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VK 517.926.4+517.928.2
M. B. KAPIIVK

IHOJIHOE OIIMCAHUE CTAPHIEI'O TIOKA3ATEJIA JIAITYHOBA
JUHEVMHOM TU®PEPEHIIUAJILHON CUCTEMBI C TAPAMETPOM-MHOXUTEJEM

HUnemumym mamemamuxu Hayuonanvnoii akademuu nayx benapycu, Munck, bBenapyco,
e-mail: m.vasilitch@gmail.com

Jlist cemeiictsa dx / dt = pA(t)x, x € R", ¢t >0, mTuHENHBIX n-MePHBIX AU(PEPEHINATBHBIX CHCTEM C KyCOYHO-HENPEPHIB-
HOM Matpuneid A(¢), ¢t >0, 1 BEIECTBEHHBIM MapaMETPOM Ll MOTYUEHO IS JIF000T0 HATypabHOTO /1 TIOJIHOE OMHCAaHUE CTap-
mrero mokasarestst JIAImyHoBa ero CHCTeM, pacCMaTpHBaeMOro Kak (yHKIHS mapamerpa L. Jlokasano, uro ¢ynkmms f:R - R
SBIIICTCS] CTApIINM ITOoKa3areneM JISImyHoBa HEKOTOPOTO TaKOTo CeMEHCTBa, €CIIH U TOJIBKO €CJIM OHA YHOBJIETBOPSET YETHIPEM
ycioBusaM: 1) mpuHAUISKUT 63poBckoMy Kiaccy (*,Gs); 2) paBHA HyIIO B Hyle; 3) HEOTpHIATEIbHA Ha HEKOTOPOI TOIyOCH;
4) ecnii OHA HE paBHA TOXK/ICCTBEHHO +00 HU Ha OJTHOW U3 OTKPBITBIX MOJIYOCEH, TO CyILICCTBYET ACHCTBUTEIBHOE YUCIIO b Takoe,
YTO HepaBeHCTBO f (L) > bLl BHITONHSIETCSI PH Beex | € R.

Kniouesvie cnosa: nuneitnbie nudGepeHImanbHble CHCTEMb, TapaMeTp-MHOKHTEIb, TIokaszareny JIsmyHoBa, 03pOBCKHI KIace.

M. V. KARPUK

DESCRIPTION OF THE LARGEST LYAPUNOV EXPONENT OF LINEAR DIFFERENTIAL SYSTEMS
WITH A PARAMETER-MULTIPLIER

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: m.vasilitch@gmail.com

The largest Lyapunov exponents of linear differential systems dx / df = pA(¢)x, x e R", ¢ > 0, with the real parameter-multi-
plier p are considered. It is proven that a function f : R — R is the largest Lyapunov exponent of some linear differential system
with a real parameter-multiplier if and only if it fits the next four conditions: 1) it belongs to the (*,G5) Baire class; 2) it vanishes
at zero; 3) it is nonnegative on some real semi-axis; 4) if it is not identically equal to +oo on any real semi-axis, then there exists
such a real number b that the inequality (1) > bp holds for all p e R.

Keywords: linear differential systems, parameter-multiplier, Lyapunov exponents, Baire class.

VIIK 517.926.4
A. C. BOMJJEJIEBUY

CYIHECTBOBAHUE BECKOHEYHBIX BCIOAY PA3PBIBHbBIX CIIEKTPOB
BEPXHUX XAPAKTEPUCTUYECKHUX YACTOT HYJIEM U 3HAKOB
JMHEWHBIX TUP®DPEPEHIIUAJIBHBIX YPABHEHU

Hnemumym mamemamuxu Hayuonanenou akaoemuu nayx benapycu, Munck, Berapyco.
e-mail: voidelevich@gmail.com

TlocTpoeHs! mpuMepsl ABYX JIMHEHHBIX AU (QepeHINaTbHBIX YPaBHEHNI ¢ HENPEPHIBHBIMU HA BPEMEHHOU ITOJIyOCH KO-
s¢durreHTamMmy, CIeKTpbl BEPXHUX XapaKTEPUCTHYECKUX YacTOT HYNEH ¥ 3HAKOB OJHOTO U3 KOTOPBIX COCTOST U3 MHOMKECTBA
panroHaNbHbIX yncen orpeska [0, 1], a Apyroro — U3 MHOXKECTBA UPPALMOHAIBHBIX Yncel oTpeska [0, 1] u uncia Hyb.

Kniouesvie cnosa: onnoponnoe muddepeHnpanbHoe ypaBHEHNE, BEPXHsISI XapaKTepUCTHYECKasi YacToTa HyJeH, BEpXHss
XapaKTepUCTUYECKasi 4aCTOTa 3HAKOB.

A. S. VAIDZELEVICH

EXISTENCE OF THE INFINITE EVERYWHERE DISCONTINUOUS
UPPER SPECTRA OF CHARACTERISTIC FREQUENCIES OF ZEROS
AND SIGNS OF LINEAR DIFFERENTIAL EQUATIONS

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus, e-mail: voidelevich@gmail.com

Two examples of linear differential equations with continuous coefficients on the time semi-axis were constructed, such that
spectra of upper characteristic frequencies of zeros and signs of the first equation are the set of rational numbers from the segment
[0, 1] and spectra of upper characteristic frequencies of zeros and signs of solutions of the second equation consist of the set
of irrational numbers from the segment [0, 1] and zero.

Keywords: homogeneous differential equation, upper characteristic frequency of zeros, upper characteristic frequency
of signs.



VIIK 517.925
A. T. CA3SOHOBA

AHAJIMTUYECKHUE CBOMCTBA PEIIEHUM 3ATAUA
O ABUKEHUU YETBIPEX TEJI B IINIOCKOCTH

Ipoonenckuil cocyoapcmeennsiil ynusepcumem umenu Anxku Kynanet, I poono, Berapyce,
e-mail: sazonova@mf.grsu.by

Llenbio uccne0Banusl JaHHOW PabOTHI SIBISIETCS YCTAHOBICHHE aHATMTHYSCKUX CBOMCTB PEIICHUST CHCTEMbI HETMHEWHBIX
nuddepeHManbHbIX YpaBHEHHH, OMMCHIBAIOIIEH MIIOCKOe ABMKeHHe YeThipex Tes. Haiineno S0 HaGopoB 3HaYEHHI KOHCTAHT
MEXYaCTHYHOTO B3aMMOJICIHCTBHS B 3a/1a4€ YEThIPEX TeJ B INIOCKOCTH, IIPU KOTOPBIX KOMITOHEHTHI OOIIETr0 PEIIeHUs SBISIOTCS
MepoMopdHBIMH (YHKIUSIMH, a Takke 15 HaOOPOB, MPU KOTOPBIX COOTBETCTBYIOLIME UM CHCTEMbI UMEIOT PEIICHUS C TIOJIBHK-
HBIMH KPUTHYECKUMHU 0COOCHHOCTAMHU. [lomydeHHbIe pe3yabTaTbl MOTYT ObITh IPUMEHEHBI B aHATMTHYECKON Teopun audde-
PEHIMABHBIX YPABHEHUH, a TAKXKe JUTsl PeLICHHs Psijia 3371a4 KOCMUYECKON TUHAMUKH.

Knrouesvie criosa: NBUKEHUE YETHIPEX TN, KOHCTAHTA B3aUMOACHCTBUS, MOABMKHBIC KPUTHYECKHE OCOOCHHOCTH, MEpPO-
Mop(HOE pelleHue.

A. T. SAZONOVA

ANALYTICAL PROPERTIES OF SOLUTIONS OF THE PROBLEM OF THE MOTION
OF FOUR BODIES IN THE PLANE

Yanka Kupala State University of Grodno, Grodno,Belarus,
e-mail: sazonova@myf.grsu.by

The purpose of the study is to establish the analytical properties of solutions of nonlinear differential equations describing
the planar motion of four bodies. 50 sets of constant values of interparticle interactions in the problem of four bodies in the
plane are found, at which the components of the general solution are the meromorphic functions, as well as 15 sets, at which
the corresponding systems have no Painlevé property. The results obtained can be applied in the analytic theory of differential
equations, as well as for solving the problems of cosmic dynamics.

Keywords: motion of four bodies, the constant interaction, Painleve property, meromorphic solution.

VK 517.948.32:517.544

3. U. 3BBEPOBUY

AJITOPUTM NOCTPOEHUA KOH®OPMHOI'O TOMEOMOP®U3MA
KOHEYHOJIMCTHOM PUMAHOBOM MIOBEPXHOCTH HA INIOCKOCTh

Benopyccruii cocyoapemeennwiii ynusepcumem, Munck, benapycse, e-mail: zverovich@bsu.by

PaccMarpuBaeTcs KOHEYHOJIMCTHASL POJIa HYJIb TOBEPXHOCTD HAJIOKEHHs cepbl. JlaeTcst alropuT™ NoCTpOeHUs! KOHPOPM-
HOTO roMeoMopdu3Ma 3ToH MOBEPXHOCTH Ha cepy MO 3aTaHHBIM TOYKAM Pa3BETBICHUS U MOICTaHOBKAM, OTMCHIBAIOIIUM 3a-
KOH CKJIEUBAaHMS JIUCTOB.

Kniouesvie cnosa: KoHPOPMHBIH roMmeoMophH3M, HAKPHIBAIOLIAS TOBEPXHOCTh, 3aAMKHYTasi PUMAHOBA MOBEPXHOCTh, POJL
MOBEPXHOCTH, HHJIEKC Pa3BETBIECHUs, (PyHAaMEHTAIbHBIH O6a3uc, anredpandeckast Kpuas, ocodasi TOUka, JUCKPUMHHAHT.

E. I. ZVEROVICH
CONSTRUCTION ALGORITHM OF CONFORMAL HOMEOMORPHISM
OF THE FINITE-SHEETED RIEMAN SURFACE ONTO THE PLANE

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

We consider a finite-sheeted covering surface of the sphere of genus zero. We built the algorithm of construction of the con-
formal homeomorphism of this surface on the sphere by a given branch point and permutations describing the sheets gluing order.

Keywords: conformal homeomorphism, covering surface, closed Riemannian surface, genus of surface, branch index,
fundamental basis, algebraic curve, singular point, discriminant.



VIK 517.926.4
E. A. BAPAFAHOB!, A. B. KOHIOX?

TOYHBIE KPAMHUE I'PAHULIBI TIOKA3ATEJEW BOJIS
PEINEHUM JIUHEMHON JTU®PEPEHIIUAJTBHON CUCTEMBI
C MAJIBIMH BO3MYIIEHUSIMA

" Bnemumym mamemamuxu Hayuonansroii akademuu nayx Benapycu, Munck, Benapyce,
e-mail: bar@im.bas-net.by
2Benopycckuii 2ocydapcmesennuiii sxonomuseckuii ynusepcumem, Munck, Benapyce,
e-mail: al3128@gmail.com

Tomyuensr popmyas! BerauciaeHus o Matpure Komu nnneiinoit nuddepeHnuanbHoi cucTeMbl TOYHOM BepXHEH rpaHu-
(bl HOABMKHOCTH BBEPX HIKHUX IOKa3areseil boist u TouHoM HUKHEH ITpaHUIbl HOABHXKHOCTH BHU3 BEPXHUX MTOKa3aTenel
Boist ee pemeHnit mpyu MaJIbIX BO3MYIIEHUAX KO3 GHUIHEHTOB CUCTEeMBI. Jloka3aHo, 9TO IPU MaJIBIX BOSMYIIECHHUIX Kod(du-
LIUCHTOB CUCTEMBI IIepBas U3 yKa3aHHBIX I'PaHUI yCTOHUYMBA BBEPX, HO HEYCTOMUNBA BHU3, a BTOpasl — yCTOMYUBA BHU3, HO
HEYCTOWYUBA BBEPX.

Kniouesvie cnosa: nuneitnas nuddepeHanpaas cucTeMa, BEpXHAN 1 HIDKHAN TToKa3aTenu boust, BepXHUH 1 HUKHHAN
reHepajbHble I0Ka3aTeIu.

E. A. BARABANOV' A. V. KONYUKH?

EXACT EXTREME BOUNDS OF THE BOHL EXPONENTS OF SOLUTIONS
TO THE LINEAR DIFFERENTIAL SYSTEM WITH SMALL PERTURBATIONS

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: bar@im.bas-net.by
2Belarus State Economic University, Minsk, Belarus,
e-mail: al3128@gmail.com

Using the Cauchy matrix, the formulas for calculation of the linear differential system of the exact upper bound of the
upward mobility of the lower Bohl exponents and of the exact lower bound of the downward mobility of the upper Bohl
exponents of its solutions under small perturbations of the coefficients of the system are obtained. It is proved that under small
perturbations of the coefficients, the first of the mentioned bounds is upward stable, but is downward unstable, and the second
one is downward stable, but is upward unstable.

Keywords: linear differential system, lower and upper Bohl exponents, lower and upper general exponents.



VIIK 519.21+519.6
A. JT. ETOPOB

O MOPAJIKE CXOJIUMOCTHU AIIITPOKCUMAIIAI OJHOI'O KJIACCA
OYHKIIMOHAJIOB OT BUHEPOBCKOT'O IMTPOLHECCA

Hnemumym mamemamuxu Hayuonanvroii akademuu nayx benapycu, Munck, benapycs,
e-mail: egorov@im.bas-net.by

IMonyueHa TeopeMa O IMOPSAAKE CXOAUMOCTH NMPUOIMKEHHOH (OPMYIBI JUIsl BHIYMCICHUS MATeMaTHYECKOTO OKHIAHMS
OJIHOTO Knacca (DYHKIMOHAJIOB CIEMANbHOTO BUA OT BUHEPOBCKOTO mpouecca. PopMyna ocHOBaHA HA UCTIOIb30BAHUU JHC-
KPETH3al[1 BPEMEHHOTO HHTEpBaa U KBaApaTypHbIX (POPMyYII, TOUHBIX IS (DYHKIMOHATIBHBIX MHOTOWIEHOB TPEThEH CTETIEHU.

Kniouesvie cnosa: BUHEPOBCKHIA TIpoliecc, (yHKIHOHAT OT BUHEPOBCKOTO MPOIiecca, MaTeMaTHIECKOE 0XKUAaHNE, TPUOITH-
KEHHOE BBIUHCIIEHHE, MOPATOK CXOAUMOCTH.

A. D. EGOROV

ORDER OF CONVERGENCE OF APPROXIMATIONS FOR ONE CLASS
OF FUNCTIONALS OF THE WIENER PROCESS

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

The result on the order of convergence of the approximate formula is obtained for evaluation of the mathematical expectation
of one class of special-type functionals of the Wiener process. The formula is based on the use of sampling the time interval and
the quadrature formulas exact for third-degree functional polynomials.

Keywords: Wiener process, functional of the Wiener process, mathematical expectation, approximate evaluation, order
of convergence.

VIIK 519.688:004.021
A. B. YUYYPHUH', E. H. [IIBBIYKHHA?

MOJEJIMPOBAHUE XEMOCTATA MONYJIAIIUOHHON TUHAMUKHA
BAKTEPUAJIBHBIX IIJIASMU/]

! Bpecmcxuii 2ocyoapemeennviii ynusepcumem um. A. C. Iywkuna, Bpecm, Benapyce,
e-mail: achichurin@gmail.com
2Bpecmckuii 2ocydapcmeennuiii mexnudeckutl yuusepcumen, Bpecm, Benapyce,
e-mail: shvychkina@yandex.ru

PaccmarpuBaercs mozmens Crroapra — JIeBUHA, ONMCHIBAIOIIAS JUHAMHUKY HECTAOMIBHBIX MITAMMOB JIBYX MHUKPOOPTaHH3-
MOB IIPH yCJIOBUH, KOT/Ia yAEIbHAs CKOPOCTh MOTPeONIeHHsT CyOcTpaTa IIasMUI0COIEPKAIIMM U OeCIIa3MHUIHBIM MHUKPOOP-
TaHU3MaMH 3aJ1aeTCs pH oMol GyHKIH MoHo. [Iiis ciaydas paBeHCTBa KOHCTAHT ITOJMYHACHIICHNUS IPUBEICHA PEAYKITHS
T epeHINaTbHON CHCTEMBI TPETHETO TOPS/IKA, OMUCHIBAIONICH pacCMaTPHBAEMYIO MOJIEINb, K HEIMHEHHOMY Iu(QepeHIn-
aJTBHOMY YPaBHEHHIO NIEPBOTO Mopsiika. i Takoi CHCTEMBI IIOCTPOEHBI IIPOTPAaMMHBIE MOJYITH, TIO3BOJISIOIINE MOACTHPOBAThH
CBOWCTBA €€ PEIICHUI B 3aBHCUMOCTH OT BXOMSIINX IapaMeTpoB. HaliieHbl KOA(QPHUINEHTHBIC COOTHOIICHHUS, TIPH KOTOPBIX
muddepeHanbHas CHCTeMa TPEThEro Mopsi/iKa MMEeT aHAIUTHISCKOE PElICHHUe, M NMPHUBEICHA BU3yalH3allisl PEIICHUN IS
HEKOTOPBIX HAOOPOB TAPaMETPOB.

Kniouesvle cnosa: KOMITBIOTEPHOE MOACTHPOBAHAE XEMOCTATa, KOHKYPEHIIUS TSl OTHOTO OTPaHHMYCHHOTO Cy0CcTparTa, Tias-
MUJIOCONIEPKAITHNA MHKPOOPTaHU3M, OeCIIa3MHIHBII MUKPOOpraHu3M, nuddepeHmaibHoe ypaBHEHE, pellieHHE, BU3yalli3a-
LS peLIeHUH.

A. V. CHICHURIN', A. N. SHVYCHKINA?

COMPUTER MODELING OF CHEMOSTAT OF POPULATION DYNAMICS OF BACTERIAL PLASMIDS

! Brest State University named after A. S. Pushkin, Brest, Belarus, e-mail: achichurin@gmail.com
°Brest State Technical University, Brest, Belarus, e-mail: shvychkina@yandex.ru

The Stewart — Levine model is considered, which describes the dynamics of unstable strains of two micro-organisms,
provided that a specific consumption rate of a substrate by both the plasmid-bearing organism and the plasmid-free organism is
given by the Mono function. For the case when the half-saturation constants are equal, the reduction of the third-order differential
system describing the considered model to a nonlinear differential equation of the first-order is realized. For such a system we
built the software modules that allow simulating its solutions properties which depend on the input parameters. The coefficient
relations, at which the third-order differential system has an analytical solution, are found, and the visualization of solutions for
the certain sets of parameters is given.

Keywords: computer modeling of chemostat, competition for one complementary nutrient, plasmid-bearing organism;
plasmid-free organism, differential equation, solution, visualization of solutions.
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A. C. KV][UH, A. B. IVHEBUY

AHAJIOI' TEOPEMbI XHHYUHA B CJIYYAE PACXOJUMOCTH
B TPEXMEPHOM EBKJINJJOBOM ITPOCTPAHCTBE

Hucmumym mamemamuxu Hayuonanvroti akademuu nayx benapycu, Munck, benapyce,
e-mail: kunixd@gmail.com

IlonmyueHo moka3aTenbCTBO TeOpeMbl XHMHUHHA B CIydae PAacXOAMMOCTH B TPEXMEPHOM E€BKJIMIOBOM NPOCTPAHCTBE IS
MHOXXECTBA HEIIPUBOIUMBIX ITOJMHOMOB CTETIEHN POBHO 7. B X0/e JoKa3aTenbCcTBa B TPEXMEPHOM €BKIMIOBOM IIPOCTPAHCTBE
MOCTPOEHA PETYISAPHAs CUCTEMa TPOEK CONMPSHKEHHBIX JIEHCTBUTENBHBIX alredpandecKuX YHCceN CTENeH! poBHO 7. Bee pesyib-
TaThl MOIYYEHbI C MOMOIIBIO METOIOB METPHUECKON TEOPUH YUCEI.

Knrouesvie cnosa: nnodantoBbl MpUOIKEHUS, METPHUYECKast TEOPUsI TPAHCLIEH/ICHTHBIX YHCell, TeopeMa THa XHUHYUHA,
peryisipHasi CHCTeMa.

A. S. KUDIN, A. V. LUNEVICH

ANALOG OF THE KHINTCHINE THEOREM IN THE CASE OF DIVERGENCE
IN THE THREE-DIMENSIONAL EUCLIDEAN SPACE

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus, e-mail: kunixd@gmail.com

In the article we proved the Khintchine theorem in the case of divergence in the three-dimensional Euclidean space
while considering only irreducible polynomials of degree exactly n. In the course of proof we built a regular system of triples
of conjugate real algebraic numbers of degree exactly n in the three-dimensional Euclidean space. All results are obtained using
the methods of metric number theory.

Keywords: Diophantine approximation, metric theory of transcendental numbers, Khintchine-type theorem, regular system.

VIIK 539.12:530.145
B. A. IIVIETIOXOB

OBBEJVMHEHHOE ITOJIE MAKCBEJUUIA — KAJIBBA — PAMOHJZIA
1 B3AUMOJIEMCTBUE CTPYH

bpecmcxuii cocyoapemeennwiii ynusepcumem um. A. C. Ilywkuna, bpecm, berapyco,
e-mail: pletyukhov@yandex.by

JlaHbI TeH30pHAS M MAaTpUYHAST (POPMYITHPOBKH PEIITHBUCTCKOTO BOJTHOBOTO YPAaBHEHHS, 00ECIICUNBAIONIETO COBMECT-
HOE OIMCAaHNE 3JIEKTPOMarHUTHOTO o 1 Oe3maccoBoro noist Kansba — Pamonna ¢ HyneBoit ciimpansHocThio. [TokazaHo,
YTO JJaHHOE ypaBHEHHE SIBISETCS YaCTHBIM CIIydaeM CHCTeMBbl ypaBHeHHH Jupaka — Kanmepa. DTOT pe3ynbraT OTKpHIBaeT
HOBBIE BO3MOXKHOCTH ITpHMeHeHus noist upaka — Kanepa B Teopun cTpyH.

Kurouesvie crnosa: snexTpomMarauTHoe noie, noie Kamsda — PamMona, HOTO, peIsTHBHCTCKUE BOJTHOBBIE YPABHCHHUS,
CTPYHBIL.

V. A. PLETYUKHOV

UNITED MAXWELL - KALB - RAMOND FIELD AND THE INTERACTION OF STRINGS

Brest State University named after A. S. Pushkin, Brest, Belarus, e-mail:pletyukhov@yandex.by

Tensor and matrix formulations of the relativistic wave equation providing a description both of an electromagnetic field and
a massless Kalb — Ramond field with the zero helicity are given. It is shown that this equation is a particular case of the Dirac —
Kahler system. It opens new possibilities for applications of the Dirac — Kéhler field in the string theory.

Keywords: electromagnetic field, Kalb — Ramond field, relativistic wave equations, strings.
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3. AVOPEH', O. B. EYTAHOB?, M. B. KOP)KUK?, C. A. THXOMHPOB?,
A. A. DEJJOPOB’, A. J1. IIHMPOKAHOB?

HUCITIOJB30OBAHME JIBYX®OTOHHOI'O NOTVIOINEHUA
B HEOPTAHUYECKUX CHUHTHJVIAIIUOHHBIX MATEPUAJIAX
JJIsA ®OPMUPOBAHUSA CYBIIMKOCEKYH/IHBIX BPEMEHHBIX METOK
B3AVMMOIENCTBHA C HOHU3UPYIOIIUM U3JTYYEHUEM

'[IEPH, Keneea, Illseiiyapus, e-mail: etiennette.auffray@cern.ch
’Uncmumym ¢usuxu um. b. M. Cmenanosa Hayuonanvroii akademuu nayk Benapycu, Munck, Benapycs,
e-mail:stik@presidium.bas-net.by
S Unemumym sdepuvix npoénem Benopycckozo 2ocydapcmeennozo ynusepcumema, Munck, Benapyco,
e-mail: korzhik@bsu.inp.by

PaccMoTpeHsl 0cOOEHHOCTH CHIHaNa 1By X()OTOHHOTO TMOTIONIEHNs B KpucTaje Boab(ppamara ceunna (PbWO,) B okc-
NEPUMEHTE THUIIA «HAKa4YKa — 30HAUPOBAHUECH. O6Hapy>1<el-n>l pas3janvus B CIICKTPAJIbHBIX 3aBUCUMOCTAX PErUCTPUPYEMOTO
3¢ dexTa IByX(POTOHHOTO MOTIIOLICHHS TPH HATMYUH HOHH3UPYIOLIEro 00y deH st KpucTaiia u 6e3 Hero. [Ipenioxen MeTox
MCIOTB30BaHus dGdexTa s OpMUPOBAHKS BPEMEHHON METKH B3aUMOJICHCTBHUS HOHU3NPYIOIIET0 U3JIYUYCHHUS C CIIMHTUII-
JSITOPOM.

Kniouesvie cnosa: 1ByxX()OTOHHOE MOTJIOLIEHHE, KPUCTAIUT BOIb(paMaTa CBHHIA, HOHU3NPYIOLIEe U3y YeHHE, HECTAIHO-
HapHast EeMTOCEKYH/IHasl CIIEKTPOCKOIHU S, CUUHTHILIATOP.

E. AUFFRAY!, O. V. BUGANOV?, M. V. KORJIK?, S. A. TIKHOMIROV?, A. A. FEDOROV?, A. D. SHIROKANOV?

USE OF TWO-PHOTON ABSORPTION IN INORGANIC SCINTILLATOR MATERIALS
FOR FORMING SUB-PICOSECOND TIME STAMPS OF INTERACTION WITH IONIZING RADIATION

!CERN, Geneva, Swizerland, e-mail: etiennette.auffray@cern.ch
°B. I. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: stik@presidium.bas-net.by
3Research Institute for Nuclear Problems of Belarusian State University, Minsk, Belarus,

e-mail: korzhik@bsu.inp.by

The features of the two-photon absorption signal in lead tungstate crystals (PbWO,) in the “pump — probe” experiment are
considered. The differences in the spectral dependences of the recorded two-photon absorption effect in the presence of ionizing
radiation of a crystal and without it are discovered. The method of utilizing the effect to generate a time stamp of interaction

of ionizing radiation with a scintillator is proposed.
Keywords: two-photon absorption, lead tungstate crystal, ionizing radiation, transient femtosecond spectroscopy, scin-

tillator.

VIIK B344.322

B. C. BYPAKOB, A. B. BYIJEHb, H. B. TAPACEHKO

CIIEKTPOCKOITMYECKAS JUATHOCTHKA JIBYXUMIYJIbCHOM JIASEPHO-
ABJISIIUOHHOW IVIA3MbI B ) KMJIKOCTH JJISI ONTUMM3ALIAN ITPOIL[ECCA
CHUHTE3A HAHOYACTHLL

Huemumym gusuxu um. b. 1. Cmenanosa Hayuonanvhoii akademuu nayk Berapycu, Munck, berapyce,
e-mail: a.butsen@ifanbel.bas-net.by

HccnemyroTes 0COOEHHOCTH TIa3M000pa30BaHusI IPH ABYXUMITYIILCHOH JTa3epHO aOJISAINH B KHKOCTH C HETbI0 ONTHMH-
3aIUy IMpolecca CHHTe3a HaHOYacTHIl. Ha 0CHOBE CIIeKTPOCKOMIMUECKON AUAarHOCTHKH BBISICHEHA MPOCTPAHCTBEHHAS CTPYKTYpPa
1 BPEeMEHHOH JHaIa30H M3Iy4eHUs Ja3epHO-HHIYINPOBAHHON Ia3MBl, CO3aBaeMON TTOf AEHCTBHEM CABOCHHBIX JAa3e€PHBIX
HMITYJIECOB B )KHIKOCTH, U OTIPE/ICNICH €€ KOMIOHEHTHBIH COCTaB.

Kniouesvie cnosa: nazepHast abnsmus B )KUAKOCTH, SMUCCHOHHBIN CHEKTP, IBYXHMITYIbCHBIH PEKIM.



V.S. BURAKOV, A. V. BUTSEN, N. V. TARASENKO

SPECTROSCOPIC DIAGNOSTICS OF DOUBLE-PULSE LASER ABLATION PLASMA IN LIQUID
FOR NANOPARTICLE SYNTHESIS OPTIMIZATION

B. 1. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: a.butsen@ifanbel.bas-net.by

The features of plasma formation in double-pulse laser ablation in liquid have been studied to optimize the process
of nanoparticles synthesis. On the basis of spectroscopic plasma diagnostics the spatial structure and the time range of laser-
induced plasma emission have been revealed and the composition of its component has been determined.

Keywords: laser ablation in liquid, emission spectrum, double-pulse regime.

VIIK 533.9.03, 533.9.082.5,543.422,537.523/527

B. U. APXHUTIEHKO', A. A. KHPHUJIJIOB!, A. B. [IABJIOBA, J1. B. CHMOHYHK,
H. B. JVIIYHUK?, M. M. KYPAHI]A3, 5. M. OBPAJJOBUY

BAKTEPUIIAJHBIE KOMIIOHEHTHI B BO31YIIIHOM IIJIASMEHHOM CTPYE
nPU MOCTOAHHOM U UMITYJIBbCHO-TEPUOAUYECKOM TOKOBBIX PEXKUMAX

"Hnemumym gusuxu um. b. U. Cmenanosa Hayuonanvhoii akademuu nayx Benapycu, Munck, Beaapyce,
e-mail: a.kirillov@dragon.bas-net.by
2Pecny6nukanckuii nayuno-npakmuyeckuii yenmp 2ueuens, Munck, beaapyce,
e-mail: n_dudchik@tut.by
3Benepadckuil ynusepcumem, usuueckuii axyromem, benepao, Cepbus,
e-mail: kuki@ff.bg.ac.rc

Tony4eHsl BO3MyIIHBIE MIa3MEHHBIE CTPYH aTMOC(EPHOro JABJIEHUS] HA IOCTOSHHOM, HMITYJIbCHO-IIEPHOTUIECKOM
U aBTOKOJIeOATEIbHOM TOKOBBIX pexuMax. [lokazaHo, YTO OCHOBHBIM MEXaHM3MOM MHAKTHBAaLUU OakTepuit Staphylococcus
aureus ABJSETCA BO3JeHCTBUE XMMHUUECKH aKTUBHBIX Mosiekyll NO, NO, u HNO,. Meronom MK-abcopOunonHoi cekTpo-
CKOIMU OIPEJIEICHbl X KOHIEHTPAINHU. BBIsSBICH ONTHUMAJIBHBIN PeXXUM paspsja, HHIYLUPYIOWNI MIa3MEHHBIC CTPYH,
HanboJsee MOAXOISAIINH IS HONyYeHUsT OaAKTEPULIMTHBIX KOMIIOHEHT.

Kniouesvle cnosa: mna3smMeHHast cTpyst, Tiaeromuil paspsa, NK-abcopOruonnas CrieKTpoCKONus, HHAKTUBAIUSI MUKPO-
OpPTraHU3MOB, UMITYJIbCHO-TIEPHOIMUSCKUH PEKHIM.

V. I. ARKHIPENKO', A. A. KIRILLOV', A. V. PAULAVA', L. V. SIMONCHIK', N. V. DUDCHIK?,
M. M. KURAICA?, B. M. OBRADOVIC?

BACTERICIDAL COMPONENTS IN AN AIR PLASMA JET WITHIN DC AND RIPPLE CURRENT REGIMES

IB. I Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: a.kirillov@dragon.bas-net.by
°Republican unitary enterprise Scientific Practical Centre of Hygiene, Minsk, Belarus,
e-mail: n_dudchik@tut.by
3University of Belgrade, Faculty of Physics, Belgrade, Serbia,
e-mail: kuki@ff-bg.ac.rc

Atmospheric pressure air plasma jets within dc, pulsed and self-oscillatory current regimes are realized. It is shown that
the main mechanism of inactivation of bacteria Staphylococcus aureus is the effect of chemically active molecules of NO,
NO, and HNO,. The method of IR absorption spectroscopy is used to investigate chemical active component concentrations.
The optimal regime of discharge inducing plasma jets, which is more suitable for production of bactericidal components,
is found.

Keywords: plasma jet, glow discharge, IR absorption spectroscopy, inactivation of microorganisms, ripple regime.
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K. b. MUKUTYVYK, C. A. MAJIBILIIEB, A. JI. 91K

PEKUM OJTHOYACTOTHOM 'EHEPAIIMA B ONTOSJIEKTPOHHOM I'EHEPATOPE CBY
HA JIMHUAX 3AJEPKKHU C OITUYECKUM YCUHJIIEHUEM

HUnemumym guszuxu um. b. M. Cmenanosa Hayuonanvroii akademuu nayx benapycu, Munck, benapycs,
e-mail:mikitchuk@ieee.org

B naHHO# paboTe NMPOBEIECHO TEOPETHYECKOE HCCIIEOBAaHWE KBA3MI'APMOHHMYECKOI I'eHEepaldd B ONTOIEKTPOHHOM
reHepaTope Ha JMHMAX 3aJepKKH C ONTHYECKUM YCUieHHeM. PaccMarpuBaioTcs ocobenHoctn npumeHeHus CBY-¢a-
30BpamiaTesei 1 o0ecreyeHus KBa3urapMOHHYECKOI reHepaluy ¢ HU3KUM (a30BbIM IIYMOM U YPOBHEM AMCKPETHBIX CO-
CTaBISIONIMX B CIICKTPE TEHEPALMH, @ TAK)KE PACCYUTAHO TOPOTOBOE 3HAYCHHE KO (DHUIIMEHTa YCHIICHHSI KOHTYpa 00paTHON
CBSI3H, IIPU KOTOPOM B OITOJIEKTPOHHOM I'€HEpATOpe Ha JMHUAX 3aJICPKKH C ONTHYECKUM YCHICHHEM HACTYIAeT PeKUM
JUHAMHYECKUX HeCTaOuIbHOCTEH reHepannu. IIpenoxkeH MeTo obecriedeH s yCTaHOBJICHU S TeHEPAIlMU B ONTO3JIEKTPOH-
HOM T'€HepaTope Ha 4aCTOTE MAKCUMAJILHOTO YCHIICHUSI.

Kniouesvle cio6a: ONTOINEKTPOHHBIH FeHEPATOP, ONTHYECKOE YCUIICHHE, OJHOYACTOTHAS TeHepallus, THHAMHYECKUE He-
CTaOMIIBHOCTH TeHEPALIHH.

K. B. MIKITCHUK, S. A. MALYSHEV, A. L. CHIZH

SINGLE-FREQUENCY OSCILLATION IN THE ALL-OPTICAL GAIN OPTOELECTRONIC OSCILLATOR
BASED ON FIBER-OPTIC DELAY LINE

B. 1. Stepanov Institute of Physics of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: mikitchuk@ieee.org

The theoretical investigation of the single-frequency oscillation in all-optical gain optoelectronic oscillator based on fiber-
optic delay lines is performed. It is shown that there is no need in microwave phase shifters within the optoelectronic oscillator
loop in order to provide low phase noise and spurious level oscillations. Threshold of the dynamical instabilities in the all-optical
gain optoelectronic oscillator is calculated. It is shown that the reproducibility of the oscillation frequency is provided by means
of the continuous tuning of the loop gain during the switching-on.

Keywords: optoelectronic oscillator, all-optical gain, single-frequency oscillation, dynamical instabilities of oscillations.

VIK 519.714
JI. Jl. HEPEMHUCHHOBA

MONUCK KPATYAHUIIEN YCTAHOBOYHOM MOCJIEJTOBATEJILHOCTHU CXEMBI
C ITAMSATBIO HA D-TPUITEPAX

Obvedunennviil uncmumym npoonem ungopmamuxu Hayuonanenou akaoemuu nayx benapycu, Munck, Berapyco,
e-mail: cld@newman.bas-net.by

PaccmarpuBaercs 3a1aua oMCKa yCTaHOBOYHOU IOCJIEA0BATE/IbHOCTH HAUMEHBILCH JUIMHBIL JJIS1 JIOTHYECKOH cXeMBl ¢ Ma-
MiThi0 Ha D-tpurrepax. [Ipemmaraercst MeTox cBeAeHHs 3TOH NMpoOIeMbl K 3a1ade OyJIeBOH BBIIOIHUMOCTH, KOTOpPask MOXKET
ObITh 2 exTHBHO penreHa ¢ nomonbio SAT-pentarerneil. MeTos 0CHOBaH Ha IOCTPOSHHN KOHBIOHKTHBHON HOPMAJIEHOH (hOpMEI
paspelieHns KOMOMHAIIMOHHOTO OJIOKa, pean3yIonero GyHKINU BO30YKICHUS] TPUTTEPOB.

Knrouesvie cnosa: tectupoBanue, BepupHUKaIys, JOTHISCKUIl CHHTE3, aBTOMaTH3aLsI IPOSKTHPOBAHHSI.

L. D. CHEREMISINOVA

SHORTEST SYNCHRONIZING SEQUENCE SEARCH FOR A SEQUENTIAL NETWORK
WITH MEMORY ON D FLIP-FLOPS

United Institute of Informatics Problems of the National Academy of Sciences of Belarus, Minsk, Belarus,
e-mail: cld@newman.bas-net.by

The problem under consideration is to find a synchronizing sequence of a minimal size for a logical network having flip-
flop primitives of type D as memory elements. A novel method is proposed, which is based on the formulation of the task
as the Boolean satisfiability problem solved with any standard SAT-solver. The method is based on forming the conventional
conjunctive normal form representation for combinational block, implementing excitation functions of the flip-flops.

Keywords: testing, verification, logic synthesis, design automation.
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