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HNPEANUCJIOBHUE

16—18 Hos16ps 2016 r. Ha 6aze HammoHansHOTO HCCIen0BaTENbCKOT0 TOMCKOTO Trocyaap-
CTBEHHOI'0 YHMBEPCUTETA IPOLLIA €XETOAHAs MEXIyHapOoAHAas MOJIOACKHAS HayyHas KOH-
depeHius «AKTyallbHBIE TIPOOJIEMBI COBPEMEHHOM MEXaHWKH CIUIONIHBIX Cpell U HeOEeCHOM
MeXaHUKu». B KoH(epeHnn NpuHAIN yyacTue Moiosible uccienonarenu u3 Pocecun, Kazax-
ctaHa, Ykpaunsl, bonrapuu, [Tonemm, Cepoun, Kananet u Utammu. B Poccnn yuacTHHKaMU
KOH(pepeHIMn cTanu Mojoable ydeHole U3 Tomcka, Mocksbl, HoBocubupcka, baphayna,
H.HoBoropona, Kazanu, Komcomoinbck-Ha-Amype, bupoOumkana, HoBoky3Henka u apyrux
TOpOJIOB.

Hekan ¢usuko-texunueckoro ¢akynprera npodeccop lparep D.P. mompuBeTcTBOBaAN
YYaCTHUKOB KOH(EpPEHLHU M IOKeNaj IJIOJOTBOPHOW HaydHOH pa®oTbl. C IUIEHApHBIMH
noxmagamMu BeicTymu nipeacraBurenb OO0 «KyzbaccCrenB3psiB», KOTOpBIM paccka3 o
BO3MOXHOCTSIX KOMIIAHUHU IO MPOU3BOACTBY B3PBIBHBIX Pa0OT Ha OrpoMHOI Tepputopuu Cu-
Ooupu. I'naBHbli nHkeHep K.T.H. Canoxud A.H. nmpogemoHcTpupoBasl Hanubosaee UHTEPECHbBIE
paboThl Ha TEMY B3PBIBHOI'O HArpy>KE€HHs I'€OJIOTMYECKMX MaTepUalloB U HE MCKIIOYMI CO-
TPYJHUYECTBA B AKCIIEPUMEHTAIbHBIX HccienoBaHusax. Crapublii HayuHbli coTpyanuk HUN
IPUKJIAJHON MaTeMaTUKU U MeXaHUKH Yepenanos P.O. 1010XWI O BO3MOKHOCTSIX BEHBIIET-
npeoOpa3oBaHuil AJis PELLIEHUS] COBPEMEHHBIX 33/1a4 MEXaHUKH CIUIOUIHBIX CpPEJ.

Joknan x.¢.-M.H. bo6cyHOBCckoro A.b. mocssiieH ruOpuaAHON cxeme CHCTeMbl MOHHUTO-
pUHTa, B KOTOPOM HAa OCHOBE M3MEPEHHBIX NapaMeTPOB pelaeTcst oOpaTHasl 3aJada Mo orpe-
JieNeHnIo 1e(hOpMUPOBaHMS HECYLIMX KOHCTPYKLHMH coopyskeHus. Bynymmm wuccrienoate-
JSIM TIPE3E€HTOBAJIM HOBBIE MPOJYKThl HHHOBALIMOHHOW KomnaHus «CapoBckuil MHxeHepHbIi
[lenTp». Pe3ynpTaThl pOoCCUICKO-TIOIBCKUX HAYYHBIX UCCIIEIOBAaHUI 03BYYEHBI B IIOCIECIHEM
JIOKJIaJie Ha TEMY YJapHO-B3pBIBHOIO HarpyskeHus jbjaa. IIpeseHroBana HoBasl pa3zpaboTka
TOMCKUX YYEHBIX JUISl M3yYEHUS JUHAMMUYECKOIO Pa3pyLICHHUs KOHJECHCHUPOBAHHBIX CpEll —
MoOwiIbHas JabopaTopus «B3pblBHOE HarpykeHHE HNPUPOAHBIX M T'€0JIOTMYECKUX MaTepua-
JIOBY.

OnHO# U3 OCHOBHBIX 1LieJIei KOH(EPEHIINH SBISUIOCH IPUBIICUCHUE U 3aKpeIuieHue B cepe
HAayKd W WHHOBAIIMA MOJIOJBIX HCClenoBareneil — Oyayimero oredecTBeHHON Hayku. PaboTa
KOH(EpEHIIUN TPOXOIUIIO B paMKaX 6 CEKITHIA:

1. B3pbIBHBIE, AETOHAIIMOHHBIE NTPOLIECCHI U CBOICTBA BEILIECTBA IPU BHICO
KODHEPreTUUECKUX BO3/IEHCTBUSX,

2. YucneHHble METOIBI, AITOPUTMBI, IPOIPaMMbl M TOYHBIE PEIICHUA 331a4 MEXaHUKU
CIUIOIIHBIX CpeN,

3. HccnenoBaHuss HOBBIX NEPCIEKTUBHBIX MAaTEpUAJIOB B IPUIOKEHUSIX MEXaHUKU
CIUIOIIHBIX CPEN,

4. bannucTuka 1 HeOecHast MEXaHUKa,

5. Bonpocsl TeOpEeTUUECKON MaTeMaTUKH,

6. Martematuueckoe U GpU3NUECKOE MOJEIUPOBAHUE TEXHUUECKUX U IPUPOAHBIX CUCTEM.

Ha 3akpeitun koHdepennuu Beictynit akagemMuk PAH Jlumanos A.M., nupekrop MucTH-
tyra Mexanuku YpO PAH. AkanzeMuk pacckasal 0O IUIOJOTBOPHOM paboTe MO pELICHHIO
MNPAKTUYECKHU 3HAYMMBIX 3a/1a4 JUIsl paKeTHO-KOCMUYECKOW OTpaciii U BpY4YWJ NaMSATHBIE IU-
IUIOMBI 32 JIyYIlIHe JO0K/Ia bl MOJIO/BIM Y4aCTHUKAM KOH(pEPEHIUH.

WNudopmanms o koHpepeHIH HaxoauTcs Ha caifre: http://ftf.tsu.ru/node/818

o HOBBIX BCTpeu!
Ilpencenarens
[TporpammHOro KoMuTeTa KOH()EPEHINU
[Mpodeccop Inazynos A.A.,
[Mpencenarens OpraHU3alMOHHOTO KOMHUTETA KOHQEPEHIUN
K.¢b.-m.H., Oprog M.IO.
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PREFACE

16—-18 November 2016 at the National Research Tomsk State University hosted the annual
International Youth Scientific Conference "Currently issues of modern continuum mechanics
and celestial mechanics — 2014". The conference brought together young researchers from
Russia, Kazakhstan, Ukraine, Bulgaria, Poland, Serbia, Canada and Italy. In Russia, the
conference participants were young scientists from Tomsk, Moscow, Novosibirsk, Barnaul,
N.Novogorod, Kazan, Komsomolsk-on-Amur, Birobidzhan, Novokuznetsk and other cities.

Dean of the Faculty of Physical technical prof. Schrager E.R. welcomed the participants
and wished good scientific work. Plenary reports made by the representative of
"KuzbassSpetsVzryv" Itd., which is the story of the company's ability to manufacture blasting
in the vast territory of Siberia. Chief Engineer Ph.D. Sadokhin A.N. demonstrated the most
interesting work on the topic of explosive loading of geological materials and did not rule out
cooperation in experimental studies. Senior researcher Ph.D. Cherepanov R.O. (Institute of
Applied Mathematics and Mechanics at Tomsk State University) reppoted about the
possibilities of wavelet-transforms to solve modern problems of continuum mechanics.

Report Ph.D. Bobsunovskiy A.B. dedicated hybrid circuit monitoring system, which based
on the measured parameters solve the inverse problem of determining the deformation
structures bearing structures. Future researcher presented new products innovative company
"Sarov Engineering Center" Itd. The results of the Russian-Polish research announced in the
last report on the subject of shock-explosive loading ice. A new development of Tomsk
scientists to study the dynamic fracture of Condensed Matter: mobile laboratory "Explosive
loading of natural and geological materials" was presented.

One of the main goals of the conference was to attract and retain the science and
innovation of young researchers — the future of Russian science. The conference was held
within the framework of six sections:

1. Explosion, detonation, phenomena and properties of matter at high intensive,

2. Numerical methods, algorithms, codes, and accurate solutions of the continium me-
canics,

3. Investigation of advanced materials in applications of continuum mechanics,

4. Ballistics and Celestral mechanics,

5. Aspects of theoretical mathematics,

6. Mathematical and physical modeling of technical and natural systems.

At the close of the conference was attended by Academician Lipanov A.M., di rector Insi-
tut Mechanics UB RAS (Izhevsk). Academician spoke about the fruitful work to address prac-
tically significant problems for the space industry and awarded diplomas for the best reports
the young participants.

Information about the conference can be found at: http://ftf.tsu.ru/node/818

Until next time!
Co-chairman Conference Program Committee
Professor Glazunov A.A.
Chairman Conference Organizing Committee
Ph.D., Orlov M.Yu.



IHJIEHAPHBIE JTOKJIA/IbI

PLENARY SESSION

AKTYAJIBHBIE ITPOBJIEMbI IMHAMHNKHU OKOJIO3EMHBIX
KOCMHNYECKHUX OFBEKTOB

T.B. boproBuubiHa
HanmonanbsHbIi uccnenoBarebCckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®enepauus, 634050, r. Tomck, nip. Jlenuna, 36.
tvbord@sibmail.com

OO6CykmaroTcs CAeAyOIMMe MPOOIeMbl COBPEMEHHOW TUHAMUKH OKOJIO3EM-
HbIX KocMUuuYeckux 00beKkToB (OKO): BEICOKOTOYHOE MOJIETUPOBAHUE IBUKEHUS
00BEKTOB C y4eTOM OCOOCHHOCTEH BJIMSIHUSI CBETOBOTO JIABJICHHSI; BEPOSITHOCT-
HOE OMHUCAHUE JIBUKEHUS U MPOTHO3UPOBAHUE CTOJIKHOBEHUIN OOBEKTOB B OKO-
jJo3eMHOM kocmudeckoM mpocTtpancTBe (OKII); uccnenoBanue auHaMU4YeCKOM
ctpykTypsl OKII. CoBpemeHHbIM TpeOOBaHUEM K MPOTHO3UPOBAHUIO JIBUKEHUS
BHeatMochepubix OKO sBnsieTcss AoCTHXKEHHE CyOCAHTHUMETPOBOM TOYHOCTH
npe/cka3aHusi MPOCTPAHCTBEHHBIX IMOJOKEHUNM 00bekTa. YMCIIEHHbIE MOJEIH
nerkenus OKO cnocoGHbI, B MPUHIIKIIE, aBAaTh TAKyI0 TOYHOCTb.

OpHako TJIaBHBIM MPEMSTCTBUEM B OOJBITMHCTBE CIy4aeB CTAHOBUTCS YYET
BIIMSHUSL CBETOBOTO JIaBJICHUSl HA JABWIYKEHHE CIyTHUKA. DTOT BO3MYLIAOIIMIA
dakTop crocoOeH KapAMHAIBHO MEHSTh OPOUTAIBHYIO SBOJIIONUIO OOBEKTOB.
Brnusare pannaniMoHHBIX CHJI CHJIBHO 3aBHCHT OT T€OMETPUYECKUX U (Pu3nye-
ckux cBoiictB noBepxHoctu OKO. 3amaua mocTpoeHUs: MTHOBEHHOM MOJENH
OCBEIIEHHOW MOBEPXHOCTU OOBEKTA B HACTOSIIIIEE BpEMsI aKTyallbHA KaK JJisl BbI-
COKOTOYHOTO MPOTHO3UPOBAHUS JABUKECHUS JEUCTBYIOIIMX KOMHYECKHX amma-
patoB cnoxkHoit dopmbl, Takux kak ['JIOHACC u GPS, tak u i 00beKTOB
KOCMHYECKOTI'0 MyCOpa, UMEIOIIUX HEM3BECTHYIO, MHOT/Ia BECbMa MPUIY IJIUBYIO
dbopMy U TpeXOCHOE BpallleHHe BOKPYT LIEHTpa Macc.

Bropoii npo6iemoii AMHAMUKU SIBISIETCS BEPOSATHOCTHOE MPOTHO3UPOBAHUE
newkennss OKO u mpejackazaHve BO3MOXXHBIX CTOJKHOBEHHH 00BekTOB. [lo
CBOEH CyTH BCE MOJIEIHN JBUKEHUSI O0BEKTOB, MOJYUYEHHBIE IO HAOJIIOICHUSIM,
SBIITFOTCSI BEPOSITHOCTHBIMU. Habimonenusi, 1axe camble COBPEMEHHBIE, UMEIOT
ciyvaiiaeie ommoOku, [loaToMy mapameTpbl ABHKEHHS OMPEEISIIOTCS METOI0M
HAaMMEHBIIUX KBaJpaTOB, KOTOPBI MO3BOJISIET MOJIYYNUTh HE CTOJBKO CaMU Ma-
paMeTphl, CKOJIbKO BEPOSITHOCTHBINA DJUIMIICOU]T paccesHus B (ha30BOM MIPO-
CTpPaHCTBE MapaMeTpPOB, B KOTOPBIM 3TH MapaMeTpbl MOMaaaiT. BeposaTrHoCTh
NONaJaHus UCTUHHOTO PEIICHUS B DJUIUIICOM]] PaCCEMBAaHUs OJIM3Ka K €IUHUIIC
IPY YCJIOBUU MAJIOCTH CHUCTEMATUYECKUX OIMMOOK B HAOIIOACHUSX M MOJEIH
newkeHus. [Ipu TakoMm moaxoze opOUTalIbHAST SBOJIIOIUS MPEICTABISET COO00
HBOJTIOLIMIO 00JIaCTEi BOZMOXKHOIO IBUKEHUS 00BEKTA.



O0sacTi BO3MOKHBIX JBUKEHUU PACCUUTHIBAIOTCS KAaK COBOKYIIHOCTb 3BO-
JTIOIUOHUPYIOMUX OPOUT MHOTOYHUCICHHBIX KJIOHOB HCCIEAYEeMOTo OOBEeKTa,
HavyaJIbHbIE MTApaMETPbl KOTOPHIX BbIOPAHBI CIIy4ailHbIM 00pa3oM U3 HayalbHOTO
jurncouia paccessiHusa. TOYHOCTh MPEACTABICHHUS] TEM BBIIIE, YeM OOJblIee
YHUCJIO KJIOHOB paccMaTpuBaeTcs. BeposTHOCTh CTOJIKHOBEHUSI OOBEKTOB JIPYT C
JIPYTOM OIIEHMBAETCS KaK OTHOLIEHUE YKCJIa CTOJIKHYBIIUXCSA OpPOUT K 00IeMy
YHCIIy OPOUT KJIOHOB. [l mOSydeHHs] HAJIeKHOM OLIEHKH HYXHO paccMaTpH-
BaTh OpOUTaAILHYIO0 BOJOIMI0 HE MeHee 100000 KIoHOB.

[Ipouecc 04YeHb TPYAOEMKHM M pPEAIU3YEMBIA TOJBKO C HCIOJIb30BAHHUEM
MHOT'ONPOLIECCOPHBIX BBIYUCIHUTENBHBIX cUcTEM. [loaTOMYy B HacTosliee BpeMs
Pa3BUBAIOTCSI BCEBO3MOXHbBIE OBICTpbIE METOJIbI U MpeoOpa3oBaHUs, yCKOPSIO-
1€ MPOLECC PEIIEHUS.

W, HakoHel, B MMOCJIEAHUE JECATUIIETHE OCTPO BCTaja MpoOiieMa 3HAHUS JIH-
Hamuueckon cTpykrypsl OKII B nenom. [leno B ToM, uto B Teuenue 50 et
OKII vHTEHCHBHO TMOMOJHAETCS OTPAOOTABIIUMU KOCMHUYECKUMH aIapaTaMu
(KA), mocienHuMU CTYNEHSAMH pPaKeT-HOCHUTENEH, pPa3rOHHbIMU OJIOKaMU H
dparmenTamu, 00Opa3z0BaBIIMMUCA B pe3yJibTaTe pacnaja oObEKTOB Ha OpOUTE.
B nacrosiee BpeMst B 0ko03eMHOM kKocMmuueckoM npoctpanctse (OKII) cyie-
ctByeT okoJio 20 000 TONBKO 3aperuCTPUPOBAHHBIX U PETYJSIPHO HAOIIOAAEMBIX
kocmudeckux 00bekToB (KO) pazmepom Gosbinie 10 cm.

[Tpu 3TOM TONBKO 7% 00BEKTOB SBISIOTCS (QyHKIMOHUpYIomMu KA, octanb-
HbIE OTHOCSTCSI K MACCUBHBIM O0ObekTaM KocMmuyeckoro mycopa (KM), xoropsie
JBWOKYTCSI TI0 3aKOHAM HEOECHOM MEXAHWKH W TIOJYUHSIOTCS TEeM TUHAMHYECKUM
3aKOHOMEPHOCTSIM, KOTOpPBIE XapaKTepHBI JJIsi cooTBeTcTBYIoMIer odmactu OKIIL
D710 U JenaeT HeOOXOJUMBIM 3HAHUE TUHAMUYECKUX OCOOEHHOCTEH OTAENbHBIX
WHTEHCUBHO MCToNb3yeMbix oomacteit u Bcero OKII. Kpatkwii 0030p pe3yapTaToB
U IepeuYeHb HEPEIICHHBIX BOIPOCOB MO TPEM MEPEUHCICHHBIM BbIIIE ITPOOIEMam
NPEJCTABJIEH B HACTOSIIEM JOKJIA/IE.

Pabora BbimonHena npu ¢unancoBoil nojaepxxkke PODU, rpant Ne  15-02-
02868

ACTUAL PROBLEMS OF THE DYNAMICS OF NEAR-EARTH SPACE
OBJECTS

T.V. Bordovicyna
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
tvbord@sibmail.com

We discuss the following issues of modern dynamics of near-Earth space ob-
jects (NEO): High-precision the motion simulation of objects taking into ac-
count features of the influence of the light pressure; Probabilistic description of
the motion prediction and collision of objects in near-Earth space (NES); The
study of the dynamical structure of the NES.
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BO3MOKHOCTH TPYJIOYCTPOMCTBA BBIITYCKHUKOB
BY30B ®U3NKO-MATEMATHUYECKNX HATIPABJIEHU
HOAIOTOBKH

JI.LH. MyxuH

HanmonaneHeiil uccnenoBarenbCkuii TOMCKHM roCy1apCTBEHHBIN YHUBEPCUTET
National research Tomsk state university
cstv@mail.tsu.ru

Jlsiss moaBSIONIEro OONBIIMHCTBA MOJIOJBIX JIIOAEH BbICIIEEe 0Opa3oBaHHE
3TO HE CaMOIIEJIb, @ UHCTPYMEHT JJIsl YCIEUIHOM TPYJOBOM AESITEIbHOCTH, IO-
CTpoeHHsI coOCTBEHHOU Kaphephl. [loaTomy 3amymbiBaThest 0 Oyayiiem TpyAo-
YCTPOMCTBE CTYACHT JIOJDKEH, HAUMHAs C MEpBbIX JHEH MepBOro Kypca. A Bo3-
MOHOCTEH BbIOOpa AajbHEHIIEH TPYJIOBOM AEATEILHOCTH 3a TOJbl 00y4YeHUS
OyJleT Mpe0CTaTOUHO.

B niepByro ouepenb yHUBEPCUTET TOTOBUT yUE€HBIX-UcciienoBareneid. Cepbes-
HOE 3aHATHE HAYKOH MPEAINojaraeT 3aluTy AUCCEPTAMU U NPOJOJKEHUE NIes-
TEJIBHOCTH Ha Kadeape Win B HAyYHO-UCCIIEIOBATEIHCKOM UM aKaJeMHUYECKOM
uHctutyTe. CTyneHToB u acnupanTtoB TI'Y Bcerma rotoBbl BUIETh y ce0s aka-
JEMUYECKUE MHCTUTYTHI HE TOoIbKO Tomckoro ¢unmana CO PAH, Ho u uHCTH-
TyThl HoBOoCcHOMpcKkoro Akanemropoaka. Bee a3Tu mHCTUTYTHI cBsi3bIBatoT ¢ TI'Y
MHOTOJIETHUE HAy4YHbIE KOHTAaKThl U MHOTHE JECATKH BBIIYCKHUKOB, padoTaro-
1€ B Pa3JIMYHbIX HAIPABJICHUSX.

3HAKOMCTBO C OyylIUM padoToAaTesieM MOXKHO HadaTh yepe3 Murepuer. Ha
caliTe MHCTUTYTOB, KaK MPaBWIO, IPUCYTCTBYET pa3jieil, NOCBSIICHHbIA Kaphe-
pe, BaKaHCHUSAM, YCIOBHUSM IpPUEMa MOJIOABIX CHELHAIUCTOB U MPOXOKIACHUS
IPAKTUKKU CTyJAEHTaMH. TaM MOYKHO MO3HAKOMHUTBCS C YCIIOBUSMH, OTIPABUTh
CBOE PE3I0ME, MOIYYUTh KOHCYJIbTALUIO.

Haykoil M0O>XKHO 3aHMMAaThCA W Ha MPOMBILLICHHBIX MPEANPUATUAX, [AE TEC-
HEe CBSI3b C IPOM3BOJCTBOM U OOJIbIIE BO3MOXXHOCTEH YBUIETH PE3yJIbTAThI
cBoel paboThI «B xene3eyn. Ha ux cailtax Takke ecTb BCsl MHPOpMAIIHS.

XopomuM 3azieloM K OyaylieMmy TpyAOyCTPOMCTBY SBIIS€TCS MPOU3BOJCT-
BEHHas MpakTuka. MecTo MpakTUKKU MOXKHO BBIOpaTh cebe caMOCTOsITENbHO, pa-
30CJIaB HECKOJIBKO JIECATKOB PE3IOME U CONPOBOAMUTENIBHBIX NTUceM. [ 1aBHOE yC-
JIOBHE 3[1€Ch, KOHEYHO, AKTUBHOCTh CaMOI'0 CTYAEHTa, HO OOJIBIIYIO ITOMOIIb
MOTYT U JJOJKHBI OKa3bIBaTh MPENO/IABATEN U COTPYIHUKH Kapeaphl: OUEPTUTD
KpPYT OpEeanpUsTHi, TOMOYb COCTaBUTH MEPBOE MPOPECCHOHATBHOE PE3IOME,
HAIMCaTh CONPOBOAUTEIIBHOE TUCBMO, XapaKTEPUCTHUKY.

B 2010-x rT. pe3ko yBEIMYMIOCH KOJIMYECTBO MPEIOKEHHUN OT KPYITHBIX
KOMIIaHUW O TIpreMe Ha pabOTy MOJIOABIX CIEUUATMCTOB UHKEHEPHBIX U (hU3u-
KO-MaTEeMaTUYECKUX creuuanbHocTeil. KpynHeime mnpoMblIUIeHHbIE Mpe.-
npustusi Poccuu, ucnbIThIBas NePUIMT KaJpoOB, CTAPAIOTCA «PEKPYTUPOBATH
OyIylIUX COTPYAHHKOB €lIe CO CTYJIEHYECKOM ckambu. B TeueHue ydyeOHOrO
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rojla MEHEKEphl N0 MEPCOHANY IMOCEIIAIT BY3bl M MPOBOJAT MPE3CHTALUU.
JIroboe kpyrnHOe MpeAnpusiTUe BEAET MOJUTUKY HE TOJbKO PEKPYTHUHIra, HO U
ajanTalyu, MOAJACPKKU U Pa3BUTHUS BBIITYCKHUKOB, CTPEMSICh B KOPOTKUM CPOK
NpEeBpPaTUTh UX B KBATU(UIIMPOBAHHBIX CIEUHUAIUCTOB. B kadecTBe mpumepa
MOXHO nipuBectu Denepanbubie saepHbie HeHTpsl BHUUT® (r. CHexxuHCK) U
BHUUD® (r. Capos), «HpopMaimoHHbIE CITyTHUKOBBIE cUCcTeMbD» (T. XKenes-
HOTOPCK) U MHOTHE JPYTHE.

Hpyras  BO3MOXHOCTb  TPYAOYCTPOWCTBA  BBIMYCKHUKOB  (PU3UKO-
MaTeMaTUYECKNX HaIpaBJICHUN MOATOTOBKM — 3TO BAaKaHCUU «IKOHOMMCT-
MaTEeMaTHK», «KMaTeMaTUK-aHAIMTUK». B Takux crnenuanucrax HyXIarTcs OaH-
KW, KPYIHbIC KPEAUTHBIC OpraHU3alNnH, OpOKEepCKHe KOHTOPHL. KpymHble mpo-
MBIIIJIEHHBIE ¥ JOOBIBAIOIINE MPEANPUITHS TTOCTOSHHO aHATU3UPYIOT YPOBEHb
Y IIPOTHO3 M3MEHEHHUS 1IeH Ha MUPOBBIX PHIHKAX HA CBOIO M CMEXHYIO MPOAYK-
nu0. BOT HEKOTOphle M3 HANpaBiCHUN NEATENBHOCTH TAKUX CIEHHUAIIUCTOB,
B3SIThIC U3 PEaJIbHbIX BAKAHCHUIA:

— pa3paboTKa U COMPOBOXKICHHE MaTEMAaTUYECKUX MOJIeNIel CIipoca, LIEHO00-
pa3oBaHus, OLEHKU PUCKOB U T.IL.;

— aHaJIM3 ¥ MPOTHO3UPOBaHKE PHIHKOB HedrenpoaykToB Poccun u CHI';

— BeZieHue MHGOPMAIIMOHHON 0a3bl ppIHOYHON CTATUCTUKH U T.I.

Jiist paGoThI B 3TOM 00J1aCTU HEOOXOIUMBI JOTOTHUTENIbHBIE KOMIIETEHIIMH B
00J1aCTH PKOHOMUKH, KOTOPBIE MOXKHO MOJY4YHTh, MPOCIYLIaB OTACJIbHbIE KYp-
cel. CoBpeMeHHas cucTemMa 00pa3oBaHus JAET TaKy0 BO3MOXKHOCTb.

OuyeHpb XOpomuii Criocod MPHOOPECTH KOMITETCHIIMN B 00J1aCTH SKOHOMHUKH —
BBIYUUTHCA U MONY4uTh cepTudukar nporpammucta 1C: Ilpennpusitue. la u
camu BakaHcuu mporpammucta 1C BCTpeqaroTcsi O4eHb 4acTo, MO3TOMY dTa 00-
JIACTh TOXE MOKET CTaTh BO3MOXKHOCTBIO JJISl 3aHSITOCTH BBIITYCKHUKA — MaTe-
MaTHKa.

Kpome cOOCTBEHHBIX CaWTOB MNpeanpusaTHii, B MHTEpHETE MOXHO HaWTH
MHO»ECTBO MCTOYHHKOB MH(OpPMALMK O BO3MOXKHOCTSIX TpyJoycTpoicTBa. B
MEPBYIO OYEPEIb 3TO, KOHEUHO, CHEIUMaTU3UPOBaHHBIE CANTHI ¢ MPSMBIMU Ba-
Ka"cusiMu paboroaareneii. B ToMcke OCHOBHBIMM CaliTaMM JijIsl IOMCKA PabOThI
ABJISIIOTCS: vacancy-tomsk.ru, tomsk.zarplata.ru, hh.ru. bazy cceutok Ha cTpaHu-
bl BakaHCHUM npennpustuil r. ToMmcka MoxHO Haith Ha caite OIluT TI'V:
cstv.tsu.ru/vacancyy.pdf. aTepecHyto nuH@opmManuio 0 BO3ZMOXKHOCTSIX TPYJIO-
YCTPONCTBA MOXHO TOJYYUTh HA MPOQPECCHOHATBHBIX (opyMax, 00CYKICHUIX
B Omorax u T.1. ['1e, kak He Ha MpodecCHOHATBHBIX TYCOBKAaX MOXKHO Y3HATh
YeM U TJie 3aHUMAIOTCS CHEIUATUCTBI OMPEACICHHOTO NMpoduiis, KyJia u KoMy
MOHO HPEIJIOKUTh CBOU YCIYTH.

Eme onHo HampaBieHuE MOKMCKAa MHTEPECHBIX BaKaHCHIl — 3TO COLIMAJIbHBIC
cet. B mepByro ouepenp, Ui CIEMATUCTOB 3T0, KoHeuHO, LinkedIn. Ota ceTsh
CHeNUaIbHO TPEIHAa3HA4YCHA IS BCTPEYH U MPOGECCHOHAIBHBIX KOHTAKTOB
cnenuaiucToB. HekoTopbiM oThaneHHbIM aHasioroM B Poccum siBisieTcs ceThb
professionali.ru.
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Taxum o6pasom, nepena CcTyaeHTaMH (U3UKO-MAaTEMaTHUECKUX HalpaBICHUN
NOJITOTOBKM OTKPBIBAETCS MHOKECTBO BO3MOKHOCTEH HAWTH U BBIOpATh MHTE-
peECHYI0 paboTy Mocjae OKOHYaHMs By3a. [l 3TOro Hajjo OnpeaenuTbes ¢ BbIOO-
pom Oynyl1en 3aHITOCTH, IOCTaBUTh ceOe LieNb ellle Ha 2-3 Kypce U UCKaThb JIF0-
nel, paboroaaTeneil, NpeAnpUsTHs, KOTOPbIE IOMOTYT €€ IOCTUYb.

OPPORTUNITIES OF EMPLOYMENT OF
GRADUATES - PHYSICISTS AND MATHEMATICIANS

L.N. Mukhin

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
cstv@mail.tsu.ru

Presents sources of information about vacancies and future prospects of em-
ployment of graduates. A list of companies that employ young professionals.

®U3NYECKHUE SIBJIEHUS C TO3UIIUHA CAMOOPTAHU3AIINN

FO.I1. Muxait;inueHKO
ToMckuii rocy 1apCTBEHHBI YHUBEPCUTET
mup@phys.tsu.ru

OO0pa3zoBaHue ynopsiAOYEHHBIX CTPYKTYpP, KOTOPBIE MPOUCXOAAT B pe3yJibTa-
T€ BHYTPEHHEW NEPECTPOMKH CUCTEMBI, HE 3a CUET BHEIIHEr0 BO3JECHCTBHS, Ha-
3bIBaeTCsl camoopranuszanueil. Camoopranuzanus — (yHIaMEHTaJIbHOE IOHS-
THE, YKa3bIBAKOLIEE HA Pa3BUTHE CUCTEMBbI B HAIIPABICHUU OT MEHEE CIIOKHBIX
00BEKTOB K 00JI€€ CI0XKHBIM U YIOPSAI0OUEHHBIM popMaM opranuzauuu. B kax-
JIOM KOHKPETHOM CJIy4ae CaMOOPraHu3alus MPOSBIETCA I10-pa3HOMY, YTO 3a-
BHUCUT OT CJIOKHOCTH W IIPUPOABI U3ydaeMou cucteMsl. [Ipu sTom ¢ ogHOM CcTO-
POHBI pa3inyaloT PaBHOBECHbIE (DOPMBI OPTaHM3ALMU, a C JAPYTrOil CTOPOHBI B
0COOBI HEJIIMHEWHO-TMHAMUYECKUH KJIACC CaMOOPIraHU3YIOLIUXCS CTPYKTYp
O0BEAMHAIOTCS MPAKTUYECKH BCE (PU3NUYECKUE, XUMHUECKHE M OMOJIOTHYECKHUE
CTPYKTYpbI, KOTOPBIE PaHbILIE IPUHIIUIIMAIBHO HE CBOJNUIIMCH BMECTE.

351ech Mbl CTaBUM Iiepes co00H 3a1auy pacCMOTPETh PsJl SABJICHUNA U TpoLec-
COB U3 KypCOB (PM3HKH, KOTOPHIE MOIYYaIOT UHYIO JTOMOJHUTEIbHYIO TPAKTOBKY
KaK IpEeACTaBUTENM ITOr0 HEIMHEHHO-IMHAMHYECKOro kiacca. B pesynbrare
TAKOT'0 PACCMOTPEHUSI BO3MOXKEH IMEPEXO0J] CIOXKHBIX 110 COJAEpKaHUIO (usnye-
CKUX SIBJICHUH B O0Jjiee MPOCThie yueOHbIE KyPCHI.

Odenp HarsiAHA B THUAPOJMHAMUKE NEMOHCTpanus nopoxku Kapmana, xo-
TOPYIO MBI, HalIpUMEp, MOKA3bIBAIM paHee B Kypce oOuel (pu3MKu Juiib Kak
WLTIOCTpaluio TypOysieHTHOro tedeHus. Ha ombiTe cyauTh 00 yCTOMUHMBOCTH
JIOPOXKKH CIIEYET, TIOKaIyi, HE M0 IBYM MapaM OJIMKaWIIuX BUXPEH, KOTOPbhIE
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BUJIHBI B OOBIYHOW JIEMOHCTPAIIMIOHHOW YCTAaHOBKE, a MO TOpa3o OOJbIIeMy
YUCITy BUXPEU.

B ¢uskadrounere TI'Y nemoncTpupytorcsa siueiiku benapa, xoTopbie oOpa-
3YIOTCSl B CJIO€ Macja, HAIUTOTO B KPYIJIyI0 METAIMYecKkyto KioBety [1]. Ilpu
Harpese 3TOM KIOBEThI BOZHUKAET HEYCTOMYUBOCTh Penes — Teinopa koraa ren-
JIbIE CJIOM C MEHBIIEN IJIOTHOCTBIO HAXOIATCS CHU3Y, a CBEPXY PACHOJIAraroTCs
XOJIOJIHBIE CJIOM C OOJIbILIEH MIOTHOCTHIO. B Takux ycjaOBUSIX BO3HMKAeT KOH-
BEKIIMS HATPETOU U XOJIOJAHOM KUJKOCTEU C BOSHUKHOBEHUEM BCTPEYHBIX IIOTO-
KOB. [Ipy noctrkeHnn napaMmeTpoB, ONpPEAEIIeMbIX YUCIOM Pasies, B )KUaKOCTH
bopMUpYIOTCS SUEHKH, B IEHTPE KOTOPBHIX HArpeTasi >KMIKOCTh MOJHUMAETCS
BBEPX, a XOJOJHAs KUJIKOCTh MO nepudepun ormyckaercs BHU3. [Ipu mpaBuib-
HOM MOCTaHOBKE OIIbITA SYEUKH OJDKHBI UMETh ONTHUMANIbHYI0 (OpMY B BHUJIE
LIECTUYTOJBHUKOB. ECiIM nepeMemarb XUIAKOCTb W Pa3spyLINTh BO3HUKIIYIO
CTPYKTYPY M3 PEryJISPHBIX IIECTUYTOJBHBIX SUEEK, TO YEPE3 HECKOJIBKO MIHO-
BEHUII OHa BO3HHMKAET CHOBA IO BceMy 00beMy. Tak EMOHCTpHUpYyETCs Koome-
PaTUBHOCTB, KaK 00I11as uepTa IpoLECcCOB CaMOOPTraHU3aLUH.

B o6pazoBanuu siueek beHnapa ompenesieHHYIO POJib BBINOIHSAIOT CHJIBI TO-
BEPXHOCTHOTO HaTskeHUs [2]. OObsACHEHUE dTUX CHUJI MPUBOJUT HAC K PACCMOT-
PEHUIO0 UHTEPECHBIX BOMPOCOB 00 YCTOMYMBOCTU MBUIBHOW IJICHKU, KOTOpPHIE B
MOBCEHEBHOM KM3HU OOBIYHO HE BO3ZHUKAIOT.

Buxpu Teitnopa o06pa3yrorcss B KHIAKOCTH, HaXOASIICHCS B 3a30pe MEXKIY
JBYMSI BpAIAIOMIMMUCS KOAKCHAJIbHBIMU HIUIWHApaMu. B Hanbonee mpocTtom
BAPHAHTE JIOCTATOYHO BpallaTh OJAWH BHYTpeHHHU nuimaap. [Ipu takux ycio-
BHSIX BO3HHUKAET HEYCTOMUYHMBOE PACCIOCHUE )KUAKOCTH, TaK KaK YaCTUILIbI, HAXO-
nsmuecs BOJIU3M BHYTPEHHEH CTEHKH, CTPEMATCA MO JACWCTBUEM LIEHTPOOEK-
HOM CWIBI IIEPEMECTUTHCS B HAPYXKHBIE CIIOU. [Ipyn IMOCTENEHHOM yBEIWYEHUH
CKOpPOCTH BpallleHUs, HAUMHAsA C KAaKOrO-TO MOMEHTA, B JKMJIKOCTH BO3HHUKAIOT
MPAaBUWIBHO YEPEAYIOUIMECS BUXPU B BUJE TOPOB C MPABBIM U JIEBBIM BpaIlCHU-
eM. Y CII0BHE BOZHUKHOBEHUS TOPOUAAIBHBIX BUXPEU B 3TOM CIIy4ae BBIPAKACT-
¢ uucaoM Tansopa

Crenyer mog4epKHyTh, YTO PACCMOTPEHHBIE THAPOJNHAMUYECKHUE SIBJICHUS
HAO0JII0IAI0TCS. U B OTPOMHBIX pa3mepax B atMochepe 3emiin

Jluteparypa
1. Apoicanux A.P., Muxaiinuuenxo FO.IL", Comupuaou I'. H. TIocTaHOBKa IeMOHCTpALIHit
syeek benapa u Buxpeit Teiinopa. / duznyeckoe odpasosanue B By3zax «Cepust b». M.: Uzn.
MockoBckoro ¢u3. o6mr., 2000, T. 6, Ne 4. C. 60—-67.
2. Capanun B.A. PaBHOBecue ®)UAKOCTEN U €ro HEycTOMUnBOCTb. IIpocTas Teopus u noc-
TynHble onbIThl. VxeBck: M3a-Bo ¥V am. yu-ta, 1995. 173 c.
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PHYSICAL PHENOMENA FROM THE VIEWPOINT OF SELF
ORGANIZATION

Yu.P. Mikhailichenko

National Research Tomsk State University
mup@phys.tsu.ru

We set ourselves the task to consider a number of phenomena and processes
of physics courses that receive other additional treatment as the representatives
of the non-linear dynamic class. Bénard convection is one of the most com-
monly studied convection phenomena because of its analytical and experimental
accessibility. Taylor-Couette flow (toroidal Taylor vortices) is frequently stud-
ied because it is easy to produce in small closed systems. This phenomenon is
beautiful to observe. As a result of this review, a number of complex phenomena
can be explained with one position and consider phenomena in simple physics
lessons.

MOBUJIBHASA JIABOPATOPUSA «B3PBIBHOE PASPYHIEHHUE
MNPUPOJHBIX MATEPUAJIOB». UTOT'U NATUWJIETHEN PABOTBI.
HEPCIIEKTHUBbBI PASBUTUA

M.IO. OpJioB

HanmonaneHblil ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
orloff m@mail.ru

AKTYyanbHOCTh HUCCIEAOBaHUS MOBEICHUS NPUPOIAHBIX MAaTEpUAIOB MPHU JIU-
HaMHMYECKHX HAarpy3kax B HAcCTOSIIEe BpeMs HE BbI3bIBaeT coMHeHus. [loncko-
BbIE HAyYHO-HCCIIEAOBATEIbCKUE pabOThl MO B3PHIBHOMY pa3pyLICHUIO MaTe-
pUanoB MOCTOSHHO BEAYTCS B PAa3JIMYHBIX HAyYHBIX LEHTPAx IUIAHETbl. JTO
00yCIIOBJIEHO MHOTUMHU MpakTHYecKuMu npuiiokenusmu. B HUW npuxnagHoit
MaTEeMaTUKH U MEXaHUKH Ha 0aze ornena Mexanuku nepopmMupyemMoro TBEpao-
ro Teja opraHu3oBaHa MOOWIIbHAs JabopaTopusi «B3pbiBHOE paspylieHue mnpu-
POAHBIX MaTepuaaoB». B HacTosmuii MoMeHT M00. JIab. pa3BuBaeTCs KaKk WHU-
LMATUBHBIN MIPOEKT, OCHOBHAS LIE€JIb KOTOPOTO SBISAETCS 3KCIPECC-aHAIU3 TIOBE-
JIEHUSI PUPOIHBIX MAaTEPHUAJIOB MPU B3PHIBHBIX HArpy3Kax.

MobwunbHas mabopatopust (Mo0. 1a6.) OblIa co3aHa Kak albTEepPHATHBA aMe-
pPUKaHCKOW wuccienoBarenbckod nporpammbsl  ScilcExe, B0300HOBIIEHHON B
CIIIA neckonpko neT Hazaa. CiaemayeT OTMETUTh, YTO OOBEKTAMH MCCIICIOBAHUS
NIOMHUMO JibJia ObUIM MPUPOJHBIN U3BECTHSK, U O0eToH. OKono 5 jeT Hazan noa
PYKOBOJICTBOM aBTOpa Oblila IPOBEACHA NEpBasi IKCIEAULUs, A1 U3yUEHUs 3a-
CHEKEHHOI'0 JIEISIHOTO IOKPOBa cpeaHen ToiuHbl. B xauectse BB ucnomnb3o-
BaJld dMYJIbCHOHHYIO B3pbiBUaTKy Omynact AC-®II (Poccus). OcyiectBiieH
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B3pbiB BB B Bosie monio npaom (UNDEX). B nocneayroniue roasl u3ydeHsl Oec-
CHEXHBIN JIEITHON MOKPOB, JIEASHON MMOKPOB C3HJBHY CTPYKTYpbl (CHer — Hy-
ra — Jlen) u neasHOM MOKPOB MO TUIY UTOJIbYATOrO Jibja. [lomyyeHsl auameTpbl
B3PBIBHBIX MailH B JIEASTHOM MOKPOBE, COCTOSIHUE KPOMKHU JibJia U MOP(OIOTHUs
ero paspyuenus. O0uas macca nojgopsannoro BB 6omnee 200 kr B TpoTHIIOBOM
DKBUBAJICHTE. Pe3ynbTarhl UCCIIENOBAHUI JTOJIOKEHBI HA MEXIyHAPOJIHONW KOH-
dbepeniuu «IlonspHas MEXaHUKa.

Cnenyromum 00bEKTOM HMCCIEIOBaHUS ObLI MPUPOIHBIM U3BECTHSIK — TBEP-
nas ropHas nopoja. [IpoBeneH psil B3pbIBHBIX 3KCIIEPUMEHTOB IO MOJIPBIBY U3-
BECTHsKA TpeMs Tuniamu BB, B ToM yuciie B3ppIBHOM cMmechro. [loMumo 3myiib-
cuonHoro BB wucnonb3oBanu ammonut [1KB-20 u rpanynut I'C-5, a Takxke
B3pPBIBHYIO CMECh W3 JIaHHBIX KOMIIOHEHTOB. BBIsBII€HBI MPO(UIN B3pHIBHBIX
KpaTepoB, UX NPUOIU3UTEIbHBIN AUAMETP, COCTOSIHUE KPOMKH U TNyOMHa. AHa-
JIM3 COCTOSIHUSL SKCHEPUMEHTAIBHBIX IUIOMAJ0K MOCIE MOApbIBA TO3BOJIMII YC-
TaHOBUTH TN BB mocne koToporo Habmoganoch HamOOJbIIEe KOIUYECTBO
MeJKUX OCKOIKOB (~ 10 cm). O6mas macca nogopBanHoro BB ~1500 kr. Pe-
3yJIbTaThl UCCIIECOBAHUMN JIOJOKEHBI HA MEXKIYHAPOAHOW KOH(pEpEeHIHH no 3a-
umTHbIM CuctemaM B [lekune.

[IpoBeneHue 3KCHEpUMEHTAIBHBIX HCCIIEI0OBAaHUN HEBO3MOXHO 0€3 HOBOIO
o0opynoBaHus. ABTOPOM M COTPYIHUKAMM J1a0OpaTOpUHU 3aIulaHWpOBaHA 3a-
KyIIKa CpPEACTB PErucCTpaluy OBICTPONPOTEKAIOUINX MPOIECCOB, COMYTCTBYIO-
IIMX B3PBIBHOMY Harpy>kKeHUIo. [ yCTaHOBIIEHHS] KOHKPETHOTO JUaMeTpa pas-
JieTa OCKOJIKOB HEOOXOJIMM KBAJPOKONTEP C BBHICOKOCKOPOCTHOM Kamepou. J[o
HACTOSIIIEr0 MOMEHTA MOJYyYEHHbIE PE3yJIbTaThl MOKHO pacCMAaTpUBATh KAaK Ka-
YECTBEHHBIE TECTHI.

[TaptHepamu M00.71a6. sBasiercs MUC PO no TO u OO0 «Ky3z6acCrneu-
B3peiBy.

MOBILE LABORATORY «EXPLOSIVE DESTRUCTION
OF NATURAL MATERIALS». RESULTS OF THE FIVE-YEAR
STUDYES. DEVELOPMENT PROSPECTS

M.Yu. Orlov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
orloff m@mail.ru

The mobile laboratory "Explosive Loading of Natural Materials" is created.
Ice and granite, limestone were objects of a research. As explosive the Russian
standard explosive was used. Diameters and depths of explosive craters and
Main are received. Mob. Lab. needs the new equipment, including high speed
cameras and quadcopters.
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IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE CBEPX3BYKOBOI'O
OBTEKAHUA TEJI OCECUMMETPUYHOMN ®OPMBI

E.A. MacjoB
OI'AOY BO HUA TI1Y, Poccus, 634050, r. Tomck, npocnext Jlenuna, 1. 30
maslov_eugene@mail.ru

PaketHo-nipsimoTounbie neuratenu (PII/l) coueraroT 10CTOMHCTBA TBEPIOTO-
IJIMBHBIX W BO3AYIIHO-PEAKTUBHBIX JaBurateneil. B nporecce padotsr PIT/ u3-
MEHSIIOTCSI T€OMETPUYECKUE XapPAKTEPUCTUKHU IMPOTOYHOTO TPAKTa BCIEACTBUE
BBITOPAHUs TBEPJOTOILTUBHOIO 3apsaa. OIHUM W3 OCHOBHBIX (PAKTOPOB, BIUSIO-
IMX Ha BHyTpUOaumucTrueckue xapakrepuctuku PIIJI, sBnsieTcs 3aKkoH CKOPOCTH
TOPEHHUsI TBEPAOIO TOIUIMBA B MOTOKE BO3AyXa. B CBS3M C 3TUM Ba)KHBIM 3TaIrioM
npu pazpabotke PIIJ] siBisercst onpeneneHue mojeil TeMnepaTyphbl, JTaBICHUS U
CKOPOCTH 00JyBaloIllero MOTOKa B MPOTOYHOM TpakTe aBuratess. Maremaruue-
CKOE MOJICJIMPOBAHKE JUHAMUKHU U TerioooMmena B Tpakre PIIJ] mo3BomsieT mosny-
YuTh MHGOPMALIMIO O CTPYKTYpE MOTOKA, O PACHPENICICHUM Ta30qMHAMUYECKUX
MapamMeTpoOB MO JIMHE KaHAJIa C YYETOM MU3MEHEHHMS €r0 FTEOMETPUUECKUX Xapak-
TEPUCTUK BCJEACTBUE BBITOPAHUS TBEPAOrO TOIUMBa. OlEHKA aJIeKBATHOCTU HC-
MOJIb3YEMbIX MaTEMaTHUYECKUX MOJIENe Oa3upyeTcsi Ha pe3yJibTaTaX CPaBHUTEIb-
HOI'0O aHaJIM3a YUCIIEHHBIX U 3KCIIEPUMEHTAIbHBIX JaHHBIX, [IOJYYEHHBIX HA MO-
nensix PITJI.

EXPERIMENTAL STUDY OF A SUPERSONIC FLOW OF BODIES
AXISYMMETRIC SHAPE

E.A. Maslov
FGAOU VO NI TPU, Rossiya, 634050, g. Tomsk, pr. Lenina, d. 30
maslov_eugene@mail.ru

Rocket ramjet engine (RAP) combines the advantages of solid-fuel, and jet
engines. In the process of RAP vary the geometric characteristics of the flow
path due to the burnout of the solid charge. One of the main factors affecting the
internal ballistics characteristics of the RAP, is the law of the speed of solid fuel
combustion in a stream of air. In this regard, an important step in the develop-
ment of the RAP is to determine the fields of temperature, pressure and purge
flow rate in the flow path of the engine. Mathematical modeling of dynamics
and heat transfer in the path of the RAP provides information on the flow pattern
of the distribution of the gas-dynamic parameters along the channel, adjusting its
geometric characteristics as a result of burning solid fuel. Evaluation of ade-
quacy of mathematical models based on the results of the comparative analysis
of numerical and experimental data obtained in the RPD model.
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Cexnusga 1
B3PBIBHBIE, JTETOHAIIMOHHBIE ITPOIECCHI
U CBOHUCTBA BEIIIECTBA
ITPU BBICOKOSHEPTETHYECKUX BO3JIENCTBUSAX

Session 1

EXPLOSION AND DETONATION PROCESSES
AND PROPERTIES OF MATTER UNDER HIGH
ENERGY IMPACTYS)

UMITYJIbCHBII HATPEB CPEJbl AHCAMBJISIMHU ITOJIBIX
HUWINMHAPUYECKUX ITPOBOJHUKOB, UHAYKIIMOHHO
HAI'PEBAEMbBIX MAT'HUTHBIM IIOJIEM COJEHOUJIA

C.B. CunsieB, C.!. BojioaueHKOB
Poccuiickuii GpenepanbHblil aepHbIN HEHTp — Becepoccuiickuil HayuyHO-UCCIe10BaTeIbCKHIMA
WHCTUTYT 3KcniepuMeHTanbHou pusuku (POAL-BHUNDD);
607188, Hmkeroposckas 0611., r. Capos, p. Mupa, 37
serg_vol666(@mail.ru

[IpeacraBnensl pe3yiabTaThl MATEMaTUYECKOTO MOJECIMPOBAHUSA Mpouecca
HarpeBa TEIUIONPOBOJHON Cpellbl aHCAMOISIMU TOHKOCTEHHBIX MOJBIX IIUIHH/I-
PUYECKUX IPOBOJHUKOB, KOTOpPBHIE HArpeBAaIOTCS BUXPEBBIMHU TOKAMH B Iepe-
MEHHOM MarHUTHOM IoJje cojieHonaa. [Ipu moctaHoBKe 3a/1auyu MCHOJIb30BAHBI
TOYHbIE AHAJTUTHUYECKUE PEIICHUs 3a]a4 COIMPSKEHHOTO TErI000MeHa POBOI-
HUKOB CO CpEJOW M reHepaly TOKOB B MPOBOAHUKAX MPHU JIEKTPUUYECKOM pa3-
psizie KOHJIEHCAaTOpPHOU OaTtapen uepe3 COJICHOU . AHaIU3UpyeTcs BIUSIHHUE pa3-
JUYHBIX [apaMEeTPOB MPOBOJHUKOB, MX KOJIMYECTBA U PACIOJOKEHUSA B COJIe-
HOMJIe HAa 9(PPEKTUBHOCTD U BPEMs HArpeBa MPUMBIKAIOIINX K HUM CJIO€B CPE/Ib
IIPUMEHHTEIIBHO K 3aJ1a4€ MHOIOOYaroBOT0 3aKUT'AHUSI METATEIIbHBIX 3aPSI/IOB.

PULSED HEATING of a MEDIUM by ENSEMBLES OF THE HOLLOW
CYLINDRICAL CONDUCTORS INDUCTIVELY HEATED
IN MAGNETIC FIELD OF A SOLENOID

S.V. Sinyaev, S.I. Volodchenkov

Russian Federal Nuclear Center - All-Russian Research Institute of Experimental Physics (VNIIEF);
607188, Nizhny Novgorod region., Sarov, pr. Mira, 37

serg_vol666@mail.ru

The results of mathematical modeling of induction heating of heat-
conducting medium by ensembles of the hollow thin-walled cylindrical conduc-
tors heated by Foucault currents in variable magnetic field of solenoid are pre-

16



sented. Exact analytical solutions of problems of conjugate heat transfer from
conductors to medium and electric current generation in the conductors during
capacitor bank discharge through solenoid were used for target setting. Effect of
different conductors’ parameters, their number and position inside the solenoid
on efficiency and heating time of adjacent medium layers is analyzed for multi-
point throwing charge ignition problem.

MOJIEJIMPOBAHUE JETOHALINU 3APSIIOB BB
MAJIOTO TUAMETPA

0O.A. 3umorasgosa, JI.A. Mep:xueBcKkui
HoBocubupckuii rocy1apCTBEHHbIN TEXHUYECKUI YHUBEPCUTET;
Poccutiickas ®enepanus, 630073, r. HoBocubupck, np-t K. Mapkca, 20
zimogldv(@rambler.ru

CoBpeMEHHBIE TPEACTABICHHUS O CTAalMOHAPHOM JETOHAUMU B3PbIBYATHIX
BeiecTB (BB) ocHOBBIBalOTCS Ha TUAPOJMHAMUYECKON Mojenn MuxenbcoHa —
Yenmena — XKyre (MUI') u e€ pazButuu — moaenu 3eibaoBuya — Helimana —
Hépunra (3H/I). [IpuHIMNIUanbHBIMKA B TAHHBIX MOJIEISAX SBJISIFOTCS THIIOTE3bI O
CTAIMOHAPHOCTU TPOLECCOB U O IJIOCKOM (PPOHTE NETOHAIMOHHOW BOJHBEL. B
71a00paTOPHBIX YCIOBHSIX MPHU AKCIEPUMEHTAIHLHOM HMCCIEIOBAHUUA OCOOEHHO-
CTE€W NPOTEKAHUs ACTOHALIMOHHBIX SIBJICHUU 3a4acTy0 MCIIOJIB3YHKOTCS 3apsibl
BB oTtHOCHTENBHO MaNbIX IUAMETPOB U JJIMH, B KOTOPBIX 3TU TMIOTE3bI MOTYT
Hapymatbea. B nanHOM paboTe 4MCIEHHO MOJEIMPYETCs HMPOLECC AETOHAUU
MaJIBIX LUJIMHAPUYECKHUX 3apsI0B MAJOr0 AUMAaMETpa W PA3JWYHOW JJIMHBI U3
B3pbiBUaToro BemiectBa Comp B. [Insg mMonenupoBaHHsl HCHOIB3YETCS MAKET
ANSYS AUTODYN 17.0. Ananusupyercsi mpoiecc BbIXoJa JAETOHAIMOHHOMN
BOJIHbl Ha CTallMOHApHBIA PEXHUM, (POPMUPOBAHUE YCTOWYMBOM KPUBHU3HBI
(bpoHTa JETOHALIMH, ONIPEAEIAETC KPUTUYECKUIA TuaMeTp 3apsa0B.

DETONATION MODELING OF SMALL SIZE CHARGE

0O.A. Zimoglyadova, L.A. Merzhievsky
Novosibirsk State Technical University;
The Russian Federation, 630073, Novosibirsk, Ave Karl Marx, 20
zimogldv(@rambler.ru

In this paper is investigated the dynamics of the output of the detonation
process on steady state which is characterized by a constant velocity of the deto-
nation and a constant curvature of the detonation front. The critical diameter of
the charge is determined. For modeling package ANSYS AUTODYN 17.0. is

used.
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CEHCUBWJIM3ALIUSA IPECCOBAHHBIX TABJIETOK PETN
HAHOYACTHUIIAMU METAJLJIOB

I'.2. UBamenko, K.A. Paguenko, E.B. I'ankuna
Kemeposckuii ['ocynapctBennblii Y HuBepcuret; Poccuiickas deneparus,
650046, r. KemepoBo, yi. Kpacnas, 6
kriger@kemsu.ru

C BBICOKMM BpPEMEHHBIM pa3pelIEeHUEM HCCIEAOBaHbI MPOLECCHl B3PHIBHOTO
pasnoxeHus npeccoBanbix TabseTok PETN-HaHOYACTUIBI aTFOMUHUS U HUKEJS
IIPY UHULMMPOBAHUN OCHOBHOM T'APMOHMKOM HEOAMMOBOIO Jla3epa IJIUTEIbHO-
cTei0 14 He. MccnenoBaHbl KMHETHYECKHE 3aKOHOMEPHOCTH JIOIIOPOTOBBIX H
B3PBIBHBIX PEXUMOB DPa3J0KE€HUA 00pa3loB, ornpeaesieHbl dP(EeKTUBHbIE KOH-
cTaHThl HaOmogaeMoro ceueHus. ChoOpMyIUpOBaHBI U HCCIEAOBAHBI MeEXa-
HU3MBbl pPacCMaTpPUBAaEMbIX IMPOLECCOB, OCHOBAHHBIE HA MOJEIM TEIIOBOTO
B3pbIBA B MHUKpPOOYaroBoMm BapuaHTe. lIokazaHo coriiacue TEOpEeTHUYECKUX U
DKCIIEPUMEHTAJIBHBIX pe3ynbTaToB. [I0Ka3aHO, 4TO KpUTHYECKas TeMIeparypa
oudara 3aBHCHUT KaK OT JUINTEIbHOCTH MMIIYJIbCA, TAK U OT pajuyca HaHOYaCTH-
1pl. [lomydeHbl aHaMUTUYECKHUE BBIPAXKEHUS I 3aBUCHUMOCTEH KPUTHYECKHUX
[apamMeTpOB MHULMUPOBAHUS PEAKLMHU OT pajuyca U TEIJIOEMKOCTH METAJUIM-
YECKUX HAHOYACTHUL, KPUTHYECKOW TeMIepaTyphl odara OT JJIMTEIbHOCTH UM-
nyjibca. OOHapyeH HHBApHAHT, CBA3BIBAIOLIUMN KPUTHYECKYIO IUIOTHOCTb
DHEPIUM U XAPAKTEPHOE BPEMS PA3BUTHS PEAKLIUH.

SENSITIZATION OF PETN PRESSED PELLETS OF
NANOPARTICLES OF METALS

G.J. Ivashenko, K.A. Radchenko, E.V. Galkina
Kemerovo State University; The Russian Federation, 650046, Kemerovo, ul. Red, 6
kriger@kemsu.ru

The explosive decomposition of PETN-aluminum and nickel nanoparticles
pressed pellets initiated with the irradiation of 1st harmonics of the neodymium
laser, pulse duration 14 ns, was studied experimentally with high temporal reso-
lution. The glow kinetics in the explosion and under-threshold modes was re-
searches into, the effective constants of the glow increasing were determined.
The mechanisms of the processes observed based on the thermal hot-spot model
of laser initiation were suggested and analyzed. The simulation and experimen-
tal results agree well with each other.
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COBPEMEHHbBIN BAPUAHT MOJIEJIA TEILIOBOT'O B3PHIBA
B MUKPOOYAI'OBOM BAPUAHTE

H.B. I'azenayp, M.B. AnanbeBa, E.B. I'ankuna
KemepoBckuii rocy1apCTBEHHbI YHUBEPCUTET;
Poccuiickas @enepanust, 650043, r. Kemeposo, yi. Kpachas, 6
kriger@kemsu.ru

B pabore paccMmaTpuBaroTCs OCHOBHBIE ITyTH MOJEPHU3AIMH MHUKPOOUYArOBOM
MOJIENI TEIJIOBOIO B3PhIBA MPU HATPEBAHWM HAHOYACTHUI[ B MATPULE B3pbIBYaA-
TOrO0 BEUIECTBA JIA3€PHBIM HMITYJIBLCOM. Y UYUTBHIBAIOTCS: MOTJIOLICHUE YHEPIUU
U3JIyYEHUs HAHOYACTUIEH B paMKax Teopuu Mu (MHAUBUyalbHbIE ONTUYECKHE
CBOWMCTBA) U TEOPHUU MEpeHOca U3TyUeHHUs (KOJJIEKTUBHBIC ONTHYECKUE CBOMUCT-
Ba KOMIIO3UTA), TETIONIEPEHOC B CUCTEME HAHOUYACTUIIA — MaTPHIlA B3PHIBUATOTO
BEIIIECTBA, IJIABJIICHUE MAaTEPUAJIOB HAHOYACTHIIBI U MaTPULIbI, SK30TEPMUUYECKOE
pa30KEHHUE B3PHIBYATOrO BEIIECTBA. YUET 3aBUCUMOCTH ONTUYECKUX CBOMCTB
HAHOYACTHIL OT pajdyca MO3BOJIMIIO MPEICKA3aTh IKCTPEMAIbHYIO 3aBUCUMOCTD
opora WHUIIMUPOBAHUS OT PaJNyca HAHOYACTHIIbI, IKCIIEPUMEHTAIbHO OOHa-
PY’XKEHHYIO B TIOCJIeIHEE BpeMs. Bkirrouenue B Mmoienb 3G (heKToB MHOTOKPATHO-
0 paccesHus CBETa MO3BOJSACT YIYYIIUTh COIJIACHE TEOPUU M DKCIIEPUMEHTA
IPU CPABHEHHUM MOPOTOB WHHUIMUPOBAHUSA H3JIYYECHHEM C PA3JIUUYHOU JJIMHOMU
BOJIHBI. YYE€T TEMNEPATYPHOM 3aBUCHUMOCTH ONTHYECKUX CBONCTB HAHOYACTHI]
MPOSIBIISICTCS] B YBEITWUCHUU CEUCHUS TOTJIOMICHNUS W YMEHBIIEHUU Kod(duiu-
€HTa OCBELIEHHOCTU B 00pa3lie ¢ pocToM Temneparypsl. [Ipu yuyere miaBiaeHus
MPOUCXOJAUT YBEJIMYEHUE PACCUUTAHHOTO 3HAYEHUS KPUTHUYECKON IUIOTHOCTH
SHEPruu UHUIMUpPOBaHUs. B ciydae 60Jb1I0TO pajgnyca HAHOYACTHI] MOSBIISIET-
Cs HEOOBIYHBIN PEXUM Pa3BUTHS Mpolecca: (HOPMUPOBAHME oOuvara PeaKIUu
MPOUCXOJUT 10 MOJIHOTO PACIUIABICHUS] HAHOYACTHULIBI, YTO MOYKET IIPUBOJIUTH K
HaJIMYUIO YYaCTKa €ro 3aTBEpIeBaHuUsl 10 MEPEX0/1a K B3PHIBHOMY PEXKUMY.

THE MODERN VERSION OF THE MODEL OF THERMAL
EXPLOSION IN A HOT-SPOT OPTION

N.V. Gazenaur, M.V. Anan’eva, E.V. Galkina

Kemerovo State University; The Russian Federation, 650043, Kemerovo, ul. Red, 6
kriger@kemsu.ru

The main ways of the thermal explosion hot-spot model modernization in the
conditions of nanoparticles’ laser heating in the explosive’s volume are dis-
cussed. The energy absorption by individual nanoparticles in terms of Mie the-
ory and radiative transport theory (collective optical properties of the compos-
ite), heat transport in the system nanoparticle — explosive’s matrix, nanoparti-
cles’ and explosive’s melting and explosive’s exothermal decomposition are
taken into account. The nanoparticles’ optic properties in the dependence on
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their radius consideration allowed us to predict the extremal dependence of the
radius on the critical energy density of the laser pulse that was discovered ex-
perimentally recently. The introduction of the multiple light-scattering effects
gives better agreement of the theoretical and experimental values of the explo-
sion initiation threshold at different laser wavelength. The melting leads to the
augmentation of the calculated critical energy density of laser initiation.

IKCHHEPUMEHTAJIBHBIE KPUTEPUU PEA/IM3ALIUU HEITHOI'O
N TEIVIOBOTI'O B3PbIBA DOHEPTETUYECKUX MATEPUAJIOB
NUMITYJbCHBIM JIASEPHBIM U3JTYYEHUEM

H.B. I'azenayp, M.B. AnanbeBa, A.A. 3BeKxoB
KemepoBckuii rocynapcTBeHHbI yHuBepcuTeT; Poccuiickas denepanus,
650043, r. KemepoBo, yi. Kpacnas, 6
kriger@kemsu.ru

B pabote npoBeAeHO CPaBHUTEIBHOE 3KCIEPUMEHTAIBHOE U TEOPETUYECKOE
UCCIIEJOBAaHUE IPOLECCOB HMHUIMUPOBAHUS MOHOKPHCTAJUIOB a3uia cepedpa
(AC) u npeccoBaHHBIX Ta0JIETOK TETPaHUTpPATa MEHTAIPUTPUT (TIH) — HaHOYA-
CTHIIBl METAJJIOB UMITYJICOM HEOAMMOBOTO Ja3epa. OCHOBHBIE OTIMYUS B3PbIB-
HOTO pa3joXeHUs] 00pa3loB CBA3aHbI C OTCYTCTBUEM MHAYKIIMOHHOTO MEpHoja
U HJIWYUEM JONOPOroBbIX 3((EKTOB MHUIMUPOBAHUS KOMIIO3UTOB Ha OCHOBE
ToHa. [Ipyu mHunmMupoBanuu MoHokpucramioB AC, Ha06opoT, Bceraa HaOI01a-
eTCSl UHAYKIIMOHHBIN MePHOJ U OTCYTCTBYIOT 1OTOPOTOBBIC AP(PEKTHI.

[TokxazaHo, 4To HabOIIOJaEMble SKCIIEPUMEHTANIbHBIE Pa3IndKsl 3aKOHOMEPHO-
CTEH B3PBIBHOTO PA3JIOKEHHUS CBA3aHbI C TEM, YTO B MOHOKpucTtamiax AC pea-
JM3YEeTCS MEXAaHU3M LIETTHOTI0, a TIPECCOBAHHBIX 00pa3lax TAH — HAHOYACTHULIbI
METAJIJIOB — TEIUIOBOIO B3phIBa B MUKpPOOYAaroBoM BapuaHte. lIpoBeneHHble B
paMKax CyIIECTBYIOIIMX MOJEJBHBIX MPEACTABICHUN pacueTbl KUHETUKU MHU-
LUUPOBAHUS PEAKIUHU COTIACYIOTCS C SKCIEPUMEHTOM.

ChopmynnpoBaHbl IKCHEPUMEHTATbHBIE KPUTEPHUH, TO3BOJSIONIUE pa3iH-
YUTh NPOSBICHUS MEXaHU3MOB LIEMTHOTO U TEIUIOBOTO (B MUKPOOYAaroBOM Bapu-
aHTE) MHUIMMPOBAHUS B3PbIBA B YCIOBUAX UMITYJIBCHOT'O JIA3€PHOTO BO3/EUCT-
B, COIVIACHO KOTOPBIM OTCYTCTBHE MHAYKIMOHHOI'O NMEPHOJA U BBIPAXKEHHOE
IPOSIBIICHUE AOMOPOTOBBIX 3(PPEKTOB SABISAETCS CIEACTBUEM PA3BUTHUS TEILIIOBO-
ro B3pbIBa, a HAJIMYME MHAYKLIHOHHOIO MEpHOJa U OTCYTCTBUE JIOMOPOTOBBIX
3¢ (PEeKTOB — IIEIMHOTO B3pHIBA.
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EXPERIMENTAL PERFORMANCE CRITERIA OF CHAIN AND
THERMAL EXPLOSION OF ENERGETIC MATERIALS BY PULSED
LASER RADIATION

N.V. Gazenaur, M.V. Anan’eva, A.A. Zvekov

Kemerovo State University; The Russian Federation, 650043, Kemerovo, ul. Red 6
kriger@kemsu.ru

The comparative experimental and theoretical study of the silver azide (SA)
single crystals and pentaerythritol tetranitrate (petn) pressed pellets initiated
with neodymium laser pulse was carried out. The experimental criterions allow-
ing one to discern the appearance of thermal hot-spot and chain branching
mechanisms were suggested. According to them, the absence of the time delay
and apparent under-threshold effects are typical for thermal explosion, while the
significant time delay and the absence of the under-threshold effects are key fea-
tures of the chain branching explosion.

PE3OHAHCHOE ITOT'JIOIIEHUE HAHOYACTHUII TAJIJIAIUA
B ITPO3PAYHbLIX MATPUILIAX C PA3JIMYHBIMMU ITIOKA3ATEJIAAMHU
HPEJOMJIEHUA

H.B. I'azenayp, M.B. AnanbeBa, E.B. I'ankuna

KemepoBckuii rocy1apcTBEHHbII YHUBEPCUTET;
Poccuiickas @enepanus, 650043, r. Kemeposo, yi. Kpachas, 6
kriger@kemsu.ru

B pabote paccuuTaHbl CHEKTpalibHbIE 3aKOHOMEPHOCTH K03 duiireHta 3¢-
(EeKTUBHOCTH TOTJIOMICHUSI HAHOYACTHUI NaUIausl Pa3jIuyHOro pajuyca B Mpo-
3padyHbBIX MaTpUIAX C Mokaszarensamu npeiaomsieHus 1, 1.5, 2 u 2.5. Ilokazano,
YTO TUIA3MOHHBINM PE30HAHC B HAHOYACTUIIAX MaJUIAUsl B BUAMMOM YacTH CIIEK-
Tpa BO3MOKEH B JABYX MOCIeAHUX Marpuiiax. [Ipu sTom mMakcuMmanbHOE 3Haue-
Hue Kod(dduimenta 3h(PEKTUBHOCTH TOTJIOMICHUS B MAaTpHUIIE C IOKa3aTelieM
npeaomiieHus 2 coctaBiaeT 2.9224 nis paguyca HaHodacTuilsl 20.3 HM U M-
HbI BOJIHBI 430 HM.

Pe3ynbpTaTtel HEOOXOMMMBI [T onTUMU3AMK YPGEKTUBHOCTH (hoTOKaTamM3a
JO’KUTAHUS BBIXJIOITHBIX Ta30B U CO3JaHUS ONITHYECKOTO JIETOHATOPA.

Pabota Beimonnena npu noaaepxke PODU (16-32-00286mom_a).
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RESONANT ABSORPTION OF PALLADIUM NANOPARTICLES
IN TRANSPARENT MATRICES WITH DIFFERENT REFRACTIVE
INDICES

N.V. Gazenaur, M.V. Anan’eva, E.V. Galkina

Kemerovo State University; The Russian Federation, 650043, Kemerovo, ul. Red 6
kriger@kemsu.ru

In this work the spectral dependence of the absorption efficiency coefficient
of palladium nanoparticles with different radii in transparent matrices with re-
fractive indices of 1, 1.5, 2 and 2.5 was calculated. It is shown that the plasmon
resonance in palladium nanoparticles in the visible part of the spectrum possible
in the last two matrices. The maximum value of the absorption efficiency coeffi-
cient in the matrix with a refractive index of 2 is 2.9224 for the radius of the
nanoparticle 20.3 nm and the wavelength of 430 nm. For optimize the efficiency
of photocatalysis afterburning of exhaust gases and the creation of optical deto-
nator these results are necessary. The work is executed at support of RFBR (16-
32-00286mol _a).

TEMIIEPATYPHBIE 3ABUCUMOCTHU ONTUYECKUX CBOUCTB
HAHOYACTHII 30J10TA

A.Il. HukutuH
DenepallbHBIN HCCIeN0BATENBCKUM LEHTp yriid U yriexumun CO PAH;
Poccuiickas ®enepauust, 650000, r. Kemeposo, np. CoBerckuid, 18.
palich-xumuk@yandex.ru

Llenpro HacTOsIIIEH PaOOTHI SABISETCA paCUET TEMIEPATYPHBIX 3aBUCUMOCTEN
Kod(ppunineHToB 3G(HEKTUBHOCTH MOTJIOMICHUS U PACCESHUsI CBETa HAHOYACTUII
30J10Ta B MaTpulax OpoMuaa Kajaus Ipv BapbUPOBAHUU pajuyca U IJIUHBI BOJ-
Hbl. TeMriepaTypHble 3aBUCUMOCTH NOKa3aTesnel MpesioMIeHUs] HAHOYACTULBI U
MaTpHIlbl BBIOMpATUCh B BUe HaOopa JIOpeHIEBCKUX OCHUILIATOPOB, K KOTO-
PBIM JT0OABIISIIOCH ClIaraéMoe, OIMMCHIBAIOIIEE B3aMMOJICHCTBHE CBETa C ra3oM
CBOOOJIHBIX 2JIEKTPOHOB MeTasuia. Paccuntanbl CrieKTpajibHbIE 3aBUCUMOCTH KO-
¢ purneHToB d3HPEKTUBHOCTH MOTJIOMICHUS W PACCESHHS JJICKTPOMAarHUTHOTO
U3JIy4eHUs HaHO4YacTHUIlaMU 30J10Ta ¢ paauycamu ot 10 go 150 um npu temme-
patypax 300—1000 K. IToBbiieHue TeMIiepaTypbl BO BCEX ClIydasixX HPUBOAUT K
MOHIKEHHIO K03 duiinenTa 3(HEKTUBHOCTH PACCESHUsI CBETa HAHOYACTUIIAMHU
3omo0Ta. B ciywae manpix Hanowactun koddduumeHt 3¢(HEeKTUBHOCTH MOTIIO-
HIEHUS B 00JAacTH IJIJA3MOHHOM IOJIOCHI MOTJIOIIEHHSI YMEHBIIAETCS C POCTOM
TeMneparypbl. B ocTaabHBIX ciydasx pocT TeMIepaTypbl MPUBOJUT K yBelUYe-
HUIO K03 duimenta rpdekTuBHOCTH TIOTIIONIEHU. [Ipoananu3upoBaHo BIHs-
HUE U3MEHEHUS TMOKa3aTessl MPEJIOMIICHUs] MATPUIlbl HA TeMIepaTypHbIC 3aBU-
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cumoctu ko3 punrenToB 3¢(HEKTUBHOCTH MOTIIOUICHHUS U PaCCEsIHHSI CBETa Ha-
HouYacTULaMHu 30J10Ta. [IpoBeneHO cpaBHEHHE MOJTYYEHHBIX PE3yIbTaTOB C JKC-
EPUMEHTOM.

PabGora BeimonmHena mnpu nojauaepxkke PODU (16-32-00286mon_a), rpaHTa
npe3ugenta PO (MK-4331.2015.2) u MunucrepcTBa 00pa3oBanusi 1 Hayku PO
(HHP Ne 3603 1o 3amanuro Ne64/2014).

THE TEMPERATURE DEPENDENCE OF THE OPTICAL
PROPERTIES OF GOLD NANOPARTICLES

A.P. Nikitin
Federal Research Centre Coal and Coal Chemistry of SB RAS;
The Russian Federation, 650000, Kemerovo, etc. The Soviet, 18.
palich-xumuk@yandex.ru

The target of the present work is to calculate the temperature dependencies of
gold nanoparticles’ in potassium bromide matrix scattering and absorption effi-
ciencies with variation of wavelength and nanoparticles’ radius. The spectral
dependencies of absorption and scattering efficiencies of electromagnetic radia-
tion by gold nanoparticles with radii from 10 to 150 nm in the temperature range
300-1000 K were calculated. It was elucidated that temperature increasing
makes the scattering efficiency of gold nanoparticles decrease. This effect was
observed in the entire range of radii and wavelengths studied. The absorption
efficiency decreases as temperature rises for small particles in the area of plas-
mon resonance absorption. In other conditions the temperature augmentation
causes the absorption efficiency increasing. The maximal relative increasing of
the gold nanoparticles’ absorption efficiency is observed in the infrared region
where the albedo of single scattering is close to unity.

KPUTUUYECKHUE MAPAMETPbBI MUKPOOYATI'OBOH MOJEJIN
ITPU PA3JIMYHBIX JJIMTEJBHOCTAX UMITYJIbCA

A.Il. HukuTHH
denepallbHBIN HCCIEN0BATENBCKUI LEHTp yriid 1 yriexumun CO PAH;
Poccuiickas ®enepauus, 650000, r. Kemeposo, np. CoBerckuid, 18
palich-xumuk@yandex.ru

B pamkax MHUKpOOYaroBoil MOJIEIU MPOBEACHBI pacyeThl KpUTEPUSI UHUIIUU-
pOBaHMS cOCTaBOB a3uj cBuHIA — cBUHEN 1 PETN-HaHO9acTUIIBl KOOAIbTa TIPU
BApbUPOBAHUU JUIUTEIHHOCTH UMITyJIbca. B pamkax MoJaepHU3UPOBAHHON MUK-
pPOOYaroBOi MOJIENH MOKa3aHO, YTO y4eT 3((HEKTUBHOCTHU MOTJIOMICHUS MTPUBO-
JTUT K U3MEHEHUIO KPUTEPUSI HHULIMUPOBAHUS B3PBHIBHOTO PA3JI0KEHUS TIPU Ma-
JBIX JUIATEIIBHOCTAX UMIMYJIbCa. MM, B COOTBETCTBUU C IKCHEPUMEHTOM, CTAHO-
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BUTCA IUIOTHOCTh 3HEPrUM HMMIyJbca. [Ipu JUIMTENBHOCTSAX HMITyJbCa MEHEE
50 HC paguyc Hanbosee MPOTrpeTod HAHOYACTUIIBI CBHUHIIA U3MEHSIETCS MEHEe
yeM Ha 15% wu cocraBnser 63 HM B npeseie KOPOTKUX JINTEIBHOCTEN UMITYJIb-
ca. B ciyuyae nanouactuil kobanera B Matpuiie PETN paauyc naubonee mpo-
rpeToil HaHo4yacTuilbl Ipu ti—0 paBeH 85 HM (Ha OCHOBHOW TrapMOHHUKE HEOU-
MOBOTO J1a3epa), YTO HE3HAYUTEIbHO MEHbIIE pajuyca HAHOYACTHUIIbI, MOTJIO-
HIaroIel Jla3epHOe U3TyYeHUE UCIONIb3yeMon IIuHbl BOIHBI (1064 HM) ¢ Hau-
Oombieit 3¢ hekTuBHOCTHIO. ClieI0oBaTEIbHO, B MIPEIeie MAJIbIX ATUTEIbHOCTEN
UMITYJIbCA OYar B3PHIBHOTO Pa3JIOKEHHsSI 00pa3yeTcsl Ha HAHOYACTUIAX C JI0CTa-
TOYHO OOJIBIIMM PaguycoM, a He cTpeMsamumucs k 0. CrenaH BbIBOJ, UTO y4yeT
3aBUCUMOCTH Kod(durmenta 3pGHEeKTHBHOCTH TMOTJIOMICHHS] OT paguyca HaHO-
YaCTHULBI SIBJISIETCS JOCTATOUHBIM JIJISl Pa3pELICHUs] «I1apaJIoKca MalbIX YaCTHUI.

Pabota Beimonnena npu noanepxke PODOU (Ne 14-03-00534 A), rpanta
npe3ugenta PO (MK-4331.2015.2) u MunucrepctBa 00pa3oBaHusi 1 Hayku PO
(HUP Ne 3603 o 3amanrmio Ne2014/64).

THE CRITICAL PARAMETERS OF THE HOT-SPOT MODEL AT
VARIOUS DURATIONS OF THE PULSE

A.P. Nikitin
Federal Research Centre Coal and Coal Chemistry of SB RAS;
The Russian Federation, 650000, Kemerovo, etc.. The Soviet, 18.
palich-xumuk@yandex.ru

In terms of the micro hot-spot model the criterion of initiation compositions
lead azide — lead nanoparticles and pentaerythritol tetranitrate (PETN) — cobalt
nanoparticles were calculated. It was shown that the incorporation of the absorp-
tion efficiency coefficient dependence on the nanoparticles’ radius changes the
initiation criterion in the limit of the short pulse durations. This criterion be-
comes the critical energy density matching the experimental results. At the pulse
durations less than 50 ns the radius of the optimally heated lead nanoparticles is
varied in less than 15% and achieves 63 nm in the limit of the short pulse dura-
tions. In the case of cobalt nanoparticles in PETN the radius of the optimally
heated nanoparticle in the limit ti —0 is 85 nm (on the main wavelength of the
neodymium laser) which is slightly less than the radius of the nanoparticle most
effectively absorbing the laser irradiation of the same wavelength. Therefore, in
the limit of low pulse durations hearth explosive decomposition is formed by
nanoparticles with a sufficiently large radius, while not tending to 0. It is con-
cluded that consideration of dependency of the absorption efficiency coefficient
of the radius of nanoparticles is sufficient to eliminate the "paradox of small par-
ticles". The work is executed at support of RFBR (Ne 14-03-00534 A), grant of
President of RF (MK-4331.2015.2) and the Ministry of education and science of
the Russian Federation (research project No. 3603 task No. 2014/64).
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MHUKPOOYAT'OBASA MOJEJIb TEIIJIOBOI'O B3PBIBA C YYETOM
MHOI'OKPATHOI'O PACCESHUSA CBETA

A.Il. Hukutun
®denepanbHbIN UCCIIETOBATENIbCKHM LIEHTp yria u yriexumun CO PAH;
Poccuiickas ®enepanust, 650000, r. Kemeposo, np. CoBerckuid, 18
palich-xumuk@yandex.ru

Onnum 13 3¢ (PeKxToB, 0Ka3bIBAIONIMX BIMSHUE HA MPOILECC Ja3epHOr0 MHU-
IUUPOBAHUS, SBISETCS CBETOBOM PEXUM B 00beMe B3PHIBUATOTO BEIIECTBA, BbI-
3BaHHBIM MHOTOKPATHBIM paccesiHueM cBeta. Llenb paboTel: pacuer koddduiu-
€HTOB OCBELICHHOCTH W KPUTHUYECKON IJIOTHOCTU JHEPrUU HHUIIMHUPOBAHUU
B3PBIBHOTO pasyiokeHusi koMmnayHaoB PETN-HaHoUacTUIIBI altOMUHUS TIPU yUe-
T€ MPOLIECCOB MHOTOKPATHOTO paccesiHus cBeTa. PacueTsl MpoBeACHBI IPU ABYX
3HAYEHMAX JJIUHBI BOJHBI 1064 1 532 HM, COOTBETCTBYIOIIUX MEPBOM U BTOPOM
rapMOHHMKaM HEOJAMMOBOTO Jja3epa. Paauycel HaHOYACTHIl BapbHUpPOBAINUCH B
nuarazone 20-200 M. [lokazaHo, 4TO MUHMMYM Ha 3aBUCHMOCTH IINIOTHOCTH
SHEPTUH MHHUIIMUPOBAHUS B3PHIBHOTO Pa3NIOKEHUs OT MAaCCOBOW JOJIM HaHOYA-
CTHI] MOXXET OMpPEACNATHCA ONTHMAJIbHOW OCBEIIEHHOCTHIO B OOpasue. Yuer
MHOTOKPAaTHOTO PAacCesHMs TO3BOJISET YJIYYIIUTh COrJacue TEOPETHUYECKUX
OLICHOK M PE3YyJIbTATOB IKCIIEPUMEHTAa U HEOOXOAMM IPU CPABHEHUH YCIOBHIA
WHUIIMHPOBAHUS KOMIIAYH/IOB HA OCHOBE MPO3PAUHBIX B3PHIBYATHIX BEIIECTB C
HAHOYACTUIIAMH METAJIJIOB U3JTyYEHUEM PA3IMYHON JJIUHBI BOJIHBI.

Pa6ora BeimonHena npu noanepxke PODU (16-32-00286mon _a) 1 Munu-
crepcTBa oOpazoBanus U Hayku PO (HUP Ne 3603 o 3amanuto Ne64/2014).

THE HOT-SPOT MODEL OF THERMAL EXPLOSION WITH
ACCOUNT FOR MULTIPLE LIGHT SCATTERING

A.P. Nikitin
Federal Research Centre Coal and Coal Chemistry of SB RAS;
The Russian Federation, 650000, Kemerovo, etc.. The Soviet, 18.
palich-xumuk@yandex.ru

One of the effects influencing the laser initiation is the irradiation mode in
the explosive’s volume that formed by multiple scattering. The aim of the pre-
sent work is to calculate the optic properties including the radiance increasing
factor and critical energy densities of PETN-aluminum nanoparticles explosion
initiation considering the multiple scattering influence. The calculations were
performed ta the wavelength 1064 and 532 nm matching the first and second
harmonics of the neodymium laser. The nanopartilces’ radii were varied in the
range 20-200 nm. The multiple scattering consideration allows one to improve
the agreement between theory and the experiment. The effect is essential when
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one compares the critical laser initiation conditions of transparent explosives
containing metal nanoparticles at different wavelength.

MEXAHUYECKHUE CBOMCTB CTAJIN TAI®PNJIBIA
IMOCJIE HUBKOCKOPOCTHBIX METOJIOB OBPABOTKH
U OBPABOTKOM B3PBIBOM

A.B. I'ycbkoB, A.C. HoamartoB, K.E. Munescknii, FO.I1. SIkoBJieBa
HoBocubupckuii rocy1apcTBEHHbIN TeXHU4Yeckuid yuusepcuret, 630073, Poccus,
r. HoBocubupck, mp. Kapma Mapkca, 20
al.dolmatow88@yandex.ru

B cratbe mpoBoguTCs aHanM3 W3MEHEHUS MEXaHHMYECKHX CBONCTB CTald
[Nandunpaa nocne paznauyHbix cnocodboB 00padoTku. MeTonbl 00pabOTKK Kiac-
CcU(UIUPOBAaHbl HA BBICOKOCKOPOCTHBIE U HU3KOCKOPOCTHBIE (IO U BBILIE CKO-
poctu 3ByKa). M3ydueHbl MexaHMUYECKHE CBOWCTBA CTAJIH IOCIE HU3KOCKOPOCT-
HBIX 00pabOTOK, TAKUX KaK TEpMOMEXaHUYECKasi, KOBKa, HaKaTKa. MccienoBaHbl
MEXaHUYECKHE CBOMCTBAa BBICOKOCKOPOCTHOW 00pabOTKH TOCjae yJIapHO-
BOJIHOBOT'O HarpykeHus (ynpoyHEHUE B3PHIBOM).

MECHANICAL PROPERTIES OF HADFIELD STEEL AFTER LOW
SPEED METHOD FOR PROCESSING AND HANDLING EXPLOSION
PRESSURE

A.V. Gusikov, A.S. Dolmatov, K.E. Milevskiy, Yu.P. Yakovleva
Novosibirsk state technical university, 630073, Russia, g. Novosibirsk,
pr. Chastised Marksa, 20
al.dolmatow88@yandex.ru

The article analysis of changes in the mechanical properties of Hadfield steel
after the various processing methods. Processing methods classified on high-
speed and low-speed (up to and above the speed of sound). The mechanical
properties of the low-speed steel after treatments, such as thermo-mechanical
forging, knurling. The mechanical properties of high-speed processing after
shock-wave loading (hardening of the explosion).
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YCTPOMCTBO IJIsI MOAPBIBA JEJISHOI'O IOKPOBA
IMYJIbCUOHHBIM BB

MLIO. OpJos, B.C. I'yces

HanumonanbHbIN UCClIeT0BATEIILCKUM
ToMckuii rocy 1apCTBEHHbBI YHUBEPCUTET
orloff m@mail.ru

B HacTosiiee BpeMs akTyaJbHBIM SIBISIETCS MCCIIEOBAHUE ITOBEJEHUS MPHU-
POJIHBIX, TEXHOJIOIMYECKUX M KOHCTPYKLUMOHHBIX MAaTE€pUAJIOB IPU B3PHIBHOM
Harpy>kxeHuu. OueBHUHO, YTO IMpaKTHYeCKas 3HAUMMOCTh OOBSICHSETCS paspa-
OOTKOW HOBBIX CPEACTB 3aLIUTBHl U MOpPAXKEHUsA. AHaIU3 HAYyYHO-TEXHHUYECKOU
JUTEPATYPBI YKA3bIBAET HA TO, YTO ITOMCKOBBIE HAyYHO-UCCIIEA0BATEIbCKUE pa-
OOTBI IPEAMETOM KOTOPBIX SIBIISIETCS pa3pyILIEHUE TeJl IPU B3PHIBHOM Harpyxe-
HUH, IOCTOSIHHO BEIYTCS B BEAYIIUX MHPOBBIX HAYyUHBIX LEHTPaX, B TOM YHUCIE
B HAIlIEW CTpaHE.

B TomMckoMm rocynapcTBEHHOM yHUBepcuTeTe Ha 0aze siaboparopuu 21
HUMU npuxnanHoit MaTeMaTuKu U MEXaHWKH OpraHU30BaHa MOOWIIbHAs Jabopa-
Topusi «B3pbIBHOE pazpyllieHre MPUPOIHBIX MaTepHalioB». B HacTosmuii Mo-
MEHT J17abopaTopus UMEET CTaTyC MHUIIMATUBHOIO MpoekTa. Jlaboparopus opra-
HU30BaHA TPU r0Jla Ha3aJ] U pa3BUBAETCS KAaK aHAJIOI aMEPUKAHCKOW HCCIeoBa-
Tenbcko mporpammel “ScilceExe”. [Ipu 3TOM oTedecTBEHHBIN aHaIor He Oorpa-
HUYMBAETCA TOJIBKO JIBJIOM KaKk OOBEKTOM HCClie[loBaHMs. B mocnenHee Bpems
ObUIM M3YYEHBIM3BECTHSK HUKpyNHOrabaputHbeleTenaBpaiienus. [laptaepamu
naboparopun sBistorcss MUC P® mo Tomckoit Obmactn u OO0 «Ky3zbac-
CneuB3psIBy.

OCHOBHBIEBO3MOKHOCTH MOO. J1a0. — 3TO KCIpPECcC-aHau3 MOBEACHHS 00b-
€KTOM HCCJEJIOBAHMSI TPU B3PHIBHOM HArpy>K€HHH, B TOM 4YHUCJE AUAMETP
B3pPBIBHBIX MaiiH, COCTOSIHUE KPOMKH KpaTE€pOB B3pbIBA, IMAMETP U BbICOTA pa3-
JIeTa OCKOJIKOB, MopdoJiorusi pa3pyiieHus: (pasmepsl U hopma OCKoJIKOB). Pe-
3yJbTaThl UCCIEAOBAHUI MOXHO HCIIOJIb30BaTh KaK KaueCTBEHHBIE TECTHI MPHU
anpoOaiuu pa3pabaTbIBa€MbIX CPEJCTB MATEMATUYECKOTO MOACIUPOBAHUS.

B nacrosieit padbote pazpaboTaHoyep:KUBAIOLIEE YCTPOMCTBO JIJIsl OAPHIBA
PEUYHOrO JibJa CPENHEN TOJIIMHBI 3MYJIbCUOHHBIM 3apsnoM BB. YcrpoiicTtBo
NIO3BOJISIET pacIoyiaraTh 3aps] NEPIEHAUKYJSIPHO JIEASHOMY ITOKPOBY Ha TIIIy-
ouny mo 50 cMm. B xauecTBe 3apsija MOKHO MCIOJIb30BaTh mTaTHOoe BB (Omy-
nact Ac-®II-90) maccoii 4, 6 KT COOTBETCTBEHHO. J{uaMeTp JIyHKU BapbUPyeETCs
ot 11 1o 16 cm.
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AN APPARATUS FOR BLASTING ICE EMULSION EXPLOSIVES

M.Yu. Orlov, B.S. Gusev
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
orloff m@mail.ru

An apparatus for blasting ice by emulsion explosives have been
developed.The device allows located explosives perpendicular to the ice cover.
Explosive depth can reach 50.

HECTAIIMOHAPHBIE PEXKUMbI CMEIIAHHOM KOHBEKIIUU
B 3AMKHYTOM JU®PEPEHIIUAJIBHO OBOI'PEBAEMON
BPAIIIAIOIIENCS ITOJIOCTH

C.A. Muxaiisenko, M.A. lllepemert
HannoHaneHbIN HccinenoBaTenbCckuii TOMCKUN TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
stepanmihaylenko@gmail.com

Lenpro HacTosLIeH paOOTHI ABIISIETCS aHAJIU3 BIMSHUS BpALLIEHUS] HA PEKUMBbI
CMEIIaHHOM KOHBEKIIMU B 3aMKHYTOM KBaJpaTHOM 00JIaCTH C U30TEPMUUYECKUMHU
IPOTUBOINOJIOXKHBIMU CTeHKaMU. V3ydeHue BIIMSHUS BpAIlEeHUs] HA KOHBEKTHUB-
HOE€ JBM)KEHME JIOTIOJIHAETCS HCCIIEOBAaHHMEM BPEMEHHOW 3aBUCHUMOCTH 4HCIa
HyccenbTa Ha M30TEpMUYECKUX CTEHKAX IPH PA3IUYHBIX 3HAUYEHUSAX BHEIIHUX
napametpoB. ChopmynrpoBaHa BBIYHCIUTENIbHAS MOJEIb pEIIaeMOM 3aJayu.
BBUI0 MOTy4YeHO JOCTaTOYHO XOPOUIEE CpaBHEHUE pPACIpPEACIICHUN TeMIepary-
PBl ¥ M30JIMHUM (QYHKIUU TOKA C HKCIEPUMEHTAJIbHBIMU M YUCIEHHBIMH JaH-
HBIMH JIpYyTrUX aBTOpOB. IIpoBe/ieH 4KCIIEHHBIN aHAIU3 NPU CIEAYIOIUX 3HaYe-
HUSX 0e3pa3MEpHBIX KOMIUIEKCOB, XapaKTEPHU3YIOMINUX PEKUMbI KOHBEKTUBHOTO
teronepenoca: Ra = 120000; Pr= 0.7; Ta = 101023. beun nosy4yeHs! n301u-
HUM (QYHKIMHM TOKA U U30TE€PMBI Mpu yriax nosopora ¢ = 0, 45, 90, 135, 180,
225, 270, 315°. B pe3yapTare MOAEIMPOBAHNS KOHBEKTUBHOI'O TEIJIONEPEHOCA
B IIOJIOCTH Oblja MCCIEA0BaHA MHTEHCUBHOCTh TEIUIOOOMEHA Ha M30TE€pMHYe-
CKUX cTeHKax. Tak ke ObLJIO yCTaHOBJEHO, YTO BpALICHHE paccMaTpUBaEMOil
IOJIOCTU CUCTEMbI IPUBOJUT K NEPUOJAUYECKOMY MU3MEHEHHUIO CPEJHEro 4ucia
Hyccenpra npu unciae o60potoB > 4.
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MIXED CONVECTION IN A DIFFERENTIALLY HEATED ROTATING
ENCLOSURE

S.A. Mikhaylenko, M.A. Sheremet

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
stepanmihaylenko@gmail.com

Convective heat transfer in rotating cavities is a wide-spread process in vari-
ous engineering applications. The objective of the present work is a numerical
analysis of fluid flow and heat transfer within rotating cavity having isothermal
opposite walls. The formulated governing equations with corresponding initial
and boundary conditions have been solved by finite difference method.

HNCCIIEAOBAHHUE MPOLECCOB B3PBIBHOI'O
HAI'PYXKEHUA JIBJIA.
YACTD 3. B3PbIB OMYJIbCHOHHBIX 3APA10B BB (>10 xr THT)

IO.H. OpJsoBa

ToMCKHI TONUTEXHUYECKUIM YHUBEPCUTET
orlovaun@mail.ru

B Hacrosee BpeMs uccienoBaHue MOBEACHUS JIbJa IPU B3PBIBHBIX HArpys-
KaX SIBJIAETCS] aKTyaJbHON U CIOKHOW HAyYHO-TEXHUUYECKOH 3a7aueil. AKTyalb-
HOCTb OOYCIJIOBJIEHA MHOTI'OYMCIEHHBIMM NPAKTUYECKUMHU MPUIIOKEHUIMH, a
CJIOKHOCTBH T€M, YTO BBIOPAHHBIN OOBEKT MCCIEAOBAHUS SIBISIETCA MAIOU3yUeH-
HBIM IIPUPOAHBIM MaTteprasioM. OTKIIMK JbJa HAa B3PbIBHBIE HAIPY3KHU HE BCErAa
MOKET OBbITh OJHO3HAYHBIM U TpedyeT MoApoOHOro paccMoTpeHus. Tekyriue
WCCIICIOBAHUSl SIBIIAIOTCA Pa3BUTHEM KaHAUAATCKOW ABTOPCKOM IUCCEPTALUU
«KOMIIJIEKCHOE ~ TEOPETUKO-3KCIIEPUMEHTANIBHOE  HMCCIEA0OBAHUE IPOLECCOB
B3PBIBHOI'O Harpy»keHus JipJay». [log pasBuTHEM CllelyeT IOHUMATh IOJIy4CHUE
HOBBIX 3KCIIEpUMEHTAJIbHBIX JaHHBIX JUUIs pa3padaTbiBaeMOM pessiiMOHHON 0a3bl
naHHbIX. [locTaHOBKA 3KCIIEpUMEHTA, MECTO MPOBEACHUE YKCIIEPUMEHTA U TUII
BB He mensitorcs 6onee 5 ner. B aHTos3p14HOM TUTEpaType aHAJIOTUYHBIE DKC-
nepumeHThl Ha3biBaroTcss UNDEX.

B mnacrosmieit paGore mpoBeleHBbI MOTHOMACIITAOHBIE SKCHEPUMEHTHI IO
IIOJAPBIBY PEYHOIO JIbJla CPEIHEN TOJIIMHBI 3MYJILCUOHHBIM 3apsaoM BB. B ka-
yectBe BB ncnons3oBanock amynbcnonHoe mratHoe BB Omynact AC-®II-90
(Poccust). Koncrpykuuss BB cocrosna u3 Tpex 3apsiioB, paclojiOKEHHbIX Ma-
paJIeNbHO JEASTHOMY HOKPOBY (TpOTHIIOBBIM 3KBHBaJIeHT —10 kr). Criennans-
HOT'O YJIEP>KUBAIOLLEr0 YCTPOMUCTBA HE OBLIO.

Hayunast eHHOCTh paboThl 3aKJII0OYAETCA B CPAaBHEHHE PE3YJIbTATOB HKCIIE-
PUMEHTOB MOJpPbIBA MIOJBYATOrO JbJAa W JibJla COHABUY CTPYKTYyphl (CHer —
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[Myra — Jlex). [IpeameTom cpaBHEHUS ABIISUICA TUAMETP B3PbIBHOM MaliHbI B Jie-
JSTHOM TIOKpoBe (B 00oux ciydasix (hopma B3pHIBHON MailHbI OlM3Ka K OKPYK-
HOCTH), KpOMKa JibJia (CTyneH4aras WiM Tiajkas) U Mop(doiaorus pa3pylieHHs
ap1a (hopma OCKOJIKOB JIbJA).

Pe3ynbrarel nonydyeHsl B popMe TabauLbl U BugeomarepuanoB. PaboTa mpo-
BEJICHa CpeacTBaMu M00. J1ab. «B3pbeIBHOE pa3pyllieHue MPUPOAHBIX MaTepua-
aoB» 1ipu nogaepxkke MUC P® no Tomckoit Obnactu u OO0 «KyzbacCrernr-
B3pbi».

INVESTIGATION OF EXPLOSIVE LOADING OF ICE.
PART 3. THE BLAST UP OF (>10 kg OF TNT)

Yu.N. Orlova
Tomsk Polytechnical University
orlovaun@mail.ru

The results of systematic studies of explosive loading of ice were presented.
We compare the results blasting needle ice and ice sandwich structure. HE
weight was 10 kg of TNT. The subjects of comparison were the diameter of the
lane in ice cover, ice edge and fracture morphology of both types of ice.
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CEKIUS 2
YUCJEHHBIE METO/IbI, AITTOPUTMBI,
MPOTPAMMBI 1 TOYHBIE
PEIIEHMS 3AJAY MEXAHUKHU CIUIOLIHBIX CPE]

Session 2

NUMERICAL METHODS, ALGORITHMS, CODES,
AND ACCURATE SOLUTIONS OF THE CONTINIUM
MECHANICS

HUHTEI'PO-JUPPEPEHIIMAJIBHOE YPABHEHHUE ITPOJOJIbHBIX
KOJEBAHUM YIIPYT'OI'O CTEPXKHS: PASPEIIIMMOCTH
HAYAJIBHO-KPAEBBIX 3ATAY 1 UX TOYHBIE PEHIEHUSA

C.C. OpJioB

HpkyTckuii rocy 1apcTBeHHBIN YHUBEPCUTET; Poccuiickas genepanus,
664003, r. UpkyTck, yin. Kapna Mapkca, 1
orlov_sergey@inbox.ru

IIpenmonaraemplii JOKJIAJ MOCBALIEH peE3yJbTaTaM HMCCIEAOBaHUA BOIpOCa
OJHO3HAYHOM PA3pPEUIMMOCTH HA4yaJdbHO-KPAEBbIX 3aJ1ad Uil JINHEMHOTO ypaB-
Henus: byccunecka—JIsiBa B unrerpo-nuddepennmansuoit hopme, MoaeIupyo-
IIETO MPOJOJIBHBIE KOJIEOAHUS YIIPYTOro CTEP>KHS C Y4€TOM MHEPIMH U Macco-
BOM Harpy3ku. PaccmaTpuBaroTCs JBa KPAEBBIX PEXKUMA: KECTKOE 3aKPEIUICHHE
KOHLIOB CTEP>KHSI U MX CBOOOJHOE (HE3aKpelyieHHOe) cocTosiHue. M3yyaemblii
OOBEKT SIBJIETCS ypaBHEHHMEM COOOJIEBCKOrO THIIA, T.€. UMEET MpHU CTapliei
IPOU3BOJHON MO BPEMEHU JIMHEWHBbIN TudPepeHranbHbIi onepaTop Mo mnpo-
CTPaHCTBEHHOM IEpPEMEHHOM, HEOOpaTUMbIH IpU OINpPEAEIECHHBIX 3HAUYECHUSAX
BXOJSALIUX B HETO I1APAMETPOB. Y CIIOBUSA Pa3peIIMMOCTH Ha4yaabHO-KPAEBbIX 3a-
Ja4 Juisi TaKUX YPaBHEHUH HE YKJIAAbIBAIOTCS B YTBEPKIACHUSA KIACCHYECKUX
TEOpEM, B CBSI3U C YEM BO3HHUKAET HEOOXOJUMOCTh Pa3pabOTKH TEOPUH, TO3BO-
JSIFOIIEH JOKa3blBaTh CYIIECTBOBAHUE U €IMHCTBEHHOCTb pellIeHuH, U 3(dek-
TUBHBIX METOAOB HX mocTpoeHud. Ilpemnaraercs peaykuus paccMaTpUBaeMbIX
3a7a4 K HayaJIbHOU 3a7aue A UHTETpo-AudGepeHInaIbHOT0 YpaBHEHUS Clie-
MaJIbHOrO BUJAa B 0aHaxoOBBIX IpocTpaHcTBax. llocienHss usydaercsa mertoaa-
MU Teopuu (yHAAMEHTAIbHBIX ONEpaTop-PyHKIMNA BBIPOKIACHHBIX HHTETPO-
g depeHInaIbHbIX OMEepaTopoB, KOTOpas MO3BOJSET TOKA3bIBAaTh CYILIECTBO-
BAHUE U €JUHCTBEHHOCTb PELICHUN HAYaJIbHOM 3aJayd B Kjlaccax pacupencse-
HUM C OrpaHUYEHHBIM ClIeBa HOCUTEIEM M (PYHKUMN CWIBHOW TJIAJIKOCTH, a
TAaK)X€ CTPOUTH TU PEILICHUs B SIBHOM BHUJE. Y CIOBHS OJHO3HAYHOM pa3peiu-
MOCTH MCXOJHBIX HAa4aJIbHO-KPAEBBIX 3a/1a4 U UX TOYHBIC PELICHUs BBITEKAIOT
KaK CJIECTBUSI U3 OOILUX TEOPEM.
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INTEGRO-DIFFERENTIAL EQUATION OF LONGITUDINAL
OSCILLATIONS OF AN ELASTIC ROD: THE SOLVABILITY
OF INITIAL BOUNDARY VALUE PROBLEMS AND THEIR EXACT
SOLUTIONS

S.S. Orlov
Irkutsk State University; The Russian Federation,
664003, Irkutsk, ul. Karl Marx 1
orlov_sergey@inbox.ru

Expected report is devoted to the study of the unique solvability of initial
boundary value problems for linear Boussinesq—Love equation in integro-
differential form. This equation describes the longitudinal oscillations of an elas-
tic rod taking into account of the inertia and mass load. We consider two bound-
ary regimes: rigid fixation rod ends and their free (unfixed) state. Object of
learning is an equation of Sobolev type, 1. e. it has in the main part an irrever-
sable linear differential operator in spatial variable. The classical theorems of the
solvability of initial boundary value problems are inapplicable in this case. Thus,
there is a need to the theorems of existence and uniqueness of solutions, and also
effective methods for their construction. We offer a reduction of these problems
to the initial problem for integro-differential equations of a special kind in Ba-
nach spaces. The abstract initial problem is studied by the methods of the theory
of fundamental operator-functions of singular integro-differential operators. The
unique solvability of the initial value problem in classes of distributions with
left-bounded support and functions of strong smoothness is proved; explicit
formulas of solutions are obtained. As a consequence of these statements the
similar theorems for the original initial boundary value problems are formulated.

MOHOTOHHBIA METO/] YACTHII JJI51 PEHIEHUS IBYMEPHBIX
I'ASOAUHAMMNYECKHUX 3ATAY C YHETOM YIIPYT' OIIVIACTUKHA
N I'OPEHMS B3PBIBYUATBIX BEHIECTB

FO.B. fAlunakun, B.A. llImenés
POALl BHUNDD UTM® r. Capos
Vovy-13@yandex.ru

[IpobGiiema KOPPEKTHOrO pacyéTa IBUKEHUS MHOTOKOMIIOHEHTHOM CpeJibl
ABJISIETCS HanboJsiee CEephE3IHOM NI JarpaHKeBO-dMIEpOBbIX METOAUK. OIHUM
U3 Crnoco0OB pelIeHMs] TaHHOM NpOoOJIeMbl SIBJISETCS HCIOIb30BAaHUE METOAA
yacTull. JJOCTOMHCTBA 3TOr0 METOAA CBSA3aHBI C JIATPAHKEBBIM MPECTABICHUEM
YAaCTHI] 1 BO3MOXKHOCTBIO XpaHEHHs] HH(POPMAIIMU O CpeJlie B HUX, YTO MO3BOJIS-
€T MUHUMHU3UPOBATh NOTPEUTHOCTH SUIIEPOBBIX METOJOB, CBSI3aHHBIE C PEILICHHU-
€M ypaBHEHHUsS aaBeKIMU. OCHOBHBIM HEIOCTATKOM METOJIa YaCTHI] SBIISETCS
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CUJIbHAsi HEMOHOTOHHOCTB PELICHUS, CBA3aHHAs C NMCKPETHBIM IIEPEHOCOM Be-
JMYMH, OTHECEHHBIX K YaCTHULIaM, U3 sS4elKH B siueiiky. IIpoueccel ropenus (B
TOM YHUCJ€ W JIETOHAIMs) B3PHIBUATHIX BEIIECTB M YIPYrOIUIACTUKA MPEICTaB-
JSIOT COOOM Ba)KHBIE C MPAKTUYECKOM TOUKHM 3pEHHUS SIBJICHUS, TPEOYIOIIHE TOY-
HOTO OINMCAaHUS NPHU YUCIEHHOM MOJEIWPOBAHMM YAAPHOBOJIHOBBIX TEUCHHM,
O0COOEHHO IpPU MCIOIb30BAaHUM HEMOIBMXHBIX CUETHBIX CETOK. B HacTosmei
paboTe mpeuiaraeTcsi MOHOTOHHBIM METOJ| 4acTUl, B KOTOPOM pELIEHBI IMPO-
OJeMBbl, CBSI3aHHBIE C HEMOHOTOHHOCTBIO KJIACCHUYECKHUX METOJ0B yactull. Pea-
nuzanus metoga MMU ocymiectBieHa B pamkax kojga OI'AK. MOHOTOHHOCTh
paccMaTpuBaeMoOro MeTojia 4acTul o0ecreunBaercs myTéM ApOOIEHHUS YaCTHUIL
TaKiUM 00pa3oM, 4TOOBI BHITEKAIOMIUN U3 STUEUKH 00BEM COOTBETCTBOBAN 00HE-
My, IOJYy4ArOLEMYCs IIPX BBIYMCIEHUU CETOYHBIM METOAOM. TaKxe mpuBOAUT-
Cs JaJbHEWIEe pa3BUTHE MOHOTOHHOTO METOJA YacTHI Ul pacdéra 3ajgad C
VCIIOJIb30BaHMEM KMHETHUKHM T'OPEHHMs B3pPBIBUATBHIX BEIIECTB IO Mojenu Mopo-
30Ba U coaBTOpoB (MK) u yuérom ynpyroniacTU4eCKux CBOMCTB MaTepUasoB.

IIpoBen€H psAx TECTOBBIX PaCyYETOB, PE3yJIbTAThl KOTOPBIX CBUAETEIBCTBYIOT
0 TOM, YTO MOHOTOHHBIN METOJ YaCTHI] MOXKET yCHEUIHO MPUMEHATHCS IS pe-
LIEHUS ONMCAHHBIX BBILIE KJIACCOB 3a]1a4.

MONOTONOUS PARTICLE METHOD FOR SOLVING 2D
GAS-DYNAMIC PROBLEMS WITH ELASTICITY AND DETONATION
OF EXPLOSIVE MATERIALS

Yu.V. Yanilkin, V.A. Shmelev
VNIIEF Sarov ITMF
Vovy-13@yandex.ru

The problem of correct solving the movement of the multi-component matter
is the most serious for the Lagrangian-Eulerian methods. One way of solving
this problem is the use of particle method. The advantages of this method are as-
sociated with the Lagrangian representation of the particle and the ability to
store information about the matter in them, which minimizes the errors of the
Euler methods associated with the solution of the advection equation. The main
disadvantage of particles is the strong unmonotonicity of results associated with
discrete transfer quantities related to the particles from cell to cell. In this paper
we propose a monotonous particle method, which solved the problems associ-
ated with unmonotonicity classical methods of particles.
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YNUCJIEHHOE MOJAEJIUPOBAHUE TEYHEHUA
B MEKXJIOITATOYHOM HEITIOABHUKHOM KAHAJIE
HEHTPOBEKHOI'O HACOCA KPJ

K.E. byu

denepanbHOE rOCyIapCTBEHHOE OI0HKETHOE 00pa30BaTEeIbHOE YUPEKICHHE
BhICIIETO 00pa3zoBanus « CHOMPCKUI TOCYAapCTBEHHBIA a9POKOCMUYECKUN YHUBEPCUTET
uM. akagemrka M.®. PemerneBay. 660037, Poccuiickas denepanus, r. Kpacnospck,
mp. uM. razetsl «KpacHosipckuit pabouniin, 31; a/s 1075
buts88@mail.ru

B pabote npencraBieH MeETO]l YUCICHHOTO MOJEIUPOBAHUS TCUCHUS B MEXK-
JIOTIATOYHOM HEMOJIB)KHOM KaHase 1eHTpoOexxHoro Hacoca JKPJI Ha ocHoBe
MHTErPaJIbHOTO COOTHOIIEHUS IPOCTPAHCTBEHHOTO MOTPAHUYHOTO CIIOS.

NUMERICAL SIMULATION OF THE FLOW IN THE
INTERSCAPULAR CHANNEL STATIONARY CENTRIFUGAL PUMP
ROCKET ENGINE.

K.E. Buts
Federal State Educational Institution of Higher Education «Siberian State Aerospace
University. Academician MF Reshetnev «. 660037, Russian Federation, Krasnoyarsk, etc..
Them. the newspaper «Krasnoyarsk worker» 31; P/ 1075
buts88@mail.ru

The paper presents a method for numerical simulation of the flow in the in-
terscapular channel stationary centrifugal pump of rocket engine based on the
integral ratio of a spatial boundary layer.

YUCJEHHOE NCCIEJOBAHUE ITPOUECCOB
PACITPOCTPAHEHUA BOJIH B BJIOYHBIX CPEJIAX

M.A. IloxadoBa

denepalibHOE TOCYAPCTBEHHOE OI0KETHOE YUpekKACHHE HAyKu MHCTUTY T
BBIYMCIIMTENILHOTO MoienpoBanuss CuOMpcKoro otaeneHus: Poccuiickoii akajgeMuu HayK;
Poccuiickas @enepanust, 660036, r. KpacHosipck, yi. Akagemroponiok, S0 ctp. 44
pokhabova-mariya@mail.ru

B pamkax nccienoBaHusl IpoLECCOB pacCpOCTPAHEHHS BOJIH C YYETOM CTPYK-
Typbl TOPHOI'O MAacCCHBA U CJIOYKHBIX PEOJIOTUYECKUX CBOKCTB MaTepHalla POCIOEK
IIOCTPOEHBI PA3JINYHBIE MaTeMaTH4YeCKUEe MOJeNd. B omHOMepHOW 3amade pac-
CMOTPEHO YIIPYroe B3auMOJICHCTBHE B ITPOCIONKAX U BAZKOYIPYTO€ B3aUMOJEHCT-
BHe 1o Moaenn Makcsemia u KensBuna — @oiixra. J[BymepHas 3a1aya npeacTaB-
JeHa Mozenbplo Ojo4yHOM cpenbl. Ilpw MopenupoBaHMM MHOTOOJIOUHOW CpEbl
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IIPUMEHSUIACh MOJIETb HA OCHOBE ypaBHEHMM KOHTMHYyyMa Koccepa. i yucien-
HOTO peIIeHHs 3a7a4d ObUT MCIOJIB30BaH MApaUICIbHBIA BBIYUCIUTEIBHBINA ajro-
PUTM, B KOTOPOM pEAJM30BaH METOJ JBYLUMKIMYECKOIO PACLIEIUIEHHS MO IpO-
CTPAaHCTBEHHBIM NEPEMEHHBIM. B pe3ysbraTte pacyeToB OJHOMEPHBIX U ABYMEp-
HBIX 33/1a4 ObLia MOATBEPIK/I€HA TMIOTe3a O CYILIECTBOBAHUH MasiTHUKOBBIX BOJIH U
IIPUBEJCHBI PE3YJIbTATHI PACYETOB, KOTOPHIE JEMOHCTPUPYIOT Ka4€CTBEHHBIE OCO-
OEHHOCTH paclpOCTPAHEHUs BOJH B OJOYHBIX Cpelax.

NUMERICAL STUDY OF THE PROCESSES OF WAVE
PROPAGATION IN A BLOCK MEDIA.

M.A. Pokhabova
Federal State Institution of Science Institute
Computational Modelling, Siberian Branch of the Russian Academy of Sciences;
The Russian Federation, 660036, Krasnoyarsk, ul. Akademgorodok, 50 pp. 44
pokhabova-mariya@mail.ru

As part of the process of wave propagation studies, taking into account the
structure of the rock mass and complex rheological properties of the material
layers are constructed different mathematical models. Parallel computational al-
gorithm was used for the numerical solution of problems, which implements the
two-cycle method of splitting the space variables. As a result of calculation of
one-dimensional and two-dimensional problems it has confirmed the hypothesis
of the existence of the pendulum wave and results of calculations which show
the qualitative features of wave propagation in block media.

YNCJIEHHOE MOJAEJIUPOBAHUE TEYEHUS BSI3KOM
AKNIKOCTHU CO CBOBOJHOHU NOBEPXHOCTBIO METO/IOM VOF

A.C. ®poJioB

HannonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, np. Jlenuna, 36
frolov_a@ftf.tsu.ru

PabGota mocBsIIeHa YHCIEHHOMY MOJEIUPOBAHUIO MPOIECCa PACTCKAHHS
BSI3KOW YKHJIKOCTH IO TBEPJOH CTEHKE MO ACHCTBHEM CHIIBI TsShKeCTH. Marema-
TUYECKas TOCTAaHOBKA 33J1a4M OCJIOKHEHA HEeJTMHEHHBIMU AuddepeHIInaTIbHbIMU
ypaBHEHUSIMU B YaCTHBIX TIPOM3BOJHBIX U MEHSIOIICIHCS BO BPEMEHH TpaHUIIEH
pasznena ¢a3. Onun u3 Hanbonee 3PGEeKTUBHBIX CITOCOOOB PEIICHUS ITON MPO-
omemel sBisiercst anroput™M VoF (Volume of Fluid), ocHOBHas uaest KOToporo
3aKII09aeTCcsl B BBeAEHWUW (GyHKIMH F, MOKa3pIBarOIICH OO0 KOHTPOIHHOTO
o0beMa 3aHATOTO KHUAKOCTHIO. JlmHamuka m3meHeHus F nmeMoHCTpupyeT 3Bo-
JFOIMIO CBOOOIHOM MOBEPXHOCTH BO BpeMeHU. B pesynbrare paboThl Oblia Ha-
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NYcaHa M OTJaXeHa nporpamma pacuera. IIpoBeneHbl McciieIoBaHUs aIpPOK-
CUMAaLMOHHOM CXOJUMOCTH alropuTMa. BBINOJIHEHBI MapaMeTpUYecKue uccie-
JIOBAHMSI SBOJIIOIIMM CBOOOJHOW MOBEPXHOCTU B 3aBHCHUMOCTH OT OIPENEISIO-
HIMX [TapaMeTPoB.

NUMERICAL SIMULATION OF VISCOSITY FLUID FLOW WITH
FREE BOUNDARIES BY A METHOD VOF.

A.S. Frolov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
frolov_a@ftf.tsu.ru

This work 1s devoted the numerical modeling of viscous fluid spreading
process on a solid wall under gravity. Such problems are complicated by detect-
ing of the free boundary evolution in time. VoF method is the most effective for
this problem solution. As a result a program for calculations was written and de-
bugged. The parametric investigations of the free boundary evolution in time as
a function of basic parameters were carried out.

MOJAEJIUPOBAHUE OJHOMEPHOI'O CTAIIMOHAPHOT' O
HEPABHOBECHOI'O TEYEHHS B IBUT'ATEJIE
C JETOHAIIMOHHOU BOJIHOHU

B.JO. I'mpacnos, /I.C. Kononos, H.C. CeBepuna
denepanbHOE TOCYIAPCTBEHHOE OI0KETHOE 00pa30BaTEIHFHOE YUPEIKIESHHE BBICIIETO 00pa-
30BaHus «MOCKOBCKMI aBUALlMOHHBINA MHCTUTYT (HALMOHAJIBHBIA UCCIIEI0BATENbCKUN YHU-
BepcuteT)»; Poccuiickas @eneparus, 125993, r. Mocksa, Bonokonamckoe mocce, 1. 4
dr.kononoff@yandex.ru

BaxxHpIM 3TanoM npu CO31aHWUM JBUTATEJEU SBISIETCS YMCICHHOE MOJEIH-
pOBaHHE XUMHUKO-(PU3MYECKUX MPOIECCOB, MPOTEKAIIIMNX B KaHale coria. B
HACTOSIIEH paboTe PaCCUUTHIBAIOTCS TEPMOJAMHAMUYECKUE MAaKpPO- U MHKpOTIa-
paMeTphbl CBEPX3BYKOBOT'O MOTOKA, IIPOXOAIIEIO Yyepe3 KaHajl, UMEIomuid Gop-
My coruia JlaBans. IIpu 3ToM B KaHalie Ha MyTH MOTOKA BCTPEYAETCs yAapHast
BOJIHA (BOIIPOCHI, CBSI3aHHBIC C MPUUYUHON BO3HUKHOBEHUS JJAHHOTO SIBJICHUS, HE
paccMmoTpeHnsbl). Takxke He YYUTHIBAIOTCA A((PEKTHl TEIIOMPOBOIHOCTH, BI3KO-
ctid B quddysun. Mccaeayemplii MOTOK COCTOMT W3 BOJOPOJA, KHUCIOPOJa H
aszota B cootHoineHuu 1 : 0.5 : 9. B xauecTBe HaYaJIbHBIX JaHHBIX 3aJaHbl Ha-
yajbHasg CKOPOCTh MOTOKA, HauajbHas TeMIepaTypa MOTOKa, HayaJabHOE JaBJe-
Hue, hopma ucciegyemoro Koutypa. Koopaunara mocTaHOBKY y/IapHOW BOJIHBI
B KOHTYPE BapbUPYETCS B PA3JIMUHBIX YUCICHHBIX IKCIIEPUMEHTAX.
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SIMULATION OF ONE-DIMENSIONAL STEADY-STATE
NONEQUILIBRIUM FLOW IN THE ENGINE WITH
DETONATION WAVE

V.Yu. Gidaspov, D.S. Kononov, N.S. Severina
Federal State Educational Institution of Higher Education «Moscow Aviation Institute
(National Research University); The Russian Federation,
125993, Moscow, Volokolamsk Highway, d. 4
dr.kononoff@yandex.ru

An important step in the establishment of the engines is the numerical simu-
lation of chemical and physical processes taking place in the channel of the noz-
zle. In this paper we calculated thermodynamic macro and microscopic parame-
ters of supersonic flow through the channel-shaped Laval nozzle. At the same
time in the channel in the flow path meets the shock wave (issues related to the
cause of this phenomenon is not considered). The same effects are not captured
thermal conductivity, viscosity and diffusion. The test consists of a stream of
hydrogen, oxygen and nitrogen in a ratio of 1 : 0.5 : 9. As the initial data set the
initial flow rate, the initial flow temperature, the initial pressure, the shape of the
test circuit. Coordinate setting shock wave in the loop varies various numerical
experiments

AJITOPUTM OIITUMHU3ALIUU AHU3OTI'PUJHBIX KOHCT})YKHI/Iﬁ
10 MACCE ITPH TPOU3BOJIbHOM YUCJIE HEJIMHEUHBIX
OI'PAHUYEHHUUA

O.A. llITeiinOpexep
Hosoxky3nenkuii nactutyT (pumuran) @PI'BOY BO «KemepoBckuii rocyapcTBEHHBIH
yHuBepcute»; Poccuiickas ®enepanus, 654041, r. HoBoky3Hueuk, yi. Llnonkosckoro, 23
olga sht@mail.ru

Bb16op onTUManbHOTrO BapuaHTa M3ZENHs, B TOM YHUCIE ONTHUMAJIbHBIX 3HA-
YEHNH TEOMETPUYECKUX I1apaMETPOB KOHCTPYKTUBHBIX JJIEMEHTOB, SBISECTCS
OJIHUM U3 JTaIOB IPOEKTUPOBAHUS KOHCTPYKLIHH.

AHN30rpUIHBIE KOHCTPYKIIMH, TIOJYyYHUBIIHE IIMPOKOE IPUMEHEHHUE B MalllH-
HOCTPOEHUH, NPEJCTABISAIOT COOO0Ml PEryJpHYIO0 CTPYKTYpy CHUPAJIBHBIX H
KOJIbLIEBBIX pedep. OCOOEHHOCTHIO ONTUMAIBHOIO MPOSKTUPOBAHUS TAKUX KOH-
CTPYKLUU SIBISIETCS TO, YTO OHU COAEPKAT OOJIBLIOE YMCIIO OTPAHUYEHUM, BbI-
paxkaeMbIX (YHKIMSIMH, HEIMHEWHO 3aBUCSIIMMH OT BApbUPYEMBIX (PaKTOPOB.

Hcnonb3oBaHue TPAJIULUOHHBIX METOAOB PEIICHUS 3aTPYJIHEHHO OCOOEHHO-
CTSIMH 00JIAaCTH JIOMMYCTUMBIX MapaMeTpOB, KaK MpPaBUJIO, OHA SIBJISIETCS HEBbI-
nykiao. PaccmaTpuBaeMblii aITOPUTM OCHOBAaH HA AJITOPUTME CHMIUIEKCHOTO
IIOMCKA, B KOTOPOM [UUISl ONMCAHMS HEBBIMYKIBIX IJIaJAKUX YYaCTKOB I'DaHMIIBI
CTPOUTCS YaCTUYHBIA R-mipe-nuKar A0mycTUuMoil 00JaCcTH, YYUTHIBAIOIINUNA TOIb-
KO OIbKalIiiie K TeKyIIel TOYKe y9aCcTKU TPaHuIlbl (JOMUHAHTHI). J{71s1 KOppek-
TUPOBKHU HAIIPABJICHHUS NEPEMEIIEHUS] CUMILUIEKCA, PACCUUTBHIBAIOTCS PEAKLIMHU
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YIPYTUX CBSI3€H, KOTOPBIMHU 3aMEHSIIOTCSI JIOMUHAHTBI, JICMCTBYIOIIMX HA TNEpe-
MEIIAEMBIN CUMILJIEKC aHAJIOTUYHO MPYKUHE.

B nannoii pabote paccMaTrpuBaeTcs MPUMEHEHHE JAHHOTO aJlfOpPUTMa K 3a-
Jla4e TTOMCKA ONTUMAJIbHBIX T€OMETPUUYECKUX MAPAMETPOB CEUEHUMN CITUPATIbHBIX
U KOJIBIIEBBIX peOep KOHMYECKON aHU30TPUHON KOHCTPYKIMH MPHU COOJIO/Ie-
HUM MUHMMYyMa MacChl U OTPAaHUYEHUN MO NPOYHOCTH U YCTOWUMBOCTH. J[iid
MOJIYYeHHS] OOpaTHO MPOMOPIMOHAIBHBIX 3aBUCUMOCTEH (DYHKIMI OrpaHude-
HUW OT BapbUPYEMBIX IAPAMETPOB HCIOJb3YIOTCS METOAbl BBIYHCIUTEIBHOIO
skcniepuMenTa. [lomydyeHHble, B X0JI€ MPUMEHECHUS ONTHUMAJIbHOIO alrOpUTMa,
F€OMETPUU-YECKUE PA3MEPBI CEYEHHUM C YYETOM OTPAHMYECHUN TEXHOJIOTHU MPO-
W3BOJICTBA YJIOBJIETBOPSAIOT YCTAHOBJIEHHBIM YCIOBUSM IO TPOYHOCTH U YCTOM-
YUBOCTHU KOHCTPYKIIUH.

ALGORITHM OF OPTIMIZATION OF ANISOGRID CONSTRUCTION
FOR AN ARBITRARY NUMBER OF NON-LINEAR RESTRICTIONS
IS OFFERED

O.A. Shteinbreher
Novokuzneckiy institute (the branch) FGBOU IN «Kemerovo state university»;
The Federation Of russia, 654041, Novokuzneck, str. Ciolkovskogo, 23
olga sht@mail.ru

Optimum projection of construction is one of the stages of design. In this pa-
per the algorithm of problem solving of optimum projection of designs at the ar-
bitrariest number of non-linear restrictions is offered. The task is reduced to un-
constrained minimization of support function which is based of assumed target
function and R-predicates of the arbitrariest number of restrictions.

The example of application of an algorithm of optimization to a problem of
searching of optimum design data of a lattice shell.

CPABHUTEJIbHBINA OB30P TEXHOJIOT UM,
AIIITAPATHOI'O 1 IIPOTPAMMHOI'O OBECIIEYEHUS
YCKOPEHUS BBIYUCJIEHUM

P.B. ITajgxkun
JInueit Tomckoro rocygapcTBeHHOro ynusepcureta; Poccuiickas @enepanus,
634050, r. Tomck, np. Jlenuna, 36
Romangg81@gmail.com

B craTtbe npeacTaBieH 0030p aKTyadbHBIX TEXHOJIOTHUN YCKOPEHUS BHIYUCIIE-
Hui. PaccMoTpeHa 3aBUCMMOCTh CKOPOCTH BBITIOJIHEHUS IPOTPaMMBbI OT BbIOOpa
komruiuisitopa. Hapsimy ¢ mpoBepkoit a¢gdextuBHOoCTH TexHoioruit OpenACC,

MPI u OpenMP, BeinoHEH aHaMW3 BIWAHUA HA TPOU3BOINUTEIBHOCT TEXHOJIO-
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run Hyper Threading ans nponeccopos Core 17 u Core i5. B xkauectBe BbIunc-
JIMTEIILHOM 3a/1a4X BBICTYIIWIIO PEIICHUE YPABHEHNN ra30BOM TMHAMUKH.

COMPARATIVE REVIEW OF COMPUTING ACCELERATION
TECHNOLOGIES, HARDWARE AND SOFTWARE

R.V. Palkin
The Lycee Tomskogo state university; Federation Of russia,
634050, Tomsk, pr. Lenin, 36
Romangg81@gmail.com

The purpose of this article is to give a review of topical computing accelera-
tion technologies, such as OpenMP, MPI and OpenACC. Different compilers
efficiency comparison was made. Acceleration potential of Hyper Threading
technology was analyzed by the example of Core 15 and Core 17 processors.

IMAPAJIJIEJBHAS PEAJIN3ALIMS CIINIAMHOBOM PASHOCTHOM
CXEMBI ITPY PEIIEHUU 3AJTAYA TEPEHOCA ITIPUMECH
B ATMOC®EPE

A.A. CeménoBa
HannonaneHbIM uccnenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas @enepauus, 634050, r. Tomck, np. Jlenuna, 36
semyonova.a@math.tsu.ru

bruta pa3zpaboTana HOBasi YMCJICHHAsI CXeMa PEIICHUS] CUCTEMbl KOHBEKTHB-
HO-TU(DPY3nOHHO-KMHETUUECKUX YPABHEHUIM MaTEMaTUYECKON MOJEINU MEePEeHO-
ca MaJIbIX COCTABJISIIOIINX MPUMECU C YUYETOM UX XUMHUYECKUX B3aUMOACHCTBUIA
B aTMOC(HEpPHOM MOTPaHUYHOM cioe. st anmpoKkcuManui KOHBEKTUBHBIX UJie-
HOB I0JIb30BaJIaCh MOHOTOHU3MPOBAHHAS CIUIAHOBAsi CXE€Ma BBICOKOTO MOPSI-
Ka TOYHOCTH. OHa CTPOMUTCS OCHOBE JIOKAJIbHBIX BECOBBIX KyOMYECKHX CILIai-
HOB, 00JIaAIONINX XOPOIIel CIOCOOHOCTHIO BOCIPON3BOANTh MOHOTOHHOE pac-
npejesieHue 3aBUCUMOM NIEPEeMEHHON Ha HOBOM Iare mo Bpemenu [1]. Yucnen-
HBIM SKCHEPUMEHT 3aKJI0Yalcsi B TOM, YTO Ha MOBEPXHOCTH 3eMJIM B palioHe
ropojia B OJJHOM siYEHKEe CEeTKH paccMaTpUBAEMOM 00JacTH MPOUCXOJUT MOCTO-
SHHOE€ BbIJEJIEHHE NpUMecH. Takke B pacyeTrax UCIOJIb3yeTcs IMoje BeTpa Ha
JIBOE CYTOK, MPEJCKa3aHHOE C MOMOIIBI0 Me3oMaciTabHoi Mozenu. B nentpe
00J1aCTH PACIONIOKEH yYacTOK, M3 KOTOpOro ¢ mHTeHCHMBHOCTHIO 10000 mr/c
BbIJICNIAETCS ra3000pa3Has mpumech. TpeOyeTcsi ciporHo3upoBaTh U3MEHEHHE
KOHIICHTPAIIMM Ha UMEIOLIEMCS TI0JIE BETPaA Ha MOcieayrouee BpemMs. B pe3yib-
TaTe psA/la YUCICHHBIX YKCIIEPUMEHTOB ObLT BBISBIICH Psifi €€ JTOCTOMHCTB Mepe]]
yK€ U3BECTHBIMU YUCICHHBIMH CXEMaMU 2-ro U 3-ro mopsiika TOYHOCTH, IPH-
MEHSIEMbIMU MpH pemieHun nanHou 3amauu: MLU, MUSCL. OaHo u3 Hux 3a-
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KJIFOYAaeTCA B TOM, YTO CILIAMHOBAs CXeMa MEHEE NOABEPKEHA BIUSHHUIO CXEM-
HOW AU Qy3UH, YTO MO3BOJSIET HA OJHON M TOU YK€ CETKE TOUHEE MPEICKA3hIBATH
JIOKQJIbHBIE MAKCUMYMBbI B UACJICHHOM PEILICHNH 33/]1a4 IIEPEHOCA PUMECH B aTMO-
cdepe. [Ipu peanuzanuu anropurMa ObUIM NPUMEHEHBI JBa MOAX0Ja pacrapasuie-
JIMBaHMS, OCHOBAHHBIE HAa JBYMEPHOM IEKOMIIO3MIIMM PAaCUYETHOW OOJIACTH C HC-
110J1630BaHeM. OHM OCHOBAHBI HA CUHXPOHHBIX WJIM ACUHXPOHHBIX METO/IAX MEXK-
IIPOLIECCOPHON Nepeayy JTaHHBIX JUIS BBIYMCIMTENIBHBIX CUCTEM C PACIIPEICIICH-
HOM namsThro [2]. Iloka3aHna nenecooOpa3HOCTh IPUMEHEHHUS ONEperKaroIIel pac-
CBUIKM BBIYMCIICHHBIX NPUTPAHUYHBIX 3HAUEHUNA CETOUHON (YHKLHUH C NOMOIBIO
ACUHXPOHHOM I€pEeAayYn JAHHBIX UL TOBBIIECHUS YCKOPEHUS PACYETOB.
PaGota Beimmonnena npu noaaepxke PODU (rpant Ne 16-41-700178-p_a).

Jlureparypa
1. Keacos b.M. MeTozibl N30r€OMETPUUYECKON anmnpoKcUMaluu ciuiaitnamu. M: ®dusmar-
T, 2006. 360 c.
2. Cmapuenko A.B., [lanunkun E.A., Jlaesa B.M., [Ipoxanog C.A. lIpakTukym no Metogam
napajuleNbHbIX Beuucienuid. M.: U3n-so MI'Y, 2010. 200 c.

PARALLEL IMPLEMENTATION SPLINE DIFFERENCE SCHEME
FOR SOLVING THE PROBLEM OF POLLUTANT TRANSPORT IN
THE ATMOSPHERE

A.A. Semyonova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
semyonova.a@math.tsu.ru

A new monotonized high-accuracy spline scheme is proposed to approximate
the convective terms. It has been shown that this scheme has an advantage over
the monotonized schemes of second or third order used to solve such problems.
Various approaches to paralleling the computational algorithm are developed
and tested. These approaches are based on a two-dimensional decomposition of
the calculation domain with synchronous or asynchronous methods of interproc-
essor data transmission for distributed-memory computer systems.

ABTOMATH3AINA OBPABOTKH JAHHBIX ®PU3UYECKHX
NCCIEAOBAHUU

J.FO. I'aBpusion
HannoHaneHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
gavr131313@gmail.com

B coBpeMeHHOI HayKe y»e HECKOJIbKO JEeCATUIIETUN MCIOJB3YIOTCS LUPPO-
Bble IpUOOpPHI s MpoBeeHus: n3mMepenuil. Ha oOpaboTKy mosryuyeHHBIX ¢ Ta-
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KHX NPUOOPOB JAHHBIX MHOTAA YXOAAT KPyIHbIE BPEMEHHBIE 3aTpaThl. DTO CBS-
3aHO C HECOIIACOBAHHOCTHIO mporpammHoro obecnedenus (I10), cTpykrypu-
PYIOLIET0 M COXPAHSIIOUIETO Pe3yJIbTaThl U3MEPEHUH, C MPUIIOKEHUSIMU OCYIIIE-
CTBJISIFOIIUMU UX MOCIEAYIONIYI0 00padoTKY.

DATA PROCESSING AUTOMATION IN PHYSICS RESEARCH

D.Yu. Gavrilov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
gavr131313@gmail.com

For many decades digital devices are widely used in science for measure-
ments. A lot of time spends at data processing. It can be relate with disagree-
ment of software that structure and save measurements results, with applications
that carry out postprocessing

MOJAEJIUPOBAHUE 3JIEKTPOCTATHYECKOI'O ITOJIA
B OKPECTHOCTHU CTBIKA U30JIATOPA U DJIEKTPOJA

A.A. Maitawokos, P.K. Hapumaunos
HannonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepauus, 634050, r. Tomck, np. Jlenuna, 36
Dinislam.94@gmail.com

Ha ocnoBe anbrepnupyromero merona IlIBapua, myrem cpamuBaHus YHC-
JICHHOT'O M aHAJIUTUYECKOTO0 PEIIEHUN MTPOU3BOIUTCS ONPEAECICHUE IEKTPOCTA-
THYECKHUX T0JIeH B 00acTu 0coboi Touku. OIeHUBACTCS MOTPEITHOCTh OTHOCH-
TEJIbHO TOYHOTO PEIICHHS.

ELECTROSTATIC FIELD MODELING IN REGION OF
THE JUNCTION OF THE ELECTRODE AND INSULATOR

D.A. Maylyukov, R.K. Narimanov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
Dinislam.94@gmail.com

The electrostatic field in area of the critical point is calculated by merging the

numerical and analytical solution, based on alternating Schwartz method. The
error was compared with respect to the exact solution.

41



YUCJIEHHOE MOJEJIMPOBAHME 3AJAY BHYTPEHHEN
BAJVIMCTUKU PATT C HIOMOLIBIO OBPATHOI'O
METOJA JJAKCA-BEH/IPODDA

A.E. Kuprwoumkun, JI.JI. MuHbK0B
HanmonaneHbli ncciienoBartenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
sashakir94@mail.ru

B nannoii pabote paccMaTpuBaeTCsl YUCICHHOE PEUICHHE JBYMEPHBIX 3a71au
BHyTpeHHel Oammuctuku P/ITT Ha nexapTOBOW BBIYMCIUTEIBHOM CETKE C IO-
Moo WENO-cxem muckpernsanmu no npocrtpanctsy U TVD Runge-Kutta
MeTosa uHTerpupoBanus no BpeMenu. Kak uzsectno, WENO-cxembl 001aiaroT
HIMPOKHUM I11a0JOHOM, a 3HAYUT JUIsl TOUYEK, PACIIOJIOKEHHBIX PSIIOM C TPAHUIIEH,
4acTh 111a0JI0HA HAXOJIUTCA BHE BBIYMCIUTEILHON 00JaCTH.

Takke TpaHuIa INepeceKkaeT JIMHUM JEKapTOBOW BBIYMCINTEIBHOM CETKH
pou3BOJILHBIM 00pa3zom. C momortipio obpatHoro metona Jlakca—Bennpodda
3aJJal0TCsl 3HAYEHUsI B (PUKTHUBHBIX TOYKaxX PSAOM C IpaHulEedl 00JacTH, 4TO
oOecrnieunBaeT BHICOKH MOPSIIOK TOUHOCTH BO BCEH 00JIACTH BHIYMCIICHUSI.

NUMERICAL SIMULATION OF SRM INTERNAL BALLISTICS
PROBLEMS USING INVERSE LAX-WENDROFF PROCEDURE

A.A. Kiryushkin, L.L. Minikov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
sashakir94@mail.ru

Numerical solution of 2D SRM internal ballistics problems on Cartesian
mesh using WENO-schemes spatial discretization and TVD Runge-Kutta time
discretization are considered in this paper.

As it is known, WENO-schemes have wide stencil. Therefore, part of stencil
points near the boundary may lay outside the computational domain. In addition,
boundary intersects the Cartesian grid in an arbitrary fashion. Ghost values are
set in points near the boundary in order to provide high order accuracy inside the
computational domain.
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KPUTEPUH CXOAUMOCTHU TEHETUHUYECKOI'O AJITOPUTMA
B 3AJAYAX MUHUMMU3ALIUU ITOJIMMOJAJIBHOU ®YHKIINA

A.9J. BacbkuHa
HanmonanbsHbIi uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
bastet94@mail.ru

B pabore paccmarpuBaeTcsi mpodiieMa OIEHKH CXOAUMOCTH T'€HETUYECKUX
aITOPUTMOB pEIlIeHUsI 3a7ad MUHUMHU3alUuu QyHKIUH. B kauecTBe perneHus
npo0JIeMBbl UCIIOJIB3YETCS KJacTepu3alis pelieHuid, o0ecneunBaromas Hajaex-
HyI0 paboty anroputma. PaboTocnocoOHOCTh MpeIoKEeHHOTO METOo/1a ToKa3a-
Ha Ha npuMepe (QPyHKUUN, UMEIOUUMMU HECKOJIbKO MUHUMYMOB (ITOJMMOJANb-
HBIMH), YTO MOJATBEPXKAAIOT MPOBEJICHHbBIE MCCIEIOBAaHUS HAa OCHOBE pa3palo-
TaHHOTO IPOrPAMMHOT0 00ECIIEYEHUSI.

CRITERION OF CONVERGENCE OF GENETIC ALGORITHM TO
MINIMIZE THE PROBLEMS OF MULTIMODAL FUNCTION

A.E. Vaskina
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36

This paper considers the problem of the convergence of genetic problem al-
gorithms for solving problems of minimization of functions. Use clustering solu-
tion providing reliable operation of the algorithm. The proposed method works
with polymodal functions.

YUCJIEHHOE MOAEJINPOBAHUE MEXAHUYECKOI'O
IHOBEAEHUA KEPAMNYECKUX HAHOKOMIIO3UTOB
HPU JMHAMUNYECKOM HAI'PY XEHUHU

A.1O. ®enopos, B.A. Ckpunusk
HanvoHaneHbIN HccienoBaTenbCkuii TOMCKUI rOCYy 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36.
anton4991@mail.ru

YuclieHHOe MOJIETMPOBaHUE IPOLIECCOB MEXaHUYECKOTO MOBEJACHUS XPYIKHUX
TeTEePOreHHBIX CpPeJl MO3BOJISIET PACHIMPUTh MOHUMAHUE 3aKOHOMEPHOCTEH Je-
dbopmanuu, pa3BUTHUS MOBPEXKICHUN U pa3pyIICHHs MEPCIEKTUBHBIX Kepamuye-
CKHMX KOMITO3UIIMOHHBIX MAaTE€pPUAJIOB B YCIOBHUSIX MHTEHCUBHBIX JUHAMUYECKUX
BO3JICHCTBUIA, YTO HEOOXOUMO MPHU MPOEKTUPOBAHUU DJIEMEHTOB KOHCTPYKIIMIA
U PalMOHAIBHOTO MCIIOJIb30BAHMS MATEPUATIBHBIX M SHEPIeTHUECKUX 3aTpaT Ha
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IPOU3BOJICTBO KepaMUUECKNX u3aenuid. B manHoi pabote A MoaeInpoBaHUs
MEXaHHUYECKOM PEeaKIMy KEPaMUUECKUX KOMIIO3UTOB HA MMITYJIbCHOE BO3JIEUCT-
BU€ OBLT UCIOJIb30BaH MeTOJ criaxkeHHbIX yacTul (SPH). Ilpoananu3upoBaHsl
IIPOLIECCHI PA3PYLICHUSI HA ME30CKOIMMYECKOM YPOBHE KOMIIO3UIIMOHHBIX MaTe-
puasioB cucrtembl ZrB,-B,C. MeTtogoM 4HCIIEHHOTO MOAEIUPOBAHUSI HUCCIIEH0-
BaHbl 3aBUCUMOCTH IPEJIEIOB MPOYHOCTH HAHOCTPYKTYpHOU ZrB, kepamuku u
HaHokoMmno3uToB ZrB,—B,C ot ckopoctu nedopmaruu u temmeparypsl. Pe-
3yJbTaThl MOKA3aJH, YTO MPU BBICOKOCKOPOCTHOM AedopMalK pa3pylieHUe
HAaHOKOMIIO3UTa HOCHUT KBa3MXPYNKHIl xapakrep. TpeunmHbl Ha ME30CKONu4e-
CKOM YPOBHE B BOJIHE CXKaTUsl (GOPMHUPYIOTCS BOJM3U MOP U B MPOCTPAHCTBE
MEXIYy YIPOYHAIOIMMHI YaCTULIAMH.

NUMERICAL SIMULATION OF THE MECHANICAL BEHAVIOR
OF CERAMIC NANOCOMPOSITES UNDER DYNAMIC LOADING

A.Yu. Fedorov, V.A. Skripnyak
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
anton4991@mail.ru

This paper reports our results on the investigation of dynamic failure of
nanostructured ZrB2-B4C composites at the mesoscale level. 3D computer
simulation of deformation and failure of structured volume of materials was car-
ried out at the mesoscale level. It was shown that dynamic failure of ZrB2-B4C
nanocomposite has quasi-brittle character.

MOIEJHUPOBAHUE MEXAHUYECKOI'O IOBEIAEHUSA CIIVIABOB
ZR-NB C YYETOM PA3BUTUS JEDOPMAIIVMHA U IOBPEXJIEHUN
HA ME3OCKOIINYECKOM N MUKPOCKOIIMYECKHUX YPOBHSAX

B.A. Cep0OenTa, B.A. Ckpunusk
HannoHaneHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccutickas ®@enepanus, 634050, r. Tomck, mip. Jlennna, @U3HKO-TEXHUYECKHH PaKyIbTET
Serbenta3@mail.ru

CoBepIlIeHCTBOBAHUE TEXHOJOTUM u3rotoBieHus obonouek TBIJIOB wu
DJIIEMEHTOB O0OpPYAOBAHUS SIAEPHBIX PEAKTOPOB CBSI3aHO C HEOOXOJUMOCTBHIO
IIPOTHO3a CTPYKTYPHBIX MPEBPALLEHUN U MEXaHUUECKUX CBOMCTB paJMalluOHHO-
croiikux cmiaBoB Zr—Nb. [Ipo6nemoii, Ha peleHrue KOTOpol HampaBaeHO JaH-
HOE HAay4YHOE€ MCCJIEeIOBAHME, SIBIIAECTCA CO3[]JaHME HAYyYHBIX OCHOB U pa3paboTka
METOJIOB OLIEHKM MEXAHMYECKMX CBOMCTB HOBBIX KOHCTPYKLUMOHHBIX Marepua-
JIOB IS SIIEPHBIX peakTOpoB IV MOKOJIEHUS U KOMIIBIOTEPHOTO MOJECIUPOBAHHUS
X MEXaHUYECKOTO MOBEJICHUS C UCTOIb30BaHNEeM d(()EKTOB BIUSHUS XUMUYE-
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CKOT'O COCTaBa M yCJIOBUW Harpy>kK€HHsI HA MeXaHW4YecKkne cBoricTtBa. CoBpeMeH-
HBIE TEOPETUUYECKUE METOJbI ABJISIOTCA OCHOBOW ISl MOJEIMPOBAHHUS IPOLIEC-
COB CTPYKTYPHBIX MPEBPALICHU HA MUKPO- U ME30CKOIIUYECKOM YPOBHE C Iie-
JIBI0 YTIyOJICHUS] TIOHUMAaHUS CBSI3U MEXIY BHEIIHUMU MapaMeTpamu U Gusu-
YEeCKMMHU CBOMCTBaAMU MartepualioB. B Hacrosieil paboTe npencTaBieHbl pe-
3yJIbTaThl IO PA3BUTHUIO0 TEOPETUUECKUX METOJIOB OLUEHKH M IPOTHO3UPOBAHUS
MEXaHUYECKUX U 1e(OopMaIMOHHBIX CBOMCTB, CIUIaBOB Zr—Nb.

[TonydeHsl NPOrHO3bl 3aKOHOMEPHOCTEN MPEAEIIOB IPOYHOCTU MPH PACTSIAKE-
HUM c1aBoB Zr—INb B mmpokoM nuamna3oHe ckopocred nedopmanuu u temre-
patypbl. B nanHo# paGoTe mpeacTaBieHbl Pe3yJIbTaThl MOJICITUPOBAHUS MEXa-
HUYECKOTO TOBEACHMs CIUIaBOB Zr—Nb ¢ HCHOJIb30BaHUEM OIMPEAEIISIONIETO
ypasHenust KHL u yderom passutus nedopmaiuu u moBpexIeHUNA Ha MUKPO- U
ME30CKOIMYECKOM YPOBHSX

MECHANICAL BEHAVIOR MODELING OF ZIRCONIUM-NIOBIUM
ALLOYS WITH THE DEVELOPMENT OF DEFORMATION
AND DAMAGE AT MESOSCOPIC AND MICROSCOPIC LEVELS

V.A. Serbenta, V.A. Skripnyak

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
Serbenta3@mail.ru

This paper reports the results of the study and prediction of mechanical prop-
erties of Zr—Nb alloys. The regularities of the flow stress and the tensile strength
of Zr—1Nb in polycrystalline and ultrafine-grained state under loading in the
temperature range from 297 K to 764 K were described by KHL (Khan-Huang-
Liang) model. The results can be used in engineering analysis of designed tech-
nical systems for nuclear reactors.

HCCIEJOBAHUE ®OPMbI CBOBOI[HOI?! ITOBEPXHOCTH
CTEIIEHHOH KNJKOCTH B IIJTOCKOHU IOCTAHOBKE

ML.IIL. BecconoBa
HannonaneHbIM HccienoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®enepauus, 634050, r. Tomck, np. Jlenuna, 36.
bessonova.mp@mail.ru

Uccnenyerca dopma cBOOOJHON MOBEPXHOCTHU MOTOKA CTEIIEHHOM KUKOCTH
B IJIOCKOM KaHajie. MaTeMaTnyeckasi OCTaHOBKa BKIIIOYAETCs B ce0sl ypaBHe-
HUS JABWKEHUS B NPUOIMKEHUM Moa3ymiero teueHus (ypaBHenus CTokca),
ypaBHEHHE HEPA3pbIBHOCTU U I'pPaHUYHbIE YcloBUs. B ypaBHeHusx Ctokca yuu-
THIBA€TCSl BIUSHHUE CWJIbl TSXKECTH, HAIIPABJICHHOW MPOTUB MOTOKA KUIKOCTH.
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JIJ1sl YUCIIEHHOTO PELICHMS UCII0JIb3YETCSl HEMPSIMOM METOJ] IPAaHUYHBIX 3JIEMEH-
TOB B COYETAaHUU C METOAOM IIPOCTOM MTEpaluu. B pe3ynbTaTe NMpOBEIECHHOTO
UCCJIEIOBaHUSI OOHApY’>KEHO IMOSBJICHUE HEYCTOMYMBOCTU (POpMBI CBOOOIHOM
NOBEPXHOCTH MPU HU3KUX 3HAUYCHMSIX MOKa3aressd HeIMHeHHocTH. Takke moka-
3aHO, YTO YBEJIMYECHHUE BIMSHUS TPABUTALMOHHBIX CHJ TO3BOJISIET H30€XaThb
BO3HUKHOBEHUS HEYCTOWYMUBOCTH.

THE STUDY OF FREE SURFACE SHAPE OF POWER LAW FLUID
IN PLANAR DOMAIN

M.P. Bessonova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
bessonova.mp@mail.ru

The free surface shape of power law fluid flow in planar domain is investi-
gated. The mathematical model includes the Stokes equation, the continuity
equation and the boundary conditions. The indirect boundary element method in
combination with the simple iteration method is used for the numerical solution.
It found the appearance of instability of the free surface shape at low values of
the power-law index.

YUCJEHHOE MOJEJINPOBAHUE B3AUMOJIEHCTBUSI
YAAPHBIX BOJIH C AE®@OPMHUPYEMbBIMH
MHOI'OCJIOMHBIMUA OPTOTPOITHBIMU NPETPAJIAMHU

HN.A. Typosiruna
HayuHo-uccnenoBareabckiii HHCTUTYT MeXaHUKU HalmoHanbHOro HCCie10BaTeNIbCKOTo
Huxeropoackoro rocygapcrtsenHoro ynusepcurera um. H.W. Jlobauesckoro;
Poccuiickas @enepauus, 603950, r. Huwxuuiit Horopog, np. I'arapuna, 23, k. 6
hodykinainna@gmail.com

MHorocnoiiHble NPOHMIIAEMBIE IPErpajbl, MPeACTaBISAoNINEe CO00H ciou
METAIIMYECKUX IJIETEHBIX CETOK, SIBISIFOTCS 3(()EKTUBHBIM CPEACTBOM OCHIa0-
JICHUs Harpy3Ku OT BO3JECUCTBHs YIApHBIX BOJH. [Ipy MHTEHCHBHBIX BO3JEUCT-
BUSIX TpEerpajga MOXET UCHBIThIBATh JedopMalii, B TOM YHUCIE IJIACTUYECKHUE.
IIpencraBiieHa YWCIEHHAasT METOAMKA, OIMCBHIBAIOIIAS CBA3AHHBIC IIPOLIECCHI
B3aMMOJEMCTBUS YAApHBIX BOJIH C MOJOOHBIMM Iperpaiamu. JIMHaMH4YecKoe
IIOBEJICHHE ITAKETA IJIETEHBIX CETOK, COAEPIKAILEro B CBOMX IOpPAxX Ia3, OIMMUCHI-
BAETCS C NOMOULIBIO YPaBHEHUN IMHAMUKH MHOTOCKOPOCTHBIX KOHTHHYYMOB.
YucineHHoe pelleHre YPaBHEHH NPOBOAUTCS MO MOAU(PUUHPOBAHHON CXeMe
C.K. T'onynoBa. [IpuBeneHsl pe3yJbTaThl YUCIEHHOIO MOJAEIUPOBAHUS PACIIPO-
CTpPaHEHHUs YIapHOM BOJIHBI YEPE3 WIMHAPUYECKUN ITAKET METAUINYECKOM TIe-
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TEHOW CETKH MPHU BHYTPEHHEM B3PBIBHOM BO31eHCTBUHU. OuieHUBarOTCS 3Pdek-
Thl CHW)KEHHUS MHTEHCUBHOCTHU yAAPHOW BOJIHBI IIOCJIE B3aUMOJECHUCTBUSA C IIpe-
rpajJiou.

[Tony4deHHble pe3yabpTaThl CPABHUBAKOTCA C M3BECTHBIMU JIKCIIEPUMEHTAJIb-
HBIMU JAHHBIMH I10 ITapaMeTpaM MPOXOASIIHNX BOJIH.

NUMERICAL MODELLING OF SHOCK WAVE INTERACTION WITH
DEFORMABLE MULTILAYERED ORTHOTROPIC BARRIERS

I.A. Turygina
The Research institute mechanical engineers National Exploratory Nizhegorodskogo
State university im. N.I. Lobachevskogo;
Federation Of russia, 603950, Lower Novgorod, pr. Gagarina, 23, k. 6
hodykinainna@gmail.com

Multilayered permeable barriers represent the layers of metal braided grids. It
is effective way for weakening the load from the impact of shock waves. Pre-
sented numerical methods that describe the associated processes of interaction of
shock waves with similar obstacles.

The obtained results are compared with known experimental data on the pa-
rameters of the passing wave.

Ob YJIYUHIEHUU CXOANMOCTHU PA1OB B 3AJIAYE
O KOJIEBAHUSIX ITPSIMOYT'OJIbHOM OPTOTPOITHOM IMPU3MBbI

A . JIamko

Kpsimckuit gpenepanbublii yausepeurer uM. B.1. BepHanckoro; Poccuiickas @eneparus
295007, r. Cumdepornons, np. akagemuka BepHaackoro, 4
knightLA@yandex.ru

[TomyyeHO HOBOE AaHAIMTHUYECKOE MPEJICTABICHUE PEUICHUS 3aJa4d O BBIHY-
KICHHBIX YCTAHOBUBILIUXCS KOJEOAHUSX OPTOTPOIHON MPU3MBI U COOTBETCT-
BYyIOIIasi OECKOHEYHAs CUCTeMa JIMHEWHBIX allreOpanyecKuX ypaBHEHHI.

Haiineno cueTHoe MHOKECTBO 3JI€MEHTapHBIX COOCTBEHHBIX YacTOT U (popm
KoJIe0aHMii, KOTOpPOE COOTBETCTBYET M3BECTHBHIM MojaM Jlame st M30TPOITHBIX
npu3M. [locTpoeHsl TOXAECTBA, KOTOPBIE MO3BOJIIIOT YIYYIIUTh CXOAUMOCTH
PAIOB B IIPEJICTABICHUN PELICHUS.
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ON IMPROVEMENT OF THE SERIES CONVERGENCE IN
THE PROBLEM OF THE VIBRATIONS OF ORTHOTROPIC
RECTANGULAR PRISM

A.D. Lyashko
The Crimean federal university im. V.I. Vernadskogo; Federation Of russia
295007, Simferopoli, avenue of the Academician Vernadskogo, 4
knightLA@yandex.ru

A new analytical presentation of the solution for steady-state oscillations of
orthotropic rectangular prism is found and the corresponding infinite system of
the linear algebraic equations has been deduced. A countable set of the elemen-
tary eigenforms is found for a rectangular orthotropic prism. The identities are
found which allow to improve the convergence of all infinite series in the solu-

tion of the problem.

48



Cexkuus 3
NCCIIEJOBAHUSA HOBBIX ITIEPCIIEKTUBHBIX
MATEPHUAJIOB B ITPMJIOKEHUSX MEXAHUKHA
CILTIOHIHBIX CPEJ

Session 3
INVESTIGATION OF ADVANCED MATERIALS IN
APPLICATIONS OF CONTINUUM MECHANICS

IKCHEPUMEHTAJIBHOE NCCJIEAJOBAHUE ITPOLECCA
MHOI'OKPATHOI'O BK/IIOYEHH A MOAEJBHOI'O OTKPBITOI'O
TBEPAOTOIIJIMBHOI'O 'ASOI'EHEPATOPA B BOJHOU CPEJIE

MLIL. Opaosa, T.U. I'opOenko, C.A. BosikoB

HannonaneHbIM HccienoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. JIenuna, 36
maria-orlova-93@mail.ru

Meronom auddepeHnaIbHO-CKaHUPYIOIIEH KAJIOPUMETPUM U TEPMO-
I'PaBUMETPUUYECKOr0 aHAJIM3a MCCIEI0OBAH MUKPOPA3MEPHBI MOPOIIOK allOMH-
Hus mapku ACJ[-4 u nanogucnepcHbiit mopomok Alex. ITopomiok Alex akTUBHO
UCIIOJb3YETCSl B KOCMUYECKOM TexHuKe. [IpoBeneHbl pacueTbl SHEPTUHU aKTHUBa-
MU U NPEIIKCIOHEHIIMATBbHOIO MHOKHUTEIIS.

THE STADY OF THE EFFECT OF ALUMINUM POWDERS
DISPERSION ON THEIR OXIDATION AND KINETIC
CHARACTERISTICS

M.P. Orlova, T.I. Gorbenko, S.A. Volkov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
maria-orlova-93@mail.ru

Micro-sized aluminum powder ASD-4 and nano-powder Alex have been
studied by differential scanning calorimetry and thermogravimetric analysis.
Alex powder is widely used in space technology. The activation energy and pre-
exponential factor have been calculated.
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MN3YYEHHUE BJIMAHUA COCTABA HA IPOYHOCTHBIE
XAPAKTEPUCTHUKU ITOPUCTOI'O KOMITIO3UTA Zr0O,(MgO)-MgO

A.C. byskos, C.H. KyabkoB
®uszuko-rexuuueckuit paxynprer, HU TI'Y; r. Tomck, np. Jlenuna 36
Alesbuyakov(@gmail.com

[Topucteie kKepamuuecKue MaTepuayibl — OCOOBIM KilacC MaTepHayioB, JKC-
IUTyaTallUOHHBIE XaPAKTEPUCTUKH KOTOPBIX OMPEACNAIOTCS 00bEMOM ITOPOBOTO
IPOCTpaHCTBa U reomeTpuet nmop. Ux obnactu npumMeHeHus BecbMa OOIIMPHBI,
4TO OOYCJIOBJIEHO MX BBICOKOH KOPPO3UOHHOW, XMMHUUYECKOH, pajavalimOHHOMN
CTOMKOCTBIO M TEPMOCTOMKOCTHI0. Oco00€ MECTO 3aHMMAIOT KEPaMUKH Ha OC-
HOBE JuoKcuaa nupkoHus (Zr0O,), o0namarniero BHICOKUMHU JKCIUTyaTallluoH-
HBIMH XapaKTePUCTUKAMH, OMpejelisieMble, B OOJBIIONW CTENEeHU, CTAOWIU3U-
pytoimumu 1o0aBkamu. B pabore M3ydeHbl KepaMUYeCKHUE KOMIIO3UIIMOHHBIC
matepuaibl ZrO,—MgO B MUPOKOM JTMania3oHe KOHIIEHTpAIUi, C 00hEMOM I10-
posoro npoctpancTa 50%, credennsie npu temieparype 1600 °C. Mccnenosa-
HbI TOHKAasl KpUCTAJTMYECKAs! CTPYKTypa U MPOYHOCTh MATEPUAJIOB MPHU CIKATHUH.
[TokazaHo, 4TO mpeena NPOYHOCTH ONPEACIISIETCS. HANPSXKEHUSIMUA BTOPOTO poja,
BO3HUKAIOUIMMU HA TPaHULAX KPHUCTAUIUTOB. MeEXI1y MaKpOIpOYHOCTHIO H
MUKPOHANPSHKEHUSMH B KpHCTaUIMUECKO# pemerke MgO 3aBUCHUMOCTh JIMHEM-
Ha, B TO BpeMs Kak OT BEJIMUYMHBI MUKpPOHANpshKEeHUU B pemietke ZrO, 3aBUCH-
MOCTb IPOYHOCTH YCTAHOBUTH HE YAAI0Ch.

STUDY OF STRENGTH PARAMETERS DENSITY FROM
COMPONENTS CONCENTRATION IN POROUS CERAMIC
COMPOSITE ZrO,(MgO)-MgO

A.S. Buyakov, S.N. Kulkov
Physico-Technical Faculty, NO TSU; Tomsk, 36 Lenin Ave
Alesbuyakov(@gmail.com

Porous composite ceramic materials ZrO,—MgO were studied. The main me-
chanical characteristics of the material were determined and compared with
XRD-analysis results. It was shown, that they are determined by microstresses
and in a most way by microstress in MgO crystal lattice.

KPUBBIE JE®@OPMAIIUN MOHOKPUCTAJIVIOB AJIIOMUHUA

M.C. Anenposckuii, U.E. Tyroamun, P.O. Ocranenko
I'mmuazust Nel3; Poccusickas @eneparnus, 634063, r. Tomck, ya. Ceprest Jlazo, 26/1
lancia225@gmail.com

B pabote npezacraBieHbl pe3yJbTaThl AKCIEPUMEHTAIBLHOTO HCCIEIOBaHUS
KPUBBIX IJIACTUYECKOTO TEYECHHS] MOHOKPHCTAIOB ATIOMUHHUSA TEXHUYECKOM
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YUCTOTHI, 1e(OPMHUPOBAHHBIX CXKATHEM NMpH KOMHATHOW Temmepatype. Hccre-
JIOBaHbl TPU OPHUEHTUPOBKM MOHOKPHCTAJJIOB: OCh HArpy>XEHHUsS MapajuielibHa
pebpy kyba (F-moHOKpucTamibl), AnaroHany rpaiu (D-MOHOKpUCTAIIIbL) U TIPO-
CTpaHCTBeHHOW auaroHanu ky6a (T-monoxpucramisl). s Bcex uccieloBaH-
HBIX MOHOKPHCTAJUTUYECKIX 00pa3IOB MOJTYUYEHBI KPUBBIE TEUCHHSI B DJICKTPOH-
HOM BapHaHTE W BBISBJICHA UX 3aBHCHMOCTb OT OPUEHTALMU MOHOKPHUCTAILIOB.
YcraHoBiieHO, YTO Hanbosee CUIBHO MPH IUIACTHYECKO aedopmMarnuu ynpod-
HAIOTCST T-MOHOKpHUCTA/UIBL. {71 3THMX MOHOKPHCTAJUIOB TaKXKe H3y4ajoch
BIMSHUE BBICOTHI oOpasua. OOHapyKeHO, H3MEHEHHE BBICOTHI T-MOHO-
KPHUCTAJUUIOB B 2 pa3a HE OKa3bIBAE€T 3aMETHOI'O BIMSIHUSI Ha KPUBbIE TEUCHMUS.

STRAIN CURVES OF ALUMINUM MONOCRYSTALS

M.S. Dneprovsky, I.LE. Tutolmin, R.O. Ostapenko
Grammar school Ne 13; Rossiyaskaya Federation, 634063, Tomsk, ul. Sergey Lazo, 26/1
lancia225@gmail.com

This work presents the results of an experimental research of plastic flow
curves of technical purity aluminum monocrystals deformed by compression at
room temperature. Three orientation monocrystals are researched: the loading
axis is parallel to the edge of the cube (F-single crystals), face diagonal (D-
single crystals) and the spatial diagonal of the cube (T-single crystals). For all
the monocrystals flow curves obtained in electronic form and revealed their de-
pendence on the orientation of the crystals. It was found that most strongly dur-
ing plastic deformation hardening T-monocrystals. For these monocrystals are
also studied the effect of the height of the sample and It is found, that changing
the height of the T-single crystals of 2 times did not have a noticeable effect on
the flow curves.

U3MEHEHUE ®U3NKO-XUMUYECKUX CBOMCTB IPUPOJHOI'O
HEOJIMTA INOCJIE MEXAHUYECKOU AKTUBALIUU

A.IO. by3umos, C.H. KyibkoB
HanmonaneHbli ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
buzimov92@gmail.com

N3BecTHO, 4TO MEXaHWYECKasl aKTUBALMs B IIAPOBBIX MEJIBHUIIAX COMPOBOXK-
JaeTCs U3MEHEHUSIMU MOP(OJIOTUH, TUIOMIAIA YIAEIbHON MOBEPXHOCTH U (a3o-
BOI'0 COCTaBa 11€0JIUTOB. Takum 00pa3oM, HCClieIoBaHUE (PUBUMKO-XUMUUYECKUX
CBOMCTB IIPUPOJHOTO LEOJUTAa TOKAUCKOrO MECTOPOKICHUSA SABIIIETCS aAKTyaslb-
HbIM. [lopoiiok nmoaBeprayics MexaHUuueckoil oOpaboTKe B IJIAHETAPHOU MEJlb-
Hute 10 600 MunyT. Mcrnonb30BaHbl CIEAYIOMIME METOAbl UCCIEIOBAHUS: DJIe-
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MEHTHBIA aHAJIN3, PEHTTE€HOCTPYKTYPHBIN aHAJIN3, METOJ PACTPOBOM AJIEKTPOH-
HOM MHKpPOCKOIIMH, METOJ ompeneneHus yaeiabHo noBepxHoctu (BOT). Pe-
3yJBTAThl AJEMEHTHOIO aHAJIN3a MOKA3aJIM, YTO MPUPOJHBIA LIEOJUT COCTOUT B
OCHOBHOM M3 KPEMHHUs, aJIOMUHHUS U PA3JIMYHBIX DJIEMEHTOB, TAKUX KAaK Mar-
HUN, KaJIUi, Kaablui, kene3o. UneHntudukanys peHTreHorpaMM MPUPOJTHOTO
[IE0JIUTA MOKa3aja, YTO B COCTAaBE UCXOAHOTO MOpOIIKa HaxoAuTcs 7 $a3 ¢ pas-
JIMYHBIM COJIEPKAHUEM MUHEPAJIOB.

CornacHO peHTreH0(a30BOMY HCCIIEIOBAHUIO, KOJTUYECTBO aMOp(hHOM (a3bl
y HCXOAHOTO mopoimka coctaBuio 12.5%. B HCXOJHOM COCTOSHHMM ILIOIIA/Ab
yIEIbHOU MOBEPXHOCTH MOPOIIKa cocTtaBuia 19.3 M7/T. [Topoiok nipencraBieH
YacTULIaMU HENPaBUIBLHOU (DOPMBI, pa3HBIX pa3MepoB, IUIOTHO MPHJIETArOIINX
IpYT K IPYyTY, CPEAHUN pa3Mep YaCTUIl COCTABUIA 27 MKM.

VY CTaHOBIIEHO, YTO B Te€YeHHE NepBbIX 60 MHUHYT, yIenabpHas IUIOIAAb IIO-
BEPXHOCTH BO3PacTaeT, AoCTUras Makcumyma 32.9 M°/r. JlanbHeimas MexaHu-
YyecKash aKTUBALMs IPUBOAUT K YMEHBIICHUIO YIEIbHON ITOBEPXHOCTH MTOPOIIKA.
[Iponiecc MEXaHMYECKON aKTUBALMK MPUPOJHOTO LE0JUTa TOKalCKOrO MECTO-
POXKAEHUS COOTBETCTBYET TEOPETUUECKUM JIMHUAM U PA3JAEIAETCS HA TPU 30HBIL:
1 — 30Ha U3MeENBYEHNS, KOTIa IPOUCXOAUT YBEIINUEHHUE YIEIbHOW IOBEPXHOCTH
MPONOPLUHUOHAIIBHO BPEMEHU U3MENBYEHUS; 2 — 30HA arperanv Wiu nepexom-
Has 30Ha, [J€ yJAelIbHasl MOBEPXHOCTh HE M3MEHAETCS; 3 — 30HA ariioMepalyy,
rae HaOMrofaeTcs YMEHbBIICHHE IUIOMIAd YACIbHOW MOBEPXHOCTH C POCTOM
BpeMeHH u3MenbueHus. [lokazano, 4to MexaHudeckass oOpabOTKa MPUBOJIUT K
MU3MEHEHHIO HE TOJIBKO YJEJIbHOW MOBEPXHOCTH M pa3Mepa 4acTUll, HO U K U3-
MeHeHH0 (pa3zoBoro cocraBa. KonmdecTBeHHBIN (DAa30BBIM aHATU3 MPUPOIHOTO
[IE0JIUTa B Tpollecce MeXaHudeckoil oOpabotku a0 600 mMuH, mokaszan pajau-
KAJIbHBIE M3MEHEHUS MHHEPAIOIMYECKOro cocrasa. lIpu 3TOM, mpoumcxomurt
yBEJIMYEHUE KoJIu4ecTBa aMop(dHoit ¢a3bl B moporike ¢ 12,5 1o 52%.

CHANGE OF THE PHYSICAL-CHEMICAL PROPERTIES OF
NATURAL ZEOLITE AFTER MECHANICAL ACTIVATION

A.Y. Buzimov, S.N. Kul'kov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36

The goal of this work was to study changes induced by mechanical activation
on the structure and properties of natural zeolite Toka; Mountain deposite. It has
been shown that the amount of amorphous phase and the specific surface area
depends on mechanical treatment. The mechanical activation in a planetary ball
milling is a powerful method for obtaining the necessary specific surface.
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BJIUSHUE TEPMOYJAPHBIX HATPYKEHUI HA CBOMCTBA
KEPAMMKH Al,O;-MgO

C.II. bysikosa, FO.JI. Kperos
N®IIM CO PAH
kretov2005@yandex.ru

B pabote uccienoBaHo BIUSHUE TEPMOYAAPHBIX Harpy»KeHUW Ha (a3oBbIN
COCTaB M MEXaHWYECKHUE CBOMCTBa kepaMuku coctaBa MgO-Al,O;, a Taxxke
TEPMOCTOMKOCTh JAHHOTO MaTepuaia. Y CTaHOBJIEHO, YTO C YBEJIMUEHHEM YUCIA
TEPMOYJApHBIX HArpy>KeHUW He Halro/aeTcs M3MEHEHHil (a30BOro cocraBa
JTAHHOTO KOMITO3HUTa. B X0/1€ CTIbITaHNI BBISIBJICH COCTaB KOMIIO3UTa Hanbosee
YCTOWYHBBIN K TEPMOYAAPHBIM HATPYyKEHUsIM. Takke 3aMe4eHo, 4TO TEpMOyaap

HE OKAa3bIBa€T BO3JICHCTBUS HAa MEXaHUYECKHE CBOMcTBa Kepamuku MgO-—
AL Os.

EFFECTS OF THERMAL SHOCK STRAINS ON THE PROPERTY
OF ALUMINA-MAGNESIA CERAMICS

S.P. Buyakova, Yu.L. Kretov
IMPA RAS
kretov2005@yandex.ru

In work studied effect thermal shock loading on the phase composition and
mechanical properties of the ceramic composition of MgO-Al,Os, and thermal
shock resistance of the material. It was found that with the increasing number of
thermal shock loads not observed changes in the phase composition of the com-
posite. During the tests revealed the composition of the composite more resistant
to thermal shock loading. Also found that the thermal shock loading does not af-
fect on mechanical properties of the ceramic MgO—Al,Os.

BBIHYKJIEHHOE U3JIYYEHME B TOHKHUX IIVIEHKAX
IIPHU ®OTOBO3BYKAEHUUN

N.JI. Jlanuna

HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
inna_lapina 92@mail.ru

B pabore Obun cozmanbl MeTofoM mosnBa rmiieHku [luppomerena 597 B ¢o-
TooTBepxkAaeMoil snokcuano cmoisie (OSSILA). Bbeuio ycTaHoBiaeHO, 4TO B
IUICHKE 3a cueT 3(QeKTa MOITHOr0 BHYTPEHHETO OTpakeHHs (POpMUPYETCs BOJI-
HOBOJI, M3JIy4€HHE KOTOPOTO BBIXOAUT W3 TOPLOB IJICHKH. [Ipu 3TOM eciu u3my-
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YeHHE BOJHOBOJA OyJIeT MPOXOAUTh Yepe3 BO3OYKIECHHYIO IUIEHKY, TO OHO Oy-
JI€T CHUMaTh UHBEPCHUIO, U BOJHOBOJ B 3TOM Ciydae OyJeT BBICTYNATh B POJIH
pe3onatopa. BonHoBoj, oOpazoBaHHbIN 3a cueT siBneHus [1BO, sBisieTcs Bpen-
HBIM, TaK Kak NpuBOAuT K cHkeHuto KIIJ[ renepauuu B mpoaoJibHOM pe30Ha-
Tope. OaHako, yMEHbUIEHUE IUIOMIAAM BO30YyXJeHUs (BBeleHUE Auadparmsl,
(OKYyCUPOBKHM) YMEHBIIAET HEXKeJlaTeJIbHbIE MOTEPU U BPEIHOE H3IIyUCHHE C
TOPILIOB IJIEHKHU 3aMeTHO ociabeBaeT. [loaToMy B nanHO# paboTe Oblia peanu-
30BaHa CX€Ma HKCIEPUMEHTAIBLHON YCTAHOBKHU MO TUIY KBa3H-MPOJOJIBHOTO pe-
30Haropa. Pe3onaTtop B Hel CHOPMHUPOBAH CEIEKTHUBHBIM AUAJIEKTPUUECKUM
3epKaJIOM | TIIYXHUM 3epkaioM. B cxeMy BBezeHa nuadparma, mpu moMoInu Ko-
TOPOM MOYXHO TOYHO BapbUPOBATH T€OMETPUUECKHUE PA3MEPBI BXOJHOTO ITyUKa.
B Takoi cxeme nonydeHa reHepauus Ipy KBa3u-Mpo10JbHON HaKayKe Ha JUIMHE
BOJIHBI 578 HM, MOPOT reHepamuy coctaBui 1,8 MBT/cM’, TIONyIHMpHHA HONOCK
u3nydyenus coctaBuia 5 uMm, KIIJ = 3,4 %. Ycranosneno, uro KII/] renepaunu
meHoyHord JIAC mpu mpoAoJIbHOM HAKAuKe 3aBUCHUT OT IUIOMIAAM HAKaYKH
Suak. Tak, mpu OoablIMX SHaK NMPOJIOIbHAS reHepanus orcyTcrByer. [lpu pas-
Mepax MSATHA HAKAYKW COMOCTaBUMBIX ¢ TommuHOM mieHku KIIJ[ renepauun
MMEET MAKCUMAaJIbHbIC 3HAYCHMUSI.

Jlannas pabdora (Ne 8.2.44.2015) BeinosnHeHa npu nojaepxkke [Iporpammer
«Hayunpiti ponn um. .. MenneneeBa ToMckoro rocy1apcTBEHHOT'O YHUBED-
curera» B 2016 r.

STIMULATED EMISSION IN ORGANIC FILMS FOR
PHOTOEXCITATION

I.L. Lapina
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
inna_lapina_92@mail.ru

In this paper the generation of Pirrometen 597 in transversal pumping and
longitudinal types is investigated. Research was conducted at exaltation by the
pulse laser (wavelength of excitement is 532 nm, duration of an impulse is 10
ns, pumping power density is 13 MW/cm?2). Films doped with the dye were cre-
ated by a watering method (concentration of days = 5 x 10 — 4 moll/l). Thick-
ness of films was measured using the optical profilometer KLA — Tencor Mi-
croXam 100 and was obtained 5.8 microns.
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IKCIIEPUMEHTAJIBHO-PACYUETHASA OLHIEHKA
B3PbBIBOCOITPOTUBJIAEMOCTH OBPA3LOB IIKM
NP1 HEKOHTAKTHOM I1OJIBOAHOM B3PbIBE

A.M. lyabHeB, E.A. Hekirogosa
denepanbHOE rocynapcTBEHHOE YHUTapHOe npeanpustie KpbuloBckuil rocynapcTBeHHbIH
Hay4HbIU HeHTp; Pocculickas denepanus,
196158, r. Cankr-IlerepOypr, MockoBckoe 1mocce, 44
nekludik@mail.ru

[IpumeHeHre MONMMEPHBIX KOMIO3UIMOHHBIX MaTE€pUaOB JJisi M3TOTOBIIE-
HUSl KOPITYCHBIX KOHCTPYKIMN KopalOisieil o0yclioBIMBaeT HEOOXOAUMOCTh HC-
CJIEIOBaHUS COMPOTHUBIISIEMOCTH TaKMX MaTepUaliOB MPU BO3ACHCTBUU paziny-
HbIX BUJOB JUHAMUYECKUX HArpy30K.

B pabore uccienoBanach CONMPOTUBISAEMOCTh OOpPA3lOB M3 IMOJIUMEPHOTO
koMmmosunmonnoro marepuana (IIKM) Ha ocHOBe CTEKIOTKAaHW W BUHHIA(UP-
HOT'O CBSI3YIOILIETO B YCIOBUSIX BO3JICUCTBUSI HEKOHTAKTHOI'O MOABOJHOTO B3PHhI-
Ba. Ha oOCHOBE NpOBEIEHHBIX SKCIEPUMEHTOB IIOJIydeHa OLEHKAa YpOBHEU
B3PBIBHOTO BO3EHCTBUS, COOTBETCTBYIOIIUX PA3IUYHON CTEIIEHU MOBPEKICHUS
MaTepuasia (pacTpeCKMBaHUE CBSI3YIOLIETrO, Pa3pbiB OTAEIbHBIX BOJIOKOH, 00pa-
30BaHKE MpoOouHbl). [lomydeHbl 3KCrIepuMeEHTaNbHbIE 3aBUCUMOCTHU «Jehopma-
Usl — BpPEMs», XapaKTepU3YIOllUe HANpPsKeHHO-AE(POPMUPOBAHHOE COCTOSHHE
(HIC) obpazios.

C ucnons3zoBanuem nporpamm LS-DYNA u AUTODYN npoBeieHO KOMIIb-
I0TEPHOE MOJICJIMPOBAHUE BO3JCUCTBUS MOJABOJAHOIO B3phIBA Ha 00paslbl MpH-
MEHUTEIBHO K YCJIOBHSAM HcnbiTaHuM. [lomyyeHo xopoiiee COOTBETCTBUE pe-
3yJIBTAaTOB MOJICITMPOBAHUS YKCIIEPUMEHTAIBHBIM JTaHHbIM. Pa3zpaboTanHbie Mo-
TN UCIIOIb30BaHbl jis Oosiee neranpHOro anainusza HJIC oOpasmoB IIKM B
YCJIOBUSIX TOJBOJIHOTO B3pPhIBa W BBIOOpPA BO3MOKHOTO KPHUTEPUS ISl OLICHKU
IPENEIBbHOIO COCTOSHHUSL.

EXPERIMENTAL AND COMPUTATIONAL BLAST RESISTANCE
ASSESSMENT OF POLYMER COMPOSITE SAMPLES AT
CONTACTLESS UNDERWATER EXPLOSION

A.L Dulnev, E.A. Nekliudova
Federal State Unitary Enterprise Krylov State Research Center;
The Russian Federation, 196158,

St. Petersburg, Moscow highway, 44
nekludik@mail.ru

The paper presents results of experimental research on fiberglass composite
material resistance to explosion. Three levels of critical explosive load (matrix
breaking, breaking of single fibers, hole) were obtained and strain levels in sam-
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ples were estimated. The stress-strain state of composite sample loaded by the
shock wave was analyzed using the finite element modeling (LS-DYNA and
AUTODYN). FEM shows satisfactory agreement with the experimental data.

KOHTPOJIb MOIIIHOCTHU U3JIYUYEHUSA KRCL-
N XECL-OKCUJIAMIIE BAPBEPHOI'O PA3PAIA
METOAOM CKAYKA JABJIEHUA

M.B. /luneHko

HanvoHaneHbIN HccienoBaTenbCkuii TOMCKUI rOCy 1apCTBEHHBIN YHUBEPCUTET;
mari.dm28@mil.ru

[Ipoueccot paccesiuus sueprun B KrCl- u XeCl-skcunammnax 6apbepHOTO
paspsifia Ipu Pa3IuIHBIX HAMPSIKEHUSIX, YaCTOTaX U JUTUTECIBHOCTSAX WMITYJIHCOB
HAIPSHKCHUS BBISABICHBI METOJOM CKaudka gaBieHus. [IpemyioxkeH u ampoOupo-
BaH CTOC00 pacuéra cpeaHell MOITHOCTH U3ITyYCHHS B YCIOBUSX HEOTHOPOIHO-
r'o 3arojiHeHus pa3psaioM kosiooi. [ToaTBepkIeHbI TaHHbIC MPEAbIYIINX padoT
(Iluxynes A.B., Cocuun 3.A., 2010-2013).

CdopmynupoBaHa 3aKOHOMEPHOCTh O COOTBETCTBHH YCIIOBUU JTOCTHIKCHUS
HanOONBIINX 3HAYCHHI MOIIHOCTH YJIbTPAPHUOICTOBOTO M3IyUEHHUS YCIOBHUSM,
B KOTOPBIX pacceMBacMOi B IUIa3Me pa3psa TEIioBas MOIIHOCTh MaKCH-
MaJIbHa.

DIELECTRIC BARRIER DISCHARGE KRCL-
AND XECL-EXCILAMPS RADIATION POWER CONTROL BY
PRESSURE JUMP METHOD

M. Didenko
National Research Tomsk State University
mari.dm28@mil.ru

The energy dissipation processes in dielectric barrier discharge KrCl- and
XeCl-excilamps at various voltage, frequencies and pulse duration are revealed
by a pressure jump method.It is offered and tested a way of radiation power cal-
culation in conditions of non-uniform filling of device bulb by discharge plasma.
The previous data (Pikulev A.A., Sosnin E.A., 2010-2013) are confirmed. It can
be formulate the following conclusion based on pressure jump method: In bar-
rier discharge excilamps, the conditions for achieving maximum values of aver-
age power and intensity of radiation meet the conditions of maximum heat emis-
sion in the discharge plasma.
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JIOMUHECIEHTHBI CEHCOP JIJIS OBHAPYKEHUSI
HUTPOCOEANMHEHNU

II.T. bepasidaeBa
HanmonanbsHbIi uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
mari.dm28@mil.ru

B pabote uccnegoBana BO3MOKHOCTh CO3/JaHUSI JIIOMUHECIICHTHOTO CEHCopa
Ha HUTPOCOEIMHEHUS /11 MOHUTOPUHTA OKpYy»XKarolieil cpenpl. MccienoBanusie
BellecTBa: aHanuT — HuTporoiayon (NT), dmwoopodoper — 9,10-bis
(trimethylsilylethynyl) anthracene (TMSA) u 9,10-bis (phenylethynyl)
anthracene ([{®A). bbuia co3nana mieHka ceHcopa, U3MEHEHUE JIFOMHHECIICH-
MU KOTOPOT0 HaOIIOAANIM MPU B3aUMOJIEUCTBUM HUTPOTOJIYyOJa B Ta30Boil (a-
3e. M3BecTHO, 4TO TylIeHUE JTIOMHHECHEHIMU (iroopodopa Mpoucxoaut Oia-
roiapss BOSHUKHOBEHUIO KOMIUIEKCA C MEPEHOCOM 3apsiia MEXKy MOJIEKYyJIaMU
ceHcopa u a"Hanuta. [lomydyeHo, 4ToO UHTEHCUBHOCTh u3nyueHus JJDA manaer B
2 pa3a B T€Y€HUE 2 MUH, 2 UHTEHCUBHOCTb u3nydeHuss TMSA — 3a 8 mun. Crne-
noBarenbHo, [IDA sBisieTcs O0oJiee MEPCIeKTUBHBIM BEIIECTBOM ISl CO3/IaHUS
JIOMUHECLIEHTHOTO CEHCOpa HAa HUTPOCOETUHECHMUSI.

FLUORESCENT SENSOR FOR THE DETECTION
NITROAROMATIC COMPOUNDS

S.T. Berdybaeva
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
mari.dm28@mil.ru

We have studied the possibility of creating a fluorescent sensor for the detec-
tion nitroaromatic compounds. Investigated material: analyte — nitrotoluene
(NT), fluorophores — 9, 10-bis (trimethylsilylethynyl) anthracene (TMSA) and
9,10-bis (phenylethynyl) anthracene (DPA). The luminescence intensity of the
DPA decreases by 2 times for 2 minutes.

HEOJHOPOJHOCTD INMTACTHYECKOI'O TEYEHUA
B BUMETAJIVIMMECKOM MATEPHAJIE

FO.B. JIu, C.A. bapannukoBa, A.B. boukapesa, A.I'. Jlynes, JL.b. 3yeB

HanmonanbsHbli uccnenoBarebckuii TOMCKHI rocyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, nip. Jlenuna, 36
jul2207@mail.ru

B HACTOAIICC BPCMs OMMeTa/lJIbl 3aHUMAIOT Ba)KHOE MECTO B COBpeMeHHOﬁ
IIPOMBINIJICHHOCTH, I'ZIC B PC3YyJIbTATC JKCILUIyaTallMMd OHHU IMOABCPIKCHBI BJIHA-
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HUIO CTOPOHHHX MEXaHMYECKHX BO3AeUCTBHU. M3ydyeHue mpuponbl miactuye-
CKOI AedopMaIi TBEPABIX TEJ MPUBENIO K 3aKIIOUEHHUIO0 O TOM, YTO IUIacCTHYe-
CKO€ TE€YEHHE HEOJAHOPOHO (JIOKAIU30BaHO) Ha JIIOOOM cBoeM dTarne. B pabote
paccMOTpPEHbl OCOOEHHOCTH PACIPOCTPAHEHUS] (PPOHTOB JIOKAJIM3AIMU TIIaCTH-
yeckod nedopmanuu B OuUMETasie C UCHOJIb30BAHUEM METOJa KOPPEISLUU
UPOBBIX U300paKeHUN. AHANU3 CTAIUIMHOCTU KPUBBIX HArpy>K€HUs IO Xa-
pakTepy u3MeHeHHus Koddduunenrta neopmMaliOHHOro0 yIpOYHEHUs U M0Ka3a-
Tens 1e(OpMallMOHHOIO YIPOYHEHHUs IOKa3aj, YTO XapaKTepHOM OCOOEHHO-
CThIO J1e(pOpPMALIMOHHBIX KPHUBBIX pacCMaTpMBAEMOr0 MaTepualia sBJIsIeTCs Ha-
JUYre TpeX CTaJui MJIACTUYECKOro TEUEHUs: CTaauu JUHEeHHoro aedopmaim-
OHHOT'O YIPOYHEHHUS, CTaauu napadonndyeckoro aegopmanuontHoro (Teinopos-
CKOI'0) YIPOUYHEHUS U CTaaus IpeapaspylieHus. Mcrnonb3oBaHuEeM aBTOMATH3U-
poBanHoro komiiekca ALMEC-tv mo3Bonuiao omnpeaeauTb OCHOBHbBIE MPO-
CTPaHCTBEHHO-BPEMEHHBIE XapaKTEPUCTUKHA PACIPOCTPAHEHHsI 30H JIOKAJIW3a-
LUU: CKOPOCTh PacIpoOCTpaHEHUs1 Vaw U MPOCTPAHCTBEHHBIN NEPHOJ A.

Pabora BbmonHeHa B pamkax IIporpamMmel (pyHIaMeHTaIbHBIX UCCIEIOBAHUN
['ocymapcrBennoit akagemun Hayk B 2015-2020 rr. u IIporpammsr «Hayunblit
¢oun um. /.M. MenneneeBa TOMCKOro rocyJapCTBEHHOTO YHUBEPCUTETa» B
2016r.

HETEROGENEITY OF THE PLASTIC FLOW IN THE
BIMETALLIC MATERIAL

Yu. Li, S.A. Barannikova, A.V. Bochkareva, A.G. Lunev, L.B. Zuecv
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
jul2207@mail.ru

In this work we study the evolution of the localization of the plastic deforma-
tion in bimetal carbon steel - stainless chromium-nickel steel metal composite.
The images of the localization of the plastic deformation upon the uniaxial ten-
sion have been obtained by the digital image correlation method (DIC). The
stages of the plastic flow curves have been analyzed, and the local deformation
distribution parameters have been evaluated, as well.

®A30BbINA AHAJIN3 MIOKPHITUS HA OCHOBE TiAIN METOJ10M
IMPOCBEYNBAIOIIEN DJIEKTPOHHON MUKPOCKOIIUH

EM. IbiMH1Y

HannoHaneHbIN HccinenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
dymnich 95@mail.ru

®a30BbIil cocTaB U MUKpPOCTpyKTypa NokpbiTus TiAIN, HaHeceHHOro Ha

MoJUI0KKY M3 aycteHuTHoU ctanu 12X18HI10T, ucciaenoBaniucys METOAOM Tpo-
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CBEUMBAKOIIECH IU(PAKIMOHHON 3JIEKTPOHHON MuKpockonuu. Hanecenue mno-
KPBITUSL OCYIIECTBIISAJIOCh MArHETPOHHBIM METOJIOM PACIBUICHUS] MULIEHU B pe-
aKIIMOHHOM CMECH Ta30B aproHa u azorta. Ilojgyoxkka — ayCTeHHTHas CTallb
12X18H10T — moaBeprajiiach nmpeaBapUTENbHON 0O0paOOTKE MOHHBIM ITyYKOM
thTaHa. CpaBHMBAJIUCH PE3YJIbTATHI, MTOJYUYECHHbIE IPU HCCIEIOBAHUU ITOKPHI-
TS, HAHECEHHOI0 Ha 00pabOTaHHYIO MOHHBIM ITyYKOM THUTaHa MOAJIOKKY U IO-
KPBITHSI, HAHECEHHOI'0 Ha MPEJBAapUTEIbHO HEOOPAaOOTaHHYIO MOIOKKY. BbIsB-
JI€HO, YTO YBEJIMYEHUE JUIMTEJIBbHOCTU IPEBAPUTENBbHON HOHHOW 00paboTKh
IIOJIJIOKKM MOHAMM TUTAHA NPUBOJUT K M3MEJIBYCHHUIO HAHOKPHUCTAIIIMYECKOM
cToNO4aTON CTPYKTYphl MOKpbITHS T1AIN.

AN INVESTIGATION OF ELASTIC-PLASTIC PROPERTIES OF
ALUMINUM ALLOYS AT HIGH STRAIN RATES

E. Dymnich
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
dymnich 95@mail.ru

TiAIN coat plating-on austenitic steel was studied by transmission electron
mycroscopy. The coat plating on steel substrate was by magnetron sputtering.
Austenitic steel substrate was ion beam processed. The comparison of the ob-
tained results between the coating plated on ion beam processed substrate and
the coating on untreated steel substate were made. It is perceived that preproc-
essing duration was influenced on nanocrystalline columnar structure refine-
ment.

OU3NKO-MEXAHUYECKUE CBOUCTBA
YIBTPAMEJKO3EPHUCTOI'O ATIOMUHUN-MATHUEBOI'O
CIIJIABA, IOJIYYEHHOI'O THTEHCUBHOM IMJIACTUYECKOMN
JTE®OPMAIINEN

B.A. KpacnogBeiikun, A.A. Ko3yann, B.A. Ckpunusk, E.H. MockBuueB
HanmonaneHbIM HcciienoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, mip. Jlenuna, 36
volodia74ms@yandex.ru

B paGote npencraBieHbl pe3ysbTaThl UCCIEIOBAHUS BIMSHUS WHTEHCUBHOU
riactuueckort aedopmanuu (MUI11), peann3zoBanHOM 10 cXeMe OPTOTOHAIBLHOTO
paBHOKaHajibHOTO yriioBoro mnpeccoBanus (PKVYII) mo mapmpyry BC npu mo-
BBHIIIICHHBIX TEMIIEpaTypax, Ha CTPYKTYpy U (PU3MKO-MEXaHUYECKHE CBOWMCTBA
JIETKOTO KOHCTPYKITMOHHOTO aTfOMHHUK-MaraueBoro cruiaBa Al 1560. M3mene-
HUE er0 (PU3UKO-MEXAaHWYECKUX CBOMCTB BCJIEICTBHE MOAU(UKAIMN BHYTPEH-
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HEH CTPYKTYpBI ABJISAETCS HANPABICHUEM JUIsl MOBBILIEHUS 3(P(HEKTUBHOCTH Me-
XaHU3MOB B aBHALIMOHHOM, aBTOMOOMJIBHOM U KOCMUYECKON POMBIIIIEHHOCTH.
XUMHYECKUM DJIEMEHTHBIM U PEHTICHOCTPYKTYPHBIM aHAJIU3 MaTepualia IOoKa-
3ajiy, 4TO B Ipouecce 00pabOTKU B HEM HE MPOUCXOAAT XUMUYECKUE PEAKIIMU U
¢dazoBble mpeBpaieHus. MccnegoBaHusi CTPYKTYpbl M TEKCTypbl MaTepualia
IPOBOJMJIU C UCIIOJIb30BAHUEM aHAJIN3a KapTUH JUPPAKIUN OTPAKEHHBIX DJICK-
TPOHOB.

Pabora BemosiHeHa npu (uHAHCOBOM mojaepxkke rpanta [Ipesuaenta Poc-
cuiickoit denepanun MK-5914.2016.1.

PHYSICO-MECHANICAL PROPERTIES OF ULTRAFINE-GRAINED
AL-MG-BASED ALLOY PRODUCED BY SEVERE PLASTIC
DEFORMATION

V.A. Krasnoveykin, A.A. Kozulin, V.A. Skripnyak, E.N. Moskvichev
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
volodia74ms@yandex.ru

As a result of severe plastic deformation the influence of structural changes
was investigated in the samples made of Al-Mg-based light alloy in the pre-
sented research work. Mechanical properties of material was investigated ex-
perimentally in quasi-static uniaxial tensile tests at a speed of deformation of
0.001 1/s in the as-received condition and after severe plastic deformation by
equal-channel angular pressing. Change of microhardness value has been deter-
mined in a sample after four cycles of pressing in comparison with a sample in
as-received condition. It was determined that after four treatment cycles, yield
strength and fracture resistance of alloy increased in 1.8 and 1.4 times, respec-
tively, and microhardness value increased in ~ 1.5 times.

UCCJEJOBAHME CBOMCTB METAJUIMYECKNX HAHOBOJIOKOH
I'IK HUKEJISI, COAEPKAIINX BOJIOPO/

O.B. SAmiun

Anraiickuil rocyjapcTBeHHbIN TexHuueckuil yausepeuteT um. U.U1. Tlon3yHosa,
656038, r. bapnayi, nip. Jlenuna, 1. 46
frs22@mail.ru

B pabote onucanbl pe3yabTaThl UCCIAEOBAHUM MPOIIECCOB, HAOIIOAAEMBIX BO
BpeMst jaedopmarnuu HaHoBosiokoH ['TIK Ni, comepxarux aTomMbl BOAOPOA.
[TonydeHHble pe3yJbTaThl IMOKa3au Oojiee BBICOKOE 3HAYCHHE OTKOJIBHOM
MIPOYHOCTH JIJII HAHOBOJIOKOH Ni, COAEpKaluX BOJIOPOJ, B CPaBHEHHH C pe-
3yJIbTaTaMH, TOJIYYEHHBIMH JIJI1 HAHOBOJIOKOH YUCTOTO Ni.
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THE INVESTIGATION OF METAL FCC NICKEL NANOFIBERS
CONTAINING HYDROGEN

0O.V. Yashin

The Altaic state technical university im. I.I. Polzunova,
656038, g. Barnaul, pr. Lenin, d. 46
frs22(@mail.ru

In this study described results of process investigations, which observed dur-
ing deformation FCC Ni nanofibers, containing hydrogen atoms. The results
showed a higher value for tensile strength for Ni nanowires containing hydrogen
as compared with the results for pure Ni nanowires.

BJIMAHHUE ZRO2 U SIC HA ITIOPUCTOCTDb KOMIIO3UTOB
ZRB2-ZRO2-SIC

A.JO. T'yceB

NHcTuTyT GU3HKK TPOYHOCTH B MaTepuaioBefeHus: CHOMPCKOTO OTACICHHS
Poccwuiickoit akanemun Hayk. 634055, r. Tomck, np. Akagemuueckuid, 2/4
artemdvd@mail.ru

Komno3utsl cocraBa ZrB,—ZrO,—SiC OTHOCSTCS K KJIacCy BBICOKOTEMIIEpa-
TYPHBIX MAaTEPHUAJIOB, YTO MPEAINOJIaraeT BO3MOXKHOCTh IKCIUTyaTalluu U3CIIHi
U KOHCTPYKIMH U3 HUX B YCIIOBUSIX BBICOKMX Temiieparyp. Llenpto ganHoi pa-
OOTHI SIBJISUIOCH UCCIICIOBAHUE BIUSHUS COCTaBa KOMIIO3UTOB HA MOPUCTOCTb.
UccnenoBanuch Tpu rpyimbl komMno3utoB ZrB,+SiC, ZrB,+SiC+ZrO, (10%) u
Z1B,+S1C(5%)+7Zr0O,, B xoTopbix coaepxkanue SiC u ZrO, BapprupoBaioch ot ()
10 20 00bEMH. %o.

EFFECT OF ZRO, AND SIC ON POROSITY
OF ZRB,-ZRO,-SIC COMPOSITES

A.Yu. Gusev

The Institute physicists to toughness and matepuanoBenenus Siberian branch to Russian
academy of the sciences. 634055, Tomsk, pr. Academic, 2/4
artemdvd@mail.ru

Ceramic composites ZrB,-ZrO,-SiC are a class of high-temperature materi-
als, there is the operation feasibility of products and designs of them at high
temperatures.The goal of this work was to st udy the effect of composition on
the porosity of the composites.Three groups of ceramic composites were stud-
ied — SiC + ZrB,, ZrB, + ZrO, + SiC (10%) and ZrB, + SiC (5%) + ZrO, in
which SiC and ZrO, content was varied from 0 to 20 voluminous. %.
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MNOJYYEHME U UCCJIEJOBAHUE HUTPUICOAEPKAIIIUX
ITOKPBITUU HA TUTAHOBBIX ITOVIOKKAX

A.A. Kozyaun, C.C. KyabkoB, C.A. KunejnoBckuii
HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
kozulyn@ftf.tsu.ru

[lenpro HacTOsMMIEH pabOThI OBLIIO MCCIIEIOBaHUE 0COOCHHOCTEH (hOpPMHUPOBa-
HUsI HUTPHUJHBIX MOKPBITUM U3 CMECEU Pa3NMYHBIX COJIEU, COAEPKAIIUX JIETKHE
AJIEMEHTBI, HA TUTAHOBBIX NOJJIOKKAaX C MCIOJIb30BAHHEM BBICOKORHEPreTHYe-
CKOI'0 KYMYJISITABHOTO CMHTE3a. DTO HANpPaBJICHUE UCCIEIOBAHUM SBIISIETCS aK-
TyaJIbHbIM U ME€PCHEKTUBHBIM C TOUKH 3PEHHS CO3JaHUS HOBBIX KOMITO3ULIMOH-
HBIX MMOKPBITHI Ha TOBEPXHOCTSIX KOHCTPYKIIMOHHBIX CIJIABOB C MOBBIIIEHHBIMU
TEMI0PU3NYECKUMHU U (PU3UKO-MEXaHUYECKUMH CBOMCTBaMU. JlJi TOCTHXKEHUS
MOCTABJICHHOW IEJIM MPOBEACHBI SKCIIEPUMEHTHI MO MOJIYUYEHHUIO U HCCIIe0Ba-
HUIO CBEPXTBEPABIX KOMIO3ULMOHHBIX MOKPHITUIA Ha OCHOBE CHEIUAIBHO MPU-
TOTOBJICHHBIX CMECe! U3 KOMIUIEKCHBIX COJIe M HAHOCTPYKTYPHBIX MOPOIIKOB C
UCIIOJIb30BAaHUEM KyMYJIATHBHOIO CHHTE3a. B cOCTaB MCXOIHBIX CMeced I
CUHTE3a BXOJWIM CJIEIYIOLIME KOMIIOHEHThI, COJEpKAINE aTOMbI a30Ta, yrJje-
pona, 6opa: onwiT 1 (kpacHas kpossiHasi coiab K3(Fe(CN)6 (KKC)) + (xkenras
kpoBsiHas coiib K4(Fe(CN)6 (JKKC)) + mopomok kapouaa 6opa B4C; ombiT 2
(okcanat ammonusa — (NHy),C,0,4)+ (MYHT — MHOrOC/HOMHBIE yIIIEpOAHBbIE HA-
HOTpPYOKH) + mopowku 0opa. Ha ocHOBe pe3ynbTaToOB PEHTI€HOBCKUX METOOB
aHaJIM3a XMMHUYECKOIO0 COCTaBa M CTPYKTYPHO(A30BOI'O COCTOSHHUS BO BCEX
OMbITaX, BBISIBIIEHO, YTO MOKPBITUS SIBISAIOTCA MHOTO(da3HeiMU. B ombiTe 1 oc-
HOBHBIMHM 3a()MKCHUPOBAHHBIMH KPUCTAJUIMYECKUMH (Da3aMu B MOKPBITUAX SB-
JSIOTCS: HECTEXUOMETPUYECKUN OKCHJI TUTaHa ¢ KyOUYeCKOM KPUCTAIITMYECKOM
pemetkoit (TiOX)— ocHoBHOU BkJaj; anbda-tutan (0—T1); anbda-kene3o (o—
Fe). [1pu aToM cyniecTBEeHHOE NPUCYTCTBUE Kejle3a Ha TOBEPXHOCTH TUTAHOBOM
no1oxkku oobsicHsieTcs pazinoxkenueM KKC u XKKC. OnpeneneHno npucyTcTBue
3HAYUTETHLHOTO KoJmdyecTBa qubopuaa tutana (TiB,) I'TTY — dassr. Oxunaemo-
ro MPUCYTCTBUS a30Ta, yriepoa U UX coelnHeHui He 3adukcupoBaHo. [Tokpbl-
TUSl, IOJy4YeHHbIE Ha 00pa3lax B OMbITE 2, XapaKTePU3YIOTCS OOJIBIINM KOJIUYE-
ctBoM kapOoHUTHUIHOHU (T1,CN) u Hutpuanoit (TiN) kyOuueckoil ¢da3bl TUTa-
Ha, HECTEXMOMETPUUYECKOI0 cocTaBa. TUTaH B MOKPBITUM IPEICTaBIIEH alibda-
tutanoM ucxonuou ['TIY-daser. Kpome 3Toro 3admkcupoBaHo MPUCYTCTBUE He-
Oonbmioro konumuectsa auodopuaa tutana ['TIY-dassl. Bee daszer umeror mansbiit
pa3Mep CTPYKTYPHBIX cocTaBiisiommx — He 6onee 80 um. IlpucyrcTBue 60pu10B
(buKcupyeTcss B MaJOM KOJIMYECTBE HAa PEHTIEHOrpaMMax BCEX HCCIEAYyEMBbIX
oOpa3zuoB. Pa3nenenne kapOOHUTHUAHOW U HUTPUAHOU (Da3bl TUTAHA B PA3HbIX
o0Opasliax OCHOBAHO Ha CTENEHU COJIEpKaHHsS a30Ta W yriiepoja B Marepuaie
NOKpBITUS. B MOKpEITHSAX ¢ npeoliaagaHueM HUTPUIHON (a3bl colepKaHUe yT-
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Jepojia MUHUMAIbHO — 1oy TiporieHTa. O0001mas pe3yabTaThl UCCIe0BaHUN
MOXHO CJeJaTh OCHOBHBIEC BBIBOJIbI, YTO OTCYTCTBUE UCXOJHBIX COCIMHEHUM B
MOBEPXHOCTSX MOJJIOKEK TOBOPUT O TOM, UTO BCE OHU B YCIOBUSIX KYMYJISITUB-
HOTO B3pbIBa (BBICOKUE JABJCHUS W TEMIEpaTypbl) Pa3JIOkKUIUCh HA COCTaB-
JISIFOIIME AJIEMEHTHI. B sKCTpeMalIbHBIX YCIOBUSX MPOIYKThI PA3JIOKEHUS COJICH
BCTYNWIM B PEAKIIMIO C XUMUUYECKUMU 3JIeMEHTAaMU MaTepuasa MoaJI0XKeK U 00-
pa3oBav HOBBIE BBICOKOIIPOYHBIE COCIMHEHUSI HA UX MOBEPXHOCTIX. Mcxoas u3
nesneut padoTel, HaUIy4dui AQHEKT KyMyJISITUBHOTO CUHTE3a JIOCTUTHYT B OIIbI-
Te 2, Korja OblUTM 00pa30BaHbl HUTPUABI, KAPOOHUTPUJIBI TUTAHA, CTABIIME OC-
HOBOM KOMIO3ULIMOHHOT'O HOKPBITHSI.

UccnenoBanue BoIMoONHEHO Tpu (hprHAHCOBOU Tmomanepxkke PODU B pamkax
Hay4yHoro npoekrta Ne 16-33-50229 mon_Hp.

SYNTHESIS AND INVESTIGATION OF NITRIDE-BASED COATINGS
ON TITANIUM SUBSTRATES

A.A. Kozulin, S.S. Kulikov, S.A. Kinelovskiy
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
kozulyn@ftf.tsu.ru

In this paper, nitride-based coatings obtained by the cumulative synthesis on
surfaces of titanium substrates have been investigated. Cumulative synthesis was
carried out using mixtures with nanopowders containing of boron atoms and
specially prepared complex salts containing of nitrogen and carbon atoms. Stud-
ies of coatings included X-ray phase analysis and X-ray fluorescent analysis.

MPOTHO3UMPOBAHUE MEXAHUYECKUX CBOHMCTB
KEPAMHNYECKOI'O BUOKOMITIO3UTA HA OCHOBE
YUCJTEHHOI'O MOJIEJIUMPOBAHUA

B.A. Mukymuna, FO.H. Cugopenko, U1.}OQ. Cmoann
HannoHaneHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanusi, 634050, r. Tomck, nip. Jlenuna, 36
mikushina 93@mail.ru

[IpoBeneHo YnClIieHHOE MOACIMpPOBaHUE OMOKOMIIO3UTA «KEPaMHUKa Ha OCHO-
Be Z1O, — KOpTUKAJIbHAsl KOCTHAsI TKAHbY C UCIIOJIb30BaHUEM MHOTOYPOBHEBOIO
noaxoaa. OnpeneneHbl MEXaHHUYECKHUE XapaKTEPUCTUKH KEPaMHYECKOro Ouo-
kommno3uTa. MccienoBana 3BOMIONMS 3aKOHOB paclpeielieHus ME30CKOIrYe-
CKHMX HANPSOKEHUN B KOMIIOHEHTaX OMOKOMIIO3MTA B MpoIecce ero aehopMHupo-
BaHMS C YUYECTOM HAKOIUICHHUS MOBPEKACHUN BILIOTH JIO BHITIOJTHEHUS KPUTECPHUS
MaKpOIPOYHOCTH.
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PREDICTION OF MECHANICAL PROPERTIES OF CERAMIC
BIOCOMPOSITE ON THE BASIS OF NUMERICAL MODELLING

V.A. Mikushina, Yu.N. Sidorenko, I.Yu. Smolin

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
mikushina 93@mail.ru

Numerical simulation of biocomposite "ceramics based on ZrO2 - cortical
bone" using of multilevel approach was done. The mechanical properties of the
ceramic biocomposite were determined. The evolution of the distributions of the
mesoscopic stresses in components biocomposite in the process of its deforma-
tion considering damage accumulation up to implementation the criterion of
macroprocess was investigated.

UCCJEJOBAHUE BHYTPEHHEN CTPYKTYPbl KEPAMUYECKHUX
MATEPHUAJIOB METOJAMU PEHTTEHOBCKOM TOMOI'PA®UU

B.JI. Aaues, A.C. Hapukosuy, E.B. [lanunrep
HannoHanbeHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;

Poccuiickas @enepanusi, 634050, r. Tomck, nip. Jlenuna, 36
Voldemardik@mail.ru

B pabote noka3zaHa BO3MOXKHOCTb HcCleA0OBaHUs A€(EKTHOCTU BHYTpPEHHEN
CTPYKTYpPBI KepaMudeckux o0pasioB Ha ocHoBe ZrO,—-MgO, onpeneneHus mo-
PUCTOCTH, OLEHKH MOBPEXKIEHHOCTH W MHUKPOTPEIIMH IOCJIEe HArpyXeHUs u
paspyuienus. JlJis mpoBeleHUs] MCCIEI0BAHUM HCIOJIb30BAIM METO/bl COBpE-
MEHHOU PEHTTeHOBCKOM ToMorpaduu ¢ ucnonb3zoBanueM tomorpada Y.Cheetah
¢bupmer YXLON. Ilpu npaBuiibHOM MoAOOpEe PEKUMOB CKAaHUPOBAHHUS METO]
NIO3BOJISIET IIPOBECTH 3asIBJICHHBIEC HAYYHBIE HCCIIEOBAHUS CTPYKTYpbl MaTepHua-
JIOB ¢ TpeOyeMoil TOUHOCThIO. Pe3ypTaToM peHTreHOBCKON TOMOTpa(puu sSBIIs-
eTcs mu(poBoe TpexmMepHoe n300pakeHne 00beKTa B BUAEC BOKCEIBHON Mojie-
JIM, C IOMOUIBI0 KOTOPOM MOKHO NOJIyYHTh BUJ JIFOOOW MOBEPXHOCTU UJI BHYT-
PEHHEro ceyeHusl.

Jlist mpoBefeHHsT HUCCIEJOBAaHUN M3rOTOBJIEHBI NMPU3MAaTUYECKHE O00pasiibl
pasmepom 40x6x5 MM, B KOJIMYECTBE JOCTATOYHOM JUJISl MPOBEACHUS DKCIIEpU-
MEHTOB U CTaTHUCTHYECKOW 00padoTku. OOpa3ibl MOJyUYEHbI U3 METKOKpPUCTA-
JMYECKOro nopouika cucremsl ZrO, crabunusupoBanHoro MgO meroaom npec-
COBaHUSI U MOCIEAYIOIIET0 BBICOKOTEMIIEPATYPHOI'O CHEKAHMS MPECCOBOK IMPH
temneparype 1600 °C u Boiaepxke 1 gac.

BHyTpeHHsI1 CTpyKTypa HUCClleqyeMbIX 00pa3lLoB MpeACcTaBlieHa HATUYUEM
arJoMepaToB pasmepamu 10 1.5 MM, HEpaBHOMEPHBIM pacHpe/esieHueM chepu-
YecKuX Mop U MHUKpoTpeuuH. OnpeseneHo, 4To o0pasibl mocie crueKkaHus 00-
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Jaiaidy MOPUCTOCThIO B auamnazoHe okono 30 %. OuenuBast AeeKTHOCTb BHYT-
pPEHHEN CTPYKTYpPBI IIOCIE MEXAHUYECKUX HUCIBITAHUN METOJIOM TPEXTOUYEYHOTO
u3ruba, yCTaHOBJIEHO, YTO MHOXECTBEHHbIE MUKPOTPELIMHBI JIOKAJTU3YIOTCS B
OKPECTHOCTSAX arjoMepaTroB, OruOar0T WA 3aMbIKAIOTCS Ha HUX. ATJIOMEpaThI
NPENSATCTBYIOT AAJbHEUIIEMY pPaCIpPOCTPAHEHUIO TPEIIMH, YBEIUYHMBAs KOHCT-
PYKLHMOHHYIO IPOYHOCTb.

HccnenoBanue BhIMOJHEHO TIpU (HMHAHCOBOW mojaepxkke PODU B pamkax
HayuyHoro npoekra Ne 15-33-51165 mon_Hp.

AN INVESTIGATION OF INTERNAL STRUCTURE OF CERAMICS
BY X-RAY TOMOGRAPHY METHODS

V.D. Aliev, A.S. Narikovich, E.V. Dalinger

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
Voldemar4ik@mail.ru

It is suggested that a non-destructive testing technique using a three-
dimensional X-ray tomography be applied to detecting internal structural defects
and monitoring damage formation in a ceramic composite structure. The as-
sintered specimens are found to have a porosity of about 30%. The specimen af-
ter test has structural defects, microdamage, and cracks in the fracture zone. The
internal structural defects of the test specimen are represented as dense agglom-
erates of zirconia of size up to 1.5 mm. Longitudinal and transverse cracks are
located in the agglomerate surrounding area. The agglomerates prevent further
crack growth thus increasing the structural strength of the specimen.

N3YUYEHMUE BJIIUSIHUS ZRW208 HA ®A30BBI COCTAB
OKCHUJIHOHN KEPAMUKHN

H.O. Xan3una, B.P. Ille, E.C. lenoBa
Wuctutyt ¢pusuku npounoctu marepuanoseaenus CO PAH; Poccuiickas ®eneparys,
634055, r. Tomck, npoct. AkageMudeckuid, 2/4
HanvonaneHbIN HccienoBaTenbCckuii TOMCKUN TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36.
hanzina natalia@mail.ru

B Hacrosiieit pabote ucciaeaoBaioch BIMSHUE BOJIbPpamMara LUPKOHUS Ha
¢da3oBbIil cocTaB crieueHHOM okcuaHoM kepamuku Al203, ZrO2-20 06.%A1203
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THE INFLUENCE ZRW,03 ON THE PHASE COMPOSITION
OF OXIDE CERAMICS

N.O. Hanzina, V.R. She, E.S. Dedova
The Institute physicists to toughness matepuanoBenenns WITH WOUNDS;
The Federation Of russia, 634055, Tomsk, mpocn. Academic, 2/4
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
hanzina natalia@mail.ru

In the course of work the influence of zirconium tungstate on the phase com-
position of the sintered oxide ceramics Al,Os, ZrO,—20vol.% Al,O; were stud-
ied.

PA3ZPABOTKA KOHIIENIIINU ITOVCKA U BBISIBJIEHUSI
HAMBOJIEE OITACHBIX JE®EKTOB B KOHCTPYKIIUA
SJIEKTPOHHBIX IIJIAT IPU COBMECTHOM INPUMEHEHUUA
METOJIOB AKYCTUYECKOM YMUCCHUHN U PEHTTEHOBCKON
TOMOT PA®UHN

A.B. A3un, C.B. Ilonomapes, A.A. /Kykos, C.A. IlonomapeB
Hay4Hno-nccnenoBaTenbCKkuii MHCTUTYT MPUKIAJIHON MAaTEMAaTUKU U MEXAHUKU
ToMCKOro rocy1apCTBEHHOTO YHUBEPCHUTETA.

634050 r. Tomck, nip. Jlenuna, 36, ctp. 27
kus70rus@gmail.com

B nmanHoit paboTe paccMaTpuBarOTCs CYIIECTBYIOIIME METOABI KOHTPOJIS Ka-
YECTBA BBIMMYCKAEMOW pauodJIeKTpoHHOU ammapatypsl (POA), pabotocmnocob-
HOCTh KOTOPOM 00€CTieunBacT HAJICKHOCTh M JJOJTOBEYHOCTh AKTHBHOTO CYIIIE-
CTBOBaHUSI KOCMUYECKUX amlMapaToB. AKTYaJIbHOCTh JAaHHOW pabOThl COCTOUT B
pa3paboTKe Hepa3pyIIAIIEro METOJa ONpeNeSieHUs] Havalla pa3BUTUs Jedek-
TOB M MECT JIOKaJU3allui OMACHBIX JE(HEKTOB MPU MEXAHUYECKUX HUCTBITAHUSIX
3NEKTPOHHBIX MIaT POA u nmporHo3upoBaHue cpoka €€ Ciay>KObl. DKCIepuMeEH-
TaJdbHBIE UCCIEAOBaHUS Ha oOpa3uax 31aekTpoHHbIX (D) mokazanu, 4To METON
AD no3BossieT OOHAPYKUTh PACTYIIMMA 1ePEKT B MassHBIX COCAMHEHUSIX MPOIEec-
copa (BepOsITHOCTH BbIsBICHUsI nedekrta cocraBisieT 95%), HO cTeneHb €ero
OTACHOCTHU BBISIBUTDH CJIOKHO M3-3a OOJIBIIIOTO KOJIMYECTBA MASHBIX COCTUHECHHMA
Ha eIUHMIYy Tutomaau (Ha 1 oM’ npuxoautcst 150-200 masHbIX COCAMHEHMI).
Ecnmu coBMecTHO HCmonb30BaTh MeTOAbl AD W PEHTTEHOBCKOW TOMOrpaduw,
MOSIBUTCS. BO3MOKHOCTH TIOJyYEHHsI T€OMETPHUH pacTyiero nedexra. A ¢ mo-
MOIIIBIO Pa3pabOTaHHBIX aBTOPaMHU AJITOPUTMOB OIPEACIICHUS] OCTATOYHOTO pe-
cypca M OIEHKH JOJITOBEYHOCTH MO IUIAHUPYEMOUW HCTOPUM HATPYXKEHHUS IS
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Marepuanga MasHOTO COCIMHEHUsS KOMIUIEKTyromux Ol MOXHO ompenenvrtsb
CTETNIEHb OTIACHOCTH BBISBIICHHOTO Jie(h)eKTa U OIEHUTh OCTaTOYHBIN pecypc DI1.

DETECTING AND IDENTIFYING HIGHT THREAD DEFFECTS
IN ELECTRONIC BOARDS STRUCTURE

A.V. Azin, S.V. Ponomareyv, S.A. Ponomarev, A.A. Zhukov

The Research institute applied mathematicians and mechanical engineers
Tomskogo state university.634050 Tomsk, pr. Lenin, 36, p. 27
kus70rus@gmail.com

This paper considers the existing quality control method for produced com-
munications electronics equipment (CEE), operation life of which provides reli-
ability and durability of spacecrafts. The relevance of this research is to develop
a npn-destructive method in order to identify the defect grouth and location of
high threat defects under mechanical testing of CEE electronic boards (EB) and
predict its operation lifetime. Experiments involving electronic board samples
showed acoustic emission (AE) method reveald the defect growth in soldered
joints (probability of identyfiying defects is 95%). However its hazard level is
difficult to identify due to the large number of soldered joints per unit area (150—
200 soldiers joints per 1 cm”2). In the case of using two methods - AE and x-ray
tomography - it is possible to get geometric shape of defect growth. On authors
developed algorithms, determing remaining operational life and evaluating du-
rability of planned material boarding history of soldered joints in EB units, made
it possible to determine hazard level of identified a defects and evaluated EB
remaining operational life.

OIIPEJIEJIEHUE PASMEPOB IIPEJICTABUTEJILHOI'O OBBbEMA
MMPOHULIAEMOM MIOPUCTOM CPEBI

II.. MockBUTHHA
HanvoHaneHbIM HccienoBaTenbCkuii TOMCKUI rOCYy 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
clubcmail.ru@mail.ru

UccnenoBanusi mopuCThIX MaTEpUAIOB KpailHE Ba)KHbBI BO MHOTHX 00JIAacTsIX
HAayKH U TEXHUKU. Ba)XKHO 3HaTh MHUHHMMAJbHBIE pa3MeEpbl NMPEACTABUTEIIBHOTO
o0beMa, MpU KOTOPHIX MOKET MITU PEYb O JIOCTOBEPHOCTU PA3IMYHBIX Xapak-
TEPUCTUK U CBOMCTB. B paMkax MoJenu peajbHasi IOPUCTasi CTPYKTypa 3aMEHs-
€TCS UACANTU3UPOBAHHBIM F€OMETPUUYECKHUM IpesicTaBieHueM. i pemenus 3a-
Ja4u UCIOJIb3YETCAd MOJIEIb CTOXACTHYECKOM CTPYKTYpbl MOPHUCTOrO TENa, CO-
Jiep>Kallero nopel OAHOrO pa3Mepa. B uccienyemoil Moaelnn paccMaTpUBAETCs
nBa TUNA 00BEKTOB. KpymHbIE BKIIFOUEHHS OMUCHIBAIOT MOPHI — 0O0BEKTHI -0
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TUna. Menkue BKJIIOYEHHUS UCIOJB3YIOTCA B MOJENU JJisl onucanusi pakra Ha-
JIAYUSA MEXKIIOPOBBIX KAHAJIOB M BBIYUCICHUS CTEIEHU NMPOHULAEMOCTU CPEIbI
MEXy COCETHUMHM Topamu — 00beKkThl 1I-oro tuma. Jljist onpeneneHuss MHTEH-
CHBHOCTH IIEPEHOCA BELIECTBA MEXKY COCEIHUMH ITOPAMHU BBIIEISIOTCS KOPHU-
JOpbl U BBIYMCIISIETCS. UX MPOHUIIAEMOCTh. B paboTe mpuBeneHbl pe3ybTaThl
YUCJICHHBIX PAcy€TOB KOMIIBIOTEPHOIO MOJECIMPOBAHUS, IO3BOJISIOIIME OlLle-
HUTh pa3Mepbl MPECTABUTEIHLHOIO 00beMa MOPUCTON MPOHUIIAEMON Cpebl.
[IpencraButenbHbIE 00BEM OCHOBBIBAJICS HA UMHUTAIIMOHHOW MOJIETTH MOPUCTOM
cpenbl. [lokazaHo, 4YTO MOJENb TAKOTO TUIA MOXXET OBITh MCIOJIb30BaHA IPH
ONPEACICHUN PA3JINYHBIX CBOMCTB M XAPAKTEPUCTUK MATEpUAIA C MOPUCTOU

CTPYKTYpPOH.

DETERMINATION OF DIMENSIONS REPRESENTATIVE VOLUME
PERMEABLE POROUS MEDIUM

P.I. Moskvitina

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
clubcmail.ru@mail.ru

The paper discusses imitation structure with a porous medium. For a descrip-
tion of the porous structure of the implant used idealized geometric model. It is
shown that this model allows us to determine the dimensions of a representative
volume, in which is possible to investigate the properties of the material.

MNPOBUTUE CBUHIIOBBIM YJAPHUKOM CTAJBHOM MMPETPAJIbI

B.B. I'os1y0siTHUKOB
HanmonaneHblil uccienoBarenbCkuii TOMCKHM TOCY1apCTBEHHBIN YHUBEPCUTET

[IpakTHyeckuii MHTEPEC K M3YUYCHUIO MOBEACHUS KOHCTPYKIMOHHBIX MaTe-
pHUAJIOB B YCJIOBUSX JUHAMUYECKOTO HAarpy>KeHHUsI B HACTOSIIIIEE BpEeMs BbI3BaH
HEOOXOIMMOCTBIO Pa3BUTHUSI CEBEPHBIX TEPPUTOPUI HAIICH CTPaHbI, CO3JJaHUEM
HOBBIX ITPOTHUBOMETEOPUTHBIX 3alIUT, MOAU(DUKAIIMEH KOPITYCOB COBPEMEHHBIX
Jen0KoJoB U T.1. Llens uccnenoBanusi — u3yuyeHue npolecca npoouTHs mperpa-
JIbl TIPU COYJAPEHUH CO CBUHIIOBBIM yAapHUKOM. OOBEKTOM UCCIIEIOBAHUS SIB-
JII€TCS CTajlbHAsI TJIACTUHA TOJIUHON 3 MM, pazmepoM 20%20 cm. IIpeamer uc-
CJEAOBaHUSA — COCTOSIHME Mperpajbl Mocie mpolecca coyaapeHus. Y JapHUK —
sto mynst [loneBa 12 xanubpa, ¢ maccoit rosoBku 27 r. Ilyns u3rorosiieHa u3
CIJIaBa CBUHIIA U UMEET KOHUYECKYIO (hopMy.

[Inactuna Obuta 3adMKCUpOBaHA B BEPTUKAIBHOM IOJOXKEHUU. PaccrosiHue
10 Touku BeicTpena 10 m. BeicTpen ObuT Mpou3BeeH U3 TJ1aJJKOCTBOJIBHOTO PY-

68



*kbst ML — 9K. HavanpHas ckopocTh mynu coctaBmiia okono 420 m/c. B mecte
coylnapeHusi Obula BHIOMTA YacTh IJIACTUHBI. [loBpekaeHue B camoil miacTuHe
UMEJIO BUJ CKBO3HOT'O MYyJIEBOIO KaHajia ¢ HeOOJbIIONH KOHYCHOCTBIO, TTyOUHOM
15 mm. OTBepcTHS KaHajla UMEJIH OKpYIriIyro dhopmy u pazMmepbl 30x20 MM co-
OoTBeTCTBEeHHO. Kpasi moBpexxeHusi ObUTH pOBHBIE U UMEIU M3TM0 B Harpaslie-
HUU TI0JIeTa MyJu. BeiOuTast yacTh MMena BBITYKIYIO OKPYIIyto (popmy riyOu-
HOM OKOJIO 7 MM U nuameTpoMm okosio 19 mm. Kpas Obutn pBanbie. MHBIX 110-
BPEXKICHHUN IUIACTUHBI HE BBISBICHO. [yns Obuta cunbHO nedopmupoBaHa.
Jlannoe HayuHnoe uccnegoBanue nposeaeHo 8 HUW IIMM TI'Y na 6a3e Mo-
ownbHON MabopaTopuu «B3pBIBHOTO pa3pylieHUs MPUPOIHBIX MaTepuaioBy. B
pe3yibTare JKCIEepUMEHTa ObUIO YCTAaHOBJIEHO, YTO MOBPEKACHUS CTaJIbHOMI
MJIACTUHBI UMEJIA XapaKTEPHbIC MPU3HAKY JJISI JAHHOTO BUJIa COYIapEHMUSL.

BEHAVIOR OF STEEL PLATE UNDER IMPACT LOAD

V.V. Golubyatnikov
National research Tomsk State University
golubyatnikov@yandex.ru

The Practical interest to study of the behaviour koHcTpyKIMOHHBIX mate-
puanoB in condition dynamic HarpykeHus at present is our country caused by
need of the development north territory, creation new HTpPOTHBOMETEOPUTHBIX
protection, modification body modern icebreaker and etc. The Purpose of the
study — a study of the process mpobutusi mperpa-dy under coymapenun with
leaden firing pin.
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Cexnug 4
BAJIVIMCTUKA U HEBECHASI MEXAHHUKA

Session 4
BALLISTICS AND CELESTRAL MECHANICS

3AJIAYA IOCTPOEHUSA BBICOKOTOYHOM JOKAJBHOM
MOJAEJIN KBASUT'EOUJIA

K.B. lllanosaJioBa
HanmonaneHbli ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
saaw(@ngs.ru

B cratbe nmpuBOIUTCS OMMCAHUE U AKTYalbHOCTh 3aJa4u PEAYKIHUHU F€OAe3U-
YECKUX BBICOT K IMOBEPXHOCTHM OTHOCHUMOCTH KBazureoupga. PaccmarpuBarorcs
CTEIEeHb pa3pabOTaHHOCTU MPOOIEMbI U EPCIEKTUBBI JaTbHEUIIINX HCCIIeI0Ba-
HUN B 00JIACTH TIOCTPOCHMS JIOKAJbHBIX KBasureonoB. CTaBUTCS 3ajada KOM-
MJIEKCHOM PEKOHCTPYKIIMA MECTHOM HUBEJIIMPHOM CETU, MPU3BAHHAS ONPEICTUTD
rpaHullbl TPUMEHUMOCTH TEXHOJIOTUM CIIYTHUKOBOTO HUBEIMPOBAHUS. 3aTpa-
TUBAIOTCS OCHOBHBIE METOJIOJIOTHYECKUE MPOOJIEMBI, CBSI3aHHBIC C PEHICHHUEM
JTAaHHOM 3aJ1a4H.

THE PROBLEM OF CONSTRUCTION A HIGH-PRECISION LOCAL
MODEL OF QUASIGEOID

K.V. Shapovalova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
saaw(@ngs.ru

The description and the topicality of the geodetic heights transformation to
the reference surface of Quasi-geoid were shown. The techniques of solving the
problem, the level of the topic scientific development and perspectives for fur-
ther research to the modelling local Height Reference Surface are under consid-
eration.
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BO3YUIHBIE 3SMEHA

A. JIro0ymkuH, A. IloasikoB, A. @orein
MAOY COII Ne 12, r Tomck, nep. KOpTounsiid, 8
Kolesova 1968@mail.ru

Lenps nmpoexra:

1. [T03HaKOMHTBCS C UICTOPUEN BOZHUKHOBEHUS KAUTOB (BO3IYIIHBIX 3MEH)

2. BpISICHUTh Kakue a’poJIMHAMUYECKUE CUIIbL, ACHCTBYIOIIME HA 3MEN B IO-
JIeTe.

3. I3roToBUTH BO3AYIIHBIN 3MEN U UCIIBITATh B JEHCTBUH.

4. CnenaThb BBIBOJIBI IO IIPOEKTY.

Bozaymabie 3Mel, Kaxyliuecss HaM JIMIIb 3a0aBoid, Tal0T HaM TMPEICTaBIIe-
HUS 00 a’pOJIMHAMUKHU JIETATEJIbHBIX allapaToB, UCIOIb3YIOTCS JUIsl HAYYHBIX
UCCIeN0BaHn. B HacTosmiee BpeMs KaUTUHI CTPEMUTEIBHO PA3BUBACTCS KaK
BH/JI CIIOPTA U OTZbIXA BO BCEM MUDE.

Hctopus BO3AYIIHBIX 3MEEB HACUUTHIBAET, KaK MUHUMYM, 2 000 ser.

B 3anagueiii mup xait npuwen B XIII B. H..

HUcropus uzodperenus. Mapko Iloso, utanpsHCKHNA HCCIENOBATENb, BEp-
HyBIMiica u3 Kuras B 1295 r., Hanucan TOYHBIA OTYET O KOHCTPYKIMU KAWTOB
U crioco0e ux 3amycka. [lepBas u3BecTHasi cchbuika Ha BO3IYIIHBINA 3Mel B EBpo-
T€ MOSABJISIETCS B MAHYCKPUIITE O BOCHHBIX TEXHOJOTUSIX, HanmucaHHoM B 1405 r.
Hpyroi tekct, HanucanHblid B 1430 ., OoNMCHIBAET, KaK ClIeJaTh KalT U3 nepra-
MEHTa, U OOBSICHSET, KaK COCIUHATH CTPOIbI C Pa3IMYHBIMM TOYKAMHU Ha BO3-
QYIIHOM 3Mée€ I TOCTHKEHMS XOPOILUUX JIETHBIX XapaKTEPUCTHUK B PA3JIMYHbBIX
BETPOBBIX YCIIOBHSIX.

s obneryeHus NOHMMaHUS a’3pOJIMHAMUYECKHX 3aKOHOB, BJIMSIONIMX Ha
IIOJIET 3M€ES, MOKHO NPEACTABUTH 3MEU B BHUJE NPSIMOYTOJIBHOM IUIOCKOW ILja-
cTuHKU. Pa3oOpaTecs HaM OMOKeT ynpowEHHbIN yeptex (puc. 1). Ilycrs nu-
Hus AB u3o0paxkaer pa3pe3 miockoro 3mes. [Ipeamnonoxum, uTto Hamr BooOpa-
KaeMbIil 3Mell B3JIETaeT ClipaBa HAJEBO IMOJ YIJOM 0 K TOPU30HTY WM Hale-
rapiiemMy IMoToky Berpa. PaccmoTpum, Kakue CWIIbl NEHMCTBYKOT Ha MOJEJb B
nosiére. [ns Toro 4roObl BO3AyX MOT MOJHATH IUIACTUHKY, OHA JOJKHA OBITH
pacrosoKeHa MoJl HEKOTOPBIM YIJIOM K MOTOKY BO3AYyXa, ABUKYIIMMCS T'OpHU-
30HTAJIBHO. YTOJI 00 HAa3bIBAIOT YIiaoM artaku. Ha B3ieTe mioTHas Macca BO3ayxa
NPENATCTBYET ABUKECHUIO 3M€sl, APYTUMHU CIIOBaMU, OKa3bIBAET HA HETO HEKOTO-
poe naBnenue. O6o3HaunM 310 AasieHue F1. Teneps moctpoum Tak Ha3bIBae-
MBI MapajiieJorpaMm cuil U pasiioxuM cuiny F1 Ha nBe cocraBistonue — F2 u
F3. Cuna F2 tonkaet 3Meil OT Hac, a 3TO 3HAYUT, YTO IPHU MOIHEME OHA CHUXKAET
€ro MEepPBOHAYAIbHYK) TOPHU30HTAIBHYIO CKOpOCTh. CIie0BaTeNIbHO, 3TO CHJIA
conporusieHus. Jpyras xe cuna (F3) yBiekaer 3mMest BBEpX, IOATOMY Ha30BEM
ee noabEMHOM. [logHuMas Moaens B Bo3ayX (Oykcupys ee 3a jieep), Mbl Kak Obl
MCKYCCTBEHHO YBEIMYMBAEM CHJIy JABJICHUS HA IIOBEPXHOCTH 3M€Es, TO €CTh CH-
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ay F1. 1 uem ObicTpee MbI pa3zberaemcsi, TeM OOJIbIIE YBETUUUBACTCS 3TA CHIIA.
3HAYUT, YBEIUYMBACTCS MOAbEMHAs cujia — 3Meil B3iertaeT. [is Toro 4toOsbl
3Mel JiepKalicsd B BO3yXe, MOJbEMHAs CHJIa JIOJDKHA ObITh PaBHOU Macce 3Mes
BMECTE C JeepoM. Eciu noabeMHas cujia MEHBIIE MACChl 3MEs, TO MOCIEIHUM
MaJlaeT Ha 3€MJII0 WA OMYCKAETCs, U3MEHSS yIroJl aTaku, T.€. MOAbEMHAsl CUia
noJikHA OBITh paBHA Macce 3Mesl. BennunHa nobeMHOM CHUITbI 3aBUCUT OT CKO-
poctu BeTpa V, MaccoBO#l IUIOTHOCTHM BO3ayXa p, paBHOM, mpumepHo 0,125,
pa3mepa Iiolaau 3mMes S ¥ yria aTaku d.

IpakTueckass 4actb. M3roToBwiIM NOpsIMOYTOJBHBIA W POMOOBHUIHBIN
3ME W3 MOJIMATUIICHA W OyMaKHBIM MPSIMOYTOJIbHON (HOpPMBI. Y CTaHOBUIIH, Y
KaKoro 3Mes OyayT JIydIlIne adpoIMHaMUYECKHE CBOMCTBA.

KITE

A. Lyubushkin, A. Polyakov, A. Vogel
Sfax school Ne 12, Tomsk, trans. Yurt, 8

Objective of the project: 1. Meet with the history of kites (kites) 2. Find out
what the aerodynamic forces acting on the snakes in flight. 3. Produce a kite and
experience in action. 4. To draw conclusions on the project.

MOJAEJIUPOBAHUE 3ATIAYU ABTOHOMHOI'O
MMPOT'HO3UPOBAHUA IBUXKEHUA HU3KOJIETAILIEI'O UC3
IO UBMEPEHUAM CUCTEMBI I''IOHACC

E.B. binnkoBa
HanmonaneHbli ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;

Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
zbizk322(@mail.ru

B nHacrosmei padore mpeacTaBiIeHbl Pe3yIbTaThl YUCICHHOIO MOJEIUPOBA-
HUS 33144 OINIPEACIIEHUs U IPOrHO3upoBaHusi opOuThl HU3Koiersamero MC3 no
U3MEPEHHBIM PACCTOSHUSIM OT JTOr0 CIYTHHUKA JO CHOYTHUKOB CHUCTEMBI
['JIOHACC. Marematndeckass MOJENb PEUIEHUs STOM 3aJayd IOCTPOCHA B
IPEANOI0KEHNU, YTO JBUKEHUE BCEX PACCMATPUBAEMBIX OOBEKTOB SIBIIAETCS
BO3MYUIEHHBIM M TPOTHO3UPYETCA C MOMOUIBI0 MporpaMmMbl «YuciaeHHass Mo-
nenb newkenus MC3». B mpoiiecce 4MCIEHHOrO MHTETPUPOBAHMS JJIsi BCEX
CIyTHUKOB YYMTHIBAIOTCS BO3MYILIEHUSI OT HEC(HEPUUHOCTH T'EONOTEHIHANA.
Kpome toro, mns Huskonetsmero MC3 ydnuThIBarOTCS BO3MYILEHHS OT CONpPO-
tuBlieHuss arMmochepsl 3emnu, a mna caytHukoB [JIOHACC — myHHO-
COJIHEUHbIE BO3MYIIECHUS. AHAIU3UPYIOTCS CIIEAYIOIINE JaHHbIE: ObICTPOAEHCT-
BHE METO/A PELICHUS 3aa4M YIy4IIeHUs] OPOUTHI, CKOPOCTh CXOIUMOCTH MpO-
[eCCa B 3aBUCMMOCTH OT TOYHOCTH HAYaJbHbIX JAHHBIX W MHTEpBaJIa OXBAayeH-
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HOI'o UBMCPCHUAMM. OI_[eHI/IBaCTCH 3aBUCUMOCTD JJIMHBI BPCMCHHOT'O MHTCpPBAaJIa
BBICOKOTOYHOI'O ITPOTHO3UPOBAHUA (Bnepez[) OT JJIMHbI MHTCPBAJId, OXBA4YCHHO-
IO USMCPCHUAMMU.

MODELLING TASKS AUTONOMOUS MOVEMENT PREDICTING
LOW-FLYING SATELLITES FOR GNSS MEASUREMENTS

E.V. Blinkova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
zbizk322(@mail.ru

This paper presents the results of numerical modeling problems of definition
and forecasting of low-flying satellites orbit by measuring the distance from the
satellite to the GNSS satellites. A mathematical model to solve this problem is
based on the assumption that the motion of all the objects under consideration is
disturbed and it is predicted using the program "A numerical model of the satel-
lite motion." Analyzes the following data: the performance of the method of
solving the problem of improving the orbit, the process of convergence speed,
depending on the accuracy of the initial data and dimensions covered by the in-
terval. We estimate the dependence of the length of high-precision time interval
prediction (forward) from the length of the interval covered by the measure-
ments

OLEHUBAHUE BJIUAHUA PA3JIHYHBIX BO3MY HIAIOIAX
YCKOPEHHUHU HA TOYHOCTDb BEPOATHOCTHOU MOAEJIN
JABU/KEHUA ACTEPOU/JIA 2011 MD

O.M. Crwocuna, I'.E. Cambapos

HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, nip. Jlenuna, 36
kleo77@sibmail.com

HccnenoBanune opOUTaIbHON ABOTIONUN MajiabiX Tl COTHEYHON CHUCTEMBI, a
TaKXKe 3a71a4a OICHUBAHMS BEPOSTHOCTH CTOJIKHOBEHUSI O0OBEKTa C 3eMyeil Tpe-
Oyer GopMupoBaHUS ONTUMAIHLHOW MOJEIH BO3MYIIAMIINX YCKOPEHUH, BO3-
JEUCTBYIONUX Ha UCCIIeAyeMbIi 00beKT. Monens cui, ucnoib3dyemas B nudde-
PEHIMAIBHBIX YPABHEHUSX JIBH)KEHHUS aCTEPOMIOB, MOXKET COJAEPKATh pas3sivy-
HbII HA00p BO3MYIIAIOIINX YCKOPEHUM B 3aBUCUMOCTH OT 3aja4, MOCTABICHHBIX
nepej ucciaeaoBareneM, Tuna opoOUuT o0ObEeKTa U €ro BO3MOXKHBIX COJUKEHUN C
3emuiel WM ApyruMu riaHetamu. [IpuMmeHeHne MeHee MOTHOM MOAEIA MOYKET
PUBECTU K CUCTEMATHYECKUM OIIMOKaM M Kak CJEJCTBHE HEIMOIaJaHue U3y-
yaeMoro 00beKkTa B 00J1aCTh BO3MOXKHBIX IMapaMeTpoB. DTO OCOOEHHO HEAOIyC-
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TUMO TIPY MCCJICIOBAHNUU CTOJIKHOBEHUS acTepOUIOB ¢ 3eMieii. B manHoi pabo-
Te Ha mpuMepe actepouga 2011 MD Obutn TpoBeICHBI UCCIICIOBAHUS BIVSHHUS
MaJIbIX BO3MYILIAKOIIMX [MAPAMETPOB, TAKUX KaK ckatue 3emiu, ckarue ColHIa
U PENATUBUCTCKUE 3(PPEKThl HA BEPOSTHOCTHYIO MOJIEIb ABUKEHUS OOBEKTa.
VYpaBHeHUs IBH>KEHHS ObLIIM MPOMHTETPUPOBAHBI Ha UHTEpBaJie BpeMenu 2000—
4000 rr.

PaGora BeInosHEeHa npu pUHAHCOBOM noaaepkke rpanTa Poccuiickoro ¢on-

na (GyHIaMEHTAIBHBIX HCCIICIOBAHMM B pamMKax Hay4dyHOro mpoekta Ne 16-32-
00191 mon_a.

ESTIMATING THE EFFECT DIFFERENT PERTURBATION
ACCELERATIONS ON THE ACCURACY OF PROBABILISTIC
MOTION MODEL OF ASTEROID 2011 MD

O.M. Syusina, G.E. Sambarov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
kleo77@sibmail.com

The study of orbital evolution of small bodies in the Solar system, as well as
the problem of estimating the probability of collisions of the object with the
Earth, requires the optimal model of the perturbing accelerations acting on the
object under study. In this paper, on example of asteroid 2011 MD was investi-
gated the effect of small perturbing parameters such as Sun and Earth oblateness
and the relativistic effects on a probabilistic model of the object.

UCCJIEJOBAHUE XAOTUYECKOM U PEI'YJIAPHON JUHAMUKHU
ACTEPONI0OB - KOMITAHBOHOB BEHEPHBI

O.H. JleTnep, T.1IO. I'anymuna
HUN IIMM HanmoHanbHOT'O UCCIIEI0BATEIHCKOIO
ToMCKOro rocy1apcTBEHHOTO YHHUBEPCHUTETA;
Poccuiickas ®@enepanus, 634050, r. Tomck, nip. Jlenuna, 36
oksana.letner@gmail.com

JlanHas pa0boTa MOCBSIIEHA MCCIICAOBAHUIO JBUKEHUS acTepousioB 322756
2001 CK32, 2002 LT24, 2002 VE68, 2007 AG, 2013 ND15, conmxkaroumxcs ¢
3emuneit (AC3) u qBUKYLIMXCSL B OKPECTHOCTH pe3oHaHca 1:1 ¢ Benepoii.

JUtst icclieoBaHUsl XaOTUYHOCTHU U ONPEIEIEHUS] BPEMEHU MTPEACKA3yEMOCTH
NBrKeHus: ucnoias3oBanuck mapamerpel MEGNO n OMEGNO. U3 paccmor-
PEHHBIX WHANKATOPOB HanOombiIyto 3¢ dexktuBHOCTh nokazanr OMEGNO, no-
CKOJIbKY OH IO3BOJISIET HE TOJIBKO Pa3/elIuTh PEryJspHOE M XaOTUYECKOE JBH-
KEHUE, HO U BBISIBUTH MEPUOJANYECKHE OpPOUTHI Cpen peryiapHbiX. Mccnenona-
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HUe nokasano, 4ro acteponasl 2002 VE68 n 2013 ND15 nemoHcTpupyIOT pery-
JSIpHBIE KOJIEOaHUsI PE30HAHCHOM IETU U KPUTHYECKOI0 apryMeHTa OKOJIO 3Ha-
YeHUs TOYHOU cou3MepuMocTu Ha uHtepBasie Bpemenu (1000, 3000 net). s
3TUX 00BEKTOB OblJIa PACCMOTPEHA BEPOATHOCTHAS OpOUTATIbHAS DBOJIFOLIUS.

[Ipu mocTpoeHUn BEPOATHOCTHBIX oOJacTed ABMKEeHHs uccienyembix AC3
UCIIOIB30BAIOCh 10 ThIC. TECTOBBIX YacCTHUL, NMOKPHIBAIOIIMX HAYAJIBHYIO JOBE-
pUTENBbHYI0 0051acTh 00BbeKTa. MIHTEpBabl Hccie 0BaHusl BBIOUPAIUCH WHIUBU-
nyanbHO U coctaBuwiiv 4500 u 1520 neT coOTBETCTBEHHO.

Opo6uTta acrepouna 2013 NDI15 mioxo ompenesieHa, 4To HE MO3BOJISET Cle-
JaTh OKOHYATENbHBIN BBIBOJ] 00 €ro 3axBaTe B pe3oHaHC. JlaHHbIN 00BEKT pery-
JspHO cOnmkaercs ¢ MepkypueMm, Benepoit u 3emiieid, 4To IpUBOJIUT K 3HAYU-
TEJIHLHOMY YBEJIMUYEHUIO IOBEPUTENHHOM 00nacT. MlHOe moBeneHne 1eMOHCTPH-
pyet acrepous 2002 VE68. Ha BceM uHTepBasie UCCIECIOBAaHUS aCTEPOUJL IBU-
XKETCS B OKPECTHOCTH YCTOMYMBOIO PE30HAHCA, KPUTHUUYECKHI apryMeHT IpHU
3TOM JIMOPUPYET.

THE RESEARCH OF CHAOTIC AND REGULAR DYNAMICS
OF ASTEROIDS - VENUS COMPANIONS

O.N. Letner, T.Yu. Galushina
NII PMMNational Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
oksana.letner@gmail.com

The paper is devoted to investigation of regular and chaotic dynamics of as-
teroids 322756 2001 CK32, 2002 LT24, 2002 VE6S8, 2007 AG, 2013 NDI15,
near-Earth objects (NEA) and moving in the vicinity of resonance 1:1 with Ve-
nus. To investigate the chaoticity and predictability time definition of movement
parameters MEGNO and OMEGNO are used. OMEGNO indicator showed the
greatest efficiency.

The behavior of the resonant characteristics are investigated for these NEA
and encounters of asteroid with large planets are revealed. The time interval of
integration is chosen individually for each object. The probabilistic regions of
movement of asteroids 2002 VE68 and 2013 NDI15 are constructed and investi-
gated.
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OIIPEJEJIEHUE ONITUMAJIBHBIX YCJIOBUM 3APSIAKAHUS
ITPU TEMIIEPATYPE +20 °C

A.N. 3bikoBa, H.M. CamopoxoBa, A./l. Cunoposn
HanmonanbsHbIi uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;

Poccuiickas ®enepauus, 634050, r. Tomck, nip. Jlenuna, 36.
Arven2022@mail.ru

[IpoBeneHne mapaMeTpUIECKUX MCCIIEIOBAHUN 10 OMPEICICHUIO ONTHMAIIb-
HBIX YCJIOBHH 3apsHKaHUS C MEJIbIO TTOBBIIMICHUS TYJIbHOW CKOPOCTH MPU HAYaITh-
Hol Temmieparype + 20 °C

DETERMINATION OF OPTIMAL LOADING CONDITIONS
AT THE INITIAL TEMPERATURE OF + 20 °C

A.lL. Zykova, N.M. Samorokova, A.D. Sidorov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
Arven2022(@mail.ru

Conducting of parametric studies to determine the optimum loading condi-
tions for increasing of projectile element muzzle velocity at the initial tempera-
ture +20 °C

IHO3UIINOHHBIE HABJIIOJAEHUA ACTEPOU/10B HA TEJIECKOIIE
CBI' AO YP®Y U JAJIBHEUIIEE YJIYUYIIEHUE UX OPBUT

P.B. CaBeabes, T.IO. I'aaymnna
HanvoHaneHbIN HccienoBaTenbCkuii TOMCKUI rOCYy 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
legiontecos@gmail.com

B Bompoce ynpexaeHus acTepOUIHO-KOMETHON OMAacHOCTH Ba)KHBIM BOIIPO-
COM sBJISIETCS HAOJIOACHUE acTepouoB, cOmmxarommxces ¢ 3emieid (AC3), a
TaK e Kak MOXKHO OoJyiee TOUHBIE Mpeacka3aHus ux opout. B mepuon ¢ 10 mo
13 despans 2016 r. B8 AO YpI'Y na teneckone CbI' (F=780 MM, D=420MmM,
[13C-kamepa Apogee Alta U32) 6put0 cinenano 668 canmkoB AC3, mocie oopa-
OO0TKH C MOMOIIBI0 mporpammHoro komrmuiekca IZMCCD 6wuto nomyderno 309
HaOmoaeHnit 12 00BEKTOB C YIOBIETBOPUTEIBHBIMU PA3HOCTSIMU KOOPAMHAT
(O—C). Kpome toro, 3 oobekra umenu (O—C)>1", 4To MOMHUMO IIOXOT0 KadecT-
Ba CHIMKOB MOTJIO YKa3bIBaTh Ha IJIOXO PACCUUTAHHYIO OpOUTY. [ 3TX 00B-
eKTOB ObllIa HCIIOIh30BaHA METOIMKA OTOPAKOBKH HAOIIOICHUI, OCHOBAaHHAS HA
yIIydmeHur opout. J{ms oqHOTO M3 0OBEKTOB CHUMKH OKA3aJIMCh JIEHCTBUTEIh-
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HO IUIOXOro Kaudectna. /i Broporo acrepouna 463282 2012 HR15 Ha MoMeHT
IpOBEpKU HaOmoaeHni opOuTa ObljIa XOPOLIO OIpeneseHa, U A BCeX IMOIy-
yeHHbIX HaoOmoaeHut (O—C)<1". Tperuit actepoun 459872 2014 EK24 umen
32 nabmoaenus ¢ 6oapmuMu 3HadeHussMH (O—C), 13 U3 KOTOpBIX MOCIE yiIy4-
HIeHUs] OpOUTHI OKa3alucCh yAoBiIeTBOpuTenbHOro kadecrsa ¢ (O—-C)<I". Pe-
3ynbTaThl HaOMoAeHUM Oblmu ormpasieHbl B MPC, yacTe M3 KOTOpBIX YxkKe
OIy0JINKOBaHa B €0 LIUPKYJISIpax.

POSITIONAL OBSERVATIONS OF ASTEROIDS WITH SBG OF
AO URFU AND FURTHER IMPROVEMENT OF THEIR ORBITS

R.V. Saveliev, T.Yu. Galushina

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
legiontecos@gmail.com

For the period from 2016, February,10 to 2016, February, 13 668 images of
NEAs was taken with telescope SBG of AO of UrFU. After processing in pro-
gram package [ZMCCD we obtained 309 observations of 12 objects with satis-
factory residuals (O-C). Also 3 objects had (O-C)>1" what could mean not only
a poor quality of image but bad calculated orbit. For this objects method of ob-
servation rejection based on orbit improvement was used.

OPBUTAJIBHAS 3BOJIIOIIUA PEAJIBHBIX HEYIIPABJISIEMbBIX
OBBEKTOB HABUTALITMOHHBIX CUCTEM I'NTIOHACC 1 GPS C
YUYETOM BJIMAHUSA PESOHAHCOB U CBETOBOI'O TABJIEHUA

M.B. Kamupun, U.B. Tomuoa
HanmonaneHblil ncciienoBartenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
carryelement@gmail.com

B pabore paccmarpuBaeTcsl TOJIrOBpEMEHHAsk OpOUTaIbHAS 3BOJIOLHMS KOC-
MUYECKUX aMMnapaTroB TjJ00aJbHbIX HABUTALMOHHBIX CITYTHUKOBBIX CHCTEM
(F'HCC) I'NNIOHACC u GPS, B npeAnoioxKeHnU, YTO BCE OHU MOTEPSUIN YIIpaB-
aenue 8.01.2015 r. 00.00 UTC. YucnenHoe monenupoBaHue opOUTaIbHOM 3BO-
JIOLUU OOBEKTOB BBINOJIHEHO MPU MOMOIIM IPOrpaMMHOro Komiuiekca «Yuc-
JeHHas Mozenb ABuxkeHus cucteM MC3y», peaqn3oBaHHOrO B Cpejie NMapaljielib-
HBIX BBIUMCIIEHUN. B mpouecce MoaenupoBaHusl yUUTHIBAIUCH BOZMYIIEHUS OT
JIynsl, ConHua, HecpepuyHoCTH reonoTeHnuana 1o 10 mopsaka U CTENEHH.
MoaenupoBaHue MpOBOAMIOCH KaK C YYE€TOM CBETOBOIO JABJICHHUS, TaK U 0Oe3
Hero. /it yuera CBETOBOTO JaBJEHUS UCIIOJIb30BAIaCh KOHUYECKasl MOJENb. Pe-
3yJbTaThl IOKA3BIBAIOT, YTO YYET CBETOBOIO JIABJICHUS IPUBOAUT K YBEIMYEHHUIO
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ocpenrennoro napamerpa MEGNO. IIpu 3TOM pe3oHaHCHas CTpyKTypa B M-
HaMHKE 00bEKTOB COXPaHSETCS.

PabGora BbeinonHeHa mpu noanaepxke crunenauu Ilpesuaenta Poccuiickoit
®denepanuu MonoasiM yueHbiM U acniupantam (CII-1671.2016.3, koukypc CII-
2016).

ORBITAL EVOLUTION OF REAL UNCONTROLLED OBJECTS
OF NAVIGATION SYSTEMS GLONASS AND GPS TAKING INTO
ACCOUNT THE INFLUENCE OF RESONANCE AND LIGHT
PRESSURE

M.V. Kashirin, 1.V. Tomilova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
carryelement@gmail.com

The paper presents description of long-term orbital evolution of currently ex-
isting objects Global Navigation Satellite Systems under the assumption that
they lost control 08.01.2015 00.00 UTC. The numerical simulation the long-
term orbital evolution was carried out of using the Numerical Model of Motion
of Satellite Systems software package implemented in a parallel programming
environment at the Tomsk State University computing cluster. During the mod-
eling the perturbations from the Moon, the Sun, nonsphericity of the geopoten-
tial up to 10 of the order and the degree were took into account. The simulation
was performed as the subject of light pressure, and without it. The conical
model of the light pressure was used.

The results show that the inclusion of light pressure leads to an increase in
the averaged parameter MEGNO. The resonance structure of the object dynam-
ics is saved.

OILEHKA TOYHOCTHU ONPEJIEJEHUSA TAPAMETPOB OPBUTDBI
OITACHOI'O ACTEPOUJA ITO OIITUYECKUM U3BMEPEHUAM
KOMIUIEKCA «HEBOCBO/I» 70

I'oy II3n, B.B. UBamikun
HNuctutyT npukinagnoi matematuku uM. M.B. Kennpima PAH;

Poccuiickas @enepauus, 125047, Mocksa, Muycckas ., 1. 4
869792831 (@qq.com

B noknane aHanM3upyroTCs TOYHOCTH ONPEACIICHUS MapaMeTPOB OPOUTHI ac-
Tepouia ¢ TOMOIILI0 pa3pabaTeiBaeMoro koprmoparueit «Komera» KoOCMUYECKO-
ro komiiekca «HebocBom». Kommiieke npegHazHaueH aiisi 0OHapy>KEHHs orac-
HBIX I 3eMJId HEOECHBIX TEeJ C IIEJIbI0 CBOCBPEMEHHOTO MPEAYIPEKIACHUS O

78



BO3MOXHOM acTepOMJHO-KOMETHOM yIpo3€ U ONpENeSeHUs IapaMeTpoB HX
NBUKeHUs. Pa3paboTaHbl alropuTMbl ONpEEIeHUs] OpOUTHI acTepoua, cOau-
Karolerocs ¢ 3emMiiei, 1Mo pe3yiabTaTaM JaHHBIX ONTUYECKUX U3MEPEHUI ¢ Oop-
ta KA nanHoro xomruiekca. HauanpHoe npubinxeHue onpeaensieTcss Ha OCHOBE
merona l'aycca. [lanbHeliniee yrouHeHHME OpOUTHI MPOU3BOJUTCS C MOMOILBIO
METO/Ia HaWUMEHbBIIHUX KBaApaToB. PazpabGoTaHbl airOPUTMBI OLIEHKH TOYHOCTH
ornpe/eeHUs TapaMeTpOB OpOUTATBLHOTO JIBHXKEHHS aCTepOUa.

OneHKH TOYHOCTH CJIeJIaHbl ¢ TOMOIIBIO JIBYX METOJOB — aHAJUTUYECKOTO
METO/Ia U MeTojAa crartuctuyeckux ucneitanuii «Monte-Kapno». Ha ocHose
JIBYX OpOUT actepona, OMu3KuX K opoute Amoduca, BBIIOIHEHO MOACIUPOBA-
HUE IpoLecca IBUKEHHS acTepOUa, €ro U3MEPEHHUI U OnpeiesieHus ero opou-
ThI ¢ pacctosareM ot 100 muH kM 1o commkenus ¢ 3emueid B 2028-2029 rr.,
MOJTyY€HBI OIICHKH TOYHOCTH HABHUTALMU MO MPULIEIBHOW AATbHOCTH OPOUTHI,
NEPUTeHHOMY PaCCTOSHUIO U MOMEHTY MPOXOKIEHUS IEPUTes aCTePOUIaA.

AHanu3 nokasaj, 4To pe3yJbTaThl aHAJIUTHYECKOTO U CTaTUCTUYECKOTO Me-
TOJOB OJIM3KHU JIPYT K JIpYyry u komruiekc «HebocBo1» 1OBOJIBHO XOpOUIO OIpe-
nensieT opOUTy acTepoua.

AN ESTIMATION OF ORBIT PARAMETERS DETERMINATION
ACCURACY FOR DANGEROUS ASTEROID USING OPTICAL
MEASUREMENTS BY THE COMPLEX “NEBOSVOD”

Guo Peng, V.V. Ivashkin
Institute applied mathematicians im. M.V. Keldysha WOUNDS;
Federation Of russia, 125047, Moscow, Miusskaya pl., d. 4
86979283 1(wqq.com

Navigation accuracy characteristics of space complex “Nebosvod”, which is
being designed now by the Russian Corporation “Cometa”, are presented. This
complex includes two spacecraft (SC) on geosynchronous orbits, and these SC
will be equipped by a high-accuracy scanning telescope. Using these telescopes,
identification of celestial bodies as well as determination of their angular coor-
dinates, right ascension and declination, is supposed to be performed. On the
base of two asteroid orbits that are close to the Apophis one, there is performed
modeling the asteroid motion and its measurements, estimating its orbit parame-
ters and evaluating the navigation accuracies. It is shown that the complex “Ne-
bosvod” allows estimating the asteroid orbit well enough.
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AHAJIN3 CTPYKTYPBI BEPOSITHOM 30HBI ITAJTEHUS
ACTEPOHNIA APOPHIS HA 3EMUJIIO B 2036 r.

K.A. Cruxno, II. I'yo, B.B. UBamikun

MoOCKOBCKUH TOCYTapCTBEHHBIN TeXHUYECKU yHUBepcuTeT uM. H.O. baymana;
Poccuiickas ®@enepanus, 105005, r. Mocksa, 2-1 baymanckas yi., 1.5
fn2cyril@gmail.com

B noknane paccMoTpeHa 3ajada Mo MCCIENOBAHUIO BEPOSTHOM 30HBI Majie-
Hus acrepousia Apophis Ha 3emiio B 2036 1.

Pa3paGoTtanbpl aqropuT™Mbl AJid MOUCKA TPACKTOPUN ONACHOrO acTepoua
Apophis, nonagaromux B 3emo B 2036 r., ¢ momotisio MetonoB Monre-Kapio
Y TPAIUEHTHOTO CITyCKa.

IIponsBeneH NOMCK HECKOJBKO CEMEWUCTB IONANAIOIIMX TPACKTOPUU, IS
KQKJOT0 U3 KOTOPBIX MEPUTreHHOE PACCTOSTHUE TPAEKTOPUHU OJU3KO K HEKOTO-
pomy (pUKCHpOBaHHOMY MEPUTEHHOMY paccTosiHuio u3 auanazona {2070; 2500;
3000; ...; 6000; 6370} kM.

OrnpeneneHo MHOKECTBO TOUEK MEPECEUEHUSI ITUX TPACKTOPHUI C MMOBEPXHO-
CTBIO 3€MJIM U Ha OCHOBE 3TOT'0 ITIOCTPOEHA CTOJIKHOBUTEIBHAS [10JI0CA HA KapTe
mupa. McciaenoBanbl 0COOCHHOCTH 3TOM 30HBI MajieHus. J[aHO cpaBHEHHE TOJTY-
YEHHBIX PE3yJIbTATOB C APYroi paboTol Mo JaHHOM mpobieme.

AN ANALYSIS OF THE STRUCTURE OF ASTEROID APOPHIS’
POSSIBLE IMPACT ZONE ON THE EARTH

C.A. Stikhno, P. Guo, V.V. Ivashkin

The Moscow state technical university im. N.E. Baumana;
Federation Of russia, 105005, Moscow, 2-1 Baumanskaya ul., d.5
fn2cyril@gmail.com

In the paper the problem to study the asteroid 99942 Apophis’ possible im-
pact zone on the Earth in 2036 is considered. The set of points of intersection of
these trajectories to the surface of the Earth is determined and the collision area
on the world map is built. The features of this drop zone are analyzed. A com-
parison of the results with other works on this issue is performed.
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AHAJIN3 TOPEHUSA KOMBUHHUPOBAHHOT O 3APSA A
B YCJIOBUAX JIEKTPOTEPMOXUMHUYECKOMW TEXHOJIOT'UA
METAHUA

AJl. Cunopos, A.U. 3bikoBa, H.M. CamopokoBa
HanmonaneHbli ncciienoBarenbCkuil TOMCKUI TOCY 1apCTBEHHBIN YHUBEPCUTET;

Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
alex_sid92@mail.ru

BrIsiBIIeHBI ¥ TPOAHATU3UPOBAHBI OCOOCHHOCTH TOPEHUSI KOMOMHUPOBAHHOTO
3apsiga Mpu 3JIEKTPOTEPMOXUMHUYECKOM BO3JICHCTBUMU.

ANALYSIS OF COMBUSTION OF THE COMBINED CHARGE IN
THE CONDITIONS ELECTROTHERMAL-CHEMICAL THROWING
TECHNOLOGY

A.D. Sidorov, A.I. Zykova, N.M. Samorokova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
alex sid92@mail.ru

Identified and analyzed characteristics of combustion combined charge at
electrothermal-chemical impact.

IHPOI'HO3UPOBAHMUME ABUXEHUE ACTEPOUI0OB
C UCITIOJIb30BAHUEM PA3/IMYHBIX IINTAHETHBIX D®EMEPHU /|

C.N. Kopoaes, A.Il. barypun
HanmonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®@enepauus, 634050, r. Tomck, np. Jlenuna, 36
alexbaturin@sibmail.com

K Hacrosimiemy BpeMeHHU BBIMYIIEHO OO0JIBIIOE YMCIIO TJIAHETHBIX dPeMepu,
UCIOJIb3YEMbIX MPU y4eTe BO3MYILIEHUN B 3aJlaye MPOrHO3UPOBAHUS JIBHIKCHHUS
acrepouioB. [1o3TOMy B acTpOHOMHUYECKON NMpaKTUKE CYLIECTBYET npoOliema
BbIOOpa Hanbosiee TOUHBIX Ademepua. B mokinane paccMoTpena 3amada nmporHo-
3UpPOBaHUS JIBU)KEHHSI ACTEPOUIOB C MCIOJIB30BAHUEM IPHU YUETE BO3MYILCHUIA
Hanbosee ynoTpeOuTenbHbIX ddeMepua O6onpmux rianeT u JIyHbl, a UMEHHO,
DE405, DE408, DE414, DE422, DE423, DE424, DE425, DE430, DE431,
DE432, DE433, DE434, DE435 u EPM2011. BeinonHeHo cpaBHEHUE pe3yibTa-
TOB MPOTHO3UPOBAHUS, MOJYYEHHBIX C MCIOJIb30BAHHEM BCEX MEPEUMCICHHBIX
ademMepu, I YEThIPEX aCTEPOUIOB, JIBA U3 KOTOPHIX UMEIOT KOPOTKYIO AYTY
HaA0JII01aeMOCTH U JIBa — JUIMHHYIO. [Ipy BBIONHEHUH KUccaea0BaHUs ObUIH UC-
MOJIb30BaHbl pa3paboTaHHbIE paHee mporpamMmsbl [1-3], nmpeaHasHAYEHHBIE JIS
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yIIydiieHus: OpOUTHl U MPOTHO3MPOBAHMS JBIKEHUS acTepounioB. B obe mpo-
rpaMMbl ObUTa 100aBJieHa BO3MOXHOCTH HCIIOJIB30BAHUS BBIMYIICHHBIX B IO-
cineanee Bpems 3demepun DE433, DE434 u DE435. TlokazaHo, 4TO MCIOJIB30-
BaHue OoJsiee HOBBIX A(eMepu] it BceX 00bEKTOB aeT Oosiee OJIU3KUE Pe3ylb-
TaThl TMPOTHO3UPOBAHMS, TTOITOMY Ha MPAKTHUKE MPEANOYTHTEIbHEE HMCIIOIb30-
BaTh MOCJEAHNE dPeMEpUIbl OOBIIMNX TUIaHET U JIyHBI.

Jlureparypa
1. bamypun A.Il., Bomuenv U.A. // 13B. By30B. ®uzuka. 2014. T. 57. Ne 10/2. C. 17-24.
2. bamypun A.I1., Kunsepckuii B.B. // 13B. By30B. ®u3uka. 2014. T. 57. Ne 10/2. C. 67-75.
3. bamypun A.Il., Kunzepckuu B.B. // Matepuansl V MexayH. MOJI. KOH}. «AKyTalbHbIE
U TIPUKJIaTHBIE TIPOOIIEMBI COBpeMeHHOM Mexanukmy». Tomck: TT'Y. 2015. C. 125-130.

THE SIMULATION OF ASTEROID’S MOTION WITH DIFFERENT
PLANETS’ EPHEMERIDES

S.1. Korolev, A.P. Baturin
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
alexbaturin@sibmail.com

The great number of planets ephemerides exists for today so the problem of
choice of the most precise ephemerides is actual now. In the report the motion of
several asteroids is calculated with perturbations accounting from the commonly
used ephemerides DE405, DE408, DE414, DE422, DE423, DE424, DE425,
DE430, DE431, DE432, DE433, DE434, DE435 and EPM2011. The compari-
son of the results obtained with all these ephemerides has been performed. It has
been demonstrated that usage of newer ephemerides gives closer results so these
ephemerides are preferable for the perturbations accounting.

OINPEAEJEHUE TAPAMETPOB MOJAEJIU CBETOBOI'O
JABJIEHUSA 110 JAHHBIM HABJIOAEHUHN

A.I'. Anekcangposa, U.H. UyBamos
HanmonaneHbli ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®enepanus, 634050, r. Tomck, nip. Jlenuna, 36.
aleksann@sibmail.com

Onnoit n3 QyHIAMEHTATBHBIX 3a/1a4 COBPEMEHHOW HEOCCHONW MEXaHUKH SIB-
JISIETCS. UCCIICIOBAHUE BIIMSIHUSI CBETOBOTO JABJICHUSI HA JUHAMHKY OKOJIO3EM-
HBIX KOCMHUYECKUX OOBEKTOB, MOCKOJIbKY JaHHBIM BO3MYIIAIOIMIHUN (aKTOp CIIO-
c0o0€H KapJAMHAIBHO MEHSTh UX OpOUTAIIbHYIO SBOJIONMIO. BiusHue cui cBero-
BOI'O JABJICHUSI CUJIBHO 3aBUCUT OT T'€OMETPUUYECKUX U (PU3UYECKUX CBOMCTB
kocMuyeckoro amnmnapata (KA), a Takke oT ero opueHTalMu Ha opOuTe, mo3TO-
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My MOCTPOUTH OOOOIIEHHYIO BBICOKOTOUYHYIO MOJIEh HEBO3MOXKHO, HO MOYKHO
MOJIYYUTb JIJIsi ONpPECICHHBIX TUIOB OOBEKTOB MOJIEIU CBETOBOTO JaBIICHUS,
KOTOPBIE MO3BOJIAT C HY>KHOM TOUHOCTBIO ONPENICTIUTh OPOUTY.

B nannoit pabote paccmaTpuBaeTCss MOJENb PAAUAIIMOHHBIX CUJI, IIOCTPOCH-
Has ¢ yuetoMm ¢opmbl KA (ero 3¢gpdhexTrBHOM MOBEPXHOCTH) U OCHOBAHHAs Ha
(GU3UYECKOM B3aUMOJICUCTBUU MEXKIY COJHEYHBIM HM3IyYEHUEM U IOBEPXHO-
CTBIO CIyTHHKA. MeToauka MoaenupoBaHusi d(PGEKTHBHON MOBEPXHOCTU CO-
CTOUT B TOM, YTOOBI BBIICTUTH KIIFOUEBBIE DJIEMEHTBl KOHCTPYKILHUU paccMaTpu-
BaeMoro KA ¢ Touku 3peHust (GOpMHUPOBAHUS CHIIBI CBETOBOTO JABJICHUS, HO
IIpU 3TOM He 3arpoMoxaath pacuetsl. st cnytHukoB cuctemsl [ JIOHACC sto
IPEXJIe BCEro MaHeIu COJHEYHBIX OaTtaped M HeHTpadbHbIM Moayib. [lapamer-
pbl MOJICNIM ONPEACISUIUCh 0 JaHHBIM HAOIIOJICHUM METOJOM HAMMEHBIINX
KBaJIpaToB. Pe3ynpTarsl UCCIENOBaHUN MMOKA3aJIM, YTO MCIOJIB30BAHUE JaHHOU
MOZENH TO3BOJIUIIO MOJYYUTh CPEIHEKBAIPATUUECKOE OTKIOHEHUE OIpeierie-
HUS OPOUTHI B cpeiHEM 2—6 cM Ha 24-4acOBOM MHTEpPBajIC BPEMEHH.

PaboTa BeinmosHeHa npu puHaHCOBOM nojaepxkke PODU B pamkax Hay4yHOTO
npoekta Ne 16-32-60097 mont_a 1k

DETERMINATION OF PARAMETERS OF SOLAR RADIATION
PRESSURE MODEL FROM OBSERVATIONS

A.G. Alexandrova, I.N. Chuvashov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
aleksann@sibmail.com

In this report a model for the solar radiation pressure on GLONASS satel-
lites is presented that is based on effective surface model of satellite. The model
is based on the physical interaction between solar radiation and satellite sur-
faces. Parameters of the radiation pressure model have been adjusted to fit the
GLONASS tracking data.

UCCJIEJOBAHUE PE3OHAHCHOM CTPYKTYPhI
U JUHAMMYECKOM 3BOJIIOIIMU TOTOKOB YACTHII,
OBPA3OBABIINXCHA B PE3YJIBTATE PACITIAOB
KOCMHNYECKHUX AIIITAPATOB HA OKOJIOPE3OHAHCHBIX
OPBUTAX

A.I'. Anekcanaposa, U.B. TomuiioBa
HannonaneHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®enepauus, 634050, r. Tomck, np. Jlenuna, 36.
aleksann@sibmail.com

B nmanHoil pabote paccMaTpHBalOTCS PE3yJIbTAThl UCCIEIOBAHUSA JOJITOBpE-
MEHHOI OpOUTANBLHOMN SBOJIONUHA U PE30HAHCHOW CTPYKTYpPHI MOTOKOB YACTHII
KOCMHYECKOTO Mycopa, 00pa30BaBIIUXCS B PE3yibTaTe PacnajoB KOCMHUYECKUX
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annaparoB (KA) 3ous1 MEO Ha unTepBane Bpemenu 100 net, a takxke MEGNO-
aHaJIM3 AMHAMUYECKOW 3BooLMU (parmeHToB pacnana KA. B kauectBe oObek-
TOB pacrnaja ObLIM BbIOpaHbl CITyTHUKH, OJJUH U3 KOTOPBIX MOJIBEPIKEH JEHCTBUIO
Cpa3y HECKOJIbKUX BEKOBBIX PE30HAHCOB U HAXOJUTCA B OKPECTHOCTH OpOUTAIIb-
HOro pe3oHaHca 2:1 ¢ 3emieid, 1 UMeeT HeyCTOMUMBbIN Xapaktep nBuxenus (GPS-
1), a BTOpoil mojiBep>KeH BIUSHUIO TOJILKO pe3oHaHca JlnnoBa-Kozau u aBrkercs
no kBazunepuoanyeckoit opoure (I'JIOHACC-1). HauanpHoe mpocTpaHCTBEHHOE
pacnpenenenue ¢parmeHToB KA 1O CKOpOCTSM MOJEIUPOBATIOCH C MOMOIIbIO
«HucneHHoOM MoJIenH pacrajia KOCMUYECKUX OOBEKTOBY», a UX JBU)KEHUE IPOTHO-
3UPOBAJIOCH € MOMOIIbI «Huciennoit Mmonenu asmxenus cucrem MC3y, peannzo-
BanHoU Ha kiactepe «Ckud Cyberiay TI'Y. Hcnonb3dyeMble YnCIEHHBIE MOICIH
paspaboTaHbl COTpyTHUKaMH oTea «HebecHol Mexanuku u actpomerpum»y HUN
[IMM TTI'Y npu yyactuu aBTOpa paboTHI.

PaboTa BblllONIHEHAa Tpu (puHAHCOBOW moxaepxkke rpanta PODU 15-02-
02868 a.

INVESTIGATION OF THE RESONANCE STRUCTURE AND THE
DYNAMIC EVOLUTION OF THE PARTICLE FLUXES GENERATED
AS A RESULT OF SPACECRAFT EXPLOSIONS
IN NEAR-RESONANCE ORBITS

A.G. Aleksandrova, 1.V. Tomilova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
aleksann@sibmail.com

The report presents the results of investigations of the dynamic evolution and
resonance structure of the particle fluxes of space debris generated by the explo-
sion of artificial Earth satellites (AES) in MEO. We have considered the explo-
sions of two satellites (GPS-1, GLONASS-1).

CPABHEHME PA3/INYHbLIX CIIOCOBOB IPEBEHTUBHOI'O
PASPYHIEHUSA OITACHOI'O ACTEPOUJIA

A.I'. Anekcanaposa, T.1O. I'anymuna, K.B. Xo/meBHUKOB
HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®enepanus, 634050, r. Tomck, np. Jlenuna, 36.
aleksann(@sibmail.com

OpHuM #3 mpejiaraeMblx Croco00B MPOTHUBOJEHCTBUS aCTEPOUIHOMN oOrac-
HOCTH SIBJISIETCSl YHUYTOXEHUE O00BEKTa MyTeM €ro mojipeiBa. B sTom ciydae
MOJICTMPOBAHUE pacmaga acTepouaa M HCCIECIOBAHUE TWHAMHUKU (PparMeHTOB
MOMOXET OMNPEACNIUTh, OYIyT JU MPEACTaBIATh COOOW OMACHOCTh JJISI 3€MIIH
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oOpa3oBaBIKecs OCKOJIKM. B naHHON paboTe paccMaTpHUBaeTCsl JUHAMUYECKAS
3BOJIIOLIMA (ParMEeHTOB pacmajia, 00pa30BaBIIMXCS B Pe3yJbTaTe paciaja acrte-
pouoB, commpkaomuxcs ¢ 3emneid. s MonenupoBaHus pacrajga acTepoua
MCIIOJIb30BAJIACH MOJIEIIb MOAPBIBA aCTEPOUIA C IMTOMOUIBIO AIEPHOrO YCTPOUCT-
Ba. [lpu »ToM paccMmarpuBaroTcsi ABa croco0a noapbiBa. B mepBom ciiyuae
yAApHUK HArOHSET aCTEPOU]I C3aA1 HA YUYACTKE TPAEKTOPUH YXO0/a ACTEPOUJIA OT
3emiM, a BO BTOPOM Clly4ya€ acTepou] HAroHsAET yAapHHK. [(nameTp actpouaa
Opascs paBHbIM 200 M, Tak 4TO aCTEPOU] B COOTBETCTBUHU C 3aJaHHON MOJIEIIBIO
MIOJIHOCTBIO pa3pylIaeTcsl Ha OCKOJIKK pazMepoM 10 10 M. I'enepupoBanock no-
panka 100000 ockosikoB. ITpu uccnenoBaHuu AOATOBPEMEHHON JTUHAMUYECKON
IBOJIFOLIMM TIOTOKOB YAaCTHUIL[ HCIOJIb30BAJICS BBICOKOTOYHBINA ITPOrpaMMHBIN
komiuiekc «MJIA», mpeaHa3HaueHHbIN IS UCCIEIOBAaHUS JTUHAMUKU U BEPOSIT-
HOCTHOW OpPOMTAILHOM 3BOJIIOLMU aCTEPOMJIOB, pa3paOOTAHHBIA NPU YHYACTHH
T.1O. I'asmymmnoM.

Pabota BeImonHeHa mpu (PUHAHCOBOM MOAMEP)KKE MporpaMMmbl «HayuHsbrii
dboun um. JI.M. MenneneeBa ToOMCKOTO rocygapCTBEHHOTO YHHUBEPCHUTETa
(mpoexr 8.1.54.2015).

COMPARISON OF DIFFERENT METHODS OF THE PREVENTIVE
DESTRUCTION OF A HAZARDOUS ASTEROID

A.G. Aleksandrova, T.Yu. Galushina, K.V. Holshevnikov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
aleksann@sibmail.com

One means of countering a hazardous asteroid is destruction of the object us-
ing a nuclear charge.The report presents the results of investigations of the dy-
namic evolution of the particle fluxes generated by the explosion of a hazard-
ous asteroid. Two ways of asteroid destruction have been considered

YNCJIEHHBIE HCCJIEJOBAHUWSI PEI'YJISIPHOM
N XAOTHYECKOU TMHAMMKU AC3 BbJIN3U HEKOTOPBIX
PE3OHAHCOB C IOIIUTEPOM UM 3EMJIEH

E.H. Huranosa, JI.LE. bsikoBa
HannonaneHeIil ncciienoBaTenbCKkuii TOMCKHM IOCY 1apCTBEHHBINA YHUBEPCUTET;

Poccuiickas @enepanust, 634050, r. Tomck, nip. Jlenuna, 36.
shen1981@mail.ru

Pabora mocBsieHa MCCIeIOBAaHUI0 XaOTHYHOCTH B JIBUKEHHUHU aCTEPOHUIOB,
commkaromuxcs ¢ 3emieit (AC3). JluHaMUUeCKU XaoC MOXKET BO3HHKATh B OK-
PECTHOCTH TpaHUIl 00JacTell HavyaJbHBIX MapaMeTPOB JIBMXKCHUS, MPHUBOISIINX
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K ONpEJEJICHHBIM OpPOMTAIbHBIM pe3oHaHcaMm. ['paHuiel, paszaenstomen pas-
JIMYHBIC PEKUMBI JBMKEHUS, MOKET OBITh XaOTHUYECKUU ciioil. B pabote mpen-
CTaBJIEHBI PE3YyJIbTAThI MMOCTPOEHUS M UCCIEAOBAHMS 00JlacTel HavaJbHBIX Ma-
pPaMEeTpOB ABUKEHHUSI, IPUBOAILINX K HEKOTOPBIM pe3oHaHcaMm ¢ FOmurepom u
3emneid. MccnenoBanusi BBINOJHSAIUCH YHMCICHHBIM MOJCIMPOBAHUEM 3BOJIIO-
MU OPOUT acTEPOUIOB, PE30HAHCHBIX XAPAKTEPUCTUK W MHAMKATOPA XaOTHY-
HOCTM JIBWKEHHA. B KkadecTBe HMHAMKATOPAa XAOTUYHOCTH B3ST MAapaMETP
MEGNO, ¢ noMo1ibt0 KOTOporo ObUIH HUCCIIEOBAHBl OKPECTHOCTHU MOJIYYEHHBIX
pe3oHaHCcHbIX oOnacteil. Kaxknas pesoHancHas 00JacTh CTpOMJIACh HA MHOXKe-
CTBE HAYaJbHBIX 3HAYECHUN OOJIBIION TOMYOCH U CPEAHEN aHOMAaJIUU MpU (HUK-
CHUPOBAHHBIX 3HAYCHUSIX OCTAIBHBIX AJIEMEHTOB OpOUT. PaccmMoTpeHo BiusiHUE
HAYaJIbHBIX MApaMEeTPOB OPOUT: IKCIEHTPUCUTETA M HAKIOHECHUS Ha Pa3MEphI
0o0jacTu, a TaKXe Ha IIMPUHY XAaOTHYECKOro cios. B pe3ynbrare ObLIM MO-
CTPOCHBI XaOTHUECKHE 30HBI B OKPECTHOCTH TPAHMI] PE30HAHCHBIX OOiacTeit
MPU PA3TUYHBIX 3HAYCHUSIX SKCIEHTPUCUTETA U HAKIIOHEHHUS, U MTOTYUYEHbl YHC-
JIEHHBIE OLIEHKH IIMPHUHBI 3TUX 30H. UMCIEHHOE MOAEIMPOBAHUE BBITOIHAIOCH
Ha kiacrepe CKU® CYBERIA TI'VY, yTo nmo3BoiuiIo McciaeAoBaTb OpOUTaIb-
HYIO 3BOJIIOLMIO OOJIBILION COBOKYIMHOCTH MOJEJIbHBIX YaCTHIl Ha MHTEpBajax
BPEMEHH HECKOJIBKO THICAY JIET.
Pa6ora BrinoHeHa mipu noaaepkke rpanta POOU Ne 15-02-02868.

NUMERICAL RESEARCH OF REGULAR AND CHAOTIC MOTION
OF NEAS NEAR OF A BOUNDARY OF THE MEAN MOTION
RESONANCE WITH JUPITER AND EARTH

E.N. Niganova, L.E. Bykova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
shen1981@mail.ru

The paper is dedicated to the investigation of the chaotic state in the motion
of near-Earth asteroids (NEA). The paper presents the results of construction
and investigation of the domains of the initial parameters of motion leading to
the some resonances NEAs with Jupiter or Earth. The investigations were car-
ried out by numerical simulation of the evolution of the asteroids, resonance
characteristics and an indicator of chaotic motion. The resonance region was
constructed over the set of initial values of the semi-major axis and the mean
longitude at fixed values of other orbital elements. As a result a chaotic zone
was constructed in the vicinity of the boundaries of the resonance regions with
different values of eccentricity and inclination, and obtained numerical estimates
of the widths of these zones. The numerical simulation was implemented on the
cluster SKIF CYBERIA TSU this allowed us to investigate the orbital evolution
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of a large number of model particles over a time interval of several thousand
years. The paper was executed with grant support RFBR 15-02-02868.

NCCJIEJOBAHUE PEIIEHUS 3A1AY JIOKAJIBHOM
T'EOJJUHAMUKHU C HCITOJIb30BAHUEM GPS/TJIOHACC
U3MEPEHUN

E.B. IlaxomoBa
HannoHaneHbIN HccienoBaTenbCckuii TOMCKUN TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36.
kuzina.87@mail.ru

B pabote nmpencraBiieHbl TOJTyYEHHbIE METOJIAMUA MaTEMAaTUYECKOTO MOJEIIU-
pOBaHUsL PpE3yJIbTaThbl HCCIAEAOBAHUE BIIMAHMS YBEIWYEHHUS uuciaa 0a30BbIX
CTaHUMI HA TOYHOCTb OINPECIICHHUs] KOOPAUHAT HEU3BECTHOIO MyHKTA. J{i1s uc-
KJIIOYEHMsI (pa30BbIX HEOJHO3HAUYHOCTEW M IMOMNPABOK YacoOB INPUEMHHUKOB Ha
IIyHKTaxX U3 YKCJIa ONpPEACIIIEMBIX apaMeTPOB UCIOJb3YIOTCS TPOMHBIE Pa3HO-
CTH HaOJIOJEHHBIX BeanurnH. Kpome TOoro mpoBefeHO HccieoBaHue o orpe-
JEJICHUIO ONTHMAaJIbHBIX IAPAMETPOB MPOLECCa HAXOXKIACHUS MOJIBHKEK KOOp-
JIMHAT 33IaHHOT0 IIyHKTA IIPU UCIIOJIb30BAaHUM TPOWHBIX PA3HOCTEN U3MEPEHUH,
nonyueHHbIX Ha 0a30BbIX GPS/TJIOHACC cranmusix U Ha UCKOMOM ITyHKTE.
Pa3paborannas mMaTemaruyeckas MOJEIb COCTOMT W3 CJIEAYIOUIMX pPa3AeiioB:
monenupoBanne GPS/TJIOHACC nabmioneHuil; cocTaBieHHE YpaBHEHHM IS
OIPENEIICHNS TONPABOK B KOOPAMHATHI HEM3BECTHOTO MyHKTa; nosrydyeHne HK
OLIEHOK JUISl ATUX IONpPaBoK; noctpoeHue mig HK OneHOk rpaHryYHbIX MTOBEpX-
HOCTEH JTOBEPUTEIIBHBIX JJUITMIICOMIOB; HAXO0XKIECHUE CMEUIEHUS ONPEAEIIeMOM
TOYKH.

INVESTIGATION OF SOLVING LOCAL GEODYNAMICS
PROBLEMS USING BASE GPS/GLONASS MEASUREMENTS

E.V. Pakhomova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
kuzina.87@mail.ru

The results of the study of the effect of the number of base GPS/GLONASS
stations on the accuracy in solving local geodynamics problems are presented.
It is shown that the optimum parameters of the process of finding the displace-
ment in the coordinates of a point are determined by using third differences of
measured distances.
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3AJJAYA ITIOCTPOEHUS BBICOKOTOYHOM JIOKAJTBHOM
MOJAEJIN KBASUT'EOUJIA

K.B. lllanoBasioBa
HanmonanbsHbIi uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®enepauus, 634050, r. Tomck, nip. Jlenuna, 36.
ff.a.shapovalova.kseniya@stud.tsu.ru

B craTtbe npuBOAUTCSA ONMCAaHUE U AKTYaJIbHOCTh 3a4a4M PEAYKLHUH T€0IE3H-
YECKUX BBICOT K NMOBEPXHOCTH OTHOCHMMOCTHM KBasureomna. PaccmarpuBarorcs
CTENEHb pa3pabOTAHHOCTU MPOOJIEMBI U MEPCIIEKTUBbI JAIbHENIINX HCCIEq0Ba-
HUHM B 00JIaCTH IOCTPOEHUS JIOKAJIBHBIX KBa3ureon10B. CTaBUThCS 3a/1a4ya KOM-
IIJIEKCHOM PEKOHCTPYKIMUA MECTHOW HUBEJIIMPHOUN CETH, IPU3BAHHAS ONIPEACIUTD
IrPaHULbl IPUMEHUMOCTH TEXHOJIOTUHA CIIyTHUKOBOTO HUBEJNIMPOBAHUS. 3aTparu-
BaIOTCSl OCHOBHBIE METOI0JIOTMUECKHE TPOOIEMBI, CBSI3aHHbBIE C PELICHUEM JaH-
HOM 3aJa4H.

PROBLEM OF DEVELOPMENT HIGH-PRECISION LOCAL
MODEL OF QUASIGEOID

K.V. Shapovalova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
ff.a.shapovalova.kseniya@stud.tsu.ru

The description and the topicality of the geodetic heights transformation to the
reference surface of quasigeoid were shown. The techniques of solving the prob-
lem, the level of the topic scientific development and perspectives for further re-
search to the modelling local Height Reference Surface are under consideration.

UCCJEJIOBAHUE OPBUT KOCMHUYECKOI'O MYCOPA
C BOJIBIIION IMTAPYCHOCTBIO

N.H. YyBamos, II.A. J/leBkuna
HanmonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, np. Jlenuna, 36
chuvashovin@gmail.com

B Hacrosimiee BpeMs B OKOJI036MHOM MPOCTPAHCTBE M3BECTHBI OOBEKTHI KOC-
MUYECKOTO MYCOpa, UMEIONIME OTHOIICHUS TUIOMIAJAN MHUACIICBOTO CEUYCHHS K
macce (koadduimenT mapycroctr) Gombiae 10 m>/kr. CBETOBOE JaBICHHE OKa-
3bIBAaCT 3HAYUTEIHPHOE BIUSHUC Ha JBIKCHUE 3THX OOBEKTOB, M MMPOTHO3UPOBA-
HUE HA JUTMTEJbHBIC HHTEPBAJIbI BPEMCHH MPAKTUICCKA HEBO3MOXKHO. OOBECKTHI
¢ 6onpIMM KOA(PPHUITUEHTOM MAPYCHOCTH MPEICTABISIFOT OMACHOCTh TSl (DyHK-
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UOHUPYIOIIMX KOCMUYECKUX ammnapatoB. B paboTe paccMOTpeHO HECKOJBKO
CIIOCOOOB MOJICTTUPOBAHMS YCKOPEHUN OT CBETOBOTO JIABJICHHUS C MCIOJIb30Ba-
HUEM TO3UIMOHHBIX HAOIOJEHUN Takux o0beKTOB. B mepBom crocobe coBme-
CTHO C KOOPJIMHATAMU U CKOPOCTSIMU ompeensieTcs: KodpPUuuueHT napycHOCTH.
B nocnenyromux AByX MOAX0Jax 3aJal0Tcsl OTJIMYHbBIC JIPYT OT JIpyra CIyTHU-
KOLICHTPUUYECKUE CUCTEMbl KOOPJIUHAT U OMNPEAEIAIOTCA TP KOMIIOHEHTA BEK-
TOpa YCKOPEHUS BAOJIb OCEHM ITUX cucTeM KoopauHar. [loka3ano, uro mocnen-
HUE JiBa croco0a JIydllle MUHUMHU3UPYIOT CPEIHEKBAIPaTHUYECKYIO OIIMOKY Ha-
OJIF0JIEHUI ¥ XOPOIIO NPEICTABIIAIOT HAOIIOACHHMS, @ IEPBBIM MOJIX0]1 HE BCEra
MO3BOJISIET HANTH perieHue oOpaTHOM 3a1a4u.

INVESTIGATION OF SPACE DEBRIS ORBITS WITH HIGH
AREA-TO-MASS RATIO

I.N. Chuvashov, P.A. Levkina

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
chuvashovin@gmail.com

Currently, in the near-Earth space is known space debris objects with mid-
section area to mass ratio (area-to-mass ratio) is higher than 10 m*/kg. The light
pressure has a significant influence on the motion of these objects, and progno-
sis for long time intervals practically impossible. Objects with a high area-to-
mass ratio produce a risk to operational spacecrafts. In the paper discussed sev-
eral ways to accelerations of light pressure simulation with the use of positional
observations of such objects. In the first method we determined the area-to-mass
ratio together with coordinates and velocities. The following two approaches are
set object-center coordinate systems different from each other and define three
components of the acceleration vector along the axes of these coordinate sys-
tems. It is shown that last two methods are better to minimize the mean square
error of measurements, but the first approach is not always suitable to find a so-
lution to the inverse problem.

BO3MOXKHAS OILIUBKA ITPU ONPEJAEJEHUU 3BE3JHOIO
BPEMEHM ITOABJIEHUA METEOPA

A.A. Maiinaramena
HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, nip. Jlenuna, 36
maynagasheva.a@bk.ru

Koopaunatel TpaekTopun MeTeopa Kak U CTaHIUN HAOTIOICHUS BBIUYUCIISIOT-
Cs B I€0J€3MUECKOl crucTeMe KoopIuHat. [Ipu 3TOoM 3auactyro He MPUHUMAETCS
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BO BHHMAaHME, YTO KOOPJAMHATBHI CTAHIMI onpenesnstorcs npueMHukamu GPS,
paboratomux B cuctreme koopaunat WGS-84. Drta cucrema coBmaiaeT ¢ reojie-
3MYECKOM CHUCTEMOW KOOpJAMHAT, HO OCh X cMmeleHa Ha 102 M K BOCTOKY OT
['puHBHYa. DTO BHOCHUT OMIMOKY B JOJTOTY U COOTBETCTBEHHO B BBIYMCIICHHUS
3BE3/IHOIO BPEMEHU.

B paGote BbITIONTHEH aHaIU3 MOMPABKHU 10 J0JroTe K cucreme W(GS-84.

POSSIBLE ERROR IN DETERMINING OF SIDEREAL TIME
OF OCCURRENCE THE METEORS

A.A. Maynagasheva
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
maynagasheva.a@bk.ru

Coordinates of the trajectory of the meteor as monitoring stations are calcu-
lated in geodetic coordinate system. This is often not taken into account that the
coordinates of the station are determined by GPS receivers operating in the
WGS-84 coordinate system. This system is the same as the geodetic coordinate
system, but the X axis shifted by 102 meters to the east of Greenwich. This in-
troduces an error in the longitude and respectively calculating the sidereal time.
The paper analyzed the amendment of longitude to the WGS-84.

MOIEJUPOBAHMUE 3ATAYA ABTOHOMHOI'O
HHPOI'HO3UPOBAHMUA IBUKEHUA HUSKOJIETAILILEI'O UC3
11O UBMEPEHUAM CUCTEMBI I''IOHACC

E.B. biunkosa
HanmonaneHbI HccnenoBaTenbCkuii TOMCKUI TOCy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, nip. Jlenuna, 36
zbizk322(@mail.ru

B nHacrosmei padore mpeacTaBiIeHbl PE3yIbTaThl YUCICHHOIO MOJEIUPOBa-
HUS 337144 OINIPEACIIEHUs U IPOrHO3upoBaHus opOuThl Hu3kosersamero MC3 no
U3MEPEHHBIM PACCTOSHUSM OT JTONO CIYTHHUKA JO CIYTHHUKOB CHUCTEMBI
['JIOHACC. Marematndeckass MOJENb PEUIEHUs STOM 3aJayd IOCTPOCHA B
IPEANOI0KEHNN, YTO JBUKEHUE BCEX PACCMATPUBAEMBIX OOBEKTOB SIBIISAETCS
BO3MYULIEHHBIM M MPOTHO3UPYETCS C MOMOILIBI0 MporpaMmMbl «HucieHHOW Mo-
nenb newxkenus MC3». B mpoiecce YMCIEHHOrO MHTETPUPOBAHMS JJIsi BCEX
CIYTHUKOB YYMTHIBAIOTCS BO3MYLIECHUS OT HEC(HEPUUHOCTH T'EONOTEHIUANA.
Kpome toro, ans Bi3sitoro HuskosnetsamerolC3 y4uThIBatoTCS BO3MYIIEHHUS OT
conpotuBieHuss atMochepsl 3emun, a At cinyTHUKOB ['JIOHACC — myHHO-
COJIHEUHbIE BO3MYILIECHHUS. AHAIU3UPYIOTCA CIIEAYIOIINE JaHHbIE: ObICTPOAEHCT-
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BHUC MCTOAA PCHICHHUA 3a/ld4X YIYYIICHUA Op6I/ITI)I, CKOPOCTH CXOJHUMOCTH IIPO-
necca B 3aBUCUMOCTH OT TOYHOCTH HAYAJIbHBIX HJAHHBIX W MHTCPBAJIa OXBAYCH-
HOI'o UBMCPCHUSAMM. OHGHHB&GTCH 3aBUCUMOCTDb JJIMHBI BpCMCHHOT'O MHTCpPBaJIa
BBICOKOTOYHOI'O IMPOTHO3UPOBAHHA (BHGpCI[) OT JJIMHbI MHTCPBAJid, OXBAYCHHO-
IO USMCPCHUAMMU.

SIMULATION PROBLEMS AUTONOMOUS PREDICT
THE MOVEMENT OF LOW-FLYING SATELLITES SOFTWARE
MEASUREMENT SYSTEM GLONASS

E.V. Blinkova
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
zbizk322(@mail.ru

This paper presents the results of numerical modeling problems of definition
and forecasting of low-flying satellites orbit by measuring the distance from the
satellite to the GLONASS satellites. A mathematical model to solve this prob-
lem is based on the assumption that the motion of all the objects under consid-
eration is disturbed and it is predicted using the program "numerical motion
model of the satellite." In the process of numerical integration for all satellites
are recorded perturbations from non-sphericity of the geopotential. In addition,
to take into account the perturbations nizkoletyaschegoISZ taken from the resis-
tance of Earth's atmosphere, and for GLONASS satellites - the lunar-solar per-
turbations. Analyzes the following data: the performance of the method of solv-
ing the problem of improving the orbit, the process of convergence rate, depend-
ing on the accuracy of the initial data and dimensions covered by the interval.
We estimate the dependence of the length of high-precision time interval predic-
tion (forward) from the length of the interval covered by the measurements.

OIIPEJAEJIEHUE ITAPAMETPOB OPBUT CIIYTHHUKOB I''IOHACC
ITO MEKCITYTHUKOBBIM U3MEPEHUAM

N.H. YyBamos, B.B. Kunsepckuii
HanmonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, np. JIenuna, 36
chuvashovin@gmail.com

JIns pemieHus 3aa4 OnepaTUBHOIO HaBUTAIMOHHO-BPEMEHHOIO U HaBUTallU-
onnoro obecrnieuenust [THUMMAII HeckoabKo pa3 B CyTKH OOHOBIISIET KOOPIH-
HATHO-BpeMeHHYI0 nHpopmaruio Ha Beex cinyTtHukax [JIOHACC. Oanaxko, 3Ty
4acTOTy OOHOBJICHUS MOKHO YMEHBIIHTH, PEIlasi 3a7ady OIMpEeTICHUs OpOUT
cnytaukoB ['JIOHACC na 60opTy. B xauecTBe HaOMIOEHUN MOKHO HCIIOJIB30-
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BaTh MEKCIIyTHUKOBbIE M3MepeHus. [locTpouB, TakuM 00pa3om, cHCTEMY JIu-
HEHHbIN ypaBHeHMI aABuxkeHUs Bcex cryTHUKOB ['JIOHACC, npuxoauMm K BbI-
POXKIECHHOMY CIIy4aro, TaK KaK KOJIMYECTBO YPAaBHEHUW B CUCTEME Ha €IUHUILY
MEHBIIIE YEM KOJIMYECTBO HEU3BECTHBIX.

B paboTe paccMOTpPEHO HECKOJBKO CIIOCOOOB KaK yCTPaHUTh 3Ty IpodiieMy,
Y MPUBEJICHbI KAUECTBEHHBIE OLIEHKH I10 KaX/10MYy MPEAJI0KEHHOMY CIIOCO0Y.

DEFINING THE PARAMETERS OF THE ORBITS OF SATELLITES
GLONASS ON THE INTER-SATELLITE MEASUREMENT

I.N. Chuvashov, V.V. Kinzersky
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
chuvashovin@gmail.com

The paper considers the problem of improving the inter-satellite orbit for
measurements and estimates.

NCCIEJOBAHUA BOSMOXHBIX ITPEUMYIIECTB
OJJHOBPEMEHHbBIX HABJIIOJJEHUI ABPOPAJIBHBIX OBAJIOB
BOPTOBBIMMU ITPUBOPAMMU C /IBYX KA

N.H. YyBamos, M.A. banbmukoBa, A.K. Ky3bMun
HanvoHaneHbIN HccienoBaTenbCkuii TOMCKUI rOCYy 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanusi, 634050, r. Tomck, nip. Jlenuna, 36
chuvashovin@gmail.com

JlucTaHIIMOHHAs! AUArHOCTHKA XapaKTEPUCTHUK MOJISIPHON MOHOC]Epsl Ha OC-
HOBE OHJIAaWH-U300pa)KEHU MHTEHCUBHOCTU KOHKPETHBIX aBPOpaIbHBIX IMUC-
CUH MPOJIOIKAET pa3BUBaThCs. Pa3pabaThiBaloTcs aBpopaibHble UMAKEPhI JUIs
NEPCHEeKTUBHBIX KOCMUYECKUX ammapatoB Mereop-MII u 3ona, koTopsie OyayT
3amylieHbl OAHOBpeMEHHO B 2022-2023 rr. Ha MOJISIpHbIE HU3KOAIIOT€HbIE Op-
outel. B nanHO# paboTe HccneayroTCs BOBMOXKHBIE CUTYallud OJTHOBPEMEHHBIX
HAOJIIOICHUI C pa3HBIX OpPOUT KaK B CEBEPHOM, TaK U B FOXKHOW MOJISIPHBIX 00-
nacTsax. Mcnonp3yroTes npeBapuTeNibHbIe HadalbHbIE YCIIOBHS ISl PacueToOB
noJiokeHu# 1enTpa macc KA u m3BecTHast reoMeTpust HAOTIOACHUN Ha KaX0M
KA npu uneansHoi opuenrauun KA.

AHaAIU3UPYIOTCS TPEUMYIIECTBA OJIHOBPEMEHHBIX HAOIIOJICHUM OJTHUX U TEX
e 00J1acTell CBEUCHMS MO Pa3HBIMU YIJIaMU U MOSIBISIOIIMECS BO3MOXHOCTH
PEKOHCTPYKIIUU 00bEMHBIX U300paKEHUI aBPOPATIBHBIX YMUCCHIA.
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RESEARCHES OF POSSIBLE BENEFITS OF SIMULTANEOUS
OBSERVATIONS OF THE AURORAL OVALS BY ONBOARD
DEVICES FROM TWO SPACECRAFTS

L.N. Chuvashov, M.A. Banischikova, A.K. Kuzimin
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
chuvashovin@gmail.com

The remote diagnostics of the characteristics of the polar ionosphere based on
online images of the intensity of auroral emissions keep on developing. Auroral
imagers are developed for perspective spacecrafts Meteor-megapixel and the
Probe that will be launched at the same time in 2022-2023 into polar low-
apogee orbits. In this paper possible situations of simultaneous observations
from different orbits both in northern and southern polar regions are researched.
Tentative initial conditions for calculations of positions of spacecraft mass cen-
ter and known geometry of observations on the spacecraft in cases of its ideal
orientation are used. Benefits of simultaneous observations of the same areas of
a luminescence under different corners and the appearing possibilities of recon-
struction of volume images of the auroral emissions are analyzed.

JUCIHHEPCUA METEOPOUJHOI'O IIOTOKA KBA/IPAHTHU /I
ITPU CBJIN’KEHUUA C IINTAHETAMUA

M.C. Ky3bMHHBIX
HanmonanbsHbli uccnenoBarebCckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®enepauus, 634050, r. Tomck, nip. Jlenuna, 36.
kuzminykh 523@yahoo.com

Merteopnbiii motok KBagpantua — oguH U3 HanOoJIee aKTUBHBIX €XKETOTHBIX
METEOPHBIX TIOTOKOB. B mociieiHee BpeMst OH cTall JOBOJIBHO MOMYJISPHBIM 00h-
€KTOM TSI MCCJICIOBAHUN B CBSI3U C OOHAPYKECHHUEM HOBOTO acTEpOW]Ia, MPe-
CTaBJIEHHOTO B KAa4€CTBE BO3MOXHOI'O POJUTEIILCKOrO Tena IMmoToka. OgHako
JIOCTOMH BHUMAHUS HE TOJBKO BOMPOC O MOUCKE POJAUTEIIBLCKOrO Tejla, HO U BO-
POC O MPUYMHE BOSHUKHOBEHHUS XapaKTEPHOU OCOOECHHOCTH TMOTOKA: CHIJIbHBIN
U KOPOTKUU MakCUMyM Ha 0oJiee UPOKOM (hOHE aKTUBHOCTH MOTOKa. OJIHO U3
MIPEATNOJIOKUTEIBHBIX O0OBSICHEHUN 3TOMY SIBJICHUIO — BO3MYIIICHUS, BbI3BAHHBIC
COMMKEHUsIMH ¢ TUIaHeTamMu. [IpoBeieHO YHCIIEHHOE MOJICIMPOBAHUE TTOBEJIC-
HUS HEOOJIbIIONH BBIOOPKH METEOPOUJIOB MpH COMMKeHUU ¢ muianetamu. [lomy-
YEHHBIE PE3YJIbTATHI MPECTABIISIIOT XOPOIUK (GyHIAMEHT IS JadlbHEUIIUX HC-
CJICIOBAaHUM 3TOTO BOIPOCA.
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DISPERSION OF THE QUADRANTID METEOROID STREAM
ON APPROACH TO PLANETS

M.S. Kuzminykh

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
kuzminykh 523@yahoo.com

The Quadrantids, one of the more active of the annual meteor showers. In re-
cent years it has become a quite popular object for research in connection with
the discovery of a new possible parent body. However the question about the
cause of the characteristic features of the stream also worthy of attention,
namely: strong but brief maximum within a broader background of the shower
activity. One of the explanations for this phenomenon is the perturbations in-
duced by encounters with planets. We conducted a numerical simulation of the
behavior of a small sample of meteoroids when approaching with planets. The
results represent a good foundation for further study of this issue.
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Cexuus 5
MATEMATHNYECKOE U PU3NYECKOE
MOIEJIUPOBAHUE TEXHUYECKHUX
N ITPUPOJHBIX CUCTEM

Session 5
MATHEMATICAL AND PHYSICAL MODELING
OF TECHNICAL AND NATURAL SYSTEMS

IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE ITPOIECCA
MHOI'OKPATHOI'O BKJIIOYEHUA MOJEJBHOI'O OTKPBITOI'O
TBEPAOTOIIVINBHOI'O 'ASOT'EHEPATOPA B BOJHOU CPEJIE

C.A. Bacanaes
HanmonanbsHblil uccnenoBarebCkuii TOMCKHIM rocyJapCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, nip. Jlenuna, 36
tarm@niipmm.tsu.ru

[Ipencrasnen pazpaboTaHHBIN MOJCIBHBIA OTKPBITHIA TBEPAOTOTUIMBHBIN Ta-
30reHepaTop, ¢ MOMOIIbI0 KOTOPOIO peain30BaH CIIOCO0 HEOAHOKPATHOIO Ipe-
PBIBAHUS TOPEHHUS C MTOCIEIYIONIUM 3a)KUTAHUEM JIByXOCHOBHOT'O TBEPAOTO TOII-
JvBa B BOJHOM cpene. [IpuBeneHbl pe3yabTaThl BUACOCHEMKH MOJIOKEHUS MO~
BIDKHOTO JIOKQJIM3aTOPa 30HBI TOPEHMSI, 00ECTICYHBAIOIIETO BOCIIPOU3BOINMOCTD
Iporecca MHOTOKPAaTHOIO BKIIKOYEHHs TaszoreHeparopa. OmpeneseHsl HEKOTO-
pbI€ MMapamMeTPbl TPOLECCOB, MPOTEKAOIINX B ITUX YCIOBHUSX.

EXPERIMENTAL STUDY OF MODEL OPEN SOLID PROPELLANT
GAS GENERATOR MULTIPLE INCLUSION PROCESS IN AQUEOUS
MEDIUM

S.A. Basalaev
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
tarm@niipmm.tsu.ru

The experimental study of repeated burning interruption with the subsequent
ignition in the water environment for bibasic firm fuel as a part of a model open
solid propellant gas generator is presented. Video filming of burning zone mo-
bile localizer providing process of repeated inclusion of a gas generator are

given. Some parameters of the processes proceeding in these conditions are de-
fined.
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MATEMATHUYECKASA MOJAEJIb ITPOIHECCA ®TOPUPOBAHUA
BOJIb®PAMA

P.B. bpennakos
HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
brend989@gmail.com

B paborte paccMoTpeH mpoliecc ModydeHHs Ta3000pa3HoOro rexcadropuua
Bosib(ppama. Ha ocHoBe mpoctoil ¢pusznyueckoit Mmoaenu mporecca GropupoBaHus
METaJUIMYECKOTO BOJb(pamMa 3alrcaHO YpPaBHEHHE, CBS3BIBAIOIIEE CKOPOCTh
XUMHUYECKOU PEaKIy ¥ N3MEHEHNE KOHIICHTPAIMY KIIFOYEBOTO0 KOMIIOHEHTA 10
JUIMHE PEAKIIMOHHOUN 30HBI.

[TpoBeieHHBIC YHCICHHBIC pacyeThl TOKa3ald XOPOIIee COTJIacOBaHHE C
UMCIOIIUMUCS IKCIEPUMEHTAIBHBIMU JTAHHBIMH. BBINMOJIHEHA CTaTHCTUYECKast
00paboTKa SKCIEPUMEHTAIBHBIX JTAaHHBIX, MOCTPOCHA PErPecCUOHHAs MOJEIb
napameTpa CKOpOCTH peakiuu (pTopupoBaHUs, MPEACTABISIONIAS 3aBUCUMOCTh
OT TeMIIepaTypbl MOABOAMMOIO Tra3a M pa3Mepa 4YacTULl METaJUInYeCKOro
Bosib(pama. [lomydeHHbIe pe3ysibTaThl MOTYT OBITH HCIIOJIB30BAHBI MPU OMNTH-
MU3aIH paboThl CYIIECTBYIOIINX allapaToB U MPOSKTHPOBAHUU HOBBIX KOHCT-
PYKIHI U OCYIIECTBICHHS Mpoliecca GTOPHUPOBAHUS METAIIIMYECKOTO BOJIb()-
pama.

THE MATHEMATICAL MODEL OF THE PROCESS
OF FLUORINATION OF TUNGSTEN

R.V. Brendakov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
brend989@gmail.com

In this paper we consider the process of obtaining the tungsten hexafluoride
gas. On the basis of simple physical model of the fluorination process of metal
tungsten written equation relating the rate of a chemical reaction and the change
in concentration of a key component of the length of the reaction zone.

The numerical calculations showed good agreement with experimental data.
A statistical analysis of the experimental data, constructed regression model pa-
rameter fluorination reaction rate, which represents the temperature dependence
of the supplied gas and tungsten metal particle size.
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MATEMATHUYECKOE MOJAEJIMPOBAHUE N3JITYYEHUSA
IIYJIbCAPOB

A.A. I'poxoBckas
HannoHaneHbIN HccienoBaTenbCkuii TOMCKUN TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
grohovskaya.a@gmail.com

B nmannoit pabore paccmarpuBaercs WACHTH(HUKAIMSI KHHEMAaTHYECKUX Tia-
paMeTpoB MYJIbCApPOB M3 HAOIIOIaEMbIX BEJIMYMH MTHOBEHHOM MOIITHOCTH H3JTY-
YEHHS B paMKax HEJIMHEHWHOW 3a/laud HAaWMEHBIIMX KBAJpaToOB, KOTOpas CBO-
JUTCSl K MUHUMU3AIUK (QYHKIIMOHATIA CYMMBI KBAJPAaTOB HEBSI30K MEXKy H3Me-
PEHHBIMH W PACCUUTAHHBIMHU 3HAYCHUSIMHU MPODWIS WHIUKATPHUCHI, B paMKax
HEJIMHEMHOW 3a/1aul HaMMEHbIIMX KBaJpaTtoB. CaM METOJ MOCTPOCHUSI MEPHUO-
TUYECKUX MNpoduiiel OCHOBaH HAa MOJENU IMyJbCapHOro u3nydeHus: Pamxak-
pumHa"a u Kyka, KoTopasi mpearoaaraeT, 4To UCTOYHUKOM H3JIyYEHHS MyJIbCa-
pa SIBJSIOTCS TIOTOKU PEIISTUBUCTCKUX YACTHIL (JPKETHI), UCXOSIIHNE U3 MarHUT-
HBIX TOJIFOCOB B HAIIPABJICHUU JIMHUN HANPSHKEHHOCTH MarHUTHOro mnoss. Ilpo-
Gunb M3IyYeHHUs MyJibcapa HAXOJIUTCA KakK JIMHHUS NMEPECEUYEHHUs MOBEPXHOCTH
VMHJIUKATPUCHI, BPAIIAOIIECHCS BMECTE€ C HEUTPOHHOM 3BE3/10M, C HEIOIBUKHBIM
B IIPOCTPAHCTBE JIy4OM 3pEHUsI HaOJI01aTeIs.

MATHEMATICAL MODELING OF THE PULSAR RADIATION

A.A. Grokhovskaya

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
grohovskaya.a@gmail.com

The report reviews the definition of the kinematic parameters of the model of
the pulsar radiation within a non-linear least squares problem. Finding the solu-
tion is performed iteratively by Gauss-Newton method. The parameters are de-
termined from observed values of radiation instantaneous power for real pulsars.

NCCIEJOBAHUA BOSMOXKHOCTHU BCIVIBITHUSA TOABO/JHBIX
CYJIOB B JIEJSIHOM IIOKPOBE ITPY OTPAHUYEHHOM I''”TYBUHE
AKBATOPUUA

B.JIL. 3emasik
ITpuamypckuil rocygapcTBeHHbIN yHuBepcuteT uM. lllonom-Aneiixema;
Poccutiickas ®enepanus, 679015, r. bupoobumxkan, yi. [lupokas 70a
vellkom@]list.ru

Ncnonb3oBanbl U3rHOHO-TPABUTALIMOHHBIE BOJHBI, BOSHUKAIOIIWE TIPU JBU-
KEHUU CyOMapuHBI C ONPENIETICHHON KPUTHUUECKOW CKOPOCThIO BOJIM3U HIKHEH
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MOBEPXHOCTH Jibja [1]. 3BecTHO, 4TO B mpUOpEKHBIX pailoHaxX ri1yOWHa akBa-
TopuH 4yacto cocrasiisieT MmeHee 100 M. B paboTre BBINOIHEHO SKCIIEPUMEHTANb-
HOE HMCCJICIOBAaHUE BIUSHUS TTyOUHBI aKBATOPUM HA MIPOTUO U IJIMHY U3THOHO-
IPaBUTALIMOHHBIX BOJH. DKCHEPUMEHTHI MPOBOJWIKNCH B OINBITOBOM JIEIOBOM
Oacceiine [2]. Monenb neasHOr0 MOKPOBA MPUTOTABIMBAJIACh IyTEM Hamopa-
KUBaHUS JIbJa 3aJIaHHOM TOJIIMHBI €CTECTBEHHBIM X0JI0J0M. Macmitab moe-
aupoBanus Al=1-120. TonmuHa HaMopaXKUBaEMOTO JibJia cocTaBiisia hm=3 mwm,
4YTO B MepecyeTe Ha HaTypy paBHsuioch hn=1,95 m. 'nmyOuna akBaTopumu mo/e-
JUPOBAJIaCh C MOMOIIBIO MOJIBECHOro JHA. Mojenb cyOMapuHbl KarjeBUIHOM
dbopMBI MMeNla XapaKTePUCTUKH, CXOKHUE C COBPEMEHHBIMH CyOMapWHAMH, OT-
HocHuTelnbHOe yanmnHenne Lm/Bm=8.4, rne Bm — nuamerp kopmyca moaenu, u
MOJIHOE MOJIBOJIHOE BOJIOM3MENIEHUE Mociie nepecuera Ha HaTtypy Pn=24000 T.
B mporecce OyKkCHpOBKH MOJENH OMPEEsiach CKOPOCTh €€ JIBIKCHUS, U 3a-
MUCHIBAIMCH MPOQ WM B3BOJIHOBAHHOW IMOBEPXHOCTH JibJa. B Xxome sKcrepu-
MEHTOB OBUIM OTPEJCICHBl 3aBUCUMOCTH IMMapaMETPOB M3THOHO-TPABUTAIIUOH-
HBIX BOJH OT paccMaTpUBAEMbIX JIEJOBBIX YCJIOBHI. YCTAHOBJICHO BIIUSHHE
TyOUHBI aKBAaTOPUHU HA BEJIMUMHY KPUTHUYECKOU CKOPOCTH MEPEMEILICHUS MO/Ie-
JIY, TIPU KOTOPOM TE€HEPUPOBAIUCH U3THOHO-TPABUTALIMOHHBIE BOJHBI HauOOJIb-
el MHTeHCUBHOCTU. OmpeneneH XapakTep pas3pyLIEHHUs JIEASHOTO MOKPOBA.
Brinosnnena OILIEHKA Jeaopa3pylarnein CIIOCOOHOCTH U3TUOHO-
IPAaBUTALUOHHBIX BOJIH, C MOMOILUBIO KPUTEpUs JIeAOpa3pylIeHUs. BbISBICHBI
PEXKUMBI JIBIXKEHHUS, TP KOTOPBIX pa3pylleHue jpia Obulo Hanbosiee WHTEH-
CHUBHBIM.

UccnenoBanue BbIMOMHEHO 3a cueT rpanta Poccuiickoro HayuHoro (onma
(mpoekt Nel6-19-10097).

Jlureparypa
1. Kozin V.M., Onishchuk A.G., Mar’in B.N. The Ice-Breaking Capacity of Flexural-
Gravity Waves Produced by Motion of Objects / Dal’nauka, Vladivostok, 2005, P. 191.
2. Zemlyak V.L., Baurin N.O., Kurbackiy D.A. Laboratory “Ice technology” // Vestnik,
Quart. J. of Amur State University after Sholom-Aleichem. 12(1), 2013, p. 75-84.

STUDY OF POSSIBILITY OF SUBMARINE VESSELS EMERGING
IN THE ICE COVER AT A LIMITED DEPTH OF WATER AREA

V.L. Zemlyak

Amur State University named after Sholom Aleichem;
The Russian Federation, 679015, Birobidzhan, ul. Wide 70a
vellkom@]list.ru

Traditionally submarine vessels emerging from under ice cover performing
by static loading of ice from below through the creation of positive buoyancy by
main ballast tanks. However thickness of ice (approximately 1 meter) from un-
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der which modern submarine vessel can emerge essentially limits the use of tra-
ditional method, particularly during submarine vessels motion in the severe ice
conditions of Arctic region. For breaking the ice cover of greater thickness can
be used flexural gravity waves caused by the submarine vessel motion with cer-
tain critical speed near the bottom ice. It is known that in the coastal areas water
depth is often less than 100 meters. This paper presents experimental study of
influence of water depth on the deflection and the length of flexural gravity
waves.

BJIUAHUE PEJIBE®A JTHA HA JIEJOPA3PYIHAIOIIYIO
CIIOCOBHOCTbD M3I'MBHO-IT'PABUTAIIMOHHBIX BOJIH
I'EHEPUPYEMBIX OT HOJAJIEJHOI'O IBUKEHUSA
IHOI'PYKEHHOI'O TEJIA

H.O. baypun, B.JI. 3emasxk, K.. UnaTos

[Ipuamypckuii rocynapctBeHHbI yHUBEpcUTET UM. [1lonom-Aneitxema;
Poccuiickas ®enepanust, 679015, r. bupobumxan, yi. [upokas 70a
vellkom@list.ru

DKCIepUMEHTAIBHO YCTAHOBJIEHO, YTO 3()(PEKTUBHOCTh U XapakTep paspy-
HICHUS JIESHOTO TOKPOBAa WM3rMOHO-TPAaBUTALMOHHBIMHU BOJIHAMH, T'€HEpUpye-
MBIMH OT JBHKE€HHS NOTPY>KEHHOI'O Tesa, BOJM3M HU)KHEW MOBEPXHOCTH JIbAa
MO>KET CYILIECTBEHHO 3aBUCETh OT IIyOMHBI akBaTOpuu. B cBOIO ouepeap Ha xa-
pakTep pacrnpoCTPaHEHHUs BOJIH MOYKET OKa3bIBaTh BIUSHUE HAJIUYHUE BBICTYIIOB
¥ YCTYNOB Ha TMOBEPXHOCTH JibJa. B paboTe BBINMONIHEHO 3KCIEPUMEHTAIBHOE
UCCJIEIOBAaHUE BIUSHUA penbeda aHa HA nporud U AJIMHY M3THOHO-
IPAaBUTAIMOHHBIX BOJH. DKCIEPUMEHTHI MPOBOAWINCH B OIBITOBOM JIETOBOM
Oacceitne [1]. Mogenb JneAIHOTO MOKpPOBa MPUTOTABIMBANIACH IIyTEM HaMopa-
JKUBaHUS JIbJa 3aJIaHHOW TOJIIMHBI €CTECTBEHHBIM X0JI0J0M. Macimitab mo/e-
aupoBanus Al=1-120. Tonamuua HaMopaXxUBaeMOTO JibJia cocTaBiisia hm=3 mwm,
4TO B NIEpecueTe Ha HATypy paBHsIoch hn=1,95 m. 'myOuna akBatopuu u peib-
e} 1Ha MOJETUPOBAIKCH C IMOMOIIBIO OT/AEIbHBIX MOJBECHBIX CEKIUH IepemMe-
MIAIOIIMXCST B BEPTHKAIbHOM HANpPAaBICEHUU Ha 3aJaHHylo riayOuHy. Cekuuu
[IOJIBECHOT'O JHA PAacIoJIaraJIiCh HAa CHELHUAIBHBIX BEPTUKAJIBHBIX MOJBEMHU-
Kax, 00ecreurBaroMX BO3MOKHOCTh MOJEIUPOBATh 33JIaHHYIO BBICOTY BBICTY-
noB. Mozienb MOrpy>KeHHOTO Tella KarjieBUAHONW (OpMbI UMENa XapaKTEepUCTHU-
KM CXOXXHE€ C COBPEMEHHbIMM CyOMapuHaMHu, OTHOCUTEIbHOE Y UIMHEHHE
Lm/Bm=8.4 (rne Bm — auameTtp Kopmyca MOZENIN) U MOJIHOE MOABOIHOE BOIO-
u3MeInieHue nocie nepecuera Ha Hatypy Pn=24000 1. B mpoiiecce OyKCUpPOBKH
MOJIENIN OMpPEACIIANaCh CKOPOCTh €€ ABMKEHUS U 3alUCBHIBAIMCH MPOPUIH
B3BOJIHOBAHHOW MOBEPXHOCTH JibJa. B X0Ji€ SKCIEpUMEHTOB ObLIN ONPENEIEHBI
3aBUCUMOCTH TapaMeTpOB HM3TMOHO-TPABUTAIIMOHHBIX BOJIH OT paccMaTpHUBae-
MBIX JIEJIOBBIX YCJIOBHUM. Y CTAaHOBJICHO BJIMSIHUE pesibeda JHA HA BEIUYUHY KPH-
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TAYECKON CKOPOCTH IEPEMEIIECHUS MOJEIH, IIPU KOTOPON I€HEPUPOBAIUCH W3-
ruOHO-TPaBUTALIMOHHBIE BOJIHBI HanOomblIel mHTeHCHBHOCTU. OmpezaeneH xa-
paKTep pas3pyLICHHs JIEASHOTO MOKpPOBA. BhINOIIHEHA OLIEHKA JIeA0pa3pyIIAr0-
el cnocoOHOCTH U3TrMOHO-TPABUTALIMOHHBIX BOJIH, C OMOUIBIO KpUTEpHUs Jie-
nopa3pylieHusi. BbISIBIEHBI PEXUMBI JIBHXKCHHS, MPU KOTOPBIX pa3pyLICHUE
Jb/1a ObLII0 HanbO0JIe€ NHTEHCUBHBIM.

HccnenoBanue BBIOJIHEHO 3a cYeT rpaHTa Poccmiickoro Hay4Horo (oHma
(mpoekT Nel6-19-10097).

Jlureparypa
1. Zemlyak V.L., Baurin N.O., Kurbackiy D.A. Laboratory «Ice technology» // Vestnik,
Quart. J. of Amur State University after Sholom-Aleichem. 12(1), 2013, p. 75-84.

THE IMPACT OF BOTTOM CONTOUR OF ICE-BREAKING
CAPACITY OF FLEXURAL-GRAVITY WAVES CAUSED IN THE ICE
MOTION OF THE IMMERSED BODY

N.O. Baurin, V.L. Zemlyak, K.I. Ipatov
Amur State University named after Sholom Aleichem;
The Russian Federation, 679015, Birobidzhan, ul. Wide 70a
vellkom@]list.ru

Experimentally determined that the effectiveness and failure pattern of ice
cover caused by flexural gravity waves generated from the motion of submerged
body near the bottom ice can greatly depend on the depth of the water area. In
turn the presence of ledge on the ice surface may effect on the wave propagation
pattern. This paper presents experimental study of influence of bottom contour
on the deflection and the length of the flexural gravity waves.

KOMIIBIOTEPHOE MOIEJINPOBAHUE PACITPOCTPAHEHUA
TEIJIOBOI'O ®POHTA U ITPOIECCOB PEKPUCTAJIVIM3AIIUUA B
CUCTEMAX C TEPMOBAPBEPHBIMMU ITOKPBITUAMH

J.C. baouu, /I./I. Mouceenko, I1.B. Makcumos, B.E. Ilanun,
C.B. Ilanun

HanvoHaneHbIN HccienoBaTenbCkuii TOMCKUI rOCYy 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36.
DdenepabHOE TOCYJAPCTBEHHOE OI0KETHOE YUPEIKICHHE HAYKH
NHcTuTyT GU3HKK TPOYHOCTH M MaTepuanoBeaeHus Cubupckoro otaeneHus Poccuiickoi
akanemuu Hayk; Poccuiickas ®@enepamus, 634055, r. Tomck, np. AkageMuueckuid, 2/4
dmitriy18197@gmail.com

HHTeHcuBHOE pa3BUTHE aBUAIMOHHOW M KOCMHYECKOW TEXHHMKH, BCE Oojiee
BO3pacTaronye TpeOoBaHUA K 00OPYJAOBAHHMIO B CTAJICTUTEHHON MPOMBIIIICH-
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HOCTH, CTaBAT HOBBIE 33Ja4d MO CO3/IaHUI0 MAaTEpUaJIOB U KOHCTPYKLH, pado-
TAIOMIUX B 3KCTPEMAJBbHBIX YCIOBHSAX JKCIUTyaTaunu. B mepByro odepenp 310
HAaHECEHUE TePMOOAPhEPHBIX MOKPHITUN HA MaTepHUalbl, MPUMEHSIOIINECS TPU
W3TOTOBJICHUU COIEJl PEAKTUBHBIX JABUTaTENeH, GypM U KPUCTAILIIU3aTOPOB J10-
MEHBIX Neuer. bonpline nepenaasl TEMIEPATYpP, YCIOBUS MOIIHBIX TEPMOYAa-
POB IIpU BKJIFOYEHUAX PEAKTHUBHOI'O JBHUraTels WM 3aJIUBKE paciljlaBa B KpU-
CTaJUIM3aTOp, IPUBOJAT K PACTPECKHMBAHUIO M OTCIAWBAHUIO TEPMOOAPHEPHOTO
nokpeiTus. IIpouiecc oTcaanBaHust NOKPBITHS UMEET BECbMA CI0KHYIO MPUPOILY
U CBA3aH C PA3JIMYHBIMU MPOLIECCAMHU, B3aUMOCOTJIACOBAHHBIMU Ha pPa3HbIX
MacIITaOHBIX YPOBHSX: TEIJIONEPEHOC, (popMUpOBaHUE IPAIUSHTHOTO TIOJI Ha-
npsbkeHur Besencteue pasnuuusg KTP mokpelTvs M MOMITOXKKH, MEpPECTpOMKa
BHYTPEHHEU CTPYKTypbl MaTepuana MOMJIONKKH, HAJIUYUE POTAUUOHHBIX MOJ
nedopmarii, U T.J. ITH 3a7a9d MOTYT OBITh PEIICHBI TOJBKO B paMKaxX KOM-
IUIEKCHOTO MHOTOYPOBHEBOI'O IIOAXOJAa C HCHOJIB30BAHMEM JTHCKPETHO-
KOHTHUHYAJIbHBIX METOJI0OB MOJIEIUPOBAHUSI.

Pa3paboTan AMCKPETHO-KOHTUHYAJIbHBIM MOJIX0]I K MOJEITUPOBAHUIO PACIIPO-
CTpaHEeHHs TerioBoro (poHTa Ha O0a3ze MeToja BO3OYAMMBIX KIETOYHBIX aBTO-
MaToB. JlaHHBIA MOAX0J OBLT Pa3BUT AJisl pacyeTa MoJied TEPMUYECKUX Harps-
KEHUW U MOJIETUPOBAHMS CTPYKTYpPHO-(Pa30BbIX NpeBpaieHuid. Meroa ObLI
CYILIECTBEHHO PACUIMPEH IyTEeM BBEACHUS 0JIOKA pacyeTa JOKAIbHBIX MOMEHTOB
CUJI Ha BHYTPEHHHUX I'PaHULAX pa3zea.

[IpoBeneHsl HcCienOBaHUS BIMSIHUSA LUKIMYECKOM TEPMOMEXAHUYECKOW Ha-
Ipy3Kd Ha OJTHY M3 TpaHel paccMaTpuBaeMbIX 00pa3noB. /s uccienoBanus Obl-
710 BRIOpaHo /Ba o0Opasiia: y mepBoro oopasia pasmep 3epra 30 HM, y BTOPOTo —
70 am. Kaxasiii ob6paser mpoMoIeTupoBaH ¢ MTOMOIIBIO KJIECTOYHOTO aBTOMAaTa ¢
I'IK ymakoBkoil a;meMeHToB pasmepoMm 10 HM. Pasmepsr oOpasuos: 300 HM X
300 am x 100 M. HavanmpHas teMriepaTypa KakIoro JIEMEHTa 3a7aBajach paB-
ot 1000 K, HavanpHbie 3HaYeHHS NedopMalii U HANPSHKEHUS] ObUTH HYJICBBI-
mu. Bennuuna Bpemennoro mara — 0,0006 He, obiiee BpeMst Harpy3ku — 60 Hc.
Bepxnsis rpanp oOpasiia nojapepraiach jnedgopmaiuu co ckopocthio [0, —400]
1/c, OMTHOBPEMEHHO C 3TUM €U IUKIMYECKH coolmanuck Temmeparypsl [1000,
1700] K, Temnieparypa HuxkHEeH rpaHu Ob1a moctosiHHO paBHa 1000 K.

bbuti mody4yeHbl KapTHHBI HBOJIIOIMU CTPYKTYpPbl 00paslioB, KapTUHBI pac-
NpPEACIICHUSI HANIPSKEHUS, TEMIIEPATYPbl, OTHOCUTEILHON SHEPTUU KPYUYEHUS U
3HAUYEHUS BCEX KOMIIOHEHT YTJIOBBIX CKOpocTei. OOHApyKEHO, YTO POCT 3€peH
HaIpaBJIeH BJIOJIb PACIIPOCTPAHEHUS TEIUIOBOTO MOTOKA B CTOPOHY (hOPMUPOBA-
HUS CTOJIOUATHIX CTPYKTYP, MOCTETICHHO 3amoHAI0OMUX Bech oOpaseil. [lokasa-
HO, YTO MEJKO3EpHHUCTas MCXOJHAsA CTPYKTypa 3aJepKuBaeT (poHT cobOupa-
TEJIbHOM KPUCTAJUIM3AlMU. BbUI MPOBEAEH KOJMYECTBEHHBIN AHAIN3 JUCCHUIIU-
PYIOLIEN YIPYrol 3HEPTrHUH, 3alACEHHOM B XOJE€ HEOJHOPOJHOIO TEILUIOBOTO
pacIIMpeHns reTeporeHHoro oopasua. ITOT aHajdu3 MOoKa3ajl, YTO B MEJIKO3ep-
HUCTOM CTPYKTYpE€ pacxojl yIpyrod SHEpruvd Ha (POpMHUpPOBAHUE HOBBIX Je-
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(EKTHBIX CTPYKTYp MPOUCXOIUT OOJIee WHTCHCUBHO 10 CPABHEHUIO C KPYITHO-
3€pHHUCTHIM 00PA3IOM.

JlaHHBIC UCCIIEOBAHUS MOTYT CIIy>)KUTh OCHOBOH JIJIi KOMITBIOTEPHOTO KOH-
CTPYHMPOBAHUS HOBBIX ()YHKIIHOHAILHBIX MaTEPHUAJIOB, pA0OTAIOIINX B YCIOBHUIX
IKCTPEMATBHBIX TEIJIOBBIX M MEXaHUYCCKHX.

COMPUTER SIMULATION OF HEAT PROPAGATION AND
RECRYSTALLIZATION IN MATERIALS WITH HEAT-RESISTANTS
COATINGS

D.S. Babich, D.D. Moiseyenko, P.V. Maksimov, V.Ye. Panin, S.V. Panin
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36.
Federal State Institution of Science
Institute of Strength Physics and Materials Science, Siberian Branch of the Russian Academy
of Sciences; The Russian Federation, 634055, Tomsk, pr. Academic, 2/4
dmitriy 18197 @gmail.com

A discrete-continuous approach to modeling the propagation of a thermal-
front on the basis of the method of excitable cell car-mats. Researches cyclic
thermo-mechanical loading effect on one of the faces of the samples examined.

We were obtained picture of the evolution of structure of samples, pictures
dis-bution voltage, temperature, relative energy of torsion and the values of all
the components of the angular velocity. These studies may provide a basis for
the computer-aided design of new functional materials-tional working under
extreme thermal and mechanical

MOJAEJIUPOBAHUE UCTOYHUKA CPOKYCHPOBAHHOI'O
MAI'HUTHOI'O ITOJIA

C.H. Pocasikos
HannoHanpHbIM HcciieoBaTeIbCKU TOMCKHM IOCY 1apCTBEHHBIN YHUBEPCUTET,

pamuoduznueckuii GakyIbTeT
serega 1994 O@mail.ru

B macrosimiee Bpemsi ToMorpadusi HaXOIUT CBOE IIMPOKOE NMPUMCHECHHE B
pa3nuaHbIX obmactax. OgHO W3 Hambosee MePCIeKTUBHBIX METOJIOB TOMOTpPa-
¢um — mocioitHas BU3yanu3alus OOBEKTOB MyTeM CKaHWPOBAHUS MarHUTHBIM
nojieM. HaiiieHHbIe pelieHus, MO3BOJSIOT BOCCTAaHABIUBATH HM300paKEHUS C
BBICOKMM Pa3pelIeHUeM Ha PACCTOSHMUSIX OKOJIO 2 cM. B jokmane mpensioskeH
Croco0 JIOKATU3alMi MarHUTHOTO TIOJISl C TIOMOIIBIO CUCTEMBI KaTyIIEK OPUTH-
HabHOU (hopmbl. Bee pacueTsl mpoBeeHbI B CUCTEME MAaTEMaTHYECKOTO MO/Ie-
mupoBanus «Mathcady.
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MODELING OF THE SOURCE OF A FOCUSED MAGNETIC FIELD

S.N. Roslyakov
National Research Tomsk State University, RFF
serega 1994 O@mail.ru

Magnetic induction tomography is one of the promising methods of tomogra-
phy. This report provides a method of localizing a magnetic field by using the
coil system which in its original form. All calculations are made in the system of
mathematical modeling «Mathcady.

AHAJIN3 BJIUSTHUSA TIOPUCTOCTHU HA PEKUMBbI
KOHBEKTUBHOI'O TEIUIOIIEPEHOCA B 3AMKHYTOM
IMOJIOCTH, 3AITIOJTHEHHOM ’KUJKOCTHIO C IEPEMEHHON
BSI3KOCTBIO

M.A. Hlepemer, M.C. AcTanuHa

HannonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepauus, 634050, r. Tomck, np. Jlenuna, 36
astanina.marina@bk.ru

B pabote paccMoTpeH mpolecc TEeIIoNnepeHoca B 3aMKHYTONH MOPUCTON IT0-
JIOCTH C U30TEPMUUYECKUMH BEPTUKAIBHBIMHU U aIUa0aTUYECKUMU FOPU30HTAIIb-
HBIMU CTEHKAaMM IIPY HAIMYNHU JABYX JIOKAIBHBIX UCTOYHUKOB YHEPIUH IIOCTOSH-
HOW TemmnepaTypsl. [lpu MonenupoBaHuu 3a1a4u ObljIa UCIIOJIB30BAHA MOJIENb
Japcu—bprHkMana.

PaccmoTpeno BiausHHME MapaMeTpOB, OTPAKAIOUIUX CTPYKTYPY IOPUCTOU
cpeasl — yucna Japcu (0.00001 < Da < 0.01) u nopuctoctu € (0.3 < ¢ < 0.9);
octajibHble napameTpbl (uuciio Panes Ra, yucno Ilpanarns Pr u napamerp us-
MeHeHus Bsi3kocTu C) cCUUTanuCh HEM3MEHHBIMU.

MaremaTnyeckass MOJENb ITOCTPOEHA HA OCHOBE JBYMEPHBIX HECTALMOHAp-
HBIX TU(depeHInanbHbIX YPAaBHEHU B YACTHBIX MPOU3BOJHBIX C UCIOJIb30Ba-
HUEM Oe3pa3MepHBIX NMEPEMEHHBIX «(YHKLHUSA TOKAa — 3aBUXPEHHOCTb — TEMIIE-
parypa». IlonydeHHble ypaBHEHHs C COOTBETCTBYIOLIUMHU HayajabHBIMU U Ipa-
HUYHBIMU YCJIIOBUSIMM PEILIAIUCh METOJOM KOHEUHBIX PAa3HOCTEH HA paBHOMED-
HOM ceTke. B pesynbrare ObUIM MOTy4YeHBI paclpeaeseHus] TeMIepaTyphbl, U30-
JAUHUA (YHKIHMM TOKa, a TaKKe 3aBHCHUMOCTH cpeaHero uucia Hyccenbra Ha
IIOBEPXHOCTH UCTOYHUKOB DHEPTUHU OT ONPEAEIIAIONINX XapAKTEPUCTHUK.
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ANALYSIS OF THE POROSITY EFFECT ON CONVECTIVE HEAT
TRANSFER IN AN ENCLOSURE, FILLED WITH A VARIABLE
VISCOSITY FLUID

M.A. Sheremet, M.S. Astanina
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
astanina.marina@bk.ru

Studies of convective heat and mass transfer within porous media are topical
in the present time. For example, such approach allows to describe in the first
approximation, cooling of electronic boards in different cavities with the pres-
ence of extrinsic objects (cables, wires). The effect of the porous structure on
convective heat transfer in an enclosure having two heat sources of constant
temperature and filled with a variable viscosity fluid has been examined in the
present work. Distributions of streamlines and isotherms as well as profiles of
average Nusselt number at heat source surfaces have been obtained.

PASMEPHBINA COCTAB U CUETHASI KOHIIEHTPAIIMS B3BE-
IIEHHOT O BEHIECTBA B BOJIE O3EP AJITAUCKOI'O KPASI

K.1O. Dkkepar, B.!. bykarblii
AnTaiickuil rocyJapcTBeHHBIN yHUBepcuTeT; Poccuiickas denepanns,
656099, r. bapnayn, np. KpacHoapmeiickuii, 90
ekkerdtk@gmail.com

Cratbst OCBAIICHA U3YYCHUIO BJIMSHUS YACTHUIl B3BECH B Pa3HOTHUITHBIX 03¢E-
pax Aunraiickoro kpas B niepuos 2014-2016 rr. IIpuBeaeHbl faHHBIE O KOJHYE-
CTBEHHOM COCTaBE MOJIMIUCIEPCHBIX YACTHI[ B3BECH M MX paclpeleseHust 1o
pa3MepaM, a TaKke MPOBEJEHA OLIEHKA MOKa3aTessl pacCesiHUsl CBETa U OIpejie-
JIEH €r0 CIEKTPabHBINA BKJIaJl B CYMMapHBIN MoKa3aTenb 0caabIeHus.

THE SIZE AND COMPOSITION OF THE AUDIT CONCENTRATION
OF SUSPENDED MATTER IN WATER LAKES OF THE ALTAI
TERRITORY

K.Yu. Ekkerdt, V.I. Bukatyy
Altai State University; Russian Federation,

656099, Barnaul, pr. Krasnoarmeysky 90
ekkerdtk@gmail.com

The paper studies the influence of suspended particles in different types of
lakes in the Altai Territory in the period 2014-2016 gg. The data on the size of
polydisperse suspension particles and their size distribution, as well as an as-
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sessment indicator light scattering and defined its contribution to the total spec-
tral attenuation.

YUCJIEHHOE MOJEJUPOBAHUE B3AUMOJENCTBUA BOJIH
HYHAMHU C OAUHOYHBIMHA ITPET'PAJAMHA

b.B. bomensitoB, K.H. ’Kujabunon
HayuHo-uccnenoBaTenbCKuii MHCTUTYT NPUKIAHON MAaTEMAaTUKU U MEXAHUKHU
TomcKoro rocy1apcTBeHHOro yuuBepcurera, Poccuiickas @enepanus,
634050, r. Tomck, np. Jlenuna, 36, ctp.27
konstantin@niipmm.tsu.ru

W3BecTHO, YTO BOJIHBI LIyHAMH SIBJISIFOTCSI OJJHUM M3 HauOojee OMacHbIX U
pa3pylIUTENbHBIX OCEACTBUH, KOTOPBIM IMOABEPKEHO TMoOepexkbe MHpOBOTO
okeana [1]. MccinegoBaTh BOJIHBI IlyHAMU B HATYPHBIX YCJIOBHUSIX MPAKTUYECKU
HE MPEJCTABISAETCA BO3MOXHBIM, IIO3TOMY JUISl 3TOM LIEIU MIUPOKO HCIONb3Y-
I0TCS METOJbl MATEMATUYECKOT0 U YUCJIEHHOIO MOJEIMPOBAHUA. DKCIIEPUMEH-
Thl B HA36MHBIX YCTAHOBKAX, KaK MPaBUJIO, OTINYAIOTCA BBICOKOM CTOMMOCTHIO,
TaK KakK, 4TO0bl IpUOIU3UTh apaMeTpbl MOACIMPOBAHUS BOJH K HATYPHBIM yC-
JIOBUSIM, MPUXOJIUTCA co3AaBaTh KpynHoMaciTadHbie (10 300 u 6o1ee METPOB)
U J0porocTosiiue coopyxenus. B padorax [2, 3] moka3zaHo, 4TO, UCIOJIb30BA-
HUE BBICOKOTOYHBIX METOJOB M3MEPEHUS aMIUIUTYAbl BOJH [4] B cCOUETaHUU C
YUCJIEHHBIM MOJICJIMPOBAHUEM [5] MO3BOJISIET C JOCTATOYHOW MOJHOTOW MOJe-
JUPOBATh M UCCIIEIOBATh MHOTHE MPOOJIEMBbl BOJH IlyHAMHU U B JIaOOPATOPHBIX
yCTaHOBKaxX OTHOCHUTENbHO HeOoJbIINX pazMepoB. B pabote [6] npuBeneHsl pe-
3yJIbTaThl UCCIEAOBAHUN B3aMMOJCHCTBUSL BOJIH THUIA IIyHAMH C OJAMHOYHBIMU
HOJIBOAHBIMU IperpaaaMu. [loka3aHo, yTo Hpu OIpeeIeHHbIX YCIOBUIX BOJIU-
34 MOJBOJHOM Hperpajapl BO3HUKAIOT KPYIMHOMACHITAOHbIE BUXPEBBIE CTPYKTY-
pBbL, KOTOPBIE aKKYMYJUPYIOT 3HAUUTEIbHYIO YaCTh SHEPIUU MaAI0IIEH BOJIHBI.
[Tpu sTom, ecnu mapamerp nperpaast h /(H+A) = 0.84+0,85 (h — BeICcOTa Mpe-
rpaabl, A — aMIUIUTY/la Majialonieil Ha nperpaay BosiHbl, H — rmyouna Bogoema),
TO B BUXPEBBIX CTPYKTypax akkymyhupyercs 10 50% oT sHepruu najaaromiei Ha
nperpaay BoJiHbL. B pabore npuBeneHa 3aBUCUMOCTb OTHOCUTEIBHBIX SHEPIHi
BOJIH OT Oe3pazmepHoro napamerpa A/H, momydyeHHas myTeM YMCIEHHBIX pac-
YETOB B COIOCTABJIEHUU C JAHHBIMU SKCIIEPUMEHTOB MPHU YCIOBUIX OJM3KHUX K
pacyeTHBIM IPU B3aUMOJICUCTBUH JJIMHHON BOJIHBI C OJIMHOYHOU YTITyOJIEHHOMN
nperpanoi. Mcrnonp30BaHue SBICHUS aKKyMYJISIIUM SHEPTUM BOJIH B BUXPEBBIX
CTPYKTYypax, BOJIU3U MOABOJAHON Mperpabl, MOXKET CIY>KUTb OCHOBOM JIJIsl CO3-
naHusi B OynymieM BBICOKOA((EKTUBHBIX MOJABOIAHBIX MPETpaja, 3HAYUTEIHHO
CHIKAIOUIUX Pa3pyLIUTEIbHYIO CUITY BOJH IIyHAMH.

PaboTa BeImonHeHa npu GuHAHCOBOM MoaepkKe rpanTa Poccuiickoro ®oH-
na Oynnamenransubix MccnenoBannii Ne 15-08-04097a, vacTuuHOM MOIIEPKKE
B pamkax [Iporpammbl moBsiieHust KoHKypeHTocnocoOnoctu TT'Y B pamkax
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HUP Ne 8.2.45.2015, yactuunoii nogaepxke Munucrepcrsa Obpaszoanus Poc-
cutickoit Denepanuu B paMKax rocyaapcTBeHHoro 3aaanus Ne2014/223 (mpoekt
1943).
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NUMERICAL SIMULATION OF THE INTERACTION OF TSUNAMI
WAVES WITH A SINGLE BARRIER

B.V. Boshenyatov, K.N. Zhiltsov
Research Institute of Applied Mathematics and Mechanics
Tomsk State University, Russia,

634050, Tomsk, Lenina ave., 36, p.27
konstantin@niipmm.tsu.ru

This article examines the experimental and numerical simulation of the proc-
esses of distribution and interaction of tsunami-type gravitational waves with
single barrier. Mathematical modelling was carried out using two-dimensional
non-stationary Navier-Stokes equations for an incompressible fluid using the
freely available software package OpenFOAM. It is shown that for small-
amplitude waves, when their advance speed 1s described by the linear theory of
shallow water, the interaction with the underwater barriers has important non-
linear and viscous effects. Our results explain why a single barrier has a signifi-
cant impact on the power of the transmitted wave. The energy of the waves
passing through the single barrier can be reduced to 50% of the incident wave.
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YNCJIEHHOE MOAEJIUPOBAHUE NCKPOBOTI'O 3AKUT'AHUA
METAHO-BO3AYIIHOW CMECH

K.M. MounceeBa, A.1O. Kpaijinos

HanmonanbsHbli uccnenoBarebckuii TOMCKHI roCyJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas ®@enepanust, 634050, r. Tomck, mp. Jlenuna, 36
Moiseeva KM@t-sk.ru

UuciieHHO pelieHa 3aja4a 00 HMCKPOBOM 3a)KMTAaHUU METaHO-BO3IYIIHON
cmecu. llenbto uccnenoBanus SIBJISIIOCh ONPEACICHUE MUHUMAIbHON 3HEPruu
HCKPOBOTO 3a)KUTAaHUSI METAHO-BO3IyIITHOM CMECH B 3aBUCHUMOCTH OT OOBEMHO-
ro CoJIepXaHusi MeTaHa. 3ajaya CTaBWIACh MPU CIEAYIONIUX JOMYIIECHUSIX: UC-
Kpa MOJICIUPYETCS HUTEBUIHBIM MTHOBEHHBIM MCTOYHMKOM; T'paHMIlA 00JIaCTH
cyuTaeTcs OECKOHEYHO YyJajaeHHOH; KodpduuueHTsl Tuddy3un U TEIIonpo-
BOJTHOCTH Ta3a 3aBUCSAT OT TEMIIEPATYPhl; YUUTHIBAETCS TEIJIOBOE PACIIUPECHUE
rasa npu MOBBIINICHUH TEMIIEPATyphl U €ro JABUKEHUE; Ta30Basi MOCTOSIHHAS OIl-
pezensieTcsi COCTaBOM ra30BOM CMECH; KOHCTaHTa CKOPOCTH XMMUYECKOW peak-
[[MU 3aBUCHUT OT TEMIIEpaTyphl 10 3aKOHY AppeHuyca, CKOPOCTh PEaKIMK 3aBU-
CUT OT KOHILICHTPAI[MU ME€TaHa U KHCIOPOJa U OMUCHIBAETCA KUHETUKOMN MEPBOIrO
NopsiiKa Mo METaHy W MEPBOro MopsjiKa no kuciopoxay. MccinenoBanue BbINOI-
HEHO JIJIsl cMecel ¢ 00beMHBIM cofiepkanueM Metana 5.5 + 9.5 %. Ilo pesynbra-
TaM pacyeToB MOCTPOEHA KpHBasi, ONpENeaonias MUHUMAIbHYIO SHEPTUIO UC-
KpPOBOI'O 32)KUTaHUs B 3aBUCUMOCTHU OT COJIEp>KaHMsI METaHa B CMECH.

NUMERICAL SIMULATION OF THE SPARK IGNITION
OF THE METHANE-AIR MIXTURE

K. Moiseeva, A.Y. Kraynov
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
Moiseeva KM@t-sk.ru

The results of numerical research of the problem of the spark ignition of the
methane-air mixture are presented. The aim of the study was to determine the
minimum energy of the spark ignition of the methane-air mixture depending of
the volume content of methane in the mixture. The study was carried out for the
5.5 + 9.5% methane-air mixture. It is presented the curve which determines the
minimum energy of the spark ignition depending of the volume content of meth-
ane in the mixture.
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YNCJIEHHOE MOAEJIUPOBAHUE PACIIPEJAEJEHUA
TEMIIEPATYPBI B MATEPHAJIE CTAJIBHOTI'O Y3JIA BEAEHUSA
IIPU BBICOKOCKOPOCTHOM PA3I'OHE I10 KAHAJIY
BAJVIMCTHYECKOI'O PASI'OHHOI'O KOMIIVIEKCA

A.C. 3esroamnckuid, A.B. I'yebkoB, K.E. MuneBckuii
HoBocubupckuii rocyjapcTBEHHBIN TEXHUUECKUI YHUBEPCUTET;
Poccuiickas ®enepanus, 630073, r. HoBocubupck, np-t K.Mapkca, 20
stroncyi@yandex.ru

[IpoBeeHO YHMCIEHHOE MOJEIUPOBAHUE PACIPEAEICHUS TEMIIEPATypbl B Ma-
TEepUaJIe CTAJIbHOIO y3Jla BEACHUS. BBINOIHEH aHalMU3 MOJIYYEHHBIX IaHHBIX,
NOATBEPKIAAIOMUN pabOTOCIIOCOOHOCTh CTAJIBHOTO y3J1a BEJIEHUS MPU BBICOKO-
CKOPOCTHOM pPa3roHe.

NUMERICAL SIMULATION OF TEMPERATURE DISTRIBUTION
IN MATERIAL OF STEEL CONDUCT NODE DURING HIGH-SPEED
ACCELERATION THROUGH THE CHANNEL OF A BALLISTIC
BOOSTER COMPLEX

Ya.S. Zezyulinskiy, A.V. Gus'kov, K.Ye. Milevskiy

Novosibirskiy gosudarstvennyy tekhnicheskiy universitet;
Rossiyskaya Federatsiya, 630073, g. Novosibirsk, pr-t K.Marksa, 20
stroncyi@yandex.ru

Numerical simulation of the temperature distribution in material of steel con-
duct node. The analysis of the obtained data confirming performance of the steel
conduct node in high-speed acceleration.

NCCIIEAOBAHUE BJIMAHUSA 3AKPYTKHU
HA TUAPOANHAMMUKY U TEIIVIOMACCOIIEPEHOC
B XUMHNYECKOM PEAKTOPE

H.U. I'nuéBa, E.A. /IbsikoB

HanmonansHblil uccnenoBarebCkuii TOMCKHIM rocyJapCTBEHHBIM YHUBEPCUTET;
Poccuiickas ®enepanus, 634050, r. Tomck, np. Jlenuna, 36.
tashka-zenit@mail.ru

B pabore nmpencraBiaeHO YUCIEHHOE MOJICIMPOBAHUE THAPOAMHAMUKH U TeIl-
JIOMAaCCONEPEHOCA JKUAKOCTH B BUXPEBOU KaMepe XUMHUYECKOI0 pEeakTopa ¢ 1e-
JIBI0 HAXOXKJIEHHUs ONTHUMAJIbHBIX IAPAMETPOB PEAKTOPA IS IOJYyYECHUS] PABHO-
MEpPHOT'O CJIOSl BEIIECTBA HA MOMJIOXKKE. UMCIEHHOE pElIeHHE MPOBOAWIOCH C
UCIIOJIb30BAaHUEM HESIBHOM OOOOILIEHHON CXEMbl NEPEMEHHBIX HAINPABICHUN B
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A-¢popme. JlocTOBEpHOCTh pacyETOB MOJATBEPXkAEHA COMOCTABIECHUEM pa3iny-
HBIX CIIOCOOOB PEILICHUS, a TAKXKE CPABHEHHEM C M3BECTHBIMHU aHAITUTUYCCKUMU
pemeHusmu. [lomydensl pacrpenenesHus nojie CKOpOCTH, TEMIIEPATYpPhl, KOH-
LHEHTpAllMM B BUXPEBOW KaMepe, PacCUMTAHHbIE MPU PaA3JIMYHBIX MapaMerpax
TeueHns. HailieHpl ONTHMaJIbHBIE DKCIUTYyaTalMOHHBIE YCIIOBHSI PEAaKTOpa, OI-
pezesieHbl HEOOXOIUMOCTh Y4€Ta WM HE3HAYUTEIbHOCTh HEKOTOPBIX (u3nye-
CKHUX U XuMHuueckux 3¢ dexToB. MccnaenoBano BIMsHUE 3aKPYTKU HA paBHOMEP-
HOCTb PacIpeAesieHUsl TEMIIEPATYPbl U MacChl B BUXPEBOW KaMepe.

RESEARCH OF THE ROTATION EFFECT UPON
THE HYDRODYNAMICS AND HEAT AND MASS TRANSPORT
IN A CHEMICAL REACTOR

N.I. Gicheva, E.A. Dyakov

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
tashka-zenit@mail.ru

In this paper a physical and mathematical model of fluid motion and heat
transfer in a chemical reactor for producing tungsten has been described and
simulated using two methods. The velocity field and the temperature and mass
distribution in the reactor were obtained. Parametric studies on effects of the
Reynolds, Prandtl and Rossbi criteria on the flow characteristics were also per-
formed. The influence of a rotation effect upon the hydrodynamics and heat and
mass transport was showed. Reliability of the calculations was verified by com-
paring the results obtained by the different methods. Also, the created model
was applied for numerically solving the classical test problems and the study
findings showed a good agreement with the exact solutions.

JIMHAMUMKA U TEIINIOOBEMEH I'PAHYJIUPOBAHHOM CPE/JIbI
B KOJIBHEBOM BYHKEPE

E.A. IbsikoB, H.W. I'muéBa

HanmonaneHbIM HcciienoBaTenbCkuii TOMCKUI TOCYy 1apCTBEHHBIA YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, mip. Jlenuna, 36
diakowegor@mail.ru

B pabote mpoBoauTCS MOAECIMPOBAHUE MPOIECCOB TUHAMUKHU U TEILI000OMeE-
Ha TEUYECHUsI TPaHyJIMPOBAHHOM Cpeibl B KOJBLIEBOM OyHKEpE.

Pemenue ocyiiecTBiseTcs AByMsl METOIaMH B MEPEMEHHBIX «BUXPbh — QyHK-
Usl TOKa» W (PU3MUECKHX MEPEMEHHBIX «CKOpPOCTh — aaBieHue». JloctoBep-
HOCTh PE3YJIbTAaTOB MPOBEPSETCS COMOCTABICHUEM METOJ0B MEXIy coboii. [1o-
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JTy4YEHHBIE PE3YJIbTAThl MOTYT OBITh IPUMEHEHBI B O0JIACTH CYIIKH U CMEIICHUS
CBIIIy4YMX MATEPHUAIIOB.

THE DYNAMICS AND HEAT TRANSFER OF A GRANULAR
MEDIUM IN AN ANNULAR HOPPER

E.A. Dyakov, N.I. Gicheva
National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
diakowegor@mail.ru

In the research work deals with the modeling of processes dynamics and heat
transfer flow of a granular medium in the annular hopper. The solution is car-
ried out by two methods in the variables «vortex — stream function» and the
physical variables «velocity — pressure». The reliability of the results is checked
by comparison of the methods among themselves. The obtained results can be
applied in the field of drying and mixing granular materials.

MOIEJHUPOBAHUE 3ATAYA ABTOHOMHOI'O
ITPOT'HO3UPOBAHUA IBUKEHUSA HU3KOJIETAILIEI'O UC3
11O UBMEPEHUAM CUCTEMBI I''IOHACC

E.B. biaunkoBa
HanmonaneHbIM HccnenoBaTenbCkuii TOMCKUI TOCy 1apCTBEHHBIM YHUBEPCUTET;

Poccuiickas @enepanus, 634050, r. Tomck, np. Jlenuna, 36
zbizk322(@mail.ru

B nacrosmeit pabore mpeacTaBieHbl Pe3ysbTaThl YUCICHHOIO MOJEINPOBa-
HUS 33/1a44 OTIPECIICHUs U TPOrHO3MpoBaHusi opOuThl Hu3koersamero MC3 no
WU3MEPEHHBIM PACCTOSIHUSIM OT 3TOTrO CIyTHHUKA 10 CIyTHUKOB cuctemsl ['JIO-
HACC. Maremarudeckasi MOJI€JIb PEIICHUS 3TOM 3a/laul MOCTPOEHA B MPEIIO-
JIO’)KEHUHU, YTO JBIDKEHHE BCEX PAcCMaTPUBAEMBIX OOBEKTOB SIBISIETCS BO3MY-
HICHHBIM WM MPOTHO3UPYETCS C MOMOUIBIO MpOrpaMmbl «YMCIEHHOW MOJEIb
nerxenus MC3». B mpouecce YMCIEHHOr0 UHTETPUPOBAHUS ISl BCEX CITyTHH-
KOB YUYUTBIBAIOTCS BO3MYULIEHUS OT HECPEpUUHOCTH reonoreHuuana. Kpome to-
ro, s B3STOro Hu3kojeramero MC3 yuynTeIBaroTCS BO3MYILIEHHUS OT COIIPOTHB-
nenus armocdepst 3emin, a s cnyTHUkoB ['JIOHACC — nyHHO-COTHEYHBIC
BO3MYULIEHUS. AHAIU3UPYIOTCS CIAEAYIOIIHNE AaHHbIe: OBICTPOAECUCTBUE METOAA
pelIeHus 3a/1auu yIy4dlleHUus OpOUTHI, CKOPOCTH CXOJUMOCTH Ipoliecca B 3aBU-
CUMOCTH OT TOYHOCTH HayaJlbHbIX JIaHHBIX W MUHTEpBaja OXBAYEHHOTO M3MEpe-
HUAMHU. OLICHUBAETCS 3aBUCUMOCTD JJIMHBI BPDEMEHHOI'O MHTEpPBaJIa BICOKOTOY-
HOTO MPOTHO3UPOBaHUs (BHepe) OT JJIMHBI MHTEpBaja, OXBAUEHHOIO M3Mepe-
HUSAMHU.
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SIMULATION PROBLEMS AUTONOMOUS PREDICT
THE MOVEMENT OF LOW-FLYING SATELLITES SOFTWARE
MEASUREMENT SYSTEM GLONASS

E.V. Blinkova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
zbizk322(@mail.ru

This paper presents the results of numerical modeling problems of defini-
tion and forecasting of low-flying satellites orbit by measuring the distance
from the satellite to the GLONASS satellites. A mathematical model to solve
this problem is based on the assumption that the motion of all the objects un-
der consideration is disturbed and it is predicted using the program "numeri-
cal motion model of the satellite." In the process of numerical integration for
all satellites are recorded perturbations from non-sphericity of the geopoten-
tial. In addition, to take into account the perturbations nizkoletyaschegolISZ
taken from the resistance of Earth's atmosphere, and for GLONASS satellites
- the lunar-solar perturbations. Analyzes the following data: the performance
of the method of solving the problem of improving the orbit, the process of
convergence rate, depending on the accuracy of the initial data and dimen-
sions covered by the interval. We estimate the dependence of the length of
high-precision time interval prediction (forward) from the length of the inter-
val covered by the measurements.

CHUHTE3 U CBOMCTBA AJIJIOMOMATPUYHOI'O
KOMITIO3UIIMOHHOI'O MATEPHUAJIA, IOJYYEHHOI'O
METOAOM I'OPAYEI'O IPECCOBAHUA

A.IL' Xpycranés, A.B.' Keerunckas CA. Bopo:xnos"’
'HaumonasHbli viccneoBarenbekuii ToMeKuit rOCYJapCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. Jlenuna, 36
2I/IHCTI/ITyT ¢u3uku npounoctu u matepuanoseneHust CO PAH;
Poccuiickas @enepanust, 634055, r. Tomck, mip. AkagemMudeckuid, 2/4

Ilens umccnenoBanus — uzydeHue ¢Ha3oBOro COCTaBa, MapamMeTPOB TOHKOMH
KPUCTANIMYECKON CTPYKTYpbl M MEXaHMYECKHUX CBOWMCTB aIIFOMOMAaTPUYHBIX
KOMIIO3ULIMOHHBIX MAaTEPHAIIOB, MOJIYYEHHBIX METOJIOM TFOPSYEr0 MPECCOBAHUS
C Pa3IMYHOW TEMIIEPATYPOU U MPOJOJLKUTEIBHOCTHIO H30TEPMHUYECKOU BBI-
nepkku. Jljisi cuHTe3a KOMIO3UTOB MCIIOIb30BaHa CMECh MOPOIIKA ATFOMUHUS
(pa3mep yactuil ~ 700 HM) 1 OpOILIKa yTiiepoaa B BUJIE I€TOHAIIMOHHBIX HAHO-
anMaszoB (pa3mep ~ 4 HM).
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bri10 mokazaHo, 4TO TOCIe TopsYero mpeccoBanusi (HOPMHUPYETCS HAHOPA3-
MepHas (aza Kapouma amroMUHUS (pa3Mep KPUCTAUTHTOB ~ 25 HM). [ITOTHOCTH
FOPSTYEIIPECCOBAHHBIX KOMIIO3UTOB COCTaBisgeT 2.2+2.37 /e, [IpouHOCTH
KOMIO3UTOB Ipu u3ruode cocrasisger oT 350 no 480 MlIla. B menopuctom co-
CTOSTHUM, MPOYHOCTh ATFOMOMATPUYHBIX KOMITIO3UIITMOHHBIX MaTEPUATIOB MOXKET
noctuub ~ 920 MI1a.

PaboTa nmpoBoaunack npu (puHaHCOBOU mojaaep:kke MuHuctepcTBa 006pas3o-
BaHUs U Hayku Poccuiickon @enepauun B pamkax denepanbHON LEIEBOU MPO-
rpammbl «VccrenoBanus U pa3pabOTKU MO MPUOPUTETHBIM HAIIPABJICHUSIM pa3-
BUTHS HAYYHO-TEXHOJOrHUeckoro komiuiekca Poccun va 2014-2020 roas», co-
I ENIRE5(S Ne 14.578.21.0025 (YHuKaJIbHBIM UJeHTU(DUKATOP
RFMEFI57814X0025).

SYNTHESIS AND PROPERTIES ALUMINUM MATRIX COMPOSITE
OBTAINED BY HOT PRESSING

A.P. Khrustalyov ', Kvetinskaya A.V.', S.A. Vorozhtsov "

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
? MucruryT physicists to toughness and marepranosenerns WITH WOUNDS;
Federation Of russia, 634055, Tomsk, pr. Academic, 2/4

The purpose of this study is to investigate the phase composition, parameters
of fine crystalline structure and mechanical properties of aluminum-based com-
posites, produced by hot pressing with different synthesis temperatures and iso-
thermal times. For synthesis of composites we used powder mixture of alumi-
num (particles size 700 nm) and carbon powder in a form of nanodiamonds (size
4 nm). It has been shown that after hot press processing a nanophase (crystallites
size 25 nm) of aluminum carbide was formed.

Regardless of the synthesis temperature for the maximum holding time of
powder mixtures, the density of hot-pressed compacts is about 2.2-2.37 g/cn’.
In particular, the value of bending strength of composite samples with a density
of 2.37 g/em’ ranges from 350 to 480 MPa. In the nonporous state, the bending
strength of the composites may reach 920 MPa.

The work was financially supported by the Ministry of Education and
Science of the Russian Federation within the framework of the Federal Target
Program. Agreement No. 14.578.21.0025 (Unique identifier
RFMEFI57814X0025).
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MEXAHUYECKHE CBOMCTBA AJJIOMOMATPAYHOI'O
KOMITIO3NIIMOHHOI'O MATEPHAJIA AL-4%CU C
HEMETA/VIMMECKUMHU YACTULAMU

AJL! Xpycraaés, CA. Bopomumsl’z, A.B.' KBeTnnckas
'"HaupoHansHbIi HccieoBaTenbekiii TOMCKH rOCyapCTBEHHBI YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
*WHcTHTYT GU3NKK MPOYHOCTH U MaTepuanoseaeHus CO PAH;
Poccuiickas ®@enepanus, 634055, r. Tomck, np. AkagemMudeckuid, 2/4

[enbro paboOTHI SABISETCS aHATU3 MEXAHUYECKUX CBOMCTB MOJYYEHHBIX aJtO-
MUHHUEBBIX CIUIABOB, C BBISIBJICHHUEM MEXaHW3Ma IUIACTUYECKON aedopMariuu
IPY BHEJIPEHUH B MATKYIO aIFOMUHUEBYIO MATPUILY TBEPIBIX HEMETAJUTMUECKUX
yacTull. AHaIu3 MUKPOCTPYKTYpbI MOJYYEHHBIX CIJIABOB IOKAa3ajl, YTO BBEJE-
aue yactuil (ALLO;, TiB,, TiC) npuBoAUT K YMEHBIIICHUIO pa3Mepa 3epHa CIijia-
BOB € 339 no 174 MM, npu 3TOM OCTaTOYHasl MOPUCTOCTh HE MpeBbIIAeT 2%.
[IpoBenénnbie UCTIBITAHUS HA PACTSXKEHHUE MOKA3au, YTO BApbUPOBAHUE TUIIA U
KOJIMYECTBA YaCTHUIl, U3MEHSIET KapTUHY HIPEPHIBUCTON TEKY4YECTH, IMPHU ITOM
CIOcOOCTBYS yBeIWUYEHUIO Tipesena Tekyuectu (¢ 18 go 40 Mlla) u ymenslie-
HUIO T1acTuuHOCTU (¢ 15 10 2 %), KpoMme 3TOro 3HAUUTENIBHO YBEIUYUBas Tpe-
nen npouyHoctu (¢ 77 po 130 Mlla), otHOocuTenbsHO McxonHoro ciaBa Al-4%
Cu.

PaboTa mpoBoaunack npu (puHaHCOBOU mojaaep:kke MuHucrtepcTBa 006pas3o-
BaHUs U Hayku Poccuiickon @enepanuu B pamkax denepanbHON LEIEBOU MPO-
rpammbl «VccrenoBanus U pa3pabOTKU MO MPUOPUTETHBIM HAIIPABJICHUSIM pa3-
BUTHUSI HAYYHO-TEXHOJIOrHueckoro komiuiekca Poccuu na 2014-2020 rr.», co-

rJIalIeHue No 14.578.21.0025 (YHUKaTbHBIN uaeHTUGUKaTOP
RFMEFI57814X0025).

MECHANICAL PROPERTIES ALUMINUM MATRIX COMPOSITE
AL-4%CU WITH NON-METALLIC PARTICLES

A.P. Khrustalyov ', S.A. Vorozhtsov ', Kvetinskaya A.V.'

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
? MucruryT physicists to toughness and marepranosenerns WITH WOUNDS;
Federation Of russia, 634055, Tomsk, pr. Academic, 2/4

The purpose in this work is to analysis of the mechanical properties and de-
formation behavior of aluminum alloy, with the identification of mechanism
plastic deformation when introducing into the soft aluminum matrix of solid
non-metallic micro and nano particles. The analysis microstructure of the ob-
tained alloys showed that the introduction of particles (Al,O;, TiB,, TiC) leads
to a decrease grain size of alloys from 350 to 170 pm, while residual porosity
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not more than 2%. Carried out tensile tests have shown that varying type and
amount of the particles changes the picture intermittent flow, thus resulting to
increase the yield strength (from 18 to 40 MPa) and a decrease in ductility (from
15 to 2%). besides this significantly increasing tensile strength (from 77 to 130
MPa), a relatively to an Al-4% Cu initial alloy.

The work was financially supported by the Ministry of Education and Sci-
ence of the Russian Federation within the framework of the Federal Target Pro-
gram. Agreement No. 14.578.21.0025 (Unique identifier RFMEFI57814X0025).

BJIMSHUE YJbTPA3BYKOBOI'O BO3JEVCTBUS
HA ITPOHUKHOBEHHUWE METAJIVIMYECKOI'O PACIIVTABA
B ATJIOMEPATBI CYBMUKPOHHBIX YACTHIL]

A.IL Xpycranés', CA. Bopoxnos'”?, A.B. KBernnckas',
O.B."” Kyapsimogra
'HauuoHansHbIi MccneoBaTenbeKuit ToMCKHi roCyJapCTBEHHBIM YHUBEPCUTET;
Poccuiickas @enepanus, 634050, r. Tomck, nip. JIenuna, 36.
2I/IHCTI/ITyT ¢u3uku npouHoctu u marepuanoseaeHus CO PAH;

Poccutickas ®enepanus, 634055, r. Tomck, ip. AkagemMudeckuid, 2/4.

3 MHCTHTYT IIpo0IieM XUMHKO-3HepreTHueckux Texuosoruit (MIIXAT) CO PAH;
Poccuiickas @enepanust, 659322, r. buiick, yia. Conuanuctuyeckas, 1.

B nannoit paboTe Ha OCHOBE TEOPUHM aKyCTHUUECKOW KaBUTAIMHM U KaIUJUISP-
HBIX SIBJIEHUW paccMaTpUBAIOTCS MPOIECCHI AeariioMepUpOBaHUs U CMadyuBae-
MOCTH CyOMHKPOHHBIX YaCTHI] B paciljlaBe MeTajlia Mpu yJIbTPa3ByKOBOW o0Opa-
ootke. [lonmyueHbl OCHOBHbBIE 3aBUCHUMOCTH, CBA3BIBAIOIINE BPEMs BO3JICUCTBUS
¢ (pM3UKO-XMMUYECKUMHU CBOMCTBAMH YaCTHI] U pacIiaBa, a TakKe C XapakTe-
PUCTUKAMHU aKyCTUYeCKoro wu3iyudeHus. [IpoBelleHO cpaBHEHHE JKCIEPUMEH-
TaJbHBIX U PACUETHBIX 3HAYECHUU BPEMEHH YJIbTPAa3BYKOBO 00pabOTKM pacriia-
Ba QJIIOMHUHUS, COJEPKAIIero CyOMHUKPOHHBIE YaCTHUIIBI OKCHAA aTOMHUHUS, U
YCTaHOBJIEHA COTJIACOBAaHHOCTH MOJTYUYECHHBIX PE3YJIbTATOB.

PaboTa mpoBoaunack npu (puHaHcoBoU mojaaep:kke MuHucrepcTBa 006pas3o-
BaHUs U Hayku Poccuiickon @enepanun B pamkax denepanbHON LEIEBOU MPO-
rpammbl «lccrenoBanust U pa3pabOTKU MO MPUOPUTETHBIM HAIIPABJICHUSIM pa3-
BUTHS HAYYHO-TEXHOJOTHUecKoro komiuiekca Poccun Ha 2014-2020 roas», co-
rJ1alIeHue No 14.587.21.0019. (YHUKaTbHBIN uaeHTUPUKATOP
RFMEFI58715X0019).
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THE INFLUENCE OF ULTRASOUND TREATMENT ON THE
PENETRATION METAL MELT INTO AGGLOMERATES
SUBMICRON PARTICLES

A.P. Khrustalyov !'S.A. Vorozhtsov ', A.V.! Kvetinskaya,
0O.B. Kudryashova 1.3

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
? Uucruryt physicists to toughness and marepuanoseaesns WITH WOUNDS;
Federation Of russia, 634055, Tomsk, pr. Academic, 2/4
? Institutes of the problems chemist-energy technology (IPHET) WITH WOUNDS;
Russia-ckas Federation, 659322, Biysk, str. Socialist, 1

Based on the theory of acoustic cavitation and capillary phenomena, the arti-
cle considers the processes of deagglomeration and wetting of submicron parti-
cles in a metal melt under ultrasound exposure. Basic dependences were found
that link the exposure time to the physical and chemical properties of particles
and melt, and to acoustic radiation characteristics. Experimental and calculated
time values of ultrasonic treatment of aluminum melt containing submicron par-
ticles of aluminum oxide were compared, and the obtained results were found
satisfactorily fit.

The work was financially supported by the Ministry of Education and Sci-
ence of the Russian Federation within the framework of the Federal Target Pro-
gram. Agreement No. 14.587.21.0019 (Unique identifier RFMEFI58715X0019).

JAEATJIOMEPAIIUA U PACITPEAEJIEHUE YACTHUILL
B METAJUVIMYECKOM PACIIJIABE

A.IlL XpyCTaJléBl, CA. Bopomumsl’z, A.B.KBerunckas', O.B. nylpsmlmsal’3
'HarmonanbHbIi BccnenoBaTenbekuii TOMCKHUIA rOCYIapCTBEHHBI YHUBEPCUTET;
Poccuiickas ®@enepanus, 634050, r. Tomck, np. Jlenunna, 36
2I/IHCTHTyT ¢busuku nmpouHoctu u matepuanosenenus CO PAH;
Poccwuiickas ®enepanus, 634055, r. Tomck, np. AkageMuueckuid, 2/4
3 MHCcTUTyT Ipo6IieM XMMHKO-3HepreTHaeckux texuosornii (MUIIXAT) CO PAH;
Poccuiickas ®enepanus, 659322, r. buiick, yia. Conuanuctuueckas, 1

B pabote paccMaTpuBaroTCsi MPOILECCHl JearjoMepalii U pachpeaeieHus
YaCTHI[ B METAINTMYECKOM pacIljiaBe B yJIbTPA3BYKOBOM IoJie. PaccMoTpens! oc-
HOBHBIE 3aBUCUMOCTH, Kacaroluecss BpeMeHn 00paboTku, GU3NIECKUX U XUMU-
YECKUX CBOMCTB YaCTHIl U KUAKOCTH, a TAKXKE XapaKTEPUCTHKA YyJIbTPa3ByKa.
bbu10 ycTaHoBiIeHO, YTO BpeMs yJbTpa3BYKOBOM 00pabOTKM paciuiaBa, colep-
JKAIIEeTO arjJoMepaThl YaCTHUI] MPOTOPIIMOHAIBHO BA3KOCTH pacijiaBa U pa3Mepy
arJioMepaToB.
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[IpennoxxenHoe B paboTe ypaBHEHHUE IO3BOJISIET OIEHUTh MHTEHCUBHOCTD
yJIBTPA3BYKOBOTO M3ITyYEHUS], HEOOXOAMMOTrO [Jisi pa3pyIICHHs] arjioMepaToB
4acTull B paciuiaBe. bbUIO yCTaHOBIEHO, YTO WHTEHCHUBHOCThH YJbTPa3ByKa
JOJKHA OBITH 0OpAaTHO MPOMOPIIMOHAIBHA PAINYCY arJIOMEpPaToB.

PaboTa nmpoBoaunack npu (puHaHcoBOW moaaep:kke MuHucrepcTBa 00pas3o-
BaHUs U Hayku Poccuiickon @enepanun B pamkax denepanbHON LEIEBOU MPO-
rpammbl «VccrenoBanust U pa3pabOTKU MO MPUOPUTETHBIM HAIIPABJICHUSIM pa3-
BUTHS HAyYHO-TEXHOJIoruueckoro komiuiekca Poccuu Ha 2014—-2020 roaei», co-
rJalieHue No 14.578.21.0098 (YHUKQJIBHBIN uaeHTuGuKaTop
RFMEFI57814X0098).

DEAGGLOMERATION AND DISPERSION PARTICLES
IN METAL MELT

A.P. Khrustalyov ! S.A. Vorozhtsov 1’2, AV.! Kvetinskaya,
0O.B. Kudryashova 13

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
? MucruryT physicists to toughness and marepranosenerns WITH WOUNDS;
Federation Of russia, 634055, Tomsk, pr. Academic, 2/4
3 Institutes of the problems chemist-energy technology (IPHET) WITH WOUNDS;
Russia-ckas Federation, 659322, Biysk, str. Socialist, 1

This work considers the deagglomeration and wettability of particles by
metal melt and proposes a mechanism of particle agglomerate dispersion by ul-
trasonic cavitation. The main dependences connecting the processing time and
intensity with the physical and chemical properties of particles and the melt as
well as acoustic parameters are obtained. It has been established that time ultra-
sonic treatment melt containing the particles agglomerates is proportional to
melt viscosity and the size of the agglomerates.

The suggested equation allows estimating the intensity of ultrasonic radia-
tion, required to destroy the agglomerates of particles in the melt. It was found
that intensity of the ultrasound must be inversely proportional to the radius of
the agglomerates.

The work was financially supported by the Ministry of Education and Sci-
ence of the Russian Federation within the framework of the Federal Target Pro-
gram. Agreement No. 14.578.21.0098 (Unique identifier RFMEFI57814X0098).
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UCCJIEAOBAHUE YIIPYTO-IIJIACTUYECKHUX CBOVICTB
AJIOMMHHUEBBIX CILTABOB ITPM BEICOKAX CKOPOCTSIX
JTE®OPMAILINNA

E.B. Jaaunrep, A.A. Ko3zyaun, B.A. KpacHoBelikuH
HanmnoHanbHBIN HCClIe0BATEIILCKUN
Tomckuii rocy 1TapCTBEHHBIN YHUBEPCUTET,

r. Tomck, Poccus
lena324938@mail.ru

C HCcnoap30BaHUEM IKCIIEPUMEHTATIBHBIX METOJIOB U YUCIEHHOT'O MOJIETUPO-
BaHUS MPOBOJUIN UCCIEAOBAHUS OCOOCHHOCTEH YIPYTo-IUIaCTUYECKOro MoBe-
neHust 00paslioB M3 JIETKOTO allOMUHKEBOrO crjiaBa 1560 B yClIOBHSIX BBICOKO-
CKOPOCTHBIX Harpykenuil. [lomydyeHrne HOBBIX JaHHBIX O MEXaHMYECKOM TOBe-
J€HUH MaTepHUajoB B YCIOBHUSX JUHAMHYECKOIO MOBEIAEHUS BO3MOXKHO C HC-
MOJIb30BAHUEM COBPEMEHHBIX METOJIOB HcmbITaHuW [1]. s aToro meromamu
BBICOKOCKOPOCTHOTO PACTSIKEHUS U TITyOOKON BBITSKKH TIIOCKUX 00pa3ioB Obl-
JIY TIOJIyYE€HBI 3aBUCUMOCTH yIPYTO-TUIACTUYECKOrO MOBEACHUSI aTIOMUHUEBOTO
crutaBa 1560 mpu ckopoctax pedopmaruu ot 0.001 mo 250 1/c. Dxcnepumen-
TaJbHbIE paOOThI MPOBEJICHBI C UCTOJb30BAHUEM OPUTHMHAILHON OCHACTKU yHU-
BEPCAIIBHOTO CEPBOTMAPABIMYECKOIO UCIIBITATENBRHOTO cTeHAa Instron 8800 mo-
nenas VHS 40/50-20.

DKCnepuMeHTaIbHbIE JaHHBIC, MTOJYYEHHBIE MTPU BHICOKOCKOPOCTHOM paCTsi-
JKEHUH, JIETJIM B OCHOBY METOAMKHU OMNpeaeneHus] Ko3P(PUIUEHTOB ypaBHEHUI
YHUCIICHHBIX MOJIEJICH, OMHUCHIBAIONINX YHPYTrOMJIACTUYECKOE MOBEJICHUE U pa3-
pylieHue amomMuHueBoro cruiaBa 1560 [2]. Jlna Bepudukanuu co3nanHon ¢u-
3UKO-MAaTeMaTHYEeCKON MOJAENH U €€ KOI(DPUIIMEHTOB TOMOTHUTEIHHO PEIIaIu
3a/1a4y O MOJICIMPOBAHUM CIIOKHOHAIPSKEHHOIO COCTOSIHMS CIUIaBa B YCJIOBU-
X TIIyOOKOM BBITSIKKU MPU CKOPOCTSX Harpyxkenus S5, 7.5, 10, 20 m/c. U3 cpas-
HEeHUs Je(OPMAIIMOHHBIX 3aBHCHUMOCTEH, TMOJYYCHHBIX MPH BCEX CKOPOCTSX,
MOJIy4YEHO KAUYE€CTBEHHOE M KOJIMUECTBEHHOE COTJIACHE SKCIEPUMEHTATIbHBIX U
pacyEeTHBIX JaHHBIX HA Y4acTKax yIpyroro, riacTUYeCKOro MOBEJICHUS U pa3-
pPYIIEHUSI — 3TO TOBOPUT O MPABWIHLHOM BBIOOPE ONMPENEISIONIMX COOTHOIICHUHN
Y ypaBHEHUsI pa3pyIICHUS, TOCTOBEPHOCTU OMpeeieHus UX Kod(PPUIUEHTOB.

PesynbTaThl uUCCleAOBaHUN CBUACTEILCTBYIOT O Pa3IUYHBIX (PU3UUECKUX
MEXaHU3Max, OMPEAEISIONNX 3aKOHOMEPHOCTH YNPOUYHEHHMS], IIACTHUYECKOTO
TE€YEHUS] U CKOPOCTHOW UYBCTBUTEJILHOCTU MPU KBA3UCTATUUYECKUX U JUHAMU-
YECKUX BO3JCHCTBUSX.

Pabota BbimosniHeHa nipu (puHaHCOBOM mojaiepxkke rpanta I[lpesunenta Poc-
curickoil @eneparnu MK-5914.2016.1.
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1. Kosynun A.A., Kpacnosetikun B.A., Ckpunuax B.B., Xanoaee B.B., Jlu IO.B. Mexanuue-
CKHE CBOWCTBA aJTIOMHHUN MAarHMEBBIX CIUIABOB ITOCJIC MHTEHCUBHOW TUIACTHYECKOU Jedop-
marmu // CoBpeMeHHbIe pobiieMbl Hayku U oopa3oBanus. 2013. Ne 6. C. 888.

2. Ckpunusx E.I"., Ckpunuax H.B., Kozynun A.A., Ckpunusk B.A. MoaenupoBaHue BIuUsi-
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ELASTOPLASTIC PROPERTIES OF ALUMINIUM ALLOYS
AT HIGH STRAIN RATES

E.V. Dalinger, A.A. Kozulin, V.A. Krasnoveikin
National Research Tomsk State University, Tomsk, Russia
lena324938@mail.ru

The Results of the studies are indicative of different physical mechanism, de-
fining regularities ynpounenusi, plastic current and speed sensitivity at kBa3u-
cratnueckux and dyne-yeckux influence.

WCCJEJIOBAHUE BHYTPEHHEN CTPYKTYPbl KEPAMUYECKHX
MATEPUAJIOB METOJAMU PEHTTEHOBCKOU TOMOI'PA®UN

1 2 1
B.J. Anues ', A.C. HapukoBuu ', C.C. KyabkoB
' Tomcxkwuit roCyJJapCTBEHHBIM YHUBEPCHUTET, I. ToMck, Poccus
? bantriickuii benepanbHblil yHuBepcuTeT uM. 1. Kanra,

r. Kanunaunrpan, Poccus
Voldemar4ik@mail.ru

B pabote nmoka3zaHa BO3MOXKHOCTb HccleAoBaHUs Je(EKTHOCTH BHYTpPEHHEH
CTPYKTYpBI KepaMudeckux o0pasioB Ha ocHoBe ZrO,—MgO, onpeneneHus mo-
PUCTOCTH, OLEHKH MOBPEKIECHHOCTH UM MUKPOTPEIIMH IOCIE HArpyXeHUs Hu
paspywenus [1]. 1 npoBeleHHs] UCCAEOOBAHUM HCIIOJNIB30BAIA METOMABI CO-
BPEMEHHON PEHTTeHOBCKOM TOMOrpauu C HCIOIb30BaHUEM ToMorpada
Y.Cheetah pupmer YXLON. Ilpu npaBmwibHOM moAOOpe peKUMOB CKaHUPOBa-
HUS METO/]I TIO3BOJISIET MPOBECTH 3asIBIICHHBIE HAYUYHBIE HCCIIEI0BAHUS CTPYKTY-
pBI MaTEpHANIOB ¢ TpeOyemMoil TOYHOCThIO. Pe3ynbTaTtoM peHTreHOBCKOM TOMO-
rpaduu sBisieTcs MUQPPOBOE TPEXMEpPHOE H300pakeHHE OOBEKTa B BHJE BO-
KCEIIbHON MOJIENH, C TTIOMOIIbI0 KOTOPOH MOKHO MOJYYUTh BHJI JIFOOOW MOBEPX-
HOCTH WJIM BHYTPEHHETO CEUEHHS.

JUis mpoBefeHHsT HUCCIENOBAaHUM HM3rOTOBJIEHBI NPU3MAaTUYECKHE O00paslibl
pasmepom 40x6xX5 MM, B KOJIMYECTBE JOCTATOYHOM JUISl IPOBEICHMS JKCIEPH-
MEHTOB M CTaTUCTHUYECKOW 00paboTku. OOpasiibl MOJYyUYEHBI U3 MEITKOKPHUCTAI-
JMYECKOro nopouika cucremsl ZrO, crabunusupoBanHoro MgO meronom npec-
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COBaHUS M MOCIEAYIOIIEr0 BHICOKOTEMIIEPATYPHOIO CHEKAHMS MPECCOBOK IPH
temneparype 1600 °C u Beraepxke 1 gac.

BHyTpeHHsI1 CTpYKTypa HCCleIyeMbIX 00pa3loB MpeiCTaBieHa HATUYUEM
arJioMepaToB pazMepamu 10 1.5 MM, HEpaBHOMEPHBIM pacipeneseHueM cepu-
YECKUX MOp U MUKpoTpeuuH. OnpeneneHo, 4to oOpasibl Mocie CreKkaHus o0-
Jaiaiu MOpPUCTOCThIO B Auana3oHe okoyio 30%. OueHuBast 1e(hEeKTHOCTh BHYT-
PEHHEN CTPYKTYpPBI IIOCIIE MEXaHUYECKUX MCIBITAHUNA METOJOM TPEXTOYEUHOTO
u3ruoa [2], ycTaHOBJIEHO, YTO MHOXECTBEHHBIE MUKPOTPEIIUHBI JIOKATU3YOTCS
B OKPECTHOCTSIX arjoMepaToB, OrM0ar0T UM 3aMbIKAIOTCS Ha HUX. ATJIOMEPATHI
IPENATCTBYIOT JAJBHEUIIEMY PACIPOCTPAHEHUIO TPEIIMH, yBEIUYHMBAs KOHCT-
PYKLUHOHHYIO IPOYHOCTb U3EIIHS.

UccnenoBanue BoIMoNHEHO Tpu (prHAHCOBOU Tomanepxkke PODU B pamkax
Hay4qHOro npoekra Ne 15-33-51165 mon_Hp.
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AN INVESTIGATION OF INTERNAL STRUCTURE OF CERAMICS
BY X-RAY TOMOGRAPHY METHODS

V.D. Aliev, A.S. Narikovich, S.S. Kulkov
"National Research Tomsk State University, Tomsk, Russia
? Immanuel Kant Baltic Federal University, Kaliningrad, Russia
Voldemardik@mail.ru

Possibility of the study aedextnoctu internal structure ceramic sample is
shown In work on base ZrO2-MgQO, determinations on-pucroctu, estimations
noBpexIeHHoCcTH and MukpoTpemuH after Harpyskenus and destructions [1]. For
undertaking the studies used the methods with-time x-ray Tomorpaduu with use
tomorpada Y.Cheetah company YXLON. Under correct selection mode ckanu-
poBa-thread method allows to conduct the declared scientific studies cTpykry-ry
material with required by accuracy. The Result x-ray tire;exhaust-rpaduu is a
digital three-dimensional scene of the object in the manner of in-kcenbHOit to
models, by means of which possible get the type any over-Hoctu or internal sec-
tion.
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INOJYYEHME U UCCIEJOBAHUE HUTPUICOAEPKAIIINX
ITOKPBITUU HA TUTAHOBBIX ITOJVIOKKAX

A.A. Kozymmn', E.B. Jamunrep', C.A. KunenoBcknii’
'"Tomcknii roCyIapCTBEHHBIN yHUBEpCUTET, Tomck, Poccus
2I/IHCTI/ITyT rugpoarHamMuk uM. MLA. JlaBpentseBa CO PAH, HoBocubupck, Poccus
kozulyn@ftf.tsu.ru

[lenpro HacTOsMMIEH pabOThI OBLIIO MCCIIEIOBaHUE 0COOCHHOCTEH (hOpPMHUPOBa-
HUsI HUTPHUJHBIX MOKPBITUM U3 CMECEU Pa3NMYHBIX COJIEU, COAEPKAIIUX JIETKHE
XUMUYECKHE JIEMEHTHI, HA TUTAHOBBIX MOJJIOKKAX C UCIIOJIb30BAaHUEM BBICOKO-
AHEPIeTUYECKOr0 KYMYJISITUBHOIO CHHTE3a. DTO HAMPABJICHUE HCCIEIOBAHUM
SBJIICTCSI aKTyaJIbHBIM W TICPCIICKTUBHBIM C TOYKH 3PCHHS CO3JaHHS HOBBIX
KOMITO3UIIMOHHBIX MOKPBITHA HAa MOBEPXHOCTSAX KOHCTPYKIIMOHHBIX CILIABOB C
MOBBIMICHHBIMU TEIIOPU3NYSCKUMHA U (PU3UKO-MEXaHUYECKUMU CBOWCTBAMH
[1].

JIJist TOCTHKEHUS! TTOCTABJICHHOW 1I€TTM MPOBEICHBI IKCIIEPUMEHTHI MO TMOTY-
YEHHUIO M UCCIIEOBAHUIO CBEPXTBEP/IbIX KOMITO3UIIMOHHBIX MOKPBITUIA HA OCHO-
BE CIICIIMAIIHO MTPUTOTOBJICHHBIX CMECEH M3 KOMILIEKCHBIX COJIE U HAHOCTPYK-
TYpPHBIX TIOPOIIKOB C HCIIOJB30BAaHUEM KyMYJIATUBHOTO CHHTe3a. B coctaB uc-
XOJIHBIX CMECEU ISl CUHTE3a BXOJAMIIN CIEAYIOLIMEe KOMIIOHEHTBI, COAEPKAILINE
aTOMBI a30Ta, yriiepoaa, oopa:

— onbIT 1 (kpacHas kpoBsiHas coiib K3(Fe(CN)g (KKC)) + (xenTas kpoBsHas
conb Ky(Fe(CN)g (OKKC)) + mopomok kapouma 6opa B,C;

— onbIT 2 (okcanat amMoHus — (NHy),C,04)+ (MYHT — mHorocnoiinbie yr-
JIEPOJIHbIE HAHOTPYOKM) + MOPOIIKHU Oopa.

Ha ocHoBe pe3ynpTaTOB pPEHTT€HOBCKMX METOJOB aHalM3a XUMUYECKOIO U
CTPYKTYpPHO(]A30BOT0 COCTABOB BO BCEX OINBITaX, BBISIBJICHO, UTO MOKPBITHUS SIB-
Jst0TCcs MHOTO(a3HbIMU. B omnbiTe 1 OCHOBHBIMU 3a()MKCUPOBAHHBIMU KPHUCTAJI-
andeckuMu (Gazamu B MOKPBHITHUIX SBISIOTCS: HECTEXUOMETPUUECKUN OKCHUJI TH-
TaHa ¢ Kyowdeckod kpucramuimdyeckor pemetkodt (TiOy)— OCHOBHOM BKIan;
anbda-tutad (0—T1); anbda-xene3o (o—Fe). [Ipu sTom cyiecTBeHHOE MPUCYT-
CTBUE JKeJie3a Ha TMMOBEPXHOCTH TUTAHOBOH IMOIONKKUA OOBSICHACTCS Pa3I0KEHU-
em KKC u XKKC. OnpeneneHo npucyTCTBUE 3HAYUTEIBHOTO KOJIUYECTBA TUO0-
puna turana (TiB,) ['TIY-da3br. OxxumaeMoro NpucyTcTBUs a30Ta, yriepojaa u
WX COSMHEHUH HE 3a(DUKCUPOBAHO.

[TokpeiTHs, TTONyYEeHHBIE HA O0Opa3lax B OMBITE 2, XapaKTePU3YIOTCS 0OJTb-
muM koiaudectBoM KapOoHUuTHUAHOU (T1,CN) u nutpunnoi (TiN) kyOuueckoit
¢da3pl TUTAHA, HECTEXUOMETPUUYECKOTO cOCTaBa. TUTaH B MOKPBHITUHU MPECTaB-
neH anbda-turanoM ucxonHou I'TTY-daszel. Kpome sToro 3aduxcupoBano mnpu-
cyTcTBHUE HEOOIbIIOro KonudectBa auOopuna tutana ['TIY-daszel. Bee ¢aswi
UMEIOT Mallblid pa3Mep CTPYKTYPHBIX cocTaBistomux — He 6onee 80 um. [pu-
CyTcTBUE OOpHUJIOB (UKCHPYETCS B MaJIOM KOJIMYECTBE HAa PEHTreHOorpammax
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BCEX HCCIIeTyeMbIX 00pasnoB. Pa3nenenne kapOOHUTHUIHONW U HUTPHUIHOHN (a-
3bl TUTAHA B Pa3HbIX 00pa3lax OCHOBAHO Ha CTENEHHW COJEp KaHMs a30Ta M yrI-
Jepoja B MaTepualie MOKpbITUA. B MOKphITHSAX ¢ npeoOiaagaHUeM HUTPUIHON
(a3bl coepKaHue yriepoaa MUHUMAIbHO — JI0JIHM MPOIIEHTA.

O06o001mast pe3ynbTaThl UCCIIEA0OBAaHUN, MOXKHO CJEIaTh OCHOBHBIE BBIBOJIBI,
YTO OTCYTCTBHE MUCXOJHBIX COCAUHEHUN B MOBEPXHOCTSAX MOIJIOKEK TOBOPUT O
TOM, YTO BCE OHHM B YCJIOBHSIX KyMYJISITUBHOTO B3pbIBa (BBICOKHME HaBJICHUS U
TEeMIIepaTyphl) Pa3iI0KUIUCh HA COCTABIISIIOIINE AJEMEHTHI. B 3KCTpeMabHBIX
YCJHOBUSAX NPOIYKTHI PA3JI0KEHUSI COJIEN BCTYNWIN B PEAKLIUIO C XUMHUYECKUMHU
3JIEMEHTaMHU MaTrepHajia MOAJI0KEK U 00pa30Bajii HOBbIE BBICOKOIIPOYHBIE CO-
eAMHEHUS Ha UX MOBEepXHOCTAX. Mcxos u3 mennei padboThl, HamTydimui 3 dexr
KyMYJISITUBHOTO CHHTE€3a JIOCTUTHYT B OIBITE 2, Korja Obuin 0Opa3oBaHbl HUT-
puAbl, KAPOOHUTPUIBI TUTAHA, CTABIINE OCHOBOM KOMITIO3UIIMOHHOI'O MOKPBITHS.
OOpa3oBaHHbIE B MOKPHITUM HOBBIE COECIMHEHHUS OJIM3KU K CBEPXTBEPABIM, TY-
TOIUIABKUM M HM3HOCOCTOMKHMM Marepuanam [2], 4To, B LIEJIOM, JOJIKHO IOBBI-
cuTh (YHKIHMOHAJIbHBIE CBOWCTBA 00padaThIBAEMOI0 TUTAHOBOT'O CILIABA.

HccnenoBanue BbINONHEHO Npu (puHaHcoBOW nonnepxkke PODU B pamkax
Hay4yHoro npoekra Ne 16-33-50229 mon_Hp.

Jlureparypa

1. Kunenosckuii C.A., Kosynun A.A., Kynvkoe C.C., Maesckuu K.K. KyMmynsaTUBHBIA CUH-
TEe3 BBICOKOTBEPIBIX MOKPBHITHH NP Pa3IOKEHUU COCTUHEHHI Ha OCHOBE JIETKHX JJIEMEH-
ToB // Tpynst HoBOcHOMPCKOTO TOCYAapCTBEHHOTO apXUTEKTYPHO-CTPOUTEILHOTO YHHUBEPCH-
teta (Cubcrpun). 2015. T. 18. Ne 2 (60). C. 33-45.

2. Hlunkesuy E.B., Poom JI.O., Hnvun A.Il. TlonyyeHrne HUTPUIOB TUTAHA, LUPKOHUS U
radHUS TPH TOPEHUH B BO3AyXE HAHOIOPOIIKA aJIOMHHUS B CMECSX ¢ auokcuaamu // U3B.
Tomckoro nonurexunueckoro yuusepcurera. 2013. T. 323. Ne 3. C. 60-65.

SYNTHESIS AND INVESTIGATION OF NITRIDE-BASED
COATINGS ON TITANIUM SUBSTRATES

A.A. Kozulin, E.V. Dalinger, S.A. Kinelovskii
'"Tomckuii State University, Tomsk, Russia “UucturyT hydrodynamics im. M.A. Lavrentieva
WITH WOUNDS, Novosibirsk, Russia
kozulyn@ftf.tsu.ru

The Purpose persisting work was a study of the particularities ¢popmupona-
thread nitrid covering from mixtures of the different salts, containing light
chemical elements, on titanium substrate with use high-energy cumulative syn-
theses.
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®N3NKO-MEXAHUYECKHUE CBOMCTBA
YJIbTPAMEJIKO3EPHUCTOI'O AJIIOMUHUM-MATHUEBOT' O
CILUTABA, MIOJTYYEHHOI'O MHTEHCHUBHOM IVIACTUYECKOH
JTE®OPMAIIUEN

B.A. KpacHogeiikun, A.A. Ko3yaun, B.A. Ckpunusk, E.H. MockBu4eB
HanmoHanbHBIN HCClIe10BATEIILCKUN
Tomcknii rocy1apCTBEHHBIN YHUBEpCUTET, Tomck, Poccus
kozulyn@ftf.tsu.ru

[IpencraBiiensl pe3ysbTaThl UCCIENOBAHUS BJIMSHUS MHTEHCHUBHOWN IIacTH-
yeckoil nedpopmanuu (ML), peann3zoBaHHOM MO cCXxeMe OPTOrOHAIBHOTO pPaB-
HOKaHajbHOTO yrioBoro mnpeccoBanusi (PKVYII) no mapupyty B¢ npu noBbl-
HIEHHBIX TEMIEepaTypax, Ha CTPYKTYpy U (PU3UKO-MEXaHUYECKUE CBOMCTBA JIeT-
KOr0 KOHCTPYKILIMOHHOTO JIFOMHUHMI-MaraueBoro crasa 1560. 3menenue ero
(bU3HKO-MEXaHUYECKUX CBOMCTB BCIEACTBUE MOAU(UKAIIMN BHYTPEHHEN CTPYK-
TYpBbI SBJISIETCS] HAIIPABJICHUEM JIJISl MOBBIICHUS 3()PEKTUBHOCTH MEXAaHU3MOB B
aBUALIMOHHOM, aBTOMOOMIIBHON U KOCMUYECKON TTPOMBIIIIEHHOCTH.

XUMHAYECKUMN AIIEMEHTHBIM U PEHTIEHOCTPYKTYPHBIM aHAIN3 MaTepruaia 1o-
Ka3aJiy, 4To B mpoliecce 00paboTKU B HEM HE MPOUCXOIUT XUMUYECKUX PeaKuil
1 ($a30BbIX MPEBpAICHUH.

HccnenoBanust CTPYKTYpbl M TEKCTYPhl MaTepHalia MPOBOAMINA C MCIOJIb30-
BaHHWEM aHaJu3a KapTUH AU(PPaKUUU OTPAXKEHHBIX AEKTpOHOB. CTpyKTypa uc-
XOJIHOTO KPYIMHOKPHUCTAIIMYECKOro criaBa 1560 mpencraBieHa OMMOAaIbHBIM
pacrpeneneHueM pa3MepoB 3e€peH B nuanazone ot 2 10 400 MkM, pu cpeilHEM
pa3Mmepe 3epHa 50 mxm. Ilocne 4 npoxonoB PKVYII npu ontumanbHOM pexume,
B 00beMe oOpasiia popmupyetcs Oosee ongHopoaHas Y M3-cTpykTypa co cpea-
HUM pa3MepoM 3epHa 3 MKM. [Ipu 00paboTke npsAMbIX HOJIOCHBIX (GUTYP BUJTHO,
YTO B COCTOSIHUM MOCTAaBKU HAOJIOIAETCS CUMMETPUYHAsI KyOu4ecKkas TeKCTypa
Cc paccesaHueM BnoJib Y, kotopas B pesyibtare PKVYII cmensercsa Tekctypoit
{110} <001>, cummerpuuyHOil oTHOcuTenbHO X. IlepneHauKylIsspHOE UM Ha-
IPaBJIEHUE B HCXOJHOM COCTOSSHUM HMEET OTUETJIMBYIO KyOMYECKYI0 COCTaB-
JISTIOIIY 10, KOTOpas Mmocjie 00padOoTKU pa3MbIBACTCA.

Bennunna mukpotBepaoctu nocie 4 npoxonoB PKVYII ysennunnace B cpen-
HeM Ha 50 % Bo BceM 00beMe 0OpasloB MPHU WCXOAHOW HE MPEBBIMIAIOIICH
1000 MlITa.

HcnpiTanns Ha OAHOOCHOE PACTSDKEHHE TUIOCKMX 00pasloB MPH CKOPOCTH
nepopmaruu 0.001 1/c mokazanu, uro mocne 4 npoxonoB PKVYII yBenmuunmncs
yCIoBHBIN mipenen texkyuyectu ¢ 150 no 270 MIla u npenen npounoctu ¢ 320 10
460 Mlla. 3nauenue mnpenenabHON nedopmanuu A0 pa3pylIEHUs HPU STOM
yMmenbaercs ¢ 0.25 no 0.16.

Takum o6pazom, ripu o6padotke UITJI nccnenyemoro cruiara 1560 mo cxeme
PKVII yxe nocne 4derblpex NpOXO0J0B MPOUCXOAUT 3HAYUTEIbHOE M3MEHEHHE
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X PU3NKO-MEXaHUYECKUX CBOMCTB B PE3yJIbTaTE YMEHBIIECHUS CPEAHUX pa3Me-
POB 3€peH BO BceM 00beMe 00pasioB. DPQPEKT MOBBIIICHUS TPOYHOCTHBIX Xa-
PAKTEPUCTHUK MOCiIe 00padOTKM MHTEHCUBHOM IUIacTHUECKOW Aedopmariueil xa-
paKkTepeH ISl AIFOMUHHMEBBIX CIUIaBOB [1], 0OpaboTaHHBIX MO Pa3IMYHBIM Me-
togukam MIIJI.

Pabota BeimosniHeHa nipu (puHaHCOBOW mojaiepxkke rpanta [lpesunenta Poc-
cuiickont denepanun MK-5914.2016.1.

Jlureparypa
1. Mocksuues E.H., Cxpunusx B.A., Jleiuaeun /[.B., Kozynun A.A. ®opMUpOBaHUE TEK-
cTyp cruiaBa 1560 mpu MHTEHCHBHOM Tutactuyeckoi nedopmammu // BectH. Tam0. yH-Ta.
Cep.: EcTecTBennbie u Texunueckue Hayku. 2016. T. 21. Ne 3. C. 1180-1183.

PHYSICO-MECHANICAL PROPERTIES OF ULTRAFINE-GRAINED
Al-Mg-BASED ALLOY PRODUCED BY SEVERE PLASTIC
DEFORMATION

A.A. Kozulin, V.A. Krasnoveikin, V.A Skripniak, E.N. Moskvichev
Tomckwuii State University, Tomsk, Russia
volodia74ms@yandex.ru

The Presented results of the study of the influence intensive layers-ueckoii to
deformation (IPD), marketed optroronansHoro on scheme army-HoKaHaJIbHOTO
of the angular pressing (RKUP) on route Vc under nossi-sewn temperature, on
structure and physico-mechanical characteristic ser-who KOHCTPYKIIMOHHOTO
aluminum-magnesium alloy 1560. Change his(its) physico-mechanical charac-
teristic in consequence of modification internal ctpyk-aurochses is a direction
for increasing of efficiency mechanism in aircraft, car and cosmic industry.
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Cexuug 6
MATEMATUKA, PU3UKA U HHOPOPMATHUKA
JJI HHKOJIBHUKOB (IHKOJIBHAS CEKLIHAS)

Session 6
ASPECTS OF THEORETICAL MATHEMATICS

PA3OI'PEB COEPUYECKUX HAHOYACTHUL AJIIOMUHUA
B BAKYYME KOPOTKMUMUW UMITYJIbCAMHM OCHOBHOM
I'APMOHHUKHU HEOJIUMOBOI'O JIABEPA

I'.A. Kanencknii
INopoackoit Knaccuueckuit JIuneit; Poccuiickas ®enepanus,
650000, r. KemepoBo, yi. Muuypuna, 19.
Kalenskii ga@gkl-kemerovo.ru

B pabote paccmoTpeHa 3a7jaua HarpeBaHusi HAHOYACTUI] ATFOMUHUS B BaKyy-
M€ B I0OJI€ JIEUCTBUSA KOPOTKUX JIA3€PHBIX MMIYJIbCOB. JIJIsl TOCTMXKEHHUS IO-
CTaBJICHHOM LIEJIM UCIIOIb30BAIMCH JBA MOIX0Aa — KJIACCHUUYECKUI U MOJIEPHH30-
BaHHAas MOJEJb IopsAde TOUKU. B pamkax moxened pacCUMTaHbl MAaKCUMAJIb-
HbIE TEMIIEpaTypbl pa30rpeBa HAaHOYACTHI] IIPU JECHCTBUH OCHOBHOW I'apMOHU-
KOH Jazepa Ha UTTpUM-aIOMHHHEBOM TpaHaTe (A=1064 HM) ¢ IIIUTEIBHOCTHIO
UMIIyJibca Ha moxyBbicoTe 12 He. [l u3ydeHus BbIOpaHbl HAHOYACTHUIIBI AJTIO-
MuHuA ¢ paauycamu ot 10 1o 200 Hm. [lokazano, 4To B ciaydae yuera Kodpdu-
ueHTa 3((OEKTUBHOCTH TOIJIOMICHNS HA 3aBUCMMOCTH TEMIIEpAaTyphl HAarpeBa
OT paJlyca HaHOYACTHIIbl HAOJII0IaeTCsd MAaKCUMYM, pa3periasi TeM CaMbIM «Ila-
PaZOKC MaJlbIX YacTHUI. ABTOp BBIpaXaeT 01arogapHOCTh HAYYHOMY PYKOBO-
auremo yunteno ['KJI r. KemepoBo M.B. bassH u xoncynbranty A.Il. Huku-
TUHY.

HEATING OF A SPHERICAL ALUMINUM NANOPARTICLES
IN VACUUM WITH SHORT PULSES OF THE MAIN HARMONIC
OF a Nd;+:YAG-laser

G.A. Kalenskii
Urban Classic Lyceum; Russian Federation,
650000, Kemerovo, ul. Michurina 19
Kalenskii ga@gkl-kemerovo.ru

In the work the problem of heating of aluminum nanoparticles in vacuum in
the field of action of short laser pulses was considered. To achieve this aim we
have used two approaches — classic and modernized model of the hot-spot. In
the model, the maximum temperature of heating of the nanoparticles under the
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action of the main harmonic of a Nd3+:YAG- laser (A=1064 nm) with pulse du-
ration ti=12 ns. We selected radii of the nanoparticles 10-200 nm. It is shown
that in the case of the absorption efficiency coefficient on the dependence of
heating temperature of the radius of nanoparticles is observed maximum, thus
eliminate "the paradox of small particles".

JABOPATOPHBIA IPAKTUKYM JJIs1 UHX)KEHEPOB
O CIIEOUAJIBHOCTHU «PAANOIJIEKTPOHHBIE CUCTEMbI
N KOMIIVIEKCbBI» B PAMKAX KOHHEINIWHU CDIO

E.C. CequBepcToBa
HanmonaneHbli ncciienoBarenbCkuil TOMCKUM TOCY 1apCTBEHHBIN YHUBEPCUTET;
Poccuiickas @enepanust, 634050, r. Tomck, mip. Jlenuna, 36
laxisedi@mail.ru

B cBs3u ¢ nepexosoM Ha HOBYIO MHHOBAI[MOHHYIO MOJIENIb PHIHOYHOM 3KO-
HOMMKHU paboTojaTeNn NPeIbsBISAIOT Bce Oosiee BICOKME TpeOOBaHMS K Kade-
CTBY MOJTrOTOBKH MpodeccuOoHaNbHbIX KaapoB. CoBpeMeHHblE 00pa3oBaTelb-
HbIE€ CTaHJAapThl B CBOIO OYepeb TPeOYIOT OT BY30B M IIPENOAaBaTENCH CTPOUTh
y4eOHbIE€ IPOrpaMMBbl Ha OCHOBE Pa3BUTHUs HEOOXOIUMBIX KOMIIETEHLUN Yy CTY-
neHToB. HeobxonnMocTh pa3paOOTKM HOBBIX METOJUK B Ipoliecce O0yueHUus
OyAyLIMX UHKEHEPOB CBsI3aHa C TEM, UTO TEXHUYECKOE 00pa30BaHUE UMEET Psif
CYILLIECTBEHHBIX OTJIMYMM 0T OakanaBpuaTa. B yactHocTH ynop B oOpa3oBaTtesb-
HBIX IIporpaMMax JiejaeTcs Ha MPakTUYecKyto yacTh 00yuyenus. [lo MHeHMIO aB-
TOpa, OJIHOM M3 TaKUX COBPEMEHHBIX 00pa30BaTEIbHBIX METOUK SIBISIETCS KOH-
nenmus CDIO (Conceive, Design, Implement, Operate), pazpadorannas 8 MIT
C YYaCTHEM YUYEHBIX, MPEICTABUTEIECH MPOMBINUIEHHOCTH, WUHKEHEPOB U CTY-
neHToB koHna 90-x rr. HecmoTpst Ha TO, 4YTO ¢ MOMEHTa €€ pa3paboTKU MPOILIO
OoJbIIEe IBYX JECATHIIETUN, CETOJHS OHA SIBJISIETCS KaK HUKOTJIA aKTyalbHOU U
HEO0OXOUMOM.

LABORATORY PRACTICAL WORK FOR ENGINEERS
IN "RADIO-ELECTRONIC SYSTEMS AND COMPLEXES" WITHIN
THE CONCEPT OF CDIO

E.S. Seliverstova

National Research Tomsk State University;
The Russian Federation, 634050, Tomsk, Lenina ave., 36
laxisedi@mail.ru

Now, in connection with transition to new innovative model of market econ-
omy employers place more and more quality requirements of preparation of a
professional personnel. Modern educational standards, in turn, demand from
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higher education institutions and teachers in particular, to build training pro-
grams on the basis of development of necessary competences in students. Need
of development of new techniques for training process of future engineers is
connected with the fact that a number of essential differences from a bachelor
degree has technical education. In particular, emphasis in educational programs
is placed on a practical part of training. According to the author, one of such
modern educational techniques is the concept of CDIO (Conceive, Design, Im-
plement, Operate) developed in MIT with participation of scientists, representa-
tives of the industry, engineers and students in the late nineties. In spite of the
fact that from the moment of its development there passed more than two dec-
ades, today, it is very urgent and necessary.

YTO TAKOE ATOM?

HLIL Iletpos
MAOY 3aozepnas COLI Nel6 r. Tomck,
Poccwuiickas dpeneparus, 634009, mep. Cyxoo3epHslii 6
neket petrov@mail.ru

Kopotko 06 aTome, Marepuai, uaeaibHO MOAXOIAIINN 11 OOBSICHEHUS Jie-
TSAM.

WHAT IS AN ATOM?

N.P. Petrov
MAOU Zaozernaya SOSH Nel6 g. Tomsk, Rossiyskaya federatsiya,634009,
per. Sukhoozernyy 6
neket petrov@mail.ru

Short and sweet about the atom. material is ideal to explain to children.

OIEHKA IIOTEPbH TEIUIA PA3JIMYHBIMMU KUJIBIMH
IHOMEIIEHUAMH

C.A. Kypmanos, A. BaceeB
MAOY COI Ne23, 634021, r. Tomck, Jlebenesa, 94
tlb@mail2000.ru

B Hacrosiiee BpeMsi 04eHb akTyallbHa MPo0OJIeMa SHEPTOCOEPEKEHUS C TOUKU
3peHUsl COXPAaHEHHUs MPUPOJHBIX PECYpPCOB M HAHECEHUS YPOHA OKPYKArOIIEH
cpene npu padboTe IEKTPOCTAHIINI, KOTOPbIE SIBISIIOTCS UCTOYHUKAMH SHEPTUH
B TOpOJIax.

126



Hamu npoBenena orieHka noTeph Terjia BBIOPAHHBIM KUPIUYHBIM 3/1aHUEM 32
CYET TEIIONPOBOJHOCTH CTEH.

[ToToK 3HEpPruM M3HYTPHU HAPYXKy MPOMOPLHUOHATIEH PA3HOCTH TEMIIEpaTyp
BHYTPEHHEI'0 IOMELICHUs U OKpYKarollen cpenbl. [IepBblli IpaKTUYECKUN BBbI-
BOJ U3 MPOJIEJIaHHOW pabOThl COCTOUT B TOM, YTO JUIsl YMEHbBIIECHUS TEIJIOBBIX
MOTEPh MOYTHU HA TPETh, MOKHO CHU3UTH TEMIIEPATYPY B KOMHATE B AUAIA30HE
caHUTapHBIX HOpM. OOpaTUMCS K APYTOMY TEIUIOU30JISTOPY — CHETY

N3 cHera ceBepHbIE JIIOAW CTPOWIM LEbIE MOCENKH. byaeM cuurtaTh, 4TO
€AMHCTBEHHBIM MCTOYHUKOM Teruia B Urny sBusiercs denoBek. B crokoiiHOM
COCTOSTHUM OH BBIJICIISICT TeruioBoi 3Heprum okosio 100 JIx/c, T.e. ero mori-
HoCcTh puMmepHo 100 Brt. Haiinem npuGian3utensHO TONMIIMHY CTEH WIJY, pac-
CUMTAHHOIO Ha Tpex 4YesoBek. llycTh Temmeparypa OKpy»Karollero Bo3ayxa -
300 °C, temmepatypa B uriy — 0°C. Temnonepenadeii yepes o npeHeopexem,
CUMTasl, YTO OH 3aCTEJICH, HAPUMEpP, TEIIOM30JIUPYIOUIMMHU IIKypaMu KUBOT-
HbIX. Pa3zmepsl urity Bo3bMeM HeOouiblle (KWIHIIE CIY>KUT BPEMEHHBIM IPU-
CTaHMIIIEM).

ITycts R=1,5 M. Takyto Uriy mMbl CTPOWIJIM C HAILIUM TYPUCTUYECKUM KITyOOM
HA COPEBHOBAHMSIX TOPOJICKUX COPEBHOBAHUSX.

Haubonee u3BecTHa cnupanpHas uriy. [LmuTel mepBoro psga pasMepom
60x40%20 cM ycranasiuBarotTcs no yriom 20-25 °C. Tocneayromue HeCKOIb-
KO MEHbIIIEe M0 (opMe — TparelUeBUAHbIC — YKIIAbIBAIOTCA C YBEIMUYEHUEM Ha-
KJIOHA Ha BUTOK npumepHo Ha 5—10 rpagycoB. Hale:KHOCTh KOHCTPYKIIMU UTITY
nocturaercs cepuueckon Gopmoit, ykiagkon miuT no cnmpanu. Urmy — cro-
IPOLEHTHAsI YKOHOMHUS HEBO30OHOBIISIEMbIX UCTOYHUKOB 3HEpruu. OHaKo, KTO
3axoTes1 Obl BCIO )KU3Hb MPOXKUTh B TAKOM >KUJIHUILE?

Jlureparypa
1. Kyxaune X. CnpaBouHuK 1o ¢usuke: nep. ¢ Hem. M.: Mup, 1982.
2. Asopckuii 5.M., /lemnag A.A. CnpaBounuk no ¢pusuke. M.: Hayka, 1985.

ASSESSMENT OF HEAT LOSS DIFFERENT PREMISES

S.A. Kurmanov, A. Vaseyev
MAOU SOSH Ne23, 634021, g. Tomsk, Lebedeva, 94

tlb@mail2000.ru

The work we evaluated the heat loss selected brick building walls by conduc-
tion. The practical conclusion of the work done: to reduce heat loss by almost a
third, you can only reduce the room temperature in the range of sanitary norms.
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BJIMSTHUE MATHUTHBIX ITOJIEA HA OPTAHU3M YEJIOBEKA

M.B. A¢anacees, B.C. I'naasimen
MAOY COIII nomep 16; Poccuiickas @enepauns, r. Tomck, nep.Cyxoo3€pHbIii, 6
maks81276(@mail.ru

[IpoexT MOCBAMIEH U3YYEHUIO BJIUSHUSA COJHEYHOM M T'€OMAarHUTHOW aKTHB-
HOCTH Ha OPTaHM3M 4YeJIOBEKa. ACHEKTOM 3TOW paboOThl SBIAETCS dKCIEPUMEH-
TAJIbHOE MCCJIECIOBAHUE U YCTAHOBJICHHUE CBSI3U MEXKAY HAIPSIKEHHOCTBIO I'eo-
MarHUTHOTO TIOJIE U YMCTBEHHBIM, (PU3NYECKUM COCTOSIHUEM ywamuxcs. B pa-
00Te BBIIBUTaETCS TMIIOTE3a O HAJIIMYUU MEepUoja Hambojee HU3KUX IOKa3aTe-
Jeil o 1ByM OuopuTMam 4enoBeka ((pu3ndeckoMy M MHTEIIEKTyaIbHOMY), T.€.
00 yxyameHun o01ero cocTosiHus B HeOnmaronpusitHeie nuu. Llens nccnegona-
HUSl 3aKJIFOYAeTCs B JOKA3aTeJIbCTBE BO3MOYKHOCTH MOBBIIICHHS KayecTBa 3Ha-
HUW W CHIDKEHHMS Harpy3kd Ha YYEHUKOB 4Yepe3 IUIaHUPOBaHUE YueOHO-
BOCITUTATEIHHOTO TPOIlecca ¢ Y4ETOM T€OMarHUTHOTO (oHA. DKCIIEPUMEHTATb-
HBIC METOJAbl 3aKOHOMEPHO NMPUBOIAT K MOITBEPKIACHUIO BBIIBUHYTOW THIOTE-
3bl U uesu. [IpoekT ma€t pekoMeHaauuu Mo MCIOJIb30BAHUIO TTOJTYYEHHBIX pe-
3yJbTaTOB B chepe 0Opa3oBaHUs.

INFLUENCE OF MAGNETIC FIELDS ON THE HUMAN BODY

M.V. Afanas'yev, V.S Gladyshev
MAOU SOSH nomer 16; Rossiyskaya Federatsiya, g. Tomsk, per.Sukhoozornyy , 6
maks81276(@mail.ru

The project is devoted to studying of influence of solar and geomagnetic ac-
tivity on the human body. Aspect of this work is experimental study and the re-
lation between the intensity of the geomagnetic field and the mental, the physi-
cal condition of their students. In work the hypothesis about the presence of the
period of the lowest rates on 2 human biorhythms( Physical, Intellectual), ie, the
deterioration of the General condition in the unfavorable days. the purpose of
the study is to prove the possibility of improving the quality of knowledge and
reduce the burden on students through the planning of the educational process
taking into account the geomagnetic background. Experimental methods natu-
rally lead to the confirmation of the hypotheses and the goal. The project gives
recommendations for the use of the results obtained in the field of education.
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ABJIEHUE ®OTOIPDPEKTA U EI'O IIPUMEHEHUE
B COBPEMEHHOM MUPE

A.U. Koxopuna
MAOY 3ao3zepuas COL 16; Poccuiickas ®eneparusi,
634009, r. Tomck, nep.Cyxoo3epHblid, 6
Kokorina aleksa@mail.ru

B nmanHoM poxmane copepiarcsi cBeleHUs O siBieHuu (poroddderra (CyTh
dororddekra, BHyTpeHHHH U BHemHHA (poTodaddext, poTtoaddext ¢ Touku
3peHHs] KBAHTOBOW (PU3UKM), HCTOpUH HccaenoBaHus GoTodpdexra (OTKpHITHE
asnenust poroaddexra, nccnenoranue Croaerosa, onbITe Jlenapnaa, Puaapaco-
Ha U JIp.), a Takxke o npuMeHeHun GotodPdexra B coBpeMeHHOM Mupe ((hoto-
3JIEMEHT, (POTOPEZUCTOP).

PHOTOELECTRIC EFFECT AND THE USE OF THE
PHOTOELECTRIC EFFECT IN THE MODERN WORLD
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Author: Alexandra Kokorina. The report contained information on the phe-
nomenon of the photoelectric effect (the essence of the photoelectric effect, in-
ternal and external photoelectric effect, photoelectric effect in terms of quantum
physics), the history of the study of the photoelectric effect (the discovery of the
photoelectric effect, the study Stoletov, experiments Lenard, Richardson et al.),
As well as the use of the photoelectric effect in the modern world (photocell,
LDR).

129



A

Asnn A.B. 66

AnekcanapoBa A.I'. 82, 83, 84
Ammes B.JI. 64, 118
AmnanpeBa M.B. 19, 20, 21
Acrtaanna M.C. 103
AdanacreB M.B. 128

b

baowuya JI.C. 100
banpminkosa M.A. 92
bacamaes C.A. 95
barypun A.IL 81
bapannukosa C.A. 57
baypun H.O. 99
bepavbibaesa I11.T. 57
becconora M.II. 45
baunkosa E.B. 72, 90, 110
bopnosuneina T.B. 7
bomensitoB b.B. 105
boukapeBa A.B. 57
bpennaxos P.B. 96
Bbysumos A.1O. 51
bykarteiit B.1. 104
byu K.E. 34

byskos A.C. 50
Bbysaxosa C.II. 53
brixosa JILE. 85

B

BaceeB A. 126

Bacekuna A.D. 43

Bonkos C.A. 49

Bononuenkos C.HM. 16
Bopoxmos C.A. 111, 113, 114, 115

r

I'aBpunos /1.1O. 40
l'azenayp H.B. 19, 20, 21
Tl'ankuna E.B. 18, 19, 21
lanymmna T.1YO. 74, 76, 84
I'mpacmos B.1O. 36
I'muésa H.M. 108, 109
I'magemmes B.C. 128
lNonyGsTHuKOB B.B. 68
['opbenko T.11.49

130

HNmenHoi yka3aTeib

I'poxoBckas A.A. 97
I'yo ITsn 78, 80
I'yceB A.1O. 61
I'yces B.C. 27
I'ycekoB A.B. 26, 108

A

Hamunarep E.B. 64, 117, 120
Henora E.C. 65

Hunenko M.B. 56
Juenposckuiit M.C. 50
HommatoB A.C. 26
HynbueB A.U. 55

Hemvana E.M. 58

JpsaxoB E.A. 108, 109

X

Kunenos K.H 105
KyxoB A.A. 66

3

3BekoB A.A. 20
3esromuackuii S.C. 108
3emirsik B.JI. 97, 99
Sumoraanosa O.A. 17
3yes JL.b. 57

3pikoBa A.M. 76, 81

n

HNsamkun B.B. 78, 80
WBamenko I'.0. 18
Hnaros K.U. 99

K

Kanenckuii I'.A. 124

Kammpun M.B. 77

Ksermuckas A.B. 111, 113,114, 115
Kumzepckuii B.B. 91

Kunenosckuii C.A. 62, 120
Kupromkun A.E. 42

Kozymun A.A. 59, 62, 117, 120, 122
Kokopuna A.H. 129

Kononos JI.C. 36

Kopones C.U. 81



Kpacnoseiikun B.A. 59, 117,122
Kpaitnos A.1O. 107

Kperos 10.JI. 53

Kyapsmosa O.b. 114, 115
Ky3smun A.K. 92

Kyzpmunbsix M.C. 93

Kynskos C.H. 50, 51

Kynskos C.C. 62, 118
Kypmanos C.A. 126

JI

Jlanmmuna N.JI. 53
JleBkuna IT.A. 88
Jletnep O.H. 74
JIu FO.B. 57
JlyneB A.I'. 57
JIrobymkun A. 71
Jlsmko AT, 47

M

MaiimrokoB JI.A. 41
Maiinaramena A.A. 89
Makcumos I1.B. 100
Macnos E.A. 15
Mepxuesckuii JI.A. 17
Muxkymuna B.A. 63
Munescknii K.E. 108
Munskos JI.JI. 42
Muxaitneako C.A. 28
Muxaiinnaenxo FO.I1. 11
Mowuceenko .M. 100
MomuceeBa K.M. 107
Mocksutnna I1.1. 67

Mocksuues E.H. 59, 122
Myxun JI.H. 9

H

Hapumanos P.K. 41
Hapuxosuu A.C. 64, 118
Hexmonora E.A. 55
Huranosa E.H. 85
Huxutuna A Il 22, 23, 25

O

Opnos M.IO. 13, 27
Opnos C.C. 31
Opnosa ML.II. 49
Opiosa 10.H. 29

Ocramnenko P.O. 50

II

ITankun P.B. 38
ITanun B.E. 100
ITaruu C.B. 100
ITaxomosa E.B. 87
ITerpos H.IIL. 126
TTonsaxos A. 71
ITonomapes C.A. 66
[Tonomapes C.B. 66
IToxabosa M.A. 34

P
Paguenxo K.A. 18
Pocaskos C.H. 102

C

CabenneB P.B. 76
CambapoB I'.E. 73
CamopokoBa H.M. 76, 81
Cesepuna H.C. 36
CeménoBa A A. 39
CepbOenta B.A. 44
Cenusepcrosa E.C. 125
Cupnopenxko FO.H. 63
Cunopos A.Jl. 76, 81
Cunsies C.B. 16

Cmomua W.IO. 63
Cxpunnsik B.A. 43, 44, 59, 122
Cruxuo K.A. 80
Crocuna O.M. 73

T

Tomunora U.B. 77, 83
Typeiruna 1.A. 46
Tyronmun U.E. 50

(]

®enopos A.1O. 43
@orens A. 71
®ponos A.C. 35

X

Xansunaa H.O. 65
XomnmeBHukos K.B. 84



Xpycranés AIL 111, 113, 114, 115

B |
Yysamos N.H. 82, 88, 91, 92

11

ITanosanosa K.B. 70, 88
IlIe B.P. 65

[epemer M.A. 28, 103
IlImenés B.A. 32

132

[Mreiin6pexep O.A. 37

9
Oxkepar K.1O. 104

A

SIxosnesa IO.I1. 26
Saunkud 10.B. 32
SumH O.B. 60



COOAEPXAHMUE
TIPEIHCIIOBHIE ....ceiuiiiieeeiiiiiee ettt ettt e ettt e ettt e e st e e s ettt e e e s st teeesnbbeeesennteeeesnnnseeeas 5

IliieHapHbIe NOKIAABI

bopoosuyvina T.B. AkryanbHble TPOOIEMbI TUHAMHUKH OKOJIO3EMHBIX

KOCMHUUECKIX OOBEKTOB ....eeuteeuteentienuteetteauseanseeateesseeasseassteanseesaseanseesseesseessseenseesssesseesnneenne 7
Myxun JI.H. BO3MOXHOCTH TPYAOYCTPONCTBA BBIITYCKHUKOB BY30B
(U3UKO-MATEMATHICCKUX HATTPABICHUH TIOJITOTOBKH .....vveeeuvveeeerreenrreesseeesseeensseesssseeensseenns 9
Muxaiinuuenko FO.I1. ®u3nyueckue sIBJICHUS C TO3ULUNA CAMOOPTAHUBALMH  .......ccvveeennrennnne. 11
Opnos M.FO. MoOunbHast 1abopaTopus «B3phIBHOE pa3pyllIeHHE

NPUPOAHBIX MAaTEPHAIIOBY». UTOTH MATUIETHEH paOOThI. MEPCIEKTUBBI PA3BUTHUAL. ................ 13
Macnog E.A. DkCTIepUMEHTAILHOE UCCIICIOBAHNE CBEPX3BYKOBOTO OOTEKAHUS TEJI OCECHUM-
METPHUHOM (DOPMBL........eeeuiieeieeteeneieeteeniteeteenteeeseessaeeseessseenseessaeesseesssesnseessseenseesssesnseessseenns 15

Cexuus 1. B3pbiBHBIC, 1eTOHAIIMOHHBbIE MPOLECCH] U CBOMCTBA BellleCTBa
NPHU BHICOKOIHEPTreTUYECKUX BO31eHCTBUAX

Cunsee C.B., Bonoouenxog C.H. IMITyJIbCHBIN HAarpeB Cpeiibl aHCaMOIIMU
HOJIBIX LIMHAPUYECKUX MPOBOJHUKOB, MHTYKIIMOHHO HAarpeBaeMbIX

MATHUTHBIM TTOJIEM COJTEHOMIA e..uvveeennreeruereesireesuseeesseeesseeeensseesnsseesasseesssseesseeesseesssseessseenns 16
3umoenaoosa O. A., Mepocuesckuii JI.A. MoaenupoBaHHue AETOHALUH 3aps0B

BB MAJTOTO JIHAMETPA. ... eeeeeeiiiieeeeiiieeeeitieeeeeiteeeeesitteeessateeeessnsaeeessnsseeseasseeessnnsseeessnssseesanns 17
Heawenko I'.3., Paouenko K.A., ['ankuna E.B. CencuOunusanus nNpecCoBaHHBIX

Ta0JIETOK PETN HAHOYACTHLIAMY METAIIITIOB «....eeeeeeeeeneeeeeeeeeeeeeeeaeeeeeeeeeeeeenaaaeeeeeeenennnnaaaeeees 18
l'asenayp H.B., Ananveea M.B., I'arkuna E.B. CoBpeMEHHBII BapUaHT MOJENH

TEIJIOBOTO B3PbIBA B MUKPOOUATOBOM BAPHAHTE ..eeeeuevvreeeennrrreeesnrreeeesinreeessnsseeessnssseeessnseeens 19

l'asenayp H.B., Ananveea M.B., 36ex06 A.A. DxciepUMEHTaIbHbIE KPUTEPUU

peanu3aiuy LermHOro U TeIIOBOTO B3phIBa SHEPreTUUECKMX MaTEpHUaJIOB

HUMITYJICHBIM JIA3EPHBIM HUBITYUCHIEM. ... uuveernereennrreenueeensseeennseesnsseesssseesssseesnseesssseesssseessseesns 20
T'azenayp H.B., Ananvesa M.B., I'ankuna E.B. Pe3oHaHCHOE MOTJIOIICHUE

HAHOYACTHI MaJUIaus B MPO3PAYHbIX MATPULIAX C PA3THUYHBIMH

TTOKA3ATEIISIMU TIPETIOMIIEHUS «..eeeenevreeeesnnreeeeanureeeessnnsseeessnseeesssssseeesssssseesssssseessssssseeessnsseesanns 21
Huxumun A.1l1. TemnepaTypHbl€ 3aBUCUMOCTH ONITUYECKUX CBOWCTB HAHOYACTHI] 30J10Ta..22
Huxumun A.11. Kputrueckue mapameTpbl MUKPOOYAroBO MOJIENN

P PASTUYHBIX JITUTEITBHOCTAX UMITYIIBCRA c..vvveenrreernereesureeenuseeensseesssreesssseesseesssseesssseessnseesns 23
Huxumun A.11. MukpoodaroBasi MOJI€b TEILIOBOTO B3pPbIBA C YUETOM
MHOTOKPATHOT'O PACCESHHUS CBETA «..eeuvveeeuureeentreenntreesseeesseeensseeansseesssseesssseesnseesssseesssseesnseesns 25

I'ycokos A.B., Jlonmamos A.C., Munesckuu K.E., Axoenesa KO.I1. Mexannueckue
CBOWCTBA cTaIM rafuiIbJa Mocie HU3KOCKOPOCTHBIX METO/I0B 00pabOTKH

T OOPAOOTKOM BIPBIBOM .....veeeeuveeeureeesuseeesseessseessseesssssesssesesssssessssesssseesssseesssssssssssssssesssssessns 26
Opnos M .IO., I'yces b.C. YCcTpoiCTBO [Jisi OAPHIBA JIEASTHOTO MTOKPOBA

BAMYJIBCHOHHBIM BB L..oiiiiiiiii et 27
Muxaiinenxo C.A., Lllepemem M.A. HecTanmoHapHbIE peXUMBbI CMEIIAHHON

KOHBEKIIMU B 3aMKHYTOU nuddepeHInaibsHo 000rpeBaeMoi BpaIIaroIIeicst OJIOCTH ....... 28



Opnosa FO.H. Harpyxenus npna. Yacts 3. B3psiB aMysibcHOHHBIX 3apsioB BB
(F10 KT THT) ettt ettt e e e e et e e e taeesataeesabeeesabaeessseeessseeensseeensseeans 29

Cexkuus 2. YucjeHHbIe METO/Ibl, AITOPUTMbI, IPOTPAMMBbI U TOYHbIE peleHHs
3a/1a4 MeXaHMKHU CIUIOUIHBIX Cpej

Opnog C.C. Unterpo-nuddepeHmanbHoe ypaBHEHHE MPOIOIBHBIX KOIeOaHUi

YIPYTOro CTEPKHS: Pa3peIIMMOCTh Ha4aJIbHO-KPAEBBIX 33/1a4 U UX TOUYHBIC PELICHHUS ....... 31
AHnunxun FO.B., [lImenés B.A. MOHOTOHHBIN METOl YaCTHUI AJI PELICHUS

JIBYMEPHBIX Fa30/IMHAMUYECKUX 3a]1a4 ¢ YYETOM YIPYTOIIaCTUKHU

Y TOPEHUS B3PBIBUATBIX BEILIECTB ....ceuvveenteeeureeseesnseeseeenseesseeenseessseesseesssesseessseensessnsesnseesnseenne 32
byy K.E. YncneHHOE MOJIETMPOBAHUE TEUCHHSI B MEXKIIONIATOYHOM HEIOABUKHOM

KaHaJie HeHTPOOEKHOTO HACOCA JKPIL......ooiiiiiiiiiiii e 34
Iloxabosa M.A. UucnenHoe nccie10BaHUE NMPOLIECCOB PACIIPOCTPAHEHUS BOJIH

B OJTOUHBIX CPEIIAX .. ..veutreauteenereeuseasteanseenseeaaseasseeanseanseeenseessseanseessseenseessseenseessseenseasnsesnseesnseenne 35
@ponosg A.C. UncieHHOe MOACIIUPOBAHNE TEUCHUS BA3ZKOMN KUIKOCTH

CO CBOOOTHOM MOBEPXHOCTHI0 METOJIOM VOF ..ot 36
Tuoacnoe B.1O., Kononos /].C., Cesepuna H.C. MopaenupoBaHue 0THOMEPHOTO
CTaI[IOHAPHOT'O HEPABHOBECHOTO TEUEHUS B IBUTaTENE C AETOHAIIMIOHHON BOJTHOM ............ 30
UImeuinbpexep O.A. ANrOpUT™M ONTUMHU3ALUN AaHU30TPUIHBIX KOHCTPYKIUH O Macce

MIPU [IPOU3BOIEHOM YUCIIE HETMHEUHBIX OTPAHMUCHUM] ......veviieiieeiiieiieeiieniieeieesieeeiee e 37
Ilankun P.B. CpaBHUTENbHBIN 0030p TEXHOJIOTHM, alapaTHOTO U MPOTrPaMMHOI0
00eCTICYCHHS YCKOPEHUS BEIUMCTICHIM .....cvveeneieeiiieiieeiieniieeieesiteeteesieeeseesaseenseesnseenseesnneenne 38
Ceménosa A.A. llapannenbHas peaqu3anusi CIUIaiHOBON Pa3HOCTHOM CXEMBbI

MIPU PEIICHUH 33]]a41 TTEPEHOCA TIPUMECH B ATMOCHEPE ...vvenvieniieeiiieiieeiiesiieeieesieeeeeesieeenne 39
T'aspunos J[.FO. ABTomaTu3anus 00paOOTKH JaHHBIX (PU3UUECKUX UCCIECIOBAHUM ............. 40
Maiinokos /[ A., Hapumanos P.K. MonenupoBaHue 3JIEKTPOCTATUUECKOTO MOJIs

B OKPECTHOCTH CTBIKA HU30JIATOPA M DIECKTPOMA e uvvveennrreenrreennreeenureessnreesnsreesseesssseessseessseesns 41
Kuprowrxun A.E., Munvkoe JI.JI. HucieHHOE MOICIIMPOBAHUE 3a/1a4 BHYTPEHHEH
oammctuxu PJITT ¢ momoristo odpaTHOro MeTona Jlakca—Bermpodda .......cceeeveeerennnnne. 42
Bacvrkuna A.2. Kputepuii cXOQUMOCTH FT€HETHYECKOTO AITOPUTMA

B 33J1a4aX MUHUMH3AIUHN TOTUMOJATBHON DYHKITHF .....cc.vveenteeereenreennreeseennreeseessseenseesnseenne 43
@eoopos A.10., Ckpunusx B.A. UncieHHOE MOACIUPOBAHNE MEXaHUIECKOTO

NOBEJICHUS KEPAMUYECKIX HAHOKOMITIO3UTOB IIPU AUHAMHYECKOM HATPYKCHHH. ................. 43

Cepoenma B.A., Cxpunnuax B.A. MoaenupoBaHrie MEXaHUIECKOTO TTOBEICHHUS CIIJIABOB
Zr-Nb ¢ yyeToM pa3BuTHs JepOpMallii U MOBPEXKICHUH HA ME30CKOITMYECKOM U MUKPOCKO-

TIAUECCKUX YPOBHSIIX ..eeeeutrreeeeurrreessuseeeessssseeessnsseeessssssesssssssesessssseesssssseesssnsseessssssseeessnssseesanns 44
becconosa M.I1. ccnenoBanue GopMbl CBOOOTHOM MOBEPXHOCTH CTETICHHON

KAIKOCTU B IITTOCKOM TTOCTAHOBEKE ....eeeeeneeeeteeeeeeeeeeeeeeeeeeeeeaeeseeaanaeseeeaneeseeeanaeeerennaeeeennaaaaees 45
Typvieuna 1U.A. YucneHHOe MOJICIMPOBAHUE B3aMMOICHCTBHS YAAPHBIX BOJH C Je(OpMHU-
PYEMBIMH MHOTOCIIOMHBIMHA OPTOTPOITHBIMH TPETPATAMHU......eeeeenerreeennrreeeennrreesennneeeesssneeess 46
JIawko A./]. O6 ynydieHu# CXOJUMOCTHU PSIIOB B 337]a4€ O KOJICOAHMSIX

MPSAMOYTOJIBHON OPTOTPOITHOM TIPHBMBL....ceeeeuerrreeernerreeeeaereeeesnsneeeesssssseesssssseeessssseesssssseesanns 47

134



Cexkuus 3. Hcciie1oBaHus HOBBIX NEPCNEKTHBHBIX MATEPHAJIOB B PHJIOKEHUSIX
MEXaHUKH CIIOLIHBIX cpe/

Opnosa M.I1., I'opoenxo T.H., Bonkog C.A. JkciepuMEHTAILHOE UCCIIEI0BAHUE
BIIMSIHUSL TUCTIEPCHOCTH TOPOIIKOB AIFOMUHUS Ha OKUCIICHUE

U KHHETUYECKHUE XAPAKTEPHCTHKH . ......eeuveerenrrenteratenstenteententeensesasesseenseessesseensesnsesseenseensenseenses 49
bysaxos A.C., Kynvkos C.H. VI3ydeHue BIUSHUS COCTaBa Ha IPOYHOCTHHIC

XapaKTepUCTUKH MOPUCTOTO KOMIO3UTA ZrO2(MgO)-MgO .....c.ooviiiiiiiiiiiiiiiricceeee 50
Huenposckuii M.C., Tymoamun U.E., Ocmanenxo P.O. Kpusble nedopmanuu
MOHOKPUCTAIITIOB QITEFOMUHES «...vveutenteenteeutenteentesatesttenueessesseensesasesseenseestesseensesasesaeenseensenseenses 50
byzumos A.1O., Kynvkos C.H. VI3mMeHeHue PU3NKO-XUMHUICCKUX CBOHCTB

HOPUPOIHOTO LIEOJIUTA MTOCIE MEXAHUYECKON AKTHBALIH .....enverereneeenreenrenieeneeeneeneeenseeeenaeennes 51
byaxosa C.I1., Kpemos FO.JI. Bnusinue TepMOyJapHbIX Harpy>KeHUI Ha CBOWCTBa

KEPAMHUKHU AlpO3-IMEO ..ottt ettt et ettt e 53
Jlanuna U.JI. BeiHyXJI€HHOE U3ITy4YeHHE B TOHKHUX IJIEHKaX MPU (OTOBO3OYKICHUH ......... 53

Hynvnes A.U., Hexniooosa E.A. DxciepuMeHTaIbHO-pacyeTHas
OLIEHKa B3PBIBOCONPOTHBIIsIEMOCTH 00pa3ioB [IKM npu HEKOHTaKTHOM

TIOZIBOZTHOM B3PBIBE ...uuuvitieeeuitieeernuitteeeanitteeeauneeeesaamseeeesassseeeesamseeeessstaeeesssseeeesssnseeessnssseeeanns 55
Huoenxo M.B. Kortpons MomrHocTH n3nydeHus krel- u xecl-axkcunammne 6apsepHoro
pa3psAa METOJOM CKAUKA JABIICHH «...uvveeueeeeueeeeniteeaniteeeniteesieeestseesseeesseeessseessaseessnneessnsens 56
bepovibaesa 111.T. JITloMUHECUIEHTHBIN CEHCOP TSl OOHAPY>KEHUS HUTPOCOCIUHEHHUM ........ 57
Jlu FO.B., bapannuxosa C.A., boukapesa A.B., JIynee A.I'., 3yes JI.b. HeoqHOpOAHOCTH
MJTACTUYECKOTO TCUCHHS B OMMETAIUTAYCCKOM MATEPHAIIEC ..vvveeenereeenereeenereennrreenseeesseesnnseenns 57
Hvimnuy E.M. ®a3oBblit aHanu3 MOKpbITUS Ha ocHOoBe T1AIN MeToom

MPOCBEUUBAIOIICH JIIEKTPOHHON MUKPOCKOITHH. .. .vvvveeeeuerreeesurreeessnnseesssnneeeesnsseeessnsseessnns 58

Kpacnoseuxun B.A., Kozynun A.A., Ckpunusax B.A., Mockeuues E.H.
DU3HKO-MEXaHUUECKUE CBOMCTBA YJIBTPAMEIKO3EPHUCTOIO aIFOMUHHUI-MAarHUEBOT'O

CIUIaBa, MOJYYCHHOTO MHTCHCHUBHOM TIACTUYECKON JEDOPMAITHCH. ....ccuvveeeeveeeereeeeireeeireens 59
Hwun O.B. ViccnenoBanne CBOMCTB MeTaTndeckux HaHOBOIoKOH ['TIK Hukens,
COTEPIKAIIIIX BOJIOP O vveeenerrreeesnnrreeeasnseeesasnseeeesssssseesssssseeesssssseesssssseesssnsseeesssssseeessnsseesanns 60
I'yces A.FO. Bnusaue ZrO; u SiC Ha mopucTocTh KOMIO3UTOB ZrB,—Zr0,-SiC.................. 61
Kosynun A.A., Kynvrkos C.C., Kunenosckuu C.A. [lonydeHue u uccie1oBaHue HUTPUICOAEP-
MKAIIUX TOKPBITUHA HA TUTAHOBBIX TIOJTIOMKKAX ...euveenreenrrenureenteenineenseenseeeseessneenseenseesnseenseeenne 62
Muxywuna B.A., Cuoopenxo FO.H., Cmonun U.FO. TIporHO3MpOBaHHE MEXaHUYECKUX
CBOMCTB KEPAMHUUYECKOTO OMOKOMIIO3UTA HA OCHOBE YHCIEHHOTO MOJICTUPOBAHUS .............. 63
Anues B.J[., Hapuxkosuu A.C., /lanuneep E.B. ViccnenoBanvue BHyTpEHHEN CTPYKTYPhI Kepa-
MHUYECKUX MAaTEpUAIOB METOJIAMH PEHTTCHOBCKOM TOMOTPAPHH .......eevvereeenverniererereeienenenes 64
Xanzuna H.O., llle B.P., /ledosa E.C. 3yuenue Bausiaus ZrW,0g Ha (a30BbIid COCTaB OK-
CHUITHOM KEPAMUKH ....eeuvveeurteenitiesnuteessuseessseessseessseesseeesssesessseesnsseesssseesnsseesnseesssseesssseesnnseesns 65

Asun A.B., Ilonomapes C.B., ’Kykos A.A., [lonomapes C.A. PazpaboTka KOHIICTIITUN
MOKCKA U BBISIBIICHUS] HAMOOJIee OMACHBIX /1e(DEKTOB B KOHCTPYKIIMU JIEKTPOHHBIX IJIAT
IIPU COBMECTHOM MPUMEHEHUU METOJI0B aKyCTUYECKOM SMUCCUHN U PEHTTEHOBCKOM

TOMOTPADTH .....eeevvieiieeiiieeiieetteetteeteestteeteesateebeesseeesseesaeesaseenseeenseenseesnseenseesnseenseesnseenseesnseenns 66
Mockeumuna I1.1. Onpenenenue pa3MepoB MPeICTABUTEIILHOIO 00beMa MPOHUIIAeMOH TT0-

PHICTOM CPCIIBL....eeeuuvveeeeeiieeeeeeuteeeeesssseeesasasseeeasssseeeasssseeesassssseessssssesesssssssesssssseesssssseeessnsssees 67
Tonybosamnuukos B.B. IIpobutre CBUHITOBBIM YIAPHUKOM CTATBHOU MPETPATBI........ceenveen... 68

135



Cexknu1 4. BanncTuka n Hed0ecHAsi MEXaHHKA

llanosanosa K.B. 3amaua mocTpoeHUsI BHICOKOTOYHOM JIOKaJIbHOM MOIeNn KBazureounaa .. 70

Jrobywkun A., [onaxoe A., @ozenb A. BOBIYIIHBIE 3BMEH .........cccveerieeriieieenieeieesiieeieenenes 71
brunxoea E.B. MoaenupoBaHue 3a/1ayd aBTOHOMHOT'O IIPOTHO3UPOBAHUS

newxeHus Huskonetsaero MC3 no uzmepenusam cucremsl [JIOHACC ..., 72
Crocuna O.M., Cambapos I'.E. OnieHrBaHN€e BIUSHUS PA3IUYHBIX BO3MYIIAIOLINX
YCKOPEHUH Ha TOYHOCTh BEPOSITHOCTHOM Mojenu ABuxkeHus acrepouna 2011 MD............. 73
Jlemnep O.H., 'anywuna T.FO. ViccnenoBanre XaoTHUECKON U PEryJIsipHON THMHAMUKH
aCTEPOUIOB — KOMIAHBOHOB BEHEPBI .....ccuviiiiiiiiiiiiiieciceiicieeteetecee et 74
3wixosa A.U., Camoporosa H.M., Cudopos A./[. OnipeneneHune onTUMaIbHBIX YCIOBUI
3apsokaHus IPU TEMIEPATYPE T 20 OC .ot 76
Casenves P.B., I'anywuna T.FO. Ilo3uninoHHbIe HAOIIOIEHUS aCTEPOUIOB HA TEJIECKOIIE
CBI' AO Yp®V 1 nanbHENIIEE YIYUIIEHUE UX OPOHT.c...crvvereriinieenreenienieenieeeeseeenieeeenieennes 76

Kawupun M.B., Tomunosa H.B. OpOuTanbHas 3BONIONMS pealbHbIX HEYyIPaBISEMbIX
00bexToB HaBurauoHHbIx cucteM ['JIOHACC u GPS ¢ yuetoM BIMsIHUS PE30HAHCOB

P CBETOBOTO JABJIICHUS ....evinviiitieniieeitieieeeittesteesiteesieeeneesaeesaneesaaeesntesaeesaneesaneenneesaneenneesaneenns 71
I'yo I>n, Heawkun B.B. O1leHKa TOYHOCTH ONpeAeIeHNs TapaMeTPOB OpPOUTEI

OIIACHOT'0 acTepou/ia 0 ONTHUYECKUM M3MepeHusM Komiuiekca «HebocBoay» 70 ................. 78
Cmuxno K.A., I'yo 1I., Heawxun B.B. AHanu3 CTpyKTypbl BEPOSATHON 30HBI NTaJICHUS acTe-
pouia Apophis Ha 3eMITEO B 2030 T...evieeiiiieiiiieiiieeiie ettt siee e svee e sivee s enreeenesee e 80
Cuoopos A./1., 3vikoea A.U., Camopokroea H.M. Ananu3 ropeHuss KOMOMHUPOBAHHOTO
3apsi/ia B yCIOBUAX NIEKTPOTEPMOXUMHUUECKON TEXHOIOTHH METAHHUS .....onvnreerenreenneennenne 81
Koponee C.H., bamypun A.11. IIporHo3upoBaHuE IBUKEHUE aCTEPOUIOB

C MCIIOJIb30BAaHUEM PA3JIUYHBIX MIIAHETHBIX IPEMEPHT ...ttt s 81
Anexcanoposa A.I'., Yyeawos U.H. OnpeneneHre napaMeTpoB MO CBETOBOTO
JTABJICHUS 110 TAHHBIM HAOITEOJICHMM . ....c..veuveeutetieteeitesiteteeitesieentesatesteebesatesieesesatesbeensesanenees 82

Anexcanoposa A.I'., Tomunosa U.B. ViccnenoBanre pe30HaHCHON CTPYKTYPhI
n HHHaMHHGCKOﬁ 9BOJIIOIIMHU ITIOTOKOB YaCTHUII, 06pa3013a13umxc;1

B pe3yJIbTaTe pacnajgoB KOCMUUYECKUX allapaToB Ha OKOJOPE30HAHCHBIX OPOUTAX............. 83
Anexcanoposa A.I"., I'anywuna T.FO., Xonueenuxos K.B. CpaBHEHNE Pa3IMUHBIX

CHOCO0O0B NMPEBEHTUBHOTO PA3PYIIEHHS OITACHOTO ACTEPOUIA ..cvvvenreenreerenreenreneeenreennenaeennes 84
Hueanoea E.H., bvikosa JI.E. UnucneHHble UCCIEN0BAaHUS PETYJISIPHON U XaOTUYECKOU
nuHaMuku AC3 BOIM3M HEKOTOPHIX Pe30HAHCOB ¢ FOMUTEPOM 1 3eMIICH. ......ceeeveeeerenee. 85
Illaxomosa E.B. ViccnenoBanue pemieHus 3a/1a4 JOKaJIbHOW Ie0JUHAMUKH

¢ ucnoyib30BaHUEM GPS/TJIOHACC M3MEPEHUM........eeervreeeiiieeiiieeiieeeeeiieeereeeeaeeesaeeeneveeens 87

Lllanosanosa K.B. 3anaya nocTpoeHUs BBICOKOTOYHOM JIOKAJIbHOM MOJIETN KBa3Ureouaa .. 88
Yyeawoe U.H., Jlesxuna I1.A. UccneqoBanue opoOUT KOCMUYECKOTO Mycopa ¢ OOJIBIITON

TIAPY CHOCTBEO ...t eeeutteeeutteesutteesuteeeauteesaueeesnsseeensaeesnsseesnseeesasee e sseeensseesnsseesnsseesnseessnseeesnseesnnseenns 88
Mauinacawesa A.A. Bo3amosxkHast ommOKa Mpu ONpeIeIeHIH 3BE3JHOTO BPEMEHH!

TTOSTBIICHUST METEOP@. v vvveenereeeureesuteesuseesssseeensseesssseesseeessseesssseesnsseesssseesssseesseesssseesssseesnseenns 89
brunkosa E.B. MonenupoBaHue 3a1aud aBTOHOMHOT'O MPOTHO3UPOBAHUS JBHXKEHUST HU3KO-

netsiiero uc3 1no u3MepeHusiM cUCTEMbI [JIOHACC ..., 90
Yysawoe U.H., Kunzepckuii B.B. Onpenenenre napaMmeTpoB OpOUT CITyTHUKOB

TI'IOHACC 110 MEXKCITY THUKOBBIM H3MEPEHHSIM .....eeeueveeenireeenireesireensreesueeesnseessseessnseesnnsens 91

Yysawos U.H., banvwurxosa M.A., Kyzemun A.K. ccnenoBanus BO3MOKHBIX
MPEUMYIIECTB OJTHOBPEMEHHBIX HAOIIOICHUN aBPOPAIIBHBIX OBATIOB OOPTOBBIMU

108007 (010 00 17 ol 1) U s PSPPSR 92
Kyszomunvix M.C. Jlucniepcusi METEOpOUIHOTO TIoTOKa KBampanTua mpu cOMMKeHUH
C TITTAHETAMIY ...evveeatieeeaiteeeatteeeuteeeaateesauteeeabee e ettt eeabeeeaabeeeaateeesbeeeasbeeeabbeesabaeenabeeesaneeenaseesanneeens 93

136



Cexnus S. Matemarudeckoe 1 (pU3HYECKOe MOJACTHPOBAHHE
TEeXHUYECKHX M IPUPOJAHBIX CHCTEM

bacanaes C.A. DxcniepuMeHTaIbHOE UCCIIEOBaHKE MPOIIecCa MHOTOKPATHOTO
BKJIFOUEHUS] MOJIEIIBHOI'O OTKPBITOI'O TBEPAOTOIIIMBHOTO ra30reHepaTopa B BOJHOU cpee 95

bpenoaxos P.B. Matematndeckasi MOJIeNb mpoliecca GTOpUpoOBaHus BolbPpaMa............... 96
I'poxosckasn A.A. MatemaTrdeckoe MOJETUPOBAHUE U3ITYUCHUS MTYTHCAPOB ....eeevveeenerennnn 97
3emnax B.JI. VccnenoBaHus BO3MOKHOCTH BCILIBITHS IIOJBOJHBIX Cy10B

B JIEJISHOM TOKPOBE MPU OTPAHUYEHHON TTTYOUHE AKBATOPUH .. ..eeeeveenerernreenireenreenieeeeeenaneenne 97

baypun H.O., 3emnax B.JI., Unamoe K. /. Bnusnue penbeda nHa

Ha JIeJI0pa3pyLIaloNIy0 CIOCOOHOCTh N3TMOHO-TPAaBUTAIL[MOHHBIX BOJIH

TE€HEPUPYEMBIX OT MOAJIEIHOTO JBMXKEHUS MOTPYKEHHOTO TEMA.....eveeureerereeneenerenreeeenneennes 99
babouu J].C., Mouceenko /[.J]]., Maxcumos I1.B., Ilanun B.E., [lanun C.B. KoMbroTepHOe
MOJICJIMPOBAHKE PACIIPOCTPAHEHUS TEIJIOBOTO (PPOHTA U MPOLIECCOB PEKPUCTAIITU3ALNN B
CHUCTEMAaX C TEPMOOAPHEPHBIMU TTOKPBITHSIMHE .....vvveenvreenurreennreeeneseesssseesssseessseesssseesssseesssseesns 100
Pocnaxose C.H. MonenupoBanue UCTOUYHUKA C(POKYCUPOBAHHOTO MAarHUTHOT'O MOJIA .......... 102
Llepemem M.A., Acmanuna M.C., AHanu3 BIUSHUS IOPUCTOCTH HA PEKUMBI
KOHBEKTHBHOT'O TEIUIONEPEHOCA B 3aMKHYTOW MOJIOCTH, 3aIIOJTHEHHOM

KUTKOCTBIO C TIEPEMEHHOM BABKOCTBED ...ceuvvveeutreenureeeniteeensseeeereeansseesnssessseesssseessseesnsessnnses 103
Oxxepom K.IO., Bykamuiii B.J. Pa3mepHblil coCcTaB U CU€THAsE KOHIIEHTPALUS

B3BEIICHHOTO BEIIECTBA B BOJIE 03EP AJITAMCKOTO KPS ...vveevvreeerreeereeesureenreeesineeesseesnseenns 104
bowenamos b.B., Kunvyos K.H. UnciieHHOE MOICIUPOBAHUE B3aUMOICHCTBUS BOJIH
LYHAMH C OJTMHOYHBIMH MPETPATAMH ......eveeeernerreeeerirreeeannreeeessusseeesssssreesssssseeessssseesssnsseessnns 105
Mouceesa K.M., Kpatinoe A.FO. YncneHHOE MOAENUPOBAHUE HCKPOBOTO 3aKUTaHUS
METAHO-BO3JTYTITHOM CMECH ...e.uuvveennreeesureeesreeenereesnsseessseeessseesssseesnsseesssseessssessnssesssseessssesssnseesns 107

3estonunckuii A.C., I'ycokos A.B., Munesckuii K.E. YucneHHOE MOJIETUPOBaHUE
pacrpezesieHusi TEeMIEePaTypbl B MaTeprase CTAIbHOTO y3J1a BeJICHUS

IIPH BEICOKOCKOPOCTHOM pPa3TroHe M0 KaHaly 0aUTMCTHYECKOTO pa3rOHHOTO KOMITIeKea .... 108
Tuuésa H.U., [{vaxos E.A. ViccnenoBanue BAUSHUS 3aKPYTKH Ha THIPOJUHAMUKY

Y TEIIOMACCOMEPEHOC B XUMUUECKOM PEAKTOPE ...uvvvvreeeurrreeeasurrreeesnnreeeesanseeeesssseeessnsseesanns 108
Hvaxos E.A., I'uuésa H.HM. lunamuKa 1 TEIIIOOOMEH TpaHyIMPOBAHHON Cpebl

B KOJTBIICBOM OYHKEPE ...veeuvreerureeesureeessreeesseeessseessseesssseesssesesssesessssessssssssssessssssssssesssssesssssessns 109
brunxoea E.B. MoaenupoBaHue 3a1a4d aBTOHOMHOI'O IIPOrHO3UPOBAHMS ABUKCHUS HU3KO-
netramero MC3 no uameperusiM cUCTeMbI [ JIOHACC ........ccoooviiiiiiieeeee e, 110

Xpycmanée A.11., Keemunckas A.B., Bopoocyoe C.A. CunTe3 U CBOMCTBA

AITIOMOMATPUYHOTO KOMIIO3UIIMOHHOTO MaTepuaa, MoJy4YeHHOTO

METOJOM TOPSTUECTO IMPECCOBAHUS ....eeeuvveeenereernereesntreesseeessseeensseeensseesssseesssseesnseesssseesssseessnseesns 111
Xpycmanée A.I1., Bopooicyos C.A., Keemunckasn A.B. MexaHu4ecKre CBOMCTBA aIFlOMOMAT-
pUYHOro KomMrno3umonHoro Matepuana Al-4%Cu

C HEMETATUTHYECKAMU YACTUIIAMF ......eeeeeneeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeeenaeeeeaneeeeranaaeeenananns 113
Xpycmanés A.I1., Bopooicyos C.A., Keemunckas A.B., Kyopswosa O.b. Bnusaue ynbTpasBy-
KOBOT'O BO3/IEMCTBUS HAa IPOHUKHOBEHUE METAJUINYECKOTO pacIuiaBa

B ArJIOMEPATHI CYOMUKPOHHBIX HACTHIL .....evveenereenreesreenseensreeseessaeeseesssesnseessseensessssesnseessseenns 114
Xpycmanés A.11., Bopoocyos C.A., Keemunckas A.B., Kyopswosa O.b.
Jlearnomepanys ¥ pacipeeIEHUE YaCTUL B METAIIMUECKOM PACIIIABE ......veenveeereenreennennn. 115

Januneep E.B., Kosynun A.A., Kpacnoseiikun B.A. ViccnenoBanue
YIPYTo-IIACTUYECKUX CBOMCTB aTIOMUHHUEBBIX CILJIABOB ITPH BBICOKUX CKOPOCTSIX

D1 (<111 107 001 01171 SR PSSR 117
Anues B.J{., Hapuxosuu A.C., Kynvkoe C.C. ccnenoBannue BHyTpEHHEN
CTPYKTYPBI KEPAMUYECKUX MAaTEPHAIOB METOAAMHU PEHTTEHOBCKOW TOMOTPAPHM ............... 118



Kosynun A.A., Hanuneep E.B., Kunenosckuui C.A. [lonyuenue u ucciaeoBaHue
HUTPUCOJICPKAITNX MTOKPHITHI Ha TUTAHOBBIX TTOITOMKKAX ...envveerveeeeeenreerieeenseesaeeeseennneenne 120
Kpacnoseiikun B.A., Kozynun A.A., Ckpunusax B.A., Mockeuuee E.H.

OU3NKO-MEXaHUYECKUE CBOWCTBA YIBTPAMEIKO3EPHUCTOTO AIFOMUHHI-MarHUEBOTO

CIUTaBa, MOJIy9CHHOTO HHTCHCHUBHOM IIACTHYCCKON TEPOPMAIIHCH. ......cvvveeveenveeereeniieennenn, 122

Cexnus 6. Matematuka, ®u3uka u Undopmarnka 1/1s1 LIKOJILHUKOB
(IIkoabHas cexuus)

Kanenckuii I'' 4. Pazorpes cepuyeckux HAHOYACTHIL ATIOMUHUS B BaKyyMe

KOPOTKUMU UMITYJILCAMU OCHOBHOU TAPMOHHUKHU HEOJUMOBOTO JIA3CPA ..vveenevreerevreenveeenneanns 124
Cenusepcmosa E.C. JlabopaTOpHBIN MPAKTUKYM JIJIsI HHKEHEPOB O CIEIUATBHOCTH

«PaanosneKTpOHHBIE CUCTEMBI M KOMITIEKCH» B paMmkax koHueniuu CDIO ....................... 125
Tlempog H.I1. UTO TAKOE ATOM? ....ccocuuieiiuiieiiiieeiteeeiteesiteesiteeesiteeeiteesiteesbeeesabeeesabeeenaneeenane 126

Kypmanos C.A., Bacees A. OueHka notepb Terja pa3IuyHbIMU JKUIIBIMUA TOMEIEHUsIMH .. 126
Agpanacves M.B., I'naoviues B.C. BniusiHrue MarHUTHBIX MOJICH HA OPraHU3M yesoBekKa..... 128
Kokopuna A.H. SIBnenne ¢porodddexra u ero npuMeHeHHE B COBPEMEHHOM MHPE ............. 129

CONTENTS
PREFACE ...ttt ettt et e sae e s neesane e 6

Plenary session

Bordovicyna T.V. Actual problems of the dynamics of near-Earth space objects.................. 8
Mukhin L.N. Opportunities of Employment of graduates - physicists and mathematicians..11
Mikhailichenko Yu.P. Physical phenomena from the viewpoint of self organization............ 13
Orlov M. Yu. Mobile laboratory "explosive destruction of natural materials". results

of the five-year studyes. development ProSPECES .......c.eeevvieerieeeiieeeiieeecre e eereeesvee e 14
Maslov E.A. Experimental study of a supersonic flow of bodies axisymmetric shape.......... 15

Session 1. Explosion, detonation phenomena and
properties of matter at high-intensive

Sinyaev S.V., Volodchenkov S.1. Pulsed heating of a medium by ensembles of the

hollow cylindrical conductors inductively heated in magnetic field of a solenoid................ 16
Zimoglyadova O., Merzhievsky L.A. Detonation modeling of small size charge................... 17
Ivashenko G.J., Radchenko K.A., Galkina E.V. Sensitization of PETN pressed

pellets of nanoparticles 0f MEtalS .........ccoviiiiiiiiiiiiiieiiee e 18
Gazenaur N.V., Anan’eva M. V., Galkina E.V. The modern version of the model of thermal
eXplosion in @ hot-SPOt OPLION .....ecuvieiiiiiieiie ettt ettt et sae e e ee 19
Gazenaur N.V., Anan’eva M. V., Zvekov A.A. Experimental performance criteria of chain

and thermal explosion of energetic materials by pulsed laser radiation ...........cccccecveveenenee. 21
Gazenaur N.V., Anan’eva M. V., Galkina V.V. Resonant absorption of palladium
nanoparticles in transparent matrices with different refractive indices..........ccoceeveriirienncnnn 22

Nikitin A.P. The temperature dependence of the optical properties of gold nanoparticles...23

138



Nikitin A. P. The critical parameters of the hot-spot model at various durations

OF the PUISE .. ettt ettt ettt e et e st e e b e snee e 24
Nikitin A. P. The hot-spot model of thermal explosion with account for multiple
JIGIE SCALLETIIIE ..ottt et ettt e ettt e st e et eente et e sabeenbeeeneas 25

Gusikov A.V., Dolmatov A.S., Milevskiy K.E., Yakovleva Yu.P. Mechanical
properties of hadfield steel after low speed method for processing and handling

CXPLOSION PIESSUIE ....veevvieirietieeiieerteeeteeteeeseesseeeseesseeasseesseessaesseeasseesssessseessseesseesssesssessseens 26
Orlov M.Yu., Gusev B.S. An apparatus for blasting ice emulsion explosives...........cccccuee.... 28
Mikhaylenko S.A., Sheremet M.A. Mixed convection in a differentially heated rotating
CIICLOSUTE. ...ttt et ettt e a e et e e bee et e essbeeabeesateenbeesaeeenseesneeenne 29
Orlova Yu.N. Investigation of explosive loading of ice. part 3. the blast up

OF (P10 K OF TINT) et ettt ettt et e sat e et e i e eabeesaee e 30

Session 2. Numerical methods, algorithms, codes, and accurate solutions
of the continium mechanics

Orlov S.S. Integro-differential equation of longitudinal oscillations of an elastic rod:

the solvability of initial boundary value problems and their exact solutions......................... 32
Yanilkin Yu.V., Shmelev V.A. Monotonous particle method for solving 2D gas-dynamic
problems with elasticity and detonation of explosive materials ............ccceevveevieriieereenieennnnnn 33
Buts K.E. Numerical simulation of the flow in the interscapular channel

stationary centrifugal pump rocket €NgINe. .........ceevieviiiiieniiieiieeie e 34
Pokhabova M.A. Numerical study of the processes of wave propagation in

A DLOCK MEAIA. ...ttt 35
Frolov A.S. Numerical simulation of viscosity fluid flow with free boundaries by a

METHOA VOF . ..ottt sttt sttt 36
Gidaspov V.Yu., Kononov D.S., Severina N.S. Simulation of one-dimensional

steady-state nonequilibrium flow in the engine with detonation wave............ccocevervencennens 37
Shteinbreher O.A. Algorithm of optimization of anisogrid construction for an arbitrary
number of non-linear restrictions is Offered..........cocoveeviiiiiiiiine 38
Palkin R.V. VladimiriovichComparative review of computing acceleration

technologies, hardware and SOftWare ...........c.occuieiiieiiieiiieiiee e 39
Semyonova A.A. Parallel implementation spline difference scheme for solving

the problem of pollutant transport in the atmoSphere ...........cccccocveviriiriiniiiinicecee 40
Gavrilov D.Yu. Data processing automation in physics research .........ccccoeeveeeeieinieeeeeeenne. 41
Maylyukov D.A., Narimanov R.K. Electrostatic field modeling in region of the

junction of the electrode and INSUIALOT ..........cecviieeiiiieeiiecee e e 41
Kiryushkin A.E. Minikov L.L. Numerical Simulation of SRM internal ballistics

problems using inverse Lax-Wendroff procedure.............ccovveeiiieniiiiniieicie e 42
Vaskina A.E. Criterion of convergence of genetic algorithm to minimize

the problems of multimodal funCtion ............coocviiiiiiiiiiiicece e 43
Fedorov A.Yu., Skripnyak V.A. Numerical simulation of the mechanical behavior

of ceramic nanocomposites under dynamic 10ading ............cccceeevciiieriiieniieecie e 44

Serbenta V.A., Skripnyak V.A. Mechanical behavior modeling of zirconium-niobium
alloys with the development of deformation and damage at mesoscopic

aNd MICTOSCOPIC IEVEIS ...ouviiiiiiiiieiieie et e 45
Bessonova M.P. The study of free surface shape of power law fluid in planar domain........ 46
Turygina I.A. Numerical modelling of shock wave interaction with deformable

multilayered orthotropic DAITIETS.......cccviiieiieiiiie ettt e e e e e e 47



Lyashko A.D. On improvement of the series convergence in the problem of the
vibrations of orthotropic rectangular PriSM.........cocueeuieriieiiienieeieeee et 48

Session 3. Investigation of advanced
materials in applications of continuum mechanics

Orlova M.P., Gorbenko T.I., Volkov S.A. The stady of the effect of aluminum powders

dispersion on their oxidation and kinetic characteristics ...........ccceevvercieerieerieerieenieeieeeeeenn 49
Buyakov A.S., Kulkov S.N. Study of strength parameters density from components
concentration in porous ceramic composite ZrO(MgO)-MgO .........cccevvvievieeiienieeieeneene, 50
Dneprovsky M.S, Tutolmin I.E., Ostapenko R.O. Strain curves

of aluminum MONOCTYSTALS ......cuiiiiieiiicii ettt etbe e e ebeenes 51
Buzimov A.Yu., Kul'kov S.N. Change of the physical-chemical properties of natural

zeolite after mechanical aCtIVAION .........coouiiiiiiiiieiiee e e 52

Buyakova S.P., Kretov Yu.L. Effects of thermal shock strains on the property

of aluMINA-MAGNESIA CETAMICS .....veieutiiiieeiieeiieeiee et et et e et te st e e bee st e beeenbeesseesnteenseeenseeees 53
Lapina 1.L. Stimulated emission in organic films for photoexcitation ..............cccceeeveerurennnnn. 54
Dulnev A.1., Nekliudova E.A. Experimental and computational blast resistance

assessment of polymer composite samples at contactless underwater explosion.................. 55
Didenko M.V. Dielectric barrier discharge KrCl- and XeCl-excilamps radiation power
control by pressure jump MeEthod ..........ccueiiiiiiiiiieiieeie et 56
Berdybaeva S.T. Fluorescent sensor for the detection nitroaromatic compounds ................. 57
Li Yu.V., Barannikova S.A., Bochkareva A.V., Lunev A.G. , Zuev L.B. Heterogeneity

of the plastic flow in the bimetallic material.............coccooiiiiiiiiiiiiii 58
Dymnich E.M. An investigation of elastic-plastic properties of aluminum alloys

At NIGH STTAIN TALES ...eiiiiiiiciiie ettt e e e e et e e et e e s aeeesnreeessseeenseesnseeens 59

Krasnoveykin V.A., Kozulin A.A., Skripnyak V.A., Moskvichev E.N. Physico-mechanical
properties of ultrafine-grained Al-Mg-based alloy produced by severe

Plastic defOrMAtION .........coouiiiiiiiie ettt ettt ettt ettt 60
Yashin O.V. The investigation of metal FCC nickel nanofibers containing hydrogen .......... 61
Gusev A.Yu. Effect of ZrO2 and SiC on porosity of ZrB,—ZrO,-SiC composites.................. 61
Kozulin A.A., Kulikov S.S., Kinelovskiy S.A. Synthesis and investigation of

nitride-based coatings on titanium SUDSIAtES. .........cecueeiiiiiiieiiiieiieeieeie e 63
Mikushina V.A., Sidorenko Yu.N., Smolin I Yu. Prediction of mechanical properties

of ceramic biocomposite on the basis of numerical modeling............cccoeeeeiiiniiiiinniienennn 64
Aliev V.D., Narikovich A.S., Dalinger E.V. An investigation of internal structure

of ceramics by X-ray tomography methods ...........coceeriiiiiiiiiiiiiieee e 65
Hanzina N.O., She V.R., Dedova E.S. The influence ZrW,0Og on the phase

COMPOSIION Of OXIAE CETAMICS....c.ueieutiiiiieiieeiie ettt ettt ettt et ettt ettt esate e b e aeeenes 66
Azin A.V., Ponomarev S.V., Ponomarev S.A., Zhukov A.A. Detecting and identifying

hight thread deffects in electronic boards StruCtUIE ...........cceevcuieriiiiiiieiieeiieeee e 67
Moskvitina P.I. Determination of dimensions representative volume permeable

J010) (01 R Tt B L ' o B PSRR 68
Golubyatnikov V.V. Behavior of steel plate under impact load ..........cccceevieveiienieniiennenen. 69

140



Session 4. Ballistics and Celestral mechanics

Shapovalova K.V. The problem of construction a high-precision local model

OF QUASTZEOTA ...ttt ettt et e at e et esab e et e sabeebeeenaeenne
Lyubushkin A., Polyakov A., Vogel A. KIte .......cccccueevuieviiiiieiieeiieeie et
Blinkova E.V. Modelling tasks autonomous movement predicting low-flying satellites

fOr GINSS MEASUIEIMENLS ....c.ueeiiiiiiiieiieeie ettt ettt ettt st e s e e nee
Syusina O.M., Sambarov G.E. Estimating the effect different perturbation accelerations
on the accuracy of probabilistic motion model of asteroid 2011 MD.........ccccccvevvreiiennnnnne.
Letner O.N., Galushina T.Yu. The Research of chaotic and regular dynamics

of asteroids - VENuUS COMPANIONS .........cevieruieriieriienieeriieeieesteeereesseesseeseessseesseessseessesssseenses
Zykova A.1., Samorokova N.M., Sidorov A.D. Determination of optimal loading
conditions at the initial temperature of + 20 °C .......cccooiieiiieiiiiiieeeeee e
Saveliev R.V., Galushina T.Yu. Positional observations of asteroids with SBG

of AO UrFU and further improvement of their orbits..........cccoevviviieniiieiieeiieieceeeee
Kashirin M.V., Tomilova I.V. Orbital evolution of real uncontrolled objects

of navigation systems GLONASS and GPS taking into account the influence

of resonance and light PrESSUIE ..........c.oeiuiiiiiiiiiiiieeeeee e e
Guo Peng, Ivashkin V.V. An estimation of orbit parameters determination accuracy

for dangerous asteroid using optical measurements by the complex «Nebosvod» 70...........
Stikhno C.A., Guo P., Ivashkin V.V. An analysis of the structure of asteroid

Apophis’ possible impact zone on the Earth............c.coooiiiiiiiiiiiiee e,
Sidorov A.D., Zykova A.I., Samorokova N.M. Analysis of combustion of the combined
charge in the conditions electrothermal-chemical throwing technology ............ccccceeveeneeene
Korolev S.1., Baturin A.P. The simulation of asteroid’s motion with different

planets’ ePhemMETIAES .......ccuiiiiiiiiiiiee e ettt e
Aleksandrova A.G., Chuvashov I.N. Determination of parameters of solar radiation
pressure model from ObSETVAtIONS.......ccuviieiiiiiiii et
Aleksandrova A.G., Tomilova 1.V. Investigation of the resonance structure and the
dynamic evolution of the particle fluxes generated as a result of spacecraft explosions

1N NEAT-TESONANCE OTDILS ....eiiuiiiiiiieitieiii ettt ettt e et estee e bt esaeeebeesateenbeesaeeenseesneeenne
Aleksandrova A.G., Galushina T.Yu., Holshevnikov K.V. Comparison of different
methods of the preventive destruction of a hazardous asteroid ............ccoccoeveerviiininnieennnne
Niganova E.N., Bykova L.E. Numerical research of regular and chaotic motion

of NEAs near of a boundary of the mean motion resonance with Jupiter and Earth.............
Pakhomova E.V. Investigation of solving local geodynamics problems

using base GPS/GLONASS MEASUICIMENTS .......eeeruvreeriieeeiieeeireeeireeereeeereeeeseeesseesssseesnsnens
Shapovalova K.V. Problem of development high-precision local model of quasigeoid........
Chuvashov LN., Levkina P.A. Investigation of space debris orbits with high

ATEA-TO-INASS TALIO ..evvteuteeiieiiete ettt ettt ettt ettt et b e et e et e sb e e bt e st e sbeenbeenbesseenbeenseeanees
Maynagasheva A.A. Possible error in determining of sidereal time of occurrence

EHE TNETEOTS ..nveiiiiieieeit ettt sttt et ae ettt e s bt et e st e sbt et eat e e bt enbeeanenees
Blinkova E.V. Simulation problems autonomous predict the movement of low-flying
satellites software measurement system GLONASS .......ccooiiiiiiiiiiee e
Chuvashov LN., Kinzersky V.V. Defining the parameters of the orbits

of satellites GLONASS on the inter-satellite measurement............coceveeveerveneeneneeneenennne.
Chuvashov L N., Banischikova M.A., Kuzimin A.K. Researches of possible

benefits of simultaneous observations of the auroral ovals by onboard devices

TTOM tWO SPACECTATES ..vviieiiieiiiie ettt et e e e e sta e e steeeetaeeensaeeesaeesnsaeennseeens
Kuzminykh M.S. Dispersion of the Quadrantid meteoroid stream on approach to planets.....



Session 5. Mathematical and physical modeling of technical and natural systems

Basalaev S. A. Experimental study of model open solid propellant gas generator

multiple inclusion process in aqUEOUS MEATUM.......cc.eeeriierieiriieiiieiie ettt 95
Brendakov R.V. The mathematical model of the process of fluorination of tungsten............ 96
Grokhovskaya A.A. Mathematical modeling of the pulsar radiation...........ccccceceveevenennns 97
Zemlyak V.L. Study of Possibility of Submarine Vessels Emerging in the Ice Cover

at a Limited Depth of Water AT€a........cocueiiuiiiiiiiiiieiieeeee e 98

Baurin N.O., Zemlyak V.L., Ipatov K.I. The Impact of Bottom Contour

of Ice-Breaking Capacity of Flexural-Gravity Waves Caused in the Ice Motion

of the IMmersed BOAY ........cooiiiiiiiiiiiieieceeee ettt 100
Babich D.S., Moiseyenko D.D., Maksimov P.V., Panin V.Ye., Panin S.V.

Computer Simulation of Heat Propagation and Recrystallization in Materials

with Heat-Resistants COAtINGS ......cc.eecuiriiriiiiniiniiiieneesiceieeit ettt 102
Roslyakov S.N. Modeling of the source of a focused magnetic field............ccccoeevevviennennn. 103
Sheremet M.A., Astanina M.S. Analysis of the porosity effect on convective heat

transfer in an enclosure, filled with a variable viscosity fluid ........c.cccccoeeiiiiienieniiciien, 104
Ekkerdt K.Yu., Bukatyy V.I. The size and composition of the audit concentration

of suspended matter in water lakes of the altai territory ........ccoecveeriieciienieeiiecieeieee e 104
Boshenyatov B.V., Zhiltsov K.N. Numerical Simulation of The Interaction

of Tsunami Waves with a Single Barrier ...........cocuevviiiriieiiieiiieieececieee e 106
Moiseeva K.M, Kraynov A.Y. Numerical simulation of the spark ignition

Of the MEethane-air MIXTUIE .......couiitiiiiiietieie et ettt sb et st esaeeeeeneas 107

Zezyulinsky Ya.S., Gusikov A.V., Milevskiy K.E. Numerical simulation
of temperature distribution in material of steel conduct node during high-speed

acceleration through the channel of a ballistic booster complex ..........cccccoevieeiiieiiiiiiennnne 108
Gicheva N.1., Dyakov E.A. Research of the rotation effect upon the hydrodynamics

and heat and mass transport in a chemical T€aCtOT .........cceeeviuiieriieeiiie e 109
Dyakov E.A., Gicheva N.I. The dynamics and heat transfer of a granular medium

1N AN ANNULIAT NOPPET ....eviieiiieeciie e e e et e et e et e e e taeeesraeeebeeessseeessseeens 110
Blinkova E. Simulation problems autonomous predict the movement of low-flying

satellites software measurement system GLONASS .......ooooiiiiiiiieieee e 111
Khrustalyov AP.., Kvetinskaya A.V., Vorozhtsov S.A. Synthesis and properties aluminum
matrix composite obtained by hot PresSSINgG......c..eeecviieiiiieriieecieeee e e 112
Khrustalyov A.P., Vorozhtsov S.A., Kvetinskaya A.V. Mechanical properties aluminum

matrix composite Al-4%Cu with non-metallic particles..........ccoccooiiiniiiniiiiiiniiiiieee 113

Khrustalyov A.P, Vorozhtsov S.A., Kvetinskaya A.V., Kudryashova O.B. The influence
of ultrasound treatment on the penetration metal melt into agglomerates

SUDIMICTON PATTICIES ...vviiiiieiiieiiie ettt ettt ettt et et e et e ssbe e bt e enbeesseeenseenseesnnas 115
Khrustalyov A.P., Vorozhtsov S.A., Kvetinskaya A.V., Kudryashova O.B. Deagglomeration
and dispersion particles in metal Melt...........coceeviiiiiiiiiiiiieeee e 116
Dalinger E.V., Kozulin A.A., Krasnoveikin V.A. Elastoplastic properties of aluminium

alloys at high Strain TALES......c.eeiiiiiieiiieiiece ettt s e s e 118
Aliev V.D., Narikovich A.S., Kulkov S.S. An investigation of internal structure

of ceramics by x-ray tomography methods............ccceeriiiiiieiiiniiicecee e 119
Kozulin A.A., Dalinger E.V., Kinelovskii S.A. Synthesis and investigation of nitride-based
cOoatings on titaNIUM SUDSITALES .......eevviieiiiiriieeiieniieeieeeee et e ette et e steeeteesaeeebeeseeesbeessaeenseeens 121

Kozulin A.A., Krasnoveikin V.A., Skripniak V.A., Moskvichev E.N.
Physico-mechanical properties of ultrafine-grained al-mg-based alloy produced by
severe plastic defOrMATION..........ccuiieiieeeeiee ettt e et e e e e e e eareesnaeesnseeens 123

142



Session 6. Aspects of theoretical mathematics

Kalenskii G.A. Heating of a spherical aluminum nanoparticles in vacuum with short

pulses of the main harmonic of @ Nd3+:YAG—1aSeT.....ccccceriirieniniiniiiciceceeeeeee 124
Seliverstova E.S. Laboratory practical work for engineers in «Radio-electronic

systems and complexes» within the concept of CDIO.........ccceoiriiiniininiiniinieicneeeeee, 125
Petrov Ni.P. What 1S an atOM? .......ccccecveiiiiiiniininiinieeeeee ettt sttt s 126
Kurmanov S.A4. Assessment of heat loss different premises ..........coceeeevieneincnicneencnienene 127
Afanasev M. V., Gladishev V.S. Influence of magnetic fields on the human body................. 128
Kokorina A.1. Photoelectric effect and the use of the photoelectric effect in the

MOAErn WOTIA ..ottt s 129
VMEHHOM YKABATEJIID ...ttt sss sttt ssessssenes 130

143



CIIOHCOPHBI 1 TAPTHEPBI KOH®EPEHIINHU

Poccuiickuiit ®oun

, DPyHIaMEHTAIbHBIX
Hccnenoanuii (PODN)
' Anpec: Poccus, 119991,

S Mocksa,
Jlenunckwuii npocnekt, 32a, 20-21 stax,

B-334, I'CII-1.
T-n: (499) 586-00-45,
dakc: (495) 938-19-31, http://www.rtbr.ru

r‘“

COBE ?('JMCKHH ;
MO A O A blX | rOCYaAPCTBEHHBIRA
H bl X | vHUBEPCWTET
CoBeT MOJIOIbIX YUEHBIX
ToMCKOro rocy1apCTBEHHOTO YHUBEPCUTETA
ObUT YTBEpKAEH NpuKa3oM pekropa TI'Y
3a Ne 527 ot 13 HOs10pst 2009 T.
Poccus, 634050, Tomck,
np. Jlenuna, 36
http://smu.tsu.ru/OSovet

cLIBRARY.RU

Poccuiickuit mHGOpMAITMOHHBIN TTOpTAT
B 0071aCTH HAayKH, MEIULIUHBI, TEXHOJIOTHH
1 00pa3oBaHMI.
Ha nnatdopme akkyMyIHpyrOTCS TOTHbBIE
TEKCTHI M pedepaThl HAYIHBIX CTATEeH U my0-
nukauuil. [To cocrosnuto Ha ssHBaps 2014 r.
B 0a3e nanHbIX eLIBRARY.ru HacunuTHIBa-
J0ch Oosee 15 MITH craTei.
http://elibrary.ru/defaultx.asp,
117105, Mocksa, yin. Haratunckas, 1. 1,
ctp. 14, 1 noabesn, aTax 3

ACCOLIMALIMA
«COKO3B3PbIBMPOM»

OO0 Kysbacckoe crienuanan3upoBaHHOE

yTIpaBIICHUE TI0 TTPOU3BOACTBY OYPOB3PHIBHBIX
pabot «Ky3b6accCrnenB3pbIiBy, Ipou3BOJACTBO

B3PBIBHBIX pa0OT U IOCTaBKa B3PBHIBHBIX Ma-

TCPHUAJIIOB 10 MECTA NPOBCACHUS B3PbIBHBIX

pabot
Poccus, 650905,
r. Kemepono, yi. baxa, 15A,

Ten/dakc (3842) 71-25-34, 6yxr. 71-25-38,

E-mail: ksv158@mail.ru, kuzbassv@mail.ru

KOMIMbIOTEPHbLIE
CUCTEMDbI



Hayuynoe usnanune

VI MexayHapo/iHast MOJIOJIe)KHAsl Hay4yHasi KOH(pepeHIusI
«AxTyanpHble TPOOJIEMBbl COBPEMEHHOM MEXaHUKH

CIUTOLITHBIX CpPe/ U HEOECHON MEXaHUKNY
16—18 nosi6ps 2016 r., Tomck

Ilopnucano B meuats 27.12.2016 1.
®dopmar 60x841/16. ITeu. n. 9,1; ycn. neu. 1. 8,5; yu.-u3n. 1. 8,3.
Tupax 100 k3.



