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O MAJIOCTH HENPUBOJUMBIX JEJUTEJEA HEJOYUCJIEHHBIX IIOJTUHOMOB

(Ilpeocmasnero unenom-koppecnonoenmom B. B. ['opoxoeukom)

Pabota nocsimieHa ycuiaeHHI0 1 0000IIeHNIo u3BecTHON JeMMbl 13 MoHorpaduu A. O. Ienbdonna «TpaHCIeHIEHTHBIC
u anredpanyecKue Yucia» 00 OEeHKe IOpsiIKa MPUONIVIKEHUs HYJIsl HEPUBOIMMBIM JICTUTEIIEM LEJIOYHCIICHHOIO MOJMHOMA.
B nemme Tenbbonma yTBepxkaaeTcs, uTo eciu NomuHoM P(x) € Z[x] cremeHu He Ooiiee 7 ¥ BBICOTHI He Oonee O HMMeeT
B HEKOTOPOH TPaHCLEHJEHTHOM Touke x € R 3HaueHue |P(x)|<Q7W, TO Tpu w>6n Haiinercs aenuTeNb P(x), MOIMHOM
d(x) € Z[x], ABIAOIMMUICA CTCNCHBIO HETPHBOIUMOTO HaJ TMOJEM PAI[HOHATIBHBIX YHCEN LEIOYNUCICHHOTO MONWHOMA, IS
KOTOPOT'O CIPaBEIMBO |d (x)| < Q’W+6”. Jlemma Tenbpona 1 ee aHATIOTH UMEIOT BaXKHBIC MPUIIOKEHUST BO MHOTHX MPo0iIeMax
MeTpuyeckoil Teopun IuodanToBeIX NpHOMmKeHHH. OnHO M3 HUX — pesynsrat B. V. Beprnka 1983 1. 00 onenke cBepxy
pa3meprocTH Xaycnopda MHOXKECTBAa ACHCTBUTENBHBIX YHCENl C 3aJaHHOM Mepoil TPaHCIEHJEHTHOCTH, KOTOPBIH BMeECTe
¢ pesyasraroM A. Beiikepa u B. lImuara 1970 1. 06 orieHKe cHU3Y pa3MepHOCcTH Xaycnopda Mo3BoINII HATH ee TOYHOE 3HAUCHHE.
B. 1. Bepuuk ycunun u 06o6umi semmy [enbdonma, ucnons3ys Gonee ciadoe yciaoBue w > 3n U monydast 0ojiee CHIBHYIO
OLICHKY |d (x)| < Q""" a TaxKe paccMaTpHBas 3HaYEHHs MOJMHOMOB HA 3a/laHHOM MHTepBae. OHaKko 06J1acTh MPUMEHEHHUS
JAHHOTO pe3yibrata Oblla OrpaHMYeHa M3-3a JOCTATOYHO CHJIBHBIX YCIOBHII Ha w. B maHHON paboTe moiydeHa OLlGHKa
|d (x)| < Q’W“H Ha HEKOTOPOM HHTEpBaJie TPU OTCYTCTBHH OTPAHHUYCHHN HA W, YTO YCHIIMBAcT u 0000miaet semmy [ enbdonaa
U CYILECTBYIOIIHE aHAIIOTUYHBIE Pe3yJIbTaThl. B paboTe NCIoNb3yI0TCsl METO/IbI TEOPHHU TPAHCLICHICHTHBIX YHCEIL.

Kniouegvie cnosa: nnodaHTOBBI MPHONMIKEHNUs, pa3MepHOCTh Xaycaopda, TpaHCHEHJSeHTHBIE YnCiia, pe3ysIbTaHT, He-
MPUBOUMBIN JIeUTENb, temma [enbdonna

Alexey S. Kudin

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
ON THE ORDER OF ZERO APPROXIMATION BY IRREDUCIBLE DIVISORS OF INTEGER POLYNOMIALS
(Communicated by Corresponding Member V. V. Gorokhovik)

In the article we present an improvement to the lemma on the order of zero approximation by irreducible divisors of integer
polynomials from A. O. Gelfond’s monograph “Transcendental and algebraic numbers”. The lemma says that if
a polynomial P(x) € Z[x] of degree not exceeding n and of height not exceeding Q satisfies inequality |P(x)| <Q™", w> 6n, for
some transcendental point x € R, then there exists a divisor d(x) € Z[x] of P(x) that can be written as a degree of some polynomial
irreducible over the field of rational numbers satisfying |d(x)| < Q_W+6". Gelfond’s lemma and similar results have important
applications to many problems of the metric theory of Diophantine approximation. One of such applications is the result of V. Bernik
(1983) on the upper bound for the Hausdorft dimension of the set of real numbers with specified order of zero approximation by the
values of integer polynomials. This result along with the result of A. Baker and W. Schmidt (1970) on the lower bound of the
Hausdorff dimension of the set mentioned above gives the exact formula. In order to prove the upper bound V. Bernik improved and
extended Gelfond’s lemma by using a weaker condition w > 3n and obtaining a better estimate |a’(x)| <Q™"*" as well as by
considering the values of polynomials on an interval. However, the condition on w is still restrictive and limits the range of problems
this result could be applied to. In our work, we improve the existing results by obtaining the estimate |d (x)| < Q_WJ’”_l on some
interval for any w. The result is obtained using the methods of the theory of transcendental numbers.

Keywords: Diophantine approximation, Hausdorff dimension, transcendental numbers, resultant, irreducible divisor,
Gelfond’s lemma

Axanemuk B. U. Kop3wok

Huemumym mamemamuxu Hayuonanvroti akademuu nayx bearapycu, Munck, Pecnyoauxa berapyce

METO/J XAPAKTEPUCTHYECKOI'O ITAPAJLJIEJIOT PAMMA
HA IIPUMEPE TIEPBOY CMEIIAHHOM 3A JAUH
JJ11 OMTHOMEPHOI'O BOJTHOBOI'O YPABHEHU A

JlaHHOE cOOOIIEHHEe CTAaBUT CBOEH LIENBI0 C MOMOIIBI0 XapaKTePHCTHUECKOro MapaiesiorpaMma 3amnucarh pelieHne
HepBOH CMEIIaHHOM 3aJa4uy JIJIsl OJTHOMEPHOTO BOJIHOBOI'O yPaBHEHHUs B BUAE (OPMYIIBL, YOOHOH /ISl YHCICHHON peaju3a-
uy. BeiBoa ykazaHHO# ()OPMYIIBI 1UIs YUCIICHHOTO PEIICHHsI OCHOBAH Ha MPEACTaBICHUH KJIACCHYECKOT0 PELIeHHUs paccMa-
TpuBaeMoi 3anaun. PaccMaTpuBaeMas 3a7aqa CTaBUTCSA CIEAYIOIUM 00pa3oM. B momymonoce Ha IIIOCKOCTH ABYX HE3aBU-
CUMBIX [IE€PEMEHHBIX 3aaeTcsl OAHOMEPHOE BOIIHOBOE ypaBHeHHe. K ypaBHeHUI0 pucoequHA0TCs yenoBus Komu, koTopsie
3aJIal0TCs Ha OCHOBAHUH ITOJyTIO0CH. Ha GOKOBBIX MOJTYNPSIMBIX IPAHUIBI 00IACTH 334aI0TCsl 3HAYCHUST HCKOMOTO pellie-
HUs yepe3 3aJaHHble QyHKIUH. [JaHHBIH METO/ XapaKTepPUCTHYECKOrO MapajuleorpaMMa MOXKET ObITh paclpoCTpaHeH Ha
Jpyrue ypaBHEHUS U 3a/1auH.

Kniouesvie cnosa: kiaaccuyeckoe peleHue, rpaHU4HbIe ycaoBus, ycioBus Ko, ycioBus coriiacoBaHus, XapaKkTepu-
CTUYECKU MapaienorpamMm



Academician Viktor 1. Korzyuk

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

SOLUTION OF THE MIXED PROBLEM FOR THE ONE-DIMENSIONAL WAVE EQUATION
WITH THE USE OF THE CHARACTERISTIC PARALLELOGRAM METHOD

This article is aimed at constructing a solution to the first mixed problem for the one-dimensional wave equation in the
form convenient for numerical implementation with the help of the characteristic parallelogram. The derivation of the formula
for numerical solution is based on the representation of the classical solution of the considered problem.

This problem is formulated as follows. The one-dimensional wave equation is given in the half-strip on the plane of the
two independent variables. Cauchy conditions assigned on the basis of the half-strip are related to the equation. Values of the
sought solution are set by the given functions on the lateral half-line side of the area.

The parallelogram method can be extended to other equations and problems.

Keywords: classical solution, boundary conditions, Cauchy conditions, agreement conditions, characteristic parallelogram

E. M. OBcuiok, A. /1. Kopanbkos

Mosvipckuii eocydapemeennblil nedazozuyeckutl yuueepcumem um. U. I1. lllamsxuna,
Mosvips, Pecnybnuka Benapyco

CKAJISIPHOE TOJIE B OCHAJIJIMPYIOIENA BCEJIEHHOM JJE CUTTEPA
N OTPA’KEHHUE OT KOCMOJIOI' TYECKOI'O BAPBEPA

(Ilpeocmasnerno unenom-xkoppecnonoernmom J1. M. Tomurvuuxom)

PaHee ObIII0 yCTaHOBIIEHO CylIecTBOBaHUE A(PdeKTa MOJTHOTO OTPaKEHHS YaCTUI] OT KOCMOJIOTUYECKOro Oapbepa, reHe-
pupyemoro reomerpueit mpocrpancTsa Jlobauesckoro. B Hacrosmei padote uccienoBaH 3hphexT «KOCMOIOTHYIECKOro 3ep-
Kajla» B YCIOBHUSX HECTaTHUECKOI reOMEeTPHH MPOCTPaHCTBa—BpEeMEHEeHH. JleTaaIbHO pacCMOTpPEH Ciydail CKaJIsipHOTO TOJIs
B cllydae oCIuuIupyoieit Mmoaenu ae Cutrepa. B ycrnoBusIX HEeCTaTHYHOCTH TeoMeTpun 3)(HEKT OTpakeHUs OT KOCMOJIOTH-
4eckoro Gapbepa coxpansercs. [T0kasaHo Takke, 4TO OOPALICHHE B HYJIb MHOKHUTEIIS COS> f B METPHKE IIPOCTPAHCTBA—BpPE-
MCHH HEC IPUBOAUT K CUHTYJIAPHOMY NOBECIACHHUIO pemex—mﬁ YPaBHEHUSA AJId CKAJIAPHOIO IM0JIsA, ITIOCKOJbKY UMECIOTCA IPOCTHIC
ACHUMIITOTHKH PELICHU 0 BpEMEHHOI! IepeMEHHOI1 # B BU/e YHCTHIX (Pa30BBIX MHOKUTEIICH, ¥ IPU PACCMOTPEHUH KBaapa-
Ta MOJYJIsl BOTHOBBIX QYHKIMI 3TH (a30Bble MHOXKHTENH 1TpH cost — 0 obpamarorcs B 1.

Kuiouesvie crosa: ypasuenue Kneitna—®oxa—I opnona, cniun 0, ocumiinpyromias Mmoaenb ae Currepa, pa3zielieHue mne-
PEMECHHBIX, TOUYHBIC PEHICHH, OTPAXKEHUE YaCTHUILL

Elena M. Ovsiyuk, Artem D. Koralkov

Mozyr State Pedagogical University named after 1. P. Shamyakin, Mozyr, Republic of Belarus

SCALAR FIELD IN THE OSCILLATING DE SITTER UNIVERSE AND REFLECTION FROM
A COSMOLOGICAL BARRIER

(Communicated by Corresponding Member L. M. Tomilchik)

Recently it has been shown that the Lobachevsky geometry simulates an ideal mirror distributed in the space. Since the
Lobachevsky model enters some cosmological models of the Universe, using theses models we need to take into account the
presence of the «cosmological mirror». The earlier analysis assumed a static character of the space-time geometry. In this
article, the generalization of the cosmological reflection effect to the oscillating de Sitter Universe is given for the scalar field.
It is shown that the vanishing factor cos? ¢ in the metric of space-time does not lead to a singular behavior of solutions of the
wave equation for the scalar field; instead, the solutions have a simple phase factor behavior in the time variable ¢, so the
squared modulus of the wave function at cosz — 0 turns to be 1.

Keywords: Klein—Fock—Gordon equation, spin 0, the oscillating de Sitter universe, separation of the variables, exact
solutions, reflection of the particles
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CTPYKTYPHBIE U MATHUTHBIE CBOMICTBA TBEPJbIX PACTBOPOB CUCTEMBI
AHTUMOHMU /I KOBAJIBTA-TEJLJIYPU KOBAJIBTA

(Illpeocmasnero unenom-koppecnonoenmom B. M. @edocroxom)

MeTooM IIaBIEHHUS COOTBETCTBYIOIMX KOJTMYECTB MOPOIIKOB COSIMHEHUH aHTUMOHMA KOOaibTa U TeJUTypHIa KO-
OanbTa B BAKyyMe CHHTE3MPOBAHBI CIIaBbl TBEPIBIX pacTBOpoB cucTeMbl CoSb, Te . Pe3ynbTaThl peHTIEHOCTPYKTYPHOTO
aHaJIM3a CILUIABOB MOATBEPANIM 00pa30BaHHUE B CHCTEME HEIPEPBIBHOIO PsiZia TBEPBIX PACTBOPOB CO CTPYKTYPOH HHKEIb-
apceHuiHOro THIA. [TocTosHHBIE @ ncxoaubIx coenuueHuit CoSb u CoTe GIHU3KHK [0 BeNWYUHAM, YTO ONPEAENsIeT IpaKTHYe-
CKH TIapajuIeJIbHbI OCH KOHLEHTPALMH XOJ 3aBUCUMOCTH d = f(x). 3aBUCUMOCTb IIOCTOSHHON ¢ OT KOHIIEHTPALUH IJIABHO
Bo3pacraet ot 5,181 Ay CoSb 10 5,371 A y CoTe ¢ HeGombmIuM nporu6oM K OcH KOHIEHTpaIuii. IIOTHOCTE CIIaBOB, OIIpe-
JieJIeHHAasl METOJJOM THIPOCTaTHYECKOT0 B3BEIIMBAHNS B TETPAXJIOPUE YIJIEPOa, UMEET JIMHEHHbIH XapaKkTep 3aBUCUMOCTH
OT KOHIEHTpaluK. KoHIleHTpallnoHHas 3aBUCHMOCT MUKPOTBEPIOCTH CIiaBoB cucteMbl CoSb, Te mpoxoauT yepes cnabo
BBIP@XKEHHBI MaKCHMyM B OOJACTH CPEIHHX COCTABOB. [IOHICPOMOTOPHBIM METOJIOM B MarHHUTHOM moje 6,8 - 105 A/m
B nHTepBase TemnepaTtyp 80—1200 K usmepens! yaenpHas HAMarHH4eHHOCTh U MarHUTHAs! BOCHIPUMMYHUBOCTD CIUIABOB CH-
crembl. [Ipu TeMmepaType KHAKOr0 a30Ta BeJIHYHHA YASIbHON HAMArHHYEHHOCTH MakcuManbHa (~6,0—6,5 I'c - cm® - 1)
y cocraBos Cole u CoSb, Te , n mpakTnyecku papHa Hynto y CoSb 1 TBepABIX pacTBOPOB Ha €ro ocHOBE. TBep/ible pacTBo-
pbI coctaBoB x = 0,4—0,9 061a1al0T TeMIepaTypoil MarHUTHOTO Tepexo/a, npessbiiatomeit 1200 K.

Kniouesvie crosa: TBepble pacTBOPBI, CTPYKTYPa, IIOTHOCTH CIIIIABOB, yeIbHas HAMATHUYEHHOCTh

Olga F. Demidenko, Dmitry A. Krivchenya, Gennadii I. Makovetskii, Kazimir I. Yanushkevich

Scientific and Practical Materials Research Centre of the National Academy of Sciences of Belarus,
Minsk, Republic of Belarus

STRUCTURAL AND MAGNETIC PROPERTIES OF SOLID SOLUTIONS
OF THE COBALT ANTIMONIDE-COBALT TELLURIDE SYSTEM

(Communicated by Corresponding Member V. M. Fedosuyk)

By the method of melting special powder amounts of cobalt antimonide and cobalt telluride in vacuum, the solid solutions
alloys of the CoSb, Te system were synthesized with the NiAs structure. X-ray analysis results of the alloys confirmed the
formation of a continuous series of solid solutions with a nickel-arsenide-type structure in the system. The constants a of the
initial CoSb and CoTe compounds are close in values, which determines the course of the dependence a = f{(x) that is
practically parallel to the concentration axis. The dependence of the constant ¢ on the concentration increases smoothly from
5.181 A in CoSb to 5.371 A in CoTe with a slight deflection to the concentration axis. The alloy density, determined by the
hydrostatic weighing in carbon tetrachloride, has a linear dependence on the concentration. The concentration dependence of
the micro hardness of the CoSb, Te alloys passes through a weakly expressed maximum in the range of average compositions.
Specific magnetization and magnetic susceptibility of the alloys are measured by the ponderomotive method in a magnetic
field of 6.8 - 10° A/m in the temperature range 80—1200 K. At the temperature of liquid nitrogen, the value of specific
magnetization is maximum (~6.0—6.5 G - cm?® - g™') in CoTe and solid solutions based on it. Solid solutions of compositions
x =0.4-0.9 have a magnetic transition temperature exceeding 1200 K.

Keywords: solid solutions, structure, alloys density, specific magnetization

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

SEMICONDUCTOR DIODE WITH HOPPING MIGRATION OF ELECTRONS VIA POINT DEFECTS
OF CRYSTALLINE MATRIX

(Communicated by Academician N. M. Olekhnovich)

For the first time, a semiconductor p*n*-diode is considered, which is completely compensated with the point irradiation-
induced defects (r7-defects) of one kind in three charge states (—1, 0, +1 in elementary charge units) on the background of the
crystalline matrix. Each r#-defect introduces two energy levels into the semiconductor band gap. Such a diode, in which
electrons in the conduction band and holes in the valence band are absent, is called a {-diode. The charge transport in the
(-diode is performed by electron hopping via rt-defects only. In the drift-diffusion approximation, a system of nonlinear
differential equations, which describes the hopping migration of electrons via rz-defects, is solved numerically. The
distribution of the electric potential and the charge states along the (-diode, as well as its static current-voltage characteristics
are calculated for a temperature of 78 K. The possibility of hopping current rectification in the {-diode based on crystalline
silicon, partially disordered by the point irradiation-induced defects, is shown.

Keywords: irradiation-induced multicharge defects, hopping migration of electrons, drift-diffusion approximation,
semiconductor diode, current-voltage characteristics
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MOJYIIPOBOAHUKOBBIN TUO/ C MPBI’KKOBOM MUT PAIIMEN DJIEKTPOHOB
IO TOYEYHBIM JIJE®GEKTAM KPUCTAJJIAYECKONH MATPHUIIBI

(Ilpeocmasneno akademuxom H. M. Onexnoguuem)

BriepBrie paccMaTpruBaeTCs MOy IPOBOJHUKOBBIN p 7" -THO/, MOTHOCTHI0 KOMIICHCHPOBAHHEIH TOUSUHBIMU PaTHaIlAOH-
HBIMH JleekTaMu (rt-aeeKTaMH) OHOTO COPTa B TPEX 3apsAIOBHIX cOCTOAHUAX (—1, 0, +1 B eqMHHUIAX 3JIEMEHTapHOTO 3apsi-
na) Ha (hoHEe KpUCTaUTMUecKOW MaTpunbl. Kaxkaslil r7-nedekT BHOCHT JBa YPOBHS SHEPTUHU B 3aMPENIEHHYIO YHEpreTHYe-
CKYIO 30HY MOJYIPOBOAHMKA. Takol THOJ, B KOTOPOM OTCYTCTBYIOT 1 JIEKTPOHBI B 30HE TPOBOAMMOCTH, U ABIPKH B BAJIEHT-
HOMU 30He, Ha3bIBaeTcs (-nuonoM. [lepenoc 3apsinoB B {-a10/ie OCYIIECTBIISIETCS! TOJIBKO MOCPEACTBOM IPBIKKOB AJICKTPOHOB
Mexay rt-nepexramu. B npetipoBo-nnddy3noHHOM IpHOIMIKEHIH YHCISHHO PEIIeHa CHCTeMa HeTMHEHHBIX TuddepeHnu-
aJBHBIX YpPaBHEHUH, ONMUCHIBAIONIAs MPBDKKOBYI0 MHTPAIMIO SJIEKTPOHOB IO rf-medekTaM. PaccumTaHbl pacnpeneieHue
NIEKTPUYECKOr0 TTOTSHI[NAA U 3aPsJIOBBIX COCTOSHUI epekToB Bosb (-AM0/a, a TaKXKe ero CTaTH4ecKast BOJIBT-aMIepHast
xapakTepuctrka s temmeparypsl 78 K. ITokazaHa BO3MOXHOCTH BBINIPSIMIICHHS IIPBIKKOBOTO TOKa B (-AHO0/Je HAa OCHOBE
KPUCTAJUIMYECKOT0 KPEMHUSI, YACTUIHO Pa3yIOpsIOY€HHOT0 TOYETHBIMY PaJHallHOHHBIMU Je(eKkTaMu.

Kurouesvie cnosa: paguanioHHbIe MHOT03apsiAHbEIE 1e(EeKTHI, PHHKKOBAst MUTPAIHS JIEKTPOHOB, Apeiidgoso-nuddysu-
OHHOE TIPHOIMIKEHNUE, TOTYTIPOBOJHUKOBBIN U0/, BOJIBT-aMIIepHAsl XapaKTePUCTHKA

B. !. Kyaukopckas', K. C. I'naeBckas!, C. B. IIunuyk?, A. H. KpackoBckuii!, . b. BacuieBuy?,
K. A. MarueBckuii’, akagemuk B. E. Aradexos!, akagemuk W. 1. BosoToBckuii’

! Hnemumym xumuu Hogblx Mamepuanog Hayuonanvrou akademuu nayx berapycu,
Mumnck, Pecnybauxa Berapyco
*Unemumym 6uopusuxu u kiemounotl unocenepuu Hayuonanvhoil akademuu nayk benapycu,
Mumnck, Pecnyonuxa Benrapyce

BUOITOJIMMEPHBIE MYJbTUCJIOMHBIE IIJIEHKA B KAYUECTBE HOCUTEJEN
ME3EHXNUMAJIBHBIX CTBOJIOBbBIX KJIETOK

[Momy4enbl MyIBTHCIIONHBIE TUICHKA: (XHTO3aH/IEKCTPaH) , (XATO3aH/NIEKTHH) , (XHTO3aH/KapOOKCHMETHIIIEILTION03a) ,
(OB THIIEHUMUH/IEKCTPAH) , (MOTMITUICHUMHUH/TIEKTUH) , (MONMMATUICHUMHH/KapOOKCHMETHIEIITION03a), (n = 4; 4.5)
¢ TonmuHOK oT 8,5 10 396,3 HM. YcTaHOBIIEHA B3aUMOCBSA3h MEXKAY (PHU3MKO-XMMHUECKAMHU XapaKTEPUCTUKAMH TUICHOK U
aJre3ueil Ha HUX ME3EHXUMAJIbHBIX CTBOJIOBBIX KJICTOK. [I0Ka3aHO, 4TO ME3EHXMMAJIbHbBIC CTBOJIOBBIC KICTKH 3P (HEKTHBHO
Q/Ire3UPYIOT Ha BSA3KODIACTHUHBIX 0e31e()EKTHBIX YIBTPATOHKUX MYJIBTHCIOWHBIX XHTO3aH-COACPKALIMX TJICHKAX U Gop-
MUPYIOT Ha UX MOBEPXHOCTH MOHOCIOWHYIO KYJIBTY Py (prOpo0d1acTonomoOHbIX KIETOK C BRICOKOH KI3HECTTIOCOOHOCTBIO.

Kniouesvie crnosa: nonncaxapuibl, MyJIbTUCIOHHBIC TUICHKH, ME3CHXMMAJIbHBIC CTBOJIOBBIC KJICTKH, aJre3usi, aTOMHO-
CHJIOBast MUKPOCKOMHS, (Pa30BO-KOHTPACTHASE MUKPOCKOIIHS, (DIIyOpECHIEHTHAS MUKPOCKOITHS

Viktoryia I. Kulikouskaya', Kseniya S. Hileuskaya', Sergei V. Pinchuk?, Aliaksandr N. Kraskouski',
Irina B. Vasilevich?, Kirill A. Matievski?, Academician Vladimir E. Agabekov', Academician Igor D. Volotovski?

!Institute of Chemistry of New Materials of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus
’Institute Biophysics and Cell Engineering of National Academy of Sciences of Belarus, Minsk, Republic of Belarus

BIOPOLYMER MULTILAYER FILMS AS SUBSTRATES FOR MESENCHYMAL STEM CELLS

Multilayer films (chitosan/dextran) , (chitosan/pectin) , (chitosan/carboxymethylcellulose) , (polyethyleneimine/dextran) ,
(polyethyleneimine/pectin) , (polyethyleneimine/carboxymethylcellulose), (7 = 4; 4.5) with a thickness of 8.5 to 396.3 nm
have been obtained. The relationship between the physicochemical characteristics of the films and the adhesion of
mesenchymal stem cells to them has been determined. It has been shown that the mesenchymal stem cells effectively adhere
to defect-free ultrathin multilayer viscoelastic chitosan-containing films and form on their surface a monolayer culture of
fibroblast-like cells with high viability.

Keywords: polysaccharides, multilayer films, mesenchymal stem cells, adhesion, atomic force microscopy, phase contrast
microscopy, fluorescence microscopy



A. M. Augpuanos', U. A. Kamun?, I. U. Hukoaaes?, yieH-koppecnonaent A. B. Ty3ukos?
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IN SILICO TU3AWH Y OIEHKA MIOTEHIIMAJIBHOW AKTUBHOCTH
HOBBIX UHI'MBUTOPOB BUY-1 - MUMETHUKOB ITIEPBUYHOI'O PELIEIITOPA
CD4 BEJIKA GP120 OBOJIOYKH BUPYCA

Ha ocHOBe METOHOJOrMM KJIMK-XHMUHU OCYIIECTBICH in silico nu3ailH HOBBIX MHIHOMTOPOB MpoHMKHOBeHHst BUY-1,
CIIOCOOHBIX UMUTHPOBATh epBuuHbIM perentop CD4 Genka gpl20 o6onouku Bupyca. C OMOLIbIO METOIA0B MOJICKYJISIPHOTO
JOKMHTa TpPOBE/eHa OLEHKa HEHTpalau3yrollell aKTUBHOCTH CKOHCTPYHPOBAaHHBIX MOJIEKYJ, B pe3yJbTaTe KOTOPOii
UICHTUGUIMPOBAHBI 6 COCAMHEHUH-IIMICPOB, IEPCICKTUBHBIX Ul CHHTE3a U OMOJIOrMYecKUX ucnbiTanuii. [TokasaHo, yTo
obHapyKeHHbIe COeaHHEHHs] (GOPMHUPYIOT Ga30Bble CTPYKTYpPBI sl pa3paboTku HOBBIX dddexTuBHbIX aHTH-BUY mpena-
paToB ¢ MIMPOKON BUPYCHOM HEUTpaIU3alue.

Kurouesvie cnosa: BUU-1, 6enok gpl20, nHruOuTOps! npoHukHoBeHUss BIY-1, KOMIbIOTEpHOE KOHCTPYHPOBAHHE JIe-
KapCTB, METOAOJIOT sl KITUK-XUMUH, MOJIEKYIIPHBII JOKHHT
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IN SILICO DESIGN AND EVALUATION OF THE POTENTIAL ACTIVITY OF NOVEL HIV-1 INHIBITORS —
MIMETICS OF THE PRIMARY RECEPTOR CD4 OF THE VIRAL ENVELOPE GP120 PROTEIN

In silico design of novel HIV-1 entry inhibitors able to mimic the primary receptor CD4 of the viral envelope gp120
protein was carried out using the click-chemistry methodology. The neutralizing activity of the designed molecules was
evaluated by molecular docking, resulting in the discovery of 6 top compounds promising for synthesis and biological trials.
The designed compounds may be used as basic structures for the development of novel, potent, and safe antiviral drugs with
broad HIV-1 neutralization.

Keywords: HIV-1, gpl120 protein, HIV-1 entry inhibitors, computer-aided drug design, click chemistry methodology,
molecular docking
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HOJMUMEPHBIE KOMIIVIEKCHI HE®AJTOCIIOPUHOBBIX AHTUBMOTUKOB
C CVJIBb®ATOM ALHETATOM L EJJIIOJIO3bI

B Hacrosiee BpeMst akTyasIbHa HalpaBJIeHHast MOAN(UKANNS aHTHOHOTHKOB C IIEJIBIO CO3/IaHMUS KNCIIOTOPE3HUCTEHTHBIX Jie-
KapCTBEHHBIX (OPM, MIPUTOAHBIX ISl IEPOPAIBHOT0 IpUMEHeHHs. B HacTosmell paboTe ObUIM CHHTE3HPOBAHBI MOJIMMEP-
HBIE KOMIUIEKCHI Ie(haJIOCIOPUHOBBIX aHTHOMOTHKOB TPETHET0 MOKOJIeHN e TprakcoHa u rieoTakcuma ¢ BOZOpacTBOPH-
MBIM [TPOU3BOAHBIM IIEJUIION03BI — CyJIb(ATOM alleTaToM B (hopMe HaTpreBoH coiu. [1oayueHHbIe KOMITJIEKCH OXapaKTepu30-
BaHbl MetogaMu Y®- n UK-crnexrpockonuu. [lyrem nmMMoOMIM3alMu KOMIUIEKCAa Ha aKTHBHPOBAHHOM YTIJIE IOJYYCHEI
KHCJIOTOYCTOHYNBEIE TabJIeTHPOBAHHbIC JICKAPCTBEHHBIE (OPMBI JUIsl NEpOPAILHOT0 NPUMEHEHHS, KOTOPhIE MOTYT OBITH
IIPEIIOKEHBI ISl TPOBEICHU S JOKIIMHNYECKUX U KIMHUYECKUX UCIIBITAHUH.

Kurouesvie cnosa: aHTHOMOTHK, 11e(haTOCIIOPHH, CyIb(aTHPOBAHHBII MOIHCAXapu I, TOJINMEPHBII KOMIIIIEKC, TabIeTKa,
HHBEKIHS
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CELLULOSE SULFATE ACETATE POLYMER COMPLEXES OF CEPHALOSPORINS

The state-of the-art in antibiotics modification is the development of acid resistant dosage forms for per oral treatment.
This article is about the synthesis of complexes of ceftriaxone and cefotaxime, 3rd generation antibiotics of cephalosporines
family, with new water-soluble cellulose derivative — acetate sulfate sodium salt. The composition of complexes was
established by UV- and FTIR-spectroscopy. Stable in acid media tablet dosage form of antibiotics was prepared by the
immobilization of complexes on activated carbon. Release of the major quantity of antibiotics was proved by HPLC method to
be in alkaline media modeling the intestine.

Keywords: antibiotic, cephalosporin, sulfated polysaccharide, polymer complex, tablet, injection
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JAUATHOCTUKA BOJIE3HU JAHOHA METOJAOM TARGETED NEXT-GENERATION
SEQUENCING: UIJEHTUOUKALIUA MYTALIUU B 'EHE LAMP2

B coobmennu npeacraBieH KIIMHNYECKUH cydaii 6one3nu JlaHoHa, BriepBhIe fuarnoctupoBanHoi B bermapycu. Mertox
targeted Next-Generation Sequencing (tNGS) 6511 npuMeHeH 1 OUcKa U3MEHEHHH B 46 reHax, acCOLMUPOBAaHHBIX C Pa3-
BUTHEM KapJHOMMONATHH pa3IHMUHOrO reHe3a, y MallMeHTa ¢ JUIaTallMOHHON KapauomuonaTtueil. ComyTCTBYIOMMMHU KIIU-
HUYECKHNMHU MPOSIBICHUSIMHU ObUTH TepudeprdecKre MBIIICYHbIe HAPYIICHUs] U yMEpeHHas JeMeHIns. BrisBieHa reMusu-
rotHas genenus c.864+3 864+6delGAGT (rs397516751, NM_002294.2) B rene LAMP2, 3arparuBaromiasi eCTeCTBCHHBIH
caiit cimaiicuara. ['en LAMP2 (Lysosomal Associated Membrane Protein 2, Xq24) konupyeT MeMOpaHHBI TTTHKOIPOTEH I,
HEOOXOAUMBIH [Tt aAre3nu Tu30coM. MyTalluy B HEM MPUBOJAT K HAKOTUIEHHUIO ITHKOT€HA B KJIETKaX BCIEICTBHE HapyIle-
HUs TIpoliecca ayTodaruu inzocomaMu. KimHUYECKH OHM POosIBIIAIOTCs O0Je3Hbl0 JlaHoHA: THnepTpoduueckas Uiy Juia-
TalMOHHAs KapAMOMUONATHS, CKEJIETHAsI MUOIIATUsI 1 YMCTBEHHAsI OTCTAJIOCTh. B IpeicTaBICHHOM KIMHUYECKOM CIydae
MeTabonmdeckasi MpUINHA KapAHOMHONATHH Oblila He pacrmo3HaHa. Merox tNGS mo3Bonni CKOPpEeKTHPOBATH AMATHO3.
OueBuaHA HEOOXOIUMOCTh HanboIee paHHEH MOCTAHOBKY MPABHJIBHOTO AMAarHO3a y TAKUX MAalUEHTOB AJIsS CBOEBPEMEHHOTO
MIPUHATHUS Mep, HallpaBJICHHBIX HAa 3aMeJUIeHUe NporpeccupoBanus 3aboneBanus. bonesns JlaHoHa MOXKeT mpoTeKaTh Oec-
CHUMIITOMHO JI0 ITyOepTaTHOr0 BO3pacTa, Aaljiee IMPOUCXOAUT CTPEMHUTEIIEHOS PAa3BUTHE U IIPOrPECCHPOBAHHE MPH3HAKOB
C BBICOKOI CMEPTHOCTBIO, BO3HUKAIOMIEH BHE3AITHO.

Kantoueswle cnosa: 6onesnp Jlanona, kapnunomuonatus, reH LAMP2, Next-Generation Sequencing, criiaiicHHT-MyTanus,
JAHK-nuarunoctuka
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DANON DISEASE DIAGNOSIS BY TARGETED NEXT-GENERATION SEQUENCING: IDENTIFICATION
OF LAMP2 MUTATIONS

The case report of the Danon disease firstly diagnosed in Belarus is presented. The targeted Next-Generation Sequencing
(tNGS) was used to search for mutations in 46 genes associated with cardiomyopathy of different genesis in a patient suffered
from dilated cardiomyopathy, peripheral muscle disorders and mild dementia. Hemizygous deletion ¢.864+3_864+6delGAGT
(rs397516751, NM_002294.2) in the LAMP2 gene affecting the natural splice site was detected. The LAMP2 gene (Lysosomal
Associated Membrane Protein 2, Xq24) encodes a membrane glycoprotein essential for the adhesion of lysosomes. Mutations
in LAMP?2 lead to the distortion of the autophagy by lysosomes and glycogen accumulation in the cells. Clinically, they
manifest in the Danon disease: hypertrophic or dilated cardiomyopathy, skeletal myopathy, and mental retardation. The meta-
bolic reason of cardiomyopathy has not been recognized in the present case. The tNGS has allowed one to correct the diagno-
sis. The early exact diagnosis for such patients is essential to slow down the disease progression. The Danon disease can pro-
ceed asymptomatically before puberty and then develops rapidly with sudden mortality.

Keywords: Danon disease, cardiomyopathy, LAMP2 gene, Next-Generation Sequencing, splicing mutation, DNA diagnostics
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PHYSIOLOGICAL STATUS OF SOME STEROID PLANT GLYCOSIDES
(Communicated by Academician V. I. Parfenov)

The comparative study of the processes of growth, organ formation and physiological and biochemical responses of plants in
experiences in vitro and in vivo are carried out under influence steroid glycosides and plant hormones (auxins, gibberellins and
cytokinins). The common and specific properties of these connections are revealed. On the strength of these properties, the steroid
glycosides are referred to new group steroid phytohormones. The general properties of steroid glycosides are optimization of all the
known processes of growth and morphogenesis (intensification of the growth of stems, leaves and roots of wheat, apical dominance
in barley and wheat, accelerating germination of freshly harvested potato tubers, the increase of pigment content in the cereals
leaves, the cotyledons of pumpkin and amaranth seedlings, the accumulation of biomass in clover plants), attraversa ability and
regulation of physiological and biochemical processes of plants. The new plant hormones are hydrophilic conjugate that activates
juvenile and volumetric growth, with prolonged activity, high stability and transportability in plants.

Keywords: steroidal glycosides, phytohormones, regulation of growth and morphogenesis, physiological and biochemical
processes
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O ®U3NOJIOTUYECKOM CTATYCE
HEKOTOPBIX CTEPOU/IHBIX INIMKO3U 0B PACTEHUI

(Ilpeocmasneno akaoemurxom B. H. [lappenosvim)

W3ydenne mporieccoB pocTa pa3HEIX OPTaHOB M BHUJIOB PACTCHHUH B OIBITAX in Vivo U in vitro, 0COOEHHOCTEH OpraHo-
o0pa3zoBaHus, GU3HOIOr0-ONOXNMUIECKUX Peaknuil n QyHKIHH CTEPONIHBIX TNINKO3H/I0B Ha (JOHE N3BECTHBIX (UTOTOPMO-
HOB ayKCHHOB, THOOEPEUNINHOB 1 ITUTOKHHUHOB MO3BOJMIIO BBISIBUTH Kak oOMmMe, Tak W crenu(UIECKHe CBOMCTBA ATOMH
T'PYTIIBI IPUPOIHBIX PETYISITOPOB POCTA, O COBOKYITHOCTH KOTOPBIX OHH OTHECEHBI K HOBOH I'PYTINIE CTEPOUTHBIX (PUTOTOP-
MOHOB, HMEIONUX HanboJee MHUPOKOe CXOACTBO ¢ ayKcHHOM. K 00IuM cBOMCcTBaM CTEPOUIHBIX TTTHKO3UI0B MOXKHO OTHE-
CTH POCT PaCTSIKEHNEM KOJICOITHIICH 31aKOB, MHTCHCH(HUKAIINIO pOCTa cTeOIeH, TNCTEEB M KOPHEH MIIeHUIB, aTHKAIbHOE
JOMHHHPOBAHUE Yy SUMEHS U MIICHUIBI, yCKOPEHUE IIPOpacTaHuUs CBEKEYOpaHHBIX KIIyOHEH KapToders, IToBBIIIeHHE COnep-
JKaHWS TUTMEHTOB B JINCTHSIX 3JIAKOB, CEMSJIONSX THIKBEI M TPOPOCTKAX IUPHUIIBI, HAKOTIJIEHHE OMOMACCHI B paCTEHUSX KIle-
Bepa, T. €. ONTUMHU3HPOBAHUE BCEX U3BECTHHIX MPOIECCOB pocTa M (opMO0Opa30BaHMs, a TAKKE aTTPATHPYIONIYIO CHOCO0-
HOCTB U PETYISIIHIO (PU3HOJIOr0-ONOXIMHUYECKHX MPOIeccOB pacTeHHH. OTIHYINTEIbHbIE 0COOCHHOCTH HOBBIX (PHTOTOPMO-
HOB — THUAPO(UIBHEIE KOHBIOTATHl, aKTHBUPYIOIINE IOBEHUIBHBIM M 00BEMHBIH POCT, 00JaMaloNnie MPOJIOHTHPOBAHHOM
AKTHBHOCTBIO, BEICOKOIT CTAOMIIBHOCTBIO M TPAHCIIOPTAOEIBHOCTHIO B PACTEHUSAX.

Knroueswvie cnosa: creponiHbIE TIUKO3HU/EL, GHTOTOPMOHBI, PETYIISIITHS POCTa U MOpdoreHesa, (HU3H0IOr0-ONOXIMHYe-
CKHE ITPOIIECCH
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POJIb AJIPEHOPEIIEIITOPOB B Y®®EKTAX JEMCTBUS JKUPA
HA DJEKTPUUYECKYIO AKTUBHOCTH KEJYJAKA U OBOJOYHON KUIIIKA

Llens paGoThI 3aKiovanach B M3y4eHUH 3G HexToB JeHCTBUS )KHUpa U aJpeHOOI0KATOpa MPOIIPAHOIIOTIa HA U3MEHEHHU S
noteHnuanoB riagkux meimi (II'M) skenyaka U 000I0YHON KHIKH, UMITYJIbCAlMA CUMIATHUecKux BosiokoH (MCB).
[TpoBeneHs! ocTpbIe ONBITH HAa KpbIcax (Hapko3 — 70 MI/KT THOIEHTasa HaTPHsl, BHY TPHOPIOLIMHHO). YCTaHOBIICHO, YTO OJI-
HOKPAaTHOE BBEACHUE OJIMBKOBOro Macia B aAyoaeHyM (0,5 M) NpUBOAUT K JIMTEIBHOMY YBEIUYEHUIO aMIUIUTy sl [II'M
MUJIOPYCa U PELUIIPOKHO — K MaJeHHIO B 000J04HOM KuIIKe. OTHOBPEMEHHO HACTYNAeT CHMIIATO-HHTUOMPYIOIasi peaKiusl —
VICB B OpbDKeeuHbIX HepBaxX KayJaJdbHOW YacTH KMIIEYHHKA yrHeTeHa. [lonkokHas mpenBapuTenbHas HHBEKIUs POIpa-
HOJIOJIA YCTPaHACT U TOT U APYTOil OTBETHL.

[Mocne nuTenbHOro 100aBIEHUs B KOPM OJHUBKOBOro Macia (1 mMi/cyT.) yepe3 30 CyT. 3HAYUTEIBHO MOBBIIICHA aMILIU-
tyna ponoBeix [1I'M nunopyca, oTcyTcTBYIOT 3¢ dekTs! nossinienus [1I'M Ha neiicTBHe mponpaHoiona, )XUpa, KOTOpbIe pe-
T'YJSIPHO BO3HUKAIOT B KOHTPOJIE, HO MOTEHI[MAJIBI 0000YHOIl KMIIKHU, KaK U IIPH Pa30BOM BBeJCHUU (-0okaTtopa, HOHMKa-
I0TCS IOCTOBEPHO. DTHU JaHHBIE CBUJCTENIBCTBYIOT, YTO KaK OAHOKPATHOE, TaK U AJIUTEIbHOE JeHCTBUE )KUpa HAa HHTEPOLEll-
TOPBI BBI3BIBACT yCTOWYHBOE YTHETEHUE aKTHBHOCTH [3-aIpEHOPELIEITOPOB JKey[Ka U KUIICYHUKA, TOBBIIIASTCS BCICACTBUE
9TOr0 TOHHYECKAsl AIEKTPUYECKas aKTUBHOCTH INIAAKUX MBIIII 3TUX opraHoB. [IpexanonaraeTcs, 4To aapeHOOIOKUPYOIIUE
3¢ exTs NoTpedIsIeMoro B OOIBIIOM KOJTHYECTBE JKUPA Ha MOTOPHYIO (YHKIHUIO KHIIEYHHKA COCTABIISIIOT Ba)KHOE 3BEHO
nepudepruueckuX MeXaHU3MOB, CBSI3aHHBIX C MPOLIECCAMU 0XKHPEHUSI.

Kniouegvie cnosa: munuapl, NOTSHIAAIB IIAJAKUX MBI, KHIIEYHHUK, B-0JI0KaTOPHI
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ROLE OF ADRENORECEPTORS IN THE EFFECTS OF FAT ON THE ELECTRIC ACTIVITY
OF THE STOMACH AND THE COLON

The objective of the present work is to study the effects of fat and propranolol adrenoblocker on changes in the potentials
of smooth muscles (PSM) of the stomach and the colon, impulsion of sympathetic fibres (ISF). Acute experiments on rats
(anaestesia — 70 mg/kg of thiopental sodium, intraperitoneally) have been carried. It is found that a single introduction of olive
oil into the duodenum (0.5 ml) results in a long increase of the amplitude of the PSM of pilorus and reciprocne — to falling in
the colon. Simultaneously, the sympathetic inhibitory reaction occurs and the ISF in the mesenteric nerves of the candal part
of the intestines is depressed. The preliminary hypodermic introduction of propranolol eliminates both those answers.

After a long addition of olive oil (1 ml/day) to the feed, in 30 days the amplitude of the background PSMs of the pilorus
considerably grows and there are no effects of the PSM increase on the action of propranolol and fat regularly arising in the
control, but the colon potentials decrease for sure as in the case of a single introduction of the B-blocker. These data show that
both single and long actions of the fat on interoceptors cause a stable suppression of the activity of f-adrenoreceptors of the
stomach and intestines, thereof the tonic electric activity of the smooth muscles of these organs rises. It is supposed that the
adrenoblocking effects of the fat consumed in large quantities on the motor function of the intestines are an important part of
the peripheral mechanisms associated with the obesity.

Keywords: lipides, potentials of smooth muscles, intestines, B-blocker
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CIIOCOB OIEHKH «BUOJIOT MYECKOI'O BO3PACTA» APTEPUM IO ’KECTKOCTH
COCYJIUCTOM CTEHKH, YYUTBIBAIOIINA I 3ABUCUMOCTH ) KECTKOCTH OT
YACTOTHI CEPAEYHBIX COKPAIIIEHU U1 APTEPUAJIBHOI'O TABJIEHU S

PazpaboTaH crnocob oneHKH «Ouosornyeckoro Bospacra» (bB) apTepuii, B OCHOBY KOTOPOIO HOJ0KEHA JKECTKOCTh CO-
cyaucroil creHKkH. JKecTKoCTh OonpeensieTcs ¢ IMOMOIIBI0 HOBOrO MHJAEKCA, HE 3aBHCSIIEIO OT apTEePHAIbHOIO JIABJICHUS
(AD) mgacrotsl cepaeunbix cokpamennii (UCC). YkazaHHbIE 0COOCHHOCTH HCIOIB3YEMOT0 HHICKCA TI03BOJISIIOT HUBEIHPO-
BaTh BiaussHue AJl u YCC Ha xecTKOCTh aprepuu. [1oaToMy oneHku bB, monydeHHble Ha OCHOBE MPEAIOKEHHOT0 crocoba,
SIBIISIFOTCS JIOCTATOYHO TOYHBIMHU. DTO Aa€T BO3MOXKHOCTH C BBICOKOIl JOCTOBEPHOCTBIO BBISIBUTD Clly4aH YCKOPEHHOI'O CTa-
peHus aprepralibHoil cucTembl. Crioco0 AeTalbHO pealli30BaH JUist 001Iel COHHOM apTepuu. YCTaHOBIICHBI YOPMYJIBI, OIpe-
nensirone ee BB no 3HayeHusiM nHaekca xxectkocta 1 YCC.

Kuniouesvie cnosa: GMOIOTHUECKUI BO3pACT, apTepuaibHas JKeCTKOCTb, YaCTOTA CEPACUHBIX COKPAIICHU I
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METHOD OF EVALUATION OF THE ARTERIAL VESSEL “BIOLOGICAL AGE” THROUGH
THE VASCULAR WALL STIFFNESS, CONSIDERING THE DEPENDENCE
OF ARTERIAL STIFFNESS ON HEART RATE AND BLOOD PRESSURE

We have developed the method for evaluation of the arterial vessel “biological age” (BA) through arterial wall stiffness.
Stiffness is determined using a new index, which is independent of blood pressure and heart rate. These features of the used
index allow neutralizing the effect of blood pressure and heart rate on arterial stiffness. Therefore, the evaluation of BA based
on the proposed method is reasonably accurate. It gives the possibility of a highly reliable detection of the arterial system
accelerated aging. The method is implemented in detail for the common carotid artery. We have established the formulas
determining its BA index through stiffness index and heart rate values.

Keywords: biological age, arterial stiffness, heart rate
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N3MEHEHUSA KJIMMATA 3EMHOI'O ITAPA 1 UX BO3SMOXKHBIE ITPUYHNHBbI

OCHOBHBIE HEONIPEIEICHHOCTH OILIEHOK U3MEHEHHH KIIMMaTa CBA3aHbI KaK ¢ HEJJOCTATOYHOCTBIO U HETOJIHON 10CTOBEP-
HOCTBIO HCIIOJIb30BAHHBIX JaHHBIX, TAaK M HEJOCTATOYHOH Pa3pabOTaHHOCTHIO (HU3MYECKUX OCHOB M3MEHEHHS KIMMAaTa.
Oco0eHHO 0oJIbIIas HEONPEJEIEHHOCTh OCTACTCs B OLIEHKAX BIMSHUS «MAJIbIX» KIMMaTooOpasyomux GakTopoB (ComHed-
Has U TEOMAarHUTHas aKTUBHOCTb, reou3nueckue napamMeTpsl 3eMiIH, IIaHEeTHbIC BAUSHUA U Ap.). Lleab paGoThl — oleHka
M3MEHEHMH KIMMaTa 3eMHOTro Iapa 1 uX npuduH. Oco0oe BHUMaHKE ObLIO yJIEICHO MPOABICHUIO 22-IeTHETO LUK Mar-
HUTHOW COJHEYHOM AaKTHBHOCTH B M3MEHEHUH BEIHYMH TPEHJOB aHOMANMH II00aJbHOM M MONyMIApPHBIX TEMIEpaTyp.
HoBblii moaXox pu H3y4eHUH XapaKTepa 1 TECHOTHI COTHEYHO-aTMOC(EPHBIX CBA3EIl CONPOBOXKIAJICS IUPOKUM HCIIOJIB30-
BAaHHEM Pa3JIHYHBIX METOIOB, BKJIIOUAs IapaMeTPHUECKUe U HEMapaMeTPUIECKUE OLIEHKU CTaTHCTUYECKON 3HAUMMOCTH I10-
JyYEHHBIX pe3yabTaToB. Vcronb30BaHa yIpoIleHHas MOJeb 22-TeTHUX IIUKJIOB COTHEYHONH aKTHBHOCTH.

AHanu3 U3MEHEHUIl CKONB3SNUINX TUHEHHBIX TPEHJO0B aHOMAJIUH TeMIepaTypbl 3eMHOTO Iapa MokKa3ajl OTYETIHBOE
U CTAaTUCTHUYECKH 3HAYMMOE MPOSBIECHUE 22-TIETHET0 MArHUTHOTO COJIHEUHOI'O I[UKJA B MPOCTPAHCTBEHHO-BPEMEHHBIX H3-
MEHEHMSIX BEIMYMHBI TPEH0B. TecHOTa CBA3M 22-T€THUX COJHEUHBIX LIUKJIOB M BETHUYUH JMHEHHBIX TPEHIOB aHOMAIH
TeMIIepaTypbl OKa3aJlach HECKOJIBKO BBIIIE 3MMOH, 4YeM B IPYTHE CE30HBI FOAIA.

IpeanoxeH anbTepHATUBHBIN CLICHAPUN U3MEHEHHUS KJIiMMaTa 3eMHOro Iapa Ha OnvKalIine Toabl, IPeAnoIararoiuil
YMEHBILICHNE BEIUYHH aHOMAJIUN TemnepaTypsl 3emHoro mapa B 2017-2019 (2020) rr. Ha 0,1-0,2 °C no cpaBHEHHIO ¢ Ipe-
JBIIYIUM 3-IETHUM TTEPUOTOM.

Kniouegvle cnosa: n3MeHeHNe KIMMAaTa, TAPHUKOBBIE Ta3bl, COJIHEUHAS! aKTUBHOCTD, 22-IETHUH ITUKII
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GLOBAL CLIMATE CHANGES AND THEIR POSSIBLE REASONS

There is a big uncertainty of the assessments of the effect of “small” climate formative factor (solar and geomagnetic
activity, geophysical parameters of the Earth, planetary effects, etc.) on the climate. The objective of the article is to assess
global climate changes and their causes. For the first time, when analyzing the character and closeness of solar-atmospheric
connections, the approach based on the simplified 22-year cycle model of the solar activity and running trends of temperature
anomalies is applied. The obtained results are verified with a wide use of various methods for assessment of their statistical
significance.

The analysis of the changes in the linear trends of global temperature anomalies has shown a distinct and statistically
significant manifestation of a 22-year magnetic solar cycle in the space-temporal changes of trend values. The closeness of the
connection of 22-year solar cycles and the values of the linear trends of the temperature anomalies appeared to be somewhat
higher in the winter than in other year seasons.

The alternative scenario of Globe climate changes in the near future, assuming a decrease in the values of the Globe
temperature anomalies in 2017-2019 (2020) by 0.1-0.2 °C in comparison with the previous period (2014-2016), is offered.

Keywords: climate changes, greenhouse gases, solar activity, 22-year cycle
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TEKTOHO-TEO®U3UYECKOE PAHOHUPOBAHUE PAJJTOHOAKTUBHOCTH ITOPO/]
KPUCTAJVIMYECKOI'O ®YHAAMEHTA BEJIAPYCH

YcTaHOBJIEHA BBICOKAS CTENEHb KOPPEISIIMOHHO-TeHETHYECKOH CBA3M MEXAy 00beMHON aKTHUBHOCTBIO pagoHa (OAP)
OCHOBHBIX THIIOB TOPOJ KPUCTAJIIMYECKOro (GyHIaMeHTa, reo@U3MYEeCKUMH MOISMH M OCHOBHBIMU TEKTOHMYECKHUMHU
sneMeHTaMu. Ha OCHOBaHMM 3TOH CBSI3M MOCTPOEHA KapTa paJOHOAKTUBHOCTH (yHJAMEHTa C BBIJCICHHEM TPEX THIIOB
tepputopuii: ¢ OAP Gonee 78200 Br/m?, 50000-72900 bk/m® u 25700—44000 Br/m>. B pactpeneneanu OAP nposBiistiioTCst
KaK 0COOCHHOCTH COCTaBa MOPOJI, TaK U AJIEMEHTHI CTPYKTYPHOTO pailOHMPOBAaHUS (QYHIAMEHTA.

Knrouesvie cnosa: pajioH, pajioHOBas OMACHOCTh, 00bEMHAst aKTHBHOCTB PaJIoHa, OOkl QyHIaMeHTa, re0(pU3nIecKue Most
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TECTONO-GEOPHYSICAL ZONING OF THE RADON ACTIVITY OF ROCKS
OF THE CRYSTALLINE BASEMENT OF BELARUS

The high degree of correlation and genetic communications between radon volume activities (RVO), main types of
crystalline basement rocks, geophysical fields, and main tectonic elements has been detected. Taking into account this
correlation, a map of the radon activity of the basement was designed with three types of territory marking: with RVO more
than 78200 Bg/m?3, 50000-72900 Bq/m?and 25700-44000 Bg/m?. The particular composition of rocks, as well as structural
elements of zoning of the basemenet appeared in the RVO distribution.

Keywords: radon, radon contamination hazard, crystalline basement rocks, geophysical fields
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FEATURES OF OXIDATION OF ALUMINUM DISPERSED AT HIGH TEMPERATURES AND PRESSURES

In recent times, researchers are interested in ultra and nanopowders of oxide ceramics and functional materials based on
them. This article describes the results of obtaining an aluminum hydroxide powder — boehmite produced by the method of
hydrothermal oxidation of aluminum. Boehmite obtained by this technology is characterized by high phase purity (according
to the XRD-analysis there is well-crystallized boehmite). It is found that the hydrothermal synthesis, carried out by
combustion in pre- and supercritical water, can be considered as an effective method of obtaining extra pure nanocrystalline
hydroxides (boehmite) and oxides of aluminum (corrundum). In the case of realization of oxides and hydroxides of aluminum
and also the technology of obtaining hydrogen and heat energy, this process can be considered to be highly profitable.

Keywords: aluminum oxide, aluminum hydroxide, boehmite, hydrothermal synthesis, hydrothermal oxidation
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OCOBEHHOCTHU OKHUCJIEHU S JUCITEPCHOI'O AJIIOMUHU A
B YCJIOBUSIX BBICOKUX TEMIIEPATYP U JABJIEHUIA

B nocnennne roasl Bce OONMBIINI HHTEPEC MPOSBIAETCSA K HCCIEAOBAHNAM yIbTPa- M HAHOAUCIIEPCHBIX CHCTEM Ha OCHO-
BE€ OKCHJIOKEPAMUIECKHX MOPOIIKOB 1 (hyHKIIMOHAIBHBIX MAaTEPHAJIOB HAa NX OCHOBE. B mpencraBnenHoit paboTe mpuBoasT-
Cs1 Pe3yNbTaThl Oy YeHHs TOPOITKa THIPOKCH A aTIOMUHUS — OEMHUTa, TTOTYyUYSHHOTO 110 TEXHOIOTHH THAPOTEPMAIHLHOTO
OKHUCIJIEHUsI, KOTOPBIH XapaKTepu3yeTcs: BEICOKOH (a30BOH YUCTOTOMH (0 TaHHBIM PEHTTEeHO()Aa3HOTO aHAIN3a IPHCYTCTBYET
XOPOIIO 3aKPUCTAIIIN30BAHHBIH OEMUT). YCTAaHOBIICHO, YTO THAPOTEPMAIBHBIN CHHTE3, OCYIIECTBISIEMBI Ty TE€M CKUTaHUS
B JIO- U CBEPXKPUTHYECKUX BOIHBIX CPElaxX, MOXKHO PacCMaTpUBaTh Kak 3(GEKTUBHBIN crI0cO0 MOMydIeHUsT 0cO00 YNCTBIX
HAHOKPHUCTAJINYECKUX TUIAPOKCHAOB (0EMUT) U OKCUAOB (KOpyHH) anroMuHHS. [IpH yciaoBuM peanu3alnuy OKCHIOB U TH-
JIPOKCHUJIOB aIIOMUHHUS KaK TOBAPHBIX MPOJYKTOB, a TAK)KE TEXHOJIOTHHU MOTYUYEeHHUs BOAOPOJAa U TEMIOBON SHEPTUH, MPe-
CTaBJIEHHBII MPOIECC MOXKET OTHOCUTCS K BBICOKOPEHTA0EIbHBIM.

Kntouesvle cnosa: oxcuj amfOMHUHUS, THAPOKCH] ATIOMHHHSA, OEMHT, THAPOTEPMAIbHBIN CHHTE3, THAPOTEPMATBHOE
OKHCIIEHNE

Ysen-koppecnonaent A. @. Uabiomenko, E. B. 3Bonapes, 7K. A. Butko,
B. A. Ocunos, /I. B. badypa
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BJUAHUE PEXXUMOB IOJYUYEHU A PEAKIITMOHHO-CITEYEHHOMN KAPBH/THOM
KEPAMUKM HA EE CTPYKTYPY U CBOMCTBA

ITpoBeneHbl SKCIEPUMEHTANIBHBIC HCCIIEIOBaHNs (POPMUPOBAHHS CTPYKTYPBI, (Pa30BOro cOCTaBa U CBOWCTB KEPAMUKHU
Ha OCHOBE KapOWI0B KpeMHHsS 1 00pa, MOTYyUCeHHONH PeaKIMOHHBIM CIEKaHHUEM, U YCTAHOBIJICHO, YTO OHH CYIIECTBEHHO 3a-
BHUCST KaK OT COCTaBa IIUXTHI U ApaMETPOB KapOUIHBIX KapKACOB, IIPOIMHUTHIBAEMbIX KpeMHHEM (00MIei 1 OTKPBITOM MOPH-
cTOCTH, (POPMBI M pa3Mepa Mop), Tak U 0T KOJHYeCTBA CBOOOJHOr0 KpeMHHS. IT0Ka3aHo, 4TO MIOTHOCTh, IIPOYHOCTD TIPH H3-
rube, TBEepIOCTh KEPAMUKH Ha OCHOBE KapOuaa KpeMHHs U KapOuaa 6opa, moayyaeMoil peakIlnOHHBIM CIIEKaHHEM, MOBbI-
LIAIOTCSA C POCTOM JABJICHUS NPECCOBAHMS KapOMAHBIX KapkacoB. HauOoNbIIMMK CBOWCTBaMH 00NajaeT KepaMHKa Ha
ocHOBe KapOuma 6opa n xapbuna 6opa ¢ 50 % xapbuga KpeMHHUS, TPONUTAHHAS KPEMHHEM.

Corresponding Member A. Ph. Ilyuschenko, E. V. Zvonarev, Zh. A. Vitko, V. A. Osipov, D. V. Babura

Powder Metallurgy Institute of the National Academy of Sciences of Belarus, Minsk, Republic of Belarus

INFLUENCE OF THE MODES PRODUCTION OF REACTIVE-SINTERED CARBIDE CERAMICS
ON THE STRUCTURE AND PROPERTIES

The structure phase composition and properties of silicon carbide and boron carbide ceramics obtained by reactive sintering
have been investigated. It has been found that they essentially depend on the charge composition and the parameters of carbide
skeleton infiltrated with silicon (total and open porosity, pore shape and size) and on the free silicon content. It is shown that the
density, bending strength, hardness of silicon carbide and boron carbide ceramics obtained by reactive sintering, increase with
high the compacting pressure of carbide skeleton. The boron carbide and boron carbide with 50 % silicon carbide infiltrated
with silicon exhibited the highest properties.
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OCHOBHBIE HEUTPOHHO-®U3NYECKUE XAPAKTEPUCTUKH
HNOJAKPUTUYECKOM CBOPKH «SIJITHA-BYCTEP»
P CHUKEHUU OBOTAIIIEHU A TOILJIMBA B BBICTPOI 30HE

(Ilpeocmasneno akademurxom A. A. Muxanesuuem)

B cooOuieHnH HpUBEACHBI PE3YJIBTaThl TEOPETHUECKUX M DKCIEPUMEHTAIBbHBIX MCCICAOBAaHMN HEHTPOHHO-(U3M-
YEeCKUX XapaKTEPUCTHK MOAKPHUTHYECKHX CHUCTEM, YNPABISEMBIX YCKOPUTEISIMM Ha npumepe cOopku «Smina-Bycrepy.
Tonkpurnueckas coopka «SlniHa-Bycrepy HyJIeBOi MOITHOCTH ¢ OBICTPO-TEIIOBBIM CIIEKTPOM SBISAETCS MOJEIIBIO IIOJKPHU-
THYECKUX ANECPHO-PU3NIECKUX CHCTEM, YIIPaBISEMbIX BHEIIHIMH HCTOYHUKaMH HEUTpoHOB (Accelerator Driven Systems —
ADS). B xauecTBe yCKOpUTENS 3apsSKEHHBIX HOHOB BOJOPOAA HCHOIb3yeTcs reHepatop HeiitponoB HI-12-1. Konerpyxkius
COOPKH MO3BOJISET U3MEHATh MATEPHAJIbHBIN COCTAB AKTUBHOW 30HBI M MCCICAYEMBIX 00pa3LOB PaJHOHYKINIOB (HEKOTO-
PBIX IIPOAYKTOB JICJICHHUS 1 MUHOP-aKTHHHJIOB) C OOJIBLIMM IIEPUOIOM II0Jypaciajia, PacloIoKeHHbIX B 9KCIICPUMEHTAIb-
HBIX KaHaJIax JUIsd H3yYCHUS BIMSHUS IIOTOKA HEHTPOHOB B TEMJIOBOM U OBICTPOI 00nacTsax crekTpa HedTpoHoB. Llens uc-
CIICZIOBAHUIT 3aKJI0Yaiach B MOMCKaX BO3MOXKHOCTH MaKCHMAaJbHOI'O COXPAHEHHUS OCHOBHBIX HEHTPOHHO-(HU3NYECKUX Xa-
PaKTepUCTHK COOPKHM MPH IOCIIEIOBATEIBHOM CHH)KCHUH OOOTAICHUSI YPAHOBOTO TOIJIMBA B ObICTPOH 30HE. OCHOBHBIMHU
KPUTEPUSAMH OLICHKH U3MEHEHMS HEHTPOHO-(QU3MUYECKUX XapaKTEPUCTUK MPU TAKOM IEPEXOAe SABJISIIUCH YPOBHH IOJIKPH-
THYHOCTH, IPOCTPAHCTBEHHBIC PACIIPEAEICHH IIFIOTHOCTH IIOTOKA HEHTPOHOB, 3aBUCUMOCTD INIOTHOCTH ITIOTOKA HEHTPOHOB
OT BPEMEHH JJIsl BHELIHETO MMITYJIbCHOT'O MCTOYHHUKA HEHTPOHOB IIPH Pa3IMYHON [UINTEIBHOCTH HOHHOTO HMITYJIbca U T. II.

Kniouesvle ciosa: NOGKPUTHYECKAS CHCTEMA, HEHTPOHHO-(HU3UYECKHE XapaKTEPUCTUKHU, aKTHBHAS 30HA, KUHETUYECKHUE
XapaKTepUCTHKH, 3)HEKTUBHBIN KOAPDUITUCHT Pa3MHOKEHUS HEUTPOHOB
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MAIN NEUTRONICS OF THE SUBCRITICAL ASSEMBLY “YALINA-BOOSTER”
WHEN DECREASING THE FUEL ENRICHMENT IN THE FAST ZONE

(Communicated by Academician A. A. Mikhalevich)

The article presents results of analytical and experimental study of neutronics of the accelerator driven subcritical systems
by the “Yalina-Booster” example. Zero power subcritical assembly “Yalina-Booster” with fast and thermal spectrum represents
a model of subcritical nuclear system driven by external neutron source (Accelerator Driven Systems — ADS). Accelerator of
the hydrogen ions (the neutron generator NG-12-1) is used as an external neutron source. The assembly design allows to vary
the material content of the core and long half-life radionuclide samples (long lived minor actinides and some fission products)
placed in the experimental channels aimed to study the effect of neutron flux density in thermal and fast neutron energy ranges.
The objective of the research was to search the ways of keeping the main neutronics at the appropriate level by gradual reducing
of nuclear fuel enrichment in the fast zone. Principal estimating criteria of the neutronics variation by such fuel conversion were:
subcriticality levels, spatial distributions of neutron flux density, time behavior of neutron flux density for pulsed mode of the
external neutron source operation in terms of different ion pulses durations etc.

Keywords: subcritical system, neutronics, core, kinetic parameters, effective multiplication factor
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UCCJIEJOBAHUE OCOBEHHOCTEM IJIASMEHHOI'O IINIAKUPOBAHU A
TYTI'OIIJIABKHUX ITOPOIIKOB

(Ilpedcmasneno unenom-koppecnonoenmom D. U. [lanmeneenxo)

B nanHOM co0O0IIEHNN BIEPBBIE 0000IIEHB! M CUCTEMATH3UPOBAHBI MIPOLECCH MIA3MEHHOT0 MIAKUPOBAaHUS (MeTasIn-
3alM1) KEPAaMHUECKUX U METaNIOKePAMUYECKHUX TYTOIUIAaBKUX TOPOIIKOB (B TOM YHCIIE CaMOMJIaKuPOBaHHE, COBMEIEHHOE
¢ amop¢u3alueil, UMIyJIbCHBIM JIeJICHHEM CEpPOrIOB U XUMHYECKUM B3aUMO/ICHCTBUEM HOHM3MPOBAHHOTO I'a3a C MOBEPX-
HOCTBIO YacTHuI). M3 Takux MaTepuasoB MOIydyaroT MIa3MEHHbIE TOKPBITHS, HE HMEIOIINE aHAJIOTOB M0 COCTaBY, CTPYKTYpe
U CBOMCTBaM: U3HOCO-, YJIapO-, JKAPOCTONKHUE CIIOEBBIE KOMIIO3UTHI.

Kuiouesvie crosa: mia3zma, IIaKupoBaHKe, MOPOIIKH, KOMIIO3UIIHS, CBOMCTBA, chepOrIn3anns, TOKPBITHS, TyTOILIaB-
KU MaTepua
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STUDY OF THE FEATURES OF PLASMA PLATING OF REFRACTORY POWDERS
(Communicated by Corresponding Member Ph. I. Panteleenko)

This article summarizes and systematizes the processes of plasma plating (metallization) of refractory powders (including
self-plating combined with amorphization, pulse division of spheroids and chemical interaction of an ionized gas with
a particle surface). Plasma coatings having no analogs in composition, structure and properties: abrasion, shock, heat-resistant
composites are made of these materials.

Keywords: plasma, cladding, powders, composition, properties, spheroidization, coatings, refractory material





