ux
XUMHYECKHX W ONTHYECKHX CBOIHCTB B TMpoIecce Ja3epHOH (parMeHTanum.
Tlomygaempie HY o00nagaroT SIpKAMH SKCHTOHHBIMH, a TakkKe pe3oHaHcaMH Mu B
BHIUMOH 001acTH CHeKTpa, 00JIaJaf0T PEKOPAHBIMU 3HAYEHHSMH (OTOTEPMHIECKOTO
OTKJIHKA, TIPH TOM COBMECTHUMBI C OHO00BEKTaMH.

A.S. CHERNIKOV!, G.I. TSELIKOV?, M.Yu. GUBIN'2,

A.V. SHESTERIKOV'? K.S. KHORKOV', G.A. ERMOLAEV?,
LS. KAZANTSEV?, A M. MARKEEV?, G.V. TIKHONOWSKP,
R.I. ROMANOV?, A.A. POPOV?, 0.0. KAPITANOVA*, A.V. SYUY?,
D.A. KOCHUEV', A.Yu. LEKSIN', D.I. TSELIKOV?, A.V. ARSENIN?,

A. V. KABASHIN®, V.S. VOLKOV?, A.V. PROKHOROV'?

"Viadimir State University named after Alexander and Nikolay Stoletovs
’Moscow Institute of Physics and Technology (National Research University), Dolgoprudny
3National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
“Lomonosov Moscow State University

TUNABLE OPTICAL PROPERTIES OF TRANSITION METAL
DICHALCOGENIDE NANOPARTICLES SYNTHESIZED
BY LASER ABLATION AND FRAGMENTATION
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Innovative approach for control of the resonance properties of nanoparticles (NPs)
fabricated from bulk transition metal dichalcogenides obtained by laser ablation with
subsequent modification of their chemical and optical properties during the process of
laser fragmentation is presented. The obtained nanoparticles possess the bright exciton
and Mie resonances in the visible region of the electromagnetic spectrum, the record
values of photothermal response, and are compatible with biological objects.

B nanHO# pabore mpeanaraercss KOMOMHUPOBAaHHBIM METOJ JIa3epHOM
abmsiin/pparmenTanuu s cuate3a MoS, Hanowactur, (HY) (puc. la). 3a
cuéT Caboi CBA3M MEKIY CIOSIMHU B JUXATBKOTCHUIAX MEPEXOTHBIX METAIIIIOB
ymaetcst cuHTe3upoBatb HY wmaeanmpHON cdepudeckoir GopMbl, a Takxke
nony4ate obOomoueynsie HY (puc.16). Ilpm 3TOM BBICOKHMIA TOKa3aTelb
npeaomiieHus: MoS; TMO3BOJISET peanu30BaTh pPE30HAaHCHl MM B BUAMMOH
obmacti cmektpa s Manbix HY, ompenensiommx ONTHYSCKHE CBOMCTBa
pactBopoB (puc. 18). KiroueBEIM MOMEHTOM TOCTY)XWiIa pa3paboTka
CTpaTeTHN HACTPOWKH ONTHYCCKAX U (POTOTEPMUUYECKHX CBOICTB PAacTBOPOB,
00yCIIOBJICHHON mMpeBpalieHueM HcxoaHoro MoS; B cybokcun MoO; mpu
¢dparmenraruu (puc. 12). 3aMedaTeNbHOW OCOOCHHOCTHIO CHHTE3UPOBAHHBIX
MoOs x HY cTano coBmenieHne UMH SIPKAX SKCUTOHHBIX, 4 TAK)Ke PE30HAHCOB
Mu B nuanazone 400 - 800 uM, Hamuure GOTOTSPMHUUECKOTO OTKIHKA, B 8 pa3s

MPEBBIILIAIONIET0 aHaoruaHbIi st Si HY.

'

Puc. 1. [I9M-n306pakenust MoS: HY noce nazepHoit ¢pparmenranun B sTaHone (a) u (),
KOJUIOMHBIE PACTBOPHI IPU pa3HOM BpeMeHH ¢parmeHTanut (6); EDX-kapTupoBaHue
xumuueckoro cocrasa HU B 3aBHCHMOCTH OT BpeMeHH (parmeHTanus (2)

Pabora BeImoNHEHAa TpHM TOAEpKKe MUHHCTEpPCTBA HAayKH M BBICIIETO
obpazoBanuss PO (moroBop Ne 075-15-2022-1150), a Ttakke moamepkaHa
rpaaTamMu PH® Ne 22-22-01020 u Ne 21-79-00206.
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NHAYHUUPOBAHHBIE JIASBEPHBIM U3JITYYEHUEM
BAPUAIIMA MAKPOCKOINYECKOM ITPOBOANMOCTHA
B AHCAMBJIAX HOJYITPOBOJHUKOBBIX HAHOYACTHIL
BBJIM3U ITOPOT'A TIPOTEKAHUA: BJIMSAHUE
MEXYACTUYHOI'O U BHYTPUYACTHYHOI'O
TPAHCIIOPTA HOCUTEJIEA 3APSJIA

IIpencraBnensl pe3yabraTbl HCCIEAOBAaHUM MAaKpOCKOIIMYECKON MPOBOAMMOCTH
CJI0€B TIIOTHOYNAKOBAaHHBIX MOMYNPOoBOAHNKOBBIX HaHouacTHIl (TiO2) mpu Bo3aeiicTBrI
JIa3epPHOTO M3Ty4YeHUs] BOMHM3M Kpas MONOCH! (PyHIaMEHTAILHOTO MOMIOMIEHHS YaCTHIIL.
IIpennoxena (eHOMEHOIOTNYeCKast MoJIeTb nepeHoca OCHOBHBIX u
(OTOMHAYIMPOBAHHBIX HOCHTENEH 3apsiia B CJIOSX BOJIM3M IIOpOra IPOTECKAHMS.
VYcraHOBIEHBI  OCOOGHHOCTH — TOBeICHWS  (IyKTyaMOHHOW — COCTAaBIISIOIIECH
(hoTOMPOBOAUMOCTH BOIHM3H MOPOTa, 0OYCIIOBICHHBIC OJIOKMPOBAHHEM CTOXACTUYCCKUX
KaHaJIOB NPOBOJAMMOCTH B O0BEME CIOEB B pPE3ybTaTe JIOKAJTU3allMd HOCHUTENeH Ha
JIOBYIIKAX B YaCTHI[AX.

D.A. ZIMNYAKOV'?, S.S. VOLCHKOV'

"Yury Gagarin State Technical University of Saratov
’Institute for Precision Mechanics and Control Problems of the RAS, Saratov

LASER-INDUCED VARIATIONS IN THE MACROSCOPIC
CONDUCTIVITY IN ENSEMBLES OF SEMICONDUCTOR
NANOPARTICLES NEAR THE PERCOLATION THRESHOLD:
EFFECT OF INTERPARTICLE AND INTRA-PARTICLE
CARRIER TRANSFER

The results of studies of the macroscopic conductivity of layers of close-packed
semiconductor nanoparticles (TiO2) under laser irradiation near the edge of the
fundamental absorption band of particles are presented. A phenomenological model for
the transfer of majority and photoinduced charge carriers in layers near the percolation
threshold is proposed. The features in the behavior of the fluctuation component of
photoconductivity near the threshold, which are caused by the blocking of the stochastic
conduction channels in the layers due to carriers localization on traps in the particles, are
established.
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JlucniepcHble CHCTEMBI Ha OCHOBE IOJYNPOBOAHUKOBBIX HAHOYACTHI[ B
HACTOAIIEe BpeMsl NMPUMEHSIOTCS JUISI CO3aHUs XEMOPE3UCTUBHBIX CEHCOPOB
[1,2]. OgHuM #3 BO3MOXKHBIX IMOJXOAOB K YIYYIICHUIO (PYHKIHOHAIBHBIX
XapaKTEepUCTUK IT0JJOOHBIX CEHCOPOB SBISCTCS YBEIMYCHHE KOHIICHTpAIUU
CBOOOIHBIX 3apsZoB B O0BbEME JAMCIIEPCHOTO YYBCTBHTEJIBHOTO CIIOSI B
pe3ysabTare BO3ACHCTBHS J1a3€pPHOTO M3JIYUYEHHUS B I0J0ce (YHIAMEHTAIHHOTO
nornomeHuss Mmarepuana dactun [3]. MccrnemoBaHus BIMSIHMSA JIa3€PHOTO
M3JIy4eHNS] HAa MAKPOCKONMMYECKYI0 MHPOBOJMMOCTH IOJOOHBIX AHMCIEPCHBIX
CHCTEM IIPEACTABIIIIOT HE TOJNBKO NMPUKIAIHOW MHTEepec. B wacTtHOCTH, OHHM
MO3BOJISIIOT BBISIBUTH (DYHAAMEHTAJIBHBIE OCOOCHHOCTH B3aUMOCBSI3EH MEXKITY
XapaKTepPUCTUKaMU  JIOKAIBHBIX  IIPOIECCOB  BHYTPUYACTUYHOTO U
MEKYaCTUYHOTO MEPEHOCa OCHOBHBIX M (DOTOMHIYIMPOBAHHBIX 3apsiioB U
MHTETPATBHON IIPOBOANMOCTHIO CHCTEM BOJIM3H TOPOTa MPOTEKAHUSL.

B pabore mnpencTaBiIeHbl pe3ynbTaThl HCCIEIOBAHUIN 3IEKTPUUECKON
MPOBOJMMOCTH CJIOEB IUIOTHOYIAKOBAaHHBIX HaHowacTul TiO, (aHaraza) B
pekuMe MpoTeKaHus MocTossHHOro Toka (oT 0.5 mo 2.0 HA) uepe3 ciou mpu
BO3/IEHCTBUM MMITYIbCHO-IIEPUOMUECKOTO JIa3€PHOTO H3IYyYEHHUs C JUIMHOU
BOJIHBI OT 355 1m0 480 HM U B OTCYTCTBHE BO3JCHCTBHS (TEMHOBOW PEXUM).
Cnou wHaHoyacTull (CpemHuil auaMeTp OkojJo 25 HM) (hopMUpOBaAIUCH
OCAXJICHHEM 4YacTUIl W3 BOAHBIX CYCICH3MH Ha KBapIEBbIE MOAJIOXKH C
IUIOCKUMH ~ BCTPEUYHO-IITBIPDEBBIMH  snekTpoxubiMu  (Pt)  cucremamm.
Pazpaborana (eHOMeHONOTHYECKass MOJENb IepeHOca  OCHOBHBIX U
(hOTOMHIYIIMPOBAHHBIX HOCHTEIEH 3apsia B CIOSX Ha OCHOBE IPEJCTaBICHUI
0 (OpMHUPOBAHMM M HBOJIIOIMU aHCAMOJeld HE3aBUCHMBIX CTOXACTHYECKHX
KaHAJIOB TIPOBOJUMOCTH (TIEPKOJAIMOHHBIX KIACTepOB) B 00BEME CIIOEB.
YcTaHOBNIEHO, YTO BOMM3M MOpOTra MPOTEKAHUS OTKJIMK MPOBOAMMOCTH CIIOEB
Ha KpPaTKOBPEMEHHOE HMITYJIIbCHOE BO3/ICHCTBHE JIA3€PHOTO W3IY4YECHHS B
nojoce (hyHIAMEHTANbHOTO TOMIOUICHUS OOYyCIOBICH BHYTPHYACTHUYHBIM
MmepeHocoM  (DOTOMHIYIIMPOBAHHBIX  HOCHTENEH C HX  TOCIEAyIoeH
JIOKJIM3aIKel Ha JIOBYIIKaX B 00bEME U Ha MOBEPXHOCTH HAHOYACTHII.

B pesynbrare mpOBEAEHHBIX OKCHEPHMEHTAIBHBIX W TEOPETHUECKHX
UCCIIEOBAHUI TIPEAJIOKEHbI HOBBIE IOAXOJABI K JIA3€PHON JHMAarHOCTHKE
AMEKTPOPU3NUECKIX W ONTHYECKHX CBOHCTB YacTHYHO  MPOBOJSIIMX
JUCTIEPCHBIX CUCTEM.

Pabora BbImONHEHA TIpH (MHAHCOBOHM mojyepkke rpaHta PH® Ne 22-29-
00612.

Cnucox 1umepanypul
1. Espinosa E.H., lonescu R., et al. / Sens. Actuators B Chem. 2007. V. 127. P. 137-142.
2. Liu X., Ma T., et al.// Adv. Funct. Mater. 2017. V. 27. P. 1702168.
3. Zimnyakov D., Vasilkov V., et al.// Nanomaterials. 2018. V. 8. P. 915.
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Opszunckuil Guauanr Hnemumyma paouomexHuxu u 3J1eKmpOoHUKU
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CJIYYAMHBIE BOJIOKOHHBIE JIA3EPHI C PE3OHATOPOM
HA OCHOBE UTTEPBHUEBOI'O OIITUYECKOI'O BOJIOKHA
C MACCHUBOM BOJIOKOHHBIX BPAITOBCKHX PEHIETOK

B pabore mpeACTaBIEHbI IOCICAHHE PE3YIBTaThl MO CO3JAHHIO «CIy4aitHBIX»
BOJIOKOHHBIX JIa3€POB C PE30HATOPOM Ha OCHOBE HUTTEPOHMEBOTO ONTHYECKOTO BOJIOKHA
(OB) ¢ maccuBOM BOJIOKOHHBIX OparroBckux peméTok (BBP) 3anmcanHpIx B mpouecce
BeITsDKKH OB. Ilomydena nasepHast reHepanys ¢ MaKCHMajJbHOH 3(deKTHBHOCTHIO
33 %.Ha JyiuHax BoaH 976 n 1060 HM npu Hakauke Ha AIMHE BOJIHBL 907 HM.

S.M. POPOV, O.V. BUTOV', A.A. RYBALTOVSKII',
D.V. RYAKHOVSKIIL, D.S. LIPATOV?, A.A. FOTIADP,

Yu.K. CHAMOROVSKIY

Fryazino branch of Kotelnikov Institute of Radio Engineering and Electronics of the RAS
IKotelnikov Institute of Radio Engineering and Electronics of the RAS, Moscow
’Devyatikh Institute of Chemistry of High-Purity Substances of the RAS, Nizhny Novgorod
3Ulyanovsk State University

RANDOM FIBER LASERS WITH A CAVITY
BASED ON YTTERBIUM DOPED OPTICAL FIBERS
WITH ARRAYS OF FIBER BRAGG GRATINGS

The paper presents the results on the creation of «randomy fiber lasers with cavity
based on ytterbium doped optical fiber with an array of fiber Bragg gratings inscribed
during the OF’s drawing process. Lasing with a maximum efficiency of 33 % was
obtained at wavelengths of 976 and 1060 nm with pumping at a wavelength of 907 nm.

JlocTaroyHO HOBBIM  HANpaBJIEHHWEM HCCIENOBAaHUN  SABISIOTCS  T.H.
«CIy4aiiHpIe» BOJOKOHHBIC J1a3ephl. B Takux Iazepax oOpaTHas CBs3b
JocTUTaeTcs 3a Ccu€T paccesHus Poanes, a ycmnenme 3a cuér 3ddexros
paccestaust Pamana [1] win BPMB [2]. Panee Obina monydeHa ogHOYACTOTHAS
na3zepHasi TeHepanus Ha JJIMHe BOJIHBI 1547,6 HM B OB nerupoBaHHBIM HOHAMH
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3pbusi ¢ pe3oHaropoM u3 maccuBa BBP cocrosmmm m3 500 otpaxareneit
(obmas gmuHa pe3oHatopa 5 M) [3]. 3amuch MaccHBa BBIMOIHICTCS BO BpPEeMs
BEITSDKKH OB ¢ momonipio skcuMepHoro Yd-naszepa paboTarouiero Ha JJIMHE
BonmHbI 248 HM. B gaHHOW pabore mOMIET peub 00 IKCHEPHUMEHTaX IIo
CO3IAHUIO «CITyYalHBIX» UTTEPOMEBBIX JIa3epOB pabOTAIOIUX Ha AJIMHAX BOJIH
1060 [4] u 976 um [5]. dna co3maHusi pe30oHATOpPOB Ha JyMHBI BoH 1060 u
976 HM HCIOJB30BAJKCh (Pa30BbIC Macku ¢ mepuomoM 729,5 u 671,2 uM, a
JUTMHB PEe30HAaTOpOB MMenu BennuuHy 20 U 6 M, COOTBETCTBEHHO. I1ITOTHOCTH
3ancu MaccuBoB BBP — 100 %, To ects maccus BBP momHocThio mokphIBacT
obpasmer OB (1 m=100 BBP). [lns mnoxydeHus Ja3epHOW TeHEpaIuu
HCIIOJIF30BAJIACH TaK Ha3bIBaeMasl CXxeMa «BCTPEUHON» Hakauku Ha A = 907 HM.

Ha puc. 1 moka3ana gacrorHas (OFDR) peduexrorpamma obpasma OB ¢
BEP. [lpeBrimienne curHana Hajg ypoBHeM Panes — 50 1b Ha 1yivHE BOJIHBI
1548 um. Jluneiinas (slope) ahpdhekTHBHOCTS J1a3epHON T'eHepaIy Ha JIMHAX
BomH 976 u 1060 HM nocturaer BenuuuHBl 33 % (puc. 2). IlomyueHHas
Jla3epHasi TeHepanus JJst 000X ClTy4aeB — y3KOIOJIOCHAsI U HETIPEephIBHAS, YTO
o0BsicHseTCS (POPMUPOBAHHEM JTUHAMHYECKHUX peréTok [3].
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ACCTOSIHUE, MM MomHOCTh HAKAYKH, MBT
Puc. 1. OFDR pednexrorpaMma Mmaccusa Puc. 2. BeixoiHast MOIIHOCTh
BEP B utrep6ueBom OB (A = 1548 HMm, «cIydaitHOIl» a3epHOl reHepauu
nepuoa mMacku 1070 um) — mtotHOCTH 50 % Ha 976 HM oT Hakauku Ha 907 HM

JlaHHbIe J1a3epHble MCTOYHUKH M3JYy4YEeHUs] MHTEPECHBI JUIA NPUMEHEHHS B
OGuoMenMIrHe, MUKPOXHUPYPTHH U B JIA3€PHBIX CHCTEMaX OOJIBIION MOIHOCTH.

Pabora BhITIONHEHa B paMKax TOCYJapcTBEHHOro 3amaHus. Pabora
A.C. JlunaroBa mopnepxxana PH®  (mpoexr Ne 22-19-00511). Pabota
A.A. @ornamu nopnepxana MUHHCTEPCTBOM HAayKH M BBICIIETO 0Opa30BaHUA
P® (mpoext Ne 075-15-2021-581).

Cnucox numepamypei
1. Turitsyn S.K., Babin S.A., e. al. / Nature Photonics. 2010. V. 9. P. 231.
2. Fotiadi A.A. // Nature Photonics. 2010. V. 4. P. 204.
3. Popov S.M., Butov O.V,, et.al. // Results in Physics. 2020. V. 16. P. 102868.
4. Rybaltovsky A.A., Popov S.M., et al. // Fibers. 2021. V. 9 (9). P. 53.
5. Rybaltovsky A.A., Popov S.M., et al. // Photonics. 2022. V. 9. P. 840.
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E.IL. TIOXUJAEB, C.IT. KOTOBA!, C.A. CAMATWH!,
B.A. BAPBFAIIIOB

Quszuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mockea
ICamapcruii punuan Puszuueckozo uncmumyma um. I1.H. Jlebedesa PAH

KUIKOKPUCTAVIMMECKHUE CETHETOJJIEKTPUKHN
KAK JIEKTPOOIITUYECKHUE CPE/JIbI BBICOKOYACTOTHBIX
TEHEPATOPOB BUXPEBBIX CBETOBBIX ITIOJIEA

BriepBrle co3naHa 3eKTpoynpaBsieMasi CeKTOpHasi CHUpaibHas (pa3oBasi IIaCTUHKA
Ha OCHOBE TeJIMKOUTIBHON HAHOCTPYKTYPHI KUIKOKPUCTAIUINYECKOTO
CETHETOdJIEKTpHKaA, paboTaromas Kak SJIEKTPOONTHYECKas Cpega HPOCTPAHCTBEHHO-
BPEMEHHOTO  MOJYyIsTOpa  cBeTa,  olecrmedmBaromero  (GopmMupoBaHHEe U
PEKOH(MUTYPAIMIO aKCHAIBHO-CHMMETPUYHBIX BUXPEBBIX CBETOBBHIX IOJIEH C YaCTOTOH
go 3 x['m, 9ro Ha 1Ba mopsAKa OONBINE, YEM Yy HM3BECTHBIX KUAKOKPHCTATIMIECKHX
MPOCTPAHCTBEHHO-BPEMEHHBIX  ()a30BBIX MOIYISITOPOB CBETA, HCIONB3yEMBIX B
COBPEMEHHBIX CBETOBBIX (ha30BBIX MAaTPHILAX U B KBAHTOBBIX IIMHIIETAX.

E.P. POZHIDAEYV, S.P. KOTOVA!, S.A. SAMAGIN!, VA. BARBASHOV
Lebedev Physical Institute of the RAS, Moscow
ISamara Branch of Lebedev Physical Institute of the RAS

FERROELECTRIC LIQUID CRYSTALS
AS THE ELECTROOPTICAL MEDIA OF HIGH-FREQUENCY
VORTEX LIGHT FIELDS GENERATORS

For the first time, an electrically controlled sectoral spiral phase plate based on a
helical nanostructure of a ferroelectric liquid crystal has been created, which operates as
an electro-optical medium of a space-time light modulators that provides the formation
and reconfiguration of axially symmetric vortex light fields with a frequency of up to
3 kHz, which is two order of magnitude greater than that of the known liquid-crystal
space-time light modulators used in modern light phase matrices and in quantum
tweezers.

B renukonnanbHBIX KUAKOKpUCTAITNIECKUX cerHeToannekTpukax (JKKC) ¢
CyOBOMHOBBIM ImaroM po<<A (A —yIMHa BOJHBI CBEeTa) HAOIIOMAETCS
AIIEKTPOONTHUECKUI dPPEKT AePOPMUPOBAHHOTO DICKTPUISCKAM  IOJIEM
remukonna, m3BectHelin kak deformed helix ferroelectric (DHF) addexr [1, 2].
OTOT 3PQEKT MO3BOISAET OCYIICCTBIATh HEMPEPHIBHYIO H OC3TUCTEPE3UCHYIO
ANEKTPOYIPABIIEMYI0 MOAYIAIHIO (pa3oBoro casura AD 31eKTpOMarHUTHOM
BOJIHBI, npoxoasameil ckBo3p ciaoi KKC. Bpemst usmenenus nox aedcTBHEM
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NMEKTPUUECKOTO MONsA (Pa30BOTO CABHIa JIa3€pHOTO WM3IYUYCHHS B HHTEpBAle
sHauenniit 0 < AD <21 8 DHF-3¢dexre mopsaxa 10 ¢, n He 3aBUCHT OT
tommuesl  cnos  JKKC, B ommume OT KOMMEPUYECKH JIOCTYITHBIX
MPOCTPAaHCTBEHHO-BPEMEHHBIX (Aa30BBIX MOIYJSITOPOB CBETa Ha OCHOBE
HeMarnueckux xunkux kpucramwioB (HXKK) ¢ TunnyHeIM 3HaueHneM BpeMEHU
orknuka okono 10 c¢. Ynomsuyroe npeumymectso JKKC nepex HIKK
MO3BOJIMJIO  CO3/1aTh  ONTORJIEKTPOHHBIM TeHepaTop, OOecHeyrBaloOuid B
PEKUME 3JICKTPOYIPABIIEMON CEKTOPHOM CIUpanbHON (Da30BOM IUIACTHHKH
(dopmupoBaHHuE M PEKOHQUTYpalUIO AKCHAJIbHO-CHMMETPHYHBIX BHXPEBBIX
CBETOBBIX Toel ¢ gacToToit 10 3 k['m. Bbrok-cxema mpubopa W WIDTFOCTpanus
ero paboTHI MPHUBEIEHHI Ha pHC. 1.

o5 & %
e 0 O 0O

Puc. 1. KpyroBast cekropnas cnmpanbHas ¢aszoBas miactuaka (CCOII) Ha ocHoBe
renukouanbHod HaHOCTPYKTYphl JKKC: / M 2 — CTEKJISIHHBIE TOJIOKKH, TOKPHIThIE
HOJTYIPOBOJHUKOBBIMU Ipo3pauHbIMU tekTpogamu ITO, pa3nenéHHpIMU Ha ABEHAIATh
HE3aBHCUMO YIPABISEMbIX M30JIMPOBAHHBIX CEKTOPOB Ha OIHOM MHOANOXKe —3 WM
CIUIOIIHBIMU Ha JAPYroM, MPOTUBOIOJIOKHOM — 4, 50 MKM crieiicepsl, 3a/1al01I1e TOJIIIUHY
ciost XKKC — 5 (a); O1mok-cxemMa onTodJIeKTpOHHOTO Tprbopa (b): KOHTpoJutep MomaéT Ha
cextopa CCOII nampspkeHms, 00ecCIeunBaloONie pacuyéTHOE paclpeneNneHne (pa3oBBIX
C/IBUTOB cBeTa (Kak Ha puC. 1¢); MIKaja ceporo CTYIEHUYaThIX pacIpeelieHuH (a3oBoro
ciBura (B rpagycax), HeOOXOAUMBIX IS (pOpMUPOBaHMS BHXPEBEIX CBETOBHIX ITOJIEH C
TomoyornyeckumMu  3apsgamu m=1,2,3,4 (c); QopMupyeMble ONTOAIEKTPOHHON
CXeMOH aKCHaIbHO-CHMMETPHUYHBIC BHXPEBbIE CBeTOBbIe moisi (A= 632,8 HM), annHa
TIOJIOCKH JIJIsl OLICHKU pa3Mepa BUXPEBBIX CBETOBBIX moueit — 1 MM (d)

Cnucox aumepamypboi
1. Beresnev L.A,, et al. / Liq. Cryst. 1989. V. 5. P. 1171.
2. Pozhidaev E.P., et al. // J. Mol. Lig. 2022. V. 397 (12). P. 120493.
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B.H. BEJIBIM, H.A. XUJIO, ILU. POIIOT, H.C. KA3AK!

Hucmumym ¢pusuxu um. 5.1, Cmenanosa HAH benapycu, Munck
ITHIIO «Onmuxa, onmosnexmponuxa u nasepuas mexnuxa» HAH Benapycu, Munck

CYHEPIIO3UIIUH BECCEJIEBBIX CBETOBBIX ITYYKOB
JJIs1 OIITHYECKOU CBA3U B CBOBOJIHOM
INPOCTPAHCTBE

IIpennoxeHo MUCIOIB30BaTh CYNEPINO3ULIUH OECCENEBBIX CBETOBBIX ITyYKOB BBICIINX
MOPAIKOB JUI Tepefaud MH(pOpMalMu B CBOOOAHOM HpOCTpaHCTBE. PaccMmorpeH
HIpUMep ONTHYECKOH CHCTEMBI IepeAadl, BKIIOYAIONel TeHepaTop OecceneBbIX MydIKOB
U WX CyNepHO3UNUH, 3IEKTPOONTHYECKUIl MOIYIATOP ISl  MEPEKITIOUCHUS
MPOCTPAHCTBEHHBIX MO, a TAK)KE U3ITydaTeNb U IPHEMHUK.

V.N. BELYI, N.A. KHILO, P.I. ROPOT, N.S. KAZAK!
B.1. Stepanov Institute of Physics of the NAS of Belarus, Minsk
ISSPA “Optics, Optoelectronics and Laser Technology” of the NAS of Belarus, Minsk

SUPERPOSITIONS OF BESSEL LIGHT BEAMS
FOR OPTICAL COMMUNICATION IN FREE SPACE

The superpositions of higher-order Bessel light beams are proposed for the
transmission of information in free space. An example of an optical transmission system
including a generator of Bessel beams and their superpositions, electro-optical
modulator for switching spatial modes as well as a transmitter and a receiver are
considered.

B mnactosimiee Bpemsi HamOojee MEPCIEKTHBHBIA MOAXOJ K peaM3alliu
ONTHYECKOH CBSA3M B CBOOOJHOM IIPOCTPAHCTBE OCHOBAH HA HCIOJIb30BaHWU
CBETOBBIX ITy4YKOB C BHHTOBBIMU (Da30BBIMM JHCIOKAIMAMH (BOPTEKCAMH),
obnmamaomuMu  OpOUTAIBHBIM ~ YIJIOBBIM ~ MOMEHTOM. OTO  BBI3BaHO
MOBBIIIEHHONW YCTOWYMBOCTHIO JAHHBIX JTUCIIOKAIMKA K IIYMOBBIM (hakTopam,
BO3HHUKAIOIIUM IIPH PacIpoCTpaHeHHH B aTMmocdepe. Hambompmnii ycrex B
3TOM HANpaBJIEHUH JOCTUTHYT B paboTax aBcTpuiickoi mkoinsl (A. Zeilinger,
M.Krenn u gap.). Tak B [l] mma mepemaunm u300pakeHWH B CHIIBHO
TypOyJIeHTHOH aTMmocdepe MpeaokKeHO HCIOoIb30BaTh 16 cynepno3unui
narepp-rayccoBbix (JII)) Ty4koB C NPOTHBOMOJIOKHBIMH OpPOWUTAIBHBIMHU
YIJIOBBIMM MOMEHTaMM, YTO T[O3BOJWIO IepelaTb Ha PacCTOSHHE TpU
KWioMeTpa H300paxkeHHs ¢ 16-ypoBHEBOW INKaloOi Cceporo  IBeTa.
HccnenoBanus moka3zaiayd TakKe MOBBIIIEHHYK YCTOHUMBOCTb BOPTEKCHBIX JIT'
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My4KOoB K Jerpajanuud B atMocdepe. B [2] Obuia ocyimiecTBieHa mepemada
nndopmanmn Ha paccrosHue 143 kM B CBOOOJHOM IPOCTpPAaHCTBE. 37€Ch
ucnonszoBanuchk JII' myduxn nopsinkoB m==x1, =2 u +3, a mepexitoueHue
KOJIOBBIX CHMBOJIOB OCYILECTBIIAJIOCH IPOCTPAHCTBEHHBIM MOAYISITOPOM CBETA.

[Ipemiaraemplii HaMu METOJ| KOJMPOBAHUS U TIepenadyd HUHPOpPMALUU
Ipe/IonaraeT HUCIONb30BaHHE BOPTEKCHBIX OECCENeBBIX CBETOBBIX ITy4KOB
(BCII), a Takke MX CYNEPIIO3UIHiA, 00TaJar0INX TAKUMHU JOCTOMHCTBAMH, KaK
NOoaBJICHHAs TU(PaKINOHHAS PACXOAUMOCTb M CIOCOOHOCTh BOCCTAHOBIICHUS
MONEPEYHON CTPYKTYPHI 3a MPENATCTBUSIMU.

Jnst momydenust BopTekCHBIX BCIIT HCIMONb3yloTcss OTHOOCHBIM W (WIIH)
JIBYOCHBIA KpHCTAUIBI [3 - 6] B cxeme, B KOTOPOW BXOJIHOM TayCCOB ITy4YOK
KOJUTUMHPYETCS U 3aTeM mpeodpasyercs akcukoHoM B BCII HymeBoro mopsinka
¢ 3}dexTuBHOCTRIO ONMM3KOH K enuHMIE. B 3aBHCHMOCTH OT TOIAPH3AINA
MAaJIAI0IIeTO ITydKa, KOTOpasl YIIPABIIETCS DICKTPOONTHICCKUM MOIYIATOPOM,
Ha BBIXOJE MOXHO MONY4YHTh HeoOxoaumele BopTekcHble BCII umm ux
CyNepro3unuu, moka3aHHele Ha puc. l. Ilepen BeIxomoM B cBoOOmHOE
MPOCTPAHCTBO, MYYKH YBEIUYMBAIOTCS TejaeckonoMm. [l JeKoTupoBaHUs
N300paKeHNIT MOJKHO HCIIOJIb30BaTh, HAIPUMEP, ONTHYECKHE KOPPEISTOPHI, a
Takke 00ydJaronuecst HeHPOHHBIE CETH.

9] 6

a

Puc. 1. Ilpumeps! cynepnosuruii aAByx BCII ¢ m = 1 u m = -1 u 0THOCUTENILHOI
pazHocThio a3 0 ° (a), 30 ° (6) u 90 ° (8)

Cnucok numepamypui

1. Krenn M., et al. / New Journal of Physics. 2014. V. 16. P. 113028.

2. Krenn M., Handsteiner J., et al. // Proceedings of the National Academy of Sciences of USA
(PNAS). 2016. V. 113 (48). P. 13648.

3. Belyi V.N.,, Khilo N.A., Kurilkina S.N., Kazak N.S. //J. Opt. 2013. V. 15. P. 044018.

4. Belyi V.N., Khilo N.A., Kazak N.S., Ryzhevich A.A., Forbes A. // Optical Engineering.
2011. V.50 (5). P. 059001.

5. Belyi V.N., Kazak N.S., Kurilkina S.N., Khilo N.A. // Opt. Communs. 2009. V. 282. P. 1998-
2008.

6. Vasilyeu R., Dudley A., Khilo N., Forbes A. // Optics Express. 2009. V. 17. P. 3389-23395.
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THnemumym cucmem obpabomiu uzobpasicenuii PAH —
Gunuan ®PHUL] «Kpucmanioepagusa u pomonuxa» PAH, Camapa
2Camapckuii HAYUOHANbHBLI UCCIE008AMENbCKUL YHUBEPCUMEN
um. akao. C.I1. Koponesa

PACUET M UCCJIEJIOBAHUE «CITEKTPAJIbHBIX»
JUPOPAKIIMOHHBIX JIMH3, ®OKYCHUPYIOIINX
N3JIYYEHUE PA3JIMYHBIX JJIUH BOJIH
B PA3JIMYHBIE TOYKH

IIpemmoxen  Meroxm  pacuéra  «CIEKTPANbHBIX»  AUPPAKIMOHHBIX  JIMH3,
OCYIIECTBIAIOMNX pa3JieliecHHe U (DOKyCHPOBKY HECKOJNIBKMX pabOYuX JUIMH BOJH B
HECKOJIbKUX TOYKaX. Pe3ynpraTbl YMCICHHOIO MOJCIMPOBAaHMS PAaCCUMTAHHBIX JIMH3
HOATBEP)KNAIOT BBICOKYIO AS((EKTHBHOCTE MeTona. Pe3ynbraTbl MOAENUpOBaHUS
MOATBEPKAAIOTCA PE3y/IbTaTaMU AKCIIEPUMEHTAJIBHBIX UCCIECJOBAaHUM, BKJIIOYAOIIUX
U3TOTOBIICHHE «CIEKTPAIBHBIX» JIMH3 METOJOM IIPSAMOH JIa3epHOH 3amucu M HUX
HCCIIeIOBAHNE B ONTUIECKOM IKCIICPHMEHTE.

E.A. BEZUS'?, L.L. DOSKOLOVICH'?, R.V. SKIDANOV'?,
V.A. BLANK'?, S.V. GANCHEVSKAYA'?, V.V. PODLIPNOV %,
D.A. BYKOV'2 N.V. GOLOVASTIKOV'*

"Image Processing Systems Institute — Branch of the Federal Scientific Research Centre
«Crystallography and Photonicsy of the RAS, Samara
2Samara National Research University

DESIGN AND INVESTIGATION OF «SPECTRAL»
DIFFRACTIVE LENSES FOCUSING RADIATION
OF DIFFERENT WAVELENGTHS TO DIFFERENT POINTS

A method is proposed for designing “spectral” diffractive lenses separating and
focusing several operating wavelengths to several points. The numerical simulation
results of the designed lenses confirm high efficiency of the proposed method. The
numerical results are confirmed by the results of experimental studies including the
fabrication of “spectral” lenses by direct laser writing and their investigation in an
optical experiment.
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Judpakmuonnbie guH3b  (JIJI), wMeronye TONIIMHY MHUKpopenbeda,
CPaBHUMYIO C JUIMHOW BOJHBI MAJAIOUIETO H3JIyUeHUs, TIPEACTaBIAIOT HHTEpeC
JUISL CO3/IaHMsl KOMIIAKTHBIX onTudeckux cucteM. Opnaxo [1JI oObruHO
nperHa3HaueHbl Al padOThl Ha OJHOW JUIMHE BOJHBI M TO3TOMY HMEIOT
3HAQUUTENFHO OOJbIIMEe XpoMaTHdeckue abeppanuu 10 CpPaBHEHHIO C
pedpakunoHHBIMU JHH3aMU. Metoael  pacuéra JIJI, paborarommx ¢
U3TY4EHUEM HECKOJIBKUX Pa3INUYHBIX JJIUH BOJH, BBI3BIBAIOT B HACTOsAIIEE
BpeMs OONBIIOi HHTepec uccuenopatenei [1 - 3].

B nacrosmieir pabote mpemiokeH Meton pacuéra JJI, mpeaHazHauYCHHBIX
Uil pasnencHus W (POKYCHpPOBKM HM3IydeHHs L [UIMH BONH B L TOYEK,
PACIONIOKEHHBIX B HEKOTOPOM MJIOCKOCTH, HNEPHEHIUKYISIPHON ONTHYECKOU
ocr. MeTox OCHOBaH Ha MUHMMH3ALUH II€7I€BOH (pyHKINH, XapaKTepU3yomei
OTKJIOHEHHE KOMIUICKCHBIX (YHKIHMH IPOITYCKaHHUS JMH3BI OT KOMIUIEKCHBIX
¢yHkumi npomyckanus «oObraHBIX» UJI, dokycupyommx pacuéTHble JUIMHBI
BOJH B 33JlaHHbIe TOYKH. Pacdér JMH3BI CBOOUTCS K HAOOpYy HE3aBHCHMBIX
3a/a4 MOTOYEYHOH ONTHMHU3ALMH, KaXaash M3 KOTOPBIX OIMCBHIBACT PacdeT
MHUKpopenbeda B OnHOM Touke. Pesymprarhl  MogenMpoBaHUS  psna
paccuuTaHHbIX «cHeKTpaibHbIX» J{JI B paMkax ckaiasipHON Teopuu AUGPaKLIUH,
a TaKkKe OKCIepUMEHTAJIbHBIE PE3yAbTaThl IOATBEPXKAAIOT  BBICOKYIO
3¢ GEeKTUBHOCTD NpeATIokeHHOTo MeTona. Ha puc. 1 moka3zaHa W3roTOBIECHHAS
«criekrpanbHass»y [JI, npenqHasHaueHHas Ui (GOKYCHPOBKH UIHH BOJNH 455 m
750 HM B 1ABe pa3NUuYHBIE TOYKH. M3MepeHHblE NBYMEpHBIE pacHpeAeIeHUs
MHTEHCUBHOCTH, chopmMupoBaHHbIe n3rotosieHHoi [IJ1, moka3aHsl Ha puc. 2.

Pabora BeimonHeHa npu (pUHAHCOBOW Toanep)kke MUHHCTEpCTBA HAYKH U
BhICIIero oOpasoBaHusi Poccuiickoit denepanuu (rocynapcTBEHHOE 3alaHUe
Camapckomy yHuBepcutery (maboparopust «POTOHHMKA ATl YMHOTO JOMa U
yMHOTO Topoaay, mpoekt FSSS-2021-0016)).

o

Puc. 1. U3rotoBnennas Puc. 2. I3amepenHble pacripeneneHust HHTEHCUBHOCTH,
«cnexkrpanbHas» [1J1 copmupoBanusie J1J1

Cnucok aumepamypul
1. Banerji S., Meem M., et. al. / Optica. 2019. V. 6. P. 805-810.
2. Doskolovich L.L., Skidanov R.V, et. al. // Opt. Express. 2020. V. 28. P. 11705-11720.
3. Meem M., Majumder A., et. al. // Opt. Express. 2021. V. 29. P. 20715-20723.
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OCOBEHHOCTH PABOTbBI BOJIHOBO/IHbBIX
FOJIOTPAOUYECKHUX MYJIBTUIIEKCOPOB B CXEMAX
JUCIVIEEB JOITOJIHEHHOU PEAJIBHOCTH

B nanHO#l paboTe NpEACTaBICHO MCCIENOBAaHHE MYIBTHIUIMKALUM JIyd4eil Ha
BOJIHOBOIHBIX rojiorpaQuyecKux peréTkax. ITpoBoauiock CpaBHEHHE
9KCIEPUMEHTAJBHBIX JIAHHBIX C PE3yAbTaTaMd MOJCIMPOBAHMS HAJOKCHHBIX H
OOMHOYHBIX ronorpaduueckux pemérok. MccmemoBana pabora romorpadudeckux
peméTok ¢ MajbM nepuoaoM (= 340 + 350 Hm).

AN. PUTILIN', S.Ye. DUBYNIN'? N.A. PUTILIN"?,
S.S. KOPENKIN", Ju.P. BORODIN'*
!Lebedev Physical Institute of the RAS, Moscow
ZSamsung R&D Institute Russia, Moscow
“Moscow State University of Geodesy and Cartography « MIIGAiK»
*MIREA — Russian Technological University

APPLICATION OF WAVEGUIDE HOLOGRAPHIC
MULTIPLEXERS IN AUGMENTED REALITY DISPLAY

This paper presents a study of ray multiplication with waveguide holograms. The
superimposed gratings and the single gratings has been investigated. The experimental
results were compared with the simulation results. The holographic gratings with small
diffraction periods (= 340 + 350 nm) were analyzed.

OmHMM W3  KIIOYEBBIX  JIEMEHTOB ONTHYECKUX CXEM  JIHCIUICEB
nononHeHHOH (AR) m cmemannoit (MR) peanbHOCTH SIBISAIOTCS ONTHYECKHE
AJIEMEHThl COBMEIICHHS PEabHOTO M BHUPTYAJIBHOTO H300pakeHHs — OUM-
kombaiinepel (beam-combiners — BC). Haumbomsmee pacmnpocTpaHeHne
MOJMY4YMIH  BOJNHOBOAHBIE  romorpaduyeckne  OmM-kombaiiHepsr  [1].
HanoxeHHble PeHIETKH MO3BOJSIIOT 00ECHEYUTh MYJIBTUILNTHKALUIO 3padKka o
IByM HampasieHusM. [Ipu nccrienoBannn ux paboTsl ObUTO OOHAPYKEHO, UTO
noMuMo JU(GPaKIUK HAa 3aliCaHHbIX pelérkax mnepuona d BO3HUKAET
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Iuppakiys Ha BOZHUKIIMX IIPH 3allUCH «MHHUMBIX» PEHIETKaX C MEHBIINM
MepUoIOM TUPPAKIUOHHOW KapTHHEI (\/5/ 2)d nna HanokeHHBIX 1oz 90 ©
pemérok). [TocTpoeHHBIE ¢ YIETOM 3TOr0O MOJEIH AU XOpOIlee COBIaJACHUE C
9KCIEPUMEHTAJBHBIMA pesynsraraMu  (puc. 1). Judpakuus Ha «MHHMBIX»
peréTkax MposBIETCS, B NEPBYIO OYepesb, IIPU MajbIX 3HAYCHUIl IEpHOIOB
(d =340 + 350 am). OgHAKO MYIFTHUILTUKAINS [0 IBYM HAIPABICHUSM MOXET
OBITH IOJyYeHa M 0e3 HCIIONBb30BAHHS HAJOXKEHHBIX PEHISTOK IIPH «KOCOM»
BBOME m3iydeHus (puc. 2) [2]. Bputo ycraHOBIEHO, 9TO IpH TakOM crocobe
BBOJA MPHUCYTCTBYIOT BTOPbIC MOPSAKH AW(PPAKIUM, YTO MOPEIBIBISICT
COOTBETCTBYIOIIME TPeOOBaHUS K pesibey roorpaguyeckoil pemeTky.

Puc. 1. MynbTumumkanus Jiydeil Ha HaJOK€HHBIX BOJIHOBOAHBIX TOJIOTpaMMax:
cxeMa BOCIPOM3BeeHNUS (cieBa), yroi nageHus o = 20 ° (B ueHTpe),
yron nagenus o = 35 © (cmpasa)

Puc. 2. MynpTunnmkarys ydeil Ha BOJHOBOAHOH rojorpaMmme rmpu KOCOM NaJieHUuH:
cXxema BOCIIPOM3BEEeHNUS (ClieBa), BOCIPOU3BEAEHHE oA yIiioM o = 35 ° (crpaBa)

Cnucok aumepamypui
1. Kress B.C. Optical waveguide combiners for AR headsets: features and limitations // Proc.
SPIE. 2019. V. 11062. P. 1106201J.
2. [yrunun A.H. u np. VccnenoBanue ABYyXJIy4eBOro pexxuMa BBOJA M3IYUEHHUS B IUIAHAPHBII
BosHOBOJ // XKT®. 1986. T. 56. Ne 7. C. 1406-1407.
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H.A. UBAHOBA, JI.C. KJITOEB

Tromenckutl 20cy0apcmeentvlll YHUgepcumen

KUJAKOCTHBIE OITUYECKHUE 3JIEMEHTBI
C YIIPABJILIEMOHU ®OPMOU CBOBO/IHOHU ITIOBEPXHOCTHU

IIpencraBnen 0630p METOOB CO31aHUS IEMEHTOB ONTUKH HA OCHOBE MUKPOKAIIENb
Y TOHKHUX TJIEHOK >KUIKOCTU C JUHAMHUYECKH U3MEHAEMOH KPUBU3HOM IpaHUIbl pa3aena
(a3, BeimonHsOMICH (QYHKIMA ONTHYECKOW MOBEPXHOCTH. I[IpHUHIUN yIpaBIeHUs
KPHUBU3HOW OCHOBAaH Ha T'eHEpalyH CIBHUTOBEIX HANpPsDKCHUH HA TpaHUIE paszfena C
MOMOIIBIO  TEIUIOBOTO  BO3JCHCTBUSI ONTHYECKOTO ITy4yka. [loKa3zaHBI  KHAKUE
MHKPOJIMH3BI C O0paTHMO IepecTparBaeMbIMU (POKYCHBIM PacCTOSHHEM M anepTypoil
BXO/THOTO OTBEPCTHS 3a CU€T M3MEHEHHS MHTEHCHBHOCTH M3inydeHms. dopma Taxoit
MHKPOJIMH3bI MOXKET HETIPEPHIBHO M3MEHSATHCS OT IIOCKOBBITYKIOH, MIIOCKOBOTHYTOI
10 TOPOHIAIIBHOM, a Takke IPpUHUMATh (popMy ¢ HeCKoIbKUMH (okycamu. Pazpaboranbt
JKUJKOCTHBIE JIByXCJIOWHBIE IuaparMbl, IMO3BOJIOMIME ITOJHOCTBIO IIEPEKPHIBATh
CBETOBOM MOTOK. (OCOOEGHHBIM CBOHCTBOM pa3paOOTaHHBIX BJIEMEHTOB SBIACTCS
CIIOCOOHOCTh CaMOIOCTHPOBAThCS B MAKCUMYM HMHTEHCHUBHOCTH ITydKa M OTCIIEKHBATDH
€ro IpPOCTPAaHCTBEHHOE IOJOXKEeHHe. Pa3paboTaHHBIE HaMH ONTHYECKHE 3JIEMEHTHI
MOT'YT CTaTh AIBTEPHATHBON TBEPIOTEIBHON ONTHKE CBOOOTHOM (hOPMBIL.

N.A. IVANOVA, D.S. KLYUEV
Tyumen State University

LIQUID OPTICAL ELEMENTS
WITH CONTROLLED FREE SURFACE SHAPE

A review of methods for creating optical elements based on microdroplets and thin
liquid films with a dynamically controlling the interfacial curvature, which acts as an
optical surface, is presented. The principle of curvature control is based on the
generation of shear stresses at the interface using the heating with an optical beam.
Liquid microlenses with reversibly tunable focal length and aperture by varying the light
intensity are shown. The shape of such microlenses is continuously changed from plano-
convex to plano-concave to toroidal shape, and also take on a shape with several foci.
Two-layer liquid diaphragms were developed that allowing for completely blocking the
light flux. A feature of the optical elements is the ability to self-align to the maximum
beam intensity and track its spatial position. The optical elements developed by us can
become an alternative to free-form solid-state optics.

CoBpeMeHHbIC ~ KaMepbl ~MAIIMHHOTO 3pCHHs, AMArHOCTUYECKOE U
ontudeckoe o0OopyroBaHHe TpPeOYIOT CO3MaHWA MHHHATIOPHBIX, JIETKO
HHTETPUPYEMBIX DJJICMCHTOB OIITUKU C BBICOKOM CTETICHBIO aJganrtanyuu
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ONTHUYECKUX XapakTepUCTHK. OIHUM W3 PEIICHUN SBISETCS WCIOIH30BaHHE
TpaHULbl pazaena >KuAkux cpen [1-3] B kauecTBe UACANBHO TIMIAJKUX
ONTUYCCKUX TOBEPXHOCTEH C JIETKO TIepecTpanBaeMoit popMoii oy geiicTBreM
BHCIHUX CHJI U CIIOCOOHOCTBIO BBIMIOJHATH JFO0OC KOJIUYECTBO IUKIOB 0c3
W3HOCA W TMOTEPH ONTHUYECKHX XapaKTePUCTHK. B paboTe mOKa3aHbI
JKUJKOCTHBIE MUKPOJMH3BI C YIOPaBIsieMOM KPUBU3HOM TOBEPXHOCTH U
anepTypo 3a cu€T J1a3epHO-MHAYLMPOBAHHBIX KaNWUIAPHbIX TedeHuM. Ha
puc. | mmH3a QopMupyercs H3 IUIOCKOTO CJIOS BOTHOTO pacTBopa IpH
yBenuueHuu MomHoctH (P) nasepa, F MeHseTcs OT OSCKOHEYHOCTH 0
HECKOJIBKUX MM [4]. Ha puc. 2 TUH30H CIY)KHT CHITIast KAIuTsl STHIICHTIIUKOIIS,
Bapuanys £ MpoOUCXOIUT B peXKUME COOMPAIONICH U pacCEHBAOIICH JIMH3BI TIPU
noBeiieHuu P naszepa [5]. Ucnonb3zoBanme mukpokarm [TAB mo3Bonmiio
CO3IaTh TOPOUAATHHYIO JIMH3Y C MEPEXOAOM K IOBEPXHOCTH CIOKHOW (HOPMBI
IIPY BBICOKUX P yIpasiisitolero jasepa. JlaHHbId NOAX0A MOXKET CTaTh OCHOBOM
JUTSL CO3/IaHUS JKUIKOCTHOM ONTHKH CBOOOIHOM (hOPMBI, ONTHUCCKUX JAATIUKOB
1 OMOMHUMETUYCCKUX CHCTEM 3PCHHS.

N ——— — e
wh
' —tbuile..]
e, .
- -
Puc. 1. AnantrBHas MUKpoOJIHH3a (BOJHBIN Puc. 2. BapudoxasnbHas Karuis-InH3a
pacTBOp ITHICHIIIMKOIS) Ha OCHOBE (3TUNCHIIIMKOIIB) HA OCHOBE
KOHICHTPAIIMOHHO-KaILUIIPHOTO 3 (exTa TEePMOKANIIUIIPHOTO 3 deKTa

Pabora BBINIOJIHEHA TIpH TOJAEPKKE MPOTpaMMbI Pa3BHTHS yHUBEPCHUTETA
«Ipuopurer 2030» mpoext Nel22112500011-0 «IIpupoaoBaOXHOBIEHHEIE
ONTUYECKHUE TEXHOJIOTU.

Cnucox tumepamypul
1. Wu Q., Zhang H., Jia D., Liu T. // Molecules. 2022. V. 27. No. 8025.
2. Mishra K., van den Ende D., Mugele F. // Micromachines. 2016. V. 7. No. 102.
3. Ivanova N.A. // Phil. Trans. R. Soc. A. 2020. V. 378. No. 20190442.
4. Malyuk A.Yu., Ivanova N.A. // Optics Communications. 2017. V. 392. P. 123-127.
5. Malyuk A.Yu., Ivanova N.A. // Appl. Phys. Lett. 2018. V. 112. No. 103701.

ISBN 978-5-7262-2931-7 POTOHNKA N NHOOPMALIMOHHAA ONTUKA 45



YK 535(06)+004(06)

M.X. DTAMOB, b.1. MAXCYJIOB!

Xyoorcanockuii Hayunviii yenmp Hayuonanvroti akademuu nayx Tadxicukucmana
!Tadocukckuti nayuonanvuwiti ynusepcumem, Aywanbe, Tadxcukucman

OPUEHTAIIMOHHBIE DODEKTbI
B TIOJIMMEPHO- KHAKOKPUCTAJUVIMYECKUX
JAUCIIEPCHBIX CUCTEMAX

HccnenoBanbl MEXaHH3MBI OPHUEHTALOHHOTO YHMOPAIOYEHUS MHKPOCKONUYECKHUX
Kareslb HEMAaTHYECKOTO MAKOTO KpHCTalla C TAaHI€HIHAIbHBIMH M HOPMAaJbHBIMH
TPAaHUYHBIMU YCIOBUSIMH B OJHOOCHO BBITSIHYTBIX MOJMMEPHBIX IUIEHKAX. YCTaHOBICH
MOPOTOBBIM XapakTep OPHEHTAIUMH MOJEKYlT >KHIKOTO KPHCTalIa, OOyCIOBICHHOI
O0COOCHHOCTSIMH QHW30TPOITHOTO B3aUMOJCHUCTBUS HEMaTHKa C HaJMOJEKYJISIPHON
CTPYKTYPOIl IOJMMEPHON MaTpUIIbL.

M.Kh. EGAMOYV, B.I. MAKHSUDOV'
Khujand Scientific Center of the Academy of Sciences of the Republic of Tajikistan
!Tajik National University, Dushanbe, Tajikistan

ORIENTATION EFFECT IN POLYMERIC LIQUID CRYSTAL
DISPERSED SYSTEMS

Mechanics of orientational ordering of microscopic droplets of nematic liquid
crystal with normal and tangential boundary conditions in polymeric matrix, stretched
along single axis, are researched. It is established that liquid crystal molecules
orientation has threshold pattern, which is caused by specific features of interaction of
the nematic with super molecular structure of polymeric matrix.

Nzyuenne moporoBeix 3dekro B xuakux kpucramiax (JKK) Be3piBaer
3HAYUTENBHBIA HMHTEpEC Ui HMCCiefoBareNied (M3MKH KOHICHCHPOBAHHOTO
COCTOSIHMS, T.K. 9TH Me30(a3Hble aHU30TPOIHBIE CpPela OTHOCITCS K MATKUM
CHCTEMaM, CYIICCTBYIOIIMM NpPH KOMHATHBIX TeMmIeparypax. llostomy B
JAHHOW paboTe UCCIeNOoBalM MEXaHW3Mbl OPOTOBOW  IMEPEOPUEHTAIH
JPEKTOpa N, MPOSBISIOLINE MMPOCTPAHCTBEHHO-TIEPUOANIECKHE CTPYKTYPhI B
TOHKUX IUIEHKaX I[UIaHAPHO-OPUEHTHPOBAHHBIX ~ HEMATHYECKHX  IKHIKUX
kpucramiax (HXKK). 3to o0ycrnosneHo TeM, 9T0 OpOroBbie 3¢ (GEKTH MHUPOKO
UCIIOJIB3YIOTCS. B KayeCcTBE OJHOTO W3  MHOTOYHMCIEHHBIX  METOJOB
nccienoanus Bemiectna [1]. UaTepec k ¢pusnke mporeccoB B siueiikax KK Bo
BHELITHMX JJIEKTPUYECKUX W MarHUTHBIX IMOJSIX M, B YAaCTHOCTH, K 3ddexram,
cBsi3aHHBIM C ToporoBeiMu sBieHMsiMH B HOKK, cBs3an, npexne Bcero, ¢
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HIMPOKMM MPHUMEHEHHEM JTHX SUeeK B DJIEKTPOONTHYECKHX YCTPOMCTBAX,
crcreMax otodpaxenust nadopmanuu [2].

OcobOenHoctn  fgedopMany  CTPYKTYpbl HEMaTuka NpH  AEHCTBHU
MEXaHU4YECKOTO TOJI1 B JMHEHHOM U HEJIMHEHMHOM peXHMaX OMNpENeNsioT
ONTHYECKHE CBOMCTBA >KUIAKOKPUCTAIIMUECKON siueilku, copeprkamiei cioi
HXK c¢ ucxomHOl TOMEOTpONHON OpHeHTalueld Mmarepuana, MoMelIEHHBIN
MEXAY [BYMs CKPCIIEHHBIMM MOJApU3aTOpaMU. B HCXONHOM COCTOSHUU C
Hene(OpMUPOBaHHONH —CTPYKTypOHW KpHCTajia sdeiika Hempo3padHa IIo
OTHOLIEHHIO K CBETOBOMY IIOTOKYy, HaJalolleMy He Heé HOPMAaJbHO.
OTKJIOHEHHE MOJNEKYJ HEMaTHKa OT HOPMand IIPH BHEIIHEM BO3ACHCTBUHU
MPUBOANT K M3MEHEHHUIO pa3sHOCTH (a3 B OOBIKHOBEHHOW M HEOOBIKHOBEHHOMN
CBETOBBIX BOJIHAX B KPHUCTANIE, W, KaK Pe3yabTaT, K U3MEHEHHIO ONTHYECKON
OPO3pPaYHOCTH sYehKu. [Ipy HEONHOPOAHOH MO TONMIMHE CIOS OPHEHTALMU
MOJIEKYJ ¥ MaJIbIX yIVIsIX 6 mpo3payHocTh m(t) IPUBOIUTCS K BUIY:

1
m(t) :M :%-sin2 %kh‘[ﬁz (x,z)dz sin’ (2(0),
0

rac An = ny—n, — ONITUYCCKAass AaHU3O0TPOIIN; n, n n, - moKa3aTcjin

MPEJIOMJICHHS BIOJIb M OPTOTOHAJIBHO OCH KpucTawia; k= 2m/A— BOTHOBOE
YHUCIIO B CBETOBOM BOJHE C JUIMHOM BOJNHBI A; ¢ — yrol MexXIy
HalpaBJIeHHEM C/IBUT'a U OPUEHTAIMEe OHOTO U3 MOJIIPU3aTOPOB.

BosmoxnoCTs peructpanun aedopmanuu crpykrypsl HXKK Ha ocHoBe
M3MEHEHHUsI ONTHUYECKOH MPO3PavHOCTH OnpeAetwin (GpopMysol, yka3aHHOH B
[1, 2]. IlpuBenéHHbIE PacUETHI OMPENEIUIN CBOWCTBA KUIKOKPUCTAIUINIECKOM
SYCHKN TpU BO3JCHCTBHU Ha He€ omHOoOCHOW nedopmanuu. [lokazaHo, dTo
SJUIMNTAYHOCTH B JIBM)KEHUH TPAHUYHON TUIACTUH MOXET CYIIECTBEHHO MEHSTh
KaptuHy nedopmammu  crpyktypel HXXK w  onrudeckme —cBoiicTBa
KUJKOKPUCTAUTMYECKOW SEWKHM IO OTHOIICHHIO K HCXOJHOMY CTPYKTYpY.
JlokazaHo, YTO pOJb IJUIMNTHYHOCTH BO3PACTACT C YBEIMUCHHWEM CTEIEHHU
JeopMarum.

Cnucox numepamypul
1. Maxcynos b.U., ®aiizymioe U.X., OramoB M.X. OnNTu4ecKuii TUCTEPE3UC B KOMIIO3UTAX
Ha OCHOBE IMOJMMEP-HEMaTH4ECKHU JKUIKUI KPUCTAIUT IPU OIXHOOCHOM nedopmaruu // VzBectus
BY3os. Cepus ®uszuka. 2022. T. 65. Ne 3. C. 88-91.
2. Barbero L.G. Adsorption phenomena and anchoring energy in nematic liquid crystals. CRC
Press. 2006.

ISBN 978-5-7262-2931-7 POTOHNKA N NIHOOPMALIMOHHAA ONTUKA 47



YK 535(06)+004(06)

K.I'. KOMJIK, O.C. KABAHOBA, N.1. PYIIIHOBA,
E.A. MEJIbBHUKOBA, A.JI. TOJICTUK

benopyccxuii eocyoapcemeennulii ynusepcumem, Munck

O®OPMUPOBAHUE TPOCTPAHCTBEHHO
CTPYKTYPUPOBAHHBIX AHU3O0TPOITHBIX
JUPPAKIIMOHHBIX 2JIEMEHTOB

Otpaboran Meron (OPMHUPOBAHUS AHH3O0TPOIHBIX AU(PPAKIMOHHBIX CTPYKTYp Ha
OCHOBE TEKCTYpPUPOBAaHHOW (HOTOOPHUEHTALMH HEMAaTHYECKOTO JKUAKOTO KPHUCTALIA.
Co3naHbl  TUQPaKIMOHHBIE JJIEMEHTHl C YepelOBaHHE IOMEHOB, OTJIMYAFOUINXCS
OpHEHTAMsIMU JTUPEKTOpa JKUAKOro Kpucramia. IIpogeMoHCTpHUpoBaHa BO3MOXKHOCTB
SNIEKTPUYECKOTO  YIPABJICHUS pACHPEACICHHEM WHTCHCHBHOCTH MO  Pa3IMYHBIM
MOpsAKaM TUPPAKIHH.

K.G. KAMIAK, O.S. KABANOVA, LI. RUSHNOVA,
E.A. MELNIKOVA, A.L. TOLSTIK

Belarusian State University, Minsk

FORMATION OF SPATIALLY STRUCTURED
ANISOTROPIC DIFFRACTION ELEMENTS

A method for the formation of anisotropic diffraction structures based on the
textured photoalignmention of nematic liquid crystal has been developed. Diffraction
elements with alternating domains with different orientations of the liquid crystal
director were created. The possibility of electrical control of intensity distribution over
different orders of diffraction is demonstrated.

B Hacrosimee Bpemst BEICOK mHTepec K skuakuM kpuctamiam (JKK) xak x
MEPCIEKTHBHBIM 3JICKTPOONTHYSCKIM MaTtepranaM. Co3laHue Ha HX OCHOBE
TUPPAKINOHHBIX 3JEMEHTOB, (POPMHUPYIONINX CBETOBOE IMOJIE C 3aJaHHBIMH
XapaKTePUCTHKAMH, SBISCTCS MHTCHCUBHO Pa3BHBAIONINMCS HAIIPABICHUEM B
ontuke. CymecTByer HECKOIBKO CHOCOOOB  3alaHus  HEOOXOAUMOWH
opuentanuu Mmosekyn JKK Ha momiokkax IUIOCKONApajuleIbHOM sSYeHKu:
MEXaHWYEeCKOe HaTHpaHWe, WCIOJb30BAHUE DJIEKTPOJOB  CIEIUATBHON
KoH(uUTypanuu, rojorpadpuueckuii Mmeton. HoBeiM crocobom (opmupoBaHus
opuentan Mosiekyn KK, mpoaeMOHCTpHpOBaBIIMM OOJBIIME YCIEXH B
MOCJIeIHEE BpEMs, SBISIETCS METOJ] TEKCTYPUPOBaHHOW (OTOOPHUEHTAIINH,
TJIABHOE €T0 NMPEUMYIIECTBO — OECKOHTAKTHOCTH [ 1 - 3].
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B macrosmeidt paboTe ONTUMH3MPOBAaH METOJ  TEKCTYPUPOBAaHHOU
(dhoToopueHTaIIMH HEMAaTHYECKOTO KUJKOTO KpHcTaJlIa (HXK)
MPUMEHHUTEIBHO K CO3JAaHHI0 JIU(PPAKIMOHHBIX CTPYKTYp Ha OCHOBE C
UCIIOJIb30BAHUEM HECKOJIbKHX CTaIuil mporiecca OOJTYYCHHUS a30KpacUTels
Ata-2 [1-4]. Ha mepBo#i cTanuu 3ajgaBajiach MepBOHAYalbHAs OPHEHTAUS
MOJIGKYJ a3oKpacuTelss 1o Bcemy cnoro. [locaenyromas 3acBeTka
(hOTOUYBCTBHUTEIILHOTO CJIOS Yepe3 aMIUIMTYIHBIA TPaHCIAPAHT H3IyUYCHHEM,
MOJIIPU30BaHHBIM B JAPYrOM HaIlpaBJICHUH, IIO3BOJISIET CO3JaBaTh CTPYKTYPHI C
pa3IMYHBIMM ~ OpPUEHTALMAMM  MOJEKYJl  a3zokpacurens. Ha  ocHoBe
MPEVIOKEHHON TEXHONOTHH co3daHbl andpaknnonabie JKK-ameMeHTH ¢
yepeloBaHUe JOMEHOB, OTIAHYarouxcs opueHtanusmu aupexropa HXK.

Ha pwuc.1 mpencraBieHa kapthHa AuQpakiIud — W3IYYCHHS  HA
nzroroBiaeHHOM JKK-siuelike mnpu pa3auuHBIX 3HAYEHHUSAX HANPSDKEHUS,
[OJAAHHOT0 Ha siYeKy. BUJIHO, YTO 1O/ IEUCTBUEM BHEIIHETO 3JIEKTPUUECKOTO
MOJIsT MPOMCXOAUT mepeopueHTanus gupektopa KK B 00BéMe cpensl,
MIPUBOJIAIIAS K TEpEPACTIPENCTICHIUI0 HHTEHCUBHOCTH M3IIYUYE€HUS B PA3IMYHBIX
NOpsaKax TUGPaKIKK.

Puc. 1. Kaptuna nudpaxuun nsnydenns Ha XKXK-sdeiike npu pa3zHOM HampspKeHUH

Cnucox numepamypoi

1. Kabanosa O.C., Pymmosa .1., MensuukoBa E.A., Toncruk AJI., MypaBckuii AnLA.,
Mypagckuii AH.A., Xaitniumans P. // XKypuan Benopycckoro rocyapcTBEHHOTO YHHBEPCHUTETA.
®uzmka. 2019. Ne 3. C.4-11.

2. Kamiak K.G., Kabanova O.S., Rushnova LI, Melnikova E.A., Tolstik A.L. // Bull. Russ.
Acad. Sci. Phys. 2021. V. 85. P. 1496-1500.

3. Kamiak K.G., Kabanova O.S., Rushnova L.I., Melnikova E.A., Tolstik A.L. / Book of
Abstracts XXI International Conference Foundations & Advances in Nonlinear Science. Minsk,
2022. P. 35-36.

4. Rushnova LI, Kabanova O.S., Melnikova E.A., Tolstik A.L. // Nonlinear Phenomena in
Complex Systems. 2018. V. 21 (3). P. 206-219.
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A.I. AJEHNCOB, B.E. KAPACHUK, A.A. ITATPUKEEBA

Mockosckutl 2ocyoapemeenublil mexHuueckuil yHusepcumem um. H.D. baymana

PA3BPABOTKA HAYYHBIX OCHOB U MOJAEJIUPOBAHUE
METOJA JM®PEPEHIITUAJIBHOI'O PACCEAHUA
JJASEPHOI'O U3JIYUEHUA JJIA 3AJAYN
BBICOKOTOYHOI'O KOHPOJISA TAPAMETPOB
HIEPOXOBATOCTU CYBHAHOMETPOBOI'O YPOBHAA

PaccmoTper  MomepHH3MpOBaHHBI MeTon A QEpPEHINATBPHOTO — PacCestHus,
OCHOBAaHHBII Ha TNPHOMKEHHAX MAaJBIX BO3MYIIECHHH AaMIUIUTY OTPaKEHHOM
3JIEKTPOMArHUTHO-BOJIHBl B OITUYECKOM CHEKTPAJbHOM JHUAalla30HE OT IOBEPXHOCTHU
¢azoBoro skpaHa. [IpoaHann3upoBaHO BIMSHHE BHEMIHUX (DAKTOPOB HA MOIPELIHOCTH
U3MEPEHUSI CPEAHEKBAJIPAaTUYECKOTO OTKJIOHEHUS IPU PEruCTpalMd HWHAMKATPHCHI
PacCeSHHOTO JIA3ePHOTO U3ITy4EHHUS.

D.G. DENISOV, VE. KARASSIK, A.A. PATRIKEEVA

Bauman Moscow State Technical University

DEVELOPMENT OF SCIENTIFIC FOUNDATIONS
AND MODELING OF THE METHOD OF DIFFERENTIAL
SCATTERING OF LASER RADIATION FOR THE TASK
OF HIGH-PRECISION CONTROL OF THE ROUGHNESS
PARAMETERS OF THE SUBNANOMETER LEVEL

A modernized differential scattering method based on approximations of small
perturbations of the amplitudes of the reflected electromagnetic wave in the optical
spectral range from the surface of the phase screen is considered. The influence of
external factors on the measurement error of the standard deviation during registration
of the scattered laser radiation indicatrix is analyzed.

Jns  mocTmkeHHE BBICOKMX TEXHOJOTMYECKHMX ITOKas3aTeleld KadecTBa
Pa3IMYHBIX ONTHYECKHUX JeTajell HOBOTO ITOKOJEHUs, HEOOXOANM HE TOJBKO
COBPEMEHHBIH IIOJXOA K METOAaM M CpeAcTBaM 00paOOTKH neraned, HO U
peanu3anysi NEPCIEKTHBHBIX  BBICOKOTOYHBIX  OECKOHTAaKTHBIX  METOJOB
quarHoctukd. Ocoboe BHUMaHHE B EIUHOM TEXHOJOTMYECKOH IIEeNOoYKe
3aHMMAIOT CTaJUM DIIyOOKOH IOJMPOBKH, KOIZAa BBICOTHBIE CTAaTHCTHYECKHE
napaMmeTpsl NpouiIeld TOCTUTaloT HAaHO- U CYOHaHOMETPOBBIX ypoBHeH. [l
JMUarHOCTUKN BBICOTHBIX CTaTHCTHYECKHX IIapaMeTPOB CyOHaHOMETPOBOTO
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YPOBHS Ha CETOAHSIIHUM JEHb NPUMEHSIOTCS Pa3IMYHBIE KIACCHI OINTHKO-
JNIEKTPOHHBIX IPHOOPOB U CUCTEM.

B MupoBoil mpakTUKe METOIbI, OCHOBAaHHbIE Ha aHalIM3€ WHAMUKATPUC
pPaCcCessHHOTO JIa3epHOr0 M3Iy4eHHUs kiaccuduiupyrorcs Ha [1, 2]: MeTombl
nonHoro wuHTerpansHoro paccesHust (TIS — Total Integrated —Scattering),
METOIBI OmpesiesieHnst PYHKIMN pacipeeneHns: KodQQUIeHTa OTpaKeHUs 110
JBYM YIJIOBBIM KOOpAMHAaTaM (METOJ  OIpEJACNEHHs  XapaKTEPUCTHKU
BRDF — Bidirectional Reflectance Distribution ~ Function), METOIBI
muddepennnanpaoro paccessaus (ARS — Angle-Resolved Scattering). Ananms
BIMAHUS OTPAaHUYUTENBHBIX (akTopoB B Merome auddepeHnnansHOro
paccestHUSI TO3BOJSIET ONPEAEIHTh €ro CHUCTEMaTHIECKYI0 ITOTPEIIHOCTh
MOBBICHB TOYHOCTHh M3MEpEHHs. I MOTydeHHOTO BBIPAKCHUS WHIUKATPUCHI
ObUTO TIPOBENEHO MaTeMaTHYECKOE MOJCIUPOBAHNE IPOIecca PacCesTHUS
JIa3epHOT0 U3NTyYEeHHUs C YIETOM allapaTHbIX OrPaHUYEHHUH N0 yIviaM T0JICBETa
U paccesiHus], IIyMOB 3JIEKTPOHHOTO TpakTa W paccesHusi Poanes. B kauectse
HUCTOYHMKA U3IydeHUs ucnonb3oBancs He-Ne naszep ¢ nnuHON  BOJHBI
0.6328 mxm. PaccessHue wu3Mepsnoch B IUIOCKOCTH mageHus ¢=0° B
JanasoHe yrioB paccesiHusi 0; =5 + 85 ° mpu yrie nagenus 6, = 10 °. Beuto
MpOaHATM3UPOBaHO BoccTaHOBIeHHE dQdekTrBHON BenmuunuHbl CKO BBICOTHBIX
[apaMeTpoB HCCIIENYyeMbIX NMPOQIICH MOIMPOBAHHBIX KBAPIEBBIX MOIIOXKEK
(& =2,12) pu 3KCIIOHEHITMANBHOM CTATUCTHKE pactpeneieHus. Jis oopasia
¢ CKO BricoT miepoxoBatoctd 1,1 HM, MOTPEMIHOCTh BOCCTAHOBJICHUS JAHHOK
BenmmuuHbI coctaBuiio 0,044 HM.

Cnucox tumepamypul
1. Denisov D.G. // Applied Physics. 2022. No. 1. P. 89-96.
2. Azarova V.V., Dmitriev V.G, et al. / Quantum Electronics. 2000. V. 30. No. 4. P. 360-364.
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J.C. 3EMIIOB', A.K. 3BEMIIOBA'?, C.C. KOCOJIOBOB',
JM. XUT'YHOB', A.C. CMUPHOB!', K.P. TABUEB/,
N.A. IIIEHWYHIOK', K.H. TAPBY30B!, B.II. IPAYEB'

! Cronkoeckuii uncmumym Hayku u mexHono2utl
’Hayuonanouwiii ucciedosamenvckuti soepuwtii yuusepcumem « MUDH»

AKTHUBHBIE UHTEI'PAJIbHBIE YCTPOVICTBA
HA IIAT®OPME KPEMHUII-HA-N30JISITOPE:
TEMITEPATYPHAS 1 DJIEKTPOABCOPBIIMOHHASI
MOIYJISILAS

B paGote mpexcraBieHBl pe3ynbTaThl pa3pabOTKH M HCCIENOBAaHMS KOMIIAKTHOTO
HWHTETPAIHOTO  JJIEKTPOAOCOPOLIMOHHOTO MOIYISATOpa Ha OCHOBE THOPHAHOTO
IUIa3MOHHOTO BOJIHOBOJA C BHEAPEHHWEM OKCHJAa WHAWA-00Ba. [T M3TOTOBIEHHBIX
YCTPOWCTB HKCHEPHMEHTAIBHO IIPOJEMOHCTPUPOBAaHA MIMPUHA IOJOCH MOAYISILHN
40ITu mo ypoeHio -21ab u ko3adduiment skcrunkipu 1.8 1b B janamasone
HanpspkeHuit or -3 B o +2 B. Tawke B paboTe IEMOHCTPHPYIOTCS pe3y/IbTaThl
SKCIIEPUMEHTAJILHOTO HCCIIEOBAHMS TEMIIEPaTypHO IepEeCTPAaHBACMBIX KOJIBIIEBBIX
PE30HATOPOB CO CKOPOCThIO mepecTpoiiku Oonee 0.2 HM/MKe. OmucanHbie B pabote
YCTPOHCTBA pa3pabOTaHbl AJISl HCIIOIB30BAHUS B AHana3oHe ITiH BoiH 1520 - 1620 HM.

D.S. ZEMTSOV'? A.K. ZEMTSOVA'Z S.S. KOSOLOBOV',
D.M. ZHIGUNOV', A.S. SMIRNOV', K.R. TAZIEV',

I.A.PSHENICHNYUK!', K.N. GARBUZOV', V.P. DRACHEV'
ISkolkovo Institute of Science and Technology
’National Research Nuclear University MEPhI

ACTIVE INTEGRATED DEVICES
ON SILICON-ON-INSULATOR PLATFORM:
TEMPERATURE AND ELECTROABSORPTION MODULATION

The paper presents the results of the development and research of a compact
integrated electroabsorption modulator based on a hybrid plasmonic waveguide with an
indium-tin oxide layer. For the manufactured devices a 40 GHz modulation bandwidth at
a level of -2 dB and an extinction coefficient of 1.8 dB in the voltage range from -3 V to
+2 'V were experimentally demonstrated. The paper also includes the results of an
experimental study of temperature tunable ring resonators with a tuning rate of more
than 0.2 nm/pus. The devices described in the work are designed for the 1520 - 1620 nm
wavelength range.
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DneKTpoaObCcopOIMOHHAsT MOAYIAIUS C  HCIIOJB30BaHUEM TIPO3PAvHOTO
NPOBOJSIIETO Marepuaja — OTO HauOoJee TEXHOJOTMYHBIH CHocod
U3TOTOBJICHUSI ~ BBICOKOCKOPOCTHOTO  HHTErPajbHOTO  MOAyNATOpa  C
KOMITaKTHBIMH pa3MepaMH, KOTOPbIH K TOMY e oOyajaeT IUpoKod paboueit
NoJNocoil B onTHdyeckoM crekrpe. OXHMM W3 TMOMYNISPHBIX TPO3PaYHBIX
NPOBOSIIMX MaTepHajoB SIBISETCS OKCHJA HHAWSN-0JIOBa, B  KOTOPOM
HaOJIIOaeTcsl CHJIBHBIA  DIEKTPOONTHYECKHH d(P(EeKT npu NpHIOKEHUN
HanpsokeHUs.  Vcrmonb3yst JIOKaIM30BAaHHYIO IUIa3MOHHYIO MOJIY, MOYKHO
COCPEIOTOYNTh OCHOBHYIO (DPAKIMIO TIOJS 3IEKTPOMArHUTHON MOJIBI BOJIU3H
MIPO3PAYHOTO TPOBOMAAIICTO OKCHIA, TEM CaMBIM 00eCTeunTh 3((HEKTHBHYIO
MOJIYJISIITIO ¥ COXPaHUTh HEOOJBIIINE pa3Mephl yCcTpoicTBa [1, 2].

Jlsi HU3KOCKOPOCTHBIX 3a7lad, B KOTOPBIX TPeOyeTcsi MHUKPOCEKYHIHOE
BpeMsi cpa0aThlBaHMs W HE NPHHIUNNAIBHA HIMPUHA ONTHYECKOH ITOJIOCH,
BO3MOYXHOCTH TIJIa3MOHHOTO 3JIEKTPOAOCOPOIIMOHHOTO MOJIYIISITOpa M3JIHIIHH.
3HAYUTENIFHO MpOILIE M OBICTpee B H3rOTOBJICHHM KOJBLEBBIE PE30HATOPHI,
nepecTpanBaeMble TIPU I[OMOIIM TEPMOOINTHYECKOro 3((deKra B KpPEeMHHH.
OnTUMHU3HMPOBaB TEOMETPUI0 THUTAHOBOTO HArpeBaTeNs HaJl YHIIOM MOXKHO
JIOCTUTHYTH JHMana3oHa MepecTPoKy pe3oHaHnca oosiee yeM 10 HM.

JIyist cBSI3M ONTHYECKOTO BOJIOKHA M HMHTETPAIBHBIX (DOTOHHBIX YHIIOB B
Hamied J1abopaTopuy HCIONB3YIOTCS BBICOKOI((EKTUBHBIE ANU(PPAKIMOHHBIC
pemérku. Pemérkn pa3pabarbIBaroTCsl MPH MOMOIIM aJITOPUTMA ONTHMHU3AINN
c yuéroM 3aJaud M TIapaMeTpoOB HHTErpaibHoi muar¢opmbl. CrapToBbIE
napaMeTpbl PEMETKH Uit ONTUMH3ATOpa MOMKHO TOJIYYHTh C IOMOIIBIO
MPOCTOTO aHAJMTHYECKOTO TO/IX0/a, OIIMCAHHOTO B [3].

[Mlpn nomom JAUPPAKIHOHHBIX  PEIETOK OBbLIM  NPOTECTHPOBAHBI
nepecTpanBaeMble KOJIBIIEBBIE PE30HATOPHI, IPOJEMOHCTPHPOBABIIIIE CKOPOCTh
nepectpoiiku Oonee 0.2 HM/MKC ¥ 3JEKTPOaOCOPOLIMOHHBIE MOJYISITOPBI,
9acTOTHBIN nanama3oH KoTopelx coctaBmil 40 I'Tn mo yposuio -2 ab. Jlng
AMEKTPOaOCOPOIIMOHHOTO  MOAYIATOpPAa  TakXkKe HM3MEpPeHa  3aBHCHMOCTh
KO3 QUIIMEHTa SKCTHHKIMKA OT TMPHIOKEHHOrO HalpshKeHHus. B anamazone
HanpsbkeHud or -3 B g0 +2 B nponyckaHue ONTHYECKOIO — CUTHAala
MOZYJISITOPOM U3MeHsuoch Ha 1.8 nb.

Cnucok aumepamypui
1. Kocono6os C.C. u nip. 3asBka Ha nateHT Ne 2021125699/28(054303). 2021.
2. Pshenichnyuk LA, et al. // Phys. Rev. B. 2019. V. 100. P. 195434.
3. Zemtsov D.S., et al. // Opt. Lett. 2022. V. 47. P. 3339.

ISBN 978-5-7262-2931-7 POTOHNKA N NHOOPMALIMOHHAA ONTUKA 53



YK 535(06)+004(06)
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! Unemumym cucmem obpabomiu usobpascenuii PAH —
Gunuan ®HUL] «Kpucmanioepagus u pomonuxa» PAH, Camapa
2Camapckuii HaYUOHANbHBLI UCCIE008aAMENbCKUL YHUBEPCUMEN
um. akao. C.II. Koponesa

NPOCTPAHCTBEHHO-BPEMEHHOE JUO®EPEHIIUPOBAHUE
OIITUYECKHUX CUT'HAJIOB C TIOMOIIBIO CJIOUCTBIX
METAJIOAUJIIEKTPUYECKUX CTPYKTYP

PaccMOTpeHsI MeTaIOANANEKTPHIECKUE CTPYKTYPBI, COCTOSIINE U3 YePEayIOIIUXCS
IUIOCKOTIAPAIIENbHBIX METAJUIMYECKHX W AMAIEKTPUUeCKHX cnoéB. MccinemoBaHa
BO3MOXKHOCTh NPHUMEHEHHSI TAKUX CTPYKTYp B KAauecTBE IIPOCTPAHCTBEHHO-BPEMEHHBIX
ontuyeckux auddepennuaropos. Ilokazano, 4to ykasaHHble aupepeHIHpyoIne
CTPYKTYpPBl MOTYT IPHUMEHSTHCS Ul (pOPMUPOBAHUS IPOCTPAHCTBEHHO-BPEMEHHBIX
ONTUYECKUX UMITYJIbCOB, COACPIKAIIUX ONTHUECKUHA BUXPb.

A.l. KASHAPOV'?, E.A. BEZUS!?, D.A. BYKOV'?,
L.L. DOSKOLOVICH!*
"Image Processing Systems Institute — Branch of the Federal Scientific Research Centre
«Crystallography and Photonics» of the RAS, Samara
2Samara National Research University

SPATIOTEMPORAL OPTICAL DIFFERENTIATION
WITH METAL-DIELECTRIC MULTILAYERS

We consider metal-dielectric structures consisting of a several homogeneous metal
and dielectric layers. We investigate the possibility of using such structures as
spatiotemporal differentiators. It is shown that the considered differentiating structures
can be used to generate spatiotemporal optical vortices.

CTpyKTYpHI HaHO(OTOHUKH, peanusyrouue OIEpaLIUIO
mudepeHIUPOBaHIs MaJAI0MINX ONTHYECKUX CHUTHAIOB BO BPEMEHH WIIH IO
MIPOCTPAHCTBEHHON KOOPIMHATE, ABISIOTCS MEPCHEKTUBHBIMHY TS TPAMEHEHHS
B 3a7a4ax 00paboTku MHGOPMAIMU B PEKMME PEANbHOTO BPEMEHH, TaK Kak
00ecreurBaloOT BBICOKYIO TPON3BOANTEIBHOCTE M HU3KOE IHEPronoTpediieHne
0 CPaBHEHHMIO C IIU(POBBIMU MeToaMu [ 1, 2].

OnHOIt U3 MCceqyeMbIX B JIAHHOW paboTe CTPYKTYp SBISETCS CTPYKTypa
«MeTaII-UANIeKTpuK-MeTaun (MAM-cTpykTypa), npencrasisiomas u3 ceos
BOJTHOBOJHBIM  JTUAJICKTPUUCCKUHM  CIIOHM, PACIOJIOKEHHBIH MEXIYy JABYMS
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MeTauIndecKkuMu cinosiMu (puc. 1). B mpeapiaymieit padore aBTopoB [3] ObLTO
CTPOro TOKa3aHo, YTo B cnekTpe MJIM-CTpyKTypsl BCErjja MOXHO MOJIYYHUTb
HYIb  OTpPaXeHHs 3a CY€éT BBIOOpPa  TOJIIUH  METAUTMUCCKUX |
JUAJIEKTPUUECKOro cioéB. [IpenMyIecTBOM yka3aHHOW CTPYKTYpHI SIBISETCS
10, uT0 MJIM-CTpYyKTYpa HE TpeOyeT MPHU3MBI JJIsl BRBOJA U3IYUCHHS U TOITOMY
SBJISIETCS CYLIECTBEHHO Oojiee KOMIIAKTHOW [0 CPaBHEHHIO C, HampuMep,
muddepennuaropamu u3 pador [4, 5].

PesynpraThl 4HCICHHOTO MOJEIMPOBAHUS ITOKA3aJIM BBICOKOEC KaueCTBO
MIPOCTPAHCTBEHHO-BPEMEHHOTO TH(pepeHInpoBaHus ONTHYSCKAX HMITYIbCOB
MJIM-cTpyKTypo#i (cXxemMaTWdHO IoKka3aHo Ha pwuc. 1). Ha pwuc. 2 mokazana
YUCIICHHO pACCYWTAaHHAs aMIUIATYHA TPO(GHIL OTPaXEHHOTO HUMITYIbCa OT
MM-ctpykrypbl. Jinst manHoro npumepa MJIM-cTpyKkTypa ObLTa paccuyuTaHa
CIEeTIHATBHBIM 00pa3oM, YTOOBI OTPaXEHHBI UMITYIIBC COEPIKANT OTNTHICCKHMA
BUXph. BemumumHa  HOPMHPOBAHHONW  CpeIHEKBAAPaTUYHON  OIIMOKH,
ONMHUCHIBAIONIEH  OTKJIOHEHME  aMIUTUTYAbl  YHCJIEHHO  PAaCCUHUTAHHOTO
OTPaKEHHOTO CHTHAJA OT AHAJUTUYECKH PACCUMTAHHOM «IIPOCTPAHCTBEHHO-
BpEMEHHOI» mpou3BoAHOM, cocraBmgeT 0.9 %. OTmeTuM, UYTO «KacKaTHBIC)
MIAM-CTpyKTypbL (cocraBneHHBIC u3 HECKOJIBKHUX «OIUHOYHBIX»
(Tpéxcmoitabix) MJIM-CTpyKTyp) TO3BONSIOT A(M(EKTUBHO  BBIYHCIATH
«IIPOCTPAHCTBCHHO-BPEMECHHBICY» ITPOU3BOTHBIC BRICOKHUX MTOPSIIKOB.

Pabora BemonHeHa mpu mozepkke Poccuiickoro HaygHOTO (hOHIA (TIPOSKT
Ne 19-19-00514).

Puc. 1. l'eometpuss MAM-cTpyKTypbI Puc. 2. AMmumuTyna npodust

U CXEMaTUYHOE BBITIOJIHEHUE ONEpaluu IPOCTPAHCTBEHHO-BPEMEHHOTO UMITYJIbCa,
IIPOCTPAHCTBEHHO-BPEMEHHOTO oTpaxx€HHOro ot MJIM-cTpyKTyphl
b depeHIupoBanms

Cnucok numepamypui
1. Silva A., Monticone F,, et. al. / Science. 2014. V. 343. P. 161.
2. Zhou Y., Zheng H., et. al. // Nat. Photonics. 2020. V. 14. P. 316.
3. Kashapov A.L., Doskolovich L.L., et al. // J. Opt. 2021. V. 23. Art.No. 023501.
4. Golovastikov N.V., Doskolovich L.L., et al. / J. Exp. Theor. Phys. 2018. V. 127. P. 202.
5. Zhang J., Ying Q., Ruan Z. // Opt. Lett. 2019. V. 44. P. 4511.
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E.B. ITPOKO®BEB, J1.11. YHAHOBA, M.K. MOCKBHWH
Yuueepcumem UTMO, Cankm-Ilemep6ype

TEXHOJIOI'MA 3AIINCHU 3AIIUTHBIX I'OJIOT'PAMM
HA IMIOBEPXHOCTH METAJLJIA 3A CYET ®OPMUPOBAHMS
JJABEPHO-UHAYIUPOBAHHBIX IOBEPXHOCTHbBIX
HEPUOJUYECKUX CTPYKTYP

B pabote paccMoTpeHa TEXHOJIOTHS 3aIIMCH 3aIUTHBIX TOJIOTPAaMM Ha MOBEPXHOCTH
HepkaBelolled  cramu  3a  cuér  (GopMHpOBaHMS  J1a3epHO-MHAYLHPOBAHHBIX
MOBEPXHOCTHBIX Hepuoandecknx crpykryp (JIMIIIIC). IMokasaH mpomecc 3amucu U
HACTPOWKM  3alIUTHOM  MAapKHpPOBKH.  PaccuuTaHbl ~ OCHOBHBIE  ITapaMeTpHl,
OTIpeNeNAIoIINe KadecTBO 3AIIUTHOM TOJOTpaMMBl: MU(pakIHoHHAS 3((PEKTUBHOCTS,
HepHoJ, NIyOuHa MHUKPOCTPYKTYphl. CTPYKTypHpOBaHHE MPOH3BOAHMIOCH C MOMOIIBIO
BOJIOKOHHOTO JIa3epa ¢ JUIMHHOM BOJHEI 1,06 MKM.

E.V. PROKOFIEV, D.D. UCHANOVA, M.K. MOSKVIN
ITMO University, Saint-Petersburg

TECHNOLOGY FOR RECORDING HOLOGRAM
FREQUENCIES ON A METAL SURFACE
FOR THE FORMATION OF LASER-INDUCED
STRUCTURAL FORMATION

The paper considers the technology of recording protective holograms on the surface
of stainless steel due to laser-induced surface periodic structures (LIPSS). Shows the
process of writing and setting security markings. The main parameters that determine
the quality of a security hologram are calculated: diffraction efficiency, period, and
microstructure depth. Structuring was carried out using a fiber laser with a wavelength
of 1.06 pm.

Bo MHOTrHX OTpacisix CTOUT BOIPOC GOPHOBI ¢ KOHTpahaKTHOW NPOAYKIHEH
[1]. Hanmpumep, Ha pblHKE aBTO3aMyacTeil, MPOU3BOAMUTEIN Pa3MEILAIOT
YHUKaJIBHBIE CPE/ICTBA MICHTU(UKAIIMK — HOMepa 1 QR-KozpI.

Jpyroii crioco6 3amunThl MPOIYKIUK MOIpa3yMeBaeT HaHECEHUE Ha U3/Ieine
rosiorpaUYecKiX HAaKJIEeK, OJHAKO, B HACTOSIIMH MOMEHT BO3MOXKHO
CO3/aHME 3alIUTHBIX TOJOTPaMM JHIIb TPH OONBIIOM OO0BEME BHITyCKa
WACHTHYHBIX  m3fenuil. Tak, Kak TPOEKTHPOBAaHWE M  3alMCh  OJHOU
OPUTHHAIILHOH TOJIOTpamMMBbl BCE etmé TpedyeT OOJBIINX BpeMs- B TPYA03aTpar.
[Iporiecc  o4eHb YYBCTBUTENCH K YCIOBHSAM  3alliCH, TPUCYTCTBHE
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HE)KEJIaTeIbHOTO CBETa M BHOpAIMH MPUBEIET K Pa3MbITHIO TOJIOTpadHIECKUX
n300pakeHni, a TpeOyromascs MOCTIKCIIO3UIMOHHAs 00paboTKa ToJ0rpaMm
emié OoJiee YCIOKHSICT POIIECC MACCOBOTO TUPAXKUPOBAHUS [2].

TexHonorust 3armMcy 3aliMTHBIX TOJOTPaMM OCHOBaHa Ha (OPMHPOBAHUU
Ja3€PHO-UHAYLUPOBAHHBIX  IIEPUOJUYECKUX  IOBEPXHOCTHBIX  CTPYKTYp
(JIMIIIC) nepuomoM paBHBIM MM MEHbIIE JJIMHBI BOJIHBL JIA3€PHOTO
n3nydenusi. [Ipuuém Onaromapsi STOMy METOAY, BO3MOXKHO, 3aIIMCHIBATh Kak
BBICOKOYIIOPSJJOUCHHBIE, TaK M CTOXAaCTHYECKHE CTPYKTYpHI, 4TO (hopmmpyeT
YHUKQJIBHOCTh HMACHTH(UKAMOHHOH MeTkn. OHa TO3BOMSIET HAHOCHTH
M300paKeHNST ~ HEMOCPEACTBEHHO  HA  META/UIMYECKYI0  MOBEPXHOCTH.
[omygaemble M300pa’keHUsI UMEIOT JTUHAMHUYECKHE 3(D(EKTHL: MepeKItoueHne
I[BETA ¥ aHUMALUIO ITPH M3MEHEHUH HAIlPABJICHHS OCBEIIECHHS 00pas3Ia.

Ha puc. 1 npuBeneHsl npuMepsl 3aMUCAHHBIX 3aIMUTHBIX TOJOTPAMM.
Ilepyon CHHTE3MPOBAHHBIX MHUKPOCTPYKTYP Ha 3allUTHOW TIOJIOTpamMMe
coctaBimstm | MkMm. Jlng  3ammcW  3alIMTHBIX  TOJOTpaMM  MOTYT  OBITh
UCIIOJIb30BaHbl KaK pAacTPOBBIC, TaKk M BEKTOPHbIE H300pa)keHHUs. 3aluch
IIPOU3BOAMUTCA  HENPEPBIBHBIM  CKAHUPOBAaHUEM  JIA3€PHBIM  IIyYKOM C
YIPAaBJIECHUEM MOJISIPU3ALINAHN JIA3EPHOTO U3JIyYE€HUs BO BPEMsI CKAHUPOBAHUS.

Puc. 1. Ilpumep 3anmucaHHbIX 3alIUTHBIX TOJIOTPAMM

HccnenoBanne BBIMONHEHO IpH nojiepxke Poccuiickoro Hayunoro donza,
npoekT Ne 21-79-10241.

Cnucok aumepamypul
1. JlJomcanze [I.I. TeneBas sxonomuka. [IpoGraembl 6OpbObI ¢ KOHTpadaKTHOH MPOMYKIMEH B
EC u Poccuu: yue6HOe ocodue st By3oB. Mocksa: M3narensctBo FOpaiit, 2020.
2. Firsov A., et al. Fabrication of digital rainbow holograms and 3D imaging using SEM based
e-beam lithography // Optics Express. 2014. V. 22. No. 23.P. 28756-28770.
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INPOBOAUMOCTD PEI'YJISAPHBIX IOMEHHBIX CTPYKTYP
B TAHTAJIATE JINTUS, ®OTONHAYLHUPOBAHHAS
W3JIYYEHHUEM C JJIMHOM BOJIHbI 532 um

Meronom mubppakumu  Bparra  9KCHEpEMEHTAaIbHO HW3yYeHa  3aBHCHMOCTD
¢ dexkTuBHONH  (QOTOMHIYLUPOBAHHOW  IPOBOJUMOCTH  PETYISIPHOW  JIOMEHHOU
CTPYKTYpHl C TepuogoM 7,99 MKM M HEHAKJIOHHBIMH JOMEHHBIMH CTEHKaMH B
kpuctamie 1%MgO:LiTaO3, OT WHTEHCHBHOCTH 30HAHMPYIOLIETO IIydKa C AIHHOI
BOJIHBI 532 HM.

E.N. SAVCHENKOV, SM. SHANDAROV, N.I. BURIMOV,
A.V. DUBIKOV, D.E. BELSKAYA, V.Ya. SHUR',
AR. AKHMATKHANOV', M.A. CHUVAKOVA!

Tomsk State University of Control Systems and Radioelectronics
'Ural Federal University, Ekaterinburg

PHOTOINDUCED CONDUCTIVITY OF REGULAR DOMAIN
STRUCTURES IN LITHIUM TANTALATE AT A
WAVELENGTH OF 532 nm

The dependence of the effective photoinduced conductivity on the intensity of
probing light beam at a wavelength of 532 nm in a regular domain structure with a
7.99 mkm period in a 1%MgO:LiTaO3 crystal with non-inclined domain walls was
experimentally obtained using the Bragg diffraction in the first order.

DOTOMHAYLIUPOBAHHAs IIPOBOJAUMOCTb PErYJSIPHON JIOMEHHOW CTPYKTYpbI
(PAC) wmccnmenoBamack  MeronoM — audpaknuu  bpsrra B HepBBIA
TUQPAKIMOHHBIA MOPSAOK M0 KUHETHKE penakcanuu e€ 3¢ ¢EeKTHBHOCTH Ha
(PAC) mocnme mpwioxeHuss K Hedl moctosHHoro Hampspkems Up =200 B
pa3HO MONAPHOCTH Ha NPIDKUMAeMble K Z-TIJIOCKOCTSM KPHCTaJIa MEIHBIM
anektpoaaMm. PJIC ¢ mepuomom A =7,99 MKM © OpHEHTalMedl BEKTOpa
pemérku mo ocu X Obuta copmupoBana B kpucramie 1%MgO:LiTaOs c
pasmepamu 2 X 1 MM? no ocsaim Y W Z coOTBEeTCTBEHHO. Ilydok rayccoBoit
(hopMmbI ¢ JUIMHOM BOJIHBI 532 HM M HEOOBIKHOBEHHOI MoJisipu3anueil oT nasepa
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LCM-S-111 ¢okxycupoaincs 1mo KoopAWHATe Z WWIWHAPUYECKOW JHMH30H ¢
f=250 MM Ha cepeauHy BXOIHOH Y-rpaHm KpucTamia, ¢ oOpa3oBaHHEM B
(oKaJdpHOW  IUIOCKOCTH  IydKa  alepTypbl  JJUIMNTHYECKOH  (HOpMBI
1,73 x 0,37 MM 1o yposHio 1/e? o ocam X u Z, COOTBETCTBEHHO.

3aBUCHMOCTh  yCpenHEHHOH 1o 00BEMy Kpucramia 3(QeKTHBHON
(OTOMHIYIIUPOBAHHOW MPOBOAUMOCTH G OT MHKOBOW HHTEHCHUBHOCTH
30HIUPYIOIIEr0 M3IyYeHHUs1 [o ONPEAesIach U3 pe3ysbTaToB IKCIIEPUMEHTOB
0 TUHAMHKE peNlaKkcaluy JUPPAKIUOHHONW 3(P(PEKTHBHOCTH IO METOMHUKE,
ucnonp3oBanHo B [1] mmsa PJIC ¢ HakJOHHBIMH JOMEHHBIMH CTEHKaMH B
kpuctamie 5%MgO:LiNbOsz. Cnexyer ormeTuTs, uto i ucciaegyemoit PJIC
HAKJIOH JOMEHHBIX CTCHOK K MOJAPHOW OCH Z OTCYTCTBOBaJ. TeM He MeHee, B
IKCIICpIMEHTaX  HAOMIOJanach  3aBHCHUMOCTH  Gef(lo), NpencTaBiICHHAs
cuMBosaMd Ha puc. . OHa yIOOBJICTBOPHUTEIHEHO —AamIpPOKCHMHPOBAJIACH

CcyONMHEeHON QyHKIMEH & 7 =B / 1, , TOKA3aHHOH CILIOIIHON KPUBOH.

L

GOfrs OMIm™!
8x1 0_9 /
610" //
4x1 079
2x1 079
(J
Iy, Br/mm?
0 0.025 0.05

Puc. 1. 3aBucumocTb 3¢ PeKTUBHON (POTONHIYIUPOBAHHOHN TPOBOJIMOCTH
B kpucramie 1%MgO:LiTaO3 ¢ PIIC ¢ HeHakIOHHBIMU JOMEHHBIMHU CTEHKaMH,
M3MepeHa Ha JUIMHE BOJIHBI A = 532 HM, TOYKH — 3KCIIEPUMEHTANIbHbIC IaHHBIC,

KpuBas — allllpoOKCUMalus Buaa Ge//‘ :Brh UO , TAC th = 35.10’9A*10M—3/2

Takum obOpaszom, Habmomaemblii it PJIC ¢ HEHAKIIOHHBIMH CTEHKaMHU B
kpucramie 1%MgO:LiTaO; xapaktep 3aBUCHMOCTH Ogi(lo) OTIHYaeTcs OT
00OHapy)XEHHOTO paHee JIMHEHHOTo 3aKOHa Ui CTPYKTYPbI C HaKJIOHHBIMH
JIOMEHHBIMH CTeHKaMH B kpuctamie 5%MgO:LiNbOs [1].

Pabora BeITONHEHAa TpH (QUHAHCOBOHN momnepxke MuHoOpHaykun P® B
pamkax ['oczamanus FEWM-2020-0038/3 na 2020-2022 roasl.

Cnucok aumepamypot
1. Savchenkov E.N., et al. / Optical Materials. 2021. V. 122. P. 111813.
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A.E. CYXAHOB, B.B. TAJIYLIKUH

Kybanckuii 2ocyoapemeennvlii ynusepcumem, Kpacnooap

MOJEJIb 3JIEKTPOOIITUYECKOI'O MOJAYJISITOPA
C 3AJAHHBIM KOHHEHTPAIIUOHHBIM
PACIIPEJAEJIEHUEM B KPUCTAJIJIE HUOBATA JINTUSA

B nannoit pabore Ob1 mcciemoBaH rpaaueHTHBI  kpuctamn LiNbOs npm
Pa3NIMYHBIX KOHLEHTpalMAX JHTHA. VccnenoBaHMe IOKa3ajo, YTO HCIOIb30BaHUA
IPaJMEHTHOTO0 KPHCTAJUIA MO3BOJACT CABHHYTH pabouyro TOYKY MOIYISTOpa B Ooliee
MEHBIIYI0 00JIaCTh YIPABISIOLIETO0 HANPSHKEHHE M YIy4LIUTh 3JIEKTPOONTHYECKUE
CBOMCTBa MOYJISATOpA.

A.E. SUKHANOV, V.V. GALUTSKY

Kuban State University, Krasnodar

MODEL OF AN ELECTRO-OPTICAL MODULATOR
WITH A GIVEN CONCENTRATION DISTRIBUTION
IN A LITHIUM NIOBATE CRYSTAL

In this work, a gradient crystal of LiNbOs3 at different concentrations of lithium was
investigated. The study showed that the use of a gradient crystal allows you to move the
working point of the modulator to a smaller area of the control voltage and improve the
electro-optical properties of the modulator.

Hauboinee pacnpocTpaHEHHBIM
THIIOB MOJYJISATOPOB, KOTOpBIE
OCHOBAaHBI Ha JMHEHHOM

aseKTpoonTHieckoM 3ddexre, sBisieTcst
Monmynstop Maxa—Lleanepa (puc. 1),
COCTOSIIMIA W3 ABYX Y-pa3BeTBUTENEH,
Ha  TOJUIOKKE  HHMOOaTa  JIMTHSL.

OIEeKTPOONTHIECKUN MOJTYJISITOP

Maxa—Ilennepa MOJKET OBITH

Puc. 1. CrpykrypHas cxema HUCIIOJIB30BaH Kak AMIUIATYIHBIN,
SJIEKTPOONTHIECKOrO MOAYIATOPa  ¢ha30BBI W YACTOTHBIM MoxyisTop [1],
Maxa-Ilennepa 32 CcuéT W3MEHEeHHs  II0KazaTels

npenomienus. PasHocts Qa3 Oymer
MIPECTABISITH COOO0M BhIpaKEHHE:
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AD = 27”;13 (z)r,E.L, (1)

rie A —UIMHA BOJIHBI ONTHYECKOTO W3IYyYCHHUS, F33 — INEKTPOONTHIECKUN
KodQPHUINEHT TpH KOMHATHOH TeMmmepaType 7. — HCOOBIKHOBEHHAs BOJIHA,
E7— BHemHee 3J1eKTpHUYecKoe Moje, L — AnrHa 00JacTH 3IEKTPOONTHIECKOTO
B3aUMOJCUCTBUSL.

VYpasuenue (1) crnpaBemBO Uil KOHTPYIHTHOTO KpHCTajula, OJHAKO Ha
NpPaKTHKE BO3HUKAET 3aBHCHMOCTH II0Ka3aTelsl IPENIOMIICHUs OT CocTaBa
KpPHCTaJla, €ro TeMIepaTypbl W JUIMHBI BOJHBI HM37My4deHus [2]. YuureiBas
BBILIE  CKa3aHHOE, MOXHO IPOAHAJIM3UPOBATh JIMHEWHBIH  TpoduIib
KOHLEHTPAllMX OTHOCHTEJIbHO €ro IIOCTOSIHHOTO 3HaueHHs. Y4TeM, 4YTO
MHTETPATBHO JIMHEHHBI NPOQUIs IOIKEH PaBHATHCS MOCTOSHHOMY IS
KOHrpy»HTHOTO Kprctammia LiNbOs, Torna ypasHeHue (1) mpumer Bum:

2 oY @)
dz 1 <77 a
a - 13

Puc. 2. PaccMaTpuBaeMoe n3MeHEeHHE KOHIICHTPALMY BOJIb MOAYJIATOpA:
I — mocrosiHHas1, 2 — nuHeitHast (a), pa3HocTh (a3 i KoHueHTpauui 1 u 2 (6)

Kak MoxHO yBHAETh Ha puc. 20 IpH JHMHEHHO 3aJaHHOW KOHIIEHTpAaLUU
pasHocTh (a3, HaumHas co 3HaueHus @ =9.96, Bo3pacTaer, CIEIOBATEIHLHO
COCTaB KpUCTaJIa, U3MEHSIONUICS IMHENHHO B mipenenax ot 49.975 no 50, naér
BO3MO>XXHOCTb MOOYyJIUPOBATh Ooee BBICOKOMHTEHCUBHBIN CHUT'HaJI 110
CPaBHEHHIO C TIOCTOSIHHBIM COCTaBOM, YTO TOBOPHT O HOJIOKHTEIEHOM
BO3JICHCTBIE KpHCTAJUla B CHUCTEME HMHTeppepoMeTpa IIpu TIpagueHTOM
W3MEHCHUW KOHIICHTPAIIMU BIOJIb AIIEKTPOONTHIECKOTO MOIYJIISATOPA.

Cnucok numepamypbl
1. Ky3emunoB 10.C. Huobar u taHTanat nutus. Marepuanbsl Ajasi HEIMHEWHOH onTHKu. M.:
Hayxka, 1975.
2. Galutskiy V.V., Vatlina M.I., Stroganova E.V. // J. Cryst. Growth. 2009. V. 311. P. 1190.
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N.B. KY3HELIOB, A.C. IIEPUH

Tomckuti 2ocyoapcmeennulii yHusepcument cucmem YnpasieHus u paouod1eKmpoHUKu

MOJEJINPOBAHUE KOHBEPTEPA I1OJIAAPU3ALIUU
HA OCHOBE ACUHMMETPUYHBIX TOHKOILTEHOYHBIX
I'PEBEHYATBIX BOJTHOBO/10B

B paGote mpuBeneHbI pe3ylbTaThl MaTeMaTHYeCKOTO MOJEIMPOBAHMS KOHBEpTEpa
MOJIIPU3ALUH HA OCHOBE aCHMMETPUYHBIX TOHKOIUIEHOUHBIX I'PEOEHYATHIX BOITHOBOIOB.
Pesynbrarsl paboThl MOTYT OBITH HCIIOIB30BAaHBI MPH NMPOEKTHPOBAHMN HMHTETPANbHBIX
TPAHCIOHIEPOB ¥ MOAYIISITOPOB AN CHCTEM Iepeau JaHHBIX C YIUIOTHEHHEM KaHaJIoB
M0 TIOJISIPHU3AIHN.

LV. KUZNETSOV, A.S. PERIN

Tomsk State University of Control Systems and Radioelectronics

MODELING OF POLARIZATION CONVERTER
BASED ON ASYMMETRIC THIN-FILM RIDGE WAVEGUIDES

This paper presents results of mathematical simulation of a polarization converter
based on asymmetric thin-film ridge waveguides. The results of the work can be used in
the design of integrated transponders for transmission systems with polarization channel
multiplexing.

BricTpoe pa3BuTHE TEIEKOMMYHUKAIMH 00yCIaBIMBAaET POCT TPeOOBAHHUH K
CKOpPOCTH Tiepenaur mHpOpMaluKu B JUHUAX CBs3u. st mepenaun Gosbiiero
KoJu4yecTBa HMH(pOpMAIM TpedyeTcss MYJIbTHUIUIEKCHPOBATH OOJbIIEEe YHCIO
KaHaJIOB. OI[HI/IM N3 aKTyaJIbHBIX HaHpaBJ’IeHI/Iﬁ pa3BUTHUA TEXHOJIOT UM
MYIBTUIUICKCHPOBAHUS ~ SIBIISICTCS  TEXHOJOTHSl  YIJIOTHEHHMS KaHAJIOB C
pasjgeneHMeM MO moisApu3anud. Ha JaHHBI MOMEHT He CyIIEeCTBYET
peanu3anyii  MHTETPAIBHBIX  3JIEKTPOONTHYECKUX  IPHEMOIICpPEIatONIX
YCTPOMCTB, CIIOCOOHBIX paboTaTh B CHCTEMaX C YIUIOTHEHHEM 110 MOJISIPH3ALINH.
Lenpto  nmaHHOW  pabOTHI  SIBISIETCS.  MaTEMaTHYECKOe  MOJICIMPOBAHHE
MHTETPAJbHOIO  KOHBEpTEpa MONPH3AlMKM HAa  OCHOBE  TI'pebeHYaThIX
TOHKOIIJIEHOYHBIX BOJIHOBOZIOB C IICJIBIO ONPEACIICHUA BIIMAHUA KOHCTPYKIIUHU
npeoOpaszoBarelis Ha 3QPEKTUBHOCTh KOHBEPTAIIUH TTOJSIPU3AIIHH.

B nureparype M3BECTHBl MHTETPAJIbHbIE KOHBEPTEPHI IOJIAPU3ALMU HA
ocHoBe J3ddeKxTa ABOWHOTO JydenpenomiieHus. Kak mpaBmiio, 3¢Qext
JIBYJIyYCIIPEIOMIICHHsT ~ JJOCTHraercst 3a CuéT  CTpecC-MHAYIHMPOBAHHBIX
apdexToB, a HEe 3a CYET HCHOIB30BAHUS  ABYIYUETIPEIOMIISIONINX
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kpucTauioB [1]. CIOXHOCTh M3TOTOBICHHS TaKHUX YCTPOWCTB 3aKIIOYacTCsS B
HCOOXOMMMOCTH IOJ00pa TMMapamMeTPOB HAHCCCHHUsS TOHKOW IUICHKH IS
CO3JaHNUsI HY’)KHOW MEXaHNYEeCKON HanpsKEHHOCTH.

Taxxe H3BECTHBI JIUXPOUYHBIC WHTETPabHBIC KOHBEPTOPBI
noJsipusaru [2, 3]. B cuny mpunnmna cBoeil paboThl, TaKue MOJSPU3ATOPHI
CKOpee TOAXOMIT Ha pOJb (IIBTPOB TONSIPU3AIMKA M HWHTETPaJIbHBIX
ONTUYECKUX U3OJISITOPOB, YEM KOHBEPTEPOB MOJIIPU3ALIUY.

B maHHO# pabore Oyaer paccMaTpuBaThbCsi HHTETPAIbHBIA ONTHUYECKHMA
KOHBEpTEp TONApU3allMd Ha OCHOBE ACHMMETPHYHBIX TpeOeHUATHIX
TOHKOIUIEHOYHBIX BOJIHOBOJOB [4]. Tomosorust wHccieayeMoro ycTpoucTBa
mpeactaBieHa Ha puc. l. Ha pumc.2 mpenacraBieHa  3aBHCHMOCTD
3(h(HEeKTHBHOCTH KOHBEPTAIIMKA MOJ OT BEIHUYUHBI pacctosaus L;. [lapameTrpsr
MOJICTUPOBAHUS TIPUBEICHBI B Ta0M. 1.

r—
. e b-- v

K
~d o

03 e

I n: | u ® ] - < 3
L
Puc. 1. eomeTpust BOTHOBOAHOM Puc. 2. DpdpexruBHOCTH TPeoOpazoBaHUs
CTPYKTYpBI or L1
Tabmuma 1. [TapamMeTpsl MOIETUPOBAHMS
ni n hi, MKM | h2, MKM | Wi, MKM W2, MKM A, MKM
1,47 1,45 3 3 4 9 1,55

PaboTa BBIMONHEHA B paMKaxX TOCYIapCTBEHHOTO 3ajaHMs MUHHCTEpCTBa
HayKd W BBICIIETo oOpaszoBanusi Poccuiickoit ®enepanuu (tema Ne FEWM-
2022-0004 «MccnemoBanme W pa3pabOTKa  CHOCOOOB — W3TOTOBJIICHHS
HMHTETrPpaJIbHBIX ONITUYCCKUX BOJITHOBOAOB M 3JICMEHTOB Ha UX OCHOBC))).

Cnucok numepamypui
1. Milosevi¢ M.M., et al. // Journal of Lightwave Technology. 2008. V. 26(13). P. 1840-1846.
2. Gao L., et al. // Scientific Reports. 2015. V. 5(1). P. 1-6.
3. Zheng J., et al. // Nanomaterials. 2021. V. 11(8). P. 2145
4. Elfiqi A.E., et al. // IEEE Photonics Technology Letters. 2022. V. 34(2). P. 109-112.

ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA 63



YK 535(06)+004(06)

C.A. BbIUKOBA, JI.B. MAKCUMOB, ®.A. MMHAKOB,
A.C. CUHBKO'?, H.H. KO3JIOBA®, H.A. HUKOJIAEB

Unemumym asmomamuru u snekmpomempuu CO PAH, Hoéocubupck
!Mockoeckuii zocyoapcmeennbiii yrueepcumem um. M.B. Jlomonocosa
2Uncmumym npobnem nazepuvix u ungopmayuonnvix mexuonozauti PAH — gunuan
DHUL] «Kpucmannoepagus u pomonuxay PAH, [llamypa
SUncemumym xpucmannozpaguu um. A.B. ILly6nuxosa PHHUL] «Kpucmaniozpagus
u pomonuxar» PAH, Mockea

HOJAPU3ALHNOHHAS TEPAI'EPHHOBAS CIIEKTPOCKOIINA
HOJNYOPTAHUYECKOI'O KPUCTAJIVIA GUHP

IlpuBeneHs! pe3ynbraTbl CO3JaHMSI ONTHYECKOTO CTEHJAA IOJSIPHU3ALMOHHOM
Tl'u-cniektpockomy Ha 0a3e HempepwsIBHOTO IepecrpamBaeMoro ucrounuka (0,1 -
1,1 TT'o) m peméroyHslx mnouspu3aTopoB. lVccienoBaHbl €ro XapakTepUCTUKU M
npoBenieHa KaauOpoBka. V3MepeH yronm mOBOpOTa INIABHBIX ONTHYECKUX OCel
KpHCTAILIOB ¢ pa3HbM THoM cuHroHnd LBO nu GUHP. M3MepeHs! crieKTphl moKa3aTems
npenomieHus 1 kod3h¢unmenta mormomeHns ocn X kpucramwia GUHP B nmanasone
gactor 0,2 -2,2 TI'm, a Takxke OXapaKTepU30BaHBl NHUKH NODIOMIEHHA. [lomydeHHBIE
JTaHHBIE XOPOIIIO COITIACYIOTCS C pe3ylbTaTaMHy IoixydeHHsIME MeTogoMm KPC.

S.A. BYCHKOVA, L.V. MAKSIMOYV, F.A. MINAKOV,

A.S. SINKO!2, N.N. KOZLOVA?, N.A. NIKOLAEV
Institute of Automation and Electrometry of the SB RAS, Novosibirsk
!Lomonosov Moscow State University
’Institute on Laser and Information Technologies — branch of FSRC «Crystallography
and Photonicsy of the RAS, Shatura
3Shubnikov Institute of Crystallography of FSRC «Crystallography and Photonics»
of the RAS, Moscow

POLARIZATION TERAHERTZ SPECTROSCOPY
OF A SEMI-ORGANIC GUHP CRYSTAL

The results of the creation of an optical bench for polarization THz spectroscopy
based on a continuous tunable source (0.1-1.1 THz) and grating polarizers are
presented. Its characteristics are investigated and calibration is carried out. The angle of
rotation of the main optical axes of crystals with different types of syngony LBO and
GUHP has been measured. The spectra of the refractive index and the absorption
coefficient of the X axis of the GUHP crystal were measured in the frequency range
0.2 - 2.2 THz, and the absorption peaks were also characterized. The data obtained are in
good agreement with the results obtained by the Raman method.
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Hecmotpst Ha 3¢ dextuBHOE pasButHe TeparepuoBoro (TI'm) nuamaszona,
WCTOYHHMKH HW3ITyYEHUS! C BBICOKOW CIEKTPAIbHOU SIPKOCTBIO O CHX IMOpP HE
noctynHbl. OnuH u3 crnocoOOB TIeHepaluu TepareploBOTO  H3ITy4YeHUs
3aKJIIOYAETCSl B HCIOJIB30BAHWU KPUCTANIa C  BBICOKUM  HEJIMHEHHO-
ontudeckuM ko3dduimenTom s mpeoOpa3oBaHusi HHTCHCHBHOTO JIA3€PHOTO
UMIIyJIbCa B TepareplioBblil auana3oH. Co3nanue 3P QEKTUBHBIX TCHEPaTOPOB
TEparepIioBOro M3TyYeHHS BO MHOTOM 3aBHUCHT OT MOWCKA W HCCIEIOBAH
HOBBIX HETMHEHHO-ONITHIECKUX KPUCTAIIIOB (MM APYTHX MAaTEPUAIIOB).

B cBs131 ¢ 3THM B paboTe MPOBOAMINCH UCCIETIOBAHMUS ONTHYECKAX CBOMCTB
HOBOTO MOHOKJIMHHOTO TIOJYOPTaHWYECKOTO KpHCTaiwia ruapodocdara
ryanunmoueBuHsl — GUHP, MIEPCIEKTUBHOIO JUISL 3¢ (eKTHBHOTO
OTITHKO-TEPareproBoro npeodpasopanus. [1].

Pazpaborana onrthueckas cxema — nossipuzaonssii TI'i-ciekrpomerp Ha
OCHOBE  HEMPEPBHIBHO  MEPECTPaMBaeMOro  UCTOYHHMKA.  VICMONB3yIOTCS
IIUPOKOTIONIOCHBIE  TIOJISIPU3AaTOPbI, Ha OCHOBE aJIOMUHHMEBOW PpEHIETKH,
HanbUICHHOM HAa TOHKYIO IIOJIMIIPONUIICHOBYIO IOMIOXKKY. lccienoBaHbl
XapaKTEpPUCTUKH YCTaHOBKM W TpOBeleHa ero kanuOpoBka. M3mepen yromn
MOBOpPOTa TIJABHBIX ONTHUECKMX oced kpucramioB LBO wu GUHP
OTHOCHTENEHO KpHucTaurorpadudeckux. [ucmepcns mokazaTemns MpeToMICHUS
u  kodpdunuenta moriomenus ot 0,2 mo 2.2 TIm w3MepeHBl Ha
IIHPOKOITOJIOCHOM TEpareprioBoM crekrpomerpe. OXapaKTepH30BaHBI IHKH
MOMIOIIEHUsI OcU X B okpecTHOCTH 1,45 u 1,85 TI'l U ¢ BBICOKOH TOYHOCTBIO
W3MEpPEHbl ONTHUYECKHE CBOWCTBA B oOkpectHoctu 1,5 T, B KoTopou
HaOmromaercst 3ddexruBHast renepanus TIIH-u3TydeHHs 10J] JIa3ePHOM
HaKayKoil.

Cnucox aumepamypbol
1. Sinko A., et al. A monoclinic semiorganic molecular crystal GUHP for terahertz photonics
and optoelectronics // Scientific Reports. 2021, V/. 11 (1).
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[.P. CATATEJISIH, A.B. CAMOPOJIOB, B.C. KOHJIPATEHKO',
E.P. [IMCKYHOBA, A.C. KY3HELIOB

Mockosckuti 2ocyoapemeenublii mexnuueckuil ynueepcumem um. H.D. baymana
IMUPDA — Poccutickuii mexnoio2udeckuii yuueepcumen

M3rOTOBJEHUE IIBETOBOM KAJTMBPOBOYHOM MEPBI
JJIs1 KOMIIBIOTEPU3NPOBAHHOI'O
I'MCTOJOT'MYECKOI'O AHAJIU3A

Pa3paboraHa TeXHOIOTHsI U3TOTOBJIEHHMS IIBETOBOH KalnOpPOBOYHOH Mepbl, KOTOpast
NPEeOCTaBIsIeT IIHPOKHE BO3MOXXHOCTH DPACIIO3HABAaHMS [BETOB IIPH KOMIIBIOTEPHOM
aHanm3se OIITHKO-MUKPOCKOITHYECKNX N300pasKeHUH. Bripezannsie u3
CTAQHJAPTU3UPOBAHHOTO HAabOpa ONTHYECKHX LBETHBIX CTEKOJ, OTHUIM(OBaHHBIC M
OTIIOJIMPOBAHHBIC IUIACTHHBI 00PasyloT 97 ONTHUYECKH NPO3PA4YHBIX LBETOBBIX MOJICH,
BIOUCHIBasICH B rabaputel 75x 52X 1,5MM MpeAMETHOTO CTEKJIa ONTHYECKOTO
MHKpOCKOTIA.

GR. SAGATELYAN, A.V. SAMORODOYV, V.S. KONDRATENKO',
E.R. PISKUNOVA, A.S. KUZNETSOV

Bauman Moscow State Technical University
IMIREA — Russian Technological University

FABRICATION OF THE CALIBER FOR COLOR
MEASUREMENT DURING THE COMPUTERIZED
HISTOLOGICAL ANALYSIS

A technology for manufacturing a color calibration measure has been developed,
which provides extensive color recognition capabilities for computer analysis of optical-
microscopic images. Cut from a standardized set of optical colored glasses, grinded and
polished plates form 97 optically transparent color fields, are fitting the dimensions of
the optical microscope 75 x 52 x 1.5 mm slide.

I[BeToBBIC KaMTMOPOBOYHBIE MEpPHI, H3TOTABIMBAEMBIC U3 TTOIUMEPHBIX
MaTeprajoB B COOTBETCTBUY C UMEIOIIMMHUCS CTaHapTaMu [ 1] Ha 3TaoOHBI U1
[BETHBIX  NPUHTEPOB, HENPUTOAHBI Ul  KOMIIBIOTEPU3ALMK  ONTHKO-
MHKPOCKOITHYECKHX UCCIe0BaHUH B KJIMHUKO-THarHOCTHYECKUX
7a00paToOpUsIX BCIEJICTBUE HEAOCTATOYHOM MHTEHCHBHOCTH M OJHOPOJHOCTH
uBeToB 1pu 1500-KpaTHBIX YBETUUYECHUSX.

TpeOyembIMH cBOicTBaMH 00JIIAI0T ONTHYECKHE CTEKIA CBETO(MIBTPOB,
JOCTYIHBIE B BHJE Habopa m3 97 miIocKomapasuieIbHBIX IUIACTUH pa3MepaMu
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40 x40 MM u TtommmHOK 1,5 -4 MM. K KOMIUIEKTY IUIACTHH TpHIIAraeTcs
MACIOPT, COJACPKAINUN CIEKTPbl TPOIYCKAHHUS JUI1 KaXIOW W3 Mapok.
IlepeMHOXEHHUE CIIEKTPa MPOIMYCKAHMS KaXKI0TO U3 IIBETOBBIX TOJICH Ha CIICKTP
W3JIYYCHUS TMPUMCHSEMOTO Ha  KOHKPETHOM IIM(DPOBOM  ONTHYECKOM
MHUKPOCKOIIC OCBETHUTEJISI MO3BOJISICT OMPEICISATh TOUKY ATAJIOHHOTO OCNIoro u
UICHTU(HUIIMPOBATH I[BET BBOJUMOTO B IperapaT KPaCHTEIsL.

TexHOIOTUsI M3TOTOBJICHHS KaJMOPOBOYHOM MEphl  3aKIIOYacTcsl B
Hape3aHWW CKJICCHHOTO CTOJOMKAa TUIACTHH Ha Tmojockl (puc. 1), wux
JIByXCTOpPOHHEE ITOJIMPOBAHNWE Ha CIICHaIbHO pa3paboTaHHOM cTeHke [3] u
BKJICHBAHUE MEXKY JIBYMsI ONITHYECKH MPO3PAYHBIMHU MO/TIOKKAMH.

& § o

a o 8
Puc. 1. M3roToBieHNs UBETOBBIX MOJIEH KaTMOPOBOYHOI MEpHI: CKIIEUBAHUE IUTACTHH B
cToNIOuK (a); pa3pe3aHue CToJI0UKA Ha MOJIO0CHI (6) pa3MeIeHHE T0JIOC Ha MOUTOKKE (8)

KoHCTpYKTHBHO W3[eNHe COACPKUT YTOHUEHHOE IIPEIMETHOE CTEKIO
pasMepoM 25 X 75 MM, Ha KOTOpPBIH HakiieeH HAOOp IMOJIOC, COCTABICHHBIX U3
[[BETOBBIX TOJICH, MMOBEPX KOTOPOTO HAKIIECHO IMOKPOBHOE CTEKJIO, BEIpE3aHHOE
B pa3Mep Ha JiazepHOH ycrtaHOoBKe (puc.2). Ilocie HM3roToBIEHUS W3HETHS
YTOUHSIIOT CIIEKTPBI MIPOITYCKAHUS KaXKJI0r0 U3 LIBETOBBIX MOJEH.

Puc. 2. OnbITHBIH 00pa3er BETOBOH KalnOPOBOYHOMH MephI: KapTa pacioIOKEHUs
I[BETOBBIX TT0JIeH (@); OOIIMI BH H3rOTOBICHHOTO 00pa3na ()

Cnucok 1umepamypul

1. ISO 12641:2016-1. Graphic technology — Prepress digital data exchange — Color targets for
input scanner calibration - Part 1: Color targets for input scanner calibration.

2. Maxos /1.C., CararensH [P, CamoponoB A.B. IlgeroBas Mepa Iyl KaJHMOPOBKH CHCTEM
nuppoBoit Mukpockonuu // VismepurensHas Texuuka. 2021. Nel0/ C. 60- 63.

3. Cararensn I['P.,  Iluckynosa E.P,  Jly6oBuk H.H., Ky3nenos A.C. = HccnenoBanue
KWHEMaTHKH HOBOTO CTaHKa JIJIs IByXCTOPOHHETO NOJIMPOBAHHS ONTHYECKUX MIOCKONapalIeTbHbIX
mnactuH // Hanotexuonruun: pa3paborka, mpumenenne — XXI Bek. 2022. Ne 3. C. 47-55.
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N.A. IYKJIOB

Mockosckuil ghuzurxo-mexHuyeckull UHCMumym (HayuoOHAaIbHbIL UCCTIE008AMENbCKULL
yHugepcumem), /{oneonpyomulii

XUMMUA KOJUIOUIHBIX KBAHTOBBIX TOUYEK
XAJBKOTEHHUJIOB CBUHIIA B 30JI51X 1 TOHKHUX
MJIEHKAX

KoyutonHele KBaHTOBBIC TOYKHM XaJbKOTEHHMIOB CBHHIA SBIAIOTCS OAHUMH W3
HanOoJee MePCHeKTUBHBIX MaTepUalioB U1 POTOCEHCOPHUKH B OnrxHeM U cpeanem UK-
JquanasoHax. IIpuBeleHbl pPe3yJabTaThl 10 CHHTE3Y KOJUIOMAHBIX KBAaHTOBBIX TOYEK
XaJIbKOTGHU/IOB CBHHIIA C Y3KMM pAaclpeleeHHEM 10 pa3MepaM M HCCICIOBaHUS
npolecca 3aMeHBl JIMTaHAOB B TOHKUX IUIEHKAX. [Ipeayo)keHbl HOBBIE METOIBI JUIS
pelIeHys JaHHBIX 3a1ad.

LA. SHUKLOV
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

CHEMISTRY OF LEAD CHALCOGENIDE COLLOIDAL
QUANTUM DOTS IN SOLS AND THIN FILMS

Lead chalcogenide colloidal quantum dots are promising nanomaterials exhibiting
an excellent photosensitivity in the near-IR and mid-IR ranges. Bulk materials PbS and
PbSe CQDs have band gaps in the range from 0.3 to 2.0 eV. Several aspects associated
preparation of nanocrystals with narrow size-distribution and chemistry in thin films will
be highlighted.

KoymonaHele KBaHTOBBIE TOYKHM XaldbKoreHHIOB cBuHIA (PbZ, Z =S, Se)
MPUBJIEKAIOT K cebe MpHCTaIbHOC BHHMAaHHE HAYIHOTO COOOIIECTBa U
WHAYCTPUH, T.K. OHH OONagaroT OTIMYHON (POTOUYBCTBUTEIBHOCTRIO B
nmuana3zone OmmkHero/cpennero MK, u mmpuHo# 3anpeniénnoit 3061 oT 0.3 1o
2.05B. [1] VYHuKasbHOE COYETaHHE ILIUPOKOIMOJIOCHOIO TMOINIOIICHUS B
COYETaHUM ¢ OOIBIINM paanycoM 3kcuToHa bopa (18 u 46 um s PbS u PbSe,
COOTBETCTBEHHO)  JleNaeT  XaJbKOTEHWJbl  CBUHIIA  TEPCICKTUBHBIMHU
MaTepuaniaMu i NPUMEHEHUH B COJIHEYHBIX Oarapesx, (OoTojeTeKkropax
AMEKTPOTIOMHHECLIEHTHBIX yCTpoiicTBax [2].

JImst  TIpakTHMUECKOTO TPHUMEHEHHWsS KOJUIOWIHBIX KBAaHTOBBIX TOYEK H
co3naHus (OTOCEHCOPOB Ha MX OCHOBe TpeOyrorcs merons! momydeHus KKT
JAHHBIX XaJbKOTEHUIOB Ui pa3HbIX nuama3oHoB crektpa. Cuate3 KKT PbS
CBHHLA C Y3KUM pachpeiesieHHeM Mo pa3MepaM sl YacTHULl MaJioro pa3mepa
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(menee 4 HM), cpenHero pa3mepa (4 - 12 um) u xpymHbBIX (12 - 20 HM) Tpebyer
Pa3HbIX MMOJXO/I0B.

B teuennu nocienHux TpEX JET B Hallel Jlabopatopuu ObLIH pa3paboTaHbl
noaxonabl kK HeckobkuM Tuniam KKT PbS. Cunre3 KKT PbS manoro pasmepa ¢
MEePBBIM SKCUTOHHBIM ITUKOM OT 760 HM OBLI OCYILECTBIEH 3a CUET 3aMETICHUS
pocra KKT tnonmamu Ha cragum cunte3a (puc. 1). beuin HalieHbl ycloBHS
MOCT-CUHTETUYECKON 00paboTKH KKT, TI03BOJISAIOIINE JIOCTUYb
JOJTOBPEeMEHHOW KoJutongHoi ctabmmbHOoCcTH [3]. Metom «crapenus» KKT
PbS mo3BomsieT ncmonp3oBaTh 0oJiee KPYIMHBIE HAHOKPHUCTANBI IS TTONyYCHHS
HAHOYACTHI[ MEHbBIIEro pasMmepa [4]. DTor Meron He TpeOyeT NMPUMEHEHHUS
CJIOHOTO 000pPYIOBaHHS M MAKCUMAaJIbHO POCT B TPUMEHEHHH.

Puc. 1. Cnexrp nornomenns u mukpodororpadpus [I9M KKT PbS nuamerpom 2.5 am

Takxe mpoBeneHO M3yueHUE CKOPOCTH 3aMeHbl nuranjoB B miu€Hkax KKT
PbS ¢ nomouipro npucrasku MHIIBO [5].

Cnucox 1umepanmypul

1. Shuklov .A., Razumov V.F. // Russian Chemical Reviews. 2020. V. 89, P. 379.

2. Garcia de Arquer F.P., Talapin D.V., Klimov V.I., Arakawa Y., Bayer M., Sargent E.H. //
Science. 2021. V. 373. P. 8541.

3. Ganeev R.A., Shuklov L. A., Zvyagin A.L,, Dyomkin D.V.,, et al. / Optical Materials. 2021.
V. 121. P. 111499.

4. Shuklov LA., Toknova V.F., Lizunova A.A., Razumov V.F. // Materials Today Chemistry.
2020. V. 18. P. 100357.

5. Illykmos N.A., lemxun /I.B., KonaBnuesa B.A., TTonos B.C., PazymoB B.®. // IlpuknanHas
tbmsuka. 2022. Ne6. C. 35-42.
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10.J1. JIAHTYX

Openbypaeckutl 20cy0apcmeeH bl YHUugepcumem

BHONNO/IMMEPHASI CHCTEMA XUTO3AH - KPACUTEJIb
KAK IIPOTOTHUII AKTUBHOMU JIASEPHOMU CPE/IbI

B paGore mnomydensl OuomoiauMepHbBIe IUIEHOYHBIE OOpasmbl  XWUTO3aHa,
aKTHBUPOBAHHOTO OPraHMYECKHUM KpacuTesieM cyiabhoposaMuHOM B, onruueckoro
kauyecTBa. Halmopanoch yCHWIICHHE CIIOHTAHHOI JIIOMHHECLEHIIMH KPACHUTENs HpH
HaKayKe HMMITYJIbCHBIM JIa3epHBIM H3ITydeHHeM. [IpelioKeHO WCIOIb30BaTh TaKUe
CHCTEMBI KaK aKTHBHYIO CPEIy OPTaHUYECKHX JIa3epOB Ha KPACUTEIISIX.

Yu.D. LANTUKH
Orenburg State University

BIOPOLYMER SYSTEM OF CHITOSAN-DYE
AS APROTOTYPE OF ACTIVE LASER MEDIUM

In this work, biopolymer film samples of chitosan activated with an organic dye
sulforhodamine B of optical quality were obtained. An increase in the spontaneous
luminescence of the dye was observed upon pumping with pulsed laser radiation. It is
proposed to use such systems as the active medium of organic dye lasers.

Marepuansl Ha  OCHOBE  CHCTEM  KPAaCUTENb-IOJIMMEDP,  aKTUBHO
TpaHC(HOPMHUPYIOIINE YHEPTHIO CBETOBOTO BO3/ICHCTBUS, HAXOIAT MPUMEHEHNE
B MOJIEKyJsIpHOH (oToHuKe [1 - 3].

Ienpto HacTosimieidl paboOTHI SABIAJIOCH H3yYeHHE KOMIUIEKCOB AHHMOHHBIX
MOJIEKYJT OPTaHUYECKUX KPaCUTENIeH ¢ XUTO3aHOM (TIONMKATHOH) B TIEHOYHON
(opmMe U IieNeHanpaBICHHOE H3MEHEHHE CBOWMCTB TAaKUX KOMIUIEKCOB IS
CO3J1aHHA TPOTOTUIIOB OMNTOIJICKTPOHHBIX yCTpOI‘/'ICTB Ha Oaze YKa3aHHBIX
MaTepHasoB.

ITockonbky XUTO3aH ABISAETCSA NOTMKATHOHHBIM ITOJIMMEPOM, TO CBA3bIBAHHE
AQHMOHHBIX KpacuTelnedl ¢ HHUM JOJDKHO (B Cllydyae aHTHKOONEPaTUBHOIO
XapakTepa TaKOro CBSI3BIBAHMS) NMPHUBOIUTH K (POPMHUPOBAHHMIO KOMIUICKCOB
MOHOMEPHBIM KPAaCHUTEJIb — XUTO3aH C BBICOKOM IUIOTHOCTBIO YIAKOBKH
Kpacutens (METoJuKa CaMOCOOPKM HAHOCTPYKTYp THIA «CHU3Y-BBEPX»).
JIfoMHHECIICHTHBIA KaHaJ A€3aKTHBAIIUH YHEPTUHU HIEKTPOHHOTO BO30OYKICHHS
(KBaHTOBBIN BBIXON (IYOPECICHIINK) B MOJEKYJEe KPAacHUTEIs B ATOM CIydae
JIOJDKEH OBITh MAaKCUMAaJIbHO BBICOKMM. Ha 3ToM 6a3mpyeTcst MOAaXoa CO3IaHus
TUIEHOYHOTO aKTHBHOTO JJIEMEHTA Jla3epa Ha KPaCUTEIIIX.
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B pa6ote ncnompzoBamm xutozan (MP Biomedicals) u Cynasdpopomamun B
(CB) (Sigma). OnTHyecknue CHEKTPbl PETHCTPUPOBAIM HA ONTOBOJIOKOHHOM
cnekrpomerpe AvaSpec 2048 (Avantes). st Bo3OyskneHus (ryopecreHINN
ucnoib3oBanu DPSS YAG-Nd CW nazep KLM-532/SLN (®TU-Onrponuk). B
KayecTBE  HMMITYJIbCHOTO ~ HCTOYHMKA  BO3OykaeHHs  (ryopecleHIHnu
ucnonbzoBad YAG-Nd nazep LQ-129 (Comap JIC).

Beenenne CB B Marpuily XWTO3aHa NPUBOAUT K (HOPMHUPOBAHUIO
KOMIIJIGKCOB ~«MOHOMEp KpacuTessi — OWOMOIMMEp», YTO 3HAYUTEIBHO
YMEHBIIAET KOJIWYECTBO ACCOIMATOB KPACHUTENS B CHCTEME M CIIOCOOCTBYET
Pa3BUTHIO JTIOMHUHECIICHTHOTO KaHasa 1e3aKTHBAIIMN SHEPTUHN BO30Y K ICHUSL.

Ha puc. | mpencraBieHbl CIEKTPh! TIOMUHECHECHINH TIIEHOUYHON CHCTEMBI
CB — x#T03aH IpW UMITYJIILCHOM BO30Y)KIeHUU BTOpoi rapmonukon YAG-Nd
mazepa (A=1532HM) mO cxXeme C TONMEpeYHON Hakauykod. KoHmeHTparrus
KpacuTENs B IUIEHKe cocTasmsna 8 X 107 Mo/

16000 1 [y oc.
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10000 |
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0

450 560 550 660 A,nm
Puc. 1. CriekTpsl JIIOMHHECIIEHIINH TUIEHKH CYIbQoponaMuH B — xuTo3zan

U3 puc. 1 BUIHO, 4TO 1O MEpe yBEIWUYEHUsI IHEPTUU Hakauku ot 0,26 mJlx
(xpuBast 1) mo 1,25 mJIx (xpuBas 2) u 2,55 m/Ix (kpuBast 3) UMeeT MeECTO
pe3Koe HEIMHEHHOe YBENMYEHHE WHTEHCHBHOCTH CHTHAJa M CYXXCHHE €ro
cnekrpa. TakKe NPOUCXOIMIO CyXKEHHE WHAWKATPHUCHl JIIOMUHECIIEHTHOTO
CHTHajla J0 HECKOJBbKHX MpajJ. BCE 3TO CBUIETENBCTBYET O MpOSBIECHHH B
JaHHOH cucteMe 3¢ dexra cynepIroMUHECIEHITNH KPACHTEIIS.

ITomy4yeHHBIH pe3ynbTaT MOXHO HCIIONB30BATh IS CO3MAHHS AKTHBHBIX
Cpel TBEPAOTEIFHBIX OPTraHWYECKHX JIA3ePOB Ha KPACHTEIAX.

Cnucok aumepamypui
1. Jlantyx }0.[1., Namxkeswna C.H. u gp. // Onrtuka n cnexrpockorms. 2011.T. 110 (6). C. 932.
2. Jlantyx FO./1., [Tamkesuy C.H. // Becthuk OI'Y. 2012. Ne 12. C. 113.
3. Jlantyx O.[., [amkesuu C.H. u gp. // Onrtuka u cnexkrpockonus. 2013. T. 114 (2). C. 312.
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K.JI. KOCOJIAITIOBA, M.JI. MUPYIIIEHKO, E.B. VIIIAKOBA
Yuueepcumem UTMO, Cankm-Ilemep6ype

HCCJIEJOBAHUE ONITUYECKHUX CBOVICTB
U DHEPTETUYECKOMN CTPYKTYPHI YIJIEPOJHBIX TOYEK
HA OCHOBE JIMMOHHOM KU CJIOThI
N OTUJIEHINAMMUHA, OBPABOTAHHBIX TIOJIMMEPAMU

HccnenoBana Mopdoornsi NOBEPXHOCTH YIIIEPOIHBIX TOYEK ¢ A00aBKaMH B BHIC
HOJIMMEPOB M €€ BIMSHHE Ha DHEPreTHYECKYI0 CTPYKTYPY YIIEPOAHBIX HAHOYACTHUI
(YT). IlomydeHHBIe pe3yibTaTbl JAaHHOW paOOTHI IO3BOJIAT ONPEACIHUTH IPUPOLY
JIFOMUHECIIEHTHBIX IIEHTPOB YITIEPOJHBIX TOYEK M CTENeHb BIMSHUS Pa3INIHBIX
J00aBOYHBIX BEIIECTB B BHAC TUAPOGHIBHBIX MOJHMMEPOB HA ONTHYECKHE CBOWCTBA
9TUX JIOMUHECLICHTHBIX LICHTPOB.

K.D. KOSOLAPOVA, M.D. MIRUSCHENKO, E.V. USHAKOVA
ITMO University, Saint-Petersburg

INVESTIGATION OF OPTICAL PROPERTIES AND ENERGY
STRUCTURE OF CARBON DOTS BASED ON CITRIC ACID
AND ETHYLENDIAMINE TREATED WITH POLYMERS

The study of carbon dot’s surface morphology with polymers and its influence on
the carbon nanoparticle’s energy structure has been carried out. The obtained results of
this work will allow us to determine the nature of the carbon dots luminescent centers
and the influence of various additional substances in the form of hydrophilic polymers
on the optical properties of these luminescent centers.

VYrepogaeie Touku (YT) mpeacraBmsror  coOo  HOBBIM  Kitacc
HaHOCTPYKTYpP,  TNPENCTABUTEIM  KOTOPOTO  OONAagaroT  yHUKAJIBHBIMH
CBOWCTBAMH, a HWMCHHO BBICOKOH (POTOCTAOMIBHOCTRIO, XHMHUYECKOU
WHEPTHOCTBIO, IOTJIONICHHEM B  ONTHYECKOH 00JacTH ¥ BBICOKOU
6uocoBMecTMocThIO [1]. Beckope mocie WX OTKPBITHS CTaJIO MOHSATHO, YTO
OCHOBHBIE onTHyeckue cBolctBa YT Moryr OBITh CTaOMIM3HPOBAHHI,
VAyYIIeHB! ¥ I3MEHEHBI IIPH ITOMOIIY MACCUBAIINY WIH (YyHKIIMOHATIM3AINN UX
MTOBEPXHOCTH.

Henpio paboTHl SBIAETCS HCCIEHOBAHWE JHEPTETHUECKON CTPYKTYPHI H
onTHYecKux CBOUCTB YT B 3aBUCUMOCTH OT THMA J00ABOYHOTO mMoJimMepa. B
JMaHHON paboTe oO0BeKTOM wucciuenoBaHus cranu YT, CHHTE3UPOBaHHEIC
THIPOTEPMATIBHBIM CHHTE30M C HCIIOIB30BAHMEM JIMMOHHOM KHCIOTHI (Citric
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acid, CA) u stunenanamuHa (ethylenediamine, EDA) B cootHomenmu 1:0.33.
B kauectBe 100aBOYHBIX BEWIECTB A MOAM(MHUKALUK XMMHUYECKOTO COCTaBa
noBepxHocTd YT BBICTYHaNM MOJUMEpHI: MOMUATHICHIHKONL (polyethylene
glycol, PEG) n nonusuHmmupponuaoH (polyvinylpyrrolidone, PVP).

XuMHsl TOBEPXHOCTH (DYHKIIMOHAIM3UPOBAHHBIX YIJICPOIAHBIX HAHOYACTHI
Obuta WccileoBaHa C IMOMOIIbI0 HMH(pakpacHoil crekTpockonuu (Fourier-
transform infrared spectroscopy, FTIR), momy4eHHble cIEeKTpHI NpHUBEACHBI Ha
puc. 1.

-

Puc. 1. FTIR cnektps! yreponusix Todek: CD 6e3 nodaBok (4€pHbIi),
CD-PEG (témuo-cepsrit), CD-PVP (cBemio-cepsri)

FTIR cmektper 00pasnoB YT pasnuyaroTcs: HOBBIE HHKH IMOTIOMICHUS
MOSIBIISIIOTCS. B CHIEKTpax (YHKIMOHAIM3UPOBAHHBIX dacTull. M3menenne
XUMHYECKOTO cocTaBa YT mpu momomntu 1o0aBIeHHUS MOIUMEPOB TOBOPUT O
MOSBJICHWM HOBBIX MOJICKY/ISPHBIX TPYII Ha TMOBEpXHOCTH. KomrutekcHoe
WCCIIeIOBaHNE TPHUBEAET K IIONyYEeHHIO HOBOM WHPOPMAIMU O TOM, Kak
MOpGOJIOTHS YITIEPOAHBIX TOUYEK BIMSET HAa WX ONTHYECKHE CBOMCTBA H
SHEPTETHUYECKYIO CTPYKTYPY.

Cnucok aumepamypot
1. LiD., et al. Optical properties of carbon dots in the deep-red to near-infrared region are
attractive for biomedical applications //Small. 2021. P. 2102325.
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T. MUWJIEHKOBHIY, N.A. IIYKJIOB, B.®. PA3YMOB

Mockosckuil ghuzurxo-mexHuyeckull UHCMumym (HayuoHAaIbHBIL UCCIe008aAMENbCKULL
yHugepcumem), /loneonpyomulii

HNCCIEJOBAHME BJIUsSHUSA 3AMEHBI JINTAHAOB

HA CBOMCTBA ®OTOPE3UCTOPOB, CO3JAHHBIX

HA OCHOBE KOJUIONJHBIX KBAHTOBBIX TOUEK
TEJJIYPUJA PTYTH

B pamkax paboThl ObUIM HCCIIENOBAaHBl XapaKTEPHUCTHKH TOHKHX IUIEHOK
komouaHblX kBaHTOBBIX Touek (KKT) Temnypupa pryTu B 3aBUCHMMOCTH OT 3aMEHBI
murangoB. Crmom KKT HgTe Obutn momywensl MeromoMm —dip-coating, aHamu3
MOP(}OTOrHuH HOBEPXHOCTU ¥ TONIIUHBI CIOEB OBUIN YCTAHOBIICHBI C TIOMOIIBIO aTOMHO-
cuinoBoit mukpockonuu. Hanecennem KKT HgT ¢ mocnoiiHoi 3amMeHON Ha BCTpEYHO-
MITHIPEBBIE 3IEKTPOABI OBIIM W3TOTOBICHBI (POTOPE3UCTOPHI U OIPENENECHBI HX BOJBT-
aMIIepHbIE XapaKTePHCTHUKN.

T. MILENKOVICH, LLA. SHUKLOYV, V.F. RAZUMOV
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

STUDY OF THE EFFECT OF LIGAND EXCHANGE
ON THE PROPERTIES OF PHOTORESISTORS BASED
ON MERCURY TELLURIDE COLLOIDAL QUANTUM DOTS

Ligand-exchange dependent properties of HgTe colloidal quantum dots thin films
were studied Layer-by-layer deposition technique applying dip-coating was used for
preparing thin films of colloidal quantum dots of mercury telluride. Analysis of the
surface morphology and thickness of the films was determined by using atomic force
microscopy (AFM). Various ligand exchanges were tested for the preparation of
photoresistors. Voltage-current characteristics of the fabricated devices were determined.

Komnmongueie  xBanToBele  Touku  (KKT)  mpencraBmstor — coboit
MOJTYIPOBOAHUKOBEIE HAHOKPHUCTANJIBI, IMOBEPXHOCTH KOTOPBIX ITOKPHITA
mura"gamMu. VX onTryueckue CBOWCTBA, B CHITy KBAaHTOBO-pazMepHoro sddexra
3aBHCAT OT JHAMETPa MOTYIMPOBOIHUKOBOTO Spa.

Kommonnueie xBantoBble Touku (KKT) temmypuma prytH m3-3a CBOHX
YHUKQJIBHBIX CBOWCTB TIPUBIEKAIOT K cebe B IIOCIeIHee JeCSTHIICTHE
npuctanpHoe BHUManue. [1] KKT Ha ocHoBe Temnypuaa pTyTH SIBISIOTCS
MEePCIEKTUBHBIMU KaHAWAATAMU JUIS WCIIOJIBb30BAHMS B PA3IMYHBIX 00IaCTAX
HayKW W TEXHHWKH, B CHJIYy YHHUKaJbHOW KOMOMHAIMM OOJBIIOrO pajauyca
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skcutoHa bopa (30 aM) 1 mupuHOM 3anpeménnoi 30HbI (0 V) it 00bEMHOTO
Marepuaia. ITo 00eCleunBaeT CIeKTpaIbHy mnepectpoiiky cBoiicTB KKT ot
ommwkHero o ganpHero MK-nuanaszona. Benerces paspaborka GpoTomeTeKTopos,
Ja3epoB U NIPUMEHEHUH B mpubopax AjIst TeIeKOMMYHUKaIuu [2, 3].

V3 KOJUIOMIHBIX KBAaHTOBBIX TOYCK CO3MAOTCA (DOTOUYBCTBUTEIHHBIC
TOHKHC TUIEHKH JUIsi TPUMCHEHHUs B (hoToycTpoicTBax. DOTOAICKTPUICCKUEC
CBOWCTBA TOHKHX IUIEHOK CHIJIBHO 3aBHUCST OT COCTaBa JIMTAHTHOW O0OJIOUKH
[4, 5].

B pamkax pabGotsl, Obutn mpoBeneHo HaHecenne KKT Ha cTekIsHHBIC
MOJUTOKKH 1 BCTPEUHO-IITBIPEBBIC IEKTPOABI MeTofoM dip-coating, MeTO0M
MOCTIOWHOTO HaHeceHWs . Mopdororus MOBEpXHOCTH W IIEPOXOBATOCTH
MOJMYYCHHBIX  IDICHOK  HCCEOBaHA C  ITIOMOIIBIO  aTOMHO-CHJIOBOM
MHUKpocKormuu. Takke OBUTH TPOAHANM3WPOBAHBl TONIIWHBI ITUIEHOK B
3aBHCHMOCTHU OT PA3JIMYHBIX 3aMCH JIMTAaHA0B. BbUTH co31aHbl (HOTOPE3UCTOPBI
MyTéM HAaHECEHMS CIOEB KOJUIOMIHBIX KBAHTOBBIX TOUEK TEIUTypHAa PTYTH Ha
30JI0ThI€ BCTPEUHO-IUTHIPEBBIE OJNEKTPOJBI U JUISI HUX OMpeAeTeHbl BOJBT-
aAMIIEPHBIX XapaKTEPUCTUKH.

B pamkax paboThl ObUIM H3MEPEHBI KAaK TEMHOBBIC BOJIBT-aMIICPHBIC
xapaktepuctuku (BAX), tak u BAX mnpu 3acBetke jazepom mpu 980 HM,
st ToHkuX mieHok KKT HgTe mociie 3aMeHbI HCXOTHOM 0JIeaTHOW 000JIOUKH
ma I, S?, SCN" u sTanauTHON- 1,2, HOTyYeHHBIC JAHHBIE TIPOAHATH3HPOBAHEL
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CHUHTE3 U XAPAKTEPU3AIIUA KOJJIOUJIHBIX
KBAHTOBBIX TOUEK TEJLUIYPUJA PTYTH,
HOJYYEHHBIX C UCITOJB30BAHUEM INTPEKYPCOPOB
HA OCHOBE ®OC®HUHOB

M3ydeH cuHTe3 KOJUIOWAHBIX KBAHTOBBIX TOYEK TEJUIYpHJA PTYTH C IOIIOIICHUEM B
WK-nuama3oHe TpH  WCHONB30BaHUM  psina  (QOCOUH-TEIUTYPHIOB B  KadecTBe
npeKypcopoB. bBpumm mccnemoBanbl Tpuc(ammeTwiamuHO) (ochuH TEwTypuUx H
TPHOKTHIAPOCHUH TEIUTypUA Kak TpeKypcopsl Teiurypa. [lepBeiii ObL1 BHEpBBIE
npuMeHEH ans cuHTe3a HaHouactun HgTe. Kpail monocsl momiomeHusi MOTy4eHHBIX
HaHokpuctauioB HgTe Haxogmics B mpenenax ot 1,6 1o 5 mxm (SWIR — MWIR).

A.A. MARDINIL I.A. SHUKLOV, VF. RAZUMOV
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

SYNTHESIS AND CHARACTERIZATION OF MERCURY
TELLURIDE COLLOIDAL QUANTUM DOTS APPLYING
PHOSPHINE-BASED PRECURSORS

Mercury telluride colloidal quantum dots for infrared applications were synthesized
using phosphine-tellurium precursors. Tris(dimethylamino)phosphine telluride as a new
tellurium precursor and tri-n-octylphosphine telluride were employed in the synthesis of
HgTe CQDs. The absorption band edge of the obtained nanocrystals was between
1.6 - 5 um (SWIR — MWIR).

Komnnongnsie xBanToBbie Toukd (KKT) Temrypuna pTyTu SBISIOTCS OXHUM
U3 CaMbIX TIEPCIEKTUBHBIX MAaTepHalOB M ONMMKHETO U CPEIHEro
UK-nuanazona [1]. 3anpewménnas 3oHa B MmaccuBe HgTe onenuBaercs B
-0.141 eV mpu 300 K, 9T0 B COYCTaHUHM C KBaHTOBO-pa3MepHbIM 3(hdexTom,
nenaet KKT HgTe kpaiine unrepecHsiM i npumeHenuit B MK-n1uanasone [2],
BKJIFOYAsl CEHCOPBI, ()OTOJICTEKTOPBL, JIa3ephl M CUCTEMbI BU3yasn3annu [3].

HearperupoBannsle koyuonaHsle kBaHToBble Touku HgTe pasmepom 1o
6 HM OBUTH TIOTYYEHBI UCTIONIB3YS BRICOKOTEMIIEPATYPHBIH KOJUIOMIHBIN CHHTE3.
B kagecTBe mpekypcopa pTYTH HCHOIB30BAJICA PACTBOP PTYTH B OJEMIaMUHE.
B kadecTBe mpeKypcopoB TeuTypa OBUIM HCCIIEAOBAaHbI TPUOKTUI(POCHUH
temnypun (TOPTe) u Tpuc(mumernmaamuno)pochun temrypun (TDMAPTe).
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[omyuernnste KKT HgTe Opmmm oxapakTepu3OBaHBI PSAIOM  (PH3HKO-
XMMHUUYECKUX MeToNoB (pHc. 1), TakMx Kak MPOCBEUYMBAIOIIAsl AJICKTPOHHAS
MUKPOCKOITHS, peHTreHO AU (pPaKIMOHHBIH aHaJm3, PEHTIEeHOBCKast
(orosnexkrpoHHas criekTpockonus, Gpypre-MK-crekrpockonust 1 pamaHOBCKast
criekTpockomnus. bblIo uccien0BaHO H3MEHEHHE CIIEKTPAIIBHBIX XapaKTePHCTHK
KKT HgTe npu u3MeHeHUH TeMIepaTypsl BOPbICKA U TEMIIEPATypPbl peakluy, a
TaKke BpeMeHH peakuuu. bouto nokazano uto TDMAPTe obnanaer Oomnpuiei
peaxImoHHo# croco6HocThIO 1o cpaBHeHHIO ¢ TOPTe. C stum mpexypcopom
yaanock momyunth o0pasmel HgTe KKT ¢ mmpuHON 3ampeméHHoil 30HBI B
0.953B. MakcUMyMBbl 3KCHTOHHBIX IIHKOB, MOJYYEHHBIX HAHOKPUCTAJIIOB
BapbupoBaiuck B K-muamazone ot 1.6 1o 5 MkM.

| o 4 1 - Y

- - - - e - -ee

BEAETETET Y.

Puc. 1. Cnexrp nornomenns (a), XRD-mudpakrorpamma (b).
mukpogororpadus IIOM (c), pactipenenenue no pasmepam HgTe KKT (d)
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I Braoumupcruii 2ocyoapcmeennwiii ynusepcumem um. A.I. u H.I. Cmonemosbix
2Mockosckuti usuKo-mexHudeckuti uHCmumym (HayUuoOHAIbHbIL UCCIe0068aMeNbCKULl
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KPOCC-ITIOJAPU3ALIIMUOHHBIE DOPEKTHI
B METAIIOBEPXHOCTAX HA OCHOBE HAHOPA3MEPHBIX
KPEMHHUEBBIX KYBOUIOB C JE®EKTOM ®OPMbI

PaccmoTpeHa 3agava ynpapieHHs Pe30HAHCHBIM OTKJIMKOM OJJMHOYHBIX HAHOYACTHIT
KPEeMHHSI HEIPAaBHIBHOH (OPMBI M H3TOTOBJICHHBIX M3 HHUX METAllOBEPXHOCTEHl.
TIpoBeneHa yuCICHHAs ONTUMH3ALMS M C MCIIOIb30BAaHHEM CO3/IaHHBIX HA €€ OCHOBE
METaNOBEPXHOCTEH OOHApYXKEH KpOCC-TOSAPU3AUUOHHBIA 3(QQeKT, CBA3AHHBIA C
HEepeKaykod OSHEPrud B MOJSIPU3ALMOHHYIO KOMIIOHEHTY OTpPaXEHHOTO CBeTa,
OpTOTOHAJBHYIO BEKTOPY HanpsHKEHHOCTH JIMHEWHO-TTOJISIPU30BaHHOM
UIEKTPOMArHUTHON BOJIHBI MAJIAIOIIET0 CBETA.

A.V. SHESTERIKOV'2, M.Yu. GUBIN'2, S.M. NOVIKOV?,
R.V. KIRTAEV2, A.V. ARSENIN2, A.V. PROKHOROV 2,

V.S. VOLKOV?

"WVladimir State University named after Alexander and Nikolay Stoletovs
’Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

CROSS-POLARIZATION EFFECTS IN METASURFACES
BASED ON SILICON NANOCUBOIDS WITH A DEFECT

The problem of controlling the resonant response of single silicon nanoparticles of
irregular shape and metasurfaces fabricated from them is considered. Based on the
numerical optimization, we fabricated the metasurfaces and found the cross-polarization
effect for them associated with the energy transfer into the polarization component of
reflected light, which is orthogonal to the electric field strength vector of a linearly
polarized electromagnetic wave of the incident light.

Ha ocHoBe uymnciieHHOr0 MOJETUPOBAaHUSI YCTAHOBJIEHO, YTO B KPEMHUEBBIX
HAaHOYACTHIAX B QopMe KyOouaa ¢ MaibiM 1e(eKToM OHOTO U3 pédep MOTyT
HAOJIOIAaThCS PE30HAHCHl HEOCHOBHBIX KOMIIOHCHT MJMITOJNBHBIX MOMCHTOB,
OPUEHTUPOBAHHBIX MEPHEHAUKYISIPHO BOJIHOBOMY BEKTOPY MaJlalOLIEH BOJIHBI,
CIIEKTPAJIbHOE MOJIOKEHNE KOTOPHIX COBMAJAET C PE30HAHCAMM JIJISI OCHOBHBIX
KOMIIOHEHT AunoJied. M3ydeHo BIUSHHUE JUAJIEKTPUUECKON MOMJIOKKH U
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YCTaHOBJICHO, YTO €€ IMPHUCYTCTBHE HE Hapymano 3¢dexra (GopMupoBaHus
HCOCHOBHOW JHITOJNILHOW KOMIIOHCHTHL. Pa3paboTaH Ju3ailH coCTOsIICH U3
KPCMHHUEBBIX KYOOHZOB METAllOBEPXHOCTH Ha KBapIEBOH MOIJIOKKE U
BBIMIOJIHEH PacdyéT CHEKTPOB paccesHUs JAas KyOouma U3 COCTaBa
METANOBEPXHOCTH, a TAaKKE CICKTPOB OTPaKCHUs/ MPOIYCKaHWs s BCCH
METANOBEPXHOCTH. Y CTAHOBJICHA Cl1a0asi 3aBUCHMOCTD IMOJIOKCHUS PE30HAHCOB
HCOCHOBHBIX  JHUIOJBHBIX ~ KOMIIOHCHT Ui  Kybowga W3 cocTaBa
METaIoOBEPXHOCTH OT €€ IeproJa U JOCTATOYHO TOYHOE COOTBETCTBHE WX JUTHH
BOJNIH JUIMHAM BOJH pPE30HAHCOB M OAWHOYHOTO KyOomma, puc. la.
[IpemnoskeHa cTpaTterus MPOSKTUPOBAHUS U M3TOTOBJICHUS MOJSPU3AIMOHHBIX
METAIlOBEepXHOCTEH, OCHOBaHHAs Ha COBNAJCHUU PE30HAHCHBIX YacTOT
OCHOBHBIX KOMITOHEHT U1 BO30YKaeMOTO B MPaBUIHPHOM KyOOHWIE IUTIONS U
€ro HEOCHOBHBIX KOMIIOHEHT B KyOouze ¢ nedextoM. CpaBHEHHE U3MEPEHHBIX
CIICKTPOB OTPaXKCHUS IS CO3JaHHBIX HA OCHOBE MU3aifHOB METAIOBEPXHOCTEH
MOKa3ajJ0 HMX XOpOIlIee COrjache C pPacCUYUTaHHbIMH, pHC. 16. B cmekTpax
OTpaKCHHSI METAIIOBEPXHOCTH KPOCC-MOJIAPU3AIMOHHBIN Y3 HeKT HabM01aeTCs
Ha JUIMHE BOJHBI 680 HM, YTO CBSI3aHO C BO30YXICHHEM HEOCHOBHOM
KOMIIOHCHTBI MAarHUTHOTO JuIoJisg, a Takke Ha 800 HM, YTO CBS3aHO C
HEOCHOBHOUM KOMITOHEHTO 3JIEKTPUYECKOTO IUIOJIS.
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Puc. 1. KontypHas 3aBUCUMOCTb JIJIs BKJIaJ]a KOMIIOHEHTHI py B MYJIBTUIONE ED
K MOJTHOMY CEUEHHIO PACCESIHUS G OTICIBHOTO KyOOUIa U3 COCTaBa METAITOBEPXHOCTH,
nomeiénHoi Ha SiO2 oIoKKyY 1 06yuaeMoit BonHoi Ex(k:) (a), cpaBHEHUE
YUCIICHHO PACCUYUTAaHHBIX M AKCTIEPUMEHTAIEHO U3MEPEHHBIX CIIEKTPOB OTPAXKECHUS
OT METaNOBEPXHOCTH TP OPTOTOHAIEHON OPHEHTAINH TUIOCKOCTEH MPOIyCKaHUs
MOJIIPU3aTOpa M aHAJHM3aTOopa, IapaMeTpsl Kyoouaa: & =210 HM, paaiyc BeIpe3a
Ra= 85 uM, nepuon pemérkn P =400 aMm (0)

PabGoTta BeImomHEHa mnpu mojAepkKe Poccuiickoro HaydHoro QoHza,
rpantel 20-12-00343 n 21-19-00675. A.B. IllecrepukoB OGmaromaputr PoHx
cozelicTBust nHHOBanusaM 3a noanepxky (CTAPT-1, Ne 44841'C1/72620).
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A.JI. YTIOLIEB, P.B. TATIOHEHKO, A.A. HIIEPBAKOB
Yuueepcumem UTMO, Cankm-Ilemep6ype

YCHJIEHUE TEHEPALIUA MATHUTHO-JUNOJIbHOT'O
U3JIYUYEHHUS B IPUCYTCTBUM COEPHYECKOM
YACTHUILBI

OOHapy)XeHBl PEXUMBI yCWIEHHs (IIyopecHeHIMN MarHUTHOTO —H3JIydeHUs,
OOyCNIOBICGHHOTO ~ MAarHUTHBIMM  JMIOJBHBIMH  IIEpEXOJaMH  TPEXBaJICHTHBIX
pEAKO3eMENbHBIX HOHOB, HAXO[NIIMXCS BHYTPU WIM BONM3H JIHAICKTPHUYECKHX
OTHOPOIHBIX cdep, Ha Tpu mopsaka. OmpenenéH psa KOHGUTYpaluid, BKIIOYAIOMIAX
napameTpbl cdepsl W pajuanbHOE MOJOKEHHE PEIKO3EMENIBHOIO H3JIy4aTensi, IpH
KOTOPBIX KOO(QQUIMEHT CBs3H Iepexoja NPUOIMIKAeTCsl K NPEACIEHOMY 3HAUCHUIO ~ 1,
O3HAYalOIIeMy, 4YTO B II€pexoJax ¢ JMJaHHOTO YPOBHS IIOJHOCTBIO JOMHHHPYET
MAarHUTOJMIOJIBHBIN ITepexo.

A.D. UTYUSHEYV, R.V. GAPONENKO, A.A. SHCHERBAKOV
ITMO University, Saint-Petersburg

ENHANCEMENT MAGNETIC DIPOLE EMISSION
IN THE PRESENCE OF A SPHERICAL PARTICLE

We discover regimes for promoting fluorescence of magnetic light due to magnetic
dipole transitions of trivalent rare-earth ions located inside or near dielectric
homogeneous spheres by three orders of magnitude were found. A number of
configurations, including sphere parameters and the radial position of the rare-earth
emitter, at which the transition coupling coefficient approaches the limit value = 1,
which means that the transitions from a given level are completely dominated by the
magnetic dipole transition, have been determined.

B mocnennme rompl HaOmromaeTcs pAcTyIIMM HMHTEpEC K TeHepanun
W3JTYYCHUS, BOSHUKAIOIIETO TIpH MarHUTHOAUITONBHBIX (MJ]) mepexomax [1 - 3].
MJI B3auMOJeiCcTBHE CO CBETOM OOBIYHO Cliabee, 4eM IPH AIEKTPOTUIIOIEHOES
(BH), ecnu Obl Takas reHepauusi ObuIA JIETKOJOCTYIIHA, MOXXHO OBIIO ObI
3HAYUTENIHO  PacIIMpUTh W JIONOJHHUTH  CYIIECTByIOIMA  Habop
JJIEKTPOMATHUTHBIX ~ NPUMEHEHWH, KOTOPBI OCHOBAaH Ha WU3JIYYCHUH,
reHepupyeMoM B D] mepexomax, TaKMX KaK HAHOAHTCHHBI [4], (oTOHHEIC
KpHucTamsl [5] n Meramarepuansl [6]. CTOUT OTMETHTb, YTO ST HEKOTOPBIX
KBAaHTOBBIX M3JTydyaTelel, TaKWX KaK PEIKO3eMeNbHBIE HOHBI, I KOTOPBIX DJ1
mepexofsl MOTYT ObITh 3ampemieHbl, cuia MJ[ mepexomoB MokeT OBITh
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CpaBHMMa WIH Jaxe Oompmre, yem y OJ] mepexomoB. IlepcreKTHBHBIM
HAMpaBJICHUEM SIBIIICTCSl pealu3alis TaKUX CHCTEM, KOTOPBIC IO3BOJIST
YCHJIUTh TCHEpaluio u3nydeHus M]I mepexonoB peiko3eMeIbHBIMH HOHAMHU.
Tak »e NPUYMHON HCIIOJIB30BaHUS HMOHOB SBJISIETCS TO, YTO B IIpoliecce
JICTUPOBAHUS 3apsDKCHHBIC HOHBI MOXKHO YCKOPATh U HANpPaBIsATh B
OIpeeIEHHOM HaIPaBJICHHH.

B pamkax mpogenaHHOH paboThl, C MNOMOINBIO MeToAa T-Marpuil u
COTYTCTBYIOIIETO eMy TporpammHoro odecneuenus “STRATIFY™ [7], Obu10o
MIPOBEICHO TEOPETUUECKOE HCCIICOBAHMS YCHWJICHUS TEHEPAIlMH H3ITyYCHHUS,
Bo3HMKaromero npu MJ[ mepexonax, peako3eMenbHbIMH HOHAMHU. [lomydeHbl
KOHOGUTYparuu, TpH  KOTOpeIX kodddumment cesu  MJl  mepexona,
OTHOCHTEIBHO JIPYTHX TIEPEXOI0B, MOXKET OBITH CYIICCTBCHHO YBEIHYCH H
JIOCTUTaTh MaKCHMaJIbHOTO 3HaueHHs, Onm3Kkoro k 1. Kpome Toro, moiydeHsr
pe3y/bTaThl ONTHMHU3AIMU PEKUMOB CTUMYIIMPOBaHHS (DIIyOPECIICHIINH 32 CYET
MAarouTOAUIOJIbHBIX HNEPEXOA0B B TpéXBaJ'IeHTHLIX PCAKO3EMEIIbHBIX HOHAX,
HaxO/SIIUXCSl CHAPYIKH WK BHYTPH CHEpPUIECKON YaCTHIIBI.

Pa6ota BeImonHeHa mpu noaaepxkke rpanta PHO Ne 22-11-00153.

Cnucok aumepamypel
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. Baranov D.G,, et al. / Phot. Rev. 2017. V. 11. P. 1060026.
. Darvishzadeh-Varcheie M., et al. // Opt. Lett. 2019. V. 44 P. 4957-4960.
. Pelton M. // Nat. Phot. 2015. V. 9. P. 427.
. Fujita M., et al. // Science. 2005. V. 9. P. 1296-1298.
. Simovski C.R., et al. // Adv. Mater. 2012. V. 24. P. 4229.
. Rasskazov L.L., et al. / OSA Continuum. 2020. V. 3. P. 2290.
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WCCJEJOBAHUE ONTUYECKOI AHU30TPOIINH
CEPEBPSIHBIX HAHOYACTHUI] B TOJIMMEPHBIX
MATPULIAX

Kommonnnsle pacTBOpEI cepeOpsSHBIX HAHOYACTHI[ BBITAHYTOH (HOPMBI ObLIH
HOJy4eHbl METOIOM HalpaBjIeHHOTO POCTa W3 3apojblmiell MyTEM BOCCTAHOBIICHUS
AgNO; ackopOHHOBOIT KHCITOTOH. {1 M3ydeHns] aHU30TPOITHBIX ONTHYECKUX CBOMCTB
cepeOpsiHbIE  HAHOYACTUIGI OBIM  BHEOPEHBl B  IOJNMMEPHYIO IUIEHKY U3
nomuBuHIIOBorO crimprta (I[IBC). Bputo mccnenoBano BAUSHUE OMHOOCHOTO PACTSIKCHUS
HOMMMEPHO#l IUIEHKM C cepeOpsAHBIMM HAHOYACTHUIIAMH Ha COOTHOLICHUS HX
HPOJIOJILHOTO U TIONEPEYHOTO MIIa3MOHHBIX PE30HAHCOB.

D.A. KAFEEVA, Yu.l. YANDYBAEVA, [.LA. GLADSKIKH,

N.A. TOROPOV, T.A. VARTANYAN, D.R. DADADZHANOV
ITMO University, Saint-Petersburg

INVESTIGATION OF THE OPTICAL ANISOTROPY
OF SILVER NANOPARTICLES IN POLYMER MATRICES

Colloidal solutions of elongated silver nanoparticles were obtained by directed
growth from nuclei by reduction of AgNO3 with ascorbic acid. To study the anisotropic
optical properties, silver nanoparticles were embedded in a polymer film made of
polyvinyl alcohol (PVA). The effect of uniaxial stretching of a polymer film with silver
nanoparticles on the ratio of their longitudinal and transverse plasmon resonances was
studied.

OnTHyeckue CBOMCTBA IUIa3MOHHBIX HAHOYACTHIl OMPENENSIOTCS, MPEexk/e
Bcero, wux QopMoil, pasMepoM, AUIICKTPUYECKHM OKpPYXEHHEM U
MIPOCTPAHCTBEHHBIM pacmnonokenneM [1]. Hampumep, onTndeckme CBOMCTBa
BBITSIHYTBIX ~IUIa3MOHHBIX HAHOYACTHI] IPEACTABISIOT OCOOBI HMHTEpeEC,
IIOCKOJIBbKY IIPU YBEJIMYEHHH COOTHOILEHUS DPAa3MEPOB CTOPOH IPOUCXOLUT
paclieIuieHne CIeKTpa MOMIOIIEHHsI Ha JBE MOABI 3a CU€T BO30YXKICHUS
IPOJOJIBHOTO U TONEPEYHOro Miaa3sMoHOB. C TOUKM 3peHHs] MPUMEHEHUs
IPOAOJIbHAS MOJAA JIOKAJIM30BAHHOIO IIJIA3MOHHOIO PE30HAHCA  SBISCTCS
HanOoJsiee TPUBIICKATEIHLHOM, TOCKOIBKY €€ MOXKHO BO30YXJaTh CBETOM B
Oosee MIMPOKOM CHEKTPAJbHOM JMANa30HE OT CPEAHEr0 BUAUMOTO [0
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ommkHero  wHpakpacHoro. OJHAKO  MPWIOKEHHWS, OCHOBaHHBIE Ha
BO30Y)KACHUH MPOJOJIFHOTO JIOKAJIM30BAHHOIO IUIA3MOHHOIO pE30HaHCa B
HaHoctepxHsix (HC), moryr paborath ¢ MakcuMalbHOW 3(PQEKTHBHOCTHIO
TOJBKO B TOM CIlly4ae, €ClId OHM HCIONB3YIOT 6o oaunHounslii HC, amnbo
aHcamMOnp  mosHOocThl0  ynopsimoueHHelx HC. B ciywae ecoim HC
OPHEHTHPOBAaHbl CIy4ailHBIM 00pa3oM, TO HMX ONTHYECKHE CBOMCTBa
YCPEOHSIOTCS, YyBCTBUTEIBLHOCTh CHIDKAETCS M (YHKIMOHUPYIOT OHH MEHee
abdexTrBHO. OmHaKo, UIsI MOJydeHHUS yropsaodeHHoro ancam6ms HC
3a4acTyl0 NPUOETAl0T K Pa3IUYHBIM JOPOTOCTOALIMM M TPYHO03aTPaTHBIM
MeToZiaM. B KauecTBe anbTepHATUBHBIX MOAX0A0B yrnopspounsanne HC moxer
OBITh JOCTHTHYTO 3a CUET pacTATHUBAHUS TEPMOIUIACTUYHON IUIEHKH C
HaHOKOMIIO3UTamu [2].

B nmannom mccnenoBannu cepedpsiaple HC ObuUM CHHTE3MPOBAHBI METOJIOM
HAIpaBJIEHHOTO pPOCTa W3 3apojblliell IyTEM BOCCTAHOBJIEHHs cepedpa
ACKOPOWMHOBOM KHCJIOTOW B MPUCYTCTBUHU LETHITPUMETHIAMMOHHUN OpoMuia 13
HUTpaTa cepebpa. AHaJIM3 CIIEKTPOB MOMIOIIEHHS KOJUIOUAHBIX pacTBopoB HC
MOKa3aJ MPHUCYTCTBHE ABYX BBIPRKEHHBIX MAaKCHUMyMOB, YTO COOTBETCTBYET
BO30Y)KACHHIO TMOINEPEYHOTO0 M MPOAOJIBHOTO IUIA3MOHHOTO PE30HAHCOB.
OpuentupoBanne HC mpoBoguiaoch 3a CUéT OJHOOCHOTO —PACTSIKCHHS
HAaHOKOMIIO3UTHOW IUIEHKH TNpH €€ HarpeBe A0 TEMIIEPaTyphbl Pa3sMATdCHUS
nonuMepa.  AHHU30TPONUSL KOMIIO3UTHOM IUIEHKM Oblla HW3y4YeHa MpH
BO30Y)KZACHNH HAaHOKOMITO3UTHON IUIEHKH JIMHEHHO-TIOJISIPU30BAHHBIM CBETOM.
Bbuto mokasaHO, YTO HEpACTAHYTble HAHOKOMIIO3WTHBIE IUIEHKM O0IaaioT
M30TPONHBIMU  ONTUYECKUMHU CBOMCTBaMU. OTO CBSI3aHO CO  CIy4ailHOM
opuenranmer HC, ycpenusiomell HMX WHAMBHAyaslbHYyI0 aHu3o0Tponmioo. C
JPYTOi  CTOPOHBI, PACTAHYTble HAHOKOMIIO3UTHBIC TMJIEHKH ONTHYECKH
AQHU30TPOMHBI, MOCKOJIBKY MOJBI MPOAOJBHOTO M IONEPEYHOTO IIa3MOHOB
MOTYT OBITH BO30YXKJEHBI TOJBKO CBETOM, MOISIPHU30BAHHBIM MapajlieIbHO H
MEePICHANKYISIPHO OCH PACTSKEHUS TUIEHKH, COOTBETCTBEHHO. TakuM oOpazom,
nuxpoudnsle cBoiictBa HC, BHEIPEHHBIX B MONMMEP, MOTYT ObITh IPUMEHEHBI
B NPWIOKEHUSX JUIS BHU3yaln3allUi, HEIMHEWHOH ONTHKH, (OTOTEPMHM HWIIU
KOJMPOBAHUS JaHHBIX [3].

Hccnenosanne nposesieHo npu nojaaepxkke Poccuiickoro HaywyHoro ¢onzaa
(mpoext Ne 21-72-10098), rpanta HUPMA ®usnko-TexHn4eckoro (axyibrera
Yuusepcurera U'TMO.

Cnucoxk aumepamypul
1. Wang, et al. // Nanophotonics. 2018. V. 7. No. 9. P. 1533-1556.
2. Hormozi-Nezhad M.R., et al. //Coll. and Surf. A: Physicochem. and Eng. Asp. 2012. V. 393.
P. 46-52.
3. Van der Zande B.M.1L,, et al. / The Jour. of Phys. Chem. B. 1999. V. 103. No. 28. P. 5761-5767.
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A.B. KA3AHIIEBA!, C.C. XAPUHLIEB!?

!Kasanckuii (Ilpusonscckuii) pedepanvhblil yrueepcumem
2 Uncmumym npuxaaonvix uccieoosanuti AH Pecnybnuxu Tamapeman, Kasano

HNCCIEAJOBAHUE ITPOCTPAHCTBEHHO-OI'PAHUYEHHBIX
IHOJIMMEPOB METOJ1OM TEPMOMETPUHN
KOMBUHALINOHHOI'O PACCESAHMS CBETA

IIpuBeneHsl  pe3ydabTaTbl  HKCIEPHMEHTOB IO  HCCIIENOBAaHMIO  JIOKAIBHOM
TEeMIEpaTypsl ~ CTEKIOBAaHHA  OJHOMEPHBIX  MONUMEPHBIX  CTPYKTYp  METOAOM
TEpMOMETPHH KOMOMHAIIMOHHOTO paccesHus csera. OmpenenéH Iuana3oH TeMIeparyp,
IpH KOTOPOM IIPOHCXOINT CTEKI000pa3HbIi nepexos B obpasue. [IpogeMoHcTprpoBaHO
BIVSIHUE pa3MepHbIX J(P(EeKToB Ha TEPMOXUMHYECKHE CBOWCTBA ITOJMMEPHBIX
MHKPOCTPYKTYP.

A V. KAZANTSEVA!, S.S. KHARINTSEV'?

'Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

INVESTIGATION OF SPATIALLY LIMITED POLYMERS
BY RAMAN THERMOMETRY

Presents the result of experiments on the study of the local glass transition
temperature of one-dimensional polymer structures by Raman thermometry. Was
determined the temperature range of the sample’s glassy transition. The influence of
dimensional effects on the thermochemical properties of polymer microstructures is
demonstrated.

MeTonoM  MO3BOJSIONUM  CO3JaBaTh TPEXMEPHBIE MHKPOCTPYKTYPBI
Pa3IUYHOTO apXUTEKTYPHOTO AM3aiHA C MOPAa3UTEIbHOW TOYHOCTBIO SIBISETCS
nmByxdoronHas nommmepuzanus (JDOII) [1]. B mpempiaymeit pabore MbI
coOpaJli CIIEKTpPhl YCHJICHHOTO 30HJOM KOMOWHAIIMOHHOTO pAaccesHHs CBeTa
MOJMMEPHBIX ~ HAHOCTEP)KHEH C  CyOBOJIHOBBIM  MPOCTPAHCTBEHHBIM
paspemieHneM i MCCICIOBaHUS CTETEeHH KOHBepcHH CTpyKTyp [2]. Llemsio
JAHHOM PabOTHl SBIACTCS W3yUCHHWE TEPMOXMMHUYECKUX CBOIHCTB aKPHUIIOBOH
MOJMMEPHON HAHOCTPYKTYpHL. (€10 B TOM, YTO NMPH yMEHBIICHHH pa3Mepa
CTPYKTYP 10 pa3MepOB MOJEKY/ISIPHOM TI00Y/IbI CBONCTBA JIEXKAIIETO B OCHOBE
MaTepuaia HauMHAIOT KapJUHAIHHO MEHATHCS M3-3a YBEINICHUS COOTHOIICHHS
MOBEPXHOCTH K 00bEMY. JIi1st M3ydeHns1 PU3UKO-XUMHUYECKHX CBOMCTB JIOPOXKEK
Ha HaHOMaciiTabe CHUMAJM CIIEKTPhl KOMOMHAIIMOHHOTO PACCESHUsI CBETa CO
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CIIeKTpanbHBIM paspernerreM 1,3 cm ' ¢ ucnonp3zoBanueM pemétku 600 My ! B
nuanazone temmeparyp ot 30 go 150 °C c marom 5 °C. B cBsi3u ¢ TeM, 4TO Npu
HArpeBaHUM 00pa3el] PaCUIUPSUIICS U MPOUCXOAMIA Ne(POKYCHPOBKA ONITHYECKON
CHUCTEMBI HEOOXOMUMO OBLIO MOJCPHH3HPOBATh YCTAHOBKY M OOCCIICUHTH
00paTHYIO CBsI3b JJIsl KOHTPOJIS (JOKYCHOTO IATHA HAa MOBEPXHOCTU OOBCKTA,
puc. 1. Ha puc. 2 mpuBezicHa 3aBUCHUMOCTH CcIiekTpoB KP oT TemmepaTypsl B
MOJIMMEPHON MHUKPOCTPYKType. TemrepaTypa CTCKIOBaHHS MOJIUMEPHOTO
oOpa3ma oOTclexwBajach IO CKayKy HWHTEHCHBHOCTH cHekTpoB  KP.
Ckadok HaOmomancs B amanazoHe 90 - 104 °C. B 1o BpeMs kak B 00bEMHOM
COCTOSTHUM Makpomaciirada MoJOoOHBIM MaTepual oOJaJaeT TeMIepaTrypoi
crekinoBanuss B paiione 500 °C. I[lpuyuHONM yMEHBIIEHUS TEMIIEPaTyphl
CTCKIJIOBAHUS TIOJMMEPA B IIATH Pa3 SABISACTCS BIUSHUE Pa3MEPHBIX dPPEKTOB: B
cilydae HaHOJOPOXKKH TpeoliagaHnne TIOBEPXHOCTH Hal 00hEMOM. Pesymbrarsr
JAHHOW pPaboThl NMPOKIAABIBAIOT IYTh K JIydllleMy IOHMMAaHHIO IPOLIECCOB
(hoTomonuMepu3aIu Ha HaHOMAacHITaoe.
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Puc. 1. Cxema 3xcriepuMeHTaIbHON Puc. 2. Kapra KP nonumepa
YCTaHOBKU B 3aBUCHMOCTH OT TEMIIEpaTyphl

Uzydenue merogom tepmomerpun KP dunancupoantoch 3a cuér cyocumum,
BbIJIeTIeHHOH KazaHckomy (enepanbHOMY YHHBEPCUTETY 110 TOCYIApPCTBEHHOMY
3aianuto B cpepe HayuHoit nestenpHOCTH (D3CM-2022-0021).

Cnucoxk aumepamypul
1. Maruo S., Fourkas J.T. // Laser Photonics Rev. 2008. No. 2. P. 100-111.
2. Kazantseva A.V., et al. // Journal of Physics: Photonics. 2021. No. 3. P. 1-11.
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[.P. BOCKAHSH?*?, H.C. KYPOUKUH'?, A.B. TPULIUEHKO'?,
B.B. CbIYEB'?, C.I1. EJIUCEEB!

L Dusuueckuti uncmumym um. I1.H. Jlebeoesa PAH, Mockea
’Mockosckuil (puzuko-mexnuueckuti uHCmumym (HayUOHAbHbI UCCIe006AMENbCKULL
yHugepcumem), /{oneonpyomulii
3Mockosckuii 20cydapcmeennviii mexnuyeckuii yuueepcumem um. H.D. Baymana

JIJIOMUHECHEHTHASI TEPMOMETPUS AJIMA3HBIX
HEHTPOB HHO®PAKPACHOI'O JJUAITA3OHA

B npannoit pabore mccmemyrorcs HPHT (high pressure and high temperature)
MHUKPOKPHUCTAJUIBI ajiMa3a CO CPEAHUM pa3MepoM 4 MKM, conepxamniue HukeneBbie (Ni)
nedextsl, mroMuHecuupyromue B OmmkHem WK-anamasone. IIponemoHcrpuposana
3aBUCHMOCTh CIIEKTPAJIBHBIX M BPEMEHHBIX CBOMCTB m3inydeHHs Ni IedeKToB oT
TeMIIepaTyphl B Auana3oHe oT koMHaTHo# o 70 °C.

GR. VOSKANYAN??, N.S. KUROCHKIN'? A.V. GRITSIENKO'?,

V.V. SYCHEV'?, S.P. ELISEEV
Lebedev Physical Institute of the RAS, Moscow
’Moscow Institute of Physics and Technology (National Research University), Dolgoprudny
SBauman Moscow State Technical University

LUMINESCENT THERMOMETRY OF DIAMOND CENTERS
IN THE INFRARED RANGE

In this work HPHT (high pressure and high temperature) diamond microcrystals
with an average size of 4 um containing nickel (Ni) defects luminescing in the near IR
range are investigated. The temperature dependence of the spectral and temporal
properties of the radiation of Ni defects on temperature is demonstrated in the range
from room temperature to 70 °C.

W3mepenne Temmeparypsl B HAHO M MHKpOMaciuTabax SIBISCTCS Ba)KHOH
3ajaueil BO MHOTHX OOJIacTsIX MCCIEOBaHNUH, TAKUX KaK KJIETOYHAs OMOJIOTHS,
MEIMIMHA,  BBHICOKOMOIIHAs  JJICKTPOHHMKA,  pa3paboTka  JBHrarelieH,
MOJYTIPOBOAHUKOB U MHUKPOQIIIOMTHBIX YCTPOHCTB [1]. OqHMM M3 MOAXOI0B B
STOM HAaNpaBlIEeHUH SBIAETCS HUCIOJNb30BaHHE JIIOMHHECLEHTHBIX CBOMICTB
M3NTy4daromnX OOBEKTOB  (JIOMHUHECLEHTHAas TEPMOMETpHs), HalpuMmep,
KBaHTOBBIX TOYECK, OPraHMYECKHUX KpacwuTeseid, nedexkToB a anMmase u
JIBYMepHBIX Marepuaiax [2]. OcoOeHHO MEepPCIEeKTUBHBIMHU SIBISIOTCS LEHTPHI
OKpacKM B ajmaszax, oONaJamIilue BBICOKOH (OTOCTAOMIBLHOCTRIO U

86 ISBN 978-5-7262-2931-7 @OTOHUNKA NN NHPOPMALIMOHHAA OMTUKA



YK 535(06)+004(06)

o6mocoBMecTUMOCThIO [3]. B mpmimoxkeHHH K OHOJOTHYECKHM MPUMEHEHUSM
HanOoJsiee MHTEpECHBI M3JIydarenu, uainydaroupe B OmmwkHeM MK-nuanasone.
Kpome SiV 1eHTpoB B 3TOM Iuana3oHe JICXKUT JFOMUHECHeHIUs Ni ajJMa3HbIX
IEHTPOB ¢ mepexomoM Ha 1.4 3B [4]. JlaHHBIC IIGHTPHI UMCIOT IyONeT Ha
883/885 HM M O0OBIYHO HEM30EKHO BXOAAT B CTPYKTYPY CHHTETHYECKHX
aJMa30B B [IPOIIECCE UX POCTa MPH UCTIONH30BaHUH Ni KaTanin3aTopos.

Lenpto  paboTel  SABIAIOCH  OKCHEPUMEHTAJIBHOE  HCCIIEJOBaHHE
CIEKTPAIbHO-KHHETHIECKUX CBOMCTB Ni JedeKkToB B anMmazax CO CpPEIHHM
pasMepoM 4 MKM, MOJYyYEHHBIX TPH BBICOKHMX MaBICHUSX W TEMIIEpaTrypax
(HPHT), B 3aBucuMOCTH OT TeMmeparypsl. Ha puc. 1 npencraBieHo u3MeHEHHE
cnektpa Ni JIMHMM C yBelWdeHHWeM Temneparypsl. [lponcxomut ymmpenne
CIeKTpa 3a CY€T YCWIEHHS OIEKTPOH-(OHOHHOTO B3aUMOICHCTBHA U
COOTBETCTBYIOIIIEE TAJCHUE MHKa JIIOMHHECHeHIHH. Kpome Toro, Ha AnmHE
BomHBI 870 HM  HabmrogaeTcs  M30AMHUCCHOHHAas  TOdka.  BbrumcieHs!
TEeMIlepaTypHble  YYBCTBUTEIBHOCTH THKa W BPEMEHH  3aTyXaHUs
JIOMHHECLEHIUH (PHUC. 2), KOTOPBIE COCTaBUIM COOTBETCTBEHHO 0,56 % °C™! u
0,42 % °C’! mpu KOMHATHOH TeMITIEpaType.
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Puc. 1. Cnekrpsl Ni gedextos B anmase Puc. 2. 3aBUCUMOCTH MHTEHCUBHOCTHU TTHKA
MIpH pa3HBIX TEMIEpaTypax, 1 BPEMEHHU 3aTyXaHUs JTFOMUHECIIeHIIUU Ni
BEPTUKAIBLHOH CTPENKOH MTOKa3aHo Ie(eKTOB B aJiMa3e OT TEMIEPaTyphl

HaIpaBJICHNE H3MEHEHHS TTHKa
JIFOMHHECIIEHIIUY C YBEINIECHHEM
TeMIIepaTypsl

Pa6ora Opia BeImonHeHa py noaaepxkke rpanta PHO Ne 22-29-01046.

Cnucox numepamypui
1. Bradac C., Lim S.F,, et al. // Advanced Optical Materials. 2020. V. 8 (15). P. 2000183.
2. Chen Y., Tran T.N., et al. / ACS applied materials & interfaces. 2020. V. 12 (22). P. 25464.
3. Golubewa L., et al. // Advanced Optical Materials. 2022. P. 2200631.
4. Alkahtani M.H., et al. // Optics Letters. 2018. V. 43 (14). P. 3317-3320.
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B.A. IOHYEHKO, A.A. 3EMJISIHOB, P.B. PAMBOB

Hayuonanvhviii uccnedosamenvekuii ToMckuil 20¢y0apcmeentvill yHugepcumen

AKYCTHYECKHUE CUT'HAJIBI OT BOAHOI'O

AJP0O30JI51 C HAHOYACTUIIAMU CEPEBPA

TP OBJIYYEHUU ®EMTOCEKYHIHbBIMHA
JIABEPHBIMH UMITYJIbCAMHU

IIpuBeneHs!  SKCIEPUMEHTANIHLHO — IONyYEeHHBIE  3aBHCHMOCTH  aKyCTHYECKHX
CHTHAJIOB OT DJHEPrMH (PEMTOCEKYHIHBIX HMIYIbCOB B pexuMe (riiaMeHTanuy,
PacIpOCTPAHSIONINXCS B JKHIKOKAIEIFHOM a’p030Jie ¢ HAHOYACTHIAMH Pa3IHYHON
KOHIICHTPAlliM, HMUTHPYIOIIUMH sAapa AlTkeHa. [lokazaHo, Wto mox aedcTBHEM
(unamenTa (EMTOCEKYHIHOTO UMITYJIbCA CTPYs BOAHOTO adpo30Jisi pa3duBaeTCs Ha JBE

CTPYH.

V.A. DONCHENKO, A.A. ZEMLYANOYV, R.V. RYAMBOV

National Research Tomsk State University, Tomsk

ACOUSTIC SIGNALS FROM AQUEOUS AEROSOL
WITH SILVER NANOPARTICLES UNDER IRRADIATION
WITH FEMTOSECOND LASER PULSES

The experimentally obtained dependences of acoustic signals on the energy of
femtosecond pulses in the filamentation mode propagating in a liquid-drop aerosol with
nanoparticles of various concentrations imitating Aitken nuclei are presented. It is
shown that, under the action of a femtosecond pulse filament, a water aerosol jet breaks
into two jets.

[TepeHoc cBeTOBOW »SHEpPruM Ha OOJIBIINE PACCTOSHHUA W JIa3epHOE
30HAUPOBAHUE OKpPYXKAIOIIEH CpeAbl BXOAST B YHCIO OCHOBHBIX MPOOIeM
COBpEMEHHOW aTMocdepHoi onTuku. DQQHEeKTHUBHOW mepenade Ja3epHOU
SHEPTUH TPEMATCTBYET HalW4due OOJNaKoB M TYMaHOB, B KOTOPBIX Ja3epHOE
M3Ty4eHHE CYIIECTBEHHO ociabeBaeT. Jlns pemieHns 5Tod mpoOieMbl B
BEAYIINX HAYYHBIX M[CHTpax MHpa AaKTUBHO MPUMCHAIOTCA TEXHOJOTUH
na3epHo  (uiameHTanMM  (EMTOCEKYHAHBIX  MMIyabcoB. B [1]
9KCIIEPUMEHTAIILHO ITOKa3aHO, YTO CBs3aHHas C (DPMIIAMEHTOM yrapHas BOJIHA
BBITJIKABAET M3 00JAaCTH PACHPOCTPAHEHUs JIA3epHOTO HMITYJIbCA YaCTUIIBI
a’posoisi. B naHHOW paboTe NpuBEAEHBI PE3yNbTaThl 3KCHEPHUMEHTAIBHOTO
WCCJIE0BAHUS 3aBUCHMOCTH BEJIMYMHBI aKyCTHUECKOTO CHTHajla OT BOJHOTO
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a’p030Jisl ¢ HAHOYACTHUI[AMU, MMUTHPYIOLIMMHU YacTUIIbI AWTKEHA, OT dHEPIUU
(heMTOCEeKyHIHBIX HMMITYJIbCOB B pexuMme QuiaMeHTanuu. s mpoBeneHus
JKCIIEpUMEHTa Oblila coOpaHa HKCIepHUMEHTaIbHAs YCTAHOBKA, CXeMa, KOTOpOr
npencrasieHa Ha puc. 1. Ha puc.2 mpencrasnena ¢otorpadust ¢unameHTa,
MPOXOISIIIIETO Yepe3 CTPYIO HKUAKO-KaIeIbHOTO adpOo30JIs.

W3 puc. 2 BuaHO, 4TO 1OX AEHCTBUEM (DUIIAMEHTa MPOUCXOAUT pa3OueHue
CTPYH YKHAKO-KaleJIbHOTO adpo30iisd. BeposTHO# npuunHOi pa3OueHus: cTpyu
SBIIIETCS 0Opa3oBaHUE aKyCTHYECKOW BOJHBI TIpH ¢uiaMmeHtanud [1].
3aBUCHMOCTh ~ BEJNMYMHBI ~ aKyCTHYECKOTO  CHTHAla  OT  JHEepPruu
(heMTOCeKyHTHOTO UMITYIIbCca HAKa4YKH MTOKa3aHa Ha puc. 3.

Puc. 1. Cxema skcniepuMmenTanbHON yecranoBku: / — Ti:Sa nasep, 2 — reHeparop
aspo3oirs, 3 — ¢oToanmapar, 4 — MUKpoQoH, 5 — ocumutorpad
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Puc. 2. Pa3buenue ctpyn BOJHOTO Puc. 3. 3aBuCHMOCTb BETMYMHBI aKyCTHYECKOTO
a3p03071 PEMTOCEKYHIHBIM CHTHAJIA OT HEPTUH (PEMTOCEKYHIHOTO
HMITYJIECOM B PeXHMe (HIaMEHTalNH UMITYITbCa B BOTHOM a3p030J1€, B BOJHOM

a’p030JIe ¢ HAHOYACTHI[AMHU cepebpa
(xoTaproi) pa3TMYHON KOHIEHTPALUH

3aBUCHMOCTH BEIIMYMHBI aKYCTUUECKUX CUTHAJIOB OT SHEPTUH HAKAYKH JJIsI
YHCTOW BOABI U BOJBI C HAHOYACTHIIAMH cepebpa ¢ koHmneHTpanusmu 0,01 % u
0,5 % mpuOIM3NTENFHO COBMAAAOT. B TO BpeMs Kak TEMIIBI POCTa BETHYMHBI
AKyCTHYECKOTO CHTHalla OT SHEPruM HaKadyKW JJIsl BOJABI C HAHOYACTHUI[AMH
cepebpa ¢ koHneHTpauuei 10 % 3HaYUTEeILHO BBIIIE.

Cnucok aumepamypul
1. Schimmel G, Produit T., Mongin D., et al. Free space laser telecommunication through fog
// Optica. 2018. V. 5. No. 10. P. 1338-1341.
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!Mockoeckuii zocyoapcmeennbiii yrueepcumem um. M.B. Jlomonocosa
2Uncmumym gomonnvix mexnonoauti PHHUL] «Kpucmannoepapus u pomonuxa» PAH,
Tpouyx
SHayuonanwvuwtii uccnedosamenvcxuii yenmp «Kypuamosckuii unemumymy, Mockea

XAPAKTEPU3AIINS META/VIMYECKUX HAHOYACTHL,
OBPA3YIOHIUXCA ITPU JIABEPHOU BUOIIEYATH

HpOI/IBBeﬂéH CDOM-aHann3 MeTaTMYeCKUX JacTul, IIOJYYCHHBIX B PE3YyJIbTaTe
a6J'I$IIII/II/I TOHKHUX IUIEHOK Ha OCHOBE 30JI0Ta, TUTaHa W XpoMa, IMNPUMECHACMBIX B
OHOIIEUaTH. HOCTpOGHBI pacnpeacy€Hus HaHO4acTHUl 110 pasMepaM.

L.R. PETRASHKO %, A.V. OVCHAROV?, V.S. ZHIGARKOV?

!Lomonosov Moscow State University
2Institute of Photon Technologies FSRC «Crystallography and Photonics» of the RAS,
Troitsk
3National Research Centre «Kurchatov Institute», Moscow

CHARACTERIZATION OF METAL NANOPARTICLES
ARISING FROM LASER BIOPRINTING

SEM analysis of metal particles obtained by ablation of thin films based on Au, Ti and
Cr, used in bioprinting, was carried out. The size distributions of nanoparticles are plotted.

B HacTtosmee Bpems Ouomedarb Ha OCHOBE THPSMOTO  JIA3E€pHO-
uaaynupoBanHoro mepeHoca (LIFT) [1] ¢ moBepXHOCTH TOIJIOMIAIOIICH
METAIUTHICCKOH IIEHKH TeIICBBIX MUKPOKAIIENb MIUPOKO IPUMEHSIETCS IS 3a/1a9
MEIUIMHEI U OWOTeXHONOTHH. HampmMep, ¢ MOMOMIBIO JTa3epHO Owuoredarw
KJICTOK MJICKOTIUTAIOIINX CO3AAI0T MHOTOCIIOHHBIE KICTOYHBIE KOHCTPYKIUH [2],
WCIIONIb3yeMble B TKaHEBOW WH)XeHepuH. Kpome TOro, BBICOKas CTeNeHb
JIOKQJIM3AIMK JIA3€PHOTO M3IY4YEHUS M TIEPEeHOC KpaiHe Malbix 00bEMOB Teis
MO3BOJISIIOT MPOBOAWTH Pa3/eIeHHe MHKPOOHBIX KJIETOK, B3STBIX W3 CIIOKHBIX
MIPUPOIHBIX TETEPOTeHHBIX cpex [3].

OpmHako TakoW METOJ| TIeYaTH MPEAINoJiaraeT, YTo YacTHIBI MeTajjia MOTYT
MIEPEHOCUTHCSI BMECTE ¢ KIIeTKaMu [4, 5] U OKa3bIBaTh HETaTHBHOC BIMSHHUC Ha
UX JKU3HEHESITENBLHOCTh B Ipoliecce KIETOYHOro pocrta. Kak wu3BecTHO, B
3aBHCHUMOCTH OT (POPMEI, pa3Mepa W KOHICHTPAIIMH METaUIMYeCKHX YaCTHII, C
KOTOPBIMH KOHTAKTHPYET KJIETKA, CTENEeHb TOKCHUYECKOIO BO3JAECHCTBUS MOXKET
OBITH pa3IUYHOI [6].
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Lenpto paboOTBI SBISETCS HCCIECAOBAHWUE XapaKTEPUCTHK ITOIYYEHHBIX
HAHOYACTHI] Ha OCHOBE 30JI0Ta, TUTAaHA M XpoMa. J[JIs TTosTy4eHust 10CTaTOYHOTO
JUISL WCCIIEIOBAHMSI KOJMYECTBA METAUIMYECKMX YacTHIl ObUIa IpoBeIeHA
a0y TOHKHUX METaJUTHYECKUX TUIEHOK MoCJe0BaTeIbHBIMU
HAHOCEKYHJHBIMHU HMITyJIbCaMH Ha IOBEPXHOCTH KIOBETHI C BOmoH (pwuc. 1).
Pabounii nuama3oH 3Hepruil mpu 3ToM cocTaBua 16 - 45 mxJx (quamerp
neperspkkn 30 MkM). Pasmepbl, ¢opma, cocTaB HaHOYACTHIl OIPE/ACICHBI
MIOCPEICTBOM CKaHUpYIOLLEeH 3IEKTPOHHOU MUKPOCKOIIUU c
SHEPrOIUCTIEPCHOHHBIM aHamu3aTopoM. [1o momyaerasiM COM-m300paskeHUSIM
(puc. 2) mocTpoeHs!l pacrpenesieHiss HAHOYACTHI TI0 pa3MepaM B 3aBHCHMOCTHU
OT DSHEpPIWH JAa3epHOTO WMIyIbca. Pe3ylbTaTsl MO3BONSIOT — OLEHHUTH
KOHIIEHTPAINI0 METAIIMIECKUX YacTHUIl B HAIEYaTaHHBIX MHUKPOKAIUIIX, YTO
MO3BOJIUT OTBETUTH B JaJbHEWIIEM HA BONPOC O BIMSHUM HAHOYACTHI] HA
JKM3HECTIOCOOHOCTh M (DYHKIIMOHAJIBbHBIE 0COOCHHOCTH NIEPEHECEHHBIX KIIETOK.

PabGora BbIMoJHEHa TpH moJiEpkKKe MUHHCTEpPCTBA HAyKH W BBICIIETO
o0pa3oBaHHsl B paMKax HCIOJHEHHs paboT 1o [ocyaapcTBEeHHOMY 3aJaHUI0
OHULL «Kpucramnorpadus u ¢oronnka» PAH B yacTu momyueHHs: TOHKHX
wi€HoK, rpanta PH® 20-14-00286 B wactu abisiumu. Yacth paboThI, CBsI3aHHAS
C MHKpOCKomueil 00pa3ioB, OblIa BBITOJHEHA HAa 000pyHOBaHHH PecypcHOro
IIEHTPa 30HJOBOH M 3IEeKTpOHHOH MuKpockornuu (KypuaToBckmii Kommiekc
HBUKC-rexnonoruit, HUL] «KypuatoBckuii HHCTUTYTY).

Puc. 1. Cxema skcriepuMeHTaIbHOM Puc. 2. COM-un3o0paxeHne 4acThI]
YCTaHOBKHU THUTaHa

Cnucok aumepamypul
1. Serra P, et. al. // Cell and Organ Printing. 2010. P. 53-80.
2. Barron J.A., et. al. // Biomedical Microdevices. 2004. V. 6. P. 139-147.
3. Yusupov V.I, et al. // Laser Phys. Lett. 2018. V. 15. No. 6. P. 065604.
4. Zhigarkov V.S, et. al. / Quantum Electronics. 2020. V. 50 No. 12. P. 1134.
5. Zhigarkov V.S, et al. / Nanomaterials. 2021. V. 11. No. 10. P. 2584.
6. Fokina A.L, et. al. // Theoretical and applied ecology. 2015. No. 2.
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OINITUYECKU CKUPMHUOH
KAK CAMOOPTAHU3ALIMOHHASI YCTOMYUBASI
TOIMOJIOTUTYECKAS CTPYKTYPA
TP B3AUMOJENCTBUHA JIASEPHOI'O U3/ IYYEHUSI
C KOHJAEHCUPOBAHHBIMU CPEJJAMHU

IIpennoxxena KOHLENUUS YCTOHYMBOM CaMOOPTraHU3ALMOHHON TOIOJIOTMYECKOH
CTPYKTYpBHI, BO3HMKAIOIIEH TIpH  B3aMMOACHCTBHMM  JIA3€PHOTO  W3IyUeHHS C
KOHIGHCHPOBaHHOW cpenoil — ontuyeckoro ckupmuoHa (OC). IlokazaHo KBaHTOBaHHE
XapaKkTepHOTO MpocTpaHcTBeHHOro Macmrada OC W IpUBEOEHBI SKCIIEPUMEHTAIBHBIE
peann3anuy sl HAHOCEKYHIHBIX M YIBTPAKOPOTKHUX THTEIBHOCTEH Ha MaTephaax c
CYILECTBEHHO Pa3IMYHBIMH (PM3HYECKUMH CBOWCTBAMU

V. S.MAKIN, R.S. MAKIN'

Scientific and Design Center for Optoelectronic Observation Complexes - Branch
of JSC «Kometa Corporationy, Saint-Petersburg
!National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

OPTICAL SKYRMION AS STABLE SELF-ORGANIZED
TOPOLOGICAL STRUCTURE UNDER LASER RADIATION
INTERACTION WITH CONDENSED MEDIA

Proposed the model of optical skyrmion (OS) — as stable self-organized topological
structure under laser radiation interaction with condensed media. The quantum feature of
OS spatial scale and experimental realizations for nanosecond and ultrafast durations on
materials with different physical properties are shown.

IIpu B3auMoOAEHCTBUYM UMIIYJIBCOB HOJISIPU30BAHHOIO JIA3€PHOTO U3JIyYEHUs
(JIM) ¢ KOHOCHCHPOBAaHHBIMH CpPEHaMH 0Opa3yloTCs  YHOPSIOYCHHBIC
reKcaroHasibHble CTPYKTYpsl [1, 2]. IlpemnokeHa KOHIENIHS HEITWHEHHOTO
TOTIOJIOTMYECKOTO KBAHTOBOTO 00BeKkTa — ontudeckoro ckupmuona (OC) [3, 4]
0OBsICHEHUS SIBIICHMUS. Tononoruueckue ocC XapaKTepHU3YIOTCs
(MeTa)yCcTOHUMBOCTBIO, 4YTO cleqyeT W3 (yHJaMEHTAJIbHOTO CBOMCTBa
3allyTaHHOCTH, HAIPUMEp, CIIMHOBOTO M OPOHMTAIBHOTO YIMOBBEIX MOMEHTOB
KBaHTOBBIX O0OBEKTOB [2]. DKCHEpHUMEHTAIBHO HAONIOMANNCh MAaCIITa0bI
CTPYKTYp ~A, ~A2, ~A/4 [1,5]; rekcaronameHble cTpykrypsl (OC) c
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MPOCTPAaHCTBEHHBIMU MacIiTabamu ~ 64A/nm u ~ 96A/nn OpuM 0OHAPYKEHBI
Ha TIOBEPXHOCTH KpeMHHus [6,7]. OTH mepHoAbl TpUHAIUIeKAT IMOPSAKY
[MMapxosckoro [1]. I[Ipoananm3upoBaH psii OMyOIHKOBaHHBIX PE3YIbTATOB, I
Ha0Jroanock 00pa3oBaHKe YMOPSIOYCHHBIX CTPYKTYP KaK Ha NOBEPXHOCTSIX,
Tak U B IPUIOBEPXHOCTHBIX CIOAX KOHAECHCHUPOBAHHBIX cpeA (MeTaax,
MOJYTIPOBOAHUKAX) Tox jeiictBueM JIM HaHOCEKyHIHON M (eMTOCEKYHIHOMH
JUINTENIbHOCTEH. AHanmuM3 IMoKas3all, YTO CYIPABOJIHOBBIE CTPYKTYphl IIpH
Bo3zmeicteun  YKM  m3mydeHuss — oOpasyroTcss  Ha  IOBEPXHOCTIX
KOHJICHCUPOBAHHBIX Cpell B COOTBETCTBHM C HEJIMHEHHOIl MaremaTrudeckon
mogensio (HMM) B pamkax yHHBepcainbHOH moisspuToHHOW Momenu (YIIM)
[1, 3] 00pa3oBaHUA MIPOCTPAHCTBEHHBIX MEPUOIOB CTPYKTYD.
OKCTepUMEHTaIBbHBIE JaHHBIE HHTEPIPETUPOBAHBI HA OCHOBE KOHIEHIIMU
TOIIOJIOTHYECKOTO KBAaHTOBOTO 00BekTa [8] — OC; mpocTpaHCTBEHHBIH MacIiTad
OC, nepuoas! CTPYKTYp M3MEHSIOTCS KpaTHO JJIMHE BOJHEI JazepHoro JIM u
onucheiBaercs, comtacHo YIIM+HMM, mnocnenoBarenbHOCTBIO —IOpsAKa
[IapxoBckoro (yHuBepcanbHOCTh Deiirenbayma) [1]. DxcnepuMeHTalbHBIE
peanuzaruun OC IEeMOHCTPUPYIOT H3MEHEHHE MPOCTPAHCTBEHHOTO MacIiTadba
or A6 mo 192\ (ma Tpu mOpsaka) Ha MeETaIaX M MOJIYIPOBOJHHKAX.
Konuenuuss  (YIIM+HMM) yHuBepcaJibHO  ONMCBHIBAaET  (OPMHUpPOBAHKE
MPOCTPAHCTBEHHBIX IIEPHONOB KaK CYIPABOJHOBBIX, TaK U CYOBOJIHOBBIX
CTPYKTYp B IIMPOKOM JIMANIa30HE JUIMH BOJIH U AnuTesbHocTel JIM.

Msbl monaraeM, 4to (yHJaMEHTAJIbHbIE 3aKOHOMEPHOCTH HEIMHEHHOM
JUHAMMKH — Topsanok  (teopema) IllapkoBckoro, yHHBEpCAJIbHOCTH
Qeiirenbayma — NPUMEHHMBI K aHAJIN3Y pPacCMaTpHBacMbIX KBaHTOBBIX
spneHud. Ha ocnoBe xkonuenmuu OC chaenaH BBIBOJ O CYLIECTBEHHO
HEeJIMHEIfHOM  KBaHTOBOM  MeXaHW3Me (OpMHpOBaHMS  TOMOJIOTHYECKHX
(MeTa)yCTOHUMBBIX TEKCArOHAJIBHBIX METACTPYKTYp, COIIACHO KOHIEIINHU
YIIM+HMM [1, 3]. [lony4eHHbIe pe3ynbTaThl MOTYT OBITh MCIOIB30BAHBI JUIS
LeJICHANIPABJICHHOTO  (OPMUPOBaHHMS  MHKPO- M HAHOCTPYKYTp  Ha
MOBEPXHOCTAX M B 00BEME KOHJICHCHPOBAaHHBIX Cpel, B TOM YHCIIE I
NPUIAHKS UM HOBBIX (DYHKIIMOHAIBHBIX CBOMCTB.

Cnucox aumepamypul
. Maxun B.C., Maxkun P.C. // Ontideckui sxxyprain. 2020. T. 128. Ne 2. C. 272-276.
. Romano J.M., Garcia-Giron A., et al. // Appl. Surf. Sci. 2018. V. 440. P. 162-169.
. Makun B.C., Maxkun P.C. // Mexna. kondep. «IIpuknaanas ontukay. 2020. 6-9.
. Tsesses S., Ostrovsky E., et al. // Science.2018. V. 361. No. 6406. P. 993-996.
Saleh A.A., Rudenko A., et al. // Nanoscale. 2020. V. 12. P. 6609-6616.
. Chen X.Y., Lim J., et al. // Appl. Phys. A. 2009. V. 94. P. 649-656.
Ahmeed K.M.T., Grambow C., et al. / Micromashines. 2014. V. 5. P. 1219-1253.
Dai Y., Zhow Z., et al. // Nature. 2020. V. 588. P. 616-619.
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Hnuemumym gpomonnwix mexnonozuti ®HUL] « Kpucmannoepagus u pomonurxa» PAH,
Tpouyx

BJIMSAHUE CPEJbI CBEPXKPUTHUYECKOI'O CO;
HA C®OKYCHUPOBAHHBIN JASEPHBIN ITYUOK
IIPU ABJISALINU

Ilpu abmsimuu MUIMIEHH B CBEPXKPUTHUECKOM Jauokcuiae yriaepopa (cxCOz)
HaOJII0aeMblii TONEePEeYHbI pa3Mep 00JacTH BO3IEHCTBHS 3HAYUTEIBHO IPEBBIMIAET
AHAJIOTHYHBINA pa3Mep mpu abmaruu B Bo3ayxe. Llenb paGoThl 3akmiouanach B HOIBITKE
OOBSICHUTH TONYYeHHBIH 3(Q(GEKT M yCTAHOBUTH HMPOUCXOAWT JM H3MEHEHHE paanmyca
HNEepPeTsDKKM NpU  a0isinuu B CBepxkputnueckoM ¢uronze. [IpoBomamnace abmsums
MHUIIEHH 13 cepedpa HAHOCEKYHIHBIMH MMITyJIbcaMu Ha Bo3ayxe u B ckCOz. [Toka3zaHo,
YTO pacmmpeHne ooaactu BozaelcTBus B ckCO2 mporcxoquT 0e3 yBeIHYeHHs paguyca
HEePETSDKKH U3-3a (QIIyKTyalui TpaeKTOPUH JIA3epHOTO ITy4Ka.

E.O. EPIFANOYV, N.V. MINAEYV, V.I. YUSUPOV
Institute of Photon Technologies FSRC «Crystallography and Photonics» of the RAS,
Troitsk

INFLUENCE OF A SUPERCRITICAL CARBON DIOXIDE
ON A FOCUSED LASER BEAM DURING ABLATION

During ablation of a metal target in supercritical carbon dioxide (scCOz), the
observed transverse size of the affected area is much larger than that for ablation in air.
The aim of this work was to try to explain the obtained effect and to establish whether
the waist radius changes during ablation in a supercritical fluid. The silver target was
ablated by nanosecond pulses in air and in scCOa. It is shown that the expansion of the
impact area in scCO2 occurs without increasing the waist radius due to fluctuations in
the trajectory of the laser beam.

Coueranue cBepxkputndeckux (mongasrx (CKD) u nazepHbIX TEXHOIOT Ui
MPEAOCTABIIICT YHUKAIbHBIE BO3MOXHOCTH JUISI CHHTE3a HAHOYACTHI[ H
MHUKPOCTPYKTYPHUPOBAaHHS PAa3JIMYHBIX MaTepuanoB. HemaBHO aBTopamu ObLI
OoOHapy)XeH WHTepeCHbI dS(PQPEeKT 3HAYUTETHLHOTO YBEIWYEHHS OO0JacTH
BO3/IEHCTBHS JAa3epHOTO H3IyYeHHWS Ha IOBEPXHOCTh MHIIEHH BO BpeMs
abmwsmmu B ckCO», 10 CpaBHEHMIO C aHAJIOTMYHON 0OmacThio I Bo3myxa. B
paboTe HCIOIb30BaJICS BOJOKOHHBIM Jasep ¢ A = 1064 HM, sHeprueil B
nmmynbsee 1 Mk, T =2 He u v =2 k['1. MumieHp ObuIa 3aKpeIuieHa B peakTope
BBICOKOTO faBieHMsA. bblta TpoBeneHa cepusi SKCIIEPUMEHTOB 10 aOJsIHu
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MHUIIEHH B JIBYX Cpelax B pasHbIX ()a30BBIX COCTOSIHHUAX C Pa3INYHBIM
KonmaecTBoM UMIynbcoB (1 - 1000).

Kak BugHO u3 puc. 1, pasmep nazepHol nepeTsHkKy npu adbmsiuuu B ckCO»
He M3MeHseTcs. B To ke BpeMsi HaOMrogaeTcss 3HAUUTENBHOE pPacIlUpeHHe
pasMepa IISITHA C YyBEIMYEHMEM KOJIMYECTBA MMIYIbCOB. B  KkauecTBe
BO3MOXKHOTO 0OBsICHEHUS Ha0II0JaeMOTO pacumpeHus MsATHA
paccMaTpuBalIoCh BIUSHME BHIOPOCOB IUIa3Mbl, Marepuana MHUIIEHH U
BO3HUKAIOIINX KOHBEKTHBHBIX ITOTOKOB. [loCKONBKY mpu abisnuu Ha BO3AyXe
nepBble ABa (aKTopa TOXKE MPUCYTCTBYIOT, TO MOXKHO 3aKIIOYUTh, UYTO
pacmmpeHue IATHAa CBA3aHO C BO3HHKHOBEHHEM KOHBEKTHBHBIX IIOTOKOB,
BBI3BAaHHBIX JIa3€PHBIM HAarpeBoM MHUIICHH. KOHBEKTHBHBIE ITOTOKH,
BO3HHUKAIONINE Ha BO3JYyXE, OKa3blBAIOT CYIIECTBEHHO MEHbIIEE BIMSHHE Ha
pacmpocTpaHeHHE JIa3epHOTO IIydka H3-32 3HAUYNTEIBHO Oolice HHU3KOH
IUIOTHOCTH.

Puc. 1. ®otorpadus moBepxHOCTH MHUIIEHHU TTOCIE JazepHoi abmsamuu B ckCO2 pa3HbIM
KOJINYECTBOM UMITYIILCOB U paclpe/ieleHIe HHTEHCUBHOCTH B JIA3€PHOM IISITHE,
ompenenéHHoe Mo clienaM BO3IeHCTBHUS B Bo3ayxe i B ckCO2

Pabora BrImonHeHa TpH MOAAEpKKe MMHHCTEPCTBA HAyKH W BBICIIETO
o0pa3oBaHMs B paMKax BBINOJHEHHs paboT mo [ocynapcTBeHHOMY 3aaHUIO
OHULL «Kpucramnorpadpust n poronuka» PAH B uwactu pa3BuTHS J1a3epHBIX
TexHosoruii ¥ Poccuiickoro ¢onia GpyHIaMeHTANBHBIX UCCIIEIOBAHMM.
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CO,-JIA3BEP ATMOC®EPHOI'O JABJIEHUS HA OCHOBE
YCTAHOBKU JJI51 SKCUMEPHOTI'O JIABEPA

3anymeH COz-nmasep ¢ aAnurenpHOCThO TIeHepauuu or 100 po 600 HCc npu
aTMOC(epHOM JaBJICHUH aKTHBHOH cpelbl U MHKOBOH MomtHocThio 70 0.2 MBT. Jlazep
peanu3oBaH Ha 0aze KomMmepyeckoil ycraHoBKH OJIM-91M ot skcumepHOro nasepa
MyTEM 3aMEHbI ONITUYECKUX HJIEMEHTOB U MOAO0Pa MapaMeTPOB ra30BOi CMECH.

[.O. KINYAEVSKIY, Yu.M. KLIMACHEYV, A.Yu. KOZLOV,

O.A. RULEV, D.V. SINITSYN, A.V. SHUTOV
Lebedev Physical Institute of the RAS, Moscow

CO; LASER OF ATMOSPHERIC PRESSURE ON THE BASIS
OF INSTALLATION FOR EXCIMER LASER

A COz laser with a lasing duration from 100 to 600 nanoseconds at atmospheric
pressure of the active medium and a peak power of up to 0.2 MW was launched. The
laser was realized on the basis of the commercial installation ELI-91M from an excimer
laser by replacing optical elements and selecting the parameters of the gas mixture.

TEA COs-nasepbl ¢ [JaBICHHEM AaKTUBHOW Cpeabl B JI0iaH aTrMochepsl
SBJISIIOTCA 1aBHO M XOPOIIO M3YYCHHBIMU M IPOMBIIUIEHHO H3TOTOBISIEMBIMH
Ja3epamu. OnHako JUIs psna NPUMEHEHNH, Harpumep, B
HAHOJIUTOTpaUIecKNX YCTAaHOBKaxX ISl CO3JaHMS IUIa3Mbl, TEHEpUPYIOIIEH
W3Ty4YeHHe Ha ImuHe BONMHBI 13.5 HM [1], TpeOyroTcs MOIIHBIE -a3ephl C
KopoTkoil, mopsaka 100 HC, JIMTENBHOCTBIO HMMIYALCOB. JlJii TNOIy4YEHUS
KOpPOTKHX uMIyabcoB, COj-mazep JODKEH HWMETh BBICOKOE, IOPSIKa
atMocdepsbl, naBieHne akTuBHOW cpenpl, HO TEA COr-mazepbl ¢ TakuMu
mapamMeTpamMl He SBISIOTCS IIMPOKO PACIPOCTPAaHEHHBIM KOMMEPUYECKIM
npoaykroM. B Toxe Bpemsi Takme COr-maszepbl, UMEIOT OOUIMI TPUHITUTT
KOHCTPYKIIMH CHCTEMBI NMPEAMOHHU3ANNN C SKCHMEPHBIMH JIa3€paMH BBICOKOTO
JaBieHus [2], B TOM YHCIIE BBITyCKaeMBIMHU CEpHIHO (Harmpumep, [3]).

3amadyeil HaIKUX MCCIIEIOBAaHUH OBIIO MOTY4YEeHHE TeHEpalMy Ha CMECIX M
CO;-nazepa Ha cepuiiHo BbimyckaemMoii B CCCP na3zepHOll ycTaHOBKe
OJIN-91M u1s SKCUMEPHBIX Ja3epOB (ITUTEIHFHOCTh SIKCUMEPHOTO U3ITydECHUS
or 20 nmo 40 uc). Pezonarop nasepa QopMHpOBAJICS TIyXuM chepuaeckum
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(pamnyc KpUBU3HBI 3 M) 3epKaJIOM U TUTOCKOTIApAIUIEFHOHN IIIaCTHHON 13 ZnSe
B KaQUECTBE BBIXOIHOTO 3¢pKaJa.

DKCIEPUMEHTANIBHO YIAIOCh MOJ00paTh ONTUMANBHBIA COCTaB Tra30BOM
cmecu (COz: Ny :He=1:1:8), nmpu xoTopoii paboTOCIOCOOHOCTh YCTAHOBKH
COXpaHsJIach W ObUIA MPOMOJDKUTEIFHOW W YCTOHYMBOW MpHU aTMOC(HEpHOM
nmaBneHuM ra3oBoii  cmecu. [lukoBas wmommHOCTh CO)-M3NMydeHHS B
MOHOHMMITYJIbCHOM pexume noxomwna o 150 kBt. ITlpu wcmosip3oBaHuH
BCTPOCHHOTO B YCTAaHOBKY YAaCTOTHOTO PEKMMa TeHEPALNH MMITYIbCOB ITHKOBAS
momHocTh Ha yactore 10 I'm mocturana 200 kBT, 1 80 kBT Ha yactore 50 I'ig
(puc. 1 m 2). Hdmumua BomHBl COr-m3mydeHus cocrtaBmia 10.55 mxm. B
yacToTHOM pexkume npu 10 ' nossunace emé onna auuust — 10.532 Mxm.
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Puc. 1. 3aBUCHMOCTH MOIIHOCTH Puc. 2. 3aBUCHMOCTB SHEPTUH UMITYIIbCA
COz-na3epa oT BpeMEHHU NIPHU Pa3ITHIHBIX ¥ [IMKOBOI MOIHOCTH H3JLy4CHHA
4acTOTax reHepanuu COz-nnazepa OT 4acTOTHI FeHepaluu

YMeHbIlIeHHE JI0JIM a30Ta B JBa Pa3a B CMECH IO3BOJISLIO CYIECTBEHHO
COKpaTuTh JHUTeNbHOCTh nepBoro mnuka COs-uznyuenus no 100 - 150 He.
YBenuuenue 101u azora cbime gonu CO2 MPUBOAMIO K MPONAIaHHIO pa3psiia
npenuoHu3anuy, muypoBannio TEA paspsaa n BeIxogy U3 cTpost (IpOOUTHIO
OJJHOTO M3 KOHJeHcaropoB) ycraHoBkM OJIM-91M mnpu naBineHusx cMmecu
cBblIe 1 aTtM.

Pabora monnepxana rpantom PH® Ne 22-79-10068.
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N.E. TIEPMSIKOBA, A.A. UBAHOB!', O.I1. YEPHOT'OPOBA?

Lenmpanvbhbwiti HAYUHO-UCCIEO08AMENLCKULL UHCHUIY T YEPHOU MEMATYPeUU
um. U.I1. bapouna, Mockea
' Hayuonanvnoui uccredosamensckuii adepuuiii ynueepcumem « MHUDHy»
2Hncmumym memannypeuu u mamepuanogedenus um. A.A. Baiikoea PAH, Mockea

BJIMSAHUE OBJIYUYEHUS DOKCUMEPHBIM JIABEPOM
HA CTPYKTYPY U CBOMICTBA AMOP®HBIX CILJTABOB

IIpuBeneHs! pe3ynbraThl KCIEPUMEHTOB 110 MOAU(HKAIIMY TOBEPXHOCTH M 00BEMOB
OBICTPO3aKAIEHHBIX JIEHT aMOP(QHBIX CIITIABOB C MOMOIIBI0 HAHOCEKYH/IHBIX UMITYJILCOB
JKCUMEpHOro  yabTpaduoneroBoro jaszepa. OmnpeneneHsl  yClIoBUS — (PEXUMBIL)
(dhopMupoBaHUsS aMOP(HHO-HAHOKPHUCTAUIMIECHX KOMITO3UTOB. [IpoBeneHa oleHKa HX
MEXaHUYECKHUX CBOMCTB MOCE Ja3€pPHOTO BO3ACHCTBUS.

LE. PERMYAKOVA, A.A. IVANOV'!, O.P. CHERNOGOROVA?

Bardin Central Research Institute of Ferrous Metallurgy, Moscow
!National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
’Baikov Institute of Metallurgy and Materials Science of the RAS, Moscow

EFFECT OF EXCIMER LASER IRRADIATION
ON THE STRUCTURE AND PROPERTIES
OF AMORPHOUS ALLOYS

The experimental results of surface and volumes modification of melt-quenched
ribbons of amorphous alloys using single nanosecond pulses of an excimer ultraviolet
laser are presented. The conditions (regimes) for the formation of amorphous-
nanocrystalline composites are determined. The evaluation of their mechanical
properties after laser exposure has been carried out.

OKCHMEpHbIE Jia3epbl IPEJAOCTABISIOT OTIMYHBIE BO3MOXKHOCTH IS
Mperu3noHHON 00paboTkn MarepuanoB [1, 2]. AxTyanpHON 3ajadell ABIseTCA
M3y4YeHHe MEXaHMYEeCKOTO MOBEJICHUSI U CTPYKTYpPHO-(Da30BbIX MMPEBpallIeHH B
amopdubix crutaax (AC) npu 00paboTke IKCHMEPHBIM YIBTPA(HOICTOBBIM
(Y®) KrF-nazepom (A =248 um, T = 20 He).

[TpoBeneHO YKCIIEHHOE MOJICTUPOBAHNE TEIUIOBBIX MM0JeH B JEHTOUHBIX AC
cucreM Co-Fe-Cr-Si-B, Fe-Ni-B, Ti-Ni-Cu npu umMmnynscHoM Y@ jazepHOM
00ITy4eH!H /171t T0A00pa ¥ ONITHMHU3AINH PEXUMOB JIa3epHONH 00pabOTKH.

Uzyuena wmopdomorus mnoBepxHOCTHBIX cloéB AC Fes3sNixsBxo B
3aBUCUMOCTH OT WHTEHCHBHOCTHU JIa3epHOW 00pabOTKH (YUCIIa MMITYJILCOB 77).
ITpu n <200 oT™MewaeTcs ymydiieHne KauecTBa MoBepxHOCTH AC, yMEHbBIICHHE
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mepoxoBaTocT U MuKporop. [Tpu 7 > 300 Ha kparo 30HBI JTa3epHOH 00pabOTKH
HaONromarTes ckiaaku. X oOpa3oBaHue OOYCIOBICHO TI'CHEPHPOBAHUCM
YVIapHBIX BOJH, KOTOpPBHIC pacmpocTpaHssick BriyOb AC, mepeMeniarT Ha
MOBEPXHOCTH pacIUIaBICHHBIE CIJIOW, 3aTBepieBaromme mnozke. [Ipu n > 700
MPOUCXOTUT HAJIOKCHUE CKIANOK U (OPMUpPOBAHMEC VIUIOTHEHHOTO Kpas
o0nacT  JIa3€pHOTO  BO3CHUCTBUS. IIpu  n>800  nHabmomaercs
«manbiieoOpa3Hasy HeycrounBocth Caddmana-Teiinopa B pesynabrare
B3aWMOJICHCTBHUS MEKIY TUIA3MEHHBIM (haKesIoM, BRI3BAHHBIM B3pBIBOM (ha3bl, u
oOpasyromuMcsi  paciiaBieHHBIM — cioeM. C  IMOMOIIBI0  JHHAMHYECKOTO
WHICHTHPOBAHUS  yCTAHOBJICHO HEMOHOTOHHOE W3MEHEHHE TBEPIOCTH
noBepxHOCTHOTO ciiosi AC Fess 3NizesB2o2, MOmynss ynpyrocta u mapamerpa
YIOPYTOTO BOCCTAHOBJICHUS TIOJ WHICHTOPOM II0 MEpe YBEIWYCHUS YHCIA
uMnynbscoB. JlasepHas o6padoTtka npu =2 I'u, E = 150 mJIx, W= 0.6 Jlx/cm?
B jguamazoHe 0 <n <500 mnepcmekTHBHA [JisI TOBBIIMICHUS MPOYHOCTHBIX
KaueCTB, YOPYrOCTH U COXpaHEHHUs HEHylIeBod ruactuyHoctH AC
Fes33Nizs sB2o2. Obnyduenue nmosepxuoctu mnpu # = 200 obecrieunBaeT mprUpOCT
TBEPAOCTU U MOy yripyrocty Ha 8 - 10 %, a mpu n = 500 — Ha 23 - 25 %.
[Tyrém M3MeHeHHsI YKcia UMITYJILCOB MOIYYCHBI TOHKHE KPHUCTAJLTHYCCKUE
cion Ha moBepxHocTH JeHT AC Co7osFeosCraSizBis, aByx-, TpéXcloitHbIe
KOMIO3HUTBI—«COHIIBUYM» M3 aMOP(PHO-KPUCTAITHYSCKUAX COCTABISAIOMINX,
TaK)Ke IOTHOCTHI0 OOBEMHBIC 3aKPHCTAILIM30BAHHBIC CIIABBI. 3aBUCHMOCTH
MHUKPOTBEPIOCTH OT YHCIIA HMITYTBCOB JIIsl TaHHOTO AC MMEeT ABa MaKCHMyMa
(mpu n=100 u n=600). OOCykmaercs HpPUPONA TAKOTO IBYXCTATUIHOTO
YIPOYHEHUS C MPUBJICYCHUEM CTPYKTYPHBIX METOJIOB UCCIICIOBAHUS.
[TomryueHsl TUIOTHO MOKPBITHIE, MOJOCOBBIE M “IIaXMaTHbIE” KOMIO3UTHBIE
MaTepuanbl, MpeacTaBistonie coboil aMopHYIO MaTpuily, apMUPOBAHHYIO
KPUCTA/UTMYECKUMHU  00NacTsIMu, C(HOPMUPOBAHHBIE B CTPOTO 3aJaHHBIX
TEXHOJIOTHYCSCKUX TO3UIUSIX 110 MOBEPXHOCTH U B 00bEME OBICTPO3aKaTEHHBIX
aeHT AC CosoFessoCrisaSiosBi72 32 cu€r cenekTMBHOrO BO3JCHCTBHS
skcuMepHoro Y®-mazepa. YCTaHOBJIEHO, YTO YepeJOBaHHE B KOMIIO3UTE B
[IAXMAaTHOM TIOPSIKE KPHUCTAJUIMYECKAX W aMOPQHBIX 30H B COOTHOUICHHU
npuOMM3UTENbHO 1:5 1O 0O0BEMHON mone, SBIACTCS ONTHMAJBHBIM IS
COYCTaHUs  BBICOKMX 3HAYEHUH TMPOYHOCTH H  YIOBICTBOPUTEIHHOU
IacTHYHOCTH. [loKa3aHO, YTO peXHM OONYyYEHUs C YacTOTOH CIleIOBaHUS
ummynbcoB 2 Tu<f<20Tu (mpu n =100, E£=150 Mk, W=0.6 Ix/cm?)
yaydmaet U 3Q(QeKTHBHO MOAEpKUBACT BHICOKHE 3HAYCHHUS MUKPOTBEPIOCTH
AC Cozs,Fess9Cri54Si93B17.2 pu coxpanennn aMop(pHOCTH B CTPYKTYpeE.
Cnucok 1umepamypul

1. Handbook of laser micro- and nano-engineering. Switzerland: Springer, 2021.
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E.P. BYPMUCTPOB, JL.II. ABAKSHII

Mockosckuti 2ocyoapemeennvlii yuugepcumem um. M.B. Jlomonocosa

ITAPAMETPBI 2/131' B CBETOJUOJHbBIX
I'ETEPOCTPYKTYPAX C IIATBIO KSA/KB IniGaxN/GaN
1O JAHHBIM THz-TDs

IIpuBeneHs!  pe3yibTaTbl  HKCIEPHUMEHTOB 110  BO3OYXICHUIO  IUIA3MOHHBIX
OCLMIUIILMKA B 00pa3lax IreTepoCTPyKTYp CO MHOKCCTBEHHBIMH KBAaHTOBBIMH SMaMH
InxGai1xN/GaN nasepHbIMH HMIynbcaMu aiuTensHocThio 130 dc B amamasone
temmeparyp ot 90 mo 170 K. Brictpoe ¢ypre-ipeobpazoBaHne BpeMEHHBIX (GopMm
TepareploBbIX HMITYICOB MO3BOJIMJIO MOJNYYHTh YACTOTHBIC CIIEKTPbl MOILIHOCTH H
(da3oBOro cIBHMra TEparepLoOBOrO M3JIyYEHHMsS, HMHTEpIpeTalys KOTOPBIX Jana
BO3MO)KHOCTH OIIGHHThH BpeMs pellaKCalllH HMITYJbCa, HOIBIKHOCTh U 3(P(EKTUBHYIO
Maccy OCHOBHBIX HOCUTEJIeH 3apsna.

E.R. BURMISTROV, L.P. AVAKYANTS

Lomonosov Moscow State University

2DEG PARAMETERS IN LED HETEROSTRUCTURES
WITH FIVE QW/QB IniGa;<N/GaN ACCORDING TO THz-TDs

The results of experiments on the excitation of plasmon oscillations in samples of
heterostructures with multiple InxGaixN/GaN quantum wells by laser pulses with a
duration of 130 fs in the temperature range from 90 to 170 K are presented. The fast
Fourier transform of the time forms of terahertz pulses made it possible to obtain the
frequency spectra of the power and phase shift of terahertz radiation, the interpretation
of which made it possible to estimate the pulse relaxation time, the mobility and the
effective mass of the main charge carriers .

I'erepocTpyKTypbI InGaN/AlGaN/GaN co BCTPOCHHBIMH
MBE30TCKTPHUSCKAMHU  TIOJSIMH ~ HCITONB3YIOTCS B Ka4eCTBE HCTOYHUKOB
TepareproBoro m3nydeHus. OHH TpeoOpa3yroT YIETPAKOPOTKHE OITHYCCKHE
UMITYJIBCHI B T€PArepIiOBbIC AIEKTPOMArHUTHBIC BOJIHEI [ 1].

MomsocTh u  3((EKTHBHOCTh H3IYYCHUS CBETOJHOMOB Ha OCHOBE
TETEPOCTPYKTYp CO MHOKECTBCHHBIMH  KBaHTOBbIMH  simamu  (MKS)
InxGa1xN/GaN onpeaessitoTcs MoJABMKHOCTBbIO U BpeMeHeM penakcauuu 2J0T.
B Hacrosmiein pabote MeTon TepareprioBoil CIEKTPOCKONUU C BPEMEHHBIM
paspemiennem (THz-TDs) wucnomb3yercs Jjisl  ONpeAeleHus] BPEMEHH
penakcanuy KBa3uUMITYJIbCa, MMOJABMKHOCTH U 3(PPEKTUBHON MacChl OCHOBHBIX
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HOCHTEJNeH 3apsaa B rerepocTpykrypax ¢ matbio K IngGa;.<N/GaN, mmpoxo
WCIIONb3YEMbIX B HACTOsIIIIEE BpeMsi B CBETOAMOJAX CHHEro MU 3eJIEHOro
JTUana3oHa U3Iy4ICHUs.

B pesymprare nBYX()OTOHHOTO TMOIVIOMICHUS JIA3€PHBIX HUMITYJIbCOB
mtenbHOCThI0 130 dc Ha mumHe BomHbl 800 HM B K5 InGaN Bo3HuKaroT
MPOCTPAHCTBEHHO pa3leN€HHbIE OJJEKTPOHbI U Jblpku. [lox jmedcTBUEM
BCTPOCHHBIX  IbE302JEKTPUUYECKUX TIOJEeH  2JeKTPOHHO-IBIpOYHAsl — mapa
CTAaHOBUTCS TMOJSIPU3OBAHHOW. OTO BeméT K TCeHEepalud B CHCTEME
OCIMJITHPYIONIET0 BO BPEMEHH JMIIONLHOTO MOMEHTa P(f), KOTODEIi, B CBOIO
ouepellb, MPUBOAUT K HM3IYYCHHIO TEPareploBBIX 3JIEKTPOMArHUTHBIX BOJIH.
Bpemennbie GopMbl TepareprioBbIX UMITYJIbCOB OBbLIM M3MEPCHBI B JHANa30HE
temrneparyp ot 90 mo 170K (puc. la). C mnomompio ObicTporo
(dbypbe-mipeoOpa3oBanusi BpEMEHHbIX (OpM OBUIM MOJYYEHBI YaCTOTHBIC
3aBUCUMOCTH  (Dyphe-aMILIUTY[  TEParcploBbIX  HMIYIbCOB  (puc. 1),
MOJICTUPOBAHNE KOTOPBIX  MO3BOJNIMJIO  IONYYUTH YaCTOTHBIC  CIIEKTPHI
MOIITHOCTH U (Da30BOTO CIBUTa TEPArepIioBOro M3NTydeHHs. VX wHTepmpeTamnms
Iama BO3MOXKHOCTH OIEHHTh BpeMs pelakcamuu wmmmyinsca (~ 10712 ¢),
sddexruBayio Maccy (m = 0.45 m,) W nonBwkHOCT (1= 4-10°cM*/B-c)
2J10T. 3nauenne mnoxswxkHoctu 2J10I, momyuennoe wmertogom THz-TDS,
XOPOIIIO COTNIACYETCS C TAHHBIMU XOJIJIOBCKUX U3MEPEHHIH.

[Tpu Harpese obpasios rerepoctpykryp oT 90 1o 170 K Obw10 00HApY)REHO
KpacHO€ CMEINICHHE IIa3MOHHOW PE30HAHCHOW YacTOThI, a TaKXKe MOoJydyeHa
HEMOHOTOHHAsI ~ TeMIIepaTrypHas  3aBUCUMOCTh  3(P(EKTHBHONH  Macchl

(m" = 0.43m,upu 90 Ku m" = 0.56 m, mpu 170 K).
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Puc. 1. BpemenHbIe POPMBI TEparepIiOBBIX UMITYIBCOB (), pe3yabTar 00paboTKH
COOTBETCTBYIOIINX BPEMEHHBIX (OpM OBICTpBIM (ypbe-TipeodpasoBanueM (b)

Cnucok aumepamypul
1. Sun G, et al. // IEEE J. Sel. Top. Quantum Electron. 2011. V. 17. P. 48.
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D.U. BATTAJIOBA!, C.C. XAPUHIIEB!~

!Kasanckuii (Ilpusonscckuii) pedepanvhblil yrueepcumem
2 Uncmumym npuxaaonvix uccieoosanuti AH Pecnybnuxu Tamapeman, Kasano

PABPABOTKA HIUPOKOITIOJIOCHOI'O CBETOJANOIA
HA OCHOBE HEOPTAHUYECKUX I'AJIOWJIHBIX
HEPOBCKHUTOB

IpennoxeHa KOHLENLMS CO3AHUS IIMPOKOIOJIOCHOTO CBETOAMONA HAa OCHOBE
HEOPraHMYeCKUX TaJOUIHBIX INEPOBCKUTOB U TEPMOIUIA3MOHHONH METAIlOBEPXHOCTH.
Jins  peanu3aluy  KOHLEIIHMH CHHTE3UPOBAHBI MHKPOKPHCTAUIBI HEOPTraHMYECKHX
nepoBcknToB CsPbBrs. Mx ¢u3uKO-XHUMHYECKHE CBOMCTBAa HCCIEAOBAHBI METOIAMH
CKaHUPYIOLIEeH 30HI0BONH MUKPOCKOIIMH U (hI1yopecieHTHOH MUKPOCKOIIHY.

E.I. BATTALOVA!, S.S. KHARINTSEV'?

'Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

BROADBAND LIGHT-EMITTING DIODE
BASED ON INORGANIC LEAD HALIDE PEROVSKITES

A strategy to develop a broadband light-emitting diode based on inorganic lead
halide perovskites and thermoplasmonic metasurface is proposed. For this purpose,
CsPbBr3 microcrystals were synthesized and comprehensively characterized using
scanning probe microscopy and fluorescent microscopy.

Heopranudeckue rajouIHbIe MEPOBCKUTHI — 3TO CEMEHCTBO MaTEPHAJIOB C
YHUKATbHBIMU OMTOXJIEKTPOHHBIMHA CBOHCTBAMH, OJTHUM U3 KOTOPBIX SIBISIETCS
BBICOKHMI KBaHTOBBIA BhIXOA (hoTomoMuHectieHnnu [1]. B Hacrosmei pabote
MpeIaraeTcsl KOHIETIHS CO3/IaHus IMUPOKOTIOIOCHOTO CBETOIMO/Ia Ha OCHOBE
HEOPTraHMYECKUX TaJouAHbIX mHepoBckuToB CsPbBrs. Mpes 3aximodaercs B
TeHepaIlii HOBOTO COCTOSIHUSI TIEPOBCKHUTOB, MO3BOJISIIONIETO MEPEeCTpanBaTh
JUIMHY BOJHBI (DOTONIFOMUHECUIEHIIMN B IMUPOKOM auamnaszoHe. J[isi pemreHus
9TOH 3aJa4ll WCIOJE3YETCsl CIMOCO0 JIOKATBHOTO (DOTOHArpEeBa C IOMOIIBIO
TEPMOILJIa3MOHHOM METaIlOBEPXHOCTH.

Tepmoruia3MOHHAas METallOBEPXHOCTh TPENCTABIIET COOOM JIBYMEpHBIN
MaccuB HaHopa3MepHBIX TiN:Si CTpyKTyp, KOTOpBIE pa3orpeBarOTCS IO
JISHCTBUEM TMAJAIOIIEr0 CBEeTa W HUIrPAOT pPOJb JOKAJIBHBIX TEIUIOBBIX
UCTOYHUKOB (puc. la). TemmepaTypa HCTOYHHUKOB pETYIHPYETCS BBICOTOM
KPEMHHUEBOTO BOJIHOBOZA M MOXKET HM3MEHSTHCS B Ipeneiax OT HECKOJbKUX
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rpagycoB Llemscust mo ThIcsSa TpamycoB Llemscust (puc. 16). Ilomemenue
MUKPOKPHCTAJJIOB NIEPOBCKUTOB Ha TaKHe JIOKAJIM30BAHHBIE MCTOUHHKH TEIUIa
NpUBeAET K CO3JaHUIO CyOBOJIHOBBIX TeMIeEparypHbIX mnpoduied [2]. Dto
MO3BOJIUT YNPaBIATh AUCTEPCUEil MIMPUHBI 3aNpPEIIEHHON 30HBI IEPOBCKUTOB
[3]. Ilpu ocBemeHUM Ja3epHBIM CBETOM KaXIbli HCTOYHMK TEIUIa MOXKET
U3JTy4aTh CBET C Pa3sHOM JIIMHON BOIHEIL.

-
-

A

Puc. 1. TepmoruiazMOHHass METallOBEPXHOCTB (a); CXeMa ONTHYECKOTO HarpeBa
mukpokpuctamia CsPbBr3 (6); ontudeckoe n3odpakenne Mukpokpuctamia CsPbBr;
(8); criextp dotomomunecteHiu CsPbBr3 ()

Jnst peamuzanuu  OPEUIOKEHHOM — KOHUENIMM  CUHTE3UPOBaHBI
mukpokpuctaiuibl CsPbBr; (puc. 16). Ilpu ocBelieHHH J1a3epHBIM CBETOM
MUKPOKPUCTAJIIIBI CsPbBr; JIEMOHCTPUPYIOT (OTOTFOMHUHECIICHITUIO,
CHEKTPAIbHBIA MaKCHMyM KOTOPOHW COOTBETCTBYET [UIMHE BOJIHBI 525 HM
(puc. 12). [loxyueHHBIE MUKPOKPHCTAIUIBI TAK)XKE OXapaKTEPH30BaHbl METOaMHU
BpeMSpa3pemi€HHON  (IyOpecCHEeHTHOH  MHMKPOCKONHMH,  CHEKTPOCKOIHHU
KOMOMHAIIIOHHOTO PacCesiHNSI 1 aTOMHO-CHIIOBOH MUKPOCKOITHH.

Cnucox tumepamypul
1. Akkerman Q.A., Raino G., et al. / Nat. Mat. 2018. V. 17. P. 394.
2. Kharintsev S.S., Kharitonov A.V., et al. / Nanoscale 2022. V. 14. P. 12117.
3. Mannino G., Deretzis L, et al. / J. Phys. Chem. Lett. 2020. V. 11 (7). P. 2490.
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A. UICMAWJT'?, A.JO. ®EJJOPEHKO', 1.0. OPEXOB!,
C.I. CA3OHKUH!, E.JI. OGPA3LIOBA2?

IMockoeckuii 2ocyoapcmeennblii mexnuueckuti ynusepcumem um. H.3. baymana
’Mockosckuil (puzuko-mexnuueckuti uHCmumym (HayUOHAbHbI UCCIe006AMENbCKULL
yHugepcumem), /{oneonpyomulii
3SUncmumym obweii pusuxu um. A.M. Ilpoxopoea PAH, Mockea

HNCCJIEJOBAHHUE 3BOJIIOIWA N3JTYYEHUSA SPBUEBOI'O
BOJIOKOHHOT'O ®EMTOCEKYH/JIHOTI'O JIA3EPA
CI'UbPUIHOU CUHXPAHM3ALEU MOJ

IIpuBeneHs! TeopeTMUeCKHe W OKCHEPUMEHTAJBHBIC PE3yNbTaThl TeHepaliy
(heMTOCEeKyHITHBIX UMITYIbCOB B 9pOMEBOM BOJIOKOHHOM Ja3epe, paboTalomeM B pexxume
cumunaputoHoB. IllupuHa crexkrpa uziaydeHus ~ 31,5 HM, AJIMTENBHOCTb HMITYJIbCA
~300 ¢c, cpenHss BBIXOAHAS MOIIHOCTH COCTaBiseT okoio 3,7 MBT mpu sHeprum
ummynbea 0,376 vk ¥ nuKoBOH MomHOCTH 1,25 KBT, yacToTa HOBTOPEHUSI UMITYIBCOB
cocrasisieT 8,5 MI', a oTHomeHue curnai-mym — 60 1b.

A. ISMAEEL'?, A.Yu. FEDORENKO', 1.O. OREKHOV',
S.G. SAZONKIN', E.D. OBRAZTSOVA??

'Bauman Moscow State Technical University
’Moscow Institute of Physics and Technology (National Research University),
Dolgoprudny
3Prokhorov General Physics Institute of the RAS, Moscow

PULSE EVOLUTION OF ER-DOPED FIBER LASER
WITH HYBRID MODE-LOCKING

Theoretical and experimental results of the generation of femtosecond pulses in an
erbium fiber laser operating in the similariton mode are presented. The emission
spectrum width is ~ 31.5 nm, the pulse duration is ~ 300 fs, the average output power is
about 3.2 mW at a pulse energy of 0.376 nJ and a peak power of 1.25 kW, the pulse
repetition rate is 8.5 MHz, and the signal-to-noise — 60 dB.

BostokoHHBIE J1a3epbl ¢ CHHXPOHM3AIMEH MOJ 3apEKOMEHIOBAIIN ce0sl Kak
MOIIHBIA HMHCTPYMEHT B pa3IMYHBIX oONacTsXx wuccienoBaHnil. Pexunm
TeHepallul  CHUMWJIAPUTOHOB, IIOJy4aeMbli Impu  oOmed aHOMaJbHON
BHYTPHPE30HATOPHON ANCHEPCUH, MMEET BBICOKYIO CTAOMIBHOCTh W HU3KHH
YPOBEHb IIYMOBBIX XapakTepucTHK [l], YTO BBI3BIBACT HHTEpeC K
HCCIJIEJOBAHUIO €I0 T'€HEpaLH.
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Llenpro paboTel sBIsIETCS] pa3pabOTKa YCTAaHOBKH 3POHMEBOTO BOJIOKOHHOTO
nasepa ¢ TUOpUIHON cHHXpOoHU3aueit Moz (puc. 1). B kauecTBe ecTeCTBEHHBIX
HachlaemMbix nororureneii HIT ucronp3yrorest yriiepoaHble HAHOTPYOKH, a B
KauecTBe HcKyccTBeHHbIX HII  ucnosb3yeTcss HeIUMHEHHAss  3BOJIIOLUS
nomsipuzaiuu - (HOID).  imua  pe3onaropa oxoo 26 M  u  oOmias
BHYTpHMpE30HaTOpHas jucnepcus Pr=+0,025 nc?. Taxxke Oblia pazpaboTaHa
porpaMMHasi MOJIeTIb Ha OCHOBE HenuHeWHoro ypaBHeHus: llpenunrepa [2]
JUIA  pacuéra XapaKTePUCTUK BBIXOJHOTO M3IY4YE€HUS M MOJAEIMPOBAHHS
MPOLIECCOB, TTPOUCXOSIINX B PE30HATOPE JAHHOTO Ja3epa (IBOIIOIMS YUpIIA U
JUTUTEIBHOCTH HMMITYJIbCOB IPH PAcIpPOCTPAaHEHHHM B KOMIIOHEHTAX Jia3epa).
PesynbTaTel TEOpPETHUECKOTO MCCIEAOBaHMS Jald MOHATHE BIMSHHS YMpIa Ha
JUINTENILHOCTh MMITyAbca. PHUC. 2 MOKa3bIBAET, UTO U3IY4YEHHUE Ja3€pa BBIXOJHUT
U3 PE30HATOpa C MOJOXKHUTEIBHBIM YHPIIOM C JUIMTENbHOCTHIO 1,5 mc. UToOb!
MOJTY4YUTh OoJiee KOPOTKYI JUIMTEIBHOCTh, OBUIO MPUHATO pEILICHHE
WCIONB30BaTh BOJMOKHO THHa SMF-28 ¢ aHomanpHOM Aucriepcueil Ha BBIXOJE
jJasepa B KadecTBe KOMIIGHCATOpa  MONOXKHUTedbHOro uwpna. [lpu
pactpoCTpaHeHMH B 5 M 3TOro KOMIIGHCATopa AJUTEIBHOCTh HMITYIbCa
JIOCTUTAeT MUHUMAJIBHOTO 3Ha4eHus (~ 300 ¢c), Kak BUAHO Ha puc. 3.

g A

Puc. 2. DBomronns yupmna
UMITY/IbCOB, P-MIHOBEHHAs 4acTOTa

ILH]

“

T T TC P

. . - H ~ M A
Alsmpdaipmnnd jo;
Puc. 3. 3BOJIIOHI/I$I JJUTEIBHOCTU UMITYJIbCA B PE30HATOPE U B KOMIIEHCATOPE

Takum 06p330M, MoJydeHa TIeHepanus Q)CMTOCGKYHZIHI)IX HUMITYJIbCOB C
JKCJIACMbIMU XaPAKTECPUCTUKAMU U HU3KHUM YPOBHEM IIyMa UHTCHCUBHOCTHU.

Cnucoxk aumepamypul
1. Sazonkin S.G,, et al. // Fibers 10.10. 2022. V. 88.
2. Donodin A., et al. // Scientific Reports. 2020. V. 10(1). P. 1-9.

ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA 105



YK 535(06)+004(06)
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YIIPABJIEHUE BPEMEHHBIMU XAPAKTEPUCTUKAMMU
KOT'EPEHTHOI'O U3JIYYEHMUS C TIOMOLIBIO
BHYTPUPE3OHATOPHOTI'O HU3KOYACTOTHOI'O
KOMBUHAIIMOHHOI'O PACCESAHMSA CBETA

BryTpupe3zonaropHoe BEIHYXIEHHOE HU3KOUYaCTOTHOE KOMOWHALIMOHHOE pPaccesiHre
ceera (BHKP) 3apeructpupoBaHo B CyCcHEeH3HMAX HAHOYACTHIl Pa3nu4HON mpupoabl. C
nomonipro BHKP nosnydena Moayssiiust JOOPOTHOCTH M CHHXPOHH3AIUS MO/T JIA3€PHOTO
n3nydeHus. [IpuBOIMTCS  3aBUCHUMOCTh  JUIMTEIBHOCTH HMIIyJbCa B  PEXUME
MOJIYJMPOBAHHOM JOOPOTHOCTHU OT pa3Mepa HaHOYACTHII.

M. WU!, D. BI, M.A. KARPOV, A.D. KUDRYAVTSEVA,
T.V. MIRONOVA, M.V. TAREEVA, S.F. UMANSKAYA,
N.V. TCHERNIEGA, A.M. SHEVCHENKO

Lebedev Physical Institute of the RAS, Moscow
'Bauman Moscow State Technical University

TEMPORAL CHARACTERISTICS CONTROL OF COHERENT
RADIATION USING INTRACAVITY LOW-FREQUENCY
RAMAN SCATTERING OF LIGHT

Intracavity stimulated low-frequency Raman scattering in the suspensions of
nanoparticles of different nature was registered and, with its help, Q-switching and
mode-locking of laser radiation were obtained. The dependence of the pulse duration in
Q-switching mode on the nanoparticles size is given.

Hcnonb3oBaHne  BHYTPUPE30HATOPHOTO  BBIHYXKICHHOTO  PACCESHUS
pa3IMYHBIX THIIOB SIBISIETCS BaKHBIM METOJIOM JUISl CIEKTPOCKOITMYECKHX
UCCIIE0BAHUM " ULt MHOTOYHCIICHHBIX TIPUIIOKEHHH. Bo
BHYTPUPE30HATOPHOM  KOH(UI'ypalMu pErucTpUPOBAINCH W U3YYAINCh
pa3inYHbIe BUIBI BBIHYXKJIEHHOTO paccesHus [l,2]. Hamu Obuio BIiCpBEIC
9KCIIEPUMEHTAIILHO 3apETHCTPUPOBAHO M MCCIEIOBAHO BHYTPHUPE30HATOPHOE
BBIHY)KICHHOE HH3KOYAaCTOTHOE KoMmMOmHamnoHHOe paccesHue csera (BHKP)
[3]. BHKP Bo3HUKaeT B pe3yibraTe B3aMMOJACUCTBUS JIA3EPHOTO HM3JIYYCHUS C
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HaHOMaTepuaraMu. Ero 9acTOTHBIE CIBUTH OIPENENAIOTCS COOCTBCHHBIMH
9YacTOTaMH KOJCOAHWI UYACTHIl, JIC)KAN[UMH B TUTa- WIA TEParcproBOM
JTMara3oHe, M 3aBUCAT OT pa3Mepa U MOP(POIOT MU YACTHIL.

B HacTosimeit pabote Mbl TIOKa3ajH, 9YTO ¢ IOMOIIbI0 BHYTPUPE30HATOPHOTO
BHKP MOXHO MOIYYHTh MOIYISLHUI TOOPOTHOCTH ¥ CHHXPOHH3AIUI0 MOJ
JIA3epHOTO M3Iy4YeHHs. B KkadyecTBe 00pas3lOB HCIIOIb30BAIUCH BOJHBIC
CYCIICH3MH MOHOIUCTIEPCHBIX HAHOYACTHUI] TIOJIUCTHPOIA pa3MepoM oT 50 HM 110
|l MKM ¥ BOJHBIC CYCIICH3MH HAHOUYACTHI[ aiMa3a, KBapuma u 3ojoTa. Ilpum
MIPOBEJICHUH SKCIIEPUMEHTOB Ha yCTaHOBKe (puc. 1) KioBeta ¢ oOpasmom (6)
MoMeIanack BHyTPh Pe30HaTOpa PyOMHOBOTO J1a3epa MEKAY 3aJHAM 3ePKaJioM
(2) m axtuBHbIM 31emeHToM (1). Cnextper BHKP peructpupoBamuces ¢
noMotipio uHTephepomeTpa Padpu-Ilepo (10). BpemeHHbIE XapaKTePUCTHKH
W3IYYCHUS PETUCTPHPOBAIICH C IOMOIIBIO CKOPOCTHOTO (oTommoma (8) u
ocumsutorpada (10).

[Ipu KOHIICHTpAIIMM HAHOYACTHUI[ B CYCIICH3UH HECKOJBKO OOJBIICH, ueM
HeoOxonmmast s Bo3Oyxaenuss BHKP, Bo Bcex mccienoBaHHBIX 00pasnax
OblIa MoJTy4eHa MOJYIISIIMIO JO0OPOTHOCTH. BhIJIO OKa3aHo, YTO UIMTENBHOCTh
UMIIyJbCA B PEKUME MOIYIALIUU TOOPOTHOCTH yBEIHUYMBACTCS MpPU
YBEJIMUEHUU pa3Mepa HaHO4YacTHIl (puC.2), YTO MOXHO OOBSICHHUTDH
YMEHBIIICHHEM ITOTIIONICHHS C POCTOM pa3Mepa HaHOYACTHII.

(e T T o
~a
IO I
- -~ -
H={»Ha *- g
. o mn AD >3 mn
Voricdn Ay : {1
Puc. 1. Cxema skcriepuMeHTaNbHON Puc. 2. 3aBUCUMOCTD JJIUTEILHOCTH
YCTaHOBKH HMITYJIbCA B PEIKUME MOJLYJISILIUA
JIOOPOTHOCTH OT AMAMETpPa YaCTHUI]
MIOJIUCTHPOTIA

IIpu BHyTpupe3onatropuoM BHKP B HanouacThiiax mosnmcTmpoia Obuia
3apETUCTPUPOBAHA CUHXPOHHU3ALUS MOJ J1a3€pHOTO H3ITyYEeHHS.

Cnucoxk aumepamypul
1. Pohl D. // Phys. Lett. 1867. V. 24A. P. 239.
2. Grasyuk A., Rogul'skii V., Faizulov F. // JETP Lett. 1969. V. 9. P. 6.
3. Shevchenko M.A., et al. // Bull. of the Lebedev Phys. Inst. 2018. V. 45. P. 397.
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AH. JAHWIVH', B.E. JOBAHOB!, U.A. BUJIEHKO'~

IPoccutickuti keanmosviii yenmp, CKONK060
2Mockosckuii 2ocyoapcmeennbiii yuueepcumem um. M.B. Jlomonocoea

MHOI'OYACTOTHOE 3ATAT'MBAHUE
ITPU B3AUMO/JIEMCTBUMU ITOJIYIIPOBOJHUKOBOI'O
JIABEPA U BBICOKOJOBPOTHOI'O MUKPOPE3OHATOPA

TIpoBeneHO SKCIEPUMEHTAIBHOE HCCIIEIOBAHHE BOSMOXKHOCTH pean3anu sdekra
MHOTOYACTOTHOTO ~ 3aTSCMBAHHS ~ MHOTOYAaCTOTHOTO — Jla3epa  BBICOKOZOOPOTHBIM
HHTETPAIbHBIM ONTHYECKUM MHKPOPE30HATOPOM C MOJIAMH THITa LICIYYLICH ranepen n3
HUTPHIA KpeMHHs. Bblla moka3aHa BO3MOXHOCTb IPEACKAa3yeMO H3MCHSTh YHCIO H
HOJIOKCHHUS JIMHUH J1a3epHO TeHepaIii.

AN. DANILIN!2, V.E. LOBANOV!, LA. BILENKO!*
'Russian Quantum Center, Skolkovo
’Lomonosov Moscow State University

THE EFFECT OF MULTIFREQUENCY SELF-INJECTION
LOCKING DUE TO INTERACTION OF A SEMICONDUCTOR
LASER AND A HIGH-Q MICROCAVITY

We have performed an experimental study of the multi-frequency self-injection of a
multimode laser to a high-quality-factor chip-scaled silicon nitride whispering gallery
mode resonator. We have shown that it is possible to deterministically vary the number
and positions of the laser generation lines.

W3BecTHBIli B pamuodu3uke W Teopuu KojeOanuid d(PdeKT 3aTaruBaHus
qacToThl [1] wmcmomb3yercs i CTaOMIW3allMK OJHOYACTOTHBIX JIa3ePHBIX
n3nydareneil [2] mpw HOMOIIM BBICOKOJOOPOTHBIX MHKPOPE30HATOPOB C
MofaMmu Tuna menuymeil ragepen (MMILI) [3]. B menaBHux paboTtax ObLIO
Mokazano, 4to 3((exT 3arsiruBaHMsi MHOrOYacTOTHOrO Jazepa wHa MMIIT
BO3MO)KHO pealn30BaTh OJHOBPEMEHHO Ha HECKOJBKHX YacTOTax Ja3epHOU
re”epauui [4, 5].

Lemplo DaHHOTO WCCICIOBAHUS SIBIISICTCS JKCIICPUMCHTAIBHOE H3YYCHUE
SBIICHUST ~MHOTOYACTOTHOTO  3aTSATMBAaHUS ~ MHOTOYACTOTHOTO  JIa3€PHOTO
W3IyyaTellss M OINpe/esieHHe YCIOBUM BO3HUKHOBEHHUS JIAHHOTO SIBICHUSI.
B3aumopneiicTBue  TOJNYIIPOBOJHUKOBOTO — Jila3epa H  BBICOKOJOOPOTHOTO
MHTETPAJIBHOTO MHKPOpPE30HATopa cpa3dy Ha HECKOIBKAX PE30HAHCHBIX
gacrorax ~ MMIII'  mo3BonmT  co3mate  KpaifHE  BOCTpeOOBaHHBIC
YABTPACTaOUIBHBIE MHOTOYACTOTHBIC JIa3ePbl, HCTOYHHUKH YIbTPACTaOMIBHOTO
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TepareploBOro U MUKPOBOJHOBOro u3iaydeHus, cucremel LIDAR u npyrue
NPEIU3UOHHbBIE TPUOOPBI.

JIJiss  BBITOJIHCHHS YCJIOBHSI JIByXYacTOTHOTO 3aTSTUBAHUS HEOOXOIUMO
COOJIFOCTH yCJIOBHME IIEJIOTO YHWCia JIMHUKA M3JIY4eHHs JIa3ePHOTO HCTOYHUKA
MEXIy MOAaMH MHUKpope3oHaropa. Jliisi ero BBINOJIHEHUS JUIMHA Jiazepa,
COCTOAIIETO M3  OTPAKaTeIbHOTO  IOJYNPOBOJHUKOBOIO  ONTUYECKOTO
yCUJIMTENsl U 3epKajna, IepecTpauBajach BAOIb ONTHYECKOH OCH, UTO
MO3BOJISIIO U3MEHATH 00yacTh cBoOomaHoi mucniepcun (OCJ) nmazepa ot 1 1o
10T (puc. la). YuuTbiBasg yCIIOBHE MHOTOYACTOTHOW TEHEPAIWH, MBI,
WCTIONIB3YS METOJ] CIIEKTPOTPAMM H TIOJTHOCTHIO aBTOMAaTHICCKUI COOp TaHHBIX
UL pasIUYHBIX JUIMH pe30HaTopa Jia3epa, CMOTIH JCTEPMUHHPOBAHO
MePeKIIIoYaTh 3aTSHYThIC JUHHUM, a TaKKe OCYIISCTBIATH ONHOBPEMEHHOE
3aTATUBAaHNE HECKONBKUX IMHHUHA. PaccTosHMe Mexay 3aTSHYTHIMH JIHHUSMH
usnydenus obu1o paBao OCJ] Mmukpopesonatopa, pasHoi 1 TI'n (puc. 16).

AH. lanunun sBusiercs crunenauaroM DoHaa pa3BUTHS TEOPETHUECKOM
¢usuku u Mmarematuku “BA3UC”.

Puc. 1. Cxema dKCIIepIMEHTAIBHON YCTaHOBKH (a);
JEMOHCTPALHMS IeTEPMUHUPOBAHHOTO MEPEKITFOYCHHUS YUCIIa
3aTSHYTHIX JUHUHA U TOTYyYEeHHUs MHOTOYACTOTHOTO 3aTAruBaHust (6)

Cnucok aumepamypul

1. Murynun B.B. u np. OcHoBbI Teopuu KoneOanuii. M.: Hayka, 1978.

2. Kondratiev N.M., et al. Self-injection locking of a laser diode to a high-Q WGM
microresonator // Optics Express. 2017. V. 25. No. 23. P. 28167-28178.

3. T'oponeukuit M.JI. OnTHdyeckue MHKPOPE3OHATOPbl C THTAHTCKOW JOOPOTHOCTBIO. M.:
OU3MATIINUT, 2011.

4. Galiev R.R., et al. Spectrum collapse, narrow linewidth, and Bogatov effect in diode lasers
locked to high-Q optical microresonators // Optics Express. 2018. V. 26. No. 23. P. 30509-30522.

5. Chen J.J., et al. Multi-wavelength injection locked semiconductor comb laser // Photonics
Research. 2022. V. 10. No. 8. P. 1840-1847.
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YHPABJISIEMOE U3BMEHEHHME TBEPJOCTH
METAJIJIMYECKUX U3JIEJIUM 3A CYET JAZEPHOM
OBPABOTKH O] CJIOEM BCIIOMOTI'ATEJIBHBIX
BEIIIECTB

IIpencraBnensl pe3ynbTaThl SKCIEPUMEHTANBHBIX HCCICHOBAHHHA IO MHOAOOpY
MapaMeTPOB JIA3ePHOTO M3ITyIEHHs IS BOSMOXKHOCTH YIPABICHUS MEXaHWIECKHMH H
(YHKIMOHAJIBHBIMU CBOMCTBAMHU THTaHA M CTAIU METOAOM 00pabOTKH IOBEPXHOCTHOTO
MO BCIIOMOTATEIbHBIM CJIOoeM TpaduTa, HAXOIIIIETOCs B CXKATBIX YCIOBHSAX, IS
CO3JaHMs YCIOBHS (OPMHUPOBAHUS IUIa3Mbl. JlaHHBIE PabOTHl IUIAHUPYETCSl TPUMEHHUTh
B MAIIMHOCTPOSHUH WM METalIoo0padaThIBAIOIEM MPOM3BOJACTBE ISl YBEIMYCHUS
SKCIUTyaTallHOHHBIX XapaKTEPUCTUK U3EIUIL.

X.A. EGOROVA, K.A. ROZANOV, A.D. SIDOROVA,

F.A. GORENSKII, D.A. SINEV
ITMO University, Saint-Petersburg

REGULATED CHANGE IN THE HARDNESS OF METAL
PRODUCTS BY LASER TREATMENT UNDER A LAYER
OF ADDITIONAL SUBSTANCES

The results of experimental research on the selection of laser treatment parameters
for the possibility of regulating the mechanical and functional properties of titanium and
steel by surface treatment under an additional layer of graphite in compressed conditions
to form a plasma are presented. The result of the work can be applied in mechanical
engineering or metalworking to increase the performance characteristics of products.

OyHKIMOHANM3aIUs TTOBEPXHOCTEH, TO €CThb IpPUAAHHE IOBEPXHOCTH
MaTepuagoB pa3JIMuHbIX 3aJIlaHHBIX CBOMCTB, MOXET OBITH JIOCTHI'HYTa ITyTEM
pa3IMYHBIX METOJOB M3MEHEHUS (PU3NKO-XMMHUYECKHX, MEXaHHYECKHX U
CTPYKTYpHO-()a30BBIX TapamMeTpoB. B Hacrofdmee BpemMs NPUMEHSIOTCS
pa3IUYHbIE METOMBI ISl M3MEHEHHUS XapaKTePUCTHUK ITOBEPXHOCTHOTO CIIOS
m3genus [ 1, 2].

Lenpro HacTOsIIEH pabOTHI SABIAETCS 3KCICPUMEHTAIBHOE HCCIIE0BaHNE
(opMupOBaHHS Ha TOBEPXHOCTH METAIIOB CTPYKTYpP C TIOBBIIIEHHON
TBEPAOCTBIO, IS IOCIEAYIOIIEro YIyJIIEHUs MapaMeTpa M3HOCOCTOMKOCTH
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m3genuii. OO0paboTka 00pa3oB MPOBOAMIACE C MPUMEHEHHEM HWMITYJIBCHOTO
HAHOCEKYHJHOTO HWTTEPOMEBOr0 BOJOKOHHOTO Jlazepa C JUIMHHOW BOJIHBI
1064 M.

B nanHO#t pabore m3yueHa 3ajgaya SKCIEPHUMEHTAIBLHOTO HCCIIEIOBAHUS
3aBUCHMOCTH MEXaHMYEeCKHMX CBOMCTB (TBEPIOCTHM U HM3HOCOCTOHKOCTH)
MOBEPXHOCTHOT'O CJIOSI NPH CTPYKTYPUPOBaHWU IOJ CjoeM rpadura Kak OT
MapaMeTpoB JIa3epHOTO BO3IEHCTBHS (MOIIMHOCTH, 4YacTOTa CJIEAOBAHUS
HUMITYJIbCOB, pa3pelieHre 3alicH), TaKk M OT rabapuToB oOpabaTeiBaeMOn
MIOBEPXHOCTH.

Ilo pesymbraTaM paHHHUX HCCICIOBAaHMH ObUIa MpENIOKEHa METOANKA
00paboTKH ¢ NPUMEHEHHEM BCIOMOTATEIBFHOTO MOKPHIBHOTO MaTepHaia,
yIEpKHUBAIOIIETO  TpadUTOBBI  IMOPOIIOK B  CXKAaThIX  YCIOBHSX  JUIS
(opmupoBaHUs B 30HE OOPAaOOTKH JIa3epHO-MHAYINPOBAHHOH MHKPOILIA3MbI
[3]. bBemma mnpomeMOHCTpUpPOBaHA BO3MOXHOCTh CHHIKEHHSI CKOPOCTH
aOpa3MBHOTO M3HAIIMBAHUS TOBEPXHOCTHOIO CJIOS THTAaHOBOrO O0Opasia Io
CPaBHEHHMIO C HCXOJHOH HE MeHee ueM B JBa pa3a, 3a CYET INPOBEICHUSA
Ja3epHoi 00pabOTKH MO CJI0eM I'paUTOBOTO MOPOIIKA.

PaboTs! BbIIOMHEHB! TPpU (PUHAHCOBOW Mo iepKKke MUHHUCTEPCTBA HAYKH U
BhICIIero oOpaszoBaHus Poccuiickoit ®enepaunn B pamkax IlocraHoBieHus
IIpasurenscTBa Ne 218 ot 09.04.2010 (cormamernue Ne 075-11-2021-045 ot
24.06.2021, wnHa3Banume mnpoekrta «Co3maHHe  BBICOKOTEXHOJIOTMYHOTO
MPOM3BOJICTBA 000opyoBaHuUs " TEXHOJIOTUH Ut Ja3epHOi
(yHKIIMOHAIM3AIMKA TTIOBEPXHOCTH H3AEIMH MEAWIMHCKOTO Ha3HA4YeHUs), U
(mHAHCOBOH MOJJ/IEP)KKE HAYYHOH IOATOTOBKH 0aKalaBpOB, MarkuCTPaHTOB U
aCTIMPAHTOB B paMKaXx BBITIOJTHEHHUS HAYYHO-HMCCIIEOBAaTEILCKUX paboT Ha 6ase
Omsuko-TexHnueckoro Meragakynsrera YauBepcurera MTMO (xouxypc HHUP
MuA).

Cnucok numepamypul

1. ChiJ.,, Cai Z., Zhang H., et al. Combining manufacturing of titanium alloy through direct
energy deposition and laser shock peening processes // Materials and Design. 2021. V. 203.
P. 109626.

2. Saleh A.F., Abboud J.H., Benyounis K.Y. Surface carburizing of Ti-6Al-4V alloy by laser
melting //Optics and Lasers in Engineering. 2010. V. 48. P. 257-267.

3. Beiiko B.I1., BonkoB C.A., 3akonmaes P.A. JlazepHO-MHAYIMPOBaHHAS MHKPOIUIa3Ma Kak
MHCTPYMEHT MHUKPOCTPYKTYPHpPOBaHHUS Tpo3padHbIX cpef / KBanToBas sinektponmnka. 2017. T. 47.
C. 842-848.
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CPABHEHHUE UCITIOJIb30OBAHMSI PA3JIMYHBIX
MPOPUJIEN PACITPEJNEJEHUS SHEPTUHA JIABEPHOTI'O
N3JITYYEHUA JJIA 3AJAYN JIASEPHOU BUOITEYATH

B pabote mpencTaBieHbl pe3yabTaThl CPAaBHEHUS IIpoLecca MEpeHoca KIETOUHBIX
arperaToB — KIETOYHBIX C(EPOHIOB — C HCIONB30BAHHEM JA3€PHOTO H3ITyUICHHS C
Pa3IUIHBIME NPOQUIAMH paclpeleNieHUs] SHEPTUH 10 CEYeHMIo IsATHAa. PaccmoTpen
BapHaHT WCIIOIB30BAHMS TIayccoBa DPACIpPEIENeHHs U pacmlpefeleHus, OJNM3KOro K
IT-o6pazHomy. IToka3zaHO, YTO HCIIOJIB30BaHUE IayccOBa PACIpPEAENICHHS DHEPTrHU M3
KJIACCHYECKOH peaii3aliy MeTo/1a Ja3epHoil GroneyaTy OJMHOYHBIMH KIICTKaMH IIOXO
HMOJXOUT AJIsl MepeHOca KPYNHBIX KIETOUYHBIX arperaToB. [IpeioxeHHble HErayccoBbl
pacipe/ielieHUus] I03BOJIAIOT OPraHU30BaTh IPOCTPAHCTBEHHBIM IEpPEHOC KPYIHOIO
KJIETOYHOT'O arperaTa B JEJTMKaTHOM pexuMe 0e3 TEPMUUECKUX U HHBIX TIOBPEKICHUH.

E.D. MINAEVA'Z A.A. ANTOSHIN??, N.V. MINAEV?,

V.I. YUSUPOV?

!National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
2Institute of Photon Technologies FSRC «Crystallography and Photonics» of the RAS,
Troitsk
3Sechenov First Moscow State Medical University

COMPARISON OF DIFFERENT LASER ENERGY
DISTRIBUTION PROFILES USE FOR THE TASK
OF LASER BIOPRINTING

his paper presents results of a comparison of cell aggregates (spheroids) transfer
using laser radiation with different energy distribution profiles over the cross section.
There were Gaussian distribution and distributions close to I1-shape. It is shown, the use
of the Gaussian energy distribution from classic single-cell laser bioprinting is not
suitable enough for the transfer of large cell aggregates. The proposed non-Gaussian
distributions allow to organize the spatial transfer of a large cell aggregate carefully
without thermal or other damage.
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TkaHeBas WH)XEHEPUsT — COBPEMEHHBIH pa3BUBAIOIIMKCS NOAXOA IO
BOCCTaHOBJICHHIO MOBPEXKJIEHHBIX WM yTpadeHHBIX (parMeHTOB OMOTKaHEH
WK OpraHoB. B paMkax Takoro mojxoja BOCCTAHOBIEHHUE MOXHO NPOBOAUTH
MeToJlaMH OWOIIe4aTH, WCIOJIb3ysS OJWHOYHBIE KIETKH WM KJICTOYHbIE
arperarsl B KauecTBe OMouepHwI. Jla3epHo-MHAyINPOBAaHHBII MIPSIMON TIEpEHOC
(B amrnosseiunoi mureparype Laser Induced Forward Transfer — LIFT)
ABIsI€TCS ~ BUIOM  OHONeYaTH,  KOTOPBIA  IO3BOJISIET  NPOBOJHTH
MPOCTPAHCTBEHHBII TEPEHOC KJIETOYHBIX arperaroB ¢ HCIIOJIB30BaHUEM
SHEPTHH JIa3epHBIX HUMITYJIECOB. [IpH onTHManrbHOM NOAOOpEe IapaMeTpoB
meton LIFT oOmamaer BBICOKMM IPOIEHTOM BBDKHBAEMOCTH IIEPEHECEHHBIX
KJICTOYHBIX arperaroB. [Ipu Ononeyatn enMHUYHBIMUA KiteTkaMu metogoM LIFT
UCTIONB3YyeTcsT  CHOKYCHPOBAHHOE JIA3ePHOE HBIYYCHHE C TayCCOBBIM
npodpunem sHeprun. OnmHako c(HOKYCHPOBAaHHOE Ja3epHOE M3IIYyUCHHE C
OTHOCHUTEIILHO OONBIIHUM (DIFOCHCOM B IIEHTPAIBLHOW 007aCTH MOXKET MaryoHO
BO3JICHCTBOBATh Ha KJIETOYHBIN Chepor]] BILIOTH JI0 €ro pa3pylIeHHs.

Llenbro paboThl SBISUICS TMOMCK ONTUMAJIBHOIO MPO(UIS pacrpeaeieHus
SHEPIUHU J1a3epHOr0 W3IY4YCHHS B paMKaxX peaju3alud Ipoliecca Ja3epHOH
OuorneyaTy KIeTOYHbIMU cheponnamu Meronom LIFT.

B pamxax paboTbl pacCMOTpEHBI MATh BapUaHTOB paclpeielIeHUs SJHEPTUI
B Tpodmie TydKa JIA3€PHOTO HM3IYYCHHS: KIACCHISCKOE TayCCOBO
pactmipenelieHHe C TEepeTsDKKOH  wy = 15 MKM, TayccoBO pacmpeielicHHE,
MepeTsHkKa KOTOPOTO aJanTHpOBaHA MOI pasmep cdeponma wy= 120 MM,
pacIImpeHHOe rayCcCOBO paclpeAesicHre, mepeTsikka kotoporo ot 3 mo 10 pa3
MpeBHIIAacT JHHEHHBIN pasMep chepouna wy ~ 1000 mxm. Tarxke paccMOTpEHBI
pactpenenenus, Omuskume k Il-ob6pasHOMy, ¢ paboumMu paguycamu
rr=125vMxmMm u r;=183 mxm. CpaBHEHHME NPOBOAMIOCH IO TapaMeTpam
(bmroeHca a3zepHOTO MmydKa.

Iloxa3aHo, 4To B cily4ae KJIaCCHUECKOTO M aJalTHPOBAHHOTO TrayccoBa
pacmipenieieHUsl  BO3ACHCTBHE  XapaKTEpPU3YeTCs  BBICOKHM  TPaJUCHTOM
JIaBJICHUSI U JOTIOJHUTEILHO OKa3bIBaeT MaryoHOe TepMHUYECKOe BO3JCHCTBUE
Ha cdepoun. Vcmomp30BaHHE pPACOIMPEHHOTO TayccoBa pPacHpelelCHHS
MO3BOJSIET TepeHecTH cdepora, HO C OIIYyTHMOHM IMOTepel paspemaroniei
criocoOHocTH. Vcnonb30BaHne NMPOCTPAHCTBEHHOTO PACIPE/IENICHHsI YHEPTHH,
6mkoro kx I[I-oOpasHOMY IMO3BOJSIET OOECIIEUMBACT «JICIUKATHBINY PEXUM
nepeHoca.

PaboTa BbIMONHEHa TNpH TMOJyIEpXkKe MUHHCTEPCTBA HAayKH W BBICIIETO
00pa3oBaHMs B paMKaxX BBIIOJIHEHUS Pa0OT MO TOCYJapCTBEHHOMY 3aIaHUIO
OHUL «Kpucramiorpagus u doronnka» PAH B wacTu pa3BUTHS JTa3epHBIX
QJIJITATUBHBIX TEXHOJIOTHI.
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J.B. CAHEHKO
AO «JUIC», Canxm-Ilemepbype

PA3PABOTKA, ITPOU3BOJCTBO U CEPBUCHOE
OBCJIY)KABAHUE JIA3EPOB M JIASEPHOM TEXHUKH

Ipencrasinensl pa3pabOTaHHBIC JIA3€PHBIC CHCTEMbl M KOMIIOHEHTBI, KOTODBIE
BXOIIT B COCTaB CTaHAapTHOU mpoxykuumu kommnanum NordLase (Poccus), a Taxke
BO3MOXXHOCTH KOMIIaHHM B cepe HOBBIX pa3pabOTOK, JIA3ePHBIX CTCHIOB M IPHMEp
pean30BaHHBIX NPOEKTOB C TOYKH 3PEHHS ITOAX0Ja K IPOEKTHPOBAHMIO, TaK M OIBIT
pOpabOTKU TEXHOJIOTUH B3aMMOCHCTBHS JIa3€PHOTO U3ITYyIEHHS C BEIIICCTBOM.

D.V. SACHENKO
JSC «LLS, Saint-Petersburg

DEVELOPMENT, PRODUCTION AND SERVICE
OF LASERS AND LASER EQUIPMENT

The paper presents the developed laser systems and components that are part of the
standard products of the NordLase company (Russia), as well as the company's
capabilities in the field of new developments, laser stands and an example of completed
projects in terms of the design approach, as well as experience in developing laser
technologies.

B pabore mpencraBneHsl pa3pabOTaHHBIE JIa3epHBIE CHUCTEMBl H
KOMIIOHEHTBI, KOTOPBIE BXOAAT B COCTAaB CTAaHIAPTHOH MPOIYKIMH KOMIIAHUH
NordLase (Poccust). PaccMoTpeHBI BO3MOXKHOCTH KOMITAHHH B Cepe HOBBIX
pa3paboTOK, JIa3epHBIX CTEH/IOB U IPUMEP PEATM30BaHHBIX ITPOSKTOB C TOUKU
3peHus] MOAXO0Aa K NMPOSKTHPOBAHHUIO, TAK W OIBIT NPOPaOOTKH TEXHOJOTWH
B3aMMOJEHCTBHSA JIA3ePHOTO U3ITyYECHHS C BEIIECTBOM.
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«JIDTHU» um. B.U. Ynvanosa (/lenuna)

JIABEPHASI PECTABPAIIMOHHAS OUNCTKA
HUCTOPHUYECKUX IAMATHHUKOB

IIpuBenén xpartkuii 0030p NPUMEHEHHH TEXHOJOTHMHM Ja3epHOH OYUCTKH IS
yHAIeHHs] 3arps3HEHHI pa3iMYHOM NPHPOABl B IpOIEcce pPEecTaBpalud OOBEKTOB
KynsTypHOTO Hacienusi. OOcykgaeTcs BaXHOCTb KOPPEKTHOTO BBIOOpA BBIXOJHBIX
XapaKTepPUCTUK J1a3epOB M HX BIMSHHME HA TEIIOQHM3NYECKHE IPOLECCHl Jia3epHOU
abmsanuu. IlokasaHa omnpepensiomas poib  JUIMTENBHOCTH HMMITYIIbCa  JIA3€PHOTO
W3NTydeHHUs TP YAAJIeHHM 3arpsi3HAIOMNX BEIMIECTB C IOBEPXHOCTH MAMSTHHKOB W3
KaMHA B pe3ynbrare (oTOTepMHICCKON aOIsInu.

R. DRAMPYAN, V.A. PARFENOV'!

Institute for Physical Research of the National Academy of Sciences of Armenia, Ashtarak
ISaint-Petersburg State Electrotechnical University « LETI»

LASER RESTORATION CLEANING OF HISTORICAL
MONUMENTS

A brief overview of the applications of laser cleaning technology for removing
contaminants of various nature in the restoration of cultural heritage objects is given.
The importance of the correct choice of output characteristics of lasers and their
influence on the thermophysical processes of laser ablation is discussed. The
determining role of the pulse duration of laser radiation in the removal of pollutants
from the surface of stone monuments as a result of photothermal ablation is shown.

B mnocnennue rofpl JazepHbIE TEXHOIOTHMH HAXOAAT BCE Ooliee HIMPOKOE
MPUMEHEHHE B COXPaHEHHMH KyJIbTypHOro Hacienus. OZHMM M3 OCHOBHBIX
MIPUMEHEHUH J1a3epoB B ATON 0ONACTH SABISIETCA pPECTaBpallMOHHAs OYHCTKa
MaMATHUKOB OT 3arpsi3HEHUH MPUPOIHOTO M AaHTPOIOTEHHOTO MPOUCXOKICHHUS.
Ilo cpaBHeHHWIO C TPaAWIMOHHBIMH METOJAMH, HCIIOJNIB3YEeMBIMH B
pecTaBpalMy, TEXHOJIOTHS JIa3epPHOM OYMUCTKHM HMMEeT pSAA  BaXKHBIX
NPEUMYIIECTB, TAKUX KaK BbICOKas 3(PQEKTUBHOCTb, TOYHOCTH WU CKOPOCTh
ynanenust 3arpsisHeHuit [1]. Onnako ans 3¢dQekTuBHOro M 0Oe30MacHOro
NPUMEHEHHUS J1a3epoB HEOOXOIMM OUYEHb TIIATEIBbHBIH BHIOOP MX BBIXOIHBIX
XapaKTepUCTUK, KOTOpPbIe MOTYT 3HAUUTEIbHO BAPBUPOBATHCS B 3aBUCHMOCTH
OT BUJIa 3aTPSI3HEHUI U MaTepHualla caMoro NaMsTHUKA.
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B nmannO# paboTe NMPOBOAMIOCH HCCICIOBAHWE BIMSHHUSA UINTEIBHOCTH
JIa3epHOr0 MMIYyJbCca Ha IMPOIECCHl a0MSLMM NPU yIAJIEHHH 3arps3HEHU C
MOBEPXHOCTH IIaMATHUKOB M3 KaMHs. [IpoOmema pucka TOBpeXICHUS
OYMIIAEMOIl TOBEPXHOCTH Hambojee KPUTHYHA HMEHHO ISl KaMEHHBIX
MaTepuasoB, MOCKOJIBKY MX MEXaHM4YecKas NMPOYHOCTh 3HAUUTEIbHOE HIUXKE,
yeM y mertayuioB. Crenudurka (QU3HYECKHX NPOLECCOB, MPOUCXOIALINX HPU
Ja3epHOH aONsIMM KaMEHHBIX IIOBEPXHOCTEW, paccCMOTpeHa B psjae padoT
[1,2], xoTOpble MOKa3ald BO3MOXKHOCTh pEATH3ALUU PA3HBIX (QU3MUECKUX
MEXaHU3MOB JIa3€PHOM OYHNCTKH B 3aBUCUMOCTH OT JJTHTEILHOCTH UMITYIIbCA.

Hamu GbuTH 1IPOBENEHBI SKCIEPUMEHTHI TT0 OYHCTKE MOBEPXHOCTH MOACIBHBIX
oOpasoB u3 m3BecTHsAKa mnpu momomu Nd:YAG masepa co CIEAyOIIMMH
BBIXOJHBIMH XapaKTePUCTHUKAMHU: JIMHA BONHBI — 1,064 MKM, AIMTEIBHOCTH
UMITyJIbca — 8 HC, 4acTOTa MOBTOpPEHUs] UMIynbcoB — 10 I'n. DHeprus uMmmynbsca
BapbHpoBaiack B muamnazone 50 - 350 m/x. M3nyuenue nazepa (HOKyCHPOBAIOCH
Ha TMOBEPXHOCTh 0Opaslia W3 H3BECTHSIKA C HCKYCCTBECHHBIM 3arpsi3HCHHUEM,
UMUTHPYIOIIMM 4YEPHYIO THIICOBYIO KOpPKY. Takoro poja 3arps3HEHMs SIBILIOTCS
TUITMYHBIMA JUTs1 OONBIIMHCTBA NAMSTHHKOB M3 KapOOHATHBIX TOPHBIX IOPOL,
SKCIIOHUPYEMBIX HA OTKPHITOM Bo3dyxe. JlasepHbI Iydok Hampapisics Ha
MOBEPXHOCTh O0pa3lOB CKBO3b TOHKYIO CTEKISHHYIO IUIACTHHKY (paccTOsHHE
MEXIy 00pa3oM M Iu1acTHHKON — 10 MM), Ha KOTOPOH OCEAAIIN YACTHIIBI «KOPKI»,
yran€éHHbBIC B pe3ynbTare mpouecca admsnud. [locie 3Toro moBepXHOCTH CTEKIA,
oOpaméHHass K MoJelnbHOMY 00paslly, aHaJM3MpOBalach IPU  MOMOIIH
CKaHMPYIOIIETO 3JIEKTPOHHOTO MUKPOCKOIIA. BBIo BBISBIEHO, UTO MPU 3HAYECHUSIX
IUIOTHOCTH SHEPIHH H3IydeHHs B AuamnasoHe 6 - 120 6,2 Jix/cM? IpOUCXOAUIO
yhaajgeHue KOPKOBOTO CJIOSl 3arpsA3HSAIONIETO BEIIeCTBa, HPHUYEM, KaK €ro
OTAETBHBIX YACTHIl, TAK M MX KPYNHBIX KOHITIOMEPAaTOB. DTO TOBOPHUT O TOM,
9TO IpH yKAa3aHHBIX BBIXOAHBIX TIapaMeTpax Jlazepa  peajusyercs
WCTIAPUTENbHBIN PEeXUM abJSAIMH, COIMPOBOXKIAEMBIM 3HAUYUTEIBHBIM IO CHIIE
TEPMUYECKUM  «B3PBIBOM», MPHBOAAIIMM K BBIOPOCY 3arpsA3HSIONIETO
BerecTBa. [10CKONIBbKY 3TO MOXKET IPUBOAUTH K MEXaHHUECKHUM MOBPEKICHUAM
OYMIIAEMOI TO/UIOKKH, MOXKHO CJeJNaTh BBIBOJ O TOM, YTO IIPUMEHEHHE
Nd:YAG na3zepoB ¢ HAaHOCEKYHIHOH JITUTEIBHOCTHIO HMITYJIBCOB JUISL VIAJCHHS
3arpsi3HEHUH B pe3ynbrare (OTOTEpMHYECKOW adisiuMM  IpeNCcTaBiseT
OMacCHOCTb [UI COCTOSIHMS COXPAHHOCTUM KaMEHHBIX MOBEpXHOCTeH. s
YMEHBIIEHUS! PUCKA IOBPEXKICHUI MAMATHUKOB U3 H3BECTHSIKAa M Mpamopa
11e7IeCO00Pa3HO NCIIOJIL30BAHNE MUKPOCEKYH/IHBIX MMITYJIECOB.

Cnucok aumepamypui
1. Cooper M. Laser cleaning in conservation. Oxford: Butterworth-Heinemann. 1998.
2. Pini R., Siano S., Salimbeni R. Laser cleaning of stones: optimizing the laser parameters and
treatment methodology // Proc. SPIE. 2001. V. 4402. P. 32-37.

116 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA



YK 535(06)+004(06)

B.C. XXUTAPBKOB!, D.B. TPOC®EJIbJI'?, A.U. AJTEKCAHJIPOB?,
H.B. MMUHAEB!, B.!. IOCVYTIOB'
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2Dedepanviblil UCCICO06AMENbCKULE YEHMD
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BJMUSIHUE JA3EPHOI BUOITEYATH
HA ®YHKIMOHAJIBHOCTbD KJIETOK

JlazepHo-uHaynupoBanHeid npsmoit nepeHoc (LIFT) sBiseTcs pacnpocTpaHEHHBIM
METOJIOM OHOIIeYaTH C UCIIOIb30BaHUEM KIIETOK, BCTPOEHHBIX B renb. OQHAKO Mao 4To
W3BECTHO O CTPECccax, KOTOPHIE HCIIBITHIBAIOT KJIETKH BO BpeMsl JIa3epHOH Ouoreyary.
TeopeTuyeckn M SKCHEPUMEHTAIBHO HCCIEJOBAaHbl YPOBHU JIA3€pHOIO UMITYJIBLCHOTO
00JTy4eHHs1 ¥ IMITYJILCHOTO Harpena.

V.S. ZHIGARKOV!, E.V. GROSFELD'? A.I. ALEXANDROV?,

N.V. MINAEV!, V.I. YUSUPOV'
!Institute of Photon Technologies FSRC «Crystallography and Photonics» of the RAS,
Troitsk
’Federal Research Centre «Fundamentals of Biotechnology» of the RAS, Moscow

EFFECT OF LASER BIOPRINTING ON CELL FUNCTIONALITY

Laser-induced forward transfer (LIFT) is a useful technique for bioprinting using
gel-embedded cells. However, little is known about the stresses experienced by cells
during LIFT. This report theoretically and experimentally explores the levels of laser
pulse irradiation and pulsed heating experienced.

B mHacrosmee BpeMs Ha OCHOBE JIa3ePHO-HHIYIIUPOBAHHOTO TPSIMOTO
nepeHoca BemectBa LIFT (Laser-Induced Forward Transfer) [1] momyumna
MIIPOKOE PAa3BUTHE TEXHOJOTHS JIa3epHOH Owomewarw [2] uisd mepeHoca B
TENICBBIX KAIUIAX HA MPUEMHBIC CPEIIBI PA3JIMYHBIX OMOJIOTHYECKIUX MAaTePHAJIOB,
HaIpUMep, KIETOK MIICKOIUTAIOMHUX [3], MEKpOOOB [4].

Jlazepnast ~ Omomeuarh  o0MamaeT  IENBIM  PSAAOM  HEOCHOPHMBIX
NPEeUMYIIECTB,  3aKIIOYAIONIMXCS B 4YacTOTE  JIa3€PHBIX  UMITYJIbCOB,
00ecIeynBaOIIMX BBICOKYIO CKOPOCTh II€4aTH, TOYHOCTH W CTaOMIILHOCTH
neperoca [5]. OpHako, HECMOTpS Ha 3TO, CYIIECTBYIOT OTpaHUYCHUSI,
OTPaHUYMBAIOIINN BO3MOXKHOCTH Ouoredar [6 - 8].
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Henp paboTel cocTonT B McclenoBaHUA 3(PPEKTOB Ja3epHO OMoIedaT C
UCIIOJIb30BaHUEM METOZa MpoTOo4YHOH nurodiyopumerpun [9]. IIpousBeneHs!
pacdérsl 703 SHEPIUH MU HMMITYJIBCHOTO TEMIIEPAaTYpPHOI'O HarpeBa, KOTOPBIM
nozaseprarorcst KieTku. OueHeHbl 3QdeKTs NPSMOTO0 MMITYJILCHOTO JIa3epHOTO
o0JlydeHUsI W WMITyJIbCHBIH HarpeB KJIETOK. B kauecTBe OMOJIOrMYecKOTro
oObekTa  BBIOpaHBI  JpOXOKeBble  KIeTKH  Saccharomyces —cerevisiae,
SBJISIIOLIMECS] OJHUM W3 CaMbIX pPacCHpOCTPAaHEHHBIX JYKapHOTHYECKHX
MOJICTEHBIX 0OBEKTOB B OMOJIOTHH, YTO O0YCIOBICHO MX BBICOKOH CKOPOCTBIO
pOCTa, TIONHOCTBIO CEKBEHHPOBAaHHBIM TI€HOMOM M pa3pabOTaHHBIMH
MeToAauKaMu s ) (HEeKTUBHON TeHHON MH)KCHEPHH

OKCHEPUMEHTAIFHO YCTAHOBJIEHO, YTO KJICTKH B CJIO€ TENs HCIIBITHIBAIOT
BO3JCHCTBAE JTa3ePHOrO M3Iy4eHHS ¢ ILIOTHOCTHIO sHeprum 0.1 - 6 JIx/cm>.
[Ipn 3TOM MOKa3aHO, YTO TaKOH YPOBEHB OOIYUEHUS caM 110 ceOe He BIMSET Ha
JKU3HECTIOCOOHOCTh ApOoXoKel. MOIeNbHBIMU 3KCIIEPUMEHTAMHU BBISBICHO, YTO
TOJIBKO 5 % KIJIETOK B TE€JIEBOM CJIO€, MPUMBIKAIONIEM K MOTJIOMIAIONIEH MIEHKE,
HarpeBarOTCd OO0 BBICOKHMX TEMIEpATyp, 4YTO MOATBEPKIAACTCA ru0ebio
COOTBETCTBYIOIIEH IMOIYJISIMU KIETOK IPU OuonedaTH. ITO CONPOBOXKAAIOCH
3(pdeKkToM TOYTH MOJHOTO 3aTEeMHEHHS BHYTPHKIETOYHOIO 3eJEHOTO
(hiyopeciieHTHOTO Oefka, Takke HaOJIHJaeMOro B OTBET Ha TEIUIOBOM IIIOK.
OOHapyxeH He HaOmromaBIIMiCS paHee 3P(EKT 3HAUYUTENHHOTO YBEINYCHHS
MPOHHUIIAEMOCTH MEMOPaH y MepEeHECEHHBIX JKUBBIX KJICTOK.

[onmydeHHsle naHHBIE Mar0T OoJjiee MIMPOKOE NPEJCTABICHHE O BIHSIHUH
Ja3epHOM OworedaTH Ha >KMBbIE KJIETKM M MOTYT IIPEAJIOKHUTH HOBOE
HarpaBjeHUE MWCCIIeIOBaHUH, CBS3aHHOE C W3MEHEHHEM IPOHUIAEMOCTH
KIETOYHBIX MeMOpaH.

PaGoTta BBIIONTHEHAa NpH MOJAEpKKe MUHHCTEpPCTBA HAyKH M BBICIIETO
0o0pa3oBaHKs B paMKax HCIOJHEHHs padoT mo ['ocynapcTBeHHOMY 3alaHHIO
OHULL «Kpucrammorpapuss u ¢Qoronnka» PAH B wuactu popaborku
SKCHEepUMEHTAIBHOW  cucTteMbl, Tpanta PH® 20-14-00286 B wyactu
ONTHMU3AIIMH TIpOliecca JIa3epHON Ouoneyary.

Cnucox rumepamypbl
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. Serra P, et al. // Adv. Mater. Technol. 2019. V. 4. No. 1. P. 1-33.
. Derakhshanfar S., et al. // Bioact. Mater. 2018. V. 3. No. 2. P. 144-156.
. Saygili E., et al. // Bioprinting. Elsevier B.V. 2020. V. 18. P. ¢00071.
. Yusupov V., et al. // Int. J. Bioprinting. 2020. V. 6. No. 3. P. 1-16.
. Zarubin V.P., et al. // Quantum Elec. 2019. V. 49. No. 11. P. 1068.
. Zhigarkov V.P,, et al. / Nanomaterials. 2021. V. 11. No. 10. P. 2584.
. Mareev E., et al. / Photonics. 2021. V. 8. No. 9. P. 374.
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®OTOUHIYLIUPOBAHHOE UBMEHEHUE
KOD®PUIUEHTA JUPDY3UH
JIOMUHECLHPYIOIMX HAHOKPUCTAJLJIOB
B JIABEPHOM CKAHUPYIOIEA MUKPOCKOITUN

IlokazaHo, uT0 mpH wucciaenoBaHHUd JubQY3UH METOIOM BOCCTAHOBJICHHS
(duyopecueHImu  mocie  (OTOOOCCIBEUYMBAHUS  HEOAHOPOJAHOCTh  MHTCHCHUBHOCTH
JIFOMUHECIIEHIINH MOJKET BO3HHUKATh M3-32 U3MEHEHHs HE TOJIBKO €€ KBaHTOBOTO BBHIXOJIA,
HO W kodddunmenta nauddysmn. CmomenupoBaHbl TPOPHUIM TIOMHUHECICHIINY,
BO3HUKAIOIIUE TPH PA3IMIHBIX KOMOMHALMSIX YBEJIUYCHHUS M YMCHBIICHUS KBAHTOBOTO
BbIXOMa U K03 dunuenTa aupdy3un B pe3ylbraTe BO3ACHCTBHA JIa3ePHOTO H3ITyYCHHUS.
TIpuBenéH npuMep SKCOEPHMEHTA C KBAHTOBBIMH TOYKAMH, B KOTOPOM IIPOSIBIISIETCS
n3MeHeHne ux kodddurnmenta quddysun.

L.N. BORODINA, A.V. VENIAMINOV
ITMO University, Saint-Petersburg

PHOTOINDUCED CHANGE IN DIFFUSIVITY
OF LUMINESCENT NANOCRYSTALS
IN LASER SCANNING MICROSCOPY

We show that a luminescence inhomogeneity may arise in Fluorescence Recovery
After Photobleaching diffusion experiment due to photoinduced changes not only in
luminescence quantum yield but also in the diffusion coefficient. Luminescence profiles
corresponding to various combinations of photoinduced increase or decrease in quantum
yield and diffusion coefficient are simulated. An exemplary experimental result is
presented that manifests changing diffusivity of quantum dots.

Hcnone3yembrii  HamMu  MeTon  HM3y4eHus Japeiida u  auddysuu
JFOMHUHECHUPYIOIIMX HAHOYACTHIL B KOJUIOWIHBIX PACTBOPAX U ONPENENICHUsT HX
THIPOJMHAMUYECKUX  Pa3MEpPOB CBA3aH C  METOJOM  BOCCTAHOBIICHHS
(dyopecuenun mocie ¢oroodecueunBanus (Fluorescence Recovery After
Photobleaching, FRAP) [1].

Mertox peannzoBaH Ha 0ase Ja3epHOr0 CKaHUPYIOIIEr0 MUKPOCKOIA: B X0JIe
9KCIIEPUMEHTa B Y3KOH IIOJIOCKE PAacTBOpPA JIIOMHHECIMPYIOIIMX YaCTHL[ IO
JEWCTBHEM  JIa3epHOTO0  JIyda  W3MEHseTCs  KBAaHTOBBIM  BBIXON  HX
¢doromomunecuenimu (OJI); uz-3a muddy3un yactun momoca ¢ U3MEHEHHOH
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MHTEHCUBHOCTRIO DJI pacmmpsercs, MomepeyHoe ceueHue e MpuoOpeTaeT
rayccoB mpo¢uiab [2], M0 CKOPOCTH W3MEHEHHs IIUPUHBI KOTOPOTO MOYKHO
ompenenuTh kodpduiment auddy3un U paccuuTarh TUAPOJUHAMUYCCKHN
paauyc 4acTull.

MHTepecHo, 4TO HEOJHOPOIHOCTh NIPOCTPAHCTBEHHOTO pacnpeneneHus OJI,
ucrojb3yeMasi aist uccienosanus 1uddysun, Moxer ObITh moiyueHa u Oe3
(hOTOMHIYITIPOBAHHOTO HU3MEHEHUs KBaHTOBOTO BBIXO/1a @J1
(obecrBeunBaHNs), Ka3ajloch OBI, COCTABIAIONIET0 OCHOBY MeTona FRAP. Dto
BO3MO)KHO, €CJIH OKCIIO3WIMS TPHBOAUT K W3MEHEHHIO KoddduumeHTa
mupGy3ud  HAaHOKPUCTAIOB. B 3TOM  cilydae  TPOCTpaHCTBEHHAsS
HeogHoponHocTh @OJI He mosBIsAETCS cpa3y IMOcie OSKCIIOHWPOBaHHA, a
pa3BuBacTCs ¢ TedeHHeM BpeMeHu. [lonepeunsiii mpodmie OJI B TakoM ciydae
OTIMCHIBACTCS PA3HOCTBIO IBYX (QyHKIwmiA ['aycca.

Cutyanus, npu KOTOPOH MO NEHCTBUEM CBETa M3MEHSIOTCS M KBaHTOBBIN
Beixo, DJI, u koaddunuent auddysun, donee pearucTUYHA U JEHCTBUTEIHHO
HaOmoanack B HAIIMX OJKcHepuMeHTax. [Ipumepsl MOnmeNUpoBaHHS U
pe3yabTaThl SKCIEPUMEHTA, HIIIOCTPUPYIOIINAE 3Ty CUTYyallHUIO, IPUBEACHBI HA

puc. 1 u 2.

LA
e

" e

W .

Puc. 1. IlocnenoBatensHOCTD Puc. 2. Kaprunst @JI xomnounaHoro pacteopa
npoduneit OJI B pasnuaHbie KBaHTOBBIX TOueK uepes 3, 5, 13, 19 ¢ mocne
MOMEHTBI BpEeMEHH (JIerenaa — 9KCIIOHUPOBAHHUS €r0 TOPU30HTAIBHOM
B YCJIOBHBIX IMHHIIAX) MTOCIIE TIOJIOCHI CHOKYCHPOBAHHBIM JIA3EPHBIM
YBEJIMYEHHUS KBAHTOBOTO BbIxona PJI ITYYKOM; BHJTHBI JIBE PaCXOIAIIHECs
u ko3 urmenta quddy3un B CO BPEMEHEM SIpKHUE MOJOCH i TEMHAS
pe3yibTare SKCIIOHUPOBAHUS H0JIOCa B Cepe/IvHe

Pabora BeImoiHEeHa TpH (QUHAHCOBOW mojmepkke MwuHOOpHaykn PO,
roc3agaane Ne 2019-1080, u rpanta HUPMA ®T M® Yausepcurera U'TMO.

Cnucok aumepamypui
1. Braeckmans K., et al. // Biophysical Journal. 2007. V. 92 (6). P. 2172.
2. Crank J. The mathematics of diffusion. Oxford University Press, 1979.
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M. CAJIXAB, U4.JLb. PAUACEKAPA, O.C. BACUJIBEB',
O.H. KAPIIOB, B.A. IIAP®EHOB

Canxm-Ilemepbypackuti 20cy0apcmeentblil 31eKmpomexHUYecKuil yHugepcument
«JIOTU» um. B.U. Ynvanosa (J/lenuna)
1000 «Jlazepnviii yenmpy, Cankm-Ilemepbype

BOCCTAHOBJIEHME NEPBOHAYAJIBHOT'O IIBETA
JAEKOPATUBHBIX U3JEJINHU U3 YITIEPOAJUCTOU CTAJIA
C IOMOUIBIO JIASBEPHOU OBPABOTKH

IIpuBeneHs! pe3ynsTaThl IKCIEPHMEHTOB II0 JIa3epHOH 0OpabOTKe IMOBEPXHOCTH
yriepoaucToil cranu. Ha moBepXHOCTH MeTayula OBUTH TOJNYYCHBI OKCUIHBIC TUIEHKH
Pa3IUYHBIX I[BETOBBIX OTTEHKOB C IIENBI0 PENICHHS ONHONW M3 aKTyalbHBIX 3aad
COBPEMEHHOM My3eifHOi paboTbl — BOCCTAHOBJICHUS BOPOHCHHS Ha IOBEPXHOCTH
HpeIMEeTOB JIeKOPATUBHO-TIPUKIAJHOTO HCKyccTBa u3 cramd. IIpomeMoHcTpupoBaHa
BO3MOXKHOCTb yJaJIeHUs] UCKyCCTBEHHO MHIYIMPOBAHHOW arMOC(epHONH KOPpO3HH IpU
MOMOIIH JIa3ePHON OYHCTKU M IIOBTOPHOTO ITOJYYEHUsI MCXOIHOTO ILBETOBOTO OTTEHKA
HPY OMOIIM IOBTOPHOH JIa3epHON 00pabOoTKH.

M. SALHAB, C.L.B. RAJASEKARA, O.S. VASILIEV',

O.N. KARPOV, V.A. PARFENOV
Saint-Petersburg State Electrotechnical University « LETI»
!Laser Center Ltd., Saint-Petersburg

LASER TREATMENT FOR RESTORING ORIGINAL COLOR
OF DECORATIVE CARBON STEEL-BASED ARTWORKS

Presents the results of experiments on the laser surface treatment of carbon steel.
Oxide films of various color shades were obtained on the metal surface in order to solve
one of the urgent tasks of modern museum work - the restoration of "bluing" on the
surface of objects of decorative and applied art made of steel. The possibility of
removing artificially induced atmospheric corrosion by laser cleaning and reobtaining
the original color shade by repeated laser treatment is demonstrated.

OnHOM U3 CIOKHEHIINX 3a7a4 COBPEMEHHOW MY3eHHON palOOoThI SBISETCS
BOCCTAHOBJICHHE TaK HAa3bIBAEMOr0 BOPOHEHMs. BopoHeHHeM Ha3bIBAIOT
JICKOPAaTHBHYIO OTJENKY IPEAMETOB W3 JKejle3a M CTalld, KOTOpas HMeeT
pa3UYHbIE IBETOBBIC OTTEHKH (CHHETO, JKENTOTO W HEKOTOPBIX JPYTUX
1IBETOB). B pe3ynbraTe BO3NEHCTBUS OKPYXKAIOIIEH CPeNbl, B MIEPBYIO OUepellb,
n3-32 KOPPO3UHM BOPOHEHHE MOXKET OBITh MOBPEXKJICHO M JaXe IOIHOCTHIO
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yrpadeHo. I[Ipop»xaBeBmIe CIIOW [OJDKHBI OBITH YHAJEHBI, TOCIE YETro
HEOoOXOIMMO TOYHO BOCCTAHOBUTDH IEpBOHAYaJbHBIA IBET u3nenus. B cBoeit
paboTe pecraBparopbl OOBIYHO NPUMEHSIOT XHMHUYECKHE W MEXaHWYeCKHe
METOJIbl, HO Takas o0O0pa0oTKa 3a4acTyl0 IIPUBOJUT K HOBPEXKICHUIO
MOBEPXHOCTH  IAMSTHUKOB, 4TO HenomyctuMo. OOpaboTka Jlazepom
MOTEHIIMAJIbHO MOXET OBITh aJbTePHATHBHOW TPAJAWIMOHHBIM METOAaM
pectaBpanud. B HacTosmiee Bpems Jazephl YK€  HUCIONB3YIOTCA B
pecTaBpaliMOHHON MpakThke. Ho O0OBIYHO WX NPUMEHSIOT A yOaJCHHS
BCEBO3MOKHBIX TIPUPOTHBIX M aHTPOIOTEHHBIX 3arps3HeHnil. JlazepHas
OUYHCTKa — 3TO OECKOHTAKTHBIN MeTOJ 00pabOTKH MOBEPXHOCTH IMAMSITHHUKOB,
KOTOPBI B CIlydae >Kele30-COACPKAIlNX MPEAMETOB II03BOJICT YHAJAThH
KOPPO3UIO ¥ TIPH 3TOM 0OECHeyrBaeT BBICOKYIO CTEIEHb COXPAaHHOCTU
obOpabarsiBaeMoit oBepxHocTH [1, 2]. B manHol padoTe BrepBbIe UcClea0BaHa
BO3MOXXHOCTh INPUMEHEHHs Jia3epHOil 00pabOTKM /Uil  BOCCTaHOBICHUS
BOpPOHEHUs. B skcniepuMeHTax MbI MCIHOJIB30BAIM MMITYJIbCHBIA UTTEPOUEBBII
BOJIOKOHHBIN J1azep (A= 1064 um, 1=1-120 ue, f =2 - 1000 x['1;, MOIIHOCTH
qo 50Bt). B xome paboTel Ha TMOBEPXHOCTH MOJCIBHBIX 00pa3IoB U3
YIJIEPOIUCTOM CTaiy OBIJIO MOTY4EHO MHOKECTBO LBETHBIX OKCHUIHBIX CIIOEB.
[Tonyyennast TakuM 00pa3oM IBETHas JICKOpaTWBHAs OTJelKa Oblia
MPUHYIATEIFHO TMOBPEKACHA B pe3yibTare € o0paboTKH PacTBOPOM COIITHOU
kucinoTel (HCl), 4ro uMHTHpOBANO MpoIecC MOBPSKICHUS BOPOHCHHS B
pesynerare atMochepHoit kKoppo3uu. B pe3ynbpraTe ObLIH MOTYYCHBI Pa3InIHBIC
CTCTICHH TMOBPESKICHHUS IIBETHBIX YYacTKoB. [locrme 3Toro mpoBOAMIaCh
MOBTOPHAS JIa3epHass 00padOTKa MOJCIBHBIX 00pa3moB. OYHCTKA U TIOIUPOBKA
KOPPOJIUPOBAHHONW TIOBEPXHOCTH IPH TIOMOIIM JIa3epoB MpHBENa K
yMeHbIIEHUI0 €€ mepoxosaroctd. Ilocie sToro mposonuics emé OnuH 3Tall
Ja3epHO 00pabOTKH € HEbI0 MOJYYEHHs HCXOJHOTO IBETOBOTO OTTEHKA Ha
MOBEPXHOCTH 00pasmoB. [Ipu 3TOM TeKCTypa MOBEPXHOCTH U €€ IBET ObUIN
OYEHb OJM3KHU K HCXOJHBIM XapaKTepUCTHKAM 00pa3IOB.

[Tomy4yennsie 9KCTIIEPUMEHTANbHBIE pe3yNbTaThI SIBIISTFOTCS
MpeABAPUTEIBHEIMH, HO OHH ITO3BOJISIFOT CIENIATh BBIBOI O TOM, YTO JIa3epHas
00paboTka  SBIIETCS ~ TEPCIEKTUBHBIM  CHOCOOOM  BOCCTAaHOBJIICHHS
JIEKOPaTUBHOM OTAENIKU MaMsATHUKOB UCTOPHUH U JKelle3a U CTalH.

Cnucox numepamypul
1. Cooper M. Laser cleaning in conservation. Oxford: Butterworth-Heinemann. 1998.
2. Mapdenos B.A. JlazepHas ouncTka NaMSTHHKOB HCTOpHH M KyabTypbl. CII6: M3n-Bo
CIIOIDTY «JIDTH», 2015.
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3AIIACH JUHEWHBIX MUKPOCTPYKTYP B OBFbEME
OOTOTEPMOPE®PAKTUBHOI'O CTEKJIA C IOMOIIBIO
YIABTPAKOPOTKUX UMIIVJIBCOB

IIpuBeneHsl pe3ynbraTbl HKCIEPUMEHTA IO 3alMCU JMHEHHBIX MHUKPOCTPYKTYp B
(oToTepMOpeppaKTHBHOM CTEKJIE C ITIOMOIIBIO YIABTPAKOPOTKUX JIa3epHBIX MMITYJICOB,
UCCIIeI0BaHA JTIIOMUHECLICHIIMS 00pa31oB MOCIIE JIA3ePHOH U TepMUUYECKOH 00paboTKu.

L.P. TARASOV, L.N. BORODINA, S.A. IVANOV,

A.S. LIPATIEV!, V.N. SIGAEV!, N.V. NIKONOROV
ITMO University, Saint-Petersburg
!Mendeleev University of Chemical Technology of Russia, Moscow

FEMTOSECOND LASER FABRICATION OF LINEAR
MICROSTRUCTURES IN A PHOTO-THERMO-REFRACTIVE
GLASS BY ULTRASHORT LASER PULSES

The article is devoted to results of inscription linear microstructures in photo-
thermo-refractive (PTR) glass by ultrashort laser pulses. Luminescence and heat
treatment research of the PRT samples with different composition after ultrashort laser
radiation.

®dororepmopedppaktiuBHoe  (PTP)  omimuaeTcss  YCTOWYMBOCTBIO K
BO3JICHCTBUIO  OKpYy)Karomied  cpeibl, MEXaHWYeCKOM U  TepMHUUYECKOH
MPOYHOCTBIO, BBICOKHM IIOPOTOM JIA3€PHOTO TOBPEXKICHHS, a TaKkKe
JIOJITOBEYHOCThIO. braromapst 3TMM CBOWCTBaM Marepuall Ham€ll IIUPOKOE
MpUMEHEHHe B rosorpaduu, Iae METOAOM 3amucH OOBEMHBIX (ha30BBIX
roiorpaMMm  sBiseTcst Y®-00mydeHHe ¢ MOCHERyIomed  TepMHUYecKou
obpabotkoii. C TMOSBIEHHEM JIa3epOB C YIBTPAKOPOTKHMH HMMITYJIbCAMHU
OTKPBUIMCh HOBBIC TEXHOJIOTHH 3amucu HH(opMaimu, Omaromaps demy
CTAaHOBUTCS BO3MOXKHBIM pacIIUpuTh oOiactu mnpumeHeHus OTP-crekia.
OpmHako TEeXHONOTHH (HDEMTOCEKYHIHON 3amuch Ui CO3MaHHus OO0BEMHBIX
MUKpOCTPYKTYp B DOTP-cTekne SBISIIOTCS MalOU3y4Y€HHBIMH, IOCKOJIBKY
MOJy4aeMble MOIU(DHUKAIMK CHIBHO 3aBUCAT OT JIa3epPHOH  CHUCTEMBI,
BBIODAHHBIX PEXKHMOB paboThl, (OKycHpyrOmeHd ONTHKH ¥ SBISIOTCS
YHHUKaJIbHBIMH [1].
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empto paboOTHI SBISETCS SKCIIEPUMEHTAIBFHOE HCCIICIOBAHNE TEXHOIOTHIH
3amucn  00bEMHBIX  MHKpocTpykryp B ®TP-crekne rmox jeiictBueM
YIBTPAKOPOTKHUX JIa3epHBIX MMITYJILCOB. B pabore uccienoBanuch oOpasibl Ha
ocHoBe cructeMbl NaxO-ZnO-Al,03-Si0,-NaF ¢ nobaskamu Ag,O, CeO,, Sbr0O3
n 06e3 pobaBku CeO,. Jlnst 3amucn  MHKPOCTPYKTYP — HCIIOJIB30BAJICS
¢emrocexynanbiii azep (E =100 - 1200 u/lx, 1030 uMm, 180 ¢c). B kauectse
(hokycupyromeil ONTHKH MUKPOOOBEKTUB C 4YUCIIOBOI ameptypoit NA = 0.45.
JlroMHHECIICHTHBIE W300paKeHHUsI M JIOKAJIBHBIC CIEKTPHI JTIOMHUHECIICHINH
MOJTyYEHBI ¢ TIOMOIIBIO JTa3ePHOTO CKaHUPYIOIIero MUKpockorna Zeiss LSM710,
Bxosmui B coctaB LIKIT «Hanorexuonorum» Yausepcutera UTMO.

B o6pasmax ObuTH 3ammcaHbl CePUN JTMHEHHBIX MHUKPOCTPYKTYP (TPEKOB) C
BapbUPOBAaHHEM MAapaMEeTPOB Jla3epa W CKOPOCTH CKaHUpoBaHmsA. Ha puc. 1
MOKa3aHO JFOMIHECIICHTHOE n300pakeHme 3aIMCaHHbIX TPEKOB.
Jlromunecueniyst B auanasoHe 510 - 530 HM MOXKeT CBHIETENBCTBOBAaTH 00
00pa30BaHNM HEWUTpPAJIbHBIX MOJEKYIIpHBIX KiacTepoB Ag3, Agd4 [2] u
CTPYKTYpHBIX M3MeHeHHsx B SiO; [3], e€ crnekrp mpeacraBieH Ha puc. 2.
HUccnenosano BIMSHUC  TEPMHUYCCKOH  00paboTKH mpu 400 °C,
noarBepxkaaomiee crnocobHocts OTP-cTekna coxpaHsTh 3amucaHHBIE TPEKH
nocie (eMTOCEKYHIHON U TepMUu4eckoir 00padboTok. [TogydeHHbIC Pe3yIbTaThl
OyAyT WCIIONB30BaHBI U NANbHEHIIEH OTpaOOTKM TEXHOJIOTHH 3alUCH
nHpopmarun B @TP-crekie.
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Puc. 1. ®ororpadus 3anmcaHHBIX TPEKOB Puc. 2. Cnekrp TrOMUHECHICHIIUT
IO TEPMUAYECKOH 00paboTKH

Pabora BeimonHeHa npu GpuHaHCOBOI nomnepxke rpanta HUPMA ©T M®
VYuauepcurera U'TMO 1 MunoopHayku P®, roczamanue Ne 2019-1080.

Cnucok numepamypui
1. Zhang Y.J., et.al. // Optical Materials Express. 2017. V. 7 (7). P. 2626-2635.
2. Ignatiev A.L, et.al. / Opt. Spectrosc. 2013. V. 114. P. 769-774.
3. Little D.J., et al. // Optics Express. 2008. V. 16 (24). P. 20029-20037.
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HUncmumym npobaem nazepuvlx u uH@opmayuonHvlx mexronoauti PAH — ¢unuan
DHUL] «Kpucmannoepagus u pomonuxay PAH, llamypa

N3MEHEHHUE TIPOBOAUMOCTH ®PA3OU3ZMEHAEMbBIX
MATEPHUAJIOB 1O AEUCTBUEM NUMITYJIBCHOT'O
JASEPHOI'O U3JIYUEHUA

B pabore mpexcraBneHbl — MCCIENOBAaHMS  ONTHYECKOIO  IIEPEKIIIOYCHUS
JEKTPUIECKOH IMPOBOANMOCTH TOHKHX IUIEHOK (azon3MeHsieMbix MarepuanoB GeTe u
Ge2SbaTes. [Toka3aHsl HOPOTOBBIE 3HAYEHWS IIOTHOCTH HEPIHU IS OCYIIECTBICHUS
(a30BBIX TIEPEXOJOB MpPHU pa3HOW JUINTENPHOCTH HMITYNbCOB. AHAIU3UPYETCS
BpPEMEHHas! THHAMUKA U3MEHEHHS 3IEeKTPO(PU3HIECKIX CBOHCTB.

A.A. BURTSEV, V.V. IONIN, A.V. KISELEV, N.N. ELISEEV,

V.A. MIKHALEVSKY, A.A. NEVZOROV, A.A. LOTIN
Institute on Laser and Information Technologies — branch of FSRC «Crystallography
and Photonicsy of the RAS, Shatura

CONDUCTIVITY SWITCHING OF PHASE-CHANGE
MATERIALS INDUCED BY PULSED LASER RADIATION

Presents the results of optical switching of the GeTe and GST thin film conductivity.
We demonstrate the transition threshold pulse energy for different duration of laser
pulse. We have analyzed the electrical properties time-dynamics.

OnTo3/IeKTPOHHbIE HelipoMophHbIe ycTpoiicTBa HCTIONIB3YIOT
MPEUMYIIEeCTBA KaK BBICOKOW IUIOTHOCTH 3JIEKTPOHHBIX CXEM, TaK M BBICOKOH
MPOITYCKHOW  CIIOCOOHOCTH WX  ONTHYECKHX AaHAJoOroB, TEM CaMbIM
JIEMOHCTPHPYS MOTSHIIUAI Ul CO3/JaHUSI CHCTEM MCKYCCTBEHHOTO MHTEIIEKTa
Manoi MomHocTH. HecMOTpsi Ha JOCTHUTHYTBHIE YCIIEXH, BCE CYIIECTBYIOIIHE
TEXHOJOTHMH  00paboTkm HWH(POPMAIMKM  TO-TIPSKHEMY  ONMHUPAIOTCS  Ha
apxutektypy (oH Heiimana u, ciemoBaTenbHO, CTPAgarOT OT MPHCYNINX €U
Y3KHX MECT B 9HEPIONOTPEOICHNH; JaHHBIE TOJDKHBI IIOCTOSHHO MEPEaaBaThCs
MEXIy OU3NYECKH pPa3IeNEHHBIMH MOAYIIMH TaMATH H  apH(MEeTHKO-
JIOTHYECKUM YCTPOMCTBOM, Ha YTO MPUXOJUTCA 3aTPAdMBaTh SHEPTHIO M BpEMsI.
Jns nanpHeWniero yaydmIeHWsl SHEpPronoTpeOneHus, (QyHKIMOHAIBLHOCTH,
3aHMMaeMOM IUIONIA/IM U CKOPOCTH CBSI3H CHCTEM MCKYCCTBEHHOTO MHTEIUIEKTa
HEOoOX0/IMM COBEPIICHHO JIPYTOi MOAXO0I.
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®dazomsmensiembie  Marepuasbl (OMM) — wuaeanbHble KaHIWAATHI IS
MOJIHOCTBIO ONITUYECKUX YCTPOUCTB XpaHeHHs: U 00padoTku nudopmaryu. OHu
yKe ObUIM IPEJMETOM MHTEHCHUBHBIX MCCIIEIOBaHUI M pa3pabOTOK B TEUEHHE
MOCJIETHET0 AECATUIIETHS,, HO B KOHTEKCTE 3JEKTPOHHBIX MOIyNeH MaMsATH U
ONTHYECKHUX JIUCKOB BBICOKOW IUIOTHOCTH 3amiCH. SIpkoH M (yHKIIMOHAIBLHON
OCOOCHHOCTBIO ATHX MaTE€pPHAJOB SIBISETCS BBICOKMH KOHTPACT MEXKIY
KPHUCTAJUIMYECKOM 1 aMopdHON (a3aMn Kak IO MX JIEKTPUYECKUM, TaK U I10
onTHYeCKUM cBolcTBaM. B wactHoctn, ®VMM Ha OCHOBE XaJIbKOICHHIOB
001a1ar0T CIOCOOHOCTRIO MEPEKITIOUaThCs MEXKITy STUMH IBYMS COCTOSHUSMHU
B OTBET Ha COOTBETCTBYIOIINE TEIUIOBBIC BO3NEHCTBHA (KPHCTAILIU3AINA) WIIN
MIPOTIeCCHl CTEKIOBaHMA paciuiaBa (amopduzaryst). Sdelika Ha OCHOBE TOHKHX
IVIEHOK XaJbKOI€HUJOB MOXET XPAHUTh HECKOJIBKO COCTOSIHHM, KOTOpPbIE
COOTBETCTBYIOT Pa3HOMY COOTHOIICHHIO aMOP(HON M KpHcTamTmdecKoit das.
Slueiiku MHOTOYPOBHEBBIX COCTOSHMH OOJaNaroT pPSIOM HPUHIHUITHAIBHBIX
CBOWCTB, TaKUX KaK MPEINOPOTOBBIN PEKUM HAKOILJICHUS 3HEPTHH, IOPOroBOe
3HAa4YCHUEC DHEPTrUr mnepexoga U HEJIMHEHHOE MOBEACHUEC TIPU TNEPCKITIOUCHUU
COCTOSHHUII, UYTO TMO3BONAET paccMaTpuBaTh HUX paboTy Kak aHaJIor
6MOIOTHYECKOT0 HEelpoHa.

Llenbro HacTosIel PabOThI SBISIETCS] UCCIIEAOBAHNUE OOPAaTUMBIX (ha30BBIX
Mepexo0B (B TOM YHCIIE U ONpeAeTICHNE NX BpeMeH) B TOHKUX TuiéHkax GeTe n
Ge,SboTes, MHIyNHPOBAaHHBIX HMMITYITBCHBIM JIa3ePHBIM H3IYUCHHEM Jla3epa
Pa3IUYHON  JJIMTENBHOCTH. J[MHAaMHUYECKHE XapaKTEPUCTHKU W3MEHEHUS
COTIPOTHBIICHHS 00PAa3IIOB, CBI3aHHBIX C (Da30BBIMHU IIEPEXOIAMH, U3MEPSIINCH B
CXeMe JIeJICHUsI HANpPsDKEHUS! ¢ UCIOJb30BAaHUEM OMOPHOIO CONPOTHUBIECHUS U
TMOCTOAHHOTO HAIPSAKCHUSA. I/ICHOJ'II)?;yH BO3MOXHOCTb CTYNNEHYATO HU3MCHIATH
MIPOBOAMMOCTh YCTPONCTBA, MOXHO CO3[aTh ONTORJICKTPOHHBIE apXHTEKTYPHI
(MEeMpHCTOpPHI) CIETYIONIET0 TOKOJICHHUS.

Cnucok aumepamypul

1. Chai Z., Hu X., Wang E,, et al. // Adv. Opt. Mater. 2017. V. 5. No. 7. P. 1600665.

2. Zhang W., Mazzarello R., Wuttig M., et al. // Nat. Rev. Mater. 2019. V. 4. P. 150-168.

3. Ovshinsky S.R. // Jpn. J. Appl. Phys. 2004. V. 43. P. 4695.

4. Kuzum D., Jeyasingh R.G, Lee B.. et al. // Nano. Lett. 2012. V. 12. P. 2179-2186.

5.Han S-T., ZhouY. Photo-electroactive non-volatile memories for data storage and
neuromorphic computing. Woodhead Publishing. 2020.

6. Lu H., Thelander E., Gerlach J.W., et al. / Adv. Funct. Mater. 2013. V. 23. No. 29. P. 3621-
3627.

7. Kiselev A.V., Ionin V.V,, Burtsev A.A., et al. / Optics & Laser Technology. 2022. V. 147.
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B.P. 'PECBKO, B.B. CMHUPHOBA, 1.B. CEHHUKOBA,

M.M. CEPTEEB, A.JI. AOJII'OITIOJIOB
Yuueepcumem UTMO, Cankm-Ilemepbype

®EMTOCEKYHIHAS JIASEPHASI MOJIM®UKALIUS
CBOMCTB ZnO:Ag TOHKUX IUIEHOK

B pabore wmccnenoBaHO BIMSHUME IApaMeTpoB (EMTOCEKYHIHOIO Ja3epHOro
U3Iy4eHHus Ha cBoiicTBa TOHKHMX ZnO IUIEHOK ¢ HaHoyacTHUIaMH cepebpa. Ilokasano
U3MEHEHHEe IapaMeTpOB HAHOYACTHI[ M IIOMYMPOBOJHMKOBOM MAaTpPUIIbI, H3MEHEHHE
MPOBOANMOCTH U CHEKTPANBHBIX XapaKTepUCTHK Marepuana. [loka3aHo gopmupoBanne
JIa3ePHO-MHAYIHPOBAHHBIX IEPHOIUIECKUX CTPYKTYD.

V.R. GRESKO, V.V. SMIRNOVA, D.V. SENNIKOVA,

M.M. SERGEEV, A.D. DOLGOPOLOV
ITMO University, Saint-Petersburg

FEMTOSECOND LASER MODIFICATION
OF ZnO:Ag PROPERTIES OF THIN FILMS

In this work, the influence of the parameters of femtosecond laser radiation on the
properties of thin ZnO films with silver nanoparticles is studied. A change in the
parameters of nanoparticles and a semiconductor matrix, a change in the conductivity
and spectral characteristics of the material are shown. The formation of laser-induced
periodic structures is shown.

Tonkne nnéuxku ZnO Omaromapsi cBOMM (DU3WYECKHUM CBOWCTBAM YacCTO
UCTIONIB3YIOTCS B KadecTBE (DOTOUYBCTBUTENIBHBIX JJIEMEHTOB U  CIIOEB
Pa3IMIHBIX ONTORJICKTPOHHBIX YCTPOWCTB, B TOM uucie (oromerekropos [1].
JlobaBneHne B cocTaB IUIEHOK HAHOYACTHUIl cepedpa MO3BOJISIET 3HAYUTEIBHO
MOBBICUTh YYBCTBUTEJIBHOCTb CEHCOPOB B ONPEAECIEHHOM CIIEKTPAIbHOM
JlMarna3oHe JUIMH BOJIH 3a CYET SBJICHUS JIOKAJU30BaHHOIO IUIA3MOHHOIO
pe30oHaHCa, a TaKXe IOBBICUTh HPOBOAMMOCTb Marepuana [2]. Jlazepnoe
U3IYYCHUE SIBISCTCS OYCHb YOOOHBIM HHCTPYMEHTOM JUIsl  OBICTpPOTO,
BBICOKOO((EKTUBHOTO W B TO K€ BpEeMs JIETKO peajn3yeMOoro MeToja
JIOKaJTbHON MOIU(HUKAINN CBOHCTB IUIEHOK C BO3MOKHOCTBIO UX KOPPEKIHH B
peXnMe peanbHOro BpeMeHH. [lombupast JIMHY BOJHBI W3ITYYECHUS, MOXKHO
BO3/IEMCTBOBATh Ha camy MaTpuily ZnO UIu HAXOAIIHeCs] B HEH HAaHOYACTHIIBI
MeTayuioB. braromapst 3TOMy MOXHO HaONIIOAAaTh pa3IUYHbIE MEXaHHU3MbI
JIa3epHOTO BO3JCHCTBHUS, a TAKKE CBOHCTBAa MOAM(DHUIIMPOBAHHOTO MaTepraa.
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Jlnst mazepHOW MOIUQPUKAIIAN CTPYKTYpHl TUIEHKH ZnO ¢ HaHOYACTUIIAMH
cepeOpa MCHONIB30BaJIOCh UMITYJIbCHOE (PEMTOCEKYHTHOE N3ITydeHHE C JUTMHON
BonHbl 1030 HM. [loBepxHOCTH 00pa3oB Obuia 00pabOOTaHa NMPH PA3TMYHBIX
3HAQUEHUSIX CKOPOCTH CKaHHPOBAHMS, MOIIHOCTH W3JIyYCHHS M YacTOTHI
CJICIOBaHMs UMITYJIbCOB. VccienoBaHbl ONTHYECKHE W DJICKTPUYECKHE
XapaKTepUCTUKH IUIEHOK. HaOmiomanoch M3MEHEHWE TMOJIOKEHUSI IHKa
IUIA3MOHHOTO ~ PE30HaHca, a TakkKe M3MEHEHHE DJICKTPONPOBOIHOCTH
marepuana. Ilpm wacrorax Beime 100 x[m Ha moBepXHOCTH 00pa3IOB
(hopMHUpOBATTICH TIEPHOAMUYECKUE CTPYKTYPHI (pHc. 1).

Pabora BemonHeHa mpu mozanepkke Poccuiickoro HayaHoro hoHIa (TIpOEKT
Ne 19-79-10208).

Puc. 1. Mukpodotorpadus tpeka, 3amucanaoro Ha ZnO:Ag

Cnucok aumepamypel
1. Ahmed A.A. et al. /Ceramics International. 2022. V. 48. No. 11. P. 16142-16155.
2. Tzeng S.K., Hon M.H., Leu C. // Journal of the Electrochemical Society. 2012. V. 159 (4).
P. H440.
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JI.U. SKYBOBCKUI, A.B. APCEHMH, JI.B. [PYIUHUH,
M.C. MUPOHOB, B.C. BOJIKOB

Mockosckuil ghuzurxo-mexHuyeckull UHCMUmym (HayuOHAIbHBIL UCCLE008AMENbCKULL
yHugepcumem), /loneonpyomulii

BJIN’KHEITIOJIBHASA OIITUYECKAS MUKPOCKOIIMA
JJISA XAPAKTEPU3ALINU YIBTPATOHKHUX
METAJUIMYECKHUX IJIEHOK

VnbTpaToHKUE CIUIOIIHBIE METAJUIMYECKUue IUIEHKM TONIMHOM MeHee 10 HM
SIBISIFOTCS.  HEOThEMJIEMOM  4YacCTbl0  YCTPOMCTB  MPO3PAaYHON  AJIEKTPOHUKH U
OINTORJIEKTPOHUKH. XapaKTepHu3alys ONTHYECKUX CBOMCTB TakHX IUIEHOK TpedyeT
UCIIONB30BAaHUSI  BBICOKOUYBCTBHTENIBHBIX ~HM3MEPHTEIBHBIX METOJOB, TaKMX Kak
SJUTUIICOMETPUS U ONMMDKHENONbHAS ONTHYEeCKass MUKpockomus. B pabore mpencrasieHa
METOIMKA JIOKAJbHONW XapaKTepU3alUH ONTHYECKHX CBOHCTB YIBTPATOHKUX IUIEHOK
30JI0Ta PA3NUYHON TOJIIUHEL, TOTyIEHHBIX Ha AByMEPHOM MoS:.

D.I. YAKUBOVSKY, A.V. ARSENIN, D.V. GRUDININ,

M.S. MIRONOYV, V.S. VOLKOV
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

NEAR-FIELD OPTICAL MICROSCOPY
FOR CHARACTERIZATION OF ULTRA-THIN METAL FILMS

Ultrathin continuous metal films less than 10 nm thick are an essential part of
transparent electronics and optoelectronics devices. The characterization of the optical
properties of such films requires the use of highly sensitive measuring techniques such
as spectroscopic ellipsometry and near-field optical microscopy. In this work, we
propose a method for local characterization of the optical properties of ultrathin gold
films of various thicknesses obtained on two-dimensional MoS..

VABTpaToHKHE METAUTUYECKUE TUIEHKH TONIMHOW MeHee 10 HM SBISIOTCS
BOXKHBIM JJIEMEHTOM THOKOH M MPO3pavyHON ONTOAIEKTPOHHKH, TIa3MOHUKH U
HaHO(OTOHUKU. XAapaKTEePUCTHKH YCTPOWCTB, B KOTOPBIX HCIIOIB3YIOTCS
MIPO3PAYHBIEC AEKTPOIBI HA OCHOBE IUIEHOK, MX ONTHYECKHE U ICKTPHUCCKUE
CBOMCTBa OmHpenesitoTess MopQosiorued (IIepoxXoBaToCTbI0 M CIUIONIHOCTBIO
wiénkn) [1,2]. Panee ObUIO NPOAEMOHCTPHPOBAHO, YTO HCIIOJIb30BaHUE
Q/IT€3MOHHBIX CJIOEB Ha OcHOBe mucyinbduna mommbaena (MoS;) mozsosser
HNOJYYUTh CIUIOUIHBIE YABTPATOHKUE IMIEHKU C BBICOKOM MPOBOAMMOCTBIO U
IJIa3MOHHBIM OTKIHMKOM [3]. MccnenoBanue 0KaaIbHOIO ONTUYECKOIO OTKIHMKA
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TOHKUX IUIEHOK, a Takke J(P(EKTOB BO3OYKICHHS M PACIPOCTPaHEHUS
MOBEPXHOCTHBIX BOJIH B HUX BO3MOXXHO MPHU MOMOIIM METOAa CKaHUPYIOLIei
OmmKHenoNbHOW onTuueckoil mukpockonuu (CBOM) [4, 5S]. B Hacrosieit
pabote m3ydueH curran orpakenuss CbOM B miéHKax 30JI0Ta, MOMYUYCHHBIX Ha
MoOHOCHOAX MoS,, B nuanazone TommuH 2 - 10 HM, a Takke 3aBHUCHUMOCThb
BenmuuHbl curaaia CBOM ot Mmopdosioruu miéHoK.

B pabote minéHku 30510Ta OBUIH MOJYYCHBI METOJOM JICKTPOHHO-IYUYEBOTO
WCTIApEHHUs B BBICOKOM BaKyyMe Ha MOBepXHOCTH MoS,/Si0O,/Si. Mopdomorus
YW TONIIMHA OCAXACHHBIX IUIEHOK HM3yYeHa C IIOMOINbI0 aTOMHO CHIIOBOM
(ACM) u ckaHupyromei smekTpoHHOW Mukpockormu (COM). Pesymbrarhbl
CBOM i mn€HKM 30JI0Ta TOJNIIMHOM ~ 4 HM Ha puC. la JEeMOHCTPUPYIOT
3aMeTHO OOJBIIYI0 HHTEHCHUBHOCTEH OTpaxEéHHOTO curHaima CBOM Ha ydacTke
Au-MoS; (3omoto Ha Mo0S;), mo cpaBHeHHIO ¢ Au-SiO, 9TO CBS3aHO C
pazimuureM B MoOpQOJOrHH IUIEHOK, O Y&M CBUACTCIBCTBYIOT JaHHBIC
ACM-tomorpadpun u COM Ha puc. 16. Takke, moiyueHa 3aBUCHMOCTb
naTeHcuBHOCTH CBOM 0T TONIIMHBI TUIEHOK, OTpa)karomias KOPPessIuio
ONTUYECKOTO OTKJIMKA ¢ MOP(MOJOrHEeH M TOJIIMHON 30JI0Ta, MPEACTABICHHAS
Ha puc. ls.

—-- e

Puc. 1. Kapra narencusroct CBOM, nomrydeHnast 171t INIEHKN 30JI0Ta TONIIIHHON

4 HM Ha ydacTke Au/SiO2 — Au/MoS2, ¢ COOTBETCTBYIOIIMM NPOQHIeM CUrHata (a);

n3o0pakeHuss COM mi€HKH 30710Ta TONUUHON 4 HM, OCaK/IEHHON Ha OBEPXHOCTh

SiO2 u MoS: (6); 3aBUCHMOCTb CPEIHET0 3HAYCHUS] HHTEHCHBHOCTU curHaia CbOM
Ha yyacTke Au/MoS2 OT TONIINHEI IIIEHKH 30J10Ta (6)

Pabora BBIMIONHEHA TIPU (UHAHCOBOW MOJIEpKKe POCCHIICKOr0 HaydHOTO
tonma (rpant Ne 21-72-10163).

Cnucok tumepamypul
1. Yakubovsky D.I., Stebunov Yu.V,, et al. / Nanomaterials. 2018. V. 8. P. 1058.
2. Volkov V.S., Yakubovsky D.L, et al. // J. Phys.: Conf. Ser. 2018. V. 1092. P. 012161.
3. Yakubovsky D.I., Stebunov Yu.V,, et al. // Adv. Mater. Interfaces. 2019. P. 190019.
4. Yakubovsky D.I., Arsenin A.V. et al. // J. Phys.: Conf. Ser. 2020. V. 1461. P. 012193.
5. Mastel S., Govyadinov A.A., Maissen C., et al. // ACS Photonics. 2018. V. 5. P. 3372-3378.
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J.A. MYPATOB, H.D. HUKOJIAEB, T.K. YHEXJIOBA

Poccutickuii ynusepcumem opyacowvl Hapodos, Mockea

OIITUYECKHUE CBOMCTBA KOMITIO3UTHBIX CPE]L,
COJEPKAIIMX 30JIOTBHIE YACTHUILIBI
PA3JIMUYHOM ®OPMBbI

IIpoBeneHo uccienoBaHle CIEKTPAIbHBIX CBOMCTB KOMIIO3UTHOM Cpe/bl HA OCHOBE
JUOKCHJIA THTaHA, CoOAepiKallel 30JI0ThIE YaCTHUIBI SIUIMICOMAANBHON  (HOpMEL
TlomyueHsl ceKTphl OTPaXKEHUsI, MIPOIYCKaHUS U MOIVIONIEHUs AJaHHON CTPYKTYpHI IpU
pa3HBIX yIIaxX MaJCHUs] U3IydeHHs U Pa3sHOM TreoMeTpuH 3IIMIcoumoB. IIpoeneHo
CpaBHEHHE pE3ylbTaTOB HCCICAOBAHUA CO CHEKTPAIBHBIMH  XapaKT€PUCTHKAMHU
KOMITO3UTHOW CPEABI C YacTUIIaMH chepruiecKoid popMEIL.

D.A. MURATOV, N.E. NIKOLAEV, T.K. CHEKHOVA
Peoples’ Friendship University of Russia (RUDN University), Moscow

OPTICAL PROPERTIES OF COMPOSITE MEDIA
CONTAINING GOLD PARTICLES OF DIFFERENT SHAPES

A study of the spectral properties of a composite medium based on titanium dioxide
containing ellipsoidal gold particles was carried out. The reflection, transmission, and
absorption spectra of this structure are obtained at different radiation incidence angles
and different geometry of ellipsoids. The dependences obtained are compared with the
characteristics of the composite medium with spherical particles.

B mocnennee Bpemst OosbIIoe BHUMAHHE YAENSACTCS HCCIEAOBAHUIO
KOMIIO3UTHBIX CpeJ C HAHOYACTHIaMHu. Takue cpeasl 00NafaloT 0COOBIMU
CBOWCTBAMM, M MOTYT OBITh MHCHOJB30BAaHBI MPU CO3JAHUM HEJIWHEIHBIX
ONTUYECKUX YCTPOICTB, CEHCOPOB, YCTPOICTB 3allUCU U NE€Peaul ONTHYECKOM
uapopmarun [1]. YmopaBneHne ONTHYECKHMH CBOHCTBAMH KOMITO3UTHBIX
IUIEHOK MOXET NPUBECTH K YAYYIICHHIO HX XapaKTePUCTHUK 3a CUET
pacuIMpeHust CIeKTPa MOTIIOMIECHHS U YBETHYCHNS aMILTUTYBI.

B pabore mpoBeneHo HccienOBaHUE KOMIIO3MTHOM Cpeibl Ha OCHOBE
JUOKCU/Ia TUTaHa C 30JI0TBIMU HaHoudacTHLamu. Ilpu aHanmse cBOMCTB Takoif
Cpezbl MCIOJIb30BaJlach Mozeib >(QQeKkTHBHON cpenbl Makcemia—IapHerra
[1]. B pabore mosydeHsl BBIpaXKEHHs sl KOI(DPHUIMEHTOB OTPaKEHUS W
MPOMyCKaHWs KOMIIO3UTHOM CpeAbl, CoAep:Kalleld 30J0Thleé HAHOYACTHUIIBI
IUINNICONJAILHOM (hOpMBI. PacuéThl CrIeKTPOB NPOBOJMIIMCH JIIS CITydast, KoTzia
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00BEM CoJlepIKAIIMXCSI 30JI0ThIX YACTHI TI0 CPABHEHHIO ¢ 00BEMOM JHMOKCHIA
TUTaHa cocTaBasut 1 %.

IlpoBenéH pacy€T AMCHCPCHOHHBIX 3aBUCUMOCTCH  KOI()(OHUIMEHTOB
OTpaKCHHUS, MPOMYCKAHUS U MOMIONICHUsT KOMITIO3UTHOM TUIEHKH [2] HAa OCHOBE
JUOKCHUJIa TUTAHA C 30JIOTBIMA HAHOYACTHUIIAMHU 3JUTUIICOMIATBHON (HOPMBI TIPU
Pa3HBIX COOTHOIICHUSAX TNIABHBIX MOIYOCEH AIUIMIICOMA BPALICHUS U Pa3HBIX
yIIax MajJeHus U3AydeHHUs. AHaIN3 MOJYyYEHHBIX CHEKTpoB (puc. 1) mokaszai
3aBUCHMOCTD TOJIOKEHHS U aMIUIUTY/bl [MKOB IMOIVIONICHHUS OT YIJia IMaJeHuUs
M3ITyYCHUS] HA KOMIIO3UTHYIO Cpey U (pOpMbl HAHOUACTHII.

r
L0

0f
0.6
04

D2

0
20D 600 8CO 1000 1200 1400 1600 A, rm

Puc. 1. CriekTpsl MPOMycKaHust VIS INIEHOK € YaCTHULAMH SJUIMIICOUIATIBHOH (OpMBI
C pa3HBIM OTHOIICHHEM NOJSIPHOM 1 9KBAaTOpHAIBHOI momyoceit (a/b = 0,5; 1; 2; 4)

YCTaHOBNICHO, YTO MPU HCIONB30BAaHUM HAHOYACTHI[ OOjee BBITSHYTOH
(OopMBI IO CPaBHEHHIO CO C(HEPHUUECKUMH YACTHLIAMH CIIEKTPHI MOIIONICHUS
C/IBUTAIOTCS B JUIMHHOBOJIHOBYIO OOJIACTh M IPOUCXOJUT PACIIMPEHUE MOIOCHI
MOVIONICHUS. YBEIMUCHNE YIvIa Ma/IeHHs N3Ty4YeHHs Ha KOMIIO3UTHYIO CPely C
BBITSIHYTBIMU YaCTUIIAMU BBI3BIBAET CABUT XapaKTEPUCTUK B CTOPOHY MEHBIIUX
JUIMH BOJIH B CPAaBHEHMH €O C(HePUUECKIMHU YaCTHIIAMH.

ITomyyeHHBIE PE3yABTATHI MO3BOJSIOT ONTUMH3MPOBATH COOTBETCTBYIOIIHE
mapamMeTpbl KOMIIO3UTHBIX CPEeJ] TSI KOHKPETHOTO MCTIONIE30BAHNS.

Cnucok 1umepamypul
1. T'onosans JI.A., Tumomenko B.1O., Kamkapos I1.K. OnTuueckue cBoiicTBa KOMIIO3UTOB Ha
OCHOBE MOpHCTHIX cucteM // Yerexu ¢pusmueckux Hayk. 2007. T. 177. Ne 6. C. 619-638.
2. bopu M., Bombd 3. Ocrosl ontuku. M.: Hayka, 1970.
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X. HACCEP, B.A. ACEEB, A.11. UMTHATBEB, H.B. HUKOHOPOB
Yuueepcumem UTMO, Cankm-Ilemep6ype

CIIEKTPbI YCUJIEHUSA UOHOB UTTEPBUA
B XJIOPUJJHOM ®OTOTEPMOPE®PAKTUBHOM CTEKIJIE

IIpoBeneno HCCIIEI0BaHNE JIa3epHBIX CBOWCTB XJIOPUTHOTO
(doTtoTepMOpeppakTUBHOTO CTEKIa, AKTUBHPOBAHHOTO HOHaMH HTTepOus. CrHexTpsl
yCuIIeHHsI ObUIM 3alMCaHbl MPU Pa3IUYHBIX MOIIHOCTSAX HAaKAauK{ I UTTEpOUEBOTO
CTEeKJIa JI0 W IIOCNe 3amucH OparroBckoi pemérku. IlomydeHO cedeHHWe YCHIICHUS
0,1 x 10%° cm? B 060MX CTEKIAX.

K. NASSER, D.A. ASEEV, A.L. IGNATIEV, N.V. NIKONOROV
ITMO University, Saint-Petersburg

GAIN SPECTRA OF YTTERBIUM-DOPED CHLORIDE
PHOTO-THERMO-REFRACTIVE GLASS

The laser properties of chloride photo-thermo-refractive glass doped with ytterbium
ions are presented. The gain spectra of the glasses were recorded for different pumping
intensities before and after recording a volume Bragg grating. The gain cross sections of
0.1 x 102° cm? cm? were obtained in both glasses.

WtrepOuii MMeeT JO0BOJILHO BEIHMKYIO MOJIOCY IMPOITYCKAaHHUSI OKOJO 1 MKM
10 CPaBHEHHIO C JIPYTHMH PEIKO3EeMENIbHBIMH HOHAMH, Halpumep, ¢
HEOAUMOM. DTO TMO3BOJSIET MPUMEHHUTh MTTEpOMEBbIE CTEKJIAa M KPHCTAJUIBl B
KauecTBe YCHJIMTENeH W aKTHBHON cCpeabl M B Ja3epax CBEPXKOPOTKUX
umnyiascoB  [1].  ®ortorepmopedpaktuBHoe (PTP) crekno  sBmsercs
MYJIbTUQYHKIIMOHAIBHBIM ~ MaT€pPHUaJIOM, KOTOPBIH MOXHO aKTHBHPOBATh
penKo3eMeNbHBIMH HMOHAM W OJHOBPEMEHHO 3alHcaTh B HEM OpATTOBCKYIO
pemeérky, 4ro JAéT MNOTECHLHUAJIbHYIHO BO3MOMKHOCTb CO3/IaHUS JIa3epoOB C
pacnpenesnéHHon oOpaTtHO# CBSI3bI0 [2]. CHeKkTpoCcKOIM4ecKue
XapaKTepUCTUKU XJIOPUJIHBIX (horoTepmMopedpaKTHBHBIX CTEKOIL,
AKTHBUPOBAaHHBIX HMOHAMH WTTEpOMs, OBUIM TOXPOOHO WCCIIENOBaHBI B
npeapayineit padore [3].

Lenbro naHHOW PaOOTHI SIBJISIETCS UCCIIEI0BaHNE CIIEKTPOB YCHIICHHUS! HOHOB
uttepous B xsopuaHoM OTP-cTexne 10 1 mocie 3amucu OpITTOBCKas peréTka
1 OICHKA BIMAHUSA OPATTOBCKOM PEMIETKH Ha JIa3epHBIE CBOWCTBA.
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B xkagecTBe Marepmana WCCIICIOBaHHSA OBUIM  IOATOTOBJICHHI 1B
OJIMHAKOBBIX 00pa3ua u3 uTTepOueBbix xyopuaHbix OTP-crékon. Bparrosekas
peméTka Obula 3ammcaHa B ofgHoMm w3 Hux jaszepom He-Cd (325 mm). Jlosza
obnyuenuss cocraswia 2 Jix/cm?.  O6paseny ObUT  TepMOOOpabOTaH —IIpH
temneparype 530 °C Ha 20 u. KoHueHTpaius uTrepOusi B cTEKIaX COCTaBHIIA
3,9 x 102 ¢cm?, a tommuuna oGpasuo — 0,9 MM. Jljus TONydeHHs CIEKTPOB
ycuiieHHsT OBLUTM 3alCaHbl CIIEKTPBI MPOIYCKaHHs CTEKOJ B HMHTCPBAJC
950 - 1100 HM Tpu pa3HBIX MOIMHOCTSX HAKa4YKH JHOJHBIM JIA3epOM JTHHON
BOJTHBEI 915 HM. ClieyeT OTMETHTD, YTO CEUYCHHE MOTIIONICHHUS CTEKIIa Ha JITTHHE
BOJTHEI 915 HM coctasisgeT 0,13 x 102 cm?.

Ha puc. 1 u 2 mpenocraBiieHpl MOTYYCHHBIA CIICKTPHI YCHIICHUS CTEKOI TIPH
Pa3IMYHBIX MOITHOCTSX HAKauKWA. 3HAUCHUS CCUCHHS YCWICHHUS COCTaBUIIH
6y =0,1 x 102° cM? B HCXOIHOM CTEKJIE U CTEKIIe C PEIETKON MPH MOLIHOCTH
Hakadykd 200 u 350 MBT, COOTBETCTBEHHO. DTy pa3HHUILY MbI OOBACHICM
BIIMSHUEM IIMPOKOH IMOJOCHI MOTIONICHMS IUIa3MOHHOTO PE30HAHca, KOTopas

TSHET 0 HUH(pPaKpacHOW 00JacTH, YTO MPUBOJUT K MOIIOMICHUIO YacCTh
Hakauky Ha 915 HM.

MouyHocTb Hakaukn
0 wmBT

—— 50 MBT
100 mBT

MOLHOCTb HaKa4kn
0 mBT

—— 70 MBT
150 mBT

Ceuennte younenus, 102 cm?
Ceuetme ycunenus, 1072 cv®

—— 200 mBT

06

T T T T T T
1000 1050 1100 1000 1050 1100
[nuHa BOMHbI, HM [nuHa BOnHbI, HM

Puc. 1. CrieKTpBI yCHIICHUS! HCXOTHOTO Puc. 2. CriexTps! ycuneHus HTTepOreBoro
urtepobuesoro xnopuaHoro GTP-crexna xsopunHoro ®TP-crekna B koTopoM
3anucasa pemérka bparra

Cnucok numepamypui
1. Honninger C., Paschotta R., et al. / Applied Physics B. 1999. V. 69. P. 3-17.
2. Nikonorov N.V., Ivanov S.A., et al // Holographic Materials and Optical Systems. 2017.
3. Nasser K., Aseev V.A,, et. al // Journal of Non-crystalline Solids. 2021. V. 563. P. 120807.
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O.K. MAJIBILIEB!, N.JI. MAPTBIHOB', A.A. YUCTSKOB!',
H.B. TATIOHEHKO'*

! Hayuonanwmiii uccredosamensckuti soephbiii yuueepcumem « MUDHUy
2Benopycckuii 20Cy0apcmeentbiil YHUepcumem uHGOpMamuKi u paouodaekmpoHuK,
Munck

MATEMATHYECKOE MOAEJIMPOBAHUE CIIEKTPOB
OTPA’KEHUSA ®OTOHHBIX CTPYKTYP U3 IOPUCTOI'O
KPMEHMUS C YYETOM OKHUCJEHUS

IIpuBeneHsl  pe3ynabTaThl — UCCIENOBAaHUS ~ 3aKOHOMEPHOCTEH  TEpMHUYECKOTO
OKHCJIEHUsI ~MHUKPOPE30HATOpOB U3  IIOPUCTOTO  KPEMHHMS M IIpeAcTaBlIeHa
MaTeMaTH4deckasl MOJENb, IMO3BOJIIONAS OLEHUTHh CTENEHb OKHCIEHHS IO CHEKTpY
OTpakKeHUSI.

0.K. MALYSHEV!, LL. MARTYNOV!, A.A. CHISTYAKOV',

N.V. GAPONENKO'*?

!National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
Belarusian State University of Informatics and Radioelectronic, Minsk

MATHEMATICAL SIMULATING OF REFLECTION SPECTRA
OF PHOTONIC STRUCTURES MADE OF POROUS SILICON
WITH OXIDATION RATE TAKEN INTO ACCOUNT

The results of studying the patterns of thermal oxidation of porous silicon
microcavities are presented, also a mathematical model that makes it possible to
evaluate the oxidation rate from the reflection spectrum is presented.

Mopuctenit  kxpemuuit (ITK) u (GOTOHHBIE CTPYKTYphl Ha €ro OCHOBE
SBISIIOTCA  MOMYISIpHOW — TmatopMoi AN BHEAPEHUS  JIIOMHHO(OPOB
pa3nuaHoi mpupoxs! [ 1, 2] u pa3paboTku onTHYeCKUX ceHcopoB [1, 3].

Jlis crabunmu3ayy U MOBBIIICHNUS YCTOHUMBOCTH M3TOTOBICHHBINH 00pa3Iibl
TPATUIIMOHHO TIOABEPTAIOTCS MPUHYIUTEIHHOMY TEPMHYECKOMY OKHCICHHIO B
npu Ttemmeparype 200 - 800 °C [4], uro npuBOIMT K 0Opa3OBaHMIO Ha
MOBEPXHOCTH TOP OKCHAHOW TMIEHKH. Pe3koe yBenmueHne 0OBEMHOM TOIH
OKCHJa KPEMHHsI B T€TEPOTEHHOM CHUCTEMEe MPUBOJUT K CMELICHHIO CIEKTpa
OTpa)keHHs1 00pa3ia B KOPOTKOBOJIHOBYIO 00J1aCTb.

Llenbro paHHOM pabOTHI CTANO MOCTPOCHHE MAaTeMaTH4eCcKOH MOJeNn Ha
OCHOBE METO/a MAaTpHll MEPEeHOCa, MO3BOJSIOIIEH KOIMYECTBEHHO OLEHHUTHb
00BEMHYIO JI0JII0 OKCH/Ia B (POTOHHON CTPYKTYpE N3 OPUCTOTO KPEMHUS ITyTEM
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M3MepeHust e CIEeKTPOB OTPaXCHHUS IO W TOCHe Tpolecca OKucieHus. brura
M3TOTOBJIEHAa cepusi 00pasnoB MuKpope3oHatopoB u3 IIK ¢ aianHON BOJIHBI
cobcTBeHHOH Monbl B jauanazone 570 - 580 HM, a TakKe pacCUMTaHbl HX
CHEKTPBHl OTpaKEHHs. BeTMYMHBI MOPUCTOCTH M TONIIMHBI OTJCIBHBIX CIOEB
CTPYKTYpbI OBIIM paccyMTaHbl Ha OCHOBaHMU paboTel [S5]. Jlnst pacuéra
3¢ PEeKTUBHOTO ToKa3aress OT/EBHBIX CIIOEB UCIIOJIb30BaJIaCh
TPEXKOMIIOHEHTHAs MoOJelnb 3(GQEeKTUBHOW cpensl bpyrremana, mpu stom
yaHTBIBAICA ((HEKT CHUKCHUS MOPUCTOCTH TPH OKUCICHHH CTPYKTYpHI [4].
Kak BuaHo w3 puc. 1 m 2 pacu€rHble CIEKTPbl OTPAXKEHHUS COITIACYIOTCS C
SKCIIEPUMEHTAIBHBIMA JTaHHBIMU. Harurydmiee cooTBEeTCTBHE ISl OKUCIEHHBIX
00pa3moB JOCTHTAETCs, CCIH TIPH MONCIUPOBAHWHA NPUHATH CTEICHB
OKHUCJIEHHS CTPYKTypbl paBHyt0 80 %. He3aBucumbl HMHCTpYMEHTaNbHbBIN
aHAIlN3 CO3MAHHBIX O0Pa3IOB METOIOM PEHTIEHO(MIYOPECIEHTHOTO aHaln3a
nokasay, 4rto (haKTUYecKas CpeqHssi CTENEeHb OKHCICHUS CTPYKTYpbl U3
MOPHUCTOTO KpeMHHus coctaBiser 81 +5 %, uto comacyercs ¢ mapameTpamu
MOJICITH.

B - -
Puc. 1. Cnextp oTpaskeHus Puc. 2. Cnexrp otpakeHus
MuKpopesoHaropa u3 [1K Mukpopesonaropa u3 I1K
JI0 OKHCIICHUS IOCJIE OKHCIICHUS
Cnucok tumepamypul

1. Osipov E.V,, et al. Silicon photonic structures with embedded polymers for novel sensing
methods // Opt. Spectrosc. 2017. V. 122. No. 1. P. 74-78.

2. Dovzhenko D., et al. Porous silicon microcavity modulates the photoluminescence spectra of
organic polymers and quantum dots // Materials Today: Proceedings. 016. V. 3. No. 2. P. 485-490.

3. Levitsky I.A. Porous silicon structures as optical gas sensors // Sensors (Switzerland). 2015.
V. 15. No. 8. P. 19968-19991.

4. Pap A.E., et al. Thermal oxidation of porous silicon: Study on structure // Appl. Phys. Lett.
2005. V. 86. No. 4.

5. Rakhimov R.A., et al. Influence of electro-chemical etching parameters on the reflectance
spectra of porous silicon rugate filters // J. Phys. Conf. Ser. 2016. V. 737. No. 1.
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[B. LIAJPUHA'?, E.H. BYJITAKOB?*?
Unemumym evruuciumensrozo modenupoeanus @UL] KHI] CO PAH, Kpacrospck
Uncmumym ¢uzuxu um. JI.B. Kupencrkozo @UIL] KHI] CO PAH, Kpacnospck
3Cubupcruii hedepanvuviii ynueepcumem, Kpacnospck

OIITUYECKASA BUCTABUJIBHOCTSD IO YIUIY U HAPYIIEHUE
CUMMETPUHU B KOHEYHOM ®OTOHHOM KPUCTAJIJIE

IlokazaHo, KakuM O00Opa3oM MPOHMCXOAUT CMELIEHHEe OONACTH ONTHYECKOH
6ucrabunproct (OB) B 3aBUCHMOCTH OT yIla NaJeHHs BHEIIHEH BOJHBI, a TaKkKe
Hanu4yue oOnacTedl OMCTaOWIIBHOCTH IO TPEThbeMy H3MEHSEMOMY Iapamerpy (Kpome
Y4acTOThl U MOIHOCTH) — YDy majeHusi. [IpoBECHO CpaBHEHHE MOPOTrOBBIX BEIWYHH
MOILIHOCTH s HacTymwieHuss OB U siBeHusT HapyIIEeHNs] CHMMETPHUH.

G.V. SHADRINA'?, E.N. BULGAKOV?3
nstitute of Computational Modelling, Federal Research Center of KSC SB RAS,
Krasnoyarsk
’Kirensky Institute of Physics, Federal Research Center of KSC SB RAS, Krasnoyarsk
3Siberian Federal University, Krasnoyarsk

OPTICAL ANGULAR BISTABILITY AND SYMMETRY
BREAKING IN A FINITE PHOTONIC CRYSTAL

It is shown how the region of optical bistability (OB) shifts depending on the angle
of incidence of the external wave, as well as the bistability region presents with third
variable (except for frequency and power) — the angle of incidence. The power
thresholds for the onset of OB and the symmetry breaking phenomenon are compared.

Henuneitnoe pacnpocrpaHeHne cBeTa B MEPUOJUUYECKUX CTPYKTypax
SBISICTCS ~ TIPUBJIICKATEIBHOM  OONACTBIO HCCICHOBAHWNA W MPHIIOKCHUH.
KiroueByto posib npu HEJIMHEHHOM paclpOCTPAaHEHUHM CBETa UIPAIOT SIBICHUS
ONTUYECKOW OMCTaOMIBHOCTH M HApYIICHWE CUMMETPUU MPU CUMMETPHYHOM
PacToNoXKEHNH CTPYKTYpHI [ 1, 2].

[lenpto pabOTHl SBISIETCS HWCCIEAOBAHHE TOPOTa HACTYIUICHHS JTHX
SBJIICHUM TIPU M3MEHEHUU yIvla MaJIeHUs BHEUIHEH IJIOCKOM BOJHBI M pa3Mepa
camoro (otonHoro kpucramia (PK). Ha puc. 1 mpencraBien oOmmii BuI
2D ©K c oxnoit (puc. la) n aByms (puc. 16) KeppOBCKUMH MUKPOIOIOCTSIMH.
AmruiaTya Bo3OyKIECHHS MUKPOPE30HATOpA TPU CIUHUIHON BHEIIHEW BOJHE
paccuuThiBajach € MOMOIIbIO  MOAaJbHOro Meroaa T-marpunsl  [3],
000011IEHHOTO Ha ciayvai MHKpPOPE30HATOPOB, NOJACPKUBAIOIINX
MOHOIIOJIEHYIO MOJY.
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Puc. 1. 2D @K ctpykrypsl ¢ ogHoi (puc. 1a) u nByms (puc. 16) MUKpOIIOTIOCTSIMU,
COCTaBJICHHBIE U3 OECKOHEUHBIX IMIIMHPOB, TEMHO-CEPBIM IIBETOM OMEYEHBI
LJIMH/IPEI C KEPPOBCKOIT 10OABKOW K MIPOHUIIAEMOCTH

W3MeHeHne yriia TaaeHUS BHEIIHEH BOJHBI TPUBOAWT K CMEMICHUIO
o0OmacTi OMCTAOMILHOCTH TI0 MOITHOCTH BHENTHEH BOJHBI (pHC. 2), UTO OBLIO
nosydeHo s OK ¢ ogHUM KeppOBCKMM MHUKpOpe3oHaTopoM. st 3ToH ke
CHUCTEMBI IIOKa3aHO, YTO O0ONacTh OWCTAOWIBHOCTH CYWIECTBYeT W TMIpHU
(hUKCPOBAaHHOW MOIITHOCTH, KOT/Ia H3MEHSCTCS TOJIBKO YTOJI TaICHHS.

Jlo6asnenne B ®K BTOpOro KeppoBCKOrO MHMKPOPE30HATOpa IIO3BOJIMIIO
HaOmronath 3(dexkrT HapylmieHWs CHMMETPHM Ha MOHOIMOJIBHON Mome. Kak
0Ka3aJoCh, MOPOT Ui HACTYIJICHUSI SIBIICHUSI HApYIIEHUsI cUMMeTpun (puc. 3)
MMEEeT MHYIO0 3aBUCHMOCTb OT yIJIa MaJIeHHs] BHEIIHEH BOJHBI, HEXKEIH MOPOT
JUISl ONTHYECKON OmcTadbminbHOCTH M ciabo 3aBucHT oT Q-(akropa MOJbI, KakK
3TO OBUIO ISt onTHYecKol OucraduibHoct (OB).
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Puc. 2. Kapra Bo30yxaeHus Puc. 3. Iloporu nacrymnenus Ob u SHC
MHKpOpe30HaTopa ¢ puc. la IUTSL CTPYKTYP THIIA KaK Ha puC. 16
Cnucox numepamypul

1. IHanpuna I'.B., Bynrakos E.H.. // KOT®. 2022. V. 162 (5). P. 646.

2. Joannopoulos J., Johnson S., et al. Photonic Crystals: Molding the Flow of Light. Princeton:
Princeton University Press, 2007.

3. Yasumoto K. Electromagnetic theory and applications for photonic crystals. New York:
Taylor & Francis, 2006.
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A.B. XAPUTOHOB!, A.l. MUHUBAEB!, C.C. XAPUHIIEB'?

!Kasanckuii (Ilpusonsicckuii) pedepanvhbvlii yrueepcumem
2 Uncmumym npuxaaonvix uccareoosanuti AH Pecnybnuxu Tamapceman, Kazano

METAMATEPHA.IBI C IEPEMEHHBIMU BO BPEMEHH!
MMAPAMETPAMM: JIU3ATH BPEMEHHOM
HEOJHOPOJHOCTHU

B pabore wuccnenyroTcs MEXaHU3MbI, IO3BOJISIOIINE YHPABIATH BPEMEHHOM
HEOJHOPOIHOCTBIO METaMaTepHalioB C IEPEMEHHBIMH BO BPEMEHH I1apaMeTpaMH.
Pazpaborana mmardopma I peanu3alid  CBEPXOBICTPOTO CyO-(heMTOCEKYHIHOTO
OIITUYECKOTO OTKIMKA Ha OCHOBE IUIA3MOHHBIX MAaTepHAJIOB C  KBa3HHYJICBOH
JIUCTIEPCUECH.

A.V. KHARITONOV', A.I. MINIBAEV!, S.S. KHARINTSEV 2

'Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

TIME-VARYING MATERIALS FOR PHOTONICS:
THE ROLE OF DISPERSION

In this work we investigate mechanisms that allow for tailoring the temporal
inhomogeneity of time-varying materials. A material platform for realization of an
ultrafast sub-picosecond response based on plasmonic materials with flat dispersion is
proposed.

MeTtamatepuansl 3aHUMAOT OJHO W3 IICHTPAIbHBIX MECT B (OTOHHKE,
MpEa0CTaBIIAA 6eCHpeL[eI[eHTHbIC BO3MOXXHOCTHU B YHNPABJICHHUU OINTUYECCKUMU
nonsimu  [1]. Hactpoiika omNTHYECKMX CBOHCTB OCYIIECTBISETCS 3a CUET
JII/I33.I71H3. CTPYKTYPHBIX 3JIECMEHTOB — METAaTOMOB — W HX YIIAKOBKH. Taxkum
o0pa3oMm,  KIIOUEBYI0  pOIb  HIPaeT  CTPYKTypa  IPOCTPAHCTBEHHOU
HEOJAHOPOAHOCTH. B mocnennHee BpeMms OONBIION MHTEpeC MPUBICKIN
METaMarepuralibl, KOTOPbIC OJHOPOJIHBI B NIIPOCTPAHCTBE, HO HECOIHOPOIHBI BO
BpeMeHM [2]. BpemeHHass HEOTHOPOJHOCTb peaau3yeTcsi MyTEM MOAYISLUU
OJIHOTO WJIM HECKOJBKMX OINTHYECKUX [apamMeTpoB (JUDIEKTPUUECKOI
MPOHHUIIACMOCTH, MATHUTHOH BOCIPHHMYHBOCTH H JPYTUX.) C [OMOIIBIO
BHEIITHETO BO3ICHUCTBUS. B mOmM0oOHBIX crcTeMax ObLT IpeICKa3aH U 0OHAPYKEH
pPSAO OK30THMYECKUX SIBICHHMH, KOTOpbIE MPEACTaBISIOT MHTEpPEC Kak ¢
(hyHIAMEHTAILHOW TOYKH 3PCHHS, TaK M C TOYKH 3PCHHUS IMPAKTHYCCKUX
[IPUMEHEHUH.
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D PEKTUBHOCTh B3aUMOJCHCTBHSI CBETa C BPEMEHHBIM HHTEpQeiicoMm
OTPENEIISCTCS. BPEMCHEM TCPEKIFOYCHHUS, KOTOPOE MODKHO OBITh KaK MOXKHO
MCHBIIIC W HE MPEBOCXOAUTH Mepuoj Kosicbanuii BonHbl [3]. [lepcriekTuBHOM
wIaTGOPMOil sl peanu3aiuu Cpej ¢ MEPEMCHHBIMH MTapaMeTPaMHU SIBIISTFOTCS
IUTa3MOHHBIC MaTEPUANIbl U CTPYKTYPBI, BO30YKIaeMbIC UMITYJIBCHOHN Ja3epHOU
Haka4ykoil [4]. B HacrosIel paboTe MPEIIOKEHBI M CO3IaHbl CPEbl, KOTOPBIC
MO3BOJIAIOT  JOOWTHCS  YIBTPAKOPOTKOTO BPEMEHH JKU3HM  IUIA3MOHHOTO
B0o30yxnenust mopsiaka 0.1 ¢c. JlaHHOE BpeMsi Ha MOPSIOK MEHBIIE BPEMEH,
XapaKTepHBIX IS OPYTrUX IUIa3MOHHBIX MarepuanoB (puc. 1). HccmemoBaHsr
MEXaHHU3MBI, BIHSIONINE Ha CKOPOCTH MEPEKITIOUEHHUS U ONTHISCKUH KOHTPACT.
YMeHbIICHHE BPEMEHH JKW3HM OBUIO JOCTHTHYTO WYTEM yMCHBIICHHS
CHCKTPANbHOW  JUCHEPCHHM  JCHCTBUTEIBHONH  YacTH  AMDICKTPUICCKOU
mpoHUIaeMocTH. {1t 3Toro B paboTe OBUTH HCIIONB30BaHBI HACTpaMBaeMBbIC
IUTa3MOHHBIC MaTepUabl Ha OCHOBe okcuHUTpuaa Tutana (TiON).
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Puc. 1. BpeMs xnu3HU I1a3MOHHOTO BO30YKICHUS IS Pa3TMYHBIX 3HAYCHUI
PE30HAHCHO# JJTHBI BOJHEI

[TonyyeHHble  pe3yabTaThl  OTKPHIBAIOT ~ BO3MOXHOCTH  YBEJIMYECHUS
3¢ GeKTHBHOCTH NMPEeoOpa30BaHus CBETa Ha BPEMEHHBIX HHTep(eiicax, a TaKke
MO3BOJIIOT YBEJIUYUTH MPOMYCKHYIO CIIOCOOHOCTD. J[aHHBIe (DaKTOPBI UTPAIOT
BaXHYIO POJIb B aHAJIOTOBBIX ONTHYECKUX BBIYMCIECHUSX [S].

PaGora BrmonHeHa 3a cuét cpenctB Poccuiickoro HaydHOTO (hoHIA (TIPOEKT
Ne 22-72-00091).

Cnucok tumepamypul

1. Kadic M., Milton G.V,, et al. //Nat. Rev. Phys. 2019. V. 1. P. 198-210.

2. Galiffi E., Tirole M., et al. // Adv. Photonics. 2022. V. 4. P. 014002.

3. Galiffi E., Yin S., Alu A. // Nanophotonics. 2022. V. 11. P. 3575-3581.

4. Bruno V., DeVault C., et al. / Phys. Rev. Lett. 2020. V. 343. P. 043902.
5. Silva A., Monticone F,, et. al. // Science. 2014. V. 12. P. 160-162.
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O.A. lIYTOBA, CM. TPYHINH

Mockosckuti 2ocyoapemeennvlii yuugepcumem um. M.B. Jlomonocosa

I'EHEPAIIUA TAPMOHUK ATOMAPHBIMHU I'A3AMU
B BEKTOPHbBIX BUXPEBBIX ITYYKAX

B mocnennee Bpemsi Giaromapsi HOBBIM BO3MOXKHOCTSIM B IKCHEPHMEHTE BO3POC
UHTEpEC K CO3JAHHI0 ONTHYECKHX BHXped B M3IYyYeHHH BBICOKMX TapMOHUK,
yIpaBieHHIo 3G (OEKTHBHOCTBIO UX FEHEPAlMK U COCTOSHUEM nosrsipu3anuu. [TosBuImCh
SKCIIEpIMEHTAJIbHBIE PabOTHl, B KOTOPBIX T'€Hepalys IapMOHHUK BBICIINX HOPSIKOB
(I'TBII) mpoucxoauT B ONTHYECKHX BeKTOpHBIX moisix [1,2]. Ho B To e Bpewms,
HECMOTpsl Ha Oouibioe KosmyecTBO 3kcrepumentoB o I'T'BII, moka He cymiecTByeT
TEOpUH, aKKypaTHO ONKCBHIBAIONIMI JaHHBIA mpouecc. B Hacrtosmel paGote
UCTIONIB3YeTCsl HemepTypOaTuBblii moaxox [3], B paMKax KOTOPOTO aTOM OIMHMCHIBAETCS
OpH TOMOIIM TOYHBIX TPEXMEPHBIX BOJIHOBBIX (YHKIWIL, YTO MO3BOJIAET YYECTh
CIIOXKHYIO TE€OMETPHIO 33Jaud, O ABIXKCHHH JIIEKTPOHA B CYNEPIO3HUIMOHHOM IOJIe
KyJIOHOBCKOTO IOTEHIHaJda M BHEIIHETO BHXPEBOTO BEKTOPHOTO ITy4Ka IPH yCIOBUH
COIIOCTaBUMOCTH HaNpsDKEHHOCTEH.

0O.A. SHOUTOVA, S.M. TRUSHIN

Lomonosov Moscow State University

GENERATION OF HARMONICS BY ATOMIC GASES
IN VECTOR VORTEX FIELDS

Recently, due to new possibilities in the experiment, interest has increased in the
creation of optical vortices in the radiation of high harmonics, in controlling the
efficiency of their generation and the state of polarization. Experimental works have
appeared in which high harmonic generation (HHG) occurs in optical vector fields
[1,2]. However, at the same time, despite the large number of experiments on HHG,
there is still no theory that accurately describes this process. In this paper, we use a
nonperturbative approach [3], in which the atom is described using exact three-
dimensional wave functions, which allows us to take into account the complex geometry
of the problem of the motion of an electron in the superposition field of the Coulomb
potential and an external vortex vector beam under the condition that the strengths are
comparable.

B pabore TeopeTHdyecKH pAaCCMOTPEH IIPOIECC TEHEepaluh TapMOHUK
Beicmmx  mopsinkoB  (I'TBII) B paspexkeHHOW — aroMmapHOl  cpexe,
JIOKAJM30BaHHON BOIM3HM (OKATBHON MIIOCKOCTH, MOJ JEHCTBHEM BEKTOPHBIX
MYYKOB C MPOCTPAHCTBEHHOW CTPYKTYPO# MOJISA, IPU HAJMYUK KaK CIIHHOBOTO,
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TaK W OpOWTaIbHOrO MOMeHTa. Takme moysi 00NamalT HK30THUECKUMU
CBOMCTBAMH, TakuMe Kak OOpaTHBI MOTOK M LMPKYJSIHUS OHEPTHH, U C
nomoupro mpoueccos I'TBII MOXHO 1Ody4aTb BBICOKHE TI'apMOHHMKU C
3aJJaHHBIMH TOPSIIKAMU ONTUYECKUX BUXpEH, 4To ObUIO MOKAa3aHO Ha MpUMepe
reHepaluu TapMOHHUKM BTOporo mnopsaka. B skcnepumenrax no ITBII
aTOMApHBIMHM Ta3aMH, KaK IPAaBWJIO, B KayeCTBE CpPEAbl MCIIOIb3YHOTCS
OmaroposHble Tras3sl, B IPOBOJUMOM HAaMH UHCIEHHOM OJKCIEPHUMEHTE MBI
paccMaTpuBaid Ta3 HEOHA. AHAIHM3 MOJSIPU3ANMOHHOTO COCTOSIHUSI TAPMOHHUK
MPOBOIWIICS C TOMOMBI0 0000mEHHEIX mapamerpoB Crokca [4, 5]. Otm
mapaMeTppl  YYUTBHIBAIOT TPETbIO KOMIIOHEHTY IIONs, B OTIHYME OT
KIaccudeckux mnapaMeTpoB CTOkca, KOTOPBIE OMNMCHIBAIOT —MOBEJCHHE
MPOU3BOJIBHOTO AByMepHOro mois. O6o6meénnsle mapamerpbl CTOkca AalOT
MOJHYI0 MH(GOPMAILMIO O MOBEACHHUHU IOJIS: CTENCHb M BUA MOJSIPH3AINH, €&
HaIPAaBJICHUE U NIOJIOXKECHUE B IIPOCTPAHCTBE.

Cnucox numepamypbot.

1. Trob J., Trallero-Herrero C.A. High harmonic generation spectroscopy via orbital angular
momentum // J. Chem. Phys. 2019. V. 151. P. 084308.

2. Gui G., Brooks N.J., Kapteyn H.C., et al. // Nat. Photon. 2021. V. 15. P. 608-613 .

3. Augpees A.B., Crpemoyxos C.1O., Illyrosa O.A. // XypHaln 3SKCHEPUMEHTAJIBHOW H
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2Cubupckuti pedepanvhbiii ynueepcumem, Kpacrospck
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YIHPABJIEHUE CBETOBBIM IIYYKOM C IOMOIIBIO
TAMMOBCKOI'O IIVIABMOH-ITOJIAPUTOHA

HccnenoBanbl TaMMOBCKHE IIIa3MOH-MONSPUTOHBI, JIOKATH30BaHHBIE HA TPaHMIIE
CyOBOJTHOBOH PEIIETKH, CONPSDKEHHOM ¢ OPATTOBCKUM 3epKajioM. [IpogeMoHCTpupoBaHa
BO3MOXKHOCTh JHHAMHYECKOTO YIpaBiIeHHs (a30i U aMIINTYROH OTPaXKEHHBIX BOJIH HA
JUIMHE BOJIHBI TAMMOBCKOIO IJIa3MOH-IIOJIIPUTOHA.

R.G. BIKBAEV'?, D.N. MAKSIMOV!?, K.-P. CHEN?,
L.V. TIMOFEEV'?
IKirensky Institute of Physics, Federal Research Center of KSC SB RAS, Krasnoyarsk
2Siberian Federal University, Krasnoyarsk
3National Yang Ming Chiao Tung University, Tainan, Taiwan

BEAM STEERING BY TAMM PLASMON POLARITON

We consider Tamm plasmon polariton in a subwavelength grating patterned on top
of a Bragg reflector. We demonstrate dynamic control of the phase and amplitude of a
plane wave reflected from such metagrating due to resonant coupling with the Tamm
plasmon polariton.

MerTamoBepXHOCTh ~ TPEACTABIACT  COOOH  CIelHMambHBIM  0Opa3oM
CTPYKTYpUPOBAHHBIE CYOBOIHOBEIC 3JCMEHTHI, IpeIHA3HAUYCHHBIC  JUIS
addexTrBHOTO yrpaBiieHUs1 $a3oil M aMIUIMTYI0H oTpakéHHOro cBeta [1, 2].
IIpy oSTOM aKTyaJbHOM sIBIIE€TCS  3ajada  CO3JaHUs  HAcTpauBaeMOM
METaIroBepXHOCTH, 00ecreunBatonell (JOPMUPOBAHHE CKOJIb YTOAHO CJIOKHOTO
BOJIHOBOTO (hpoHTa [3, 4].

B o710l paboTe HaMU MPOIEMOHCTPHUPOBAHA BO3MOXKHOCTH 3((EeKTHBHOM
MePeCTPONKN BOIHOBOTO (poHTA B OnmkHEH MH(MpaKpacHON 007IacTH CHEeKTpa
MOCPEICTBOM BHEJIPEHUS] IUIEHKM IPO3PayHOro MPOBOJSILEr0 OKCUAA B
CTPYKTYpY, TIOIJCPKHUBAIONIYI0  BO30YXKICHHE TaMMOBCKOTO  IDIa3MOH-
nomsiputoHa (TIIIT) [5, 6]. Cxematmueckoe U300paKCHHUE UCCICITyEeMOM
CTPYKTYpBI TpeicTaBieHO Ha puc. |. Pemérka m3 cepeOpEHHBIX HAHOIOJIOC
pacIioyio’KeHa Ha TOHKOM clioe cardupa, HaHeCEHHOTO Ha CJIOM OKCHIa WHIUS,
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normpoBanHoro onoBoM (ITO). Bes cTpykTypa momMerneHa Ha MOBEPXHOCTH
MHOTOCJIOHOTO 3epKajia. YCTaHOBJIEHO, YTO Ha JUIMHE BOJHBI 1550 HM
IpOSABICTCS  y3KUM pe3oHaHc, coorBercrByromuii  TIII.  YBenuuenue
npuinoxkeHHoro kK ITO-cnoro  HampspkeHHsT  NPUBOJUT K - CMELICHUIO
PC30HAHCHON [UIMHBI BOJHBI B KOPOTKOBOJHOBYIO OOJNACTh CICKTpa W
3HAYUTCIILHOMY M3MCHCHHIO (ha3bl OTPaXEHHOW BOJNHBL. Takum oOpazom
MOSIBJISICTCS. BOBMOXKHOCTh CO3/IaHUsI YIIPABISCMbIX JU(MDPAKIIMOHHBIX PEIIETOK,
[EPUOJ  KOTOPBIX OMNPEAESETCSl KOJIWYECTBOM HAHOMOJIOC C  Pa3HbIM
MIPUKIIaIBIBAEMBIM HampsokeHneM. W3 puc. 1b BUIHO, 9TO M3MEHEHHE TIepHhoia
PEIETKN MPUBOIUT K 3HAYUTETHHOMY (0K0s0 30 rpaaycoB) H3MEHEHHIO yIIIOB
+1-ro mopsaaka mudpakiun. OTMETHM, 9TO HHTEHCHBHOCTH HYJIEBOTO MOPSIKa
paBHa 0. DTO0 O0OBSACHAETCA JCCTPYKTUBHOW HHTep(depeHIMel BOJH,
pPacnpOCTPAHSAIOLIUXCS 10 HOPMAJIX K IOBEPXHOCTH PELIETKU BCIEICTBUE TOTO,
4TO Pa3HOCTh (pa3 OTPaKEHHBIX BOJIH OT COCETHUX HAHOIOJIOC PaBHA T.

Puc. 1. Cxemarndeckoe n300paKeHHE HCCIEIYyeMOH CTPYKTYpbI (@); WHTEHCHBHOCTH
JTU(PAKIMOHHBIX MAKCHMYMOB B JTAJIbHEM TI0JIE B 3aBUCHMOCTH OT nieprozaa peméerku (b)

Taknum o0Opa3om, pa3pabOTaHHOE YCTPOWCTBO TIO3BOJISIET YHPABISTH
HAaIlpaBJIEHHNEM CBETOBOTO IIyYKa B IIMPOKOM JMaNa3oHE YIVIOB W 00iamaeT
3HAYMTENILHBIM MOTEHIIHAIOM JJIsl pa3pabOTKH YIAbTPATOHKUX YCTPOUCTB, TAKUX
KaK HaHOpa3MepHbIE JTUAAPHI U TIPOCTPAHCTBEHHBIC MOYIISITOPHI CBETA.

Pa6ora BemonHeHa pu ozepkke rpanTa PH® Ne 22-42-08003

Cnucox tumepamypul
1. He Q., et al. // Research. 2019. V. 2019. P. 16.
2. Chen W.T,, et al. // Nat. Rev. Mat. 2020. V. 5. P. 604.
3. Lee Y., et al // Adv. Opt. Mat. 2020. V. 8. P. 2001256.
4. Huang Y.-W., / Nano Lett. 2016. V. 16. P. 5319.
5. Kaliteevski M., et al. / Phys. Rev. B. 2007. V. 76. P. 165415.
6. Bikbaev R.B., et al. // Opt. Exp. 2021. V. 29. P. 4672-4680.
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Mockosckuii 2ocyoapcmeennvlil yHusepcumem um. M.B. Jlomonocosa

TOMOJIOTMYECKUE OCOBEHHOCTH JINHUI
CUHI'YJIAPHOCTHU ITOJIAPU3ALIUUN CBETA,
®OPMHUPYEMBIE ITPH ETO OCTPOM ®OKYCHUPOBKE

Omnucana CTPyKTypa HETPUBHANBHBIX y370B M 3aLCIICHHH JTUHUN CHHTYISIPHOCTH
MOJIIPU3AIUH KOTEPEHTHOTO CBETa BOJM3HM TOYKM I'€OMETPHUYECKOro (pOKyca IpH €ro
(OKyCHpOBKE  JMHEWHOH JIMH30H. YCTAQHOBJICHBI OCHOBHBIE 3aKOHOMEPHOCTH
BUJIOM3MEHEHMs JaHHBIX CTPYKTYp NpH BapbHpPOBaHHM IIapaMeTpPoOB 3alJadd U
CYILECTBYIOLIHE ITPU STOM IIpaBuiIa 0TOOpa.

N.Yu. KUZNETSOV, K.S. GRIGORIEYV, D.E. SHIPILO,
[LA. NIKOLAEVA, A .E. RYADCHENKO, N.A. PANOYV,
0.G. KOSAREVA, V.P. KANDIDOV, VA. MAKAROV

Lomonosov Moscow State University

TOPOLOGICAL FEATURES OF POLARIZATION
SINGULARITY LINES FORMED DURING ITS TIGHT
FOCUSING

The structure of nontrivial knots and links of polarization singularity lines in
coherent light is described near the geometric focal point during its tight focusing by a
linear lens. The main regularities of the evolution of these structures under variation of
the problem parameters are shown alongside with the selection rules existing for these
patterns.

IIpn paccesHUM DBJUIMNTUYECKU NOJISAPU3OBAHHOM  3JIEKTPOMArHUTHOM
BOJTHBI HEOAHOPOJHBIMH CpPEAaMH W B pSAAE HEIMHEHHBIX ONTHYECKUX
MIPOIIECCOB B MOJSIPU3AMOHHON CTPYKTYPE PacTIpOCTPAHSIONIETOCS H3ITyUSHHS
MOTYT BO3HHKAaTh TOIOJOTHYECKHE OCOOCHHOCTH — W30JUPOBAHHBIC JIHHUU B
IPOCTPAHCTBE, MOJIIPU3ALUSA CBETAa B TOUKAX KOTOPBIX CTPOrO JIMHEWHAs WM
cTporo mupkyiasipHas [1]. B psine ciydaeB 3TH JHMHUM MOTYT (OPMHPOBAaTh
TOIIOJIOTUYECKH HETPUBHAJBHBIE CTPYKTYpbl 0oJiee BBICOKOTO MOpS/IKa,
MMEIOLIME 3aleryieHus] U y3ibl [2 - 4]. X0oTa uX UcCleOBaHUE NPEACTaBIIseT
IIaBHBIM 00pa3oM (yHIaMEHTaJIbHBIH WHTEPEC, CYIIECTBYIOT IEPCIICKTHUBBI
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WCTIONIG30BAHMS TOJAOOHBIX CTPYKTYPHPOBAHHBIX COCTOSHHM CBeTa IS
KOIMpoBaHus HH(OpMALMHK B 3a/1a4aX HHPOPMAMOHHOM ONTHKH [5].

Hamu ycTaHOBneHO, 4TO MOJOOHBIE TOMOJOIMYECKH HETPUBUAJIBHBIC
CTPYKTYyphl BO3HUKAIOT Jak€ B JIOCTaTOYHO TIPOCTBIX 3ajJadax OCTPOi
JMHEHHOW ()OKYCHPOBKHM TayCCOBBIX M JIarepp-TayCCOBBIX IMYYKOB JIa3€pHOTO
M3JIyYCHUS, a TAKKEe HMX JIMHEWHBIX KOMOMHauuii. UMCIEHHBIMH MeETOJaMu
MPOBEICHO UCCIIECA0BAHUE BO3MOXKHBIX KOH(PHUI'Ypaluid 00pa3yIomuXcsi B 3THX
MOJIAX JIMHUH CHUHTYISPHOCTH ToJisipu3anuu (puc. 1). HalimeHsl ocHOBHBIE
mpaBWiIa OTOOpPa BO3MOXKHBIX KOHOHUTYpanuii JUHWHA TOIIPU3AIHOHHBIX
CHHTYIISIPHOCTEH, BO3HHUKAIOUINX TPH OCTPOH (OKYCHPOBKE CBETa, yKa3aHBI
YCIIOBUS, IPU KOTOPBIX OHHU BBINOJIHAIOTCS, MPOBEJEHO OMMCAHHE SBOJIOLMH
JUHUM ~ CUHTYISIPHOCTEH  MOJSIpU3allid  [OpU  HM3MEHEHHHM  3a/alolux
KOH(GUTYpAIMIo Ja3epHOTO ITydka IapaMeTpoB. B OONBIIMHCTBE CITydacs,
UCKIJIF0Yass KOH(UTypaluyd aKCHAJIbHOW CUMMETPUH OCCKOHEYHOTO TMOps/IKa,
100aIbHBIM MHBAPUAHTOM BO3HUKAIOMIMX KOH(QUTypauuil sBiasiercsi 4€THOCTh
K03(1)(1)I/IHI/IeHTa 3alCIUICHUS MEXKAY CHUHTYISPHBIMU JIMHUSAMU pPa3HbIX TUIIOB
(1mpKynapHOil U nuHEeHHONW momgpusanuu). Ilpn HaTMYUM B TOMONOTHYECKOM
CTPYKTYpE IOJI TOJIBKO 3aMKHYTBIX JIMHUM, HEU3MEHHBIM OCTAE€TCS U TOYHOE
3HAYEHUE MOJYJIS 3TOTO KO3 PHUIIUCHTA.

Puc. 1. TpéxmepHble KOHGUTYpALUil CHHTYISPHBIX JIMHUIL (¢ - €) U COOTBETCTBYIOIIUX
UM JiMarpamu 3aneruieHus (d - f) npu octpoii pokycupoke my4ka [TyaHkape

Cnucok aumepamypul
1. Berry M.V,, Dennis M.R. // Proc. of the Royal Society A. 2001. V. 457 (2005). P. 141.
2. Berry M.V,, Dennis M.R. // Proc. of the Royal Society A. 2001. V. 457 (2013). P. 2251.
3. Sugic D., Dennis M.R. // J. Opt. Soc. Am. A. 2018. V. 35 (12). P. 1987.
4. Zhong J., Liu S., Guo X., et al. // Optics Express. 2021. V. 29 (23). P. 38849.
5. Larocque H., D’Errico A., Ferrer-Garcia M.F,, et al. / Nature Comm. 2020. V. 11 (1). P. 5119.
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®PEKT I'VCA-XEHXEH B CUHT'YJISIPHOM TOUKE
OTPA’KEHUA

Tlonepeunsrii caBUr Jyda IPH OTPAKEHHU IIPOIOPIMOHANICH IPOU3BOMHOMN a3kl
OTpa)kKeHMsI OTHOCHUTENBHO YyIJa MajeHusl. B CHHIYIIpHOW TOUYKE HyJIEBOTO OTPasKCHUS
(haza u3MeHsIeTCsS CKauKoM, 4TO MaéT GopMasbHO OECKOHEYHBIH caBHT. B 3T0it pabore
noapo6Ho m3yueH adpdext ['yca—XeHXeH B CHHI'YJSIPHOH TOYKE M [TOKA3aHO, YTO B 3TOM
cllydae rayccoB ITy4OK OTpaxkaeTcs B JIMHEHHYI0 KoMOuHanmio yueii ['aycca—Jlareppa ¢
OopOUTANBHBIMUA YIJIOBBIMH MOMeHTaMH +1 u —1, a MakcHuMaibHas BEJIMYMHA
HOIIEPEYHOTO CJ[BUTa OTPaHHYCHA JUAMETPOM MEPETSIKKU MaJarollero Jyya.

M.E. KHAVRONIN, A.A. VYSHNEVYY
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

GOOS-HANCHEN SHIFT
AT SINGULAR REFLECTION POINT

Goos—Hiénchen shift of the reflected beam is determined by the derivative of the
reflection phase with respect to the angle of incidence. In a singular reflection point the
reflection phase changes abruptly which leads to the formally infinite shift. We study the
Goos—Hénchen at a singular reflection point, and find that the reflected beam is
composed of two Laguerre—Gaussian beams with orbital angular momenta of +1 and —1,
while the maximum possible shift is limited by the waist of the incident beam.

O¢pdexkr I'yca—XeHxXeH sBIAETCS OIHUM W3 TMPOSBICHUH BOJHOBOM
MPUPOJBI CBETA, NMPHBOAAIIEH K OTKIOHEHHSIM OT 3aKOHOB I'€OMETPHUYECKOMH
ONTHKU: TPH OTPAKEHHUH OT TOBEPXHOCTU JIyd CMENIAeTCs OTHOCHUTEIHHO
TOYKM MaJEHUS JIyda Ha MOBEPXHOCTh. B OOJBIIMHCTBE CiIydaeB CMeEIIEHHE
OKa3bIBACTCSI OYEHb MaJbIM, OJHAKO B TIOCJIEAHEE BpeMs OBUIM OTKPBITHI
CrocoOBl  €ro yCHWINTh M HCIONB30BaTh B CEHCOpPaxX M ONTHYECKUX
muddepennmatopax [1]. O0bacHIeTCS 3G hEKT TeM, YTO JIOKATU30BAHHBIA B
MPOCTPAHCTBE JIyd MPEACTaBJISICT COO0OH HAaOOp IUIOCKUX BOJIH, Kaxzaas M3
KOTOpBIX IIpU OTpakKeHHH HabOupaeT cBoio (azy. Bo3Hmkaromee BciencTBue
9TOTO0 CMEIIEHHE OTPaKEHHOTO JIyda ONpENessieTCsl TeM, HAacKOJIBKO OBICTpO
(a3a oTparkeHHs] M3MEHsSETCS NPH WU3MEHEHHMH yria mnazaeHus [2]. B ciyuae,
€CIIM aMIUIMTYJa OTpakKeHHs OJM3Ka K HYJIIO, IIPOM3BOJHAs MEHSETCS OY€Hb
ObicTpo (a2 B CHHTYJISPHOM TOYKE WM, WHAa4de TOBOPS, HyJE OTpa)KeHUs,
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CKa4YKoM), 9TO (hopManbHO MAET MPAKTHYECKH «OCCKOHEUHBIN» ITOTICPEUHBINA
casur [3]. B nanHoM paboTe ucciemyercss OTpaK€HHE CBETOBOTO ITyyka B
CHHTYJIsIpHOW Touke. [lagaromuii cBeT paccMaTpuBaeTcsl Kak rayccoB IIy4OK, a
KO3((OUIUEHT  OTpaXEHHS  CYMTAeTCI B  OKPECTHOCTH  HYyNS  Kak
r= C(|ky| — |Kker|), Tme Ky — mpoekIys BOTHOBOTO BEKTOpa MaJarolieii BOJHBI Ha
OTPaKAIOIIyl0 IIOBEPXHOCTh, a K¢ — KOMIIOHEHTa BOJHOBOIO BEKTOpa B
IUIOCKOCTH ~ OTpakarolllel  MOBEPXHOCTH, COOTBETCTBYIOIIAs  HYJIEBOMY
OTPaXEHHIO.

Pacuérel 1OKa3BIBAIOT, YTO OTPaXEHHBIA Jy4 MPENCTaBISAET COOOH
cynepriozunuto Moj Jlareppa-I'aycca ¢ opOutanbHEIMH MOMeHTaMu [ ==l
(puc. 1). PaccrosiHue MexIy NMKaMi WHTEHCHBHOCTH B IIOIIEPEYHOM CCUCHUH
ONpEeeTsIeTCs pagdycoM MEPETSHKKH  Wo, OIPEACISIEMBIM  TayCCOBBIM
pacnpeseneHueM. Pacipenenenne 3JIeKTpHIECKOTO MOl B OTPAKEHHOM JIyde
MpeCTaBIsIeT cO00 MPOU3BOJHYIO paclpenesieHHs Ol B MaJaolieM ITy4yke
B HANpaBJCHUH IEPIEHIUKYJIIPHOM HANpPaBJICHUIO PacIpOCTPAHEHUS, YTO
MO3BOJISIET ~ MCHOJB30BaTh  TaKyld  KOHQHIypaluio B ONTHYECKHX
BBIYHCIIUTEIBHBIX CXEMaX.

UroObl CpaBHUTH pe3yiabTaT C (GOPMYJIO JUIs BEIMYMHBI C/ABUTA
I'yca—XeHxeH, MBI paccMOTpeNd KodHUIIMEHT OTpakeHHs B BUJIC:

r = C([Ky| = [Kinc|) +70, )
rre 7o — 3HaYCHHE ko3¢ punnenra OTpaXEHUS pu k| = Kinc,
a Kinc — KOMIIOHEHTa BOJHOBOTO BEKTOpa IAJaOLIEro Jy4a B IUIOCKOCTH
oTpaxaromeil mosepxHocTu. UeM MeHbIe 79, TeM OOJbIIE CIBUT, OIHAKO,
KOrZa OH JOCTHIaeT BEJIWYMHBI COMOCTaBHMOW C PagMycoM IEPETSHKKH,
BO3HMKAE€T M PAcTéT BTOPOM MakcUMyM, a npu ro— 0 pacmpeneneHue
WHTEHCUBHOCTH CTAHOBUTCSI CHMMETPUYHBIM (pHC. 2).
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Puc. 1. Pacipenenenue MHTEHCUBHOCTH Puc. 2. IIpoduib HHTEHCHBHOCTH
MaJaloIIero ¥ OTPaXEHHOTO JIydeH OTpaXEHHOTO CBETA JUIS Pa3HBIX 3HAYCHUI
B TUTOCKOCTH TTaJICHUS 70 B opmye (1)

Cnucok aumepamypol
1. Jiang L., Zeng S., Xu Z., et al. // Small. 2007. V. 13. P. 1700600.
2. Artmann K. // Ann. Physik. 1948. V. 437. P. 87.
3. Yin X., Hesselink L. // Appl. Phys. Lett. 2006. V. 89. P. 261108.
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Mockosckuti 2ocyoapcmeennbiil yHueepcumem um. M.B. Jlomonocosa

UCCJIEJJOBAHUE MOJISIPU3AIIMOHHBIX CBOMCTB
BEKTOPHOI'O BECCEJIEBA ITYUYKA

PaGora mocBsmeHa XapaKTepU3alMHM  IPOCTPAHCTBEHHOTO  paclpeleleHHs
MHTCHCHBHOCTU W TIOJISIpU3AaIUH C()OKYCHPOBAHHEIX BHUXPEBBIX OECCENEBBIX ITyUKOB.
XapakTep ¥ KOJMYECTBO pACCUUTBHIBAEMBIX JI@HHBIX II03BOJIET HCIOIb30BaTh
HCKYCCTBEHHYIO HEHPOHHYIO CETh AT BBIABICHHS OCOOCHHOCTEH pacmpeneneHus mos,
MHTCHCHBHOCTU ¥ TIOJSIPU3ALHOHHBIX MapaMeTPOB B IIONEPEYHOM CEUCHUM ITydKa, a
TaKoKe CBSI3aTh 9TH OCOOCHHOCTH C MCXOJHBIMU ITapaMeTPaMH IIydKa.

T.A. GEINTS, L.Yu. GEINTS, O.A. SHOUTOVA

Lomonosov Moscow State University

INVESTIGATION OF THE POLARIZATION PROPERTIES
OF A VECTOR BESSEL BEAM

The work is devoted to the characterization of the spatial intensity distribution and
polarization of focused vortex Bessel beams. The nature and quantity of the calculated
data makes it possible to use an artificial neural network to identify the features of
distribution of the field, intensity, and polarization parameters in the beam cross section,
as well as to relate these features to the initial beam parameters.

[Tonst B BEKTOPHBIX OeccesieBBIX ITydKax 00aJaroT CIOXKHOW aMIUIUTYIHO-
(a30BOM CTPYKTYpO#, MOTYT HECTH KaK CIMHOBBIM, TaKk W OpPOWUTANBHBIN
YIJIOBOH MOMEHT, 4TO CYHIECTBEHHO CKa3bIBAC€TCSI HA MX B3aUMOJAEHCTBUH C
BelecTBOM. B mocnennee Bpems GeccesieBbl My9YKH MPUBIEKAIOT BCE OONBIINN
uHTEpec Onmaromaps psIy OTIMYUTEIBHBIX CBOWCTB: YCTOIUMBOCTBIO K
JTU(PPAaKIIMOHHOMY PACIUIBIBAHUIO, YAIUHEHHOH (IO CPaBHEHHIO C TayCCOBBIMHU
ny4kaMu) (okanbHO#l 00JacThI0, CAMOBOCCTAHOBIICHUEM, MOJISIPU3AIHOHHBIMU
0COOEHHOCTSIMH, HAJIMYHEM 00paTHOTO MOTOKA SHEpIruu B (okyce u 1p. B aroi
OTHOCHTEJIFHO HOBOH M aKTHBHO pa3BHBAIOLIEHCS 00JacTH  BOIPOCHI
(yHIaMEHTAIBHOTO IIIaHa, CBSI3aHHBIE C ONMCAHWEM B3aMMOJICHCTBHS Takoro
CBETa C  BEIIECTBOM,  DAa3BUBAIOTCA  MAapajIeIbHO  IPAKTUYECKUM
NPUMEHEHUSIMH B 00JIACTH MHUKPOCKOIIMH CBEPXBBICOKOTO paspemeHus [1],
JIa3€pHBIX YCKOPUTEISX [2], CIEKTPOCKONUY BBICOKHX TapMOHUK [3, 4] a Takxke
B 00JacTsX HAONIONEHMS W YNpPABICHHS XUMHYECKUMH peakuusmu [5, 6].
OnHako B OOJNBIIMHCTBE paboOT pemieHue s Tons OecceneBa IydKa,
c(hOpMHUPOBAHHOTO, HANpHMeEp, KOHHMYECKOW JMH30H, IpeAcTaBiseTcs B
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CKaJIPHOM TapakCHaJbHOM NPHOMIDKEHHH Oe3 y4éTra HEOTHOPOIHOCTH €ro
MOJIIPU3ALIMY, UTPAIOILEH BaXKHEUIITYIO POJIb MPHU B3aUMOJIEHCTBUU CO CPEOH.
D10 00YCIOBICHO TEM, YTO BEKTOPHOE PEUICHUE MMEET JOCTATOYHO CIIOXKHBIN
BUA © oO0NagaeT NPOMOJIHHOW KOMIIOHCHTOW TOJs, YTO 3acCTaBSIET MU
ONMUCAaHWKM €ro TMOJIAPU3AIMOHHBIX CBOWCTB oOpamarbcs K OO0OOIIEHHBIM
napametpam Ctokca. B pabote [7] nmpemiokeHo BBECTH apaMeTp JIMHEHHOCTH
MOJIIPU3ALIUU:

IS
P= 2

A, '
rae A — o6o6ménnsle mapameTpsl CToKca, a mapaMeTp P MpUHUMAeT 3HAUYCHHS
or 0 go 1, rae 0 COOTBETCTBYeT KpyroBo mossipu3zauuu, a 1 — YUCTO
muHEeHHOH. OTIMYne TaKoro MaTeMaTHYECKOTO ONMCAHUS COCTOWUT B TOM, UTO
Tereph 3JUIUIC MOJIPU3ALUH 33aJaeTCs B TPEXMEPHOM IpocTpaHcTBe. IMeHHO
3TO ONHKCAaHME UCIOIb3YyeTCs B JaHHOW paboTe I MOJIEINPOBAHMS COCTOSHUM
MOJSIpU3alul  OecceNieBbIX IY4YKOB, YTO IMO3BOJSET M3YyYUTh MHOTHE
0COOCHHOCTH, YIYIIEHHBIE B YIPOIIEHHOM OIHUCAHUH.

Bosnbiioe KOJIMYECTBO MOJTy4aeMbIX JaHHBIX MO3BOJISIET O0YYUTh HEHPOCETh
y3HaBaTh IapaMeTpbl ITyyka 10 HaOJI0faeMbIM OCOOEHHOCTSAM, 4YTO B
JanbHEHIIEM TIO3BOJIMT MO CTPYKType (HOKAIBHOrO IIATHA pPAacIO3HAaBATh
MOPSJOK, BXOAAIINX B HETO BUXPEBBIX KOMIIOHCHT, YTO WTPAET Ba)KHEHIIIYIO
ponb Kak B (DyHZAaMEHTAJIBLHOM acIeKTe B3aWMOAEHCTBUS TaKUX IIOJIEH C
BEIIECTBOM, TaK W BO MHOXXECTBE HOBEWIIMX TpuiIokeHHH. IIpoBeneHo
MoJIeTIMpoBaHne (POKYCHPOBKH OeccesieBa IMydka ¢ Pa3IMIHBIMU IapaMeTpamHy,
TaKUMH Kak, HOPSIIOK BUXPS, OCTPOTa (POKYCHPOBKH, MOJSPU3AIUS BXOIHOTO
u3nydeHuss U (QyHKUUS amnoAu3aliid B paMKax TEOpUH, HE OrpaHMYEHHOMN
CKaIAPHBIM  MapakCHaIbHBIM TNpHOMMKEHHeM. bl mpoBenéH  pacdér
napaMeTpoB THossipuzanuu 3TUX mydkoB. CdopmupoBaHa 0a3bl JaHHBIX M
oOyueHa HEHWpOCceTh, OMNpEIeNAiomas IOPIJKH BHUXPEBBIX KOMIIOHEHT,
BXOJSIIIMX B IIYYOK, MO OCOOEHHOCTSIM pacIpeieieHiss WHTEHCUBHOCTU B
(oKaTbHOW TUIOCKOCTH, a TaKKe Ha Ppa3IMYHBIX HEOONbIIMX (TOpsIKa
HECKOJIbKUX JUIMH BOJIH) PACCTOSHUSX OT HETO.

Cnucok aumepamypul
1. Yu W, et al. // Laser & Photonics Review, 2015. V. 147.
2. Miao B, et al. / Physical Review X. 2022. V. 12. P. 031038.
3. Trob J., Trallero-Herrero C.A. // J. Chem. Phys. 2019. V. 151. P. 084308.
4. Melik-Gaykazyan E.V., et al. / ACS Photonics. 2018. V. 5. No. 3. P. 728-733.
5. Rehl Benjamin, Ma E., et al. //J. Am. Chem. Soc. 2022. V. 144. No. 36. P. 16338-16349.
6. Bellcross A., et al. / J. Am. Chem. Soc. 2021 V. 143. P. 16653-16662.
7. Sheppard C.J.R. / Phys. Rev. A. 2014. V. 90. P. 023809.
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A.C. BYPKOB, H.B. TEPEIIIEHKO, 1.B. OPOHOB,

A.B. MSICHHUKOB
HTO «1P3 Honwocy, Opsazuno

NCCJIEJTOBAHUE ®A30BOI'O ITPOPUJIS U TEIIJIOBBIX
IOOEKTOB B ObbEMHBIX BPAITOBCKUX PEIHNETKAX

IIpencraBnena Mmeromuka u3MepeHHsT (a30BBIX INPoQHIeH C HCIOIE30BaHHEM
anropurma IepOepra-CakcroHa, W e€ NpPUMEHEHHME I JUArHOCTHKM 3aIllMCAHHBIX
¢da3oBeix mpoduIel MPOMyCKAIOMMX OOBEMHBIX OpPATTOBCKHX peUIéTKaX, a TaKke
TEPMOJHH3, 00Opa3yromuxcs B HUX. C MOMOUIbIO MoZIeH onpeaenéH (pa3oBblii mpoduib,
KOTOPBI HEOOXOJMMO 3alicaTh Ha TU(PPAKIMOHHBINA 3JEMEHT s moiydeHus flat-top
Iy4Ka, HOCJIE Yero ObLIO IPOBEICHO CPABHEHUE MOZICIIH C SKCIICPHUMEHTOM.

A.S. BURKOV, N.V. TERESCHENKO, I.V. OBRONOYV,

D.V. MYASNIKOV
IRE-Polus Corporation, Fryazino

TRANSMITTING VOLUME BRAGG GRATINGS
AND ANALYSIS OF ITS PHASE PROFILE
AND THERMAL LENS

This paper presents method of retrieval of phase profiles using Gerchberg-Saxton
algorithm and its application for diagnostics of properties of phase profiles, recorded on
the transmitting volume bragg gratings, as well as thermal effects in presence of laser
emission, such as thermal lensing. Phase profile, which must be recorded on the
diffractive element to obtain flat-top beam, has been determined by using model of
propagation of light, and comparison with experiment was made.

OObéMHBIE OpAITTOBCKHE PEIMIETKH — HOBBIH KOMIIOHEHT ONTHYECKHX
CHCTEM, HalleqmUi OOIIMPHOE NPHUMEHEHHE B COBPEMEHHOM ONTHKE IJis
yIpaBJIeHUs] TAKUMH ITapaMeTpaMy M3IydeHHs Kak (a3a ¥ aMIUTUTY/A, a TaKKe
JUISL PAcTSDKEHNST IMITYIILCOB M CY>KEHUS TTOJIOCHI TeHEpaIiH J1a3epoB Oiaronaps
UX CIICKTPaJbHOM celleKTUBHOCTH [1]. OHU MO3BOJIIOT JOOUTHCS YIYUIICHUS
KaueCcTBa U3JIy4€HUs], YMEHBIIECHHUS Pa3MEPOB U COKpAIEHUS YHCIa 3JEMEHTOB
B ONTHYECKHUX ycTpoicTBax [2]. OnHako, pyu HENpaBUILHOM 3amucu (a3oBoro
npoduIIs, pe3yabTaT MOXKET OTKJIIOHATHCS OT JKEIaeMOro, 1 HEOOXOIUMO YMETh
JUarHOCTUPOBATH OCOOCHHOCTH 3amHCaHHBIX mpoduieir. Ilommmo 3TOTO, B
peméTKe BO3HUKACT TEPMOJIMH3A, BIMAIONIAs Ha TOCIEAYIONIee MPOXOXKICHUE

myuka. [3].
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Hemnpro manHOI paboThl sABIAETCS M3y4eHHE (a30BBIX MPOQMIEH Takmx
pemérok, pa3paboTKa METOAMKM JMArHOCTHKM 3aluCH 3TUX npoduiel, a
TaKke M3yuYeHHEe TeIUIoBbIX d(d¢dexroB. OOBEKTOM HU3YYEHHs SBISIACH
oObéMHast OpaTroBckasi pemiérka ¢ TakuM NpoduiieM, YTOOBI TOCIie
MPOXOXEHNUS Yepe3 He€ B nepeTshkke oOpaszossiBaiics Flat-Top mydok.

B ocHoBe mertomuku nexur anroputrMm I'epGepra-CakcToHa, HO3BOJISIONIMN
10 CEpHH CHUMKOB MHTEHCHBHOCTH OTpeenuTh a3y [4]. DkcnepruMeHTatbHas
ycTaHOBKa m300pakeHa Ha puc. |. Jlna ompexenenus (a3oBoro BKIaja,
paccumThiBanachk (aza W3My4eHHs, NPOIIEIUIero depe3 pemérky, u ¢asa
M3Iy4eHHs1 0e3 peméTKH, Mocie Yero paccMaTpuBajlach PasHOCTH J3THX (as.
Takoii moaxo/ MO3BOJISICT MUHUMH3UPOBATh BKJIaa abeppanuii, BOSHUKAIOIIUX B
cucteme. [Ipu 3TOM, IpOBEAS U3MEPEHHS IIPU MAJIOH U BBICOKOH MOITHOCTH H
paccMOTpeB pa3HOCTh (DA30BBIX BKIAIOB, MOXKHO IMONYYHTh (Pa30BBIA BKIaL
TEPMOJIMH3bI, BOSHUKAIOLIEH B pEIETKE.

Takxe B paboTe Oblla aHAJUTUUECKH paccyuTaHa (asa, KOTOPYIO HYIKHO
3amucarh Ha petéTKy, uToObl oopaszosaics Flat-Top my4ok, koTopas coBmnaia ¢
OKCIICPUMEHTOM C xopomeﬁ TOYHOCTBIO. yﬂaHOCI) BbISIBUTH, YTO IPU 3allMCHU
pemiéTka ObUTa HAKJIOHCHA IO HEKOTOPBIM yriioM, u3-3a uero Flat-Top
HaOJIroasncst BAOJIb OJHOW OCH, a BJOJIb JIPYroil ObUI CHIBHO MCKaXEH. Bbun

MOJTy4eH Mpodmib TepMONWH3BL, ©& (oKycHOe paccTosHHE — 7 M, IpH
MOIIHOCTH u3nydenus 20 BT.
," —
-1 .~ -
C: - Aeraa -
auqu v
LAY . ]
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) ok ¥ 10:0 o
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Puc. 1. Cxema ycTaHOBKH
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E.JI. 3AJIO3HAS'2, A.E. JOPMUJIOHOB?, B.IT. KAHJIU/IOB!

!Mockoeckuii zocyoapcmeennbiii ynueepcumem um. M.B. Jlomonocosa
2Bcepoccutickutl Hay4HO-UCCIE008aMENbCKULE UHCIMUMYM A6MOMAMUKU
um. HJL JJyxoea, Mockea

®OPMHUPOBAHUE ®A30BBIX JUCJTOKALIUMN
MPU ®PUJTAMEHTALIMHU U3JTYYEHUS,
COOKYCHUPOBAHHOI'O AKCUKOHOM, B YCJIOBUSIX
AHOMAJIBHOM JUCHEPCUM I'PYIIIIOBOM CKOPOCTH

MerozaMy YHCIIEHHOTO MOAEIUPOBAHUS HCCIIEN0BAaHO (hOPMUPOBAHUE U THHAMHUKA
(a3oBBIX JUCIIOKAIUN B IPOCTPAHCTBEHHO-BPEMEHHOM pacnpesieneHnn
HaMpsHKEHHOCTH CBETOBOTO MOJS (PEMTOCEKYHAHOTO H3ITydeHHs, C(HOKyCHpOBaHHOTO
AKCHKOHOM, IIpH (DMJIAMEHTALUH B IIPO3PaIHBIX JUAIEKTPUKAX B YCIOBUIX aHOMAJIbHOM
JHCIEPCUH TPYIIOBOI CKOPOCTH.

E.D. ZALOZNAYA'?, A.E. DORMIDONOV?, V.P. KANDIDOV'

ILomonosov Moscow State University
2N.L. Dukhov All-Russian Research Institute of Automatics, Moscow

FORMATION OF PHASE DISLOCATIONS DURING
FILAMENTATION OF A PULSE FOCUSED BY AN AXICON
UNDER ANOMALOUS GROUP VELOCITY DISPERSION
CONDITION

We study numerically the formation and dynamics of phase dislocations in the
spatial-temporal distribution of the light field strength of femtosecond pulse focused by
an axicon during filamentation in transparent dielectrics under conditions of anomalous
group velocity dispersion.

DoKycHpOBKa INIOCKOTO TTyYKa (PeMTOCEKYH/IHOTO M3IIydEeHUs! TIPH TIOMOIIH
aKCHKOHa (KOHWYECKOH JIMH3bI) TIO3BOJISIET TIOJMYYHUTHh OECCesb-rayccoBO
pacnpeiesleHieM HHTCHCUBHOCTH, KOTOPOE OJIM3KO K MPOCTPAHCTBEHHOH MoJIe,
(hopMupyeMOil B 3KCTPEMAJBHO CXXAaTOM BOJHOBOM ITaKeTe P aHOMAJIbHON
JIUCTIEPCUN  TPYIIIOBOM CKOpocTH [1], W mpeacTaBnsieT coOOW y3Kui
[EHTPAIGHBIH ~MaKCHUMyM BBICOKOM WHTEHCHBHOCTH Ha OCH  IIydKa,
OKPY)KEHHBI MEHee WHTCHCHBHBIMU KOHIEHTPHYECKMMHU KoJbIlamMu [2].
Bonpmasgs mpoTsKEHHOCTH 00JACTH C BBICOKOW JIOKATM3aI[ed SHEPTHH B
BOJTHOBOM TakeTe, C(hOKyCHPOBAaHHOM AaKCHKOHOM, MO CPAaBHEHHIO C JUIMHOW
MEePeTsHKKY TpU (POKYCHPOBKE C(HEPUIECKON JTHH30H, MOXKET JIe)KaTh B OCHOBE
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(hopMHUpOBaHUS  CTAOMIBHOW  IOCIEIOBATEIIFHOCTH  BBICOKOMHTEHCHBHBIX
OJTHOITMKJIOBBIX BOJIHOBBIX ITAKETOB CPEIHEr0 HH(YPAKPACHOTO THAMa30Ha.

lenpto paboOTBl SBJISICTCS YHUCICHHOC WCCICIOBAHUC JTHHAMUYCCKOU
KapTHHBI TIepepaclpesieNieHus CBETOBOTO IOJIS  BOJHOBOIO TaKkeTa IIpH
dbopMupoBaHuM  (QHUIAMEHTA B  YCJIOBHSX AKCUKOHHOH  (DOKYCHPOBKH.
VccrnenoBanusi  BBIMOJIHGHBI ~HAa ~ OCHOBE  aHANIM3a  HANPSIKEHHOCTH
JNIEKTPUYECKOTO  TIOJIS,  TMOJYYEHHOTO C  TOMOLIbIO  IapajuiesIbHOTO
KOMIBIOTEPHOTO KOZa JJISi OJHOHAIPABICHHOTO YPaBHEHHS PACIpPOCTPAHCHHUS
WMITyJIbca B HEJIMHEWHOW  gucmeprupyromiei  cpeme.  Paccmorpeno
(heMTOCeKyHIHOE M3TyICHHE TayccoBa My4Ka, CHOKYCHPOBAHHOE B TUIABICHBIN
KBapl W (TOPUIBI TOHKHM aKCHKOHOM W3 IUIABJICHOTO KBapIa C YIJIOM MpH
OCHOBaHUH, BapbupyemomM ot 1 0 10 °.

IIpomeMOHCTPHPOBAHO, YTO CYNEPIIO3UIHS HW3IYYCHHS C KOHHYECKUM
BOJIHOBBIM (DPOHTOM, CO3J[@aHHBIM AaKCUKOHOM (puc. la), co CXOISIIMMCS
(hpOHTOM, BBI3BAaHHBIM KEPPOBCKOH (DOKYCHPOBKOHM, M PACXOMSAIIMMCS MPU
Jne(OKYCHPOBKEe B IUIa3Me (DOPMHUPYET CIOKHYIO KapTHHY C HMCKAKCHUSIMH
BOJIHOBOI'O (prHTa A TOABICHHEM OCOOBIX TOYEK B pacopeacieHnmn
HanpsHKEHHOCTH CBETOBOTO TOJIS (pUC. 10).

YcraHoBIICHHE OOLIMX 3aKOHOMEPHOCTCH HHTEP(EPCHIIUH CXOMISIICTOCS
BOJTHOBOTO ()POHTA TTO3BOJUT YIPABIATH (IIIAMEHTAIMEH (EeMTOCEKYHIHOTO
W3Ty4eHUS W (HOPMHUPOBAHHUEM BBHICOKOMHTCHCHBHBIX IKCTPEMANbHO CIKATBIX
BOJTHOBHIX MAKETOB IPH AHOMAILHOH ITUCIIEPCHU TPYIIIOBOH CKOPOCTH B
YCIIOBHSAX aKCHKOHHOU (POKYCHPOBKH.

Puc. 1. [IpocTpaHCcTBEHHO-BpEMEHHbIE PACIPEICNICHUS HAIPSKEHHOCTH CBETOBOT'O MO
npH GpUIaMeHTaMH B GEeMTOCEKYHJHOM BOJIHOBOM MHakeTe, c(hOKYCHPOBAaHHOM
AKCHKOHOM B IUIaBJICHBII KBapll, Ha BXoJie B oOpasell (a), mpu oOpa3oBaHUH
9KCTPEMAJIBHO CHKATOTO BOJIHOBOTO MakeTa (6), 3eNIEHbIE TOUKH yKa3bIBaIOT MOIOKEHUS
(ha30BBIX IUCITOKAINHN, H3ITyIeHHE PacIPOCTPAHIETCs CIIpaBa — HaJIEBO

Cnucox tumepamypul
1. Majus D. // Phys. Rev. Lett. 2014. V. 112. P. 193901.
2. [saranukuii JI.H. BonHoBeie GecceneBbl mydku. M.: @usmariut, 2012.
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J.H. MAKCUMOB'?3, A.C. KOCTIOKOB!, A.E. EPILIOB'?,
E.H. BYJITAKOB??, B.C. TEPACUMOB!'*

!Cubupckuii hedepanvitii ynusepcumem, Kpacnospck
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TEPMOOIITUYECKHAW T'MCTEPE3HUC CO CBSI3AHHBIMH
COCTOAHUAMU B KOHTUHYYME

VccnenoBaH  TEpMOONTHYECKMH THMCTEpE3HC B CTPYKType M3  KPEMHHS,
nojyepxuBatoiell  cBazanHoe cocrosHue B KoHTHHYyyMe (CCK). Ilpurmmas Bo
BHUMaHUE PAJHAlIMOHHYIO TEIUIONEpeadyy Kak OCHOBHOW MEXaHU3M OXJIQXKICHHS, MbI
MOCTPOMJIM HEJMHEHHYI0 MOJIeNb, ONUCHIBAIOIIYIO ONTHYECKUH OTKIMK. [loka3zaHo, 4TO
HPHU YCIOBUH KPUTHYECKOU CBSI3H TEPMOONTHYECKHUI TUCTEPE3UC MOXKET OBITH MOJIyUeH
IPY HU3KUX HHTEHCHUBHOCTSX Majaomiero ceera Io = 1 Br/m2,

D.N. MAKSIMOV!#3/ A.S. KOSTYUKOV', A.E. ERSHOV'?,
E.N. BULGAKOV??, V.S. GERASIMOV"*

ISiberian Federal University, Krasnoyarsk
’Kirensky Institute of Physics, Federal Research Center of KSC SB RAS, Krasnoyarsk
3Institute of Computational Modelling, Federal Research Center of KSC SB RAS,
Krasnoyarsk

THERMO-OPTICAL HYSTERESIS WITH BOUND STATES
IN THE CONTINUUM

We consider thermo-optic hysteresis in a silicon structure supporting a bound state
in the continuum (BIC). Taking into account radiactive heat transfer as a major cooling
mechanism we constructed a nonlinear model describing the optical response. It is
shown that the thermo-optic hysteresis can be obtained with low intensities of incident
light Io = 1 W/m?.

Msl paccMaTpuBaeM MacCHB MJICHTHYHBIX IMAIEKTPUUECKUX CTEpIKHEN
panuyca Ry, pacmojiokeHHbIX ¢ nepuogoM L B Bakyyme. CrepxHH
M3rOTOBIICHBI M3 amopdHoro kpemHus. OcH CTepKHEH KOJUIMHEApHBI |
OpUEHTUPOBAHBI BJIOIb OCH Z, Kak IoKa3aHO Ha puc. la. Takas cucrema
HoJJIep )KuBaeT cBsizaHHOe cocrostHue B KoHTMHyyme (CCK). Ha puc. 16
nmokazan npodmwis mMoabl CCK, a takke mpodwminpe kBasu CCK mpu yrie
magenus 8.97 °. B macrosameidl pabore ¢ mpumeHeHneM wmetonoB FDTD wu
TCMT wccrnenoBaH ONTHYECKHH OTKIMK CTPYKTYphl C  y4€TOM  Kak
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TEMIIEpaTypHOH, TaK W YaCTOTHOW 3aBHCHUMOCTH IIOKa3aTelssl MPEIOMIICHHS.
[TokazaHo, 4YTO W3MEHEHHWE JWAJICKTPUUYECKOW IPOHUIAEMOCTH CTEpIKHEH
SIBJISIETCS KJIIOYEBBIM (DAaKTOPOM THPHUBOAAMINM K dPPEKTy TEPMOONTHYECKOTO
ructepesuca. [loaydeHbl 3aBUCUMOCTH TEMIIEPaTYpPhl CTEP)KHEH OT YacTOTHI U
MHTECHCUBHOCTH MAJIAIOIIEr0 CBETa, KOTOpPbIE NPEJICTAaBICHBl Ha puc. 2.
3HaueHrne (PUKCUPOBAHHOW MHTEHCHBHOCTH IaJaloIEro CBeTa Ha puc. 2a U 26
Io= 0,54 Br/M2. 3Hauenus JUIMHBI BOJHBI MaJAlOIET0 CBETA Ha pHC. 26 U 22
A=795,5 am. Ilokazano, 9To OMCTaOMIBFHOCTH BO3HHKAET IPH YIAHBHTEIHHO
HU3KAX WHTCHCHUBHOCTSAX TAamarolmero ceera, mpuMepHo Io= 0,54 Bt/M2.
BrcTabuabHOCTh BOZHMKAET ¢ MHTCHCHBHOCTSAMH Ha OJUHHAALATH IOPSAKOB
MEHBIIE, YeM HEOOXOOMMBIC Ul TPOSBICHHUS THUCTEPE3UCa, CBA3aHHOTO C
KEPPOBCKON HEIMHEHHOCThIO B KPeMHHH. TakuM 00pa3oM, TEpMOONTHYECKUE
3¢ QeKThl JOKHBI IOMHHHPOBAaTh B HEIMHEHHOM OTKIHMKE KPEMHHUEBBIX
HaHOCTPYKTYP, NOAACPKUBAIOIINX CBA3aAHHBIC COCTOAHUA B KOHTUHYYMC.

-~

» )
- 4 s
| ’ l | .- ‘e ' | > ——

——i . - -
Puc. 1. CxemaTnuHoe u300paxxeHne Puc. 2. TepmoonTuyeckuii rucTepesuc mpu
HCCIIelyeMO’ CTPYKTYpHI (@), CpaBHEHHE yrie nagenus 0 = 8,97 °: mpupamenue
MEXy TpoHIEeM COOCTBEHHOH MOMBI TeMIepaTyphl B 3aBUCHMOCTH OT YaCTOTHI
st CCK A =782 HM 1 perieHreM Ma/IafoIIero cBeTa (a), mpupaieHne
paccesHUS IIPH OCBEIIEHUH TIOCKOH TeMIepaTypsl 0 OTHOMIEHHIO K
BOJIHOM ¢ A = 785 uM, Ro =128 uMm, MHTECHCUBHOCTH TaIAfOIIero crera (6),
L =428 um (6) CHEKTPBI NOTJIOIEHHS, OTPAKEHHUS U

NPOIycKaHus (8), MOTJIOIEHNE, OTpaXKEHUE
U NIPOITYCKaHUE B 3aBUCUMOCTHU OT
WHTEHCHUBHOCTH (2)

HWccnenoBanme BEITONHEHO 3a cuéT rpanTa Poccuiickoro HayyHoro oHAA U
KpacHnosipckoro kpaeBoro ¢ponna vayku Ne 22-22-20056.
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CYHNEPIO3ULUS IIYUYKA C JUHEVMHOM MOJISIPU3ALIMEN
U MUIAHAPUYECKOI'O BEKTOPHOI'O ITYUYKA B OCTPOM
®OKYCE

B pabote TeopeTnuecku U YUCIEHHO PacCMOTPEHA OcTpasi POKYCHPOBKA JTa3€pPHOTO
My4Ka, y KOTOPOTO pacIpeeNieHHe MONIPU3aliK B HA9aIbHOH IIIOCKOCTH MPECTaBIAET
c000ii Cynepro3uIHi0 NUIHHAPHIECKOTO0 BEKTOPHOTO ITyYKa HOPsAKAa M M OJXHOPOIHON
JMHEeIHOH nossgpu3anuy.

V.D. ZAITSEV'? S.S. STAFEEV!?
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SUPERPOSITION OF A BEAM WITH LINEAR POLARIZATION
AND A CYLINDRICAL VECTOR BEAM IN A SHARP FOCUS

In this paper, we theoretically and numerically consider the sharp focusing of a laser
beam whose polarization distribution in the initial plane is a superposition of a
cylindrical vector beam of order m and a homogeneous linear polarization.

[unuuapuueckue BEKTOPHBIE MO, B TOM YHCIE BBICOKMX MOPSAKOB
xopormro u3BecTHH! [1, 2]. OHM TpencTaBiIsAIOT co0OW TpUMEp HEOTHOPOIHO
HNOJSIPU30BAHHBIX IYYKOB CBET4, B CEYEHUM KOTOPBIX JOKAJbHBIA BEKTOP
JUHEMHON IMOJIIpU3allud MEHSET CBOE HANpaBlIeHUE OT TOYKU K TOUYKE.
[unueapryecKre MydKH HU3IIETO MOPSAKAa HAa3bIBAIOT MyYKaMU C paJuaabHON
1 asuMyTanbHOW momsgpm3armsamu [1]. Takme mydkm MOXHO, HampuUMmep,
(hopMHPOBATH C TIOMOINBIO JIBYX MOBEPHYTHIX OTHOCHUTEIBHO JIpyT JpyTa
MOJYBOJTHOBBIX  IlacTWH  [1], MHOTOCeKTOpHOTO  moJsipu3aropa  [3],
METaNOBEPXHOCTH M YETBEPTHBOJIHOBBIX IJIACTUHOK M MOAYIATOpA CBETA.
[unuHapuyeckue BEKTOPHBIE MyUKH IPUMEHSIOTCS B MUKPOMAHUITYINPOBAHUU
YacTHIIAMH, MUKPOCKOIINH, KBAHTOBOW MH(OpPMATHKE.

Pacuér mpousBoamics ¢ momouipro obmwmx ¢dopmyn Puuapnaca-Bombda,
KOTOpBIE ONHMCBIBAIOT CBET B 00nacty hokyca:
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U(pv.2)=- LT 5(0.0)7(0)P(0.0)x

><exp{ik[psinecos((p—\y)+zcos@]}sin@d@d(p (1)

rme U(p, y, z)— HampsHKEHHOCTHh 3JIEKTPHUYECKOTO FUIM MAarHUTHOTO TIOJI,
B(B, ¢) —smexTpudeckoe MM MarHATHOE ITOJie Ha BXOJE HIMPOKOANEPTYPHOM
ONTUYECKOW CHCTEMBI B KOOPIMHATAX BBIXOMHOTO 3pavka (0 — moisapHeIil yrodm,
¢ — a3uMyTanbHbIH), 7(0) — QyHKIMSA anoaM3anuu JHH3BL, f— (QokycHOe
paccrosinue, k = 27/A — BOITHOBOE YKCIIO, A — IJTMHA BOJIHBI, 0L — MAKCHMAaJIbHBIH
MOJISIPHBIN  YTOJI, OMpeAesieMbIil 4HCIoBOM ameptypoit auH3bl (NA = sina),
P(6, ¢) — MaTpuIia noISIpU3AIHH.

C nomolielo npuMeHeHust noaxona Puuapnca—Bosbda nokasano, 4o npu
(oKyCcHpOBKE MaHHOTO Ha4ajbHOTO BEKTOPHOIO MOJsl B IUIOCKOCTH (hoKyca
dbopmupyroTcs J0KambHBIE 00macTH pasmepoM okojo 200 - 250 uMm (mirHA
BoJHBI 532 HM, NA =0,95), B KOTOPBIX MOJSAPH3AIMSA SUIANTAYCCKAS HIH
KpyroBas. Uucio Takux o0jacTel CBA3aHO ¢ HOMepoM Mot m. Ha HekoTopoi
OKpPY)KHOCTH B (hOKyCe C IICHTPOM Ha ONTHYSCKOH OCH YHCIIO TaKUX OOJacTei
paBHO 2m. 3aMEeTHM, 4TO 00JACTH C JIOKAJIFHOW AIUTHIITHYECKON MOJSIpU3aIeH
BO3HHUKAIOT B (POKyCE TOJBKO IPH HEUYETHOM HOMEpPE M W TPU HEHYICBOM
napametpe a. Eciu mapaMeTp a HagaabHOTO TI0JIs HYJICBOM, TO TIOJIe CBOAMUTCS K
XOpPOIIIO H3BECTHOMY IIUIMHAPHYECKOMY BEKTOPHOMY MO0 TOpSIKa m
(puc. 1), y xotoporo B (okyce npH J11000M m MMEEeT MECTO TOJBKO JIOKaJIbHAs
JIMHEHHas! MOJISIpU3aLus, U HeT 00JIacTell ¢ AIUIMITHYECKOH MoJIspu3aiien.

Pa6ota BeImosiHeHa mpu noaaep kK rpanta PH® Ne 22-22-00265.

Puc. 1. KommonenTs! Bektopa Ctokca sl (a), s2 (0) u s3 () mpu (hoKycCHpOBKe
BeKTOpHOTO 1101 (1) Tpersero (m = 3) mopsaka mpu mapamerpe a = 1
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Cnucok rumepamypoi
1. Golovashkin D.L., Kazanskiy N.L. // Math Model Comput Simulationsto 2007. V. 19. P. 48.
2. Zhan Q., Leger J.R. // Opt Express. 2002. V. 10 (7). P. 324.
3. Zhan Q. // Adv. Opt. Photon. 2009. V. 1. P. 1.
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Mocroeckuii eocyoapcmeennwitl ynugepcumem um. M.B. Jlomonocosa

BJIMSTHUE HEJOKAJIbHOCTH HEJTMHEWHOT' O
OIITUYECKOI'O OTKJIMKA CPEJIbI HA IIOTOK YINIOBOI'O
MOMEHTA PACITPOCTPAHSAIOIIEI'OCHA U3JTYYEHUSA

OmnpenenéH KOHKPETHBIH BUJ COOTHOLIGHHSI, OTPAXKAIOLIEro 3aKOH MpeoOpa3oBaHMs
CYMMapHOTO yIJIIOBOTO MOMEHTA 71+ / 31eKTPOMarHUTHBIX BOJIH, B3aUMOJEHCTBYIONINX B
Ipolecce  pachpoCcTpaHeHHss B Cpele C  HEIMHEWHOCTBIO  A-TO  TOpPSKa,
XapaKTepU3yIOIeHcs JIOKaJIbHBIMHI u HENIOKAJIbHBIMU ONTHYECKUMU
BOCHPHUMUYHUBOCTAMH. HemokalrbHOCTh ONTHYECKOTO OTKIIMKA MEHSET B MOJSIPH3ALAN
Cpellbl, BXOZSIMI B ONpEAENCHHE IUIOTHOCTH YIIOBOTO MOMEHTa, M JenaeT Ooiee
CJIO)KHBIM BBIP)K€HUE JJIsI INIOTHOCTH MTOTOKA YIJIOBOTO MOMEHTA.

P.S. RYZHIKOV, V.A. MAKAROV

Lomonosov Moscow State University

THE IMPACT OF NONLOCAL NONLINEAR OPTICAL
RESPONSE OF MEDIUM ON THE ANGULAR MOMENTUM
FLUX OF PROPAGATING RADIATION

The form of relation reflecting optical angular momentum transformation of n+1
waves interacting during their propagation in nonlinear medium with n-th order local
and nonlocal optical response was determined. The nonlocality of the optical response
changes the form of polarization of medium included in the expression for the angular
momentum density, and makes the expression of the angular momentum flux density
more complicated.

3aK0H COXpaHEHHs YIJIOBOTO MOMEHTa (MOMEHTa KOJMYECTBAa JBHMKCHUS)
SBJISAETCS OJHUM U3 (YHIAMEHTAJIbHBIX 3aKOHOB COXpaHEHUs B (U3UKeE.
CornacHo emy cucrema, o0safiaroiasi CUMMETPHEH OTHOCUTENIBHO BpAIEHUS
BOKPYT HEKOTOPOH OCH, COXpaHseT MPOEKINIO YIJIOBOTO MOMEHTA Ha 3Ty OChb. B
OITUKE 3TOT 3aKOH ONHCHIBAET CBA3b MEXY MIIOTHOCTBIO YIJIIOBOI'O MOMEHTA U
IUIOTHOCTBIO TIOTOKAa YIVIOBOIO MOMEHTa. B mocnennue roxsl Ooblioe
BHUMAHHE YIENAETCS KOHTPOII M3MEHEHHUs YIIOBOIO MOMEHTa CBETa B
npouecce ero pacrnpoctpaHeHus. OcoOEHHO MHTEHCHBHO 3TO IMPOHMCXOAWT B
3aja4ax Iepeiayy KIacCHYeCKOW M KBAaHTOBOI MH(OpPMAIMU 10 ONTHYECKUM
KaHaJjaM M ONITHYECKOTO KOHTPOJISI MUKPOCKOITMYECKIX 0OBEKTOB.
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B cpemax ¢ HENOKalIbHOCTBIO ONTHYECKOTO OTKJIMKA IUIOTHOCTH IIOTOKA
UMIIyJIbCa  COAEPKUT HE  INPONOPIMOHATBHOE  MOJSPU3ALMHU  CPeJibl
JononHuTeNnsHoe cnaraemoe [1 -4]. B Hacrosimed pabote 00ycioBIICHHBIE
HEJIOKAJIbHOCTBIO HEIMHEHHOTO ONTUYECKOTO OTKIIMKA CPE/Ibl JOMOIHUTEIIbHBIE
claraeMble B BBIPQKEHHM Ul IUIOTHOCTH YIJIOBOTO MOMEHTA, IUIOTHOCTH
MOTOKAa YIJIOBOTO MOMEHTa M IUIOTHOCTH BpAIIaTeJILHOTO MOMEHTa CBETa,
CBsI3aHHBIC MEXy cOOOW 3aKOHOM M3MEHEHHs YIJIOBOTO MOMEHTA, MOJIy4eHBI
KaK CIEICTBHE OCOOCHHOCTEH 3aKOHa COXPAHCHMS HMMILYJIbCa CBETA B ITHX
cpenax. Iloka3aHo, 4TO y4€T HENOKANBHOCTH ONTHYECKOTO OTKIMKA MEHSET
TOIBKO BHJ TOJSIPU3ALMU CPENbl, BXOMAIMUI B ONpPENEIECHUE IIOTHOCTH
YIJIOBOTO MOMEHTA, TOrJa KakK OIpeleleHHE IUIOTHOCTH IOTOKAa YIIIOBOTO
MOMEHTA COIEPKHUT JOMONHUTENBHOE ClIaraéMoe, 3aBHCHAIIee OT TEH30pa
HEJIOKaJIbHOW HEJIMHEWHOM ONTHYECKON BOCIIPUMMYHUBOCTYU N-I0O IOPsAKA.

HalinenHyro nomnpaBky K IUIOTHOCTM IIOTOKa YIJIOBOTO MOMEHTA,
00YCIIOBIICHHYIO HEJIOKAJIbHOCTbIO HEJIMHEHHOIO OTKIIHKA, CKOpee BCEro
MOKHO OTHECTU K €€ CIIMHOBOM COCTAaBIAIOLICH BBUIY €€ HE3aBUCUMOCTH OT
BBIOOpa Hauasa KOOPAMHAT M CBSI3H € 3(PEKTOM ONTHUECKOH aKTMBHOCTH.

Cnucok 1umepamypul
1. JTanpay JI.JI., JIupuun E.M. DnekrpoauHamuka CIuiomHbix cpea. M.: Hayka, 1982.
2. ArpanoBuy B.M., Twun30ypr B.JI. KpucramioonTuka ¢ y4eToM IPOCTPAHCTBEHHOM
ncriepcuei u reopust SkcuToHoB. M.: Hayka, 1979.
3. Toptygin LN., Levina K. // Physics-Uspekhi. 2016. V. 59 (2). P. 152.
4. Peoxukos I1.C., Makapos B.A. // )KOT®. 2022. T. 162 (1). C. 45.
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Camapckuil HaYUOHATbHBLIL UCCIe008AMENbCKULL YHUBEPCUTNEM
um. akao. C.I1. Koponesa

IMPOCTPAHCTBEHHbBIN CIHEKTP KOHLIEHTPALIMOHHOMN
PEIUETKHW IPU YETBIPEXBOJIHOBOM
B3AMMOJIEMCTBUU B HAHOCYCIEH3UH C YYETOM
IEKTPOCTPUKIIAU U MTOJIS TAKECTH

TeopeTuuecku HCCIEJOBAHO BBIPOXKJCHHOE YETHIPEXBOJIHOBOE B3aHMMOJCHCTBUE B
HAHOCYCIIEH3UU IPH YCJIOBUU 3alHCHU KOHIEHTPALMOHHOH peIméTKH B pe3ynbpTare
UHTep(EpPEeHIINN TIepBOH BOJIHBI HaKaykd W CHTHAJIBHOW BOJNHBEL [IpoBenéH anamms
MPOCTPAHCTBEHHOTO CIIEKTPa PEMIETKH B 3aBUCHMOCTH OT INPOJOJIBHOM KOOPJIMHATHI,
MONIOMIEHHS CPEABI, CHIIBI TSHDKECTH HAHOYACTHII, YIVIa MaAEeHHS IIePBOH BOJIHBI HAKAIKH.

K.E. ALEFERKINA, A.D. REMZOV, M.V. SAVELYEV

Samara National Research University

SPATIAL SPECTRUM OF THE CONCENTRATION GRATING
AT FOUR-WAVE MIXING IN A NANOSUSPENSION TAKING
INTO ACCOUNT ELECTROSTRICTION AND GRAVITY FIELD

The degenerate four-wave mixing in a nanosuspension is theoretically studied under
for condition that the concentration grating is recorded as a result of the interference of
the first pump wave and the signal wave. The grating spatial spectrum is analyzed
depending on the longitudinal coordinate, the absorption of the medium, gravity of the
nanoparticles and the incidence angle of the first pump wave

CymecTByeT IMUPOKUH KJIAcC Cpell, B KOTOPHIX BO3MOXHO 3({EKTHBHO
peaim3oBaTh TPOIECC YeTHIPEXBOTHOBOro B3ammojeiicteus (UBB), B
YACTHOCTH, STO KOJUIOMJHBIE PAaCTBOPBI, SMYIbCHH, CYCIIEH3UM HAHOYACTHII.
OCOOEHHOCTBIO TIOCIHIETHUX SIBJISIETCSI HAJMYUE TI'PAJMCHTOB TEMIEPATYphl U
KOHIIEHTpAllMU KOMITOHEHT, BCJICJICTBHE 4YEro B HHUX HAOJIONAIOTCS TaKue
aBieHust kKak Juddysus, anexrpocrpukys, nepekpéctasie 3ddexrsr Cope u
Hrodypa.

[Tpu pemienny 3a1a4 HEMMHEWHOHN aJaNTUBHON ONTHKHA HEOOXOAUMO 3HATH,
HACKOJIBKO TOYHO COOTBETCTBYIOT NMPOCTPAHCTBEHHBIE CTPYKTYPHI CHTHAJIBHOU
n oOwvekTHOW BomH. K HacTosmeMy BpeMEHH MPOBEIEHO WCCIeI0BaHUE
MIPOCTPAHCTBEHHON CTPYKTYphl 0ObeKTHOH BoiHBI mpu UBB B cycmensuu B
3aBHCUMOCTH  OT 3¢ (EKTHBHOM Macchl HAHOYACTHI W KOod(pduImeHTa
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MOTIOMeHus KuAKocTH [1, 2]. IIpu 3TOM CYHTANIOCH, YTO BKJIAJAOM W3MEHCHHUS
KOHIICHTPAllUX YaCTHIl B U3MEHEHHE KOMIUIEKCHOTO MOKa3aTessl MpeoMIICHUs
MOXHO TIpeHeOpeub. OpmHako B pabore [3] MOKa3aHO, YTO AaMIUIMTY/AA
0OBEKTHOW BOJIHBI, OOpasyloleiics B pesynbrare Ju(pakiuy BTOPOH BOJIHBI
HaKa4yK{ Ha KOHIEHTPAIIMOHHOW pelIéTKe, BOIN3U HYJICBOH MPOCTPAHCTBEHHOMN
Y4aCTOTHI CTPEMUTCS K OECKOHEYHOCTH. DTOT pe3yJbTar ObLI 1moydeH 0e3 yuéra
9JIEKTPOCTPUKIIMOHHOTO TOTOKa TMPU  HAXOXKJICHUM IMPOCTPAHCTBEHHOTO
CIEKTpa KOHIIEHTPAITMOHHOH peméTku (0C).

Henp paboTel — aHATU3 MPOCTPAHCTBEHHOTO CIIEKTpa KOHIECHTPAIIMOHHOMN
pPemEéTKN C Y4ETOM BKIAAA DSICKTPOCTPUKIHNU U TONS TSDKECTH B IIOTOK
HAHOYACTHII, HAXOSIINXCS B )KUIKOW CYCTICH3HH.

B npubmmkeHWH 3aaHHOTO TMOJS IO BOJHAM HAKadKd ¥ Malloro
ko3¢ durpieHTa TpeoOpa3oBaHUA C HWCIONB30BAHUEM YCIOBHS OTCYTCTBHSA
MOJTHOTO TMOTOKAa HaHowacTuIl [1, 4] depe3 rpaHH IMIOCKOTO CJOS KUAKOCTH
TOJNIIMHBI { TOJYYEHO aHAJIUTHYeCKoe BbIpakeHHe it 0C. BoJjHBI Hakauku
CUNTAJINCh IUIOCKHMH, a CHUTHaJbHAas BOJHA MOJAEIHPOBAjach BOJHOM OT
TOYEYHOTO NCTOYHHKA, PACHIOIOKEHHOTO B IIIOCKOCTH z = 0.

AHanu3 mokaszaj, 4To NpH (QUKCUPOBAHHOH TommuHe ¢ KOA(PPHUIUCHT
MOIVIONICHUSI 0. OKa3blBaeT BIHMSHUE Ha 3aBUCHMMOCTh Monyiasi JC ot
MIPOIOTIFHOM KOOPIMHATHI z Ha BCEX MPOCTPAHCTBEHHBIX YacTOTaX, B TO BpPeMs
Kak mapameTp M., XapaKTepH3YIOMUH MPOSKINIO CHIBI TSHKECTH HAHOYACTHIL
Ha OCh Z, — TONBKO BONWM3M HyIeBOH dYacTOTHl. [loBermeHHE MOIYIIS
MPOCTPAHCTBEHHOTO CIIEKTpa OOBEKTHOW BONHBI B IUIOCKOCTH z =0,
HCCIICIOBAHHOTO B TIporiecce BcTpewHoro YBB B mommomaromeii cycrneHsnu B
3aBHCHUMOCTH OT o ¥ M. [5], KauecTBEHHO coBmagaeT. [I0BOpOT MepBOii BOIHEI
HaKaukd HE MEHSET BHJ MOAYJIsS W IMposiBisieT cebsi Toiabko B daze oC. Ilpu
M > af B mtockocTsx z = 0 u z = £ HabmOmaI0TC HAaUMEHbIee U HanOoJbIIee
3HaueHust Moayisi 0C Ha HYJIEBOW NPOCTPAaHCTBEHHOW vacTtoTe. B omimume or
pabotsi [ 1] mpu moBopoTe cxembl UBB Ha 180 ° (T.e. mpu M- < 0) 3TH 3Ha4YeHUA
HE MEHSIOTCSI MECTaMH, YTO BBI3BAHO OTIIMYHBIM OT HYJIS TOTJIONEHUEM CPEJIbI.

Cnucox numepamypul

1. Savelyev M. V., Ivakhnik V.V. // Radiophys. Quantum Electron. 2021. V. 63 (8). P. 625.

2. VBaxnuk B.B., CasenbeB M.B. // ®usuka BONHOBBIX NPOLECCOB M PaJHOTEXHHYCCKHE
cucteMsl. 2018. T. 21. Ne 1. C. 5.

3. UBaxuuk B.B., CasenbeB M.B. // ®usuka BONHOBBIX IPOLECCOB M PaJHOTEXHHYECKHE
cucremsl. 2013. T. 16. Ne 1. C. 6.

4. Larsson C., Kumar S. // Phys. Rev. Fluids. 2021. V. 6. P. 034004.

5. CaBenbeB M.B., Xepnanmes Iomzanes d.A. // COopruk HayuHeix TpygoB XXXII
MesKTyHapoIHO! IIKOJIBI-CHMITO3UyMa 10 Tonorpaduu, KorepeHTHo# onrtuke u poronuke. CII6.:
Yuusepcurer U'TMO, 2022. C. 129.
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J1.B. PIXOBCKMIA, C.M. [TOIIOB, B.A. NICAEB,
A.O. KOJIOCOBCKH, B.B. BOJIOILINH, 1.J. BOPOBBEB,
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Opszunckuil Guauanr Hnemumyma paouomexnuku u 31eKmpOoHuKy
um. B.A. Komenvnuxosa PAH

MACCHUBBI BOJIOKOHHBIX BPOI'TOBCKHUX PEHIETOK,
3AIIMCAHHBIE B TIPOLECCE BBITAXKKHA
MHOI'OCEPAJHEBUHHOI'O OITUYECKOI'O BOJIOKHA

B pabore mpezncraBieHs! cBONHCTBA MHOTOCEPALIEBUHHBIX ONTHYECKUX BOJOKOH
(OB) ¢ maccuBOM BOJIOKOHHBIX OparroBckux pemérok (BBP) 3amucanHbIX B mporecce
BEITSDKKH  OB. OOHapykeHO, 4YTO CIEKTpPhl OTPaXEHUS OOKOBBIX CEpALEBUH
MHorocepanesuaHoro OB, 3akpydeHHoro B mporecce BBITSDKKE (10 800 o6opotoB B
MHHYTY), IMEIOT HEOXKUAAHHO IIMPOKUH CHEKTP OTpaXKeHHs (IO 2 HM Ha JUIMHE BOJHBI
1550 HM) 1O CpaBHEHHIO € LEHTpajbHOW cepaueBnHO OB (TUnHMYHAas MmHpHHA
0,2 - 0,3 aM Ha aiuHE BOJHBI 1550 HM).

D.V. RYAHOVSKIY, S.M. POPOV, VA. ISAEV, A.O. KOLOSOVSKIY,

V.V. VOLOSHIN, I.L. VOROB’EV, Yu.K. CHAMOROVSKIY
Fryazino branch of Kotelnikov Institute of Radio Engineering and Electronics of the RAS

ARRAYS OF FIBER BRAGG GRATINGS INCRIBED DURING
DRAWING PROCESS OF A MULTICORE OPTICAL FIBER

The paper presents the properties of multicore optical fibers (OF) with an array of
fiber Bragg gratings (FBG) inscribed during drawing process. It was found that the
reflectance spectra of the outer cores of a multicore OF spun during drawing (up to
800 rpm) have an unexpectedly wide reflectance spectrum (up to 2 nm at the wavelength
of 1550 nm) compared to OF’s central core (typical width 0.2 - 0.3 nm at A = 1550 nm).

HoBbIM HampaBieHHEM BOJOKOHHO-ONTHYECKHX CEHCOPHBIX CHCTEM ISt
MEIUIMHCKOTO TNpUMEHeHus crtan jarduk  Qopmbl  [1] Ha ocHOBe
MHorocepauesuHHoro OB ¢ maccuBom BBP 3anucannbix notoueuno. B gannoit
paboTe MoKa3aHbl Pe3yIbTaThl MCCIEOBAHHUS 00pa3ll0oB MHOTOCEPIIEBUHHBIX
OB ¢ maccuBom BBP. 3anuce MaccuBOB HpOM3BOAMTCS BO BpeMs Ipolecca
BEITSDKKM OB ¢ momomsio Yd-nazepa yepe3 ¢azoByro macky [2]. Komwuectso
BBP Ha cta merpax Takoro OB moxer mocturarte 10000 mryk. YBenmueHue
00paTHOTO CHTHajla MO CPaBHEHHIO C YpPOBHEM paccesHus Pames nmocruraer
50 nb ma A = 1550 um. /] 3amucu maccua BEP Bo Bpemst mporiecca BBITSKKH
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WCIIOJIF30BAJIACHh MHOTOCEP/IICBIHHHAS 3arOTOBKA, CHCTAHHAs W3 OTHCIHHBIX
3arOoTOBOK METOZOM TepeTsDKKH. CepaueBHHBl OBUIM  W3TOTOBJIEHBI U3
repmanatHoro crekna. Ckopocts BHITSDKKH OB — 6 M/mMuH. CkopocTb
BpamieHus 3arotoBku 10 200 - 800 00/MuH. DoTorpadusi MEHOTOCEPALICBUHHOTO
OB noxkazana Ha puc. 1. PaccrosHue Mexay OTACIbHBIMH CEpALIEBUHAMHU —
35 mMkM. Paznuna .. cepanesuna — ob6orouka 0,03. Ilepuon daszoBoit macku —
1070 um. M3mepeHust BBINOJIHSINCH METOJIOM YacTOTHOH peduiekToMeTpuu
(OFDR LUNA 4600) xak i IeHTPaTbHOW CEPIIIEBUHBI, TaK U 1T OOKOBBIX
(3aKpydeHHBIX) CEpAIEeBHH. Takass CTBIKOBKAa JOCTHUTAJIOCh C ITOMOIIBIO
MOJIIPU3AIMOHHOTO cBapo4yHoro ammapara Fujikura FSM-100P.

CriekTp oTpa’keHUs IEHTPAIbHOH M OHOW U3 OOKOBBIX CEPIIICBHH ITOKa3aH
Ha puc.2. CHeKTp OTpaXCHHWsS UEHTPAILHOW CEpIICBUHBI THIUYCH IUIS
MaccuBoB BBP panee monydeHHBIX BO BpeMmsi Tpolecca BBITSKKH [2] u
coctapisier 0,3 HM Ha anuHe BONMHBI 1553 HM. CrhekTp oTpakeHHs OOKOBOM
CepJALEBUHBI HWMEeT IHPUHY oOKojo 1,2HM B o0macT JAJIUH  BOJH
1553 - 1554 um. MaxcumanbHO JOCTUTHYTasl IIMPHUHA CHEKTpa OTPAXKCHUS
MaccuBa BBP — 2 HM mnpu CKOpOCTH BpalieHHs BBITATHBAEMON 3arOTOBKU
800 06/mMuH.

Curnan, 1b

.65 ey ‘ ‘ ‘ s la
1551 1552 1553 1554 1555 1556

JuHa BOJIHBI, HM

Puc. 1. @otorpadus Puc. 2. Criektp otpaxernus OB (200 06/MuH):
MHorocepauesunHoro OB, 1 — neHTpanbHas Kuiaa (CIIONIHAS JIHU ),
3aKpPYYEHHOI'O BO BPEMS BBITSHKKU 2 — 6oxoBas xuiia (MyHKTUPHAS JIHHS)

I[lo MHEHHWIO aBTOPOB, IAHHBIC pE3YNBTaThl TPEOYIOT HalbHEHIIETO
HCCIICIOBAHMS, MOCKOJAbKY MaHHble OB mepCHeKTHBHBI JIJIsI NPUMECHEHHUS B
OTITHKO-BOJIOKOHHBIX JATYUKAX M OMTHYECKHUX Tporieccopax [3].

Pabota BbITIOJIHEHA B PAMKaX TOCYIApPCTBEHHOTO 3a/1aHHSI.

Cnucok aumepamypui
1. Moore J.P., Rogge M.D. // Optics Express. 2012. V. 20 (3). P. 2967.
2. Popov S.M., Butov O.V., et al. // Proc. of PIERS Spring 2017. 2017. P. 1568.
3. Zhao Z., Dang Y., Tang M. // Photonics. 2022. V. 9 (6). P. 381.
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B.A. KVJIUKOBA, C.B. BAPXXEJIb, A.A. AIMUTPUEB, B.B. CABIH,

B.A. KIIMIIINHA, J1.B. KAJISI3SMHA
Yuueepcumem UTMO, Cankm-Ilemepbype

CIIOCOB TACCUBHOM TEPMOKOMITEHCAIIUA
OIITUYECKHUX ITAPAMETPOB BOJIOKOHHOM
BPOITOBCKOM PEUIETKH

IIpuBeneHs! pe3ynbTaThl TEOPETHYECKOTO M IKCIEPUMEHTAIBHOTO HCCIIECIOBAHMS
CIIOCOOOB ITaCCUBHOW TEMIEpaTypHOHl KOMIIEHCAI[Md BOJIOKOHHBIX OpATTOBCKHX
pemérok (BBP). B xone mpoBenennst paboThl ObUTH pacCMOTPEHBI PA3INYHBIE CIIOCOOBI
peann3anuy yKa3aHHOH oneparyy, a Takxke MPOBEAEH aHAIN3 CIIEKTPAIBHBIX OTKIMKOB
peréTok B pa3paboTaHHOM aTepMaJIbHOM KOpIyce H 03 NPH M3MEHEHHH TeMITepaTyphl.

V.A. KULIKOVA, S.V. VARZHEL, A.A. DMITRIEV, V.V. SAVIN,

V.A. KLISHINA, D.V. KALYAZINA
ITMO University, Saint-Petersburg

METHOD FOR PASSIVE THERMAL COMPENSATION
OF OPTICAL PARAMETERS OF FIBER BRAGG GRATING

The results of theoretical and experimental studies of methods of passive
temperature compensation of fiber Bragg gratings (FBGs) are presented. In the course of
the work, various methods for implementing this operation were considered, as well as
an analysis of the spectral responses of the gratings in the developed athermal packaging
and without when the temperature changed.

BostokoHHBIE OPITTOBCKHE PEHIETKH UMEIOT BHICOKYIO CTEIEHb 3HAUUMOCTH
B TEICKOMMYHHKAIIMOHHOW cdepe, B dacTHoctn BBP mnpumensrorcs kak
CHEKTPAIbHO-CEIEKTUBHBIE  AIIEMEHTBl B CHCTEMax CO CHEKTPAJIbHBIM
yIJIOTHEHHEM. B o0nmacTi BOJOKOHHO-ONTHYECKOW CEHCOPHKH HEKOTOPBIE
U3MEpPUTENbHBIE  CHUCTeMBI  Hcmonb3yloT BBP  nmma  xamubpoBkum.  J{s
BBIIICTICPEYNCIICHHBIX TPUMEHEHUH CABHTI JUIMHBI BOJHBI bparra naxe Ha
100 mM B pe3yabraTe TEMIIEPAaTYpHOH 3aBHCHMOCTH ONTHYECKUX ITapaMeTpoB
PEmETKH MOXET OBITh KPUTHYHBIM I pabOTBI YCTPOWCTBA WM BHOCHTH
ommbOKy B pe3ynbraT uaMepenus. CyIiecTBYET JBa Crocoda TemIepaTypHOn
komneHcauuu BBP: aktuBHBIM U naccuBHbIA. [IpuMeHeHHe aKTUBHOTO METO/a
peanu3yloT ¢ MOMOLIbI0 YCTAHOBKM PEIIETKU Ha dyeMeHT [lensThe, NaHHBIHM
METOJ KOMIIEHCauu  TpedyeT UCTIONB30BaHUs JIOTIOJTHUTENIBHOTO
obopynosanust [1]. Kpome Toro, TepMOKOMIIEHCALIMIO MOXKHO OCYIIECTBUTD,
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no0aBysisl B CHCTEMY HM3MepeHHUss Ha ocHoBe BBP momomHUTENbHBIA ceHcop
Temneparypsl. TakuM 00pa3oM, pe3ylIbTaToM HU3MCPCHHI SBISCTCS 3HAUCHUC
JUIMHBL ~ BOJIHBI ~ OpATTOBCKOTO  pe30HaHca ¢  y4&TOM  IIOKa3aHWi
JIOTIOJIHUTEILHOTO Jaryuka Ttemreparypsl [2]. IlaccuBHas TtemmeparypHas
KOMIICHCAIlUsl OCHOBaHAa HAa M3MCHEHUM JedopManuu  PemiéTku ¢
HCIIOJIb30BaHUEM MACCUBHOM OMOPHI, COCTOAIIEH U3 HECKOJIBKUX MAaTepUaoB ¢
pa3ubIMU K03 dumenTamu terioBoro pacmupenus (KTP).

Hempto paboThl  sABIIETCA TEOPETHYECKOE W OKCIIEPUMEHTAIHLHOE
WCCIIEIOBAHME METOJIMK IacCHUBHOM TepmokomrieHcanmn BBP ¢ momombro
KOPITyCUPOBAHHUS, TZI€ 32 OCHOBY B3AThl 3aBUCUMOCTb ONTHYECKUX NIApaMETPOB
peméETKH OT MEXaHWYEeCKOW neopMamuy U TEeMIIepaTypHOE pacIINpeHHe
3JIEMEHTOB Kopiyca. Ha BOJIOKHO ¢ 3anmucaHHON Ha HEM pelIETKON HaJeBaIUCh
IBe Merauimdeckne TpyOoukn ¢ BeicokuM KTP, mamee KoHCTpyKITHs
nomemanack B kanmuwisip ¢ KTP MeHsIe, ueM y TpyOouek, M 3aKperisiiach
TakK, 4TOOBI BOJIOKHO OBLIO O] HaTsDKeHHEM. Takum 00pa3zom, Ipu yBEJITMUSHUN
TeMIIepaTyphl, aTFOMUHUEBBIC KAMMIIAPHI PAaCIIUPSIINCh, CHUMAasI H3HAYaJIbHOE
HATSHKEHUC BOJIOKHA, HCOOXOUMOE JIJIsl TeMIIepaTypHOi komreHcalu BBP.

B Xome »oKcmepuMEHTambHOH  pPabOTHl  MOJY4EHBl  TeMIepaTypHbIE
3aBUCUMOCTH LIEHTPAJIBbHON JJWMHBI BOJHBI bparra oOBIYHON pEmETKH U
peméTkn B pa3paboTaHHOM aTepMaibHOM Kopiryce (puc. 1). HepaBHOMepHOCTB
MOKAa3aHWH TO JUIMHE BOJHBI OpPATTOBCKOTO pe3oHaHca coctaBmia 70 mM B
Jmanasone temneparypsl [-15; 105] °C.
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Puc. 1. 3aBUCHMOCTB JUTHHBI BOJIHBI OP3TTOBCKOTO PE30HAHCA OT TEMIEPaTyphl
JUIst OOBIYHOI M aTepMabHON PeIéTKH

Cnucok aumepamypul
1. Chang Y.-T., et al. Using a fiber loop and fiber Bragg grating as a fiber optic sensor to
simultaneously measure temperature and displacement // Sensors (Basel). 2013. V. 13. No. 5.
P. 6542-6551.
2. Diaz C.A.R., et al. Liquid level measurement based on FBG-embedded diaphragms with
temperature compensation // IEEE Sensors Journal. 2018. V. 18. No. 1. P. 193-200.
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B3AUMHOE BJIMAHUE DO@P®EKTOB MEXXMOJOBOI'O
1 OJJHOMOJIOBOI'O YETBIPEXBOJHOBOI'O CMEIIEHUA
OIITUYECKHUX UMITYJIBCOB B MAJIOMOZOBOM
OIITUYECKOM BOJIOKHE

IIpencraBneno wuccrenoBaHWE B3aMMHOTO BIMSHHS JBYX HEIHHEHHO-ONTHYECKHX
3¢ PeKTOB: MEXMOIOBOTO uYeThIpéxBoIHOBOTO cMmenieHnss (MMUBC) B obmactu mmmH
BoiH 1 MkM 1 oxgHOMOnoBoro YBC (OMUBC) Mexay CreKTpalbHBIMH KOMIIOHEHTaMHU
1 m 15MKM @OpU pacnpoCTpaHEHUH ONTUYECKUX HMIIYIbCOB HAHOCEKYHAHOH
JUINTETIbHOCTH Ha YKa3aHHBIX JJIMHAX BOJH B MaJIOMOJIOBOM ONTHYECKOM BOJOKHE. B
npoueccax MMUBC u OMYBC renepupyrorcsi aHTUCTOKCOBbIE KOMIIOHEHTBI Ha JUIMHE
BonHbl 1005 HM, YTO MPUBOAMT K B3aMMHOMY BIHSHHUIO 3()(EKTOB M OTpaHUYCHUIO
MAKCHMAJIbHOH JUTMHBI BOJIOKHA JOCTAaBKU.

V.P. TSYPKIN, A,Yu. OSTAPIV, G.Yu. IVANOV, LLA. LARIONOV,

V.A. TYRTYSHNYY
IRE-Polus Corporation, Fryazino

MUTUAL INFLUENCE OF THE INTERMODE
AND FUNDAMENTAL-MODE FOUR-WAVE MIXING
OF OPTICAL PULSES IN A FEW-MODE OPTICAL FIBER

A study of the mutual influence of two nonlinear optical effects is presented:
intermode four-wave mixing (IMFWM) in the wavelength range of 1 pm and
fundamendal-mode FWM (FMFWM) between spectral components of 1 and 1.5 pm
during the propagation of nanosecond optical pulses at these wavelengths in a few-mode
optical fiber. The processes of IMFWM and OMFWM have a common anti-stokes
component at a wavelength of 1006 nm, which leads to mutual effects and limitation of
the maximum length of the delivery fiber.

IIpu pacmpocTpaHEeHHH MOIIHOTO JIA3€PHOTO U3IYYEHUS MO0 ONTUYECKOMY
BOJIOKHY, B YaCTHOCTH, MMeEET MeCTO 3((PEKT YeTHIPEXBOJHOBOIO CMEIIECHUS
(UBC). BaxubiM ycnoBueM ero 3¢GQEKTUBHOTO NPOTEKaHUS SIBISIETCS
peammzanst  azoBoro cuHXpoHM3Ma [1]. B MajoMOIOBBIX ONTHYECKUX
BOJIOKHAX JIAaHHOE YCJIOBUE MOJKET OBITh PEaIM30BaHO 32 CUET B3aMMOAEHCTBUS
map (OTOHOB, PACIHPOCTPAHSIOMIMXCS B Pa3NWYHBIX IIONEPEYHBIX MOJax
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BoJyokHa [2]. Taxoi mporecc Ha3pBaeTcs MHoromonoBsiM UBC (MMUBC). B
Cllydyae B3aMMOJCHCTBUS OJMHAKOBBIX IOMNEPEYHBIX MOJ  BOJIOKOHHOTO
cBeToBOJa (Ipexae Bcero OCHOBHBIX Mox LPo) mpouecc HaswiBaercs
onnomonoBeiM UBC (OMUYBC).

Lenpto paboThel OBUIO MPOIEMOHCTPUPOBATH U OOBSICHUTH OJHOBPEMEHHOE
passutie MMYBC 1 OMUBC mnpu pacnpocTpaHeHUH MOIIHOTO UMITYIbCHOTO
JIa3epHOTO M3ITydeHus Ha JiauHax BonH 1032 u 1562 HM mo MaioMomoBOMY
ONITHYECKOMY BOJIOKHY M B3aMMHOE BIHUSHHUE 3(dexToB.

MeTonuka SKCIEpIMEHTAIBHOTO MccieoBanms mporeccoB YBC ocHoBaHa
Ha M3MEPEHUSAX CIEKTPaJbHOIO M MOIOBOTO COCTAaBOB H3IYy4YEHHs NpHU
pasNMYHBIX JUIMHAX ONTHYECKOTO BOJOKHA M CHUHXPOHM30BAaHHBIX H
HECHHXPOHHM3HPOBAaHHBIX ~ ONTHYECKUMX HMIynbcoB. [lokasaHo, d4rto B
ucciexyeMoM BojokHe mMeeT Mecto MMUBC ¢ oOpa3oBaHueM W3Iy4eHHUS Ha
JnrHe BonHbl 1060 HM B Mozie LP1;, mpuuém CHHXpOHM3AIUA C UMITYIbCaMH Ha
JUIMHE BOJHBI 1562 HM NPHUBOAUT K POCTY Ha 16 nb chekTpanbHOro MHKa Ha
nurHe BostHbI 1060 uM (puc. 1).

Pazpaborana MaremaTHueckass MOJENIb pACIPOCTPAHEHHS ONTHYSCKUX
UMIIYJIbCOB N0 MAalIOMOJOBOMY BOJIOKHY, OCHOBAHHAsl Ha PELICHUU CHCTEMBI
CBS3aHHBIX ypaBHeHull g ammuiutya [1]. ITo pesynpraram pacuéra CHeKTpbl
K03()(DUIIIEHTOB YCHIICHHS aHTUCTOKCOBBIX KOMITOHEHT mporieccoB MMUBC u
OMUBC wnmetor mepecedenne B oOmactu 1005 HM, W NpH CHHXPOHHOM
pacopocTpaHeHUH UMITYJbCOB ¢ JuIMHaMu BoJH 1032 u 1562 HM cniekTpasbHas
MHTEHCUBHOCTh  AaHTHUCTOKCOBOTO THMKa Ha JuuHe BosHBl 1005 HM
yBennuuBaeTcs Ha 20 1B mo cpaBHEHHMIO €O ciydaeM paclpoCTPaHEHHS
HECHHXPOHHM3UPOBAHHBIX ONTHYECKIX UMITYTHCOB.

-10.

CUHXP. MMMNYNbCbl

20 |~ HECUHXP. UMNyNbCbl

-30
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CniekTpasnbHasi MHTEHCUBHOCT, 4B

Puc. 1. CriekTp n3iydeHus B Cllyyae CHHXPOHH30BaHHBIX (KPACHBIH)
¥ HECUHXPOHHM3HUPOBAaHHBIX (YEPHBIIT) ONTUYECKUX UMITYITLCOB

Cnucok aumepamypul
1. Agrawal G.P. Nonlinear fiber optics. Berlin: Springer-Heidelberg, 2000.
2. Feéve J.P., et al. Four-wave mixing in nanosecond pulsed fiber amplifiers // Optics Express.
2007. V. 15. No. 8. P. 4647-4662.
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CHEKTPAJIbHASI BHOOTOHHASI UHTEPOEPEHIIMS
B 3AJIAYAX BOJIOKOHHO-OIITUYECKUX U3MEPEHUI
" KOT'EPEHTHOM OIITUYECKOM TOMOT' PAOUHA

B pabore Teopermuecku paccMmarpuBaercsi nHTepgepeHius OudoroHa B ciydae
pa3nuuHBIX KOH(Urypauuid uHTEpPEpOMETPOB B KOHTEKCTE 3aiadd H3MEpPEeHHs
Pa3HOCTH ONTHYECKHX mMyTel nHTephepomerpa. [Ipoananu3upoBaHbl CBOWCTBA CHTHANIA
OoudoronHON HHTEPPEPEHIMH TPH CKAHUPOBAHUHM PA3HOCTH LEHTPAJbHBIX YacTOT
CIlyTaHHBIX  (DOTOHOB,  TPOAEMOHCTPHPOBAHO  MPEUMYIIECTBO  MPEATOKEHHOTO
CIIEKTPAJIbHOTO  IIOJXO4a IO  CPaBHEHUIO C  TPAJAUIUOHHOH  OH(pOTOHHOM
HUHTEphEepoMeTpHeil U KIIacCHIeCcKoi HHTepdepoMeTprei.

N.A. USHAKOV, T A. MAKOVETSKAYA
Peter the Great Saint-Petersburg Polytechnic University

SPECTRAL-DOMAIN BIPHOTON INTERFERENCE
APPLIED TO FIBER-OPTIC SENSORS
AND OPTICAL COHERENCE TOMOGRAPHY

The biphoton interference in the case of different configurations of interferometers is
considered in the context of measuring the optical path difference of the interferometer
by means of theoretical analysis. The properties of the biphoton interference signal when
scanning the difference in the central frequencies of entangled photons are analyzed, and
the advantage of the proposed spectral approach in comparison with traditional biphoton
interferometry and classical interferometry is demonstrated.

Dddext wmHTepdepeHUH  OMPOTOHOB  HMMEET  IIUPOKHUH  CIIEKTP
MIPUMEHEHUH, BKJII0Yasi BEBICOKOTOUHBIE ONTHYECKHe u3MepeHus [1], o0paboTky
KBaHTOBOW wmH(popMaimu [2] u psax apyrux. OgHuM n3 Hambojee aKTUBHO
UCCIIETyeMBbIX  TPUMEHEHWH  SBISETCS ~ TOBBIIICHWE  pa3peraronien
CIOCOOHOCTH Pa3NUYHBIX METOAOB HWMa/uKWHTa. Hampumep, omnrTudeckas
korepentHass Tomorpadpus (OKT) [3], mo3Bossitonias HEMHBA3MBHO IOJyYaTh
TpEXMEpHBIC N300PAKEHHS IPO3PAYHBIX M MOIYIPO3PAYHBIX 0OBEKTOB, MOXKET
ObITh MOAMGHUIMpPOBAaHA IMyTEM 3aMEHBbl KJIACCHYECKOTO MIMPOKOMOJIOCHOTO
UCTOYHMKA  CBETa  HAa  WCTOYHHUK  OWU(POTOHOB M PErucTpanuu
MHTEP(EPEHIIMOHHOTO CUTHAlla IIPH  [OMOIIM JIETEKTOPOB  OJMHOYHBIX
¢oroHoB. Pesynbrupyromas ksanroBass OKT [4] oOmamaer ymydmieHHOH
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MPOCTPAHCTBEHHOW pa3pemaroneil CrHocoOHOCTBIO W IIPH PSIIE  YCJIOBHH
HEYYyBCTBUTEJIbHA K JIMCIIEpPCHU 00pa3ia.

B nanno#i pabote mpeiokeH HOBBIH NMPUHIMUI CIIEKTPAIBHON KBAaHTOBOM
uHTEp(HEPOMETPHH, IIPU STOM HHTEpHEepOMETpHIECKUN cUTHAN (GopMHpyeTcs
3a C4ET CKAaHWPOBAHUS PA3HOCTH LEHTPAIBHBIX YaCTOT CITyTaHHBIX (POTOHOB.
CoOTBETCTBYIOIINE MCTOYHUKH OM(OTOHOB pEaM30BBIBAINCH B psiie padOT
[5]. Tlpm »oTOM COBMECTHOE CIEKTpPaJIbHOC pacmpeieicHue (OTOHOB
(coBMecTHast CIEKTpalbHas aMIUIUTyAa OW(OTOHA) MOXKET OIMHCHIBATHCS
CYMMOH JIByX OTZAEIBHO PACIIOJIOKEHHBIX JIBYMEPHBIX TayCCOBBIX ITHKOB, KaK
MOKa3aHo Ha pHc. 1. 3a cuéT KOppennpoBaHHBIX (QIyKTyaluil 4acToT (JOTOHOB B
npeaenax aHTUAMAaroHaJIbHON MIMPUHBI COBMECTHON CIEKTPANIbHOM aMILIUTY/IbI
NPEIJIOKEHHBI TOAXOA TOABEPKEH HEraTUBHOMY BIUSHUIO JUCIEPCHH
ucciIeayeMoro oopasia Ha paspemaronlylo CoCOOHOCTb B TOPa3g0 MEHbIICH
CTEIeHH, YeM Kiaccuieckue nurepdepomerpuueckue meroanl [6]. Kpome Toro,
NPEUMYIIECTBOM CIEKTPaIbHOTO II0JIX0/la KBAHTOBOI MHTEpdepoMeTpun Io
CPaBHEHHUIO C TpPAJMLUOHHON KBaHTOBOM HHTepdepoMeTpHeil sIBIsieTCS
yIIy4IIeHHas! IPOCTPAHCTBEHHAs! Pa3pelarolias ClloCOOHOCTb.

Take TEOpeTHUecKHM IMOKa3aHO, YTO B MNPUIOKEHUSIX H3MEPEHUsI
MUKpOTIEpEMEIICHUN TMPENJIOKESHHBIN CHEKTPAIbHBIM TOAX0J o0ecrneunBaeT
OONBIIYI0  YCTOMYMBOCTE K IOyMaM OAHO(MOTOHHBIX JIETEKTOPOB, YeM
TpamuIMOHHAs KBaHTOBas nHTepdepomerpus [7].

Puc. 1. Cxema ciekrpanbroit kBaHTOBOI OKT (creBa), mpumep curaaiza 6upoToOHHON
nHTEepQepeHn (CcrpaBa cBepxXy) U ero npeobdpazosanust ypee (CrpaBa CHH3Y)
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[TepmcKuti HayUOHATbHBITE UCCTE008AMENbCKULI NONUMEXHUYECKUL YHUSEPCUMEN
[lepmckas Hayuno-npou3800CMEEHHAs NPUOOPOCMPOUMENbHAS KOMRAHUS
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MHWHHATIOPHbIIA MATHUTOMETP
HA OCHOBE OIITUYECKOI'O PE3OHATOPA

B pabote mpencraBieH BOJOKOHHO-ONTHYECKHH MAarHUTOMETpP, OCHOBAaHHBIA Ha
spdexre Papanes. OOBIYHO NPH HCIONH30BAHMM KaTYIIKH C BOJOKHOM B JaTYHKax
VIJIOBBIX CKOPOCTEH MemIaloImuM (akTopoM SBISIETCS BpamleHHe 3eMIIH, HaBoJIIiee
JOTIOJHUTENBHYIO pa3HOCTh (a3 3a cuér a¢ddekra Canbsika. B npencraBineHHOH cxeme
HPEAIIOoNIaraeTcs HCIONIb30BaHNUE JaHHOTO d((heKTa U MOCIESaYIOIEro ero yCUIeHus s
CO3/IaHHs] MUHMATIOPHOTO MATHUTOMETPA € TOYHOCTBIO Topsiika 10710 To.

A.A. CHUVYZGALOV'?, D.G. GILEV?, V.V. KRISHTOP"*?

!Perm National Research Polytechnic University
2Perm Scientific-Industrial Instrument Making Company
3Perm State University

FIBER OPTICAL CURRENT SENSOR

The paper presents a fiber-optic magnetometer based on the Faraday effect. Usually,
when using a coil with fiber in angular velocity sensors, the interfering factor is the
rotation of the Earth, which induces an additional phase difference due to the Sagnac
effect. The presented scheme assumes the use of this effect and its subsequent
amplification to create a miniature magnetometer with an accuracy of about 10-'0 T1.

M3mepenne MarHuTHOTO M0JIsl TPU TIOMOILU BOJIOKOHHOM ONTHUKU BO3MOKHO
n3-3a agdexra Dapajes — MArHUTOONITHIECKOTO 3P dekTa, 3aKITI0IAIONMIEToCs B
TOM, YTO MpPHU BO3JAEHCTBMM MArHUTHOTO MOJS HA JIMHEWHO-IOJISIPU30BAHHBIN
CBET MPOUCXOANT BpallleHHe TUIOCKOCTH MOJIsipu3aluu ceeta [1].

IIpy BO3IEHCTBMU MArHUTHOTO IIOJII HA CBETOBYIO BOJHY C KpPYroBOW
noJisipu3anueil uaMensiercs: Gpazosasi CKOPOCTh 3TOM BoJHBI. Ecim cpaBHHUBAThH
MEXy CcOOOH JB€ MPOTHUBOIOJOXKHBIE BOJHBI (KaK MO HAIPABICHHUIO CaMOMN
BOJIHBI, TaK W TI0 HAMPABJICHHUIO BPAICHUS CBETOBOTO BEKTOpA) TO IO pa3HUIIE
(ha3 MOXKHO CYIHTH O BEIIMYWHE BO3ACHCTBYIONIETO MATHUTHOTO TIOJIA [2].

Jis u3mepeHust ciBura (assl B BOJIOKOHHO-ONTHYECKOM MarHHTOMETpE
CTaHIAPTHO TPUMEHsETCS UHTepdepoMeTpuueckass CcXema BOJOKOHHO-
ontudeckoro  umHTepdepomerpa CaHbsika. Mpbl mpemiaracM 3aMEHHTH
BOJIOKOHHYIO KaTYLIKy JJMHOW B 1 KM Ha ONTUYECKUN PE30HATOpP ¢ MEHbIUEH
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JIUTMHOW KOHTYpa, mopsinka 10 M, a Takke NMPUMEHUTh B CXEM€ BOJIOKOHHBIN
pa3BeTBUTEIb 3 X 3 sl JCTEKTHPOBAaHUS Pa3HOCTU (a3 B UYBCTBHUTCIBHOM
YacTH C IOMOIIbI0 ITACCHBHOTO BHECCHHS pAa3sHOCTH (a3 Mexay IByMs
KaHajamMHu. DTO MPUBOAUT HA BBIXOJE K 3aBUCUMOCTH MHTEHCHUBHOCTH CBETa
cuHycouzanpHOi (opmbl. B Takoif cxeme, BO3ICHCTBYS Ha BOJIOKOHHO-
ONTUYECKYIO KaTYIIKy NPOBOJHUKOM C TOKOM, MOXKHO H3MEHATH 3HAUYCHUE
YIJOBOM CKOPOCTH, TEM CaMbIM CYIHTh 00 W3MCHEHHH MAarHUTHOTO IIOJI.
Cxema TaHHOM yCTaHOBKH NMPHUBEACHA Ha puC. 1).

Puc. 1. Cxema BOJIOKOHHO-ONITHYECKOTO HHTepdhepomeTpa CaHbsiKa:
1 — 0110k 00paboTKH, 2, 4 — IETEKTOPbI, 3 — UCTOYHHK U3TyUCHHUS,
5, 6 — BOJIOKOHHBIC JICITUTENH, / — 0OMOTKa

WNudopmanus, momydeHHas ¢ 0Joka 0OpaOOTKH B BHJE 3HAYCHHS YIJIOBON
CKOPOCTH, MOXXET OBITh MEpeCUYMTaHa B 3HAYCHUSX MATCHUTHOTO IOJSI T10
hopmyme:

B —T[D 0
1= ’
AcV

rae D — quaMeTp KaTymiku, A — pabodasi JUIMHA BOJIHBI, C — CKOPOCTh CBETA,
V — noctosiunas Bepge, 2 — nsmepsemas yriosas CKOPOCTb.

Hcronb3ys HaMOTKY TMPOBOJHHMKA ¢ TOKOM Ha BOJOKOHHO-ONTHYECKYIO
KaTyIlIKy, MOKHO, TEM CaMbIM, CMOTPETh 3a M3MEHEHHeM (a3bl, BapbHpPys
TokoM. IIpejicTaBieHHas cXema  [O3BOJISIET  CO3/aTh ~ MHHHATHOPHBII
MarHUTOMETP, U3MEPSIONIHIL TTOJIE ¢ TOYHOCTHIO Topsiaka 10710 Tor,

Cnucox aumepamypul
1. Wang Z., et al. Closed-loop method based on faraday effect in resonant fiber optic gyro
employing a low coherence-noise resonator // Journal of Lightwave Technology. 2021. V. 39.
No. 21. P. 6994-7000.
2. Lefevre H.C. The fiber-optic hyroscope. London: Artech house, 2022.
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JLIL. CVJIAC, T'T. SIKYILEBA, I1.1. KY3HELIOB

Opszunckuil punuan Uncmumyma paouomexHuxku u IAeKmMpOHUKU
um. B.A. Komenvnuxosa PAH

OHTOBOJIOKQHHI;IfI PE®PAKTOMETP HA OCHOBE
MHOI'OCJIOUHBIX TIOKPBITUU OKCHUOB OJIOBA
N TUTAHA

C HCHOIB30BaHUEM TEXHOJIOTHH METANIOOPTaHHYECKOT0 XUMUUYECKOTO OCaXKIECHHS
u3 napoBoit a3l (MOCVD) OblIM OTy4eHBI U HCCIIEA0BAHBI TOTHOCTHIO BOJIOKOHHBIE
pedpakToMeTpel Ha OCHOBE pe3oHaHca mon 3aryxaHus (LMR). JlaTuuku H3roTOBIICHBI
Ha OCHOBE OTpE3Ka ONTHYECKOTO MHOTOMOJOBOTO BOJOKHA, IIPOTPABICHHOIO 0O
CEepILEBUHBI C HAHECEHHBIMH Ha OOKOBYIO NOBEPXHOCTH IUIEHKAMH JHOKCHIA THTaHA
(TiO2) u nmByxcnoitHoro mnokpsitust (TiO2/SnOz). CpaBHHBaeTCs UyBCTBUTENIBHOCTD
MOJyYEHHBIX CEHCOPOB K IIOKa3aTeNI0 IPEJOMIIEHHs] OKpYXKaloIiei >KUIKOW cpensl B
3aBUCHMOCTHU OT COCTaBa M TOJIIMHBI INIEHOYHOTO MOKPHITHS. [IByXCIIOHOE TOKpPBITHE
ylydmiaer — CTaOWIBHOCTH — MOKa3aHWil — pedpakToMerpa,  HO  YMCHBIIACT
YyBCTBUTEIBHOCTh. UYBCTBHUTENBHOCTh BOJOKOHHOTO JaT4WKa C JIBYXCIOHHBIM
MOKPBITHEM B AMama3oHe mauH BomH 1,33 - 1,35 MxMm cocraBmna 4850 HM / eauHUILY
HOKa3aTesIs IPENIOMIICHHUS.

D.P. SUDAS, G.G. YAKUSCSHEVA, P.I. KUZNETSOV
Fryazino branch of Kotelnikov Institute of Radio Engineering and Electronics of the RAS

FIBER-OPTIC REFRACTOMETER BASED ON MULTILAYER
COATINGS OF TIN AND TITANIUM OXIDES

Using metal-organic chemical vapor deposition (MOCVD) technology, all-fiber
refractometers based on extinction mode resonance (LMR) have been produced and
investigated. The sensors are made on the basis of a segment of an optical multimode
fiber etched to the core with titanium dioxide (TiO2) and tin (TiO2/Sn0O2) films deposited
on the side surface. The sensitivity of the obtained sensors to the refractive index of the
surrounding liquid medium is compared depending on the composition and thickness of
the film coating. A tin oxide coating over titanium oxide improves the stability of the
refractometer readings, but reduces the sensitivity. The sensitivity of the fiber sensor
with a two-layer coating in the wavelength range of 1.33 - 1.35 um was 4850 nm/RIU.

Yactb OHEPIruu, pacrpoCTpaHdAromasicd I10 BOJOKHY 3a OpeaciaMu
CCPALCBUHDBI, HA3bIBACTCA DOBAHCCLUCHTHBIM IIOJIEM [1] Ecin Ha 6OKOByIO
IMMOBEPXHOCTH yTOH‘léHHOFO OTpE3Ka BOJIOKHa HAHCCTH CIOH ONTHYECKU
MMpo3pavHOro Marepuaja ¢ BbBICOKMM IIOKa3aTeJeM MpeJIOMJICHUA, TO B
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pe3ynpTaTe B CHEKTpe IMPOITyCKAHUS B ONPENEIEHHOM AWANa3oHe JUIMH BOJH
MOSABISIETCA TpoBal C YETKO BBIPAKEHHBIM JKCTPEMYMOM  (PE30HaHC
3aryxatomedd moxel) [2]. [lonoxkenwme W nIyOMHa pe3oHaHCa 3aBHCSAT OT
MoKa3aresiell MpesIoMIICHUs HAaHECEHHOTO CJI0S1 M OKPYXKAIOIICH cpenpl, a Takxke
Marepuaia HOKPHITUS U €r0 TOIIIUHEI.

ITonroToBUB cepuio yTOHEHHBIX MHOTOMOJOBBIX BOJOKOH C JHaMETPOM
OKOJIO 23 MKM M JUIMHOH 3,5 MM, Ha UX THOBEPXHOCTh OBLIM CHHTC3UPOBAHBI
nmokpeITHs TiO2 u TiO2/SnO; TakuM 00pa3om, 4TOOBI pe30HAHC HAXOAMJICS Ha
MaKCHMaJbHO ONMU3KUX IAMUHAX BONH. CIIEKTPHI MPOMYCKAHWS MOKPBITHH IS
JIETeKTUPOBaHUS Kpas (HyHIAMEHTAIFHOTO TOTNIONICHHS IMOKa3aHbl Ha puc. 1.
HcnpiTanuss Ha 9yBCTBUTENBHOCTH IIONYYEHHBIX OOPa3IOB IPOBOMWIUCH C
HCTIOJIb30BaHUEM HHU3KHX KOHIICHTPAITUH COISTHON KUCIOTHI (< 1M).

W3 mpencraBneHHBIX ITaHHBIX BUAHO, YTO B HCCIEIOBAaHHOM IHAana3oHE
MoKa3aresiell MperoMIICHHUsT ABYXCIOWHBIA CEHCOp MOKa3bIBaeT HAMBBICIHIYIO
qyBCTBHUTEIBHOCTH 110 CPABHEHUIO C aHAJIOTaMHU, YIIOMUHAEMBIMHU B JIUTEpaType
[3]. Tem He MeHee, €O YyBCTBUTENIBHOCTh MEHBIIE (pHUC. 2), YeM y CE€Hcopa C
oMHApHBIM MOKpbITHEM TiOz. DTO yMEHBIIEHHE CBS3aHO C YMEHBIICHHEM
IIEPOXOBATOCTH M YMEHBIICHHEM IUIOIAAHN B3aHMMOJEHCTBYIONETO MOKPHITHS.
OpHaKo HCTBITAHUS MHOTOKPAaTHBIM 3aJIMBAHHEM JUCTUIUIMPOBAHHOM BOIOU
MOKAa3aJi, YTO MOJTYICHHBIN JaTIMK TaK e CTaOWMIICH, KaK U JaTYNK Ha OCHOBE
OKCHJIa OJIOBA.
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Puc. 1. CriexTpsl mpomycKanus Puc. 2. CaBur nmonoxeHus: pe3oHaHCa
B BUAMMOM auara3oHe JJIMH BOJIH B 3aBUCHUMOCTH OT IMOKa3aTeIst

npenomieHus BoaHbIx pactBopoB HCI

Pa6ora BrImonHEHA TpH noaepkKke Poccuiickoro Hay4HOTO (pOHAA, TPOEKT
Ne 21-19-00259.

Cnucok numepamypbt
1. Henry W.M. // Proc. SPIE. 1994. V. 2293.
2. Arregui F.J., et al. / Sens. Actuators B. 2016. V. 232, P. 660-665.
3. Imas J.J., et al. // Opt. Lett. 2021. V. 46. P. 3284-3287.
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B.A. KOMHCAPOB, A.A. IMUTPHUEB, C.B. BAPXKEIJIb,

A.N. KO3JIOBA, A.JI. BOJIOILIMHA
Yuueepcumem UTMO, Cankm-Ilemepbype

HUCCIIEAOBAHME CIIEKTPAJIBHBIX 1 BPEMEHHBIX
XAPAKTEPUCTUK ®JITYOPECHEHIIUU AKTUBHOI'O
OIITUYECKOI'O BOJIOKHA, JET'NTPOBAHHOI'O 9PBUEM

IIpuBenensl pe3ynbTarbl SKCIEPUMEHTOB T10 MOJIyYEHHIO CIIEKTPa U BPEMEHHU JKU3HU
(duiyopeclieHIIMM B AKTHBHOM OINTHYECKOM BOJIOKHE, JISTUPOBAHHBIM 3pOHEM.
Paspaboran mabopaTopHbIil CTEHA JUIS HCCIICAOBAHUS 3aBUCHMOCTH BPEMCHH JKU3HHU
(hITyopecCIeHIMU OT MOITHOCTH U3JTy4aeMOT0 aKTUBHBIM BOJIOKHOM CHTHAJIA.

V.A. KOMISAROV, A.A. DMITRIEV, S.V. VARZHEL,

A.L. KOZLOVA, A.L. VOLOSHINA
ITMO University, Saint-Petersburg

STUDY OF SPECTRAL AND TEMPORAL FLUORESCENCE
CHARACTERISTICS OF ERBIUM DOPED OPTICAL FIBERS

The results of experiments to study the spectrum and lifetime of fluorescence in the
erbium doped optical fiber are presented. A laboratory set-up was developed to study the
dependence of the fluorescence lifetime on the power of the signal emitted by the active
fiber.

AxrtuBHOEe  ontuueckoe BoiokHo (OB), nerupoBanHOe — 3pOueMm,
MPEJICTABIISAET OOMBIIONH UHTEPEC, TOTOMY 4TO (DIIyOPECIUPYET B TPETHEM OKHE
MPO3PaYHOCTH OINTHYECKOrO BOJIOKHA, KOTOpPOE CceWdac UCIIoiIb3yeTcsl B
TCJIICKOMMYHUKAIIUOHHBIX OINTOBOJIOKOHHBIX CETAX. W3-3a cBOMX CBOWCTB
AKTHUBHOC OB HaxXoquT NPUMEHCHHNEC B MACCUBHBIX KBAHTOBBLIX YCHWINTECIAX IJIA
BOJIOKOHHO-ONITUYECKHUX JIMHUH CBsA3H, a4 TAKKE TaKOC€ BOJIOKHO MPUMCHICTCA B
obnactu ceHcopuku [1 - 4].

W3BecTHO, 4YTO aKTUBHOE ONTHYECKOE BOJOKHO (iayopecuupyer ¢
ornpeneI€HHBIM BpeMeHeM. Bpemst s)Ku3HU (IIyopeCcIieHIIMA MOXKET Pa3IndaThbCs
Yy aHAJOTHYHBIX BOJIOKOH Pa3HBIX Mpom3BoauTelei. [laHHBIA mapaMeTp BaKHO
YYUTHIBATh MPH pa3paboTKe Pa3IMYHBIX YCTPOWCTB, HAIPUMEpP, KBAHTOBBIX
ycmmureneid. TakuM oOpa3oMm, HeoOXoAMMO pa3paboTaTh CTCHI, C ITOMOIIBIO
KOTOPOTO MOXKHO HCCJEOBaTh BpeMsl JKH3HH (DIyOpPECHECHINH pa3IHIHBIX
BOJIOKOH.
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Jns  wuccnenoBaHWS 3aBUCHMOCTH BPEMEHHM JKM3HM M CHEKTPAIbHBIX
XapaKTepUCTUK (DIIyopecleHIIMN HCIONB3yeTCs CXeMa, B KOTOPOM Y4YacTKH
aKTHBHOro omnrtudeckoro BoyokHa Fibercore 1-12(980/125) u 1-25(980/125)
HnoABapuBaloTCsA K craHaaptHoMy OB. [l BBoma na3epHOro W3Iy4eHHUS B
AKTHBHOE ONTHYECKUE BOJOKHO HCIOJIB3YeTCsl ONTHYECKHH (QUIBTPYIOMINI
MynbTHIDICKCOp curHama FWDM 1480/1550, x omHOMY KOHIY KOTOpPOTO
MpUCOEIUHEH y4yacTOoK akTHBHOro OB, a k AByM ApyruMm Jia3epHbIM HCTOYHUK
Haka4dky Ha 1480 HM U perucTpupyromee yCTpOUCTBO.

Cxema 3KCHEepHMEHTAIbHON YCTaHOBKH IIpHBeneHa Ha puc. 1. C momomsio
Ja3epHOT0 MCTOYHUKA B OJMH KOHEI[ MYJIbTHIUIEKCOpPA BBOIUTCS H3IIydCHHE,
3aTeM OHO T[IOMAJaeT B YYACTOK AKTUBHOTO ONTHYECKOro BONOKHA. OHO
(iryopecupyeT Ha [UTHHE BOJHEI ~ 1,53 MkM. 3aTeM uznydenue akrusHoro OB
nomnajgaeT o0paTHO yepe3 MYIBTHIUIEKCOP Ha PErHCTPHUPYIOIIee YCTPOICTBO, B
KaueCcTBE KOTOPOTO BBICTYNAET (POTOMUO/ MIIH aHAJIU3aTOP CIIEKTpa.

B pesynbprare 3KcIepUMEHTAIBFHOTO HUCCIIEJOBAaHMUS TOJTyUeHBl 3aBUCUMOCTH
BPEMEHU JKM3HM (IyopecleHIIMM aKTHBHOTO ONTHYECKOTO BOJOKHA OT
MOIIIHOCTH M3JIy4aeMOr0 CHTHAJa, a TaKXKe CHEKTP (QIIyopecleHIMY aKTHBHOTO
OB.

1XT0rAN
HAKAYKN
FWDM J4EN1GS)  Yaaerar armmeanca
X
[
Paneetgepmeangie
POIPOLCTRL

Puc. 1. Cxema 3KcriepUMEHTaIbHON YCTaHOBKH

Cnucox 1umepanmypul
1. Forsyth D.I, Sun T, et al. // Review of Scientific Instruments. 2003. V. 74. P. 5212-5218.
2. Zhang Z.Y ., Grattan, et al. // Review of Scientific Instruments. 1997. V. 68. P. 2764-2766.
3. Kir’yanov A.V., Barmenkov Y.O., et al. // IEEE Journal of Quantum Electronics. 2013.
V.49.P.511-521.
4. Wade S.A., Forsyth D.1., et al. / Measurement and Control. 2001. V. 34. P. 175-178.
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A.B. CAEYHHUKOB, 5.A. YHEPHABCKAA, B.A. CAEHHUKOB

benopyccxuii eocyoapcemeennulii ynusepcumem, Munck

MATPUIA AKTUBHBIX MUKPOPE30OHATOPOB
A1 MHOT'OKAHAJIBHOTI'O JETEKTUPOBAHUA
AHTHUTEJI-MAPKEPOB

IIpuBeneHs! pe3ynsTaThl JKCIEPUMEHTOB IO pa3paboTke, (GopMupoBaHUIO H
NPUMEHEHHI0 MAaTpPHLl aKTUBHBIX ONTHYECKHX MHKPOPE30HATOPOB JUIS PETHCTpPaIuU
aHTHUTEN-MapKepoB. JleTeKTHpoBaHHE OHOXMMHYECKUX MAapKepOB C HCIIOIb30BAaHHEM
MaTpHIl aKTUBHBIX MUKPOPE30HATOPOB 00ECIIEUNBACTCS aHAIN30M CEHCOPHBIX JAHHBIX
METOIaMU MAITHHHOTO 00y4eHHsI.

A.V. SAETCHNIKOYV, E.A. TCHERNIAVSKAIA, V.A. SAETCHNIKOV

Belarusian State University, Minsk

MATRIX OF ACTIVE MICRORESONATORS
FOR MULTICHANNEL DETECTION OF ANTIBODY MARKERS

The experimental results on design, development and application of the matrices
with active optical microresonators for detection of the antibody markers are discussed.
Detection of biochemical markers using active microresonator matrices is provided by
analysis of sensing data using machine learning methods.

MeTonel  ONTHYECKOTO  JCTEKTUPOBAHUS  OTHOCSATCS K Hamboiee
3¢(deKTUBHBIM ~ croco0am  OmpeseNeHus]  MapaMeTpoB  OMOXMMHYECKHX
00bekToB. OOUH M3 MHTEHCHUBHO MCCIEAYeMbIX IOIXOJ0B OCHOBBIBACTCSA Ha
SBJICHUN PE30HAHCAa MOJ| IICMYyINeH rajieper, BO3HHKAIOIIEr0 B KOJBIEBBIX
MHKpOCTpYKTypax  [l].  AKTuBamus  MHKPOPE30HATOPOB  IIO3BOJISET
KOMIICHCHPOBAaTh MOTEpH Ha TONIONICHHE B Cpeae MHKPOpPE30HaTopa MpH
pacnpoCcTpaHeHNH BOJIHBI U 00ECIIeYMBaETCs MyTEM BHEAPEHHUS (POTOAKTUBHBIX
YacTUI[ B PAcTBOP (OTOUYBCTBHTEIBHOTO Marepmana. lIpum obecriedeHUun
JIOCTaTOYHON HAKAa4YK{ ONTHYECKOTO M3IIyYeHHUsS B MOJOCE momiomeHus ¢oro-
AKTHBHBIX DJIEMEHTOB OOECIICUMBACTCS PEXHUM TEHEepaluy W3JIy4YeHUs |
(hopmupyeTcs MaTpuIla MUKpPOJIa3epOB.

3a OCHOBY OTAEIBHOTO DJJIEMEHTa W3MEPHUTEIbHOM MaTpuIbl BhIOpaH
[OJIMMEPHBI  TOPOMJAJIBHBI ~ MHKPOPE30HATOP  M3IOTaBIMBAEMBIM U3
MIPEABAPUTEIBHO CMEIIaHHOTO ¢ (IyopecieHTHBIM Kpacutenem Pomammu 6G
Matepuana SZ2080. OOnydeHwe MaTepuaja MPOU3BOJAMIOCH TOCPEICTBOM
IBYX(OTOHOM TONMMEpH3allMd Ha OCHOBE CXeMBI C (eMTOCEKYHIHOM
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AMITyTbCHON ~ Jla3epHOW  cucTteMbl  [2].  UmWmcineHHOe  MOAETUpOBaHUE
pactpoCTpaHeHHsl JIEKTPOMArHUTHOIO TMOJsl B MHUKpPOpE30HAaTope ObLIo
BBITIOJTHEHO IS ONTUMHU3AIMKM TEOMETPUM JaTyuKa C IEJbI0 JOCTHXKEHHS
kod(pduuuenra godporHoct 10°. Ilo  CpaBHEHHIO ¢  ILIAHAPHBIMHU
MHUKpPOPE30HATOpaMH JUII MHKPOTOpOWAa 0OECIIeunBaeTCsl BO3MOXKHOCTh
TOYHON HACTPOWKM YCJIOBUI CBSI3M, ONTUMHU3AIMH MOJOBOrO 00bEMa W
VAYYIICHHON YYBCTBUTEIBHOCTH. 00bEMA U YAYYIICHHOW YyBCTBUTCIHHOCTH.
Ha emmmuoii motoxkke (GOPMHPYIOTCS A0 ACBATH (YHKIHOHAIBHBIX TPYIIM,
KaKaas U3 KOTopbix coctonT u3 100 mMukpopesoHaropoB. i oOecriedeHHs
CTaOMIILHOCTH YCIIOBUH BO30YXKICHUS pPe30HaHCa, 0TOOpa MPEUMYIIeCTBEHHON
MOJIBI W YBEIIMYCHHUS HATPYKEHHOU TOOPOTHOCTH PE30HATOPHI MEPEHOCSTCS Ha
MOMJIOKKY C TOMOTEHHBIM CJOEM TIIOIUMEepa B HHU3KAM IIOKa3aTeiIeM
nperomieHns. (Cxema CBS3M Ha OCHOBE ONTHYCCKOH TIPU3MBI  ObLIa
UCIIOJIb30BaHa ISl BO30YXK/IEHHMS pE30HAaHCA B MaTpHIle MHKPOTOPOHIOB
pacooXKeHHbIX Ha eUHOM MoIokKe. HabmroneHe curuana ocynecTBIiseTcs
C TIOMOIIBI0 KaMephl, KOTOpas PErUCTPUPYET HHTEHCHUBHOCTH, H3JIy4aeMyIO
MHUKPOPE30HaTOpaMH.

JIyist KOJNMYeCTBEHHO! OLEHKM BHEIIHMX BO3MYIICHUH ObLIM pa3paboTaHbl
MOJIXO/IbI, OCHOBAHHBIE HAa METOJaX MAIIMHHOTO O0y4YeHHs, C UCIOIb30BaHUEM
ceTell 0OpaTHOTO pacmpocTpaHeHUs OmMOKA [3] W ceTedl ¢ UIMHHOMN
KpaTKOCPOYHOM NaMsThio [4]. TlepBblil TUIT CETH NPUMEHSAETCS ISl HOCTPOESHUS
PETPECCHOHHON MOIEIH 0 CTAIlMOHAPHBIM COCTOSHHSAM PE30HATOPOB, BTOPOI
U KITacCH()UKAITMH TUHAMUYECKHUX IIPOIIECCOB B MPOIECCE MX PErHCTPAILUH.
ITowick oONTHMANBHOTO pEMmCHUS M OOCCIIEYCHUS BBICOKOM TOYHOCTH
MIPOTHO3UPOBAHMSI BBITIOTHIETCS B J[Ba dTama, IJe Ha TIEPBOM ONTHMH3UPYETCS
Ha0Op MHUKPOPE30HATOPOB, U3 KOTOPOTO NCKITIOYAIOTCS cabo BapuatuBHbIe. Ha
BTOPOM — MPOU3BOAMTCS ONTHUMM3AINSA CIOKHOCTH apXUTEKTypsl ceTH. Ha
OCHOBE [aHHBIX PETUCTPAIlMH JUHAMHYECKHUX IIPOIIECCOB C BPEMEHHBIM
FPaJIMEHTOM TIOKa3aresisi MpeJoOMJIEHUST C OTHOCHUTENIIbHOW pa3HuIledl B
IPOMEKYTOUHBIX 3HAYeHUAX ~ 10 MBI MOINIM HPOIEMOHCTPUPOBATH NPHHATUE
pelIeHnss 0 KOHIICHTPAIWU ITOCTYIAIONIET0 aHTHUTENA-Mapkepa C TOYHOCTBHIO
>99% wm B dYeThlpe pasza ObIcTpee, YeM TpeOyercs sl HaOIIOICHHUS
CTAlMOHAPHOIO COCTOSTHUSL.

Cnucok aumepamypul
1. Saetchnikov A.V,, et al. // IEEE Sensors Journal. 2019. V. 19 (17). P. 7644-7651.
2. Saetchnikov A.V.,, et al. // Journal of Lightwave Technology. 2020. V. 38 (8). P. 2530-2538.
3. Saetchnikov A.V., et al. / Opto-Electronic Advances. 2020. V. 3 (11). P. 200048.
4. Saetchnikov A.V., et al. // Advanced Photonics Research. 2021. V. 2 (12). P. 2100242.
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HHXUHUPUHI JUCIIEPCUU MUKPOPE3OHATOPOB
HAHECEHUEM HEPABHOMEPHOCTH
HA ET'O IIOBEPXHOCTbD

OmnycaHo BIMSHHE HEPAaBHOMEPHOCTH OOpasylolled MHKpOpe3oHaTopa ¢ MOJaMH
THIIA IIENYylel rajepen Ha ero AUCHEePCHOHHBIC XapakKTepUCTHKH. [lokasaHo, yTO
HaJM4Yhe HEPaBHOMEPHOCTH Ha MOBEPXHOCTH BIMSET Ha IapaMeTpbl IHCIEPCHH, a
TaKKe MOXKET IPUBOAUTH K 3P PEKTy paciierieHns: GOPMBI ONTHYECKOW MOJIBL.

A.T. DANILIN", N.M. KONDRATYEV!, K.N. MIN’KOV'!

!Russian Quantum Center, Skolkovo
’Lomonosov Moscow State University

MICRORESONATORS DISPERSION ENGINEERING
BY SURFACE IRREGULARITY VIOLATION

The influence of the non-uniformity of the optical microresonator’s generatrix on the
value of the total dispersion has been studied. It’s shown that the presence of
nonuniformity on the surface affects the dispersion parameters, and can also lead to the
effect of splitting the mode shape in microresonators.

Ontuueckue  mMukpopesoHaropsl  (OMP)  oOmajgaroT  clieayromuMu
OCHOBHBIMH JTUCIIEPCHOHHBIMH XapaKTePUCTUKAMHU: YaCTOTa OCHOBHOW MOJBI
®,, PACCTOSIHNE MEXKIY COCETHHUMM MogaMH Aw M cymMMmapHas gucnepcus Ds,
XapaKkTepu3ylolnas  OTKJIOHEHHE  YacTOT  CHEKTPAIbHBIX  JIMHUH  OT
SKBUAMCTAHTHOCTH [l]. Jlucmepcust SJIEKTPOMArHUTHBIX BOJH  SIBISETCA
BOKHEHIINM  (aKTOpOM, BIUSIOIIMM HA XapaKTEPUCTHKH ONTHYECKUX
reaepupyemMbix B OMP gactoTHBIX TpebEHOK [2, 3].

W3-3a aucriepcuy MOJIBI OJTHOTO TIOPSAKA HE SIBIISIIOTCS SKBUANCTAHTHBIMU.
Yacrora pe3oHaHca M, U MOXKET OBITH NIPE/ICTaBIIeHa B BUe psja Teiinopa

Oy = 0o + D + Dop?/2! + D3p/3! + -+ = g + Dy + Dy,

e L =m-—mp — OTHOCUTEIbHBI HOMep Mojbl. Hammume ONHM3KON K HYIIO
AHOMAJIbHOW JHCIICPCUH  SIBIISICTCSI HEOOXOAMMBIM — YCIIOBHEM TEHEpAIHH
COJIMTOHHOW TpeOCHKH, OJHAKO, OONbIIas 10 aOCONIOTHOW BEIHYHHE
JICTICPCHS OTPaHUYUBACT €€ IIUPUHY.
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IIpu MomenmupoBaHWN HEOOXOIMMO YYHTHIBATh KaK IHCIIEPCHUIO0 MaTepuaia,
TaK ¥ TEOMETPUUYECKYIO JUCIIEPCHIO, OOYCIIOBJICHHYIO pasMepamMu U (opMoin
OMP [4,5]. [na pacuéra HM3MEHEHUs pPACCTOSHUS MEXAYy MOJaMM H3-3a
JICIIEPCHM  C TIOMOIIBI0 HY)XHO OIpeAeNnuTbh S(PQPEKTUBHBIA IOKa3arelb
npesioMyieHuss n, a 3areM O(QQEKTUBHBIM HOMEP MOIBI Mefr = 2TRA(A)/A.
CymmapHas aucnepcus onpeneisiercs kak Dy = o, — wo — Dip. st pacuéra Dy
OBUIM HCIHOIB30BaHB! CIIETYIOIUE OCHOBHBIC MapaMeTpbl, KOTOPBIMU MOYKHO
onmcars TopounanbHbi OMP ¢ HepaBHOMEPHOCTBIO: pamuyc R u pammycom
KPUBH3HBI 00pasyronieil r, paanyc HEOTHOPOAHOCTH Ry, e€ mnyomna H u
cmemenne Z (puc. la). Pacuér xapaktepuctuk OMP ObUT BBITTOJNHEH C
nomoribto COMSOL Multiphysics. Ha puc. 16 u 16 npuBeneHsl pacy&Tsl
3aBUCUMOCTH M3MeHeHus: cymmapHoi aucnepcunnt OMP u3 CaF, ans gactoTs
192 TTn ¢ mapamerpamu r= 100 MKM TIpu J00aBJIEHUH TOPOHIATHHOTO
yrnyoneHust TiyouHoi 10 MkM u paamycom Ry = 10 MKkM 0€3 CMEIUICHUS OT
9KBaTOpAa.

Puc. 1. PactipoctpaneHne Mozabl B MpUIoBepXHOCTHOM ciioe OMP ¢ HepaBHOMEPHOCTEIO
obpasyromiei (a);, pacyéT M3MEHEHHUs TUCIICPCHHA MHKPOPE30HATOpa TPH J0OABICHHU
HeogHOpoaHOCTH ToBepxHOCTH ¢ H = 3,0 MkM, Z = 2 MkM 1 Ry = 100 MxMm (6) u (8)

Pabora monmnep:xana PoccuiickuMm HaydHbIM (oHmoM (mpoekt Ne 21-72-
00132). AH. lammnmme  sBusgercs  cruneHauaroM  DoHma  pa3sBUTHA
TeopeTndeckoi pu3nku u MatemaTuku “bA3UC”.

Cnucoxk aumepamypul
1. Toponeukuit M.JI. OnTH4yeckue MHKPOPE3OHATOPbl C THTAHTCKOW JOOPOTHOCTHIO. M.:
OU3MATIIUT, 2011.
2. Strekalov D.V., Marquardt C., et al. / Journal of Optics. 2016. V. 18. P. 123002.
3. Ganin D.V,, Obidin A.Z., et al. // Physics Procedia. 2015. V. 73. P.67-73.
4. Fujii S., Tanabe T. // Nanophotonics. 2020. P. 1087-1104.
5. Riemensberger J., Hartinger K., et al. // Optics Express. 2012. V. 20. P. 27661-27669.
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A.B. IVJIBT'A, U.B. HINJIOBA

FBenopyccro-Poccuiickuti ynusepcumem, Mozunés, benapyco

BPIOCTEPOBCKHUE IIPU3MBI CBA3U
JJIS BHYTPUPE3OHATOPHOI'O BO3BY X KIEHUA
BOJIHOBOJHBIX MO/

IIpencraBneHsl NpU3MEL CBSI3M ISl BHyTpUpe3oHaTtopHoro Bo3Oyxnenus TE n TM
BOJIHOBOZIHBIX MOJI B IUIOCKHX AU3IEKTPHYECKUX BONHOBOAAX. JlaHHBIE MPU3MBI CBSI3U
MO3BOJISAIOT MIPOBOJUTH PpETHCTPaLUIO YTTIOBBIX CIIEKTPOB OTpaXKEHUS
BHYTPHPE30HATOPHOTO M3ITy4IEHHs JIa3epoB 0e3 pa3blOCTHPOBKH pe3oHaTopa. BxomHbre-
BBIXOZIHBIE T'PaHU NPHU3MBI PACHONAraloTcs MOA yrioM bpiocrepa K OTpaxEHHOMY OT
OCHOBAHUS IPU3MBbI U3JIyYCHUIO, YTO IIO3BOJIACT UX NPUMEHATH B CIIydae JIa3epoB C
MaJTbiM K03()HUITHEHTOM YCUIICHHS.

A.V. SHULGA, I.V. SHILOVA

Belarusian-Russian university, Mogilev, Belarus

BREWSTER COUPLING PRISMS FOR THE INTRACAVITY
EXCITATION OF GUIDED MODES

Coupling prisms for the intracavity excitation of TE and TM guided modes in planar
dielectric waveguides are presented. These coupling prisms provide registration of the
angular reflection spectra of laser intracavity radiation from the prism base without
misalignment of the cavity. The input-output faces of the prism are oriented under the
Brewster angle to the reflected radiation, which allows one to apply them in the case of
low gain lasers.

B ocHOBe MeTO10B BHYTPUPE30HATOPHON BOJIHOBOJAHOMW crieKTpocKonuu [1]
JeXaT 3aKOHbl B3aUMOJICHCTBHMS  BHYTPHPE30HATOPHOTO  HM3JIYyYCHUS C
BOJTHOBOJIHBIMH IIJIAHAPHBIMH BOJIHOBOJaMHU. B030yXeHHE BOIHOBOJHBIX MO
B JIaHHOM clydae obecnednBaeTcsi OpIOCTEPOBCKOM MNPU3MOIH  CBSI3M
JIBYKPaTHOTO TIOJTHOTO BHYTPEHHETO OTPAKEHUS, KOHCTPYKIUS KOTOPOH
mpe/cTaBieHa B JaHHOW pabote. Kiaccnmyeckue NPU3MBI CBS3H, KOTOPbHIE
UCTIONIB3YIOTCS B CIIEKTPOCKOIIMM BOJHOBOTHBIX MOJ, HE MOAXOIAT JUIA
pPETUCTpAlii  YIJIOBBIX  CIEKTPOB  OTPAKEHUS  BHYTPHUPE3OHATOPHOTO
M3TY4YEHHUs, TaK KaK MPU OJHOKPATHOM OTPa)XEHHH BPAIICHHWE MPHU3MBI CBA3U
NPUBOIUT K  Pa3bIOCTUPOBKE pe3oHaTopa. BTopas mnpuumHa Mamou
MPUTOHOCTH KJIACCHYECKHUX TPEYrOJIbHBIX PABHOOCAPEHHBIX MPU3M COCTOHUT B
TOM, YTO TIOTEPU HA OTPAKEHUE HA BXOAHBIX-BBIXOJHBIX TPAHSIX MPU3MBI MOTYT
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MPEBBIIATh YCUIIEHHUE JIa3epa, YTO MCKIIIOUAEeT TeHepaluio n3nydenus. [leppas
npobnemMa Oblla pelieHa BBINOJIHEHHWEM IPU3MBI B BUJE NapajulesieruIe/a
[2,3], B koTOopoM WH3IyueHHE Ja3epa IpeTepreBaeT ABYKPAaTHOE IIOJHOE
BHYTpPEHHee oTpakeHue. 1Ipu 5ToM yII0BOE MOJIOKEHUE BBIXOAHOIO U3ILy4CHUS
HE MEHSEeTCs MpH MOBOPOTE MPU3MBL. 3ajada MUHHUMM3ALUU TOTEph Ha
OTpaKCHHE pPEIIANach OPUEHTALUEH BXOIHBIX-BBIXOAHBIX I'PAHEH IPU3bL MOJ
yrioM bprocrepa.

Ha puc. 1 mnokasaHel cXeMbl NPHU3M CBSI3U Ul BHYTPHPE3OHATOPHOTO
BO30Y)KZCHHMSI ~ BOJIHOBOOHBIX  MOA.  BHYTpHpe3oHAaTOpHOE  W3ITydCHHE
IPEJIOMJIIETCS Ha BXOAHBIX-BBIXOAHBIX TpaHAX 2 mnpusmbl /. Jlambire
U3Iy4YEeHUE MaJaeT Ha OCHOBAaHUE MPHU3MbI, K KOTOPOMY Y€pEe3 BO3AYIIHBIN
3a30p NMPHKUMAETCS IUIAHAPHBIA AMANIEKTpUYeCKU BOJMHOBOX 3. OCHOBHOE
ommmure TE- u TM-nmpusM 3akiodaeTcs B OPUEHTALUHM BXOIHBIX-BBIXOJHBIX
rpaneil. B TM-npu3me HOpMallb K BXOJAHON-BBIXOJHOM I'PaHU IIPU3MBI JIEXKUT B
OJIHOM IUIOCKOCTH C HOPMaJIbl0 K OCHOBAHMIO IIPU3MBL, a B ciiyyae TE-npusmsl
BXOJHAsl I'paHb MPHU3MBI MOBEPHYTA BOKPYT Majaromero Jyda Ha 90 °, 4ro
JIeTIaeT Ty MPHU3MY OoJiee CII0KHOM B M3TOTOBICHHUH. Takxke clieyeT OTMETUTbD,
YTO Marepuayl JUisi W3TOTOBJICHHS IPU3MBI JIOJDKEH OTBe4YaTh TPeOOBaHMSIM
MUHUMAaJIBHBIX ONTUYECKUX IOTEPb, a TaKK€ OTHOCUTEJIBHO BBICOKHM
MOKa3aTeJieM MpeNoMJICHHs, OosbImuM, YeM dS(O(EKTHBHBIN IOKa3arelb
MPEIOMIIEHHS COOTBETCTBYIOLIEH BOTHOBOJHOI MOJIBL.
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Puc. 1. [Ipu3mbl cBA3M A7 BHYTPUPE30HATOPHOTO BO30YKACHHS
TM u TE BONHOBOJIHBIX MOJT

Cnucok aumepamypul
1. Shulga A.V., Khomchenko A.V.,, et al. // Technical Physics Letters. 2018. V. 44 (11). P. 953-
955.
2. Shulga A.V. // Appl. Opt. 2020. V. 59, P. 3992-3994.
3. Shulga A.V., Shilova 1.V. // Optics Continuum. 2022. V. 1. P. 63-67.
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P. CUHI'X

Camo3sansmwiii uccreoosamens, Mocksa

BO3MOXHOCTb ®OPMUPOBAHUSA KBAHTOBOI'O
DPAHTOMHOI'O U30BPAKEHMA C IIOMOIIBIO
HAITPABJIEHHOI'O OTBETBUTEJIA

TeopeTnueckn paccMOTpeHa BO3MOXXKHOCTH (DOPMHUPOBAHMSI KBAHTOBBIX (hPaHTOMHBIX
n300pakeHHH ¢ TIOMOIIBIO HANPABIEHHOTO OTBETBUTENS B Cydae, KOTHA JIMHEWHBINH U
HEJIMHENHBIA BOJHOBOJBI B3aMMOACHUCTBYIOT M PAaCIOI0KEHBl MapauienabHo. M3ydeHst
KBaHTOBBIE KOPPEIAIHMOHHBIE XapaKTEPUCTHKM, KOTAA BHIPOXKACHHBIA CHOHTAHHBIN
napaMeTpUyYecKuil mpouecc UAET B HEMMHEWMHOM BOJIHOBOZE, a B JMHEHHOM BOJHOBOJIE
pacipocTpaHseTcsi MoAa B KOTEPEHTHOM COCTOSIHUM. YCTaHOBJIEHO, YTO (DOTOHBI MOJIBI
U3 HEJIMHEHHOIo M JIMHEHHOrO BOJIHOBOJOB CTAHOBSTCS KOPPEIHPOBAaHHBIMU U MOTYT
CTaTh NOTEHINAIBHBIM KaHANIATOM B KauecTBe (POPMUPOBAHUS KBAHTOBBIX (haHTOMHBIX
n300paXkeHuH.

R. SINGH

Self-employed researcher, Moscow

THE POSSIBILITY OF FORMATION OF QUANTUM GHOST
IMAGES USING A DIRECTIONAL COUPLER

Theoretically a possibility of formation of quantum ghost images using a directional
coupler is considered in the case when linear and nonlinear waveguides interact and are
arranged in parallel. Quantum correlation characteristics are studied when a spontaneous
degenerate parametric process occurs in a nonlinear waveguide and a mode in a coherent
state propagates in a linear waveguide. It has been established that mode photons from
nonlinear and linear waveguides become correlated and can become a potential
candidate for quantum ghost imaging.

[Myctb B BOJAHOBOJAAX ¢  KBaJApaTMYHO  HeauHeiiHocThro @
PacIpOCTPAHSIOTCS IJIOCKHE, MOHOXPOMATHYECKHE, CTAIIMOHAPHBIE MOJIBI C
HAKaYKOH @, Ha YacToTe 2@ M JBE MOJBI @, POXKJIAIOTCS HA YaCTOTAX @, TO

€CTh, PEAIN3YETCsl BBIPOKACHHBIN NTapaMeTPUUECKUM IPOLECC, a B JIMHEHHOM

A

BonnoBoge x Moma b, Ha 4yacToTe B KOrepEHTHOM COCTOSHUH (pHC. 1).

1
OnepatopHoe ypaBHEHHUE ISl MOJ d, ONYCKAaeTcs, TaK KaK OHAa HE MCTOLIATCS,

a U1 MO 211 u bI nmeer Bun [1]:
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A

db, .. da, ., ., ~
E——Zal ,E——l(2}/a1 A, +b ) €))

e y=g, / g, — COOTHOIIEHUE HENMHEHHOro M JIMHEHHOTO KO3((QUIMEHTOB
cBm3en; L= g,! — npuBenCHHAs UTHHA B3aUMOACHUCTBUSA; As — aMIUIUTYzA

HEUCTOIIMMON MOJbI Hakauku. CHCTEMY OINepaTopHbIX ypaBHeHHHU (1) MOXKHO
pelInTh aHAINTHYECKH C TIOMOIIbIO, Hampumep, npeodpazoBanus Jlarmaca.
BbIunceHbl KBAHTOBbIE KOPPEISIIMOHHBIE KOA()(HUIIMEHThI BTOPOTo MOPsiIKa

MEKIy MojaMu @, H b,

KOIr¢pECHTHOM COCTOAHUAX.

B CjIydyac, KOorla OHM HaxOJWJIUCh B BAKYYMHOM U

_ 1
“ el ®

Puc. 1. Cxema ¢opmupoBaHHS KBAaHTOBOTO (AHTOMHOTO H300paKEHHS C TTOMOIIBIO
HAIIPaBIEHHOTO OTBETBUTENSA: B BOJHOBOAE C KBAAPATMYHOH HENMHEHHOCTBIO Y2
peanusyeTrcs  BBIPOKIEHHBI ~ CHOHTAaHHBIA  MapaMeTpU4YecKuil  mpouecc U
PACIIPOCTPAHSIOTCS MOJBI a1 U a2 Ha 4acToTax ® U 20, a B JIMHEWHOM BonHOBOzE Y
Moga bi Ha YacTOTe ® B KOTCPEHTHOM COCTOSIHMH; B IPO3Pa4HOM HEITHHEHHOM
KPHUCTAJUIE C KBaApaTHYHON HeNMHEWHOCThIO ¥ mapel (OTOHOB HaKauyK¥ MOJBI a2
peoOpasyloTesi B Maphbl CUTHAIBHOTO M XOJIOCTOrO ()OTOHOB MOABI a1; (JOTOHBEI MOABI b1
ocBemaoT o0bekT O u QoToHB Moabl a1 Marpuny ¢oronerektopo CCD B
BOCCTAaHABIMBAIONIEM KaHaie; BD — HHTErpUpyOIHi 1€TeKTOp B OOBEKTHOM KaHale;
C — KOppensITop MHTEHCUBHOCTEH (CXeMa COBIA/ICHHUH )

®

[Mpemnoxkena cxema (GOPMUPOBAHHST KBAaHTOBBIX (DAHTOMHBIX M300paKeHUil
C TOMOLIbIO  HANpaBJIEHHOIO OTBETBUTENsS. AHaiu3  KOI(GPHUIUEHTOB

KOPpEeIALMU MEeXKIy MOJAMH ¢, M b, ToKasaj, 4YTO OHM CTAaHOBATCA
xoppesmposannbiMu (g? > 1). PaccMarpuBaeMBblii HaNpaBJIEHHBIH OTBETBUTEID
MOTEHIMAJIbHO MOXKET CTaTh KaHAWAATOM B KauecTBe (OpMHpOBaHUS
KBaHTOBBIX (DaHTOMHBIX U300paskeHuit [2].

Cnucox tumepamypul
1. Perina J., Perina J. Jr. Quantum Semiclass // Opt. 1995. V. 7. No. 4. P. 541,
2. KBanroBoe uzo0paxenue /mox pex. M.W. Kono6osa. M.: ®uzmariurt, 2009.
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C.H. MOCEHIIOB
AO «JUIC», Canxm-Ilemepbype

3KCIIEPUMEHTAJIbHBIN AHAJIN3 TETEKTOPOB
OJMHOYHBIX ®OTOHOB QRate U ID Quantique

O030p pe3ynsTaToB 3KCIEPUMEHTAIBHOTO HCCIEIOBAHUS MapaMEeTPOB JIETEKTOPOB
OJMHOYHBIX (POTOHOB POCCHUHCKOTO Hpom3BoACTBa Kommanuu QRate m mBeinapckoro
npousBoacTBa Kommanuu ID Quantique. VMccnenmoBanuch OCHOBHBIE XapaKTEPUCTHKH
JETeKTOPOB, TakHe KaKk KBaHTOBas 3((EKTHBHOCTh, YacTOTa TEMHOBOTO cuéra M
BEPOSITHOCTD IOCJICUMITYJIECOB.

S.N. MOSENTSOV
JSC «LLS», Saint-Petersburg

THE QRate AND ID Quantique SINGLE PHOTON DETECTORS
EXPERIMENTAL ANALYSIS

The results' review of the manufactured in Russia by QRate and Swiss-made by ID
Quantique single photon detectors parameters experimental study. The main
characteristics of the detectors, such as quantum efficiency, the dark count rate and the
afterpulsing probability were investigated.

[IpoBen€én 0030p pe3ynbTaTOB  AKCHEPUMEHTATBHOTO  HCCIEAOBaHUS
NapaMeTpoB JIETEKTOPOB OAWHOYHBIX (OTOHOB POCCHUCKOTO HPOU3BOACTBA
komranun QRate u mBeiinapckoro npousBoacTBa koMmnanuu ID Quantique.
IIpoBeneHs! HCCEeNOBaHNUSA OCHOBHBIX XapaKTEPHCTHUK NETEKTOPOB, TAKUX Kak
KBaHTOBasi 3()(EKTUBHOCTb, 4YacTOTa TEMHOBOrO cuéTa W BEPOSITHOCTh
MOCIIEUMITYIIECOB.
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AM. 30TOB!, I1.B. KOPOJIEHKO'?, P.T. KYBAHOB!,
H.H. [TABJIOB'

!Mockoeckuii zocyoapcmeennbiii yrueepcumem um. M.B. Jlomonocosa
2@usuveckuii uncmumym um. ILH. Jlebedesa PAH, Mockea

OCOBEHHOCTH PACIPOCTPAHEHMSL
CBETOBBIX IYUKOB C MEJIKOMACILITABHON
JTUCJOKAIIMOHHOM CTPYKTYPOI

Ha ocHOBe uHMCIEHHOrO MOAENUPOBAHUS BBINOJIHEHA OLEHKAa YCTOMYHMBOCTU
CTPYKTYPBI Pa3IMYHBIX TUIIOB JAUCIOKAIMHA BOJHOBOTO (PPOHTA M3ITy4EHHs B IPOLIECCe
€ro pacrnpocTpaHeHHs B CBOOOAHOM mpocTpaHcTBe. IlokasaHo, 4YTO HauOoIbIIEH
YCTOIUYMBOCTBIO O0OIaaeT PErysipHasi CHCTEMA KPAeBbIX BUHTOBBIX AUCIOKALIUH.

AM. ZOTOV!, P.V. KOROLENKO'2, R.T. KUBANOV',
N.N. PAVLOV'!

!Lomonosov Moscow State University
’Lebedev Physical Institute of the RAS, Moscow

PECULIARITIES OF LIGHT BEAMS PROPAGATION
WITH SMALL-SCALE DISLOCATION STRUCTURE

On the basis of numerical simulation, the stability of various types wavefront
dislocations of the during radiation propagation in free space is estimated. It is shown

that a regular system of edge screw dislocations has the highest stability.

HccrenoBaHuio CBOWCTB IYYKOB € (ha30BBIMH JAMCIIOKAIIMSIMHU Ha BOJHOBOIA
MOBEPXHOCTHU TOCBSAIICHBI MHOTOUUCIICHHBIE paboThl. K omHOMY n3 Haunbosee
3HAYUMBIX PE3YJIbTAaTOB, NOCTUTHYTHIX B 3TON 00jacTH B TOCJIEAHEE BpPEMH,
CleAyeT OTMETUTh pealH3alluio MPOCTPAHCTBEHHOTO cBepxpaspemeHus [1].
IIpu aHamm3e CBETOBBIX MOJIEH C CHCTEMOW MEIKOMACIITaOHBIX THCIOKAIUH,
00eCTcUnBaONINX CBepXpa3pelicHne, OOOMIEHHBIM OKasaJcs BOMIpPOC 00
YCTOHYMBOCTH HX CTPYKTYpPbl MPH pPacHpOCTPaHEHWH B  CBOOOJHOM
npocTpaHcTBe. Mex1y TeM H3BECTHO, YTO, HalpuMmep, B YyCTPOWCTBax
(iryopeclieHTHOH MHUKpPOCKOIIUM CBETOBOW ITyYOK C CHCTEMOW JHCIOKanni
B030yxzaeT B o0pasie MajopasMepHbIE IIEHTPHI (IyopecleHIH TOCe TOTO,
Kak OH Tpomén omnpenenéHHoe paccrosaue [2]. llenbro naHHOW CTaThbU
sBhsieTcss  pa3paborka  cmocoba  (GOPMHUPOBAaHWS  MEITKOMACIITaOHBIX
JICIIOKAIMOHHBIX 00pa30BaHuii, 00JIaIAI0IINX HAUOONbIIEH YCTOHYUBOCTBIO K
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BIUAHUIO TUPPAKIUOHHBIX 3((PEKTOB U 00ECIICUNBAIOIINX CBEPXpa3pelIcHHe
Ha MaKCUMaJIbHO OOJIBILIOM PacCTOSTHUM.

B xome NpOBOAMMBIX HCCIENOBaHMH OBUIM PacCMOTPEHBI CHUCTEMBI
JIMCIIOKANUi, MMOCTPOCHHBIE C TOMOIIBI0 IUIMHAPHYECKUX MOJ| CBOOOTHOTO
MPOCTPAHCTBA, KJIACCHUYECKUE CIEKJIOBBIE CTPYKTYPhI, a TaKXe BUHTOBBIE
JHCIIOKanuK, c(QOpMHpOBaHHBIC BpaIEHHEM JIMHEHHBIX AucioKanuid. Jlms
JIOTIOTHUTEIBHOTO ~ YMEHBIIEHUS pa3MEepoB  JAUCIOKAMH C  TOMOIIBIO
uTepanoHHON  mpomenypsl  [epubepra—Cokcrona [3]. B pesymbrate
npeoOpa3oBaHMsA TaKOTO IOJS C PENCEBCKON CTATHCTHKOW (opmupyercs
JUCIOKalMOHHAs CTPYKTypa C Y3KHMH a3UMYTaJbHO PaBHOMEPHBIMHU
BUHTOBBIMU [JHCJIOKalMSIMH, OONafaroImas HEpeJeeBCKONH eIbTo00pa3HOM
THECTOTPaMMO# HHTEHCHBHOCTH.

BrImoHeHHBIH aHaTW3 TOKa3al, YTO HAWOONBIIEH YCTOWYMBOCTHIO K
BIMSIHUIO JU(paKiuy o0NafaloT JUciIoKauuu Tperbero tuma. Ha pwc. 1
CXeMaTUYHO IO0Ka3aHo (OpMUpOBaHME BUHTOBOHW juciokauuu (BZ) B
pe3yibTarte BpalieHus TuHeiHo (kpaeBoit) auciokamuu (JII) [4].

B |

|-.J'-__}
1

Puc. 1. ®opmupoanue B/l: cieBa — Bpamenue JI /1, pazaensromieid oomacti
C IPOTUBO(A3HBIMI CBETOBBEIMH KOJIEOAHNSIMH, CTIPaBa — MPEACTABICHHOE
B rpaJialiusix ceporo asuMyTaibHoe pacnpeznenenue dasst BJL

C ucnonp30BaHMEM IOCTPOCHHBIX TakuM obOpaszoMm BJ[ Owlma mocTpoeHa
MeproNdecKass B JIByX IIOTIEPEYHBIX HAMpaBIEHUSX CTpyKTypa. Takas
CTPYKTypa B Tporiecce TUGPAKIIMOHHOTO PACIpPOCTPAaHEHUs] HE MpeTeplieBaia
3HAYUTENBHBIX HW3MEHEHWH Ha PACCTOSHUAX, MeHbInmux, deM z=0.0257,
e T — paccTOsTHAE CaMOBOCIIPOU3BEACHMUS.

Cnucok numepamypui
1. Bender N., Sun M., et al. // Optica. 2021. V. 8. P. 122.
2. Gateau J., Chaigne T., et al. // Opt. Lett. 2013. V. 38. P. 5188.
3. Bender N. // APL Photonics. 2019. V. 4. P. 110806.
4. DnexrponHas myomukarms https://scask.ru/l_book h_flt.php?id=36.

188 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA



YK 535(06)+004(06)

J.B. IIPOKOIIOBA, E.I'. ABPAMOYKHNH

Camapcruii gpunuan Qusuueckoeo uncmumyma um. I1.H. Jlebeoesa PAH

HUCCIEJOBAHUE PACITPOCTPAHEHUA B CBOBOJHOM
INPOCTPAHCTBE CBETOBBIX ITYYKOB, IOCTPOEHHBIX
HA OCHOBE ®YHKIHUU DUPU

IIpuBeneHs! pe3yabTaThl UUCICHHOTO MOJCIUPOBAaHUS 110 PACIPOCTPAHEHUIO B 30HE
®peHens CTPYKTypUPOBaHHBIX CBETOBBIX IOJIEH, IMOCTPOEHHBIX Ha OCHOBE TpPEX
¢yukuuii Diipu. PaccMOTpeH BOIPOC 0 pa3ioKeHHH TaKMX CBETOBBIX IMOJIeil o 6a3ucy
Moz Dpmuta—Iaycca, BRIOOpa YncIia WICHOB psifa U IIMPHHEI FayccoBa Mydka (w).

D.V. PROKOPOVA, E.G. ABRAMOCHKIN
Samara brunch of Lebedev Physical Institute of the RAS

STUDY OF PROPAGATION IN FREE SPACE OF LIGHT
BEAMS BUILT ON THE BASIS OF AIRY FUNCTIONS

The results of numerical simulation of the propagation in the Fresnel zone of
structured light fields constructed on the basis of three Airy functions are presented. The
problem of the field expansion in terms of Hermite-Gaussian modes, considering the
choice of the number of the series terms and selection of the Gaussian beam width is
investigated.

Teopust karactpod, obmamaroas MOIIHBIM AHAINTHYECKHM ammapaToM,
HaITa CBO¢ MPUMEHEHNEe BO MHOTHX 00yacTax Hayku [1]. YememiHo 3ta Teopus
MpUMEHSeTCs B ONTHKE JUI1 ONHCAHHUSA ECTECTBEHHBIX (TIPUPOIHBIX)
ONTHYECKUX SBICHUH, TaKUX KaKk OTpPak€HHE CBETa OT HEPEeryIspHbIX
MOBEPXHOCTEH, paclpoCTpaHEHHE CBETa B HEOJHOPOAHBIX Cpelax M Jp.
XapakTepHas 4epTa MOAOOHOIO pojia IPOIECCOB — MOSBICHHUE KayCTHK,
JIEMOHCTPHUPYIOMINX CTPYKTYPHYIO YCTOHYMBOCTH IPU BOSHUKHOBEHWH MAJIbIX
BO3MYIICHUH OKpyXatomel cpeasl. B onTuke karactpod paccMarpuBaroTcs U
uccienyroTcsi  onpenenéHHble  (a3oBble  MHTETpajbl  —  WHTETPaJbl
mudpakauoHHbIX Katactpod (MIK).

B pabote [2] mpemmokeHO U HCCIIETOBAHO ABYMEPHOE MOJe, SBISIOIIeeCs
MPOM3BEEHNEM TPEX OJHOMEPHBIX IIYYKOB O¥pH, TMOBEPHYTHIX JIPYT
OTHOCHTENBHO Jpyra Ha 120 © 1 cMEMEHHBIX OTHOCHTENBHO IIEHTPA KOOPAWHAT
Ha OJMHAKOBYIO BEIMYHMHY, HA3bIBAEMYIO MAapaMeTPOM CMEIIEHHs (TpH-dUpH
my4ku, Ais). IToxazano, uto ¢dhypre-o0pa3 3TOro mojs mpu JFOOBIX 3HAYEHUSX
mapamMeTpa CMEIICHUS UMeeT KyOndeckyio ¢asy U paaualbHO-CHMMETPHUHYIO
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WHTCHCUBHOCTh C CYIEpPraycCcoBBIM YyOBIBaHHEM. UHWCIEHHO HCCIIEIOBAaHO
pacnpocTpaHeHHe TaKMX ITy4KOB IIPU HEKOTOPHIX 3HAYEHUSX Iapamerpa
cMmernienus. [lozanee Boiun paboTsl [3,4], MOCBAIEHHBIE DKCTIEPUMEHTATBHON
peanuzanuy TpU-dUpH IydkoB. [lapamerp cMemIeHHs] TPH STOM JIeKaJl Ha
orpeske [1.1, 5.5]. Pesymprarel skcnepumeHTOB B [3, 4] comiacyrorcs ¢
Npe/ICKa3aHHbIM B paboTe [2] moBeneHHEM ITy4YKOB IPU PACIPOCTPAHEHHH U
(hokycupoBKe.

Henpro paGoOTH SBISETCS YHCICHHOE HCCIEIOBAaHUE PACIPOCTPAHCHHS B
30He DpeHens CTPYKTypHUPOBAaHHBIX CBETOBBIX ITOJICH, TOCTPOCHHBIX HA OCHOBE
Tp€X ¢yHKIUA Diipu. PaccMOTpeH BONpoc O Pa3lIOKCHUHM TaKHX CBETOBBIX
moJieit mo 6aszucy mMon Dpmura—Iaycca, BEIOOpa YHCa WICHOB pAaa M ITUPUHBI
rayccoa Imydka (w).

Takue CTPYKTypHUpOBaHHBIC CBETOBBIC IO TPEICTABISIOT HHTEPEC IS
3aJa4 paclpOCTPaHEHUs] HW3IIYyYCHUS Ha MNPOTHKEHHBIX Tpaccax, CO3IaHMs
IUIa3MEHHBIX ~KaHaJloB B  arMmocdepe, paclmpeHus (QyHKIHMOHAIbHBIX
BO3MOXKHOCTEl ~ ONTHYECKUX NHHIETOB, TNepeJayd W KOJUPOBAHUS
MH(OPMAIIMOHHBIX NAKETOB B TypOyJIeHTHOI atMocdepe.

Pa6ota Bemonnena npu noaaepxke PH® (rpant Ne 23-22-00314).

Cnucok aumepamypul
1. T'umvop P. Ilpuxnangnas Teopus karacrpod. B 2-x xaurax. M.: Mup, 1984.
2. Abramochkin E.G, Razueva E.V. // Optics Letters. 2011. V. 36. P. 3732.
3. Liang Y., Ye Z., et. al. // Optics Express. 2013. V. 21. P. 1615.
4. Liang Y., Chen Y., Wan L. // Optics Communications. 2017. V. 405. P. 120.
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A.A. JEPTAYEB, C.A. IIIVIEHOB

Mockosckuti 2ocyoapemeennvlii yHusepcumem um. M.B. Jlomonocosa

®OPMUPOBAHUE U CAMO®OKYCHPOBKA
AKCHUAJIBHO-HECUMMETPUYHOI'O OIITUYECKOI'O
BUXPS B 3AIIYMJIEHHOM ITYYKE

YuncneHHO UcCilenyeTcsl CTaTUCTHKA (OPMHUPOBAHUS TOPSYMX TOYEK B (DOKAIBHOM
TUIOCKOCTU COOUpArOLIeH JIMH3bI MOCIIE MTPOXO0XKIEHHUS [ayCCOBBIM ITyIKOM CHHPATBLHOTO
¢aszoBoro TpancnapanTta. [IpoBoauTcst cpaBHEHHE TPEX BUAOB BOSMYIIIEHHH B HCXOTHOM
mydke: (a3oBbIM, AMIUIUTYOHBIH ¥ aMIIIMTYAHO-(A30BBIH  MYJIBTUILIUKATHBHBIE
TayCCOBB INyMBI C Pa3MYHBIM DPAAUYCOM KOPPETALUH. AHAIM3UPyeTcs BIMSHHE
JJUIMNTUYHOCTH ITy4yka. PaccMoTpeHa caMO(OKYCHPOBKa ONTHYECKOTO BUXPS C ABYMS
TOPSIYUMHU TOYKAMHU.

A.A. DERGACHEV, S.A. SHLENOV

Lomonosov Moscow State University

FORMATION AND SELF-FOCUSING OF AN AXIALLY
ASYMMETRIC OPTICAL VORTEX IN A NOISY BEAM

The statistics of the formation of hot spots in the focal plane of the collecting lens
after the passage of a spiral phase transparency by a Gaussian beam is numerically
investigated. Three types of disturbances in the initial beam are compared: phase,
amplitude and amplitude-phase multiplicative Gaussian noise with different correlation
radius. The influence of the beam ellipticity is analyzed. Self-focusing of an optical
vortex with two hot spots is considered.

JUis  monydeHHs ONTHYECKOIO BHXpS M3 TrayccoBa IIydka MOXHO
HCIIONIB30BaTh CIUPAIbHYIO (a30BYIO INIACTHHKY (TpaHcmapasrt) [1, 2]. Iocne
MPOXO0XKJCHHUS I'ayCCOBBIM ITYYKOM TaKOH IUIACTUHKH B (POKAILHOM INIOCKOCTH
cobuparomieii JMH3B  (QOpMHUpYETCS ONTHYECKMH BHXPh C  KOJBLEBBIM
npoduneM WHTEHCHMBHOCTH M (a3oBoi Auciokamueld Ha ocu. [Ipu Hammamm
BO3MYIICHHH B mpomeameM (a3oByl0 IUIACTHHKY ITydke aKcHaJbHas
CUMMETpHsA HapyllaeTcs, © TOTJa Ha KOJBIEBOM pacIpelesicHHH
MHTEHCUBHOCTH BO3HHMKAET HECKOJIBKO TOPSYMX TOYEK, B KOTOPBIX IPH
JlaJbHEUIIEM pPACIPOCTPAHEHUH B HEJIMHEHHOUN cpefe BO3MOXHO pa3BUTHE
MHOXecTBeHHOH (umamenTtarmu [3]. Ilpu sTrom nuHamMuka GoOpMHPOBaHUS U
pacnpocTpaHeHust  (UIAMEHTOB CYIIECTBEHHO 3aBHCUT OT  (Pa3oBbIX
COOTHOIIEHHH Mexay HuMH [4 - 6]. To, kak MUMEHHO OYAyT paclpenesIeHbI
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rops4re TOYKN Ha Mpoduie akCHaabHO-HECHMMETPHUIHOTO BUXPS, 3aBUCHUT Kak
0T (a30BBIX BO3MYILIEHH, BHOCUMBIX TPAHCIIAPAHTOM, TaK M OT aMIUTUTYHO-
(ha30BBIX BO3MYIIEHHH B I'ayCCOBOM ITy4Ke.

MeTooM CTAaTUCTUYECKMX UCHBITAaHUII HAaMM IOKa3aHO, 4YTO TIpU
OTHOCHUTEJIFHO HEOOJIBIION JUcCIepcHH (QIYKTyalMid IMOpsAKa HECKOJIbKHX
MPOLICHTOB Ha KOJbBIEBOM IPOQMIE ONTHYECKOTO BUXPS C HauOOJbIICH
BEPOSITHOCTBIO 00pa3yloTcsi JABE TropsurMe TOYKH. B ciyyae aMIuTUTyIHO-
(hazoBoro mryma ¢ pagumycoM koppersun 0.6 OT Tnamerpa rayccoBa IIydka J1Be
TPETH peanu3aliii ONTHIECKOTO BUXPS COAEPKAT POBHO JIBE TOPAYIHNE TOUKH B
MONIEPEYHOM CEUYCHHUH ITydka. s (a30BOTo mIyma 4MCIO TaKHX peasld3amnit
mocturaet 80 % u A aMIDIHTYyIHOTO - HeMHOTEM Oonee 50 %. [Ipu sToMm B
Ooslee  TOJIOBMHE pealu3aldii STH TOpAYME TOYKH  PACIOIararoTcs
JUaMETPaIbHO MPOTHUBOMOJOXKHO 110 OTHOUICHHIO K oOmactu  (a3oBoit
JIICIIOKALINH.

[Ipu pacnpocTpaHeHHH B HEJIWHEWHOH Cpesie 3TO MPENITCTBYeT OOMEeHY
SHEeprueil Mexay TropSsYMMH TOYKaMH U TPHUBOAUT K HE3aBUCHMOMY
dbopmupoBanuto  ¢unameHToB B Hux [7]. KpuTHueckas MOIIHOCTH
caMO(OKYCHUPOBKH B TaKOM BHUXPEBOM ITyuKe OOJIbIIE, YeM Y My4Ka C TEM XKe
npoduieM MHTEHCHBHOCTH, HO IUIOCKOH (ha3oif, XOTS M IPUMEPHO B JiBa pas3a
MCHBIIE OIEHKHM KPUTHYCCKOH MOIIHOCTH AaKCHAJIbHO-CHMMETPUYHOTO
ontuaeckoro BuxpA [8, 9]. Ilpum 3TOM mpOCTpaHCTBEHHBIH TpaaneHT (as3bl B
BUXPEBOM IIydKE€ TIPHBOAWUT K YIJIOBOMY CMEIICHHIO (POPMHUPYIOIINXCS
(mIaMEHTOB OTHOCHTENIbHO MAaKCHMYMOB TOPSYMX TOYEK, BBI3BABIIMX HX
oOpasoBaHme.

B osmmunTHueckoM mydke 0O07acTH  MOBBIIIEHHOW WHTEHCHBHOCTH B
MOTIEPEYHOM CEYEHHH ONTHYECKOTO BHXPS PacIOiararoTcs MPEeuMyIIeCTBEHHO
BJI0JIb 00JIee KOPOTKOI OCH.

Cnucok numepamypol
. Kotlyar V.V, Kovalev A.A,, et al. // J. of Optical Technology. 2007. V. 74. P. 686.
. Skidanov R.V. Ganshevskaya S.V. // Computer Optics. 2015. V. 39. P. 674.
. Inenos C.A., Bacunses E.B. u np. // KOT®. 2021. T. 159. C. 400.
. Kanmnnos B.IL., Kocapesa O.I. u np. // KBanToBas anexkrponuka. 2005. T. 35. C. 59.
Xi T.-T., Lu X., et al. / Phys. Rev. Lett. 2006. V. 96. P. 025003.
. deprauyeB A.A., Kagan B.H. u np. // KBanToBas snekrponuka. 2012. T. 42 (2). C. 125.
. llInenos C.A., Komnaner B.O. u np. // KBantosas snextponunka. 2022, T. 52 (4). C. 322.
. Kruglov V.1, Logvin Yu.A., et. al. // J. of Modern Optics. 1992. V. 39. P. 2277.
. Vuong L.T., Grow T.D., et. al. / Phys. Rev. Lett. 2006. V. 96. P. 133901.
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! Vnusepcumem Bopoo, Opanyust
’Komnanus Lytid, ITapuorc, @panyus

BOCCTAHOBJIEHUE ®A3bI TEPAI'EPLIOBOI'O BOJIHOBOI'O
®POHTA METOJOM SBMIR C IPUMEHEHUEM
TEXHUKHA SKCTPAIIOJIAIIMU JAHHBIX B OBJIACTAX
MEPESKCIIO3UILIUU PACITPEJAEJIEHVUII MTHTEHCUBHOCTHU

TIpenyoxen MeToa BoCcCTaHOBJICHUS (as3bl M3 HHTCHCUBHOCTH HA OCHOBE aJITOPUTMA
SBMIR, wucronp3yomuil TEXHUKY OSKCTPANOSUN JaHHBIX JJIi BOCCTAHOBJICHHS
HHQOPMALIMU O PACHpENeNICHUH NI B O0NACTAX MEPEIKCIIO3ULIUN HHTEHCHBHOCTEH H
(hopMHpOBaHKS KOPPEKTHOTO NPUOMMKEHHS OOBEKTHOH BOJHBI NPH HCHONB30BAHUHU
JIETEKTOPa, OTPAaHMYCHHOTO TI0 BEPXHEMY IOPOTY YYBCTBHTEILHOCTH. METO MO3BOIIAET
MpeoaoNneTh (U3NUECKOe OTpPaHHUYCHHE MHOTOIUIOCKOTHOTO BOCCTAaHOBICHHSA (a3bl,
CBSI3aHHOE€ C OTPAHUYCHHBIM JUHAMUYECKUM JIHANa30HOM JIETEKTOpa.

E.G TSIPLAKOVA, N.V. PETROV, J.-B. PERRAUD', A. CHOPARD'~,

J.-P. GUILLET!, O.A. SMOLYANSKAYA, P. MOUNAIX!
ITMO University, Saint-Petersburg
"University of Bordeaux, France
’Lytid SAS, Paris, France

TERAHERTZ PHASE RETRIEVAL BY SBMIR WITH APPLICATION
OF DATA EXTRAPOLATION TECHNIQUE IN THE OVEREXPOSED
AREAS OF INTENSITY DISTRIBUTIONS

We propose phase retrieval method based on SBMIR algorithm and extrapolation
technique to reconstruct information in overexposed areas of intensity distributions; as a
result, a correct approximation of the object wavefield can be performed in case a detector
with limited upper sensitivity threshold was used. Method allows to overcome the physical
limitation of multiplane phase retrieval associated with restricted dynamic range of the
detector.

W3mepenne pacripenesieHust (as3bl 3IEKTPOMArHUTHOTO TOJST UMEET BaXKHYIO
[IPAKTUYECKYIO 3HAYMMOCTD JJIs1 COBDEMEHHOIO MUPA, IIOCKOJIBKY SBJISETCS OIHUM
W3 MHCTPYMEHTOB ONTHYECKOM JIMarHOCTHUKH MaKpo M MHKpooObekToB. Cpemn
TEeXHUK KOJMYCCTBEHHOH (ha30BOM BIByanm3alnM IIHUPOKOE MPHMEHEHHE
MONyYHJIA  METOABI BOCCTAHOBJIEHMS (Da3bl, WCHOIB3YIONIHE HTEPAIIOHHBIC
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AITOPUTMBI  [UI  TIONMy9eHHs TPOCTPAHCTBEHHOTO pacTpeneneHns (a3bl W3
WHTEHCUBHOCTH. B HacTosielt pabote uccnenyercs MpUuMeHEeHHEe OJJHOTO U3 TaKUX
MeronioB B Tl u-nuanasone wactor — anropurtMa SBMIR [1], ucnomnb3yroiiero
MHOTOITJIOCKOCTHYIO PETHUCTPAMIO JaHHBIX. Ha mpakThke MOTYT MPUCYTCTBOBAThH
pasmuusble (husudeckue orpaHudeHuss SBMIR (cBsi3aHHBIC C HETOIXOISIIAM
[IarOM PEerUCTpallii, OrPaHWYEHHBIM I[I0JIeM 3pEHMs JETeKTOpa WM ero
JIMHAMUYECKUM JIMANa30HOM), JUISl MIPEOJOJICHUSI KOTOPhIX aKTMBHO Pa3BUBAIOTCS
ONITUMH3UPOBAHHBIE METO/IHl BOCCTAHOBJICHUS (a3sl [2, 3].

Ienbro paboTHI sBISIETCS pa3padoTKa ayropuTMa Ha ocHoBe SBMIR n TeXxHUKH
SKCTPAITOIISIIIAN, 00JIAIAFOIIETO YIyUIIEHHON CXOAUMOCTBIO TIPH UCTIONb30BAaHUH B
KayecTBe HCXOITHBIX JTAaHHBIX pacrpeneneHuit HMHTEHCUBHOCTH,
3apPErHCTPUPOBAHHBIX TPU IOMOLIM JETEKTOpPa, OrPAHUYEHHOIO IO BEPXHEMY
MOPOTy 4yBCTBUTENBHOCTH. Wzaes Meroma 3akitoyaercsi B HKCTPAOJSLIUHI
pactpenenenuii TTu-moniss B 00nacTy MEpedKCIO3UINH, peaTu3yeMOl B XoJie
utepanoHHoro  mpounecca SBMIR.  Mpel  ucnonb3oBaaM — pacipesiesieHus
MHTCHCUBHOCTH, 3apeTHUCTPUPOBAHHBIE B CXEME Ha OTpakeHHe M3 paloThl [4],
MOJTyYEHHBIE ¢ OTMHOYHOTO CHHXPOHHOTO YCHIIUTENSI (IMHAMHYECKHI TUana3oH —
30 nb). B xauectBe ncrounuka BbicTynan jauon lanna (0.287 TTn, 14 MBT), B
KauecTBe JeTeKTopa — auof ¢ 6apbepoM IllotTku. B pabote [5] mis npeomoneHus
BIMSIHUS ~ TepedKcno3unmu  Ob1 BHeApéH  Meron  HDR-permctparmm,
WCHOJIb3YIOIIUN JIBa CHUHXPOHHBIX YCHWJIUTENSI C KOMIUIEMEHTAPHOW HACTPOMKOM
YYBCTBUTEIPHOCTH (IuHaMudecknii amama3zoH — 50 nb). Ha puc. 1 mokasaHbl
pacripeieneHust oJst, BOCCTaHOBJIEHHbIE U3 JaHHbIX HDR-chéMKH, U nomydyeHHbIe
IpH  TIOMOIIM  QJTOPUTMA AKCTPANOILIIMU. Takum 00pa3oM, MpeIoKeH
anpTepHaTuBHBIN MeToxy HDR-ChbEMKHM MOIX01 K BOCCTAHOBICHUIO TPUOIMKEHHS
(ha3pl, TPEOYIOIINIT MCTIONB30BAHMUS OTHOTO CHHXPOHHOTO YCHITHTEIIS.

Puc. 1. BoccraHoBieHHble aMIIUTyRHbIE (@, 6) U (a3oBble pacnpeneneHus (6, 2): Ipu
oMot SBMIR u3 nanubix HDR-cvémku (a, ) 1 anroputma sxcTpanossiinu (0, 2)

Cnucox rumepamypul
1. Pedrini G, et al. // Optics Letters. 2005. V. 30 (8). P. 833-835.
2. Shevkunov L.A., et al. // Biomedical Optics Express. 2018. V. 9 (11). P. 5511-5523.
3. Zhengzhong H., et al. / Optics Communications. 2021. V. 481. P. 126526.
4. Petrov N.V,, et al. // Optics Letters. 2020. V. 45 (15). P. 4168-4171.
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BEWBJIET-AHAJIN3 CTENNEHU ITPOCTPAHCTBEHHOM
KOT'EPEHTHOCTH JUCIIEPTUPOBAHHBIX
CBETOBBIX ITYUKOB

Mertonamu BelBNET-aHaNN3a UCCleIOBaHA  CHEKI-CTPYKTypa  CTENEHHU
MIPOCTPAHCTBEHHOW KOT'€PEHTHOCTH TUCIEPTUPOBAHHBIX JIA3€PHBIX IOJEH € pa3HOH
MUpUHOH  cmekTpa. [loka3zaHo, YTO  paclpeneneHne KpyNHOMACIITaOHBIX |
MEIKOMACIITa0HBIX 00JacTelf KOTepeHTHOCTH B HANPABIEHHU PACIPOCTPAHEHUS
3aBUCUT OT LIMPUHBI CHEKTpa M MO Mepe e€ yBeNMYCHHs OIS KpyIMHOMAacIITaOHBIX
obnactei Bo3pacraer. [IpoBenéHHBIE pacdyEThl MO3BOJSIT ONTUMHU3HUPOBATH MapaMeTphl
ONITHYECKOH CXeMbI 00paIeH s BOJTHOBOTO ()POHTA HEMOHOXPOMATHIECKOTO H3ITyUeHUS

O.M. VOKHNIK!, P.V. KOROLENKO'?, V.I. MOKHOV'!
!Lomonosov Moscow State University
’Lebedev Physical Institute of the RAS, Moscow

WAVELET ANALYSIS OF SPATIAL COHERENCE DEGREE
OF DISPERSED LIGHT BEAMS

Wavelet analysis is used to study the speckle structure of the degree of spatial
coherence of dispersed laser fields with different spectral widths. It is shown that the
distribution of large-scale and small-scale coherence regions in the direction of
propagation depends on the width of the spectrum, and as it increases, the proportion of
large-scale regions increases. The performed calculations will make it possible to
optimize the parameters of the optical scheme for phase conjugation of
nonmonochromatic radiation.

Jlis TOBBIMICHUS ONTHYECKOTO KauyecTBAa M3IYYEHHS MOIIHBIX JIA3€pHBIX
CHCTEM LIMPOKO MCIONb3yeTcs obpaiieHne BoaHoBoro gponrta (OB®) [1] mpu
KOT€PEHTHOM 4YeTBHIPEXBOJHOBOM B3ammMozelcTeun (UBB) B HenuHeHHBIX
ontryeckux cpenax. Ilockonbky sddexrnBHOocTs UBB OBICTpO cmamaer ¢
YBEJIMYEHUEM IIUPUHBI CIIEKTPAa M3Iy4YeHHs JUIsl €€ IMOBBILIEHUS IPEJIOKEH
METOJ HaKJIOHA CJIOEB KOTEPEHTHOCTH, PEAIU3yEeMbIil BHECEHHEM AUCIEPCUU BO
B3auMozeicTBytomue nydyku [2]. BHeceHuwe aucnepcuu  BIMsSET Ha
MPOCTPAHCTBEHHBIE PACIPEAEICHUS HHTEHCUBHOCTH U CTEIIEHU KOT€PEHTHOCTU
JUCTIEPTUPOBAHHBIX ITy4YKOB. B HacTosuen pabote CTpYKTYypa
KPYIMHOMACIITa0HBIX W MEIKOMAacIITa0HBIX 00macTeil IMpOCTPaHCTBEHHOU
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KOT€PEHTHOCTH IHUCHEPTUPOBAHHBIX ITyYKOB C pa3HOM MIMPHHOW CIEKTpa
U3y4eHbl METOaMU BEeHBIIET-aHAIN3A.
JIByMepHBIe pacnpesielieHHs CTENeHH MPOCTPAHCTBEHHON KOTepeHTHOCTH B

IUIOCKOCTH PacIpOCTPAHEHNUS ITydKa | 14 (x, z)| paccunTaHbl U1 TPEX 3HAUCHUHN

IIMPUHEI crekTpa Aw, paBHeXx 500, 1000 m 1500 cm™!. Onm mpexacraBiseT
co00ii ciydaifHble MPOCTPaHCTBEHHO-HEOAHOPOIHBIC KaPTUHBL, COCTOSIIME M3
CIEKJIOB, BHITSHYTHIX B IPOJOJILHOM HAaIlpaBICHHH z. XapakTepHas JUIMHA U
HAKJIOH CIIEKJIOB OTHOCHTEJIHO OCH z U3MEHSIIOTCS 110 MEpe PaclpOCTpaHeHHs,
Y 9TH U3MEHEHHUS IIPOUCXOJAT TeM OBICTpEE, YeM IIUPE CIIEKTP.

Kaptunsl  BeiiBner-xko3(duimeHToB,  ompeaensoonne  0COOSHHOCTH
CTPYKTYPHBIX U3MEHECHHUI CTENEHU IPOCTPAHCTBEHHON KOI'€PEHTHOCTU BIOJb
KOOpAUHATBI z MOCTPOCHHBLIC JId pre}IHéHHbIX OJHOMEPHBIX 3aBUCUMOCTE

| 14 (x = const, z)| IIpY pa3HOM IIMPUHE CIIEKTPA, JaHbl Ha puc. 1.

[Ipu y3xom crektpe Ao = 500 cm! (puc. 1a) marrepubr k03GGUIMEHTOR B
00J1aCTH MaJbIX 3HAYCHUH @ ~ 5 BHIHBI KaK BOJIM3U UCXOJAHOU IJIOCKOCTH, TaK
1 Ha OONBIIOM ynajeHuu OT He€. B To ke Bpems Mpu IIHUPOKOM CIEKTPE
Aw = 1500 cm™! (puc. 16) obnacTu Tex e MalbIX 3HAYEHUI @ COCPEOTOUEHEI B
OCHOBHOM BOJIU3U UCXOAHOW TTockocTH. OOIIMM CBOMCTBOM MOKa3aHHBIX Ha
puc. 1 KapTuH BeHBICT-KO3()(DUIIMCHTOB SBIACTCS HATUYUE B HHUX JBYX
XapaKTEepHbIX JUAa30HOB M3MEHEHMs MPOAOIbHON KOOpAMHATH z. B mepBom
IUana3oHe BOJNM3M HAYAIBHOW IUIOCKOCTH 3HAYAMYK) pOJIb  UTPArOT
MeJKoMacITaOHbIe TATTEPHBI, BO BTOPOM — KPYITHOMAacIITaOHBIE.

a 6

Puc. 1. Kapruns! BeiiBner-ko3¢gdunmentos npu Ao = 500 cm™! (a) m Aw = 1500 cm7(6)

Cnucox aumepamypui
1. Akinyimika A., Wang Y., Cao C., et al. // Optics Communications. 2022. P. 128610.
2. Omuanos B.1., Coxonosa E.1O. // KBanrtoBas anekrponuka. 1994. T. 21. C. 778-780.
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C.1. CIIMPUAOHOB, A.A. LIEPBAKOB
Yuusepcumem UTMO, Cankm-Ilemepbype

HOBAS ®OPMYJINPOBKA ®YPBE-MOJAJIBHOI'O
METOJA BE3 UCIIOJIb30OBAHUS ®AKTOPU3ALIUN JIN

IIpennoxxena HOBas (GOPMyIHpPOBKA (Qyphe-MOJAIBHOTO METOAA, B KOTOPOI
OTAENBHO YYMUTHIBAIOTCA Pa3pbIBHbIE KOMIIOHEHTHI IIOJIS, YTO MO3BOJSET HCKIIOYUTH
nposiBierne dddekra ['mbOca mpu pacuérax ONMKHErO MOJSA. 3aMHCh TIPAHHYHBIX
YCIOBHH IUISl Pa3pbIBHOM YacTH IOJI INPUBOAWT K YpPaBHEHMIO [UIS 3aladyd Ha
cOOCTBEHHBIE 3HA4YCHUs, B KOTOPOM He TpeOyeTcs oOpamiath MaTpuLbl. Pe3ymbTaThl
METOJ]a XOpOILO COINACyIOTCS € pe3yibTaTaMHM Js  KJACCHYECKOro MOAX0Ja,
OCHOBAaHHOTO Ha mpaBwiax (akropmsanuu JIu, Kak AIsS ITUDIEKTPUUECKUX, TaK U IS
METaUTMYECKUX PeImETOK. Pa3paboTaHHBI METOA MOKET HAiTH CBOE NMpPUMEHEHHE B
3a7a4ax ONTUYECKOTO AETEKTHPOBAHHS M HETMHEHHOH ONTHKY.

S.I. SPIRIDONOV, A.A. SHCHERBAKOV
ITMO University, Saint-Petersburg

THE NEW FORMULATION OF THE FOURIER MODAL
METHOD WITHOUT LI FACTORIZATION

We propose a new formulation of the Fourier-modal method based on a separate
consideration of the discontinuous part of the field, which allows us to overcome the
influence of the Gibbs effect. An explicit consideration of the boundary conditions for
the discontinuous part of the field leads to an equation for the eigenvalue problem,
which can be written in an inversion-free form. The results of the method are in good
agreement with the results for the classical approach based on the Li factorization rules
for both dielectric and metal gratings. Moreover, the developed method makes it
possible to calculate the near field much more accurately and can be used in problems of
sensing and nonlinear optics.

Oyppe-MoganeHBIE  MeTon (PMM) — 3TO OIMPOKO HCHOIB3yEeMBIH
MHCTPYMEHT Ul pacyéra B3aUMOJACHCTBUS 3JIEKTPOMArHUTHOTO M3IIyYEHUS C
NEepHOINYECKUMU CTpyKTypamMu. OH ocHOBaH Ha pasznoxeHnu @Dypre 10
IUTOCKUM BOJIHAM BCEX MEPHOIMYECKUX (YHKIWH M 3aBOEBaJl MOMYJSPHOCTH
Omarogapst 3pGEKTUBHOCTH JJIs IIUPOKOTO Ki1acca 3aaad. DTOT METOJI XOPOIIIO
MOIXOAUT U aHaJN3a MEePHOANYECKUX METAUIMYECKHX M AMINEKTPHYECKUX
CTPYKTYpP, MOJEIHPOBAHUS COJHEYHBIX 3JIEMEHTOB, 3a/a4 HEJIHMHEHHON
OITHKH.
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Becy meron MoxHO pa3buth Ha Tpm dTama [1]. Ha mepBom miare
paccmarpuBaercsi OSCKOHEYHasi IMEepUOANYECKas CTPYKTypa. 3alHChIBAOTCS
ypaBHeHHsT MakcBenna, Bce MO PAacKiIagblBAlOTCS B COOTBETCTBHHM C
Teopemoii bioxa, mocie vero 3amaya paccMaTpuBaeTCs B pypbe-IpOCTPaHCTBE
c y4€ToM TaK Ha3bIBaeMbIX NpaBWi (axkropusauuu JIu Ui paspbIBHBIX
¢yakmmii [1]. DTo mpUBOAMT K 3amaye Ha COOCTBCHHBIC 3HAUCHHS IS
¢ypbe-koMnoHeHT mosied. Ha BropoMm mare paccmarpuBaeTcs TIpaHHLA
CTPYKTYpbl C BHEIIHEH Cpelod W 3alMChIBAETCSl MaTpulia mepeHoca wiu T-
MaTpuia. Ha mocnennem mare no6aBisieTcss BTopasi TpaHUIA U 3aIFCHIBACTCS
MaTpHIIA PACCESTHAUS WIN S-MaTpHIIA.

Opmnako y pasnmoxeHus B psag Dypbe MO IUIOCKIM BOJHAM €CTh
CyIIECTBEHHBIN HeHOCTaTOK — 3dexT ['mbbca, TO ecTh OCHMIUTANNH BOINA3H
TOUYEK Pa3phIBa, BOSHUKAIOUINE MIPH PA3JIOKCHUN Pa3pBIBHBIX (yHKOui. M3-3a
3TOTr0 HEBO3MOKHO TOYHO PACCUUTHIBATH OJIMKHEE ITOJIE.

B oaroit pabote mnpemnoxena HoBas ¢opmynupoBka DOMM, kotopas
M03BOJISIET 3HAYUTENIFHO YMEHBIIUTh BiusiHue d(dekra ['mo6ca. [lone BHYTpH
CTPYKTYpPbI pacKJIafbIBaeTCA Ha HENPEPHIBHYIO U Pa3pbIBHYI0 KOMIIOHEHTHI.
Jis  pa3peIBHOW YacTH TpaHUYHBIC YCIIOBHUS 3allUCBIBAIOTCS  OTHENBHO,
HeTpephIBHAs KOMIIOHEHTa PAacKIagbIBaeTCs MO IJIOCKUM BOJIHAM COTJIACHO
knaccuueckoMy  OMM.  Vué€r rpaHMYHBIX ~ YCIOBHMM  NPUBOAMT K
JIOTIOTHUTEIBHBIM ClIaTaeéMBIM B MATPHYHBIX YPaBHEHUSIX. DTO TPHBOIHUT K
HOBOH (OpMYNHPOBKE 3alayd Ha COOCTBCHHBIC 3HAYCHHSA, B KOTOPOH, B
OTIIMYHE OT KIACCHYECKOro IIOAXO0Ja, He TpedyeTcs oOpamaTh MAaTpUIIBL.
JanpHeimre mary aHatornaHel 00praHOMY MM, 32 UCKITFOUYEHHEM TOTO, YTO
BO BCEX YpaBHEHUSAX [UIi ONIDKHEro MO HEO0OXOAMMO YYMTHIBATh
JIOTIONTHUTEIBHOE caraeMoe OT yuéTa pa3pbIBHOM YacTH OIS,

Pe3ynbraTel 4MCIEHHOTO MCCIENOBAaHUS IS IPOCTOTO OJHOMEPHOTO
cily4asi OKa3bIBalOT, YTO HOBasi JOPMYIIMPOBKA COXpaHMIIA BCE MPEHUMYIIECTBA
cTaniapTHoro noaxoja [1, 2], Ho pu 3TOM He TpeOyeT oOpalleHns] MaTPHIL B
3aaye Ha COOCTBEHHBIE 3HAYEHHWS M TI03BOJIAET 3HAYUTEIHHO TOYHEE
paccuuThIBaTh ONIKHEE TI0JIE BHYTPH CTPYKTYPHI, IpeoaoieB dgdekr 'udoca.
IMoxxon mIaHWpyeTCs pacIMpUTh Ha CIOy4daid JBYMEpHBIX 3amad. Hosas
(hopMyTHpOBKa MOXKET HAWTH NMPHUMEHEHHUE B 3a/1a4aX CEHCHUHTa M HEIMHEHHON
OIITHKH.

Cnucoxk numepamypbt:
1.LiL.// JOSA A. 1996. V. 13. No. 9. P. 1870-1876.
2. Weismann M., Gallagher D.F.G., Panoiu N.C. // Journal of Optics. 2015. V. 17. No. 12.
P. 125612.
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M.I'. UHKWH, A.B. CKPUITIAJIb, C.}O. JOBJJH

Hayuonanvuwiii uccnedosamenvckuti Capamogckuil 20cy0apCmeeH blll YHugepcumen
um. HI". Yepuviuwescrkoeo

METO/ U3MEPEHMUSI PACCTOSIHUS 1O CIIEKTPY
YACTOTHO-MO1YJIUPOBAHHOI'O JIABEPHOT'O
ABTOJUHA

IIpemnoxkeH MeTOA  H3MEpPEeHHs  aOCOMIOTHOTO  PACCTOSHHSA MO  CIEKTPY
UHTEP(EPEHIMOHHOTO CUTHAJIA  YaCTOTHO-MOAYJIMPOBAHHOTO  JIA3€PHOTO  JIMOJA.
IIpencraBnen pe3yabTar ampoOai METOAa Ha SKCTIEPUMEHTAIBHBIX U3MEPEHHUSX.

M.G. INKIN, A.V. SKRIPAL, S.Yu. DOBDIN

Saratov State University (National Research University)

METHOD FOR MEASURING DISTANCE ACCORDING
TO THE SPECTRUM OF FREQUENCY MODULATED
LASER AUTODYNE

A method is proposed for measuring the absolute distance from the spectrum of the
interference signal of a frequency-modulated laser diode. The result of approbation of
the method on experimental measurements is presented.

Omnpenenenne aOCONIOTHOTO PACCTOSIHMSL TPM  TOMOIIM  YaCTOTHOM
MOJYJISIIUM JJIMHBI BOJHBI JIA3€PHOTO M3JIY4YEeHHs B IIOCIEIHEE BpeMs
MONYYHMIIO 3HAaYWTeNbHOE pa3BuTHe [1]. B paHHEX paboTax MHOTrpENIHOCTH
M3MEpEeHNs IMela 3HAUNTeIbHY0 BeanduHy. OIHaKo, C COBEpPIICHCTBOBAHHEM
TEXHOJIOTHM M3TOTOBJIECHUS Ja3epHBIX JMOJIOB, TIOSBHJIACH BO3MOXHOCTb
OCYILIECTBJIATh MOIYJIAIMIO TOKa THTaHHSA Jlazepa ¢ OOJbIICH aMIUIMTYIOH
[2,3]. Ilpm 53TOoM TOYHOCTH M3MEPEHHS BO3PACTAET IPONOPLHOHAIBEHO
YBEJIMYEHHUIO aMIIUTY bl IEBHALIMH JUTUHBI BOJIHBI JIa3ePHOTO aBToANHA [4, 5].

B nanno#t pabote mpeiokeH METOA U3MEpPEHHs a0COTIOTHOTO PACCTOSHUS
C MOMOINBI0 YacCTOTHOM MOJYJSLMU TOKa IUTAHUS JA3€pHOrO AaBTOJUHA,
OCHOBAHHBIN Ha alPOKCUMAalUH CHaja CIEeKTpa CUTHAA.

Monenp uHTEp(EPEeHIMOHHOTO CUTHaja, IOKa3blBaeT, YTO H3MepseMoe
paccTosIHUE MOXHO ONpPEJENUTh Yepe3 JJIMHY BOJHBI JIa3epHOT0 M3IIy4eHUs U
e€ IeBHALUIO, a TaKXKe 4epe3 YacTOTY Vi, COOTBETCTBYIOLIYI0 MAaKCHMaJIbHOM
4acTOTe U3MEHEHHSI HHTEPEPEHIIMOHHOTO CUTHAIA.

OmnpeneneHne 4YacTOTHl V, OCYIIECTBISCTCS MPH IIOMOIIM TOCTPOEHUS
orubaromiei cmajga ChekTpa aBTOJWHHOTO CHUrHama. Vcxoms w3 CBOWUCTB
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npeobpa3oBanns DPypbe A OrpaHWYEHHBIX MOPOTOM (DYHKIIMH, 4acToTa Vi
OyzeT ompenernsTcsl Kak To4YKa neperruba orudaroleil craja crekrpa CUrHana.

Orubaromas craja creKkTpa aBTOAMHHOIO CUIHaja MOJIy4eHa MPHU MOMOIIU
anmnpoKCUMAaIlM TapMOHMK CIIEKTPa, YacTOThl KOTOPBIX KpaTHBI YacToTe
JICBHALIMU TOKAa MUTAHMA JIJa3epHOTo Iuoja. ANNPOKCUMAIIHS OCYIIECTBIsIach
JIMHEHHBIM TIOJIMHOMOM IISITOM crereHu. Todka meperuba onperessiachk Kak
MUHHMMYM II€PBOI MPOU3BOAHON orubarolieil crasa cekTpa CUTHama.

V3mepennss NpOBONWINCE HAa YCTAaHOBKE, B COCTAB KOTOPOH BXOIMI
TIOJTYTIPOBOJHUKOBEINA Ja3epHBIHt Moxyns HLDP 650a Ha KBaHTOBOpa3MEpHBIX
CTPYKTYpax ¢ TUPPaKINOHHO-OTPAHWYCHHOW OIWHOYHOH IPOCTPaHCTBEHHOU
MOJIOH, paboTaromuil B aBTOJMHHOM pEKHME. PerncTpupyemslii CUTHAI U €ro
CIEKTp MPE/CTaBICHBI Ha puC. 1.

Puc. 1. i3mMepeHHBII aBTOJMHHBIN CUTHAI (@) U ero crekTp (6)

PaccunranHoe mO CHEKTpy aBTOJMHHOIO CHTHajla JIA3€pHOTO AHOJA
(puc. 16) 3HaueHwWe paccTosHHUS cocTaBwio 51,5 MMm. B pesymprare cepum
M3MepeHnil abCOoNMIOTHOTO PACCTOSIHUS MOJIyYeH pa3dpoc, 3HaYEHHE KOTOPOTO
COCTaBHIIO 75 MKM.

Paborta BeimosiHeHa mnpu (UHAHCOBON momnepxkke DoHmAa COACHCTBHUS
nHHOBAIAM (1poekT Ne 171TCCC15-L/78935).

Cnucox rumepamypbi

1. Donati S. / Proceedings of SPIE. 2016. V. 10150. P. 1015011

2. Cxpumnans A.B., Jlo6muu C.1O., [xadapos A.B., Camunxosa K.A., ®exnucros B.b. //
M3Bectus CapatoBckoro yHuBepcutera. HoBas cepusi. Cepusi: @uzuka. 2020. T. 20 (2). C. 84.

3. Ycanos [.A, Ckpunans A.B., [Hoomuu C.1O., xadapos A.B., Coxonenko U.C. //
Kommnetotepnas onruka. 2019. T. 43 (5). C. 797.

4. Hockos B.4., Cmonsckuii C.M. //Pagnorexuuka. 2013. T. 8. C. 91.

5. Wang H.,Ruan Y., Yu Y., Guo Q., Xi J., Tong J.// IEEE Access. 2020. V. 8. P. 123253.
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A.O.TEOPT'HEBA, A.C. E3EPCKI/II7L A.B. YEPHBIX, H.B. IIETPOB
Yuueepcumem UTMO, Cankm-Ilemep6ype

YUCJIEHHOE CMEIIEHHUE IIJIOCKOCTH
®OPMUPOBAHUSI LIEJIEBOI'O BOTHOBOI'O ®POHTA
B CXEME HE3ABUCHUMOMN AMILIUTYJHO-®A30BOI

MOIYJISILIAU

IIpuBeneHs! pe3ynbTaTsl SKCIICPHMEHTOB II0 YHCICHHOMY CMEIIEHHIO IUIOCKOCTH
(hOpMHpOBaHUS IIEJIEBOTO BOJHOBOTO ()POHTa B CXEME HE3aBHCHMOI aMILIUTYIHO-
($a3oBOM MOIYIAMM TOCPEICTBOM LHU(PPOBOIO MHKPO3EPKAJIBHOTO  YCTPOMCTBA.
Perncrparms aMInUTYIHBIX U (pa30BBIX pacHpeleleHHH NPOM3BOJWIACH C ITOMOIIBIO
ronorpaduueckoii cucTeMbl C TpuUMeHeHHeM d>ddekra TreoMeTpuueckoil  Qasbl.
OrmnpeneneHbl U3MCHEHHUs IOKa3aTeNeil KauyecTBa BOJHOBOTO ()POHTA IIPU HYHCICHHOM
CMELICHUH IUIOCKOCTH (POPMUPOBAHUS LIEIEBOTO BOIHOBOTO (poHTA HA 1 CM.

A.O. GEORGIEVA, A.S. ESERSKIIL A.V. CHERNYKH,

N.V. PETROV
ITMO University, Saint-Petersburg

NUMERICAL DISPLACEMENT OF TARGET WAVEFRONT
FORMATION PLANE IN INDEPENDENT AMPLITUDE-PHASE
MODULATION SETUP

The paper presents the results of experiments on the numerical displacement of the
target wavefront formation plane in independent amplitude-phase modulation scheme
with digital micromirror devide. Amplitude and phase distributions were recorded using
a holographic system using the geometric phase effect. The changes in the quality
indicators of the wavefront at a numerical displacement of the target wavefront
formation plane by 1 cm have been determined.

TexXHOIOTHN HE3aBHCHMOW aMIDIHTYIHO-(Da30BOW MOIYISIUN BOJHOBOTO
(hpoHTa B BBIXOAHOHM IIOCKOCTH OINTHYECKHX CHCTEM C MPOCTPAHCTBEHHOU
¢dunbTpanuei 3G (GeKTUBHBI P PENICHUH MHUPOKOro Kpyra 3amad. B maHHOU
paboTe TPEACTaBICHBI PE3YNIbTaThl AKCICPUMCHTAIBHOTO  HCCIICHOBAHHS
YHCJICHHOTO CMEIICHHS IUIOCKOCTH (HDOPMHUPOBAHUS IICJICBOIO BOJHOBOTO
(dbporTa. DTO mMOApazyMeBaeT TEHEPAIMIO BOJHOBOTO ()POHTA C TOMOIIBIO
aHaiW3a Pe3yJAbTHPYIOIIETO TOJS B BBIXOAHOW TIOCKOCTH 4f-cHCTEMBI W
pemieHHs  TUQPPAKIUOHHBIX YPAaBHEHHWH, OIMHUCHIBAIOIINX PAaCIPOCTPAHCHHE
BOJIHOBOTO ()POHTA 3a MPEeIibl IIOCKOCTH BBIXOJHOM TUIOCKOCTH 4f-CHCTEeMBI
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(TP) [1]. DxcnepuMeHTaNbHasl YCTAaHOBKA MPEICTABIsIa COOON ONTHYECKYIO
CHCTEMY C TIPOCTPAHCTBEHHOW (MIIbTpaluell MepBOro AUPPaKIHOHHOTO
nopsiika B oOmied miockoctn 4f-cucTeMbl € HCIOJIB30BaHHEM LU(PPOBOTO
MUKpo3epkaibHoro ycrpoiictBa (DMD) Texas Instrument Light Crafter
DLP6500FYE (puc. 1). [lyns reHepanyy OMHApHBIX MAaTTEPHOB HCIIOIb30BAJICS
METoJl KOoMIbloTepHOH rojorpaduu Jlu. Jlns  peructpaumu  ¢a3oBbIX
pacnpeniesnieHuii OblIa UCIOIb30BaHa rojorpaduyeckas cUCTeMa OOILIEro MyTH
¢ mpuMeHeHHeM JHH3BI C d3(dexrom rTeomerpudeckoir (azer (GPL) wm
MOJIIPU3AIMOHHON Kamephl [2].

UncneHHO W SKCHEPUMEHTAIBHO IIO0KA3aHO CMEHIEHHE IUIOCKOCTH
(hopMupOBaHUs BOTHOBOTO (PPOHTA LEJIEBOTO BOJHOBOTO (hpoHTA HA 1 CM mpH
UCIIONb30BAaHUN HE3aBHCUMOHN aAMIUTUTYIHO-(a30BOH MOMYISAIMHA IH(POBBIM
MHKpO3epKaibHbIM ycTpoiicTBoM [3]. Tloka3zaHo, 4To yBenu4YeHHE YPOBHEH
KBAaHTOBaHHSI CONPOBOXKIACTCS HEOONBIINM YXYAILICHHEM HPOCTPAHCTBEHHOTO
paspelicHuss  (Ga3oBoro pacmpepenacHus (puc. 2). PesyabraThl  TaHHOTO
UCCJIEZIOBAHUSI MOTYT OBITh BOCTpEOOBaHBI B INPHJIOKEHUSIX, Tre Tpedyercs
ObICTPOE  YHCIIEHHOE CMEIICHHE IUIOCKOCTH (OPMHUPOBaHHS  IIE€JIEBOIO
BOJHOBOTO (poHTa B cHcTeMax Busyanuzanua ¢ DMD, Hampumep,
(hokycHupoBKa yepe3 paccerBaloIUe CPe/ibl MM KOPPEKIMs abeppanuii.

Pabora BemmomHeHa mpu mopnepikke rpaHta I[lpesmmenrta (rpant Ne MD-

6101.2021.1.2).
— A Lad
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.
— - )
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Puc. 2. da30Bble pacnpeneneHus:
Puc. 1. Cxema 3KCIIEpUMEHTAJIBHON YCTaHOBKH nenessie (a, 2), 8 TP (6, 0),
B TP’ (s, €)
Cnucok 1umepamypul

1. Zhu Z., Shi Z. // Applied Physics Letters. 2016. V. 109. P. 91104.
2. Chernykh A.V., et al. // Proceedings SPIE. 2021. V. 11898. P. 113-120.
3. Georgieva A.O., et al. / Atmospheric and Oceanic Optics. 2022. V. 35. P. 258-265.
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0.B. MUHUHA'?, 10.3. TEMHIT', A.A. 3EMJISIHOB!

! Unemumym onmuxu ammocgepot um. B.E. 3yeea CO PAH, Tomck
2Hayuonanehwui ucciedosamenvckuti ToMcKuti 20Cy0apcmeenblii yHueepcumen

YHPABJIEHUE PACIIPOCTPAHEHUEM MOIIHBIX
DPAZOMOAYJINPOBAHHBIX ®PEMTOCEKYH/IHBIX
JIASEPHBIX UMITYJIBCOB B BO31YXE

Ha ocHoBe umncCieHHOro penieHuss YCpPeOIHEHHOTO M0 BpPEMEHM HENMHEHHOIro
ypaBHeHust IllpenuHrepa paccMOTpeHO pacmpocTpaHeHHe —(Ha3oMOIYIMPOBAHHBIX
MOIIHBIX (DEMTOCEKYHIHBIX JIa3ePHBIX HMITyIbCOB B BO3AyXe. MozmenupoBaHue
MPOBOAMIOCH st (Pa30BBIX MAcOK, COCTOAMUX U3 9, 6 U 4 3JIEMEHTOB, IS Pa3IMIHBIX
3HAQYeHUH cKauyka (asbl BONHBI MEXJY COCEIHHMH OJIEMEHTaMH M IapaMeTpoB
m3nydenus. [lokasaHo, 4to ¢umaMeHTanus MOIIHBIX ()EMTOCEKYHIHBIX JIa3ePHBIX
UMITYJTBCOB JUII MACOK C MEHBINMM YHCIOM 3JIEMEHTOB IPOHUCXOAWUT Ha OobIIeM
paccTosiHUM OT WCTOYHMKA m3inydeHus. st GopmupyeMbix nocTduiaMeHTalMOHHBIX
CBETOBBIX KaHAJIOB XapaKTEPHBI 00JIee BEICOKUE 3HAYCHHSI HHTEHCUBHOCTH.

O.V. MININA'?, Yu.E. GEINTS!, A.A. ZEMLYANOV!
'V.E. Zuev Institute of Atmospheric Optics of the SB RAS, Tomsk
’National Research Tomsk State University

CONTROL OVER THE PROPAGATION OF HIGH-POWER
PHASE-MODULATED FEMTOSECOND LASER PULSES IN AIR

The propagation of high-power phase-modulated femtosecond laser pulses in air is
considered based on the numerical solution of the time-averaged nonlinear Schrodinger
equation. The simulation is carried out for phase masks consisting of 9, 6 and
4 elements, for different values of the phase jump between adjacent mask elements and
parameters of laser radiation. It is shown that the filamentation of high-power
femtosecond laser pulses for masks with a smaller number of elements occurs at a
greater distance from the radiation source. The formed postfilamentation light channels
are characterized by higher intensity values.

VrpaBieHue XapaKTepUCTHKaMH OOJIACTH MHOXECTBEHHOU (hrilaMeHTaluu
n nocrduramenrainonHbx kaHanoB (IIMK) Ha npoTsHKEHHBIX aTMOCQEPHBIX
Tpaccax SBISIETCSl OJHOM M3  aKTyaJbHBIX 3a1ad  (eMTOCEKYH/IHOH
arMoc¢epHoOi onTHkH. B pamkax e€ permreHus B JaHHOW paboTe Ha OCHOBE
YHCJIEHHOTO PEIICHUsI YCPEAHEHHOTO MO0 BPEMEHU HEJIMHEHHOTO ypaBHEHUS
HIpenmarepa [1] paccMoTpeHO — pacmpocTpaHeHHEe  (PEMTOCEKYHIHOTO
JIa3epHOT0 M3JIY4EHHs B YCIOBUSIX JOMOJHHUTENLHONH MOAYJISIIMK (a3bl 3a CYET
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WCTIONB30BaHUS (a30BBIX MACOK ¢ pasMepHOCTIMHU 3 x 3, 3 x2 u 2 x 2. s
ynmoOCcTBa Mackd MPOHYMepoBaHBl JIaTUHCKUMH 1mudpamu I-—1II B
COOTBETCTBHH C TMOPSAKOM clieoBaHus Ha puc. la. IlompoOHoe ommcaHme
MOPUHIUIOB 3a/JlaHisl MAacOK MpPU YKCICHHOM MOJICIMPOBAHHM, a TaKKe
OCHOBHBIE COOTHOIICHHUS MPeICTaBICHbI B [2].

a I o

IN} —_ ——— macka |
. — = macka Il

U + +  macka Il

IuKoBasi HHTEHCHBHOCTD

Paccrosinue z, M

Puc. 1. ®a3oBble MacKky, UCHOIb3YEMbIE B UUCICHHOM MOJICIUPOBAHUM C PA3HOCTHIO
(a3 MexTy COCETHUMU deMeHTaMu AQ = -1 (@), 3aBUCHMOCTh MaKCUMAJIEHOI
HMHTEHCUBHOCTH BJIOJIb TPACCHI IIPU PaCPOCTPAHEHUH JIa3epHOTO UMITYNIbCa
OTHOCHTEJIbHOI MTUKOBOM MOIIHOCTBIO 1 = 5 JUIA IMy4uKa paguycoM Ro = 1 MMm;
JUTHHA BOJHEI Ao = 800 HM, JUTUTEIFHOCTH HUMITyNIECa #p = 50 dc (6)

Paznenenne yHNMOJaNbHOTO JIa3€pHOTO ITyYKa HA OTIEIbHBIE CETMEHTHI 3a
cuér wucronb30BaHMS (Pa3oBOH MacKM MO3BOJSIET YMEHBIIUTH BIHSHHE
MenKkoMacTabHOW caMO(OKYCHPOBKH, a TaKKe KOHTPOJIMPOBATh HapamMeTphl
obnmactu ¢unamenramuu u [IOK. Do moareepxknaer puc.l16, mMocTpoeHHBIN
JUIS MacOK C Pa3IMYHBIM YHCJIOM 3JIEMEHTOB. Tak ¢ yMEHbIICHHEM KOIUYeCTBa
AJIEMEHTOB MAaCKU KOOpJIMHATa Hayayia (UIIaMEHTALMH CABUrAeTCsl OT Havaja
TpPacchl, 4YTO BBHI3BAHO YBEIWYCHHEM pa3MEpOB OTIACIBHBIX CYyOITydKOB,
(opMHUpyeMBIX TIOCIE TPOXOXKAEHHS Macok. JImd Macok C MEHBIINM
KOJIMYECTBOM 3JIEMEHTOB Takke (OpMHUPYIOTCS Oojee BBHICOKOMHTEHCHBHBIE
M@K (nynkrupHas kpusas Ha puc.16) co snauenusmu > 0.1 TB1/cm?.

HccnenoBannsi cMMMETPUYHBIX (DAa30BBIX MAacoOK BBINIOJHEHBI B paMKax
rpaaTa PH® (mpoekt Ne 21-12-00109), HECHMMETPUYHBIX — TOCYIAPCTBEHHOTO
3aganus HOA CO PAH.

Cnucok aumepamypul
1. Berge L., Skupin S., Lederer F., et al. // Phys. Rev. Lett. 2004. V. 92. P. 225002.
2. Geints Yu.E., Minina O.V., Zemlyanov A.A. // JOSA B. 2022. V. 39. Iss. 6. P. 1549.
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B.A. HEBABCKUM, P.C. CTAPUKOB, JI.A. TPEThSIKOB

Hayuonanvhvlii uccneoosamenvckuii soepuviil ynueepcumem « MUDHUy

HUPPOBASA IPENOBPABOTKA B IMHEAPU3ALIUU
AHAJIOI'OBBIX OIITUYECKHX CBY-TPAKTOB

OO6Cy»KIaroTcst BO3MOXKHOCTH METO/IOB L()POBOIi TMHEapU3aLuK ¢ mpexoopaboTKoi
PaaAMOYaCTOTHOTO CHUTHAJA Mepes MoAadell Ha ONTHYECKHX TPAKT, a TAKXKE BO3MOXKHBIC
XapaKTePUCTHKHU 33/1a4, B KOTOPBIX OHU MOTYT OBITH MCIIOJIB30BAHBbI.

V.A. NEBAVSKIY, R.S. STARIKOV, D.A. TRETYAKOV
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

DIGITAL PRE-DISTORTION TECHNIQUES
FOR LINEARIZATION MICROWAVE PHOTONIC LINKS

The possibilities of digital linearization methods with pre-processing of the radio
frequency signal of the optical link are discussed, as well as the possible characteristics
of the systems in which they can be used.

CerogHst TpPyOHO OLEHUTh BeCh /AMANa3oH NPUMEHEHHUS ONTHYECKUX
CBY-tpakToB. Ho B 1eoM 3amauu, A7l KOTOPBIX HMCHOJIB3YIOTCS ONTHYECKHE
CBY-TpakThl ¢ HECYIIUMH Ha JauHAX BOJIH 1,3 wim 1,5 MKM, MOXKHO pa3OUTh
Ha panuonokanuonHsle, BOJIC u nponeccopHbie. B cBoo ouepenb 0CHOBHbIE
rpynnsl METOAOB IO ONTHMHU3ALMK JIMHEHHOTO JUHAMMYECKOTO JHuara3oHa
(mHEapu3aIy) MOXKHO pa30UTh, Kak Moka3aHo Ha puc. 1 [1].

| Aneceac |
JCYRY)
1Upqusa
ApeAEiruly
.| HrHImL e toni
1 ST oaicaniaal

=3

3

(¥ ST

AN -

Puc. 1. OcHOBHBIE IPyIIIBI HOAXOAO0B K JINHEAPU3ALUH
aHasoroBbIx ontuyeckux CBY-TpakToB
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B 1abn. 1 [2] mpencTaBieHO CpaBHEHHE METOJOB JIMHEAPU3AIIUHL.

Tabmuua 1. CpaBHEeHHE METOIOB JIMHEAPU3ALIH

IMapameTpsl MeToasb! IHHeaApU3aALUU
CHCTEMBI

Onrnueckune AHaJI0rOBbBIC Hudpossie
Pabouas monoca Caepxuupoxas IMupoxas V3kas
Henunelinoctu ITopasiser 06a IlonmaBnser MokeT oIaBIITh
2-ro U 3-10 MopsiIKa rnopsiaka TOJIBKO 3-ui oba mopsiyika

MOPSIOK («CTIOXKHOY)

[Torepu CunbHble Bapsupyemsie Huskue
CI10)KHOCTD CpenHsis Huzkas Bricokas
TpaKTa
Ilena CpenHsis Huskas Bricokas
[IponsBoaUTEILHOCTD Xopouas Hopmanbhas Jlyumas
(Ha TeKyLIUH MOMEHT)

W3 Ttabn. 1| BuAHO, YTO HA TEKyIIMH MOMEHT B 3ajadax JIMHEapu3aIlluu
BOJIC npeumytiecTBo otaaercs mudpoBbiM MeTomoM. OmHAKO MOKa3aHO, YTO
HI/I(i)pOBI)Ie METOJIbI MOKHO HCIOJB30BaThb W I HCKOTOPBLIX 3aga4 C
MTHOBEHHO monocoii B necatku [T [3].

Cnucok aumepamypul

1. He6aBckwmii B.A., Crapukos P.C., Yepémxun [1.A. MeTonsl JMHEapu3alMd aHaJIOTOBBIX
OIITHYECKUX TPAKTOB // YCIIeXn coBpeMeHHOM pamuoanektpoHuky. 2021. T. 75. Ne 12. C. 42-62.

2. Singh S., Arya S.K., Singla S. A study & review of various optical linearization techniques
for next generation RoF networks // Proc. IEEE Int. Conf. Signal Process. Control. 2019. V. 2019.
P. 125-133.

3. Napoli A., Mezghanni M.M., Calabro S., Palmer R., Saathoff G, Spinnler B. Digital
predistortion techniques for finite extinction ratio IQ Mach—Zehnder modulators // Journal of
Lightwave Technology. 2017. V. 35. No. 19. P. 4289-4296.
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®.M.TOHYAPOB, B.E. I[IEPBYIINH, b.A. HACEJIKWH
Yuueepcumem UTMO, Cankm-Ilemep6ype

OIITUMM3AIMA YACTOTbBI ITIOCBIVIKA OITIOPHBIX
HUMITYJIbCOB IJIs1 KBAHTOBOI'O PACIIPEJIEJIEHUS
KJ/IFOYA HA HEITPEPBIBHBIX ITEPEMEHHBIX

HccnenoBano BiMsSHUE COOTHOLICHUS CHUTHAIBHBIX M OIOPHBIX MMITYJIBCOB Ha
CKOPOCTh TE€HEpaIlUi CEKPETHOTO KIII04Ya B CHCTEME KBAHTOBOTO pacHpeeleHHs KIoua
Ha HETpPEpHIBHBIX NEepPeMEHHBIX. [IpuBEeHO MOAENUPOBAaHUE BIHAHUS COOTHOIIEHHUS
CHTHANBHBIX M OIOPHBIX HMITyIbCOB HA TOYHOCTh pabOTHl anropurma (ha3oBoit
KoMIeHcanun. [Ipon3BeneHa oeHKa ONTUMAIBHOM 9acTOTHI OTIOPHBIX UMITYIICOB.

F.M. GONCHAROYV, B.E. PERVUSHIN, B.A. NASEDKIN
ITMO University, Saint-Petersburg

OPTIMIZATION OF REFERENCE PULSES FREQUENCY
FOR CONTINUOUS-VARIABLE
QUANTUM KEY DISTRIBUTION

The effect of the ratio of signal and reference pulses on the secure key rate in a
continuous-variable quantum key distribution system is studied. The simulation of the
influence of the ratio of signal and reference pulses on the accuracy of the phase
compensation algorithm is presented. The optimal frequency of reference pulses is
evaluated.

KBanTOBOE pacmpesneneHus KiI04a Ha HeMpephlBHBIX nepeMeHHbIX (KPK
HII) sBnseTcss TepCHEKTHBHBIM HANpPABICHHEM  Pa3BUTHS  KBAHTOBBIX
koMMmyHuKauui [1, 2]. s nporokonos KPK HIT npumensiercst korepeHTHOE
nerekTupoBanue [3], KoTopoe 0OyclaBIMBaeT HEOOXOAMUMOCTh y4€Ta W
KOMICHCAIIUH (Pa30BEIX IIYMOB [4 - 6]. AnropuTMbl ()a30BOH KOMIICHCAIHH
UCIIONB3YIOT OIOPHBIE HWMITYNIBCHI JUIsL  omperneneHust npeiida dasel u
KOPPEKTUPOBKH CUTHAJIBHBIX KBaaparyp. COOTHOIIEHHE YUCIIA CUTHAJBHBIX U
OIIOPHBIX UMITYJILCOB BIMSIET HA TOYHOCTH MPOBEJICHNS (ha30BOM KOMIICHCALHH.
C npyroii CTOPOHBI, OHO TaK)Ke BIMSIET Ha CKOPOCTh TE€HEpAIMHd CEKPETHOTO
kimoua (CI'CK).

Ienpio pa®oTHI SABIAETCS ONpENesIeHHEe ONTHMAJIbHON YacTOTHI OMOPHBIX
UMITYJCOB ITyTEM WCCIICNOBAHMS BIHMSHHUS COOTHOIICHUS CHTHAJNBHBIX H
omopHelx uMmyabcoB Ha CI'CK u To4HOCTH (ha30BOIl KOMIIEHCAIIHUH.
COOTHOIIIEHNE CHUTHAIBHBIX W OMOPHBIX HMITYJIbCOB 3aBHCHUT OT YacTOTHI
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OTIOpPHBIX MMITYJIbcOB. Ha puc. 1 mpencrasien pesyasrar yBenndenus CI'CK
MPU YBEITUYECHUU YHUCJIAa CUTHAJIIOB HA OJWH OMOPHBIA UMIYIHC OTHOCHUTEIHHO
CI'CK npu cootHomenunu | k 1 CUTHaIBHBIX U OMOPHBIX UMITYIbCcOB. Ha puc. 2
MPEACTABICHO MOJCIIUPOBAHUE TOYHOCTU PaboThl anroputMa (a3oBoid
KOMIIGHCAIIMU ISl Pa3jM4YHBIX YacTOT OMOPHBIX HMIYJIbCOB. XapaKTepHbIE
9acTOThl (DA30BBIX IIYMOB IJIi AKCICPHUMEHTAILHOW CHUCTEMBI HAaXOIATCS B
nuanazone ot 1 go 80 I'm. U3 puc. 2 oguH BUAHO, YTO TPHU YaCTOTE OMOPHBIX
AMITYyThcOB  ToOpsinka | k[ W BbIme omuOka (Ha30BOM  KOMITEHCAIIUH
CTaHOBUTCA JI0CTATOUHO Manoii (mopsaaka 10 u MeHbIIe).

Ilpunrmas BO BHUMaHHE€ 3aBUCHMOCTH, IpEACTaBICHHbIE HA puc. 1 u 2
MOYKHO CJIENATh BBIBOJ, YTO ONTHMAJbHAS YACTOTA OMNOPHBIX MMITYIBCOB fref
MOXKET OBITh OLICHCHA KaK

10ﬁ7hase < }’Ef< 10—2ﬁ’ep,
THE  fphase — MAKCUMaJIbHasi ~ XapakTepHass 4acToTa  (ha30BBIX  IIYMOB,
Jrep — 4aCTOTA MOCBUIKU UMITYIIBCOB.

W — =
/"--- ;:
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€ < (k1 r= ara = IMglle 14> '3k ILD4¥ 1YIb
Woncrut ket YRTITIONELIC HWLCT0
Puc. 1. YBennuenne CI'CK npu yBenuueHuu Puc. 2. 3aBucumocTb Aucriepcun
YHUCJIa CUTHAJIOB HA OJJUH ONIOPHBIN UMITYJIbC OIINOKK KOPPEKTUPOBKH (Ha3bl
otHocuTenbHO CI'CK mpu cootHOmmeHn# 1:1 OT YacCTOTHI OTIOPHBIX MMITYJIECOB

Cnucox aumepamypbol
1. Goncharov R.K., et al. / Optics. 2022. V. 3. No. 4. P. 338-351.
2. Laudenbach F., et al. // Advanced Quantum Technologies. 2018 V. 1. No. 1. P. 1800011.
3. Hirano T., et al. // Physical review A. 2003. V. 68. No. 4. P. 042331.
4. Soh D.B.S., et al. / Physical Review X. 2015. V, 5. No. 4. P. 041010.
5. Marie A., Alleaume R. // Physical Review A. 2017. V. 95. No. 1. P. 012316.
6. Shao Y., et al. / Physical Review A. 2021. V. 104. No. 3. P. 032608.
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N.0. BPAT'UH, B.B. IOIINIIbIHA

FOocnvuil pedepanvuviil ynueepcumem, Tacanpoz

3AIIMIIEHHBIA KAHAJI CBSI3W HA OCHOBE
KBAHTOBOI'O PACIIPEJEJIEHUS KJIIOYEN

B pabore ommcaHa TETEKOMMYHHMKallMOHHAs  CHCTEMa  TEPPHTOPHAIBHO
pacnpenenéHHOTO TPEANpPUATHS, B OCHOBE KOTOPOW MpPHUMEHSETCS BOJIOKOHHO-
ONTHYECKUH KaHAl CBA3M, a 3aIUIIEHHOCTb IEpPEeJaBacMbIX JaHHBIX OCHOBaHa Ha
NpUHIUIIAX KBAaHTOBOW Kpunrorpaduu. IlpuBeneHBl pe3ynbTaThl KOMIBIOTEPHOTO
MOJIETIMPOBAHUS KBAHTOBOIO KaHaja CBSI3U C yUETOM BIMSHHS U3MEHSAIOUIMXCS BHEITHUX
¢daxropoB. OmnucaH NPUHIMI JEHCTBUS pPaCIpefesIEHHONW TeleKOMMYHHUKAI[HOHHON
CHCTEMBbl U II0Ka3aHO, KaK BIMSAET IPOLECC CUHXPOHMU3ALMM CHCTEMbl KBaHTOBOIO
pacmpeneneHuss KIOUeH Ha CKOPOCTh HHHUNMAIHM3ANWK  IPHEMO-TIEPEJAIOIIeTo
Komiuiekca. MccnemoBaHa — 3aBHCHMOCTB  CKOPOCTH — (pOpMHpPOBAHMS — KITFOUEBOI
MOCIIEIOBAaTeIbHOCTH  OT  JUIMHBI ~KBAaHTOBOTO  KaHaja CBS3M HA  IpHMepe
ABTOKOMIICHCAIMOHHONW CHCTEMBI KBAHTOBOTO pACIIPENENCHHUs KIFO4Yel, U BBITOIHEH
pacuér 3aTyxaHHs CHTHaja B ONTHYCCKOM KaHaje CBS3H, KOTOPBIA HCIIONB3YyeTCs AN
TeHEepaly KBaHTOBBIX KIIIOYeH.

[.O. BRAGIN, V.V. YUSHITSYNA
Southern Federal University, Taganrog

SECURE COMMUNICATION CHANNEL
BASED ON QUANTUM KEY DISTRIBUTION

The paper describes a telecommunications system of a geographically distributed
enterprise, based on a fiber-optic communication channel, and the security of
transmitted data is based on the principles of quantum cryptography. The results of
computer simulation of a quantum communication channel are presented, taking into
account the influence of changing external factors. The principle of operation of a
distributed telecommunication system is described and it is shown how the
synchronization process of the quantum key distribution system affects the initialization
rate of the receiving-transmitting complex. The dependence of the rate of key sequence
formation on the length of a quantum communication channel is investigated using the
example of an autocompensation system of quantum key distribution and the calculation
of signal attenuation in an optical communication channel used for generating quantum
keys is performed.

B enuHOM crucTeMe ONTHYECKOM CBSI3M CYILECTBYET MHOXKECTBO TapaMeTpOB
n TeXHOHOFHﬁ, 6naronap${ KOTOPBIM JOCTUTACTCA orneparuBHasd,
OecriepeboifHast, cBOeBpeMeHHass W Oe3omacHas mepemada nuHbopmanuu [1].
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Taroke CymIecTBYIOT pasIUYHBIE THIBl HH()OPMAIHWH, KOTOPBIC NENATCS Ha
KIacChl B 3aBHCHUMOCTH OT UEHHOCTH MPEACTAaBICHHBIX CBEACHUU.
WNHbOpPMALMOHHBIA  CIEKTP B  PAacCMaTPUBACMOM  MHPEANPHUSITHA  MOXKET
BKIIIOUaTh B Ce0sf Kak Marepuaibl O CaMOM MPCIANPHUSITHH, TaK U
KOH(MUICHIIMAPHBIC JaHHbIC KIHEHTOB. OHH, B CBOI O4Yepeb, HMCIOT
BBICOKYIO 3HAUMMOCTH JUIsl OpraHH3allMy W HYXJIAIOTCS B TapaHTUPOBAHHOM
06e30MacHOCTH Kak MpHU €€ XpaHEHUH, TaK U Mepeadye MexX1y TePPUTOPUATBHO
pactpeienéHHBIME OTACTICHUSIMU.

Mogens 0€30macHOCTH PacCMaTPUBAEMOTO TIPENNPUATHS BKIIOYAET B ceOs
MHOXECTBO Cpell TIepemayd HWH(GOpPMAIMM W HMEeT OOMMPHBIA CTeK
UCTIONIB3YEMBIX ~TEXHOJIOTHH [UIi OpraHW3allid 3allWIIEHHOTO OOMCEHa
MaHHBIMHA. YTOOBI OpraHW30BaTh 3aMIWMICHHYIO Iepefady HHhOopMamud C
omHOrO (uIHama NPEANPHATHS B APYrod, OBUIO MPHHATO pEIICHHE
WCIONB30BaTh CUCTeMy KBaHTOBOro pacmpezeneHust kmodeil (KPK). Cucrema
KPK cocrour wu3 gaByx cranuuii [2]. Ilpuemo-nepenaromias cTaHUus
TpPamUIMOHHO uMeHyeTcst «boO», craHius komupyromas — «Amucay. OHu
COEIMHEHBI BOJIOKOHHO-ONTUYECKOW JTMHUEH CBSI3M (KBAaHTOBBIM KaHAJIOM), B
KauecTBe KOTOPOTO MPUMEHSIETCS CTaHJApTHOE OJHOMOJIOBOE OMNTHYECKOE
BosiokHO. Konduryparus cranuuii KPK yHuBepcanbHa ¢ TOYKH 3peHHs HopM-
(hakTOpa IS MPIMEHEHHS B TEJICKOMMYHHKAIIMOHHBIX cucTeMaX. Onrndeckue
CUTHAJBI TIEPEHAIOTCS OT IMPHEMO-TICPEHalomIel CTaHIMH K KOTUPYIOUWeH H
00paTHO 1O OHOMY ONTHYEeCKOMY ITyTH. [lociieiHee MO3BOJISET UCTIONB30BaTh
OJTHO BOJIOKHO B ONTHYCCKOM KaOelle W CHIDKACT PUCK HECAHKIIMOHHMPOBAHHOTO
JIOCTyTa K KBAHTOBOMY KaHamy [3].

DKCTIepUMEHTANIbHBIE MCCIIeIOBAaHMsI OMUCHIBAIOT JiBA O0BEKTa, PACCTOSHUE
Mexay KoTopbiMu mopsinka 40 km. Tomonorus peanuzanuu — «Touka-Toukay.
HatypHble uWCOBITaHHS TPOBOJWINCH Ha MakeTe, KOTOPBIH HMMUTHUPOBAI
peanbHble YCIOBHSI OKCITyaTallil KBAaHTOBOTO KaHajla CB3M C YUETOM
BO3/JICHCTBHSI BHELIHUX JICCTA0MIM3UPYIOIUX (GAKTOPOB OKPYIKAIOIIEH Cpebl.

b paccunmTaHbl BHOCHMBIE 3aTyXaHHS ¢ JIONYCTUMBIC TOTEpH,
MOJY4YCHHBIE PEPICKTOMETPHYSCKAM METOIOM. MakcuManbHOe 3HAYCHUE
motepb coctaBmio 8,08 [0 Ha Bcell MHE KBAaHTOBOTO KaHala. bbIIo
BBINIOJTHEHO MOJIETIMPOBaHUE JMHAMMYECKHUX IOTEPh CUCTEMBbI B IAKETE
«OptiSystem» U MOTy4eHBI X MPOTHO3UPYEMBIC MIPEACIbHBIC 3HAYCHUS.

Pa6ora BemonHena npu nopaepxxke UKTUB FODY u Pljonkins inc.

Cnucok aumepamypul
1. Pljonkin A., Konstantin R. // ACM International Conference Proceeding Series. P. 8§7-90.
2. Pljonkin A., Singh PK. // 5th International Conference on Parallel, Distributed and Grid
Computing. P. 795-799.
3. Pljonkin A., Petrov D., Sabantina L., Dakhkilgova K. // Entropy. 2021. V. 23. P. 509.
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E.IIl. TAHTEJIEEBA, O.C. KABAHOBA, E.A. MEJIbBHUKOBA

benopyccxuii eocyoapcemeennulii ynusepcumem, Munck

MOJISIPU3ALIMOHHO-TOJIOTPA®UYECKAS 3AITUCH
KUJKOKPUCTAJUVIMYECKUX JUPPAKIIMOHHBIX
PEHIETOK

PazpaGoran Merox CO3JaHMSI OJIEKTPUYECKH YHPABISIEMBIX JIU(PPAKIHOHHBIX
HOJIIPU3ALMOHHBIX ~ 3JIEMEHTOB, OCHOBAaHHbIH Ha TEXHOJOTHM IOJSPHU3ALOHHO-
rojorpaduyeckoil 3anucyu MOBEPXHOCTHOM aHU3OTPOIHHU B ClIO€ a30KpacuTess AtA-2.
Co3aaH 3JIEKTPUYECKH yNpaBiIsieMblil AUPAKIMOHHBIA TOJSPU3ALUOHHBIA 3JIEMEHT,
(OPMHPYIONIHIT ONITHYECKHE BUXPH.

Ye.P. PANTSIALEYEVA, O.S. KABANOVA, E.A. MELNIKOVA

Belarusian State University, Minsk

POLARIZATION-HOLOGRAPHIC RECORDING
OF LIQUID CRYSTAL DIFFRACTION GRATINGS

A method for creating electrically controlled diffraction polarization elements based
on the technology of polarization-holographic recording of surface anisotropy in the
AtA-2 azo dye layer has been developed. An electrically controlled diffraction
polarizing element forming optical vortices has been created.

OnHUM 13 cHoco00B ()OPMHUPOBAHUS CHHTYISIPHBIX CBETOBBIX ITyYKOB C
MOMOIIBIO  JU(QPAKIMOHHBIX  DJIEMEHTOB  SIBJISETCS  HCIIOJb30BaHHE
roJsiorpaguyeckoii 3anucu [1].

B pabore MeTomOM MOJSIPH3ALMOHHON  rojorpaduueckoll  3amucu
M3TOTOBJICHBI XKHKOKPHCTAJUINYECKHE NU(PPAKINOHHBIE JIEMEHTH Ha OCHOBE
(hoToopueHTAIIHH a30KpacuTens AtA-2 [2]. IonsipuzanuroHHo-
ronorpaduueckuii  MeTox (OPMUPOBAHHUS AHMU3OTPOIIMM HA ITOBEPXHOCTH
TOHKMX IUIEHOK a30KpAacUTENs, HAHECEHHOIO Ha IOMJOXKKU CKICEHHOU
KK-sueliku,  peanusoBbBasics 1o cxeme  Jledita — YnaTHuekca ¢
OpPTOrOHAJIbHBIMU JTHHEHHBIMU U KPYTOBBIMH MOJIIPU3ALUAMU B CUTHAJIBHOM U
omopHoM mryuke (A =488 HMm). Ha ocHOBe pa3paboTaHHOH TEXHOJIOTHH CO3IaH
AIIEKTPUYECKH  YHPABIAEMBIH  KUIKOKPHCTAUIMYECKHH  TU(PPAKIHOHHBINA
MOJSIPU3AIMOHHBIA  3JIEMEHT,  (QOpPMHUPYIOIIMH  ONTHYECKHE  BUXPH.
HccrnenoBaHsl AKCIEPUMEHTAIBHBIE 3aBUCHUMOCTH (puc. 1) andpaknnoHHON
3¢ (HEKTHBHOCTH OT ympaBJisitolero HanpspkeHus Ha JKK-anemente u npoBenéx
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aHaIM3 YCTOMYMBOCTH CHHTYJSIPHBIX (Da30BBIX ITy9KOB OTHOCHTEIIBHO
ynpassmonero HanpsbkeHus Ha XKK-anemenre.

a o 8

Puc. 1. Mukpodortorpadun kapTuHbI HHTEPPEPEHLIUH TIOCKOI BOIHBI H ONITHYECKOTO
BUXPSI C TOMOJIOTHYECKUM 3apsaaoM | = |1| (a), pacnpeneneHst HHTEHCUBHOCTH
BOCCTAHOBJICHHOTO T'€/INi{-HEOHOBBIM JIa3ePOM B -1 TIOPSIIOK ONTHYECKOTO BUXPsI (0),
BOCCTaHOBJICHHOT'O B +1 HOPSIIOK ONTHYECKOTO BUXPS (6)

[IpoBenénnsnie B pabote JKCIIEpUMEHTAJILHBIE HCCIIEIOBAHUS
JIEMOHCTPHUPYIOT MEPCIEKTUBHOCTh MPEAJIOKEHHOTO METOJa Ui CO3JaHUs
mudpakanoHHbIX JKK-311eMeHTOB.

Cnucok numepamypol
1. Melnikova E.A., Kurapov J.D., Romanov O.G., Tolstik A.L. // Proc. of 11-th International
conference «HoloExpo-2014». 2014. P. 99-104.
2. Mikulich V.S., Murauski An.A., Muravsky Al.A., Agabekov V.E. // Appl. Spectr. 2016.
V.83 (1). P. 115-120.
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ABYXKAHAJIBHASI ®YPBE-OBPABOTKA IBYMEPHBIX
N30BPAXKEHHUH C HCITOJIb30OBAHUEM MHOTI'OKPATHOH
BPIOITOBCKOU JUPPAKIINHN

PaccmoTpeHo aBymepHOE BBIIEICHHE KOHTYypa H300paKeHHS IO JBYM KaHaliaM B
nporecce ero ¢ypbe-o0paboTku ¢ MOMOIIBI akKycToomTHueckoro (AQO) ¢umbtpa,
ONIEPUPYIOILIETO B PEKHUME MHOTOKPATHOH OparroBckoil mudpakmuu. IlomydeHsr
HepeaTouynHsle (GyHKIMH ABYX- M TPEXKpPATHOW IMGpaKIWY, HAWAEHBI BapHAHTHI,
obecrieunBaromye (GopMHpoBaHHE KOHTypa B JABYX IH(QPAKIMOHHBIX IOPSIKax.
OCHOBHBIE Pe3yJIbTaThl IIOTBEPKICHBI SKCIIEPUMEHTAIBHO.

V.M. KOTOV!, S.V. AVERIN', A.A. SENKINA'~,

A.S. BELOUSOVA!?
!Fryazino branch of Kotelnikov Institute of Radio Engineering and Electronics of the RAS
’MIREA — Russian Technological University
SMytyshchy Branch of Bauman Moscow State Technical University

TWO-CHANNEL FOURIER PROCESSING
OF TWO-DIMENSIONAL IMAGES USING
MULTI PHONON BRAGG DIFFRACTION

Two-dimensional image edge enhancement in two channels during Fourier
processing with the using of an acousto-optic (AO) filter operating in the regime of
multiple Bragg diffraction is considered. The transfer functions of two- and three-
phonon diffraction are obtained, variants are found that provide the formation of a
contour in two diffraction orders. The main results are confirmed experimentally.

MHorokpatHass ~ OparroBckas — AUQpakmust  OTKPHIBAaeT  IIMPOKHE
BO3MOYKHOCTH JIJIsI ABYMepHOU 00paboTku m300paxkenuit (Hampumep, [1, 2]). B
YaCTHOCTH, OHA IT03BOJIIET (POPMHUPOBATH ABYMEPHBIA KOHTYp Cpa3y MO IBYM
KaHaJaM, SBISIONIMHACS, N0 CYTH, AU(PAKIHOHHBIME TopsakaMu. OTMeTHM,
YTO JIBYXKaHAJIbHAs CHCTEMa II03BOJIICT YBEJIHMYWTH HAJEKHOCTh M3MEPEHH,
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YMEHBIINTh IIyMBI, @ TaK J>K€ OTKPHIBAET BO3MOXHOCTh peIIaTh Ooiee
HMIMPOKUHA KPYT 3a]ay, HalpuMep — CKOHLEHTPUPOBATHCS Ha OJHHMX Y4acTKax
M300paKeHHUS 110 OTHOMY KaHally, Ha APYTUX — [0 APYTOMY.

B mpomecce uccienoBaHWE  MOJy4eHBI  MEpeAaTOYHbIE  (DYHKLIUH
IU(QpaKkIMOHHBIX  TOPSAAKOB B  Mpolecce JBYX- W TPEXKPATHOTO
akyctoonTudeckoro (AO) BzaumopeiicTBus. IlokazaHo, 4To MHOrooOpaszue
pacnpesneneHuid  (GYHKIMH MO3BOJISIET TMOJYYUTb KOHTYDP HM300paskeHus
OJHOBPEMEHHO B IBYX Mopsakax. HekoTopsle M3 IONyYCHHBIX PE3yIbTaTOB
MOATBEPXKICHBl OKCIIepUMEHTanbHO. Hampumep, Ha puc. 1| mnpuBeneHs!
(dotorpadun nzoOpakeHHss B BuAe Kpyra a0 (ypre-o0paboTku (puc. la), u
mocie  omtudeckoil  Qyppe-oOpabotku  (puc. 16) ¢ HCHOIB30BaHUEM
AO-¢pwipTpa NPOCTPAHCTBEHHBIX  4YacTOT, palOTaromer0o B PEXHUME
IBYKpaTHOH OparroBckoil audpaxmwm. Hynesoit, 1-it u 2-i nudpakimoHHEIE
MOPSIAKY pacrojararoTcs cipaBa HajeBo. M3 puc. 16 BUIHO, YTO B HYJIEBOM U
BTOpPOM AM(PAKIHMOHHBIX MOPsIKax cOPMHUPOBaH SIPKO BBIPAXKCHHBII KOHTYP
n3o0paxxeHus ¢ puc. 1a. Habnronaemble KOHTYpPBI HE COBNAIAIOT MEXIY COOOH,
a JONOJIHSIOT JPYT JIpyra, 4TO MOJATBEPXKAAET JOCTOMHCTBO H3MEPEHUH I10
JIBYM KaHaJaM.

13

Puc. 1. DxciepuMeHTanbHO Habm0JaeMble H300pakeHus 10 Gypre-00paboTku (@)
u nocne Oypre-00paboTku (6)

PaGora BrmonHeHa npu noamepxkke Poccmiickoro HaydyHOro (hoHIA
(mpoext Ne 22-21-00059).

Cnucox numepamypbl
1. Kotov V.M., Averin S.V., Kotov E.V., Shkerdin G.N. Acousto-optic filters based on the
superposition of diffraction fields [invited] //Applied Optics. 2018. V. 57. No. 10. P. C83-C92.
2.KoroB B.M., Asepun C.B. Bpluenenne ABYMEpPHOTO KOHTypa  HM300paxKeHHs C
UCIIOIB30BAaHNEM JIBYX TOPSIKOB OparroBckoi mudpaxnun // KeantoBas snexrponmka. 2020.
T. 50. Ne 3. C. 305-308.
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HEPCHEKTHUBbBI IPUMEHEHUSA AKY CTOOITYUYECKHUX
OUJIBTPOB B 'EOCTAIIMOHAPHOM JAETEKTOPE
MOJIHU KOCMHUYECKOI'O BASUPOBAHUS

Hccnenytoress  mpoOneMbl  HCIONB30BaHMS Ha  TEOCTAl[MOHApHOH  opOute
Y3KOIIOJIOCHBIX HMHTEP(EPEHIIMOHHBIX U AaKyCTOONTHYECKHX (HIBTPOB BUANMOTO
JHara3oHa Uil MOHHTOPHHTA BCel MOBEPXHOCTH 3emiu. [l co3MaHusI MaKCHMAJIbHO
IINPOKOYTONBHBIX ~— AKyCTOONTHYECKUX HPHOOPOB  NPEIIOKEHO KOMIIEHCHPOBATh
nedurexnio, KoTopasi COIyTCTBYeT (GHIBTPAly N300paXKeHHs1, He TOJIBKO alIlapaTHBIM,
HO ¥ IIPOTPaMMHBIM 00pa3oM.

A.L. FILATOV'!, V.M. LUKANINA'?

!Fryazino branch of Kotelnikov Institute of Radio Engineering and Electronics of the RAS
2Shchelkovo College, Moscow region

PROSPECTS FOR ACOUSTOOPTIC FILTERS APPLICATIONS
IN A GEOSTATIONARY LIGHTNING DETECTOR

The problems of using narrow-band interference and acoustooptic filters in the
visible range in geostationary orbit for monitoring the entire surface of the Earth are
investigated. To create the most wide-angle acoustooptic devices, it is proposed to
compensate for the deflection that accompanies image filtering, not only in hardware,
but also in software.

PockocMoc mIaHUpYeT BBIBECTHM Ha TEOCTallMOHApHYIO OpOWTY IETEKTOp
vomauit ([IM). B 2017 romy NASA yxe 3amyctmwio cuctemy GLM
(Geostationary Lightning Mapper) Ha cmytHuke GOES-16. B cratesx [1, 2]
NPOAaHAIM3UPOBaHbl  TPOOJEMBI,  BO3HUKAIOUIME IIPU  HCIIOJIb30BaHWUHU
yctaHoBiaeHHoro Ha GLM y3komosnocHoro (=2 HM) HHTep(hHEPEHIIMOHHOTO
¢unsrpa (UD), 1 mpeasioKeHo MIPUMEHHTh XOPOIIO0 3apEKOMEH/IOBABIINE cebs
akycroontniyeckne GmisTpel (AO®D) xocmmyeckoro 6asmpoBanus [3 - 7).
V3kononocabie AO® wnHauye, yem M®, BRIMOMHAIOT (YHKINIO (HIBTPAIIH
pacxopsmerocss mox yraoMm 17 ° Bugmmoro ceeta. B D mpu HAKIOHHOM
mageHuu u3aydenus nox yoiom 4 © xk mopmanu momoca 1.7 HM cMmeImaeTcs Ha
0.7 am. Tlonoxenue monockl npomnyckanus AOD mpakTHIEeCKH HE 3aBUCUT OT
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yIia TajeHus CBeTa Ha (BT, MOCIE aKyCTOONTHYECKOTO B3aMMOICHCTBUS
SHeprus (HOTOHA OMpPENeNAeTCs W3 3aKOHA COXPAHCHHS SHEPTHMU CHCTEMBI
¢doron-GpoHoH. HO Tpy HAKIIOHHOM MAJCHUM BEPOSTHOCTh B3aMMOJICHCTBUS
nagaer. Jns HarsAHOCTH Ha puc. 1, B3ATOM U3 KiIaccuyeckoil pabotel [8],
MOKa3aHa BEKTOpHAsI AMarpaMma BBIIOJHCHHUS 3aKOHA COXPAHCHUS UMITYJbCca B
cucreme ¢GoTtoH-poHoH s AOD. PeanuzoBanHasi mHMpokoyroibHocTs AOD
cocrapnser oxono 8  [4].

Puc 1. Bekropusie auarpammsl 11t AOD npu KoJUTMHEApHOM (@) U HEKOJUTHHEApHOM (6)
B3anMozeiicTBHN, yribl Oi, ®d ONPEAEeNIOT HAalpaBIeHHs PacIIPOCTPAHEHHS 11a1aI0IET0
(i) u mudparupoBanHoro (d) CBETOBBIX ITy4KOB, BosHOBBIE BekTopa ki (k'i), ka (k'a)
COOTBETCTBYIOT MaaloIel 1 AU parupoBaHHOI CBETOBOM BOJHBI JUIsl OOBIKHOBEHHOTO
(ki®) u HeoObIkHOBeHHOTO (Kd®) CBETOBBIX Jyueii. ka — BOIHOBOI BEKTOD YJIBTpa3ByKa

AxycroonTuyeckyro sdaeiiky (AOS) MOXKHO CKOHQUTYpHUpPOBATH IS
MOJTYYCHHS MAaKCUMAalbHOTO OTKJIOHEHHS OINTHYECKOTO W3IIyYeHHS, YTO
HEOOXOIMMO B aKyCTOONTHYECKOM JIe(IIEKTOpe, WM CHEelNaTh MPAKTHICCKH
HynneBoe oTkiioHeHue st AO®D. InpokoyroabHOCTh (QHIBTPALNU MOKET OBITH
yBenuueHa B AOS ¢ HeOOJbIIMM OTKIIOHEHHEM, KOTOpOe OyleT YCTpaHEeHO
MPOTPAMMHO B XOJI¢ MTOCIIEAYIOIIEH 00pabOTKK H300paKCHHUS.

PaGora BBINIONHEHA B paMKax rOCyIapCTBEHHOTO 3alaHHS.

Cnucox 1umepanmypul

1. Filatov A.L. // Bulletin of the Russian Academy of Sciences: Physics. 2022. V. 86. No. 11.
P. 1654.

2. Filatov A.L. // Solar-terrestrial physics. 2022. V. 8. No. 3. P. 76.

3. Pustovoit V.I., Pozhar V.E. // Proc.SPIE. 1999. V. 3750. P. 243-249.

4. Perchik A.V. // Proc. SPIE. 2013. V. 8888. P. 88880P.

5. Yushkov K.B., Anikin S.P., Chizhikov S.I., et al. // Acta Physica Polonica A. 2015. No. 11.
V. 1.P. 81-83.

6. Korablev O.1.,, Trokhimovskiy A.Yu., Kalinnikov Yu.K. // Proc. SPIE. 2016. V. 10562,
P. 105621M.

7. Kozun M.N., Bourassa A.E., Degenstein D.A., Loewen P.R. // Rev. Sci. Instrum. 2020.
V. 91. P. 103106.

8. Chang C. Tunable acousto-optic filters: An Overview // Proc. SPIE. 1976. V. 0090.
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HNCIIOJIB30BAHUME HCTOYHUKA HEKOI'EPEHTHOI'O
CBETA B METOJE HAPYHIEHHOI'O IIOJIHOI'O
BHYTPEHHEI'O OTPA’KEHUA

PaccmoTpeH cnoco®  yCOBEpIICHCTBOBAHMS OKCIICPHMEHTAJIbHOW  yCTaHOBKH,
paboTaromefi Ha OCHOBE METOJa HApYIIEHHOTO MOJHOTO BHYTPEHHETO OTPaXKCHHS
MyTéM 3aMEHBI JIA3ePHOTO HCTOYHHKA CBETAa HCTOYHHKOM Oemoro ceera. OmmcaHbI
pe3yabTaThl SKCIIEPUMEHTa 110 OMPENETICHHI0 TyBCTBHTEIBHOCTH yCTaHOBKH. CremaH
BBIBOJ] O JIbHEHIINX MEPCTIEKTUBAX UCCIEIOBAHUN B 9TOM HAIPaBICHUM.

M.V. TSVETKOV, LN. PAVLOV
National Research University MPEI (Moscow Power Engineering Institute)

USING INCOHERENT LIGHT SOURCE IN THE METHOD
OF FRUSTRATED TOTAL INTERNAL REFLECTION

A method for improving an experimental setup operating on the basis of the method
of frustrated total internal reflection by replacing a laser light source with a white light
source is considered. The results of an experiment to determine the sensitivity of the
installation are described. The conclusion is made about the future prospects of research
in this direction.

Meton HapyLIeHHOTO MOJHOTO BHyTpeHHero orpaxkeHus (HIIBO) mmpoko
M3BECTEH B HayKe W 00JaJaeT XOpoIlled pa3penaroneil CrHocoOHOCThIO U
qyBCTBUTEIBHOCTHIO. [IpHHIMI pabOTBl MeTOIa 3aKIII0YaeTcss B IIOJACBETKE
HCCIIEyeMOT0 O0BeKTa Ha NpPU3ME IIHUPOKUM KOJUIMMHPOBAHHBIM ITyIKOM
cBeTa W  JalbHEHmeHd  perucrpanuu  H300paXKeHHss C  IOMOIIBIO
I13C-kamepsni [1].

Panee B 9KCTIEPUMEHTAILHON YCTaHOBKE HCTIOJIB30BAJICS
MOHOXPOMAaTHYECKHH HMCTOYHUK cBeTa (TIOJIyITPOBOAHUKOBBIA JIa3epHBII
MOJYJIb C JUIMHOM BOJHBI 650 HM), YTO JaBajo CBOM IIPEUMYIIECTBA U
HEOCTAaTKU. BBIIO cAenaHo MpeanonoKeHue, YTO0 HCHOIb30BaHUE UCTOYHUKA
6eroro cBeTa BMECTO Jiazepa AAacT BO3MOXHOCTh H30aBUTHCS OT CIIEKJIOB,
HEM30€XHO TNPHUCYTCTBYIOIIUX HAa H300paXCHUAX, IMOJYYAEMBIX C MOMOIIBIO
KOTE€PEHTHOTO MCTOYHHKA. JTO MO3BOJHUT MPOM3BOIUTH 0OJee TOYHBIN aHAIIN3
pacripenieleHusl TOKa3aTeNs TNPEeTOMIICHHS HCCIEAYeMOro OOBEeKTa IO BCeH
TUTOIA/IA €T0 KOHTAKTa C IPH3MOH.
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B pamkax maHHOW pa0OTBI Ha SKCIIEPUMEHTAJIHHON YCTaHOBKE Oblia
NpOM3BE/IeHa 3aMEHa JIa3epHOro MCTOYHMKA CBETa HAa MCTOYHHUK OEJIOro CBeTa,
MPe/ICTABISIONIMN cO00i1 TaMITy HaKaJMBaHUsI ¢ KOJUIMMHPYIOIIEH ONTHYECKOM
cucteMoi. [Tocne 3Toro npoBenEH IKCIEPUMEHT IS BBIABICHUS IPEUMYIIECTB
U HEJOCTaTKOB  HCIMOJIb30BaHMsS  JaHHOTO UCTo4yHHMKa cBera. CyTh
JKCIIEPUMEHTa 3aK/IloYanach B M3MEPEHHHM 3aBUCHMOCTH Ko3((uumeHra
OTpaXkKeHHs OT IOKa3aTellsl NpesioMieHuss BOnm3u kputuyeckoro yria [1BO.
CpaBHEHHE HKCIIEPUMEHTAIBHBIX TOYEK C TEOPETUYECKHMMH 3aBUCHMOCTSIMH,
paccunTaHHBIMU TI0 popmymnam PpeHers, MoKa3ano, YTO 3HAYCHHUS CHIBHO HE
coBmajamT. [y Toro, 9To0bl YBHIETh Pa3IMIUe 3aBHCUMOCTEH I pasHbIX
YYaCTKOB CHEKTpa HMCTOYHHMKA, IMPOU3BEAEH CIEAYIOIMMHA JKCIEPHMEHT, B
KOTOPOM TIepef KaMepod CTaBHINCh CBETOQMIBTPHI PAa3HBIX CIEKTPOB
MPOMYyCKaHMsA: KpacHOro, cuHero u 3enéHoro. OOpaboTKa pe3yibTaToB
SKCIEPUMEHTa TakXKe He IOoKa3aja XOpOIIEro COOTBETCTBHUS TEOPETUUECKOM
KPUBOHM U 3KCIIEPUMEHTAJIBHBIX TOYEK, [0 KpalHEH Mepe Uil P-KOMIIOHEHTHI
MnoJiApu3al  Nagaroumero HU3ITyUYCHUA. I[J'IH S-KOMIIOHCHTbHI TTOJYYUJIOCH
JIOBOJILHO XOpollee COOTBETCTBUE (puc. 1). DTO TOBOPUT O TOM, UTO JIf
HaﬂbHeﬁIHHX I/ICCJ'IG)IOBaHI/Iﬁ HCO6XOI[I/IMO HU3MEPATH COCTOAHUC TOJIApU3ALIAN
OTPaXEHHOIO U3JIy4YEHUs.

Puc. 1. I'paduku 3aBucumoctr Ko duIeHTa OTpaKeHHs OT oKa3aTes
MPETOMIICHUS TS S-TIOJIIPH30BAaHHOTO U3ydeHus: [ — 1t A = 360 HM,
2 — s =530 uM, 3 — masg A = 640 M

Cnucok numepamypbl
1. [TaBnos U.H., Punkesuuroc 5.C u np. // [Ipudops! u Texnuka skcnepumenra. 2013. C. 130-
135.
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HOJAPUSAIIMOHHOE KOJUPOBAHUE CTPYKTYPBI
MOCJETOBATEJIBHOCTENA HYKJIEOTHIOB
B CEKBEHUPOBAHHBIX ®PAI'MEHTAX JHK
MUKPOOPIAHU3MOB: IEPCIIEKTUBbI IPUMEHEHU S
B BUOMH®OPMATHUKE

IIpencrasnen METOJ MOJSIPU3AIUOHHOTO KOZIUPOBaHUS CTPYKTYpPBI
HOCJIeIOBaTeIbHOCTEH 0a30BBIX HYKJIEOTHIIOB B CEKBEHHPOBAaHHBIX (parmentax JJHK.
Merox OCHOBaH Ha MPEACTABICHWH CTPYKTYPBHI MOCIENOBaTesbHOCTEH B (opme
JBYMEpHBIX (pa3oMOAYIMPYIONMX TPAaHCIAPAHTOB M HMX CYUTHIBAHUM KOTEPEHTHBIM
IYYKOM c 3aJJaHHBIM COCTOSHHEM MONAPH3AINN. Wnenrudukanus
MOCIIEIOBAaTeIBHOCTEH  OCYIIECTBISIETCS C  HCIIONBb30BAaHHEM  OWHApHBIX  KapT
HpeeTbHBIX JIOKAIBHBIX COCTOSHUH HONSPU3aUH AU(PPArHPOBABILIETO ITydKa.

M.V. ALONOVA!, D.A. ZIMNYAKOV"?2 A.V. SKRIPAL?,

0.V. ULIANOVA®, V.A. FEDOROVA?

"Yury Gagarin State Technical University of Saratov
’Institute for Precision Mechanics and Control Problems of the RAS, Saratov
3Saratov State University (National Research University)

POLARIZATION ENCODING OF THE STRUCTURE
OF NUCLEOTIDE SEQUENCES IN SEQUENCED DNA
FRAGMENTS OF MICROORGANISMS: PROSPECTS

FOR APPLICATIONS IN BIOINFORMATICS

A method for polarization coding of the structure of base nucleotide sequences in
sequenced DNA fragments is presented. The method is based on structure representation
in the form of 2D phase-modulating transparencies and their reading by a coherent beam
with a given polarization state. Sequence identification is carried out using binary maps
of extreme local polarization states in the diffracted beam.

Hapsiny ¢ KOMIIBIOTEPHBIM aHAJIN30M CTPYKTYPbI MOCIIEA0BATEIBHOCTEH
6a30BbIX HyKIeoTH0B (ageHnHa (A), muto3uHa (C), tumuHa (T), ryanuna (Q))
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B CeKBeHHpOBaHHBIX (PparmeHTax JIHK pa3iauuHbIX OHMOTOTHYECKHX OOBEKTOB
(manpumep, [1, 2]), ans pewenus 3ana4 uaeHTH(GUKauu B OnonH(pOpMaTHKE
MOTYT OBITh HCIIOJIb30BaHbl KOTEPEHTHO-ONTUYECKUE W MOJISIPU3AIIMOHHBIC
METOJIbI KOJMPOBAHUsI U 00paObOTKH WHPOPMALIUH.

[Ipennoxen wmertox [3] NOMSPU3ALMOHHOTO KOJUPOBAHUS W aHalu3a
cTpykTypsl HykineotunoB A, C, T, G Ha ocHOBe mpeoOpa3oBaHHsl CTPYKTYPHI
AQHAJM3MPYEMBIX IIOCIIEJOBATEIILHOCTE B JByMEpHBIC (Ha30MOAYIUPYIOIINE
TpaHcmapaHThl. KaIplid 3JIeMEHT TpaHCIapaHTa aCCOIUHUPYETCS C OIHUM U3
4eTHIpEX 0a30BBIX HYKICOTHIIOB, a TIIyOMHA MOTYISAINH (pa3bl CYNTHIBAIOIIETO
KOTEPEHTHOTO ITyYKa OIPENEISIeTCS COMACpKaHWEM HYKIICOTHAA B TPHUILIETaX
(rpynmax w3 TpEX HYKICOTHIOB, (DOPMHUPYIOIINX II0CICIOBATEIHLHOCTD).
CunteiBaHne WHGOPMANMKA C TPaHCHApaHTa OCYIIECTBISCTCS ITyYKOM
JIA3epHOTO M3ITYYCHUS, COCTOSIIUM M3 JBYX OPTOTOHAIBHO TOJISIPH30BAaHHBIX
COCTABILSIFOIKX C 33/IaHHOM Pa3HOCTBIO (Pa3 MEkKy HUMH, a aHAJIN3 JIOKAJIbHBIX
COCTOSIHMM  mojspu3alyy  AU(GpParupoBaBLIEr0 Ha TpaHCIApaHTe —Iy4Ka
ocymiecTBisieTcs B (hokambHOM TUIOCKoCTH (ypbe-Tnpeodpasyromieid JuH3bl. B
pe3ynpTaTe aHalIu3a OMNPENENAIOTCS JIOKAJbHBbIE 3HAYCHHsS HOPMHMPOBAHHBIX
koMIoHeHTOB  Bekropa Ctokca (puc. 1). IlokazaHo, uTOo OHWHApHBIC
pacnpeneneHusi NpeebHbIX COCTOSHUN monspu3anuu (puc. 2) MOTYT OBITh
WCTIONIE30BaHb B KaueCTBE YHHUKAJIBHBIX HACHTHU(PHKATOPOB CTPYKTYPHI
AHAITN3UPYEMBIX TI0CIIeIOBATEIIFHOCTEH HYKIICOTH/IOB.

Pabora BrImonHeHa mpu (puHAHCOBOW mmojyepkke rpanta PH® Ne 22-21-
00194.

Puc. 1. Pacipenenenue noKkanbHbIX 3HaYCHUH Puc. 2. bunapHoe pacnpenenenue
4-ro xoMIoHeHTa BekTopa CTokca JUist npenenbHsIX (s; , < -0.99) 3sHaueHwit

mTaMma «3aup» BUpyca apprUKaHCKON YyMBbI
cBUHEH (pe3yabTaThl MOAETHPOBAHNUA)

4-ro xoMIioHeHTa BekTopa CTokca Juis
pacrpeneseHus ¢ puc. 1

Cnucox 1umepanmypul
1. Kumar S, Kumar G, et. al. // Briefings in Bioinformatics. 2022. V. 23 (5). P. 326.
2. Goodwin S, McPherson J., et. al. // Nature Reviews Genetics. 2016. V. 17. P. 333.
3. Zimnyakov D., Alonova M., et al. // J. of Biomedical Photonics&Eng. 2022. V. 8. P. 040302.
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B.O. YEPEIIIHEB, C.I'. [TIPOCKYPUH

Tambosckuil 20CydapcmeeH bl MeXHUYeCKUll YHUGepCUmem

NCCJEJOBAHUE 3AKOHOMEPHOCTEM PACIIPEIEJIEHU S
CIEKJIOB B PAHTOMAX BUOJIOTUYECKUX TKAHEN
B OIITUYECKOW KOTEPEHTHOM TOMOT' PA®UU

IIpencraBieHsl pe3ynbraTbl HCCIENOBAaHHS 3aKOHOMEPHOCTEH pacnpenereHus
CIIEKJIOB B (hpaHTOMaxX OHOJIOTMYECKHX TKaHEel B ONMTHYECKOH KOTepeHTHO# Tomorpadum,
B XOJle KOTOPOTO MPOU3BENEH KOMMUECTBeHHbII aHanu3 crekiaoB OKT-u3o0paxkenuit Ha
OCHOBE TIOATOHKH OeTa-pacrpelelieHus, AEeMOHCTPHPYIOMUi 3(PPEKTUBHOCTh NPH
mudQepeHInatuy pa3InIHbIX THIIOB CTPYKTYD.

V.O. CHERESHNEYV, S.G. PROSKURIN

Tambov State Technical University

RESEARCH OF REGULARITIES OF THE DISTRIBUTION
OF SPECKLES IN PHANTOMS OF BIOLOGICAL TISSUES
IN OPTICAL COHERENCE TOMOGRAPHY

The paper presents the results of a study of the distribution patterns of speckles in
phantoms of biological tissues in optical coherence tomography, during which a
quantitative analysis of speckles in OCT images based on fitting the beta distribution
was performed, demonstrating efficiency in differentiating different types of structures.

3aKOHOMEPHOCTH (POPMHUPOBAHUS PETUCTPUPYEMOTO CHUTHAJA ONTHYECKOTO
koreperTtHoro Tomorpada (OKT) B 3aBucmMocTH OT BKiIaga (DOTOHOB ¢
KPAaTHOCTSIMH ~ PAcCesHHUs PA3IMYHBIX TOPSAKOB  OINPEACIAIOT TIyOHHY
KOT€PEHTHOTO 30HIMPOBAHMS NPU OTPaKEHUH U AUPQPY3HOM MPOXOKICHUU
(hOTOHOB Uepe3 PaCCENBAIOLIYIO CPELY.

Llenpro paOOTHI SIBISIETCSl MCCIICIOBAaHHWE JIOKAJIBHBIX Bapualuil CIIEKJIOB
OKT-u300pakeHuil, TpH KOTOPOM H3MEPSAIOTCS  CpeIHHE H3MEHEHHS
paccenBaroIuX CBOMCTB TKaHU yTéM aHaJIM3a TUCTOTPaMM,
COOTBETCTBYIOIINX PA3INYHBIM YUaCTKaM N300paKeHHUS.

B kauecTBe Mojeneil GMOTOTHIECKIX 0OBEKTOB HCIIOIB30BAINCH (DAHTOMBI
C ONTHYECKUMHU CBOMCTBAMH, ONM3KMMHU K PEaJbHBIM OHMOJOTHYECKUM TKAHAM
U KaMWULIPHBIM ceTsM. [l WMCclieoBaHMS HCIOIB30BAINCh HECKOIBKO
HPSIMOYTOJIBHBIX 00JIaCTEei OJJMTHAKOBOTO pa3Mepa, COOTBETCTBYIONINX YI4acTKaM
CTEHKE I'MJpOJMHAMUYEcKoro (haHroma, 00JacTH CBOOOIHOTO MPOCTPAHCTBA U
MOTOKY pacceuBareieil B OSKHJIKOCTH. B nanbHeimmeM  mOydeHHbIE
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THCTOTPAMMbI  YCPEIHSUTUCh MO HECKOJBKUM IOCIE0BATEIbHO 3alMCaHHBIM
M300paKCHUSIM TSI MUHUMU3AIMK TOTPEITHOCTH U MOUCKA MPABHIBHOTO BUJIA
3aKOHOMEPHOCTH, a TaKKe AallMpPOKCUMHPOBAIKMChH METOIOM HAMMCHBIIUX
KBaJ[PATOB C PA3IMYHBIMU (DYHKIUSMH PACIIPCICIICHIS.

Hawunyuniyro TOYHOCTh amNMpPOKCHMAIIMK IOKa3aJio OeTa-pachpeeicHue
R? ~ 0,95, neMOHCTpUpys YETKUE pa3IMdus B pacpeieeHU HHTEHCHBHOCTE
CIICKJIOB M TapaMeTpoOB OeTa-paclpeesicHus, KOTOpble cocTaBwin o~ 1,7,
B ~20,5 nna obmact cBOOOITHOTO MPOCTPAHCTBA, o ~ 3,1, B ~ 5,5 mist cTeHKH
TUAPOIMHAMHUYECKOTO (daHToMa, o ~ 2,6, B ~ 1,7 I moToKa paccenBarenieii B
JKHJKOCTH. Pe3ynbTaThl anmpoKcuManiyi TUCTOTPaMM MPE/ICTABICHbI Ha puc. 1.

" L] - 1 - o -

.
Fom =

Puc. 1. 'ncrorpaMMbl HHTEHCHBHOCTH CIIEKIIOB, allllPOKCUMHUPOBAaHHbBIC (QYHKIHEH
OeTa-pacrpeaeseHus], COOTBETCTBYIOMINX 00acTsIM: CBOOOIHOE MPOCTPAHCTBO (CIIEBa);
CTEHKA THIPOIUHAMHIYECKOTO (haHTOMA (IICHTD); TIOTOK paccemBaTesel B KHUIKOCTH
(cripaBa)

Cnucok aumepamypul

1. Yepemmnes B.O., Pomanenko U.M., Kynemos W.B., Ilpockypun C.I. uddepennuarnys
CTPYKTYp KOXH, KPOBEHOCHBIX COCYIOB M KPOBH IIOCPEACTBOM IIOCTPOCHHUS BapHAIIHOHHOM
Mmarpuisl OKT n3zo6paxenus: // CoBpeMmeHHble HaykoeMmkue TexHomoruu. 2019. Ne 10-2. C. 319-
323.

2. Yepemnes B.O. Aongynkapum C.H., Ilpockypun CI. HccnenoBaHue OTpaKeHHBIX H
MaJIOKpaTHO pacCesHHBIX (DOTOHOB TMOCPENCTBOM MOCTpoeHust Marpuipbl aucnepcuid OKT
n3o0paxenuii // CoBpeMeHHbIe HaykoeMKue TexHoioruu. 2019. Ne 12-1. C. 118-122.

3. YUepeurner B.O., ®ponos C.B., ITotios A.1O., IIpockypun C.I. Tloctpoenne n3odpakeHuii
ONTHYECKOW KOTEPEHTHOH ToMorpaduum OHMOJOTMUECKMX TKaHEH Ha OCHOBE aHaiu3a
WHTEHCHBHOCTH TUKcenel // Mozienu, cHCTeMBI, CETH B SKOHOMHUKE, TEXHHKE, IPHPOJIE M 00IIECTBE.
2019. Ne 3 (31). C. 104-112.
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I1.B. [TABJIOB, A.Il. BJIAJIUMUPOB'?, A.P. CTEIIAHOB

Boennviii yuebnwviii Hayunviil yenmp BBC «Boenno-6030yuinas akademusi
um. npog. H.E. JKyroseckoeo u FO.A. I'acapuna», Boponeoic
THnemumym mawunosedenus YpO PAH, Examepunbype
2Vpanvckuii hedepanvuviii ynueepcumem, Examepunoype

OIIPEAEJIEHUE BEJIMYUHBI NEPEMEINEHUA
AA®®Y3HbIX OBbEKTOB 110 AHAJIN3Y IIAPAMETPOB
HUPPOBBIX CIIEKJI-@OTOT'PAPUN

PaccmarpuBaroTest pe3ynbTaThl HCIIBITAaHUN pa3paboTaHHOTO crocoda U ycTpoiicTBa
ONIPENENICHNs] BEIUYMHBI IIEPEMENICHHsI >JIEMEHTOB OCTEKICHUS TIPU CO3JaHUH
M30BITOYHOTO JaBJICHHSI BHYTPU KaOWHBI CaMOJIETa.

P.V. PAVLOV, A.P. VLADIMIROV'?, A.R. STEPANOV

Military Training and Research Center of the Air Force «Air Force Academy
named after professor N.E. Zhukovskiy and Yu.A. Gagariny, Voronezh
!nstitute of Mechanical Engineering of Ural Branch of the RAS, Ekaterinburg
2Ural Federal University, Ekaterinburg

DETERMINING THE VALUE OF MOVEMENT OF DIFFUSE
OBJECTS FROM THE ANALYSIS OF THE PARAMETERS
OF DIGITAL SPECKLE PHOTOGRAPHY

The results of tests of the developed method and device for determining the amount
of movement of glazing elements when creating excess pressure inside the aircraft cabin
are considered.

IIpumeHeHre MeToAa CHEKI-CTPYKTYp ONTHYECKOTO H3JIyUeHHS B
pa3nuuHbIX cepax TUarHOCTUKH TOBOPHUT O €r0 BBICOKOW UyBCTBUTEIBHOCTH U
s dexturocTH [1 - 3]. B panee onyOIMKOBaHHBIX pabOTaX pacCMaTPHUBAIKCH
BO3MOXKHOCTH IPUMEHEHHUS JaHHOTO HHCTPYMEHTa Hepa3pylIaroIiero
KOHTPOJS Ui ONpEeAeNieHHs TIapaMeTpoB  OeEeKTOB  OPraHMYECKOTro
ABUAIIMOHHOTO CTEKJIa M KIEBOIO COEIUHEHUS MEXAYy OpPICTeKIIOM U
JIAaBCAHOBOM JIGHTON KPEIJIEHUsI OCTEKJIEHUS K KOPIIYCY BO3YIIHOTO CyAaHa [4].
OnHako He MPOBOJMIIACH OIIEHKA MCIOJIB30BAHUS IpeaiaraeMoro crocoba [5]
JUIl ONpeAelCHUs BEIMYUHBI IEPEMELICHHsS SJIEMEHTOB OCTEKIEHHs IpU
CO3JJaHUH N30BITOYHOTO JaBJICHUS BHYTPU KaOMHBI BO3LYLITHOTO CY/IHa.

B kauectBe mapameTrpa, MO KOTOPOMY BO3MOXHO OLIEHHUTH JBHXKECHUE
AIIEMEHTOB OCTEKJICHHE B XOJ€ CO3MaHUS HM30BITOYHOTO MAaBICHUS BHYTpPHU
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Ka6I/IHLI, MOXXHO HCIIOJIb30BaTh KO3(1)(1)I/II_II/I€HT Koppeyauud - 77 Y4aCTKOB

CIIEKJI-TIONIeH, 3apEeTUCTPUPOBAHHBIX OT YYaCTKOB OCTEKJICHHS MPH CO3JaHHU
M30BITOYHOTO JaByicHus. [Ipu 3TOM MMEET MECTO MEepPEeMEIICHHE HEMPO3PaYHOM
YacTU OCTEKJICHHUs (CJIOM repMeTHKa Ha CTBIKE KOpIyca caMmoyiéTa M CTeKJa), a
TaKKe MPO3PavyHOro CTEKIa OTHOCHUTENBHO Kopmyca camoniéra. Bennmumna
TepeMeIIeHIs HeMpo3padHOl YacTH OCTEKIJICHHS B OTCYTCTBHE IehOpMaIiid u
MOBOPOTOB COTJIACHO OyJIeT COOTBETCTBOBATH JIMHEHHOMY pa3pelIeHHIO JIMH3HI,
€CITH 3HaYCHHE 7] CTAHET paBHBIM HyIF0. BimsgHue medopmariii Ha BEIHIHHY 77
MOXXHO HWCKJIIOYHTH, BBIOpaB HAINpaBICHUS OCBEIICHWS W HAOIIOJCHUS
CUMMETPUYHO HOPMalM MOBEPXHOCTH, OAHAKO BIHMSIHUE MaKpOCKOIHYECKOTO
MOBOPOTa TOBEPXHOCTH B IIFOOOM Ciydae OCTaeTca. B 3ToMm ciydae s
pasgeneHus J[BYX BKJIAJOB Ha JUHAMUKY CIEKJIOB, MOCIEIHUE CIEAYET
PETUCTPUPOBATH, HCIIONB3Ys /1BA Jla3epa C pa3HBIMU JITTMHAMH BOJIH.

Ecnu 3HaueHue 77, AOCTUTIIO HYJISI WK CTAJIO OTPHUIATEIBLHBIM, TO MaTepHall
nepewén B COCTOSIHME MpeapaspylieHus. MuHUMallbHOE 3HAueHue 77 B
ONTHYECKOM HEOJHOPOAHOCTH, 3apeTUCTPUPOBAHHBIE 1O U B IIpolecce
AKCIUTyaTallil OCTEKJICHUS, MOXKHO HCIOJb30BaTh B KauecTBE MapaMeTpOB,
XapaKTePU3YIOIIUX WX TMOBPESKASHHOCTh. J{opaboTaHHBI MPOrpaMMHBII
MOJyJIb [6] TO3BOJIUT 3HAYUTEIHHO YMEHBIIUTh YHCIIO OMYCKaeMbIX OIINOOK B
XO0JIe U3MEPEHUS BEUYMHBI BBIXOJA OCTEKJICHHUS U3 3aJeJIKU NpPU TPOBEPKE
TepPMETUYHOCTH KaOWHEI.

Chucok rumepamypbl
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3. Bnagumupos AL, Jpykapenko H.A., Kamannes W.C., ITasnos I1.B., Escun A.O. Cnekn-
JIMAarHOCTHKA DJIEMEHTOB OCTEKJICHHMs KaOWH BO3JYNIHBIX CYJIOB M3 OpraHM4ecKoro crekma //
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H.O. IIPOXOPEHKOB, M.A. BOJILIHCKHIA
Yuusepcumem UTMO, Cankm-Ilemepbype

HCCIEIOBAHHUE TOHONEPEJAYH OT TECT-OBBEKTA
K U30BPA’KEHMIO ITPU 3AITMCHU HUPPOBOU
rojJIOrrAMMbBI HA HECKOJIBKUX JJVIMHAX BOJIH

B nanHO# paboTe npUBeaEHH! pe3yIbTaThl UCCIIEA0BAHMS BIMSHIS MHOTOBOJIHOBOTO
merona 3amucu 1mbpoBeix romorpamMm (L) @penenss Ha TOHOmEpemadyy OT
uccrnefyeMoro o0ObekTa K ero uzobOpaxkeHuro. IlomydeHa 3aBHCHMOCTb 3HAUYEHHS
TOHOIIEpeady OT MUPUHBI crieKTpa 3anuck LI i 3HauYeHUss ”HTeHCHUBHOCTH.

N.O. PROHORENKOV, M.A. VOLYNSKY
ITMO University, Saint-Petersburg

INVESTIGATION OF TONE RENDERING FROM
TEST-OBJECT TO IMAGE WHEN DIGITAL HOLOGRAM
RECORDED BY MULTIPLE WAVELENGHTS

The results of the study on influence of multiwavelength recording approach of
digital holograms (DH) of Fresnel on the tone rendering from object to its image are
presented. The dependence of the tone rendering value on the DH width of recording
spectrum and value of intensity is obtained.

Tosorpadgus — 3T0 METON pEerucTpanuy aMIUITYAbl ¥ (a3bl BOIHOBOTO
¢porta (B®D), orpaxkéHHOro 0T OO0BEKTa, MpPH TIOMOIIM 3aIHCH
MHTEp(HEPEeHINOHHON KapTHHBI, TOJYYEHHOM B pe3ysibTaTe B3aMMOACHCTBHUS
pedepentHoro u o0bpekTHOro B® B miockoctr 3ammcu rojorpammsl [1, 2].
udposas ronorpadus, B cBOIO ouepe/ib, SIBISIETCS OMHUM U3 €€ HalpaBIeHUH,
B KOTOpOM 0O0pa0oTKa 3alMCaHHBIX TOJIOTPaMM BeAETCA MpH ITOMOIIU
3JIEKTPOHHO-BBIYMCIMTENBHBIX MamuH [3]. B Hacrosiiee BpeMs 3TO HAXOIWT
MPUMEHEHHE B TaKWX 00JacTsaX, Kak MaTepuajoBegeHue u ouomeannua [3], a
TaK)ke€ MUKPOCKOIIUS U MeTpoJiorus [4].

Ienpr0o MaHHOTO WCCIIEAOBAHUS SBIACTCS HW3yYCHHWE BIMSHUS 3aIHCH
udpoBsIx rojgorpamm (L") Ha HECKONBKUX JJIMHAX BOJH Ha Iepeaady TOHA OT
HCXOZHOTO 00BEKTa K ero nzoOpaxeHuro. [ e€ MOCTHXKEHUs peaan3yercs
mozenb 3anucu LII" @penens. Pabounii 1uana3oH [UIMH BOJH MPUHUMAETCS OT
kpacHoro (A =885 M) mo 3enénoro (A= 550 HM) IBETOB CIIEKTpa BUAUMOTO
cBera. BoccranoBneHne n3o0paxeHHs TecT-00beKTa BeNETCs Ha CpeiHed 3
3aJ]aHHOTO JIMAIa30Ha JJIMHE BOJIHEI.
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Jiist MOCTIDKCHUST TOCTABICHHOW IENH ObUT CMOJEIUPOBAH TECT-00BEKT
pasmepoM 512 x 512 oTcuéroB, coaep)kamiuif Bce BO3MOXKHBIC TI'pajalliy
ceporo ngeta B auamnasone [0, 255] (puc. 1). ITocae sToro OblIa mpou3BeacHA
3amuck Habopa L' B mpenenax 3agaHHOTO Juana3oHa W MOJEIMPOBaHHE
uroroBoii L{I". 3areM u3 He€ BOCCTaHABIMBAJIOCH M300paXKEHUE TECT-O0BEKTA.
JlononHUTENEHO Haj TOJYYeHHBIM H300paKeHHEM COBepIlaach ONepanus
MOCTOOPAa0OTKH Ul MCKJIIOYEHHSI BIMSHUS MacIITaOHBIX MpeoOpa3oBaHUN Ha
HCKOMYIO 3aBHCUMOCTh TOHOTIEPEIaUH.

B kauecTBe 3HAuYCHWS TOHOMEpeNauYd MOPUHAMANIOCH  OTHOIICHHE
MHTEHCUBHOCTU HAa M300paXCHUH K WHTEHCHBHOCTH Ha 00bekTe. Kak MOXKHO
CYAWTh U3 pHC. 2, TIpH naHHOM Metone 3amucu 1[I" Gornee BbICOKHE 3HAYCHUS
WHTEHCUBHOCTU TEPENAIOTCS JIydille, 4YeM HU3KHE IpU Jr000W [IMpHHE
JUana3oHa  3amucd. Tarkke, MOCKOJBKY — MOpeo0iajaroniie  3HAYCHUS
TOHOTIepenaun Jjexar B auanazoHe oT [0.2 - 0.5], monyueHHOE H300paskeHUe
OyneT sBiAThCS OoJiee TEMHBIM 110 OTHOLIEHHIO K TECT-00BEKTY.

=

Puc. 1. Tect-o6next Puc. 2. 3aBHCHMOCTB TOHOTIEPENAYH
OT IIMPHUHBI criekTpa npu 3anucu LI
1 MCXOZHOTO TOHAa 00BEKTa
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226 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA



YK 535(06)+004(06)

[I.LA. UBAHOB

Apocnasckuii 20cyoapcmeen bl mexHUuecKutll yHugepcumenm

METOJbI KOPPEJAAIITMOHHOI'O PACIIO3HABAHMSI
MN30BPAKEHUU C IOMOLIIBIO HHBAPUAHTHBIX
MOSSE-®UJIbBTPOB

IIpuBonstcs pesynprarhl MojenupoBaHus Ha IIDBM pacno3HaBaHuS JBYMEPHBIX
MOTYTOHOBBIX M300pa’KCHUH, MOJBEPIHYTHIX T'€OMETPUUECKHM IPe0Opa3oBaHUSIM, C
MOMOIIBIO COCTABHBIX QUIBTPOB.

P.A.IVANOV

Yaroslavl State Technical University

METHODS OF CORRELATION IMAGE RECOGNITION
WITH HELP OF INVARIANT MOSSE-FILTERS

The results of PC modeling of 2D grayscale images with geometrical deformations
recognition with the usage of invariant correlation filters are given.

BaxHoit 3amaueit onTmueckord 00pabOTKM WHPOPMALUU SBISIETCSA 3ahada
pacrio3HaBaHus H300paxkeHnd.. OZHUM W3 HamOoJiee ITUPOKO B HACTOSIIEE
BpEeMs HCIIONB3YEMBIX CXEMOTEXHHYECKHX PEIICHUA TaKUX 3a1ad, sBISACTCS
OIITUKO-3JICKTPOHHBIN KoppemsaTop mu3o0paxkeHuit [1]. OcHoBHOW (yHKIHEH
JIAHHOTO YCTPOWCTBA SIBJISETCS BBIYMCICHUE KOPPEISIIMOHHON (QYHKIMU
BXOJIHBIX JAHHBIX C dTAIOHHBIM 00BeKkTOM. K cokaneHuto, BHIOOp B KauecTBE
JTaJlOHA OpHUIHHAJAa pPAcllO3HABAEMOT0 H300pakeHHs SBISETCA KpaifHe
HeyJIauHbIM. J[0BOJIBHO MPUBJIEKATEIbHBIM U HOMYJISPHBIM BapHaHTOM BBIOOpA
3TaJIOHA SBJIAETCS MPUMEHEHHE COCTABHOTO MHBAPHAHTHOTO KOPPENIAHOHHOTO
¢unetpa [2].

B nmamHOW pabore B KadecTBe OOBEKTa HCCIIENOBAHUS HCIIONB30BAIICS
WHBapUaHTHBIA KoppermsanuoHHb ¢mibTp (K®) tuma: MOSSE. B kauectse
cpensl MoJenupoBaHus ObUT BeIOpaH maker Matlab Mathworks, kak Hanbonee
MOAXOASIIHMN JUIsl TI0X0OHOTO poja 3a1ad. st KaXI0To Cirydast BEIYHCISIINCH
3HAYCHUS KOPPEISIMOHHBIX (QyHKIuWA (1), HOPMHPOBAHHBIX HA BEIHYUHY
MaKCUMaJbHOTO TIHKAa (KOJIMYECTBEHHBIC XapaKTEPHCTHUKH), a TaKKke
Ka4eCTBEHHBIE XapaKTEPUCTHKH KOPPEISIIIH:
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oy = [ 00* f e xov-yisds o

3mecy * — 0003HAYAaET KOMIUIEKCHOE COIPSDKEHHE, f " f — DTAJIOHHOE
am 68X

(punapTp) W BXOAHOE H300paKEHHUS, COOTBETCTBEHHO. AHAIUTHYECKUN BHI
stasnonHoro oonekra (Kd):

=X X)X X.E @

X — nuaroHanbHas MaTpHIA, HA TJIABHOM IMAroHAIM CTOAT MpeoOpa3oBaHHE
@Dypbe HCXOAHOTO M300paKEHUs, g — BEKTOp, MNPEJICTABIAIOIIMNA U3 cebd
JK€JIaeMblil KOpPEISLUOHHBIHN UK.

Takum oOpa3oMm, B pabore mpoBenéH cuHTe3 Ha [I9BM wnHBapHaHTHBIX
KOPPEISALMOHHBIX (UIBTPOB U IPUBOISTCSA pE3yIbTaThbl MPUMEHEHHS 3TOTO
tnma K® gma 3amad  pacmosHaBaHust 2D-u3o0pakeHHi, MOIBEPTHYTHIX
TeOMETPUYECKIM MpeoOpa3oBaHMUAM IOBOPOTA, U3MEHEHHMS MaciiTada, a TakkKe
MEKKJIACCOBOMY PacllO3HABAaHHIO TaKMX OOBEKTOB HAa OCHOBE 0a3bl TAaHHBIX U3
[2]. Pe3ymbTaTel MOIENHPOBAaHHUS MOKA3BIBAIOT BO3MOXKHOCTH YCIIEIIHOTO
npumeHeHns K® nmns 3amau pacmnosHaBaHHsS HM300pakeHUil, MOABEPTHYTHIX
npeoOpa3oBaHMI0  M3MEHEHWs MaciuTaba, a TaKkKe  MEXKKIaCCOBOMY
pacro3HaBaHHUIO 0OBEKTOB, TOABEPTHYTHIM 3TOMY THITYy IpeoOpa3oBaHus.

Cnucox numepamypbl
1. Epruxues H.H., Esrtuxuesa O.A., Kowmnanen M.H., Kpacnos A.E., Kynbuun I0.H,,
Onmuokos C.b., Punkesndroc b.C. Mupopmanyonnas ontuka. M.: M3narenscteo MOU, 2000.
2. Ivanov P.A. Modeling of scaled and rotated images recognition using different variants of
invariant correlation filters / Proceedings of SPIE. 2016, V. 9845. P. 98450T.
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A.O.TAVYTEJIb, A.B. IIABJIOB
Yuusepcumem UTMO, Cankm-Ilemepbype

ATIITPOKCUMAIIAA NEPEJATOYHOM XAPAKTEPUCTHKH
CXEMBI I'OJIOTPA®UU OYPBE
JJISA BBICOKOYACTOTHBIX 'OJIOT'PAMM

IIpennokeHa n 00OCHOBaHA AaNIIPOKCHUMAIMS IIE€PElaTOYHOM XapaKTEPUCTHKH
4f-cxemsl ronorpadun Pypse I BHICOKOYACTOTHBIX TOJIOIPAMM MOZEINBIO «Pa3HOCTh
sKcToHeHT». IToka3aHa ageKkBaTHOCTH MOAX0/1a IPH U3MEPEHUH PaJuyca OTKINKA.

A.O. GAUGEL, A.V. PAVLOV
ITMO University, Saint-Petersburg

APPROXIMATION OF THE TRANSFER CHARACTERISTIC
OF THE FOURIER HOLOGRAPHY SCHEME
FOR HIGH-FREQUENCY HOLOGRAMS

An approach to the approximating the transfer characteristic of the 4f Fourier
holography scheme for high-frequency holograms by the «Difference of Exponents»
model, including «Difference of Gaussiansy is proposed and verified numerically.

Ilepenarounoii xapakrepuctukoit 4f-cxemsl ronorpadpuun dypre mis +1-ro
nopsaka auppakaun  H(v) npuMeMm mn3MepsieMyil0 1O HHTEHCHBHOCTH
3aBHCUMOCTb JIOKAJbHOH Iu(pakunoHHON dpdexTruBHOCTH ([]I) romorpamMmmsl
OT MPOCTPaHCTBeHHOU 4acToTHl #( V). B [1] mpemnoxkeH n 000CHOBaH MOAXO] K
anMpoKCUMAIINH TIePEeIaTOYHOM XapaKTePUCTUKN M KOPPEISIIHOHHOTO OTKIIMKA
rayccoBO-1oZIo0HON Mozenpio. OHAKO JAHHBIA MOJXOJ NMPUMEHHUM TOJIBKO
JUIA TOJIOTPaMM, y KOTOPBIX MakCUMyM J[D nokanu3oBaH Ha HyJeBOIl 4acToTe.
Ecmu wacrora paBeHCTBA JIOKAJIBHBIX aMIUINTYJ]] CHUTHIBHOTO M OIIOPHOTO
MyYKOB TIPH 3aIUCH TOJOTPaMMBl OTJIIMYHA OT HYJIS, TO #( V) XapakTepusyeTcs
«tpoBajom» /1D B 00:1aCTH HYJIEBBIX YacTOT U moaxo/ [ 1] HeagekBaTeH.

JI71st BBICOKOYACTOTHBIX TOJIOTPAaMM allpoOKCUMUpPYeM 7( V) MOJIENBIO

n(v)=aq -exp{—ln(a)(;:ljul J+a2 -exp[—ln (a)[;vj] ; )

rae o — ypoBeHb M3MepeHus paamyca. Ilpu o =0.606 u D =D, =2 umeem
monenb DOG (Difference of Gaussians), ymoOHYr s aHAJIATHYECKOTO
OIHCAHUS.
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TpaaunuOHHBIM MOAXOJ K ammpoOKCHMAalMH IO KPUTEPHUIO MHHHMYMa
CpelHero KBajpara OLUIMOKH, B oOlIeM, HaéT HeaJeKBAaTHBIE PE3yJIbTaThl Kak
Jid 7( V), Tak U Ui OTKJIMKA CXEMBI B KOppesIIMOHHOM miockoctu. Ho B psaze
MoJenell 00paboTKH, HApUMeED, NPU peau3alui HEUETKUX JIOTHK, TpeOyeTcs
U3MEepeHHe He MHTEHCUBHOCTU KOPPEJSIIMOHHOTO OTKJIHMKA, a ero paauyca. B
9TOM cilyyae mHapaMmeTpsl ammpokcumupyromed ¢yskunu (1) mMoryt ObITh
NoA00paHBbI 10 KPUTEPUIO0 MUHIMYMa OIIUOKN U3MEPEHHs Paanyca OTKIIHKA.

Ha puc.la pasel  npumepsl  amIpOKCHUMAIlMM  SKCIIEPUMEHTAIBHO
u3MepeHHoi 3aBucuMoctu #(v) Mmoaensto DOG mo Kpurepuro MHHHMYyMa
OIHUOKH paguyca KOPPEIIMOHHOTO OTKIHMKA 110 Pa3HBIM YPOBHIM H3MEPEHHUS,
3aBHCHMOCTH OTHOCHUTEJIFHOHM OIIMOKH OT ypOBHSI IPUBEICHBI Ha pHC. 10.

14 1

Luch, wg HGPrA.

OH. morp. waMet. AKD
(=3

My 1 3 £t & e L
NzaCTPancTBeMNAR vatTaTa ruautin YPOBAHE HRGCHHR F6QHYCR ITHANKA
a o

Puc. 1. Ammpokcumanus moaensio DOG: nepenaTo9Hoi XapaKTepUCTUKH (),
OTHOCHTEJIbHAS TTOTPEIIHOCTh KOPPEIALMOHHOTO OTKIIMKA; ONTUMH3ALMS IS YPOBHEit
OTKJIHKA (0): TOUKH — dKCIIEpUMEHTabHbIEe HaHHbIe, a = 0.606 (1), a =1/e (2), a =0.1 (3)

Takum obpazom, xots mojenb DOG ma€t HealeKkBaTHYIO allpOKCUMAITUIO
3aBucUMOCTH #(V) B enoM (puc. la), HO OHa MO3BOJIAET MOIYYUTH BBICOKYIO
TOYHOCTH ANMPOKCHUMAIIMU PaJHyca KOPPEISLHUOHHOTO OTKIIMKA 110 33laHHOMY
MOJIENIbI0  00pabOTKH YpOBHIO ero m3MepeHus (puc. 16). Dtor pe3ymbrar
aKTyaJieH Kak JUIsl 33/1a4d aHATUTUYECKOTO OIMCAHHS CXEMBbI, TaK KaK MOJeIb
DOG paér nocraToyHO KOMIAKTHBIE M HAIJISHBIE PE3YNIBTAThl, TaK M IS
KOMITBIOTEpPHOW rosiorpaduu, BKIIOYAs CHHTE3 LU(POBBIX KOPPEISIIMOHHBIX
¢buIbTpoB [2], B IIaHe CHIDKEHHS TPeOOBAaHUH K MOIIIHOCTH IIPOLIECCOPA.

Cnucok numepamypbl
1. [TaBnoB A.B., T'ayrens A.O., AnekceeB A.M. Iloaxox K anmpoKCHMalUH IEpeIaTOYHOM
XapaKTePUCTUKH W KOPPENSIIMOHHOTO OTKJIMKa cxeMmbl romorpaduum @Pypee // Ontuka u
cnektpockomus. 2022. T. 130. Ne 9. C. 1389-1396.
2. Esruxues H.H. u np. // KBanTtoBas snekrponuka. 2020. T. 50 (7).C. 667.
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N.B. CAEHHUKOB, B.B. CKAKVYH, 3.A. UEPHABCKAX

benopyccxuii eocyoapemeennvlii yHusepcumem, Munck

KOMBAHUPOBAHHBIA METO/I WIEHTU®HUKAITUA
N CEMAHTHYECKOI'O AHAJIM3A JMHAMMWYECKUX
OBBEKTOB B OIITUYECKOM ITOTOKE
HA BA3E MAIIIMHHOI'O OBYYEHUS

B nannoif pabore mpencraBieH KOMOWHHPOBAHHBI METOJ HMICHTH(GHKALMU |
aHaIn3a CEMaHTHYECKUX O0pa30B AMHAMHYECKHUX OOBEKTOB IJISI ONTHYECKOTO IIOTOKA.
Merox BKIIOYaeT dYeThIpe dTama: (GopMHUpPOBAaHHE KapThl HMPU3HAKOB H300pasKeHUs,
JETeKTUPOBaHUE O0NacTeil MHTepeca, CO3MaHUE UYETHIPEXMEPHOTO INPOCTPAHCTBA JUIS
map MHKCeNed IOTeHIMANbHBIX o0macTell HWHTepeca, TOCHenyiomee OOHOBICHUE
KOPPEIAIIOHHOTO TOJIs TOTOKA Ha 0a3e ynpaBIIeMOro PeKyppeHTHOTo OIoKa.

L.V. SAETCHNIKOV, V.V. SKAKUN, E.A. TCHERNIAVSKAIA

Belarusian State University, Minsk

COMBINED ML-BASED TECHNIQUE FOR DYNAMICAL
OBJECTS IDENTIFICATION AND SEMANTIC ANALYSIS
IN OPTICAL FLOW

In this paper we report the combined method of identification and semantic analysis
of dynamic objects in the optical flow. The method includes four stages: generation of
image’ feature map, detection of regions of interest, creation of four-dimensional space
for pixel pairs of potential regions of interest, subsequent updating stage of the
correlation field based on gated recurrent unit.

3amaga pacro3HaBaHUS OOBEKTOB M WX MOCICAYIOIINN CEMaHTHYCCKUH
aHaIlN3 B ONTHYECKOM IOTOKE SBIICTCS ONHOW M3 CaMbIX HACYIIHBIX 3a1ad B
KoMIbIOTepHOM 3peHHu [1]. HecmorTpst Ha mnocTikeHHs B pa3paboTKe U
pearm3anuy MOJOOHBIX METONOB Ha MPOTSHKCHUH IIOCICIHUX IECSATH JIeT,
CYLIECTBYIOIIME CHCTEMbI JIOCTATOYHO YYBCTBUTEIbHBI K Pa3IMYHOIO poja
OKKJTFO3USIM [2] ¥ Pa3MBITHIO CEMAaHTUYECKHX ITaTTePHOB 00pa3oB 00beKTOB [3].
JlanHbIe (hakTopsI JIOTIONTHUTEIHHO YCIIOXKHSIOT KJIACCHYIECKYIO
ONTUMH3AIMOHHYIO 33/1ady II0 PacdéTy MPOCTPAHCTBA CMEIIEHHH IUIOTHOCTH
MoJed MeXTy IBYMS NOCICAYIOUNMH KagpaMH M IOCIEAYIOIIYI0 3amady
perynsapu3anyi. AJBTEPHATUBHONW JAHHOMY KJIACCHYECKOMY ITOJXOAY MOXKET
CTaTh KOMOMHHMPOBAaHHBIE METOABI HAa OCHOBE MAIIMHHOTO W TIIyOOKOTO
oOyuenust [4], cmocoOHOrO Ha TIEPBOM JTare MPOBOIUTH CEMaHTHUECKHI
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aHaIN3 M300paKeHUH C BBIYWICHECHHEM HHTEPECYIONNX 00JacTedl mHTepeca W
noceayronee o0ydeHue is 3a1a4y IpsiMOro MPOTHO3UPOBAHMS IIOTOKA.

B nmanHO#l paboTe MBI MpemiaraeM apxXUTEKTYpy KOMOWHUPOBAHHOTO
MEeTo/Ia UICHTU(PHUKAIMH THHAMUYECKIX 0OBEKTOB B ONITUYECKOM MIOTOKE.

[Tpemnaraemplii METOZ COCTOUT U3 YETHIPEX KOMIIOHEHTOB.

1) ®opmupoBaHHe KapThl MPU3HAKOB CEThIO NIIyOOKOro OOy4YeHUs
YOLOv4eff [5]. Cers, Brirouaromas B o0meM 24 cBEPTOUHBIX CIIOs, CHaYasa
obydaeTcss Ha pgaracere ImageNet (koHmemmms transfer learning), nanee
moo0ydaeTcss 1O pPa3MEUYEHHBIM CEMaHTHYECKHM [aHHBIM JTHHAMHYICCKUX
00BeKTOB (Hampumep, aBroMoOmwu Ha VisDrone 2022 [3]). Jlnsa momydeHus
PETIPE3eHTAMOHHON KAPTHHKHA TPH3HAKOB IO Pa3HBIM YPOBHSAM TJIyOHHBI
ucnoneiyercs 6 CSP connections mis Tparcdepa mpu3HAKOB Ha TOCICTYIOIIE
cion. Jlnsd TpemoTBpalleHHS  HCYC3AIOIIEr0 TIpajieHTa B KadecTBe
aKTHBAIIMOHHOHW (yHKIMK npetaraetcs Swish.

2) JlereKTHpOBaHUE AMHAMUYECKHX OOBEKTOB Ha M300pa)KEHHUSIX METOJIOM
ssd_mod [6] ¢ unTerpupoBaHHOil I0THOI ceThio DenseNet S 32, u Moaynem
OCTaTOYHOrO MNPOTHO3UpoBaHMs Juisi  Kaxnoro ciost  (Res-Block) s
o0JierdeHus MOJICNIU U IPEJOTBPAILCHHUS B3PbIBHBIX I'PaIUEHTOB.

3) KoppensuuoHHbIH  cioii  jnusg  co3gaHuss 4D KOppeNsSIHOHHOTO
npoctpancTBa (W x H x W x H) map nukcesneld, BXOASIIUX B THITOTETHIESCKYIO
00I1acTh HAMMYUSA JUHAMHYECKOTO O0BEKTa (IO pe3yibraraM paboThl BTOPOTO
KOMIIOHEHTA), ¢ 00bEIMHEHHEM Ha MOCIeIyomuX hperimax.

4) PexyppentHsiii update omeparop Ha 6a3ze GRU, koTopblii u3Biekaer
3HAUCHWsI W3 KOPPEJIMOHHBIX OOBEMOB (pe3yIbTaThl Pa0OTBl TPETHETO
KOMIIOHEHTAa) ¥ HTEPAaTUBHO OOHOBIISAET MOJIE MOTOKA.

CTOMT OTMETHTb, YTO MPEMJIOKEHHBIH aJIrOPUTM MOTHBHPOBAH TaKKe
ONTHUMHU3AIIMOHHBIM aJTOPUTMOM, MCIHOJIB3YIOLUIMMCS B ONITUYECKOM TI0TOKe. B
HallleM cilydae, I'eHeparop KapTbl NPH3HAKOB H3BIEKACT CEMAaHTHYECKHE W
MUKCeJIbHbIE TMpu3HaKku. Jlamee KOPpENSLMOHHBIM CJIOW  pacCUYUThIBAET
BU3YaJIbHOE CXOJICTBO MEXJy IHMKCEISIMH, a OIeparop OOHOBJICHUS UMUTUPYET
[Iard UTEPAIIIOHHOTO aJrOPUTMa ONTHMHU3AIIH.

Cnucox aumepamypui

1. Dobricki T., OhY., et al. // 13th International Conference on Information and
Communication Technology Convergence (ICTC). 2022. P. 588-590.

2. Savian S., Mehdi E., et al. // Deep Biometrics. P. 257-287.

3. Chong X., Zhou N, et. al. / 26th International Conference on Pattern Recognition (ICPR).
2022. P. 3471-3477.

4. Sun D., Yang X., Liu M.-Y., et al. / IEEE/CVF Conference on Computer Vision and Pattern
Recognition. 2018. P. 8934-8943.

5. Saetchnikov 1.V., Skakun V.V. // VIII Belarusian Space Congress. 2022. P. 149-152.

6. Saetchnikov 1. V., Skakun V.V. // Computer Technologies and Data Analysis. 2022. P. 64-68.
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J.A. PLIMOB, P.C. CTAPUKOB, I1.A. YEPEMXUWH

Hayuonanvhvlii uccneoosamenvckuii soepuviil ynueepcumem « MUDHUy

CUHTE3 KHHO®OPMOB TPEXMEPHBIX CIIEH
HA OCHOBE MAIIMHHOI'O OBYYEHUA

PeanuzoBan meron cuntesa kuHodopmoB 3D-cuieH, OCHOBaHHBII HA HCIIOIb30BAHUU
HeliponHo# cetu. IIpoBeneHa omeHka KkadecTBa H300paKEHHH BOCCTAHOBJIEHHBIX C
KHHO(QOPMOB, TMONYYCHHBIX KaK C IMOMOIIbI0 OOY4YeHHOW HEWPOHHOW CEeTH, W MpHU
ucronp3oBaHun Metoa I'epubepra—CakcToHa.

D.A. RYMOV, R.S. STARIKOV, P.A. CHEREMKHIN
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

MACHINE LEARNING-BASED VOLUME SCENE HOLOGRAM
GENERATION

A neural-network-based method for 3D-kinoform generation was developed.
Quality of images reconstructed from kinoforms, generated with the trained model was
compared against images, reconstructed from kinoforms generated with the Gerchberg—
Saxton algorithm.

B nacrosiee Bpemst B 06JacTsix MHGOPMAIMOHHOW ONTHKU M roJiorpaduu
AaKTUBHO DPAa3BHBAIOTCS METOJbI, OCHOBAHHBIE HAa HCIOJIH30BAaHHUHM HEHPOHHBIX
cereit [1 - 3]. IlpuMeHeHne TaKUX METOJIOB MOXET 3HAUUTEIHHO YMEHBIIUTH
BpeMs, Tpebyemoe JUId pacdéToB ONTHYECKUX 3JIEMEHTOB II0 CPABHEHHUIO C
TpaauUHOHHBIMY [2]. B uacTHOCTH, CHHTE3 KUHO(DOPMOB SIBISETCS JOCTATOUHO
TPYMOEMKON 3ajaueil M3-3a HaTUYMSg MHOXECTBA OOBEKTHBIX IUIOCKOCTEM,
¢opmupyronux 3D-ciieHy. B TpaaMIMoHHBIX HTEpallMOHHBIX METOIAX Pacdyér
Ka)KJJOH MJIOCKOCTH M MX B3aHMMOJICHCTBHSA MOXET 3aHUMAaTh MPOJIOIDKUTEIEHOE
Bpems [4]. Mcnonb30BaHue ke HEUPOHHBIX CETEH MOKET MO3BOJUTH IONYCTUTh
CYILIECTBEHHOE COKpallleHUue BpeMeHHU pacuéra [3, 5].

Jns nemoHcTpauuu paboThl MeTojqa HeWpoHHas ceTh Obula oOydeHa
cuHTe3y KnHOopopmoB 3D-cueH, conepxamux 16 OOBEKTHBIX IUIOCKOCTEH
paspemenuem 512 x 512 mukceneil. Ha puc. la npeacraBneH mpumep OJHOTO
3 cedeHWHd opuruHaubHOH 3D-cuensl, Ha puc. 16 u 16 — n300pakeHUs,
BOCCTAaHOBJICHHBIE C KHHO(OPMOB, PACCUUTAHHBIX C TOMOIIBIO OOYYEHHOU
Monenu  HeWpoHHoW cetm wu  Meroma [epubepra—CokctoHa (I'C)
COOTBETCTBEHHO.
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a 6 8
Puc. 1. IIpumep opuruHasHOrO M300pakeHus ceueHust 3D-cueHsl (a)
Y BOCCTAHOBJICHHBIX C KHHO(OPMOB, CHHTE3UPOBAHHBIX C IOMOIIIO
oOyuenHoit mozenu (6) u merona ['epubepra—Cakcrona (8)

Kak BumHO, m300pakeHHE, TOIYYEHHOE C HCIIOJIh30BaHWEM OOyUCHHOI
Moznenu, naét Ooiee YETKUH KOHTYp OOBEKTa, a TaKKe COICPIKAT MEHBIIC
HHPOPMALUU O APYTHX OOBEKTHBIX IUIOCKOCTSIX. Koadhduiment xoppemsun
JUII BOCCTAHOBIICHHOTO W300pakeHUsI C KWHOGMOpMA, CHHTE3MPOBAHHOTO
HelpoceThio, coctaBun 0,60 £0,03, a I paccUMTaHHOTO METOAOM
I'epubepra-Cokcrona — 0,45+0,09 (cpennee mo 16 mIOCKOCTSAM IS
100 xkurodopmoB). IlomydeHHbIe pe3yabTaThl JAEMOHCTPUPYIOT BO3MOXKHOCTD
OMEPaTHBHOIO M KAaYECTBEHHOI'O CHHTE3a KHHO(DOPMOB OOBEMHBIX CIIEH C
UCII0JIb30BAaHHEM MAITHHHOTO OOYUCHHUSI.

Pabora BeImomHeHa TIpU (QUHAHCOBOW TOAEpk)Ke PoccHiiCKOro HayYHOTO
tdorma (PHD), rpanT Ne 22-79-10340.
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M.A.T'OPSEB

Poccuiickuii eocyoapcmeennulii nedazoeuueckuil ynusepcumem um. A.U. epyena,
Canxm-Ilemepbype

BJIMAHUE KPACUTEJISI HA ®OTO3C
KPEMHHUEBOM n-p-n* CTPYKTYPBI

Hccnenosansl criekTpsl GoTod/IC B n-p CTPYKTYpe KPEMHUS C HaHECEHHBIM Ha
MOBEPXHOCTh KPAaCHTEIEM M OKUChIO CypbMbl. Kpacutenb H3MEHSET CHEKTpalbHOEe
pacmpenenenue ¢Gorodddexta B pe3ynbTare B3aHMMOJCHCTBUS C IOBEPXHOCTHIO
HOJIYNIPOBOJIHUKA, 8 OKUCh CYpbMbI yMEHBIIAET €r0 BEJIUYHHY Ha HOPSIOK.

M.A. GORYAEV

Herzen State Pedagogical University of Russia, Saint Petersburg

DYE INFLUENCE ON THE PHOTO-EMF
OF THE SILICON n-p-n* STRUCTURE

The photo-EMF spectra in the silicon n-p structure with a dye and the Sb oxide
applied on the semiconconductor surface are investigated. The dye changes the spectra
of the photovoltaic effect as result of interaction with semiconductor surface, and the Sb
oxide decreases its value by the order of magnitude.

B dotosnexTpuueckux mnpeobOpa3oBaTensx coJHedHOW sHepruu [1] u B
[I3C-matpuniax ~ cucteM  peructpanud  u3obpaxkenuid  [2]  mUPOKO
HCTIONB3YIOTCSI KPEMHUEBBIE CTPYKTYPHI Pa3INYHOTO cTpoeHus. Opranndeckue
kpacurenn 3(GGEKTHBHO  CEHCHOMIM3HUPYIOT (OTONPOBOANMOCTD  Ha
MOCTOSIHHOM TOKE B MOpoIiikoodopasHom kpemuuu [3] u ¢orodIC B
MOHOKPHCTAJUTMIECKOM KpemHHH [4]. B nmaHHOW paboTe uccIenoBaich
crnektpsl (oToD/IC B MOHOKPHCTAJUIMYECKON CTPYKTYpe Ha OCHOBE KPEMHUSL:
HOIYIIPOBOJHUKOBasL TOMIOKKa n'-tuma  (tommuHa 500 MHKpOH) ¢
HaHECEEHHBIMU CIOSIMU p-Tuma (TosmuHa 20 MHKPOH) M n-THMHA (TOJIIMHA
1 MUKpOH) M BiMsiHME Ha (DOTOBONBTAM4YECKUi 3(PQEKT B TaKOH CTPYKType
HaHECEHHBIX Ha IIOBEPXHOCTh CIOEB OPraHUYECKOTO KpacuTens U OKHCH
CYPBMBI.

Mamepenns hotoD/IC 06pa3ioB MpoBOAUIOCH KOHACHCATOPHBIM METOJOM
[5] mpm wmomynupoBaHHOM ocBemieHud. [l omeHkH ddQexkTUBHOCTH
BHYTpeHHETO (hoTodddexra m3mepsiemple cuUTHaIBI AU HOPMHPOBAINCH Ha
OIMHAKOBOE KOJIMYECTBO TAJAIOMMX Ha oOpasen KBaHTOB ceera. Ha pmc. |
npezncTaBieHsl cekTpel (oTo3]C ncxomHON CTPYKTYpHI KpeMHHS (KpuBas /)
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¥ 00pa3noB ¢ HAHECEHHBIMH Ha MOJTYIPOBOJHHK A0, X wlun
cinossMu pojgamuHa 6K ¢ MOBEpXHOCTHBIMU
KOHLEHTPALMAMH MOJIEKY] Kpacutenas 30 Hwm™
(kpuBas 2) wu 60mum? (kpuBas 3) wu

JMBJIEKTPUYECKUM clloeM OKucH Sb Tommumoit 1 == e
5 uMm (xpuBas 4). SR TSN
W3menenne BenwyuHbl QoTod(ddexTta U ero .
S E P — —
CIIEKTPOB TIpM  HAHECEHMH KpaCUTENS Ha g .

TMOBEPXHOCTh MONYNMPOBOAHMKA (KPHBEIC 2 H 3),  pyc. 1. Criexrpsr hotodC
Kak ¥ B ciiydae Oojee NMpOCTOH n-p CTPYKTYpHI

[6], MoxxeT OBITH CBS3aHO CO CMEHOHM 3HaKa ()OTONOTEHIHANa B pe3yjbTaTe
B3aUMOJICHCTBUSL KPAacHTENsl C IMOBEPXHOCTBIO KPEMHHS IIPH OCBEUICHHUH B
pasHbpIXx obOmactax cmektpa [7]. Cencubmmmsamuu — Qortorddekrra He
HaOoaeTcs, TaKk KaK KPUTHYECKUH pajnyc IMepeHoca SHEPTUH OT KPacHUTeNs
MOJIYIIPOBOJIHUKY cOCTaBisieT 6 - 8 HM [8], u 9Ta HSHEprusi He JOCTUTAET
TeTOPOKOHTAaKTa. A MpU YBEIMYCHHM KOHIEHTpalMu KpacuTens (kpuBas 3)
3ameTeH (GMIbTPoBOi 3pdeKxT B 006s1acTh moriouieHust Kpacurems [5].

[lpy HaHeceHMHM Ha TOBEPXHOCTh CJOS OKucu Sb  Habmromaercs
yMmeHbleHne (Gorodpdexra Ha Mopsnok (KpuBas 4), a BIMSHUE KpacHTEINs
MPaKTHIECKH OTCYTCTBYET, YTO MOXET OBITH CBS3aHO C ()OPMHPOBAHHEM B
MOYTIPOBOJHUKE AHTH3AMOPHOTO M3ruba 30H, KaK 3TO TPOUCXOAWUT MpH
HaHECEHUM Ha KPEMHHUH CIIOEB CIOXHBIX XaJIbKOreHnaoB cucreMbl Ge-Sb-Te
[9, 10].

Astop Omaromapen KoccoBy B.I'. u lBanoBy B.A. 3a mpemocraBicHHBIC
o6pasiel KpeMHHEBBIX CTpYKTYp 1 KabmykoBoit H.C 3a HaneceHue cio€s Sb.
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VK. MAXMAHOB'?, 1IL.A. \?CAHOBl, K.H. MYCYPMOHOB!,
AX. IIYKYPOB', U. AVCOB?, C. DIIIBOEB?

[ Hnemumym uonno-nnazmennvix u nazephvix mexnono2uti Axademuu nayx Pecnybauxu
V36exucman, Tawxenm
’Hayuonanonwii ynueepcumem Ysbexucmana um. M. Ynyebexa, Tawkenm
3Tepmesckuii 2ocyoapcmeennbiii yuueepcumem, Tepmes, Yzbexucman

ONTUYECKHUE U CTPYKTYPHBIE CBOMCTBA ®YJIJIEPEHA
Cso B BUHAPHBIX PACTBOPUTEJIAX

IpencraBineHsl pe3yabTaThl AKCIEPUMEHTOB IO ()OPMHUPOBAHHIO HAHOKIIACTEPOB
¢ynnepena Ceo B cucteMe rexcan/OeH305. YcTaHOBIEHBI 3(PQEKTH caMOOpraHU3aluu
Monekyl Ce0 Ha ONTHYECKHME CBOMCTBA pacTBOPA, OIpENCIEHbl pa3MEpHbIE MU
CTPYKTYPHBIE XapaKTepPUCTHKH HaHOKIacTepoB Ceo.

UK. MAKHMANOV'?, S.A. ESANOV!, K.N. MUSURMONOV',
A.Xh. SHUKUROV', Y. DUSOV?, S. ESHBOEV?

!nstitute of lon-Plasma and Laser Technologies, Uzbekistan Academy of Sciences,
Tashkent
°’National University of Uzbekistan named after Mirzo Ulugbek, Tashkent
3Termiz State University, Termiz, Uzbekistan

OPTICAL AND STRUCTURAL PROPERTIES
OF FULLERENE Cg IN BINARY SOLVENTS

The results of experiments on the formation of Ceo fullerene nanoclusters in the
hexane/benzene system are presented. The effects of self-organization of Ceo molecules
on the optical properties of the solution are established, and the dimensional and
structural characteristics of Ceo nanoclusters are determined.

Hanopasmepnas  ymieponcoaepxkamass — mojiekyna  ¢ymiepeHa  Ceo
NPUBJICKAET BHUMAaHUE YUYEHBIX OJIarofapsi CBOMM YHHMKAJIbHBIM CBOWCTBaM,
MO3BOJISIFOIIMM HCIIONIb30BaTh MX B Pa3lIMUYHBIX OONACTSIX HAyKH U TEXHUKH,
BKIIIOUas MEIWIMHY, COBPEMEHHYIO JJIEKTPOHHKY, MaTepHaioBeIeHHE,
HaHOTeXHOJNOTMH W Japyrue ob6mactu [, 2]. PactBopel ¢ymnepena Cg B
OpPTaHMYEeCKHX pPACTBOPUTENISIX MOXHO pacCMaTrpuBaTh KaK KOJUIOWJIHBIC
CHCTEMBI, TOCKOJIbKY W3BECTHAa CKJIOHHOCTb MOJEKYIbl (QymiepeHa K
00pa30BaHMIO KIACTEPOB B PA3IMYHBIX pacTBOpuTelsix [3, 4]. B aTom ciydae
CBOMCTBA CHHTE3MPOBAaHHBIX HAHOPA3MEPHBIX  KJIACTEPOB  CTaHOBSATCS
3aBUCHMBIMH OT HMX T'€OMETPHUYECKHX Pa3MEpOB M 3aMETHO OTIMYAIOTCS OT
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AQHAJIOTUYHBIX CBOMCTB COCTABIAIONINX MX MHAWBUAYaIbHBIX MOHOMEPOB Cgo
[5-7]. B To xe BpeMs MHOTHE BONPOCHI O MEXMOJEKYISIPHBIX
B3aUMOJICHCTBHSX, MPUBOMSAIIMX K KiacTepu3auuu Moiekyn ¢ymiepena Ceo B
OMHApHBIX PACTBOPAX, OCTAIOTCS IUCKYCCHOHHBIMH.

Lenpto HacTosimield paOOTHI SBISETCS SKCHEPHMEHTAJIbHOE HCCIIEJOBAaHNUE
ontHyeckux cBOWCTB (Y® BHIMMBIC CIEKTPHl TOIIOUICHUS W TIOKa3areib
npesioMmsieHust) pacTBopoB ¢ymiepera Cq B ONHAPHBIX CMECSX PAaCTBOPHUTENCH
«rekcaH+0eH30/» M Pa3sMEPHBIX XapPAKTEPUCTUK (JaHHBIC TUHAMHYECKOTO
paccestaus cBeta (JIPC) 1 CHUMKH 37€KTpOHHOW MHKpPOCKOTHH) Ki1acTepoB Coeo
B pacTBOpax TIpM KOMHAaTHOM Temmeparype. B skcmepuMeHTax Obutn
UCIIONB30BaHbl  KpUCTauTMueckne mopommkn  Qymaepena Cso 4YNUCTOTOMH
>99,8 %, a Taxke opranmdeckue pactBoputenu — rexcaH (CsHis) m Oenszon
(CsHe) umcroroii ~ 99 %. Bece ncrionp3yeMble peareHThl ObITH IPUOOPETEHBI OT
Sigma Aldrich (CILIA).

MetonoM pedpakTOMETPUH HKCHEPHMEHTAJIBHO YCTAHOBIEHO, 4YTO C
yBenuueHueM KoHueHTpauuun ¢ymiepeHa Ceo M 00bEMHOI nomm OeHzonma B
pactBope Cgo/Tekcan/OCH30 3HAYCHUS TOKA3aTess MPEIOMIICHUS pPacTBOpa
YBENIMYMBAIOTCS. Takoe IMOBEJCHHE CBS3aHO C TEM, YTO YBEIMYCHHE YHCNA
CBsi3eH, OOpa3yroIUXCS MEXIy MOJEKyJaMH «pPacTBOPEHHOE BEIIECTBO-
pacTBOPEHHOE BEILIECTBO» U  «PACTBOPEHHOE BEIIECTBO-PACTBOPHUTEIDY,
BbI3bIBACT 0OJIbIIE B3aMMOACHCTBUII C ()OTOHAMH M MPHUBOJMUT K YBEIHMUYCHHUIO
TOKAa3aTess MPEJIOMIICHUS CPEbI.

Yeenmuenue konneHTpanun Ceo B cucreme Ceo/TeKcan/OeH3011 TPUBOIUT K
3HAYMTENILHBIM M3MEHEHUSIM TepeHoca 3apsiia Mexay Ceo M PaCTBOPHUTENIEM, B
YaCTHOCTH, TPOSIBIISIIOT KAK MOJIOKUTEIBHBIN COJIbBATOXPOMHBIN 3((eKT, Tak n
THITOXPOMHBIN 3 (eKT B 1Moj0ce MHTEHCUBHOTO ONITHYECKOTO IOMIOMIEHHS IPU
~330,2 am. [locnme 3ameHBl OeH3071a B OMHApPHOM pAacTBOPE pacIpelelicHHe
3apsaga  m-3IeKTpoHOB  ¢ymrepeHa Cg B BO30YXIEHHOM 3JIEKTPOHHOM
COCTOSIHWM CYIIECTBEHHO OTIMYAECTCS OT TAKOBOTO B OCHOBHOM COCTOSTHUH
monekyn. [Ipn stom mpomcxomur peopranmsanms Moiekyn Ceo B pacTBOpe.
Ot0T (hakT ObUT OATBEPXKAEH HA OCHOBAHMHU SKCIIEPUMEHTAJIbHBIX PE3YJIbTaTOB
JIPC 1 21eKTpOHHOH MUKPOCKOTIHH.
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3. Mchedlov-Petrossyan N.O. // Chem. Rev. 2013. V. 113. P. 5149-5193.
4. Makhmanov U.K., et.al. / Phys. Lett. A. 2016. V. 380. P. 2081-2084.
5.QuY.,, Liang S., et al. / Mater. Lett. 2011. V. 65. P. 562-564.
6. Cid A., Moldes O., et al. // ACS Omega. 2017. V. 2. P. 2368-2373.
7. Makhmanov U.K., et al. // Fuller. Nanotub. Carbon Nanostructures. 2022. V. 30. P. 80-84.
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KBAHTOBASI D®®EKTUBHOCTD
®OTOKATAJTATHYECKOTI'O PA3JIOKEHHUSI BOJIbI
MMPY UBMEHEHHUH YCJIOBHUII CUHTE3A
HAHOIIOPUCTBIX CJIOEB HOJUJA MEIN

TlokazaHo, YTO YyBeNMYECHHE BpPEMEHHM CHHTe3a CIOEB MeOu M BPEMEHH
MOCNIEIYIOMETO HOAUPOBAHMA CIOEB YBEIMYMBACT KBAaHTOBYIO 3((EKTHBHOCTDH
pa3NoXKECHUS BOABI TMOA ACHCTBHEM wm3MydeHus B Y® u BHAMMOW 00macTsix mpu
Pa3NUYHBIX 3HAYCHHAX IPWIOKEHHOTO HANpsHKEHHWsA. MakcHUMalbHasi KBaHTOBAs
3¢ (EeKTUBHOCTH MPU BPEeMEHH CHHTe3a MeIHbIX cinoéB 30 ¢, a BpeMeHH HOoAMpOBaHUS
20 muH cocrasiser 0.37 %.

P.A. BEZRUKOV', A.V. NASHEKIN?, A.I. SIDOROV"*
'ITMO University, Saint-Petersburg
’loffe Institute of the RAS, Saint-Petersburg
3Saint-Petersburg State Electrotechnical University "LETI"

QUANTUM EFFICIENCY OF PHOTOCATALYTIC WATER
SPLITTING BY CHANGING CONDITIONS OF COPPER
IODIDE NANOPOROUS LAYERS

Increasing the synthesis time of copper iodide and the synthesis time of subsequent
iodization of layers increases the quantum efficiency of water splitting under a radiation
action (320 - 500 nm) at different values of the applied voltage. The maximum quantum
efficiency with a time synthesis of copper layers of 30 s and an iodization time of
20 min is 0.37 %.

Hcnonb30BaHne COJIHEYHOM SHEPTUHU OIPEAECISET OCHOBHYIO NEPCIEKTHBY
pa3BUTHsI DHEPreTUKH M HKOHOMUKH OYIyIIEro Kak HWCTOYHHUK YHCTOM,
HercdyeprnaeMor sHeprun. POTOKAaTaATUTUIECKOE PA3TIOKEHNE BOIBI — OIUH W3
COBPEMEHHBIX CIIOCOOOB TPEeOOpa3oBaHUsl COJHEUHOW OJHEPIMH Ha CTHIKE
OHEPreTHUECKMX M OKOJOTMYECKUX TPEHIOB TEXHOJIOTHYECKOTO pPa3BUTHUSI.
AxTuBHBIE (GOPMBI KHCIOPOAA, OOpa3ylomuecs TNpH B3aUMOACHCTBUH
(hoTOreHepHpPOBaHHBIX JIBIPOK C PACTBOPEHHBIM B BOJAE KHCIOPOJOM, MOTYT
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pas3pymarb MIPUMECHBIC COCIIMHEHUS B CTOYHBIX BOJIAX. A
(hoTOreHepUPOBAHHBIC AJICKTPOHBI YYACTBYIOT B PCAKIUH BOCCTAHOBIICHUS
BOJIOPO/Ia, KOTOPBIM MOXET MCIIOJIb30BaThCsl B KayecTBE TOIUIMBA. Marepuan
(oTokarona crocoOeH MOrIoIaTh HEPrHI0 COJHEYHOTO CBETa B IIHPOKOM
JTUara3oHe JUTUH BOJH.

B macrosimield pabore MpOBEJEHO AKCIEPUMEHTAIBHOE HCCICAOBAHUE
(hOTOKATOZIOB — HAHOMIOPHUCTHIX IIEHOK MOMUAa Meau. HaHOMOPUCThIC MEIHBIC
CIIOM TIONyYalld METOAOB PEaKINU 3aMCEIICHUS Ha JKENIE3HBIX ITOIOKKAX B
teuenne 5, 15 m 30 ¢ W3 BOAHBIX pacTBOpoB cyiabhara memu (50 r/m).
ﬁOHHpOBaHHe B Mapax HoAa MpousBoAmwnoch B TedeHue S5, 10 m 20 mwuH.
KsanToBas 53¢ddekTuBHOCTS pasiokeHWss BOABI HCCIEOOBalach 3a CUET
(ukcupoBaHUS W3MEHEHHMS (OTOTOKA B MOMEHT Hadala OOIydeHHS
n3nydenueM (320 - 500 HM) TpH MMOCTOSHHOM TPHJIOKEHHOM HAIPSHKCHUH.
YBenuueHHe BPEMEHH CHHTE3a HAHOMOPUCTOTO CIIOS MEId yBEIHYUBAeT
KBaHTOBYIO0 3(P(PEKTUBHOCTh pa3ioKeHUs: Bojabl B 1.3 u 2.6 pa3 10 3HAYCHUUI
0.2 u 0.39 % npu npunoxkeHHoM HampsbkeHuu 3 B (puc. la). YBenuuenue
BpEMEHU HOTUPOBAHUS MPHU MOCTOSHHOW TOMIIUHE HAHOTIOPUCTOTO CJIO0SI MEJH,
YBCIIMYMBACT  KBAHTOBYHO  S(GQGEKTHBHOCTH  PA3JIOKECHUS  BOABI [0
MakcuMajibHOro 3HaueHuss 0.37 % mpu OpUIOKEHHOM HampsbkeHuun 5 B

(puc. 10).

a o

Puc. 1. 3aBUCHMOCTb KBaHTOBO# 2P (PEKTHBHOCTH Pa3I0KESHUsI BOJBI OT BETHYHHBI
TIPUIJIOKEHHOTO HAIPSHKEHNUS: IPU N3MEHEHHN BPEMEHU CHHTE3a HAHOMOPUCTHIX CIIOEB
Menu (a); TpU U3MEHEHHH BPEMEHU HOMUPOBaHUS CIIOEB MenH (0)

Pabora BeImoONHEHa TpU (UHAHCOBOM mojuepkke Poccuiickoro HaydHOTO
¢onna (mpoext Ne 20-19-00559).
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A.Il. BOMYEHKO, B.A. IUGVPEHKO

Kybaunckui eocyoapcmeennutii yHusepcumem, Kpacrnooap

BJIMSIHUE MPEJIBAPUTEJILHOI TEPMOOBPABOTKH
AJIOMUHMS HA KHHETHUKY 3JEKTPOJTIOMUHECLHEHUH
EI'O OKCHJIA TIPU AHOJIMUPOBAHUM
B JUCTUIMPOBAHHOI1 BOJIE

Ha npumepe ortoxox€HHOro amoMuHus Ipu Temmeparypax 623, 723 u 823 K
3aperiuCTpUpOBaHa Pa3sHOMHTCHCUBHAs sieKrpomomuHecuenus (OJI) ero oxcuna,
(hopMHEpYeMOTo NpH BBICOKOBOJIBTHOM AHOJMPOBAHHM MeTajula B AWUCTHIUIMPOBAHHOM
Bojie. IlokazaHo, YTO H3MEHEHHE KPHUCTAJUIMYECKOH CTPYKTYphl MeTaylga IpU ero
TepMOOOPaOOTKE CYIIECTBEHHO BIUSAET Ha KHHETUKY JJI.

A.P. BOYCHENKO, V.A. LIFIRENKO
Kuban State University, Krasnodar

EFFECT OF PRELIMINARY THERMAL TREATMENT
OF ALUMINUM ON THE ELECTROLUMINESCENCE
KINETICS OF ITS OXIDE DURING ANODIZING
IN DISTILLED WATER

On the example of annealed aluminum at temperatures of 623, 723 and 823 K,
different-intensity electroluminescence (EL) of its oxide, formed during high-voltage metal
anodization in distilled water, was recorded. It is shown that the change in the crystal
structure of the metal during its heat treatment significantly affects the EL kinetics.

Panee B [1] Ha npumepe amomunus (Al) ObITM MOKa3aHbI CYIIECTBEHHBIC
paznuuusi B KHHeTHKe 3jekrpoitomuHectuernnu (DJ1) ero oxenaa (Al,O3) mpu
aHOUPOBAaHUM OTONKEHHOTO (823 K) 1 He OTOXOKEHHOTO MeTajia B BOJIHBIX
anekTpouTax. A B [2] TpOAEMOHCTPUPOBAHA BO3MOXKHOCTH 3aMEHBI
MOCIeTHNX Ha XHMMHYECKM 4YHCTyI0, IUCTWIHPOBaHHYI0 Bomy (/[IB) c
MONy4YeHHEM TeX JK€ pEe3ylbTaToB aHoAWpoBaHWs. B Hacrosimedl pabore
NPE/ICTAaBICHBl TepBbIe pe3ynbTaThl HccienoBaHuii kuHeTtuku OJI AbLOs,
QHOJTHO-IEKTPOJIN3HO popmupyemoro B J[B Ha mpesBapUTENbHO OTOXIKEHHOM
B Teuenne |h wmerayme npum Ttemmeparypax (T): 623, 723 u 823 K.
OKCreprMeHTaJIbHas YCTAaHOBKA IOJIHOCTHIO COOTBETCTBOBAJIA OIMCAaHHOW B
[3], xax u pexxum anogupoBanus mpu 1,2 kV 3a Bpemst (£) 1700 s.

Ha pwuc. 1 mpencraBieHbl KMHETHKM W3MEHEHHS IUIOTHOCTH Toka (J) M
ceetmmoctu DJI (I), dopmupyemoro mpm anomupoBanuu B JIB AlLOs Ha
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MMOBEPXHOCTH TEPMOMOAU(DHUIIMPOBAHHOTO TIPH OTXKUTE Al M KOHTPOIBHOTO (HE
otoxok€HHOTO0). U3 puc. 1 4é€Tko mpoCieKUBacTCsi 3aKOHOMEPHOCTh U3MCHCHUS
J(t) u I(t), 0cOOCHHO TS IOCTICTHETO TTapamMeTpa.

Puc. 1. Kunernueckue 3aBucumoctu J(£) — 1.1, 1.2, 1.3, 1.4 u I(r) - 2.1,2.2,2.3,2.4
npu aHomupoBanuu B JIB otosxokénnoro Al: 1.1, 2.1 — koHTpONBHBII oOpaserr; 1.2, 2.2 —
npu T=623K;1.3,23npuT=723K;1.4,24—-npuT =823 K

Tak, npu yBenndeHnn T OT)KUra MeTajula yBEJIMYMBAETCS BPEMs MOMEHTa
saxxuranust DJI pactymero Al,O3 OTHOCHTENILHO KOHTPOJIBLHOTO BapHaHTa.
ITono6Hass 3aKOHOMEPHOCTh TMPOCIESKUBACTCA M IS NHKOBOM CBETHMMOCTH,
HauOoJbIIas BETMYMHA KOTOpPOH Habmromaetcs anst Al, OTOXOKEHHOTO MpH
623 K. B kunetnke J(f) Takke HaOMONAeTCs OnpeneaéHHas 3aKOHOMEPHOCTD,
0COOEHHO B HayaJIbHBIH MOMEHT aHoaupoBaHuA. Ilpu ormxure Al B 623 K ma
HEero oTMedaeTcsi Haubonblias BenuunHa J(f), a mpu 823 K — HammeHbmias.
OnHako BO BCEX BapHaHTaX BHJCH cmaj J K KOHILy Ipolecca aHOAMPOBAHMUSA,
4yro  OOBsicHseTcss  oOpazoBaHweM  IuIéHKH  AlO3;,  mpensTcTByrOmEeH
TokonepeHocy. OueBHIHO, 4YTO OIMCAHHBIE 3AaKOHOMEPHOCTH CBSI3aHBI C
M3MEHEHHEM KPHUCTAJUIMUECKOM CTPYKTYyphl METajula IpU ero orTxure. Takum
00pa3oM, HACTOSIIMMH HCCIIEJOBAaHUSMH ITOJTBEPXK/ICHA ONPEAEISIONas poib
HCXOJHOM CTPYKTYpBI METaJJIa B TIOCIIETYIOMIEM TIPOIIECCE €0 AaHOANPOBAHUS U
knnetnke JJ1 popmupyromeiics Ha moBepxaocTH Al mnéaku AL,Os.

Cnucok numepamypbt
1. Kasalica B., Bel¢a 1., Stojadinovi¢ S., et al. // J. Phys. Chem. 2007. V. 111. Is. 33. P. 12315-
12319.
2. Ovechenko D.S., Boychenko A.P. / Technical Physics Letters. 2019. V. 45. Is. 5. P. 503-506.
3. Oseuenxo [I.C., boituenko A.Il. // Dxonornyecknii BecTHUK HaydHBIX HeHTpoB UDC. 2019.
T. 16. Ne 2. C. 59-67.
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A.B. OCAJTYUEHKO'23, I.A. BAXAPUVYK'?2, J1.C. IAMBATE!23,
A.C. CEJIIOKOB!23, C.A. AMBPO3EBHY!?, M.D. TEXT!,
A.B. PBDKOB2, H.B. IIEBLIOB?, JI.H. IIEBLIOB**

'Mockosckuii 2ocydapemeennviii mexuuueckuti ynueepcumem um. H.2. Baymana
2@Qusuyeckuil uncmumym um. I1L.H. Jlebeoesa PAH, Mocksa
3Mockosckuii nonumexnuyeckuii yuueepcumen
“Mockosckuil puzuxo-mexnuueckuti yrueepcumem
(HayuoHanvHblLl UCccIedo8amenbCKull yHueepcumem), /loneonpyonsiil
S®edepanvibiii uccnedoeamensCKuti yenmp npobiem XuMu4eckol Gusuku
u meouyunckou xumuu PAH, Yepnozonoska

JIOMUHECHEHIMA KOMJIIIEKCOB EBPOIIUSA (I11)
C B-AMKETOHAMMU U KAPBOHOBBIMHA KUCJIOTAMU

TIpuBeneHbl Pe3yabTaThl KCIIEPUMEHTOB 0 HCCICAOBAHHIO ONTHYECKHX CBOMCTB
HOBBIX KomruiekcoB eBpomms (III) ¢ P-aukeToHaMH W KapOOHOBBIMH KHCIOTaMH.
Tlonmyuyensl crnekTpel (OTONMIOMUHECHEHIIMM W W3ydeHa e€ KHHEeTHKa, PacCUuTaH
KBaHTOBBII  BBIXOA JIIOMMHECLEHIMH. Bbicokas S(GQEeKTHBHOCTh  COEIUHEHUIt
CBHJETEIBCTBYET O BOSMOXKHOCTH CO3JaHUsI OPraHNYECKUX CBETOHOOB Ha UX OCHOBE.

A.V. OSADCHENKO"** 1.A. ZAKHARCHUK ',

D.S. DAIBAGYA'23, A.S. SELYUKOV'!*3, S.A. AMBROZEVICH'?,
M.E. GEKHT', A.V. RYZHOV?, N.V. PEVTSOV2, D.N. PEVTSOV**
!Bauman Moscow State Technical University
’Lebedev Physical Institute of the RAS, Moscow
3Moscow Polytechnic University
“Moscow Institute of Physics and Technology (National Research University), Dolgoprudny
SFederal Research Center of Problems of Chemical Physics
and Medicinal Chemistry of the RAS, Chernogolovka

LUMINESCENCE OF EUROPIUM (11II) COMPLEXES
WITH B-DIKETONES AND CARBOXYLIC ACIDS

The study of the optical properties of new europium (III) complexes with
B-diketones and carboxylic acids is presented. Photoluminescence spectra and decays
were obtained, and the luminescence quantum yield was calculated. The high efficiency
of the compounds makes them promising for organic light-emitting diodes.

Cnpoc  Ha  BBICOKOO((EKTHBHBIE  ONTOAIEKTPOHHBIE  YCTpOMCTBa
3HAYUTEIILHO BO3pOC B IIOCIEAHEE BpEeMs. 3HAUUTENbHBIH HWHTEpEC s
NPUMEHEHHUsT B TaKUX  YCTPOMCTBaX  MPEACTAaBISIIOT  KOMIUIEKCHI
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PEeIKO3eMENbHBIX 3JeMEeHTOB. OHH MOTYT TNPHMEHSATHCS B OPTraHMYSCKUX
cBeToM3Nydaomux auojax [1], mazepax Ha Kpacutensix [2], B KadecTBe
JIFOMHHECICHTHBIX OnoMapkepoB [3].

Ha puc. 1 u 2 npeacraBineHbl pe3ynbTaTbl UCCIE0BAHUN HOBBIX KOMIUIEKCOB
egpormst  (II[) ¢ P-mukeroHamMmu W KapOOHOBBIMH  KUCJIOTAMHU:
Eu(BTFA)CH3(CH»);COO (1), Eu(BTFA),CH3COO (2), EuCI(BTFA)CH3COO
(3). CrexTpbl JIIOMUHECIICHLIUU BEIIeCTB (pHUC. 1) MONHOCTHIO COOTBETCTBYIOT
cektpy wusaydenuss Eu’'. OOmapyxensl mepexomsl Do—’Fi, Do—’Fa,
SDo—"F;. KunHernueckue 3aBHCHMMOCTH JIFOMHUHECHEHIUH (pHcC. 2) ObLIM
MOJTydeHbl Ha JJWHE BOJHBI 615 HM. [l BceX COCAMHEHWUH OHH HUMEIOT
MOHOAKCITIOHEHITMAILHBIN BU, BpeMeHa penakcanuu: 1 = 0,31 mc, 12 = 0,33 mc,
173 =0,34 mc. Paccuurannpiii kBaHTOBBIA BbIXOH: M1 =70%, mM2=42 %,
N3 = 63 %. DKCnepuMeHTaIbHO IT0Ka3aHO, YTO HOBBIE COCIWHEHHUS EBPOMHS
SIBISIFOTCS. A((EKTUBHBIME SMHUTTEPAMH M MOTYT HCIIOJIBb30BaThCs B KAuCCTBE
MaTepuana SMUCCUOHHBIX CIOEB OPraHMYECKUX CBETOM3IYUYAIONIUX JTUOOB.

I, 8. = —;
15 = TPy !

12 -
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|
Normoakre? cnuns

i ED'n':IFd

O -—'\h.‘::"'l""":'r'.l ’ T g — ——y
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Puc. 1. Cnekrpsl POTOTFOMUHECIICHIINA Puc. 2. Kunernueckue 3aBUCUMOCTH

HUccnenosanue nposeaeHo B pamkax npoekra POOU 20-02-00222 A.

Cnucok aumepamypui

1. Law GL., et al. White OLED with a single-component europium complex // Inorganic
chemistry. 2009. V. 48. No. 22. P. 10492-10494.

2. Biinzli J.C.G, Piguet C. Taking advantage of luminescent lanthanide ions //Chemical Society
Reviews. 2005. V. 34. No. 12. P. 1048-1077.

3. Blomberg K., Ulfstedt A.C. Fluorescent europium chelates as target cell markers in the
assessment of natural killer cell cytotoxicity // Journal of immunological methods. 1993. V. 160.
No. 1. P. 27-34.
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H.B. USMAWJIOBA, JL.T. CAMCOHOBA

Hayuonanvhviii uccnedosamenverkuti ToMckuii 20Cy0apcmeentvlll yHugepcumen

UCCJIEJOBAHUE JIJIOMUHECIEHTHBIX CBOMCTB
OPTAHUYECKHUX MOJIEKYJI
C TEPMAJIbHO AKTUBUPOBAHHOM
3AMEJIJIEHHOM ®JTYOPECHEHIIUEN B OLED

IIpuBeneHs! pe3ynbraThl IKCHEPHMEHTOB II0 HCCIIENOBaHUIO (HOTOGU3NUECKHX
CBOMCTB MOJICKYJ, CHHTE3UPOBAaHHBIX B HHCTUTYTe HpoOieM xumudeckoi ¢usuku PAH
(r. YepnoronmoBka): L1 m L2 B pactBopax H IUIEHKAax, IOJYYEHHBIX METOIOM
TEPMOBaKyyMHOro ocaxJeHus. beumn msrorosiaeHsl OLED sueiiku, rme B kadecTBe
SMHCCHOHHOTO ClIos ObUIM HMCmonb3oBaHbl coeauHenuss L1 um L2. IlpoBenéH anamu3
JIOMUHECIEHTHBIX CBOWCTB HOBBIX coeamHennit B OLED  crpyktype mpm
JNIEKTPOBO30YXKIeHUU. BrIoHeHa OLleHKa 3Ha4eHUi mapameTpoB saeexk OLED.

N.V. IZMAILOVA, L.G. SAMSONOVA

National Research Tomsk State University

STUDY OF THE LUMINESCENT PROPERTIES OF ORGANIC
MOLECULES WITH THERMALLY ACTIVATED DELAYED
FLUORESCENCE IN OLED

The results of experiments on studying the photophysical properties of molecules
synthesized at the Institute for Problems of Chemical Physics of the Russian Academy
of Sciences (Chernogolovka): L1 and L2 in solutions and films obtained by thermal
vacuum deposition are presented. OLED cells were fabricated, where L1 and L2
connections were used as the emission layer. An analysis of the luminescent properties
of new compounds in the OLED structure under electrical excitation has been carried
out. The values of the parameters of the OLED cells have been evaluated.

B opranngeckux cseromsnydaromux auogax (OLED) MoxHO HCIIons30BaTh
tdocdopecuentarie [1] u QayopecueHTHBIE MaTepHanbl, pPa3THYAOIIAECs
NPUHIMIIOM CBETOM3NydeHHs. B ciydae (GUIyOpecHeHTHBIX MaTepHajIoB
peKoMOMHAIINS, COTPOBOXKAAIONIASCS MU3IYICHHEM CBETa, MPOMCXOIUT TOIBKO
NPy Tepexoje CHHIJIETHOTO OJKCUTOHa B OCHOBHOE COCTOsiHME. B
(ocdopecpecieHTHBIX Marepuaax HM3JIydeHHE IIPOUCXOJUT IIPH Iepexoje
MOJIEKYJIbI B OCHOBHOE COCTOSIHHE M3 TPUIUIETHOTO COCTOSIHUSL.

®docdopsl HpencTaBiAoT coboi OpraHo-MeTa/NIMYecKHe KOMIUIEKCH Ha
OCHOBE 0JaropofHBIX METAJUIOB, TaKMX KaK HMPHIWH, IUIaTHHA M CIHIIKOM
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JOPOTH [UI MAacCOBOTO M3TOTOBJICHHSI YCTPOHCTB Ha MX OCHOBE. B mocnemnne
TOABI MPEUIOKEHO MCHOIb30BaTh B  CBETOM3IYHYAIOUIMX  YCTpoOicTBax
OpraHMYECKHe MOJIEKYIbl, B  KOTOPBIX IPOHCXOIUT  3aUMCTBOBAHUE
BO30Oy)XAEHHUsI W3 TpUIUleTHoro kaHana [2]. Ilpomecc 3auMcCTBOBaHUS
OCYILIECTBIAETCS B TeX MOJEKydaX, B KOTOPBIX TPUIUIETHBIE YPOBHU
pacrnonararorcst JocraroyHo Onm3ko K S1 ypoBHIO. DHepreTuueckas IIelb
mexay SI um Tl cocrosuusmMu y Takux Monekyn ~ 1000cm™! [3], u
MPEONONICHHE 3TOTO HHEPreTHUECKOTO Oaphepa OCYHIECTBISAETCS 3a CUET
TEPMHYECKOH AaKTHBAIMHU. TaKkoe H3JIydeHHE HOCHT Ha3BaHHE TEPMUYECKU
aKTHBHPOBAaHHOW 3amemyieHHON (myopecnieniueii (TA3®). Marepuansl ¢
TA3® npm wux wucrnonb3oBannd B OLED cmocoOHBI 00ECIEUUTh BBICOKYIO
BHEITHIOI0 KBAHTOBYIO 3((EKTUBHOCTh, a 3a CYET CBOCH CTaOWIBHOCTH,
yBenuueHue cpoka ciryk0s1 OLED ycrpotictBa. 310 00yciaBmuBaeT OOIBIIOE
BHUMAaHHE K TaKMM MaTepraiaM.

OObekTaMu  HccieqoBaHUS B paboTe  ABSUINCH — COCTUHEHUS
CHHTE3UpPOBAaHHbIE B HWHCTUTYTe MpoOneM xumuueckod ¢usukn PAH
(r. UepHorosoBka): 2,8-6uc[N,N-nu(4-MeTokcuheHIIT)aMUHO | THOCH30THO G CH-
S,S-mmokcun  (mmdpp  L1);  2-N,2-N,8-N-terpakuc(4-meTokcudenu) -
(mubensornoden-5,5-auokeun)-2,8-quamut (mmdp L2).

CnexTpsl BO30YKAEHHA U (UIyOpECIEHIINN OPTaHNYECKUX COCANHEHUH MpH
(hoTOBO3OYKAEHNH HCCIEAOBaHBl B pacTBopax xJopodopma, >STaHOIA U
TUIEHKAX, TTOJyYEeHHBIX TepMOBaKyyMHbBIM ocaxjeHueM (TBO) Ha CTEKISIHHBIX
noJuiokkax. JlJis OUEHKM BENUYMHBI dJHeprermdyeckod menu ASy-Ti,
MPOBOIIIIOCH nU3MepeHue MaKCHMYMOB (hoTONMOMIHECTIEHITNN n
thocdopecueniun coequHenui B inénkax TBO npu remnepatype 77 K.

O6pa3ist OLED i mccienoBaHUs 3JIEKTPOIIOMHUHECIICHTHBIX CBOHCTB
TOTOBHJIUCH OJMHAKOBBIE IO CTPYKTYypEe, HO C Pa3IMYHBIMH SMHCCHOHHBIMU
ciosmu (L1 wm L2): ITO/PEDOT:PSS/NPD/L1/BCP/LiF/Al (sueiika 1) u
ITO/PEDOT:PSS/NPD/L2/BCP/LiF/Al (saueiika II). Perucrpamust BoJIBT-
aMIEpHBIX 3aBUCHUMOCTEH IPOBOAMIACE BHYTPHU OOKca, MOAIEP KHBAIOIIETO
MHEpTHyI0 atMocdepy azora. IIpuéMHBIE YyCTpOMCTBA COOTBETCTBYIOLIMX
PETHCTPUPYIOMHKX ITPUOOPOB HAXOMMIIUCh BHYTpH Ookca. CaMu mpuOOpEI ObUTH
pacronoxeHsl BHe OOkca Ha HW3MEPHTEIbHOM CTeHJe cOopa um 00paboTku
nH(OopMaIHH.

Cnucox tumepamypul
1. Tian X., Sun H., Zhang Q., Adachi C.// Chin. Chem. Lett. 2016. V. 27. P. 1445-1452.
2. Segal M., et al. // Phys. Rev. B. 2003. V. 7. P. 338-344.
3. Liu Y., et al. // Nature Reviews Materials. 2018. V. 3. Art. Ne 18020.
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C.H.JIETYTA, A.T. MIIEMI'VJIOB

Openbypaeckutl 20cy0apcmeeH bl YHUugepcumem

KNHETUKA TPUIVIET-TPUIIVIETHOI'O ITIOIJIOINEHUA
MOJIEKYJI ITPA IBYXKBAHTOBOM BO3BYKJIEHUHA

VI3yyeHa KMHETHKa TPHUILIET-TPUIUICTHOTO IMONIOIICHHS MHOTOATOMHBIX MOJIEKYJI
(Ha mpHMepe TraloreH3aMemIEHHBIX (IyopecleMHa — 303MHAa W JPUTPO3HMHA) MPH
CTYIIEHYaTOM 3aCeleHHH HX BBICOKUX TPUIUIETHBIX YPOBHEH € IOMOIIBIO ABYX
MOHOVMITYJIbCHBIX JIa3€pOB C PETYIUPYEeMOH 3aJepiKKOH MEXTy HMITYIbCaMu.
Tloka3aHo, 4TO ¢ HOMOLIPI0 KUHETHKH HABEJEHHOIO IOIVIOLICHHWS MOXXHO OLICHHTH
9¢G(QEeKTUBHOCTh  KOHKYPUPYIOIIMX KaHAJIOB  PEJaKCallid  BBICOKOBO30YXKIEHHBIX
TPHIUIETHBIX COCTOSHUMH.

S.N. LETUTA, A.T. ISHEMGULOV
Orenburg State University

KINETICS OF TRIPLET-TRIPLET ABSORPTION
OF MOLECULES UNDER TWO-QUANTUM EXCITATION

The kinetics of triplet-triplet absorption of polyatomic molecules (by the example of
halogen-substituted fluorescein, eosin and erythrosin) was studied upon stepwise
population of their high triplet levels using two single-pulse lasers with an adjustable
delay between pulses. It is shown that induced absorption kinetics can be used to
evaluate the efficiency of competing relaxation channels for highly excited triplet states.

B mHacrosmeil paboTe TpEACTaBICHBI  PE3YNbTaThl  UCCICIOBAHUS
pelakcanyuy BBICOKUX TPUIUICTHBIX Im COCTOSHHI MOJEKYN KpacuTele (303uH,
SPHUTPO3UH), 3aCEIIEMBIX MYTEM JIBYXKBAaHTOBOTO CTYIIEHYATOTO BO3OYKICHHS
yepe3 HxkHee 71 coctosiHue no cxeme So—Si, T1—Tm nox aelictBueM AByX
Ja3epHbIX HMMIYJIBCOB C COOTBETCTBYIOIUMMHU dYacToTaMH. OJUH HUMIYJIBC
TeHepupoBajcs  TBepHOTedbHBIM  YAG-mazepom (532 um), 1apyroit  —
KHUJIKOCTHBIM Ja3epoM Ha kpacureimsix (~ 590 um). V3meHenne HacenéHHOCTH
BO30YXXIEHHBIX TPUIUICTHBIX YPOBHEH KpacuTeNnell OIlleHWBajach IMyTEM
M3MEpPEeHHs] THTEHCUBHOCTH MPOITyCKaHus 30Haupyroniero jgy4da He-Ne nmazepa
pacTBOpaMHu KpacuTeled B KBapleBOW KIOBET€ TONIIUHOW | MM wiH
OKpAIICHHBIMHU TTOJUMEPHBIMH MIEHKAMU TOMIHHONW 50 MKM.

Pemakcarust BBICOKMX TPHIUICTHBIX COCTOSIHHH BO3MOXHA IO OJHOMY W3
CIICAYIOIIMX KaHAJOB: Oe3bI3IydaTelibHas BHYTPCHHSST KOHBepcus (Wid
manyuenne) Tm—Ti; obparnas T,-»S; WKK; 1nbo mnepenoc sHeprum Ha
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MOJIEKYJIBI OKpYyXkeHHs ((poToXuMHuUeckas peakius). Ecimu kakoi-mudo mporecc
KOHKYpUpPYET C BHYTpEHHEW KoHBepcue ITm»7i, TO TmOCIE OKOHYAHUS
BO30Y K/IAIOIICTO UMITYJbCa (Ja3epa Ha KPACUTEISIX) B TUIABHOW KHMHETHYCCKOU
KpUBOM  3arTyxaHHWsi HaBEJAEHHOTO IOIIOIICHHUS  JODKHA  MOSBISITHCS
XapakTepHasl CTyIHeHb [l], yka3blBarolias Ha YMCHBIICHHUC KOHICHTPAIMH
MOJIEKYJ, OCTaBLIUXCS B TPUILIETHOM 77 cocTtosHuu (puc. 1).

Ha puc. 2 mpencraBineHbl SKCIepAUMEHTAIbHBIE (PParMeHThl KHHETHIECKHIX
KPUBBIX 3aTyXaHUs HaBEAEHHOTO TomiomeHus spurpo3uHa B [IBC mpu omHo-
(HWKHSAS KpWBas) W JBYXKBAaHTOBOM (CpemHsS KpuBas) Bo3OyxaeHuu. [Ipu
IJIOTHOCTH MONIHOCTH Jla3epa Ha Kpacutensx 5 MBT1/cM?  yMeHbIIeHHe
ONTHUYECKOW TUTOTHOCTH HAaBEAEHHOTO TOIVIOMICHUS TIOCHEe OKOHYAHHS
uMIyIsca coctaBisier okono 40 %. lccinenoBaHWe KHHETHKH W CIIEKTPOB
HaBeNEHHOTO momiomeHuss B gauamasoHe 300 - 700 HM  yka3pIBaeT Ha
OTCYTCTBHE BO3MOXKHBIX  (DOTOXMMHYECKHX peakuuil. OddexTuBHOCTH
MepeHoca JHEPTUU B cpelax C IMOJHOCThIO HACBHIIICHHBIMU CBSI3SIMH HE
npespimaer 107 [2,3].  OrcyrctBue  HeoOpaTMMbIX — (OTOXMMHYECKHX
IpeBpaleHuid M 0e3bI3Ty4aTesIbHOTO MepeHoca YHEePrUu JaloT OCHOBaHME
CBS3aTh YMEHBIICHHE KOHIICHTPAlUM MOJEKYI KpacuTenei B TPHUIJICTHOM
coctostHuM ¢ dpdexTuBHON oOpaTHON Tm—S1 MKK u mocnemyromeit S1—So
(iryopecriennmeii. B paboTe mprBeseHa OIeHKa KBAHTOBOTO BBIXOAA OOpaTHOM
WKK mis uccrnenoBaHHBIX 00pa3IoB KpacHTeeH.

;

THAANE.
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Puc. 1. Cxema 31eKTpOHHBIX Puc. 2. Kuneruka npormyckanus
COCTOSIHUM MOJIEKyI 30H/IUPYIOLIETO JIy4ya yepe3 oopaser
Cnucok 1umepamypul

1. Jleryra C.H. u np. // KBanToBas snexrponuka. 2022. T. 52. Ne 9. C. 823-826.
2. I'epko B.1. u np. // Ontuka u cnekrpockonust. 1971. T. 30 (3). C. 456-460.
3. Steer R.P,, et al. // Canadian J. Chem. 2017. V. 95 (10).
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JI.B. YEPHOB, A.I1. BOMYEHKO

Kybaunckui eocyoapcmeennutii yHusepcumem, Kpacrnooap

ITPOI'PAMMHO-AIIITIAPATHOE YIIPABJIEHUE
AHOJUPOBAHUEM METAJIJIOB
IO UX JEKTPOJIOMUHECHEHIINN

Ornucan IMpUHOUIT  [IPOrpaMMHO-aIlIIapaTHOro  yIpaBJICHUA AHOAMPOBAaHUEM
METAJJIOB II0 HX 3BJICKTPOJOMUHECHECHIIUN. HpI/IBe,I[CHa BO3MOXHasA DJIEKTPUUCCKas
CX€Ma €ro peaausanunu.

D.V. CHERNOV, A.P. BOYCHENKO
Kuban State University, Krasnodar

HARDWARE-SOFTWARE CONTROL OF ANODIZING
METALS BY THEIR ELECTROLUMINESCENCE

The principle of hardware-software control of metal anodizing by their
electroluminescence is described. A possible electrical circuit of its implementation is given.

B pabore [1] Ha mpummepe amromuuus (Al) OpDla BHIepBBIE MMOKa3aHa
BO3MOXKHOCTb aHOJHO-3JIEKTPOJIN3HOTO (OPMUPOBAHUS OKCHJa MeTajula II0
reHepupyeMoit UM sJekTpomomMunecteHmy (3JI). Orta 3amada ocymecTBieHa
MyTEM MEXaHWYEeCKOW PEryJMpOBKH IIAaroBbIM IBHIATENIEM ITOTEHIMOMETpa
HCTOYHUKA HANPSHKEHUS TOJ «KOHTPOJEM» 3aJlaHHOTO ypoBHA sApkoctu JDJL
OpHako Takoil MOAXOA WMeeT OYeHb OONBIIYI0 HHEPIHOHHOCTH B
YCTaHOBJICHUH HEOOXOIMMOTO HANPSOIKCHUS AHOAMPOBAHHMS U IIOITOMY HaéT
6O0JBIIYI0 TOTPEIIHOCTh, YTO BHIHO, HAIIpUMED, M0 KojebaHuaM spkoctu DJI,
npuBeAEHHOW Ha pucyHke paboter [1]. as ycTpaHEHHS OIHCAHHOIO
HeloCTaTKa HaMHU IPEJIOKEHO 3aMEHHTh MEXaHWYECKMH IOTEHIHOMETP B
crabmmzatope Toka — rajgpBanocrate (I'C) Ha snexrpoHHO-IUdpoBoi (DLIT),
KOTOPBIH MOXKET YHPaBIATHCS NMPOTPaMMHUPYeMbIM MUKpOoKoHTposuiepoM (MK)
yepe3 unrepgeiic SPI. B xauectse MK ucnonb3oBanace minara Arduino Nano,
Ha 0a3e kortopoi pazpaboran mynbT ynpasienus (I1Y) OUII u I'C B nenom.
Jns raneBaHndeckoil pasBsasku IV oT BelcokomoTeHnuanbHbIX y310B I'C
npumenén DC\DC mpeobpazoBatens B0505S-1WR3 u uerbipéxkaHanbHBIN
mudporoit  momstop ADUMI411ARWZ-RL, obecneunBatomuii nepemady
nanueix Ha OIII. Kpome Toro, mns 3agaHHON IIMTENBHOCTH MpoIliecca
aHoaupoBaHuss ¢ mnoMompio ['C mpexycMOTPEHO ONTORNIEKTPOHHOE pele
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BpeMeHH Ha Oaze PS2561-2. ®orosnekrpoHHBIH ymMHOXHTENs (DIY-79),
peructpupytommii  sspkoctb JJI, moakmou€H Kk aHanorosomy Bxony MK.
OnexTpocxeMa MmynbTa NpuBeaeHa Ha puc. 1, rae I1I1 — Bxonnoit pazsém I'C.

‘ol [ L)
-y P S v [ I
. ey ] H
j; 2 T aPmamste [
: [ . ! A
- . . ‘
X .
_q Arang Iw j.z‘
- M | (]
say T CE v W
R - 1ct
L s . o —for
» ' = x e
N w ) 2 | *
%‘ It .o ' g ©
. = N
| 4 ik
' v
o — 4 : II
SEBEAWRI |, f—" —-—
" L

0o -—

Puc. 1. Cxema mynbra ynpasneHus Ha 6a3ze Arduino Nano

Ucnprranus [1Y ¢ I'C npoBoguiiuch Ha OMUYECKOW Harpyske BEIHMYHUHOMN
1,1 MQ, wMozenmupyroomeil  CcONpoTUBICHHWE  OKCHAHOM — mn€Hkum Al
chopmupoBaHHOW B AucTwiDipoBaHHOW Bome ([IB). C momomipio 3HKOHIEpA,
MMUTHPYIOIIETO BHEIIHWE CUTHAIBI (Hampumep, ot DY), ynamoch
OCYILECTBHUThH PETYIUPOBKY TOKAa C MOTPEIIHOCThI0 MeHee | % Ha Harpyske B
nperenax BequmuuH oT 0,3 mo 3,6 mA, KOTOpBIE COOTBETCTBYIOT
3aperuCcTpUPOBaHHbBIM Ipu aHoaupoBanuu Al B JIB temneparypoii 298 + 0,5 K
[2]. Takum 0Opa3oM, ¢ TOMOIIBIO ONMTMCAHHOTO MPHUHITUIA U CXEMOTEXHUYECKOI
peanu3anyuy MPOrpaMMHO-aNIapaTHOTO YIpaBIeHUs peryiaupoBkoi Toka I'C
MOJ] «KOHTPOJEM» BHEIIHEro curHaia (B Hamem ciydae OJI depes DIY),
MOSIBJIIETCS. BO3MOXKHOCTH yNpaBisieMo aHoaumpoBath Al (kak u apyrue
MeTauibl) 10 uX DJI co 3HAYUTENFHO MEHbIIEH TOTPELIHOCTBIO.

Cnucok numepamypbol
1. Oeuenko /I.C., Boiiuenko A.Il. YnpaBneHue 371€KTpPOIH3HBIM (HOPMUPOBAHHEM OKCHJIOB
METaJUIOB MO HX 3JIEKTPOTIOMHUHECHIEHINH. X MEXKIyHapoJHas KOH(EpeHIHs 1o (OTOHHKE U
uHpopmarmonHoi ontuke. M.: HUSY MUDU, 2021. C. 209-210.
2. boituenko A.I1., Oseuenko /I.C., Konecuuk J[.A. KuHeTnka 3neKTPOITIOMHHECIECHIIUI
OKCHIa AalIOMHHHS IpH (OPMHUPOBAHMHM €r0 HAHOIOPHCTOH CTPYKTYpHl B HPOTHEBOH H
neiirepuesoii Boge // Hayuanerit anemanax. 2020. Ne 7-1 (69). C. 126-136.
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K.H. BAPAHOB, C.I1. KAPAMBIIIEBA, A.O. OPJIOBA,

N.A. PESHUK
Yuueepcumem UTMO, Cankm-Ilemepbype

UCCJIEJIOBAHUE ONITUYECKHX CBOMCTB KBAHTOBBIX
TOYEK AgInS;, COOPMHUPOBAHHBIX
B MUKPODJIIOUTHOM YHUIIE

IIponeMoHCTpHpOBaHa BO3MOXHOCTb CHHTE3a KBaHTOBBIX Touek AgInS> B
MHUKPOQIIIOUIHOM uuIe, CHOPMHPOBAHHOM IIPU TIOMOIIM aIUTUBHBIX METOIOB
npousBoacTBa. [loka3aHa 3aBUCHMMOCTb ONTHYECKMX CBOHCTB CHHTE3HUPYEMOIO
HaHOCTPYKTYPUPOBAaHHOIO MaTepuana OT Temmeparypel cuHTe3a. Ilocuutan u
CONOCTABICH KBAaHTOBBI BBIXOJ JIIOMUHECIGHINH KBAaHTOBBIX Touek AgInSa,
CHHTE3MPOBAaHHBIX B KOJIOE ¥ B MHKPO(IIONAHOM dnne. Bersisnen 6ombumii ontiuaeckuit
OTKJIMK y KBaHTOBBIX TOYEK, CHHTE€3UPOBAaHHBIX P OoJbIIel Temieparype. BersicHeHo,
YTO PaBHOMEPHOE MEPEMENIMBAHHUE M CKOPOCTh IPOXOXKACHHS IPEKypcopaMH depes
peakTop MHKPO(IIIONTHOTO YWIa OKA3bIBAIOT 3HAYMTEIHHOE BIHMSHHE Ha ONTHYSCKHE
CBOICTBa CTPYKTYD.

K.N. BARANOV, S.P. KARAMYSHEVA, A.O. ORLOVA,

LLA. REZNIK
ITMO University, Saint-Petersburg

RESEARCH OF THE OPTICAL PROPERTIES OF AgInS;
QUANTUM DOTS FORMED IN A MICROFLUID CHIP

The possibility of synthesizing AgInS2 quantum dots in a microfluidic chip formed
using additive manufacturing methods is demonstrated. The dependence of the optical
properties of the synthesized nanostructured material on the synthesis temperature is
shown. The luminescence quantum yield of AgInS> quantum dots synthesized in a flask
and in a microfluidic chip was calculated and compared. A greater optical response was
found for quantum dots synthesized at a higher temperature. It was found that uniform
mixing and the rate of passage of precursors through the microfluidic chip reactor have a
significant effect on the optical properties of the structures.

Jlis mpowm3BOACTBA JICKAPCTB HA IEPBOHAYAIBHOM 3Talle HEOOXOIUMO
MPOBOAMTE CHHTE3bI YACTHII, O0JIAIAI0NINX aHTUOAKTEPHATIHLHBIMHI CBOHCTBAMH.
3a4acTyl0 MOBTOPCHHE KIACCHYECKOTO CHHTE3a YacTHUI] B KOJOE NPHBOAUT K
HECTaOWJIBHBIM  pe3yiibTaraM, 4YTO MOXKET TOBIHATH Ha  YXYIIICHHE
peanu3yeMbIX CBOWCTB M Ha OTPaHWUYEHHUE HCIIOJIL30BaHUS TaKUX CTPYKTYp B
MpOoMBIIUIEHHOCTH [1]. OKcuaaTuBHBIN cTpecc OakTepii MOKET OBITh BhI3BAH
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aKTHBHBIMH (OpPMaMU KHCJIOPOAA, B3aUMOJCHCTBYS C KOTOPBIMH OakTepuu
ruOHyT. B mocnenHee Bpemst U1l HCCIIEJOBaHUSI aHTHOAKTEPUAIBHBIX CBOMCTB
THOPU/IHBIX CTPYKTYp, Ojlarojaps CBOMM CBOICTBaM, 4YacTO HCIIOJIB3YIOT
kBaHToBble Toukn (KT) AgInS, (AIS) xak B posn ceHcUOMIM3aTropa, Tak ¥ B
pOJM KaTaau3aropa.

Muxkpodumonnubiii cuare3 KT MoXkeT MO3BOJIMTH TOYHO M CTaOMIBHO
KOHTPOJINPOBATh ONTHYECKHE U (HOTOPU3MIECKHE CBOWCTBA CHOPMHUPOBAHHBIX
CTPYKTYp, 4TO CAETAaeT BO3MOXKHBIM HCIIONB30BAHUE TaKOH METOAMKH
dbopMupoBaHHS YacTHIl B TPOMBINUICHHBIX MacmTabax [2]. Kpome Toro,
UCTIONB30BaHNE AJJUTHUBHBIX METOJOB IPOM3BOACTBA M IPOTOTUIHMPOBAHUS
MOMOXKET YHPOCUTh (hopMHpOBaHME MHKPOQIIIONIHBIX YHIIOB, YMEHBIIUTh
3aTpaThl Ha MCHOJIB3yeMble MaT€pHaNbl U 3HAYUTEILHO COKOHOMHTH BpeMs Ha
BBOJI B 9KCILTyaTalMi0 KOHEYHOTO NpoAyKTa [3].

Cunre3 BoaubiXx kBaHTOBBIX Touek (KT) AgInS, (AIS) B muxpoduoninom
4yune u kojbe mpoucxoaua no cienyomei metoauke [4]. Tlocne cMmemmBaHus
peareHTbl ¢  TOMOINBIO  MPOTPAaMMHPYEMBIX  IINPHIEBBIX  HACOCOB
NPOXOJMIM Yepe3 PEeakTop MUKPOQIIOMIHOTO uuna, CHOPMHUPOBAHHOTO Ha
3D-npuntepe ANYCUBIC Photon Mono u3 TepMOCTO#KOTO (oTomoiaumMepa
Phrozen TR250-LV.

B pesynbrare npozenanHbIX cHHTE30B Bee 00pasnbl KT xapakrepnzoBannch
3¢ (eKTHBHBIM MOTIOMICHHEM B oOmactH A <450 HM W MIHPOKOIIOJIOCHOM
momuHecneHerdn or 500 mo 800 aM. KBaHTOBBIN BBIXOJ JTIOMHHECLEHIIUA
(KBJI) 00pasioB, CHHTE3MPOBAaHHBIX B MHUKPOQIIIOWIHOM 4YHIIE MpU
temneparype 40, 60 u 90 °C cocraBuin 0.9, 1.83 u 3.66 % cOOTBETCTBEHHO.
KBaHTOBBII ~ BBIXOJ  JIIOMHUHECIEHIMM  OOpas3loB,  CHHTE3MPOBAHHBIX
MHUKpO(IIONIHBIM MeTosIoM B Tedenue 28 u 280 ¢ okasaicsi B 2.5 pasa Bblle,
YeM CHHTE3MpPOBAHHBIX B KoiOe. [lomydeHHBIM pe3ynbTaT yKa3bIBaeT Ha
3 PEeKTHBHOCTH epEeMENINBaHMSI TPEKYPCOPOB B MUKPOMIIIONHOM YHIIE U €r0
MIPENMYIIECTBO Mepe]] KIAaCCHUYECKUM METOAO0M CHHTE3a B KOJoe.

HccnenoBanne  ObUIO  BBIOJHEHO TpH  (UHAHCOBOW  MOJJEPIKKE
MunncTepcTBa HayKHM W BBICIIETO oOpa3zoBaHms Poccuiickort Demepanmm,
roczaganue Ne 2019-1080, m rpanta HUP MuA OT MO Vuusepcurera
UTMO.

Cnucok aumepamypul
1. Abedini-Nassab R., et al. / Micromachines. 2021. V. 12. P. 1-34.
2. Tofighi G. et al/ // Sensors and Actuators B: Chemical. 2019. V. 192. P. 48-56.
3. Lee J.-Y,, et al. // Applied Materials Today. 2017. V. 7. P. 120-133.
4. Raevskaya A., et al. // The Journal of Physical Chemistry C. 2017. V. 121. P. 9032-9042.
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T.0. OCKOJIKOBA!, A.A. MATIOILIKMHA!, ®.A. CEBUI'?,

A.O. OPJIOBA'

!Vuusepcumem UTMO, Canxm-Ilemepbype
2Vnusepcumem Mancypa, Ino-Mancypa, Ezunem

ONTUYECKHUE CBOMCTBA IMMOJTUMEPHbBIX
HAHOKOMIIO3UTOB HA OCHOBE KBAHTOBBIX TOUEK
AglInS,/ZnS 1 MOJIEKYJI ®OTOCEHCUBUJIN3ATOPA

B pabGore mpemioxeH HOBBIH MeToJ  (OPMHPOBAHUS  OMOCOBMECTHMBIX
HAaHOKOMITO3UTOB Ha OCHOBE MOJIMMEPHOI MaTpHIBl W3 XWUTO3aHa, TUIPO(OOHBIX
MOJIEKYya TeTpadeHmwImoppuprHa 1 TUIPO(MIBHEIX KBaHTOBBIX Touek AgInS»/ZnS.
TIpuBeneHbI pe3ynbTaThl UCCICAOBAHMUS ONTHYECKUX CBOWHCTB pa3pabOTaHHBIX CHCTEM,
BKJIFOYAs CTAl[MOHAPHYIO M BPEMs-Pa3peIEHHYIO JIIOMHHECLCHIMIO U CIIEKTPOCKOIMHIO
MarHMTHOTO KPYTOBOTO JUXPOU3Ma.

T.0. OSKOLKOVA!, A.A. MATIUSHKINA!, F.A. SEWID!?,

A.O. ORLOVA'
IITMO University, Saint-Petersburg
’Mansoura University, Mansoura, Egypt

OPTICAL PROPERTIES OF POLYMER NANOCOMPOSITES
BASED ON AgInS,/ZnS QUANTUM DOTS
AND PHOTOSENSITIZER MOLECULES

In this study the new method of formation of biocompatible nanocomposites based
on a chitosan polymer matrix, hydrophobic tetraphenylporphyrin molecules, and
hydrophilic AgInS2/ZnS quantum dots is proposed. The results of the investigation of
optical properties of the created systems, including steady-state and time-resolved
luminescence and magnetic circular dichroism spectroscopy, are presented.

OmHMM W3  COBPEMEHHBIX IIOJXOI0B B  Pa3pabOTKe  HOBEHIIHMX
TEpareBTHYECKNX areHTOB SIBJISICTCS CO3/1aHNe THOPUIHBIX CTPYKTYp Ha OCHOBE
TPAIMLIMOHHBIX  (DOTOCEHCHOMIM3aTOPOB M HAHOCTPYKTYPHUPOBAHHBIX
MarepuajoB, B 4acTHOCTH, KBAaHTOBBIX Touek (KT) — mosrynmpoBOIHMKOBBIX
HAHOKPHUCTAJIJIOB, B KOTOPBIX JIBMIKEHHE HOCHUTENEH 3apsiia OrpaHHYeHO BO
BCeX TPEX MPOCTPAHCTBEHHBIX u3MepeHmsx [1]. OOmamas yHUKaTbHBIMU
pa3MepHO-3aBUCHUMBIMH  (DOTOGU3NUECKUMH  CBOWCTBAMH W BBICOKHM
KBaHTOBBIM BBIXOIOM JitomuHecueHnnd, KT Moryr BbicTymarh B KadecTBe
MOTEHIIUATIBHBIX JIOHOPOB DHEPTHH JJIS MOJEKYlT (OTOCEHCHOMIN3ATOPOB B
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cocTaBe TMOPHIHOM CTPYKTYphI [2], TeM caMbIM oOecrednBasi 3HAUUTEILHOE
yiyuienue GporoauHamMudeckoro sddekra tepamnuu [3].

B pamkax nanHoil paboTel ObUIM CHOPMHPOBAHBI HAHOKOMIIO3HTBHI Ha
OCHOBE  mojuMepHOH  Marpuubel  u3  xuro3aHa  (CS),  Mosekyn
¢orocencubunmzaropa rerpadpenmmopdupuna (TPP) u KT tpoiiHoro cocrasa
AgInSy/ZnS (AIS), ommmuaromuxcs HU3KOH TOKCHYHOCTBIO M XOpOUIEH
OHOCOBMECTUMOCTBIO [4].

Jlnst KaueCTBEHHOTO aHann3a OBIIM MCCIIEAOBAHBI CTAIIMOHAPHBIC CIICKTPHI
JNEKTPOHHOTO TIOTJIOMICHUSI W JIIOMUHECHEHIMH KaK JBYXKOMIIOHEHTHBIX
Ha"HokoMno3uToB CS-AIS-TPP, Tak ¥ OIHOKOMIIOHEHTHBIX HaHOKOMIIO3WTOB
CS-AIS u CS-TPP. Kpome Toro, mis Ooiee mMOApOOHOTO OIMCAHHSA
B3aumozeiicteuii Mexny KT u monekynamum TPP, a Takke BbIsABICHUS
NPOLICHTHOTO cofiepkaHusi arperatoB TPP B cocraBe HaHOKOMITO3HTOB,
HCIIOJIB30BAJICS. METOJ| CIEKTPOCKONIMM MAarHMTHOTO KPYrOBOTO TUXPOHU3MA.
AHanu3 CTalMOHapHBIX CIEKTPOB JIIOMHHECLEHIIMU MTOKa3aJl, 4YTo B Ipolecce
yBeNnu4eHus: KoHIeHTpauuu TPP B cocraBe HaHOKOMIIO3uTa HaOmonaercs
YMEHBIIIEHHE UHTEeTpaIbHON NHTeHCUBHOCTH MmoMuHecneHun KT, kpome Toro,
B CHCKTpaibHO# o00mactu Ha 600 - 800 HM HaOmMIOmAETCST XapaKTEPHOE
YBEIMUYEHUE BKJIA/a JIOMUHECHeHIMY MoJieKya TPP.

Kunernka mroMuHECHEHIMH OOpa3loOB HCCIIEAOBATacCh C  IOMOIIBIO
BpEMSpa3peIEHHON JIOMHHECIEHTHONH MUKpockonuu. [IponeMoHcTpHpoBaHO,
YTO yBENWYEeHHE KOHIEHTpauuu Moiekyn TPP B cocraBe HaHOKOMIO3HMTa
COIIPOBOJK/IAETCSl YMEHBIICHHEM CPEIHETO XapaKTepHOTO BPEMEHH 3aTyXaHWs
JIOMUHECUEHIMH HaHokomnosuTa ¢ 239 no 115 He. Kpome Toro, B pamkax
MYNIBTHIKCIIOHEHIIMATbHOM MOJIeTTH 3aTyXaHus JIFOMHUHECHEHIINU
HaHOKOMIIO3UTOB HAOMIOMaeTcs IMOSABICHHWE JOMOJHUTENBHOW YeTBEPTOM
KOMIIOHEHTHI, CBS3aHHOM ¢ TroMuHecHeHue TPP.

TakuMm o0Opa3oM, NHpeArnojaraeTcs, YTO IONyYeHHBIE Pe3ylIbTaThl MOTYT
CBHJICTENILCTBOBATh O peajii3allMd IepeHoca SHEPruM  AIEKTPOHHOTO
B0o30yxnenust mexay KT u monekynmamu TPP B cocraBe HaHokommosuta. B
MPOJOJDKEHNE JTaHHOW paboThl OyneT pa3paboTaHa MOJEINb, OIMCHIBAIOIIAS
MEXaHU3M MIEpeHOCa YIHEPTHH B COCTABE JAHHBIX HAHOCTPYKTYP.

HccnenoBanne BBINMOIHEHO NMpH (MHAHCOBOHW Momiepkke MuHHCTEpCTBA
HayKH ¥ Bblcuiero oopazosanust PO B pamkax '3 2019-1080 u rpanta HUPMA
OT M® Yuusepcurera U'TMO.

Cnucok aumepamypul
1. Martynenko L. V., et al. // Journal of Materials Chemistry B. 2017. V. 5 (33). P. 6701-6727.
2. Dos Santos, et al. // TrAC Trends in Analytical Chemistry. 2020. V. 125. P. 115819.
3. Liu B., et al. // Journal of Luminescence. 2019. V. 209. P. 61-68.
4. Kurshanov D.A., et al. / Optics and Spectroscopy. 2018. V. 125 (6). P. 1041-1046.
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JIOMUHECHEHTHBIE 30J1b-I'EJIb
MgO-Al,03-Zr0,-Si02:Mn** MATEPUAJIbI

B pabore  30mb-refb  METOAOM  CHHTe3MpoBaHsl  Mn?"-coxepikamiue
MgO-ALl203-Zr0,-SiO2 Marepnanbsl M HCCIEOOBaHBI HX CTPYKTypa, Mopdoiorus,
XMUMHYECKUIl COCTaB M JIIOMHHECLCHTHbIE CBOMcTBa. [l M3ydeHUs] MarepHaioB ObUIN
UCHOJIb30BAaHBl ~ METOIBI  PEHTTEHO(A30BOTrO,  3IEKTPOHHO-MHKPOCKOMHYECKOTO,
SHEPrOAMCIIEPCHOHHOTO aHAIM30B W JIIOMUHECLEHTHOI cnekrpockonuu. Ilokaszana
BO3MOXKHOCTh BHEIPEHHs HMOHOB Mn?' B KPHCTAINIMYECKYIO DPEIIETKY Da3IMYHBIX
OKCH/HBIX KpPHCTAJJIOB B IMPOLECCEe KPUCTAUIM3ALMKM MarepuanoB. IlomydeHHbIe
MaTepHalIbl IEPCIIEKTHBHBI B KaY€CTBE JIIOMHUHECIIEHTHBIX KOHBEPTOPOB YD-U3iIydeHusI.

S.K. EVSTROPIEV'*3, A.S. SARATOVSKII >*, D.V. BULYGA',

V.L. STOLYAROVA*’, N.B. KNYAZYAN®

ITMO University, Saint-Petersburg
Saint-Petersburg State Institute of Technology (Technical University)
3S.1. Vavilov State Optical Institute, Saint-Petersburg
“Grebencshikov Institute of Silicate Chemistry, Saint-Petersburg
3Saint-Petersburg State University
SInstitute of General and Inorganic Chemistry
of National Armenian Academia of Science, Yerevan

LUMINESCENT SOL-GEL MgO-Al03-Zr0,-SiO,:Mn*
MATERIALS

In this work, Mn?*-containing MgO-Al203-ZrO2-SiO2 materials were synthesized by
the sol-gel method and their structure, morphology, chemical composition, and
luminescent properties were studied. To study the materials, the methods of X-ray phase,
electron microscopic, energy dispersive analyzes and luminescent spectroscopy. The
possibility of introducing Mn?* ions into the crystal lattice of various oxide crystals
during the crystallization of materials is shown. The obtained materials are promising as
luminescent converters of UV radiation.
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N3BectHO [1, 2], 4YTO pa3yinyHbIe Mn?*-conep:xarue
CTEKJIOKPUCTAIUIMYECKUE MaTepuanbl MNEepCHEeKTUBHBI s MPUMEHEHHUS B
KauecTBE JIIOMHHECIEHTHBIX KOHBEPTEPOB M3IIyuyeHHs B CBETOJHOMAAX.
CTekNoKpuCTa/UIMYECKUX ~ Martepuansl  cucteMbl  MgO-AlO3-Zr0,-Si0;
o0naaroT BBICOKOH TEPMOCTAOMIIBHOCTBIO U XUMHYECKOW YCTOHYMBOCTBIO U
IMPOKO UCTIONB3YIOTCS B PA3IMUHBIX ONTUYECKUX MPUIOKEHUsX [3, 4].

Lempto HacTosmied paOOTHI SBISUICA CHHTE3 WM HCCICAOBaHWE CBOWCTB
Mn?"-conepxarmue MgO-Al,03-Zr0,-SiO; MaTepnaaoB. DTH MaTepHabl OB
CHHTE3MPOBAHBI 30JIb-TeNIb METOJOM H3 BOJHBIX PAacTBOPOB COJICH METaJIOB,
mpomaHona-2 ®W  TeTpadTokcucuiana.  CTpykrypa, MOpQOIOTHI |
JIOMHHECIICHTHBIC CBOMCTBA MaTepHajoB OBUIM HCCICAOBAaHBl METONAMHU
peHTreHo(]a30BOTO W JNEKTPOHHO-MHKPOCKOIIMYECKOTO  aHAlM30B U
JIFOMMHECIIEHTHOM CIIEKTPOCKOIHH.

[TokazaHo, YTO TpPHMEHEHHE 30JIb-Tejb METOoJa 00ECHEeYHBACT BBICOKYIO
OJJTHOPOAHOCTh XMMHYECKOTO COCTaBa 10 O00BEMY CHHTE3UPOBAaHHBIX
MarepuajoB. YCTaHOBJIEHO, YTO A00aBKM COEJMHEHHH MapraHua YCKOPSIOT
npouecchl Kpuctaummzauuu reneit cuctembl  MgO-AlO3-ZrO,-SiOx. Ilpu
KPHUCTAJUIM3AlMHU Teneil mpoucxoquiao (HOopMUPOBAHHE Pa3IMYHBIX OKCHIHBIX
KPHCTaJIOB: TBEPABIX PAacTBOPOB P-KBaplia, kopamepura, ZrO, u npyrux. B
CHEKTpaxX JIOMUHECICHIIMM MAaTepHuajoB HAOMIONAIOTCS HECKONBKO TIOJIOC
SMUCCHH, PACIIONIOKCHHBIC B CHHEH M KPACHOH YacTsIX CHEKTpa, YTO MOXKET
OBITH CBA3AHO C BXOXKACHHEM Mn’>" B CTPYKTypy pasIM4HBIX KPHUCTAILIOB,
c(hopMHUpOBABIINXCS B TIpoIIecce TePMOOOPaOOTKH Telreit.

B pesynsrare BBINONHEHHBIX HCCIEJOBAHHHM IOKAa3aHO, YTO MOJTy4YEHHBIE
MaTepHaibl MOTYT OBITh NEPCHEKTHBHBI B KaueCTBE JIOMHHECHEHTHBIX JayH-
KOHBEPTOPOB M3ITy4EHHUSI.

Hccnenoanne BeIOIHEHO Npu (uHaHCOBOH mopaepxke PODU u KH PA
(mpoext Ne 20-53-05013).

Cnucok mumepamypul
1. Fang Z., Peng W,, et al. // J. Europ. Ceram. Soc. 2020. V. 40. No. 4. P. 1658-1664.
2. Zhuang Y., Ueda J., et al. // Appl. Phys. Lett. 2014. V. 105. P. 191904.
3. Bortkevich A.V., Dymshits O.S., et al. // J. Opt. Technol. 2002. V. 69 (8). P. 558-594.
4. Evstropiev S.K., Yurchenko D.A., et al. / Ceramics International. 2022. V. 48 (17) P. 24517-
24522.
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MEXAHM3M TYHEHUA JIOMUHECHEHI U KJIACTEPOB
CEPEBPA B CWIIMKATHOM CTEKJIE

B pabote nccnemyrorcs 0coOSHHOCTH JIIOMHUHECHEHIMH KIacTepoB cepedpa B
CHJIMKATHOM CTEKJIe U MEXaHU3M TYIICHHs JTIOMHUHECHeHIMH. CHEeKTp JTIOMUHECLICHIIUH
KJIACTEPOB COCTOMT M3 (uryopecueHIMy U (HocdopecueHIny, BpeMs XU3HH KOTOPBIX
cnabo 3aBUCHT OT KOHLEHTpAlMM KIAacTepoB cepebpa B crekie. IlokasaHo, dYTO
COOTHOILCHHE MEXYy KOMIIOHEHTAaMHU JTIOMHHECLICHIIMN M3MEHSETCS B 3aBUCHMOCTH OT
Temieparypbl oOpasia. Bpumi HcciIeqoBaHBl CIEKTPH! JIIOMUHECLEHINH KIacTepoB
cepebpa B aumamnasoHe oT 93 mo 473 K, paccunrana temreparypHas YyBCTBUTEIBHOCTh
00pasmoB..

M.D. SANNIKOVA, D.V. MARASANOV, Yu.M. SGIBNEV,

E.V. KULPINA, L.Yu. MIRONOV
ITMO University, Saint-Petersburg

THE QUENCHING MECHANISM OF LUMINESCENCE
OF SILVER CLUSTERS IN SILICATE GLASS

The luminescence features of silver clusters in silicate glass and the quenching
mechanism of luminescence are studied. The clusters luminescence spectrum consists of
fluorescence and phosphorescence, the luminescence components lifetime weakly
depends on the silver clusters concentration in the. The glass ratio between components
changes depending on the sample temperature. The clusters luminescence spectra were
measured in the temperature range from 93 to 473 K, the samples temperature
sensitivity was calculated.

B HacTosmiee BpeMs pa3paboTka HOBBIX JIIOMAHECIICHTHBIX MaTEPHAJIOB IS
Pa3IMYHBIX MPUMEHEHUH TpeACTaBIsIeT 00IbInoi HHTepec. K mepcrnekTHBHBIM
MaTepualiaM OTHOCSTCS CBETOHM3IIydYalollhe Cpelbl Ha OCHOBE KIIACTEPOB
cepebpa 3a CUET WX NIMPOKOMOJIOCHOW U IP(PEKTUBHON ITIOMUHECIICHIIMH.
CrexkTp JIOMUHECICHIIMH CepeOpSHBIX KIacTePOB COACPXKHUT B cebe aBe
KOMITOHEHTHI: uryopectieHImio U  ¢docdopecuennuto [1]. OTamuuTensHOM
O0COOCHHOCTHIO KOMIIOHCHT JIFOMHUHECICHIIMM SBIISICTCS pasHBI  XapakTep
TeMIeparypHoi 3aBucuMocTH [2]. HMccrenoBannue TeMIepaTypHOTO TYIICHHUS
JIFOMHHECIICHIINK  TI03BOJIICT OMNPEICIUTh MEXaHH3M Oe3bI3TydaTeIbHBIX
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MEepEXOZ0B B KJIACTEpax, YTO SBISETCS BaXHOW 3agadei A pa3pabOTKH
HOBBIX JJFOMUHECIICHTHBIX MaTepHaIoB.

Jns mpoBeneHUs MccieqOBaHMK OBUIO CHHTE3MPOBAHO CTEKIO COCTaBa
15Na;0-5Zn0-3A1,03-70.5S10,-6.5F ¢ mpumeckio 0,002 mon% Sb,0s. Ilytém
HHU3KOTEMIIEpaTypHOr0O HOHHOTO 00OMEeHa C moclienytomnel TepMoo0paboTKoii B
cTekiae ObutM  CcOpPMHUpPOBaHBI KilacTephl cepedpa. beuio  mpoBeneHo
UCCJIEJIOBaHUE  CIEKTPOB  JIIOMHHECLEHIMH  KJIAcTepoB B JIMana3oHe
400 - 700 aM mpm BO3OYXKACHHH W3IIyUYeHHEM C UIMHOW BomHBI 340 HM.
Cpennee BpeMsi XH3HH KOMIIOHEHT QuryopecteHIuu u (ocdopecrneHnnu ot
1,63 mo 2,99 uc u 100 MKC, COOTBETCTBEHHO. brto 00HapykeHO, YTO BIMSHHE
TeMIlepaTypsl 00pa3loB Ha JIIOMHUHECHECHIHIO KJIACTEpOB  CIIEKTPAILHO
HEOHOPO/IHO, YTO TPOSIBIAETCS B U3MEHEHNH (DOPMBI CTIEKTpa MPH Pa3THIHBIX
temneparypax (puc. 1). Ilpm m3meHeHnu Ttemmeparypel ot 93 mo 473 K
Ha0JII0aeTCss MOHOTOHHOE YMEHbIICHNE HHTEHCUBHOCTH (UTyOpECICHIINH, IPU
9TOM M3MEHCHHE WHTCHCHUBHOCTH (hocOpecIieHIIMH HEeMOHOTOHHO (puc. 2).
OTHocUTeNbHAs TeMIIEpaTypHas YyBCTBHTEIBHOCTh KJIACTEPOB cepedpa B
nmuanaszoHe ot 93 o 473 K gocturaer 2,19 % mist uccieayeMbix 00pasios.

HccnenoBanue BBIIOJIHEHO 3a c4éT rpaHTa Poccuiickoro HayuHoro gouna
Ne 22-73-10055.
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Cnucox numepamypbl

1. Marasanov D.V., Mironov L.Yu., et. al. / Phys. Chem. Chem. Phys. 2020. V. 22. No. 40.
P. 23342-23350.

2. Mironov L.Yu., Marasanov D.V., et. al. // J. Phys. Chem. C. 2022. V. 126. No. 32. P. 13863-
13869.
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BJIMAHUE HOHOB CYPBMbI
HA CHEKTPAJIBHO-TIOMUHECIHEHTHBIE CBOMCTBA
KJIACTEPOB CEPEBPA B MOHOOBMEHHOM CJIOE
HATPUEBOCHUJ/IMKATHOI'O CTEKJIA

B pabore mnpuBeneHB! HCCIEAOBAHHS CIEKTPATbHO-TIOMHHECIIEHTHBIX CBOWCTB
KJIacTepoB cepebpa B 3aBUCHMOCTH OT KOHIEHTPAIHMH CypbMBI B HATPHUEBOCUINKATHOM
cTexie. B crnexTpe JroMUHECHEHIIUY IPUCYTCTBYIOT HAHOCEKYHAHAs U MUKPOCEKYH IHAsI
KOMITOHEHTHI M3JIy4eHUs KJIacTepoB cepedpa. BappupoBanue KOHLIEHTpAIMU CypbMBI B
CTEKJIE TO3BOJSIET H3MEHATh pa3Mep (GOPMHUPYIONIMXCS KJIACTEpOB U HCCIENOBATh
3aBUCUMOCTb IIPOLIECCOB JIIOMUHECLEHIUH OT CPEJIHErO pa3Mepa KIacTepoB.

D.V. MARASANOYV, M.D. SANNIKOVA, E.V. KULPINA,

Yu.M. SGIBNEYV, L.Yu. MIRONOV
ITMO University, Saint-Petersburg

INFLUENCE OF ANTIMONY IONS ON THE SPECTRAL
AND LUMINESCENT PROPERTIES OF SILVER CLUSTERS
IN ION-EXCHANGED LAYERS OF SODIUM SILICATE GLASS

The paper presents study of the spectral-luminescent properties of silver clusters
depending on the concentration of antimony ions in silica-based glass. Cluster
luminescence spectra consist of microsecond and nanosecond emission components.
Research has shown the effect of antimony ions on the spectral-luminescent properties
of silver clusters.

Ha  cerogmsiiuHuii  JeHb B ONTUKE  LIMPOKO  MCIOJIB3YIOTCS
HATPHEBOCWIINKATHBIE CTEKIIA, KOTOPbIe MOXKHO AKTHBHPOBATH DPA3THYHBIMU
WOHAMH, B TOM uYucie cepebpoM. M3BecTHO, dYTO BBEACHWE OOIBIION
KOHIICHTpanuu cepedpa B HATPHEBOCHIMKATHOE CTEKJIO BO3MOXHO METOIOM
HU3KOTEMITepaTypHOTo MOHHOTO obOmeHa [1]. Jlms dopmupoBaHHs KiacTepoB
cepeOpa INPUMEHSIOTCS Pa3IM4YHbIE BOCCTAHOBHUTEIM HOHOB  cepedpa,
HalpuMep, HOHBI CypbMbI [2]. BakHOW OCOOCHHOCTBIO IFOMHHECICHIINU
KJIacTepoB cepedpa B CTEKJIe, SBIIETCS HaJIMYMe HAHOCEKYHIHOH U
MHUKPOCEKYHIHOH KoMIOoHeHT [3]. PaHee He NpPOBOAMIOCH TOAPOOHBIX
MCCIIEI0BAHUI O BIMSHUN KOHIIEHTPALMK HOHOB CYPbMBI Ha (pIIyOPECLCHIHIO U
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dbochopecniennmro  kmactepoB  cepebpa.  llempro  paboOTBI  ABIAETCS
UCCIICIOBAHUE  CIICKTPAJIbHO-TIOMHUHECIICHTHBIX  CBOMCTB  cepeOpsHBIX
KJIACTEPOB B MOHOOOMEHHOM CJIO€ CHJIMKATHOTO CTEKJa B 3aBUCHMOCTH OT
KOHIICHTPAIIMU CYPbMBI.

B paGote ObuTM KCHONB30BaHBI HATPUCBOCUIIMKATHBIC CTEKJIA HA OCHOBE
NayO-ZnO-Al03-SiO2-F  cucrembl, aKTUBHPOBAHHOW OKCHIOM CYPbMBI
(0,002 - 0,01 Mmon.%). B creknae OBLIM CHHTE3WPOBAHBI KIACTEPhI cepedpa
MetojoM umoHHOTO oOMeHa (MO) ¢ mocnmemyromeii TepmMudeckoii 00paboTKoi
npu Temmeparype 400 °C B tedenme 15 4. Ha kaxkjaom dTame W3MeEpsUTACh
CHEKTPHI TOTJIONICHUS W JIOMHHECHEHIINA 00pas3oB TIPH JJIMHE BOJHBI
BO30yxneHus 370 HM.

Bruto moKa3aHO, YTO KBAHTOBBIM BBIXOJ JIFOMHHECIICHIIMH KIIACTEPOB
YBEIIMYUBAETCS C POCTOM KoHIEHTpanuu cypbMbl oT 0.14 mo 0.27. Taxxe
BBISIBJICH CIBUI MaKCUMyMa MOJIOCHI JIIOMMHECLEHIIMU KJIacTepoB cepebpa ¢
580 mo 600 aM. CnBur chnekTpa JIIOMHHECLEHIMM OOYyCIOBJIEH CIBUTAaMHU
crektpoB (uryopecuenimu (puc. 1) u pochopecuenmuuu (puc. 2) kiactepos. [1o
BCCH BUIAMMOCTH MPUYMHON HAOJIONACMBIX CIBUIOB SIBISICTCS (POPMUPOBAHKE
Ooiee  KPYNHBIX  JIIOMHHECIMPYIOIIMX  KJIaCTEpOB  C  yBEJIWYCHHEM
KOHIIEHTPAIIMU BOCCTAHOBHUTEJICH HOHOB cepedpa B CTEKIIE.

HccrnenoBanne BBITIONHEHO 3a CUET TpaHTa Poccuiickoro HaydHoro (onma
Ne 22-73-10055.
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1. Sgibnev Yu.M., Nikonorov N.V.,, et al. / Appl. Sci. 2021. V. 11. P. 3891.

2. Marasanov D.V., Mironov L.Yu., et al. /Phys. Chem. Chem. Phys. 2020. V.22 (40).
P. 23342-23350.

3. Soriano-Romero O., Flores-Cruz R.L., et al. // J. Lumin. 2020. V. 222. P. 1-9.

260 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA




YK 535(06)+004(06)

A.A. CJIOBOXXAHHNHOB, I.B. MAPACAHOB,
E.B. KVJIBIIMHA, M./I. CAHHHUKOBA, P.JI. XAPUCOBA,

E.M. CTUBHEB, JI.FO. MUPOHOB
Yuusepcumem UTMO, Cankm-Ilemepbype

UCCJEJOBAHUE ®OTOJEIPA ALY
JIOMUHECHEHIUM KJIACTEPOB CEPEEPA B CTEKJIE

IIpuBenensl pesynbraThl HcclIemoBaHMs (HOTOAETPAIALMN JIIOMHHECICHIINU
KJIacTepoB cepebpa B crekie. VccienoBaHo BIMSIHUE HOBTOPHOH TepMOOOpabOTKH
00JIy4EHHOTO CTEKJIa Ha HHTEHCUBHOCTD JIFOMUHECLIEHIIUU KJIaCTEPOB.

A.A. SLOBOZHANINOV, D.V. MARASANOV,
E.V. KULPINA, M.D. SANNIKOVA, R.D. KHARISOVA,

Yu.M. SGIBNEV, L.Yu. MIRONOV
ITMO University, Saint Petersburg

RESEARCH OF PHOTOBLEACHING
OF SILVER CLUSTERS IN SILICA-BASED GLASS

The study presents results of photobleaching research of silver clusters in
silica-based glass. The effect of secondary heat treatment of irradiated glass on the
luminescence intensity has been studied.

Llenbto  paboTel  siBisieTcst  uccienoBaHue  (oToJerpasaluu
JIOMHUHECIICHIINK CTEKOJI, aKTHBHPOBAaHHBIX KIAaCcTepaMu cepedpa, Mox
JecTBHEM  yIbTpadUOJIETOBOTO OONYYeHWS W BIUSHHUS TOBTOPHOU
TEPMOOOpPaOOTKH Ha WHTCHCHUBHOCTHh JIIOMHUHECICHIINH KJIacTepoB. B
KagecTBE cpeabl Uil (OPMHpPOBAHUS KJIACTepoB cepebpa  Obuia
UCIIONB30BaHa Marpuna (OTOTepMOPEePPAKTHBHOTO CTEKIa C COCTaBOM
15Nay0-5Zn0-3A1,03-70.5S10,-6.5F, akTHBHpOBaHHass HOHaMHU cepedpa
[0]. Womwl cepebpa ObuM BBEICHBI B CTEKIO C  TOMOIIBIO
HHU3KOTEMITepaTypHOTO  WOHHOrO obmena Na'-Ag® B pacruiaBe
95NaNO3/5AgNO; (Mon1.%) mipu Temnepatype 320 °C B Teuenue 15 MuH.
Jlnst pocta KiacTepoB cepedpa CTEKIO TOCIE€ HOHHOTO oOMeHa ObLIo
TepMooOpaboTraHo mipu Temmeparype 450 °C B Teuenue 24 4. Jlns
obmyueHus o6pasia ObLT UCTIOIB30BAH CBETONO]] C MAKCUMAILHOM ITTMHON
BOJIHBI M3JTydeHHs 365 HM, INIOTHOCTB MOIIHOCTH cocTaBmia 200 MB/cm?,
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B xome pabotel Obma mcciiemoBaHa KHHETHKA (OTomerpaganuu
JIOMHHECIICHIIUU KJIACTepoB cepedpa (puc. 1). [lomyueHHble qaHHBIC OBLIH
anMpPOKCHUMHUPOBAHBI CYMMO# JBYX O3KCIOHCHIUANBHBIX GYyHKOUH. [l
KaXJIOT0 W3 TMPOIECCOB (OTOAErpajaliud OBUT PACCUYUTAH KBAHTOBBIN
BoIx0g  (Dp =8,2%1073, Dy =4,1*10").  IIpeamomaraercsi,  4TO
dboTomerpamganus KJIaCTECPOB cepebpa SIBIISICTCS pe3yaBTaTOM
(hOTOMHIYIIMPOBAHHOTO MepeHOca eKTpoHa. [loBTOpHAs TepMooOpaboTKa
00pa3moB mocie obmydenns npu temneparypax zHmwke 350 °C He npuBena K
3HAYUTEIbHBIM  HM3MEHEHHUSM  JIIOMHHECUEHUWH. [lpu  yBelUYSHHUH
TEeMIIepaTyphl MOBTOPHOH TepMooOpadboTku oT 350 mo 450 °C nabmonaercs
YACTHYHOE BOCCTAHOBJICHHE HWHTCHCHUBHOCTH JIIOMUHECUEHIUH (pHC. 2).
Takum 00pa3oM, GoToaerpagaius TIOMUHECICHIIUE KIACTEPOB 00paTHMa.
Haubornee 3HaUYMMOE BOCCTAHOBJICHHE IPOMCXOMUT B TepBbie 60 MUH.
TepMOOOpabOTKU, CHYCTS MAaHHBI NPOMEXKYTOK BpEMEHH W3MEHEHHe
JJIOMHUHECLCHIIUY MUHUMAJIbHO.
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JIIOMHHECIICHITHH KJIaCTepOB cepebpa JIIOMUHECIICHIIMY KJIACTEPOB cepedpa

nocie TepMooOpaboTKu

Cnucok numepamypbol
1. Marasanov D.V., et al. Luminescence and energy transfer mechanisms in photo-thermo-
refractive glasses co-doped with silver molecular clusters and Eu®" // Physical Chemistry
Chemical Physics. 2020. V. 22. No. 40. P. 23342-23350.
2. Mironov L.Yu., et al. The Role of thermally activated quenching and energy migration
in luminescence of silver clusters in glasses // The Journal of Physical Chemistry C. 2022.
V. 126. No. 32. P. 13863-13869.
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VBEJIMYEHUE UHTEHCUBHOCTH AII-KOHBEPCHOHHOM
JIOMUHECHEHIIUA JJIOMUHO®OPOB SrF;:Ho 3A CUET
COJIETUPOBAHUSI HIOHAMM Yb** IPU BO3BY ) KAEHUU
ABYXMHUKPOHHBIM JIASEPHBIM N3 TYYEHUEM

HccnenoBana an-KOHBEPCHOHHAS JIIOMHUHECHEHIMST (TOPHIHBIX JIIOMHHO(OPOB
SrF2:Ho wu  SrF2:Ho,Yb CHHTE3MpOBaHHBIX METOIOM COOCAXICHHS U3 BOJIHBIX
pactBopoB. [lpu BO30OYXICHHM Ja3epHBIM H3IYyYCHUU C JUIHHON BOJHBI 1940 HM
momuHOGopel  SrF2:Ho u SrF2:Ho,Yb o0nmamaroT MHTCHCHBHOW ar-KOHBEPCHOHHOMN
JIOMUHECHEHIIMA B BUAWMONH U OmmkHed wHQpakpacHOW oOmacTd CIEKTpa.
HccnenoBaHa 3aBHCUMOCTh MHTEHCHBHOCTH all-KOHBEPCHOHHOW JIFOMHHECIICHIIUU OT
KOHIIEHTPAIMH PEAKO3EMENbHBIX HOHOB M OIpENeCHbl 3HAYCHUs DHEPreTHUECKOro
BBIXO/Ia  AI-KOHBEPCHOHHOW  JIIOMHUHECIEHIMH Ul  CHOEKTPaIbHOTO  [Hara3oHa
380 - 1100 um. Paccuutanbl 3HaueHHs KOOPJAMHAT LIBETHOCTEH M KOPPEIMPOBAHHBIX
I[BETOBBIX ~ TEMIIEpaTyp  aml-KOHBEPCHOHHOW  JIIOMHHECHEHIMH  (DTOPUIHBIX
JIFOMAHO(OPOB.

S.V. GUSHCHIN, S.V. KUZNETSOV', A.A. LYAPIN,
V.Yu. PROYDAKOVA', P.A. RYABOCHKINA, P.P. FEDOROV'

National Research Ogarev Mordovia State University, Saransk
’Prokhorov General Physics Institute of the RAS, Moscow

ENHANCEMENT OF UP-CONVERSION LUMINESCENCE
OF SrF;:Ho PHOSPHORS USING CO-DOPING Yb** IONS
UPON EXCITATION OF TWO MICRON LASER RADIATION

In this work, we investigated upconversion luminescence (UCL) fluoride phosphors.
Fluorite-type SrF2:Ho and SrF2:Ho,Yb phosphors were synthesized by using a co-
precipitation from an aqueous nitrate solution technique. SrF2:Ho and SrF2:Ho,Yb
phosphors possess intense UCL in the visible and near-infrared region of the spectrum
upon excitation laser radiation with wavelength 1940 nm. We have studied the intensity
UCL dependent on rare-earth concentration. Also, we estimated UCL energy yield in the
380 - 1100 nm spectral range. Values of chromaticity coordinates and correlated color
temperatures of UCL of fluoride phosphors were calculated.
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3a mociemHHWE HECKONBKO JIeT, an-KOHBEPCHOHHBIC —IJFOMHHO(OPHI,
JICTUPOBAHHBIC PEAKO3CMEIbHBIMH HOHAMHM OBUTH OCHOBHBIM OOBEKTOM
WCCIICIOBAHUS MHOTHX HAy4YHBIX TPYII, JJIs WX NPUMEHCHHS B Ja3epHOU
(u3uke, OMoMeUIInHE, COJTHEYHO JHEPreTHKE, ONTOTCHETHUKE,
KPUMMHAIUCTHKE U Apyrux [1 - 7].

B Hacrosimei#t  pabore  OOBEKTaMH ~ UCCICIOBAaHUSA  SIBIISUIACH
KOHIICHTPAIIMOHHBIC CepUH  (DTOPUIHBIX JIFOMUHODOPOB CO CTPYKTYpOU
¢dmrooputa SrFa:Ho u SrF2:Ho,Yb cuHTE3MpOBaHHBIE METOIOM COOCAXKICHUS
W3 BOAHBIX pacTBopoB. Ha puc. la mpencraBieH CHEKTp OTPaXCHUS HOHOB
Ho’" u Yb*" B amamaszome 300 - 2100 HM, HoIydeHHBIE I JTHOMHHO(Opa
SrF»>:Ho(3.9 %),Yb(2.0 %). Ilpu BO3OYKACHWU JIa3epPHBIM H3IIyYCHHEM C
JmHON BoyHBI 1940 HM mromuHOGMOpEl SrF2:Ho u SrFa:Ho,Yb obGmamaror
WHTEHCUBHOH aIl-KOHBEPCHOHHOMU JIFOMUHECTICHITHEH (puc. 1b).
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Puc. 1. Cniexrp orpakenus noHos Ho*" u Yb3* (a); criekTphl an-koHBEpCHOHHOI
nromuHecteHnun aromrHodGopoB SrFa:Ho u SrFa:Ho,Yb npu Bo3Oy»keHnn na3epHbIM
W3ITydeHHEM C JUTHHOH BosHEI 1940 M ()

HccrnenoBanne mokasano, 49ro cojerupoBaHue momuHOGopos SrFr:Ho
voHamMu  Yb*"  mO3BONSET HE  TONBKO  YBEJIMYHTh  MHTEHCHBHOCTH
an-KOHBEPCHOHHOHM JIIOMMHECIEHIMM, HO W BU3YaJU3HPOBaTh OIIDKHEE
nHppaxpacHoe sazepHoe u3nydenue B 2.0 u 1.0 MKM crieKTpabHBIX 00J1acTsIX.

Cnucox tumepamypul
1. Liu X., Chen H., et al. // Nat. Commun. 2021. V. 12 (1). P. 5662.
2. Ghazy A., Safdar M., et al. // Sol. Energy Mater. Sol. Cells. 2021. V. 230. P. 111234.
3. Suo H., Zhu Q., et al. // Mater. Today Phys. 2021. V. 21. P. 100520.
4.LinY., Yao Y., et al. / Acta Biomater. 2021. V. 135. P. 1.
5. Wang M., Li M., et al. / Nano Res. 2015. V. 8 (6). P. 1800.
6. Auzel F. // Chem. Rev. 2004. V. 104 (1). P. 139.
7. Lyapin A.A., Gushchin S.V,, et al. / Opt. Mater. Express. 2018. V. 8 (7). P. 1863.

264 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA



YK 535(06)+004(06)
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BJIMSIHAE MOP®OJIOTI'MHA HA IIOMAHECHEHTHBIE
N AACOPBIIMOHHBIE CBOUCTBA
HAHOKPUCTAIVIMYECKOI'O ZnO

B xome paboTel OBUTM CHHTE3MPOBAaHBI OAHO(A3HBIE HAHOKPUCTAJUIMYECKUE
nopomku ZnO NOIUMEPHOCOIEBBIM METOAOM U TEPMHUYECKUM PAa3/IOKEHHEM HHUTpara.
Hccnenosanbl Mopdomnorus moBepxHocTu MerogaMu COM u PDA u e€ BimsHHe Ha
JIFOMUHECIIEHTHBIE ¥ a/ICOPOIIMOHHEIE CBOWCTBA CHHTE3UPOBAHHBIX 00Pa3IIOB.

M.A. GAVRILOVA!, A.A. SHELEMANOV?, D.A. GAVRILOVA!,
S.K. EVSTROPIEV %3
ISaint-Petersburg State Institute of Technology (Technical University)
2ITMO University, Saint-Petersburg
3S.1. Vavilov State Optical Institute, Saint-Petersburg

MORPHOLOGY EFFECT ON THE LUMINESCENCE
AND ADSORPTION PROPERTIES OF NANOCRYSTALLINE ZnO

In the course of the work, single-phase nanocrystalline ZnO powders were
synthesized by the polymer-salt method and thermal decomposition of nitrate. The
surface morphology by SEM and XRD analysis and its effect on the luminescence and
adsorption properties of the synthesized samples was studied.

HaHoCTpyKTypUpOBaHHBIE OKCHUHBIE COCAMHEHUS IIMPOKO MPUMEHSIOTCS
MIPU M3TOTOBJICHUU COPOEHTOB, a TAaK)Ke KaTaJlIn3aToOpoB U (HOTOKATAIM3ATOPOB
Omaromapst MEXaHMYECKOM MPOYHOCTH, XUMHYECKOH U  TEpMHUYECKOU
crabwibHOCTH. M3BecTHO, YTO 3a CUY€T MOJYIPOBOJHUKOBBIX CBOWCTB
OKCcHIHBIC (hOTOKATANIM3AaTOPEl Ha OCHOBe Zn(O  001agar0T  BBICOKOM
(hOTOKATATUTUYECKON AKTHBHOCTBIO, YTO TIO3BOJISICT HCIONB30BaTh WX JUIS
OUMCTKM BOJHBIX Cpel OT opraHumueckux 3arpssuureneil [1]. Opnako Ha
3(h(hHeKTHBHOCTh (HOTOKATATMTUIECKOTO TIPOIEcca CYIMIECTBCHHOE BIIMSHUC
OKa3bIBAIOT a/ICOPOIMOHHBIE CBOMCTBA (DOTOKATAIM3ATOPA, KOTOPhIE 3aBHUCAT HE
TOJBKO OT YACNBHOW IUTOIIAAM MOBEPXHOCTH, HO M OT OCOOCHHOCTEH e¢
CcTpoeHus, GOPMBI U MPOCTPAHCTBEHHOTO PACIIONOXKEeHUs JacThil. [loaTomMy B
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paboTe ObUTO U3yUeHO BIUSHUE MOP(HOIOTHH MTOBEPXHOCTH Ha afcOPOIMOHHbBIE
cBoiicTBa ZnO, NOIY4YEHHOIO C MOMOIIBI0 TEPMUYECKOTO Pa3IOKEHHUs] HUTpaTa
U TTOJINMEPHOCOJIEBOTO METO/a CHHTE3A.

Hanoxpucrammnyecknit ZnO Obl1 monydeH myTéM pacTBopeHHs B S50 mi
BOJIbI HUTpaTa NUHKA U nonuBuHWINuppoiuaona ([1BII), B3sroro B kayectse
CTa0MIM3aTOpa W HWCTOYHUKA TEIUIOTHl B PpEAaKIHWU TOPEHUs, B MAacCOBOM
cootHomeHuu 1:1. IlomydeHHyr0 cMech ymapuBajdM IO COCTOSHHS Telsl ¢
nocieayomeid TepMoodpadoTkoit pu 550 °C B TeueHue nByX 4acoB. BTopoi
obpaszert ZnO ObLI CHHTE3UPOBAaH TEPMHUECKHM pPA3JIOKEHHUEM HHUTpaTa B TEX
ke ycioBusax. Ilo pesympraram PDA Obi1 mosiydeH OmHOGMA3HBIA MPOMYKT
cocraBa ZnO cO CpemHUM pa3MEepOM KPHUCTALIUTOB 26 =3 HM 1pu
ucnionp3oBanuu [IBII, u 48 £ 8 HM npu TepMUUYECKOM Pa3NIOKEHUU HHUTPATA.
COM-H300paKeHUs MMOKa3alld, 4TO MOBEPXHOCTh ZnO, TOIYYCHHOTO MYTEM
TEPMUYECKOTO PA3JIOKEHUS HUTpATa, MPEeACTaBIsAeT COOOM MIOTHBIC YaCTHIIBI,
crneyéHHble B amioMmeparsl. OOpasel, CHHTE3MPOBAaHHBIH C NPHUMEHCHHEM
MOJIMMEPHOCOJIEBOTO  METO/la, 00JaJaeT pa3BUTOH Ty04aToil CTPYKTYypOi
MOBEPXHOCTH, KOoTOpas (hopMmupyercs 3a c4€T OOWIIBHOTO Ta30BBIICICHHS B
nporiecce ropenusi [IBII. Crekrtpbl ¢oToiaroMuHeCHeHIMH 00pa3ioB ZnO
CBUJICTCIICTBYIOT, YTO YCIIOBMsS CHHTE3a OKAa3bIBAlOT BIMSIHHE Ha
(hopMupOBaHHE PA3NUIHBIX CTPYKTYPHBIX Aedekro. s mopuctoro odpasia,
moiaydeHHoro ¢ nmobammeHwmeM [IBII, Oonee WHTEHCHBHas Tmojoca
JIOMUHECIICHIINY CBS3aHAa C BaKaHCHAMH Zn, a s CHEYEHHOro o0pasma,
CHHTE3HPOBAaHHOTO pa3jIOKEHHEM HUTpaTa, — C KHCIOPOMHBIMH BaKaHCHSMH.
AnCOpOIIMOHHBIC CBOICTBAa ITOPOIIKOB HCCICNOBAM B WX CYCICH3HAX C
pactBopom kpacutenss Chicago Sky Blue (CSB). M3meHeHHe KOHIECHTpAIHH
KpacuTens B pacTBOpe 3a CU€T ajcopOIMM Ha MOBEPXHOCTH 00pa3moB ZnO
(huKCHpPOBAIIH CIEKTPO(HOTOMETPUIECKH B TEUCHHE JIBYX 4acoB. [ onmmcanus
kuHeTHkH ancopOrum CSB  Obpima wcmonb3oBaHAa KHHETHYECKas MOAETb
peakiuu mepBoro mopsiaxka. KOHCTaHTBI CKOPOCTH afcoOpOIMM KpacHUTeNs
cocrapwm  0.0110 mun™!  ms  mopucToro  o6pasia, CHHTE3UPOBAHHOTO
MOJIMMEPHO-CcOIEeBbIM MeTooM, U 0.0003 vua! s o0pasima co crieu€HHBIMEI
YaCTUIIAMH, TIOJTy9CHHOTO B XOJI€ TEPMUYECKOTO Pa3NIOKEHUS HUTPATa.

Takum o0pa3zom, B paboTe MOKa3aHO, 4TO MOPQOJIOTHS IOBEPXHOCTH
HaHOKpHCTATUIeckoro ZnO B 3HAYUTENBHOH CTENICHH BIUSICT HA €ro
JIOMUHECLCHTHBIE M aJCOpPOLMOHHBIE CBOWCTBA. [IpM 3TOM HCHOJIB30BaHHE
HOJIMMEPHO-COJIEBOTO METOJa CUHTE3a HAaHOKPUCTAJUIMYECKUX MOPOIIKOB ZnO
MO3BOJIIET CYIIECTBEHHO YBENMYUTh 3S((EKTHBHOCTH copOeHTa 3a Ccuér
a7IcopOIIMy B IOPUCTON CTPYKTYpE.

Cnucox numepamypui
1. Evstropiev S.K., et al. / Chem. Eng. Process. 2018. V. 134. P. 45-50.
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Hucmumym onmuxu ammocgepot um. B.E. 3yesa CO PAH, Tomck

FDTD-MOAEJINPOBAHUE ITOITIOIMEHUA
UK-U3JIYUYEHUS COEPUYECKOW MUKPOKAIICYJIBI
B OKPYKEHUHU TBEPIbIX HAHOYACTHII

PaccmoTpeHa aMHAaMHMKa TODIOMIEHHs OMIDKHETO WH(PAKPaCHOTO W3ITydeHHs
chepuyeckodl MHUKpPOKAlCylbl B OKDPYKEHHH TBEPABIX HAHOYACTHIl PA3JIMYHBIX
ONTUYECKUX CBOUCTB (MeTaul, OHMOCOBMECTUMBIM JaudIekTpuk). C  MOMOLIBbIO
gucnenHoro FDTD-mozmennpoBaHus yCTaHOBJIEHO, YTO BCJEACTBUE OU(PAKINU CBETa
Ha HAHOYACTHIAX BO3HHMKAET CYIEPIOKATIM3aIMs ONTHYECKOTO IONSA C MHOSBICHHEM
«ropsiaux oOnacTeil» Ha HMOBEPXHOCTH MUKPOKAINCybl. MakcUManbHbIA d¢dekT (1o
MOIJIOLIEHHIO CBETa) OT JOOABJICHUS] HAHOYACTHUII MOXKET JOCTHIaTh TPe€X pas.

Yu.E. GEINTS, E.K. PANINA
V.E. Zuev Institute of Atmospheric Optics of the SB RAS, Tomsk

FDTD SIMULATION OF IR-ABSORPTION
BY A SPHERICAL MICROCAPSULE SURROUNDED
BY SOLID NANOPARTICLES

The dynamics of absorption of near-infrared radiation of a spherical microcapsule
surrounded by solid nanoparticles of various optical properties (metal, biocompatible
dielectric) is considered. With the help of numerical FDTD modeling, it was found that
due to the diffraction of light on nanoparticles, superlocalization of the optical field
occurs with the appearance of "hot regions" on the surface of the microcapsule. The
maximum effect (in terms of light absorption) from the addition of nanoparticles can
reach three times

CoBpeMeHHOE pa3BUTHE TEXHOJOTMH MHKPOKAIICYIMPOBAHUS AKTHBHBIX
BEILIECTB HANpPAaBJIEHO B CTOPOHY CO3IaHMS MHOTO(YHKIIMOHAJIBHBIX Kapro-
HOCHTEJIEH, TIPEACTABIAIOMNX CO000H MHMKpPOYACTHIBI C JKUAKHM SOPOM U
MTOJTMKOMITO3UTHOW ~ CBETOTIOTJIOMAIONIEH O00OJOYKOH, BOCHPHUMMYHUBBIX K
pa3MuYHbBIM  (U3NYECKMM M XUMHYECKAM BHEIIHUM BO3ACHCTBHAM JUIA
KOHTPOJIUPYEMOTO  BBICBOOOXKAEHHS uX coiepxkumoro [1]. OmamMm w3
MEePCHEeKTUBHBIX, HAa HaIl B3IVIAJ, CIIOCOOOB MaHHUIYJIHUPOBAHHSA YPOBHEM
MOTVIOIIEHHUS CBETOBOTO M3ITy4EHHSI MUKPOKAIICYJIaMH SBJISICTCS MCIIOJIB30BaHHE
BCIIOMOTATENbHBIX HAaHO- MIM MHUKPOYaCTHIl B KadecTBe Meauaropa,
BIIUSIIOILIETO Ha MIPOCTPAHCTBEHHOE pacnpeneneHue HCTOYHUKOB
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TETIOBBIACTICHUSI B O0OJIOUKAaX MHKPOKOHTEHHepoB. Co3maHMe JOKalbHBIX
obrmacteifl KOHIEHTpalMW 10N BOJNU3M  IOBEPXHOCTH  Karcyiasl  (30H
(hOKyCcHpPOBOK) TO3BOJIHUT JOOUTHCS CYLIECTBEHHOTO NpUpocTa 3P PEeKTHBHOCTH
YTUIM3allMM CBETOBOM 3HEPruM B TEIUIO, MCHONb3yeMOe Uil TepPMUYECKOH
AKTHBALIUU MUKPOKAIICYJIBL.

B mHactosmeli paboTe MHUKpOKalcyila MOJEIUPOBANACh JBYXCIOHHOU
JacTUIIEH C HENONIIOUIAIOIUM CBETOBOE M3IyYEHHE BOIHBIM  SIPOM,
UMHUTHPYIOIIAM TIOJIE3HBIH Tpy3, W TOTJIOMIAIOMIEH CBeT TBepAOo(pa3HOH
obomouxoif. B kagectBe Mmarepmana OOOJOYKH HCIIONB30BAJNICS TEXHUIECKHU
CHJIMKOH, JICTUPOBAaHHBIA 30JO0THIMH HAHOYACTHI[AMH, OOECIIEUNBAIONINMU
ONTHYECKOE Toronienue B auamna3zone 800 um [2].

3aBUCHMOCTh IOIVIOMEHHOW MOIIHOCTH B O00OJOYKE MHKPOKAICYJIBI OT
00béMHOMN o 30s0TIX HaHovacTul (HY) pasmudnoro pagmyca mokasaHna Ha
puc. 1. BuaHo, 4To BCIOMOTraTenbHBI MeTalIMUeCKUi a’po3osb c Oolee
KPYITHBIM Pa3MepOM YacTHUI] IIPUBOJHUT K OONBIIEMY MOIIOLICHUIO U3JIy4eHUS
MHKPOKAIICYJIOH BCJEICTBUE OOJBIIET0 YCHJICHHUsI ONTHYeckoro mnons. Tak,
10-um HY mpaxkTudecku He M3MEHSIOT XapaKTePUCTHK IMOIIONIEHUS KaICYIbl,
15-um HY yxe garor 30 % noseimieHue P, a enié 6osee KPymHbIA a3p0o30Jib C
paguycoM 60 HM MOXET YBEIUYUTHh HAaHHOE 3HAYEHUE IIOYTH BTPOE TIpHU
MakcuMasbHON KoHUeHTpauuu HY.

—o— Au 15nm
—0— Au 25nm
—o— Au 35nm
—2— Au 60nm

N
o
1

MonHoe nornowlexmne P, , oTH. eq.
B
.

o
1

o
!

00 01 02
O6bemHas gons Au HY, 8V

Puic. 1. MOWHOCTS H3iyueHns P, , NOMOMWEHH MHKPOKAIICYJION B OKPYKEHHH

aHcaMOJIIst 30JI0TBIX HAHOYACTHIL PA3INYHBIX Pa3MepoB 1 00bEMHOI Homnelt &V
Pabora BeInosHeHa pu nojepskke rpanta PH® Ne 23-21-00018.

Cnucox tumepamypul
1. Timin A.S., Gould D.J., et al. // Expert Opin. Drug Deliv. 2017. V. 14 (5). P. 583-587.
2. Geints Y.E., Panina E.K., et al. // JQSRT. 2019. V. 236. P. 106595-106600.
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HUCCIEJOBAHUE CTPYKTYPHbBIX
U JIIOMUHECHEHTHBIX CBOMCTB HAHOIIOPOIIIKOB
Y20:-Gd,0;:Ce*, CAHHTE3UPOBAHHbIX
HHOJIMMEPHO-COJIEBBIM METOIOM

IlpuBeneHs! pe3ynsraTbl  OKCIEPUMEHTOB II0 CHHTE3y U HCCIIEHOBAaHHIO
HAaHOKPUCTAINIMYECKUX  mopomkoB  cocTaBa  Y203-Gd203:Ce** ¢ pasnuunbiM
COOTHOLICHHEM MEXIy OKCHIAMH UTTPUs M raJloNuHus. Bbputo mokasaHo, 4Tto BBeeHUE
rajilojlMHUsl HE OKa3blBaeT BIMSHHA Ha CIEKTP JIIOMUHECLCHIMH Marepuana, a
HaOJro1aeMble TI0JIOCHI IIOMUHECIICHIIMH COOTBETCTBYIOT Aedekram B cTpykType Y20s.

D.V. BULYGA!, S.K. EVSTROPIEV'>?, D.A. GAVRILOVA?,
A. MOUSSAOUT!
IITMO University, Saint-Petersburg
2Saint-Petersburg State Institute of Technology (Technical University)
3S.1. Vavilov State Optical Institute, Saint-Petersburg

STUDY ON STRUCTURAL AND LUMINESCENT PROPERTIES
OF Y;0:-Gd,0;:Ce* SYNTHESIZED
VIA POLYMER-SALT METHOD

Presents the result of experiments on the synthesis and investigation of
Y203-Gd203:Ce** nanocrystalline powders with different of gadolinium oxide content. It
was shown that introduction of gadolinium has no influence on luminescence spectrum
of the material and the luminescence bands observed in the spectrum can be attributed to
residual defects in the yttrium oxide structure.

Marepuaibl, akTHBUPOBAaHHBIE MOHAMM LIEPUS, IIHPOKO HMCIOJIB3YIOTCS B
KauecTBe JIOMHUHO(OPOB M cOMHTWLIATOPOB [1,2]. B kpucramiax okcuuaa
UTTPHSl JIIOMHUHECLEHIUS TPEXBAJICHTHBIX HOHOB LEpUsl He HaOIromaeTcs,
OJTHAKO HaOJIo1ar0TCst THOJIOCHI, COOTBETCTBYIOLIHE nedexram
KpHUcTauinaeckoir cTpyktypsl Y,0s3 [3]. Llenpto naHHOW paOOTHI SIBISETCS
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WCCIICIOBAHNE BIMSHUS BBEICHUS TAIONUHUSA B CTPYKTYpy OKCHIA WTTPHA Ha
€ro JFOMHHECIICHTHBIC CBOMCTBA.

CHHTE3 HAaHOKPUCTAJUIMYCCKUX TOPOIIKOB OCYIIECCTBISUICS MPH OMOIIU
MOJIMMEPHO-COJICBOIO METojia, onucaHHoro B [4]. [lomuMepHOCOIE€BOI MeTON
SBISICTCS.  DKOHOMHUYHBIM ¥ 3()(QEKTUBHBIM, MO3BOJSCT CHHTE3HPOBATH
HAHOMATCPUAIBI C  BBICOKOH  OJHOPOJHOCTHIO XHMHUCCKOTO COCTaBa.
KoHuentpanus iepus Bo Bcex obpasnax — 1 macc.%

Ha puc. 1 mpeacTaBieHsl CHEKTPhI JIIOMUHECHEHIUH gucToro Y,05:Ce’, a
TakKe 00pas3mos, B KOTOPbIX 30 u 60 % aTroMOB HTTPHS 3aMEIICHBl HAa aTOMBI
ragonuaus. V3 puc. | BHIHO, 9TO BBEICHHE TaIOMUHUSI HE OKa3bIBACT BIUSHHUS
Ha CIIEKTP JIOMUHECIICHIINH, YTO MOXKET OBITh CBS3aHO C TEM, YTO UCTOYHHKOM
HaONMFOMaeMOW  JIOMHHECIHCHIINH  SIBISIFOTCA  JEPEeKTHl  KPHCTALTHIECKON
CTPYKTYpBI, a HE TPEXBAJCHTHBIC HWOHBI Iepwsi. TakuMm o0pa3oM, BBEICHHE
raJIoJINHKS HE OKA3bIBACT BIUSHUS Ha Ie(DEKTHYIO CTPYKTYPY HAHOKPHCTAIIOB
OKCHa UTTpHA.

- -

~.

Ao e -

Puc. 1. CnieKTpbl JIIOMUHECHEHIMH OpOIIKoB Y203-Gd203:Ce>*

Cnucok aumepamypui
1. Kim V.K., Zakharov A.L, et al. / Glass and Ceramics. 2014. V. 71 (1). P. 64-67.
2. Song W.S., Nam D.E., et al. / Journal of nanoelectronics and optoelectronics. 2011. V. 6.
P. 234-238.
3. Raukas M., Konrad A., Mishra K.C. // Journal of Luminescence. 2007. V. 122. P. 773-775.
4. Bulyga D.V., Evstropiev S.K. // Research on Chemical Intermediates. 2021. V. 47. P. 3501-
3514.
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HUCCIEJOBAHUE CIIEKTPAJIBHO-IIOMUHECHEHTHBIX
CBOMCTB HAHOKPHUCTAJLJIOB TIEPOBCKHUTA
BO ®TOP®OCPATHOM MATPUIIE, IOJTYYEHHBIX
METOJIOM ®OTOUHIYIIUPOBAHHOM KPUCTAJIN3ALINNA

TlpuBeneHbl pe3ynbTarThl AKCIIEPUMEHTOB 110 B3aUMOACHCTBUIO (EMTOCEKYHIHOTO
JIa3epPHOTO M3IYYEHHs CO CTEKJIOM, COIEpXKalllUM »dJIEMEHTH Uil (OopMHUPOBAHHUS
HaHOKpUCTALUIOB TiepoBckuTa CsPbBr3. [Toka3aHsl BIUSHEE CKOPOCTH B3aUMOJCHCTBUS
Y DHEPTHUU B JIA3EPHOM HMITYJIbCE Ha TOJIOXKEHHUE M0JIOCHI JIIOMUHECUEHIIUH.

N.K. KUZMENKO', E.V. KOLOBKOVA'?, L.S. LOGUNOV',

N.V. NIKONOROV!, S.V. MAKAROV'
'ITMO University, Saint-Petersburg
2Saint-Petersburg State Institute of Technology (Technical University), Saint-Petersburg

STUDY OF THE SPECTRAL AND LUMINESCENT
PROPERTIES OF PEROVSKITE NANOCRYSTALS
IN A FLUOROPHOSPATES MATRIX OBTAINED
BY THE METHOD OF PHOTO-INDUCED CRYSTALLIZATION

The results of experiments on the interaction of femtosecond laser radiation with
glass containing elements for the formation of CsPbBr; perovskite nanocrystals are
presented. The influence of the interaction rate and energy in the laser pulse on the
position of the luminescence band is shown.

Hanokpucramnsr (HK) xomnmonansix nmeposckutoB CsPbX; (X =Cl, Br, 1)
SBJISIIOTCS. TIEPCIIEKTHBHBIM MaTE€pPHAIOM JUUIsL CO3/aHUsl ONTOIEKTPOHHBIX
ycTpoicTB. OHHU  XapakTepu3yloTCs HWHTEHCHBHOM JIIOMUHECUEHIMEH B
nuanazone 410 - 700 HM ¢ KBaHTOBBIM BBIX00M 110 90 %. @opmupoBanue HK
B cTEK/IAX B CiIydae JOKaJIbHOTO Harpesa I10J1 BO3ACHCTBUEM YIBTPAKOPOTKOTO
JIa3epHOT0 M3ITYYCHHS MO3BOJISCT TOJYYHTh HAHOKPUCTAIIBI B 00bEME BHYTPH
marpunpl. [lpn sTomM Ha (opMupoBaHMe KBAaHTOBBIX TOYEK BIHSIOT
TeMIeparypa W JUIUTEIBHOCTh BO3JACHCTBUS M3NydeHHs. Panee Obur
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npoaemoncTpupoBan poct HK CsPbBr; m CsPbXs3 (X =Cl, Br, I) B 00béme
CTEKJIa METO0M (POTOMHIAYLIMPOBAaHHON KpUCTau3atuH [ 1, 2].

Henpto  paboTbl  sBIslETCS ~ W3Y4YEHUE  BIWSHUS ~ I1apaMeTpoOB
(heMTOCEKyHZHOTO JIa3epHOTO M3IIyYCHUS] HA CIEKTPAJIbHOE IOJIOKEHUE
MOJIOCHI  JIFOMUHECLICHIIMM HAHOKPUCTAJUIOB TEPOBCKUTA. bBbulo BHIOpaHO
dbropdocharHoe cTeKIO, CcoAepiKaliee MPEKYpPCcopbl it (hOpMUPOBAHHUS
raJUIOUAHBIX KBaHTOBBIX Touek CsPbBr;. HK dopmupoBanuce 3a cuér
JIA3epPHOTO BO3JEHCTBUS W TOCIeAyromeil tepmoodpadboTku mpu T =350 °C.
BapbupoBaiuce cKOpoCTh BO3IEHCTBUS U3JIyYE€HUs U SHEPrus B uMiyibce. Ha
puc. 1 1 2 npencrapieHsl OJy4YEHHbIE 3aBUCUMOCTH.

1,04 1,04 x>, > — 0,5mk[x
: —— 350 mku/c | | . r00mane 0 NN [ = e
S osl - - 700 mKkm/c £ . [\ | o
g - -+ 1050 MKkm/c g G RN L5
i A== 1400 mkmig] - 4 il W\ ]
8 064 8 064 II \:\
H H i &
3 - 4 3 I.I \)‘. B
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z N z i1 WA
s ol K N ] = o2 iy N ]
’ 1y R < | ' X
v, N A
00 ¥4 r r T\ = 00 o r r T T
520 540 560 580 600 520 530 540 550 560 570 580
[lNMHa BOMHBI, HM [lNMHa BOMHBI, HM
Puc. 1. 3aBUCUMOCTH TOJIOXKEHUS KA Puc. 2. 3aBucUMOCTH ITHKA
JIIOMUHECIEHIIUU OT CKOPOCTH 3aIiCH JIFOMUHECIEHIIUY OT DHEPTUH UMITYJIbCa

[Toka3ano, dYTO TMPH YBEJIMYCHUH CKOPOCTH 3alHCH  MPOUCXOIUT
JUTMHHOBOJTHOBBIM CABMI TOJIOCH! JIOMHHecHeHIMN (543 - 552 HM), 4TO OBITH
00BsICHIETCS (hopmupoBaHUEM 0OJIBIIIETO KOJIMYEeCTBa [ICHTPOB
KpUCTAJUIM3allM  Tpyd  OONBIIEM BpEeMEHH OJKCHO3WIMH. JlanpHeimas
TepMOOOpPabOTKa MPUBOAMNT K POCTY KPHCTAJUIOB MEHBIIETO pa3mepa 3a CUéT
OTPaHUYEHHOTO KOJHYECCTBA IEMEHTOB, (OPMUPYIOIINX KBAHTOBBIE TOUKH [5].
[Iprn yBenW4YeHWHM OSHEPTHH B J1a3¢pPHOM HMIYIbCE TaKXKE IPOHUCXOIHT
HEOOJBIION CIABUT B JUTMHHOBOJHOBYIO 00NacTh crekrpa (545 - 548 Hm), 3to
0OBSICHSACTCSI YBEIMUCHHUEM CTCIICHH HAarpeBa MaTepHaia.

Cnucox tumepamypul
1. Huang X., Guo Q., etA al. // Nature Photonics. 2020. V. 14. P. 82-88.
2. Ke Sun Dezhi, Tan Xinyuan., et al. / Science. 2022. V. 375. P. 307-310.
3. Liu X., Zhou J., et al. / Prog. Mater. Sci. 2018. V. 97. P. 38-96.
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J.B. BYJIBITA!, I.A. TABPUJIOBA?, C.K. EBCTPOIIbEB!?3,

B.M. BOJILIHKMH?

!Vuusepcumem UTMO, Canxm-Ilemepbype
2Canxm-Ilemepbypeckuti 20cyoapcmeenibiii MeXHON02UYECKULL UHCIIUIMY
(mexHuueckutl yHugepcumem,)
3Focyoapemeennviii onmuueckuti uncmumym um. C.H. Basunoea, Canxm-Ilemepbype

BJIUSIHUE U3OMOP®HOI'O 3AMEIIEHUSA Y HA Gd**
B HAHOKPUCTAJVIMYECKHUX ITIOPOLIKAX YAG:C0e3+
HA UX CTPYKTYPHBIE U JIIOMUHECHEHTHBIE CBOUCTBA

IlpuBeneHs! pe3ynsraTbl  OKCIEPUMEHTOB IO CHHTE3y U HCCIIELOBAaHHIO
HAHOKPUCTAIUIMYECKUX nopouikoB cucteMbl YAG:Ce’' ¢ m30MOp(HBIM 3aMelIeHHEM
HMOHOB WTTPHS MOHAMH TagoiuHusA. Beuto mokasaHo, 4to mpu 3amemieHuH oT 60 %
aTOMOB UTTPHS aTOMaMH I'aJ0JMHHUS TP CHHTE3€ HAHOIOPOLIKOB MOJIUMEPHO-COJICBBIM
METOJIOM Ha4ynHaercs oOpa3oBaHMe (a3bl aJIOMHMHATA TaJojIMHMSA. BBeneHHS HOHOB
TaJJOJINHUS OKA3bIBACT BIMSHHE Ha COOTHOIICHHE IIOJIOC JIOMHHECLCHIUN LEpHs, 9TO
HpeNCTaB/sIeT MHTEpeC JUll HPUMEHEHMs IIpe/ylaraeMoro MarepHana B KauyecTBE
moMuHOBopa.

D.V. BULYGA', D.A. GAVRILOVA?, S.K. EVSTROPIEV %3,
V.M. VOLYNKIN?
'ITMO University, Saint-Petersburg
Saint-Petersburg State Institute of Technology (Technical University)
3S.1. Vavilov State Optical Institute, Saint-Petersburg

INFLUENCE OF ISOMORPHIC SUBSTITUTION OF Y*
BY Gd** IN YAG:Ce** NANOPOWDERS ON THEIR
STRUCTURAL AND LUMINESCENT PROPERTIES

Presents the result of experiments on the synthesis and investigation of
nanocrystalline powders of the YAG:Ce*" system with isomorphic substitution of
yttrium by gadolinium, ions. It was shown that substitution of more than 60 % of yttrium
by gadolinium ions leads to formation of gadolinium aluminate phase. Incorporation of
gadolinium ions has an influence on the luminescence spectrum of cerium ions. Thus,
this material is promising as a luminophore.

[Topomkn M KepaMHKM Ha OCHOBE AJIOMOMTTPUEBOrO TIpaHaTa ILIUPOKO
WCIOJB3YIOTCS B KauyecTBE JIIOMHHO(MOPOB, a TakXe CUHUHTHILIATOPoB [1, 2].
W3meHeHue crieKTpajibHBIX CBOMCTB MPEICTABISAET BHICOKUIM MHTEpEC B 3ajaye
KOPPEKTHUPOBKU CIIEKTpa CBETOIUOJIOB, JIJISI ATOTO MOXKET OBITh HMCIIOJIE30BaHO
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YaCTUYHOE H30MOpP(HOE 3aMeIIeHHEe aTOMOB HTTPHS aTOMaMHU TaJONUHHS C
COXpaHCHUEM CTPYKTYPBI alIFOMOUTTPUECBOTO FPpaHara.

B naHHOW paboTe mpeiiaraeTcs HCHOJIb30BAaHHE MOJIMMEPHO-COJICBOTO
METOJI ISl CHHTE3a MoMUHO(opoB Ha ocHoBe YAG:Ce®" (1 macc.% Ce), BBUY
ero mpoctoThl u  A3(GQGEKTHBHOCTH B  3aJade CHHTE3a  OKCHIHBIX
JIOMHHECICHTHBIX MaTepuasioB [3]. CHHTE3UpOBAaHHBIC MOPOIIKH OBLIH
HCCIICMIOBAHbI ~ METOAaMH  PEHTreHOAM(PAKIIMOHHOTO  aHanm3a, (ypbe-
CHEKTPOCKOIIHY U JIIOMIUHECIIEHTHOH CIIEKTPOCKOMUH. BBITO moka3aHo, 9To npu
3amerieHnu Oomee 60 % aTOMOB WTTpHUS aTOMAMH TaJONUHHUS TPOMCXOIHUT
oOpa3oBaHKe 3HAYUTEIILHOTO KomruecTBa nmapa3suTHoi (azsl GAAIO;. CriekTpbl
momuHecteHnun nopomkoB ¢ 10, 30 u 60 %-3aMelieHueM aToMOB HMTTPUS
mpeAcTaBiIeHs! Ha puc. 1. U3 puc. | BUAHO, 9TO BBEICHHE TaIOJMHNS IPUBOIHAT
K CYIICCTBEHHOMY W3MCHCHHIO COOTHOIUICHHS WHTEHCHBHOCTEH TIOJNOC C
Makcumymamu okono 550 u 400 um. Taxke HaOmomaeTcss CHBUT B
JUIMHHOBOJTHOBYIO 00JIaCTh MOJIOCHI ¢ MAaKCUMyMOM 550 HM.
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Puc. 1. CrieKTpsI JTIOMHHECIICHIINH TOPOIIKOB YAG:Ce*",Gd?*

Cnucok aumepamypui
1. Kim V.K., Zakharov A.L, et al. / Glass and Ceramics. 2014. V. 71 (1). P. 64-67.
2. Song W.S., Nam D.E., et al. / Journal of nanoelectronics and optoelectronics. 2011. V. 6.
P. 234-238.
3. Bulyga D.V., Evstropiev S.K. // Research on Chemical Intermediates. 2021. V. 47. P. 3501-
3514.
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J.H. BYXAPOB, B.JI. CAMBIIIKHMH, A.®. JIEJIEKOBA,
A.C. AL PAMOB

Braoumupcxuii 2ocyoapcemeennulii ynusepcumem um. A1 u H.I. Cmonemoswvix

MOJIEJIMPOBAHUE ®OTOIJIEKTPUYECKHUX CBOMCTB
TOHKOM C-Au IUIEHKHA

TIpuBeneHbl pe3ynbTaThl MOJACIUPOBAHUS TYHHENIHLHOTO (poToTOKa B TOHKOW C-Au
INIEHKA B 3aBUCHMOCTH OT CTEIIEHH OCBEHIEHHOCTH. B KauecTBe MOACIBHOTO
NPUOITIKEHHS KCIOJIB30Banack Mojeib Gporoanoaa IlorTku.

D.N. BUKHAROV, V.D. SAMYSHKIN, A.F. LELEKOVA,

A.S. ABRAMOV
Viladimir State University named after Alexander and Nikolay Stoletovs

SIMULATION OF THE PHOTOELECTRIC PROPERTIES
OF A THIN C-Au FILM

The results of modeling the tunneling photocurrent in a thin C-Au film depending on
the degree of illumination are presented. The Schottky photodiode model was used as a
model approximation.

ToHkHe TIEHKN METAIDTHYSCKUE IUIEHKH Ha KapOWHe, HallpuMep U3 30J710Ta
(C-Au) o00namar0T YHUKAIbHBIMH (POTOINEKTPUICCKUMH CBOWCTBAMH, YTO
oOyclaBiaMBaeT TEPCIEeKTUBY HX TNPUMEHEHHS I 3a1ad  pa3paboTku
ONTHYECKUX AJIEKTPOHHBIX NpuOopoB [1]. Takme CTPyKTypsl MOTYT OBITh
MOJTY4YEHBl JIa3epHBIM CHHTE30M, IMO3BOJSIIONIMM 3a1aTh Hamepen U3
(hoTorexTpuueckne cBoiicTBa. Tak, C MOMOINBIO JTa3ePHOTO OCAXKICHHUSA W3
KOJUIOUJHOTO PACTBOpa HAHOUACTHI[ 30JI0Ta W LENo4YeK KapOuHa ObLIu
MOJIy4YEeHbI TOHKUE TUIEHKH, JIEMOHCTPUPYIOIINE (OTOIIEKTPUIECKUE CBOWCTBA.
B cimyuae ocBemeHHs o0Opasna J1a3epHBIM H3IYyYCHHEM 3€JIEHOTO I[BETa
MPOSIBIISUICS TYHHETBHBIH (OTOTOK, YCHIIMBAIOMIMKCS B 3aBUCUMOCTH OT
creneHu ocBewEHHOCTH [2]. [l OUEHKHM MOJyYeHHBIX 3aBUCHMOCTEH
MPUMEHSUICS amnmapar MaTeMaTHYeCKOTO MOJICIHPOBAHUs. BoJbT-aMIlepHbIC
XapaKTePUCTUKUA MOJCIUPOBAINCE B NpuOmmkeHun ¢oroaumona HlorTku kak
cyMMa TEeMHOBOTO Toka I; dorotoka I [=1;+1,,[3]. TemHOBOH TOK
onenupancs kak: I;= lpexp(qU/Nkt)-1) [4], toe Iy=RATSexp(-¢/kT),
q-—3apsa JNEeKTpOHA, () — MOTEHIHMANbHBIA  Oapbep, U — HampshkeHwue,
k — nocrostuaast bonsrmana, T — temneparypa, A* — koHctanTta Puuapscona,
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S —miomane  KoHTakTa, R —kod(hdUIMEHT  OTpakeHHS  DICKTPOHOB,
N — koappunment uneanpHocTH. Temreparypa mnonaranach paBHoi 293 K,
uIoma b Kourakra — 107107 (m).

®otoTok ouenuBaica kKak Iy = (qFpt/d® )y [5], tme F=(2qU/m.)"* -
CKOPOCTh JIBHXKCHHUSI CBOOOIHBIX 3JEKTpOHOB, W = (F*U)/d — mogBMKHOCTS,
d — paccrosinue ot mIéHKHU 10 30HAA (1 HM), M. — Macca IEKTPOHA, T — BpeMs
am3nu(10'%¢), y—cremeHb  OCBEmIEHHOCTH, SBISAIACH  HOATOHOYHBIM
K03((HUIIIEHTOM | OIleHHBaach Kak Yy = liooly , T l100 — M3MEPEHHBIN TOK MpH
100 % ocBeméHHOCTH, |, — I3MEPEHHBIN TOK TIPH OCBEIIEHHOCTH B Y %o.

Ha puc.1 mnpuBegeHbl MOJEIBHBIC  BOJBT-aMICPHBIC — XAPAKTEPHCTUKH
TYHHEJIFHOTO TOKa B CITy4ac Pa3IMIHON MHTCHCHBHOCTH OCBEIIEHHOCTH LIS
orpe3ka Hampsbkenuid ot 0.1 go 1B, mnocrpoennsie B MATLAB ¢
WCIIOJIE30BaHHUEM aIlPOKCHMAIINH CIUTafHAMH.

Puc. 1. Bosbr-amnepHble XapakTepUCTHKH TYHHEIBHOTO TOKa IPH PA3ITHYHBIX
CTENEHX OCBEIEHHOCTH: (/) — TEeMHOBOH TOK, (2) — 5 %, (3) —25 %,
) —50%,(5)—75 %, (6)—100 %

Jng mpeniokeHHOM MOAENH YAaloCch JOOWTHCS MOTPEHIHOCTH TMOpsAIKa
1072, 94TO CBHIETENLCTBYET 00 YNOBJIETBOPHTENLHOM CTENEHN aJeKBATHOCTH H
MO3BOJIIET B MEPBOM NPHOMIKCHWN OICHHTH (DOTODIEKTPHUUECKHE CBOICTBA
MOJYYEHHBIX CTPYKTYD.

Pabora BemosiHeHa pu nojepskke rpanta PH® Ne 20-02-00515 A.

Cnucok numepamypui
1. Yakubovsky D.I., et al. / Nanomaterials (Basel). 2018. V. 8 (12). P. 1058.
2. Samyshkin V., Lelekova A., Osipov A., et al. // Opt Quant Electron. 2019. V. 51. P. 394.
3. Rizzo A. // IEEE Journal of Photovoltaics. 2017. V. 6 (6). P. 1542-1548.
4. Bartolomeo A. // Phys. Rep. 2016. V. 606. P. 1-58.
5. Chen, et al. // Nanoscale Research Letters. 2011. V. 6. P. 350.
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2.K. MYCABEKOBA, A K. AMMYXAHOB, A.M. XAKAHOBA,
b. KOMAH/INP

Kapaeanounckuii ynueepcumem um. axao. E.A. Bykemosa, Kazaxcman

BJIUSHHUE CTPYKTYPHBIX OCOBEHHOCTEM SnO,
HA JIEKTPO®U3NYECKHUE CBOMCTBA IJTEHOK

B nanHo# paboTe METOIOM TEPMHUYECKOTO OKCHIMPOBAHUS MHIUSA ObUTH MOTYyYEHBI
WIEHKN okcuzaa ojosBa (SnO:2). MccnenoBanock BIMSHHE TEPMHUYECKOTO OT)KHUTA Ha
MOP(OJIOTHIO, CTPYKTYpY, onTudeckue cBoiictBa SnOz. OTxUT TUIEHOK MPOBOJMICS B
nuanasone temmeparyp 300 -500°C. C yBenuyeHHEM TeMIIEpaTypbl OTXKUra
HaOJI0JaeTCsl YBEITMUCHHE Pa3Mepa 3¢pHA U MOBBIIICHUE NIMPHHBI 3alPCIEHHON 30HbBI
SnO2 Meronam uMNENaHCHOH CHEKTPOCKOIHMH HCCIIEOBAIOCH JMHAMHUKA IepeHoca
HOCUTENEH 3apsia.

A.K. MUSSABEKOVA, A.K. AIMUKHANOV,

A.M. ZHAKANOVA, B. KOMANDIR
Karaganda Buketov University, Kazakhstan

EFFECT OF STRUCTURAL FEATURES OF SnO;
ON THE ELECTROPHYSICAL PROPERTIES OF FILMS

In this work, tin oxide (SnO2) films were obtained by the thermal oxidation of
indium. The effect of thermal annealing on the morphology, structure, and optical
properties of SnO2 was studied. The films were annealed in the temperature range of
300 - 500 °C. With an increase in the annealing temperature, an increase in the grain size
and an increase in the band gap of SnO: are observed. The dynamics of charge carrier
transfer was studied by impedance spectroscopy.

[omydenne mnéHok SnO Ha TOUIOKKE TPOBOJAMIOCH HCIIAPEHHEM
nopomka Sn (Sigma-Aldrich, powder, 99.99 % trace metals basis) MeTonom
BaKyyMHOI'0 TepMUYeckoro ocaxiaeHuss Ha yctaHoBke CY-1700x-spc-2
(Zhengzhou CY Scientific Instruments Co., Ltd) u mocienyromum 0oTKHUrOM
IUIEHOK B aTMOcdepe Bo3ayxa npu temmeparypax 300 - 500 °C B TeueHue vaca.

W3MmepeHnss  CIIEKTPOB ~ WMIIEAaHCA  NPOBOIIJINCH TP MTOMOIIH
MOTEeHIIMOCTaTa-rambBanocTara P45X B pexume wummenanca. Ha pwuc. 1
MPEACTaBICHbl HW3MEpEHHBIE CIEKTphl wnMmmenanca. CHEKTpel HWMIegaHca
ONMCBHIBAIOTCS OKBUBAJICHTHON DIIEKTPUYECKONW CXEMOMH, II0KAa3aHHOM Ha
BCTaBKe puc. 1, rae R; — 5KBUBaJIEHTHOE CONIPOTUBIICHHE BHELIHUX 3JIEKTPOIOB
(RrrotRsnotAg). Ry —Mex¢asHoe  CONPOTHBICHMS,  XapaKTepu3yloliee
PEKOMOMHAIHMIO ABIPOK U AJIEKTPOHOB COOTBETCTBEHHO.
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Puc. 1. Bausaue Temnepatypsl oTkura Ii¢Hok SnO Ha CIIEKTPhI UMITEAaHCa

B Tabun. 1 moka3zansl nonyuyennsle 3HadeHust Ri, Ro. Kak Bugno n3 Tabdun. 1
3HaueHne Ro uMeeT HaubombIee 3HaYeHUE y s4edku ¢ SnO 0TOROKEHHOH MpH
300 °C, R; mpeacraBisieT CyMMapHOE CONPOTHBIICHUE BHEIIHUX 3JIEKTPOAOB U
MpUIETAIOIUX CI0EB. Tak Kak B HCCIENyeMbIX sUeikax Bce (DyHKIMOHAIbHBIC
cion, kpome SnO, ObIIM NOTyUYSHBI IIPU OAWHAKOBBIX YCIOBUSX, HaOmMoqaeMble
M3MEHEHHs R; CBS3aHBI C W3MEHEHHWEM CONpOTHBICHUS IUIEHOK SnO.
HanbHelmuii poct Temneparypsl orxkura SnO NpuBOAUT K YMEHbIIEHUIO Rj.
Ry, comporuBieHHs XapakTepu3yioliee PpEeKOMOWHALMIO 3JEKTPOHOB Ha
rpanutie pasaena SnO/Ag, MeHsIeTCsl B 3aBUCUMOCTH OT TeMIIEpaTyphl OTXKHTA.
Yem Oosbiie R, TeM MeHbllle CKOPOCTh PEKOMOMHAIIMU Ha TPaHUIIE pasjiena
¢a3. Kak BugHO m3 Tabn. 1 omkur SnO mpu 300 °C u BbIIe MPUBOIUT K
YBEJIMYEHUIO PEeKOMONHAIIMOHHOTO COTIPOTUBIICHUS B CEMbB Pa3.

Tabmuua 1. 3HaueHue 31eKTpoYU3HIESCKUX AapaMeTPOB IUIEHOK

Ne Films (OR}‘;;”) (g;:;;l) Rrec /Rw (’;;jic) (SISZ_’])
1 300C 16.9 99.2 5.8 0.17 7102
2 400 C 10.6 142.5 13.4 0.07 8071
3 500 C 4.7 185.1 393 0.02 11679

Cnucok aumepamypol
1. Yoon S., Kim S.J., Kim H.S. Solution-processed indium oxide electron transporting layers
for high-performance and photo-stable perovskite and organic solar cells / Nanoscale. 2017.
V.9 (42). P. 16305-16312.
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J1.C. TAMBATE'23, N.A. 3AXAPUYK'2, A.B. OCAJTYEHKO!23,
A.C. CEJIIOKOB!23, C.A. AMBPO3EBHY'?, M.JI. CKOPMKOB?,
M.D. TEXT!, P.5. BACUJILEB*

'Mockosckuii 2ocydapcmeennviii mexuuueckuti ynueepcumem um. H.2. Baymana
2@Qusuyeckuil uncmumym um. I1L.H. Jlebeoesa PAH, Mocksa
3Mockosckuii nonumexnuyeckuii yuueepcumen
“Mockosckuii 2ocyoapcmeennbiii yuueepcumem um. M.B. Jlomonocoea

CINEKTPAJIbHBIE TPOSIBJIEHUSI KBAHTOBOPABMEPHOI'O
YOPOEKTA B YJIBTPATOHKUX HAHOILTACTUHAX
CEJIEHUJA KAJMMS

IIpuBeneHs! pe3ynbsraTsl UCCIIENOBaHUS aOCOPOLMOHHBIX M SMUCCHOHHBIX CBOWCTB
YIBTPAaTOHKMX KOJUTOWAHBIX HAHOIUIACTHH CEIEHHIA KaJMHUs IIPH Pa3INIHBIX 3HAUYCHUSIX
TomuuHbl. OOHApyXKEHO KOPOTKOBOJIHOBOE CMEIIEHHE CIEKTPOB IIOIVIOLICHUS U
JIOMHUHECIEHIUH. JIaHHbIe SIBICHH 00BSICHEHBI KBAHTOBO-Pa3MEPHBIM d(dexTom.

D.S. DAIBAGYA!??, 1.A. ZAKHARCHUK'?2, A.V. OSADCHENKO'23,
A.S. SELYUKOV'23, S.A. AMBROZEVICH'?, M.L. SKORIKOV?,
M.E. GEKHT', R.B. VASILEV*

'Bauman Moscow State Technical University
’Lebedev Physical Institute of the RAS, Moscow
3Moscow Polytechnic University
‘Lomonosov Moscow State University

SPECTRAL MANIFESTATIONS OF THE QUANTUM
CONFINEMENT EFFECT IN ULTRATHIN CADMIUM
SELENIDE NANOPLATELETS

The results of the study of absorption and emission of ultrathin colloidal cadmium
selenide nanoplatelets with different thicknesses are presented. A short-wave shift of
absorption and luminescence spectra was detected. These phenomena were explained by
the quantum confinement effect.

B mocnenmee BpeMs B CBETOAMOAAX, HApAAy C OPraHWYECKHIMH W
METaJIOOPTaHIMYECKUMHU JFOMHHO(DOPaAMH, CTasmn HCTIONB30BaTh
HAHOCTPYKTYpPBI pa3inuyHoi reomerpud [1, 2]. DTO CBA3aHHO ¢ TeM (aKToM,
9TO BapbHPOBaHHME pa3Mepa HAHOYACTHUI] JAaET BO3MOXHOCTH YIPABIATH Kak
MEXK30HHBIMH TI€pPEXOJlaMH — OKCUTOHHOH JIOMHHECHEHIMEH, TaK W
JIOMHUHECICHINEH, CBA3aHHOMN C Ie(EKTHBIMH COCTOSHUAMM [3].
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[IpoBenénuple B maHHON pabOTe HMCCIEHOBAHHS ITOCBSIICHBI U3YUCHUIO U
CPaBHEHHMIO ONTHUYECKUX CBOICTB HAHOYACTHUI] CEJICHMJA KaJAMHUS IUIAHApHOU
TEOMETPHUH, CPEIHsISI TONIIMHA KOTOPBIX COCTABISACT MPUMEPHO 2,5 MOHOCIOS
(MC), o oTHOIICHUIO K OOJICe TOJICTHIM HAHOIUIACTHHAM [2].

B cmektpax momtomenuss (puc. 1)  HaOmopmaroTcs  XapakTepHbIE
0COOCHHOCTH, CBsi3aHHBIC C mepexomamu 1Sy - 1S, u 1Sp, - 1S, Mexay
[O/130HaMU JIETKUX M TSOKENBIX JABIPOK B BAJEHTHOM 30HE U 30HOH
IIPOBOIUMOCTH.

B cnekrpax dortomromunecnennum (DJI) xomwronaabix Hanomtactua CdSe
Ha pHC. 2 HaOIIOMAIOTCS JIBE MOJOCHI, y3Kas MOJ0Ca CBS3aHHA C MEX30HHBIMH
NepexolaMy, a HIMPOKasi ¢ NOBEPXHOCTHBIMM COCTOSIHUSIMU. CTOUT OTAENIBHO
OTMETUTh, YTO, HECMOTPS HA HAJIUYUE MEK30HHOM IMOJIOCHI MOIVIOIICHHS B
KOPOTKOBOJTHOBOW ~ 00NAacTH CIEKTpa, BTOPOH 0Ooiee KOPOTKOBOJTHOBBIN
skcuToHHBIH muK PJI oTcyTcTByeT. DTO OOBSCHSETCS TEeM, 4YTO BpeMs
npeoOpa3oBaHusl JIETKOW JBIPKH B TSHKEIYIO TOPa3J0 MEHbIIE, YeM Bpems
n3TydaTenbHON penakcanuu. CMenieHne nojoc nonmomeHus u @JI B kpacHyio
o0nacTb CHeKTpa TpPH YBEIHMUEHHM CPEAHEro pasMepa HAHOYACTHIL
00yCIIOBJICHO MPOSIBICHUEM KBaHTOBO-pa3MepHOro ¢ deKxra.
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Puc. 1. CriekTpsl HOTIIONICHUS Puc. 2. CriekTpsl POTOMOMHUHECTIEHITN

UccnenoBanue nposeneHo B pamkax npoekra POOU 20-02-00222 A.

Cnucok aumepamypul

1. Vashchenko A.A., Osadchenko A.V., Selyukov A.S., et al. Electroluminescence of
Coumarin-Based Dyes. // Bulletin of the Lebedev Physics Institute. 2022. V. 49. P. 74-77.

2. CemokoB A.C., BuryxHosckuii A.I., Jlebene B.C. u ap. DneKTponoMHHECHECHIUSL
KOJUIOUJIHBIX ~ KBa3WIBYMEPHBIX IOJYNPOBOIHUKOBBIX HaHOCTpykTyp CdSe B rubpumHom
cBeTom3myJaromeM auone. // JKypHan skcrepuMeHTanpHOW W TeopeTudyeckoil ¢uamku. 2015.
T. 147. Ne 4. C. 687-701.

3. Kondratenko T.S., Smirnov M.S., Ovchinnikov O.V., et al. Size-dependent optical properties
of colloidal CdS quantum dots passivated by thioglycolic acid // Semiconductors. 2018. V. 52.
No. 9. P. 1137-1144.
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L'T. BACWIIOK, I1.B. KAPTIAY, A.A. MACKEBUY, T.C. ITIEBOBIY,
A.O. AUT!, 0.B. BEHUJIUKTOBA', TM. BAJIOBA!, C.A. MACKEBHNY?

Tpoonenckuii cocyoapcmeennutii ynusepcumem um. A. Kynanvl, I poono, berapyco
Jenmp pomoxumuu ®HUL] « Kpucmannozpagus u pomonuxa» PAH, Mockea
2Meaicoynapoouwiii 20cyoapcmeentviii sxono2udeckuti uncmumym um. A.J]. Caxapoea,
Munck, benapyco

IPOSABJIIEHUE ®OTOXPOMMU3MA B CIIEKTPAX
HUK-ITIOINIOIEHUA HAHOKOMITIO3UTOB HA OCHOBE
JAUAPUJIDTEHA U HAHOYACTUIL CEPEBPA

OOHapy)XeHBl M HCCIIeN0BaHbl (POTOMHIYIMPOBAHHBIE M3MEHEHHUS KoJeOaTenbHBIX
criektpoB (MK momiomieHus) HaHOKOMIIO3UTHBIX CHCTEM, COAEPIKALIMX HAHOYACTHIIBI
Ag 1 Monekynbl poToXpoMHOTO auapwidTeHa JJAD1, ananornyHeie HAOMIOAAEMBIM IS
TBepAo¢a3HbIX WIEHOK JJAD1 B oTCyTCTBHE HAHOYACTHLI.

G.T. VASILYUK, P.V. KARPACH, A.A. MASKEVICH,
T.S. GLEBOVICH, A.O. AYT!, O.V. VENIDIKTOVA!, TM. VALOVA',
S.A. MASKEVICH?
Y. Kupala Grodno State University, Belarus
!Photochemistry Center of FSRC «Crystallography and Photonics» of the RAS, Moscow
’International Sakharov Environmental Institute of Belarusian State University, Minsk,
Belarus

MANIFESTATION OF PHOTOCHROMISM
IN THE IR SPECTRA OF NANOCOMPOSITES
BASED ON DIARYLETHENE AND SILVER NANOPARTICLES

Photoinduced changes in the vibrational spectra (IR absorption) of nanocomposite
systems containing Ag nanoparticles and molecules of photochromic diarylethene DAE1
similar to those observed for solid-phase DAE1 films in the absence of nanoparticles
have been found and studied.

Bonpiioli mHTEpEC NpencTaBiISET HMCCIEN0BaHHE CBOWCTB (POTOXPOMHBIX
COEIMHEHUH B HAHOKOMITO3UTHBIX CTPYKTypax (CHCTEMax) ¢ METalIMYeCKUMHU
HAHOYACTHLIAMH — JUII BO3MOXKHOTO NPUMEHEHHS B (DOTOYHpaBISEMBIX
MEePeKIIoYaTeNaX JEKTPUIECKOT0 M ONTHYECKOTO CHTHaja WM CEHCopax
[1, 2]. B xagecTtBe (POTOXPOMHBIX COEAMHEHHUI MEPCIEKTUBHO HMCIOJIH30BAaHUE
TEPMUYECKH HEOOpaTUMBIX IHapmiIdTeHOB (JJAD), oOpaTuMo H3MEHSIOMNX
CBOM  CBOMCTBA moJ  jeiictBueM  cBera. llmasmMoHHOEe — ycuieHue
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JNMIEKTPOMATHATHOTO ~ TONSl  BONM3M HAHOYACTHIBI METaJula B  TaKHX
HaHOKOMIIO3UTax o0ecreuynBaeT MOBBIIIEHHE 3(P(EeKTHBHOCTH (HOTOXPOMHBIX
npeBpamiennii  [1]  Omaromapst kak  (GOpMHUpOBaHHMIO  ABYX(h)OTOHHOM
(oToxpomMHOH peaknuu nukiIopeBepcun JJAD, Tak M HOBBIMICHHIO CKOPOCTH
0nHO(OTOHHOH peakuuu B 2 - 5 pas.

B mnacrosmeit padore meromamu crekrpockonun uH@pakpacHoro (MK)
nornomeHus, komouHauonnoro paccesiuusi (KP) cBera m KBaHTOBOW XUMHHU
UCCIENOBaHBl  KoyleOaTelnbHBIE  CHEKTPHl ~ HAHOKOMIIO3HTHBIX  CHCTEM,
COAEPKAIMX METAUIMYECKHE HAHOYaCTUIBI W MOJEKYIbl (DOTOXPOMHOTO
muapmnTeHa JJAD1. OOHapyXeHO, 4TO JaHHBIE HAHOKOMITO3WUTHI 00JamaioT
(hOTOXPOMHBIMH ~ CBOWCTBaMH  (KOTOpBIE  MPOSABIAIOTCS B  OOpaTHMBIX
(hOTOMHIYITMPOBAaHHBIX M3MEHEHUSX HJIEKTPOHHBIX M KOJIEOATENbHBIX CIIEKTPOB
TUapIIdTECHA), TOTOOHBEIMH (OTOXPOMHBIM cBoiicTBaM JIAD1 B pacTBOopax u B
TBepao(da3HbIX CIOSIX, HE CoJIepIKaIX HaHOYACTHIL (puc. 1).
@DoTonpeBpaleHuss KOMIO3UTHBIX HAHOCTPYKTYpP IMPOSBISAIOTCS B M3MEHEHHU
OTHOCHUTENLHON WMHTEHCHBHOCTH monoc (okomo 1181, 1529, 1583 cm!) B
cnekrpax MK-nmornomenus coenuuenus: JJAD1, oTHocsmuxcs K KoyieOaHUSIM
CBSI3H, YUACTBYIOIICH B peakiuu hoTorsomepusariu (puc. 2).

Puc. 1. Cnexrpsl nHQpaKpacHOTO Puc. 2. Cnextpsl nHbpaKpacHOTO
noromeHus (10, nocie YP-o0mydeHus noromeHus (1o, mocie YP-o0myueHus
U HOCJIE TTOCIEYIOIEro BUIMMOTO U TIOCJIE MOCNIEYOIIET0 BUIMMOTO

o0y4eHns) GOTOXPOMHOTO o0ydeHns1) GoTomnepeKIodaeMbIX
nuapuinaTeHa JJAD1 HAHOCTPYKTYp Ha OCHOBE HAHOYAaCTHUIl Ag

U horoxpomHoro auapuidTena JAD1
PaGora BemonmHena mnpu (uHaHCOBOW mommepkke BPDO®U (rpaHT
Ne @21PM-134) u MunucrepcrBa obOpasoBanusi Pecnyonuku benapych
(3aganue 1.5 IT'TIHU “@oroHuka U 3I€KTPOHUKA [l HIHHOBAIU ).
Cnucok 1umepamypul

1. Klajn R., Stoddart J.F., Grzybowski B.A. // Chem. Soc. Rev. 2010. V. 39. P. 2203.
2. Vasilyuk GT., et al. // Optics and Spectroscopy. 2022. V. 130. No. 3. P. 361.
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I1.B. KAPITAY, I'T. BACWJIIOK, C./I. TOT'OJIEBA, 1.B. OXKOT'MH',
AJI. TIYTAYEB!, B.C. IVKbJIHOB!, C.A. MACKEBNY?

T'poonenckuii cocyoapcmeennutii ynusepcumem um. A. Kynanwl, I poono, Berapyce
THUH ¢usuueckoii u opearnuveckoti xumuu FOxcrnozo gedepanvrozo ynusepcumema,
Pocmos-na-/lony
2Meacoynapoomwiii 20cyoapcmeenibiii sxono2uueckuti uncmumym um. A.J]. Caxapoea,
Munck, benapyco

YCUWIEHUE KOMBUHAIIMOHHOI'O PACCESIHUSA CBETA
B HAHOKOMIIO3UTAX HA OCHOBE BUC-CIITUPOIIMPAHA
N HAHOYACTUII CEPEBPA

I/ICCHQZ[OBaHO ycuieHue KOM6I/IHaI_II/IOHHOFO paccednus CBETa B HAHOKOMIIO3UTHBIX
CHUCTEMaAX, coaepKalux METAJUIMYCCKUE  HAHOYACTHUIIBI u MOJICKYJIbI 6I/IC-
CIMPONHMPAHOB HHIOINHOBOTO Psifia.

P.V. KARPACH, G.T. VASILYUK, S.D. GOGOLEVA, 1.V. OZHOGIN!,
A.D. PUGACHEV!, B.S. LUKYANOV!, S.A. MASKEVICH?
Y. Kupala Grodno State University, Belarus
!nstitute of Physical and Organic Chemistry, Southern Federal University, Rostov-on-Don
’International Sakharov Environmental Institute of Belarusian State University, Minsk,
Belarus

RAMAN SCATTERING ENHANCEMENT
IN NANOCOMPOSITES BASED ON BIS-SPIROPYRAN
AND SILVER NANOPARTICLES

The enhancement of Raman scattering in nanocomposite systems containing metal
nanoparticles and indoline bis-spiropyran molecules has been studied.

buc-poToXpoMHbBIE COCAMHEHHS, W B YaCTHOCTU, OWC-CIIHPOIHUPAHBI
MPEJICTABISIIOT HECOMHEHHBIH WHTEpec Uil HCCienoBareiei, Tak Kak
MOCJIC/IOBATEIbHOE WM TMapajlyieIbHOE  OTKPhITHE WX  (OTOAKTHBHBIX
(hparMeHTOB TOTEHITMAIEHO TIO3BOJISIET CYIIECTBOBATh JAHHBIM COSAMHEHUSIM B
Buae Tpéx w® Ooilee M30MEPOB, UTO JieNaeT WX MPOTOTHIIAMHU
MYJABTUIIO3UIMOHHBIX ~ MOJEKY/SIPHBIX — MepeKJouaresned  ans  uenei
MOJICKYIISIpHOH anekTponukH [1]. Cruponmkindeckue GOTOXpOMHEBIC CHCTEMBI
C  TMOBBIIIGHHOW  (PYHKIIMOHANBPHOW  aKTUBHOCTBIO,  CIIOCOOHBIE K
UMMOOWIN3AIMH Ha Pa3IHYHBIX (B TOM YHCIIC METAJUTUYECKUX) TIOBEPXHOCTIX
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SBJISIOTCS TIEPCIIEKTUBHBIMU OOBEKTAMHM HCCIEIOBAaHUS B OONACTH XEMO- H
OMOCEHCOPUKH, MOJIEKYIISIPHON 3JIEKTPOHUKHU U (OTOHUKH.

B Hacrosmei pabore MeTOJaMM  CIIEKTPOCKOIMHM KOMOMHAIIMOHHOTO
paccestust (KP), rurantckoro xomoOunanmonHoro paccessHus (IKP) cera u
KBAaHTOBOW XMMHH HCCJIEAOBAaHBI KoJeOaTeIbHbIE CHEKTPHl HAHOKOMIIO3UTHBIX
CHUCTEM, COJAEp)KAaIlMX  METAJUIMYECKHEe  HAHOYACTUIBI U MOJEKYIbI
CUMMETPHYHBIX OHC-CITUPOITMPAHOB MHJOJIMHOBOTO psiaa (IpuMep Ha puc. 1).
N3 anammza cnektpoB I'KP cBera AaHHBIX HAaHOKOMIIO3MTOB CIEAYET, YTO
HanOoJbIIlee YCHIICHHE HCIBITEIBAaOT mojockl KP oxomo 556, 806, 929, 1117,
1235, 1268, 1290, 1352, 1404, 1465, 1528, 1573, 1613 cM’!, ocCHOBHOI BKJIa] B
KOTOpBIE BHOCAT IUIOCKHE KOJleOaHWs IWKIOB (IpuMep Ha puc. 2). nmaakas
ctepounanpHas popma HaHOYACTHI] cepedpa (0e3 MEeNKHX MIepOXOBaTOCTEH C
PE3KHUMH H3JIOMaMHM ITOBEPXHOCTH), & TAKXKE MX pa3Mepsl MO3BOJISIIOT MONArarh,
yro B ycuinenue curHana KP wmonekyn SP1, ancopOupoBaHHBIX Ha STHX
YacTHLaX, HauOONBIINK BKJIQJ BHOCST IUIa3MOHHBIC MEXaHU3MBbI, a HE ApYyrue
ANEKTPOMAarHUTHBIC MEXaHU3MBI YCUIICHUS.
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Puc. 1. CtpykrypHas popmyna (a) Puc. 2. Cnexrpst KP cera (/) mopomika
¥ ONTHMHU3UPOBaHHAsI CTPYKTYpa (6) ouccrimponpana SP1u I'KP cBera (2)
MOJICKYJBI OHc-criuponmpana SP1 HAHOKOMITO3UTOB Ha OCHOBE HAaHOYACTUI] Ag

u 6uc-cmponupana SP1

Hccnenosanne BbimonHeHO npu (uHaHcoBol moguepxke BPODU (rpant
Ne ®21PM-134) u PODU (rpant Ne 20-53-04023).

Cnucok aumepamypul
1. Ozhogin L.V, et. al. / Journal of Molecular Structure. 2020. V. 230. P. 128808.
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10.3. TEMHL], E.K. [TAHUHA, K.C. TAHIH'

Hucmumym onmuxu ammocgepot um. B.E. 3yesa CO PAH, Tomck
! Hayuonanwmwiii uccredosamensckuti soephbiii yuueepcumem «MUDH»

BJIMSTHUE MAJIBIX UCKAJKEHUM MIOBEPXHOCTH
JUIJIEKTPUYECKUX MUKPOC®EP HA TTIAPAMETPBI
®OPMUPYEMBbIX ®OTOHHBIX HAHOCTPYM

PaccMOTpEHO BIMSHUE MCKAKCHUH NMOBEPXHOCTH CHEPUYECKUX THIICKTPHUYECKHX
MHUKpPOYACTHIl Ha mapaMeTphl «poToHHbIX HaHocTpyi» (PHC), dopmupyromuxcs B
OmyKHEH 30He paccesiHUs CBEeTOBOIT BOJHBEL C HOMOIIBIO YHCICHHOTO MOACIHPOBAHUS
uccnenoBansl  OcHOBHble xapaktepuctukn @PHC (IpOCTpaHCTBEHHBIC pasMepbl U
[UKOBass HWHTEHCHBHOCTH). [IpoBeneHO cpaBHEHME C MHMKPOYACTHLEH, HMEIOIIeit
UJeaNbHyl0 CepryecKyr0 MOBEPXHOCTb. YCTAHOBJIEHA 3aBUCUMOCTb MOIIHOCTHBIX
xapakrepuctuk @HC oT aMIuUTy/IbI HCKaXKEHHUH TIOBEPXHOCTH MUKpOChep.

Yu.E. GEINTS, E.K. PANINA, K.S. PANIN!
V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk
INational Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

INFLUENCE OF SMALL SURFACE DISTORTIONS
OF DIELECTRIC MICROSPHERES ON THE PARAMETERS
OF FORMED PHOTONIC NANOJETS

The effect of surface distortions of spherical dielectric microparticles on the
parameters of «photonic nanojets» (PNJ) formed in the near zone of scattering by a light
wave is considered. Numerical simulations were used to study the main characteristics
of the PNJ (spatial dimensions and peak intensity). A comparison is made with a
microparticle having an ideal spherical surface. The dependence of the power
characteristics of the PNJ on the amplitude of distortions of the surface of microspheres
has been established.

PasBuTue Hay4HBIX HalpaBJIEHU, CBA3aHHBIX, HAPUMED, C IPELU3UOHHON
JUArHOCTUKOM MapaMeTpoB JUCIEPCHBIX Cpell, HAaHO-KOHCTPYHPOBaHUEM
MarepuajoB, TPeOyeT CO31aHHs BBICOKO KOHIIEHTPHPOBAHHOTO ONTHYECKOTO
M3JTy4eHUs] BONIM3M MOBEPXHOCTH MaJbIX MaTepualbHBIX 00bekToB. Hambonee
BOCTPEOOBAHHBIMH C TPAKTHUECKOW TOYKH 3PEHHUS IO-TIPEKHEMY OCTarOTCS
HETIOIIOMIAIOIINe CHEPUIECKUe TUIICKTPHUECKIE MUKPOUACTHIBI PA3IUIHBIX
(DU3MYECKUX CBOMCTB M CTPYKTYpHOTO COCTaBa, (OPMHUPYIOMHE BBICOKO
JIOKaJIM30BaHHBIE OOIACTH TOBBIIIEHHOW MHTEHCHBHOCTH — TaK Ha3bIBaeMbIE,
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«potonnsie Hanoctpym» (PHC) [1]. Ilpm uUncieHHOM MOIEIUPOBAHHUU
a¢pdexra GHC, kak nmpaBUiIo, paccMaTpUBAIOT YaCTUIIBI, UMEIOLIHE UICATbHYIO
chepuueckyro IOBepXHOCTh. Ha mpakTHke ke, JOCTHYh MOAOOHOM
UJICUTLHOCTH KpalHe CIOXHO, a JIo0oe, Jake HEe3HAYMTENIbHOE, MCKaKEHUE
MOBEPXHOCTH BIIEUET 3a COOOM M3MEHEHHE XapaKTepHCTHK MO B 00JacTH
BHeIHero (hoKyca.

MogenupoBaHue paccesHUs ONTHUYECKOTO M3Iy4YeHHs C JIMHOM BOJIHBI
A =0.5MKkM Ha cdepuyeckux yactumax pamuyca R =1 MKM n mokazarenem
npeiaomiieHuss n = 1.45 NpoBOIMWIOCE HAa OCHOBE YHCJIEHHOTO pPELICHUS
cucteMsl nud¢epeHnuanbHAIX  ypaBHeHHH Makcemma  (FDTD-meton).
CrpykTypa BO3MYIIEHMH IIOBEPXHOCTH 4YacTHIIBI 3aJ[aBanach CIIydalHBIM
napaMeTpoM &, XapaKTepU3YIOIIUM [IEPOXOBATOCTh B JBYX HAaNpaBICHHUIX
(x m y). 3aBUCHMOCTh MAaKCHMAJIbHOH HHTCHCUBHOCTU Byqx MONA B obnactu
O®HC moka3ana Ha pwuc.l. VYCTaHOBICHO, 9YTO OTKJIOHEHHE (POPMEI
MHUKPOYACTHIBI OT cheprIecKkol MPUBOIUT K maaeHuio nHTeHcnBHOCTH PHC
10 20% (w11 paccMOTpeHHBIX ciydaeB). [lpudaéM 3HaYeHHE Bax
OTIpeAEeNAeTCs, TIaBHBIM 00pa3oM, MmapaMeTpoM & M NMPaKTHYECKH HE 3aBUCHUT
OT TPOCTPAHCTBEHHOM YAacCTOThl HUCKaXeHUU. Bompeku oxupaHusM, SBHO
BBIPQ)KEHHBIX 3aBHCUMOCTEH IMPOCTPAHCTBEHHBIX Pa3MEpPOB CTPYH OT pa3MepOB
WCKa)XEHHI BBISBIICHO HE OBLIO.

Puc. 1. 3aBucumocts nHTeHCHBHOCTH DHC

Pabora BrImonHEHa TpH MOAAEpPKKE MMHHCTEPCTBA HAyKH W BBICIIETO
o0pa3oBaHMs B paMKaxX BBIIONHEHHUS paboT mo l'ocymapcTBEHHOMY 3aJaHUIO
NOA CO PAH.

Cnucok aumepamypel
1. Geints Yu.E., Panina E.K., Zemlyanov A.A. // JOSA B. 2011. V. 28. No. 8. P. 1825-1830.
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A. DTBAJIN, A.A. BUILIHEBBI

Mockosckuil ghuzurxo-mexHuyeckull UHCMumym (HayuoHAaIbHBIL UCCIe008aAMENbCKULL
yHugepcumem), /{oneonpyomulii

ONTUYECKHUE CBOMCTBA PAJTMAJIBHO AHU3OTPOITHBIX
HAHOC®EP

B cBA3M C AaKTHBHBIM HCIOJb30BAaHHEM AHU30TPONHBIX BaH-AEP-BaalbCOBBIX
MaTepualioB Ul M3TOTOBJEHHS DPE30HATOPOB, MPEACTABIAET MHTEpEC IOUCK
ONTHMAJIBHBIX ONTHYECKHX IIapaMeTPOB MaTepHasioB, HEOOXOOUMBIX JUIS ITOTYYCHUS
PE30HAHCOB BBICOKOH JoOpoTHOCTH. B naHHOH paboTe mNpoBeneHO U3ydeHHUE
MYJIBTHIIONBHBIX PE30HAHCOB HaHOC(Ep U3 Marepualia C MOKa3areaeM IPelIoMICHHS 4.
Ilpn  MonmenupoBaHMM  paguaibHAs  KOMIOHEHTAa  IIOKa3arels  IPETOMIICHHUS
BapbupoBajack oT 1 10 15, 4To MO3BONHMIO OOHAPYKUTH IPEUMYIIECTBO AHU30TPOITHBIX
MaTepHaJIOB C HU3KMMH M BHICOKUMH 3HaYCHUSAMH PaJHalIbHOI KOMIIOHEHTHI II0Ka3aTes
HPETOMIICHHSI.

A. EGHBALI A.A. VYSHNEVYY
Moscow Institute of Physics and Technology (National Research University), Dolgoprudny

OPTICAL PROPERTIES OF RADIALLY ANISOTROPIC
NANOSPHERES BY ULTRASHORT LASER PULSES

Growing use of anisotropic van der Waals materials for fabrication of resonators
motivates the search of optimal parameters of materials that enable high quality
resonances. Here, we studied multipolar resonances of the nanospheres from a material
with refractive index of 4. During simulations we have varied the radial component of
the refractive index from 1 to 15, which allowed us to establish the advantages of highly
anisotropic materials with high and low radial refractive index.

Ban-niep-BaasibCoBBl Marepuaibl 00Jafal0T YHUKAJIBHBIMH (H3HUECKUMHU
CBOWCTBAMM, KOTOPBIE IIMPOKO HCIONB3YIOTCS B PA3IUUHBIX 00JIACTSIX HAyKH U
npoMbIIUIeHHOCTH. HemaBHO ObUIO OOHApYXEHO, YTO HMX CTPYKTypHas
AQHM30TPONHs 00YCIABIMBAET TUTAHTCKYIO aHU30TPOITHIO ONITHYECKOTO OTKIINKA
[1]. B cBsi3u ¢ 3TUM BaXHO MOHMUMATh, KaK CHJIbHAS aHU3OTPOIUS BIHSAET Ha
XapaKTePUCTUKN YCTPOICTB, B KOTOPBHIX HCIOIB3YIOTCS TaKWe Marepuansl. B
JIaHHOW pa0oTe NMPOBEJECHO W3y4eHHE BIMSHUS aHW30TPOIMH HA ONTHYECKOE
CBOWCTBA HAHOCTPYKTYp C paiuaibHON aHU30TPONHUEHW, B YACTHOCTH,
ceprueCcKUX HaHOYACTHII, KOTOPBIE HEJITaBHO OBUIM YCIICIIHO U3TOTOBIICHEI [2].

HccnenoBanack H00OpPOTHOCTh MYJIBTHUIIOJIBHBIX PE30HAHCOB B pajualibHO
aHM30TPONHBIX  HaHoc(epax  (puc. la).  Ilpenmnonmaras  MOCTOSHHYIO
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TAQHTCHIIMATIbHYI0O ONTHUYECKYI0 TIIOCTOSHHYIO, MBI OOHApYXWIH, HYTO
JOOPOTHOCTh PE30HAHCOB YBEIHUYUBAETCA C YBEIMYCHHEM paJualbHOU
COCTaBJSIIOIIEH  MoKazaTens mpeiomieHus (puc. 1»). DOTo moBeneHue
AQHAJIOTUYHO TIOBEICHUIO HM30TPOIMHBIX HaHOC(hEp M OOYCIOBICHO IVIaBHBIM
o0pa3oM yBeIMYEHHEM YCPEIHEHHON AMANIEKTPUYECKON NPOHUIAEMOCTH
chepsl. B TO ke Bpems, Korna pajuanbHas COCTaBIISIONIAS YMEHBIIAETCS,
JOOPOTHOCTh TaK)ke€ MOXKET YBEIMYHBATHCS, OCOOCHHO KOTIa pajauajibHas
cocTapisIromas npuoOmmwKkaercs kK 1. DTo MoBeAeHWE HEOXKUAAHHO, XOTA €ro
MOXXHO OOBSCHUTH HCIONB3ysAd MOHATHE S(PPEKTHBHOTO  IMOKA3aTels
MIPEJIOMIICHISI [T paccesHus, BBEAEHHOTO B Halllel mpensiaymiei padore [3].
310T 3¢ PEeKTHBHBIN MOKA3aTEb MPEJIOMIICHHS YBEINYNBACTCS C YMEHBIICHHEM
paauagbHOW KOMIIOHEHTHI IOKa3aTelsl HMPEeIOMJICHHsT Marepuala, 4yTo, B CBOIO
odepenb, MOXET MPUBECTH K IIOJABICHUIO H3JIydYaTeJbHBIX  IOTEPh
COOTBETCTBYyIOIIEro pe3oHanca Mu. Hama pabora maér mpeicTaBieHHE O
JKEJTaeMbIX CBOWMCTBAaX MaTepHajoB PE30HATOPOB U MOXKET OBITH MOJIE3HA IS
MIPOEKTUPOBAHMUS YCTPOUCTB HA OCHOBE aHU30TPOITHBIX MaTepHaios [3].

Pabora BeimonHeHa npu noanepxxke Poccuiickoro HayuHoro ¢onzaa (rpasHt
Ne 22-79-10312).

Puc. 1. Cdepa c pagnansHOl aHU30TpONHEH (@), TOOPOTHOCTH TUITOJIBHOTO pEe30HAHCA
Kak (YHKIHMS pajnaIbHOW KOMIIOHEHTHI OKa3aTess penoMiIeHus Uit cepsl
¢ rokasareneMm npenomieHus 4 (b)

Cnucox 1umepanypol
1. Ermolaev G.A., Grudinin D.V.,, et al. // Nat Commun. 2021. V. 12. P. 854.
2. Tselikov GI., Ermolaev GA., et al. / Proc. Natl. Acad. Sci. USA. 2022. V.119.
P. €2208830119.
3. Eghbali A., Vyshnevyy A.A., et al. / Biosensors. 2022. V. 12(8). P. 582.
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K.A. JJO30BOU, B.B. JIMPKO, O.11. KYKEHOB, A.Il. KOXAHEHKO

Hayuonanvhviii uccnedosamenvekuii ToMckuil 20¢y0apcmeentvill yHugepcumen

TEMIIEPATYPHBIE OCOBEHHOCTH
CBEPXCTPYKTYPHBIX IIEPEXOJ0B
TP POCTE HAHOCTPYKTYP Ge/Si (111)

IIpencraBieHsl pe3yabTaThl MCCIISNOBAHUS IIPOIECCOB AIUTAKCHAIBEHOIO pOCTa
repMaHUs Ha KpPeMHHH C KpHcTawiorpadguyeckoid opueHtrauuerd (111) B mmpoxom
uHTepBaje Temmeparyp. C moMompl0 Meroga AUGPAKIUH OBICTPHIX OTPAXEHHBIX
JNIEKTPOHOB OTPEIEIEHbl TEeMIIEpaTypHBIE 3aBUCUMOCTH IPOAOIKUTEIBHOCTH CTaIuU
Iepexojla M3 CBEPXCTPYKTYpbl 7 X7 B 5X5 M 3Ha4eHUS KPUTUUYECKOM TONIIUHBI
nepexosia OT JABYMEPHOIO K TpEXMepHOMY pocTy B auanaszoHe ot 250 mo 700 °C.
ITokazano, yTo Bpems Iepexona OT CBEPXCTPYKTYPBI 7 X 7 K CBEPXCTPYKType 5 X 5
3aBUCHUT OT TEMIIEpPaTyphl SMUTaKCHAIBHOTO POCTA.

K.A. LOZOVOQY, V.V. DIRKO, O.I. KUKENOV, A.P. KOKHANENKO

National Research Tomsk State University

TEMPERATURE PECULIARITIES
OF SUPERSTRUCTURE TRANSITIONS
DURING GROWTH OF Ge/Si (111) NANOSTRUCTURES

The results of studying the processes of epitaxial growth of germanium on silicon
with crystallographic orientation (111) in a wide temperature range are presented. The
temperature dependences of the duration of the transition stage from the 7x 7 to 5x 5
superstructure and the values of the critical thickness of the transition from two-
dimensional to three-dimensional growth in the range from 250 to 700 °C are
determined using the high energy reflection electron diffraction method. It is shown that
the transition time from the 7 x 7 superstructure to the 5 x 5 superstructure depends on
the temperature of epitaxial growth.

HaHOCTpYKTYpBI ¢ KBAHTOBBIMH SIMAMH W KBAHTOBBIMH TOUYKAMH YK€ OKOJIO
JlecaTKa JIeT aKTHUBHO MCHOJB3YIOTCSI TIPH  CO3JaHUM  (POTOJETEKTOPOB,
COJIHEYHBIX JJIEMEHTOB M CBETOM3IIYYAIOMIMX YCTPOWCTB ISl TaKMX OBICTPO
pa3BHBAIOIIUXCs OOJacTe Kak HaHOJIEKTpOHMKa M HaHodoronuka [l, 2].
Kpome toro, B mocneanee BpeMsi 0CO3HAETCS NEPCIEKTUBHOCTh UCIIOJIb30BAHUS
MOAOOHBIX CTPYKTYpP AJS CO3JIaHHS IPHUOOPOB COBEPIIEHHO HOBOTO YPOBHSA,
HalmpuMep, TOIMOJOTHYECKUX TPAH3UCTOPOB, TBEPIOTENBHBIX CIIMHOBBIX
KyOHTOB, BEICOKOTYBCTBHTEIBHBIX CEHCOPOB.
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TToBepxnocth Si(111) Oblma BBIOpaHA JUIS HCCICIOBAHHS IPOIIECCOB
SMUTAKCUAIBHOTO POCTa FEpMaHUs B CBSI3U C TEM, YTO 3Ta IOBEPXHOCTh MEHEE
u3ydeHa 1o cpaBHeHHIO ¢ moBepxHOCThIO Si(001). [Ipm 3TOM NOBEPXHOCTH
YHUCTOTO KPeMHUsI ¢ Kpuctamiorpaduueckoit opuenranueii (111) Tpagunnonto
UCTONIB3yeTCA U DMNUTAaKCMM TEepMaHUs U TaKke SBISETCS BecbMa
MEePCIEKTUBHON ¢ TOYKH 3PEHHMsI CO3JaHusI MPUOOPHBIX CTPYKTYp. Kpome Toro,
HMCHHO Ha IIOBEPXHOCTSIX C Kpucrauiorpaduyeckoit opuenranumeit (111)
BO3MO)KHO CO3/1aHHE TpadeHONOAOOHBIX JIBYMEPHBIX MaTEpHAlIOB, HA KOTOPHIC
BO3JIATal0TCs OOIBIINE HAJECHK B! IS CO3/IaHUS ANEKTPOHIKH OYIyIIIero.

Cunare3 Ge Ha momiokke Si(111) ocymecTBisics Ha yCTaHOBKE
BBICOKOBAKYYMHOW MOJIEKYIsipHO-TydeBoi srutakcuu «Katynp-100». Bce
SKCIIEPUMEHTHl MPOBOJWINCH TIpH  ypoBHe Bakyyma 1:107° Topp. Jlus
WCCIICJIOBAHUN HCITOIH30BAIMCH KOMMEPUYECKH TOCTYITHBIe TutacTuHbI Si(111) ¢
OTKJIOHCHHEM OT KpucTayuiorpadpuueckoi miockoctu < 0,5°. Ilepen Hauaiom
paboTHI IIACTHHBI IPOXOJUIH TPEIINUTAKCUATBHYIO OATOTOBKY, COCTOSIIYIO
U3 XUMHYECKOH 00pabOTKH U TEPMHYECKOTO OTIKHI'd B CBEPXBBICOKOM BaKyyMe.
Ilepen mnpoBeneHHEM S3MUTAKCHAIbHOTO poOCTa IJIEHKH, Ha IOBEPXHOCTH
IUIACTUHBI HaHocUTCSl OydepHblid cnoit kpemHust TommuuHOH > 100 HM.
Temneparypa KpeMHHEBOW TOUIOKKH MpU co3daHuu Oydepa cocraBiseT
700 °C. 3areM rmuiacTuHa OTKHraercss B TedeHue naru MuHyT npu 1000 °C,
MOCTIC YeTO OHA OXJIaKIACTCS IO HEOOXOAUMBIX POCTOBBIX TEMIIEPATYD.

B pabote mokaszano, 4to B 00macti HE3KUX Temreparyp (mo 450 °C) pocr
Ge na Si(111) ocymiecTBuseTcs mo Kiaccu4eckoMy MmexaHuzmy CTpaHCKOTo-
KpacraHoBa ¢ MakCHMajdbHOM KPHUTHYECKOW TONIIMHOW JBYMEPHOTO CIIOS
Ge 10,6 A npu tTemneparypax 300 - 350 °C u nocneayomum GopMUPOBAHHEM
3D-octpoBkoB. IIpm Ttemneparypax Bbime 450 °C  pemakcaiust YHOpyrux
HaNpsDKEHUH MPOMCXOIUT MONTHOCTBIO 32 CUET CBEPXCTPYKTYPHBIX MEPEXO0B
7x7 —5Xx5 u npu yBenudeHUH Temmepatypbl noanoxku ot 400 qo 650 °C
MIPOIOIDKUTENIFHOCT ATOTO Tpoliecca (BbIpaKeHHas! B TOJIIIMHE OCAKIEHHOTO
Marepuaia) yseanuusaercs ot 0,1 1o 2 mc.

HccrnenoBanre BBINONHEHO B paMKax TOCYIApCTBEHHOTO — 3aaHUs
MunncrepcTBa BBICIIETO 00pa3oBaHWs W Hayku Poccwiickont Deneparum,
npoekT Ne FSWM-2020-0048.

Cnucox tumepamypul
1. Wang B., Mu J. // PhotoniX. 2022. V. 3. P. 8.
2. Lozovoy K.A., Izhnin LI, et al. / Nanomaterials. 2022. V. 12. P. 2221.
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N.M. KPOJIb, K.1. PYHUHA, A.A. ITMAKNHA,
E.M. IIIUT'OJIEBA, O.I1. BAPUHOBA

Poccuiickuii xumuxo-mexnonocuueckuil ynusepcumem um. /{. 1. Menoeneesa, Mockea

OCOBEHHOCTH CTPOEHMA U OIITHYECKHUX
XAPAKTEPUCTHUK KOBAJIBTCOAEPXKAIIIMX CTEKO.JT
COCTABOB Zn0O-B:03-SiO; n K;0-ZnO-SiO;

B cucreme ZnO-B203-Si02 u  K20-ZnO-SiO: mnpu 1350 °C  momydeHsl
CTEKJIOBH/IHBIE MaTepHaJIbI, JIETHPOBaHHBIN KoOansroM. Oba cocTaBa XapaKTepH3yIOTCS
pacIoIOKCHHEM Ha JAuarpaMMe COCTOSIHHSL B OOJIACTH KPUCTaJUIM3allMM BHIJIEMHTA
(Zn2Si04). Tlpn wmccnemoBaHMM CHEKTPOB MONIOIIEHHMS B ONTHYECKOH M ONMKHEH
HK-006macTax Tmoka3aHa TEPCIEKTUBHOCTh CTEKOJM TaKHMX COCTABOB B KaueCTBE
nororutenei unydenus B MK-guanazone 1,3 - 1,7 Mxm.

.M. KROL, K.I. RUNINA, A.A. PIYAKINA,

E.M. SCHIGOLEVA, O.P. BARINOVA
Mendeleev University of Chemical Technology of Russia, Moscow

STUDY OF ABSORPTION SPECTRA IN VISIBLE
AND IR RANGE OF COBALT-CONTAINING
ZINC BOROSILICATE GLASS MATERIAL

Cobalt-doped glassy materials were obtained in the ZnO-B203-SiO2 and K20-ZnO-
SiO2 systems at 1350°C. Both compositions are characterized by their location on the
phase diagram in the crystallization region of willemite (Zn2SiO4). When studying the
absorption spectra in the optical and near-IR regions, glasses of such compositions are
shown to be promising as radiation absorbers in the IR range of 1.3-1.7 pm.

B HacTosmee BpeMs MHOXKECTBO HCCIICIOBAHUHA IMOCBSIICHB ONTHYECKH
TIPO3PaYHBIM Marepuaiam, coiepIKaIIM HOHBI KoOaJpTa B
TETPAKOOPAUHUPOBAHHOM COCTOSTHUM [1-4]. Takue MaTepuabl
XapaKTepU3YIOTCS MOJOCAaMU TIOIVIOIIEHUS BBICOKOM HMHTEHCHBHOCTH B
BuauMOi obmactu u OmmxaemM WK-mmanasone [2, 3]. BBeneHue okcHIoB
MENTOYHBIX MeTauioB, ocobenHo KO, B cocTaB CTEKOJ, Kak MOKa3aHO B pse
pabot [4], ciocobeTByeT hopmupoBarmio Tpynn [CoO4] TeTpadaApuIecKoro u
HCKaKEHHOTO TETPadIPUIECKOTO CTPOCHUSI.

B Terpasmpuueckoii cummerpum 3HepreThieckwe ypoBHH uoHa Co
npenctaBsior coboit 2E(G), 2Ti(*G), *Ti(*P), 2A1(G) u *T2(G) ¢ 0OCHOBHBIM
cocrosureM “Ay(*F). Terpasmpudeckuii HOH KobanbkTa B PasIMYHBIX

2+

ISBN 978-5-7262-2931-7 POTOHNKA N NHPOPMALIMOHHAA ONTUKA 291



YK 535(06)+004(06)

Marepuanax  JAEMOHCTPHpYeT  1Ba  CIIMH-3apeIlEHHBIX  Iepexoza
YA(F) = *Ti(*P)  m *Ax(*F) — *Ti(*F)  cooTeeTcTBeHHO.  BbIcOKas
MHTEHCUBHOCTh 3THX IOJOC SBISIETCS CIeACTBUEM cMmeuleHus 3d-opOuraneit
Co?* ¢ ero 4p-opOUTANSAMHU U OPOMTAIISIMH JIUTaH A,

B nmanHO# pabore ObUIM MOJydYEHBI NpoO3payHble CTEKJIA B CHCTEMax
Zn0-B;0;-Si0,:Co?*" u K,0-ZnO-Si0,:Co®" npu Temmeparype 1350 °C ¢
BpEMEHEM BapKH J[Ba yaca U MOCIEAYIOUMM OTKHUIoM npu Temneparype 600 °C
UL CHATHS TepMuuecknx HampspkeHud. Crekino B cucreme ZnO-B0s-
Si0,:Co*" 6b1I0 cuHE-(HONETOBEIM, a B cicTeMe K>0-Zn0-Si0,:Co*" — cunmm
C 3eJeHOBAaTHIM OTTEHKOM. CHEKTphl MOIJIOIICHMS IIOIYYEHHBIX CTEKON
NOKa3bIBAIOT HAJIMYME XapaKTCPHBIX Uil KOOAJNBTCOACPMKKAIIUX HPO3PAuHBIX
MaTepHasoB MOJOCHl noromeHus (puc. 1).

Takue Marepuaibl UMEIOT MOJI0CY MOnIoNeHus B odmacty 1,3 - 1,7 MkM 3a
cuér nepexona *Ax(*F) — *T1(*F), 4To ABNSETCS HEOOXOMMMBIM YCIOBHEM HX
UCIIOJIb30BAHMSl B KAyeCTBE HACBHINIAIOIIMXCS TOMIOTHTENEH Uil Jla3epoB C
JUIMHOU BOJIHBI B 3TOM 00IacTH.

—— K,0-Zn0-Si0,:Co*
—— Zn0-B,0,-Si0,:Co?"

Mornowexue, cm™

500 1000 1500 2000 2500

[nvHa BOMHbI, HM

a 9]

Puc. 1. Cxema snexTponHbIX yposHel Co?t (@) u auarpamma Tana6e Cyrano (6)
1715 d3 SneKTpOHHO# KOH(UIypaLUy, KOTOPas UCTONb3yeTCsl 71 OMMCAHUS CUITBI
KPUCTATMIECKOTO TIOJISI U MTOTyIEeHHbIE CIIEKTPhI MOTIIOIECHHST TOTYYSHHBIX CTEKOI

HccnenoBanue BBIMONHEHO Npu (pUHAHCOBOW mojyiepkke MUHHCTEpCTBA
HayKH{ ¥ BbIciiero oopasosanus P® o npoexry FSSM-2020-0005.

Cnucok aumepamypul
1. Dondi M., et al. // American Mineralogist. 2014. V. 99. P. 1736-1745.
2. Loiko P.A., et al. // Laser Physics Letters. 2016. V. 13. P. 055803.
3.Yu C,, et al. // Journal of non-crystalline solids. 2011. V. 357. P. 2309-2311.
4. Terczynska-Madej A., et al. / Optical Materials. 2011. V. 33. P. 1984-1988.
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B.B. IIECHSKOB, A.11. MT'HATBEB, H.B. HUKOHOPOB
Yuueepcumem UTMO, Cankm-Ilemep6ype

HCCJIEJOBAHUE BIIMAHUSA TEPMUYECKOMW OBPABOTKHA
HA ®OPMUPOBAHUE I'HBPUJIHBIX HAHOCTPYKTYP
Ag-NaBr/AgBr B BPOMUJIHBIX
®OTOTEPMOPE®PAKTUBHBIX CTEKJIAX,
AKTHUBUPOBAHHbBIX NTOHAMMU UTTEPEHUA

B pabore mokazaHo, 4To TepMooOpaboTKa OpOMHUIHBIX (OTOTEpMOpPEHPAKTUBHBIX
CTEKOJI, aKTUBHUPOBAHHBIX HOHAMH HTTepOUs, BeAET K JIMHHOBOIHOBOMY CMEICHHUIO
MUKa [Ia3MOHHOTO PE30HaHCa cepeOpsiHOi HaHodacTuIipl ¢ obomoukoli NaBr/AgBr no
517 HM, CBS3aHHOMY C YBEIIMYEHHEM IOKa3aTels IMpPEJIOMICHHS OOOJNIOYKH U
OKpYXKaIOLIEro e€ CTeKsa, a Takke OIHOBPEMEHHOMY YMEHBIIIEHHUIO €r0 HUHTEHCUBHOCTH,
CBSI3aHHOMY C yMEHBILICHUEM pa3Mepa r’HOpuHoN HaHOCTPYKTYpbl Ag-NaBr/AgBr.

V.V. PESNYAKOV, A.L. IGNATIEYV, N.V. NIKONOROV
ITMO University, Saint-Petersburg

INVESTIGATION OF THE EFFECT OF THERMAL
TREATMENT ON THE FORMATION OF THE HYBRID
NANOSTRUCTURES Ag-NaBr/AgBr IN BROMIDE
PHOTO-THERMO-REFRACTIVE GLASSES DOPED WITH Yb

It is shown in this work that heat treatment of bromide photo-thermo-refractive
glasses doped with ytterbium leads to a red-shift of the plasmon resonance peak of a
silver nanoparticle with a NaBr/AgBr shell to 517 nm, associated with an increase in the
refractive index of the shell and host glass, as well as a simultaneous a decrease in its
intensity associated with a decrease in the size of the Ag-NaBr/AgBr hybrid
nanostructure.

bpomuznnsie ¢ororepmopedparrtuBabie (OPTP) crékna — oTHOCHTENHHO
HOBBIM KiacCc (DOTOYYBCTBUTENBHBIX Cpell, B KOTOPBIX MO JAEHCTBHEM
W3ITY9YECHUS U TOCIEAYIONed TepMUIeCcKoil 00pabOTKH MPOUCXOANT U3MEHEHHE
MoKa3aTens IpeJoMiIeHHs 3a c4€T (GopMuUpOBaHMS Ha IIJIa3MOHHBIX
HAaHOYACTHIIAX cepedpa HaHOKpHCTALIOB NaBr/AgBr.

B nmannoit pabote mcciaenoBaINCh ONTHYECKHE CBOWCTBA OpoMuaHbIXx OTP
CTEKOJ, AaKTUBMPOBAaHHBIX HOHAaMH MTTEpOUS, CIEAYIOLIETO COCTaBa:
Na;0-ZnO-Al03-Si0,-Yb,03 ¢ dorouyBcTBuTensHbiME  no0aBkamu CeO»,
Sb,03, Ag,O. Konmuectso Yb Bapsuposasnocs ot 0 10 2 Moi.%.
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Y cuHTe3upOBaHHBIX 00Pa3IOB U3MeEpsIIach TeMIreparypa crekioBaHus (Tg)
MerofoM U depeHnnanbHO  CKaHupyromed KalopuMeTpud. IcxomHbie
oOpasipl  crékonm  oOmy4anmuch  pryTHOM — nammoil. Jlamee — oOpasibl
00pabaThIBaINCh B TPAJANSHTHOM MEUH MPHU MATH Pa3IMYHBIX TEMIEpaTypax OT
3HaueHuit Ty g xaxpoi xoHueHtpauuu Yb (-40, 0, +20, +40 u +60 °C) B
teuenue 10 4.

Ha pwc.1 mnokazan rpaguk 3aBHCUMOCTH WHTEHCHBHOCTH IHKa
mrazMonHoro pe3onanca (III1P) B 3aBucumocTi oT Temmeparypsl 0OpabOTKH.
Jns obpasos ¢ 0 n 0,5 Mon.% Yb 3HaueHne ko3¢ @UIEeHTa TOTIOMEHUS B
[P cHmxkaercs mnpu Temmeparypax Boime +40 or T, Ha pmc. 2
MPONEMOHCTPUPOBaHa  3aBUCUMOCTh monoxkeruss II[IP  pesomanca B
3aBHCHMOCTH OT TeMIIEpaTypHl U Pa3HBIX KoHIeHTpanuii Yb. C yBenmnaeHueM
TeMIepaTypsl HaOIIomaeTCs JIMHCWHBIH JITMHHOBONHOBBINA CIBHUT: 12 HM UIs
Yb =0 mom.%, 35 am a1t Yb = 0,5 mon.% u 45 uam 11 Yb = 2 moi.%.

Habmonaemoe ~ OJHOBpEMEHHOE  JUIMHHOBOJIHOBOE  CMEIEHHE |
yMmeHblieHue noromieHus B [ITIP MoxeT ObITh OOBSICHEHO yMEHBIICHHEM
pa3Mepa IUIa3MOHHOM HAHOYACTUIBI M  OJHOBPEMEHHBIM  yBEJIWYECHHEM
TOKa3arelisi MpeJIOMIICHHsT 00O0JIOUYKH M OKpYyKaromero crekia. Ha ocHoBaHun
pabotel [1], rme paccMmaTpUBajIMCh TOXOKHE cucTeMbl THra AgyNa(.oBr,
MOXXHO BBICKa3aTh THUIIOTE3Y, YTO IPH BBICOKMX TeMIIeparypax Ooibliiee
KOJIMYECTBO aTOMOB Ag BHe/psieTcs B 000JIOYKY, a HE B SAPO HAHOYACTHUIIHI, U3
Yero CIIEAyeT OJHOBPEMEHHOEC VYMEHBIICHHE pa3Mepa HAHOYACTHI[ W
YBENIMYCHUE ITOKa3aTessl MPEIOMIICHUST 00ONOYKH H3-3a 0oJiee BBICOKOTO €ro
3HaueHms y AgBr (2,253) B cpaBHennu ¢ NaBr (1,6428).
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Puc. 1. 3aBUCUMOCTH HUHTCHCUBHOCTHU Puc. 2. 3aBHCUMOCTD MOJIOKEHHS TTHKA
IMKa MJIa3MOHHOTO PEe30HaHCa IUIa3MOHHOTO PEe30HaHca
OT TeMIepaTypbl OT TeMIIepaTypsl

Cnucok aumepamypul
1. Nikonorov N.V., et al. Effect of rare-earth-dopants on Bragg gratings recording in PTR
glasses // Proc. SPIE. 2017. V. 10233.
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E.B. KVJIBIIMHA, A.H. BABKHNHA, K.C. 3bIPIHOBA
Yuueepcumem UTMO, Cankm-Ilemep6ype

UCCJIEIOBAHUE CTPYKTYPHI IUTUA-IIAHK-
I'EPMAHATHBIX CTEKJIOKEPAMUK C MAPTAHIIEM

HccnenoBana cTpykTypa JTUTHH-IMHK-TE€PMAHATHBIX CTEKJIOKEPAMHUK C MapraHLEM C
MOMOII[I0 PAMAHOBCKOM CHEKTPOCKOMHHU. YCTAHOBJEHA CBS3b MEXKIY COCTaBOM
CTEKJIOKEpaMUKH U (HOPMHUPYIOIIUMHUCS KPHCTAJUIMYECKUMH  (a3aMM, a TaKke
JIIOMUHECLIEHTHBIMU CBOMCTBAaMU HOHOB MapraHia.

E.V. KULPINA, A.N. BABKINA, K.S. ZYRYANOVA
ITMO University, Saint-Petersburg

STRUCTURAL STUDIES OF LITHIUM ZINC GERMANATE
GLASS-CERAMICS WITH MANGANESE

The structure of lithium-zinc-germanate glass-ceramics with manganese has been
studied using Raman spectroscopy. A relationship has been established between the
composition of glass-ceramics and the forming crystalline phases, as well as the
luminescent properties of manganese ions.

J1sl CTpYKTYPHBIX HCCIIEAOBAHUN CTEKJIOKPUCTAUIMYECKUX MAaTepUasoB
OOBIYHO TIPUMEHSETCS METOJ]] TOPOIIKOBOM PEHTIEHOBCKOW AUMPaKIIHH.
Henocratok mgaHHOTO MeToJa COCTOMT B TOM, YTO MCCIIEAYEeMbI oOpasen
HeoOparuMo yHHUTOXaeTcs. Hepaspymatomeih u He MeHee 3(h(EKTUBHON
QNBTEPHATUBOM  JUIsI  MACHTH(UKALMK KPUCTAUIMYECKUX (a3  sBISIETCS
paMaHOBCKas CIIEKTPOCKOTIHSI.

JIuTHi-IMHK-TepMaHaTHBIE CTEKIOKSPAMUKHI C MapraHIleM, HCCIICAyeMbIC B
HacTosAImIeH padoTe, OBUIM TOJYYEHBI IMYyTEM H30TCPMHUUECKONH 00pabOTKH
crékon coctaa 0.1 MnO»-(30-x) Li2O-x Zn0-69.9 GeO,, tne x =5, 7.5, 10, 15,
20, 22.5 mon.%. Pamee OpUTO TOKa3zaHO [l], YTO CTEKIOKEPAMHKH TaKOTO
cocraBa 00Jaal0T JIOMUHECIICHIIMEH B KpAacHOW M 3eJIEHOM 00JIacTH CHEKTpa,
cootBeTcTByIomeil monam Mn*' m Mn?". Ilenpio maHHOH pPaGOTHI SBIAETCH
YCTaHOBHUTH CBSA3b MEXKAY CTPYKTypOH CTEKJIOKepaMHK U MapaMeTpamu
JFOMHWHECIICHIINY HOHOB MapraHIa.

VccnenoBanne  MHUKPOCTPYKTYPHI — CTEKJIOKEPAMHK  BBIMOJHSIOCH  C
MOMOIITBIO CTIEKTPOCKOIIMM PaMaHOBCKOTO paccesHus. OOHapykeHO, 4TO B
3aBHCHMOCTH OT COJCpKaHMSA OKCHAAa JUTHA B COCTaBe CTEKIa, B
CTEKJIOKepaMHKax (OPMHUPYIOTCS pa3NudHble KpucTaminueckne ¢(aspl. Tak,
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JUIL cocTaBa, cojepskamero 7.5 % OKcHIa JTUTHS, B CHEKTPE PaMaHOBCKOTO
paccestHust  (puc. 1) OTYETIMBO JOMHMHUPYIOT TOJIOCHI, COOTBETCTBYIOIINE
kpuctaiuinaeckoit haze GeO, [2]. [Ipu yBennueHnn coep>kaHus OKCHIA JIUTUS
10 10 % npucyrcrue ¢assl GeO, BcE emé HaOMOAaCTCs, OAHAKO B CIIEKTPE
JOMUHHPYIOT TMOJIOCHI, coorBercTByrommue LirGe;O1s [3]. B cmekrpax
CTEKJIOKepaMHK, cojepxamux 15 -25 % okcuaa JIUTHS, MPEenMYyIIECTBEHHO
HAOJI0MAI0TCs MONOCKHI KprcTamnueckoi (asel LixGesOg [3]. TTomumo storo, ¢
YBEIMYCHUEM KOHIICHTPAIMN OKCHAA JHUTHS BcE Oosee 3aMETHOM CTaHOBHUTCS
nonoca Ha 815 cm’!, koTopas sBNgeTCa HaubolIee HHTEHCUBHOM IS CHEKTPOB
LiGeOs [4]. KpucTtanmnmmaeckux ¢as, comepKamnmx MHHK, He OBUI0 00HAPYKEHO
HH B O/THOM COCTaBe.

[TomydeHHBIE PE3yNbTaThl TO3BOJAIOT MPEIIONOKNTD, YTO B UCCIETYEMbIX
CTeKkIoKepaMukax HOHbI Mn*" 3anumaror skBuBanenTHpie nozunmu Ge*' B
KpPHUCTaJUIaX TEpMaHaTOB JIUTHs, 4YeM M OOYCJOBIICHA JIIOMHHECICHIHS B
KpacHOIl ~obmacTu  cmekTpa, XapakTepHas mii  Mn*' B cunsHOM
KpHCTaJIuecKoM nosie. Mlonsl Mn?', Ipe/nosiouTeabHo, He BXOJAT B COCTaB
KPHCTAJLJIOB, @ OCTAIOTCA B CTEKJIE, 3aHUMas MO3ULMU HOHOB Zn>*, KOTOphIE He
y4acTBYIOT B ()OpMUpPOBaHMM KpHucTaiunyeckux (as. Takum obpazom, 3enénas
JIOMUHECUECHIUSI CTCKJIOKEPAaMHK MOXET OBITh CBSi3aHa C JIByXBaJCHTHBIM
MapraHIeM B cJ1aboM KPUCTALTMYECKOM II0JIE.

15Li - 15Zn 25Li-5Zn

10Li - 20Zn 22.5Li-7.5Zn

WHTeHcuBHOCTE —>

20Li - 10Zn

7.5Li - 22.5Zn

200 400 600 800 1000 200 400 600 800 1000
Av, cv™ Av, cm™

Puc. 1. CrieKTpBl paMaHOBCKOTO PACCESTHUS INTHH-IIMHK-TepMaHaTHBIX
CTEKIIOKEPaMHK C MapraHIeM

Pabota BeimomHeHa nipu PuHAHCOBOW Momaepkke Poccuiickoro HaydHOTO
dhonma (Ne 19-72-10036).

Cnucox 1umepanypol
1. Babkina A., Kulpina E., et. al. // Proc. SPIE. 2022. V. 12142. P. 121420B.
2. Mernagh T.P.,, Liu L. // Phys Chem Minerals. 1997. V. 24. P. 7.
3. Furukawa T., White W. // J. Mat. Science. 1980. V. 15. P. 1648.
4. Zhang S., Wan S., et al. / Inorg. Chem. 2019. V. 58 (8). P. 5025.
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E.A. MUXAPEB!, A.IO. JIYHEB!, A.11. CUJIOPOB!?
! Canxm-Ilemepbypackuii 20CyOapcmeenplll 21eKMpomexHU4ecKull yHusepcumenn
«JIOTU» um. B.U. Yavanosa (J/lenuna)
2Vuueepcumem UTMO, Canxm-Ilemepbype

MATEMATHYECKOE MOJEJTUPOBAHUE
MHUKPOPE30HATOPOB U3 ®TP-CTEKJIA

C MOJIEKY/ISIPHBIMH KJIACTEPAMY CEPEBPA

JIJIS1 UCCJAEJOBAHUSI TPOLIECCOB JIABEPHOIM T'EHEPALIU

IlpuBenens! pe3ynsrarbl  MOIEIHMPOBAHHS  MHKPOPE30HAaTOPOB HAa  OCHOBE
(doToTepMOpepaKTUBHOTO CHIMKATHOTO CTEKIa C MOJEKYISIPHBIMH KJIacTepaMu
cepebpa B cpaBHeHmn ¢ @OTP-crexioMm. Paccuuranel pe3oHAHCHBIE 4YacTOTH H
OIIPEZIENICHO BIMSHUE TPaJUeHTa IIOKa3aTeNlsl IPETOMIICHHS BOIM3U TIOBEPXHOCTH
MHUKpocdepsl Ha (opMy MOIBI pe3oHaTopa. Pe3oHaHCHas dYacToTa BONHM3M MHKA
JIOMHHECIEHIUH cTekna 633 HM cocraBuia 473.6 TIm.

E.A. MIKHAREV', A.Yu. LUNEV', A.I. SIDOROV?

ISaint-Petersburg State Electrotechnical University « LETI»
2ITMO University, Saint-Petersburg

MATHEMATICAL SIMULATION OF PTR GLASS
MICRORESONATORS WITH SILVER MOLECULAR
CLUSTERS FOR INVESTIGATION
OF LASER GENERATION PROCESSES

The results of simulation of microresonators based on photo-thermo-refractive
silicate glass with silver molecular clusters are presented in comparison with PTR glass.
The resonant frequencies are calculated and the effect of the refractive index gradient
near the microsphere surface on the resonator mode shape is determined. The resonant
frequency near the glass luminescence peak at 633 nm was 473.6 THz.

Muxkpope3oHaTopsl ¢ Mojgamu memuymei raigepen (MIII) — 310 0coObIi
KJIacC ONTHYCCKUX PE30HATOPOB, KOTOPHIC MPEICTABIISIFOT COO0H cepuueckue
JUAJICKTPUUCCKUE CTPYKTYPBI, B KOTOPBIX ONTHYCCKUE JIYYU WCIBITHIBAIOT
MOJJTHOE BHYTPCHHEE OTpakeHHe M (OKYCHUPYIOTCS BOJM3U IMOBEPXHOCTH
pe3onatopa. Mabie 00bEMBI MOJI BMECTE C BBICOKOW JTOOPOTHOCTHIO IEIAIOT
UX T0JIE3HBIMU UHCTPYMEHTAMU JJIs1 HEJIMHEHHON ONTHKU U CEHCOPUKH [1].

[enpto paboThI SIBIsSIETCS MOJEIUpOBaHUE MHUKpope3oHaropa MIIT Ha
ocHOBe (oToTepMOpe(HPAKTUBHOTO CTEKJIAa C MOJEKYISPHBIMH KacTepamMu
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cepebpa KOTOpbIE MOTYT OBITH BHECEHBI MyTEM HMOHHOTO OOMEHA CO CTEKJIIOM
[2]. TlockodbKy  CYIIECTBYIOT  TOJBKO  TPUOIHM3UTCIBHBIC  3HAUCHHUS
PC30HAHCHOW YaCTOTHI, YHCICHHOC MOICIMPOBAHUEC HEOOXOAMMO IS
MOHUMAaHUs TIOBEJICHUS M OIICHKU Ka4eCTBa.

[IpoBeneHne MOHHOTO OOMEHA CO CTEKJIOM CO3JMAET TPaJHEHT MOKa3arels
MPEJIOMIICHHSI Ha TOBEPXHOCTH MHKPOCQEpBI, KOTOPBIA JHHEHHO yOBIBaCT K
LHEHTPY MUKpochEephl Kak MMoKa3aHo Ha puc. 16. BbUIo IpOU3BEICHO YHCICHHOE
MOJZICIIUPOBAHIE MHKPOPE30HATOpa HAa OCHOBE METOJa KOHEYHBIX JJIEMEHTOB.
Bbuti paccuuTaHbl pe30HAHCHBIE YaCTOTHI U (opMa MPOCTPAHCTBEHHOH MO/IbI
CTEeKJSIHHON MUKPOC(hEphl Ha ONTHYECKUX YaCTOTAX.

Ha puc.la w 16 nmnpeactaBieHbl paclpelesieHuss HaNpsKEHHOCTH
ANMEKTPUUYECKOTO  MMOoNst Ui (GyHIAMEHTAaIbHOW  MOJABI  BONM3M  THKA
JFOMHUHECIEHIIUE MOJIEKYIISIPHBIX KJIACTEpOB cepedpa.

Ilo pe3yiabTataM MOJACIIUPOBAHUA BBIABJICHO 4YTO TI'PAaJMCHT IIOKa3aTeJIsd
MPEJIOMIICHHSI CKUMAET MOJY OJFDKE K Kpar MHKPOCHEphI, YTO YMCHBIIACT
O6’I)éM MO/IbI, HO TAKXX€ YBCJIMYUBACT NMMOTCPU HA U3TYUCHUC.

a o 8

Puc. 1. Pesynbrarel MomenpoBanust pe3oHaropa: Mukpochepa uz ®TP-crekna (a),
mukpochepa u3 ®TP-creka, TerupoBaHHast 10 TIOBEPXHOCTH MOJIEKYJISIPHBIX
KJIacTepoB cepedpa (6), IpaJleHT NoKa3aresl IPEIOMICHHS BOIM3U IIOBEPXHOCTH

MHKpocheps! (8)

Cnucok tumepamypul
1. Chiasera A., et al. Spherical whispering-gallery-mode microresonators // Laser & Photonics
Reviews. 2010. V. 4. No. 3. P. 457-482.
2. lemuueB U.A., UrnareeB A.M., Crubues EM., Huxonopos H.B., Cunopos A.U.,
Xpymesa T.A., Illaxsepao T.A. OcoOSHHOCTH JIFOMHHECIICHIINH CHIIMKATHBIX CTEKON ¢ cepedpoM,
BBEJICHHBIM METO/IOM HOHHOTO 0OMeHa // Omnrtuka u criekrpockomus. 2014. T. 116. Ne 4. C. 631-637.

298 ISBN 978-5-7262-2931-7 POTOHNKA N NTHOOPMALIMOHHAA ONTUKA



YK 535(06)+004(06)

A1O. JIVHEB!, E.A. MUXAPEB!, A.11. CUJIOPOB'*>
! Canxm-Ilemepbypackuii 20CyOapcmeenplll 21eKMpomexHU4ecKull yHusepcumenn
«JIOTU» um. B.U. Yavanosa (J/lenuna)
2Vuueepcumem UTMO, Canxm-Ilemepbype

YUCJIEHHOE MOJAEJINPOBAHUE JUCITEPCUN
B MUPOCOEPUYECKOM PE3OHATOPE
N3 CUJIMKATHOI'O CTEKJIA C HAHOYACTHLIAMU
HOJTYINPOBOJHUKOBBIX OKCHUJIOB

IlpuBeneHsl  pe3ynpTarbl  YHCICHHOTO  MOJCIMPOBAHUS  TUCIEPCHH B
MHUKpPOPE30HATOpE W3 CHIIMKATHOTO CTEKIa JerHpoBaHHOTo HaHouactuiiamu CusS.
TIpogeMOHCTPUPOBAaHO BIMSHHE HAHOYACTHI[ HA [HCIEPCHIO MHKPOpE30HaTopa B
ommxuei MK-o6macTu.

A.Yu. LUNEV!, E.A. MIKHAREV!, A.I. SIDOROV 2
Saint-Petersburg State Electrotechnical University « LETI»
2ITMO University, Saint-Petersburg

NUMERICAL SIMULATION OF DISPERSION
IN A SILICATE GLASS SPHERICAL CAVITY
WITH SEMICONDUCTOR OXIDE NANOPARTICLES

The results of numerical simulation of dispersion in a microresonator made of
silicate glass doped with CuS nanoparticles are presented. The effect of nanoparticles on
the microresonator dispersion in the near-IR region is demonstrated.

Hebompmoit 06péM MOABI M BEICOKas JOOPOTHOCTH MHKPOPE30HATOPOB
obecrnieunBaloT A(P(GEKTHBHOCTh (OTOHHOTO B3aWMOJCHCTBHUS, BaKHBIC IS
LIMPOKOTO CIEKTpa 3ajad B HayKe U TeXHHUKe. Pe30HaTOpbI, MOAEPKUBAIOLIIE
MOJBl  LIenuylled rajeped, HMEIOT caMmbleé BBICOKME  OINTHYECKUE
XapaKTEPUCTUKH CPEIU BCEX JPYTHMX TUIIOB MHKPOPE30HATOPOB. TouHast
HACTpOMKa YacTOT MOJ pPE30HaTopa MOXET 3HAYUTEIHHO TIOBBICUTH
3G GEKTUBHOCTh ONTHYECKHX B3auMoAeHCTBHH [1]. C MOMOIIBIO YHCICHHOTO
MOJICJIMPOBAHMSI TIOKA3aHO, YTO JWCIIEPCUEH pe30HaTopa MOYKHO YIPABIATH
myTéM BBeZieHHs B cTeksio HaHodacTuil CuS. TTpogeMOHCTpUpOBAHHBIN MTOIXOT
obecrieunBaeT TMOKOCTh TIPOEKTUPOBAHUS TUCTIEPCUN B JTIOOOM pe30HATOpe C
OCEBOM CHMMeETpHEH, KOTOpbI MOXXET MOAJEPKUBAaTh MOJbI HIeMYyLIeH
rajepeu.
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Lenpro paboTHI SBISETCS YUCICHHOE MOACIHPOBAHIE MHUKPOC(HEPUIECKOTO
pe3oHaTopa, U pacuér ero TUCIepCuu.

Bnusnue nanouactuny CuS Ha mokaszareib MPETOMIICHUS CHUJIMKATHOTO
CTeKJIa OBLIO HaliieH ¢ MCTONb30BaHueM cooTHolieHus Kpamepca-Kponura Ha
OCHOBAaHHUHU CIIEKTPOB TMOMIOIIEHUsT HaHouacTull [2]. MogenupoBanue
JIUCTIEPCUN MHUKPOPE30HaTOpa MPOBOAMIOCH METOJOM KOHEUHBIX JJIEMEHTOB.
Ha puc. la npuBeneHo pacuérHOe pachpeesicHUEe  HanpsKEHHOCTH
JEeKTpUIECKOro ToJist Juid (pyHaaMmeHtainbHOo TE-mMoapl Ha JJMHE BOJHBI
1550 am. Ha pwmc. 16 mnpencraBieHbl pe3yibTaThl pPacd€ToB  TUCTICPCHU
MHUKpPOPE30HATOPa U3 YHCTOTO CHIIMKATHOTO CTeKJa U ¢ AobaBieHneM 1 macc%
Hanovyactur; CuS. Ha puc. 16 mpeacraBieHbl pe3yinbTaThl pacyéTa IMAPHHBI
MEXPOIOBOTO HHTEpBaJla PE30HAHCHBIX YacTOT [UIA  pPE30HaTOpa ¢
HaHOYaCTHIAMH.

Puc. 1. Pe3yapraTsl MOIemMpOBaHNs PE30HATOPA: PacIIpe/ieeHHe HaPsHKEHHOCTH
ANEKTPUYECKOTO MOJIs pe3oHaTopa 1t GyHIaMeHTaTbHOW MOJIbI Ha IJIMHE BOJIHBI
1550 uMm (@), aucniepcus pe3oHaropa (6), IHUPHHA MEKPOFOBOTO HHTEpBAa
PE30HAHCHBIX YacToT (68)

Cnucoxk aumepamypul
1. Xie Y., et al. Metallic-like stoichiometric copper sulfide nanocrystals: phase-and shape-
selective synthesis, near-infrared surface plasmon resonance properties, and their modeling // ACS
nano. 2013. V. 7. No. 8. P. 7352-7369.
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D.A. U3BBACAPOBA!, C.C. XAPUHIIEB!*

!Kasanckuii (Tlpusondcckuii) pedepanvhblii yHueepcumenm
2 Unemumym npuknaonsix uccaeoosanuti AH Pecny6iuxu Tamapeman, Kazano

ONTUYECKHUI HATPEB KPEMHUEBBIX ACM-KAHTUJIEBEPOB

B nmanHO#l pabore MBI HccueAyeM  ONTHYECKUII HAarpeB  KPEMHHEBOTO
ACM-kaHTHIIeBepa, KOTOPBIA  B3aMMOAEHCTBYET €O CTCKJISHHOM H  30J0TOH
NOMJIOKKaMH. TeMmmeparypa KOHYMKA 30H/Aa KaHTUJIEBEpA OIpPEACsuIach C MOMOIIBIO
TEPMOMETPUH KOMOWHALMOHHOTO paccestHUus cBeTa. B maHHOW paboTe mOKa3zaHO, YTO
oCTpUe KpEeMHHEBOTO 30HJa pazorpesaercs 10 1200 K mpu ero ocBeuieHuu Jia3epHbIM
CBETOM C MHTEHCHBHOCThIO 5 MBT/cM? Ha mnmHe BouHBI 633 HM. DTO aHOMaJbHOE
NOIJIOLIEHHE CBETa CBSI3aHO C BO30YXKICHHEM JIOKAIN30BAaHHOTO IUIa3MOHHOTO
pe3oHaHCa HA KOHYUKE HAHOAHTCHHEI.

E.A. IZBASAROVA!, S.S. KHARINTSEV!*

'Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

OPTICAL HEATING OF SILICON AFM CANTILEVERS

In this paper, we investigate the optical heating of a silicon AFM cantilever that
interacts with glass and gold substrates. The temperature of the tip of the cantilever
probe was determined using Raman thermometry. In this paper, it is shown that the tip of
a silicon probe heats up to 1200 K when it is illuminated by laser light with an intensity
of 5 MW/cm? at a wavelength of 633 nm. This abnormal absorption of light is associated
with the excitation of localized plasmon resonance at the tip of the nanoantenna.

B mocnenHee BpeMsi OONBIIYIO aKTyalbHOCTh IPHOOpETaeT pa3BUTHE
METOZIOB  TEPMOHAHO(DOTOHUKH, KOTOpPHIE IIO3BOJIAIOT  PEAJM30BHIBATH
BbICOKOO()(hEeKTHBHBINA ONTHYECKUH HArpeB HaHOCTPYKTYp, a TaKKe H3MEPATh
ux Temmneparypy. [logoGHbIe TEXHOJIOTHH UCHOJB3YIOTCA B IIMPOKOM CIIEKTpPE
MPUKIAIHBIX 3ama4: (oToTepMHuecKass Tepanus paka [l], meTekTupoBaHue
JIOKJIbHBIX (ha30BBIX MMEPexoIoB [2], TepMO-accUCTHpyeMas MarHUTHas 3aIich
uHpopmanuu [3], OMoMeaWIMHA ¥ aHAJIOroBbie BbUmcieHUs [4]. OmHON U3
KITIOYEBBIX Ipo0ieM siBisieTcs ycuieHue 3(h(eKTHBHOCTH (OTOTEPMUUECKOTO
peoOpa3oBaHMs M NPOCTPAHCTBEHHOH JIOKAIN3ALMHY TEIIa.

Hacrosmass pabora mocBsimieHa pa3pabOTKE MEXaHW3MOB JIOKAJIBHOTO
(oToHarpeBa U KOHTPOJISI TEMIEPATyphl B PEKUME pealbHOr0 BpeMeHH. Jlis
STHX Lelnedl ucciaeqyeTcss ONTHYECKHM HarpeB KOHUYMKOB KPEMHHMEBBIX
KaHTHJICBEPOB, KOTOPBIE IIHPOKO HCTIONB3YIOTCS B aTOMHO CHJIOBOM 30HIOBOM
MuKpockonuu. Ha puc. 1 n306paxkeHa cxema 3KCIIEPIMEHTAIbHON YCTAaHOBKH.
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OKcnepuMeHTaNbHas cucreMa
PaMaHOBCKOI'O ~ MHKpPOCKOINA  COCTOUT
U3  KOH(OKAILHOTO  PaMaHOBCKOTO
cnekTpoMeTrpa. KOHYMK KpeMHHEBOTO
ACM kaHTUIEBepa pACHOJIOXKEH IIOf )
(oKaJIBHBIM MSTHOM JIa3€PHOTO Jiyda
PaMaHOBCKOTO CIIEKTpOMeTpa u
HaXOANUTCS B MOTYKOHTAKTe c
MOJIOKKON. B mepBoM skcnepumeHte
HCIIONIb30BANIaCh CTEKIISHHAS ITOJJIOXKKA,
a BO BTOPOM 30J10Tast, TOMIHHON 50 HM. MI3MepeHust MpOBOAMINCH HA BO3AyXE.
Jns unccnenoBanms d3¢p¢exTa HarpeBa KOHYMK KaHTHIEBEpPA OCBEIAacM
pa3IMYHON MOIIHOCTBIO J1a3epa, JMHEHHO yBenIWuMBas €€ cO BPEMEHEM,
Jocturas 3HaueHus 16 MBT, 4TO COOTBETCTBYeT MHTEHCHUBHOCTSM HAaKa4dKH 10
3HaueHus 5 MBT/cM? COOTBETCTBEHHO B (JOKAILHOM IISITHE.

Jns aHanmM3a MEXaHW3MOB TaKOTO aHOMAaJbHOTO (oToHarpeBa B padorte
BBITIOJIHEHO YUCJIEHHOE MojenupoBaHue. [lepBblii mar 3akioyaics B pacuére
HNOIJIONIEHHOM MOIIHOCTM U MCCICAOBAHUU  JJIEKTPOMArHUTHBIX — MOJ,
BO30yKIaeMbIX B KOHUMKE 30HJA, C MOMOIIBI0 METOAAa KOHEUHBIX Pa3HOCTEH
Bo BpeMeHHO#l oOmactu (FDTD). [lanee YHCIEHHO peMIaioch YpaBHCHHE
TermoBor muddysun mas pacuéra Temmeparypbl HarpeBa 30HIa METOJIOM
koHeuHbIX o3nemeHToB (FEM). Teopermdecknm T1OKa3aHO, 4YTO OCTpHE
KpeMHHUEBOro 30H1a paszorpeBaercs 10 1200 K npu ero ocBenieHuH jJa3epHbIM
CBETOM C HWHTEHCHUBHOCTBIO 5 MBT/cM? Ha pgmuHe BoOmHBI 633 HM. DTO
AQHOMAJIBHOE TIOTJIOIIIEHHE CBETA CBS3aHO C BO30OYKICHHEM JIOKAJM30BAHHOTO
IUTA3MOHHOTO pEe30HaHCa Ha KOHYMKE HaHOaHTEHHB. B artoii pabote
MOBBIIICHHE TEMIIepaTypbl KOHYHMKa KpemMHHeBoro ACM-kaHTuIeBepa IpH
c(OKyCUpPOBaHHOM Ha HEM JIa3€PHOM H3JIyYEHHUH H3MEPSUIOCh C TMOMOIIbIO
TEPMOMETPHH KOMOHMHAIIMOHHOTO PpAcCEesTHHS CBETa. OKCIEPHUMEHTAIbHO
JIOKa3aHO C MOMOIIBI0 U3MEHeHHs (a3bl KoJeOaHuil KaHTHIIeBEpa, MOSBICHUS
C/IBUTA PaMaHOBCKUX JIMHUH ¥ CKAaHUPYIOIIEH 3JICKTPOHHON MUKPOCKOIINH, YTO
MPOUCXOJUT THIAaHTCKMH HarpeB KpPeMHHEBOro 30HHa. B Oynymem
MOJyYeHHBIE PEe3yJbTaThl OyIyT HCHOJB30BaHBl Ul Pa3padOTKH METOIOB
JIETeKTUPOBaHUs (pa30BBIX NMEPEXOIOB B CHIIBHO HEOAHOPOAHBIX Marepuanax ¢
HaHOMETPOBBIM IIPOCTPAHCTBEHHBIM Pa3pELICHUEM.

Puc. 1. Cxema 3kcriepIMEHTaIbHON
YCTaHOBKH

Cnucoxk aumepamypul
1. Bucharskaya A., et al. / Int. J. Mol. Sci. 2016. V. 17 (8). P. 1295.
2. Vasudevan R.K., et al. / Advanced Functional Materials. 2016. V. 26 (4). P. 478-486.
3. Okamoto S., et al. // J. of Phys. D Appl. Phys. 2015. V. 48 (35). P. 353001.
4.LiY,, etal.// Phys. Rev. Lett. 2015. V. 115 (19). P. 195503.
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A.B.T'OPEATOBA, AM. BYPAIKOB, E.JI. MULLINHA

MUP3A — Poccutickuii mexnono2uyeckuti ynusepcumem, Mockea

TETEPOCTPYKTYPA Co/AIIM JJIs1 TEPATEPLIOBOI'O
CIIMHTPOHHOI'O SMUTTEPA: AHAJIN3 OITUYECKOI'O
MOIJIOIEHUS B ®EPPOMATHUTHOM CJIOE
JIJIS1 DJPOPEKTUBHOM TEPATEPIIOBOM YMUCCHUH

B nmanHO# paboTe paccMOTPEeHBI I'€TepPOCTPYKTYpPhI Ha OCHOBE HAaHOPAa3MEPHBIX
cJI0€B KoOaJbTa M IUXaJbKOTCHUIOB Iepexonnbix MetamwioB (JAIIM), mepcnexkTHBHbBIE
JUISL CO3/IaHUsI CHMHTPOHHEIX TeparepuoBblx (TI'm) smutrepos. IIpomsBeneHa oneHka
CIEKTPAJIbHOTO IOIJIOMIEHHs I KaKAOTO CIIOS pacCMaTpUBaeMbIX CTPYKTYp C Y4ETOM
MaTepHana MoIyPOBOAHIUKOBOTO CIIOS M THIMA MOMIO0XKKU. ONpeneneHsl ONTUMATbHBIE
YCIOBHS ISl HOCTHXEHHS d(P(EKTHBHON IeHepanuy CIUH-TOJISIPU30BAaHHOTO TOKA H
TI'u-usny4denus.

A.V. GORBATOVA, AM. BURYAKOV, E.D. MISHINA
MIREA — Russian Technological University, Moscow

Co/TMD HETEROSTRUCTURE FOR THz SPINTRONIC
EMITTER: ANALYSIS OF OPTICAL ABSORPTION
IN A FERROMAGNETIC LAYER
FOR EFFECTIVE THz EMISSION

In this work, we consider heterostructures based on nanoscale layers of cobalt and
transition metal dichalcogenides (TMDs), which are promising for spintronic THz
emitters. The spectral absorption was estimated for each layer of the structure, taking
into account the material of the semiconductor layer and the type of the substrate.
Optimal conditions for efficient generation of spin-polarized current and THz emission
are determined.

HepnaBauii nmporpecc B 0071acTH CIUHTPOHUKHU U (peppoMarHeTu3Ma mpuBEN
K BO3MOXHOCTU T€HEepalMM IepeXOJHbIX TOKOB B MeTalaXx 3a CYeT
npeoOpa3oBaHusl CIHMHOBOTO TOKa B TOK 3apsuoB [l]. B cBsasm ¢ atem
HNEPCHEKTUBHBIM MOJAXOAOM AN XapaKTepU3alM MaTepHaroB CIUHTPOHUKU
ABJISIETCS ~ DMUCCHOHHas —TepareploBas crekrpockormus [2].  OOmyuas
TeTePOCTPYKTYpbl  ¢eppoMarHUTHEIX  (DPM) /HEMarHWTHBIX ~ METAJIOB
(heMTOCeKyHIHBIMH JTa3ePHBIMH UMITYJIbCAMHU, MOYKHO ITOJIy4aTh UMITYJIBCHI C
gactoToil B TepareproBoMm (TT'm) nuama3one 3a CYET 0OpPaTHOTO CIUHOBOTO
apdexra Xomna [1]. Taxxe HemaBHO Obula OOHapy)KeHa TEHEpAIHs CHILHOTO
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CTIHH-TIOJSIPU30BAaHHOTO TOKa B TETEPOCTPYKTYpE KOOambTa M JBYMEPHOTO
nonynpoBogaukoBoro JIIIM — MoS; [3]. Cnoit AIIM mpu 3TOM BBIMOJIHSET
¢yHkuo0  QUIBTpPa  MOJSPH30BAaHHBIX 110 CIHUHY  BBICOKOOHEPTMYHBIX
3JIEKTPOHOB, CHoCcoOCTBYs Oouee 3 PeKTUBHOM T u-3Muccuu.
OyHIaMeHTa bHBIH HWHTEpEC TPENCTABISET HCCIEJAOBAHUE MEXaHH3MOB
TTu-reHepanuu B 1o00HBIX CTPYKTYpax.

Ecium  paccmarpuBathk  rerepoctpykrypy — ®M/monynpoBOJHHMK KAk
cnuHTpoHHBIT  TTm-smurrep, TOo 1t  d3ddexkruBroit  TIu-reHeparu
HeoOxomnmo, 4YToOBl mornomenne B @M  3HAYHTETBHO IIPEBBIIIANO
TMOTJIOIIEHNE B TTOMYNPOBOAHUKE. B 3TOM ciydae OyIeT BBIIOIHATHCS YCIOBHE
BO3HMKHOBEHHME CIMH-TIOJSIPU30BAaHHOTO TOKa. B  ngaHHON pabore B
nporpammHOoM Tmakere COMSOL Multiphysics paccuauTano pacrpeneneHue
3JIEKTPOMAarHUTHOTO M3JIy4eHHS ONTHYECKOTO [Hana3oHa MJIWH BOJH B
ctpyktypax Co(3 um) /ATIM. TonmuHa 3-HM WIEHKH KOOambTa 0OeCeYrBaeT
Hanbonee oddextuBHyro Tl'u-renepamuio [1]. IlpousBeneHa oreHka
MOTJIONICHHU B closx KoOanmbra u JI[[IM B 3aBUCHMOCTH OT MarepHaia
noynpoBoHUKOBOTO ciosi (WSex, WSy, MoSe;, MoS,) U Tuna moJjioxKy.
OmnpenenéH oNTUMAaJIbHBIA AMana3oH JUIMH BOJH BO30YKIAIOLIErO U3ITy4YCHUS
it b dextuBHONH pabotel TIn-mznyuateneit. [IpoaHaaTU3upOBaHO BIHSHUC
uHTEepPepeHINOHHBIX d(dekToB B mommoxkkax SiO»/Si B 3aBHCUMOCTH OT
TOJIIMHBI OKCH/IA HA TIOTJIONIEHNE KOOAIETOM ONTHYECKOTO H3TydCHHS.

Pabora BhImONHEHa npM mojuepxkke Poccuiickoro HaydHoro Qonna
(mpoekt Ne 21-79-10353) u PTY MUPDA (rpanT «/Ias8 MONOABIX YYECHBIX»,
HUY-56).

Cnucox numepamypbl
1. Seifert T., et al. // Nature Photonics. 2016. V. 10. No. 7. P. 483-488.
2. Seifert T., et al. // Spin. 2017. V. 7. No. 3. P. 1740010.
3. Cheng L., et al. // Nature Physics. 2019. V. 15. No. 4. P. 347-351.
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A.B. BOMIIEXOBCKHIA, C.M. I3SIYX, JI.U. TOPH,
H.H. MUXAWJIOB!, C.A. IBOPELIKHI!, P.B. MEHBIIIMKOB!',
[10. CUJIOPOB', .H. V)KAKOB!, M.B. IKVIIIEB'

Hayuonanvuoiii uccnedosamenvckuii Tomckuti 20cyoapcmeenHblil yHugepcumem
THnemumym usuxu norynpoeoonuxos um. A.B. Pacanosa CO PAH, Hosocubupck

IEKTPOPUINYECKUE XAPAKTEPUCTUKH
YHUIIOJSAPHBIX NBN-CTPYKTYP HA OCHOBE HgCdTe
CO CBEPXPEIIETKOMW B BAPBEPHOM OBJIACTU

IIpuBeneHs!  pe3ymsTaThl  SKCIIEPUMEHTANBHBIX  HCCIEAOBAaHWH  TEMHOBBIX
XapakTtepuctuk  uH}pakpacHeix n'Bn-merekropoB Ha ocHoBe HgCdTe co
cBepXpeméTkoi B OaphepHOW oOmactu. [IpoaHamu3upoBaHBl BKIaAsl OOBEMHON U
MOBEPXHOCTHOH KOMITOHEHT TEMHOBOTO TOKa CTPYKTYp IPH Pa3NYHBIX TeMIepaTypax.
OmnpeneneHbl WX DHEPTUM AKTUBALMK DHEPIeTUYECKHX YPOBHEH OOHApY)KEHHBIX B
3anperiéHHON 30He MOJTyITPOBOIHUKA.

A.V. VOITSEKHOVSKII, S.M. DZYADUKH, D.I. GORN,
N.N. MIKHAILOV', S.A. DVORETSKY"', R.V. MENSHIKOV',
G.Yu. SIDOROV', LN. UZHAKOV'!, M.V. YAKUSHEV'

National Research Tomsk State University
IRzhanov Institute of Semiconductor Physics of the SB RAS, Novosibirsk

ELECTROPHYSICAL CHARACTERISTICS OF UNIPOLAR
NBN STRUCTURES BASED ON HgCdTe
WITH A SUPERLATTICE IN THE BARRIER REGION

The results of experimental studies of the dark characteristics of infrared n*Bn
detectors based on HgCdTe with a superlattice in the barrier region are presented. The
contributions of the bulk and surface components of the dark current of the structures at
different temperatures are analyzed. Their activation energies of the energy levels found
in the semiconductor band gap are determined.

bnaromapst cBomM (QyHIaMEHTAIBHBIM CBOWCTBAM TBEPABIA PacTBOP
Hg«CdiTe sBnsercs OAHMM W3 OCHOBHBIX MaTepHaNoOB IS CO3JaHHSA
BBICOKOUYBCTBUTEIIFHBIX JIETEKTOPOB HH(PPAKPACHOTO IHANa30Ha B OKHAX
MPO3padHOCTH atMocdepsl 3 - S MkM 1 8§ - 12 MmkM. OHaKo, JaHHBIE (POTOHHBIE
JIETEKTOPBI IJIsi CBOEH paboThl TpeOYyIOT MOHMKEHHBIX padodmx TeMIeparyp,
KpOME TOro, B TIIpOllecce M3rOTOBICHUS  (POTOAMONOB  IPUMEHSIIOTCS
nedekroodpasyiomue Ornepanud HOHHOW HMMIUIAHTAMA M HOCIEAYIONIEro
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BBICOKOTEeMITepaTypHoro  omxkura. Co3maHWe  YHHIIOMSPHBIX  OapbepHBIX
CTPYKTYp MO3BOJISIET IOBBICHTH PabOuyl0 TeMIeparypy IETeKTOpOB M AaéT
TeXHoJoruueckue mnpeumymectsa [1]. B nuteparype penko BcTpeuaroTcs
pe3yabTaThl 3KCHEPUMEHTAIBHBIX HCCIIECOBAHUN IOAOOHBIX CTPYKTYp, HO
nyOlMKyeMble — pe3yibTaThl  [OKa3blBAIOT — HEOOXOAMMOCTH  MPOBEICHUS
JabHEHIINX UCCIIE0BAaHUN U YCOBEPIICHCTBOBAHHS TEXHOJIOTHYECKOTO ITUKIIa
nsrotoBneHust [2 - 4]. Co3manue BbicOKOd(hGeKkTHBHOTO nBn neTekropa Ha
ocHoBe HgCdTe sBnsieTcst CIIOKHOM 3a7adeid, MOCKOIbKY Ha TPAHHUIIAX MEXKITY
OaphepHBIM CIIOEM W CIIOIMH N-THIIA MMEETCS MOTCHIHAIBHBIA Oapbep i
HEOCHOBHBIX HOCHTEJICH, MPEMATCTBYIONUH UX CBOOOTHOMY TMOTOKY. Pacuérnr
MOKA3BIBAIOT, YTO CO3/IaHUECM OaphepHON CTPYKTYPOH Ha OCHOBE CBEPXPEIIETKU
CdTe-HgTe, MOXXHO MUHUMHU3HPOBAThH Oaphep /IS HEOCHOBHBIX HOCUTENEH [5].

Jlnst mpoBenenus nccienoBanuii Ha ocHoBe Hgi.xCdxTe ObLIM H3rOTOBIICHBI
tectoBbie n'Bn u M/IIT Ha n'Bn cTpyKTyphl €O cBepXpemiéTkoit B 6apbepHOi
oonactu. Comepxkanre Cd B KOHTAKTHOM U IOTVIOIIAFOIIEM CJIOSX COCTaBHJIO
BemnunHy X =0.32. B mpomecce pocTra KOHTAaKTHOTO CJIOS HPOM3BOAMIOCH
JIOTIONTHUTEJIHHOE JIETHpOBaHKe ero uHaneM. CBepxpeméTka B 6aprepHOM ClI0e
NpEJCTaBIsIa Yepeayrommecs Mexay coboil Oapweepbl (x =0.75) u smbl
(x=0.04) ¢ tommuuamu 2.5 HM u 10 HM, cooTBeTcTBeHHO. Ha mmactuHax
W3TOTaBIMBAINCH OTHAEIbHBIE NETEKTOPBl Pa3IUYHBIX IUIOWAAECH MO «Me3a»
TexHoNOrMH.  [laccuBammsi ~ OOKOBBIX ~ TOBEPXHOCTEH M CO3IAHHC
(hyHKIMOHATBHOTO MU3NeKTpudeckoro cios it M/ mpoBoaminock MeTomoM
aTOMHO-CJI0€BOT0 ocaxaeHus Al,0s.

B mmpokoM JauamnazoHe YCJIOBHMA IO TEMIEpaType  IMPOBENEHBI
HCCIICIOBAHUS 3aBHCHMOCTEH OT HANpsDKEHWS CMELICHHS TEMHOBBIX TOKOB
n'Bn cTpykTyp co cBepxpemérkoi B GapbepHoii obnactu. [To usmMepeHusm Ha
CTPYKTypax pasiU4HON IUIONIAJN MPOaHAIU3UPOBAHBI BKJIAAbI OOBEMHONW H
MOBEPXHOCTHOW KOMIIOHEHT TEMHOBOTO TOKa CTPYKTYpP MpPH Pa3lIuYHBIX
Temreparypax. B pe3synbrare HCCIEIOBaHUS ~ CTPYKTYp OOHapyKeHbI
SHEPTreTHYECKUE YPOBHH B 3aNpeniéHHOI 30HE MONYIPOBOIHUKA, OMPEACICHBI
UX SHEPruu aKTUBALUU.

UccnenoBanue BblosHEeHO mpu noanepxkke I[Iporpammer passutus TI'Y
(«ITpuoputer-2030%).

Cnucoxk aumepamypul
1. Voitsekhovskii A.V., et al. // J. Electron. Mater. 2021. V. 50.
2. Voitsekhovskii A.V,, et al. // J. Phys. D: Appl. Phys. 2020. V. 53.
3. Voitsekhovskii A.V., et al. // J. Infrared Phys. and Tech. 2019. V. 102.
4. Itsuno A.M., Phillips J.D., Velicu S. // Appl. Phys. Lett. 2012. V. 100.
5. Akhavan N.D., et al. //, IEEE Trans. Electron. Dev. 2016. V. 63.
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B.M. JIJEBKOBCKA4', A.B. XAPUTOHOB!, C.C. XAPUHIIEB!'?

!Kasanckuii (Ilpusonscckuii) pedepanvhblil yrueepcumem
2 Uncmumym npuxaaonvix uccieoosanuti AH Pecnybnuxu Tamapeman, Kasano

TEPMOMETPHUS HEOJHOPOJIHO HATPETBIX
HAHOCTPYKTYP HA OCHOBE CIIEKTPOCKOIINHN
KOMBUHALINOHHOI'O PACCESAHMS CBETA

JlokasibHBII ONTHYECKUI HAarpeB HaHOCTPYKTYpP HEOOXOOMM BO MHOTHX O0JACTSX,
TakuxX Kak OnomenuiuHa, (QoToKaTanu3, TepMoQoToBosibTauka. OFHAKO CYLIECTBYET
OrpaHMYCHHE, TPEMATCTBYIOIIEE HCIOIb30BaHUI0 dJ(¢eKkra HarpeBa 4YacTUIl Ha
HaHoMaciTabe. OHO CBA3aHO ¢ MpoONEeMON W3MEpEHHs CpelHed TeMmepaTypsl
HEOJHOPOIHO HArpeToil HaHOCTPYKTypbl. JlaHHas pa0oTa IIOCBSILIEHAa Pa3BHTHIO
METOIOB ~ M3MEPEHUs]  TeMIepaTypbl HarpeBa  IPOCTPAHCTBEHHO-OIPaHUYCHHBIX
cTpykryp. [loka3aHo, 4To ommOKa B ONpPEAEICHUH CPEIHEH TeMIeparypbl 3aBUCHT OT
TpaJueHTa TeMIeparypsl (OTOHATrpeBa

V.M. LEVKOVSKAYA'!, A.V. KHARITONOV', S.S. KHARINTSEV'?

!Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

THERMOMETRY OF NONUNIFORMLY HEATED
NANOSTRUCTURES BASED ON RAMAN SPECTROSCOPY

Local optical heating of nanostructures plays a crucial role in many fields, such as
biomedicine, photocatalysis, and thermophotovoltaics. However, there is a problem of
measuring the average temperature of an inhomogeneously heated nanostructure. This
limitation prevents the use of nanosized optical heaters. In this work we develop a
method for measuring the heating temperature of nanostructures. It is shown that the
error in determining the average temperature depends on the gradient of photoheating
temperature.

HanouacTuiiel croCOOHBI Pa30TpeBaThCsl O BBICOKMX TEMIIEPaTyp TOJ
JIEHCTBHEM SJIEKTPOMArHUTHOTO H3mydeHus [l], ciemoBaTenbHO, OHH MOTYT
BBICTYyNIaTh B POJIM JIOKAJIBHBIX HCTOYHHKOB Temia. OJHAako Harpes
HaHOCTPYKTYp HE SBISETCS TEXHOJOTWYECKH CIOKHON 3amadeil. OcHOBHas
npoOiieMa NpH MCHOIB30BAHUHM TAaKUX HAHOMCTOUHHMKOB TEIUIa 3aKJIIOYaeTCsl B
TOYHOM ONPENENEHUH UX TEMIIEPATypHL.

B Hacrosiei pabore temrneparypa HAaHOCTPYKTYp OLIEHHBAETCS IO CABHTY
JUHAW KoMOwWHarnmoHHoro paccesHuss cBera (KP) [2]. Hawmocrpykrypa
MPE/ICTaBIIeT CO00I KPEeMHMEBBI HAHOLWIMHIApP Si, Ha BEpUIMHE KOTOPOTO
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pacmnojoKeHa Tuta3MoHHas JacTuia HuTpuaa tutada TiN (200 x 200 x 50 Hm).
WHTEeHCHBHOCTD JIMHMU TuIa3MOHHOrO TiN J0CcTaroyHO Mana M MUK CHIIBHO
yIIUpSETCS TpH (OTOHATPEBE YACTHIBI, YTO MPHBOIAUT K HETOYHBIM
M3MEPEHUSIM ~ TeMIlepaTrypbl,  I[IO3TOMY  OIpPEACICHHE  TeMIepaTyphbl
OCYIIECTBIISICTCS 1O cABUTY JIMHUU KP kpemHus.

Korna wuccnenyemblii oOpasen; HarpeT paBHOMEPHO IO BceMy 00bEMY, B
criektpe koMOuHanmonHoro paccesHus (KP) naOmiomaercss omHa JMHMS.
Hanpotus, B HAHOCTPYKTYpax, pa3orpeThIX MO AeHcTBHEM CPOKYCHPOBAHHOTO
JA3epHOTO W3TYYCHHUS, BO3HMUKACT THTAHTCKUHA TPAaIHEHT TEMIIEpaTyp, 9TO
MPUBOAWT K TOSBIEHUIO JIMHUW Topsidero kpemHuUs (puc. 1). 3adacTyio mpwu
U3MEPEHUH TEMIIePaTyphl HEOTXHOPOAHO HArpeTOTO BEIIeCTBA HAaMOONBIIHA
HHTEpPEC TMPEICTABIACT CpeOHAS TeMIleparypa H3ydaeMoro oObekTa. B
HEKOTOPBIX MCCIICIOBAHUAX IPUHITO CUUTATh, UYTO IOJIOKEHUE BTOPOH JTMHHUU
OTBEYAET 3a CPEAHIOI TEMIIepaTypy HaHOCTPYKTYpbl, MHpH OTOM HE
YUUTBIBACTCA, qTO CHeKTpaHLHLIﬁ KOHTYP COCTOUT us3 MHOXECTBa
ANIEMEHTapHBIX KOHTYpoB. IIpu paccMoTpeHHH MoOnenbHOM 3amaun (puc. 2)
ObUI0 O0OHApY)XEHO, YTO MOJIOKEHWE TIHKa JMJsl CpeJHed TeMIieparypbl
OTJIMYAETCSI OT IOJIOKEHUSI MHKa OTUOAIOIIEeii BCEX DIEMEHTapHBIX KOHTYPOB.
Pa3Hunna Mexly HUMHU yBEJIMUMBAETCA 110 MEPE POCTa I'PaIUCHTA TEMIIEpaTyp B
HaHOCTPYKType. OTO O3HA4YaeT, 9YTO OKCIIEPUMEHTAlbHAas TeMIlepaTypa
3aHMKEHA 110 CPAaBHCHUIO C HCTHHHOW TEMITepaTypoit.
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Puc. 1. Cnexrp KP nns HaHoummuHapa Puc. 2. CpaBHeHU€ MOJIOKESHUH TUKOB
¢ BeIcoTOi1 h = 700 HM, HHTEHCUBHOCTh JIByX KOHTYPOB
JazepHOro uznydenus 1 = 5 MBt/cm?
Cnucok aumepamypbi

1. Baffou G,, Quidant R. //World scientific handbook of metamaterials and plasmonics. 2018.
P. 379-407.
2. Kharintsev S.S., Kharitonov A.V.,, et al. / Nanoscale 2022. V. 14. P. 12117.
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HUCCJIEJOBAHUE TAPAMETPOB TEPAI'EPLIOBOI'O
MN3JIYUYEHUA B CTPYKTYPAX Co/WSe; U Co/IrMn;

B nmanHOIt paboTe mpencTaBiIeHBl pe3ylbTaThl IKCHEPUMEHTAIBHOTO HCCIECTO0BAHUS
reHepanuu teparepuosoro m3nydenus (TI'm) cnuatponHbIME 3MuTTepamu Co/WSe: u
Co/IrMn3. IlpuBeneHsl BpeMEHHbIE 3aBUCHMMOCTH aMIUIUTYAbl TIL-M3IydeHus, HX
YaCTOTHBIE CHEKTPHI U MarHUTHBIE MeTH ructepesuca T n-ammmutynsl. IIpencrasieHo
cpaBHeHne >(dexkTnBHOCTH TeHepamuu TIH-CHTHama B HOBBIX CIHHHTPOHHBIX
amurrepax Co/WSez u Co/IrMns.

E.D. LEBEDEVA, AM. BURYAKOV, P.Yu. AVDEEV,

A.V. GORBATOVA
MIREA — Russian Technological University, Moscow

INVESTIGATION OF THz RADIATION PARAMETERS
IN Co/WSe; AND Co/IrMn3; STRUCTURES

This paper presents the results of an experimental study of the generation of
terahertz radiation by spintronic emitters Co/WSez and Co/IrMns. The time dependences
of the amplitude of terahertz (THz) radiation, their frequency spectra and magnetic
hysteresis loops of THz amplitude are given. A comparison of the efficiency of THz
signal generation in new spintronic Co/WSe2 and Co/IrMns emitters is presented.

Cpenu  pa3nuyHbIX  THNOB  TepareproBbix  (TI'm) — wm3mywarenef,
HCTIONIB3YIOIUX Pa3iudHble (pu3ndeckue 3pQPeKTsl, CHUHTPOHHBIC U3TydaTenn
00agaroT MHOXKECTBOM TPEHMYIIECTB, TAaKUMH KaK: IIHPOKas Iojoca
MIPOIyCKaHMA, BbICOKas 3 GEKTUBHOCTH TeHepanuu 11 -u3aydeHus, mpocrora
YIpaBICHUs. IapaMeTpaMy M3JIy4eHUs, B TOM YHCIE MOIApHU3aleld |
ammmutygoi  [1,2]. Takume mnpeumymniecTBa IMO3BOJSIIOT — UCIOJB30BaTh
CIMHTPOHHBIE U3JIy4aTelld B pa3lMYHbIX YCTPOWCTBAX, HCIOIb3YyEMBIX B
00acTsIX MEANIMHBI, HAyKH U 0€30MaCHOCTH.
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B nanmno#t pabote wmccnemoBanmmch mi€HkH Co/WSe; m Co/IrMn; Ha
canupoBoit momnoxkke. DddektuBHOCT, TeHepauuu Tl I-u3nmydeHus c
MOBEPXHOCTHU IKCIICPUMCHTAIBHBIX 00pa3I0B ObLIa UCCIICIOBAHA CTAHIAPTHOU
METOJIMKOM TeparepioBoil CIEKTPOCKONMUU C BPEMEHHBIM pa3pellieHHueM B
TeOMETpUM Ha MpornyckaHwe. B KkadecTBe ydya HaKaukd HCIOIb30BAIOCH
ONTUYECKOE UMITYJBCHOE U3NTyueHue ¢ JUTMHON BoJaHBI 800 HM.

B xome »okcmepuMeHTa OBLIM TMOJYYEHBI 3aBUCHMOCTH  aMIUTHTYIBI
TlI'u-u3mydeHuss OT BpeMEHH 3aJepKKH MEXKAy JIydaMH Hakadykd |
30HIUPOBaHUs, OIeHeHa >3(QQexkTuBHOCTh TeHepamuu Tl i-usnydenus. U3
BpeMeHHBIX GopM TT1-curHanoB MeTozoM (yphe-Tipeodpa3oBaHUs TOTYICHBI
WX 4YaCTOTHBIE cHekTpbl ¢ mmpuHOM ~ 3 TI'm. MccnemoBana 3aBHCHUMOCTH
reHepanuu TIT-H3JIydeHUs OT BHEIIHETO MarHUTHOTO 1O, [ToydeHsl meTin
Tl u-rucrepesuca, cBUAETENLCTBYIOUIME 0 ToBopoTe TT n-nomnsipuzanuu

Pa6ota BeimonneHa npu noaaepxke PHD Ne 21-79-10353.

Cnucox aumepamypbi
1. Hibberd M.T., et al. //Applied Physics Letters. 2019. V. 114. No. 3. P. 031101.
2. Papaioannou E.T., Beigang R. /Nanophotonics. 2021. V. 10. No. 4. P. 1243-1257.
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T.M. UMEPEBA, M.I'. KYYEPEHKO, ©.10. MYIINH

Openbypaeckutl 20cy0apcmeeH bl YHUugepcumem

B3AVMMOJIECTBUE OJJHOMEPHBIX IOBEPXHOCTHBIX
IIVTIABMOHOB C OPTAHUYECKUMU MOJIEKYJIAMHA
JUIJIEKTPHYECKOI'O CEPJAEYHUKA HAHOITPOBOJIOKHA

TeopeTHueckH MCCIE0BAaHO B3aMMOJACHCTBHE OJHOMEPHBIX OCECHUMMETPHYHBIX
MOBEPXHOCTHBIX ~ IUIA3MOHOB ~ METAUIMYECKOH ~ OOOJIOYKM  LMJIMHAPUYECKOH
HAaHOIIPOBOJIOKK C  DJIEKTPOHHBIMU  BO30OYXKICHUSIMH  MOJICKYJ ~ OPTaHHYIECKOTO
momuHodopa, Haxomdmuxca B e€ IMAIEKTpHUecKoM ceprednuke. IlokaszaHo, 4TO
B3aMMOJICHCTBUE SBISIETCS CIAa0bIM, €ro WHTEHCHBHOCTH YBEIHYHMBAETCS C POCTOM
paauyca cepIeYHHKa, U IPU BBICOKMX KOHIIEHTPAIMSIX MOJIEKYJ paciueruieHue Pabu He
npeBocxoauT 50 maB.

T.M. CHMEREVA, M.G. KUCHERENKO, F.Yu. MUSHIN
Orenburg State University

INTERACTION OF ONE-DIMENSIONAL SURFACE
PLASMONS WITH ORGANIC MOLECULES
OF THE DIELECTRIC CORE OF NANOWIRE

The interaction of one-dimensional axisymmetric surface plasmons of the metal
shell of a cylindrical nanowire with electronic excitations of organic luminophore
molecules located in its dielectric core is theoretically investigated. It is shown that the
interaction is weak, its intensity increases with an increase in the radius of the core, and
at high concentrations of molecules the Rabi splitting does not exceed 50 MeV.

B nmanHOi  paboTe  paccMOTpPEHO  B3aMMOJCHCTBHE  JIEKTPOHHBIX
BO30YX/IEHHH  MOJIEKYJI ~ OPraHMYeCKOTO KpAacHTels, HaxXOsIIuXcs B
JUAJIEKTPUYECKOM — CepJeYHHKE HAHOMPOBOJOKH KPYIJIOTO  CEYEeHHs, ¢
OJTHOMEPHBIMH 0CECUMMETPHYHBIMHU MTOBEPXHOCTHBIMU TUTa3MOHAMHU
MeTauindeckoil obonouku. Hammume B 0005104€dHON HAHOMPOBOJOKE IBYX
TpaHUI] MeTayla C JUAJICKTPUKOM NPUBOJUT K BO3HHKHOBEHHIO NBYX THIIOB
MOBEPXHOCTHBIX ITUIa3MOHOB: HH3KO- M BBICOKOYACTOTHRIX. B pamkax
KBa3MCTaTHYECKOTO MPHUONMKEHUST B CiIydae, KOIJIa METaUl OMNHCHIBAETCS
Mojenbio Jlpyne, ObLIM MOJy4eHB aHAJUTHUYECKHE BBIPAKEHUS JJISI 3aKOHOB
JUCIIEPCUU 3TUX IIa3MOHOB.

Ha puc. 1 n3o0paxkeHbl AWCIIEPCHOHHBIE KpHBBIE (k) OCECHMMETPUYHBIX
MOBEPXHOCTHBIX IIIA3MOHOB JUISl pasHbIX 3HAYEHUH paanyca R| cepleyHHKa
HaHOIIPOBOJIOKK C cepeOpsiHOi oOomnoukoil ¢ BHemHMM pamuycom 10 Hm. C
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yYMEHbIIEHNEM R;| IUCHEPCHOHHBIE KpPUBBIC HHU3KOYaCTOTHOTO IIIa3MOHA
CTaHOBSTCS Oosiee KPYTHIMH M HPUOIMKAIOTCS K KPUBOH /, COOTBETCTBYIOLIECH
TUIa3MOHHBIM KOJICOAHHSIM B OJHOPOJIHOIM HaHONPOBOJIOKE. ['OpH30HTaNbHAas
npsMasi, IepeceKarolias TUCIepCHOHHbIE KPUBble HU3KOYAaCTOTHOTO IUIA3MOHA,
OTBEYAET YaCTOTE INEKTPOHHOI0 Mepexo/ia (; B MOJIEKYJe KpacUTes.
MHTeHCUBHOCTE B3aUMOJEHCTBUS MOJIEKYJIBI C INIA3MOHOM XapaKTepU3yeTcs

[ 2 .
paciieruienremM Pabu, paBHBIM 2 Z|Vi(k0l , TJle MaTpUYHBIA 3JeMeHT V;

orepaTopa B3aUMOJICHCTBHS i-Oi MOJIEKYJIbI C 3JIEKTPUYECKUM I10JIEM IIa3MOHa
BBIUMCIIACTCA NPU 3HAYCHWH BOJHOBOTO dYHCIA ko, KOTOpoe oOecreunBaeT
PaBEHCTBO SHEPrUil HU3KOYACTOTHOTO IUIA3MOHA W BO30YXKIEHHOW MOJEKYIIBI
[1]. B naunHO#1 padote ans paciueruieHUst Padu moirydeHo BRIpaKeHUE
, 16mnolk nd7R,
3koS (ko )
rne d;— IUNONBHBIM MOMEHT mepexoia B Mojekyne, S(ko)— momanp
JOKJIM3alMK  TUIa3MOHHOW  Mogpl,  [,(x) — MoguduimpoBanHas — QyHKIMsS
beccenst n-ro nopsnka, n — KOHIECHTpaUs MOJIEKYL.
Kax ciemyer u3 puc.2, ¢ poCTOM paauyca CepleYyHHKa HAaHOIPOBOJIOKU
paciierienne Pabu yBenu4uBaeTcs, HO JJaKe NMPH BBICOKHX KOHIIEHTPALUSIX
MOJIEKYJI IIJ1a3MOH-3KCUTOHHOE B3aHMO/JICHCTBHE OCTaeTCs CIA0bIM.

HccnenoBanue BBIMONIHEHO Tpu mojjaepkke MunoOpHaykn P®, mpoekt
Ne FSGU-2020-0003.
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Puc. 1. 3akoHBI mucnepcuy ocecuMMETpHIHBIX  Puc. 2. 3aBHCHMOCTE paciierieHust Pabu
MIOBEPXHOCTHBIX ITA3MOHOB B HAHOIIPOBOJIOKE  OT pajiiyca CepAeIHHKA HAaHOIIPOBOJIOKH
C BHYTPEHHUM CEpACYHUKOM pajguyca IPU pa3HBIX KOHLEHTPALUIX MOJICKYI
Ri=0(),5(2),8(3)mm n=10'%(1), 10" (2), 10%°(3) cm™?

Cnucok numepamypbl
1. Umepesa T.M., Kyuepenko M.I"., Kucnos JI.A., Hanbaunsau B.M. // Onrt. u cnektp. 2018.
T. 125. C. 670.
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AM. MAMJIBIKOBCKUI, E.A. MAMOHOB, B.5. HOBUKOB,
T.B. MYP3HA

Mocrkosckuti 2ocyoapemeennblii yHusepcumem um. M.B. Jlomonocosa

KAPTUPOBAHHUE JJOMEHHOM CTPYKTYPHI
MNOBEPXHOCTHOI'O CJIOSI ®EPPUT-IT'PAHATA METOJIOM
MUKPOCKOIIUH OIITUYECKOMU BTOPOU TAPMOHUKHA

IIpuBeneHs! pe3ynbrarTsl SKCIEPUMEHTAIBHOIO UCCIEA0BAHUS MAarHUTHOM JOMEHHON
CTPYKTYpBI ITIPHIOBEPXHOCTHOTO ClIOs (eppUT-TpaHaTa C HCIONB30BAaHUEM METOoxa
MHKPOCKOIIUM ONTHYECKOW BTOPOH TapMOHMKH. [loka3aHO, 4TO IMOBepX OOBEMHBIX
TIOJIOCOBBIX JJOMEHOB PACIOJIOKEHA TIEPUOANYECKAs CTPYKTYpa 3aMBIKAIOLIIMX JOMEHOB
C MIPEeNMYIIEeCTBEHHON OpUEeHTalel HAMAarHUIEHHOCTH B TNIOCKOCTH ITOBEPXHOCTH.

A.l. MAYDYKOVSKIY, E.A. MAMONOYV, V.B. NOVIKOV,
T.V. MURZINA

Lomonosov Moscow State University

MAPPING OF THE DOMAIN STRUCTURE
OF THE SUBSURFACE LAYER OF IRON-GARNET
BY OPTICAL SECOND HARMONIC GENERATION
MICROSCOPY

The results of an experimental study of the magnetic domain structure of the
subsurface layer of iron garnet films by optical second harmonic microscopy are
presented. It is shown that a periodic structure of closure domains is located on top of
the bulk stripe domains with the predominant orientation of the magnetization in the
surface plane.

JloMeHHass CTPyKTypa KpHCTaNIMUecKux IUIEHOK (epput-rpanara (PI)
SBIISIETCA KIACCHYECKUM 00BeKTOM HccienoBanus [1]. M3BecTHO, YTO MOMHUMO
00BEMHBIX JOMEHOB BOJHM3H MOBEPXHOCTH (EPPOMATHUTHBIX CTPYKTYpP MOTYT
BO3HHMKATh TaK HAa3bIBa€Mble 3aMBIKAIONINE JOMEHBI, CTPYKTypa KOTOPBIX
U3y4eHa HEJOCTAaTOYHO. DTO CBSI3aHO B TOM 4YHCIE C OTPAHUYEHHBIM UYUCIIOM
9KCIIEPUMEHTAILHBIX METO/IOB, CIOCOOHBIX BBIACIUTH CTPYKTYPY MOBEPXHOCTH
MarHMTHOTO JUIEKTpUKa Ha (oHe o0O0béMHOW. B  nganHOM acmekre
HNEPCHEKTUBHBIM  SIBIAETCS  METOJ MHUKPOCKOIMM  ONTHYECKOH  BTOpOH
rapmonuku (BI), KOTOpbIi TipH JKeCTKOW (POKYCHUPOBKE JIa3€PHOTO H3ITydYEHHS
obecrieunBaeT CyOMHUKpPOHHOE pa3pelieHue B IUIOCKOCTH IOBEPXHOCTH
cTpykTypel. llems maHHOI paboThl cocTOsla B OKCIEPHUMEHTAIEHOM
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WCCJIEJOBAHUM MarHUTHOM CTPYKTYpbl IPUIIOBEPXHOCTHOTO ciiog PI' meTonom
Mukpockonuu BI.

UccnenoBana snurtakcuanbHas 1i€Hka (BiLu)sFesO, Ha mommoxke
GdsGasO> (111). dDokycupoBKa H3ITYUCHHUsS THTaH-carl(hUPOBOTO Jiasepa ¢
JUIMHON BOMHBI 850 HM Ha NMOBEPXHOCTH IUIEHKU OCYLIECTBISIACH C TTOMOIIBIO
obsexTBa Mitutoyo M Plan Apo 100x (NA=0.7) B maTHO ¢ IUaMeTpOM
meHee 1 MkMm, wu3nyyenne BI' Beigemsiock cucteMoil  (UIBTPOB U
peructpupoBasock ¢ momomipio DPIOY. Ha puc. | mnpuBeneHBl CKaHBI
UHTEHCUBHOCTH BI' nns mapajulenbHBIX W OPTOTOHAJIBHBIX MOJISIpU3ALUi
Hakauykl ¥ BI' (ykasaHel cTpenkamu), HPUIEM IUIOCKOCTH MOJISIPU3AIIH
HaKauKM NapajuiesibHa AoMeHaM. BunHo pacnpenenenue uarencuBHocty Bl ¢
MIEPHOZIOM OKOJIO 4 MKM, COOTBETCTBYIOIIEE ITOJIOCOBBIM OOBEMHBIM JTOMEHAM,
a Takke MoIymauuu oTkiuka BI' Bmomp Hux ¢ mepuogoM oxono 1.5 MKM.
Bropoili TuUD CTPYKTyphl COOTBETCTBYET, IO-BHJIUMOMY, IIOBEPXHOCTHBIM
3aMBIKAIOIUM MarHUTHBIM JoMeHaM @I. OTMeTHM, 4TO CBeTIble U TEMHBIC
MOBEPXHOCTHBIE JOMEHBI, PACIOJIOKEHHBIC HAaJ COCEAHHMH II0JIOCOBBIMH,
CMEIIEHBl Ha TIIOJIOBHHY IIepHoja JApyr OTHOCHUTENBbHO Jpyra. AHamu3
CUMMeTpHUH OTKIHKa BI' moka3piBaeT, 4yTO CpeaHsAs HAMAarHWYEHHOCTbh B HUX
UMeeT Kak JaTepajbHyl, TaKk M HOPMAaJbHYI0 K IIOBEPXHOCTH IUIEHKH
COCTaBIISIFOLIHE.

HUccnenoBanus BeinoHEHb! pH noaaepxkke rpanta PH® Ne 19-72-20103.
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Puc. 1. KapTs! pacnipenenenust uHTeHCUBHOCTH BI' 114 napannensHeIxX (cieBa)
Y TIEPIEHANKYNSPHBIX (CIpaBa) MOJspU3auil H3JIydeHus! Hakadku 1 B

Cnucok 1umepamypul
1. Hubert A., Schafer R. Magnetic domains. The analysis of magnetic microstructures. Berlin
Heidelberg: Springer-Verlag, 1998.
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H.IO. KPYUMHUH, M.I". KYYEPEHKO

Openbypaeckutl 20cy0apcmeeH bl YHUugepcumem

KOH®OPMALIMU OJHOPO/JHO 3APAKEHHBIX
HOJIMIIEIITUI0OB HA IOBEPXHOCTHU
HOJIAIPU30OBAHHOI'O CIIVIIOCHYTOI'O
INJIABSMOHHOI'O HAHOC®EPOU A

C  HCIONB30BaHHEM  MOJICKYJSIPHO-IMHAMUYECKOTO  MOJICIUPOBAHUS  OBLTH
HCCIIeI0BaHbl KOH()OPMAIMOHHBIC H3MCHEHHUS OJHOPOHO 3apsKCHHBIX MOJUICTITHIOB
Ha MOBEPXHOCTH CIUTIOCHYTOH c(hepouIanbHOi 30J0TOH HAHOYACTHIIBI, HAXOMSIICHCS
KaKk B CTaTUYeCKOM, TaK W IEPEeMEHHOM »JJeKTpudyeckoM 1osie. [lomydeHst
MareMaTtudyeckue Mmoxend (GopMupoBaHUS KOHGOOPMALMKH MOJMAICKTPOIATA Ha
MOBEPXHOCTHU CIUTIOCHYTOTO MPOBOISIIETO HAHOC(HEPOUIa BO BHEIIIHEM JIEKTPHYECKOM
oJe.

N.Yu. KRUCHININ, M.G. KUCHERENKO
Orenburg State University

CONFORMATIONS OF UNIFORMLY CHARGED
POLYPEPTIDES ON THE SURFACE OF A POLARIZED
OBLATE PLASMONIC NANOSPHEROID

Using molecular dynamics simulation, the conformational changes of uniformly
charged polypeptides on the surface of an oblate spheroidal gold nanoparticle, which are
in both static and alternating electric fields, were studied. Mathematical models are
obtained for the formation of polyelectrolyte conformations on the surface of an oblate
conducting nanospheroid in an external electric field.

ITpu MonexynsapHO-TuHaAMHUYecKoM MojenupoBanuu (M/]) Ha OBepXHOCTH
HOJIIPU30BAHHOIO  BJOJAb  OCU  BpAIlEHUS  CILIIOCHYTOIO  30JI0TOTO
HaHOCc(eponaa 3BEHbSA OIHOPOJHO 3apsKEHHOT 0 HOJUNENTUAA
a/IcOpOMPOBAINCH B TPOTHBOIOJIOKHO 3apsHKEHHON 00JIaCTH HaHOYACTHUIIBI
(puc. 1a). Ilpu 5TOM 3BeHBS MakpolEeNnd B OCHOBHOM HAaXOJAWJINCH BOJIM3U
9KBATOPa, U UX KOJMYECTBO CHMXKAIOCH NPH NpuOMMKeHuH K nomocy [1]. Ha
MOBEPXHOCTH TIPOTHBOIIONOXKHO 3apsDKEHHON CIUTIOCHYTOH cdeponaanbHOR
30JI0TO  HAHOYACTHULBl, HAXONAILIEHCA BO  BHEIIHEM  I[IEPEMEHHOM
AIEKTpUIECKOM moJie (puc. 16), BEKTOp HAMPsHDKEHHOCTH KOTOPOTO M3MEHSICS
BJI0JIb OCH BpAIllCHUs] HAHOYACTULbI, IIPY HU3KOU TEMIIEPATYPE OKOJIO 3KBATOpa
oOpa3oBbIBaJlach  y3Kasg  ONOSCHIBAIOIIAS  IOJUDJICKTPOJIUTHAS — OIIYIIKa,
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IUTIOTHOCTh KOTOPOH YBENMUYMBAIACH MPH YBEIWYEHHH IIOJHOTO 3apsja
HaHoc(eponuaa W KOJMYECTBA 3apsDKEHHBIX 3BEHbEB B Makpouenu. Ilpu
BBICOKOIl TeMIIepaType MOJCIUPOBAHUS IPH IEPEHOIIPU3ALUH IPOUCXOANIO
CMEIIECHNE OIOSCHIBAIONIECH ONMYIIKK BIOJNb OCH BpalleHUs HaHocgepouaa
OKOJIO 9KBAaTOpa, 8 aMIUIUTY/1a TaKUX KoJjieOaHni ObLia TeM BBIIIE, YEM MEHBIIE
ObUT TOJHBIM 3apsj HAHOYACTHILBI M OOJbIIE JOJIS 3apsDKCHHBIX 3BEHHEB B
MOJU3IEKTPOIIUTE.

Puc. 1. Kordopmanun oZHOPOJHO 3apsHKEHHOTO IOJMHUIENTHIA HA IOBEPXHOCTH
CIUTFOCHYTOTO 30JI0TOro HaHocdepouaa (BUI BIOJNb OCH BpAILICHU), MOJyYEHHBIE IO
pesynbratam M/[-MonenupoBaHus Ha HaHOC(hEpOUIe B CTATHYECKOM (a) U TIepEMEHHOM
3MeKTpUYecKoM mojie (6), Ha pUCYHKe cepas TpyOka — 3BeHbs Ala, YEPHBIM IBETOM
U300paKeHbI 3BeHbst ASp

[omyuensr MaTemaTHueckue Mojenu (HOpPMHUPOBaHUSA KOH(pOpMAIHi
MOJIMAJICKTPONINTA,  aICcOPOMPOBAHHOTO HAa  CIUTFOCHYTOM  IIPOBOJISIIEM
HaHOC(epouae, MONAPH3YIONMEMCS KaKk BO BHEITHEM CTAaTHYECKOM, TaK H
TApMOHHUYECKHA H3MEHSIOMIEMCST JIIEKTPUYECKOM II0JIE C YacTOTOW MHOTO
MEHBIIIEeH MIa3MeHHON 9acTOThl MeTaia [1 - 3].

Pe3ynpTarel MOrYyT HAaiTM NPUMEHEHUE IPU CO3JAHUU U YIy4IEHUU
XapaKTEepPUCTUK CEHCOPOB W HAHO30HIOB, pPaboTa KOTOPHIX OCHOBaHA Ha
3¢ ¢dexTe THraHTCKOTO KOMOWHAIIMOHHOTO pAacCesHHs, a TaKXke B JPYTux
YCTPOMCTBAX HAHOAJIEKTPOHUKH.

Cnucok numepamypul
1. Kpyunnun H.IO., Kydepenko M.I'., Hesicos ILIL. // XKypHan ¢usmdeckoir xumun. 2022.
T. 96. Ne 12. C. 1785-1796.
2. Kpyaunun H.1O., Kyuepenxo M.I'. // Komnonanstii sxypHan. 2022. T. 84. Ne 2. C. 171-185.
3. Kpyunnun H.1O., Kydepenko M.I'. // Xumus Beicokux sHepruit. 2022. T. 56. Ne 6. C. 485-
496.
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I1.10. ABJIEEB, A.B. TOPEATOBA, H.B. BE3BUKOHHBIIA,
E.JI. JEBEJEBA, C.B. OBUAPEHKO, A.M. BYPSKOB

MUP3A — Poccutickuii mexnono2uyeckuti ynusepcumem, Mockea

BJIUSHUE UHTEP®ENCA TUBPUIHOI'O CIIMHTPOHHOI'O
OMUTTEPA HA DOPEKTUBHOCTDb 'EHEPALIUN
TEPATEPIHOBOTI'O U3JIYUEHUSA

DKCIepuMeHTaIBHO HecileoBaHa (G QEeKTUBHOCTD reHeparuy tepareprosoro (TI'm)
U3ITydeHus: THOpUIHBIME cIMHTPOHHBIMU dMuTTepamMu Co/WSe2 u Co/MoSez. Onucano
BIIMSIHUE MOHOCTIOS JUXalbKoreHuaa nepexoanoro merawia (JIIIM) va T i-reneparuo
UcClelyeMbIMUA  CTpyKTypaMu. OIEHEeHO BIHMSHHE IUIMHBI BOJHBEI BO30YXJaOIIEro
JIa3epHOTo M3NMy4eHus Ha 3¢ PeKTHBHOCTh reneparun T1.

P.Yu. AVDEEV, A.V. GORBATOVA, N.V. BEZVIKONNYT,

E.D. LEBEDEVA, S.V. OVCHARENKO, A.M. BURYAKOV
MIREA — Russian Technological University, Moscow

THE EFFECT OF THE HYBRID SPINTRONIC EMITTER
INTERFACE ON THE EFFICIENCY OF THz RADIATION
GENERATION

The efficiency of terahertz (THz) radiation generation by hybrid spintronic emitters
Co/WSe: and Co/MoSe: has been experimentally investigated. The effect of a transition
metal dichalcogenide (TMD) monolayer on the generation of THz by the studied
structures is described. The effect of the wavelength of exciting laser radiation on the
efficiency of THz generation is estimated.

TeparepuoBsrii  (TT'm)  dwactoterii  mmamazon (0,1 -30 TTm) Ha
CETONHAIIHUI JEHb SBISAETCA HanOoee HM3y4aeMbIM W TEPCIEKTHUBHBIM IS
MPUMEHEHUS BO MHOTHX O0NacTAX dYeloBeYeCKoW neaTe’dpbHOCTH [1].
VccnenoBanus MOCIETHETO IECATHIIETHS IMPOAEMOHCTPUPOBAIM TAaKOW THII
TI'u-u3myyarenei, Kak CIUHTPOHHBIE AMHUTTEPHI [2 - 4]. IpuHIMn ux paboThI
OCHOBaH Ha CIHHOBBIX 3(¢¢ekrax (oOpaTHBIN CHUHOBBIH 3¢¢exT Xoira,
CBepxOBICTpOE pa3MarHW4MBaHHE W Jp.), YTO TIIO3BOJISET MPH ITOMOIIU
MarHUTHOTO BO3JEHCTBHSA YNPABIATH CBOWCTBAMHM TI'€HEPUPYEMOrO0 HMHU
Tlu-msnydenus [5]. B cratbe [6] OBUIO MPOAEMOHCTPHPOBAHO YBEIHYCHHE
3¢ PEeKTUBHOCTH THOPUIHBIX CIIMHTPOHHBIX AMUTTEPOB Ha OCHOBE CTPYKTYpPHI
¢eppomaranTHeIi  MeTaiur  (OM)/nUXanbKOreHUT TEPEXOJHOr0  MeTaja
(AIMM). B namieii pabote MBI IIPOAOIDKAEM HCCIIEIOBAHUE TOAOOHBIX CTPYKTYP
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u paccmorpuMm BiusHme THma JIIM Ha »>ddekTuBHOCTE TeHeparu
TeparepIioBOTO U3ITyYCHHUS.

B nanHOl pabore uccnenoBanvch TMOPHUIHBIE CIIUHTPOHHBIE AMUTTEPHI
Co/WSez(MoSe;). Monocnoiinpie twiénku  JIIM  BeIpalieHbl METOI0M
OCaXIEHUs: M3 Tra3oBod (a3pl Ha nomnoxkax AlOs. I[lnénka kobanbra
TOJIIMHOX 3 HM METOJOM MAarHeTpOHHOTO pacHbUICHHs Obla HaHECEHa Ha
noBepxHocTh MWI€HOK JIIM. Jlns ycunenusi cnuHoBod Tl u-reHepanuu Ha Co
Oputa HaHeceHa aHTH(eppoMarWTHas IUI€HKa IrMn TtommmuHOW 5 HM,
MOKpeITast 3amuTHEIM cioeM SiO,. HccnemoBaHme NpOBOAWIOCH METOIOM
TeparepIioBOil CmeKTpockomuy BpeMmeHHoro paspemenus (THz-TDS) B
TeOMETPUH Ha MIPOXO0XKJICHNE, METOINKA KOTOPOH MOAPOOHO omrcaHa B pabote
[5]. B xome »skcmepuMeHTa OBUIM TIIOJNYYeHBI BpPEMEHHBIC TNPOGUIH
TIn-curaanoB, Ha OCHOBE KOTOPBHIX NpH IoMoUM (ypbe-mpeoOpazoBaHusL
MOJy4eHbl YaCTOTHBIE CIEKTPhl. M3 BpeMeHHBIX NpoduiIeH yCTaHOBICHO
BIUsAHUE KOHKpeTHOro tumna J[IIM u caMoro MOHOCIOS B LIEJIOM Ha BEIUYUHY
nHayuuposanHoro TIn-curnana.

IMpu mnomomm nporpammuoro nakera COMSOL Multiphysics ObL10
MPOBEEHO MOJAEIMPOBAHUE MOMVIONCHUS MCCIEAYEMBIMU CTPYKTYpaMu
JIA3epHOTO M3JydeHHS Ha pPa3HBIX JUIMHAX BOJH. IlomydyeHHBIE pe3yibTaThl
OBUTH COTIOCTABIICHBI C SKCHEPHUMEHTAIBHBIMY IAHHBIMH, TTOJyICHHBIMH HpPH
HaKa4yKe paccCMaTpPUBAEMbIX B PabOTe THOPUAHBIX CIUHTPOHHBIX SMHUTTEPOB
(heMTOCeKyHIHBIMHY JTa3epHBIMU UMITyJIbcaMu Ha AiuHax BoiaH 400 u 800 HM.

HccnenoBanue BBHIMTOIHEHO NpH mojyiepxke Poccuiickoro HayuHoro ¢onzma
(rparT Ne 21-79-10353) u PTY MUPDA (rpant «lus MOJOIBIX YYCHBIX)
HNY-56).
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2 Unemumym npuknaonsix uccaeoosanuti AH Pecny6iuxu Tamapeman, Kazano

OIITOMEXAHUYECKOE OXJIAZKAEHUE
T'APMOHHNYECKOI'O OCHUJIJIATOPA C IOMOUIBIO
I'MTAHTCKOI'O KOMBUHAIIMOHHOI'O PACCESIHUA

B oaroit paboTe AaHTUCTOKCOBO THMI'AHTCKOE KOMOMHAIIMOHHOE paccesHue
MOJenupyercs B IUIA3MOHHOM HAHOPE30HATOPE, COCTOSIIEM H3 METaJUIMYEeCKOH
HAHOYACTHULBI ¥ TUAJIEKTPUUECKOM MOATIOKKH. [IpeacTaBIeHO TEOPETHYECKOE OMICaHUe
OIITOMEXaHHYECKOT0  OXJIAXKICHHMS MOJCKYIIPHBIX KojeOaHMil, OCHOBaHHOE Ha
KJIACCHYECKOH MOJENH CBS3aHHBIX OCLHJUIITOPOB. VCIonb3yst 3Ty Mozenb, MOIy4YeHa
ONTHYECKH HHIYIIMPOBAHHAS CKOPOCTh 3aTyXaHHs KoJieOaHUs, aHAIOTHYHAsT KBAaHTOBO-
MEXaHHIECKOMY PEIICHHIO.

AR. GAZIZOV'?, M.K. SALAKHOV'?, S.S. KHARINTSEV'?

!Kazan (Volga Region) Federal University
’Institute of Applied Research, Tatarstan Academy of Sciences, Kazan

OPTOMECHANICAL COOLING OF A HARMONIC
OSCILLATOR USING ENHANCED RAMAN SCATTERING

In this work, enhanced anti-Stokes Raman scattering is simulated in a plasmonic
nanoresonator consisting a nanoparticle supported by dielectric substrate. We present the
theoretical description of optomechanical cooling of a molecular vibration based on the
classical model of coupled oscillators. Using this model we derive optically induced
decay rate of vibration as in quantum mechanical solution.

OnTryeckoe OXJAKICHWE — 3a/ada HAaHO(POTOHWKH, pEIIeHHe KOTOPOH
MOJIE3HO JJIS Pa3BUTHSA KBAHTOBOW CEHCOPUKH W ONTHYECKOTO KOHTPOIISA
JOKaJdbHOHM Temmeparypsl. OMHIM W3 MEXaHU3MOB ONTHYCCKOTO OXJIAXKICHHS
SBISICTCST ~ aHTHUCTOKCOBO  KomOumHanmonHoe  paccesame  (KP) [1].
CylecTByIOIIME METOJbl TMPEBBILIEHUS AaHTUCTOKCOBA pPACCEsIHUA  HaJ
CTOKCOBBIM PacCESHHEM HCIONB3YIOT Pa3InYHbIE PE30HAHCHI JIJIST YBEINICHHS
norepeyHoro cedeHus antuctokcora KP [2] nwim mogasnenust croxcosa KP [1].
CymiecTByeT HECKONBKO crioco0oB ycuienus KP: skcuToHHBIE pe3oHaHCH [2],
ONTHYECKHE aHTEHHBI [3, 4], MaTepuabl C OKOJOHYJIEBOUM MPOHUIIAEMOCTHIO [5]
W Tak Janee. AJIGTEpHATUBHBIM CIHOCOOOM KOMOWHAITMOHHOTO OXJIaXKICHHS
MOXXET OBITh HCIOJB30BAaHHE PE30HATOPHOH omnTomexanuku [6]. C apyroit
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CTOPOHBI, IIOTJIOMICHUS CBETa OTPUIATENbHO BIHAeT Ha 3(PPEeKTHBHOCTH
OXJIXKICHHUSI, YTO O3HAYAET CYIIECTBOBAHUE OIMPENIEIEHHOTO IOPOra ONTUYECKU
WHIYIIIPOBAHHON CKOPOCTH 3aTyXaHUs KOJICOaHU.

enpto paboThl OBUIO MOICIMPOBAHKME ONTOMEXaHWYCCKHX 3((EKTOB B
IUIa3MOHHOM HaHOpE30HaTope, colepkamieM akTuBHbie B KP  Momekysbl.
Ucnone3yst mpocTyr0o Monedb JABYX CBSI3aHHBIX OCIHMJUISITOPOB, MBI JlaeM
WHTYUTUBHO TIOHSATHOE OIMCAHHE OINTOMEXaHUKH HaHope3oHaropa. Ham
MOAXO/ YIPOIIAeT TEOPETUYECKOE OMUCAHWE MPOOIEMBI IUIA TOMCKA CHCTEM
JUTS peaji3alii ONTOMEXaHUIECKOTO OXJIAKICHHUS.

BzanMmonelicTBe omMchIBaeTCSA B paMKax (QopMalu3Ma TEH30PHOM
¢dbynakmun puna [3, 4], KOTOPBIH MBI CYMTaEM MPUMEHUMBIM B CiIydae ciaboit
ONITOMEXaHWYECKOH CBSI3M MOJICKYIIBI M HaHOpe30HaTopa. OTMETHM YTO MpH
CHIIHOW CBSI3W pEIICHWE HEMTWHEWHOW 3afaqd HE MOXET OBITh 3aIlCaHo C
nomoineto Gynkumn ['puna. MuaynupoBanHas HenuHedHbiM KP ckopocTh
3aryxanus I',, JUis ciBura 4acToTsl () HMeET BULL:

1 i = - —sen V!l —se —scif= —sen \IT!'|=
Fﬂpt :EImELRQ (I—Gas(xas) Gus +Gs (I—Gs (XS) RQEL,
rie Ep—nokanpHOE ToOJNIe B HAHOPE30HATOpPE Ha JIa3epHOM dacToTe,
Ro — tenzop KP Monekynbl, s (0las) — TEH30PBI MOISIPU3YEMOCTH MOJEKYIIBI Ha
CTOKCOBOM (aHTHCTOKCOBOH wuactore), G*° —TeH3op IpuHa paccesHus s
W3Iy4aTenss B HaHOpe3oHatope. Ciemyer OTMETHUTh, YTO 3Ta CKOpPOCThb
MOJIOKHUTENIFHA, €CJH Jla3ep OTCTPOCH HIDKE YacTOTHI OINTOIUIA3MOHHOTO
pe3onHaHca. bonee TOro, pa3MUYHBIA THIT CHMMETPUH KoJeOaHWS MPUBOIUT K

pasnmM4HBIM  CKopocTsM 3aryxamus [, . Baxnyio ponb Takke wumeer

OpHMEHTalLlMsl TVABHBIX OCeil TeH30pa MOJSPU3YEMOCTH OTHOCHUTENBHO TIOJIS
HAHOPE30HATOPA.
Takum o00pa3oM, OBUIO TIONYYEHO aHAJIUTHYECKOE BBIPAXKECHUE IS
MHJIyIIIPOBAaHHOW CKOPOCTH 3aTyXaHHsl KOJIeOaHUsl B KIIACCHYECKOM CiIydae.
Pa6ora Beimonaena npu purancosoii nopaepxkke PHD (Ne 21-72-00052).
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PEKOMBHUHAIIMOHHOE CBEYEHHUE U KOMIITOHOBCKOE
®OTOBO3BYKJIEHHUE I1PU PACCEAHUU ®OTOHA
ATOMHBIM NOHOM

TeopeTnuecky mpenckasaHbl aHAJIUTHYECKass CTPYKTypa, aOCONIOTHBIE 3HAYEHHS U
YIJIOBask aHWU3OTPOIUS JBaXIbI JH(dEepeHIMaNbHbIX CEeUYeHNIl pPeKOMOMHAIIMOHHOTO
CBEYCHHMS M KOMITOHOBCKOTO (OTOBO3OYXKICHHS IPH PACCESHHH PEHTTCHOBCKOTO
(hoTOHA aTOMHBIM HOHOM.

A.N. HOPERSKY, A.M. NADOLINSKY, R.V. KONEEYV,
0O.B. ANDREEVA

Rostov State Transport University, Rostov-on-Don

RECOMBINATION RADIATION AND COMPTON
PHOTOEXCITATION IN THE SCATTERING
OF APHOTON BY AN ATOMIC ION

The analytical structure, absolute values, and angular anisotropy of the doubly
differential cross sections for recombination radiation and Compton photoexcitation
upon scattering of an X-ray photon by an atomic ion are theoretically predicted.

viet

HccnenoBanbl 3 PeKThl PEKOMOMHAIIMOHHOTO CBEUCHHSI U KOMITOHOBCKOTO
(hOoTOBO3OYKICHHS, WHHUIMUPOBAHHBICE HEYNPYTUM paccesHueM (HOTOHA
aTOMHBIM HOHOM. B kauecTBe OOBEKTa HCCICIOBAHUS B3AT TEIHOMOIOOHBIH
noH aroma kpemuus (Si'?*, 3apan sapa mona Z = 14, KoHQUrypalus M TepM

OCHOBHOTO COCTOSTHHUS [0]=1s"'S,]). Paccunransl B IBI
nupdepeHInanbHbe  CeYeHHS d’c/d(ho,)dQ. =c® IIPOLIECCOB
peKOM6I/IHaHI/IOHHOFO CBCUCHUA:

K

ho+[0] > lsxp('B) =1’ t+ho,.
Kd
K, =1sns('S,), K, =1smd('D,),
¥ KOMITOHOBCKOTO (DOTOBO3GY K ICHHS:
ho+[0]—>1snl ('L,)+ho,.
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rae ne[2;,), me[3;oo), ho (ho,) —sHeprus mamaromero (paccesHHOTO)
¢dotona u Q. —OPOCTPAHCTBEHHBIH yroil BbUIETAa PAacCEIHHOro (hOTOHA.
Crpykrypsl cedeHuit npu hw, €(3.5;4.26)keV B3arsl u3 paborel [1].

Pesynbratel pacuéra B | —cxeme OJKCIepUMEHTa (BEKTOpHI HOJISIPU3ALMN
(hOTOHOB NEPIEHAUKYISPHBI TUNIOCKOCTH pacCesiHUs) MPEACTaBICHBI Ha puc. 1.

i (2) (2) #
VeranoneHsl 5Q(EKTbI yIIOBOH aHU30TPONUU Gy pp— U O p, — CEUCHHUI,

VYCTaHOBIICHO TaK)Ke, YTO JJIS TEOPETUUECKUX IIHPHH PACMag0B COCTOSHUMN
PE30HAHCHI KOMIITOHOBCKOTO (hOTOBO30YXIECHHS MPAKTUYECKU TOIABICHBI IO
CPaBHEHHIO C PE30HAHCAMU PEKOMOHHAIIHOHHOTO CBEUCHUSI.

Puc. 1. IBaxxas! muddepeHnnanbable CeYeHUs HEYIPYToTo paccestHus OTOHa HOHOM
Si'?*: ceuenne TopMO3HOTO U3IyueHus (BrS) U pekOMOMHALMOHHOTO cBeueHus (RR)
(a); ceuenne KOMINTOHOBCKOTO paccestHust (CS) U KOMOTOHOBCKOTO ()OTOBO3OYIKACHHS
(CPh) (b): ho» = 6.7 keV (Ko—Fe**' [2]), yron paccesuus 0 = 90 °, sHeprus nopora
vonu3anmn 1s2 06onouku I1s = 2437.659 eV [3], muprHa CIIEKTPaNIbHOTO pa3pelenust
HpeAIoIaragMoro skcrnepuMenTa [veam = 0.5 €V [4]

Cnucok numepamypbl
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Mockosckutl 2ocyoapemeenublil mexHuueckuil yHusepcumem um. H.D. baymana

BO3E-9MHIITEMHOBCKASI KOHJIEHCALIMSI CBETA
B ®OTOHHBIX KPUCTAJLIAX

Bose-sitnmreitnoBcKkas xonmeHcanus cBera (BOK) — Hexmaccuueckoe (KBaHTOBOE)
(a3oBOe COCTOSHHE SIEKTPOMArHATHOTO IIOJIS,, B KOTOPOM CBeT Benér cebs Kak
CBEpXTEeKydasi OKHUIKOCTb. Teopus IpeACKa3blBaeT, 4YTO CBET MOXET I[PUHUMATh
cocrosHne BOK B pe3oHaHCHOH ONTHYECKOM MMKPOIOJIOCTH TMPH IOJABICHUH
TEIJIOBOTO ~M3TydeHUs BHEIIHMM oOXxJaxjeHueM. JlanHas pabora mocBsmieHa
HoNydeHHI0 M uccienoBannio BOK B eCTECTBEHHBIX PE30HAHCHBIX ONTHYECKHX
MHKPOTIOIOCTAX (POTOHHBIX KPUCTAILIOB.

A.A. DASHCHINSKIIL, D.A. KORETS, V.V. FILATOV

Bauman Moscow State Technical University

BOSE-EINSTEIN CONDENSATION OF LIGHT
IN PHOTONIC CRYSTALS

Bose-Einstein condensate (BEC) of light is a non-classical (quantal) phase state of
electromagnetic field when the light acts as a superfluid liquid. Theory predicts light can
"liquefy" into BEC in the resonant optical microcavity when external cooling suppresses
the thermal radiation. This paper reports obtaining and investigations of BEC in natural
resonant optical microcavities of photonic crystals.

@®oronnsle  kpuctamisl (PK) — wmeramarepuwansl ¢ MEpUOJHYECKON
ONTHYECKOW CBEPXCTPYKTYPOH, OOJamaroIiue 3anpeméHHbIME  (POTOHHBIMHE
30HaMH B BUANMOMN obnmacTtu cnekrpa. OcobeHHoCcTH TexHonoruu cuate3a OK
MO3BOJISIIOT ~ MOJIYYHUTh MOPHUCTBIE 00pa3ipl ¢ Haubojee COBEPIICHHON
CTPYKTYpOI BJIOJIb HAIIPABJICHHS POCTA KpUCTAILIA, II03TOMY HccienoBanus OK
MPOBOJATCS MPEUMYIIECTBEHHO B yKa3aHHOM HampaBieHHWH. B sTom ciydae
peanbHBIN TPEXMEPHBIN KpUCTAIUT MpeAcTaBisieTcs: 3G GeKTHBHONW OJHOMEPHON
CBEPXCTPYKTYpo#l, misi KoTopoll ycinoBus broxa-droke omnpenenstor
0JI0XOBCKHE BOJIHBI C 3aKOHOM JHCIIEPCHU

cos ka = cos kqaq % cos kpap — 2 X (n1/ny + ny/ng) X sin kyaq X sin kpas.

3neck WHAEGKC (=1 COOTBETCTBYET HEUYETHBIM CIIOSIM CBEPXPEIIETKH,
i=2—4ETHBIM, @; — TOJLIMHBI  CIOEB,  7; — OKA3aTeJM  MPEJIOMIICHHUS,
ki = @*ni/c — BOIHOBBIC 4YHWCNIA, a =dq + az —NEepHOJ CcBEpXCTPYKTYphl DK,
© — IMKIMYeckas yactoTa u ¢ = 3x108 M/c — cKopoCTh CBeTa B BaKyyMe.
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Pemennem qaHHOTO ypaBHEHHUS SIBISECTCS (DYHKITUS

k(®) = (a; + az)™!' x arccos {cos[(mn4/c)xa4] % cos[(wn/c)xaz] —
— Yo x (ny/ny + ny/ng) x sin[(onq/c)*xa4] * sin[(wnz/c)xaz]},

OTIPEACIAONIAsl 3aKOH ANCIIEPCHH SIICKTPOMATHUTHBIX BOJIH B KpHCTa/lle B
Bune k=k(®), U3 KOTOPOH ClIEAyeT CYIIECTBOBAaHUE OOJIACTEH OTCYTCTBHUS
peuieHui (3ampeméHHBIX (OTOHHBIX 30H) B KPUTHYECKOM TOYKE 30HBI
Bpumiosna (k = n/a), a taxke B nentpe (k=0). BHyrpu 3anpeniéHHbIX 30H
CBET HE MOXKET PAaCHpOCTPaAHATHCSA, a HA UX TPAHUIAX TPYIIOBas CKOPOCThb
ANIEKTPOMArHUTHBIX BOJH

v = do/dk = {dk(0)/do} ™

oOpaiaercsi B Hylb: CBETOBOE H3JIyUCHHUE IPOHHUKAET B KPUCTAJI JIMIIL Ha
MIyOMHY MOpPsAKA AJUHBI BOJIHBI, a 3aTeM OCTaHaBIMBaeTcs. PesynbTupyromas
cTosvasi cBeToBasi BojiHAa M ecTh bOK, MOCKOJBKY ILIOTHOCTH (DOTOHHBIX
COCTOSIHUII B 9TOT MOMEHT JJOCTUTAET PE30HAHCHOTO 3HAYEHUS

p oyl = (v—0) = o0,

COOTBETCTBYIOILETO KOJUIAIICY BOJIHOBOH (DYHKIIMHU B O-TIMK 003e-KOHAEHcaTa.

YucneHHOE MOJETMPOBAHUE ONTHUYECKOTO TOJIsI B KPUCTAJUIE MOKA3bIBAET,
9TO ANeKTpoMarHuTHas 3Heprus B OK «xoHAeHCHpyeTcs» B XapaKTepHBIE
«KaIuin», JIOKAJIU30BaHHbIE B IIPUIOBEPXHOCTHOM ciioe Kommo3ura. CkopocTh
POCTa «Kalelby OIpeneNnseTcs JOOPOTHOCTBIO PE3OHAHCHBIX MHUKPOIOJIOCTEN
©®K un yBenmuuBaeTcs IpU MOHWKECHUN TEMIIEPATypHI.

B skcnepumenre kamm 6oze-koHaeHcara B @K naOmomarorcst yxe mnpu
TeMIleparype KWIEHHUsI XHUIKOTO a30Ta, YTO MOATBEPXKIAAET IPEACKa3aHus O
BBICOKOTEMIIEPATYPHOM Xapakrepe nossspuToHHoi BOK.

Taknum 06pa3om, (HPOTOHHBIE KPHCTAIUIBI TPEACTABIISIOTCS EPCIIEKTHBHBIMU
B Ka4yeCTBE ONTHUYECKUX CPeJ ISl MOJIYYEHHs JOCTYITHOTO ITOJISIPUTOHHOTO
6o3e-KoHAeHCaTa. B KauecTBE BO3MOXHBIX TPAKTHMYECKUX IMPUMEHEHHH
OTMETHM BO3MOXKHOCTh co3nanus OK-cucteM «0XnKeHUN» «OOBIYHOTO» CBETa
B CBEPXTEKYy4HH MOJSPUTOHHBIN 003€-KOHAEHCAT, YTO HWHTEPECHO Kak C
(hyHIaMEHTaIbHOW TOYKHU 3pEHHS, TaK M B MIPHUKJIAJTHOM IUIaHE, HAIIpUMep, s
WCTIONIB30BaHMSA B SYEHKAX ONTHYECKOTO XPAaHEHHS MHPOPMAIUH (MOCKOIBKY
v =0), npumenennss OK B kadecTBe HOBBIX JIa3ePHBIX cpel (p — o0), a TaKkKe
JUISL THIIEPYCUIICHHS JIOKAIBHOTO BJIEKTPOMArHUTHOTO IOJISI, YTO HEOOXOAMMO
BO MHOTHX 3a/1a4ax NMPaKTHYECKOH CIIEKTPOCKONNH U (POTOKATAIIH3A.
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Canxm-Ilemepbypeckuil 20Cy0apcmeentbill YHUgepCumen

CPABHUTEJIBHBIA AHAJIN3 TIAPAMETPOB
Na-Ar U Cs-Ar PE3OHAHCHOHM ®OTOILIA3MBI

IIpoBenén cpaBHHUTENBHBIN aHAIM3 pe3ynbTaToB MonenupoBaHus Na-Ar u Cs-Ar
pe3oHaHCHOH (OTOIUTa3MBl B IMJIMHAPHYECKOM Ta30BOH s4eiike Npu NaBICHHAX
Pna=Pcs=0.02 Topp u Par= 1 Topp. YCTaHOBIEHO, YTO CTeNeHb HOHM3aUUH B Cs-Ar
¢dortommasme CymecTBeHHO (1o 25 pa3) Bemme, 4eM Juii Na-Ar (OTOIUIasmbl, a
TeMIIepaTypa JJIEKTPOHOB Hao0opoT Gonbiie (10 1.5 pa3) anst Na-Ar GoToriasmel, 4em
it Cs-Ar  ¢oTomiasMbl I CKOPOCTEH BO30Y)KAEHHS PE30HAHCHBIX YpOBHEH
er3 =3x 1023 - 1025 M73071.

S.A. ASTASHKEVICH, A.A. KUDRYAVTSEV
Saint-Petersburg State University

COMPARATIVE ANALYSIS OF PARAMETERS
OF Na-Ar AND Cs-Ar RESONANCE PHOTOPLASMAS

A comparative analysis of the results of modeling of Na-Ar and Cs-Ar resonance
photoplasmas in a cylindrical gas cell at pressures Pna = Pcs = 0.02 torr and Par= 1 torr
is carried out. It is established that the degree of ionization for the Cs-Ar photoplasma is
significantly (up to 25 times) higher than for the Na-Ar one, and the electron
temperature, on the contrary, is higher (up to 1.5 times) for the Na-Ar photoplasma than
for the Cs-Ar one for the rates of resonance level excitation Kres = 3 x 10?3 - 102> m~3¢™.

IIpoBenéH cpaBHUTENbHBIA aHAINU3 MapaMeTpoB MojenupoBaHus Na-Ar u
Cs-Ar pe3oHaHCHOW (OTOmIA3MBI B IMUIMHIPUYECKOH sdeiike (R = 0.5 cm;
Ly=1cM) mpu TpPOCTPAaHCTBEHHO OJHOPOJHOM CKOPOCTH BO3OYKACHUS
Kpes pesonaHcHblx yposHed 3’P (Na) u 6°P (Cs) mpu JaBieHHsAX
Pna = Pcs=0.02 Topp u Par =1 TOopp 1 ra3oBoii Temneparype 580 u 438 K nnst
Na-Ar u Cs-Ar cMmeceidl, COOTBETCTBEHHO. KOHIIEHTpamun OCHOBHBIX,
PE30HAHCHBIX U BEICOKOBO30YXIEHHBIX YPOBHEH, aTOMAPHBIX W MOJICKYISIPHBIX
MOHOB aTOMOB IIEJIOYHOTO METAJUIA, KOHIIEHTPAIHS U TeMIIepaTypa IeKTPOHOB
ObUTM  oOmpeneneHsl B  pe3ynbTaTe CaMOCOIJIACOBAHHOM  HTEParMOHHON
MpOLELyPHI PEIICHNs] YpaBHEHHUs OaaHca 3aceJIEHHOCTEH aTOMAapHBIX YpOBHEH
W KOHLEHTPALMM OBJIEKTPOHOB M HMOHOB M ypaBHEHHMs OajlaHca SHEpIruu
371eKTPOHOB [1]. BbulM ydTeHBI MEHUHIOBCKas, aCCOLMAaTUBHASI U CTyNEeHUYaTas
MOHM3ALMsl, TIPOLECCHl Ilepefadd  BO30YXKICHUS C PE30HAHCHBIX HA
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BBICOKOBO30YKJICHHBIE YPOBHH, HEYNPYTHE IEKTPOH-aTOMHBIC yIapbl IIEPBOTO
U BTOPOTO pOJa, CTOJKHOBHUTEIbHO-WU3JIydYaTelbHas W JIUCCOLMATHBHASL
pPEeKOMOMHAIMS aTOMapHBIX M MOJIEKYJSIPHBIX MOHOB. BBUIM yYTEeHBI mepeHoc
3apsina B (oToIIa3Me Moj JedcTBueM amOunonsipHod nuddysun u nepeHoc
PE30HAHCHOTO M3ITy4YeHus B mpuonmkeHnn bubepmana-XoscreiiHa.

Bakxno ormeTuts, uto MozenupoBanue Na-Ar, kak u Cs-Ar, GpoTomIasMsl, B
oTIMYUe OoT paboTsl [1], MpoBeIeHO ¢ yYETOM CTOJKHOBHTEIBHOTO YHIMPEHUS
D1 u D2 nunMii, OrpaHU4eHHON TOJIBKO YYETOM AOIIEPOBCKOIO YHIMPEHUEM
otux JsmHUH Na. Pacu€r s¢dexkTuBHBIX BeposTHOCTEH paIHallMOHHBIX
MIePEeXO0B JJIs PE30HAHCHBIX JIMHUH MTPOBEAEH 110 MeToauKe [2].

YeranoBneHo, urto (¢orommazmMa B Cs-Ar cMecH co3maercs IpH
MHHMMAJLHOM 3HaUeHUH Kpes =2 X 102 m3¢™!, B ommume or Na-Ar cmecn,
JUIL KOTOPOH 3TO 3HAa4YCHHE Ha ITOPSAAOK BeIMUYMHBI Oosbine (puc. 1). Taxxe
KOHIIeHTpanusi MeKTpoHOB B Cs-Ar ¢Qotommazme 3HaumrensHO (o 30 pas)
ooneire, yeM B Na-Ar ¢otoriasme (puc. la). IlpuunHa 3TOro COCTOUT Kak B
MEHBIINX (IPUOIU3UTENBHO B 2 pa3a) 3HaueHMAX d((PEKTUBHOI BEPOSTHOCTH
paauannoHHbIX niepexonoB st D1 u D2 nunwmii Cs no cpaBHeHuto ¢ Na, Tak u
B MeHbIIUX (B 2 - 3.5 pa3a) 3HAYCHUsIX BpEMEHH aMOUNONSIpHON Anddy3un 1uis
Cs-Ar ¢ororasmel, uyem st Na-Ar ¢otomiasmel. OOHapykeHO, YTO
TeMIeparypa 3JeKTpoHOB Ooubine 1t Na-Ar ¢orormasmel, yeM s Cs-Ar
IUIa3MBI, TIPUYEM 3TO PasjiMuue Bo3pacTaeT sl Kpes > 3 % 102 Mm—3¢™! (puc. 16).

1x10%° 0.5

1x10"

0.4

110"
1x10"7 03
N, m’fxlols 7,5B
1x10" 0.2
110"
1x10" o
1x10'2 @ 0 | |

1107 1107 1107 1107 1x10%2 1102 1x10% 1410
Kpes, m=¢™! Kpes, m—c™!
Puc. 1. 3aBucHMOCTH KOHIIEHTPAINH (@) ¥ TEMITEPaTypI (6) 31eKTpoHOB B Na-Ar

u Cs-Ar ¢ororrasme oT cCKOpoCTH BO30YKICHNS PE30HAHCHBIX YPOBHEH Kres

Cnucok aumepamypot
1. Astashkevich S.A., Kudryavtsev A.A. // Phys. Plasmas. 2019. V. 26. Ne 10. P. 103509.
2. Astashkevich S.A., Mandour M.M., Kudryavtsev A.A. // J. Quant. Spectrosc. Radiat. Transf.
2022.V. 288. P. 108256.
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BJIMSHUE CTOJIHOBUTEJIBHOI'O YHIMPEHUSA
D1 ¥ D2 IUHUM Na HA XAPAKTEPUCTHUKH
Na-Ar ®OTOIIJIAZMBbI

IIpoBenén cpaBHHUTENBHBI aHANU3 pe3ynsraToB 2D  CcHUMyISIIMM  MapamMeTpoB
¢doromnasmbl  aByxkamepHOW Na-Ar ra30BOil  siUeWKH U1 JOIJIEPOBCKOTO U
¢oiirroBckoro koHTypoB D1 u D2 mmuumit Na mpu napnenusx Na u Ar 0.02 u
0.1 - 10 Topp, COOTBETCTBEHHO. YCTaHOBJICHO, YTO YUYET YIIUPEHHS dTUX JTUHUI Na-Na 1
Na-Ar CTONKHOBCHUSIMH SIBIISIETCS. HEOOXOAMMBIM M IPHUBOAUT K 3HAYUTEIBHBIX
OTJIMYMSIM KaK KOHIIEHTPALMH U TEMIIEPaTyphl AJIEKTPOHOB, Tak u (poTo-/1C.

M.M. MANDOUR!, S.A. ASTASHKEVICH, A.A. KUDRYAVTSEV
Saint-Petersburg State University
1Zagazig University, Zagazig, Egypt

EFFECT OF COLLISIONAL BROADENING
OF THE D1 AND D2 LINES OF Na ON CHARACTERISTICS
OF Na-Ar PHOTOPLASMA

A comparative analysis of results of 2D simulation of the photoplasma parameters of
a two-chamber Na—Ar gas cell for the Doppler and Voigt contours of D1 and D2 lines of
Na at the Na and Ar pressures 0.02 and 0.1 - 10 torr respectively is carried out. It is
established that taking into account the broadening of these lines by the Na-Na and
Na-Ar collisions is necessary and leads to significant differences as in the electron
density and temperature so the photo-EMF.

IIpoBenén aHanM3 BIUSHHUS CTOJKHOBHTENIbHOTO ymmpernus D1 u D2
pe3oHaHCHbIX JMHMIT Na Ha mapamerpbl (OTOIUIA3Mbl B IMIMHAPHYECKON
nByxkamepHou sueiike [1,2] co cmechto Na u Ar B Jauamna3oHe JaBICHHMA
Par=0.1-10torr mpu naBmeHmn Py, =0.02 TOpp M TemmepaTrype TIa30BOH
cmecu Ty =580 K mpu ckopocTi BO30OYXIECHHS PE30HAHCHBIX ypoBHeH Na B
nepBoii Kamepe Kpes = 6 x 102 m~c™!, Drm mapameTpsl OBUIM TOJYYEHBI B
pesynerare 2D cuMynsanuu, HCHONb3ys MOJIENb U3 pabotsr [1].

Ha puc. 1 npuBeneHs! nonyueHHble JaHHbIE Ul MAaKCUMAJbHBIX 3HAYEHUN
KOHIEHTpanuu 3°P pe30HaHCHBIX ypoBHEH Na, KOHIEHTPAIMU M TEMIIEPATYPHI
JNIEKTPOHOB B TIepBOil kamepe stuerikn u (oro-OIC ra3zoBoil stueikn Juis
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JIOTUIEPOBCKOTO U (hoitrToBcKoro KoHTYpoB D1 m D2 ymauit Na. IIpu pacuére ¢
(OUTTOBCKUM KOHTYPOM y4TeHO pe3oHaHcHOe Na-Na u BaH-Jiep-BaaibCOBCKOE
Na-Ar CTOJKHOBHUTEJIBHBIE YIIMPEHWs OJTUX JUHUHA. BunmHO, 4ro yuér
CTOJIKHOBUTEJIBHOTO YIIUPEHHS PE30HAHCHBIX JIMHUN SIBISETCS HEOOXOAMMBIM
W TPHBOOUT K 3HAYMTEIHHO MEHBIIMM 3HAYCHUSM OTHX IapaMeTpoB
¢orormazmel.  TlomydeHHble pe3ynbTaThl BaKHBl JUIS  IPOEKTHPOBAHUS
(oTosnekTpuyecKuX Ipeodpa3oBarenell Ha OCHOBE CMecel MapoB INEITOYHBIX
METAJJIOB ¥ MHEPTHBIX TA30B.
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Puc. 1. 3aBucUMOCTb OT AaBleHHA Ar MaKCUMaJIbHBIX 3HAYEHUH KOHIIEHTPALUH
pe3oHaHCHBIX 3p ypoBHel Na (a), KoHLeHTpauuu (6) 1 TeMIIepaTypsl (8) IEKTPOHOB
B repBoii kamepe stueiik U Goto-OJ[C () ra3oBoii srEHKH 111 JOTIIEPOBCKOTO
¢oiirrosckoro koHTYpoB D1 1 D2 nunuit Na

Cnucoxk aumepamypul
1. Mandour M.M., Astashkevich S.A., Kudryavtsev A.A. // Plasma Sources Sci. Technol. 2020.
V. 29. No. 11. P. 115005.
2. Astashkevich S.A., Mandour M.M., Kudryavtsev A.A. // J. Quant. Spectrosc. Radiat. Transf.
2022. V. 288. P. 108256.
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HEJUHEMHBINA ONITUYECKHUN D®PEKT B PYBUHE

Hacrosimas  paGoTa TOCBAIIEHAa HCCIENOBAaHHWIO  HEIMHEHHOTO  IOBEICHUS
MarepuaibHON cperpl (kpuctammdeckoro pyoura Al,O3:Cr**) mpu mmpoKonoIocHoM
ONTHYECKOM BO30OYXXICHMH B PE30HAHCHOH OO0NAacTH JUINEKTpHUecKoil QyHKIHH,
IPUBOASIIETO K MHAYLIUPOBAHUIO IPO3PaYHOCTH BELIECTBA.

I.S. ALIMKINA!, V.V. FILATOV
Bauman Moscow State Technical University
Lebedev Physical Institute of the RAS, Moscow

NONLINEAR OPTICAL EFFECT IN RUBY

This work investigates the nonlinear behavior of a material medium (crystalline ruby
Al,03:Cr?**) under optical excitation in the resonant region of the dielectric function
leading to the electromagnetically induced transparency.

Kak moka3pIBalOT HAIlM HCCIIEJOBaHMS, HIMPOKOIIOJOCHOE ONTHYECKOe
BO30YXeHHe Kpucrammueckoro pyomna Al,Os:Cr** B o0macTu pe3oHaHCOB
JTURJIEKTPUUECKOi (QyHKIMHN (MIEKTPOHHBIE YPOBHH E U 24, COOTBETCTBYIOIIHE
JUHUAM Ja3epHoil renepanuu R; =694,3 HM u R, = 692,8 HM) IPUBOIUT K
(hOpPMHUPOBAHUIO B MOJIIPUTOHHOM CIIEKTPE KpUCTAUIAa OIM3KOPACTIOIOKECHHBIX
PE30HAHCOB IUIOTHOCTH TIONAPUTOHHBIX COCTOSHUM (003e-KOHIEHCATOB),
B3aMMOJICHCTBYIOINX MEXIy co0oil. [IpomcxomauT mepecTpoiika CTPYKTYpHI
MOJISIPUTOHHOTO ~ CIEKTpa Marepualia: MWCXOIHBIE TIOJSIPUTOHHBIC BETBU
Al,O3:Cr**  pacimemisioTess Ha  pasOeraromuecst — B3anMOICHCTBYIOLIHE
MO/BETBH, TPHYEM IO JIOCTIKEHMH 0O0JIacTH KpOccoBepa BHYTPEHHHE
MO/IBETBH  CXJIOTIBIBAIOTCS, BBI3BIBAs (CaMoO-)MHAYIHPOBAHUE IPO3PAYHOCTH
o0pasia, HabII0AAIOIIEeCs B AKCIIEPUMEHTE.

Ha puc. 1 mpuBeneHsI pe3ynbTaThl YUCIEHHOTO MOJCTHPOBAHUS TPYIIIIOBOM
ckopoct vV = dw/dk »meKTpoMarHUTHEIX BOJIH B pyOmHe. TOUKkM aHOMaIbHOTO
3aMeUieHus cBeTa B Kpuctauie (v =0 M/C) COOTBETCTBYIOT CHEKTPAILHOMY
MOJIOKEHUIO TTOJIIPUTOHHBIX 003e-koHaeHcaToB (BOK). B3anmoneiicteue bOK
OPUBOJNT K PACHICTUICHHIO WCXOJHBIX MONSAPUTOHHBIX BeTBedd Al,O3:Cr?*
(ToxazaHbl cepbIM) Ha «pa3deraroimuecs» B 00€ CTOPOHbI B3aMMO/ICHCTBYIOIINE
noiBeTBH  (mokaszaHbl 4€pHbBIM). [l0  JIOCTHKEHMHM TOYKM KpOccoBepa
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BHYTPCHHHE MOABETBU CXJOMBIBAIOTCS. CTpEenKoil OTMEYEHO CXJIOTBIBAHHE
«IIJTMHHOBOJIHOBO» TOJISIPUTOHHOM TOJBETBM HCXOJHOTO YPOBHS R, Tpu
JIOCTHIKCHUHM JIOKAJbHBIM MarHUTHBIM mojeM BOK Benmuuunnbr 33 Tin. OtMmeTum,
YTO B 9TOT MOMEHT CpeJla CTAHOBUTCS ONTHYECKU-Tpo3payHoi, oqHako BOK He
paspyluiaercsi, HoO OIMH KOHJIEHCAT «BJIUBACTCS» B IPYTOH.
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Puc. 1. YucnenHoe MOIeTUpoOBaHUe IPYIIIOBO ckopoctH v = dw/dk
SJIEKTPOMArHUTHBIX BOJIH B pyOUHE
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N3YYEHUE BO3MOKHOCTHU CO3JAHUA
TFA309YBCTBUTEJIBHBIX CEHCOPOB METOIOM
JJABEPHOU ATOMHO-ODMNCCHUOHHOU CHIEKTPOMETPUH

[IpoBenén nociaoiHbIN aHaNU3 METAIJIOB U CIUIABOB, COAEP)KALINX B CBOEM COCTaBE
0JI0BO, M H3ydeHa BO3MOXHOCTb IIONy4YEeHHs HAHOIUIEHOK HA MeTaJIMYeCcKoit
MOBEPXHOCTH. DKCIIEPHMEHTHI TPOBOJHINCH C TIOMOIIBIO JIA3EPHOTO IBYXUMITYJILCHOTO
aTOMHO-OMHCCHOHHOTO MHOTOKaHaJbHOTO cnekrpomerpa LSS-1. JlaHBIM croco6om
MOXKHO TOJTy4aTh HAHOIUIEHKM HE TOJIKO YHCTBIX METAa/UIOB, HO M KOMIIO3UIIMOHHBIX
cruaBoB.  [loka3aHa  BO3MOXKHOCTb  HaNbUICHUS  HAHOIUIEHOK  JUIA  CO3JaHUS
ra304yBCTBUTEIBHBIX CEHCOPOB.

M.A. MALETS, N.H. TRINH', M.A. FOKINA, M.P. PATAPOVICH

Belarusian State Academy of Communications, Minsk
Winh University, Hanoi, Vietnam

STUDYING THE POSSIBILITY
OF CREATING GAS-SENSITIVE SENSORS
BY LASER ATOMIC-EMISSION SPECTROMETRY

A layer-by-layer analysis of metals and alloys has been carried out, and the
possibility of deposition of nanofilms containing tin in their on various types of the
metal surfaces has been studied. The experiments were carried out using a laser
two-pulse multichannel atomic emission spectrometer LSS-1. This method can be used
to obtain nanofilms of not only pure metals, but also composite alloys. The possibility of
obtaining nanofilms for creating gas-sensitive sensors is shown.

Marepuanbl, cofepKaiiue B CBOEM COCTaBe OKCHIbI IOJYIPOBOIHHUKOB,
MOTYT HCIOJIb30BaTbCsl KaK aKTHUBHBIE DJIEMEHTBHl YCTPOWCTB Tra30BOTO
KOHTPOJIS, TaK KaK XapaKTepPHU3YIOTCS CIIEAYIOIIMMH CBOWCTBAMH: BBICOKAs
YYBCTBUTCJIBHOCTE K COCTaBYy ra3oBoOi (ba351, KaTaJIMTUYCCKass aKTHUBHOCTbD,
BBICOKasl PEaKIMOHHAS CIIOCOOHOCTH MoBepxHOCTH. Ocoboe 3HaYCHNE UMEIOT
(l)I/ISI/I‘IeCKI/Ie CII0COOBI MOJIYYCHUA MHOTOKOMIIOHCHTHBIX IIOPOIIKOB, KOTIa
o0pa3oBaHMe YacTHUI] IPOUCXOINT B HEPAaBHOBECHBIX yCIOBHAX. B wacTHOCTH,
9TO HUMEECT MECTO IIpPHU BO3HeﬁCTBHH CIABOCHHBIX JIa3€pPHBIX HMITYJIBCOB Ha
TBEpABIE TEJa, COAEPIKAIIUE B ceOe pa3InIHbIe COSTUHEHUST MeTa/uioB [1].

ISBN 978-5-7262-2931-7 POTOHNKA N NHPOPMALIMOHHAA ONTUKA 331



YK 535(06)+004(06)

Hcnonp3oBaHne METOAOB ABYXHMITYJIBCHOTO JIa3€PHOTO BO3JACHCTBHSA Ha
MUILIEHb I03BOJIICT OJHOBPEMEHHO IPOBOJUTH BBICOKOUYBCTBHUTEIIBHBIN
CIEKTpaJIbHBIA aHamu3 00pa30BaHHOM IUIa3Mbl M KOHTPOJMPOBATH B HEH
KOHIIEHTPAIHIO 3apsKEHHBIX YacTHll [2].

Jlns  mpoBeAeHUS  UCCIENOBAHUN  UCTOJIB30BAJICS  MHOTOKAaHAJIbHBIN
Ja3epHBIA  aTOMHO-IMHUCCHOHHBIN crmektpomerp LSS-1. Jlasep obGnamaet
HMIMPOKUMHU BO3MOXHOCTSIMHU KaK Ul PEryJIHUpPOBKH SHEPTUU UMIYIIBCOB, TaK U
BPEMEHHOTO MHTEpBaJla MEXy UMIynbcaMu. [1oCIoiHbIN aHaIU3 TTOTY4eHHBIX
HAHOIUIEHOK (3aBHCUMOCTh MHTEHCHBHOCTH JIMHHUN OJOBAa M IIMHKA OT HOMEpa
Ja3epHBIX UMITYJIbCOB), @ TAK)K€ BHEIIHUN BHJ| MOITyYCHHBIX HAHOCTPYKTYp Ha
METaJUIMYEeCKON MOBEPXHOCTH NPHUBEIEHBI Ha puc. | u 2. DHeprus jga3epHbIX
uMmIyinbcoB cocraBuiaa 49 um 46 Mk, a BpeMEHHOW HHTEpBAI MEXKAY
uMIyinbcamu paBHsiics 10 Mkc.
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Puc. 1. ITocnoitHplil aHaIu3 HAHOIUIEHKH Puc. 2. BHemHuii BUJI HANTBIIIEHHOM
HaHOIUIEHKHU

Takum 00pa3oM, JaHHBIM CHOCOOOM MOXHO TMOJIy4aTh HAHOIOPOIIKH
METaJJIOB ¥  KOMIIO3WIMOHHBIX  CIUIABOB, YTO IIO3BOJIUT  CO3/1aBaTh
ra304yBCTBHUTEIILHBIE CEHCOPBI. VCIoib3ysl Ta3epHOe BO3/EHCTBIE HA MUIIICHD,
MOJKHO MPOBOAMTH aHAJIU3 COCTaBa JIa3epHOro (hakena M LeJIeHANpaBIeHHO
MEHSITh €r0 KOMITOHEHTHBIH COCTaB.

Cnucox 1umepanypol
1. Shukla G. // J. Phys. D Appl. Phys. 2009. V. 42. P. 75-105.
2. Suzuki A., Matsushita T., Aoki T., Okuda M. // Thin Solid Films. 2003. V. 445. P. 263-267.
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HAIIBIVIEHUE HAHOKJIACTEPOB KOMITO3NIINOHHBIX
MATEPHAJIOB HA TOBEPXHOCTb CTEKJIA
IIPU JJASEPHOU ABJIAALIUA MUILLTEHA

M3ydyeHa BO3MOXKHOCTb HambUIEHHS HAHOIUIEHOK, COAEpXKAIMX B CBOEM COCTaBe
0JIOBO, Ha MOBEPXHOCTh CTEKJIA IPU BO3/AEHCTBUM CIBOCHHBIX JIA3E€PHBIX UMITYIHCOB Ha
MHUIIEHb B arMocgepe Bo3ayxa. VcciemoBaHUS MPOBOAWINCH C HCHONB30BAHUEM
JIa3epHOTO aTOMHO-3MHCCHOHHOTO CIEKTpOMETpa LSS-1. Brimonnennsie
CHECKTPOCKONIMYECKHE  HWCCICAOBAaHMS  JIA3CPHOW  IUIa3Mbl, O0Opa30BaHHOW  MPH
BO3JCHCTBUU JBYX IIOCJIEOBATENIbHBIX HUMIYJIBCOB Ha MHIIEHb, WIIIOCTPUPYIOT
pa3BUTHE METOJIOB MOJYYEHHSI HAHOKJIACTEPOB PA3IMYHBIX XUMHUECKUX JIEMEHTOB.

N.H. TRINH', M.A. MALETS, M.P. PATAPOVICH

Belarusian State Academy of Communications, Minsk
Winh University, Hanoi, Vietnam

DEPOSITION OF NANOCLUSTERS OF COMPOSITE
MATERIALS ON THE SURFACE OF THE GLASS DURING
LASER ABLATION OF A TARGET

The possibility of deposition of nanofilms containing tin in their composition on
glass surface under the action of dual laser pulses on a target in an air atmosphere has
been studied. The experiments were carried out using a laser two-pulse multichannel
atomic emission spectrometer LSS-1. The performed spectroscopic studies of laser
plasma formed by the action of two successive pulses on a target illustrate the
development of methods for obtaining nanoclusters of various chemical elements.

ToratenpHOE W3yYeHHE Pa3IMYHBIX OCOOEGHHOCTEH METaJUIOB CO3/aBaTh
Marepuainbl, KOTOpPblE OTJIMYAIOTCS CBOMMM YHUKAJbHBIMU CBOWCTBAMHU
Marepuanbl, MOJTy4eHHBIE TaKUM CIOCOOOM, HaxoAiT TPUMEHEHHE B
Pa3IUYHBIX 00JACTAX HAYKW M TEXHHUKH. [103TOMY HCClieoBaHHWE W Pa3BUTHE
METOJIOB CHHTE3a HAHOYACTHUI] C HEOOXOANMBIMHU CBOHCTBAMU SIBIISCTCS BAKHOU
MpaKTHYECKoH 3amaveii [1, 2].

TexHuKa HUMIYIbCHOIO JIa3€PHOIO HAMbUICHWs SBISIETCS OJHUM U3
OCHOBHBIX HMHCTPYMEHTOB COBPEMEHHBIX HAHOTEXHOJOrMH. [[is mpoBeneHus
WCCIIEIOBAHNN OBUT HCIIONB30BAaH Ja3epHBIi MHOTOKAaHAJIBHBIH ATOMHO-
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OMUCCUOHHBIN criekTpoMeTp LSS-1, KOTOphIH BKIIOUaeT B ceOs B KauyecTBE
HCTOYHHUKA BO30YXKICHHUS IUIa3Mbl JBYXUMITYJIbCHBI HEOJMMOBBINA Jiazep C
PeryIMPYEMbIMH JHEPTUCH U HMHTEPBAJIOM MEKAY HMITYIbCaMu (MOZICIb
LS2131 DM).

JluHaMuKa HamnbUIEHUS Ha IOBEPXHOCTh CTEKJIa HAHOYACTHUI[, B COCTaB
KOTOPBIX BXOJMT COCJMHEHMS OJIOBa M LIMHKA, ObUIAa HM3yueHa BO3JCHCTBHUHU
CepHUH CIABOCHHBIX Ja3€PHBIX UMIYIbCOB HA MUILIEHb U3 OJ0BA, MPUBEAEHHOTO
CKOTYEM K TIOBEPXHOCTH IIMHKA, YCTAHOBICHHYI0 TOx yrmioM 45°
MaIA0IIEeMy U3TYYCHUIO M MOUIOKKE Ha PACCTOSHUH 4 MM. DHEPTHUs KaXXI0TO
AMITyJThCa HM3Iy9eHHsI cocTaBisuia 35 MK, a BPEeMEHHOW HMHTEPBAIT MEXTY
UMITyJIbcamMu Haxoawics B uHTepBasie ot 0 1o 20 mkc. Ha puc. 1 npencrasieno
n300paKeHNe CTEKIIA ¢ HABUIEHHBIMU HAHOYACTUIIAMH TI0JT MUKPOCKOIIOM TIPH
yBenuueHun B 3 pasa (puc. la) u B 10 pa3 (puc. 10).

Puc. 1. CHUMOK HaHOTIEHKH ¢ yBeianueHHneM B 3 pasa (a) u B 10 pa3 (6)

Takum o00pazomM, B XoA€ MPOBEAEHHOTO OKCIEPUMEHTA IIOKa3aHa
BO3MOKHOCTb CHHTE€3a TOHKOIUIEHOUHBIX IIOKPBITUM Ha IOBEPXHOCTU CTEKJIA C
HCIOJIb30BaHUEM CIBOCHHBIX JIA36PHBIX MMIIYJbCOB HEIOCPEICTBEHHO B
Bozayxe. Ilpm »3TOM ypoBEHb HEraTMBHOIO BO3LCHCTBHS OKpYKaIOLIEH
arMoc(depsl Ha MPOLECChl OCAXKAECHHS CHIKEH JI0 IIPUEMIIEMOTO.

Cnucok tumepamypul
1. Vnbun AIL., MocroBmukoB A.B., KopuryroB A.B. // OcobGeHHOCTH (U3MKO-XHMHUYECKUX
CBOMCTB HaHOIOPOUIKOB ¥ HaHOMarepuanos. 2017.
2. ba33an X., Bopomaii E.C., 3axornu A.Il, IlaramoBud M.II. // ®u3nko-xuMuueckue
aCIIeKTHI U3YYEHHs KJIACTEPOB, HAHOCTPYKTYp U HaHoMmarepranos. 2019. Bem. 11. C. 57-64.
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H.X. YAHB!, A.E. ATEJIO, M.I1. [TATAIIOBUY

Benopyccras cocyoapcmeennas axademus céssu, Munck
! Vuusepcumem Bumnv, Xanoti, Bvemnam

MNPOLHECC IIVIASMOOBPA3OBAHUSA BBJIN3U
IHOBEPXHOCTHA MHOTI'OKOMIIOHEHTHBIX CIIIABOB
IIPU JTASEPHOU ABJIALIUA

V3yueHo BnusHHE pac()OKYCHPOBKH JIa3epPHOTO ITydKa Ha IPOLECCH 00pa3oBaHUs
Ja3epHOMN IUIa3Mbl TIPU BO3AEHCTBUM JIa3ePHBIX MMITYJIbCOB Ha MOBEPXHOCTh MHUIICHU B
armocdepe Bo3ayxa. VcciaenoBaHus POBOJIINCE ¢ HOMOIIBIO aTOMHO-3MHCCHOHHOTO
cnekrpomerpa LSS-1. IlpuBeneno kparkoe o0cykIeHNE pe3yIbTaTOB SKCIIEPUMEHTA.

N.H. TRINH!, A.E. YAGELO, M.P. PATAPOVICH

Belarusian State Academy of Communications, Minsk
Vinh University, Hanoi, Vietnam

THE PROCESS OF PLASMAFORMATION
NEAR THE SURFACE OF MULTICOMPONENT ALLOYS
DURING LASER ABLATION

The effect of laser beam defocusing on the laser plasma formation, when the target
is exposed to laser pulses in the air, has been studied. The investigations were performed
using atomic emission spectrometer LSS-1. The obtained results have been summarized.

UccnenoBanne W pa3BUTHE METOJOB CHHTE3a HAHOYACTHII C 3aJaHHBIMU
CBOMCTBaMM SIBJISIETCSI Ba)XKHOM IpakTUUecKkoill 3ajmauedl. Takue marepuasbl
MOTYT IPUMEHSTECS B PA3IMYHBIX OTPACisIX mpom3BozacTBa [1]. B wactHOCTH,
Me/Ib IIUPOKO HCIIONB3YyeTCs KaK B YUCTOM BHJIE, TaK W B BUJE CIUIABOB C
pa3IMYHBIMH MeTaIaMd. [IMEHKM W3 [IUOKCHAA OJIOBa, IIONyYeHHBIC Ha
CTCKJITHHOW TIOBEPXHOCTH, MOTYT OBITh HCIOJNB30BaHBI B JATYMKAX TOPIOUUX
ra3oB B BO3IyXe.

Jis oneHkH 3G GEKTHBHOCTH 00pabOTKM TaKWX COEAWHEHHH, HEOOXOIMMO
JIETATbHO  HW3yYWTh BJIHMSHHE PAc(OKYCHPOBKH  CABOCHHBIX  JIa3€PHBIX
MMITYTbCOB Ha XapaKTEPUCTHKHU TUIa3Mbl, 00pa30BAaHHON BOJIW3U MOBEPXHOCTH
MaTepuana, pu JiazepHout admsiiuu [2, 3]. C 3Tol 1enbio B X01€ MPOBOIUMBIX
AKCIIEPUMEHTOB HCIOJIB30BAJICS JIA3ePHBIN JBYXUMITYJIBCHBIH  CIIEKTPOMETP
LSS-1, xoTopslii npenHa3HaueH AJisl Ka4e€CTBEHHOTO, MOJIYKOJIMYECTBEHHOIO U
KOJMYCCTBEHHOTO OIPENENICHUs] COCTaBa TBEPIABIX M JKUIAKUX 00pas3IoB
MOCPEJCTBOM aHallM3a I[OJIYYEHHbIX 5SMHUCCHUOHHBIX CHEKTPOB. M3MEeHATh
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KOJMYECTBO BEIIECTBA, IIOCTYIMAIOIIEr0 B Ja3epHYI0 IUIa3My MOXKHO,
YBENIMYMBAs IUIOIIA/Ab JA3CPHOTO ISITHA Ha OO0JMydyaeMoil MOBepXHOCTH. B
KauecTBe NpuMepa, Ha puc. |, mpeacTaBlieHa 3aBUCHUMOCTb HHTEHCHUBHOCTH
CICKTPAJIbHBIX JIMHUI OJI0BAa M MEOU OT mapamerpa pac(HOKYCHPOBKH MpU
BozzaeiicTBun cepun 200 CIBOEHHBIX JIa3€PHBIX MMITYJILCOB Ha MOBEPXHOCTH
CclutlaBa Meaud W osioBa. llpu 5TOM SHEprusi BO3AEHCTBYIOUIUX HMMITYJIbCOB
cocraBmsia 49 u 46 mJ[k, a BpeMEHHONM HMHTEpPBAI MEXAY HMITYIbCaMU
paBHsiacst 10 mxe. JlMHa BOJIHBI Ui JIMHUU Meau paBHsuiack 510, 798 um; 1
onoBa — 452,56 um.
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Puc. 1. Cxema 3KcriepUMEHTaIbHOM yCTaHOBKU

Takum 00pa3oM, W3MCHEHHE IUIOTHOCTH IIOTOKA W3IYYCHHS TIPU
pacoKyCHpOBKE JIa3epHOTro Jiyya B Cilydyae BO3ACHCTBUSI Ha MHUIICHb
CABOCHHBIX JIA3€PHBIX HMITyIbCOB MEHSET IUIa3MOXMMHYECKHH Iporuecc
WCIIapEHHS ¥ SPO3HI0 IOBEPXHOCTH 00pasIa.

Cnucok numepamypui
1. Suzuki A., Matsushita T., Aoki T., Okuda M. // Thin Solid Films. 2003. V. 445. P. 263-267.
2. bazzan X., Bopomnaii E.C., 3axorun A.Il, IlaranmoBuu M.II. // ®usuko-xumMu4yecKue
ACTICKTBHI 3Y4EHHMs KJIaCTEePOB, HAHOCTPYKTYp U HaHoMarepuaiios. 2019. Beim. 11. C. 57-64.
3. Samsonov V.M., Sdobnyakov N.Yu. // Central European Journal of Physics. 2003. V. 1.
No. 2. P. 334-354.
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J.A. TIOJIETAEB, b.B. COKOJIEHKO

Kpuviuckuil peoepanvuviii ynueepcumem um. B.U. Bepnaockoeo, Cumgheponons

OIEHKA IPUMEHMMOCTU OIITUYECKOI'O U3JITYUEHUA
VIS YAEP/KAHUSA IIVIA3MBI B YCTAHOBKAX
TEPMOAJEPHOI'O CHUHTE3A

B pabore paccmarpuBaeTcst TeopeTHYecKas MOJENb, OLCHUBAIOIAS — CHITY
BO3JIEHCTBHS ONITUYECKOTO M3IyueHUs] HA MIOHU3HUPOBAHHbIN Ta3. BelgBuraercs rumnoresa
0 BO3MOXXHOCTH NPUMEHEHHUSI TAKOTO POJa BO3JIEHCTBUS AN YCTAHOBOK TEPMOSIIEPHOTO
cunTe3a. [IpuBoasTCS OCHOBHBIE XapaKTepUCTHKH. OLEHNBAETCSI IPUMEHUMOCTb.

D.A. POLETAEYV, B.V. SOKOLENKO
V.1. Vernadsky Crimean Federal University, Simferopol

THE ESTIMATION THE POSSIBILITIES OF USING
OPTICAL RADIATION FOR PLASMA CONFINEMENT
IN FUSION SETUPS

In this paper a theoretical model which estimates the impact force of optical
radiation on plasma. The description of the features of the application and the theoretical
substantiation of the proposed method are given.

[lepcieKTUBHBIMH ~ yCTAaHOBKAMH TEPMOSICPHOTO  CHHTE3a  SIBISIOTCS
TOKaMakd — TOPOMJAJbHbIE KaMepbl C MarHUTHbIMU Karymikamu [1]. s
BBIXOJIa Ha pab04Mii PEeXKNUM U TOCTIKEHUSI HEOOXOUMBIX ITapaMeTPOB IUIa3Mbl
NPUMEHSIOT PsI COBPEMEHHBIX TEXHOJIOTHH, TaKMX KakK CBEPXIPOBOASAIINE
AMEMEHTHI, (eMTOCEKyHAHBIE Ja3zephl. JlampHEHIINM pa3BUTHEM TOKaMaKOB
SBJISIIOTCA YCTPOICTBAa aHAJIOTWYHOTO HA3HAYEHHUS C MAarHUTHBIMH CHCTEMaMH
yAep)KaHusl IIa3Mbl, HMeromue chepuueckyo ¢opMy. Takume ycraHOBKH
UMeEIoT Ooyiee BBICOKME XapaKTEpPUCTHKH: B HHUX JOCTHraercs OosbImas
IUIOTHOCTh M Temmeparypa Iuiasmbl. OjHako cyliecTByeT mpoliema
MPOCAUMBAHUs IIIa3Mbl Yepe3 TOpLEBbIE (BepXHUE M HIKHHE) yactu [1]. B
CBSI3M C OTHM TpeOyeTcs JOMOJHHUTENIBHO IPEAyCMOTPETh HEBO3MOXKHOCTh
BBIXO/[a TUIA3MBbI U3 JIaHHBIX 001acTel.

Onruyueckue BUXPU B TEKyIIee BpeMs aKTUBHO NPHUMEHSIOTCS Ul 3axXBaTa
u ynepxkaHus yactuil [2]. MHOro4YHMCIEHHbIE SKCIEPHMEHTBI ITOKa3bIBAIOT
MEePCIEKTUBHOCTh M TIPAKTUYECKYIO0 pean3yeMOCTh JAHHOTO mojxoxa [2].
[emecoobpa3HO MPUMEHUTh ONTUYECKHE BUXPU M 00pazyeMble MU JIOBYIIKH
JUTS yAepKaHUS TTa3MBI.
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Ilempi0 paboOTHI SIBISETCS TEOPETHUCCKHH PacUET CHIIBI B3aUMOJICHCTBHS
ONTUYECKOTO M3IYYCHUs HA HMOHU3UPOBAHHBIM Ta3 M MPEHJIOKCHHE METOIOB
MPUMEHEHUS [Tl YCTAHOBOK TEPMOSIIEPHOTO CHHTE3a.

B pabore [2] onmchiBaeTcs HECKOJIBKO MEXAaHM3MOB B3aWMOJICHCTBUS
ONTUYECKOTO M3JIYUCHHUS ¢ HAHOYACTHIIAMH M JICTIACTCs BHIBOI O HAUOOJBIICM
BKJIaJic TpagueHTHON cwibl. [laHHBIA S(GQGEKT TPOSBISCTCS MPH  PE3KOM
M3MEHEHWU HaNpsDKEHHOCTH dJIeKTpoMarHuTHoro mnoist. IlpemnoxkenHoe B
pabote [2] ypaBHeHHME IS OICHKH CHJIBI B3aWMOJICHCTBHUS ONTHYESCKOTO
W3TY4YCHHS W HAHOYACTHIl MPHUMEHEHO B pa3paboranHoi Momenu. Ilpm sTom
VYUTBHIBAIMCH XapakTepPHBIC pa3Mephl HOHOB JEHTEepHs, OTHOCHUTEIbHAS
TUAJICKTPUUECKass TMPOHUIaeMocTb. Ha puc. 1 mpencraBieHa 3aBUCHMOCTD
CHIIBI, BO3JCHCTBYIONICH Ha HOH ACWUTEpHs B 3aBHUCHMOCTH OT MOIIHOCTHU
Ja3epHOro W3dMydeHuss ¢ juuHoW BoisHBI 1080 HM. Toukoit Ha rpaduke
OTMeYeHa CHJa, IOCTaTOYHasl JJIsl yIep KaHusl IUIa3Mbl IIpH pabdoueM JaBIeHUN
B kamepe [1].

W3 rpaduka Ha puc. | BHIHO, YTO MOIIHOCTH Jja3epa, HEOOXoaumas st
yaepKaHus IU1a3Mbl, paBHa mnpubausutensHo 100 Br. BBuay HeOombimoi
MOIIHOCTH ONTHYECKHE BHXPH JIETKO MOT'YT MPUMEHSTHCS B BHJIE MacCHBOB,
JIBYXMEPHBIX JIOBYLIEK M WENbIX IuIockocTeil. Kpome TOro, mnoBbleHne
MOIITHOCTH JIa3epHOTO M3IYYCHHS IIeTIeCO00pa3sHO IMPHU CTapTOBBIX PEKAMAX
paboTHl yCTaHOBKH (HAYalbHBIA pazorpeB IUIa3Mbl). Kpome TOro, KaHANBI W3
ONTHUYECKUX BHUXpeHW (TaKk Ha3plBacMble OYTBUIOYHBIC IIYYKH) MOTYT
NPUMEHATBCS JUIS OTBOAA OSHEprum (W IDIa3Mbl) U3 pabodero oObEMa
TEPMOSIICPHOTO peaKTopa.
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Puc. 1. 3aBHCUMOCTE CHIIBI BO3JAEHCTBUS OT MOIIHOCTH

Cnucox numepamypul
1. XBocrenko I1. // Bonpock! atoMHoi Hayku 1 TexHuKH. Cepust TepmosinepHbiid cuutes. 2019.
T. 42 (1). C. 15-38.
2. Faegheh H., et al. // Optics Express. 2010. V. 18 (2). P. 1-9.
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Canxm-Ilemepbypeckuil nonumexnuyeckuil yHusepcumem Ilempa Benuxozo

MOIIHOCTbD U3JIYUEHUS He-Ne JIAZEPA
C DJVIMNTUYECKUM CEYEHUEM TPYBKH C YYETOM
W3MEHEHWS HHBEPCHUU HACEJIEHHOCTEMN HA OCH

ABTOpamu OBUI PACCMOTPEH HOJIOKUTENBHBINA CTOJIO pa3psiaa B JIa3epHBIX TPyOKax ¢
U3MEHSIOUIMMCS AuaMeTpoM. bblia nonydeHa 3aBUCUMOCTH MHBEPCUU HAacel EHHOCTEH
Ha OCH TpPyOKM OT TIONEPEYHBIX pPa3MepoB TpPyOKH. OTa 3aBUCHMOCTH ObLIa
HCIOJb30BaHA I YCOBEPILIEHCTBOBAHMS METOJa pacuéra MOIHOCTH n3nyyenus He-Ne
Jmasepa ¢ MPOHM3BOJILHONH TEOMETpHEH AaKTUBHOTO JjeMeHTa. B maHHO#M pabote
paccMaTpHBaeTCs MONEPEYHOE CEYEHHE aKTUBHOIO 3JIEMEHTA B BUJIE JILIUIICA.

V.A. KOZHEVNIKOV, V.E. PRIVALOV

Peter the Great Saint-Petersburg Polytechnic University

OUTPUT POWER OF He-Ne LASER WITH AN ELLIPTICAL
TUBE SECTION, TAKING INTO ACCOUNT CHANGES
IN THE POPULATION INVERSION ON THE AXIS

The authors considered a positive discharge column in laser tubes with a variable
diameter. The dependence of the population inversion on the tube axis on the transverse
dimensions of the tube was obtained. This dependence was used to improve the method
for calculating the radiation power of a He-Ne laser with an arbitrary geometry of the
active element. In this paper, we consider the cross section of the active element in the
form of an ellipse.

B pabGore [1] Hamu ObUIM HWCCIIEAOBaHBI IMPOIECCHl B TMOJOKUTEIHHOM
cronbe (I1C) paspsina B na3epHbIX TpyOKax M3MEHSIONIEToCs AuaMeTpa. bbiia
nosydeHa cuctema auddepeHinanbHbpIX ypaBHEHUH, CBSI3BIBAIOIIMX BHEITHUE
napametpsl [1C (paanyc pa3psagHoro kaHana R(z), JaBleHUe HAIMyCcKa ras3a pp, U
paspsAHbIE TOK [,) ¢ €ro OCHOBHBIMH BHYTPEHHUMH XapaKTePUCTUKAMU
(pnexTpoHHOM TemnepaTypoil 7., KOHLEHTpalHued 3apsDKeHHBIX YacTull A,
HaNpPsHDKEHHOCTRIO TPOJOJBHOTO 3JeKTpudueckoro monst E:), u 3arem 3Ta
cucrteMa OblIa CBEJICHA K TOpa3ao Ooliee MPOCTOW CHCTEME TPAHCICHICHTHBIX
ypaBHeHHIA. M3 3TOW CHCTEMBI TaKKE MOXET OBITh IMOJTYYCHA 3aBUCHMOCTH
WHBEPCUH HACCIEHHOCTH aKTUBHOM Cpebl Ha OCH TPYOKH ONp OT MOMEPEYHOTO
pasMepa akTHBHOTO dnemMeHTa [2]. B pabore [3] HaMu ObUT MPEIIOKEH METONT
pacuéra MomHocTtd  u3nydeHuss He-Ne yazepa ¢ NpOM3BOJIBHOU
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TeOMETPHUIECKON (HOPMO TTOTIEPEIHOTO CEUEHHS aKTHBHOTO JIEMEHTa, M Oblia
MOCYMUTAaHA MOUIHOCTh W3JIY4YEHUs Jlazepa C pPa3jIMYHBIMH IOTIEPEYHBIMHU
CCUCHHSIMH aKTHBHOTO AJIEMCHTA B MPCAIOIOKECHUH CI1ab0i 3aBUCUMOCTH ONp
OT ero TIONEePCYHBIX T'COMETPUYCCKHX pa3MepoB. B manHO#l paboTte
paccMarpuBaeTcsl JJUIMNTHYECKOe IMOMepeyHoe ceueHue. Pacuér moirHocTH
MPOBOAMIICS 10 (hopMyIie

2 . 2 2
P=y |[[ dedviu(a’ _pySWESITO) oo 0 2 (0w«
NMV (u,v,z) w (Z) 4
2 (272
><ce0(v,}t—(a2 —b*))-exp 2(a2—b)(sh2(u)+cosz(v)) ,
4 w(z)
rae (u,v,z) — SUTMNTHYECKHE KOOPIMHATE (Z OTCUMTHIBAETCA OT MEPEMBIUKH

2E28N,€R,

rayccoBOIo MyJKa), Y= e 2 >
k- Cey(0.% (@ =b")-cey (0.7 (a” =b)

a u b-mnonyocu osmmnca, Ce,(u,q)uce,(v,q) — ynxkuun Marbe (MBI
ucrnons3yeM o6o3HadeHus [4]), R.— pagiyc KpHUBHU3HBI COOTBETCTBYIOIIETO
SKBUBAIEHTHOTO KOH(OKaIbHOro pesomaropa, W(z)={(R,+ 4z* / R)/ Ky,
k — BoytHOBOE uMCIO, Fo — 3HAUEHHE MO HAIPSHKEHHOCTH TI0JI HA OCU IpH

z=R./2, napamerTp A — MUHIMAaJIbHOE peuieHue YpaBHEHUS
1. a+b V(a’-b%)
Ce, > In PEEE— =0, MHTETPUPOBAHUE MIPOUCXOAUT o
a—

3¢ GeKkTHBHOMY MOAOBOMY 00béMYy NMV [3], a 3aBUCHMOCTh HWHBEPCHH
HaceNEHHOCTeH 0Ny Ha OCH TPYOKH OT TIONIEPEYHBIX pa3MEepOB TPYOKH B3sATa U3
[2]. Pacuérhl MoOIIHOCTH Ja3epa C JUTUNTHYCCKHM CEYCHHEM HAaXOIITCS B
Jy4IIeM cOrTacuu (1o cpaBHEHHUIO ¢ [3]) ¢ pacuéraMu CpeIHero Mo CEYCHUIO
ko3 duIEieHTa YCIICHHS TaKOTO Jla3zepa u3 paboTs [S].

Cnucok aumepamypul

1. KoxxeBuukoB B.A., ITpusanos B.E., ®orunagu A.3. / HTB CIIoI'TTY. ®MH. 2019. T. 12.
Ne 4. C.97-107.

2. Kozhevnikov V.A., Privalov V.E., Fotiadi A.E., Shemanin V.G. // Proc. of EExPolytech.
2021. P. 176-178.

3. Koxesuukos B.A., Ilpusanos B.E., ®ornagn A.3. / HTB CII6I'TIY. ®MH. 2021. T. 14.
Ne 3. C. 133-145.

4. Handbook of mathematical functions: with formulas, graphs, and mathematical tables
/ ed. by M Abramowitz, I.A Stegun. National Bureau of Standards, Tenth Printing, 1972.

5. Koxesuukos B.A., ITpusanos B.E. // HTB CII6I'TIY. ®MH. 2018. T. 11. Ne 2. C. 84-95.
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Canxm-Ilemepbypeckuil nonumexnuyeckuil yHusepcumem Ilempa Benuxozo

YCUIEHHUE He-Ne JIASEPA C 9K30TUYECKHUM CEYEHUEM
AKTHUBHOTI'O JIEMEHTA

ABTOpamu OBUIO PACCMOTPEHO MOMEPEYHOE CEUEeHHE aKTUBHOTO 3JIEMEHTa B BHIC
TpPEYrolnbHMKAa C KpyramMM B BepIIMHAX, /U1 KOTOPOTO paHee Mpesrosaraics
3HAYUTEBHBIA POCT Kod(duuneHTa ycuineHus. Pacu€r ycHIeHHs MPOBOJWICS C
UCIIONB30BaHUEM TIPEIJIOKEHHOTO paHee MeToZla HaXOXJCHUH IPHOIMKEHHOTO
pewieHuss ypaBHeHHMs [enbMmrosblia, a TakKe METOAAMHM KOHEUHBIX pa3sHOCTEH U
KOHEUHBIX 2JIeMEHTOB. Pesynbrarbl pacuéra BCeMH TpeMs METOAaMH COIIACYOTCA U
HPUBOJT K BEIBOIY O HETIEPCIIEKTUBHOCTHU IMOZOOHOTO CEUSHNSI.

V.A. KOZHEVNIKOV, E.G. APUSHKINSKIY, A.M. BIRYUKOV
Peter the Great Saint-Petersburg Polytechnic University

GAIN OF He-Ne LASER WITH EXOTIC SECTION
OF ACTIVE ELEMENT

The authors considered the cross section of the active element in the form of a
triangle with circles at the vertices, for which a significant increase in the gain was
previously assumed. The gain was calculated using the previously proposed method for
finding an approximate solution of the Helmholtz equation, as well as by the FDM and
FEM methods. The results of calculations by all three methods are consistent and lead to
the conclusion that such a cross section is unpromising.

B paGore [1] ObUTO TPEASIOKEHO MONEPEYHOE CEUCHUE aKTUBHOTO DJIEMEHTA
He-Ne ma3zepa, naromee cpeiHee IO CEUCHHMIO 3HadeHHEe Kod(duimeHTa
YCWJIGHHS Ha TOPSIOK OOJbIIe, YeM Yy TPaJUIMOHHOTO KPYIJIOTO CEUeHHsS B
BUJIE TpPEYrOJIbHUKa C Kpyramu B BepmmHax (puc. 1). B pabore [2] Obur
MPEJUIOKEH METOZ pacuéra CpPeAHEero Mo CeYeHUIo Ko3((HUIMeHTa yCHICHUS
He-Ne mnasepa, OCHOBaHHBIH Ha HaxOXICHHM IPUOMMIKEHHOTO pEIICHHS
ypaBHeHHs [enpMmronbia, ¥ OH ObUI OMPOOOBaH HA IOIEPEYHBIX CEUCHMSX,
JIOMYCKAOIINX aHAIUTHYECKOE PEIIEHHEe COOTBETCTBYIOIIETO YpaBHEHUS (KPYT,
MPSAMOYTOIBHUK, 3utuIc). B padore [3] 3To MeTox ObUT MPUMEHEH K TaHHOMY
CEUeHMIO, M OBUIO TMOKa3aHO, YTO KOI((UIMEHT YCHICHHS J1a3epa ¢ TaKUM
CEYCHHEM MEHbIIE, YeM Y KPYIJIOro ceueHus. B qaHHOl paboTe ObLIO perieHo
CpPaBHUTL BBIYHCIICHUA TMPECAJTOKCHHBIM METOAOM [JId TaKOro CCUCHUA C
pacuéramMu 1Mo MeTony KoHewHBIX pasHocTedl (MKP) m meromy KOHEYHBIX
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anemeHToB (MKD) — /I OKOHYATENBHOTO “3aKpBITHS BOIPOCA TIO0 TAKOMY
CCUYCHUIO, JOTOJIHUTEIFHON IMPOBEPKE MNPEIUIOKEHHOTO METOJa HAXOXKICHUU
NpuONMMKEHHOTO  pELICHHsT ypaBHEHHsI [enbMroiblla W CpaBHEHHUS €ro
npousoautensHoct ¢ MKP u MKD.

Jlnsi KOPPEeKTHOCTH CpPaBHEHUsS JIsl BCEX TPEX METONOB HCIOJIB30BaIach
enuHas BeruucauTenbHas cpega ¢ MATLAB, nporpaMMsl uist TPeAsIoKEHHOTO
meroga 1 MKP Obun camornucHeiMu, a uist MKD ncnionb3oBanach n3BecTHas
oubmmorexka PDE Toolbox [4]. CpaBHUBAIKCH CpellHEE TIO0 CEUCHHUIO 3HAUYCHHUE
K03 PUIMEHTA YCUIICHUS, BpeMs pacuéra 1 ucroyibyemast mpu 3tom MATLAB
MaMsITh — JUIS Pa3HBIX OTHOIIEHUH b/a pamuyca Kpyra b B BepIIUHE U CTOPOHBI
TPEeyroJbHUKA a. Pe3ynpraTel pacuéra BceMH TpeMs METOJaMH JAlOT OYCHb
Onmm3Kkpe 3HAYCHUS KOX(PPUINCHTAa yCHWICHUS (C YBEIWYCHHEM YHCIa Y3JI0B
pacu€ra, pasymeercs, BCE TpPH 3HAUCHUS CTPEMATCI K OIHOMY),
cooTBeTcTByIOIME pabdore [3] — TO ecTh KOAPQPHUIUCHT YCHICHHS TaKOM
¢Gurypsl MeHble, 4eM KOI(P(OHUIUCHT YCHICHUsS OOBIYHOIO PaBHOCTOPOHHETO
TpeyrojibHUKa, NpUYEM C YMEHBIICHHEM OTHOUIeHUs b/a kodddurmeHt
YCUJIEHHST MOHOTOHHO CTPEMHUTCSl K KOA((OHUIMEHTY YCHJICHHS TPEyroJbHHKA.
[Tpemnaraemplii MeTOR — camblil OBICTPBI M3 TPEX paccMaTpuBaeMbIX (IIPU
0OJIBIIIOM KOJMYCCTBE Y3JIOB — 3HAYUTEIbHO ObIcTpee, ueM MKP), u tpebyer
MIPUMEPHO CTOJBKO ke mamsaTH, 9To 1 MKP (1 ropa3mo MeHblle maMsATH MPH
Oompmom kommdecTBe y3moB, yeM MKD). Takum o0Opa3om, MOXHO CHETaTh
BBIBOJI KaK O HENECPCHEKTHBHOCTH IOJOOHOTO CCUCHHS aKTUBHOTO JIIEMEHTa
it He-Ne maszepa, Tak W O TEpCHEKTHBHOCTH MPEIaraéMoro MeTOAa
HaXO)KJICHUS MTPUOIKEHHOTO PEIIeHNs YpaBHEHHS [ eTbMroIbIIa.

Puc. 1. ®opma nonepeuHoro ceuyeHust

Cnucox aumepamypul
1. ITpuBanos B.E. // U3Bectus BY30B. ®usuka. 2013. T. 56. Ne 2/2. C. 246-253.
2. Koxesunkos B.A., Ipusanos B.E. // HTB CII6I'TTY. ®MH. 2018. T. 11. Ne 2. C. 84-95.
3. KoxxeBuukoB B.A., Tlpusanos B.E. // UzBectus BY30B. ®usuka. 2018. T. 61. Ne 10 (730).
C. 102-106.
4. Partial Differential Equation Toolbox. URL: https://www.mathworks.com/products/pde.html.
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0.A. AXMETOBA!, A.A. 3EMJISIHOB?, O.B. MUHHHA !~

! Hayuonanvmwiii ucciedosamenvckuii ToMcKuti 20Cy0apcmeenplil yHueepcumen
2Uncmumym onmuku ammocgepvl um. B.E. 3yesa CO PAH, Tomck

OIEHKN THTEHCUBHOCTHU B TOYKAX HAYAJIA
OCTAHOBKH KOJIJIATICA U HEJIMHEHHOT'O ®OKYCA
P PACITPOCTPAHEHUU MOIIIHOT'O
GOEMTOCEKYHJIHOTI'O JIASBEPHOI'O U3JIYYEHUA

PaccmotpeHa 3anada 0 caMO()OKYCUPOBKE MOIIHOTO (DEMTOCEKYHHOTO Ja3epHOTO
U3IIYYeHUs B BO3JyXe M [BE XapaKTepHble I 3TOr0 IpoLecca TOUYKM: Hauyaja
OCTaHOBKM KoJUlanca ¥ HenuHelHoro ¢okyca. IToka3aHo, uTo OCTaHOBKa KoJularca
MHTCHCHUBHOCTH pealu3yeTcs Ha HWHTEpBajle Mepel HEIHHEHHBIM  (OKycoM.
VYeTaHOBICHO JBYKpAaTHOE YyBEIMYEHME MHTCHCHBHOCTH Ha HMHTEpBajJe OT Hayalia
OCTaHOBKH KoJutarca 10 ¢Gokyca.

O.A. AKHMETOVA!, A.A. ZEMLYANOV?, O.V. MININA!-2
National Research Tomsk State University
’V.E. Zuev Institute of Atmospheric Optics SB RAS, Tomsk

ESTIMATES OF THE INTENSITY AT THE POINTS
OF BEGINNING OF THE COLLAPSE STOP AND NONLINEAR
FOCUS DURING PROPAGATION OF HIGH-POWER
FEMTOSECOND LASER RADIATION

The problem of self-focusing of high-power femtosecond laser radiation in air and
two characteristic points for this process (the beginning of the collapse stop and the
nonlinear focus) are considered. It is shown that the intensity collapse is stopped at the
interval in front of the nonlinear focus. A twofold intensity increase from point of the
beginning of the collapse stop to the focus is established.

Jis  TOHMMAaHHS ~ OCHOBHBIX MEXaHH3MOB  HEJMHEHHO-ONTHYECKOTO
B3aMMOJICHCTBUS MOIIHOTO JIA3€PHOTO M3IY4YEHHS C BEIIECTBOM BaXKHOE
3HaYEHHWE HMEET pelIeHHe NpoOJIeMbl BOJHOBBIX KojuiancoB. OmHuM U3
NPOSIBIIEHUH 3TOTO Ipomecca siBisiercs: camodokycupoBka csera [1]. B pamkax
JAaHHOM paboThl €€ paccMOTpeHHe B COOTBETCTBHH C [2] TpPOBOAMTCS Ha
yuyacTke Az OT TOYKM Hadajia OCTAaHOBKH KOJUIAIICA Zc JI0 HEIMHEHHOTO (hOKYyC zr
(3mech n nanee MHAEKCHI «f» U «C» COOTBETCTBYIOT BETMUMHAM, ONPEIEIIEMbIM
B OTUX TOukax). [Ipu paccMOTpeHNH 3aBUCHUMOCTH NMHUKOBOHW MHTEHCUBHOCTH [
OT IUCTAHIUHM PACHPOCTPAHEHHS z 3HAYEHHE zf OINpPEHENAeTCs KOOPAWHATOM
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MaKCHUMAaJIbHOTO 3Ha4YeHHUS [(z); 3HAYCHHE z; — CMCHOM 3HaKa KPUBHU3HBI KPUBOKH
1(z), TOCKONBKY TOCIE TOYKH Z. KATacTPO(PHUECKUH POCT HUHTCHCHUBHOCTH
CMEHSIETCS TUIABHBIM BBIXO/IOM Ha HACBILLIEHUE.

Ucnone3yst ypaBHeHHE 11 MHTEHCUBHOCTH BOJIHBI, MOJIyUEHHOE B paMKax
aMITUTyaHO-(pa3oBoro momaxona [3], dopmyny Uis ONpEAETICHUS TUKOBOU
WHTEHCUBHOCTH B (poKyce /r MOKHO 3aImucarth B BHJIE

1,(z,,0)=1.(R=0,z,,r)* "), 1

e T— BpeMs, /. — HHTEHCUBHOCTb B TOYKe zc, AD = Df — D., R — nonepe4HsIii
BEKTOp C KoopAWHATaMu X, y. Pasmoxenne AD u3 (1) BONMH3H TOYKH Zc B PSX
Teiinopa, 1 ero YucIeHHOE CYMMHPOBaHUE MTOKasao, uro Ir = 2/.

CpaBHEHHE TONYYEHHOTO TEOPETHYECKOTO 3HAUCHHsS C pe3ybTaTaMu
YUCIICHHOTO PacuéTa MHTEHCHBHOCTH IIPH PACIIPOCTPAHCHUN (HEMTOCCKYHIHBIX
Ja3epHBIX UMITYJIBCOB B Bo3ayXe U3 [4] mpencrasieHo Ha puc. 1. J{nsa ymoOcTBa
WHTEPIPETANN TIOyYCHHBIX 3HAYCHUN 3aBUCHMOCTH W3 [4] (KHpHAst KpUBast)
HopMmupoBaHa Ha [r. Ha ocHoBe cooTHomeHMd u3 [2] OBUIM paccUMTaHBI
KOOPIHMHATHI Z. U zf (IUTPUXOBBIE JIMHUH HA PHUC. 1), ompenensioniiue HHTepBal
Az, Ha KOTOPOM NIPOUCXOAUT OCTaHOBKA Koutamnca. Ha puc. 1 Az = 28 mm.

g

T
338 339 340 34 342
z,M

Puc. 1. 3aBuCUMOCTb UHTEHCUBHOCTH, HOPMHPOBAaHHOH Ha MUKOBYO MHTEHCUBHOCTD
B (oKyce, BIOIb TPACCHI, TOPH30HTAIBHON JIMHUEH OTMEIEHO TEOPETHIECKOE 3HAYCHNE

Paznmmune B pe3yiabTaTax MOXHO OOBSCHHUTH CIIOKHOCTBIO JOCTHKCHHA
BBICOKOM TOYHOCTH Inpu  YHUCJICHHBIX pacqéTax MHTEHCUBHOCTH BOIM3H

HeJIMHEIHOTO (oKyca.
Cnucok aumepamypul

1. Self-focusing: past and present. Fundamentals and prospects / ed. by R.W.Boyd,
S.G. Lukishova, Y.R. Shen. Berlin: Springer, 2008.

2. 3emistHOB A.A., Mununa O.B. / Ontrka armocdepst 1 okeana. 2023. T. 36.

3. Teitan F0.3., 3emnsinoB A.A., Munnna O.B. // Ontuka atM. u okeana. 2018. T. 31. C. 364.

4. Kangunos B.I1., ®enopos B.1O., Teepckoit O.B. u ap. // KBanroas snekrponuka. 2011.
T. 41. C. 382.
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K.C. AHJIPEMUMKOB', E.JI. BOBUEHKO, .A. TEPACUMOB,
A.Il. MEJIEXOB, P.III. PAMAKOTH, C.B. CAEHKO,
I.X. CAJIAXYTJIMHOB, B.I'. CPEJINH?

Hayuonanvhuiii uccneoosamensckuit sioepuwiil ynugepcumem « MUDHy
T40 «Mocrosckuii 3a600 «Canghup»
’Boennas axademus PBCH um. Ilempa Benukozo, Banawiuxa

BJIMSIHUE OBJYUYEHUSA MATI'KUM PEHTTEHOBCKUM
N3ITYYEHUEM HA BOJIBT-®APA/THBIE
XAPAKTEPUCTHUKHU IVIEHOYHBIX CTPYKTYP
HA OCHOBE AHTUMOHMUWJIA NH/UA

Metoaom BOJ'II)T-(bapaZ[HLIX XapaKTCPUCTUK HCCICAOBaHO BO3Z[€I?ICTBI/IC MSATKOT'O
PEHTICHOBCKOT'O U3JTYYCHHS HAa ITOBEPXHOCTDH TUIEHOYHBIX CTPYKTYp Ha OCHOBE InShb.

K.S. ANDREICHIKOV!, E.D. VOVCHENKO, I.A. GERASIMOV,
A.P. MELEKHOV, R.Sh. RAMAKOTI, S.V. SAENKO,
G.H. SALAKHUTDINOV, V.G. SREDIN?
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)

! Joint-Stock Company «Moscow Plant «Sapphirey
*Military Academy of Strategic Rocket Troops named after Peter the Great, Balashikha

EFFECT OF SOFT X-RAY RADIATION
ON THE CAPACITOR-VOLTAGE CHARACTERISTICS
OF INDIUM ANTIMONIDE FILMS

The capacitance-voltage characteristics method was used to study the action of
Soft X-ray on the surface of film structures based on InSb.

HanexxHocTh M cTaOMIIBHOCTH PabOThl COBPEMEHHBIX (DOTONPHEMHHUKOB
HHQPAKPACHOTO H3IYYEHHS SBIAETCS YpPE3BBIYAfHO BaXXKHBI B CHCTEMax
oOHapy)XeHHs ¥ WACHTU(HUKALNS NCTOYHHKOB TEIUIOBOTO U3ITyYEeHHUSI.

B Hacrosimeld  paboTe  J1a3epHO-UCKPOBOM  HMCTOYHHK  MSTKOTO
pEHTreHOBCKOrO wu3nydeHus (mamee MPU) [1] ObD1 ucCHONB30BaH  UIs
00JTy4eHUs] TIOJIyITPOBOAHUKOBBIX CTPYKTYpP Ha OCHOBE AHTUMOHMIA WHIWS
(InSb). Metonom TJIJ] m3mepen criektp MPU [2]. 3mMepeHus nokasanu, 4To
ocHOBHas aous 3Heprud MPU (> 90 %) cocpenoroueHa B Iuana3oHe SHEPTHA
KBAHTOB PEHTI€HOBCKOro u3nyueHus Evyy = 0.1 + 3 x3B.

InSb wucmonme3yercs s MPOM3BOJICTBA MATPHYHBIX (POTONPHEMHUKOB B
ommkaeit UK-ob6mactu cmekrpa (3 +5 mxm). Kak moxassiBaeT mpakTHKa, CO
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BpeMeHeM B (oTompuéMHHKAaX Ha ocHOBe InSb obpasyercss M30BITOUHBIH
TIOJIOKUTENBbHBIN TTOBEPXHOCTHBIN 3apsijl, KOTOPBIH 3HAYUTEIHHO YXY/IIAET €ro
xapaktepucTuku. OJHAKO BIHMSHHE 3TOro 3(PQeKra MOXKET OBITb CHHXXEHO,
€CIIM B NIPHUIIOBEPXHOCTHOM (poTouyBCTBHTENBHOM citoe InSb co3nath obmacth
C BBICOKHM DJIEKTPHYECKHM CONPOTHBIEHUEM, SKPAHUPYIOIIYIO W30BITOUHBII
MOBEPXHOCTHBIH 3apsin. Hanpumep, 310 MoXkeT ObITh 00J1acTh, HACHIIICHHAS
pa3IMYHBIMHU e(eKTaMK, CHIKAIOIIUMH YAEIbHYI0 IPOBOIUMOCTE InSb.

Jnst co3maHust SKpaHUPYIOLIETO CJIOS MOBEPXHOCTH IUIEHKH OblLTa 00iTydeHa
MPU, npoHUKAOIMM B HPUIOBEPXHOCTHBIH ClI0i Ha Ty6uny mopsiaka 100 A
[3]. Iocne obmydeHmss MpOBEOEH CPaBHHUTEIBHBIA aHAIN3 BOJBT-(QapagHBIX
xapakrepucTtuk (BOX) obmyuérHOM 11 HEoOyuEHHOM 00IacTeil TOBEpXHOCTH.
PesynbraTel nccnenoBanust MeronoM B®PX miuéHOUHBIX CTPYKTYp Ha OCHOBE
InSb mpencraenens! Ha puc. 1. Bpems o6mydenns coctasmsiio 15, 30 u 60 MuH.

1T2W i ves L as @vm— " T el vem v
Ay ———

Cpms = @ umge -

. .
Puc. 1. BOX neobmyuennoit o6mactu M/III-cTpykTypsl Ha ocHOBe InSb (A);
B®X nenrpa M/I1-ctpykryps! mocne oonydeHus B Tedenue 60 mus. (b),
(211) — kpucTanorpadpuyeckas OpHeHTaNHs TOBEPXHOCTH

Hcexons u3 MONYy4YEHHBIX PE3YJbTAaTOB MOJKHO CHEIaTh BBIBOJX, 4YTO
CYIIECTBYET JJ030Basi 3aBUCHMOCTh CBOMCTB 00JIy4eHHBIX MIEHOK InSb, TO ecTh
norinouienne MPU npuBoauT K TreHepauud B Marepualle paaualliOHHBIX
JnedekToB, KOHLEHTpalMs KOTOPBIX YBEJIMYMBACTCS C POCTOM  JIO3BI.
MaxkcumanbHelii 3¢ ¢exT, mpu koropoM Bua BOX 630k k npsmoii (puc. 1b),
JIOCTHTAETCS TIPH MIECTHAECATUMHUHYTHOM O0JIydeHUH 00pas3ia.

Cnucox numepamypbl
1. Melekhov A.P,, et al. // J. Phys.: Conf. Ser. 2016. V. 737. P. 012013.
2. banosHes A.B., I'puropsesa W.I'., Canaxyrauros I'.X. // TITD. 2018. Ne 1. C. 84-86.
3.Cpenun B.I'., Boiiuexosckuit A.B., Ananbun O.b., Menexos A.Il., Hecmenos C.H.,
J3anyx C.M. // Ilpukn