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TE3UCHI IIVIEHAPHBIX JTOKJIAOB

Computational challenges in mathematical finance

R. Makarov

Department of Mathematics, Wilfrid Laurier University
Email: rmakarov@wlu.ca

DOI: 10.24411/9999-017A-2019-10001

In this series of mini-lectures, we discuss four main areas of quantitative finance related to asset price
modelling, derivative valuation, portfolio optimization, and risk management. First, we consider several
classes of stochastic models for asset prices that are based on diffusion and Levy processes. We examine
issues related to modelling stochastic volatility and jumps, multiscale dynamics, and coupled systems. The
second theme relates to valuation of derivatives such as options using Monte Carlo and other computational
techniques. We look into computational challenges related to pricing multi-asset products and path-
dependent derivatives. Third, we review the mean-variance portfolio optimization theory and how to find
an optimal allocation strategy by solving the Hamilton-Jacobi-Bellman equation. Finally, we study several
credit risk models, as well as systemic risk models of a banking network.

SIBHO-HesIBHbIE CXe€MbI JIJIsI HECTAIIMOHAPHBIX 3a1a4

II. H. Babuwesuy’
Hnemumym npobnem 6ezonachoz2o pazeumus amomuoil snepeemuxu PAH

Email: vabishchevich@gmail.com
DOI: 10.24411/9999-017A-2019-10002

[Ipu npuOMMKEHHOM pelIeHuH HeCTAlMOHAPHBIX 3a/1ad IMIMPOKO HCIIONB3YIOTCS SBHO-HESBHBIE CXE-
MbI. OHU 0a3MPYIOTCS HA TOM, YTO YacTh orepaTopa(oB) 3a1a4u anmpOKCUMUPYETCS Ha BEPXHEM CIIOE TI0
BPEMEHH, a YacTh — Ha HIKHUX CJIOSX 110 BPEMEHHU. JTO TMO3BOJISET OONErIUTh HAX0XKACHNE MTPHOINKEH-
HOTO pemieHns. Pa3nnynbie KIacchl SBHO-HESIBHBIX CXEM aHAJIM3HUPYIOTCS Ha OCHOBE OOIINX PE3yThTAaTOB
YCTOMYNBOCTH (KOPPEKTHOCTH) ABYX- M TPEXCIOMHBIX OMEPaTOpHO-Pa3HOCTHHIX cxeM A. A. CamapcKoro.

PaccmarpuBaroTcst SBHO-HESBHBIE CXEMBI JIUIS HBOJIOIMOHHOTO YpaBHEHHS IepBOTo Hopsiaka. [Tomrmo
KJIACCMYECKOTO BapraHTa C pacillelUIeHneM OCHOBHOTO OTIepaTropa 3a/1a4i UCCIeNyeTcs Cllydail paciierie-
HUS OTepaTopa MpH MPOU3BOTHON 10 BpeMeHH. BayKHBIN Ki1acc sIBHO-HESIBHBIX CXEM CBSI3aH C TPEYTOJb-
HBIM pacIleIIeHueM oIepaTopa, Korja oJiHa 4acTh olepaTopa conpsbkeHa aApyroil. B kmaccuueckoM Bapu-
aHTe CHMMETpPUYHAS MaTpHIlA pa3jlaraeTcs Ha CyMMY HIDKHEH TPEyrojibHOW MaTpHIIbl U BEpXHEH Tpey-
ronbHOM. Takue aAInTUBHBIC TIPEACTABICHHS NCIIOIB3YIOTCS TIPY PEIICHUH CHCTEM 3BOTIOIIMOHHBIX YPaB-
HeHuil. Bropoil mpuMep cBsi3aH ¢ MOCTPOCHUEM aJITUTHBHBIX (BEKTOPHBIX) CXEM IPH MHOTOKOMITOHEHT-
HOM pacIIeTICHUH.

[TocTpoeHs! HOBBIE BAPUAHTHI CXEM MTOTIEPEMEHHO-TPEYTOJILHOTO MeToia. [1oBBIIIIeHe TOYHOCTH J10-
CTHTaeTCsl TIePexo/ioM K TpexcloiHbIM cxemaM. OOcyxmaiorcs 6e3yCIOBHO yCTOWYMBBIC SBHO-HESIBHBIE
WTEPAIMOHHBIE CXEMBI, KOT/Ia pEIeHNEe Ha HOBOM CJIO€ HaXOJUTHCS C HCIOIB30BAHNEM HECKOJIBKUX UTEpa-
¥ SBHO-HESIBHOT'O THIIA.

OOpaTtHbIe 322498 TEPMHUYECKOr0 30HIMPOBAHNA aTMOC(hepbl: METOABI H MPHJIOKEHHUS

B. B. Bacun'?, I'' I’ Cxopux'?

'Vpanvckuil pedepanvhviii ynusepcumem
Uncmumym mamemamuxu u mexanuxu YpO PAH
Email: vasin@imm.uran.ru

DOI: 10.24411/9999-017A-2019-10003

OOparHas 3a7a49a TEPMUYECKOTO 30HIUPOBAHMS aTMOC(hEephl 3aKITI0UaeTCs B ONPENEICHUN COoMlepIKa-
HUS TAPHUKOBBIX T'a30B 10 UH(PAKPACHBIM CIIEKTPaM, U3MEPEHHBIM MPUOOPAMHU CITyTHUKOBOTO U Ha3eM-
HOTO 0a3upoBaHus. FIckoMoe penieHne Hax0IUTCs U3 PEelIeHHs TIePeoTpeIeTICHHON CUCTEMbl HETTMHEWHBIX
ypaBHeHUi. [IpemaraeTcs ciaemyonmii moaxo ] K MOCTPOCHUIO UTEPAIIMOHHOTO METO/IA JTsl PEIICHUS He-
nmuHeHOH pobnemsl [ 1]. CHauama ucxomHas HETMHEWHAs CCTeMa CBOJIUTCS K 3a/1aue MHHUMHU3aIlNHU KBa-
JpaTa HOPMBI HEBS3KHU, KOTOPasi peryisipu3yeTcs: MeTogoM TuxoHoBa. [Ipu HEKOTOPHIX YCIOBUAX MOTYUYCH-
HbIE TPUOIKEHHBIC PEIIeHUs] anlpOKCHMHUPYET HOPMAallbHBIE KBa3WPEIICHHsI OCHOBHOW 3a/1a4d. 3areM
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1eseBast QYHKIUS PEryJIipH30BaHHON 33724y 3aMEHSETCS TpeMsl WieHaMH pasioxkeHus Telnopa B urepaiu-
OHHOM TOYKE M K 3aJlaue MUHUMHU3AINA C HOBOH I1eNIeBOi (PyHKIIMEH TPUMEHSIETCS prox-MeTofl. B okoHgaresns-
HOM BHJIE MOJIy4aeM JBYyXIapaMeTPUUECKHI UTEPAMOHHBIN MPOIIECC HBIOTOHOBCKOTO TUMa. DopMmynupyercs
TeopemMa CXOANMOCTH UTEPAMOHHOTO METO/Ia, YCTAaHABIUBACTCSI CBOMCTBO (DeHepOBOCTH UTEPALIii U OLIEHKA
MTOTPEITHOCTH TIPOIIecca, 00CYKIAIOTCS Pe3yabTaThl YHCIEHHBIX pacdeToB 1o BoccTaHosnennto HDO, C20 u
CH4 nns cepun peanbHBIX CHEKTPATBHBIX JaHHBIX.

Paborta BeimonHeHa npu GuHaHCOBOU TIoanepxkke Poccuiickoro Hayunoro ¢onaa (kox mpoekra 18-11-00024).

Crmcok IuTeparypsl

1. Skorik G. G., Vasin V. V. Regularized Newton type method for retrieval of heavy water in atmosphere by IR-
spectra of the solar light transmission // Eurasian J. Math. Comput. Appl. 2019. Vol. 7, iss. 2.

Kunernueckue ypaBHenusi boabnmana, Baacosa n JInyBujiis

B. B. Beoenanun', C. 3. Aoocueé’, B. B. Kazanyesa', U. B. Menuxoe®, M. A. Heamamos’, H. H. Qumun’,
B. M. Yeuemxun'

' Huemumym npukiaonon mamemamuxu um. M. B. Kendvlua

’Mocroeckuii cocydapcmeennulil yrueepcumem um. M. B. Jlomonocosa

SOIVIT LlenmpanvHolil HAYYHO-UCCICO08AMENbCKULL UHCIMUMYM MAUUHOCIPOCHUS

DOI: 10.24411/9999-017A-2019-10004

MBI paccMOTpHUM BaKHEHIINE KUHETUYECKHE YPaBHEHMS: ypaBHeHHE bonbliMana, KOTOpoe ONuChIBaeT KO-
POTKOJICHCTBUE M €r0 BayKHEWIIIee MPUIIOKEHNE — TEOPEMY O BO3pacTaHHM SHTPOIUH . Teopema BIiepBbie Obl-
na paccMotpeHa bombsimanom B [1]. DTy TeopeMy, 000CHOBBIBAIOIIYIO CXOIUMOCTh PEIICHNH ypaBHEHUH TH-
na bonbliMaHa K MakCBEJIOBCKOMY pacIpeesieHuto, bonbliMaH cBs3ai ¢ 3aKOHOM BO3pacTaHMs 3HTPOIUHU
[2]. MBI paccMaTprBaeM 00001IeHNS ypaBHEHUI XUMHUYECKOW KHHETHKH, BKITFOUAIOIIHE B ce0s KIIACCHIECKYIO
1 KBaHTOBYIO XMMMYECKyl0 KMHETHKY [3]. PaccmarpuBaem ypaBHeHue BiacoBa, koTopoe ONUCHIBAaeT Jallb-
HOAEUCTBHE C €€ BAKHEHIINMU MPUIOKCHUAMH JUIsI OIMCAHUS IJIa3Mbl U KPYHHOMACIITAOHBIX SIBICHUH BO
Bcenennoit u ypaBHenue JInyBUIUIS MM HEPA3PHIBHOCTH C MPUIIOKEHUSIMU K CTaTUCTUYECKON MexaHuke[3-9]
u B Merone ['ammibsrona — SIkoou [6-7]. YpaBHenue BracoBa-MakcBemna-2OHHINITEHA, KOTOPOE OMUCHIBACT
9BOJIIOIUIO BCeneHHOoM 1 JOMKHO ONUCHIBATh TEMHYIO SHEPTHIO U TEMHYIO MaTepHIo.

Crimcok TuTeparypsl

1. JI. Bonbiman, “/lanbHeime uccie0BaHus TEMJIOBOIO PaBHOBECHS] MEXKy MOJIeKyiamu raza”, V3opanusie Tpy-
11, Hayka, M., 1984, 125-189.

2. JI. bonbrmaH, “O CBSI3M MEX/Ty BTOPBIM Ha4aJOM MEXaHHYECKOH TEOpUH TEIUIOTHI U TeOpUeil BepoATHOCTEH B Te-
opemax o TeII0BOM paBHOBecun”, M30panubie Tpyabl, Hayka, M., 1984, 190-235.

3. B. B. Benensinun, C. 3. Amxues, “Outponus no bonsumMany u [Tyankape”, YMH, 69:6(420) (2014), 45-80.

4. Ilyankape A., 3aMeuaHusi 0 KHHETHUCCKOW Teopuu ra3o. M3opanusie Tpyasl. T. 3. Hayka, M., 1974.

5. Koznos B.B., Tpemes /I.B., Crabas cxomumocTs perieHuil ypaBHeHus JIMyBUIs A1 HeTMHEHHBIX TaMUIIBTOHO-
BbIX cucteM., TM®. 2003. 134:3. C.388-400.

6. Kosnnos B.B. O6uiast Teopust Buxpeit. M.-Ixkesck, 2013.

7. Benensimun B.B., HermatoB M. A., ®umun H.H.YpaBuenus tuna Brnacosa u JInyBuiis, ux MUKPOCKOTTUYECKHE,
SHepreTHueckue u ruaponuHamudeckue ciencrsus. M3s. PAH. Cep.: Maremaruka. 2017. T. 81, Beim. 3. C. 45-82.

8. Benensinun B. B. Bpemenusie cpennue u 3xkctpemaiu mo bonesimany // ok, PAH, 422:2 (2008), 161-163

9. Amxues C. 3., Benensnun B. B. Bpemennsie cpeaaue u sxctpemanu bonbiMana i1 MapKOBCKHUX LieHeH, TUCKPeT-
Horo ypaBHeHUs JInyBuiist u kpyroBoit mogenu Kana// JK. Berumci. marem. u marem. ¢us., 51:11 (2011), 2063-2074.

HNnuTepnoasuus cnjaiHAMH YeTBEPTOH CTeNeHH

10. C. Bonkosg
Unemumym mamemamuxu um. C. JI. Coboresa CO PAH

Email: volkov@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10005

PaccmarpuBaeTcs 3aa4a HHTEPIOJSALUY CIUIAHHAMU Y€TBEPTOU CTeneHH 1o cxeme MapcneHa. ITokasaHo,
YTO MpPU BBIYHMCICHUHM WHTEPIONSIMOHHOTO CIUIaifHa Yepe3 KOdPQHUIMEHTHI Pa3loKEHHUsI ero BTOPOH Mpo-
n3BoiHOM mo L1-HopManu3oBaHHBIM B-craiiHam BTOpoOil cTeneHH NMPUXOAMM K CHCTEME JIMHEHHBIX ypaB-
HEHUI OTHOCHUTEIHHO BBIOPAHHBIX MAPAMETPOB C TSITHIUATOHAIBLHOW MaTpHIICH, UMEIOLICH TrUaroHaIbHON
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npeobiaganue no cronduaM. Hanmnyue nuaroHanbHOro mpeoOiaganus MO3BONISIET NPEATIOKUTh yCTORYH-
BbIi 1 () ()EKTUBHBIA METOJ MTOCTPOCHUS CIJIaiiHa U yCTAaHOBUTH CXOAMMOCTDH MPOIIECCa HHTEPIOISILNT
criaifHoB o Mapcaeny ans aro6oi GyHkmuu kinacca Cl Ha MPOU3BOIBHON MOCIEI0BATEIBLHOCTH CETOK
0e3 kakux-nmubo orpannueHuil. B cxeme MapcaeHa cunTaercsi, 4TO 3aJaHa ceTka y3JI0oB CIUIaiiHa, a Tou-
KH{ UHTEPIIOJSIIIMN BBIOMPAIOTCSl CTPOTO MOCEPETUHE. YCTaHOBICHHBIE PE3yIbTaThl MEPEHOCATCS Ha CIy-
Yaii MHTEPIIOJSIIMY CTIaifHaMU YeTBepToi cTereHu mo cxeme Cy000THHA (CETKH JaHHBIX M Y3JIOB CILIai-
Ha MEHSIOTCS MECTaMHu).

Pabota BrImonHEeHA B pamkax rocynapcrserroro 3aganus UM CO PAH (npoext 0314-2016-0013) u pu gactid-
HOM (pmHAaHCOBOH omaepxkke PODU 1 HHUO (mpoext 19-51-12008).

O1neHka 0oMacHOCTH IIYHAMH B qepHOM MOp€ HA OCHOBE pPe3yJabTaTOB YHCJICHHOI'0 MOJICTUPOBAHUA

B. K. I'vesxoé!, JI. b. Qy6apoé’, C. A. Beiizenv’

Hnemumym evluuciumensrou mamemamuxu u mamemamuyeckoul eeogpusuxu CO PAH
Uncmumym svruucaumensuvix mexronoeuii CO PAH

Email: gvk@sscc.ru

DOI: 10.24411/9999-017A-2019-10006

B noknane paccmarpuBaercs mpoOiieMa OIEHKH IyHaMHOIIACHOCTH POCCHICKOM 9acTh moOepeknbs
UYepHOro MOpsi Ha OCHOBE PE3YJIBTATOB OOJBLION CEpUH CLIEHAPHBIX PacdeToB BO3OYKICHUS U PACIpO-
CTPAHEHUS LyHAMH OT CUCTEMbI MOJEIbHBIX HCTOYHUKOB, IIOCTPOCHHONW HAa OCHOBE U3YUYCHUS! COBPEMEH-
HOM MHCTPYMEHTAJIBHOW CEHCMHUYHOCTH YEPHOMOPCKOTO PErHOHA, €ro CTPYKTYPHBIX CEHCMOTEKTOHUYE-
CKUX 0COOEHHOCTE! 1 JJAHHBIX 00 UCTOPHUECKUX IIyHAMHUI€HHBIX 3eMiIeTpsaceHusx. PacueTsl pacmipocTpa-
HEHUS I[yHaMH BBIMOJHSIMCH C UCIOJIb30BaHUEM IporpamMmuoro komiuiekca MassGlobalCale (Uybapos
u np., 2011), peanusyroniero anropuT™Mbl MOTU(GHUIIMPOBAHHOTO BapHaHTa KOHEYHO-PA3HOCTHOW CXEMBI
Maxk-Kopmaka, anmpoKCUMUPYIOIIeH CHCTeMY YpaBHEHHI MENKOH Boxubl. B pesymbrare ObUIH MOTydYEHBI
JMarpaMMbl CBEUCHHMS (paclpeaeeHns] MAKCUMaJIbHBIX aMIUTUTY B KaXKI0H TOUKe pacueTHOH obmacTh),
a TaKKe MaKCUMaJbHBIH [TOJBEM YPOBHS MOPS BO BceX OEpEeroBbIX TOUKaxX. AHAJIN3 MOKa3bIBACT, YTO JUIS
Ka)XJIOTO y4acTKa M00epeKbsi, HAMOOIBUIYIO YIPO3y CO3[JAI0T OYard, pacrojioyKeHHbIE B HEITOCPEICTBEH-
HO# OJM30CTH OT HETO, BBICOTHI BOJIH IIPU 3TOM MOTYT gocTurath 3.0-4.0 M. OmHaKo B CHITY THIPOJUHAMU-
YEeCKMX 0COOEHHOCTEH pacpoCTpaHeH!sI IlyHaMU B OTPaHMYCHHOM 3aMKHYTOM OacceliHe ¢ BHIPOBHEHHBIM
JTHOM, KaKuM SIBIISIeTCs akBaTopust UepHOTO MOpsi, IPAKTHUECKU AJIS1 BCEX YUACTKOB COMOCTaBUMYIO YIPO-
3y NPEACTABIISIOT OYar, pacloyIOKEHHBIC HA TPOTUBOIIOIOKHOM IOOEpexbe. BBICOTHI BOJIH OT TakuXx ynia-
JIEHHBIX 04aroB MOTYT JocTurarh 1.5-2.0 M, 4TO yCJIOBUSAX IUIOTHOM 3aCTPOMKH M BBICOKOM pEeKpearnoH-
HOMW Harpy3KH, XapakTepHOH [T OONBIIMHCTBA YYaCTKOB POCCHIICKOTO Y€PHOMOPCKOTO MOOESPEKbS TIpe-
CTaBJIAET 3HAYUTEIHHYIO OMTACHOCTb.
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The degenerate parabolic variational inequality arising in connection with the pricing of American
options is investigated. The Lagrange-Galerkin finite element approximation is constructed using a
combination of characteristic method for approximating the material derivative and the finite element method
for approximating the diffusion part of the equation. The accuracy of the constructed discrete scheme is
established by comparing it with the known implicit time-stepping (backward Euler) finite element scheme.
An error estimate in the energy norm of the differential operator of the problem is obtained. A series of
numerical calculations shows that the proven smoothness of the solution of a variational inequality, as well
as the obtained accuracy estimates for solving a discrete problem, cannot be improved.
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B noxnaze OyayT cOOOLIEHBI HOBBIE CBEICHUS OTHOCUTENBHO CIEAYIOIUX CTOXaCTUUECKUX aITOPUTMOB:

O pangoMM3alMU KBa3HCIydalHBIX I1OCIIENOBATEIbHOCTER U HepaBeHcTBa KokcMbl-X7aBku B 3a1adax
YHCJIEHHOI'O HHTETPUPOBAHHUS;

OO0 uCnonab30BaHUM MHOIOMEPHOIO HOPMAJIBHOIO paclpeeleHus B 3ajadyax cilydailHOro Ioucka
IKCTPEMYMA;

O npumeHeHun cxembl Heiimana — VYiama npu pelieHUM CTOXacTHYeCKuX AuddepeHnnanbHbIx
YPaBHEHHUI.

Pabora BrrmonHeHa npu (prHaHCOBOH Toanepxkke Poccniickoro Gonma GpyHIaMEHTATBHBIX UCCIIETOBAHNN (KO TIPO-
exra 17-01-00267).
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B pabote npeioxkeH BEIYUCIUTENBHBIN aITOPUTM pealiu3aliuil TpexmepHoit moaenu bakies — JleBeperra
[1] ¢unprpamun AByx¢hazHON HECKUMAEMON KUAKOCTH HA OCHOBE KOMOMHAIINY CMEIIAaHHOTO METO/1a KOHEY-
HBIX DJIEMEHTOB [2] ¥ TPOTHUBOITOTOKOBOM aIMIPOKCUMAIIMH YPABHEHUS I HACKIIIIEHHOCTH METOIOM KOHEUHBIX
00BpeMoB. UncrieHHbIe KCTIEPHUMEHTHI ITPOIEMOHCTPUPOBAIIN 0XKHIAEMOE OTCYTCTBHE OCIMIUTALINN Ha (pOHTE
pa3pbiBa BOJOHACKHIIIIEHHOCTH, IMEIOIIEr0 MecTo B Mozienu bakies — Jleseperra [3]. OcoOoe BHIMaHKE B pa-
00Te yzeseHo pemeHnIo BRIPOKICHHOH 3a1auu Helimana [4], BO3HUKAarOIeH MpH yCIOBHUAX HEMPOHUIIAEMOCTH
KOJUIEKTOpA Ha BHEITHUX TPAHMIIAX U 33JJaHUSIX JI€OMTOB HATHETATEIbHBIX U JTOOBIBAIOIINX CKBAKHH.

Pabora BrmosnHeHa npu ¢puHaHCOBOH noiepkke PH®, npoekt Ne 19-11-00048.
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PaccmarpuBaeTrcst KOHIENIHS, 00IIasi CTPYKTypa U NPUHLUIIBI pealIn3allid HHTEIPUPOBAHHOTO BEIYUCITH-
tesnbHOTO OKpykeHus: (MBO) it BBICOKOIIPOU3BOAMTENILHOTO PEIICHHSI Ha CylepIBM LIMPOKOTO Kilacca 3a-
Jlad MaTeMaTHYeCKOTO MOJIEJIMPOBaHus B He(pTerazoBoi oTpaciy, BKIIIOUasi MpoOieMbl KOMIUIEKCHOH reopas-
Be/IKH, Oe30macHoro OypeHusi, TEXHOJIOTHI JOOBIUM YIIIEBOJOPOIOB, HE(TEra30BOro TPAHCIIOPTa, epepadoT-
K{ CBIPBEBBIX MPOAYKTOB, KOJOIMH M SKOHOMHUKHU. PazpabarbiBaeMoe nmporpaMMHOe oOecriedeHue OpUEHTH-
POBaHO Ha MOAJIEPKKY BCEX OCHOBHBIX CTAaIUH KPYIMHOMACIITAOHOTO BBIYMCIMTEILHOTO SKCIIEPUMEHTA: Ieo-
METpUUECcKoe U GYHKIHOHAIBHOE MOJECITUPOBAHHUE, TIOCTPOCHNE KaueCTBEHHBIX CETOK, alllIPOKCUMALIUH BBICO-
KOW TOYHOCTH, HapaJuleJbHOE PelIeHHe anredpanyecKux 3ajad, MEeTOIbl ONTUMHU3AIMK Ul 00OpaTHBIX 3a1ad,
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HOCTO6pa6OTKa " BU3yajin3alus pe3yjibTaTOB, IIPUHATHC peIHeHPII)'I IO UTOraM pacucToOB. OCHOBHBIMH HC-
TOYHHUKAMHM M cOCTaBHBIMU yacTsmu MBO sBistoTcs CYNCPBbIYUCIICHUS, CPEACTBA pa6OTI>I ¢ OOmBIINMU
JaHHbIMHU U I/ICKyCCTBeHHBII\/’I HWHTCIIICKT. HpoeKTpreMaﬂ HWHCTPYMCHTAJIbHAsA CpClia YAIOBJICTBOPSCT TAKUM
TCXHOJIOTHYCCKHUM Tpe60BaHI/IHM, Kak rubkoe pacinpeHue CoCTaBa NPUMCHSIACMbBIX MOI[GJ'IGI‘/'I " aJIrOpuT-
MOB, aJafnTanusa K 5BOJIOIUU KOMIIBIOTCPHBIX apXUTEKTYDP, S(I)(bGKTI/IBHOG MEPEUCIIOJIB30BAHUC BHCIIHUX
MNpOrpaMMHBIX TPOAYKTOB U COMNTACOBAHHOC YUAaCTHUC PA3JINYHBIX T'PYIIIT paSpa6OT‘lI/IKOB, YTO OOJI’KHO o0e-
CIICYUTH I[HHTCHLHblﬁ JKU3HCHHBIN UK IMPOCKTA, a TAKKEC KapJAUHAJIBbHOC IMOBBIMICHUE TPOU3BOJAUTCIILHO-
CTU TpyHda pa3pa6OT‘{I/IKOB U MOJIb30BaTeNCh B mpouecce pCUICHUA aKTyaJIbHBIX OTPACICBbIX HpO6J'ICM.

YucjieHHOE CTATHCTHYECKOE MOAETHPOBAHUE B 32a4aX ONTHKH aTMoc(dephbl M OKeaHa
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B JAOKJIaAC IMpeACTaBJICH 0630p MaTeMaTHYECKUX MMOCTAHOBOK HECKOJIBLKUX Hanbolee AKTyaJIbHBIX 3a-
Ja4d OIITUKH aTMOC(l)CpLI 1 OKC€aHa U COBPCMCHHBIX aJITOPUTMOB YHUCIICHHOTO CTAaTUCTUYCCKOIO MOJACIINPO-
BaHM TaKHUX 3a1a4. OcHOBHOM AKICHT CJICJIaH Ha PCHICHUC CTOXACTUYCCKHUX 3a/1a4 TCOPUU IIEPEHOCA OIITHU-
YCCKOT'0 U3JTy4YCHUS, B KOTOPBIX OCHOBHBIC MAPaMCTPhl YPABHCHUSA NIEPCHOCA, XaPAKTCPU3YIOIIUEC pacce-
HWBAOIKEC W IOMNIOIIAIOIINEC CBOICTBa CpCabl, ABJIAIOTCA CHy‘lafIHBIMI/I (l)yHKLII/IHMI/I MOPpOCTPAHCTBA W/unu
BpPCMCHHU. K qucity HanOoJiee BaXKHBIX IMPUKIIAAHBIX 3a1a4, paCCMaTpPUBACMbIX B JOKJIAJIC, OTHOCATCA 3a/1a-
4y pacucTa paualiluOHHOIO Oananca oOmauHOI a3po3om,Hoﬁ aTMOC(bepBI, 3aa4u JIa3¢pHOTO 30HANPOBA-
HHS 00JaYHOCTH JmaapaMy Ha3eMHOTI'0O U a9PpOKOCMHUYCCKOTO 6a3I/IpOBaHI/I$I, a TaK¥Ke 3a1a4r a>pOKOCMHUYC-
CKOT'0 JIa3€PHOT'0 30HANPOBAHUA BEPXHCTO CJIOA OKCAHA.

Pabota BeImONTHEHA B paMKax rpoekTa roc. 3aganus Ne 0315-2019-0002.

IIpuMeHeHNE AJITOPHUTMOB paclielJIeHHsl B MeT0Ie KOHEYHBIX 00beMOB /ISl YHMCJIEHHOI0 PelIeHus
ypaBHennii HaBbe — CToKCa
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Jis uncnennoro pemieHus ypasHennit HaBbe — CTokca pesioxkeH KJIacc HESIBHBIX KOHEYHO-00bEMHBIX
QITOPUTMOB THIIA IPEIUKTOP-KOPPEKTOP, OCHOBAHHBIX Ha pacUICIUICHUH ypaBHeHUH. B oTinume ot kiac-
CHUYECKUX HESIBHBIX CXEM pacIlelyIeHUs IO HalpaBJICHHUSIM, 3TOT IMOJXO/ MIO3BOJISIET MOCTPOUTH OoJIee SKO-
HOMHUYHBIC AJITOPUTMBI 1O YUCITY onepaunﬁ Ha OTACJIbHYIO ;Iqef/'ncy, CBE UX peain3aliuio K CKaJIApHbBIM
MIPOTOHKAM HIIM CXeMaM OETyIIero cUeTa, a 0 CKOPOCTH CXOJMMOCTH K CTallMOHAPHOMY PEIISHHIO OH MPH-
6J'II/I)KaeTCSI K HUM. HonyqaeMLIe CXEMbI KOHCEPBATUBHBI, YTO MO3BOJISACT MCIIOJIB30BAaTh UX IPHU PEIICHUU
KaK CTallMOHAPHBIX, TaK U HECTALITMOHAPHBIX 3aJa4, 1 06na11a}0T BTOPBIM WJIN 0oJsiee BHLICOKUM TOPSAIKOM
armpoKCUMalu. I/ICCHe,ZIOBaHBI CBOMCTBA MPEAJIOKCHHBIX aJITOPUTMOB, MOJIYYCHBI OLICHKHA 1O UX TOYHO-
CTH M CKOPOCTH CXOANMOCTH TIPH PEIICHUH CTALMOHAPHBIX 331a4 METOJIOM ycTaHoBJIeHus. [IpoBeneno Te-
CTHPOBaHME AJITOPUTMA M HAWJEHBI YHCICHHBIC PEIICHHS IBYMEPHBIX M IPOCTPAHCTBEHHBIX 331ad a’po-
JTMHAMUKH, WUTIOCTPHPYIOIINE CBOMCTBA PACCMOTPEHHBIX QJITOPUTMOB, YTO TIO3BOJISIOT C/IENATh 3aKIII04e-
HUe 00 nx 3¢pexTuBHOCTH.
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IlosiBeHNE HOBBIX BBICOKOIIPOU3BOAUTCIILHBIX JKCIICPUMCHTAJIIbHBIX TCEXHOJIOT Wil B MOHCKyHHpHOﬁ
ouonoruu MPUBCLIIO K I/IH(l)OpMaLII/IOHHOMy B3PbIBY U HAKOIUICHUIO TUTAHTCKOI'O o0beMa OKCIICPUMCHTAJIb-
HbBIX JTAHHBIX, MJIA aHAaJIM3a KOTOPBIX HIMPOKO UCIOJIB3YHOTCA METOABL 6I/IOI/IH(1)OpMaTI/IKI/I, CHCTEMHOM KOM-
HLIOTepHOfI 6I/IOHOI‘I/II/I, HUCKYCCTBCHHOI'O MHTCJJICKTA U MAIlIMHHOTO O6y‘{CHI/I$I. B AOKJIaZIC paCCMOTPECHO
NPUMCHCHUC 3TUX IMMOAXOA0B K PCHICHUIO TAKUX 3a/1a4, KaK: (a) HUHTCIpalusd, aHallu3 U UHTCpHIPCTALU I'C-
HOMHBIX, TPAHCKPUIITOMHBIX, TIPOTCOMHBIX, METa00JIOMHBIX JaHHBIX (6) I/I,ZleHTI/I(l)I/IKaL[I/Iﬂ CaliTOB CBS3bLIBA-
HUSA TPAHCKPUIIITUOHHBIX (baKTOpOB B PCTYJIIATOPHBIX paﬁOHaX T'CHOB, OLICHKA BJIMSAHHWA MYTaI_[I/Iﬁ B 9THX pe-
TYJIATOPHBIX paﬁOHax Ha 3KCIPCCCULIO I'CHOB; (B) PCKOHCTPYKIUA TCHHBIX ceTeﬁ, BBISIBJICHHUC MOJICKYJISIPHO-
TCHCTHYCCKHUX MCXaHN3MOB (I)OpMI/II)OBaHI/IH HaTOJ'IOFHﬁ, IIOMCK I'CHOB, BHOCAIIIUX MaKCHMaJIbHBIN BKJIaJ B
(bOpMI/IpOBaHI/IC OCJIEBBIX (bGHOTHHH‘leCKI/IX (KJ'II/IHI/IHCCKI/IX) NPU3HAKOB, KOHTPOJIUPYCMbIX I'CHHBIMU CC-
TSMU M Ha 3TOM OCHOBE — npeaACKa3aHue HanOosee MEPCICKTUBHBIX MHUIIICHEH AJIg Tepanunu 3360J’IeBaHHfI;
(l") PCKOHCTPYKIHUA U U3YyUCHUC MOJICKYIIAPHO-TCHCTUYCCKUX MCXAHU3MOB PErysinuun MOp(l)OI‘CHCBa pac-
TCHI/II\/'I, (I[) aHaIn3 0COOEHHOCTEHN MOJ'ICKyJ'ISIpHOﬁ OBOJIIOIIMH I'CHHBIX ceTeli u MOJICKYJISAPHO-TCHETUYCCKUX
CUCTEM U (C) KOMHBIOTGpHBIfI ,I[H3al71H OKCIICPUMCHTOB IO CO3JaHUI0 HITAMMOB — CYHICPIPOAYLICHTOB ouo-
TCXHOJIOTMYCCKHU 3HAYMMBIX IIPOAYKTOB.

TouyHbIEe MO NMOPAAKY allOCTECPUOPHBbIC OIICHKH NMOIrPEIIHOCTH AJH leI(lﬁJ'l](l)ReHHI)IX pelIIeHI/Iﬁ
AJIJIHITHYCCKHUX VpaBHeHI/Iﬁ nmopsiaka 2ncn PaBHBIM MJIH 00JIBLIINM CAMHHUIbI

B. I Kopnees
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PaccmarpuBaercst HOBBIH CrIOCO0 MOTYYEHUS all0OCTEPUOPHBIX OLIEHOK MOTPEITHOCTH MPHOIMKEHHBIX
peIHeHI/Iﬁ METOJOM KOHEYHBLIX 3JICMCHTOB SJUIMIITUYCCKOTIO YPaBHCHUA ITOPsAKa 2n IIpU MOJOKUTCIILHOM
1EJIOM N ¢ HCOTPULATCIIBHBIM ITO3JICMEHTHO-IIOCTOSIHHBIM K03(1)(1)I/IHI/ICHTOM B MJIaAIIEM YJICHC YPaBHCHUS.
C ero MCMOIB30BAHNEM JTOKA3BIBAIOTCS OIECHKH, KOTOPBIE T KPATKOCTH HA3BIBAIOTCS COTTIACOBAHHBIMU M
XapaKTCPU3YIOTCA TEM, YTO 110 MMOPAAKY TOHYHOCTHU OHU OJAMHAKOBEI C HE yITy4YlIa€MbIMHU B 3TOM OTHOIICHUU
AlIPUOPHBIMHA OLICHKAMMU. I[OHOHHI/ITCJIBHOG JOCTOMHCTBO TaKHUX OLICHOK 3aKJIFOYa€TCsa B TOM, YTO HX TOY-
HOCTb O6eCHe'-II/IBaeTC$I TECTUPYIOMIUMU ITOTOKaAMHU, YAOBJIETBOPAIOMIUMHU TOJIBKO COOTBECTCTBYIOIIUM TpE-
0OBaHUSIM aNMPOKCUMAIIUU 0€3 YIOBJIETBOPEHUS ypaBHEHUIM OanaHca. B cBsi3u ¢ 3TUM 00J1acTh NPaKTH-
YECKOM NPUMEHUMOCTH COIIACOBAHHBIX AIIOCTEPUOPHBIX OLIEHOK MOTPEUIHOCTH CYIIECTBEHHO PACIINPS-
€TC, TaK KaK JJId BLIYUCIICHUS BXOAAIINX B HUX TCCTUPYIOIHX ITOTOKOB MOT'YT 6I)ITB HCITIOJIb30BAHBI MHO-
TOYMCJIICHHBIC NPOLUEAYPHEI BOCCTAHOBJICHUS IMTOTOKOB, MHTCHCUBHO PAa3BUBABIINECA IJId MHAUKATOPOB I10-
TpCIIHOCTU METOJa HEBA3OK. HpI/I OIIPEACJICHHBIX YCJIIOBUAX OTU NPOUECAYPLI O6eCHe‘II/IBaIOT HE TOJIBKO
CTaHAAPTHBIC MOPAAKHU AIlIIPOKCUMAaI1, HO U CYTICPCXOANMOCTb BOCCTAHOBJICHHBIX ITOTOKOB. PeSyﬂBTaTI)I
SIBJISIFOTCSL 000OIIICHUEM Pe3yJIbTaToB padoT:

1. Koprees B.I. O ToyHOCTH anocTepuopHbIX (GyHKIIMOHAIBHBIX MOKOPAHT MOTPEITHOCTH MPUOIMIKEHHBIX Pe-
MIEHUH IUTUNITHYECKUX ypaBHeHNH. Jloknaapl Akagemun Hayk, Marematuka. 2017. T. 475, Ne 6. C. 605-608.

2. Kopaees B.I. O KOHTpOJIE MOIPEIIHOCTH P YHCICHHOM PEIICHUH ypaBHeHUH peakiuu-auddysuu. XKypHain
BBIYNCIIUTEIILHON MaTeMaTHKH U Maremarudeckon ¢pusuku, 2019. T. 59, Ne 1, C. 3-20.

3. Korneev, V.G. On a renewed approach to a posteriori error bounds for approximate solutions of reaction-
diffusion equations. Proceedings of 30th Chemnitz FEM Symposium-2017. Springer, 2019. P. 207-228.
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YuncneHHoe MOJIETMPOBAHKE TIPOIIecca MOTOTOBKY M PealIn3allii U3BEPIKEHUH B 30HaX CYOIYKIIMU SBIISI-
€TCsl CIIOKHOM 3aJ1aueil, YTO CBA3aHO C MIMPOKUM JIMANIa30HOM IPOCTPAHCTBEHHBIX U BPEMEHHBIX MaclITaboB,
B KOTOPBIX MPOTEKAIOT MPOIIECCHI, & TAKIKE, C HATMYUEM CJIOKHBIX XUMUYECKUX PEaKIUil, MHOrO(pa3HbIX CPE/l U
(a3oBbIx nepexozioB [ 1]. st cormacoBaHHOW MOJIENIN TUHAMUKH CEHCMHUYECKOM CTPYKTYPBI B MArMaTHYECKOM
ouare B MOMEHT ITOJITOTOBKH K M3BEP KCHUIO BylkaHa St Helens peanmn3zoBaHa ICKpeTHASI MOIETH IJIs pacdeTa
pacnpenenaeHus AaBIeHUs, INIOTHOCTh MarMbl U MacCOBbIE JOJIM T'a3a B MarMaruyeckoil kamepe [2]. B monso-
JISIIeM KaHalle PacCYMTHIBACTCS paclpe/ielieHUe AaBIeHHs, TNIOTHOCTH, TEMIIEPATyPbl, BEPTUKAIBLHONU CKOPO-
CTH MarMbl U My3bIPHKOBOH cpeibl. BkiTtoueHue yuera my3blpbKOBOM Cpebl AJIsl CTALIMOHAPHOTO MOTOKA B Kep-
JIe COCTOUT B PACCMOTPEHUH CHCTEMbl YPABHEHMI Ta30BOI TUHAMUKH C YIETOM BS3KOH CHIIBI B Marme [3] miist
OCPEIHEHHBIX TUIOTHOCTH, UMITYJILCA U IaBJIeHUS B cpene. CrcTeMa JOMOTHeHA CIIOKHBIM YPAaBHEHUEM COCTO-
siHUASL U ypaBHeHueM Panes [4]. [lonyueHHbIe YMCICHHBIC PE3YJIbTaThl OYIyT MCIIOJIb30BaHbI Il HHTEPIIPETa-
LMY HOBBIX TOMOI'pah)UIECKUX JaHHBIX.

Pabora BemosHeHa B paMkax rocynapersenHoro 3aganust UBMuMI™ CO PAH (mpoekr 0315-2019-0009) u ipu du-
HaHcoBoi nogaepxkke UIT Ne0315-2018-0014 KITOHU CO PAH.

CHucok JuTeparyphl

1. Koulakov I, Smirnov S.Z., Gladkov, V., Kasatkina, E., West, M., El Khrepy, S., Al-Arifi, N. Causes of volcanic
unrest at Mt. Spurr in 2004-2005 inferred from repeated tomography // Scientific Reports. 2018. V.8, Iss. 1. Art.17482.

2. S. Colucci, M. de’ Michieli Vitturi, M., A. Neri, D.M. Palladino, An integrated model of magma chamber, conduit
and column for the analysis of sustained explosive eruptions, Earth Planet. Sci. Lett. 404, pp. 98-110, 2014.

3. G. Taylor, The Two Coefficients of Viscosity for an Incompressible Fluid Containing Air Bubbles, Proceedings
of the Royal Society of London. Series A, Mathematical and Physical Sciences, Vol. 226, No. 1164, pp. 34-37, 1954.

4. Kedrinskiy V. K. Hydrodynamics of Explosion: Experiments and Models //Springer Science & Business Media,
2005, 362 p.

COBpeMeHHLIe CYIIEPKOMIIBIOTECPHBIC CTATUCTHYICCKHUE MECTOAbI AaHAJIN3A 00JIBIINX JAHHBIX

M. A. Mapuenxo
Hnemumym evluuciumensrot mamemamuxu u mamemamudeckoti eeogpusuxku CO PAH
Hosocubupckuii Hayuonanbrwill ucciedosamenbCKutl 20Cy0apcmeeHHblil YHUugepcumen,

Email: marchenko@sscc.ru
DOI: 10.24411/9999-017A-2019-10016

B noknane npencrasieH 0030p BBIYMCIUTEIbHBIX TEXHOJIOTHH AJISl aHAJIM3a CTPYKTYPUPOBAHHBIX U He-
CTPYKTYpPHUPOBaHHBIX JAaHHBIX OOJBIINX 00bEMOB U 3HAYMTEIBHOTO MHOrooOpasus. Jlaercsi onucanue Kak u3-
BECTHBIX PELICHHH, TaK U cOOCTBEHHBIX pazpadotok UBMuMI' CO PAH.

BynyT onucanbl METOIbI M TEXHUKH aHAJIM3a, IPUMEHUMbIC K OOJIBIINM JaHHBIM: CTaTHCTUYECKUI aHa-
13, MeToAbl Kiacca Data Mining, KpayICOPCHHT, CMELLICHNE U HHTETPaLHsl JaHHBIX, MAIIMHHOE 00y4YeHHE, UC-
KyCCTBCHHbIC HEHPOHHBIE CETH, CETCBOM aHaJIM3, ONTUMH3ALKs, B TOM YHCJIE TEHETHYECKUE arOPUTMBI, pac-
MO3HaBaHHE 00pa30B, MIPOrHO3HAS aHAIMTUKA, UIMUTAIIMOHHOE MOJICIMPOBAaHKUE, IPOCTPAHCTBEHHbIM aHAJIH3.
BynyTt o0cyxaarbscsi nepCcleKTUBbI Pa3BUTHS HAIIPABJICHUS, CBI3aHHOTO C OOJIBIIMMH JaHHBIMHU.

Byzner Taxke npenocrasieHa HHGOPMALMSI O MIPOrPAMMHBIX PEILICHHUAX, 00ECIEUNBAIOIINX CXOAHBIE MO
XapaKTEPUCTHKAM BO3MOKHOCTHU 110 00pabOTKe CBEPXOOJIBIIMX MACCUBOB JaHHBIX, a TAKXKE ONHCAHME arla-
paTHBIX CPEACTB.

Pabota BbIMOIHEHA MPH YaCTHUHOU (pHHAHCOBOM momaepskke rpanToB PODI Ne 18-01-00599 u Ne 18-41-540017,
npoekra PH® Ne 19-72-20114.
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Aaroputmel Metoaa MonTe-KapJio 1Jist Mccjief1oBaHUs BPEMEHHOH aCMMIITOTHKH MMOTOKA YAaCTHIL
C pa3MHOKeHHEM B CJY4YaiiHOM cpeae

I A. Muxaiinos, I 3. Jlomosa

Uncmumym eviuucaumenvHoti mamemamuxu u mamemamudecxoui eeogpuzuxu CO PAH
Email: gam@sscc.ru

DOI: 10.24411/9999-017A-2019-10017

Jlokiaj nmocesieH pa3paboTke alropuTMoB MeToaa MoHTe-Kapio aiist OleHKH BepOSTHOCTHBIX MOMECH-
TOB MapaMeTpa HKCIOHCHIIMAIBHON BPEMEHHON aCMMIITOTUKHM YHCIA YACTHUL, PA3MHOXKAIOLIUXCS B CIydai-
HOW cpepe. [Jis 3TOro UCIoib3yeTcs NOCTPOCHHAS paHee aBTOpaMU Ha OCHOBE criennaibHbIX GyHKIwid [pruna
OIICHKA COOTBETCTBYIOIICH JIOTaprMUUECKOM POU3BOAHOM 10 BpeMeHU. [locTpoensl aekTuBHO pacmapai-
JISJIMBAaEMbI€ AJITOPUTMBI METO/Ia IBOMHOMN paHAOMH3AIMK HA OCHOBE KOHEUHOTO CTEIIEHHOTO PA3JIOKEHHS 00-
PaTHOIO YUCIA YaCTHUIl U €ro KBajapaTa. [[puBoasTCs pe3yabTaThl TECTOBBIX PACUCTOB JJIs1 OJHOPOIHOTO Ilapa
CO CIIy4aHOM IIOTHOCTBIO.

Pabota BrIMONHEHA TP YaCTHYHOW (pHHAHCOBOI moanepkke Poccuiickoro (oHma GpyHIaMeHTaIBHBIX HCCIEI0BaA-
Huil (komel mpoektoB 18-01-00599, 18-01-00356, 17-01-00823) u B pamkax nHTerpanuonHoro npoekra CO PAH (xon
npoekra 0315-2018-0010).

O nmepcnekTHBAX HCCJIET0BAHUA H KOMIILIOTEPHOI0 MOEJIMPOBAHNS HEHPOHHBLIX MEXaHHU3MOB
ynpasJjeHus ABu:keHnneM B opranusme C. elegans

A. FO. Ianvanos'?, H. B. [lanvanosa’

'Huemumym cucmem ungpopmamurxu um. A. Il. Epuiosa CO PAH,

’Hosocubupckuil 20cy0apCcmeenHblil yHugepcumen

SUncmumym monekynaprou ouono2uu u 6uogusuxu, cmpykmyproe noopazoenenue ULl OTM

Email: palyanov@iis.nsk.su
DOI: 10.24411/9999-017A-2019-10018

HccnenoBanne MexaHn3MoB (DyHKIIMOHHUPOBAHMS HEpBHOHM cucteMbl Hemarosl Caenorhabditis elegans
SIBIISICTCS] OTHUM M3 aKTyaJIbHBIX HAIlPaBICHUH COBPEMEHHON HEHpoOnomornu. 3HaYNTeIbHBIA HHTEPEC TIPEe-
CTaBIIIET CHCTEMA YTPABICHHUS JIBUTATEIBHON aKTUBHOCTBIO OPTaHM3Ma, BKIIIOYAIOIIAs Pa3IMYHbIe TIOBE/ICH-
yeckue mporpammbl. HemaBHO ObLTa BBISIBJICHA TIOACHCTEMa, OTBEYArOIIas 32 KOHKPETHYIO JTBUTATEIHbHYIO
nporpammy [1]. oknam mocBsieH Bonpocam pa3padoTKy ee KOMITBIOTEPHON MOJIENN C UCTIONH30BAaHNUEM IIPO-
rpammHoO# cpeasl NEURON [2] ans MmogenupoBaHust akTHBHOCTH HEPBHBIX KIIETOK U Sibernetic [3] — st mo-
nenupoBanus aerxkeHus Tena C. elegans [4].

Pabora BeITIONIHEHA TIpH (GUHAHCOBOH Mo iepikke Poccuiickoro donaa GyHmaMeHTaTBHBIX HCCIIE0BAHUN (KO IPO-
ekra 18-07-00903).

CHmcoK JuTeparypbl

1. Wen Q., Gao S., Zhen M. C. elegans excitatory ventral cord motor neurons derive rhythm for body undulation.
Phil. Trans. R. Soc. B.: Biol. Sci., 2018, 373: 20170370.

2. Carnevale, N., & Hines, M. The NEURON Book, 2006, Cambridge University Press.

3. Palyanov A., Khayrulin S., Larson S. Application of smoothed particle hydrodynamics to modeling mechanisms
of biological tissue, Adv. in Eng. Softw., 2016, 98: 1-11.

4. Palyanov A., Khayrulin S., Larson S.D. Three-dimensional realistic model of the C. elegans body and muscle
cells in liquid and gel environments for behavioral analysis. Phil. Trans. R. Soc. B.: Biol. Sci., 2018, 373: 20170376.

AHcaMO0IH pemeﬂm‘i CONMPAXKECHHBbIX VpaBHeHHﬁ B HeJIMHEeHHBIX OﬁpaTH])IX 3agadyax

A. B. Ilenenko
Hucmumym viuucaiumensHoti mamemamuxu u mamemamuyecxoui ceogpusuxu CO PAH
Hosocubupckuii 2ocyoapcmeenHulil yHugepcumem

Email: aleks@ommgp.sscc.ru
DOI: 10.24411/9999-017A-2019-10019

Henuneiinsie oOpaTHbIE 3a1a4K, B TOM YHCIIE 3a7a49d UACHTH()UKAHA NCTOYHHUKOB [1,2] 1 koaduunen-
ToB [3] Mozenelt anBekuu — AHy3un — peakuuu MOTyT ObITh CBEJCHBI IIOCPEACTBOM aHCcaMOIel peleHuit
COIPSDKEHHBIX YPaBHEHHH K KBAa3HJIMHEHHBIM ONEPATOPHBIM YpPaBHEHHSIM. PaziM4yHbIM TaHHBIM H3MEpEeHHH
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COOTBETCTBYIOT pa3IM4YHbIe KOHCTPYKLUH aHcaMOisi. B pabote paccmarpuBaroTcst 00paTHbIC 3a1a4l ¢ OTHOCH-
TEJIBHO HEOOJIBILIUM KOJIMUECTBOM JJTaHHBIX KOHTAKTHBIX H3MEPEHHUH 1 JaHHBIMH U3MEPEHUM TUIIA H300paKeHU
[1-3]. Pemenue nomyvaroniuxcsi onepaTopHbIX YPAaBHEHUN OCYILIECTBIsICTCS ajJropurMamu tuna HerotoHa —
KanToposuua ¢ perynspuszaunneil mocpeacTBOM yCEUEHHOIO CUHTYIISIPHOTO pa3jioskeHUs. YUCICHHO U3ydaloT-
Cs1 BOIPOCHI CXOJUMOCTH QJIFOPUTMOB B 3aBUCUMOCTH OT KOJIMYECTBA UMEIOIINXCS JTaHHBIX U3MEPECHUI.

Pab6ota BeInosiHeHa pu (hUHAHCOBOM mopaepkke Poccuiickoro (honma GpyHIaMeHTa IbHBIX UCCACIOBaHU (KO IPO-
exta 19-07-01135) B wacTi aJropuT™MOB Uisi peteHust Ko OUIMEHTHBIX 00paTHBIX 3a]a4 C JaHHBIMH KOHTAKTHBIX H3-
Mepenuii, Poccuiickoro Hayunoro ¢ouma (ko nmpoekra 17-71-10184) B yacTu aaropuTMoB [Uist paOOThI ¢ JaHHBIMU THIIA
N300paKeHNH Ha OCHOBE ONEPAaTOPOB UyBCTBUTEIBHOCTH.

CIHCOK JTUTEpaTyphl

1. Penenko, A.; Zubairova, U.; Mukatova, Z. & Nikolaev, S. Numerical algorithm for morphogen synthesis region
identification with indirect image-type measurement data // Journal of Bioinformatics and Computational Biology, World
Scientific Pub Co Pte Lt, 2019, V. 17, P. 1940002.

2. Ilenenko, A. B. Meton Hetorona — KantopoBuya juist perieHnst 00paTHbIX 3a1a4 MICHTH()UKAIIMY HCTOYHUKOB B
MOJIENISX MPOIYKINH — JAECTPYKIUH C JAHHBIMH THIIA BPEMEHHBIX psitoB // CHOMPCKUI JKypHAJ BBIYUCIUTEILHON MaTe-
maruku, 2019, 22, 57-79.

3. [Ilenenko, A. B.; Hukonaes, C. B.; T'onymiko, C. K.; Pomamenxo, A. B. & Kupunoa, . A. UucneHHble anropur-
Mbl HaeHTH(UKaMu kodhduunenta nuddy3nu B 3a1adax TKaHeBOW MHxeHepun // Mart. 6uoi. u ouonnd., Institute of
Mathematical Problems of Biology of RAS (IMPB RAS), 2016, 11, 426-444.

MeToabl pelieHHs 00PATHBIX 32124 JJI5 HCCJIEA0BAHUS KJINMATOIKO0JOTHYEeCKHX IPOoIeccoB B 3eMHOI
cucTreMe

B. B. Ilenenxo
Hnemumym evruucaiumenvrot mamemamuxu u mamemamudeckoui eeogpuzuxu CO PAH

Email: penenko@sscc.ru
DOI: 10.24411/9999-017A-2019-10020

B noxnage obcyxnaeTcs BApHAMOHHBIN MOAXO/ K PEIICHUIO YCIOBHO-KOPPEKTHBIX M 00paTHBIX 3a/1ad,
BO3HHKAIOUIUX MIPU MOJEITUPOBAHUH NIPOLIECCOB B 3eMHOM cucTeMe. Takue 3a/1a4i BO3HUKAIOT, HAlpUMeEp, MPH
WCCIIeIOBaHUH TIPOIIECCOB PACIIPOCTPAHEHUS TEIIa, BIark U JIPyruX CyOCTaHIMHI B MOYBE, ITI€ OTCYTCTBYET
WHpOpMaIHS HA HIDKHEH rpaHuie. J(pyruMu pasHOBHIHOCTSIMUA YaCcTO BO3HUKAIONIMX OOPATHBIX 3a1ad sBIIs-
I0TCA 3aJa4M HaXO0XICHUSA HEHU3BCCTHBIX MCTOYHHUKOB BO3My1]_[eHHI>'I, HaXO0XACHUC HCU3BCCTHBIX MMapaMCETpOB
MOJIJICH, 3a/1a41 OLIEHKA PUCKA/YSI3BUMOCTH OTJCIIbHBIX OOEKTOB U TEPPUTOPUH U JIP.

B pamkax pa3BHBaeMOro HaMHu BapHalMOHHOTO TOAXOJA €CTECTBEHHO OOBEIUHSIIOTCS OCHOBHBIE M CO-
MPAKCHHBIC 3a4a4U, MO3BOJIAIONIUE IMOCTPOUTE PEIICHUSA YCIOBHO-KOPPEKTHLIX IMPAMBIX U O6paTHBIX 3aga4
110 3aJIaHHBIM LEJICBBIM KPUTCPUSAM. HeneBHe KPUTEPUU 3a0ar0TCsA B BHUJIC Q)YHKHI/IOHaJ'IOB, OIpEACTIAOIINX
CYThb UCCJICIOBAaHHS, HANpUMep, (PYHKIIMOHANBI KadecTBa arMoc(epsl, OTpaHMYCHUH Ha JIOMyCTUMbIE HArpy3-
KM, YIIPpaBJICHUSA UCTOYHUKaAMU BO3Z[CI7[CTBHI7[ u T O. B K1nMaTosKOJIOTHYECKUX HCCICA0BAHUAX CYIICCTBEHHO
UCIIONIB3YIOTCS JAaHHBIE HAOTIOACHUH, KOTOPBIE BKIIFOUAIOTCS C TIOMOIIBIO CIIEIHATbHBIX TEXHOJIOTUH YCBOCHHMS
JAaHHBIX B CUCTEMY MOJCIMPOBAHUA. B METOJaX YCBOCHUA NAaHHBLIX MOCJICAO0BATCIbHO PCIIAIOTCA CBA3AHHBIC
oOpatable 3a1aun. Takum 00pa3om, pazpabarbiBaeMble HAMH METO/IbI U allTOPUTMBI 00JIaIaI0T BBICOKOM CTere-
HBIO YHUBEPCAJIBLHOCTH U MOTYT IIPUMEHSATHCS IIPU PELIEHUH HIUPOKOIO CIEKTPa 3a1ad.

Pabora BrImonHSETCS 1O TeMartuke rocyaapcTBeHHoro 3aganus UBMuMIT CO PAH Ne 0315-2019—0004 B wactu
pa3paboTkn 6a30BBIX MaTeMAaTHYECKUX MOJIENICH M MPpH YyacTHYHOH noxaepskke Poccuiickoro ¢onna GyHaameHTanbHbIX
uccnenoBannii (kox mpoektoB 17-01-00137 u 17-29-05044) npu pa3paOoTKe aarOpUTMOB, YUIUTHIBAIOIINX crierudude-
CKHE 0COOCHHOCTH 0OBEKTOB HCCIIEI0BAHMMN.

Bausinue renaeHnuii armocdepHoro popcuHra B GopMHPOBAHUH JI€I0BOI0 MOJIs APKTHKH

I A. I[Inamos, E. H. ['onybesa

HUnemumym evruucaiumenvrot mamemamuxu u mamemamudeckoti eeogpuzuxku CO PAH
Email: Platov.G@gmail.com

DOI: 10.24411/9999-017A-2019-10021

Pasznoxxenne armocdepHoro ¢opcunra CORE-2 Ha OcHOBE 3MIUPUYECKUX OPTOTOHAJBHBIX (YHKIHH
BKJIIOUQJIO B ce0sl CPEAHEMECSIUHbIC 3HAYCHHsI MOJISI AABJICHUS HA IMOBEPXHOCTH, IPU3EMHON TEMIEparypbl U
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MPU3EMHON CKOPOCTH BeTpa. Pesynbrar pas3iioskeHus IpeCTaBieH B BUJIC BOCBMHU MPUHIMITAATBHBIX KOMIIO-
HEHT C BPEMEHHBIMH PsyIaMU KO (HUITUEHTOB, YEThIPE M3 KOTOPBIX HE SBISIFOTCS BBIPOXKICHHBIMUA. DOPCHUHT,
OCHOBaHHBIW Ha MCIOJIB30BAHUU ITUX MOJI, ObUI IPUMEHEH B YHCICHHOM JKCIEPUMEHTE C MOJCIbI0 OKeaHa
u apaa SibCIOM u mokasan He3HAYUTEIIbHBIE PACXOKICHHS C pe3yJIbTaTaMH dKCIIEPUMEHTA, TIIe TPUMEHSIICS
¢opcunr CORE-2 Hanpsimyto. [J1s epBbIX YETHIPEX HEBBIPOXKJICHHBIM MOJ OBUI IIPUMEHEH aHalIu3 BPEMEH-
HBIX TPEHJIOB M [TOCTPOCHO YeThIpe Habopa (GOopCHHra, B KOTOPBIX TPEH bl ObLITH YCTPaHEHBI JIJIsI IEPBO, BTO-
PO, TPEThEH U YETBEPTON MOJI, COOTBETCTBEHHO. Pe3yIbTaThl HX MPUMEHEHUS aHATU3UPOBAINCH B CPABHCHUU
C IIEPBBIM SKCIICPUMEHTOM U BBIABHUJIU POJIb Ka)K]IOﬁ u3 MO B (1)OpMI/IpOBaHI/II/I TCHACHIMN K YMCHBUICHHUIO I1J10-
a1 00beMa apKTHUECKOTO JIBJIA.

JIBa BApHaHTA MPOEKIMOHHOI0 METOAA JAJIsl YHCJIEHHOI0 peleHnsl HeJJMHEHHOro ypaBHeHUs
boasmvana meromom Monte-Kapiio

C. B. Pocazunckuil

Hoesocubupckuii cocyoapcmeennulil yrugepcumen

Hucmumym eviuucaiumenvHoli mamemamuxu u mamemamuyecxoui ceopusuxu CO PAH
Email: svr@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10022

B pabore paccmarpuBaroTCs HEKOTOpPBHIE BOMPOCH MPUMEHEHHUS MPOEKIMOHHOTO METOAa K HaXOXKe-
HUIO YHCJIEHHOTO PEIIEHUS HEJIMHEMHOro KMHETHYECKOro ypaBHeHHs bonbeliMana Metogom Monte-Kapio.
O0ocHOBaHKE UCIIONB30BAHUS JIAHHOTO 1MoXo/1a onupaetcst Ha Teopemy H.H. Yenrosa [1], koTopast yTBepx-
JIaeT, YTO HOPMa KBaJIpaTa MOrPENIHOCTH MPOEKIIMOHHOM OLEHKH B L, paBHa CyMMeE KBaJ[para HOPMbI CHCTE-
MaTHYECKON OIMMOKH U KBaJpaTa HOPMBI ciiydaiiHo#i ommnOku. Panee B paboTe [2] mpOeKIIMOHHBIN METO OB
MPUMEHEH K YMCIEHHOMY PELIEHUIO 33a491 O IPOCTPAHCTBEHHO OAHOPOIHOM peslakcanus IpocToro rasa, ko-
TOpas onuceIBaeTcs 3amadeit Ko st HenmmHeHoro ypaBHeHus bonbsimana [3].

OnHako OLEHKAa HOPMBI CHCTEMaTHYECKOM OMMOKH (UTO ABJSIETCS KIIFOYEBBIM MOMEHTOM B 00OCHOBaHHUU
MIPOCKITMOHHOTO METO/Ia) MOTydYeHa He OblLIa.

B nannoii pabore onenena Hopma L, OrpenIHOCTH allpPOKCUMAlMK (GYHKIHMH €€ YaCTHYHOH CyMMOM 1o
¢yakuusam Dpmuta. [IpoBeneHo cpaBHEHHE OIEHOK MOTPEITHOCTH allPOKCHMAIINH IJIOTHOCTH pacmipesene-
HUS YaCTHLL [10 MOJYJIIO CKOPOCTH JAJISl ABYX BUAOB (QYHKUIUM DpMHUTa HA YHCICHHOM PELICHUH 3a/1a4d OAHO-
POIHOM penakcaluu ra3a ¢ U3BECTHBIM peuieHueM [3].

Paborta BrrmonHeHa npu (prHaHCOBOH Toanepxkke Poccuiickoro gonna GpyHIaMEHTaTBHBIX UCCIIEIOBAHNHN (KO TIPO-
exra 18-01-00356-a).

Crucok nureparypbl

1. Yennos H.H. Craructudeckue pemaroniie mpaBuia 1 ONTUMaIbHbIe BeIBOABI. M: Hayka, 1972

2. Rogazinsky, Sergey V. Statistical modelling algorithm for solving the nonlinear Boltzmann equation based on the
projection method// Russian Journal of Numerical Analysis and Mathematical Modelling, 2017, V.32, Ne 3. P. 197-202.

3. Bo6suteB A.B. O TouHBIX pemieHusx ypaBHeHus bombsrvana// Joxmansr Axkagemuu Hayk CCCP, 1975, T. 225,
No.6, C. 1296-1299.

O pemieHNAX YPABHEHUH Y1€KTPOANHAMHKH, MHUIUMPYEMBIX IUIOCKMMH BOJIHAMHU B AaHH30TPOMHOM
cpene

B. I’ Pomanos

Uncmumym mamemamuxu um. C. JI. Cobonesa CO PAH

Email: romanov@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10023

PaccmarpuBaeTcs cuctemMa ypaBHEHHH IIEKTPOIMHAMUKH TSI HEITPOBOISIIICH M HEMarHUTHOM CPEIIBI, 00-
JIaJIaloIIe mpocTeuinel aHM30TPONKUeN IUAJIEKTpUUeCcKo npoHutaemMoct. [Ipennonaraercs, 4ro AUAJIEK-
TpUYEcKas MPOHUIIAEMOCTh XapaKTePU3YEeTCs TNAarOHAbHOW MaTPHUIIEH, SIEMEHTHI KOTOPOHl SIBIISIOTCS TIOCTO-
STHHBIMH TIOJIO)KUTEIHHBIMU YUCIIAMHU BCIOAY BHE HEKOTOPOW BBITYKJIOH OrpaHMYEHHOW OONIACTH TPEXMEpPHO-
TO MPOCTpaHcTBa. B 0HOPOIHOM aHM30TPOITHON Cpe/ie PH STOM CYIIECTBYIOT JBE MOJBI OETYIIHX II0CKHUX
BOJIH. M3ydaercs CTpyKTypa pemieHH, OTBEYAIONUM TNIOCKUM OETyIINM BOJTHAM, MaJaloNuM 13 OeCKOHed-
HOCTH Ha HEOTHOPOIHOCTH CPEIbl. DTO TO3BOJIAET BHIMHICATH BHICOKOYACTOTHYIO ACHMIITOTHUKY MEPHUOINYIE-
CKHX TI0 BPEMEHH pEIIeHUI ypaBHEHUH AIIEKTPOANHAMUKN. JTa aCHMITOTHKA UCTIONB3YETCS 3aTeM MPH U3Y-
YeHNH 0OPATHBIX 3a/1a9 00 OIIpeIeNIeHNH TUAIIEKTPHUECKoi TpoHuIaeMocTH. [loka3piBaeTcs, 9TO MOCTAHOBKA



14 Ilnenapnvle doknaow

HEKOTOPOW OOpaTHOM 3aJiauu, PU OTPE/ICIICHHBIX YCIOBUIX, IPUBOANUT K JIBYM OOpaTHbIM KMHEMATUYCCKUM
3aj1auaM ¢ HenoiHOU nHpopMarueit. JInHeapu3alysi 3TUX 3a7a4 CBOJIUT MX K PEIICHUI0 OOBIUHBIX 3a/1a4 PEHT-
TeHOBCKOH TOMOTpaduu.

Pabora BEImomHeHa TIpH (UHAHCOBOH Toamepxkke Poccumiickoro ¢onma (QyHIaMEHTaIBHBIX HCCICHOBAHHUNA (KO
mpoektal7-01-00120).

A global Random Walk on Spheres algorithm for solving linear and nonlinear drift-diffusion-reaction
equations

K. K. Sabelfeld

Institute of computational mathematics and mathematical geophysics, SBRAS

Email: karl@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10024

A new global Random Walk on Spheres (gRWS) method for solving transient boundary value problems
which in contrast to the classical Random Walk on Spheres (RWS) algorithm calculates the solution in any
desired family of m prescribed points is presented in this talk. The method uses only N trajectories in contrast
to mN trajectories in the conventional RWS algorithm. The idea is based on the symmetry property of the
Green function and a double randomization approach. Earlier, we have suggested this approach for stationary
equations [1]. We present in this talk the gRWS method for the heat equation with arbitrary initial and boundary
conditions, and for the drift-diffusion-reaction equations as well. A detailed description is given for 3D problems.
Some extensions to nonlinear problems are discussed. First publication of this technique can be seen in the
recent paper [2].

Support of the Russian Science Foundation under the grant N 19-11-00019 is kindly acknowledged.
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YucjaeHHOe MOAEJINPOBAHNE JIOKAJbHBIX aTMOC(EPHBIX IMPOLECCOB ¢ UCI0JIb30BAHHEM
cynepkomMnbloTepa u npudopnoii 6a3e1 IIKII "Armocdepa"

A. B. Cmapuenxko', A. A. Bapm', JI. . Kuocnep', C. JI. Oounyoé’
"Tomcexuit 2ocyoapemeennoiil ynusepcumem
2Hnemumym onmuku ammocghepor CO PAH

Email: starch@math.tsu.ru
DOI: 10.24411/9999-017A-2019-10025

Jlst MomenmupoBaHus aTMOC(HEPHBIX MPOIeCCOB U 3 dekTa "ocTpoB Tema" Hal ropoIoM MPUBICKACTCS
paspabareiBaeMas B TT'Y Me3oMacmTabHass METEOPOIOTHIECKas MOIENb BEICOKOTO pasperneHuss TCUNM3 [1]
C HOBOM CXEMOH mapaMeTpU3aIiH B3aUMOICHCTBUS aTMOC(HEPHOTO TTOTPAHNTHOTO CJIOS C ITOICTHIIAIOIICH 110~
BEPXHOCTHIO. )1 TOBBITIIEHNST KaueCcTBa MOACITUPOBAHMS ITPOU3BECHO COIIPsHKEHNE MEe30MacIITaOHOH Mojie-
JIF ¢ pacyeTaMu I10 ITo0aIsHOM Momeu mporyo3a moroasl [ uapomeriientpa PO IJIAB [2]. s onieHkH Kade-
CTBa MIPOTHO3WPOBAHUS ME30MaCIITAOHBIX aTMOC(EPHBIX MTPOIECCOB HAJ/I TOPOJOM ITPUBIIEKAIOTCS TAHHBIE Me-
TEOHAOIIONCHHIA, TTOJTy9IaeMBIX ¢ ITOMOoITkI0 mpuoopHoit 6a3er LIKIT "Armocdepa" MOA CO PAH [3].

Pab6ota BeInosiHeHa mpu puHAHCOBOM momepkke Poccuiickoro HayuHoro gouaa (kox mpoekra 19-71-20042).

Crimcok TuTeparypsl

1. Starchenko A.V., Bart A.A., Bogoslovsky N.N., Danilkin E.A., Terenteva M.V. Mathematical modelling of
atmospheric processes above an industrial centre // Proc. of SPIE 9292, 20th International Symposium on Atmospheric
and Ocean Optics: Atmospheric Physics, 2014, Vol. 9292. 929249-1-929249-30.

2. Toncteix M.A., borocnosckuii H.H., Illnsesa A.B., FOposa A.1O. [Tonynarpamxesa moaeiab armocheps [IJIAB /
I'mnpometuentp Poccun 80 net. M: Tpuana, 2010, ¢. 193-216.

3. https://iao.ru/ru/structure/juc.
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Fractional equations for earthquake aftershocks dynamics

V. V. Uchaikin

Ulyanovsk State University

Email: vuchaikin@gmail.com

DOI: 10.24411/9999-017A-2019-10026

As known, the first shock of an earthquake is normally accompanied with a sequence of aftershocks.
The aftershocks follow one after another in random time intervals at random points. On assumption that the
time intervals and distances between points be independent between one another and among themselves (what
doesn’t contradict observation data, at least obviously), the random sequence of aftershocks is suggested
to be considered as a trajectory of some Markov chain in the coordinate-time phase space (Helmstetter and
D.Sornette, 2002) .

In the framework of this model, the average density of shocks in a homogeneous boundless seismic medium
obeys the linear integral equation

t
n(x,t) = ”K(x— Xt =) n(x', ") dx'd '+d (x)d (¢)
R*0 ,
where K(x —x', t —t')dxdt is the probability that the next shock will occur in dxdt if the preceding one happened
at x",7, and the last term in the equation relates to an initial shock. Our development of the model is based on
the factorization hypothesis assuming separation of spatial and temporal variables in the transition probability,
which leads to correspondent splitting of the equation. The second hypothesis laid into the base of the model
is formulated by involving the fractal assumption for spatial and temporal interval between consecutive
aftershocks. The resulting equations contain partial time- and space-derivatives of fractional orders. They are
numerically solved by using Monte Carlo technique and results are discussed.

HccaenoBanue porodopesa a3po30abHLIX YacTHI B aTMocdepe 3eMyId Ha 0CHOBE HCIT0J1b30BaHHs
metona Monte-KapJo

A. A. Yepemucun

Hncmumym xumuueckou kunemuxu u eopenus CO PAH
Email:aacheremisin@gmail.com

DOI: 10.24411/9999-017A-2019-10027

Jis monenupoBanus GoTodopesa CIOKHBIX a3p030JIbHBIX KJIACTEPOB B Pa3peKEHHON ra30Bol cpejie ObuI
pa3pabotaH anroput™ pacuera GoTohopeTHIeCKIX CHII, JEHUCTBYIOIINX HA YACTHILY, & TAK)KE CHJ BI3KOTO Tpe-
HUS ¥ UX MOMEHTOB. AJITOPUTM OCHOBaH Ha TNMPHUOIMIMKEHHHA CBOOOTHOMOJIEKYIISIPHOTO PEKIMa Ta30KHHETHYe-
CKOIl TeOpUH U OLIEHKE CIEeLUaNbHbIX MaTpul nepenoca Mmerogom Monte-Kapio [1].

B nacrosiee ObIIH IEpecMOTPEHBI HEKOTOPHIE TIOJIOKEHUS TeopuH rpaButodoTodopesa. Paccunrano ¢o-
TOQOpPETHYECKOE B3aUMOJIEHCTBIE adPO30JILHBIX YaCTHII U KiactepoB. [Ipusneuenue GporodhopeTnaeckux cui
MO3BOJISIET OOBSICHUTS, & TAKKE TMPECKa3aTh BOZMOXKHOCTh CYIIECTBOBAHUS Psijia a3PO30JIbHBIX CIIOEB B CTpa-
tocdepe u Me3ochepe. CylecTBOBaHHE CIIOEB B cTparocdepe u Me3ochepe MOATBEPAIN PE3yIbTaThl MHOTO-
JIETHUX JIUIAPHBIX HAOMIONEHUH ¢ momotipio Cubupcko-/{apbHeBOCTOYHOM ceTn cTpaTroc(epHBIX JIUIAPHBIX
CTaHILIUH.

Cnucok JuTeparypbl

1. Cheremisin A. A. Transfer matrices and solution of the heat-mass transfer problem for aerosol clusters in a
rarefied gas medium by the Monte Carlo method // Russian Journal of Numerical Analysis and Mathematical Modelling.
2010. V. 25, 1.3. P. 209-233.
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HpHKJ’la)IHLle oﬁpaTm,le 3agaum JaJisd napaﬁo.lm‘{ecmlx VpaBHeHHﬁ

M. A. Hluwnenun'
Hucmumym viuucaiumensnoti mamemamuxu u mamemamuyecxou ceogpusuxu CO PAH
Hosocubupckuii 2ocyoapcmeennulil yHugepcumem

Email: maxim.shishlenin@sscc.ru
DOI: 10.24411/9999-017A-2019-10028

B HacTosiiee Bpemst omyOIMKOBaHO MHOTO padoT, MOCBALICHHBIX 3a/1ade HaXOXKACHUs K03()dUIeHToB
napaboMuuecKuX ypaBHEHUH B cilydae, KorJa JaHHble 0OpaTHOH 3afaun 3aaloTcs B BUIE HEJOKAJIbHON WH-
¢dopmanuu (MHTErpa o BpeMEHH HMJIH 110 MPOCTPAHCTBY) WM JaHHBIC 33Jal0TCs Ha 3aJJaHHON KpuBoii [1-3].
[TogoOHbIie 0OpaTHBIE 3aa41 BO3HUKAIOT B TEIJIONEPEHOCE, TEPMOAIACTUYHOCTH, Hepa3pyllalomeM KOHTPO-
JIe, XUMUUYECKOW KHHETHKE, MEAULIMHE, COLIUOJIOTHU U T. 1.

B nannoii paboTe mpeayioxKeHbl alropuTMbl pelieHust kK03(h(UIMEHTHBIX 00paTHBIX 3a/1ady napadosuye-
CKUX YpaBHEHUH Ha OCHOBE MeTOAa OOpalleHus] pa3HOCTHOW CXeMbl M TpaueHTHOro Metona. [Ipencrasiens
pEe3yNbTaThl YUCIEHHBIX PacuyeTOB.

Paborta BrrmonHeHa npu prHaHCOBOW Toanepxkke Poccuiickoro gonna GpyHIaMEHTaTBHBIX HCCIIETOBAHNMN (KO TIPO-
exra 19-01-00694).

Crucok nureparypbl

1. Cannon J.R., Rundell W. Recovering a Time Dependent Coefficient in a Parabolic Differential Equation // J.
Math. Anal. Appl. 1991. V. 160. P. 572-582.

2. Ivanchov N.I. On the Determination of the Time-Dependent Leading Coefficient in a Parabolic Equation //
Siberian Mathematical Journal. 1998. V. 39(3). P. 465-475.

3. Kabanikhin, S.I., Shishlenin, M.A. Recovering a Time-Dependent Diffusion Coefficient from Nonlocal Data.
2018. Numerical Analysis and Applications, 11(1). P. 38-44.
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Cexknus 1. BBIYUC/IMTEJIBHASA AJITEBPA U METO/bI
AINMMPOKCUMALIIUAN

AcneKTbl BLIYHCJIEHHS IeTEPMHUHAHTOB MATPHIL H X paclpeiejieHH 10 onmpeaeauTe M

H. A. Aumunun

Mockosckuti mexnononudeckuil ynugepcumem (MHPOA)
Email: myantip@yandex.com

DOI: 10.24411/9999-017A-2019-10029

B crarpe paccmarpuBaeTcs JaHHBIE, TOTYyUYEHHBIE C TOMOIIBIO AJITOPUTMOB, Pa3padOTaHHBIX C HCITOIB30Ba-
HHEM BCTPOCHHBIX M HEBCTPOCHHBIX THITOB TAHHBIX B CTAH/IAPTHBIX SA3BIKaxX MporpamMmmupoBanws. [lpuBomnTcs
pactupenenerns mMarpull u3 0 u 1 mo aeTepMUHAHTaM IS 8-TO TOPsIIKa — TIEPecYeTOM JIeTEPMUHAHTOB BCEX
MAaTpHII, I MaTpHUIl opsaka ¢ 9-ro mo 11-if Togeuno (ucmomniyeTcss Meton MoHTe-Kapimo 1 uimyTcst TUTTh
OTJeNbHBIE AETePMHUHAHTHI, 0e3 yKa3zaHWs KOJMYeCTBa IS JTaHHOTO Topsiaka). Takyke ¢ TIOMOIIBIO alrOpHT-
MOB /I HEBCTPOCHHBIX THIIOB JIaHHBIX ObIIa TIOJTy4YeHa MaTpuia 64-ro mopsaka ¢ OTHOIICHHEM KOJMYeCTBa
0 x 1 — 1:3, ¢ onpemenuTeNeM paBHBIM IIPOCTOMY YHCITY, a TAaKXKE €¢ 00paTHas. AHATN3UPOBAIICH BEITHCIIC-
HUS JETSPMHUHAHTOB JUISI MAaTPHUI] O0jIee BRICOKHX MaTpwil — 128 u 256. Pe3ynbsrarsl TaHHBIX BRIYUCICHUA MO-
TYT OBITH TIOJIE3HBI TIPH Tiepeaade HH(OOPMAIH B OTKPBITHIX CETSX, & TAKXKE B €CTECTBEHHBIX TEOPETHIECKIX
Y MH)KEHEPHBIX HayKax.

Crnucok nureparypsl

1. Aarunua H. A. Teopetnyeckue n IpakTHUECKHE aCTIEKTHI MATPHIL U3 Hylel n enuHUI // AllbMaHaX MHPOBOH Ha-
yku, 2018 1, Ne 1(21). C. 6-35.

2. AatunmH H. A. Pa3pexenHsie MaTpuIsl U3 Hynmel u equHAL // [lepcrneKTHBBI pa3BUTHA HAYKH M 00Pa30BaHMUS:
COopHHK HaygHBIX TpyaoB, 2017 1. C. 6-10, ISBN 978-5-9500654-2-2.

3. Aatumue H. A. Makees B. H., Manees P. 1O., ®enyno @. A. TeopeTuko-4rucaOBbIe aCIEKTHI mrdpa Xuiia It
MAaTpHIl Pa3InIHOTO MOopsiiKa //AnbMaHax MUpOBOif HaykH, 2016 T, Ne 1-1(4). C. 6-10.

DopmanabHasa cnemupuKanys U BepuuKaus CTAHIAPTHBIX MaTeMaTHYeCKuX (hyHKIHii

U. C. Anypees!, E. B. Booun', /. A. Konopamwes!, A. B. [Ipomckuii!, H. B. [I[Iunoé’, C. O. Illunosa,
B. JI. @aiigensv’

'Huemumym cucmem ungpopmamurxu um. A. I1. Epuosa CO PAH

’AHO BO Yuuseepcumem Hunononuc

SCapamosckuil 2ocyoapcmeenbill mexHu4ecKutl YHugepcument

Email: anureev@iis.nsk.su

DOI: 10.24411/9999-017A-2019-10030

Ilens mpoexta "IlmaTdopMeHHO-HE3aBUCHMBIH TIOAXOM K (GopMaTbHON crienu(uKaum U BepHQpUKa-
UM CTAHJAPTHBIX MAaTEMAaTHUECKUX (QYHKIHMN" — MHKPEMEHTAIbHBII KOMOWHUPOBAHHBIN TIOAXOJ] K CIICIH-
¢bukanmuy 1 BepuPUKAIINA MAITMHHBIX peaTu3aluii MaTeMaTHdeckuX (YHKIUH (TakuxX Kak , , W Tak jJaee).
[TnatpopMeHHO-HE3aBUCHMBIH TTOJIXO0] TIPEJIIIOaraeT MPOCTYI0 aKCHOMATHU3AIHI0 MAITMHHOW apu()METHKH B
TepMHUHAX BEIICCTBEHHOW apu(PMETHKH (T. €. apuPMETHKH OJISI BEIICCTBEHHBIX YHCEN), HO He PUKCUPYS HU
OCHOBAHHWE CHCTEMBI CUMCIICHUS, HH (hopMara MalTMHHOTO cJioBa. THKpeMEeHTaNbHBIN MOAX0] B JAHHOM CITY-
gae O3HAYaeT, YTO CICHU(PUKAINSI U BepudUKAINI HAYMHACTCS C pacCMOTpeHHs Hamboiee "mpocToro” ciry-
yasi — 3JIeMEHTApHOH crenuuKaud 1 BepUPHUKAIUU TPOCTOTO AITOPUTMa, pabOTAIOIIETro ¢ BElIeCTBEHHbI-
MU YHUCIIAMH, & 3aKaH4YMBaeTCs — MoAU(UKAIMEH 2JIeMeHTapHOH crielinDUKaAIMK ¥ aJrOpUTMa JUIs MAITHHHOM
apupMeTHKe U BepuUKaIueii 3TOTo anropuTMa, paboTaronero B MamuHHON apudMeTnke. A KOMOMHHUPOBAH-
HBIM TTOJIXOM O3HAYACT, YTO IS DJIEMEHTAPHOTO CIIydas MBI TpoBoANM "pydHyIo" BepudUKanuio (C pydkor u
Oymaroif), 3aTeM BBITTOJIHAEM PYyYHYIO BepHU(DHUKAITHMIO aaTOpUTMa, paboTaIoNmero B MalTHHHOW apudmMeTHke,
WCITOJNIB3YS BepU(DHUKAITUIO JIS DJIEMEHTAPHOTO Cydas B KadecTBE "KOHCIIEKTA'", a 3aKaHUYNBaeM — BEPHU(PUKa-
IUEH C UCIOIb30BaHUEM aBTOMATU3UPOBAHHON CHCTEMBI TIOCTPOCHHUS/TIONCKA JOKA3aTeNbCTBA ISl TOTO, YTO
OBl CKITIOYUTH ameIUIAINI0 K "04eBUAHOCTH" B pydHOU Beprudukanuu. B HacTosmieit padote miaTdhopMeHHO-
HE3aBUCHMbI MHKPEMEHTAIbHBI KOMOWHUPOBAHHBIN TOAXOJ MPUMEHSETCS JJisi crieliuDUKalMd U BepH-
¢bukanmuu (QYHKIUE KBAaIpPaTHOTO KOPHS SqIt M TPHUTOHOMETPHYCCKUX (YHKIIHMH COS M Sin, BBIYUCIISIONTUX
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aNTMPOKCUMAIIUIO C OINPEJISIISIEMbBIM TI0JIh30BaTEIeM TOYHOCTHIO (OIIMOKON) B apuMeTHKE ¢ (PUKCUPOBAHHOMH
U IUIABAIOIICH 3amsITOM.

Pabora BrmonHeHa npu (prHaHCOBOW Toanepxkke Poccntickoro Gonma GpyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 17-01-00789).
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6. ShilovN. V., Faifel B.L., Shilova S.O., Promsky A.V. Towards platform-independent specification and verification
of the standard trigonometry functions. [Dnexrpon. pecypc]. URL: https://arxiv.org/abs/1901.03414 (mara oOparueHus:
01.04.2019).

0o AJITOPUTMAX OTBICKAHUA HAMMECHBIICTO PACCTOAHUA MEKIY CUCTEMAMHU TOYECK B ITPOCTPAHCTBE

U. A. bramos, E. B. Kumaesa

Tlosonoicckuil 2ocyoapcmeennvlil yHugepcumem meieKoMMYHUKAyull u uH@Gopmamuku
Email: blatow@mail.ru

DOI: 10.24411/9999-017A-2019-10031

[TycTh B IpOCTpaHCTBE 3a/IaHbI JIBa KOHEUHBIX MHOKeCTBa M H N, K&KI0€ U3 KOTOPBIX COCTOMT U3 N TOYEK.
PaccmarpuBaercst 3a1a4a OTBICKAHUS TAKOTO ITOJIOKEHUS ITUX MHOYKECTB B IPOCTPAHCTBE U MAPOCOUCTAHUS UX
BEPIIHH, 4TOOBI CyMMa KBaJ[PATOB MMOMAPHBIX PACCTOSHUN MEX/y HUMHU ObllIa MUHHUMATBHOM.

Ecnu ontiMaibHOE TApOCOYETaHUE YXKE YCTAHOBIICHO, TO TTOCTABIeHHAas 3a/1aua peniaercs 3a O(n) omnepa-
il ¢ momoisio anroputma Kadmra [1]. TlomHbli mepebop BCeBO3ZMOXKHBIN MapocodeTaHnid TpeOyeT paccMo-
Tpenus n! ciydaeB. Eciiu monokeHe cUcTeM TOYeK B TIPOCTPAHCTBE (GUKCHPOBAHO, TO HAMITYYINEe Mapocoye-
TaHKe MOKET OBITH HAliIEHO C TOMOIIBIO BeHTepckoro anroputMma [2] 3a O(n®) neiicteuii. B HacTosIee Bpems
HEM3BECTEH aJTOPUTM OTHICKAHHSI HAMIYYIIETO MTapOCOYEeTaHksI U COOTBETCTBYIOIET0 MHHUMAIILHOTO PACCTO-
SIHUS 32 TIOJIMHOMUAIILHOE BpeMsi. B TokIazie paccMaTpuBarOTCs alTOPUTMbI HA OCHOBE COYETaHHSI BEHTEPCKO-
ro anroputMa u anroputma Kabma, no3Bossoniue NpuOiInKeHHO HAWTH pellieHre 3a1a4u ¢ 3aJaHHO TOYHO-
CTHIO 32 IOJIMHOMHUAIILHOE BpEMSI.

Crnucok nuTeparypbl

1. W. Kabsch. A solution of the best rotation to relate two sets of vectors. Acta Crystallographica, 32:922-923, 1976.
2. H.W. Kuhn. The Hungarian Method for the Assignment Problem. Naval Research Logistics, 52(1):7-21, 2005.

CpaBHeHHeE JIBYX OAX0A0B K BbIOOPY HAYAJIbHOI0 NPHOJHKEHHA P PellIeHNH HECTAIIMOHAPHOIO
YPABHEHHS TEILIOMPOBOAHOCTH C Y4eTOM (ha30BbIX IEPEX0a0B

B. C. I[aokux, A. B. Ilemyxog
Hncmumym sviuuciumenvuoi mamemamuru u mamemamuyecxou eeogpusuxu CO PAH

Email: gladvs ru@mail.com
DOI: 10.24411/9999-017A-2019-10032

UmrcieHHoe MOICTTMPOBAHMS HECTAIIMOHAPHBIX TETUIOBBIX MOJICH ¢ yueToM (ha30BbBIX MEPEXOIOB SIBISETCS
TpyJoeMKoii 3aiadeii. OCHOBHBIC BPEMEHHBIE 3aTPaThl MPUXOJISATCS HA PEIICHHE CUCTEM JIMHEHHBIX anreOpau-
geckux ypaBHeHUH (CJIAY), momydaeMbIX IyTeM AUCKPETH3AITUN UCXOMHOM 3aaaqu. OTHUM U3 CIIOCOOO0B CO-
kpareHus: BpeMenu perierus CJIAY sBnseTcs BRIOOp HAYaIBHOTO MPUOIIKEeHHs. B manHO# pabore paccMa-
TPHBAIOTCS JIBa MOJXO/A Ul HAXOXKJCHUS HAYAILHOTO MPUOIMKCHHUS: METOJ MPEAUKTOP-KOPPEKTOP H BbI-
00p ONTUMALHOW JIMHEHHOW KOMOWHAIMH U3 HECKOIBKHUX PEIICHUH, MOTYYCHHBIX Ha MPEIbIIYIHX BPpeMeH-
HBIX marax. CpaBHEHHE BpeMeH PabOThI MPEJCTABICHBI JIJISl YUCICHHOTO MOJCIMPOBAHUS TPEXMEPHBIX Te-
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IUTOBBIX TTOJCH MIpU HAJIMYWU SKCIUTYaTallTUOHHBIX CKBAXKUH C YUETOM CC30HHBIX KoJeOaHui TEMIICPATypPhbl HA
MOBCPXHOCTU I'PYHTA HA BBIYUCIIUTCIILHBIX CUCTEMAX C O6III€I>1 IaMsTBIO.

Pabora BeImOmHEHAa TIpH mTomAep)kke TpaHTa 16-29-15122-0oh-m Poccmiickoro ¢oHma ¢yHAaMEHTATBHBIX
HUCCIIEOBAaHUHN.

CoBMeCTHOE MPUMEHEHHE HTePAIMOHHBIX MeT0I0B B mognpocrpancrax Kpouiosa u MHK
s pemenusa CJIAY

A JI I'ypvesa!, B. I1. Hivun'?
'Huemumym svluucaiumenvhoi mamemamuxu u mamemamuyeckoui 2eopusuxu CO PAH
?Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: yana@lapasrv.sscc.ru
DOI: 10.24411/9999-017A-2019-10033

PaccmarpuBaeTcss KOMOMHUPOBAHHBIN UTEPANMOHHEIN mporiecc UeOrImeBa — HANMEHBITHX KBAJpaTOB B
noanpocTpancTBax KppinoBa misi pemieHus: pa3pekeHHBIX CHCTEM JTMHEWHBIX anreOpamdecKux ypaBHEHUH
(CJIAY). Ilogxon siBisieTcst 0000IeHIEM YCKOpeHUsT AHIepCOHa HTEPAITHOHHOTO MeTona SIKoOw, KOTOPEIi SIB-
JIgeTcsl albTepHATUBOM METO/I0B B mojnpoctpancTBax Kpwuioa. [Ipennaraemplii aaropuTM OCHOBaH Ha TO-
CTPOEHUH HEKOTOPOTo Oa3uca B MOANIPOCTpaHCcTBaX KpblutoBa 1 MUHUMH3AIINH HOPMBI BEKTOpa HEBSI3KHU C TIO-
MOIIIBIO TIPOTIEYPHI HANMEHBINX KBapaToB. J(H(HEKTHBHOCTH MOAX0Aa TMPOIEMOHCTPUPOBAaHA HA pe3yabTa-
Tax YHCIEHHBIX SKCIIEPIMEHTOB Ha MHOKeCTBE MomenbHBIX CJIAY.

Pabora BeinonHeHa npu GuHaHCOBOM Toanepx ke Poccuiickoro Gonma GpyHIaMEHTaTBHBIX UCCIICIOBAHUMN (KO IPO-
ekta 18-01-00295).

AnantuBHbIe GOpMYJIbl YHCAEeHHOro auddepeHIuPOBAHNUS HPH HAJHYHH NOTPAHUYHOIO CJI0S

A. U. 3aoopun’, B. I1. Unvun’
'Unemumym mamemamuxu um. C. JI. Coboresa CO PAH
2HUncmumym svluuciumenvrou mamemamuku u mamemamuyeckou eeopusuxu CO PAH

Email: zadorin@ofim.oscsbras.ru
DOI: 10.24411/9999-017A-2019-10034

Uccnenyercs 3agada yrciaenHoro auddepeHnupoBanusi GyHKIMHM OTHON NEpPEMEHHON ¢ OONBIIMMU Tpa-
JUCHTAMH B TIOTpPaHMYHOM cioe. [IpuMeHeHne KilacCH4ecKUX MOJMHOMUATIBHBIX (POpMYN K Takoh (QyHKIUH
MOKET IPUBOANTH K HEMPUEMIIEMbBIM MOTPEITHOCTSM. JIJ1sl PYHKIMM HCTIONB3YeTCsl AEKOMIIO3UIUS Ha CyMMY
PETYISPHOI M CHHTYIISIPHOM cocTaBistironux. CHHTYIISpHAS! COCTABIISIONIAs, OTBEYAOIIast 3a OOJNbIINE Ipajiu-
eHTHI (PYHKIUH B TIOTPAHUYHOM CIIO€, PEATIONAraeTcsl U3BECTHON ¢ TOYHOCTBIO IO MHOXKHTENS (QYHKIHEH 00-
niero Bua. Ha paBHOMEpHOI ceTke cTposiTCs (POPMYIIbl YUCICHHOTO TU(PPEepEeHIINPOBAHNUS, TOUHBIC HA CUHTY-
JIIPHOM COCTABJIAIONIEH, U OLIEHUBAETCS UX MOTPEIIHOCTh. B yacTHOCTH, T0Ka3bIBaeTcs, YTO B CIydae dKCIO-
HEHIIMAIBHOTO MOTPAHUYHOTO CJI0SI ¥ JIOTapru(pMUUIecKoil 0COOCHHOCTH MOTPELUTHOCTH 3aBUCHT OT YHCIIa Y3JI0B
¢dopmynbl yncienHoro AuddepeHIpoBaHus 1 paBHOMEpPHA 0 MaJloMy TapaMeTpy. [lokazana BO3MOXXHOCTb
MPUMEHEHUS TOJTMHOMHUANBHBIX (popmyi uncieHHoro auddepennuposanus Ha cetke Lnmkuna.

Pabora BemmonHeHa npu GprHaHCOBOM Moepskke Poccwiickoro horma GpyHIaMEHTaTBHBIX HCCIIETOBAHIN (KO IPOCKTa
16-29-15122) wn mporpammoii 1.1.3 dpyrmamentansasx nccnenoBaanii CO PAH (mpoekt 0314-2019-0009).

O pemarejiix B peryJasipHBIX M0A00JaCTAX NPH JeKoMmo3uuu 3D KpaeBhIX 33,129

U. A. Knumonog', B. M. Ceewnuxos’?
' Huemumym svluucaiumenvhoi mamemamuxu u mamemamuyeckoii 2eopusuxu CO PAH
?Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: victor@lapasrv.sscc.ru
DOI: 10.24411/9999-017A-2019-10035

Jexommosumust pacuetHo 3D obnactm Ha momoOIacTH 0e3 MmepeceueHus MmapauieJenuneaanTbHol Ma-
KpPOCETKOU IMPUBOIUT K MTOSBICHUIO PETYSIPHBIX TapauieeueIaabHbIX Toqoomactei. B kaxkmoit momgooma-
CTH pelraercs KpaeBas 1o/3a/1a49a Ha CBOeH mojiceTke. Pemenne kpaeBbIxX moA3aaad 3aHIMaeT OCHOBHOE Bpe-
Ms pelIeHus] BCel 3a/1aui U MOATOMY JOJDKHO MPOBOIAUTHCA OBICTPBIMU METOJAMH ¥ TIPOTpaMMaMu (perare-
nsamMu). B mokane mpuBOAATCS pe3yiabTaThl SKCIIEPUMEHTAIBHBIX UCCIIeTOBaHUH 3(D(PEKTHBHOCTH pa3TUIHBIX
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perareneit 1Ist peryspHbIX nogobnacteid. Menomnb3yroTest kopl u3 oudnnorekn MKL n nporpammsl, peanu-
3yIoIe TpexMepHbId aHanor Meroda [lucmana — Paudopaa [1]. PaccmarpuBaroTcst ciydan 0gHOKPAaTHOTO U
MHOT'OKpPaTHOI'O pEUIeHUs MOA3a4a4, YTO UMEET MECTO, HAIPUMEp, [IPU PELICHUH CaMOCONIACOBAaHHBIX 3a1a4
CUJIBHOTOYHOM 3JIEKTPOHUKHU.

CImcoK JuTepaTypol

1. KinumonoB U.A., Kopuees B./I., CemnukoB B.M. TexHonoruu pacnapajijieldBaHUs PEeIICHHs] TPEXMEPHBIX Kpa-
€BBIX 33J1a4 Ha KBa3UCTPYKTYpPHPOBAHHBIX CETKaxX B IMOpUIHOI BbruuciautenbHol cpene CPU+GPU // BeunciauTenbHbie
METO/IbI ¥ IPOTPAMMHUPOBAHUE: HOBbIE BEIUMCIUTENbHBIE TexHonoruu. 2016. T. 17. Ne 1. C. 65-71.

TexHOJI0rHM pacnapa/uieJJHBAHUs H NapaJuleJbHbIe CTPYKTYPHI JaAHHBIX JJ1s pemieHus 3D kpaeBbIxX
3a/1a4 HAa KBAa3UCTPYKTYPHPOBAHHBIX CETKAX

B. JI. Kopnees', B.M. Ceewunurog'?
'HUncmumym gviuucaumenvHoti mamemamuxu u mamemamudeckoti eeogpuzuxu CO PAH
’Hogocubupckuii 20cy0apCcmeeHHblil YHUSEPCUmen

Email: victor@lapasrv.sscc.ru
DOI: 10.24411/9999-017A-2019-10036

Pa3zpaboTka TEeXHOJIOTHI ¥ MapauIeIbHBIX CTPYKTYP JaHHBIX SBIISICTCS BAKHBIM 3BEHOM IIPH PELICHUU
TPEXMEPHBIX KPaeBbIX 3aJlau 0COOCHHO B O0JIACTSX CO CIIOXKHOU reomeTpueii. OT HUX 3aBUCHUT 00BEM XpaHH-
Mot nH(pOpMAIK U BpeMsl pellieHus. B nokiane npeaiaralores TeXHOJIOTHH paciiapauieInBaHusl METOJIa Jie-
KOMITO3UIIMH PacueTHOW 00JacTH Ha mo1o0macTu 0e3 rnepeceyeHusi, OCHOBAaHHOM. PacueTsl mpoBosTCS Ha KBa-
3UCTPYKTYPUPOBAHHBIX ceTKaX. Pa3paboTaHbl mapaiielibHbIe CETOYHBIC CTPYKTYPBI JIAHHBIX, OPUSHTHPOBAH-
HBIC TIPEUMYIICCTBEHHO HA PaboTy CO CTPYKTYPUPOBAaHHBIMU MAaCcCUBAMU JaHHBIX. [[pUBEIEH WILTIOCTPATHB-
HBII MPUMED, MOKA3bIBAIOIINI OCHOBHBIC MOJIOKEHHUSI TIpeiiaraeMoro mojaxona. Jlokian ocHoBaH Ha paboTax
aBTopoB [1,2].

CIucok JUTepaTyphl

1. Korneev V. D., Sveshnikov V. M. Parallel algorithms and domain decomposition techniques for solving three-
dimensional boundary value problems on quasi-structured grids // Numerical analysis and applications. 2016. Vol. 9, Issue
2. P. 141-149.

2. B.J. Kopuees, B.M. CgemnukoB [lapannensHble TEXHOIOTHMU U CETOUHBIE CTPYKTYpBl JaHHBIX IS PELICHUs
TPEXMEPHBIX KPAeBbIX 33/1a4 B CJIOXKHBIX OOJNACTSIX HA KBAa3HUCTPYKTYPHUPOBAHHBIX CETKax // BeIYnCINTENbHBIC METO/BI 1
nporpammupoBanue. T. 19. 2018. C. 496-506.

bunapa6oanyeckuii MeToa pellieHHsl HeJIMHEeliHbIX YPABHEHHH

B. JI. Mupownuuenxo’?

'Uncmumym mamemamuxu um. C.JI. Cobonesa CO PAH
’Hogocubupckuii 20cy0apCcmeeHHblil YHUSEPCUmen
Email: miroshn@math.nsc.ru

DOI: 10.24411/9999-017A-2019-10037

[Ipennaraercs MeTox peLIeHUs] HEMMHEHHOTO ypaBHEHHS f{x)=0 B MPEANIOI0KEHHH, YTO €r0 KOPEHb NpH-
HaJJICXKHUT OTPe3Ky [a, b], npudeM fla)-f(h)<0. OnHOM U3 TUITMYHBIX 331a4, I TPeOyeTcsi MHOTOKpaTHOE U ObI-
CTpOE pELICHUE TAaKUX YPaBHEHUH, SBJISIETCS 3a/1a4a O MOCTPOCHUH N30JMHNAN (PYHKIIMU IBYX ITEPEMEHHBIX.

B npennaraemom metozie Ha oTpeske [a, b] nobansrorcs aBa ysna: x, ¥ x, 3aTeM 10 y3nam (a,x X,) |
(x,,X,,b) CTPOATCS COOTBETCTBEHHO JIBE Mapadoibl P, u P, annpokcumupyromue Gynkimo f(x). OxaspiBaercs,
ecnu npousBonHast f"'(x) Ha oTpeske [, b] 3HAKOMOCTOsIHHA (KaK MIPAaBUIIO, B MPAKTUYECKUX 3a]ladax 3TO UMe-
€T MECTO, KOIjia OTpe30K [a, b] Man), To KopeHb ypaBHeHus f(x)=0 HaxomuTcs MeX 1y KOPHAMH napabon P, u

,» UTO TO3BOJISIET 3HAYMTENBHO Cy3UTh MHTEPBAJ MOMCKA KOpHs. Ecim e ycnoBue 3HaKonocTosHCeTBa fM'(X)
HE BBIIOJIHEHO, TO JUIS CY’KEHHMs MHTEPBaIa MOMCKA KOPHS MOXHO BOCIIONIB30BaThCs 3HAKAMU 3Ha4€HUH f(x))
u f(x,). Beicokas 5pdeKkTMBHOCTE 6GMIIapabOoIMIECKOro METOIA MOATBEPKAAETCA MHOTOJIETHUM OIIBITOM €TO
MPUMEHEHHUSL.



Boruucnumenvnas aneebpa u memoowvt annpokcumayuu 21

CpaBHeHHE METO/I0B AJIre0panyeckoi JeKOMIo3uInN ooaacTei psa pemenns CJIAY

I A. Omaposa, /I. B. Ilepegosxun
Hucmumym gviuucaumensHol mamemamuxu u mamemamuyecxou ceogpusuxu CO PAH

Email: gulzira@rav.sscc.ru
DOI: 10.24411/9999-017A-2019-10038

PaccmarpuBaroTcs MeToibl anredbpanueckoid iekoMmo3uiuu s pemeHus oonpmux CJIAY ¢ paspexen-
HOM KBaJIpaTHOU BEILIECTBEHHOW MaTpullel. YIIOMSHYTbIE aJlTOPUTMbl OCHOBaHbI HA aHAJIM3€ CTPYKTYpPHI I'pa-
(a, MOCTPOCHHOTO Ha MaTpHIle CUCTeMBI. Pesynsratom ux paboThl siBisieTcs: pazouenue CJIAY Ha KpyInHbIC
OJIOKH, KOTOpBIE 3aTeM 00paIIaroTCs IPSIMBIMA WA UTEPATMOHHBEIME MeTofgamu. CpaBHeHHE Y((HEKTHBHOCTH
pa3pabOTaHHBIX aITOPUTMOB HILTFOCTPUPYETCS pe3yJbTaTaMU YHCICHHBIX KCIIEPUMEHTOB 0 PEIICHUIO pa3-
JUYHBIX anreOpandecKrx 3a/1ad.

Pabora BeITIONTHEHA TIpH (HPHHAHCOBOH mojiepikke Poccuiickoro donaa GyHmaMeHTaTBHBIX HCCIIEOBAHMN (KO IPO-
ekra 18-01-00295 A).

MeToanl Npeao0ycaaBJINBaHNA, 0OCHOBAHHBIE HA IPa()oBBIX MPe00Pa30BaAHMAX

I A. Omaposa, [. B. Ilepesoszxun
HUnemumym evluucaiumenvrot mamemamuxu u mamemamudeckoti eeogpusuxu CO PAH

Email: gulzira@rav.sscc.ru
DOI: 10.24411/9999-017A-2019-10039

B pabore npomomwkeHno uccnenoBanne, Hadaroe B [1] m momomaenHoe [2]. PaccmarpuBaeMbie METOMBI
npenoOyciaBIuBaHusl OCHOBAHBI HAa alTOPUTMax IMOCTPOCHHUSI OCTOBHBIX JIEPEBBLEB, /1€ B KAYECTBE MCXOAHO-
ro rpada BeICTyIaeT rpad, mocTpoeHHbI Ha MaTpume CJIAY. MeToasl UCCIeqyIOTCS IPUMEHUTEIHHO K pe-
mennto pasnuuHbix CJIAY ¢ kBagpaTHOHM BeliecTBeHHON Marpuued. IIpuBoasTcs pesyibTaTbl YHMCIEHHBIX
3KCIIEPUMEHTOB.

Pabora BeITIONTHEHA IpH (HPUHAHCOBOH mojiepikke Poccuiickoro donaa GyHmaMeHTaTBHBIX HCCIIEOBAHMN (KO IPO-
ekra 18-01-00295 A).

CHucoK JuTeparypbl

1. Pravin M. Vaidya. Solving linear equations with symmetric diagonally dominant matrices by constructing good
preconditioners. Unpublished manuscript. A talk based on the manuscript was presented at the IMA Workshop on Graph
Theory and Sparse Matrix Computation, October 1991, Minneapolis.

2. Chen D, Toledo S. Implementation and evaluation of Vaidya’s preconditioners. Preconditioning 2001. 2001.

I[BVXVDOBHeBbIe Hpe}lOﬁVCJ’lOBJ’IeHBLle METOAbI B MOANPOCTPAHCTBAX Kpbmona

/. B. Ilepesoskun

Hucmumym viuucaiumensHoti mamemamuxu u mamemamuyecxou eeopusuxu CO PAH
Email: foxillys@gmail.com

DOI: 10.24411/9999-017A-2019-10040

PaccmarpuBarotcst HeKOTOpble MOIU(BHUKALIMY HTEPAMOHHBIX METOJ0B B TIoApocTpancTBax Kpsuiosa. B
OOJNBITMHCTBE CITy4aeB, OOIIEN3BECTHBIE METOABI MEPHOANYECKN COBEPIIAIOT PECTApT JIJIS MOTAIICHHS OIIH-
OOK OKpYIVICHUS], a TAaKXkKe Il KOHTPOJISl TPYIOEMKOCTH Illara B METoJax ¢ AJMHHBIMU pekypcusMu. Kak mpa-
BUJIO, TIPH pecTapTe TepseTcst HHOOpMAII 1 MOXKHO CYUTATh, YTO UTEPAIMOHHBINA TIPOIIECC HAUNHALTCS C HY-
7151, 33 MCKITIOUeHHEM MH(OPMALIUK O TEKYIIeM UTepallMOHHOM NMpHOImkeHud. [Ipeqiaraemple METO/IBI TTO3BO-
JISIOT COXPAaHUTh YacTh HH(pOpMAIui 00 UTEPAIIMOHHOM TPOIECCE TIPH PECTApPTe W MCIIOIb30BaTh €€ B JIajlb-
Heimem. CpaBHenue 3pheKTHBHOCTH pa3paOOTaHHBIX AITOPUTMOB WILTIOCTPUPYETCS pe3ynbTaTaMH YnCIIeH-
HBIX SKCTIEPUMEHTOB T10 PEIICHUIO Pa3IMYHbIX aJIreOpandeckux 3aaad.

Pabora BrrmonHeHa npu (puHaHCOBOW Toanepxkke Poccuiickoro Gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNAHN (KO TIPO-
exra 18-01-00295 A).
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MaT])l/l‘{HLIﬁ AJITOPUTM BBIYMCJICHUSA HECITHBIX )1p06ei71

JI. B. Ilexmepesa!, B. A. Cenesned’
'Hosocubupckuil 20cy0apcmeentvlil mexHuiecKull yHugepcumem
’Hosocubupckuil 20cy0apcmeenHblil yHugepcumen

Email: pekhtereva@corp.nstu.ru
DOI: 10.24411/9999-017A-2019-10041

B pabote paccMaTpuBaeTCsl MaTpUIHOE TIPECTABICHIE KOHSTHBIX IIEMTHBIX JPOO0CH, MOTydeHHOE KaK ajl-
reOpanueckas ¢opmanuzanus anropurma EBkinza. [loaydeHHOe npencTaBieHne Mo3BOJIIeT HHTEPIPETHPO-
BaTh AJTOPUTM "BBEITSIHYTHIX HOCOB" MHHKOBCKOTO KaK TOCIEAOBATEIHHOCTh YHUMOIYISIPHBIX MOP(I3MOB
LIEJIOUMCIICHHOM TUIOCKOW PeleTKH. B KauecTBe MPUIIOKEHUH MOyUeH aJrOpUTM IMPEICTABICHUS YHUMOIY-
JSIPHBIX MOP(U3MOB IIEIIOUUCICHHONW PEIIETKH, OCHOBAHHBINA HA B3aUMHO OJIHO3HAYHOM COOTBETCTBHHU Palld-
OHAJILHBIX YHCET U YHHUMOJIY/ISPHBIX MATPHUI] BTOPOTO IMOPSJIKA C IIEIOYHCICHHBIMU TTOJOKUTEIBHBIMH JIe-
MeHTaMu. [IprBOIIATCS CBOMCTBA MOMYYSHHOTO MIPEICTABICHHS, YIIPOIIAIONINE BEIYUCICHUE TICTTHBIX IPOOCH.
PaCCManI/IBaIOTCH BOIIPOCHI YUCIICHHOM peaiun3ann CTaTUCTUKU pACHPCACIICHUA HATypPaJIbHbIX YHUCECJI B IIPC/I-
CTaBJICHUU OCCKOHEYHBIX IEITHBIX IPOOEH.

Kyo0arypublie (popMyJibl Ha chepe, HHBAPHAHTHBIE OTHOCHTEJIbHO NMPE00Pa30BaAHMA I'PYIIILI
amanpa D3d

A. C. Ilonos

Hnemumym evluuciumenvrot mamemamuxu u mamemamudeckoti eeogusuxu CO PAH

Email: popov@labchem.sscc.ru
DOI: 10.24411/9999-017A-2019-10042

KybarypHusie hopmysbl Ha cdepe, HHBapHAaHTHBIE OTHOCUTEIIBHO NMPEoOpa30oBaHUi Pa3IMUHBIX JHAIPaTIb-
HBIX TPYTIT CAMMETPHH, pacCMaTpuBaIIMCh B paborax [1-3]. B yactHOCTH, B [3] OBLI IPEIOKEH ANTOPUTM TI0-
CTPOCHUS HAMIYYIIUX (B HEKOTOPOM CMBICIIE) Ky0aryp Ha cdepe, HHBApUAHTHBIX OTHOCHUTEIBHO MpeoOpaso-
BaHMI TPyNIbI BpaleHui qusnpa ¢ uasepcueit D5d. B nanHoi paborte Oyaer onucaH aHATOTUYHBINA alrOpUTM
MTOCTPOCHHS HAMITYUIINX KyOaTyp, MHBAPHAHTHBIX OTHOCHUTEIBHO MTPeoOpa3oBaHU TPyIIIBI BPAIIEHUH TUApa
¢ unBepcueit D3d. BynyT nmpoBeaeHsl pacueTsl MO 3TOMY ajJrOPUTMY C LIENbIO ONMPEICIUTh HapaMeTphbl BcexX
HAWTYyYIINX KyOaTyp JaHHOM rpyNIbl CAMMETPHH 10 35-TO MOpsAIKa TOUHOCTH.

CIICOK JUTepaTyphbl

1. KazakoB A. H., Jlebenes B. 1. Kpagparypusie popmynst Tina ['aycca mist cdepbl, ”HBapHaHTHBIE OTHOCHUTEIBHO
rpynnsl auaapa // Tpyast MUPAH. M.: Hayka, 1994. T. 203. C. 100-112.

2. Popov A. S. Cubature formulae for a sphere invariant under cyclic rotation groups // Russ. J. Numer. Anal. Math.
Modelling. 1994. Vol. 9, No. 6. P. 535-546.

3. Tomos A. C. Kybarypusie ¢hopMyinbl Ha cepe, HHBApUAHTHBIE OTHOCUTEIBHO I'PYIIIbI BPALICHUH TU3pa C MH-
Bepcueid D5d / Cubupckue anexrponHble Maremarnueckue n3sectus. 2018. T. 15. C. 389-396.

ChnekTpajbHble XapaKTEePHUCTHKHU onepaTopoB AnddepeHINPOBAHNA H HHTETPHPOBAHUSA
OTHOCHTEJIBHO OPTOrOHAJBHBLIX GUHUTHBIX GYHKIUH. . CHMMeTpHYHBIE CILIANHBI

K. A. Puibaxos, B. B. Pvibun

Mockosckuil asuayuoHHbLl UHCMUMYM (HAYUOHATLHBIN UCCTE008AMENbCKULL YHUBEPCUTNEM)
Email: rkoffice@mail.ru

DOI: 10.24411/9999-017A-2019-10043

B niepBoii uacTu paboThl cHOPMUPOBAHBI AIITOPUTMBI PacyeTa CIEKTPaIbHBIX XapaKTEPUCTHK ONEPaTOPOB
T QepeHInPOBaHUS U UHTETPUPOBAHUS OTHOCUTEIHHO CHCTEMbI OPTOTOHANBHBIX (MHUTHBIX (QYHKIIUH, KO-
TOpasd MmopoXaacTcs € MOMOIIbIO MaCIlITa6I/IpOBaHI/IH 1 cABUTa CUMMETPHUYHOI'O KyCO‘IHO-HPIHeI}'IHOFO crai-
Ha [1]. CucTeMa OpTOroHaIbHBIX (MHUTHBIX QYHKIHMH, TOPOXKIICHHAS HECUMMETPHUYHBIM KYCOUHO-INHEHHBIM
CILTAifHOM, PacCMOTpPEeHa BO BTOPOH yacTu padoThI [2].

Pabora BbIIONHEHA TPU YaCTUYHOI (HHAHCOBOI moanepkke Poccuiickoro ¢poHna pyHIaMeHTaIbHBIX HCCICI0BA-
Huil (kox mpoekTa 17-08-00530).
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Cnucok JuTeparypbl

1. Jleontse B. JI. OpToronansHble PUHUTHBIC (PYHKIIMA ¥ YUCICHHBIC METONBL. YIbsHOBCK: Yil'Y, 2003.

2. Pri0axoB K. A., Peioun B. B. CriekrpansHbie XapaKTEpUCTHKH OTIepaTopoB Tu(GepeHIIMPOBAHIS U HHTETPUPO-
BaHMS OTHOCHUTEIILHO OPTOTOHANBHBIX (GMHHUTHBIX (yHKIwMH. [I. HecumMeTpudansle crmaifnel / AKTyaiabHBIE TPOOIEMBI
BEIUYMCIIUTENFHON 1 ipukiIagHoi matemaTuku (ATIBIIM-2019). MexnaynapomnHas koHbepenusa, HoBocubupck, 1-5 uro-
151 2019 1.: Tes. moxn. HoBocubupcek, 2019.

CnekTpajibHble XapaKTEePUCTHKH ONEePaToPoB JU(pdepeHIIMPOBAHNA H HHTETPHPOBAHMNSI
OTHOCHUTEJIbHO OPTOrOHAJIbHBIX (GDMHUTHBIX GyHKIMM. II. HecumMMeTpryHbIe CILIANHBI

K. A. Pubakos, B. B. Pvibun

Mocrosckuil aguayuoHHbIl UHCMUMYM (HAYUOHATbHBIU UCCIe008AMENbCKULL YHUBepCUnien)
Email: rkoffice@mail.ru
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Bo BTOpoii yactu paboTsl cYOPMUPOBAHBI AJITOPUTMBI PacUeTa CIIEKTPAIbHBIX XapAKTEPUCTHUK OIIEPaToOpOB
I QepeHIuPOBaHUS U UHTETPUPOBAHUSI OTHOCUTEIBHO CUCTEMBbl OPTOTOHAIBHBIX (PMHUTHBIX (YyHKIHH, KO-
TOpast HOPOXKAAETCS C IOMOILBIO MAaCIITAONPOBAHUS U CABUT'a HECUMMETPUYHOTO KyCOUHO-JIMHEHHOTO CILIai-
Ha [1]. CHMMETpUYHBIA KyCOYHO-TMHEHHBIN CIUTalfH pacCCMOTpPEH B IepBoi dacTu padotsl [2]. [lomyueHHbIC
Pe3yNbTaThl BKIIOYEHBI B ONOIMOTEKY 3JIEMEHTAPHBIX aJITOPUTMOB CHEKTPAJILHOIO METO/IA aHAJIM3a U CHHTE3a
CHCTEM aBTOMAaTHYECKOro ynpasieHus [3].

Pabora BbInoiaHEeHa NpU YacTHYHOM (HHAHCOBOI nojaepkke Poccuiickoro Gonna GyHaaMeHTaIbHBIX HCCIIEN0Ba-
Huil (kox mpoekta 17-08-00530).
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1. JleontheB B. JI. OproroHanbuble (GMHATHBIC (GYHKIUHU U YUCICHHBIE METOIbI. YibsiHOBCK: Ynl'Y, 2003.

2. PrioaxoB K. A., Peioun B. B. CrniekrpaiibHble XapaKTEpPUCTHKH OIIEPaTopoB Tu(GepeHIIMPOBAHI U HHTETPUPO-
BaHMsI OTHOCUTEIHEHO OPTOTOHAJIBHBIX (QUHUTHBIX (pyHKIMiA. [. CHMMeTpUYHBIe CIIaliHbl // AKTyanbHble TIPOOJIEMBI BbI-
YHUCIUTENbHOW U npuknaanoi Marematuku (AIIBIIM-2019). Mexnynaponuas koHdpepenius, HoBocubupck, 1-5 urons
2019 r.: Tes. noki. HoBocubupck, 2019.

3. PribaxoB K. A., Peioun B. B. AnroputMuueckoe u mporpaMMHoe 00ecIiedeHne pacueTa CUCTEM aBTOMaTH4eCKO-
TO yIpaBJeHUs B CIIEKTpalIbHON GopMe MatemMarnieckoro onucanusi / B xH. CoBpeMeHHasi HayKa: TeOpeTHYECKHE, ITPaK-
TUYECKHE U MHHOBAIIMOHHBIE aclieKThl pa3BuThsl. T. 2. PocToB-Ha-/{ony: U3a-Bo MexayHapOIHOTO HUCCIEN0BATENHCKOTO
nentpa "Hayunoe corpyaaudectso”, 2018. C. 171-199.

YucjeHHOEe MOJeJMPOBAHHE COOCTBEHHBIX K0JIe0aHUi 000109KH ¢ MPHCOEIUHEHHBIMH I'PYy3aMHu

A. A. Camconos!, JI. M. Kopocmeneea?, C. H. Conosves!, I1. C. Conosves!
'Kasanckuil (TIpusonowcckuil) ghedepanvhulil ynusepcumem
2 Kazanckuii 20cy0apcmeenHulil dHepeemuieckull YHUgepcumen

Email: anton.samsonov.kpfu@mail.ru
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PaccmarpuBaercst 3ajja4a 0 COOCTBEHHBIX KOJEOAHHSIX IMOJIOTOM 00O0JOYKU C YIPYro MPUCOCIAWHEHHBI-
MU rpy3amMu. JTa 3ajlaua CBOIUTCS K OINPEIEICHNUI0 COOCTBEHHBIX 3HAYCHUN M COOCTBEHHBIX (DYHKIUI 3a-
Jla4l Ha COOCTBEHHBIC 3HAYCHUS JJISi CUCTEMBI TUPPEePEHIIMAIBHBIX YPaBHEHUH C PalliOHAILHON 3aBHCUMO-
CTBIO OT CHEKTPAJIBHOrO napaMmerpa. Mcxonnas 3ajada annpoKCUMHUPYETCsl 3a1a4€il B KOHEYHOMEPHOM I10J1-
MPOCTPAHCTBE, KOTOpasi YKBUBAJICHTHA MAaTPUYHOMN 3a/1aue Ha COOCTBEHHBIE 3HAUYEHUS C pallMOHAIbHOMN 3aBU-
CHMOCTBIO OT CIIEKTPAJIBHOTO MapameTpa. Mccienyorces cylecTBOBaHUE U CBOMCTBA pellieHuil. /s pemenus
panroHaIbHOM MaTPUYHOM 3a/1a4d Ha COOCTBEHHBIE 3HAYCHUS TOCTPOEH OJIOYHBIN METOJI 00paTHON UTEepaIHH.
YcTaHOBIIEHA CXOMMOCTB 3TOI0 METOAA.

Pabora BrrmonaeHa npu puHaHCOBOM TIoanepxkke PODU u [IpaBurennctBa Pecrybnmuku TaTapcTan B paMkax Hayd-
Horo mpoekta Ne 18-41-160029. Pabota mognep:xana PODU (xomst mpoekroB 17-08-01279, 19-08-01184).
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MeTO}I HTEepAllMH NOAINPOCTPAHCTBA PCHICHUS MATPUYHBIX 3aa4 HA COOCTBEHHBIE 3HAYECHHSI
¢ HeJIMHEHBbIM BXOKJICHUEM CIICKTPAJBbHOI0 IMapamMeTpa

I1. C. Conosves’, /I. M. Kopocmenesa®, C. U. Conosves’
'Kaszancxuii (TIpusonacckuil) ghedepanvholil yHusepcumem
’Kazanckuti 20cy0apcmeenHblil dHepeemuieckull yHugepcumem
Email: pavel.solovev.kpfu@mail.ru

DOI: 10.24411/9999-017A-2019-10046

PaCCManI/IBaCTC}I O606H_ICHH3,$I 3aga4ya Ha COOCTBEHHBIC 3HAUCHHS C CUMMCTPHUYHBIMU TOJIOXKUTCIBHO
OIpCACJICHHBIMU MAaTpUllaMHU, HEJIIMHCHHO 3aBUCAIIUMHA OT COCKTPAJIbLHOI'O mapaMeTpa. Hpez[nonar acTCs, 4TO
OTHouIeHue Pases sBisercs HCBO3paCTaIOH.[€I>'I (bYHK]_II/Iﬁ YHCJIIOBOI'O aprymeHTa. YcTaHOBICHO CylmeCTBOBa-
HHUEC pemeHHﬁ " U3YYCHBbI CBOMCTBA COOCTBEHHBIX 3HAUEHHMI U COOCTBEHHBIX BCKTOPOB 3aJ1a4u. IIJ'ISI PCHICHUS
HEJIMHEHHOMN 3aga4u Ha COOCTBEHHBIC 3HAYCHUS IMOCTPOCH OJIOUHBIH BapuaHT MCETOAa 06paTHOfI UTepanuu.
Hccnenoana CXOAUMOCTDb NPCAJIOKCHHOTI'O UTCPATUOHHOIO METOJA.

Pabora BemonHeHa mpu ¢puHaHCOBOH moguepkke POOU u [Ipasurenscta Pecrybmmkn Tarapcran B pamkax Ha-
yanoro npoekra Nel8-41-160029. Pabora monaep:kana Poccuiickum poHmOM GyHIaMEHTATBHBIX UCCISTOBAHUH (KOMIBI
npoextoB 17-08-01279, 19-08-01184).
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Cexuus 2. YUCJIEHHOE PEHIEHUE JU®PEPEHIIUAJTBHBIX
YPABHEHUM

MeToabl BLIYHCIEHHS crieKTpa Tn(pdepeHnnajibHbIX 01epaTopoB

D. A. Bubepoop'?, A. M. Bnoxun'?, A. A. Kocaues', H. H. [Tonosa’
'Hosocubupckuii 20cyoapcmeentvlil yHusepcumen

2Uncmumym mamemamuxu um. C. JI. Cobonesa CO PAH
SUncmumym soeprnoit puzuxu um. I U. Byoxepa CO PAH

Email:biberdorflongs.ru
DOI: 10.24411/9999-017A-2019-10047

B nanHo# pabote pa3BuBaeTCs Hjes MCIOIB30BAaHUS METOJIA JUXOTOMHHM MaTPUYHOTO CIIEKTpa JIJIs MC-
CJIeMOBaHUsl yCTOWIMBOCTH TeueHul [1-2]. DTOT MeTon 06IamaeT meIbIM PSAIOM OYECBHIHBIX MPEUMYIICCTB.
Hampumep, ero mpuMeHEeHHE TTO3BOJISIET UCCIIEIOBATh HHTEPECHBIC ¢ TIPAKTHIECCKON TOUKH 3pEHHUS COOCTBEH-
HbIC 3HAUCHUS OTEIBHO OT OCTAJIBHOTO CIEKTPA, a TAKXKE OMPENEIATh UX 3aBUCUMOCTh OT IMapaMEeTPOB UCXO-
JTHOM 3aJ1auu.

Taxoxe 11 mesrel ucclieA0BaHus CIeKTpa AUQGepeHITNAIBHBIX OIIEpaTOPOB IPEIIaratoTcsi METOIBI, OCHO-
BaHHBIC HA BBIYHMCIICHUU MO0 (DyH/IAMEHTAIILHOW MATPHIIBI pellieHHi, 1100 (GyHKIMU [prHa COOTBETCTBYIO-
UX KpaeBbIxX 3a7a4d. CpaBHEHUE TUX MIPOBEJCHO HA MOJICTHHBIX IIPUMEpax.

Pabora BeinosiHeHa nipu HUHAHCOBOI mozepikke Poccuiickoro donaa GyHmaMeHTATBHBIX HCCIIEM0BAHHUN (KO IPO-
ekra 17-01-00791).

CHucok JuTeparypbl

1. Bubepnopd D.A., baunosa M.A., Tlonosa H.M1. Mogudukanmum MeTona TMXOTOMHUM MAaTPHYHOTO CHIEKTpa M UX
IIPUMEHEHHE K 3a7a4am ycroiunBocth // Cu6XXBM, 2018, T. 21, Ne 2. C. 139-153

2. bmuaoBa M.A., ITonoBa H.W., bubepnopd 3.A. [Ipnnoxenue TMXOTOMUM MaTPUYHOTO CIIEKTPa K MCCICIOBAHUIO
ycroiunBocTH Teuenuit // Tpynpl kondepenmn "MapuykoBckue Hayunsle utenust — 2017". C. 106-112

YucJieHHBII aHAJH3 CTAITHOHAPHBIX HEM30TEPMHUUYECKHX TeUeHHH MOJHUMEPHOH ;KHAKOCTH B KAHAJIAX C
TOHKHMH BKJIKYEHHUSIMHU

A. M. Brnoxun'?, E. A. Kpyenosa®®, b. B. Cemucanog*’
Unemumym mamemamuxu um. C. JI. Cobonesa CO PAH
*Uncmumym eviuuciumensuvix mexronozuti CO PAH

*Hosocubupcrutl 20cy0apcmeenHblil yHUSEPCUmen

Email: blokhin@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10048

Jnst onrcanus Te4EHUM HEC)KMMAEMOM BA3KOYIIPYTOU ITOJIMMEPHOM JKUJIKOCTH MCIIOIb30BaHa PEOJIOrHYe-
cKasl Me3ockomnueckas Mojienb [lokpoBckoro — Burorpamosa [1]. Jlano o0o0mieHne Moaenu i y4eTa TeM-
MePaTyPHBIX M 3JEKTPOMATHUTHBIX BO3AEHCTBHA. [y pacueTa CTaliOHApHBIX IBYMEPHBIX TEUEHUH, CXOKHIX
10 CBOMM KaueCTBEHHBIM CBOMCTBaM ¢ TedeHHAMH Ilyazeiins, noigydeHa cucreMa pa3peraronnx KBa3uiInHen-
HBIX YPaBHEHHUH JJII CKOPOCTH TE€UECHHsI, TEMIIEPATypbl U MarHUTHOIO nojis. Ha ocHOBEe HEIOKaJIbHOIO airo-
puTMa [2], UCTIONB3YIOMIEro MPUOIMKEHHsI 0€3 HACHIICHHUS, TPOBE/ICH YHCICHHBINH aHAIN3 TCUCHUH B KaHAIax
C CEUEHHSIMU IIPSIMOYTOJIBHOM, KPYTOBOH U DIUIMIITHYECKOH ()OPM C TOHKMMH BKJIFOYEHUSIMU — HAarpeBaTeIbHbI-
MM 3JieMeHTaMu. J[aHbl OLIEHKH MOTPEIIHOCTH YMCIEHHBIX pelIeHui, cM. [3].

VccnenoBanue BBIMIOIHEHO 3a cueT rpanta Poccuiickoro Haygnoro (onma (mpoekt Nel7-71-10135).

CITHCOK JTUTEpaTyphl

1. Pokrovskii V. N. The Mesoscopic Theory of Polymer Dynamics. Springer, Berlin, 2nd ed., 2010.
2. Cewmmucanos b. B. BeICTpbIii HeTOKaTbHBIN alTOPUTM pelIeHNs KpaeBbIX 3a1a4 Heitmana—/lupuxie ¢ KOHTpoJeM
norperrHocTy // Bera. MeT. mporpammuposanue. 2016. T. 17, Ne4, C. 500-522.
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3. bnoxun A.M., Kpyrosa E.A., Cemucanos b.B. Ouenka AByX KOMIIOHEHT HOTPEIIHOCTH YUCICHHOTO PEeIICHUS
3aj1a4u 0 HEU30TEPMUYECKOM TeUEHHH MOJIMMEPHBIX PACTBOPOB MEXTY JIByMsI COOCHBIMHM HMIIMHIpam#u // JKypH. BbIY. Mar.
n Mar. ¢puz. 2018. T. 58, Ne 7. C. 1099-1115.

00 HCIO0JIB30BAHNH CONPSKEHHBIX 0IIEPATOPOB IS YHCJIEHHOI0 PellieHusl TPEXMEPHBIX YpaBHeHH i
HEPA3PBLIBHOCTH M MEPEHoca

A. B. Bamkun', E. B. Kyuynosa’
"Unemumym gvruucaumenvrozo mooenuposanusi CO PAH
2Cubupckuil ghedepanviwiil yHu8epcumem

Email: vyatkin@icm.krasn.ru
DOI: 10.24411/9999-017A-2019-10049

B pabote npencrapieH sIBHbII YHCIEHHBII METO U3 ceMeicTBa MOTyIarpaHKeBbIX METOIOB AJIS pele-
HUSl TPEXMEPHOTO YPaBHEHUS HEPA3PBHIBHOCTH. AJITOPUTM OCHOBAH Ha PACHICTUICHUH TPEXMEPHOH 3a/lauu Ha
TPU OJHOMEPHBIX 33J]aul U UMEET MEPBbII MOPSA0K CXOAUMOCTH YUCIEHHOTO PELIEHUS 3aja4l K TOYHOMY pe-
nieHuro. Ha ocHOBe mpeacTaBiaeHHOro YMCIEHHOTO MeTozia c(hOpMHUPOBaHA MaTpHLa JJIsl HOUCKA YUCICHHOTO
pemenusi. C CMOIB30BAHUEM COTIPSKEHHBIX OTIEPATOPOB TEOPETUUECKU MOATBEPKACHO, UTO UCIOIH30BAHNE
CONPSKEHHON MaTPULIbI II03BOJIIET IIOCTPOUTH YHCIEHHOE pelleHue nepeHoca. 1IpoBeieHHbIe BBIYUCIUTEIb-
HBI€ HKCIIEPUMEHTHI IOATBEPKIAIOT CXOAUMOCTb IOCTPOCHHOIO TAaKUX 00pa30oM YHMCIEHHOTO PELICHUs ypaB-
HEHUs [IEpeHO0Cca K TOYHOMY PELIEHUIO.

HccnenoBanue BBINOMHEHO TpH (hMHAHCOBOHM mojyepxke Poccuiickoro gonga (yHmaMeHTaBHBIX HCCIICIOBAHHH,
[TpaBurenscTBa Kpacuosipckoro kpast, Kpacnosipckoro kpaeBoro (oHa Hayky B paMKax Hay4qHOTo rpoekra: "HuciaenHoe
MozenupoBanue GOpMHUPOBAHHUS KBa3UyCTOWYHMBBIX (HUTYyp, 00pa30BaHHBIX MHOTOKOMITOHEHTOH Ira30BOH CMECHIO, BBITE-
KaloIlei u3 MPOMBIIUICHHON ABIMOBOM TpyOBb!", mpoekra Ne 18-41-243006.

I[IpuMeHeHHE KOJLIOKAIIMU B METO€ KOHEYHBIX 3JIEMEHTOB JIJIsi TPEXMEPHOT0 YPABHEHHS
peakuuu — auddy3un

JI. B. l'unesa, E. J[. Kapenosa, B. B. lllaiioypos

Hnemumym evruucaiumenvroeo mooeruposanusi CO PAH

Email: gileva@icm.krasn.ru
DOI: 10.24411/9999-017A-2019-10050

[TocTpoeHbl HOBbIE KyOMUECKUE MTPSIMOYTOIBHBIE JPMHUTOBEI MJIEMEHTHI (JIBYMEPHBIE M TPEXMEPHBIE), CTe-
TIEHN CBOOOJIBI KOTOPBIX COJEep KaT 3HaueHUs (PYHKIMH M €€ BTOPBIX MPOU3BOAHBIX B y3/ax. DTO IMO3BOJISET
MIPUMEHUTH KOJIJTOKAITHIO TPH PEIICHIH HEKOTOPHIX 3ajad, HallpUMeEp, YpaBHEHUS peakiuu-nuddysun [1]. B
pe3ynbTaTe yaeTcs HCKIFOYUTh YacTh HEU3BECTHBIX M3 CHCTEMbBI YPAaBHCHUH U TEM CaMbIM YMEHBIITUTH €€ pa3-
MepHOCTh. JloKa3aHo, YTO TIPU STOM COXPAHSETCS MOPSIOK CXOMUMOCTH MPUOIMIKEHHOTO PEIICHHUS, & UMEH-
HO, YETBEPTHIN MOPSJIOK B CPEHEKBAPATUIHON HOpMe. [lokazaHo, 4TO MaTpHIla peaylupOBAHHONW CHCTEMBI
YpaBHEHUH TAaKKe SBISICTCS] MATPHUIICH CHCTEMbI YPABHECHUH METO/Ia KOHEYHBIX 3JIEMEHTOB, HO JJISl SJIEMEHTOB
C MEHBIIIUM YHUCIIOM CTETeHeH CBOOOABI. DTO CYNIECTBEHHO YIPOIIAET TOCTPOCHUE PEYyIIUPOBAHHONW MaTpH-
1[I, TOCKOJIBKY €€ 3JIEMEHTHI MOTYT OBITh BBIUHCIICHBI HEITOCPEACTBEHHO, 0€3 NCIIOIh30BAHUS AIIEMEHTAPHBIX
MpeoOpa3oBaHMil CTPOK UCXOJHON MaTpuIlbl. [IpoBeIeHbl YNCIICHHBIC SKCIIEPUMEHTHI JJIsl IBYMEPHOTO ypaB-
HEHUS peaku-Tu(Py3un ¢ mepeMeHHBIM K0d(h(OUITMESHTOM U 11 TpeXMepHOTo ypaBHeHus [lyaccona. Ux pe-
3yJBTaThl IOATBEPIKIAIOT TEOPETUICCKHUE OIICHKH.

Pabora BeImoNTHEHA TTpH (PHHAHCOBOI Moaepkke Poccuiickoro dona pyHmaMeHTaTBHBIX HCCIIEIOBAHUHN (KO TIPO-
ekra 17-01-00270-a).

Cnucok JuTeparypbl

1. L. Gileva, E. Karepova, V. Shaidurov. The Application of a Special Hermite Finite Element Coupled with
Collocation to the Diffusion Equation // Lecture Notes in Computer Science, 2019. V. 11386, P. 44-55.
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PacueT HHTEHCHBHOIO Me)l(d)a3l{01"0 B3aHMO}1eﬁCTBHﬂ B ra3oB3BeCsiX HA OCHOBC TMAPOAMHAMUKH
CIVIAZKCHHBIX YaCTHIL

T. A. Dywxo'?, O. I1. Cmosmoscras'>*, @. A. Oxnaonukos', H. B. Cueimnukos®, B. H. Cubimnurog'?
'Hosocubupckuii 2ocydapcmeenHblil yHusepcumen

2Unemumym kamanusa um. I K. Bopeckosa CO PAH

SUnemumym evryucaumensrvix mexvonoeuti CO PAH

‘Uncmumym euopoounamuru um. M. A. Jlaspenmvesa CO PAH

SUnemumym evlyuciumensHou mamemamuxuu mamemamuyeckou ceopusuxu CO PAH

Email: ta-savvateeva@ya.ru

DOI: 10.24411/9999-017A-2019-10051

PacueT nquHaMuKy ra3omnbUIeBBIX cpell (ra3oB3Becel) BOCTpeOOBaH B psiie NPUIOKECHUH, B KOTOPBIX Ya-
CTHILIBI ITBIJTM MOTYT UMETh pa3Mepbl OT HAHOMETPOB 0 MUJTUMeETpa u Oonee. M3-3a Oomnbloro auamnasoHa
pa3MepoB YacTULl BOZMOYKHA peaiu3alsl Pa3InYHbIX PEKUMOB TPEHMs MEKIY ra3oM M yacTULIaMu. B pexu-
Me OnIuTeiiHa Cuila TpEHUs TMHEHHO 3aBUCHUT OT OTHOCUTENIBHOM CKOPOCTH MEXAY ra30M U TEIaMH, B PEKUME
Crokca — HenuHeitHo. Kpome Toro, 1uist METKUX TeJ BpeMsl YCTAHOBJIEHUS! OTHOCUTEIBHBIX CKOPOCTEN MEXAy
ra3oM U IbUIBIO MOXKET OBITh MHOTO MEHbIIE XapaKTePHbIX BpeMeH 3a1a4un. [losToMy onpenensomMu napa-
METpaMH 3aJa4d pacyeTa B3auMHOTO 0OMEHA UMITYJIbCOM MEXy MbUIBIO M Ia30M SIBISIIOTCS KECTKOCTD U He-
JIMHEHHOCTh CUCTEMBI, YTO HAKJIaAbIBAaeT OONbLIME TpeOOBaHMS Ha MPUMEHsieMble MeTo/bl. B pabote mpeia-
raeTcs aJiTOPUTM JJIsl METO/Ia THAPOANHAMUKHY CIIIQXKEHHBIX YACTHL, MTO3BOJISIIOIINHI PACCUNTHIBATH B3AaUMHBIN
00MEH MMITYIbCOM MEXK]y Ta30M M IBUIBIO [ 1] U1 IUpOKOro 1uana3oHa pa3MepoB yacTull. Ha psiie TecToBbIX
3aJ1a4 IPOBEICHO CPABHEHUE MPEAJIOKEHHOTO AJITOPUTMA C KIIACCUUECKUM JUIsl THAPOJUHAMMKH CIVIAXKEHHBIX
YaCTHIL OAXOJOM [2] ¥ MOKa3aHo, 4YTO HOBBIM MpeAiaraeMblii aITOPUTM UMeeT 0oJiee BEICOKYIO TOUHOCTb.

Cnucok JuTepaTypsl

1. Stoyanovskaya O. P., Glushko T. A., Snytnikov N. V., Snytnikov V. N. Two-fluid dusty gas in smoothed particle
hydrodynamics: Fast and implicit algorithm for stiff linear drag. Astronomy and Computing. 2018. Vol. 25. P. 25-37.

2. Monaghan, J.J., Kocharyan, A., 1995. SPH simulation of multi-phase flow. Computer Physisc Communications.
87. P. 225-235.

EcrecTBeHHBIe YpaBHeHHs1 GuiabTpanun. Puacko '"'3axkona Japcu'"

K. b. [Ixcakynog

Kazaxckuii nayuonanvHolil yrusepcumem um. ano-@Papabdbu (Aaimamor) Kazaxcman
Email: jakupovkb@mail.ru

DOI: 10.24411/9999-017A-2019-10052

Te3uckl 1euararTcs B aBTOpCKOﬁ peaakonmn

Jlana TeopHsi €CTECTBEHHBIX YpaBHEHUU (PMIIBTpariiii. ECTECTBEHHOCTh HOBBIX YpPaBHEHHUH 3aKIIOYacT-
Cs B TOM, YTO OHH SIBJIAIOTCS TOYHBIMH CIEACTBUAMH (pyHIaMEHTAIBHBIX 3aKOHOB (DM3UKH, HETIOCPEICTBEH-
HO YYHTBHIBAIOT TUIOTHOCTH M MOPUCTOCTH TPYHTA, BASKOCTH M IJIOTHOCTH (DMIIBTPAIMOHHON JKUAKOCTH, Ipe-
HaX, BIUSHUE CHIIBI TSDKECTH U Ap. YCTaHOBIIEHA (haJbIIMBOCTH TPATUIIMOHHOTO YPaBHEHHUS HEPA3PhIBHOCTH
B Teopuu (uibTpannu. M3 ypaBHEeHNS AMHAMUKY CIUIOIIHOM Cpe/bl B HAPSIKEHUAX BBIBOAATCS HOBBIC ypaB-
HeHUs (WIBTpaNny, BKIIOYAIONINE TUIOTHOCTD, BA3KOCTh (DMIBTPAIIMOHHON XUAKOCTH M TIOPUCTOCTH TPYH-
Ta. YCTaHOBJEHA HEalleKBaTHOCTh MOAEIUPOBaHMS (DUIBTPAINK YPaBHEHHUSIMH C 3aKOHOM TpeHHs HproToHa.
Yucnenno noaTeepxkaeHa 3(h(heKTHBHOCTh MOJENNPOBAaHUS (DUIIBTpAlNK YpaBHEHUAMH J[)KaKyIioBa, OCHOBaH-
HBIX Ha CTEMEHHBIX 3aKOHAX TPEHHUS C HEUYETHBIMH ITOKA3aTeNIsIMU CTETIeHEH, C TPIMEHEHNEM KOTOPBIX ITPOBe-
JIEHBI pacdeThl (GUIBTPAK B CKBAXKHHE, APEHAXKa IO/ JSHCTBUEM CHIIBI TSHKECTH, BBITECHEHHS He()TH BOAOIO
13 MTOJI3€MHOTO apeaja gyepe3 IBe CAMMETPHYHO PACTIONOKEHHBIE ITyP(dbI.

Crnucok nureparypsl

1. ITomy6apunoBa-Kounna I1.51. Teopust qmkeHust rpyHTOBBIX Bof.-M.: “Hayka”, 1977t

2. H.Darcy. Les fontaines publiques de la ville de Dijon. Paris, 1856.

3. MxaxynoB K.b. KommumnsturoCTh "3akoHa Jlapcu" B Teopun gunsrpannu // U3sectust HAH PK, cep ¢us.-mar.,
6(316) 2017r. C.115-131.
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4. Jixakyno K.B. Jlukeugamus danbcudukannii ¥ MOJAEPHUA3AINS OCHOB MEXAHUKH CIUIOIIHOW Cpe/bl.-AMAaThI:
Tunorpadus "Feismv opracer”. 2017.C.435.

5. Jakupov K.B. Rheological laws of viscous fluid dynamics // U3sectust HAH PK, cep.dus.-mar., 1(293), 2014.
C. 51-55.

YucieHHAs aNMPOKCUMAIUA MOJEJTH CPOYHOI0 AMEPHKAHCKOr0 ONMIMOHA € MCO0JIb30BaHNEM
10JIyJIarpaHskeBa MoAXo1a

A. A. Eppemos', B. B. lllaiioypos*

'Unemumym sviuuciumensvroeo mooenuposarusi CO PAH

Email: efremov@icm.krasn.ru
DOI: 10.24411/9999-017A-2019-10053

OnHO U3 MPUKJIAJIHBIX 00JIACTEH B KOTOPBIX Mapa0OIMYSCKUe YPAaBHCHHS UTPAIOT BAXKHYIO POJIb SIBIISICT-
cs1 puHaHCOBast MaTeMarrka. B o0racTi cToxacTUuecKoi (PMHAHCOBOM MaTEMaTUKU BOSHUKAET OJIHA U3 OTKPBI-
ThIX ()MHAHCOBBIX 3a/1a4 — IICHOOOpa30BaHUE aMepUKaHCKOro ommuoHa [1]. J{ist Momenu rieHooOpa3oBaHus
CPOYHOTO aMEPUKAHCKOTO OMIIMOHA OCTYCTBYET PEUICHHE B OOIIEM BH/IE, TOITOMY OCOOCHHO Ba)KHO pEIIaTh
JIAHHYIO CUCTEMY C BBICOKOW TOYHOCTBIO. B oKiane mpencrapieHa YUCICHHAS CXeMa PEIICHUS CUCTEMBI, 110~
JIydeHHasl C UCIIOb30BaHUEM TIONTy-JIarpaHkeBa moaxona [2, 3]. Cxema 00maaeT BTOPBIM IMOPSIKOM TOYHOCTH
JUIS 111ara 1o MPOCTPAHCTBY U MEPBLIM MOPSAKOM TOYHOCTH JUIS 1Iara 1o BPEMEHHU.

Pabora BrrmonHeHa npu prHaHCOBOW Toanepxke Poccntickoro gonma GpyHmaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-47-242005).

Crnucok auTeparypbl

1. Jiang, L & Li, C. (2005). Mathematical modeling and methods of option pricing. 10.1142/5855.

2. Maromenos K.M. MeTon XxapaKTepHCTHK I YHCICHHOTO PEIIESHIS TIPOCTPAHCTBEHHBIX TeUeHUI raza // XKypHan
BBIYMCIIUTENIFHON MaTeMaTHKH U MareMatndeckor ¢pusuku. 1966. T. 6. Ne 2. C. 313-325.

3. Wiin-Nielson On the application of trajectory methods in numerical forecasting // Tellus. — 1959.Vol. 11.
P. 180-186.

CMelraHHBINH MeTO KOHEUHBIX 3JIEMEHTOB pellieHHsl BLIPOKAeHHOM 3agaun Helimana

M. U. Hsanos', U. A. Kpemep'?, IO. M. Jlaesckuir'?
Uncmumym svruuciumensno mamemamuxu u mamemamudeckou eeogpusuxu CO PAH
2Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

E-mails: ivanov@sscc.ru
DOI: 10.24411/9999-017A-2019-10054

B pabote npemmoskeH 1 000CHOBaH HOBBIN CITOCOO pemIeHHs BBIPOXKIACHHOW 3amaun Heiimana cmermmaH-
HBIM METOJIOM KOHEUHBIX JIEMEHTOB. PaccMOTpeHbI npsiMast ¥ JIBOHCTBEHHAs CMEIIIAHHBIC TOCTAHOBKH 3a][a41
Heiimana B TpexMepHBIX 00IaCTSIX C pa3IMYHBIMU TPEOOBAaHUAMH K peryispHocTy pertenus [ 1]. Ilo anamornu
¢ [2, 3] oOcykaar0TCsl BAPHAHTHI MOMYUYCHHUS PACIIMPEHHBIX HEBBIPOKICHHBIX TOCTAHOBOK CMEIIIAHHBIX 3a]1a4.
Ha npuMepax 4uCICHHOTO pellieHHs MOJICIBHBIX 3a/1a4 HCCIEAYIOTCS CBOMCTBA MPEITIOKEHHOTO aITOPUTMA.

Pabora BrinonHena npu GpunancoBoit nopaepxxke PH®, npoext Ne 19-11-00048.
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YucjaeHHoe pPelHicHuEe HHTEI'PAJIbHbIX VDaBHeHl/lﬁ TPEXMEPHBIX 3aJ1a4 I[I/I])HXJIe AJIi YPABHCHUSA
I'e1bMroJbIa ¢ MCIOJb30BAHHEM MO3AMYHO-CKEJIETOHHOI0 METOAA
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PaccmarpuBatorcest TpexmepHsie 3aaaun Jupuxie muis ypasaenust [enbmronbua. OHE CBOATCS K TpaHUY-
HBIM €J1a00 CHHTYIISIPHBIM MHTETPabHBIM ypaBHeHUsIM Dpenroiabma nepBoro poaa. TH ypaBHEHUs TPHOIH-
JKAIOTCSl CUCTEMaMHM JIMHEHHBIX anreOpanyecKuX ypaBHEHUH, KOTOpPBIC 3aTeM peIlaloTcsi 0OOOIECHHBIM Me-
TOJOM MHHUMAJIBHOM HEBS3KU. BbluMcauTenbHAs CIOKHOCTH PELIEHUs CHUXKAETCS 3a CUET MCIOJIb30BAHUSA
MO3aU4HO-CKEJIETOHHOro Metoa. [IpuBoasTcs pe3ynbTaTel BHIYUCIUTEIBHBIX SKCIEPUMEHTOB [ 1, 2].

Paborta BrrmonHeHa npu (puHaHCOBOH noanepxkke Poccuiickoro Gonma GpyHIaMEeHTaTBHBIX UCCIIEIOBAHUN (KO TIPO-
ekrta 17-01-00682) u IIporpammsl pynmamenTansHbIX nccnenoBannii JIBO PAH (xox mpoexra 18-5-100).

Crucok nureparypbl

1. Kammpua A.A., Cmarua C.U., Tanteiknaa M.YO. [IpuMeHeHrne MO3aMdHO-CKEIETOHHOTO METO/IA TP YHCIICH-
HOM pEMICHNH TPeXMEpHBIX 3a1a4 JJupuxie g ypaBHeHus | expMronbiia B uHTErpainbHOi popme // XJKBMuM®. — 2016.
—T.56, Ne 4. — C. 625-638.

2. Kammpun A.A., Tanteixkmaa M.IO. O cymecTBOBaHHM MO3aWYHO-CKEIETOHHBIX ANMPOKCHMAIIU TUCKPETHBIX
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MoaeaMpoBaHHe MPOILECCOB POCTA CJI0S JIbJAA NPH OXJIAKICHHUH MOBEPXHOCTEH Pa3IMYHbIX
OpHEeHTALU

C. A. Kucauyoin, O. O. I'ycenvuuxosa, B. C. beponuxos, B. A. I puwxos, O. C. 3onomyxuna
HUncmumym mennogpusuxu CO PAH
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UncneHHo U 9KCTIEPUMEHTAIBHO MCCIEIOBAHBI TIPOIECCH KPUCTAUTU3AIUN BOJIBI B IIPSIMOYTONBHBIX T10-
JIOCTSIX B PEKUMAX OXJIaKJICHUS BEPTUKAIBHON WM OJHOU U3 TOPU3OHTANIBHBIX CTCHOK 10 TEMIIepaTyphbl HU-
e TeMIepaTypbl KpUCTaTu3aui. YUNCIeHHO HccieloBaHa HeCTallMoHapHasi KOHBEKIMS C YYeTOM WHBEpC-
HOH 3aBUCHMOCTH INIOTHOCTH BOJBI OT TEMIIEPATyphl U TEIUIOTHI KPUCTAIIU3ALNU. PacueTsl mpoBeACHBI METO-
JTOM KOHEYHBIX JIEMEHTOB C UCTIOJIB30BAHUEM aJaITUBHOU TPEYTOIHHON CETKH, OTCIICKUBAIOIIEH TTOJIOKECHUE
(poHTa KpHCTAUTN3alMU Ha KaKJOM BPEMEHHOM IIIare ¥ CTYIIEHHEeM ¢ 00eHX ero CTOPOH, a TaKXKe B pa3jiny-
HOH CTETIeHH KO BCEM IpaHHIlaM paCUeTHOH 00iacTh. Pe3ymbTaThl pacueToB COMOCTABICHBI C JAHHBIMH JKCITe-
PUMEHTA, B KOTOPBIX M3y4eHA IBOJIFOIHS MOJIEH CKOPOCTH U ()POHTA KPUCTAILTU3AIUN BO BPEMEHHU.

Pa6ora Bemonnena mpu nomnepxke PODU (mpoektsr: 18-38-00790-mom_a, 19-08-00707a), Pabora BeITOTHEHA B
pamxkax rocygapcrsenHoro 3aganus UT CO PAH (mpoexr I11.18.2.5., Toc. per. AAAA-A17-117022850021-3).

IIpuMeHeHNEe AJANTHBHBIX CETOK MPH YMCJIEHHOM MOAEJTHPOBAHUH 33124 CONPSIKEHHO-KOHBEKTHBHOIQ
TeIJIO00MeHa NMPU HAJUYUHA (a30BbIX IEPEX0I0B

C. A. Kucauyvin, K. A. Mumun
HUncmumym mennogpusuxu CO PAH
Email: mitin@ngs.ru

DOI: 10.24411/9999-017A-2019-10057

UHCIeHHO METOJIOM KOHEYHBIX JIEMEHTOB PEIleHBI 3a/Ia4d COTPSHKEHHOT0 KOHBEKTHBHOTO TETLI000Me-
Ha C YYETOM TEIUIOTHI (Pa30BOr0 Mepexojia B METO/IaX HAIIPaBICHHON KPUCTAIUIM3AIMH: B METO/IaX bpumkmena
u bargacaposa [1, 2]. @opmupoBanue u npoaBmxkeHue GporTa Kpuctammianuu (OK), mpuBoauT Kk HEOOX0-
JIMMOCTH MCIIOJIb30BaHMs aJallTHBHBIX CETOK, OTclexuBatomux nonokenre OK. [lepectpoenue u crymienue
CETKH MO3BOJISIET O0JIee TOUHO OIpeAessITh nonokenne u popmy @K Ha KaxI0M BpeMEHHOM IIIare.

Pa6ora BeinonueHa npu noanaepxkke POOU (mpoekt 18-38-00790-mom_a), Pabora BhInoNHEHA B paMKax rocynap-
ctBenHoro 3afganus UT CO PAH (mpoekr I11.18.2.5., Toc. per. AAAA-A17-117022850021-3).
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AJIFODI/ITMLI PECHICHUA CONPAKCHHBIX 3a/1a4 CO CBOﬁOIleIMI/I IrpaHuliaMu HA HECOIVIACOBAHHBIX CETKaX
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PaccmarpuBaroTcst 4nMcieHHBIE CXEeMbl M MapaijielbHbIe aJrOPUTMBbl PEIICHHs CONMPSDKEHHBIX 3a/1a4d B3a-
MMOJICHICTBHS TIOTOKOB KHJIKOCTH ¥ Ta3a ¢ Je(hOPMUPYEMBIMH TeJlaMH TIPH HAIWYNH Pa3BUTON MTOBEPXHOCTH
pasznena da3s [1]. Mccnenyemple 3a/1a4u XapaKTepU3yOTCS NIMPOKUM JTUAITa30HOM JIMHEHHBIX MacITadoB, (Ha-
MpUMep, TeYEHHUS B IIIEHKAX KHUIKOCTH, KOIeOaH!sI TOHKUX TUTACTHH B ITOTOKE ra3a), YTO CYIIeCTBEHHO MOBBI-
nraet TpeOoBaHUs K AUCKPETU3AMH PacyeTHON 00acTH U IPUBOAUT K 3HAYMTEIBHOMY POCTY BBIUYMCIUTEIb-
HBIX 3aTpar 1 HeoOXomuMocTH Y(GEKTUBHON TapasieTbHON peann3auy BEIYUCICHUH.

[Iponenypa YMCIEHHOTO pelIEHUs CTPOUTCS B paMKax pas3/ielieHHOro noaxoa. Pemenune noazanaun iuHa-
MHUKH IByX(a3Ho# cpensl ocHOBaHO Ha mpuMeHeHnn Mogudukanun VOF-merona [2] ¢ apdexTuBHOI Tporte-
JIYpOH peryisipuzaliy OBEepXHOCTH pas3zena (as. Pemienne nnHaMuveckoil 3a1aql MEXaHUKU Aedopmupye-
MOTO TBEPOTO TeJa UIIETCS B TEOMETPUIECKH U (PU3NIECKU HEJTMHEHHOW MOCTAHOBKE C TIPUMEHEHHEM SIBHBIX
CXEM, YYUTHIBAIOLINX TUCCUTIATUBHBIC CBOMCTBA CUCTEMBI.

[IpuMeHeHre HecOoTIIaCOBAaHHBIX PACUETHBIX CETOK B PA3JICICHHOM ITOJIXOJIE IPE/IIToaraeT mporece HHTep-
MOJISIIUU MEKIY PELICHUSAMH KKION U3 PU3MYECKUX M0/3a/1a4 Ha nHTepQelicHoi rpanuue. Marepnonsuus
OCYIIECTBIISIETCS] HA OCHOBE METO/A PaTUalIbHBIX 0a3UCHBIX (PYHKIMH ¢ IT00ATBHBIM U JIOKAIBHBIM HOCHTE-
nem [3].

[IporpamMMHast MOJIeITh pa3eIeHHOTO MOAX0/1a MTO3BOJISIET PEIlaTh KAKIYIO 1M0J13a/1a4y ¢ UCIIOIb30BaHUEM
cOOCTBEHHOW MOJIeNIM MapajuIen3Ma: 3a/1a4y THIPO- ra30lMHAMHUKHU Ha OCHOBe TexHonoruu MPI, nunamude-
CKYIO 3aJlaqy MexaHuku TBepnoro Tena OpenMP, 3a1auy HHTEPIIONISAIUH JAHHBIX W Je()OPMUPOBAHUS CETKH B
pamkax rudpuanoit mogenn OpenMP + CUDA.

[TokazaHa BO3MOXHOCTh A(PPEKTUBHON U F'MOKOM MapaijieIbHOM peain3aiiy alrOPUTMOB PEIICHHUS pac-
CMaTpHUBAEMBIX CONPSDKEHHBIX 3a71a4 C YYeTOM OCOOCHHOCTEH Ka)XI0H U3 TI0/13a/1a4 Pa3/eIEHHOTO MOAXO0/A.

Pa6ota BeInosiHeHa pu (HuHAHCOBOM monaepkke Poccuiickoro honma GpyHIaMeHTaIbHBIX UCCICIOBaHU (KO ITPO-
exra 17-01-00402).

Crmcok IuTeparyphl

1. Patel H., Das S., Kuipers J., Padding J., Peters E.A. Coupled volume of fluid and immersed boundary method for
simulating 3d multiphase flows with contact line dynamics in complex geometries // Chemical Engineering Science. 2017.
Vol. 166. P. 28—41.

2. Shams M., Raeini A.Q., Martin J.B., Branko B.A. Numerical model of two-phase flow at the micro-scale using
the volume-of-fluid method // Journal of Computational Physics. 2018. Vol. 357. P. 159-182.

3. Kopysov S. P., Kuzmin I. M., Novikov A. K., Nedozhogin N. S., Tonkov L. E. Radial basis function for parallel
mesh-to-mesh interpolation in solving fluid-structure interaction problem // Izv. Inst. Mat. Inform. Udmurt. Gos. Univ.
2018. Vol. 51, P. 42-51.

OO0 oqHOM BapHaHTe pa3pbIBHOro Merona I'ajiepkuHa

FO. M. Jlaesckuii, C. A. Jlumeunenxo

HUnemumym evruucaiumenvrot mamemamuxu u mamemamudeckoui eeogpusuxku CO PAH
Email: laevi@labchem.sscc.ru

DOI: 10.24411/9999-017A-2019-10059

B crarpsx [1] aBTopoM BBOAWTCSI HOBBIH CIIOCOO AMCKPETU3AIMH OONACTH MPH PEIICHUU 3a1a4u Tuddy-
3un. F0.A. Ky3HenoB npearaet MeTo/1 KOHEYHBIX 3JIEMEHTOB, OCHOBAHHBII Ha KyCOYHO-TTOCTOSTHHOM aIpoK-
CHUMalliM TIOTOKOB B cMemaHHoi nuddepennuanbHoii mocraHoBke ypaBHeHus auddysuu. Paccmorpen aBy-
MEPHBIN Cilydail ¢ MHOIOYTOJIbHOW CETKON. MOKHO HPEAIIONIOKUTb, UTO JUISl TPEXMEPHOU 3a7a4u peain3aius
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emre 6onee ycnoxHuTcs. [1o3ToMy OBbLT BEIOpaH COCOO HEKOTOPOTO YIPOILCHHUS pean3anuy 0e3 moTepu ca-
MOW HJIeH —IPeoOpa3oBaTh MPEATOKEHHBIN METO/ TTOCPEICTBOM BBEICHHS MIPSIMOYTOBHON TUCKPETH3AIHH.

Pabora BrrmonHeHa npu (prHaHCOBOH TIoanepxkke Poccutickoro gonma GpyHIaMEeHTaTBHBIX UCCIIEIOBAHNHN (KO TIPO-
ekrta 16-29-15122 opu_m)
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We consider a mean field games model where the dynamics of the agents is subdiffusive. According to the
optimal control interpretation of the problem, we have a system involving fractional time-derivatives equations.
To approximate the state (Fokker-Planck) equation we use easily implementable operator splitting method. The
solution of the constructed mesh state equation is proved to be strictly positive and keep an analogue of the
mass balance condition.

The mesh adjoint state equation also has splitting form. We use several iterative methods to implement the
constructed nonlinear mesh problem.

(m,k)-cxembl penieHusi IBHBIX M HesIBHBIX JKeCTKHX cucteM OJ1Y

A. U. Jlegvixun'?, A. E. Hosukoé’, E. A. Hoguxog’
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[pencraiena ontumanbHas popma 3arrcu MeToIoB THITa PO3eHOpOKa ¢ TOUKH 3peHHs YKciia HeHYJIeBhIX
rmapamMeTpOB M BEIYMCIUTENBHBIX 3aTpar Ha 1mare. O00CHOBaHA MpoIleaypa moydeHus (m,k)-MeTomoB n3 00-
IMEU3BECTHBIX MeTOOB Tuma Po3endpoxka [1-3]. IlpuBenensr ¢popmymsl mpeodpa3oBanms mapaMeTpoB (m,k)-
CXEeM JUIsl JIByX KAHOHWYECKHX (OpM 3aricH U HaXOXIeHUsI BUia QYHKIIUH YCTOUIHBOCTH CXEM.

Pazpabotan L-ycToitunBelit (3,2)-METOI TPETHETO MOPSIKA, UISI KOTOPOTO TPEOYIOTCS BA BBIYHCICHUS
(YHKITHH, OTHO BBRIYHCIICHNE MaTpHUIlsl SIkoou u omaa LU-nexommmosnnms Ha mare. Ha 6a3e metrona copmynu-
POBaH aNrOpUTM HHTETPUPOBAHUS MIEPEMEHHOTO I11ara, MO3BOJISIOIIU pelarh KakK sIBHbIC, TaK ¥ HESIBHBIC CH-
crembl O/1V. [IpuBeieHb! YnCIIEHHBIE PE3YJBTAThI, MOATBEPKAaoIHEe YQ(HEKTHBHOCTh HOBOTO JITOPUTMA.

Pabora BeinonHeHa npu GuHaHCOBOM noanepxkke Poccutickoro Gonma GpyHIaMEeHTaTIBHBIX UCCIICIOBAHUMN (KO IIPO-
exra 17-07-01513 A).
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B noxnane npencraBieHbl pe3ynbTaTbl CPaBHEHHUS Pa3HOCTHBIX CXeM 1—3 MOpAIKOB TOYHOCTH JUISl YHC-
JIeHHOTOo perieHus 3ana4 uist OY ¢ ManbsIM napaMeTpoM Ha aJalTUBHBIX CETKAX, 3a/1aBAEMbIX SIBHO Ha OCHO-
BE alPUOPHBIX OLEHOK CTAPIIMX MPOU3BOAHBIX pemieHus. Takue 3a1aqn sBISIOTCS yIOOHBIMU [UIsl HCCIIEA0BA-
HUS MOJIEJISIMHU 110 OTHOILEHHIO K IIMPOKOMY KJIacCy PeasIbHBIX 33]1a4 MEXaHUKH CIUIOLIHOM Cpe/bl ¢ MOrpaHuy-
HBIMHU ¥ BHyTPEHHUMH CJIOSIMH, C PPOHTAMU TOpeHHS U (Ha30BbIMU NEPEX0AAMHU. AJITOPUTM IIOCTPOCHUS CETOK
OpPUECHTUPOBAH Ha BHICOKOTOUYHBIE CXEMBI U sBJsieTcss 0000mmenreM noaxoaa [ 1], pazpaboTaHHOTO IS CXEMBbI
NEPBOTO MOPsAIKa annpokcuManni. ONUChIBAEMbIN MTOIX0A MOXKET ObITh IPUMEHEH K PacueTy CJIOEB B MHOTO-
MEPHBIX 33/1a4ax, TaK KaK CyIIE€CTBYIOT U BBICOKOTOUHBIE CXEMBbI HA HEPABHOMEPHBIX CETKaX JIJIsl MHOTOMEPHBIX
ypaBHEHHUH (CM., HAaIpUMeEp, [2]), ¥ METOJIbI TeHEPALIUH [UIOCKUX M IPOCTPAHCTBEHHBIX CETOK HA OCHOBE OJJHO-
MEPHBIX AJITOPUTMOB, B YaCTHOCTU METOJ TPAaHC(HUHUTHON MHTEPIOJSILIMU U METOJI, OCHOBaHHBIN Ha PEIICHUH
oOpalieHHbIX ypaBHeHUH bensrpamu.
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PaccmarpuBaeTcst mporiecc QrIbTpauy )KUJAKOCTH B TUIACTE B TPEIIUHOBATO-TIOPOBOM KOJUIEKTOPE, KOTO-
PBI OCYLIECTBISETCS MO CETU TPEUIUH, a MaTPHILA SIBJSETCS €MKOCThIO, HEMPEPHIBHO MOANUTHIBAIOIIAS CETh
€CTEeCTBEHHBIX TpellMuH. Pacnpenenenue naBieHus B cucTeMe "ceTh TPEIIMH — MaTpula’ OMUCHIBACTCS ypaB-
HEHUSAMH Tbe3onpoBoaHocTy [1]. ns pemenus nuddepeHmanbHbIX ypaBHEHUH HCIIONB30BAICS METOJ KO-
HEUHbIX pa3HocTeil. [locTapneHHas 3a1aua anmpoKCUMHUPOBAIACh HESIBHOM pa3HOCTHOM CXEMOIl, TaK KakK Mpu-
MEHEHUE SIBHOM CXEMbl HAKJIA/IbIBACT AOIMOJIHUTEIBHOE YCI0BUE, Ha3bIiBaeMoe ycnoBueM KypanTa, Ha mar mno
BPEMEHH, YTO 3HAYUTEIHHO YBEIUYNBACT 00bEM BhIUUCIICHUH 2, 3]. [y peeHust CHCTeMbI JIMHEHHBIX alre-
OpandecKux ypaBHEHUI HCITOIB30BAJICS METO MaTPUYHON MPOTOHKH [4]. MarpuuHasi POTOHKAa OTHOCUTCS K
MPSIMBIM METOAM PELICHUS Pa3HOCTHBIX YPaBHEHUH U MO CPABHEHUIO C IPYTUMU OPSIMbIMUA METOJAMU PelLiie-
HUS Pa3HOCTHBIX 3a/1ad MaTpUYHas MPOTOHKA OoJiee YHUBEpPCalbHA, TAK KaK MTO3BOJISIET PEIIaTh YPABHEHUS C
MepeMeHHBIMU KOd(D(DUITMEHTAMH 1 HE HAKIIAJbIBACT CUIBHBIX OTPAaHHUYEHUH Ha BUJ TPAHUYHBIX YCIOBH [5].
B pesynbrare pacuera cMoAeIUpPOBaHbI MO JABICHUN MPU PA3IMUHbBIX BXOIHBIX MapaMeTpax, a TakKe pac-
CYHUTAHBI MHTEPBAJIBI BPEMEHH, KOT/Ia IPOUCXOUT TTOAKIIFOYSHUE MAaTPHUIIBl B pa0OTY BCEH CHCTEMBI.

Pabota BeITIONTHEHA TPU YaCTUIHON (UHAHCOBOH moanepskke rpanta PODU (kox mpoekra 16-29-15116).
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4. Cawmapckuit A.A., I'ymun A.B. Yucnennsie metonsl. M.: Hayxka, 1989 .

5. Tuxonor A.H., Camapckuii A.A. YpaBHeHus matematndeckoit pmsuku. M.: Hayka, 1972 .
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YucjieHHbIE AJITOPUTMBI JIJIS1 NPSAMOM CIIEKTPAJbLHOM 3a1aun cucTeMbl 3axaposa — Illabara
C IPpMMEHEHHEM K pPellleHHI0 HeJIMHEHHBIX YPABHEHHH MeTOA0M 00paTHOI 3a/1a4i paccestHus

C. b. Meoseoes'?, U. A. Bacesa', U. C. Yexoscroi?, M. I1. @edopyk'?
'Unemumym svruucnumenvuvix mexronoeuii CO PAH
2Hoeocubupcrutl 20cy0apcmeenHblil YHUSEPCUmen

Email: medvedev@ict.nsc.ru
DOI: 10.24411/9999-017A-2019-10064

[IpenoxxeH HOBBIH aNTOPUTM BBICOKOM TOUHOCTH IS pELLIEHUS HAYaJIbHON 3a]1a4M JIJIsl CHCTEMBI 3axapoBa-
[labata. DTOT MeTOA MMEET YETBEPTHIA MOPSAIOK TOYHOCTH U SIBIsIETCsl 00oOmiennem cxembl bodderra-
OcbopHa BTOPOro nopsiika TOYHOCTH. Vcronb30BaHne HOBOrO METO/a MO3BoJIsieT Oonee 3h(heKTHBHO pelaTh
NpsSMYIO CIEKTpaJIbHYIO 3a1ady 3axaposa-11labara 1yist HEmpPephIBHOTO M JUCKPETHOTO CIIEKTPOB.

Pabora BrmonHeHa npu prHaHCOBOU ToAepxkKe Poccuniickoro HaydHoro ¢ouaa (kox mpoekra 17-72-30006).

Crnucok nureparypsl

1. Medvedev S., Vaseva 1., Chekhovskoy I., Fedoruk M. Novel Numerical Algorithm with Fourth-Order Accuracy
for the Direct Zakharov-Shabat Problem // Optics Letters, 2019. [IpunsTa B meqaTs.

2. Chekhovskoy I.S., Shtyrina O.V., Fedoruk M.P., Medvedev S.B., Turitsyn S.K. Nonlinear Fourier transform for
analysis of coherent structures in dissipative systems // Physical Review Letters, 2019. [Ipunsra B me4ats.

Knamcraunonapﬂmﬁ MoaXoa K PCHICHHUIO 321241 HUCXOAAILIECIo TCUHCHUSA HﬂpOBO}JﬂHOﬁ CMeCH
B BepTHKaJIBHOﬁ HATHETATeJIbHOH CKBAKHHE C YUYETOM NPOTAUBAHUA OKPYKAKIINUX MEP3JIbIX ITOPOJX

H. I Mycakaes', C. JI. Bopooun'*
"Trom® UTIIM CO PAH
2TromeHCKULl UHOYCMPUATbHBILL YHUBEDCUMEN

Email: musakaev@ikz.ru
DOI: 10.24411/9999-017A-2019-10065

B Hacrosiiee Bpems HanOoJiee paciipoCTpaHEHHBIM METOIOM Pa3paboTKH 3ajiekel BHICOKOBSI3KUX U OH-
TYMHBIX He(Tel SBISIETCS 3aKavyKa B IUIACT TETUIOHOCHTENIS (Topsyasi BoJia MIIH Iap, KOTOPbIe IPUMEHSIOTCS B
90 % ciyqaes) [1]. C nenbto noBsIeHns 3¢ (HheKTHBHOCTH JAaHHOTO TIPOIIecca, a TAKXKe IS BRIOOpa HAMITYIIINX
TEXHOJOTMYECCKHX W WH)KCHEPHBIX peIleHH, HeOOXOIUMBI HCCIICOBAHMUS, B TOM YUCIIE U TEOPETHUECKHUE.

JlanHas pabota nocpsieHa pa3paboTke MaTeMaTHYECKOW MOJICITH M €€ YHCIICHHON pean3aliuy JUIsk HUC-
XOJISIIIIETO TEUCHHUS TIAPOBOJSTHOM CMECH B HATHETATEIILHOM CKBaXKHHE ¢ y4eTOM (ha30BbIX IEPEX0JI0B KaK BHY-
TPH CKBOXXUHBI, TAK M B OKPYKAIOIIUX €€ MEP3JIbIX MOpojiax. B MaTeMaTnyeckoil MOJIEN YIUThIBAETCS IPOTa-
WBaHUE MHOTOJIETHEMEP3JIBIX ITOPOJI, TAK KaK 3HAYMTENIbHAsl 9acTh Beel oObiBaeMoil HedT B Poccun mpuxo-
IIATCS HAa PAOHBI pacIIpOCTPAHCHUS BEUHOW Mep3JIoThI [2]. OcHOBHAS Hes pacueTHOTO aJTOpUTMa 3aKITF0ua-
€TCsl B TOM, UYTO, 3Hasl TEMIIEpaTypy BHEIIHEH IPaHUIbl CKBRXKHUHBI, MeTOJIoM PyHre — KyTThI ueTBepTOTrO Io-
psJIKa TOYHOCTH PelIaeTcsl KBa3UCTAIMOHAPHAS 3aJla4a HAXOXKJICHUS MapaMeTPOB MOTOKA. 3aTeM, HCIOIb3YsI
paccuuTaHHOE pacIpeielieHue TeMIIEpaTyphl TIOTOKA, JISIAeTCsI IIar 110 BPEMEHH TP HeCTAI[HOHAPHOM pacue-
Te pacrpelielIeHHs TeMIIePaTyPbl BOKPYT CKBOXXUHBI. HecTalimoHapHbIi pacueT MPOBOJUTCS METOJIOM SHTAIIb-
MU ¢ MCIIONh30BaHUEM HESIBHOU cxeMbl [3]. Best mporieypa MUKInYecKr OBTOPSIETCSI 0 OKOHYaHUST BpeMe-
HU pacyera.

Pab6ora BeinonHeHa npu puHaHCOBOU Toanepxkke Poccuiickoro HaydHoro ¢ponzaa (kox npoekra 18-19-00049).

CIrcok JuTepaTypol

1. Rodionov S. P., Pyatkov A. A., Kosyakov V. P. Influence of Fractures Orientation on two-phase Flow and Oil
Recovery during Stationary and Non-Stationary Waterflooding of Oil Reservoirs // AIP Conference Proceedings. 2018.
Vol. 2027. 030044. DOI: 10.24411/9999-017A-2019-10001 10.1063/1.5065138

2. Mengenckuii P. 1. CTpouTenbCTBO M SKCIUTyaTalusl CKBAKUH Ha HE()Th M ra3 B BEYHOMEP3JIBIX mopoaax. M.:
Henpa, 1987.

3. Bopoaun C. JI. Yucnennsie Mmetospl perienus 3anaun Credana / C. JI. bopoausn // Bectruk TroMeHCKOTo ro-
CynapcTBEeHHOro yHuBepcurera. dusnko-maremarudeckoe MonenupoBanue. Hedts, ra3, snepreruka. 2015, T. 1, Ne 3.
C. 164-175.
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ToyHOCTH Pa3HOCTHBIX CXE€M CKBO3HOI'O CUE€Ta IIPHU MOJACJITMPOBAHUH B3aHMOHeﬁCTBHH YAAPHBbIX BOJIH

B. B. Ocmanenxo'?, H. A. Xanoeesa'>
'Uncmumym cuopoounamuru um. M. A. Jlaspenmvesa CO PAH
2Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: ostapenvo _vw@ngs.ru
DOI: 10.24411/9999-017A-2019-10066

N3ydaercs TOUHOCTB, ¢ KOTOPOH Pa3HOCTHBIE CXEMBI CKBO3HOT'O CUETA PACCUUTHIBAIOT TEUEHUS, B KOTOPBIX
MPOMCXOJNT B3aUMOCHUCTBHE yAapHBIX BOJH. [loka3zaHo, 4TO B 007aCTsIX MEXKIY PACXOISIIUMHUCS YAAPHBIMH
BOJIHAMH I10CJIE WX COYAapeHHs TOYHOCTH BBIYMCIICHUSI HHBAPUAHTOB B KOMOMHUPOBAHHBIX CXEMax, MPeIo-
JKeHHBIX B [1, 2], Ha HeckoIbKo nopsaaAkoB Beiile, yeM B WENO-cxeme [3] naroro nopsaka mno npocTpaHCTBY
Y TPETHETO MOPSAIKA 110 BPEMEHH.

Pabora BrmonHeHa npu prHaHCOBOU TIoaaepxke Poccuiickoro HayaHoro ¢onaa (kox mpoekta 16-11-10033).

Crucok nureparypbl

1. Kospkuna O. A., Ocranenko B. B. O moctpoeHnn KOMOMHIPOBAHHBIX Pa3HOCTHBIX CXEM MOBHIINIEHHOH TOYHO-
ctu // Jokn. AH. 2018. T. 478, Ne 5. C. 517-522.

2. 3mo3una H. A., KoBeipkuna O. A., Octanenko B. B. MoHOTOHHAS pa3HOCTHAsI CXeMa, COXPAHSIOMIAst MOBHIIIICH-
HYIO TOYHOCTbH B 00MacTsIX BIUsSHUS yaapHbIX BoiH // Jlokia. AH. 2018. T. 482, Ne 6. C. 639-643.

3. Jiang G. S., Shu C. W. Efficient implementation of weighted ENO schemes // J. Comput. Phys. 1996. V. 126.
P. 202-228.

AcHMMeETPUYHBIE KOMIIAKTHBIE CXeMbI HA PACHIHPEHHBIX 1a010HaX 1Js ypaBHenus Lllpenunrepa
B. U. ITaaconen'?, M.I1. @edopyk'?

' Unemumym evruuciumensiolx mexnonoeut CO PAH

2Hosocubupckuil 20Cy0apCmeenHblil yHueepcumen

Email: paas@ict.nsc.ru

DOI: 10.24411/9999-017A-2019-10067

CXeMBI 4ETBEPTOTO TOPSAKA AMTPOKCUMAITHH JIJIsT YPAaBHEHUH HEJTMHEHHONW BOJIOKOHHON OIITHKH (CM., Ha-
npumep, [1, 2]) uITs B HEKOTOPHIX 3a/1a4ax CII0COOHBI KOHKYPHPOBATH IO TOYHOCTH CO CIIEKTPATHbHBIMUA METO-
nmamu. [l JoCTHKeHusT yBEpEeHHOTO MPEBOCXO/CTBA TIepel HUMU HEOOXOIMMBI CXEMBI BBIIIIE YETBEPTOTO TT0-
psAKa, ¥ IS 9TOTO HEOOXOMMO BBIHTH 3a Peessl TPAJAUIIMOHHOTO TpeXTodeyHoro mabinoHa. B nokmasne pac-
CMaTpUBaeTCs KJIAcC TAKUX MHOTOTOYEYHBIX ACHMMETPHYHBIX CXeM, HMEIOITNX MaKCHMaJIbHO BO3MOXKHBIH TI0-
PSAIOK U1 MaHHOW KoH(pUTypanuu mabdiona. C mMensio 0TOPaKoBKH 3aBEIOMO HEYCTOWUMBBIX CXEM B JIMHEH-
HOM TIPUOIMKEHUH TTPOBOIUTCS YMCIIEHHAS MPOBEPKA BBHITOTHEHHST HEOOXOANMOTO KPUTEPHUS YCTOWIHBOCTH
Heiimana. B pe3ysnbrare BblJIeJI€HO CEMENCTBO BHICOKOTOUHBIX MOTEHIIMAIBHO MEPCIIEKTUBHBIX CXEM pa3ivy-
HBIX TIOPSIIKOB TOYHOCTH BBIIIIE YETBEPTOTO.

Pabora BeinonHeHa npu GpuHaHCOBOU ToanepxkKe Poccuiickoro HaydHoro ¢ponaa (kox npoekra 17-72-300006).

CIMcoK TUTepaTyphl

1. Tlaaconen B. U., ®enopyk M.I1. KommakTHas Ge3urepaliioHHasi cXeMa ¢ HCKYCCTBEHHOW JAMCCHIIAIINEH IS He-
nuHeitHoro ypasHenus Llpeannrepa // Beraucnurensusie Texnonoruu. 2012. T. 17, Ne 6. C. 83-90.

2. IlaaconeHn B. 1., ®enopyk M.II. TpexcroiiHas 6e3uTepalioHHas CXeMa MOBBIIICHHOTO MOPSAKA TOYHOCTH JIJIs
ypaBuenwust [ uu30ypra-Jlannay // Beraucnurensabie Texnoioruu. 2015. T. 20, Ne 3. C. 46-57.

HccnenoBaHue YCTOHUYNBOCTH CMMMETPHYHBIX TPEXCJAO0MHBIX CXeM ¢ MHOTOTOYE€YHBIMH ONlepaTopaMu
Juis ypaBHenus Ilpexunrepa

B. U. Ilaaconen

Hnemumym evruuciumensnvix mexnuonoeuti CO PAH
Hoesocubupckuii cocyoapcmeennulil yuugepcumen
Email: paas@ict.nsc.ru

DOI: 10.24411/9999-017A-2019-10068

3a/1aun BOJIOKOHHOW OINTUKU BeChMa TPEOOBATEIIbHBI K IIAry CETKH U K MOPSIKY TOYHOCTH Pa3HOCTHBIX
cxeM. CXeMBbI BTOPOTO MOPSIKa TOUHOCTH, UMes TIepe]l CIIEKTPAITbHBIMHA METOJIAMH ITPEUMYIIIECTBO B THOKOCTH
aJTOPUTMA, YCTYTAIOT TTOCICTHUM B TOYHOCTH, W AK€ TMOBHIIICHIE TOYHOCTH JI0 YETBEPTOTO mopsiaka [1, 2]
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HE peuraet npodnemMy paaukaibHO. B nokane paccMarpruBaeTcs KIIacC MHOTOTOYEUHBIX CHMMETPUYHBIX TPEX-
CJIOMHBIX cxeM B o0meM Buje. KoadhdpuuueHnTs! cxem onpeaessitoTes U3 YCIOBUsI TOCTHKEHUSI MAKCHMaJIbHO
BO3MOKHOTO TTOPSI/IKA allIPOKCHMAIMU Ha JaHHOM I1adiaoHe. CXeMbI 3TOTO KJacca UCCIEAYIOTCS Ha MPEAMET
BBIMIONTHEHUST HeoOxoauMoro kputepusi Heiimana. [lokazaHo, 4To paccMaTrpuBacMble CHMMETPHYHBIC CXEMBI
YCJIOBHO YCTOHYMBBI, U C(HOPMYTUPOBAHBI YMCICHHBIE OTPAaHUYEHHSI HA COOTHOILICHHE ILIAroB, MPU KOTOPBIX
BBIINOJIHsAECTCA KpuTepuil Heltmana.

Pabora BrmonHeHa npu prHaHCOBOU TIoaepxkke Poccuniickoro HaydHoro ¢porma (kox mpoekra 17-72-30006).

Crnucok IuTeparypbl

1. Tlaaconen B. 1., ®enopyx M.I1. KommakTHast Ge3uTepanoHHas cXxema ¢ HCKyCCTBEHHON AUCCUITALUeH s He-
muHerHoro ypaBHeHus [lpenuarepa // Beraucnurensabie TexHonorud. 2012. T. 17, Ne 3. C. 83-90.

2. Tlaaconen B. U., ®emopyx M.II. Tpexcnoiinas 6e3uTepalioHHas CXeMa IMOBBIIIIEHHOTO TOPSIKa TOYHOCTH IS
ypaBreHus [ nH30ypra-Jlanmay // Beraucnurensabie Texnoiorun. 2015. T. 20, Ne 3. C. 46-57.

HDI/IMeHeHI/Ie n-pa3acJbHbIX BCIVICCKOB B ME€TO/1€ BeﬁBJ’[eT-FﬂJ’IepKI/IHa

E. A. Ilnewesa

HUncmumym mamemamuru u mexanuxu YpO PAH um. H.H. Kpacoeckozo
Ypanockuii pedepanvuviii ynusepcumem um. b. H. Envyuna

Email: eplescheva@gmail.com
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B pemennn nuddepeHmanbHbIX H MHTETPATBHBIX YPaBHEHUH TOBOJIBHO MTUPOKOE PACIIPOCTpaHEHHE T10-
my4un Metof BeriBnet-I"anepkuna [ 1,2]. Ilpu ero npuMeHeHNnH B KauecTBe 0a3uCHBIX (DYHKITHIA JIJIs TPHOIHKe-
HUS PEIIeHUs NCTIOIB3YIOTCS MepHoAnYecKre 0a3nchl BCIieckoB. [Ipu 3ToM MaTpuIia moy4eHHOH B pe3yabra-
T€ CHCTEMBI IMHEWHBIX YpaBHEHH OyIeT pa3pexeHHol, HO He 00s3aTeIbHO X0opoIo o0ycnosieHHOH. Ho oHa
JIETKO TIPUBOAMTCS K XOPOIIIO 00yCIOBIEHHOMY BUY (CM., Hamp., [1]).

B pabote paccmarpuBaercs 3amada LItypma-JInyBms. B xauecTBe 6a3ucHBIX (DYHKIMNA TS TPHOIHKE-
HUS ee pelIeHuns OyaeM UCIOoIb30BaTh IOCTPOCHHBIE HAaMU paHee [3] opTOHOPMUPOBaHHBIE N-Pa3/ebHbIE TTe-
puoamdeckrne 6a3uChl BCIUIECKOB.

Crnucok nuTeparypsl

1. @peitzep M. BBenenne B BOHBIETH B CBETE JIMHEHHOM anreOpsl. M.: burowm. Jlaboparopus 3nanmit, 2008.

2. 3axapos B.I', Fsanos O.H. [TocTpoenue BeiiBneT-0a3MCOB, aJallTHPOBAHHEIX K TU(PEpeHIINAaTHHBIM OIIepaTo-
pam // Maremar. MmozenupoBaHue cucteM u mporeccoB. 2003. Ne 11. C. 38-45.

3. Ilnmemena E.A., HoBoe 0600menme opToroHamsHbIX 0a3mcoB Bemreckos // Tp. UMM YpO PAH. 2010. T. 16,
Ne 4. C.264-271.

YncjieHHOE pelleHne TPEXMEPHOIi 3a1a4H 0 TeIJIONEePEeHoce B CBOOOIHOM CJI0€ JKUIAKOCTH
IO JeiicTBHEM TePMOKANMIJIAPHBIX CHJI M JONOJHUTEILHBIX KACATEJIbHBIX HANPAKEHU

E. B. Pezanosa

Anmatickutl 20Cy0apCcmeeHHblll YHUSepcumen
Email: katerezanova@mail.ru

DOI: 10.24411/9999-017A-2019-10070

IIpoBeneHo uncneHHoe MOJEINPOBAaHUE HECTALIMOHAPHOIO TEUEHUS BSI3KOW HEC)KUMAEMOMN KHIKOCTH, 3a-
MTONTHSIONIEH OECKOHEUHYIO TI0JI0CY C TNTIOCKUMHU CBOOOTHBIMHU TTOBEPXHOCTSIMH, KOTOPHIE HAXOIATCS O] ACH-
CTBUEM TEPMOKAMMIUIAPHBIX CHUJI M JIONOJHUTENBHBIX KacaTeNbHBIX HalpsKeHNUH, MHIyLUPYEMBIX BHEIIHEH
cpenoil. Maremarnuueckoe MOJEIMPOBAHUE MTPOBOJUTCS HAa OCHOBE TOYHBIX pelieHud ypaBHeHuil HaBbe —
Crokca cniernanibHoro Buja (ITyxnaues, 1999).

UncneHHbII anroOpuTM BKIIIOYAET aIrOPUTMBI THIIA "MPETUKTOP-KOPPEKTOpP" sl OonpeesieHus] THHAMHI-
ku xugakoro ciost (ITyxnadesa, 2000). Pemena 3aga4a 0 HaX0XKACHUN paclpeieiICHUS TEMIIEPaTyPhl B CIIOE B
TpexMepHoM cityuae. [Ipeacrapnena obmas cxemMa YMCIEHHOTO MOJEIMPOBAHUS MIpoIecca epeHoca Teria B
napaienenuIesie ¢ ABIKYIMMUCS T'PaHuIaMH, OCHOBaHHAs Ha METoZie cTaduiM3upylomei nomnpasku. Ha uc-
KyCCTBEHHO BBEJICHHBIX "BEPTHKAJIBHBIX TOPLAX" pacdeTHOH 00JacTH MMOJIaraioTCs BBIOIHEHHBIMA ""MsTKHE"
TpaHUYHBIEC YCIIOBUS, SIBISIFOIINECS CIESICTBUEM YPaBHEHHUS IIEPEHOCA TETUIA U YCIOBHIA JTsl TEMITEPaTyphl Ha
6eckxoneunoctu. [IpencraBnensl pe3ynbTaTbl YUCIEHHBIX SKCIIEPUMEHTOB, TIPOBEIEHHBIX B CITyYasx, KOTaa J10-
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TMOJIHUTCJIbHBIC KaCaTCIIbHBIC HAIIPSXKCHUA YCUIIMBAIOT WA 0CIA0IISIFOT HeﬁCTBHC TCPMOKANMUIIIAPHBIX CHUJT HA
CBO60,[[HI>IX TpaHuax.

Pabora BeInosiHeHA ipH HHUHAHCOBO# Mo epikke Poccuiickoro onaa hyHmaMeHTaTBHBIX HCCIIEN0BAHUN (KO IPO-
ekta 17-08-00291).

Modelling of bonded elastic structures by a variational method: theoretical analysis and numerical
simulation

E. M. Rudoy

Lavrentyev institute of hydrodynamics of SB RAS

Email: rem@hydro.nsc.ru

DOI: 10.24411/9999-017A-2019-10071

We deal with an equilibrium problem of two bodies joined (glued) with each other along a part of their
common interface. There exists a crack on the rest part of the interface. Surface loadings are applied to both
bodies. We assume that the interface is "spring type interface", modelling a soft and thin material between
bodies. We impose a nonpenetration condition and Treska's friction on the common interface including both
the adhesive layer and the crack. The nonpenetration condition excludes mutual penetration of bodies. A
formula for the derivative of the energy functional with respect to the crack length is obtained. It is shown
that the derivative can be represented as a path-independent integral (J-integral). Moreover, we propose a non-
overlapping domain decomposition method for the joined structure and study its convergence theoretically
and numerically. Numerical examination shows the efficiency of the proposed method and importance of the
nonpenetration condition.

The supports from the Russian Foundation for Basic Research (Grant No. 19-51-50004) are gratefully
acknowledged.

HoBblii MeTO/1 pellieHHsI BHEIITHEH KpaeBoi 3a1a4u Uil YypaBHeHus I eIbMrosibia JeKOMIO3HITHEH
00J1aCTH
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Jnist pelieHust BHEITHEW KpaeBoH 3a/1auu AJisl ypaBHEHUsI [ eIbMroJiblia HCIIONIB3yeTCsl AEKOMIIO3UIHUS 00-
JIACTH C TIepeceueHreM. 3aada cBeJieHa K PelIeHII0 ONepaTOPHOTO YpaBHEHHUS Ha BHEIIHEH TPaHHIIe BCIIOMO-
ratenbHON oOmacTH. sl YMCIEHHOTO pelIeHHs STOT0 ypaBHEHHUS] BBOAWTCSI KOHEUHOMEPHBIH omeparop, ar-
MPOKCUMUPYIOIIUM UCXOHBIHN, KOTOPBIN MIPEICTaBISETCS B MATPUYHOM BHU/Ie. Perienre noy4eHHON CUCTEMBbl
JTUHEWHBIX anreOpandecknx YpaBHEHUH TPOM3BOIUTCS OHUM M3 METOJIOB B MOAIpocTpancTBax Kprioaa.

Pabora BeInoHEHa MpH (hrHAHCOBOM ToaaepkKe Poccuiickoro Gonma GpyHIaMeHTaIbHBIX UCCIICIOBAHUMN (KO ITPO-
ekta 16-01-00168).

O moaxomax K YHCJIEHHOMY pemieHuI0 anddepeHnualbHO-aJreOpanieckKux CuHCTeM YPABHEHHH
B YACTHBIX NPOU3BOIHBLIX HHIEKCA BbIIlIe eIHHHUIIbI.

C. B. Ceununa
Hncmumym ounamurxu cucmem u meopuu ynpagienus um. B. M. Mampocosa CO PAH
Email: svinina@icc.ru

DOI: 10.24411/9999-017A-2019-10073

JuddepennmansHo-anredpandeckie ypaBHEHUs B YaCTHBIX MPOM3BOAHBIX BIIEPBBIC MOSBUINCH B pabo-
Tax, MOCBSIEHHBIX KOHKPETHBIM YPABHEHMSIM ruApoaruHaMuku B KoHe XIX n Hauane XX Beka. B coBpemeH-
HOW JINTeparype Takue ypaBHEHHS BCTPEUAIOTCS, HATPUMED, TIPH MOJICIIMPOBAHNH TEIUI00OMEHHHUKOB, TIPH OTTH-
CaHMM XMMUYECKHX MPOIIECCOB M MHOTHUX Jpyrux. JnddepeHnnanbHo-anredOpanieckue ypaBHEHUS B 4aCTHBIX
MPOM3BOIHBIX MPEACTABISIIOT CO00 B3aMMOCBSI3b YPAaBHEHHUH B YACTHBIX MPOU3BOHBIX, OOBIKHOBEHHBIX JTU(]-
(epeHInaNbHBIX ypaBHEHUH 1 anreOpandeckux paBeHCTB. OCOOEHHOCTh TAKHX YPaBHEHUH COCTOUT B HalU-
YHH TPOU3BOIHBIX OT UCXOAHBIX JAHHBIX CHCTEMBI B CTPYKTYpE €€ 00111ero peteHns. MakCuMalIbHbIH MTOPSIIOK
TAaKUX MPOU3BOIHBIX HA3bIBAIOT MHIEKCOM CHCTEMBI. B cirydae, KOrna MHJIEKC CHCTEMBI BBIIIE €IUHULIbI, YNC-
JICHHBIC METOJIbI, Pa3paboTaHHbIE JIJIsl CXOXKHUX IO THUITY SBOJIONMOHHBIX JU(pdepeHInaTbHO-aIre0pandeckux
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ypaBHeHUH, He dpdexTuBHBL. B padorax [1, 2] npeniokeHbl METOIbI YUCICHHOTO PEIICHUS KBA3UIMHEHHBIX
nuddepeHInanbHO-aNTe0pandecKuX CUCTEM YPaBHEHUH B YACTHBIX MTPOU3BOIHBIX TIPOU3BOIBHOTO HHJIEKCA.

Crimcok IuTeparypsl

1. Cpunmaa C.B. OO0 ycTOHYMBOCTH CIUTAHH-KOJUTOKAITAOHHOW Pa3HOCTHOW CXEMBbI JJIsl OJHOW KBa3WJIMHEHHOM
mddpennurasbHo-aIredpandeckoil CUCTEMbl yPaBHEHHH B YaCTHBIX IIPOU3BOHBIX MEPBOTO Nopsizka // ypHan Bbranc-
JIUTEIBHON MaTeMaTHKK U MaTtemaTrdeckor Gusuku. 2018. T. 58, Ne 11.

2. CeunmnaaC.B.,CuanHA.K.O0yCcTOWYHBOCTH OMHON PA3HOCTHOMN CXEMBI [JIS KBA3UIIHMHEHHOM Tu( G epeHIIraIbHO-
aareOpanyecKoil CUCTEMbI YPAaBHEHHUH B YaCTHBIX MPpon3BoaHbIX nHAekca (k,0) / )KypHan BRIYHCIMTEIBHON MAaTeMaTHKN
n marematudeckoit Gusuku. 2019. T. 59, Ne4.

BapuanuoHHbI€ METObI NOCTPOEHHSI PA3HOCTHLIX YPABHEHHN M HTEPALMOHHBIX AJITOPHTMOB
JUIS1 MPUOJIMKEHHOT0 pemeHns 3aaaun Jlupuxie
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[Ipu aHanUTHYECKOM PEIICHUHU 3a/lad MAaTeMaTu4eCcKol (M3UKH Mbl CTAJIKHBAEMCS C CEPbE3HBIMH Mare-
MaTH4YECKUMHU TPYIHOCTAMU. [103TOMY [UIsl pelIeHts] CIIOKHBIX 3a/1a4 Mbl UCIIOJIb3yEM Pa3JIMUHbIE YUCIICHHbIE
METO/IbI TIOUCKA MPUOIMKEHHBIX PEILICHHUH.

PaccmarpuBaercs annmuntudeckoe auddepennmansaoe ypasHenue. [Ipu perenun:

1) JIna mocTpoeHus: pa3HOCTHBIX YpPaBHEHHH ObLT NMPUMEHEH BapHalMOHHBIA MeTox Purtna ¢ mcmons-
30BaHMEM 0a3MCHON (YHKIMHA, KOTOPBI MPUBOJUT K PEIICHUIO CUCTEMbI JIMHEHHBIX ypaBHEHHH. Borpocsr
CXOAMMOCTH PELICHUH, MOJIy4aeMbIX MeToqoM Putma, paccMarpuBaloTCsi B MHOTOYMCIEHHBIX padoTax H
MOHOTpausX.

2) Jns nocTpoeHHs UTEPALMOHHBIX AITOPUTMOB ObLT IPUMEHEH METO]] CONPSKEHHBIX IPAJHEHTOB, KOTO-
PBIN cpei U3BECTHBIX UTEPAIIIOHHBIX METO/I0B, UCIOIB3YEMBIX JUIS PEIeHHs CHCTEM JIMHEHHBIX anredpande-
CKUX ypaBHEHHH, BeIaenseTcs cBoeH 3((EeKTUBHOCTHIO.

IIpuBeneHsl npUMepbl pacueToB JUIsl MOAEJBHBIX 33]a4. Pe3ynasTarsl BBIYMCIATEIBHOIO AKCIEPUMEHTA
MOATBEPKAAIOT BEICOKYIO d3(PEKTUBHOCTH MpeJIaraéMoro BApHallMOHHOTO METO/IA.
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6. Temirbekov A.N., Wojcik W. Numerical Implementation of the Fictitious Domain Method for Elliptic
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7. Temirbekov A.N. Numerical implementation of the method of fictitious domains for elliptic equations // 3rd
International Conference on Analysis and Applied Mathematics, [CAAM 2016.-Vol. 1759, -P. 020053-1-020053-6; DOI:
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JIByXceTOUHBIH MeTOA JJIsl HeJIMHEHHOr0 CHHIYJISIPHO BO3MYIIEHHOT0 YPABHEHHSI BTOPOI0 MOPSAKA C
JABYMSI IapaMeTpaMu
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Paccmotpena kpaeBasi 3aa4a A7l HSJIMHEHHOTO CUHTYJISIPHO BO3MYLICHHOT'O OOBIKHOBEHHOTO U depeH-
LUaJIbHOTO YPaBHEHHs BTOPOI'O MOPsAKa ¢ IBYMsI MaJbIMH IapaMeTpamu. /i IuHeapu3anuy UCIONb3yI0TCs
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UTepanuu HrrotoHa n HHKapa. I[J'Ii[ peuicHus 3aja4n Ha Ka)KI[Oﬁ HUTCpaly NPpUMCHACTCA pa3HOCTHAsA CXEMa
BTOPOT'O MOpAaAKa Ha CETKE U_II/IIHKI/IHa, KOTOpasd CXOAUTCA paBHOMEPHO 110 000MM MaJIbIM napamMeTpam [1] I[J'ISI
YMCHBUICHHUA Tpe6yeMor0 KOJIN4YECTBa apI/I(I)MeTI/I‘IeCKI/IX onepam/lﬁ JJIs pCHICHUSA pa3HOCTHOI7I CXEMHBI Ipeajia-
racTcsa KaCKaI[HLII;'I I[ByXCCTO‘{HBII\/'I METO [2, 3] ,HJ'ISI IIOBBIIICHUA TOYHOCTH pa3HOCTHOI>'I CXEMbI, ITPUMCHSCT-
Csl SKCTpanoIsaus PI/I‘IapI[COHa C UCIIOJIb30BAHUEM U3BCCTHBIX pemeHHﬁ pa3HOCTHOI>'I CXEMBI Ha 00EHX CETKaXx.
HCCJ’IC}IOB&HBI HCKOTOPLIC CBONCTBa peuicHuA ,HH(I)(l)CpGHHH&J’IBHOfI 3aa4u B ClIy4ac pas3/IMYHbIX MaJIbIX IMapa-
METPOB aHAJIOTUYIHO [4] O6cy)KI[aIOTCH PE3YILTATEI HEKOTOPBIX YN CJICHHBIX SKCTICPUMEHTOB.

Pabora BrrmonHeHa npu prHaHCOBOW TIoanepxkke Poccntickoro gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekta 18-31-00487).
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Computation of mean-field equilibria for various optimization problem with non-symmetric control
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The study is devoted to applying of semi-Lagrangian approach to numerical modelling of problems described
in “Mean Field Games” framework. Mean field games are a relatively new field of research developed by J.-M.
Lasry and P.-L. Lions [1-3], which helps to understand the limiting behavior of systems involving great numbers
of rational agents playing in differential games under partial information and symmetry assumptions. This
approach allows the transfer of the ideas of statistical physics to a new class of models in which the contribution
of an individual player does not significantly influence on the behavior of the entire mass of players. The
appearance of this approach is caused by the great complexity of traditional approaches [4] to describe such
interaction systems. It leads to searching of Nash equilibria [5] for a large number of agents. In this case, mean-
field equilibrium is described by the coupled system of two parabolic partial differential equations: the Fokker-
Plank-Kolmogorov equation and the Hamilton-Jacobi-Bellman one. This mathematical model can be used for
quantitative modeling of the optimal using of alternative resources, more efficient realization of environmental
problems, network sales, and other economic activities of the great population of agents.

This project was supported in part by the Major Research Plan of the National Natural Science Foundation of China
(91430108) and the National Natural Science Foundation of China (11171251).
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Ho.ﬂv.narpamlcena AlIPpOKCUMaNud VpaBHeHl/lﬁ Hasbe — CTokca JJIsi BBINIOJHCHHUS 3AKOHOB
COXpaHEeHHUA MACChl M DHCPIHH rasa
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B pabote mpemraraeTcst anropuTM YMCIEHHOTO penieHus ypaBHeHnit HaBre — CTOKCa BA3KOTO TETUIONPO-
BOJIHOTO T'a3a, 3alMCaHHbBIX JUI BBITIOJIHEHNS 3aKOHOB COXpaHEHHs Macchl M MOJIHOM sHeprun. B ocHoOBe anro-
pUTMa JEKUT KOMOWHAIHS TTOTyIarpaHyKeBOW alllPOKCHMAIINH KOHBEKTUBHOW YaCcTH YPaBHEHHUN U TUCKPETH-
3a1us [0 MPOCTPAHCTBY OCTABILUXCS CIAraéMbIX METOJJOM KOHEUHBIX 1eMeHTOB [1]. IlocTpoenHnas pasHocT-
Has CXeMa UMEET MEPBBIM MOPSIIOK TOUHOCTH MO BPEMEHM U MPOCTPAHCTBY. UMCIEHHBIN SKCIIEPUMEHT MOJI-
TBEP)KJAET YCTOMUNBOCTD CXEMBI U MIEPBBII MOPAIOK CXOIUMOCTH YHCIEHHOTO pelieHus [2].

HccnenoBanue BHIOMHEHO NpH (prHAaHCOBOW moaepxkke Poccuiickoro gonma GpyHIaMEHTATBHBIX WCCIICIOBAHNH,
[IpaBurenscTBa KpacHospckoro kpast, KpacHosipckoro kpaeBoro ¢oHIa Haykd B paMKax HayqHOTO mpoekrta Ne 18-41-
243006: "YncnenHoe MoaenupoBaHue (GOPMHUPOBAHUS KBAa3HyCTOWYHMBHIX (HUTYp, 00pa30BaHHBIX MHOTOKOMIIOHEHTHOW
Ta30BOM CMECHIO, BRITEKAIOMIEH M3 IPOMBINIIEHHON BIMOBOH TPYOBI".

Cnucok JuTeparypsl
1. Shaydurov, V., Shchepanovskaya, G., Yakubovich, M. A semi-Lagrangian approach in the finite element method
for the Navier-Stokes equations of viscous heat-conducting gas // AIP Conference Proceedings. 2014. V. 1629, P. 19-31.
2. Shaydurov V.V., Yakubovich M.V. Semi-lagrangian approximation of conservation laws of gas flow in a channel
with backward step // Smart Innovation, System and Technologies. 2019. V. 133. P. 246-265.

MeTo KOJLIOKAIIMM H HAMMEHbIIUX KBAJIPATOB H €ro NPWIoKeHHE K PacueTy Halpsi:KeHHO0-
JAe()OpMHPOBAHHOI0 COCTOSTHUSI IJIACTHH
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[Ipenoxensl 1 peanu3oBanbl HOBBIE h-, hp- U p-BapuaHThI METO/IA KOJUTOKAIIUKM M HAMMEHBIIIHX KBA/IPATOB
JUTSl YACJIEHHOTO PEIIEHUs KPAeBbIX 3aJay AJIs JJIMITUYECKUX YPAaBHEHUI YETBEPTOro MOPsAKa B KAHOHNYE-
CKHUX, HEPETYJISIPHBIX U MHOTOCBSI3HBIX 00macTsx [1]. [IpuBeneHo cpaBHEHUE TIOTYUEHHBIX YHUCICHHBIX PE3Yiib-
TATOB C U3BECTHBIMU YaCTHBIMU PELICHUAMH IPYIUX aBTOPOB, UCIIOJIb30BABIINX KOHEUHO-PA3HOCTHBIE U CIIEK-
TpaJibHbIE METOABI MOBBILICHHOTO MOpPSIKa anmpokcuManuu. JaH aHamu3 HanpsKeHHO-Ae()OopMUpPOBaHHOTO
COCTOSIHMSI YNIPYTHX IIACTHH, HAXOAIMXCS O] IECTBHEM ITONIEPEYHOM HAarpy3KH MPOU3BOJILHOTO BUAA, IIPU
Pa3INYHBIX BUJAX 3aKPEILICHUS.

Paborta BrrmonHeHa npu (prHAHCOBOH TIoanepxke Poccntickoro Gponma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-29-18029).
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Cexknus 3. METOJbI MOHTE-KAPJTO N YUCJTEHHOE
CTATUCTUYECKOE MOJAEJIMPOBAHUE

CratncTtuueckoe MoaeanpoBanne cucreMmbl TeaeynpasjeHnns 3YP 3PK manoii gaabHOCTH
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B cratee [1] Oplma paspaboTaHa WMHUTAITMOHHAs MaTeMaTH4YecKas MOICTh KOHTypa HaBEICHHUS 3e-
HUATHOM TeneymnpasisseMoit pakeTsl (3YP) 3enntHOTO pakerHoro komruiekca (3PK) ¢ xommiexcupoBaHHOM
(pammonokaItmoHHO-1a3epHoit) nHpopmarmonnoit cucremoit (KMC). Takxke paccMoTpeHa METOIHUKA TIOCTPO-
CHUS aHATUTHYECKON MaTeMaTHIeCcKOi MOoMeu ucciemyemMoit cuctemsl Teneynpasienus (CTY) 3YP B kmac-
Ce HEeCTAIMOHAPHBIX HETWHEHHBIX CTOXACTUYECKHX JUHAMHYECKHX CHCTEM CO CIydaifHO HM3MEHSIOIIEHCS
CTPYKTYpPOH.

B nmannoit pabote, ¢ MpUMEHEHHEM CTaTUCTHYECKOTO aJTOpUTMA [2], OIIEHUBAIOTCS BEPOATHOCTHBIE Xa-
PaKTEPUCTHKHU PEIICHHUS TTOTYICHHON CHCTEMBI CO CITyJalfHOM CTPYKTYPOM, 3aTaHHON CTOXaCTHICCKUMH TU(-
(hepeHInaNbHBIMI YPaBHEHUSIMH B cMbIciie CTpaTOHOBHUYA.

Pabora BeimonaeHa B pamkax roc3ananust UBMuMI™ CO PAH (mpoekt 0315-2019-0002).
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IIpumeHeHne MeTOAA "MaKCUMAaJbLHOTO0 cevyeHus' B 3a/1a4ax olleHUBAHHUSA CJYUYANHBIX NMPOLIECCOB
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B pabote paccmarpuBaeTcs 3aa4a OLEHUBAHHS CIy4YallHbIX MPOLECCOB B JUHAMUYECKUX CHCTEMaX, Ma-
TeMaTHYeCcKasi MOJIeJIb KOTOPBIX OMUCHIBAeTCs cToxacTnueckuM auddepennuanbubiM ypasaerueM (CHAY) c
MyacCOHOBCKOHM cocraBisitonield. Pemenue 3anaun oueHuBaHus ((GUIBTpaLid, UHTEPIOJSIINN, YKCTPAIIONS-
LIMH) TIpearnoaraeT MoaenupoBanue tpaektopuii pemenuss CHY [2]. Ilponenypa MoaenupoBaHusi TPAeKTO-
puil BKIIOUAET METOJ MOAETUPOBAHUS ITyaCCOHOBCKOTO IOTOKA, B KAU€CTBE KOTOPOr0 MPUMEHEH METO] "'MaK-
cumanbHOTO ceueHus" [1].

Pabora BrimonaeHa B pamkax roc3aganns UBMuMI™ CO PAH (mpoekt 0315-2019-0002) u mpu 9acTuyHON (HUHAH-
coBoii momaepskke Poccuiickoro ¢pora GyHIaMEeHTANBHBIX HccieqoBaHmi (Ko mpoekra 17-08-00530).
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YncjeHHas cToXacTHYecKas MoJeJ b COBMECTHBIX HECTAIMOHAPHLIX BpEMEHHBIX PAJI0B
METEOPOJIOrHYECKHX APaMETPOB JUISI PAacUyeTa NMoKa3aTe/ieil Bo3IeiiCTBHUsSI METEOPOJOrHYECKHUX
()aKTOPOB HA OPraHM3M YeJ0BEKA
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B noxnane paccmarpuBaeTcsl YUCIEHHAs CTOXAaCTHUECKask MOJIENb KOMIUIEKCA HECTAIlHOHAPHBIX METEOPO-
JIOTHYECKUX BPEMEHHBIX PSI0B M 00CYKAAaETCsl BO3MOXKHOCTD IPUMEHEHHS TAHHOM MOJIEIIN 7151 UCCIIeIOBaHUSI
BEPOSITHOCTHBIX CBOMCTB BPEMEHHBIX PSAJI0B OMOKIMMATHYECKOTO HHAEKCa CypoBocTH MeTeopekuma (BICM).
BUCM npeacrasisieT co060ii 00001IEHHBIN [TOKa3aTelb, XapaKTepU3YIOLIHH COBMECTHOE BO3JICHiCTBUE Ha Opra-
HU3M YeJIOBEKa aTMOC(EPHOTO JAaBICHUs, MOAYJISl CKOPOCTH BETPA, TEMIIEPATyPhl U OTHOCHUTEIILHON BIIAYKHO-
CTH BO3/lyXa C y4€TOM BBICOTBI MECTHOCTH HaJl ypOBHEM MOpsl. B oTinuune ot paHee npeanoxkeHHbIX MoJeNel
BpeMeHHbIX psi7ioB BUCM, NocTpoeHHBIX B IPENOI0KEHUN O IEPUOANYECKON KOPPETUPOBAHHOCTH METEOPO-
JIOTUYECKUX IMPOLIECCOB, HECTAL[MOHAPHASL MOJENb MTO3BOJISET JEHTAIBHO YUYUTHIBATh 3aBUCHMOCTb XapakTe-
PUCTHK METEOPOJIOTHUECKUX ITapaMETPOB OT BPEMEHH, €r0 CyTOUHBIN U CE30HHBIH XOI.

HWccnenoBanne BBIMONHEHO TpH YacTHYHOW (rHaHCOBoW mommepkke POOU (rpant 18-01-00149), POOU u
[IpaBurtenscTBa HoBOCHOMpPCKO# 00macT B paMkax HayqHOTO TipoekTa Ne 19-41-543001-p mon_a.

MoaenupoBanue TypOyJeHTHOIO TeUEHHs HA OCHOBE F'eHEePAIMH CTOXACTHYECKOr0 MOJIsi CKOPOCTE

A. B. Anexcanopos’, JI. B. Jlopoonuywir?, A. I1. [y6ens’
' Huemumym npuxkaaonoi mamemamuxu um. M. B. Kenoviuua PAH
’Mocxoeckuti 2ocydapcmeennulit yrueepcumem um. M. B. Jlomonocosa
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DOI: 10.24411/9999-017A-2019-10082

PaGora nocBsiieHa akTyansHOW B HACTOSIIIEE BpeMs IpoOIeMe TeHepali CHHTETHIEeCKOH TypOyIeHTHO-
CTH JIJIS1 PacYeTOB Ta30BBIX TeueHNH. K cBOWCTBaM creHepupoBaHHOTO OIS MPEABSABISIOTCS BBICOKHE TPebo-
BaHUS C TOYKU 3peHHS (PU3MUECKoil KOPPEKTHOCTH. ABTOPHI OCTAHOBHIIMCH HA TOJHOCTHIO CTOXaCTHYECKOM
noaxozie, 00001ast Ha TPEXMEPHBIN ciTydail pe3yasrathl [ 1], yermenrHo npruMeHsBIIHECs B MOJISITMPOBAHNH ad3-
POaKyCTHKH ¥ OCHOBaHHBIEC Ha PAaHJIOMHU3UPOBAHHOM CIIEKTpaIbHOM MeToze [2].

ITokazaHo, 94TO MOCTPOEHHBIE MOJISI CKOPOCTH YIOBIETBOPSIOT CTATUCTUYECKUM U CIIEKTPAIBHBIM XapaK-
TEePUCTHUKAM, U3BECTHBIM U3 (pr3uku. Vcciemayrorest criocoObl 3aJaHus N3MEHEHUS 1T0JIs1 BO BPEMEHHU U UX BIIH-
STHE Ha aBTOKOPPEISIIUOHHYIO (PYHKITHIO.

IIpoBonsTCs BamMIalmOHHbIE pacueThl Ha OCHOBE TEXHOJIOTHH KpynHBIX Buxpei (LES). B wactHocTH, cTo-
XacTHUYeCKUe TypOyJCHTHBIE M0JIS 3aJal0TCsl B KaUeCTBE HadalbHbIX YCIOBUH B 3a/1aue O paciaie OHOPOAHON
TypOyJAeHTHOCTH. Pe3ynbTaThl XOpOoIIo COmTacyroTcs ¢ IKCIepUMEHTAIBHBIMHA TaHHBIME [3]. Moaenupyercs
TaKk)ke BO3HUKHOBEHUE aHU30TPOITHON TypOYJIEHTHOCTH MPH TE€YCHNH B KaHAJIE.

Pabora BeITIONTHEHA IpH (GPUHAHCOBO mojiepikke Poccuiickoro donaa GyHmaMeHTATBHBIX HCCIIEI0BAHUN (KO IPO-
ekra 18-01-00726).

CrucoK JuTeparypbl
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YaHBIX MOJICH M CUTHAJIOB M UX UCIIOJIb30BAHUY B 3a/1auax a’poakyctuku // Marem. mopenuposanue. 2007. T. 19, Ne 10.
C. 76-88.

2. Kurbanmuradov O., Sabelfeld K., Kramer P.R. Randomized spectral and Fourier-wavelet methods for
multidimensional Gaussian random vector fields // J. Comput. Phys. 2013. V. 245. P. 218-234.

3. Comte-Bellot G., Corrsin S.. Simple Eulerian time correlation of full- and narrow-band velocity signals in grid-
generated ‘isotropic’ turbulence // J. Fluid Mech. 1971. V. 48, part 2. P. 273-337.
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YckopeHHe aJIrOpuTMa KOHKYPEHINHT

B. C. Aumioghees

Hucmumym viuuciumensnoi mamemamuxu u mamemamuyecxou ceogpusuxu CO PAH
Email: ant@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10083

PaccmarpuBaeTrcst anropuTM KOHKYPEHIMH, IPEIoKEeHHBIH B [1]. B 3ToM MeToze Touku B pexumMe o0yye-
HUSI MOJCTTUPYIOT paBHOMEpHO. Takoe oOyuenue He siBnsieTcs: 3G QeKTHBHBIM.

B pabore npenyiosker METo MOACIUPOBAHHS TOUEK B PEKUME 00yUEHUs], Te TOUKH MOJCIUPYIOT HEpaB-
HoMepHO. HoBBII MeTo OCHOBaH Ha MCIOIB30BAHUN MIOHATHUS SHTPOIINU cllydaiiHOM cucTteMbl. OH 1M03BOJISET
CYLIECTBEHHO YCKOPHUTb IIPOLiecC 00ydeHHs Uil PUKCUPOBAHHOTO YPOBHS OIIMOOK 00yUCHHS.

Cnucok JuTepaTyphl

1. Antyufeev V.S. Solution of recognition problems by the Monte Carlo method. RINAMM, Vol.27, No.2, 2012,
pp-113-130

MaremMaTHuyecKoe MOJACJTHUPOBAHHE NMPOIIECCCOB NC€3AKTHBAIIUHN KATAJINU3ATOPOB TSKeJI0H He(bTI/I

A. B. Bazauxun'?, E. I’ Manrvkosuu'?
Hnemumym mamemamuru um. C. JI. Cobonesa CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: bazaikin@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10084

Teno karanu3aropa NpoLECCOB TUAPUPOBAHUS TKETION HE(YTH COCTOUT U3 ITyaCCOHOBO paclpeesIeHHbIX,
MePEeCEeKarOIMXCs 3ePEH OKCHIA aTIOMUHUS chepruueckoid GopMel U cpeanuM auamerpom 10 um. [pouecc ne-
3aKTHBALlMU KaTaJM3aTopa CBA3aH C POCTOM JAMAMETPOB 3€PEH OKCHA ATIOMUHMS M3-3a OCAXKACHUS YaCTHUIL
KOKCa Ha MX MmoBepxHocTH. [Ipy ae3akTuBanMy XapakTepUCTHKH OPOBOTO MPOCTPAHCTBA U3MEHSIOTCA, YBE-
TuuBas U Qy3UOHHBIC TPEISATCTBU U TPOHUKHOBEHHS MOJIEKYJ ac(aibTeHOB BHYTPb IPaHYJIbl KaTallu-
3atopa. s ocnabnenust qudQy3MOHHBIX TPENSTCTBUI B TEJIE KaTalnn3aTopa CO3AaloT AOMOIHUTENbHBIE Cde-
pudeckue Makpornops! fuamerpom 30-200 HM, KaTanu3aTopel ¢ COOTBETCTBYIOIIEH MOPUCTON CTPYKTYpOI Ha-
3bIBAIOTCS] OMMO/IAIbHBIMU.

OCHOBHBIMHM T€OMETPHUECKUMH XapaKTEPUCTHKAMHU MOPOBOTO MPOCTPAHCTBA, BIUAIOMNUMHU Ha AuDy-
310, SABJISIFOTCS IOPUCTOCTD, U3BUIIMCTOCTD U YAelbHas IIIOLIaIb IOBEPXHOCTH. B HacTosLel paboTe cTpounT-
Cs1 MOJIENb AJIS1 ME30IOPUCTBIX M MAaKPOMOPHUCTHIX KaTaau3aTopoB, U3MEPAIOTCS T€OMETPUUECKNE XapaKTepH-
CTHKH ITOPOBOTO NMPOCTPAHCTBA HA KAXK/IOM M3 JTANoOB JAe3akTHBaLMHU. [IopucTOCTh 1 yaenbHas miomanb mno-
BEPXHOCTH BBIUUCIIAIOTCSA MCTONB3Ysl MeToabl MoHTe-Kapio, n3BUIMCTOCTh BBIUUCISIETCS C MMOMOIIBIO aro-
puTMa J{efKCTphI MOMCKAa HAUMEHBIIIETO ITyTH U alllPOKCHMAIIUH TOPOBOT0 IPOCTPAHCTBA MPOCTPAHCTBEHHBIM
rpagom [1]. [TonydyeHHbIE XapaKTEPUCTUKH UCIIOIB3YIOTCS KaK MapaMeTphl SJUTUITHIECKOTO YPaBHEHHUSI, OTBE-
yaromiero 3akony ®uka quddQy3un MoJIeKyn B HOPUCTOM IMPOCTPAHCTBE Karaiauzaropa. B urore mytem uHTE-
TpUpPOBaHUs pelieHus ypaBHeHUs1 Puka BorauciiseTcst KodpGUuueHT 3pPEeKTHBHOCTH KaTaln3aTopa.

Cnucok JuTeparypbl

1. V. S. Semeykina, E. G. Malkovich, Ya. V. Bazaikin, A. I. Lysikov, E. V. Parkhomchuk. Optimal Catalyst Texture
in Macromolecule Conversion: A Computational and Experimental Study. Chemical Engineering Science. 2018. V. 188.
P. 1-10.

MOI[eJ'IHpOBaHI/Ie ABTOTPAHCIIOPTHOI'0O MOTOKA CO CJ'[V‘IaﬁHbIMH nmapamMeTpamMmu

A. B. Bypmucmpos'?, M. A. Kopomuenxo'

Hnemumym gvluuciumensrou mamemamuku u mamemamuseckou eeogpuzuxu CO PAH
?Hoeocubupcruil 20cy0apcmeenHblil YHUSEPCUmen

Email: burm@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10085

B nannoii pabote aBTOpaMu pazpaboTaHbl HOBbIE aNTOpUTMBI MeToia MoHTe-Kapiio asst unciieHHOH oLeH-
K{ BEPOSITHOCTHBIX MOMEHTOB JIMHEHHBIX ()YHKIIMOHAJIOB OT PEIICHUS YPaBHEHUSI OOJIBIIMAHOBCKOTO THIIA CO
CllydallHBIMM MapaMeTpaMi, KOTOPOE BO3HHKAET B KMHETHMUYECKOM MOJENN aBTOTPAHCIIOPTHOTO MmoToka. s
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BO3MOXXHOCTH y4eTa Pa3HbIX TUIIOB B3aUMOICHCTBYOIUX aBTOMOOMIICH, a TAKXKe CITydaiiHbIX TapaMeTPOB, KO-
TOPBIC OTIMCHIBAIOT HABBIKW U TIOBEACHUE BOJUTENSI KOHKPETHOTO aBTOMOOMJIS,, MOJICIh YCOBEPIIICHCTBOBAHA B
pamKax mojxoja, pa3padoTaHHoro pasee B [1].

Pabora BrImoTHEHA B paMkax rocymapctBenHoro 3axanus UBMuMI™ CO PAH (mpoekt 0315-2019-0002) u ipu ga-
CTHYHOU (MHAHCOBOH momnepkke Poccuiickoro ¢onma GyHIaMEeHTANBHBIX HccneaoBanuid (mmpoektsr 17-01-00698, 18-
01-00356, 18-01-00599).

Crnucok auTeparypbl

1. Burmistrov A., Korotchenko M. Monte Carlo Algorithm for Simulation of the Vehicular Traffic Flow Within the
Kinetic Model with Velocity Dependent Thresholds // Springer Proc. Math. Stat. 2014. Vol. 114. P. 109-117.

O BBIYHCANTEIbHOM TECTE IJIsi MOAEJIH AANA0ATHYECKOI0 CoKATHS HAEeaJIbHOr0 0€CCTOJIKHOBHTEILHOIO
rasa

. A. Beikosckux, B. A. I'anxun

Obocobnennoe noopazoenenue OBY OHI] HUUCH PAH 6 2. Cypeyme
Email: dmitriy.bykovskih(@gmail.com

DOI: 10.24411/9999-017A-2019-10086

PaccmarpuBaeTcs TecToBas 3amada 00 aquadbaTHUeCKOM CXKATHH HJIEATHHOTO O€CCTOIKHOBUTEIHHOTO Ta-
3a. DTa 3aja4a CBs3aHa C PaCIpPOCTPAHEHUEM BOJIH B CHCTEMax C IBWKYIIMMHUCS rpanutami [1]. [ns mone-
JTUPOBAHMS TEUECHUS HIEATHHOTO OECCTOIKHOBUTEIBHOTO Ta3a B TPEXMEPHOM N3MEHSIOMIEHCSI BO BpeMeHH 00-
yactu ObUT pa3paboTaH KOMIUIEKC MTPOTPaMM, BEIYACITUTEIBHBIM METOOM KOTOPOTO sIBIIsieTCss MeTox MoHTe-
Kapmno [2]. Beuti mpoBeneHbI CepUH BEIYUCIUTEIBHBIX IKCIIEPHMEHTOB IS TECTOBOM 3a7adH, BKIIOYas CpaB-
HEHHE Pe3yJbTaTOB C aHAIMTHYECKUMH PENICHUSMHU W OIEHKY MPOU3BOAMTEIHHOCTH Pa3padOTaHHOTO KOM-
TIeKca Mporpamm.

Pa6ota BeinosiHeHa pu huHAHCOBOM momepxkke Poccutickoro honma GpyHIaMeHTa IbHBIX UCCICIOBaHU (KO ITPO-
exta 18-47-860004).

CIcok TuTeparypsl

1. Becuunxwuii A. 1. BonHbI B cucTeMax ¢ ABWXKYIIMMUCS TpaHUIlaMU U Harpy3kamu. M.: DU3MATIIUT, 2001.
2. beikoBckux JI. A., l'ankua B. A. O BEIUHCIUTEILHOM TECTE ISl OJHOIM MOZICTH O€CCTONKHOBUTEIBHOTO UICATbHO-
ro rasa // Bectauk kubepueruku. Dnektp. Kypn. 2017. Ne 3 (27). C. 100-120.

CpaBHHTEILHBINH aHAK3 QVHKIHOHAJILHOIO "'siIepHoOro' aJropurMa M MeToAa NOJUIroHa 4acToT

A. B. Boumuwex!, T. E. Bynearkosa’

Hnuemumym svluuciumensrou mamemamuxu u mamemamuseckou eeogpusuxu CO PAH
’Hosocubupcruii 20Cy0apcmeeHHblil YHugepcumen

Email: vav@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10087

B pabote nokazaHo, 4To TOTMOTHEHHBIN COOOpAKEHUSIMHU YHCICHHOW CETOYHOM armpoKcuMauy QpyHKINR
"SepHBIi" alropuT™ NpUOINKEHNS BEPOSATHOCTHOM MIOTHOCTH (CM., Hanpumep, [1]) KOHCTPYKTHBHO COBIa-
JIaeT ¢ PaHJOMHU3UPOBAHHBIM MPOCKIIMOHHO-CETOUHBIM (DYHKIIHOHAILHBIM YHCICHHBIM aJITOPUTMOM TPHOIHU-
JKeHMsI pelieHus ypaBHeHus Ppearoiabma BToporo poa [2].

W3 aroro crienyer, uro [yist "sAepHOTO" ajqropuTMa MpUOIMKEHUS BEPOSITHOCTHON TNIOTHOCTH MOYKHO HC-
MOJIB30BaTh COOOPAKEHHSI TEOPUU YCIOBHOW ONTHMHU3ALNH MPOCKIIMOHHO-CETOUYHOTO (DYHKIMOHAIBHOTO ajl-
ropuTtMa (cM., Hampumep, [3]).

B cBoro ouepenp, Asl pa3BUTUSI TEOPUH KOHCTPYMPOBAHUSI M YCIOBHONH ONTHMHU3AIMU NPOCKIIMOHHO-
CETOYHOTO (PYHKIIMOHATIHHOTO YHCICHHOTO aJITOPUTMa MOKHO MCIIOJIB30BaTh COOOPaKEHHUS U3 TEOpUH "siaep-
HBIX" OLIEHOK BEPOSTHOCTHBIX TIOTHOCTEH U3 padoTshl [1].

Pabora BrImonHEHa B pamMKax rocynapctBenHoro 3aganus UBMuMIT CO PAH (mpoext 0315-2019-0002).

Cnucok JuTeparypbl

1. EmaneunnxoB B. A. Hemapamerpudeckas orieHka MHOTOMEPHOH TUIOTHOCTH BepOsATHOCTH // Teopus BepOsSTHOCTEH
u ee npuMeHenus. 1969. T. 14. Bemn. 1. C. 156-161.
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2. Botitumek A. B. Kinaccudukanus u BO3SMOXKHOCTH MPAKTHYSCKOTO MPUMEHEHHS PAHIOMU3UPOBAHHBIX (DYHKITHO-
HAJIBHBIX YHCJICHHBIX aJTOPUTMOB PEIICHUS UHTCTPATIBHBIX yYpaBHEeHUI Dpenronsma BToporo posa / Maremarudeckuid
anaynm3. Mroru Hayku u TexHuku. Cepusi: CoBpeMeHHasi MaTeMaTika U e¢ mpuiokeHus. Temarnueckue 0030psl. 2018.
T. 155. C. 3-19.

3. Boiituiiek A. B. ®ynknunonanbHbie oieHku Metoga MonTe-Kapino. HoBocubupck: HI'Y, 2007.

PexoHCTPYKIIHA CTPYKTYPHLIX MojeJIeli 0M0JJOrHYeCKHX CeTeil B Buae Cay4aiiHbIX rpadgos

. A. I'aspunog', H. JI. I[Tooxkonoonwiii®
'Hosocubupckuii 2ocydapcmeenHulil yHugepcumen
2Unecmumym evlyuciumensHou mamemamuxu u mamemamuyeckoii ceogusuxu CO PAH

Email: pnl@bionet.nsc.ru
DOI: 10.24411/9999-017A-2019-10088

CTpyKTypHBIE MOZETH OMOJOTMYECKUX ceTel B BHe Habopa cilyyaiHbIX rpadoB, CTPYKTypHBIE 3aKOHO-
MEPHOCTH KOTOPBIX COBMAAAIOT CO CTPYKTYPHBIMHU 3aKOHOMEPHOCTSIMU UCXOJJHON OMOIOTHYECKON CETH MOTYT
OBITH UCTIONB30BaHBI JIsl MPOBEPKU PAa3JIMUHBIX CTATUCTUYECCKUX THIIOTE3 Ha CETAX, UCCICIOBAHUN BIUSHHUS
CTPYKTYPHBIX 3aKOHOMEPHOCTEH B OMOJIOTMYECKUX CEeTSAX Ha UX (DYHKLHUIO H Jp.

B nanHo# paboTe mpeacTaBieHbl METO/IBI IOCTPOCHHUS TAKOTO PO/Ia MOJIEIIEH ¢ Pa3InyHON CTEIEHBIO PH-
OMIDKeHUsT K MCXOJHOM OMOJIOTMYECKOM CETH MO CIEAYIOIIMM XapaKTePUCTHKAaM: paclpeieiieHue CTereHen
BEpILIMH, COBMECTHOE pacrpeienieHle creneneii BepumH (joint degree distribution), cpeaHsisi cTeneHb coce-
HUX BEPIIUH, K0O3()(OUIMEHT KIacTepu3aliy, CIEKTP KJIacTepU3aliy, a TAKKE YaCTOThI CTPYKTYPHBIX MOTHBOB
pasnnuHbIX pasMepos [1]. Ha 6a3e nporpammuoro nakera Cytoscape pa3paboTaHa KIMEHT-CEpBEpHasi CHCTe-
Ma, peau3yIomas MpeIoKeHHbIA TTOIXO0/.

B paborte mpezacTaBieHbl pe3yinbTaThl BEBIYUCIUTEIBHOTO 3KCIEPUMEHTA 110 PEKOHCTPYKIMU CTPYKTYPHBIX
Mojeneil ceTeill 0eT0K-0eTKOBBIX B3aMMO/ICHCTBII B TICYCHU MBIIIU B 3aBUCUMOCTH OT BPEMEHH CYTOK.

Cnmcok JuTeparypbl

1. Toaxonomustit H. JI. u ap., Cytoscape — miiarut AJisi IOCTPOSHMUS CTPYKTYPHBIX MOJIeJIel OMOJIOTHYECKUX CeTei
B BHJIe cirydaitHeix rpados / Becta. HI'Y. Cepust: Undopmanmonusie Texnonoruu. 2018. T. 16, Ne 3. C. 37-50.

I'mOpuaHOE MOIETHPOBAHHE CTOXACTHYECKOH THHAMHWKH BHPYCHBIX HH()EKIHH ¢ MepeMeHHBIMHA
pa3Horo Mmacmrada

. C. I'pebennuxos™?, U. A. Caszonoé’, M. A. Kenvbepm?3, I A. Bouapos*
'Mockosckuil (huzuKoO-mexHu4ecKutl UHCMumym (20Cy0apcmeeHHblil YHUeepcumen)
2Swansea University, Benuxobpumanus

*Hayuonanvhulii uccnedosamenvckuti ynugepcumem "Bvicuias wikona skoHoMuru"
‘Uncmumym evruuciumenvrou mamemamuru um. I. M. Mapuyxa PAH

Email: dmitry.ew@gmail.com

DOI: 10.24411/9999-017A-2019-10089

JnHaMuKa BUPYCHBIX HH(EKIHA XapaKTepu3yeTcs: OOIBINM TUATa30HOM H3MEHEHWH YMCIEHHOCTH BH-
PYCHBIX YacTUI] U KJIETOK UMMYHHOHM cucTeMbl. [Ipy MaiblX YHCIEHHOCTSX KaKOH-TMOO KOMIIOHEHTHI CTO-
XaCTUYECKHE MOJEIH TO3BOJIAIOT YYECTh AUCKPETHOCTh KOMIIOHEHT M CIIyYalHOCTh MPOIIECCOB B3aUMOJEH-
CTBHI, HO SIBJISIIOTCS BBIYMCIUTENBHO OOnee TPyLIOEMKHUMHU, YeM JeTePMUHUCTHUECKUE MOAEIH, OCHOBaHHBIE
Ha juddepeHraIbHbIX ypaBHEHUsX. B naHHOW paboTe MoCTpOeH CTOXACTHUECKUI aJITOPUTM peasin3alliu
MOJISJIA BUPYCHOU MH(EKIIUN U UCCIIE0BaHA 3aBUCUMOCTb BEPOSITHOCTH Pa3BUTHS MPOAYKTUBHONW WHPEKIINU
ot 710361 3apakenus. s apdextuBHOTO pacyera aHcaMOMsl CITyYaillHBIX TPACKTOPUI MOJIeNI pa3paboTaH ru-
OpWIHBIN TTIOIXOT, TIO3BOJISFOIINH HCIIONIF30BaTh CTOXaCTUYCCKHUH U JIETEPMUHUCTHUECKUN PEIKUMBI BEIUUCIIC-
HUU KOMIIOHEHT TPAEKTOPUM B 3aBUCUMOCTHU OT YUCJICHHOCTEH IEPEMEHHBIX MOJACIIH.

Pa6ora BrrmonHeHa npu (prHaHCOBOU Toaaepxke Poccuiickoro Hayanoro ¢onaa (kox npoekra 18-11-00171).

Crnucok nureparypsl

1. Nowak M. A., May R. M. Virus dynamics: mathematical principles of immunology and virology: mathematical
principles of immunology and virology. Oxford University Press, UK, 2000.

2. Sazonov 1., Grebennikov D., Kelbert M., Bocharov G. Modelling Stochastic and Deterministic Behaviours in Virus
Infection Dynamics // Math. Model. Nat. Phenom. 2017. V. 12, Ne5. P. 63-77.
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AHaau3 n ONTUMM3AIIUA HATCKHOCTH TOILIMBOCHAOKEHNSI HA OCHOBE CTATHCTHYECKOIO
MOJAC/TUPOBAHUSA

E. B. I'Youu, B. Y. 3oprarvyes, U. U. Xaoicees

Uncmumym cucmem snepeemuxu um. JI. A. Menenmovesa CO PAH
Email: egubiy@gmail.com

DOI: 10.24411/9999-017A-2019-10090

IIpennokeHn KOMIUIEKC MOAETEH ISt aHAIM3a HaJeKHOCTH TOTTMBOCHA0KEHHSI OTJJAICHHBIX HACETICHHBIX
nyHKTOB [1]: Mogenb pyHKIMOHUPOBAHUS CUCTEMBI B TSUCHHE TOAA; MOAECIb aHAJIN3a HAJCKHOCTH TOIUIMBOC-
HaOXeHHs, 0a3UPYIOMIAscs HA MHOTOKPAaTHOM MMUTAINH ()YHKIIMOHUPOBAHHUS CUCTEMBI B CIy4aifiHO (popmMu-
PYEMBIX YCIOBHSIX; MOJEIb BBIOOPA ONTHMAIBHOTO COCTaBa CPelCTB oOecriedeHus HagexHocTH CiaydaliHbIMU
BEJIMYMHAMH SIBIISIOTCS] 00BEMBI HOTPEOHOCTH M TPOM3BOACTBA (popmupyrores merogom Monrte-Kapio) u ne-
pexoIIIMX 3amacoB TOIUIMBA ((OPMHUPYETCS MO ANTOPUTMY, BbIpabaThIBalOLIEeMy MapKOBCKYIO MOCIEI0Ba-
TEIBHOCTH [2]).

Paborta BrImoHEHa B pamkax HaygHoro npoekta I11.17.4.4 mporpamme! ¢pyHnamenTansHbIX uccnenosannii CO PAH
(Ne AAAA-A17-117030310436-7).

Crnucok nureparypsl

1. I'y6wmii E.B., 3opkansues B.1. DddexruBHOCTS 2HEpreTHyecKux mranTanuii. HoBocnbupcek: Hayka, 2018.
2. I'mxman U.U., Cxopoxox A.B. Teopus cirydaitasix mpomeccoB. Tom 1. M.: Hayka, 1971. 666 c.

Penienne 3agaun Tenjioo0MeHa KPbLIa caMoJieTa B YCJI0OBUAX o0JeaeHennsi meronoM Monte-KapJo

C. A. IT'yces', B. H. Huxonaeé’
'Huemumym vluucaumenvhoil mamemamuxu u mamemamuyeckoii 2eopusuxu CO PAH
?Cubupckuil nayuno-ucciedosamenvckuil uncmumym asuayuu um. C. A. annvieuna

Email: sag@osmf.sscc.ru
DOI: 10.24411/9999-017A-2019-10091

[IpennokeH YMCIEHHO-CTATUCTHYECKUI METOJ] OTIPENEeHUs TEIUIOBOTO COCTOSHHUS KphbLIa CaMOJeTa,
nojiBepraromierocs ooneaenenuto. Pemaercs nymepHas 3agada. [Iporecc TermmooOMeHa onuchIBaeTcs Kpae-
BOI1 3a/1aueil U1 ypaBHEHHS TETUIOPOBOIHOCTH, Y KOTOPOH rpaHuIa 001acTH U3MEHSAETCS C TeUSHHEM BpeMe-
Hu. [TogBUKHAS TpaHUIla AallITPOKCUMHUPYETCS JIOMAHOM JIMHUEH, BEPIIMHBI KOTOPOU MEHSIOT CBOE IMOJIOKEHUE
C TeYeHHEM BpeMeHH. B mpurpaHudHo# 30He, KOTOpas COOTBETCTBYET JIEASTHOMY MOKPBITHIO, BBOAUTCS TPH-
AHTYIISIUS TaK, 9TO 3BEHbS JIOMAHOH JIMHUH COBITAAIOT CO CTOPOHAMH TPEYTONBHUKOB. [Ipennaraemprii MeTom
OCHOBaH Ha BEPOSTHOCTHOM NPEACTABICHUH PEUICHHsI KPAeBOW 3aJadyl B BHJE MAaTeMaTHUECKOTO OXKHIaHUS
(hyHKITMOHAIA OT CIIy9JaiHOTO TIporecca Tuddy3HOHHOTO THITA. B X0/e permeHus 3aaa4qu aenaeTcs mpeodpaso-
BaHUE MTPOCTPAHCTBEHHBIX ITEPEMEHHBIX U CITy4aifHOTO MPOIIecca B KAKIAOM TPEYTOIbHHUKE, B pE3yIbTaTe KOTO-
POTO MOAETUPOBAHIE TPACKTOPUI TPOUCXOIUT B TPEYTOIBHUKE C HEMOABH)KHBIMH BEPIIHHAMH.

BoluucanTeIbHbIE ACEKTHI MATEMATHYECKOI0 MOAC/JIMPOBAHMSA 3a/1a4 CO CﬂV'—laﬁHblMI/I BXOJAHBIMM
JAHHBIMH

b. C. Jlooponey, O. A. Ilonosa
Cubupckuii pedepanvublil yHUgepcumem
Email: BDobronets@yandex.ru

DOI: 10.24411/9999-017A-2019-10092

B pabote paccMoTpeHBI BOITPOCH! YUCIEHHOTO MOJICITMPOBAHNUS 3a7ad CO CITyYaiHBIMH BXOIHBIMH JaHHBI-
Mu. IToxon 0CHOBaH Ha MCMOIB30BAHUH BBIUMCIUTEIBHOIO BEPOSTHOCTHOIO aHAIN3a JUIsl BBIYMCIIEHUS BEPO-
SATHOCTHBIX pacIIUpeHui QyHKINN CTyd4alHbIX nepeMeHHbIX. OTeHeHa BBIYUCIUTENbHAS CIIOKHOCTD 110100~
HBIX 3aJ]a4 U IPUBEJEHBI IyTH peAJIN3allMi HA OCHOBE PEKyPCHBHOIO pacnapauienuBanus. [IpuseaeHs! unc-
JICHHBIC MIPUMEPHI PEIICHUH CUCTEM JIMHEHHBIX aJireOpanuecKuX ypaBHEHUH, KpaeBbIxX 3aj1a4 s auddepeH-
LMAJIbHBIX YPaBHEHUH, 3a/1a4 ONITUMU3ALUU CO CIy4alHbIMU BXOJAHBIMU JJaHHBIMU. PaccMOTPEHBI BOIIPOCHI CO-
BMECTHOI'O UCIIOJIb30BaHNs BBIYMCIIUTEILHOIO BEPOSITHOCTHOIO aHau3a U Mmerona Monre-Kapio.
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MOZ[GJIHDOBZIHI/IC U BU3yaJau3anusa ONTHYCCKHUX SIBJICHHH B JKHAKOKAIeEJIbHBIX 00/1aKax

A. B. 3axoepsuun’, C. M. Ilpueapun'?
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Lens paboThl — co3maHme aJrOPUTMOB U IIPOTPAMMHOTO 00ECIIeUeHUS JIJIsl BBIYMCICHSI MHINKATPHUC pac-
CesHUSI BUUMOTO M3ITyYeHUs B ITOMUAMCIIEPCHBIX CPEax, COCTOSAMINX U3 CPEPUIECKUX YACTHIL, a TAKKE HC-
cienoBanre MetoroM MonTte-Kapio BIMsSHUS pacTpefeNieHus Kareslb BOAbl Ha OOJIauHble MHIWKATPUCHI U
YIJIOBBIE pacipeieNieHHs] MHOTOKPATHO PacCEesTHHOTO M3Iy4eHHUs B 001aqHoM citoe. PazpaboranHoe porpamMm-
HOE 00eCTieYeHHe MO3BOJISICT BEIYMCIISITh HHIUKATPUCHI PACCESTHHS JIJIsT 00aKOB M TYMaHOB C TIPOU3BOJIHHBIM
pacrpesielieHreM Karleslb BOJIbI Ha OCHOBE Teopru Mu [1]. AITOPUTMBI CTaTUCTHYECKOTO MOJISIIMPOBAHUS TIe-
peHoca M3ITY4YEeHUsI C UCTIONh30BaHNEM BBIYHCICHHBIX HHIUKATPUC PACCESTHUS TPEHAa3HAYCHBI I HCCIIe0-
BaHUS W BU3yaJH3allH TaKUX ONTHYECKUX SBICHUH KaK PajyTH, IJIOPUH U BEHITBI C YI€TOM MHOTOKPATHOTO
paccesHus [2].

Crnucok auTeparypbl
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AHaJu3 BJAMSHHS CJYYAWHBIX IIIYMOB HA COJUTOHHOE pellieHHe YpaBHeHus sin-I'opaona

A. A. Usanos, /. /l. Cmupnos

Hncmumym sviuuciumenvroi mamemamuru u mamemamuyecxou eeogpusuxu CO PAH
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W3yueHne qUHAMUKY COJMTOHOB B IOCJIEIHEE BPEMsl IIPUBJICKACT Bce OOJbIlice BHUMAHKUE UCCIICI0BATE-
neid. CBsI3aHO ATO € TEM, YTO MPH TIOMOIIN HAX BO3MOXKHO MOJICJIMPOBATH U U3y4aTh OOJIBIIOE KOTHIECTBO (HH-
3MYECKHX SIBJICHUH. YpaBHeHHUE sin-ToplioHa SIBISICTCS KITACCHUECKUM JIsi MOJICIIMPOBAHUS COTMTOHHBIX pe-
HICHUI TUMa Opu3epa U KWHKA. Takue COMMTOHBI OMMCHIBAIOT MHOTHE MPOIIECCh B (PM3UKE TBEPIOTO Tela.

Wzyuenue muteparypbl MOKa3ano, 4To ¢ TOYKH 3PCHUS MOJCIUPOBAHUS U OMHCAHUS PEANTbHBIX (H3HUe-
CKHUX TPOIIECCOB, HHTEPEC MPEICTABISCTCS B UCCICOBAHUH BIUSHUS PA3INIHBIX (PU3NYCCKUX BO3MYIICHHH
Ha JIMHAMHKY U CTPYKTYpy ypaBHeHus sin-Topnona. OnHako, 3a4acTyi0 BHYTPEHHHE W/WJIM BHEIIHUE BO3MY-
HICHUS] MOJICTTUPYIOTCSI IPU MTOMOIIH JCTEPMHUHUPOBAHHBIX (DYHKIIMH, B KOTOPBIX HE YYUTBIBAIOTCS CIIydaifHbIC
BIUSHUSA Ha cucTeMy [1].

B nacrosieit paboTe BHyTpEHHHE W/WITU BHEITHUE BO3MYIIICHUS B ypaBHEHUH Sin-I0p/ioHa YUUTHIBAIOT-
csl B BUJIe CIIy4ailiHOro BUHEPOBCKOTO Tporiecca, 4To MO CBOCH CYTH SIBJISIETCS HOBBIM MOAXOIOM B MOJICITH-
pOBaHMH MOAOOHOTO Kiacca 3aj1ad. [lociie AUCKpeTU3aluy NPOCTPAHCTBECHHBIX MEPEMEHHBIX U JI00ABICHHSI
CJIy4alHBIX [IYMOB I[OJy4aeM MHOTOMEPHYIO CHUCTEMY CTOXacTHYecKHux AuddepeHranbHbIX YpaBHCHUH B
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YACTHBIX MTPOU3BOJAHBIX, YHCIEHHOE MOJIEIIMPOBAHUE KOTOPOU SABISIETCS TPYAOEMKOM 3aJadei, KoTopas pera-
€TCsl C UCIOJIb30BaHUEM CYIIEPKOMIIBIOTEPA.

B pabote npecTaBieHbl pe3yabTaThl YUCICHHBIX 3KCIIEPUMEHTOB, PoBeieHHbIX Ha Kinactepe HKC — 30T
Cubupckoro CynepkommbrotepHoro ieHTpa npu UBMuMI™ CO PAH. Jlns aHanu3a BAUSIHUS CTyYailHbIX BHY-
TPEHHHUX W BHEITHUX BO3MYINECHUI Ha ypaBHeHHE sin-IopioHa, nmpeniaraeTcss UCNOiIb30BaTh CTATHCTUICCKHUE
Y YaCTOTHBIE XapaKTEPUCTUKHU.

Pa6ora BrmonHeHa npu puHancoBoi oaaepxke PODU (mpoext Ne 17-01-00698 A)
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Supercomputer modeling of stochastic destruction of ionic Coulomb crystal

L. P Kamenshchikov, I. V. Krasnov

Institute of Computational Modeling of SB RAS
Email: Ipk@icm.krasn.ru

DOI: 10.24411/9999-017A-2019-10095

The system of stochastic differential equations with multiplicative noise describing behavior of some
ensemble of ionic particles in optical superlattice traps is considered [1, 2]. The model takes into account the
trapping, dissipative, Coulomb forces, and random quantum fluctuations of optical forces. The algorithm for
solving these equations is described in [2]. The numerical calculations were carried out using the Monte Carlo
method and the MV S-10P supercomputer at the JSCC RAS. Optical traps for ions are of great scientific interest
in recent years [3, 4, 5].

In the present work, we studied peculiarities of destruction process for ion crystals (25 and 49 particles) in
an optical superlattice with period L. In particular, numerical experiments show that relatively small changes of
L can lead to the giant changes of destruction time by several orders of magnitude: from milliseconds to some
minutes. We have suggested the Arrhenius-type fitting function of L for approximation of destruction time of
ion Coulomb crystals.

References

1. Krasnov I. V., Kamenshchikov L. P. Ton Coulomb crystal in a polychromatic optical superlattice // Laser Physics.
2018. V. 28(10), P. 105701.

2. Kamenshchikov L. P., Krasnov 1. V. Supercomputer modeling of stochastic dynamics of the Mercury ion array in
an optical lattice / CEUR Workshop Proc. 2016. V. 1839. P. 324-333.

3. Schneider C., Enderlein M., at el. Optical trapping of an ion // Nature Photonics. 2010. Ne 4, P. 772-775.

4. Lambrecht A., Schmidt J., et al. Long lifetimes and effective isolation of ions in optical and electrostatic traps //
Nature Photonics. 2017. Ne 11, P. 704-707.

5. Jiang J., Jiang L., et al. Magic wavelengths of the Ca+ ion for circularly polarized light // Phis. Rev. A. 2017. V.96
(4), P. 042503.

IpubGaANKeHHBI AJITOPUTM MOAEJINPOBAHNS YCJIOBHBIX CJYUYAHHBIX IIPOIECCOB ¢ YCJI0BHSIMH B BHIE

HEPABEHCTB
H. A. Kapeanonosa, B. A. Ocopoonukog
Hncmumym sviuuciumenvroi mamemamuru u mamemamuyecxou eeogpusuxu CO PAH

Email: nkargapolova@gmail.com
DOI: 10.24411/9999-017A-2019-10096

[lInpoko M3BECTEH AITOPUTM MOJISITUPOBAHMS YCIOBHBIX TayCCOBCKUX CIYYaMHBIX MPOIIECCOB MPH YCIIO-
BHUSAX, 3aJTAHHBIX paBeHCTBaMH. OTHAKO, TIPU PEIICHNH MPUKIATHBIX 3a/1ad TOCTAaTOYHO YaCcTO BOSHUKAET HE0O-
XOIMMOCTH MOJICITUPOBATh YCIOBHBIE CITyYailHbIE MTPOIECCHI C YCIOBUSAMH, 33/IaHHBIMA B BUJIE OJTHO- WIIX JBY-
CTOPOHHUX HEpaBeHCTB. {11 MOAEeTMpOBaHMs TaKMX MPOIECCOB MPUMEHSIOT METOA repebopa: cHadaia Mo-
JISNAPYIOT TPAeKTOpHH 0E3yCIIOBHOTO MPOIIECCca, a 3aTeM M3 HUX BBIOMPAIOT TPAEeKTOPHH, YIOBIECTBOPSIONIIE
MTOCTABIEHHBIM yCIOBHUAM. Takol MMoaxo7 BechbMa TPYJOEMOK B TE€X CITydasx, KOT/a YCIOBHS HAJIOKEHBI Ha
OO0JBIIIOE YUCITO 3HAYSHHUH TTPOIECcca MM KOTla BEPOATHOCTH BBHITIOJTHEHHS YCIOBUH Majna. B maHHOM mokmanie
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npejuiaraeTcs Jpyro MoaxoJ K MOAETUPOBAHUIO CIy4YailHBIX MPOLIECCOB C YCIOBUSIMHU B BHJE€ HEPABEHCTB,
OCHOBaHHBI{ Ha MCTIOJIb30BaHUH CIYYalHBIX BEIHMUMH CO CHEIMAIbHBIMU YCIOBHBIMY HETayCCOBCKUMHU IIIOT-
HOCTAMH pacnpeseneHuil. Takxe paccMaTpuBaeTcsl YaCTHBIN CiTydail 3TOro alropuTMa, Mo3BOJIS IO yMEHb-
HINTh 00BEM BBIYUCICHUHN B MIPEIIOIOKECHNH, YTO HA KayKIOM IIare MOACIMPOBAHHS yCIOBUE HAKIIAbIBACTCS
TOJILKO Ha 3HaY€HME, MPEALIECTBYIONIEE MOJIETUPYEMOMY.

Pabora BemmomHeHa TpH (UHAHCOBOH moamepxkke Poccuiickoro ¢onma (QyHIaMEHTaIBHBIX HCCICHOBAHHUNA (KOI
mpoekrta 18-01-00149-a), PODU wu IlpaButensctBa HoBocmOupckoit o0 B paMkax HaydHOTo Tpoekta Ne 19-41-
543001-p mom_a.

YucjieHHOE CTATHCTHYECKOE MOAC/IMPOBAHHE ITPOIIECCOB PACCEAHHUSA ONITHYECCKOI0 N3JYYCHUSA
JISAAHBIMHA KPUCTAJJIAMMU IEPHUCTHIX 00J1aK0B B III)I/IﬁJII/I)KeHI/II/I FCOMeTpI/I‘IECROﬁ OIITHKH

B. A. Kapeun'?, E. I Kabnykoea', I]. My?
'Huemumym evluucaumenvhoil mamemamuxu u mamemamuueckoul 2eopusuxu CO PAH
?Hosocubupckuil 20cy0apCmeenHblil yHueepcumen
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Wzyuenne BaustHAST GOPMBI, pa3Mepa U KOHIIEHTPAINY KPUCTAINTHIECKIX YaCTHII, @ TAK)KE UX ONITHIECKIX
Y OPHEHTAIMOHHBIX CBOWCTB Ha PAacIpOCTpaHEeHNE TyYUCTON SHEPTUN UMEET pelaroliee 3HaueHne B TOHNMa-
HUU POJIH JISASHBIX 00JIaKoB B TpaHC(OpMaIui paauaIfioHHBIX TTOTOKOB B atMocdepe. B cBsi3n ¢ 3TuM mpo-
Onmeme u3ydeHus ONITHIECKUX XapaKTePUCTHK KPUCTATUTNIECKUX 00JIaKOB B HACTOSIIIIEE BpeMsl yIemsieTcst 00Ib-
oe BHUMaHWE (IOCTATOYHO IMOAPOOHEBIH 0030p MOXHO HaiTH, HanpumMep, B [1]). B manHo# padote uncieH-
HO WCCIIEJIOBaHBI 0COOEHHOCTH PACCESTHUS ONTHYECKOTO U3TYUSHHS aTMOC(EPHBIMH JISASHBIMU KPUCTAIIAMHU
pasHbIX (opM U OOIBITNX OTHOCHUTETHHO JJIMHBI BOJHBI M3IyYEHHS pPa3MepOB B IPUOIMKEHUN TeOMETprde-
CKOM orrtukw. {7151 pemmeHus 3Toi 3aaadu ObUT pa3padoTaH KOMIUIEKC IPOTpaMM, TTO3BOJISTIOIINA pACIUTHIBATH
WHANKATPHUCHI paccesHus sl c(hepruuecKuX BOASHBIX Karleib, COCTABISIONINX OCHOBY JKHIKO KarelIbHbBIX 00-
JIAKOB, a TAK)KE MaTPHI] OHOKPATHOTO PACCEIHNS KPUCTATUTNIECKUX JICISHBIX YaCTHII TEPUCTHIX 00JIAKOB pa3-
HBIX pa3MepoB, (OpM U IIPOCTPAHCTBEHHBIX OPUSHTAITUH B SUIIEPOBOH crcTeMe KoopauHar. [Ipubmmkenne re-
OMETPHYECKOH ONMTHKH PACITUPEHO 32 CUET y4eTa TU(PPAKIHA B paMKax MPHOMIMKeHUS (GU3NIECKON ONTHKH.
AHaJOTHYHBIC TTOCTAaHOBKH 3a71ad MOXKHO HAWTH, Haripumep, B [1,2]. B momomHeHne K yka3aHHBIM BEITIIE MOJIC-
JIIM paccMOTpeHa MOJIEINb, YIUTHIBAIOIIAS IEPOXOBATOCTh MMOBEPXHOCTH KPUCTAIUIOB. B oTmume ot n3BecT-
HBIX M3 JUTEPaTyphl padoT HA 3Ty TeMy (CM., Harpumep, [3]), B JaHHON paboTe UCITOIb30BaH OPUTHHAILHEIN
aJTOPUTM MOZAETUPOBaHU PPEKTOB MPEITOMIICHUS W OTPAKEHHS M3IYUCHHS Ha IMIEPOXOBATHIX IMOBEPXHO-
CTSIX, COCTOSIIINNA B KOMOMHUPOBAHUN TaK Ha3biBaeMo# "(ameTHoi" Moaenn u CIIeKTPaTbHOM CITydaitHOW MO-
nenn mepoxoBatoctu. [locmennsist mozens Oblila 3aMMCTBOBaHA M AalTHPOBaHa K YCIOBHSAM paccMaTpHBae-
MoOii 3a71auu 3 paboTsI [4].
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BecoBoii AJITOPUTM CTATUCTHYECCKOI'O MOJACIMPOBAHUA ITEPECHOCA U3JTYUCHUSA IS Cl'leKT])aJ'leOﬁ
MOJECJIHU ABYMEPHOI'O IMOJIA ONNTHYCCKUX TOJIINH

b. A. Kapeun'?, E. I’ Kabnyxosa', I1. Yocon?

'HUncmumym eviuucaumenvHoti mamemamuxu u mamemamudeckoui eeogpuzuxu CO PAH
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B pabore npemnokena AByMepHasi CTOXacTHUECKask MOJICTb HErayCCOBCKOTO CIIy4aiHOTO IOJISl ONTHYe-
CKHUX TOJILIMH CJIOUCTOM 0OIAYHOCTH C OTHOMEPHBIM raMMa-pacrnpesencHueM. s MonenmpoBaHus mpouecca
MepPEeHOCca U3ITyUeHUs B MIPEUIOKEHHON MOJIEIH CIIy4aliHOM Cpezbl MCIIONIBb3yeTCsd METOl MAKCHMAJIBHOTO Ce-
4yeHus [1, 2] 1 BECOBOI alrOpUTM, SIBJISIOIIMNCSA BapMaHTOM METOAa MaTeMaTH4eckuX okuaanuil [3]. B atom
AITOPUTME MOJCITUPOBAHUE TPACKTOPHIA (DOTOHOB OCYIIECTBISCTCS IS MOAXOAAIINM 00pa3oM MogoOpaHHOM
JIETEPMUHUPOBAHHOM CPEJIbl, @ CTOXaCTHUUYECKAs CTPYKTYpa CPEJIbl yUUTBHIBAETCS € IOMOUIBIO CIIEIIUAJIBHBIX BE-
COBBIX MHOYKUTEIEH.

PaGora BrImonHEHa B paMKax mpoekra roc. 3aganus No 0315-2019-0002.
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PaccmarpuBaroTces 1Ba BECOBBIX BEKTOPHBIX allTOPUTMA CTATUCTUYECKOTO MOJICIIMPOBAHHMS ITEPEHOCA T10-
JSIPU30BAHHOTO U3JTYYEHHSI: CTAHJIapPTHBINA AITOPUTM, IPH KOTOPOM YTOJI PAaCCEsSHUSI MOJICIUPYETCs COTIIACHO
MEPBOMY JJIEMEHTY MAaTPHIIbl PACCESIHUS, ¥ aJIAIITUBHBIN aJITOPUTM, TP KOTOPOM IJIOTHOCTH paclpeeliCHHs
yIJIa PACCESTHUS MPH KAKJIOM CTOJKHOBEHHH MOJOUPAETCS TaK, YTOOBI 00ecIeunBaiach KOHEYHOCTh AHUCIIep-
CHUH OIeHOK. J[J1s1 perreHust 3a/1a4uu BOCCTAHOBJICHUS MAaTPHIIBI a9P030JIBHOTO paccessHust aTMochephl 110 Ha3eM-
HBIM HaOJIO/IEHHUSIM U3JTy4eHHsI B anbMyKaHTapare COJNHIA MPeIaraloTcsi alrOPUTMBI, HCIIONB3YIONIHE aIall-
TUBHBIN CIIOCO0 MOJIeIMpOoBaHus paccessHust B armocdepe. C MOMOIIBI0 YHCICHHOTO CTATHCTUYECKOTO MOJIe-
JUPOBAHUS HCcIenyeTcs Y(PpPEeKTUBHOCTL ITHX CIIOCOOOB B METO/IE "'TIPEANKTOP-KOPPEKTOP" BOCCTAHOBICHHS
TIEPBBIX ABYX KOMIIOHEHT MaTPHIIHI paccesHus [1].

Pab6ora BeinonHeHa npu huHAHCOBOM mojyiep:kke Poccuiickoro dhoHna GhyHIaMEHTATBHBIX UCCICIOBAHUI (KOS IPO-
extoB 18-31-00213, 17-01-00823)
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BecoBbie onenku Meroaa Monrte-Kapiio 1151 HeMHBAa3HBHOI'0 H3MePEeHHs ONTHYECKHX IapaMeTPOB
OMOJIOTHYeCKUX TKAHeH

A. B. Jlanna, A. E. Anuyeosa, /I. IO. lllaxaesa
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Email: anchugova.ae@gmail.com
DOI: 10.24411/9999-017A-2019-10100

HpeﬂnaraeTCﬂ HOBBIH MCTO/ IJIsA OIPEACTICHUS ONTUYCCKHUX IMMapaMETPOB OHOJIOTHYECKUX TKAHEH (KOB(i)—
(I)I/IL[I/ICHTS. MOMIOUICHUA U TPAHCIIOPTHOI'O KOB(l)(l)I/ILII/IeHTa paCCGHHI/IH), HUCXOJ N3 HCMHBA3HMBHBIX I/ISMepCHI/If/i
,I[I/I(i)(l)y3HOFO OTpaXCHUs CBCTA. B metone HCIIOJIB3YCTCA KMHETHUYCCKAd MOACIIb paCIlIpOCTPAHCHHA CBCTA B BC-
HIECTBC U HOBLIC BECOBLIC AJITOPUTMBI U1 OAHOBPEMCHHOI'O pacucTa IMOKa3aHUM HECKOJIbKUX JACTCKTOPOB U UX
MMPOU3BOAHLIX IO IMapaMeTpam JJIs1 MHOXKCCTBA 3a/IaHHbIX Ha60pOB OINTUYCCKHUX MMapaMCTPOB. MGTOH pcannso-
BaH B BUC NPOTIPaMMHO-ANIIAPaTHOI'O KOMITJICKCA 1 OHp06OBaH Ha TKaHC-3KBUBaJICHTHBIX (baHTOMaX U pealib-
HBIX OMOJIOTHYECKUX TKAHSIX. HpOBCI[eHHOC COMMOCTAaBJICHUEC HCIIOCPCACTBCHHO U3MCPCHHBIX IoJeH U3JIyUYCHUA
C paCCUYUTAHHBIMU IO U3MEPCHHBIM OIITUYCCKUM IMapaMETpaM IMOKa3aJI0 XOPOLICC COMIacuc B JUara3oHe 3Ha-
YeHMI napaMCeTpPOB, XaPAKTCPHLIX [JIs1 KPOBC-HAIIOJIHCHHBIX TKaHEH.

Kpurepun npoBepKH CTATHCTHYECKUX THITOTE3 IIPH aHAJN3E 00JbIINX BLIOOPOK: MP00JIeMBI

U MX pelleHue
b. IO. Jlemewixo, C. B. Jlemewrxo, I1. IO. Baunos
Hosocubupckuii 2ocyoapcmeennulii mexHuyeckull yHusepcumen

Email: Lemeshko@ami.nstu.ru
DOI: 10.24411/9999-017A-2019-10101

Bonpocel nprMeHeHUs CTAaTUCTUYECKUX METOJ0B K aHaJIM3y OOJbIINX MacCHBOB JaHHBIX (Big Data) B mo-
CJICZIHUE TOJIbI BBI3BIBAIOT OOJIBIION HHTEpeC. BO3HUKAIOT MOTPEOHOCTH B aHAIN3€E TUTAHTCKUX 00BEMOB HaKa-
TUIMBAeMbIX JaHHBIX, B IOUCKE, U3BJICUCHUN U HCIIOIB30BAaHUN CKPBITBIX B HUX 3aKOHOMEPHOCTEH, B TOM YHCIIE
BEPOSITHOCTHBIX. [Ipy mombITKax NpUMeHEHHs IS aHaJIn3a OOJIBIIMX JaHHBIX KJIACCHYECKOTO anmnapara npH-
KJIaTHOW MaTeMaTH4eCKON CTAaTUCTUKH, KaK ITPABUJI0, CTAIKUBAIOTCS CO CIEHU(PHIECKUMH TPOOIeMaMu, orpa-
HUYMBAIOIIUMH BO3MOKHOCTH KOPPEKTHOTO IPUMEHEHHS 3TOTO ammapara.

Bo-nepBbIX, XOpOIIO 3apeKOMEH/I0BABIINE CeOs METOABI U aJITOPUTMbI CTAHOBITCA Hed()(HEKTHBHBIMU
BCJICACTBUE “NPOKJISATHS Pa3MEPHOCTH” (TMTAHTCKUI POCT BBIYMCICHHM, MJI0Xasi CXOAMMOCTD aJITOPUTMOB U
T.IL.).

Bo-BTopbIX, MHOTHE TOIYNISPHbIC KPUTEPUH MTPOBEPKU CTATUCTUYECKUX TUIIOTE3 HE MPHUCIIOCOOIECHBI Ja-
JKe ISl aHaJIM3a BEIOOPOK MOPSIIKA THICSIYM HAOMIOACHUH, TaK KaKk MH(OPMALIUS O paclpeaesieHUIX CTaTHCTHK
3THUX KPUTEPUEB NPH CIPaABEIMBOCTU MIPOBEPSEMOI THIIOTE3bI ITPEACTABICHA JIMIIb KPAaTKOW TabiIHLeH KpUTH-
YEeCKHUX 3HAYCHHUH 17151 HEKOTOPBIX 00beMOB BBIOOPOK. [10 rpy0oit onienke, Takux kpurepues oomnee 80 %.

B-TpeThux, npuMeHEeHHE KPUTEPHUEB MTPOBEPKU THIIOTE3, JJIsi KOTOPHIX W3BECTHBI IpeebHbIC (aCHMITO-
THYECKHE) paclpeesieHus] CTaTUCTHK, C POCTOM 00BbEMOB BBIOOPOK BCETZa MPUBOAUT K OTKIOHEHHIO JaxKe
CHpaBeIUIMBOM MPOBEPSIEMON TUIIOTE3bl. DTO XapaKTepHO, HAIIPUMEP, AJISI KPUTEPHUEB COTNIACHS, [T MHOMKe-
CTBa CIIEUUAIIbHBIX KPUTEPUEB, IPUMCHSEMBIX JJISl IPOBEPKHU THIIOTE3 O MPUHAUICKHOCTH BBIOOPOK HOPMaJlb-
HOMY, paBHOMEPHOMY M IIOKa3aTeJIbHOMY 3aKOHaM U T.I. KopHU po0ieMbl CBsI3aHbI HE TOJIBKO U HE CTOJIBKO €
POCTOM BBIUMCIIUTEIBHBIX 3aTPAT, CKOJIBKO C OTPAHUYEHHON TOYHOCTBIO MPEACTABICHHS aHATM3UPYEMbIX JaH-
HBIX (C OrpaHMYEHHON TOYHOCTBIO n3MepeHuit). IlomoOHast ke npodiaema npensTCTByeT KOPPEKTHOCTH MpUMe-
HEHHMS K OOJIBIINM BBIOOpKAM Pa3IMYHBIX KPUTEPUEB POBEPKH TUIIOTE3 00 OTHOPOAHOCTH (OAHOPOAHOCTH 3a-
KOHOB, OHOPOIAHOCTH AMCIICPCHM, B MEHBIIICH CTEIICHN OHOPOAHOCTH CpeiHuX). B ciryuae kputepueB oqHO-
POAHOCTH MPUUMHOMN OKa3bIBACTCS HEPAaBHOTOUHOCTh M3MEPEHHUH B aHATIM3UPYEMBIX BEIOOPKAX.

B noknane Metonamu CTaTUCTUYECKOTO MOAICTMPOBAHMS UCCIIEIYIOTCS TPOOIEMBI TPUMEHEHUS KPUTEPH-
€B JUIsI aHanu3a OOJIBIINX BEIOOPOK. JleMOHCTPpUPYIOTCS pe3yabTaThl uccienoBanuil. Ilpemnararorest moaxomapl,
o0ecreunBaroIie KOPPEeKTHOCTh BHIBOJOB B Cllydae MPUMEHEHUS KJIACCHYECKUX PE3yNbTaTOB, KacaloUINXCs
KPUTEPHEB IPOBEPKH T'MIIOTE3, AJsl aHanu3a Big Data.

Pabora BrImONHEHA MTpH ToAAepKKe MUHHCTEpCTBAa HAyKH 1 BBICIIEro oOpa3oBanus PO B paMkax rocynapcTBEHHOMN
paboTsl "obecneueHue npoBeieHus HayYHbIX uccienoBanuit" (Ne 1.4574.2017/6.7) v IpOeKTHON Y4acTH roCy1apCTBEHHO-
ro 3amanus (Ne 1.1009.2017/4.6).
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OKDVF.]'IeHI/Ie pe3yJabTaToB 1/13Mepem/n7[ U KOPPEKTHOCTHb CTATUCTHYECCKHUX BbHIBOAOB

b. 10. Jlemewxo, C. b. Jlemewrxo, U. B. BepemenvHukxosa
Hosocubupckuii 2ocyoapcmeenHblil mexHuyecKull yHusepcumen

Email: Lemeshko@ami.nstu.ru
DOI: 10.24411/9999-017A-2019-10102

B pasnnuHbIX OpUIOKEHUAX 3a4acTyl0 CTAJIKUBAIOTCS C CUTyallMeH, KOIJa psiibl M3MEPEHHbIX 3HAYEHUH
NPEACTABISIIOT OO0 ONM3KKMe BETUYUHBI, TOPOH OTIAMYAIOIIUECS B MOCIEAHEM 3HaKe. DTO MOTYT OBITh pe-
3yJbTaThl BBICOKOTOUYHBIX M3MEPEHHH, rae (IIyKTyalud ONPENelsioTCsl JOCTUTHYTOM (IpeAenbHO) TOYHO-
CTBIO cpencTB u3Mepenus. [1ono0HbIe 1aHHbIe MOTYT OBITh pPe3y/bTaTaMy HaOMIOACHHUS 32 BEIMYMHOM, BBICO-
Kasi TOYHOCTh U3MEPEHHUsI KOTOPOH HE UrpaeT ocoboit ponu. MHorna takue BEIOOPKU MOTYT OBITH OY€Hb Ma-
JIbl BCJIEJICTBHE BHICOKOH CTOMMOCTH M3MEPEHHH, HHOTIIA OKa3bIBAIOTCS JOCTATOYHO NPUIMYHOTO oObema. Kak
MPaBUIIO, B TAKMX BBIOOPKAX BCTPEUAIOTCSI MOBTOPSIIOIINECS 3HAUCHHS.

[Ipu peuiennu 3a1a4 CTaTHCTUYECKOTO aHAIN3a TAKOTO POZa BBIOOPOK CTAIKUBAIOTCS C TEMH Ke MPooIie-
MaMH, 4TO U IPH aHaJM3€e BEIOOPOK OueHb O0bIINX 00beMOB. KOppeKTHOMY NPUMEHEHHI0 MHOXKECTBA KJlac-
CHYECKHUX KPUTEPHUEB MMPOBEPKU CTATUCTUYECKUX TUIIOTE3 MPENATCTBYET “‘HApYLIEHHE NPENTION0KEHNS O TOM,
4TO HAOMIOAeTCs HeNpephIBHAS ClydaiiHas BEJITMYHHA.

OMIHUpUYECKOE paclpeesieHHe, COOTBETCTBYIONIEE BHIOOPKE HEMPEPBIBHBIX CIydyalHbIX Bean4yuH (0e3
OKpYIJICHUS), C YBEIMUYCHUEM 00beMa BEIOOPKH CXOIUTCS K (QYHKIMU PACHIPEACICHUS 3TOW CIlydaiiHON Benu-
YUHBI. J[OMyCTHM, YTO y paccMaTpUBAaEMOr0 KpUTEPHUS CYLIECTBYET NPEAEIbHOE paclpeieeHHe CTaTUCTUKH.
Torna sMnupHyUecKoe pacrnpeiesieHHe CTaTUCTUKH, CTPOSIIICHCS 110 BBIOOPKE HENPEPBIBHOW CITy4aiiHOM Beu-
YHHBI, CXOAUTCS K MPENETbHOMY.

Ecnu sxe HabmonaeMble TaHHbIE OKPYIVISIOTCSI ¢ HEKOTOPBIM O, TO, HAYMHAsI ¢ HEKOTOPOTO 1, 3aBHCALIC-
rO OT BH/a 3aKOHA CIIy4ailHOW BEJIWYHMHBI, OT 00JaCTH €€ ONPEACICHUs U OT O, PACCTOSIHUE MEXKILy SMIIUPHYE-
CKHUM paclpeAeseHUEeM U paclpeesieHUeM ClIydailHOW BETMYMHBI IEPECTAHET YMEHBIIAThCA. A pacipeserne-
HHUE CTaTUCTUKHU C POCTOM N CTAHET OTKIIOHSTHCA OT MPEACIBHOTO pacipeaesieHHs CTATUCTUKY (4eM OosbLie J,
TEM IIpH MeHbLIeM 1). B cirydae sxe BEIOOPOK BUA, KaK ONKMCAaHO B Havaje, pacipeiesieHue CTaTUCTUKU BOOO-
1ie He OyAeT CXOOUTHCS K MPENIeIbHOMY 3aKOHY.

B pabote MeTomamu CTaTUCTUYECKOTO MOJCIUPOBAHUS HCCIEAYETCS MOBEICHUE PACIPEICIICHIH CTaTH-
CTHUK psiZia KPUTEPUEB COIVIacCHUsA M KPUTEPUEB OJHOPOAHOCTH, AEMOHCTPUPYIOTCS PE3YJIBTAaThl HCCIETOBaHHUM.
[Ipeanaraercs u peanusyercs MoAX0/, 0a3UPYIOMIMIACS Ha HHTEPAKTUBHOM HCCIIEIOBaHUH paclpeesicHUi cTa-
TUCTHK KPUTEPUEB C MpUMeHeHneM Metona MounTe-Kapio (npu 3agaHHbIX n 1 §) ¢ AalbHEHIINM HCIIOIb30Ba-
HHUEM 3TOTO pacrpenesieHust 11l GOPMUPOBAHUS KOPPEKTHOTO BHIBOAA O PE3YJIbTarax MPOBEPKU TUIIOTE3HI.

Paborta BrImonHeHa mpu noaaepkke MUHHCTEpCTBa HAyKH U BBICIIEro oOpa3oBanus PO B paMKax rocynapcTBEHHOH
pabots1 "obecrieuenue mpoBeneHus HaydHbIX necnenoBanmuid” (Ne 1.4574.2017/6.7) n mpoeKTHON 9acTH TOCYIapCTBEHHO-
ro 3aganus (Ne 1.1009.2017/4.6).

CroxacTuyeckoe MoJIeJTHPOBaAHIE KOMIIAPTMEHTHBIX CHCTEM € TPyOKaMu
K. K. Jlocunos, H. B. Ilepyes

Hucmumym mamemamuxu um. C. JI. Cooonesa CO PAH, Omcxuii gpunuan
Email: kloginov85@mail.ru

DOI: 10.24411/9999-017A-2019-10103

[Ipu pa3zpaboTke MaTeMaTHYECKUX MOJICIICH KHUBBIX CUCTEM YacTO BOSHHKAET HEOOXOIUMOCTh y4eTa Ipo-
CTpaHCTBeHHOﬁ HCOAHOPOAHOCTU HCCICAYEMBIX HOHYHHHI/II‘/’I. HpOCTpaHCTBeHHaSI HCOJHOPOAHOCTb MOXKET
OBITH OOYCIIOBIICHA HAXOXKJEHUEM WHIMBUIYYMOB TOMYJISIANA B PA3IMYHBIX KOMIIAPTMEHTAX U TEPeXoJaMu
WHAMBHIYYMOB MEX/Ty HUMH IO HEKOTOPBIM TpyOKaMm. [IpumepaMn KOMITapTMEHTHBIX CUCTEM C TPyOKaMu MO-
TYT CIY>KUTh CUCTEMA KPOBETBOPEHUS U UMMYHHAsI CUCTEMA YEJIOBEKa, B KOTOPBIX Pa3IUUYHbIC OpraHbl — KOM-
MMapTMECHTLI, CBSA3aHbI pr6KaMI/I — JII/IM(I)aTI/I‘IeCKI/Ie COCyabl, BCHDBI, apTECpHU, KaAlTWJUIAPBI U T./.

B pabore mpemiokeH Moaxoj K MOCTPOSHUIO CTOXACTUYECKOM MOIENH JUHAMHKH TIOMYJISIIIMA YaCTHII,
pacmpenesaeHHON M0 KOMIapTMEHTHOHM cucTeMe ¢ TpyOkamu. HoBu3HA Mojenu 3aKIF0UaeTcs B TOM, YTO I10-
MyJISIIAST OMTUCHIBAETCS B TEPMHUHAX MHOTOMEPHOTO CIIy9aifHOTO Ipollecca POXKISHHUS M THOENH, JTOTOIHEH-
HOI'0 Y4€TOM TOYCYHBIX pacnpe,ueneHm‘/'I, OTpaXarlux YHUKAJIbHBIC TUIILI YaCTUIl — BPEMCHA UX NIEPCXOJ0B
MeXIy KoMIapTMeHTamMu. [IpomomKuTeTbHOCTH IepeX0a0B YaCcTHIl 10 TPYOKaM He SIBIISIOTCS CITy4alHBIMH,
a 3aJIAl0TCs KaK IapaMeTpbl Cpejibl, B KOTOPOU pa3BuBaeTcs momynsnus. s popMaau3aniy 1 KOMIAKTHOTO
TIpEICTaBIICHUS MOJIEIH UCTIONB30BaHa Teopus rpadoB. Ha ocHoBe MeToma MonTe-Kapio moctpoeH anroputm
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MOJIEJIMPOBAHUS TUHAMHUKHU MONynAnnu. [IpuBeneHsl pe3ynbTaTbl BEIUUCIUTEIBHBIX SKCIIEPUMEHTOB /IS CH-
CTEMBI, COCTOSIIIEH U3 MSATH KOMIIAPTMEHTOB.

[locTpoenHas Mozaenb AOMycKaeT 00OOIIEHHE C TOUKU 3PEHUS YCIOKHEHHSI MPOLECCOB, OMUCHIBAIOIINX
JUHAMHUKY YacTHI[ B KOMIIAPTMEHTaX M TPyOKax, U MOXET MCIOJIb30BaThCs, HAIPUMEp, P MOJACITUPOBAHUH
quHaMuku pa3sutusa BUY-1 undexuun B opraHu3Me deioBeKa.

Pabora BBITTOTHEHA B paMKax MPOTpaMMBl pyHIaMEHTaIbHBIX HaydHBIX uccnemoBanuii CO PAH N. 1.1.3.2, mpoext
N. 0314-2019-0009.

MeToa MAKCHMAJILHOIO CeYEHUS pH MOJCJIMPOBAHHUM npoﬁera B 3a/1a4¢ IEPEHOCA 3JICKTPOHOB B ra3se

I 3. Jlomosa’, A. A. 3atiyesa’
'Huemumym vluucaumenvhoil mamemamuxu u mamemamuueckoui 2eopusuxu CO PAH
?Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: lot@osmf.sscc.ru
DOI: 10.24411/9999-017A-2019-10104

PaccmarpuBaeTcs 3amaqa MOAETUPOBAHUS dIEKTPUIECKUX TMPOO0EB, BOHUKAIOIINX B CHIILHOM DIIEKTPH-
yeckoM mnose. Takue 3amaum pemiarotrcsa MmetogoM MonTe-Kapio, myreM mocTpoeHus: TpaeKTOPUI JABUKEHHUS
9acTHIT (AIIEKTPOHOB) OT OJHOTO CTOIKHOBEHUS ¢ MOJIEKYJIaMH rasa A0 Apyroro. Panee 611 onrcan 3 pekTrB-
HBII aJITOPUTM TTOCTPOCHHS KPUBOJIMHEWHBIX TPACKTOPHUN IBIKCHHS YACTHIL, ITyTEM alIpPOKCHMAIINHU J0CTa-
TOYHO MaJTBIMHU TIPSIMOJTMHEHHBIMA OTPE3KaMHU, TPOUICHHBIMHE 3a OJMHAKOBOE BpeMs. B manHO# paboTe mpen-
JIaraeTcsl MOJEMPOBATh KPUBOIMHEITHBIE TIPOOETH IEKTPOHOB MEXK/Ty CTOIKHOBEHISIMH C IIOMOIIIBIO METO/IA
MaKkcUMalbHOTO cedeHus. [Ipu 3ToM BBOAMTCS (PUKTHBHOE JeNbTa-paccesHre, KOTOPOe He MEHSET HarpaBie-
HUE JABMKEHUS MOCIe CTONKHOBEHHS. [lomy4ueHHbIi anropuT™ UMeeT TPYJOEMKOCTh HE TPEBBIMIAIONIYI0 TPY-
JTOEMKOCTh paHee MPe/IOKEHHBIX allTOPUTMOB.

Pabota BBINIONHEHA TP YaCTHYHOW (pHHAHCOBOI mojiepkke Poccuiickoro GoHma GpyHIaMeHTaIbHBIX UCCICIOBA-
Hu#t (kozabl mpoektoB 18-01-00599, 18-01-00356, 17-01-00823) u B pamkax uHTerpanuonHoro mnpoekra CO PAH (kox
npoekra 0315-2018-0010).

Pemenue metonoM Monte-Kapiao neiauneiinoro ypasuenus Illpexnnrepa

B.JI Jlykunos
Hucmumym viuuciumensuoti mamemamuxu u mamemamuyecxoui ceousuxu CO PAH
Cubupckuii 20cy0apcmeentblll YHUGEPCUMem meieKOMMYHUKAYUU U UHGOPMAmuKy

Email: vitaliy. lukinov@gmail.com
DOI: 10.24411/9999-017A-2019-10105

Jannas paboTa MocBseHa M3y4YECHHUIO BIMSHUS CITy4alHBIX IIYMOB IIPU paclpoCTPaHEeHUU U B3aUMOJICH-
CTBHHM OINTHYECKUX CHTHAJIOB B ONTOBOJOKOHHBIX KaHanax. Ha mpomyckHyro crnocoOHOCTh Tpadduka Hemu-
HEHHBIX KaHAJIOB OKAa3bIBAIOT BIMSHUE LIYMbI C PA3IMUYHOTO POJia HCTOYHHMKAMH: 00OpaTHOE PAJICEBCKOE pac-
CesiHue, CIIOHTAaHHOE PaMaHOBCKOE PACCESIHUE M B YCHIJIUTEISX BCIEACTBUE CIIOHTAHHOW SMHCCUH (DOTOHOB.
OnTrYecKuii IIyM COBMECTHO C AWCIEpCHEl U HETMHEHHOCTBIO 3TO TPU KIIOUeBBIX (usndeckux sddekra,
BIIMSIIOIIUX Ha PACIPOCTPAHEHHUE ONTUYECKUX CUTHAJIOB B ONTOBOJIOKOHHBIX KaHAajlaX, KOTOPbIE TOYHO OIHU-
chIBalOTCA HeNMMHEHHBIM ypaBHeHueM llpeannrepa (NLSE), yuuTeiBatonuM HeNpepbIBHOE B3aUMOACHCTBHE
MEXIY qucnepcueit u HeauHeHHocThio [ 1]. U3BecTHO, uro NLSE (6e3 Bo3MyIeH sT) TPUHAATICKHUT KJIACCY UH-
TErpupyeMbIX HeJTMHEHHBIX cucTeM [2]. B yacTHOCTH, 5TO 000CHOBBIBACT NPUMEHEHHE HETMHEHHBIX aHAJOTOB
npeoOpazoBanusi Pypne (NFT) amst mepexona oT mpoCTpaHCTBEHHO-BPEMEHHBIX K CHEKTPaIbHO-BPEMEHHBIM
IepeMEHHBIM. B HacTosIee BpeMsi MOXKHO BBIIEJIUTD JBA MIOAX0JA: HEJIMHEWHOE YACTOTHOE Pa3/e/ICHUE KaHa-
noB (NFDM) u nHenuneitnblii ooparusiii cuate3 (NIS), ucnoip3yromue Ais nepeadd CUTHAJIOB JUCKPETHYIO
(COMUTOHHYIO) ¥ HENPEPHIBHBIC YaCTH HEJIMHEHHOTO crieKTpa [3, 4].

B pabote mpoBeneHO cpaBHEHHE YMCICHHBIX PEHICHUH HenuHeliHoro ypaBHenus lllpeauHrepa myTtem
nprUMeHeHus] HenmuHelHbIX anajoroB npsimoro (FNFT) u obparnoro npeodpazosanust (BNFT) @ypbe u npsi-
Moit cxemsl Oitnepa [2]. [Ipu FNFT npoucxoaut paziokeHue cekTpa MOCTyHaroIIero CUrHaia myTeM peltie-
HUs ypaBHeHUs 3axapoBa-lllabara [2]. PacnpocTpanenue HeMMHEHHON 4acTH CIIEKTPa OMHCHIBACTCS U3BECT-
HbIM ypaBHeHHeM [ 1]. i Haxoxnenus noixydaemoro curaaia npu BNFT npumenstorcs: pazpaboTaHHbIC aB-
TOpoM MeToabl MoHnTe-Kapio ajsi YuCIeHHOro pelieHus] HHTerpalibHoro ypaBHenus I enbdanna-JleBurana-
Mapuenxo [4, 5, 6, 7]. i oueHKH BIUSHUS aAJUTHBHOIO TayCCOBCKOTO OEIOTO HIyMa HCIIOJIb30BaOCh
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YHCIICHHOE PElICHUE Ha OCHOBE cXeMbl Ditiepa. B 000X YHCICHHBIX cXeMaxX MOJIEINPOBAJICS CIIy4aiHbIH ra-
YCCOBCKHIA O€JIBIH ITyM HCTOYHHKA.

IIpoBeneHo MopenUpOBaHKME MOTEPU MOIIHOCTH CUTHAJA IIPU IIPOXOXKJIECHUU CIy4allHOM IeTepOreHHOMN
Cpenbl U U3YUYEHO BIIMSHUAE UIYMOB, BO3HUKAIOIIMUX IIPH MAKCUMAJIBHBIX HAarpy3KaX ONTHYECKOIO BOJIOKHA.

Pabora BrrmonHeHa npu (prHAHCOBOW TIoanep ke Poccntickoro Gonma GpyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekta 17-01-00698).
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Statistical analysis of financial news
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Asset prices are persistently going up and down depending on supply and demand, and a significant factor
which can drive investors’ decisions on whether to buy or sell an asset is the news. The motivation of this
project is to uncover how financial news and other announcements can affect the stock market, whether that
be (but not limited to) changes in the price of a stock or changes in the daily volume. Particularly, the goal is
to determine whether the news for a specific period will have a weighty impact on the stock's daily return, or
no impact at all. We define an impactful day of news headlines as one where both the standardized log-return
and the volume are above or below respective thresholds. Different logistic regression models were used in
our research. Each model was tested based on the accuracy of being able to classify the headlines as either not
impactful, positive-return impactful, or negative-return impactful. We examined if it's more accurate to model
a particular stock (Apple Inc.) or a market index (Dow Jones). The single stock Apple was chosen as there are
semi-frequent news articles being written about it. The Dow Jones index was chosen as it contains only 30
stocks, which keeps the complexity lower in comparison with other indices such as the S&P 500.

This is a collaborative project with Zilin Wang and Jake Tuero.

MeToa SKCIOHEHIIHAJILHOTO MMPeo0pPa30BaHusl pacnpeneJeHns JJINHBI CBOOOTHOI0 mpoodera
C JIOIOJHHTEJIbHBIM PAHJIOMH3MPOBAHHBIM BEeTBJEHHEM TPACKTOPHIA e

H. H. Meoseoes'”, K. A. Anopeesa’
'Huemumym vluucaumenvhoil mamemamuxu u mamemamuyeckoil ceopusuxu CO PAH
?Hosocubupckuil 20Cy0apCmeenHblil yHueepcumen

Email: min@osmf.sscc.ru
DOI: 10.24411/9999-017A-2019-10107

[pencraiensl HOBbIe MOAM(DUKAIIHE BECOBOTO METOJIA SKCIIOHEHIIMATBHOTO TIPe00pa3oBaHusl pacipe/ie-
JIEHUS JJIMHBI CBOOOTHOTO Tmpobera [1] 9acTHITBI ¢ HOMOJHUTEIHHBIM PaHIOMHU3HPOBAHHBIM BETBIICHUEM [2]
TPAeKTOPHUN IIETIH CTOJKHOBEHMH I "mmockoro” u "cdepuueckoro" ciayuas. JlokazaHo, 9TO TPYIOEMKOCTh
MPEICTABICHHBIX AITOPUTMOB OrpaHnveHa. Ha nmpuMepe TecToBBIX 3a/1au TEOPUH MEPEeHOCa CKBO3b CIIOH MPO-
BEJICHBI YMCIICHHBIC SKCIIEPUMEHTHI T10 CpaBHEHHIO 3()(HEKTHBHOCTH HOBBIX MOJTU(DHUKAIIUI C TIPSMBIM aJITOPUT-
MOM MOJICTTHPOBaHUSI ¥ CTAHJAAPTHBIM BECOBBIM METOJIOM DKCIIOHEHIIMAJIBHOTO Mpeodpa3oBaHus. Pe3ynbrars
pacyeToB MPOEMOHCTPUPOBAIH (D (HEKTHBHOCTD MOCTPOCHHBIX HOBBIX AJITOPUTMOB C BETBICHUEM TPACKTOPUH
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IO CPAaBHCHHUIO C OCTAJIbHBIMH YIIOMSHYTBIMHU aJITOPUTMaMU I 3a/1a4 C OOJIBIIMMHU ONTUYCCKUMHU TOJIINHA-
MU CJIOs.

Pa6ora BrrmonaeHa npu puHancoBoi noaaepxke PODU (mpoektsr 18-01-00356a u 17-01-00823a)

Cnucok auTeparypbl

1. C.M. Epmakos, I'A. MuxaitnoB Craructuueckoe Moaenuposanue. M, Hayxka, 1982.
2. TI'A. MuxaiinoB, 1.H. MenseneB OnTUMH3anus BECOBBIX AITOPUTMOB CTAaTHCTHYECKOTO MOICITHPOBAHUS.
Hosocubupck: Omera I[TpunT, 2011.

OneHka mapaMeTpoB CHEKTPAJLHOM MOAEIN NePHOTHYECKN KOPPEJINPOBAHHBIX MMPOLIECCOB
10 pPeaJbHbIM JAHHBIM

A. M. Meosaykas', B. A. O20poonukos’?’
' Huemumym evluucaumenvhoil mamemamuxu u mamemamuyeckoui 2eopusuxu CO PAH
’Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: medvyatskaya@mail.ru
DOI: 10.24411/9999-017A-2019-10108

PaGora mocasmieHa MOCTPOSHUIO Ha OCHOBE PeabHBIX JaHHBIX MPHUOIMKEHHOW YNCIEHHOW CTOXacTHYe-
CKOW MOJIENH TIePHOANYECKH KOPPEITUPOBAHHOTO CKAISIPHOTO T'ayCCOBCKOTO TpoIiecca C 3aJaHHBIM TIEPHUOIOM
KOPPETUPOBAHHOCTH. MOJIeNTh CTPOUTCSI Ha OCHOBE CIIEKTPAILHOTO MIPECTABIECHHS, B KOTOPOM KOA(PHUIIHEH-
ThI Dypbe 00pa3yIOT BEKTOPHYIO CTAIIMOHAPHYIO TayCCOBCKYIO TOCIEIOBATENbHOCTS. [Ipenioxken crocob mo-
CTPOCHHS 3TOH CTAITMOHAPHOW BEKTOPHOM MOCIEAOBATEIPHOCTH HAa OCHOBE JAHHBIX HAOIIONEHUH, a TaKKe
Croco0 OIEHKH €€ MaTPUYHON KOPPENAIIMOHHON (QyHKIIMH. MeToaoM IpsSMOTo MOJIEIHPOBAHUS UCCIIEIOBaHA
TOYHOCTH BOCITPOM3BEICHUS MOIEINBI0 KOPPEIAINOHHON (DYHKIIMH peasbHOTO Ipolecca B 3aBUCHMOCTH OT
YHCIIa UCTIONB3YeMbIX TapMOHHUK. [[prBeneH npuMep MOAETUPOBaHUS TIEPHOANIECKH KOPPEITUPOBAHHOTO Bpe-
MEHHOT0 psijJia TEMIIEPATyPhl BO3IyXa HA OCHOBE PEaNTbHBIX TAHHBIX.

Pabota BeInosHeHa B paMKax rocyaapcTBerHoro 3aganus 0315-2019-0002, yactuuno nojepkana Poccuiickum Ha-
yuHbIM poHnOM DyHIIamMeHTanbHbIX nccienoBanuii (rpantsl Ne 18-01-00149, PODU u IIpasurenscrea HoBocubupckoii
oOnacTu B paMkax Hay4Horo npoekra Ne 19-41-543001-p mon_a.

IlocTpoeHne YUCJTEHHO-CTATUCTHYECKOW MO/IeJIM OJHOPOIHOTO CJAYYAHHOIO0 MoJisl ¢ 331aHHBIM
pacnpeaejieHHeM HHTErpaJja mo oaHoi u3 (pa3oBbIX KOOPAUHAT

I A. Muxaiinog', E. I’ Kabnyroea!, B. A. Ocopoonuxos'?, C. M. Ilpucapun’,’
Hnemumym svluuciumensrou mamemamuxu u mamemamuseckou eeogpusuxu CO PAH
’Hosocubupcruii 20¢y0apcmeeHHblil YHugepcument

Email: gam@sscc.ru
DOI: 10.24411/9999-017A-2019-10109

PaccmarpuBaeTcs 3ajjaqa NOCTPOSHUS YHUCIEHHO PEATTU3YEMOM MOJIENT TPEXMEPHOTO OAHOPOIHOTO CITy-
yaiiHoro moisi B coe 0 <z < H ¢ u3BeCTHBIMU O€3rpaHUYHO-IEIUMBIM OTHOMEPHBIM paclpeelicHUEeM 1 KOp-
PENSIMOHHON (QYHKIUEH AByMEPHOTO OIS, KOTOPOE SIBIISIETCS. MHTErPajioM TPEXMEPHOTO MO BEPTHKAILHOM
KoopArHare z. B kadecTBe 0IHOMEPHOTO HCIONB3YETCsl raMMa-pacipesiesieHre ¢ napameTpom ¢opmsl L. B ka-
yecTBe 0a30BOH MOAETH TPEXMEPHOTO IOJISi PACCMAaTPUBACTCS COBOKYITHOCTh HE3aBUCHMBIX ‘TOPH30HTAJIb-
HBIX"’ CJIOEB TOJILMHBI /i C TOCTOSSHHBIM 3HAYEHHUEM I10 Z, CABUHYTBIX TI0 BEPTUKAIN Ha CIy4YalHYIO BEJIHYH-
HY, paBHOMEpHO pacrnpezenernyto B uurepaie (0, #). HopmupoBannas koppensinuoHHas QyHKIUS HHTErpa-
na no z B npenenax ciuos (0, #) coBnagaer ¢ 3aAaHHOM, a B KaUeCTBE OJIHOMEPHOTO PacCMaTpUBAECTCs raMMa-
pacnpenencnue ¢ mapamerpom LA/H. Jloka3zaHO yTBEPKICHHUE O TOM, YTO Il TAKOW MOJICITH KOPPEIIIIMOHHAS
(GyHKIMSI MHTETpaja [0 Z COBIaJaeT ¢ 3aaHHON KOppesMOHHON QyHKIMeH 1o X, y. B npennonoxeHun of-
HOPOIHOCTH MOJICNIY B KaYeCTBE BEPTHKAIBLHON KOPPEISIIMOHHON IJTMHBI pacCMaTpUBAeTCs cpeHee apudme-
TUYECKOe KOPPETAMOHHBIX JUTHH 110 X U ). [ pacmmpenust kinacca BO3MOXKHBIX MOJIETIeN paccMaTpuBaeTcs
CrenuanbHOE paccioeHne 0a30BOM MOJICIIM Ha OCHOBE Pa3JIOKEeHHUS “BOTHYTON  KOPPESIMOHHON (PyHKINH MO
TPEYTOJNbHBIM, COOTBETCTBYIOIINM 0a30BOI MOJEIH € Pa3IMYHBIMK 3HAUYCHHUSIMHU /1.

Pabora BrImoONHEHA B paMKax rocymapcTBeHHoro 3amanus 0315-2019-0002, wactuyro monaep:kana Poccuiickum Ha-
y9HBIM (HOHIOM (PyHIaMEHTAIBHBIX HccienoBannii (rpanTsl 18-01-00149, 18-01-00356).
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(0] IIPUMECHCHUHU METOAA MOHTe-KapJIO K HCCJICA0OBAHUIO ITpouecca COomoJauMepu3anmuu
B IIPOMBIIIJICHHBIX YCJIOBUAX

T. A. Muxaiinosa, C. U. Mycmaguna
bawxkupckuii 2ocyoapcmeennulii yHugepcumem

Email: t.a.mihailova@yandex.ru
DOI: 10.24411/9999-017A-2019-10110

B ocHOBe npon3BOJCTBA CHHTETHYECKUX KaydyKOB JIEXkKAT MPOLECCHl MOJINMEPHU3ALNN U COTIOJINMEPH3a-
ud. [ ux nccnenoBanusi MOTYT OBITh IPUMEHEHBI KHHETHUECKUHM M CTATUCTUYECKUHN MOJXO0BI K MOJEIUPO-
BaHMi0. CTaTHCTHUECKUI IOIX0/, KOTOPBIN HeceT B cebe Mmeto MonTe-Kapiio, 3akiroqaercsi B UMUTALUH PO-
LIECCOB, MPOUCXOAIINX C MAKPOMOJIEKYIaMH, HAa YPOBHE YaCTHUI[. DTO MO3BOJISIET OMMCATh AE€TATIBHYIO CTPYK-
TYpY MakpOMOJIEKYJl B TEPMHUHAX HECKOJIBKHX BEPOATHOCTHBIX M1aPaMETPOB, UTO MO3BOJISIET B JIIOOOH MOMEHT
BPEMEHH MOJIy4aTh JeHCTBUTENbHBIE 3HAYEHUSI XapaKTepUCTUK conoiaumMepa [1].

[Ipon3BOACTBO CHHTETHUECKOTO KaydyKa MPEACTaBIsIeT COOOH HEMPEPhIBHBIM MPOLecC U NPOTEKaeT B Ka-
cKajie peakTopos. Iy 3TOro nocTpoeHa MoJiellb, OCHOBaHHast Ha MeTozie MonTe-Kapiio, B KoTopoii yunuThIBa-
eTCsl pacrpeesiCHHe YacTHIl IPOAYKTa MO BpeMeHH npeObiBaHus. [IpoBeneHrne BBIYMCIUTEIBHBIX SKCIEPH-
MEHTOB Ha OCHOBE IOCTPOCHHOW MOJEIH COMPOBOKAAETCS 00paboTKOM OOJBIIOr0 00beMa CTaTHCTHUECKUX
JAHHBIX, JJIs1 3TOTO pa3paboTaH MOIX0 K XpaHEHUIO U 00paboTKe pe3ysbTaToB 3KCIIEPUMEHTOB C IPUMEHECHHU-
eMm Microsoft Excel ¢ nenblo ananusa pe3yasraToB B yCIOBUAX IPOU3BOACTBA [2].

Pabora BermonHeHa npu prHaHCOBOH Toanepxkke Poccuiickoro gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 17-47-020068).
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MOIle.Tll/IDOBaHI/Ie CTPYKTYPLI H CTA0OMJILHOCTH OMMETAJLINYECKHX HAHOBOJOKOH METOAOM MoHTe-

KapJo

B. C. Macnuuenxo', H. 0. Coobusxos!, JI. Kupunos’, P. Muxoé’

Teepckotl 2ocyoapcmeennolil ynugepcumen
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[Ipencrarien MeTox ONTUMH3AIMH MOHO- U OMMETaUIMYECKUX HAHOCTPYKTYP. SIIpoM MeTona sBIseT-
cs kimaccuuecknii metos; MoHTe-Kapio Ha pasnudHBIX pemreTkax B COYETaHHH C MOCIEAYIONINM TPUMEHEHN-
€M JIOKaJbHOW penakcalyu (B T.4. HU3KOTEMIICPaTypHOU MOJIEKYJISIPHOW NTUHAMHKH). METO/ MO3BOISET pe-
1aTh 331344 C MEPUOAMYCCKAMU TPAHUYHBIMU YCIOBUSMH, YTO MOXKET OBITh MCIIOJIB30BAHO ISl MOJIEIIUPO-
BaHUS OJTHOMEPHBIX M JABYMEPHBIX aTOMHBIX CTPYKTyp [1]. Ecim mepuoamdeckne rpaHUYHbBIE yCIOBHS HE 3a-
JIaHBI, TIPEJIIIOIATaIOTCsl KOHEUHBIC pa3Mepbl MOACIBLHOU pereTku. KpoMe Toro, aBToMaTHueckas pesiakcarus
KPUCTAITMYECKOW PEMIETKH MOYKET BBITIOJHIETCS C IENbI0 MUHIUMH3AIWA TTOTEHIINAIHHONH YHEPTHH CHCTe-
Mbl. KoMmmbroTepHast peanu3aiiusi MeTojia UCIIONIb3yeT O0menprHsThIH (hopmar XY Z Jisl ONMCaHUs aTOMaPHBIX
CTPYKTYp | TIepeqady BXOJAHBIX JaHHBIX.

BrinojiHeHO HECKOJIBKO cepnﬁ MOICJIMPOBAHUA OTKHUIa U1 U3YUCHHUA BIIMAHUEC pa3dMepa, COCTaBa U TCM-
nepaTypsl Ha TMOBEPXHOCTHBIE SIBIIEHUS (aTOMHAasi Cerperanus ¥ CTPYKTypHas HECTaOWILHOCTH) B HaHOBO-
JJOKHax Au-Ag. MesxaromHoe B3aHMOI[CI>iCTBPIe 3a4aBaJIOCb MHOI'O4YaCTHYHBIM ITOTCHIMAJIOM CUJIBHOM CBS-
3u [2]. Ucnons3oBanucek ['TIK pemetka u ‘mexasnpudeckas’ pelieTka ¢ OChbl0 CHMMETPHUU ISTOTO MOPSAKA.
O6HapyxeHo, 4To (0COOCHHO B IIEPBOM Cliydyac) Hanbosee cTa0miibHas KOHeUHasi KOH(UTYpalys HaHOBOJIOK-
Ha IMEEeT TIOBEPXHOCTH € MpeodiaiaHnneM Ag aTOMOB U IIPUTIOBEPXHOCTHBIN CII0M, O0TaThiii Au aTOMaMH.
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JByxcTynmeHuarasi MoJieJib reTEPOreHHbIX PeaKIuii AUCCONUANMU-PEKOMOMHALIMM BOJIOPOAAa B MeTO/le
IHcM

M. IO. [Inomnuxkos, E. B. lllxapyna
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Merton npsiMoro craTucTraeckoro moaenuposanus (IICM) B HacTosmiee BpeMst Hanbosiee BOCTpeOOBaH-
HBIH YMCIIEHHBIM MHCTPYMEHT I MOJIETMPOBAHMS TeUEHUN pazpexkeHHoro rasa [1]. OqHol U3 nepcreKkTuB-
HBIX 00JIaCTEH ero NPUMEHEHHsI SBJISIETCS] MOJISJIMPOBAHNE B3aMMOJCHCTBUS ra3a ¢ HOBEPXHOCTSMU, KaK B Iie-
TsIX MOAM(UKAIMK UX, TaK U B LIEISIX UCIIOIb30BaHUS KaTATUTHUYECKUX CBOMCTB MOBEPXHOCTEH JIs "aKTHBa-
nuu" raza. [lpu aTom BcTaeT mpobrnema MoaenupoBaHus B pamkax merona [ICM rereporeHHbIX peaknuid. B
MpeJCcTaBlIeHHON pabore pa3padoran asroputM metona [ICM i MOAeIMPOBaHUST PEAKIUK JUCCOIUAIIMN-
PEKOMOMHAIIMM BOIOPOJAa Ha OCHOBE ABYXCTyneH4aToil mozxenu [2]. IlpoBenena Bepudukanus aaropurMa Ha
nprumepe OECKOHEYHOM HarpeTol MpoBOJIOYKH, IOMELICHHON B aTMocdepy Boxopoaa.

Pa6ota BeinosiHeHa mpu puHaHCcOoBOM nonaepkke PODU (kox mpoekra 18-08-00295).

Crmcok IuTeparypsl

1. Bird G.A. Molecular Gas Dynamics and the Direct Simulation of Gas Flows. Oxford: Clarendon Press; 1994
2. Mankelevich Yu. A., Ashfold M. N. R., Umemoto H. Molecular dissociation and vibrational excitation on a metal
hot filament surface //J. Phys. D: Appl. Phys. 2014. V.47. 025503.

CraTucrnueckoe MOJEJINPOBAHNE HECTAIMOHAPHBIX KOJIbIEBLIX CTPYKTYP B 00JJaUHbIX M BOJHbIX
cpenax, BOSHUKAIOIIKMX NPH PACCESTHHH JIa3ePHBLIX HMMITYJIbCOB

C. M. Ipueapun'?, JI. 3. Muponosa’
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PaboTa mocesiiieHa uccnenoBaHUI0 MPOCTPAHCTBEHHO-BPEMEHHBIX paclpeieieHuil pOTOHOB J1a3epHOTO
HUMITYJIbCA ITPH MHOTOKPATHOM PacCesHUU B 00JIAUHBIX M BOAHBIX cpenax. Meromom MonTe-Kapiio paccuntsi-
BaJICh KOHIICHTPAIIMSI PACCESHHBIX (POTOHOB TPU PACIIPOCTPAHCHUH JIa3E€PHOTO UMITYJIbCa, KPaTHOCTh pacce-
SIHUSL ¥ TPEUMYIIECTBEHHOE HalpaBJICHUE pacnpocTpaHeHus POTOHOB. Pe3ynbTaThl CTATUCTHYECKOTO MOJICIIH-
POBaHUs JEMOHCTPUPYIOT 0COOEHHOCTH MPOCTPAHCTBEHHO-BPEMEHHBIX PaCIPE/ICIICHU, 3aBUCSIIUE OT ONTH-
YECKUX XapaKTePUCTHK U TEOMETPUHU pacCerBaroIel cpebl. Tak, MpU pacCcessHUU KOPOTKOTO JIA3ePHOIO UM-
MyJIbCa B IOCTATOYHO TOHKOM OOJIaYHOM cJI0€, MPUEMHHK mupokoyroasHoro CCD-numapa peructpupyer pac-
HIMPSIFOILEECS] CBETOBOE KOJIBIIO, IO 0COOCHHOCTSIM KOTOPOTO MOYKHO CYIUTh 00 ONTHYECKUX CBOMCTBAX CPEbI.
BHyTpu OCHOBHOT'O KOJIbI[a HA KOPOTKOE BPEMsI BO3HHKAET BTOPOE CBETOBOE KOJIbII0, BOSHUKHOBEHHE KOTOPOTO
00BSICHSIETCS OCOOCHHOCTIMH 00JIaYHON MHAUKATPUCKI paccesiHus [ 1]. Ddekt, aHaIOru4HbIN pacIIupsrole-
MYCsl CBETOBOMY KOJIbILY, IPH OMPECICHHBIX YCIOBUSX BO3HUKACT U B BOJHBIX Cpeliax.
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Monte Carlo simulation of the exciton recombination in semiconductors with a large number
of dislocations: transients under spatially varying excitonic life time

K. K. Sabelfeld, A. E. Kireeva

Institute of computational mathematics and mathematical geophysics, SB RAS
Email: karl@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10114

In this study a Monte Carlo simulation algorithm for modeling the exciton recombination in a semiconductor
with a large number of dislocations having a piezoelectric field around them is developed. The Monte Carlo
algorithm is based on the random walk on spheres algorithm suggested for solving the transient drift-diffusion-
reaction problems in [1]. The stochastic simulation model of the exciton recombinations in the semiconductor
is applied to evaluate the cathodoluminescence intensity. The cathodoluminescence method is employed for
the analysis of a material structure and revealing of the dislocations in semiconductors. Recently [2] it has been
suggested that a piezoelectric field around the threading dislocations affects the cathodoluminescence imaging
of dislocations. The reason is that the strain field in the vicinity of dislocations produces a piezoelectric field
which affects the excitonic life-time close to the dislocation edge and causes a drift of excitons. Our previous
Monte Carlo models simulate the threading dislocation as a semi-cylinder whose surface adsorbs excitons with
some recombination rate. In this work, we simulate the dislocation with a piezoelectric field which changes the
life-time and the drift of excitons depending on the distance from the dislocation line. The cathodoluminescence
transients are calculated for a desired number of dislocations.

The support of the Russian Science Foundation under grant N 19-11-00019 is kindly acknowledged.
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Stochastic simulation of electron and hole transport in semiconductors with a precise annihilation and
non-radiative recombinations

K. K. Sabelfeld, A. E. Kireeva
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In this talk we deal with simulation algorithms for electron-hole annihilation in inhomogeneous
semiconductors. This field attracted considerable experimental and theoretical interest during the past three
decades since the optoelectronic properties of technologically important materials have been found to be
controlled by the electron-hole recombination dynamics. We suggest a new version of the Random Walk on
Spheres algorithm [1] combined with the kinetic Monte Carlo method based on a precise simulation of the first
passage time and the random times of main events in the transport and recombination of electrons and holes in
inhomogeneous semiconductors with a set of non-radiative centers. First suggested in [2] and further developed
in [3], the stochastic method involved a bias caused by the approximate simulation of the conditional position
inside a limiting sphere under the condition the time is preselected. In this presentation we show that a precise
account of the kinetics of electron-hole annihilation is possible, and give some comparative simulations carried
out by the original algorithm [2] and the new method suggested.

The support of the Russian Science Foundation under grant N 19-11-00019 is kindly acknowledged.
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YucjaeHHOE CTATHCTHYECKOE MOAC/IMPOBAHNE XaPAKTCPUCTHK MPOTHAKCHHBIX AaHTCHHBIX nmoJiei

b. B. Cemenos'?, H. U. Yepnwix?
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HWccnenoBanbl mpo0ieMbl, BOSHUKAIOIIUE TP YIIPABICHUH aHTCHHBIMU IOJIIMU OOJIBIIION MPOTSKEHHO-
CTH Ha 0a3e aHTEHHBIX PEIIETOK C OCTPOHAIPABICHHBIMH MIIEMEHTAMH B BUE OONBIINX 3epKaIbHBIX aHTEHH
[1]. Takume cuctembl 001a1al0T YHUKATLHBIMI BO3MOXKHOCTSIMHU B YaCTH PEIICHUS HOBBIX 3374 B 00JIaCTH pa-
JTMOJIOKAIINY U PaI0acTPOHOMHH. MeToTaMi YUCIIEHHOTO MOJISIIUPOBAHUS NCCIIEIOBAHbBI CTATUCTHUYECKUE Xa-
paktepuctiku 600-MeTpoBOro KpecroobdpasHoro paguoreneckona (PT) u3z 81 mosHOMOBOPOTHBIX 15-TH Me-
TPOBBIX NapabOIMYECKUX aHTeHH. [loka3aHo, 4TO BO3MOXKHO ITOCTPOCHHE JIMHEHHBIX TPOTHKEHHBIX aHTEHHBIX
noJieit (JinHeitHoro U Kpecroobpasznoro PT) Ha 0aze OoblIMX MapabOJMYECKUX aHTEHH C pean3yeMbIMU Ha
MPAKTHKE JIOIYCKaMHU Ha IOCTUPOBKY MOJIOKEHUSI aHTEHH, HA OPUEHTAIUIO UX B TPOCTPAHCTBE, a TAKXKE OLIHO-
KaMu B JIUHUSX nutanus aHTeHH PT. JlokasaHa 3ppeKTUBHOCTD MPEAI0KEHHOTO aBTOPaMU METO/1a KOMIICHCA-
[IUU ONIMOOK FOCTHPOBKHU aHTEHH IPH JIEKTPOHHOM CKaHWPOBaHUM JiydyoM PT.

Cnucok JuTepaTypbl

1. B.W. T'ycesckuii, b.B. Cemenos, B. M. Ilnemes, H. 1. Yepnsix, A.B. Knementsena. [locTpoeHne aHTEHHBIX 110-
Jie# 6onpIon mpoTshkeHHOCTH. //AnTeHHbI, Ne 3 (223), 2016. C. 3-9

YucjieHHAsl CTOXACTHYECKAs MOJEJIb COBMECTHBIX MPOCTPAHCTBEHHO-BPEMEHHDIX 10J1eli TeMIIepaTypbl
BO3/1YXa H 0CaJIKOB

C. C. Creopyos, O. B. Cepecesa

Hnemumym evruuciumenvrot mamemamuxu u mamemamudeckoui eeogpusuxku CO PAH
Email: skvortsovstepan54@gmail.com

DOI: 10.24411/9999-017A-2019-10117

B noxmane mpencTaBieHbl pe3yibTaThl HCCIEIOBAHNS CTATUCTHYECKUX XapaKTEPUCTUK CTOXACTHYECKUX
MIPOCTPAHCTBEHHO-BPEMEHHBIX ITOJIEH CPEeAHECYTOUHOM MPU3EMHON TEMIIEPaTyphl BO3AyXa U CYyTOUYHBIX CyMM
ocaakoB. MccnenoBanus NpOBOAMINCH HA OCHOBE JAHHBIX PEAbHBIX HaOMoneHui Ha 47 METEOopOIOrHUECKUX
crannusax EBpomneiickoil uactu Poccuiickoit @eneparuu 3a 41 ro.

g moctpoeHus nmapaMeTpuyecKkor CTOXaCTHYECKOW MOJENTH METEOPOJIOTHYECKHX TOJIeH MCClIe0BaHbI
BOIPOCHI AIMTPOKCHMAIMH OJHOMEPHBIX PaclpeAeSICHUH CydalHbIX MOJIeH aHATUTHYECKUMU (QYHKIHSIMHA H
MIPOBEICH aHAJIN3 WX MPOCTPAHCTBEHHO-BPEMEHHON KOPPENAINOHHON CTPYKTYPHI.

ITocTpoena Momenp CTOXaCTHYECKHUX MPOCTPAHCTBEHHO-BPEMEHHBIX I0JIeH CPeTHECYTOUHOM TemIepary-
PBI BO3/lyXa U CYTOYHBIX CYMM OCaJKOB, HCCJIEIOBAHBI CTATUCTHYECKHE XapaKTEePUCTHKH HEKOTOPBIX COBMECT-
HBIX COOBITHI.

OneHKa BepOSITHOCTHBIX XapaKTEPHCTHK pPellleHnsl CToXacTH4ecKux TugdepeHunaaIbHbIX
YPABHEHHIi ¢ YACTHLIMH MPOU3BOAHBIMH METOIOM YHCJIEHHOI0 CTATHCTHYECKOI0 MO/IeIMPOBAHMS HA
cynepkominbiotepe (AIIBIIM-2019)

M. 1. Cmupnos

HUnemumym evruucaiumensrou mamemamuxu u mamemamudeckoui eeogpuzuxu CO PAH

Email: smirnovdd@mail.ru
DOI: 10.24411/9999-017A-2019-10118

Croxactnieckue TudQepeHunaibHble ypaBHeHUs ¢ YacTHbIME TponsBogHbiME (CAYUI) sBisitoTest xo-
POILIMM HMHCTPYMEHTOM JUIsl ONMCAHUS MHOTMX NPHPOTHBIX MPOLECCOB, Mo3TOMYy MozaenupoBanue CHYUII
SIBIISICTCS] akTyanbHOU 3amaueit [1]. Ouenka BepoATHOCTHBIX XapakTepucTuk pemieHuss CAYUIIL ¢ Beicokoit
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TOYHOCTBIO SIBIISETCS TPYAOEMKOH 3a/1aueid, TO3TOMY JIJISl €€ PELICHUS B allTOPUTME paclapalieInBalOTCs He-
3aBUCUMBIC peanu3anui [ 1], YUCIeHHBIN METO A1 MOCTUPOBAHUS ONHON peanu3aiuu [2]. PacueTsl mpoBe-
nenbl Ha kinactepax HKC — 30T u HKC — 111 CCKL mpu UBM u MI" CO PAH.

Pabora BrrmonHeHa npu (prHAHCOBOW TIoanepxke Poccutickoro Gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekrta 17-01-00698 u xox mpoekTa 18-01-00599).

CHucok JuTeparypbl

1. Aprembes C. C., Mapuenko M. A., Kopuees B. /1., Akynun M. A., Banos A. A., CmupHoB /1. /I. AHanu3 cToxa- cTu-
4YecKux Kosedanunii metoriom MonTte-Kapio Ha cynepkommnbrorepax. HoBocnbupcek: M3narensctso CO PAH, 2016.

2. Slnenxo H. H., Konosanos A. H., byrpos A. H., Illyctos I'. B. O6 opranusaimu napaiienbHbIX BEIMUCICHUH 1 "pac-
napasuienuBanun” poroky // C6. YucieHHble METO/Ibl MEXaHUKH crutonrHo# cpensl. 1978. T. 9, Ne 7. C. 139-146.

BoccranoBjenne K03 GUIHEHTOB 0TPaKeHHUs 3eMHOI MOBEPXHOCTH O JaHHBLIM npuoopos MODIS,
Canryp, I'CA u MCY-100

M. B. Tapacenxos, B. B. benos, M. B. Dueens, A. B. 3umosas, 0. B. [ puones

Hnemumym onmuxu ammocghepot um. B. E. 3yesa CO PAH

Email: TMV@jiao.ru
DOI: 10.24411/9999-017A-2019-10119

B pamkax pa6or [1-2] npeniokeH alropuT™M BOCCTAHOBICHUS KOAPGUIIMEHTOB OTPaXXCHHUS 3€MHOU T10-
BepxHOCTH. OCHOBY 3TOr0 ajJropuT™Ma COCTABISIOT pa3padoTaHHbIe HAMM MporpaMmMel Metoaa Monrte-Kapio.
bazoii ast cozmanust STUX aNTOPUTMOB TTOCTYXKHIIIN pa0doTHh [3-5].

st panbHEHIIEro yMEeHbUICHUS! OTPEIIHOCTH NPEIaraéMoro ajlropuTMa ObUIH BHECEHBI M3MEHEHHUS,
MO3BOJISIIOLINE YUECTh BIMSHUE NOIApU3aUnu n3nydenus. s anpodaunu MoauduIMpoBaHHOTO anropuTMa
paccMaTpHBajIMCh CITyTHUKOBBIE CHUMKH Iproopa MODIS amst 3-x yuactkos: 1) yuacTok Ha rore Tomckoit 00-
JIacTH, 2) y4acTOK ceBepo-BocToka MockBhl, 3) yuacTtok MpkyTckoit ob6inactu BOMHM3M 03. batikan. s oneHkn
MOTPEIIHOCTH AITOPUTMa KOI(P(GHUIMEHTHI OTPaXEHUS ISl YIaCTKOB XBOMHOIO Jieca CpaBHUBAJINCH CO 3HaYe-
HUSIMHU 13 [6]. CpaBHEHHE MTOKa3bIBACT, YTO MOANDUIIMPOBAHHBIN aJITOPUTM C YUETOM MOJISIPU3ALUH U3ITyYCHHS
JUTSL psiia KaHAJIOB U psifia CUTYalUil TaeT MOTPEIIHOCTH B HECKOJIBKO pa3 MeHbINe, ueM anrroput™ MODO9.

CraenyrommM 3TanoM padoThl CTAJI0 CO3JaHHE MPOrPaMM BOCCTAHOBJICHHUS KOA(P(UIMEHTOB OTpaKeHUS
3eMHOH MOBEPXHOCTH Uil oTeuecTBeHHBIX npubopoB Canryp, I'CA u MCVY-100. [lns anpobaunu BO3MOX-
HOCTEH ATHUX AJITOPUTMOB OBUIM BBITIOJIHEHBI COMOCTABJICHUSI C HA3EMHBIMH M ATAJOHHBIMH H3MEPEHUSMHU.
Pe3ynbrarhl cpaBHEHUS! MTOKA3bIBAIOT, YTO BOCCTAHOBICHHBIE KOA(P(PHUIMEHTHl OTPAXKECHUSI 36MHOW TTOBEPXHO-
CTH MOTYT OBITh MCIIOJIb30BaHbI ISl PELICHHUS IIUPOKOTO KpyTa 3a1ad.

CHucok JuTeparypbl

1. Tarasenkov M. V., Belov V.V. Software package for reconstructing reflective properties of the Earth’s surface in the
visible and UV ranges // Atmospheric and Oceanic Optics. 2015. Vol. 28, Ne 1. P. 89-94.

2. Tarasenkov M. V., Belov V.V., Engel M. V. Algorithm for reconstruction of the Earth surface reflectance from Modis
satellite measurements in a turbid atmosphere // Proceedings of SPIE. 2018. Vol. 10833. CID: 10833 16 [10833-58].

3. Mapuyk I'1., Muxaiinos I A., HazapanueB M.A., lapounsu P.A., Kaprun b.A., Enxenos b.C. Metrox Monre-
Kapio B armocepnoii ontuke. — HoBocubupck: Hayka, Cubupckoe otnenenue, 1976.

4.Kaprun b.A. Crarictiueckoe MOjIeIMpoBaHIe OJIsl COTHEUHOH pasuanuu B armocgepe/ moa pex. I.A. Muxaitiosa.
— Hosocubupck: Poranpunt BI] CO AH CCCP, 1984.

5. Hazapanmue M.A. Cratuctudeckoe MOJEIMPOBaHNE PAAMAIIMOHHBIX TpolieccoB B arMocdepe. — HoBocnbupcek:
Hayka, Cubupckoe otnenenne, 1990. — 227 c.

6. Kpunos E.JI. CriextpanbHast oTpaxarenabHas CHOCOOHOCTh NPUPOAHBIX oOpazoBanuii. Jlennurpaxa. M3narenscTBo
Axanemuun Hayk CCCP, 1947.
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MopgeJJupoBaHue CAMOOPTaHN3AINY JOKAJN30BAHHLIX 3apsA0B HA IPaHNIIE OJYIIPOBOIHUKA
€ MOJI3ATBOPHLIM JIHYJIEKTPHKOM

0. A. Trauenxo', JI. I’ baxwees®, O. I1. Cywrod®, B. A. Trauenro'?
Uncmumym gusuku nonynposoonuxos CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

iUniversity of New South Wales

Email: vtkach@isp.nsc.ru

DOI: 10.24411/9999-017A-2019-10120

Mgl npuMeHUIN anroput™ MeTpononuca [1] 1 Teoprto OTHOKOMIIOHEHTHOH TUIa3Mbl K MOJIEITUPOBAHUIO
M30JINPOBAaHHON CHCTEMBI OTPULIATEIBHBIX 3aps10B, HAXOAIIEHCS B TEIIJIOBOM PABHOBECUU Ha MTOBEPXHOCTH
HEJICTUPOBAHHON MOTYITPOBOAHUKOBON CTPYKTYPBI. YUTEHO MPHUCYTCTBUE 3aps0B M300paKeHUsI B METAJLIH-
YEeCKOM 3aTBOPE BMECTO OOBIUHO MOApa3yMeBaeMOro OAHOPOIHOTO HelTpanu3syromiero ¢ona [2]. Pacuers 3a-
BUCHUMOCTH CTPYKTYPHOTO (haKTOpa OT BOJIHOBOTO YHCIIA ¢ TOKA3bIBAIOT, YTO CAaMOOPTraHU3alus TOBEPXHOCT-
HBIX 3aps/I0B CyILlECTBeHHA Aaxke pu dpdexruBHoi Temneparype 1000 K. 31o mo3Boiamino o0bsICHUTS pe3yib-
TaThl U3MEPEHUIM KBAHTOBOTO M TPAHCIIOPTHOTO BPEMEH PACCESHUS JBYMEPHBIX HOCUTENIEH B COOTBETCTBYIO-

HIUX CTPYKTypax.

Pabora BrmonHeHa npu prHaHCOBOU Toaaep ke Poccuiickoro HaydHoro ¢pouaa (kox mpoekra 19-72-30023).

Crnucok nureparypbl

1. Metropolis N., Rosenbluth A. W., Rosenbluth M. N, Teller A. H., Teller E. Equation of State Calculations by Fast
Computing Machines// J. Chem. Phys. 1953. V.21. P. 1087- 1091.

2. Gann R. C., Chakravarty S., Chester G. V. Monte Carlo simulation of the classical two-dimensional one-component
plasma//Phys. Rev. B. 1979. V.20. P. 326-344.

CpaBHHTeJH)HbIﬁ AHAJIN3 AJCPHBIX H MPOCKIMOHHBIX OIICHOK HHTCHCUBHOCTHU U3JIYYCHUSA

H. B. Tpauesa’, C. A. Yxunog®

'HUncmumym eviuucaumenvHoti mamemamuxu u mamemamudeckoti eeogpuzuxu CO PAH
’Hosocubupckuil 20cy0apCcmeenHblil yHugepcumen

Email: tnv@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10121

B noxiane paccmarpuBaroTCs ABa pa3IMYHbBIX IOIXOAA K YMCICHHOMY PELICHUIO OJHOW 3a/1aud TEOPUH
MepeHoca U3JIy4YeHHUs — 3aJja4y alllPOKCUMALIMH IByHAIIPABIEHHBIX YIJIOBBIX XapaKTepPUCTUK MOJISPU30BaHHO-
T'0 U3JIy4EHUSs, IIPOLLIEALIETO U OTPAXKEHHOTO CJIOEM IOIJIOLIAIONIETO U PACCEUBAIOILETO BEILECTBA.

[lepBrIii U3 paccMaTpuBaeMbIX MOAXOA0B OCHOBAH Ha Pa3fIOKEHWH AByHANPaBIECHHOW YINIOBOM IJIOTHO-
CTH pacrpe/ie]IeHHs TOBEPXHOCTHOTO ¥ MOJIIOBEPXHOCTHOTO PAacCeMBaHUs 0 OA3MCHBIM MTOJMHOMAaM, OPTO-
HOPMHUPOBAHHBIM C JTaMOEPTOBCKUM BecoM. Koah(hpuimeHTs! TaHHOTO pa3iosKeHHUs SIBISIOTCS MaTeMaTHYeCKH-
MU OKUJIaHUSIMH CITyYaiHBIX BEJIMYMH OT HEKOTOPBIX CTAHAAPTHBIX (DYHKIUI, YTO MO3BOJISIET IPUMEHHUTDH Me-
ton MounTe-Kapio.

Bropoii u3 paccmarpuBaeMbIX MOIX0I0B — ABYMEpHas siiepHasi OleHKa YIJIOBOH IIIOTHOCTH pacrpesee-
HUSI TIOBEPXHOCTHOTO U MOJIIOBEPXHOCTHOTO paccenBanust. O0cyxnaercs crienuduyeckast 1715 OCTaBICHHON
3a]]a4M METOJIMKA BRIOOPA ONTUMAIILHOM "TIOJIOCHI TPONTyCKaHu" ISt paBHOMEPHOW (QYHKIMH siApa.

st 060MX MOAXOAOB NMPHUBOIUTCS CPAaBHHUTENBHBIA 0030p UHMCIEHHBIX PE3yJIbTaToB, MONYYCHHBIX IS
YIJIOBBIX TNIOTHOCTEH BEPOSITHOCTEH HHTEHCUBHOCTH U CTENICHU HOJISIPU3ALUHN H3ITyYEeHU .

Pabora BrImosHEeHA TTpH (PHHAHCOBOIT Moaepkke Poccuiickoro donma pyHmaMeHTaTIBHBIX HCCIIEIOBAHUHN (KO TIPO-
extoB 17-01-00823, 18-01-00356, 18-31-00213).

CrarucTuueckoe MOACJTUPOBAHUEC MMEPECHOCA ONITUICCKUX CUTHAJIOB Y€P€3 B3BOJTHOBAHHYIO

HOBEPXHOCTH

0. C. Yxunosa!, b. A. Kapeun'?

'Huemumym svruucaumenvroi mamemamuxu u mamemamuueckoi 2eogpuzuxu CO PAH.
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: olsu@osmf.sscc.ru

DOI: 10.24411/9999-017A-2019-10122

Crporoe penieHue MoIaBiIsFOIIero YUCla MPSIMBIX 3a/1ad ONTUKU CHCTEMbI OKeaH-aTMOC(epa BO3MOXKHO
JIMIIIb B CTATUCTUYCCKON (OPMYITUPOBKE. DTO OO0YCIIOBICHO TE€M, YTO MOJIC ONTHYSCKOIO U3IYUCHHS CUCTEMbI
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okeaH-aTMOc(epa B 3HAUUTEIBHON Mepe (OPMUPYETCs O] BO3ICHCTBUEM B3BOJIHOBAHHON MOPCKOH TOBEpX-
HOCTH, OTPaYKAIOMIeH M MPETOMIISIONICH MPUXOAIIee dJEeKTPOMAarHUTHOE H3TydeHne. XapaKkTepHas 0COOeH-
HOCTb TOTO BO3/ICHCTBUS 00YCIIOBJICHA CITy4allHbIM XapaKTepPOM BETPOBOTO BOJIHEHUS MOPCKOW IIOBEPXHOCTH.
B pabote mis onmcanms B3BOJIHOBAHHONW TOBEPXHOCTH MOPS TIPUHSTA TaK Ha3bIBaeMast ITOCKas “‘dareTHas’”
MOJIEJIb, KOTOPast BIIEPBbIC OBLT MPUMEHEHA K pacueTy IepeHoca COTHEYHOW paiialuy B cucTeMe arMocdepa-
okeaH [1]. B pabore paccMOTpeHO WHTErpajbHOE CTAllMOHAPHOE YpaBHEHHUE MEPEHOCA M3IIYICHHS B Cpele
CO CIIly4ailHO-HEOTHOPOIHOHN MPEOMIISIONICH rpaHuleil [2] U MpeanoKeH BEeCOBOM alroOpuT™M PEIICHUS 3TOTO
ypaBHenust MmetogoM Monre-Kapio. [Ipenmnonaranock, 4To 3TOT ajJroputM OyJeT pealn3oBaH B paMKax paspa-
0aThIBAEMOM CUCTEMbI aBTOMATH3AIIUH CTATHCTHYCCKOTO MOJCIUPOBaHMS aTMOC()EPHO-ONITHICCKUX 3a/1a4, Ya-
CTUYIHO OMHMCaHHOM B [3].

Pabora BeInonHEHa B pamMKax mpoekra roc. 3aganus Ne 0315-2019-0002, npu yacTHYHON (HUHAHCOBOM MOICPIKKE.
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ocean-atmosphere system // Russ. J. Numer. Anal. Math. Modelling. 1992. V. 7. Ne 3. P. 221-240.
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Gamma-pulse generated by rotating pencil-source
V. V. Uchaikin
Ulyanovsk State University

Email: vuchaikin@gmail.com
DOI: 10.24411/9999-017A-2019-10123

The time- and angle-broadening of the observed radio- and gamma-pulses from pulsars is explained by
the scattering of the radiation in the interstellar medium (ISM): scattered rays (quanta) pass longer paths and
have other directions of arrival, which produces the broadening. In this report, we consider the contribution to
this process of advancing the primary ray due to the rotation of the pulsar itself: the scattered component of
the pulse is not a rigid structure rotating with the primary beam, but lags behind this rotation as a result of the
independent motion of photons scattered in ISM. Quantitative estimates of this effect, obtained on the basis of
an analysis of the adjoint gamma-transport equations in a turbulent interstellar medium, are discussed.

On the distribution of the MIN3 two-sample test statistic
P. Philonenko, S. Postovalov
Novosibirsk State Technical University

Email: petr-filonenko@mail.ru
DOI: 10.24411/9999-017A-2019-10124

The MIN3 two-sample test has been proposed in [1]. Test statistic MIN3 is a minimum of three dependent
random variables: p-values of the weighted Kaplan-Meier test, Bagdonavi¢us—Nikulin test based on MCE model
and Bagdonavi¢us—Nikulin test based on SCE model [2-4]. The asymptotical distribution of the MIN3 two-
sample test statistic is unknown. However, we found that MIN3 test statistic distribution can be approximated
by the Beta distribution of the third kind [5]. In the paper, the results of the Monte-Carlo simulations are
shown.

This research has been supported by the Russian Ministry of Education and Science as a part of the state task
(application number 1.1009.2017/4.6).
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Pemenne HecTaMOHAPHOro ypaBHeHus 1u(pdy3nn Ha 0CHOBE AJTOPUTM 0J1Y:KIaHus Mo chepam

H. A. Hlanumosa
Hucmumym viuuciumensuoti mamemamuxu u mamemamuyecxoui ceousuxu CO PAH
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PaccmarpuBaercst HayapHO-KpaeBas 3a/1a4a 1715l HecTallmoHapHoro ypaBHenus auddysun. Ha ocnose mo-
JYYCHHBIX MPEACTaBICHUH BEPOSTHOCTEH MEPBOTO BHIXOJA HA IPaHHILy OOJIACTH IO MPOCTPAHCTBY M BpeMe-
HU CTOMTCS aJTOPUTM ONyKIaHMs 1O cepam M MOACUUTHIBAIOTCS UCKOMbIE (DYHKIIMOHAIIBI, TAKUE KaK Cpe-
Hee BpeMsl )KU3HU YacCTHIIbL, TOTOK Ha BbIICJICHHBIE YYaCTKU TpaHuibl. [10100HbBIe TOCTAHOBKH BO3HHUKAIOT B
3aja4ax OMOJIOTUH (BBIYMCIICHNE BEPOSTHOCTH IPOHUKHOBEHHUSI BUPYCOB B KJIETOUHOE SIIPO, CPETHETO BpeMe-
HU), B IOJYNPOBOJHHUKAX (BBIYMCICHUE HMHTEHCUBHOCTH KaI0TOAO-TIOMUHECIICHLIUH, TIOTOKA Ha AUCIOKAIIHNN ).
Hacrosias pabora sinsieTcs mpopoikeHueM padotsl [ 1], rie paccmarpuBaics craiioHapHbIN cirydai, u [2] —
JUTSL U30TPONHON A dy3un U HeCTaMOHAPHOTO CITyYasl.

Pabora BrImONHEHA NP YacTHYHOH (hrHAHCOBOW moaaepxke Poccuiickoro Haydnoro ¢onma (kox mpoekra 19-11-
00019).
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YncjeHHbIH aHAJHN3 CTOXACTHYECKOro ocumuisaTopa Ban-nep-Ilosas
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B nacrosmieii paboTe MpOaOIKEHbI UCCIICAOBAHUS BIUSHHS MIyaCCOHOBCKOTO CIIy4aHHOIo LIymMa Ha Io-
BezieHne ocumiusitopa Ban-nep-Ilons, koropeie Obutn Hadatsl B [1]. IlyTem cTarucTrueckoro MojuenupoBa-
HUS TPAGKTOPUH pelieHus croxactuueckoro auddepenuuansaoro ypasuenus (CAY), 3aparomero ocumis-
TOp, UUCJIEHHO HCCIIE0BaHO BiIusHUE napaMeTpoB CIY u myacCOHOBCKOI cOCTaBIISIOIIEH HAa XapaKTep Koje-
Oanuii mepBoro u Broporo MoMmeHToB pewenust C/1Y. MccnenoBano BiusHuE pa3MepoB 1Iara MHTErPUPOBAHUS
YHCICHHON CXEMBl M aHCaMOJIsl MOJEIUPYeMbIX TpaekTopuil pemenus C/lY Ha TOYHOCTH OLIEHOK MOMEHTOB
peLeHus Ipu OOJIBIION BETMYMHE CKAYKOB ITyaCCOHOBCKOW COCTABIISIOICH.

Pabota BrmonHeHa B paMkax rocynapcrseHHoro 3aganus UBMuMI™ CO PAH (mpoext 0315-2019-0002).

Crucok auTepaTypbl

1. SxyauH M.A. AHaiaM3 CTOXaCTHYECKHX OCIMJUIITOPOB METOJOM CTaTHCTHYECKOro Mozenuposanust // Tpymbl
MextynapoaHoii koHpepeHun “MapuykoBckue Hayunsle yTenust — 2017”. UBMuMI™ CO PAH. HoBocubupck. 25 uto-
Hs — 14 uromst 2017 . C. 1033-1038. [Dnexrpon. pecypc]. http://conf.nsc.ru/cam17/ru/proceedings.
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Ceknus 4. MATEMATUYECKOE MOJAEJINPOBAHUE
B 3ATAYAX ®U3UKU ATMOCD®EPBI, OKEAHA, KIMMATA
U OXPAHBI OKPYKAIOILIEN CPEJIbI

Yder nHdopMaLKN B JUCKPETHO-HENPEPHIBHBIX CHCTEMAX YPABHEHNII THIIA YPbICOHA

B. A. Fenosy6, M. I Koznosa

@IAOY BO K@Y um. B. . Bepnaockoeo
Email: art-infl@mail.ru

DOI: 10.24411/9999-017A-2019-10127

PaccmarpuBaroTcsi CHUCTEMbl HEJIMHEWHBIX JIMCKPETHO-HEMPEPHIBHBIX YpaBHEHUM THMA YpbICOHA.
JIMCKpEeTHOCTh COOTBETCTBYET AMCKPETHBIM MOMEHTaM BPEMEHH M3MEPEHHS W ITUCKPETHOCTH TOYEeK HaOIro-
neHus. IHTerpanbHbIi onepaTop CONepKUT MHOXKHUTENh, COOTBETCTBYIOIINN XapaKTepy MOJEIH OTPaKEeHHUS
OT MTOBEPXHOCTH U JIEIBTO00pa3HOE PO, 3aBUCSIIEe OT BPEMEHH OTPAKEHHUS UMITYIIbCa OT UCCIETyeMOi To-
BEPXHOCTH (IBOWHOE PACCTOSHIE OT TOUKH HAOIIONEHUS 0 TOBEPXHOCTH, JIETIEHHOE Ha CKOPOCTh). Pemrenne
TaKHUX CHCTEM SIBIISIETCS] HEKOPPEKTHOM 3aaueii. Perymsapusupyromnme airopuT™Mbl OCHOBAaHBI Ha y4eTe HH]Op-
MaIy O PEIIeHWH, MOAETH AWCTAHIIMOHHOTO 30HAMPOBAHMSA, MTapaMeTpax Aapa. Y YUTHIBAIOTCS: TIIAIAKOCTh
MCKOMOTO PEIIeHHs, eT0 MOJIOKUTEIBHOCTh, MOHOTOHHOCTh, HaJIMUME TOYEK DKCTPEMyMa, aCUMIITOTHYECKHE
CBOWCTBa MHTETPAJILHOTO OTEpaTopa THUMa YPHICOHA B 3aBUCHMOCTH OT IapaMeTpOB JEIBTA00pa3HOTO AIpa.
Jluneapuzaius ¥ 3aMeHa ypaBHEHHWH OMM3KWMH, WX JUCKPETH3AIWs, MO3BOJSIET CTPOUTH NMpHEMIIEMbIE 1O
CIIO)KHOCTH WTEPAIMOHHBIE aTOPUTMEL. [IpoBeIeHbI YHCIIEeHHBIE SKCTIEPHUMEHTHI, TIOATBEP K IAIOIIHE TEOPETH-
YeCKHe BBIKIAIKH.

Crnucok nureparypsl

1. Benosy6 B. A., Kosnosa M. I, Jlykesaerko B. A. YpaBHeHus Trumna YpbeICOHA B 33Ja4aX BOCCTAHOBJICHUS TOUCK
nmosepxHocTH // CoboneBckne uTeHns. MexTyHapoaHas mkona-koHpepermus: Tes. goki. / [lox pex. I. B. [lemunenko. —
Hosocubupck: M3n-so MuctutyTa Matemarukn, 2017. — C. 35-36.

HpenTnduKanus HITEBHIHBIX CTPYKTYP MOJISIPHOT0 BUXPS B JAHHBIX MOJEJTHPOBAHHUS

U. B. boposxo

Hnemumym evluuciumensrot mamemamuxu u mamemamudeckoti eeogpusuxu CO PAH
Cubupckuil pecuoHaIbHbIN HAYHHO-UCCACO08AMENbCKUL 2UOPOMEMEOPONOSULECKUL UHCHUNTY M
Poceuopomema

Email: irina@ommfaol.sscc.ru

DOI: 10.24411/9999-017A-2019-10128

Juist onvicaHusi TUHAMUKHU cTpaTochepbl U BepXHEH Tpomochephbl UCTIONB3YeTCs MOTCHIMATBHBIA BUXPb
Oprens. HureBuiHbIE BUXPEBBIC CTPYKTYPBI (TaK HAa3bIBAEMbIC CTPUMEPHI) B M0JI€ OTCHIIMAILHOTO BUXPSI SIB-
JISIFOTCS TTOKa3arelieM HeyCTOWYMBOCTH BEPTUKAIBLHO pacipocTpaHstomuxcs BoiH Poccou. OOpyienne BoIH
PoccOu B ctpatochepe u ux oTpaykeHue B TPOIIoc(epy OKa3bIBAIOT CYIIECTBEHHOE BIMSHUC HA TUHAMUYICCKHE
noJist B Tponiocepe. B manHOl paboTe npoaHaIM3upOBaHbI MOJIST HOTCHIUAIBLHOTO BUXPS JJIs IaHHBIX, TIOJTY-
YECHHBIX C TIOMOIIBIO MOJICITH O0IIEH IIUPKYISIH aTMOC(HEpPhI IIPOMEKYTOYHOM CIOKHOCTH. J{J1s1 meHTnuKa-
MY HAUTEBUIHBIX CTPYKTYP OBLT HCITOJIB30BAH METOI, TIPEIIOKEeHHBIN B padote [1]. Ilokazanbl OCHOBHEIE 00-
JIACTU HEYCTOMYMBOCTH JUTS PA3HBIX CE30HOB TOJIA.

CITHCOK JTUTEpaTyphl

1. Wernli, H., and M. Sprenger. Identification and ERA-15 Climatology of Potential Vorticity Streamers and
Cutoffs near the Extratropical Tropopause. // J. Atmos. Sci.,2007, V.64, p.1569—1586, DOI: 10.24411/9999-017A-2019-
1000110.1175/JAS3912.1.
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The optimization of a seawall’s position around ports for protection against tsunami

A. Vazhenin', An. Marchuk?, K. Hayashi'
"University of Aizu, Aizu-Wakamatsu, Japan
Institute of Computational Mathematics and Mathematical Geophysics SB RAS

Email: vazhenin@u-aizu.ac.jp
DOI: 10.24411/9999-017A-2019-10129

The important part of the tsunami research is focused on studying the considerable influence of natural
geographical objects, like islands and near-coastal bathymetry, on tsunami waves. Complementing the physical
modeling, we are designing a system for computer simulations of crucial coastal areas. The Bathymetry and
Tsunami Source Data Editor is a basic system tool for editing bathymetric and tsunami source data by including/
removing artificial seawalls and submerged barriers having different shapes and sizes has been developed and
tested. It is used for editing digital bathymetry by adding virtual parallelepiped-like objects such as cubes,
walls, etc. The user can also create composite objects using integration of these elementary objects. This makes
possible to control the tsunami wave height by underwater artificial objects as well as provide studying features
of the natural bathymetry. Results of numerical experiments are presented for the gridded hybrid bathymetry for
several sea ports and harbors of Japan. The influence of the seawall size and position on tsunami height inside
Soma and Onahama ports has been studied. Preliminary results demonstrate a good possibility to realize this
type of tsunami modeling. This system can help to issue recommendations for better protection of some crucial
coastal sites which suffer from tsunami hazard.

YucjaeHHOEe MOAEJIMPOBAHKE ABYXCJI0MHOI0 PeaKTOPa OKHCJIEHUA aMMHAKa

H. B. Bepnuxosckas, JI. I Ilunaesa, JI. A. Hcynosa
HUncmumym xamanuza CO PAH

Email: vernik@catalysis.ru

DOI: 10.24411/9999-017A-2019-10130

Henuneiineie cucteMsl 1udgepeHnnanbHbIX YPaBHEHHH B YaCTHBIX MPOU3BOAHBIX C ABYMS IEPEMEHHBIMH
Y C IPOM3BOAHOMN HE BBIIIE IEPBOTO MOPSIIKA IO OAHOM U3 HUX YacTO BO3HHUKAIOT P MCCIICIOBAHUH MIPOLIEC-
COB TEIJIO- ¥ MaccONEepPEeHOCca B FeTEPOreHHBIX KaTAIUTHUECKUX PEAKTOPax ¢ PeakLUUsIMHU Ha TIOBEPXHOCTH Ka-
Tanuzaropa. [Ipy 4nciIeHHOM PelIeHUH TaKUX CUCTEM XOPOILO 3apEKOMEH I0BaJ ce0sl MOIX0, 3aKII0Ya0IINI-
Csl B MICTIONIb30BaHMH MHTETPO-MHTEPHOISILMOHHOIO METO/Ia, METoa NpsAMBIX U L ycToifunBoro Metona tumna
Po3zenOpoka 2-ro mopsiika TOYHOCTH.

B nannoit pabore paccMOTpeHbl 0COOCHHOCTH NMPUMEHEHHUS 3TOr0 MOAX0/a K 33/1a4e YMCICHHOTO MOJe-
JMPOBAHMSI ABYXCTYIIEHYATOTO PEAKTOPa OKUCICHUSI aMMHaKa 0 CTallMOHApHOH IBYX(a3HON MOJIENIN B OJHO-
MEpHOM MpUOIKeHUH. POk epeMeHHOM ¢ mepBoii MPOU3BOIHON 10 HEW BBHIMOIHSIET BPEMsl, MOSBIISIOIICE-
Csl TIPH MCIIOJIB30BAaHUK MeToAa ycTaHoBleHUs . OCOOCHHOCTBIO peakTopa SIBISCTCS y3Kasl peakHOHHAs 30-
Ha, cocrosmas 3 Pt-Rh karanntuuecknx ceTok, a Takke HaIu4Iue OJIOYHOTO KaTalln3aropa, pacloiIokKeHHOTO
3a MAKeTOM CETOK, TEIJIOBOTO KpaHa MEepe MaKeTOM M Ta30BBIX MPOCIOEK MEXIY COCTABIISIIOIIMMH PEaKTo-
pa. Llenb MogenupoBaHusl cOCTOsAIA B MCCIEIOBAaHUN M O0bSICHEHUH SKCIIEPUMEHTAILHO HAOMI01aeMOTO BIIUS-
HUSI reoMeTpuu OoKa Ha Temneparypy 1 Bbixox NOX mociie ceTok. Xopoliee OMMcanne SKCIePUMEHTaIbHBIX
JAHHBIX TT03BOJISIET TOBOPUTH 00 aIeKBaTHOCTH MOAEIH MOACTUPYEMOMY PEaKTOpy U KOPPEKTHOCTH PELICHHS
YpaBHEHHUH MOJIEIH.

Paborta BrIONTHEHA B paMKax rOCyIapCcTBEHHOTO 3a1anHus MucTutyTa Karanusa CO PAH.

IMoayaarpan:xkeB MeTO/ JJs1 YMCJIeHHOro perenus ypaBHeHnii HaBpe — CTokca 17151 BA3KOI0
TEILIONPOBOIHOTO ra3a

A. B. Bamkun', E. B. Kyuynosa®

'Hnemumym eviuuciumenshoti mooenuposanus CO PAH
2Cubupckuil pedepanviviil ynugepcumen

Email: vyatkin@krasn.ru

DOI: 10.24411/9999-017A-2019-10131

B pabore mpencraBieH YHMCICHHBINH anropuTM perieHus ypaBHeHuil Hampe-CTokca, OIHMCHIBaIO-
M TpeXMepHOE TEYeHHE BI3KOrO TEeIJIonpoBojgHOro rasa [1]. B pabore st anmmpokCcUManuy TOJTHON



Mamemamuueckoe modenuposanue 8 3a0auax husuxu ammocgepol, okeanda, KIUMamd ... 65

(cyOcTaHIIMOHATBHO ) TPOU3BOIHOM IO BPEMEHHU B KAXK/IOM YPaBHCHHUU CHCTEMbI UCTIOIB3YETCSl METOJ] TPACK-
Topuii [2-4], 3aKITIOYAIOIIMNICS B aNMpPOKCUMAIIUU STOU MPOU3BOIHON C MOMOIIBIO0 Pa3HOCTHON MPOU3BOAHOMN
Ha3aJl 0 BPEMEHU BJIOJIb TPACKTOPUU JIBHKEHUS YacTULIBL. [IUCKpETH3aus M0 MPOCTPAHCTBY OCTAJIbHBIX Cla-
raembix ypaBHeHu HaBbe-CTokca Ha Ka)KIOM BPEMEHHOM CJIO€ IIPOBOIUTCS METOOM KOHEUHBIX SJIEMEHTOB C
KyCOYHO-TPWJIMHEHHBIMU 0a3uCHBIMU (DYHKITHSIMH M TIPUMEHEHHEM KBajparypHbix Gopmyin [5]. Kak cienyer
13 TECTOBBIX PacyeToB [6], MpUMEHEHNUE KOMOUHAIIUN METOJIOB TPACKTOPUN U KOHEUHBIX 3JICMEHTOB IT03BOJISI-
€T MOCTPOUTH AJITOPUTM, TOBOJILHO 3(P(DEKTUBHBIN C BEIYUCIUTEIIEHON TOYKU 3PCHUSL.

Pabora BeImOTHEHAa TpW (UHAHCOBOW mommepxke Poccuiickoro ¢oHOa (QyHIAMEHTaIBHBIX HCCIICIOBAHUH,
[IpaBurenscTBa KpacHosipckoro kpasi, KpacHosipckoro kpaeBoro poHIa MOAISPKKH HAYIHOH U HAYIHO-TEXHUIESCKOM Jie-
STETBHOCTH B paMKaxX HaydHOTO mpoekta Ne 18-41-243006.

Crnucok auTeparypbl
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2. Pironneau O. On the Transport-Diffusion Algorithm and Its Applications to the Navier-Stokes Equations //
Numerische Mathematik. — 1982. — Vol.38. — P. 309-332.

3. Douglas J., Russell T. Numerical methods for convection-dominated diffusion problems based on combining the
method of caractreristics with finite element or finite difference procedures / SIAM J. Numer. Anal. — 1982. — Vol. 19. —
P. 871-885.

4. Maromeno K.M. MeTton xapakTepUCTHK IJISl YUCIIEHHOTO pacdyeTa IMpOCTPaHCTBEHHBIX TeueHNH rasa // JKypHan
BBIYMCIIUTENIFHON MaTeMaTHKHN U MaTeMaTuaeckor pusuku. — 1966. — T.6, No 2. — C.313-325

5. Ia#imypos B.B., [llenanosckas 1., SAxy6osua M.B. UncrneHHOE MOIETHPOBAaHIE TCUCHUH BI3KOTO TEIUIOPO-
BOJIHOI'O ra3a B kaHajie // Beranciurensubie Texaonorun. — 2013. — T.18, Ne4. — C.77-90.

6. laiinypos B.B., lllemanosckas 1., SIky6osmu M.B. IIpumeHeHne MeTOAa TPEKTOPHIT M METO/Ia KOHEYHBIX dJIe-
MEHTOB B MOJEIMPOBAHUM JIBH)KEHHS BS3KOTO TETIONPOBOJHOTO Ta3a // BeruuciurenbHble METOABI H MPOTrpaMMUpPOBa-
nue. —2011. - T.12. — C.275-281.

O1eHKa PoOJIH MPOIECCOB, CB3AHHBIX ¢ TPaHc(popMaIneii BOO Ha APKTHYECKOM Ieabde,
B ()OPMHPOBAHNH TEPMOXAJHHHBIX H JIeI0BbIX XapakTepucTuK CeBepHoro Jle1oBHTOro okeaHa

E. H. I'onybesa'”, B. B. Manaxoea!, I A. Ilnamos"?, ]]. ®. HAxwuna'?’
' Huemumym evluucaiumenvhoil mamemamuxu u mamemamuyeckoui 2eopusuxu CO PAH
?Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: elen@ommfao.sscc.ru
DOI: 10.24411/9999-017A-2019-10132

OCHOBHOI#1 3a71a4eil SBIAETCS UCCIEOBaHNE MPOIECCOB, MPOUCXOIIIINX B BOIaX apKTUUYECKUX IIEIb(O-
BBIX MOpPEH B YCIOBHAX MEHSIOMIETOCS KJINMaTa, M OlleHKa UX POJU B (POPMUPOBAHUHU TEPMOXATMHHBIX U Jie-
ToBBIX xapakrepuctuk CesepHoro JleqoBuroro okeana. C MOMOIIBIO YUCIEHHOTO MOJETMPOBAHMS BOCIIPOU3-
BOJIUTCS ITPOCTPAHCTBEHHO-BPEMEHHASI H3MEHYUBOCTH TIPOIIECCOB, MPOTEKAIOIINX B BOJaX APKTHIECKOTO Oac-
ceifHa M Ha apKTUYECKOM Ienb(]e, aHATM3UPYeTCsl UX YyBCTBUTEIHHOCTh K BapHAISIM (PU3UIECKUX MapaMe-
TPOB, MPOBEPSIOTCS HAyYHBIE TUIIOTE3bI, CPOPMYIUPOBAaHHBIE OCHOBE 00pabOTKH TaHHBIX HAONIOCHHI B Ha-
YYHBIX pa0oTax MOCIeAHNX JeT. JlJis mpoBeieHus HCCiIeI0BaHus UCTIONb3yeTcs yrcieHHast Mosenb SibCIOM,
paspadorannas B UBMuMI" CO PAH, nanHbie peanann3a arMoc(ephl, JTaHHBIE PAacUyeTOB MOJCIICH KITMMAaTH-
YEeCKON CHCTEMBI IO CIIEHAPHIO aHTPOTIOTEHHOTO MOTETICHNS.

Pabota BeinosiHeHa mpu nojepxkke npoektoB PODU (Nel17-05-00382-A, 17-05-00396-A).

JIMHAMHKO-CTOXACTHYECKAS] MapaMeTpH3alus 00Ja4HOCTH B MO 00l IMUPKYISIHN aTMOC(hephI

B. A I'anun, B. I1. J[eimuukos
Hnemumym evruucaumenvrot mamemamuxu PAH um. I U. Mapuyka

Email: venergalin@yandex.ru
DOI: 10.24411/9999-017A-2019-10133

B noxnazne hopmynupyercst METOA TUHAMUKO-CTOXaCTHUECKOH MapaMeTpu3auy 0ajiia HEKOHBEKTHBHON
00JIaYHOCTH B MOZICH OOLIEH HUPKYIAUMN aTMocdepsl. [IpeioxKeHHBINH aNroOpuT™ HCCIIEAYETCs Ha OCHOBE
MoZeTi 00LIel UPKYIALUN aTMOCc(hephl ¢ 3aJJaHHON TeMIIepaTyphl TIOBEPXHOCTH OKeaHa. Pe3ynbraTel pacue-
TOB CPaBHUBAIOTCSI C JAHHBIMHU CITyTHUKOBBIX HAOJIOACHUI M C pe3ylibTaTaMH pacueToB Oaia o0nmadHOCTH,
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BBITIOJTHCHHBIMHU C IIOMOIIBIO COBMECTHOM MOJECIN TUPKYIIAIIUA aTMOC(bepI:I 1 OK€aHa BBICOKOI'O Pa3spCUICHUS.
HpOBeI[eHHBIe OKCIICPUMCHTBI MMOKA3bIBAOT HCCOMHCHHYIO IMCPCIICKTUBHOCTH JAHHOT'O MOAXO0AA.

HDI/IMeHeHI/Ie MO}.'[eJ'[eﬁ MeJKOMH BOJAbI B 3ajja4ax O B3aHMO}1eﬁCTBHH JAJIMHHBIX MIOBEPXHOCTHBIX BOJIH
C HAaCTHYHO NNOI'PYKCHHBIM TEJIOM

O. U. I'yces, I’ C. Xakumzanos

Hnuemumym evruuciumensnvix mexnuonoeuti CO PAH
Email: gusev_oleg igor@mail.ru

DOI: 10.24411/9999-017A-2019-10134

B pa60Te HCIIOJIb30BaHA UCPAPXHA MATCMATUYCCKUX MO,I[CJIeﬁ [1], OITMCBIBAIOIINX B3aHMOI[eI>'ICTBHG JJINH-
HBIX MMOBCPXHOCTHBIX BOJH C YaCTUYHO MOTPYKCHHLIM TCJIOM. Ha ec BCPXHCM YPOBHC HAXOAUTCA MOACIIb I10-
TCHIIMAJIbHBIX TCUCHUU KHUIKOCTHU CO CBO60,I[HOI71 I‘paHI/I]_[ef/'I, a Ha CJICAYIOIINX — MOACTIN MEJIKOM BOJBI BTOPOTO
" IICPBOTO0 NJIMHHOBOJIIHOBOI'O HpI/I6J'II/I)KCHI/I5[. I[J'I}I TOCIICIHUX pa3pa60TaHLI 1 YUCJICHHO pCaJIN30BaHbl YCII0-
BUSA COIIPSKCHUA pCI_HCHI/Iﬁ Ha TrpaHulCe MCXKAY TCUCHHUCM CO CBO60,Z[H01>1 IMMOBCPXHOCTBIO U TCHCHUCM IO TC-
JIOM. HpI/I IIOMOIITH CpaBHeHI/Iﬁ YHCJICHHBIX peH_IGHI/If/’I, IMOJYYCHHBIX B paMKax MO}ICJ’IGI;’I JTOH nuepapxuu, cie-
JIaHbI BBIBObI 00 obmacTax MNPUMCHUMOCTH MO)_'[CJ'IGf/i MEJIKOH BOZBI ITPU pA3JINYHBIX 3HAYCHUAX MapaMCTPOB,
OIpCACTIAOIINX Ha6eralomy}0 BOJIHY, pa3MEphI TCJIa U €ro OCAaKY. HpI/IBGZ[CHBI CpaBHCHUA NOJYYCHHBIX PCIIC-
HHI1 C SKCIICPUMCHTAJIbHBIMH JaHHBIMU.

CHucok JuTepaTypbl

1. Khakimzyanov G. S., Dutykh D. Long wave interaction with a partially immersed body. Part I:
Mathematical models // Communications in Computational Physics. 2019. Vol. 24. (B neuatn).

O k —¢, LES, PeiiHoJbac M CTENEHHBIX MOJEJISAX

K. b. [Ircakynos

Kazaxckuii nayuonanvHolil ynusepcumem um. ano-Qapabdbu (Arimamor) Kazaxcman
Email: jakupovkb@mail.ru

DOI: 10.24411/9999-017A-2019-10135

Te3uckl 1euararTcs B aBTOpCKOﬁ peaaKknmmn

MonenupoBanue TypOYJIEHTHBIX TCUCHHH HEC)KMMACMOU JKUIKOCTH YpaBHEHUSIMH PeiHOmbICA M1 mc-
KOMBIX OCpPEIHEHHBIX CKOPOCTEH, NaBICHUS U MPOU3BENCHUI MyIbCAMid, TPOJOKEHUEM KOTOPBIX SIBIISIOT-
cs1 OECKOHEUHBIC CHCTEMBl YPaBHCHHI MOMEHTOB BBICOKHX MOpsiakoB Kemnepa — @punmana, a takke LES-
METO/IOM, 3aJI0’KEHBI B HEBO3MOYKHOCTH OTIPENIEICHNS TAKOTO YHUBEPCAIBHOTO NIepro/a ocpenHerns 7 Bo Bpe-
MEHH, KOTOPBIH UMEET eIMHCTBEHHOE MOCTOSTHHOE 3HAYEHNE BO BCEX TOUEK TypOYJIEHTHOTO MOTOKA M OMHA-
KOB U BceX MUHaMHU4YecKkuX (pyHKImi. JlanHoe 00CTOATENbCTBO MPUBEIIO K HCITOIB30BAHUIO HE(DU3UIHBIX 110
CBOEH CyTH 1 a0CYPIHBIX IT0 KOHCTPYKIIUH MOTySMITHPHYECKAX MAaTEMaTHYECKUX MOJIENIeH TypOyJIeHTHOCTH, B
TOM 4YHCJIE ¥ OCHOBAHHBIX Ha ujesx KommoropoBa cemMeicTB k — € Mofienel, Ciry>Kalnux IJIsl ONpeesIeHus He-
¢usnanoro “sdpexrunoro kosppunmenta TypOyneHTHON BA3KOCTH W,”. Monenu tuna k — €, LES nporuso-
pedar IeHCTBHUIO CHJI TPEHUS W YPaBHEHHIO ITEPEHOCA KMHETUIECKOI PHEPTUH, B TOM YHCIE U TypOyJIeHTHOH
KHHETHYECKOH dHEPTUHN MMyJIbcanuii. B manHo# paboTe M1 MOJASITUPOBAHUS TCUCHUHA BA3KUX JKUIKOCTH U Ta-
3a 000CHOBAHO HCTIOIH30BAaHUE (PU3NICCKIX 3aKOHOB TPEHUS Fmp =~k v'e, m =1,3,57,9,..., HO C HEYECTHBIMU
MOKA3aTeJIsIMHU CTETICHH, BEIOOP KOTOPBIX 3aBUCUT OT KOMIIOHEHT CKOPOCTH TE€UYEHHS B JAHHOM TOYKE MOTOKA.
CoOTBETCTBEHHO BHIBE/ICHBI HECHMMETPHYHBIE TEH30pPbI HANPSHKEHUH U ypaBHEHU AuHAMUKHA. [lomydueHHbIC
TaKuM 00pa3oM MOJIENTH HE COAEpIKaT IMOIyIMITNPHIECKUX KoHCTaHT. [lokasano, uro 3akoH TpeHus HeioToHa
1 ypaBHeHHs1 HaBbe nMHAMUKHN BSI3KOW JKHUAKOCTH BBITEKAIOT KaK YaCTHBIM CIlydall TPH MoKa3arese CTETeHH,
paBHOM enuHUIE M = 1.
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MojaeupoBaHne 3kocucTeMbl 03epa baiikay. Crioco0bl CPABHUTEJILHOI0 AHATN32 METO0B OLEHKH
napamerpos

B. 1. 3opkanvyes’, U. B. bviuxoé’, E. H. Kyzesanosa’, U. B. Mokpuoui*

'Uncmumym cucmem snepeemuru um. JI1.A. Menenmvesa CO PAH

‘Upxymcexuii nayunviii yenmp CO PAH,

‘Bauransckuti myseu MHI] CO PAH,

‘Uncmumym cucmem suepeemuxu um. J1. A. Menenmvesa CO PAH

Email: zork@jisem.irk.ru
DOI: 10.24411/9999-017A-2019-10136

I[aCTCH OIHMCAHUE 0COOCHHOCTEH 03¢pa batikan. M3maraercs MCTOAMKA U PC3YyJIbTAThbl MO3TAITHOI'O MOJAC-
JIMpOBAHUS q)yHKI_[I/IOHI/IpOBaHI/ISI 9KOCHUCTCMBI 03€pa. Hpe}lCTaBHGHH TpU IOAXO0JAA K CPABHUTCIIbHOMY aHAJIN3Yy
MCTOAOB OLICHKHU IMapaMETpPOB MO,I[CJIeﬁ IO pacnojiaracMbIM JaHHBIM Ha6J'HO,I[CHPII>i:

— aKCHOMATHYECKUH moaxoHd,

— A0Ka3aTCJIbHBIC BBIYMCIICHWA HA 0ase CTaTUCTUYECKHUX HCHLITaHHﬁ;

— TCOPETUYCCKUC UCCIICAOBAHUA CBOICTB M B3aNMOCBS3CH pemeHHﬁ, MOJIy4aeMbIX pa3HbIMU METOJaMU, B
T.4. HAUMCHBIIUX KBAaAPaTOB, HAUMCHBIIINX MO,I[yJ'ICﬁ, Ha 0a3e 4eObIIIeBCKOI afmnpoKrCuManu, UCCICAOBAHU
BJIMSAHUSA BBI60pa BCCOBBIX K03(1)(1)I/I]_[I/I€HTOB Ha 10JIy4JacMbIC PCUICHUA.

Paborta BrmoHEHa B pamkax HaygHOTo mpoekta I11.17.4.4 mporpammsl pyHmamMeHTanbHbIX HecaenoBannii CO PAH
(Ne AAAA-A17-117030310436-7) u ipu purancoBOM moanepkke PODU (rpant Ne 19-07-00322 A).

Hexkaaccudyeckne 3a1a4i B MOJEJIAX IJ100aJIbHOM JIEKTPHYECKOH e

A. B. Kanunun!, A. A. Tioxmuna?, C. P. Jlasposa’
Huoicecopoociuii cocyoapcmeennviii ynugepcumem um. H. U. Jlobayescrkoeo

Email: avk@mm.unn.ru
DOI: 10.24411/9999-017A-2019-10137

PaccmarpuBatoTcst MaTeMaTHUeCKHe 3aa9r 00 ONpeesieHNH KBa3UCTAllMOHAPHBIX TOTEHITHATBHBIX DIIEK-
TPUUECKUX TIOJICH, BOZHUKAIOIIHE TTPH OMTUCAHUH TIT00ATEHOM IEKTpHUeCKO memu B atmocdepe 3emun [1-3].
BozHukaromnie mpu 3TOM HEKJIACCHYECKHE YPaBHEHHMS MAaTEMaTH4YEeCKON (PM3WKH COOTBETCTBYIOT HEpENSITH-
BHCTCKOMY 3JIEKTPHYECKOMY IPUOIMKEHUIO JUTI CUCTeMBbl ypaBHeHHH MakcBema. J[i1s 3Tux ypaBHEHHH pac-
CMaTpPUBAIOTCS pa3IMYHbIe IOCTAHOBKY 3aa4, UMEIoIne (U3NIECKYI0 MOTHBAIIMIO, F, B YaCTHOCTH, 33/1a41 C
TPaHUYHBIMH yCIOBHSIMH, YUUTHIBAIOIIMMHA CHEIM(PHUKY 3JIEKTPOMAarHUTHOTO B3aMMOJIEHCTBHS aTMOC(epsl U
noHochepsl. MccmeayroTesi CBORCTBA PEIICHIH MOCTABICHHBIX 3a/1a9 U 000CHOBBIBACTCS BO3MOXKHOCTE TTPH-
MeHeHus1 MeTosa ['anepkuHa.

CITHCOK JIUTEpaTyphl
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2. Roble R.G., Hays P.B. A quasi-static model of global atmospheric electricity: 2. Electrical coupling
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3. Kalinin A.V., Slyunyaev N.N. Initial-boundary value problems for the equations of the global
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Mathematical and numerical modeling of oil pollution waste processing
G. B.Kalmenova, G. T.Balakaeva
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DOI: 10.24411/9999-017A-2019-10138

The paper considers the processing of oil sludge to solve environmental problems and improve the
environmental situation in the development of oil fields and oil transportation[1].

The adverse impact of oil slime on the environment makes the issue of processing oil residue is very
important. One of the most effective way to clean oil slime is heat treatment[2,3].

This article deals with the problem of thermal processing of oil slime. The process of thermal processing

of oily waste must be managed. In this regard, it was necessary to create a mathematical model of thermal
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processing of oil slime[4]. The mathematical model of the process is described by heat and mass transfer
equations and includes a system of nonstationary second-order partial differential equations. The solution
is carried out according to an implicit difference scheme using the alternating directions method until the
convergence condition is satisfied. . In the calculations, sufficient conditions for the correctness and stability of
the sweep were set, such as the condition of the diagonal dominance of the matrix and the condition in which
the modulus of the average driving coefficient is greater than the sum of the modules of the other driving
coefficients[5].
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OneHka cucTeMaTHY€eCKO¥ OIMOKH JAHHBIX CHIYTHHKOBOT0 30HAMPOBAHHS 0 TEMIIEpaType
MOBEPXHOCTH 3eMJIH
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Email: kilanova@ict.sbras.ru
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JlaHHBIE CITyTHUKOBOT'O 30HJMPOBAHMSI UCTIONB3YIOTCS B HACTOSIILIEE BPEMsI IIPU PEILICHUH OOJIBLIOT0 Kpyra
3aJ1a4, BO3HUKAIOIIMX [TPU MOAETUPOBAHUH MPOLIECCOB B OKpYXKarolien cpesie. BakHbIM PEeMyIIECTBOM 3THX
JIAaHHBIX SBJISIETCA HENPEPhIBHOE paclpeieseHle 0 BpeMEHH U BBICOKOE IIPOCTPAHCTBEHHOE paspelieHue. B
TO 7K€ BpeMsl, CIIyTHHKOBBIE JJaHHBIE 00J1a1al0T PSIOM HEAOCTATKOB. DTO, B YACTHOCTH, OTCYTCTBUE HH(POpMA-
UM Y HaJTMYU# o0sagHoCTH. Kpome Toro, CiiyTHUKOBBIE JaHHBIE IMEIOT CHCTeMaTHuecKyto omnoky (bias),
YTO 3aTPYIHSET MPOBEICHUE UCCIEA0BAHUI C CIIOIB30BAHNEM 3TUX JAaHHBIX.

B noxiiage paccMarpuBaeTCs allrTOPUTM OLICHKH cucTeMarnieckoi ommoku nanaeix MODIS o remnepa-
Type noBepxHocTH 3emiu. MHdopmanus o TeMeparype NOBEPXHOCTH 3eMJIM, B TOM YHCJIE KIMMaTHUeCcKasl,
OYEHb BayKHA ISl IPOBEICHHSI UCCIIEIOBAaHUM B Pa3IMYHBIX 00JacTsIX (MOJAETUPOBAHUE, arpOMETEOPOIIOTHS,
MOYBOBEJICHHE U T.1.). AJITOPUTM OCHOBaH Ha |-mepHOM ¢QuinsTpe Kanmmana u mo3BossieT 1o BpeMEHHOMY Psi-
Iy HaOJIOJeHNH OLIEHUBATh CUCTEMAaTHUECKYI0 OUIMOKY CITyTHHKOBBIX AaHHBIX. B anroputme MCIoIb3yIOTCS
JAaHHBIe U3MEPUTENBHON cTaHMK (30THHO). B 1oKIIase mpuBOASTCS Pe3yabTaThl YNCICHHBIX AKCIIEPUMEHTOB
C pa3IMYHBIMH BapHaHTaMH aJrOPUTMa M0 OLIEHKE CPEAHEMECSIHON CHCTEMAaTHYECKOI OIIMOKH.

IIpuMmeHeHnEe aHCaMO0JIeBOI0 Nnu-ajJropurMa B 3ajgavde 06paTHOF0 MOAC/IMPOBAHUSA

E. I Knumosa
Hncmumym eviuucnumenvuvix mexnonoaut CO PAH

Email: klimova@ict.nsc.ru
DOI: 10.24411/9999-017A-2019-10140

Pemenue 3agaun 0OpaTHOTO MOJCIMPOBAHUS IS 3aJaHHOW MOZAEIH IIpoliecca U Habopa JaHHBIX HAOMIIO-
JCHUH LUKJINYECKH 110 BPEMEHU SIBIACTCS 3ajJaueii yCBOCGHUs AaHHBIX. B mpobiemy oOpaTrHOro mMopenupo-
BaHMs BKJIIOUYEHA TAKKe 3ajada OLCHKH IapamMeTpoB Mojend. Mcroiabp3oBaHHE TUHAMUKO-CTOXaCTHYECKOTO
MOAXO0/1a K PELICHHUIO 3aJa4H YCBOCHHSI JaHHBIX MIPUBEJIO K Pa3BUTUIO aHCAMOJIEBBIX METOIOB: aHCaMOJIEBOIO
¢unerpa Kanmana, ancambneBoro crmaxusanust Kaamana.

B 3agaue ycBoeHUs JaHHBIX IPU MOJEIMPOBAHUHU MPOLIECCOB B OKPYIKAIOIIEH Cpeie OLlEHUBAaEMbIN BEK-
TOpP M BEKTOP JaHHBIX HAOIIONCHHWH MMEIOT BBICOKYIO Pa3MEpPHOCTb, YTO TpeOyeT pa3paboTku 3(QeKTus-
HBIX JITOPUTMOB. AHCaMOJEBBIN MU-aJITOPUTM pa3padoTaH Kak d(QPEeKTUBHAS peaau3anns CTOXacTHYECKOro
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ancam0I1eBOro (I)I/IJ'H)Tpa Kanmana. OH MoeT OBITH HCIOJIL30BaH B 3aJad4ax OLICHKH COCTOSHUA OKPY)KaIOHICﬁ
CpCbl, a TAKKC MapaMETPOB MOACIIN. OI[HOﬁ nu3 HpO6J'IeM aHcamMOJIeBBIX (I)I/IJ'H)TPOB SABJIACTCA BO3MOXKHAs pac-
XOAUMOCTD aJilrOpUTMa CO BpEMCHEM. B JOKJIaA€ paCCMAaTprUBArOTCs MMOAXOAbI K HpaKTH‘IeCKOﬁ pcain3anuu aH-
camM0JIeBOro (I)I/IJ'II:Tpa Kanmana u ancambieBoro crimakuBanus KajiMana ¢ MCHOIBE30BaHUEM nu-ajaropurma,
CBs3aHHBIC C aI[aHTHBHOﬁ KOppeKHHCfI MOBCACHUS aJITOpUTMaA IO BPECMCHMU. HpI/IBO,Z[HTCH PE3YIbTAThl YUCJICH-
HBIX S3KCIICPUMEHTOB C l-MepHOﬁ TECTOBOM MOJCIIBIO.

Mopgeab ruIpoTepMuueckoro pe;kuMa HoBocnONpCcKoro BogoXpaHuJIHIIA

B. B. Kpasuenxo', E. H. lonybesa!, M. B. Kpatinesa', I’ A. [lnamos', M. A. Tapxanoea’
Uncmumym eviuucaumenvHoti mamemamuxu u mamemamudeckoui eeogpuzuxu CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen
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B paborte mpeacraBnena yicaeHHAs MOJEIb, TO3BOJISAIONIAs Ha OCHOBe OarnmeTpuu HoBocuOupckoro Bo-
JOXpaHWINIIA, THAPOJIOTMYECKUX (TeMIeparypa, pacxoll ¥ ypoBeHb BoJb!l sl pek O0b u bepap, cOpoc Boabl
yepe3 coopyxenusi HoBocubupckoit 'DC) u armocdepHbIX (cuiia 1 HallpaBiIeHUE BETPa, TEMIIEpaTypa U BIax-
HOCTB BO3/1yXa, arMoc(epHOe AaBJICHUE) NaHHBIX MOCTPOUTH TPEXMEPHYIO KapTHHY TEUCHHUH U pacrpesesie-
HUS Temia B BojoeMe. [l peann3anyy Ce30HHBIX M3MEHEHUH TMIPOTEPMHYECKOrO peKMMa MCIOIb30BaHa
JIOKaJIbHO-OJJHOMEPHAs JIEAOTEPMUIECKask MOJIeNIb, OCHOBaHHasl Ha padote [1] u gmanHbIX caiita AOMIP [2].

Pabora BrrmonHeHa npu (prHaHCOBOH noanepxke Poccuiickoro gonma ¢pyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekta 18-41-220002) u B cooTBeTcTBUU € roc3ananuem (Tema 0315-2019-004).
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The formation of streamers of the stratospheric potential vortex with climate change
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Potential vorticity (PV) streamers and cutoffs are indicators of Rossby wave breaking near the extratropical
tropopause. In the case of the Rossby waves breaking, the formation of elongated high-PV stratospheric air
languages extending to the equator and tropospheric low PV air extending to the pole. There are two types
of wave breaking, which are referred to as equatorward and poleward type of RWB. Frequently, the PV
tongues are stretched into narrow filaments, so-called PV streamers that split into PV cutoff vortices. Here,
as in (Appenzeller et al., 1996), the term stratospheric PV streamer, cutoff refers to stratospheric features on
isentropic surfaces (PV >2 PVU; 1 PVU = 10° Kkg' m? s!).

In this report, we present some results of study PV streamers and cutoffs near the extratropical tropopause
based on reanalysis and model climatology (modeling climate, using PlaSim-ICMMG-v.1.0 model, under RCP-
8.5 scenario) of their seasonal frequency distributions on different isentropic surfaces.

We are grateful for support from RFBR Ne 16-05-00558, and RFBR Ne 17-05-00382.
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Moje/upoBaHe Pe4HOro cTOKa B facceiine p. JIeHbI HA 0CHOBE I'HIPOJIOTHYeCKU-KOPPEKTHOM
nudpoBoii Mogean pejabeda

A. U. Kpvinosal, H. A. Jlanmeesa®
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[Toctpoena ruaponornuecku-KoppekTHas uudposasi Moaelb penbeda dacceitna p. JIeHsl Ha OCHOBE J1aH-
HBIX pafapHoi Tonorpapuueckoil cbeMkn SRTM c paspemennem 30 cexyna. [IpoBenen aHanu3 METO10B Mpo-
CTPAaHCTBEHHOH MHTEPIOJISILIUU U TEOCTATUCTHKH. PaccMOTpeHbI ATk Hanbosiee N3BECTHBIX B HAYUYHOU JIMTe-
parype MetonoB: IDW-meron oOpaTHBIX B3BELICHHBIX PacCTOSHHMN, reocTtarucTudeckuii meton Kpure (kpu-
TUHT), METOJl MUHUMaJIbHOM KpPUBU3HBI, METO/I €CTECTBEHHOM OoKpecTHOCTH, MeTof Illenapna. IIposenen mop-
¢domerpuueckuii aHanu3 penbeda Ha OCHOBE Tomorpaduueckux KapTt Bcero OacceiHa. [{ns nposeaenust Mo-
JIeNIBHBIX PacyeTOB PEYHOr0 CTOKa Ha OCHOBE JIMHEHHON MOAEIHM BOIHOIO OajlaHca B pyciie PeKH BBIIOJIHEHA
cxemaru3auus OacceiiHa U ee PeYHOM CEeTH ¢ MPUTOKAMHU.

Pabora BeImonmHeHa B pamkax rocygapcrsenHoro 3agaans UBMuMIT CO PAH (mpoextNe 0315-2019-0004) u mpo-
rpammsl [pesnamyma PAH (mpoext Ne 0315-2018-0016).

Crucok nureparypbl

1. Zhang W., Montgomery D.R. Digital elevation model grid size, landscape, representation, and hydrologic
simulations // Water Resources Research. 1994. T.30. P.1019-1028.

2. Planchon O., Darboux F. A fast, simple and versatile algorithm to fill the depressions of digital elevation models
// Catena. 2002. T.46.2. P.159-176..

MaTteMaTHUyecKoe MOeJIMPOBaHHEe TYPOYJIEHTHBIX TeUeHUH B YCTOHYMBO CTPAaTH()UIIMPOBAHHOI cpejie:
IMUPKYJISIHAS HAJ TOPOACKHM 0CTPOBOM TeILIa

JI. U. Kypbaykas
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Maremarrueckasi MOJIEIh TOPOICKOTO OCTPOBA TEIUIa IMOCTpoeHa Ha ocHOBe RANS mpubmmkeHus BTO-
poro mopsiika 3aMbIKaHus [ 1] 1715 9MCIEHHOTO MOJIENUPOBAHUS CTPYKTYPHBIX OCOOCHHOCTEH MPOHUKAIOIIEH
TypOyJ€HTHOHN KOHBEKITHH HaJl TOPOJICKAM OCTPOBOM TEILIA MAJIOTO OTHOCUTENHFHOTO YIJIMHEHNS B YCTOWIHBO
cTpatuUITPOBaHHON atMocdepe mpu cradbom BeTpe. TypOylIeHTHBIE TIOTOKH UMITYJIhCa U TEIUTA, 3aBUCSTIITHE
OT TpexX MapaMeTPOB — KHHETUYECKON dHEPTHH TypOYIeHTHOCTH, CKOPOCTH €€ CIIEKTPaJIbHOTO PACXOIOBAHUS U
JIUCTIEPCUH TEMITEPATYPHBIX (PIYKTyalnii — HaXOIATCS M3 PEIICHHS 3aMKHYThIX AU(epeHITHaTbHBIX YpaBHe-
Hui OanmaHca. Berauciennslie 1mo tpexmapamerpuaeckomy RANS nmpuOmmkeHnio BepTHKAILHBIE pacipeaeiie-
HUS TEMIIepaTypbl HaJl OCTPOBOM TeTlIa TTOKa3bIBAIOT, YTO MPO(UIIN TeMIlepaTypsl BHyTpH (hakera HUMEIoT Xa-
pakTepHOe “B3myTHE : TeMIepaTypa BHyTpH (hakena OKa3bIBa€TCS HHUKE TEMIIepaTyphl BHE €TO Ha TOH K€ BbI-
core, GUKCHPYS TeM CaMbIM 00JacTh OTPHUIIATENHHON IJIaBY4YeCTH, BCJIECACTBHE BO3BBIMIECHHS (aKela B IIEH-
Tpe [2]. Takoe moBeneHNe TEMIEpPATyphbl ¢ BHICOTOH OTHOCHTCS K peajbHBIM HOYHBIM MOTPAHUYIHBIM CIIOSM,
KOT/Ia TIpeo0IaacT HeyCTOHIMBAsT TepMUUecKass cTparu(uKamnus (pa3BUTHE KOHBEKIINN), BCICACTBHE BOCXO-
JIATIETO TIOTOKA TEIUTa, TIPU CIIab0M OKPYIKAroIIeM BETPe B YCTOMUMBO CTPaTH(UIIMPOBAHHON OKpYKAroIIen
aTMocdaepe.

Pabora Obla BBINONIHEHA B paMKax roc3aianus IHCTHTYTa BBIYMCIUTEIEHON MaTeMaTHKK 1 MaTeMaTH4eCcKoii reodu-
3ukn CO PAH Ne 0315-2019-0004 n nipu uactuunoit punancosoit noguepxke PODU u [IpaBurenscrea HoBocnOupekoit
oOsacTu B paMKax Hay4Horo npoekra 18-48-540005.

CIMcoK TUTepaTyphl

1. Kypb6aukuii A.®., Kyp6arkas JL.U. O TypOyneaTHOM umcie [Ipanamis B yCTOWYHBO CTpaTH(GUIIUPOBAHHOM art-
MocdepHom norpanndaoM cioe // V3. PAH. dusuka armocdepst u okeana. 2010. T. 46, Ne 2. C.187-196.



Mamemamuueckoe modenuposanue 8 3a0auax husuxu ammocgepol, okeanda, KIUMamd ... 71

2. A. F. Kurbatskii and L. 1. Kurbatskaya Urban aeromechanics: Turbulent circulation and contaminant
dispersion above city in stably stratified environment AIP Conference Proceedings 2027, 030024 (2018); https://DOI.
org/10.1063/1.5065118
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CIyTHHKOBBIC CHUMKH TIO3BOJISIFOT MPOCIICKHUBATh TPASKTOPHH JIBIMOBBIX IIIJICH(OB OT BBICOTHBIX TPYO
TOL] u NpOMBIIIICHHBIX TpeANpUATHiA. [Ipu onpeaeeHHBIX METEOPOIOTUYSCKUX YCIOBUSIX HA CHUMKAaX OT-
YEeTIIMBO BUJIHA aKTHBHAS (pa3a MojabeMa JBIMOBOTO (hakelia, a ero pacinpoCTpaHEHUE MPOUCXOTUT 110 HAPaB-
JICHUSIM BEeTpa Ha BhICOTaX BLIOPOCOB [1].

B noknane uznoxeH crnoco0 BEIYUCICHUS BEPTHKAIBHBIX Mpoguieii BeTpa U koddduiueHTa TypOyIeHT-
HOro OOMEHa B IMOTPAaHUYHOM clioe aTMochepsl. MeTos OCHOBaH Ha KMCIOJIb30BAHUM CITyTHUKOBBIX CHHMKOB
JIBIMOBBIX (DAKEJIOB OT BBICOTHBIX TPYO MPOMBIIUICHHBIX TPEANPUATHIA, TAHHBIX METEOPOJIOTHUECKHUX U adpo-
JIOTUYECKUX HaOJoeHnil. Mojienb olleHuBaHus 0a3UpyeTcs Ha PEIICHUSX YPaBHEHHI 3KMaHOBCKOTO IOTpa-
HUYHOTO ciost. s . bapHayna nmpuBejieH aHanu3 pacpocTpaneHus apiMoBoro nnieida TOII-3 u npencras-
JICHBI pacueThl KOMIIOHCHTOB CKOPOCTH BETpa B HUXKHEH atMocdepe.

ITokazana BO3MOXKHOCTh MPUMEHEHHS TPEJIOKEHHOTO MOJX0/a JJIsl HCCICIOBAHUS 3arPs3HEHUST aTMOC-
(epsl ropoa.

Pabota BemmonHeHa B pamkax [oczamanus (Ne 0315-2019-0004) u mporpammer PAH Ne 51 (Ne 0315-2018-0016).
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1. Obolkin V. A., Potemkin V. L., Makukhin V. L., Chipanina Y. V., Marinayte 1. I. Low-level atmospheric jets as
main mechanism of long-range transport of power plant plumes in the Lake Baikal Region // Int. J. Environ. Studies. 2014.
Vol. 71 (3). P. 391-397.

HccaenoBanue CHeKTpaﬂbHOﬁ METOAMKH OIICHKHN YaCTOTHI IMOABJICHHS AHOMAJBbHO BBICOKHX
OKCAHNYIECCKHX BOJH
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OKcIleprMeHTaIbHBIE JJAHHBIE O CTATUCTHYECKUX CBOMCTBAaX BETPOBOTO BOJHEHHS BOIHOHN MOBEPXHOCTH
CBUJIETEIBCTBYIOT O TOM, YTO OHO C BBICOKOH TOYHOCTBHIO MOXKET OBITh OMTUCAHO OTHOPOIHBIM TayCCOBCKHM TI0-
JIEM CITy4aifHBIM TI0JIEM BO3BBIIIEHUH OTHOCHUTEIHHO CpeaHero ypoBHs [1]. PesynsraTs! Teopun BEIOPOCOB Ta-
YCCOBCKHX CITy9aiHBIX TPOIIECCOB U TIOJNEW MO3BOJSIOT BBIYUCIATH CPEIHEE YHCIIO BEIOPOCOB 3a 3aJlaHHBIN
YPOBEHb Ha OIPEACIICHHOM y4YacTKe MIIM 32 (UKCHPOBAHHBIN MPOMEKYTOK BpeMeHH [2, 3]. B Hamieit pabore
MBI UCIIOJIB3yEM ITH PE3YNIBTAThI IS OIICHKH MOSIBIICHIUS] aHOMaJIbHO BBICOKUX BOJIH-YOUHI [4].

Pa6ota BeImosHeHa pu (huHAHCOBOM momepkke Poccuiickoro honma GpyHIaMeHTaIbHBIX UCCICIOBaHUH (KO IPO-
ekta 18-31-00159).

Cricok IuTeparypsl

1. Kpsuto FO.M. CriekTpaibHble METOIbI UCCIIENOBAHUS U pacyeTa BeTpoBbIX BoMH. JI.: T'unpomereonsnar, 1966.

2. CemrukoB A.A. [IpuxiagHbie METOIBI TEOPUHU ClTydaifHbIX nponeccoB — M.:Hayxka, 1968

3. TuxonoB B.U., Xumenko B.W. BriGpock! TpaekTopuii ciyuaiiHbeix nporeccos -M.: Hayka, 1987.

4. Caiit MojaenupoBaHrue MOPCKOTO BOJIHCHHS U THTAHTCKHUX BOJH-yOwmiiil. [Dnektpon. pecype]. URL: http://osmf.
sscc.ru/~smp/RogueWaves. WEB/RogueWavesICMMG.htm (narta ooparmenust: 27.03.2019).
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HccaenoBaHue OTKJINKA ra3oruparoB J10HHBIX OTJI0KEeHUI CeBepﬂoro Jle0BUTOr0 OKeaHa
HA €CTECCTBCHHBIC U AHTPONOI¢HHbIC HU3MCHCHHU A KJIUMAaTa

B. B. Manaxosa

Hucmumym viuuciumensnol mamemamuxu u mamemamuyecxoui ceogpusuxu CO PAH
Email: malax@sscc.ru
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B nannoit paboTe uccieayeTcs COCTOSTHUE 30HBI CTa0MIBHOCTH MeTaHruaparoB CesepHoro JlegoBuToro
okeana (CJIO) u u3MeHeHne TeMIeparypbl IPUAOHHOH BOJIBI B KAUECTBE [TOTEHIUAIBHOTO (haKTOpa AUCCOLH-
Ay THAPATOB M BhlAeNeHHs MeTaHa [1]. Mbl paccmarpuBaeM /iBa BHJa Ta30BBIX THAPATOB: 1) mIyOOKOBOA-
uele Metanruapatsl CJIO, kotopsie GOPMHUPYIOTCS IPU OIAronpusTHBHIX TEPMOOAPUUECKUX YCIOBHUSIX, HAYH-
Hast ¢ Mopckux nryoun 250 M [1]; 2) MeTaHrUApaThl, CyIIECTBYIOIIUE B YCIOBHSIX MHOTOJIETHEMEP3IIBIX TOPOJ
(MMII) npu rmyoune Boasl meHee 120 M [2]. [ToimydeHbl OLIEHKH YyBCTBUTEIBHOCTH 30HBI CTAOMIBHOCTH Me-
tanruaparos (3CM) K KIMMAaTHYECKUM M3MEHEHHMSIM 32 MPOLIC/IINE HECKOIBKO ACCATUIICTHIA 1J1sl Bcei o0ia-
ctu CJIO.

[IpoBenenHbIil aHaIM3 HE MOATBEPIKIAET, UTO JIErpajalis METAaHTHJPATOB, CYIECTBYIOIUX B YCIOBH-
ax MMII, u poct smMuccuu MeTaHa U3 3TUX obnacTeil 00yCIOBICHBI COBPEMEHHBIMU U3MEHEHUSIMH KJIMMara.
Jerpagaunu nogBoAHOM MEP3IOTHI MPOUCXOAUT B PE3yJbTaTe OKEaHMYECKOH TpaHCTPECCHH, a ee HHTeHCU(U-
Kalusi MpOosIBIIsieTCs B 00acTsx pasnomoB u pudtos [3]. Kak cnencrue, HabmogaeMoe BblACICHUE METaHa C
nrenbda Mopeit Boctounoii ApKTHKH B COBpEMEHHBIN MeproA cBsizaHo He ¢ notemienneM XX-XXI Beka, a ¢
OKOHYaHKEM MOCIIEeTHETO JISTHUKOBOTo [KKIa. [1o pesynbraramM 4YMCIeHHBIX PACUETOB ITyOOKOBOAHBIC Ta30TH-
JpaThl, MIPUCYTCTBYIOIIME Ha MOPCKHX TyonHax 250-500 M pearupyet Ha U3MEHEHHMS TeMIIEPaTyphl IPHIOH-
HOU Bozbl Oonee ObicTpo. [loTenyienne B ci10e aTIaHTHYECKUX BOJHBIX MAacC OKa3bIBaeT OCHOBHOE BIUSHHUE HA
COCTOsIHME TTyOOKOBOIHBIX aPKTUUECKHUX Ia30BbIX rUApaToB. [1o HAalIMM OlleHKaM, OBBIILICHHE TEMIICPaTyphl
NPUAOHHOM BOJBI B 3TUX 00NacTsx npuselo K cokpamenuto 3CM Ha 20—40 m B nepuoxn 1990-2015 rr.

Pabora BrImonHeHa mpu GuHAHCOBOW moanepx ke Poccuiickoro ¢oHa (yHIAMEHTAIBHBIX WCCIIETOBAHUN (KOIBI
npoekToB Ne17-05-00396, 18-05-00382, 18-05-60111).

Cnucok JuTeparypbl
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3. Mamnaxosa B.B., Enncees A.B. Biusinue pudToBbIX 30H 1 TEPMOKAapCTOBBIX 03€p Ha popMHUpOBaHUE CyOaKBaIIb-
HOHW MEp3JI0THI U 30HBI CTaOWIIBHOCTH MeTaHOTHparoB meibda mops Jlantesbix B mieiicronene // Jlen u cuer. 2018. T.
58. Ne 2. C. 231-242.

BosiHoBasi JHeprusi HyHAMH

An. I Mapuyx
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B pabote paccmarpuBaroTCs BOIIPOCH IEPEX0AA SHEPTHU U3 OHOTO COCTOSHUS B APYTO€ IIPH pacupocTpa-
HEHHUH JJIMHHOM BOJIHBL. B paMKax MoJesin MEIKOH BOJIbI BBIBOJISITCSI OCHOBHBIE DHEPT€TUUECKHE COOTHOILIEHUS
NpY IBM>KEHUH BOJIHBI B OKeaHe. BBIBOIbI HOATBEP K IEHBI OMHOMEPHBIMH U IBYMEPHBIMH YHCIICHHBIMU pacye-
TaMH [IPOLIECCOB FeHEPALMH U PACIIPOCTPAHEHHS IlyHAMH Ha MOJENBHBIX peibedax qHa.

Ha ocHOBe 3HepreTH4ecKkux COOTHOLICHUH pa3paboTaH W peann30BaH METOJ YMCICHHOTO MOJEIHUpOBa-
HUS YACTUYHOTO OTPAKEHUSI JJTMHHOM BOJIHBI OT 3aTOINIEHHOTO BEPTHKAIBLHOTO Oapbepa. CyTh METOAA 3aKI0-
YaeTcs B IOCTAaHOBKE BHYTPEHHUX I'PAHUYHBIX YCIIOBHH 3a MOJBOAHBIM 0apbepoM Ha KaKJI0OM BPEMEHHOM Ila-
re pasHOCTHOM cxeMbl. MeToq MpoTecTUpOBaH Ha pe3ylibraTax JIabopaTOpHOrO MOJCIUPOBAHUS B THAPOAHU-
HaMH4ecKoM JioTke. [Ipu momomy Takoro nmoaxoaa nMpoBeieHa OLEHKa CIIOCOOHOCTH CHUXKATh BBICOTY IyHa-
MH y Oepera myTeM IMOCTaHOBKH MOABOIHBIX BEPTHKAJIBHBIX 0apbepOB y BXOAOB B OYXThI M MOPCKHE MOPTHI.
[Ipenmy1iecTBOM NOABOJHBIX OAPHEPOB MEPEN MOPCKUMHU CTEHAMHM, BO3BBIIAIOIIMMHUCS HAJ BOJOH, SIBISETCS
3HAUUTEIBHO WX OONbLIas yCTOWYNBOCTD K OMPOKUABIBAHUIO.
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YuciaeHHOe peleHrue 00paTHBIX KO (GUIMEHTHLIX 3a/1a4 JJI MoJeJieli XUMHH aTMoc(hephl
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’Hosocubupckuil 20cy0apCcmeenHblil yHugepcumen
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B pabore paccMmaTtpuBaeTcst oopatHas ko pUIMeHTHAS 3a/1a9a AT AMHAMHYECKAX MOJIEIICH POy KITHHU-
JeCTpyKIuu. Takue MOJEIH HCHOJBb3YIOTCS B HUCCICAOBAHMIX MPOIECCOB XMMUYECKOH TpaHC(HOpPMAIIHH.
Koaddurmentasie 00paTHbIC 3a1a9M HEIMHEWHOTO XapakTepa TpeOyIoT pa3padboTku d(h(HEKTHBHBIX YHCIICH-
HBIX QJITOPUTMOB C HMCIIOJIb30BAaHHEM COBPEMEHHBIX TEXHOJIOTUH MapasuIeiIbHBIX BBIYHUCICHUN. J[1s ducieH-
HOTO peNIeHUs TaKHMX 3aJlad YacTO MPUMEHSIOTCS BapHallMOHHBIE adropuT™Mbl. OHI OCHOBaHBl HA MUHUMH3a-
MU HEKOTOPOTO IIEJICBOT0 (PYHKI[MOHATA, HO TUIOXO MOJJA0TCS paciapauieTuBaHu0. Llenbio paboTh sSBIIsIeT-
csl MPUMEHEHHE JIPYTOTo MO/IX0/1a, OCHOBAaHHOTO Ha CBEJIEHNH O0paTHOH 3a7a4i K MAaTPUYHOMY YPaBHEHHIO C
MTOMOIIIBIO OIIEPATOPOB UYBCTBUTEILHOCTH, MOCTPOSCHHBIX U3 aHCAMOJIsl PEIICHUI COMpPsHKEHHBIX 3aad [1,2].
Pabora anroputma u3ydaercs YHCICHHO.

Pabora BrImosTHEHA TTpH (PMHAHCOBOI Moziepkke Poccuiickoro ona pyHIaMeHTaTBHBIX HCCIIEOBAaHUN (KO IIPO-
exta 19-07-01135), Poccniickoro nayunoro ¢onza (kox npoekra 17-71-10184).

CHucoK JuTeparypbl

1. T. W. Mapuyk O nocraHoBKe HEKOTOPbIX 00paTHbIX 3a1a4 // [loxknaner Akagemun Hayk CCCP/ Uzn. Hayka. 1964
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T.21, Nel. C.99-116.

KierouHno-aBToMaTHOE MOJCJIMPOBAHUE NMPOCTPAHCTBCHHBIX IPOIIECCOB HA TPUHAHT'YJIAIIMOHHBIX
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[Ipu pa3zpaboTKe KIETOYHO-aBTOMATHBIX MOJIEJICH PSMOYTOIBHBIE CETKH TOIYYHIN HAUOO0IbILee Pacupo-
ctpanenue. Ho 3agacTyio mpu MOAETMPOBAHUN TOTO MIIM WHOTO Tporiecca TpedyeTcs yaeT (hopMbI TOBEPXHO-
cTu. B Takux ciydasx nmpuMeHEHUE TPHAHTYISAIHOHHBIX CETOK, MO3BOJIIONIUX CTPOUTH CUCTEMBI Hemepece-
KaIOIIUXCS TPEYTOIHHUKOB C BEPIIMHAMH B OTIOPHBIX TOYKAX MMOBEPXHOCTH, ABISAETCS OoJiee MPearOITHTENb-
HBIM. AJIBTEpHATHBA B BUJIE TPUAHTYJISILIMOHHBIX CETOK MMEET NPEUMYIIECTBA, TaK KaK aJITOPUTMbI pa3OneHus
Ha TPEYTOJHHUKH WUMEIOT MEHBIIYIO BBIYHCIUTEIHHYIO CIIOKHOCTD, HEXKEIN TIPH UCTIONB30BaHUH JPYTUX TI0-
nuroHos [1].

Pabora mocBsmieHa peanu3anui IpoCcTpaHCTBeHHBIX KA-Monenelr muddy3un uist pa3TudHbIX TPUPOA-
HBIX TiporieccoB [2]. [Tomy4deHHbIe pe3yabTaThl MOTYT OBITH IPUMEHEHBI IS TIOCTPOCHUS 00JIee CIOKHBIX KOM-
Mo3UIMOHHBIX KA, B KOTOPBIX OHUM W3 IpaBuI nepexona oyner nuddysus. Peanmsoana KA-momens pac-
npocTtpaHeHus: GpoHTa (MOBEPXHOCTH, JO KOTOPOH AOIIEN MPOLECcC pacnpocTpaHeHus yactun). s aToro
MIPUMEHEH TaK Ha3bIBAEMbI KOMITO3UIIMOHHBIN KIIETOYHBII aBTOMAT, OOBIYHO HCITOB3YyEeMBbIi TP MOJIEIHUPO-
BaHUM SIBJICHUH, BKIIIOYAIOIINX HECKOIBKO PA3JINYHBIX MPOIECCOB. SIBIeHNE, Ha3bIBa€MOE arperaiueii (arpe-
ramnuei, orpaHu4eHHON Tuddy3rer) MOXKET CITy>KUTh TaKKe I MOJSITMPOBAHUS TaKUX MPOIECCOB KaK: KPH-
CTAJTU3aIHs, SIEKTPOraIbBaHU3aALNA U JIP.

Paborta BrrmonHeHa npu (prHaHCOBOH Toanepxkke Poccuiickoro Gponma GpyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exta 16-41-230175 p).
CHucok JuTeparypbl

1. EBceeB A.A., Heuaesa O.1. Knnerouno-aBromarHoe MoiesupoBanue qu(dy3noHHBIX TPOIECCOB HA TPUAHTYIISIIIN-
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2. Py6uos C.E., [TaBnoBa A.B., Ponnonos I1.P. K kieTouHO-aBTOMaTHBIM MOJIEIISIM Ha TPUAHTYJISILIMOHHBIX CETKax //
DKOJIOTMYECKHI BECTH. Hay4. IIEHTPOB YepHOMOPCKOTO AIKOHOMUYECKOTO coTpynHudecTBa. 2018, Ne 2. C. 5-11

MeToabl YCBOEHHS JAHHBIX JJIsI MoJeJeil aIiBeKIun — TH(PPy3uH — peaKInu

A. B. Ilenenxo
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3ajadqy yCBOCHUSI JAHHBIX IS MOAENIeH aaBeKun — 1uy3un — peakuu OyaeM paccMaTpUBaTh Kak Mo-
CJIEZIOBATEIILHOCTD CBSI3aHHBIX OOPATHBIX 3a1a4 € YBEJIMUUBAOIMMHUCA HA0OpaMM JaHHBIX U3MEPEHUH, KOTO-
pble IOCTYMNAIOT B IpoLecce paboTs! anroput™a. TpedyeTcs OLeHUTh (PYHKIHIO COCTOSHHS MOJCIH. YCBOCHUE
JAHHBIX OCYILECTBIISCTCS 3a CUET MOMCKA (PyHKIIMU HEOIPEAEICHHOCTH, UMEIOLINX CMBICII HCTOUHUKOB HPU-
Meceit. M3y4arorcst anropuT™Mel, B KOTOPBIX MOCIeI0BaTeIbHbIE 00paTHbIC 3a1a4i (OPMYIUPYETCS Ha OTACIb-
HBIX BPEMEHHBIX IIarax YUCICHHON CXEMBI, a TAK)KE Ha MOCJIENOBaTEIbHBIX BPEMEHHBIX HHTEpBanax. B nep-
BOM ClIy4ae JUIsl MPOLECCOB MEPEHOCa UCIOIb3YIOTCS aITOPUTMBI ¢ KBa3WHE3aBUCUMBIM YCBOCHHEM JAaHHBIX
Ha OTACIBHBIX CTAIHSIX CXEMbI pacilerieHus [1,2], a Bo BTOpoM 115 pelieHus OOpaTHBIX 3a/1ad IPUMEHSIOTCS

aJITOPUTMBI Ha OCHOBE aHCaMOJIel pelIeHni CONPsKeHHbBIX ypaBHeHul [3]. [IpousBoauTcs cpaBHEHUE PE3YIib-
TaTOB PELICHUS B peXKUME YCBOCHHUS 1 € "(puHAIBLHBIM" HAOOPOM JTaHHBIX. AJTOPUTMBI IPUMEHSIIOTCS B CIICHA-
pUH YCBOCHHUS JAHHBIX MOHUTOPHHTA B TOPOACKUX yCIOBHSIX.

Pabora BrrmonHeHa npu (puHaHCOBOU Toanepxkke Poccntickoro gonna GpyHmaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekrta 17-01-00137) B yactn mpuMeHEHHUS K TOPOACKHUM CIIeHapusaM U Poccuiickoro HayuHoTro oHAa (Ko mpoekra 17-71-
10184) B wacTn anropuT™MOB 1151 pabOTHI ¢ JAaHHBIMHU THITA H300paKeHUI HA OCHOBE OIIEPATOPOB TYBCTBUTEIHHOCTH.

Crnucok nuTeparypsl
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OHHOTO JITOPUTMA YCBOCHUS MaHHBIX B TOPOACKUX YCIOBHIX // OnTika atmocheps! u okeana. 2018. T. 31, C. 456-462.

3. Penenko, A. V. Algorithms for the inverse modelling of transport and transformation of atmospheric pollutants //
IOP Conference Series: Earth and Environmental Science, IOP Publishing. 2018. V. 211, P. 012052

IIpuMeHeHne MapaMeTpH3aluid 00PaTHOIO NepepacnpenejeHus dHeprun B Mogean okeana NEMO Ha
npumMepe KoHpurypamuu Double Gyre
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B nanno#t paboTe mccriemyeTcs MpUMEHEHNE IMapaMeTpu3aliuii 00paTHOTO TiepepacipeieleHus YHEPTUN
(kinetic energy backscatter, KEB, [1], [2]) anst Toro, 4T00bI YCHIMTH ME€30MacCIITA0HYIO0 TUHAMHUKY B MOJIEIH
okeana NEMO, na nmpumepe xkoHpuryparmuu Double Gyre [3]. BeiOpannas HamMu MOzienb SIBISETCS ""BUXPEO-
myckaromeit” (1/4 rpanmyca), T.e. Me3omaciiTabHast AMHAMUKA cllabo paspenraercs Ha ceTke. [lapamerpuzanuu
KEB momenupyroT Bo3aeicTBIE Hepa3pemaeMbIX Ha pacdeTHON ceTke BUXpei. HaMu OBITH MCClIeIOBaHbI IBa
trurra KEB mapameTpu3anuii: croxacTuueckas 1 MOIETh OTPULIATSIBHON BSI3KOCTH. J{J1 TOTO UTOOBI OIICHUTH
kagectBo KEB mapamerpu3zanuii, Mbl cpaBHUBaeM BUXPEIOIYCKAIOIHE MOJIENI C MOJIETIbIO 00Jiee BHICOKOTO
paspemenus (1/9 rpagyca). [Ipumenenne napameTpu3anuii MO3BOJSET MPUOIU3UTH BUXPEBOH MOTOK TEIUIA,
cpemntoro o Bpemenu TI1O u TepMoxanmnHHYI0 (DYHKIIMIO TOKAa K COOTBETCTBYIOIINM XapaKTEPUCTUKAM MOJIe-

JIU BBICOKOTO Pa3pelieHHs.

PaboTa BeIoMHEHA TIPU YacTUYHOM mojepkke Poccuiickoro HayuHnoro ¢gouaa (rpant Ne 17-17-01210, pa3pabor-
Ka MOJIEJICH MoACeTOYHOM TypOyaeHTHOCTH) 1 Poccuiickoro donma GpyHIaMeHTAIBHBIX HccieaoBanmid (ipoekt 18-05-
60184, pacueTsl ¢ UI€aTU3UPOBAHHON MOJIENBIO OKEaHa U aHaJIN3 Pe3yJIbTaToB).
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YuceHHoe onrcaHue Me30MacIuTaOHbIX MIPOLIECCOB Ha wIenb(e apKTHIECKUX MOpell MeeT BasKHOE 3Ha-
YeHHE AJIs1 TOHUMaHUs ITporieccoB GopMUpoBaHUs BOAHBIX Macc CeBepHOro JIeOBUTOTO OKeaHa U CEBEPHOM
AtrnanTuku. {715t 3TOro coznana cepust MoAeIeH OKpauHHBIX MOPE ¢ OAPOOHBIM IPOCTPAHCTBEHHBIM OIHCA-
HHUEM, BIOKEHHBIX B KPYITHOMACIITa0OHYIO0 MO/ielh okeana u Jipaa SibCIOM. Ocob6oe MecTo B UCCIIeJOBaHUU
OTBOJMJIOCH OTIIMCAHUIO IIPOLIecca KaCKaIuHra — IBH)KEHHIO INIOTHBIX BOAHBIX MAcC, (POPMUPYIOIIUXCS Ha MEJI-
KOBOJHBIX Y4acTKax Iielib(a, BA0Jb HAKJIOHHOTO AHA 1Ienb(a B CTOPOHY OTKPHITOro okeaHa. HanbGoiee sip-
KO TIpOIIeCC MIPOsBIsIeT cebds B paiioHe 3amaHoro nodepexns Hooii 3emiu B Mmope bapentia u B paiione Tpora
Cs. Annsl B Kapckom Mope. AHanIM3UpyIOTCS JONONMHUTEIbHbIE IOTOKH TeIljla, COIM, KOMIIOHEHT UMILYJIbCa U
BUXPEBOI SHEPIUH, CBA3aHHBIC C KACKAIUHIOM B 3TUX PaliOHaX.

CueHapuu MoJeJJMPOBAHNSI PACIPOCTPAHEHHSI BHIOPOCOB OT NMPOMbIILIEHHO-)HEPreTHUEeCKUX
00bekTOB baiikaabCKOro peruoHa

3. A. [vanosa’, B. B. Ilenenxo', JI. M. @aneiivux’
'Huemumym evluuciumenvhoil mamemamuxu u mamemamuyeckoii ceopusuxu CO PAH
2Hnemumym npupoouvix pecypcos, sxonocuu u kpuonocuu CO PAH

Email: pyanova@ommgp.sscc.ru
DOI: 10.24411/9999-017A-2019-10154

Oszepo baiikanr u ero akBaropusi, Kak HEOTbeMJIeMast 4acTh BCeMUPHOTO TIPUPOIHOTO HACTENNs, OXPaHs-
FOTCSI TOCYIapCTBOM: 37IECh 3aIpeIIeHbl MHOTHE BH/IBI IEATEIFHOCTH, CIOCOOHBIE HETAaTHBHO BO3/ICHCTBOBATH
Ha HKOCHCTEMY o3epa. TeM He MeHee, 3arpsA3HSIOIIMEe BEIIeCTBa MOCTYIAI0T B 03ePO: KaK MO pyciaMm BOJOTO-
KOB, TaK M C aTMOC(EepHBIM TEPEHOCOM BBEIOPOCOB OT MPOMBIIUIEHHBIX W YHEPTETHUECKUX OOBEKTOB, PACIo-
JIOKEHHBIX Ha JO0CTATOYHOM YIaJeHWH oT OeperoBoii nuaMUH. [Ipu mpeoOnagaromeM 3amagHoOM epeHOCe BO3-
JIyITHBIX MacC OCHOBHBIM aHTPOIIOT€HHBIM MCTOYHHKOM 3arps3HEeHni atMocdepsl Hax baiikamom BeicTymaeT
HpxyTcro-UepeMX0OBCKHI MPOMBIIUICHHBIN y3el1. KpoMe Toro, BIOJIb TOOEPEkKbs 03epa PacIoIoKEHO 3HAUN-
TeJIHHOE KOJTMIECTBO KOTEIBHBIX, YbH BEIOPOCHI TAKXKE MOTYT JIOCTHTAaTh akBaropuu baiikama. Ha ocHOBe MaTte-
MaTHYECKOTO CIIEHAPHOTO MOJIEITMPOBAHNUS TPOBOASTCS OIIEHKH BIMSHHS Pa3IHIHBIX METEOPOIOTHIECKHUX CH-
Tyalliid Ha MEPEeHOC U pacCEeMBaHUE 3arpsI3HEHUI 0T HCTOUHUKOB M pKyTCKO-HepeMXOBCKOTO MPOMBIIIIEHHOTO
KOMIUIEKCa M KOTEIbHBIX BIONb MoOepexbs baiikana. [IpeacraBieHs! pe3ynsTaThl MOJIEIBHBIX PAacueTOB, BBI-
TTOJTHEHHBIX 10 JIETHUM CIICHAPHUSIM Ha PACYETHBIX CETKaX Pa3IMYHOTO MaciITada.

Pabora B yacTu pa3BuTHsI 0230BBIX MaTEMAaTHYECKUX MOJIENIEH BhINOIHsAETCS B paMkax TeMbl Ne 0315-2019-0004 ro-
cynapctBeHHoro 3aganus UIBMuMI' CO PAH, a npoBenenue uccnenoanuii 1y baiikanbckoro peruona — npu noaaepx-
ke POOU, mpoekt Ne 17-29-05044. CoBepilicHCTBOBAHNE TEXHOIOTHH TCOMH(POPMAIIHOHHOTO COTIPOBOKICHUS UCCIIEIIO-
BaHUs — B pamkax TeMbl Ne 0386-2017-0008 roczapanus UTTPOK CO PAH.
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33213‘13 OICHUBAHHUSA IMOJA KOHINCHTPAIIMU IMTPUMECH OT IIOIIAAHOI0 MCTOYHHUKA

B. @. Panyma’, T. B. Apocnasyesa’, P. A. Amuxuwuesa’

'HUncmumym eviuucaumenvHoti mamemamuxu u mamemamudecxoti eeogpuzuxu CO PAH
’Hosocubupckuii uncmumym eucueHbsl

Email: raputa@sscc.ru

DOI: 10.24411/9999-017A-2019-10155

B noxnane paccmaTpuBaroTcs OCTAHOBKY 3aa4 OLIGHUBAHUS 110 JAHHBIM HAOIIOACHUH JIOKAJILHOTO U pe-
TMOHAJIBHOTO aTMOC(HEPHOTO 3arpsi3HEHNST TEPPUTOPHIA TUIOMAAHBIMUA HCTOYHUKaMHU. B ocHOBY 3a1au oneHu-
BaHMS TTOJIOKEHBI Pa3IMYHbIC ACHMITOTUKY PELICHUH MOTY3MITUPUIECKOT0 ypaBHEHUS TypOyaeHTHON Tuddy-
3MU B IPU3EMHOM U NIOTPAaHUYHOM CJI0sIX arMocdepsl. s pemenns nocTaBleHHbIX 33124 HEOOX0MMO, YTO-
OBl cyILIECTBYIOIIAsi CHCTEMa MOHUTOPUHTA 0OecIieurBalia JOCTOBEPHBIEC U PEIIPE3CHTATUBHBIC CBEACHUS O CO-
JiepKaHuM IpuMeceil B aTMOCepHOM BO3IyXeE.

OO0cyx)naroTcst METOABI BOCCTAHOBJICHUS MOJIEH 3arps3HEHHs] TOPOACKUX M OKOJO TOPOJCKHX TEPPHTO-
pwii, 00yCIOBICHHBIX COBOKYITHOCTBIO BBIOPOCOB MMPUMECH OT OOJIBIIOTO YKCIIa PaclpeaeeHHBIX HCTOYHUKOB
C Yy4€TOM MX MPOCTPaHCTBEHHO-BPEMEHHOM CTPYKTYpbl. I[Ipn mocTpoeHnu aaropuTMoB OLIEHUBAHUS HCIIOJb-
3yIOTCSl aCUMIITOTHYECKUE METOBI TEOPUHU MOTEHIIMANIA U 00IIKe 3aKOHOMEPHOCTH atMocepHol auddys3un
npumecu B arMmocdepe. [IpoBenena arpodamust IpeIoKeHHBIX aITOPUTMOB IPUMEHHUTEIIBHO K JaHHBIM MOHH-
TOPHHIA 3arpsI3HEHHS CHETOBOTO MOKpoBa ropoaoB HoBocubupcka, Kemeposo, bapnaymna.

Pa6ora BrmonHeHa B pamkax [oc3amanus (Ne 0315-2019-0004) u mporpammsr PAH Ne 51 (Ne 0315-2018-0016).

HaenTudukanus HCTOUHUKA B YpaBHeHHH CMOJIYXOBCKOI0 ¢ HCIOJb30BAHHEM aHCAMOJISI pelIeHui
CONPSIKEHHOI0 YPABHEHHS

A. B Canumosa'?, A. B. I[lenenxo'?
'Huemumym vluucaumenvhoil mamemamuxu u mamemamuyeckoii ceopusuxu CO PAH
’Hosocubupckutl 20cy0apCcmeenHblil yHugepcumen

Email: aksalimova@yandex.ru
DOI: 10.24411/9999-017A-2019-10156

B pabote paccmarpuBaeTcsl TUCKPETU30BAHHOE IO pa3MepaM 4JacTHull ypaBHeHHE CMOIyXOBCKOTO, KOTO-
po€ IPUMEHSICTCS I MOACITUPOBAHMS TUHAMHUKHU adPO30JIbHBIX TOMYISINUNA. )11 OIIEHOK MPOCTPAHCTBEHHO-
TO pacTpeeIICHAs a3P030JIei TI0 TaHHBIM Pa30BBIX H3MEPCHUH U 71T TPOTHO3UPOBAHUS ITOCIICICTBHIA TAKOTO
pacmpeneseHs] HeoOXOAMMO UACHTH(PUITUPOBATH HCTOYHHUK BEIOPOCOB dacTwil. [ToaTomMy mpu 06paboTke maH-
HBIX MOHUTOPHHTA COCTaBa aTMOC(ephl BOZHUKAIOT IMMOA00HBIC 0OpaTHBIC 3a/1au JTS TAKUX MOJIETICH.

B mepByro ouepenp, IS YUCICHHOTO PEIICHUS MPSMBIX M COMPSDIKEHHBIX YPaBHEHHN HCIIONB3YIOTCS
JICKPETHO-aHATMTHICCKHUE YMCIICHHBIE CXEMBI, COTTIACOBAaHHBIC B CMBICIE TokmecTBa Jlarpamxka [2]. Haiee,
Ha OCHOBE aHCAMOJIS peIIeHUH CONPSKCHHBIX YPaBHEHUH MOJIEIICH MPOIYKITUH — JECTPYKITHH, CTPOUTCS OTTe-
paTop YyBCTBUTEIHLHOCTH, MTO3BOJISIFOIINI CBECTH O0PATHYIO 3a1a9y K CEMEHCTBY KBa3WJIMHEHHBIX OTIEpaTop-
HBIX ypaBHeHUH. Pemras oOparHyto 3amady B TaKOM BHJE, MOKHO MMPUMEHUTE CTICKTPATBLHBIN METOJ aHAIn3a
omnepatopoB. s pereHus onepaTOpHBIX YpaBHEHUH UCTIONB3yeTcst MeTon Tutia Herotona-Kantoposuda [1].
B paboTe mpoBeneHBI YUCICHHOE UCCIICIOBAHUE 3TOTO AITOPUTMA U eT0 3((HEKTHBHOCTH.

Pabora BeImONTHEHA TTpH (PMHAHCOBOI Moepkke Poccuiickoro dona pyHmaMeHTaTBHBIX HCCIIEIOBAaHUN (KO TIPO-
exta 19-07-01135), Poccuiickoro nayunoro ¢onna (kox npoekra 17-71-10184).

Crmcok JuTeparypbl

1. Tlenenko A.B. Meton Hetotona — KantopoBuya ajist perieHust OOpaTHBIX 3a/1a4 WACHTH(QHUKALUK HC-
TOYHUKOB B MOJAEISIX MPOAYKIUH-AECTPYKIHH C JaHHBIMH TUIA BPeMEHHBIX psioB. // CuO. KypH. BBIUUCIL.
Maremaruku / PAH. Cu0. otn-uue. HoBocubupcek, 2019. T.22, Ne 1, C. 57-79.

2. Tlenenko A.B. CornacoBaHHBIE YUCIICHHBIE CXEMBbI JUIsl PEIICHHs HEIMHEHHBIX 00paTHBIX 3a/1a4 MJIeH-
TU(HUKALUU UCTOYHUKOB IPAJEHTHBIMH allropuT™MamMu 1 MetogaMu Hetorona-Kanraposuua // Cu6. )KypH. BbI-
guci. Maremaruku / PAH. Cu6. ora-uue. HoBocubupcek, 2018. T.21, Nel. C. 99-116.
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"Byaviiee 3emun': r1oodaJbHbIE MPO0JEeMbI H PAAHANMOHHOE 110J1€, PAAUANHOHHBINA (DOPCHHT
M JUCTAHIMOHHOE 30HAUPOBAHKE 3eMJIN

T. A. Cywresuu!, C. A. Cmpenkos', C. B. Maxcaxosa!, B. B. benog’, A. B. 3umosas’, B. B. Kozo0epoé’,
C. M. pueapur?, B. A. @ananeesa’, JI. JI. Kpacnoxymcerxas®, B. A. @omun®, I 2. Konokymun®,
A. C. Kyzomuueg’, A. A. Huxonenxo’, I1. B. Cmpaxoé’, b. M. LLlypvieun’

Hnemumym npukiaonou mamemamuru um. M. B. Kenoviwa PAH

2Unemumym onmuxu ammocgepol um. B. E 3yesa CO PAH

*Mockosckuil 2ocydapcmeennoiil ynusepcumem um. M. B. Jlomonocosa

‘Uncmumym svlyuciumensHou mamemamuxu u mamemamuyeckoi ceogusuxu CO PAH
SUnemumym @usuxu ammocgepor um. A.M. Obyxoea PAH

[Jenmpanvras asponozuieckas obcepeamopus

"Mockosckuil puzuxo-mexHuueckuil uHCmunym

Email: tamaras@keldysh.ru

DOI: 10.24411/9999-017A-2019-10157

He umeromas ananoroB B uctopuu BaxkHeWmas i Bcero denosedectBa [JIOBAJIBHAS nporpamma
"TToBectkn XXI-ro Beka" — 310 BcemupHas rnporpamma "bynymee 3emnun" [1, 2], pyHIaMeHTalIbHbIE OCHOBBI
JUTSL peai3alny KOTopoid ObuIn 3ajokeHbl B XX-M Beke Onaroaapst 1300peTeHHIO KOMITBIOTEpa U BhIXOJa ue-
JoBeka B kocMoc. CrioykHeHIme 3a/1a41 3BOJIIOLUH, KIIMMAaTa, 3KOJIOTHH, T1100aIbHOT0 MOHUTOPHUHTA U TUCTaH-
IUOHHOTO 30HaupoBanus 3emiu ([133) ¢ runepcnexTpanbHbIMU TOAX0AaMHU U HAHOAWATHOCTUKON MTPUPOAHON
cpenbl 1 00BbEKTOB IpeIaraeTcsl pacCMaTpUBaTh KakK CONMPsDKEHHBIE. DIEKTPOMarHUTHOE M3JIyUYeHHE — EANHOE
¢dusnueckoe mnosue, 00bEIUHAIOLIEE paJUallMOHHOE TI0JIe 3eMJIH C PaAMallMOHHO-aKTUBHBIMI KOMITOHEHTaMH.
Henpeononumast cio>kHOCTb IPOOJIEMBI COCTOUT B TOM, UTO JUIS MCCIIEOBAaHUMN IIJIAHETHI HE IOy CTUMBI HaTY-
paJIbHBIE AKCIIEPUMEHTHI M BOBMOKHBI TOJIbKO MOHUTOPUHT M HAOJIOJCHUS Pa3HBIMH CPEICTBAMH, C OTHOU CTO-
POHBI, a C APYTOi CTOPOHBI HA MOMEHT U3MEPEHUH paJualiy HEBO3MOKHO BOCCTAHOBHThH BECh HA0OP ONTHKO-
reoU3MYECKUX 1 ONTHKO-METECOPOIIOTHYECKUX MapaMeTpOB CUCTEMBI "aTMocdepa-cyiia-okeaH", OT KOTOPBIX
3aBUCHUT pajilalvs, 1 HEBO3MOXKHO TIOBTOPUTH YCIIOBHsI HAOMIOACHUH, TaK KaK Cpela HENpPEPbIBHO U3MCHSICT-
Csl M HUKOTZIA He MoBTOpsieTcs. M Tobko MareMarnieckoe MOJAeTUpoBaHue "0onbmKX " MPSIMBIX U 0OpaTHBIX
3aJ1a4 TEOPUH MEePEeHOCca U3IIyUEHHUs ¢ NMapajlIe]bHbIM CyNEpKOMIIBIOTUHIOM MO3BOJISET POBECTH TEOPETUKO-
pacyeTHbIC MCCIICAOBAHUS CTOJIb CIOXKHBIX MPOOJIEM U MOIyYUTh KaYECTBEHHBIC U KOJMYECTBEHHBIC OLCHKH
JUIsl aHaJIM3a U IPOTHO30B, a TaKXkKe /Ul Pa3HbIX TEMaTHYeCKUX MPUIIOKEHUH Ha ocHoOBe "cuieHapues” [3].

Pabota BrIMONHEHA TP YaCTHYHOW (pHHAHCOBOH moanepkke Poccuiickoro (oHma GpyHIaMeHTaIBHBIX HCCIEI0BaA-
Huil (kox mpoekToB 18-01-00609, 17-01-00220).

Crnucok nureparypsl

1. Future Earth. Global Research Projects. http://futureearth.org (zata obpamenwms: 25.03.2019).

2. Tlocranosnenue [Ipesmmmyma PAH Ne 103 ot 29.05.2018 O coszmanuu Komurtera PAH mo mexmyHapomHO#
nporpamme "Bynymee 3emmu". http://www.ras.ru/presidium/documents/directions.aspx?ID=de903350-994{-4474-ad66-
3aec0db3dd44 (mata obpamenns: 25.03.2019).

3. Cymxkeud T. A. Maremarndeckue moaenu nepeHoca m3mydeHus. M.: BUHOM. Jlaboparopus 3uanuii, 2005.
661 c. (mpu monaepxkke PODU).

I'eomeTpHUYecKHe aCNEeKThl THAPOAMHAMHKH KOT€ePEeHTHBIX CTPYKTYP

H. H. Qumun

HUncmumym npuxaaonoii mamemamuru um. M. B. Kenoviua PAH Mocksa
Email: oberon@kiam.ru

DOI: 10.24411/9999-017A-2019-10158

Onvcanue JMHAMHKH BUXPEBBIX CUCTEM BO3MOXKHO OCHOBE BBEJICHHS TIOTCHITHAIOB MOHXKa, Yero CTpOUM
narpankuaH (UCIolb3ys CKaJsIpHbIe MOTEeHIMANbl MOHKa U TepMOIMHAMUYECKHe cOoTHOIeH s ). [lanee npe-
o0pasyeMm JarpamKnaH ¢ IIOMOIIEI0 TpeoOpa3oBanus Jlexanapa B GyHKIHIO I aMUIbTOHA 1 BBeIeM 00001IIeH-
HBIE UMITYJIbChI, KAHOHUYECKHU COTIPSKEHHBIE C IEpEMEHHBIMU KOHHTYpanun. [lanee, NCIONIb3ys MOTyYeHHYIO
raMWJIBTOHOBY (DYHKIIHIO, OTIPE/ICIINM TaMHJIBTOHOBO MPOCTPAHCTBO HaJl MHOTooOpasueM Mowxka. [Tomydanm
K0P GUITHEHTH GYHIAMEHTATLHOTO TEH30pa TaMUIIFTOHOBA ITPOCTPAHCTBA, Jajiee ONpeaeInM Kod(hOUITMEHTHI
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Kpucroddens ans N-nuneiinoii csisHocTH. PaccmarpuBast ypaBHeHUs Diinepa—Jlarpanika ¢ MoIy4YeHHBIMH
KOd(PHUIHMEHTaMU CBS3HOCTH, MPHUXOJUM K T€OAC3MYECKHM YPaBHEHHUSIM B TaMHJIBTOHOBOM MPOCTPAHCTBE.
AHanu3upys NOTYUYEHHYIO CUCTEMY YpaBHEHHH Ie0/1e3UYeCKOTo IBUKEHNS C TOUKHU 3pEHUs] yCTOHUYHUBOCTH pe-
HICHUH, MO)KHO TOJYYUTh BaXKHbIC (PU3NYECKHUE BBIBOIBI OTHOCHTEIBHO MCXOIHOW THAPOANHAMHYECKON CH-
cremsl [1]. JIms aTOrO MBI HcceyeM BO3MOXKHOE YBEIMUYEHHE WIIM YMEHBIIEHNE PACCTOSHUS MEXy reojie-
3MYECKHMU TPaeKTOpusiMH. B pesynbrate MOKHO c(OpPMYIHPOBaTh 0OLIME KPUTEPUHU paclala U pa3pyleHHs
BUXPEBOU KOHTUHYAJIbHON CUCTEMBL.

Crmcok JuTeparypbl

1. Fimin N. N., Chechetkin V. M. The Possibility of Introducing of Metric Structure in Vortex Hydrodynamic
Systems // 2018. V. 14. N. 4. P. 495-501.

Pe3yabrarthl, 1pod/ieMsbl U NepCneKTHBLI MaTeMaTHYeCKOr0 MOAeTHPOBAHNSA THIPOTEPMOAMHAMUKH
BoJ o3epa bailikaa

E. A. I]eemosa

Hucmumym gviuucaiumensHol mamemamuxu u mamemamuyecxou eeopusuxu CO PAH

Email: e.tsvetova@ommgp.sscc.ru
DOI: 10.24411/9999-017A-2019-10159

TemaTnKka uccieo0BaHus peruoHa o3epa baiikai ¢ MoMoIIbIo YMCIEHHOTO MOJIEIMPOBAaHNs Havaja pa3Bu-
Batbest B BI[ CO AH CCCP no uannunatuse I 1. Mapuyka B koH1e 60-x rogoB npoiioro Beka. Pesyasratom
OJHOM M3 MEPBbIX paboT, B KOTOPOH y4acTBOBAJIU COTPYIHHUKH HAILIET0 HHCTUTYTA, ObUI aTiiac BOJIHEHUS U Be-
Tpa o3epa baiikan. On 00001mman 00abIION MPAaKTHUECKUI ONBIT UPKYTCKUX METEOPOJIOTOB U cozepxai oopa-
00TaHHYIO0 MaTeMaTHKaMH TUIIM3UPOBAHHYIO HHPOPMAIMIO O CTPYKTYpE TOJICH JaBIeHUs, BOJIHEHHS U BETpPa
U UX CTaTUCTHUYECKUX XapaKTepucTukax. VccienoBanue ruipoTepMOAMHAMUKH CAMOT0 03€pa Hayajaoch M03-
ke, ¢ paboT aBTopa B 70-X romax npouuioro Beka. K HacTosmeMy BpeMEHH CO3[aH U POJO0IKAET Pa3BUBATHCS
KOMIIJICKC MaTeMaTHYeCKUX MOJEIICH pa3IMyHON CTEIIEHH CIIOKHOCTH JUISL H3Y4YEHUsI POLIECCOB B NI00aIbHOM
W JIOKabHOM MaciuTabax. [Jyist ero peanuzanuu pazpadoTaHbl aITOPUTMBI, IPOTPAMMBbI U TEXHOIOTHUST MOJICITH-
poBanus. B HacTosiiee BpeMs: 6a30BOi MOAETIBIO SIBIISIETCS TPEXMEPHAsi HeCTallMOHapHasi MOJIENIb B HETHIPO-
CTaTU4ECKOM NpuOIKeHnH. [10CKONbKY THAPOAMHAMKIKA OTBETCTBEHHA 33 paclpoOCTpaHeHHE MIpUMeceii, 3a-
IPSZHSIONINX 03€PO, €CTECTBEHHBIM JONOIHEHHEM K KOMILIEKCY SIBIISIETCSl HA0Op MoAesIel IepeHoca H TpaHC-
(bopMany npuMecei.

B noknane o0cyxaaroTcsi OCHOBHBIC TPYJHOCTH PAa3BHTHS HAPABICHUS M €TO TIEPCIICKTUBBI B CBSI3HU C HO-
BBIMU TJIaHAMU 1O co3naHuio LlenTpa nudpoBoro MoHuTOpuHra o3epa. IlepcrnekTHBB MBI CBSA3BIBAEM C HC-
MOJIb30BaHMEM JIAHHBIX MOHUTOPHHTA U PEIIEHUEM TEMATHYECKHUX 3a/1ad B paMKax CLHEHApHOTO MOAX0ja, KO-
TOpBIC MPEIOCTABIISIOTCS METOAAMU MaTeMaTHYECKOTO MOJICITMPOBAHUS B paMKax BUPTYaJIbHOH J1ab0paTopuu
Ha OCHOBE YUCJIEHHBIX MOJIETEH.

Pabota BeImonHseTes mo TeMaTuke rocynapctsenHoro 3aganns UBMuMI™ CO PAH Ne 0315-2019-0004 mpu ¢punas-
coBoii mogaepskke Poccuiickoro ¢ponaa GyHIaMeHTaNbHBIX HeciaeqoBaHmi (ko mpoekra 17-01-00137).

The generalized Leith model of wave turbulence

Yu. A. Chirkunov

Novosibirsk State University of Architecture and Civil Engineering
Email: chr101@mail.ru

DOI: 10.24411/9999-017A-2019-10160

The generalization of Leith’s model of the phenomenological theory of wave turbulence with non-stationary
inhomogeneous viscosity is investigated. With the help of the special method of group classification [1], basic
models with non-trivial symmetries are obtained. Invariant solutions describing invariant submodels are found
either explicitly, or finding them reduces to solving integral equations. The physical meaning of these decisions
is indicated.. With the help of these solutions, turbulent processes are described for which “destructive waves”
exist, which have a very high kinetic energy. Turbulent processes are also investigated, for which, at the initial
moment of time and at a fixed value of the wave number, either the energy of turbulence and its rate of change,
or the energy of turbulence and its gradient are given. Under certain conditions, the existence and uniqueness
of solutions of boundary value problems describing these processes is established.
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The reported study was funded by Novosibirsk State University of Architecture and Civil Engineering (Sibstrin),
project N-4.
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Exact solutions of the nonlinear Khokhlova-Zabolotskaya-Kuznetsov hydroacoustics model

Yu. A. Chirkunov!, N. F. Belmetsev’

!Novosibirsk State University of Architecture and Civil Engineering (Sibstrin)
*Tyumen State University

Email: chr101@mail.ru

DOI: 10.24411/9999-017A-2019-10161

A three-dimensional Khokhlov-Zabolotskaya-Kuznetsov (KZK) model of the nonlinear hydroacoustics
with dissipation is described by third order nonlinear differential equation. We obtained that the (KZK) equation
admits an infinite Lie group of the transformations. We studied the submodels of rank 0 and 1, described by
the invariant solutions of the (KZK) equation. These solutions are found either explicitly, or their search is
reduced to the solution of the nonlinear integro-differential equations. For example, we obtained the solutions
that we called by "Ultrasonic knife" and "Ultrasonic destroyer". For the submodel "Ultrasonic knife" at each
fixed moment of the time in the field of the existence of the solution near a some plane the pressure increases
indefinitely and becomes infinite on this plane. The submodel "Ultrasonic destroyer" contains a countable
number of "Ultrasonic knives". With a help of the invariant solutions we researched a propagation of the
intensive acoustic waves (one-dimensional, axisymmetric and planar) for which the acoustic pressure, speed and
acceleration of its change, or the acoustic pressure, speed and acceleration of its change in the radial direction,
or the acoustic pressure, speed and acceleration of its change in the direction of one of the axes are specified
at the initial moment of the time at a fixed point. Under the certain additional conditions, we established the
existence and the uniqueness of the solutions of boundary value problems, describing these wave processes.

The reported study was funded by Novosibirsk State University of Architecture and Civil Engineering (Sibstrin),
project N-4.
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A nonlinear model of the motion of a liquid or gas in a porous medium in the presence of a source or
absorption with maximum symmetry
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For a three-dimensional nonlinear diffusion model of a porous medium with a non-stationary source or
absorption admitting a 9-parameter Lie group of transformations, all invariant solutions of rank 0 were obtained.
In particular, we obtained the solutions, which we called "a layered circular pie", "a layered spiral pie", "a
layered plane pie" and "a layered spherical pie”. The solution "a layered circular pie" describes a motion of the
liquid or gas in a porous medium, for which at each fixed moment of a time at all points of each circle from the
family of concentric circles a pressure is the same. The solution "a layered spiral pie" describes a motion of the
liquid or gas in a porous medium, for which at each fixed moment of a time at all points of each logarithmic
spiral, from the obtained family of logarithmic spirals a pressure is the same . The solution "a layered spherical
pie” describes a motion of the liquid or gas in a porous medium, for which at each fixed moment of a time at
all points of each sphere , from the family of concentric spheres a pressure is the same . A set of the solutions

"a layered circular pie", "a layered spiral pie" and "a layered spherical pie” contains the solutions describing
a distribution of the pressure in a porous medium after a point blast or a point hydraulic shock. Also this set
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contains the solutions describing a stratified with respect to the pressure a motion of liquid or gas in a porous
medium, with a very high pressure at infinity in a presence of a very strong absorption at a point. The solution
"a layered plane pie" describes a motion of the liquid or gas in a porous medium, for which at each fixed
moment of a time at all points of each plane, from the family of parallel planes a pressure is the same. A set of
the solutions "a layered plane pie" contains the solutions describing a motion of the liquid or gas in a porous
medium with a very high pressure near a fixed plane in a presence of a very strong absorption at infinity. Also
this set contains the solutions describing a motion of the liquid or gas in a porous medium with a very high
pressure at infinity in a presence of a very strong absorption on a fixed plane.
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B pabote pa3paborana MeTonuKa U3MEpEHH UCKaKEHUH BOJHOBOTO ()pPOHTA B LIIMPOKOM IOJIE 3PEHHS.
CyTb METOIUKH 3aKJIIOYAETCSI B TOM, YTO MCKA)KEHHsI BOJIHOBBIX (DPOHTOB Ha 3aJJaHHOM YHAJICHUU OT U3Mepe-
UTEJI ONPENENSIIOTCS M0 aHAINU3Y JIOKAJIBHBIX HAKIIOHOB OT Pa3HECEHHBIX B MPOCTPAHCTBE HCTOYHHUKOB CBE-
ta. [IpocTpaHcTBEeHHOE MONIOKEHUE aTMOC(EPHBIX BO3MYILECHUI Ha JIyde 3pEHHsI OLICHUBAETCS B CKPELICHHBIX
ONTUYECKUX MyuKax. [IpoBeseH Kpocc-KOppesUOHHbIN aHaJIn3 BOJTHOBBIX (DPOHTOB OT Pa3sHECEHHBIX B MPO-
CTPAHCTBE NICTOYHUKOB CBETA.

Pabora BrmonHeHa npu pruHaHCOBOU Toaaepxke rpanta [Ipesunenra PO (Homep rpanta MK-1234.2019.1).

YucjieHHbIE AJITOPUTMBI MOJCJITHPOBAHUSA I'PABUTAIIMOHHBIX TeUueHHi B aTMocd)epe

M. C. FOoun
Hnemumym evluucaiumenvrot mamemamuxu u mamemamudeckoti eeoguzuxu CO PAH

Email: m.yudin@ommgp.sscc.ru
DOI: 10.24411/9999-017A-2019-10164

Pabota smBisieTcst mpomoipkeHueM uccienoBanus [1]. UuciieHHas MaTemMaTndeckas MOACIb CKUMAEMOM
aTMoc(epsI HCTTONB3YETCS TS PacdeTa BaKHBIX XapaKTePUCTHK JBHYKEHUS TPABUTAIMOHHBIX IOTOKOB, HAIIPH-
Mep, CKOPOCTH (pOHTA ¥ AABIICHHSI HA TIOBEPXHOCTH 32 OPOTpaPHIECKUMH MPETISITCTBUAMHA PA3THIHON (POPMBI
Y KpyTU3HEBL. B manHOl paboTe cKOpocTh GPOHTA MOACIUPYETCS HETUAPOCTATUICCKON KOHETHO-IIIEMEHTHOM
MOJIETBI0 JUHAMHUKA atMocdepsl [2]. Moaenb ocHOBaHa Ha CXKUMaeMBIX ypaBHeHUsX Hawe — CTokca B e-
KapTOBOW cucTeMe KoopAauHaT. VICKyCCTBEHHAs! CKUMAEMOCTh BBOAUTCS TSI TOTO, YTOOBI C/I€TaTh OCHOBHBIE
ypaBHEHUS TUTIEPOOTUICCKIMH.

[IpoBonuTCS TecTUpOBaHKE MOIETH B MPOCTPAHCTBEHHOM ME30-MacIITade: paclpoCTpaHeHNEe IPaBUTa-
IIMOHHOTO TOTOKAa B HEHTPAIBHO CTpaTH(PHUIMPOBaHHON atMocdepe. B aToM Tecte paccuntaHHbIe 3HAUECHUS
CKOpPOCTH (PpOHTA CPAaBHUBAIOTCS C SMITUPUICCKON OopMyIIoii, BriepBhIe BBeAcHHOM T. hor Kapmanowm, a 3aTem
MOIA(DHUIIPOBAHHON 71T aTMOC(EPHBIX TPABUTAITMOHHBIX TCUCHUH HECKOIBLKUME aBTopamiu [3]. [lpuBomsiTcs
TaK)Ke Pe3yNbTaThl PACYETOB MO0 OOTEKAHHIO MIPETIATCTBUH Pa3nuIHON (POPMBI B YCTOHUIHBO CTPaTU(UITIPOBAH-
HOM atMocdepe. Pe3ynbrarel MoieTMpoBaHus CPAaBHUBAIOTCS C JOCTYITHBIMA JAHHBIMH HAOIOEHUS U pacde-
TaMH, BBITTOTHEHHBIMH TI0 IPYTHM MOJENSAM. B IeI0M IoTydeHO XOpoIliee Cormacue MeKIy pe3ylibTaTaMu Te-
CTOBBIX Pacu€TOB U TEOPHUEH.

Pabora BrinonHeHa npu puHaHCOBOH moaepkke Poccuiickoro ¢onia GyHaaMeHTanbHBIX HCCIIE0BaHUM (KOJ ITPo-
ekra 17-01-00137: uucienHoe moxenupoBanue), a takke UBMuMI' CO PAH (rocynapcreentnoe 3amanue 0315-2019-
0004: pazpaboTka 3pHEeKTHBHBIX BEIYUCIUTEIBHBIX aJITOPUTMOB).
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B noknane oOcyxnaroTcs 3KCIIEpUMEHTAIbHBIE M YHCIICHHBIC HCCIICIOBAHUS I0JICH BBINAACHUN puMe-
ceil B OKpECTHOCTSX IMPOMBILUICHHBIX MPEANPUATHI. B 0CHOBY HMccie0BaHNS MOJI0XKEHBI PE3YIbTAaThl MOHH-
TOPHHIA 3arpsI3HEHUS] CHEKHOT'O TIOKpOBa B OkpecTHOCTsIX HoBocuOupckoro 31nekrpoaHoro u VICKHTHMCKOro
LIEMEHTHOTO 3aBOJIOB, KPYIHBIX yroybHbIX TOLI.

[IpenyoxeHsl MOIEIN PEKOHCTPYKLMHU TOJICH a3p0O30JbHBIX BBINAJCHUN NPUMECEl B MOHO M IMOJIHMIH-
CIIEPCHOM HPUOIMKEHUH C UCIOIb30BaHUEM PEIKOI ceTH Touek oTOopa npol cHera. Ha maHHBIX HaTypHBIX
HaOMIOICHUH BBITIOJIHEHBI OLICHKH MapaMeTPOB MOJEJICH PEKOHCTPYKLMHU NPUMEHHUTEIBHO K paccMaTprBae-
MBIM UCTOYHHMKaM. Ha CIlyTHUKOBBIX CHUMKAaX OPEOJIOB 3arps3HEHHsI CHEXXHOTO ITOKPOBAa OKPECTHOCTEH 3THX
NPEANPUATHI TPOBEICH KOJIMYECTBEHHBII aHaIN3 (DyHKIHMOHAIBHBIX CBSI3€H C IMOMSIMH HAa3€MHBIX BbIAJCHUN
npumecei. Ouary 3arpsi3HEeHHs OT TUX UCTOYHUKOB ObUIN MPOMHICKCUPOBAHBI C TOMOLIbIO AUCKPETHOM IIIKa-
JIbl OTTEHKOB CEPOTO 1IBETA I10 HAIPaBICHHUAM JOMUHHUPYIOIINX BEIHOCOB IIpUMeceil. B 3aBucuMocTy ot TUIIOB
HCTOYHHMKOB OBUIO YCTAHOBJICHO HAJMUYUE (DYHKIMOHAIBHBIX CBSI3€H MKy JaHHBIMU Ha36MHOI'O U CITy THUKO-
BOTO MOHUTOPHHTA.

Pa6ota BeinoniHeHa B pamkax [oc3amanust (Ne 0315-2019-0004) u mporpammbl PAH Ne 51 (Ne 0315-2018-0016).
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(0] PECIICHUH OﬁpaTHBIX 32124 YMCJIEHHOH ONTHMHU3ALUN KOMIIO3UTHBIX KOHCT])VKIII/Iﬁ

E. B. Amenuna’, C. K. I'onywxo '

'Hosocubupckuil 2ocyoapcmeentviii yHugepcumen
Uncmumym eviuuciumensuvix mexronozuti CO PAH
Email: amelina.evgenia@gmail.com

DOI: 10.24411/9999-017A-2019-10166

[Ipennoxen u peannzosad 3PpQEKTUBHBIN MOAXOA K PEIICHHUIO 33]a4 YUCICHHOW ONTUMH3AINU KOMIIO-
3UTHBIX KOHCTPYKIMi. Periena 3aga4a yciIoBHON ONTUMHU3AIMH MHOTOCIOMHOTO KOMITO3UTHOTO 0aKa BBICOKO-
TO JIaBJIeHU MIPU 3aJIaHHBIX OIPAaHUYEHUSAX Ha IPOYHOCTh U BHYTPEHHUN 00beM KoHCTpyKuuu. [lapamerpamu
MPOEKTUPOBAHHMS SIBJISIFOTCS TOJIIIMHA CTEHKH, popMa Oaka 1 yroJl YKIaJIKi apMUPYIOIIIX BOJIOKOH. [IpoBeneHo
cpaBHEHHE I(PPEKTUBHOCTH TIONYYEHHBIX ONTUMAIBHBIX MPOEKTOB C PEUICHUSMH MPSIMBIX 3a1ad pacuera
HaIpsKEHHO-e)OPMUPOBAHHOTO COCTOSIHUS THOPHUIHBIX 0AKOB ¢ (PMKCHPOBAHHBIMU 3HAYEHUSIMH HCITIOJIb3Ye-
MBIX TTapaMeTpoB MpoekTuposanus [1-3].

Pabora BeImosHeHa 1pu puHAHCOBOI ogyiepkke PODU (kox mpoekra 18-29-18029).
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OKCIECPpUMCHTAJIbHAasA OIICHKA ITPOYHOCTH METAJUIOKOMIIO3UTHOT'O 6a1<a BBICOKOI'O IAaBJICHUA // BrraucaurenbHble TEXHOJIO-
run. 2016. T. 21, Ne 5. C. 3-21.

3. Awmenuna E. B., Tonymko C. K., Topros A. 1O., IOpuenxo A. B. 3agaun npoexTHpoBaHUs] MHOTOCJIOWHBIX THOPH/I-
HBIX COCY/IOB JiaBJieHUs // Be30macHOCTh M )KUBYYECTh TEXHUYECKHX CUCTEM: MaTepualibl 1 1okianbsl / V Beepoccuiickas
koH(pepenius, Kpacuosipck: Cub. denep. yu-1. 2015. T. 1. C. 34-40.

HexoTopbie BOMPOCHI TEOPHUH HACHTHOUKAIMH
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M3yuarores 3a1aun AJ1 ONEPAaTOPHBIX YPABHEHUI C TaHHBIMU MPEABICTOPUH, B YaCTHOCTH, 3a/1a4a, KOr-
Jla I3BECTHA HE TOJILKO CyOCTaHINA B HAYaJIbHBII MOMEHT BPEMEHH, HO TaK)Ke M TEH/ICHITUS, T.€. CKOPOCTh H3-
MeHeHHsI cyOcTaHnuu. B 3ToM citydae 3HaHHE oreparopa HYXKHO TOJIBKO B HadaJbHBII MOMEHT, a B OCTallb-
HOM 3aBHCHUMOCTBH OT BPEMEHHU €r0 Hen3BecTHa. [Ipu 3ToM HeoOXonrMa JOToNHUTeNbHAsS HH(OPMAIHS O pe-
mennd. [lomoOHbIe TOCTAaHOBKY 3a/1a4i XapaKTEePHBI IIPH UCCIICAOBAHUY 33]1ad YIPaBICHUS, KOHTPOIIS, MPO-
THO3a U TpoYee.

Kpowme Toro n3ydaercst ypaBHEHHE aKyCTHKH 00111eT0 BUa — ypaBHeHue bioxunanesa. /JlanHoe ypaBHeHne
MIPEJCTABIISETCS B BUJE HEOIHOPOTHOTO THIIEPOOTNIECKOTO YPaBHEHHUS MIPH 3aBUCUMOCTH KOA(D(DUITUEHTOB U
peuIeHus OT NapaMeTPOB CPEIbl, CKOPOCTH IIOTOKA, 1aBJICHUSI.

Pa6ota BeInosiHeHa pu huHAHCOBOM momepkke Poccuiickoro honma GpyHIaMeHTaIbHBIX UCCACIOBaHU (KO IIPO-
exra 18-01-00057).
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Pa3znuynble Bopockl MHTErpaIbHBIX YPAaBHEHUH MEPBOTO M TPETHETO pofa uccienoBanucs B [1-8] u [10-
11]. Ho ocHoBomonararomue pe3yapTarsl Ui MHTErpalbHbIX ypaBHeHU dpenronbMa nepBoro poja moiy-
4eHsl B [2,3], Te A pelleHus JIMHEHHBIX HHTErpalibHbIX ypaBHeHUH dpenronbsMa nepBoro pojaa mocrpoe-
HBI peryispusupymomue oneparopsl o M. M. JlaBpentseBy. B [1] 11 inHEHBIX MHTErpalbHBIX YPaBHEHUH
BonbTeppsl nepBoro U TpeThEro poja ¢ MIAAKUMM SApaMHU JOKa3aHO CYLIECTBOBAHHME MHOTroNapameTpuye-
CKOTO ceMeHcTBa pelieHuid. B [4] u3yueHsl BONpoCk! peryaspu3alui U eTUHCTBEHHOCTH PELIeHUH HEeJIHEN-
HBIX HHTETPAIbHBIX ypaBHeHUH Bonbreppa Tperbero pona. B padorax [10-11] ¢ moMomipio mOHSTHS TPOU3BO-
JTHOH 10 Bo3pacTtarouiel pyHKuuu [9] u3yueHsl CKaIsIpHbIE U CUCTEMbl HHTETPaJIbHBIX YpaBHEeHHI Bonbreppa-
Crunprbeca IepBoro 1 TpeThero poaa. B ganHo# padoTte, ¢ MOMOILBIO TOHATHS IPOM3BOAHOMN MO BO3PACTAl0-
nield QYHKUIUH U METOIOM HEOTPULATENIbHBIX KBaIPaTHYHBIX (DOPM JIOKa3bIBACTCSl €IMHCTBEHHOCTD PEIICHUM
JUTSL OTHOTO KJIACCE JIMHEHHBIX MHTErpaJIbHBIX ypaBHEHUH CTUIIBThECA EPBOTO poja C IBYMsl HE3aBUCUMBIMU
MePEMEHHBIMU.
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MHorue BOnpocsl MHTErpajbHBIX YPaBHEHMH MEPBOTO M TPETHEro poaa ucciaenoBaiuck B [1-7] u [9].
Ho ocHoBomnonararomue pe3yssTaThl A HHTETpabHBIX ypaBHEeHN dpenronbma nepBoro poaa MojyvyeHsl B
[1-2], rne nns pemeHus IMHENHBIX MHTErPajIbHbIX ypaBHEHUN Ppearoapma NEPBOTO poia MOCTPOEHBI PETYIIs-
pusupytomue oneparopsl o M.M. JlaBpentbeBy. B [4] ucciaenoBanbl BONPOCH! PErYIIpU3ALMUA U €IUHCTBEH-
HOCTH peLICHUI HEJIMHEHHBIX MHTErpajbHBIX ypaBHeHUH Bonbreppa tperbero poma. B pabote [9] ¢ momo-
IIBI0 TOHSTHS NPOU3BOIHON 1O Bo3pacTaromeil GyHKuuu [8] u3yueHsl HHTEerpajibHble ypaBHeHUs! Bonsreppa-
Crunprbeca MepBoro M TpeThero pofa. B maHHo# paboTe, ¢ MOMOLIBIO MOHATHS MPOU3BOIHON 1O BO3pacTa-
foteld QyHKIUH, METOJOM HEOTPHLATEIbHBIX KBAJAPATHUHBIX (opM M MeTonoM (YHKUIHOHAIBHOTO aHaIHu3a
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HCCICAYIOTCS BOMNPOCHI CIUHCTBEHHOCTH, yCTOI\/lI‘lI/IBOCTI/I U PErysipusupsnun peHICHI/Iﬁ JJIs OAHOI0 KJjiac-
ca JTUHEHUHBIX HUHTCTPaJIbHbIX ypaBHeHI/IP'I queI[FOHLMa-CTI/IJ'H)TLTeca MepBOro poaa ¢ AByMs HE3aBUCUMbBIMU
NEPEMCHHBIMU.
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Karanmuruueckas peaKknusa CUMHTE3a apoMaTU4Y€CKOro COCAMHCHUA N-66H31/IJ'II/I,I[CH6CH3I/IJ'IEIMI/IH3 06.]'[3,[[8.—
€T IMHUPOKUM CIICKTPOM IMPUMCHCHUS. N-6GH3I/IJ'II/I,I[6H6CH3I/III3MI/IH M3BECTCH KaK MHAUKATOP KOJINYCCTBECHHO-
TO OIIpCAC/ICHUA HHTHﬁOpFaHHqCCKHX COC,[[I/IHGHI/If/’I TUATPUMETPUYCCKUM METOAOM U SABJIACTCA UCXOAHBIM COC-
JAUHCHUEM JJIs1 CUHTE3a pdaJa reTCPOLUKIOB [1] B I[aHHOﬁ pa60Te NMOCTPOCHA KUHETUYCCKad MOJACIIb CUHTC3a
6CH3I/IHI/I,Z[GH6CH3I/IJ13MI/IH3 [2] OHpeI[CJ'ICHBI OIITUMAJIBHBIC YCJIOBUS NPOBEACHUS I[aHHOﬁ pcaKkuuu, rmpu KOTo-
PBIX JOCTUTACTCA MaKCHUMaJIbHBIA BBIXO]I [ICJICBOIO MMpoaAYyKTa [3]

CIucok JUTepaTyphl

1. AxwmeroB M.B. MHorosiiepHOCTh B 00OpaTHBIX KMHETHUECKHMX 3aj1adax // Haywselii cepBuc B cetn MHTepHer:
TIONCK HOBBIX pemeHuit: Tpy/bl MeXIyHapoHOH cynepkoMnbioTepHoi kKoH(pepenun (HoBopocceuiick, 17-22 ceHTA0ps
2012 ). M.: Uzn-Bo MI'Y, 2012. C. 656-661.

2. AxwmeroB U.B. Pa3paboTka knHETHYECKNX MOJENE peaknuii cHHTe3a apoOMaTHYECKHX M TeTePOIMKINUECKIX
COC/IMHEHUI Ha OCHOBE MHOTOSICPHBIX BBIYMCIUTENBHBIX cucTeM // IlapajienbHble BBIYMCIUTENBHBIC TEXHOJIOTHH
(ITaBT’2013): Tpyzasl MexayHapoaHol HaydHOH KoH(pepeHunu (Yemsounck, 1 amnpenst — 5 anpenst 2013 r.). YensOunck:
Wznarensckuit nentp OYpI'Y, 2013. C. 268-277.

3. AxmeroB W.B., I'ybaiinymmu WM., Cadpun P.P. MopenupoBanue peakMOHHOW CIIOCOOHOCTH XHMHYe-
CKMX peakIMii Ha OCHOBE MHOTOS/ICPHBIX BBIYMCIUTEIBHBIX cucteM // [lapansenbHble BBIYMCIUTENBHBIC TEXHOJO-
run (ITaBT’2014): Tpynsr MmexayHaponHoit Hay4dHOM koH(pepenuun (PoctoB-nHa-/lony, 1 anpens — 3 ampens 2014 r).
Yensounck: Mznarensckuit nentp IOYpl'Y, 2014. C. 203-212.

OO0 oOpaTHoii 3a1a4e NEPBOr0 JOCTHKEHUS A1 BHHEPOBCKOIO Npouecca
. H. bezbamovko!
'Vavsinosckuil 2ocyoapcmeeHHblil yHugepcument

Email: bezbatko.dmitry@gmail.com
DOI: 10.24411/9999-017A-2019-10171

B pa60Te paccMaTpuBacTCA 06paTHa51 3aa4a HICpBOro AJOCTUIKCHUA I OAHOMCEPHOI'O0 BHUHCPOBCKO-
To mpornecca, T.C. 3ajilada HaAXOXKICHUS (bYHKL[I/II/I, onpe):[enﬂ}omeﬁ MOrIOMAOIIY0 T'paHully 11O U3BCCTHOMY
pacrnpeaciCHU0 BPpEMCH NEPBOI0 JOCTUIKCHUA [1] PaCCManI/IBaIOTCFI HECKOJIBKO HpI/I6J'II/I)KeHHLIX METOA0B,
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OCHOBAHHBIX HA YMUCJICHHOM PCHICHUU CEPUN MHTCTPAJIbHBIX ypaBHGHI/Iﬁ NOJIY4YCHHBIX B [2], a TaKo)KC UX HCCHUH-
TYJISAPpHBIX aHaJiorax. HpOI/IBBOI[I/ITCSI CpaBHCHHUEC U OLICHKA TOYHOCTU JaHHBIX MCTOJOB.

CHrcok JuTepaTypol

1. Abundo M. An overview on inverse first-passage-time problem for one-dimensional diffusion processes //
Seminario Interdisciplinare di Matematica. 2015, Vol. 12, pp. 1 —44.

2. Peskir G. On integral equations arising in the first-passage problem for Brownian motion // Journal of Integral
Equations and Applications, 2002, Vol 14, Ne4, pp. 397-423.

3. Manxupos A.B., ITonsaunun A.J[. CipaBO4YHHUK 10 MHTETpaJIbHBIM ypaBHEHUSIM. MeTobl petenus. M.: @aktopuan
IIpecc, 2000.

OnTUMH3AIMOHHBIN METO/ pellIeHUs OHOI 00pATHOM 321a4M NI KHHETHYECKOr0 YpaBHeHHs
nepeHoca

K. C. Boboes

Hosocubupckuii 2ocyoapcmeennlil apxumexkmypHO-CmMpoumeibHblll YHUSEPCUMen

Email: boboev@mail.ru
DOI: 10.24411/9999-017A-2019-10172

PaccmarpuBaeTcss ONTUMHU3ALMOHHBINA CIIOCOO pelieHus ofHOW OOpaTHOH 3amadu Ui HeCTalHOHAPHO-
ro KMHETHYECKOIo YpaBHEHHUs INepeHoca HeHTpoHOB [1]. C y4eToM CONpspKeHHON 3a/laud CTPOUTCS Tpajiu-
eHT (pyHKIMOHaa, BEIOMpas HEKOTOPOE HavyadbHOE NPUOIMKEHUE ,HA OCHOBE IPAJAMEHTHOTO METOa CTPOUT-
Csl CXOJSIIIMICS MociIe0BaTeNbHOCTD pemeHus [2,3]. IloaydyeHsl olleHKH CKOPOCTH CXOAUMOCTH MPEAIOKEH-
HOT'O METo/a.

CHrcok JuTepaTyphl

1. Boboes K.C. ObocHOBaHME CXOAMMOCTH JJIsi KOHEYHO-PA3HOCTHOTO PEIICHHs OJHOH OOpaTHOM 3ajaudl Jist
P -npulnuxenns KWHETUYECKOTO ypaBHeHHUs nepeHoca. B ¢0. " Mapuykosckue HayuHble uTeHns-2018".

2. Amnganos O.M. ,AptroxuH E.A., Pymsaues C.B. DkcTpeMasibHbIe METO/IBI PEIICHHS HEKOPPEKTHBIX 33/1ad U UX
MIPUJIOXKEHUSI K 00paTHBIM 3a1a4aM Terooomena. M.: Hayka, 1988.

3. BacuneeB @.I1. Metonas! pemieHus 3kcTpeManbHbIX 3aaad. M.:Hayxka ,1981.

YucaeHHoe pelicHue 3a1a491 BeKTODHOﬁ TOMOF])a(bI/IH B orpalmqemmii ods1acTH MOJYIPOCTPaAHCTBA

B. B. boeoanos'?, E. IO. Jlepesyog’?
'Uncmumym mamemamuxu um. C. JI. Cobonesa CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: bogdanov@math.nsc.ru, dert@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10173

PaccmarpuBaroTcs 3a/1auu UHTETPAIBHON TE€OMETPHUH IO BOCCTAHOBIICHUIO CKAJISIPHBIX M BEKTOPHBIX T10-
JIeH, ToCTaBIIeHHBIE B TOMynpocTpancTBe R3+ = {(X,y,Z), Z — HEOTPHUIIATEIILHOE } C 3aJIaHHOW HAa HEM PHMaHO-
Boil MeTpukoit ds2=n2(z)(dx2+dy2+dz2), rne n(z)=1/(az+b), a,b > 0. [Iyrem BbIOOpa crieMaIbHON CUCTEMBI
HaAOMIO/ICHUS TPEXMEPHAsI 3a]1a4a CBOJIUTCS K CEPUU JIByMEPHBIX.

[IpennoxkeHbl MPUONMKCHHBIE METOAbl W AJTOPUTMBI YUCJICHHOTO PEIICHMs IMOCTABJICHHBIX 3ajad.
[IpoBeseHbI YNCIIEHHBIC YKCIIEPUMEHTHI Ha TECTOBOM MarepHalle.

Pabora BeImonHeHa mpu (uHAHCOBOW momnmepx ke Poccuiickoro ¢onaa (yHAAMEHTAIBHBIX HCCICHOBAHUNA U
Hewmenxoro HaygHO-HCCIe10BaTeNBCKOTO 00MmecTBa (kox mpoekra 19-51-12008).

Crnucok nureparypsl

1. Anikonov Yu.E., Bogdanov V.V., Derevtsov E.Yu., Miroshnichenko V.L., Pivovarova N.B., Slavina
L.B. Some approaches to a numerical solution for the multidimensional inverse kinematic problem of seismic
with inner sources. J. Inverse Ill-Posed Problems, 2009, Vol. 17, No. 3, pp. 209-238.
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Cn1aiiHOBbIIH METOA ONpeacJCeHHUA CKOPOCTHOI'O CTPOCHUSA CpeAbl B d)ORaJ'lLHbIX 30Hax 3emun

B. B. boeoanos'?, B. JI. Mupownuuenxo'?
'Unemumym mamemamuxu um. C. JI. Coboresa CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: miroshn@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10174

®dokanpHas 30Ha — 3TO O0JIACTh 3€MITH, T KOHIICHTPUPYIOTCS odaru 3emuierpsicennii. Mubopmanus o
MIPOUCXOMSIIUX 3eMIIETPICCHUSX PETHCTPUPYETCS HAa CTAHIUSX HAOIONEHUS, PACTIONOKEHHBIX B OKPECTHO-
ctH (pokaabHOH 30HBI. VICXOMHBIMU TaHHBIMU JIJISl PEIICHUST 00paTHONH KHHEMAaTHIECKOH 3a]1auu O CKOPOCTHOM
CcTpoeHUH (HOKAILHOM 30HBI CIIY)KaT KOOPJMHATHI 04aroB 3eMJICTPSCEHUH W MPUXO0/1a MPOJOIBHBIX HITU TOTIe-
PEUHBIX BOJH, IIOPOXKICHHBIMU 3eMJICTPSICEHUSAMHE, HAa CTaHIIMK HaOmoaeHus. [IpeioxkeH U mporpaMMHO pe-
aJIM30BaH METOJI PEIICHUSI TPEXMEPHOU KMHEMaTHYECKOW 33J]Jaui CEHCMHUKH, OCHOBAHHBIM Ha KOMOMHHPOBAH-
HOM HUCIOJIb30BaHUU YPaBHEHUS SUKOHAIA U METOAOB allpOKCUMAIIMU TPEXMEPHBIX Xa0TUYCCKUX HUCXOIHBIX
JIAHHBIX C MOMOIIBIO criiaxuBarIuX DMM-crutaliHoB. D(h()EeKTHBHOCTh METO/1a IEMOHCTPHUPYETCS Ha MIPUME-
pe pokanbHOM 30HBI KamuaTky.

Pabora BemonHeHa mpW (puHAHCOBOW momnmepx ke Poccuiickoro ¢onaa ¢(yHIAMEHTANBHBIX WCCICHOBAaHUNA M
Hewmenxoro HaygHO-HCCIe10BaTENBCKOTO 00mecTBa (ko mpoekra 19-51-12008).

Crucok nureparypbl

1. Anikonov Yu.E., Bogdanov V.V., Derevtsov E.Yu., Miroshnichenko V.L., Pivovarova N.B., Slavina L.B. Some
approaches to a numerical solution for the multidimensional inverse kinematic problem of seismic with inner sources. J.
Inverse I11-Posed Problems, 2009, Vol. 17, No. 3, pp. 209-238.

Magnetic permeability evaluation from toroidal coil impedance measurements using artificial neural
networks

A. V. Bondarenko!, N. N. Velker', M. Folberth’
'Baker Hughes, Russia

’Baker Hughes, GE
Email:alexey.bondarenko@bakerhughes.com
DOI: 10.24411/9999-017A-2019-10175

We propose a novel method for evaluation of magnetic permeability spectrum of the yoke placed in a
toroidal coil. The common approach uses the explicit formula valid only for non-conductive yokes in order
to calculate the magnetic permeability from the impedance values. We generalize this technique for the case
of conductive yokes. In the suggested approach we use artificial neural networks (ANNs) for calculation of
the toroid impedance and then evaluate the magnetic permeability by solving the inverse problem. ANNs are
trained on a synthetic database including the electromagnetic and geometric parameters of the coil and the
appropriate impedance values. Approach is validated by the test measurement of the coil with nickel alloy yoke
with known complex permeability and conductivity.

HeilipoceTeBoii MOAX01 K YHCJIEHHOMY PellIeHHI0O 00PaTHBIX 3314

T. B. byayesa, B. A. J/leoox
'Huemumym mamemamuxu CO PAH

Email: bugueva@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10176

PaGora mocasmieHa mpogoKeHUIO UCCIeI0OBaHMi, HadaThIX B padorax [1, 2]. PaccmarpuBaeTcs moaxom,
MIpH KOTOPOM B Ka4eCTBE MHCTPYMEHTA PEIIeHUs] OOPAaTHBIX 33/1a4 MaTeMaTHUeCKOW (PU3MKHU MCIIONB3YIOTCS
WCKYCCTBEHHBIC HEHpPOHHBIE ceTH. J{JIs penieHus 3aja4u BOCCTAaHOBIICHHUS KOXQQHUIIMEHTa Cpebl YPaBHEHHS
aHOMaJIbHOH T (dy3uH NCTIONB3YIOTCS OoJIee CII0KHBIE HEHPOHHbIE CETH, YeM PaHee PACCMOTPEHHbBIE MHOTO-
cIoiHbIe IepcenTpoHbl. [IpeuiaraoTcst HoBble KOHOUTYpAIMH HEWPOHHBIX CETEH, CPABHUBAIOTCSI TOUHOCTH
CKOPOCTb PELIECHUS ¢ KJIACCUYECKUMH METOJIaMU.

Pabora BeimonHeHa npu puHaHCOBOW ToanepxkKke Poccuiickoro Gonma GpyHIaMEeHTaTBbHBIX UCCIICIOBAHUMN (KO IIPO-
ekra 19-41-540007).
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Cnucok JuTeparypbl

1. Dedok V. A. Neural Network Solution of the Inverse Anomalous Diffusion Problem // 2017 Siberian Symposium
on Data Science and Engineering (SSDSE). Proceedings, 93-98.

2. bormapenko A.H., byryesa T.B., [lemox B.A. HeipoceTeBoii moaxoa K pemIeHII0 OOPaTHBIX 3a/1a9 TCOPHH aHO-
ManbHOU nuddy3un / Cubupckuii xKypHal HHIYCTprUaIbHOH MaTeMartukn, 2016, Tom XIX, Ne3(67), C.3-14.

Some inverse problems for elliptic equations
A. Bukhgeim

Wichita State University

Email: bukhgeym@math.wichita.edu
DOI: 10.24411/9999-017A-2019-10177

We plan to consider several inverse problems for elliptic systems and equations.

HrepanmoHHblii MeTOd HASHTH(UKAIMY MPABOH YaCTH MAapa00JHUYeCKOro YPaBHEHMs,
3aBUCALIENH OT MPOCTPAHCTBEHHBIX NMepeMeHHbIX

B. U. Bacunwes, JI. Cy

Cesepo-Bocmounsiii ghedepanvhviii ynusepcumem um. M. K. Ammocosa

Email: vasvasil@mail.ru
DOI: 10.24411/9999-017A-2019-10178

B pabote mns MHOTOMEpHOTO MapaboIMueckoro ypaBHEHUS pacCMOTpeHa oOpaTHas 3a/1ada OTpeieIeHuUs
MPaBO YacCTH, 3aBHCAIIEH TOJIBKO OT MPOCTPAHCTBEHHBIX MEPEeMEHHBIX. [|JI1 YMCIeHHOTO pelIeHus MOCTaB-
JIEHHOW 00paTHOW HadalbHO-KPAaeBOH 3a/1aud MCTIOIB3YETCS METOJI COINPSKEHHBIX TPAMEHTOB B COYETAHHUU
C METOJIOM KOHEUHBIX pPa3HOCTEH ¢ HESIBHOH aIlpOKCHMAIMEH TI0 BPEMEHH ¢ BECOBBIM MHOXuTeneM oe[0,1].
O0cyXIat0TCs Pe3ybTaThl BEIMUCIUTENIHHOTO SKCIIEPUMEHTA TSI MOJIETBHBIX 33/1a9 C KBa3WPeaTbHBIMA pellle-
HUSMU, BKJIIOYAs U 33]1a4H C yCIOBHSAMH MTEPEONpeeNIeHIs MMEIONUMHE CITy4YaiHbIe OMIHOKH.

Pabora BbImonHeHa npu (UHAHCOBOH mnoanepxke rpanta [IpaButensctBa P (morosop Nel4.Y26.31.0013) u
Poccuiickoro honna GpyHmaMeHTaIbHBIX UCCIenoBaHui (ko mpoekra 17-01-00732).

Hcnoabp30BaHne MaTeMATHYECKHX METONAO0B JJIsI pelIeHUusA CUCTEM }Il/ld)d)epel{lll/la.]'l])l-ll)lx VpaBHeHHﬁ
OINUCHIBAKIIMUX MPOIECC OKUCJICHUSA H30HDOHI/IJ16€H3OJIEI

M. K. Bosdenko, U. M. I'yoaiioynnun
Hucmumym negpmexumuu u kamanusa CO PAH
Email: Mikhail vovdenko@rambler.ru

DOI: 10.24411/9999-017A-2019-10179

OxucneHre H30NpoNnuIOeH30I1a KHUCIOPOJOM BO3lyXa SIBIISICTCS OAHOM U3 CTa Ui TEXHOIOTHYECKOTO IPO-
necca nonydeHus (peHona 1 aleToHa B T.H. KyMoJbHOM MeTtofe [ 1]. B xone qanHoN cTaauy MpOUCXOIUT XUMH-
yeckoe npespauienue nzonponuwidensona (UI1B) B ruaponepexucs nzonponunodensona (I'T1 UIIB), kotopas
BIIOCIIE/ICTBHY pacragaeTcsi Ha (eHOI U alleTOH Ha CIEAYIOIEH TEeXHOIOIMYECKOW CTa 1.

IIpouiecc oxucneHus sABIAETCS PATUKAIBHO-LIETTHBIM MPOLIECCOM, COOTBETCTBEHHO B JaHHOM peaklHu
MOJKHO BBIJIEJIUTH ONpe/IeTIeHHbIE dIeMeHTapHble cTaauu [2, 3]. [lng cocTaBneHuss MaTeMaTH4eckoil Mosieny u
ONMMCAHUS MPOTEKAHUS PEAKIIMA MOKHO MPUMEHHUTDH 3aKOH JIEHCTBYIOIINX MAcC, U Ha €r0 OCHOBE 3alHCcaTh CH-
cremy angdepeHInanbHbIX ypaBHEHUH, I pellieHusT KOTOPOH HEOOXOAMMO IPUMEHEHHE CIIeIMaIbHbIX Ma-
TeMaTH4ecKux MeTos1oB [4]. Takke onrcaHne KHHETUYECKON MOJIEIH OCIIOKHSAETCS TEM, YTO MPOLIECC OKUCIe-
HUS SIBIISIETCSI TeTepo(dazHbIM (Ta3-)KUIKOCTb), U 15l OOJIbLICH TOYHOCTH MOJIENIM HEOOXOJMMO BKITIOUCHHE B €€
COCTaB ClIaraeéMbIX, OMHMCHIBAIOLINX MaCCOOOMEHHYIO COCTaBIISIONIYIO [5].

CHHCcoK JUTepaTyphbl

1. 3akomranckuii B.M. ®eHom 1 alleTOH: aHAJIN3 TEXHOJIOTH, KHHETUKA M MEXaHU3Ma OCHOBHBIX peakiuid. — CI10.:
XUMM3IAT, 2009. — 608 c.:u.

2. Kazuo Hattori, Yuxi Tanaka, Hiroyuki Suzuki, Tsuneo Ikawa and Hiroshi Kubota. Kinetics of liquid phase
oxidation of cumene in bubble column// Journal of chemical Engineering of Japan — 1970 — P.72-78.

3. Makanen b.U., Kupnuenxo I.C., Ctpsirun E.W. u np. Kunernueckast Mozens KUIKO(pa3HOTO OKUCICHHS KyMO-
na B ruzponepexncs// Hedrexumus. — 1978- T 18 Ne 2 — C 250-255.
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4. Ty6aiinymmun U.M., Caii¢ymummna JI.B., Enukees M.P. "MHdopmanmoHHoO-aHaTUTHYECKast ©ICTEMa 00paTHBIX 3a-
Jlad XUMHUYECKoi KuHeTukn'". YuebHnoe nmocodue. M3n-¢ bamkupck. Ya-ta.- Yda, 2003. — 89 c.

5. Bhattacharya, A. Kinetic modeling of liquid phase autoxidation of cumene / Bhattacharya, A // Chemical
Engineering Journal — 2008 — P. 308-319

O0 01HOM AJITOPHUTME CTATHCTHYECKOI peryisipu3anuu

fO. B. I'nacko

Hayuno-uccnedosamenvckuii 6u1uuciumenbHulil YeHmp

Mocrosckozo eocydapcmeennozo ynugepcumema um. M. B. Jlomonocosa
Email: glaskoyv@mail.ru

DOI: 10.24411/9999-017A-2019-10180

B noknane paccmarpuBaeTcst oOpaTHas 3ajada ONpeneseHUs] HCTOYHUKA B 3aIaHHON 00NacTH B paMKax
Maremarnueckoit mogenu audp¢ysuu [1, 3]. Umercs GyHkuus pacnpeaeieHus INIOTHOCTY B HcTouHUKE. Ee To-
YyeyHasi OlleHKa [2] ocHOBaHa Ha ciy4aiiHOW BBHIOOpKE U3 PAaBHOMEPHOTO pacipezeseHns. MOIHOCTh BRIOOp-
K1 BapbupyeTcs oT | 1o 16. 3HayeHust BHIOOPKHU 3aBUCAT OT IPAHMYHOTO YCIOBUS IUIOTHOCTHU. JIJIsl KaXK 101 MO-
JIeNTd TPAaHUYHOTO YCJIOBHSI POBOIUM MO 3 YHCIICHHBIX dKCTIepUMeHTa Uit N onbIToB MeTona Monrte-Kapio
(N=300).

Pemrast o6parHyto 3aiauy Al TPAaHUYHOTO YCJIOBUS MPU 3aJlaHHOM HUCTOYHMKE [3], MBI HILEM TOUEUHYIO
OlLeHKY (DyHKLIMH pacrpe/iesieHus IIIOTHOCTH B HCTOYHHKE, KOTOPasi MUHUMHU3UPYET KBaIpaT HEBS3KH MEXKIY
paccuMTaHHBIM U 33JaHHBIM 3HAYCHUSIMH IUIOTHOCTH Ha rpaHuIe. PacyeTsl MpoBeIeHBI U IS CTIIaXKHUBaOILIe-
ro gyHKuMoHana.

CrmcoK JuTeparypbl

1. Glasko V.B. Inverse Problems of Mathematical Physics. New York: AIP. 1988.

2. TIIerrees HO.I1., ummapes U.A. Kypc Teopun BEposSITHOCTEH 1 MaTeMaTHUeCKOM CTaTUCTHKH s PU3UKOB. M.
MI'V. 1983.

2. Glasko Yuri V. Interpretation Algorithms for Hydrocarbon Deposits // Practical and Theoretical Aspects of
Geological Interpretation of Gravitational, Magnetic and Electric Fields. Switzerland: Springer. 2019. P. 113-125.

YncjieHHBIH aJITOPUTM BOCCTAHOBJICHHUS ANIIEKTPUYECKOI MPOHUIIAEMOCTH CPEAbI
B. A. /leoox

Hnemumym mamemamuxu CO PAH
Email: dedok(@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10181

B pabote uccnenyercst Y4MCICHHBIA METO/ peLICHUs] 00paTHOH 3aa41 10 BOCCTAHOBICHHIO KO PHULIEH-
Ta JAUIEKTPUUECKON MpOHUIIaeMocTH cpenibl [1]. B kauecTBe MCXOMHBIX JaHHBIX OOpaTHOMN 3a/1a4u HCIIOJIb3Y-
€TCsI MOZLYJIb BEKTOPa 3JIEKTPOMArHUTHON HANPSKEHHOCTH MJIEKTPOMATHUTHOTO TI0JIS, SIBIISIIOIIETOCS Pe3yJbTa-
TOM MHTEp(EPEHLINH ABYX MOJIEH C TOUCUHBIMU UCTOYHUKAMH. BoccTanaBniBaeMble HEOMHOPOIHOCTH AUDIICK-
TPUUYECKON MPOHUIIAEMOCTH MUMEIOT TOUCYHBIH Xapakrep. s yKkazaHHOW 0OpaTHOW 3a/auy NpeIIoKeH Ync-
JICHHBIW aJITOPUTM PELICHUS, IPUBOJSTCS TECTOBBIE PACUEThl Ha CUMYJIMPOBAHHBIX AaHHBIX, HCCIEAYIOTCS Ba-
pHaHTHI OcIabneHus TpeOoBaHui K popMe HEOTHOPOJHOCTEH.

Pabora BrrmonHeHa npu (puHaHCOBOU Toanepxkke Poccuiickoro Gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNAN (KO TIPO-
ekrta 17-01-00120), marerpammonnsm mpoektom CO PAH 0314-2018-0009.

Crucok nureparypsl

1. A.JL Kapuesckwuii, B. A. [lenok, “BoccranoBnenue xodpdunneHTa TudIeKTPUISCKOH TPOHUIIAEMOCTH 0 MO-
IIYJTI0 PACcCeSHHOTO AeKTpudeckoro mois”, Cub. xypH. HHAYCTp. MaTteM., 21:3 (2018), 50-59; J. Appl. Industr. Math.,
12:3 (2018), 470-478.
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AJITOpPUTM BbIJIeJIEHHS] YIJIOBBIX CTPYKTYP HA H300paskeHHsIX C MOMOIIbI0 MACIITAOHPYEMOT'0
HEPAPXHYECKOIO JIETEKTOpa

U. I Kazanyes', b. O. Myxamemoicanosa®, K. T. Hckaxoé’

HUncmumym eviuucaumenvHoti mamemamuxu u mamemamudeckoui eeogpuzuxu CO PAH
?Espasutickuil Hayuonanonwvlil ynueepcumem um. JI. H. ['ymunesa (Acmana, Kazaxcman)
Email: kig@ooi.sscc.ru

DOI: 10.24411/9999-017A-2019-10182

B pa60Te paccMaTpuBarOTCAd HOBbIC MACKU BBIACJICHUSA YIJIOB Ha I/I306pa)KCHI/I$IX AJIs1 MIPUMCHCHUS B Tpa-
JUIHAOHHOM METOAC CKOJIB3AIINX q)paFMCHTOB [1] VIoBBIe TOUKH SBISIOTCS Ba)KHOM JIOKAJIBHOM 0COOEHHO-
CTBIO I/I306pa)KCHI/I$I U MMPUHAJICIKAT K KJIACCY TaK HAa3bIBACMbIX TOMHWHAHTHBIX, UJIX TOYCK UHTCPECA. V1161 uH-
BAapUAHTHBI K BPpAlICHUIO 1 UBMCHCHUTIO YCJ'IOBI/Iﬁ OCBCIICHUA. Onu HCIOJIB3YIOTCA KaK OIMOPHBIC TOYKU B pa60—
TC CO CTCpeoIapaMu, KaK IIPU3HAKU B PACIIO3HABAHUU JINUI] (yFOHKI/I rna3), OTIICYATKOB IIAJIbLCB 1 6YKB B TCK-
crax. Baxnsie IMMPUIJIOKCHHUA BKIHOYAKOT TAKIKE KaJ'H/I6pOBKy KaMCp, OTCJIICIKMBAHUC ABUKXYIIUXCA 00BEKTOB B
pO6OTOTeXHI/IKC U MAllIMHHOM 3pCHUMU. CeMeiicTBO MaTpul JJid BBIACICHUS ITPOU3BOJIBHBIX YIJTIOB KOHCTPYUPY-
FOTCs pCKYPCUBHO ,E[06aBJ'I€HI/IGM CTPOK U CTOJ'I6]_[OB K MCHBIIIMM MaCKaM, OCTaBJIAA MOAMATPUILIbI HCU3MCHHBI-
MM, 10 pecajiaracMomMy B pa60Te aAJITOPpUTMY.

Pabora BrmonHEHa B paMkax rocyrapctsenHoro 3amanus UBMuMIT CO PAH (mpoext 0315-2019-0003).

Crnucok nureparypsl

1. Toncanec P., Bync P. [lupposas oOpadoTka m3obpaxkenuii. M.: Texaocdepa, 20006.

O1eHKH TOYHOCTH METO0B Pervispusanui 1 KOPPEKTHOCTH HEBBLINMYKJIBIX IKCTPEMAJIbHBIX 3a1a4

M. IO. Koxypun
Mapuiickuti 2ocyoapcmeenHulil yHUgepcumen
DOI: 10.24411/9999-017A-2019-10183

Jiist ximacca HEKOPPEKTHBIX YCIOBHBIX KCTPEMANBHBIX 3aJ[ad ¢ TOYHO 33J[aHHBIM JIOITYCTUMBIM MHOMKe-
CTBOM M MUHHMHU3UPYEMBIM (DYHKIIHOHAJIOM, JIOCTYITHBIM C MOTPEIIHOCTHIO, CTABUTCS BOIIPOC O CYIIECTBOBA-
HUH PETYISIPU3YIONINX aJITOPUTMOB C PABHOMEPHOM Ha KIlacce OIEHKOW TOYHOCTH. [Ipy ecTeCTBEHHBIX JIOTIOJI-
HUTEJBHBIX YCIOBUSAX YCTAHOBJIEHO, YTO TAKOE BO3MOXKHO JIMIIIb B TOM CIIydae, KOIjia HCXOHBIH KITacc dKCTpe-
MaJIBHBIX MPOOJIEM COCTOUT MCKIIOUUTEIHHO M3 KOPPEKTHBIX 3a/1ad. AHAIOTHYHOE YTBEPIKICHUE XOPOIIO H3-
BECTHO B TEOPUH HEKOPPEKTHBIX 0OpaTHBIX 3amad [1,c.18].

Pabora noxnep:kana MUHUCTEPCTBOM HAayKH M BhICHIEro oOpa3oBaHusi PO B pamkax rocyiapCTBEHHOIO 3aJaHuUs
(mpoexr 1.5420.2017/8.9)
CIrcoK JUTepaTypol

1. bakymunckuii A.B., Tonuapckuit A.B. UTepatuBHble METObI pElICHUsT HEKOPPEKTHBIX 3a1au. M.: Hayka, 1989.

KoHeuHoMepHbIe HTEPATHBHO PeryJisipu30BaHHbIe METO/IbI pellleHUsl HePeryJsipHbIX HeJHHeHHbIX
YPaBHEHUil
M. FO. Koxypun, O. B. Jlobanosa

Mapuiickuii 2ocydapcmeennulii yHugepcumem
DOI: 10.24411/9999-017A-2019-10184

Jist npuOIMKEHHOTO pelleH s HEPeTrysPHBIX HEMMHEHHBIX ONEepaTOpHBIX YPaBHEHUH C [TIaJKUM orepa-
TOPOM B THJIBOEPTOBOM MPOCTPAHCTBE CTPOUTCS U U3Y4aeTCs KIacC YUCICHHO Pealn3yeMbIX UTEPaTHBHO pe-
TYJISIpU30BaHHBIX MeTOAOB TuNa [ 'aycca-HpioToHa. MeTombl BKITIOYatOT 00110 KOHEUHOMEPHYIO alllpoKCcHMa-
LU0 /ISl pacCMaTprBAaeMBbIX YPaBHEHUH 1 OXBaThIBAIOT MPOEKIIMOHHYIO cxeMy [1, 2], a Takike cXembl KOJIJIOKa-
WU U KBaJApaTypHOU nuckperusanuu. Mccneayrorces uTepaluoHHbIE IPOLIECCH] ¢ aAlPUOPHBIM U alloCTEPUOP-
HBIM NpaBUIaMH ocTaHoBa. C UCIOIB30BaHNUEM CTAHAAPTHOTO YCIOBHS HCTOKONPEACTABUMOCTH yCTaHABINBA-
FOTCSI OLIEHKH TOYHOCTH JUIS alllIPOKCUMALIUI, TeHEPUPYEMBbIX MeToAaMu. [IpencraBiieHbl pe3ysbTaTsl YUCIECH-
HBIX SKCTIEPUMEHTOB ¢ MOZICIBHOM 00paTHOH 2D 3agaueili rpaBUMETpUH.

Pabora nmoxnepxana MuHHCTEpPCTBOM HayKH M BhICIIero oOpas3oBaHms PD B pamMkax rocynapcTBEHHOTO 3a/aHUS
(mmpoexr 1.5420.2017/8.9)
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2. Kokypun M.IO., Kapabanoa O.B. KoHeuHOMEpHBIN peryaspH30BaHHBIA TPAIUCHTHBIA METOJ Ul PEIICHUSI
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C.88-94.

9ddheKTHBHBIE AJTOPUTMBI PelIeHUsI HEKOTOPBIX 00PATHBIX 32124 HMMYHOJIOTHH, COIMAIbHBIX
IPOIECCOB ¥ YKOHOMHKH

0. U. Kpusopomwro'?, C. U. Kabanuxun'?
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B pabote n3ydarorcs COBMEIIEHHBIE allTOPUTMBI PEIICHS 3a/1a9 MUHUMHE3AINH [IETeBhIX (DyHKITMOHATIOB
B CMBICJIC HANMEHBIIINX KBAIPaTOB Ha MIPUMepax 3ajad uaeHTHPUKAH K03()PHUIIMeHTOB 1 HAYaIbHBIX YCIIO-
BH JIJI1 MaTEMATUYECKUX MOJIETICH UMMYHOIO0THY [ 1], COMaNBbHBIX MPOLIECCOB [2] U IKOHOMUKHU [3], OMHUCHI-
BaeMBIX CHCTEMaMH OOBIKHOBEHHBIX MU (hepeHInaIbHbIX YpaBHEHUH U ypaBHEHHUH B YACTHBIX POU3BOIHBIX.
[Ipemmaraempie adTOPUTMBI OCHOBAHBI HA METO/IaX MAIIMHHOTO OOYYEHHWS M CTOXaCTHYECKHX METO/aX ONTH-
muzanuu. [IpoBeneHa BepuQuKaIys YUCISHHBIX PaCUeTOB Ha peaTbHBIX JaHHBIX.

Pab6ota BeInosiHeHa mpu (huHAHCOBOM moaaepkke Poccuiickoro honma GpyHIaMeHTa IbHBIX UCCIACIOBaHU (KO ITPO-
ekra 18-31-20019) u Poccuiickoro Hayunoro donma (koz nmpoekra 18-71-10044).

CImcok TuTeparypsl

1. H.Th. Banks, S.I. Kabanikhin, O.I. Krivorotko, D.V. Yermolenko. A numerical algorithm for constructing
an individual mathematical model of HIV dynamics at cellular level // J. Inverse Ill-Posed Probl. 2018. V. 26, No. 6.
P. 859-873.

2. G. Dai, R. Ma, H. Wang, F. Wang, K. Xu. Partial differential equations with Robin boundary condition in online
social networks // Discrete and Continuous Dynamical Systems Series B. 2015. V. 20, No. 6. P. 1609-1624.

3. R. Engbers, M. Burger, V. Capasso. Inverse problems in geographical economics: parameter identification in the
spatial Solow model // Phil. Trans. R. Soc. A. 2014. V. 372. P. 20130402.

BJjio:kenne ABYX BbINNYKJIBIX MHOT'OYI'OJIbHUKOB B BbIHVKﬂbIﬁ MHOT'OYT'OJBbHHUK

A. U. Kynukos
HUnemumym evruucaiumenvrou mamemamuxu u mamemamudeckoui eeogpusuxu CO PAH

Email: kulikovail 2@gmail.com
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B HacTosimeid paboTe paccMarpuBalOTCs JIBE 33/1a4d Pa3MEICHHs B HETOJIBM)KHOM BBIITYKIIOM MHOTOY-
TOJILHHKE JIBYX BBITYKJIBIX IOJBHKHBIX MHOTOYTOJILHUKOB 0€3 B3aMMHOTO TepecedeHust [1].

[epBas 3amaua 3aKiItO4aeTCst B TOM, YTOOBI HAWTH BCE BO3MOXKHBIC MOJIOKEHUS MTOJBHKHBIX BBITYKIIBIX
MHOTOYTOJIBHUKOB, ITPU KOTOPBIX OHU HAXOAATCSI BHYTPH HETIOJIBMKHOTO MHOTOYTOJIbHUKA, KAcasiCh €ro U IPYT
npyra. [lpu 5ToM nepemelienne moJBUKHBIX MHOTOYTOJBHUKOB OCYIIECTBIISIETCS TOCPEIICTBOM MapaielIbHO-
ro nepeHoca. Bropas 3aiaua oTamyaercsi OT MEPBOI TEM, YTO MPHU MEPEMEIICHUH MOABIKHBIX MHOTOYTOIbHU-
KOB HMEET MECTO HE TOJIBKO MapalieNIbHbIA MEPEHOC, HO U BpallleHHe.

[Ipu pemeHrM 3TUX 3a/a4 UCHONB3YETCS METOJ XapaKTEPHUCTUUECKUX MHOXKECTB, KOTOPBIA MO3BOJISIET
CBECTH 3aJ1a4y Pa3MEIIEHHs OTHOTO MHOTOYTOIBHUKA B IPYTOM, K 33/ja4e IMPOCTOr0 FreOMETPUYECKOTro TIOMCKa
0 HaXOXKJICHUH OTIPEICTICHHON TOYKU BHYTPH XapaKTepUCTUIECKOro MHOKecTBa [2]. C 1ebi0 ONTUMH3AIUHT B
o0eux 3a7ayax UCTIOIB3YETCs almapar NpeABbIYUCICHNUN.

Crimcok nuTeparypsl
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HoBble MeTOABI IN100aJIbHOMH 1 JIOKAJbHON alOCTePHOPHOM OLIEHKH TOYHOCTH PelleHHi JHHEHHBIX
HEKOPPEKTHLIX 3a1a4

A. C. Jleonos
Hayuonanvuwiti uccnedosamenvckuii sioepruiil yrusepcumem "MHDOHU"

Email: asleonov@mephi.ru
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PaccmarpuBaroTcs skcTpeManbHbIC 332491 BEIYMCIICHUS TII00ATFHON U JIOKAJILHOM all0CTEPHOPHOH OICH-
KH TOYHOCTH MTPUOIMKSHHBIX PEIICHHI HEKOPPEKTHO MOCTaBICHHBIX 00paTHBIX 3a1ad (cM. [ 1,2]). st munei-
HBIX OOpaTHBIX 3aj]a4 B THIILOCPTOBBIX MPOCTPAHCTBAX OHU COCTOST B MAKCUMU3AIMH KBAaJIPATUYHBIX (PYHK-
LHMOHAJIOB C ABYMS KBaJpaTUUHBIMU OrpaHUYCHUsIMU. B noknane mokazaHo, Kak IpU ONPEACICHHBIX YCIIO-
BUSIX 3TH 3a/ladyll MOXKHO CBECTH K HOBOHM 3aJadye MAKCUMH3ALWU CHECIUANbHBIX, BHIMUCAHHBIX aHAJIUTHYC-
cku, muddepeHInpyeMbIx GYHKIIMOHAIOB C OJIHUM OrpaHuueHueM. [Ipeanaratorcs alropuTMbl BEIYUCICHUS
[100JIbHOM ¥ JIOKAJIBHOM arloCTEPUOPHOM OLIEHKH TOYHOCTH, OCHOBAaHHBIC Ha PEIIICHUU TAKWX HOBBIX 3aJ1ad.
O} PEeKTHBHOCTh ANTOPUTMOB MILTIOCTPUPYETCS YUCICHHBIMU IKCIIEPUMEHTAMU 110 allOCTEPUOPHOM OIECHKU
TOYHOCTH PEIICHUI MOJACIHHOW TPEXMEPHOW OOpaTHOM 3ajau MPOJODKECHUS MOTEHIMANA. JKCIIEPUMEHTHI
MOKA3bIBAOT, YTO IpE/IaracMble aJiTOPUTMbI Ja0T allOCTEPHOPHBIC OIICHKH, OJIM3KHE K UCTUHHBIM BEIUYH-
HaM TI00aTbHOW U JIOKAIBHON TOUHOCTH, U OKa3bIBAIOTCS Ooiee ObICTponeicTByoIMH (B 3—5 pa3), uem pa-
Hee pa3paboTaHHbIC aJITOPUTMBI.

Pabora BermonHeHa pu hrHAHCOBOU oaepxkke Poccuniickoro honna pyHnaMeHTaIbHBIX HCCIETOBAHNI (KO TPOEK-
Ta 17-01-00159-a) u [IporpamMmsl MOBBITIIEHUS] KOHKYPEHTOCTIOCOOHOCTH HanmoHaIbHOTO MCCIeI0BATEBCKOTO SAEPHOTO
yausepcurera MUOU (MockoBckoro nHxeHepHo-¢puzngeckoro MacTuTyTa) mpoekTt Ne02.203.21.0005 ot 27.08.2013.

Crucok nureparypsl
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Penenne TpexmMepHoii 00paTHOI 3a4a4M JIacTorpaduu Ha mapaMeTPHYECKOM KJIacce BKIIOYeHHI

A. C. Jleonos', A. H. Illapoé’, A. I Heona®
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B pabore npeacTaBieHo penieHue TpeXMEepHOI 00paTHOM 3amaun smactorpaduu. Dmactorpadus — 3TO CO-
BOKYITHOCTh METOZOB OHKOJIOTHUECKOTO FICCIEIOBAHMS TKAaHEH B MEIUIIMHE, OCHOBBIBAIOIINXCS HA Pa3Udn-
SIX B YIIPYTUX CBOMCTBAaX 30POBOM M OIMyXoJeBoi TkaHeH [1]. OOparHas 3a1a4da 3aKTF0UAeTCs B BEIYUCICHUN
YIpPYyTUX CBOMCTB TKaHH, B YaCTHOCTH pactpeneiaeHns Moayis FOHTa, 1o n3MepeHHBIM 3HAYeHUSAM BEPTHKAIb-
HBIX CMEIIeHnH TKaHu. Haii/leHHbIe BKITIOYeHNS B TKaHH, HMEIoIue Moaynb FOHra, CyIecTBeHHO TPEeBhIIIa-
foruit Mmomyns FOHra n3BecTHOTO (DOHOBOTO 3HAYEHHS, MOTYT OBITH MHTEPIPETHPOBAHBI KaK OMyXoiu. B Ha-
CTOAMIEH paboTe MPUHUMAETCS KBA3UCTATHUYEeCKask MOJIEh B AMlacTorpaduu, B KOTOPOH MpsiMasi 3a/1a4a CTaBHT-
Csl Tl M30TPOITHOTO JIMHEHHO-YIIPYTOTO TeJa, MOJBEPraeMOro MajbIM MOBEPXHOCTHBIM CokaTusiM. OHa CBO-
JIUTCS] K CHCTEME CTallMOHApHBIX A depeHnnanbHbpIX ypaBHEHUH B YaCTHBIX MPOU3BOAHBIX, OMUCHIBAIOIIIX
CBSI3b MEXK/y CMEIEHUSIMH TKaH! B YIIPYTHMHA XapaKTepUCTUKaMU TKaHU — MoxynieM FOHra n kodddunrentom
[Tyaccona, KOTOPBIH CYUTAETCA N3BECTHBIM U TIOCTOSHHBIM. J[OTIOTHUTEIHHO MPEATIONaraeTcs, 9To TeOMEeTPHS
VCKOMBIX BKJTFOUEHHH 3aJjaeTcs apaMeTprdeckn, a MOayilb KOHra BHYTpHY M BHE BKITIOYEHUH SIBIISIETCS IOCTO-
sHHON QyHKImel. Torma obpaTHas 3amada COCTOUT B HAXOKICHUH HEM3BECTHBIX: YHCIa BKIIIOUCHUH, UX T€0-
METPHUYECKUX MapaMeTpoB U Moayiel KOHTa, i pemaeTcst ¢ MOMOIIbI0 MOIU(UKAIIMN METOAA PACITHPSIONTIX-
cs kommakToB B. K. Banosa u 1. H. JlomOpoBckoii, pemmoskeHHo# B [2]. [l HaliIeHHBIX pemeHuii MpoBo-
JTUTCSI alIOCTEPUOPHAst OI[EHKa TOYHOCTH.

Pabora BeinonHeHa npu GuHaHCOBOM Toanepxkke Poccutickoro Gonma GpyHIaMEeHTaIBHBIX UCCIICIOBAHUMN (KO IIPO-
ekra N 17-01-00159).
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IMocTpoenne NpuOINKEHHOT0 PellieHNs] YPABHEHHUS THIIA CBEPTKH 110 0JU3KOMY YPABHEHHIO
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B paGore paccmarpuBaeTcs 3amada HaXOXKIEHUS TPHOIMKEHHOTO PEIIeHUsT YPaBHEHHUS THUTIA CBEPTKH Ha
OCHOBE OJIM3KOTO K HEMY YpaBHEHHUS. BIM3KOCTh MOHUMAaETCs 1o penieHu 0. JlaHHbIi ToIXo/1 MPO0IKaeT He-
cnenoBanus, m3noxkennpie F0.U. Uepckum u @.J]. I'axoBbiM B pabote [1]. OH ycnenHo npuMeHeH K CHHTY-
JISIPHBIM MHTETPaJbHBIM ypaBHEHUSM, YPaBHEHHAM THUIIA TUIABHOTO Tlepexofia, KpaeBhIM 3ajadaM Pumana n
Kapnemana Teopun aHanuTnyeckux GyHKIWN U p. B ciydae ypaBHeHUH THIIA CBEPTKHU MEPBOTO POJIa MPEJI-
JlaraeTcs B Ka4ecTBe ONIM3KUX YpaBHEHHI UCTIOIh30BaTh YPABHEHUS BTOPOTO POJia, BO3HUKAIOIIHE B PE3YIIbTa-
T€ PUMEHEHUST HEOOXOUMBIN YCIIOBUI SKCTpEMyMa JIJIsi COOTBETCTBYIOIINX PETYISPUIHPYIONNX (PYHKIINO-
HAJIOB, B KOTOPBIX YYUTHIBACTCS alpruopHas 1 Ipyras nHpopmarys o permernn. CTposTCs HTeparioHHbIE all-
TOPHUTMBEI C OIIEHKOH MOTPEITHOCTH, KaK B UCXOHBIX TPOCTPAHCTBAX, TAK U B 00JIee y3KUX MOIIPOCTPAHCTBAX.
3ameTnM, 4TO OJIHM3KHE ypaBHEHUS MOTYT OTIMYATHCS TI0 CTPYKTYPE OT UCXOJHBIX. Pemenns TomKHbBI coaep-
JKaTh OJHHU U Te K€ 0COOEHHOCTH MM OBITh aCHMITOTHUYECKHA OMU3KUMU (OJM3KUMHE IT0 HEKOTOPOU HOpME).
[IpuBeneHsb! Cirydan SIBHBIX PEIICHUH /IS COOTBETCTBYIONINX UTEPAITIOHHBIX ITPOIIECCOB.
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YacTuuHas peryjasipu3anus 0X0 00yCJ0BJIeHHBIX MATPHIL
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Perynspusanus mioxo o0yCIOBIEHHBIX MaTpul] cucteM JIAY u MynsTHKOJUTMHEAPHBIX MaTPHUI] B perpec-
CHOHHOM aHajnu3e (TpeOHeBas perpeccrs) 3aKII0UaeTCs B TOOABICHUH KO BCEM JUArOHAIBHBIM WICHAM HCXO0-
JTHOM CUMMETPHYHON MaTpHIIBI HEKOTOPOTO YHcioBoro mapamerpa [1,2]. B mokmaae paccMarpuBaeTcs BO3-
MOYKHOCTB JOOABIEHHUS PETYIUPYIOMINX ITapaMeTPOB HE KO BCEM JHArOHAJIbHBIM YICHaM, a TOJIBKO K HECKOIb-
KUM WIA OAHOMY M3 HUX. C 3TOH 1EJbI0 BBHITOMHAETCS Pa3ioKeHUe NCXOAHON MaTPHIbI 10 XOJIEIKOMY U B
MIPOIECCE PA3IOKEHUSI K MEHBIIINM THATOHAILHBIM 3JIEMEHTaM TPEYTOIIbHOW MaTpHIlbl MPUOABISIOTCS HEKO-
TOpBIEC YHCIIOBBIE 3HAYCHHSI, BCICACTBUE YETO YMCIO OOYCIOBIEHHOCTH TPEYTONBHON MaTPHIlbI YMEHbBIIALT-
cs1. Takoe HEIMOJIHOE Pa3NIOKEHHUE COBIIAJAET C MOTHBIM Pa3IOKEHWEM MaTpPHUIIbI, KOTOPas COOTBETCTBYET HC-
XOJTHOM ITOCJIe YBEITMYEHHUS €€ HEKOTOPBIX TMAaroHaIbHBIX 3JIeMEeHTOB. Jlo0aBiisieMble 3HaYeHUST MOXKHO JIeTIaTh
WJIH OIMHAKOBBIMHU JIJIST BCEX M3MEHSEMBIX JIEMEHTOB WJIH 3aBUCSIINMHU OT BETMYUHBI 3JIEMEHTa, K KOTOPOMY
ona npubasisiercs. B pesynsrare TouHoe pemenue JIAY cocrout u3 nByx 4acreit. [lepBas — pemrenue cucre-
MBI C TTapaMeTPU30BAaHHON UCXOIHOM MaTpuIlel, TPEyTroIbHOE Pa3IoKeHHEe KOTOPOH yKe BBIITOITHEHO. DTO pe-
[IEHHE MOXKET OBITh MCTIOJIb30BAHO JIJIS TTOTyYeHUsT KO3(PPHUIIMEHTOB PErpeCCHOHHOTO YPaBHEHHS C TEMH JKe
0COOCHHOCTSIMH, UTO U B TPEOHEBOM perpeccuu. Bropas — pernieHue JMHEHHONH CHCTEMBI, pa3MEPHOCTh KOTO-
pOii MEHBIIIE Pa3MEPHOCTH MCXOIHOW MATPHIIBI U paBHA KOJMUYECTBY ITapaMeTPHU30BaHHBIX 2JIEMEHTOB. B 1o-
KJ1a/1e TIPUBOMATCS PE3YIbTAThI BEIYNCIUTEIBHBIX SKCIIEPUMEHTOB.
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1. Tuxonos A.H., Apcenun B.fl. Metons! pemenns HeKOPPEeKTHBIX 3a1ad. M.: Hayka. [maBHast penakius Gpu3uKo-
MaTeMaTH4ecKoi JuTepaTypsl, 1979.
2. [Hpatiniep H., Cmut I'. IlpuknamHoit perpeccroHHbIi anammu3. M.: @uHaHCH U cTaTHCTHKA, 1986.
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Ooparnasi 3a1a4a ¢ PUMHAJLHBIM IepeonpeneJeHneM sl CBEPXYCTONYNBOM runepo0nyecKoi
CHCTEMBbI
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JluneiiHas TUHAMHYECKAsi CUCTEMa Ha3bIBAETCS CBEPXYCTOMYHMBOM, €CIIA BCE PEIICHUS 3TOW CUCTEMBbI YObI-
BalOT OBICTPEE IKCIIOHEHTHI B JIt000i# cTerien [ 1]. s inHeitHON runepOoiInuecKkol CHCTEMBI TIEPBOTO TOPSIJI-
Ka C IByMsI HE3aBUCHUMBIMU MIEPEMEHHBIMU BBIACIICH KJIACC CBEPXYCTOMUMBBIX CMEIIAHHBIX 33/]1a4 B MOJIYTIONO-
Ce C IPaHUYHBIMH yCIOBUSMH OTpakeHUsiMU [2]. JlokazaHO, 4TO CBOMCTBO CBEPXYCTOMYMBOCTHU TUIIEPOOIUYE-
CKOUW CHCTEMBI SKBHBAJICHTHO TOMY, YTO BCE PEIICHHUS pacCMATPUBACMON 331341 CTAOUIU3UPYIOTCS K HYJIIO 32
KOHEYHOE BPEMsl, HE 3aBUCSIIECE OT HAYAIBbHBIX JAHHBIX. JTO MO3BOJISIET JJIsl pacCMaTpUBACMOM 3a/1aud MOCTa-
BUTh KOPPEKTHYIO 00paTHYIO 3a/1a4y ¢ (PMHAIBHBIM MIEPEONPEICIICHUEM, /IS PEIICHHSI KOTOPOU UCIIOIb3YETCs
METO/I, NPEVIOKEHHBIH B [3].

Cnucok JuTeparyphl

1. Balakrishnan A. V. Superstability of systems, Applied Mathematics and Computation, 2005. V. 164, Ne 2,
P. 321-326.

2. Kmit I., Lyul'ko N. Perturbation of superstable linear hyperbolic systems, J. Math. Anal. Appl. 2018. V. 460, Ne 2,
P. 838-862.

3. Tuxonos B. 1., By Hryen lllon Tynr, PazpemmmocTs auHEHHONW 00paTHOM 3a/1a41 [J1sl SBOJIIOLMOHHOTO ypaBHe-
Hus ¢ cynepycroiunsoit nonyrpynnoil. Becruuk PYIH, Cepus MU®, 2018. T.26, Ne 2, ¢. 103—118.

BoccTaHoB/IeHHE BEKTOPHOIO OISl 10 COBMECTHO 3a1aHHBIM SIMP-n300pakeHusAIM U JIYVYEeBbIM
npeodpa3soBaHusIM

C. B. Manvyesa'?, E. IO. Jlepesyos,’-
HUnemumym mamemamuru um. C. JI. Cobonesa CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen
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DOI: 10.24411/9999-017A-2019-10192

[oaxon, cocTosiui B CBEIEHUH TPEXMEPHBIX 3a1a4 BOCCTaHOBIICHUS (DYHKLIMH K CEPUH ABYMEPHBIX, B TO-
Morpaguu XOpoIIO U3BECTEH, a €T0 CyTh OTPaKeHa Y>KE B CaMOM TepMHHE. B mociieiHue rofpl 3TOT MOAX07 Mo-
JY4HJI Pa3BUTHE U IPU PELICHUH 3a]]a4 BEKTOPHON U TeH30pHOM ToMorpaduu [1, 2], mocTaBieHHBIX B TOM YHC-
Jie ¥ B cpenax ¢ pedpakuueii [3]. Ilpu 3ToM B KauecTBe TOMOTpaUIECKUX JaHHBIX MOTYT BBICTYIATh HE TOIBKO
JIy4eBbIe Pe0OPa30BaHuUs BEKTOPHBIX U TEH30PHBIX mosiel, HO U uX SIMP-u3o0paxenus [4]. PaccmarpuBaercs
3aja4a BocCcTaHoBIeHUS 3D BEeKTOPHOro moist Mo cOBMECTHO 3aiaHHbIM SIMP-n300paskeHnsiM, Tpoa0IbHBIM
Y TIONIEPEYHBIM JIyYeBBIM NPE00pa30BaHUsIM, U3BECTHBIM BIIOJIb BCEX MPSIMbIX, TPUHAJICKAIINX OPTOTOHAIIb-
HBIM OCH LIMJIMHJIpA CEYEHUSM.

Pabota BbIMoOHEHA TPY YacTUUHOHN (huHAaHCOBOM mojiepxkke Poccuiickoro ¢onaa GpyHIaMeHTaIbHBIX UCCIIEN0Ba-
Huil 1 Hemenkoro Hay4HO-HCCIIEA0BaTENbCKOTO o0mecTBa (kox mpoekTa 19-51-12008).

CIIHCOK JTUTEpaTyphl
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3. IepenuoB E.1O. YUnucnennoe perienne 3a1a4un peppakiinoHHON ToMorpadun B WIHHIpHYECcKor odmactu. Cub. XK.
Wnnycrpuansnoit marem. 2015. T. 18, Ne 4(64). C. 30-41.

4. Maltseva S. V., Cherevko A. A., Khe A. K., Akulov A. E., Savelov A. A., Tulupov A. A., Derevtsov E. Yu., Moshkin
M. P., Chupakhin A .P. Reconstruction of Complex Vasculature by Varying the Slope of the Scan Plane in High-Field
Magnetic Resonance Imaging. Applied Magnetic Resonance. 2016. Vol. 47, No. 1. P. 23-39.
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O 3agauax BeKTOPHOM ToMorpadguu ¢ orpaHHYeHHbIMH JAHHBIMH

C. B. Manvyesa'?, U. E. Céemos'?, B. B. Boeoanog'”
'Unemumym mamemamuxu CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen

Email: maltsevasvi@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10193

Hpo6neMa OrpaHUYCHHUA JAHHBIX MO YITIaM BO3HUKACT B HCKOTOPBIX MOCTAHOBKAX 3aJa4 30HAUPOBAHUSA
00BEKTOB (1)H3I/I‘{€CKI/IM noJsieMm. B paMKax MaTeMaTU4ICCKUX MO,Z[CHGﬁ TOMOI‘paq)I/II/I 9TO O3HA4YacCT, YTO UCXOJHBIC
JAaHHBIC 3a1a41 N3BCCTHEI HC HA BCeil 00KOBOI MOBCPXHOCTU NUIIMH/PA, KAK B KIIACCUYCCKUX MTOCTAHOBKAX TO-
MOI‘pa(l)I/II/I, a TOJIBKO Ha €€ 4aCTH [4] Taxoe OrpaHUYCHHUC JAaHHBIX IIPUBOAUT K YBCIIMYCHHUIO CTCIICHU HCKOP-
PCKTHOCTHU 3aJa4U — IO CPABHCHUIO C KJIaCCHYECKOU 3az[aqeﬁ O6paIL[eHI/I}I Hp€06pa3OBaHI/I$1 PaI[OHa, — 1 HEOO-
XOOAUMOCTH pa3pa60TKI/1 CIICIUAJIbHBIX MCTOAOB U AJITOPUTMOB €€ PCHICHHA. B 3agagax CKaJISIpHOﬁ TOMOI'pa-
(I)I/II/I OIMPCACICHHBIX YCIICXOB YAACTCA NOCTHUYDL C IIOMOIIBIO METOJd CUHTYJISIDHOTO Pa3JIOKCHUA [1-3], npume-
HCHUEC KOTOPOIro MpEACTABIACTCA NCPCICKTUBHBIM U MPU YUCJICHHOM PCIICHUU psJia 3aaa4 BCKTOpHOﬁ TOMO-
I‘pa(l)I/II/I C OrpaHUYCHHBIMU JaHHBIMU.

Pabora BemonHeHa mpW (puHAHCOBOW momnmepx ke Poccuiickoro ¢onaa ¢(yHIAMEHTANBHBIX WCCICHOBAaHUNA M
Hewmenxoro HaygHO-HCCIe10BaTENBCKOTO 00mecTBa (ko mpoekra 19-51-12008).
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4. @. Harrepep. MaremaTmdaeckie aclieKThl KOMITbIOTEpHOM ToMorpadun. Mocksa "Mup", 1990.

YucaeHHBIN MeTOA pelieHns 3a1a91 pepaKIMOHHONI BEeKTOPHOMH ToMorpadumn B MAJINHAPE
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PaccmarpuBaeTcs 3aaqa BOCCTAaHOBJICHUS TPEXMEPHOTO BEKTOPHOTO OIS B it ape. [Ipeamonaraercs,
YTO B IMIIMHPE 3a/1aHa PUMAaHOBA METPHKA CIIeNMaIbHOTO Bra [2]. JlaHHBIMHI /17151 32,149 ABIISIOTCS TyUeBbIC
MpeoOpazoBaHMs NICKOMOTO BEKTOPHOTO TI0JISA, 33IaHHBIE Ha TTOCKOCTSIX, BRIOPAHHBIX OMPEIEIEHHBIM 00pa3oM
[1]. st arcmeHHOTo peleHus 3a1aqn 00paIeHus JIyIeBOTo MpeoOpa3oBaHusI CTPOUTCS aTOPUTM, 3aKITIOTa-
FOIIMIICS B MOCIIOHHOM BOCCTAaHOBJIEHUH COJICHOWIAJIbHOW YaCTH MCKOMOTO TIOJIA.

Pabora BhITIONIHEHA IpH (DUHAHCOBOH mojiepikke Poccuiickoro Gonaa hyHmaMeHTaTbHBIX UCCIIEI0BAHMUN (KO IPO-
ekra 18-31-00392 mon_a).

CIMCcoK TUTEpaTyphl

1. Sharafutdinov V.A. Slice-by-slice reconstruction algorithm for vector tomography with incomplete data, Inverse
Problems. 2007. Vol. 23. pp. 2603-2627.

2. E.IO. lepeios, YucnenHoe perieHue 3aaaun pepakiiMoOHHO ToMorpaduu B IHJIHHIpUICCKoi odnactu, Cuo.
JKYPH. HHAYCTp. MaTteM., 18:4 (2015), c. 30-41.

Dynamic approach to classical moments problem
A. S. Mikhaylov, V. S. MIkhaylov
St. Petersburg Department of V. A. Steklov Institute of Mathematics RAS

Email: mikhaylov@pdmi.ras.ru
DOI: 10.24411/9999-017A-2019-10195

We consider the problem of the construction of a measure supported on a real line or on a half-line from
prescribed moments. The main idea is to use the auxiliary dynamical system with the discrete time associated



Obpamnule 3a0auu 95

with a semi-infinite Jacobi matrix [1,2,3,4]. Then the inverse dynamic data for this system so called response
operator (discrete analog of a dynamic Dirichet-to-Neumann map) is given in terms of moments, and we can use
ideas of the Boundary Control method [5] to recover the spectral data, i.e. the measure of a truncated moments
problem, from dynamic one. The remarkable fact is that in our procedure we do not use the Jacobi matrix
itself. We also formulate the results on the uniqueness of the solution of Hamburger and Stieltjes moments
problems.

This work was partially supported by the RFBR (grant 18-01-00269).
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MeToa npuOIHKEHHOT0 00pPallleHUs IPH PelIeHUH 3a1a91 JTHHAMHYECKOH BeKTOPHOI ToMorpaduun
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bBynem Ha3bIBath 3a/1auy ToMOrpaduu JUHAMHUYECKOMN, €CITH N3ydaeMblii 0OBEKT JIBUXKETCS BO BPEMS TIPO-
necca cobopa jaHHbIX. [10100HbBIE TOCTAHOBKH BO3HUKAIOT, HAIPUMEP, B MEMIIMHE TPH HCCICIOBAHUN CEp/I-
1a wiy Jierkux. OJTHaKo OOJBIIMHCTBO U3BECTHBIX METOJIOB BOCCTAHOBIICHUSI OCHOBAHbI HA MPEJIIONIOKCHUH,
4TO0 00BEKT HETOJBIIKEH, IIOATOMY MTPUMEHEHUE dTHX METOJIOB B TMHAMUYECKOM Cilydae, Kak MpaBuiio, He Ja-
€T YJIOBIETBOPUTEIHHBIX PE3yITaTOB [1].

B nanHO# paboTe npejpiaraercst anropuT™M BOCCTAHOBIICHHS JIBYMEPHOTO BEKTOPHOTO MOJIsI, KOTOPOE BMe-
CTE C HOCUTEJIEM N3MEHSIETCS] BO BPEMEHH I10 M3BECTHOMY 3aKOHY. B KauecTBe HCXOIHBIX JaHHBIX UCITOIb3YIOT-
s 3HAYCHUSI TYUEBBIX MPEOOPA30BAHUI STOTO MOJS BIOJb MPSMbIX, TAPAJUICITBHBIX HATIPABICHHIO, 3aBUCSIIC-
MY OT TIOCTOSIHHOM yIJIOBOM CKOPOCTH UCTOYHUKA M3ITyUCHHS U BPEMEHHU. AJITOPUTM OCHOBAH Ha METOJIE TPH-
OJIMKEHHOTO OOpaIleHHs, KOTOPBIH paHee ObLI YCIENIHO IPUMEHEH TPU PEIICHUH JIBYMEPHOU 3a/1a4l BEKTOP-
HOW ToMOTpaduH B CTAIlHOHAPHOM cirydae [2].

Pabora BrinonHena npu Gpunancopoii nopaepxxke POOU u HHUO (mpoexr 19-51-12008).
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B paGote paccMoOTpeHBI 331a4i CONPSKEHUsS] TOHKUX BKITIOUEHHH Pa3IMYHOTO XapakTepa B ABYMEPHBIX
yopyrux tejiax. Hpez[nonaraeTca, YTO TOHKHUEC BKIIIOYCHUA U3IOTOBJICHBI U3 PA3HBIX 110 (bI/I3I/IquKI/IM Xapak-
TEPUCTUKAM MaTEPHAJIOB: OJHO M3 BKIIOUCHUN MOACIUPYIOTCS Kak Oanka bepunymnu-Diinepa, a apyroe — Kaxk
Oanka TumoreHnko. Vcciie0BaHbl ciiydan Kak OTCIOUBIIMXCS ¢ 0Opa30BaHHEM TPCIIWH BKIIOUCHUH, TaK U
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BKJIIOUEHUH Oe3 oTcimoenus. B ClIy4dasdax C HAJIMYUEM TPCHIUMHBI 3a/la4a CTABUTCA B 00J1aCTH C pa3pe3omM, Ha Oe-
perax KOTOporo 3ajat0TCd yCJIOBUS B3aUMHOI'O HEIIPOHUKAHHA. Taxkas mocTanoBka MPUBOAUT K BapHUAILITMOHHO-
MY HEPAaBCHCTBY, COOTBETCTBYIOLICMY 3aJa4€ O MUHUMUH3AIIUU q)YHKIII/IOHaJ'Ia OHEPrur Ha BBIITYKIJIIOM MHOXKC-
CTBC NOITYCTHUMBIX (bYHKIII/Iﬁ. B pa60Te BBIBOJUTCH IMOJIHAA CUCTEMA KPACBbIX yCJ'IOBI/II\/'I BHUJla paBCHCTB U HEpa-
BCHCTB, BBIIIOJHAIOMIUXCA HA I'PAHULIC, 4 TAKKC YCJIOBHUS CONPSIKCHHA B TOUKE KOHTAKTa BKIIIOUCHUN. TakuMm
o6pa30M, paccMaTpuBarOTCA 3a1a41 ¢ HCU3BCCTHBIMU I'PAHUYHBIMUA YCJIIOBUSMU. BapI/IaIII/IOHHa}l 1 IOJIyUCHHAas1
I[I/I(b(bepeHHI/IaﬂbHaSI MOCTAaHOBKH SIBJISIFOTCS B OIIPEACIICHHOM CMBICJIC SKBUBAJICHTHBIMU. I[OKa?:aHa OJHO3Ha4-
Has paspClIMMOCTDb IMMOCTABJICHHBIX 3a/1a4.

MeTtoabl penienns K03 guuueHTHOH 00paTHOM 321241 VI HeJJUHelHo# cuctembl OJ1Y
10 IKCIIEPUMEHTAJLHBIM JAHHBIM IMHPOJIN3a dTaHA

A. IO. IIpuxoowvko'?, M. A. [lTuwnenun'?3

'Hosocubupckuil 20cyoapcmeennvili yHugepcumen
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I Unemumym mamemamuru um. C.JI. Cobonesa CO PAH
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DOI: 10.24411/9999-017A-2019-10198

Uccnenyercs ko3 dunmenTHas odparHas 3aqa4a ais HenmHeHol cuctembl O/1Y, koTopas onpexaensiet
MaTeMaTH4YeCKyl0 MOJENb XUMUYeCKUX peakuuil [1]. IMeroTcs skciepuMeHTaNbHbIE 3aBUCHMOCTH KOHIIEH-
Tpauuil OTIENBHBIX COSTUHEHUI OT BpEMEHH JIsl HECKOJIbKUX 3HaueHUW Temreparypbl. OOparHas 3a1a4a co-
CTOUT B OINPEJEIIEHUN CKOPOCTEN XUMHUYECKHUX pEaKInil.

Pemienne oOpaTHOM 3amaud CBOOUTCS K MUHHMHU3ALUHM LEJEBOrO (YyHKIHOHANA TIPaJUCHTHBIMH,
HBI0TOHOBCKMME M METa’BPUCTUYECKMMH METOAAMHU.

B pabote npoBesieH cpaBHUTENILHBINA aHAJIN3 aJTOPUTMOB pelleHus: Ko3hduueHTHol oOpaTHOl 3a1aun
OIpe/IeTIEHNs] TApaMETPOB XMMHUYECKUX PEAKIUN 110 SIKCIIEPUMEHTAIBHBIM JTaHHBIM. [IpHuBeIeHb! pe3ynbTaThl
pacueToB.

Cnucok JuTeparyphl
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BosbmIMHCTBO METOIOB OLIEHKH OIIMOOK YHCICHHBIX PELICHUI IPUBOINUT K CHIIBHOMY POCTY I'PaHHML THX
omnOok. OOGpaTHBI aHAIN3 OIMOOK YCIICIIHO MPUMEHSUICS IPU OLIEHKE OLIMOOK PEIICHUHN Il CUCTEM JIMHEH-
HBIX anredpanyeckux ypasHenuil (CJIAY) [1]. Ha ocHoBe npuBeneHHBIX (JaKTOB B JOKJIaAE UCCICAYETCs pe-
TYJISIpU3aLUsl aJITOPUTMOB OLICHKH OIIMOOK YMCIICHHBIX pelieHui anddepeHnaibHbIX YpaBHEHHH, IPH PEry-
JSIPU3aLUK U3MEHSETCs eeKT (HeBsA3Ka) YHCICHHOTO PEIICHUH, CTPOSITCSA YHCICHHBIC PEILICHUs 33/1a4 C BO3-
MYIICHHOW MPaBOH 4acTbIO, a TAK)KE NPUMEHSIOTCSI METObI TPe0Opa30BaHUi HCXOAHBIX ypaBHEHUH. UTOOBI
BBIOMPATh IPAHULIBI PETYIIIPU3UPYEMOTO AJITOPUTMA, UCCIIETYETCSI aCUMIITOTUYECKAs CBSI3b MEKAY JIOKAIbHOM
MOIPEIIHOCTHIO, YaCTO MCIOIb3YEMOM AJisl moa0opa BEJIMUMHBI IIara YHCICHHBIX METOJOB PEIICHUH 3a/1a4 ¢
Ha4daJbHBIMH JaHHBIM U 1e(QEeKTOM (HEBSI3KOI), a TaKKe pa3HOCTh MEXKIY TOYHBIM PELIEHHEM BO3MYILICHHON
neeKTOM 3a1a4d U €€ YUCICHHBIM perieHueM. [IpuBoasTes mpuMepbl YUCICHHBIX PacyeToB.
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IIpuMeHeHUe cTIEKTPAJIbHBIX METOI0B K 00PATHOM IMHAMHUYECKOI 3a1aue celicMUKH A CJIOUCTOMH
cpeabl

A. A. Ceounkos
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WzyuaeTtcs BONpoc pa3peimMOCTy MIPSIMOM 1 00paTHON JUHAMUYECKUX 3a/1a4 JJIsl yIIPYTO# CIIONCTOH cpe-
JIbl, CBSI3aHHBIX C MPUKIAJHON 3a1aueii 00 onpeaeseHnH MEXaHHYEeCKUX MTapaMeTPOB MEKCKBa)KUHHOTO MPO-
CTpPaHCTBA 110 pe3yJIbTaTaM N3MEPEHHUI BOJIHOBBIX MOJIEH, MOPOKICHHBIX CKBAKUHHBIMU HCTOYHUKAMH.

PaccmarpuBaercst mporece pacipocTpaHeHUsI BOJH B YIIPYTOl Cpesie, 3alOoNHS0NIeH NOITyIpOCTPaHCTBO
JICKapTOBOM CHCTEMBbI KoopauHart. [lapaMeTpbl cpelbl pa3pbIBHBI U 3aBUCST TOJIBKO OT TIyOMHBI. BosnHOBOI
Npollecc BbI3BaH BHEITHUM MCTOYHHUKOM BO3MYIICHHUH, KOTOPBIH MOPOXKAAET INIOCKYIO BOJIHY, MaJAI0MIYIO U3
[TyOWHBI.

JlokazaHa ofHO3Ha4HAs! PAa3pEIIMMOCTh NPSMON TUHAMHUYECKON 3aaqd JUIS MOJHOH CHCTEMBI yNPYro-
CTH B COOTBETCTBYIOLIEM (PYHKIIMOHAJIBHOM MPOCTPAHCTBE M MOJYUYCHO CIIEHUATBFHOE MPEACTABICHHE I €¢
pemiernsi. C TIOMOIIBIO CIIEKTPAJIbHBIX METONOB TeOpuH AH((EepeHIHaIbHBIX ONEpaTOpOB HCCIIEAOBAH BO-
npoc 00 ONpeAesICHNH aKyCTHYECKOTO MMIIeJaHca CpeAbl MO pe3yibTaraM M3MEpeHHH BOJHOBBIX IOJICH Ha
MOBEPXHOCTH.

Paborta BermonHeHa npu (prHaHCOBOH Toanepxkke Poccuiickoro gonma GpyHmaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-01-00649).

On a weakly ill-posed problem of integral geometry with a perturbation on a family of broken lines
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We study the problem of recovering a function in a strip from known integrals from it with a given weight
function along the broken lines. Which integration is performed is uniquely parameterized by the coordinates
of its vertices over the broken line. Inversion formula is received. Uniqueness theorem to solution of considered
problem of integral geometry with perturbation in a class of smooth functions compactly supported in a strip is
proved. Estimates of stability of solution to the problem in Sobolev's spaces shows its weak ill posedness.

Analytical and numerical regularization solution of the problem of integral geometry on the families of
parabolic and broken lines

A. K. Seidullaev!, G. M. Djaykov’

'Karakalpak state university
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We study problems of reconstruction of a function in a strip from their given integrals with known weight
function along parabolic family and polygonal lines. We obtained analytic inversion formulas for the solutions
to the problems in the class of smooth finite functions. Using these representations, we proved uniqueness and
existence theorems to solutions in the class of finite functions with support in a strip. We obtain stability estimates
of solutions to the problems in Sobolev's spaces and thus show weak ill-posedness of these problems. Using
these theoretical results, we restore a function from given tabular integral data. We construct regularization
procedures based on obtained analytical representations for considered problems with noisy data. Analyzing
results of numerical experiments, we make a conclusion that applied algorithms are sufficiently effective.
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O0yCI0BJIEHHOCTL 00PATHLIX 32124 M HTEPallMOHHbIE METOALI HX pellIeHus

C. b. Copoxun'?
HUncmumym eviuucaumenvHoti mamemamuxu u mamemamudecxoti eeogpuzuxu CO PAH
’Hogocubupckuii 20cy0apcmeeHHblil YHUSEPCUmen
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[Ipu yncnennoM pemieHny 3aaa4u Komm As1s SJUIMNTHYECKUX YPaBHEHUH OHUM M3 ITUPOKO HCIIOJIb3Yye-
MBIX TIO/IXOJIOB SIBJISIETCS CBEJICHUE ee K 00paTHoii 3aaue (cM., Hanpumep, [1, 2]). HekoppekTHOCTh HCXOAHOM
3aJ]a4M OTpa)kaeTcsl Ha CBOMCTBaX onepaTopa oOpaTHOMN 3a1a4u B BUJE OYEHb OOJIBIION 00YCIOBICHHOCTH €T0
JCKpeTHOTro aHanora. Kak cienctBue, IpUMEHEHHE SIBHBIX CTALIMOHAPHBIX UTEPAIIMOHHBIX METOJOB ISl Ha-
XOXKJICHHSI PELICHHUS] COOTBETCTBYIOILIETO OIIEPAaTOPHOIO YPAaBHEHHUS C 331aHHON TOYHOCTBIO TPEOYyeT BHIIOJIHE-
HUSI OYCHb OOJIBIIOTO YHCIIa UTepaluii (IPOMOPUHOHAIEHOTO 3HaYEHUIO 00yCIoBIeHHOCTH) [3].

C apyroii cTopoHBI, KaK TOKa3bIBalOT NMPOBEACHHBIC B [4] nccienoBanus, B clIy4yae CTaHAaPTHBIX pacyeT-
HBIX 00acTel (MpsSMOYTOJIBHUK, KPYT) IpH peiennu 3aaadn Komm ans ypasaenus Jlamnaca meton pasaene-
HUSI TIEPEMEHHBIX MO3BOJISICT CTPOUTH SKOHOMHYHBIC MPSIMbIE YUCICHHBIE alrOpuTMbl. [IpuMeHeHne Takoro
COpTa aNropuTMOB B KaueCTBE MpeaoOyCIoBIMBaTe/IeH MPUBOAUT K HESIBHBIM JABYXCIOWHBIM UTEPAllMOHHBIM
METOJaM HaXOXJIEHHS PELICHUs JUCKPETHOTO aHajiora oopaTtHoi 3aaauu. [IpuBoasTCs pe3ynbTarhbl BEIYUCITH-
TEJIBHBIX IKCIIEPUMEHTOB, PEATU3YIOLUINX HESIBHBIC JBYXCJIOHHBIC UTEPALMOHHBIC METOIbl PEICHUS 3a/auu
Komm At snaunTuueckux ypaBHEHUH.

Cnucok JuTepaTypol

1. S.I Kabanikhin, A.L. Karchevsky, Method for solving the Cauchy Problem for an Elliptic Equation, Journal of
Inverse and Ill-posed Problems, 3. 1 (1995), 21-46.

2. Kabanuxun C.U OOpatHble 1 HEKOppeKTHBIE 3a1a4u, HoBocnbupek: Cubupckoe HayyHoe uzaarenbctso, 2009.
457c.

3. Cawmapckuii A.A., Huxonaes E.C. MeTonsl pelienust cetounsix ypasHeHuid. M.: Hayka. 1978. 529c.

4. Copoxun C.b. DKOHOMHUYHBIN MPSIMOW METOJ YUCIEHHOTO perieHus 3aaadn Komm it ypaBHenus Jlaruiaca //
Cu6. xxypH. Berunci. maremaruku / PAH. Cu6. otn-uue. — HoBocubupek, 2019.—T. 22, Ne 1, — C. 99-117

YucaeHHOe pellieHHe 3aa41 YJIeKTPOMMIEeTaHCHOI ToMorpaduu

A. B. Cmapuenxo, E. B. Ceménos
Tomckutl 20CcydapcmeeHHbIl YHUSEpCUmMen
Email: starch@math.tsu.ru

DOI: 10.24411/9999-017A-2019-10204

B paborte paccmarpuBaeTcs IByMepHas CTallMOHAPHAS 3a/1a4a AIEKTPOUMITETAHCHOW TOMOTpapuu, MaTe-
MaTH4€eCKasi MOCTAaHOBKA KOTOPOH BKJIIOYAET YPABHEHUE SJUITMITUYECKOTO TUIIA C IEPEMEHHOM IEKTPUUECKOM
MPOBOAUMOCTbBIO C TPAHUYHBIMU YCIOBUSIMHU, COOTBETCTBYIOILIUMU MOJHOM 31KTpoAHOU Monend [1, 2]. 3agaua
pelIaeTcsl YUCICHHO ¢ MPUMEHEHUEM MEeTOoJ[a KOHEYHOTO 00beMa M HEeCTPYKTYPHUPOBAHHBIX CETOK, CTYIIA0-
HIUXCSI K IOBEPXHOCTSAM JIEKTPOIOB. BHIOODP MapamMeTpoB YHCIEHHOTO PEICHNUs 3aa49y IPOU3BOINUTCS IIyTEM
COIIOCTABJICHUS PE3yIbTaTOB C MPUOIMKEHHBIM aHAIMTHYECKUM petiieHneM [2]. J{1s BoccTaHOBIeHUs pacipe-
neneHust kodduimenTa 3MeKTPUIECKON MPOBOJUMOCTH BHYTPU 00JIACTH IO 3HAYCHHUSM CHJIbI TOKA M HAIPS-
JKEHMSI Ha 3JIEKTPOo/iaX MpUMEHAeTcsl HelipoceTeBoi noaxoxn [3].

Cnucok JuTeparypbl

1. Boyle A., Adler A. Electrode Models under Shape Deformation in Electrical Impedance Tomography // J. of
Physics. Conference Series, 2010, Vol. 224.

2. Demidenko E. Analytic solution to homogeneous EIT problem on the 2D disk and its application of electrode
contact impedances // Physiol. Meas., September 2011. — Volume 32. — Pages 1453—-1471.

3. Kopxenesckuii A.B. Mcronp30Banne NCKyCCTBEHHBIX HEHPOHHBIX CETEH JUIs pelIeHnsi 0OpaTHBIX 3a/1ad dJIeK-
TPOMMIIETAHCHON M MarHUTOMIYKIIMOHHOM ToMorpadun //KypHan paguosnekrpornku, 2001, Nell.
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In this paper numerical solution of the inverse problem of determining a spacewise dependent right-hand
side in two dimensional parabolic equation is considered. Usually, the source function dependent on spatial
variable is obtained from measured data of the solution at the final time point. Many mathematical modeling
problems in the field of physics and engineering will encounter the inverse problems to identify the right-hand
side. When studying an inverse problem of identifying the spacewise dependent source term, iterative methods
are often used, we propose a new conjugate gradient method based on the adjoint problem of the original
equation for numerical solution of the source function. Numerical examples illustrate the ability and accuracy
of this algorithm.

This work was supported by the mega-grant of Russian Federation Government (14.Y26.31.0013) and RFBR (17-
01-00689) .
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O pemennu 00paTHOIi 321241 JIJIsl YPABHEHHS TEILIONPOBOIHOCTH C HHTETPAJbHBIM KPaeBbIM
YCJI0BHEM
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PaccmarpuBaeTcs 3a1aua BOCCTaHOBIIEHHS HAYaJIHbHOTO YCIIOBHUS B CMEIIAHHOM KpaeBoil 3a/1aue 1Sl ypaB-
HEHUS TEIIOBOJHOCTH C MHTETPaJbHBIM TPAHUYHBIM yCIOBHEM IO JTOTIONHUTENFHOW WH(pOpPMAINH O perre-
HUM B MOMEHT BpeMeHHu ¢ = 7. IlonydeHa olieHKa yCIOBHOW YCTOMYMBOCTH JIAHHOM 3a/]aui HAa OJTHOM M3 KJiac-
COB PAaBHOMEPHOW peryispHu3alii. YCTOHYHMBBIE MPHUOMMKEHHBIE PEIICHHs 33/a9d CTPOSATCSA C TOMOIIBHIO
ofmHOW M3 Monmu(uKanuii MeToa KBaznoopameHus. PaccMoTpen BbIOOp mapaMeTpa perysspru3annd Mo cxe-
Me M. M. JlaBpeHTheBa U 110 IpUHLKITY HEB3KH. [ToydeHa oreHKa morpeiHoCcTH METO/Ia Ha paCCMOTPEHHOM
KJlacce paBHOMEPHOI! peryisipru3anuu. [lomydeHHbIe OLIEHKH Tat0T BO3MOKHOCTH UCCIIEI0BATh METO TPHOIH-
KEHHOTO PEIeHUs Ha ONTUMATbHOCTb.

Pabora Beimosnena npu noanepkke [pasurenscra PO (ITocranosnenue Ne211 ot 16.03.2013 1), cornamenne Ne
02.A03.21.0011.
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O peurennu 00pPaTHOI rPAHMYHOM 33124 TENJIONPOBOAHOCTH LISl IAPA, COCTOSINIET0 U3 KOMIIO3UTHBIX
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B pabore mpeanaraercs nocTaHOBKA OOpaTHON TPAaHUYHOM 337a4i TEIUIONPOBOIHOCTH KOMIO3UTHBIX Ma-
TepuasoB Jyis mapa. Briepsbie oOpaTHas rpaHUYHas 3a7a4a JUlsl ypaBHEHUs! TEIIONPOBOAHOCTH Obljia paccMo-
TpeHa B [1].

CHOXHOCTB PELICHHUS 331a4l COCTOUT B TOM, YTO HE YIAeTCs MCIOJIb30BaTh KIACCHUECKOE PELICHHUE, TaK
KaK, B CWJIy KOMIIO3UTHOCTH MaTepHaa, IPOU3BOIHAs PELICHUS TEPIUT Pa3phbiB HA IPAHULIE Paszesia Cped.

s oOparHoif 3a/1a9u TpUBE/IeHa OlIEHKA TIOTPENTHOCTH [2-4 | pHONMKEHHOTO PEIIeHusI.
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O penmenny o0pPATHON IPAHUYHOM 32729 TEMJI000MeHAa AJIsl MIJIHHIPHIECKOi 00J1aCTH
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B pabote uccienyercs u pemaercsi 00paTHas 3aj1a4a 00 ONpe/elIeHHN TeMIIepaTypbl Ha BHYTPEHHEH CTeH-
Ke TOJIOTO IMJIMHPA, COCTOSIIECrO U3 KOMIIO3UTHBIX MaTepualioB. JlaHHAs 3a1a4a MpelCTaBisieT N3BECTHBIN
WHTEpEC B CBS3M C TEOPHEH TepMomap U MpuOOPOB JUIsl U3MEPEHHUS TOKa. B paboTe nmpoBeieHo aHATUTHYECKOES
HCCIIeIOBaHUE MPSMOU 3a/1a4H, KOTOPOE MO3BOJIMIIO JIaTh CTPOTYIO MOCTAHOBKY OOpaTHOM 3a/a4ul U ompelie-
JUTH GYHKIIMOHAIIBHBIC TPOCTPAHCTBA, B KOTOPBIX OyJIeT peniathcst oOpaTHas 3a1ada. [Jis moydeHus: ONeHKH
MOTPEIIHOCTH pelleHust 00paTHOM 3a]a4K UCITONIL30BaH METO MPOCKIIMOHHOM perynspu3anui [1].

Crnucok nuTeparypsl

1. Tanmana B. I1., Jlanmmua A.P. O6 onTHMansHOCTH PETYISPU3YIOMINAX aJTOPUTMOB TIPH PEIICHUNA HEKOPPEKTHBIX
3amad // Auddepenunansasie ypaBaenus. 1976. T. 12, Ne 7. C. 1323-1326.
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3KCTpaHOJ'IﬂIII/Iﬂ BOJIHOBBIX MOJIEH ¢ INOBCPXHOCTH B l".]'[VﬁI/lHV HA OCHOBC PCHICHUA TPEXMEPHOI'0
OJHOCTOPOHHEI0 BOJTHOBOT'0 YPAaBHCHUSA

A. B. Tepexosg
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P a3pa60TaHLI HOBBIC CIICKTPAJIbHO-PA3HOCTHBIC AJITOPUTMbI BBICOKUX MOPAJAKOB TOYHOCTH IJIA PCHICHUA
TPEXMEPHOI'0 OAHOCTOPOHHCTO BOJIHOBOI'O YPABHCHMUA. 3ameHa npeo6pa30}3aHI/I$[ <Dypbe Ha npeo6pasoBaHHe
Hareppa IIO3BOJIACT IIOCJIC paBHOCTHOﬁ armpoKCuMalv NpOCTPAaHCTBCHHBIX IIPOU3BOJAHBIX MMOJTYUYUTH XOPOIIO
O6YCJ'IOBJ'ICHHy}O CUCTCMY JIMHCHHBIX anre6panqec1<nx ypaBHeHHﬁ. YucneHHbIe SKCIICPUMCHTHI ITOKa3ajin, 4YTO
Pa3HOCTHBIC CXEMBbI, COXPAHAIOMINEC JUCIICPCUOHHOC COOTHOIICHUC, TO3BOJISIIOT YMCHBIIWUTDL LIAal' CETKU B I'O-
PU30HTAJILHOM HAIIpaBJICHUU HpI/I6J'II/ISI/IT€J'ILHO ABa pa3a 1o CpaBHCHUIO C KIIACCUYCCKUMU PAa3HOCTHBIMU CXC-
MaMH. I[J'ISI CTa6I/IHI/I3aL[I/II/I HeyCTOﬁqHBOCTH MareMaTu4eCcKoi MOICIIN Oblia paspaGOTaHa CTa6I/IJ'II/I3I/Ipy10H_[a$I
mnpoucaypa Ha OCHOBE CHJ'IaI\/'IH-(l)I/IJ'IpraLII/II/I, YTO MO3BOJIMJIO peain30BaTbh METO/AbI TUIIA ITPCIUKTOP-KOPPCKTOP
BBICOKHUX IMOPAAKOB TOYHOCTH. Hcnonb3oBaHue cxeM MMPEAUKTOP-KOPPCKTOP MMO3BOJIUIIO nepeﬁTH OT pCIICHUMA
CHUCTCMBI DJINTMIITUYCCKUX ypaBHCHI/If/i K pCHICHUIO OTACIIbHBIX JUIMITUYCCKUX ypaBHeHI/II\/'I. Takoi noaxon 00e-
CIICYMBACT S5 KOHOMUYHOC PCIICHUC TPCXMCPHBIX 3aJ1ay.

Pabora BrrmonHeHa npu (prHaHCOBOH Toanepxkke Poccuiickoro gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-41-543002).

MeToa nocJIea0BaTeIbHOT0 KOHCTPYHPOBAHNUSI NOTEHIMAJIA B 3a/1a4e paccesiHus JUIsl YyPaABHEHUs
IlIpéanarepa Ha KBAHTOBBIX CETAX
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B pabote paccmarpuBaercs 3ajjaqa paccesiHUsI Ha KBAaHTOBBIX ceTsAX. OCHOBHOHN MHTEpEC MPEICTaBIsIeT
criekTp sHepruil ypasHenus Llpennnrepa, onpeaeneHHOro Ha KaKIOM pedpe, a TakkKe CIEeKTp dHEpruil ra-
MUJIFTOHUAHA IS BCEH KBAaHTOBOH ceTH. Vcmonbs3yemblil B paboTe MOAX0A OCHOBAaH Ha IOCIIEIOBATCIIEHOM
MPHUOJIMKEHNN PACCENBAIOIIETO MOTEHIMaa 6oee IpoCThIMU (DYHKIIUAMH, a TAK)Ke M3MEHEHNN JaHHBIX pac-
CesHUS MPH MOJOOHBIX MPUONMKEeHNAX. [l pemenus 3a1aun UCIoIb30BaH METO/I TIOCTIeIOBATEIEHOTO KOH-
CTPYHpPOBaHMS TIOTEHIMAA Ha rpadax CHenraIbHOrO BH/A: METIAX C N MOTyOECKOHEUHBIMU peOpamH, KOllb-
11ax ¢ N MoJyOeCKOHEYHBIMU pedpaMHu.

CIIHCOK JTUTEpaTyphl

1. Kottos T., Smilansky U. Periodic Orbit Theory and Spectral Statistics for Quantum Graphs // Annals of Physics,
1999, Volume 274, Issue 1, p. 76-124
2. Kostrykin V., Schrader R. Kirchhoff’s rule for quantum wires // J. Phys. A: Math. Gen. 32 (1999) 595-630.

IIpumenenne MetonoB "'IlociienoBaTeibHbIE MPHOJHKEHHS 10 XapaKTEePHBIM B3auMoaeicTBusam"
NpHY HHTEepHpeTanun (YCBO€HHH) TAHHBIX H3MePeHHU siepHo-Teo(pu3nIecKNX TEXHOJIOTHI

A. U. Xucamymounog

HUnemumym nepmezaszosoui eeonocuu u eeogpuzuxu CO PAH
Hosocubupckuil eocyoapcmeennulil yHusepcumem

Email: KhisamutdinovAl@ipgg.sbras.ru

DOI: 10.24411/9999-017A-2019-10211

B noknane peus naer 00 ypaBHEHHSIX MEPEHOCA U O COOTBETCTBYIOIINX MAapKOBCKHX CKa4KOOOpPa3HBIX
Mporeccax B YCIOBUAX, THIWYHBIX NMPH MPUMEHEHUSIX AAEPHO-Te0()N3MIECKUX TEXHOJIOTHH ISl OIpeserne-
HUS TApaMETPOB TOPHBIX MOPOJ 1 Tu1acToB. DopMynHupyroTcs mpoOieMbl HHTEPIPETAUN JaHHBIX U3MEPEHUIl;
MOCJIEIHNE TIPECTABISAIOTCS KaK 3aJjaHHble (PYHKIIMH BHIOOPOYHBIX 3HAUEHUH MaTeMaTHIEeCKUX OXKHIAHUH 110
TPaeKTOPHUSAM ITyYKOB YACTHUIl. YpaBHEHUS "M3MEPEHHI" TOTIOHAIOTCSA CUCTEMOH ypaBHEHUI OTpaHIYeHHH Ha
HEU3BECTHYIO COBOKYITHOCTh MTAPAMETPOB, M YUCIIEHHOE PEIIeHHe MIMEHHO JIByX 3THX CHUCTEM TPAKTYeTCs KaK
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BOCCTAHOBJICHHE TTapaMeTpoB. JlaeTcs onrMcaHue OCHOBHBIX COCTABIISIONIUX MPEIOKEHHBIX YUCIICHHBIX UTE-
parronHbIX MeTonoB "[locienoBaTenbHbie MPUOIMKESHUS 110 XapaKTepHbIM B3auMojeicTBusM". OOmas Te-
OpeTHYecKasi CXeMa KOHKPETH3UPYETCs IS 33Jiad BOCCTAHOBIICHUI: KOA(PPUIIMEHTa MOPUCTOCTH TUIACTA 10
JTAHHBIM HEHUTPOH-HEHTPOHHOTO KapOTaKa, TNIOTHOCTH — MOCPEACTBOM raMMa-raMmma KapoTaxa 1 KodpQuIim-
€HTa BOJIO- HE(PTCHACHIIIEHHOCTH — 10 JJAHHBIM UMITYJIbCHOTO HEHTPOH — raMMa KapoTaxa( paJualmoHHOTO
3axBara).
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Onenka BapuadeJbHOCTH pelleHNsl, MOJYYEHHOr0 ¢ MOMOIIbLI0 HHTEPBAJILHOM peryJasipu3anuu

C. I1. Hlapwvui

Hnemumym evruuciumensnvix mexuonoeuti CO PAH
Email: shary@ict.nsc.ru
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Leunb 31O paboThl — NPEACTaBUTH OJHY M3 BO3MOXKHBIX KOHCTPYKIHH KOJUYECTBEHHOW MEPBl YyBCTBH-
TEJILHOCTH U BapuaOeNbHOCTH JUIsl PEILICHHS CUCTEMBI JIMHEHHBIX aireOpandeckux ypaBHEHH, NOITy4E€HHOTO
C TIOMOIIBIO TaK Ha3bIBAEMOM MHTEpBaIbHON perynspuzanuu [1].

TepmuHoM "BapruabenbHOCTE" MBI Ha3bIBAEM CTENIEHb U3MEHYMBOCTH M HEOAHO3HAYHOCTH OLICHKH, U He-
00XOIMMOCTh €€ BBEIEHHS TUKTYETCS TeM OOCTOSTEIBECTBOM, YTO B YCJIOBHAX HETOYHOCTH BXOAHBIX JaHHBIX
OTBET, KaK paBuJio, HeeAMHCTBEH. OOBIYHO MBI IIOJIy4aeM LEJI0€ MHOKECTBO Pa3IMYHbBIX PEIICHH, OTNHAKO-
BO TNPUTOAHBIX B KAYECTBE OTBETOB K 3a/1a4€ M COMMIACYIOLIMXCS C €€ JaHHBIMHU. 10, HACKOJIBKO MaJjio MK 00-
HIMPHO 3TO MHOXECTBO, XapaKTepu3yeTcs TepMUHOM "BapuadenbHOCTh". [lokasaHo, 4To 3Ta ke BeNUYHHA MO-
JKET CIIYKUTh aHAJIOrOM JAMCIEPCHH OLEHKH B CTATUCTUKE MHTEPBAILHBIX JaHHBIX [2].

CIncok JuTepaTyphl

1. Mapeiii C. I1. VuTepBanbHas peryiaspusanust Uil PEHICHHs CHCTEM JIMHEWHBIX aireOpanvdeckux ypaBHe-
nuii // Tpyasl Mexnynaponuoit konpepenimn "MAPUYKOBCKUE HAYYHBIE UTEHUS — 2017", AkanemMroposox,
Hoocubupck, Poccust, 25 utons — 14 uromnst 2017 . HoBocubupcek, 2017. C. 975-982. [Onekrpon. pecypc] URL: http://
conf.nsc.ru/files/conferences/cam17/427967/ProceedingsCAM2017.pdf (mara obpamienus: 30.03.2019).

2. Ilapwrii C. I1. CunbHast cONIacOBaHHOCTD B 33/]au€ BOCCTAHOBJICHMSI 3aBUCUMOCTEN IIPU HHTEPBAJILHOM Heompe-
JIEJICHHOCTHU JaHHLIX // Berancnurensusie Texuomoruu. 2017. T. 22, Ne2. C. 150-172.

AJITOPUTMBI pacyeTa MO/1yJisl HENPEPbLIBHOCTH 00PATHOIO ONEPATOPA M €ro MOAN (PUKALMIA
¢ McnoJab3oBanueM MeTo0B MonTte-Kap/io B npu/ioskeHUH K reodjieKTpUKe

M. U. Hlumenesuu

Poccutickuii 2ocyoapemeenuwiil eeonozopaseedounviii ynusepcumem um. C. Opooconuxuose

Email: shimelevich-m@yandex.ru
DOI: 10.24411/9999-017A-2019-10213

Monynb HempepbsIBHOCTH oOpatHoro omeparopa [1] u ero Mmogudukanuu [2-4] onpenenstoT anpruopHbIe
OLIGHKM HEOJHO3HAYHOCTH (IOTPEIIHOCTH) MPUOIMKEHHBIX PEIICHUH YCIOBHO-KOPPEKTHOW 0OpaTHOM 3aja-
. Ha OCHOBE 3THX OLIEHOK pemaeTcs 3ajada BbIIEIEHHU OAMHOKECTBA PEIIEHHUH, OIPEIIHOCTh KOTOPBIX
MIPH 3a/JaHHOM YPOBHE MOTPEIIHOCTH JAHHBIX HE MPEBBIMIAECT 3aJaHHON BenuuuHsl [3]. IIpuBoasaTcs cxemsl
AITOPUTMOB pacueTa MOy HENPEPHIBHOCTH OOPAaTHOTO ONepaTopa U ero MoAU(UKALHMNA ¢ UCTIONb30BaHUEM
anroputMoB MonTe-Kapno. PaccmarpuBaroTcss HEKOTOpBIE BOPOCH! CXOAMMOCTH alropuTMoB. IIpuBoasaTcs
YHCJICHHBIE IPUMEPBI pacdyeTa OLEHOK MOIYNS HEHNPEPHIBHOCTH M MX HMCIIOJIb30BAaHHS B OOpaTHBIX 3ajadax
TEOTEKTPUKH.
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Pabora BbINoIHEHA C UCIOJIB30BAHUEM BBIYUCIHUTEIBHBIX PECYpPCOB MEKBEIOMCTBEHHOTO CYNEPKOMITBIOTEPHOTO
nenrpa Poccuiickoii akagemun Hayk (MCL] PAH). MccnenoBanue BoinonHeHo mpu noajaepxkke POOU, mpoext Nel19-01-
00738 u 3a cuer rpanrta Poccuiickoro HayuHOoro Gouma mpoekt Ne 19-11-00333.
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2. Wsanos B.K., Bacun B.B., Tanana B.I1. Teopus nuHelHbIX HEKOPPEKTHBIX 3314 U ee npuiokenus. M.: Hayka.
1978. 200 c.

3. IlumeneBny M.M. UucneHHble METOABI OLIEHKH CTENEHU MPAKTUUECKOHW YyCTOWYMBOCTH OOpATHBIX 3a7ad reo-
anekrpuku / M.U. Illumenesuy, E.A. O6opues, 1.E. O6opues, E.A. Pogunonos // ®usuka 3emu. 2013. Ne 3. C. 58-64.

4. IllumeneBny M.M. AnnpokcMMalMOHHBIA HEHPOCETEBOH METO/ pelIeHHsI MHOTOMEPHBIX HEJIMHEHHBIX 00pat-
HbIX 3a1a4 reopusukn / MU llumenesny, E.A. O6opues, N.E. O6opues, E.A. Poguonos // ®uzuka 3emnn. 2017. Ne 4.
C. 100-109.

ANnpokcuMAaIMOHHO-HelipoceTeBOM MOAX0] K PellleHHI0 00PATHLIX 32124 re0dJIeKTPUKH
U rPABHMETPHH

M. U. [Hlumenesuy!, E. A. Obopnes', U. E. Obopnes'?, E. A. Poouonog!

!Poccuiickuti 2ocydapcmeentulil 2eono2opaszeéedounsviil ynugepcumem um. C. Opoaconuxuose
’Hayuno-uccredosamenvekutl uncmumym soepruou ¢usuxu um. J{. B. Crobenvywina
Mocxkoeckoeo cocyoapcmeennozo yrusepcumema um. M. B. Jlomonocoea

Email: shimelevich-m@yandex.ru
DOI: 10.24411/9999-017A-2019-10214

B pabote npencrasien annpokcuMannonHo-HelpoceTeBoit (AHC) MeTon peleHus ycaoBHO-KOPPEKTHBIX
HEJIMHEWHBIX 00paTHBIX 3a7a4 TeOQH3UKH, KOTOPhI OCHOBAaH Ha alMpOKCUMaIMK 00paTHOTO OmepaTopa C Imo-
MolIbio HelipoHHBIX cetei [1]. AHC meton u ero MmonuduKanuy No3BosoT (OopMaIn30BaHO HAXOIUTh YCTOM-
YHBbIC TIPUONMKEHHBIE pelIeHus] 00paTHbIX ko3 dunmeHTHbIX 2D, 3D 3aa4 reoseKTPUKU B KJIacce CeToY-
HBIX MOJIEJIEN Cpesl Ha PETyIsIpU30BaHHOM CETKe MapaMeTpHU3aliy ¢ MPUEMIIEMON JUIsl TPAKTUKH TOYHOCTHIO
NP MUHUMAaJILHOM anpuopHO# nH(opManuu 0e3 3a1aHus IepBOro MpuOIKeHus. Pabota MeToa ninmocTpu-
pyetcst Ha puMepe 3/ MHBEpCUH CUHTE3MPOBAHHBIX IUIOIMIAIHBIX JaHHBIX U 2/] HATypHBIX JaHHBIX T€0IEK-
Tpuku merogoM MT3 [2]. [Tokazana npuHIMNHaIbHas BO3MOKHOCTh puMeHeHust AHC meTona ans perienus
YCIIOBHO-KOPPEKTHOM oOpaTHOHM HenmHeiHo# 3D 3amaun rpaBupasBeakH (ONpeelieHne TeOMETPHH HUKHEH
TPaHMLBI UCCIIEYEMOTO Ire0JIOrO-re0(hU3nIecKoro 00bEeKTa C N3BECTHON M30BITOYHOM TUIOTHOCTHIO) [3].

Pabora BbIoIHEHA C MCIIOIb30BAHUEM BBIYMCIHUTENBHBIX PECYPCOB MEKBEIOMCTBEHHOTO CYNEPKOMITBIOTEPHOTO
neHtpa Poccuiickoii akagemun Hayk (MCL] PAH). MccnenoBanme BeImonHeHO mpu moaaepkke PODU, mpoext Nel19-01-
00738 u 3a cuer rpanTa Poccuiickoro HaygHOTO poHAa poekT Ne 19-11-00333.

CHucok JuTeparypbl
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C. 437-452.

3. Hlmmenesmu M.I., O6opreB E.A., O6opue I.E. [IpumeneHne anmpoKCHMalMOHHOTO HEHPOCETEBOTO METOIA
JUIsl pelleHnsl 0OpaTHOH 3ajaun TpaBupasBenkn // OyHKIMOHAIBHBIE IPOCTpaHCTBa. JuddepeHnuanbabie onepaTopsl.
[TpoGnemMbl MaTeMaTHUECKOTo 00pa30BaHMs: TE3UCHI J0KJIanoB [IaToit MexayHaponHOH KOH(EpEHINH, TOCBSIICHHON
95-neruto co IHA poxaeHUs wieHa-koppecnonaeHTa PAH, akanemuka EBpomneiickoil akagemun Hayk JI. J[. KynpsBuesa.
Mocksa, PYJTH, 26-29 nos6ps 2018 . M.: PYJIH, 2018. C. 314-315
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YucaeHHBI MeTOo pelieHns 00PaTHOM 3aJa4d TeIJI0BON IMArHOCTHKH

H. M. Anaposa
FOoicno-Ypanvcxuii 2ocyoapcmeennwiii ynusepcumen

Email: iaparovanm@susu.ru
DOI: 10.24411/9999-017A-2019-10215

B pabore paccmoTpena npoOiiemMe onpeneneHus TeMIepaTypbl BO BHYTPEHHUX TOUKAX Tella M0 pe3yibTa-
TaM U3MEPEHUH Temreparyp B TpaHUYHON 001acTH 00bEKTa B CHTYAIMH, KOT/Ia HadalbHasl TeMIlepaTypa Tena
Hen3BecTHA. MaremaTnueckasi MoJeib TEIIoNepeHoca NpeIcTaBlIeHa 00paTHOM TPAaHUYHON 3ajadyell Teruio-
MPOBOAHOCTHU C HEM3BECTHBIMU HAaYaJIbHBIMH YCIOBHAMHU. [ Ipe/iioskeH YNCIICHHBIM METO/I OTIPEICIICHHSI TEMITe-
parypbl BO BHyTPEHHUX TOYKaX 00bEKTa, OCHOBAHHBIN Ha MCIIOJIb30BAHUN KOHEYHO-PA3HOCTHBIX YPaBHEHHUN U
perynsapu3upyomux GyHKIroHanoB. C 1eiblo MoIyYeH s SKCIEPUMEHTaIBHBIX OLICHOK OTPEIIHOCTEH npe-
JIO)KEHHOTO MeTo/ia ObUT MPOBE/ICH BEIYUCIUTEIBHBIN KCIIEPUMEHT. B aKkcriepuMenTe OblT OCYIECTBICH CPaB-
HUTEJBHBIA aHaJIU3 NOCTPOCHHBIX PEILICHUH, TECTOBBIX (YHKIHMHA M YHCICHHBIX PEIICHUH paccMaTpUBaeMOn
00paTHO 3aa4M, TOJyUYEHHBIX C MOMOIIBIO ONTUMAIILHOTO 10 MOPSAKY METO/a TIPH JIOTIOJTHUTEIILHO U3BECT-
HBIX HAaYaJIbHBIX YCJIOBUSX. Pe3ynbTaTsl BHIYUCINTEILHOTO SKCIIEPUMEHTA O JOCTATOYHON TOYHOCTH METOAA B
HEKOTOpPOW M0100I1aCcTH.

Pabora BrImoTHEHA TIpM TIoAepRKe MuHHCTEpCTBa 00pa3oBanus 1 Hayku Poccuiickoit denepannu B pamkax 6a3o-
BOM wacTu rocygapctBenHoro 3amanus (T3 8.9692.2017/8.9 ot 17.02.2017)

YucaeHHBIN MeTOA MPOTHO3HPOBAHNS TeMIIePaTypPhl ¢ MOMOIILI0 YypaBHeHHs1 BoabTeppa

H. M. fnaposa, T. I1. ['aspunosa

IOoicno-Ypansckuil cocyoapcmeenvlii yuugepcumem
Email: iaparovanm@susu.ru

DOI: 10.24411/9999-017A-2019-10216

PaccmotpuBaercs oOpaTHast TpaHMYHAS 3a7a4ya Ui YpaBHEHHUS MapaOoIUdecKOTo THITA C HAYalbHBIMU U
IpaHUYHBIMHU YCJIOBUAMHU, U3BECTHBIMU HA YaCTU I'paHUIBI, CBA3aHHAsA C 3a11aqel71 OIIpEACIICHUA TEMIICPATyPhI
Ha OJHOHM M3 TPAHMIl U BHYTPH JIMHEHHOTO 00BEKTa MO pe3ysbTaraM M3MEPEeHHUs TeMIIepaTypHbIX (YHKINH,
MIPOBOIUMBIX BONMHM3M Apyroi rpanuiiel. C moMotkio mpeoOpasoBanus Jlammaca oOpaTHast 3afada CBOAUTCS K
WHTETPAIbHOMY YPaBHEHHIO, XapaKTEPU3YIOMIEMY MPSIMYIO0 3aBUCUMOCTh HEM3BECTHOW TPAaHUYHON (PYHKIINU
OT UCXOAHBIX HTAHHBIX. B pa60Te IMPEIIIONKECH YHUCIIEHHBIN METOA PCUHICHUS MHTETPAJIbHOI'O YPpaBHCHUS, OCHO-
BaHHBIA Ha METOJIE PETYISIPU3AIIUH C allOCTEPHOPHBIM BEIOOPOM TTapaMeTpoB peryispusannu. Perenne sto-
TO ypaBHEHUS MOCITYKHJIO OCHOBOM ISl MPOTHO3UPOBAHMUS TEMIIEPATYPhl BHYTPU BCETO JTMHEHHOTO OOBEKTA.
C nemnbio mpoBepku A(H(HEKTHBHOCTH MPEATOKEHHOTO ITOIX0/1a U TIOTYUSHHUS IKCIICPUMEHTAIIBHBIX OT[CHOK T10-
TPENTHOCTEH OBLT OCYIIECTBIICH BEIUUCIUTEIIBHBIN SKCIIEPUMEHT, PE3YIbTaThl KOTOPOTO TIPEACTaBICHBI B pabo-
TC€ 1 CBUACTCIIBCTBYIOT O )IOCTaTOIIHOfI TOYHOCTHU MOJIYUYCHHBIX YUCJICHHBIX pemeHHﬁ.

Pabora BeImonHeHa Npu (UHAHCOBOH MojJiep)kke MuHHCTEpcTBa 00pa3oBaHus U Hayku Poccuiickoit denepannn
NIPUKIIaHBIX HAyYHBIX CCIIEI0BAHUN B paMKax 0a30Boi yactu [ocynapcrBenHoro 3ananus "Pa3zpabortka, ncciegoBanne
U peajH3alysi alrOPUTMOB 00PaOOTKH JIaHHBIX JHHAMUYECKAX M3MEPEHHH NPOCTPaHCTBEHHO-PACIIPEAEICHHBIX 00beK-
TOB", TeXHHYEeCKoe 3amanune 8.9692.2017/8.9 ot 17.02.2017.
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Cexknus 6. MATEMATUYECKOE MOJAEJINPOBAHUE
B SATAYAX TEO®U3UKHU U DIIEKTPODPU3IUKU

JleKOMITO3MIIMA U pacnapaLieJUBaAHNe BLIYHCIUTEILHO-eMKUX (PYHKIMI 00pa00TKN JAHHBIX
MHKPOCEiicCMHYeCKOr0 MOHUTOPHHIA

K. C. Ancvinbaes
HUHU npuxnaowno ungpopmamuxu u mamemamuueckoul eeopuzuxu barmuiickoeo gedepanviozo

ynusepcumema um. M. Kanma

Email: KAlsynbaev@kantiana.ru
DOI: 10.24411/9999-017A-2019-10217

[IporpammMHoe oOecrieueHre 00paOdOTKH AaHHBIX MHKPOCEHCMHUYECKOTO MOHUTOPHHIA MOXKET BKIIOUATh
(YHKIMH pacrio3HaBaHUSI U TEOMETPUUECKOTO MOACIHPOBAHHS OOBEKTOB B HEPETYISIpHOM OOJIake TOUEK, UC-
TTOJIE3YIOIIHE aJITOPUTMBI ¢ OBICTPO PACTYIIIMM BpEeMEHEM cUeTa IPH YBETHICHUH o0beMa o0aka (KiacTepu-
3alUI0, TETPAdIPHU3ALIHUIO U JP.).

[Ipennaraemplie MOAXO/BI ISl yCKOPEHNUS BHITIOIHEHHS (DYHKIIHI OCHOBBIBAIOTCS HA JIEKOMITO3UIIMU U Pac-
napanenuBanid. OHU U3 HUX 0a3UPYIOTCS HA KIIACCHYECKUX METOaX pa30UeHHs BEKTOPHBIX JIAHHBIX U Jie-
KOMIIO3UIMH AITOPUTMOB, IPyTUE UCTIONB3YIOT IepeXo/l K BOKCEIbHON MOJIENN IaHHBIX.

Tak, mocTpoeHue aepea 0opadaTbiBaEMBIX TOUEK JUIS allTOPUTMA KIIACTEPU3aIlUH  OPUTHHATIBHBIN MeXa-
HU3M MapauIeTbHON KaCKaHOM CKICWKH MIO3BOJIMIH TOCTHYB dPPEKTHBHOCTH 10 BpeMeHH He Xyxke O(n log n).
st obmaka B 800 ThICSY TOUEK MCXOAHBIA OIHOIMPOLIECCOPHBIN ANTOPUTM BBIIIOIHMI KIacTepU3aluio 3a 3.5
Yaca, MOJU(HUIIMPOBAHHBIN C pacnapauieauBaHueM Ha 8 siiep — 3a 20 cekyH .

Pabora BeimonHeHa mnpu (uHAHCOBOW momaepkke Poccuiickoro (oHaa (yHAaAMEHTANIBHBIX HCCISIOBAHUN
(xom mpoekra 16-29-15090).

00 ogHOM MeTOo/1e MOJAEJTHPOBAHUS HU3K0YACTOTHOM TYPOYJIEeHTHOM IJIa3Mbl

H. C. Aprawios'
'Hosocubupckutl 20CyoapcmeeHblil mexHU4ecKutl YHU8epcumen

Email: nicky1978@mail.ru
DOI: 10.24411/9999-017A-2019-10218

B Hacrostieii paborte oneHHBaeTCs aJeKBaTHOCTh MOJEIN HECTAIMOHAPHOTO IITyMa, TOJIy4eHHOil B pabo-
Te [1]. OueHka ajeKBaTHOCTH BBINOJHSACTCS HA BHIOOPKE 3HAUEHHH INIOTHOCTH HU3KOYACTOTHOM TypOYyJeHT-
HOU TJ1a3Mbl, U3MEPEHHOH B TIepr(epHiiHON 00JacTh yaep KaHus I1a3Mbl TEPMOSIIEPHON ycTaHOBKH Tokamak
T-10 (Be100pKa mpenocrasneHa npopeccopom B. I1. bymaesim. Poccuiickuii Hayunstit ientp "KypuaroBckuit
nHCTUTYT"). B padote [2] K aHAJIOTHYHBIM BEIOOPOYHBIM TAHHBIM IIPUMEHSIETCS MYIBTH(PPAKTATBHBIN TOIXO],
MIPY 9TOM MOJTy4EeH 3aKOH M3MEHEHUs TUCTIEPCUH A1l ITpoliecca Oy KAaHus YaCTHII, IPUYEM 3TOT 3aKOH UMEeT
CTETICHHOM XapakTep ¢ mapaMeTpoM CTENeHHOTO n3MeHeHus B nuana3one (1.2,1.8), ato roBoput o cynepand-
(by3noHHOM pexxume mnepeHoca. B Hacrosmeir pabore nomydeH cynepauddy3HoHHbIN pexuM nepeHoca s
MoJIeTH Oy KJIaHHS C TapaMeTPOM CTEIICHHOTO M3MEHEHHS Tarkke B nuanasone (1.2,1.8).

Crimcok IuTeparypsl

1. Apxkamos H. C., Cene3nes B. A. O popmupoBaHur COOTHOIICHHUS HEJIOKAILHOCTEH B MOJICIH aHOMAJIbHOU TU-
¢yzun // TM®. 2017. T. 193, Ne 1. C. 115-132.

2. bynaes B. II., CaBun C. I1., 3encubiit JI. M. HaOmroneHus: nepeMexaeMoCcT ¥ 0000IIEHHOTO caMOIono0us B
TypOyYJCHTHBIX MMOTPAHUYHBIX CIIOSX J1a00paToOpHOil MarHUTOC(HEPHOH Ia3Mbl: Ha MYyTH K OMPEIEICHHIO KOJIMYESCTBEH-
HBIX XapakTepucTrk repenoca // YOH. 2011. T. 189, Ne 9. C. 905-952.
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YucaeHHoe MOJACITHUPOBAHUEC HIUPOKOANCPTYPHOI'0O MCTOYHHUKA IJICKTPOHHOI'0O IMYYKA HA OCHOBE
CE€TOYHOI'0 INJIA3BMECHHOT0 SMUTTEpPa

B. T. Acmpenun'?, M. C. Bopo6vée®, A. H. Kozwipes®, B. M. Ceewunuxos’*
'Uncmumym soepnoii puzuxu um. I U. Byoxkepa CO PAH
2Hogocubupckuil 20cy0apCcmeenHblil yHugepcumen

SUnemumym cunoromounotl snekmponuku CO PAH

‘Uncmumym svluuciumenvrou mamemamuku u mamemamuyeckou ceopusuxu CO PAH

Email: V.T Astrelin@inp.nsk.su
DOI: 10.24411/9999-017A-2019-10219

[IpoBeneHo YUCIeHHOE MOJICTHPOBaHHE (PU3HYECKUX MPOIECCOB MIMPOKOATIEPTYPHOTO HCTOUHHKA JICK-
TPOHHOTO ITyYKa Ha OCHOBE CETOYHOTO IJIa3MEHHOT0 AMHUTTEPA. Mccnemyemas 001acTb XapaKTepu3yeTcs CHIlb-
HOH pa3HOMACIITa0HOCTBIO M MPOTSHKEHHOCTHIO. PacyeTsl MpoBOIMIINCH HA aalTUBHBIX KBA3HUCTPYKTYPUPO-
BaHHBIX JIOKATbHO—MOAM(DUIIUPOBAHHBIX ceTKaX. [IpeiokeHa MaTeMaTHYecKasi MOJIE b HAXOKICHUS CBOOO/I-
HOW MOBEPXHOCTH IMHUCCUOHHOM IIa3MblI, COTJIACHO KOTOPOU 3aj1adya pacCMaTpUBACTCS B IBYMEPHOM OCECHUM-
METPUYHOM MPHOIMKSCHUN M TIOBEPXHOCTh BXOJIa AJICKTPOHOB B PACUCTHYIO 00JacTh MPEACTABIISCTCS B BH/IC
COBOKYITHOCTH JYT' OKPY)KHOCTEH, COEIMHSIEMBIX Teperieidkamu. /I MOBBIIICHHSI TOYHOCTH PACUCTOB MPE/-
JIOKEHO pa30UTh Pa3HOMACIITA0HYIO MPOTSHKEHHYO 00JIACTh HA JBE MOJ00JIACTH U PEUICHHE HAXOIUTh ajlb-
TepHHUpYoIUM MeTooM LlIBapiia, moouepeHO MPOBOIS PEIICHUE CaMOCOIIACOBAHHBIX 3a/1a4 B I10/100JIACTSIX.
[Tyuku MOAETHPYIOTCS METOIOM TPYOOK TOKA, TOTSHITUAI SIIEKTPUUECKOTO MOJISI PACCUMTHIBACTCS METOIOM KO-
HEYHEIX 00BEMOB.

HpOBeHeHO CpaBHeHI/Ie HOJ'[y‘-IeHHI)IX XapaKTepI/ICTI/IK HyT-IKa C JaHHBIMU 3KCHepI/IMeHTa. HOKaSaHO, qTO0
npu pabouux MapaMmeTpax Mmydyka ero moTepy Ha IIEMEHTaX UCTOYHHKA MUHUMAITbHBI.

Pabora BrInonHeHa npu GUHAHCOBOM Mo iepkKke MUHNCTEPCTBA HAyKH M BbIcIero oopa3zoBanus u [Ipesnaunyma CO
PAH (MexnucunnmuHapHslii nHTEerpannonHsiil mpoext CO PAH Ne 10).

YucaeHHoe MOAeJIMPOBAHNE CTOJIKHOBEHHII B METOle YACTHI-B-1YeiiKax JJis 32124 reHepalun
JIEKTPOMATHHTHOI0 H3JYYEeHHS B IJIa3Me

E. A. Bepenoees', A. A. E¢pumosa’, B. B. Aunenxos’
Hnemumym svluuciumensrou mamemamuxu u mamemamuseckou eeogpusuxu CO PAH
’Unemumym soeproit pusuxu CO PAH

Email: evgeny.berendeevi@gmail.com
DOI: 10.24411/9999-017A-2019-10220

[lepcrieKTHBHBIM METO/IOM FeHEpAIK TePArepoBOro AEeKTPOMarunTHOro (OM) u3nnydeHus ABIseTcs HH-
JKEKIUS B IUIa3MYy JIa3epHBIX UMITYJIbCOB MIIH 2JEKTPOHHBIX ITy4KOB. /I MOMCKOB ONTUMAJIBHBIX TapaMeTPOB
TUTa3MEHHOM CHCTEMBI, 00€CIIEUNBAIOIINX BBICOKYIO 3 PEKTUBHOCT reHepauui DM-H3TydeHus], UCTIONb3YeT-
Cs1 UMCJICHHOE MOJZIEIMPOBAaHUE METOI0M 4YacTULl-B-sg4elikax. B 3ToM MeToze mi1a3Ma npejcTasiseTcss HabopoM
JOCTAaTOYHO OOJIBIIOrO YKcaa MOJACIBHBIX YacTHUL], KOTOPbIE B3aUMOAEHCTBYIOT MEKAY COOOM depes 3IeKTpo-
MarHuTHele nosist. OJJHAKO B HEKOTOPBIX 33/1a4aX HEOOXOAMMO YUUTHIBATH CTATHCTHYECKHE MPOLIECChl HOHU3a-
LMY Ta3a U KyJIOHOBCKHUE CTOJIKHOBEHMSI.

B pabote paccMOTpeHO [Ba OCHOBHBIX HOX0Ja K MOJCIMPOBAHUIO CTOIKHOBEHUH B METO/IE YACTHUL IPH-
MEHHUTEJIBHO K 3a7a4€ MOJAEIUPOBAHUS [CHEPALMH TEPArepLIOBOTO U3IyUYEHUsI— 3TO METOJ HYJIEBBIX CTOJIKHO-
BEHUH M METOJ MapHBIX CTONKHOBeHUH Taknsyke u Aoe.

Pabora BeImosHeHA TpH (PHHAHCOBOII Moaepkke Poccuiickoro onma pyH1aMeHTaTBHBIX HCCIIEIOBAHUN (KO TIPO-
ekta 18-32-00107, 19-07-00446).
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Hapaﬂﬂeﬂbﬂblﬁ AJITOPUTM MOACIUPOBAHUSA noJieid 1aBJeHUs B KOJJICKTOpPax ¢ JABOMHOM NMOPUCTOCTHIO

10. O. boopenésa', U. I Yepnvix*, U. M. I'voaiioyniun'?

'epumeruii cocyoapcmeennviii Hegpmsanol mexHuyeckuil yHusepcumem

2Uncmumym evlyuciumensHou mamemamuxu u mamemamuyeckoi ceogusuxu CO PAH

SUncmumym negpmexumuu u kamanuza — 06ocobiennoe cmpykmypHoe noopasoeietue @edepaibHo2o
20¢y0apcmeeHnH020 6100CemHo20 HayuHo2o yupexcoenus YOHUL] PAH

Email: yu.o.bobreneva@gmail.com
DOI: 10.24411/9999-017A-2019-10221

KonnexTopa ¢ 1BOMHOM MOPUCTOCTHIO SBISIOTCS TOCTATOYHO CIOKHBIM OOBEKTOM pa3padOTKH, MOCKOIb-
Ky XapaKTepH3YIOTCsl BBICOKOM HEOHOPOAHOCTEIO [1]. 3amaun MacconepeHoca /il KOJUIEKTOPOB TaKUX THITOB
npeacTaBisiioT Oonbinol uHTepec [2]. B pabore paccMmarpuBaercsi MaTeMaTHdecKas MOJEIb MPoLecca Mac-
colepeHoca B KOJIEKTOPE ¢ ABOMHOW MOPUCTOCTHIO. Mojienb MpeACcTaBIeHa CUCTEMO, COCTOSIIEN U3 IBYX
YpaBHEHUH, ONUCHIBAIOMINX (PHIBTPALIMIO )KUIKOCTH B TpelIMHaxX U B mMarpuue [3]. s uccnenyemoit 3anaun
pa3paboTaH YUCICHHBIH METOA 1 apaJlIeTIbHBIN BEIYUCIUTEIBHBINA aJTOPUTM U1 MHOTOSIICPHBIX apXUTEKTYP
¢ obmei nmamsTeio [4, 5]. st pacnapaienuBanus alropuT™Ma Ucroib3yeTcs TexHonorus OpenMP u Bektop-
HBbIE HHCTPYKLMH, TOCTYNHBIE B ipoueccopax Intel u AMD. B pesynbrare pacueToB cMOACTHMPOBAHO JIaBICHHE
B IIPOIIECCE UCCIIEIOBAHMS CKBaYKUHBI JUISI Pa3INYHBIX TEOMETPUUECKUX pa3mepoB OnokoB. [IpoBenen ananms
3 PEKTUBHOCTH aJIrOpUTMa B CIIydae pa3HOro KOJMYECTBa 33/ICHCTBOBAHHBIX B PACUETE MPOLECCOPOB.

Paborta BrImONTHEHA TP YaCTHYHON (hrHAHCOBOH moaaepxkke rpanta PODU (kox mpoekra 16-29-15116).

Crnucok nureparypbl

1. Yepuurkuit A.B. 'eomornueckoe MoaenpoBanne He(PTAHBIX 3a/ie)Keif MACCHBHOTO THIIA B KAPOOHATHBIX TPEIIH-
HOBaTHIX KoutekTopax. M.: OAO "PMHTK"Hedreormaua", 2002.

2. Tond-Paxt T.JI. OCHOBEI HE(TEPOMBICIOBOH T€OJIOTHH U Pa3pabOTKH TPEIIMHOBATHIX KOJJICKTOPOB. [per.]
Kosanesa A.I. [mepes.] ['onmosanosa I1.K., Bracenosa B.B., [Tokposckuit B.B. bapanaa H.A. M.: Henpa, 1986.

3. Aguilera R., Ng M.e. Decline-curve analysis of hydraulically fractured wells in dual-porosity reservoirs. [SPE-
22938] Dallas, TX : 66th Annual Technical Conf. and Exhibition of the Society of Petroleum Engineers held, 1991.

4. Baxuros I'.I. Pa3HOCTHBIE METOIBI pelIeHus 3a1a4 pa3paboTku HeTHBIX MecTopoxaernid. M.: Hempa, 1970.

5. Camapckwuit A.A., I'ymua A.B. Uncnennsie metonsl. M.: Hayka, 1989 1.

YucjaeHHoe MOAC/IMPOBAHHME MACCOIIEPEHOCA B KOJUICKTOPE C IPUMEHCHUEM
BBICOKOIIPOU3BOAUTECIBbHBIX BBIYHCJIEHHH

IO. O. bobpenésa', B. A. [Ipomacos®, U. M. Kynukos®, . M. I'y6aiioynnun'*

VYpumceruit 2ocyoapemeenviil neghmanot mexnuueckuil yHugepcumen

2Hosocubupckutl 20Cy0apCmeenHblil MmexHUYecKuil yHugepcumen

SUncmumym eblauciumenvuol mamemamuxy u mamemamuyeckotl 2eogpusuxu CO PAH

*Uncmumym nepmexumuu u kKamaniuza — 060cobieHHoe cmpykmyproe noopaszoenenue QedepaibHo2o
20CY0apcmeeHn020 DI00HCEMHO20 HAYYH020 Yyupesicoenuss YDOUL] PAH

Email: yu.o.bobreneva@gmail.com
DOI: 10.24411/9999-017A-2019-10222

J1st panroHaTsHOM pa3paboTKu HE(PTIHBIX 3aJIeKeH BAKHBIM SBIIICTCS HATMYNE Ka9eCTBEHHOW HHpOpMa-
MU O (PMITBTPANIMOHHO-EMKOCTHBIX XapaKTEPHUCTHKAX KOJUIEKTOPA, YTO HAPSAMYIO CBSI3aHO C M3yUEHHEM 0CO-
OeHHOCTEH (hMIBTpAIUH KUAKOCTEH B TuacTax [1]. PaccMaTpuBaeTcst MOAeNb JBOWHON TOPUCTOCTH YOppeHa-
Pyrta [2], KoTOpas mpencTaBieHa CHCTEMON ypaBHEHHH, OMMMCHIBAIONINX TIPOIiecCe GHIBTPAIIIN B TPEITHHAX U
B KOJUIEKTOpE. J[Be MOPOBBIE CHCTEMBI — CHCTEMa TPEUINH U CHCTEMa MaTPHIl OMTMCHIBAIOTCS PAa3TUIHBIMY 3Ha-
YeHUSIMHA (QUITBTPAIIMOHHO-eMKOCTHBIX CBOMCTB [3]. B CBs3W ¢ TeM, UTO aHAIUTUYECKOE PEIICHUE CHCTEMBI HE
MOYKET OBITh TMOJIYYEeHO B 00IIEM BUE, a CyIIECTBYET JIMIIh TPUOIMKEHHOE PEIIeHNe I YaCTHBIX CITydaes,
BO3HHKACT HEOOXOMMMOCTh B YHCIIEHHOM perieHnn [4]. B pa®oTe mpemcTaBieH CpaBHUTECIBHBIN aHAIN3 BBI-
YUCIUTENbHBIX 3aTPaT MPHU PEIICHUH YpaBHEHU Mojienn YoppeHa-PyTa ¢ ucnonb30BaHEM HESBHOM Pa3HOCT-
HOW CXEeMBI W BEIYMCIIUTEIBHBIX METOIOB [5], amanTHpOBaHHBIX TIO/T NCTIOIB30BAHNE MHOTOSIEPHBIX apXUTEK-
Typ C 00IIel maMAThIO C TpuMeHeHHueM TexHojorun OpenMP 1 BEKTOPHBIX HHCTPYKIIAHN, MTOAICPKIHBACMBIX
nporeccopamu Intel 1 AMD.

Pabora BbITIOJIHEHA IPH YaCTUYHOW (HHAHCOBOI noaepskke rpanra POMDU (kox npoekra 16-29-15116).
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Cnucok JuTeparypbl

1. bapenbmart I'1., EatoB B.M., Peokuk B.M. J[BmkeHne ®UIKOCTEH U Ta30B B MPUPOTHBIX 1iacTax. M.: Hempa,
1984.

2. Warren J.E., Root P.J. The behaviour of naturally fractured reservoirs. 6.m.: Soc.Petrol.Eng.J., 1963, p. 245-255.

3. Abdullah AI-Ghamdi, Iraj Ershaghi. Pressure Transient Analysis of Dually Fractured Reservoirs. [SPE 26959]
0.M.: SPE Journal, 1996.

4. Azuz X., Cerrapu 3. MaremaTnueckoe MOJEIMPOBAHHUE IUIACTOBBIX cUCTeM. [pel.] MakcumoB M.M. [nepes.|
Kectuep B.I1. Koponer A.B. MockBa-MoxeBck : IHCTUTYT KOMIBIOTEPHBIX HCClIenoBanuid, 200 1.

5. Kanutkun H.H. Yucnennsie metoasl. M.: Hayka, 1978.

YucjieHHOE pellleHne HAYAIbHO-KPA€eBOii 321a4H ¢ BAKYYMHBIMHM IT'PAHHYHBLIMH YCJIOBHSMH
JUIS1 YPABHEHUS MHAYKINH MATHUTHOIO TOJISI

U. B. Boiuun'?, A. B. Topenuxos'?, A. B. Paxoeckuii®

T060cobnennoe noopaszoenenue OI'Y OHI] HUUCHU PAH 6 2. Cypeyme
2Cypeymckuil 20cy0apcmeeHHblll YHUSEPCUMEm

Email: gorelikov_a@list.ru

DOI: 10.24411/9999-017A-2019-10223

B pamkax MeTozna KOHTPOJIBHOTO 00beMa pa3padoTaH aJITOPUTM YHCIICHHOTO PEIICHHs HauaIbHO-KPaeBbIX
3a7a4 AJIs1 ypaBHEHMs] MHAYKLUU MarHUTHOTO TI0JISl C BAaKYyMHBIMU IPAaHUYHBIMH YCJIOBUSIMH B IIPON3BOJIBHBIX
OPTOTOHAJIBHBIX KOOpAMHATaX. Vcnonp30BaHa npoueaypa AUCKPETU3AMN YPAaBHEHUSI MHAYKIIUH MarHUTHOTO
MOJIsl Ha CMEILEHHBIX ceTKax [1-3], KoTopast I03BOJISIeT OyYaTh PELICHHUE, C 3aJaHHOM TOYHOCTHIO YIOBJIETBO-
psifolliee CETOYHOMY YPAaBHEHHIO HEpPa3phIBHOCTU. Pa3zpaboTaHo nmporpaMMHOE oOecrieueHne 1Sl YUCIEHHOTO
peleHus 3a/1a4 ¢ BAKyyMHBIMH IPaHUYHBIMH yCIOBUSIMHU /17151 yPaBHEHUS MHIyKIIMA MAarHUTHOTO T10JIS1 B ILIApe.
Brewmnss 3agaua Heiimana 11t ypaBHenus Jlamnaca Ha MOTEHIMAM MarHUTHOTO TOJIS B BAKyyME pPeIlaeTcs ¢
HCIIOJIb30BaHUEM ITPEe00pa30BaHus 0OpaTHBIX paguycoB. [IpencTaBieHsl pe3yabTaTbl TECTUPOBAHMS Ha 3a7ade
C BaKyYMHBIMH I'DaHUYHBIMH YCIOBUSIMU O U] (Y31 MarHUTHOTO MOJIS B TPOBOASILEM IIape.

Pabora BeimonHena npu noguepxke [Iporpamvel @HU rocynaperBennbix akanemuit Hayk Ha 2013-2020 rr, mpoekT
Ne 0065-2019-0007.

CImcok TuTeparypsl

1. Kynuxosckuii, A.I'., H.B. IToropenos u A.lIO. Cemenos, 2001. MaremaTnueckue BOPOCH YUCIEHHOTO PEIICHUS
rurnepoonueckux cucreM ypasaenuit. DU3MATIINT, 608 c.

2. Toth G., 2000. The constraint in shock-capturing magnetohydrodynamics codes. J. Comput. Phys., 161: 605.

3. Konmserukos, B.B., O.C. Maxoposa u E.D. ®@enocees, 2009. Hucnenuslii Meton pemieHus ypasHeHuit MI/I.
[Ipenpunter UTIM um. M.B.Kenneima, Ne 30. 28 c.

MaTteMaTH4ecKoe MOJEJTUPOBAHNE PEeaKIMU CHHTEe3a 0eH3UJI0YTHI0BOr0 3(pupa

A. I Bosoenxo', K. @. Koneouna'?, U. M. I'ybaiioynnun'=
'Unemumym negpmexumuu u kamanuza YOUL] PAH
2Vpumceruii 2ocyoapcmeenuviil HehmAHOU MeXHUYECKU YHUBEPCUMEm

Email: vovdenkoann@gmail.com
DOI: 10.24411/9999-017A-2019-10224

B pabore paccMaTpuBaeTcst peakiys nojaydeHust 0eH3uI0yTHIIOBOTO 3(hUpaMeKMOJICKYIISIPHOM T Ipa-
Tanuell OCH3MIIOBOTO ¥ H-OyTHIIOBOTO CITUPTOB MO JeiicTBUeM Karanuzatopa CuBr2. Ha ocHoBe skcnieprmMeH-
TaJIbHBIX JAHHBIX MPEIJIOKEHA MaTeMaTHUECKast MOJICIIb JAHHOHN PEeaKIK, KOTOPask IIO3BOJISIET aJICKBATHO OIIH-
CaTb SKCIICPUMCHTAJIbHBIC JAHHBIC ITPU Pa3JIMYHBIX MOJIBHBIX COOTHOIICHUAX U TEMIIEPpATypax C IOMOIIbIO Ha-
XOXKJAEHUS 3HAUCHU KOHCTaHT CKOPOCTEN U SHEPTrUid aKTUBALUU CTaJUM.

Pabora BrImosHeHA TpH (PHHAHCOBOI moaiepkkePD DI B cOOTBETCTBUY ¢ HCCIIeI0BATENbCKUMH TIpoekTamu Ne 17-
43-020155 p_a, Ne 18-07-00341 u crunenausimu Ilpesunenta PO SP-669.2018.5.

CHucok JuTeparypbl

1. Baiirysuna A.P., l'mmanernunosa JIL.U., XycunytauaosJl.M. CuaTe3 GEH3MIAIKMIOBBIX APHUPOB MEKMOJICKYJISP-
HOH Jieruzparanneil 6eH3MIOBOTO CMpTa ¢ annpaTHuecKIMU CIIUPTaMH TI0J] IeHCTBHEM MEIbCOICPIKaINX KaTaln3aro-
poB M.: Hayka, 2018.



Mamemamuueckoe modenuposanue 8 3a0auax 2e0pu3uUKU U 31eKmpoPu3uKu 109

2. Ty6aiinymmn U.M., Caii¢ymummna JI.B., Enukees M.P. "MH(opmanmoHHo-aHaTUTHYECKast HICTEMa 00paTHBIX 3a-
Jlad XUMHUYECKoi KuHeTuKn". YuebHnoe mocoodue. M3n-¢ bamkupck. Ya-ta.- Yda, 2003. — 89 c.

3. Axwmeros U.B., I'ybaiinymmun .M., Konequna K.®., Capun P.P. Maremarnueckoe MoaeIMpoBaHue U ONTHMH-
3aIMs PeaKIMil CHHTE3a apOMATHIYCCKIX COSTHHCHUH. DNEKTPOTEXHUICCKHE U HH()OPMAIIMOHHBIC KOMILIKCHI U CHCTEMBI.
VY pumcKknii rocy1apcTBEHHbIH YHUBEPCUTET SKOHOMHKH U cepBuca. Yda. No2 1. 112015, C. 3-8

4. K.F. Koledina, S.N. Koledin, [.M. Gubaydullin Optimization of chemical reactions by economic criteria based
on kinetics of the process / CEUR Workshop Proceedings, Volume 1966, 2017, P.5-9.DOI: 10.24411/9999-017A-2019-
10001 10.18287/1613-0073-2017-1966-5-9.

Fﬂﬁpl/llll-ll)le AJITOPUTMBI 1JIA MOACJIHPOBAHUA IBYMEPHBbIX TedeHHH MJIa3Mbl

B. A. Buuexos, JI. B. Buuexosa, I U. /[yonuxosa
Hucmumym viuuciumenvuoi mamemamuxu u mamemamuyecxoui ceousuxu CO PAH

Email: vsh@ssd.sscc.ru
DOI: 10.24411/9999-017A-2019-10225

M3BecTHO, YTO MJ11 MOJIETMPOBAHUs PA3pPEKEHHOM I71a3Mbl JIyUIIE€ BCETO MOAXOAUT MareMaruieckas Mo-
JIeNib, COCTOsAIIAsA M3 ypaBHEHMN BrnacoBa nuisl ka0l KOMIIOHEHTHI IUIa3Mbl U ypaBHEHUMK MakcBeiia s
ANIEKTPOMATHUTHBIX MMOJICH. J{Jsl YuCIIEHHOTO pelIeH s 3a/1a4 C UCIIOJIb30BAHUEM 3TOW MOJIeNIN Hanboiee moji-
XOJTUT METOJ] YACTHII-B-STYCUKaX B CBSI3U C €r0 YHHUBEPCAIBHOCTHIO ISl INIMPOKOTO JAHara3oHa (PU3MYeCKUX Ia-
pametpoB. OJHAKO MPUMEHEHNE METOJ[a YACTHIl TPEOYeT OOJBIINX BBIYUCIUTEIBHBIX PECYPCOB — MaMSITH U
osicTponeiicteust OBM. Ho emie Oomnbiiee orpanuucHue Ha 3(QPEKTUBHOCTh YHCICHHONH MOJICIIN HAKIIAIbI-
BaeT Pa3HOMACIITA0OHOCTh (PM3UYCCKUX SIBICHHI, ONPEEISIeMbIX TTOBEJCHUEM JICTKUX (JICKTPOHBI) U TSKE-
JIBIX (MOHBI) 4acTHI] TuIa3Mbl. Eciu mpu aToM n3ydaemblie 3pQeKThl ONPENesIFOTCs IBHKCHHEM HOHHBIX KOM-
MOHEHT, TO CYIIECTBEHHOE OIPaHUYCHHUE MPHU UCIIOIb30BAHUU MOJCIH OyJeT CBS3aHHBIM C OOJBIIMM BpeMe-
HEeM cuéTa.

Jls ymeHbIieHus TpeOoBaHMit K ObICTpoIeicTBUIO U TaMsTH DBM, 10 cpaBHEHHUIO C MOTHOCTHI0 KHHETH-
YECKUMU MOJICIISIMH, HCTIONIb3YOTCSI KOMOMHUPOBAaHHKIC (THOPUIHBIC) MOjIeNn. B Jokane Ha mpuMepe 3a1auu
0 paszjere IIa3MEeHHOTo 00aka OyJIeT pacCMOTPEHBI IByMEPHBIC THOPUIHBIC MOJISIIA, OCHOBAaHHBIC HA THJIPO-
JIMHAMHYECKOM TIPUOJIMIKCHUH JIJISL SJICKTPOHHONH KOMIIOHEHTBI TUIA3Mbl U KHHETUYECKOM MPHUOIMKCHUU JJIs
HMOHOB. YCJIOBHUSl MU BO3MOXXHOCTHU UX NMPUMEHEHMS, TIOJIyUYEHHBIE HA OCHOBE CYIIECTBYIOLINX TEOPETHUECKHUX
OIICHOK, Oy/TyT MMPOBEPEHBI M YTOUHEHBI IPU YHCICHHOM MOJICIIMPOBAHNUY.

Pabora BrrmonHeHa npu (prHaHCOBOW Toanepxke Poccniickoro gponma GpyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekta 18-29-21025-Mk).

YucjaeHHoe MOAC/IMPOBAHNEC THUHAMMKH B3aHMOJEHCTBHS IJIA3MEHHBIX NOTOKOB B MATHUTHOM I10JI€

K. B. Buwskog', JI. B. Buuskosa®, I H. J[yonuxosa®

\Unemumym naszepnoii pusuxu CO PAH

2Hnemumym bl4uciumenvuol mamemamuxy u mamemamuyeckotl 2eogpusuxu CO PAH
Email: vkv76ru@gmail.com

DOI: 10.24411/9999-017A-2019-10226

B pabote mpencraBiena 3-mepHasi MOZIENbh PAaCIpPOCTPAaHEHHE TIA3MEHHOTO CTyCTKa B (DOHOBOW TuTa3-
Me, OCHOBaHHAsl Ha MCIIONIb30BAaHUN KHHETHYECKOTO ypaBHEHUs BracoBa aiisi HOHHOW KOMITOHEHTHI IJIa3MBl.
Jns onmcaHus 3MEKTPOHHON KOMITOHEHTHI TNIa3MbI HCIIONB3YIOTCS YPAaBHEHNS MAarHUTHOW THAPOAMHAMUKH.
VpaBHeHus BriacoBa penraroTcs Ha OCHOBE METO/Ia YacTHll B siueiikax. KoHeuHO-pa3HOCTHBIE CXeMbl UCTIOJNb-
3YIOTCS JUIS PEUIeHHs CUCTEMBI ypaBHEeHUI MakcBeiia v IMHAMUKH 3J1eKTPOHOB. [IpoBeneHa ceprs BEIYUCIN-
TEJIBHBIX SKCIIEPUMEHTOB IS HCCIIEIOBAHNS OSCCTOIKHOBUTEIBHBIX MEXaHU3MOB B3aUMOJICHCTBHSA TIJIa3MEH-
HBIX TIOTOKOB U CTPYKTYPBI T€HEPUPYEMBIX BOJIH IPUMEHUTEIHHO K YCIOBHSIM Ja00paTOPHBIX AKCTIEPUMEHTOB
Ha ycranoBke KHM-1 NJI® COPAH [1].

Pabora BeimonHeHa npu GuHaHCOBOM Toanepxkke Poccutickoro Gonma GpyHIaMEeHTaTBHBIX UCCIICIOBAHUMN (KO IPO-
ekra 18-29-21025).

Crimcok IuTeparypsl

1. Tumenko B.H., 3axapos O.I1., [llaiixucnamos U.®. n np. TopcronHas AnbhBeHOBCKas U MEJICHHAs! MArHUTO3-
BYKOBasl BOJIHBI, CO3/1aBaeMble MIa3Moit B MarHUTHOM rniosie. [Tucema XKOT®D. 2016. T. 104, Ne 5-6. C. 303-305.
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YucjieHHOE HCCJIe0BaHUe NOMIOIEeHHNs aJb(PBEHOBCKOM BOJHBI JHCCHUIIATHBHOM IJIA3MOH ¢ YUYEeTOM
PAa3JUYHbIX BHIOB U3JIVUYEeHHUA

M. B. I'aspukos, A. A. Taropckuii

HUnemumym npuxnaouoti mamemamuxu um. M.B. Kenoviuwa PAH
Email: mbgavrikov@yandex.com

DOI: 10.24411/9999-017A-2019-10227

B paGote paccMoTpena mMozenb 3aTyXaHus anb(BEHOBCKOH BOJHBI, MaJarolleil HAa TPaHUIy C JUCCHIIA-
TUBHOH TuIa3Moi. B kauecTBe AMCCUNAnUi YUUTHIBAINCH MAarHUTHAS BA3KOCTh, PelaKcalys TeMIeparyp, Tu-
JIpOIMHAMHUYECKHE BA3KOCTH U TETIJIONPOBOIHOCTH AJIEKTPOHOB U MOHOB, IOTEPH Ha U3TyyeHHne. B ocHOBY Hc-
CJIEJOBaHUH MOJI0KEHBI YPABHEHUS ABYXKUJAKOCTHOMN 3JIEKTPOMArHUTHON r'MAPOJUHAMHUKH C MOJHBIM yUETOM
MHEPLUH 3IEKTPOHOB. bbuta nmpe/iokeHa HesiBHAsI pa3HOCTHAs CXeMa YHUCIEHHOTO pacueTa MIIOCKUX TeUeHUH
JIBYX>KMJIKOCTHOM TUJIa3Mbl. BBINOMHEHHBIE MCCIIEOBAHUS YUYUTBHIBAIU PAa3IMYHbIE W3ITy4eHUs, B TOM YHUCIIE
TOPMO3HOE 1 (HOTOPEKOMOMHAIIMOHHBIE N3Ty4YeHUs. BeIsgBIeHbI Takue (akThl, KaK BBIXOJ Ha KBa3UCTaLOHAp-
HBI PEKUM 3aTyXaHUsl anb(BEHOBCKON BOJIHBI B TUCCUMIATUBHOM IJ1a3Me M 3QQEeKT 3anupanus aabPBEHOB-
CKOM BOJIHBI B AMCCUIIATHBHOM INJIa3Me.

Crimcok IuTeparypsl

1. TaBpukoB M.b., Taropckuii A.A TIpocTpaHcTBEeHHOE HENMHEIHOE 3aTyXaHHe ainb()BEHOBCKHX BOJIH B JIHCCHIIA-
TUBHOW 1U1a3Me // Maremarudeckoe MoaenupoBanue, 2013, 1. 25, Ne 8, ¢. 65-79.

MO}IeJ’ll/IDOBaHI/le CJIOMCTOI0o TCHCHUA ’KUAKOCTH B H3MerllOI]leﬁCﬂ BO BpEMEHHU 00s1acTH

B. A. I'anxun', A. O. J[y606ux*

' Hayuno uccreoosamensckuii UHCMumym cucmemusix ucciedosanuti PAH
2Cypeymckuil 20cy0apcmeeHHblll YHUGepcumem

Email: val-gal@yandex.ru
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PaccmatpuBaercsi TeueHHe BSI3KOH MPOBOASALICH >KUAKOCTH B 00JacTH M3MEHSIOLIEHcs BO BpemeHu. B
pamMKax MOJIEJIN CIOUCTOrO TeUeHU KUAKOCTH [ 1] nccieayercss M3MEHEHHEe apaMeTPOB KHUJIKOCTH B PE3Yib-
Tare 00bEMHOTO BO3/ICHCTBUSI MATHUTHBIM ITOJIEM H IBHKEHUS TPaHUIIBI oOnacT Teuenus. [IpencraBieno Tou-
HOE pelIeHHE 3aJa4H, NCIONb3yeMOoe sl BEepUPHUKALUHU PE3yIbTaToOB pacueToB. MoJenupoBaHie H3MECHEHHUS
CTPYKTYPBI TEUCHUSI N3-32 BO3ACHCTBHS PA3IMUHBIX THIIOB ITPU M3MEHEHHUH BO BPEMEHH 00JIacTH TEUCHHS CBSI-
3aHO ¢ pelIeHneM Ooliee 00IIero Kiacca 3a1ad — 3a1a4d yIpaBiIeHus] HapaMeTpaMu HEC)KUMAaeMOW KHUJIKOCTH.
[TpumepoM Takoi 3aga4m AJ1st HeTEra30BOW OTpaciy SBISACTCS 3a7aua MOJCITUPOBAHUS OTKIIKA MECTOPOXK/Ie-
HUSI HA IMHAMHYECKHUE BO3JCHCTBHSI C LENBIO MOBBIICHHS HE(PTEOTAauH, UTO SIBISETCS 0CO00 BayKHBIM B CBS3H
¢ He0OXOIMMOCTBIO CO3/IaHUs OTEUECTBEHHOM TEXHOJIIOTHH “HH(poBOe MecTopokaeHue” [2].

Pabora BrrmonHeHa npu prHaHCOBOW TIoanep ke Poccntickoro gonna GpyHIaMEeHTaTBHBIX UCCIIETOBAHNMN (KO TIPO-
exra 18-01-00343, 18-47-860004).

Cnucok JuTeparypbl

1. bBerenun B.B., l'ankun B.A., /lybosux A.O. OO ynpaBisieMOM CIOMCTOM TEUCHUH BSI3KOH HECKMMAEMON >KHJIKO-
ctu B Mmogeru MI'JT // JAH. 2016. T. 470. Ne 2. C. 150-152.

2. berenun B.b., l'ankun B.A. 3agaun ynpaBneHust napamMeTpaMy HECXKMMAEMOMN KUJKOCTH MPH U3MEHEHHH BO
BpemeHHu reomeTpun TedeHus / JJAH. M.: U3n-Bo Axkagemusaarientp "Hayka". 2015. T.463. Ne2. C. 149-151.

I'n6puanas ynciaeHHas Mojesb GopMHupoBaHUsS KOHGUTYPAIH MATHUTHOIO MOJISA B OTKPBITO
JIOBYLIKE

E. A. I'enpux, M. A. boponuna

Hnemumym evluucaumensrot mamemamuxu u mamemamudeckoti eeopusuxu CO PAH

Email: mesyats@gmail.com
DOI: 10.24411/9999-017A-2019-10229

PexxuM nuaMarHuTHOro yaep:KaHus IJia3Mbl, npenioxkeHHbld HenasHo B UAD CO PAH [1], B ciyuae
YCHENTHOW pealin3alni JaeT BO3MOXXHOCTh YITYUIIEHUS TTapaMeTPOB TUIa3MbI B JIMHEHHBIX MATHUTHBIX CHUCTE-
Max JiJIs TEPMOSIEPHOTO CHHTe3a. B 3TOM pekrMe MarHWTHOE TOJie TOJHOCTHIO BBITECHSETCS W3 3aHATOH
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M1a3MoN 00JIACTH, YTO 3HAYMTEIBHO YBEIUYHUBACT dPPEKTHBHOC MPOOOYHOE OTHOIICHHUE JIOBYIIKH U Pajiv-
KaJIbHO yBEJIMYMBAET BpeMs yAep KaHUs 4acTUL U dHepruu. [Ipyn TepMosaIepHbIX apaMeTpax Iia3Mbl JIJIMHA
cBO0OOIHOTO TIpo0OEra MOHOB BEJIMKA [0 CPABHEHUIO C JUIMHOW JIOBYIIKU. boree Toro, JTapMOpOBCKUl pajnyc
HOHOB IPEBBIIACT IUPHUHY HalaeHHOTo B MI/[-ipubnikeHnn iepexoqHoro cios "my3bips'. Takum oOpa3zom,
JUTSL OTIMCAHUS TUHAMUKH MOHOB CTAHOBSTCS CYIIECTBEHHBIMU KHHETUYCCKUE dPPEKTHI, a 3HAYUT HEOOXO M-
MbI MOJICIH, OCHOBaHHbIC Ha ypaBHeHUU BracoBa. BBUy CIIO)KHOCTU CUCTEMBI IS €€ UCCIICIOBaHUs TPeOy-
€TCs CO3/IaHUE YMCIIEHHBIX MOJICIIEN, a/IEKBaTHBIX UCCIIETyEMBIM ITPOLIECCAM.

B noknazne npezcrapieHa pa3paboTaHHas AByMEpHAsi OCECUMMETPUYHAsI THOPHIHAS YUCIICHHAsT MOJICITb
(hopMUpPOBaHHMS TUAMATHUTHOTO "Ty3bIpsi" B IPOOOUHOI JIOBYIIIKE, OCHOBaHHAsI HA KHHETUYECKOM IPUOIIVIKE-
HUU JIJISI HOHHOUW KOMITOHEHTHI T1a3Mbl 1 MITJ] mpuOnukeHuu 1yist 5iekTpoHoB. Ha ocHOBe ruOpumiHO# Mojie-
JIU pa3paboTaH JBYMEPHBIHM allTOPUTM UCCIICIOBAHUS TUHAMUKN HHXCKTHPOBAHHBIX YaCTHI] B TI0JIC JIOBYIIICK.
JIBMKeHNE HOHHOW KOMIIOHEHTHI PaCcCUUThIBaeTCsl MeTOIoM uacTull B stueiike (PIC), u s pacueTa MarHUTHO-
TO TOJIS1 ¥ DJIEKTPOHHON KOMIIOHEHTHI IJIa3Mbl UCIIOJIB3YOTCA KOHEYHO-Pa3HOCTHBIE cXxeMbl. Ha ocHOBe pa3pa-
0OTaHHOTO AJITOPUTMA CO3/[aH MPOTPAMMHBIN KO JIIsl H3YYCHUS TIPOIECCOB (DOPMUPOBAHUS COTIIACOBAHHOM C
JIBUKCHUEM TUTa3Mbl KOH(UTYPALMU MarHuTHOTO 1o1sl. [1oirydeHsl peiBapuTebHbBIC PE3yabTaThl 3aBHCUMO-
CTHU JUHAMUKHU TEYEHUS TUIa3Mbl B IUAMarHUTHOM PEXKUME OTKPBITHIX JIOBYIIEK OT TapaMeTPOB I1a3Mbl U Mar-
HUTHOM CUCTEMBI.

Pabora BrrmonHeHa npu prHAHCOBOW TIoanepxkke Poccntickoro gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
ekta 18-31-00314).

Crnucok auTeparypbl

1. Beklemishev A.D. Diamagnetic “bubble” equilibria in linear traps // Physics of Plasmas. 2016. 23. 082506.

AJITOPUTMBI OCTPOEHHS KBAa3HNCTPYKTYPHPOBAHHBIX CeTOYHBIX MOJIeJIeH AJI MPOrpaMMHOI0
KOMILIEKCA Ha ocHOBe KoHnennuu bCM

B. C. I'opwynos'?, JI. A. Tonybesa'”, B. I1. Hnoun'?
Uncmumym svruuciumenvhot mamemamuxu u mamemamudeckou ceogpusuxu CO PAH
2Hosocubupckuil 20cy0apCmeenHblil yHUuepcumen

Email: basil.gorshunovi@gmail.com
DOI: 10.24411/9999-017A-2019-10230

[Ipu unceHHOM peleHu  3a1a4 MaTeMaTHIeCKOW (PH3MKH BaXKHOM YacThIO TIpoIiecca SIBIISIETCS ATall T0-
CTpOEHUS CeTOYHON Mozemnu. I 3TOro CyIiecTByeT MHOXKECTBO Pa3IMUHBIX allTOPUTMOB U METOJIOB, 00Ia-
JTAIONIMX CBOMMH TPEUMYIIECTBAMH U HEOCTaTKaMH TPU IPUMEHEHHH K 001acTsIM pasnuaHoil popmer [ 1-4].
Hanpumep, HEKOTOPBIN aITOPUTM TTO3BOJIAET MOIYYUTH O0JIee KaueCTBEHHYIO CETKY U MCIOIh30BaTh MEHbIIIE
BBIYMCIIMTEIBHBIX U BPEMEHHBIX PECYPCOB MPU MOCTPOCHUN CETOYHON MOIENH B 00JAaCTAX MPSMOYTOIHHON
(hOopMBI, HO MOXET J1aBaTh MOCPEACTBEHHBIN pe3yIbTaT PH MPUMEHEHUN K KPUBOJIMHEWHBIM 00IacTsIM 100
OBITH BOOOIIIC HEITPUMEHUMBIM K 00J1acTsIM HHOU (hopMbl. OCHOBHOM M HanOoJIee TOUHBIN METOT OIIEHKH Kade-
CTBa CETKH IpejiaraeT MociIe[0BaTelIbHOe YMEHbBIIIEHHE pa3Mepa AIEMEHTOB J0 TeX TP, TOKa KaKoH-HUOYIh
3HAYUMBIHA PEe3yJbTat, TAKOH KakK, HallpUMep, MAaKCUMAaJIbHOE HAMPSKEHUE B ONPEACIICHHON 30HE, HE COMAETCS
K HEKOTOPOMY 3HAYEHHUIO.

Ecim ¢msnueckas 3amaua mogpazyMeBaeT OIyUYSHHE PEIIeHUs B CIIOKHON TeoMeTpryecKkor 00macTu, To
9TO 3HAYUTENHHO CYyXaeT Habop METOIOB /IS TOCTPOCHHS CETOYHOM MOJIEINH JIJISl BCei TeOMEeTpUIecKoi o0ma-
ctu. Pemennem Taxkoit mpoOiIeMbl MOXKET IMOCITYXHUTh JEKOMIIO3HIIAS UCXOTHOW pacdeTHON 001acTH Ha MOJ0-
OJTaCTH TaKUM 00Pa30M, UTO JIS KKIOH U3 MMOI00IacTelt MOXKHO TTO00paTh aJrOpPUTM ITOCTPOSHHS CETOYHOM
MOJIeTH, KoTopas Obl 00J1a1aa HeoOXOIUMBIMH KadeCTBEHHBIMH XapakTepUCTHKaMH. TakuM 00pa3oM, TIPHUX0-
JTIUM K OTIpeZIeNIEeHUIO KBa3HUCTPYKTypHUPOBAHHON CETOYHOM MOAEIH, KOTopas Oy/leT orrcaHa B HACTOSIIEH pa-
6ote. Takolt momxon ncnonb3yercs B [I[porpaMMHOM KOMILTEKCE TS PEIeHUsT 3-MEepPHBIX 3a]ad MaTeMaTnde-
CKo¥ u3nku Ha ocHOBe KoHmenuu bCM [3, 5].

Pab6ota BeInosiHeHa mpu (UHAHCOBOM moazepkke Poccuiickoro HayuHoro gouaa (kox mpoekra 14-11-00485)

Cricok TuTeparypsl

1. Wnpun B.I1. ®yHnaMeHTambHBIC BOMIPOCHI MATEMATHIECKOTO MOZIeTpoBanus. //BecTauk Poccuiickoii AkanemMun
Hayk, 1. 86, Ne 4, 2016, 26-36.
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2. Tomy6esa JI.A., Unbun B.II., Ko3sipeB A.H. O mporpaMMHBIX TEXHOJIOTUSIX B TEOMETPHUUECKUX acleKTax Mare-
Maruueckoro mojenuposanus. — Becrauk HI'Y, cepust Undopmanmonnsie Texuonoruu, T. 10, N 2, 2012, 25-33.

3. Wneun B.II., I'mankux B.C. ba3zoBas cucrema monenupoBanus (BCM): koHIeNIUs, apXUTEKTypa U METOJI0JIO-
rus "CoBpeMeHHBIE TPOOIeMbl MATEMaTHYECKOTO MOJICTIMPOBAHMS, 00pab0TKM N300paKeHUH 1 MapajlieNIbHbIX BBIYKCIIe-
Huit2017" (CIIMMOMuIIB-2017), PoctoB-na-Jlony usnarensctso JAI'TY, 2017, 151-158.

4. http://tflex.ru/about/publications/detail/index.php?ID=3846

5. Tomny6esa JI.A., Topurynos B.C., Unsun B.I1., Opnaeiaues 3.6. [TporpaMMHBIH KOMIUIEKC JJ1s peLICHUs 3-MEPHBIX
3aj1a4 MaTeMaTH4ecko (pu3uKK Ha ocHOBe KoHuenuuu bCM. //Tpynst MesxaynapoaHoit konpepeHnny "BeraucnurenbHas
MareMaThka ¥ Maremarudeckas reodusuka’ nocesimeHHas 90-meTuio co aHs poxeHus akagemuka A. C. Ajekceesa.
2018. C. 126-132.

Pa3BuTne MAaHTHIIHBIX ILUIIOMOB M UX B3aHMO/IeiiCTBHE ¢ BepXHel rpaHuied npu HaJu4Yuu ¢a3oBbIX
nepexo0B

0. O. I'vcenvnurosa', B. C. Beponukog'?, B. A. I puwkos
'Hosocubupckuii 20cy0apcmeenHblil yHugepcumen
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2

I[J'I}l IMpoUeCCOB PA3BUTUA MaHTHUUHBIX IJTFOMOB XapaKTCPHbI OosbIIne pasMEpbl 1 HU3KUC CKOPOCTHU TCUC-
HUA, IIOOTOMY aKTyaJIbHBI 3a1a4n (1)I/I3I/IIICCKOF 0 U YUCJICHHOI'O MOJCJIMPOBaHM. HCCJ’ICL[OB&HBI MMPpOLCCChI pas-
BUTHA CBO6OZ[HOKOHBCKTI/IBHI>IX CprfI B 3aBUCHUMOCTH OT BBICOTHI CJIOA Y KUAKOCTH [1] 1 MOITHOCTH MCTOYHHKA
TCIUIa OIpHU JUCKPETHOM HaGOpe YHUCCJI HpaHZ[TJ'IH. Pemanace cucrema ypaBHeHI/Iﬁ CBO6OZ[HOI71 KOHBCKIIMH, aIl-
IMpoKCUMaIusa KOTOpOfI BBITIOJTHCHA METOJOM KOHCUYHBIX 3JICMCHTOB. B oGmactu B3aI/IMOI[CI\/'ICTBI/I$I TOJIOBHOM Ya-
CTU CTpyHU C BerHCﬁ I‘paHHIICfI YUUTBIBAJIaCh TEIJIOTA (1)3301301“0 rnepexona. HJ’IH BOJIbI YUTCHO CBOMCTBO HH-
BepCHOﬁ 3aBUCUMOCTH IIJIOTHOCTH. I/I3yqua 9BOJIFOIUS BO BPpEMCHU rmoJieit CKOPOCTH, TEMIICPATYPhI U TCILJIO-
BBIX IIOTOKOB B 3aBHCHUMOCTH OT BBICOTHI CJIOA U MOIIHOCTHU MCTOYHHMKA.

Pabora BemmonHeHa B pamkax rocyaapcrBenHoro 3amanust UT CO PAH (mpoexr I11.18.2.5., Toc. per. AAAA-A17-
117022850021-3).
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DKCcIIepUMEHTATBHBIE M YNCIIEHHBIE MCCIIeIOBAaHUS HECTAIMOHAPHBIX TUTaBy4YnX cTpyi / ABromerpus, 2012, T. 48, Ne 3,
¢. 90-100.

Pacuet HoHOC(h EPHBIX YIEKTPHYECKHX M0JI€i, 3AMBIKAIOIIHUX [VI0O0AJbHYIO JIEKTPHYECKYIO IeNb
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I'moGanpHas snexTpuyeckas Ienb MOPOXKIEHA TPO3aMH, KOTOPHIE BBIHOCST 3apsibl B HOHOCHEDY.
[TockonbKy Ha3al Ha 3eMITIO 3apsi/Ibl CTEKAIOT 0 Beel arMocdepe, He0OX0IUMO HEKOTOPOE AIIEKTPHIECKOE TI0-
nie B moHoc(hepe, KOTopoe 00ecIednBaeT CyIIeCTBOBaHIE TOKOB M3 O0JIacTei Ha/J Ipo3aMu B yIaJeHHbIE Ya-
cti noHocepsl. B paMkax KBazuCTaMOHAPHOW MOJAETH MPOBOTHHUKA, COCTOSAIIETO U3 aTMOC(epbl U HOHOC-
(epsbl, MOCTpoeHa MaTeMaTHYECKasi MOJIEIh pacTIpeIeTICHHS AIIEKTPHYECKOTO TIOTeHIIHAaa, KOTOPBINA IOPOXKIa-
eT 3Tu noHocdepHble TokH. Vcnonp3yeTcst IByMepHasi MOJiellb HOHOC(hEepHOTo MPOBOAHNKA, OCHOBaHHAS Ha
BBICOKO TTPOBOJIUMOCTH CPEIbI B HAIIPABIEHUH T€OMAarHUTHOTO TOus. JJis peleHns BO3ZHUKAIOIIECH MTPH 3TOM
SIUTUNTHYECKON KPaeBoi 3a/1a4i ¢ HECUMMETPUYHBIM OTIEPaTOPOM ITPHUMEHEH MHOTOCETOYHBII BapHAIIHOHHO-
Pa3HOCTHBIN METO/], OCHOBAHHBIN Ha MPUHIINIIE MUHIMYMa KBaIpaTUIHOTO (yHKIIMOHANA 3Hepruu [1]. B Ha-
el MOZIETTH 3a CUeT OoJiee aJIeKBaTHOTO OIMCAHNS HOHOC(EPHI ATIEKTPUUYECKUE OIS TTOJTyJatoTCsl Ha TIOPSIIOK
MEHBIIINMH, Y€M 3TO ITOJIarajioch JI0 HACTOSIIETO BPEMEHH.

Pabota BeImosHeHa pu (hUHAHCOBOM momepkke Poccuiickoro honma GpyHIaMeHTa IbHBIX UCCIACIOBaHU (KO IIPO-
ekta 18-05-00195).
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Henuneiinplii 3akoH 'yka B TeOpMH YIIPYTOCTH HEOAHOPOAHBIX H AHM30TPONHBIX TeJl
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Te3ucel rmeuararoTcs B aBTOpCKOﬁ peaakunu

HemnocpencTBeHHO M3 GU3NUECKON CBSI3M C HEJIMHEHHBIM 3aKOHOM ['yKa BBIBOZSITCS. KOMIIOHEHTBI TEH30-
pa HanpspDKeHUH TBepaoro AeOpMHUPYEMOTO Tela U HOBbIe HEJIMHEHHBIC YpaBHEHUSI TEOPUH YIIPYTOCTH C He-
CUMMETPUYHBIM TEH30POM HAIPSDKEHUH, KaK YaCTHBIM CIIydaid ITOJIy4ar0TCsl yPABHEHHUS C IMHEHHBIM 3aKOHOM
I'yka. l'unotesa Jlame u ypaBHenus Jlame He MeoT (U3NUECKON CBSI3U ¢ 3aKOHOM ['yKa, B 9TOM 3aKIIIOvaeT-
cs1 ux (hanbIMBOCTh. Jlame B3suT 32 OCHOBY MPUOJKEHHYIO (hopMysty HenoHoro nudGepeHnuaia u mpeamno-
JIOKHJI B CBOEH THIOTE3€ MPOMOPIMOHATBHOCTh KOMIIOHEHT TEH30pa HANPSKEHUH CUMMETPUYHON MOJIOBUHE
JTAHHOTO HETOJIHOTO Hu(depeHnrana CMeeHus, TpHUeM aHTHCUMMETpUYHas mojoBruHa auddepennuana or-
OpacbIBaeTcs, CIEICTBHEM Yero sIBJIsieTCs (haiblInBas CAMMETPHUYHOCTD TeH30pa HanpsbkeHuid Jlame. Hobie
HEJIMHEIHbIE YPAaBHEHMSI AlIIPOKCUMUPYIOTCS IBHOM CXEMOM, C IPUMEHEHHEM KOTOPOM YHCIEHHO PACCUUTAHO
YIPYTroe COCTOSIHUE TIIOCKOT0 OpycKa MpH ACHCTBYIOIINX Ha BEPXHEH rpaHH HOPMaJIbHOM U KacaTellbHOM Ha-
npsoKeHMsIX. Takas jxe cxema IpuMeHeHa Ui ypaBHeHul Jlame. IToiydeHHbIE KapTUHBI paCIIPEIEICHUsS CMe-
HIEHUH HAITISITHO IEMOHCTPHUPYIOT pa3ilyune PelIeHUi cpaBHUBAEMbIX CHUCTEM YpaBHEHHMH YIPYTroCTH, a Tak-
’Ke HECOOTBETCTBHE PElIeHNUs ypaBHEHUH Jlame naHHOMY cocTosHHIO nedopMHupyeMoro Tena. TeopeTniyecku
1 QU3HUYECKH MOATBEPKICHA (allbIINBOCTh YpaBHeHMI Jlame.

CImcok IuTeparypsl

1. Tumomenxko C.I1.- Kues: M3a-Bo “Hayxosa Jlymka”, 1972r. C.506.
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// U3Bectust HAH PK, cepust ¢pus.-mart., 6(310), Hosi0pb -nexadppb 2016 r.c.96-103

Pa3pa0oTka cxeM annpoKCHMAIMHU 10 BPeMeHH /ISl TPeXMEePHbIX HECTALMOHAPHBIX
re0’JeKTPOMATrHHTHBIX I0JIei, BO30Y:K/IaeMbIX KOHTPOJIMPYEMbIM HCTOYHHKOM

II. A. Jomnuxog'
tHosocubupckuti 20Cy0apcmeeHublil mexHu4ecKuil yHugepcumen

Email: p_domnikov@mail.ru
DOI: 10.24411/9999-017A-2019-10234

ITpoBonuTCsl MaTeMaTUYECKOE MOJEJIMPOBAHUE IIPOLIECCa CTAHOBICHUS NIEKTPOMArHUTHOIO I0JIS, BO3-
Oy>X/1aeMOro He3a3eMJICHHON KpyroBoil memiel B TpexMepHO# cpene. Vcmonbsyercs: BekropHoe nuddepeH-
L1aJIbHOE ypaBHEHHE 11apadoIMUYeCcKOro TUIla, coAepikallee rot-rot oneparop. s anmpoKCUMaLuy 110 IPo-
CTPaHCTBY MCIIOJIb3YETCsl BEKTOPHBIA METOJI KOHEYHBIX 371eMeHTOB [1-2]. CpaBHUBAETCS BBIYMCIUTENbHAS (-
(DEKTHBHOCTH HECKOJIBKMX BAPHAHTOB HESIBHBIX CXEM aIllIPOKCUMAIIMH 110 BPEMEHH, CPEIId KOTOPBIX JIBYXCIIOH-
Has M TPEXCJIONHHAs CXeMbI C HEpaBHOMEPHBIM IIaroM 1o BpeMEHH BO BCell BpeMEHHOM 00JIacTH 1 ¢ paBHOMEp-
HBIM I1arOM T10 BpEMEHH Ha MOJbIHTEepBaiaX. Takke CpaBHUBACTCS BEIUUCIUTEbHAS 3()(DEKTUBHOCTD MPSMBIX
Y UTEPAlMOHHBIX METO/IOB PEHICHUS] KOHECYHOAJIEMEHTHBIX CHCTEM JIMHEHHBIX alreOpanyecKux ypaBHCHUH,
00pa3yroImuxcs Ha Ka’kK0M BPEMEHHOM CIIOE.

Paborta BeImoTHEHA MTpH PIHAHCOBOH Momaep:kke rpanTa [lpesunenra Poccuiickoit @enepariu I1st TOCYIapCTBEH-
HOW TIOIEPIKKU MOJIOJBIX POCCHICKIX YUCHBIX — KaHAUATOB HayK (HoMep rpanTa MK-6811.2018.5).
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l"nﬁpmmme YHCJICHHBbIC MOJ€/JIM HOHHO-3BYKOBBIX VIAPHBIX BOJIH B MHOIOKOMIIOHEHTHOI ILJ1a3Me

A. A. Egpumosa, I U. J[yonukosa
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I'eneparust NpOJONBHBIX HIEKTPOCTATUYECKUX HOHHO-3BYKOBBIX BOJIH B IUIa3M€ BO3MOMKHA TOJIBKO B TOM
ciTydae, KoTrJia TemMIeparypa 3JIeKTPOHOB 3HAYUTENFHO MPEBBIIIaeT TeMieparypy noHos [1]. I[logo6ubIe ycio-
BUS SIBJISIFOTCS] TUIIMYHBIMHU JUISL TIJ1a3Mbl COJIHEYHOT'O BETpa M YacTO PEATHU3yIOTCs B 1aOOPaTOPHBIX SKCIEPH-
MEHTaxX KaK 10 HarpeBy M yAEP>KaHMIO IUIa3Mbl, TaK M 110 YCKOPEHMIO YacTHL IIPU B3aUMOAEHUCTBUHU J1a3ep-
HOTO MMITyJIbca ¢ Iia3Moii [2]. B peanbHOCTH B TIa3Me OOBIYHO MPUCYTCTBYIOT MOHBI Pa3IUYHBIX COPTOB.
MHOTOKOMIIOHEHTHBIH COCTaB MOHOB INPUBOAMT K CYILECTBEHHOMY M3MEHEHHUIO CTPYKTYpPbI YJapHOH BOJIHBI
1 MEXaHU3MOB YCKOPEHHUS 3apsKEHHBIX 4acTul] BO (poOHTE BONHBL. B maHHON paboTe mpeacTaBieHbl OAHO-
MEpHbIE THOPUAHBIEC YMCICHHBIE MOJIEIN IeHEPALM HOHHO-3BYKOBBIX YAAPHBIX BOJH B MHOTOKOMIIOHEHTHON
IUIa3Me, OCHOBaHHbIE HA KUHETHYECKOM ITPUOIKEHUN TOJIBKO AJIs1 HOHHOM KOMIIOHEHTHI I1a3Mel. J{i1st pere-
HUS ypaBHEHHMH BiacoBa MCTIONB3yeTCs METO[ YaCTHI-B-s19eiKax. MccaenoBana sBOIIONUS JIOKAIN30BaHHOTO
BO3MYILEHHS IFIOTHOCTH IJIa3Mbl IPOU3BOJIBHON aMIUTUTYAbI B 3aBUCUMOCTH OT TUIA U MPOLIEHTHOTO COAEP-
JKaHMsl HOHHBIX KOMIIOHEHT U (DYHKLUH pacipenesneHust 371eKTpoHoB. [1oaydeHbl OLeHKH NPUMEHUMOCTH TH-
OpUAHBIX MOJENEH 11l OMUCAHUS 3aKPUTHUECKUX PEKUMOB I€HEPUPYEMBIX YIapHbBIX BOJIH.

Pabota BeInosiHeHa pu (huHAHCOBOM momnaepkke Poccuiickoro horma GpyHIaMeHTa IbHBIX UCCACIOBaHU (KO ITPO-
ekta 18-29-21025).

Cricok IuTeparypsl

1. Carzees P. 3. KoyutekTHBHBIE TIPOIIECCHI U yAaPHBIC BOJIHBI B Pa3peKeHHOM I1a3Me. / Bonmpockl Teopuu ria3msl.
ITon penakuueit M. A. JleontoBuya. Mocksa: Aromuznart, 1964. — Beimyck 4., C. 20-80.

2. Malkov M. A., Sagdeev R. Z., Dudnikova, G. 1., et al. Ion-acoustic shocks with self-regulated ion reflection and
acceleration // Physics of Plasmas, 2016. — Volume 23, Issue 4, P. 043105.

Boundary element method in 3D problems of mathematical physics

V. Ya. Ivanov

Institute of Computational Technologies SB RAS
Email: vivanov.48@mail.ru

DOI: 10.24411/9999-017A-2019-10236

Numerical algorithms of the boundary problems described by Laplace, Poisson, Helmholtz and Maxwell
equations based on the integral representations are described. Combinations of single-layer, double-layer and
volume potentials are used to represent the solution. Analytical technique of singularity extraction is used to
obtain precision and stable numerical solutions for a potential and its high-order derivatives [1]. The numerous
examples of test problems and applications to the precision problems of electron optics, accelerator physics
and plasma-beam interaction are demonstrated [2-7]. The original algorithms can be used for the problems
of analysis, optimization and synthesis of physical electronic devices [8]. Decomposition algorithms to solve
complex three-dimensional problems are presented [9].
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Micrichannel amplifier behavior in strong magnetic field

V. Ya. Ivanov

Institute of Computational Technologies SB RAS
Email: vivanov.48@mail.ru

DOI: 10.24411/9999-017A-2019-10237

Microchannel plate photomultiplier tubes (MCP PMT) can work in a high magnetic field and have an
excellent time resolution. The influence of the magnetic fields up to 4.5 T on the parameters of several MCP
PMTs of different designs was investigated. PMTs with two, three and four MCPs were simulated and tested
in magnetic fields. Description of mathematical models for fast photo detectors based on microchannel plates
(MCP) in three-dimensional formulation is given [1-6]. The models include calculations of photoelectron
collection efficiency in the gap photo cathode — MCP, gain factor of secondary electron cascades in the
channels, the particle scattering in the gaps between the plates, taking into account the fringe fields and strong
external magnetic fields. Comparisons of numerical and experimental data are given [7-11]. The dependencies
of major device parameters vs. of applied voltage, pore size, and magnetic field magnitude have been studied.
Dependencies of the time resolution, the gain and the photoelectron collection efficiency on the magnetic field
are presented.

This work was (partially) supported by the Russian Science Foundation (Project no.16-12-10221).
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HOHOHH&HLHO—TODOI/IILEIHBHOG Pa3J0KCHHUE COJCHONIAJTBHBIX BEKTOPHBIX noJjei B mape

C. I Kaszanyes', B. b. Kapoaxog*
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B nacrosimeit pabore mpeiokeHa MOJIMHOMHANBFHAS CUCTEMa TOPOHJIANBHBIX H IOJIOMAATBHBIX TTONeH
B mape [1], KoTopyi0 MOKHO HCHOJIb30BaTh, B YACTHOCTH, JJIsl MPEACTABICHUSI T€OMAarHUTHOTO IOJIA B SIIPE
3emutu. B pabote ucnonb3yercs, MOCTPOCHHBIH paHee B [2], OpTOrOHAJIbHBIN TOJUHOMHUAIBHBIN 0a3UC OCHOB-
HOTO MPOCTpaHCTBa L2, KOTOPBII COOTBETCTBYET PA3IOKECHUIO | €TbMTONIbIIA U TOAPA3ASISICTCS Ha TPU YaCTH:
MOTEHITHAIbHYTI0, TAPMOHHYECKYIO M COJeHOMIa bHyI0. [loka3aHo, 4To pa3iokeHne COJICHOMIAIHHOTO BEK-
TOPHOTO TIOJIS TT0 ATOMY Oa3WCy SIBIISIETCS MOJIOUATBHO—TOPOHUIANBHEIM pasznoxkerneM. [locTpoenne npyrux
MOJIOUTATEHO—TOPOUTANBHBIX 0a3MCOB B MIApe MPEAIoaraeT NCIoIb30BAHNE PA3IMYHBIX CIIEKTPATBHBIX 3a-
Jlad, CBSI3aHHBIX C BEKTOPHBIM JIAaIIacHaHoM [3, 4].

Crnucok nuTeparypsl

1. Moddar I'. Bo3byxaenne MarHITHOTO TIOJIS B IpOBOsIIeH cpene. M.: Mup, 1980.
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nayku. 2010, Bermyck 1(1), C. 24-30.

4. Rummler B. The eigenfunctions of the Stokes operator in the open unit ball and in the open spherical annulus//
The 8th Asian Computational Fluid Dynamics Conf. Hong Kong, 10-14 January, 2010. ACFD0163-T001-A-001-3.

YucjaeHHoe MOAC/IMPOBAHME paHI/IaHHOHHO-KOHBeKTI/IBHOﬁ TECIJIOOTAAYM OT IIUJIHMHAPHICCKHUX
H INIOCKHUX TeJI

C. A. Kucnuywoin, K. A. Mumun, B. C. Beporukos
Hucmumym mennogusuxu CO PAH
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UncneHHO METOOM KOHEYHBIX JJIEMEHTOB HCCIIEOBaHA PaJMallMOHHO-KOHBEKTHBHAS TEIUIOOTAA4a OT
IUIOCKUX W LWIMHApPHYECKUX Tell. s ydera pagualliOHHOIO TEemjIo0OMEHa HCIOJIb30BAH METOX Ha OCHO-
Be YII0BBIX K03 dunuenTos. [Ipu ¢puxkcupoBaHHON reoMETpUH pacdeTHON 00JaCcTH, UCCIICAOBAHBI SBOIIONS
CTPYKTYPBI TEUCHUS U CONPSKEHHBI KOHBEKTHBHBIN TEIUIOOOMEH B pEXXUMax TEIUIONPOBOTHOCTH, TepMOrpa-
BUTAIIMOHHOW KOHBEKIMH W PaJAHAllMOHHO-KOHBEKTHBHOTO TEIJIOOOMEHA C pOCTOM Tiepenaja TeMIepaTyphbl.
HccnenoBanbl OTHOCUTENBHBIE POJIM TETIJIONPOBOIHOCTH, PAAUALIMOHHOMN TETIOOT/Iaul U KOHBEKTUBHOTO Te-
ruiooOMeHa. [TokazaHo, 4To B MCCIIEOBAHHOM JIMANa30He MEPernajioB TEMIIEPaTyphl pOjib KOHBEKTUBHOIO Te-
TUI000MEHA OCTAaeTCs CYIIECTBEHHOM. PajinaiionHas TeruooTaada NOHWKAeT TEMITEPaTypy TOBEPXHOCTH Te-
Jla ¥ CHIDKAET TIepernaj TeMIIepaTypbl MKy 00pa3yrolluMHe Tella B CTEHKaMU pacyeTHol obnactu. B pe3yib-
TaTe CHUKAETCS MHTEHCUBHOCTh KOHBEKTUBHOTO IBUKEHHMSL.

Pabora BemmonHeHa B pamkax rocyaapctBenHoro 3amanus UT CO PAH (mpoexr I11.18.2.5., Toc. per. AAAA-A17-
117022850021-3).

O npuMeHeHun oneparopa Jlnzeranra K MoaeJJHPOBAHUIO TOKA B ILJIOCKOM JTHOAE

M. E. Koporcosa', b. A. Mapkoé®, A. C. @adeesa’
Ooicno-Ypanwckuii 2ocydapcmeenubiil yHugepcumem (HayuoHAIbHbIIL UCCIE008AMENbCKULL YHUBEPCUME)
2Yenss6unckoe sblcuiee 60CHHOE AGUAYUOHHOE VUUIUULE ULMYPMAHOS

Email: korzhovame@susu.ru
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B pabote npumenen oneparop JInzeranra K pelIeHUIO 3aJa4M O MyYKe 3JCKTPOHOB B MOIYyOTIPAaHUYECHON
oOnactu. [ly4ok 3/eKTPOHOB BBITATMBACTCS U3 KaTo/1a, 001acTh PELICHHUS 3aKphiTa MEMOpPaHOil, TPOHUIIAeMOH
JUISL BTIEKTPUUECKOTO T0JIsI, HO HE IS 3JIEKTPOHOB.
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[TomyorpanuuenHast 3aj1a4a JIst SIEKTPUUECKOTO MOJIs CBE/IEHA K OTpaHMYEHHON ¢ TOMOIIBIO YCIOBHS TH-
Ta ycioBus u3inydenus [1].

JIBuKeHne 31eKTPOHOB PACCMOTPEHO C MOMOIIIBIO KBa3WJIMHEHHBIX ypaBHEHUH 2], pelieHne BBIITUCaHo B
BUJIC HESIBHBIX (YHKIIHH.

s BBenenus oneparopa Jlnzeranra [3] o6nacts pemienus pa3ouTa Ha y9acTKH C TOABMKHBIME I'paHUIa-
MU, KOTOPBIE ONPEEISIOTCS yCIOBUEM HEOOpaTUMOCTH HESIBHOTO pEIICHHS KBa3WIMHEHHOTO ypaBHEHHUSI.

Cnmcok JuTepaTypol

1. MaiikoB A.P, IToe3n A.Jl., CeeminukoB A.T., SIxkynun C.A. PazHOCTHBIE cXeMbI 1J1s1 ypaBHEHUN MakcBeiia B He-
orpanndeHHo# oonactu. / JKBMuM®. 1989. T. 29. Ne 2. C. 239-250.

2. I'punGepr I A. V30paHHbIe BONPOCHI MaTeMaTHYECKON TEOPUH AIICKTPUYECKUX MAarHUTHBIX siBiteHud. M.-JI. 1948.

3. Unbun A.M., Mapxkos b.A. Henuneitnoe ypasuenne augdysun u xonbua Jluzeranra // Jloknanst PAH. 2011. T.
440. Ne 2. C. 164-167.

HccnegoBaHyue NOrperiHOCTH KOHEYHOMEPHOI annpoKCUMAaINK 3aJa49u 0ajiaHca 3JICKTPOHOB
BBICOKOYACTOTHOI'0O MHAYKIIMOHHOTO pa3psdaa

JI. M. Kopocmenesa', C. U. Conosves?, I1. C. Conosves®
'Kazanckuii 2ocyoapcmeennulil dnepeemuieckuli YHugepcumen
2Kazancxuii (Tlpusondicckuil) ¢hedepanvhulii ynueepcumem
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MopnenupoBanue OaaHca 3apsKEHHBIX YACTUL BEICOKOYACTOTHOI'O MHIYKIIMOHHOTO pa3psia HOHIKEHHO-
TO JAaBJICHUS CBOAUTCS K HAXOXIEHHIO MHHUMAJIBLHOTO COOCTBEHHOTO 3HAYEHHsI, OTBEUAIOLIETO MOJIOKUTEIb-
HoOU coOcTBeHHOU (PyHKIMH, AuddepeHIHaIbHON 3a1a4i Ha COOCTBEHHBIE 3HAUCHHS BTOPOTO MOPSIKA C KO-
s PuLneHTaMH, HEMTUHEHHO 3aBUCALIMMHU OT CIIEKTPAIbHOIO Nmapamerpa. 3ajada annpoKCUMHUPYETCS CeTOY-
HOM CXeMOH MEeTO/1a KOHEUHBIX 3JIEMEHTOB C JIarPaHKEBBIMU KOHEUHBIMU 3JIEMEHTaMHU IPOU3BOJIBHOTO MOPSII-
Ka C YMCJICHHBIM MHTErpupoBaHueM. MccienoBaHa cXOQMMOCTh M MOTPEIIHOCTh NPUOTMKEHHBIX pPELICHHUH
3aJa4uu.

Pabora BrmonneHa mpu ¢puHaHCOBOH moguepkke POOU u [IpaBurensctBa Pecrrybmmkn Tarapcran B pamkax Ha-
yanoro npoekra Nel8-41-160029. Pabora monnep:kana Poccuiickum poHIOM GyHIaMEHTATBHBIX UCCISTOBAHUH (KOMIBI
npoektoB 18-41-160014, 19-08-01184).

MaTteMaTHUyecKoOe MOeJIMPOBaHNe B3PbIBAa cBepXHOBOIi THNA Ia Ha cymep9BM

U M. Kynuxos, U. I Yepnvix, A. @. Canemuna, /[. A. Kapasaes, E. A. Bepenoees
Hucmumym eviuucaiumenvnoi mamemamuxu u mamemamuyecxoui eeopusuxu CO PAH

Email: kulikov@ssd.sscc.ru
DOI: 10.24411/9999-017A-2019-10242

B noxmazge OyayT mpesicTaBiIeHbl pe3yabTaThl MAaTEMaTHYECKOTO MOJISITMPOBAHMS TIPOIIeCcCa B3PhIBA CBEPX-
HOBOH THITa [a Ha MacCUBHO-TIAPAJUIETHHBIX CYTIEPKOMITHIOTEPAX C MCIIOIB30BAaHIEM TEXHOJIOTHH A THBHBIX
BJIOKEHHBIX ceTOK. [locTpoena runpoanHaMudeckast MOIEh OeIbIX KapJIMKOB, 3aMKHYTas 3B€3IHBIM ypaBHE-
HHEM COCTOSTHUS U JOTOTHeHHAs ypaBHeHHeM [lyaccona asis rpaBUTallMOHHOTO MOTeHInaa. B mogenu yure-
HO sIIEpHOE TOPEHHUE yIyiepoa, sl KOTOPOTO TTOCTPOCHO aHATTUTHYECKOE perieHue. [Jist peneHns nciomib3y-
€TCsl MHOTOYpOBHEBas OpraHU3aIys BEIYUCIICHUI Ha OCHOBE BIIOXKEHHBIX ceToK. Ha ocHoBe MeTozma ['omyHOBa,
cxembl PycanoBa U KyCOYHO-TIapaOdOIMYeCKOro METo/Ia Ha JIOKAJTbHOM MIA0JIOHE MTOCTPOESH HOBBINA YHCICHHBIN
METOJI BEICOKOTO TTOPS/IKa TOYHOCTH, aJalITHPOBAHHBIN JIJIS1 OpTaHU3AIMH BEIYNCICHNH Ha BIOKEHHBIX CETKaX.
[TapamnensHas peanu3aiusi OCHOBaHA Ha HJIe€ PacIpeIeICHHBIX BRIYUCICHHH, TIe Ha apXUTEKType ¢ 00meit
MaMSATBIO TPOUCXOIUT CUET THAPOTMHAMIYECKOM DBOIOINY OEITBIX KApIUKOB (0a30BbIe BEIYUCIICHUS ), TIPH J10-
CTI)KEHUH KPUTHYECKHUX 3HAYCHUH TEMITEPaTyPhl M IUIOTHOCTH MTPOUCXOANT 3aITyCK HOBOH 3a/1a4i HA apXUTEK-
Type ¢ pacupeieiecHHON MaMAThIO, B KOTOPOW MOJIETMPYETCS pa3BUTHE THAPOAMHAMUYECKON TypOyIeHTHOCTH,
MIPUBOAAIIEH K CBEPX3BYKOBOMY SJIEPHOMY TOPEHHUIO yIiepoaa (CITyTHUKOBBIE BhAncieHus). [Ilposeneno mo-
JIeTMPOBaHNE B3pPhIBA CBEPXHOBHIX THIIA la HA OCHOBE CIIEHAPHEB CIHUAHUS IBYX OCIBIX KapJIMKOB U TypOym3a-
IIUU OT/AEIHHOTO 0eoro Kapiruka. B ocHOBe 000X CIIeHApUEB JIKHUT JOCTIKEHHE KPUTHUECKUX TeMITeparyp
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Y IJIOTHOCTEH Ha MepuQepuu 3Be3/bl C MOCICYIOIUM SISPHBIM TOPEHUEM YIIIEpOia — UCTOYHUKOM B3PhIBA
3Be3JIbI Kak cBepxHoBas Tuma la (SNIa).

Pabora BrmonHeHa npu prHAHCOBOU TIoAepxkke Poccuiickoro Hayarnoro ¢oraa (kox mpoekta 18-11-00044).

MoaeaupoBaHHe CMeNleHH B OKPECTHOCTH TPEIIHH, 00Pa30BaHHBIX IO JeHCTBHEM TEILIOBBIX
HATPY30K

A. I Makcumosa

Hnuemumym eviuucaumensuoi mamemamuru u mamemamuvecxou eeogpusuxu CO PAH
Email: maksimova@oapmg.sscc.ru

DOI: 10.24411/9999-017A-2019-10243

B HacTosiiee BpeMs BelyTcsi pabOThI IO CO3JIAaHHUIO MEXKTYHAPOIHOTO KCIIEPUMEHTAIBHOTO TEPMOsiIep-
Horo peaktopa (ITER). Bo Bpems paboTsI peakTopa ero CTeHKH OyIyT MOABEPKEHBI TIOCTOSHHBIM HAarpy3Kam,
MpY 3TOM HawnboJiee CHIIBHOE BIMSHUE OKA3bIBAIOT UMITYJIbCHBIC HArpy3Kku. [1om ux Bo3neiicTBHEM Marepua
CTCHOK HArpeBaeTCsl U PACIIUPSIETCs, YTO IPUBOAMT K 00pa3oBaHuIo TpenuH. JlanHas pabora mocesieHa pac-
YeTy CMEIICHUH BOKPYT TpemuH. [locTpoeHa AByMepHas MOJICIb TS HAXOXKJICHHS IBYXKOMIIOHEHTHOTO BEK-
TOpa, COOTBETCTBYIOIIETO CMEIICHUSM B MaTepHale. 3a OCHOBY pacyeToB B3sTO ypaBHeHHE Jlame B TepMUHAX
ko3 durmenta Ilyaccona. s muckpeTHo# peann3anuy OblIa BEIOpaHa cXeMa CTAOMIM3UPYIONIEH MoIpaB-
KH, IPOU3BOJISIIIAS pacueT B JiBa dTana. MoJielnb npejnonaraet pa3MenieHie TPEIHHbBI Ha TPAaHHIIe pacUeTHON
obmactu.

Pabora BeInonHeHa npu GuHaHCOBOU Toanepxkke Poccutickoro Gonma GpyHIaMEeHTaTBHBIX UCCIICIOBAHUMN (KO IPO-
ekta 18-31-00303).

Interference head wave. Nonstationary model problem

A. A. Matskovskiy', G. L. Zavorokhin*

ISt. Petersburg State University

2Steklov Mathematical Institute (PDMI RAS)
Email: androbasrm@rambler.ru

DOI: 10.24411/9999-017A-2019-10244

Statement of the nonstationary problem [1] in diffraction of waves from a point source at the rectilinear
interface of two acoustic media with positive effective curvature is given [2]. We propose a method for
constructing exact solutions in the integral representation of the problem stated. A method for studying set of
solutions for the dispersion diagram of the considered "waveguide" medium is proposed.

The work is supported by RFBR 18-31-00481.
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Jlana mocTaHOBKa HecTalMOHAPHOH 3amaun [ 1] mudpakiuu BOITH TOYSIHOTO HCTOYHHKA HaA TIPSIMOJIMHEH-
HOW TpaHUIle pa3zena AByX aKyCTHYECKHX Cpel C MOJOKHUTETbHON 2(pPeKTrBHOI KpuBHU3HOI [2]. DTO 3TaI0H-
Has 3ajja4a, MOJISIMPYIOIasi BOTHOBBIE TPOIIECCHI, BOSHUKAONINE BOJIHM3M JIHA OKeaHa B IPUOIIKEHUH MOJIe-
nei0 "xuakoro aHa". IlpuMensis Teopuio GyHKIHI KOMIUIEKCHOTO ITEPEMEHHOTO, MbI TIPEATIOKIIIA METO Ha-
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XOKACHHA TOYHOI'O pCIICHUS UCCICAYEMOIo Kjlacca 3aaay. Haiigeno HUHTCTpaIbHOC MPCACTABICHUC TOYHOT'O
peaICHUA MOCTaBIICHHOM ATaJIOHHOMN 3aJa4uu.

Pabora BrrmonHeHa npu (prHAHCOBOW Toanepxke Poccutickoro Gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-31-00481).
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On symmetric wedge mode of an elastic solid
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The existence of a symmetric mode in an elastic solid wedge for all admissible values of the Poisson ratio
and arbitrary openings close to flat angle has been proven. A radically new phenomenon — the presence of a
wave localized in a vicinity of the edge of a wedge with an opening larger than a flat angle — has been found

[1].
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IlndpoBoii kKepH: pa3padoTKa YHCJIEHHOT0 METOIa BOCCTAHOBJIEHHSI COOBITHH aKYCTHYECKOI YMUCCHH
JUIS1 peaJIbHBIX 00pa3I0B KePHA
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OpHUM U3 CTIOCOOOB HMCCIIeIOBAHNS CBOMCTB KEPHOBOTO Marepraia B JaOOPaTOPHBIX YCIOBHAX, SBISIET-
cs poBesieHne (PU3NIECKOTO IKCIIEPUMEHTA, TIPH KOTOPOM 00paserl TOPHOH MOPOJIBI MTOIBEPTACTCS pas3Ind-
HBIM MEXaHMYECKHM BO3/ICUCTBUSAM. B pe3ymbrare Takoro BO3AEWCTBHSA, B 00pa3ile BOSHUKAET HAIPSKEHHO-
neopMIpOBaHHOE COCTOSTHUE, COTIPOBOXKIaeMOe AchopMaIiieil 1 YaCTUIHBIM (MJTH TIOJTHBIM) pa3pyIIeHUCM.
OmHUM U3 UHAUKATOPOB H3MEHSIOIIEr0Csl BO BPEMEHH TT0JIS YIIPYTHUX HaNpsHKeHUH B 00pasiie SBIsSIOTCS CUTHA-
JIBI aKyCTHIeCcKoi amMuccnu (AD) [1-4], BO3HUKAIONTHE 3a CUET CXIIOMBIBAHUS MUKPOTIOP, 00pa30BaHMs TPEITHH
M TTIOCKOCTEH paznoma u 1p. C OMOIIBI0 H3MEPUTENFHOW CUCTEMBI €CTh BO3MOJKHOCTH 3alTMChIBaTh CUTHA-
61 AD ¥ HCTIONB30BaTh ATy IEHHYIO HHPOPMAITHIO TSI BOCCTAHOBJICHISI IPOM3OIICAIINX B 00pa3Ie COOBITHH.
Lenp MomenrpoBaHus, KOTOPYIO MBI TIEpe CO00I CTaBUM, COCTOUT B CO3aHNN MPOTPAMMHOTO MTPOAYKTA, Ha-
IEJICHHOTO Ha BOCCTAHOBJICHHE COOBITHI AD M0 3aIMCsAM peatbHOTO (PU3HMUECKOTo dKCTIepUMeHTa. beiu mpo-
BEJICHBI MTPOOHBIC PACUETHI JIJIT MOJEITH CPEMbI, OMMMCHIBAEMOM CHCTEMOH ypaBHEHUH NHHAMHYCCKONH TCOPUHU
YIPYTOCTH B MOJISIPHOM cucTeMe KoopauHar. /s pemenns o0paTHON 331391 IPUMEHSIICS METOJT 3€pKaIbHOTO
Ob6pamenns Bpemenu. B pycCKOs3BIMHBIX MyONMKAIMAX €IIIe HET YCTOSBIIETOCS Ha3BaHMs ATOTO MOJAX07a, B
aHTYIOS3BIYHON JTUTEparype oH HazpiBaeTcs Time Reversal Mirror (TRM) [5-7]. DToT moaxoa mO3BOJMIT JIOKa-
JU30BaTh B IPOCTPAHCTBE U BPEMEHH UCTOUYHNKN BO30YKICHHS aKyCTHYECKUX BOJIH.

HccnenoBanue BeImoHEHO 1pu punaHncoBoi nmognepkke PODU B pamkax naygnoro npoekra Ne 19-01-00347 A.
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TpexmepHoe MoaeIupoBaHue pa3jaoMHBIX cTPYKTYP B Kypaiickoi Bnagune I'opHoro Aaras
10 JAHHBIM METOJA CTAHOBJICHUS JIEKTPOMATHUTHOIO IOJIsI
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B pabote npeacTaBiIeHbl Pe3yabTaThl TPEXMEPHOTO MOJCTHPOBAHISI PA3IOMHON CTPYKTYPHI B FOXKHOM ya-
ctu Kypaiickoii BIiaJuHbI B 30HE COUJICHEHHUS FOTO-3aMaHOT0 W ENITHIKETLCKOTO MpornboB. Ha aTom yuacTke
BBIMOJTHEHBI 3JICKTPOMATHUTHBIC 30HUPOBAHUS CTAHOBICHUEM IO ¢ COOCHBIMU KBAPATHBIMU METISMH, U
O pe3yJIbTaTaM HHTEPIPETAINH MOJCBBIX JAHHBIX B BHJIC TOPU30HTATIHHO-CIIOMCTON MOJIENHN TTOyUeHO Kpaii-
HE CIIOKHOE Pa3ioMHO-0JI0KOBOE IIyOuHHOE cTpoeHue. COMOCTaBICHHE TEOINEKTPUICCKIX U CeHCMOIIOTH-
YEeCKHMX JIAHHBIX MOKA3aj0 COBIAJCHHE BBIICICHHBIX MPEANOIaracMbIX pa3ioMOB C 30HAMH paclpe/eICHUs
STMHIIEHTPOB 3eMiIeTpsiceHni. JIist BepuuKauu U yTOUHCHUST CTPYKTYPHBIX 0COOCHHOCTEH OBIJIO BBIMONTHE-
HO TpexMepHoe MoaenupoBanue. Ctaprosbie 3D Moaenu GOpMUPOBATUCH U3 HAOOPA 7-CIIOWHBIX TEOIICKTPH-
YEeCKHMX MOJIeNeH, TOyUYeHHbBIX Ha TIEPBOM dTale MHTepnpeTanun. MojaenupoBanue curaanoB JJIC B mpuem-
HBIX TIETIISIX BBIMTOJHEHO ¢ MOMOIIBI0 porpammel ImpSound3D, koTopast MO3BOJISIET PACCUYUTATH DICKTPHUC-
CKOE TOJIe JUTSl TPEXMEPHBIX MOJIENel cpe/bl Ha 0a3e BEKTOPHOTO METOIa KOHEUHBIX 3JIEMEHTOB BO BPEMEHHON
00J1acTH Ha TETPadAPATLHBIX CeTKaX. B X0/1e MOASTHPOBAHIS H3MEHSIIUCH Pa3MEpPhI BBIJICICHHBIX OJOKOB, pa3-
MEIIEHUE PA3IOMHBIX CTPYKTYP. B pe3ysbsrare COmoCTaBICHUS TONEBBIX ¥ MOJACIbHBIX JaHHBIX 3C Oblia BbI-
OpaHa onTUMalibHAsT MOJICTIb.

Pabora BrrmonaeHa npu mojepskke npoekra ®HU Ne 0331-2019-0015.

UncjieHHOE MOAEJIMPOBAHNE BOJHOBBIX ITPOLECCOB B Ie0JJOrHYeCKHX CPeAaX ¢ ra30BbIMH KAPMaHAMH B
30He APKTHYECKOIO0 IIeJb(a ¢ MOMOIIbI0 CETOYHO-XaPAKTEPHCTHYECKOr0 METOAa

II. B. Cmoenuti', H. U. Xoxnoe'?, U. B. [lempos'*

'Mockosckuil pusuxo-mexnuueckuti uncmumym (HayuOHAAbHBIL UCCIE008AMENbCKULL YHUBCPCUMENT)
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I"a30BBIe KapMaHBI — IIMPOKO pacmpocTpaHeHHbIe B CeBEPHBIX MOPSX 3aJIe)KH raza ¢ aHOMAIFHO BBICO-
KM TUTaCTOBBIM JaBiieHueM [1]. B cirydae BCKpBITHS TakuX 3alie)el, ra3 HaYMHAET IMMOTHUMATHCS K TIOBEPXHO-
CTH BOJIBI U TPO3UT BEIOpOcOM B atMocdepy. C 1menpio MPOrHO3UPOBaHUS PACTIPOCTPAHEHHS Ta3a C TEUCHUEM
BpPEMEHH, MPOBOINTCS YMCIEHHOE MOJIEIIMPOBAHUE TEPPUTOPHUN C Ta30BBIMH 3alie)KaMH, YTO TTO3BOJIAET CHHU-
3UTh CTOUMOCTD MTPOBEICHHUS T€0JI0TOPa3BEOYHBIX pabOT 0 MOHUTOPHHTY JaHHON TEPPUTOPHH.

B pabote mpeacTaBieHsl pe3yIbTaThl YUCIEHHOTO MOACITUPOBAHMS TA30HACKHIIIIEHHBIX CPeJl B TEUCHHE Ye-
ThIpex JeT. MoaenupoBaHue MPOBOIMIOCH C TIOMOIIBI0 CETOYHO-XapaKTEPUCTUIECKOTO MeToa [2] Ha OCHOBE
cxembl PycanoBa mist TpexmepHoro cirydast. [IpencraBieHsl BOMHOBBIE KapTHHBI [3] ceiCMUYEeCKUX OTKITMKOB
OT ra30HACHIIIEHHBIX CPEJl, a TAKXKE CEMCMOTpaMMbl H3MEHEHUM CEMCMUYECKUX OTPAXKEHUN OT pa3IMYHbIX Te-
OJIOTUYECKHUX CIIOEB C TEYCHNEM BPEMEHH.

Pabora BrInosnHeHa npu puHAHCOBOH noyiepkke PODU B pamkax HayuHoro mpoekra Ne 19-07-00366 .
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K nccie1oBaHHI0 BOJTHOBBIX 1 1e()OpMaIMOHHBIX IIPOIIECCOB B TPYHTOBOI cpejie MPH HAJUYHH
IOBEPXHOCTHBIX M 3aIJ1Y0JI€HHBIX HCTOUYHHKOB
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[Ipo6ieMbl U3ydeHUST TUHAMUKY [€OJIOTHUECKUX MaTepHalIOB IIPY BUOPALMOHHBIX BO3JEHCTBUIX pa3iny-
HOW MPHUPOABI UMEIOT OOJIBIIOE 3HAYCHUE [T Pa3HOOOPa3HbIX HANPABICHUH XO35MCTBEHHOM AEATEIBHOCTH.
Llenp paboThl — ncce10BaHNE BOTHOBOIO U 1€(hOPMALIMOHHOIO 110JIeH, BOSHUKAIOIUX B YIPYTOM OCHOBAaHUH,
BO30YyX/1aeMOM ITOBEPXHOCTHON HArpy3KoH, aHKEPHO CLIETUICHHON C IPyHTOM, U3y4€HHE BIMSHUS XapaKTepH-
CTHK 3a/IaHHBIX Harpy30K Ha IOBEPXHOCTH U BEPTHKAJIBHO OPUEHTHPOBAHHBIX BKIIOUCHUX HA CBOHCTBA BO3-
Oy>XIaeMbIX MOJIEH.

Paccmotpena 3amaua o BUOpaluM yNnpyroro OCHOBAaHMS MOA ACHCTBHEM BEPTHKAJIbHO OPUEHTHUPOBAH-
HBIX BHYTPEHHHUX Harpy30K U MOBEPXHOCTHOH IIUTHI B 0CECUMMETPHUYHOM noctanoBke [1, 2]. IIpoBeneHo uc-
CJICZIOBaHME BIMSHUS Ha CBOWCTBA CO3/1aBAEMOI0 BOJHOBOTO HOJISI U OTACIbHBIC XapaKTEPUCTUKU H3JIydae-
MBIX BOJIH aHKEPHOTO cLeruieHus BUOpomiardopmsl ¢ rpyHToM. IlonyueHHble pe3yabTaThl aHaau3a XapakTe-
PHUCTHK OTTOKA BOJIHOBOM SHEPTUU U3 30HbI HAIPYKECHUS MOTYT HATH NPUIOKEHUS B re0(U3UKE, TEOJIOTHU U
CEHCMOJIOTHH.

Pabora BbinonHeHa npu GpuHancoBoit noaaepxke PODU (kox mpoexra 18-01-00124).
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B Hacrosimiee Bpemst HCCIIEYIOTCSI MUKPOKOHTAKTBI, CO3/1aBaeMble B 3aTBOPHO-MHIYLUPOBAHHOM JBYMEP-
HOM rase JIEKTPOHOB, 1100 abIpok [1]. Ilpu Onm3kom pacnonokeHHuH AByMEPHOIO rasza K MOBEPXHOCTH I10-
JYIIPOBOAHUKA U K 3aTBOpPY (30, 60 HM) HEOOXOIMMO YUUTHIBATh BIMSHUE OCCHOPSIOYHO PACIIONOKEHHBIX Ha
rpaHMLe NOITYHIPOBOIHHUKA C TUICKTPUKOM JIOKAJIM30BaHHBIX 3apsa0B. PacueTom HaiiieHO, YTO IPU MOJIHOM
Oecriopsiike B KOOpAMHATAX 3aps0B KBAHTOBAHME KOHJIAKTAHCA JOCTAaTOYHO AJMHHBIX KOHTAKkToOB (>400 HM)
HCKa)KaeTcsl Pe30HaHCaMH, KOTOPbIE BO3HUKAIOT M3-32 KOTEPEHTHOI'O PAcCEsHUs] HOCUTeNed Ha (IIyKTyaiu-
ax noreHuuana. CaMoopranu3anus MOBEPXHOCTHBIX 3apsiI0B MOAABIISIET 3TH (PIyKTyalHu Jake pH OOJIBIIONHN
saddextuBHON Temreparype oecriopsaka (500 K). IlpoBeneHo cpaBHeHHE pacueTOB M M3MEPEHUH KOHIaKTaHCa
JIBIPOYHBIX MUKPOKOHTAKTOB JIMHOU 100 1 600 HM.

Pab6ota BeInoniHeHa pu (HUHAHCOBOM momaepkke Poccuiickoro HayuHoro gpouaa (ko mpoekra 19-72-30023).



122 Cexyus 6

Cnucok JuTeparypbl

1. Chenl. C. H., Klochan O., Micolich A. P., Das Gupta K., Sfigakis F., Ritchie D. A., Trunov K., Reuter D., Wieck,
A.D., Hamilton A. R. Fabrication and characterisation of gallium arsenide ambipolar quantum point contacts// Appl. Phys.
Lett. 2015. V.106. P.183504.

HccaenoBanne HeJIMHEHHBIX K0JIe0aHUIi B MUKPOT€eHEPaTOpe TAKTOBOM YaCTOTHI ¢ Pa3JIMYHBIMHA
BAPHMAHTAMM MMITYJbCHOIO 3JIEKTPOCTATHYECKOI0 BO31€HCTBHSI.

C. U. @aoees
HUncmumym mamemamuru um. C. JI. Cobonesa CO PAH
Hncmumym aemomamuxu u snekmpomempuu CO PAH

Email: fadeevi@math.nsc.ru
DOI: 10.24411/9999-017A-2019-10252

PaccmarpuBaercs MaTemMaTnieckas MOJelIb MUKPOTE€HEepaTopa TaKTOBOIM 4acTOThHI, B KOTOPOM BO30Yk[e-
HHE KoJeOaHUH MOIBMKHOTO 3JIEMEHTa IIPOUCXOIUT B CPEIE C CONPOTUBICHUEM IO/ BO3EHCTBUEM MTOCIIEI0-
BaTEJIbHOCTHU 3JIEKTPOCTATHYECKUX UMITYJIbCOB IOCTOSTHHOM JUIMTEIBHOCTH. IIpy 3TOM MOMEHTBI BO3ACHCTBHS
HMITYJIbCOB COIVIACYIOTCSI ¢ KojaeOaHusMu. Mozenb npencrasieHa 3afgadeil Komm s auddepeHnmuaibHOro
YpaBHEHHUsI BTOPOTO MOPsKa C pa3pbIBHON MPAaBOW YacThIO, ONUCHIBAIOIIEH UMITYJIbCHOE BO3ACHCTBHE C pa3-
JMYHBIMHM BapUAHTAMU COTJIACOBAHMS.

[Ipu uccnenoBaHnM NEPUOANIECKUX KOIEOaHNH UCTIONB3YETCsI IPEACTaBICHNUE IEPUOANYECKOTO PEILICHHS
3agaun Ko B BuJe pelieHNs: KpaeBoi 3a1auu JUIsl ypaBHEHHUs C Pa3pbIBHOM IpaBoii yacThio. CortacoBaHHe
HMITYJILCHOTO BO3JECHCTBUS ¢ KOJeOaHMSIMU TOTPeOOBaIo Npeodpa3oBaHusl, OCIe KOTOPOro Kpaesas 3ajgada
bopmynupyeTcs Uisd CUCTEMbl U3 ITH JuddepeHInanbHbpIX YpaBHEHUH IEPBOTO MOPsAKA ¢ HENPEPhIBHBIMU
MPaBbIMU YaCTSMH, YTO MO3BOJISICT IPUMEHUTH NIPH YUCICHHOM MCCIICAOBAHUN METOJ IPOAOJKECHUS PEILICHUS
0 ITapamMeTpy. DTUM CIIOCOOOM ompesiesieHa 00JIacTh B IPOCTPAHCTBE MapaMeTPOB MOJIEIIN C YCTOWIMBBIMHU K
BHEIIHUM BO3MYILICHHSM INpEebHBIMY IUKIaMU. [lomyyeHHbIe pe3ybTaThl MOTYT OBITH MOJIE3HBI IS OLle-
HOK I[TapaMeTpoB NpuOOPOB IIpH pa3paboTKe MUKPOI€HEPAaTOPOB YKA3aHHOTO TUIIA.

ABTOp BBIpakatoT OarogapHocTh J. I. KocroBy [1], KOTOPBIi PEATTORKIIT PaCCMOTPETh MOJIETh MUKPO-
TeHEepaTopa MO aHAJIOTUH C MOJEJIBIO IPOCTEHIIEH CXEMBbI YaCOB CO CITyCKOBBIM YIApPHBIM MEXaHU3MOM [2], a
taxxe B. B. Koraro, mpuHuMaBmeMy y4acTie B IPOBEACHUH YHCICHHBIX 3KCIIEPUMEHTOB € UCIIOJIb30BAHUEM
METOJ1a IPOIOJKEHUS PELICHU 110 napaMeTpy [3].
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aNBHBIX YpaBHeHUH. YuebHoe mocodue. HoBocuo. roc. yH-1; HoBocubupcek: UIIL HI'Y, 2018, — 290 c.

MoaeaupoBaHue MHOTO()M3HMYHBIX MPOLIECCOB B He(hTera3oHOCHbIX IJI1ACTAX

D. I1 Ilypuna'?, M. . Dnoe*, H. b. Hmkuna', E. U. IlImanvko®, . B. [lobponiobosa®, A. FO. Kymuwesa'?,
C. U. Mapkos'?, ]]. A. Apxunog?

'Hosocubupckuti 20cy0apcmeeHtblil MeXxHU4ecKutl YHUeepcumen

2 Unemumym negpmezazosoii ceonocuu u 2eogpuszuxu um. A. A. Tpogpumyxa CO PAH

Email: shurina@ online. sinor.ru
DOI: 10.24411/9999-017A-2019-10253

OCHOBHOUM MPHHIUIT MATEMATHUYECKOTO MOJICITUPOBAHHS MHOTO(DU3UYHBIX MPOIECCOB B MHOTOMACIITA0-
HBIX (TeOMEeTpHYeCKH W (U3MUECKH) 00JacTsIX — 3TO MCIOIB30BaHWE COBPEMEHHOTO aIliapara YHCICHHBIX
MeTO/I0B (HeKOH(pOPMHBIE, MHOTOMACIITA0OHBIE KOHEYHOAIEMEHTHBIE METO/IbI, MHOTOYPOBHEBBIE PEIATENIH).
Peanu3zanust TaHHOTO MPHUHIUIIA P PEIICHUH 3aJ1a4K MPOCAYNBAHUS C YUETOM Jie(hOpMAIUK TIOPUCTOH cpe-
JIbI U IBMDKCHHUST JKUJIKOCTH B TPEIIMHAX MTOJTBEPIKACT aIeKBATHOCTD MPEIAraeMoro Mojaxo/ia i BO3MOXKHOCTb
MPUMEHEHUS JaHHOW HICOJIOTHH TPH PEIICHUH MHOTO(MHU3HYHBIX MPOOIeM B MHOTOMACIITAOHBIX OOJIACTSX.
OcobeHHo BocTpeOOBaH COBPEMEHHBIH alapaT MaTeMaTn4ecKoro MOJICIIMPOBAHMUS TIPH PEIICHUH MPUKJIIaTHBIX
3aj1a4 B 00JIACTH TeO(U3UKH: PA3BEIKU Ta30TUIPATHBIX MECTOPOXKICHHA, OLICHKH BIUSIHUSI aHTPOIIOTCHHBIX U
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TEXHOTEHHBIX BO3JICHCTBUI Ha KPUOJIUTO30HY, IPUMEHEHUE TEXHOJIOTHH THApOpa3pbiBa. Bee nmepeunciieHHbie
3aJlauyu OTHOCSTCSI K MHOTO(DU3HYHBIM (TEILUIOMACCOOMEH, JIBUKECHUE KUJKOCTH, yIpyras AeQopManus, dJeK-
TPOMAarHUTHOE BO3/ICHCTBUE) C (Da30BBIMH MIPEBPAIICHUSMH U TIPOUCXOJISAT B TETEPOTCHHBIX CIIOXKHOMIOCTPOCH-
HBIX 00J1aCTAX C MUKPOBKIIFOUCHHUSIMU C KOHTPACTHBIMU (PH3MUECKUMHU XapaKTepucTUKaMu. B nokinane paccma-
TPUBAIOTCSI OPUTHHAJIBHBIC BBIYMCIUTEIBHBIC CXEMbI U TEXHOJIOTUU aJIAITHPOBAHHBIC IO/ KJIACC MEKTUCITH-
TUTMHAPHBIX 3a/1a4: | )HeKOH()OPMHBIC KOHEYHORIEMEHTHBIE METO/IbI TTO3BOJISIOT HCIIOJIE30BaTh HECOTIIACOBAH-
HBIC CETOYHBIC Pa30MEHUs, YTO OCOOCHHO aKTyaJIbHO ISl 3a]1au ¢ pa30BBIMH MPEBPALICHUSIMH, U JUJIsI TAHHOTO
KJIacca METOJIOB JIETKO peaju3yeTcs mporeaypa p-h refiment (BbIOOp pa3audHbIX 0a3UCOB JUISI KOHSYHBIX dJIe-
MEHTOB M MCIIOJIb30BAaHUE TIPOIIETyPhI JIOKATBHOHN aJalTallii CETOYHbIX pa30ueHuil); 2)pa3paboTaHHbIC CIie-
[IUAJTBHBIC PEIIaTEIIH JIaI0T BO3MOKHOCTh YMEHBIIICHUS] BpEMEHH PEIICHHMsI 3a7a49u B 2-5 pa3; 3) OpuruHaIbHbIC
MPOIEAYPHI YUCICHHONW TOMOTEHU3AIUY [TO3BOJISIIOT MPOU3BOANTE BRIYUCIICHUS] B TOMOTCHH3UPOBAHHOM cpelie
C MUHHMAJIbHOW TIOTPEITHOCTHIO.

PaGora BeImonHeHA TpH (PUHAHCOBOH Mozepkke Poccuiickoro GpoHma GpyHIaMEHTAaTHHBIX HCCIIEIOBAHMH (TeMa 615,
O®U-M, xon mpoekTal 6-29-15094), KomrurekcHoit mporpamMMel pyHmamenTadbHbIX nccnenoBannii CO PAH (tema KII-
32.3); porpammer mpesuanyma PAH Ne 27;TTpoexroB ®HU (Ne 0331-2019-0015 u 0266-2019-0007).
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Cexknus 7. MATEMATUYECKHUE MOAEJIN U METO/bI
B HAYKAX O 3EMUJIE

MoaeaupoBanue THHAMHKH Ia30coAep:Kanns He)TH B poiecce pa3padoTKH MeCTOPOKIEHHUIH

A. B. bazosxun!

'0bwecmeo ¢ oepanuuennoli omeemcemeennocmoio "Camapckuil HAYYHO-UCCAEe008AMENbCKULL
U npoexmuulil uHcmunym rHegpmeooowiuu"”

Email: BazovkinAV(@samnipineft.ru

DOI: 10.24411/9999-017A-2019-10254

IIpu pa3paboTke HEPTSIHBIX MECTOPOKIEHUH TOTIOHUTENEHO JOOBIBAEMBIM CHIPHEM SBIISICTCS IOy THBINA
Hedrsroit ra3 (ITHI), cogeprkamuii Jerkue yriaeBoIopoIbl, a TAKKE a30T U WHBIC IpUMecH. B 3aBucuMocT
OT TepMOOAPUUYECKUX yCIOBHHA B TNIACTE W KOMIIOHEHTHOTO COCTaBa HE()TH HadaJIbHOE ra30CofepKaHue MO-
JKET BapbUPOBAThLCS B MHpokoM auarazone — oT 0 mo 1100 m3/1. MHOTHA B TIpoIiecce pa3padoTKu HEe(PTIHBIX
MECTOPOXKICHUH IJIaCTOBOE JaBlIEHNE CHIKACTCS HIDKE TaBJICHHUS HACBHIIIICHUS HE(TH, YTO PUBOJNT K BEIJIE-
JIeHuto Ta3a B miacte. C poCTOM Ta30HACHIIIICHHOCTH IJIacTa HAYMHACTCS (DUIIBTPAITUs Ta3a K 3a00sIM T0OBIBa-
FOIIUX CKBKUH, YTO MOKET BBI3BaTh pe3kuil pocT moObram [THI. JlanubIH d ekt sBiseTcs: HekeIaTeIbHbBIM
C TOYKH 3peHHs pa3paboTKu HEPTIHBIX MECTOPOXKICHUH KaK 10 MPUIMHE YCKOPEHHOTO CHMKEHUS IJIaCTOBO-
TO IaBJICHHSA, TaK W TI0 IPUIMHE YBEITMYEHUS BSI3KOCTH JIETa3UPOBAHHON HE(DTH M CHIKEHUS €€ TIOIBIKHOCTH.
[ToaToMy 3amada MOAETUPOBAHHS TUHAMHUKH Ta30COACPKaHUS HEPTH MPEICTABISET HHTEpEC I HePTIHOH
MIPOMBIIIIIEHHOCTH.

Jlnst pellieHust TaHHOM 3aJlauM TpejiaraeTcs moaxo/l, OCHOBaHHBIN Ha MojaenupoBanuu pacxona [THI na
y37ax ydera ras3a, paclojioKeHHBIX Ha 00BheKTax MoAroToBKH HedTH. [Ipu sTOM 11 M1acToB, pa3pabarbiBa-
EMBIX TIPU JIaBJICHUH HWKE JAaBIICHHS HACBHIIEHUS, TUHAMHKY JOOBIYM Ta3a MpeiaraeTcsl pacCYuThIBaTh Ha
ocHOBe (-MEpHBIX THAPOIMHAMHUECKUX MOJCIICH ¢ YIETOM OTHOIICHUS MOIBIKHOCTEH He(PTSIHON U ra30BOi

¢bas.

OnpeJ_‘[eneHne HU3MCHCHHUSA NMPOCTPAHCTBCHHO-BPEMECHHOI'0 COCTOAHMA TEXHOI€CHHBIX CUCTEM METOJaMM
YHUCJIECHHOI'0 MOJCJITUPOBAHUA

T IO. Byeaxosa

Cubupckuii 20cy0apcmeenHblil YHUBEPCUMEm 2e0CUCTEM U MEXHOI02UlL
E-mail: bugakova-tu@yandex.ru

DOI: 10.24411/9999-017A-2019-10255

Hcrounnkamu aBapuii B KatacTpod SBISIOTCS TEOAMHAMHUYECKUE MPOIIECCH U HEMpaBUIbHAS AKCILITya-
Tausl 4YeJIOBEKO-MAIIMHHBIX CHCTEM, COCTOSIINX U3 000PYIOBaHUS, KOMITBIOTEPOB, IPOTPAMMHBIX CPEIACTB
Y NEUCTBUI TepcoHaa. B COBOKYMHOCTH T€ONMHAMHYECKIE U TEXHOTEHHBIC CHCTEMBI MIPEICTABIISIOT CO00i
CJIOKHBIC CHCTEMBI, TJIABHOW TpoOJIeMOil oOecrieueHrus 0€30MacCHOCTH KOTOPBIX, SIBJSICTCS HEBO3MOXKHOCTH
MTOJTHOCTHI0 MCKITIOYHTH PUCK BO3ZHUKHOBEHHSI YPE3BBITAHBIX CUTYAIMH B TAKMX CUCTEMaX U HEOOXOIUMOCTh
CBECTH ATOT PUCK K MUHUMYMY.

J71s1 KOHTPOJISI IPOCTPaHCTBEHHO-BpeMeHHOTO cocTostHYS ([IBC) TeXHOTEHHBIX CHCTEM HEOOXOMMMBI TaH-
HbIE 00 UX TCOMETPUUCCKUX CBOMCTBAX, Kak (DyHKITHAX BpeMeHn. K HuM oTHOCATCS (hopma, pa3Mephl, TTOJI0Ke-
HUE B TIPOCTPAHCTBE U IPYTHUE CBOMCTBA, XapaKTCPU3YIOIINE B3aUMHOE PACITOIOKEHNE MHOXKECTBA DJIEMEHTOB
CHCTEMBI OTHOCUTEIIEHO BHENTHEH Cpeapl U OTHOCUTENBHO APYT apyra. ICXOMHBIMU TaHHBIMU JJISI MOIEITHUPO-
BaHUS CITyXKaT BPEMCHHBIE PSIBI KOOPAMHAT MHOKECTBA KOHTPOJBHBIX TOUEK HCCICAYEMON CHCTEMEI, IOy~
YEHHBIC 110 PE3yIbTaTaM MOBTOPHBIX ITUKIIOB T€OIC3NICCKUX U3MEPEHUN. BRITIOTHUTE HEMOCPEICTBEHHOE M3-
MEpPEHHUE TaKMX CBOMCTB T'€OC3NICCKUMH CPEICTBAMH YaIlle BCETO HE YIAETCs U MOATOMY JUISI UX OTIpeaeiie-
HUS B pab0Te MPUMEHSIOTCS METO/IBI YUCIEHHOTO MojienupoBanus [ 1,2].

CIUCOK JIUTEpaTyphl

1. byrakora T.1O., Bok I.I. Maremarnueckoe MOJASIMPOBAHNE IPOCTPAHCTBEHHO-BPEMEHHOTO COCTOSTHHUS CUCTEM
mo reomerpudeckuM cBoictam. VIII Mexayp. Hayd. kourp.,10-20 anpens 2012. HoBocubupcek, MexayH. Hay4dH.KOH(.
"T'eonesus, reourdopmaruka, kaprorpadus, mapkireiaepus', co. marepuanos B 3 T. T.3. — HoBocubupck: CITA, 2012,
C.26-31.
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2. byrakosa T.}O. MozenupoBaHue BpamaTeIbHOTO JABHKCHUS TEXHOTCHHBIX CUCTEM TI0 TCOC3UUCCKUM JTaHHBIM.
U3Becrtus By30B "l'eonesus u aspodorochemka” Mocksa: MI'VIuK, 2015, Ne5/C, C. 242-246.

Determination of the optimal inversion parameters: the case study of the Illapel Tsunami 2015 source
recovery by the r-solution method.

T. A. Voronina

Institute of Computational Mathematics and Mathematical Geophysics SB RAS
Email: vta@omzg.sscc.ru

DOI: 10.24411/9999-017A-2019-10256

This study highlights the influence of the model parametrization, including the sea level recorders
localization and source discretization, on the tsunami source inversion. Modeling the initial water displacement
in the tsunami source area is based on the least square inversion and a truncated singular value decomposition
(SVD) approach that makes possible to overcome the instability of a numerical solution and to obtain an
acceptable result in spite of the ill-posedness of the problem. As a result of the numerical process conducted, the
r-solution is obtained as a projection of the exact solution onto a subspace that is a linear hull of the r first right
singular vectors of the direct problem operator. The subspace in question is chosen by analyzing the properties
of a singular spectrum, which, in turn, is determined by the observation system and bathymetry.

This paper discusses the importance of the consideration of the parameter r in conjunction with the source
spatial discretization. The results obtained allow one to conclude that the optimal choice of such parameters
as the spatial discretization of a source, the arrangement of the sea level recorders and the parameter r leads
to a profound improvement in recovering the initial tsunami waveform. Moreover, the algorithm provides a
possibility to simultaneously restore the tsunami source and calculate tsunami waveforms even at the points
where there are no observational data.

The methodology proposed has been verified by the numerical simulation of the 16 September 2015 Chile
tsunami source.

HO.]Iﬂ])I/II}aIII/IOHHLIﬁ METOA B JIOKAIIUMM NABHKYIIIUXCH 00bEKTOB

B. 1. JJobpopoonvui, A. B. Caghonos

TromeHnckoe vicutee 80eHHO-UHIICEHepHOe KoMaHOHoe yuunuue um. A. U. [Ipounaxosa
Email: dobrorodny@bk.ru

DOI: 10.24411/9999-017A-2019-10257

[IpoGema oOHApYKEHUS ABMKYIIUXCS 0OBEKTOB TI0 36MHOU IMTOBEPXHOCTH C IIOMOIIIBEO BOJTHOBBIX TTOJICH
pa3Hoii PU3NIECKON MPUPOIbI UMeeT (PyHIaMEHTAIILHOE TEOPETUIECKOE, TaK U MPUKIIAIHOE 3HaYeHue. B pa-
00Te paccMmarpuBaeTcs 3aj1aua OOHAPYKEHUS JBMKYIIEToCs O0BEKTa MO MPOCTPAHCTBEHHO-BPEMEHHBIM Xa-
paKTepUCTHKAM Tre0(U3MUSCKUX BOIHOBBIX MOJICH TOISIPU3AIIMOHHBIM METOIOM.

Peanm3amus 3Toro Meroia cBsizaHa ¢ IPUMEHEHHEM TIPOCTPAHCTBEHHON CHCTEMbl HAOIIOICHUH, COCTOSI-
e U3 TPEXKOMITOHCHTHBIX JIATYNKOB, U TPOBE/ICHUS MHTEPIIPETAIIUH PE3yabTaTOB HAOMoeHuH. M3Mepsemblie
TaKOH CUCTEMOM MOJIAPU3ALMOHHBIC XapaKTEPUCTUKHU CEMCMOAaKyCTUUECKUX BOJH UCIIONB3YIOTCS ISl OIpeie-
JICHUSI JIOKAIIMOHHBIX TTAPaMETPOB JIBUKYIIUXCS 00beKTOB. lcciieoBaHme aBTOPOB CBA3aHO C TOUCKOM 3 (ek-
THUBHBIX METOJIOB TACCHBHOM I'€0JIOKAIMU B OTIIMYUE OT TAKUX, KAK METOJI MACCUBHOTO DKCIIEPUMEHTA ¢ 00pa-
00TKOH B yacToTHOM oOnacT [1]. Tak *e cieayer OTMETHTh, 9YTO OCHOBHEIC PE3YyJIBTAThl HCCICIOBAHUN CTICK-
TPaJBHOTO U MOJSIPU3AIIMOHHOIO aHAJIM3a HAIIPABIICHBI HAa U3yUCHHUE CIIOKHOMOCTPOCHHBIX cpef [2] B ceiicMu-
YECKOM pa3BellKe MOJIE3HBIX UCKOMAEMBbIX.

Cnucok JuTeparypbl

1. WYkans Y. X., Poouncon D. A., CuieBua M. T., Berneiin A. b., Puu O., Sur P. A., Xumn k. JIxk., Xeiiren JI.K.,
Kewmepeiitr PK., Carron A.®., Kaparon I1. H., ®unnep P.Y., bya I1., Aunepcoun K.P., IlIu-Xo Jlro, @y K.C. Ananus u Bbl-
nenenune ceiicMuueckux curaanos [lep. ¢ anrn./ [lox pen. Wkanst. — M.: Mup, 1986. — 240 c., ni.

2. Tansnepun E. U. [Toaspusanuonnsiil MeTon ceficMuueckux uccnenosanuii. M.: HEJIPA, 1977.
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O Mozeasix celicMOreHePHPYIOIIHX Ie0JJOrHYEeCKHX CTPYKTYP

M. B. 3apeyxas', B. B. Jlozosou*
'Kybanckuii 2ocyoapcmeeniviil yHugepcumem
2FOoicnviil nayunwiil yenmp PAH

Email: zarmv@mail.ru
DOI: 10.24411/9999-017A-2019-10258

Wzyuenne npuunH BO3HUKHOBEHHS CHIIBHBIX CEHCMHUYECKHUX COOBITHH Ha TeppuTopuu KpacHomapckoro
Kpast MO3BOJIMJIO BBISIBUTH (DAKTOPBI, OKa3bIBAIOIINE BIMSHAE HA UX BO3HHMKHOBEHHE HA TEPPUTOPUU MHTEH-
CUBHOM 9KCIUTyaTalluil MECTOPOKIEHUN YIIIEBOJOPOAHOTO ChIpbsl. K HUM OTHOCSTCS, B IEPBYIO OYEPENb, IPsi-
3eBYJIKAHUUECKUE CTPYKTYPBI, IPH 3TOM MPOLIECC KaTacTpO(UIECKOrO U3BEPKEHHUS U CHIIbHBIC CEHCMUYECKHE
SIBJIEHUSI MOTYT COIPOBOXK/AATh APYT ApYyTra UK HPOSIBIATHCS HE3aBUCUMO. MoJieslb aKTHBHOTO MOHUTOPHHIa
MpeoIaracT Haludue MoJOCTH, OrPAaHMUYEHHOW HEKOTOPOI 3aMKHYTON MOBEPXHOCTHIO MTPOU3BOJILHOM KOH-
¢durypanuu 1 pacroiaoKeHHOM B MHOTOCIOWHON cpelie, MOACTHPYEMO MakeTOM M30TPOMHBIX clloeB. B 00-
HIEeM clTy4ae MOJIOCTh MOXKET MepeceKaTh IPaHmIbl paszesa ynpyrux napaMeTpoB, a MCTOYHHUK KoleOaHu| Mo-
JKeT ObITh 3artyoneH. CIoXHOCTD C(HOPMYIUPOBAHHOH 3a/1a4l ONPEACISIET TTOAXO/bI K €€ PELICHUIO — OLICHKa
HaNpsHKEHHO-IeOPMUPOBAHHOTO COCTOSHUSI M PE30HAHCHOTO TOBEICHHS CIOKHO CTPYKTYPUPOBAHHOM, pa3-
HOMAacIITaOHOH, Pa3HOTUITHON I€OJIOTHYECKON Cpe/ibl BYJIKAHMUECKOHM MOCTPOUKHY MO ACHCTBHEM BHELIHUX U
BHYTPEHHHUX (aKTOPOB JiesacT HeOOXOAUMBIM IPUBJICUCHUE MaTEMaTHYECKOTO aiapaTa, OCHOBAHHOTO Ha TO-
MOJOTMYECKOM TOIXO0/Ie: TEOPHIO OJIOUHBIX CTPYKTYp M MeTOJ O104HOro 3nementa [ 1, 2].

Pabora BrrmonHeHa npu (prHaHCOBOW TIoanepxkke Poccniickoro Gonna GpyHIaMEeHTaTBHBIX HCCIIETOBAHNHN (KO TIPO-
exta 19-08-00145), Poccuiickoro ¢onna (GyHIaMeHTaTBHBIX HCCIIEIOBAHUN W aJMHUHHUCTparun KpacHomapckoro kpas
(xom mpoexTa 19-41-230002).

Crucok nureparypbl

1. Babemrko B.A., EBnokumosa O.B., babemko O.M., ['opmkosa E.M., 3apenxas M.B., Myxun A.C., [TaBnoBa A.B.
O KOHBEpPreHTHBIX CBOWCTBAX OMOYHBIX AreMeHToB // Jlokmaner akagemun Hayk. 2015. T. 465, Ne 3. C. 298-301

2. 3apenkas M.B. Maremarnieckre METOIBI HCCICAOBAaHHUS HEYCTONYMBBIX T€OJOTHUECKUX CTPYKTYp // 3amuTa
OKpy’Karommel cpensl B HedTerazoBoM koMrurekce. 2013. Ne 7. C. 33-38.

0O030p ¥ aHAJIHN3 MAaTEMATHYECKUX MoJeJIeil Mpolecca KaTAJHTHYECKOr0 KPeKHHIa

U Hcen U M. 1OVIIUK"

I 1. Henamosa!, U. M. I'vbatioyinun'?

\Unemumym negpmexumuu u kamanuza YOUL] PAH

2Vpumckuil 2ocyoapemeenviil HehmAHOU MeXHUYECKULl YHUBEPCUmem

Email: gulshat.islamova.2017@mail.ru
DOI: 10.24411/9999-017A-2019-10259

B pabote npezcranieH 0030p BOCBMH MareMaTHUECKUX MOJICIIEH Mpolecca KaTalTuTHUECKOTO KPEKUHTA!
YETBIPEXKOMIIOHEHTHAS [ 1], IATHKOMITOHEHTHAs [2], IBE MIECTUKOMITOHEHTHBIE MoJelH [3, 4], IEBATHKOMITO-
HEHTHAas [5], OMMHHAIIATUKOMITOHEHTHAS [6], IBCHAAATUKOMIIOHCHTHAS [2] ¥ YeTBHIPHAIIIATHKOMITOHESHTHAS
[7] monmenu. JlaHHBIE MOJIENTH OTIIMYAIOTCS TOAXOJIOM K IPYIITHPOBKE KOMIIOHEHTOB, B 3aBUCHUMOCTH OT IIPO-
JIyKTa, BLIOPAHHOTO IIEJIEBBIM, & TAKKE B 3aBUCHMOCTH OT HEOOXOJMMOW TOYHOCTH MOJIeNIU. PaszHbie Mojenu
00yCIIaBIMBAIOTCS PA3HBIM COCTABOM ChIPbS, TEXHOJIOTMYESCKIMH YCIIOBHSMH MPOIIeCcca, pa3InYHbBIMU THTIAMH
KaTaJlM3aTopOB M KOHCTPYKIIUH peaKIMOHHbBIX armaparoB. C Ka)JIOM rojioM, YBeJIMUnBaeTcsi TpeOOBaHUsI K TO-
BapHBIM OeH3nHaMm. Hampumep, comepskanue OeH3071a TOKHO OBITh HE Oosee 1%, 9To CTaBUTh HOBBIE 3a/1a4U
Mo yrryOJIeHHOMY M3yUeHHIO MeXaHn3Ma npoiiecca. Ha ocHOBaHNY aHalIn3a CyIeCTBYONIMX MOJIEIIEH, dKCTie-
PUMEHTAIILHBIX JIA0OPATOPHBIX U 3aBOJICKUX JIAHHBIX TUIAHUPYETCSI CO3JaHHE JICTATM3UPOBAHHON KUHETHYe-
CKOHM MOJIeNH, KOoTopasi B JajbHEHIINM OyJIeT OCHOBOM JJIsi MAaTEMAaTHYECKOTO MOJICITUPOBAHUS, MOTU(PHIIUPO-
BaHMS U MPOCKTUPOBAHUSI ITPOTIecca KaTaTuTHIECKOTO KPEKUHTA.

Crnucok nuTeparypsl

1. Pitault 1., Forissier M., Bernard J.R., Determination of kinetics constants of catalytic cracking by modeling
microactivity test. / Can. J. Chem. Eng. — 1995. — Vol.73. — P.498-504.

2. H. S. Cerqueira Mathematical modeling and simulation of catalytic cracking of gasoil in a fixed bed: Coke
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4. Sadeghzadeh J., Farshi A., Forsat K., A mathematical modeling of the riser reactor in industrial FCC unit // Petrol.
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5. Kang X. An Introduction to the lump kinetics model and reaction mechanism of FCC gasoline / Guo X. // Energy
Sources. — Part A, 35:1921-1928. — 2013. — P.343-358

6. Barbosa A.C. Three dimensional simulation of catalytic cracking reactions in an industrial scale riser using a 11-
lump kinetic / Lopes G.C. // Chemical engineering transactions. — Vol. 32. — 2013. — P.637 — 642.

7. Zhang, Numerical simulation on catalytic cracking reaction in two-stage riser reactors // China University of
Petroleum. — Beijing, China. — 2005. — P.129-153.

Pa3padoTka MaTeMaTH4YeCKOH MO/JeJIM COHOXeMUJIIOMHUHECHEHIINU BOJTHOTO PacTBOPa
Tpuc-onnupuamiI-pyrenus (II)

I . Ucramosa', K. ®@. Koneouna'?, U. M. I'voaiioyniun'?

'Uncmumym negpmexumuu u kamanuza YOUL] PAH

2Vehumckuii cocyoapcemeennblil HeghmAHOU MeXHUYeCKUll yHugepcumen

Email: gulshat.islamova.2017@mail.ru
DOI: 10.24411/9999-017A-2019-10260

Pabora nocpsieHa MOCTPOSCHHIO KHHETUYESCKON MOJICIH MPOIECCa COHOXEMUITFOMUHECIICHITUH BOJTHOTO
pactBopa xsopuaa Tpuc-ounu i pyterus (11). laHHBIH mporiecc sIBIeTCst TEPCICKTUBHBIM Kak Cioco0 aHa-
JIUTHYECKOTO ompeneieHus Bemiects [1]. B pabote mpenacraBieHsl mpenoiaracMble KUHETHUYESCKHE MOJISIH
MpoIecca, OCHOBAHHBIC HA 3aKOHE JICHCTBYIOIIMX MACC U BKJIFOUAIONIHE B ce0s 9 qudpepeHInalbHbIX YpaBHE-
Huit. [IpousBeieHUEM CTEXHUOMETPUUECKON MaTPUIIBI HA aTOMHO-MOJIEKYISIPHYIO MaTpUIly MOKa3aHO, YTO Me-
XaHU3M peakiuu orpeeneH BepHo [2]. Takum oOpazom, moka3zaHo, YTO JJIsi COCTABICHUS TIOJTHON MareMaru-
YECKOH MOJIENTM HEOOXOIMMO PEIIUTh OOPaTHYIO 3aj1a4y 10 ONPEICICHUIO KOHCTAHT XMMHUYECKUX PEaKIuy,
BXOJSIIIMX B COCTaB MPEIJI0KCHHOIO MEXaHU3MA.

CHucoK JuTeparypbl

1. G.L. Sharipov, B.M. Gareev, L.R. Yakshembetova, A.M. Abdrakhmanov Mechanism of the Ru(bpy)3 2+ single-
bubble sonochemiluminescence in neutral and alkaline aqueous solutions — Journal of Luminescence 208 (2019) 99-103.

2. T'yboaiimymiun, U.M. NHpopManmoHHO-aHATUTHYECKAsT CHCTEMa OOpATHBIX 3aJad XUMHUYCCKOW KHHCTHKH —
Yueonoe mocobue / .M. I'yoaiiaymmun, JI.B. Calidymnuna, M.P. Enukees //U3natensctBo BI'Y, Ya, 2011.

O0padoTKa M AaHAJN3 CHTHAJIOB TPH BUHOPOCEeHcMIUYeCKOM MOHUTPHHIE

B. B. Kosanescxuii, A. I1. I pueopiox, JI. 11. bpacunckas

Hucmumym eviuucaiumensHol mamemamuxu u mamemamuyecxou eeogpusuxu CO PAH
Email: ludmila@opg.sscc.ru

DOI: 10.24411/9999-017A-2019-10261

DKcnepuMeHTallbHbIE paboThl 0 BUOpaunoHHoMy npocseunBanmio 3emin (BI13) ¢ ncrons3zoBanueM Mor-
HBIX BUOPOCEHCMUYECKHUX UCTOYHUKOB, paboTatomux B AuanasoHe yactor 1—-10 I'n npoBoastcs 8 UBMuMI!
CO PAH, nauunas ¢ 80-x romos npouuioro Beka. Co3nanue u passutue meronos BII3 cBs3ano ¢ ¢pyHaameH-
TaJbHOM MPOOIEMO HayK O 3emiie — HM3yYeHHEM BHYTPEHHETO CTPOCHHMS 3eMIIM U TeOANHAMHUYECKHUX MPO-
1eccoB B ee Heapax [1]. PesyasraruBHOCT MIyOMHHBIX CEHCMUYECKHUX UCCIICIOBAHUI B 3HAYUTEILHON CTere-
HY 3aBUCHT OT Ka4eCTBa U JAIbHOCTH (PacCTOSHUS HCTOYHUK—PETHCTPATOP) IKCIIEPUMEHTAIBHBIX JaHHBIX [2].
[TockonbKy MOBBIILICHUE KAYECTBa MOJIEBBIX JAHHBIX UMEET Psiji TEXHOJIOTHUYECKUX OIPaHnYeHUi, 0COOyI0 aK-
TYaJbHOCTb MPHOOPETAIOT METOBI LU(PPOBOH 00PaOOTKH U aHaM3a CeMCMUUECKUX CHTHAJOB [3, 4]. B nan-
HOU padoTe paccMaTPUBAIOTCS ANTOPUTMBI, IPOIPAMMBbI M pe3yNbTaThl 00paOOTKH M aHaIM3a, HAlpaBJICHHbIC
Ha TOBBIIIEHUE Ka4eCTBA U IaJbHOCTU SKCIIEPUMEHTAIBHBIX JaHHbIX 110 BII3.

Cnucok JuTeparyphl

1. AKTHBHas CEHCMOJOTHSI C MOIIHBIMH BHOpanuoHHBIMH wucTouHuKamu // OtB. pen. .M. IluOynpumk. —
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2. Kosanesckuii, B.B., Ty6anoB II.A., ®aresaoB A.l., bparunckas JLII., I'puroprox A.Il., bazapo A.Jl.
Bubpoceiicmuueckue uccnenoBanus Ha 500-km npoduine babymkun, baiikan-Ymnan-barop, Monronus / Untepakcno
I'eo-Cubups, 2015, T.1, C.186-191
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3. Kosanesckuii B.B., I'puroprok A.Il. IToBbimieHre 3QEKTUBHOCTH HAMPABICHHOTO MPHEMa CUTHAJIOB MPU BU-
opoceiicMuueckom mouuTopunre // Marepakcmno ['eo-Cubups, 2014, T.4, Nel, C.211-214

4. Tpuroprok A.Il., KoBanesckuii B.B., bparunckas JL.II. UccaenoBanue monsipu3aiui ceMCMUYECKUX BOJH MPHU
BUOpoceiicMuueckoM Monutopunre // Marepakeno I'eo-Cubups, 2018. T. 4. Ne 2. C. 10-16

MareMaTH4YecKoe MOJAEJTHPOBAHNE BOJHOBBIX MOJIel MPY BHOPOCceCMUYeCKOM HCCIeI0BAHNN
Baiikaabckoro pernona

B. B. Kosanesckuii, A. I" @amuanos, /. A. Kapasaes, A. B. Tepexos

Hucmumym viuuciumensuoti mamemamuxu u mamemamuyecxoui ceousuxu CO PAH
Email: kovalevsky@sscc.ru

DOI: 10.24411/9999-017A-2019-10262

B pesynbrare npoBeeHUS BUOPOCEHCMUYECKUX PabOT rpylIiaMy HE3aBUCUMBIX UCCIIEIOBATEIICH TOTyde-
HBI Pa3HbIC PE3yNbTaThl CTPOCHUS KOPBI 3eMiu /it balikanbckoro peruona. Peus uaeT o HaIUYUU Cl0s C 1MO-
HWKEHHOM CKOPOCTHIO (MpUMEpHO Ha TryouHe 32—35 kM. ). MI3BECTHO, 4TO HU3KOCKOPOCTHASI 30HA CBHJICTEIIb-
CTBYET O U3MEHECHHH TUTACTUYHOCTH ITOPOJT M MMEET Pelllarolee 3HaYCHUE ISl TCKTOHUKH TUTUT. TakuMm o0pa-
30M, HAJIMYUE WU OTCYTCTBUE 3TOU 30HBI (30HBI IOHMKEHHOM CKOPOCTH) UMeeT (DyHaMEHTAIIbHOS 3HAYCHUE
B OTHOIICHUH JUHAMUKH JTUTOC(EpHI. B CBSA3U ¢ 3TUM cTaHOBHTCS BCe OoJiee akTyaabHOM 3a/1a4a JalibHEeHIeH
BepU(HUKAIIMHA CKOPOCTHBIX MOJIEIICH 36MHOM KOPBI ¥, B YaCTHOCTHU, MOJICIH il balikanbckoro peruona. B Ha-
CTOSIIEE BPEMS IOCTPOEHO HECKOJIBKO CKOPOCTHBIX MOJIEJIEW 36MHOM KOPBI I0r0-3ana qHoi yactu baiikanbckoi
pUQTOBOI 30HBI HA OCHOBE JIAHHBIX NIYOUHHOTO cericMuueckoro 3ouaupoBanus (I'C3) u aHanm3a BCTYIUICHUN
P—BounH 3emueTpsiceHnit MeToIOM pueMHOM (yHKIuH [ 1-2].

IIpu maremarnueckoM MOJEIMPOBAHUU IOJIHBIX BOJIHOBBIX IOJIEN JJII CKOPOCTHOM MOJENIN 3€EMHOM KO-
pol [1] mpumensiics MOTUGUITUPOBAHHBIN aHAIIMTUYCCKUI METOJ JUIS IUIOCKOCIOUCThIX 3D Momeneii cpen.
MeTon Mo3BOoJISET MPOBOJIUTH PACUETHI HA CBEPXAAJIbHUE PACCTOSHUS Ha MPOQUIISTX OOBIION MPOTSKEHHOCTH.
Maremarnyeckoe MOJAEIMPOBAHUE BOITHOBOI'O MOJI OCYLIECTBIIEHO JIJIl MOJAEIH C HATHIO TUIOCKUMHU CJIOSMU B
36MHOM KOpE Ha yIIPYroM IMOJIYIIPOCTPAaHCTBE, MOAEIHMPYIOLIEM BEPXHIOI MaHTHIO. PaccMaTpuBanuch BapuaH-
TBI MOJIENIM C HAJIMYMEM U OTCYTCTBUEM HU3KOCKOPOCTHOTO CJI0sl. J[JI1 YUCIAEHHOTO pacyeTra MOJIHOTO BOJIHOBO-
O TOJISE [T MOJIeIU [2] ObLTH YCOBEPIIICHCTBOBAHBI PA3HOCTHBIN M CIIEKTPAIbHO-Pa3HOCTHBIN MapasuIeIbHbIC
aNropuT™Mbl. B pesynbsrare MonenupoBaHusl BBIACHUIOCH, YTO KPATHBIE BOJIHBI CPAaBHUMBI 110 MHTEHCUBHOCTHU
C OJTHOKPATHBIMH BOJIHAMH B TIIYOUHHBIX CIIOSIX 3€MHOW KOPBI. AHAJIMTUYECKOE M YUCIICHHOE MOJICITMPOBAHUE
MO3BOJIMIIO OOBSCHUTH (PU3UKY TOTO SIBJIICHUSI. AHAJIOTUYHBIC SIBIICHUSI (Jjaske OOJbIasi HHTEHCUBHOCTh Kpar-
HBIX BOJIH 10 CPABHEHHIO C OJTHOKPATHBIMH BOJIHAMH ) HAOIONAIOTCS JIJIsl BOAHBIX BOJH [3].

Crmcok JuTeparypbl

1. Nielsen C., Thybo H. (2009). Lower crustal intrusions beneath the southern Baikal Rift Zone: Evidence from full-
waveform modelling of wide-angle seismic data. Tectonophysics. —2009. 470. — C. 298-318.

2. Mordvinova V. V. and Artemyev A. A. (2010). The three-dimensional shear velocity structure of lithosphere in the
southern Baikal rift system and its surroundings. Russian Geology and Geophysics, Vol. 51, Issue 6, June 2010, Pp. 694-
707.

3. V. Yu. Burmin and A. G. Fat’yanov Analytical Modeling of Wave Fields at Extremely Long Distances and
Experimental Research of Water Waves. //Izvestiya, Physics of the Solid Earth, 2009, Vol. 45, No. 4, pp. 313-325.

HMcnoan30Banne YeThIPEXMEPHLIX CBEPTOYHBLIX HEHPOHHBIX CeTell NJIsl aBTOMATH3AIMH MTOCTPOEHUS
MozeJIeidd MECTHOCTH

A. A. Konecnuxos', I1. M. Kuxun?®

'Cubupckuil 2ocyoapcmeentblll YHUsepcumem 2eoCucmem u MmexHon02ull
’Cankm-Ilemepoypeckuii nonumexnuueckuu ynusepcumem Ilempa Benukozo
Email: alexeykw@yandex.ru

DOI: 10.24411/9999-017A-2019-10263

Ceifuac mpakTHYECKH BCE BUJIbI IPOCTPAHCTBEHHBIX JJaHHbIC TPEOYeTCs MPEACTABISTH B TPEXMEPHOM BH-
Jie, HO 3aTpaThl HA CO3/laHHE TPEXMEPHBIX MOJENel Bcel OKpYy»Karollell MECTHOCTH BCE €Ille OYEHb BEJIUKU
U TIOTOMY MMEIOLIMECS BAPHAHTBl JIMOO HU3KOW TOYHOCTH (aHHBIE PaJapHOH CITyTHUKOBOW CHEMKH, CXe-
MBI TOPOZIOB), TMOO0 Ha MaJible YU4acTKH TeppuTopuu (Moxenu, noiaydennsie ¢ BIIJIA ¢ororpammerpuyecku-
MH METOJIaMH, JaHHbIE JIA3EPHOI0 CKAaHWPOBAHUS, OT/EIbHBIE 31aHUS U NOMeEleHus ). B nocnennem ciyuae
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JIOCTATOYHO OONIBIION 00bEM PaOOT BBHITIOIHSACTCS BPYYHYIO, IOITOMY JIFO0OBIE METO/IBI aBTOMATH3aIIMH OCTPO-
€HUSl TPEXMEPHBIX MOJENIEH MECTHOCTH U 3AAHUH TIO3BOJISAT YCKOPUTH IIPOLIECCHI CO3JaHUS MTOJIHOCTBIO TPEX-
MepHOI MozenH Beel moBepxHocTH 3emiH [4]. Takke Hy’)KHO OTMETHUTB, UTO pPellIeHHe 3TON 3aa4yl MTO3BOJIUT
3HAUUTEIBHO CHU3HTH JIFOObIC BHIIBI MIOTEPh TPH YPE3BBIYAHHBIX CUTYaLUsIX, IyTEM MaKCHUMaJIbHO OBICTPOTO
CO3[IaHMsI U OOHOBIICHHS TPEXMEPHBIX MOJIETIe MECTHOCTH 110 BCEM MMEIOIMMCS BUAaM AaHHBIX. B 3T0ii pa-
0oTe mpeIaraeTcst KCIoIb30BaTh YeThIpEXMEPHBIE CBEPTOUHBIC HEHPOHHBIE CETH Il 00pabOTKM MOAETIeH mo-
JYYCHHBIX METOJAMH JIA3€PHOTO CKAHUPOBAHUS U BHJICOMIOTOKA JUISI CETMEHTAI[MH OOBEKTOB KaK B TIOMELICHHU-
SIX, TaK U Ha OTKpbITOi MecTHOCTH [1-3]. IIpHuBeneHs! pe3ynbTaThl HOCTPOEHUST TPEXMEPHON MOAETH C TIOMO-
IIbI0 HEHPOHHOM CETH ATOM apXUTEKTYpHl Jisl dTanoHHbIX TecToB (ScanNet, Stanford 3D, RueMonge) u s
COOCTBEHHBIX HAOOPOB TaHHBIX.

Cnmcok JuTepaTypol
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CVPR 2019
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ITonyuyeHHEe BEPOSITHOCTHBIX OLIEHOK JIJIS OCTATOYHOM MACChl, IJIOTHOCTH M MPOYHUX NMapaMeTPoB
MeTeoputa Maauchpu

M. A. Kpusos

MI'Y um. M. B. Jlomonocosa
Email: m_krivov@cs.msu.su

DOI: 10.24411/9999-017A-2019-10264

[IpakTruecku eTUHCTBEHHON MH(pOpMaINUeH, HA OCHOBAHUM KOTOPOW MOXKHO CHEJIATh MPEAIIOIIOKCHHS O
npolecce IBIKEHHS M TOPEHUSI MeTeoponaa B aTMocdepe 3eMiH, SBISIOTCS JaHHbIE C (POTOAETEKTOPOB 00-
CepBaTOpUil U BUICOCHEMKH OT CITy4YaiiHbIX OYEeBH/IIEB. Tak Kak reorpaduyeckre KOOpAUHATHI HaOItoIaTeei
W3BECTHBI, TO [0 ATUM MaTepualiaM yIaeTCss BOCCTAHOBUThH 3HAUEHUS BBICOTHI M CKOPOCTH OONIUA JUIsl y4acT-
Ka IIyTH, Ha KOTOPOM IPOHCXONIO HHTEHCUBHOE FOPEHUE BEILECTBA.

IIpu sTOM mpakTHUYECKUN MHTEPEC MPEICTABIAIOT OLICHKH ISl OCTAaTOYHOW MAacChl U TOYKU MaJCHUS He-
OecHOro Tela, KOTOphle MOKHO MOYYHUTh TOJBKO C TOMOLIBIO MAaTEMAaTHYECKOTO MojienpoBanus. OuH U3 co-
BPEMEHHBIX N0oAX00B [1] 3akmioyaeTcs: B aHAMUTUUECKOM petenun cuctembl O/1Y [2], onuckiBaroiieil Bech
npoliecc ABWXEHUs U TopeHus HebecHoro Tena. K coxanenuio, 1j1st Hee HEBO3MOYKHO ONPEACTIUTh HavyalbHbIE
YCIJIOBUSI, OJIHAKO ITOCJIC Psijia YIPOILIEHUH, 00e3pa3MepUBaHNs BEJIMUMH U BBEICHUS UCKYCCTBEHHBIX ITapame-
TPOB MOYKHO ITOCTPOUTH aBTO-MOZEIBLHOE PELLEHHE.

B noxnane paccmarpuBaeTcs IpeiioKEeHHOE aBTOPOM Pa3BUTHE NAHHOTO MOAX0/a. AHAIOTUYHASI CUCTe-
Ma OJ1Y perraercst YUCIEHHO 3a CUET 3aJlaHUs HaYalIbHBIX YCIOBUN M HEU3BECTHBIX MapaMETPOB U3 KOJIICK-
MU OXKUJAeMbIX 3HaueHui. Takum 00pa3oM, MOACITMPOBAHHUE TIPOU3BOIUTCS JUIS THICSYH BUPTYalbHBIX Me-
TEOPHUTOB, CPEAN KOTOPBIX OTOMPAIOTCS CIydaH, COOTBETCTBYIOLIME HaOmonaeMoMy siBiieHHI0. CxeMa paboThl
MIPEUIOKEHHOT0 METO/1a HILUTIOCTPUPYETCs Ha IPUMEpE aHallu3a JOCTATOYHO XOPOIIO U3YYEHHOTO METEOpUTa
Wunncpu, ynasmero 5 despans 1977 roaa.

HccnenoBanne BeITOMHEHO NpH (prHaHCOBOW nopaepxkke PODU, nayunsnii mpoekT Ne 18-37-00429 mon_a
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CHeRTDaJIbHO-pa3HOCTHBIﬁ METOA MJd PeIICHUA THHAMUYCCKHUX 3a/1a4 TCOPUH YIIPYTIOCTH

B. H Mapmuwinos', b. M. lunckuii'?, A. @. Canemuna'?, U. O. Maxapog*
' Uncmumym eviuuciumensHoti mamemamuru u mamemamudecxoti eeogpuzuxu CO PAH
2Hogocubupckuii 20cy0apCcmeeHHblil YHUSEPCUmen

Email: afsapetina@gmail.com
DOI: 10.24411/9999-017A-2019-10265

B pabote paccmarpuBaeTcs peann3anys MapajuleIbHBIX aJITOPUTMOB AJISl YHCICHHOTO MOJCIHPOBAHMS
pacIpocTpaHeHus ynpyrux BosiH B 3D HEOAHOPOJIHBIX YNIPYTHX cpellaX, OCHOBAHHBIX Ha UAESX, MIPEISIOKEH-
HBIX B paborax [1-2]. AAropuT™M OCHOBaH Ha MPUMEHEHUH K UCXOJHOH 3a/1a4e JIJIsl CHCTEMBI YpaBHEHUH B CKO-
POCTSIX CMEIICHUH 1 HANPsHKEHUH AByMEPHBIX npeodpazoBanuii @ypre 10 mpoCTpaHCTBEHHBIM EPEMEHHBIM.
[Tonyuennas, B pe3ynsrare npeodpa3oBaHuii, OAHOMEPHAs THIlepOONINYecKas 3aa4a, 3aBUCSILAs OT ABYX Ma-
paMeTpoB MPOCTPAHCTBEHHOTO MPeoOpa3oBaHus, pelaeTcsi, KOHEUHO-Pa3HOCTHBIM METOIOM YETBEpPTOTrO TO-
psAKa anpOKCUMALIMH 110 MPOCTPAHCTBEHHOM MEPEMEHHON U BTOPOTO 10 BpeMeHHU. PaccMOTpeHb! pa3inyHble
crocoObl pacnapauleIMBaHusl aJrOpUTMa Ha COBPEMEHHBIX BBIUMCIUTEIBHBIX KOMIUIEKcaX. B ToM uncie pac-
CMOTpeHBI Takue apxuTekTypsl, kak Intel Broadwell, Intel Xeon Phi u NVIDIA GPU B cocraBe Cubupckoro
CynepkomnsrorepHoro nenrpa UBMuMI™ CO PAH.

Pabora BrrmonHeHa npu prHaHCOBOW TIoanepxkke Poccniickoro ponma GpyHIaMEHTATBHBIX HCCIIETOBAHNHN (KO TIPO-
exra 19-07-00085, 16-29-15120).

Crucok nureparypbl
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YucjaeHHoe MOAeINPOBAHNE B3aHMOAEHCTBHS AKYCTO-TPABHTAIIMOHHBIX U CeiCMHYE€CKHX BOJIH
B COBMeIleHHOH Moaean ''atmocdepa — 3emuan’"
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B nmanHOM nmokiame paccMaTpWBAIOTCS PE3YyNBTaThl YHCICHHOTO MOETUPOBAHHS PACIpPOCTPAHEHUS U
B3aMIMHOTEHEPAIINU CEHCMHYECKUX M aKyCTO-TPAaBUTAI[MOHHBIX BOJH /IS COBMEIIEHHON MPOCTPAaHCTBEHHO-
HEOMHOPOmHOH MozmeH "aTmMocdhepa — 3emis". JlaHHbBIC HCCIIeTOBAHUS SIBIISTFOTCS TTPOAODKEHUEM HCCIIEIOBa-
HUU, MPUBEIEHHBIX B padorax [1, 2]. PactipocTpanenrne nHGPa3ByKOBBIX BOJH B U30TEPMUUYECKON aTMoChe-
pe OIMCHIBACTCS TMHEAPU30BAaHHOW crucTeMol ypaBHeHH HaBhe — CTOKca B BHE TUTIEPOOIMUECKON cHCTe-
MbI TIEPBOTO MOPSAKa JJIs TpexMepHou JlekapToBoil cucTeMbl KoOOpAUHAT. PacripocTpaHeHne celCMUYEeCKUX
BOJIH B TUTOC(epe OMHUChIBAETCSA TUIIEPOOIHIECKON CHCTEMON TTEPBOTO MOPsAKa B TEPMHUHAX CKOPOCTEH BEK-
TOpa CMEIIEHUs ¥ KOMIOHEHT TeH30pa HaIPsDKEHUH COTIacCHO TeOpHH yIpyrocTtu. PaccmarpuBaercs pacmpo-
cTpaHeHue MH(PPa3ByKOBBIX BOJIH B arMoc(epe MpH cTparnu(uKanny BeTpa W HATWYUH TTOTIIOMIEHNS YHEPTHH.
Uccnenyercs BiusHuEe NaHHBIX (PAKTOPOB HA aMIDIUTYAY BOJH B 3aBUCHMOCTH OT MX HAlpaBICHUS PacIpo-
CTpaHEHHUS! OTHOCUTEIFHO HAIPaBIIEHHOCTH BeTpa. B paboTe omuchIBaeTCs YUCIEHHBINA aJTOPUTM IS pelie-
HUS [TOCTABJICHHON TMHAMUYECKOM 3a1a4H1.
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KpynHble nMIIakTHBIE CTPYKTYPBI 3a4aCTYI0 COMPOBOXKAIOTCS CHCTEMON KOHLIEHTpUUYECKUX Koutenl [ 1, 2].
ITo oTnenbHBIM HAOMIOAEHUSIM OBIIO YCTaHOBIEHO, YTO AWAMETPHI KOJIEL MPONOPLUUOHAIBHEI IUAMETPY Kpa-
tepa D, rne xoaduruent npu D sBisiercs crenensro 2 [1]. OnHako, HOBBIE TaHHBIE [3] MOKa3bIBAOT, YTO 3Ta
¢dopmyna He TouHa. B nokiaze mpemaraercsi mo-HOBOMY MPUMEHHUTH MOJIENb O BOSHUKHOBEHHUHU KOJBIIEBBIX
"cTosiunx" pe30HAaHCHBIX BOJH B cpelie BCIEACTBHE "TO(QPUPOBAHHON HEYCTOWYMBOCTU yAapHBIX BOJH" [2].
[TpunsB 3a Hayaso oTcyera (GPOHT yIapHOW BOJHBI, COBHaAalOMmuUil ¢ auamerpoM D, rine reHepupyrorcs cde-
pHUECKUE CEHCMUYECKUE BOJIHBI IIMPOKOTO CIEKTPa, MOYKHO MOJIYYHTh YHUBEPCAIbHYIO (hOPMYITY, OTUCHIBAIO-
HIyI0 Bce pa3HOooOpa3ue HabmoaaeMoOi BOJIHOBOM KapTHHBI C JOCTAaTOYHOM TOUHOCTBIO.

Pabora BrImonHEHa B pamMKax rocyrapctsenHoro 3amanus UBMuMIT CO PAH (mpoext 0315-2019-0009).
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CTH, BOTIPOCHI IUATHOCTHKH U HEKOTOphle ocodeHHoctn. HoBocubupcek, 1991. 128 c¢. (HTO BL] CO AH CCCP. Tema
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sscc.ru (mara oopamenus: 07.03.2019).

AJIroOpUTMBI BEPOSITHOCTHOIO AHAJIHN3Aa CEHCMHUYEeCKOH ONMACHOCTH

C. A. Ilepemokun', B. A. Muponoé®, K. B. Cumonoé®, M. A. Kypaxo*

'Kpacnosapckuii punuan Hnemumyma soruucaumensoix mexunonoeuit CO PAH — CKTE "HAVKA"
2Uncemumym sviuucaumensvro2o mooenuposanus CO PAH

SUncmumym sviuucaumenvro2o mooenuposanus CO PAH

*Cubupckuil pedepanvubill yHugepcumen

Email: saperetokin@yandex.ru

DOI: 10.24411/9999-017A-2019-10268

PaGora mocasmiena onucaHuio COBPEMEHHOTO COCTOSIHUSI METOJIOB BEPOSTHOCTHOTO aHallu3a celicMude-
ckoit ormacHoctH (BACO), Kak 0qHOTO W3 OCHOBHBIX J3TAllOB B MH)KEHEPHO-CEHCMOIIOTHUCCKHUX M3BICKAHUIX
TTOJT TUTOTITAIKH JUTsI 0COO0OTBETCTBECHHBIX 00BEKTOB. OT BEIOOpA MTPOrPaMMHOTO OOECITCUCHHSI TS TTPOBEIe-
Huss BACO, moHUMaHUS €ro BO3MOXKHOCTEH W OTpaHWYICHUH BO MHOTOM 3aBHUCHUT PE3yJIbTaT HUCCIICTOBAHUH.
PaccmarpuBaioTcss coBpeMeHHBIC TTOIXOABI K OIEHKE CeHCMUYIECKor omacHOCTH [1-6] n mpencraBieH 0030p
pasButus nporpaMMmHBIX cperactB BACO (OpenSHA, EqHaz, OpenQuake, Engine u R-CRISIS). IIpoBenen
aHanu3 KoMIbioTepHoit mporpammbl SEISRISK 111, paccMoTpeHs! ee BO3MOXKHOCTH M OTPAHUICHIS, BBITIOJTHE-
HBI PacyeThl IJIsl HCCIEeyEeMBIX TUIOIMAI0K 0COO00TBETCTBEHHBIX OOBEKTOB.

Crnucok nureparypsl

1. Atkinson G. M. The Integration of Emerging Trends in Engineering Seismology // 13th World Conference on
Earthquake Engineering, Lisbon, Portugal (September 24-28, 2012). Lisbon, 2012.

2. Atkinson G. M., Assatourians K. EqHaz: An Open-Source Probabilistic Seismic-Hazard Code Based on the
Monte Carlo Simulation Approach // Seismological Research Letters. 2013. Vol. 84, Ne 3. P. 516-524.

3. Gupta I. D. Probabilistic seismic hazard analyses method for mapping of spectral amplitudes and other design-
specific quantities to estimate the earthquake effects on manmade structures // ISET Journal of Earthquake Technology.
2007. Vol. 44, Ne 1. P. 127-167.

4. Kijko A. Introduction to Probabilistic Seismic Hazard Analysis / Encyclopedia of Solid Earth Geophysics. —
Springer, 2011. P. 1-27.

5. McGuire R. K. Probabilistic seismic hazard analysis: Early history // Earthquake Engng Struct. Dyn. 2008.
Vol. 37. P. 329-338.
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6. Monelli P. D., Weatherill G., et al. OpenQuake Engine: An Open Hazard (and Risk) Software for the Global
Earthquake Model seismological // Research Letters. 2014. Vol. 85, Ne 3. P. 692—702.

TpeXMepﬂoe MOACJIUPOBAHUEC CUTHAJIOB 3JICKTPOMATrHUTHOTO0 30HAA ¢ TOPOUAAJBbHBIMHU KAaTYIIKAMU

H. B. Cypoouna

Hucmumym viuuciumensuoti mamemamuxu u mamemamuyecxoui ceousuxu CO PAH
Email: sur@ommfaol.sscc.ru

DOI: 10.24411/9999-017A-2019-10269

B mocnennee necstuieTHe MPOU3ONUTH OOJBIINE MHKCHEPHBIC TOCTHIKEHHSI B KapOTa)KHOM HPHUOOPO-
ctpoeHuu. [losBunack BO3BMOXKHOCTD CO3/1aBaTh MPUOOPHI, OCHOBAHHBIC HAa HETPAIUIIMOHHBIX [T KapoTaxka
MCTOYHMKAX BO30YykaeHus anekrpomarautHoro nonst. B MHTul™ u HITO "Jly4" cozgan npuGop HOBOTO MOKO-
JIEHUS. — YCTPOMCTBO JJIsl PETUCTPALMH XAPAKTEPUCTUK 3JIEKTPOMArHUTHOIO MO ¢ UCIIOAb30BaHUEM TOPOU-
JanbHBIX Katymiek [ 1-3]. B npouecce co3nanus nprudopa NpUMEHSIIOCh MaTeMaTHueCcKoe MOJeTUpoBaHue. DTO
caMmblii OBICTPBII U IEIIEBBIN CIIOCOO BOCTIPOU3BECTH PA0OTY 30Ha B MOAICISX, ONM3KHUX K peanbHoCTH. Llenbio
HACTOSILIETO SIBJISIIOCH TPABUIBHO CPOPMYIMPOBATh 3aa4y Il TPEXMEPHBIX MOJIeIIeH, HAUTH METOJI peIICHHs
Y MCCIICA0BAHUS OLICHUTH BIUSHHUE 3KCHEHTPHCUTETa TPUOOpa Ha U3MepsieMble XapaKTePUCTUKU

Pabora BeImomHeHa TpH (UHAHCOBOH moamepkke Poccumiickoro ¢onma (QyHIaMEHTaIbHBIX HCCICHOBAHHUNA (KO
mpoekTa 19-05-00595). DxcnepumenTanpHas 9acTh moaaepkana Poccuiickium HaydHBIM (GOHIOM (KOI Tpoekta 19-77-
20130).
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2. 3mno M.U., Epemun B.H., ITerpoB A.H., I'imackux B.H., Cyponnna W.B., Kucener B.B.,Huxurenko M.H.
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[MTarenT Ha m300peterne Ne 2578774, 3assn. 14.01.2015; omy6:m.27.03.2016. brom. Ne 9

3. BmnoB M.U., Epemun B.H., [letpoB A.H., I'mnuackux B.H., Cypomnra W.B., Kucenes B.B.,Huxurenxko M.H.
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[MTarenT Ha m300pererne Ne 2578774, 3assn. 14.01.2015; omy6:m.27.03.2016. brom. Ne 9

MeToa BLIYHCICHUS MUJIMHAPUYECKUX (DYHKIHI AJI51 IIHPOKOro INANA30HA 3HAYEHHIT HX ApI'YMEHTOB
M HHIEKCOB

A. I @amvanoe

Hncmumym sviuuciumenvuoi mamemamuru u mamemamuyecxou eeogpusuxu CO PAH
Email: fat@nmsf.sscc.ru

DOI: 10.24411/9999-017A-2019-10270

CrientnanbHble QyHKIIMH UMETOT (DyHIaMEHTAIbHOE 3HaUeHHe B MareMarndeckoi gusuke. OHM, B 9aCTHO-
CTH, BXOJIAT B aHAJTUTUYECKUE PEIICHUS Pa3HO0Opa3HBIX 3aja4 ecTecTBo3HaHUs. OTHAKO CYIIECTBYIOIINE J0-
CTYITHBIE OMONHMOTEKH MMO3BOJISIOT BRIYUCIIATH, HAIPUMED, PYHKIIUN beccens ToapKo At CpaBHUTENBHO He-
0OJBIINX 3HAUEHUI WX apTYMEHTOB M MHAEKCOB [ 1]. DTO MPUBOANT K OrpaHIUYEHUIO BOBMOKHOCTEH IpaKTHIe-
CKOTO WCIOJIb30BAHUS aHAJIUTUYECKUX PEIICHNH JUI COBPEMEHHBIX 3ajad. Tak, HarmpuMep, [IJIsl pacdyera BoJI-
HOBBIX TIOJICH /IS TeN TUIAaHETapHBIX pa3MepoB Tuna 3emiu U JIyHbl, TpeOyeTrcs: eqHbBIN METO/I BRIYUCICHUS
MWIAHAPAYECKUX (DYHKIHMA JJ1s1 IPOU3BOJIBHBIX (B TOM YHCIIE W OOJNBINX) 3HAYSHHI apTyMEHTOB ¥ HHJIEKCOB.
Taxoro MeTona B HaCTOsIIIEE BPEMS HE CYIIECTBYET.

B pabote momyueHo HoBoe nuddepeHnraaI HOe U COOTBETCTBYIOIIEE eMy PEKYPPEHTHOE COOTHOIICHHE
JUTSL BCTIOMOTaTeIbHBIX HWIMHApHYECKUX (QyHKIMH. Ha ocHoBe [2] moka3zaHa yCTOWYMBOCTH HOBOTO PEKYp-
PEHTHOTO COOTHOIIEHUS IS IMMIUHAPHYECKHX (YHKIHUNA. B mUTOTE, C YU4ETOM KIIaCCHYECKOTO PEKypPPEHTHO-
IO COOTHOLUEHUS, IOJIYYEH HOBBIM €IMHBII BBIYUCIUTEIBHO YCTOMUMBBINA METO/ OyYEHHS] 3HAYCHU I LIMIIUH-
JpudecKuX (PyHKIUH TS ITMPOKOTO TUara30Ha 3HAYeHUH X WHAEKCOB U apTyMEHTOB.

[IpoBeneHo TecTHpOBaHWE HOBOTO PEKYPPEHTHOTO METO/a BBIYHCICHHUS NHIMHIPHYECKUX (YHKIIHN
0e3 MCIOIb30BaHUs ACHMITTOTUYECKUX MpeCTaBleHN. TecTupoBaHne OCYyIIEeCTBICHO B HECKOIBKO ATAIOB.
CHavana rmpoBeJIeHO CpaBHEHHE C U3BECTHBIMU METOIaMU JIJIsl CPAaBHUTEIHFHO HEOOIBIINX 3HAYEHUH apryMeH-
TOB U nHIEkcoB [1]. TectupoBaHre B 00NacTH, TAC M3BECTHBIC METOIBI HE pabOTAIOT, MPOBEICHO Ha OCHOBE
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AHAJITUTUYCCKOI'O BbIPpAXXCHUS [JIs1 BPOHCKHAHA. I[anee MOPOBCACHO KOJIMYCCTBCHHOC CPABHCHNEC BOJIHOBLIX I10-
Jei JJId 11apa HEOOBIINX pasMepoB (B JJIMHax BOHH) B CJIy4yac UCIOJIb30BaHUs CTAHAAPTHBIX U HOBBIX aJIr'O-
PUTMOB BBIYHCIICHUSA HTUIMHAPUYCCKUX (I)yHKHHﬁ. B utore TMOJIY4YCH U NPOTCCTUPOBAH HOBBIM BBIYUCIIMTEIIb-

HO yCTOfI‘IHBBIfI MCTO/ NOJTy4YCHUS 3HAUYCHUM MUIMHAPUYCCKUX (l)yHKHI/Iﬁ JJIs IHAPOKOIro Auara3oHa 3HAYCHUM
X UHJACKCOB U apTyMCHTOB.

Cnmcok JuTepaTypol

1. Shanjie Zhang, Jian-Ming Jin. Computation of special functions. John Wiley, 1996, 717 p.
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Ceknus 8. MATEMATUYECKOE MOJAEJINPOBAHUE
B UHOOPMALMUOHHBIX TEXHOJIOI'USAX

AcneKTbl BLIYHCJIEHHS 1eTEPMHUHAHTOB MATPHIL H X pacnpeiejieHHH 110 onpeaeauTe I siM

H. A. Aumunun

Mocrosckuii mexnononuyeckuil ynusepcumem" (MUP3A)
Email: myantip@yandex.com

DOI: 10.24411/9999-017A-2019-10271

B crarbe paccMaTpuBaeTcsi JaHHbIE, HOITYUYEHHBIE C HOMOLIBIO aJITOPUTMOB, pa3padOTaHHbIX C UCIIOIb30Ba-
HUEM BCTPOCHHBIX 1 HEBCTPOEHHBIX TUIIOB IaHHBIX B CTAHJAPTHBIX S3bIKaxX MporpaMmmupoBanus. [IpuBogurcs
pacnpenenenus Matpul u3 0 u 1 mo gerepMuHaHTaM AJs §-ro MOPsIKA — [IEPECYETOM JETEPMUHAHTOB BCEX
MaTpHuly, JUIsl MaTpuLl opsaka ¢ 9-ro nmo 11-s1it Toueuno (ncnomns3yercs metox MonTe-Kapio u uiryres nuib
OTZAEJbHbIE AETCPMUHAHTHI, 0€3 yKa3aHUs KOJUYECTBa AJISI JAHHOIO MOpsnka). Taxke ¢ IOMOIIBIO aJlIrOpUT-
MOB JUJIsl HEBCTPOCHHBIX THIIOB AaHHBIX ObliIa MOJyuyeHa MaTpuiia 64-ro mopsaaKa ¢ OTHOIICHHUEM KOJIHMUYECTBA
0 x 1 — 1:3, c onpexenuTeneM paBHBIM MTPOCTOMY YHCIY, a TakkKe ee oOparHas. AHAIN3UPOBAIUCH BBIYUCIIE-
HUSI IETEPMUHAHTOB Il MaTpuLl OoJiee BHICOKMX MaTpull — 128 n 256. Pe3ynbraTbl JaHHBIX BBIYMCICHUH MO-
TYT OBITB IOJIE3HBI NP Niepenade MHHOPMALIMU B OTKPBITBIX CETAX, a TAKXKE B €CTECTBEHHBIX TEOPETUUECKUX
Y MHXXEHEPHBIX HayKax.

Crmcok JuTeparypbl

1. Autunme H. A. Teopernueckue M MpakTHUECKHE aCIIEKThl MATPHIL U3 HyJIel M eAnHUI //ATbMaHax MUPOBOH Ha-
yku, 2018 1, Ne 1(21), c. 6-35.

2. Autunun H. A. PaspexeHHble MaTpullbl U3 Hylei n equnull //[lepcriekTHBBI pa3BUTHS HAyKH U 00pa30BaHMS:
COopHUK HAay4YHBIX TpyaoB, 2017 1, ¢. 6-10, ISBN 978-5-9500654-2-2.

3. Antunun H. A. Makee B. H., Maunees P. 10., ®enynos @. A. TeopeTnko-uucioBbie acneKThl mudppa Xunia st
Marpul pa3InuyHoro nopsjaka //Ansmanax MupoBoi Hayku, 2016 T, Ne 1-1(4), c. 6-10.
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PaccmarpuBaetcst 3aa4a 3pEKTUBHOTO CxKaThsl OOJBIIMX MACCUBOB JaHHBIX. [[prMepoM mpakTrHueckoro
TIPIIOKCHUS DTOH 3a/1aud SIBJSICTCS ONTHMAIIBHOE CKaThe TaOmuaHbIX MaccuBoB B CY B/, mo3Bossroniee co-
KpPaTUTh PAcXO MaMsTH U TTOBBICUTHh TIPOU3BOIUTEILHOCTh CHCTEMbl. Hanbomnee pacripocTpaHEeHHBIMH THITA-
MU JTaHHBIX, UCTIOIB3yeMbIX B b/I, SBIAIOTCS CTPOKOBBIC M YUCIIOBBIC. JIJIT KOAMPOBAHUS CTPOKOBBIX JAHHBIX
MPUMEHSIIOTCSL Pa3lIMYHBIE METOBI CIIOBAPHOTO CKaThs, Hanbolee 3(h(HEKTUBHBIM U3 KOTOPBIX SBISIETCS Me-
toy 3uBa-Jlemnens. B nanHou pabote npemiaraercs 3G(OEeKTUBHBI METOJ] KOAUPOBAaHUS CTPOKOBBIX JaHHBIX,
OCHOBAHHBIN Ha CJIOBAPHOM CXKATUHU U MO3BOJISIONINM YBETUUUTh CTETICHb C3KAaTUSl MACCUBOB IO CPABHEHHIO C
paHee U3BECTHBIMU METOAMU.

CHucok JUTepaTyphl
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Modeling big data processing using regression analysis
D. K. Darkenbayev, G. T.Balakayeva
Al-Farabi Kazakh National University
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Today, the problem of processing large amounts of data is growing every day. One of the urgent tasks of
many areas of science and technology is the task of processing large amounts of data, for example, in banking,
the introduction of technologies for processing large amounts of data allows banks to bring to a new level work
in such areas as: improving service quality, product development, risk management, security, analyze customer
solvency, cost optimization. The definition of large amounts of data, Big Data, is used to denote technologies
such as storing and analyzing a significant amount of data, processing which requires high speed and decision
making in real time[1]. As well as the collection, storage and use of unstructured data. One urgent task is the
processing of large amounts of data when storing data on different servers, and the collection and processing of
data takes a lot of time, and such mathematical calculations as calculating the arithmetic average value require
additional costs[2]. In this paper, we considered the task of processing large amounts of data on the example
of building a credit scoring model for the banking system of the Republic of Kazakhstan as a whole[3]. At
the same time, we solved the problems of constructing a credit scoring model with constant weights, with
weighting factors that are updated in time, the choice of a suitable algorithm, and regression analysis.
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Oco0ennocTu pacuera poropeanucTuueckux KapTu 3D cieH npu yuere nHTepdepeHInn
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B peanbHO KU3HH MBI MOJKEM 3aMETHTH SIBIICHHE MHTEP(EPEHIN CBETa, HAIpUMep, OCH3MHOBBIE MSTHA
Ha Jyxe. Ho coBpeMeHHbIe TporpaMMel pacueTa potopeanrcTuaeckux nzoopaxenuit 3D cuen (3D-pennepsr)
MOTYT MMUTHPOBATh SIBJICHUE MHTEPPEPEHLUUHN HAa M300pakeHUU He OoJiee, 4YeM MOCPEACTBOM MOo100pa TeK-
ctyp. Ha coBpemeHHOM 3Tare 0JHO U3 OCHOBHBIX Han00J1ee HHTCHCUBHO Pa3BUBAIOLINXCS HAIIPABICHUH B pa3-
pabotke 3D-pennepoB — 3T0 pa3paboTka GU3NUECKH KOPPEKTHBIX aITOPUTMOB, T.€. BCe 00Jee TOUHBIN yueT
(U3NUECKUX 3aKOHOB B3aMMOJCHCTBUS CBEeTa C 00BEKTaMU CLIeHBI. B HacTosIee BpeMsl U3BECTHBI TOJIBKO He-
CKOJIBKO HCCIIEIOBATENILCKUX Pa0OT, MOCBALIEHHBIX BONPOCY (hU3NUECKH KOPPEKTHON Bu3yanuzauuu 3dexron
uHTepdepeHunn. B 1okiaze Ha OCHOBE MX aHANIN3a U CBEACHUN U3 (PU3NYECKON TUTEPaTyphl pacCMaTpHUBaloT-
cs1 He0OXOIMMBbIE MOJU(UKALUKN PEHAECPOB, YTOOBI OHU MO (PU3UUECKH KOPPEKTHO PACCUUTHIBATH WHTEP-
¢depenunio Ha n300pakeHusAx. Hampumep, BU3yanu3upoBaTh TaKHE M3BECTHBIC OMBITHI, Kak onbIT FOHra nim
kosblia HertoToHa. OTH 0COOEHHOCTH BKIIIOYAIOT: YUET MOJSIPU3AMU CBETA, PA3I0KEHHE MaJAa0Iero Jiyya Ha
NEPIEHIUKYISPHYIO U NapajIebHyI0 KOMIIOHEHTBI, MpuMeHeHne Gpopmyn OpeHensi, KOTepeHTHOCT JIyueil u
npyrue. Takke IpUBOIATCS pe3yabTaThl YHCIEHHBIX SKCIIEPUMEHTOB U COOTBETCTBYIOIINE WIUTFOCTPALUH, TO-
Jy4YEHHBIE B pacueTax.

Pabora BeinoHeHa npu GrHAHCOBOM moaaepxkke Poccutickoro Gonma GpyHIaMeHTaIbHBIX HCCIICAOBAHUIN (KO ITPO-
exra 16-07-00762).
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AHU30TPOITHBIX KPUCTAJJIOB

B. A. Jllebenos', P. A. lllenenaes’
' Uncmumym eviuuciumensrot mamemamuru u mamemamuuecxoti eeogpuzuxu CO PAH
Uncmumym eeonoeuu u munepanozuu um. B. C. Cobonesa CO PAH

Email: debelovi@oapmg.sscc.ru
DOI: 10.24411/9999-017A-2019-10275

WnTepdepeHInoHHbBIE OPTOCKONIUYEcKre KapTuHbl [ 1-3] HaOmionaoTest MUHEpaJIoraMu MPH paccMOTpe-
HUH ONTHYECKH aHU30TPOIHBIX MPO3PAYHbIX MUHEPAIOB Yepe3 MOJSIPU3aLUOHHBIA MUKpOCKoI [4]. D10 uH-
TepdepeHIMOHHbIE KAPTHHBI B TapaUICIbHOM MOJISIPU30BAHHOM CBETE, 00pa30BaHHbIC JTy4aMH, IPOLIEIIINMHI
Yyepe3 KPUCTAUTMUECKYIO TUIACTUHKY IPU CKPELICHHBIX WM MapajiesIbHBIX TOJIIPU3aTOpe U aHaJu3aTtope, U
HaOmonaemble B (POKaIbHON MIIOCKOCTH 00BEKTHBA MUKpOcKona. OHU MO3BOJISIOT CHELUAINUCTY ONPEACIUTh
PSI KPUCTAIIOON THYECKUX apaMeTPOB.

B kauecTBe mepBOro anropuTMa pacuera BbIOpaH alropuUTM, KOTOPBIK BBITIONHSACT NPSIMOE MOJEIHUPOBa-
HUE, T. €. pacueT pacnpoCTpaHeHHs JIy4eil CBeTa B CLICHE: HCTOYHHK — MOJISIPU3aToOp — 00pasel] MUHepajia — aHa-
nu3arop (2-i monsipu3arop) — 00bEKTUB (JIMH3a) — KAPTUHHAS IUIOCKOCTD.

Bropoii anropuT™ HCIoab30BaNCs B IPOrpaMMe, B KOTOPO 3a OCHOBY ajroputma Oblia B3siTa METOANKA
MOCTPOEHHS OPTOCKONMUecKor KapTuHbl u3 [1 — 3]. Kpome 31X Tpex MoHorpaduii, MHOTHE Apyrue KHUTH U
CTaThH MO KPUCTAJUIOONTHKE TAK)KE MCIOJIB3YIOT BTOPOM MOJAXOA AJsl OObSCHEHUS! BOSHUKHOBEHHS OPTOCKO-
MUYECKUX KApTHH.

[Ipu GnmkaiieM pacCMOTPEHUH OYEBHIHO, YTO BTOPOH MOAXO[ UCIOIB3YEeT AOCTATOUYHO CEPhE3HbIE, Ha
MEPBBIN B3I, YIPOILEHUS MaTeMaTHYeCKON MOJIENTH IIPOXOXKIEHUS TOJISIPU30BaHHOIO CBETA B clieHe. B 1o-
KJIaJle pacCMOTPEHBI pacyeThl, BHIIIOIHEHHBIE TI0 000MM aJITOPUTMaM, CPAaBHUBAIOTCS U 00CYXKIAIOTCS TIOTY-
YCHHBIC PE3YIIbTATHI.

Pabora BrrmonHeHa npu prHaHCOBOW Toanepxkke Poccniickoro Gonma GpyHmaMEeHTaTBHBIX HCCIIETOBAHNHN (KO TIPO-
exra 16-07-00762).

Crnucok JuTeparypsl

[Mackombckas M. I1. Kpucranmorpadus. Yue6. mocodue mis BTY30B. M.: Briciras mkomna, 1976.
[Iy6rukoB A. B. Ontudeckas kpucramtorpadus. M: U3n-sBo AH CCCP, 1950.
Bopr M., Boisd D. OcroBer Onrtuku. M.: Hayka, 1973.

4. Cksopuos I E., ITanoB B. A., [TomsaxoB H. U., ®enun JI. A. Mukpockons! / [Tox pen. H. U. [onskosa. JI.:
Mammnoctpoenue, 1969.

5. Je6enos B. A., Pyomosa A. 1O., Cmupnaos C. 3. KommbroTepHas Moaens neTporpaduaeckoro MUKpockomna //
Tpymer 16-ii MexIyHapOIHOW KOH(EPEHIINN MO0 KOMIBIOTEPHOH Tpaduke u ee mpriokeHnsM [ padpuKor-2006. 2006.
Hoocubupck, 1-5 uromst 2006r. C. 293-297.
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H])I/IMeHeHI/Ie KOMGI/IH&TODHOFO MOJC/IUPOBAHUA JJIA UCCJICTOBAHUSA PAZBUTUA CUCTEM IHCPIreTUKHU

A. B. Eoenes', B. U. 3opranvyes', A. I” @eoxmucmog?

'"Unemumym cucmem snepeemuru um. JI. A. Menenmvesa CO PAH

2Uncmumym ounamuku cucmem u meopuu ynpagienusi um. B. M. Mampocosa CO PAH
Email: flower@isem.sei.irk.ru

DOI: 10.24411/9999-017A-2019-10276

Hpez[nomeH HOBBIH MMOAXO0J K aHaJIn3y BAPHUAHTOB Pa3BUTHA CUCTCM DHEPICTUKU HA OCHOBC KOM6I/IHaT0p—
HOI'0 MOAC/IMPOBAaHUS. Hpoueccm Ppa3BUTUA CUCTEM U UX OTACIIBHBIX 00BEKTOB MNpEeACTaBIAIOTCA B q)opMe Ha-
IMPaBJICHHBIX Fpa(i)OB, Y3JIbl KOTOPBIX COOTBECTCTBYIOT BO3MOXXHBIM COCTOSIHUSAM 00BEKTOB U CHUCTEMBI B JAnUC-
KPETHBIC MOMCHTBI BPpEMCHHU, 4 CBA3U ONPCACIIAIOT JONIYCTUMOCTD MEPEXOA0B U3 OAHOI'0 COCTOAHUS B APYTrocC.
Pa3pa6OTaHBI AJITOPUTMBI U UHCTPYMCHTAJIbHBIC CPCACTBA, NPECAHA3HAYCHHBIC U UCCIICAOBAHUSA U BBI60pa
OINITUMAJIbHBIX BAPpHUAHTOB PA3BUTHA CUCTEM SHCPICTUKU, KOTOPLIC COCTOAT U3 OOIIBIIIOrO YKCIIa OOBEKTOB CO
CJIO’)KHBIMH CI/ICT@M006pa3y}OH_II/IMI/I B3alMOCBA3AMU. HpeI/IMYHICCTBa noAaxo/Ja IMoKa3aHbl HA IPpHUMEPaxX peuIc-
HUA 3a1a49 UCCICAOBAHUA PA3BUTUA CUCTEMBI DJICKTPOSHCPICTUKU U TOINIMBHO-O3HCPICTUYCCKOTO KOMILJICKCA C
HCIIOJIb30BAHUECM PACHPCACIICHHBIX BBIYMCJICHHM.

Pa6ora Bemmonuena B pamkax npoexros 111.17.5.1, II1.17.3.1 m IV.38.1.1 dynnamentansusix uccnenoBannii CO PAH,
a Taxke npu noaaepkke POOU, nmpoekt Ne 19-07-00097-A.
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HMcnoan3oBanne kouTposiaepa Leap Motion 11t NpUKJIagHBIX CHCTEM PACO3HABAHNS A3BIKA JKECTOB

C. A. Mycmadghuna, /. I Enuxees
bawxkupckuii 2ocyoapcmeennulii yHugepcumem
Email: Mustafina_SA@mail.ru

DOI: 10.24411/9999-017A-2019-10277

CoBpeMeHHOE pa3BUTHE TEXHOJIOTHH pacro3HaBaHUs ¥ 00y4deHHs BHAE000pa30B MO3BOIMIM CO3/1aBaTh
CHCTEMBI pacrio3HaBaHus kecToB. OHM MPHU3BaHbI 00CCIIEUNTH OOIIECTBO ITYXHUX M CIAOOCIHBIIIAIINX JOACH
Oonee ynoOHBIM criocoboM oOmIeHus. 3agadell yCTpOUCTBa SBISETCS TIEPEBOJ SI3bIKA KECTOB B MUCHbMEHHYIO
0o ayano-peds. B mpencraBneHHoi paboTe HaMH IPUBEICHB OCHOBHBIEC CBOIMCTBA SI3bIKA JKECTOB, €r0 Mapa-
METPBI M OTIIMYUS OT JPYTrUX ClIOCOO0B KOMMyHHUKauuu. Takxke mposeaeH 0030p Haubosee NOMyJIspHBIX all-
napaTHbIX CIIOCO00B cOOpa JaHHBIX O JKecTax M X 00padoTke. B pabore nmpeanaraercsi HCIOIB30BaHUE KOH-
Tposepa Leap motion [1] oT ofHOMMEHHOI KOMITAaHMH B CUCTEME PACIIO3HABAHHSI )KECTOB, TAK KaK TaKoi KOH-
TPOJITIEP MO3BOJISIET U30aBUTHCS OT MPOOJIEM C MPOLIECCOM PACIO3HABAHUS PYK MOJIB30BATENS M BbIACICHUEM
OCHOBHBIX XapaKTEepUCTHK. Bricokasi ckopocTb 00paboTku MH(pOpMaLKK U HE3aBUCUMOCTh OT YCIOBHM OCBe-
LICHUS TIO3BOJISIET paccMarpuBaTh Leap motion B KauecTBe OCHOBBI 1715 3(p()EeKTUBHON M YHUBEpCAILHON CH-
CTEMBI PacClO3HaBaHUS KECTOB.

Cnucok JuTepaTyphl

1. SubhaRajam P., Balakrishnan G. Sign Language Recognition System For Deaf And Dumb People // International
Journal of Engineering Research & Technology (IJERT). 2013. C. 382-387

Croco0 BepudHKanuu NPUKJIaaHoro nporpaMmuoro odoecneyenusa ACY TII

C. C. XKypasnes, B. B. Oxonvuuwinuxos, C. P. lllakupos
HUncmumym eviuucnumenvuvix mexnonoau CO PAH
Email: ZhuravlevSS@ict.nsc.ru

DOI: 10.24411/9999-017A-2019-10278

[Ipuknannoe nporpamMmmuoe odecnedenue (I11110) apromMmaTn3npOBaHHBIX CUCTEM YIPABICHUS TEXHOIOTH-
yeckumu mponeccamu (ACY TII) obecnieunBaer GyHKUMH KOHTPOJIS M YHPABJICHHS NMPOMBIIIICHHBIM 000-
pynosanueM. Hanexunocts (ynkumonuposanusi 1110 Biusier Ha 6e30macHOCTh MPOLECCOB MPOM3BOICTBA.
Owmmbkwu, nomyuiennslie Ha stamne paspadorku ACY TII, MOTyT nmpuBecTH K BBIXOAY U3 CTPOs 000pynOBaHUs,
HapyIIEHUIO TEXHOJIOTMUYECKOTrO Mpoliecca U Jake K YeJI0BEUECKUM JKEPTBaM.

Bepudukarus I1110 Ha npeanpuaTur U3roTOBUTENE MO3BOJISIET 00E€CIICUUTh KOHTPOJIb HAAEKHOCTH (PyHK-
nuoHnposanus anropurMos ACY TII[1].

B pabore paccmarpuBaercs cnoco6 Bepudukanuu [1I110 ACY TII, no3Bonstomuii 00ecrnednTb KOHTPOIb
KOPPEKTHOCTH: BBIIIOJIHEHHsI KOMaH] yIIPaBJICHUsI KOHTPOJIEPHOTO U JUCIIETYEPCKOTO YPOBHEH, HICHTU(UKA-
LUK COCTOSIHUM TEXHOJIOTHYECKOro 000opynoBaHusi, GOPMHUPOBAHMS YIPABISIIOIINX BO3ACHCTBUH, COCTOSHHS
koHTpoiepa ACY TII u ap.

CHucok JuTeparyphl

1. XKypasnes C.C., PynomeroB C.B., OxonpaumnuxoB B.B., I[akupoB C.P. IIpumeHeHHe MOAeIbHO-
OpPUEHTHPOBAHHOTO MpoeKTUpoBaHus K co3nanmio ACY TII omacHbIX nmpombIuieHHBIX 006ekToB // BectH. HI'Y. Cepust:
Wudopmanmonusie Texuonoruu. 2018. T. 16, Ne 4. C. 56-67.

AJ'[FODI/ITM oﬁvqe}mﬂ HeiipoceTeii C l'[ceB[lOC.TlV‘laﬁHblM pacnpeacjacHueM cBsizeil

A. H. Hsanos, C. A. Mycmacgpuna, H. /[. Mopo3skun
bawxkupckuii 2ocyoapcmeennblii yHugepcumem
Email: Mustafina SA@mail.ru

DOI: 10.24411/9999-017A-2019-10279

Jist perieHnst 3a1a4 MOJACIMPOBAHUS (PU3UKO-XMMHUYECKHX ITPOLIECCOB Ha PpUMepe pexUMa paboThl pTyT-
HOTO 3JIEKTPOJIM3EPa, MCIIOIb3YEeMOI0 B IPOM3BOACTBE KayCTHUECKOH COJbI, MOKa3aHa MPUMEHMMOCTb HC-
KyCCTBEHHBIX HEHpOHHBIX ceTell [1]. OnucaHbl OCHOBHBIE KayeCTBa CYIIECTBYIOIINX HEMpPOCETEH U CIOCO-
Ob1 nx 00y4eHusl. ABTOpaMu MpeAsaracTcs peleHue 3aa4 MOJCIMPOBAHUS HA OCHOBE CETEH C ICEBROCIY-
YaHBIM pacIpe/IeIecHueM CBsI3eH, TPEINIOKEHO TPH alropuT™Ma uxX oOydeHus [2]. Peanmsanus Helipocereit
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C TICEBAOCIyYailHBIM pachpeaeeHueM CBsi3el Oblia BBIMOMHEHA Ha si3bIKe MporpammupoBanus Python 3. B
WCCIIeIOBaHUH MPUBOJSTCS CPAaBHUTEIBHBIC Pe3ybTaThl 00yUYeHHUS pa3IMYHbIX CeTed ¢ pa3HbIMH Habopamu
TUIeprnapamMeTpoB.

Pabora BemonHeHa mpu (uHaHCOBOW mommepxke Poccuiickoro (oHma ¢GyHZaMEHTATBHBIX HWCCICIOBAHUN M
[IpaBurtenscTBa Pecryomuku bamkoprocran (kox mpoekra 17-47-020068).

Crnucok auTeparypbl

1. TIlsrakoBuu B.A., Bacunenko A.M., Xoruackuii O.B. AHanuTHYecKass KOHCTPYKIUS M FCXOTHBIE CTPYKTYPHI
HCKYCCTBEHHOM HEWPOHHOH CETH, TEXHUYECKas peanu3alus MOJENIM MareMaTHYecKoro HeipoHa. MHTepHET-)KypHan
HayxoBenenmne, 2017, T. 9, No. 3 (40), c. 89.

2. Topbauerckas E.H. Kimaccuduranus veriponHsix ceteir. Bectank BYuT, 2012, Ne. 2 (19), c. 128-134.

IIpuMeHenne HelipoceTeii B MOIeTMPOBAHNH XHMHYECKHX PeaKIuii

C. H. Koneoun, P. P. Anmaxkaes

Ypumcruii 2ocyoapcmeennwiii negpmano mexnuueckutl yuugepcumem
Email: koledinsrg@gmail.com

DOI: 10.24411/9999-017A-2019-10280

[MocTpoeHune Monenu peakiuu JUMETHIKapOOHaTa CO CIUPTAMH, B MPUCYTCTBUM METAIOKOMITIICCHBIX
KaTaJn3aTopoB, IPOU3BOIMIOCE 3 criocobamu. MeTo 3aKkoHa eHCTBYIOMMX Mace [2, 3], mpr KOTOPOM OIITHO-
Ka OTKJIOHEeHUs cocTaBmia okono 10 %. [Ipu merone HanMeHbIIUX KBapaToB [4] omrOka cocTaBuia MOpsIKa
14 %, 4TO HE YIOBIETBOPUTEILHO, HOCKOJIBbKY OIINOKA OOJIbIIIE, YeM y Ipeablayiero Metona. Omubdka pacue-
Ta 3ajJ]a4¥ ¢ IOMOIIKI0 iepcenTpoHa [ 1] cocraBuna 5-7 %. Ha neiipoceTs Obuti monaus! ganneie ot 20 1o 180
MuHYT. [Inmaaupyercs cHU3UTH ommoOKy 10 1 % 1 Hay4YuTh HEMPOCETH OMUCHIBATH JAPYTHE METAIIOKOMILIEKC-
HBIC PEaKI[HH.

Pabora BeinonHeHa mpu nojuepxkke rpanta POOU 18-37-00015.

Crimcok IuTeparypsl

1. Caiimon Xaiikun HeliponHble ceTu: monHeli Kypc, 2-e u3a. — C.I1., 2016 75 — 21

2. Koledina K, Koledin S, Schadneva N, Mayakova Y and Gubaydullin I 2017 Reac Kinet Mech Cat 121(2)
425-428

3. Spivak S, Koledina K, Koledin S and Gubaidullin I 2017 Journal of applied informatics 12(1) 39-49

4. Jluanuk 1O. B. Merox HauMeHbBIINX KB3IPaTOB U OCHOBBI MaTeMaTHKO-CTaTUCTUYECKOI TeOprH 00paboTKH Ha-
onmroneHuii. — 2-e u3g. — M., 1962,

KoMuibloTepHBIE CETH, IPOTOKO0JIbI M OTOKH TPadHKa: 0T peajbHbIX JIJAHHBIX 10 MATEMATHYECKOI0
MOJIEJIMPOBAHUS

E. IO. Jlucoscxasa', M. Ilazano’

"Tomckuil cocyoapcmeenHblil yHugepcumen
?University of Pisa

Email: ekaterina_lisovs@mail.ru

DOI: 10.24411/9999-017A-2019-10281

Knaccnueckast Teopust tenerpadurka, ocHOBaHHasi Ha paboTax DpiaHra, coTpynHuka KomneHrareHckoi Te-
Ne)OHHOI KOMIIAHWH, CHITPaJIa BaYKHYIO POJIb B Pa3BUTHH TesIe(DOHHON ceTH 00Iero noiabp3oBanus. OqHaKo ee
MIPUMEHEHHUE K COBPEMEHHBIM KOMITBIOTEPHBIM CETSIM TpeOyeT OnpeesIeHHON OCTOPOKHOCTH. [leficTBUTENBHO,
KOMITBIOTEPHBIE CETH UCTIONB3YIOT COBEPUIEHHO APYTOo apXUTEKTYpHBIA MOAX0M (KOMMYTAalHs MaKkeToB BMe-
CTO KOMMYyTaliK KaHaioB). Kpome Toro, moToku Tpaduka, reHepupyeMoro mojib30BaTeNsIMA ATUX CETeH, nMe-
10T CTaTUCTUYECKHE XapaKTePUCTUKHU, CHIILHO OTIMYAIOIINECS OT CBOMCTB TOJI0COBOTO TpaduKa He TOIBKO He-
OJTHOPOJHOCTBIO ATHX JAHHBIX, HO W BIMAHHEM MEXaHU3MOB yIpaBieHMs neperpy3kamu (Harmpumep, TCP).
TakuM 00pazoM, mpsMOe MPUMEHEHUE KIACCHYECKUX PE3yJbTaToB TEOPUH TeneTpaduka MPUBENO, C OJHOH
CTOPOHBI, K pe3KOH HEXBaTKe HYKHOTO KOJIMYECTBA CETEBBIX PECYPCOB, U C APYroi CTOPOHBI — K MaJICHUIO UH-
Tepeca HHKEHEPOB-IIPAKTUKOB K aHATUTUYECKUM PEe3yJIbTaTaM.
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Jloxsiaz coiepKUT KpaTKoe ONMUCaHNe OCHOBHBIX IMPUHIUIIOB U MPOTOKOJIOB MIHTEpHETA, TaeT IBpUCTHYE-
cKoe 000CHOBaHKE HEOOXOTUMOCTH ""CABHra MaTeMaTHUECKON MapaJurMbl", pacCKpbIBacT BONPOCHI, CBSI3aHHBIC
C MCIIOJIb30BaHUEM OoJiee JOCTOBEPHBIX Mozienei Tpaduka [1-2].

Cnrcok JuTepaTypol

1. Willinger W., Paxon V. Where mathematics meet the Internet // Notices of the American Mathematical Society.
1998. T. 45, Ne 8. C. 961-970.

2. Ilarano M., PeikoB B. B., Xoxmos F0. C. Monenu Tenerpaduka: yuyeOHoe mocobue. M.: M3narenbckuii Jom
"Uudpa-M", 2018.

O cyMMapHOM 00beMe 3aHSITOr0 pecypca B CHCTEMe MAacCOBOI0 00CAY;KHBAHUS CABOCHHBIX 3asiIBOK C
MMPP-BxoasiliuM MoToOKOM

E. IO. Jlucosckas', M. [lacano?®, E. H. Yepnviuosa'
'Tomcexuti 2ocydapcmeennulil yHusepcumem
*University of Pisa

Email: ekaterina_lisovs@mail.ru

DOI: 10.24411/9999-017A-2019-10282

PaccmarpuBaetcst pecypcHas cCHCTEMa MACCOBOTO OOCITYKUBAHUS CIIEAYIOIIEH KOH(PUTypalru: 3asiBKH 110-
cTynaror B cucreMy cornnacio MMPP-notoky [1], kaskgoe TpeboBaHme 00cykUBaeTcs Ha IEPBOM OJIOKE B Te-
YEHHME CIy4alHOro BpeMeHHU ¢ (yHKLMEH pacnpeneneHus BeposaTtHocTel (¢.p.) B (x), Ha KOTOPOE 3aHMMaeT
ciry4aiinoe konnuecTBo pecypcea ¢ ¢.p. G, (v). Kpome Toro, kaxaoe TpeboBanue "Konupyercs" Ha BTOpPOH OJ10K.
[Ipouenypa obcimy:kuBaHMsl Ha BTOPOM OJIOKE aHAIOTUYHA, XapaKTePUCTUKU UINTEILHOCTH 00CTY)KUBAaHUS U
00beMa 3aHMMAEMOro pecypca npeiacrasiensl ¢.p. B,(x) u G,(y), coorseTrcTBeHHO. B pabore nosy4ena asy-
MepHasl rayCCOBCKas allpOKCUMAaLUs pacpeieieH sl BEPOSITHOCTEH CyMMapHBIX 00bEMOB 3aHATOIO pecypca
Ha OJiokax o0ITyKMBaHUs, KOTOPOE MO3BOJISIET OLIEHUTH TpeOyeMblii pazmep Oydepa Ha Kax10M OJIOKE C LeNbI0
MUHHMH3AIHH TOTEPh, CBI3aHHBIX C HEXBATKOW PECYPCOB.

Cnucok JuTepaTyphl

1. Lisovskaya E., Moiseeva S., Pagano M. The total capacity of customers in the infinite-server queue with MMPP
arrivals // Communications in Computer and Information Science. 2016. T. 678. C. 110-120.

AJ'[FO])I/ITMI)I MOCTPOCHHUSA HAYAJBHOI'O IIAHA B 3a/1a49aX TpaHCHOpT]—[Oﬁ JIOTUCTUKHU

0. A. Jlaxos

Hucmumym viuuciumensnoi mamemamuxu u mamemamuyecxou ceogusuxu CO PAH
Email: loa@rav.sscc.ru

DOI: 10.24411/9999-017A-2019-10283

ITokazaHa BO3MOXKHOCTh HCIIOJIb30BAaHUS TAKCOHOMHYECKOIO aHaIu3a AJIsL IOCTPOCHUSA HAa4YaJIbHBIX PC-
IICHUI 3aaa4d TpaHCHOpTHOfI JIOTUCTUKH. HpeZ[J'IO)KeHLI AJITOPUTMBI PA3ACIICHUS MHOKCCTBA HOTp€6I/ITeJIeﬁ Ha
Onmu3KHe IIOAMHOKECTBA (TaKCOHBI) JJIs 3a/1a9 HECKOJIbKUX KOMMUBOSIKEPOB U JOCTABKU IPOJAYKTOB HOTpe6I/I—
TCIISAM B HCO6XOI[I/IMOM KOJIMYCCTBC OT'PaHUYCHHBIMU 110 I'PY30IMIOABEMHOCTH TPAHCIOPTHBIMHA CPEICTBAMU.

Pa6ora Bemonaena no miany [IOHU (mpoext 0315-2019-006).

IMoxxoa k Moge THPOBAHNIO MH(MOPMAIIMOHHO-N3MEPHTEIBLHBIX CHCTEM Ha 0a3e pacnpeneJeHHbIX ceTeil
HHTEJJIEKTYAJbHBIX T€0CEHCOPOB

A. A. Maiiopos, A. B. Mamepyxun, O. I I'8030e8

'"Mockosckuii cocyoapcmeennviil ynugepcumem 2eooesuu u kapmoepagpuu” (MUUTAuK)
Email: maiorov@miigaik.ru

DOI: 10.24411/9999-017A-2019-10284

Kak ormeueHo B monorpaduu [1] monenupoBanrne MHPOPMALMOHHO-U3MEPUTEIBHBIX U YIPABISIFOLINX
CHCTEM BCeraa ObUIO M OCTAaeTCs BaKHBIM ITAIlOM Mpoliecca mpoektupoBanus. CoBpeMeHHbIe TPeOOBaHUS K
00paboTKe MPOCTPaHCTBEHHO-BPEMEHHBIX JaHHBIX, MOCTYMAIOIINX OT PaclpelelICHHbIX CeTel MHTEIICKTY-
aJBHBIX TEOCEHCOPOB, MPEAINOIaraloT, YTO HEMPEPHIBHBIE 3aPOCHl HAa OMpPEEeNIeHHEe AMHAMUYECKH MEHSIO-
HIMXCSl TPOCTPAHCTBEHHBIX OTHOIICHUN MEXIy 0OBEKTaMU HAOMIOACHUS JOJKHBI padoTaTh C MOTEHLIUAIBEHO
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HEOTPAHWYCHHBIMY TTOTOKAMH BXOJSIIUX JTAHHBIX U YYUTHIBATH BPEMEHHOMN MOPSIOK B ATHX BXOJSIIUX JaH-
HEIX [2]. TpebyeTcst obecednTh HU3KYIO 3aIepKKy 00pabOTKH M CTAOMIIBHOCTD ATOW 3aCPKKH TTPH BO3MOXK-
HBIX M3MCHEHUSX B HHTEHCUBHOCTHY BXOJHBIX TIOTOKOB JIJAaHHBIX. B HacTosIIeM JOKIIa/1e TpeACTaBICH pa3pado-
TaHHBII aBTOPAMH IMOJXO0J K MOJEITUPOBAHUIO HH(POPMAITMOHHO-U3MEPUTEIBHBIX CUCTEM, KOTOPBII TTO3BOIS-
€T pealn30BaTh KOMIILIOTEPHOE MOJICTUPOBaHUE 0000IIeHHONH HHOOPMAIIMOHHO-U3MEPUTEIBHON CHCTEMbI Ha
0aze pacrpeeNieHHbIX CeTel HHTEIIEKTYalIbHBIX Te0CEHCOPOB, KOHIIENTYalbHAs MOJIeTh KOTOPO# ObLIa Mmpe/-
crapiieHa B [3]. Pe3ynbTaTsl TaKOTO MOIETHPOBAHUSI MOTYT OBITH MCITOIB30BAHBI IIPH MTPOCSKTHPOBAHUH U Pa3-
paboTKe HOBBIX apXUTEKTYP UHPOPMAIIMOHHO-U3MEPUTEIBHBIX CUCTEM.

Pe3ynbrarhl ObUTH MONTYYEHBI B pAMKaX BBITOJHEHHS TOCYAapCTBEHHOTO 3a1aHns MuHOOpHayku Poccuu (HoMep st
nyonukami: 5.6972.2017/8.9).

Crnucok nureparypsl

1. Hemun A.B., Kommopckuit H.C. IMuTanmonHOE MOIeTNpOBaHHE HH(POPMATMOHHO-U3MEPUTEIBFHBIX 1 YIIPABIISIIO-
uux cuctem. CI16: CIT6I'Y UTMO, 2007. 139 c.

2. Marepyxun A.B. Teopernueckne OCHOBBI M METOOJIOTHSI 0OPaOOTKH MOTOKOB NPOCTPAHCTBEHHO-BPEMEHHBIX
nmaHHbIX [Teker] : aBToped. muc. ... I-pa TexH. Hayk : 25.00.35 / Marepyxun AHzapeit BukropoBnud ; MocKOBCKHiA ToCyIap-
CTBCHHBIN YHUBEPCUTET Teo/Ie3uu u Kaprorpaduu. M., 2018. 48 c.

3. Maiorov A.A., Materukhin A.V. A conceptual model of an information measurement system based on distributed
networks of smart geosensors //Measurement Techniques. 2018. Volume 61, Issue 5. pp. 452-458 DOI: 10.24411/9999-
017A-2019-10001 https://DOI.org/10.1007/s11018-018-1451-0

Reinforcement learning to optimal control of active consumer
P. V. Matrenin, V. Z. Manusov, N. Khasanzoda
Novosibirsk State Technical University

Email: pavel. matrenin@gmail.com
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The paper considers the problem of optimal control of an active consumer with renewable energy sources
in a smart grid. To optimal control of the active consumer, it's necessary to perform the structural-parametric
optimization of a set of governing rules. In contrast to the existing researches [1-4], the problem of optimal
control is considered from the point of view of a separate active consumer, and not of the entire distributed
system. In compliance with Reinforcement learning, the active consumer is considered as an agent into a
poorly predictable environment. To solve this optimization problem, swarm intelligence algorithms were
implemented. Computational experiments were carried out for models of wind energy systems on Russky Island
and Popov Island [5]. The results obtained showed high effectiveness of the swarm intelligence algorithms that
demonstrated reliable and fast convergence to the global extremum of the optimization problem under different
scenarios and parameters of active consumers. Also, the paper carries out the analysis of the influence of the
capacity of the batteries of the active consumer on the variability of its actions.
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Pa3pa0oTka BUPTYaJLHBLIX TPEHAKEPOB JOPOKHOI0 ABHKEHNS ¢ HCIOJbL30BAHUEM YITHUITOJISIPHON
reoMeTpun

I’ A. Ononenko, H. B. Jlaxoowvinosa

Tomcxutl 20cyO0apcmeeHHbIll ApXUMeKmypHO-CMPOUMELbHBLI YHUGEPCUMEm
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AKTyanbHOU TTPOOJIeMON TUarHOCTUKY aBTOMOOMIIBHBIX JIOPOT SIBJISICTCS 3a/lada paclo3HaBaHUS TTOBPEK-
JICHUH JOPOKHOTO TIOKPBITUS 10 MOOMIBLHOU (POTO- M BHIEOCHEMKe [ 1] st mIaHupyeMoro oobemMa PeMOHT-
HBIX padoT. [Iporpecc u JOCTYMHOCTh MOOHMITBHBIX YCTPOMCTB MO3BOJISECT UCIOIB30BATh pa3pabOTaHHBIH anro-
PUTM pacrio3HaBaHus JIe(EKTOB ITOKPHITHSI JOPOT AJIsl ONPECIICHUS MOBPEKICHUIN CepHel IMOCIeI0BATEIIbHBIX
KaJIpOB BUACOCHEMKH Ha OCHOBE METOa SMUIONISIPHON reometpuu [2].

Jliig SKcIuTyaraluu nporpamMMbl, OCHOBAaHHOHW Ha aJlrOpUTME paclio3HaBaHus 1e(hEeKTOB JI0pOTHU, pa3pada-
THIBAKOTCSI BUPTYJIbHBIC TPEHAXKEPHI, TTO3BOJISIOIINE ABTOMATU3UPOBATh HABBIKU PA0OTHI C MPUIIOKEHUEM.

Pabora BrrmonHeHa npu (prHaHCOBOH Toanepxkke Poccuiickoro Gonma GpyHIaMEHTATBHBIX UCCIIETOBAHNN (KO TIPO-
exra 19-41-70001).
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Collective intelligence systems are intended for aggregation of agents' opinions on something (mostly on the
probability of some event) in such a way that the aggregated opinion approximates the opinion of a hypothetical
omniscient agent who owns all the information. We will talk about a CI theory that incorporates empirical
and theoretical considerations and combines topics from various fields such as probability interpretations,
probabilistic logic, decision theory, statistics, and game theory. We will also describe how CI for medical
studies should be designed.

This work was partially supported by ERCIM “Alain Bensoussan” Fellowship Programme.
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CucreMHbIe AJIropuTMBI 9P HEKTHBHOI0 UCITOJHEHUS (PPArMEHTHPOBAHHLIX IPOrPAMM B CHCTEME
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C0XXHOCTB U TPYAOCMKOCTb paspa60TKI/1, OTIIaAKH U CONPOBOXACHUSA IMapaJUICIbHBIX IPOTPpaMM YUCJICH-
HOI'0 MOACIUPOBAHUA IJId MYJIIBTUKOMIIBIOTEPOB B HACTOALIEC BPEMs 3aTPYyAHACT UCIOJb30BaAHNUE BbIYMUCIN-
TCJIbHBIX KJIACTCPOB NPH MPOBCACHUUN YUCJICHHBIX 3KCIICPUMEHTOB. HpHKﬂaﬂHOﬁ CIICHUATIUCT BBIHYKACH BHU-
KaTb B CJIOKHBIC HpO6J'I€MLI CHUCTCMHOTIO MapalICJIbHOIO MPOTrpaMMUPOBAHUA U OCBAUBATh MCTOABI UX PCHICHU S
HECMOTpPA Ha TO, YTO OHU HAIIPAMYIO HC CBA3AHBI C HpCHMeTHOfI O6J'IaCTLIO, B KOTOpOfI MMPOBOAATCSA UCCIICOO-
BaHM. AKTyaJ'II)Ha 3a7a4a CO3aHus U pa3sBUTHA CPEACTB aBTOMATU3allUX TapaJIJICJIbHOTO ITPOrpaMMHUPOBAHU S
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YHCJICHHBIX aJTOPUTMOB, MOBBIMIAIOIIUX YPOBEHb POrPAMMHUPOBAHHS, U TIPH 3TOM 00ECIICUMBAIOIINX YIO0-
BJIETBOPHUTENBHYIO () GEKTHBHOCTD (110 BpEMEHHU BBITIOJTHEHUS, PACXOAY MaMsTH, Harpy3Ke Ha CeTh U T.II.) UC-
MOJHEHUsI mporpamMM. B pabote npencrapisirorest anroputMsl cucteMbl LUNA, opreHTHpoBaHHEBIE HA 3 QeK-
THBHOE HcnonHeHue LuNA nporpaMM Ha BEIUMCIUTENSX C PACIIPEIeIEHHON MaMAThIO, 8 TAKXKe MPEICTaBISIOT-
Cs pe3yNIbTaThl 3KCIIEPUMEHTANBHOTO HCcneaoBanus 3(pQEeKTHBHOCTH pabOThl CHCTEMBI Ha Psiie IPUIIOKCHUH.

HOCTDOCHI/IQ MOJ€JIH UBMCHCHUSA BO BPEMCHHU COACPKAHUA TEMATHUYCCKUX KJACTEPOB B KOJJICKIIUAX
HAYYHBIX TEKCTOB

U. C. llumenos', H. B. Canomamuna®
'Hosocubupckuii 20cyoapcmeenblil yHugepcumem
2Unemumym mamemamuru um. C. JI. Cobonesa
Email: pimenov.1330@yandex.ru

DOI: 10.24411/9999-017A-2019-10289

B paGote mpeacTaBieHbl pe3ynbTaThl pelICHHs 3aJa4M 10 OLUCHUBAHUIO W3MEHEHUH, POUCXOAALINX Ha
YPOBHE TEMAaTHYECKUX KJIACTEPOB B OTICIBLHON MpPEAMETHOH oOmacTu. Peanmn3oBaH MOAXOM, ONMUPAIOMINCS
Ha aHaJIu3 MOJIHBIX TEKCTOB [1]. BrIsBIEHNE TEPMUHOB, CBA3€H MEKAY HUMH M TeMaTHUYeCcKas KJacTepu3alus
MPOBECHBI C TOMOIIBIO CBOOOAHO PACHPOCTpaHIeMOl porpaMMbl Vos Viewer, Mo3BOJISIIOIIECH U3BIEKATh Tep-
MHUHBI B JOpME UMEHHBIX CIIOBOCOYETAHHMH, a TaKKe MPOBOIUTH MX Kiactepuzanuio [2]. g oTcnexxuBanus
JUHAMUKH Pa3BUTHSI U (POPMHUPOBAHMS TEMAaTHYECKUX KJIACTEPOB BO BPEMEHH MCIIOJIb30BaHbl OPUEHTHUPOBAH-
HbIE Tpadbl, TOCTPOCHHBIE C YUYETOM 3HAaYMMBIX U3MEHEHHUH B KiacTepe. Anpodaius moaxoaa mpoBeeHa Ha
Marepuae J0KJIafoB mecTH KoHpepeHuui no katanusy "EuropaCat" 3a nepuoa Bpemenu ¢ 2005 1. mo 2015 .
Ha xauecTBEeHHOM M KOJIMYECTBEHHOM YPOBHE JJaHO ONMHMCAHNE OCHOBHBIX TEHJICHINI U3MEHEHUS BO BPEMEHU
TEMaTHYECKUX KJIACTEPOB.

Pabora BeImonmHEHA PH (UHAHCOBOH MOANEPKKe mporpaMMbl DyHIaMEHTaIbHBIX HAayYHBIX ncciemnoBannidi PAH
(xom mpoexta 0314-2019-0015).
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B mamieit pabote MBI BOCIIPOW3BEIN ACHCTBHUS UEIIOBEKA, KOTOPHIN MBITACTCS aHATU3UPOBATH ITOTHOCTHIO
HE3HAKOMBIH TEKCT, B KOTOPOM €My U3BECTHO, KaKHe CJI0BA M CIIOBECHBIE KOHCTPYKITMH 0003HAYAIOT CYITHOCTH
(TIpeaMeTHI, CYIIeCTB), KaKue — ACHCTBHS, a KaKue — T€ WJIM WHBIE CBOWCTBA CYIITHOCTEH WiH aeicTBui. [1pu
TaKOM aHaJN3e, MBICJICHHO, UEJIOBEK HAYMHACT CTPOUTH CXEMY, B KOTOPOU CHadata ""co3maeT" CyITHOCTH, 3aTEM
"cHaO)kaeT" MX CBOMCTBAMH, YKa3aHHBIMH B TEKCTE, U 3aTE€M — BBICHSIET WX B3aHNMOJCUCTBHC U €T0 CBOMCTRBA.

Crienmanuct B MpeIMEeTHON 00JacTH, pa3padaThIBAIONINI HMUTAIIMOHHYIO MOZENh B Cpelle MMUTAIIHOH-
Horo moxenupoBanust MTSS [1], neticTByeT 1o moxoxeit cxeme. CHa9aia OH IPUHUMACT PEIICHUE 00 UCTIONb-
30BaHUH HEKOTOPHIX AJIEMEHTAPHBIX Moxeneit (OM), 3aTeM co3facT U pa3MeniaeT (BU3yaabHO) HEKOTOPOE KO-
JUYIECTBO IK3eMILIIpoB DM (DDOM), 3aTeM M3MEHSIET UX CBONCTBA, 3aTeM TpaUUeCcKH COSAMHSICT UX APYT C
JIPYTOM.

Hcrnons30BaHne €CTECTBEHHOTO S3bIKa BHITIIIUT B TAKOM CIIydae Kak MPHUMEHEHHE CKPUIITOBOTO SI3bIKA.
Ho ecTp 1 BaxxHOE OTIIMYNE: YEIIOBEKY HE HYKHO YUUTB STOT HOBBIH A3bIK. OH OyZIeT NCTI0Ih30BaTh XOPOIIIO U3-
BECTHBIC €MY U TIOHATHBIE S3BIKOBBIE KOHCTPYKITHH.
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CymecTByeT npocToit U 3(h(HEeKTUBHBIN CIIOCOO BBIICICHUS HYKHBIX TTOHATUH U3 Pa3MEUSHHOTO TEKCTa Ha
€CTECTBEHHOM SI3bIKE, CXOXKU I C OOBIYHBIMU peryiisipHbiMU BeipaskeHusIMH (Stanford NLP, TokenSequencePattern
[2] nnu 6ubGnamoreka Natural Language Toolkit qist si3eika Python [3]). [lociie Beiienenus Habopa CymHoCTeH
MBI COTIOCTABIISIEeM HalJJeHHBIC CJIOBa ¢ HAOOPOM CTPOK, KOTOPBIM UACHTHOUIMPYET (MMEHYeT) ce0s Kakaas
OM B koHkpeTHOH OubmuoTeke MTSS. [ToxokuM 00pa3oM BBIJICIISIOTCS 3aTeM CBOMCTBA HalIeHHBIX DOM, u
3aTeM — UX B3aUMOJCHCTBUS.
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B cucreme umurtarmonnoro moaenuposanus MTSS [1-2] peanu3oBaHa crieniuaan3upoBaHHasi OUOIHOTE-
Ka MOJIeJICH TOPHBIX MAIIMH, UCTIOIB3YEMBIX IPH JI0ObIYE YV B IJTMHHOM OYMCTHOM 3a00€ YIOJIBHOM MIaXThI.
C HCIIONb30BaHUEM CIICIUAIN3UPOBAHHON OMOTMOTEKHN UMUTAIIMOHHBIX MOJIC/ICH TOPHBIX MallkH pa3padora-
Ha KOMILIEKCHAs MOJIE/ b TEXHOJIOTHYECKUX MPOIIECCOB MO3EMHOM JOOBIYH YIS B OYHCTHOM 3a00€ YrOiIbHON
maxThl. MicclieioBaHbl MOIXO/bI MTOBBIMIEHHUS TPOU3BOIUTEIILHOCTH OYUCTHOTO 32005 B 3aBUCUMOCTH OT T€X-
HUYECKUX XapaKTEPUCTHK TOPHBIX MAIIMH, Pa3MEPOB JIaBbl, TEXHOJIOTHYSCKUX CXeM JO00BIYH YIIIS B YCIOBHSIX
M3MEHSIIOUINXCS TOPHO-TEOJIOTMUECKUX U TEOMEXaHUUECKUX XapaKTEPUCTUK YTOJIBHOTO MIACTA.
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We consider the general optimization problem with the cost function and equality and inequality constraints
given by d.c. functions. The original problem is reduced to a problem without constraints with the help of the
exact penalization theory. Besides, the goal function of the auxiliary penalized problem turns out to be d.c.
function. On the base of the idea of consecutive solution of linearized problems we develop a special local
search method for the penalized problem and study its convergence [1].

In addition, we study the case when the sets of minimizing sequences of both problems coincide. Further
we prove necessary and sufficient conditions for the sequence to be minimizing in the penalized problem [2].
In addition we propose a theoretical method that generates a minimizing sequence for the penalized problem.
We also develop a global search scheme and prove that it produces a minimizing sequence in the penalized
problem.

Finally, as applications, we consider the problems of numerical finding of a Nash equilibrium point,
an optimistic solution of bilevel problems, and solution of system of nonlinear equations by variational
approach.
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B nacrosiiieli pabore paccMarpuBaeTcsi MyIbTHKpUTEpHaIbHAS 3a/1a4a ONTUMH3AINN CeTeH HHKEHEPHBIX
KOMMYHHKaLUH [0 KPUTEPUSIM 3KOHOMUYHOCTb M HaJISKHOCTh UX (PyHKIIMOHUPOBaHHUs. B kauecTBe MaremMaTu-
YeCKOro 0OBEKTa OMUCAHUS ISl CTPYKTYPBI ceTeld Oblla UCIIONIb30BaHa JBYXYPOBHEBAs THIIEPCETh, MO3BOJISIIO-
11ast 0TOOpa3uTh OMHOM CTPYKTYPY B APYIYIO C yUETOM 3aBUCHMOCTH [IapaMETPOB JIEMEHTOB 3TUX ITOICUCTEM.
[Tpu 3TOM, CTPYKTYpa B KOTOPOI O0TOOpaskaeTcst pu3nueckuii 00beKT (TpyOoonpoBo, Kabesb U T. I.) OIUCHIBA-
eTCsl MaTeMaTHYeCKON 1iu HuQpoBoi Mozxenu MecTHOCTH. Takast Mozenb, BKIIIOUaroImas B ce0st Bce 0coOeH-
HOCTH 00J1acTH pa3MelIeHHs U pelibeda MECTHOCTH, Ha3bIBaeTCs MepBUYHAs ceTh. CTPYKTypa, COOTBETCTBYIO-
masi KOHQUrypauu peasbHON CeTH, KOTOpask BCIEACTBUE OTOOpakaeTcsi B IEPBUYHYIO CETh HA3bIBAETCS BTO-
puuHas ceTh. Toraa 3ajaya BCTABUTHCS CIEAYIOIIUM 00pa3oM: HEOOXOIUMO 0TOOPa3UTh KOH(GUTypauuu BTO-
PUYHOI CETH B IEPBUYHYIO CETh, 110 KPUTEPHIO MUHAMYMAa CYMMAapPHBIX CTPOUTENBHBIX M OKCIUTyaTallHOHHBIX
3aTpart, Py yCJIOBUH, YTO HAJEKHOCTh IPOCKTUPYEMOI CETH He Oblila MEHBIIIE YeM Harepes 3alaHHoOe TOpo-
roBoe 3HaueHue. OTMETHM, YTO BIIEPBHIE 3a/1a4 IOCTPOSHUS THIIEPCETEN C yUETOM UX HaJIeKHOCTH ObIa pac-
cmotrpena B [1,2]. B kauecTBe mokasareneil HaJIe)KHOCTH THIIEPCETH MPEAIONIaracTcsl NCIOIb30BATh pa3Iny-
HBIE KPUTEPUH, TAKUM KaK 2-X TePMHUHAJIbHAS CBA3HOCTH BBIJICIIEHHBIX TP BEPIIHH, CPEAHSS HaZeKHOCTH Ce-
TH ¥ BEPOATHOCTb CYIIECTBOBAHUS MTyTEH MEKY BBIIEIECHHBIX Nap BepuuH [3,4].

Tak Kak He CyIIEeCTBYET OJJHO3HAYHOI'O TOUHOIO PEIIEHHs IOCTaBIEHHOH 3a1a41, TO €ro BbIOOp OCyIIecT-
BIISUICS 9BPUCTUYECKUMH MOJXOAAMH, OCHOBaHHBIE Ha MOJIEIISIX TEOPUU runepcereil [S5] 1 pa3auyHbIX METadB-
PHUCTHK, TaKOl Kak aJIrTOPUTM MYpPaBbUHOM KoioHUH [6]. JI71s mOCTpOoeHMs TUTIEPCETH, UMEIOIIe MUHUMAITb-
HOW CTOMMOCTH M YJOBJIECTBOPSIOLICH 3aJaHHBIA MOPOr HAJECKHOCTH, ObLT pa3paboTaH MOIU(UINPOBAHHBIN
aJTOPUTM MYypaBbUHON KOJIOHHUH. [IpeaioxeHHbIN anropiuT™M OCHOBBIBAETCS HA METOJIaX ABOIIOIIMOHHOTO CHH-
Te3a ¥ MOJIEIU THIIEPCETH, YTO MTO3BOJISIET TOCTPOUTD THIIEPCETh, COOTBECTBYIOIINE YCIOBUSAM SKOHOMUYHOCTh
Y 3aJIaHHBIA TOPOT HAICKHOCTH (DYHKIIMOHUPOBAHUS TPOEKTHUPYEMOH CETH.
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HDI/IMeHeHI/le HECYECTKHUX MO[(eJ'leﬁ B ABTOMATU3HUMPOBAHHBIX CUCTEMAX YVIIPABJICHUA TEXHOJOI'HYCCKUMHU
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Hcnonp3oBaHne HEUETKUX MOJENIEH B aBTOMAaTH3MPOBAHHBIX CUCTEMAaX YIPABIECHUS TEXHOJIOTHMUECKUMHU
MpoIleccaMy pacCMOTPEHO Ha TIPUMEPE YIIPABICHIS KOMIUIEKCOM I10 TiepepaboTKe OpraHnIeCKuX 0TX0moB [1].
[Tpu paboTe KOMIUIEKCA OCYLIECTBISIOTCS: MOATOTOBKA M 1OJlada ChIPhs Ha CYIIKY, C)KUTAHUE MM YaCTUYHOE
CXKHTaHUE B peKMMaxX MHUPOIN3a WK Ta3u(UKAINN ChIPhA MOCJe CYIIKH, peKyneparus tera. s coxpane-
HUS 33/IaHHOTO Ka4yecTBa MpoLecca yIpaBlieHHs 00BbEKTOM PEryIUpOBaHuUs, CTPYKTypa U AWHAMUKA KOTOPOTO
MIPEeTepIIEeBaET CYIECTBEHHBIE H3MEHEHNS, BHITIOTHICTCS a/IalTallHsl aJIrOPUTMa YIIPABIECHUS B PEKUME peallb-
Horo BpeMeHH. Kiaccudeckue perynaropsl IPUMEHSTHCS AJIS 3TOM 3a/1a4d HE MOT'YT, T.K. TPEOYIOT IIOCTOSIHHOM
KOPPEKTHPOBKH TMapaMeTpoB HacTpouiku [1]. g ynpaBieHus TEIUIOBOM Harpy3koi KOMITJIEKCa B PETYIIATOpe
WCIIOJIb3YETCSl MHBEPCHAS HEUETKAast MOJIENb O0BEKTa PEryIMpPOBaHMs, KOTOPast ONPEACIISICTCS B PeXKUME pealb-
HOTO BPEMEHH IO €r0 BXOAHOMY U BBIXOJTHOMY CHUTHasam [2].

Brinonneno MonenupoBanue padoThl peryssiTopa TEIIOBOM Harpy3Ku JUIs BCETO AMara3oHa AMHAMHUYe-
CKUX XapaKTepUCTUK 00beKTa perynmpoBanus. [lomydeHbl ycTOWYHBEIC TIEPEXOIHBIE TPOLIECCHI ¢ TPeOyeMbl-
MH 10Ka3aTeIsIMI KauecTBa.
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On the Simplification of a technical vision algorithm based on epipolar geometry and cubic splines
B. M. Shumilov, A. V. Titov
Tomsk State University of Architecture and Building

Email: sbm05@yandex.ru
DOI: 10.24411/9999-017A-2019-10295

The purpose of the work is the creation of new technology for recognition of transport infrastructure
facilities [1], including simplifications of an algorithm for operation of technical equipment from video fixing
under changing environmental factors [2]. In this work, we used methods for determining the volume of three-
dimensional objects from the data of photo and video recording of the surrounding situation [3]. The novelty of
the research is considering the possibility of using epipolar geometry [4] and wavelets [5] to solve the problem.
We obtained the algorithm of technical vision, which is supposed to implement as a program on a mobile device
for recognition of transport infrastructure aids and appliances and their defects by means of stereometry. One
could use the data obtained in the planning of road repairs, in the analysis of traffic accidents by road police, for
processing road users’ complaints, etc.
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HMcnoan3oBanne 0M0JHOTEKH YIIPABJIEHHS pacnpeneJeHHbIMU JanHbIMU Didal niis co3nanus
NMapalieJbHbIX peaJn3anuii YNCcJeHHBIX METOI0B sl BLIYHCINTEILHBLIX MAaIlIMH ¢ pacnpenejaeHHol
NAMSTBIO

I A. Hlykun
Hucmumym viuuciumensnol mamemamuxu u mamemamuyecxou ceogpusuxu CO PAH
Hosocubupckuii 2ocydapcmeenHblil mexHuyecKull yHusepcumen

Email: schukin@ssd.sscc.ru
DOI: 10.24411/9999-017A-2019-10296

[Ipencrarnena pazpadarsiBacmas aBropom C/C++ oubnuoreka Didal (Distributed data library), npenna-
3HAYEHHAs JUISl TIOJICPIKKH CO3aHusI 3PPEKTUBHBIX MApauICIbHBIX IPOTPAMM ISl CUCTEM C pacIpeIeTICHHON
namsThio. buOnmoreka BriIrouaeT B ceOsi CpelicTBa yIPABICHUS PACIIPECICHHBIMU TAHHBIMU U 33/I1aHUS BbI-
YUCIICHUI HaJl HUMU U U30aBIISIET IMOJIb30BaTeNsl OT HEOOXOIUMOCTH CaMOCTOSTEIILHO MTPOrPaMMHUPOBATh HU3-
KOYpPOBHEBBIE OTIEpAIMU PACIIPEICIICHUS PECYPCOB, 0OMEHa COOOIICHUSIMU U OATAHCUPOBKH HATPy3KHU ITPH CO3-
JIAaHUH MapauienbHol nmporpammbl. Otimuuem Didal oT cyniecTByrOIMX aHATOTHYHBIX HHCTPYMEHTOB Tapali-
JISJIILHOTO TIPOTPAMMHPOBAHUS SIBIIIETCS] UCTIOJIB30BAHKUE PACTIPEACICHHBIX AJITOPUTMOB YIIPABICHUS JIAHHBIMU
Y TUHAMHYECKOW OaTaHCUPOBKH HArpy3KH, pa3paboTaHHbIX panee st cucteMbl LuNA [1,2]. [IpuBenenst npu-
MepbI UCIoNb30BaHust Onbnmuorekn Didal i co3manus napayuieNbHbIX peain3aliuil pa3IudHbIX YHUCICHHBIX
METOJIOB, JIJISl IOJIyYEHHBIX MMapalJIeNIbHBIX IPOrPaMM MPOBEACHO TeCTUPOBaHUE UX 3(H(HEKTUBHOCTH.
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Cexknus 9. KOMIIBIOTEPHAA BUOJIOI'USA

Pluripotency gene network dynamics: System views from parametric analysis

I. R. Akberdin'*3, N. A. Omelyanchuk®3, S. I. Fadeev**, N. E. Leskova®, E. A. Oschepkova®?, F. V. Kazantsev*>,
Yu. G. Matushkin®3, D. A. Afonnikov*, N. A. Kolchanov*?

'BIOSOFT.RU, LLC

’Institute of Cytology and Genetics SB RAS

’Novosibirsk State University

“‘Sobolev Institute of Mathematics SB RAS

Email: akberdinir@gmail.com

DOI: 10.24411/9999-017A-2019-10297

Multiple experimental data demonstrated that the core gene network orchestrating self-renewal and
differentiation of mouse embryonic stem cells involves activity of Oct4, Sox2 and Nanog genes by means of
a number of positive feedback loops among them. However, recent studies indicated that the architecture of
the network should also incorporate negative Nanog autoregulation and might not include positive feedbacks
from Nanog to Oct4 and Sox2. Thorough parametric analysis of the mathematical model based on this revisited
core regulatory circuit identified that there are substantial changes in model dynamics occurred depending on
the strength of Oct4 and Sox2 activation and molecular complexity of Nanog autorepression. The analysis
showed the existence of 4 dynamical domains with different numbers of stable and unstable steady states.
We hypothesize that these domains can constitute the checkpoints in a developmental progression from naive
to primed pluripotency and vice versa. During this transition, parametric conditions exist, which generate an
oscillatory behavior of the system explaining heterogeneity in expression of pluripotent and differentiation
factors in serum ESC cultures [1].

This research was funded by the Integration Program Ne 0324-2018-0021.
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IToucK HOBBIX FeHOB YCTOMYUBOCTH CeJIbCKOX035IHCTBEHHBIX PACTEHHI K 6HOTH‘ICCKOMV
n a6n0anec1c0Mv cTpeccy HA OCHOBE IIMPOKOMACIITA0OHOI0 AHAJIM3a TPAHCKPUIITOMOB

. A. Aponnukos'?, M. A. I'enaes’, H. A. llImaxos’, 3. C. Mycmagun', A. M. Myxun'?,

/. K. Koncmanmunos'?, A. B. Jlopowkos'?, C. A. Jlawun'?
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B nacrosiiee Bpems aHaU3 SKCIPECCUU T€HOB CEIbCKOX03SIICTBEHHBIX KYJIBTYP Ha OCHOBE HKCIIEPUMEH-
ToB RNA-seq siBisieTcst oqHUM U3 () (HEKTUBHBIX HAIIPABICHUH MOMCKA TEHOB, MMEIOIINX BaYKHOE OMOJIOTHYe-
CKo€ 3HaueHue. Pe3ynbTarhl BaKHBI JUIsl TEHETUKOB M CEJIEKLIMOHEPOB MPU CO3/1aHUU COPTOB, YCTOMUUBBIX K
CTpeccy, IOUCKEe MapKEepPOB HOBBIX MOJIE3HBIX FeHOB. OHAKO OONBUIMHCTBO MyONMKYEMBIX B CTAaThIX M 0azax
Pe3yJIbTaTOB aHAIN3a KCIPECCUH TEHOB OMUPAIOTCS JIMIIb HA pe)epeHCHbIC TCHOMHBIE TIOCIE0BAaTEIbHOCTH.
Jist cenbCKOX03HCTBEHHBIX PACTEHUI BCE OOJbLIE MOSBISIETCS JaHHBIX O TPAHCKPUNITOMaX COPTOB M JIMHUH,
TeHOTHUI KOTOPBIX OTIMYAETCS OT FeHOTHIIA pe)epEeHCHOTO Opranu3Ma. BolbIIMHCTBO U3 TaKUX TPAHCKPUIITO-
MOB COZIEpIKaT MOCIeI0BAaTEILHOCTH, KOTOPbIE He OOHAPYKUBAIOTCS B pe(h)epeHCHOM TeHOME M MOT'YT OBITB I10-
Jy4eHBI TOJIBKO METOJIOM cOOpKH denovo.

B nacrosimield pabote mpoBeAeH MacCOBBIN aHAIH3 TPAHCKPHUIITOMOB 5 CENbCKOXO03HCTBEHHBIX KYIBTYD
(KyKypy3a, puc, Tomar, KapTodelb U sIMMEHb), B3ThIX n3 gocTynHbiX SRA apxuBoB NCBI u EBI (Bcero cBbI-
me 1300 6ubnroTek).

Jnst kaxnol n3 OMONMoTeK ObUIO MPOBEACHA PEKOHCTPYKLHUS MOCIEI0BATEIbHOCTEH TpaHCKpUNTOB de
NOvVo M IPOBEJIEH aHaIN3 MOJYUYEHHBIX JaHHBIX. [loka3aHo, 9TO 10715 TPaHCKPUITOB, KOTOPBIE BHIPABHUBAIOTCS
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Ha pedepeHcHbI reHoM BapbupyeT oT 50 10 90 % u oTMvaeTcs B 3aBUCUMOCTH OT KyJbTyphl. Hanbonbiras
JI0JIsI BRIPABHEHHBIX TPAHCKPUIITOB XapakTepHa st KyKypy3sl (60-90 %), HanMeHbIee 3HaYeHne HaOIroaaeT-
sl 7151 BBIOOPKH TPaHCKPHUIITOMOB ToMmara (45-60 %). I1pu 3ToM mokaszaHo, 4To 10711 HAeTU(HUIIMPOBAHHBIX B
TeHOME TPAHCKPUIITOB OTPUIIATENILHO KOPPETUPYET CO CPEAHEN A0sIel 3aMeH B TPAHCKPUIITaX MO OTHOIIEHUIO
K peepeHCHOMY I'€HOMY.

st mocnenoBaTenbHOCTEH "HOBBIX" TPaHCKPHUIITOB, KOTOPbIE HE OBUIM BBIPOBHEHBI HA T'€HOM, MpO-
BegeHa wuaeHTH(uKanuss OPC, aMHHOKHCIOTHBIX TIOCIIEIOBATENFHOCTEH M TPOBEJACHA WX aHHOTAIUSL.
WnentuduuupoBaHbl TPAaHCKPHIITHI, KOTOPbIE TOMOJIOTHYHBI TeHaM CTPECCOBOTO OTBETAa PACTEHUH Ha 3aCyXYy,
OKCHJIATUBHBII CTpecC, BEICOKHE TEMIIEpaTyphl U TeHaM YCTOWYMBOCTH PacCTEHUH K MaTOreHaMm.

Pa6ora monuep:xana rpantom PH® 18-14-00293.

YuncjaeHHoe MoaeJUPOBaHuEe (DOKYCHPOBAHHOIO YVJIbTPA3BYKA PH NMPOBEIeHHN XHPYPTrUHIeCKOro
BMENIATEILCTBA

K. A. bexnemvuuesa, A. O. Kazaxos, U. b. [lempog
Mockosckuil puzuxo-mexunuyeckuii UHCMumym
Email: petrovi@mipt.ru

DOI: 10.24411/9999-017A-2019-10299

OpHAM U3 aKTUBHO Pa3BUBAIOIINXCS HATIPABICHUN HEMHBA3UBHOW XUPYPTUH SBIAETCS (POKYCHPOBAHHBIN
yieTpa3Byk (OY3) [1]. YnbTpa3ByKOBOH UMITYILC, TIPOXOISAIINN OT UCTOUHHUKA Yepe3 MSTKUE TKAaHU, UMEET
MaJTyI0 aMIUTUTYIy, HO TIPH ero (JOKyCHPOBKE B OMpEIEeNIEHHONW TOYKE MOJKHO BBI3BATh KakK JIOKATBHBIN pa3o-
TPEeB, TaK M MEXaHWYECKOE TIOBPEXKICHIE TKaHeH. TeXHOIoTHs, OCHOBaHHAs HA KaBUTAIIMOHHOM 3¢ dexre, Me-
Hee paclpocTpaHeHa, Tak Kak o0IajaeT psAaoM HETOCTAaTKOB, OCHOBHBIM M3 KOTOPBIX SIBIISIETCS HEMpPEICKa3y-
eMOCTh TT000YHEIX d(hPekToB [2].

Uucnennoe MojenupoBaHue BozmeHcTBHa DPY3 Ha YeIOBEUSCKHA OpraHWU3M TIO3BOJUT OIPEICTUTH
OCHOBHBIE MEXaHHM3MBbI U (PAKTOPHI, BHI3BIBAIONINE HEKENaTeNbHBIE pa3pylieHns TKaHed. B manHo# pabote
OBUIH ClleaHbl TIEPBhIE IIaTW B 3TOM HamNpaBiIeHHWU. JJI1 TPEeXMEpHBIX PACYETOB MCIIONB30BAINCH CETOYHO-
xapakTepuctridecknii Meron [3] u metox ["amepkuna [4].

Pabora BeImonHeHa npu GuHaHCOBOU Toanepxkke Poccutickoro Gonma GpyHIaMEeHTaTBHBIX UCCIICIOBAHUMN (KO IPO-
ekta 18-29-02127).
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OuncTKa OMOMETUIMHCKHX JAHHBIX OT OIIHO0YHO THATHOCTHPOBAHHLIX 00LEKTOB B MPU3HAKOBBIX
NMPOCTPAHCTBAX 00JbII0I PA3MEPHOCTH

H. A. bopucosa, O. A. Kymuenko
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[Ipu ananu3e OMOMEIMIIMHCKUX JAHHBIX METOJAMU MAIIMHHOTO OOYyYEHUS MCCICIOBATEISIM YacTO MPH-
XOJIUTCSL UMETh JIEJI0 ¢ OOBEKTaMHU, OIMCAHHBIMH B MPU3HAKOBBIX MPOCTPAHCTBAX OOJIBIION Pa3MEPHOCTH.
MHorue MeTprueCKre METO/IbI IIEH3yPUPOBAHUS JIAHHBIX B TAKMX MPOCTPAHCTBAX MEPECTAIOT padOTaTh, JaKe
€CJIM BCE OINMKCHIBAIOINUE MTPU3HAKY SBJISIFOTCS peieBaHTHRIMHU [1]. B pabore paccMarpuBaeTcs 3aja4a OYUCT-
KM OMOMEUITMHCKUX JIAHHBIX OT OLIUOOYHO JMArHOCTUPOBAHHBIX OOBEKTOB B NMPU3HAKOBBIX MPOCTPAHCTBAX
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OoubIIol pa3MepHOCTH. [1Jis pelieHns OCTAaBIICHHO! 3a/1a4y MPEIORKEHO J1Ba moaxoa. OI1H U3 HUX 3aKJIHO-
YyaeTcs B BOCCTAHOBJICHUH B MPOLIECCE IICH3YPUPOBAHUS OOIICH CTPYKTYPBI IAHHBIX MOCPEICTBOM BBIJCIICHUS
HauOoJIee PesIeBAaHTHBIX MPU3HAKOB M Har00JIee TUITMYHBIX TIPEJICTABUTEIICH BBIOOPKHU — CTONIOB. BTopoii mos-
XOJl OPUCHTHUPOBAH TOJIBKO Ha JIOKAJIbHBIC XapaKTEPUCTUKH 00BEKTOB BhIOOpKH. 002 ATHX MOAX0/1a UCTIOIB3Y-
10T B KauecTBe Mephl cxonctBa FRiS-¢dynkumto [2]. [peaioxkeHHbIE MOAX0IbI TECTUPOBAIKNCH KaK Ha MOJICITb-
HBIX, TaK U Ha peajbHBIX 3aJlauaX U3 001aCTH METUITMHCKOM TUarHOCTHKHU. Pe3ynsTaThl CpaBHUBAIUCH C aJro-
puTMaMu (GUITETPALINH, CIICIUATBHO pa3paboTaHHBIMHE JUIS Pa0OTHI B MPOCTPAHCTBAX OOJBIION pa3MEPHOCTH.

Pabora BeImonHEHa TipW ToAEpkKe mporpammbl DyrnamenTanbHbX Hayunbix McecnenoBanmii PAH (kom mpoexTa
Ne 0314-2019-15).
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benok p53 (cynpeccop omyxoseit) urpaeT oJHy M3 KIIOYEBBIX pOJieil B YIIpaBIEHHUH POCTOM, CTapEHUEM
¥ OTMHpaHHEM KJIETOK. B Tokmase mpeacTaBieH psiji MaTeMaTH4ecKuX Mojesei (yHKIIMOHUPOBAaHUS Hanbo-
Jiee BaKHBIX IETENb MOJIOKUTEIIEHON M OTPHUIIATEIbHOW 00paTHON M MPSMON CBA3H CHUTHAIBHOTO TyTH Oelka
p53. BeinoHeH YrMCIeHHbIH aHAIU3 PEIIeHUI MOJIeNell B IMPOKOM JIhana3oHe mapaMeTpoB, 0OHAPYKEeHBI OH-
¢dypxamu AanpoHoBa-Xorha 1 KBa3UIIePHOANIECKUE PEIIEHHUs B Arara3oHax (pa3oBbIX COCTOSTHUN P53 u ero
WHTHOUTOPOB, COOTBETCTBYIOIINX HOPMaJIbHON peakinnu curHaibHoro iyt pS3 Ha aedexts! JJHK. [IpoBenen
aHaJM3 a/IeKBATHOCTH MOJIEJIe, OCHOBAHHBIA Ha COMOCTABIEHUH C U3BECTHBIMU dKCIIEPUMEHTATBHBIMU JTaH-
HBIMH, KOTOpBIE HATJITHO JEMOHCTPUPYIOT CBOWCTBA P53, ero mHruouTopoB u pS53-3aBUcHMBIX MUKpOPHK
Kak OMOMapKepoB JeTeHEepaTWBHBIX 3a00ieBaHnii. PaccMOTpeHBI BapuMaHTHl TMIIOTETHUECKHUX TepareBTHIe-
CKHX TIPOTUBOPAKOBBIX CTPATETHH.

KoMOunHaTopHasi CTPYKTYpa 5-MepHOH MoJe/IH KOJIbIeBOii TeHHOH CeTH

B. I1. Tony6samnuxos', B. C. Ipadoég*

{Unemumym mamemamuxu um. C. JI. Cobonesa CO PAH
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®Da30BEIi TOPTPET MOACTUPYIOMIEH PO CTEHTITY IO KOJBIIEBYIO TEHHYIO CETh IMIATUMEPHOU OJTIOUHO-THHEHHOM
JTMHAMHYECKOW CUCTEMBI, CHMMETPUYHON OTHOCHUTENHHO UKINYECKUX EPEeCTaHOBOK KOOPIUHAT, pa30nBaeT-
cs Ha 32 OoKka, B K&KIOM M3 KOTOPBIX dTa CHCTeMa JIMHeHHA. BaleHTHOCTRIO OJToka DD Ha30BEM KOJIMYECTBO
COCEIHUX C HUM OJIOKOB, B KOTOPBIE TPAEKTOPUH CHCTEMBI MOTYT MIEPEXOIUTh U3 Oitoka D. YCTaHOBIEHBI J0-
CTaTOYHBIE YCIIOBHS CYIIECTBOBAHMS ABYX ITUKJIOB 3TOW CHCTEMBI, CHAMMETPHUYHBIX OTHOCHUTEIIEHO TAaKHX TIEpe-
cTtaHoBOK. OMH M3 ATUX MHUKJIOB (OMMCAaHHBINA paHee B [1]) mpoxomuT mo 01okaM BaJeHTHOCTH 1, IpyToii — 1o
[IENOYKe U3 JecATH OI0KOB BasieHTHOCTH 3. [okazaHo, Kak 3Ta 1enovKa 3aBUCHT OT TapaMeTPOB CHCTEMBI.

Pabora BrimonHena npu ¢unancoBoil nomuepxxkke PODU (mpoexr 18-01-00057) u CO PAH (rpant 0314-2018-
0011).
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(0] HUKJIAX B MOJCJISIX T€HHbIX ceTel
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' Uncmumym mamemamuxu CO PAH
2Hogocubupckuii 20cy0apCcmeeHHblil YHUSEPCUmen
Email: glbtn@math.nsc.ru

DOI: 10.24411/9999-017A-2019-10303

Haiinensl HeoOXoanMMBbIE M JOCTAaTOYHBIC YCJIOBUSI CYIIECTBOBAHMS ILHUKJIA Yy IMIECTUMEPHOH ONOYHO-
JMHENHON TMHAMUUYECKOH CUCTEMBI, MOJIENIUPYIOIIEH KOJIBIIEBYIO T€HHYIO CeTh. /I TaKUX CUCTEM pa3MepHO-
ctH 3 mokazaHsl cymectsoBanue ([1]), a Takke eIMHCTBEHHOCTh M YCTOMYMBOCTH TAKOTO IHKIIA. [ Tankue ana-
JIOTH TaKMX CUCTEM paccMaTpUBaINCh B [2,3].

Pabora BeimonHeHa npu puHaHcoBoi moguepkke PODU (mpoekt 18-01-000057) m CO PAH (rpant 0314-2018-
0011).

Crucok nureparypsl

1. TomybstaukoB B.I1., IBanoB B.B., Munymkuaa JI.C. O cymecTBOBaHNH IUKJIA B OMHONW HECHMMETPUIHON MO-
JIeNTN KOJTbIIeBOU TeHHO# cetn // CuO. )KypH. YuCTON U mpukiIagHoi Mmaremaruku.. 2018. T. 18, Ne 3. C. 27-35.

2. Aromnosa H.b., Toxybstaukos B.I1., Kazarunes M.B. O cymecTBoBaHNH IHKJIA B OTHONW HECHMMETPUIHOHN Moie-
JIU MOJIEKYIApHOTO penpeccuisaTopa // Cud. xxypH. BerauciuT. Matemaruku. 2017. T. 20, Ne 2. C. 121-129.

3. Komecos A.IO., Po3oB H.X., Camosanumii B.A. [lepronmueckune penieHns Tuna Oerymnx BOJIH B KOJIBIIEBBIX T€H-
HBIX ceTsx // U3Bectus PAH, cep. matematmueckas. 2016. T. 80, Ne 3. C. 67-94.

IloucK NHMKJIOB B OHOI N-MePHOMH MOJEJIH KOJbIIeBOii TeHHOH CEeTH

B. C. I'paoos

Hogocubupckuii cocyoapcmeennulil yHugepcumem
Email: gnets2008@outlook.com

DOI: 10.24411/9999-017A-2019-10304

PaccmarpuBaeTcst GrmoyHO-NMHEHHAs TUHAMHYECKAsh CHCTEMa Pa3MEPHOCTH N, CHMMETPUYHAs OTHOCH-
TETHHO ITUKINYECKON TIePeCTaHOBKY KOOpauHaT. VIHBapuaHTHON 00JACTBIO TaKOH CHCTEMEI SIBIISCTCS Tapa-
nenenunen (J, pacroOKEHHBIA B TMTOJIOKUTEIILHOM OpPTaHTEe /n-MepHOTO EBKIMI0Ba TpocTpaHcTBa. () pa3on-
BAeTCs MIIOCKOCTSIMH, TTapaJIEIbHBIMA KOOPAMHATHBIM, Ha OJIOKH, B KQXKIOM M3 KOTOPBIX CHCTeMa JIMHEHHa.
HazoBem BasleHTHOCTBIO OiT0Ka D KOMMYECTBO COCETHUX C HUM OJIOKOB, B KOTOPBIE TPAEKTOPHUU CUCTEMBI MO-
TyT nepexoants u3 D. CymiecTByeT MUHUMYM JBE [IEMOYKH U3 271 OJIOKOB BaJICHTHOCTH /-2, TI0 KOTOPBIM MOTYT
MIPOXOIMTD ITUKJIIBI CHCTEMBI. YCTaHOBIIEHBI HEOOXOANMBIE 1 JIOCTATOYHBIC YCIOBHS CYIIECTBOBAHNH IIMKIIOB B
aTuX nemnoukax. Cioydaii n=3 paccmotpen B [1].

Pabora BeimonHeHa rpu ¢puHaHcoBoi noaaepxkke PODU (npoekr 18-01-00057).

CIucok auTepaTyphl

1. Tomy6staukoB B. I1., Banos B.B., Munymikuna JI.C. O cyniecTBOBaHHH IIUKJIA B OIHOW HECUMMETPHYHOI MO-
JICJIN KOJIBIICBOU TeHHOU cetn // Cubupckuii )KypHa uucToit u npukiagHon maremaruku. 2018 T. 18, Ne 3. C. 26-302.

(I)paKTaJ'll)Hble XAPAKTCPUCTUKH 6aKTep]/laJIBH]>IX Ir¢HOMOB

B. J1. I'yceg', JI. A. Mupownuuenxo', FO. I1. [{cuoes’
'Unemumym mamemamuxu um. C. JI. Cobonesa
HUU Buomeouyuncxux mexuonocuii UTMY

Email: luba@math.nsc.ru

DOI: 10.24411/9999-017A-2019-10305

Tox nokansabeiM JIHK-(pakTanom [1] aBTOpsl MOHUMAOT IEMOYKY M3 TAHJICMHO TOBTOPSIOIINXCS Ma-
JIUHIPOMOB WM KOMILJIEMEHTAPHBIX TaTuHIAPOMOB. COBOKYIMHOCTb HECIYYalHBIX IETOYEK TAKOTO THIIA,
MPE/ICTABICHHBIX B TEHOME MHUKPOOPTAHHM3Ma, YIOOHO HCIONB30BaTh IS COMOCTABICHUS OJTM3KOPOACTBEH-
HBIX OOBEKTOB, B YaCTHOCTH, YyMHOU Oaktepuu (Yersinia pestis) u Gaxrepuu ticeBuoryoepkynesa (Yersinia
pseudotuberculosis). BTopyto TPUHITO CUNTATh MPAPOAUTEIHHHUIICH MEPBOH, HO TPU OIU30CTH TEHOMOB
OHHU PATUKAILHO OTIHYAIOTCS MO CBOEH matoreHHoCcTH. [To pesynbratam 0OpabOTKH MONHBIX TEHOMOB pa3-
HBIX [ITAMMOB MMOKA3aHO, YTO OCHOBHbBIC (PpaKTAIbHBIC CTPYKTYPHI, BBIJCISCMbIC B TCHOMAX Yersinia pestis
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XapakTepbl U UIs MCeBIOTyOepKyne3a, HO 00paTHOE HEBEPHO: CHEKTP (PaKTaJbHBIX CTPYKTYp B T€HOMax
Yersinia pseudotuberculosis Gorade, T.e. B HUX UMEIOTCSI CTPYKTYpBI, OTCYTCTBYIOIIHE B FE€HOMAaX UyMHOMH
Oakrepuu.

Pabora BBIMONHEHA TIpH TOAAEpKKe TporpaMmbel OyHmaMmeHTansHBIX Haydnbeix wmccienoBanuii PAH, mpoekt Ne
0314-2019-0015.

Crnucok auTeparypbl

1. Tycer B.A., Mupomnmuenko JI.A., UyxanoBa H.A. — Briapnerne ¢paxramomnomo0Hsx crpykryp B JIHK-
nocnenoBarensHOCTAX // Information Science & Computing. International Book Series, Ne8: Classification, Forecasting,
Data Mining. — ITHEA, Sofia, 2009.- P. 117-123.

AJIFO])I/ITMLI AHAJN3A JKCINEPUMEHTAJbHBIX MCANIINHCKUX TAHHBIX

A. I’ 3omun', K. B. Cumonoé?, I0. A. Xamad’, M. A. Kypako®, T. B. Uepenanosa*

'Cubupckuii 20cyoapcmeenHvlil yHUsepcumem HayKu u mexnono2uu um. akao. M. @. Pewiemnesa
2Unemumym sviuucaumensvio2o mooenuposanus CO PAH

3Cubupckutl ghedepanvibiil yHueepcumen

*Kpacnospckuil 20cyoapcmeenmblii MeOuyuHCcKuil yrueepcumem umenu npog. B.d. Botino-Hceneykozo

Email: zotinkrs@gmail.com
DOI: 10.24411/9999-017A-2019-10306

HccnenoBanue NOCBAIIEHO pa3padOTKe BHIYUCIUTEILHON METOJIMKH JIJIsl OICHKH TTOKa3arene mpoiecca
pereHepanuy TKaHel ¢ MPUMEHEHUEM CeTYAThIX HUKETH I-TUTAHOBBIX UMILIAHTATOB C MAMSThHIO ()OPMBI B DKCIIC-
pumenTe [1]. O6paboTKa 1 aHAIHN3 TaHHBIX HAOTIONSHNUH JIEKTPOHHON MUKPOCKOITHH U KJIACCHYECKOTO TUCTO-
JIOTHYECKOTO MCCIICOBAHUS BBITIONHSIIUCH C IPUMEHEHHEM aBTOPCKUX AJITOPUTMOB U UX Moaudukanmii. B ka-
YEeCTBE BBIYHCIIUTENILHOTO HHCTPYMEHTAPHUS JIJIsSI BBIJICJICHHS BHYTPEHHUX FeOMETPHUYCSCKUX YEPT IKCIIEPHUMEH-
TaJbHBIX U300paKEHUH 00BEKTOB HHTEPECa PUMEHSUIUCH aJITOPUTMBI ITUAPIIET- U BEHBIIET-IpeoOpa3oBaHui,
a TAKXKe aJTOPUTMBI TOCTPOCHHS YIPYTHX KapT /15 3 PEKTUBHON BU3yaTM3alluK JaHHbBIX [2]. BaxkHbIM acriek-
TOM WCCIIEIOBAHHUSI SIBJISUIOCH TIPUMEHEHHE BBIUUCIUTEIBHBIX CPEICTB MPe00paOOTKH JaHHBIX JUIS MOBBIIIIC-
HUS KOHTPACTHOCTH U SIPKOCTH aHAJIM3UPYEMBIX H300pakeHn Ha 0CHOBE TexHoyoruu Retinex [3].

Crnucok nuTeparypsl

1. Cherepanova T. V., Simonov K. V. Study of the interaction between the implanted material and body tissues in
the experiment // Medicine and High Technologies, 2018. Ne 3. P. 42-49.

2. Zotin A, Simonov K, Kapsargin F, Cherepanova T, Kruglyakov A, Cadena L. Techniques for Medical Images
Processing Using Shearlet Transform and Color Coding. In: Favorskaya M, Jain L editors. Computer Vision in Control
Systems-4. Intelligent Systems Reference Library, 2018. Vol. 136. P. 223-259. Springer, Cham.

3. Zotin A. Fast Algorithm of Image Enhancement based on Multi-Scale Retinex // Procedia Computer Science,
2018. Vol. 131. P. 6-9.

MoaeaupoBaHHe MaToreHe3a 0ypoi psKaBYMHBI HA JINCTE MIIEeHUIIbI

V. C. 3ybauposa'?, A. B. JlJopowrkoe'?, C. B. Huxonaes', /]. A. Bozycnasckuil', /I. A. Agponnukos'?
{Unemumym yumonoauu u cenemuxu CO PAH

2Hosocubupckuil 20Cy0apCmeenHblil yHueepcumen

Email: ulyanochka@bionet.nsc.ru

DOI: 10.24411/9999-017A-2019-10307

Bypast pxxasunna (Puccinia recondita) mopakaeT JIUCThS PacTCHHM, B Pe3yIbTaTe YMEHBIIAETCS UX CITO-
CcOOHOCTh K (POTOCHHTE3Y, YTO MPUBOIUT K CHIDKEHHIO YPOXKaWHOCTH MIeHubl. /s n3ydeHnus maroreHesa
3TOTO 3a00JIEBaHMS UCTIONB3YETCS MIMPOKHUH KIIAaCC METOIOB CHCTEMHOM OHMOJIOTHH, B TOM YHCIIE ¥ KOMITBIOTEP-
HbIe MozenH [ 1], KOTOpBIe pacCMaTpHUBaIOT B3aUMOJICHCTBHE TTAaTOTCH-PACTCHIE KaK KOMITJIEKCHBIH TIporiecc. B
paboTe mpeacTaBieHa KIETOYHO-aBTOMATHAsI MOJIENb, TTO3BOJISIONIAS MTPOBOIUTH BHIYHCIUTEIbHBIE SKCIIEPH-
MEHTHI JUIA TTOTy9eHHUsT TPOTHO30B OTHOCHUTEIHHO JMHAMUKH PAa3BUTHS WH(PEKIINU Ha JINCTE MIICHUIIBI C yae-
TOM COTIPOTHUBIISIEMOCTH PAaCTEHUH, KIETOYHON CTPYKTYPBHI SMHUAEPMHCA JTUCTA U MEXaHU3MOB MPOHUKHOBE-
HUS BO30yAUTENS B TKaHb U KJIETKH. Mojiens BepuHUIMpoBaHa Ha OCHOBE JaHHBIX, MTOJYYSHHBIX B pe3yabTa-
T€ aHalln3a BPEMEHHO! cepry MIU(PPOBBIX N300paKeHNH (PParMEeHTOB JHCTHEB MIICHUIIBI, 3aPaKEHHBIX CTIOpa-
MU Oypoit prkaBINHBI B TAOOPATOPHBIX YCIOBUAX. [IpOCTpaHCTBO MPEACTABICHO PaBHOMEPHOM CETKOM, Kaxmast
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siueiika KOTOPO# COOTBETCTBYET (PPAarMEHTY JINCTA U MOXKET OBbITh COIOCTABIICHA C OJIHUM WU HECKOJIbKUMU
MUKCENISIMH Ha n300paskeHusX. COCTOSHUS SIYeeK U MPaBHJiIa TIEPEX00B OMKCHIBAIOT PAa3BUTHE 3a00JICBAHUS C
YYETOM MPOLIECCOB JIATEHTHOW U SIBHOW CTaJUM.

Pabora BrrmonHeHa npu prHAHCOBOW TIoanepxkke Poccntickoro Gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 17-29-08028).

Crnucok auTeparypbl

1. Huxomaes C.B., 3ybanposa VY.C., Cxonotresa E.C., Opnosa E.A., Aponrnko J[.A. CrcTeMHBII TTOAXOI K MO-
JEITMPOBAHMIO PA3BUTHS JINCTOCTEOCIIBHBIX IPUOHBIX MHPEKIUI MIICHNIEL. BaBUIOBCKUI Ky pHA TCHETHKH U CEJICKLIHH.
2019;23(1):100-109. DOI 10.18699/VJ19.468

ABTOMATHYECKOE H3BJIeUeHHE 3HAHNH W3 TEKCTOB HAYYHBIX MYOJHKAIINIA M 023 JAHHLIX B 00JIaCTH
OHOJIOTHH M OMOMeINIIHHBI

B. A. Heanucenxo'?, E. C. Tuiic', T. B. Heanucenxo', Il. C. [lemenkos
'Huemumym yumonozuu u 2enemuxu CO PAH
2Hosocubupckuil 20cy0apCmeenHblil yHueepcumen

Email: salix@bionet.nsc.ru
DOI: 10.24411/9999-017A-2019-10308

PexoHCTpyKIIMS M aHAJIN3 TEHHBIX CETEH SBJSETCS B HACTOSAIIEE BPEMS IIUPOKO PACIIPOCTPAHEHBIM METO-
JIOM OITMCAHHS MOJICKYJISIPHBIX MEXaHU3MOB (DyHKITMOHUPOBAHUS OMOIIOTUYECKUX CHCTEM B HOpPME U TIPH Ta-
tonoruu. OHAKO TPOIECC PEKOHCTPYKIIMH, OCHOBAHHBIN Ha PYYHOM aHAJIHM3€ HKCIEPTOB, TpeOyeT OONBIIHIX
BpeMeHHBIX 3arpar. Kak mpaBuiio, s peKOHCTPYKITNH J1aXke HeOOJBIINX ceTeld TpeOyeTcst n3ydeHne MHOTHX
TBHICSIY HAYYHBIX ITyONUKanuii 1 padora ¢ OOJIBIINM KOIMYECTBOM 0a3 JaHHBIX. Pa3paboTaHa KOMITIOTEpHAS CH-
crema ANDSystem, mpeaHa3sHa4eHHAS 17151 aBTOMATHYECKOTO M3BIICUEHUS 3HAHUN U3 TEKCTOB HAyYHBIX ITyOIn-
Kanui 1 0a3 JaHHBIX HA OCHOBE METO/IOB MHTEIUIEKTYaIbHOTO aHaiu3a AaHHbIX [1]. C ncnoiap3oBaHneM 3TOH
CHCTEMBI ITPOBEICH aHau3 Oonee 25 MITH. Hay4HbIX myonukanuidi PubMed n Heckonmbkux necsiTkoB 0a3 gaH-
HeIxX. baza 3Hannit ANDSystem, comepskariast pe3ysbTaThl TOT0 aHajlu3a, BKIOYaeT B ce0s nH(OpMAIHIO O
6oxee 30 MutH. dakTax 0 MOJIEKYISPHO-TEHETUIECKUX B3aMMOJIEHCTBHX, PETYISAINN SKCIIPECCHH, aKTHBHO-
CTH, TPAHCIIOPTA, KAaTaJUTHYECKUX PEaKIUAX, a TAaK)KE acCOIMAIUIX TeHOB C 3aboieBaHusMHU. Bece B3anumo-
JIEHCTBYSI OTIMCHIBAIOTCS HA YPOBHE OpraHn3Ma, a Takke KIeTKH U TKaHu. JlocTym k 6a3e 3HaHWH OCyIIeCTBIIs-
ercs ¢ momotipio nHeTpyMeHTa AND Visio, o0ecriednBaromiero BO3MOXKHOCTh PEKOHCTPYKIIMY U aHalln3a TeH-
HBIX cereil. [IpencraBneHa BO3MOXKHOCTh PEKOHCTPYKITUHM T€HHBIX CeTeH, CIE(IUecKH CBI3aHHBIX C H3yJae-
MBIM ITPOLIECCOM, C YYETOM Pa3IMYHBIX CBOWCTB BEpIINH rpada, BKIIFOUas EHTPATbHOCTh U CIEH(PUIHOCTb.
Maxkcummuzanysi BETMIUHBI 3TUX CBOWCTB B MPOIECCE PEKOHCTPYKIIMH 00ECTIEYNBAECT YBEITUYCHUE CBASHOCTH
TeHOB BHYTpH TeHHOW ceTH. DYyHKIMOHATBHOCTh TaKMX CeTell moATBep)knaeTcs (pakToM, YTO TeHHBIE CETH
nporieccoB Gene Ontology o6mamatroT 60IIbIIeH CBA3HOCTHIO IO CPABHEHHUIO CO CITYYaHBIMH CETSIMH.

Pabora BbInoNIHEHA pHu (PUHAHCOBOH MoIepXKKe npoekrta "MccnenoBanue, aHaiu3 U KOMIUIEKCHAs! HE3aBUCHMast
9KCIIEPTH3a MPOEKTOB HaloHa IbHBIX TEXHOJIOTHYECKUX HHULIUATHIB, B TOM YHCIIE COIIPOBOXKICHHE POEKTOB " IOPOKHOM
kapThl""NeuroNet"", BBIITOIHIEMOr0 B paMKax rocyaapcrBeHHoro 3aganus Ne 28.12487.2018/12.1 MunucrepcTa HayKu
u BbIcuiero oopazosanust Poccuiickoit @enepanuni.

CIimcok IuTeparypsl

1. Ivanisenko V.A., Demenkov P.S., Ivanisenko T.V., Mishchenko E.L., Saik O.V., A new version of the ANDSystem
tool for automatic extraction of knowledge from scientific publications with expanded functionality for reconstruction of
associative gene networks by considering tissue-specific gene expression. BMC Bioinformatics. 2019. V.20(Suppl 1),
P.34.
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PeKOHCTDVKHI/IH TeHHBIX ceTeil HeﬁpOTpaHCMHTTeDHIﬂX CHUCTEM YC/JI0BCKA

PA. Hsanos'?, A. U. Knumenxo'?, A. H. Casocmuanos'>>, C.A. Jlawun'?

'Deoepanvuviii uccneoosamenvcruil yenmp Hncmumym yumonozuu u eenemuxu CO PAH
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Email: lashin@bionet.nsc.ru

DOI: 10.24411/9999-017A-2019-10309

HccnenoBanue OHOJIOTHYECKUX OCHOB UHAUBUAYAJIbHBIX pa3nnq1/1171 B IIOBCACHHUHN YCIOBCKaA SBJISCTCS
O,Z[HOP'I N3 aKTyaJIbHBIX 3aJ1a4 COBpGMeHHOﬁ MCUXOJOTUU. MeIUIUHCKOE 3HAaYCHHE JaHHBIX I/ICCHG,Z[OB&HI/Iﬁ 00-
YCIIOBJICHO TEM, YTO Pa3BUTHUC PAAa HCBPOJIOTIMYCCKUX U MICUXUATPUICCKUX 3a60J'ICBaHI/II>i, a TaKke 0COOEHHO-
CTU UX BOSHMKHOBCHUS, HAIPSAMYIO CBA3AaHbI C IICUXOJIOTMYCCKUMHU 0COOCHHOCTSAMM TUYHOCTHU [1] MHuorue pa-
0OTHI YKa3bIBalOT HA BAXXHYIO POJIb HCprOMe,Z[I/IaTOpHLIX CUCTCM B MCXAaHU3MaAX PCryjisiiuu UHANBUAYAJIbHOTO
IIOBECACHUA [2] Metoasl CHCTEMHOI Ononoruu U, B YaCTHOCTHU, PCKOHCTPYKIUA U aHAJIN3 TCHHBIX CCTCP'I, SAB-
JISIFOTCSI HAa CETOMHSIITHUMN ACHb OJHUMHU 13 OCHOBHBIX MHCTPYMCHTOB UCCJICJOBAHUA B3aHMOCBS3Ci MCIKAY I'e-
HOTHIIOM YC€JIOBCKA N €0 KOMIIJICKCHBIMH (bCHOTI/IHI/I‘{CCKI/IMI/I IMpU3HaKaMHu. ﬂaHHa}l pa60T IOCBsIICHA UCCIIC-
JOBAaHHIO TCHCTHUYCCKUX (baKTOpOB, OTBCETCTBCHHBIX 3a PA3BUTHUC TPECBOXKHOT'O MMOBCACHUS U ACTIPECCUU, ITYTEM
PCKOHCTPYKLHHU U aHalIn3a I'€HHbIX ceTeit HeﬁpOTpaHCMI/ITTepHBIX CHCTEM 4eJIoBeKa. [ eHHbIE ceTH ObLIN J0-
IMMOJIHCHBI '€HaMM, aCCOLIMMPOBAHHBIMU C TPCBOXKXHBIM IMOBEACHUCM U C IICUXUYCCKUMU paCCTpOﬁCTBaMH, JJI
KOTOPBIX OBLTH BBISIBIICHBI IIPOTUBOPECYUBBIC (beHOTI/IHI/I‘-IeCKI/IG IMMPOABJICHUSA B PA3JIMYHBIX MOIMYJISALUAX YCIIOBC-

Ka. ﬂﬂﬂ NOJTYYCHHBIX cereit ObLI IMMPOBCJCH aHAJIN3 PETYIATOPHBIX KOHTYPOB U 3BOHIOI_IPIOHHBII>’I aHaJIun3.

Pabora BrrmonHeHa npu pruHancoBoi noaaepxke PODU (ko mpoekra Nel8-29-13027 mk).

Crucok nureparypsl

1. Knyazev G.G. et al. Anxiety and oscillatory responses to emotional facial expressions // Brain Res. 2008. V. 1227,
P. 174-188.

2. Ebstein R.P. The molecular genetic architecture of human personality: beyond self-report questionnaires // Mol.
Psychiatry. 2006. V. 11, No. 5, P. 427-445.

Mathematical modelling of fluid flow in a vessel with elastic walls

V. A. Kozlov', S. A. Nazarov?, G. L. Zavorokhin®
!Linkoping University,Linkoping, Sweden

2St. Petersburg State University

3Steklov Mathematical Institute (PDMI RAS)
Email: viadimirkozlov@liu.se

DOI: 10.24411/9999-017A-2019-10310

We present a 2D model describing the elastic behavior of the wall of a curved flexible vessel. The wall has
a laminate structure consisting of several anisotropic layers of varying thickness and is assumed to be much
smaller in thickness than the radius of the channel which itself is allowed to vary. Our 2D model takes the
interaction of the wall with any surrounding or supporting material and the fluid flow. The curvature and twist
of the vessel’s axis as well as the anisotropy of the laminate wall present the main challenges in applying the
dimension reduction procedure so plenty of examples of canonical shapes of pipes and their walls are supplied
with explicit systems of differential equations in [1]. We use an existing 2D model of the vessel wall along
with Navier-Stokes equations to model the flow through the channel while taking factors, namely, surrounding
muscle tissue and presence of external forces other than gravity into account. Asymptotic analysis gives us the
leading order terms constituting the Stokes flow in this model, see [2].

Acknowledgements. V.K. acknowledges the support of the Swedish Research Council (VR) grant EO418401. S.N.
was supported by the Russian Foundation for Basic Research, project no. 18-01-00325, and by Linkoping University
(Sweden). G.Z. was supported by Linkoping University, and by RFBR grant 16-31-60112.
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PMA, 2019.
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Kom0OuHAaTOpHAsI CTPYKTYPA MoJeJIeli KOJbIEeBLIX TeHHBIX ceTell

H. E. Kupunnosa
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Wzyuarorcs XapakTepHCTUKH MaTeMaTHUECKUX MojeNed (yHKIHMOHMPOBAHHUS T€HHBIX ceTel, cM. [1,2].
[ HenmuHEHHON 9-MepHO TMHAMUYECKOH CHCTEMBI, y KOTOPOH MepeMEeHHbIE — 3TO KOHIICHTPALUH OCJIKOB 1
cunresupytomux ux MPHK, a mapameTpbl — cKopocTH peakiuii, onucan (pa3zoBbIi MOPTPET, HAMICHO YCIOBHE
cylecTBoBaHus 1ukia. s momoOHo# 18-MepHO# crcTeMBbI, MOJISIUPYIOLICH OoJiee CIIOKHYIO TEHHYIO CETh,
c(hOopMyIHPOBaHBI 1OCTATOUHBIE YCIOBHS CYIIECTBOBAHHS ABYX LMKJIOB. Kaxkias Takas nuHaMu4eckas cucTe-
Ma UMeeT POBHO OZIHY CTallMOHAPHYIO TOUuKy. [locTpoeH anroputm onucaHus KOMOMHATOPHBIX CTPYKTYp (azo-
BBIX IOPTPETOB MO00HBIX cucTeM. [IpoBeeHb! uncaennsle 3kcrepuMenTsl B makete STEP.

Pa6ora BrmonHeHa npu puHancoBoi noaaepxke PODU (mpoekt 18-01-00057).
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P33D360TR2I METOA0OB ABTOMATHYCCKOI'0O onpeacJICcHus KOJIUICCTBCHHBIX XaPaKTCPUCTHK,
OIMHUCHIBAIOLIIMX (l)eHOTI/lHI/I‘leCKI/Ie NMPU3HAKH KOJ0CA NMIIICHUIbI

E. I’ Komviuies', M. A. I'enaes', J]. A. Aponnuros'*
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2Hogocubupckuii 20cy0apCcmeeHHblil YHUSEPCUmen
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dopMma 1 CTPYKTypa KOIoca — BaKHEHIINE XapaKTePUCTUKH BO3/ICIIBIBAEMBIX 3JIaKOB, CBSI3aHHBIC C TAKH-
MU MX XO3SIHCTBCHHO IIEHHBIMH Ka4eCTBAMHU, KaK MPOIYKTHBHOCTh, OTCYTCTBHE JIOMKOCTH KOJIOCA U JIETKOCTh
obmorota. J{iis BeISBICHHUS TCHOB, KOHTPOIUPYIONIUX JaHHbBIC MPU3HAKH, HEOOXOIHUM COOp U aHAIN3 OOJIBIIIO-
r0 KOJINYeCTBa MOP(HOMETPUICCKHX JTAHHBIX, KOTOPBIC B OONBITMHCTBE UCCIICTOBAHUI BBIMIOTHSIOTCS dKCIIEP-
TaMH Ha OCHOBAHUH BU3YyaTbHOTO aHAIN3a KOJIOCA ¥ H3MEPEHUH BPYUHYI0. ABTOMATH3AIMSI 3TOTO MpoIiecca 3a
CUET BHEJPEHUS TEXHOIOTUH aHaN3a NMU(PPOBBIX U300paKEHHUH, HCITOIB30BAHMS 0a3 JaHHBIX U MOOHILHBIX
YCTPONCTB MO3BOJIUT COKPATHUTH 3aTPAThl BpEMEHU Ha cOOp U 00pabOTKy TaHHBIX.

Mpsl mpemaraeM HH()OPMAIMOHHYIO CHCTEMY JJIsi aHHOTAIMA MOP()OMETPUUYECKHX XapaKTePHCTHK
SpikeDroidDB (http://spikedroid.biores.cytogen.ru) 1 METOBI aBTOMAaTUYECKOTO OMPEACICHIS KOJIMUSCTBEH-
HBIX XapaKTEPUCTHK, OMHCHIBAIONINX (DEHOTHMUYCCKHE MPU3HAKK KOJIOCA TIICHUIIbI, TAKAE KaK: THIT (POPMBI
KOJIOCA, €0 Pa3Mephbl, TNIOTHOCTh, OCTHCTOCTh, KOJIMYECTBO 3EPEH B KOJIOCE, UX Pa3MEPhI, OKPYIIIOCTh U JPYTHE
napameTpsl. MeTo Mop(hoMETpHH 3epeH peann30BaH B Buje MoouisHOro npuiokenust SeedCounter (https://
play.google.com/store/apps/details?id=org.wheatdb.seedcounter). Meton MmoppomMeTpun Konoca peaau3oBaH B
BHUJIC KOHCOJILHOTO Java MpHUI0KeHHsI.

Pabota BrmonHeHa npu puHaHCOBON Toaaepxkke Poccuniickoro HaydHoro ¢pouaa (kox mpoekra 17-74-10148).

MiCoSi: oTKpPBITHIH MAKET IJIsl KOMIBIOTEPHOI0 MOAEJIMPOBAHUS MHT03a B CTAAUAX HpoMeTdasbl,
Metada3bl H aHadasbl

M. A. Kpusos, 11. C. Heanos

Mocxosckuii 2ocyoapcmeennwiti ynusepcumem um. M. B. Jlomonocosa

Email: m_krivov@cs.msu.su
DOI: 10.24411/9999-017A-2019-10313

AKTyanpHOU mpobaeMoit OO0 U3UKN SIBIIETCS U3yUeHNE MTPOIECCOB, MPOTEKAIONTUX IPU MHUTOTHYECKOM
neneHun kietku. Ceromus, Omaromapsi pa3TuIHBIM METOAAM CHHXPOHHU3AINH JEISIIAXCS KYIIBTYP, HMEIOTCS
TOUYHBIC OTTMCAHIS KXKIOU pa3bl MUTO3a, OJHAKO /IO CUX TIOP OTCYTCTBYET IeTaThbHOE TOHNMAHIE MEXaHU3MOB,
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MO3BOJISIIOLIMX KJIETKE TIPH BCEM MHOT000pa3uy MPOTEKAIONINX B HEH MPOIIECCOB B Pe3yabTaTe MUTO3a Mepeii-
TH B CTPOTO OKH/IAEMOE COCTOSTHHE.

K HacTosmmeMy BpeMeHH MpeIokeHO MHOKECTBO MaTEMATHUECKUX MOJIETIEH, OTTHUCHIBAIOIINX OTAEIbHBIE
CTaJNM MHUTO3a Ha YPOBHE KaK BCEH KJIETKH, Tak U ee yacTeil [1]. Pe3ynbsraTsl UnciIeHHOro MOAETUPOBaHUS Be-
PUPHULIUPYIOTCS TTyTEM COMOCTABICHUS C JaHHBIMH SKCIIEPUMEHTOB, OJJHAKO 3TO HE BCET/Ia MO3BOJISIET HCKITIO-
YUTh KOHKYPHUPYIOLUE UHTEPIPETALIMN OJJHUX U TEX ¥KeE SIBICHUM.

B nmoxmaze mpenacraBieHbl MPOMEKYTOUYHBIE PE3YNbTaThl MPOEKTa Pa3paOOTKH paclupseMoil MeTa-
MOJIETIH, ONICHIBAIOIIEH TPH MOCIeI0BaTeIbHbIC (ha3bl MUTO34, a TAKKE €€ peau3alii B BUAE IPOrPaAMMHOTO
KOMIIJIEKCA C OTKPBITBIM UCXOAHBIM KOIoM [2]. B ominume oT cXoxkux padoTt, mooOHas KOHIENIUs "MOIe -
KOHCTpPYKTOpa" TO3BOJISIET OLIEHUTD JOJITOCPOUYHBIN (P (PEKT OT BEIOOpa KOHKPETHBIX MOJICJICH MUKPO-YPOBHS,
HarpuMep, MPOBEPUTH, KaK BIUAET POCT TyOYIMHOBBIX MUKPOTPYOOUEK Ha MPOIECcC IEHTPUPOBAHUS XPOMO-
COM MEPEJ UX PACXOXKJICHUEM.

HccnenoBanne BHITOMHEHO MpH (prHaHCOBOM noanepxkke PODU B pamkax HaygHoro mpoekta Ne 19-07-01164a.

Crnucok auTeparypbl
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2. Tloprax mpoekra MiCoSi: https://github.com/m-krivov/MiCoSi (nara oopamenus: 23.03.2019).

MeToabl KOMIIBIOTEPHOI0 MOAC/IMPOBAHHS HEPAPXHICCKHUX OHOJOTHYECKHX CHCTEM

C. A. Jlawun'?, @. B. Kasanyes'?, A. U. Knumenxo'?, T. H. Jlaxoea', A. A. Cmupnoea'?, 1O. I Mamywixun'>
'®eoepanvubiii uccredosamenvexuil yenmp Uncmumym yumonoeuu u cenemuxu CO PAH
2Hosocubupckuil 20cy0apCmeenHblil yHUueepcumen

Email: lashin@bionet.nsc.ru
DOI: 10.24411/9999-017A-2019-10314

bronornyeckue cucTeMBbl SBISIFOTCS CIOKHOOPTaHW30BAaHHBIMH HEPAPXHMUECKUMU CHCTEMaMH, C B3aWM-
HOW peryisnuell BHyTpYU W MEXIY Pa3TUYHBIMH YPOBHSIMH OpPTaHU3alui. MBI MpencTaBiIsieM METOIbI MO-
JIETUPOBaHMUS TIOAOOHBIX CHUCTEM, a TaKKe CEPHI0 MPOTPAMMHBIX KOMIUIEKCOB, OPHEHTHPOBAHHBIX Ha pelie-
HUE 3aJlad B 00JIaCTH MUKpoOHonoruu [1-2], momyIsimMOHHONW TeHETUKH M MOJEKYISAPHON SIMUAEMHUOIOTHH
[3]. Ucrionmb3yroTcst areHTHO-OPHEHTHPOBAHHBIE MHOTOYPOBHEBBIE MOJICIH, YIUTHIBAIOIAS TAKHE YPOBHU OMO-
JIOTUYECKON OpraHM3allii KaK TeHEeTHYECKH, MEeTa0OIMYeCKUN, KIIETOYHBIN, MOMYyISIIMOHHBIN, YKOIOTHYe-
CKHH, a TaK)Ke COIUANBHBIN. J{J151 Ka)KI0TO YpOBHS peann30BaHbl ONOINOTEKN TTIOAMOIENEH, YTO TI03BOJIAET HC-
CJIeI0BaTh KOMIUIEKCHYIO MOJIEh, KOMOMHUPYS pa3iindHble COYETaHUs OAMOIeNe Mexay coooii. Hamnbomee
MIPECTABIIEHHON SBIIACTCS OMOMMOTEKAa META0OIMYECKUX MTOJMOIENIEH, B KOTOPO# comepKarcs Kak IpOCThie
MOJIENIA OTAENBHBIX METa0OMUYEeCKIX PEaKIIHid, TaK W CIOKHBIE MOJIEIH META00INYecKuX cucteM. B pado-
Te TaKke MpUBOIUTCS onucanne MHTepHeT-n0cTymHOTO TiporpammHoro komruiekca MAMMOTh [4] (http://
mammoth.biomodelsgroup.ru), conepsxamiem 0a3zy TaHHBIX W CPEICTBA TMOCTPOCHUST KOMIUIEKCHBIX MOJENeH
MOJIEKYJISIPHO-T€HETHIECKUX CUCTEM OaKTepHil.

Pa6ota BeinosiHeHa mpu puHAHCOBOH noaaepkke bromkerHoro [Ipoekra (kox mpoekra 0259-2019-0008).
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ITaneonToNOrMUECKas ICTONUCH 3EMJIH, ONMKUChIBaloOMas nociaeanre S00 MIIH JIeT ee SBONIOIUH, XapaKTe-
pU3yeTCsl MPEPHIBUCTOCTHIO ABOIFOIIMOHHOTO MPOLECCa U MEPHOANYSCKU BO3HUKAIOIIMMHE IT00aThbHBIMU "'Ka-
tactpodamMu" BHIMUPAHUSI OJHUX BHUJIOB M 3aMEHBI UX Ha HOBBIC, IPUYMHBI KOTOPBIX JIO CHUX IIOpP HE SICHBIL
Ornupasick Ha pe3yybTaThl MOJICIIMPOBAHUS, MBI OOBSICHSIEM ATH OCOOSHHOCTH IMaJICOHTOJIOTHUSCKOW JICTOIIH-
cu 3eMiId ICHCTBUEM BHYTPEHHUX 3aKOHOB (DYHKIIMOHUPOBAHUS IMHAMUYECKOM, CAaMOPa3BUBAIOIICHCS CHUCTE-
MbI, KAKOBOU SIBIIsIETCSl OMOoTa 3eMii. B 0CHOBY MOy 3BONFOIMH 3TOM CHCTEMBI 3JI0KEHO BCETO TPH (YH-
JIAMEHTAJILHBIX 3aKOHA (PYHKIIMOHUPOBAHUS JKUBBIX CUCTEM. DTO THIT PA3MHOKEHUSI, OSCITIOIBIN WU TTOJIOBOI,
MIPEIoIararnpii HEOOXOAUMOCTh BCTPEUH JIBYX 0COOCH JUIsi BOCIIPOU3BOJICTBA TOTOMCTBA, 3aBUCHMOCTh (h-
(DeKTUBHOCTH BOCIIPOM3BOJICTBA U CMEPTHOCTH WHJMBUYYMOB OT TUIOTHOCTH OMOTHI, & TAK)KE MyTallMOHHAS
M3MEHYHMBOCTH B IPOIIECCE CAMOBOCIIPOU3BOJICTBA (OIIMOKHU PEIUIMKALMU F'eHOMa) U OTOOp HauboJiee MpUcIo-
coOyeHHBIX 0co0el. Mojienb mpeIcKa3bIBaeT, YTO MPEPHIBUCTOCTh U HEPABHOMEPHOCTh TEMIIOB 3BOJIFOIHHU SB-
JII€TCS OTPAXKEHUEM BO3HUKHOBEHHUS B CAaMOPA3BUBAIOILICICS SKOCUCTEME 3€MIIH, IBYX PA3IMYHBIX YCTOMUHU-
BBIX COCTOSIHMIA (siBJIeHHE OMCcTaOMmIbHOCTH). [Ipryem mepexon U3 OHOTO COCTOSHUS B APYTO€ B KAXKIBIH MO-
MEHT BPEMEHH ONPEACIISICS CTPEMIICHHEM CHUCTEMBI K YBEIMUCHUIO €€ MPUCIIOCOOJIEHHOCTH K CYIIECTBYIO-
MM YCIOBHSM. BUCTaOMIIBHOCTH OKa3aJI0Ch XapaKTEPHOH TOIBKO JUISl TAKOH SKOCUCTEMBI, OOJIbIIIAst 4aCTh Op-
TaHU3MOB KOTOPOH pa3MHOXKAETCS MOJOBBIM MMyTeM. T.e., MOSBICHUE MOJIOBOT0 PA3MHOKEHHUSI B IIPOLIECCE IBO-
JIFOIIUU JKUBBIX OPTaHU3MOB MOXKET OBITh OJHON U3 MPUYUH TIIO0ATBHBIX U3MEHEHHUN CTPYKTYPhI SKOCUCTEMBI
3emau B mocaeaare 500 MITH. JET ee DBOIOIMH.

Pabota BrITIOTHEHA TIPH (PUHAHCOBO TOANEPIKKE TPOrpaMMbl pyHAaMeHTaIbHBIX nccrenoBannii CO PAH (mpoext
Ne 0324-2019-0040).

YucjaeHHO YCTOHYNBBIH BePOSATHOCTHBIH KJIaCCH(PHKATOP JOTHCTHYECKOH perpeccuu

B. JI. Jlykunosg
Hnemumym evruucaiumensrot mamemamuxu u mamemamudeckoti eeogpusuxu CO PAH
Cubupckuii 20cy0apcmeenHblil YHUBEPCUMem MeieKOMMYHUKAYULL U UHGOPMAmuKU

Email: vitaliy.lukinov@gmail.com
DOI: 10.24411/9999-017A-2019-10316

OpnanM U3 Hanbosee pacIpOCTPaHEHHBIX U IIUPOKO UCTIOIB3YEMBIX B CTATUCTUYECKOM aHaJN3e OOMBIINX
JIAaHHBIX SBIIICTCS pa3paOOTaHHBIN B MIPOIIIIOM BEKE METOJ JIOTUCTUYECKOH perpeccrn [1]. B 6monoruu u me-
JTUITITHE JIOTUCTHYECKAas perpeccus MPUMEHSETCS B CAMBIX Pa3HBIX 00J1aCTSAX: BBISBICHUH U NCCIIEOBAHUH CTe-
TIEHHU BIIMSHUA TPEIUKTOPOB 3a00JI€BAaHUN M TIOCTICOTIEPAIMOHHBIX OCIOKHEHNH, (DyHIaMEeHTaIbHOM IS pe-
TPOCTIEKTHBHBIX TPYIIIOBBIX CPAaBHUTENBHBIX HccienoBannii Metone Propensity Score Matching, meTonax aB-
TOMAaTHYECKOTO M TIOTyaBTOMATHYECKOTO PAaCMO3HABAHNUS MEIUITMHCKIX M300paKeHUH, METOJaX CTaTHCTHYe-
CKOTO KJIacTepHOTO aHanmu3a [2,3,4,5].

IIpu 06paboTKe pearbHBIX JaHHBIX METOAOM JIOTUCTHYECKON perpeccuu TpeOyeTcs OnpeenTh U ycTpa-
HUTH HETaTHBHOE BIHSIHUE HAa KAY€CTBO OIEHOK KO3(P(PHUIIMEHTOB MOMIENH, CBA3aHHOE C HETIOIHOTOM JaHHBIX,
CYyIIIECTBOBAaHUEM “‘BBIOPOCOB” B JAHHBIX M OCOOBIX KOBAPHAHTOB, KOJUTMHEAPHOCTHIO, KPUTEPHUEM OTOOpA KO-
BapMaHTOB B MHOTO()AaKTOPHYIO MOJIeNb. B manHO# padoTe MpeayioKeH U peann30BaH ajlTOPUTM, MTO3BOJISIO-
M KOHTPOJIMPOBATH M YCTPAHUTH NTEPEUNCIICHHBIE BBIIIIE HETATUBHBIE (DAaKTOPHI.

Hpyroii 3amadeii siBisieTcs pa3paboTka mapajIeIbHBIX aITOPUTMOB pacueTa KOd(PPHUITHESHTOB JIOTHCTHYC-
CKOW perpeccuy M XapaKTepUCTHK KadecTBa. [Ipn aToM He0OX0aMMO PEeINTh ONTUMUA3ZAIIMOHHYIO 33aa4y, pea-
JU3YIONTYI0 KPUTEPHUA MaKCUMAJIBHOTO TIPaBIoToA00us. VI3BECTHBIN IMOIX0, OCHOBAaHHBIA HAa UTEPAITIOHHOM
metoze HrroTona-Padcona, siBisieTcs 9ncieHHo HEYCTOWYMBBIM U MOYKET MMPUBECTH K HETIPABUIIBHOMY HaX0XK-
neHunio kodhduimenToB perpeccun [6]. B manHON pabote mpemmaraeTcst HOBBIM MapaieNbHBIA YHCIEHHO-
YCTOHYMBBIN WTEPALMOHHBIA AJITOPUTM DEIICHHs 33aJadyd MUHAMHU3AIMM Ha OCHOBE CIYYaiHOTO TMOWCKA.
[IpoBeneno cpaBHeHHE ¢ 6a30BBIM AITOPUTMOM Im U3 s3bIKA CTAaTUCTHYECKONH 00padoTku AaHHbIX R [7].

Pabora BeITIONTHEHA TIpH (DPHHAHCOBOI mofiepikke Poccuiickoro donaa GyHmaMeHTaTBHBIX HCCIIETOBAHMN (KO IPO-
ekra 19-29-01176).



Komnvromepuas buonoeus 157

Cnucok JuTeparypbl

1. Cox D.R., "The regression analysis of binary sequences (with discussion)"// J Roy Stat Soc B. 20 (2): 215-242,
1958.

2. Walker S.H., Duncan D.B. "Estimation of the probability of an event as a function of several independent variables"
// Biometrika. 54 (1/2): 167-178, 1967 DOI: 10.24411/9999-017A-2019-1000110.2307/2333860. JSTOR 2333860.

3. Truett J., Cornfield J., Kannel W, "A multivariate analysis of the risk of coronary heart disease in Framingham"
// Journal of Chronic Diseases. 20 (7): 511-24, 1967 DOI: 10.24411/9999-017A-2019-1000110.1016/0021-
9681(67)90082-3

4. Rosenbaum P.R., Rubin D.B."The Central Role of the Propensity Score in Observational Studies for Causal
Effects" // Biometrika. 70 (1): 41-55, 1983 DOI: 10.24411/9999-017A-2019-1000110.1093/biomet/70.1.41

5. Venkatesan R., Meng J.E., "A novel progressive learning technique for multi-class classification" //
Neurocomputing. 207: 310-321, 2016. DOI: 10.24411/9999-017A-2019-1000110.1016/j.neucom.2016.05.006

6. H. II. Bacunbes, A. A. Eropos, “OnsIT pacueTa napaMeTpoB JOTUCTHUECKON perpeccun metogom Herotona—
Padcona st orieHKH 3MMOCTOMKOCTH pacTeHnid” // MareM. 6uonorus u 6uonsdpopm., 6:2 (2011), 190-199

7. https://www.r-project.org/about.html.

3D genome modeling by Hi-C and ChIA-PET data

Y. L. Orlov'?, A. I. Dergilev', S. S. Kovalev?, R. O. Babenko', G. Li®
"Novosibirsk State University

’Institute of Cytology and Genetics SB RAS

SHuazhong Agricultural University, Wuhan, China

Email: orlov@bionet.nsc.ru
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Chromatin interactions in cell nuclei play a critical role for gene expression regulation. Series of post-
genome technologies have been developed to study the transcription regulation, such as ChIP-chip, ChIP-Seq
[1]. Identification of genome-wide distal chromatin interactions provides novel insights into the problem. Hi-C
and Chromatin Interaction Analysis with Paired-End-Tag sequencing (ChIA-PET) methods for such analysis
requires development of specialized software. The aim of the work was to review existing computer tools for
3D genome structure data analysis and spatial topological domains.

References

1. Li G. et al. Chromatin Interaction Analysis with Paired-End Tag (ChIA-PET) sequencing technology and
application. BMC Genomics. 2014. V. 15(Suppl 12), P. S11.

IIpo6aeMbl CYIEPKOMITBIOTEPHOT0 MOJIEJIHPOBAHNS B OHOHMH(OPMATHKE

I0. JI. Opnos'*3, B. E. XKunuykuii', C. C. Kosanee*, A. I I'anuesa', A. H. Jlysun', H. JI. ITookonoomwiii?
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EctecTBeHHbIe HayKu TpeOyrOT pa3paOOTKH HOBBIX PEIICHHH I CYNEPKOMITBIOTEPHOTO MOJIEIHPOBa-
HUSl OMOJIOTUYECKHUX CHCTEM U TPOIECCOB, OCOOCHHO aKTYaJIbHBIX B CBSA3HM C OypHBIM POCTOM JAaHHBIX, TO-
JY9eHHBIX C ITOMOIIBIO COBPEMEHHBIX TEXHOJOTHH BBICOKOIPOM3BOAUTEIBbHOTO cekBeHnpoBanms JIHK [1].
OrpoMHBIE 00BEMBI U CIIOKHOCTH IKCIIEPUMEHTAIBHBIX TaHHBIX B COBPEMEHHOH IeHEeTHKE TPEOYIOT HCIIOINb-
30BaHMS COBPEMEHHBIX CYNEPKOMITBIOTEPHBIX TEXHOJIOTHHA, pa3paOboTKu 3(pPEeKTUBHBIX MAaTEeMaTHYECKUX Me-
TOJIOB aHAJIM3a JIaHHBIX. ByIyT paccMOTpeHBI IPOTpaMMbl KOMITBIOTEPHON T€HOMHKH IS aHan3a OnOMeIH-
[IUHCKUX JaHHBIX.

Pa6ota BeimonHeHa mpu noanepxkke PODU u 6romxkerHoro nmpoekra UIIul” CO PAH (0259-2019-0002).
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OueHuBaHUE BEPOSITHOCTH OTOPAKOBKHM JIOKHBIX ACCONMALMII IPH IOJHOT¢eHOMHOM MeTaaHaIu3e
accouMaIMi
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Hosocubupckuii 2ocydapcmeenHblil mexHuyecKull yHusepcumen
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[ToHOT€HOMHBIM aHaJIM3 acCOIMAM B HAIIM JHH SIBJISIETCS OIXHUM W3 BaKHBIX U MEPCIIEKTUBHBIX Ha-
NpaBJIeHUH HcCIe0BaHUN B OMOMEIMIIHE, KOTOPbIC HAIPABJICHB! HA BBISIBIICHHUE CBS3U MEXy TEeHOMOM YeJIo-
BeKa M HaOII0AaeMbIMU 3a00IeBaHUSIMH. B 0CHOBE TaHHOTO METO/Ia JIS)KUT MPOBEPKA TMITOTE3bI HE3aBUCHUMO-
CTH MEKAy FeHOTUIIOM U HajIu4yreM 3a0oseBanusi. B mocieanee BpeMs B CBS3M NPOBEACHUEM OAMHAKOBBIX HC-
CJICIOBaHMH pa3HBIMH IPYIINIAMH YYEHBIX, TOSIBUIACH HEOOXOAUMOCTh OOBEIUHSATH UX PE3YIIbTaThI.

Mera-aHaiau3 — 3TO CTAaTUCTHUYECKUI TOAXO0/] aHAIN3a JaHHBIX Ha OCHOBE 00BbEIUHEHUS PE3Y/IbTaTOB He3a-
BHUCUMBIX KCIIEPUMEHTOB. L{enbi0 JaHHOTO MO/IX0/1a ABJSAETCS BBISIBICHHE U OLIEHKA CTENEHHU COIIaCOBaHHO-
CTH WM PACXOXKIEHHS PE3YJIbTaTOB MIPOBEACHHBIX 3KCIIEPUMEHTOB MTPH HAIMYMH CTATUCTUYECKON HEOAHOPOI-
HOCTH WM reteporenHocTH. Hanmpumep, B [1] mpu npoBeaeHNH MOJIHOT€HOMHOIO METa-aHajln3a acCcolMalui
ObLI0 Hai/ieHO 17 HOBBIX JIOKYCOB, aCCOLIMMPOBAHHBIX ¢ O0e3HbI0 [lapKuHCOHA, KOTOPBIEC B IPEABIAYIINX HUC-
CJICIOBAHUSX OBbUI OTOPOIICHBI.

B nannoii pabote ucciaeqoBaHbl GaKTOPbI, BAUSIONINE HA BEPOSITHOCTh OOHAPY>KEHHS HOBBIX aCCOLMAINN
1 0TOpachIBaHUE JIOKHBIX PU KOMOMHUPOBAHUM PE3YJIBTATOB MOJHOTEHOMHOTO aHalik3a accouuauui [2], a
TaKXe pU 00bEIMHEHNN BHIOOPOK HE3aBHCUMBIX SKCIIEPUMEHTOB. [IpH nccienoBanuy HCIONb30BaIOCH KOM-
MBIOTEPHOE MOJIEIMpPOBaHKe 1o MeTony Monre-Kapio [3].

[lo pesynbraram 3KCIIEPUMEHTOB, OBLIO YCTAaHOBJICHO, YTO IIAHC HAUTH HOBBIE JIOKYCBI, ACCOLIMHPOBAHHBIC
¢ HaOmoaeMbIM 3a00JIeBaHNEM, IPH TIPOBEACHNUHT METa-aHaIn3a C IIOMOILBI0 KOMOMHUPOBaHUs p-value MokeT
OBITH JOBOJILHO BBICOK IPY ONPEACICHHBIX YCIOBUSX, H JOCTUraTh 3Ha4eHus 95 %.
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B pabote npencraBneHbl pe3ynbTaThl aHAIU3a CTPYKTYPHO-(DYHKIMOHANBHOW OpraHu3aly T'eHHOH ce-
TH LUPKAJHBIX YacOB, CYTOUHOW JMHAMHMKH 3KCIPECCHH TE€HOB M CeTell 0enoK-OeNKOBBIX B3aUMOACHCTBHH.
AHain3 000rameHHOCTH TEPMUHAMHU [€HHOW OHTOJIOTHH TPYIII T€HOB C PA3IUYHBIMU JUHAMHUYECKUMHU Hart-
TEpHAMH CYTOYHOM SKCIPECCHU TO3BOJMII BBISBUTH MEPCIEKTHBHBIEC Ui MOJACIMPOBAHMS OMOIOTHYECKHUE
npoueccsl. Ha 310l 0CHOBE cO3/1aHa KOMIIBIOTEPHASI MOJIENb B3aUMO/IEHCTBUS aBTOHOMHOTO KJIETOUHOTO IIUp-
kajHoro ocrmuiaTopa ¢ cuctemoit NAD+ / SIRT1, a takke TpaHCKPUIIIMOHHBIM PETYISITOPOM CHCTEMBI UM-
MYHHOTO U BocnanureiabHoro orsera NF-kB. MoaenupoBanue BoinonHsiocs B cpene Matlab ¢ ncnonb3oBa-
nuem pemarens OAY — odel5s. list onieHKH napaMeTpoB MOZEIH 10 SKCIEPUMEHTAIBHBIM JaHHBIM HCIIOJb-
30Baics cnennanusupoBannblii makeT GEARS. Monenuposanue nokasano: 1) aktusHocts NF-kB nmeer sipko
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BBIPaXEHHBIN IIUPKaTHBINA XapakTep; 2) ¢ BO3pacToM yMeHblaeTcst akTuBHOCTh SIRT1, uTo B cBOIO ouepens
MPUBOJMT K YBETUUCHHIO aMIUIUTYAbl HUPKAJHBIX OcUMLIIIni aktuBHOcTH NF-KB u ycunenuto Bocmanu-
TEJIHOW peakiyy; 3) BO3pacTHbIC W3MEHEHUS JMHAMHKH [IUPKAJIHOTO OCHMILISITOPA MOTYT OBITh OOBSCHEHBI
ymenblieHneM aktuBHocTH SIRT1 ¢ Bozpactom.

Kaprorpadguueckoe npoenpoBaHye NPOCTPAHCTBEHHOM CTPYKTYPhl BHYTPEHHEH MOBEPXHOCTH
KaHAaJIa KOHHEKCHHA-26 JJIs1 JIyYIlIero IoHUMaHus ero GyHKIHU

B. C. Cusoorcenesos', C. B. Quaunnog®

'Unemumym 6uopusuxu xnemxu PAH

2Uncmumym mamemamudeckux npoonem ouonoeuu PAH — punuan Hnemumyma npuxiaonotu
mamemamuxu um. M. B. Kenoviuwa PAH
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DOI: 10.24411/9999-017A-2019-10321

B kauectBe mpumepa (QyHKIMOHAIBHO 3HAYMMOTO MPEACTABICHHS W aHaJIM3a MMPOCTPAHCTBEHHON opra-
HU3alUU MaKpOMOJIEKYIISIPHBIX CTPYKTYp, Ha MpHUMepe KOHHEKCMHOBOIO KaHasla MpejajaraeTcs ero "TuIco-
MeTpuueckas" KapTa, MOJydyeHHas HUIMHIPUYECKUM IMPOEHUPOBAHMEM aTOMOB €r0 BHYTPEHHEW MOJOCTH.
Haznagaemblii MpOEKIHSIM aTOMOB LIBET 0003HaYAET X OJM30CTh K OCH LUJIMHIPA U COOTBETCTBYET IPUHSTHIM
B KapTorpaguu KaHOHaM.

TakuM 00pa3oM, KpaCHBIM LBETOM Ha KapTe OTOOpakaroTcs "MUKU'", ¥ OHM Ha MOJYYECHHBIX HAMH Kap-
Tax COBMAJAOT C U3BECTHBIMM M3 JIMTEPATYPBl Y3KMMHM MECTAMU WJIM BOPOTAMHU, PAHEE ONPEAEICHHBIMHU B
X0JIe MHOTOJICTHHX PECYpPCOEMKHX BBIUYHCIHUTEIBHBIX IKCIIEPUMEHTOB — pelIeHueM ypaBHeHHH HpioTona/
JlamxeBeHa AJ11 MHOTOaTOMHBIX CUCTEM (MOJIEKY/IsIpHON quHamMuKoi) [1-3]. IlonTBepanB pe3ynbraTsl HUTHPY-
eMBIX PadOT OTHOCUTENBHO OHON U3 "BOPOTHBIX" aMHHOKUCIOT (A—F)Lys41, Ham BU3yabHBIA aHATIN3 OKpPY-
JKEHUS APYTOi Takol aMUHOKUCIOTHI (A—F)Asp2 BBISIBIIT BEPOATHYIO OIIMOKY B MOCTaHOBKE 33Jja4M IUTHPO-
BaHHBIX MCCIIEIOBAaHUN M yKa3all CIIOCOOBI €€ UCIIPABIICHUSI.

TeM cambIM, Halll HHCTPYMEHT JTA€T OCTPO HEJOCTAIOIIYI0 BH3YaJIbHYIO OCHOBY JUIS MTOCTAaHOBKH 3a]a4
BBIYUCIUTEIBHON OMOPHU3UKH B CUCTEMaX, COAECPIKALINX TPYAHOJOCTYITHBIE MAKPOMOJICKYIISIPHbIC aKTHBHBIC
LEHTPHI.

Paborta BrrmonHeHa npu prHaHCOBOH noanepxke Poccuiickoro gonna GpyHIaMEeHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-07-00354 A).
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WHTpOHBI rpyniisl 2 — OMHU U3 CAMBIX PACIPOCTPAHEHHBIX MOOMIIBHBIX 351eMeHTOoB. [IpeanonoxurensHo
OT 3TUX MHTPOHOB MPOU3OLLIN COBPEMEHHBIC MHTPOHBI U PETPOINEMEHTHI YejoBeKa. B OMoTexHOIOrun MH-
TPOHBI TPYMIIBI 2 UCHONB3YIOT B Ka4€CTBE CIIEHU(PUUECKUX BEKTOPOB ISl BBIKJIIOUECHHUS TCHOB.

C 01HO# CTOPOHBI, THTPOHBI TPYIIIHI 2 00J1a1a10T MHBAPUAHTHOM, XOTS M BAPHAOEIbHOM, BTOPUYHOM U Tpe-
TUYHOW CTPYKTYPaMH [IOOYIISIPHOTO THIIA, KOTOpasi 00ecneynBaeT CiocOOHOCTh HHTPOHOB K CAMOCIIAHCHHTY
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U nepeMeleHnto o reaomy. C Ipyroid, y ”HTPOHOB IPYIIIBI 2 B OOJNBIINHCTBE CIy4aeB OTCYTCTBYET CXOACTBO
MEXJly MOCJIE0BaTebHOCTAMHU, YTO OCIIOXKHSIET X KOMITBIOTEPHBIM MOMCK U PEKOHCTPYKIHIO BTOPUYHOW U
TPETUYHON CTPYKTYp. B HTOre 10 CHX MOp OTCYTCTBYIOT MPEACTABUTENBHBIE KOJUIEKIIUN CTPYKTYP DYKapHOTH-
YECKHX MHTPOHOB TPYIIIBI 2.

Ha ocHoBaHuM aHHOTHPOBaHHBIX B 0a3ze MOOWJIBHBIX HMHTPOHOB TPYMIBI 2 55 3yKapHOTHYECKUX IO-
cienoBaresibHOCTEH [1] MBI TOyaBTOMAaTHYECKH MOCTPOUIN 00OOIIEHHBIE MOJIEIN BTOPUYHON CTPYKTYPBI.
YepHOBOH BapHaHT CTPYKTYPBI CTPOMIIM C TIOMOIIBIO AITOPUTMa CUMYIUPOBAHOTO OTKUTa, KOTOPBIH (a) Mak-
CUMM3HPOBAJ YUCIIO TTOCIIEA0BATENILHOCTEH C 1IeNIeBOM BTOPUYHOM CTPYKTYpOil, MUHUMH3HpOBaI (0) ee cBo-
0onHyI0 BHEpruto U (B) BpeMs pabOThl MPOrpaMMBbl IS TIOMCKA MOCIEI0BATEIbHOCTEH HHTPOHOB IPYIIIBI 2
10 UX BTOPHUYHOM CTPYKTYype B TEHETMUECKUX TeKcTaX. Ha BTOpoM aTtane cTpyKTypbl KOPPEKTUPOBAINCH BpYyU-
HYIO, & TaK)Ke OTOMPAINCh KaHIUAAThl ¢ HEOOXOAMMBIMU TPETUYHBIMH B3aUMOICHCTBUSMHU.

Janee Mbl MPUMEHHUITU TTOJTyYSHHBIE MOJICTT BTOPUYHON CTPYKTYPBI HHTPOHOB TPYIIBI 2 IS KJaccuu-
KallM ¥ PEKOHCTPYKIMH CTPYKTYPBI HHTPOHOB rpymiisl 2 B 6a3e RFAM [2], Takum 00pa3oM OCTPOHB CTPYK-
TypHble Mozenu 11 1999 nocnenoBarensHOCTeN. 1 peAKMX CITy4yaeB TOMOJIOTHMUHBIX ITOCIIEI0BATEIbHOCTEN
HaIll{ MOJETH MOATBEPkKAAI0TCA MPUCYTCTBUEM KOAJANTUBHBIX Hap. /|1g MOCTPOEHHBIX CTPYKTYp MHTPOHOB
TPYIIBI 2 MBI IPOBENIM aHAJIU3 [IABHBIX KOMIIOHEHT MapaMeTPOB CTPYKTYPHI U BBISIBHJIM TJIaBHBIE CTPYKTYP-
HBIE JIETEPMHUHAHTHI.

Pa6ora BrmonHeHa npu prHaHCOBOU TIoAep ke bromkerHoro mpoekra 0324-2019-0040.
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B ocHoBy Haiero metroga uaeHTH(GUKAMHA aTOMOB TIOJIOKEH PEHACPUHT H300pakeHusl, ""mapaiensHoro"
[0 OTHOILEHUIO K '"TurncoMerpuueckoil” xapre [1], Ha KOTOPOM MPOEKIMS KaXA0ro aToMa 3aIlojIHAETCs LiBe-
TOM, COOTBETCTBYIOIIUM ONPEAEICHHOMY HICHTU()UKAIIMOHHOMY HOMEpY aToMa. DTOT HoMep (OPMUPYETCS B
nporecce noctpoenus: 3D-mMonenu MoneKyIsipHO cTpYKTYpsl Python-nporpammoii [2—4] B cpene Blender [5]
U IpeaCTaBIsieT co0oil 15-0uTHOE 1enoe yuco.

Kaxnpie nsate OUT HACHTUPHUKATOPA Pa3MELIaloTCsl B MIIAAIINX pa3psiiax 8-OMTHBIX 3HAYCHUH IIBETOBBIX
RGB-kommonenT, onpeaenstomux uset aroma. Crapmue Tpu 6uta RGB-KOMIIOHEHT OAMHAKOBBI y BCEX aTo-
MOB, IPUHAJUIEKAILNX OJTHOMY U TOMY K€ XUMUYECKOMY JIEMEHTY, U ONPEEIIAIOT A HEro oAuH u3 512 Bo3-
MOJKHBIX [IBETOBBIX OTTEHKOB.

[Ipu mocTpoeHun MONEKYIAPHOI MOZIEH, LIBETA, COOTBETCTBYIOIINE aTOMaM, COXPAaHSAIOTCS B MHAUBHTY-
AJBHOM JUIS Ka)KAOTO aroMa HIeiiepe M 3aliChIBalOTCS B TEKCTOBBIN (paiin — Tabnauily COOTBETCTBHS LIBETOB
PDB-0603Ha4eHHsIM aTOMOB.

st HarsiiHOM MIeHTH(UKAMK aTOMOB HaMK Hamucana Python-nporpamma, ucnons3syromiast 0uOnuore-
ku PIL [6] u Tkinter [7].

Pabora BrmonHeHa npu (prHaHCOBOW Toanepxkke Poccuiickoro gonma GpyHIaMEHTaTBHBIX UCCIIETOBAHNHN (KO TIPO-
exra 18-07-00354 A).
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[pennoxen merox rpadudeckoro 2D-npeacraBierust (OHO)MOJEKYISPHBIX CTPYKTYpP HMOCPEICTBOM ITH-
JUHPUYECKOTO MpoeupoBanust ux 3D-monenei, rae pa3BepHyTas B INIOCKOCTh IIOBEPXHOCTD IMITUH]PA OTO-
OpakaeT B3aUMHOE PACIIOIOKEHHE aTOMOB, a IIBET OTpENeNsIeT UX B3auMOpacloiokenue o rryoune. Lser
BBIOMpAETCS B COOTBETCTBHHU C OTKJIIbIBAEMbIM Ha TPaIMCHTHON [IBETOBOM IIKaJIe KpaTYallllM pacCTOSTHUEM
OT IICHTpa aroMa JI0 OCH IHIHH/PA.

"T'uncomerpudeckue" KapThl, IpUMEHsieMble B KapTorpadu# [ 1], Mbl mpejiaraeM UCIob30BaTh ISl Ipe/l-
CTaBJICHHS U aHallM3a MPOCTPAHCTBEHHOW OpraHU3aluyd OMOMaKpOMOJICKY/SIPHBIX M HEOMOJIOrHYECKIX HaHO-
CTPYKTYp. B 0COOEHHOCTH OHM IMOJIE3HBI JUISI CTPYKTYP, HMEIOIINX HUIMHIPHIECKYI0 CHMMETPHUIO (MHOTHE
MeMOpaHHbIe OCJIKM U HAHOTPYOKH). MeToJ yI00eH i UCCASIOBAaHUN MOJICKYJISIPHBIX CTPYKTYP, COIepKa-
IIMX TPYIHOAOCTYIHBIE Ul BU3yaJbHOTO aHAJIM3a CAMThl CBS3bIBaHWs. Ham MeToa Mmo3BojsieT pa3MecTHTh
MPOEKIIMOHHYIO TIOBEPXHOCTh B MOJOCTU MOJICKYISIPHON MOJENN W TONYYUTh HADISAJHYIO KapTy IJisi OLleH-
K{ caiiTa CBSI3bIBAHMS 110 €T0 JIOCTYITHOCTH MOJIEKyJaM-JIMTaHaM MM KaHaja 110 MPOXOKACHUIO Yepe3 Hero
cnenn(pUIecKuX MOJIEKYJ/HOHOB.

Merton peanuzoat B Buje Python-iporpammer [2—4], ucnonnsiemoii B cpene 3D-penakropa Blender [5].

Pabora BhinosiHeHA nipu HHUHAHCOBO# Moz iepikke Poccuiickoro donaa GyHmaMeHTATBHBIX HCCIIEM0BAHUN (KO IPO-
ekra 18-07-00354 A).
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