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A. JI. Eropos

Hnemumym mamemamurxu Hayuonanvroti akademuu nayx benapycu, Munck, berapyco

O NPUBJIN)KEHHBIX ®OPMYJIAX JIJIA BBIYUCJIIEHU A OJHOI'O KJIACCA
OYHKIMUOHAJIOB OT IIYACCOHOBCKOI'O ITPOLLECCA

JlanHas paboTa MOCBSIIEHA TOCTPOCHUIO MPUOIIKEHHBIX (GOPMYIT JIsI BBITHCIEHHS MAaTEMAaTHIECKOTO OXKHJIaHHS He-
JTUHEHHBIX (YHKIMOHAIOB OT CIydaiiHbIX mporeccos. [Ipeamnonaraercs, 4To paccMaTpuBaeMble CIy4YaiHbIE MTPOIECCH J0-
MyCKalOT XaOTHUYECKHE PA3JIOKEHUS MO0 KPAaTHBIM MyaCCOHOBCKHM CTOXaCTHYECKMM HHTerpanam. Vcmomb3yercst moaxof,
OCHOBAHHBIIT Ha TPEOOBAHUM TOUHOCTH TIPUOIMKEHHBIX (HOPMYIT 115 PyHKIMOHAIBHBIX MHOTOYJICHOB TPEThEH CTENEHH OT
TpaekTopuii npouecca. [IpumeneHue Gopmys paccMaTpuBaeMOro THIIA CBA3aHO C UX UCIIOIB30BAHUEM B Ka4eCTBE HIICMCH-
TapHBIX PU HOCTPOCHUHU COCTABHBIX (POPMYII, CXOSMIINXCS K TOYHBIM 3HAYCHUSIM OXKHJAHUIL, a TaK)Ke B KaueCTBE aIpo-
KCUMalUi MaTeMaTH4YeCKUX OKHMIAHWN Ha MaJoM BPEMEHHOM IIPOMEXYyTKe. B ciyuae pasnokeHuss B OECKOHEUHBIH psij
paccMaTpUBArOTCS aNPOKCHMAIIOHHO TOYHEIE (POPMYITBI, B KOTOPBIX HCIIOJIB3YeTCsl KOHEUHBIH OTPE30K Xa0THYECKOT0 pas-
JIOXKEHUSI.

Kurouesvie cnosa: GyHKIIMOHAIBI OT CIIy4aifHBIX IIPONECCOB, MATEMAaTHUCCKUE OXKHMAHUSI, TPHOJIMKEHHBIC ()OPMYJIBL,
KpaTHbIE ITyaCCOHOBCKHE CTOXaCTHUYECKHE HHTETPAJIbl, XAOTHIECKHE PAa3JI0KCHHUS.

D. Egorov

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
APPROXIMATE FORMULAS FOR EVALUATION OF ONE-CLASS FUNCTIONALS OF THE POISSON PROCESS

This work is devoted to the construction of approximate formulas for calculation of mathematical expectation of nonlinear
functionals defined along the trajectories of random processes. Computation of mathematical expectation of functionals
of random processes by the quadrature method is the task that depends heavily on a form in which the process is given. A lot
of functional quadrature formulas are built in the cases where the characteristic functional of the process is known in explicit
form. Some results are obtained in the cases where the process is the solution of the stochastic differential It6 equation.
Recently, the author has proposed the approach to an approximate evaluation of mathematical expectation of a class of non-
linear random functionals based on the use of the Wiener chaos expansion. The article uses chaos expansion with respect
to multiple Poisson — Ito integrals to construct functional quadrature formulas for calculating nonlinear functionals of
the stochastic process defined on the probability space generated by the Poisson process. The formula is exact for the third-
degree symmetric functional polynomial, so the product formula of multiple Poisson — Ito integrals is used for construction.

Keywords: functionals of random processes, mathematical expectations, approximate formulas, multiple stochastic
Poisson stochastic integrals, chaotic expansions.

A. II. XyasikoB, A. A. Tpopumyxk

bpecmckuii cocyoapcmeennviii ynueepcumem um. A. C. Ilywxuna, bpecm, Benapyce

HUHTEPHOJAINMUOHHBIE ®OPMYVYJIbI 9PMUTA — BUPKI'ODA
OTHOCHUTEJBHO AJITEBPAMYECKOM U TPUTOHOMETPUYECKOM
CUCTEM ®YHKIMI C OJJHUM CIIELHUAJBHBIM Y3JIOM

JlaHHas cTaThsI MOCBSIIEHA 3a1a4€ IIOCTPOCHUS M HCCIIEI0BAHNST 0000IIEHHBIX HHTEPIOJIIIIHOHHBIX (OopMyI DpMuTa —
Bupkroda. {ns GyHKIUI CKaISIpHOTO apryMeHTa MOCTPOCHBI allreOpanvecKuii ¥ TPUTOHOMETPUYCCKUI WHTEPIIOJISIITHOH-
HBIe MHOTOUJICHBI DpMuTa — Brpkroda, conepskanire 3HaueHue T GepeHIIMalIbHOT0 OlepaTopa CIeHaIbHOTO BUIA B O
HOM u3 y310B. [lopsanok nuddhepeHnnanbHOro orneparopa He 3aBUCHT OT YUCIIa y3710B. HaliieHbl KJIacChl MHOTOWJICHOB, JIJIS
KOTOPBIX HHTEPIOISAIUOHHBIE (hOpMYITbl TOUHBI. [locTpoeH TpuroHoMeTpuueckuii aHamor Gpopmyist Jleitbuuna. TToxydens
MPEJCTABICHHUS U OIIEHKHU MOTPEIIHOCTH HHTEPIONNpOoBaHust. [[pHBEIeH MILTIOCTPA[HOHHBIH TpUMep MpuMeHeHus Gopmy-
JIBI TPUTOHOMETPUYECKOr0 HHTEPHONUPOBaHHsL. [10ydeHHbIe pe3yIbTaThl MOT'YT OBITH HCIIOJIb30BAHbBI B TEOPETHUSCKUX HC-
CIIEIOBaHUSX KaK OCHOBA MOCTPOCHUS METO0B MPHOINIKEHUS THHEHHBIX OMEPATOPOB, & TAKKE MPHOIMIKEHHBIX METO/IOB
pelIeH!s] HEKOTOPBIX HEJTHMHEHHBIX OMEPAaTOPHBIX ypaBHEHHUI, KOTOPbIE BCTPEYAIOTCS B HENMHEHHONW THHAMHUKE, MAaTeMaTH-
yeckoil (usnke.

Kniouegvie cnosa: nuTepnionupoBanne Jpmuta — bupkroda, auddepeHunanbublii oneparop, 4eObleBcKas cucTeMa
¢byHKIMH, TeopeMa Poiiiis, TpHroOHOMETpHYECKOE HHTEPIOAUpoBaHue, hopmyda Jlelibuua, onpeaenureas Banaepmona.
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INTERPOLATION HERMITE - BIRKHOFF-TYPE FORMULAS
WITH RESPECT TO THE ALGEBRAIC AND TRIGONOMETRIC
SYSTEMS OF FUNCTIONS WITH ONE SPECIAL NODE

This article is devoted to the problem of construction and research of the generalized interpolation Hermite —Birkhoff-
type formulas. For the scalar argument functions, the algebraic and trigonometric interpolation Hermite — Birkhoff-type
polynomials, containing the value of the differential operator of special form at one of the nodes, are constructed. In the both
cases, the differential operator of special form annuls the first basic functions of the corresponding Chebyshev system.
Furthermore, the order of the differential operator does not depend on the number of nodes. For interpolation polynomials, the
satisfaction theorems of interpolation conditions are proved. The classes of the polynomials, for which the interpolation
formulas are exact, are determined. The trigonometric analogue of the Leibniz formula is constructed. This formula is used
to prove the satisfaction theorem of interpolation conditions in the trigonometric case. The represenations and estimates
of the interpolation error are obtained. In algebraic case, to obtain the representations and estimates of interpolation error,
the consequence of Rolle’s theorem is used. In the trigonometric case, the integral representation of the interpolation error
is utilized. The illustrative example of application of the trigonometric interpolation formula is constructed. The results
can be used in the theoretical research as a basis for constructing both approximation methods of linear operators and approximate
methods of solving some nonlinear operator equations that are available in nonlinear dynamics, mathematical physics.

Keywords: Hermite — Birkhoff-type interpolation, differential operator, Chebyshev system of functions, Rolle’s theorem,
trigonometric interpolation, Leibniz formula, Vandermonde determinant.

E. B. IlupByk
T'poonencruii cocyoapcmeennviii ynugepcumem um. A. Kynanwl, I poono, berapyco

O NPUBJINKEHHOM BbIYUCJIEHUU NHTEI'PAJIOB
C OCOBEHHOCTSAMM HA KOHHAX OTPE3KA UHTET'PUPOBAHU S

[Mpu pemieHny pa3InIHBIX TPAHHYHBIX 3a/1a9, BO3HUKAET HEOOXOAMMOCTh OCTPOCHHUS TAKUX KBAAPATyPHBIX (GOPMYII,
B KOTOPBIX OJHA YaCTh y3JIOB 33/1a€TCs 3apaHee, Apyras — MOXKeT ObITh B3sTa MPOM3BONIBHO. VIMEHHO 3Ta mpobiemMa u mpu-
BIICKJIa Hallle BHUMaHue. B HacTosIeil ctaThe onucana pa3paboTka OUOIHOTEKH MPOLEAYP ISl MPUOIHIKEHHOTO BhIYUCIIE-
Hust uaTerpanos ¢ BecaMu /(1F x)/ (1£x) ul/+1- x2 B ciTydae, KOor/ia MOAbIHTerpanbHas GYHKIU IMeeT 0COOEHHOCTHU Ha
OJTHOM WJIM O0OWX KOHIAX OTpe3Ka MHTerpupoBaHus. [IpuBeneH anroputM padboTsl 6ubmmoTekn mporenyp. Ha mpumepe
MOKa3aHo, 4To pa3paboraHHasi OMOIHOTEKA MPOIEAYP 3HAYUTEIHHO YMEHBIINIA IIPOLECCOPHOE BPEMsI, a 3HAYHT, yCOBEP-
[IEHCTBOBAJIA YYET BEIUUCIUTEILHBIX PECYPCOB OTHOCUTENIBHO CTAHAAPTHBIX MPOLeayp cuctemsl Maple. [lanee paccMoTpe-
HO HECKOJIBKO IIPUMEPOB, Ha KOTOPBIX MPOUJLIIOCTPUPOBaHa 3(P()EKTHBHOCTh MOCTPOCHHBIX KBAAPATyPHBIX (GOpMyIT THIIA
Pazo u JIo6arTo B CpaBHEHHH C pe3yiIbTaTaMu U3 APyrux paboT. B 3aBepiueHne mpoaeMOHCTPHUPOBAH IIPUMEDP BBIUHCICHHSI
HHTerpalia, B KOTOPOM OTCYTCTBYIOT Beca YeObimieBa. [TomyueHHbIe pe3yIbTaThl MOTYT OBITh HCIONIB30BaHbI AJIs AalIbHE-
LIET0 UCCIISIOBAHMUS KBAIPATYPHBIX GOPMYJI, @ TAKIKE ISl U3YUCHHS CBOMCTB MHTEPIONSIIUOHHBIX PALIUOHATIBHBIX (YHKIIHIH.

Kniouegvie crosa: xBagpaTypHble (GOPMYIIbI, HHTETPHPOBAHUE HA OTPE3Ke, PAllHOHANIbHAS AlMPOKCHUMAIUsI, HHTEPIIO-
nupoBanue, Maple.

Y. V. Dirvuk
Yanka Kupala State University of Grodno, Grodno, Belarus

APPROXIMATE COMPUTATION OF INTEGRALS WITH THE SINGULARITIES
ON INTEGRATION INTERVAL ENDS

Various generalizations of Gauss quadrature formulas are the subject of research of many authors. Here, interest is paid
to a special kind of quadrature formulas when some nodes are assigned in advance and the others can be taken arbitrarily. In
this article, the performance of process libraries is described. The article outlines the procedures for numerical calculation of

integrals by weights \/(1F x)/(1+x) and 1/+1- x? when the integrand function has singularities on one or the both ends of
the integration interval. The algorithm of working process libraries is also shown. The example illustrates that the developed
library extremely decreases the CPU time, thus improving the recording of computing resources with respect to the standard
procedures of the Maple system. Further, some examples are considered. They show the comparison between the effective
constructed Lobatto and Radau quadrature formulas and the results of other investigations. In conclusion, the example of
calculating the integral with no Chebyshev weight is given. The obtained results can be used both for further research of
quadrature formulas and for study of the properties of rational interpolating functions.
Keywords: quadrature formulas, segment integration, rational approximation, interpolation, Maple.
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PEIIEHUE 3A1AYH JIs1I HECTPOI'O T'NINEPBOJIMYECKOI'O YPABHEHU A
YETBEPTOI'O NIOPAJAKA C IBYKPATHBIMHU XAPAKTEPUCTUKAMUN

M3y4aroTcs KJ1acCH4ecKHe PeIleHns IPAaHUYHbIX 3a/1a4 JUIsl HECTPOro TMHepOOoIMYecKOro YpaBHEH!s 4eTBEPTOro Mo-
psAiKa B ciiydya€ ABYX HE3aBUCHUMBIX IEPEMEHHBIX C ABYKPATHBIMH XapaKTEPUCTHUKAMH. HO)I KJIACCUYECCKUM PCIICHUEM
HnoHUMaeTcst pyHKIUS, KOTOpasi OolpeesieHa BO BCEX TOYKAX 3aMbIKaHMs 3aJaHHOM OONAaCTH M MMEET BCE KJIaCCHUECKHE
NIPOM3BOAHBIC, BXOJSIINE B yPaBHEHHE U YCIIOBUS 3a1a4i. Haauune KjlaccH4eckoro pemeHus, IoCTPOSHHOT0 B aHAIUTHYe-
CKOM BH/JIE, JUIsl ypaBHEHUH BBICIIEr0 MOPSIKA MPEACTABISIET HHTEPEC sl BEIYUCIUTEIBHOH MaTeMaTHKH IIPH TECTHPOBa-
HUU YHCICHHBIX aJITOPUTMOB. 3aMETHM, YTO KOPPEKTHAsI IOCTAHOBKA CMEIIAHHBIX 3a/1a4 JIJISl TUIIePOOIMYSCKUX YPaBHEHHH
3aBHCHT HE TOJIFKO OT KOJIMYECTBA XapaKTEPUCTHK, HO M OT UX pacrojokeHus. Oneparop ypaBHEHH IIPEJICTABISET COOO0M
KOMIIO3HIMIO TH((EepeHIIHATBHBIX OIIEPaTOPOB IEPBOTr0 MOPsAIKA. YpaBHEHHUE 3a/1aeTCs B MOTYIIONIOCE IBYX HE3aBHCHMBIX
nepeMeHHbIX. Ha HH)KHEM OCHOBaHMHU 00NacTH 3amatoTcs ycioBus Koin, a Ha GOKOBBIX I'paHHUIAX — yciaoBus Jupuxie
n Helimana. MeTo0M XapaKTepPUCTHK BBIITHCHIBACTCS B AHAIMTHYECKOM BHJIE PEIICHNUE PacCcMaTPHUBAEMOil 3a/1a4H, T0Ka3bl-
BAeTCs CANHCTBCHHOCTD PEIICHHH, a TAK)KE MOKA3bIBACTCS, IPU KaKUX YCIOBHAX JHHEHHOe AuddepeHranbHoe ypaBHEHUE
C IIOCTOSIHHBIMM KO3 PUIIMEHTaMH YEeTBEPTOrO MOPSIKA MTPEACTABUMO B BIJIC PACCMATPUBAEMOTr0 B CTaThe HECTPOTO TUITep-
00IMYECKOro ypaBHEHUS.

Kniouesvie cnosa: nuddepeHnanbable ypaBHEHHs, THIIEPOOIMYECKUE yPaBHCHNS, YPABHEHHs Y€TBEPTOro MOpsIKa,
YacTHbIE MPOMU3BOJHBIC, TPAaHUYHBIC YCIOBUS, ycinoBus Komm, ycnosus Jupuxiie, yClIoBHsl COINIAaCOBAHMS, KIaCCHYECKOE
pelIeHHe, HeCTPOroro rurnepooInyYeckoe ypaBHEeHHE.

V. I. Korzyuk'?, Nguyen Van Vinh'?

!Belarusian State University, Minsk, Belarus
’Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
SHue University’s College of Education, Hue, Vietnam

SOLVING THE PROBLEM FOR THE FOURTH-ORDER NONSTRICTLY HYPERBOLIC EQUATION
WITH DOUBLE CHARACTERISTICS

This article is concerned with studying the classical solutions of boudary problems for the fourth-order nonstrictly
hyperbolic equation with double characteristics. A classical solution is understood as a function that is defined everywhere
in the domain closure and has all classical derivatives entering the equation and the problem conditions. The classical solution
is built in analytical form for higher-order equations of interest for computational mathematics in testing numerical algorithms.
Note that the correct formulation of mixed problems for hyperbolic equations not only depends on the number of charac-
teristics, but also on their location. The operator appearing in the equation involves a composition of first-order differential
operators. The equation is defined in the half-band of two independent variables. There are Cauchy’s conditions on the domain
bottom and Dirichlet’s conditions and Neumann’s conditions on other boundary. Using the method of characteristics, the ana-
lytic solution of the considered problem is written. The uniqueness of the solutions is proved. In addition, it states: under what
conditions a linear differential equation with constant fourth-order coefficients can be represented in the form of the non-
strictly hyperbolic equation considered in the article.

Keywords: differential equations, hyperbolic equations, partial derivatives, boundary conditions, Cauchy’s conditions,
Dirichlet’s conditions, agreement conditions, classical solution, nonstrictly hyperbolic equations.

L. I. Stolyarchuk
Belarusian State University, Minsk, Belarus

SOLUTION OF THE MIXED PROBLEMS BY THE METHOD OF CHARACTERISTICS
FOR THE WAVE EQUATION WITH THE INTEGRAL CONDITION

The mixed problem for the wave equation with one integral condition and one Dirichlet’s condition on the right boundary of
the domain is considered in the one-dimensional case. It is proved that the fulfillment of the matching conditions is necessary and
sufficient for existence and uniqueness of the classical solution of the given mixed problem under certain smoothness conditions
for the given functions. The method of characteristics is used for analysis of the problem. This method is reduced to partitioning
the original domain by characteristics line in sub-domains where the solution of the given problem is constructed with the help of
initial, boundary and integral conditions. However, in some sub-domains the solution of the problem is reduced to Volterra’s
second-type equation. For this equation, the theorems of correct solvability are fulfilled. Matching conditions are obtained by
equating the values of the solution and its derivatives up to the second-order, including on characteristics. The obtained results
allow building either the analytical solution of the given problem if Volterra’s equation solution can be constructed in explicit
form, or the approximate solution with the help of numerical methods. However, in building the approximate solution, the ad-
ditional conjugation conditions for solution and its derivatives should be introduced on characteristics.

Keywords: wave equation, method of characteristics, integral condition, classical solution, mixed problem.
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PEHIEHUE CMEINAHHBIX 3ATAY METOAOM XAPAKTEPUCTHUK
JJI1 BOJIHOBOI'O YPABHEHUSA C UHTEI'PAJIBHBIM YCJIOBUEM

B ogHOMepHOM cityydae /i1 BOJTHOBOI'O ypaBHEHUS paCCMAaTPUBAETCs CMEIIaHHAs 3a/1a4a C OJHUM UHTEIPAJIbHBIM YCII0-
BHEM H TPAaHUYHBIM yCIIOBHEM THIA [lMpuxJiie Ha IpaBoi rpaHuie odixactyu. [loka3piBaeTCs, YTO P ONPEAEICHHBIX YCIOBHU-
SIX TJIAAKOCTH Ha 3aJaHHbIC (DYHKITUH JUJISI CYyIIECTBOBAHUS M €UHCTBEHHOCTH KIACCHUECKOTO PEIICHH S OCTaBICHHON cMe-
IIaHHOH 337129 HEOOXOIMMO U JOCTATOYHO BHITIOIHEHHS YCIIOBHH coryiacoBaHUs Ha ucxoxHble GyHkum. [Ipn ee ananmse
HCTIONB3YETCs] METOJ XapaKTEePUCTHK, KOTOPBIH CBOAUTCS K IOCTPOCHHIO PEIICHUs 3aJaddl B MOJ00JACTAX, IMOTyYCHHBIX
13 UCXOAHOM 001acTH IpH pa30UEHIH MOCIeTHEH XapaKTepUCTUYECKUMU MPSMBIMH. B KaXk10#f M3 yKa3aHHBIX mono0nacTei
C MOMOIIBIO0 HAYaJIbHBIX, a TAK)KE MHTETPAIBHOTO U TPAHUTHOTO YCIOBUH CTPOHUTCS PEIICHHE MOCTaBICHHON 3a7a4d, PH
3TOM B HEKOTOPBIX MOJ00IACTAX OHO CBOAMTCS K MHTETPAIBHOMY ypaBHEHHIO BomabTeppsl BTOPOTo poaa, Ay KOTOPOTO
CIIpaBeTUBBI TEOPEMBI O KOPPEKTHOM pa3pelInMOCTH. YCIOBHSI COTIaCOBAHUS BBIBOJASATCS MPU MPUPABHUBAHUY 3HAYECHUH
pELIeHUs U ero MPOU3BOIHBIX 0 BTOPOTO MOPsIAKA BKIIOYUTEIBHO HA XapaKTepHUCTUKaX. JlaHHbIE Pe3yNbTaThl MO3BOISIOT
HOCTPOUTH KaK aHAJIMTUYECKOE PELIeHNe HCXOAHOM 3a1a4M, eClIM yAaeTcsl HaliTH pelieHue ypaBHeHus Bonbsreppsl BToporo
pola B SIBHOM BU/JE, TaK U MPUOIMKEHHOE PEIIeHHUE 3aJaul ¢ IOMOILBIO YHCIEHHBIX MeT010B. OIHAKO IPU NOCTPOCHUH NPU-
OJIMIKEHHOT'O PEIICHHUSI CJISIyeT BBOIUTH JIOIOJIHUTEILHBIC YCIIOBUS CONPSKEH S PELICHHS WIIH €ro IIPON3BOJHBIX Ha Xapak-
TEepUCTHUKAX.

Katouegvle crnosa: BONTHOBOE ypaBHEHUE, METOJ] XapaKTEPUCTUK, HHTEIPAJIbHOE YCIOBUE, KJIIACCUYECKOE PEIICHUE, CMe-
LIaHHAs 3a]1a4a.
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O HECTAITMOHA PHOM PACHIPEJIEJIEHUHA BEPOSITHOCTEM
COCTOSIHUM MAPKOBCKOM CETHU C BECKOHEYHOJIMHEMNHBIMUA
CUCTEMAMM OBCJYKUBAHUS B YCJIOBUSAX BLICOKO HATPY3KHU

B HacTosmel craThe 00BEKTOM HCCIIEI0BAHNUS SBISETCA MapKOBCKas CETh ¢ OECKOHEUHOIMHEHHBIMU CUCTEMaMH Mac-
cosoro oocnyxuBanusg (CMO). Jucuunnunel o6cayxuBanus 3aaBok B cuctemax — FIFO («mepBbIM mpuien — nepsBsiM 00-
CIIY’KHBAeTCsA») U BpeMs 00CIyKUBaHUS 3as1BOK B KaXk1oi 1uHUM CMO ceTH pacnpeneseHbl 0 3KCIIOHEHIIHaIbHOMY 3aK0-
HY CO CBOMMHU MapaMeTpaMu Ui KaXkKI0H CHCTEMBbI MACCOBOT0O o0cmykuBaHus. L{esblo ncciienoBaHus SBIISETCS Oy YeHUE
JIOCTaTOYHOTO YCIIOBHS IIPEICTABUMOCTH HECTAIIMOHAPHBIX BEPOSTHOCTEH COCTOSHUII TakoW CeTH, (YHKIIMOHHUPYIOIICH
B YCIJIOBUSIX BBICOKOW Harpy3kd, B MYJBTUIUIMKaTHBHOM Buje. Bo BBeieHNH yka3aHa 00JIaCTh MPUKJIAJAHOTO IIPUMEHEHHUS
MapKOBCKHX CeTel ¢ OECKOHEYHOIIMHEHHBIMH CHCTEMaMH 00CITyKUBaHHs, 000CHOBAaHA aKTYaJIbHOCTh HACTOSIIEH paboTEI,
TIpUBEIEH KPaTKUH 0030p pe3yiIbTaToB, NONIYIEHHBIX 10 JAHHON TeMaTHKe paHee. B 0OCHOBHOH YacTH MpHUBEAEHO OIICAHNe
CeTH, BBIBE/IEHA CHCTEMa Pa3sHOCTHO-IH((epeHINaIbHbIX ypaBHeHUI KoiMoroposa 1uist BeposiTHOCTEH COCTOSTHHH CETH.
IIpencraBieH OCHOBHOI! pe3ysbTaT JaHHOH CTAThH, T. €. MyJIbTUIUIMKATHBHBINA B HECTAIIMOHAPHBIX BEPOSITHOCTEH COCTOS-
HUI ONMUCAHHON BBINIE MAapKOBCKOW ceTH, PyHKIIMOHUPYIOMNN B YCIOBUSAX BBICOKOW HATPY3KH, KOTOPBIH cHopMyInpoBaH
1 I0Ka3aH B BUJE TeopeMbl. [lomydeHHbIe Pe3ynbTaThl MOTYT OBITh HCIIOIB30BAHbI TP MOJCIUPOBAHUH TTOBEACHUS HHDOP-
MAaIMOHHO-KOMIBIOTEPHBIX CHCTEM M CETEH, JIOTUCTUYECKNX TPAHCHOPTHBIX CHCTEM, CTPAXOBBIX KOMMAHMH, OAHKOBCKUX
ceTel M APYTUX 00BEKTOB, CTOXAaCTUYECKUMHU MOAEISIMHA KOTOPBIX SIBISIOTCSA CETU MAaCCOBOTO OOCTY KHUBaHMUSL.

Kniouesvle cnosa: MapKoBCKasi CeTh, 0€CKOHEUYHOIMHEHHBIE CUCTEMBI 00CTYKHUBaHMSI, yCIOBHE BHICOKON HAarpy3KH, He-
CTAI[MOHAPHBIN PEKUM, MYJIBTUIIIIMKATUBHBIN BUI.

D. J. Kopats, M. A. Matalytski
Yanka Kupala State University of Grodno, Grodno, Belarus

NON-STATIONARY DISTRIBUTION OF THE PROBABILITY STATES
OF THE MARKOV NETWORK WITH INFINITE-SERVER QUEUING SYSTEMS OPERATING
AT HIGH LOAD

The object of research is the Markov queuing network with infinite-server queues. The disciplines of the customer’s ser-
vice in queuing systems (QS) are FIFO (first come — first served), service rates of customers are distributed exponentially with
their own rates for each QS in each line of QS. The purpose of the research is to obtain sufficient conditions for representabil-
ity of non-stationary state probabilities of such a network operating within the heavy-traffic regime in the multiplicative form.
In the introduction, the field of applications of Markov networks with infinite-server queues has been described; the relevance
of this work has also been indicated; a brief overview of the previous results on this subject has been given. In the main part,
the network has been shown; the system of Kolmogorov’s difference-differential equations for the state probabilities of
the network conditions has been derived. The main result of this article is as follows, i.e. the multiplicative form of the non-sta-
tionary state probabilities of the above-mentioned Markov network operating within the heavy-traffic regime is formulated
and proved as a theorem. The obtained results can be used for modeling the behavior of information and computer systems
and networks, transportation systems, insurance companies, banking networks and other facilities, the stochastic models
which are the queuing networks.

Keywords: Markov networks, infinitely linear service system, high-load condition, non-stationary regime, multiplicative
form.
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CYIIECTBOBAHUE UBMEPUMbIX COIVIACOBAHHBIX CEJIEKTOPOB
MHOI'O3HAYHBIX OTOBPAKEHU I

B mHacrosmiell ctaTbe paccMaTpUBAIOTCS U3MEPHMbIe MHOTO3HAUHBIE CIydaiHble 0TOOpaKeHUs, COrJacOBaHHEIE C 3a-
JAHHBIM TIOTOKOM G-aJre0p, 3HAUCHUSIMH KOTOPBIX SIBJISIOTCS 3aMKHYTHIE ITOJMHOMKECTBa HEKOTOPOTO IOJTHOTO cerapa-
0OeIPHOT0 METPUYECKOr0 IPOCTPAHCTBA. JIJIs1 HUX YCTaHOBJICH KPUTEPHH U3MEPHMOCTH U COTIIACOBAHHOCTH, aHAJIOTMIHBIH
N3BeCTHOMY KpuTeprio KacTaHa H3MEepUMOCTH MHOTO3HAYHBIX 0TOOpaskeHnH. [lokazaHa TeopeMa O CyIIeCTBOBAHUH y CIIy-
YaHBIX MHOTO3HAYHBIX OTOOpakKeHHH M3MEPHMBIX U COIIACOBAHHBIX CEJIEKTOPOB, C 3aJJAHHON TOYHOCTBHIO ANMPOKCHMU-
PYIOMINX HEKOTOPYIO OJHO3HATHYIO H3MEPUMYIO U COTJIACOBAHHYIO CIydaifHyio GpyHKIuIo. JlaHHas Teopema ycuieHa B CIIy-
Yae, KOTJla pacCMaTpPUBaeMOe MHOTO3HaYHOEe 0TOOpaXkeHHue MPUHUMAeT KOMIAKTHbIE 3HaueHHs. Jloka3aHa teopema, 0000-
IIaloIasi Ha MHOTO3HAYHbIE N3MEPHMBIE ClTydaiiHble 0ToOpaskeHus TeopeMy Ounumnmosa 06 o6patnoit pyHKIHH. [TomyuenHbIe
pe3yabTaThl MOT'YT OBITH HCIOIB30BAHBI MPH JOKA3aTENbCTBE CYIIECTBOBAHMS U HCCIEIOBAaHHH CBOMCTB pEHIEHHH CTOXa-
cTuyeckux AuddepeHnnanbHbIX BKIOUCHHUI.

Kniouegvie cno6a: MHOTO3HaYHOE OTOOPAXKEHHE, CEIEKTOP, U3MEPUMOCTb.

A. A. Levakov, Y. B. Zadvorny

Belarusian State University, Minsk, Belarus
EXISTENCE OF MEASURABLE ADAPTED SELECTORS OF SET-VALUED FUNCTIONS

The present article is devoted to considering measurable set-valued random functions that are adapted to a fixed filtration
of c-algebras and the values of which are closed subsets of some complete separable metric space. For such functions, a crite-
rion of measurability and adaptation is proved, which is analogous to Castain’s well-known criterion of measurability of
set-valued functions. A theorem on existence of measurable and adapted selectors of set-valued random functions, which ap-
proximate some measurable adapted random function, is obtained. This theorem is improved in the case of set-valued func-
tions with compact values. The generalization of Filippov’s theorem about the inverse function to the set-valued measurable
random functions is proved. The obtained results can be useful both for proving the existence and for considering the proper-
ties of the solutions of stochastic differential inclusions.

Keywords: set-valued function, selector, measurability.
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CTATUCTHYECKHME TECTbl HA OCHOBE OLIEHOK SHTPOITUH
JIJ151 IPOBEPKY T'MNIOTE3 O PABHOMEPHOM PACHPEJEJIEHUU
CJYYAHOI MMOCJAEJOBATEJILHOCTH

PaccmaTpuBaeTcs akTyanbHas B 00JIACTH 3aIIMTHI HHPOPMAINH 3a7jada HOCTPOCHUS CTATUCTHYECKUX TECTOB AJIS MPO-
BEPKH TUMOTE3BI O JUCKPETHOM PAaBHOMEPHOM PACTIPEJIENCHUN (CIHUCTON CIIyqalfHOCTH») BBIXOJHBIX MOCIEAOBATEIBHOCTEH
KpUHOTOrpaduueckux reuepatopos. s pyHkiuonanos suTponuu lllenHona, Persn u Tcannuca mocTpoeHbI TOUEUHBIE CTa-
THUCTUYECKHE OLEHKH Ha OCHOBE MOACTAHOBOYHOIO TMPHHIUIA C HCTIOIb30BaHUEM YaCTOTHBIX cTaTHCTHK. Haiineno acumnro-
TUYECKOE pacCIIpeaCIICHUE BepOﬂTHOCTeﬁ MOJIYYEHHBIX TOYCYHBIX OLCHOK ITPU CIIPABEAJIMBOCTU TUIIOTE3LI O «UUCTOMU Cl1y-
YalHOCTH» B ACUMIITOTHKE, 03Haqa}omeﬁ, YTO KOJIMYECTBO HaGJ’llOJlaeMle JaHHBIX CPABHHUMO C YUCJIOM OL€EHUBACMBIX I1apa-
MeTpoB. C UCHOIB30BaHUEM paclpeieIeHUN BEpOSITHOCTEH TOUEUHBIX OLEHOK IOCTPOCHBI HHTEPBAJIbHbBIE CTATUCTUYECKHE
OLIEHKU PAacCMaTpHUBaeMBIX (YHKIMOHAIOB HHPOPMAIIHOHHOM SHTponnu. Ha ocCHOBe MHTEPBAIBHBIX OLEHOK Pa3paboTaHb
peraromnye NpaBuiIa sl CTATUCTHYECKON IIPOBEPKHU TUIIOTE3 O «YUCTOH CIIy4allHOCTH» HAOII0aeMOH JUCKPETHOW Hocie-
JoBaTeIbHOCTH. [IpencTaBiIeHbl pe3ynbTaThl KOMITBIOTEPHEIX YKCIEPHMEHTOB, B KOTOPBIX pa3padOTaHHBIE CTAaTHCTHYECKUE
TECTBHI IIPUMEHSIOTCS K BBIXOIHOI ITOCIIEJOBAaTEIbHOCTH KPUIITOrpahuaeckoro renepaTopa. BerxoqHas 1BondHas mocieno-
BaTENILHOCTH B 3TUX HKCIIEPUMEHTaX MpeoOpa30BEIBaIach K MOCIEI0BATEILHOCTH ¢ al(aBUTOM OOJbIIeH pa3MEepHOCTH ITy-
TeM OOBEIMHEHHS COCEHUX § JIEMEHTOB B S-TPAMMBI.

Kurouesvie cnosa: dynkunonans sutponuu lllennona, Persn u Tcannnca, acHMOTOTHYIECKH HOPMAJIBHOE pacIpesere-
HUE BEPOSTHOCTEH, TOUCUHbIE U HHTEPBAJIbHBIE CTATHCTHUECKUE OIIEHKH, IIPOBEPKA THIOTE3, KpUNTOrpaduuecKre renepa-
TOPBI CIIyYalHbIX U IICEBAOCTYYallHBIX IOCIEA0BATEIbHOCTEMN.
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STATISTICAL TESTS BASED ON ENTROPY ESTIMATES FOR CHECKING THE HYPOTHESES
OF THE UNIFORM DISTRIBUTION OF A RANDOM SEQUENCE

The actual information security problem of developing statistical tests of the hypothesis about a discrete uniform distri-
bution (‘pure randomness’) of output sequences of cryptographic generators is considered. For the entropy functionals of
Shannon, Renyi and Tsallis, the point statistical estimators based on the principle of ‘plug-in’ frequency statistics are con-
structed. The asymptotic probability distribution of the constructed point estimators is found when the ‘pure randomness’
hypothesis in asymptotics is valid, meaning that the number of observed data is comparable with the number of estimated
parameters. With the use of the probability distributions of point estimators, the interval statistical estimators of considered
information entropy functionals are constructed. On the basis of interval estimators, the decision rules for statistical testing
of the hypothesis about the ‘pure randomness’ of the observed discrete sequence are developed. The results of computer ex-
periments, in which the developed statistical tests are applied to the output sequence of cryptographic generators, are given.
In these experiments, the output binary sequence was transformed to the sequence of alphabet with a larger dimension
by combining the s neighboring elements in the s-grams.

Keywords: Shannon, Renyi and Tsallis entropy, asymptotically normal probability distribution, statistical estimators,
hypotheses testing, cryptographic generators of random and pseudo-random sequences.
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YYET YIIPYT O AHU3OTPOITUU
TPUKJIMHHOI'O YIHPYT'OIIVIACTUYECKOI'O MATEPHUAJIA

PaccmaTpuBaeTcs Bopoc o qedopManoHHON yIPyTroi aHM30TPOIIMK B KOHKPETHOW MOJIENIN HEeIMHEHHOW yrpyroruia-
CTHUYHOCTH, KOTOPBII MPEACTABISIETCS] BXKHBIM IIOTOMY, YTO YPE3MEPHBIH POCT aHU30TPOIINH BHI3BIBAET COTIACHO TTOJTY Y€H-
HOMY KPHTEPUIO pa3pyLICHHs HEIPeCKa3yeMo paHHee MOsBICHHE MAaKPOTPEIINH BCIISCTBUE IIJIACTHUECKON ehopMannn.

CBoiicTBa MaTepuala ONMUCHIBAIOTCA 0000ICHHBIM 3aKOHOM yIIpyrocTu MypHarana. IlepBoHadainbHO MaTepua mpes-
ToJIaraeTcs M30TPOIHEIM M 3HAYEHUS BEIMUNH MTapaMeTPOB aHU30TPOIHH SBISIIOTCS HylIeBbIMH. Ompenersioniee ypaBHe-
HHUe IS yAETbHON MOTEeHIMAIBHON YHEPTrUH YIpyroil nedopmanun (MOTEHIMAa HAIPSYKSHN ) 3aMUChIBaeTCs IpU 00IIeM
BHJIE aHU30TPONUU — TPUKIUHHOH. OTBICKMBAIOTCS BO3MOXKHBIE OTPAaHWYEHUS Ha IapaMeTphl ISl TPAaHCBEPCAIBHO-HU30-
TPOIMHOTO, OPTOTPOIHOTO M MOHOKJIMHHOTO MaTepHasoB. IS TPHUKIMHHOTO MaTepHaja HEHYJIEBBIMH MOTYT OBITH BCE
77 mapameTpoB, UISI MOHOKJIMHHOTO — 45, ISl OCTaJbHBIX BHJIOB aHM30Tponuu — 29 mapameTpoB. st TpaHCBepcaIbHO-
U30TPOITHOTO MaTepuana HaliJIeHbl OTPAHUYEHHUS B BUJIE OJHOPOIHBIX TUHEHHBIX yYpaBHeHHH. [TomyueHbl Takke orpaHuye-
HUS JU1s1 KyOU4eCKU-N30TPOITHOrO MaTepHaa, KOTOPbIE MOKHO MCIOJIb30BaTh TONBKO B TEOPUU YIPYTOCTH, TOCKOIBbKY JaH-
Has aHU30TPOMHUSI ABJIICTCS HeAePOPMAIIMOHHOM.

BrinuceiBaeTcs BTOpoe ompezessioliee YpaBHEHHE B KOHEUHOM BHJE Ul TeH30pa HampsbkeHui Komm. AKTHBHBIN
YHPYTOIIACTUYECKHUH MPOIECC MPOUCXOUT HOIEPEMEHHBIM Yepe0BaHNEM IUIACTHUSCKUX U YIIPYTHX COCTOSTHUN MaTepHa-
na. Poct aHM30Tponuy HabI0KaeTCs B JIACTHYECKOM COCTOSIHUH (ITpH TeueHun). BoasTes 3 nuddepeHnnaibHbIX onpee-
JSIOIUX yPaBHEHUs IIPU TEUCHHWH: JJIs ITOTEHIMaJla HANPsDIKEHUH, TeH30pa HAINPsOKCHWH M IapaMeTpoB aHW30TPOIHU.
OmnpenenseTcss HEOTPUIATENBHBIN TTapaMeTp pPocTa aHMU30Tponuu. V3 cucTeMBbl ypaBHEHHH HaXOASTCS CKOPOCTH MEpEBI
YIPYTHUX UCKa)KEHHUH U IMapaMeTp pocTa, AJIs KOTOPOTro peanr3oBaHa Mpoueaypa ero MuHuMHu3anuu. [IposepsieTcs npuros-
HOCTB TOCJICTHETO YPAaBHEHHUS IS ONMCAHUS ITOJTYUCHHBIX OFPaHUYEHUH. YCTAHOBJIEHO, YTO BCE OHH BEITTOMHSIOTCS 3a HC-
KJIIOYEHUEM YacTH OTPAaHMYEHHH AJIS TPaHCBEPCATbHO-U30TPOITHOTO MaTepHala, HOATOMY IPH OJHOOCHBIX HArpyKEeHHUSIX
yKa3aHHOE YPaBHEHHE CICAYET AOTMOIHUTH 12 TNHEHHBIMH OXHOPOAHBIMU YPABHECHUSIMH.

Kniouegvle cnosa: ynmpyronaacTUIHOCTb, 3aKOH MypHarana, yrnpyras aHn30TpOINUs, TPUKINHHBIN MaTepua, mapame-
TPBI AaHU30TPOIUH, OIPEACIISIONIEE Y paBHEHHE.
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CONSIDERING THE INCREASE IN ELASTIC ANISOTROPY
OF TRICLINIC ELASTIC-PLASTIC MATERIAL

The task of deformation of elastic anisotropy in a specific nonlinear elastic-plastic model is considered. According
to a given criterion, the excessive growth of anisotropy causes the unexpectably early appearance of macrocracks due to
plastic deformation.

The elastic properties of material are described by the generalized Murnaghan law of elasticity. Initially, the material is
assumed to be isotropic, and the values of anisotropy parameters are zero. The defining equation for the potential energy
density of elastic deformation (stress potential) is written in the general form of anisotropy — triclinic. Possible restrictions for
transversely isotropic, orthotropic and monoclinic materials were under search. For triclinic material, all seventy seven
parameters can be nonzero. For monoclinic material, forty five parameters can be nonzero, and for other types of anisotropy —
twenty nine. For transversely isotropic material, the restrictions in the form of homogeneous linear equations are found. Also,
the restrictions on cubic-isotropic materials are found, which can be used only in the theory of elasticity, as this anisotropy
is nondeformation.

The second defining equation in finite form for the Cauchy stress tensor is written. An active elastic-plastic process takes
place through an alternate alternation of plastic and elastic material states. The growth of anisotropy occurs in the plastic state
(in flow). We introduce three differential equations in flow: for voltage potential, stress tensor and anisotropy parameters.
The nonnegative parameter of the anisotropy growth is determined. The system of equations yields the measure speed
of elastic distortions and the growth parameter to implement the minimization procedure. The suitability of the last equation
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CTABMJIBHBIE DJIEKTPOHHO-S1IEPHBIE CITIMHOBBIE CUCTEMbI NV-"*C
B AJIMA3E JIJIsI KBAHTOBBIX TEXHOJIOT Ui

MeTonamu KOMIILIOTEPHONW XMMHMHU PACCUMTAHBI MATPULbLL 4, , ONUCHIBAIOIIKE CBEPXTOHKOE B3aumonencTeue (CTB)
SIIEKTPOHHOTO CIIHHA LIEHTPa OKPAaCKH «a3oT-BakaHcus» (NV-IEHTpa) B ainMase ¢ sAepHbIM CiuHOM atoMa '*C, KOTOpBbIii
PACIIOJIOKEH B OJIHOM U3 BO3MOKHBIX Y3JIOB PELIETKU B IACCUBUPOBAHHOM BOLOPOAOM yriepoanom kiacrepe C,, [NV]H,, ..
Beinonnen cucremMatHdeckuil aHanus ckopocteit W, epeBopoTOB AepHbIX cUHOB C, HHAYLMPYEMBIX HX AHU30TPOI-
HeIM CTB ¢ anexkrponnsiM cnmHoM NV-1nienTpa. [lokasano, 9To B KJlacTepe UMEIOTCs CIeU(pUIecKre MO3UIUH S IepPHOTO
crinHa *C, B KOTOPBIX OH PAKTUYECKH HE UCIIBITHIBACT TAKUX IIEPEBOPOTOB BCIICACTBUE MAJIOCTH HEMArOHAJIBHBIX DJICMECH-
TOB B COOTBETCTBYIOMHUX MaTpuuax 4, . OnpeneneHo NpocTPaHCTBEHHOE PACTIONOKEHNE HANJIEHHBIX MTO3HIUA CTaOMIIBHO-
CTH B KJIacTepe OTHOCHTENHHO NV-IIEeHTpa U PacCUNTAHBI BeTHUMHBI XapaKTEPHBIX PACIICINICHUH B CIIEKTPaxX ONTHYECKH
JIETEKTHPYEMOro MarHuTHOro pesonanca (OJIMP) must crabunbabix cucteM NV-'C, 10 KOTOPBIM UX MOKHO HICHTHMHIIU-
poBaTh B MPOIECCe UX SKCIEPUMEHTAIBHOTO MOUCKA IS UCTIONb30BAHUS B pa3pabaThIBa€MbIX KBAHTOBBIX TEXHOJOTHSIX.
IMokazano, 4To MOJTHOCTBIO CTAOUIBHBIMU (W, = 0) SABJIAIOTCS MO3MUMH SIEPHOTO CIHMHA, PACTIONOKEHHBIE HA OCH CHMME-
Tpuu NV-nentpa. HaiiieHbl XapakTepHCTHKH BOCBMH TaKHX «0CeBbIX» cucteM NV-SC. BriepBbie 00OHApyKEHO HATHYHE
B KJIACTEPE JOMOJTHUTENBHBIX «HEOCEBBIX» KBAa3UCTAOMIBHBIX cucTeM NV-'"C, HMEIOIHX Majable CKOPOCTH IIEPEBOPOTOB
(W,.—0) cnuna PC BeneicTBHE BHICOKOM JIOKaIbHONH CHMMETPHH PaclpeieieHus CIIMHOBOH MI0OTHOCTH, 00yCIIOBIMBAlONIEH
MaJIOCTh HelnaroHaabHbIX 31eMeHToB MaTpull CTB s takux cuctem. [IpocTpaHCTBEHHO «HE OCEBBIEY CTaOMIIBHBIE CHCTE-
Mbl NV-1C pacriosiokeHbl B IIOCKOCTH, MPOXOASINEH Yepe3 BakaHCHI0 NV-IeHTpa NepIeHaUKYIISIPHO €ro ocu. Beimoi-
HEHHBIH aHaJIN3 HMEIOLINXCS JINTEPATyPHBIX JAaHHBIX TI0Ka3aJl, 9TO, I0-BUANMOMY, HEKOTOPBIE U3 NPeICKa3aHHBIX CTA0HIIb-
HbIX cucTeM NV-"C yixe HaOIFOAIHCh SKCIIEPUMEHTAIIBHO.

Karoueswvie cnosa: KBaHTOBBIE TEXHOJIOTHH, KyOHUTHI, N V-IIeHTp B aiiMa3e, CIUHBI, CBEPXTOHKOE B3aUMO/IeiiCTBIE, KBAaH-
TOBO-XMMHYECKOE MOJICTHPOBAHHE.
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ROBUST ELECTRONIC-NUCLEAR NV-3C SPIN SYSTEMS IN THE DIAMOND
FOR QUANTUM TECHNOLOGIES

Using the methods of computational chemistry, we calculated matrices 4,, describing hyperfine interactions (HFI) bet-
ween the electron spin of the color ‘nitrogen-vacancy’ center (NV center) in a diamond and a "*C nuclear spin located some-
where in the H-terminated carbon cluster C, [NV]H, hosting the NV center. The rates ¥, of the C spin flip-flops induced
by anisotropic HFI are calculated systematically for all possible locations of *C in the cluster. It is shown that in the cluster,
there are specific positions of nuclear *C spin, in which it almost does not undergo such flip-flops due to small off-diagonal
elements in corresponding matrices 4, . Spatial locations of the "*C stability positions in the cluster are discovered and cha-
racteristic splitting values in the spectra of optically detected magnetic resonance (ODMR) for the stable NV-"3C systems
are calculated, which can be utilized to identify them during their experimental search for use in emerging quantum
technologies. It is shown that the positions of the C nuclear spin located on the NV center symmetry axis are completely
stable (W, = 0). The characteristics of eight ‘axial’ NV-"C systems are elucidated. The presence of additional ‘non-axial’
near-stable NV-"C spin systems also exhibiting very low flip-flop rates (W, — 0) due to a high local symmetry of the spin
density distribution resulting in vanishing the off-diagonal HFI matrix 4,, elements for such systems is revealed for the first
time. Spatially, these ‘non-axial’ stable NV-3C systems are located near the plane passing through the vacancy of the NV center
and being perpendicular to the NV axis. Analysis of the available publications showed that apparently, some of the predicted
stable NV—'3C systems have already been observed experimentally.

Keywords: quantum technologies, qubits, NV center in diamond, spins, hyperfine interaction, quantum-chemical simulation.
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PACITPEJEJEHUE HAYAJBHON HOHU3ALIUA
B PABOYEM OFBEME HMOHU3AIIMOHHON KAMEPBI

PaccMOTpeH BOIIPOC 0 MPOCTPAHCTBEHHOM PACIIPE/IEICHUHU 11ap HOHOB B pabodyeM 00beMe LUIMHAPHYECKOI HOHU3AIH-
OHHOM Kamepsbl aenenus. [Ipennoxena Gpopmysia st IPOCTPAHCTBEHHOTO paciipeeeHus] Ha4albHOH HOHU3AIMH B IIHJINH-
JIpUYECKON KaMepe JeJIeHUs, B KOTOPOH CIIOH JesAIIerocs BelecTBa HAaHECEH Ha BHY TPEHHIOI CTOPOHY BHEIIIHETO 3JIEKTPOoJa.
®dopmyia BeIBeJEHa IBYyMsI CIOCOOAMHU: ITyTEM I0ZCYeTa YHCIIa Iap HOHOB, FTeHEPUPOBAHHBIX B OECKOHEUHO MaJIoM 00beme
BHYTpH pabodero o0bemMa KaMephbl BCeMHU TPeKaMy, HCXOASIIMMHI U3 paguaTopa. B mepBoM ciaydyae O€CKOHEUHO MaJlblii 00beM
nmeet Gopmy chepbl, BO BTOPOM — IPOU3BOJIbHYI0 (hopmy. Dopmyita, moaydeHHast Oe3 BCIKUX OrpaHHYEHHI Ha HalpaBJICHUE
BBLJICTa OCKOJIKOB JIEJICHNUS, JaeT NPaBHIbHOE TOBEJCHNE IIPOCTPAHCTBEHHOTO paclpe/ie/IeHNs HaualbHOW HOHN3AINHN KaK
BOJIN3M NMOBEPXHOCTH PaJHaTopa, TaK U BJaJIX OT Hero. VcciaenoBaHa 3aBHCHMOCTD HadaJIbHOH IUIOTHOCTH MOHU3AIUH OT
pannanbHOTO PACCTOSHUS JI0 paguaTropa, co31aBaeMO THIHYHBIM (ParMEHTOM JCJIEHHS — HOHOM St B IEHTPE KaMephl.
HccnenoBano Takke MPOCTPAHCTBEHHOE PACIIPEIeNICHNE HAYaIbHON MIOTHOCTH HOHH3AIUHY BJIOTh KAMEPHI.

Kniouesvie cnosa: NOHN3AIMOHHAS KaMepa JETICHHs, paIuaTop, pabounii 00beM KaMephl, INIOTHOCTE Nap HOHOB.
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INITIAL IONIZATION DISTRIBUTION IN THE ACTIVE VOLUME OF THE IONIZATION CHAMBER

The task of a spatial distribution of ion pairs in the active volume of the ionization fission chamber has been studied.
The formula of a spatial distribution of ion pairs in cylindrical fission chambers, in which a fissile material layer is coated
on the internal side of the external electrode, is derived. It is calculated in two ways: counting the number of ion pairs created
in the infinitesimal volume inside the active volume of the chamber by all the trajectories, which emanate from a radiator.
In the first case, the infinitesimal volume is a sphere. In the second case, it is arbitrary in shape. The formula has evaluated
correctly the density of ion pairs at any point in the active volume of the fission chamber. The dependence of the initial density
of ion pairs on a radial distance to a radiator created a typical fission fragment — ion Sr in the center of the chamber and
the spatial distribution of the initial density of ion pairs along the chamber have been studied.

Keywords: fission ionization chamber, sensitive layer, sensitive volume, density of ion pairs.
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AJITOPUTM CKATHUA 'NITEPCIHEKTPAJIBHBIX TAHHBIX
JAUCTAHIMOHHOI'O 30HAUPOBAHU A 3EMJIN

I[NpencTaBieHbl pe3yabTaThl OLEHKH KOPPEISIIMU THIIEPCIIEKTPAIbHBIX JAHHBIX B TPOCTPAHCTBEHHOI U CIIEKTpaIbHOM 00J1a-
cTsix Ha npuMepe runepkyda AVIRIS Moffett Field. Ha ux ocHOBe chopMynupoBaHbI KIIFOUEBbIE OCOOCHHOCTH MHITEPCICKTPaTb-
HBIX JaHHBIX. [IpUBEIEeHbI OCHOBHBIE TIOAXO/BI K CKAaTHIO O€3 MOTepPh, BBIICICHBI aJITOPUTMBL, OTHOCSIIHAECS K TOMY HIIH HHOMY
KJIACCY ¥ IPUMEHsIeMbIe B 00JIACTH TUCTAHIIMOHHOTO 30HANPOBAHHS, IIOKAa3aHbI JOCTOMHCTBA U HEJIOCTATKH KOHKPETHBIX peat-
3anuii Ha ocHoBe mpenckasanus (linear prediction, fast lossless, spectral oriented least squares, correlation-based conditional
average prediction, M-CALIC), noucka mo tabmune (lookup table, locally averaged interband scaling lookup tables) n Beii-
Bret-nipeodpazoBanus (3D-SPECK). C y4eToM BBISBICHHBIX HEJOCTATKOB Ppa3padOTaH alTOPHTM CHKATHS TUIEPCHEKTPATBHBIX
JTAaHHBIX, BKITIOUAIONIHH CIESAYIOMINE dTAIBl 00padOTKH: MpenoOdpadoTkKa (15 KayKIOTO CIIEKTPAIFHOTO KaHajla BBITIOTHSACTCS He-
3aBHCHMO), TIOHIKEHHE CTETIEHH KOPPENALUH B CIEKTPAIbHON 001acTH U SHTPONUIHEIN Kozep. [IpiuBeneHs! pe3ynsTaThl TECTH-
POBAHUSI MPEJIOKEHHOTO aNTOPUTMA B CPABHEHHH C aTbTEPHATHBHBIMU KOZIEKaMH. B kauecTBe TECTOBBIX JaHHBIX HCIOIb30Ba-
JIUCh TUTNIEPKYOBI, Bxoasuue B TecToBblit Ha0op AVIRIS (Cuprite, Jasper Ridge, Low Altitude, Moffet Field), koTopsrii siBnstieTcs
00LIENPU3HAHHBIM CTAHAAPTOM P UCCIIEIOBAHIH TMIEPCIEKTPAIBHBIX JaHHBIX. [loyueHHbIe pe3ynbTaThl CBUAETENbCTBYIOT
0 COOTBETCTBUH pa3pabOTaHHOrO aJropuTMa aJlbTePHATHBHBIM MOIX0aM K CKATHIO 0e3 MoTepb, TPUMEHSIEMbIM B AUCTAHIIHOH-
HOM 30H/IMpoBaHUU 3eMJTi. JIoOCTOMHCTBAMH yKa3aHHOI0O aIropuTMa SIBISIOTCS 00ecredeH e napaienbHol 00paboTKH, BEIYHC-
JIUTEINIbHAS IPOCTOTA (OTCYTCTBHE ONEPALMi C BBICOKOH JIATEHTHOCTBIO, HAIIPUMEP, YMHOXKEHHS U JIeJICHHsT), MUHIMAaJIbHBIE Tpe-
6oBaHMs K 00BEMY ONepaTHBHON MaMTH (TaMSTh UCIIONIB3YETCsI TOIBKO ISl XpaHEHH s THIIEPKy0a H COOTBETCTBYET €TI0 00BEMY).
C y4eToM BCEero BBINIECKAa3aHHOIO JOMYCKAeTCsl CXEMOTEXHUUECKas peasiu3alisl alrOpuT™Ma Ha OOpTY JIeTaTeIbHOTrO anmapara.

Kunrouesvie crnosa: runepcnextpanbsuble nanabie, AVIRIS, cxxatne 6e3 moteps, CrieKTpalibHast KOPPesus, IpoCTpaH-
CTBCHHASI KOPPEIISIHSL.
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COMPRESSION ALGORITHM OF THE HYPERSPECTRAL DATA OF EARTH REMOTE SENSING

The evaluation results of hyperspectral data correlation in spatial and spectral domains are presented by the example of
the hypercube AVIRIS Moffett Field, and the key features of hyperspectral data are formulated. The basic approaches to loss-
less compression and the algorithms, which can be applied in Earth remote sensing, are considered. They are the prediction
(linear prediction, fast lossless, spectral oriented least squares, correlation-based conditional average prediction, M-CALIC),
the lookup tables (lookup table, locally averaged interband scaling lookup tables), the 3D wavelets (3D-SPECK). A compres-
sion algorithm of hyperspectral data is proposed with regard to the advantages and disadvantages of specific implementations
of the analyzed algorithms in remote sensing. The main algorithm stages are the preprocessing (for each spectral channel,
it is executed independently), the reduction of a correlation level in the spectral area and the entropy coder. The test results
of the developed algorithm are given in comparison to the alternative codecs on the AVIRIS test set (Cuprite, Jasper Ridge,
Low Altitude, Moffet Field) that prove the efficiency of the proposed algorithm: parallel processing, low computing cost
(low latency instructions are used, no division and multiplication), small random access memory requirements (the memory
is used only for storage of the hypercube). In the context of the above advantages, the hardware implementation of the algo-
rithm is allowed for on board the aircraft.

Keywords: hyperspectral compression, AVIRIS, spectral correlation, spatial correlation.
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