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MOHOTOHHBIE PABHOCTHBIE CXEMbI HA HEPABHOMEPHBIX CETKAX
JIJIS1 IBYMEPHOI'O KBASUJIMHEMHOI'O TAPABOJIMYECKOI'O YPABHEHMU S
KOHBEKIIMU-INDDPY3IUUN

(Ilpeocmasneno akademuxom U. B. Iatiuynom)

AnHoTanus. HacTosas paboTa nocBsiieHa MOCTPOCHUI0 MOHOTOHHBIX PAa3HOCTHBIX CXEM BTOPOT'O IOPS/IKA JIOKAJb-
HOIl anmpoKCHMAalUy Ha HEPABHOMEPHBIX CETKAX IO IPOCTPAHCTBY Ul ABYMEPHOTO KBAa3MIMHEHHOIO 1mapadondyecKoro
ypaBHEHUsI KOHBEKIMU—IU(DY3uH. YCTaHABIMBAIOTCS JBYCTOPOHHUE OLEHKH PA3HOCTHOIO PELICHMS M JI0KA3aHA BayKHas
alpHopHas OLlEHKA B paBHOMepHOU Hopme C.

KiroueBble cj10Ba: HepaBHOMEPHAs CETKa, IPUHIUI MAKCUMYMa, IIPUHIHI PEryJIsipU3alii, MOHOTOHHAs Pa3HOCTHAs
cXema, ypaBHEHHE KOHBEKIIMH—TU(Py3un

Jas uutupoBanusi: Maryc, I1. I1. MOHOTOHHBIE PA3HOCTHBIE CXEMbl HA HEPABHOMEPHBIX CETKaX JJIsl IBYMEPHOIO KBa-
3UIMHEHHOro napabonnyeckoro ypaBHenus koHBekuun—andoysuu / I1. TI. Matyc, JI. M. Xuey / Jokn. Hau. akan. Hayk
Benapycu. —2017. — T. 61, Ne 4. — C. 7-13.

Piotr P. Matus', Le Minh Hieu?

!Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus;
John Paul II Catholic University of Lublin, Lublin, Poland
’Belarusian State University, Minsk, Republic of Belarus

MONOTONE DIFFERENCE SCHEMES ON NON-UNIFORM GRIDS FOR 2D QUASI-LINEAR PARABOLIC
CONVECTION-DIFFUSION EQUATION

(Communicated by Academician Ivan V. Gaishun)

Abstract. The present paper is devoted to the construction of monotone difference second-order schemes for local ap-
proximation on non-uniform grids in space for 2D quasi-linear parabolic convection—diffusion equation. Two-sided estimates
of the difference solution are found and an important a priori estimate in a uniform norm C is proved.

Keywords: non-uniform grid, maximum principle, regularization principle, monotone difference scheme, convection-
diffusion equation

For citation: Matus P. P., Le Minh Hieu. Monotone difference schemes on non-uniform grids for 2D quasilinear para-
bolic convection—diffusion equation. Doklady Natsional noi akademii nauk Belarusi = Doklady of the National Academy of
Sciences of Belarus, 2017, vol. 61, no. 4, pp. 7-13 (in Russian).

B. !. bBepuuk, M. A. Kyp

Hucmumym mamemamuxu Hayuonanvnoii akademuu nayk benapycu, Munck, Pecnyboauxa berapyce

AJTEBPAMYECKHUE YUCJIA BO MHOXKECTBAX JEMCTBATEJBHBIX
U KOMILJIEKCHBIX YHUCEJ MAJION MEPBI JIEBETA

(Ilpeocmasneno axaoemurxom H. A. H3060661m)

Annotanus. CornacHo Teopeme AOerns He Bce KOPHU MHOTOYJICHOB CTENEHH OOJBIIe YETHIPEX MOT'YT OBITh 3alTUCAHBI
B BuJe paaukaioB. [lostomy B 1970 r. Beiikep u LLIMUAT BBEIH MOHATHE PETYISIPHOCTH AJISI CHETHBIX MHOKECTB TOYEK MPsi-
MO H miockocTH. OHM OKa3aJi CBOWCTBO PErYISPHOCTH MHOXKECTB IEHCTBUTENBHBIX ajdreOpandeckux uncen. B nanHon
paboTe HaiiieHbI 3aKOHBI COBMECTHOTO paclpeeNeHns JeHCTBUTEIbHBIX U KOMIUIEKCHBIX YHCeT (PUKCHPOBAHHON CTETICHH
U OTPAaHUYEHHOW BBICOTHI B MapajuIeNeNuIelaX B IPOCTPaHCTBE Q = R! xC* manoii Mmepsl JleGera. OCHOBOI 0Ka3aTemb-
CTBa SIBJISIETCS METPUUECKAsI TEOPEMA O TOM, UTO II€JOUUCICHHBIE MHOTOUJIEHBI U UX MPOU3BOJHBIE MOTYT IPUHUMATh Ma-
JIble 3HAUYEHUSI TOJIBKO Ha MHOXKecTBax K C (), Mepa KOTOPBIX HE IPEBOCXOAUT doUQY TpH JT00BIX 8¢ > 0. 3aTeM Hcronb3y-
IOTCSL JIEMMBI M3 TEOPHH TPAHCLEHJICHTHBIX YUCEJ, MO3BOJIOIINE JOKA3hIBaTh CYIIECTBOBAHHE alreOpandyeckux 4ucel
B OKPECTHOCTH TOYEK C MaJIBIM 3HAYSHHUEM MOJyJIsi MHOT'OWJICHA M HEOOIBIINM MOJYJIEM ITIPOU3BOTHOM.

KuaroueBsie ciioBa: teopema [lupuxie, aaredpanyueckie 4ucia, BHICOTa MHOrOWIeHa, Mepa Jlebera, cymiecTBeHHBIE
MHOKECTBA

Jas nutuposanus: bepunk, B. 1. AnreOpanueckue 4ucia BO MHOKECTBAX JCHCTBUTENBHBIX U KOMIJIEKCHBIX YHCEI
MmaJoi mepsl Jlebera / B. . Bepauk, M. A. XKyp // lokn. Han. akan. mayk benapycu. — 2017. — T. 61, Ne 4. — C. 14-19.



Vasiliy 1. Bernik, Maksim A. Zhur

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
ALGEBRAIC NUMBERS IN SETS OF REAL AND COMPLEX NUMBERS OF SMALL LEBESGUE MEASURE
(Communicated by Academician Nikolai A. Izobov)

Abstract. According to Abel’s theorem, not all roots of polynomials of degree greater than four can be written in the
form of radicals. Therefore, in 1970 Baker and Schmidt introduced the notion of regularity for points of countable sets of
a line and a plane. They proved the regularity property of sets of real algebraic numbers. In this paper, we find the laws for
a joint distribution of real and complex numbers of fixed degree and bounded height in parallelepipeds in a space Q = R' xC*
of small Lebesgue measure. The basis of the proof is the metric theorem that integer polynomials and their derivatives can
take small values only on sets K < Q, the measure of which does not exceed douQ for any 8¢ >0. Then we use the lemmas
of the theory of transcendental numbers that make it possible to prove the existence of algebraic numbers in a neighborhood of
points with a small value of the modulus of a polynomial and a small module of a derivative.

Keywords: Dirichlet’s theorem, height of a polynomial, algebraic numbers, Lebesgue measure, essential sets

For citation: Bernik V. 1., Zhur M. A. Algebraic numbers in sets of real and complex numbers of small Lebesgue
measure. Doklady Natsional 'noi akademii nauk Belarusi = Doklady of the National Academy of Sciences of Belarus, 2017,
vol. 61, no. 4, pp. 14—19 (in Russian).

H. I1. Mo:keit

KBenopycckuii cocyoapcmeennviii yHugepcumem un@opmamuxu u paouod1eKmpoHuKu,
Muncxk, Pecnyonuxa Benapyco

TPEXMEPHBIE HEPEJYKTUBHBIE O/THOPO/JHBIE IPOCTPAHCTBA
HEPA3SPEIIMMBIX I'PYIIII JIN

(Ilpeocmasneno akademurxom B. U. Kop3ziokom)

AnHotanus. Llenbio TaHHOI paGOTHI ABIIAETCS KIACCU(DHUKAINSA TPEXMEPHBIX HEPEAYKTUBHBIX OJHOPOAHBIX MPOCTPAHCTB,
JIOMYCKAIOIUX HHBApUAHTHbIE ad(UHHBIE CBSI3HOCTH, CAMUX CBA3HOCTEH, NX TEH30pOB KPHUBH3HBI, KPYyUCHHUS U anredp ro-
noHoMuu. B pabote paccmarpuBaeTcs ciydail HepazpemuMoi rpynmnsl JIn nmpeoOpa3zoBaHuii ¢ Hepa3peluMbIM CTa0MIN3a-
TOPOM.

OOBEKTOM HCCIEN0BAHNUS ABIAIOTCS HEPEAYKTHBHBIE IPOCTPAHCTBA U CBI3HOCTH Ha HUX. OTpeseneHbl OCHOBHBIE T10-
HATHUS: H30TPOMHO-TOUHAS Mapa, pelyKTUBHOE MPOCTPAHCTBO, ahHUHHAS CBAZHOCTH, TEH30P KPYUECHHU S, TEH30p KPHBU3HEI,
anrebpa rononomun. IIpuBesieHO B ABHOM BH/IE JIOKAJIBHOE ONUCAHNE BCEX TPEXMEPHBIX HEPEAYKTUBHBIX OJHOPOIHBIX MPO-
CTPAHCTB C HEPa3peInuMoil Tpymnmnoit mpeodpa3oBaHNuil U HEPA3PEIMIUMBIM CTAOUIN3aTOPOM, JIOMYCKAIOIIUX UHBAPUAHTHbIE
apduHHbIe cBs3HOCTH. JIOKaIbHAS KIaCCU(PUKAIMS TAKUX MPOCTPAHCTB SKBUBAJICHTHA OIMMCAHUIO COOTBETCTBYIOIIHUX (-
(exTuBHBIX nap anaredp Jiu. OnucaHbl B SBHOM BUJE BCE HHBApUAHTHBIC a)()MHHBIC CBA3HOCTH Ha HAlICHHBIX OAHOPOJHBIX
MPOCTPAHCTBAX, a TAK)KEe TEH30PBl KPUBU3HBI, KPYyUSHHUsI, aareOpsl TONOHOMUH yKa3aHHBIX CBs3HOCTeH. MccaenoBanus oc-
HOBaHBI HA UCTOJIB30BAaHUU CBOMCTB anre6p JIu, rpynmn JIu u oMHOPOIHBIX MPOCTPAHCTB M HOCST, TNIaBHBIM 00pa3oMm, Jo-
KaJbHBIN XapaxkTep.

OCOOCHHOCTBIO METOAMKH, MPEACTABICHHON B paboTe, SBISETCS HCIOIB30BAaHUE YHCTO aNreOpamyueckoro moaxona
K ONMHCAHHUIO OJHOPOJIHBIX MPOCTPAHCTB M CBS3HOCTEH Ha HUX, @ TAK)KE COYETAHUE PA3IMYHBIX METOAOB MU GepeHIHaIb-
HOHU TeoMeTpHH, TEOPUHU I'PyHI U anredp JIu u Teopuu oXHOPOAHBIX MPOCTpaHCTB. [lonmydeHHbIE Pe3ynbTaThl MOTYT OBITH
UCTIONB30BAHBI IPU HCCIIE0BAHUN MHOT000pa3nii, a TakKe UMETh NPHIIOKEHHUS B PA3TMUHBIX 00IacTsIX MaTeMaTUKU U (u-
3UKH, IOCKOJIBKY MHOTHE (pyHJaMEHTaIbHbIC 3aJ1a4M B 3TUX 00JIACTAX CBA3AHBI C H3yUYCHUEM MHBAPUAHTHBIX 00BEKTOB Ha
OJTHOPOJHBIX POCTPAHCTBAX.

KuroueBblie cioBa: ahduHHas CBAZHOCTH, OMHOPOIHOE IPOCTPAHCTBO, TPyINa npeodpa3oBanuid, anredpa Jlu, penyk-
THUBHOE NTPOCTPAHCTBO

Juas nutupoBanus: Moxei, H. I1. TpexmepHble HEpelyKTUBHbBIE OJTHOPOAHBIE IPOCTPAHCTBA HEPA3PEIIMMBIX TPy
JIu // Joxun. Ham. akaa. nayk bemapycu. —2017. — T. 61, Ne 4. — C. 20-25.



Natalya P. Mozhey

Belarusian State University of Informatics and Radioelectronics, Minsk, Republic of Belarus
THREE-DIMENSIONAL NON-REDUCTIVE HOMOGENEOUS SPACES OF UNSOLVABLE LIE GROUPS
(Communicated by Academician Victor I. Korzyuk)

Abstract. The purpose of the work is a description of three-dimensional non-reductive homogeneous spaces that allow
invariant affine connections together with their curvature and torsion tensors, holonomy algebras. We are concerned with the
case, when Lie group of transformations is unsolvable and a stabilizer is unsolvable too.

An object of investigation is concerned with non-reductive spaces and connections on them. The basic notions, such as an
isotropically-faithful pair, a reductive space, an affine connection, curvature and torsion tensors, and holonomy algebra are
defined. The local description of three-dimensional non-reductive homogeneous spaces with unsolvable Lie group of
transformations and an unsolvable stabilizer, which allow affine connections, is given. The local classification of homogeneous
spaces is equivalent to the description of the effective pairs of Lie algebras. All invariant affine connections on those spaces
are described, curvature and torsion tensors, holonomy algebras are found. Studies are based on the use of properties of Lie
algebras and groups, as well as homogeneous spaces and they are mainly local in character.

The features of the methods presented in the work is the application of a purely algebraic approach to the description of
homogeneous spaces and connections on them, as well as the combination of methods of differential geometry, the theory of
Lie groups and algebras and the theory of homogeneous spaces. The results can be used in the study of manifolds and can find

Axkanemuk A. @. YUepusaBckuii, A. A. Koasina

Hnemumym npuxnaousix gusuveckux npoonem umenu A. H. Cesuenxo Benopycckoeo
eocyoapcmeennozo ynusepcumema, Munck, Pecnyonuxa benapyce

ITPEOBPA3OBAHUE KOJA MOJIYJISIPHOM CUCTEMbBI CUUCJIEHU S
B OGOBIIEHHBIN MMO3UIIMOHHBIN KOJI

Annoranus. CooOIeHne MOCBALICHO MPoOJIeMe IOCTPOSHUS IOJHAJANYECKOH HHTErPalbHO-XapaKTEPHCTUIECKOM
6a3bl MOLYISPHON apupMETHKH. B 4acTHOCTH, TOTydeHB! pacueTHBIC COOTHOIICHUS ISl TPeoOpa30oBaHUs MOLYJISPHOTO
kona (MK) B kon 0606menHo# no3unnonHoit cucremsl cuncieHus (OIICC) 1 Ha UX OCHOBE CHHTE3UPOBAHBI TIOCIICIOBATEIIb-
Hasl ¥ MapajulenbHas KOH(QUTYpaIllMi COOTBETCTBYIOIEH mporenaypsl. O6manas MOLYIBHOI CTPYKTYpoOii, pazpaboTaHHbBIE
aJITOPUTMBI IPOCTHI B peanu3anuy. OHU BKIIOYAIOT JIMIIb ONEePAIliy BRIYUTAHUS ¢ yMHOKCHUEM Ha KOHCTAHTBI IO MOAYIISIM
nprMeHsieMoro 6as3uca. BerancnuTenbHast CI0KHOCTH HOCIISIOBATEIFHON M MapaieIbHOM peann3anuii mpeodpa3oBaHUs
MK B kox OIICC no mpeayioKeHHbIM aJropuTMaM cocTaBiisieT cooTBeTcTBeHHO O(K*) u O(k) MomynbHBIX omneparuii (k —
MOIIHOCTE 0a3nca CHCTeM CUUCIICHNS).

KiroueBble cji0Ba: MOMyNIsIpHAs CHCTEMa CYHCICHUS, MOAYJISPHEIH KOJ, 0000IIeHHAasI TO3UIIMOHHAS CUCTEMa CUUCIIe-
HUS, OTHAMYecKasi CHCTEMa CUUCIICHNUS, TOTHANIECKUI KO/, HHTEr PaJIbHbIe XapaKTePUCTHKU MOTYIISIPHOTO KOJa

Jas uutupoBanus: Yepnsasckuii, A. . [IpeodbpazoBanue Koga MOLYISAPHON CHCTEMBI CYHCICHUS B 00OOIMCHHBIN TI0-
3unnoHHbIN Kox1 / A. @. UepHsasckuii, A. A. Konsga / Jokn. Ham. akan. Hayk Benapycn. — 2017. — T. 61, Ne 4. — C. 26-30.

Academician Aleksandr F. Chernyavsky, Andrei A. Kolyada

A. N. Sevchenko Institute of Applied Physics Problems of the Belarusian State University, Minsk, Republic of Belarus
CONVERSION OF A MODULAR NUMBER SYSTEM CODE INTO A GENERALIZED POSITION CODE

Abstract. The article is devoted to the problem of constructing an integrated and characteristic base of modular
arithmetic. In particular, calculation estimates are obtained for conversion of a modular code (MC) into a code of a generalized
positional number system (GPNS) and based on them the sequential and parallel configurations of the appropriate procedure
are synthesized. With its modular structure, the developed algorithms are easy to implement. They include subtraction with
multiplication by constants used by the modules of the basis. Computational complexity of sequential and parallel
implementations of conversion of MC into the GPNS code according to the proposed algorithms is O(k?) and O(k) of modular
operations (k is the power of the basis of the number system) respectively.

Keywords: modular number system, modular code, generalized positional number system, polyadic number system,
polyadic code, integral characteristics of modular code

For citation: Chernyavsky A. F., Kolyada A. A. Conversion of a modular number system code into a generalized position
code. Doklady Natsional'noi akademii nauk Belarusi = Doklady of the National Academy of Sciences of Belarus, 2017,
vol. 61, no. 4, pp. 2630 (in Russian).
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®OPMUPOBAHUE Y CBOMCTBA HOBBIX TUIIOB METAJLJI-IUJEKTPUUECKUX
HAHOCTPYKTYP IJ51 CO3JAHUSA OIITUYECKUX METAMATEPUAJIOB

AHHOTAaNMSsI. PacCMOTPEHbI TEXHOJIOIMH Oy YCHHUS KOMIO3UTHBIX CPell, KOTOPbIE MOT'YT IIPOSIBISITH CBOMCTBA METaMa-
TEPHUAJIOB: OPHUCTHIX IUICHOK OKCH/IA AJIIOMHHUS C CHCTEMOM IEPHOANISCKUX HAHOOTBEPCTHU, 3aMOIHEHHBIX 01aropo/IHEI-
MM METaJUITAMH; MHOTOCJIOIHBIX METaNI-IHIIEKTPHUSCKUX (B TOM YHCIE METAJUI-IOIMMEPHBIX) HAHOCTPYKTYP; HOTHMEp-
HBIX IJICHOK C BHEAPCHHBIMU METANIMYECKHMHI HAHOYACTHLIAMU; CeTYATHIX MOIMMEPHBIX CTPYKTYP ¢ METAJUIHUECKUM 3a-
HOJHEHUEM stueek. VcenenoBanbl IUAIEKTPHYECKHE H PE30HAHCHBIE CBOMCTBA CHHTE3HUPOBAHHBIX CTPYKTYP, YCTAHOBJICHBI
0COOCHHOCTH BO30Y)KICHHS B HUX HOBBIX THIIOB KBa3HOe3IH(pPaKIHOHHBIX [Ia3MOH-TIOJSIPUTOHOB. [IpeIIoKeHbl OpUru-
HaJbHbIE METOIBl U YCTPOMCTBA Al XapaKTEPU3aL[MM ONTHYECKHX CBOMCTB CO3JAHHBIX KOMIO3MTHBIX HAaHOCTPYKTYD.
IMoxa3aHa NEPCIEKTHBHOCTD HCIOIB30BAHMS METAMATEPHAJIOB IPH CO3AaHHUHU INIOCKUX CYNEPIHH3, yIIPABICHNUS TapaMeTpa-
MM CBETOBBIX ITy4YKOB, & TAKIKE 151 PE30HAHCHO-YCUIICHHON 9BaHECLCHTHON HaHOIUTOrpaduu.

KuioueBble cJ10Ba: MeTaMaTepHalibl, HAHOCTPYKTYPa, IIa3MOHbI, CYNepIHH3a, HHTEPHEPOMETPHS, HITHIICOMETPHUS

Juist nutupoBanusi: GopMUPOBaHUE U CBOMCTBA HOBBIX THUIIOB METAJI-AHIIEKTPUUSCKUX HAHOCTPYKTYP AJIS CO3Ma-
HUS onTHYecKuX Metamatepuaios / B. H. Bensiii [u np.] / ok Hau. akan. nayk benapycu. — 2017. — T. 61, Ne 4. — C. 31-38.

Corresponding Member Vladimir N. Belyi!, Academician Vladimir E. Agabekov?, Academician Nikolai S. Kazak!,
Svetlana N. Kurilkina', Aliaksandr E. Salamianski?, Viktoryia I. Kulikouskaya?

!B. I. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
’Institute of Chemistry of New Materials of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

FORMATION AND PROPERTIES OF NEW TYPES OF METAL-DIELECTRIC NANOSTRUCTURES
FOR CREATION OF OPTICAL METAMATERIALS

Abstract. New technologies of obtaining composite media were studied, which can reveal the properties of metamaterials:
porous aluminum oxide films with a system of periodic nanoholes filled with noble metals; multilayer metal-dielectric
(including, metal-polymer) nanostructures; polymer films with implemented metal nanoparticles, fish-net polymer structures
with metal filling of cells. Dielectric and resonance properties of synthesized structures were investigated; the peculiarities of
excitation of new types of quasi-non-diffracting plasmon-polaritons in them were established. The original methods and
devices for characterization of optical properties of created composite nanostructures were proposed. The perspectives were
shown how to use metamaterials when creating flat superlenses, to manipulate light beam parameters and also resonance-
assisted evanescent nanolithography.

Keywords: metamaterials, nanostructure, plasmons, superlens interferometry, ellipsometry

For citation: Belyi V. N., Agabekov V. E., Kazak N. S., Kurilkina S. N., Salamianski A. E., Kulikouskaya V. I. Formation
and properties of new types of metal-dielectric nanostructures for creation of optical metamaterials. Doklady Natsional noi
akademii nauk Belarusi = Doklady of the National Academy of Sciences of Belarus, 2017, vol. 61, no. 4, pp. 31-38 (in Russian).

M. H. Cepreenko
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PEJIAATUBUCTCKASA MOJAEJIb ME3OHOB
C KOOPIMHATHO-3ABUCUMOM MACCOM KBAPKOB

(Ilpedcmasneno unenom xoppecnondenmom JI. M. Tomunvuuxom)

AHHOTanus. Me30HBI MOJICTUPYIOTCS KaK CBSI3aHHBIE COCTOSHU A KBAPKOB C KOOPAMHATHO-3aBHCUMON Maccoil. Bzanmo-
neiicTre kBapkoB omuchiBaeTcst KX/I-MoanuIupoBaHHBIM KOPHETBCKUM MOTEHIIHAIOM C BBEICHHON 3aBUCHUMOCTBIO OT
PAcCTOSHUS BENMYMHON CUIILHOM CBA3M 0 (r). IIpensioxkeno ypaBHeHUE IBUKEHUS IS IBYX B3aMMONEHCTBYIOMMX Oeccnu-
HOBBIX YAaCTHI[ B CUCTEME IEHTpPa MHEPILUH, MOTYUYEHbI [BA ACHMITOTHUECKUX PEIICHHs 3TOT0 ypaBHEHHUS A OOMBIINX
U MalibIX paccrossHMM. Ha 3Toi 0OCHOBE MpeanokeHa KOMILIEKCHAs MHTEPHOJSAIHOHHAS MaccoBas (GopMysa JUuist KBapK-
AQHTHKBAPKOBBIX COCTOSTHMH. BbIuncneHHble B paMKax MOJENHU CIEKTPhl Macc p ¥ D** Me30HOB OKa3bIBAIOTCS B XOPOIIEM
COTJIACHU C 3KCIIEPHUMEHTAIbHBIMU 3HAUCHHUSIMH.

KiroueBble c10Ba: Me30H, CBA3aHHOE COCTOSIHHE, MOTEHIIMAT, KBaPKOBAst MOZIENb

Jas nurupoBanus: Cepreenxo, M. H. PensiTuBucTCKast MOZIeNIb ME30HOB ¢ KOOPMHATHO-3aBUCHMOMN Maccoii KBapKoB /
M. H. Cepreenxko // lokn. Hau. akaa. Hayk benapycu. —2017. — T. 61, Ne 4. — C. 39—45.



Mikhail N. Sergeenko

Francisk Skorina Gomel State University, Gomel, Republic of Belarus
RELATIVISTIC MODEL OF MESONS WITH THE COORDINATE- DEPENDENT QUARK MASS
(Communicated by Corresponding Member Lev M. Tomilchik)

Abstract. Mesons as bound states of quarks with coordinate-dependent mass are modeled. The interaction of quarks is
described by the QCD modified Cornell potential with a strong position-dependent coupling a(r). The equation of motion for
the system of two interacting spinless particles in the center-of-mass frame is suggested. Two asymptotic solutions of this
equation for large and small distances are obtained. The mass formula is derived for quark-antiquark bound states on this basis.
The mass spectra of the p and D** calculated in the framework of the model are in a good agreement with experimen-
tal data.

Keywords: meson, bound state, potential, quark model
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Aleksandr V. Baran, Vladimir V. Kudryashov

B. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
TUNNELING THROUGH A SMOOTH PARABOLIC DOUBLE BARRIER

(Communicated by Corresponding Member Lev M. Tomilchik)

Abstract. The exact description of tunneling is given for a smooth symmetric double barrier which is constructed with
the help of both parabolic and inverted parabolic potentials. The analytical expression for transmission coefficient is found.
The resonant tunneling condition is obtained. The dependence of transmission coefficient on incident particle energy is
presented for different values of double barrier parameters. It is established that the number of resonances increases with
growing the width of barriers and the distance between barriers. The continuous wave functions are expressed in terms of the
confluent hypergeometric functions. The real and imaginary components of wave functions are shown at the resonance values
of energy. The proposed smooth parabolic potential extends a very limited list of exactly solvable models that describe
tunneling through double barriers. The variable shape of the considered double barrier gives the supplementary possibilities
to simulate tunneling processes.

Keywords: tunneling, parabolic double barrier, transmission coefficient
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A. B. Bapan, B. B. Kyapsimos

Huemumym ¢usuxu um. b. U. Cmenanosa Hayuonanvrotl akademuu nayk berapycu, Murnck, Pecnybnuka Berapyce
TYHHEJUPOBAHUE YEPE3 I'JIA KU TAPABOJIMYECKHIA IBOMHOM BAPBEP
(Ilpedcmasaeno unenom-koppecnonoenmom JI. M. Tomunvuuxom)

AHHOTanus. J[aHO TOYHOE OIHMCAaHUE TYHHEIHPOBAHUS JUIS INIAJAKOTO CHMMETPHYHOIO JBOWHOTrO Oapbepa, KOTOPBIi
MOCTPOCH C MOMOIIBI0 KaK MapaboInYecKuX, TaK U MEePeBEPHYTHIX MapaboInvyecKuX NoTeHnuanoB. HalineHo anamutuye-
cKoe BeIpakeHue JuIsl kodddurprenta npoxoxaeHus. [lomydeHo ycioBue pe3oHaHCHOro TyHHenupoBaHus. [IpencraBiena
3aBUCHMOCTb KOX(PHIMEHTA NMPOXOXKACHUS OT YHEPrUH HAJETAIONIeH YacTHIBI JUIsl PAa3IMYHBIX 3HAUYCHUH MapaMeTpoB
JIBOWHOTO 0apbepa. YCTAaHOBIIECHO, YTO YHCIIO PE30HAHCOB PACTET C YBEIMUYCHHUEM LIMPHHBI 0APbEPOB M PACCTOSHUS MEKIY
6apbepamu. HempepbIBHbIE BOJTHOBBIC (YHKIIMU BBIPA)KSHBI Ye€pe3 BBIPOXKICHHBIE TUIepreoMeTpuieckue GpyHkunu. [oka-
3aHBI peajibHbIe U MHUMBIE COCTABISIOIINE BOJHOBBIX (DyHKIUIl MPH PE30HAHCHBIX 3HAYEHUSX dSHepruu. [IpenokeHHbIH
napaboIuvecKnil TTOTEHI[HA PACIINPsIET BECbMa OrpaHHUCHHBIH MepeyeHb TOUHO PelIaeMbIX MoJieel, KOTOPhIe ONMHUCHIBA-
10T TYHHEJIMPOBaHKE uepe3 ABOiHbIe Oapbepbl. Bappupyemas gopma paccmaTprBaeMoro JBOHHOro dapbepa JaeT JOIOIHHU-
TEJIbHBIE BO3MO)KHOCTH MOJICTHUPOBAHUSI IPOLIECCOB TYHHEIINPOBAHHUSL.

KuroueBble ci10Ba: TyHHEIMpOBaHHE, NapabOINUeCcKuil IBOHHOI 6apbep, KOdQOUIIUESHT TPOXOXK ICHH S
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Benopycckuii eocyoapcmeennutii ynusepcumem, Munck, Pecnyoauxa berapyce

HHU3KOYACTOTHAS SJIEKTPOEMKOCTbD ITOJYITPOBOJHUKOBOI'O TUOJA
C IPBIKKOBOM DJIEKTPOIIPOBOJIHOCTBIO IO TPEX3APSIIHBIM JE®EKTAM

(Ilpeocmasneno axademuxom H. M. Onexnosuyem)

AnHoTanus. BriepBere TeopeTndeckn paccuuTaHa eMKOCTB MOTYTIPOBOAHUKOBOTO p 1’ -a10aa, B KOTOPOM H p-0071aCTh,
U n'-00J1aCTh TMOJHOCTHIO KOMIICHCHPOBAHBI TOUCUYHBIMH PaJHAHOHHBEIMH AedeKkTaMu (rf-nedexramMmu) ogHoro Buja. Kax-
IBIH rt-ne(eKT BHOCHUT JBAa yPOBHS SHEPIHH B YHEPreTHUECKYIO IIENb (3aMPelIeHHYI0 30HYy) KPHCTAUINIECKOH MaTPHIIBI
¥ MOKET HaXOAHUTHCS B OTHOM U3 TPEX 3apsA0oBEIX cocTossHuH (—1, 0, +1). Takoit 110z, B KOTOPOM OTCYTCTBYIOT H 3JIEKTPOHBI
B C-30HE, U IBIPKU B V-30HE, Ha3bIBaeTcsA (-anogoM. Tok B {-T1oze 0CyIEeCTBISIETCS TOIBKO ITOCPEACTBOM MPEIKKOB 3JIEKTPO-
HOB MeXay rt-nepextamu. B npeiioso-nuddy3nonHoM mpuOIIKeHNN YNCICHHO pelleHa CHCTeMa CTallHOHAPHBIX HElH-
HEWHBIX An(PepeHINATHHBIX ypaBHEHHUI, OTNCHIBAIONIAs TPHIKKOBYIO MUTPAIIIO JTEKTPOHOB 10 r7-AedextaM. PaccauTansr
CTaTHYeCKHe BOIbT-(apagHble XapaKTePUCTHKH (-IH0/la Ha OCHOBE KPHCTAINIMIECKOTO KPEMHHUS AJIs HHTepBaga pabounx
temneparyp ot 78 go 373 K. OTMedeHa BO3MOKHOCTH UCIIOTH30BAaHUS (-ANOM0OB B KaUeCTBE PaIHAIlHOHHO-CTOMKIX BapHKa-
OB, Pa0OTAIONINX IIPH HU3KUX (KPHOTEHHBIX) TEMIIEpaTypax.

KuioueBble c10Ba: Tpex3apsaHbIe pagHallHOHHBIE Te()EKTH, MPHDHKKOBAst MUTPAIHS JJICKTPOHOB, ApelihoBo-nuddy3n-
OHHOE NPHOINKEHHUE, TOTYTIPOBOTHUKOBEIH IHOM, TUddepeHITnaabHas YIeKTPHIecKas eMKOCTh
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akan. Hayk bemapycn. —2017. — T. 61, Ne 4. — C. 52-59.

Nikolai A. Poklonski, Alexander I. Kovalev, Sergey A. Vyrko
Belarusian State University, Minsk, Republic of Belarus

LOW-FREQUENCY ELECTRICAL CAPACITANCE OF SEMICONDUCTOR DIODE
WITH HOPPING CONDUCTIVITY VIA TRIPLE-CHARGED DEFECTS

(Communicated by Academician Nikolai M. Olekhnovich)

Abstract. For the first time the capacitance of a semiconductor p*n*-diode is theoretically calculated, in which both the
p'-region and the n'-region are completely compensated with point irradiation-induced defects (r#-defects) of one kind. Each
rt-defect introduces two energy levels into a band gap of crystalline host matrix and can be one of three charge states (-1, 0, +1).
Such a diode, in which both electrons in the conduction band and holes in the valence band are absent, is called a {-diode. The
(-diode current is performed by electron hopping via rz-defects only. In the drift-diffusion approximation, a system of
stationary nonlinear differential equations for hopping migration of electrons via rz-defects is numerically solved. The static
capacitance-voltage characteristics of the {-diode based on crystalline silicon are calculated for the operating temperature
ranging from 78 to 373 K. It is shown that the (-diode can be used as radiation-resistant varicaps operating at low (cryogenic)
temperatures.

Keywords: triple-charged irradiation-induced defects, hopping migration of electrons, drift-diffusion approximation,
semiconductor diode, differential capacitance
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Natalia M. Litvinko, Lydia A. Skorostetskaya, Denis O. Gerlovsky
Institute of Bioorganic Chemistry of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

PHOSPHOLIPASE A, IB — A NEW INDICATOR FOR ESTIMATION OF THE PRO-ANTIOXIDANT STATUS
OF THE ORGANISM

(Communicated by Corresponding Member Igor A. Mikhailopulo)

Abstract. The efficiency of free radical oxidation of phospholipid membranes under exposure to UV radiation (A = 180—
400 nm) by the phospholipase A,PLA, IB as a marker of lipid peroxidation was studied. Mixed micelles of phosphatidylcholine
and sodium deoxycholate were employed as the model of phospholipid membranes. The PLA, activity was determined by
spectral changes in hemoglobin upon the interaction with fatty acids, resulting from a phospholipolysis product. At the same
time, the level of lipid peroxidation was estimated by accumulation of malondialdehyde as a well-known product of irradiation
of phospholipids. The directly proportional dependence of the PLA, activity on the UV irradiation time of phospholipids is
obtained. It is shown that the level of the PLA, activity correlates well with the lipid peroxidation level, pointing to the
antioxidant capacity of blood in comparison with the well-known antioxidant Trolox as standard.

Keywords: phospholipolysis, phospholipase A, fatty acid, hemoglobin, total antioxidant activity, antioxidant capacity
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Hucmumym 6uoopeanuyeckoti xumuu Hayuonanvroii akademuu nayx berapycu, Munck, Pecnybnuxa benapyco

POCPOJINNA3A A, IB - HOBBIV NTHIUKATOP OLIEHKH
HPO-AHTHOKCUAAHTHOI'O CTATYCA OPTAHU3MA

(Ilpeocmasnero unenom-xkoppecnonoernmom U. A. Muxaiinonyno)

AnHoTanus. MzydeHa 3()(peKTHBHOCTh CBOOOTHOPAIUKAIBEHOTO OKUCIICHHS B (POCHONUITUAHBIX MeMOpaHax IO BO3ACH-
crteueM YO-o0mydenus (A = 180400 nm) ¢ momombio hoconumnaser A, (PJIA, IB) kak Mapkepa IEpEKMCHOrO OKUCIIEHHU ST JTH-
nuoB. CMenTaHHbIe MALIEIITB (POCATHAMIXOTNHA U AE30KCUXO0JIaTa HATPUS OBLITM UCTIONB30BAHbI B Ka4eCTBE MoAeH (ocgo-
JIMIUIHBIX MeMOpaH. AKTHBHOCTE DJIA, ompenensim no CreKTpaabHbIM M3MEHEHUSAM I'eMOITIOOMHA TIPU B3aUMOIEHCTBUN
C KUPHBIMHU KHCJIOTAMH KaK IPogyKTaMu (Gocdoaumnonansa. YpoBeHb NEPEKUCHOTO OKHCICHHS TUITHIO0B B TO 5K€ BPEMsI OI[CHH-
BaJIH 110 HAKOIIJIEHHIO MAJIOHOBOTO JMAJBJETHIa KaK XOPOIIO H3BECTHOTO MPOIyKTa 00mydeHus Gpochomumnuaos. [lomydena
HpSAMO MPONOPLHHUOHANBHAS 3aBUCUMOCTh akTHBHOCTH DJIA, oT Bpemenn YP-o0imydenus Gochonumuaos. ITO MOKa3bIBAET,
4TO ypoBeHb aKTUBHOCTH DJIA, XOpOIIO KOPPETHPYET C YPOBHEM NEPEKUCHOTO OKMCIIEHHS JIUTTUJIOB U MOXKET OXapaKTePH30-
BaTh AHTHOKCUAAHTHBIH MTOTEHIINAN KPOBHU P UCIIOIB30BAHIH H3BECTHOTO aHTHOKCHIaHTa Tposokca B KauecTBe CTAHIApTA.

Kurouesbie cioBa: gpochonunonus, pocponunasza A,, KUPHbIE KHCITOTHI, FEMOTIOOMH, 00Mas aHTHOKCHAAHTHAS aK-
TUBHOCTH, aHTHOKCHIAHTHBII MOTEHIINATT
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J. H. JaBmion, E. B. BopoobeBa, E. B. JlaeBckasn, akagemuk H. I1. KpytbKo,
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Hncmumym obwetl u neopeanuueckou xumuu Hayuonanonoii akademuu nayx bBerapycu,
Muncxk, Pecnyonuxa Benapyco

PEOJIOTMYECKHUE CBOMCTBA U KOHIIEHTPAIIMOHHBIE ITEPEXO/IbI
B BOJTHO-COJIEBBIX PACTBOPAX ITOJIMAKPUJIIAMU A
N AHUOHHBIX (CO)IIOJIMMEPOB AKPUJIAMU JIA

AHHOTaUMsI. METOI0OM KalMJUISIPHON BUCKO3UMETPHU M3y UYCHBI PEOJIOrHYECKHUE CBOMCTBA ¥ KOHLIEHTPALIMOHHBIE NIepe-
XOJbl HCUOHOT€HHOI'O IMOJIMaKpuJIaMua 1 aHUOHHBIX (CO)l'lO.]'lI/IMepOB aKpuJiamMuaa B COJICBBIX pacTBOpax (XHOpH}lbI KaJusa
U Hatpus) pasianuHoi koHuentpauuu (0,07 u 3,4 monw/n). [lokasano, 4To yBeIHUCHHE COACPIKAHUS MOHOTCHHBIX TPYIII
B MaKpOMOJIEKYJIaX IPUBOAUT K CHUIKEHUIO KOHLEHTPALUK KpoccoBepa. J[is MoIu3IeKTpoIuTOB OIpeesieHa 00J1acTh He-
HEePEeKPHIBAIOLIMXCS KIyOKOB MKy KOHIIGHTpAlLMel KpoccoBepa M KOHIEHTpaIiel o0pa3oBaHus QIyKTyallMOHHOH CeTKN
3aleIUICHU I U TI0Ka3aHo, YTO C YBEJIHUCHHEM KOHLCHTPAIIMK COJIM 9Ta 00J1aCTh MPAKTHUSCKH HCUE3aeT, T. €. H3MEHEHUE Me-
XaHH3Ma MacCcoNepeHoca MPOUCXOANUT BOJIN3H KOHLCHTPAIIMKM KPOCCOBEPA, KaK U B COJICBOM PAaCTBOPE HEHOHOTEHHOTO I10-
JUaKpUIaMu/ia. YCTaHOBICHO, 4TO 3)(HeKTHBHBIN 00bEM MaKpPOMOJIEKYJI IIOJIMMEPOB BEIIIIE B COJIEBOM pacTBope (3,4 MOIIb/)
XJjiopuaa HaTpusd, 4€M XJiopuJa Kajausd, AJI IMOJUIJICKTPOJIUTOB BBILIC, YEM IJIsI HCUOHOI€HHOI'O IOJIMMEpa, U BO3pacTacT
C yBeHPI‘-IeHPIeM KOJIMYECTBA HOHOI'CHHBIX prl'IH B MaKpOMOJIEKYJIaX MOJIMDJICKTPOJIUTOB.

KuroueBble cioBa: noiuaxpuiiaMuli, MOJMIIEKTPOJIUTHI, COJIEBbIE PAaCTBOPHI, KOHLEHTPALIMOHHBIC NEPEXOJbl, Bs3-
KOCTb, MAaKpOMOJIeKYJIa, 3)HeKTUBHBII 00BeM

Jlis nuTupoBaHusi: Peonornyeckue cBOMCTBA M KOHIEHTPALMOHHbIE IIEPEXO0/bl B BOJHO-COJIEBBIX PACTBOPAX MOIHAKPH-
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Daria N. Davlyud, Elena V. Vorobieva, Elena V. Layeuskaya, Academician Nikolay P. Krutko,
Pavel D. Vorobiev, Denis V. Cherednichenko

Institute of General and Inorganic Chemistry of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

RHEOLOGICAL PROPERTIES AND CONCENTRATION CROSS-OVERS OF POLYACRYLAMIDE
AND ANIONIC (CO)POLYMERS OF ACRILAMIDE IN AQUEOUS-SALT SOLUTIONS

Abstract. Rheological properties and concentration cross-overs of nonionic polyacrylamide and anionic acrylamide co-
polymers in saline solutions (sodium and potassium chlorides) of different concentration (0.07 and 3.4 mol/l) were investigated
using the capillary viscometer method. It is shown that increasing the content of ionic groups of macromolecules reduces
crossover concentration. The area of non-overlapping coils between the crossover concentration and the concentration of
fluctuation mesh formation was determined for polyelectrolytes; it was shown that with increasing salt concentration this area
practically disappears, i.e. the mass transfer mechanism changes near crossover concentration as in the saline solution of
nonionic polyacrylamide. An effective volume of polymer macromolecules is higher in the sodium chloride solution than in
the potassium chloride solution; for polyelectrolytes, it is higher than for nonionic polymers and grows with increasing the
number of ionic groups of polyelectrolyte macromolecules.

Keywords: polyacrylamide, polyelectrolytes, saline solutions, concentration cross-overs, viscosity, macromolecule,
effective volume
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CUHTE3 ®YHKIIMOHAJIBHO 3AMEHEHHBIX ITIPOU3BOJHbBIX INPUMUINHA
HA OCHOBE (E)-3-(4,5-IUXJIOPU30TUA30.I-3-1J1)-1-PEPPOLIEHUJIITPOII-2-EH-1-OHA

Annoranus. Konnercanueit anetuindepporera ¢ 4,5-1UXI0pH30THA30I-3-KapOaIbICTHI0OM CHHTE3UpoBaH 3-(4,5-nu-
XJIOPU30THA301I-3-111)-1-(pepponeHmInpon-2-eH-1-00. Peaknns mory4eHHOro n30THa3onmiI(epporeHNIKeTOHa C TyaHH /1~
HOM NIpPUBOJMJIA K aMHHO3aMeIIeHHOMY (heppOIeHIITH30THA30IITHPUMUANEY. B3anmonelicTere nzornazonuideppore-
HUJIKETOHAa C THOMOUYCBHHOW IPOTEKANO ITyTEeM TeTepONMKIIN3AIUU ¢ oOpa3zoBaHmeM (epporeHnIN30THa30ImI-3,4-11-
rugponupumuuH-2(1H)-trona. IlomydenHsle rHOpHIHBIE a3areTePOLMKINYECKHE POM3BOAHBIC (peppolieHa MpeCcTaBIsIoT
HWHTEpeC JUIst ONOTECTHPOBAHUS B KAUECTBE MPOTHBOOITYXOJIEBEIX ar€HTOB.

KuroueBsle c1oBa: (epporeH, H30THA30JI, TUPUMUINH, KETOHBI, KOHACHCAINS, TeTePOIUKIN3aIIHs

Jas nutupoBanus: CuHTe3 (QyHKIMOHAIBHO 3aMEMIEHHBIX NPOU3BONHBIX MUPUMHUAMHA Ha ocHOBe (E)-3-(4,5-mu-
XJIOPH30THA30M-3-11)-1-pepponenmnmpon-2-en-1-ona / B. U. [otkun [u ap.] / Jdokn. Ham. akan. Hayk bemapycm. — 2017. —
T. 61, Ne 4. — C. 77-82.
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SYNTHESIS OF FUNCTIONALLY SUBSTITUTED PYRIMIDINE DERIVATIVES BASED ON (E)-3-
(4,5-DICHLOROISOTHIAZOL-3-YL)-1-FERROCENYLPROP-2-EN-1-ONE

Abstract. 3-(4,5-Dichloroisothiazol-3-yl)-1-ferrocenylprop-2-en-1-one was synthesized by condensation of acetyl ferro-
cene with 4,5-dichloroisothiazole-3-carbaldehyde. The reaction of isothiazolylferrocenyl ketone obtained with guanidine
resulted in amino substituted ferrocenylisothiazolyl pyrimidine. The interaction of isothiazolylferrocenyl ketone with thiourea
proceeded by heterocyclization, leading to the formation of ferrocenylisothiazolyl-3,4-dihydropyrimidin-2(1H)-thione.
Hybrid derivatives of azaheterocycles and ferrocene are of interest for biotesting as antitumor agents.

Keywords: ferrocene, isothiazole, pyrimidine, ketones, condensation, heterocyclization
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CPABHUTEJIBHAS KUHETUYECKASA XAPAKTEPUCTUKA POCTA ITAMMOB
ARTHROBACTER SULFONIVORANS U CUHTE3A
BHEKJIETOUHOM BETA-TAJIAKTO3H 1A3BI

Annortanus. [IpencrasieHsl faHHbIE, XapaKTepusyomue pocT ucxognoro bUM B-2242 u afanTupoBaHHOIO K JIAKTO3€
BUM B-499-J1 mrammoB Oaktepuit Arthrobacter sulfonivorans v CHHTE3a MMM BHEKJICTOUHOW OeTa-rajakTo3Waa3bl.
YcTaHOBIIEHO, YTO aAaN THPOBAHHEIH IITAMM XapaKTepU3yeTcs: osiee KOPOTKOH, YeM NCXOIHBIN ITaMM, J1ar-(a3oii, paHbiie
JIOCTUTAET MaKCUMaJIbHOH y/iebHO# ckopocTh pocTa (1 = 0,316-0,319 u™') u ctanmonapHoit dasel pazeutus. CHHTES BHE-
KJICTOYHOTO (pepMeHTa y 000MX IITAMMOB NPOTEKAeT B 3KCHOHEHIMANIBHOI (ha3e pocTa M JOCTUTAaeT OAMHAKOBOW MaKCH-
ManbHOH yzenbHoOl ckopoctu (g, = 0,247-0,250 en - mr' - u™') co caBurom, cocrapsiomum 6 4. [Tpu sTom mramm BUM
B-499-/1 no ypoBHio cuHTe3a ¢pepmenTa B 1,6 paza npeBocxoaut mramm UM B-2242 nipu menbmreit B 1,3 pasa 1iauTeabHO-
ctu nponecca. KuHeTnyeckne napaMeTpsl pocta (71 = 6—9 9) nccieayeMpix MTaMMOB U 00pa3oBaHuUs UMK O€Ta-ralakTo-
3unasel (tg, = 18-24 4) yKa3pIBarOT Ha pa300MIEHHOCTH MPONECCOB BO BPEMEHH HE MEHee 4eM Ha 1215 4.

KuaroueBnle caoBa: 6akrepun, Arthrobacter sulfonivorans, ynenbHasi CKOPOCTh POCTa, BHEKJIETOUHAs OeTa-raJakTo3u-
Ja3a, ylelbHasi CKOpoCcTh CHHTe3a hepMeHTa

Jass uutupoBanus: CpaBHHTENbHAsT KMHETHYECKas XapaKTePHCTHKA pocTa MTaMMoB Arthrobacter sulfonivorans
Y CHHTE3a BHEKJICTOUHOM Oera-ramakto3unasel / JI. . CamyHnosa [u ap.] / JJokn. Ham. akaa. nayk bemapycn. — 2017. — T. 61,
Ne 4. - C. 83-88.



Leonida I. Sapunova, Academician Anatoli G. Lobanok, Iryna A. Tamkovich, Aliaksandr A. Kastsianevich

Institute of Microbiology of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

COMPARATIVE KINETIC CHARACTERISTIC OF THE ARTHROBACTER SULFONIVORANS STRAIN
GROWTH AND THE EXTRACELLULAR BETA-GALACTOSIDASE SYNTHESIS

Abstract. The data are presented on kinetic correlations of the growth of parent and lactose-adapted strains of bacteria
Arthrobacter sulfonivorans and the production of extracellular beta-galactosidase. It was found that the adapted strain
BIM B-499-D was distinguished by a shorter lag phase than the parent strain BIM B-2242 by a reduced period of reaching
a maximum specific growth rate (n_ = 0.316-0.319 h™') and a stationary phase of culture. Synthesis of extracellular enzyme
in both strains occurred during the exponential growth phase and attained a peak specific rate (g, _=0.247-0.250 U -mg™"' - h™")
with a 6 h time interval. BIM B-499-D exceeds BIM B-22421.6 times in the level of enzyme biosynthesis and in the duration
of the process — 1.3 times. The kinetic parameters of growth (i = 6-9 h) and beta-galactosidase production (g = 18—
24 h) established for the examined strains indicate the disconnection of processes in time at least by 12—15 h.

Keywords: bacteria, Arthrobacter sulfonivorans, specific growth rate, extracellular beta-galactosidase, specific rate of
enzyme synthesis
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CO3JAHUE HLITAMMA-ITIPOAYHEHTA XUMEPHOI'O BEJIKA, COCTOALHEI'O
M3 YEJJOBEYECKOI'O AHHEKCUHA Y BAKTEPHAJIBHOM A IEHO3UHJIE3AMUHA3BI

AHHOTa“Hﬂ. 3HOKaquTBeHHbIe Ol'lyXOJ'IPI 06.]'13.)13}0T MCXaHHU3MaMHU, IMO3BOJIAOIIMMU yKHOHﬂTbCH oT paspyLueHl/m UMMYH-
HOI crcTeMoi oprann3ma-omyxosieHocutenss. OIHUM U3 TaKUX MEXaHM3MOB SIBJISETCS (OPMHUPOBAHHE B OITYXOJH ITOJ BIIHSI-
HHEM BHEKJIETOYHOTO aJICHO3MHA HMMYHOCYPECCHPYIOIIET0 MUKPOOKpPY)KeHHs. PaHee HaMu Oblia MPEIoKEHA UIies ycTpa-
HEHHMS 3aIUTHl paKka OT XO35HMCKOr0 KJIETOYHOrO MMMYHHTETA C TMOMOIIBI0 a/ICHO3HHIE3aMIHA3bI, CITUTON C aHHEKCHHOM-AS.
B pesynbrare NpOBEACHHOTO HCCIISI0BAHHSI BIIEPBbIC CKOHCTPYHUPOBAH ITaMM Escherichia coli, TpoaylUpyrOIINi XHUMEPHBIH
0eI0K, MOJIEKy/Ia KOTOPOTO0 COCTOHMT M3 YeJOBEYSCKOr0 aHHEKCHHA-AS M TOMOJIOTHYHON a/IcHO3HHAe3aMiHa3bl. [Ipomyupy-
I0I11asi CIIOCOOHOCTH TOJMYYEHHOTO IITaAMMa-TIPOYIIEHTa B OTHOIICHUH XUMEPHOro Oejika cocTapiseT 18 Mr/i KyabsTypasibHOM
sxuikocti. HapaboraHo 13 Mr BBICOKOOYHIIIEHHOTO XHMEPHOTO 0ejika, 00JIa Iaolero ajaeHo3uH Ie3aMUHA3HONW aKTHBHOCTBIO.
I[Tpy 5TOM IPORYLHPYIOLIast CIIOCOOHOCTB ATOTO LITaMMa B OTHOIICHUH aJ€HO3UH/Ie3aMHHa3bl cocTaBmiIa 7,1 MKMOJIB/MUH/MIT
Kyanypaanoﬁ KUOKOCTH. HOJ’[y‘leHHblﬁ XHMeprlﬁ 66.]'[0[( Npe€aHasHA4YCH 1A I/I3y'~leHPl5l B KQU4€CTBE MEPCIICKTUBHOI'O ITPOTUBO-
OITYXOJICBOTO CPEJICTBA.

KoaroueBble ci10Ba: XMMEpPHBIN OCITOK, YEITOBCUCCKII aHHEKCHH, aJcHO3MHAe3aMuHasa, Escherichia coli

Juist uutupoBanusi: Co3aHue mTaMMa-TIpo/ylieHTa XHMEPHOT0 OesiKa, COCTOSIIIETO U3 YEIOBEUECKOr0 aHHEKCHHA U OaK-
TepuajabHOU ajeHo3uHae3amuHasbl / A. b. Bynarosckuii [u ap.] // Hoxu. Ham. akax. nayk Bemapycun. — 2017. — T. 61, Ne 4. —
C. 89-95.

Aleksey B. Bulatovski, Sergey V. Kvach, Ludmila A. Eroshevskaya, Corresponding Member Anatoliy I. Zinchenko

Institute of Microbiology of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

CONSTRUCTION OF STRAIN-PRODUCER OF CHEMERIC PROTEIN CONTAINING HUMAN ANNEXIN
AND BACTERIAL ADENOSINE DEAMINASE

Abstract. Malignant tumors possess the mechanisms allowing one to evade the degradation of tumor-carrier by the immune
system. One of the mechanisms is the formation of a tumor immunosuppressing microenvironment acted upon by extracellular
adenosine. Earlier, we proposed the idea to eliminate a cancer protection barrier from the host cell immunity using adenosine
deaminase fused with annexin A5. The conducted study resulted in the first development of the strain Escherichia coli produc-
ing the chimeric protein structurally composed of human annexin A5 and homologous adenosine deaminase. The generating
capacity of the obtained microbial strain with respect to chimeric protein was 18 mg/1 of culture fluid. 13 mg of highly purified
chimeric protein showing the adenosine deaminase activity was produced. The adenosine deaminase productivity of the strain
equaled 7.1 umol/min/ml of culture fluid. The obtained chimeric protein is intended for a further investigation as a promising
cancerostatic agent.

Keywords: fusion protein, human annexin, adenosine deaminase, Escherichia coli
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TEPMOCHJIOBOM U3Ir'b TPEXCJOMHOM BAJIKUA
CO C)KUMAEMBIM 3AMTOJTHUTEJIEM

AHHOTanus. B CBS3M ¢ UPOKUM NPHUMEHEHUEM TPEXCIOWHBIX 37IEMEHTOB KOHCTPYKIUI B CTPOUTENHCTBE U MAIIMHO-
CTPOEHNHU BO3HMKAET HEOOXOJMMOCTh CO3/1aHHUS aJeKBATHBIX MEXaHUKO-MAaTeMaTHYECKUX MOJEINel pacyeTa X HaIpsKEH-
HO-1e()OPMHUPOBAHHOTO COCTOSIHUA. 3[€Ch PACCMOTPEHO Ae(OPMHUPOBAHUE B TEMIIEPATyPHOM I10JI€ TPEXCIOWHOM yIpyro-
MIaCTHYECKON OadKM CO CKMMAEMbIM 3amoaHUTeneM. J[as onucaHus KMHEMAaTHKU HECHMMETPUYHOTO TI0 TONIIMHE MaKeTa
MPUHATHI TUTIOTE3bI IOMAHOW TMHUU: B TOHKUX HECYIIUX CIIOSX CIPaBEJIMBbI THIIOTE3bl BepHyIn; B CKMMAaEMOM T10 TOJI-
LIMHE 3alOJIHUTENE BBIMOJHIETCS TMNoTe3a THMOIIEHKO ¢ JIMHEHHON annmpoKcUMaluel nepeMenieHnil no TOJIMIUHE CIIOosl.
®du3nueckre COOTHOIIEHHS CBSI3M HAMPsKEHUI n aedopmanuii COOTBETCTBYIOT TEOPHH MalbIX YHPYTOMIACTHUECKHUX Jie-
bopmanmii. I3MeHeHHe TeMIepaTypbl paCCUUTHIBAIOCH € TIOMOIIBIO GOPMYJIBI, TTOTYHYEHHONW MPH OCPETHEHUN TEIIO(U3H-
YECKHUX CBOMCTB MAaTepHaJIOB CIOEB 0 TOJNIIMHE cTepxkHA. CructeMa anddepeHnnanbHbIX ypaBHEHUH PaBHOBECH MOy YeHA
BapUAIOHHBIM METOJIOM. AHAJIUTHYECKOE PelIeHUe ObIIO MOTyUYeHO METOAOM YIPYTHX PELIeHHH JUIsl CIydasi pABHOMEPHOTO
pacnpeneneHust HENPepbIBHOM HArpy3KU. BBIMOIHEH €ro YNCIEHHBIN aHAIN3.

KroueBble cioBa: TpexcioiiHas 0Oaika, HamnpsyKEHHO-Ie(OPMHPOBAHHOE COCTOSHHE, CKUMAEMbIH 3alOIIHUTENb,
YHpPYTOMIaCTUYHOCTh, TEMIIEPATYpa

Jst uutupoBanmsi: TepMOCHIIOBOM N3ru0 TPEXCIOMHOM Oanku co cxumaeMbIM 3anonHuTtenaem / M. A. XKypaskos [u ap.] /
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DEFORMATION OF A THREE-LAYER BAR WITH A COMPRESSIBLE FILLER IN THE NEUTRON FLUX

Abstract. The present paper considers the deformation of a three-layer elastoplastic bar with a compressible filler in the
temperature field. To describe kinematic properties of an asymmetric through thickness pack we have accepted the hypotheses of
a broken line as follows: Bernoulli’s hypothesis is true in thin bearing layers; Timoshenko’s hypothesis is true in the compress-
ible through thickness filler with a linear approximation of displacements through the layer thickness. The physical stress-strain
relations correspond to the theory of small elastoplastic deformations. Temperature variations were calculated by the formula
obtained by averaging the thermophysical properties of layer materials in terms of the bar thickness. A system of differential
equilibrium equations has been derived using the variational method. An analytical solution has been derived by the method of
clastic solutions for the case of a uniform distribution of a continuous load. Its numerical analysis has been performed.

Keywords: three-layer bar, compressible filler, plasticity, temperature field, local load
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Bronislav E. Kashevsky, Anton M. Zholud, Sergei B. Kashevsky
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MAGNITOPHORESIS AND OXYGEN EXCHANGE IN DILUTE SUSPENSION OF ERYTHROCYTES
(Communicated by Academician Oleg G. Penyazkov)

Abstract. Oxygen exchange in single erythrocytes is studied with the use of magnetophoretic magnetometry based upon
the registration of cell trajectories in a microfluidic Hele-Shaw cell under the action of high-gradient magnetic field. It is
found that, at atmospheric conditions, the equilibrium oxygenation degree of cellular hemoglobin is four times smaller as
against a standard level of blood hemoglobin. Also, an application of shear flow leads to an instantaneous increase of cellular
hemoglobin oxygenation up to a standard level, and it takes minutes for a low equilibrium level to be re-established. These
findings give a new notion as upon erythrocyte functions and may be of use for the hematocrit diagnosis.

Keywords: magnetophoresis, suspension of erythrocytes, oxygen exchange, flow effect
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MAT'HUTO®OPE3 U OCOBEHHOCTHU KHCJIOPOJHOI'O OBMEHA
B PA3BABJIEHHOM CYCIIEH3UHU SPUTPOIIUTOB

(Ilpeocmasneno axkademuxom O. I [lenssvkoguim)

AnHotamus. OCOOCHHOCTH KHUCIOPOTHOTO 0OMEHA OTACIBHBIX 3PUTPOIIUTOB U3YUCHBI C TOMOIIBIO METO/Ia UX MAarHU-
ToopeTHISCKOIl MarHUTOMETPUH, OCHOBAHHOTO HAa PErHCTPALMU TPACKTOPUH JIBHIKEHUS KJIETOK B MHKPOXKUIKOCTHOM
suerike Xene—Illoy mpu BO3aeiiCTBUN BBICOKOTPAJUEHTHOIO MAarHUTHOTO MOJIsl. BriepBbie yCTAHOBIIEHO, YTO B MOKOSIICHCS
pa30aBICHHON CYCICH3UU SPUTPOLUTOB NP aTMOCHEPHOM MapIHaIEHOM JaBICHUH KUCIOPO/A CTEIeHb OKCUTCHAL[UH KJle-
TOYHOT'O T'eMOIJI00HHA MOHMIKeHA B 4 pa3a [0 CPaBHEHHIO CO CTAHAApPTHOW OKcHIeHaluel remoriiobnna kposu. [Ipu aTom
IIPUIIOKECHUE UMITYJIbCA CABUI'OBOI'O TCUCHUSA INPUBOAUT K CKa'-lKOO6pa3HOMy YBCIWYCHUIO OKCUTCHALIUU N0 CTAaHAAPTHOI'O
YPOBHSI, 2 BOCCTAHOBIICHNE HHU3KOTO PABHOBECHOTO YPOBHSI OKCHI'CHAIL[MM KJIETOYHOIO I'e€MOITIOOMHA IOCIE MPEKPAICHH S
TEUYCHU S ITPOUCXOOUT 3a BpEMs, UBMEPAEMOEC MUHYTaAMU. l'[onyquHble PE3yabTaThl BbIABJIAKT HOBBIC OCOGGHHOCTI/I q)yHK-
HUOHUPOBAHUSA SPUTPOLIUTOB U MOT'YT HaﬁTM MIPUMEHCHUE 1)1 FeMaTOHOFH‘leCKOﬁ JUArHOCTHUKH.

KuroueBble cjioBa: MarHutohopes, CyCreH3 st SPUTPOILIUTOB, KUCIOPOAHBINA OOMEH, BIUSHUE TCUCHHS
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MEK®A3HBIE BBAUMOJIEMCTBUSI U MEXAHUYECKHUE CBOMCTBA
CTEKJIOAPMHAPOBAHHBIX CMECEH MOJIMITUJIEHTEPE®TAJIATA
C NOJIND®PUPHBIM TEPMOJJIACTOIIJIACTOM

AnHotanus. M3ydeno piusane nodasku 0,9 mac. % nuusonmanatHoro ymnuHutens nenu (Y1) Ha peonormdeckue
n MexaHuudeckue cBoricTBa cMmeceit [IDT/IITOII, apmuposannsix 30 Mac. % kopoTkoro crekiaoBookHa (CB). Konnentpanuro
IITOIT B cmecsix BapsupoBaiu oT 7 1o 50 mac. %, 9T0O mpeomnpenesiio n3MeHeHne ux (Ga3oBoit cTpyKTypbl. KoMmo3uTer
101y 4aJId METOIOM PEaKIIMOHHON 9KCTPY3HH IIPU HCIIOJIb30BAaHUU JIBYXIIIHEKOBOI'O PEaKTOPa-CMECUTENS ¢ OZHOCTOPOHHUM
BpameHneM mHekoB. O Mex(a3HOI aqre3nn B cHCcTeMe NONMHIHUPHOE CBsI3yIonee—NnoBepxHOCcTs CB cynnian Ha OCHOBaHUH
MHUKPOMEXaHHUYECKHX UCTIBITAHUHN MTPH PACTSXKEHUN CMECEBBIX MONIMI(HUPHBIX MATPHIl M CTEKJIOAPMUPOBAHHBIX KOMIIO3HTOB
Ha UX OCHOBE, a TaKXKe [0 JaHHBIM PEJIAKCALlUOHHON CHEKTPOMETPHH. YCTaHOBJIECHO, 4TO Y 1] oka3bIBaeT CUIBHOE BIUSHUE
Ha MEXaHWYECKHE XapaKTEePHCTHKH KOMIO3HTOB C Pa3HOH (a30BOH CTPYKTYpOI, MPUBOIS K POCTY MEXaHHUYECKOH ITPOYHOCTH
TIPH pacTsOKeHMH W u3rube 1o 1,5 pas, a TakKe MOBBIICHUIO yAapHOU Bsi3kocTH 1o Illapnu marepuanos 1o 1,6 pas. Ipn-
YHHAMH, BBI3BIBAIONINMH JaHHbBIE () (EKTHI, SBISIOTCS TOBBIICHHE cpeHeil ;umHel CB B koMmmo3uTax, cogepxkamux Y1,
a TaK)Ke MHTEHCU(PUKAIHS MEXK(a3HOr0 aIre3NOHHOT0 B3aNMOJIEHCTBHS TOIMA(PUPHOTO CBI3YIOMIETO ¢ HOBEPXHOCTHIO BOJIOKOH.

KuroueBsle cioBa: monudTriIeHTepedTANAT, TOIUI(PUPHBIH TEPMOIIACTOILIACT, YAJINHUTENH eI, KOPOTKOE CTEKJIO-
BOJIOKHO, PEaKIHOHHAS SKCTPY3Hsl, MEXaHHUECKHE CBOUCTBA, MexK(a3Hast aAre3us

Jas uutupoBanusi: MexdasHble B3anMOIHCTBUS 1 MEXaHHUSCKUE CBOMCTBA CTEKJIOAPMHUPOBAHHBIX CMECeH MOIH-
sTmiieHTepedranara ¢ noamd¢pupHeIM TepmodrnacromtactoM / C. C. [Mecenknit [u ap.] / Jokn. Ham. akax. mayk Bemapycn. —
2017.-T. 61, Ne 4. — C. 110-118.

Corresponding Member Stepan S. Pesetskii, Vera V. Shevchenko, Vladislav V. Dubrovsky, Vasily N. Koval
V. A. Belyi Metal-Polymer Research Institute of the National Academy of Sciences of Belarus, Gomel, Republic of Belarus

INTERPHASE INTERACTIONS AND MECHANICAL PROPERTIES OF GLASS FIBER REINFORCED
BLENDS OF POLYETHYLENE TEREPHTHALATE WITH THERMOPLASTIC POLYESTER ELASTOMER

Abstract. The effect of adding 0.9 wt% of a diisocyanate chain extender (CE) on rheological and mechanical properties
of PET/PTEP blends, reinforced with a 30 wt% short glass fiber (GF) is studied. TPEE concentration in the blends was varied
from 7 wt% to 50 wt%, which affected changes in their phase structure. Composites were obtained through reactive extrusion
using a twin screw mixing reactor with unidirectional screw rotation. Interfacial adhesion in the “polyester binder — GF sur-
face” system was estimated using micromechanical tensile tests of mixed polyester matrices and glass fiber reinforced com-
posites that are based on them, as well as using the relaxation spectrometry data. It was determined that CE has a strong effect
on the mechanical properties of composites with a different phase structure, increasing their mechanical tensile and bending
capabilities up to 1.5 times, and increasing Charpy impact strength of materials up to 1.6 times. The reasons for these effects
are an increase in the average length of GF in composites containing CE, as well as intensified interaction between interfacial
adhesive polyester binder and GF surface.

Keywords: polyethylene terephthalate, thermoplastic polyester, chain extender, short glass fibers, reaction extrusion,
mechanical properties, interfacial adhesion
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MOBBIIIEHUE ITPOJIYKTUBHBIX KAYECTB CEJbCKOXO3MCTBEHHBIX
KUBOTHbBIX HA OCHOBE UCIIOJIb30BAHU A
BUOTEXHOJIO'HYECKHUX ITPUEMOB 1 METO/10B

(Ilpedcmasaeno axademuxom U. I1. Llletixo)

AnHoTanus1. J[ajpHeiiee noBeieHne 3QPEKTUBHOCTH TEXHOJIOTHH IPOU3BOICTBA MPOAYKI[MH )KHBOTHOBOJICTBA HEMBIC-
JIUMO 0€3 KOMIUIEKCHOTO MCIOJIb30BaHUS COBPEMEHHBIX METOJIOB TEHETUKU B CUCTEME Pa3BE/ICHHS M TEXHOJIOTUYECKUX pellie-
Huil. CeJeKuus 10 TeHOTHITY, IPEIINOarapIias Onpeae/iCHUe TeHOB, HANPSAMYIO WM KOCBEHHO CBS3aHHBIX C XO3SHCTBEHHO
MOJIC3HBIMHU TIPU3HAKAMU (MapKepHast CENICKIHS ), UMEET Psijl MPEUMYILECTB Mepe/l TPAAUIIHOHHOM cenekieid. OHa Jenaet Bo3-
MOXXHBIM OIICHKY JKHBOTHBIX B PaHHEM BO3PAaCTe, HC YUMTHIBACT M3MCHUHBOCTh MPH3HAKOB, OOYCIOBICHHYIO BHEIIHEH cpe-
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Abstract. A further increase of the technology efficiency for livestock produce cannot be ensured with no complex application
of modern genetics methods in the breeding system and technological solutions. A genotype selection (breeding), assuming the
determination of genes directly or indirectly related to economic traits (marker selection) has a number of advantages compared
to a traditional selection. It makes it possible to evaluate animals of tender age, does not consider traits variability due to
environment conditions, and as a result increases the efficiency of selection. The search, research and experimental substantiation
of using the molecular and genetic markers of animals’ performance traits are sore issues of the modern animal science.
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