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B. U. AHYEBCKHHU

O HEKOTOPBIX CBOMCTBAX I'PYIII YAHTXEJA U UX YHUTAPHBIX AHAJIOTOB
AJITEBP AIBYMAIU HAJI TOJISIMHU ®YHKIMIA p-A TMYECKUX KPUBBIX
U CHELUAJILHBIMHY I'EH3EJEBBIMU MOJISIMU

Hnemumym mamemamuxu Hayuonanvrou akaoemuu nayx benapycu, Munck, berapyco,
e-mail: yanch@im.bas-net.by

ONHCHIBAIOTCS TPYTIBI TPUBEACHHBIX M IMPUBEICHHBIX YHUTAPHBIX HOPM MJIs c1ab0 Pa3BETBICHHBIX I'H3EICBEIX all-
redp ¢ AeneHueM. YCTaHaBIMBAIOTCS BaXKHBIC CBOMCTBA IPUBEACHHBIX M IIPUBEICHHBIX YHUTAPHBIX IPyNn YaiTxena anreop
C JIeNICHUEM HaJl TMOJSAMHU (PYHKIUH p-aAMdeCKUX KPUBBIX IIPH IONOJHEHUU UX OTHOCHTEIBHO CHEIHAaIbHBIX JUCKPETHBIX
HOPMHUPOBAaHUH, a TAK)KE TEJI TAK HA3bIBAEMBIX HEKOMMYTATHBHBIX p-aINIeCKUX PAIIHOHAIBHBIX (QYHKIHH.

Kniouesvie crosa: Tpynmsl Yaiitxena anre0p ¢ geIeHHueM, IPUBEICHHEIE IPYTIIBl YalTXea anredp ¢ JeIeHneM, TeH3eme-
BBI TIOJISL, IPUBE/ICHHBIC HOPMBI aIredp Aq3yMaiin Haj HOJNSIMH, YHUTapHbBIE HHBOJIOIUY aaredp ¢ JAeNeHHeM, IPUBEICHHbIC
YHUTapHbIE HOPMBI IEHTPATBHBIX IPOCTHIX aITe0p ¢ HHBOIOIISMHI.

V. . YANCHEVSKIT

SOME PROPERTIES OF WHITEHEAD GROUPS AND THEIR UNITARY ANALOGS OF AZUMAYA ALGEBRAS
OVER FUNCTION FIELDS OF THE p-ADIC CURVES AND OVER SPECIAL HENSELIAN ONES

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: yanch@im.bas-net.by

The groups of reduced and reduced unitary norms of tamely ramified Henselian division algebras are described. Important
properties of reduced and reduced unitary Whitehead groups of division algebras over function fields of p-adic curves after
extension scalars to their completions with respect to special discrete valuations and of skew fields of the so-called non-
commutative p-adic rational functions are obtained.

Keywords: Whitehead groups of division algebras, reduced Whitehead groups of division algebras, Henselian fields,
reduced norms of Azumaya algebras of fields, unitary involutions of division algebras, reduced unitary norms of central simple
algebras with involutions.

A. K. JEMEHYYVK

3AJTAYA YIIPABJEHUSI ACHHXPOHHBIM CIIEKTPOM JIMHEHHBIX
KBABUINNEPUOJNYECKUX CUCTEM C BJIOYHbBIM NPEACTABJIEHUEM
YCPEJHEHUSA MATPULIBI KOOOOPUITUEHTOB

Huemumym mamemamuxu Hayuonanvhoti akademuu nayx bearapycu, Munck, Benapyce,
e-mail: demenchuk@im.bas-net.by

PaccmarpuBaeTcst iMHelHasi KBa3UIIEPHOJUYECKasi CHCTEMa YIpaBJICHHs, 3aMKHYTasi JIMHEHHONW 1o (a30BbIM mepe-
MEHHBIM 00paTHO# cBs3bio. [Ipennonaraercs, 4To ycpeaHeHHas MaTpua Ko3GpUIIMCHTOB NMeeT OJI0YHOE PE/ICTABICHHE.
Pemaercs 3a1aua ynpaBiaeHHs! aCHHXPOHHBIM MHOTOYaCTOTHBIM CIIEKTPOM.

Knrouesvle cnosa: nuHeliHas KBa3UIEPUOAUUECKAs CUCTEMA YIIPABICHU S, aCHHXPOHHBIH CIEKTP.

A. K. DEMENCHUK

CONTROL PROBLEM OF AN ASYNCHRONOUS SPECTRUM OF QUASIPERIODIC LINEAR SYSTEMS
WITH A BLOCK REPRESENTATION OF AVERAGE COEFFICIET MATRIX

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: demenchuk@im.bas-net.by

We conseder a linear quasiperiodic control system closed by the phase variables-linear feedback. It is assumed that
the average coefficient matrix has a block representation. The control problem of an asynchronous multifrequency spectrum
is solved.

Keywords: linear quasiperiodic control system, asynchronous spectrum.



B. U. KOP3IOK!?, HT'VEH BAH BUHb"3

KJIACCUYECKOE PEHHIEHHUE 3A1AYU C UHTEI'PAJIBHBIM YCJIOBUEM
I OTHOMEPHOI'O BUBOJIHOBOI'O YPABHEHU A

!Benopyccruii 2ocyoapemeennwviii ynusepcumem, Munck, Benapyco,
e-mail: korzyuk@bsu.by, vinhnguyen0109@gmail.com
’Uncmumym mamemamuxu Hayuonanvnoii akademuu nayk benapycu, Munck, Benapycs,
e-mail: korzyuk@bsu.by
3 Xwoackuii ynueepcumem, Xi0, Bvemnam, e-mail: vinhnguyen0109@gmail.com

B ananuTHYeckoM BUE HAMICHO KIACCHUECKOE PEIICHHE OXHOMEPHOr0 OMBOJIHOBOTO ypaBHEHUS IIPU HAJINYHH yCIIO-
Buit Koy, rpaHnYHBIX yCIOBUIT Ha OOKOBOH I'PaHUIIE M HEJIOKAJIEHOTO HHTET PAJIBHOTO YCIIOBHUSI, KOTOPOE 3a/1aHO Yepe3 3Ha-
YEeHUs] ICKOMOT'0 PEIICHHsI BO BHYTPEHHHUX TOYKaX paccMarpuBaeMoii oonactu. [lox kIaccHueckuM penreHueM IIOHUMaeTCs
(YHKIHSL, KOTOpas OIpPE/esICHa BO BCEX TOYKAX 3aMBIKAHUS 3aJJaHHOU 00JIAcCTH M MMEEeT BCE KIaCCHYECKUE IIPOU3BOJHBIC,
BXOJISIIIIME B yPAaBHEHUE U yCIOBHS 3aJa4H.

Kurouesvie crosa: nuddepeHnanbable ypaBHEHUs, THIIEpOOINYecKUe ypaBHEHNs, OMBOJIHOBOE ypaBHEHHUE, YaCTHEIC
[IPOU3BOAHBIC, TPAHUYHBIC YCIOBUS, ycinoBuUs Komiy, ycinoBus corinacoBaHus, KJI1aCCHYECKOE PEIICHUE.

V. I. KORZYUK"?, NGUYEN VAN VINH'3

CLASSICAL SOLUTION OF A PROBLEM WITH AN INTEGRAL CONDITION
FOR THE ONE-DIMENSIONAL BIWAVE EQUATION

!Belarusian State University, Minsk, Belarus,
e-mail: korzyuk@bsu.by, vinhnguyen0109@gmail.com
2Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: korzyuk@bsu.by
3Hue University’s College of Education, Hue, Viet Nam, e-mail: vinhnguyen0109@gmail.com

We find a closed-form classical solution of the homogeneous biwave equation with Cauchy conditions, a boundary
condition on the lateral boundary, and a nonlocal integral condition involving the values of the solution at interior points of
the domain. A classical solution is understood as a function that is defined everywhere in the closure of the domain and has all
classical derivatives occurring in the equation and conditions of the problem.

Keywords: differential equations, hyperbolic equations, biwave equation, partial derivatives, boundary conditions,
Cauchy conditions, agreement conditions, classical solution, integral condition.

0. A. KAPThIHHUK

AJTOPUTMHUYECKHE CBOMCTBA
CBA3HBIX OKPECTHOCTHBIX MHOXKECTB B I'PA®AX

benopycckuii 2ocyoapcmeennuiii ynusepcumem, Munck, benapyco,
e-mail: kartynnik@bsu.by

B pabote BBOgUTCS M XapaKTepU3yeTCs KIacc rpadoB, B KOTOPBIX KaXK10€ CBA3HOE JOMUHHUPYIOIIEE MHOXKECTBO SIBJISCT-
cs1 (CBSI3HBIM) OKPECTHOCTHBIM, a TAKIKe KJIAcC TpadoB, JIIs KaskKJOT0 CBSI3HOTO MTOPOXKICHHOT'0 MOATpada KOTOPHIX MOITHOCTH
HAaHUMEHBIIETO OKPECTHOCTHOTO MHOXECTBA ¥ HANMEHBIIIETO CBA3HOTO OKPECTHOCTHOTO MHOXKECTBA COBIIAAAIOT. B mpenrmo-
noxxennu P # NP nokazana HeanmpOKCHMHPYEMOCTH 33 MOJTMHOMHUANBHOE BPEMS C JOTapu(MHUCCKOH rapaHTHPOBAHHOM
OLICHKO} TOYHOCTH 3aJ]adil O HANMEHBIIIEM CBSI3HOM OKPECTHOCTHOM MHOXECTBE B MX OOIIEM IOJKIIAcCce — KJIACCe CHMILIH-
MaTBHO-PACIICTUIIEMBIX TPagoB.

Kniouesvle cnosa: CUMILTUIINATBHO-PACIIETIISEMBIH Tpad, YUCIO CBSI3HOTO JOMHHUPOBAHHS, CBI3HOE OKPECTHOCTHOE
YHCIO.

Y. A. KARTYNNIK

ALGORITHMIC PROPERTIES OF CONNECTED NEIGHBOURHOOD SETS IN GRAPHS

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

We introduce and characterize the class of graphs in which every connected dominating set is a (connected) neighbourhood
set and a class of graphs whose all connected induced subgraphs have equal minimum neighbourhood set and minimum
connected neighbourhood set cardinalities. Assuming P # NP, we also prove that the minimum connected neighbourhood
set problem cannot be approximated within a logarithmic factor in polynomial time in their common subclass, the class of
simplicial split graphs.

Keywords: simplicial split graph, connected domination number, connected neighbourhood number.



A. IO. XAPUH', TOH TXAT TY!-?

HOCJIEAOBATEJIBHAS CTATUCTUYECKAS ITPOBEPKA I'MIIIOTE3 O TAPAMETPAX
BPEMEHHBIX PSIJIOB C TPEHJIOM ITPH ITPONTYCKAX HABJIOAEHU I

!Benopyccruii 2ocyoapcmesennuiii ynusepcumem, Munck, Benapyce, e-mail: KharinAY@bsu.by, tthattu@gmail.com
’Vuusepcumem e. Jlanane, Bvemnam, e-mail: tthattu@gmail.com

PaCCManPIBaeTCfI 3azada HOCJ'Ie[[OBaTeHLHOfI MPOBEPKU MPOCTHIX T'UIIOTE3 AJId BPEMEHHBIX PAJIOB C TPEHIOM B CIIYy-

yae mporycka HaooaeHni. [locTpoeH nocienoBaTebHBIN TECT, HCCIIEIOBAHBI XapaKTEPUCTHKH ero 3¢ dpexTuBHOCTH. [Ipn-

BEJICHBI PE3YJIbTAThI BBIYUCIUTEIbHBIX SKCIEPUMEHTOB.
Knouesvle crosa: HOCHGZ[OBaTCJ'H:HLIfI TECT, NPOCTHIC TUIIOTE3bI, BDEMECHHBIC PAJibl, TPECH, NPOIMYIICHHLIC 3HAYCHUS,

BEPOATHOCTHU OI_HI/I60K, MaAaTEMaTUYCCKOC OKHMJaHUEC Yunciia Ha6J'IIO}:[eHPIfI.

A. Yu. KHARIN', TON THAT TU"?

SEQUENTIAL STATISTICAL HYPOTHESES TESTING ON PARAMETERS
OF TIME SERIES WITH A TREND UNDER MISSING VALUES

!Belarusian State University, Minsk, Belarus, e-mail: KharinAY@bsu.by, tthattu@gmail.com
2 Da Nang University, Vietnam, e-mail: tthattu@gmail.com

The problem of sequential testing of simple hypotheses for time series with a trend is considered in case of missing
observations. The sequential test is constructed and its performance characteristics are analysed. Numerical results of expe-

riments are given.
Keywords: sequential test, simple hypotheses, time series, trend, missing values, error probabilities, expected number of

observations.

®. B. YYMAKOB!, C. U. BACUJIELP

PEHIEHUE OJHOI'O BUJA UHTETPAJIBHOI'O YPABHEHUSA ITEPBOI'O POJA
C JOTAPUOMUYECKHUM AAPOM U CMEITAHHBIMU KO®OUIIMEHTAMHU

! Benopycckuii 2ocyoapcmeennviii ynusepcumem, Munck, Benapycw, e-mail: fchumakov@tut.by
2Fenopycckuii 2ocydapemeennviii nedazo2udeckuii yuusepcumem um. Maxcuma Tanka,
Munck, Berapyco, e-mail: svasilets@tut.by

Pemienuie B siBHOM BUIE HUHTErpaJibHOTO YpaBHCHUS IIEPBOTO poJia € JIOI‘apI/I(bMaMI/I B AAPC CBOAUTCH K IIOCIICA0BATCIIb-
HOMY PCHICHUIO XapaKTCPUCTUYCCKOI'O ocoboro YpaBHCHUA U YPABHCHUSA BOIII)TeppLL Pemenne JacTCd B IBHOM BU/IC B 3a-
BHUCHUMOCTH OT HHACKCA ocoboro YpaBHECHUSA U PA3pCIIMMOCTH YPaBHCHU A BOHLTeppLI.

Kniouegvle crnosa: 0coboe HUHTETrpaJibHOC YPAaBHCHUE, UH/ICKC, YPAaBHCHUEC Boaneppr, yciioBus pa3spelIinMOCTH, YCIOBUA

PaBHOCUJIBHOCTHU, IBHOC PECIICHUEC YPABHCHU .

F. V. CHYMAKOV! S. I. VASILETS?

SOLUTION OF THE FIRST-KIND ONE-TYPE INTEGRAL EQUATION
WITH THE LOGARITHMIC KERNEL AND MIXED COEEFICIENTS

!Belarusian State University, Minsk, Belarus, e-mail: fchumakov@tut.by
’Belarusian State Pedagogical University named after Maxim Tank, Minsk, Belarus,
e-mail: svasilets@tut.by

An explicit solution of first-kind one-type integral equation with logarithms in the kernel reduces to a successive solution

of the characteristic singular equation and the Volterra equation. The solution is given in closed form, depending on the index

of the singular equation and the solvability of the Volterra equation.
Keywords: singular integral equation, index, Volterra equation, solvability conditions, equivalence conditions, quadrature

of equation.



@. E. IOMOBLEB, H. . IOPYYVK

PEIIEHUE HAYAJIBHO-KPAEBOM 3A JIAUM JIJISI HECTPOI'O THITEPBOJIMYECKOI'O
YPABHEHUS TP CMEIIAHHBIX TPAHUYHBIX YCJIOBUAX
B YUETBEPTHU IIJIOCKOCTH

benopycckuii 2ocydapcmeennulii ynusepcumem, Munck, benapyco,
e-mail: lomovcev@bsu.by, yurchuk@bsu.by

B HacTosmieit paboTe NOJIHOCTHIO UCCIIE0BAaHA U PellieHa HauyalbHO-KpaeBas 3a/1a4a JUIst IPOCTEHIEero HEOHOPOAHOTO
HECTPOTo runepOoINYecKoro ypaBHEHHsI BTOPOTO MOPsiAKa MPU CMEIIaHHBIX TPaHUUYHBIX yciaoBusx Jupuxne u Heitmana
B YETBEPTH IJIOCKOCTH. METOOM XapaKTEePUCTUK BBIBEJEHBI €€ €INHCTBEHHBIE KIaCCUYECKHE PEIIEHNUS B SIBHOM aHAIUTHYE-
CKOM BHJIE M JJOKa3aHa HEOOXOAMMOCTh U JOCTATOYHOCTH YCTAHOBICHHBIX TPEOOBAHUM IIAIKOCTH M YCJIOBHH COINIACOBAHUS
Ha MCXOJHBIE JaHHBIE (TPABYI0 YaCTh yPAaBHEHMs, HauaJbHbIe U TPAHUYHBIE JaHHBIE), 00ECIEUNBAONINE €€ OJHO3HAYHYIO
Be3/Ie pa3pelInMOCTh BO MHOXECTBE KJIACCUUECKUX pemeHni. TpeOGoBaHus IMagKoCTH Ha UCXOJHBIE JaHHBIE TOH 3a1a4n
Ha «eIMHUILY» BBIIIIE, YeM eclin Obl HAaMH pelllagach aHaJIOTHYHAs NepBas UM BTOpas CMEIlaHHas 3a1a4a JUlsl runepoonuye-
CKOT0 ypaBHEHHs KoJeOaHU MOIyOorpaHUuICHHOH CTPYHBI.

Kniouesvle cnosa: HauanbHO-KpaeBas 3a/1aua, HECTPOro THIEPOOINYECKOe yPaBHEHHE, KIaCCHUECKOE PellleHHe, He00X0-
JUMOE U JOCTAaTOYHOE yCJI0BHE, TPeOOBaHME IIIaAKOCTH, YCIOBUE COrTaCOBAHNUS.

F. E. LOMOVTSEV, N. I. YURCHUK

INITIAL BOUNDARY VALUE PROBLEM FOR THE NON-STRICTLY HYPERBOLIC EQUATION
WITH MIXED BOUNDARY CONDITIONS IN A QUADRANT

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

In this paper, the initial boundary value problem for the simplest inhomogeneous second-order non-strictly hyperbolic
equation with the mixed Dirichlet and Neumann boundary conditions in a quadrant is fully investigated and solved. By means
of the method of characteristics we have obtained its classical solution in analytic explicit form and have proved the necessity
and the sufficiency of the established requirements and the smoothness of the original data (the right hand-side of the equation,
initial and boundary data) to ensure its unambiguous solvability everywhere in a variety of classical solutions. The require-
ments on the smoothness of the data of this problem are by “one” are higher than if we have solved the similar first- or second-
order mixed problem for the hyperbolic equation of semi-infinite string vibrations.

Keywords: boundary value problem, non-strictly hyperbolic equation, classical solution, necessary and sufficient condi-
tion, smoothness requirement, reconciliation condition.

I 1. KHPUJIFOK

KPUTEPUU CAMOCOBMEIIEHHWSA 1 HEHTPOU IbI
MHOI'OYT'OJIBHUKOB n-APHBIX I'PYIIII

Benopycckuii 2ocyoapcmeennulii ynugepcumem ungopmamuxu u paouosnekmponuxu, Munck, bernapyco,
e-mail: kirilyuk.denis@gmail.com

B paboTe ycTaHOBIICHBI HOBBIE KPUTEPUU CAMOCOBMEIIECHUS TPONU3BOILHON TOUKH /7-apHOI I'PYTIITEI OTHOCUTEIBHO JJIe-
MEHTOB I10CJIEI0BATEIBHOCTH BEPIINH 2k-yTOJIBHUKOB n-apHOH rpynmsl. JlokaseiBaercsi, 4To LHeHTpouxa 2k-yronbHuka G,
00J1a1afo1Iero TeM CBOHCTBOM, YTO IIPOU3BOJIEHAS TOUKA /1-aPHOH I'PYTIIIE CAMOCOBMEIIAETCSI OTHOCUTEIBHO JIEMEHTOB I10-
CJIC/IOBATEIIEHOCTH BEPIIMH 3TOr0 2k-yroJIbHUKA, COBIIAZAET C IIEHTPOMIOM k-yrosibHuKa G.

Kuniouesvie cnosa: n-apHas rpyna, k-yroabHHUK n-apHOM I'PYIIIIEL, BEKTOP /7-apHOH I'PYIIIIEL

D. 1. KIRILYUK
SELF-RETURNING CRITERIA AND CENTROIDS OF POLYGONS OF n-ARY GROUPS

Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus,
e-mail: kirilyuk.denis@gmail.com

In the work new criteria of self-returning of any point of n-ary groups concerning the elements of sequence of tops of
2k-gons of the n-ary groups are established. It is proved that centroids of 2k-gons of G possessing that property that any point
of n-ary groups of self-returning concerning the elements of sequence of tops of this 2k-gons coincides with the G k-square
centroid.

Keywords: n-ary group, k-gon of n-ary group, vector of n-ary group.



0. A. KYPOYKHH

TEOPETUKO-TI'PYHIIOBASI UHTEPHHPETALIUS OPUCDEP
TPEXMEPHOI'O PACHIMPEHHOI'O ITPOCTPAHCTBA JIOBAYEBCKOI'O

Hucmumym uszuxu um. b. U. Cmenanosa Hayuonanvhoii akademuu Hayk bearapycu, Munck, Benapyco,
e-mail: yukuroch@dragon.bas-net.by

IloxazaHo, 4TO cTalMOHAapHAs I'PyIIa U30TPOIHOIO BEKTOPA YETHIPEXMEPHOI'O IICEBJOCBKIMI0BOIO IPOCTPAHCTBA —
noArpymnna rpynms! Bpamenuit SO(3.1) qaHHOTO NPOCTPaHCTBA SABISAECTCS I'PYNIION ABHXKCHUH OopHC(ep IepBOro U BTOPOTo
poza B TPEXMEPHOM PaCIIMPEHHOM IIpocTpaHcTBe JlobaueBckoro u AefCTByeT Ha opuchepax TPaH3UTHBHO.

Kurouesvie cnosa: opucdepa, H30TPOMHBIH BEKTOpP, MPOCTPaHCTBO JIoOaueBCKOro, MCEBJOEBKINI0BO MPOCTPAHCTBO,
rpymmna, npeobpa3oBanue, OMKBaTCPHHOH.

Yu. A. KUROCHKIN

GROUP-THEORETICAL INTERPRETATION OF THE HOROSPHERES
OF THE THREE-DIMENSIONAL EXTENDED LOBACHEVSKY SPACE

B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: yukuroch@dragon.bas-net.by

We have shown that the stationary group of the isotropic vector of the four- dimensional pseudo-Euclidean space, which
is the subgroup of the rotation group SO(3.1) of this space, is the group of motion of the first- and second-kind horospheres
in the three-dimensional extended Lobachevsky space and act transitively on horospheres.

Keywords: horosphere, isotropic vector, Lobachevsky space, pseudo-Euclidean space, group, transformation, biquaternion.

10. A. PYCAK!, O. B. BEK®?, E. M. OBCHIOK?

ACUMIITOTUYECKHWI AHAJIA3 YPABHEHUM 1151 CHUHOPHOM YACTHIIbI
B ITIOJIE IIBAPIINNJIBIA

! Bpecmckuii 2ocyoapcmeennviii ynusepcumem um. A. C. Iywxuna, Bpecm, Benapyce,
e-mail: wevelyura@gmail.com
’Tumnasus e. Kanunxosuuu, Benapycw, e-mail: vekoolga@mail.ru
3Mosvipckuii 2ocyoapemeennviii nedazozuueckuti yuusepcumem um. M. IT. Hlamsxuna, Mosvips, Benapyce,
e-mail: e.ovsiyuk@mail.ru

Jlns 6e3MaccoBBIX CIMHOPHBIX YacTHll B nonie [lIBapimuiabaa pa3BuTa obmas MaTeMaTHUYeCKas CXeMa aHaju3a Mpo-
XOXKJICHUS CIIMHOPHBIX 4acTHI uepe3 3G (PeKTUBHBII rpaBUTAMOHHBII Oapbep [lIBapummiabaa. YeTaHOBICHA 3aBUCHMOCTD
s dekra OT HaNpaBICHUS MaJICHHUs YaCTUI] Ha Gapbep: N3BHE MJIM U3HYTPH. AHAIU3 OCHOBAH HA UCHOJB30BAHUM 8 peIleHHH
DpobOeHnyca i1 ypaBHEHHS C CYIIECTBEHHO OCOOBIMHU TOYKaMK paHra 2. Maremarnyeckas CTPYKTypa HOJYYEHHBIX aCHUMIITO-
THYECKHUX (HOPMYII ABISAETCS TOUHON, OIHAKO HEU3BECTHBI aHATUTHYECKHE BBIPAXKEHUS [ CYMM BXOJSIINX B 3TH (OPMYIIbI
CTEINEHHBIX PSI0B. DTa 4aCTh MCCIEA0BAHHS BHIHYKICHHO JOJDKHA 6a3MpOBATHCA HA YHUCICHHOM CYMMHPOBAHUH PSAJIOB.

Knwoueevie cnosa: yactuna Jlupaxa, yepnas aeipa lllsapumunbia, CHHIyIsapHOCTH, pemienus Opobennyca, TyHHETH-
poBaHue.

Y. A. RUSAK' O. V. VEKO? E. M. OVSIYUK?

ASYMPTOTICAL ANALYSIS OF THE EQUATIONS FOR THE SPINOR PARTICLE
IN THE SCHWARZSCHILD FIELD

!Brest State University named after A. S. Pushkin, Brest, Belarus, e-mail: wevelyura@gmail.com
2Gymnasium, Kalinkovichi, Belarus, e-mail: vekoolga@mail.ru
3Mozyr State Pedagogical University named after I. P. Shamyakin, Mozur, Belarus, e-mail: e.ovsiyuk@mail.ru

For massless Dirac particles, the general mathematical study of the tunneling proccess of a particle through the effective
potential barrier generated by the Schwarzschild black hole is made. Results are significantly different for two situations: first
when a particle falls on the barrier from within and second when a particle falls on the barrier from the outside. The study
is based on the use of 8 Frobenius solutions of the related second-order differential equations with the second-rank non-regular
singularities. The mathematical structure of the derived asymptotic relations is exact, however the analytical expressions for
the involved convergent powers series are not known. So, a further study should be based on the numerical summation of
the series.

Keywords: Dirac particle, Schwarzschild black hole, singularities, Frobenius solutions, tunneling process.



I C. [IOKATAIIIKHH!, E. C. KOKOVJIMHA?, P. I IIIVJISKOBCKHI'

MOJAEJINPOBAHUE AHOMAJIBHOI'O POXKIEHUW A
MAT'KNX ®OTOHOB HA HYKJIOTPOHE

"Hncmumym npuxnaonoi gpusuxu Hayuonanvroii akademuu nayx Benapycu, Munck, Benapyco,
e-mail: shulyakovsky@iaph.bas-net.by, glebyshek92@mail.ru
206veounennviii uncmumym sdepuvix uccredosanuti, J[yona, Poccus, e-mail: kokoulina@jinr.ru

B crarbe 00Cyk1al0TCs MpeABapUTEIbHEIE PE3yIbTaThl MOACITHPOBAHUS AIEKTPOMATHUTHOTO KAaJOpUMeTpa ISl peruc-
Tpauuu MITkux GoroHoB Ha myuke Hykiorpona c sueprueit 3,5 I'>B na ocnoBe makeroB Geant4 u UrQMD. IIpuBonurcs
TEOPETHUYECKOE IIPE/INOIOKEHHE CBsI3U KOHJIeHcaTa bo3e — DifHIITelHA C SIBJICHHEM aHOMAJIBHOT'O BBIXOA MATKUX (OTOHOB,
OCHOBaHHOE Ha JaHHEIX coTpyaHndectBa CBJI-2 (O0beaMHCHHBIH HHCTHTYT SAEPHBIX nccienoBanuii, [lyona, Poccuiickas
Denepanus), 4To SIBISAETCI aKTyaabHOH 3a1aueil B CTOJIKHOBEHUU PEIISITUBUCTCKUX SIEP.

Kunrouesvie crosa: msirkue GoToHBL, KoHAEHCAT bo3e — DlHIITEIHA, apOHU3aIHsI, KBAPK-TITI0OHHAS Iu1a3Ma, HyKIoTpoH,
9JIEKTPOMArHUTHBIN kasopumeTp, Monrte-Kapio.

G. S. POKATASHKIN', E. S. KOKOULINA?, R. G. SHULYAKOVSKY!

SIMULATION OF THE ABNORMAL BIRTH OF SOFT PHOTONS ON THE NUCLOTRON

!Institute of Applied Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: shulyakovsky@iaph.bas-net.by, glebyshek92@mail.ru
2 Joint Institute for Nuclear Research, Dubna, Russia, e-mail: kokoulina@jinr.ru

The first results of simulation of an electromagnetic calorimeter for registration of soft photons on the Nuclotron beam
with the energy of 3.5 GeV on the basis of Geant4 and UrQMD packages are discussed in the paper. The theoretical assumption
is made on the relation between Bose — Einstein condensate and abnormal soft photon production on the basis of the SVD-2
data (Joint Institute for Nuclear Research, Dubna, Russian Federation). This is an actual task for heavy nucleus collisions.

Keywords: soft photons, Bose — Einstein condensate, hadronization, quark-gluon plasma, Nuclotron, electromagnetic
calorimeter, Monte-Carlo.

A. A. PYCAK', B. U. JAILIKEBHUY', B. A. OPJIOBUY, A. IT. IIIKA/IAPEBUY’

MOBBIIIEHUE BbIXOJHOM SHEPT WU BKP-JIAZEPA
IIYTEM IIOBTOPHOI'O UCTIOJIB30BAHHU SI UCTOIIEHHON HAKAYKH

! Unemumym gusuxu um. b. U. Cmenanosea Hayuonanvroii akademuu nayx benapycu, Munck, Beaapycy,
e-mail: bui.anastasiya@gmail.com, v.dashkevich@dragon.bas-net.by, v.orlovich@dragon.bas-net.by
’Vuumapnoe npeonpusmue « HTIL «JIDMT» BenOMO», Munck, Benapyco,
e-mail: shkad@lemt.by

[IpennoxxeH cnoco0 yBeIWYEHHUs BBIXOJHOW 3HEepruu BHepe3oHaTopHoro BKP-mazepa ¢ aByXmpoxonHOW HakaukoM.
Crnoco6 OCHOBaH Ha IMOBTOPHOM BO3BpaTe MCTOIIEHHOW Hakauku B 30Hy BKP-renepanuu u nemoHcTpHupyeTcs Ha puMepe
6e3omacHbIx s a3 BKP-mazepoB nHa kpucramie KGW, HakauyMBaeMOM HMMITYJICHBIM MHOT'OMOJOBBIM H3JIy4YEHUEM
KGW:Nd-na3epa ¢ paboyum mnepexoaom 4F3/2 — 4113,2 B F€OMETPHIX Ell Ng, uEll N,,. llpu Bo3epare B BKP-nazep 70 %
ucromennoi Hakauky KI1/] reneparu 6e3omacHoro aiis a3 u3IydeHus Ha JuinHax BoH 1507 u 1538 HM Bo3pacrtaeT npu-
MepHo Ha 11 %.

Kniouesvie crosa: BeIHY)JeHHOE koMOMHalonHoe paccesinne (BKP), Buepesonaropusiit BKP-nasep, neyxmpoxonnas
HaKayka, [IOBTOPHOE BO3BpAIllEHHE HCTOIIECHHONW HaKaYKH, Oe301MacHoe JIs I71a3 U3y YeHHe.

A. A. RUSAK!, U. I. DASHKEVICH', V. A. ORLOVICH', A. P. SHKADAREVICH?

INCREASING THE OUTPUT ENERGY OF THE RAMAN LASER BY A REPEATED
USE OF A DEPLETED PUMP

B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: bui.anastasiya@gmail.com, v.dashkevich@dragon.bas-net.by, v.orlovich@dragon.bas-net.by
2Unitary Enterprise “STC “LEMT” of the BelOMO”, Minsk, Belarus, e-mail: shkad@lemt.by

A method for increasing the output energy of an extracavity Raman laser with a double-pass pump is proposed. The me-
thod is based on the repeated recovery of a depleted pump in the zone of SRS generation and is demonstrated by the example
of eye-safe Raman lasers with a KGW crystal pumped at geometries of £ [ N, and E|| N, by pulsed multimode radiation
of a Nd:KGW-laser with a 4F3,2 — 4113/2 working transition. When returning 70 % of a depleted pump in the Raman laser,
an efficiency of generation of eye-safe radiation at wavelengths of 1507 and 1538 nm increases by approximately 11 %.

Keywords: stimulated Raman Scattering (SRS), extracavity SRS-laser, double-pass pump, repeated return of a depleted
pump, eye-safe radiation.



B. JI. LTATIOIIIHUKOB, A. B. KPUBOILLIEEBA, B. E. BOPUCEHKO

PACYET SJIEKTPOHHbIX SOHEPTETUYECKHX 30H
N OIITUYECKUX TAPAMETPOB CYJb®U/10B OJIOBA

Benopycckuii 2ocyoapcmeennulil yHusepcumenm uHgopmamuru u paouosnexmpornuxu, Munck, benapyco,
e-mail: victor.shaposhnikov@gmail.com, anna@nano.bsuir.edu.by, borisenko@bsuir.by

TeopeTHyecKkuM MOJETHPOBAHUEM YCTAHOBJIEHBI 30HHAS CTPYKTYPa U ONTHYECKHUE CBOMCTBA Pa3IMUYHbIX 110 CTEXHOME-
TPUUECKOMY COCTaBY U KPHCTAJUIMUECKOH pemeTke da3 cyabduna omopa. IlokasaHo, 4T0 BCe OHU SBISIOTCA HEMPSAMO30HHBI-
MU HOJTYNPOBOAHUKAMH C LIMPUHOMN 3anpereHHoH 30161 oT 0,17 10 2,4 3B. [lepcneKTHBHBIM MaTepUaoM AJis HPUMEHEHUS
B COJIHEYHOH dHEpPreTHKe NMpeAcTaBisercs SnS B KyOuyeckoit 1 opTopoMOnUeckor (azax ¢ MIHUPUHON 3aNpEeIICHHOI 30HbI
1,0-1,5 5B 1 K03)pUIIMEHTOM NIOTJIOIIEHHS B BUAMMO# 06acT criekTpa Gosee 10° e

Kutouegvie cnosa: cynb(ua ojioBa, 30HHas CTPYKTYPa, KOIGQPUIIUEHT ONTHYECKOr0 MOTJIOMIECHH S, COTHEUHBIH JJIEMEHT.

V. L. SHAPOSHNIKOV, A. V. KRIVOSHEEVA, V. E. BORISENKO

CALCULATION OF ELECTRON ENERGY BANDS AND OPTICAL PARAMETERS OF TIN SULFIDES

Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus,
e-mail: victor.shaposhnikov@gmail.com, anna@nano.bsuir.edu.by, borisenko@bsuir.by

The electron energy band structure and optical properties of various phases of tin sulfide were theoretically estimated by
computer simulation. All the investigated materials were found to be indirect-gap semiconductors with a band gap ranging
from 0.17 to 2.4 eV. The band gap in the range of 1.0-1.5 eV and the absorption coefficient near the fundamental absorption
edge of more than 103 cm™ in the cubic and orthorhombic phases of tin sulfide with a stoichiometric composition of SnS make
them promising for solar energy conversion.

Keywords: tin sulfide, band structure, absorption coefficient, solar cell.

S. A. BATISHCHE!, S. B. BUSHUK', V. A. PILIPENKO?, H. A. TATUR', D. V. ZHYGULIN?

FORMATION OF “BLACK” GOLD PARTICLES AT NANOSECOND
YAG:ND LASER FORTH HARMONIC (266 nm) ABLATION

B. I. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: batis@dragon.bas-net.by
2State Center “Belmicroanalysis” of JSC “Integral” — “Integral” Holding Managing Company, Minsk, Belarus,
e-mail: zhygulin@mail.ru

The research results of UV 266 nm gold ablation are presented. It is shown that the deposit structure on the surface
around ablation pits sharply depends on a pit depth. As the pit depth is increased, gold micro- and nanoparticles acquire
amore developed surface structure and the surface around the pits gets deep black color — “black™ gold appears. Some features
and possible mechanisms of forming “black” gold structures at ablation over the 266 nm powerful nanosecond laser radiation
range are also considered.

Keywords: ablation, YAG:Nd laser, absorption, threshold, “black” gold, nanoparticles.

C. A. BATULE!, C. b. BYIIVK', B. A. IIMJIMIIEHKO?, I A. TATYP', /. B. KUI'VJIUH?

OBPA3OBAHUE YACTHUII «<YEPHOT O» 30JI0TA ITPU JIABEPHOM ABJISIIIUA
HAHOCEKYHJHbIM U3JTYUEHUEM YETBEPTOI TAPMOHUKM YAG:ND-JTA3EPA

Hnemumym gusuxu um. B. M. Cmenanosa Hayuonansnoti akademuu nayx benapycu, Munck, Beaapyce,
e-mail: batis@dragon.bas-net.by
°’I'L] «Benmuxpoananusy puiuana HTL] «Bermuxpocucmemvry OAO «HMumezpany, Munck, Bexrapyce,
e-mail: zhygulin@mail.ru

[IpencrapieHsl pe3yabTaThl HCCICAOBAHUS abusanun 3050Ta YP-m3nyuenrneM 266 um. [lokazaHo, 4TO CTPYKTypa JAemo-
3UTa Ha IOBEPXHOCTH BOKPYT aOJISLIMOHHBIX JIYHOK 3aBUCHT OT UX INTyOUHBI. [Ipy yBeTnueHUH Ty OHHBI TyHKH OCaX ICHHBIC
MHUKPO- U HAHOYACTHIIBI 30JI0Ta MPHOOPETAIOT O0Jiee Pa3BUTYIO MOBEPXHOCTHYIO CTPYKTYPY, IPH 3TOM MTOBEPXHOCTH BOKPYT
JIYHOK CTAHOBUTCS HACBIIICHHOTO YEPHOTO I[BETA — MOSBIISCTCS «ISPHOE» 30JI0TO. TakkKe pacCMOTPEHBI HEKOTOPBIE 0COOCH-
HOCTH M BO3MOYKHBIE MEXaHHU3MbI ()OPMUPOBAHUS CTPYKTYP «UCPHOTO» 30J0Ta MPHU aOJISIIIHH MOIIHBIM HAHOCCKYHHBIM
JIa3€PHBIM U3JIYUYEHUEM C JIJTMHOM BOJHBI 266 HM.

Karouesvle cnosa: abnsuust, YAG:Nd-nazep, HOrIomeHue, Iopor, «4epHOE» 30J0TO.



I M. JIEBUH!, 5. M. PO3UH!, A. B. JOJIT HIF?

ONTUMMU3ALIMA BINTYCKA U HHTEHCUBHOCTEM OBPABOTKH
T'PYIIIBI JETAJIENA ITPH HECTAIITMOHA PHOM CITPOCE

106veounennviii uncmumym npoénem ungpopmamuru Hayuonanvroti axademuu nayx berapycu, Munck,
benapycwy, e-mail: levin@newman.bas-net.by, rozin@newman.bas-net.by
’T'opuas wixona Hanma, Hanm, @panyus, e-mail: Alexandre. Dolgui@mines-nantes.fr

PaccmarpuBaetcs 3a1a4a ONTUMHU3AIMH PA3MEPOB BBITYCKA TPYIIITHI IeTaIei U HHTEHCHBHOCTEH MX 00pabOTKM Ha MHO-
TOIO3UITMOHHOM 00OPYZIOBAaHUHU OJOKaMH MHCTPYMEHTOB IIPU HECTAIIMOHAPHOM CIIPOCE Ha 3a/JlaHHBIX BPEMEHHBIX MHTEP-
Banax. CocTaB Ipynmbl HE MCHsIETCS OT HHTEpBaja K HHTepBally. B xadecTBe 1eneBoil QyHKIHH MPHHSITA CyMMa 3aTpat Ha
MIPOU3BOJICTBO, XpaHEHUE N30BITKOB JieTajeh 1 MITpadbl 32 HEYIOBICTBOPEHHBIN CIIPOC HA HUX. 3aTPaThl HA BBITYCK TPYIIITHI
JieTaneld 3aBUCAT OT MHTEHCHUBHOCTEH nX 00paboTku. [IpeniokeH NeKOMITO3UITMOHHBIA METO/I PELICHUS 33 IauH.

Karouegvle crosa: pazmep napTuu, TpyIIa JeTajieil, HHTCHCUBHOCTh 00paOOTKH, MUHIUMH3AIUS 3aTPaT, JIEKOMITO3UIIH-
OHHBII METOJI.

G. M. LEVIN', B. M. ROZIN'!, A. B. DOLGUP

OPTIMIZING THE OUTPUT AND THE INTENSITIES OF PROCESSING A BATCH
OF PARTS UNDER NON-STATIONARY DEMAND

United Institute of Informatics Problems of National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: levin@newman.bas-net.by, rozin@newman.bas-net.by
2Ecole des Mines de Nantes, Nantes, France, e-mail: Alexandre.Dolgui@mines-nantes.fr

We consider a problem of optimizing the output of a batch of parts and intensities of its processing with tool blocks on
a multiposition equipment under non-stationary demand and predetermined time intervals. The batch content does not vary
from one interval to another. The objective function is the sum of production cost, storage cost of excess parts, and penalties
for unmet demand. The production cost depends on processing intensities. A decomposition method for solving the problem
is proposed.

Keywords: lot size, batch of parts, intensity of processing, cost minimization, decomposition method.
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PaccmatpuBaroTcs ABe 3a1a4H JIOTHYECKOT0 IPOSKTHPOBAHMSI TUCKPETHBIX YCTPOUCTB: JEKOMIIO3UIINS OyJIeBBIX (yHK-
Ui ¥ KOAMPOBaHHE COCTOSHUM KOHEUHOro aBToMaTa. [Ipemaraercss oOmmuii mMoaxo/ K perIeHuo STHX 3a1a4, KOTOPHIil CBs-
3aH C MOMCKOM MaKCHMAaJbHOTO pa3pesa B rpade co B3BemeHHbIMU pebpamu. Ha ocHOBe yka3aHHOTO METO/a MPe/I0KEHbI
IBPUCTHYECKHE METOBI PELICHNS pacCMaTPHBAEMBIX 3aJ[ad.

Kutouesvie cnosa: norudeckoe MpOEKTHPOBAHHE, AEKOMIIO3UIUS OyJIeBBIX (YHKINH, KOTUPOBAHUE COCTOSHHH KOHEU-
HOT0 aBTOMara, paspes rpada.
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Two optimization problems in logical design are considered: decomposition of Boolean functions and state assignment
of a finite automaton. A common approach to those problems is suggested. This approach is connected with the search of
a maximal cut in a graph with weighted edges. Heuristic methods based on this approach to solve the problems are suggested.

Keywords: logical design, decomposition of Boolean functions, state assignment of finite automaton, cut in graph.





