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A. C. [IJTATOHOB!, C. I KPACOBCKHUI

MOCTPOEHUE JIMHEMHBIX CUCTEM MNPA®DPA C MHOT'OMEPHBIM BPEMEHEM
N JOCTATOYHO IMPOU3BOJIBHBIMU HUKHUM XAPAKTEPUCTUYECKUM
N XAPAKTEPUCTUYECKUM MHOXECTBAMHU

(Ilpeocmasneno akademuxom H. A. H30606vb1m)

IVuusepcumem epasicoancroii sauwumvr MYC Benapycu, Munck, Beaapyce
alexpltn@mail.ru
2Hucmumym mamemamuxu HAH Benapycu, Munck, Beaapycu
kras@im.bas-net.by

[Tony4eHbl KOHCTPYKTHBHBIC JIOKA3aTEJIbCTBA CYNIECTBOBAHMS BIIOJNHE WHTErpupyemslx cucrteMm Ildadda
ox/ot;=Ai(Ox, xeR", t=(t1,...,tn) eRY, i=1,m, m=2, c 6eckonedno 1uPPepeHIUPYEMBIMU OTPaHMIEHHBIMHE MATPH-
amMn Kod(GQUIMEHTOB, UMEIOINX MPOM3BOJIBHOE HECBA3HOEC HIIKHEE XapaKTEPHCTHYECKOE MHOKECTBO IMOJOKHTEIBHON
m-mepbl JleGera 1 IPOU3BOJIBHO 3aJaHHbIC XapaKTEPUCTUIECKOE U HIKHEE XapaKTePHCTHYECKOE MHOKECTBA.

Kniouesvle cnosa: BIOJHE HHTErpUpyeMble JHHEHHbIe cucteMbl [Idadda, xapakTepucTHUIECKOE MHOXKECTBO, HUKHEE
XapaKTepPUCTHUECKOE MHOXKECTBO, ocTpoeHue cuctemsl Idadda mo 3ajaHHOMY HIKHEMY XapaKTEPUCTHYECKOMY MHOKe-
CTBY, COBMECTHAs PEan3yeMOCTh XapaKTePUCTUIECKOTO U HUIKHETO XapaKTePHCTHYECKOIO MHOXKECTB JIMHEHHOH CHCTEMBI
[dpadda, orpanndenHOE CBepXY (CHU3Y) 7-MEPHOE MHOXKECTBO, TOYHAS BEPXHsIS (HIDKHSIS) TPAHHIIA MHOTOMEPHOTO MHOXKe-
CTBa, 3aMKHYTOE CBEpXY (CHHU3Y) MHOTOMEPHOE MHOXKECTBO.

A. S. PLATONOV', S. G. KRASOVSKIF

CONSTRUCTING THE PFAFFIAN LINEAR SYSTEMS WITH MULTIDIMENSIONAL TIME
AND ARBITRARY LOWER CHARACTERISTIC AND CHARACTERISTIC SETS

1 University of Civil Protection, Minsk, Belarus
alexpltn@mail.ru
’Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
kras@im.bas-net.by

_It is proved that there exist the completely integrable Pfaffian systems ox/ot; = 4;(t)x, xeR", t=(t1,...,tn) e RY,
i=1,m, m 22, with infinitely differentiable bounded coefficients such that the lower characteristic set of these systems is an
arbitrary pre-assigned disconnected set and has a positive Lebesgue m-measure. Also, both characteristic and lower charac-
teristic sets for these systems can be arbitrarily pre-assigned. The proofs are constructive.

Keywords: completely integrable linear Pfaffian systems, a characteristic set, the lower characteristic set, constructing or
the linear Pfaffian system with arbitrary preassigned bounded disconnected lower characteristic set with positive Lebesgue
m-measure, the joint realizability of the characteristic set and the lower characteristic set for the linear Pfaffian system,
bounded from above (from below) m-dimensional set, supremum (infimum) of multidimensional set; closed from above (from
below) multidimensional set.

M. C. BEJIOKYPCKHH

MNEPUOINYECKHUE OTPAXKAIOIUE ®YHKIINU JUHEMHBIX
JTA®PEPEHIIUAJBHBIX CACTEM C HECOU3MEPUMbBIMU NEPUOJJAMU
OJITHOPOJTHOI 1 HEOJJTHOPOJJHOM YACTEN

(Ilpedcmasaeno axademuxom H. A. M30606vim)

Tomenvcruil cocyoapcmeenuwiil yrusepcumem umenu @panyucka Crkopunsl, I omens, beaapycw
drakonsm@ya.ru

Jlnst nuHeliHOM HeoTHOPOoIHOU () hepeHIIMATLHON CUCTEMBI MOy YCHBI HEOOXOAMMBIC U IOCTATOYHBIC YCIIOBHS COBIIA-
JICHHS €€ OTpakarolel GYHKIUU ¢ oTpaxaromieil QyHKIHEH COOTBETCTBYOMICH CHCTEMBI C HYJIEBOIl MaTpulieii. B kauecTBe
CJICZICTBHS TAHO JIOCTATOYHOE YCJIOBUE TOTO, UTOOBI JIMHECHHAS HEOTHOPOIHAS CHCTEMA, OTHOPOHAS U HEOTHOPOHAS YACTH
KOTOPOW MEPUOTMYCCKHUE C HECOU3MEPUMBIMU TIEPUOIAMHU, UMEJIA MEPUOJUICCKYI0 OTPAKAOIIYI0 QYHKIHIO C TIEPHOIOM,
PaBHBIM NIEPHOAY HEOJHOPOAHON yacTH. [loryueHHbIe YCIIOBUS IPUMEHEHBI ISl HAXOXKICHU S YACTUYHO HEPETyJISIPHBIX T1e-
PUOJMYECKUX PELICHUH KBa3UIIEPUOINUECKOI CUCTEMbl MATPUYHBIX YPABHEHUH.

Kuroueesvle crnosa: nepronnyeckas oTpaxaromas (QpyHKIHs, KBa3HUIICpUOAHUCCKas TUHEHHast nuddepeHnnanpHas cu-
crema.



M. S. BELOKURSKY

PERIODIC REFLECTING FUNCTIONS OF LINEAR DIFFERENTIAL SYSTEMS
WITH INCOMMESURABLE PERIODS OF HOMOGENEOUS AND NONHOMOGENEOUS PARTS

Francisk Skorina Gomel State University, Gomel, Belarus
drakonsm@ya.ru

The necessary and sufficient conditions, under which a reflecting function of a linear nonhomogeneous differential sys-
tem coincides with that of the corresponding system with a zero matrix, were established. The sufficient condition for the
linear nonhomogeneous system, the homogeneous and nonhomogeneous parts of which are periodic with incommensurable
periods, has a periodic reflecting function with a period coinciding with that of the nonhomogeneous part. Due to the condi-
tions obtained, the irregular periodic solutions of the quasi-periodic differential system of matrix equations were obtained.

Keywords: periodic reflecting function, quasi-periodic linear differential system.

B. 1. FEPHHUK', H. B. BYJAPHHA?, X. O'’QOHHEJI/I?

BEJIMYUHBI AJUCKPUMHUHAHTOB HEJOYUCJEHHBIX MHOI'O4YJIEHOB
B APXUMEJIOBOM 1 HEAPXUMEJIOBOI METPUKAX

(Ilpeocmasneno akademuxom H. A. H30606vim)

Huemumym mamemamuxu HAH Benapycu, Munck, Benapycy
bernik@im.bas-net.by
2Texnonoauueckuti uncmumym JJyénuna, Jy6aun, Hpranous
buda77@mail.ru; hugh.odonnell@nuim.ie

Paccmotpum kitace P5(Q) mHorouwteHoB P(t) € Z[t] crenienn 3 n BBICOTHL H(P)<Q, Q>1.Brigenum B P5(Q) mojKIace

S3(Q) HOJII/IHOMOB P(t), TUCKPUMUHAHTBI KOTOPHIX HE MPEBOCXOIAT Q 22 Y [eNATCs HA CTENeHb pOCTOro 4ucia p,

p¢>0 B ,v120, v, 20, 0<v; +v, <3/2. Haiinena omeHka cBepxy [uist MOIHOCTH noakiacca S3(Q). JlokasaHo, 4To 1jist
mo6oro & > 0 u Q > Oy (€) cripaseInBo HepaseHcTBo #53(0) < 0% S,

Kuouesvle cnosa: nnohanToBbl TPUOIIIKSHHSI, LEJIOYHCICHHBI MHOTOWICH, TUCKPUMHUHAHT LEIOYHCICHHOTO MHOTO-
qIIeHa, p-aInYeCcKre YKcia, HeapXMMe10Ba METPHKaA.

V. 1. BERNIK' N. V. BUDARINA?, H. O’'DONNELL’?

DISCRIMINANT VALUES OF INTEGRAL POLYNOMIALS IN THE ARCHIMEDEAN
AND NON-ARCHIMEDEAN METRICS

!Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
bernik@im.bas-net.by
’Dublin Institute of Technology, Dublin, Ireland
buda77@mail.ru; hugh.odonnell@nuim.ie

Consider the class P;(Q) of the polynomials P(¢) € Z[¢] of degree 3 and helght H(P)<Q, Q>1.Define a subclass S (Q)
in P (Q) by takmg the polynomlals P(#) having discriminants not exceeding O 2172=2 and divisible by the power of the prime
number p®, p¢ > Q , 120, v, 20, 0<v; +v, <3/2. The upper bound on the number of the elements in S3(Q).is found.
It has been proved that for any & > 0 and O > Qy(€), the inequality #S3(Q) < 0*~ SR ¢ Galid.

Keywords: diophantine approximation, integral polynomial, discriminant of an integral polynomial, p-adic numbers,
non-archimedean metric.

A. B. IVHEBUY

O KOJIMYECTBE TOYEK C AJITEBPAUYECKUMMU KOOPIUHATAMU
BHYTPH IOJIOCHI MAJIOM MEPHI B TTOJIE Q »

(Ilpedcmasaeno axademuxom U. B. atiwyHom)

HUnemumym mamemamuxu HAH Benapycu, Munck, beaapyco
lunevichav@gmail.com

B nanHoit paboTe uccieayeTcs olleHKa CBEPXY KOJIMYESCTBA TOUEK C IENBIMHU p-aMUCCKUMHU CONPSHKEHHBIMHE alreOpan-
YeCKUMU KOOPIIMHATAMH BHYTPH IOJIOCHI MaJIOi MEpPbI, OKOJIO HOPMAJTbHO# 10 Maepy KpHuBoOii.
Kniouegvie crosa: nemnple p-aaudeckuie Ynciia, TOYKH ¢ anredpanyecKuMy KOOpAMHATAMH, THO(GaHTOBBI PUOIVIKEHHSL.



A. V. LUNEVICH

ABOUT THE NUMBER OF POINTS WITH THE ALGEBRAIC COORDINATES IN A STRIP
OF SMALL MEASURE IN THE FIELD

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
lunevichav@gmail.com

In this article, we consider the upper bound on the number of points with the integer p-adic conjugate algebraic coordi-
nates in a strip of small measure, near the curve normal by Mahler.
Keywords: integral p-adic number, the point with algebraic coordinates, Diophantine approximations.

®. JK. TACITAP! IT. IT. MATYC?, B. T. K. TYEH?, JI. M. XUEY?

MOHOTOHHBIE PASBHOCTHBIE CXEMbI JJJIS1 CUCTEM 2JIVIMIITUYECKHUX
U MMAPABOJIMYECKUX YPABHEHUM

(Ilpeocmasneno akademurxom Y. B. Iatiwynom)

'Vuusepcumem Capazocu, Henanus
pacollll@gmail.com
ZI/IHcmumym mamemamuru HAH Benapycu, Munck, benapyco; Kamoauueckuil ynusepcumem Jlhoonuna, Ionvuia
matus@im.bas-net.by
35efzopycc;<ud eocyoapcmeennwlil ynusepcumem, Munck, berapyco
Vokimtuyenl88@gmail.com; Imhieuktdn@gmail.com

B HacTosmieit paboTe A KaHOHUYECKOil (JOPMBI BEKTOPHO-PA3HOCTHBIX CXEM OOILEro BH/A IPH YCIOBHSX MOJOKH-
TEJILHOCTH MaTPUYHBIX KO3 (UIIMEHTOB IOJIyUYEHbI JBYCTOPOHHUE OLEHKU CETOYHOI0 PEIEeHHS IIPU TPOU3BOJIbHBIX HE3HA-
KOIIOCTOSIHHBIX BXOZHBIX AaHHBIX 3aaun. [lomyueHHbIe pe3ynbTaThl IPUMEHSIOTCS ISl TOJTYyUeHHs JBYCTOPOHHUX OLIEHOK
U alPUOPHBIX OLEHOK B HOpME C KOHKPETHBIX MOHOTOHHBIX BEKTOPHO-PA3HOCTHBIX CXEM, alMPOKCUMHUPYIOMIUX cIa00 CBs-
3aHHBIE CUCTEMBI JUIMIITHYECKUX U MapaboINUeCcKUuX YpaBHEHHH ¢ TPaHUYHBIMU YCIOBUAME JlupHxie.

Kniouesvie ciosa.: MpUHIMI MAKCUMYMa, JIBYCTOPOHHSS OLIEHKA, MOHOTOHHAS Pa3HOCTHAs CXeMa, c/1a00 CBA3aHHAs CHCTEMa.

FRANCISCO GASPAR!, PIOTR MATUS?, VO THI KIM TUYEN?, LE MINH HIEU?
MONOTONE DIFFERENCE SCHEMES FOR SYSTEMS OF ELLIPTIC AND PARABOLIC EQUATIONS

"University of Saragosa, Spaine
pacollll@gmail.com
’Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus; Catholic University of Lublin, Poland
matus@im.bas-net.by
3Belarusian State University, Minsk, Belarus
Vokimtuyenl88@gmail.com; Imhieuktdn@gmail.com

In this article, for the canonical form of vector-difference schemes under the positivity conditions of matrix coefficients
the two-sided estimates for an approximate solution at the arbitrary non sign-constant input data of the problem are obtained.
The obtained results are used for deriving two-sided estimates and a priori estimates in the norm C of monotone vector-dif-
ference schemes that approximate the weakly coupled systems of elliptic and parabolic equations with the Dirichlet boundary

conditions.
Keywords: maximum principle, two-sided estimate, monotone difference scheme, weakly coupled system.

N. A. EVKHUTA!, O. N. EVKHUTA!, P. P. ZABREIKO?
NL-DERIVATIVES AND NL-PRIMITIVES IN CALCULUS

!Platov South-Russian State Polytechnic University, Novocherkassk, Russian Federation
evhuta@gmail.com
’Belarusian State University, Minsk, Belarus
zabreiko@mail.ru

For the real functions of a real variable, the relations between the notions of ordinary derivatives and NL-derivatives
(introduced by the authors), the derivatives of ordinary functions considered as distributions, and the Radon—Nikodym de-
rivatives are studied. The theorems on the NL-derivatives of the sum and product of functions, as well as on the NL-deriva-
tives of composite and inverse functions are given. The reduction of the notion of the NL-derivatives between the Banach
spaces to the derivatives of the scalar functions of a real variable is considered as well.

Keywords: derivatives, Newton—Leibnitz derivatives, Radon—Nikodym derivatives, primitives (Kurzweil-Henstock in-
definite integral), sets with zero measure, negligible sets.



H. A. EBXYTA!, O. H EBXYTA!, I1. IT. 34BPEHKO?

NL-TPOU3BOAHBIE U NL-ITPUMUTUBHBIE B TUOPEPEHIIUAJTBHOM
N MHTEI'PAJIBHOM UCYHUCJIEHUN

(Ilpedcmasneno unenom-koppecnonoenmom B. B. 'opoxosurxom)

HFOoicno-Poccuiickuii 2ocydapcmeennviii nonumexnuueckuii ynugepcumem um. M. Y. ITnamoea,
Hoeouepkacck, Poccuiickas @edepayus
evhuta@gmail.com
Benopycckuii 2ocyoapcmeennviii ynusepcumem, Munck, Beaapyco
zabreiko@mail.ru

B cooOieHny 115 BEIECTBEHHBIX (PyHKIIMI BEIIECTBEHHOTO IEPEMEHHOI0 M3y 4ar0TCsl B3AUMOCBSA3U MEX 1y KlIaccude-
CKHUMH TIPOU3BOJIHBIMH ¥ BBEJCHHBIMU aBTOpaMi NL-IpOHU3BOAHBIMHE, IPOM3BOJHBIMY OOBIYHBIX (QyHKINI, paccMaTpuBac-
MBIX Kak 0000uieHHble, nmpou3BoaHbIMU Panona—Hukoguma. YcranaBinuBaroTcs TeopeMbl 00 NL-mpou3BOIHBIX CYyMMBI
U npousBeneHust GpyHKIUH, a Takke 00 NL-mpon3BoAHBIX ClOXHOW U oOpatHOil dyHkiuii. [TokazaHo, kak moustue NL-
MIPOU3BOAHBIX JUIst QYHKLHMIT Mexay OaHAaXOBBIMH MPOCTPAHCTBAMH CBOAUTCSA K HOHATHIO NL-IIpOM3BOAHBIX CKaJISAPHBIX
(YHKLIUN OZHOTO IEPEMEHHOTO.

Kurouesvle cnosa: npousBonHsie, npoussoanbie Herorona—Jleitbnuua, npoussonnsie Pajona—Hukoauma, nepsoobpas-
Hble (HeompeaenaeHHbIN nuTerpan Kypupeiins—XeHcToka), MHOKECTBA MEPhI HyJ1b, HUUTOXKHbBIE MHOYKECTBA.

A. b. AHTOHEBUY, AJIH A. IIVKYP
O POCTE AHAJIMTUYECKOM ®YHKIIUU B KPYTE

(Ilpedcmasneno unenom-koppecnonoenmom A. B. Paovino)
benopyccruii cocyoapemeennulil ynugepcumem, Munck, benapyco

antonevich@bsu.by, shukur.math@gmail.com

B paboTe BBeGH SKCIOHEHIINAJIBHBIH MOPSIIOK POCTA AHAIIUTHYECKOI (QYHKIIMH (p B KPYI'€ U YCTAHOBJICHA CBA3b MEXIY
CKOPOCTBIO pocTa KOG (UIMEHTOB pa3iokeHus QyHKIHH U ee TOpsAKOM. JJaHO NPUIIOKEHHE K OITMCAHUIO TOBEJICHUS HOP-
MBI PE30JIbBEHTHI R(B,\) OrpaHHYSHHOT0 IMHEWHOTO OIIepaTopa Ipy MPHOINKEHIH A K CIIEKTPY.

Kniouesvle cnosa: pocT aHaMUTHIECKOH (QYHKIIMU, PE30JIbBEHTA, IUCKPETHBIN OIIepaTop B3BEIICHHOTO CABHTA.

A. B. ANTONEVICH, ALI A. SHUKUR
GROWTH OF THE ANALYTIC FUNCTION ON THE DISC
Belarusian State University, Minsk, Belarus

antonevich@bsu.by, shukur.math@gmail.com

In this article, the order of exponential of growth of analytical function ¢ on the disc is introduced, and the relation be-
tween the order of the function ¢ and its coefficients is obtained. An application of this result gives us the description of the
behavior of the resolvent || R(B, L) || of linear bounded operator where A approaches the spectrum.

Keywords: growth of analytical function, resolvent, discrete weighted shift operator.

B. 4. BEHEJIUKTOBUY
CIIEKTPAJIBHBIN PAJINYC U TAMAJBTOHOBOCTD I'PADA

(Ilpeocmasneno akademuxom M. B. atiwiyrom)

Hnemumym mamemamuxu HAH Benapycu, Munck, bearapyco
vbened@im.bas-net.by

B nanHO# paboTe B 1Ba pa3a yMEHbIICHA HUKHSIS IpaHKIA Hopsiika rpadoB, noiaydeHHas B. HukuhopoBsiM, A KOTO-
PBIX BBINOJHSACTCS 0000IICHHE JOCTATOYHOTO CIIEKTPAIBHOIO TPU3HAKA FraMUJIBTOHOBOCTH Ipada, MpeIoKEHHOr0 paHee.

Kniouesvle cnosa: MaTpHia CMEXHOCTH, CIICKTPAJIBHBII paryc, FaMUJIBTOHOB [IMKJI, MUHHMAaJIbHAsl CTCHCHb, HHYIIU-
poBaHHBIH oarpad.



V.I. BENEDIKTOVICH
SPECTRAL RADIUS AND HAMILTONICITY OF A GRAPH

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
vbened@im.bas-net.by

In this article, the lower graph order boundary obtained by V. Nikiforov, for which the generalization of the sufficient
spectral criterion of Hamiltonicity of a graph is valid, has been reduced twice.
Keywords: Adjacency matrix, spectral radius, Hamiltonian cycle, minimum degree, induced subgraph.

A. A. BOPUCKEBUY

METO/J 3AIMUTHI HEHHBIX JOKYMEHTOB OT IHOJAJEJIOK
HA OCHOBE BU3YAJIBHOM CXEMBI PA3IEJIEHUSI CEKPETA

(Ilpeocmasaero akademuxom B. A. Jlabynoewvim)

benopyccruii 2ocyoapcmeennulii ynusepcumem ungpopmamuxu u paouosnekmponuxu, Munck, berapyco
anbor@bsuir.by

Pa3pabotan MeTO[ 3alUTHI IEHHBIX JJOKYMEHTOB OT HOJ/ICJIOK, OCHOBAHHBIH Ha BU3yaJIbHOM 3aIlINU(POBEIBAHNHU BBICO-
KOpa3peuIaoero n300pakeHns ¢ HACHTUGHINPYIOeH nHpopMmanueil (00muii cekpeT) u ero paciuGpOBEIBAHNH ITOCPE-
CTBOM (PM3MYECKOr0 IPOLECcCca HAJIOKEHUS IyMOIOJOOHBIX TEHEBBIX M300pakeHHH (YaCTUYHBIE CEKPEThl) 6€3 MCIIOIb30-
BaHUS KOMIIBIOTEpA U KpUITOTrpaguueckux Kitouel mudposanus. VccnenoBansl Kpunrorpadguyeckue CBONCTBAa TEHEBBIX
n3obpaxxenuii. [IpescraBiaeHb! pe3yabTaThl KOMIIBIOTEPHOT'O MOJICIHPOBAHUSI.

Kniouesvle cnosa: ieHHBIE JOKYMEHTHI, BU3yaIbHOE MIM(POBaHHE, CXeMbI pa3JIelICHNs CEKpeTa, KojoBas TabuIa, TeHe-
BOE M300pakeHue, 00N 1 YaCTHYHBIN CEKPETHI.

A. A. BORISKEVICH

A PROTECTION METHOD OF VALUABLE DOCUMENTS AGAINST FORGERY BASED
ON THE VISUAL SECRET SHARING SCHEME

Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus
anbor@bsuir.by

A method for protecting valuable documents against forgery based on the visual ciphering of a high-resolution image
(shared secret) and its deciphering through the physical process of imposing noise-like shadow images without using a com-
puter and cryptographic encryption keys is proposed. The cryptographic properties of shadow images are studied. The com-
puter modeling results are presented.

Keywords: valuable documents, visual encryption, sharing secret scheme, code table, shadow image, general and partial
secrets.

E. A. TOJIKAYEB

BEKTOPHAS ITAPAMETPU3SALIUA I'PYIIIT K3PPOJIJIA U T'AJIMJIESA:
IJNIEKTPOANHAMHUKA KIPPOJUIA C BHEHLTHUMHA UICTOYHUKAMMU

(Ilpeocmasneno unenom-koppecnondenmom J1. M. Tomunvuurxom)

HUnemumym @uszuxu um. b. U. Cmenanosa HAH benapycu, Munck, beaapyce
tea@dragon.bas-net.by

[Toka3aHo, YTO TaJHJICEBCKHE U KIPPOJUIOBCKHE OYCThI C pa3MEpHBIMHU MapaMeTPaMu SBISIIOTCS YaCTHBIMU CITy4asMU
BEKTOPHOMU MapaMeTpU3allii COOTBETCTBYIOLINX NMpeoOpa3oBaHuil MaTeMaTu4eckoi rpynnsl ['anunes. B 6uxkBaTepHuoHax
HaJ anreOpoil JyaabHBIX YHCEI PeaTn30BaH psii NPeACTaBIeHHH rpynnbl Kapposia 1 HOCTPOCHBI BE CUCTEMBI JIMHEHHBIX
nuddepeHInanbHbIX ypaBHEHUI B Y4ACTHBIX TPOM3BOAHBIX OTHOCHTENBEHO KIPPOJIIOBCKUX OMBEKTOPHBIX MOJICH, MOPOXK1ae-
MBbIX BHEITHUMHU UCTOYHHUKaMU. [TokazaHo, 4To onpeaeneHrue HanpsHKeHHOCTEH MoJied yepe3 MOTEHIIMalbl BO3MOXKHO TOJIBKO
B O/IHO3aP5/I0BOM CJIy4ae M TOJBKO ISl OHON M3 CUCTEM yPaBHEHUH K3PPOJIOBCKOH IEKTPOINHAMUKH.

Kniouesvie cnosa: OUKBATEpPHUOHBI, BEKTOpHAs HapameTpu3alus, rpynmna Ksppomna, ayaiabHble 4Hcia, YpaBHEHUS
SMEKTPOJIMHAMUKH.



E. A. TOLKACHEV

VECTOR PARAMETRIZATION OF THE GALILEO AND CARROLL GROUPS:
CARROLL ELECTRODYNAMICS WITH EXTERNAL SOURCES

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

It is shown that the Galileo and Carroll boosts with dimensional parameters are the special cases of vector parameteriza-
tion of the corresponding transformations of the mathematical Galileo group. In the biquaternions over the algebra of dual
numbers, a number of the representations of the Carroll group are realized and two systems of the linear partial differential
equations relative to the Carroll bivector fields generated by external sources are constructed. It is shown that the definition of
the field strengths in terms of the potentials is possible only if there are the sources of the same type, and only for one system
of the equations of Carroll electrodynamics.

Keywords: biquaternions, vector parameterization, Carroll group, dual number, electrodynamics equations.

Axaoemux B. A. TOJIKAYEB, A. I1. B/IOXHUH

HEOBBIYHASA ®JIYOPECHEHI WA HUC-A30AJTIKAHOB —
PE3YJBTAT MUTPALIUMH (n, n*)-BO3BY KJAEHUA

Unemumym ¢usuxu um. b. U. Cmenanosa HAH Benapycu, Munck, Beaapyce
tolkachev@imaph.bas-net.by, Isfm@imaph.bas-net.by

HpuunHoit popmupoBaHist HEOOBIMHO UIMPOKHUX CIEKTPOB dryopecteHin Co,-CHMMETPHYHBIX 1(HC-a30a1KAHOB SIB-
asieTcss oOpaTUMast MATpaIus MeXIy a3oTaMu —N = N —I'pyHIIbl HA9aJIbHOH OCTaTOYHON JIOKATH3aIlUH 7, T -BO30Y K ICHUS
Ha UCXO/THOM JUISl BO30Y KIEHHOTO n-3JIEKTPOHA a30Te. [IpHBOISTCS SKCIIEpUMEHTAIBHEIE JaHHBIE, TOATBEPIKJAfOIIe TAKOH
MEXaHHU3M (IIyOPECICHITHH.

Kniouesvie cnosa: QuyopecueHIus [IC-a30alIKaHOB, 11D (BY3HBIC CIICKTPEI, MONAPHU3ALHs piryopecieHiuy, 2,3-1masa-
Onnmkio[2.2.2]0KT-2-eHbl, paclerieHUE 7, T -yPOBHS, aCHMMETPH (71, T )-COCTOSTHUS.

V.A. TOLKACHEYV, A. P. BLOKHIN

EXTRAORDINARY FLUORESCENCE OF CIS-AZOALKANES FOLLOWS
FROM (n, n*)-EXCITATION

B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus
tolkachev@imaph.bas-net.by, Isfm@imaph.bas-net.by

The reversible tunnel migration between nitrogen of the —N = N-group of the initial faint localization of n, 1 -excitation
on starting nitrogen for n-electron excitation is proposed as the mechanism of extraordinary broad C,,-symmetric cis-azoal-
kanes fluorescence spectra. .

Keywords: cis-fzoalkane fluorescence, diffuse spectra, fluorescence polarization, 2,3-diazabicyclo[2.2.2]oct-2-ens, n, T -
level splitting, (n,7t )-states asymmetry.

F. F. KOMAROV'! A.S. KAMYSHAN' V. V. PILKO', A. A. SHEKUNOV' O. F. ROMANOVSKAYA?, G. A. URJEV?

IN-AIR ION BEAM EXTRACTION SET-UP FOR THE EXTERNAL MICRO-
PIXE ANALYSIS AND LOCAL IMPLANTATION

4. N. Sevchenko Institute of Applied Physical Problems of Belarusian State University, Minsk, Belarus
KomarovF@bsu.by, kamyshana@mail.ru; pilkow@mail.ru; shekunovantonandreevich@gmail.com
2Belarusian State Medical University, Minsk, Belarus
komaO3@rambler.ru
3Republican Scientific and Practical Centre for Traumathology and Orthopedics, Minsk, Belarus
uryevll@tut.by

A measuring system for local elemental analysis is constructed on the basis of an ion accelerator AN-2500. It comprises
a device of an in-air ion beam extraction through a tapered glass capillary and a PIXE spectrometer. The angular dependence of the
proton beam possessing the transmission energy of 150-250 keV through the tapered capillary with the output diameters of 5 and
10pum is determined. The transit of protons through the capillary is found to be in threshold character and to be determined by the
charging rate of its internal surface. The characteristics of current and energy of the ion beam extracted into the atmosphere are ana-
lyzed. It is found that the value of output current can be varied from 0.5 to 3 nA, while the ion energy is almost equal to the initial
beam energy. The PIXE energy spectra of various materials are measured at the atmospheric pressure. It is found that the output
beam intensity is enough for an accurate determination of the elemental composition of the samples under analysis.

Keywords: tapered glass capillary, characteristic X-rays, implantation, spectrometer PIXE, ion accelerator.



Ynen-xoppecnondenm ®. ®. KOMAPOB!, A. C. KAMBILIIAH', B. B. [TUJILKO’,
A. A. IIEKYHOB!, O. ®. POMAHOBCKAS? T. A. VPBEB®

KOMILJIEKC JJ151 IOKAJTbHOM HOHHON UMITJIAHTALIUA
U DJIEMEHTHOI'O MUKPOAHAJIU3A
C BBIBOJIOM MOHHOI'O IYYKA B ATMOC®EPY

T Hnemumym npuxaadnsix usuveckux nporem um. A. H. Cesuenio
FBenopycckoeo 2ocyoapcmeennozo ynusepcumema, Munck, benapyce
KomarovF@bsu.by, kamyshana@mail.ru; pilkow@mail.ru; shekunovantonandreevich@gmail.com
’Benopycckuii 2ocydapcmeennbiii meduyunckuil ynusepcumem, Munck, Benapyce
komaO3@rambler.ru
3Pecny6nuxancruii nayuno-npaxmudeckuii yenmp mpasmamonouu
u opmoneduu Munucmepcmea 30pagooxpanenus Pecnybnuku berapyce, Munck, Beaapyce
uryevll@tut.by

Ha 6a3e nonsnoro yckopurenst AN-2500 U3roToBieH U anpoOUpOBaH U3MEPHTENbHbBIH KOMIUIEKC IS JIOKaJIBHOTO 3Je-
MEHTHOT'O aHaJIN3a, COCTOSAIINH U3 yCTPOHCTBA BEIBOAA HOHHOTO MyUYKa B aTMOC(epy Ha OCHOBE KOHHUECKOTO CTEKISTHHOTO
Kanujuisgpa ¥ CIeKTPOMEeTpa XapaKTepPUCTHUECKOTO peHTTreHoBCcKoro n3nydeHus (XPH). M3mepeHs! yrioBbie 3aBUCHMOCTH
KO3 pUIHEHTa MPOITYCKAaHUs IPOTOHHOTO My 4Ka ¢ sHeprueil 150-250 k3B uepe3 koHycooOpa3HbIe KAIUJUISIPHI C BBIXOIHBI-
mu guamerpamu 5 1 10 mxMm. [lokazaHo, 4TO MPOX0XKICHNE IPOTOHOB Y€pe3 KAUJUIAP HOCUT IIOPOTOBBIN XapaKTep U Ompe-
JeNseTcs CTENEHbIO 3apsIKH ero BHYTPEHHEH MOBEpXHOCTHU. MccrmeqoBaHBI TOKOBBIE M YHEPreTHUECKHE XapPaKTEPHCTUKH
HMOHHOTO IIyYKa, BEIBEJEHHOTO B aTrMocdepy. [lokazaHo, 4TO BeIMYHHA BBIXOJHOTO TOKa MOXKET U3MeHAThCs oT 0,5 10 3 HA
U DHEPrHsl MOHOB NMPAKTHYECKU paBHA YHEPTUM HCXOAHOro myuka. M3mepensl snepretudeckue cnekrpsl XPU npu atmo-
cepHOM TABICHHUU OT Pa3IHYHBIX MAaTEPHANIOB, BKIIOYAs U KOCTHYIO TKaHb. [loka3aHo, YTO MHTEHCHBHOCTH BBIXOZHOTO
My4Ka JOCTaTOYHO AJIS JOCTOBEPHOTO OMPEAEIEHHS JIEMEHTHOTO COCTaBa UCCIEAYEMBIX 00pa3IioB.

Knrouesvie crosa: KOHMUECKUI CTEKISHHBIN KalMIUISP, XapaKTEePUCTUIECKOE PEHTTEHOBCKOE M3ITyUeHHE, NMILTAaHTa-
uus, cnekrpomerp XPU, yckopurenb HOHOB.

V.S. PAVLOVICH

INTERNAL ELECTRIC FIELD, ELECTRON-TRAPPING VOIDS, DEAD ELECTRONS,
AND THE INCREASING OF THE EFFICIENCY OF POLYMER SOLAR CELLS WITH FLUORINATION

(Communicated by Academician S. V. Gaponenko)

Military Academy of Belarus, Minsk, Belarus
u.s.paulovich@tut.by

We propose a model that allows an understanding of the nature of electron traps in m-conjugated polymers that are used
in photovoltaic devices. It is assumed that the free-cavity voids in the polar n-conjugated polymer exhibit electron-accepting
affinity and are filled with electrons, called herein as ‘dead’ electrons because they are hold by a static random internal elec-
tric field and are not driven to the cathode by external built-in voltage. As a result, the dead electrons into electron-trapping
voids are unsuitable for use in the external circuit of organic solar cells. As justified here, the exciton dissociation on the sur-
faces of voids, the capture of drift electrons by voids, the emerging of the dead electrons and their non-geminate recombina-
tion are the main obstacles to create highly efficient polymer solar cells. The model of dead electrons allows explaining the
increase in the power conversion efficiency of solar cells caused by the polymer fluorination, side-chain polymer manipula-
tion, and dopant-controlled trap-filling. Some characteristics of hybrid P3HT:CdSe solar cells are also analyzed with the help
of this model.

Keywords: polymer solar cells, internal electric field, electron-trapping voids, dead electrons, binding energy, polymer
fluorination.



B. C. lIABJIOBUY

BHYTPEHHEE 3JIEKTPUYECKOE ITIOJIE, 3AXBATBIBAIOHIUE 3JIEKTPOHBI IIYCTOTBI,
MEPTBBIE DJIEKTPOHBI U YBEJIMYEHUE 2OPEKTUBHOCTHU
HOJUMEPHBIX COJTHEYHBIX 9JIEMEHTOB ITPU ®TOPUPOBAHUU

Boennasa akademus benapycu, Munck, beaapyco
u.s.paulovich@tut.by

ITpeioxkeHa MOZIeIIb, TO3BOJISAIONIAS HOHATh IPUPOY 3JIEKTPOHHBIX JIOBYIIEK B T-CONMPSKEHHBIX MOJIMMEPax, KOTOPbIE
UCTIONB3YIOTCS B (POTORIEKTPUUECKHUX ycTpoiicTBax. IIpeanonaraeTcs, 4TO MyCTOTHI CO CBOOOJHBIMH MOJIOCTSIMU B HOJISP-
HOM Ti-CONPSKEHHOM HOJIUMEPE NMPOSIBIISIOT AJIEKTPOHOAKIIENITOPHbIE CBOHCTBA U 3aIIOJIHSIOTCS JIEKTPOHAMY, KOTOPHIE Ha-
3BaHBI 31€Ch «MEPTBBIMH» 3JIEKTPOHAMM, TaK KaK OHU YACPKHMBAIOTCS CTATHYECKUM CIy4YallHBIM BHYTPEHHUM JJICKTpHYE-
CKUM TI0JIEM M HE HANpaBJSIOTCA K KaTOLy C MOMOIIBIO BHEUIHErO HANpSDKEHUs. B pesynbrare, 3aXBayeHHbIC MyCTOTAMM
MEPTBbIE AIEKTPOHBI HEIPUTOAHBI [ MCTIOIB30BAHUS BO BHEIITHEH 1IENH OPraHMYeCKUX COIHEYHbIX JieMeHTOB. OG0CHOBA-
HO, YTO JHCCOIMAIMS SKCUTOHOB Ha MOBEPXHOCTH MYCTOT, 3aXBaT IEKTPOHOB MYCTOTAMHU NpH Jpeiide Kk KaToay, HosBICHHE
MEPTBBIX AJIEKTPOHOB M MX HEreMHHAJIbHAS PEKOMOWHALIUS SBJISIOTCS TIIABHBIMM MPEHSTCTBUSAMHU MPU CO3JaHUH BBICOKO-
9 (HEKTUBHBIX MOJIMMEPHBIX CONHEYHBIX IEMEHTOB. MOJIeTIb MEPTBBIX JIEKTPOHOB MO3BOJISET OOBSICHUTD YBEJINYCHUE (-
(eKTHBHOCTH TIPpeoOpa3oBaHUs SHEPTUU CONHEUHBIX dJIEMEHTOB, BBI3BaHHOE (PTOpPUPOBAHHEM MOIUMEPA, H3MEHEHHEM 00-
KOBBIX LETIeH MOJMMEepa ¥ HAINOJIHEHUEM JIOBYIICK JI0OaBKaMM pacTBOpHTenei. HeKkoTopble XapaKTepHCTHKH IMOPHIHBIX
P3HT:CdSe comHeuHBIX 2IEMEHTOB TaK)Ke aHAJIU3UPYIOTCS € TIOMOIIBIO ATOH MOJIEINH.

Knioueswvle cosa: ONMMEPHBIE COTHEUHBIC HJIEMEHTBHI, BHYTPEHHEE 3JIEKTPUYECKOE T10JIe, 3aXBATHIBAIOLINE HIICKTPOH
ITyCTOTBI, MEPTBBIE AJIEKTPOHBI, SHEPT sl CBA3U, HTOPHPOBAHKE OTUMEPA.

B. B. KUCEJIB, E. M. OBCHIOK?, . A. BOHHOBA?, O. B. BEKO?, B. M. PEJJbKOB’®

KBAHTOBAS MEXAHUKA YACTHULbI CO CIITMHOM 1
N AHOMAJIBHBIM MATHUTHBIM MOMEHTOM B MAI'HUTHOM ITOJIE

(Ilpedcmasneno unenom-koppecnondenmom J1. M. Tomunvuurxom)
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SUnemumym gusuxu um. 5. U. Cmenanosa HAH Benapycu, Munck, Berapyce
v.redkov@dragon.bas-net.by

O606mmennoe ypasuenue Jadpduna—Kemmepa st 4acTUIB €O CIMHOM | M aHOMAJbHBIM MarHUTHBIM MOMEHTOM HC-
CJIE/lyeTCsl B MPUCYTCTBUU BHEITHETO OJHOPOJHOTO MarHUTHOTO T10Jisi. Ha OCHOBE MCIONB30BAHUS TEXHUKHU [TPOSKTUBHBIX
OIepaTOPOB MPOBEICHO Pa3/IeliCHHE IEPEMEHHBIX. 3aa4a CBeIeHa K CHCTeMe yPaBHEHUH [Tl TPEX HE3aBUCHMBIX (byHKI[H,
PpELIeHHUs IIOCTPOCHBI B TEPMHHAX BBIPOXKICHHBIX TUIIepreoMeTpudeckux Gynkumii. HaiiieHsl Tpu cepun ypoBHEW SHEpPTu,
OTBEYAOIINX CBA3aHHBIM COCTOSIHHSIM YaCTHIIBI B MATHUTHOM T10Jie. Eciiu Tpe6oBath, 4T00bI yPOBHU SHEPTUU UMENH (PU3H-
YEeCKHUI CMBICT IIPH BCEX 3HAUCHUAX INIABHOT'O KBaHTOBOro uyncina (n =0, 1, 2, ...), TO Ha ONUCHIBAIOUINH aHOMAbHBIH MarHUT-
HBIIi MOMEHT MapameTp HeoOXOAMMO HAKJIaJbIBaTh OTPAHMYCHUS] — OHH HalJICHBbI B SIBHOM BHJe. Takike paccMOTpeHa Hei-
TpaJibHasi BEKTOPHAsI YaCTHUI[A. B 9TOM ciyuae CBsI3aHHBIX COCTOSHUIT HE CYIIECTBYET, a MPOsIBJICHHE aHOMaJIbHOTO MarHuT-
HOT'O MOMEHTA CBOJHTCS K IPUCYTCTBHUIO 3aBUCSIIET0 OT BETHUYMHBI M 3HAKA MTapaMeTpa aHOMaJIbHOT'O MATHUTHOT'O MOMEHTA
MacmTabHOro (pakTopa B apryMeHTe BOJTHOBBIX (yHKI[HIL.

Kunouesvle cnosa: BeKTOpHBII 6030H, aHOMaJIbHBIH MATHUTHBI MOMEHT, MATHUTHOE M0JIe, TOYHBIC PEIICHHSL.



V. V. KISEL!, E. M. OVSIYUK?, O. V. VEKO?, Y. A. VOYNOVA?, V. M. RED’KOV®

QUANTUM MECHANICS OF A SPIN 1 PARTICLE WITH THE ANOMALOUS MAGNETIC MOMENT
IN THE MAGNETIC FIELD

!Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus
vasiliy-bspu@mail.ru
’Mozyr State Pedagogical University named after I. P. Shamyakin, Mozyr, Belarus
e.ovsiyuk@mail.ru
3Gymnasium, Kalinkovichi, Belarus
vekoolga@mail.ru
4Sec0ndary school, Kochischany, Yelsk region, Belarus
voinyuschka@mail.ru
3B. I. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus
v.redkov@dragon.bas-net.by

The generalized Duffin—Kemmer equation for a spin 1 particle with the anomalous magnetic moment in the external
uniform magnetic field is investigated. The separation of variables in the wave equation is performed on the basis of projective
operator techniques. The problem is reduced to a system of differential equations for three independent functions that have
been solved in terms of the confluent hypergeometric functions. Three series of the energy levels are found. To assign them
the physical sense at all values of the main quantum number n =0, 1, 2, ..., special restrictions on anomalous magnetic moment
values must be imposed — they are formulated in explicit form. Otherwise, only some part of the energy levels corresponds to
the bound states. The neutral spin 1 particle is considered as well. In this case, no bound states exist in the systems. The main
qualitative manifestation of the anomalous magnetic moment is the space scaling of the arguments of the wave functions in
comparison with a particle without such a moment.

Keywords: vector boson, anomalous magnetic moment, magnetic field, exact solutions.

A. B. [IETKEBHY, JK. B. M THATOBHY, E. B. KOPOJIEBA,
A. H EPEMUH, akaoemux B. E. ATABEKOB

OJHOCTAJTUMNHBIA METOJI ®OPMUPOBAHHU S ACCOIIMATOB ITPOU3BOIHBIX
2-APUJIAMUHONINPUMHUINHA C MATHETUTOM

Hncmumym xumuu noswvix mamepuanos HAH benapycu, Munck, benapyco
m_a wl987@mail.ru; ignatovichz@inbox.ru; evk@basnet.by; yand7@mail.ru; agabekov@ichnm.basnet.by

Pa3paboran ogHOCTaAMIHBIN METO/ MOMYy4YECHUS aCCOMATOB HAHOHOCHTEJNECH Ha OCHOBE MAarHETHTa ¢ OMOAKTHBHBIMHU
COCIUHEHUSIMH Psijia 2-apUIIaMUHOMMPUMUINHA, COAEpKaINX GapmMakodopHble GparMeHTHl HHTHOUTOPOB MPOTEHHKUHA3
n SH-rpynny. OcoGeHHOCTBIO METOA SIBISETCS IPUCYTCTBHE JUMETHICYIb(OOKCHAA U IPOU3BOLHBIX 2-apHIIaMUHOIIUPU-
MUJHMHA B cpene (OPMUPOBAHNS HAHOYACTHUI] MATHETHTA.

Kniouegule cio6a: HAHOUACTHIIBI, ACCOIUATHI, MATHETHT, TPOM3BOAHBIE 2-apUIAMHHOIUPUMHUANHA.

A. V. PIETKIEVICH, Zh. V. IGNATOVICH, E. V. KOROLEVA, A. N. ERYOMIN, V. E. AGABEKOV

ONE-STEP METHOD FOR OBTAINING THE DERIVATIVES OF 2-ARYLAMINOPYRIMIDINE
ASSOCIATES WITH MAGNETITE

Institute of Chemistry of New Materials of the National Academy of Sciences of Belarus, Minsk, Belarus
m_a_wl987@mail.ru; ignatovichz@inbox.ru, evk@basnet.by; yand7@mail.ru; agabekov@ichnm.basnet.by

A one-step method for preparing associates of magnetite nanocarriers with bioactive 2-arylaminopyrimidine derivatives
containing the pharmacophore fragments of protein kinase inhibitors and SH-group was developed. The feature of the method
is the presence of dimethyl sulfoxide and 2-arylaminopyrimidines in the medium of formation of magnetite nanoparticles.

Keywords.: nanoparticles, associates, magnetite, derivatives of 2-arylaminopyrimidine.
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JANOPEPEHIIUAJIBHAS PETI'YJISAHUA TPOAYKIIUU AKTUBHBIX ®OPM KHCJIOPOJA
N MEXAHU3MOB I'MBEJIU OITY XOJIEBBIX KJIETOK 714 PA-BEH30XWHOHAMMU

benopyccxuii 2cocyoapemesennuiii ynugepcumem, Munck, Benapyco
martinovichgg@bsu.by, parkun@bsu.by; tuata_de danann@mail.ru; shadyro@open.by,; cherenkevich@bsu.by

YCTaHOBICHO, YTO THMOXUHOH (2-M30MPONuUi-5-MeTi-1,4-0eH30XUHOH) U 1,4-0CH30XUHOH PEryJIUPYIOT BHYTPHUKIIC-
TOUYHYIO MPONYKIIHIO aKTUBHBIX GopM Kuciaoponaa (ADPK) u uHIynupyroT rubeb OMyX0JIEeBbIX KJICTOK MO Pa3IHYHBIM MEXa-
Hu3MaM. [lokazaHo, 4TO TOKCHUYECKOe AelicTBrE 1,4-0CH30XMHOHA CBSI3aHO ¢ MHIMOMPOBAHUEM MEPEHOCA IJICKTPOHOB B MHU-
TOXOH/IPUAJILHOM JIBIXaTEIBHON LENU U Pa3BUTHEM KJETOUHOI'O OKUCIUTEIBHOrO cTpecca. TMMOXMHOH, HHUIIMUPY FOIIUHA
Beixoa ADK Gonee HU3KHi B cpaBHEHUH ¢ 1,4-0CH30XHHOHOM, SIBJISICTCSI 00JIee TOKCHYHBIM JIJIs1 Oy XOJIEeBBIX KJIeTOK. OOHa-
PYKEHO, 4TO oOpasyromuecs npu acicTBrur TUMOXHHOHA ADK SBISIOTCS yYaCTHUKAMHU PEIOKC-CUTHATBHBIX MPOLIECCOB,
BEyIIUX K (POPMUPOBAHUIO MUTOXOHIPUAIIBHBIX ITOP BHICOKOM MPOHUIIAEMOCTH U 3aITYCKY ITPOrPaMMHUPYEMON FTHOCITH KICTOK.

Kurouesvie cnosa: akTuBHBIC (HOPMBI KHCIOPOIa, OCH30XUHOH, THMOXHHOH, MUTOXOHIPHH, alloNTO3, PEIOKC-CUTHAIH-
3a1usl.

G. G. MARTINOVICH, I. V. MARTINOVICH, A. V. VCHERASHNIAYA, O. I. SHADYRO, S. N. CHERENKEVICH

DIFFERENTIAL REGULATION OF THE REACTIVE OXYGEN SPECIES PRODUCTION
AND THE MECHANISMS OF TUMOR CELL DEATH BY PARA-BENZOQUINONES

Belarusian State University, Minsk, Belarus
martinovichgg@bsu.by, parkun@bsu.by; tuata_de danann@mail.ru; shadyro@open.by,; cherenkevich@bsu.by

It is established that thymoquinone (2-isopropyl-5-methyl-1,4-benzoquinone) and 1,4-benzoquinone regulate the intra-
cellular reactive oxygen species (ROS) production and induce the death of tumor cells by different mechanisms. It is shown
that the toxic action of 1,4-benzoquinone is associated with the inhibition of electron transfer in the mitochondrial respiratory
chain and with the development of cellular oxidative stress. Thymoquinone initiating a lower level of ROS production in com-
parison with 1,4-benzoquinone is more toxic to tumor cells. It is established that thymoquinone-induced ROS are involved in
the redox signaling processes that lead to the opening of mitochondrial transition pores of high permeability and the activa-
tion of the programmed death of cells.

Keywords: reactive oxygen species, benzoquinone, thymoquinone, mitochondria, apoptosis, redox signaling.

M. H. IIATITYPEHKO', JI. A. TAPYTHHA', JI. A. MUILIHUF?, C. B. KVYEPAK',
unen-koppecnonoenm A. B. KUJIBYEBCKHUH, axademux JI. B. XOTBIJIEBA’

CBA3b IMPPEPEHIINAJIIBHOI'O JHK-IIOJIUMOP®U3IMA TOMATA
(SOLANUM LYCOPERSICUM L.) CTETEPOTUYECKHUM INIOTEHIIUAJIOM I'HMBPUJIOB F,

! Hnemumym zenemuxu u yumonozuu HAH Benapycu, Munck, Berapyco
m.shapturenko@igc.by; l.tarutina@jigc.by; s.kubrak@igc.by, kilchev@presidium.bas-net.by; l.khotyleva@igc.by
2Hucmumym osowesoocmea HAH Benapycu, Camoxsanosuuu, beaapyco
leol123@tut.by

[pu nzyuennn ponu nuddepenunansuoro JHK-monumopdusma ncxomgHoro Matepuaia B GopMUpOBAHHE TETEPO3UTOT-
HOTO MIPENMYIIECTBA THOPHI0B F| BEITIONHEH CKPUHUHT aNieTbHOTO COCTaBa MUKPOCATENINTHEIX JIOKycoB TomaTa. [Iposesen
IEHETHYECKUN aHAIN3 JIMHUN ¥ THOPH/IOB, MOJYUYEHHBIX 10 CXEMEe TONKpocca. B pesysbTraTe mokasaHo, 4To oblias 1 JIOKycC-
crenuduIecKas TeTepo3UrOTHOCTh HMEIOT BaKHOE 3HAUEHNE TPU (hOPMUPOBAHIHN T€TEPOTHIECKOro oTBeTa B F| 1 omenka mo-
JIEKYJISIPHO-TCHETHYECKOT0 TTOIMMOp(U3Ma MOKET OBITH T0JIE3HA IS Pe/ICKa3aHUs HEePCICKTHBHBIX KOMOUHAIMH.

Katoueswvie cnosa: tomar (Solanum lycopersicum L.), JTHK-nonmumopdusm, retepo3nc, KOMOMHALMOHHASA CIIOCOOHOCTD,
SSR-mapkepsl.

M. N. SHAPTURENKO', L. A. TARUTINA’, L. A. MISHIN?, S. V. KUBRAK' A. V. KILCHEVSKY' L. V. KHOTYLEVA'

IMPACT OF DIFFERENTIAL DNA POLYMORPHISM OF TOMATO (SOLANUM LYCOPERSICUM L.)
ON THE FORMATION OF THE SUPERIOR F; HYBRID PERFORMANCE

!Institute of Genetics and Cytology of the National Academy of Sciences of Belarus, Minsk, Belarus
m.shapturenko@igc.by; l.tarutina@jigc.by; s.kubrak@igc.by, kilchev@presidium.bas-net.by; l.khotyleva@igc.by
2Institute of vegetable growing of the National Academy of Sciences of Belarus, Samokhvalovichy, Belarus
leo123@tut.by

To investigate the impact of differential DNA polymorphisms of initial breeding sources on the superior F, performance,
we carried out the screening of their allelic composition and performed the genetic analysis of lines and its hybrids in the test
cross design. As a result, it is shown that the overall and locus-specific heterozygosity is important for the formation of the F;
heterotic response, and the evaluation of molecular polymorphisms could be useful for the prediction of promising cross-
combinations.

Keywords: tomato (Solanum lycopersicum L.), DNA-polymorphism, heterosis, combining ability, SSR-markers.



Axaoemux A. B. MATBEEB

PAVMIOHUPOBAHWE TEPPUTOPUHU BEJIAPYCU
IO CTENNEHHU PAIOHOBOI OITACHOCTHU I'PYHTOB

Hnemumym npupooononvsosanus HAH benapycu, Munck, beaapyco
matveyev@ecology.basnet.by

Ha ocHoBauuu onpeneneHuit 00beMHON aKTHBHOCTH PaJIOHa B UeTBEPTUIHBIX OTIOKEHHUSX, TIOPOAAX MIATHOPMEHHOTO
4yexsia 1 (pyHIaMEHTa ITOCTPOEHa CXeMa palloOHMpOBaHUS, HA KOTOPOH BBIAEICHO MSATH THIOB TEPPHUTOPHUIL: MOTCHIHATIHHO
pasloHOONACHBIE, TTOTEHIIHAIBHO PAJOHOONACHBIC HA OT/ASNBHBIX IJIOMAASX, TOTEHI[HAIBFHO PASOHOOIACHBIC HA IOKATBHBIX
y9acTKax, OTHOCUTEIHHO PaJOHOOE30MacHbIe U PaJOHOOE30IaCHBIE.

Kutouesvie cnosa: panoH, paoHOBAsI OITACHOCTH, YETBEPTHUHBIC OTIOKEHNUS, TOPOBI YeXJIa U (PyHIAMEHTA, PA3JIOMBL,
palioHupoBaHue.

A. V. MATVEYEV

DIVISION OF THE TERRITORY OF BELARUS INTO THE REGIONS
WITH DIFFERENT RADON CONTAMINATION HAZARD LEVELS OF SOILS

Institute for Nature Management the National Academy of Sciences of Belarus, Minsk, Belarus
matveyev@ecology.basnet.by

The volumetric activity of the region determined in Quaternary deposits, platform cover and basement rocks was used to
compile a diagram representing five types of territories as follows: potentially hazardous in radon contamination, including
separate areas potentially hazardous in radon contamination, including local sites potentially hazardous in radon contamina-
tion, relatively nonhazardous in radon and nonhazardous in radon.

Keywords: radon, radon contamination hazard, Quaternary deposits, platform cover rocks, basement rocks, faults, divi-
sion into regions.

Axademux A. A. MAXHAY!, C. A. KPYYEK!, b. I [IOKPOBCKHI?

TUIIC B CUJTYPUMCKHUX OTJIO)KEHUAX BEJIAPYCH:
N3O0TOITHBIN COCTAB CEPBI U ITIPOUCXOXKIEHUE

Hayuno-npoussodcmeennwiil yenmp no zeonozuu, Munck, Berapyce
amahnach@geology.org.by; kruchek@geology.org.by
2Teonozuueckui uncmumym PAH, Mockea, Poccus
pokrov@ginras.ru

B cunypuiicknx otnoxenusx berxapycn Brepssie BbIsBiIeH Tuiic. OH cIaraeT rHEe3/1a-KEIBAKH U BHITIONHSIECT TPEITHHBI
1 (eHecTpsl B TNIMHUCTO-KapOOHATHBIX MOpoJax paspesa ckBakuHbI JlaBTioHbl 3k (I'ponHeHckas obmacts, OcTpoBenKuit
paiion). C ucnoiabp30BaHUEM JaHHBIX 00 H30TOIHOM COCTaBE CEPHI MOKa3aHo, YTO 00pa30BaHKe TUIICAa MPOTEKAIO HA CTaAHH
JlMareHesa B cpeie CUily puilckoil MOPCKON BOZIbI, CKOHLIEHTPUPOBAHHOMN MIPU BHYTPUTPYHTOBOM ucnapenuu. Ilponecc nuu-
UM POBAJICSI MHOTOKPATHBIM HAJIOKEHUEM HaIMPUIHBHBIX 00CTAHOBOK HA TITMHHUCTO-KapOOHATHBIE OTIOXKEHHSI, CHOPMHUPO-
BAaHHBIC B METKOBOIHBIX MOJMPUIHBHBIX U MEXIIPHINBHBIX YCIOBHIX.

Kntouesvie cnosa: benapych, CUIypHICKHE OTIOXKEHHUS, THIIC, H30TONBI CEPHl, HAAMPUINBHAS 00CTAaHOBKA, BHYTPH-
TPYHTOBOE HCIApPEHHUE.

A. A. MAKHNACH', S. A. KRUCHEK', B. G. POKROVSKY?
GYPSUM IN THE SILURIAN DEPOSITS OF BELARUS: SULPHUR ISOTOPIC COMPOSITION AND ORIGIN

Research and Production Centre for Geology, Minsk, Belarus
amahnach@geology.org.by; kruchek@geology.org.by
ZGeological Institute, Russian Academy of Sciences, Moscow, Russia
pokrov@ginras.ru

Gypsum was found in the Silurian deposits of Belarus for the first time. It composes nodules and fills cracks and fenes-
tras in clayey-carbonate rocks revealed by the Davtiuny 3k borehole (Grodno area, Ostrovets region). With the use of the sul-
phur isotope data, it is shown that gypsum was formed at the diagenetic stage in the Silurian seawater concentrated under in-
terground evaporation. The process was the result of a repeated superimposition of supratidal environment onto clayey-car-
bonate deposits formed in shallow subtidal and intratidal conditions.

Keywords: Belarus, the Silurian deposits, gypsum, sulphur isotopes, supratidal environment, interground evaporation.
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KOP/IOH — HOBbII MAMSTHHUK APXEOJIOIT MU 3IIOXA BUKUHI' OB
B BOCTOYHOW EBPOIIE

(Ilpeocmasneno akademurxom M. I1. Kocmrwoxom)

Hncmumym ucmopuu HAH benapycu, Munck, beaapyco
onlevko@gmail.com

B Bute6ckom [lonBuHbe BepBble HCCIEI0BAH apXeoJorndyeckuil kommieke KopaoH (ropoauiie, 1Ba cenuina U Kypras)
cepeaunsl [X — nepBoii nonoBuHs! X B. LIIMpokuii acCOPTUMEHT CEBEPOEBPONECHCKIX, OYITrapCKUX U OJMKHEBOCTOYHBIX H3-
Jenuii, apaOcKre U BU3aHTHHCKUE MOHETBI, METPOJIOTHYECKUN MaTepuall, HaJM4re IOBEIMPHOTO MPOM3BOACTBA U aKTUBHOM
TOProBOH AEATENLHOCTH MOCENEHHs CTaBAT €ro B PsJl 3HAUUMBIX MaMATHUKOB apXeOJOTMM 3MOXU BUKHUHIOB. OTKpBITHE
Kopznona noareepauio Beayiiyto poib Butedckoro [ToaBuHbst B popMUPOBAHUH CBS3M CEBEpa C IOTOM Ha IIyTH U3 Bapsr
B TPEKI».

Kniouesvie cnosa: naMaTHUK apXeoJlOTnH, 310Xa BUKMHIOB, ButeOckoe [ToaBUHbE, «I1yTh U3 Bapsr B IPEKI».

O. N. LEVKO

CORDON IS ANEW ARCHEOLOGICAL SITE OF THE VIKING AGE
IN THE TERRITORY OF EASTERN EUROPE

Institute of History of the National Academy of Sciences of Belarus, Minsk, Belarus
onlevko@gmail.com

The archeological complex Cordon situated in the Vitebsk Dvina area was investigated for the first time. The complex
includes a hill-fort, two settlements, and a burial mound dated back to the middle of IX — first half of X century. A broad
spectrum of artifacts of North European and Middle Eastern origin, Arabian and Byzantine coins, metrological materials, and
the existence of jewelry production and trade activities put Cordon in line with the important archaeological sites of the
Viking Age. The discovery of Cordon proved the leading role of the Vitebsk Dvina area in the establishment of contacts
between the North and the South on the way ‘from the Vikings to the Greeks’.

Keywords: archeological site, Viking Age, Vitebsk Dvina area, way “from the Vikings to the Greeks”.





