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VIIK 517.956.3
B. 4. KOP3IOK!?
3AJIAYU COMNPSI)KEHUS YPABHEHUI ITYACCOHA

"Hncmumym mamemamuru Hayuonanvnoii akademuu nayx benapycu, Munck, Benapyco,
’Benopycckuii 2ocyoapcmeennuiii ynusepcumem, Munck, Benapyce,
e-mail: korzyuk@bsu.by

B mpoctpancrBax Co0oseBa U UX MOJIPOCTPAHCTBAX C YUYCTOM IPAHHYHBIX YCIOBHUI JIOKa3bIBAKOTCS TEOPEMBI CYIIC-
CTBOBaHUS 000ONICHHBIX PEUICHUH 3a/1a4 CONpsKeHUs ypaBHeHui [lyaccona. B mporecce 1oka3arenbcTBa UCHONb3YOTCS
ONepaTopbl OCPEAHEHHUS C IEPEMEHHBIM [IAIOM.

Kniouesvie cnosa: o6obimenHoe penienue, ypaBaenue [lyaccona, 3agada conpspKeHUs1, ONepaTopsl OCPETHEHUS C Iepe-
MEHHBIM I11aroM, JUIMITHYECKOE YpaBHEHUE.

V. I. KORZYUK"?
PROBLEMS OF CONJUGATION OF THE POISSON EQUATIONS

!Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
’Belarusian State University, Minsk, Belarus, e-mail: korzyuk@bsu.by

In Sobolev spaces and its subspaces considering boundary conditions theorems of existence of the generalized solutions
of the conjugation problems of the Poisso’n equation were proved. In these proofs the mollifiers operators with variable step
are used.

Keywords: generalized solution, Poisson equation, conjugation problem, mollifiers operators with variable step, elliptic
equation.

VK 517.925.42,517.925.7

B. B. AMEJIBKHH, M. H. BACHJIEBUY

MOCTPOEHUE METOJOM BKB PEHIEHU SI JU®PEPEHIIUAJIBHON CUCTEMBI,
BO3HUKAIOIIEN B 3AJJAYE PUMAHA - THJIBBEPTA

Benopycckuii 2ocyoapcmeennvlil ynusepcumem, Munck, benapyco,
e-mail: vamlkn@mail.ru, vasilevich.m@gmail.com

B nacrosuieii ctarbe MmetogoM BKB cTponTcest Takoe pernienne cucteMsl Tpex 1udepeHnnanbHbIX ypaBHEH U, BO3HUKA-
fomiel B 3a1aue Pumana — ['mnp6epTa, KOMIOHEHTHI KOTOPOTO yIOBJIETBOPSIOT ONPEICIEHHBIM COOTHOIIEHUAM.
Knioueswvie crnosa: nuddepeHinaibaas cuctema, 3aaada Pumana — ['mipbepra, meton BKB.

V. V.AMEL’KIN, M. N. VASILEVICH

JWKB-METHOD AND CONSTRUCTION OF A DIFFERENTIAL SYSTEM EMERGING
IN THE RIEMANN - HILBERT PROBLEM

Belarusian State University, Minsk, Belarus, e-mail: vamlkn@mail.ru, vasilevich.m@gmail.com

In this paper, we construct by means of JWKB-method a solution of the differential system emerging in the Riemann —
Hilbert problem, with components satistying the defined relations.
Keywords: differential system, Riemann — Hilbert problem, JWKB-method.
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@. E. IOMOBLIEB

HEOBXOJUMBIE U JJOCTATOYHBIE YCJIOBUS BHIHY KJIEHHBIX KOJIEBAHU I
MOJYOITPAHUUYEHHOM CTPYHBI C MEPBOU XAPAKTEPUCTUYECKOU
KOCOMH MPON3BOJTHON B HECTAIIMIOHAPHOM 'PAHUYHOM YCJIOBUH

Benopycckuii 2ocydapemeennuiil ynueepcumem, Munck, Bearapycs,
e-mail: lomovcev@bsu.by

MetogamMu XapakTepuCTHK U [lroamenst B SBHOM BH/E BEIBEJECHO €IMHCTBEHHOE KJIACCHUYECKOE PElIeHHe CMEeIIaHHOi
3a/1au ISl HEOJHOPOIHOTO YPaBHEHMS KOJIeOaHN MOTyOorpaHUIEeHHOH CTPYHBI MIPH MEPBOH XapaKTePUCTHIECKOH KOCOH
MPOM3BOAHON B TPAHUYHOM YCIIOBHH, B KOTOPOM BCe KO3()(OHUITHEHTH 3aBUCAT OT BPEMEHH. XapaKTepPUCTHIHOCTE STOH TIep-
BOM KOCOI1 IPON3BOHOI O3HAYAeT, YTO OHA HAIIPABIICHA [0 KPUTHUECKOH XapaKTepUCTHKE ypaBHEHHs KoneObanuil. Halimensr
HEOOXOMMBIE U JIOCTATOYHBIC YCIOBHS HA MPaBYIO YaCTh ypaBHEHUS, HAYAJIbHBIC U TPAHNTHOE JAHHBIC /IS OJHO3HATHOM
BE3/I€ PAa3pPEIINMOCTH 3TOH CMEIIaHHOM 3a1a9H BO MHOXKECTBE KJIIACCHUECKHUX PEIICHUI.

Kniouesvie cnosa: cmenrannas 3ajjada, HeCTallHOHAPHOE TPAaHHUYHOE yCIOBHE, XapaKTepPUCTHUECKas KOcast TPOM3BOAHAS,
KJIACCHYECKOE pelIeHne, HeOOXOANMOE H I0CTaTOYHOE YCIOBHUE, YCIOBHE COTIIACOBAHUS, TPeOOBAHHE TIIaJKOCTH.

F.E. LOMOVTSEV

NECESSARY AND SUFFICIENT CONDITIONS FOR FORCED VIBRATIONS
OF A SEMIBOUNDED STRING WITH THE FIRST CHARACTERISTIC DIRECTIONAL DERIVATIVE
IN THE UNSTEADY BOUNDARY CONDITION

Belarusian State University, Minsk, Belarus,
e-mail: lomovcev@bsu.by

By means of the method of characteristics and the Duhamel’s method we have derived a closed-form expression for a unique
classical solution of a mixed problem for the inhomogeneous equation of vibration of a semibounded string with the first
characteristic directional derivative in the boundary condition where all coefficients are time-dependent. The characteristic
nature of this first directional derivative means that it is directed in terms of the critical characteristic of the vibration equation.
We have found the necessary and sufficient conditions for the right-hand side of the equation and the initial and boundary data
for single-valued everywhere solvability of this mixed problem in the set of classical solutions.

Keywords: mixed problem, unsteady boundary condition, characteristic directional derivative, classical solution,
necessary and sufficient condition, reconciliation condition, smoothness requirement.

VIIK 517.977

A. I. ACTPOBCKHH

PABHOMEPHASA HABJIIOJAEMOCTb U CUCTEMbI HABJINOJAEHU A
B ®OPME HIBAPHA

benopyccruii 2ocyoapcmeennulii sxoHomuyeckutl ynugepcumem, Munck, Berapyco,
e-mail: aastrov@tut.by

Jlnst paBHOMEPHO HAOIIOAAEMBbIX IMHEHHBIX HECTAIMOHAPHBIX CUCTEM CO CKAJISPHBIM BBIXOIOM IOTYUYEHBI HEOOXOAM-
MBIE U JJOCTATOYHbIC YCIOBHS IPUBOJUMOCTH K cucTeMaM HabmoneHus B Gpopme [IBapua ¢ momousio HenpepsiBHO qudde-
pEeHLUPYEMOM TPy HIIbIL.

Kniouesvle cnoga: nuHeitHas HECTallMOHAPHAS CUCTEMa HAONIOAEHNS, paBHOMEpHas HaOII0aeMOCTh, CUCTEMa HaOIII0-
nenus B Gpopme LlBapma.

A. 1. ASTROVSKII

UNIFORM OBSERVABILITY AND OBSERVATION SYSTEMS IN THE SCHWARZ FORM

Belarusian State Economic University, Minsk, Belarus, e-mail: aastrov@tut.by

The necessary and sufficient conditions for uniformly observed linear time-varying systems with scalar output to be
transformed to the Schwarz form under the action of a linear continuously differentiable group are obtained.
Keywords: linear time-varying observation system, canonical form, observation system in Schwarz form.
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0. C. XAPUH, M. K. 2KYPAK

ACUMIITOTUYECKHIA AHAJIN3 OLIEHOK MAKCUMAJIBHOI'O ITPABIONOAOBH S
HAPAMETPOB BUHOMMAJIBHOM YCJIOBHO ABTOPEI'PECCUOHHOM MOJEJIA
INPOCTPAHCTBEHHO-BPEMEHHBIX JAHHBbIX

HUU npuxnaousix npobiem mamemamuxu u ungopmamuxu benopyccrozo cocyoapcmeennoco ynusepcumemd,
Munck, benapycs,
e-mail: kharin@bsu.by, mzhurak@gmail.com

HccnenoBanbl acCHMITOTHYECKHE CBOMCTBA OIEHOK MAaKCHMaJbHOTO MPaBIOMOA00MS MapaMeTpoB OMHOMHAIBHOU yc-
JIOBHO aBTOPETIPECCHOHHON MOJENH MPOCTPAHCTBEHHO-BPEMEHHBIX JAAaHHBIX. JlOKa3aHa acHMITOTHYECKas HOPMAJIbHOCTH
Y HaliJIeHa aCHMIITOTHYECKask KOBapHallMOHHAS MaTPHIIA IIOCTPOCHHBIX OLEHOK. [IpeacTaBiieHb! pe3ynbTaThl KOMITBIOTEPHBIX
9KCTICPUMEHTOB.

Karouegule cniosa: mpoCcTpaHCTBEHHO-BPEMEHHEIE TaHHBIE, 11T MapKoBa, OLIEHKH MaKCUMAJILHOTO TPAaBIONOI00M S, HH-
(dhopmanmonnas marpuia Ouiepa, KOBapHALHMOHHAS MAaTPHULIA.

Yu. S. KHARIN, M. K. ZHURAK

ASYMPTOTIC ANALYSIS OF THE MAXIMUM LIKELIHOOD ESTIMATORS OF THE PARAMETERS
FOR A BINOMIAL CONDITIONALLY AUTOREGRESSIVE MODEL OF SPATIO-TEMPORAL DATA

Research Institute for Applied Problems of Mathematics and Informatics of the Belarusian State University, Minsk, Belarus,
e-mail: kharin@bsu.by;, mzhurak@gmail.com

Asymptotic properties of the maximum likelihood estimators of parameters for a binomial conditionally autoregressive
model of spatio-temporal data are studied. The asymptotic normality is proved and the asymptotic covariance matrix is found
for the estimators. The results of computer experiments are presented.

Keywords: spatio-temporal data, Markov chains, maximum likelihood estimators, Fisher information matrix, covariance
matrix.

VIIK 519.2
E. E JXVK

CTATUCTHUYECKOE ONPEJEJEHUE BJINKANIINAX
CTAIIMOHAPHBIX BPEMEHHBIX PAJ10B
B IPOCTPAHCTBE KO3®®PIIUEHTOB ABTOPEI'PECCUH

benopycckuii ecocydapcmsennuiii ynusepcumem, Munck, benapyco,
e-mail: zhukee@mail.ru

Hccnenyercs npobiieMa CTaTUCTHYECKOTO ONpeeieHs OIMKAMIIMX CTAl[HOHAPHBIX B IIHPOKOM CMbICIIC BPEMEHHBIX
PSI/IOB HA OCHOBE X OIMCAHUs aBTOPErPECCHOHHBIMH MoJesiMU. [Ipe/uiaraeTcs UCnoabp30BaTh Pelaoue NpaBmia B Mpo-
cTpaHcTBe K03 GULIMEHTOB aBTOperpeccuu. B kayecTBe Mepbl 3Q(YEKTUBHOCTH MPUHUMAECMBIX PELICHHH aHATUTHYECKH BbI-
YHUCIICH PUCK (BEPOSATHOCTH OIIMOOYHO ONMPEACTUTH ONIKaliie BpeMEeHHBIE psibl). PaccMoTpeH ciaydail IByX KJIacCoB.

Kniouesvie cnosa: cTalmoHapHbIIl BpEeMEHHOM Psijl, aBTOPETPECCUOHHAS MOJIEIIb, PEaI3alis, PELIAtOLIee PABUIIO, PUCK.

E. E ZHUK

STATISTICAL DETERMINATION OF THE NEAREST STATIONARY TIME SERIES
IN A SPACE OF AUTOREGRESSIVE COEFFICIENTS

Belarusian State University, Minsk, Belarus,e-mail: zhukee@mail.ru

The problem of statistical determination of the nearest stationary time series is considered. The decision rules in a space
of autoregressive coefficients are proposed and their efficiency is analytically investigated. The case of two classes is studied.
Keywords: stationary time series, autoregressive model, realization, decision rule, risk.
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B. B. BEHAII-KPHUBEL]', U. O. TOBOPYIIIKO?

MHOTI'OOBPA3HU S TPEJICTABJIEHUM I'PYIIIT BAYMCJIATA — COJIUTEPA
B CJIYYAE HE B3AMMHO ITPOCTBIX NOKA3ATEJIEN

! Benopycckuii 2ocyoapcmeennuiii yuusepcumem, Munck, Benapycw, e-mail: benyash@bsu.by
’Benopycckuii 2ocyoapcmeennbiil nedazoeuveckuii ynusepcumem um. M. Tauxa, Munck, Benapyco,
e-mail: govorushko88@gmail.com

Hccnenyorest MHOrooOpasus mpejictasieHuii rpynin baymernara — Conurepa BS(p,q) B ciaydae, koria p u ( He SBJISIOT-
sl B3aHMHO TTPOCTEIMHU. Haii/IeHbI HempUBOINMBIC KOMIIOHEHTEI 3THX MHOT000pa3uii, BRIYHCIECHB! HX Pa3MEPHOCTH, a TAKXKe
JI0Ka3aHa X PalliOHAIBHOCTE.

Knrouesvie crosa: rpynma baymcnara — Conurepa, MHOrooOpa3ue npecTaBIeHU i, pa3MepHOCTh MHOT000pas3Hsl, HeTIpH-
BOJMMasi KOMIOHEHTa MHOT000pa3usl.

V. V. BENIASH-KRYVETS', I. O. GOVORUSHK(®?

REPRESENTATION VARIETY OF BAUMSLAG-SOLITAR GROUPS
IN THE CASE OF NOT COPRIME EXPONENTS

!Belarusian State University, Minsk, Belarus, e-mail: benyash@bsu.by
’Belarusian State Pedagogikal University named after M. Tank, Minsk, Belarus, e-mail: govorushko88@gmail.com

Representation varieties of Baumslag — Solitar groups BS(p, Q) are investigated in the case when p and ( are not coprime.
Irreducible components of these varieties are found, their dimensions are calculated and their rationality is proved.
Kewords: Baumslag — Solitar group, representation variety, dimension of a variety, irreducible component of a variety.

VIIK 519.8

B. U. CAPBAHOB!, O. B. EDUMOB*

IOCTPOEHUE PACIIMCAHUM JIJIA IBYXCTA IMMAHON CUCTEMBI
OBCJIY/KUBAHUA TUTIA FLOWSHOP C BJIOKHPOBKAMMH

'Huemumym mamemamuxu Hayuonanwroii akademuu nayx Benapycu, Munck, Benapyce,
e-mail: sarvanov@im.bas-net.by
’HOOO0 «EPAM Systemsy», Munck, Benapycw, e-mail: aleh.yafimau@gmail.com

PaccmarpuBaeTcs cucTemMa o6CTy KUBaHKSA, B KOTOPOH MHOXKeCTBO TpeboBanuii N = NyUN,, N;NN, = @, obciyskuBaeTcs
Ha npubopax M; u M,. OcOOEHHOCTh CHCTEMBbI COCTOMT B TOM, UTO BPEMs 00CIIyX1BaHUs TpeOoBanus u3 Ny(V,) npudopom
M, (M) paBHO HYJIIO M IIPH 3TOM 3aHSATHIH npubop M, Gnoxupyer goctyn K npubopy M,, a 3aHaAThIi npudop M, 610KupyeT
BBIXOJ1 00CITy )KEHHBIX TpeOOBaHMUI U3 cUCTeMBbl. MccnenyeTcs 3a1a4ua HOCTPOCHNUS pACIIUCAHUs, IIPU KOTOPOM Kax10e Tpebo-
BaHue u3 Ny (NV,) IOKHIAET CUCTEMY HE MO3KE 3aJaHHOr0 IMPEKTUBHOTO cpoka Dy (D,). JlokazaHo, 4To 3Ta 3a/1a4a ABJIAETCS
NP-TpyAHOH U NpeaIoKeH NCEeBIONOINHOMUAIBHBINA aJITOPUTM €€ PELICHHUS.

Kniouegvie cnosa: cuctema obcnyxxuBanus tuna flowshop, 6;10knpoBka, MCeBIONOIMHOMHUANBHBIN aITOPUTM, TUHAMH-
4ecKoe nporpammupoBanue, NP-TpygHas npooiema, IupeKTHBHbIE CPOKH.

V. 1. SARVANOV'!, A. V. YAFIMAU?

SOLVING A TWO-MASHINE BLOCKING FLOWSHOP
SCHEDULING PROBLEM WITH DUE DATES

UInstitute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: sarvanov@im.bas-net.by
’FLLC «EPAM Systemsy, Minsk, Belarus, e-mail: aleh.yafimau@gmail.com

This work considers solving a particular type of blocking flowshop scheduling problem. In the environment under consi-
deration there are only two machines (denoted as M; and M,). For each job its execution time on one of these machines equals
to zero. For each job with a non-zero execution time on machine M, (M,) there is a due date D, (D, respectively). The authors
prove that the problem is NP-hard and propose a pseudo-polynomial time algorithm that solves it.

Keywords: flowshop scheduling, blocking, pseudopolynomial algorithm, dynamic programming, NP-hard problem, due
dates.
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B. M. KOP3IOK!?, H. B. BUHB'

KJIACCUYECKUE PEHIEHU S CMEINAHHBIX 3A TAY
JJIs1 OTHOMEPHOI'O BUBOJIHOBOI'O YPABHEHU A

! Benopycckuii 2ocydapcmeennwiii yuusepcumem, Munck, Bexapyce,
’Uncmumym mamemamuru Hayuonansnoii akademuu nayk benapycu, Munck, Benapyc,
e-mail: korzyuk@bsu.by, vinhnguyen0109@gmail.com

B nanHO# paboTe paccMOTpPEHBI CMENIaHHBIE 3a/1auH 7151 ONBOJIHOBOTO ypaBHEHH . MeTOOM XapaKTepUCTUK CTPOUTCS
aHAJUTUYECKOE PELICHNE paccMaTpUBaeMbIX 3ajau. Jloka3blBaeTCs €IUHCTBEHHOCTD PEIICHUS U BBIBOJSATCS YCJIOBHS COIJIa-
COBaHUS B YIJIOBBIX TOUKAX JUISI 3aaHHBIX QYHKIWH ypaBHEHU, ycnoBui Koy n rpaHnYIHBIX yCIOBHUIL.

KutoueBbie croBa: nuddepeHnnaibHble ypaBHEHH, THIEPOOIHUECKHE YPABHEHHUS, OMBOJIIHOBOE ypaBHEHHUE, YaCTHbIE
[IPOU3BOJHbIC, TPAHUYHBIE YCIIOBUS, yca0BuUs Komiy, ycioBus cornacoBaHus, KJIaCCUUECKOE PEIIEHUE.

V. I. KORZYUK"?, N. V. VINH'
CLASSICAL SOLUTIONS OF MIXED PROBLEM FOR ONE-DIMENSIONAL BIWAVE EQUATION

!Belarusian State University, Minsk, Belarus,
Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: korzyuk@bsu.by, vinhnguyen0109@gmail.com

In this paper we consider the mixed problem of biwave equation. Using method of characteristics the analytical solution
of the mixed problem for the equation is under construction. We prove the uniqueness of the solution and conditions of the co-
ordination of initial and boundary condition are deduced.

Keywords: Differential equations, hyperbolic equations, biwave equation, partial derivatives, boundary conditions,
Cauchy conditions, agreement conditions, classical solution.
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S. A. BATISHCHE!, S. B. BUSHUK', A. A. KOUZMOUK®, A. V. SAVITCH,
H. A. TATUR!, G. GRABNER?, W. KAUTEK?

INFLUENCE OF SELF-ABSORPTION OF 213 nm RADIATION
ON LASER TREATMENT OF CORNEA

IB. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: batis@dragon.bas-net.by
’Paracelsus Medical University, University Eye Clinic, Salzburg, Austria, e-mail: g.grabner@salk.at
3University of Vienna, Department of Physical Chemistry, Vienna, Austria, e-mail: wolfgang kautek@univie.ac.at

The laser ablation efficiency of cornea at 213 nm radiation was investigated and optimized. It is shown that self-absorption
of radiation at 213 nm in a thin cloud of ablated material takes place and strongly influences the ablation efficiency. Ablation
products are being blown out in the lateral direction along the cornea surface, as a result of which the pulse fluence at the pit
boundary £, is more than the threshold fluence F;. As a consequence, a pit radius 7, is less than a laser beam radius r,
corresponding to the threshold fluence /7 that should be taken into account in planning ablation surgery at 213 nm radiation.

Keywords: cornea, laser ablation, 213 nm, ablation threshold.

C. A. BATHIIE', C. b. BYIIIVK', A. A. KY3bMVK', A. B. CABUY', I A. TATVP', I TPAFHEP?, B. KOTOK?

CAMOIIOIVIOIEHUE U3JIYYEHUS HA JJIMHE BOJIHBI 213 um
ITPH JTASEPHOM BO3JEMCTBHAU HA POTOBHILY I'TA3A

!Huemumym usuxu um. B. M. Cmenanosa Hayuonanvnoti akademuu nayx benapycu, Munck, Benapyce,
e-mail: batis@dragon.bas-net.by
’Imasuas kaunuxa meduyunckozo ynusepcumema um. lapayenvca, 3anoybype, Ascmpus, e-mail: g.grabner@salk.at
3Benckuii ynusepcumem, Bena, Ascmpus, e-mail: wolfgang. kautek@univie.ac.at

HccrenoBana u onTUMU3NpOBaHa 3)PEKTUBHOCTD JIA3EPHOU aOJISIIIIU POTOBUIIBI I1a3a YD-H3IIydeHHEM ¢ ITTHHON BOJI-
HbI 213 aM. [TokazaHo, 4TO CaMOMOTIIONICHHE JTa3ePHOTO N3NTyYeHHs 213 HM B TOHKOM 00JIaKe UCTTAPEHHOTO MaTepraa CHIIb-
HO BIUSET HA 3PPEKTUBHOCTD adnsanuu. [IpomyKThl aOJISIIIIK BBIOPACKIBAIOTCS B OOKOBOM HAIIPABICHHIH BIOJIb TIOBEPXHOCTH
POTOBHUIIBI, B PE3YJILTATE YErO MIOTHOCTH SHEPTUM MMITYJIbCA HA TPaHMIIE a0NAIMOHHON JTyHKHU Fy , BBIIIE, YEM MOPOroBas
IJIOTHOCTH 3Hepruu Fy . Kak cienctsue, paanyc JIyHKH 7y MEHBIIE PAJIMYCa Iy, IJA3EPHOrO JIy4a, COOTBETCTBYIOLIETO MO~
POroBOii MIIOTHOCTH SHEPIUU UMITYJIbCa [y, 4TO HEOOXOAMMO YUUTHIBATH IPY MIIAHUPOBAHUM a0NIALMOHHON XUPypruy riasa
u3iydeHueM 213 HM.

Kurouesvie cnosa: porosuna riasa, nazepHas adusiust, 213 HM, Hopor abusanun.
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A. B. JAHUJIFYHUK?, A. I BOUHHUJIOBUY, H. B. PPKEVIIKUIE, I1. B. IIITIAKY, B. B. EOPYIIIKO?,
FO. B. TPO®HMOB’, B. M. [[BUPKO®, E. B. JIVIJEHKOY, I'. I1. AFJIOHCKHH*

MOJEJUPOBAHUE PACIPEJAEJEHUSA TEMIIEPATYPbBI B MATPULE InGaN
CBETOJIMOJIOB C BBICOKOM IJIOTHOCTBIO MOIITHOCTHU U3JIYUEHUSA

YWnemumym usuxu um. B. M. Cmenanosa Hayuonansnoii akademuu nayk benapycu, Munck, Benapycs,
e-mail: a.danilchyk@ifanbel.bas-net.by
2bpecmexuii 2ocyoapemeennviii ynusepcumem um. A. C. Iywikuna, Bpecm, Benapycy,
e-mail: vadim79@tut.by
3Ilenmp ceemoouoonwvix u onmosnexmpounvix mexnonozuii Hayuonanwnoii akademuu nayx Benapycu,
Mumnck, Benapycw, e-mail trofimov@inel.bas-net.by

Coznana maTpuna, cocTosmas u3 33 MHHHATIOPHBIX CBETOAMONOB Rebel Z-cepun, u3mydaromux B cHHE-3€I€HON 00-
JacTH CeKTpa. MakcHMasbHas IIOTHOCTH MOITHOCTH H3JTyUeH s MATPHIIBI COCTaBHIIA ~18 BT/cM” IIpH HelpepsIBHOM TOKe
WHKEKIIWHU. BBINOIHEHa KOMIBIOTEPHAs MOJENb, ONMUCHIBAIONIAS PACIIPEACNICHHEe TeMIEpaTypbl B MaTpPHUIE CBETOAMO/OB
B 3aBHCHMOCTH OT IOTPEOISEMOl AEKTPUYECKOH MOIIHOCTH. Pe3ynbraThl MOJCIMPOBAHUS COTTIACYIOTCS C Pe3yJIbTaTaMu
W3MEpPEHHH TeMIIepaTy pbl CBETOANO0B MaTPHIIEI TPH TOMOIIH TEIIOBU30pPa, a TAKIKE OIPE/ICIICHHS TeMIIepaTy pbl aK THBHOM
00J1aCTH CBETOAMOIOB ONITHYECKUM METOJIOM.

Kntouesvle cnosa: maTpuma cBeTOJNOIOB, TEMIepaTypa aKTUBHOH 00JIaCTH, pacIpe/ielieHHe TeMIeparyphl, TeIIoBas
MOJIEJIb.

A. V. DANILCHYKY, A. G. VAINILOVICHY, M. V. RZHEUTSKL, P. V. SHPAKX, V. V. BORUSHKO?,
Y. V. TROFIMOV?, V. I. TSVIRKOS, E. V. LUTSENKO", G. P. YABLONSKI*

SIMULATION OF TEMPERATURE DISTRIBUTION IN THE InGaN LED MATRIX
WITH HIGH DENSITY OF RADIATION POWER

1B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: a.danilchyk@ifanbel.bas-net.by
2Brest State University named after A. S. Pushkin, Brest, Belarus; e-mail: vadim79@tut.by
3Center of LED and Optoelectronic Technologies of the National Academy of Sciences of Belarus,
Minsk, Belarus; e-mail: trofimov@inel.bas-net.by

The matrix consisting of 33 miniature LEDs of Rebel Z-series emitting in the blue-green region of the spectrum
was created. The maximum emission power density of the matrix was ~ 18 W/cm? at continuous injection current. A computer
model describing the temperature distribution in the matrix of LEDs depending on the supplied electrical power was developed.
The simulation results are consistent with the results of measurement of the matrix LEDs temperature by a thermal imager,
as well as with the results of determination of the LED active region temperature by the optical method.

Keywords: LED matrix, active region temperature, temperature distribution, thermal model.
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E. B. KOP34

YCUJIEHUE KOMBUHAILIMOHHOI'O PACCESIHUSI CBETA HEOPTAHUYECKUMMU
INUI'MEHTAMM C UCIIOJIb3OBAHUEM HAHOYACTHUL 30JI0TA U CEPEBPA

Hnemumym ¢usuxu um. b. U. Cmenanosa Hayuonanvnou axademuu nayx benapycu, Munck, Bearapyco,
e-mail: korza_ev@list.ru

B nannoit pabote anmpoOupoBaHbI pa3IHMYHbIC METOAWKH MOBHIIICHNS HWHTCHCHBHOCTH KOMOMHAIIMOHHOTO pacCesHUs
CBETa HEOPTaHWYECKMMHU XyJOKECTBCHHBIMH IMUTMeHTaMu. [lokazaHo, 4TO AJIs KaXkJOTO MUTMEHTA CyIIECTBYEeT MHANBU-
JTyalibHasi 3aBUCHMOCTE (pAKTOpPa YCHIICHHUS OT pa3MepOB HAHOYACTHUI], IIPH ATOM B3aHMHOE PACIOI0KCHHUE aHATUTA U HAHO-
YaCTHUI] HE UMEET 3HAYUTEIBHOTO BIMSHUS HA €Tr0 BeNUUnHy. TeM He MeHee HaHeceHHe HaHOUaCTHI] IOBEpX aHAJINTA IpeS-
cTaBIsieT co0oit HanboIee MPOCTOH 1 HANMEHee BpeMsI3aTPaTHBIH c11ocod MoAroToBKH 00pasnos. Kpome sToro o6HapyxeHo,
YTO MHTEHCHBHOCTh KOMOMHAIIMOHHOTO pacCesHUs IPH MCIOJIB30BAaHUH HAHOYACTHUI[ 30J0Ta U cepedpa COM3MEepUMBI, HO
MIPUMCHEHHE 30J0THIX HAHOCTPYKTY P HO3BOJISCT CHU3UTH JIIOMUHECIEeHTHBIH (on B ' KP-criekTpax, 4T0 3HAaUNTENBHO yIPO-
IaeT X HHTEPIPETAIHIO.

Kntouesvie crnosa: ycunenne KOMOMHAIMOHHOTO pacCesHUS CBETa, HAHOUACTHIBI cepedpa, HaHOYaCTHIEI 30J10Ta, Ipa-
3€01M, YIbTpaMapiH (QHOICTOBBIH, IEPYICyM.



E. V. KORZA

LIGHT RAMAN SCATTERING ENHANCEMENT BY INORGANIC PIGMENTS
WITH THE USE OF GOLD AND SILVER NANOPARTICLES

B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: korza_ev@list.ru

In this paper different techniques of surface enhanced Raman scattering (SERS) by inorganic art pigments have been
tested. Every pigment has each own dependence of the enhancement factor on nanoparticles sizes. The relative position
of analyte and metal nanoparticles has no significant impact on the value of the enhancement factor. However, applying
nanoparticles on top of the pigment is the most simple and less time-consuming method for sample preparation. In addition,
the use of gold and silver nanoparticles provide comparable values of the intensity in the SERS spectra, but the use of gold
nanostructures allows reducing the fluorescent background. So, the interpretation of spectra becomes easier.

Keywords: Surface enhanced Raman scattering (SERS), silver nanoparticles, gold nanoparticles, praseodymium yellow,
ultramarine violet, cerulean.
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A. I1. POIIOT, H. A. XHJIO

TEHEPAIIUSI CBETOBBIX ITYUKOB SVPU ITPU JTUPPAKIIAN
HA CUHYCOUJAJBHbBIX ®A30BBIX PEIIETKAX

Huemumym @uszuxu um. b. U. Cmenanosa Hayuonanvhoul akademuu nayx benapycu, Munck, Benapyce,
e-mail: AlexeiRAP@gmail.com, n.khilo@dragon.bas-net.by

B paGote paccMOTpeH HOBBIIT aKyCTOONTHYECKHI METO/ TeHEpally JMHAMHYECKHUX CBETOBBIX My4yKoB Diipu. C mpume-
HeHneM SLM sKkcrepuMeHTaIbHO MOATBEPKAEHA BO3MOKHOCTD MOTYUEHU s HEMOTHBIX IMyUYKOB Dipu npH pedpakiuy ceera
Ha CHHYCOHIaIbHOU (pa30BOi TU(PAKIIHOHHON PEIIeTKe U U3yYEHBI HX CBOWCTBA.

Kniouesvie cnosa: akycroontuyeckuit Metos, GpazoBas AudpaKkMOHHAs pEIIeTKa, CTOs4Yast BOJHA, INHAMHUYECKHE CBe-
TOBBIE TYYKH DUPH.

A. P. ROPOT, N. A. KHILO

GENERATION OF AIRY LIGHT BEAMS DIFFRACTED BY A SINUSOIDAL PHASE GRATING

B. 1. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: AlexeiRAP@gmail.com; n.khilo@dragon.bas-net.by

The paper considers a new method for generation of Airy dynamic beams. Using SLM, the possibility of production
of incomplete Airy beams due to light refraction by a sinusoidal phase grating is confirmed experimentally. The properties
of such beams are studied.

Keywords: acousto-optical method, phase grating, standing wave, Airy dynamic light beams.
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B. IO. MAPKEBUY, P. B. YYJIKOB

OHNPEAEJEHUE CTAIITUOHAPHOI'O KOO®PUILIUEHTA BKP-YCUJIEHUSA
KAJMH-TAJTOJTAHUEBOI'O BOJIb®PAMATA HA JIVIMHE BOJIHBI 532 um

Hucmumym uszuxu um. b. U. Cmenanosa Hayuonanvnoii akademuu Hayk berapycu, Munck, Benapyco,
e-mail: vumarkevich@gmail.com

IIpennoxeH MeTOA OMpeAenaeHUs] CTAHOHAPHBIX KOI(P(PUIINEHTOB yCUIEHHS BBHIHYXAEHHOTO KOMOMHAI[MOHHOTO pac-
cestuust (BKP) B kpucramiax, B OCHOBE KOTOPOTO JISKUT CONIOCTABIICHNE JaHHBIX YHCICHHOIO MOACTHPOBAHUS U DKCIIEPH-
MEHTaJIbHBIX pe3ynbTaToB o BKP-renepanuu. [IpennoxeHnslii moaxox ObLT mpoTecTHpoBaH It HUTpara 6apus (BN) B moie
CIEKTPaNbHO OTPAHNYEHHBIX HAHOCEKYHAHBIX JIa3€PHBIX UMITYIbCOB. ET0 Mcmonp30BaHue 715 KaIHi-TaJONHHUEBOTO BOIb-
¢dpamara (KGW) nmo3Bosiuiio yctaHOBUTH 3HaUeHHS K03 unnenToB BKP-ycunenns 14 £+ 3 u 11 + 3 cm/I'BT Ha ayinHE BOTHBI
532 um s opuentanui E || Ny 1 E || Ng cooTBeTcTBEHHO.

Kniouegvle cnosa: BBIHYXIEHHOE KOMOMHAI[MOHHOE PACCESHNE, CTAIMOHAPHBIN KO3 GHUINEHT YCHICHNS BBIHYKIEHHO-
ro kombuHanmonHoro paccessuus (BKP), aurpar 6apus (BN), kanuii-ragonnnuessiii Bonbdpamat (KGW).



V.U MARKEVICH, R. V. CHULKOV

DETERMINATION OF THE STEADY-STATE RAMAN GAIN COEFFICIENTS
OF POTASSIUM-GADOLINIUM TUNGSTATE AT A WAVELENGTH OF 532 nm

B. 1. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: vumarkevich@gmail.com

A method for determination of the steady-state Raman gain coefficients in crystals has been proposed. The method
is based on comparing the numerical simulation data and the experimental Raman generation results. The proposed approach
has been tested for barium nitrate in the field of spectrally limited nanosecond laser pulses. Its application for potassium-
gadolinium tungstate has revealed the values of the Raman gain coefficients to be 14 + 3 and 11 + 3 cm/GW at a wavelength
of 532 nm for the E || Ny and E || N g sample orientations, respectively.

Keywords: stimulated Raman scattering, steady-state Raman gain coefficient, barium nitrate (BN), potassium-gado-
linium tungstate (KGW).
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A. A. PRDKEBHUY!, C. B. COJIOHEBHUY!, H. A. XHUJIO', U. B. FAJIPIKHH"?

ITPEOBPA3OBAHUE KOHUYECKHUX JIASEPHBIX ITYYKOB
B IBYOCHBIX KPUCTAJIJIAX

"Hnemumym ¢usuxu um. 5. U. Cmenanosa Hayuonanvhoii akademuu nayx Benapycu, Munck, Beaapyce,
e-mail: tol@dragon.bas-net.by
’Benopycckuii 2ocyoapcmeennuiii ynusepcumem, Munck, berapyce

HCCJ’IC[{OBaHBI MECTOAbI Hp606pa3OBaHI/I${ KOI'€pEHTHLIX MOHOXPOMATUYECKUX CBETOBBIX ITYYKOB B IBYOCHBIX KpUCTAaJlJIaX
B YCJIIOBUAX KOHUYECKOU peq}paKL[I/II/I. Pa3p360TaHa METOAUKA OMIPEACIICHUSA ONTUMAJIbHBIX IapaMETpPOB OINTHYCCKUX
3JIEMEHTOB NPpU CO3JaHUU npe06pa3OBaTen$I JJIsL TOJTYUCHU ST paairuaIbHO 6o a3MMYyTaJIbHO TOJAPU30BAHHOI'O JIA3€PHOI'O
M3JTYUYCHUS, a TAKKEC KOHUYECKNX CBETOBLIX IIYYKOB C BHUHTOBOW JUCJIOKAIINEH BOJTHOBOTO Q)pOHTa NEPBOTO MOopsiIKa B 3aBU-
CHUMOCTH OT UCIIOJB3YEMBIX MaT€prajia KpucTtajjla U JJIUHBI BOJIHBI JIA3€PHOI'O U3JTYyUCHU .

Knwouesvle cnosa: }:[ByOCHBIﬁ KpuCTaJlJl, BAHTOBas1 AUCJIOKal 1l BOJIHOBOT'O (I)pOHTa, OeccelieB CBETOBOM My4O0K, paaunalib-
Has noJisipusanusd, asuMyTalibHas MoJispu3anus.

A. A. RYZHEVICH', S. V. SOLONEVICH!, N. A. KHILO', I. V. BALYKIN"?

TRANSFORMATION OF CONICAL LASER BEAMS IN BIAXIAL CRYSTALS

!B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: tol@dragon.bas-net.by
2Belarusian State University, Minsk, Belarus

We investigated the methods of transformation of coherent monochromatic light beams in biaxial crystals under the con-
ditions of conical refraction. Also, we developed the method for determining optimal parameters of optical elements to create
a converter that forms radially or azimuthally polarized laser radiation, as well as conical light beams with dislocation of a first-
order wave front depending on the material of the used crystal and laser radiation wavelength.

Keywords: biaxial crystal, screw wave front dislocation, Bessel light beam, radial polarization, azimuthal polarization.
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O. A. KO3JIEHKOBA, JI. I IlIVIABCKAL, A. B. MUKYJINY, U. A. JIEYCEHKO,
A. U. TPETbAKOBA, B. IO. IIVIABCKUH

®OTOCEHCUBWJIN3UPYIOUIEE NTEMCTBUE BUJINPYBUHA
HA KJIETKH )KUBOTHBIX B KYJIBTYPE

Hucmumym uszuxu um. b. U. Cmenanosa Hayuonanvrotl akademuu Hayk benapycu, Munck, Benapyco,
e-mail: olga.kozlenkova@gmail.com, v.plavskii@ifanbel bas-net.by

VccnenoBanusi, BEIIOTHEHHBIE B HACTOSIIIEH paboTe, IIOKa3ajy, YTO BO3JAEHCTBHE H3IIYYEHHUS CBETOIHOIHBIX HCTOYHH-
KOB ¢ MAKCHMYMOM TIOJIOCHI M3JIyYECHHS OKOJIO 465 HM, COOTBETCTBYIOIIETO CHEKTPY MOTIIOMEHHS OMInpyOnHa, ClIOCOOHO
OKa3bIBaTh IOBPEXIAIONICe ACHCTBHE HA KJIETKH JKUBOTHBIX B KYJbTYype, HAXOISLIMECS B JOrapu(pMHUECKOH CTaJuu po-
cTa, IpeaBapUTEIbLHO HHKYOUpOBaHHEIE ¢ OnmnnpyonHoM. PoTtobnonorudeckuii 3¢ ekt 00yciaoBiIeH HOTOAMHAMUYECKUMU
MpoLEecCaMM € Yy4acTHeM CHHIJIETHOTO KHCJIOPOJA, TeHEPUPYEeMOro TPUILIETHO BO30YKIEHHBIM CeHcHOMnIu3aTopoMm. Bua
3aBUCHMOCTH BBDKMBAEMOCTH KJIETOK OT SHEPIeTHUECKOM 03bI yKa3bIBACT Ha TO, YTO CEHCHOMIN3aTOPOM BBICTYTIAeT OMIIU-
pyOuH, a He ero GOTOIPOIYKTHI.

Knrouegvle cnosa: runepounupyonaeMus, OunupyOounH, GoToceHCHOMIH3aTOp, KU3HECIOCOOHOCTH KieTok, MTT-tecr,
(doroTepanus, CHHIICTHBIA KUCIOPOI.



0. A. KOZLENKOVA, L. G. PLAVSKAYA, A. V. MIKULICH, I. A. LEUSENKO,
A. I. TRETYAKOVA, V. Yu. PLAVSKII

PHOTOSENSITIZING EFFECTS OF BILIRUBIN ON ANIMAL CELLS IN CULTURE

B. 1. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: olga.kozlenkova@gmail.com, v.plavskii@ifanbel . bas-net.by

The studies performed in this work have shown that the radiation exposure to LED sources with an emission band
maximum of about 465 nm corresponding to the absorption spectrum of bilirubin is able to cause damaging effects on animal
cells in culture, being in a logarithmic growth stage, that have been pre-incubated with bilirubin. The photobiological effect
is caused by photo dynamic processes with participation of singlet oxygen generated by a triplet-excited sensitizer. The type
of cell survival depending on an energy dose indicates that the sensitizer serves as bilirubin but not its photoproducts.

Keywords: hyperbilirubinemia, bilirubin, photosensitizer, cell viability, MTT-test, phototherapy, singlet oxygen.
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E. A. TOJIKAYEBA, O. H. XOJI0A4, JI. 1. MYPHH

OCOBEHHOCTHU TPAHC®OPMAIIUU KUCJIOPOJOCOJEPKALIIUX HEHTPOB
B KPEMHUMU IIPU OTKUT'E B UHTEPBAJIE TEMIIEPATYP 450-700 °C:
JAHHBIE UK-ITOIJIOIMEHU A

Hayuno-npaxmuueckuii yenmp Hayuonanvhou akademuu nayk berapycu no mamepuanosedenuro, Murck, Benapyco,
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Meronom MK-norsomuienns ucciaenoBaHbl 0COOEHHOCTH TPAHC(HOPMAIIMK KHCIOPOAOCOIePIKALIMX PaJHAlIOHHO-UHIY-
LUPOBAHHBIX IICHTPOB B KPUCTAJJIAX KPEMHHUSI, TIOJIYYCHHBIX METOIOM HOXpabCKOrO U 00JTYUCHHBIX OBICTPBIMH 3JICKTPO-
HaMH WJIM HEHTPOHAMH, B MPOIECCE MOCIEIYIOUIEr0 BEICOKOTEMIIEpaTypHOro oTxura npu 7 > 450 °C. YcTaHOBIICHO, YTO
B uHTEpBase Temueparyp 450-700 °C umeer MecTo HopMHUpPOBAHUE BAKAHCHOHHO-KMCIOPOAHBIX KoMILIekcoB VO, (m > 5),
06YCIOBINBAIONNX MOABJICHUE PSIa KONEGATEIbHBIX M0JI0C MOMNOMEHHS B MHTEPBae BOTHOBBIX dicen 980—1115 cm .

Kurouesvie cnosa: xpeMHuil, 00J1ydeHHe, OTIKUT, BAKAHCHOHHO-KUCIOPOHbIe KoMILIekesl, IK-nornomenue.
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The transformation peculiarities of oxygen-containing radiation-induced defects in Czochralski-grown silicon irradiated
with fast electrons or neutrons upon subsequent high temperature annealing at 7' > 450 °C have been investigated by means
of IR absorption. It is found that in the temperature range 450-700 °C the vacancy-oxygen-related complexes VO,, (m > 5)
are formed. These complexes are responsible for the appearance of a number of vibrational absorption bands in the wave
number range 980—1115 cm ™.
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