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Section 1.
The current trends in machine science and machine operating processes

Analytical solution of flexural vibrations of clamped square plate
Akulenko L.D.!, Korovina L.1.% , Nesterov S.V.?

1
Unemumym npobrem mexanuxu um. A.FO. Huinunckoeo PAH, Mockea, Poccus
2 Lo .
Poccuiickuii Dxonomuueckuii Yuueepcumem um. I'.B. I[lnexanosa, Mockea, Poccus
3
Hucmumym npoonem mexanuxu um. A.1O. Huwnunckoeo PAH, Mocksa, Poccus

Ha ocHOBe OpuIHHANBHOTO MUTEPALMOHHOTO AJITOPUTMA ITOCTPOEHBI HOBBIE AHATUTUYECKHE
BBIPQ)KEHUS JUIsl BBIYMCIICHUSI COOCTBEHHBIX YacTOT U (hOpM M3TUOHBIX KOJIEOAHUH 3aIIeMIICHHOM
[0 KOHTYPY KBaJpaTHOM IUIaCTHHBI. /laHa OIlEHKa MOTPEelIHOCTH CPaBHEHHUEM C HM3BECTHBIMU
YHCJICHHBIMH BBICOKOTOYHBIMHU pacyeTaMu. [IpoBeneHO Takke CpaBHEHHE aHAIUTHYECKUX
pacueToB C 3KCNEPUMEHTAIBHBIMU JAHHBIMHU, MOJYYE€HHBIMH OJHMM M3 aBTOPOB JOKJIana C
MIOMOIIIBI0 PE30HAHCHOTO MeTo/a. UMCIIEHHO-aHAJTUTHUYECKHUM CIIOCOOOM YCTaHOBJIEHO, YTO
MOXET UMETh MECTO MaJlasi u3onepuMerpuyeckas teopema: « Cpean npsMOYTroibHbBIX IUIACTHH
OJIMHAKOBOM IUIOMIA[M C 3allleMJICHHBIM KOHTYpOM HAaWMEHbIEH COOCTBEHHON dYacTOTOU
o0ajaeT KBaJgpaTHasl JIaCTUHA.

Features of liquid oscillation in a rectangular container with local

irregularities in the bottom
Aung Naing Co*, Korovina L.I.%, Nesterov S.V.3, Kalinichenko V.A.*

"Mocroscruii eocyoapcmeennblil mexnuueckuti ynusepcumem um. H. 9. baymana, Mockea, Poccus
’Mocrosckuii eocyoapcmeennblil mexnuueckutl ynusepcumem um. H.3. baymana, Uncmumym npobnem
mexanuxu um. A fO. Huinunckoeo PAH, Mockea, Poccus
3 Poccutickuii Dxonomuueckuii Vnueepcumem um. I'.B. Ilnexanosa, Mockea, Poccus
4 Hnemumym npobnem mexanuxu um. A.FO. Huinunckoeo PAH, Mockea, Poccus

[IpencraBneHsl pe3ynbTaTbl Ja0OPAaTOPHBIX OKCIEPUMEHTOB IO OLIEHKE BIMSHUSA
Tororpaduy JHa Ha YacTOTHl M (DOPMBI CTOSYMX MOBEPXHOCTHBIX BOJH B IPSIMOYTOJIHHOM
cocyJie, KOJIeOMIOEeMesl B BEpTUKAIBHOM HarpaBieHUH. JleTanbHo paccMOTpeH 3P HEKT 0THOTO
M JIBYyX BO3BBIIICHUI, MPOPHUIMPOBAHHOTO MO0 TAPMOHUYIECKOMY 3aKOHY JHA M JTMHEHHOW OTMENN
C BO3BBIIICHUEM. DKCIIEPUMEHTAIBHO HUCCIIEIOBAHO CMEIEHNE PE30HAHCHON 3aBUCHMOCTH IPH
WU3MECHEHHH TIOJIOKCHUSI TPEISATCTBUS HAa JIMHEHHOM HAakKJIOHHOM aHe. Jlis uHTeprperannu
JAHHBIX SKCIIEPUMEHTa HCIIOJIb30BaHA OCHOBAHHAS HA METOJIe YCKOPEHHOW CXOJUMOCTH
MaTeMaTH4ecKasl MOJIENIb CEHII (JUTMHHBIX CTOSYMX MOBEPXHOCTHBIX BOJH) B CIydae PE3KOro
BO3BBILICHNUS WM TIOHIKEHUS JHA. Tema MCCIe0BaHM CBA3aHA C PEUICHHEM MPAKTHUYECKUX
3a7a4 OKEAHOJIOTMH W JIMMHOJIOTHH, aBHAlMOHHO-KOCMHYECKOH TEXHHKH, TPAHCHOPTHUPOBKH
HEPTENPOIYKTOB MOPCKUM U Ha3eMHBIM TPAHCIIOPTOM.

Profile calculation of matrix surface for clips machines
Akhmetova F.K.

In recent years, CLIPS machines were widely used in packaging techniques, due to the ease
of use, low energy consumption, high performance and etc. The emergence of new materials in
"plastic-metal” combination for the clip-on workpieces played an important role, as it allowed to
increase aesthetic appeal of the package.

On the other hand, the use of such materials has caused requirements complication for the
working surface profile of the forming clipsmatrix, because high speed of CLIPS machine
operation significantly affects on the physicomechanical, tribological characteristics of clip-on
workpieces and stability of the packaging process.
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The author proposed to use set of two asymmetrical arrangement of the curves, that
represent «witch of Agnesi», in the calculation of the matrix profile.

The proposed calculation method has been experimentally realized in the program algorithm
for computer numerical control (CNC)metal working machine for the matrix manufacture on the
Specialized Design Bureau of CLIPS machines "MOLNIYA" (Naberezhnye Chelny city).

Pacuer npoduiist paboyeid MOBEPXHOCTH MATPUIIbI KJIUICYIOHAX MAITHH
Axwmeroa @.X.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B mocnegHue rombl B YMAaKOBOYHOH TEXHUKE OOJBIIOE PACHPOCTPAHCHUE TMONYUYUIH
KIIUTICYIOIME MAIIUHBI, YTO CBSI3aHO C yI0OCTBOM IMPHUMEHEHHUS, HU3KOW IHEpro3arpaTHOCTHIO,
MPOU3BOUTENILHOCTRIO U Tp. HemanoBaxkHYIO pOJIb CHITPAJI0 B 3TOM M TOSIBJICHHE HOBBIX
MaTepuajioB B KOMOMHAIIMM <«IUTACTUK-METaUD» JJisi KIMIICOBBIX 3aroTOBOK, ITOCKOJIBKY
MO3BOJIUJIO TIOBBICUTH 3CTETUYECKYIO MPHUBICKATENLHOCTh YMakoBKU. C Jpyroil CTOPOHBHI,
MPUMEHEHHUE TaKUX MaTepUaJiOB TIOBJICKJIO YCIOXHEHUE TpeOoBaHWUU K mpodmio padoueit
MOBEPXHOCTH MATPHUIIBI (OPMUPOBAHUS KITUIICHI, T.K. BBICOKHE CKOPOCTH PabOThI KIIUIICYOIIEH
MaIlIMHBl ~ CYHIECTBEHHO  BJIMSIOT Ha  (U3MKO-MEXaHWYECKHe U  TPUOOTEXHHUYECKHE
XapaKTEPUCTUKHU KIUICOBBIX 3arOTOBOK U CTA0OMIBHOCTH MPOIIECCa YITAKOBKH.

ABTOpOM OBLJIO MPEIVIOKEHO HCIOJIb30BaTh MpU  pacuerax nOpoduias MaTpHIIbI
COBOKYITHOCTh ~ JIBYX AaCCHMMETPHYHO PACIIOJIOKCHHBIX KPHUBBIX, MPEICTABISIIOMINX COOOMH
Bep3bepbl AHBE3U.

[IpennoxxeHHass METOAMKA pacdeTa OblIa SKCIEPUMEHTAIBHO pPeaJu30BaHa B alTOPUTME
porpamMMmBbl JiJ1st MeTauiooopadaTeiBatomiero mentpa ¢ YITY mpu uzroronenun marpuiibl B CKb
kiuncyromux MammH «MOJIHU S (r. Habepexxubie Yenusr).

Ballistic aspects of building a strategy for the collection of bulky debris in

near-circular orbits
Baranov A.A.%, Grishko D.A.2

1 .
Unemumymnpuxnaonoumamemamuxuum. M.B. Kenovuua PAH, Mockea, Poccus

2 . . .

Mocrosckuii 2cocyoapcmeennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

3a BpeMsi OCBOEHHUS KOCMHUYECKOTO MPOCTPAHCTBA HA Pa3IMYHBIX OpOUTAX CKOMUIOCH MO
naanabiM OOH 3a 2009 rox oxosno 300 Thicsd OOBEKTOB KOCMHYECKOTO MYCOpa, KOTOPBIHA
npezcTaBisieT co0ol Kak HedyHKIHMOHMpYIole Kocmuueckue anmnapatsl (KA), orpaborasmme
CTYNICHH paKeT W pa3TOHHbIE OJOKH, Tak W Oojee MeJTKHe OOBEKThI, OOS3aHHBIC CBOUM
IPOUCXOXKACHUEM OCOOEHHOCTSIMH Da3JIeNIeHUus] KOHCTPYKLIHMH B KOCMOCE U CTOJIKHOBCHHSM
o6bekToB. Tak, B 2007 u B 2009 roay B paMKax MCTBITAHUNA BOOpykeHUN Kurtaii ocymecTBui
3allyCK pakeT, KOTOphle Mmopaswin cBou yxke Bbiuenmue u3 crpos KA. Taxxe B 2009 rogy
MPOM3OIILIO MEPBOE €CTECTBEHHOE CTOJKHOBEHHE B KocMmoce: mexay KA Kocmoc-2251 u KA
Iridium 33. K HacTosimieMy MOMEHTY HauOOJNbIIMK BKJIAJ B 3aCOpeHHe KocMoca BHecnu Kurait
(40%), uyts menbie CIIA (27,5%) u Poccus (25,5%), octabHble cTpaHbl - CyMMapHO OKOJIO
7%. JlanbHelilee MCHOIb30BaHUE OPOUT C BBICOTOM MepHleHTpa, mpesbimaromeii 600 kM, B
OmmkaiiieM OyayIeM MOXKET ObITh OCIIOKHEHO YrPO30il CTOJIKHOBEHUS C KPYITHOTaOApUTHBIMU
00BEKTaMH, B CBSI3M C 4eM HeoOXoauMa pa3paboTka METOJ0OB ONTHMHU3ALMH YBOJA 3THX
00BEKTOB C OPOUTHI C UCIIOJIB30BAHNEM X MEXaHMYECKOTO 3aXxBaTa aKTUBHBIM KA-cOOpIIHKOM.

LlenenanpaBieHHBId yBOA C OpPOUTHI MCKYCCTBEHHO CO3JIaHHBIX KOCMHMYECKHX OOBEKTOB
aKkTyajgeH Kak qias1 Hu3kux opout 700-1500 M, rae BiusHME aTtMocdephsl KpaiHe
HE3HAYUTENIbHO, TaK M JJIs BBICOKMX OpOWT, B TOM 4HcJe M reoctannoHapHoi. K Hacrosmemy
BPEMEHM JUIsl HU3KOOPOUTANIBbHBIX OOBEKTOB, TJ€ IMPU MAHEBPUPOBAHUM MOKHO AaKTHBHO
UCIIOJIb30BaTh HEICHTPAJIbHOCTh I'PAaBUTALIMOHHOTO MO 3eMiH, CHOPMUPOBAIUCH JBE CXEMBI
yBona. IlepBast U3 HUX mpeaycMaTpHUBAeT IMOCIENOBATENbHBIN OOJIET HEKOTOPOro KOJIMYECTBA
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00BEKTOB € UX cOOpOM, THOO C BHEAPEHUEM B COIUIO MaibiXx KA ¢ aBTOHOMHBIM yIIpaBlieHUEM U
3armacoM TOIUIMBA JJIsi TOPMO3HOrO Bo3zeicTBus. BTopas cxema mpenycMmarpuBaer
ucrnonb3oBanue onxHoro KA, wmaHeBpupyromero Mexay oObeKTamMM M 3a CY€T CBOeH
JBUTATEIIbHOM YCTAHOBKHM IOCJEI0BAaTEeIbHO YBOJSLIET0 WX Ha OopOuUThl 3axopoHeHus. Obe
NpUBEJAEHHBIE CXEMBl PACCUMTaHBbl HA OOpPHOY C KPYMHOraOapuUTHBIM KOCMHUYECKHM MYCOpPOM
(KM). Cnenyer OTMETUTh, YTO UMEHHO KPYIMHOTaOAPUTHBIE OOBEKTHI MPEICTABISIOT OCHOBHYIO
OMAaCHOCTh JJIsi OpOUTANbHOW TIpynmupoBKU. Takue o0OBEKTh 00JaJal0T HECOM3MEPUMO
OOJIBIIMM MMITYJIBCOM IO CPAaBHEHHUIO C HEOOJBIINM YaCTULIAMU U NPU CTOJKHOBEHUU SIBIISIOTCS
UX HCTOYHUKOM, YTO MOXKET NPHUBECTH K HEYMpaBisieMOW LenHod peakiuu. Kpome Toro, B
TOIUIMBHBIX 0Oakax TMOCIEIHUX CTYyMEHeH pakeT M Pa3TOHHBIX OJIOKOB MOXKET OCTaBaThCs
TOIIJIMBO, KOTOPOE YCUIIUT MOIITHOCTH B3PbIBA IPH CTOJIKHOBEHHUHU.

B kadecTBe OCHOBHBIX HANpaBJIEHUH ONTHUMH3AIUU SHEPreTHUECKUX W BPEMEHHBIX 3aTpaT
Ha 001€T 00bexkToB KM B paboTe MCIONB30BaHbI CIEAYIONINE METOIbI: UCIIOIb30BAHUE B CXEME
00néra Heckonbko akTUBHBIX KA-cOopmmkoB KM, ruOkuit BEIOOp 4YmcClia BHTKOB Iepenéra
MEXIYy IBYMs O0OBEKTaMH B 3aBHCHMOCTH OT PACCOIJIACOBAHUS MO JOJTOTE BOCXOJSAIIETO Yy3Jia
(ABY), ucnonp3oBaHue MUAaroHAJIBHBIX MEPeXo0B Ha moptpete »Bomoruil JIBY. Coueranue
pa3paboTaHHBIX METOJOB TO3BOJIET 3HAUYUTEIHFHO ONTUMH3UPOBATH DPELICHHWE IMOCTABICHHOMN
3aJja4i, KaK 110 SHEPreTUYECKUM, TaK U 110 BPEMEHHBIM ITOKa3aTelsIM.

Dynamics of a rigid body, which is moving in a horizontal plane by
moving internal mass of the discs and the compressor blades of a gas turbine
engine

Bardin V.S., Panyov A.S.

Vibrating mobile robots belong to a special group of modern self-propelled devices moving
by means of a relative motion of internal components. Such type of mobile robot does not
require propulsion (like wheels or track sand) and interacts with external environment by means
its frame. The above devices seem to be promising for advanced space industry. In particular,
these devices can be used to study celestial bodies: asteroids, solar system planets and their
satellites. We considered the motion on a horizontal plane of a mechanical system consisting of a
body, interacts with the plane, and a material point moving with respect to the body in a circle
with center at the mass center of the body. Coulomb friction acts from the plane to the body
during its motion. For any values of parameters we have performed a complete qualitative study
of the dynamics of this system. In particular, we have investigated all types of periodic motions,
as well as we have studied their stability. The work is carried out at the cost of the grant of the
Russian Scientific Foundation (project 14-21-00068) at the Moscow Aviation Institute (National
Research University).

I[I/IHaMI/IKa TBEPAOro T€Jaa, IBUKYIIEroCs 110 I‘OpPI3OHTaJILHOﬁ IJIOCKOCTH

MOCPEeACTBOM NepeMellieHHs] BHYTPEeHHEH MacChl
bapnun b.C., [Tanés A.C.

Mockosckuil asuayuonnsiti uncmumym, Mockea, Poccus

Cpenu pa3IuyuHBIX TUIIOB COBPEMEHHBIX CAMOXOJHBIX YCTPOUCTB 0CO0YIO IPyMILy 00pa3yroT
BUOpAIIMOHHBIE MOOWJIbHBIE POOOTHI, MEpEMEIAIOINecs 32 CUET OTHOCHUTEIBHOTO JBHKCHHS
BHYTPEHHUX 371eMeHTOB. OHM HE MMEIOT CIELUAIbHBIX JBUXHTENEH (KOJec WIM T'yCeHHML), a
B3aUMOJICUCTBYIOT C BHEIIHEH CPEIOM IOCPEACTBOM CBOErO KOpPIyca. YKa3aHHBbIE yCTPOMCTBA
MOT'YyT HalTH IIUPOKOE MPUMEHEHHE B COBPEMEHHOM TE€XHUKE. B 4acTHOCTH, B KOCMHUYECKOM
OTpaciu, TJe OHU MOTYT MCIIONB30BAThCs NMPH HCCIEIOBAHUU TOBEPXHOCTEH HEOECHBIX TeI:
aCTEpOMIOB, TUIAHET COJTHEYHOM CUCTEMBI U UX CITyTHHKOB.
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PaccmarpuBaeTcs ABMKEHME IO TOPU3OHTAIBHOM IUIOCKOCTH MEXAHUYECKOW CUCTEMBI,
COCTOsIIEW M3 HeCcylero Tena (Kopmyca), HEMOCPEICTBEHHO B3aUMOAEHCTBYIOLIETO C
IJIOCKOCTBIO, U MAaT€pUAIbHOM TOYKH, IBHXKYILEUCA OTHOCUTEIIBHO KOpITyCca MO OKPYKHOCTH C
LEHTPOM, PacHOJIOKEHHBIM B ILIEHTpPE Macc Kopmyca. B mpouecce OBHKEHHsS Ha KOpIIYC CO
CTOPOHBI IIJIOCKOCTH JEHCTBYIOT CHJIBI CYXOro KYJIOHOBCKOIO TpeHus. [lns Bcex 3HAYeHUU
apaMeTpoOB 3a/layd  BBINOJHEHO IIOJHOE KAYECTBEHHOE MCCIEIOBAHUE JUHAMUYECKOIO
MOBEJICHUS TAKOM CUCTEMBI. B 4aCTHOCTH, N3yUYEHBI PA3JIUUHBIE TUIIBI IEPUOIUYECKUX PEKUMOB
JBUKEHHUSI, a TAKXKE MCCIIEJOBAaHA UX YCTOWYMBOCTh. VccienoBanne BBINIOJIHEHO 3a CUYET I'PAaHTa
Poccuiickoro Hayunoro ¢onma (mpoekt Nel4-21-00068) B MOCKOBCKOM aBHAIIMOHHOM
uHcTuTyTe (HanmonansHOM Hccie10BaTeIbCKOM YHUBEPCUTETE).

Interpretation of unexplained abnormal secular change of the semimajor

axis and the eccentricity of the lunar orbit in the modern era
Barkin Yu.V. !, Barkin M.Yu.?

1 . .
Tocyoapcmeennviii acmponomuueckuti uncmumym um. I1L.K.IImepubepea MI'Y, Mockea, Poccus
2 . . N
Mockogckuii eocyoapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

OO0cyxxnatoTcsi HEOOBSICHEHHBIE Ha CETOJIHS aHOMaJbHbIC BEKOBBIE M3MEHCHHS OOJBIION
MOJIyOCH M ASKCIEHTPUCHUTETAa JIYHHOH OpOHTHI, OOHApy>KEHHBIC MO JIa3epHBIM HAOIIOJCHUSIM
Jlynsl. Ilokazano, 4to 3TH 3(PEeKTh B OpOUTATIEHOM IBMKEHUH JIYHBI MOTYT OBITH MPOCTHIMH
CJICACTBUAMUN OGH&py)KGHHOFO SABJICHUSA yAAJICHUA LHCHTPA MacCC .HYHBI OTHOCUTCIIBHO €€ MaHTUHN
¥ KOPBI 110 HAMpaBJICHUIO K 0OOpaTHOM CTOPOHE CO CKOPOCThIO 5 — 8 Mm/Ton. OHU COAEPKUTCS
JIMIIb B JAaHHBIX JIA3CPHBIX H3.6JIIOI[€HHI>'I ", 1HO-BUAUMOMY, CBSA3AHBI C MPOCTPAHCTBCHHBIM
XapaKTepoM CMeIIeHUH LeHTpa wMacc JIyHbl OTHOCHUTEIBHO CHCTEMBbI pedIeKTopoB Ha
OBEpPXHOCTU JIyHBIL.

A new analytical theory of the Earth rotation
Barkin Yu.V. !, Barkin M.Yu.?

1 . o
Tocyoapcmeennwiii acmponomuueckutt uncmumym um. ILK. [lImepnbepea MI'Y, Mocxesa, Poccus
2 . . .
Mockogckuii eocyoapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PazpabGarbiBaeTcss Teopusi BpamieHuss HechepuyHOM 3eMyiM € YOpPYrod MaHTHEH,
MU3MEHSEMOUN BHEITHEH 00O0JI0UKOW U C DIUIMIICOMAANBHBIM JKUJIKUM SIIPOM B TPAaBUTAIMOHHOM
mo @ Jlyapt m Co Hma. B kauecTBe 0a30BBIX MCHOJB3YIOTCS YypPaBHCHHS JBUKEHUS B
NepeMeHHbIX AHayalie. VY4HTHIBaeTCcs BTOpas TapMOHUKAa CHJIOBOM  (QYyHKIMH TpH
BBICOKOTOUYHOM OINUCAaHUM OpOUTANbHOrO ABMKEeHUA 3emiu U JlyHol. Bapuanuum KOMIOHEHT
TEH30pa MHEPLUUU CTPOSITCS HA OCHOBE CHYTHUKOBBIX JAHHBIX O BEKOBOBBIX, T'OJIOBBIX H
MOJIYTOJIOBBIX BapHalMsaX reonoTeHnuana. [lpubnmkeHHoe pemieHre 3a1aui 0 BpalleHuu 3emiin
CTPOUTCS C TOMOIIBIO METOJla MaJloro mnapameTpa B NEpPeMEHHBIX AHayaiie, a Takxke s
MIPOEKITNI YTIIOBOM CKOpOCTH 3eMitH | ee siapa. [Ipeanonaraercs, 4To sapo npeacTaBiseT coOoi
UJeaNbHYIO )KUJIKOCTh, COBEPIIAIONTYIO IIpocToe ABmxkeHue no [lyankape.

[TocTpoenb! TabIUIIBI IPEIIECCUH, HYTAINH, KOJICOaHH TOJII0Cca OCH BPAIIEHUS 3eMJTH U JIp.
[Tokazano xopoiiee corjiacue TEOPUH C PaHEE MOCTPOCHHBIMU TEOPHUSIMU BpalleHUs 3eMIIH
(Kunommra, 1977; Getino, Ferrandiz, 2001 u ap.).

An analytical method for calculating the operational loads of vehicles
Baryshnikov U.N.

An analytical method for the calculation of the vertical loads on the car when moving for
road irregularities. On the basis of the geometric relationships derived equations relating
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roughness height, impact on different wheels that cause equivalent load. In the linear model
revealed a relationship between the loads that occur when hit by a car different wheels on the
same irregularities. The practical significance of the equations is the possibility of determining
loads of the car in different situations based on the results of one test. For vehicles with non-
linear elastic characteristics of shock absorbers suspension and tires, the resulting equations can
be used for an approximate estimate of the vertical loads. The proposed method is an effective
tool for the rapid analysis of loads early in the design of the car.

AHAJIUTHYECKHI METO/ PacyeTa IKCITYaTAIMOHHBIX HATPY30K

TPAHCHOPTHBIX CPEACTB

Bappinukos HO.H.
Mocxkosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

PazpaboTtan aHanmuTHYECKH METOJ| pacdeTra Harpy3okK, JCHCTBYIONIUX HAa aBTOMOOWIIb MpPH
Hae3/le Ha HEpPOBHOCTH Jjopord. Ha OCHOBE Te€OMETpUYECKHUX COOTHOUIEHUH MOJIY4EHbI
YpaBHEHHUS CBSI3M MEXIy BbICOTAMH HEPOBHOCTEH, Hae3[ Ha KOTOPbIE pa3HbIMH KOJecaMu
BBI3BIBAIOT PABHOLICHHBIE HArpy3ku. B paMkax JIMHEWHOW MOJENM YCTaHOBJIEHA B3aMMOCBS3b
MEXJy Harpy3kaMu, KOTOpbl€ BO3HHMKAIOT NPH Hae3[e aBTOMOOWJIS pa3HbIMH KoOJecaMu Ha
OJMHAKOBbIE HEPOBHOCTU. lIpakTMueckoe 3HAYEHUE IIONYYCHHBIX YpPAaBHEHUH COCTOUT B
BO3MOXHOCTH pPACUCTa HAIpPy30K B PA3JIMYHBIX OJSKCIUTYAaTaAllMOHHBIX CJIy4dasaX Ha OCHOBAHUU
pe3ynbTaToB  OAHOTrO  uchbiTaHus. [lpeanaraemsbiit  Meton — siBisieTcs  3(PPEKTUBHBIM
MHCTPYMEHTOM ISl JKCIpPECcC-aHAIM3a HArpy30K Ha paHHEW CTaguu MPOEKTUPOBAHUSA
ABTOMOOMIISL.

Fatigue of the discs and blades of gas turbine engine due to high-frequency

oscillations
Burago N.G., Nikitin L.S., Yushkovskiy P.A.

In the paper the durability of compressor discs and blades is studied taking into account
high-frequency cyclic loading due to torsional vibrations of the blades. The well-known fatigue
criteria for low-cycle loads (humber of cycles to failure N<105) are generalized for the case of
very-high-cycle loads (number of cycles to failure N>108).

The stress-strain state of a disc is calculated using 3D elasticity theory with help of new
numerical-analytical method. The azimuthal periodic loads at the external disc boundary due to
vibrations of blades are calculated by using the known analytical solution to the problem of
torsion of plates.

The solution is calculated by using implicit finite difference scheme with account of big
number of blades. The damage localization and the durability of discs for very-high-cyclic
fatigue are calculated. The research is supported by RFBR projects 12-08-00366-a, 12-08-
01260-a.

YcTanocTsb IMCKOB M JIONATOK Ia30TYPOMHHOIO ABUTATEIsI IPU

BBICOKOYACTOTHBIX KOJICOAHUAX
byparo H.I'., Hukutun W.C., FOmkoBckuii I1.A.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B nmanHOli pabore pemraercs 3ajada OIEHKH JOJTOBEYHOCTH IHCKA KOMIIpECcopa IMpH
BBICOKOYACTOTHOM  ITMKJIMYECKOM HArpy>XeHHH, CBSI3aHHOM C HaOJIOAaeMbIMU KPYTHUIIBHBIMH
KoneOaHusMU JomaTok. [IpemyiokeHo 000OIIeHNEe W3BECTHBIX KPUTEPUEB MHOTOOCHOTO
MaJIOIMKIOBOTO ycTanoctHoro pazpymenus (N<105) Ha wucciemyeMblii, OTHOCHUTEIHHO
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MaJIOM3Y4YEHHBIN pexuM cBepxMHorouukyioBoi ycramoctu (N>108), rne N — yncio nukios 1o
pa3pylLeHus..

Jlns  ompeneneHus: HampsHKEHHO-Ie(OPMUPOBAHHOIO COCTOSIHMA —JMcKa pa3paboTaH
NPUOJIMKEHHBIH, YUCIEHHO-aHATUTUYECKU METOJ PEelIeHUs] TPEXMEPHBIX YpaBHEHHUH TEOpHU
yIPYrocTH U ObUIA TMOJyuyeHa cucTeMa OOBIKHOBEHHBIX Au((depeHIHalbHBIX ypaBHEHUN IS
HanpspDKEHUW W CMELIEHHWH KOJIBIEBOTO JHMCKAa MEPEMEHHOTO MO paJHaIbHOM KOOpAUHATE
ceyeHusa. Ha BHeIIHEM KOHType AMCKa 3a/aBajluCh NEPUOAMYECKHE IO YIJIy KacaTeJabHbIE
HaNpsDKEHUs, KOTOPblE MOJEIHUPOBAIM BO3JCHCTBHE OT KPYTHIIBHBIX KOJI€OAaHUI JIONAaTOK H
ObUIM COTJIACOBAHBI C HUMH 110 aMILTUTY/IE.

[Tonyuennas >xectkas cucrema auddepeHIMaIbHbIX YpPaBHEHUN pelanach MO HESBHOU
Pa3HOCTHOU CXeMe C y4eTOM OOJBLIOro MapaMerpa B MPaBOM YacTHU CUCTEMBI, CBSI3aHHOTO CO
3HAUUTENBHBIM 4YMCIOM JionaTok. Ha ocHoBe 0OOOLIEHHBIX KPUTEPUEB MHOTOOCHOIO
YCTAJIOCTHOTO  pa3pylleHHs JaHa OL€HKa JOJNOBEYHOCTH  JUCKAa  JUId  pEeXHUMa
CBEpPXMHOTOLIMKJIOBOM  yCTQJIOCTH W  ONpENENeHbl 30HBl  3apOXKICHMS  YCTAIOCTHBIX
noBpexaeHuid. Pabora BeimonHeHa B pamkax rnpoektoB PODU 12-08-00366-a, 12-08-01260-a.

The paradox of in-phase changes in kinetic and potential energy for

mechanical running waves
Chuev A.S.

The common in modern college textbooks concept of in-phase changes in kinetic and
potential energy for mechanical running waves is considered a paradox of the theory and refuted.
The consideration is based on animated images of running mechanical waves of different types.
Models of a medium with connected by elastic elements concentrated masses and with
distributed mass in a form of a continuous string and a cylindrical spring are examined. Different
types of waves: transverse, longitudinal and mixed, are analyzed. In the conclusion the fallacy of
the contemporary theoretical notions about in-phase changes of two types of energy in
mechanical running waves is inferred.

IHapanokce cuH(pa3HOCTH U3MEHEHHMH KMHETHYECKON M NMOTEeHIHAIbHOI

3Heprm7i B MCXaHNYCCKHUX 6ery11mx BOJIHAX
Uyes A.C.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

OneHuBaeTcsl Kak Mapajgokc TEOPUH M ONPOBEPraeTcsl paclpOCTPAHEHHOE B COBPEMEHHBIX
BY30BCKMX y4YeOHUKax TMpelICTaBleHHEe O CHH()A3HOCTH W3MEHEHHH KHHETHYECKOH W
MOTCHITMAIBPHOW JHEPruii B MEXaHWYECKUX OeTrylIux BoOJHAX. PaccMOTpeHHWe TpOBEICHO Ha
AHMMALMOHHBIX M300paKEHUAX OEryIIMX MEXaHHYECKUX BOJIH Pa3IMyHOro Tuma. PaccMoTpeHs
MOJIENIA CPeNbl C COCPEAOTOYEHHBIMM MAacCaMH, CBSI3AHHBIMM YIOPYTMMH JJIEMEHTaMH, U C
pacIpeneieHHOM Maccoil B BHUJAE HENPEPBIBHOW CTPYHbl M LUJIUHAPUYECKOW IPY>KUHBI.
AHaMM3UPYIOTCS pa3HbIE TUIBI BOJH: MOINEPEYHbIE, IPOJOJIbHBIE U CMEIIaHHbIE. B 3akitoueHune
Jenaercs  BBIBOJ 00 OMIMOOYHOCTH COBPEMEHHBIX TEOPETUYECKUX MPEACTaBICHUH O
cuH(pa3HOCTH U3MEHEHH IBYX BUJIOB SHEPTUHU B OETYIINX MEXaHUYECKUX BOJIHAX.

Regarding the experimental method for determining the damping factor

Separator doubly connected fluid reservoir
Goncharov D.A., Pozhalostin A.A.

The paper presents the results of an experimental study to determine the damping coefficient
in the hard cylindrical tank with a permeable separator between two layers of fluid. Discusses
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constructed and well-honed system for the excitation of the symmetric vibrations of the liquid in
the tank. The results of the experiment. On the basis of the exact analytical solution of the
corresponding boundary-value problem for the first time, an analytical dependence on the
definition of the damping coefficient.

00 3xcnepuMeHTAJIBLHOM MeTo/e onpeaeaeHus ko3¢ duunenra

aeMingupoBaHUs pa3ieJUTeJIsl IBYCBA3HOM sKUIKOCTH B 0aKe

I'onuapos /. A., [Toxxanoctun A.A.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B paGore mpencraBieHbl pe3yibTaThl  SKCIEPHUMEHTAIBHOTO  HMCCIEIOBAHUS  I10
ompeneneHuo KodpuiMeHTa aeMIGUpoBaHUs B JKECTKOM ITWIMHAPUYECKOM Oake ¢
NPOHHUIIAEMBIM  Pa3JeIHUTENeM  MEXIy  JByMs  closMud  KHAKOcTH.  OOcyxnaercs
CIPOCKTHPOBAHHAs, W3rOTOBJIEHHAs W  OTJ@XEHHas  yCTaHOBKa [UId  BO30YXICHMS
CUMMETPUYHBIX KOJIeOaHu# *UIKocTH B Oake. IlpeacraBiensl pe3ynbTaThl SKcrepuMeHTa. Ha
OCHOBE TOYHOI'O AHAJUTHYECKOrO PELIEHHs COOTBETCTBYIOLICH KpaeBOW 3ajauu BIEpBbIE
NOJTydeHa aHaJTUTUYecKas 3aBUCUMOCTD IO onpeiesieHuto ko3 duumenta geMnpupoBaHus.

Stability and control of fluid-containing rotating rigid bodies
Gurchenkov A.A.

In this report systems control motion rotating rigid bodies with fluid-containing analysis is
presented. The rotating rigid bodies perform disturb motion with respect to symmetrical rotating
under action moments of external forces. Moment of external forces components ,which act on
system perpendicular to axis stationary rotating, are considered as control reactions. One of main
problems of investigation was making of dependence system characteristics from moment of
external forces. Another problem was explanation a object stability, making of limitations at
system parameters for supply her stability.

YcToiiuMBOCTb U YHIPaBJieHHe BPAIIAKIIUMHUCH TBEPAbIMHU TEJIAMH C

JKUAKUM HAITOJTHCHUEM
I'ypuenkos A.A.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B noknane npencraBiieH aHalu3 CUCTEM YIPABICHUS JIBH)KEHHEM BPAILAIOMIMXCS TBEPbIX
T€I C KUJKAM HAalOJIHEHUEM, COBEPIIAIOIIMX BO3MYIIEHHOE OTHOCHTEIBHO PABHOMEPHOIO
BpallleHUsl JIBUKEHUE II0J JEHCTBUEM MOMEHTOB BHEIIHUX CHJI. KOMIOHEHTHI MOMEHTa
BHEIIHUX CHWJI, ACHCTBYIOUIUX HA CUCTEMY, IEPIEHAUKYIISIPHBIE OCH CTALlHOHAPHOTO BPAILECHHUS,
paccMaTpuBarOTCA Kak yINpasisitoniye Bo3aedcTBusa. ONHON W3 TIaBHBIX 3a7ad UCCIIEJOBaHUS
OBLIO MOMYYEHHE 3aBUCHUMOCTH XapaKTEPUCTUK CHCTEMBbl OT MOMEHTAa BHEIIHUX cuil. [[pyroi
3amaueil  ObLJIO BBUICHEHHE YCTOHYMBOCTH OOBEKTA, MOJyYCHHE OTPAaHMYCHUN Ha MapaMeTphl
CUCTEMBI J1JIsl 00eCIIeUeHUs €€ YCTOMUYUBOCTH.

Possibilities of a gravity correction of asteroid Apophis orbit by small

spacecraft
Ivashkin V.V., Stihno K.A.

Gravitational correction of dangerous asteroid Apophis trajectory is studied in the paper.
Characteristics of a weak gravity effect by a spacecraft are analyzed. The spacecraft is kept by a
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controlled jet thrust in a special space position near asteroid and gives a gravity perturbation to
the asteroid. This leads to a slow change of asteroid’s orbit. The change of the perigee radius for
Apophis’ orbit in 2036 as well as the spacecraft (SC) fuel mass consumption for the controlled
keeping of the SC relative to the asteroid are studied depending on the initial correction time,
duration of the gravity effect, the SC initial mass, the SC distance to asteroid, and exhaust
velocity of the spacecraft jet engines. The main attention is paid to a case of a small spacecraft
with initial mass of about one thousand kilograms. This gravity correction performed before the
Apophis-Earth approach in 2029, in principle, can be used to deflect the asteroid from Earth if
Apophis’ updated orbit results in the collision with Earth in 2036 or later.

B03M0:KHOCTH IrPaBHTAIIMOHHOM KoppeKInu opouThl acrepouaa Apophis

He0O0JIbIIUM KOCMHYECKHM anmapaTrom

HBamkua B.B.l, Cruxuo K.A.2

1 .
Hucmumym npuknaonou mamemamuxu um. M.B. Kenoviwa PAH, Mockea, Poccus
2 . . N
Mockosckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B pabore Ha mnpumepe omacHoro acrtepomzpa ApPOphis wucciexyercs BO3MOXKHOCTH
TPaBUTAIMOHHON KOPPEKIMH OPOWUTHI MaJIoro HEOECHOro Teja HEOOJBITUM KOCMUYECKUM
anrapaToM, MOMEUIEHHBIM B HEKOTOPYIO OKPECTHOCTh aCTEPOUJIa U yIEPKUBAEMbIM B HEU NpHU
MOMOIUIN MAaHEBPOBBIX PEAKTHBHBIX ABHUratesneid. ['paBuTalilMOHHOE BO3MYILEHHUE, IEHCTBYIOIIEE
co CTOpoHBI KocMmuueckoro ammapata (KA) Ha actepoup, MEAJEHHO OTKJIOHSET acTepouy ¢
MCXOJHONW HEBO3MYIIEHHON OpOUTBHI U paccMaTpUBAETCA KaK KOPPEKTHPYIOIIee YCKOpPEHHE B
YpaBHEHMSIX IBIKEHHUS acTeponaa. OCHOBHOE BHMMaHHUE YIENEHO ciydaio HeOombimoro KA,
Maccoi okoio 1000 xr. HccneayroTcs H3MEHEHHME MHUHUMAJIBHOTO PACCTOSIHUA IIpoJieTa
actepouaa okoiso 3emnu B 2036 rony u pacxon maccbl KA, HeoOXOAMMBIH JIIst 3TOM KOPPEKIUH,
B 3aBUCHMMOCTH OT BPEMEHHU Haudaja KOPPEeKIHMU U €€ JUIUTEIbHOCTU. V3yuaeTcs TakKe BIUSHUE
CKOpOoCTH HcTeueHus cTpyu asurateneit KA, paccrossHust or KA 10 neHTpa macc actepousia u
HavaibHOUM Macchl KA Ha saddextuBHOCTh KOppekiuu. [oka3aHo, 4TO 3Ty KOPPEKIIUIO MOYKHO
OCYIIECTBUTD JIJISl MPEAYIIPEXKACHHS BEPOATHOIO CTOIKHOBEHHUS acTepouaa ¢ 3emieit B 2036 unu
B MTOCJICIYIONINX TOJaX, €CIU €€ MPOBECTH 110 nX commkenus B 2029 romy.

Vortex damping of surface waves
Kalinichenko V.A.}, Chashechkin Y.D.?, Aung Naing Co*

1
Hncmumymnpoobremmexanuxuum. A.FO. Hununckoeo PAH, Mockea, Poccus
2
Hncmumym npoonem mexanuxu um. A.FO. Huwnunckoeo PAH, Mocksa, Poccus
3 . . o
Mockosckuii eocydapcmeennviii mexHuyeckuu yHugepcumem um. H.O. Baymana, Mockea, Poccus

[IpencraBieHsl  pe3ynabTaThl  AKCIEPUMEHTAIBHOTO  HCCIIECIOBaHUS  JeMII(UpPOBAHUS
MOBEPXHOCTHBIX BOJH Dapajies ¢ LEeIbl0 MUHUMHU3AIMU BO3ACHCTBUN >KUIKOCTH HA CTEHKH
MPSMOYTOJIBHOTO COCyZAa C MOMOLIBIO IUIACTHH, PACIOJIOKEHHBIX KaK HOPMAJIbHO, TaK U IO
MPOU3BOJIbHBIM YIJIOM K HAIPaBJICHUIO BOJHOBOIO MOTOKA. [loilydeHBI OLIEHKH HEKPEMEHTOB
BOJIH MPH HAIWYUH B COCYJIe€ BEPTHUKAIBHBIX TUIACTHH; BBISIBICHBI OCOOCHHOCTH BOJHOBOTO
TEUEHUS] TP HAJUYHH KOHCTPYKIIMOHHOTO JEeMII(UPYIOMIETO D3JIEMEHTa; OO0CYXIaeTcs
MEXaHHU3M TIOJIaBJICHUS KOJICOaHWH >KUIKOCTH. TeMa HCCIeNOBaHWI CBsi3aHA C peEIIeHUEM
MPAKTUYECKUX 3aJa4 aBUAIMOHHO-KOCMHYECKOM TEXHUKH, TPAXKIAHCKOTO CTPOUTEILCTBA,
SIIEPHON TEXHOJIOTHH, TPAHCIIOPTUPOBKH HEPTETPOTYKTOB MOPCKUM M HA36MHBIM TPAHCIIOPTOM.
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Dynamic stability of rotating circular plates
Karpachev A.Yu.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PaccmoTrpeno ompezaeneHne KpUTHYECKOW 4YacTOThI BPAlIEHUsl KPYIJOW IUIACTHHBI B BHJIE
JTUCKa, 3alIeMJICHHOTO B LIEHTpe (praHiamu.

On asymptotic stability for some classes of steady motions of controlled

mechanical systems by zero roots in closed loop system
Krasinskiy A.Ya., Krasinskaya E.M.

The stabilization problems up to asymptotic stability of the equilibriums and stationary
motions are considered for mechanical systems with redundant coordinates. The coefficients of
stabilizing control are defined thru decision of correspond linear-quadratic task for linear
controlled subsystem. The asymptotic stability in closed loop nonlinear system is obtained in
spite of the availability of zero roots of characteristic equation. The analysis of the conditions for
initial perturbation is emphasized in the proof of this property.

OO0 acuMITOTHYECKOH YCTOMYMBOCTH HEKOTOPBIX KJIACCOB IBHKCHUH
yIPpaBJIsieMbIX MEXaHUYECKUX CUCTEM € HYJIeBLIMU KOPHAMM B 3aMKHYTOH

CHUCTEME

Kpacunckuit Al Kpacunckas DM
Y Mocrosckuii 20cydapemeennvlii ynugepcumem nuugesblx npousgoocms,
2 Mocrosckuil asuayuonnblii uncmumym, Mockea, Poccus
2 Mockosckui eocyoapcmeennblil mexnuueckuti ynusepcumem um. H. 9. baymana, Mockea, Poccus

Ha ocHoBe paHee IOJYyYEHHBIX TEOPEM PpAcCCMOTPEHBl 3aJaud CTaOWIM3aLUU 10
ACUMIITOTUYECKOM II0 BCEM IIEPEMEHHBIM YCTOMYMBOCTH IIOJIOKCHWM PpaBHOBECHUS H
CTALlMOHAPHBIX JABMKCHUH MEXaHMUYECKUX CHCTEM C M30BITOUHBIMU KOOpAMHaTaMHu. JIuHelHoe
CTa0MIIM3UPYIOIIEE YIPABICHHUE OINPEACSIeTCS pPElICHHEeM JHHEWHO-KBaJpaTUYHOM 3a1a4u
CTaOWIM3alMy IS BBIICTSIEMON JIMHEHHON YIpaBiIseMON MOACHCTEMBbI BO3MOXXHO MEHBIIICH
pasMepHOCTH. B IOIHOM HEJIMHEWHOW CHCTEMEe, 3aMKHYTOM OTHM YCTaHaBIIMBACTCS
aCUMIITOTUYECKass  YCTOWYUBOCTb, HECMOTpPST ~ Ha  HajgM4uMe  HYJIEBBIX  KOpHEH
XapaKTEPUCTUYECKOTO YPAaBHEHMS B YHUCIIC, HE MEHBIIEM YHCIIa T€OMETPUYECKUX CBsA3eil. [l
YCTAQHOBJICHHSI 3TOT0 (aKTa 0COOYIO POJIb UTPAET aHAJIU3 YCIOBUM, HAKIIAJbIBAEMBbIX CBSI35IMH Ha
Ha4aJIbHbIE BO3MYILICHHUS.

Precision solution of the problem of the stability of singularly perturbed

parametric oscillations
Kumakshev S.A.

Hnemumym npobrem mexanuxu um. A.FO. Huinunckoeo PAH, Mocksa, Poccus

UccnenoBanbl  cOOCTBEHHBIE YacTOTBI ©  (OPMBI  MapaMETPUYECKUX  KoyeOaHUi
MEXAHUUYECKOM CHUCTEMBI Ha IPUMEPE MATEMAaTUYECKOIrO MAasTHHUKAa IEPEMEHHOM [UIMHBI B
3aBUCUMOCTH OT CKOJIb YTOAHO MalbIX A0 MpPENeNbHO JOMYCTUMBIX 3HaYeHHH Ko3(dduiuenra
MOJYJIALMNA. AHaJIUTHUYECKUMU W YHUCIEHHBIMM METOJAMM IOCTPOEHBl M HM3YyY€Hbl TPaHUIIbI
PE30HAHCHBIX 30H IEPBBIX YETBIPEX MOJ KOJCOaHUH, YCTaHOBJIEHBI OCHOBHBIC KauE€CTBEHHBIE
cBoiicTBa BhICIIMX MOJ. Jloka3aHa MOJHas BBIPOXKIEHHOCTH (COBIAJEHHUE) MOJ C UYETHBIMU
HOMEpaMH, T.€. COBMAJCHHE YaCTOT CUMMETPUUYHBIX U HECUMMETPUYHBIX (OPM COOCTBEHHBIX
KoJIeOaHUN Ui JOMYCTUMBIX 3HaueHUl mnapamerpa wmoxymsauuu. Iloctpoena rinobanbHas
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KapTUHA TpaHUl] o01acTel yCTOMYMBOCTH HW)KHETO IIOJIOKEHUS PABHOBECHsS] W IIOKA3aHO
CYIIIECTBEHHOE OTIANYHE OT nuarpamm AlHca-CTtperTa. Y CTaHOBIIEHBI crieru(pruiecKkue CBONCTBA
COOCTBEHHBIX (opM KonebaHui, Haubojee BbIpaKEHHBIE MpH OONBIINX KO3 (UIIMEHTaX
mMonynauuu. [lomyueHHbie pe3yapTaThl HEM3BECTHBI B HAYUHOM JIUTEpAType.

General theorem of dynamics, as a result of the general equation of

mechanics
Lapshin V.V.

Traditionally, in the course of theoretical mechanics general theorems of dynamics are
derived from the equations of motion of a mechanical system. The paper considers the derivation
of these theorems from the general equations of mechanics. This leads to changes in the
formulation of this theorems. Reaction force of ideal constraints (internal and external) are not
included in theorems. These statements of the theorems in contrast to the traditional give a hint
which of the theorems must be used in the solution of applied problems. Examples of solving
problems are presented.

OO0uue TeopeMbl JMHAMHMKH KaK CJIeACTBHE 00111er0 YpaBHEeHUA

MEXaHUKHU

Jlanmux B. B.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

TpaguioHHo B Kypce TEOPETHUECKON MEXaHUKH 00Ie TEOPEMbl JUHAMHUKHU BBIBOJSATCS U3
YPaBHEHUH JIBUKEHUSI MEXAHUUYECKOM CHUCTEMBI. B cTaThe paccMaTpuBaeTCsl BBIBOJ ATHX TEOPEM
u3 o01ero ypaBHeHus mexaHuku. [Ipu 3ToM m3mensercs u GopmynupoBka TeopeM. B HUX He
BXOJT CUJIbl PEAKLMU WJICANbHBIX CBSA3€H (BHEIIHME M BHYTpeHHHE). OHM JAIOT MOACKAa3Ky
Kakhue U3 OOLIMX TeopeM IUHAMUKKA HEOOXOAMMO HCIOJIb30BaTh IPU pEIICHUH 3ajad.
[IpuBoasTCS MpUMEpPHI pELICHUS 3a]1a4.

Nonlinear elastoplastic model of collision
Lapshin V.V., Yurin E.A.

In the Hertz model of the elastic collision is assumed that the contact force of interaction
depends on the deformation of bodies as well as in the static . Hunt and Crossley suggested that
the collision occurs not only the elastic force, but also the viscous friction between particles of
colliding bodies . The coefficient of restitution decreases monotonically with increasing impact
velocity. In this paper a with a fixed obstacle is investigated. In this paper, we consider a
nonlinear elastic-plastic model of a collinear impact body on a fixed obstacle, built on the basis
of models of the impact of Hertz and Hunt-Crossley, in which it is assumed that the friction
between the particles of colliding bodies is dry. The first integrals of the equations of motion
during the phases of deformation and restitution are obtained. The coefficient of restitution and
lost of the kinetic energy during the collision and their dependence on a constant dry friction are
determined. The solution of body motion equations during collision in quadratures are obtained.
The results of mathematical modeling are presented. In this model absolutely inelastic collision
is possible, and during elastic collision coefficient of restitution does not depend on the collision
velocity.
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HesmnHeiiHas ynpyromjiacru4eckasi Moaesb yaapa
Jlanmmn B.B., FOpun E.A.

Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B monenu aGcomoTHO ympyroro yaapa ['epma mpenmosaraercs, 4TO KOHTaKTHas cuia
B3aMMOJICHCTBHS TeNl 3aBHCHUT OT nedopMaluy Takke, Kak U B craTuke. Xant u Kpoccnu
MPEANOJI0XKHIIN, YTO MPU yAape BOZHUKAET HE TOJIBKO YIPYTasi CUIIA, HO U BSI3KOE TPEHUE MEXKIY
YacTHIIaMU coynapsirommxcs Ten. [lpu sTomM KOI(QPUIMEHT BOCCTAHOBICHUS MOHOTOHHO
yOBIBa€T C POCTOM CKOpPOCTH coyaapeHus. B paHHOW paboTe paccMOTpeHa HEIWHEWHAas
YOPYromiacCTUYecKas MOJENb KOJUIMHEAPHOrO yjapa Tela O HEMOJBH)KHOE TMPENITCTBHE,
MOCTPOEHHAsl Ha OCHOBe Mojelel yaapa ['epua nu Xanrta-Kpoccenu, B KOTOpo# mpeamnoaraercs,
YTO TPEHUE MEXKAY YaCTUIIAMHU COYAAPSIONINXCS TEJ SIBISETCA HE BA3KHUM, a CyXuM. [lomydeHsl
NepBble MHTETPaAJIbl ypaBHEHUH ABIKEHUA B Qa3ax nedopmanuu U BocctaHoBiaeHus. Onpesenex
KOX((UIIMEHT BOCCTAHOBIICHUS U €TI0 3aBUCUMOCTh OT IMOCTOSIHHOM TpeHus. [lomyueHo pemnieHue
YpaBHEHUE [IB)KEHHME Tena B KBaaparypaX. llpuBeaeHwl pe3yiapTaTbl MaTeMaTHYeCKOIro
MOJIeTTpOBaHUs. B 3T0# Moenu BO3MOKEH aOCOMIOTHO HE YIIPYTUi yaap, a Ipu yIIpyrom yaape
KO3 (UIIMEHT BOCCTAHOBIIEHHUS HE 3aBUCUT OT CKOPOCTH COYJapEHHUS.

Periodic rotation of a heavy gyrostat about a fixed point
Pankratov A.A.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PaccmarpuBaercs kinaccudeckass 3ajada O JABMIKEHUM THPOCTaTa BOKPYI HEMOJBHKHOM
TOYKU B OJHOPOJHOM MOJIE CHJIbI TSXKECTU. Y PaBHEHHUSI IBMXKEHHSI THPOCTaTa 3alMChIBAIOTCS B
KAaHOHMYECKUX MEPEMEHHBIX, SABISIOIIMUXCSA aHAJIOrOM IepeMeHHbIX AHayalie. BBoguTcs mainblii
napaMeTp XapaKTepU3YIONUH MallocTh COOCTBEHHOTO KMHETHYECKOTO MOMEHTa TUpocTaTa U
0JIM30CTh HEMOABUKHON TOUKH OT LIEHTPA TSHKECTH. Y paBHEHUS JBMKEHUS IPUBOIATCS K hopme
HEoOXoauMOW Juid TNpHMEHEHHs Merojna Manoro mapamerpa A. Ilyankape. JlokasbiBaercs
CYIIECTBOBAaHME MHOTOMAPAMETPUUYECKUX CEMENCTB MEPUOAMYECKHX PEUICHHN HCCIEayeMOit
3a/1a4ud, HAXOAATCS MOPOXKIAIOLIME PEHICHUs, JAeTCs HUX TIeOMETpUUYecKass HHTEpIpeTarus.
HccnenyercsyCcTONIHMBOCTHIIONEPBOMYITPHOIMKEHUIOHAN ICHHBIX CEMEUCTBPEIIICHU .

On classification of dynamical problems of a space station motion near a

precessing asteroid
Rodnikov A.V.

To realize some space missions one can place a space station near an asteroid. As the
asteroid spin motion generally is not a pure rotation w.r.t. a principal axis the station motion is
much complex than Kepler’s one. To avoid running away one can tether the station to the
asteroid surface (this is more realistic than the space elevators projects as the length of the tether
must be much less). Even if the asteroid is dynamically symmetric and its spin motion is a
regular precession, one can present studying of the station dynamics as an infinite set of local
problems. Each element of this set can be indexed by a three-dimensional vector (k,l,n). The first
component of this vector is the model of the asteroid gravitational potential. Let k=0 for
infinitesimal gravitation, let k=1 if the asteroid is an extended body and its potential is close to
potential of two spheres and let k=2 if the asteroid is an oblate and its potential is close to
potential of two conjugate complex masses in imaginary distance (in the last case we follow
V.G.Demin’s) approximations). The second component is the method of tethering. Let 1=0 if
there are no tethers, let I=1 if there is one tether, I=2 if there are two tethers and let I=3 if the
station can coast along a layer that is a cable with ends fixed in the asteroid poles. (Note that if
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I=0 for k=1,2 then we have V.V.Beletsky’s Generalized Restricted Circular Problem of Three
Bodies). The third component is the concrete dynamical problem. Let n=0 if the station
stationary orbits are searching for, let n=1 if the found orbits stability is studied and let n=2 if the
problem integrability is established or some integrable cases are considered. This paper is review
of the author results in (0,3,0), (0,3,1), (1,3,0), (1,2,1), (1,3,2), (2,0,0), (2,0,1), (2,3,2) (already
published and new)

O knaccupukanuu 32124 AMHAMMUKHA KOCMHYECKON CTAHIIUU B

OKPECTHOCTH TMPelecCHpYIoIero acreponaa

Ponuuxos A.B.
Mocxosckuii eocyoapcmeennulii mexnudeckutl ynueepcumem um. H.D.Baymana, Mockea, Poccus

JUis  OCYIIECTBICHHUS HEKOTOPBIX KOCMHUYECKHX MHCCHH MOXET MOTpeOoBaThCs
KOCMHUYECKasl CTaHIUs, TMOCTOSHHO HaxXofsmiascs BONMM3M HekoToporo acrepouna. OnHako,
JBUKCHUE TaKOW CTaHIIMH CYIIECTBEHHO CIIO)KHEE KEIUIEPOBCKOTO, T.K. JBHIKEHHE acTepOHja
BOKPYT IIEHTpa Macc BOOOIIIe FOBOPS, HE SIBJISIETCS IEPMaHEHTHBIM BpaleHueM. [ yaep:xanus
CTaHIIMM OKOJIO acTepoMJa MOXKHO TPHBS3aTh CTAHIUIO K €ro MOBEPXHOCTH (TaKOW MPOEKT
OoJiee peaMCTUYEH, YeM pean3alids KOCMHYECKOro JudTa XoTst Obl MOTOMY, 4YTO TpeOyeTcs
3HAUUTENBHO Ooyiee KOpOTKUil Tpoc). Jlake ecnu acrtepounl SIBISIETCS JAWHAMHYECKU
CUMMETPUYHBIM U €r0 BpalllaTelbHOE IBUKCHHE €CTh PETYJSpHas MPEreccus, UCCleA0BaHNe
JUHAMHUKU CTaHLIMU TPEJCTaBIIAeTCs OECKOHEYHBIM HAOOPOM YaCTHBIX 3afad, KOTOPbIE MOTYT
OBITh TIEPEHYMEPOBaHbI ¢ MOMOIIBIO TpexmepHoro Bekropa (K,I,n). IlepBas xoopauHata 3TOrO
BEKTOpa OMpEesieT MOJICIb IPaBUTAIMOHHOIO TMOTeHIMana actepouaa. [lycte k=0 B ciydae,
€CIIM TpaBUTAIMsI TPEHEOPEIKUMO Masia, K=1 eciiu acTepou| SIBISETCS BBITSHYTBIM TEJIOM U €ro
MOTCHIIHAT MOYKHO aIPOKCUMHPOBATh MOTEHIMATIOM JBYX OJHOPOIHBIX MIapoB, K=2 eciu
acTepouJi SBJSETCS CIUTIOCHYTHIM  TEJIOM, W €ro IMOTEHIWall, B COOTBETCTBHH C
annpokcuManuamu B.I'. Jlemuna, MokeT ObITh MpEACTaBIEH KaK MOTEHLIHA JIBYX KOMIUIEKCHO-
COTIPSKEHHBIX TOYEYHBIX Macc, HAXOIAIIMXCS Ha MHHMOM pacCcTOsHUU. BTopas xoopauHara
OIpEe/IeTSIET METOJ COCTUHEHHsI CTaHIuMU ¢ actepougoMm. [lycte |=0 B ciiyuae oTcyTcTBUS
TpocoB, |=1 eciu craHuMs coenMHEHa C aCTEPOUIOM OJHUM TpocoM, |=2 ecim HCIONB3YIOTCS
nBa Tpoca M |=3 ecnu craHIMsS MOXET MepeMemarbcsi BAOJb Jjeepa, T.e. Tpoca C KOHIAMH,
3aKpeIJICHHBIMU Ha ToMocax actepouaa. (3amerum, uro 3HaueHus 1=0 u k=1,2 cooTBeTCTBYIOT
BapuantaM O00O0IIEeHHON OrpaHMYeHHONW KpyroBol 3amauu Tpex Ten B.B.bemenxoro). Tperbs
KOOpAMHATA OMpeJeNsaeT pelaeMyro TuHaMu4eckyro 3amady. Ilyete Nn=0 ecnm wumryres
CTalMOHApHBIE OPOMTHI, N=1 ecmu HCCIeayeTcsl YCTOMUYMBOCTh HAWACHHBIX OpOHMT, N=2 eciu
AHATM3UPYETCS HHTETPHUPYEMOCTh ypaBHEHUW JBWKCHHS WM UWIIYTCS WX YacTHBIC
uHTerpupyembie ciydau. Jlokiam mnpeacTtaBiaseT coboii 0030p pe3yabTaroB aBTopa (yke
oImyOJIMKOBAaHHBIX M HOBBIX) B 3amadax (0,3,0), (0,3,1), (1,3,0), (1,2,1), (1,3,2), (2,0,0), (2,0,1),
(2,3,2).

Three-axis milling of large surfaces of second order
Sayapin S.N.

A new three-axis technique for machining of large surfaces of second order with the
radiused end mill is presented. This technique does not require of using largest unique turning-
and-boring machines or any large 5 axis milling machines. The proposed technology is based on
using of the new geometric approach which combines the geometric parameters of the surface of
the second order, radiused end mill and their location relative to the machine platen. Application
of the developed technology will allow to increase efficiency of machining the surface of the
second order. The example implementation of three-axis milling of large parabolic surface of
second order is shown.
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TpexkoopauHaTHoe ¢pe3epoBaHHe KPYNHOTra0apUTHBIX MOBEPXHOCTEH

BTOPOTI0 MOPSIAKA
Casamnug C.H.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpeuioskeHa HOBasg  TEXHOJOTHSI IPEHU3MOHHOM  OOpabOTKM  KpyMHOTabapUTHBIX
HOBEPXHOCTEH BTOPOTO TMOpSAAKA Ha TPEXKOOPAMHATHOM TOPH30HTAIBHO-(PE3EPHOM CTAHKE.
HoBas TtexHonorus He TpeOyeT NPUMEHEHHMsS YHHKAJIBHBIX KPYMHOraOapUTHBIX TOKapHO-
KapyCeNbHBIX WM TMATHKOOPAWHATHBIX (Ppe3epHbIX CTaHKOB. [IpuMeHeHWe Ui 3THX Lenei
TPEXKOOPIMHATHBIX (pPE3epPHBIX CTAaHKOB MOTpPeOyeT MX OCHAIICHUS JONOJHHUTEIbHOM
OCHACTKOW, OOecreunBaromeil 3aroToBKe HEIOCTAIOMIME BpaIlaTeNbHOE M IOCTYyNAaTeIbHOE
nepeMeleHHsI OTHOCUTENBHO padouero croya cranka. Ilpeanaraemas TeXHOIOTHs TOCTPOEHA Ha
IPUMEHEHHH HOBOTO T€OMETPUYECKOT0 MOAX0/1a, 00BEJHHSIONIET0 TeOMETPHUECKIE TapaMeTpPhI
o0pabaTbIBaeMOil MOBEPXHOCTH BTOPOTO IMOPSJIKA, PEXKYIIErO0 MHCTPYMEHTa U UX B3aMMHOE
pacrosoXeHue OTHOCHTENbHO pabouero croma. [IpumeneHwe pa3pabOTaHHOW TEXHOJIOTHH
MIO3BOJIMT MOBBICUTH 3((PEKTUBHOCTH 00paOOTKM MOBEPXHOCTH BTOPOTO MOPSIKA, TIOBBICUTH €€
TOYHOCTH M YIPOCTHTH YIPABISIONIYI0 NPOTpaMMy M TEXHOJOTMYECKYI0 OCHACTKY 3a CUeT
UCKJIIOUEHHUS] HEOOXOJMMOCTH TMpPHMEHEHHs TOABWXKHOW ocHacTku. [IpuBogurtcs mpumep
PaKTUYECKOTO BHEJIPEHUSI.

Universal Adaptive Spatial Parallel Robots of Module Type Based on the

Platonic Solids
Sayapin S.N., Karpenko A.P., Suan Hiep Dang

This paper introduces and outlines the capabilities of a robotic mechanisms based on the
Platonic solids where each rib of the can be varied in length. Each of its faces can
clamp/unclamp a thing with a closed loop surface of various form as well as put pressure on
environmental surface of contact. These properties open new possibilities for its applications in
various fields. It is shown that the octahedron is the most perspective modular structure. The
octahedral module is a new concept of spatial parallel mechanism with twelve degrees of
freedom. It is an adaptive spatial parallel self-moving robot of module type for individual and
collective (swarm systems) uses in various fields robotics. We examine design principles of
octahedral modular robots, called Dodekapod robots (from the Greek words “dodeka” meaning
twelve and “pod” meaning foot or its counterpart leg), as future intelligent building blocks for
various robotic systems that can self-move and self-reconfigure.

YHl/IBepca.]'lebIe AJJalITUBHLIC ITPOCTPAHCTBCHHLIC IIapa/VICJIbHbIC

pOﬁOTbI MOAYJbHOT0 THUIIA HA OCHOBC INIATOHOBBIX TEJI
Caanun C.H., Kapnenko A.IL., lanr Cyan Xuen

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B crathe paccmarpuBarorcs — (YHKIIMOHAIbHBIE  BO3MOXKHOCTH  YHHBEPCATBHBIX
MPOCTPAHCTBEHHBIX MapauIeIbHBIX POOOTOB MOAYJIBHOTO THIIA, IMOCTPOCHHBIX HAa OCHOBE
[MnaToHOBBIX TeN, Kaxaoe peOpo KOTOPHIX BBIMOJHEHO B BHJE JHMHEWHOTO MpuBoja. KOHIIBI
JUHEHHBIX TPHUBOJOB IIAPHUPHO CBs3aHbl ¢ BepmimHamu [lnatonoBeix Ten. OOpa3zoBaHHbBIE
JTUHEHHBIMU TIPUBOJIAMU TPaHU, CIIOCOOHBI CXBATHIBATh HAPYXKHBICE M PACHUPATh BHYTPEHHHUE
MOBEPXHOCTH TIPEIMETOB TMPOU3BOJBHONW (OPMBI. ODTH CBOWCTBAa TO3BOJISIOT 00OECIEUUTH
poboTaM JaHHOTO TUTA HOBBIE (DYHKIIMOHAIBHBIE BO3MOXXHOCTH U MPUMEHSTh UX B Pa3INYHBIX
obnactsax. IlokazaHo, 4TO OKTad[p cpeaud OCTaIbHBIX [lIaTOHOBBIX Tenm (TeTpa’qp, KyoO,
JOJICKAdIp W HMKOCAdJp) SBIAETCS Haumboiee NEepCHeKTUBHOM MOAYIBHOW CTPYKTYpOIl.
[IpencraBneHHbId B CTaTbe OKTadPHBIA MOAYJIh C aKTUBHBIMH peOpaMu B BHJIEC JTUHEHHBIX
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MPUBOJOB MPEACTABISET HOBYIO KOHIIEHIUIO MTPOCTPAHCTBEHHOIO MApaIETbHOTO MEXaHU3Ma ¢
JIBEHAIIAThIO CTENEHSMU CBOOOMBI. [Ipw 3TOM OKTa’ApHBIA MapauiedbHBIM POOOT SBIACTCS
aIaNTUBHBIM  MPOCTPAHCTBEHHBIM  TapaUIebHBIM  CaMOMEpEeMENIAloIUMCS  poOOTOM
MOJAYJIBHOTO THUIIA U MOXET OBITh WCIOJIb30BAaH B PA3JIUYHBIX 00JIACTSAX POOOTOTEXHHKH Kak
WHJUBUIyaJIbHO, TaK U KOJUIEKTUBHO (pOEBbIE CUCTEMBI). PaccMOTpeHbl TPUHIUIIBI TOCTPOCHUS
OKTa’PHBIX MOIYJIBHBIX POOOTOB, HA3BAaHHBIX JIOJACKANOAAMH (OT TPEUYECKUX CIIOB «IOJIEKa» -
JMBEHANATh U «II0/1» -HOTA), U BO3MOXKHOCTh X OOBEIUHEHUS B MHTEIUICKTYaIbHbIC aKTUBHBIC
POOOTOTEXHIUYECKUE CUCTEMBI.

Mathematical model of developed cavity in liquid flow
Shkapov P.M.

Basic mathematical models of developed cavity, formed in the separation zones of fluid
flow behind bluff bodies, are presented. The assumptions and approaches to particular
applications of hydrodynamics is shown. The results of studies of the structure of artificial gas
cavities with fluctuations in the channels with different forms of the flow cross section are given.

MaremaTn4yeckue Mo/1eJId Pa3BUTHIX KABUTALIMOHHBIX 00pa30oBaHuii B

MOTOKE ' KUAKOCTHU
Ixanos I1.M.

Mocrosckuii ecocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpencraBneHsl OCHOBHBIE MAaT€MAaTUYECKHE MOJIENN Pa3BUTHIX MPUCOCAMHEHHBIX KaBEpH,
o0pa3yromuxcsi B 30HaX OTpbIBa MOTOKA JKUJKOCTH 3a IUI0OX0 oO0TekaeMbiMu TenaMu. [lokazana
B3aMMOCBS3b HCIIOJIb3YEMBIX JONYUIEHUM U MOAXOA0B C PELIEHUEM KOHKPETHBIX IPHUKIAIHBIX
3aja4 ruApoauHaMuku. [IpuBonsaTcs pe3ynabTaThl HCCIENOBAaHUS CTPYKTYpPhl MCKYCCTBEHHBIX
ra30BbIX KaBEpH MPU KOJICOAHUAX B KaHAIAX C Pa3HOI (POpPMOIl TPOXOAHOTO CEUEHUSI.

Direct search methods in hybrid algorithms for computational diagnostics

of hydromechanical systems
Sulimov V.D., Shkapov P.M.

Computational diagnostics represent a topical direction of investigation on complex
hydromechanical systems. Up-to-date approaches are based on methods of mathematical
modelling of systems and on the theory of inverse problems. System eigenspectra contain
essential diagnostic information obtained from measurements. An inverse spectral problem is
formulated for a mathematical model of a system; then an optimizational approach is used for
solving the problem. It is supposed that particular criteria owing to incompleteness of measured
indirect data are represented by not everywhere differentiable multiextreme functions. Global
solutions are obtained using new hybrid algorithms which integrate the stochastic Metropolis
algorithm for scanning the space of variables and deterministic methods for the direct local
search. Numerical experiments on model diagnosing of the coolant phase constitution in the
primary circuit of the reactor installation are presented.
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MeTtoabl NPpSIMOro NOMCKA B THOPUAHBIX AJTOPUTMAX BHIYUCINUTEIbHOI

AUATHOCTUKHU THAPOMEXAHUYIECCKUX CUCTEM
Cynumos B./I., Hkamnos I1.M.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

AKTyanbHBIM HAIpPaBJICHUEM HCCICAOBAHUM CIOXKHBIX THUIPOMEXAaHMYECKHX CHUCTEM
SBJISIETCSL BBIYMCIUTENbHAS OuarHocTnka. CoOBpeMEHHBIE ITOAXOABI OCHOBAaHBI Ha METOJax
MaTeMaTHYECKOT0 MOJICIMPOBAHUS CHUCTEM U TEOpUH o0OpaTHbIX 3anay. CyIIecTBEHHYIO
JMAarHOCTUYECKYI0 HMH(OpManuio, TIONydaeMyl0 TMpH HU3MEPEHHAX, COAEpXKAaT CIIEKTPHI
COOCTBEHHBIX KosiebaHui cucteM. s MaTeMaTH4ecKOd MOAENH cHcTeMbl (hopMynupyercs
oOpaTHasi CHEKTpalbHas 3a/a4a, NPU PEIICHHH KOTOPOW MCHOJIB3YeTCs ONTUMH3AIMOHHBIN
noaxona. Ilpeamonaraercsi, 4TO YacTHbIE KPUTEPHH, BCIEIACTBHE HETOJHOTHI HM3MEPSEMbIX
KOCBEHHBIX JaHHBIX, NPEJCTABICHB HE BCIOAY AN(D(EepeHINPYEeMbIMA MHOTO3KCTPEMAIbHBIMU
¢ynkuusmu. [moOanbHble pELICHUs OINPENeNAIOTCS C HCHOJIb30BAHUEM HOBBIX THOPHUIHBIX
QITOPUTMOB, MHTETPUPYIOMIMX CTOXAaCTHYECKUH anroputM Merpononnca Uil CKaHUPOBAHUS
IPOCTPAHCTBA IEPEMEHHBIX W JETEPMHHUPOBAHHBIE METOJBI IMPSIMOTO JIOKAJBHOTO ITOMCKA.
[lpuBeneHbl dYHMCIEHHBIC MPUMEPHl MOJEIBHOTO HArHOCTHPOBAaHMSA (a3oBOrO  cocraBa
TETUIOHOCHUTEJIS B TVIABHOM ITUPKYJISALIMOHHOM KOHTYPE PEaKTOPHOM YCTaHOBKH.

On the stability of rotation of a rigid body with an ellipsoidal cavity filled

with a stratified fluid
Temnov A.N., Ai Min Win

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B nokinane cooOmuiaroTcst pe3ybTaThl 10 UCCIIEIOBAHUIO YCTOMUYNBOCTH BPAIICHUS TBEPIOTO
Tea, UMEIOMIEro AJUTUIICOUIANBHYIO TMOJIOCTh, IEIMKOM 3aNOJHEHHYI0 CTPaTH(UIIMPOBAHHON
(KpHOTEHHOH) JKMIKOCTBIO. 3a/ladyd O JIBIDKCHHH TBEPHABIX TEJ C TOJIOCTSMH, 3arOJHEHHBIM
OJIHOPOJIHOM MJI€aJIbHOM WJTU BSI3KOM KUIKOCTBIO, SIBJSIOTCS JOCTATOYHO M3Yy4eHHBIMHU. OHAKO
pa3BUTHE COBPEMEHHOW TEXHUKH W MOTPEOHOCTH MPAKTHKH B HACTOSIIIIEE BPEMS CTaBAT IEpe
HCCIIEIOBATEIISIMU  PSAJ HOBBIX BOIPOCOB JWHAMHUKHM TBEPABIX TeEJI, HWMEIOLIUX IOJOCTH C
KUIKOCTBI0. OHOM M3 TakuxX mpoOsieM, TpeOyromel n3ydeHus, sIBISETCS 3aJada O JBIKCHUH
TBEPABIX TEJI C TOJOCTSIMHU, 3alOJHEHHBIMU KPUOTEHHOM KUAKOCTBIO. HernpeMeHHbIM
CBOWMCTBOM KPUOTE€HHOW HUJKOCTH SIBIAETCS HEOAHOPOJHOCTH TEMIEpaTypbl U IJIOTHOCTH,
HaOMOlaeMble BO BCEX peXUMaxX XpaHEHUs U OKCIUTyaTallMd. B  maHHOM [okjiajae, B
MPEANOIOKEHHH OTCYTCTBUS TEIUIOOOMEHAa ¢ BHEIIHEH Cpemoil, paccMoTpeHa 3amada o0
YCTOMYMBOCTH BpalI€HHUs] TBEPAOrO Tela C JIUIMICOMAAIBHON IOJOCThIO, HAIOJIHEHHON
UJeaTbHON CTpaTU(OUIIMPOBAHHON KHUIKOCTHIO.

Automate download of the vibrating hoppers of the robot technology

complex
Varentsov V.V.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

OnuchIBaeTCs NaTYMK JJIsi aBTOMATHYECKOW 3arpy3Kd BHOpOOYHKepa, OCHOBAaHHBINM Ha
HCIIOJIb30BAHUU ABJICHUA HW3MCHCHUSA aAMINIUTYAbI KOH€6aHHﬁ Jamuy nOpu U3MCHCHUHM YHCIa
3arpyKE€HHbIX JeTalieid. J[aT4MK COCTOUT W3 YNPYroul IUIACTHHBI, pblyara, BpaIalOIIEroCs
BOKpYI OCH M TepkoHa. PaccMaTpuBalOTCs HEKOTOPBIE KOJIMYECTBEHHBIE COOTHOIICHMS,
XapaKTEepU3yIolINe KOHCTPYKTUBHBIE MapaMeTphl AaTdyuka. J[aloTcsi peKoMeHJalu 1o BEIOOpY
OCHOBHBIX T'COMCTPUYCCKUX PASMCPOB YYBCTBUTCIILHOTO 3JICMCHTA W pbldara, yrpabJIAROLICTO
COCTOSTHUEM T'epKOHA.
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The impact of damage-fields upon the speed of cracks-propagation
Veretimus N.K., Veretimus D.K.

The damage-fields can be used for the simulation of cracks-initiation process in the elements
of structure’s.

The stress-strain condition change, as a result of cycling, can be used for the damage-field
determination in the structure. Using this data we determined the number of cycles for cracks-
initiation, the number of cycles for damages of the structure and the speed of cracks-propagation.
Then we determined the critical numbers, the length of cracks and life-time of the structure.

BinsiHne HAKOMJICEHHBIX MOBPEKICHUN HA PACUCTHYI0 CKOPOCThH

MAJIOUMKJI0BOH TPEIMHbI
Beperumyc H.K., Beperumyc JI.K.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[Ipobnema HameXKHOM SKCIUTyaTallkd DJIEMEHTOB KOHCTPYKIMHA TIpU HHTEHCHBHOM
BO3CHCTBUM TEPMOLUMKIMUYECKUX HArpy30K akTyalbHa B 0a30BBIX OTpacisiX COBPEMEHHOIO
MalIUHOCTPOECHUS.

B pabote u3zyueHo BIMSHUE MUKINYECKUX MMOBPEXKIECHUN Ha 3aKOHOMEPHOCTH 00pa30BaHus
U POCTa TPEILMHBI TP TEPMOMEXAHUYECKOM HATrPyKECHUHU.

[TomydeHa 3aBUCHMMOCTB CKOPOCTHM pOCTa TPEIUMHBI M YHWCIA LHMKIOB, 3a KOTOPOE
IIPOMCXOAUT IIPOPACTAaHUE TPELIUHBbI HA JUIMHY, OT LUKINYECKOTO IMOBPEXKACHUS Ul CILIaBA
OW437b n xopniycHo# cranu 15X2HM®A.

ObocHOoBaHa HEOOXOJMMOCTh yuyeTa BIMAHUS KHHETUYECKHUX TIOJIeH HAaKOIUIEHHBIX
MOBPEXACHUN Ha CKOPOCTh POCTA TPEUIUHBI.

Section2.
Advanced research and technology of irreversible processes in physics and
astrophysics

Neutron star: from the extreme turbulence of supernova to the reference

regularity of coherent pulsar radiation
Avramenko A.E.

Precise measurements of the second derivative of the rotation period of the long-period
pulsars found consistency of the derivatives in braking index, which indicates the coherence of
pulse radiation of monotonically decelerating neutron star. The value of braking index n = —(0,94
+ 0,1), which also extends to the millisecond pulsars, allows to conclude about the origin of the
coherence properties on the stage of star formation, together with the collapse of the stellar core
in the supernova explosion. A deceleration of neutron star expressed by derivatives of rotation
period at the epoch of explosion is interpreted as the result of the interaction of supernova
magnetic field with circumstellar electron-positron plasma through the open field lines. The
magnetic induction braking mechanism of pulsars, forming two disjoint clusters second and
millisecond pulsars in the evolution of neutron stars, is considered.
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HeiliTpoHHasi 3Be311a: OT IKCTPEMAJIbHON TYPOYJIeHTHOCTH BCIIBIIIKH

CBEPXHOBOW K 3TAJJIOHHOM MOHOTOHHOCTH KOTePEHTHOI0 U3JIY4YEeHUS NMyJbcapa
Aspamenko A.E.

Ilywunckas paouoacmponomuuecxas oocepeamopusi AKL] ®UAH, Poccus

Hepno;[ BpallCHUA Yy OJHUX ITYJIbBCAPOB COCTABJICT BCCTO HCCKOJIbBKO MWJUIMCCKYHI IIPpU

npoussosoii P =10-19-10-21c-c %, a y APYrHUX OH OKOJIO CEKYHMbI [IPH MPOU3BORHON P =
=10-15-10-16 c.c, u Takoe COOTHOIICHHWE COXpAaHSAETCS B MpEACIaX XapaKTepPHOTO

npomesxyTka 106 — 107 ner nms HeWTPOHHBIX 3Be3zl. B pesysbTaTe TOUHBIX M3MEPEHMH BTOPOii
IPOU3BOJHON TepHoJa BpALICHHUA IO HAOMIOJAEMbIM HHTEpBalaM CEKYHAHBIX ITyJIbCapoB
oOHapy>KeHa COTJIACOBAHHOCTbH IEPHOJa U MPOU3BOIHBIX B IMOKa3aTeie TOPMOXKEHUS, KOTopas
CBUJCTEIBCTBYET O CBOWCTBE KOIEPEHTHOCTH HMITYJbCHOTO H3JIyY€HHS MOHOTOHHO

3aMEeISIONIENCsS HEMTPOHHONM 3Be3apl. Benuuuna N=2— PP /P’ pacnpocTpaHsieMasi TakXe Ha
MUJUTUCEKYH/HbIE TYJIbCApbl, I[O3BOJIAET CHENAaTh BBIBOJ O BO3HHUKHOBEHHHU CBOMCTBA
KOTepEHTHOCTU Ha CTaJuu 3BE31000pa30BaHUsI, OJHOBPEMEHHO C KOJIJIATICOM siipa 3BE3[IbI-
NpEAIIECTBEHHUIBI MPU  BCIBIINIKE CBEPXHOBOM. 3aMelJIeHUE 3BE3/bl, BBIPAKEHHOE
NPOU3BOJHBIMM  IE€PUOJA HA 3IMOXY BCHBIIIKA, HWHTEPIPETUPYETCS Kak  pPe3yJbTar
MarHUTOMHAYKIMOHHOTO B3aUMOJCHCTBUA 3aMarHUYEHHOM CBEPXHOBOM C OKOJIO3BE3AHOU
3JICKTPOHHO-TIO3UTPOHHOM TUTa3MON B OOJIACTH OTKPHITHIX CHUJIOBBIX JWHUN. Kosmamc siipa B
cpene Oomee TIIOTHOU IMJIa3Mbl MPUBOAMT K TIOSIBIICHUIO CEKYHIHBIX MyIhcapoB. BO3HUKHOBEHUE
KOPOTKONEPUOAHBIX, MHJUIMCEKYHIHBIX IyJIbCAPOB IMPOUCXOIUT B Oosiee pa3pereHHOM,
XapaKTepHOU ISl BAKYYMHOTO MPUOIIHNKESHHUSI, CpPeIe.

PaccmarpuBaercss MarHUTOMHIYKUHMOHHBIA ~ MEXAaHM3M  POTALMOHHOTO  TOPMOXKEHUS
HEUTPOHHBIX 3BE3[, IPUBOJUTCS CpPABHUTEIBHBIM aHAU3 COIVIACOBAHHBIX IApaMETPOB
BpallleHUsl CEKYHJHBIX U MHJUIMCEKYHJHBIX IMYyJIbCapOB, 00pa3yIolIMX J[Ba HEMEPECEKAIOMINXCs
KJIacTepa B IPOLIECCE IBOIIOLNNA HEUTPOHHBIX 3BE3/I.

The interaction of light with the dark matter of interstellar space
Burago S.G.

State University of Aerospace Technology, Moscow, Russia

The lecture is devoted to the ideas related to the laws of propagation of light in its long-term
movement from a distant star to the observer on Earth. The basic assumption is that the space
between the particles of baryonic matter is filled by the so called "dark matter" which is in the
gaseous state.

The dark matter is affects on the photons which make up the light waves. These the photons,
as every the material particle is absorbs a dark gas. As a result the mass of photons of the light
waves increases with a time according to the law, where , as the amount of motion of the mass
of the photons is remains a constant after the emission of the wave. This leads to the fact that
the speed of the light decreases. As a result, the wavelength of light is increases. This
observation allowed to refinement of the Hubble law for "the red shift in the spectra of the
distant galaxies” and for "the method of the standard candles.” These methods are used to
determine the distance from the Earth to the distant stars.

In addition, the mathematical expressions was obtained for the value of “gravitational red
shift in the spectra of stars™ and "bending of light rays when they tested near the massive stars ".
These the expressions coincide with the well-known the expressions of Einstein. But they have
not received any consequences of the theory relativity. They were based on Newton's law and the
law of conservation of inertia of massive bodies, what are photons of light.
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B3aumopencTBre cBeTa ¢ TEMHON MaTepueil MeK3Be3IHOr0 NIPOCTPAHCTBA
Byparo C.I'.

Mocrosckuii asuayuonnwviii uncmumym (I'ocyoapcmeennulii mexnuueckuti yuugepcumem), Mockea, Poccus

Jlexnnsa mocpsleHa HIEsAM, CBSI3aHHBIM C 3aKOHAMM DPACIPOCTPaHEHMsI CBETa B CBOEH
JOJTOCPOYHON JABIDKEHHMSI OT Jajekod 3Be3abl K HaOmromarenmo Ha 3emie. OCHOBHOe
IPENONI0KEHUE COCTOUT B TOM, YTO MPOCTPAHCTBO MEXJy 4YacTHLAMU OapHOHHON MaTepuu
3aMoJIHSACTCST TaK Ha3blBaeMOW "TeMHOW MaTepuu'", KOTOpas HaXOAUTCS B Tra3o00pa3HOM
coctossHuU. C OMOIIBIO 3aKOHOB MEXAHUKHU KHUJIKOCTH U U3BECTHBIX aCTPOPU3NUECKUX JTaHHBIX
duznuecKkue CBONCTBA TEMHOW Ta3000pa3HOTO BEHIECTBA OMNPEACNAIOTCS. MexaHu3M
B3aUMOJICHICTBUS TEMHOW MaTepuu M OApUOHHOW MaTepuu B IMPEINOJOKEHHU, YTO OAPHOHBI
IIOCTOSIHHO IOTJIOIIAIOT TEMHYIO MAaTEpHUIO U3 OKPY’KAIOILIEro NPOCTPAHCTBA. TeMHas Marepus
00paTHO CTAaHOBHUTCSI CBOOOTHOM MpH pacmnaje 6apuoHOB.

W3 3akoHa pocra OapMOHHOW MaTepuUU 3a CUYET MOIJIOMIEHHS TEMHOW MaTepuu, 3aKOH
Herotona BCEMHUPHOIO TATOTEHUS clenyer TEOPETUYECKH.
TaxkoHmoIX0AM03B0NIAETOObACHUTHTAKKEPAAPYTUXACTPOPHU3NUECKUXIBICHHH.

The universe is encoded in terms of linear differential equations.

Part I. Microcosm
Felix Hovsepian

The author found a mathematical apparatus, which successfully explains the problems of
guantum mechanics. This is apparatus of positive definite functions, borrowed from the theory of
probability. It is this apparatus theoretically proves the correctness of the probabilistic approach
to describing the behavior of microparticles, identifying the causes of the three families in the
experiments. In the explanation of the double-slit experiment sheds light on a non-existent
problem of modern microcosm: this is the problem of the particle-wave duality. This apparatus
explains why each particle must have an antiparticle, and why the calculations in quantum
mechanics, it is necessary to calculate the energy of the wave to get the probability of occurrence
of the microparticles in the experiments. All of the above suggests that the model hit the core of
this theory, showing a discrepancy in the statements of some physicists that the new quantum
mechanics will attend determinism. Determinism in quantum mechanics, of course, will never be
present.

The universe is encoded in terms of linear differential equations.

Part I1. Macrocosm
Felix Hovsepian

Positive definite function, borrowed from the theory of probability, as it turned out, has the
unique property. On the one hand, its propagation speed is constant. On the other hand, this
function can be written as a Fourier integral, which contains only even harmonics. This made it
possible to obtain an analytic proof of constant velocity of harmonic waves propagation in
Nature in the frequency range from plus to minus infinity. From this evidence, it follows that
there are two different time in Nature. One of these times we know very well: this is time on our
wristwatches. Time on "wristwatch” harmonic wave is different. Wave automatically changes
time of its own "wristwatch™ when you change the frequency of the oscillation, i.e. speed is
constant at any frequency, but on the testimony of its own "wristwatch”. This changes the
structure of the universe is fundamentally: the universe is stationary (all galaxies in space have a
fixed position), space is Euclidean, there is no dark energy, and no dark matter, etc.
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High-frequency gravitational waves in the models

of the quintessential inflation
Fomin L.V.

Gravitational waves are a valuable source of information about early the stage of evolution
of the Universe. The condition of the accelerated expansion of the Universe at early stages
describes the theory of inflation. Inflationary cosmology explains the origin of primary in
homogeneities and predicts their spectrum. Thus, there is the possibility to check the theory by
means of comparison with observational data.

We will consider the model of the quintessential inflation with potential

V (¢) = C?exp(Bg)+ D? exp(—f¢) + 2AB
Also we will write down system of the equations of evolution of a scalar field in Friedman-
Robertson-Walker's Universe

11
H _3M§{2¢ +V(¢)}

. . d
¢+3H¢:@V(¢)

We can calculate the power spectrum and spectral indexes of scalar and tensor perturbations
of a scalar field in the considered model of cosmological inflation on the basis of the received
exact solutions.

BbIicoOKoUYaACTOTHBIE IrpaBUTAllHOHHDBLIC BOJTHBI B

MOAeJAX MHPJIANUN ¢ KBUHTICCEHIIM e
domun N.B.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

rpaBI/ITaLII/IOHHIale BOJIHBI ABJIAKOTCA HEHHBIM UCTOYHUKOM HH(bOpMaL[I/IH O PaHHUX CTAAUAX
spommonuu Beenennoi. CocTosiHME YCKOPEHHOTO pacliupeHus BceneHHoON Ha paHHUX CTaausix
onuceiBaeT Teopus HHOIAIMU. MHPIAIMOHHAS KOCMOJOTHS OOBICHAET IPOUCXOXKICHHE
NEPBUYHBIX HEOJHOPOJHOCTEM W MpPEACKa3blBaeT HMX CHEKTp. TakuM oOpa3oM, MOSIBISETCS
BO3MOXHOCTb MPOBCPUTH TCOPHIO MMOCPCACTBOM CPABHCHUS C Ha6JIIOI[aTeJIBHBIMI/I JaHHBIMMU.

PaccmoTpum HHOISIMOHHYIO MOJIENb ¢ KBUHTACCEHIINEH, 3aJaHHYIO TOTEHIINAIOM

V (¢) = C?exp(Bg)+ D? exp(—S¢) + 2AB
N 3anumeM cucteMy ypaBHEHHM 3BOJIIOIMU CKASIPHOrO mojig Bo Bceenennoit ®puamana-
PobGeprcona-Yoxkepa

1 1-2
H _3M§[2¢+V(¢)}

. ._i
¢+3H¢ = d¢V(¢)

Ha ocHOBe mOMy4yeHHBIX TOYHBIX PEHICHUH PACCUUTBHIBAIOTCS CIEKTPbl MOIIHOCTH H
CIICKTPAJIbHBIC HWHJIACKCHI CKAaJIAPHBIX W TCH3O0PHBIX BOBMyH_IGHI/Iﬁ CKaJIApHOTO T1IOJA B
paccMaTpuBaeMor MOACIH KOCMOJIOTUUECKONW MHDIIAIIHNH.
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Mathematical model of the process of coherent electromagnetic radiation
propagation in Luneburg lens taking into account effects of the optics of the

movable medium
Gladyshev V.0O., Tereshin A.A., Yavorsky A.V., Bazleva D.D.

For better focusing of the electro-magnetic radiation on the board of the modern space
vehicles, it is usually used gradient lenses. This type of lenses possess such properties that
refractive index of this lens is changing depending on coordinates. The most widely used lens of
this type is called Luneburg lens. With the help of this lens, one could obtain the parallel beam to
the incident beam after its propagation through the lens.

In this work we made calculations of the processes of coherent electromagnetic radiation
propagation in double-layer Luneburg lens taking into account effects of the optics of the
movable medium. This lens consists of two layers: external spherical meniscus, which is made
from light crown with mirror hemisphere and internal full sphere made from heavy flint. The
following lens was used on the board of the “BLITZ” satellite (spherical glassy reflective free-
running laser system). This satellite was designed for investigating different types of scientific
problems in geodesy, geodynamics and theory of relativity as well as for solving problems of
high precision measurements and long-time forecasting of specialized navigation geodetic
spacecraft orbits.

In the developed mathematical model we used a special algorithm. On the whole beam path
inside of the lens we calculated its coordinates, angles of incidence and refraction on the
interface and its time, while the beam propagates from point to point inside of the lens. All these
parameters was evaluated taking into account kinematic correlations for the Luneburg lens,
which vector of velocity was directed along the x.

In addition to it, it was shown that the working region of such a lens is limited and narrow.
We obtained some graphics, which could prove it. It was found the interval for the angles of
incident in which the intensity of the reflected beam by the lens would be maximized when it
reaches the receiver on Earth. We also got an evaluation of abberly for the beam after its
propagation in lens (it could be also found an interval for the angles of incident in which this
value will be minimal)

The work hasn’t been finished yet. We are planning to refine our developed mathematical
model. First, we are planning to take into account dispersion of the medium. Furthermore, we are
going to consider polarization of the radiation, relativistic effects, effects that are taking place
during the propagation of the radiation in the atmosphere.

MaremaTnueckasi MoJeJib MPOLECCa PACIPOCTPAHEHUSI KOTePEHTHOI'0
3JIEKTPOMArHUTHOIO U3J1y4yeHus B JuH3e JIloHedepra ¢ yuérom 3¢pdexTon

ONTHUKHU ABHKYIIUXCH Cpe/
I'mapsimes B.O., Tepemun A.A., SABopckuii A.B., basnesa /1. 1.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[Ipr M3roTOBICHMM KOCMHUYECKHMX allaparoB Ui YIy4IICeHHS (HOKYCHPOBKHU H3ITYUECHUS
INPUMEHSIOTCS TPAAUEHTHBIE JIMH3bI, T. €. TaKU€ JIMH3bI, MOKAa3aTelb NPETOMIICHUS KOTOPBIX
U3MEHSETCs B 3aBUCHUMOCTU OT KoopAuHaT. Hanbombilee mpuMeHeHrne Modyduiia TpajueHTHas
nuH3a JlroHeOepra, OCHOBHBIM CBOMCTBOM KOTOPOH SIBIISIETCS TIOJYYECHHE TMapalIeIbHOTO
MaJarolEeMy U3JyYCHHIO IIyYKa I10CJE €r0 pacnpoCTpaHEHUsI BHYTPH JINH3BIL.

B BbImonHeHHO# paboTe MpOBOAMIICS pacyET MPOILECCOB PACIPOCTPAHEHUS KOTEPEHTHOTO
AJICKTPOMArHUTHOTO H3JIYYEHUsT B JBYXCIOWHOUN JmH3BI JltoHeOepra (BHEIIHMM MEHHCK W3
JIETKOTO KpOHA C 3€pKajJbHON mosychepoil W BHYTPEHHHM IIapoM M3 TsDKENOro QuunTa),
KoTopasi mpuMeHsiach Ha cnyTHuke «bJIML»(aBToHOMHAas ma3epHas chepudeckas CTEKISTHHAS
oTpakaTelbHasi cucreMa). JlaHHBIN CITyTHUK MpeAHa3HAaYeH JJIS U3YYEHUs] HaydyHBIX MPoOJieM B
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o0nacTi reou3nKU, T€OAUHAMUKN U TEOPUH OTHOCUTEIILHOCTH, a TaKkKe JUIS pEelICHUs 3a/ad
BBICOKOTOYHOTO M3MEPEHUS U JOJTOCPOYHOTO MPOTHO3UPOBAHUS OPOUT CIIEHATN3UPOBAHHBIX
HABUTAlIMOHHO-T€0JIE3NYECKUX KOCMUYECKUX aIllapaToB.

Pacuér pacnpoctpanenus nazepHoro u3nydeHus B auH3e JIroHeOepra mpoBenéH ¢ yuérom
3 PEKTOM ONTHKHU MOABMKHBIX cped. Ompenensuiuch B 3aBUCUMOCTH OT CKOPOCTH JBHXKCHHS
JIMH3BI B IPOCTPAHCTBE TPACKTOPUS JIyda BHYTPH JIMH3BL, YIJIbl [TAJICHUS U IPEJIOMIICHHUSI JIyda Ha
IpaHuLE pa3jiea cpell, a TAKKE BBIYUCIIAIOCH BPEMS paclIpOCTPAHEHUS JIy4ya BHYTPH JIMH3HI.

[Tokazano, uro pabodas 061acTh y TaKOW JIMH3BI HEBeJMKA. [10JIydeHBI COOTBETCTBYIOIINE
rpadpukd. YCTaHOBJEH MHTEpBaJl YIJOB MaJACHUS, MpPH KOTOPbIX HHTEHCHUBHOCTb
BO3BpAIIAIOIIErocs Mydka Ha 3€MHYIO TOBEPXHOCTh OYyJeT MakcUMaybHa. Takke MojydyeHa
OLIGHKa BEJIMYHMHBI a0eppaluu Jiyya MOCie MPOXOXKICHUS UM JIMH3bI (B TOM YHCIIE MOXHO
yKa3aThb MHTEPBAJI YIJIOB MaJCHUs], B KOTOPOM JIaHHAs BeJIMYMHA Oy/ieT MUHUMAIIbHA).

B nmanpHeiimieM mIaHUpYETCS JONOJIHUTH IIOCTPOEHHYIO MAaTEMaTHYECKYyK MOJEIb
YpaBHEHUSMH, ONHUCHIBAIOIIMMHU JuUcCHepcuio cpeabl. Tak ke OyAayT ydreHbl 3(QeKTsl,
CBSI3aHHBIC C MOJISIPHU3ALMEH HM3IIydeHHs], pelasTUBUCTCKUE 3()(eKTbl, F3PPEeKTh, BOZHUKAIOIINE
IIPU paclpoCTpaHEHUH JIA3€PHOTro U3NIyueHus: B aTMocdepe u ap.

Analysis of the reconstruction accuracy of the optical surface profile

utilizing absolute calibration method
Gladysheva Ya.V., Zhivotovsky 1.V., Denisov D.G., Baryshnikov N.V.

Surface roughness of large optics is becoming highly critical to the performance of powerful
lasers or telescopes. Measuring of surface topography and optical parameters of this optics with
nanometer resolution is a challenging problem. Usually, the Fizeau interferometeris used to
measure surface topography, and the result of this measurement is a difference between a test
and reference flat. In case of precise optics, surface roughness of the test flat can be compared
with the reference test, and for measuring of topography of the test flat absolute calibration
methods should be applied.

A three-flat-test method, which compares three flat surfaces using the Fizeau interferometer,
is used as an absolute calibration method. This method determines only linear profile of the test
flat along one diameter. To obtain three-dimensional topography of the test flat, extended
methods of the three-flat-test were proposed. These methods involve additional measurements
with rotation or translation of at least one surface. The most widely used methods are based on
Zernike polynomials, or even and odd functions, or rotation and mirror symmetry. However,
none of those methods allow to measure topography of large aperture optical components across
a wide spatial frequency region (from 4x10™ to 1.67x10° mm™) with desired accuracy.

The authors have implemented the algorithm of the two-flat-test absolute calibration
method. To determine accuracy numerically a number of simulations were performed.
Simulation results showed that the two-flat-test calibration method is applicable to surfaces with
the spatial frequency region from 1.67x10™ to 1.67x10™° mm™.

AHaJIM3 NOrPelIHOCTel BOCCTAHOBJICHUA NPOPUIIS ONTHYECKOU

IMOBEPXHOCTH METOA0OM JIBYX IJIOCKOCTEH

I'maneiesa A.B., XKusorosckuit N.B., Jlenucos JI.I'., bapeimnaukos H.B.
HUUPJI HIO3; HOL] « ®omonuxa u UK mexnuxa», Mockea, Poccus

B nacTosiiiee Bpemsi OOJNbIIION WHTEpEC BHI3BIBAIOT 3a/la4yM, CBSA3aHHBIC C OMpPECICHUEM U
KOHTPOJIEM MMAapaMETPOB KauecTBa ONTUYECKHX MMOBEPXHOCTEH B HIMPOKOM IMPOCTPAHCTBEHHO-
YaCTOTHOM Juarna3oHe. J[Jis KOHTpoJisd MapaMeTpoB KadyecTBAa IMOBEPXHOCTEW HCMOJb3YHOTCS
uHTEp(PEepOMETPUIECKIE METOJbI BOCCTAHOBIEHUS MPOQIWIS ONTHYECKON TIOBEPXHOCTH B
KOMIUJIEKCE ¢ MeToIaMH KaMOpoBkH. OHAKO, €CIIM KauyeCTBO M3MEPSEMON JIeTalld CPaBHUMO C
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Ka4eCTBOM STAJIOHHOM MOBEPXHOCTH, TO JJIS MONYyYEHHUs] OObEKTUBHBIX PE3yJIbTaTOB TpeOyercs
WCKIIFOYUTHh OMIMOKH TTOBEPXHOCTH JTAJIOHA W3 Pe3ybTaTOB m3MepeHui. [[ns sroit 3amaum
UCTIOJIb3YeTCsI METO/] a0COTIOTHON KAaIMOPOBKH.

B xagecTBe MeTona abCOMOTHON KaTMOPOBKY YaCTO MCTIOIB3YETCS METO TPEX MIIOCKOCTEH,
peanu3oBaHHbI B cxeme MHTEeppepomerpa Pu30 M 3aKITIOYAIONINICS B MOMAPHOM CpPaBHEHUH
TpeX IUIOCKONAPAIENbHBIX IUIACTHH. METOA MO03BOJSAET OMNPENEIUTh TOJIBKO JIMHEHHBIN
npod b U3MepseMOi MOBEPXHOCTHU. [1Jis1 BOCCTaHOBJICHUS JIBYMEPHOTO PO OBEPXHOCTH
CYILIECTBYET Psii METOAOB, UCIONB3YIOIIUX B aJIrOPUTME pa3jiokeHue no nonuHoMmam LlepHuke,
YeTHbIC U HEYeTHbIE (PYHKIIUU, TOBOPOTHI OJHOM M3 IUIACTHH, a TAK)KE METO/Ibl, OCHOBaHHbIE Ha
CBOMCTBaxX cuMMeTpun. OJTHaKO HU OJMH W3 3TUX METOJOB HE MO3BOJISIET MPOBOJAUTh U3MEPEHUS
KPYIMHOTaOapUTHBIX ONTHYECKUX IIOBEPXHOCTEH B HIMPOKOM MPOCTPAHCTBEHHO-YACTOTHOM
Uarna3oHe (4><10'1-1.67><10'3MM'1)C HEO00XOINMOI TOYHOCTHIO.

ABTOpamMH OBUI peaJM30BaH aJITOPUTM aOCOJIOTHOH KaJuOpPOBKM METOAOM JIBYX
MJIOCKOCTEW. BbUl MpoBeneH aHamu3 MOTPENIHOCTH BOCCTAHOBIICHMSI TPO(WIST ONTHYECKOU
IOBEPXHOCTU  IpU  IOMOLIM  MAaTEMaTHYEeCKOro  MOJCIMPOBAHHWA M  HA  OCHOBE
SKCIIEPUMEHTANBHBIX JaHHBIX. Pe3ynbTaThl aHaiu3a MOKa3ajid, YTO BOCCTAHOBIEHUE MPOQUIIL

MOBEPXHOCTH C HEOOXOAUMOM TOYHOCTHIO BOZMOXKHO B IMAIIa30HE 1.67x10™- 1.67x10™ MM ™.

Photoluminescence spectra of DNA and ADP in photon traps

under ultraviolet excitation
Gorelik V.S., Dovbeshko G.I., Pyatyshev A.Yu.

In this work the analysis of the photoluminescence spectra of DNA and ADP in photon
traps, when excited by ultraviolet radiation. It is shown that in the small (~ 1 mm?®) volume of
photon trap radiation trapping occurs in the studied substance. There is a significant
redistribution of intensity, due to the transition from spontaneous luminescence to super
luminescence. On the basis of experiments performed it is concluded possibility laser generation
in deoxyribonucleic acid and similar in structure biological compounds.

Cunekrtpsl ¢poronwomunecuenuun JHK u AJI®, naxoasmuxcs B
(oTOHHBIX JTOBYHIKAX, IPH YJIbTPA(PHOJIETOBOM BO30YKICHUH
I'opeaux B.C."?, los6emko I'.M.°, Mstbimes A.FO.?

1 .
Quzuueckuti uncmumym um. I1.H.Jlebedesa PAH
2 . . :
Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus
3
Hnemumym @uzuxu HAH Yipaunel, Kues, Ykpauna

B TAHHOUI pabote MpOBEACH a”Ham3 CIEKTPOB (b OTOMFOMUHECTICHITHH
JIe30KCUPHOOHYKIICMHOBOW KHUCIOTHl W ajeHo3uHaudocdara, Haxomsmmxcs B (OTOHHBIX
JIOBYIIKAX, MPU BO30YXICHUU YIbTPA(QHOIETOBBIM H3ITYyYCHHEM. YCTAaHOBIEHO, YTO B MajoM
(~1 MM3) 0o0beMe (OTOHHOW JIOBYIIKM MPOUCXOIUT IJICHEHHWE M3IYUYCHHUS B aHAJTU3HPYEMBIX
BemecTBax. OOHApPY)KEHO CYIIECTBEHHOE IepepacrpesielieHne WHTCHCHBHOCTH, OOBSICHSIEMOE
NEepexoa0M OT PEeKUMa CIOHTAHHOH JIOMHHECHEHIIMH K CyIepiIOMHHecIeHnnd. Ha ocHoBe
BBITIOJTHEHHBIX JKCIIEPUMEHTOB JENAeTCsl BBIBOJ O BO3MOXKHOCTH JIa3€pHON TIeHEpalud B
JIe30KCHPUOOHYKICMHOBOW KUCIIOTE U OJM3KUX MO CTPYKTYPE OMOIOTHYECKUX COCAMHECHUH.
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The electromagnetic waves’ dispersion in the photonic crystal at the

presence of the magnetic field
Gorelik V.S., Filatov V.V,

The axions are the hypothetical neutral pseudoscalar particles postulated to resolve the
strong CP problem. It has predicted that the two-photon to axion conversion process takes place
at the magnetic field. In the vacuum the intensity of the transition is extremely small. We found
that the ones are grown enough to detect when the photonic crystal’s slow unitary polaritons are
involved. Because of visible range spectrum line of the polaritons there is an opportunity to
detect the axions.

JAucnepcusi 31eKTPOMATHUTHBIX BOJIH B IJ100yJIIpHOM (JOTOHHOM

KPHUCTAJLJI€ B MATHUTHOM I10J1I€
I'openuxk B.C.'? ®unaros B.B.!

1 . . .
Mocxkosckuii cocyoapcmeennviii mexnuyeckuil ynusepcumem um. H.2. baymana, Mockea, Poccus
2 .
Quizuueckutt uncmumym um. I1.H.Jlebedesa PAH, Mockea, Poccus

AKCHOHBI — THIIOTETUYECKHE HEUTpaTbHBIE MCEBIOCKATSIPHBIC YaCTUIIBI, HEOOXOUMBIC IS
coxpaHeHust CP-nHBapuanTHOCTH. B Teopuu npeackasblBaeTcs, 4TO B IPUCYTCTBUU MATHUTHOIO
HOJISL JOJDKHBI MPOUCXOIUTH JABYX(OTOHHBIE MHpOIECCHl MX TeHepauuu/pekomOunamu. [Ipu
3TOM HMHTEHCUBHOCTM TaKHX NEPEXOJOB B Bakyyme KpailHe Manbl. CyHIECTBEHHO MOBBICHTH
BEPOSITHOCTH KOHBEPCHUU /10 JCTEKTUPYEMbBIX 3HAYEHUU MOKHO MPU MOMOIIU «MEIJICHHBIX
YHUTAPHBIX TMOJISIPUTOHOB, BOHUKAIOMIMX B (DOTOHHBIX KpHcTauiax. [lockoiabky yacToTa 3THX
MOJIIPUTOHOB JICKUT B BHIMMOM CIEKTPAIBHOM JHAIa3oHE, Pean3yloTcs OJIaronpusiTHbIC
YCIIOBUS AJIs1 HKCIIEPUMEHTAJILHOTO OOHAPYKEHUS aKCHOHOB.

Laser spectroscopy of secondary radiation in dielectric photon traps
Gorelik V.S, Orlovich V.A., Vodchits A.l., Negriyko A.M., Dovbeshko G.I.,
Sverbil V.P., Pudovkin A.V.

It is reported about opportunities of increase of intensity of secondary radiation of the
dielectric media excited by laser radiation, at the expense of their room in photon traps.
Characteristics of various types of photon traps are analyzed, including: photon crystals; photon
glasses; localized near a metal surface the cylindrical openings filled with dielectrics; ruby
monocrystals; intracavity devices; capillary ditches. As dielectrics are used: organic and
inorganic microcrystals; the opal matrices, which pores are filled with various media;
ferroelectric ceramics; light and heavy waters; ethanol; calcite; nitrite of sodium and others.
Conditions for registration spectra of the spontaneous and stimulated scattering of light in
dielectric photon traps are established. It is shown that application of photon traps allows to carry
out the spectral analysis for extremely small amount of substance (less than one microgram).
Conditions for decreasing threshold of the stimulated scattering of light are established.
Characteristics of experimental setup for supervision of multiple generation of optical
harmonics, for initiation of the multifrequency stimulated Raman scattering, for generation of
longitudinal electromagnetic waves in polar media, for supervision of processes a boson - photon
and a photon - bosonic conversion in photon traps are analyzed.
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.JIZBCPH&H CIICKTPOCKOIIUA BTOPHUYHOIO U3JIYYCHHUA B JTHIJICKTPHYCCKUX

(OTOHHBIX JTOBYIIKAX
[Nopenuxk B.C.l’z, OpnoBuu B.A.S, Bomumig A.I/I.S, Herpuiiko A.M.4, JloBOerko F.I/I.4,
Cep6ms B.I1.% Tymoskun A.B.

! Mockosckuii 2ocyoapcmeennvitl mexHuyeckutl yuusepcumem um. H.J. baymana, Mockea, Poccus
2 usuueckuti uncmumym um. I1.H Jlebeoesa PAH, Mockea, Poccus
3I/IHcmumym Gusuxu umenu b.1. Cmenanosa HAH Berapycu, Munck, berapyco
4HHcmumym ¢usuxu HAH Yxpaunwi, Kues, Yxpauna

CooOmraercss O BO3MOXKHOCTSIX TIOBBIIICHHSI WHTEHCHBHOCTH BTOPHYHOTO H3ITy4CHHUSI
JMIICKTPHYECKUX CpEl, OCBEIIAEMbIX JIa3epHBIM H3JIy4CHHEM, 3a CU€T MHOMEUICHHS WX B
(OTOHHBIEC JTOBYIIKH. AHATU3UPYIOTCS XapaKTEPUCTUKU PA3TMYHBIX THIIOB (DOTOHHBIX JIOBYIIICK,
BKJIIOYasi: ()OTOHHBIC KPHUCTALIBI, (POTOHHBIC CTEKIA; JIOKAJIM30BAHHBIC BOJIM3HM ITOBEPXHOCTH
MeTaJlla HWIMHAPHYECKHE OTBEPCTHSI, 3aIIOJTHECHHBIE UAICKTPUKAMH; MOHOKPHUCTAJIIBI pyOUHa,
BHYTPHPE30HATOPHBIC YCTPOWCTBA; KaNMUIIPHBIE KIOBETBl. B  KadecTBe JUDICKTPUKOB
UCTIONIB3YIOTCS: OPTraHUYEeCKUE U HEOPTaHMYECKUE MUKPOKPHCTAILIBI;, OIIaJIOBbIC MATPHIIBI, TIOPHI
KOTOPBIX 3aIIOJHEHBI PA3JIMYHBIMH CPElaMHU; CETHETOKEPAMHUKa; JIETKas U TsHKENast BOJa; STAHOI,
KaJIbLUT, HUTPUT HATpUs W JApYrue. YCTAHOBICHBI YCIOBHS JUIA IOJYYEHUS CIIEKTPOB
CIIOHTAaHHOTO M BBIHY)XICHHOTO PAacCesHHs CBETa B JUIJICKTPUYCCKHX (DOTOHHBIX JIOBYIIKAX.
[Tokazano, 4yTO MpuMeHEeHUe (OTOHHBIX JIOBYILEK IMO3BOJISIET MPOBOIUTH CIIEKTPAIbHBIA aHATU3
JUIsL TIPEACNFHO MaJoro KOJMYECTBa BellecTBa (MEHee OJHOr0 MHUKpOrpamMma). Y CTaHOBJICHBI
YCIOBUS JUIS TIOHW)KEHHS IOpPOTa BBIHYXICHHOTO pacCesiHHUs CBeTa. l[lpoaHainm3upoBaHbBI
XapaKTePUCTHKN KCIEPHMEHTAIBHBIX YCTAaHOBOK JIISI HAOJIOICHHST MHOYKECTBEHHOH IreHEepaum
ONTHYECKHX  TAapPMOHMK, Ui  BO30YKICHUS MHOT'OYaCTOTHOTO  BBIHY)KIACHHOTO
KOMOWHALMOHHOTO pACCEesIHUS, Ul TeHEPAIlMU IPOJOJBHBIX OJICKTPOMATHUTHBIX BOJIH B
NOJSIPHBIX cpelax, s HaOMIOJeHHS NporeccoB 0030H-poToHHOW U (HOTOH-0030HHOU
KOHBEpPCHU B ()OTOHHBIX JIOBYILKAX.

Laser excitation of local optical harmonics in dielectrics
Gorelik V.S. , Zaitsev K.I. , Yurchenko S.O., Zlobina L.I. , Sverbil P.P., Vedernikov A.A.

Results of experimental studies of the secondary radiation arising in near-surface area of the
ferroelectric photonic crystals and photon traps at excitement by femtosecond pulses of laser
radiation are given. The peak density of power of laser radiation on a surface of dielectrics
reached 1 TW/cm2. The opal matrices (SiO?) which pores were filled with a ferroelectric
material were used as ferroelectric photonic crystals. The microcavities filled with sodium nitrite
or barium titanate, and also ferroelectric ceramics were used as photon traps. The second and the
third optical harmonics were observed in the secondary radiation spectra. The greatest efficiency
of transformation (about 10%) of exciting radiation with wavelengths of 1026 or 513 nanometers
is realized when the frequency position of exciting radiation or the second optical harmonica is
near stop zone edge. Power dependences of the second and third optical harmonics on pump
intensity are measured in photonic crystal with with various globules’ diameters. Conditions of
local generation of multiple optical harmonics in the ferroelectric photonic crystals and photon
traps are analyzed.
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Jla?.epﬂoe Bo36ymeHne JJOKAJIBbHBIX OIITHYC¢CKUX TAPMOHHK B

AMIJIEKTPUKAX
Topenuk B.C.?, 3aiines K.1.2, IOpuenko C.0.%, 3no6una JI.W.%, Ceep6uus [LI1.%
Benepuukos A.A.%, Boitros O.I1.2

! Mockosckuii 2ocyoapcmeennvitl mexHuyeckutl yuusepcumem um. H.9. baymana, Mockea, Poccus
2 usuveckuti unemumym um. I1.H. Jle6edesa PAH, Mocksa, Poccusi
3Hayw0-06pa306ameﬂbeuZ yeump MI'TY um. H.D. baymana « Qomonuxa u uHppaxpacras mexuukay,
Mocxkea, Poccus

[IpuBonsATCS pe3ynbTaThl SKCIEPUMEHTAIBHBIX MCCIEAOBAHUNA BTOPUYHOIO H3Iy4YEHMUS,
BO3HHKAIOIIIETO B IPUIIOBEPXHOCTHON 00JIACTH CErHETOAIEKTPUUECKUX (DOTOHHBIX KPUCTAIUIOB U
(OTOHHBIX JIOBYIIEK TMpH BO30OYXICHHH (EMTOCEKYHIHBIMH HMIYJIbCAMU JIa3€PHOTO
u3nydyeHus. IIukoBas IUIOTHOCTh MOILHOCTH JIA3€PHOTO M3JIyYEHUS Ha IOBEPXHOCTHU
JIUDJIEKTPUKOB  pocTurana | TBr/cM’. B  kadectBe CETHETOMIEKTPHUUECKUX  (POTOHHBIX
KPUCTAJUIOB HCTIOJIB30BAIMCH OIAJIOBBIC MATPHUIIBI (SiOZ), MOPHl KOTOPHIX OBLIM 3arOTHEHBI
CETHETORNIEKTpUKaMHU. B kayecTBe (OTOHHBIX JIOBYIIEK HCIOIb30BATUCH MHKPOMOJIOCTH,
3allOJIHCHHbIE HUTPUTOM HATpUsl WIM TUTAHAaTOM Oapus, a TaKXe CErHETORJIEKTpUYECKHE
KepaMuKH. B crekTpax BTOPUYHOTO W3Ty4YECHHUs HAOJIOJAIMCh BTOpask U TPEThSl ONTHYECKHE
rapMoHuku. Haunbonbmas s¢dexktuBHOCTh mpeodpa3zoBanusi (okoio 10%) Bo30yxkaaromiero
u3nydeHus ¢ JyiMHaMu BoaH 1026 wim 513 HM peanusyeTcss B TOM ciy4ae, KOTJa I0JIOKEHHE
4acTOThl BO30YKAAIOIIET0 M3Iy4E€HUs] WIN BTOPON ONTUYECKON IapMOHHMKHM HAXOOUTCSA BOIHU3H
Kpas cTOn-30HbL. IIOCTPOEHBI 3HEPreTUYECKHUE 3aBUCHMOCTH BTOPOM U TPETHEH ONTHUYECKUX
TFapMOHUK OT HHTEHCUBHOCTM HAKayK{d MpPU pa3IMUYHBIX JAMaMeTpax o0yl (OTOHHOTO
Kkpuctayia. [Ipoananu3upoBaHbl ycI0BUS JOKAJIbHON I'€éHEepallMid MHOXECTBEHHBIX ONTHYECKHUX
TapMOHUK B CETHETORIEKTPUUECKUX (POTOHHBIX KPUCTAIIJIOB U (POTOHHBIX JIOBYIIIKAX.

Special relativity as kinematics of a participle with the upper bound on its
speed
Granik Alex. T.
University of the Pacific, USA

The kinematics of a particle with the upper bound on its speed (a modification of classical
kinematics where such a restriction is absent) has been developed by the authors in
arXiv:1204.5740 for 1-D case. It was based solely on classical mechanics without employing any
concepts , associated with the time dilatation or/and length contraction. It yielded the 1-D
Lorentz transformation (LT), free of inconsistencies (inherent in the canonical derivation and
interpretations of the LT). Here we apply the same approach to derive the LT for the 3-
dimensional motion of a particle and the attendant law of velocity composition. As a result, the
infinite set of four-parameter transformations is obtained. The requirement of linearity of these
transformations selects out of this set the two- parameter subset . The values of the remaining
two parameters , dictated by physics of the motion, is explicitly determined , yielding the
canonical form of the 3 dimensional LT. The generalized law of velocity composition and the
attendant invariant ( not postulated apriori) of the motion are derived, As in the one-dimensional
case, present derivation, as a whole, does not have any need in introducing the concepts of the
time dilatation and length contraction, and is based on the classical concepts of time and space.
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Charged carrier transport with partial symmetry breaking in graphene
Grushevskaya H.V., Krylov G.G.

Belarusan State University, Minsk, Belarus

Graphene physics being one of the hottest topic in condense matter still possesses several
hardly attacked but unsolved problems. The problem of minimal graphene conductivity is one of
such atype. To treat with it, we develop a field theory for asymmetric quantum transport in
monolayer graphene. It is based on the Dirac — Hartree — Fock self-consistent field
approximation, assumption on lattice anti-ferromagnetic ordering and a generalization of the
approach [Falkovsky and Varlamov, Eur. Phys. J. B 56, 281(2007)]. The proposed model is
shown to possess a correct non-relativistic limiting case coinciding with known pseudo-Dirac
mass less fermion model. Estimation of different contributions to minimal conductivity of
graphene has been made which account for non-relativistic current contribution as well as quasi-
relativistic corrections to current due to process of pairs production and magneto-electric effects.
The results for the minimal conductivity have been obtained which are in a good agreement with
experimental data for different supports.

The possibility of observing positronium in astrophysical objects in the

project Millimetron
Kauts V.L.

The possibility of direct detection of positronium characteristic lines in the millimeter and
infrared wavelengths using a 10m space telescope Millimetron was analyzed. The expected
flows in the lines for different classes of astrophysical objects were received.

Bo3MokHOCTH HA0/II01eHNS IO3UTPOHMSA B ACTPO(PU3NYECKUX 00beKTaX B

paMkax npoexkra MuiIMMeTpoH
Kayw B.JI.

Mocxosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[Ipoananu3upoBaHa BO3MOKHOCTh IMPSIMOTO JTETEKTUPOBAHUS XAPAKTEPUCTUUYECKUX JTUHUI
MO3UTPOHUSI B MIJUIMMETPOBOM M HMH(paKpacHOM JHara3oHe IUJIMH BOJH C moMomnpio 10M
KOCMHUYECKOI'0O TEJIECKOIIa «MI/IJ'IJ'II/IMGTpOH». HOJIY‘-ICHBI OXngacMbI€ IIOTOKM B JIMHUAX OJIA
Pa3IMYHBIX KJIACCOB aCTPOPU3HIECKUX OOHEKTOB.

On one Hawking’s hypothesis
Konstantinov M.Y.

The Hawking’s hypothesis about Euclidean nature of space-time is discussed using well
known correspondence between pseudo-Riemannian metrics, Riemannian metrics and unit
vector field. It is shown that in the framework of the Hawking’s hypothesis this correspondence
may be considered as a symmetry breaking and leads naturally to polymetric space-time theories,
dark matter appearance and possible existence of particles which may propagates with super
light speeds and whose possible existence is widely discussed during last decade.
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00 oaHoli runore3e XOKHHIra

Koncrantnaos M.IO.
Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

OO6cyxnaercss BbICKa3aHHash XOKMHTOM B 1978 romy rumore3a O €BKIHIOBOW TMPHUPOJIC
npocTpaHcTBa-BpeMeHu. [lokazaHo, YTO B KJIACCMYECKOW TEOPUM 3Ta TUIIOTE3a €CTECTBEHHBIM
00pa3oM TPHUBOAUT K CYIICCTBOBAHWIO TEMHOW MaTE€PUH M K IOJUMETPUYECCKHUM MOJECIISM
MPOCTPAHCTBA-BPEMEHH.

On the parameters monitoring, characterizing the universe neutrinos

background
Koryukin V.M., Koryukin A.V.

We offer to replace the Universe standard model with the alternative one, in which the
neutrinos back-ground plays the main role. By this the most part of neutrinos must formulate
quantum liquids (the Fermi liquid, the Bose liquid from fermionic pairs). As is known, the Fermi
liquid is characterized by the Fermi energy ¢r and the temperature T, which’s must satisfy the
following inequality: e£))T, (we use the system of units h/(2z) = ¢ = 1, where h is the Planck
constant and c is the velocity of light). As a result the necessity arises for the realization of
experiments on the estimation of these parameters. The most interesting solution is the space
injection of apparatus. What is more as we consider, that the temperature of the Universe
neutrinos background is rather low it can propose a problem on a search of temperature waves in
a vacuum, using the Josephson effect. Naturally that engineering problems are very hard by this.
In the first place they are connected with the screening from the electromagnetic radiation.

O MOHUTOPHMHIC MAPAMETPOB, XaPAKTePU3YIOIUMX HEUTPUHHBIN GOH

BCEJICHHOH
Koprokun B.M.}, Koproxkun AB?

1 Lo . g
Mapuiickuii 2ocyoapcmeennviil ynueepcumem, Howxap-Ona, Poccust
2 . .
Kaszanckuii pedepanvnuiii ynusepcumem, Kasanw, Poccus

MpbI npeagiaraeM 3aMEHHUTh CTaHIAPTHYIO MOJAENb BCceleHHON anbTepHATUBHOM, B KOTOPOU
OCHOBHYIO pOJb UTpaeT HEeUTpuHHBIA (oH. IIpum 3TOM OONbLIAs YacCTh HEHUTPUHO JOJKHBI
COCTaBJISITh KBAHTOBBIE XKUIKOCTH ((PepMHU-KUIKOCTh, 003€-KUIKOCTh U3 (PEPMHOHHBIX TIap).
Kak m3BecTtHO, hepMM KHUIKOCTh XapakTepusyercs sHeprueid depmu e U Temreparypou To,
KOTOPBIE JTOJDKHBI YIOBIETBOPSTH CIEAYIOIIEMY HEPaBEHCTBY: &r))To (MBI UCIIOIB3YEM CHCTEMY
enunui: h/(27) = ¢ = 1, rme h — mocrosunas Ilnanka, a C — ckopocTh cBera). Kak pesysbrar
BO3HUKAECT HEOOXOJUMOCTh MPOBECTH SKCIEPUMEHTHI MO OLEHKE MaHHBIX MapaMeTpOB.
Haubonee untepecHbIM pellieHneM SBISETCS BBIBOJI anmaparypbl B kocMoc. bosee Toro, Tak kak
MBI CUMTAEM, YTO TeMIleparypa HeHTpuHHOro (oHa BceneHHol ABIsSETCS TOCTATOYHO HHU3KOM,
MO’KHO BBIJIBUHYTH 3a7lauy MO MOMCKY TEMIIEpaTypHBIX BOJIH B BaKyyMe, ONMUpasich Ha 3P ekt
Jlxo3edcona. EcrecTBeHHO, UTO TEXHUYECKUE MPOOJIEMBI TIPU 3TOM SIBISIOTCS 3HAYMTEIbHBIMU
U CBSI3aHBI, IPEXJIE BCETO, C SKPAHUPOBKON OT ANEKTPOMArHUTHOTO U3JIyUEHUS.
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Use environment for research PHYWEMEASURE discharge plasma

stratified
Kozyrev A., LantzovA.

Describes how to install "Plasma", adapted for carrying out experiments using a set of
equipment to digitize the signal and processing it in the automatic mode on your PC by using the
PHYWEMEASURE. The use of complex equipment from Phywe digitizing the signal at a
number of the medium allows PHYWEMEASURE greatly simplify the processing of
experimental data in order to obtain plasma parameters stratified hydrogen discharge, as well as
significantly improve the accuracy of the data. The results of the studies of the local plasma
parameters, depending on the specific discharge power.

HcnoanzoBanue cpeasi PHYWEMEASURE nas ucciienoBanus

ra3opaspsiiHoi CTPATH(PUUMPOBAHHON IJIA3MbI
Ko3seipes A.B., Jlanmos A.B.

Mocrosckuii 2ocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpuBeneno onucanue yctaHoBKM «llnma3sma», amanTUpoBaHHOW TOA  MPOBEICHHE
OKCIIEPUMEHTOB C KCIOIh30BAaHUEM KOMIUIEKCAa OOOpyAOBaHUS MO ONMU(PPOBKE CHUTHANA U
obpabotke e€ B aBromMarmdyeckom pexkuMe Ha I[IK ¢ momompio cpeast PhyweMeasure.
Hcnonk3oBanne xoMiuiekca ooopynoBanust pupmbl Phywe orudpoBbIBaroIero curHain Ha psay
co cpemoit PhyweMeasure mo3BoiseT 3aMETHO YIPOCTUTH 00pPabOTKY SKCIEPUMEHTAIBHBIX
JAHHBIX C IIENIbI0 MOJTYYCHHs TIA3MEHHBIX MMapaMeTpoB CTPATU(GHUIIMPOBAHHOTO BOJIOPOIHOTO
paspsia, a Takke CyHIECTBEHHO MOBBICUTh TOUHOCTh 3THX JaHHBIX. [IpeacTaBieHbl pe3ynbTaThl
OKCIIEPUMEHTOB IO PETUCTPAIlMU JIOKATBHBIX IUIa3MEHHBIX IMapaMeTpOB B 3aBHUCHMOCTH OT
YAECIBHON MOITHOCTH pa3psiia.

The Bending of Light, Necessity of the Anti-Gravity Coupling

and the Lorentz-Levi-Einstein Equation

LoC.Y.
Applied and Pure Research Institute, Amherst

The bending of light experiment makes general relativity famous. An implicit assumption
was that the gravitational effect of an electromagnetic wave is negligible. To show this, because
the Einstein equation with an electromagnetic wave as a source is inadequate, surprisingly
Einstein was wrong. To have a physically gravitational effect, the related Einstein equation must
additionally have a photonic energy-stress tensor with an anti-gravity coupling. This also
resolves the problem that the electromagnetic energy is not equivalent to mass although the
energy of photons does. Currently, it was implicitly assumed that all the coupling constants have
the same sign as included in their energy conditions in the space-time singularity theorems of
Hawking and Penrose. Thus, their singularity theorems are actually irrelevant to physics because
of invalid physical assumptions; and their claim that general relativity is invalid for microscopic
phenomena, is proven false. For massive sources, general relativity actually has no dynamic
solution for a two-body problem as in Newtonian theory. This supports the Lorentz-Levi-
Einstein equation that includes the gravitational energy-stress tensor with an anti-gravity
coupling. In summary, due to inadequate understanding of the principle of causality, Einstein has
three major errors: 1) He has mistaken that the Einstein equation had dynamic solutions, 2) He
incorrectly speculated that E = mc2 was generally valid although he failed to prove this in
several attempts. 3) He invalidly rejected repulsive gravitation.
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Axiomatics of classical electrodynamics
Makarov A.M., Luneva L.A., Makarov K.A.

Proposed axiomatic construction of the system of equations of classical electrodynamics
with the postulate of the possibility to describe the electromagnetic field in an arbitrary medium
with fixed effects and polarized magnetization using a 4-potential and 4-current, taking into
account the fundamental properties of the special theory of relativity (STR). The principle of
gauge invariance is used to justify the special form of the tensor of the electromagnetic field.

Noted that the components of the electromagnetic field tensor belong to only two specific
mathematical structures, and concluded that there are two different "power™ of vector fields,
which made it possible to obtain a formal system of homogeneous differential equations of
Maxwell, one of which is a condition for the absence of magnetic charges in nature, and
coincides with the second equation of Faraday's law - the law of electromagnetic induction. The
electromagnetic field tensor is naturally represented by the sum of the tensor auxiliary variables
with components of three-dimensional vector fields of the magnetic field and electric
displacement tensor and "moments™ with the components of three-dimensional vector fields of
the magnetization and polarized environment. The postulate of equality 4-divergence tensor
auxiliary quantities of 4-current is formally allowed to obtain a system of inhomogeneous
differential equations of classical electrodynamics.

Installed all the above sources of vector fields in the space of three dimensions, and in the
space of four dimensions and established formally entered the physical content of the physical
quantities.

AKCHOMATHKA KJIACCHYECKOM JJIEKTPOAUHAMUKH
Maxkapos A.M., Jlynéra JI.A., Makapos K.A.

Mocxkosckuii cocyoapcmeennviti mexnuveckuil ynusepcumem um. H.D. baymana, Mockea, Poccus)

[IpennoxeHo aKCMOMAaTHMYECKOE€ TOCTPOCHUE CHUCTEMbl YpPAaBHEHUM  KJIACCHYECKOM
AJIIEKTPOJIMHAMUKHU C MCHIOJIB30BAaHUEM IOCTYJATa O BO3MOXKHOCTH OIKCATh 3JEKTPOMArHUTHOE
rojie B MPOU3BOJBHOW HEMOABMXKHOM cpeae ¢ dddekramMu TMOIIPU3OBAHHOCTH U
HAMarHWYEHHOCTH C MOMOIIBIO 4-TIOTEHIMaNa U 4-Toka ¢ yuéToM (QyHIaMEHTAITBLHBIX CBOWCTB
crenpanbHoi Teopun oTHocutenbHOCcTH (CTO). IlpwHIMI TpagueHTHOW WHBAPHUAHTHOCTH
MCIIONIb30BaH st 000CHOBAHUS CHIEITUAIBHON (POPMBI TEH30PA ANEKTPOMATHUTHOTO TIOJISI.

3aMe4eHO, YTO KOMIIOHEHTBI TEH30pa JIEKTPOMATHUTHOIO IO MPUHAAIEKAT BCErO JBYM
crenupuIecKuM MaTeMaTUYeCKUM CTPYKTypaM, W CHAENaH BBIBOJ O CYIIECTBOBAHHUU IBYX
pa3MUUHbIX "CHUJIOBBIX" BEKTOPHBIX TMOJEH, YTO Jaji0 BO3MOXXHOCTH (POPMAJbHO TMOJTYYUTh
CUCTEMY OJHOPOIHBIX U] PepeHIInaATbHBIX YpaBHEHUH MakcBeia, 0THO U3 KOTOPBIX SBIISETCS
YCIIOBUEM OTCYTCTBHSI B IPUPOJIE MArHUTHBIX 3aps0B, @ BTOPOE IOJHOCTBIO COBMANAET C
ypaBHeHueM 3akoHa @apanges - 3aKOHAa  JJEKTPOMArHUTHOM  MHAyKUUH. TeH3op
JJIEKTPOMAarHUTHOTO  TIOJISl  €CTECTBEHHBIM  00pa3oM  MpEACTaBlIEH CyMMOW  TeH30pa
BCIIOMOTaTEJIbHBIX BEJIMYMH C KOMIIOHEHTAMH TPEXMEPHBIX BEKTOPHBIX TMOJIEH HANPsHKEHHOCTH
MarHuTHOTO MOJS M 3JIEKTPUYECKOTO CMEIIEHHMS M TEH30pa '"MOMEHTOB" ¢ KOMIIOHEHTaMU
TPEXMEPHBIX BEKTOPHBIX IMOJEH HAMarHWYEHHOCTH W MOJISIpU30BaHHOCTH cpenbl. [loctynar o
paBeHCTBE 4-IUBEPreHIIMM TEH30pa BCIOMOTATENbHBIX BEIHMYHUH 4-TOKY MO3BOJIMI (hOpManbHO
MOJyYUTh  CHUCTEMY HEOJHOPOAHBIX  Au(QEpeHIUaNbHBIX  YPaBHEHHHA  KIACCHYECKOU
3JEKTPOIUHAMHUKHU.

VYcTaHoOBIEHB UCTOYHUKH BCEX PACCMOTPEHHBIX BEKTOPHBIX IMOJEH B MPOCTPAHCTBE TPEX
U3MEpPEHUIl U B MPOCTPAHCTBE YETHIPEX M3MEPEHHH W yCTAHOBJIEHO (U3NYECKOE CONEp)KaHUe
dbopManbHO BBEEHHBIX PUZNYCCKUX BEITUUHH.
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On the derivation of the equations of classical electrodynamics out of the

law of conservation of electromagnetic energy
Makarov A.M., Luneva L.A., Makarov K.A.

About a hundred years ago M. Plank attempted to derive the equations of the
electromagnetic induction law and the law of the total current from the assumption of the validity
of the Poynting theorem for homogeneous isotropic medium in the framework of classical
electrodynamics. This assumption is considered to be a given form of the volumetric energy
density of the electromagnetic field and the expression for the bulk density of the flow of energy
— Umov —Poynting’s vector. Vector electric and magnetic fields considered in this "independent"
from each other and, furthermore, the components of each of these fields are also independent
from each other. The author rewrote the Poynting theorem in the form of zero sum of the scalar
products of the electric field on the "equation of the law of the total current” and the strength of
the magnetic field on the "equation of electromagnetic induction,” and then concluded that the
validity of the equations of the total current law and the law of electromagnetic induction as the
basis of Maxwell's theory .

Basic error reporting "O" is obvious: according to Maxwell's equations of the electric and
magnetic fields are interdependent physical fields.

In this paper we remedy the error: as independent "“functions™ used three coordinates and
time. In this case, strictly obtain a nonlinear system of four differential equations with partial
derivatives of higher order partial "solutions” which are the law of the total current and the law
of electromagnetic induction. Establishment of equations of the electromagnetic field on the
basis of the general solution of non-linear system of differential equations it is difficult
complexity.

K Bompocy o BbIBO/Ie YpaBHEHHUI KJIaCCHYeCKOH YJIeKTPOAMHAMMKH U3

3aKO0HA COXPAHEHMS YJIEKTPOMATHUTHON SHEPTrUun
MakapoB A.M., Jlynéna JI.A., Makapos K.A.

Mocrosckuii 2cocyoapcmaennulil mexnudeckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Oxkono cra ser ToMy Hazax M.IInaHK DpeanpHUHS MONBITKY BBIBECTH YpaBHEHUS
JJIEKTPOMAarHUTHOM MHIAYKIMHM M 3aKOH IIOJHOTO TOKAa W3 MPEAIOJOKEHUS O CIPABEIIMBOCTU
Teopembl lIoMHTMHIa I8 OJHOPOJHOM H30TPOIIHOM CpeIbl B PAMKax KJIACCHUYECKOU
AJICKTPOJIMHAMHUKU. B 3TOM TPEANONOKEHHH CUUTAETCs 3aJaHHON (opMa 3amuch 00BEMHOM
IUIOTHOCTH SHEPTHH 3JIEKTPOMATHUTHOTO TOJIsI M BBIpayKeHHE 17151 00BEMHOM TUIOTHOCTH MOTOKA
SHEepruu - BekTopa YMmoBa -lIloliHTHMHTA. BEKTOpHBIE 3JIEKTPUYECKOE W MArHUTHOE TOJIS
CUMTAIOTCS TPU 3TOM "HEe3aBHUCUMBIMU'" APYT OT JApyra , 0ojiee TOro, KOMIOHEHTHI KaXKI0TO U3
ATUX TOJIEH TOXKE HE3aBUCUMBI APYT OT Apyra. ABTop mepernucain teopemy IloitHTuHTra B hopme
PaBHOM HYIJIO CyMMBI CKaJSIPHBIX IIPOU3BEIACHUN HANPSKEHHOCTH DJIEKTPUYECKOrO IOJS Ha
"ypaBHEHME 3aKOHa IMOJHOIO TOKa" M HaNpsXKEHHOCTM MArHUTHOTO MOJISI Ha '"ypaBHEHHUE
JIEKTPOMAarHUTHOM MHAYKLIMH'", IOCIIE 4YEro ciejan BbIBOA O CIPaBEAJMBOCTH YpaBHEHUM
3aKOHA IIOJIHOT'O TOKA M 3aKOHA 2JIEKTPOMAarHUTHOM MHAYKLMU KaK OCHOBBI TEOpHHM MakcBena.

OcHOBHasi MOTPEIIHOCTh PAacCMaTPUBAEMOro '"BbIBOAA" OYEBUAHA: B COOTBETCTBUHU C
ypaBHEHHAMH MakcBeula HanpspKEHHOCTH JIEKTPUYECKOTO M MAarHUTHOTO IIOJIEHW SABIISIOTCA
B3aMMO3aBUCUMBIMU (PU3NYECKUMHU TOJISIMH.

B Hacrosmiell pabore ycTpaHeHa OTMEUEHHAs IMOTPELIHOCTh: B KAauyeCTBE HE3aBHCHUMBIX
"¢yHKIMHA" MCIONB30BaHBI TPU KOOPAMHATHI W BpeMs. B 3ToM ciaydae CTporo mosyueHa
HEJIMHEIHas cucTeMa 4eThIpéX IubQepeHMalbHbIX YPAaBHEHUIH C YaCTHBIMHM NPOU3BOIHBIMU
0oJiee BHICOKOTO MOPSKA, YACTHBIMH "pEeIICHUSIMU" KOTOPOH SIBJISIFOTCS 3aKOH IOJIHOTO TOKA U
3aKOH JIEKTPOMATHUTHON MHAYKLIHHU. Y CTAHOBIICHUE YPABHCHMU 3JIEKTPOMArHUTHOTO IIOJIA Ha
OCHOBE OOIIEro pelieHus! MOTYyYeHHOM HEeTMHEHHON CHCTeMBbl TU(epeHINaTbHbIX YpaBHECHHHA
3aTPYAHEHO €€ CI0KHOCTBIO.
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On the ""hidden"" symmetry of the system of equations of classical

electrodynamics in the stationary isotropic medium
Makarov A.M., Luneva L.A., Makarov K.A.

The system of equations of classical electrodynamics for arbitrary fixed isotropic medium in
the linear approximation is constructed using the basic experimental results and the theoretical
analysis of the regularities of electric and magnetostatics (Coulomb's law, the law of Biot -Savart
and their consequences), the law of conservation of electric charge (the law of Franklin), Ohm's
law and Joule and results N.A.Umov of the laws of energy transfer in a continuous medium.

The theoretical basis of this study is the consistent use of "hidden™ sources of symmetry of
the field strength of the electrostatic field and the magnetic field induction (magnetostatics)
identified in previous work, which examined the effects of a polarized medium without and
magnetization (vacuum).

It is shown that the total current law and the law of electromagnetic induction can be seen as
a consequence of the above-mentioned well-known physical laws, if we take as a postulate
statement that marked the "hidden™ symmetry of the sources of the "power" of vector fields of
classical electrodynamics, discovered in electricity and magnetostatics remains fair and in a
time-varying electro-physical phenomena.

O "ckpbITOi'" CUMMeTPHUM CUCTEMbI YPABHEHUN KJIACCHYECKOM

JIEKTPOAMHAMUKHU B HENMOABHMKHON U30TPONHOM cpee
Maxkapos A.M., Jlynéra JI.A., Makapos K.A.

Mocrosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

Cucrema ypaBHEHUI KJIACCHYECKOM 3JEKTPOJMHAMMKHN AJI IPOU3BOJIBHON HENOJBHUKHOU
U30TPONHON cpenbl B JMHEMHOM NPHONMKEHUU MOCTPOCHA C HCIOJIb30BAHHMEM OCHOBHBIX
HKCIEPUMEHTAIBHBIX PE3yJIbTaTOB U TEOPETHUECKOW 00pabOTKM 3aKOHOMEPHOCTEH 3JIEKTPO- U
MarHuToctatuku (3akoH Kymona, 3akon buo-CaBapa u uX cClIeICTBHsI), 3aKOHA COXpaHEHUS
AJIEKTpUYecKoro 3apsana (3akoH ®pankinuHa), 3akoHOB OMa u J[xoynsa-JleHna u pe3ynbraTtoB
H.A.YMoBa 0 3aKOHOMEPHOCTAX MEPEHOCA SHEPTUH B CIUJIOIIHOM Cperie.

TeopeTnueckoil OCHOBOM HACTOSLIETO MHCCIENOBAaHUS  SBISIETCS  IIOCIEAOBATEIbHOE
WCIIOJb30BAHUE "CKPBITOM" CUMMETPUM HUCTOYHUKOB BEKTOPHOI'O TMOJA HANPSKEHHOCTH
ANEKTPOCTATUYECKOrO0 TMOJsi U TMOJs MAarHUTHOM MHAYKIMU (MarHUTOCTAaTHKA), paHee
OOHAapy)XCHHOM aBTOpamMH Il ciiydass cpeasl 0e3 3(GeKToB MOSIPU30BAHHOCTH U
HAaMarHM4eHHOCTH (BaKyyM).

[TokazaHo, 4TO 3aKOH MOJIHOTO TOKa M 3aKOH JJICKTPOMarHUTHOW uHaykiuu Dapanes
ABIIAIOTCS JOTMYECKUM  CJIEJICTBHEM  YMOMSHYTBIX BBIIIE HW3BECTHBIX  (DU3MUYECKUX
3aKOHOMEPHOCTEH, €CJIM MPUHATh B KAdyeCTBE IOCTyJNaTra YTBEPXKACHUE, UYTO OTMEUYEHHas
"ckppITasd" CHUMMETpPHMSI MCTOYHHUKOB  "CHJIOBBIX'  BEKTOPHBIX IIOJIE  KJIACCHYECKOU
JNEKTPOAUHAMUKH, OOHAPYKEHHAs! B 3JIEKTPO- U MarHUTOCTaTHKE, OCTAETCs CIIPaBeAJIMBOM U B
YCIIOBUSX MEPEMEHHBIX BO BPEMEHH 3JIEKTPOPHU3MUECKUX SBICHUH.

Influence of thermal radiation on the propagation of combustion in the

gaseous combustible medium with a neutral component
Pinevich S.G.

Influence of thermal radiation on the flame acceleration and DDT (deflagration to detonation
transition) in the gas-solid flow (gaseous combustible mixture with suspended chemically neutral
solid particles) is determined. Studying detonation arising and propagating in gas-solid flows is a
question of very importance in coal mines accidental explosions, chemical industry, dust
explosion hazards and unconfined vapor cloud explosions. All calculations are made by the
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direct numerical simulation based on the software developed in the JIHT RAS lab. of math
modeling led by Ivanov M.F. The routines responsible for presence of the solid particles in the
gaseous medium and the energy transfer due to thermal radiation are added. Calculations were
performed for the constant concentration of the solid particles all over the length of the channel
(uniform distribution) and non-uniform distribution, when the area of highly concentrated solid
particles is far from the ignition area of the combustible gas. The conclusions are: 1) for the
uniform distribution the flame speed increases about 20 %, detonation doesn't appear; 2) for the
non uniform distribution the absorption of radiation in the area of highly concentrated solid
particles leads to detonation in the case of gradually concentration increase.

Biusinue TermioBOro u3aydeHusi HA pacpocTPaHeHUue rOpeHus B

razoo0pa3Hoii roproueii cpejie ¢ HeMTPaILHON KOMIIOHEHTO

[Munesuu C.I'.
Mocxkosckuii cocyoapcmsennviti mexnuveckuil ynusepcumem um. H.D. baymana, Mockea, Poccust)

Lenp paboThl — U3Yy4UTh BIMSHHE TEIUIOBOTO M3JIyYE€HHS HA YCKOPEHHE IUIAMEHU U
nepexon ropenus B aeroHanuio (I1I'/]) B BEICOKOAKTHMBHOM Ta3e C B3BEUICHHBIMA XHUMHUYECKU
HEUTpaIbHBIMU TBEPABIMU YaCTUIIAMU (J1aJiee — Ta30B3BeCh). AKTyalIbHOCTh PabOTHI CBsI3aHa C
npobiieMaMu MPEAYNPEKIACHISI B3PHIBOB (HAIpUMeEp, HA MPOMBIINUIICHHBIX NPEANPUITUIX U B
mraxtax). HoBuszHa paboOTHI 3aKiIOYaeTcsl B ONPENEICHHH BIMSHHS, KOTOPOE OKa3bIBaeT
TEIUIOBOE M3JIydeHue Ha yckopenue miamenu u [1I'/] B razos3Becu. Bce pacd€rsl BBITTOJTHEHBI
METOJaMU TPSMOTO YHCICHHOTO MOJEIMPOBaHUS Ha 0a3e MPOrpaMMHOIO KOMILIEKCa,
paspabotanHoro B jab. mar. mogenupoBanus OVIBT PAH nonx pykoBoactBom MBanosa M. @.
[TporpaMMHBIil KOMITIEKC OB TOTIOTHEH MOAIPOTPAMMAaMH, YIUTHIBAIOIIMME HATUYHE TBEPIBIX
YacTHUIl B Ta30BOM Cpele M MEpPeHOC BSHEpPruu 3a CuU€T TeIIoBOro usimydeHus. Pacuérsl
MPOBOAMIINCE JJIsL CIIydasi, KOTJla KOHIEHTpalusl TBEPIABIX YAaCTUI[ OJMHAKOBA IO BCEU JIMHE
KaHaJla (paBHOMEpPHOE pacIpeIe/ICHHE) U T HEPaAaBHOMEPHOTO pacipeiesieHus, Koraa 00J1acTh
BBICOKOW KOHIIGHTpAaMHM TBEPIABIX YACTHI[ HAXOAWTCS BAAIM OT OOJACTH TOJDKHUTa
BBICOKOAKTUBHOTO rasa. Ilo pesynbpTaram paboThl chenaHbl Cienylonire BbIBOJBI: 1) B ciydae
PaBHOMEPHOTO pacIpe/eieHus] HaOIonaeTcs yBeIuuYeHue cKopoctu ¢poHTa ruiamenu (1o 20
%), oAHAKO JEeTOHAIUsl HE BO3HMKAET; 2) MPU HEPAaBHOMEPHOM paclpeiesieHUH, MOIJIOIEeHNE
U3ITy4eHUs B 00JIACTH BBICOKOW KOHIIEHTPAIIMU YaCTHIl IPUBOJAUT K BOZHUKHOBEHUIO JIETOHAIIUN
B ClIy4ae JMHEIHOro BO3pacTaHus KOHLIEHTPALIHH.

New class of gauge invariant solutions of Yang-Mills equations
Shirokov D.S.

Yang-Mills equations are used in the Standard Model of elementary particles to describe the
strong and electroweak interactions. The author developed a method of contractions in Clifford
algebras. On the basis of this method we present a new class of gauge-invariant solutions of
Yang-Mills equations.

HoBpblii Kj1acc KAJINOPOBOYHO-UHBAPUAHTHBIX pelIeHuil

ypaBHenuu AAura-Muuica
[Inpoxos /1.C.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

VYpaBaenus fnra-Mwuiica ucnonb3yrorcss B CTaHIapTHOM MOJENN 3JEMEHTAPHBIX YacCTHUI]
JUISL ONMMCAHMSI CUJIBHBIX M 3JIEKTPOC/Ia0dbIX B3auMOJEHCTBUN. ABTOpOM pa3paboTaH MeTOoJ
cBepTok B anredpax Knuddopaa. Ha ocHoBe 3TOro Meroa nmpeacTaBieH HOBBIM YAaCTHBIN KIIacc
KaJIMOpPOBOYHO-MHBAPUAHTHBIX PEIICHUA ypaBHeHUU SIHra-Musica.
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The study of wave properties of large molecules

by the diffraction on nanogratings
Smirnov E.V.

In this work the analysis of the results of experimental and theoretical studies on the
diffraction of particles from the two slits and diffraction gratings was performed. Experiments on
the diffraction of particles on lattices are of fundamental importance for quantum mechanics.
Their implementation was possible due to the development of technologies in the creation of
diffraction gratings, first and foremost, nanotechnology, and the development of a new technique
for detecting of diffracted particles. Nanogratings give the opportunity to observe the diffraction
pattern not only for electrons but also for atoms and for a very large, almost classical molecules,
the mass of which can be of the order of several thousand atomic mass. The possibility of high-
precision physical measurements performed in a similar diffraction experiments is mentioned.
The urgent need to study these experimental results in the course of General physics of the
technical University is emphasized.

N3y4yeHue BOJHOBBIX CBOHCTB KPYIHBIX MOJICKY.JI

npu 1udpakuum Ha HAHOpPeleTKaxX
Cmupnos E.B.

Mockosckuii eocydapcmeennbill mexuuyeckull yrusepcumem um. H.O. Baymana, Mocksa, Poccus)

B nmanHoii paboTe mpoBeneH aHaIM3 PE3yIbTaTOB AKCIEPUMEHTAIbHBIX M TEOPETUYECKUX
UCCJICIOBAaHMMA 10 NU(PpaKIUd MUKPOUACTHI] HA JABYX INENSAX U HA AUPPAKIHOHHBIX PEIIeTKaX.
OnpIThI O AUGPaAKIIUU YaCTUI] HA PELIETKAaX UMEIOT MPUHIUIHATIbHOE 3HAaUeHHE /I KBAaHTOBOM
MexaHuKu. VX ocylecTBiIeHHE OKa3aJloch BO3MOXHBIM OJylarogapsi pa3BUTHIO TEXHOJIOTHH B
co3gaHuMu U(GPAKIUOHHBIX PEIIeTOK, M B TEpPBYI0 oOuepe/lb, HAHOTEXHOJOTHH, a Takke
Pa3BUTHIO HOBOW TEXHHKH JETEKTHUPOBaHUS mudparupoBaBmux dacTtull. C MOMOIIBIO
HAHOPENIETOK yJaeTcsi HaboAaTh AU(PPaKIMOHHYIO KapTHHY HE TOJIBKO JJISl 3JIEKTPOHOB, HO U
JUIs aTOMOB, a TaKXe Uil OYEHb KPYMHBIX, MOYTH KIACCUYECKUX MOJIEKYJ, MacChl KOTOPBIX
MOTYT OBITh MOPSAKA HECKOIBKUX THICSAY aTOMHBIX €IUHUI] Macchl. OTMe4aeTcss BO3MOXKHOCTh
OCYILIECTBJICHUSI BBICOKOTOYHBIX (PU3UYECKUX H3MEPEHUH, MPOBOJUMBIX B MOJOOHBIX
TUGPaKIUOHHBIX JKcnepuMeHTax. lloguepkHyTa HacTosTenbHass HEOOXOIUMOCTb HU3YyYEHUs
3THUX SKCIIEPUMEHTAIBHBIX PE3yIbTaTOB B Kypce o0IIel (U3NKN TEXHUUECKUX YHUBEPCUTETOB.

The Talbot effect for amplitude diffraction gratings

and its practical application
Smirnov E.V., Scuybin B.G.

The paper presents the analysis of experimental and theoretical studies on the diffraction of
waves of different nature on the diffraction gratings in the near zone of the Fresnel diffraction.
The features of self-imaging of grating structure — Talbot’s carpet - for transmissive and
reflective gratings are noted. The Low effect is examined and the possibilities of a Talbot-Low
interferometer in the study of wave properties of very large molecules are discussed.

The diffraction of waves in one-dimensional and two-dimensional periodic structures is
analyzed. Noted the possibilities of synthesis Talbot images of two-dimensional lattices -
synthesis of sublattices, to enable to get a new image type that is absent in original lattice.
Considered the Talbot effect for periodic array of microlenses, discusses the possibility of its use
to create arrays of lights. Attention is drawn to the control of the wave fronts of the laser method
Talbot interferometry, the analysis of studies with his help turbulent gas flow.

Highlighted the urgent need to study the Fresnel diffraction and its practical application in
the course of General physics of the technical University.
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I dext Tanbd0Ta 11 AMIVIMTYAHBIX IM(PPAKIMOHHBIX PelIeTOK

H €0 NPAKTHYIECKOE€ IPUMEHCHHUE
Cwmupnos E.B., Ckyitoun B.I'.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B pabore mpoBeneH aHanM3 SKCHEPUMEHTAIBHBIX M TEOPETHYECKUX HCCIEIOBaHMNA II0
TUupakuy BOJIH Pa3IUYHON NpHUpOIbl Ha AU(PPAKIMOHHBIX pElIeTKaXx B OJMKHEH 30HE —
mudpakuuun Openens. OTmeueHbl 0COOEHHOCTH CAMOM300PaXKEHUS CTPYKTYPhl PEIIETKH —
koBpa Tanbp0oTa — 1J1s1 Cly9aeB MPOMyCKalomeld U oTpakaromiei pemerok. Paccmorpen addexr
Jloy un o0OcyaeHbl BO3MOXXKHOCTH uHTepdepomerpa Tansbora-Jloy B rcciaeoBaHUN BOJTHOBBIX
CBOMCTB OYEHb KPYITHBIX MOJIEKYJI.

[Tpoananu3upoBaHa AuQpaKIKs BOJH HAa OAHOMEPHBIX M JBYMEPHBIX  MEPHOAMYECKHX
cTpykTypax. OTMeueHbl BO3MOKHOCTH CHHTE3a TabOOT-M300paKEHUN JBYMEPHON PEIIETKH —
CHHTE3a MOJIPELIETOK, — MO3BOJISIONIETO MOJy4YaTh HOBBIN THIT H300paKeHUH, OTCYTCTBYIOIIUH B
opuruHane. Paccmorpen sddexkr TampboTa I MEPUOAMYECKOTO MacCHBa MHUKPOJIWH3,
00CYX/al0TCS BO3MOKHOCTH €r0 HCHOJBb30BAHUS [UIS CO3[JaHHUS MAaCCHUBOB OCBETHTEJICH.
OO0paimeHo BHUMaHW€ Ha KOHTPOJb BOJIHOBBIX (DPOHTOB JIa3€pOB METOJOM TalbOOT-
UHTEpPEPOMETPHH, 1aH aHAIHU3 HCCIEIOBAHUS C €r0 TIOMOIIBIO TYpPOYJICHTHBIX ITOTOKOB T'a30B.

[TomuepkHyTa HacTOSTENbHAs HEOOXOAUMOCTh u3ydeHHs auppakiuun Openens u ee
MPAKTUYECKUX MPUITIOKEHUH B Kypce 001mel (PU3UKU TEXHUYECKUX YHHUBEPCUTETOB.

Flights by means of magnetic field
Smol'yakov E.R.

It is mathematically proved possibility of movement of the flight apparatus with very big
accelerations by means of the strong controlled magnetic field ensuring simultaneously speeding
up movement of itself mass center and realization on the board of weightlessness for crew.

IToJieThI ¢ IOMOIIBLK) MATHUTHOIO MOJISI

Cwmonbskos O.P.
Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

MaremMaTudecKku JOKa3bIBACTCA BO3MOXHOCTh ABHMIKCHUA JICTATCIBHOI'O arapara cO CKOJIb
YroaHo OOJIBIIIUMU YCKOPCHUAMH 3a CUCT CO3AaHUA BOKPYT cebs JO0CTAaTOYHO CHJIBHOI'O
YIIpaBJIA€MOI0O MAarHUTHOI'O I1OJIA, O6€CH€‘II/IBaIOH_[eFO OAHOBPEMCHHO YCKOPCHHOC IBHXCHUC
€T0 LICHTpAa MAacC U pCajin3aluio Ha 60pTy COCTOsIHHA HEBCCOMOCTH AJIA SKHIIAXKa.

Influence on radiation spectrum characteristic curves of the solar battery
Timchenko S.L., Dementieva O.J., Zadorozhnyj N.A.

In this work, we investigated the influence of the radiation spectrum of sunlight imitators on
the characteristic curves of solar battery. Solar elements of the battery were made of polysilicon.
As sunlight, simulators used various kinds of lamps: incandescent, halogen, energy-saving and
LED.

Current-voltage characteristics of the solar battery were measured and the composition of
the spectrum photoelectric threshold of the solar cell. The efficiency of the solar cells when used
as radiation sources of incandescent lamp was - 4.53%, the halogen lamp - 3.0%, energy-saving
lamps - 5.8%, the LED lamp - 8.76%.radiators was determined. We have performed calculations
to determine the electric power generated by a solar battery, the efficiency of solar battery and
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defined form factor - the duty cycle current-voltage characteristics. We calculated the photon
energy distribution in the spectrum of radiation sources. It was found that the characteristics of
the solar cell is influenced not only power source as the spectral composition of the radiation. An
important factor is the availability of a sufficient number of photons with a wavelength of less
value to the internal.

Biusinue ciekTpa M3J1y4YeHHsl HA XapaKTepucTHYeCKHe KPUBbIe

COJIHeYHOM OaTapen

Tumuenko C.JI., lementbeBa O.}O., 3anopoxusiii H.A.
Mockogckuii eocyoapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

HccnenoBaHo BIMsSIHHE CHEKTpa M3JAY4YEHHs] HMUTATOPOB COJIHEYHOTO CBETa, Ha
XapaKTEePUCTHUECKUE KPHUBBIE COJMHEYHBIX Oarapei. CoylHEeUHble >JEMEHThl Oarapeu ObUIH
U3TOTOBJICHBI U3 MOJUKPUCTAUINYECKOTO KpeMHHUs. B KauecTBe MMUTATOPOB COJIHEYHOTO CBETA
UCIIOJIb30BATHMCh Pa3IMYHbIC BHUJbI JIAMII: HAaKaJMBaHMSA, TaJIOTEHOBAs, 3HEprocoeperaromas u
CBETOJIMO/IHAS.

bbutn m3MepeHbl BOJBTaMIEpPHBIE XapaKTEPUCTHKU COJTHEYHBIX OaTapeil M ompeneneH
COCTaB CIleKTpa wu3iydareneil. I[IpoBemeHbl pacueTbl MO OMNPEACIICHUIO AJIEKTPUYECKOM
MOIITHOCTH, BbIpabaThIBAEMOW COJMHEUHOW OaTapeeil, Kod(pQHIMEHTa TIOJIE3HOTO JeHCTBUA
COJTHEYHOW OaTapew, a Takxke omnpejaeneH KodpduuueHT GopMbl — K03(PHUIMEHT 3anmoTHEHUS
BOJIbTaMIIEpHON XapakTepucTtuku. [IpoBeneH pacuer pacmpeneneHust (OTOHOB IO PHEPTUSIM B
CHEeKTpax MCTOYHHKOB M3nyudeHHs. OOHapyKEHO, YTO Ha XapaKTEPUCTUKU COJHEUHOU OaTapeu
OKa3bIBaeT BIMSHHE HE CTOJIBKO MOIIHOCTh MCTOYHMKA, CKOJBKO CIEKTPAJIbHBII COCTaB
u3nydeHus. CyIecTBeHHBIM (aKTOPOM SIBISETCS HATMYUE JOCTATOYHOTO KOJIMYECTBAa (POTOHOB
C JUIMHOW BOJIHBI, MEHBIIICH IO 3HAYCHWIO KPACHOW TpaHUIBl BHYTpeHHETo (oTodddexra
cojHeyHoro osneMeHTa. Koad¢umueHt mone3Horo AeHCTBHS CONHEYHOH Oarapen mpH
UCITOJIb30BaHUU B KayeCTBE MCTOYHUKOB M3JIyYEHMsl JIaMIIbl HakajuMBaHus coctaBui —4,53 %,
raioreHoBoit nammel — 3,0%, sHeprocOeperatomieit tammbl — 5,8 %, CBETOAMOTHOW JTaMITbl —
8,76%.

Kinematics of classical relativistic rotations

of four-dimension pseudoeuclid space
Tolmachev V.V., Skripnik F.V., Karagodina E.V.

The rotations of the pseudoeuclidian four-dimension space are imagined in the following
way. Consider the two copies of this four-dimension space, and the one copy take as immobile,
and the other as rotating as the whole with one immobile point of this space. This paper is
devoted to considering of classical kinematics of such rotations. The relativistic Euler angles are
introduced, and the matrix of a relativistic rotation move of four-dimension pseudoeuclid space
considered with one immobile point is considered. The case of rotations with constant angular
velocity is considered in detail.

Kunematuka PECIATUBUCTCKHUX BpameHnﬁ YEeTBIPEXMEPHOI0

IICEBA0IBKJIN/I0BA MPOCTPAHCTBA

Tonmaues B.B., Ckpunuauk @.B., Koporoguna E.B.
Mockosckuii eocydapcmeennbiil mexuuyeckull yrugepcumem um. H.O. Baymana, Mocksa, Poccus)

Bpamienuss B 4YeTBIpEXMEPHOM MPOCTPAHCTBE aOCOJMIOTHO TBEPAOTO Tela MOXKHO
NpPEJCTaBUTh CIEAYIONMM o0pa3oM. PaccMoTperh 1BE KOMMHM TaKOrO YETBIPEXMEPHOTO
MIPOCTPAHCTBA OJHY M3 KOTOPBIX CUUTATh HEMOJBH)KHOW, a BTOPYIO BpalllaTh KaKk €AMHOE LEI0E
OTHOCHUTEJIbHO HEMOJABMKHOW KONHUU TIPpU 3TOM OCTaBJIsAsl OJHY TOYKY HPOCTPAaHCTBA
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Heno BIWKHOW. Hacrosimmass paboTa mocBsllleHa KUHEMAaTUKE Takux BpamieHuid. Jlns sToro
BBE/ICHBl PESATUBHUCTCKUE YIVIBI OWJIEpa W MOJYyYE€HA MaTpHlla PEISITUBUCTCKOTO IOBOPOTA
YEeThIPEXMEPHOTO POCTPAHCTBA C HETOABIKHON TOUKOH. BBens coOCTBEHHOE BpeMs, TIOITYYECHO
QHAJIMTUYECKOE BBIPAXEHUE Il TEH30pa YEThIPEXMEPHOW MIHOBEHHOH YIJIOBOM CKOPOCTH,
KOTOPBIN UCCIIEN0BaH JJIs BPALLECHHUs C TIOCTOSHHOM YITIOBOM CKOPOCTBIO. B 3TOM ciydae TeH30p
YETBIPEXMEPHOM MTHOBCHHOM YTIJIOBOW CKOPOCTH HE 3aBHUCHUT OT COOCTBEHHOTO BpPEMEHHU H
YpaBHEHHsI JABIKEHHSI TOYEK pESTHUBHCTCKOTO IPOCTPAHCTBA B (PUKCHPOBAHHOM cCHCTEME
OTCYETa BBIPAXKAIOTCS Uepe3 JBa MOCTOSHHBIX BekTopa. Jlis crenuanbHO BRIOpAaHHON CHUCTEMBI
OTCYeTa, B KOTOPOW 3TH BEKTOPHl NapauleibHbl APYTr APYry TPAcKTOPUU JBUKEHHUS TOYEK
MPOCTPAHCTBA MPEJICTABIISIOT CO00M BUHTOBBIE JIMHUU C BO3PACTAIOIINM IIarOM.

Reflection of light from the opal matrix with nanoinclusions

of ferrite of transitive metals
Yurasov N.I., Yurasova I.1.

The internal structure of an opal matrix with the ferrite inclusions located between spherical
globules from amorphous oxid of silicon is analyzed. The characteristic sizes of a time of type of
chambers and channels are calculated. The chemical processes which course is possible on a
surface of an opal matrix and in volume of a time of this matrix are considered. It is shown, that
in an opal matrix on a surface globule there can be two layers. The first thin layer is formed by
silicats of transitive metals. On a surface of this layer growth of nanocrystals with structure
mixed spinel is possible. The structure and the volume occupied nanocrystals estimated. With the
account of this structure of inclusions various mechanisms of carrying over of carriers of a
current in nanocrystals and dielectric function of an opal matrix with inclusions in optical area
are analyzed. On the basis of this analysis reflection of light from an opal matrix is considered.
Formulas for factors of reflection of light with linear polarization and not polarized light are
received. Comparison with experimental data which has revealed elements of the qualitative
consent is executed. Anisotropy of conductivity of an opal matrix with ferrite inclusions is
predicted and anisotropy axes are defined. The conditions of the dimension quantization of the
carrier motion were found.

OTpameHne cBeTa OT ONAaJIOBOI MaTpulbl ¢ HAHOBKIIOYCHHUAMMU

(eppuTOB NEPEXOAHBIX METALIIOB
IOpacos H.U. FOpacosa N.1.

Mockogckuii eocyoapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

IIpoananu3upoBaHa BHYTpPEHHsSI CTPYKTypa ONAlOBOM MaTpuil ¢ (eppUTOBBIMU
BKJTIOYCHHUSIMHU, PACHOJIOKEHHBIMU MEXAYy C(hepUYecKUMH TI00ylnaMu M3 aMOp(HOro OKCHaa
KpeMHus. PaccuuTaHbl XapakTepHbIE pa3Mepbl IIOp THIIA KaMep M KaHajoB. PaccMOTpeHsl
XUMHUYECKHE MTPOLIECCHI, TPOTEKAHNE KOTOPBIX BO3MOKHO HA TOBEPXHOCTHU OIAJIOBON MaTpPHULIbI U
B oOBbeMe mop 3Toi Marpuilbl. [loka3aHO, 4TO BHYTPH OMAJIOBOM MaTpHIBI HAa MOBEPXHOCTH
rJ100yJT MOT'YT CYIIECTBOBATH JBa cJ10s1. [lepBbIii TOHKHI Cl10H 00pa3yloT CHIIMKATHI IEPEXOTHBIX
MeTayIoB. Ha MOBEPXHOCTH 3TOr0 C€0si BO3MOXKEH POCT HAHOKPUCTAJIOB CO CTPYKTYpOU
cMmenanHol mmuHenu. OIeHeHbl COCTaB U 00beM , 3aHAThI HaHOKpUCTaUIaMu. C y4eToM ATOU
CTPYKTYpBI BKJIFOYECHHH IIPOAHAIIM3UPOBAHBl PA3IMYHBIE MEXAHU3MBI IIEPEHOCA HOCUTEIEH TOKA
B HAHOKpPHUCTAUIAX M JUDJIEKTpUYecKas (YHKIUS ONajIOBOM MAaTPHULBl C BKIIOYCHHSIMU B
ontuyeckoil obsnactu. Ha ocHOBe 3TOro aHanM3a pacCMOTPEHO OTPaKEHUE CBETAa OT ONAJIOBOMU
matpuiibl. [lomyuensl ¢opmynsl Uit KOI(P(UIMEHTOB OTPaXEHUS CBETa C JIMHEWHOM
NOJIIPU3aLMEN U HEMTOJIIPU30BaHHOTO CBETA.
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Mathematical model of relativistic mechanics of variable rest mass
Zakirov U.N.

Kaszancxuii 2ocyoapcmeennviii ynueepcumem, Kazans, Poccus

B kocmonaBtHke B pamkax CTO mnosydeHbl peaTucTUYECKHE OTHOIICHUS KOHEYHOIO
OTHOILIEHHSI MCOCTAaBHOM MacChl K HAYaJIbHOM IyTeM pemeHHst 0e3yCIIOBHOTO 3KCTpeMyMa
bynkmmn z=F(V1, Vy,.. Vn)Ha ocroe casizu G(M1(x°), My(x®),.. ma(x®)) =0mpu V,erj=const, rae vj —
CKOPOCTH, I'JI¢ Vj —CKOPOCTH KOMIIOHEHTOB COCTaBa B CUCTEME BHEIIHETO HAOIIOAATENs, VUCT]
CKOPOCTH HCTEUYEHHS B COIMYTCTBYIOLIEH cucTeMe oTcuera. BrepBble pacCMOTPEHBI PEXUMBI
PCIATUBUCTCKOTIO ABWIKCHUS IIPU MOCTOSIHHOHM TST€ W IMOCTOSIHHOU MOIIIHOCTHU OT6paCBIBaeMBIX
YaCTHIL.

Section 3.
High-precision physical experiment

Experimental research of laser gyro scale factor temperature

and rotation speed dependences
Aviev A A.

The report presents a qualitative and quantitative estimation of the laser gyro scale factor
dependences on the temperature and the rotation speed.

The research of the scale factor temperature dependence is performed during self-heating of
laser gyro at temperatures ranging from +25 °C to + 70 °C. The scale factor is measured while
rotating gyro alternately in each direction at a constant speed of 70 %s.

The research of the gyro scale factor rotation speed dependence was carried out on the
heated device, gyro temperature was not changed. The scaling factor is measured during rotation
the gyro alternately in each direction at speeds in the range from 15 s and 150 %s.

According to the results of the experimental research a new method of laser gyro scale factor
algorithmic correction based on precise measurements of the ring laser angular position relative
to the base is proposed.

JKCIePpUMEHTAJIBLHOE UCCIeI0BAHHE 3aBUCUMOCTENH MaCIITAOHOTO
K03 GUIMEHTA JIa3ePHOr0 THPOMETPA OT TEMIIEPATYPbI

) | CKOpOCTI/I Bpal]_[eHI/Iﬂ
ABueB A.A.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B noknmage mnpencraBieHa KaueCTBEHHAs M KOJIMYECTBEHHAs OLEHKA 3aBHCHUMOCTEH
MacmTabHOro Ko3(QuuMeHTa 1a3epHOr0 THUPOMETpa OT TEMIEpaTypbl U CKOPOCTH €ro
BPALLCHHUS.

HccnenoBanue TeMnepaTypHOil 3aBUCMMOCTH MaCIITaOHOTO K03 puiimeHTa mpoBoAniIoCh B
MPOIECCEe CaMopa3orpeBa THUPOMETpa B HHTEpBAJE TeMIeparyp oT +25 °%C no +70 °C.
MacmtaOHblid K03(QQHUIUEHT U3MEPSUICS MPU BPALICHUU THPOMETPA MONEPEMEHHO B KaXKIYIO
CTOPOHY C MOCTOSTHHOM CKOpocThio 707/c.

HccnenoBanne 3aBUCHMOCTH MacITabHOTO KOd(DQUIMEHTa THpOMETpa OT CKOPOCTH €ro
BPALIEHUs OCYIIECTBISIOCh HAa MIPOrpeToM IpubOpe, TeMIieparypa THpOMeTpa HE U3MEHSIIACh.
MacmtaOHplid  KO3QQHUIMEHT H3MepsUIcs BO BpeMsl BpallleHHs THPOMETpa IOINEPEMEHHO B
KaK]IyI0 CTOPOHY CO CKOPOCTSIMHU B AMamna3zoHe oT 15 %¢ no 150 %e.

ITo pe3yibraraM OKCIEPUMEHTAIBHBIX HCCIIEN0BAHUMN NPEI0XKEH croco0
AITOPUTMUYECKON  KOppPEKIHMH  MacmTaOHoro Kod(QuimeHTta Jia3epHOrO0  THPOMETPA,
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OCHOBAaHHBI Ha NpCU3NOHHOM U3MCPCHUU YTJIOBOTO IIOJIOKCHUS KOJIBLIEBOI'O Jia3cpa
OTHOCHUTCIIBHO OCHOBAHMS.

Optical scheme of an interferometer with a rotating plate
Golyak 1g.S., Morozov A.N., Svetlichny S.1., Fufurin I.L.

Optical scheme of interferometer with usage of rotating plate for modulating optical beams
Is considered. It is suggested parameters of an interferometer optical scheme, collecting lens for
photodetector are calculated. Calculations are performed in ZEMAX. Analytical dependence for
optical path difference in interferometer on rotation angle is archived, evaluation of difference
between analytical dependence and linear approximation is described. Calculations for optical
path difference inaccuracy interaction on recovered spectra are demonstrated.

OnTuyeckas cxeMa nHTepepoMeTpa ¢ BpalaIIeics MIACTUHKON
Comsix U.C.L Mopo3oB AH.Y, Cernmunsii C.U.2 Dybypun L

1 . . N
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus
2 .
Quauan Uncmumyma Duepeemuueckux [pobaem Xumuuecxou @uszuxku PAH, Mockesa, Poccus

Paccmotpena ontuueckasi cxema HHTEphEepoMeTpa, B KOTOPOH B KAUeCTBE MOIYIUPYIOIIETO
JJIEMEHTa TPEAJIOKEeHa Bpallaloliascs IUIACTUHKAa W3 TPO3PavyHOro Marepuana. [IpemnoxeH
BapHaHT KOHCTPYKIIUU ONTHYECKON CXeMbl HHTEp(depoMeTpa, a TakKe paCCUUTaH COOMPAIOIINIA
KOJUTIeKTUB i (porompuemuuka. Pacdersl mpoBegeHsr B mporpamme ZEMAX. Tlomydena
AQHAIUTUYECKAsT 3aBHUCHUMOCTH PAa3HOCTH XOJa Ny4deil B HMHTeppepoMeTpe OT yria MOBOpOTa
IUTACTHHKH, TPOBEICHA OIICHKA OTIWYMs pPa3HOCTH XOJa OT JIMHEWHOW 3aBHCHMOCTH.
[IpuBeneHsl pe3yiabTaThl YUCIEHHBIX PACUETOB BIMSHUA Ha (OpPMY BOCCTAHABIMBACMBIX
CIIEKTPOB HEPaBHOMEPHOCTH DPAa3HOCTH XOJa JIydeid B HHTepdepoMeTpe OT yria IOoBOpOTa
IIJIaCTUHKMH.

Secondary radiation in capillary fibers doped with rare earth ions
Gorelik V.S., Burdanova M.G.

It is reported about a new method of recording the secondary radiation of luminescent
substances based on the use of capillary fibers with great length. The photoluminescence
spectrum of erbium nitrate hydrate has been obtained in a wide frequency range: from the
ultraviolet to the infrared. Theoretical analysis of the dispersion curves of electromagnetic
radiation in capillary fibers doped with rare-earth ions (erbium, thulium and ytterbium) has been
established. The Lorentz model is used for describing dispersion properties of electromagnetic
waves in homogeneous medium doped with rare-earth ions. The dispersion dependences of
polaritonic waves in erbium nitrate hydrate are determined on the basis of the model of
interaction between electromagnetic waves and resonance electronic states of Er3+ ions. The
positions of unitary polaritons, for which the refraction index is unity, have been established.
Experimental scheme for the generating laser radiation in capillary fibers doped with rare-earth
ions is given. The conditions are analyzed for processes of conversion photons into scalar and
pseudoscalar bosons in capillary fibers with rare earths.
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BTOpH‘lHOC HU3JIYYCHHE B KAIMJJIAPHBIX CBE€TOBO/1AX,

JErHpoOBaHHBIX HOHAMH PEAKO3€EMEJIBbHBIX 3JIEMCHTOB
[Nopenuk B.C.l’z, bypnanosa M.I.!

1 . o .
Mocxosckuii eocyoapcmeennviii mexnuueckuu yuusepcumem um. H.O. baymana, Mockea, Poccus
2 .
Quzuuecxuti uncmumym um. I1.H.Jlebedesa PAH, Mockea, Poccus

CooOm1aercs 0 HOBOM METOAMKE PETUCTPALIMU BTOPUYHOTO U3JIyUEHUS JTIOMUHECIIUPYIOIINX
BEIIECTB, OCHOBAaHHBI Ha MCIOJB30BAaHUM KalWUIIPHBIX CBETOBOJOB OOJBLIONW JJTHHBIL.
3aperucTpupoBaHbl CIEKTPbl (OTOMIOMUHECICHIIMA TUApaTa HUTpara 3pOus B IIHPOKOM
CHEKTPAJIbHOM [JHarna3oHe: OT YIbTpaduoNeTOBOM 10 HUH(pPaKpacHOH o00JacTu CHeKTpa.
BTOpUYHOTO u3inydeHus IlpoBeneH TeopeTHueckuil aHalu3 JUCIEPCUOHHBIX  KPHUBBIX
AJIEKTPOMAarHUTHOTO M3JIYy4YEHHUs] B KallWJUIIPHBIX CBETOBOJAX, COJEP)KALUX PEIKO3EMEIIbHBIE
AJIEMEHTHI: IpOui, UTTepOuii W Tynuid. beuta ucmons3oBana monens JlopeHma mjst onmucaHus
NOJIIPUTOHHBIX KPUBBIX B OJHOPOJHBIX CpEIaxX, JETMPOBAaHHBIX HOHAM PEIKO3EMEIbHBIX
37eMeHTOB. PaccunTaHbl TUCHEPCHOHHBIE 3aBUCHUMOCTH ISl MOJIAPUTOHHBIX BOJH B THUIpaTe
HUTpaTa HpOMs B BUAMMOM M HUH(PPAKpaCHOM [Hala30HE Ha OCHOBE B3aWMOJICHCTBHA
JJIEKTPOMArHUTHBIX BOJIH C PE30HAHCHBIMU 3JEKTPOHHBIMH COCTOSIHUSMHU HMOHOB 3pOHSL.
Y cTaHOBIIEHBI MOJOKEHUS TOUEK, COOTBETCTBYIOLIMX YHUTAPHBIM IOJSPUTOHAM, JJI KOTOPBIX
nokasareib IpeIoOMIIEHUs paBeH eauHuie. llpemnoxkena cxema Mg TeHEpalU Ja3epHOro
U3Iy4yeHUs] B KaNWUIAPHBIX CBETOBOJAX, COJAEPXKALIUX HOHBI PEIKO3EMENIbHBIX 3JIEMEHTOB.
[Tpoananu3upoBaHbl yCIOBUS ISl peaiu3alii MpoIecCOB KOHBEPCUU (OTOHOB B CKaJISIPHBIE U
TNICeBIOCKAIISIpHbIE 0030HBI B KAMMJIISIPHBIX CBETOBOJAX C PEIKUMHU 3EMIISIMU.

On a precision experiment in cosmology
Levin S.F.

Mocxosckuil uncmumym sxcnepmusvl u ucnsimanuti, Mockea, Poccus

[IpoGneMbl TpUMEHEHUS MAaTEeMATHYECKOH CTAaTHUCTUKH B KOCMOJIOTHH  SIBJISIFOTCS
poBecHHKaMH 3akoHa Xa00ia u, K COKaJeHHIO, MO-TMPEKHEMY aKTyallbHbI, HECMOTpPSI Ha TO, YTO
MHOrHe U3 3TuxX mnpobdsem B 1980-1990-e roapl moayduaum MaTeMaTH4ecKoe M METOIHUYECKOe
pelieHre, a TOYHOCTh acTPOPU3UYECKUX HM3MEPEHUI 3a MOCIeAHHE JECSITHIIETUS BO3pOcia Ha
MOPSIIKH.

OcHOBHOM Ae(EeKT pslla BaXKHBIX MPHIOKEHUNH CTATUCTUYECKUX METO/IOB B KOCMOJIOTHH, U
HE TOJBKO, 3aKJIFOYAETCS B OTCYTCTBHH MPOBEPKH YCIOBUH NMPUMEHUMOCTH STHX METOJIOB. B
9TOM OTHOILIEHUM T[IOKa3aTelieH BBIBOJ 00 «YCKOPEHMHM paciudpeHus BceneHHO»
uccnenoBareneit rpynn High-ZSNSearchTeam (HZST) u SupernovaCosmologyProject (SCP)
IpU KaJTUOpPOBKE IIKAJbl KOCMOJOTHYECKUX PACCTOSIHUM I KPAaCHOT'O CMEIIEHHUS B CHEKTpax
BHETATAKTUYECKUX OOBEKTOB IO IIKalle OTOMETPUIECKIX PACCTOSTHHI HA OCHOBE CBEPXHOBBIX
tura SNIa. Ee onpenenstor moaronkoil mabioHOB KPUBBIX Oyiecka Kak (PyHKIIUH BpEMEHH 10
JAaHHBIM U3MEPEHU SIPKOCTH, KaK PaBuiio, B punstpe B.

Jloknag mocBsileH npoOieMaM MPUMEHEHUs CTaTUCTHYECKUX METOJIOB B NMPEIU3NOHHBIX
bu3MYECKUX OIKCTIepuMeHTaX. PaccMOTpeHBl pe3ynbTaThl METPOJIOTHYECKON —aTTecTaluu
MoOJIeNIel MTKaJl KOCMOJIOTHYECKHUX PACCTOSSHUM 0 JaHHBIM acTpopu3nUecKux u3mepeHuu. [lpu
ATOM LIEJIBIO ATTECTAILIUU SBIISIETCS HE TPUHSATHE WIH OTKJIOHEHUE MOJIENCH, a TOJIbKO YTOYHEHUE
UX METPOJIOTMYECKUX XapaKTEPUCTHK C YYETOM MHOTOAJIbTEPHATHUBHOW MPOBEPKH THIIOTE3 O
BUJIC pacIpeesIeHHs] TOTPEITHOCTEeH HealeKBaTHOCTH.
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Conversion of electromagnetic emission in globular photonic crystals

based on opal matrixes
Litvinova A.O., Gorelik V.S., Lepnev L.S., lvicheva S.N., Moyseenko V.N.

This research considers on the spectral properties of the globular photonic crystals. We
investigated the reflection spectra from the crystal growth surface with different diameters of the
globules. We used different light quasimonochromatic sources for comparison: narrowband (UV
laser diodes and laser with lasing wavelength of 266 nm) and broadband (halogen lamp). One
samples had empty pores (not filled), others were filled with ions of rare earth elements (trivalent
europium Eu®* and terbium Tb* ions). We have obtained narrow and intense spectra lines. They
corresponded with the provisions of photonic band gapes of nor filled pores of the photonic
crystal. Their position does not depend on the type of excitation source. We established the
spectrum place of the photonic band gape changes if we change the diameter of the globules.
Shape of the spectral bandwidth remains unchanged. Intense narrow bands appear if we fill the
pores of the rare-earth ions. They characterize rare earth filled in the pores of the crystal. If the
spectral position of the photonic band gap coincides with the line of the rare earth, the intensity
of the line increases rapidly. Thus, conversion mechanism of electromagnetic radiation in the
spectral region of the photonic band gap appears. Intensity of this radiation increases sharply.
This amplification occurs due to the introduction into the pores of the photonic crystal material
rare earth ions of trivalent europium Eu®**and terbium Tb®" ions. These results are promising. On
the basis of this effect we can create a new type of solar cells and solid-state active media with
optical pumping.

KonBepcusi 3J1eKTpOMarHMTHOTO M3JIy4eHUs B IJ100yIsIpHBIX (OTOHHBIX

KPUCTAJLJIAX HA OCHOBE OIIAJIOBBIX MAaTPHI

JIuTBHHOBA A.O.l, INopenuk B.C.l'z, JlertHeB H.C.Z, HBuuena C.H.3, Mowuceenko B.H.*

Y dusuueckuii uncmumym axademuu nayx um. Il. H. Jlebeoesa, Mockea, Poccus
% Mockosckuii 2ocyoapcmaeenHvlll mexnuieckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus
3HHcmumym Mmemannypeuu u mamepuanoseoenusi um. A.A.bBaiixoea PAH, Poccus
4ﬂnenponempoeckud Hayuonanvoiil ynusepcumem um. O. I'onuapa, /[nenponemposck, Ykpauna

B pabote coobmiaercs o chekTpax OTpPaXEHHS KBa3MMOHOXPOMATHUECKOTO H3IYYECHHUS
BUAMMOTO U YIbTPa(HONETOBOrO JMAana3oHOB OT moBepxHocTHu pocta (111) rmoOynspHbIX
dboTonnbx KpuctamwioB (I'PK) ¢ pa3nuuHbIMU quamMeTpaMu TJI00Y . Y CTaHOBJICHBI M3MCHECHHS B
CHEKTpax IMpH 3aloJIHEHHH MMOop HccienyeMbix oOpa3noB 'K Obumd 3amosHEHBl HOHAMH
TpexBaneHTHBIX eBporms EUP i tep6us Th®*. B crieKTpax OTpakeHHsi HCXOIHBIX OMATOBBIX
MaTpHl] ObUTH OOHAPYXEHBI HHTEHCUBHBIEC Y3KHE TOJIOCHI, COOTBETCTBYIOIINE TOJ0KEHUIO CTOII
— 30H He3anoJHeHHbIX ['@K. YcTanoBIeHO, 4TO MPU U3MEHEHUH AHAMETPa TII00YIIbI H3MEHSECTCS
CHEKTpPAJIbHOE MOJIOKEHHE CTON — 30HBI, HO (opMa MOJOCHl OTpakeHUs coxpansercs. [lpu
saronuennn T'OK EU** u Th®*B ciiektpax oTpakeHns OTMEYeHBI HHTCHCHBHBIC Y3KHE MOJIOCHL,
COOTBETCTBYIOIIME JHMHUAM HCIyCKaHHs MOHOB. OTMEUYEHO, YTO NMPHU COBHAICHUH MOJOKCHUS
CTONl — 30HBI U TIOJOCHI 3JIEMEHTAa, WHTEHCHUBHOCTb STOT0 M3JIy4eHHs Bo3pacTaer. Takum
00pa3oM, MpOSBISAETCS MEXaHU3M KOHBEPCUU 3JIEKTPOMArHUTHOTO U3JIYYEHUS B CIEKTPAIbHYIO
o0yacTh CTON — 30HBI M €r0 YCHJIEHUS IpPHU BBEIECHUU TOHOB PEIKO3EMENbHBIX 3JIEMEHTOB.
[TonydeHHbIe pe3ynbTaThl aKTyalbHBI JJIS CO3/IaHUS HOBBIX THUIIOB COJHEYHBIX Oarapeil u
TBEPAOTENIbHBIX aKTUBHBIX CPeJl C ONITUYECKON HAaKayKOoM.
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Study of the temperature-dependent diffraction no reciprocity

of counter propagating waves in a ring prism cavity
Nazarov S.I.

Mocrosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

B Hacrosimel craThbe mpoaHaIM3MpOBaHA TeMmIepaTypHas 3aBUCUMOCTb AU(PPAKIIMOHHOTO
CABHUIa HYJIEBOTO CUTHAJIAa B JIA3€PHOM T'MPOMETPE C IMPU3MEHHBIM PE30HATOPOM. PaccMoTpeHo
JIBa ciydasi: B Iep ® M U3 HUX TEMIIEp aypbl BCEX MPU3M D BHBL, BO BTO P O M IPHU3MBI,
MPUJIETaloIIue K aKTUBHOMY KaHaTy, HarpeThl CUIIbHEE, YeM OCTaNIbHBIC. Y Ka3aHHbBIC BapUAHTHI
MOJIETUPYIOT paboTy JIa3epHOTO THUPOMETpPa B PEXKUME CaMOpa3orpeBa, BOSHHUKAIOLIETO Cpasy
moclie BKJIIOYEHHUS, W B PEKHUME CTalMOHApHOW paboTel. MHpopmamus o Temmeparype
u3NyyaTelis TUPOMETpa IMpU pa3orpeBe, HCIOJIb30BaHHAs B paboTe, MojydyeHa Ha OCHOBE
OKCIIEPUMEHTAIBHBIX JaHHBIX. AHAIIU3 TOJIOKEHUSI OCEBOTO KOHTYpa MPOU3BEACH MATPUYHBIM
METOJIOM ¢ (POPMHPOBAHUEM COOTBETCTBYIOIIUX BEKTOPOB OLIMOOK BCIEACTBUE Pa3bIOCTUPOBOK.
Onpenenenre AUQPPAKIIMOHHBIX CBOMCTB pE30HATOpa IMPOBEACHO METOJOM DA3JIOKEHHUS MOJ
pe3oHaTopa ¢ AU(PPaKIMOHHBIMU 3JIEMEHTaMU 110 MOJIaM IyCTOoro pezoHatopa. [loigydeHHsie B
pe3ynbTare OLEHKH MOTYT OBITh IMOJE3HBI IPHU PEUICHUM 3a/1ad, CBS3aHHBIX C IOCTPOSCHUEM
QITOPUTMUYECKOW KOMIIEHCAIlMM TEMIEPATypHOH 3aBHUCUMOCTH JU(PPAKIMOHHOTO CABHUTa
HYJIEBOT'O CUTHAJIa B JJA3€PHOM THPOMETPE.

On the selection of a digital filter on the output of the laser gyro mode for

measuring small constant angular velocity
Saneev |.V.

In this paper investigates the possibility of increasing the accuracy of laser gyro that works
in mode of measuring low value constant angular speed due to suppression output signal noise
using various digital filters, in the case when the noise amplitude exceeds measured signal by
several orders. Output signal noise of laser gyro can be caused by the internal reasons: e.g. dither
noise, discrete output pulse-phase detector (PPD), etc., and external reasons, such as, vibrating
indignations. Modeling such digital filters as Butterworth-I1IR-Filter, Chebyshev Il order IIR
filter, Blackman-Nuttall-FIR-Filter and the filter based on robust selections of straight lines of
regress in the conditions of vibrations was performed. As a result of research it is established,
that at comprehensible microprocessor resources most effectively suppresses output noise the
filter based on robust selections of straight lines of regress that allows to measure constant low
value angular speed with comprehensible accuracy for various applications at the intensive
vibrations of the basis caused, e.g., by operating engine.

K Bompocy o Beioope undgpoBoro puabTpa Ha BbIX0/Ae Ja3ePHOT0

THPOMETPA B PeKMMe U3MEPEHUS MAJIBIX IOCTOSTHHBIX YIJIOBBIX CKOPOCTEel
Canees U.B.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B pabore mcciemyroTcsi BO3MOXKHOCTH TIOBBIIIEHUS! TOYHOCTH JIa3€PHOTO THPOMETpa B
PSKUME W3MEPEHHUs MaJbIX MOCTOSHHBIX YIJIOBBIX CKOPOCTEH MyTeM IOJaBJICHUS MOMEX Ha
BBIXOZIe MPHOOpa pa3IMYHBIMUA NHU(GPOBBIMH (MIBTPAMHU, IIPHU 3TOM paccMaTpHUBACTCS CIyda,
KOTJ]a BEJIMYMHA MTOMEX IPEBBIIIAET HA HECKOIBKO MOPSIKOB BEIMYUHY U3MEPSIEMOr0 CUTHAA.
[lomexun Ha BBIXOJE THUPOMETpPAa MOTYT OBITh BBI3BaHBI KaKk BHYTPEHHHMH IPUYUHAMU:
onrymseHueM BHOpomnoacTaBku, padotoid UMD/ u ap., Tak ¥ BHEIIHUMH TTOMEXaMH, TAKUMH KaK,
BUOpaIOHHbIE BO3MyLIeHHs. [IpoBeeHO MoaenpoBanrue paboThl TaKUX MUPPOBBIX (HUIBTPOB
kak BUX-bunstp barrepopra m YeOwimea Il poma, KUX-punprpa bmdxmana-Haramna,
¢mibTpa Ha POOACTHON CENEKIMM NPSMBIX JMHUNA pErpeccud B YCIOBHsX BHOpauui. B
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pe3ynbTare  HWCCIEAOBAaHMS  YCTAaHOBJICHO, YTO TMPU  NPUEMIIEMOH  PECYpPCOEMKOCTH
MHUKpoITpoiieccopa Hanbosee 3pGEeKTUBHO MOJaBIseT ToMexu (pUIbTp Ha poOACTHON CENeKIIUU
MPSAMBIX JIMHUU PETPECCHH, YTO MO3BOJSET U3MEPUTH NTOCTOSHHYIO MAIYIO YIVIOBYIO CKOPOCTH C
NPUEMJIEMOH TOYHOCTBIO [UIS PA3JUYHBIX TNPUMEHEHUH TP WHTCHCUBHBIX BHOpaIUsIX
OCHOBAHMS, BbI3BaHHBIX, HAIIPUMEP, PA0OTON ABUTATENS.

Consideration of photosensitive measurement error in the automatic

substance identification
Vasil'ev N.S., Kudryavtsev A.A., Morozov A.N.

The interpretation of the current measured spectra is often used to provide automatic
substance identification. When measuring spectra during process of express identification of
unknown substances experimental data may have low signal-to-noise ratio. High noise intensity
may lead to errors. Using threshold as a tool for elimination of false alarms leads to increasing of
reliability of substance identification algorithms. At the same time using probabilities of true
identification as variable threshold one may reach better characteristics of analysers. Authors
used SAM formula to measure dissimilarities between sample and reference spectra. Stochastic
characteristics of this measure was found as a function depending of noise intensities. Calculated
values of probabilities of true identification was combined with the result of statistical processing
of experimental data set.

ABTOMATHYECKAsl HACHTHPUKALIMA CHIEKTPOB € Y4€TOM OIIUOOK

U3MepeHus (POTOYYBCTBUTEIbHOM annaparypbl
Bacunwses H.C., Kynpssues A.A., Mopo3os A.H.

Mocxosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B pabGore paccmarpuBarOTCSs CHCTEMBI, OCYIIECTBISIONIME OECIPOOOTOOPHBIM aHaIu3
XUMHUYECKOTO CTPOCHHUSI BEIIECTB MO HUX CIHEKTpaM (OTOIIOMUHECICHIIUN. AHAIU3UPYETCS
HaAEKHOCTh pPA0OTHl TaKMX CHCTEM B YCJIOBHUS HHU3KOIO OTHOILIEHUS CHUTHAla/liyM B
3aperucTpupoBaHHoOM crektpe. [Ipemmaraercss Mozenb (GOpPMHpPOBAHUS M TNPEOOpPa3OBaAHMA
ommOOK M3MepeHusi (HOTOUYBCTBUTEIBHOW ammaparypbl B OMIMOKK HICHTH(UKAIIMH BEUIECTB
npubopamu-aHanu3aTopamu. s anpoGanyy MCHOIb3YIOTCS HAOOPhI CIIEKTPOB € PAa3IMYHBIMU
OTHONIICHUSIMH CHUTHAJI/IIYM, 3aperUCTPUPOBAHHBIE HAa CTaTHUYECKOM (yphe-CIeKTpOMETpe
BUMMOTO U OJIMKHETO YIbTpaduoiaeToBoro auanazona. O0mas pa3MepHOCTh Habopa cocTaBuIIa
4990 cnekTpoB Ui MATH TECTOBBIX BEIIECTB M TPEX HCHOJIb3YEMBIX HCTOYHUKOB
BO30YKJAIOIIEr0 U3ITy4eHUsI.

Experimental research and analysis of the informational signal
from a combined shock, tilt and motion sensor,

based on 3-axis MEMS - accelerometer
Vasyukov S.A., Ostapenko D.G.

Modern car alarms are equipped with intelligent sensors, based on different physical
principles. These sensors have to provide high reliability and accuracy of monitored parameters
in the absence of false triggers. Intelligent sensors primarily include shock sensors, which are
present in almost every car alarm system, as well as tilt and motion sensors.

Shock sensors piezoelectric, microphone and electromagnetic types have a number of
disadvantages. They primarily include: narrow sensitivity of sensors that does not allow to
reliably divide impacts to the body of a car from the false triggers; and differences in sensor
sensitivity, depending on the orientation of the sensor axis.
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Tilt sensors of electromagnetic type, implemented as separate devices, are rarely used, be-
cause of their high cost and imperfect characteristics. Although the need for such sensors still
exists. It seems that the most promising solution is the use of 3-axial accelerometers based on
MEMS-technology.

This report presents the results of experimental studies of accelerations appearing during
impacts to the body of a car, tilt and motion of the vehicle. In these measurements a test board
STM32F3DISCOVERY with MEMS-accelerometer LSM303DLHS was used. The analysis was
conducted on the level of noise and vibration when mounting tabs on the plastic panel of the car
with engine work in the range from 700 to 4000 rpm. The results of accelerations analysis
include: weak impact on different parts of the body (fender, trunk, hood), strong impact (closing
the door); slow and rapid acceleration to 20 km per hour, followed by deceleration and passing
such obstacles as "speed bumps".

These studies resulted in finding the optimal working range of the accelerometer, the
accuracy of measurement of acceleration, signal frequency and filtering algorithm.

The recommendations for choosing MEMS - accelerometers for combined shock, tilt and
motion sensors of modern car alarms are presented.

3KCHepHMeHTaJIl>HLIe HCCJIeA0OBAHUA U aHAJIN3 I/IH(l)OpMalII/IOHHOI‘O
CHUTHaJ1a KOMﬁI/IHI/IpOBaHHOI‘O AaTYUuKa yaapa, HAaKJI0OHa U JIBHKCHHUA HA

ocHoBe 3-oceBoro MEMS-akcenepomerpa

Bacrokos C.A., Ocranenxko [.I'.
Mocxosckuii 2cocyoapcmaennulil mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

CoBpeMeHHbIE ~ aBTOMOOWJIbHBIE  CHUTHAJIW3AI[MM  OCHAIEHBl  WHTEJUICKTYyaJbHBIMHU
JaTYMKaMH, TIOCTPOCHHBIMU Ha Pa3iIMYHbIX (U3UYECKUX MPHUHIMIAX. DTU JATYUKU JIOJKHBI
o0ecreynBaTh BBICOKYIO HAJEKHOCTh U JIOCTOBEPHOCTh KOHTPOJIUPYEMBIX IMapaMeTpoB MpH
OTCYTCTBHH JIOKHBIX cpabaThiBaHul. K MHTENIEKTyaabHBIM JaTUMKaM, MPEKIE BCEro, OTHOCAT
JaTyuK yzaapa (IIOK-CEHCOp), BXOMSIIMKA B COCTaB NMPAKTHUECKH BCEX CHUTHAIM3ALMWH, a TakxkKe
JATYUKHU HAKJIOHA U IBUKECHHUSL.

JlaTuuku ynapa C  4YyBCTBUTENIBHBIMH  djeMeHTamMu (YD)  1be30371eKTpUUYECKOro,
MUKPO(QOHHOTO M 3JIEKTPOMAarHUTHOTO TUIIOB OO0JIAAIOT PSIOM CYIIECTBEHHBIX HEIOCTATKOB,
CBSI3aHHBIX MMEHHO ¢ TumoM YD. DTo, Mpexae BCEro, Y3KOMOJOCHOCTh YYBCTBHTEIBHBIX
9JIEMEHTOB, HE TMO3BOJSIONIAs JOCTOBEPHO pa3leiHuTh yaapbl IO KYy30BY OT JIOKHBIX
BO3/CUCTBUI, a TaK)Ke pa3InyHas YyBCTBUTEIBHOCTD JaTYMKOB, B 3aBHCUMOCTH OT OPHEHTAIIH
ocu UD.

JIaT4MKM HAaKJIOHA DHJIEKTPOMArHUTHOTO THWIIA, pEATU30BaHHbIE B BHJE OTIEIbHBIX
YCTPOMCTB, MPUMEHSAIOTCS PEIKO B CHIIY X JIOPOTOBHU3HBI M HECOBEPIICHCTBA XapaKTEPUCTHK.
XoTs MOTPeOHOCTh B TAaKUX JIaTYMKaX JI0 CHUX IOp ecThb. [Ipeononenne yka3aHHBIX HEJOCTaTKOB
BpSL JIM CBSI3aHO C  COBEPIICHCTBOBAHWEM IIO/IBECOB  YYBCTBUTEIBHBIX  3JIEMEHTOB
paccMOTpeHHbIX 1aTuukoB. Hanbosnee nepcrnekTUBHBIM 371eCh BUAUTCS IPUMEHEHHUE TPEXOCEBBIX
aKCceJIepOMETPOB, BBIMTOIHEHHBIX 10 MEMS-TexHomoruu.

B noxnanme mpuBeneHbl pe3yibTaThl AIKCHEPUMEHTAIbHBIX HCCIEAOBAHUN YCKOpPEHUH,
NEHCTBYIOIMX TPU yaape Mo Ky30BY, HaKJIOHE M JABWKEHMM aBTomMoOuis. llpum m3mepenumsix
ucrionp3oBaHa TtecroBas 1ata  STM32F3DISCOVERY ¢ MEMS-akcenepomerpom
LSM303DLHS. IlpoBeaeH aHain3 ypoBHS IIYMOB M BHOpalMii MpH KpPEIUIEHUH IUIaThl Ha
MJIACTUKOBOM TMaHENIW aBTOMOOWIS U pabote asurarens B nuamazone ot 700 mo 4000 o6/muH.
[IpuBeneHs! peanu3anuu yCKOPEHUH Hpu: cl1albIX yJdapax B pa3HBIX YacTsAX Ky3oBa (KpbLUIO,
Oara)xHWK, KaroT); CHJIBHOM yjaape (3aKpbITHe IBEpPH); MEIJIICHHOM W OBICTPOM pas3roHe 0
ckopoctu 20 KMm/4ac C TOCIEAYIOUMM TOPMOXEHHEM M MPOE3AOM MPEMATCTBHA B BUE
«J1€KAUUX TMOTULEHCKIX).

B pesynbrate uccienoBaHuii 00OCHOBaH BBIOOp JAMana3zoHa pabOTHl aKCeIepoOMETpa,
TOYHOCTH U3MEPEHUsI YCKOPEHUS, YaCTOThI OIIPOCa CUTHAJA U aITOPUTMa (PUIIbTPALIIH.
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[TpuBenens! pekomeHganuu mno Beioopy MEMS-akcenepomerpoB ansi KOMOMHUPOBaHHBIX
JaTYNKOB y/apa, HAKJIOHA U JIBV)KEHHUS COBPEMEHHBIX aBTOCHUTHAIIM3AINH.

Section 4.
Mathematical simulation in the control science

Solving of terminal control problem with constraints using covering

method
Belinskaya Ju.S.

We represent new method of solving terminal control problems for dynamical systems. This
method is based on adding to original system of differential equations new ones on control
derivatives and reformulation of the terminal control problem in two related Cauchy problems.
In the case of flat systems this method allows you to find solution of terminal control problem in
the set of solutions of any particular dynamical system of the required dimension, not only in the
space of polynomials, as in the well-known methods. The example shows how to use this fact to
take into account the constraints in solving terminal control problem for flat system. Namely, we
search the solution of terminal control problem in the set of solutions of the system, which has an
invariant set where all points satisfy the given constraints. The obtained trajectory is in the
invariant set, and thus satisfies the constraints of the problem.

Pemenune 3agauu TEepMHHAJIBHOIO YIIPABJICHUS € Y4€TOM OIPaHUYEHHU I

METOJA0M HAKPBITHH

bennnckas 10.C.
Mocxrosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

[IpeacraBinen HOBBIM METOX PEIICHHMS 337a4d  TEPMUHAIBHOIO  YIPAaBICHUS JIA
JUHAMHYECKMX  cUcTeM. MeTol  OCHOBaH HAa  JIONOJIHEHMHM  HMCXOJHOM  CHUCTEMBI
mubdepeHIIMaNbHBIX  YpaBHEHHM  ypaBHEHUSMU Ha  [POMU3BOJHBIE  yIpaBieHHUS U
nepeopMyIHPOBKE 33a4ll TEPMHHAIBHOIO YIpaBleHHUs B JIBE CBsA3aHHble 3anaun Komm. B
ClIy4ae IJIOCKUX CUCTEM METO[ ITO3BOJISET UCKATh PEHICHUE 33/Ja4i TEPMUHAIBHOTO YIIPaBICHUS
BO MHOJECTBE PEIICHUN IPOU3BOJBHON OIPEACIICHHOW AUHAMUYECKONM CHCTEMBI HYKHOU
pa3MepHOCTH, a HE TOJILKO B MPOCTPAHCTBE MHOTOYIEHOB, KaK B o0IIen3BecTHOM meroze. Ha
IpUMepe MOKa3aHo, KaK UCTOIb30BaTh ATOT (PAKT [T yueTa OrpaHHUEHHH NP pelIeHUH 3a/1a41
TEPMHHAIBHOTO YIPABJICHUS IIOCKOM CUCTEMOW. A MMEHHO, PEIICHUE 3aa4ll TEPMUHAIBHOTO
yIpaBJIEHUS] HIOIETCS BO MHOXKECTBE pEIIEHHH CHCTEMBl, 00Jajaionieil WHBapUaHTHBIM
MHOXECTBOM, BCE€ TOYKH KOTOPOTO YJOBJIETBOPSIOT 3aJaHHBIM orpaHudeHusM. Halinennas
TPAEKTOPHS JIEKUT B 3TOM MHBAPUAHTHOM MHOXECTBE, & 3HAUUT, YJOBJIETBOPSIET OTPAaHUUYECHUAM
3a/1a4u.

Solution of terminal control problem of batch processes

using orbital linearization
Kasatkina T.S.

Mathematical model of batch processes in chemical reactors is considered. This model is
affine system of the third order with single input. In this paper control problem with fixed
boundary conditions for this system for all state variables is solved. The idea is based on usage
of orbital feedback linearization and diffeomorphism of state space, which transform the original
system to the canonical form. Using this approach, time-independent affine system of the
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canonical form, which is equivalent to the original system, can be treated. For the equivalent
system control law, which solves the terminal control problem, can be designed. For one of the
phase trajectories parametrical domain of solutions is obtained with respect to control and state
variables constrains, providing validation of system transformations. Cases of the best control
law with respect to different quasiparametrical criterions are investigated. Attainability domain
of the state point is analyzed according with designed control domain. Validation of suggested
approach is approved by modeling results.

PemeHne3agaunTepMuHAIBLHOTOYNIPABJIEHUATNIPOIECCAMUBXMMHUYECKOMPeE

aKTOPEeMeTOA0MOPOUTAIbHOMINHeAPU3 AN

Kacarkuna T.C.
Mockogckuii eocydapcmeennbviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PaccmoTpena wmaremaruyeckass MOJeNb, OMNKCHIBAIONIAS TMPOTEKAHUE TMEPUOIUYECKUX
IIPOLIECCOB B IOPLHMOHHOM XHMMHMUYECKOM pEaKTOpe C TPEXKOMIIOHEHTHOW cMechblo. JlaHHas
MOJIECIIb MIPEACTABIISIET COO0M TPEXMEPHYIO THMHAMHYECKYIO ap(UHHYIO CHCTEMY CO CKaSIPHBIM
ynpasieHueM. [ 3TOM cUCTeMBl pelleHa 3ajadya TePMUHAIBHOTO YIpaBJIEHUsS C 3aJaHHBIMHU
ITPaHUYHBIMU YCIIOBUSIMU IO BCEM MEPEMEHHBIM COCTOSIHMS. Mies pelieHus 3a1auu CTpOUTCS Ha
NPUMEHEHUH TOIX0Ja OpOUTANbHOW JIMHEApu3aluu | mocienyomeM auddeomopdpusme
IPOCTPAHCTBA COCTOSIHUH, KOTOPBIM NMpeoOpa3zyeT CUCTeMy K KaHOHWYECKOMY BUIY. JlaHHBIN
MOJIXOJ TMO3BOJISIET HCIIOJNB30BaTh TPEXMEPHYIO CTAllMOHApHYI0 ap@UHHYIO CHCTEMY
KAaHOHMYECKOTO BHJIA, 3KBUBAJICHTHYIO HCXOAHOW CHCTEME, MJisi TOCTPOEHUsS YIpaBIICHUS,
pelaromero mocTaBjieHHylo 3aaaqy. s oqHoi 3 ¢$a3oBBIX TPACKTOPUN CHCTEMBI MTOCTPOCHO
napaMeTpuuecKoe MHOXXECTBO PEIICHUM TEePMUHAIBHOW 3aJayd C 3aJaHHBIMH TPAHUYHBIMU
YCIOBUSIMH, C y4e€TOM OrpaHMYEHUN Ha yIOpaBlIeHHE U IEpEeMEHHbIE COCTOSIHMS,
o0ecreynBaroIUX KOPPEKTHOCTh UCIIOIB3YEMBIX MPEe0OPa30BaHUI CUCTEM.

HccnenoBanbl BO3MOKHOCTH BBIOOpa HAMJIYULIETO 3aKOHA YIPABJICHUSA C TOYKU 3pEHUS
Pa3IUYHBIX KBa3HMONTHUMH3AIMOHHBIX KpuTepueB. McciemoBana o01acTh MTOCTHXKUMOCTH IS
TOYKH MPOCTPAHCTBA COCTOSIHMM NPH MCIOJIb30BAaHUHM MOCTPOCHHOIO MHOXECTBA YNPABICHUM.
KoppekTHOoCThIIpE110KEHHOTOTI0AX 01aII0ATBEP K I€HACTIOMOLIBIOPE3YIbTATOBMOEINPOBAHUEM

An algorithm of a priori route planning based on the separation property

of the guaranteed control/estimation problems
Kruglikov S.V.

Navigation and planning of joint movement for a group of objects in a complex physical-
geographical environment are important applications for mathematical theory control under
uncertainty. Route planning as a stage of a guidance process includes avoidance of obstacles and
land formations. Previously proposed the description models land formations, routes of objects
and a group structure in a fundamentally similar form that bases on a guaranteed approach to
problems of control and estimation under uncertainty. Mathematical modeling of an a priori
route planning process for a group of objects on a plain surface is considered. The approach
allows the same way to treat the geographical locations, characteristics of object, of controlling
and data transmitting systems, including scaling procedures and sources of uncertainty. The
prototype software simulates algorithms of a priori route planning in case of non-convex
obstacles presented by a set of disjoint contours. The research was partly supported by the
Collaboration Programme (12-11-1-1019) in fundamental research of Ural and Siberian
Branches of RAS.
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AJITOPUTM ANPUOPHOM NMPOKJIAAKH MAPLIPYTA HA OCHOBE CBOICTBA

pa3jaesieHus 32/1a4 rAPAHTHPOBAHHOIO YIIPABJIECHMSI/OLlEeHUBAHUSA
Kpyraukos C.B.

Ypanvckuii @edepanvuviii ynusepcumem, Poccus

[Ipobnembl HaBUTALMKM M IUIAHUPOBAHHUS COBMECTHOTO JBMDKEHHUSI TPyNIbl OOBEKTOB B
CJIOKHBIX (PU3UKO-TeOrpa)uIecKuX YCIOBHUAX SBISIOTCS MPAKTUYECKH BaKHBIM NPHIIOKEHHEM
3a1a4 yInpaBleHHUs JUHAMHUYECKHMHU CHCTEMaMM B YCIOBHUSX HeompeneneHHOCTH. OnHuM U3
JTaloB IUIAHUPOBAHUSA SBIAETCS MPOKIAJKa MapuipyTa, BKIOYas 00XOA NPEnsATCTBUH H
CYXONYTHBIX OOpazoBaHMil. PaHee mpeMIOKEHO OMHMCAaHHE CYXOMYTHBIX OOpa3OBaHUIA,
MapuIpyTOB JABMKEHHsI OOBEKTOB M TPYIIbl B LEJIOM MPUHIMIHAAIBHO MOAOOHBIMH MOAEISMH,
OCHOBAaHHBIMM Ha TapaHTUPOBAHHOM MOJAXO/A€ K OKCTPEMAJbHBIM 3a/layaM YIpPaBICHUSA H
OLIEHUBAHMs B YCIOBUSAX HEONPEIEICHHOCTH.

B noxiage paccMarpuBaeTcsi MaTeMaTHUECKOE€ MOJCIMpPOBAHME Mpolecca MpPOKiIaaKa
IUIOCKOTO MapuIpyTa Juis rpynibl 00beKTOB. JJaHHBIN OJXO0/ MO3BOJISET COIIacoBaTh JaHHBIE O
reorpaMuecKux YCIOBHSX, XapaKTEPUCTUKAX OOBEKTOB, OCOOCHHOCTSIX CHCTEM YIPABICHHS U
nepeaayn JaHHbIX, BKIIOYAs y4eT MCTOUYHUKOB M NMPUYMH BO3HHUKHOBEHUS HEOIPENCICHHOCTH,
IpoIeTypbl MacIITaOUPOBAHHUSL.

[IpuBeneHHbIE aNTOPUTMBlI WILTIOCTPUPYIOTCS Ha MpHUMEpe MPOTOTUIA IMPOrPaMMHOIO
o0ecreyeHns, peaau3yolero MOAEIMPOBAHUE ANpPUOPHOW MPOKIAJKA MapuIpyToB 00Xozaa
CHCTEMBI HEBBITYKJIBIX MPENSATCTBUMN, IPEICTABICHHBIX HEMEPECCKAIOIIUMUCT KOHTYPaMH.

The problem of a priori design of the testing process control UAVs
Kruglikov S.V.

Navigation and planning of joint movement for a group of objects in a complex physical-
geographical environment are important applications for mathematical theory control under
uncertainty. Route planning as a stage of a guidance process includes avoidance of obstacles and
land formations. Previously proposed the description models land formations, routes of objects
and a group structure in a fundamentally similar form that bases on a guaranteed approach to
problems of control and estimation under uncertainty. Mathematical modeling of an a priori
route planning process for a group of objects on a plain surface is considered. The approach
allows the same way to treat the geographical locations, characteristics of object, of controlling
and data transmitting systems, including scaling procedures and sources of uncertainty. The
prototype software simulates algorithms of a priori route planning in case of non-convex
obstacles presented by a set of disjoint contours. The research was partly supported by the
Collaboration Programme (12-11-1-1019) in fundamental research of Ural and Siberian
Branches of RAS.

The problem of a priori process design for testing guidance control subsystem of UAV

Development of techniques to design the agenda for field testing process of hardware and
software systems controlling the network systems is of a great importance. Such systems include
autonomous and/or remotely managed vehicles, controlling and communicating subsystems,
complexes for data analysis and response on circumstances changes.

The paper considers the problem of modeling the spatial movement for a group of objects
limited in maneuverability. The formalization bases on hierarchy of control systems and a
constructive description of a set of obstacles generated from an initial family of closed balls. The
crucial importance has the technique of convex hull design for connected sets and their
compliments. This paper presents a discrete algorithm splitting the convex hull design on a series
of similar cases, which can run in parallel. The correspondence of levels of hierarchy in obstacles
description and the ratio of precision is considered.
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The source data for testing and simulation of the route is the E-maps, as well as, the initial
data on targeting and the hypothesis about the possible opposition. The reason of interest forms
problems to organize and software support the full-scale field testing for individual UAVs and
their formations.

The research was partly supported by Russian Foundation for Basic Research (project Ne
12-01-00043).

IIpodJema anpuopHoii pa3padoTKH MPoIecca TECTUPOBAHUSA CHCTEMBbI

ynpasiaenusi BIIJIA
Kpyraukos C.B.

Ypanvckuii @edepanvuviii ynusepcumem, Poccus

AKTyaJIbHBIM BOIPOCOM SIBJISIETCS pa3pabOTKa TEXHOJOTUU (HOPMHUPOBAHUS METOTUK JUIS
npolecca HATypHOTO TECTHPOBAHMSA aJIrOPUTMOB W MPOTPAMMHOTO OOECIEYEeHHUs CUCTEM
yIpaBJICHUS paclpeieeHHbIMA KOMILIEKcaMu. B cocTaB TakuX KOMIUIEKCOB BKIJIIOYAIOTCS
ABTOHOMHBIE W/WJIM TUCTAHIIMOHHO-YIIPABIISEMBIX alIapaThl; MOACUCTEMbI YIPABICHUS U CBA3H,
aHaJIM3a COCTOSHUA U pearupoBaHuUs Ha U3MEHEHHE 00CTaHOBKHU.

B paborte paccMoTpeHa 3ajaua MOJAEIMPOBAHUS MPOCTPAHCTBEHHOTO JIBMIKEHUS TPYIIIIBI
00BEKTOB OTPAaHUYCHHON MaHEBPEHHOCTH Ha OCHOBE (hOopMalU3alui HEePapXHUECKUX CHUCTEM
yrnpasieHusi. KOHCTpyKTHBHOE OINUCAaHUE CUCTEMbl TPENATCTBUN  33JaHO KOHEYHBIM
MOPOKJAIOLINMM CEMENCTBOM 3aMKHYTBIX 1IapoB. /1 MoenpoBaHUs CUCTEMBI NIPENSATCTBUN U
ceMeiicTBa BO3MOKHBIX pPEIIEHUN NPUHLUIUAIBHOE 3HAYeHHE HMMEET TEXHOJOTHsl paboThl ¢
BBIITYKJIBIMH 000JI0YKaMU CBSI3HBIX MHOXKECTB M UX JOIMOJIHEHUSIMHU JI0 BBITYKJIOH 000nouku. B
paboTe TmpeacTaBieH aJrOpUTM, OMHUPAIOIIMNCS Ha AaHATUTHUYECKOE OMUCAaHUE BBIMYKIIOH
000J10YKH KOHEYHOro Habopa Touek. [IpuBeseHo MUCKPETHOE OMHCAHUE JIEMEHTOB BBITYKIION
000JI0YKH, TO3BOJIAIONICE pa3JCIUTh OONIYI0 3a7ady IIOCTPOSHUS OOOJIOYKH Ha CEpHI0
OTIENBHBIX 3a/a4 JUId CYXAIOIIUXCS IMOJMHOXECTB, YTO IO3BOJISIET CHOPMYIUpPOBATH IS
TUIIOBBIX CUTYallUH YCJIOBHS MapajuleIbHOTO BBIONHEHUS mocTpoeHuid. [lpuBeneHsl yciaoBus,
ONpEACISAIONINE CBSI3b PA3IUYHbIX YPOBHEW MEpapXUU ONUCAHMS MPEMSITCTBUA B 3aBUCUMOCTHU
OT COOTHOILIEHUS TOYHOCTH.

HcxonHble naHHbIE AJI IpoLecca TECTUPOBAHUSA U MOJEIMPOBAHUS MapLIpyTa COCTaBIISIET
onucaHue Kaprorpaduueckas wuH(pOpManusg, a TaKKe MapamMeTpbl HCXOIHBIX JAaHHBIX
IIOCTAaHOBKHM 3aJaud, LEJEeyKa3aHUs M TMIIOTE3a O BO3MOXXHOM IpoTHBOAcHcTBUM. Ha3zHaueHue
OpraHM3alysi W MpOorpaMMHAas MOJJEpKKa KOMILIEKCOB HATYypHBIX MCIBITAHUNM OTIENbHBIX
BIIJTA m KOMIUIEKCOB MX BKJIIOYAIOIIKX B YCIOBUSX IOJUTOHA.

Optimal control for the linear time-invariant systems of fractional order

with lumped and distributed parameters
Kubyshkin V.A., Postnov S.S.

In this paper optimal control problem investigated for the linear time-invariant systems of
fractional order with lumped and distributed parameters. Two types of the problem considered:
the search for control with minimal norm at given control time and the search for control
providing minimal time of system transfer into final state at given control norm restriction. It’s
demonstrated that optimal control problem can be reduced to the problem of moments. For the
last one the conditions obtained which define possibility of the problem setting and problem
solvability. Some special cases investigated: one- and two-dimensional integrators, one-
dimensional lumped system of general view, pendulum of fractional order and system with
distributed parameters defined by transfer equation with time derivative of fractional order. In
these cases the optimal control problem solved explicitly. The dependencies of control norm and
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minimal time of system transfer into final state from fractional differentiation indices in
equations of system dynamics. Qualitative dynamics of systems analyzed.

OnrumajibHoe YiIipaBJICHUE JMHEMHbIMH CTAIMOHAPHBIMHA CUCTCMaMU

JAPOOHOTO MOPSIAKA ¢ COCPEIOTOYEHHBIMHU U pacnpeaeJéHHbIMYI MapaMeTpaMu
KyO6pimkun B.A., IToctros C.C.

Hnemumym npobnem ynpaenenust um. B.A. Tpanesnuxosa PAH, Poccus

B pabote uccienyercs 3amadya ONTUMAIBHOTO YIPABICHHS JJIS JTMHEHHBIX CTAllMOHAPHBIX
cucTeM APOOHOTO MOPSAKA KaK C COCPEJOTOYCHHBIMHE, TaK U C paclpeeIEHHBIMH ITapaMeTPaMHu.
PaccmarpuBaroTcss J1Beé  pa3HOBHIHOCTH HCCIEAYEMOW 3alaud: TIOMCK YIPABJICHUS C
MHHAMAJIbHOH HOPMOW TIpH 3aJaHHOM BpPEMEHHM VIPaBICHUS W IIOWCK YIPaBICHHS,
00eCIeynBaroIero MUHUMAIBHOE BpeMsl MEpexoja CHCTEMbl B 33aJaHHOE COCTOSIHUE IIpH
OTpAaHMYCHWH Ha HOPMY yOpaBieHus. JleMoHcTpupyercs, dTO 3ajadya ONTHMAJIBHOTO
yIpaBJICHUS] MOKET OBITh CBEACHA K MPOOJIeME MOMEHTOB, U KOTOPOM BBIBOAATCS YCIIOBHS,
OIIpEeICTISIONINEe BO3MOKHOCTh €€ TOCTAaHOBKHM M pa3pemmMocTh. Mccnenyercs psia 9acTHBIX
CIly4yaeB: OJHO- M JBYMEpPHBIH HWHTETPaTop, OJHOMEpPHas CUCTEMa C COCPEIOTOUYECHHBIMU
napaMeTpamMH OOIIero BHAA, MasTHUK APOOHOTO IMOpsSAKA W CHUCTEMa C pacHpeAeiICHHBIMH
napamMeTpami, ONMUCHIBaeMasi ypaBHEHHEM IepeHoca ¢ JpOoOHOM Mpou3BOJHON MO BpemeHu. B
NEPEUYNCIICHHBIX CIy4asX 3ajJada ONTUMAJIbHOTO YIPABICHHS PELIAeTCs SIBHO M MPOBOJIUTCS
MCCIIEIOBAaHNE 3aBUCHMOCTH HOPMBI YIIPABJICHUS! 1 MUHUMAJIBHOTO BPEMEHH TIEPEX0/1a CHCTEMBI
B 3a/laHHOE COCTOSHHE OT TMoKazartenedl apoOHoro auddepeHurpoBaHUs B ypaBHEHUSX
JMHAMHKH CHCTEMBI. AHAJIM3UPYETCs KaueCTBEHHAsl AMHAMHKA CHCTEM.

Path-following control for differential wheeled robot
Nefedov G.A.

The author considers the problem of movement stabilization along the path for the two-
wheeled robot with a differential drive. When designing a vehicle it is often difficult to use
electronic speed controls due to their complexity and high cost, much easier to control wheels
torques. Therefore, a dynamic model of wheeled robot is using to stabilize the motion along a
given path. Robot model has been transformed into the quasi-canonical form, all possible
functions to get it have been determined. Normal form for the system has been built using
distance to the target curve, its zero dynamics has been studied. On the basis of this form the
problem of movement stabilization along the path has been solved using the method of virtual
outputs.

Cradnian3anusi ABHKEeHHS IBYXKOJIECHOT0 po00Ta 110 3aJaHHOMY IIYTH
Hedenos I'.A.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

Jlist Mozien IBYXKOJIECHOTO poboTa ¢ audepeHIrabHBIM TPUBOJAOM PacCMaTPUBACTCS
3aja4a CTa0MIN3alluH IBUKCHUS BAOJb 3aJaHHOTO ITYTH.

[Ipy mpoeKkTUpOBaHWM TPAHCHOPTHOTO CpPEACTBA YacTo ObIBaeT MPOOJIEMATHIHO
UCITIOJIb30BaTh PETYNIATOPBL, TOJICPKUBAIOIINE 3aJaHHYI0 CKOPOCTh BpAaIllIeHUs KoJieca,
BCJICJICTBHE WX CIIO)KHOCTH W JIOPOTOBHM3HBI, TOpa3/l0 TMPOMIC BBIACPKATH 3aJaHHBIC
BpamareiabHble MOMEHTHL. [loaTomMy naisi crabuiu3anuy JABWXKEHHMS BAOJIb 33JaHHOTO IyTH
UCTIONB3YEeTCS TUHAMUYIECKast MOJIENb KOJIECHOTO PoOoTa.

Hccnenyercs npuBOAUMOCTh MOAETH KOJIECHOTO poboTa ¢ nuddepeHInaIbHbIM IPHBOIOM
K KBa3WKaHOHMYECKOMY BHJIY, OIPEIEIISIOTCS BCE BO3MOXKHBIC (DYHKIIMH, MO3BOJISIONIAE €ro
HOJYYHTb.
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Flight Path-tracking Method for Unmanned Aircraft
Liu Wei

The path-tracking method is designed for unmanned aerial vehicle (UAV). This method
provides the UAV movement along a given straight line with constant speed. We consider the
nonlinear model of the UAV center mass motion, recorded in the trajectory frame where controls
are the longitudinal and transverse overloads and the angle between the overload vector and the
local vertical.

The transition to the path frame and transformation of the received motion models to normal
form is used for the synthesis of stabilizing control. The distance from the center of mass of the
UAV to the specified path is chosen as output to construct the normal form. Zero dynamics of
the normal form is investigated, it is shown that zero dynamics describe the movement along a
given path with constant speed. The results of computer simulation in the Matlab environment
are included.

Metoa myTeBoii cTaduiau3anuu 0eCIMI0THOIO JIETATEJIbHOI0 anmnapara
JIro Bont

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.D. Baymana, Mockea, Poccus

st 6ecniunotrHoro seratensHoro ammaparta (BIIJIA) mnpemiokeH wmeTon myTeBoOM
cTrabunuzanuu, oOecneunBaOmUi ABWKeHUS JIA BHOIL 3aJaHHONW TPSIMON C TOCTOSHHOMN
CKOPOCTBIO.

PaccmaTtpuBaercs HenuHeWHas Mozenb ABUXeHHs LeHTpa macc BIIJIA, 3anucanHas B
TPACKTOPHOM CHCTEME KOOpJAuMHAT. B KauyecTBe ympaBiC€HH MPUHATHI NPOAOJIbHAS U
IIONIEPEYHas IIePErpy3Ku, a TAKKE YroJl MEKy BEKTOPOM IIEPErpy3Ku U MECTHOM BEPTUKAIIBIO.

Jlis cuHTe3a CTaOMIM3UPYIOIIETO YIPaBIECHUS UCIIONb3YETCs NEPEXo]l K MyTEBOM cucrteme
KOOpAMHAT W TpeoOpa3oBaHUE IOJYYCHHOH MOJETH IBM)KECHUS K HOpMaibHOM ¢opme. B
Ka4yecTBE BBIXOJIa JUISl IIOCTPOCHUSI HOPMaIbHON ()OpMBI BBIOPAHO PACCTOSTHUE OT LEHTPa Macc
BIUTA no 3amannoro mytu. MccrnenoBana HyseBas IWHAMHKa HOPMalbHOH (OpMBI, TIOKA3aHO,
YTO ypaBHEHHUE HYJIIEBOW JUHAMUKH OMHUCBHIBAECT JBUKEHUE MO 33JaHHOMY IYTHU C MOCTOSHHOM
CKOpOCThI0. [IprBEICHBI pe3yNIbTaThl KOMITBIOTEPHOTO MOJIeTUpoBaHus B cpeae Matlab.

Section 5.
Mathematical research techniques of non-stationary processes

Nonlinear Finsler-Lagrange dynamics leading to the relaxation times

distribution in the compressed Langmuir monolayer
Balan V., Grushevskaya H.V., Krylova N.G, Neagu M.

Finsler geometry has been used for studying the structurization process of the mono-layer
(monomolecular layer) of amphiphilic molecules on air/water subphase interphase boundary. In
this paper, a geometro-thermodynamical approach has been proposed for describing the two-
dimensional (2d)first -order phase transition in the monolayer. The electrocapillary forces are
considered as informational constraints on a statistical manifold. The proposed approach allows
to describe the structurization of the considered 2d-system with a large number of relaxation
times for statistical microscopic states. The relaxation times are determined from the 2-nd order
differential equations which describe the Jacfiblds. At such times the compression of
congruence of geodesic trajectories changes by expansion. It is shown that the
geometrodynamics of the 1-st order phase transition in Langmuir monolayers can be successfully
developed within the Finsler-Lagrange space model.
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Hesmneiinas puHc/iep—iarpakeBa IMHAMHMKA CKATOI0 JIEHIMIOPOBCKOI'0

MOHOCJIO, IPUBOAALIAA K PaclpeIe/IeHHI0 PeJIaKCAUUOHHBIX BpeMeH
Banau B}, I'pymieBckas B2 Kpsinosa HIZ2 Heary M.

1 .
Honumexnuuecxuii ynugsepcumem Byxapecma, Pymoinus
2 . .
benopycckuii eocyoapcmeennwiii ynusepcumem, Munck, Pecnybauxa berapyco
Yuusepcumem "Tpancunveanus", bpawos, Pymuinus

B pabGore  mpemmaraeTcss — reoMeTpo-AMHAMMYECKUH  TOAXOJ K  OMNHMCAHHUIO
nByMepHbIX(2d)da3oBeix mepexoqoB 1-ro poga B MOHOMOJEKYJSIPHOM Clio€ (MOHOCIOE)
aM(pupUIBLHBIX MOJIEKYJ Ha TpaHUIe BO3AyX/BofHas cyOdaza. DIEKTpOKAMMWUIIPHBIC CHUIIBI
paccMaTpuBalOTCs Kak HMH(OPMAIMOHHBIE OrpaHUYEHHS HAa CTAaTHCTHYECKOM MHOT000pasuu.
JlarpamxuaH, 3ajgaronMii  HamOoJee  BEpPOSITHYIO  TPAGKTOPHIO M, COOTBETCTBEHHO,
MaKpOCKOIIUYECKOe COCTOSIHUE (MakpococTosiHHE), OTIpeIeNsIeTCs npUpaleHueM
MOBEPXHOCTHOTO HATSDKEHUS ()a30BBIX AJIEMEHTOB B C)KaTOM MOHOCIOE 3a CUET H3MEHEHUSs
Pa3HOCTH AIIEKTPUYECKOT0 MOTEHIMANIa Ha TPaHMIIe pa3zera Bo3ayX/BoHas cyO(dasa B sIBICHUU
ANEKTPOKAMWIAPHOCTU. MakpococTosiHie B (pa3zoBoM mepexonae 1-ro poja onuchiBaeTcs Kak
yOBUTh (TIpUpaleHrne) TOBEPXHOCTHOTO HATSKEHMS 3a CUET pacmaaa (pOoXkKIEHUs) 3JIEMEHTOB
¢a3pl. BrImie BBeZIeHHOE MaKPOCKOTTMYECKOE COCTOSTHHE B BUJIE (ha30BOT0 dJIEMEHTa MEMOPAHBI
SIBJISICTCS HETIPEPBIBHBIM aHAJIOIOM 3apoJbiiia (as3sl B 0OBIYHOM Teopun (a3oBbIX MepexooB 1-
ro poja.

[IpemioskeHHBIN MOAXOJ MO3BOJIMJI HaM OMMCATh CTPYKTYPH3AlHMIO paccMaTpuBaeMoi 2d-
CHCTEMBI C OOJBIIUM YHCIOM PEJIaKCAllMOHHBIX BpeMeH T, i = 1,2,...,N mis craructuueckux
MaKpoOCOCTOSIHUM. PenmakcanMoHHBbIE BpeMEeHa ONpeAessioTcs U3 JudQepeHIaIbHbIX
ypaBHEHUW 2-TO TOpPsAKA, ONUCHIBalOmMX Tons Skobu. Ilpum Takux BpeMeHax CKaTHe
KOHTPY?HIIUU TE0/Ie3UYECKHX TPACKTOPHH CMEHSETCs pacIIMpPEeHHEM MM HaoOOpoT. YcClloBHE
cocymiecTBoBanne (a3 B mporecce pa3zoBoro mepexoma 1-ro poma — 3To OECKOHEUYHBIM HaOOp
penakcanuoHHbIXx BpeMmeH T;, 1= 1,2,...,N,N — oo. IlokazaHo, 4TOo AMHaMHKa BCEX 3THUX
MaKpOCOCTOSIHUM TPOMCXOJUT B  (PUHCIEp—IarpaHXeBOM IMPOCTPAHCTBE,  SBISIOLUIMMCS
KacaTeJIbHBIM PacCIIOCHUEM C HYJIEBOU ()J1aroBOil KpUBU3HOM.

A new methodology for the construction of functional parametric models
Belov V.N.

Attempts to describe the change of informative features from the time and the vector of
external conditions for the implementation of the timing process (TP) of any nature by using a
functional-parametric model (FPM) species x = G(t,tr)encounters insurmountable obstacles in

the form of a dispersion in the measured characteristics, of the unknown structure functions G,
etc. Are the same obstacles arise, when constructing kinetic models describing the TP.

It was found that the dispersion of the values of the measured characteristics is indestructible
and without the written descriptions into account the stochastic properties of the medium TP
discussed not solve the problem. Stated that without solving the problem of simultaneous
measurement of the same characteristics of the TP (for example, time to complete the process
t > () ) with the same media in different conditions of implementation is also impossible design

features , which would be adequately taken into account deterministic and stochastic components
characteristics.

As the statistical processing of experimental data on the dynamics of the TP various nature
in different conditions of implementation revealed that between residual times duration of TP in
different conditions there is a functional (non-linear!) dependence, it has allowed for a wide class

m(u,®)
t )j , Where the parameter

of TP to find the function in the form X(t,u,»)=G, [1_T
*U, o

60



@ plays the role of "labels" that produce a concrete realization fan TP implementations.
Function analytically determined for a specific TP by playing its specificity. For example, if the
description of the dynamics of accumulation of plastic deformation g(t,o,»)due to the

knowledge of the location of the inflection point of the curve creep managed to prove that the

n(u)
SEF in this case has the form:g(t,u'w){_ AU, @) - |n£1_ t H , Where the parameter N
t*(u, w)
changes little with changing external conditions the implementation of the TP, but essentially
depends on the dimensions of the media TP (e.g., volume of the sample in the evaluation of
mechanical strength).

HogBast MeTo010r1sl OCTPOeHUS (PYHKIMOHAIBHO MapaMeTPUYeCKHUX

Mojaesen
benos B.H.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[ToNBITKY ONMCaTh H3MEHEHHE HH()OPMATHBHOW XapaKTEPHCTHKH X OT BpeMeHH (u
BekTopa U BHEIIHHMX YCAOBHU peanu3anuu BpemenHoro mporecca (BIT) mro6o#t mpupoast ¢
NOMOIBI0  QYHKIMOHANBHO-TIapaMeTpudeckoir  moxenn  (PMII)  Buga X =G(t,0)
HATAJIKMBAETCSl HA HEMPEOJI0JIMMbIe MPEMsATCTBHS B BUIE pa3dpoca 3HAUCHUN H3MepsieMoin
XapaKTEPUCTUKU X , HEM3BECTHOCTH CTPYKTYphl (QyHkimu G wu T.m. Takue e Hperpajbl
BO3HUKAIOT MPU KOHCTPYUPOBAHUM KUHETHYECKHX Mojeniei onucanus BII. BeisicHuinock, 4to
pa3dpoc 3HAUYEHUH M3MEPSIEMBbIX XapaKTEPUCTUK HEHCTpeOMM U 0e3 rpaMOTHOTO OMMCAHUS
yaéra cToXacTudeckux cBorcTB Hocutelss BII obcyxmaemyro mpobieMy He pemuTh. YKa3aHo,
4T0 0€3 pemeHust MpodiieMbl OJHOBPEMEHHOT0 U3MEPEHHUS OJTHOW U TOH ke XapakTepuctuku BII
(HampuMep, BpeMEHH 10 3aBEpILEHUs mpoiecca t* (U7) ) ¢ OTHUM U TEM K€ HOCUTEJIEM B Pa3HBIX
yCIOBHSIX peanu3anuu U Takke HEBO3MOXHO KOHCTpyupoBaHue GpyHkuuu G , B KoTopoit Obuia
Obl aJeKBaTHO y4YT€Ha M JACTePMUHHpPOBAaHHAs W CTOXAacTUYEeCKas COCTABIIAIOIINE
XapaKTEPUCTHKU X .

[TockonbKy cTaTHCTUYECKOH 00pabOTKOM SKCIIEPUMEHTAIBHBIX JaHHBIX 10 AuHaMuke BII
Pa3IMYHON NPHUPOABI B PA3HBIX YCIOBUSAX PEATU3ALUU BBISBICHO, YTO MEXAY OCTaTOYHBIMHU
BpeMeHamu npoTekanus BII B pa3HBIX yclioBHSX CyliecTBYeT (yHKIMOHaIbHas (HenuHeiHas!)
3aBUCHMOCTB, TO 3TO IO3BOJHJIO Ui camoro mupokoro kiacca BI1 naxomuts Gpynkumu G B

t

m(u,)
_ ﬁj , Tie mapaMmeTp (U urpaet posib «METKW», BbIICISIOIIEH
t*(U, o

BUJIC X(t,u,a)):G0 (1
KOHKPETHYIO peanu3aiuio B Beepe peanuzanuid BIl. Oynkums Go AHAJIUTHUYECKU ONPEAEISeTCS

st koHkpetHoro BII 3a cuér oOwirpeiBanus ero cneruduxku. Hampumep, nmpu  omnucaHum
JMHAMUKH HAaKOIUIEHUS IUIACTHUYECKON nedopMalu  ¢(t,T, )3a CUET 3HAHUS MECTOIOJIOKEHHS

TOYKH TIepernda KpUBOU MOI3YyUECTH YAAIOCHh AoKa3aTh, uTo ®MII B maHHOM ciydae UMeeT BHI:

n(u)
g(t,u,w):{_ A(u,w)-ln(l—t*(t )ﬂ , TJ¢ IapaMeTp N cnabo mensercs Ipu U3MCHCHUU
u,o

BHEIIHUX YyCJIOBUM peanu3auuu BII, HO CylIecTBEHHO 3aBUCHUT OT pa3MepoB Hocutens BII
(Hanpumep, 00bEMa 00pasia mpu OIEHKE MEXaHUYECKOU MMPOYHOCTH ).
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Network use for information processing methods in speech recognition
Butenko Y.S.

It is given speech pattern matches in terms of functioning mechanisms classification. It is
noticed that their major part refers to systems with probability network decision making methods
on matching the input signal the pattern. These are hidden Markov modeling method, dynamic
programming method and network method. It is shown that networks can be used to classify
speech signal characteristics and decision making on affiliation to this or other group. It is
mentioned that network has the property of statistical averaging i.e. it is solved the problem with
speech variability. It is developed network algorithms for parallel information processing i.e.
when all the neurons work simultaneously. Therefore is solved the problem with recognition
speed. Usually the network work time is several iterations.

Hcnoab3oBanue HelipOHHBIX ceTeil AJ1s1 00padoTKu HH(opManMHU 10

Paciio3HaBaHHIO P€YH
Byrenko 10.1.

Hayuonanenwiti aspoxocmuueckuii ynusepcumem um. H.E. JKyxoseckozo «XAH»)

[IpencraBieHsl pedeBble paclo3HABAaTENM C MMO3ULUU KilacCHU(UKAIMM IO MEXaHU3MY
Q)YHKHHOHI/IPOBEIHI/IH. OTMC‘ICHO, YTO MnoJaBJIANOIIaA HX YaCTb OTHOCHTCA K CHCTEMaM C
BEPOATHOCTHO-CETEBBIMU METOJAMH IMPHUHSATHS PEIICHUs O COOTBETCTBUM BXOJHOTO CHUTHAla
ATAIOHHOMY — 3TO METOJ CKPBITOr0 MapKOBCKOTO MOJEIMPOBAHUS, METOA JUHAMHYECKOTO
MporpaMMHUpOBaHUsl U HeWpoceTeBol Meroi. IlokazaHo, 4TO HEHPOHHBIE CETHU MOTYT OBITh
HUCIIOJIB30BAaHbI AJIA KJIaCCI/I(bI/IKaI_[I/II/I XAPaAKTCPUCTHUK PCUYCBOTO CUTHAJIAa U NPUHATUA PCIICHUSA O
MPUHAUISKHOCTH K TOW WJIM WHOW Tpymme 3TajoHoB. OTMEUEHO, 4TO HEHWpoceTh oO0iamaer
CIIOCOOHOCTBIO K CTATHCTHUYECKOMY YCPETHEHHIO, T.C. pelraercs npodjemMa ¢ BapHATUBHOCTHIO
peun. PazpaboTaHbl HEHPOCETEBBIC AJTOPUTMBI, OCYIIECTBIISIONINE MapalieIbHYyI0 00paboTKy
uH(pOpMaIMK, T.€. KOTJIa OJHOBPEMEHHO pabOTaroT Bce HEHpOHBL. TeM cambIM pemraercs
mpoOjeMa CO CKOPOCTBIO pAacliO3HaBaHUS — OOBIYHO BpeMs pabOThI HEHPOCETH COCTaBIISET
HECKOJIBKO UTEpalui.

Stabilization and spectrum in wave propagation problems
Filinovskii A.V.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Jloknan TOCBALIEH CTAaOMIM3alMu MpH  OOJBIIMX 3HAUEHHUSX BPEMEHU pEUICHUN
rUnepooINYecKUX YpaBHEHUH B HEOIPAaHMYEHHBIX 00JacTsIX. ByayT paccMOTpeHbl ciiydau
YPaBHEHUN ¢ HEPABHOMEPHO JJUIMIITUYECKUM OIIEPATOPOM.

OCHOBHOE BHUMaHUE yJENAETCs CBA3U MEXAY CTaOMIM3auueil peleHnid U ClieKTpaJbHbIMU
CBOWCTBAMHM 3JUIMIITUYECKOT0 oreparopa. Mccnenyercs yobiBaHHE (QYHKIIMOHAIIOB JIOKAIBHOW U
BECOBOIl 3HEPruu, M3y4yaeTcsi pPACHpPEECNIEHUE SHEPTUU B HEOTPAaHUYEHHBIX OOJACTAX IpH
OOJNBIIMX 3HAUEHHUSX BPEMEHM B 3aBUCUMOCTH OT TE€OMETPHM OOJNIAaCTH M TOBEICHHS
KO3(PUIMEHTOB »>uMnTHYecKod dacTh. Ilpm 3TOM paccMmarpuBaroTCs pa3ivyuHbIE BHJIBI
TPAaHUYHBIX [TIOBEPXHOCTEH, B TOM YMCJIE HEKOMIIAKTHBIE IIOBEPXHOCTH, 3BE€3HBIE OTHOCUTEIBHO
HEKOTOPBIX KJIaCCOB BEKTOPHBIX ITOJICH.

Hcnonb3yemblie METO/IbI OCHOBaHBI Ha Teopemax [Ianu-Bunepa u He TpeOyIOT yCTaHOBIEHUS
AQHAINTUYECKOTO MPOJO/DKCHMS IO IapaMeTpy pPEIIEHUH CTAlMOHAPHBIX 3alad B HIDKHIOIO
HOJIYTUIOCKOCTh. Bece HeoOXouMble CBOMCTBA pelICHH CTAallMOHAPHBIX 3a/1a4 YCTaHABIMBAIOTCS
IIPY IOMOILY MHTETPAJIbHBIX COOTHOLIEHUH, YUUTBIBAIOLINX T€OMETPHIO IPAHUIIBI 00JIACTH.
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Low-frequency vibrations of large amplitude in the non-stationary

boundary layer of wedge-shaped bodies
Glushkov P.A.

Presents the solution for the boundary layer on an oscillating thin wedge, streamlined
hypersonic flow, taking into account some effects macropodid. It is shown that fluctuations of
friction and heat flux are similar to those obtained according to the linearized theory; the analogy
is that of constant amplitude, and phase angles depend on frequency and time. This is a
consequence of the approximation of the subtle body. There is a strong influence of nonlinearity
on the thickness of the displacement and significant influence of the thickness of the
displacement pressure. The nonlinearity leads to the fact that the thickness of the displacement
increases.

HuskouyacTtoTHbIE KOJIe0aHUA 00/IBIIOI AMILUIUTY/IbI B HECTAIIHOHAPHOM

MOrpaHUYIHOM CJI0€ KIIMHOBU/IHBIX TEJI
I'mymikos I1.A.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

HpeZ[CTaBJICHO pelICcHUC Jid MOrpaHUYHOro CJIOA Ha KOHCGHIOH_IGMCH TOHKOM KJIMHC,
00TeKaeMOM THUIIEP3BYKOBBIM ITOTOKOM, C Y4Y€TOM HEKOTOpPhIX 3(h(EKTOB MaccCOIoABOIA.
HOKa3aHO, qTo KOHCGaHHH HAIMpPsKCHUSA TPCHUS U TCIIJIOBOTI'O IMTOTOKA aHAJIOTUYHBI TCM, KOTOPLIC
MIOJTyYarOTCsl COTJIACHO JIMHEAPU30BAaHHON TEOPUH; AHAIOTHUS COCTOUT B TOM, YTO aMILIATYIIBI
IIOCTOAHHBI, a (1)213OBBIC Yrijibl 3aBUCAT OT 4YaCTOTbBI U BPCMCHHU. DTO gBIAETCS CJICACTBUEM
npuOJIMKEHUsT 0 TOHKOM Teje. HaOmoaercsi CHilbHOE BIMSHUE HEITMHEWHOCTH HAa TOJIIUHY
BBITCCHCHUA WU CYHICCTBCHHOC BJIMAHUC TOJIIHWHBI BBITCCHCHUSA Ha HOABJICHUC. HennnenHocTthb
NPUBOJUT K TOMY, YTO TOJIIIMHA BHITECHEHUS YBEIIMUMBACTCSI.

I1I-posed problems and multicriteria programming
Greshilov A.A.

Considers the solution of incorrectly posed problems by methods of multicriteria
mathematical programming. Use of multiple methods of multicriteria mathematical
programming (compression method limit values and target programming), allowing to consider
additional restrictions (not the negativity of the solution, the limited nature of the decision)that
must be met for the evaluation and has not require definition of the regularization parameters that
must be done in the classical methods of regularization. When registering a small number of
isotopes used the merger of the two types of instant fission of uranium 235 in one kind of
division and two types of fission of plutonium-239 in one kind of division, Simultaneously
considers different variants of the mechanism of a nuclear explosion. Determination of
contributions of different species division into the total activity of isotopes of krypton and xenon

is done by making for a given moment of separation tq and time measurement t functions F| :

of which at fixed values of the specific activity a}jr“e (tq,t)on each iteration by differentiation him

on the elements ,ONJ- of the system of linear algebraic equations (SLAE). The solution of SLAE

is performed by generating multiple objective functions and use the 4 methods of multicriteria
mathematical programming, mixing multicriteria problem to one-criteria problem with
constraints. Using an iterative computational procedures to get the solution of the mentioned

one-criteria problems with constraints given tq and when we specify for each iteration of the

assessment of the specific activity aitjr”e (tq,t) . Determine the point estimates of the contributions
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of different species division into the total activity of isotopes. For definition of the moment tq of
the separation of contributions pN j calculated for different values tq and choose the value at

m m

2
which the ratio " A ()= al (t,.)(oN; ) | /

i=1 =1 j=1

(,on)2 of the minimum.

HekoppekTHble 3aJa4d 1 MHOTOKPUTEPHAJILHOE IPOrPaMMUpPOBaHUe
I'pemmiioB A.A.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PaccmarpuBaeTcsi pemieHME HEKOPPEKTHBIX 33ad  METOJAaMH  MHOTOKPUTEPHATBHOTO
MaTEMaTUYECKOro MporpaMMHUpoBaHus. VCHonb3yl0TCs OJNHOBPEMEHHO HECKOJBKUX METOJIOB
MHOTOKPUTEPHUATILHOTO MAaTeMaTHYeCKOr0 MPOrpaMMHUpPOBaHHS (MeToda cCkartus 00JacTu
JOMYCTUMBIX  3HAQUYEHMM W  LEJEBOr0  MPOTPAaMMHUPOBAHUA),  IO3BOJIAIONIMNE  y4ECThb
JIOTIOJTHUTEIILHBIC BHJIBI OTPAaHWYCHHUHA (HE OTPHIATEIIBHOCTh PEIICHUS, OTPAaHUYCHHOCTH
pelIeHus ), KOTOPHIM JOJKHA YOBIETBOPSTH OLICHKA PEIICHUS, U HE TPEOYIOIIUM OMpeIeICHHUS
napamMeTpoB  pEryjspH3alud, 4YTO HEOoOXOAMMO JelaTh B  KIACCHYECKMX  METO/ax
perymsipuszanuu. [Ipu perucrpanuiyi Majoro 4ucia U30TOMOB MPUMEHSETCS 00bEAMHEHNUE BYX
BHJIOB MTHOBEHHOTO JIEJICHUS ypaHa 235 B OJIUH BHUJI JACJIICHUSA U JBYX BHJOB JCICHUS TITyTOHHUI
239 B onuH BuA AeneHus, OTHOBPEMEHHO pacCMaTpPUBAIOTCS Pa3IMUHbIE BapMaHThl MEXaHU3Ma
SIIEPHOTO B3PHIBA.

OmpeneneHne BKIAIOB pa3HbIX BHUIOB JCJICHHS B CYMMapHYH) AaKTUBHOCTb H30TOIIOB
KPUIITOHA W KCEHOHA OCYIIECTBISIETCS myTeM (opMuUpoBaHUS ISl 3aJaHHOTO MOMEHTA

cenapaunuu tq ¥ BpeMeHHM u3MepeHus [ QyHkmoHama I:|, U3 KOTOpPOTO IMOJIY4aloT MpH

(MKCUPOBAHHBIX 3HAYEHUSAX YJCIBbHOM AaKTUBHOCTH éitjr”e (tq,t) Ha KaXJIOM UTEpaluu IIyTeM

muddepennuposanns ero 1o dementam PN j CHCTEMbl IMHEHHBIX anreOpanvecKux

ypaBHeHui (CJIAY). Pemenune CJIAY mpoBoauTcs mocpeactBoM (GOpMHUPOBAHMS HECKOJIBKUX
[EeNeBbIX (YHKIMHA U HUCHOJB30BaHUA 4-X METOAOB MHOTOKPUTEPUAIBHOTO MaTEMaTUYeCKOTrO
IPOTPaMMHUPOBaHUS, CBEICHUEM MHOTOKPUTEPHATHLHON 3a/1a4i K OJHOKPUTEPUATBHON 3a7ade ¢
OrpaHUYCHUAMMU. C MOMOIIIBIO UTCPAIMOHHBIX BBIYUCIIUTCIIBHBIX NPOUCAYP IMOJIYyHarOT PCIICHUA

YKa3aHHOW OJHOKPUTEPUANBHON 3a/ladd C OrpaHUYEHUSIMU TpPH 33JaHHOM tq U TpHu

YTOYHSAEMBIX Ha KaXIOM MTEpaluM OLEHKaX YAEIbHOM aKTUBHOCTH éitjr“e (tq,t). Omnpenensror

TOYCYHBIC OLCHKU BKJIAJOB PA3JIMYHBIX BUJAOB ACJICHHA B CYMMApPHYHO aKTHBHOCTH H30TOIIOB.

Jns ompeneneHuss MOMEHTa cemaparuu tq pkmagsr PN j PaccUMTBIBAIOT MPU Pa3HBIX
3HAYEHUSX tq U BBIOMpAIOT TO  3HAYEHHUE tq, IpyH  KOTOPOM  OTHOULICHHE

n

>\ A2 () (o) |/

m 2
( PN ) MUHHUMAJIBHO.

i=1 j=1
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Confidence intervals for the empirical distribution function constructed
from grouped data and their application to the trust interval estimation ROC-

curves
Guskov S.Yu., Levin V.V.

Using that fact, that the multinomial distribution is the conditional distribution of the joint
distribution of independent Poisson random variables, the confidence intervals for empirical
distribution functions based on grouped observations are build. These estimation then are used to
construct the confidence intervals for ROC- curves

JloBepuTesbHbIC HHTEPBAJIBI IJI SMIIUPHUYECKUX (PYyHKIMI
pacnpejae/ieHisi, HIOCTPOCHHBIX MO0 IPYNINHUPOBAHHBIM JaHHBIM U UX
NpUMeHEeHHUE K TOBEPUTEIbHOMY HHTEPBaibHOMY olleHuBaHn0 ROC-

KPHUBBIX
I'ycpkoB C.1O., JI€Bun B.B.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.D. Baymana, Mockea, Poccus

Ha ocHOBe mpecTaBiIeHHS TOJTMHOMHUAIBLHOTO pacpe/Ie/ICHNs KaK YCIIOBHOTO COBMECTHOTO
pacnpenenenrs He3aBUCUMBIX yaCCOHOBCKHX CITyYalHBIX BETHYUH CTPOSATCS JOBEPUTEILHBIC
WHTEPBAJIBI JIJI SMIUPHYCCKUX (QYHKIUH pacrpeieseH s, TOCTPOCHHBIX 0 TPYIITHPOBAHHBIM
JMaHHBIM. J[aHHBIC OILICHKH Jajiee MPUMEHSIOTCS AJI TOCTPOCHUS JTOBEPUTEIHHBIX HHTEPBAIOB
st ROC-kpuBBIX.

About the methodology for determining the absorption of radio waves in

the ionosphere in the hypersonic flight conditions of the aircraft
Klochkova D.V.

The paper presents a method for the determination of the electron concentration in the lower
part of the ionosphere of the Earth. Schematically presents data on the heights on which method
is used and the accuracy of each of the existing method. Usually known data refer to the calm
conditions of the ionosphere in the day by the clock. The author estimates the maximum
achievable accuracy and resolution in height for each method, and the measurement time. A
comparative analysis of all these methods. It is noted that for most altitudes of flight of a
hypersonic AIRCRAFT, the methods have the greatest accuracy. The proposed method that uses
radio signals transmitted from the Earth's surface and are moving through the lower ionosphere
hypersonic AIRCRAFT are valuable for studying the distribution of the electron concentration.

O MeToauKu onpeae/ieHUsl MOTJIOLIEHUs PAJUOBOJIH B HOHOC(epe B

YCI0BUAX I10JI€TA TMIIEP3BYKOBOI0 JIETATECJILHOIO ammmaparTta

Knoukona /I.B.
Paouomexnuueckuti uncmumym umenu axaoemuxa A.JI. Munya, Poccus

B pabote mpeacTaBieH METO onpeaeieHUs JICKTPOHHON KOHIIEHTpAIlMU B HUKHEH YacTh
nonochepsl 3emun. CXeMaTWYeCKH TMPEACTaBICHBI JAaHHBIE O BBICOTAX, HA KOTOPBIX
HCTIOJIB3YETCS METOJlT M TOYHOCTH KaXJOro CYHIECTBYIOIIEro MeTo1a. Kak mpaBuiio M3BECTHBIE
JTaHHBIE OTHOCSTCS K CIIOKOMHBIM YCIOBHSM HOHOcepsl B JHEBHbIE Hackl. B pabore
MPUBEACHBI OLIEHKHM MAaKCUMaJbHO JIOCTHKMUMOM TOYHOCTH M pa3peuieHus] MO BBICOTE MJIst
KaXKJIOTO METOJa, a Takxke Bpems u3MmepeHus. [IpoBefeH CpaBHHUTENbHBIM aHAIU3 BCEX ATHX
MeToa0B. OTMEYeHO, YTO Il OOJIBIIMHCTBA BBICOT IOJIETOB THUIEP3BYKOBBIX JIA, MeTOmbI
UMEIOT HauOOJBINYI0 TOYHOCTh. I[IpeNIokKEeHHBIH METOJl, HWCHOJb3YIOUIMH paarMOCUTHAIIBL,
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KOTOpbIE TMEpPEaloTCs C MOBEPXHOCTH 3€MJIM M MPUHUMAIOTCS JBUXKYILEHUCS Yepe3 HUKHIOIO
noHocepy TUMEpP3BYKOBBIM JIA, SBISIOTCA IIEHHBIMH JUIA HW3Y4YEHUS paclpelecHus
ANEKTPOHHOW KOHUEHTPALUH.

Fundamental approaches to modeling of temperature fluctuations of the

permafrost zone, taking into account the albedo of the earth
Krylov D.A.

The work is devoted to questions of mathematical modeling in problems of forecasting
changes in the temperature regime of permafrost. Investigated an important factor affecting the
energy balance of the earth surface solar albedo (the fraction reflected by the Earth, solar
radiation). It is revealed that the decrease in its value indicates an increase in absorption of solar
energy the earth's surface. It is proved that one of the important factors that affect the Earth's
albedo, is the area of snow cover, perennial and seasonal ice. When warming their area is
reduced, and due to the large difference in reflectivity of ice and snow on the one hand, and other
types of surface (soil, water) on the other hand, changes in the earth's albedo is quite noticeable

@dyHaaMeHTAJIbHbIE MOAX0AbI K MOJAEJTHPOBAHHUIO TeMIEePATYPHbIX

KOJIeOaHMII KPHOJHMTO30HBI € Y4€TOM AJIb0e10 3eMJIH
Kpsios J1.A.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

PabGora mocBsmieHa BoOmMpocaM MAaTeMaTHYECKOr0 MOJEIMPOBaHHS B MpolieMax IIo
COCTaBJIEHUIO IIPOrHO3a M3MEHEHMs] TEMIIEPAaTYypPHOI'O pPEXHMMa BEYHOMEP3JBIX TI'PYHTOB.
HccnenoBan BakHBIA (aKTOP, BIMSIONIMN HA YHEPreTUYECKU OajlaHC 36MHOM MOBEPXHOCTH -
COJIHEYHOEe aib0eno (oM OTPaKEHHOTO 3eMiieil COTHEYHOro H3JIyueHHs). BBIABIEHO, 4YTO
YMEHbILIEHUE €r0 3HaYeHHs CBUECTENBCTBYET 00 YBEIMUEHUU TMOTJIOIMIEHUS COTHEYHOW SHEPTUU
3eMHOM MOBEPXHOCTHIO. J[0Ka3aHO, YTO OJHUM U3 BaKHBIX (PAaKTOPOB, BIUSIOMIMX Ha albOeno
3emiu, SBISETCS IJIOLAAb CHEKHOTO MOKPOBAa, MHOTOJIETHUX U CE30HHBIX ojieieHeHui. [lpu
NOTEIUIEHUH MX IJIOUIA b COKpAIIAeTCs, U B CBSA3M C OOJNBIION pa3HUIEH B OTpakaTeIbHOU
CITOCOOHOCTH JIbJIa M CHETa C OJIHOM CTOPOHBI, U MHBIX THIIOB TMOBEPXHOCTH (IIOYBa, BOAA) C
JPYroii CTOPOHBI, K3MEHEHUE 36MHOTO aJIb0€/10 IPU 3TOM JOCTATOYHO 3aMETHO.

Analysis of the impact of non-stationary dynamic ice loads on geotechnical

structures in the Arctic zone
Kuzmina M.S.

Presents the results of studies on the interaction of objects of the arrangement of the gas
fields in the shelf zone of the ice formations with regard to their special nature and dynamics of
sea waves (icebergs, priors lee ice fields, piles and ice jams). Applied scientific problem, which
directed the research, the construction and operation of offshore facilities and vessels operating
in ice conditions. The safety of objects of oil and gas fields in the conditions of the ice regime of
the waters of the Arctic ocean is strategically important and urgent tasks.
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AHaJn3 BIUSIHUS HECTAHOHAPHBIX JICAOBbLIX THHAMHU4YCCKHX HAI'PY30K HA

reoTeXHU4eCKHue COOPYKeHHsI B APKTHYECKOH 30He
Ky3pmuna M.C.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpencraBieHbl pe3ynbTaThl UCCICIOBAHHUNA MO B3aWMOJCUCTBUIO OOBEKTOB 00YCTpPOMCTBA
ra30BBIX MECTOPOXKJICHUH B MIEIh()OBOM 30HE C JICATHBIMA 00Pa30BAHUSAMHE C YIETOM UX 0CO00i
cnenupuKd ¥ JUHAMHKA MOPCKHX BOJH (aiicOepru, mpumep3iiue JieAsSHbIC MO, HaBAIBl U
3atopbl JbAa). llpuknanHas HaydHass mpoOiiemMa, Ha pelleHHe KOTOpOW HampaBieHbI
UCCJIEOBAHMS, 3TO CTPOUTEIILCTBO M HSKCIUTyaTallkd MOPCKHX COOpPY)KEHHH U CYJOB,
SKCILTyaTUPYIOLIUICS B JIEAOBBIX YcCloBUAX. ObOecreueHne 3KCIUTyaTallHOHHOM 0e30MacHOCTH
00BEKTOB 00yCTpOlicTBa HE(TSHBIX U Ta30BBIX MECTOPOXKICHHI B YCIOBHUAX JISTOBOTO PEKHUMA
akBaropuii CeBepHOro JIemOBHUTOro OkeaHa SIBISETCS CTPATErMYECKH BAaXXKHOM M aKTyaJIbHOM
3a/1au.

Riemann function for some Kolmogorov equations
Mastihin A.V.

We consider nonstationary and stationary first Kolmogorov equation for exponential
(double) generating function of transitions probabilities of Markov epidemy process.

We study the solution of final distribution of the process, which based on a finding of
Riemann function for the hyperbolic equation. For some types of equations Riemann function
was obtained by the series summing method.

®yukuusa Pumana 11 HekoTopbIX ypaBHeHnid Koaimoroposa
Mactuxus A.B.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

PaccmarpuBaroTcst HecTallMOHAPHOE M CTAllMOHApHOE IepBoe ypaBHeHUE Koamoroposa s
AKCIIOHECHIIMATBLHOU (IBOWHOW) MPON3BOASIIEH (PYHKIIMH BEPOITHOCTEH MEpexo/ia MapKOBCKOTO
npouecca snuaeMun. M3ydaercs peiieHue 3agadud o (PUHAIBHOM paclpeiesieHuu Mpoliecca,
OCHOBaHHOEC Ha HaxOXJeHWM (yHKIMKW Pumana s runepOoiandeckoro ypaBHeHws. Jliis
HEKOTOPBIX BUAOB ypaBHEHUH (yHKIIMN Pumana HaliZleHbl METOJJOM CYMMHPOBAHUS PSJIOB.

Partial prediction of automata generated sequences
Mastihina A.A.

Sequence of ones and zeros generated by finite state automaton is the input of some
deterministic machine. Machine predicts t-the symbol of the sequence if it is equal to its (t-1)-th
output symbol. Set of sequences L is partially predicted by machine if in any sequence some
nonzero percentage of symbols is predicted by that machine. L called partially predictable if such
machine exists. It turns out that partially predictable sets generated by finite state automata can
be partially predicted by finite state automata. Also maximization of percentage of predicted
symbols is considered.
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YacTu4Hoe NPOrHO3UPOBAHUE MOCIEA0BATEIbHOCTENH,

reHepupyeMbIX aBTOMaTOM

Mactuxuna A.A.
Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

ITocnenoBarenbHOCTh HYJIEH U €IMHUL] HEOTPAHUYEHHOH JUIMHBI, TeHEpUpyeMasi KOHEUHbIM
aBTOMATOM, IIOCTYNAeT Ha BXOJ HEKOTOPOM MAallWHBI, PEAINU3YIOIEH IeTEPMUHHUPOBAHHYIO
¢ynkuuio. MammHa yraaeiBaet t-plif CHMBOJ BXOJHOH MOCIIEIOBATEIBHOCTH, €CIIA 3TOT CUMBOI
coBrmagaer ¢ (t-1)-bIM BBIXOJIHBIM CHMBOJIOM. MHOXECTBO TaKHX IOCleqoBaTenbHOCTeil L
YaCTUYHO MPOTHO3UPYETCS, €CIM MpH Tojaue 0ol mociemoBarenbHOCTH M3 L Ha BXoA
MalllMHbl HEKOTOpasl JOJsl CUMBOJIOB yrajbiBaeTcs MamuHoW. MHoxecTBo L mporHosupyemo,
€CJIM MO>KHO ITOCTPOUTH TaKyl0 MAIIUHY. Y TBEP)KJIAETCs, UTO €ciu L 4acTuyHO MporHosupyemo,
OHO YaCTHUYHO IIPOTHO3UPYEMO KOHEYHBIM aBTOMATOM. Takke MaKCUMHM3UPYETCS JOJIs
yrajaHHbIX CUMBOJIOB.

Local fractal analysis of nonstationary time series by all permutations

method
Panchelyuga V.A., Panchelyuga M.S.

In the present work local fractal analysis of non-stationary time series by all permutations
method (APM) is developed. APM-method incorporates ideas of method of minimal cover and
histograms method. Analysis of histograms method achieves that some periods in noise-like time
series can be revealed only by means of the method and cannot be find out by traditional
methods of time series analysis like correlation analysis, spectral analysis, dispersion analysis
and so on. Connection between shapes of smoothed histograms constructed on the base of short
segments of time series of fluctuations and fractal dimension of the segments is studied. Is
shown that fractal dimension posses all main properties of histogram method. On this base a
further development of fractal dimension determination algorithm is proposed. This algorithm
allows precision determination of fractal dimension by using short (30-60 points) time series
segments. This property of APM-method leads to possibility of analysis of non-stationary time
series.

JIoKaJIbHBIN (PPAKTAJIBHBIA AHAJIM3 HECTAIUOHAPHBIX BPEMEHHbIX PS/0B

METO0M BceX coueTaHuM

[Tanuemtora B.A., ITanuemtora M.C.
Hucmumym meopemuuecxou u sxcnepumenmansroi ouogusuxu PAH, Poccus

B pabote pa3BHUT JOKaIbHBINA (paKTaNbHBIM aHAJIN3 HECTALMOHAPHBIX BPEMEHHBIX PSIOB
METOJIOM BceX coueTaHwil. JlaHHBIMI MeTon CcUHTE3UpoBad B ce0e UIEH BBIUYUCICHUS
(pakTanbHON pa3MEpPHOCTH METOAOM MUHHMMAJIBHBIX MOKPHITUH M aHAJIN3 BPEMEHHBIX PSAIOB C
MCII0JIb30BaHNEM THCTOTPAMMHOIO METOJA. AHAIN3 THCTOTPAMHOIO METOJA MOKA3bIBAET, UTO C
€ro TIOMOIIBI0 BO3MOXKHO BBISIBJICHHE 3aKOHOMEPHOCTEH, HEOOHAPYXKUMBIX OOBIYHBIMH
METOAAMHU UCCIIE0OBAHUS BPEMEHHBIX PSJIOB (KOPPEIALMOHHBIM aHaIu3, CIIEKTPaIbHBIA aHAIN3,
JUCTIEPCUOHHBIN aHanu3 u T.11). Jloka3biBaeTcs, 4To (ppakTalbHON Pa3sMEPHOCTH, BEIYUCICHHOH C
UCIIOJIb30BAaHUEM METO/Ia BCEX COUYETAHMH MPUCYILU BCE OCOOEHHOCTH TMCTOTPAMMHOIO METO/a
B TOM YHCJIE U JIOKAIBHOCTh — BO3MOYKHOCTb €€ BBIUMCJIEHMS C JIOCTATOYHONW TOYHOCTBIO JJIS
KopoTkuX (30-60 TOYeK) OTPE3KOB BPEMEHHBIX pANOB. JlaHHOE CBONCTBO JaeT BO3MOXKHOCTH
aHaJIM3a HeCTAI[MOHAPHBIX IIYMOIOAOOHBIX BPEMEHHBIX PSIOB.
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Results of local fractal analyses is of noise-like time series

by all permutations method for periods 1-120 min
Panchelyuga V.A., Panchelyuga M.S.

Results of local fractal analysis of 329 1-day time series of 239Pu alpha-decay rate
fluctuations by means of all permutations method (APM) are presented. The APM- analysis
reveals in the time series some steady frequency set. Coincidence of the frequency set with the
Earth natural oscillations was demonstrated. Short revue of periods in fluctuations of various
processes (physical, chemical, biological) in range 1-120 min described in works of different
authors are given. We shown that periods observed in cited papers corresponds to periods, which
revealed in present report. Such correspondence leads to conclusion about some common
mechanism, which may cause observed periodicity in processes of different nature. In particular,
periods, which are common with APM-periods are revealed in frequency fluctuations of national
frequency standards. This circumstance leads to conclusions that APM-periods must be taken
into account in the case of precision measurements organizations.

Pe3yabTaThl 10KATBHOI0 (PPAKTAIBLHOIO AHAJIM3A IIYMONOI00HBIX
BPEMEHHBIX PSI/IOB METO/I0M BCeX COYeTaHUil

B Iuamna3one nepuoaos 1-120 mun

[Tanuemtora B.A., ITanuemtora M.C.
Hucmumym meopemuuecxou u sxcnepumenmansroi ouogusuxu PAH, Poccus

B pabore npuBeneHsl pe3yabTaThl aHanu3a 329-CyTo4HOro MaccuBa (PIyKTyaruii CKOPOCTH
anbda-pacnana 239PuU ¢ ncnonap3oBaHUEM Pa3BUTOrO HAMU JIOKAJBHOTO (PpaKTAIBHOTO aHAIN3a
IIyMOIIOAOOHBIX BPEMEHHBIX PsioB MeTonoM Bcex codertanuit (MBC). Mcnonb3oBanne MBC-
METOJIa TO3BOJHIIO BBISBUTH B aHAJIU3UPYEMOM MACCHBE JIaHHBIX YCTOWYMBYIO YaCTOTHYIO
CTpYKTYypy. OOGHApYKEHO COBMAJCHHE HaWIEHHOTO Habopa YacTOT ¢ 4acCTOTaMH COOCTBEHHBIX
kosiebanuii 3emin. [IpuBeneH kpatkuii 0630p paboT B KOTOPBIX aHATU3UPYETCS BPEMEHHOM X0/
GayKTyanuii B TpOTEKaHUHW MPOIECCOB pa3NIuyHOi npupoabl. [lokazaHo, 4TO MEPUOTUIHOCTH,
HaliICHHBIE B ATUX paboTaX, COBMAJAIOT C OOHAPYKEHHBIMH HaMH, CBUACTEILCTBYS, TaKUM
o0OpaszoM, 00 yHHBEpCAIbHOM XapakTepe oOHapyxeHHOro (heHoMeHa. B wactHocTH, QurykTyarun
B BBICOKOCTAOMJIBHBIX U BBICOKO3AIIUINEHHBIX CHUCTeMax (BOJOPOJIHBIE U pPyOUAHEBBIC
CTaHJApThl BPEMEHH M YacTOTHI) Tak)Ke OOHApYKMBAIOT HAOOPHI KOJEOAHWI W3 HAWIEHHOTO
HAMU CIeKTpa. B cuiry 3Toro, mpu miaHUPOBAHUM MPEIU3HUOHHBIX (PH3UYECKUX IKCIIEPUMEHTOB,
M0 HalieMy MHEHHI0, HEOOXOJAMMO YYUTHIBATH OOHAPYKEHHBIH B HACTOSIIEH pabOTEe CIEKTP
HIEPUOJIOB.

Asymptotic estimation of reliability system with heterogeneous elements

reservation
Pavlov I. V., Razgulyaev S.V.

Authors reviewed the problem of confidence estimation of reliability indices of the system
with a loaded reservation within the various subsystems by the results of tests of its components
(sub-elements). Were Obtained asymptotic (for the case of high reliability) expressions for
confidence bounds for the reliability function of the system.
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ACHUMITOTHYECKHE OLIEHKH HAe:KHOCTH CHCTEMBI C pe3¢epBUPOBAHUEM

PAa3HOTHIIHBIMH 3JICMEHTAMHA
[TaBnos U.B., Pasrynses C.B.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

PaccmaTpuBaercs 3agada JOBEpUTEIBHOIO OLIEHUBAHUS MTOKa3aTeNnel HaJeKHOCTH CUCTEMBbI
C Harpy’>kKeHHbIM PE3€pPBUPOBAHNUEM BHYTPH PA3IMUHBIX MOJCUCTEM IO pe3yabTaTaM UCIBITAHUN
€€ KOMIIOHEHT (y1eMeHTOB mnojcucteMm). [lomydensl acumnTornyeckue (s ciydas BBICOKON
Ha/Ie’KHOCTH) BBIPAKEHUSI VI JJOBEPUTENBHBIX TPAHUL (YHKIIUU HAJEKHOCTU CUCTEMBI.

Modeling stochastic properties of materials discrete implementations of
non-gaussian random processes and fields in assessing the mechanical and

electrical strength
Sidelyov A. A.,Login R. M.,Belov V. N.

The report discusses the transmission of the heterogeneous properties of material objects,
"elongated"” in one direction (rod, wire, fiber, thread, chain, etc.), discrete implementations of
non-Gaussian random processes. Grounds new algorithm for modeling non-Gaussian random
processes, special types. Comparison of simulation results with the results of the authors in a
special program of extensive experiment tensile copper wire and cotton thread convincingly
demonstrated the fruitfulness of the approach developed. Discusses the development of a method
for treatment of the modeling of the stochastic properties of "two-dimensional” and "three-
dimensional™ objects to evaluate their mechanical and electric strength (breakdown) discrete
implementations of non-Gaussian random fields.

MopeanpoBaHHe CTOXACTHYECKHUX CBOMCTB MATEPHAJIOB IMCKPETHBIMH
peaM3auMsMi HEerayCCOBCKHMX CJYy4ailHbIX MPOLECCOB M MOJIei PH OLlEHKe

MEXaHMYECKON M 3JIeKTPUYECKOI MPOYHOCTH 00BEKTOB
Cunenés A.A.,Jlorun P.M.,benos B.H.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B nokmame oOcyxmaroTcsi BOMPOCHI TEpeadyd HEOJAHOPOJHBIX CBOWCTB MAaTEpUAOB, W3
KOTOPBIX U3TrOTOBJICHLL OGBGKTBI, «BBITAHYTBIC» B OJHOM HaIlpaBJICHUHA (CTep)KCHI:, IMPOBOJIOKA,
BOJIOKHO, HHUTh, I€Mb W T.II.), JUCKPETHBIMU pEaH3alMsIMH HETayCCOBCKUX CITyYailHBIX
nporieccoB. OGOCHOBBIBACTCS HOBBI QJITOPUTM MOJICIMPOBAHUS HETAyCCOBCKHUX CIIyYailHBIX
IPOIIECCOB CHenuaibHOro BHiaa. CpaBHEHHE pPE3yJabTaTOB MOJIEIHPOBAHUS C pPE3yJbTaTaMu
MPOBEAEHHOTO aBTOpaMH IO CIENHUAIbHOW MporpaMme OOIIMPHOTO JKCIEPUMEHTa Ha
pacTshKeHHe METHOW MPOBOJIOKH W XJIONMKOBOW HUTH yOEIWTEIHHO TOKA3aJU TUIOAOTBOPHOCTH
pa3BHBAEMOro MOIX0/IA.

OOcyxmaercsi pa3BUTHE METOJla Ha MPOIEIypPhl MOJCITHPOBAHNE CTOXACTUYECKUX CBOWCTB
«IBYMEPHBIX» U «TPEXMEPHBIX» OOBEKTOB I OLEHKH MX MEXaHWYECKHX U 3JIEKTPHUECKOU
MIPOYHOCTH (TIPOOOI) JUCKPETHHIMH PEATU3ANMIMU HErayCCOBCKUX CIYYalHBIX TIOJICH.

The study of the influence of energy and mass injection

in the ""track" supersonic models
Sidnyaev N.I., Gordeeva N.M.

Presents research on the dynamics of motion and energy transfer in supersonic flow in the
base region. It is shown that the current in the base region largely depends on the structure of the
boundary layer in the area between the trailing edge and the sticking point on the centerline,
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which converges boundary layer cut out from the rear edge. Included the study of the influence
of mass injection in base region from the body surface and the bottom and heat transfer in the
bottom region. The resulting solution of the problem of the middle track for axisymmetric body
excluding recirculation at a limited distance from the stern.

HccaenoBanue 3Hepromaccoo0MeHa B «cJie[ie» CBEPX3BYKOBbIX MoO/1eei
Cupnnsie H.U., 'opaeesa H.M.

Mocxosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpeacraBnensl HCCIEIOBaHUS MO JUHAMUKE JBMKEHUS M IIEPEHOCA DJHEPruu MpH
CBEpPX3BYKOBOM TE€UEHWU B JNOHHOW oOmactu. [lokazaHo, 4TO TeueHWE B JOHHOW oOO0NacTH
CYILIECTBEHHO 3aBUCHUT OT CTPYKTYPbI IOTPAHUYHOTO CJIOSl HA Y4aCTKE MEXKIYy 3aJHEH KPOMKOU U
TOYKOM MPUIUIIAHUS HA OCEBOM JIMHUM, B KOTOPOM CXOIUTCA IIOTPAHUYHBIM CJIOW,
OTOPBABILHICS OT 3aJHEW KPOMKHU. BKITFOUEHBI MCCIENOBAHUE BIMSHHUS MacCONOJABOJA ras3a B
JIOHHYIO0 00JIacTh C MOBEPXHOCTH TElNa W JHA M TEIUIooOMeHa B JOHHOU oOmactu. [lomydeHo
pelieHre 3aauu 0 OJMKHEM CJIE/Ie 34 OCECUMMETPUYHBIM TEJIOM 0€3 ydeTa perupKyyIsiuy Ha
OTPaHUYEHHOM PACCTOSIHUU OT KOPMOBOW YacCTH.

Analysis of the impact of the determining factors on the degradation of
elements of hydraulic engineering in sea water, methods of the theory of

experiment planning
Sidnyaev N.I., Govor S.A.

The results are presented for the management of chemical composition of sea water, by
adjusting its pH value functionally related to the concentration of CO, in sea water and the
products of its dissociation. Designed and built a two-dimensional cross-section of the response
surface described by the obtained regression equation of the second order. This has enabled a
detailed analysis and to evaluate the effect of various factors on the magnitude of the destruction,
as separate factors (linear effects)and their interactions (pairwise megafactory effects), a much
more complete and comprehensive than when the change is only one determining factor. The
results allow a more accurate prediction and calculations of values of components of the marine
environment, determine its equilibrium, when conducting modes prevent degradation in marine
systems and devices using sea water as the process fluid.

AHaJIn3 BIMSHNASA ONpeaessiionux GakTopoB Ha JeCTPYKIHIO 3JIEMEHTOB
TUIPOTEXHUKH B MOPCKO# BOJe MeTOAAMH

TEOPHUH IJIAHUPOBAHUSA IKCIIEPUMEHTA
Cupnnsie H.W., 'osop C.A.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpencraBieHsl pe3ynbTaThl IO YIPABICHUIO XUMHUECKUM COCTABOM MOPCKON BOJIBI, MyTEM
perynupoBaHusi € BenuuwHBI PH, (QyHKIIMOHANBHO CBs3aHHOW ¢ KoHmeHTpanuei CO2 B
MOPCKOM BOJAE U IPOAYKTOB €€ aucconuanuu. PaccuuTaHbl U IOCTPOEHBI ABYMEPHBIE CEYCHUS
MOBEPXHOCTU OTKJIMKA, OMUCHIBAEMOI MOJIyUEHHBIM YPaBHEHHEM PErpecCUu BTOPOTO MOPSIKA.
3TO MO3BOJUIIO MPOBECTH MOAPOOHBIN aHAIN3 U OLEHHUTH CHITYy BIUSHHS Pa3IMYHBIX (AKTOPOB
Ha BEIMYMHY JAECTPYKIHH, KaK OTICIbHBIX (aKTOPOB (MMHEHHBIX 3(P(HEKTOB), TaK U HX
B3aUMOJICHCTBUN (MAapHBIX MEX(PakTOpHbIX 3(dekToB), 3HaunTenpHO Oo0Jiee TMONHBIE U
YHHUBEpCaJbHbIE, YEM IMPU H3MEHEHHUH JIHIIb OJHOTO Omperensoero ¢akropa. Pe3ymbraTs
MO3BOJIAIOT MPOBOAUTH 00Jiee TOYHOE MPOTHO3WPOBAHHUE U PACUETHI 3HAUEHUH KOMITIOHEHTOB
MOPCKOMW CpeJibl, ONpEeIonINX e€ paBHOBECHE, IIPU MTPOBEACHUU PEKUMOB TPEJOTBPALICHUS
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ACCTPYKIHUU B CYAOBBIX CUCTECMax H yCTpOfICTBaX HCIIOJIB3YIOMIUX MOPCKYIO BOAY B KAa4YCCTBC
TEXHOJIOTHYSCKOU KHUOKOCTH.

Fundamental approaches to the modeling of non-stationary temperature

fields in two-phase media
Sidnyaev N.I., Zorina I. G.

This paper is dedicated to mathematical modeling questions and calculation experiment
ones. They are about problems of temperature change forecasting for permafrost ground,
foundations and buildings constructed on cryolithozone. This investigation makes it possible to
carry out ground temperature calculation for making project decisions to provide construction
foundations stability and their exploitation reliability.

dyHaaMeHTAIbHbIE MOAX0AbI MOIETUPOBAHNSI HECTALIMOHAPHBIX

TeMIIePaTyPHBIX MOJeH B ABYX(a3HbIX cpeaax
Cupguases H.U., Unsuna 10.C.

Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Crarbsi MOCBAIIEHA BONPOCAM MAaT€MATHYECKOTO MOJEIUPOBAHUS M BBIYMCIATEIBHOIO
HKCIEpUMEHTa B MpoOJIieMax MO COCTABJICHUIO NMPOTHO3a M3MEHEHUS TEMIIEPaTypHOTO peXuMa
BEUHOMEP3JIbIX TPYHTOB, OCHOBAHUM 3JIaHUl M COOPYKEHUH B KPHUOJUTO30HE, KOTOpHIE
MO3BOJIAT OCYIIECTBIATh KAUECTBEHHBIN MOAXO0/ K IPOBEJEHHUIO TEIJIOBBIX Pacue€TOB IPYHTOB U
OCHOBaHUW MJIA TIPUHATHSA TPOCKTHBIX PEHICHHH 10 00eCleUeHn0 YCTOMYMBOCTH U
HKCIUTYaTal[MOHHON Ha/Ie)KHOCTH OCHOBAaHUN U (PYHJAAMEHTOB COOPY>KEHHI.

Weakened equilibria for dynamic conflict problems on crossing sets
Smolyakov E.R.

We suggest some new notions of the weak equilibrium that can be useful for search of
solutions of the conflict problems with the side interests of participants (or, otherwise, for
problems on intersecting sets of participants) combining notions of conflict stability with notions
of individual-Pareto sets, and we give also methods for solution of such games.

OcaabaeHHbIe PaBHOBECHUA TJIA JHHAMHYCCKHUX KOH(I).]II/IKTHLIX 3aJa4d Ha

InepeCceKarmuxcsa MHOKECTBAX

Cwmonbskos O.P.
Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

Jlig cTtaTMYecKUX W AMHAMMYECKHX 3a7jad C YacCTUYHO MEpeceKarolMMHCS HHTEpPecaMu
YYaCTHUKOB TPEJIararoTCs TMOHSITHS CIa0bIX KOH(IUKTHBIX PABHOBECHH, OO0JIaJAIONINX
OJIHOBPEMEHHO MHJIMBU/IyaJbHO-IAPETOBCKUMH CBOMCTBAMHU M KOHQIIMKTHON YCTOWYHUBOCTHIO.

Methods of the identification of anomalies in the images of the sea surface
Timonin V.I.

Some of the statistical methods and algorithms for the identification of anomalies in the
images of the sea surface are described. These include the classical methods of multivariate
statistical analysis, nonparametric methods for testing homogeneity of several multidimensional
samples, spectral analysis, methods for defined structure clustering.
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MeToabl HACHTU(PUKANUN AHOMAJIUN HA CHUMKAX MOPCKOH MOBEPXHOCTH

Tumonnn B.U.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B noknmame paccMaTpuBarOTCAd HEKOTOPBIE CTaTUCTUYECKME METOABI W AJITOPUTMBI
UJACHTUQUKAIIMM aHOMAJUMH Ha CHHMKax MOPCKOM moBepxHOcTH. K HUM OTHOCATCA
KJIACCMYECKHE METOJbl MHOTOMEPHOTO CTaTUCTUYECKOIO aHaJIN3a, HEMapaMeTPHUIECKUE METObI
IPOBEPKH OJTHOPOTHOCTH HECKOJIBKMX MHOT'OMEPHBIX BBIOOPOK, CIIEKTPaIbHBIA aHAIU3, METOIbI
BBIJICTICHUS KJIACTEPOB ONPEIEICHHON CTPYKTYPBI.

A simple genetic algorithm to determine the optimum parameters of work

and rest of enterprise employee
Varnavsky A.

Rational mode of work and rest - this ratio and the content of work and rest periods in which
high productivity combined with high and sustainable human performance without signs of
excessive fatigue for a long time.

The purpose of work is to provide a method for determining the optimum parameters of
work and rest of enterprises through the use of a simple genetic algorithm.

Changes of working capacity in the period of work and rest described by an exponential law
with different coefficients. Performance was defined as the integral from value proportional of
working capacity on the work period. As a result, a model was constructed according to the
parameters of the productivity of work and rest.

The problem of determining the optimal values of the duration of intense activity and
recovery worker by using a simple genetic algorithm is coded in such a way that its decision
could be represented as a vector ("chromosome™). Randomly created a certain amount of initial
vectors are long intervals of activity and rest (“initial population™). They are evaluated using a
function of the integral level of efficiency, which is the "fitness function.” As a result, each
vector is assigned to a certain value ("adapted™), which determines the probability of survival of
the organism represented by this vector.

After that, using the obtained values of fitness are selected vector (selection), admitted to
"crossing”. These vectors are used "genetic operators™ - "crossover" and "mutation”, thus
creating the next “generation”. These actions are repeated a predetermined number of times,
resulting in the best individuals were selected, corresponding to the optimal values are long
intervals of work and rest.

IIpocToii reHeTUHYECKUA AJITOPUTM JJIA ONpeae/IeHUs] ONTUMAIbHBIX

NapaMeTpoB pe;KUMa TPYAa U OTAbIXa pAa00THUKOB NpenpUusITHI
Bapnasckuii A.H.
Pazancxuii 2ocyoapcmeennviil paduomexnuyeckuil ynusepcumem, Pazans, Poccus

ParoHanbHBI PeXXUM TpyAa M OTABIXa - TAKOE COOTHOIICHHWE W COJCPIKaHUE IMEPHOIOB
pa6OTI>I " OTAbIXAa, IPHU KOTOPBIX BBICOKAA NPOU3BOAUTCIBHOCTD TPyAdad COUCTACTCA C BBICOKOU U
YCTOMUYMBOW pPabOTOCIIOCOOHOCTBIO YeJOBeKa 0€3 MPU3HAKOB YPE3MEPHOTO YTOMJICHHS B
TEYCHUE JUIMTEIBbHOIO BPEMEHU. BBeleHHE palMOHAIBHOIO peXuMa TpyJa U OTIbIXA
CcrocoOCTBYeT HauOOJbIIIeH pabOTOCIIOCOOHOCTH M MPOM3BOIUTEIHLHOCTH TPY/AA, COXPAHEHHIO
300POBbA paGOTHI/IKOB, HX PA3BUTHUA B HpO(l)CCCI/IOHaJ'H:HOM 1 JIMYHOCTHOM IIJIaHEC.

Iens paboTel: pa3padoTka criocoda onpeneneHrs ONTHMAIBHBIX TApaMETPOB PEeKUMa TPYIa
U OTAbIXa paGOTHI/IKOB HpeI[HpI/IHTI/Iﬁ Ha OCHOBC HCIIOJIB30BAHUSA HPOCTOr0 I'CHCTHYCCKOI'O
ITOPUTMA.
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PazpaGorana momens JIUHAMUKH pabOTOCIOCOOHOCTH pabOTHHKA TNPU HHTEHCUBHOU
NESATeTLHOCTH, YUYWTHIBAIONIAs WHIWBUyAIIbHBIC CBOWCTBA W TeKyllee (YHKIIMOHATHLHOE
cocrosiure. Ha ocHOBe MOJien mOCTpoeHa MO/IEIb 3aBUCUMOCTH MPOU3BOJUTEIHLHOCTH TPYAA OT
MapaMeTpoB TPyJa U OTAbIXA.

[IpocToli TEHETUYECKUU aIrOpUTM HCHOJIB30BAICS Ui ONPEAEIEHUS ONTHUMAIbHBIX
JUTUTENIbHOCTEW MHTEPBAJIOB TPyAa U JAEATEIbHOCTH, IPU KOTOPBIX TIOCTUTAETCd MaKCUMasbHAas
MPOU3BOIUTENLHOCTh Tpyna. [l 3Toro 3amaBalicsi CHOCOO KOJAMPOBAHHS TapaMeTPOB
WHIUBUIYAJIbHBIX CBOMCTB paboTHHMKa B "Xpomocomax', co3maBanach MCXOJHAs TMOMYJISIINS,
BKJIIOUAIONIAs JTUTEIBHOCTH WHTEPBAJIOB Tpylda M oTAbixa. [lanee paccuuThiBasiach (QYHKIUS
MPUCTIOCOOJICHHOCTH KaXKI0W 0COOM, COOTBETCTBYIOIICH MAaKCHMM3AIIMU MPOU3BOIUTEIHHOCTH
TpyJa, OCYHIECTBISIIOCh «CKPEIIMBAaHUE» HauOoliee MPUCIIOCOONICHHBIX, POXKICHHE HOBBIX
ocoOeit u myrtanwus. JlaHHBIC NEWCTBHUS MOBTOPSUIMCH 33JIaHHOE YUCIIO pa3, B pe3yibTaTe ObLIN
BBIOpaHBl Jy4IIHe€ OCOOM, COOTBETCTBYIONIME ONTHMAIBHBIM 3HAUYEHUSM JUITUTEIHHOCTSIM
MHTEPBAJIOB TPYJa U OTAbIXA.

On availability Pareto effective equilibrium situations

in collective behavior models
Vasilyev N.S.

Use of network technologies impels investigations of collective behavior models with
processes of control decisions making. It is discovered that information exchange allows
achieving Pareto effective equilibrium situations. It is obtained construction of the rational
solutions using available information dynamics.

O nocTmkumoctu 3pPexkTuBHbIX M0 [lapeTo cuTtyanuii papHoBecHsi B

MOJ€/IAX KOJUVICKTHBHOTI'O ITIOBCACHUA

Bacuises H.C.
Mocrosckuii 2ocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.O. Baymana, Mockea, Poccus

B cBsI3M ¢ pa3BUTHEM CETEBBIX TEXHOJIOTUH MPAKTUYECKHI MHTEPEC MPEICTaBISIOT COOOM
MOJIEJIM KOJUIEKTUBHOTO IOBEICHHUS, OIMCBHIBAIOIINE IPOLECCHl NPUHATUSA YIPABICHYECKUX
pemeHui. YcTaHOBJICHO, 4TO OOMEH HH(OpPMAaLUeil MO3BOISIET OCYHIECTBUTH PallMOHAIBHBIN
BBIOOp cTpaterwii - goctuub d¢dekTuBHON 10 [lapeTto ycTOWYMBOW CHUTyallud WIPHI.
UccnenoBano crpoeHue 3¢G(GEKTUBHBIX PABHOBECHBIX CTPATETHH, B KOTOPBIX HCHOJIb3yeTCs
JUHAMUKA IepeaaBaeMoi HHPpOpMaLnu.

Stratified current influence on artificial structures in marine medium
Vladimirov I.Yu., Korchagin N.N., Savin A.S.

Force effects of sharply stratified marine medium current upon elements of different
engineering structures to be associated with internal waves generation are studied analytically
and numerically. Integral representations for the wave resistance and the lift force to act upon
structural elements in both lower and upper layer of stratified current are obtained. Numerical
calculations for real sea currents are conducted. The conditions are revealed under which
hydrodynamic reactions upon structural elements amount to extremum values.
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Bo3saeiicTBre crpaTHUIMPOBAHHOIO TEYEHUS HA HCKYCCTBEHHbIE

COOPY’KEeHHSI B MOPCKOIi cpene
Brnagumupos N0, Kopuarun H.H.”, CaBun A.CA

1
@I'BY nayxu Uncmumym oxeanonocuu um. I1LI1. IHupwosa PAH, Poccus
2 o . o
Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

AHaIUTUYECKH M YUCJIEHHO MCCIIE0BAaHbI CUJIOBBIE BO3/JECUCTBUS HA JIEMEHTHI Pa3InYHbBIX
KOHCTPYKIIUN PE3KO CTPaTU()UIIMPOBAHHOTO TEUCHHSI MOPCKOM Cpe/Ibl, CBSI3aHHBIC ¢ TeHEepaluei
BHYTpeHHUX BOJIH. [loydeHbl HHTErpanbHble MPeICTaBICHUS AJI1 BOTHOBOIO COIPOTUBIICHUS U
HOI[’[:CMHOﬁ CHJIBI, UCIIBITBIBACMBIX 3JICMCHTaAMU KOHCprKI.[PIfI KaK B HUKHCM, TaK U B BCPXHECM
cloe cTpaTU(QUIIMPOBAHHOTO NMOTOKA. [IpoBeieHbI YHCIIEHHBIE pacueThl AJIs pealbHbIX MOPCKUX
TEYCHUU. BBIABIIEHBI YCIIOBHs, NPHU KOTOPBIX TUAPOJUHAMUYECKHE PEAKLUU HA DBJIECMEHTBI
KOHCTPYKIMUA IOCTUTAIOT SKCTPEMAIbHBIX 3HAYEHHU.

Simulation of unsteady processes in pipe networks
Zorina 1.G.}, Volkov V.Yu.?, Skibin A. P.2

1 . . .
Mockogckutizocyoapcmeennvitimexnuueckutiynueepcumemum. H.2. Baymana, Mockea, Poccus

2040 OKB «I'MJIPOIIPECC»

B paGote mpencraBieHo pacummpeHue pa3pabOTaHHOTO METOJa KOHTPOJBLHOTO 00beMa st
pacdera HeCTAIMOHAPHBIX MPOIIECCOB MOTOKOPACTIPEIEIICHUs B THAPABINYECKHUX ceTsx. JlaHHOoe
pacmmpeHre MeToaa pa3paboTaHo Ui MEUIEHHO MPOTEKAIOIINX IPOLECCOB B THAPABINICCKUAX
CeTSX W HE MPEJAHA3HAUCHO JJIsl pacyeTa OBICTPO MPOTEKAIONINX MECTHBIX SBICHUH, TAKUX Kak
THIIpOYIap.

Beuto TIpoBECHO TECTHpPOBAHHE MPEATOKEHHOTO METO/AA JUIS PEIleHUs HECTAIlMOHAPHBIX
3a7]a4 TMOTOKOPACIPEeNICHHs] Ha psfie MPUMEPOB, aHAINW3 CPABHEHUS PE3yJIbTATOB KOTOPBIX C
I[TIOEPANET mnoka3zan, uro pa3zpaOoTaHHBIA MeTox Oosiee CTaOWieH TIpU  pelIeHHH
HeCTalMoOHapHBIX 3amad. [Ipu sTom pa3paboTaHHBIl MeTOa HE TpeOyeT OONBIIUX 3aTpaT IS
Moau(UKAIIMK MaTeMaTHYeCKOW MOJENH METOoJa KOHTPOJIBHOTO O00BbeMa M €ro MpOrpaMMHOMN
peanu3anum.

Pemennie HecTanoOHApPHBIX 3a/1a4 MIPH MMOMOIIY METO/Ia KOHTPOJIBHOTO 00beMa MOTHOCTHIO
KOPPEJIUPYET ¢ pe3ybTaTaMu aHAJIOTHYHBIX pacueToB ¢ momombio G-GGA

Section 6.1.
Mathematical models of continuum mechanics

Application arbitrarily moving adaptive grids for problems of continuum

mechanics
Burago N.G., Nikitin I.S.

In the study the hybrid method is used for continuum mechanics problems in complex,
possibly moving, geometry. The method is built using the weak variational formulation, shock
capturing, overlapping and adaptive moving grids, exponential fitting, equilibrated artificial
viscosity and conservative smoothing. The main grid covers the solution region. Complicated
and movable geometry of solution region is described by using overlapping grids. Boundary
conditions are implemented using methods of Lagrange multipliers or penalty functions.

As an example, we present the solution of gas dynamics problems (about supersonic flow
around a few obstacles) and solid mechanics problems (about forming of metal blades).
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The use of overlap grids and moving adaptive grids provides ease of implementation as well
as high quality of solution. The study is supported by RFBR projects 12-08-00366-a, 12-08-
01260.

0 NNPUMEHCHHMH MMPOU3BOJbHO MOJABM/KHBIX aJAIITUBHBIX HAJOKCHHBIX

ceTok 1 3agay MCC
Bbyparo H.I'., Hukutun U.C.

Mocrosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

B nccnenoBanuu ncnonap3yeTcss THOPUIHBIN METO JIS 3a/1a4 MEXaHUKH CIUTOITHOW CPE/Ibl B
CJIOKHOM, BO3MOXKHO, TMIEPEMEHHOU, TeOMEeTpUr. METo] TTOCTPOEH C MCIOJIb30BAaHUEM CIIA00U
BapHAIlMOHHON (OPMYJIHUPOBKH, CKBO3HOTO CYETa, TNEPEKPBIBAIONIUXCS W aJalTHBHBIX
MOJBHUKHBIX CETOK, KCIIOHECHIIMAIBHOM MOATOHKH, YPABHOBEIIEHHON MCKYCCTBEHHOM BA3KOCTH
¥ KOHCEPBATUBHOTO criakuBaHusi. OCHOBHAs CE€TKa OXBaThIBaeT 00JacTh pemieHus. CroxHas u
MOJIBIKHASI TEOMETPUST 0OJIACTH PEIICHUS OMUCHIBACTCS C UCIIOJIb30BAHUEM TEPEKPHIBAIOIINX CS
ceTok. KpaeBble ycClOBUSA peaM3ylOTCs C MOMOIIBIO METOJ0B MHOXHUTened Jlarpanxka wiu
mrpadHbIX GYHKINH.

B kadectBe mpumepa, MbI IPUBENIEM PEIICHHUE 33]1a4 Ta30BOM JUHAMHUKHU (O CBEPX3BYKOBOM
00TeKaHUH HECKOJBKO MPEMATCTBUI) U MPoOIeM MeXaHUKH JAe(hopMUpyeMoro TBepAoro temna (o
(OopMOBaHUHM METAIMUECKUX JIONATOK).

Hcnonp3oBaHne NEPEeKPHIBAIOIIMXCS M JABMKYIIUXCS aJalNTHBHBIX CETOK O0ecreuynBaeT
OPOCTOTY pealu3allii, a TaKKe BBICOKOE KauecTBO pemieHus. PaboTa BBIMONHEHA TIpU
noanepxke PODU npoekros 12-08-00366-a, 12-08-01260.

An approximate method for calculating the aerodynamic coefficients for

aircrafts with a very low ratio of wing span to fuselage diameter
Burago S.G.

A new engineering method for calculating the aerodynamic coefficients of forces and
longitudinal moment of aircraft with a small ratio of the wing span to the diameter of the
fuselage.

Wings are of small span and large length along the hull. They fit into a square with sides
equal to the diameter of the fuselage. The method is simple and quite accurate. Comparisons of
calculations with the data of field experiments carried out in the wind tunnel of the Department
of Aerodynamics of the Moscow Aviation Institute.

IIpubanKeHHBIA METOA pacyeTa a3poAMHAMUYECKHUX KO3 PULIMEHTOB J1.a.

€ 0YEeHb MAJIBIM OTHOLIEHHEM Pa3Maxa Kpblila K JHaMeTpy Kopiyca
Byparo C.I'.

Mocroseckuii asuayuonnvi uncmumym (I ocyoapcmeennuiil mexnuveckuil ynugepcumem), Mockea, Poccus

PazpaboTan HOBBIN MH)XEHEPHBIH METOJ pacyeTa a’poAMHAMUYCCKUX KOA(D(DHUITMEHTOB CHIT
U TIpOAOJIbHOTO MOMCHTA JICTATCIIBHBIX alllapaTOB C MaJlbIM OTHOIICHHUCM pasMaxa Kpblla K
JMaMeTpy KopIryca.

Kpbuibst uMeIOT Maublii pazmMax W OOJNBLIYIO MPOTSHKEHHOCTh BJOJb Kopmyca. OHHU
BITUCHIBAIOTCS B KBaJpaT CO CTOPOHAMH PaBHBIMH TUAMETPy Kopiryca. MeTol MpoCTOoW H
JIOCTaTOYHO TOYHBIN. [IpuBOAATCS CpaBHEHHs PacdyeTOB C JAHHBIMU HAaTYpPHBIX JKCIIEPUMEHTOB,
BBITOJIHEHHBIX B adpOJMHAMHUYECKUX TpybOax Kadeapsl a’poauHaMuKH MOCKOBCKOTO
ABHUAIIMOHHOTO MHCTUTYTA.
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Hydrodynamics and acoustics of drop collision with liquid - atomic and

molecular interactions effects
Chashechkin Yu.D.

Modern high-speed video camera, sensitive hydrophones, optical and contact probes are
used for synchronized registration of the fine structure of the flow and acoustic fields at the time
of pinch off and impact of droplets on the liquid surface. Joint analysis of the photos, videos and
audiogram allowed to identify two classes of processes: slow and fast small-scale ones. Break of
a bridge linking drop with a mature liquid or gas volume with the atmosphere leads to a rapid
release of the available potential energy of surface tension. This process gives rise to short
pressure pulses excite high frequency sound and surface waves.

Mathematical description of phenomena is based on the fundamental system of equations,
including the equation of state, continuity, momentum and energy balance, the diffusion of the
diluting component. The set is supplemented by three types of sources - stationary, slow and fast
ones. Definitions of the sources time scales are given. An analysis of the general properties of
the complete system, the characteristic spatial and temporal scales, requirements for the
completeness, adequate and metrology of the experiment are formulated. We discuss the
observations of structure formation during the drop interaction with the liquid surface in a wide
range of scales. Recommendations to improve the technique of measurement and calculation, to
use of new approaches are made.

FI/IHPOHI/IHaMI/IKa H AKYCTHKA CTOJKHOBCHHUSA KAILJINA C )KUAKOCTBIO —

3¢ PeKTHI ATOMHO-MOJICKYJIAPHBIX B3aAUMOICHUCTBUH
Yameuxnd KO /1.

Hucmumym npoonem mexanuxu um. A.FO. Huwnunckoeo PAH, Mocksa, Poccus)

CoBpeMeHHbIE  BBICOKOCKOPOCTHBIE  BHMJCOKAMEPHI, UYYBCTBUTENbHbIE  TUAPO(OHHI,
pa3IuYHBIE  ONTMYECKME M KOHTAaKTHBIE  30HABI  AKTMBHO  HCHOJB3YIOTCA  JUIA
CUHXPOHU3UPOBAHHOW PETUCTPALMU TOHKOM CTPYKTYpbl T€YEHUN U AKYCTHUYECKUX IIOJEH BO
BpeMs  OTpbIBA, NAACHWS M  CTOJKHOBEHHMS KalIM C JKAOKOCTbIO. COBMECTHBIN
BBICOKOpa3peamuil ananus gortorpaduii, BUICOUIBMOB U ayTUOTPaMM IT03BOJIUI BBIICTUTh
JiBa KJlacca IPOLECCOB: CPAaBHUTEIbHO MEJUIEHHbIE MEXAaHMYECKOW MpPUPOABbl M OBICTpPbIE
MmenkomacmTadHble. [Iporecc paspbiBa MEpEeMbIUKH, CBSI3BIBAIOLICH KAILIIO C KUIKOCTBIO WU
ra3oByI0 IIOJIOCTh C aTMoc(epol, MPUBOAUT K OBICTPOMY BBICBOOOXKICHHUIO JOCTYITHOM
NOTEHIMAJIBHON SHEPTUH MOBEPXHOCTHOTO HATSDKEHHsI (MpUBOAATCS BUAeO(UIbMBI). [Ipu sToM
BO3HHUKAIOT KOPOTKHE HMIYJIbChl JaBJIEHUS, BO30YXIAIOUIME BBICOKOYACTOTHBIE 3BYKOBBIE
BOJIHBL. J[MHAMMKa TakUX M pPsAa COIYTCTBYIOIIMX IIPOLECCOB OIPEACIACTCS aTOMHO-
MOJIEKYJISIPHBIMU B3aUMOAEHCTBUAMH. OOCYXKIEHUIO UX POJIU U BO3MOXHOCTH MPSIMOTO y4eTa B
MaKpOCKOIUYECKOU TUAPOAUHAMUKE ITOCBSIICH JaHHbBIN JOKJIAN.

BriBonx ypaBHEHUs JIBIKEHUS U1 BSA3KUX JKUJKOCTeH, mpoBeaeHHbd K. HaBbe mnon
BiIMsHUEeM wuaei Jlarumaca 06 aTOMHO-MOJEKYJISIpHOM CTpoeHuH BemiectBa u J[x. @ypbe 1o
TEOPUM TEIUIOTHI, OTPaHUYMJI TJIYyOMHY YydeTa aTOMHO-MOJIEKYJISPHBIX B3aUMOJICHCTBUI B
KJIACCUYECKOH MEXaHUKE >XHUAKOCTeH BBIOOPOM YpaBHEHHS COCTOSHHUS, IUCCUINIATHBHBIX H
KHHeTHYeckuX Ko3(duuuentos. [lo psaay npuuuH, riiy0OKHil aHAIN3 CUCTEMBI ONPEIEIIONUX
OaaHCHBIX ypaBHEHMM, MONy4YeHHbIX K cepeamHe XIX Beka, ¢ Hayama XX Beka 3aMEHUIICA
paccMOTPEHHEM PENYyLIUPOBAHHBIX M KOHCTUTYTHBHBIX MOJEJNEH, JOCTATOYHO YNOOHBIX IS
IPAKTUYECKOr0 HcHoib3oBaHusA. OnHako Kk Havany XXI Beka Hakomuics IEepedyeHb
NPUHIUNHMAIBHBIX MPOOJIEeM, HE MOJIyYalolIMX CBOETO0 pPEUIEHHs B paMKaX CyIIECTBYIOLIMX
teopuif. K MX 4YMCIy OTHOCAT TEOpUH 3BOJIOLMU OKpYXaromed cpeabl, (HOpMUPOBAHHS
JKCTPEMAIBHBIX COCTOSIHMM aTtMocepsl U Truapocepbl, YHOpPaBIsSEMbIX TEPMOSIEPHBIX
pEakToOpoB, a TaKKe MEHee MaclTa0Hble, HO JOCTaTOYHO Ba)KHBIC 3a/a4d ONTHUMHU3ALUHU
KOHCTPYKILUH JIETaTENbHBIX allllapaToB U CYAOB, UX JBUTaTEIICH U JIBHKUTEIICH.
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[To Mepe pa3BUTH TEXHMKH HAOJIOJCHHUN Bce OoJiee pacIIMpsieTcss AMAna3oH JIMHEHHBIX
MacIITaboB MPOIIECCOB, B KOTOPBIX HAOII0JaeTCsl TOHKAs CTPYKTypa cpenbl. B HacTosiiee Bpems
OH MPOCTUPAETCS] OT MUJUIMOHOB CBETOBBIX JIET B MEKTaJaKTUUECKUX SIBICHUAX 10 JOJIeH METpa
B arMoc(epe u ruapochepe 3emn. B mabopaTopHBIX YCIOBHIX 3JIEMEHTHI TOHKOW CTPYKTYPBI
BUXPEBBIX U BOJIHOBBIX TEUCHMH elle Oosiee MENKHE - OT CAHTUMETPOB 10 MUKPOH (TIPUBOISATCS
npumepsl). Teopust pacuera CTpYKTyphl TEUEHHM JO HACTOSIILIET0 BPEMEHH He pa3paboTaHa.

OpHa M3 OpUYMH OTCYTCTBHSI OXHAAEMOIO IIporpecca B MEXaHHMKE >KMIKOCTEH —
TPAAULMOHHBIA PAa3PbIB MEXAY BO3MOKHOCTSIMU TEOPUU U DKCIIEPUMEHTA. {7151 ero 3anoJIHeHUs
HEOOXO/JMMBI COTJIACOBAHHBIE MOJICNH, TO3BOJISIONIME MPOBOIUTH pacyeThl HaOI0JaeMbIX
¢buznyeckux BeNUYMH. TeXHHKA SKCHEPUMEHTa JO0JDKHA MO3BOJIATH TECTHUPOBATH PACUEThl U
JUHAMUKU, U CTPYKTYP T€YCHHUH B KUIKOCTAX MM razax. M3 reopuu usmMepeHuil U3BECTHO, YTO
Ha0JI0/TaeMBIMU SIBIISIIOTCSI MHBApUAHTHI. B onncannu npocTpaHcTBa MHBApUAHTHI — PACCTOSTHUS
U BPEMEHHBIE MHTEpBalbl. B MeXaHMKe TBEpAOro Telna K HUM OTHOCATCS Macca, UMIIYJIbC,
SHEpPrusi, MOMEHT KoJinyecTBa JBMxkeHHs. HalmrogaeMbl CKOpOCTH U yCKOPEHUS Tell.

B Tteopum TeueHMil XKHUIAKOCTH BHIOOp WHBApUAHTOB oOmperensercs (QyHIAaMeHTaTbHOU
CHUCTEMOU ypaBHEHHWM, BKIIOUAIOIICH YPAaBHEHHS COCTOSIHUS (HE UMEIOIINE aHAJIoTa B MEXaHUKE
TBEPJOI0 Teja), HEPA3phIBHOCTU (3aKOH COXPAHEHHUs IUIOTHOCTH BMECTO MHBApHAHTA - MAacCChl
Tena), OamaHca WMITYJIbCa W SHEpPruu, AMPQGy3un KOMIOHEHT. | MApOINHAMUYECKHE CHUCTEMBI
SIBJIIFOTCSI OTKPBITBIMU BCJIEICTBUE JAUCCUIIALMN MEXAHUUYECKON 3HEPTUU U JEHCTBUS BHEIIHUX
HMCTOYHUKOB BEILIECTBA, UMITYJIbCa U 3HEPTUU. VICTOUHUKH MOTYT OBITh CTAllMOHAPHBIMU (ITOJIS
BHEIIIHUX CHJI, HAIPUMEP, TATOTCHUS WIN SJIEKTPUIECKUX U MAarHUTHBIX ), MEJUIEHHO WJIH OBICTPO
MeHSIoIMMuUcs. BpemMeHHoON MacmTad MeUIeHHBIX NMEPEMEHHBIX ONpeAeNsieTcsl XapaKTepHbIMU
pa3MepaMH B CKOPOCTSIMU CUCTeMbl. MaciTal KOpOTKMX MHTEHCUBHBIX BO3MYILEHHH — aTOMHO-
MOJIEKYJISIPHBIMM B3aMMOJCUCTBUSIMH M TeoMmeTpueil cuctembl. Hambonee 3amMeTHO BIUsHUE
MOJICKYJISIPHBIX TIPOLIECCOB TPOSIBISETCS B TEUYEHUSX CO CBOOOJHOW TOBEPXHOCTBIO H C
¢dazoBbrIMHU TIepexoiaMu (TIIaBICHUE, 3aMEpP3aHNEe, PACTBOPCHHE. .. ).

[IpuBoauTCcs aHanM3 OOIIMX CBOMCTB IMOJHOW CHCTEMBI, XapaKTEPHBIX MPOCTPAHCTBEHHO-
BPEMEHHBIX MacITaboB MPOIECCOB, MO Pe3yJbTaTaM KOTOPOTO (HOPMYIHMPYIOTCS TpeOOBaHUS
NOJHOTBI M METPOJOTMM  aJeKBaTHOro skcrepuMeHTa. OOcyxnaioTcs  HaOIIOICHUS
(dbopMUpOBaHUS CTPYKTYpP B LIMPOKOM JMalia30HE MAacIITabOB B HECTAIIMOHAPHBIX, BOJHOBBIX U
BUXPEBBIX TEUCHUSIX B JJAOOPATOPHBIX M MPUPOIHBIX YCIOBUSX. [IpUBOAATCS peKOMEHIAINH IO
COBEPILECHCTBOBAHUIO TEXHUKU N3MEPEHUIN U PACYETOB, IPAKTUYECKOMY UCIIOJIB30BAHNUIO HOBBIX
pe3yJbTATOB.

Transient effects in the Fischer-Tropsch reactor with a fixed bed of

catalyst particles
Derevich 1.V., Galdina D.

Based on analysis of small temperature disturbances in the Fischer-Tropsch reactor with a
fixed bed of catalyst particles various scenarios of thermal instability were investigated. There
are two possible scenarios of thermal instability of the reactor. First, thermal explosion may
occur due to growth of temperature disturbances inside a catalytic granule. Second scenario
connected with loss of thermal stability as a result of an initial increase in temperature in the
reactor volume. The boundaries of thermal stability of the reactor were estimated by solving the
eigenvalue problems for spherical catalyst particles and cylindrical reactor. Processes of
diffusional resistance inside the catalytic granule and heat transfer from wall of the reactor tube
are taken into account. Estimation of thermal stability area is compared with the results of
numerical simulation of behavior of temperature and concentration of synthesis gas.
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Hecrannonapusie 3¢ppexrol B peakrope @Pumepa-Tponma ¢

HEIMOABMIKHBIM CJIOEM YaCTHUI KaTa/JIHu3aTropa
Hepesnu U.B., INanpuna JI. /1.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Ha ocHoBe aHanm3a ManbIX BO3MYILUEHHMM Temiieparypbl B peakrope Puinepa-Tpomnma c
HENOJBIKHBIM CJIOEM TpPaHyJl KaTalu3aTropa HCCIEOYIOTCS CLEHAapuu IOTEPH TEILIOBOU
YCTOMYMBOCTU. Y CTAHOBIICHBI JBa CLICHApUs IOTEPU TEIIOBOM YCTOMYMBOCTH peakropa. Bo-
IEPBbIX, BO3MOYKHA IOTEPs TEMJIOBOM CTAaOMJIIBHOCTM BHYTPH KATAIUTUYECKHUX TIpaHyl,
OPUBOAAIIAS K POCTY HUX TeMIlepaTypbl. BoO-BTOPBIX, HEKOHTPOJIHMPYEMOE YBEJIMYEHHUE
TeMIIepaTypbl B 00beMe peakTopa. I paHuIbl, TEPMUYECKOM CTaOMIIBHOCTD MTOJYyYEHbI HA OCHOBE
pemieHust 3agay Ha COOCTBEHHBIC 3HAueHHs A CHEpUUYECKUX TpaHyl KaTaau3aTopa H
LIMHAPUYECKOro peakTopa. Monenupyrorcs mpouecchl 1u(py3HOHHOTO TOPMOKEHHS B ITopax
IpaHy’, TEIUIOBBIACICHIE B 00bEME I'paHysl M OXJIaXJIeHHE CTEHOK peakTopa. OLEHKU I'paHHIl
TEPMUYECKON CTaOMJIBHOCTH CONOCTAaBIIAIOTCA C PE3yJbTaTaMU YHCICHHOTO MOEIUPOBAHMS
HECTallMOHAPHOI0 IIOBEACHUS TEMIIEPATYP U KOHLICHTPALIMY CUHTE3-Ta3a.

The Effect of microstructure of turbulence on the diffusion of heavy

inertial particles
Derevich 1.V., Fokina A.Yu.

Influence of microstructure of turbulence on the intensity of the chaotic motion of solid
particles in the gas being studied. Case of a homogeneous isotropic turbulence is considered.
System of closed functional equations relating Lagrange spectrum of particle and Euler spectrum
of carrier phase was derived. For closing the functional equations on the level of four moment
quasi-normal hypothesis and approximation of velocity field of the carrier phase as Gaussian
random process was involved. An approximate method for solving the obtained system of
functional equations for the spectrums was suggested. We consider von Karman approximation
of turbulence spectrum. Analysis effects of inertia and sedimentation velocity of particles on
coefficient of turbulent diffusion and energy of random motion of dispersed phase was carried
out.

Bansinue MUKPOCTPYKTYPBI TYpPOYyJIeHTHOCTH HA TP PYy3HI0 TAKEIbIX

HHEPINOHHBIX YaCTHUII
Hepesnu 1.B., ®okuna A.1O.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

N3yvaercs BAMSHUE MUKPOCTPYKTYPBI TYPOYJICHTHOCTH Ha MHTEHCHBHOCTH XaOTHYECKOTO
JIBW)KEHUS TBEPAbIX 4YacTUI] B raze. PaccMoTpeH ciydaid OJHOPOIHOW HM30TPOIHOMN
TypOyneHTHocTH. [TomydeHa cuctema 3aMKHYTHIX (PYHKIIMOHAIBHBIX YPaBHEHUH, CBSA3BIBAIOIIUX
crieKTp Koppessiiuu Jlarpamka dacTuil W CHekTp Ounepa Hecymed (asel. J[ns 3ambikaHus
CUCTeMbl (DYHKIIMOHATBHBIX ypaBHEHUH Ha YpPOBHE YETBEPTHIX MOMEHTOB IIPUBIICKACTCS
TUIO0TE3a KBa3MHOPMAJILHOCTH U aNMIPOKCUMAIIMS MO CKOPOCTH HECYIIEeH cpeibl ClydailHbIM
nporeccom [aycca. ITlpemnoxkeHn TpHOIMKEHHBIM CHOCOO pEHICHUS MOJYYEHHON CHCTEMBI
(GYHKIIMOHATBHBIX YpaBHEHHM s CeKTpoB. PaccmoTrpena anmpokcumanus Kapmana criektpa
TypOyneHTHOCTH. [loBeneH aHanmu3 BIUSHUS WHEPUUHA M CKOPOCTH OCAKICHHS YacTHUI] HA
koddurment TypOyneHTHON mud(y3uu U IHEPTrHUI0 XAOTHUYECKOTO JBIKCHUS IUCTIEPCHOU
MIPUMECH.

79



Periodic solutions of the vibration string equation with variable

coefficients
Rudakov I.A.

We prove the existence of infinitely many time-periodic solutions of the quasilinear
vibration string equation with Dirichlet and Neumann homogeneous boundary conditions on the
segment with variable coefficients. The nonlinear term has power-law growth.

Ilepuoguyeckue pemieHus1 ypaBHEHHUA KOJe0aHUI CTPYHBI €

nepeMeHHbIMHU KO3 punueHTaMmu
Pynakos 1. A.

Mocxosckuii cocyoapcmaennuvlil mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

JIoKa3aHO CyIIECTBOBAHHME CHYETHOIO YHCJA MNEPUOJUYECKHX [0 BPEMEHH PpELICHUN
KBa3WJIMHEWHOTO YpaBHEHUs KOJCOAHWN CTPYHBI C OJHOPOIHBIMH TPAHUYHBIMU YCIOBUSMHU
Hupuxine u Heitmana Ha oTpe3ke ¢ HeMOCTOSTHHBIMEU Koddduimentamu. HemmueliHoe ciaraemoe
MMEET CTENEHHOM POCT.

Mathematical modeling of a spacecrafts’ fuel tank empty in-gin the orbital

flight conditions
Sapozhnikov V.B., Korolkov A.V.

The processes of spacecrafts’ fuel tanks empty ingare ones of the most crucial processes that
determine the trouble-free operation of the liquid-propellant engines. For the spacecrafts that are
in the orbital (sub-orbital) flight the continuity of fluid propellants’ components supply to the
fuel tanks consumption lines without a break in the continuity of the flow becomes the main
condition for their liquid-propellant engines’ normal operation. In case of the partial filling of the
fuel tanks the flow discontinuance could be caused by a break through of the pressurizing gas
into the consumption line as a result of cratering (with eddy formation or without it) and a so
called dynamic drop phenomenon at the interface “liquid-gas”.

This work presents the mathematical model of a fuel tank emptying process under partial
filling of fuel tanks and a lower level of gravitational acceleration. The change of the interface
shape under decreasing of liquid volume in front of consumption lines entrance is defined. The
moment of gas breakthrough into the consumption line has been linked to the occurrence of a
numerical in stability due to impossibility to meet the condition of flow continuity. During the
computing experiment the following characteristics were determined: the moments of gas break-
through into the consumption line, unusable fuel remnants depending on a propellant
consumption, physical characteristics of fuel components and values of residual accelerations
and diameter of the consumption line. The results of numerical testing are conform with the data
of other researchers.

MartemaTH4ecKoe MOJACJIHMPOBaAHUC MMPOLIECCA OIMOPOKHCHHUA TOIVIMBHOTO

0aKa JeTaTeJbLHOr0 annapara B yCJI0BHAX OPOUTAILHOIO M0J1eTa
Canoxxnukos B.b., Koponbskos A.B.
OOQO Hayuno-mexnuueckuii sneopenyeckuii yenmp « JJYKOH»

[Tporeccrl OMOPOKHEHUS TOIUTMBHBIX OAKOB JIETATEIILHBIX alIapaToB SIBISIFOTCS OJHUMU U3
HanboJiee OTBETCTBEHHBIX MPOIECCOB, OMPEACISIONMMMH 0e30TKa3HOe (YHKIIMOHUPOBAHUE
KUJIKOCTHBIX pakeTHbix aurareneit (OKPJI). [lns nertatenbHBbIX anmapaTroB, HAXOASIIMXCA B
YCIIOBHSIX OpOUTANBHOTO (CyOOpOMTAIBHOTO) IIOJIETa, OCHOBHBIM YCJIOBHEM HOPMAJIBHOTO
¢byaknuonupoBanusi JKPJl cTaHOBUTCS HEMPEephIBHOCTh TOJAYM  KOMIIOHEHTOB JKHIKOTO
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PaKeTHOTO TOIUIMBA B PacXOJHbIE MaruCTpalii TOIUIMBHBIX 0aKkoB 0e3 HapyIIeHHs CIUIOIIHOCTH
notoka. [Ipu MajoM 3amoMHeHUH TOIUTMBHBIX 0aKOB MPUYMHON HAPYIICHUS CIJIOITHOCTH MOTOKA
MOXeET OBITh MPOPHIB Ta3a HaJAyBa B PAcXOJHYI0O MarucTpalib B pe3ylbTaTe 0Opa3oBaHMA
BOPOHKH (C BHXpeoOpa3oBaHMEM WM 0O€3 HEro) M T.H. SBJICEHHE IWHAMUYECKOTO ITpoBasia
MOBEPXHOCTH Pa3jielia «KUJAKOCTh-Ta3.

B pabore mpezacraBieHa maremaThyeckas MOJIETb MPOIecca OMOPOXKHEHHUS TOIJIMBHOTO
6aKa Ipu €ro MajioM Ha4aJIbHOM 3aIllIOJIHCHUHU U ITOHNKCHHOM YPOBHC YCKOPCHUSA CUJIBI TSKCCTH.
Omnpeneneno usmMeHeHue (OPMbI MOBEPXHOCTU pa3jeia Cpel Mo Mepe YMEHbIIeHHs o0bema
KUJKOCTH TIEpe]] BXOJOM B PACXOJHYIO Marucrpaib. MOMEHT NpOphIBa Ta3a B PacXOAHYIO
MarucTpalib CBSI3bIBAJICA C BOBHUKHOBEHHEM HEYCTOWYMBOCTU PEHICHMS M3-32 HEBO3MOXXHOCTHU
YAOBJICTBOPUTL YCIIOBUIO HCPA3PBIBHOCTHU TCUCHMUA. B BniumcinurensHOM SKCIICPUMCHTC
YCTaHOBJIEHBl MOMEHTHI MPOPHIBA Ta3a B PACXOAHYIO MarkucTpaib U HEBbIPaOaThIBAEMbIE OCTATKU
TOIIMBAa B 3aBUCUMOCTH OT pacxona, q)mnqecxnx CBOIICTB KOMIIOHECHTOB TOIIJINBA, BCIIMYHHBI
OCTAaTOYHBIX YCKOPEHUW U JHaMEeTpa pacXOJHOM Maructpaiud. Pe3ynpTrarhl pacyeToB
COTJIACYIOTCA C JaHHBIMHA APYIr'UX aBTOPOB.

Iterative solution of a nonclassical problems for the equations of string

vibrations
Vasilyev V.1., Popov V.V., Eremeeva M.S., Kardashevsky A.M.

We consider a non-classical problem for a hyperbolic equation of second order, in which
besides the boundary conditions at the ends of the string, we set additional conditions: in the
beginning, we observe the velocity of the string and at the end, we observe the displacement of
the string. In this paper, for the numerical solution of the problem we propose to use an iterative
method previously proposed by the authors to solve the retrospective problem of heat
conduction. We bring forward examples of computations for model problems, including those
with random errors in the input data.

HrepanuoHHoOe pelieHre 0JHON HEeKJIACCHYECKOH 3a1a4M /I YPAaBHEHUS

KOJIeOAHMH CTPYHBI
Bacunwses B.U., [Tonos B.B., Epemeea M.C., Kapnameckuii A.M.
CB®Y um. M K. Ammocoea, Axymck, Poccus

PaccmaTpuBaeTcaHekiaccuieckaszagadaisirunepOoInyecKoroypaBHEHUSI BTO-POTro
Nopsiika, B KOTOPOM IIOMHMMO TpaHMYHBIX YCJIOBUH Ha KOHIIAX CTPYHBI, 3aJaHbl
JIOTIOJIHUTEJIbHBIE YCIOBUS: B HAYAJIbHBII MOMEHT BPEMEHHM — CKOPOCTb JABUKEHUS CTPYHBI, B
KOHEYHBIH MOMEHT BpPEMEHHM — CMELICHHE CTpyHbl. B paboTe [UIsi YMCIIEHHOTO pEeLICHHS
MIOCTaBJICHHOM  3aJaud  Mpejiaraercsd  MCIOJNb30BaTh  UTEPALMOHHBIA  METOH, paHee
NPEUIOKEHHBI aBTOpaMHM JUIsl PEIIEHUs PETPOCIEKTHBHOM 3a7aud  TEIUIONPOBOJHOCTH.
[IpuBeneHbl mpUMEpPHl pPacyeToB I MOJENIBHBIX 3aJad, B TOM YHCIE CO CIy4alHBIMH
MOTPEIMIHOCTSIMHA BO BXOJIHBIX JAHHBIX.
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Section 6.2.
Fundamental mathematics and mechanics

Functional equations of trigonometrical functions
AntonyukP.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B «Anrebpandeckom anamuze» (1821) O.JI. Komm (1789-1857) Bnepssie chopmysrpoBai
(YHKLIMOHAJIbHBIE YpAaBHEHMs Ul OCHOBHBIX eMeHTapHbIX (yHkuuid. Torga xe Komm xoren
BBECTH ()YHKIIMOHAJIbHBIC YPAaBHEHUsI U JUI1 TPUTOHOMETPUUECKUX (PYHKIMH, HO CMOT 3aIucarh
yYpaBHEHHE TOJIBKO [UIi KOCHHYca. BapwaHThl TMOCTpOEHHUS CHUCTEMbl (YHKIMOHAIBHBIX
YPaBHEHMH Ul CUHYCa U KOCHHYCA MOYKHO HaWTH, HalpuMmep, B y4eOHMKaX MaTeMaTH4YECKOro
aHaJIM3a, aBTOPaMHU KOTOpHIX sBIsAt0TCA .M. @uxTtenronsl, a Takxke B.A.Mnpun u O.I'. [To3Hsk.
B macrosimeit pabore naHbl (YHKIHMOHAJIbHBIC YPaBHEHMs IJIi BCEX TPUTOHOMETPHUYECKUX

G yHKITHIA.

On integral representation of solutions of the Dirichlet problem for second

order strongly elliptic operators in the unit disk
Bagapsh A.O.

In the talk one new integral formula for solutions of the Dirichlet problem for second order
strongly elliptic operators with constant complex coefficients will be considered. The
construction is based on the representation of the differential operator under consideration is the
special perturbation of the Laplace operator.

HNHTerpajbHoe npeacTaBjieHue pemieHus 3agaqyu {upuxie 11st CHIbHO

SJININTHYECKOIO ypaBHeHI/IH BTOpOI‘O nopﬂzuca B ¢ IMHUYHOM prre
Baranm A.O.

Mocxosckuii cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B noxnane paccMmarpuBaeTcsi HOBOE MHTETpalibHOE MPECTaBJICHUE Ui PEIICHUN 3a1adyu
Jupuxie s CWIBHO DJUIMIITUYECKUX YPaBHEHHU BTOPOTO TMOpPSAKAa C TOCTOSHHBIMU
KOMIUIEKCHBIMU KO3 (duiineHTaMd B eauHUYHOM Kpyre. KOHCTpykiusi OCHOBaHa Ha
npenctaBieHnn UG GEepeHIHATFHOTO PAacCMATPUBAEMOro Oleparopa Kak BO3MYIIEHHUS TIO
napamMmeTpy omnepatopa Jlammnaca.

Univalent functions in model spaces
Fedorovskiy K.Yu.

In the talk the question on existence of univalent functions in model spaces (i.e. in invariant
with respect to the backward shift operator subspaces of the Hardy space H2), as well as the
question about boundary behavior of such functions will be considered. These questions are
appeared in the theory of model spaces itself as well as in connection with certain problems of
polynomial approximation in complex domain.
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OaHosucTHBIC PYHKIIUM B MO/IeIbHBIX POCTPAHCTBAX

®enoposckuii K.1O.
Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B noknage Oyaer paccMOTpeH BONPOC O CYHIECTBOBAHWU OJHOJUCTHBIX (YHKUIUN B
MOJICNIBHBIX TPOCTPAHCTBaX (MHBAPHMAHTHBIX OTHOCHUTEIBHO OIllepaTropa OOpaTHOTO CIBUTA
MOAMPOCTPAHCTBAX MpocTpaHcTBa Xapau H2) u o rpaHMYHOM MOBEACHUH TaKuX (QYHKIHA. DTH
BOITPOCHI BOBHUKAIOT KaK B KOHTCKCTC TCOPUU MOACIIBHBIX MMPOCTPAHCTB, TaK U B CBA3U C PAAOM
3a]a4 MMOJIMHOMHUAJIBHOM aNnmpoOKCUMAIUN B KOMILIEKCHOM o0iacTu.

On solutions to second order Emden-Fauler type elliptic equations with

singular nonlinearity
Grishina G.V.

The existence and behavior of solutions at infinity and near the isolated singular point will
be considered.

O pelieHusIX JNIMNTHYECKUX YPABHEHUI BTOPOr0 MOPSIAKA TUNIA DMIeHA-

dayJjiepa ¢ CHHIYJIAPHON HEJIUHEHHOCTHIO
I'pummna I'.B.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

Bynyr paccMOTpeHBI BONPOCHI CYIIECTBOBAHMS M IIOBEICHUS PELIEHUNW B OKPECTHOCTHU
M30JIUPOBAHHOM 0CO00H TOYKH M Ha OECKOHEUYHOCTH.

Conformal mapping of rectangular polygons
Grigoriev O.A., Bogatyrev A.B.

Hucmumym sviuucnumenvrou mamemamuxu PAH, Poccua

WcTopust pa3BUTHS YUCIEHHBIX METO0B KOH(POPMHBIX 0TOOpaKeHU IBYMEpPHBIX 00sacTeit
HACUUTHIBAET OKoJio 150 ner. DTOT mpenMeT 1oaroe Bpemst MPEACTaBIsl co00i pa3pOo3HEHHBIH
HAaO0Op METOJI0OB, TOYHOCTb U YCTOMYMBOCTH KOTOPBIX ampuopd HE TapaHTUpoBajach u
MOATBEPKaiach (UM ONMPOBEPrajach) B OCHOBHOM JKCIepUMeHTaNbHO. Jlumb B 1970-x rogax
B paborax ["aifepa u ['paccMaHa MosiBUIOCH MOHATHE KPayIUHT, WJIK CKydYMBaHUE TOYEK, U OblIa
NpU3HAaHA IEHTpaJlbHasl POJIb 3TOrO SBJICHHMS B BBIYMCIUTEIBHBIX MpoOIeMax YHUCICHHBIX
METOJI0B KOH(POPMHBIX OTOoOpakeHH. Croco0 MpPeoaoJIeHHs] dTUX MpodsieM st oOsiacTei
CHEUHATBHOTO BUAA — MPSIMOYIOJBHBIX MHOTOYT'OJIBHUKOB, MPEUIaraeTcsi B IpeCTaBlIsieMON
pabote. CTaHIapTHBIN OIXO0]] 3aKJII0YAETCS B PELICHUH POo0JieMbl TapaMeTpOB JJIsl HHTErpajia
Kpucrodpdens-IlIBapua — mnonyaHaIUTHYECKOTO OTOOpa)KeHHsI BEpXHEH NOJYIUIOCKOCTH Ha
MHOTOYTOJIbHUK; B JaHHOW paboTe TMpeasioKeHO TMOTyaHAIUTUYECKOEe BBIpAKEHUE IS
o0paTHOrOo OTOOpakeHus, HcHoib3ytomee TiITa-pyHkuuu Pumana. [Ipemnoxen cnoco®
MOCTPOCHHUS HEIMHEHHOW CHUCTEMBI, CBSA3BIBAIONICH MapaMeTphl 3TOTO OTOOpa)XEHUs, U CIOCO0
reHepaly HAdyalbHOTO NPUOIMKEHHs JUIsl pEeIIeHHs] 3TOW CHUCTeMBl. PaccMoTpeHa TeXHHMKa
MOJYJAPHBIX  MpeoOpa3oBaHWM, TO3BOJAIONIAS  CMSTYUTh  BIUSHUE  KpayJuHTa  Ha
00yCJIOBJICHHOCTh JaHHOW cHCTeMbI. [lJi1 BBIYMCICHHUS OTOOpa)KEHHs MCIOIb3YeTCsl alrOpUTM
Jlexonnnka-bobenko mis taTa-GpyHknuii Pumana.
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Support of diffusion in cluster Poisson space
Pugachev O.V.

It is proved that in the space of cluster Poisson configurations on Rd, under certain
conditions, stationary diffusions are supported by the subspace of configurations without
multiple points.

Hocureans 1uppy3un B KI1acTepHOM IIyaCCOHOBCKOM IPOCTPAHCTBE
[Tyraués O.B.

Mocxkosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

JlokaspIBaeTcsi, 4TO B MPOCTPAHCTBE KIJIACTEPHBIX ITyaCCOHOBCKMX KoH(uryparuii Ha Rd,
IPU OIpENEICHHBIX YCIOBHUAX, MHOXXECTBO KOH(UIYpauui ¢ KpaTHBIMH TOYKAMH HMEET
HyJIeBYyIO coboneBckyto emMkocTh C1,2. CnemoBarenbHO, HOCUTENN CTallMOHAPHBIX nuddy3uii Ha
3TOM MPOCTPAHCTBE JIEIKAT BO MHOXKECTBE KOH(UTYypaIuii 0e3 KpaTHBIX TOYCK.

On homological dimensions of algebras of continuous functions
Tabaldyev S.B.

In 1972 A. Ya. Helemskii proved that the global dimension of any Banach function algebra
is never equal to one. This result does not have any analogs for either pure algebras or locally
convex algebras. We will speak about algebras of continuous functions of global dimension two.

We also consider algebras of continuous functions in the framework of the homological
theory of strict Banach algebras, constructed by Kurmakaeva in 1990. We show that in this
setting the global dimension of a function algebra can take any non-negative integer value and
can be in nite.

I'omoJiornyeckue pasMepHOCTH aJIredOp HenmpepbIBHBIX (PYHKIMI

Taobannsies C.b.
Mocrosckuii cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B 1972 romy A.S. Xenmemckuii [0Kaszan, dYro TioOanbHash pPa3sMEPHOCTH JIFOOOI
(YHKINOHAIBHON OaHaxOBbl alreOpbl HUKOTJA HE pPaBHA €QUHMLE. JTOT pe3yabTaT HE UMEET
aHaJIOTOB HU JUIS YHMCTBIX anreOp, HU Ui JIOKAJbHO BBIMYKJIBIX airedp. Mbl pacckaxeM 00
anreOpax HeMpephIBHBIX (YHKIHH rI100aTbpHON pa3MEepHOCTH JIBA.

Mpbl Takke paccMOTpPUM anreOpbl HENpephIBHBIX (YHKUUH B paMKaX TOMOJIOTHYECKOMH
TEOPHH CTPOTHX 0aHAXOBBIX anredp, moctpoeHHou Kypmakaesoit B 1990 roa. MsI mokaxkem, 4To
B OTOM CHTyauuu Ii100ajgbHas pPa3MEPHOCTh (YHKIMOHAJIBHOW OaHaXOBOW anreOpbl MOXKeET
IPUHUMATH JIF00bIE HEOTPULIATENIbHBIE 1I€IIbI€ 3HAUECHHUS U MOXKET OBbITh OECKOHEUHOM.

Section 7.
Challenges of computational mechanics and computer simulation techniques

Optimization of Multicomponent Heat Shield Composites
Dimitrienko Yu.l., Drogolyub A.N., Spakova Yu.V.

The paper is devoted to the development of optimization method for heat shield composites
under restrictions on heat and strength properties. Calculation of effective properties of
composites (heat conductivity coefficients and ultimate strength) are produced with the help of
finite element method and asymptotic homogenization method. A smoothing spline is used for
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the  approximation of effective characteristics dependence on filler concentrations. A
parameterization of limited curve in filler space are performed for material with two filler types.
Optimal structure of composites are determined with the help of ¥ — transformation. Calculation
results for dispersed reinforced composites with two types of microspheres are presented on the
base of method proposed.

OnTuMHU3anus MHOTOKOMIIOHEHTHBIX TEILUI03AIIMTHBIX KOMIIO3UTOB
Jumutpuenko FO.U., Iporomo6 A.H., lImakora FO.B.

Mocxosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Pabora mocesiiena pa3paboTKe METOAa pacdyera ONTUMAIBHON CTPYKTYphl apMHUPOBAHHUS
KOMITO3UIIMOHHBIX MAaTepUalioB, O00ECIEeYMBAIOUICI HAWMEHBIIYI0 IUIOTHOCTh MPHU HaJIUYUU
OTrpaHUYECHUN Ha TEIUIOBBIE M IMPOYHOCTHBIE CBOWCTBA. 3ajaya BBIYUCICHHUS 3(PPEKTUBHBIX
XapaKTepUCTUK KOMITO3UTa (TEIIONPOBOJHOCTH U TMPEAESIOB MPOYHOCTH) PELIAETCS] METOJO0M
KOHCYHBIX JJICMCHTOB Ha OCHOBC MCTOAA ACHMIITOTHYCCKOI'O OCPCAHCHUA. 3aBUCHUMOCTh
3¢ (PEeKTUBHBIX XapaKTEPUCTUK OT KOHIEHTPAIlMM HAIOJIHUTENEH amnmpoKCUMUPYETCS C
MIOMOILBIO CIVIAKMBAIOLIETO CIUIaiHa. /Jlns Marepuana ¢ JOByMs THUIIAMH apMUPYIOLIHUX
HAMOJHUTEJIE TMPOBOJUTCS TapaMeTpu3allvds KpPUBOW OrpAaHUYEHUH B  MPOCTPAHCTBE
KOHIEHTpalui HamonHuTened. OntumanbHas CTPYKTypa, MHUHUMM3UPYIONIAs IUIOTHOCTb,
onpenensercs  meronoM V¥ —mpeobOpa3zoBanus.  I[lpuBeneHbl  pe3yabTaThl  pacdyeToB
MNPCAJIOKCHHBIM MCTOAOM IS AUCIICPCHO-aPMUPOBAHHOTI'O KOMITIO3UTA C HAIIOJHUTCIIAMU IBYX
TUIIOB B BUJIE TOHKOCTEHHBIX MUKpochep.

Theory of multilayer thin composite plates, based on asymptotic analysis

of three-dimensional viscoelasticity equations
Dimitrienko Yu. I., Gubareva E.A., Yakovlev D.O.

Theory of viscoelasticity for multilayer thin plates under steady monoharmonic vibrations
are suggested. Theory is developed on the base of general three dimensional equations of
viscoelasticity with the help of asymptotic expansions in terms of small geometrical parameter -
relation of thickness to length of plate, without introduction of some hypothesis concerning to
displacement and stresses distributions over thickness of plate. Theory developed is allow to
calculate all 6 components of complex amplitude of stress tensor, including amplitude of trans-
versal normal stresses and amplitude of interlaminar shear stresses. Algorithm of dissipative
characteristic calculation for viscoelastic multilayer plates are suggested, which is based on
computation of dissipation function, local dissipation energy coef-ficient and integral dissipation
energy coefficient. Computational modeling of composite visvoelastic plate bending vibration
are performed. It is shown that real parts of stresses amplitudes, including amplitude of
transversal normal stresses and amplitude of interlaminar shear stresses, not depend on
frequency of vibration. Calculations are shown an significant contribution of transversal normal
stresses and am-plitude of interlaminar shear stresses into integral energy dissipation coefficient
values. Neglect-ing of this stresses is lead to 12-15 % mistake. So there is need to calculation of
all six compo-nents of stress tensor in thin multilayer viscoelastic plates, suggested theory is
allow to perform this.
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Teopnﬂ MHOTI'0CJIOMHBIX TOHKHX KOMIIO3UTHBIX IIACTHH, OCHOBAHHAaA Ha

ACUMITOTHYECKOM AHAJIU3E TPEXMEPHBbIX YPABHEHUN BA3ZKOYNPYIrOCTH
Humutpuenko FO.U., I'y6apesa E.A., SAxosnes [1.0.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[IpeioskeHa  Teopusi  BA3KOYNPYTUX  MHOTOCIOWHBIX TOHKUX TUIACTUH  TIpH
YCTaHOBMBIIMXCS MOHOTAPMOHUYECKUX KOJICOAHUSAX, IOCTPOCHHAs W3 OONIMX YpaBHEHHMA
TPEXMEpPHOU TEOPHM BS3KOYNPYrOCTH MyTEM BBEACHHUS ACHMIITOTUYECKHX DPA3JIOKEHHH 10
MaJIOMy TE€OMETPHYECKOMY TMapaMeTpy - OTHONICHWIO TOJIIIMHBI K JUIMHE IUTaCTHHBI, 0e3
BBEICHUS KAKHX-JIMOO THUIIOTE€3 OTHOCUTEIBHO XapakTepa pacHpeleNieHUs aMIUIUTY.
MepeMENICHN ¥ HaNpsOKEHWH O TOJIIWHE TJIACTHUHBI.  Pa3paboTaHHash TEOpUs TMO3BOJISIET
BBIYUCIUTh BCE O KOMIIOHEHT TEH30pa KOMIUIEKCHBIX aMIUTUTY/A HaNpsDKeHHH, BKIIOYas
aAMIUTUTY/BI TIONEPEYHBIX HOPMAJBHBIX HANPSHKCHUH W aMIUTHTYIbI HAPSHKEHHUST MEXKCIOWHOTO
capura. IlpemioskeH anropuT™M pacueTa JUCCUIATHBHBIX XapaKTEPUCTUK BS3KOYIPYTHX
MHOTOCJIOMHBIX TUIACTHH, OCHOBAHHBIM HA pacueTe (GYHKIUU TUCCHUTIAIIMHA SHEPTHH, JIOKATLHOTO
KodpduureHTa JIeMIPUPOBAHUS U HHTETPAIBHOTO KOXpHUIHMEHTA nemrdupoBaHus.
[IpoBeneHO 4YHMCIEHHOE MOJEIUPOBAHUE HAMNPSHKEHWM B BS3KOYNPYrod IUIaCTUHE U3
KOMITO3UTHOTO CJIOMCTO-BOJIOKHUCTOTO MaTepHuaja MNpH HM3THOHBIX KOJeOaHHsX, KOTOpOe
10Ka3aJlo, YTO JCHCTBHUTENbHBIC YacTH aMIUIUTYJ HAINPSDKEHUHM, B TOM YHCIE M HANpPsHKCHUN
MEXCIIOHHOTO CIBUTa W TIOTIEPEUHBIX HANPSHKCHHWN, NMPAKTHUYECKH HE 3aBUCST OT YacCTOTHI
KosnebaHuil. DTOT GakT 00ycIOBIeH CeUPUKON 3a1a4u 00 U3THOHBIX KOJICOAHUX, B HEH Bce
HAIPSDKCHUST 3aBUCAT TOJIKO OT MPOJOJILHOW KOMITOHEHTHI KOMIUIEKCHOTO MOJYJISl YIPYTOCTH,
KOTOpas, B CBOIO OuYepelb, IJIaBHBIM 00pa3oM, 3aBUCHUT  TOJNBKO OT YIPYTUX CBOMCTB
apMUPYIOIIUX BOJIOKOH. Bs3KOynpyrue ke CBOWCTBA MaTpHIIBl NMPAKTHUYECKH HE BIMSAIOT Ha
JeMCTBUTENbHBIC YacTH aMIUTUTYJ HalpspKeHUi. Pe3ymbraThl pacyeToB MOKa3and, 4TO  yd4er
HANpsHKCHUH MEXKCIIOMHOTO CHIBHATA M TONEPEYHBIX HAINPSDKEHUH B IJIACTUHAX  SIBIISIETCS
JIOCTAaTOYHO CYHIECTBEHHBIM NpPH pacueTe Kod(pQHIMeHTa paccessHus HEPruu, HECMOTps Ha
OTHOCHTEJIFHO MaJlble 3HAYEHUS dTHX HANpPSHKEHWH 10 CPABHEHUIO C HANPSDKCHHUSIMH H3THOA,
MIOCKOJIbKY BSI3KOYNPYTHE CBOMCTBA KOMITO3UTHBIX IOJIMMEPHBIX MaTe€pUajoB IPH CABUTE U
TIOTIEPEYHOM PACTSDKEHUH, KaK pa3 SBISIIOTCS HanOojee 3HaYMMBIMH. [IpeHeOpexkeHne STUMH
HaNpsDKCHUSIMU TIPUBOJMT K ommbke B 12-15 %. mnpu pacuere xoddduumeHta paccesHus
sHeprud. [loaToMy pacueT KOA(QQHUIIMEHTOB pacCEesiHUS SHEPTUM B TOHKHUX BSI3KOYIMPYTHX
KOMITO3UTHBIX IUIACTHHAX HEOOXOAWMO OCYILECTBIISATH 110 TEOPHUSAM, YUYHUTHIBAIOIIUM BCE
HEHYJIEBbIE KOMIIOHEHTHI aMILTUTY/I TEH30pa HANIPSDKEHUH, Takasi TEOPHs MPEII0OKEeHa B JaHHOM
pabore.

Modeling of elastic-strength properties of alumochrome phosphate matrix

composites under high temperatures
Dimitrienko Yu.l., Sborschikov S.V., Egoleva E.S., Matveeva A.A.

Mathematical multi-level model for calculation of thermo elastic properties of textile
ecompositeson alumo-chrome phosphate binder under high temperature are developed. The
model are take into account a physical-chemical conversations processes in alumo-chrome
phosphate binder and glass fibers under high
temperature.Comparisonofcalculationresultswithexperimentaldataareconducted, it’s shown, that
model developed allow stop redict a complicated nonlinear character of elastic properties of
composite changing under heating up to 1600 K. Model developed can be applied for prediction
of elastic properties of alumochrome phosphate matrix composites under complicated regime of
heating
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MopeanpoBaHue YIPYTro-MPOYHOCTHBIX XaPAKTEPUCTHK KOMIIO3UTOB HA

OCHOBE AJTIOMO-XPOMO(PochaTHBIX CBA3YIOLIUX MPHU BLICOKUX TeMIlepaTypax
Humutpuenko FO.M, Coopmmkos C.B., Eronesa E.C., MarBeeBa A.A.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Pazpaborana maremaTHuecKasi MHOTOypOBHEBasi MOJICIb Ul pacyeTa yrnpyro-po4HOCTHBIX
XapaKTepUCTUK TKAHEBBIX KOMIIO3MIIMOHHBIX MaTepuajioB HAa HEOPraHUYECKOM aJlOMO-
xpomooc]aTHOM CBS3YIOIIEM INPH BBICOKUX TEMIIepaTypax, KOTOpas YYUTBIBACT MPOIECCHI
(UBUKO-XUMHYECKUX TIPEBPAIIEHUN, MPOTEKAIOMIUX B alFOMO-XpoMO(pochaTHOM CBS3YIOIIEM U
CTCKIISIHHBIX BOJIOKHAX IIPU BBICOKHUX TCEMIICpATypax. HpOBGI[CHO CpaBHCHHUC PE3YJIbTATOB
pacyeToB ¢ HKCIEPUMEHTAIFHBIMU JIaHHBIMH, TI0KA3aHO, YTO pa3paboTaHHAs MOJAENb I03BOJISET
IMPOTrHO3UPOBATH CIOXKHBIA HEJIMHEUHBIX XapaKTCp HU3MCHCHHA MPOYHOCTHBIX CBOICTB
HEOpraHWYeCKnX Komrmo3uToB npu HarpeBe n0 1600 K. PaspabGoranHas monenb MOXKET OBITh
IMPUMCHCHA IJId MPOTHO3UPOBAHUA U3MCHCHHA NPOYHOCTHBIX XapPaKTCPHUCTUK KOMITO3UITMOHHBIX
MaTepraioB Ha HEOPTaHUYECKOM MAaTpHIIE MPHU CIOKHBIX PEKUMax Harpesa.

Reliability prediction of nuclear energetic device structures based on

finite element modeling
Dimitrienko Yu. L., Yurin Yu.V., Prozorovsky A.A., Evropin S.V.,
Shiversky E.A., Korecky S.A.

The computational method was suggested for reliability of structures of thermo-energetic
powerplants under random loads acting for a long time in exploitation. The method is based on
numerical statistical modeling of a stress-strain state (SSS) of a structure with random
characteristics of structural materials in exploitation and computation of damage accumulation
and durability of the structure under random stationary loadings. To calculate a damage
accumulation the chemical criterion of durable strength was applied, to compute the SSS of
structures with taking creep into account the iteration method for a three-dimensional thermo-
mechanics problem and the finite-element method were used. As the example of application of
the developed method, computations were conducted for durability and reliability of two-layer
cooled structure of a thermo-energetic power plant case.

IIporuo3upoBaHue HATEKHOCTH KOPIMYCOB /IEPHBIX IHEPTreTHYECKUX

YCTAaHOBOK HA OCHOBE€ YMUC/ICHHOI'0 KOHCYHO-3JIEMECHTHOI'0O MOAC/INPOBAHUSA
Jlnvurpuenko FO..Y, FOpun F0.B.}, TIposoposckuit A.A.Y,
EBponun C.B.Z,LHI/IBepCKI/Iﬁ E.AZ Kopernknit CA?

1 . . .
Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

2 N -
0AO «Hayuno-uccneoosamenbckuti u KOHCMPYKMOPCKUU UHCMumym sunepeomexuuxu umenu H.A.
Jonnescans -HUKHUITy, Mockea, Poccus

IIpennoxkxen MeTron  pacdyeTra HAACKHOCTH  KOHCTPYKIHMH — TEIUIO-DHEPIeTUYECKUX
JIBUTaTEJIbHBIX YCTAHOBOK IPHU CIy4alHbIX HAarpy3kax, JJIMTENbHO BO3AEHCTBYIOIUX B MIPOIECCE
JKCILTyaTanuu. MeToJ OCHOBaH Ha YHCIEHHOM CTaTUCTUYECKOM MOJAEIUPOBAHUYN HAIPSKEHHO-
nepopmupoBanHoro coctosHus (HAC) KOHCTpYKIMH CO CIydyallHBIMH XapaKTEpUCTHKAMH
KOHCTPYKLIMOHHBIX MAaTE€pHAIOB B IPOLECCE OKCIUIyaTallMM W pacyeTe HaKOIUICHUs
HNOBPEXACHUN U JI0JITOBEYHOCTH KOHCTPYKLMU INPU CIy4YalHBIX CTAllMOHAPHBIX HATPYKEHMSIX.
Jnst pacuera HAKOIJIEHUS] TMOBPEXKICHUM HMCIOJIB30BaH «XUMHUYECKUN KPUTEPUN» IJIATEIbHOMN
IPOYHOCTH, I uucieHHoro pacyera H/IC KOHCTpyKuuii ¢ y4eTOM NOJ3y4eCTH NPHUMEHEH
UTCPALlMOHHBIA METOJ PEIICHUS TPEXMEPHOM 3a7adyd TEPMOMEXAHUKH C HCIOJb30BAHUEM
KOHEYHO-3JIEMEHTHOT0 MeToja. B kadecTBe mpumepa NpUMEHEHHs pa3padOTaHHOTO METo/a
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MPOBEJICH YMCIIEHHBIA pacyeT JOJTOBEYHOCTM M HAJEKHOCTH ABYXCIOMHOM OXJIAXKIAEMOM
KOHCTPYKILIMU KOpPIyCa TEIIO-3HEPreTUYECKOM IBUTATEIbHON YCTAHOBKHU.

Computational solution of conjugated problem of hypersonic air-dynamics

and thermomechanics of thermodecomposition structures
Dimitrienko Yu.l., Zaharov A.A., Koryakov M.N., Stroganov A.S.

The coupled problem statement for aero-gas-dynamics, internal heat-mass-transfer and
thermostrength of thermoprotective structures of hypersonic aircrafts has been formulated. The
method for numerical solving the problem has been suggested, which is based on introducing
two time scales: a slow time corresponding to a typical time of heat propagation in a coating
structure of the aircraft and a fast time corresponding to a typical time of establishing the exterior
aerodynamic flow. Examples of numerical solution of the coupled problem of aero-gas-dynamics
and thermostrength of elements of thermoprotective structures of advanced aircrafts are given. It
is shown that due to high temperatures of aerodynamic heating of structures made of polymer
composite materials there can occur a thermodecomposition because of the polymer phase
thermodecomposition and intensive internal gas generation in the structure materials.

YuciieHHOE MOACTMPOBAHUE CONPSAKEHHBIX MPOLECOB A3POra30AMHAMMKH,
TemJI000MeHa U TepMoaeOpPMUPOBAHNSA KOHCTPYKIHUI BHICOKOCKOPOCTHBIX

JETATECJIbHBIX allllapaToB
Humutpuenko F0.U., 3axapoB A.A., Kopsako M.H., Ctporanos A.C.

Mocrosckuii 2ocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

CdhopmynupoBaHa MOCTAaHOBKA CONPSIKEHHOM 3aJaud a’pora3oJWHaMHUKH, BHYTPEHHEIO
TEIIOMACCONIEPEHOCA U TEPMONPOYHOCTH TEIUIO3AIIUTHBIX KOHCTPYKLUI THMIEP3BYKOBBIX
JeTaTeabHbIX annaparoB. [IpeqioxkeHn MeToa YHMCIEHHOIO PEIIeHUs 3TOM 3a7aud, OCHOBAaHHBIN
Ha BBEJICHUM JBYX BpPEMEHHBIX MacmTaboB - "MeIJIEeHHOTO" BpPEMEHH, COOTBETCTBYIOIIETO
XapaKTepHOMY BpPEMEHM DACIPOCTPAaHEHUs Tella B KOHCTPYKIHMU OOOJOYKH JIETATEIbHOIO
amnmapara, U "OBICTPOro" BpeMeHHU, COOTBETCTBYIOLIETO XapaKTEPHOMY BPEMEHHU yCTaHOBJICHUS
BHEIIIHETO a’pOAMHAMUYECKOro MoToka. IlpeacraBieHbl NpUMEpbl YUCIEHHOTO pPELICHUS
COMNpPSDKEHHON 3aJaud a’pora3oJMHaMUKM M TEPMONPOYHOCTH 3JIEMEHTOB TEIMJIO3AIIUTHBIX
KOHCTPYKLUH MEpPCIEeKTUBHOIO JieTaTeNbHOro anmnapata. Iloka3aHo, 4yTo BCli€ACTBHE BBICOKHX
TEMIEPATYP a3POJUHAMUYECKOIO HAarpeBa KOHCTPYKLUN W3 MOJIMMEPHBIX KOMITO3UIIMOHHBIX
MaTepuajJoB B HHUX MOXET IPOUCXOAUTh TEPMOpA3pYyLUIEHHE MH3-3a TEPMOJECTPYKIIUU
NOJMMEpPHOH (a3bl 1 00pa30BaHUsI HHTCHCUBHOTO BHYTPEHHET0 Ta3000pa30BaHus B MaTepHaiax
KOHCTPYKLIUU.

Validation study of gas mixture propagation in hydrogen safety

applications
Golibrodo L.A., Krutikov A.A., Nadinsky Yu.N., Nikolaev A.V., Skibin A.P.,
Zorina 1.G., Volkov V.Yu.

Most accidents involving hyrogen begins with its leakage and spreading in the air and
spontaneous detonation, which is accompanied by a fire or deflagration of hydrogen mixture
with heat and /or shocks, which may cause harm to life and equipment.

Outflow of hydrogen in a confined volume and its propagation in the volume is the worst
option because of the impact of the insularity on the process of detonation. According to the
safety requirements for handling hydrogen a ventilation system is required for maintaining the
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hydrogen concentration less than the critical value, to eliminate the possibility of detonation and
flame propagation.

In this study, the simulation of propagation of helium in a confined space with different
methods of injection and ventilation of helium, which is used as a safe replacement of hydrogen
in experimental studies. Five experiments were simulated in the range from laminar to developed
turbulent with different Froude number, which determines the regime of the outflow of the
helium in the air.

The analysis of applicability of various turbulence models was conducted, which are used to
close the system of equations of momentum transport, implemented in the commercial code
STAR CD, STAR CCM +, ANSYS CFX.

Comparison of the results of computational studies with experimental data showed good
agreement. In particular, for transition and turbulent regime error of numerical results lies in the
range from 5 to 15% for all turbulence models considered. This indicates applicability of the
methods considered for hydrogen safety problems.

BanunaunonHoe ucciaegoBaHue pacnpeaejeHus ra3oBbIX cMecel B

NPWI0KEHUH K 3a1a4aM BOJAOPOJIHON 0e30MacHOCTH
INomu6poo H.A.l, Kpyrukos A.A.l, Haguuckwuii IO.H.l, Huxkonaesa A.B.l, Cxubun A.ILY,

3opuma U.I'.%, Bonkos B.10.!
Y040 OKB «I UIIPOIIPECC», Poccus
% Mockosckuii 2ocyoapcmeenHvlll mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

BonpmmHCTBO  KaracTpod ¢ ydacTHeM BOJOpOJa HAYMHAIOTCS C €ro  YTCuKH,
pacrpocTpaHeHHs] B BO3IyXe M CIIOHTAHHOW NETOHAIMH, KOTOpask COIPOBOXKIAETCS TOXKApOM
VI MTHOBEHHBIM CTOPAHHEM BOIOPOJHON CMECH C TEIUIOBBIM W/WUIU YJApHBIM BO3JCHCTBHEM,
KOTOPOE MOXKET HAHECTH BPEJI )KU3HHU U 000PYIOBaHUIO.

Hcredyenne Bomopoaa B 3aMKHYTO€ NPOCTPAHCTBO M €r0 PAaCHpOCTpaHEHHE B 00BEME
SBIISICTCS. HAMXYIIIMM BapHaHTOM W3-3a BJIHMSHHUA 3aMKHYTOCTH Ha TIPOIECC JETOHAIUU.
CornacHo TpeOOBaHUSM TEXHUKH O€30MaCHOCTH IMPHU OOpalleHWH C BOJOPOJIOM HEOOXOIUMO
HAJIMYME BEHTHISIIMOHHOW CHCTEMBI ISl TOJAEP)KaHUS KOHIEHTPAIMM BOJOPOJA MEHBIIIE
KPUTHYECKOTO 3HAUEHUS, YTOOBI WCKJIIOYHTH BEPOSITHOCTh ACTOHAIIMM W PACHpPOCTPaHEHUS
TUTaMEHH.

B pamkax HacTOSIEro UCCIEIOBAHHS IPOBEACHO MOICIUPOBAHHE  MPOIECCOB
pacrpocTpaHeHHsl Telusl B 3aMKHYTOM OOBEME C pa3IMyHBIMH CIOCOOaMHU IOJBO/A H
OpraHHW3aIMy BEHTHISALUU Teus, UCIOIh3yeMOro B KauecTBE O€30MacHOi 3aMeHbI BOJAOPOIa B
IKCHEPUMEHTAIBHBIX UCCIIEAOBaHMX. [[pOMOAETPOBAHbI MATh SKCIIEPUMEHTOB B IMANIa30HE OT
JTAMUHAPHOTO J0 Pa3BUTOTO TypOYJIEHTHOTO, C Pa3INYHbIMH ynciaamu Opya, onpeaeNsiomuMu
PEXUM HCTEUYCHUS TEIHS B BO3AYIIHOE TPOCTPAHCTBO.

[IpoBeneH aHanW3 MPUMEHUMOCTH PA3IMYHBIX MOJeNell TypOyJIeHTHOCTH, MPUMEHIEMBIX
JUIE 3aMBIKaHUS CHCTEMbl YPaBHCHUW JBIIKCHHS, PEATM30BAHHBIX B KOMMEPUYECKHX KO/aX
STARCD, STARCCM+, ANSYSCFX.

CormocTaBneHne pe3yabTaTOB PACUETHBIX HCCICIOBAHUI C AIKCIICPUMEHTAIBHBIMH JTaHHBIMHU
MOKA3aJI0 XOPOIIIee COOTBETCTBHE. B WacTHOCTH, IJIsl TYpOYJICHTHOTO M MEPEXOIHOTO PEeKUMa
UCTEUYCHHS TIOTPEIIHOCTh PE3Yy/IbTaTOB YHCICHHOTO MCCIICOBAHUS JIGKHUT B JAMANA30HE OT 5 10
15% nnst Bcex pacCMOTPEHHBIX MoJeNel TypOYJIeHTHOCTH, YTO YKa3bIBaeT Ha MPUMEHHMOCTh
paccMOTPEHHBIX METOOB K 3a7a4yaM BOJIOPOIHON O€301MacHOCTH.
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Rarefied gas flow in a micro channel caused by the initial rupture pressure
Konopelko N.A.%, Titarev V.A.%, Shahov E.M.?
‘Mo TH, Mockea, Poccus

2 .
Buiyucaumenvuwiii Lenmp um. A.A. JJopoonuyeina PAH, Poccus
3 . N N
Mocrosckuil cocydapcmeennviii mexnuyeckuil ynusepcumem um. H.9. baymana, Mockea, Poccus

Ha ocHoBe kuHeTH4eckol S-MoJeNIN paccMaTpUBAETCs HECTallMOHApHAsl IJIOCKas 3ajjada o
pacmaze paspbiBa JaBieHHMS B pa3pexeHHOM rase. Ocoboe BHUMaHHE YAEISIETCS YaCTHOMY
CIIy4aro paclIMpeHHs ra3a B BakyyM. V3yuaeTrcs BIMsSHHUE TOPMOXKEHHS ra3a Ha CTEHKAaX KaHala
B 3aBHCHMOCTH OT CTEMEHHU €ro pPa3peKEHHOCTU MpPHU YCIOBHIX ITUPPY3HOTO OTPAKECHUS
MoJsiekyn Ha rpanunie. Oco0oe BHHMMaHUE YJeNlsieTcs pacueTy 3aBHCHUMOCTH OT BpEMEHU
MHTETPAIbHOTO IOTOKA MACCHI ra3a yepe3 rpaHully, OTJCISIONIYI0 00JacTh pa3HOTro JIaBJICHUS B
HAyaJbHBII MOMEHT BpemeHH. [IpocnexuBaeTcsi 3aMeiieHHe YCIOBHOrO (poHTa BOJIH,
pactpoCTpaHsIONIMXCS B 00€ CTOPOHBI OT IOJIOKEHHUS HadadbHOro paspbiBa. KuHermueckoe
ypaBHEHHE PEIIAETCs] YUCICHHO METOJJOM KOHEUHBIX PAa3HOCTEH.

Authentic simulation of dynamic systems using A (7 / 2)-stable methods

for solving systems of differential-algebraic equations
Manichev V.B.

The main shortcoming of known software products for numerical modeling of dynamic
systems, for example, MATLAB-SIMULINK, MapleSim, WolframSystemModeler, etc.,
consists in receiving incorrect, often the almost correct, results of the numerical modeling at the
low set requirements to the mathematical accuracy of results. Low requirements to the
mathematical accuracy of these results are explained by that parameters and, therefore,
coefficients of the relevant ODE systems, are received experimentally with a low mathematical
accuracy. Also it is necessary to consider technological dispersion of parameters and a variation
of parameters in the real objects. Application of the (A-m/2) - steady methods of the ODE
systems solution directed on elimination of the above shortcoming are proved. Algorithms and
program realization of these methods are considered. The comparative results of the solution of
"difficult” tests and practical tasks confirming efficiency of the developed programs are given.

JlocToBepHOE MO THPOBAHHE THHAMHAYECKHX CHCTEM C IIOMOIILIO
A(7t/2)-ycToiiYyMBBIX METOI0B pellIeHUsI CHCTEM

au¢depeHINATbHO-ANre0panyecKuX ypaBHEHUH
Mannues B.b.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

OCHOBHOM  HEJOCTATOK HW3BECTHBIX MPOTPAMMHBIX HPOAYKTOB ISl  YHMCIEHHOTO
MOJICIIUPOBAHMS JAuHaMHueckux cuctem, Hanpumep, MATLAB-SIMULINK, MapleSim,
WolframSystemModeler u ap., cOCTOMT B MOJydEeHHH HEBEPHOTO, YacTO IMPaBIOIOA00HOTO,
pe3yabpTaTa YUCJIEHHOTO MOJEIUPOBAHUS JUHAMUYECKUX CHUCTEM IPU HEBBICOKUX 3aJaHHBIX
TPEOOBAHUAX K MATEMAaTHYECKONH TOYHOCTH Pe3yJbTaTOB YHCICHHOTro pemeHus cuctem OJ1Y,
MOJICTTPYIONINX TUHAMHYECKHE CHCTeMbl. HeBbicOkMe TpeOoBaHHS K MaTeMaTHYeCKOU
TOYHOCTH pe3yiapTaToB pemeHuss cucreM OJY 0OBACHSIIOTCA TeM, YTO MapaMeTphl
MaTEeMAaTHYECKUX MOJeNed IUHAMHYECKHX CHCTeM U, CIeA0BaTelbHO, KOA(h(MUIIUEHTHI
coorBercTBytomux cucteM OJIY, momydeHbl, Kak MpaBUJIO, SKCIEPUMEHTAIIBHO C HEBBICOKOM
MaTeMaTHYECKON TOYHOCTBHIO. Kpome Toro, ciemyer yduThIBaTh TEXHOJOTHYECKUN pa3dpoc
napaMeTpoB W Bapuallid MapaMeTpoB B XOJ€ OJKCIUTyaTallMM MPOEKTUPYEeMbIX u3nenuii. B
JIOKJIajie 000CHOBBIBaeTCs mpuMeHeHue A(m/2)-ycToiuuBbix MeTOA0B perieHus cucrem OV,
HAIpaBJIEHHOE HA YCTPAaHEHHWE BBHIIICYKAa3aHHOTO HeJOocTaTka. PaccMOTpeHBl anropuTmbl U
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IpoTrpaMMHasi pealn3anus JaHHBIX MeToJ0B. [IpuBeeHbI CpaBHUTENbHBIC PE3YNIbTAThl PEIICHUS
«TPYIHBIX» TECTOBBIX M TPAKTUYECKUX 3a1ad, MOATBep)KAaomme 3(PQPEKTHBHOCTb
pa3paboTaHHBIX TPOTPAMM.

The Way to Simulate how Atmospheric Conditions Influence on to Flight

Program Optimization for a Subsonic Passenger Aircraft
Mozzhorina T., Gubareva E.

How atmospheric conditions typical for different climatic zones influence onto flight
program optimization for a passenger long-distance aircraft is examined in the present work.

The way for simulating the flight and power plant performances is traditional for such type
of problems. The flight segment acceleration-climb is optimized by minimizing fuel
consumption at this flight segment. The cruising flight segment is optimized by considering
operating limitations accepted for civil aviation. The in-built model of bypass turbojet engine is
used for simulating the flight. This model makes it possible to calculate power plant
performances under any flight conditions. The flight of subsonic aircraft is examined in one
vertical plane.

The calculations are performed for 6 standard air temperature variations over altitude (as a
function on climatic zone). We consider atmospheric pressure variation near ground surface and
estimate how the atmospheric conditions influence onto flight program optimization.

MogaenupoBanue BJIMAHUS ATMOC(EPHBIX YCJIOBHH HA pe3yJabTaThl

ONITUMHU3AIIMA IIPOIrPAMMBI I10J1€TA JO03BYKOBOI'0 IACCAKHPCKOIo caMoJieTa
Moszxxopuna T.1O., I'ybapesa E.A.

Mocxosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B nmannoii pabore wucciaemayercs BIMSHUE aTMOC(EPHBIX YCIOBUW, XapaKTEPHBIX IS
pPa3IUYHBIX KIMMAaTHYECKUX 30H, Ha pe3yJbTaTbl ONTHUMM3ALMM NPOrpaMMbl IOJETa
MACCaXKUPCKOT0 JAITBbHEMAruCTPaJIbHOIO CAMOJIETA.

MonenrpoBaHue M0JIETa U XapaKTEPUCTUK CUJIOBON YCTAaHOBKM OCHOBAHO Ha COBPEMEHHBIX
TPaIWLMOHHBIX MOJAXOJaX, UCIOIb3YEMbIX B 3a/adax MoAoOHOoro poaa. OnTumMuzanus ydacTka
1ojera - pasroH-Ha0Op BBICOTHI MPOBOJAUTCS TNPU MHUHUMH3AIMKA KOJUYECTBA TOILIHBA,
3aTPaYeHHOr0 Ha 3TOT Y4acTOK nosieta. ONTUMHU3ALMS ydacTKa MOJIETA, CBA3aHHOTO ¢ Y4aCTKOM
KpENCepCKOoro noJjiera, MPOBOJUTCS MPHU yUETE SKCILTYyaTallMOHHBIX ONPAaHUYEHUN I'pa)IaHCKON
aBpauuu. [Ipy MopenupoBaHMM MOJIETA HCIOJIB3YETCS BCTPOEHHAS MOJENb JIBYXKOHTYPHOI'O
TypOOpPEaKTUBHOTO JIBUTATEIS, TIO3BOJIAIONIAs] PACCUUTATh XaPAKTEPUCTUKH CUIIOBOI yCTaHOBKH
npu JIOOBIX pexkumax rmosera. [lomeT [103ByKOBOro camosieTa paccMOTpPEH B OIHOMU
BEPTUKAIBHOU IIJIOCKOCTH.

ANropuT™M pacdera OTpa)kKaeT OCOOCHHOCTH OTAEIbHBIX YYaCTKOB IOJeTa: B3IET,
NEepBUYHBIN HAOOp BBICOTHI, OCHOBHOW HAOOp BBICOTHI M T.H. Il KaKIOro ydacTKa IojieTa B
COOTBETCTBUU C NPUHATOM TMPAKTUKOM COCTaBlIeHa CBOsI cuctema Jud@epeHnanIbHbIX
ypaBHeHMI nBWxkeHHs JIA (ONMUCHIBAIOIIMX TOJBKO JBMXKEHHME ILIEHTpa Macc 0e3 ydvera
YpaBHEHH MOMEHTOB), XapakKTepHas Jis 3aJaHHOro pexuma mnonera. Cucremsl
T epeHIMaIbHbBIX YPaBHEHUH pEIIAIOTCS YHCICHHBIM METOA0M HPEIUKTOP-KOPPEKTOP
(meton Apmamca), TIepBbIE IIarM B KOTOPOM OCYIIECTBISAIOTCS 1o MeTony Pynre-KyrTs
YETBEPTOr0 MOPSAKA.

Pacuersl npoBeneHs! s 6 CTaHIApPTOB M3MEHEHUsl TeMIlepaTypbl BO3Jyxa MO BBICOTE (B
3aBUCUMOCTH OT KJIMMAaTHYECKOW 30HBI). YUT€HAa BO3MOXXHOCTb H3MEHEHHS aTMOC(HEpHOTO
JaBjieHusl y moBepxHocTU 3emun. OLEHEHO BIMSHHE aTMOC(EpPHBIX YCIOBUN Ha pe3yJbTaThl
ONTUMM3ALMH NIPOTrPaMMBbI IOJIETA.
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Numerical methods for solving kinetic equations as applied

to the problems of flows over space vehicles
Titarev V.A.

Development of new space crafts, moving in high altitude parts of the atmosphere, is closely
connected with the problems of their dynamic and thermal interaction with the surrounding gas.
At high altitude the classical approaches such as the Navier-Stokes equations of compressible
gas, become invalid. At present, the Direct Simulation Monte-Carlo method is most popular
approach to modeling rarefied gas flows. An alternative is provided by the direct numerical
solution of the Boltzmann kinetic equation for velocity distribution function with either exact or
model (approximate) collision integral. The deterministic nature of the equation allows creating
efficient implicit high-order methods for both stationary and time-dependent flows.

The present work is devoted to the generalization of the numerical method and software
package, proposed by the author , to the high-speed flow regimes of rarefied gas. Examples of
calculations of flows over simply bodies as well as TSAGI re-entry model will be provided. The
developed method and software can be used at a number of scientific and industrial institutions,
including Korolev Space Corporation “Energia” and others.

MeTtoapb! pelieHHs] KHHETHYECKMX YPABHEHUI Il pellleHUus 3a/1a4

00TeKaHHUA KOCMHYECKHX anmapartros
Tutapes B.A.

Buiyucaumenvuwiii Lenmp um. A.A. JJopoonuywina PAH, Poccus

Coznanue JeraTteiabHbIX KOCMHUYECKHX anmnapaToB, MABMXKYIIMXCS B BEPXHHUX CIIOSX
atMoc(eprl, TECHO CBsI3aHO C 3aJadyaMH pacueTa WX [IWHAMHUYECKOTO U TEeIJIOBOTO
B3aMMOJICHCTBUS C BO3MYIIHON cpenoii. [Ipu Gonbmioit BeICOTE ToJIeTa amnmapaTta KJIacCHYeCKre
CrocoObl  YMCJICHHOTO MOJICTMPOBAHUS, OCHOBaHHbIE Ha YypaBHeHUsix HaBbe-CTokca
C)KMMaeMOro rasa, CTaHOBATCA HenmpuMeHHMbl. Hambornee momyisipHbIM B HacTOAIIEE BpeMs
crocodoM MOJICJIMPOBAaHUS TEUEHUI pa3peKEHHOIO rasa SBISIETCS METOJ MPSMOro
CTaTUCTUYECKOTO MOJIETUPOBAHUSA. AJBTEPHATUBON HCIOIB30BAHUIO CTATUCTUYECKHX METO/OB
SIBIIIETCSL TIPSIMOE YHCIIEHHOE PENICHHEe KMHETUYECKOTO ypaBHEHUs bonbliMaHa uist yHKIHH
pacmpeneneHus MOJEKyJl 10 CKOPOCTSM C TOYHBIM JHOO MOJAENBHBIM HHTETpajioM
CTONKHOBEHUH. JleTepMUHUCTHYECKAsI TIPUPOJIa YPABHEHUS TIO3BOJISET cOo37aBaTh A (HEeKTHBHBIC
HESIBHbIE METOJbl BBICOKOTO TOpSAKa amMpoOKCHUMAalUd 10 BCEM I[EPEeMEHHBIM, Kak s
CTaIlMOHAPHBIX, TAK U JJIs1 HECTAIIMOHAPHBIX TEYCHU.

B mnacrosmeir pabore OyaeT mpencraBlieHO 0000IeHHE pa3pabaThiBa€MOro aBTOPOM
YUCJIEHHOTO METOJla PEIICHUS] KUHETUYECKOrO YpaBHEHHUS Ha Ciydail BBICOKOCKOPOCTHBIX
TEUEHUI pa3pexxeHHOro raza. B kauecTBe npuMepoB NpUMEHEHHE MeTo/1a OyayT MpeIcTaBICHbI
pacueTbl OOTEKaHUs Teld MPOCTOH (QOpPMBI, a TakkKe MOoAeIH Bo3IyIIHOr0-KOCMHYECKOTO
anmapata (BKA) LHAT'U. TlonydeHHnass BepcHusi MakeTa MPOrpaMM MOKET HCIIOJIb30BAaThCS B
pabore PKK "Oueprus" um. C.II. Koponesa, HIIO MamuHocTpoeHHs, a TaKXke Ipyrux
aKaJeMUYECKUX U MPOMBIIUICHHBIX OpraHU3aIHil.
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Section 8.
Fundamental problems of advanced technology development

Influence bias and the efficiency of gas-dynamic predrazgona macro

bodies acceleration of bodies in an electrodynamic accelerator mass rail type
Bezdomnikov A.V.%, Belyakov Y.1.%, lvashov A.I.}, Kuznetsov A.V.!

1 o .
Hosomocrosckuii uncmumym (punuan) Poccuticko2o xumuko-mexnono2uuecko2o ynugepcumema um. /1. .
Menoeneesa, Mockea, Poccus
2 . . .
Mockosckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

BbIllonHEHBl  YMCIEHHOE  MOJEIMPOBAHWE M SKCHEPUMEHTAIBHBIE  HCCIENOBaHUS
AIIEKTPOJUHAMUYECKOTO YCKOPHUTENsE Macchl penbcoBoro tuma (B3AYM PT) ¢ miasmeHHBIM
NOPIIHEM W  YCWIEHHbIM MAarHUTHBIM IIOJEM 33 CYET JIONOJHUTEIBHOTO  BUTKA
noaMarunuuBanus. [lokazaHo, 4TO NpHM BKIIOYEHMHM BUTKA MMOJMAarHUYMBAHUS MOBBILIAETCS
CKOpPOCTh METaHHWs, & aMIUIMTYJa pPa3psIHOrO TOKAa MOHMXKAETCA. JTO JaeT BO3MOXKHOCTh IpU
OJIMHAKOBBIX aMIUIMTY/IaX TOKA JOCTUTATh 0OJiee BHICOKMX CKOPOCTEH METaHWs B YCTAHOBKAaX C
noaMarHuurBanueM. lMccnenoBaHo BIMSHHME Ta30JMHAMUYECKOIO Ipenpa3roHa Ha JUHAMUKY
ma3MeHHoro mnopiHs. I[IpuBeneHsl pe3ynbTaThl YHCIEHHOTO MOJACIUPOBAHUS Ipoliecca
3JIEKTPOJIMHAMMYECKOr0 pa3roHa METAaeMOro Tejla IMpPU pa3IMdyHOM JAaBJIEHUU MOJIOpa CO
CTOPOHBI CTYIEHHU Ta30JUHAMUYECKOro Mpeapasrona. MccinegoBaHo BiMSHUE AaBJICHUS B
IIPOCTPAHCTBE 3a IJIA3MEHHBIM MOpPIIHEM Ha ero MIMHy. [lokaszaHo, 4TO ¢ yBeIWYEeHUEM
JABJICHUS YMEHBIIATCS JJIMHA IUJIA3MEHHOTO MOPIIHS, YTO CHUXKAET TEIUIOBYIO HArpy3Ky Ha
kaHan crBosia DJIYM PT u cHWXaeT BEpPOSTHOCTh BO3SHUKHOBEHMS BTOPUYHBIX AYT 32 CUET
YBEJIUYEHUS TPOBOJIMMOCTH T'a3a B IPOCTPAHCTBE 32 METAEMBIM TEJIOM.

The straight surface formation on porous matrices
Bogoslovskij S.Yu.

Mocrosckuii 2ocyoapcmaennulil mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B pabore mnpencraBieH MeETON, TO3BOJIIONINN JOOUTHCA PA3TUYHOTO XMMHUYECKOTO
MOAUGUIIMPOBAHUS TOBEPXHOCTH TIOp BHYTPHM KpPEMHE3EMHOW MaTpuilbl W "BHeNTHE#"
IMMOBCPXHOCTU MATPHUIIbI U paCCMATPUBAIOTCA MPAKTUYCCKUEC NTPUIIOKCHHA METO/1A.

Biochemical active systems in the field of low-frequency effects
Fadeev G.N., Ermolaeva V.I. ,Boldyrev V.S., Sinkevich V.V.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

W3 nurtepaTypHBIX MJAHHBIX HW3BECTHO OTPHULATEIBHOE BO3JIEHCTBUE HHU3KOYACTOTHBIX
KonebaHuit B mHTEpBaie oT 2 a0 35 'l HA cHCTeMBl OpraHuW3Ma 4YellOBeKa: Cepile, MO3T,
HEPBHYIO CHCTEMY, JKEIYAOYHO-KHMIIEYHBIM TpPakT M JApyrue opransel. Kaxknoe wu3 Takux
BO3JICUCTBUM CBA3aHO C M3MEHEHMEM CKOPOCTH M, BO3MOXKHO, MEXaHM3Ma HOPMAIBHOIO
OPOTEKaHUsd OMOXMMHYECKHUX TMpoleccoB. IIpuHIMNUANbHBIM — HAmpaBICHUEM HAayYHBIX
UCCIIeIOBaHM, MpoBoAMMBIX Ha Kadenpe «Xumusi» HYK ®H MITY um. H.D. Baymana
ABJISIETCSA MOMCK OMOXMMHMUYECKH aKTUBHBIX CTPYKTYpP, CIIOCOOHBIX M3MEHATh CBOE COCTOSIHUE B
110JIe HU3KOYACTOTHBIX BO3ACUCTBUII, YTOOBI UCIOJIB30BAaTh UX B KAYECTBE CPEICTB 3AILUTHI OT
BHEIIIHETr0 HeOJIaronpUsTHOrO BO3AEHCTBHSL.

Hamu oOHapyXeHBI CTPYKTYpBl, H3BECTHBIE CBOECH OHMOXMMHYECKOW aKTHBHOCTBIO,
UCToNb3ylouMecs B (GapMaleBTHKE Kak JiedeOHbIE MpernapaTbl U MEHSIOUIME CBOE COCTOSIHHE
[OJ JIEHCTBHEM YacTOT HMH(Pa3ByKOBOrO M Hayajga 3BYKOBOro jauanazoHa. OObekTamu
IIPOBE/ICHHBIX HAaMHU MCCIIEOBaHUI OBUIM KJIATPaTHBIE U XEJaTHbIE KOMIUIEKCHI, COAEpIKallue
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MOJ: «CUHUH HOJ» - KJIaTpaTHbIE COEAUHEHMs] HOJa C aMWIO30H M C aMUJIONEKTHHOM;
«MOJMHOI» - KJIATPAaTHBIM KOMIUJIEKC MOJA C MOJMBUHUIOBBIM CIIMPTOM, «HOKC» - XEIaTHBIA
KOMIUIEKC MOJia C TOJIMBUHUIITUPPOIUIOHOM.

OmnpeneneHbl ONTUMAalIbHBIE YacTOTHI, MPU KOTOPBIX 3(D(EKT NeHCTBUS HU3KOUACTOTHBIX
KonebaHuit MakcumalneH. HaliieHpl KHHETUYECKHI MOPSIOK U KOHCTAHTHI CKOPOCTH PEaKIIU.
OKCIIEPUMEHTAIBHO YCTAHOBJIEHBl SHEPIMM AKTUBALHUM 3BYKOXMMHYECKOTO NPEBPALLCHUS H
TeMIeparypHble KO3 QUIMEeHTsl peakuuid. McciaenoBaHbl OCOOSCHHOCTH IMPOLIECCOB B TIOJIE
HU3KOYACTOTHOTO BO3JECHCTBUSI M MPEIJIOKEH MEXaHU3M IEpEeHOCa SHEPrUM BO3JIECUCTBUS HA
CTPYKTYPY U OT/AEIbHbIE KOMIIOHEHTHI CUCTEM.

The physics-chemical system in the field of low-frequency effects
Fadeev G.N., Yermolayeva V.l., Boldyrev V.S.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Hp CICTaBJICHBI PE3YyJIbTAThI CHUCTEMATHUYCCKOI'O HCCICO0OBaHUA BO3I[CﬁCTBH$I
HU3KOYaCTOTHBIX KoJieOaHnH Ha @HSHKO'XHMH‘IGCKI/IC CHCTEMHBI, COACpKaIUe
HU3KOMOJICKYJIAPHBIC u BBICOKOMOJICKYJISAPHBIC KOMIIOHCHTBI: THUAPOJIUTUYCCKOC

KOHTPAMCIPOIIOPLIMOHUPOBAHNE HOJA B BOJHBIX pacTBOpax; TPABJICHHE METAJUIOB, MEYATHBIX
miaT W TMOJYNPOBOAHUKOBBIX MAaTEpPHANOB; HOACOJEPKAIIUX KJIATPATHBIX KOMILIEKCOB.
KoMnoHeHThI paccMOTpPEHHBIX (U3NKO-XUMHUYECKUX CHCTEM CHOCOOHBI MOIJIOMIATh 3aMETHYIO
JIOJI0 TIOCTyMAloIield W3BHE aKycTHyeckod »sHepruu. Hawmbonee HHTEpecHbIE pE3yJIbTAThI
MOJIy4YEHBI JUIs KJIATPATOB: aMUJIOMOIMHA, AMUJIONEKTONOANHA, HOJUHOJIA.

YCcTaHOBIEHBI CYIIECTBEHHBIE OCOOCHHOCTH MEXaHHM3Ma IMEePeHOCa aKyCTUYECKOW IYHEPTUU
HU3KHUX YacTOT U cHeruduKa ux BO3JACHCTBHS HA HU3KOMOJIEKYJIIPHBIE U BHICOKOMOJIEKYISPHbIE
KOMIIOHEHTHI HM3y4YCHHBIX (PH3UKO-XUMUYECKUX cUCTeM. OOHapyKEeHO, YTO MPOUCXOJSIINE B
MoJIe HU3KHUX YacTOT HM3MEHEHHsI OOYCIIOBJIEHBI B3aUMOJICHCTBHEM aKTHBHBIX KOMIIOHEHTOB
CHCTEMBI C HajaraéMbIM BHEIIHUM BO3J€UCTBHEM. JJI1 KaXK10W XMMHYECKOM CUCTEMbI HalIeHa
coOCTBeHHas ONTHMAaJbHAs YacTOTa 3BYKOXMMHYECKOW peakiuu, TpH KOTOpou dPdekt
BO3JECHCBTUSI MAKCUMAJIEH.

OcoOeHHOCThIO HCCIEIOBAHHBIX HOJCOAEPKAIIUX CTPYKTYp SBISETCS CIHOCOOHOCTh K
3BYKOXUMHUYECKOMY TPEBPALICHUIO MO ACHCTBHEM BUOpAIMU U HU3KOYACTOTHBIX KOJICOaHMIL.
[TomyueHHbIe pe3ynbTaThl OTKPHIBAIOT MEPCIEKTHBY pa3paboTKU (PyHAAMEHTaIbHBIX OCHOB
NPUHIUIIMAIGHO HOBOM METOJMKH 3alllMThl OT OTPULIATEIBHOTO BIIUSIHUS HU3KOYACTOTHBIX
BO3JCHCTBMII Ha  ocHOBe A(p@dexkTa 3BYKOXMMHYECKOTO  MPEBPALICHUS  U3YYEHHBIX
MOJCOAEPKALINX CUCTEM.

JloCTUTHYTBIE Pe3yibTaThl MOTYT OBITh TIOJIO’KEHBI B OCHOBY pa3pabOTKH TEXHOJIOTUYECKUX
MPOIIECCOB, OCHOBAHHBIX HA MAKCUMAIBHOM 3P deKTe BO3JCHCTBHS HA ONTHUMATBHBIX YaCTOTAX.

The use of computer technology to study the processes of wastewater

treatment and their intensification
Goncharenko E.E., Ksenofontov B.S., Petrova E.V., Golubev A.M.

The results of research conducted jointly with the Department of "Industrial ecology"
Bauman Moscow State Technical University under the guidance of academician REA, Ph.D.,
Professor B.S. Ksenofontov. The work involves the use of coagulation reagent for removal of
colloidal solutions of metal hydroxides, fat, oil, sediment and other. For effective use of
coagulants great importance is the choice of reagents. It is necessary to consider the aggregative
sustainability of the sols formed by the hydrolysis of salts, and possible mutual coagulation. In
this regard, a methodology was developed for the study of coagulation, stability and stabilization
lyophobic sols with the application of computer technology allowing fast enough to get the
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necessary experimental results. Was shown the correspondence of the obtained results to
literature data.

To intensify the process of wastewater treatment in the work we studied the use as
flocculants microorganisms of activated sludge as well as yeasts cultivated on the hydrocarbon
oil. It is shown that the biomass of the microorganisms of the activated sludge at a certain
magnitude pH and optimal mixing mode is not only effective but also economical floculant, as it
allows you to recycle activated sludge on the same wastewater treatment plants on which it is
and formed.

Hcnoan3oBanue KOMHLIOTepHOﬁ TCXHOJOTHH AJIA U3YYCHHUSA IIPOLECCOB

OYUCTKH CTOYHBIX BOA U UX I/IHTeHCI/I(l)I/IKaIII/Il/I
I'onuapenko E.E., Kcenodonros b.C., Ilerposa E.B., 'ony6es A.M.

Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

PaccmoTpensl  pe3ynbTaThl  MCCIENOBaHMN, TPOBOAMMBIX COBMECTHO ¢ Kadeapoi
«ITpompiniennas skonorus» MI'TY um. H.D. baymana nmoa pykoBoJIcTBOM akaaemuka POA,
n.1.H., npodeccopa b.C. Kcenoponrora. Pabora cBs3aHa C HUCHOIB30BAaHUEM peareHTHOU
KOAryJsIUK Ui yJaJleHds B3Becel, KOJUIOWIHBIX PAaCTBOPOB T'MAPOKCHIOB METAJUIOB, KUPOB,
He(TEeNpOAYKTOB U 1p.Ha mpakTuke MIMPOKO HCIOJIB3YIOTCS HEOPTaHUYECKUE KOATyJSHTHI Ha
OCHOBE COJICH ATFOMUHUS U JKeJie3a B COYETaHUN C CHHTETHUYSCKUMHU (DIIOKYISTHTAMH (HAarpuMmep,
MOJIMAKPUIIAMUJIOM) C 1I€JIbI0 UHTEHCU(UKALIUY POLIECCOB OYHUCTKH.

[Tpu BBIOOpE peareHTOB IS KOArYJISAIUU HapsAy ¢ U3BECTHBIMU (PaKkTOpaMu HEOOXOIUMO
YUUTHIBATh arperaTUBHYIO YCTOMYMBOCTH 30J1€H, 00pa3yrouIuxcs Mpu THAPOJIU3E COJIeil, a TaKkxke
X BO3MOXXHYIO B3aMMHYIO Koaryismuio. B cBs3u ¢ 3TuM Obuia pa3paboTaHa METOAHMKA C
KOMIIBIOTEPHBIM U TIPOrPaMMHBIM O0€CIieYeHHEM, MTO3BOJISIONIAs JOCTATOYHO OBICTPO MOJIydaTh
HEOOXOMUMBIC pe3ynbTaThl. Mcmonb3yeMass W3MEpUTENbHAs CHCTEMa MPENCTaBIseT CcoOoM
KOMIUIEKT JAaTYUKOB (ONTHYECKOW IUIOTHOCTH, 3IEKTPONPOBOJAHOCTH U T. JI.), MOAKIIOUEHHBIX K
KOMIIBIOTEPY 4Yepe3 M3MEpUTENbHbINH OM0oK. KoMIbroTep mepecyuThIBaeT CHTHAT B 3HAYCHUE
U3MEpSIEMOro MapaMmerpa IO 33JaHHON MporpamMme, KOTopas MO3BOJSET B Pa3HBIX pexuMax
pPETHCTPUPOBATh CUTHANIBI JaTYMKOB M OTOOpakaTh WX Ha DJKpaHE MOHUTOpAa a TaKXKe
ABTOMATUYECKU TMOJAKIIOYaTh TPaTyUPOBKY NAaTYMKOB. ODKCIEPUMEHTHI IO DJIEKTPOIUTHOMN
KOAryJsiuuu30J1en Fe(OH)3 # MnO® u wux B3aUMHON KOAryJisiliH, TPOBEICHHBIE C
UCIIOJIb30BAHUEM  KOMITBIOTEPHOM  TEXHOJIOTMH, [IOKa3ajJd COOTBETCTBUE  IMOJIYYEHHBIX
pEe3yNbTaTOB C JIMTEPATYPHBIMU JIaHHBIMH, OJHAKO BOCIPOU3BOJUMOCTH PE3yJIbTaTOB
JOCTUTANIaCh TOJIBKO TIPU  YCJIOBUM TIOCTOSIHHOM CKOPOCTHM BBEACHUS  DIIEKTPOJIUTA.
Pa3paboranHass HaMU METOAWKA SBISICTCS YHUKAIbHOW W MOXET OBITh PEKOMEHIOBaHA st
oTpezieNieHus] yCTOMUYUBOCTH M KOATYJISIIUU JINO(GOOHBIX 30JIEH.

Tak kak NpUMEHEHHE CHUHTETHYECKHX (IIOKYISIHTOB JJII WHTEHCHU(UKAIUU TIPOIECCOB
OUYMCTKU CTOYHBIX BOJ He Bcerna 3pQeKTUBHO U B OOJIBIINHCTBE CIy4aeB JOCTATOYHO JIOJITOTO,
B paboTe U3yYCHO HCIIOIH30BAHKUE B KaueCTBE (PIIOKYISIHTOB MUKPOOPTAaHU3MOB aKTUBHOTO WIIa,
a TakXke JpOoXKeHW, KyJIbTUBUPYEMBIX Ha YIIeBOIOpoAax HePpTH. ODKCIepUMEHTaJbHbIE
pe3yNbTaThl MOKA3aJId, YTO OMOMacca MUKPOOPTaHU3MOB aKTHBHOTO WA SIBIISETCS JOCTATOYHO
3 exTuBHBIM (GIOKYISTHTOM, HO TOJBKO MpU ompeneieHHod BenmnumHe pH. Kpome Toro,
BaXHOE 3HAYCHHE UMEET PEKUM TEPEeMENINBAHUS, MPU ONTHUMH3AIUU KOTOPOTO COXPaHSIOTCS
(bIIOKyYNBI U3 YaCTHIL 3arps3HEHMI, 00pa30BaHHBIX MUKpoopranusMamu. [IpennoxxeHHslil crnocod
WHTCHCU(PHUKAIIUU TPOLIECCOB OYUCTKU CTOYHBIX SBISETCS HE TONBKO 3(()EKTHBHBIM, HO U
SKOHOMHMYHBIM, TaK Kak [I03BOJISIET YTUIM3UPOBATh AKTUBHBIA MJI Ha TEX OYHMCTHBIX
COOpYKEHUSIX, Ha KOTOPBIX OH U 00pazyercs.
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Cleaning (peeling) of the skin with the help of low-frequency ultrasound
Gorshkova V.M.

Ultrasonik peeling can be referred to the surface peeling which is atraumatik because the
cornal layer (dead cells) is peeled from the skin surface. A decrease in thickness of the cornal
layer permits to remove hyperkeratosis regions, to increase living corneal layers thickness, to
improve a skin tint (color) and to clear hyperpigmented regions.

The ultrasonic peeling technology has been developed in the Bauman Moscow State
Technical University.

OuncTka (MUJIKMHT) KOKH MPHA MOMOIIHA HU3KOYACTOTHOIO YJIbTPa3BYKa
lNopmikosa B.M.

Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

YapTpa3ByKOBOM MNWIIMHI MOXHO OTHECTH K IIOBEPXHOCTHOMY IIWUJUIMHTY, KOTOPBIN
ABJISICTCA aTPaBMATUYHBIM, TaK KaK MPOM3BOJUTCA OTIIETYIIMBAHUE POrOBOrO CJIOS (MEPTBBIX
KJIETOK) C TMOBEPXHOCTH KOXKU. YMEHBIIEHUE TOJILUHBI POrOBOIO CJIOSI TO3BOJISET YCTPAHUTH
YYaCTKH THIIEPKEpaTO3d, YBEIUYHUTH TOJIIMHY JKUBBIX CJIOEB DJIHJIEPMHCA, BBIPOBHATH TOH
(11BET) KOXKH, OCBETIUTh THIIEPIIUTMEHTUPOBAHHBIE YUACTKH.

B MI'TY um. H.D. baymana pazpaboTana TeXHOJIOTHS yAbTPa3ByKOBOTO MTHJIMHTA.

New electrohydropulse installation for loosening of the adfreezed coal
Kim K.K., Shpilev M.A.

In winter the difficulties of unloading the adfreezed coal from the rail carriages constantly
lead to the financial losses priced at hundred million roubles. In this connection we suggest to
use the power characteristics of an electrical pulsed discharge in the fluid to restore the
looseness. It made us to carry out the joint scientific researches of the electrical and
hydrodynamic processes in the fluid and the mechanical processes in the solid substance.

In this paper we give a mathematical model of the electrohydropulse process in the
condition of compressing the fluid and deforming the discharge cavity; the estimation of the
obtained pressure in the adfreezed coal; the quantitative and qualitative interconnection between
the electrical parameters of a discharge and the

On the basis of the theoretical and experimental model researches we worked out a full-scale
installation. The description of this installation is given in the paper.

HoBas 3/1eKTpOrupouMiy.JibCHasi YCTAHOBKA ISl pa3pbIXJIeHHs

cMep3LIerocs yrJs
Kum K.K., [IImunes M.A.

Iemep6ypeckuii eocydapcmeennulil yHugepcumem nymeti cooowenus Umnepamopa Anexcanopa |, Canxm-
Iemep6ype, Poccus

TpynHocTH pa3rpy3ku cMep3LIerocst Yriis U3 KeJIe3HOJOPOKHBIX BaroHOB B 3UMHEE BpeMs
MOCTOSIHHO BBUIMBAIOTCA B (PMHAHCOBBIE MOTEPH, UCUHUCISIEMbIE COTHSIMHM MHJUIMOHOB pyoOiieil. B
CBSA3M C JTUM OBUIO TPEUIOKEHO I BOCCTAHOBIIEHHUS CBHIMMYYECTH HCIIOJIb30BAaTh CHUJIOBBIE
XapaKTEPUCTUKU 3JIEKTPUYECKOTO MMIYJIbCHOIO paspsia B HKHUAKOCTH, 4YTO IIPUBEIO K
HEO00XOIUMOCTH MIPOBECHUS COBMECTHBIX UCCIIEeIOBaHUI INEKTPUUYECKUX u
TUAPOJIMHAMUYECKHUX ITPOLIECCOB B KUIAKOCTH U MEXAHUUECKUX MPOLIECCOB B TBEPIOM BEILIECTBE.

B paGorte mpuBoAsTCsS MaTemMaTHuecKas MOJIEIb 3JIEKTPOrHIPOMMITYJIBCHOTO Ipoliecca B
YCIOBUAX C)KUMAEMOCTH XKUAKOCTH U Je(OpPMaLUU Pa3psAAHON MOJIOCTH, OLEHKA MOIYy4aeMOoro
JABJICHUSI B CMEP3IIEMCS yTIiie; yCTaHABIMBACTCS KOJIMYECTBEHHAsI M KaUeCTBEHHAs B3aUMOCBSI3b
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MEXIY JJIEKTPUYECKUMM IapaMeTpaMM pas3psia U THAPABIMYECKUM JABICHHUEM B 3aMKHYTOU
c(hepruyecKoi TOJIOCTH.

Ha ocHose TCOPCTUUCCKUX U OKCHCPUMCHTAJIIbHBIX MAKCTHBIX I/ICCJ'IGI[OBaHI/Iﬁ 6]:1)'[21
pa3paboTaHa nmojiHOMacITabHasi yCTaHOBKA, ONTMCAHUE KOTOPOU MPUBOIUTCS B paboTe.

New algorithms for control valve-inductor machine
Krasovskii A.B., Kuznetsov S.A., Trunin Yu.V.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.D. Baymana, Mockea, Poccus

YcTaHOBIEHHE  CBSI3M  MEXKAY IPENCIbHBIMH  DHEPIeTUYECKUMH  BO3MOXKHOCTSIMH
JIEKTPONPUBOAA, MapaMeTpaMu ABUIATEIs U YNPABICHUs SBISETCS BaXKHEUIIUM ITalloM €ro
palMOHAIBHOTO  NpOoeKTUpoBaHWA. [lomyuywBmMK B mOCiegHEE  BpeMsl  LIMPOKOE
pacnpocTpaHEeHUEe BEHTWIbHO-UHAYKTOPHBIN 3niekTponpuBos (BUII) BeimonHsiercs Ha ocHOBE
IIPEIENbHO MPOCTOM KOHCTPYKTMBHO JJIEKTPUYECKOW MAIMHBI, IOJTOMY Ul HETO IOHMCK
palMOHAIBHBIX AJTOPUTMOB YIPABIEHUS HMMEET peliaroniee 3HaueHue. HeBepHO 3amaHHBIE
YIPAaBIAIOIUE BO3JEHUCTBUS MOTYT CYHIECTBEHHO CHHM3UTh BBIXOJHYIO MOIIHOCTb U
3¢ (heKTUBHOCTh pabOThl MPUBOAA K, HAOOOPOT, TOJBKO TPU HCIOJB30BAHUU aITOPHUTMOB
YIPaBICHUS, AaAE€KBaTHO IIPOTEKAIOIIMX B HEM IPOLECCHI, MOCTHKAMO MaKCHMalIbHOE
UCIIOJIb30BAaHUE €r0 HSHEPreTUYECKHX M PEryJIMPOBOYHBIX BO3MOXKHOCTEM C IOKa3aTENsIMH,
IIPEBOCXOAIMMY aHAJIOTMYHBIC IT0KA3aTeIN TPAIULIMOHHBIX 3JIEKTPOIIPUBOIOB.

B noknazne noka3aHo, 4TO BBICOKME IMHAMUYECKUE U DHEPreTUUYECKUE NTOKA3aTENN PUBOAA
MOTYT OBITh JOCTUTHYTHI IPU YIPABICHUHU, KAaK CPEAHUM, TaK MU MTHOBEHHBIM MOMEHTOM
nsurarens. [IpeanoskeHbl HOBbIE aIrOPUTMBI YIIPaBIEHUS CPEAHUM MOMEHTOM, OCHOBaHHbIE Ha
ONTUMU3ALMHM OJUHOYHOIO LHMKJIA KOMMYyTaluu (a3bl INpU aBTOMATHYECKOW KOPPEKIHMH
MOJIOKEHUS €€ BKJIIOUEHHS JUIsI MUHUMM3AIUK TOTPeOIsieMOl U3 MCTOYHMKA SHEPTUH, a TaKXKe
OCOOEHHOCTH pealu3alliid MpSMOTrO YIPaBICHHS MIHOBEHHBIM MOMEHTOM JIBUTATEls,
SIBJISFOIETOCS AHAJIOIOM M3BECTHOI'O IOJX0/1a K YIIPABJIECHUIO AaCHHXPOHHBIMU JABUTaTEISIMMU.

Analysis and modeling of traction rectifier drives heavy autonomous

vehicles
Krasovskii A.B., Soloviev V.A., Trunin Yu.V.

The use of electromechanical transmission in heavy vehicles makes it relatively simple to
implement a rational distribution of power from the internal combustion engine to the drive
wheels virtually any axels, improve reliability, throughput and manageability.

Long time as traction motors in electric drive train vehicles used collector generators and
DC motors, the lack of reliability of which stimulated the replacement of their proximity to
electric cars. The report examines the structural features and characteristics of the three options
to offer customers contactless traction rectifier drives, made on the basis of the following types
of electrical machines: switched-inductor motor with separate excitation, switched-inductor
motor with self-excitation and brushless motor based on a synchronous machine with magneto
electric excitations, there brushless permanent magnet DC motor.

AHanu3 u MOACJIHPOBAHUEC TATIOBbIX BEHTUWIbHBIX 3JICKTPOIIPHUBO/10B

00JIbIIECTPY3HBIX ABTOHOMHBIX TPAHCIIOPTHBIX CPEACTB
Kpacosckuit A.b., ConosbeB B.A., Tpynun 1O. B.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

[IpumeHeHne »HIIEKTPOMEXAHWYECKOM TPAHCMUCCUU B OONBLIETPY3HBIX TPAHCHOPTHBIX
CpeAcTBax IMO3BOJIIET CPAaBHUTEIBHO MPOCTO OCYIIECTBUTh pPalMOHAIBHOE paclpeiesieHue
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MOIIIHOCTH OT JBUTATEJISl BHYTPEHHETO CrOPaHMs K BEIYIIUM KOJiecaM MPAaKTHYECKH P 000
KOJIECHOU (hopMyJie, MOBBICUTH HAJEKHOCTh, MPOXOANUMOCTD U YIIPABISIEMOCTb.

JnuTenpHOE BpeMsS B KAUEeCTBE TATOBBIX AJEKTPOJABHUIATENEd B  DJIEKTPUUYECKOU
TPAHCMHUCCHUH TPAHCTIOPTHBIX CPEJCTB HUCIOJIH30BATUCH KOJUIEKTOPHBIE TEHEPATOPHI U IBUTATEIHN
IIOCTOSIHHOTO TOKa, HEJAOCTAaTOYHAs HAAECKHOCTh KOTOPBIX CTUMYJHpPOBAJA 3aMEHY HMX Ha
OCCKOHTAaKTHBIC DJICKTPHUYECKHE MaIlMHBL. B J0KjIage paccMaTpHBAIOTCS CTPYKTYpPHBIS
OCOOCHHOCTH M XapaKTEPUCTUKH MPEAIOKEHHBIX 3aKa3YMKOM TPEX BapUAHTOB OECKOHTAKTHBIX
TSATOBBIX BEHTWJIBHBIX OJIEKTPONPHUBOAOB, BBIMOJHEHHBIX HA OCHOBE CIEAYIOUIMX THIIOB
AIIEKTPUYECKUX MAIIVH: BEHTHIFHO-UHIYKTOPHOTO JABUTATENS C HE3aBHUCHMBIM BO30YXKICHHUEM,
BEHTWJIbHO-UHIYKTOPHOTO JBUTATENSl C CaMOBO30OYKICHHMEM W BEHTHJIBHOTO JBHUTATENs Ha
OCHOBE CHHXPOHHOW MAaIlIMHBI ¢ MarHUTOIJICKTPUUECKUM BO3OYKICHUEM, T.€. OECKOHTAKTHOTO
JIBUTATEIISI IIOCTOSTHHOTO TOKA.

Definition of rational parameters of the plasma piston to accelerate the

nanosatellite
Maslov A., Gerasimov Y.

The theoretical solution of the problem of finding rational parameters and composition of
particles, optimizing plasma piston interaction with the launched object, such as nanosatellite, is
described in the labour. Optimization of parameters of plasma formation is necessary for solving
the following problems: implementation of particles into the launched object’s surface with
formation of radiation porosity and increasing of the object’s specific volume, object’s
constriction materials heating up to the phase changing and heating of the materials of the rail
gun, object’s mass increasing, etc. It will increase efficiency of the perspective rail systems
acceleration of the nanosatellite. Also, such a rationalization is efficient nearly in any case of
plasma introduction with a surface or a field. Algorithm of determination of the rational
parameters of a plasma formation, allows perpendicular fall of plasma particles on the surface, is
described in the labour.

OmnpeaesieHue pauuoOHAJBHBIX APAMETPOB MJIA3MEHHOI0 NOPIIHA 1JIA

YCKOpEeHUsI HAHOCTYTHUKA
Macnos A.I'., 'epacumos 10.B.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B pabore mpuBOIUTCS TEOPETHUYECKOE pEIICHUE 3aJadd 00 ONpENeNeHUU pPalMOHAIbHBIX
[IapaMeTpPOB M COCTaBa YaCTHL], ONTHUMHU3HUPYIOIUX B3aUMOJECHCTBUE IUIA3MEHHOIO MOPIIHSA Ha
METaeMblii OOBEKT, B YAaCTHOCTH - HAHOCHYTHMK. ONTHMHU3alUs NapaMeTpoB IUIA3MEHHOIO
00pa3oBaHUs HEOOXOJUMA ISl PELICHHUS CIEAYIOUINX Mpo0eM: BHEAPEHUE YacTUI-HOCUTENEH B
IIOBEPXHOCTh METAEMOro Teja ¢ 00pa30BaHMEM pPaJUALMOHHBIX MOPUCTOCTEH M yBEIMUYCHHEM
yIENbHOTO 00bEMa HAHOCIYTHHKA, Pa3orpeBa KOHCTPYKIMOHHBIX MaTepHAIOB HAHOCITYTHHKA
10 (a30BbIX NEPEXO0B, pa3orpeBa MaTepUajoB BEAYILErO YCTPOMCTBA, YBEJIWYEHUS MAaCChI
METAaeMOro Tesa. IJT0 Mo3BOJAUT MOBbICUTH KIIJ| mepcrneKkTHBHBIX PENBbCOTPOHHBIX CHCTEM
YCKOpeHUsT HaHocmyTHHKa. [lomoOHas paruoHann3anust BBITOJAHA TaKXkKe MPHU MPAKTUYECKH
11000M B3aUMOJICHCTBUU TIJIa3MBI ¢ TTOBEPXHOCTHIO WM ToJieM. B aHHO# paboTe mpUBOIUTCS
QITOPUTM HAXOXKAEHUS pallMOHAJIBHBIX ApPaMETPOB IUIa3MEHHOTO 00pa30BaHMsl, MO3BOJISIFOIIUX
o0ecreynTh HOpMAJIbHOE TTa/IeHUE YacTUI-HOCUTENEH TOKA Ha MMOBEPXHOCTh BO3CHCTBUSI.
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About structural transformations in flexible — chain
of poly-4-methylpentene-1
Romanko O.1.

Investigated structural transformations PMP (poly-4-methil- penten-1) in a wide temperature
interval. For the study of phase and relaxation transformations were used the complex physical
and chemical methods — thermal and thermomechanical analysis, the method of free torsion
vibration, IR — spectroscopy. Discussed are the peculiarities of possibility manifestations
transformations of the different kids, depending on the structure polymeric materials (granules,
films, filaments). On the basis of experimental data were calculated the thermodynamic
parameters conformation mobility rap during its phase transformations in a wide temperature
interval.

O CTPYKTYpPHBIX NIpeBpalleHHAX B TNOKOLENTHOM MOJIH-4-MeTHINeHTeHe-1

Pomanko O.1.
Mocrosckuii 2cocyoapcmaennulil mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

HccnenoBansl cTpykTypHble npespamenus [IMII (monu-4-metuinnenteHa-1) B MMpoKoM
TeMIepaTypHOM uHTepBase. [ wu3ydeHuss (a3oBBIX U PpEJaKCAIMOHHBIX IPEBpaICHHIA
UCTIONB30BAJTCA  KOMIUIEKC  (PU3MKO-XMMHUYECKHX  METOJOB  (TEPMHUYECKMHA  aHaIu3,
TEPMOMEXAHUYECKUI aHaIN3, METOJT CBOOOIHBIX KPYTHIBHBIX Kojiebanuit, UK-ciekrpockomnust).
OO6cyxnaroTcs 0COOCHHOCTH BO3MOXKHOCTEH mposiBiaeHus npespamenuiit [IMII pasnoro pona B
3aBHCUMOCTH OT CTPYKTYpBI MosuMepa (TpaHysibl, IUIEHKH, BOJIOKHA). Ha ocHOBE moSyueHHBIX
OKCIEPUMEHTAJIbHBIX  JaHHBIX  pAacCUMTaHbl  TEPMOJMHAMUYECKHE  XapaKTEPUCTUKU
KOH(OPMAIlMOHHOM TOABM)KHOCTH (CTEKJIOBaHME ©  (a30BbIe IMEPEXOJbl) B IITUPOKOM
TEMIIEPATYPHOM MHTEpBAJIE.

Development of a device for ultrasonic treatment of infected injures
Sabelnikova T.M., Sabelnikov V.V.

Mockogckuii eocydapcmeennvii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B MITY wum. H.D.baymana pa3pabotan cmnoco0 yibTpa3BYKOBOH 00pabOTKH
WH(OUIIMPOBAHHBIX PaH U YCTPOWMCTBO IS pealiu3alid dTOro Croco0a, Ha KOTOPBIA IMOIyYeH
nateHT Poccutickoii @enepanmn 3a Ne 20822467,

YcTpoiicTBO mpeacTaBiseT co00M  TEPMETHUHYIO KaMepy, 3aloTHCHHYI HarpeThiM
JIEKApCTBEHHBIM PACTBOPOM TI0JI BHEIIHUM CTAaTUYECKUM JaBiieHHEeM. Kamepa B BHlIe BOPOHKH
HAKJIA/IBIBAETCSl HA PAHEBYIO TMOBEPXHOCTh W 3aKPEIUIICTCS Ha HEW, TOJTHOCTHIO 3aKphIBas
Hapy>KHbIE Kpas paHbl. B kamepe mpenycMOTpeHbl OTBEPCTHS JJI BBEICHUS JIEKaPCTBEHHOTO
pacTBOopa W YJIBTPa3BYKOBOTO BOJHOBOJA. O3BydnMBaHHWE BCEH TOJOCTH OCYIIECTBISIETCS C
paboueii yactoto 26,5 k'l U aMIIUTYI0H CMEIIEeHUs Topiia KoHueHTpaTopa 40 — 45 mxMm. B
KaMmepe co3maercs u30bITouHOe AaBieHue B auamazone 0,05 — 0,15 MIla. JlonomHUTENBHO Ha
KaMmepe pa3MeIleHbI TaTUMK JTaBJICHHS U 3JIEMEHTHI €€ KPETUICHHsI Ha TeJIe TallieHTa.

Pazpaborannoe ycrpoiicTBo O6but0 ycnemHo onpobosano B I'BKIT um. H.H.Bypnenko, uro
MO3BOJIMJIO CYIIECTBEHHO COKPATUTH MEPUOJ CTAIIMOHAPHOTO JICUCHUS.

OO0nacThi0 PAMOHAIBHOTO MPUMEHEHUS MPEeIaraeMoro MeToJa W YCTPOMCTBA ISl €ro
OCYIIECTBIIEHUS SABJISIETCS 00pa0doTKa MHGUIIMPOBAHHBIX paH MATKUX TKAaHEW M, B YACTHOCTH,
OTHECTPETBHBIX PaH, XapaKTePU3YIOIINXCS CIOXKHOW Tonorpadueil paHEeBBIX KaHATIOB, a TAKKe
3HAYUTEILHBIMU BHYTPCHHUMU AePeKTaMu OMOTKAHEH.
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Calculation of radiative parameters for alkali — dimercation soflithium,

sodium and potassium
Smirnov A.D.

The radiative parameters are calculated: Einstein coefficients of spontaneous radiation,
oscillator strengths for absorption, Frank-Condon factors, wavenumbers of electronic-vibrational

bands in electronic transition 12Hu- X ZZQ of the alkali- dimer cations: Li,* (0 <V’ <25, 0 <

V" <64), Na, (0 <v' < 25,0 <v"<74), K,'(0 < v' < 25,0 < v"” < 88) and also radiative lifetimes
for vibrational levels of excited electronic states for alkali — dimer cations of lithium, sodium
and potassium. The vibrational energies and the wave functions are found as a result of
numerical solving of the radial wave equation based on potential curves constructed in present
work. The radiative parameters and lifetimes are calculated for the first time.

Pacuer paguauMoHHbIX MAPaAMeTPOB KATHOHOB JUMEPOB

JIUTUHA, HATPUA U KAJIUA
Cmupnos A /1.

Mocxrosckuil cocydapcmeennviii mexnuyeckuii ynusepcumem um. H.9. baymana, Mockea, Poccus

[IpoBeneH pacyeT paaraliMOHHBIX MapaMeTpoB (Ko uimeHToB DHHINTEHHA CIIOHTAHHOTO
U3JIYYEHUs, CUJI OCUMIUIATOpA AJIs MorjomieHus, hakropoB @panka-KoHI0HA, BOIHOBBIX YHCEI

2 2\ +
3IEeKTPOHHO-KONeOaTebHBIX mepexooB B cucremax momoc 1 11, - X Zg ) UL KAaTHOHA AUMeEpa

maras, Li" (0 <v' < 25, 0 <v"” < 64), xaTnoHa auMepa Hatpus, Na,™ (0 <v’ < 25, 0 <v" < 74),
KaTHOHA JUMepa KaJusl, Ky" (0 <v' < 25, 0 <v"” < 88) m paaMallMOHHBIX BPEMEH >KHU3HU
BO30Y)KJICHHBIX 3JIEKTPOHHO-KOJIEOATEIbHBIX COCTOSIHMMA. PacdeTsl NpoBeleHbHI Ha OCHOBE
MOTCHIMAJIBHBIX KPUBBIX, TOCTPOCHHBIX B JaHHOW pabore. HeoOxomumbie  uisl pacdera
pazuanoHHBIX TapaMeTPOB KoJieOaTebHbIE SHEPIMHU U COOTBETCTBYIOIINE BOJTHOBBIC (PYHKIIUU
HalJCHBl B pe3yJbTaTe YHUCICHHOTO pPEIICHHWS pPaJdalbHOIO BOJHOBOTO ypPaBHEHUS.
PaccunranHble paiHallMOHHBIE TAPAMETPLI U BPEMEHA XKU3HHU I10JIy4YEHBI BIIEPBBIE.

Combustion of hydrogen-based mixture sin gas-fueled
reciprocating engine
Smygalina A.E., lvanov M.F., Kiverin A.D.

The usage of hydrogen as a fuel in reciprocating engines is one of the central problems in
modern power industry due to elaboration of approaches directed towards production of
hydrogen by means of renewable energy sources. An essential restriction to the usage of
hydrogen as a fuel is its low detonability limit. The present investigation concerns methods to
rise this limit by using small additions of less energetic fuel, methane, or combustion products,
I.e. steam, to basic hydrogen-air mixture. Besides, lean hydrogen-air mixtures are studied. This
research is carried out by means of numerical simulation of combustion within engine cylinder
with certain parameters. The gas dynamical model with account of viscosity, thermo
conductivity, mixture-averaged diffusion and chemical reactions is used. The well-known
method of “large particles” resolves this mathematical model. Simulations of compression phase,
ignition, further combustion and chamber expansion are performed, which correspond to third
and fourth strokes of conventional four-stroke engine. As a result, indicator diagrams were
received and contents of mixtures providing non detonative regime were estimated: 3% (by vol.)
of steam or 2.5% of methane addition to hydrogen-air mixture with 70.5% air content, and lean
hydrogen-air mixture with 25% of hydrogen content. Likewise, it is found that as the content of
addition increases the efficiency of fuel decreases in the most abrupt way for mixtures with
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methane additions, alternatively, the least abrupt decrease is observed for lean hydrogen-air
mixtures.

I'openue cMeceilt Ha 0CHOBe BOJOPO/a B ra3oNnopIIHEBOM JIBUraTeIe
Cwmprraniuna A.E., iBanoB M.®., Kusepun A.Jl.,

Obvedunennvil uncmumym svicokux memnepamyp PAH, Mocxesa, Poccus

Hcnonp3oBaHne BOJOpONa B KayeCTBE TOIUIMBA B IOPIIHEBOM JIBUTaTesie SIBISIETCA
aKTyaJIbHOHM MPOOJIEMOI B DHEPTeTUKE, B CUITY TOTO, YTO B HACTOSIIEE BpeMs pa3padaThIBAIOTCS
MOJIXOJbl TIO BBIPAOOTKE BOAOPOAA C MPUMEHEHHEM HSHEPrUH BO30OHOBISEMBIX HCTOUYHHKOB.
Cyl11ecTBEeHHBIM OTpaHHUYEHUEM Ha UCTIOIB30BaHUE BOJOPOA KaK TOILIMBA SBISETCS €ro ciadas
JIETOHAITMOHHAS CTOMKOCTh. B Hacrosmieli paboTe HCClIeayeTcsi BO3MOXKHOCTH ITOBBIIICHHS
JIETOHAIIMOHHON CTOMKOCTH BOJOPOJO0-BO3AYIIHONW TOIJIMBHOM CMECH 3a CYET J00aBICHHS
MEHEee PHEPreTHUeCKOro TOIUIMBA, METaHa, JUOO MPOIYKTOB TOpeHHs - mapoB Bojbl. Kpome
TOTO, PAcCCMOTPEHBI OeJHBIE BOJIOPOAO-BO3AYIIHBIE CMecH. MeTogamMu MaTeMaTHYeCKOro
MOJIETMPOBAHUS MTPOBEIECHO HCCIEI0BaHNE TOPEHUS B LIMJIMH]IPE ABUTaTENs Pa3IUnYHbIX CMECEH.
Ucnonp3oBanack MoAeNb Tra30JUHAMUKU BA3KOTO Tra3a C Y4YE€TOM CHKMMAeMOCTH CpE[bl,
TEIUIONPOBOAHOCTH, MHOTOKOMIOHEHTHOM N (y3run u 3HEproBbIIEIECHUS B 30HE XUMUYECKOM
peakuuu. YucneHHO MaTeMaTHdeckas MoJieb Oblla peaii30BaHa ¢ MCIOIb30BAaHUEM DIIIEPOBO-
JarpaHxeBa MeTojia ‘“KpymnHbIX yacTuil . [IpoBoauics pacder cxxaTtusi CMECH, BOCIUIAMEHEHUS U
pa3BUTHUSL BOJHBI FOPEHUS B KaMepe MOJl MOPIIHEM, YTO COOTBETCTBYET BTOPOMY U TPEThEMY
TaKTaM YeTBHIPEXTAKTHOTO JABUTareis. B pe3ynpTaTe MOdy4YyeHbl WHIMKATOPHBIE AMArpPaMMBI,
OMpefeNieHbl  COCTaBbl C  MHHHMAIBHBIM  KOJMYECTBOM  JI00AaBKH, OOECIEUMBAIOIINE
Oe3neToHaMOHHbIN pexum ropenus (3% mapa (mo obvemy), 2,5% wMeraHa K BOIOPOJIO-
Bo3aymHOM cmecu ¢ 70,5% Bosmyxa, a Takke OemHas cMmech ¢ 25% Bomopoaa). OGHapyKeHO,
4TO MpHu @ubmx g00aBKax Oosiee pe3koe CHIKeHHE 3()(HEKTHBHOCTH TOIIMBA HAOJFOIaeTCs
IpU UCIONB30BaHUU N100ABOK MeTaHa, MEHEee pe3Koe — B CIydyae HCIOJIb30BaHUS OCIHBIX
cMmeceil.

Regulated electric drive continuous current control brushless DC motor
Soloviev V.A.

Submitted by the block diagram of the developed controlled drive with continuous current
control brushless permanent magnet DC (BLDC) motor. The electric drive contains two control
object, one of which is directly BLDC motor, and another switching regulator DC voltage (buck
converter) used as the energy regulatory element BLDC motor. Each of them is governed by
separate automatic control systems (ACS), are interrelated.

The features of automatic generation of synthesis algorithms buck converter control voltage,
ensuring the lowest possible average power loss in the power transistors of the switch at the start
of buck converter in motoring mode in the whole range of speed, opposition braking and during
dynamic braking.

Perynupyemsblii 3JIEKTPONIPUBO/I ¢ HENPEPBIBHBIM TOKOBBIM yIIPaBJICHHEM

BCHTHJBHBIM ABUIaTeJI€EM

ConosbeB B.A.
Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

[IpencraBiena CTpyKTypHasi cxema pa3pabOTaHHOTO PEryJIUPYEMOro AJIEKTPONPUBOIA C
HENPEPBHIBHBIM TOKOBBIM yIIpaBIECHUEM BEHTUJIbHBIM JBUTATEIIEM (B) C
MarHUTORJIEKTPUYECKUM BO30YKJI€HUEM. DJIEKTPOINPHUBOJ] COAEPKUT ABa O0BEKTa YIpaBIICHUS,
OIHUM M3 KOTOPBIX SBISETCS HENocpeACTBEHHO BJl, a OpyrMM HMIYJbCHBIM pPETyIsTOp
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IIOCTOSIHHOT'O HAIIPSKEHMS, UCIIOJIb3YEMbI B KaUECTBE 3HEProOperyupyromero semenra B/I.
Kaxxnprit u3 HUX ympaBisieTcsi OTACIbHBIMA CHCTEMaMH aBTomMatudeckoro ympasieHus (CAY),
B3aMMOCBSI3aHHBIMU MEX]TYy COOOM.

Paccmotpensl ocoOeHHOCTH aBTOMaTH4eckoro (OPMUPOBAHUS AaJITOPUTMOB CHHTE3a
HalpsOKEHUsT  YNPABJICHUS  UMITYJIbCHBIM  PEryJsTOPOM  TMOCTOSIHHOTO  HAaNpsKEeHWUs,
o0ecreynBaroero MHHHMAJIbHO BO3MOXKHBIE CpPEJIHHME IOTEpPU MOIIHOCTH B CHJIOBBIX
TpaH3UCTOpax KoMMyTaTtopa npu nycke BJl, B ABUratenbHO M p éKMME BO BCEM JIHANa30HE
W3MEHEHUS 4acCTOThI BPAILEHHUS, IPU TOPMOKEHUU MPOTUBOBKIIOYEHUEM U MPU TUHAMUYECKOM
TOPMOKEHUH.

The most common errors and discrepancies in the methodology of

calculation of bolted joints
Taschilin L.N., Vasileva N.S.

Laid out and systematized the most common misunderstandings in terms related to the
calculations of bolted joints. Definitions of "prolonged” and "Loose" fitting, "uncontrollable
tightening” and others. Shows a simplified formula for the coefficient of the base-load, the
calculated parameter of the thread.

Hawn6oJ1ee pacnpocTpaHeHHBIX HETOYHOCTH M Pa3HOUYTECHHS B METOAMKeE

pacdera 00JITOBBIX COeTUHEHUI

Tammumma JI.H., Bacunsesa H.C.
BKA um. A.®. Mooicatickoeo, Poccus

N3n0>xeHbl ¥ cCHCTEeMaTH3UPOBaHbl HanOoIee PacpOCTPAaHEHHBIC PA3HOUYTEHHS B TIOHSTHUSX,
CBSI3aHHBIX C pacyeTaMd OOJTOBBIX COEAMHEHHH. YTOYHEHBI OIpENEeNICHUs «3aTSHYTOe» WU
«HE3aTAHYTOE» pe3b00BOC COCTUMHEHHUE, «HEKOHTPOIUpyeMas 3aTskka» W ap. lIpuBeneHsl
yInpouieHHble GopMyisl Ul Kod(p@HIMeHTa OCHOBHOM HArpy3KH, pacdyeTHOro IapaMmerpa
pe3bOBbL.

Characteristics of Breathing Patterns in Different Sleep Stages in Adults
Tataraidze A.B.

Breathing patterns are different between sleep states. The present work investigates variation
in the features extracted from respiratory movements in different sleep stages in adults. Spectral
features from a signal issued of the Respiratory Inductance Plethysmography and were extracted.
Detrended Fluctuation Analysis, Recurrent Quantitative Analysis were applied for feature
extraction from inter-breath intervals (IBI) and tidal volumes (TV). Time-series statistics
features from IBI and tidal volumes TV were also extracted. Features median and interquartile
range were calculated for each sleep stage (Wake, REM, and NREM). Hypothesis that values of
features in different sleep stage are all the same was tested and pair wise comparison was made.

XapaKkTepUCTUKM NATTEPHA AbIXaHUS B3POCJIbIX JIOJAEH

B (pazax cHa U 00APCTBOBAHUM

Tartapaunze A.b.
Mocrosckuii 2cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

JlanHas paboTa MOCBAIICHA aHATU3y Pa3JIMUMi NaTTEpPHA AbIXaHUS y B3POCIBIX JIOACH B
O6onpcTBOBaHNHU, (azax OBICTPOrO0 M MEIJIEHHOTO CHA. [laTTepH perucTpupoBalICS C MOMOIIBIO
pecupaTopHO MHAYKTHBHOHN IJieTH3Morpaguu. 3HaAUeHUS MEXKIbIXaTeIbHBIX WHTEPBAIOB U
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JIBIXaTeIbHBIX O00BEMOB OBLIM OIpENEeNIeHHbl Ha OCHOBE aHaju3a narrepHa. CHeKTpalbHBIH
aHaJIN3, aHAJIN3 BPEMEHHBIX PSJIOB, KOJWYECTBEHHBIN aHAN3 PEKYPPEHTHBIX JAUArpaMM, METO.
(GuyKTyanii OTHOCHTEIBHOTO TpeHJa ObLIM NPUMEHEHbI IS W3BJICUCHHS IPU3HAKOB U3
MIOJTYYCHHBIX CHTHAJIOB. MeqraHa M MEXKBapTHIIbHBIA pa3Max MPHU3HAKOB BBIYUCICHBI TS (a3
cHa u 6oapcTBoBaHus. [IpencTaBneHsl pe3yIbTaThl CPAaBHEHHS MEAMAHHBIX 3HAUEHUH MTPU3HAKOB
B (pazax cHa u OOAPCTBOBAHUH.

The structure features of AK12 alloy during crystallization under the

influence of the electric current
Timchenko S.L., Zadorozhnyj N.A.

The structure of aluminum alloy AK12, crystallization that occurs in sand molds by passing
the direct electric current density j = 3.28 » 10° A / m? was investigated. A result of the X-ray
analysis of the alloy based on detection of the diffraction peaks Bragg with using diffraction
spectrograph Drone 4-07 were found to change the shape and size of the diffraction lines. The
crystallographic directions, which are characteristic for aluminum and silicon, was revealed and
was proved influence of the electric current on the alloy structure.

The difference in the width and intensity of the X-ray lines found resulting of comparative
analysis. It observed that for all observed crystallographic directions of aluminum and silicon,
the intensity and the line width was more for those samples, the crystallization of which occurred
under the influence of the current. Changes in the interplanar spacing observed only at low
grazing angles. Thus during crystallization under an electric current is modified crystal size and
regularity shown in their orientation in a polycrystalline material.

Oco0ennoctu cTpyKTYpHI civiaBa AK12 npu KpucTajiM3auuu moj

JAeHCTBHEM TOKA

Tumuenko C.JI., 3agopoxusiit H.A.
Mockogckuii eocyoapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

HccnenoBana crpykrypa amtomuHueBoro cmiasa AKI12, kpucramimsanus KOTOpPOTro
IPOMCXOAWIa B IECUaHbIX (bogMax IpU TPONYCKAHUU IOCTOSHHOI'O 3JEKTPUYECKOTO TOKa
mroTHOCTRIO | = 3.28:10° A/M°. B pesynbTare MpoOBEICHHS PEHTTEHOCTPYKTYPHOIO aHAIH3a
CIUIaBa, OCHOBAHHOIO HA pErucTpanuu AU(PaKIMOHHBIX MakcuMyMoB Bynbda-bparra c
UCTIOJIb30BaHuEM AudpakimonHoro crekrporpada pon 4-07, o6GHapykeHO U3MeHEeHUE (HOPMBI
U pa3sMepoB AU(DPAKIMOHHBIX JHMHUN. BBISBIEHBI XapakTepHble KpHcTaiorpadguyeckue
HalpaBJICHUS 7S ATIOMUHUS U KPEMHUS U JIOKAa3aHO BIUSHHUE TOKA HA CTPYKTYpPY CIUIaBa.

CpaBHUTENBHBIM aHAJIU30M COOTBETCTBYIOIIMX JIMHUI PEHTIEHOTPAaMM YCTaHOBIJIEHO
pa3nuure B UX UIMPUHE U MHTEHCHBHOCTH. {151 BceX HAOIIOaeMbIX KpHCTAIIOrpaduuecKux
HalpaBJIeHUH KaK aJIIOMUHUS, TaK U KPEMHUS MHTEHCUBHOCTh M LIMPUHA JUHUN Obula OOJbIIE
JUI TeX 00pa3loB, KPUCTAJUIN3ALMUS KOTOPBIX MPOUCXOAWIA MO AeiicTBUEM ToKa. M3MeHeHHs
MEXXIIIOCKOCTHOTO PACCTOSHUS HAONIONAINCh TOJBKO Ha MAaJbIX YIVIaX CKOJbXKEHHs. Takum
00pa3oM MpH KPUCTAIUIM3ALMU O] JIEHCTBUEM 3JIEKTPHUUECKOr0 TOKA MPOUCXOAUT W3MEHEHHE
pa3sMEepoB  KpPUCTAUIOB U  MpPOSABISAETCS 3aKOHOMEPHOCTh B HUX  OpPHEHTUPOBKE B
MOJMKPUCTAIITHYECKOM BEIIIECTBE.
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Physical modelling of the formation of nano-structures in high damping

properties alloys based on Fe-Cr system
Vintaykin B.E., Chudakov I.B., Belyakov N.A., Saidakhmetov P.A., Turmambekov T.A.

The application of computer aided physical modeling techniques for the prediction of the
details of formation regions of ferromagnetic and paramagnetic phases in alloys based on the bcc
solid solutions in systems Fe-Cr and Fe-Cr-Co are discussed. Requirements for the optimal
structure and methods of obtaining optimuial structure for ferromagnetic alloys with high
damping properties are analyzed. Two ways of obtaining optimal structure types by multi step
heat treatments in these alloys are proposed. The structure types, based on ferromagnetic sponge
with nano- size particles of paramagnetic phase, have optimal magnetic properties. Another type
of structure based on 12 main and transitional types of two phase nano-structures in Fe-Cr-Co
system, that have similar composition and magnetization, have optimal magnetic properties too.
Methods used in modeling are based on calculation of the free energy of two phase solid solution
taking into account several contributions: chemical, magnetic ordering, atomic ordering, elastic
energy and some others. Modeling techniques, that are able to diminish expensive experimental
work, were applied to predict areas of optimum compositions and heat treatments of alloys with
high damping properties based on Fe-Cr-Co system. Range of compositions and temperatures of
heat treatments to obtain high damping properties of these alloys was calculated.

Pu3nyecKoe MOJIeTHPOBAHNE NTOJYYEHUSI HAHOCTPYKTYP B CILNIaBax C

BBICOKOI JeMn(upyoLIeil criocoOHOCTHIO HA OCHOBe cucTembl Fe-Cr

Bunraitkun B.E., bensxos H.A., Uynakos W.b., Cangaxmeros I1.A., TypmambOexoB T.A.

Mocrosckuii cocyoapcmaennulil mexnuseckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus
LI HUHuepmep um. U.11. bapouna, Mocksa, Poccus
PI'TT FOKTY um. M.Ays306a, Pecnybnuxa Kazaxcman

PaccMoTpeHbl BO3MOKHOCTH ITPUMEHEHHSI METOJMK MOJAEIMPOBAHHS MPOIECCOB MOTyYCHUS
HaHOCTPYKTYp B pe3yibTare pacrnajaa Ha (Geppo W mapaMarHUTHYIO ¢a3bl B CIUIaBaX Ha OCHOBE
OLK TBepabix pactBopoB Ha ocHOBe cucrem Fe-CrFe-Cr-Co ¢ menpio MpOTHO3MPOBAHUS
ONTUMAJIBHBIX CIIOCOOOB IMOJyYEHHUS MAaTEpUAJIOB C BHICOKMMHU AEMII(DUPYIOIIMMU CBOMCTBAMH.
PaccMoTpeHB! ONTUMAIBHBIE THITBI HAHOCTPYKTYP M TTONyYeHUS! AEMI(HUPYIOMNX CBOMCTB U
CXeMBbl UX mnoyydyeHus. PaccunmTanbl 00JacTH HECTaOMJIBHOCTH M METAacCTaOMJIBHOCTH TBEPABIX
pacTBOPOB M TEPCHEKTHBHBIE OOJACTH  COCTaBOB M TEMIIEPAaTyp  MHOTOATAIHBIX
TEpMOOOPAOOTOK, HANPABICHHBIX HA MOJYYCHHE BBICOKMX JIEMI(PHUPYIOIUX CBONCTB 3THX
CILJIaBOB.

Sectiono.
Scientific and methodological approaches to science teaching

Scientific and methodological problems of teaching the theory of

infinitesimal functions
Akhmetova F.K., Laskovaya T.A., Pelevina I.N.

At a statement of the theory of infinitesimal (or infinitely large) functions in the
mathematical analysis educational programs, the most complex challenge for students is
allocation of a main body of such functions. However, this subject is important in engineering
education as future expert has to be able to carry out the analysis of engineering tasks by using
mathematical methods and to provide the quality assessment of the received result.

For convenience and ease of solution of the mentioned problem, authors have developed the
table that covers all ways how to allocate the main part of the infinitesimal (or infinitely large)
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functions. This allows students to structure the material and to develop an algorithm to quickly
find the form the main part in case of different behavior of the argument. Usage of the tables is
supported by different examples.

HayuyHno-meToauveckue npod/ieMbl NpenoaBaHus TeOPpUN OeCKOHEYHO-

MaJbIX GyHKIHA

AxmeroBa @.X., JlackoBas T.A., Ilexesuna 1U.H.
Mockoeckuil cocyoapcmeennuiii mexnuyeckuil ynugepcumem um. H.D. Baymarna, Mockea, Poccus)

[Ipu u3noxeHnn Teopun 6€CKOHEUHO MaNbIX (M 0ECKOHEUHO 0O0JbIINX) (QyHKIHH B Kypce
MAaTEMAaTU4YCCKOI0 aHajamn3a, HaH60nee CIOKHOH 321,[[3.‘-16171 AJId CTYACHTOB SBJIACTCA BBIACJICHUC
TJIABHOW 4YacTH Takux QyHKIui. OmHAKO, 3Ta TeMa MMEET BaXHOE 3HAYCHHWE B WH)KEHEPHOM
0o0pa3oBaHUM, TOCKOJIBKY OYAYIIMHA CIEHUATUCT JOJDKEH yMETh IPOBOJAUTH aHAIU3
WH)KEHEPHBIX 33/1a4 32 CYET UCTIOJIh30BAHUS MATEMAaTHUYECKUX METOJIOB U J1aBaTh KAYeCTBEHHYIO
OIICHKY TTOJTy4€HHOTO pe3y/bTara.

Jlnst ynoOcTBa W OOJIETYCHHS pEUICHHS TMOCTaBJICHHOW TIepea CTYICHTaMHU 3a/iayH,
pa3paboTaHbl TaONHUIBI, B KOTOPHIX PAaCCMOTPEHBI BCE BApUAHTHI BBIACICHHS TJIABHOW YaCTH
OCCKOHEYHO MaJbiX (WM OecKOHeuyHO OonbmmX (YHKIOHKM). OTO TO3BOJSET CTyIACHTaAM
CTPYKTYPHUPOBATh MaTepHuai U BbIpAbOTATh AITOPUTM JIsi OBICTPOTO HAXOKICHUS BUJA TJIaBHOM
YacTU TpPH Pa3IMYHBIX CTPEMJICHMSX aprymeHra. Vcmosb3oBaHHe TaONMIl MOAKPEIUICHO
pUMEPaMHU.

Scientific and methodical problems of teaching the theory of convergence
of improper integrals
Akhmetova F. H., LaskovayaT. A., Pelevina I.N.

Mocxkosckuii cocyoapcmsennviti mexnuveckuil ynusepcumem um. H.D. baymana, Mockea, Poccus)

Kitaccnueckuit kypc MaTeMaTHYECKOIO aHAIN3a B TEXHUYECKOM YHUBEPCUTETE BKIIIOYAET B
ce0s1 JOCTAaTOYHO CIOXHBIN JJISi CTYIGHTOB pa3zell, CBA3aHHBIM C MCCIIEIOBAHUEM CXOIMMOCTH
HECOOCTBEHHBIX HHTErpajioB. [lOCKOIBKY STH HaBBIKM HCHOJB3YIOTCS U B JalbHeHIIeM
U3YYCHUH KAaK MAaTeMAaTUYECKUX, TaK U TEXHUUYECKUX JUCLUIUIMH, BaXXHO, YTOOBI CTYJICHTHI
XOpOILIO BIIAJIEId MaTepUaloM U YMeNIH OBICTPO MPOBOJIUTH KaYECTBEHHBIN aHANU3 pelleHus
IIOCTaBJIEHHBIX 3a4a4.

Jlnia pemieHus: 3Toi mpoOieMbl pa3paboTaHa METOJUKA MPErnoJaBaHusl, COCTABICHbI CXEMBI
UCCIICIOBaHUST HECOOCTBEHHBIX MHTETPAJIOB M pa3o0paHbl MPUMEpHI, YaCTO BCTpEYalolIrecs B
MPUIOKEHUSX.

Applied aspects of teaching topics ""Fourier transform' in the study of

discipline ""equations of mathematical physics"
Algazin O.D., Kopaev A.V.

Applications of Fourier transform is considered in the examples of solutions to boundary
value problems for the Laplace equation: the Dirichlet problem for a half space and a mixed
boundary value problem of the Dirichlet-Neumann for the infinite layer. As a result, a new form
of solutions of the mixed boundary value problem for an infinite layer in the form of the integral,
the cernel of which contains only elementary functions in the case of the space of even
dimension, and in the case of the space of odd dimension - another of the Bessel functions.
Practical application of the obtained results are illustrated by several examples of construction of
filtration flows under the dam. The article can be useful to teachers and used for extra-curricular
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activities with students, and students in writing term papers on the discipline of "equations of
mathematical physics".

IIpukjaagHble aCEKTHI NPENOJIABAHUS TeMbl «1peodpa3oBanue ®ypne»

NPU U3YyYEeHUH JUCHUIIMHBI KYPABHEHUS MATEMATHYECKOU PU3UKHN»
Anrazun O./]., Konae A.B.

Mocrosckuii cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[Tpumenenus npeodbpazoBanus Oypre pacCMOTPEHBI Ha IPUMEPaX PEIICHHUs KPaeBbIX 3a1a4
nis ypaBHeHus Jlarmmaca: 3agaum [{upuxie juisi MOIynpoCTPaHCTBA M CMEIIAHHOM KpaeBOM
3agaun  Jupuxie-Heiimana pans OeckoHeuHoro ciosi. llpuMeHeHHEe NOMY4EeHHBIX (HOpMYI
MPOUJUTIOCTPUPOBAHO PEIICHUEM 3a7ad (GPUIBTPALUHU MOJI TOUYSUHOH MIIOTHHOM.

Students of department “Electronic Technology in Machinery’ engineer
gualification and research and development working efficiency increment by

long-term practices
Belikov A.lv., Panfilov Yu.V.

The special long-term engineering practices, placed in bachelor and engineer education
cycles, used for senior students (during 3-5 last semesters), that provides constancy and
regularity of research and development students activity, as the individual specific of MT-11
department of Bauman Moscow State Technical University teaching process. Students research
and development, technological and design works activity in the laboratory “lon technology and
coatings” of MT-11 department, organization experience as example, introduced. During
educational process much more attention devoted to individual touch to each student abilities,
and to students team-working collaboration with another senior students for perspective research
and development projects realization in such created working mini-groups.

IHHoBbimenue 3(ppeKTHBHOCTH HHIKEHEPHOM IMMOATOTOBKH U HAY4YHO-
HCCJIEI0BATEIbCKOM padoThl CTY/IeHTOB KadeApbl «JJIEKTPOHHbIE
TEXHOJIOTMU B MAIIMHOCTPOCHUI> HA OCHOBE CHCTEMbI 10JITOCPOYHBIX

NPAKTHUKYMOB.
benukos A. U., [Tandwunos 1O. B.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

OcobOeHHOCTBIO Opranm3anuu ydeOHoro mporecca kKadenaper MT-11  «OnexkTpoHHBIC
TexHojoruu B MamuHocTpoeHun» MI'TY um. H.O.baymana sBisercs HCIONb30BaHHME Ha
CTapIIUX KypcaX, B CHUCTEME€ IIOATOTOBKM OakalaBpOB M HHXKEHEPOB, CHEIHAIbHBIX
JOJATOCPOYHBIX (HA MPOTSHKEHUH 3-5 CEMECTPOB) MPAKTUKYMOB, 00€CIIEUNBAIOLINX TOCTOSIHCTBO
U PETYJSIPHOCTD 3aHATUH CTYJEHTOB HayYHO-HCCIEIOBATENbCKON M OMBITHO-KOHCTPYKTOPCKOM
pabotoii. IlpeacraBieH OMBIT OpraHU3AIMHM HAYYHO-MCCIIEAOBATEIBCKUX, TEXHOJIOTUYECKUX H
KOHCTPYKTOPCKHX pabOT CTyIeHTOB Ha mnpumepe jadopatopum kKadeapbl MT-11 «onnbie
TEXHOJIOTUM ¥ TOKpBITUS».  OOCYXKIAIOTCS  BOMPOCHI  y4eOHO-METOJMYECKOTOo |
OpPraHU3allMOHHOTO o0ecneueHusl IUCHUILINHBL «VH)XXEHepHbIM NpakTHKyM», IOKa3zaHa ee
B3aUMOCBSI3b C JAPYrUMH KadenpanbHbIMH JucuuiuiiHamMu. Oco0oe BHHMAaHUE YAEseTcs
UCMOJIb30BAaHUIO MHAMBHUIYaIbHOIO IMOJAXOAA K KaXKAOMY CTYIEHTY M OpraHu3aluu €ero
B3aUMOJICHCTBUA CO CTYIEHTaMU JIPYTUX KypCcOB Kadeapbl B paMKax CO3/1aBaéMbIX MUHU-TPYIIIL,
o0ecrneuynBaroIUX  BBIOJIHEHHE  NEPCHEKTHBHBIX  HAYYHO-TEXHHYECKMX M OIBITHO-
KOHCTPYKTOPCKHUX padoT.
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The computer-based testing on problems of the plane static in the

theoretical Mechanics course
Bondarenko N.I., Obnosov K.B., Panshina A.V.

The necessity of computer-based testing of learners in general and on a specific topic of
theoretical mechanics in particular is discussed and justified. The methodology of testing that
allows objectively to assess the knowledge and skills of whole group of learners for a short time
is stated. Typical tasks for computer-based testing on the topic “Equilibrium of solid bodies
under the forces whose lines of action are located in a single plane” are proposed. There is an
example of the protocol of testing one student’s results from the group with shortcut course that
had been generated by the program. Content of this protocol is decrypted.

KOMHLIOTepHOC TECTHUPOBAHHUE 110 3ala4aM IJIOCKOM CTATUKHU B Kypce

TEOPEeTHYECKON MEXaHUKHU
bonnapenko H.U., O6nocos K.b., [Tanmuna A.B.

Mocrosckuii 2ocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B pabote o6cyxkmaeTcss 1 000CHOBBIBAETCS HEOOXOIMMOCTh KOMIIBIOTEPHOTO TECTUPOBAHUS
oOydJaromuxcsi BooOIIe W MO KOHKPETHOM TeMe TEOpEeTUYECKOW MEXaHWKH B YaCTHOCTH.
W3noxxeHa METOAOJIOTUSI TECTUPOBAHUSA, MO3BOJISIONIAS 32 Majoe€ BpeMsl OOBbEKTHUBHO OLICHUTH
3HaHUS W YMEHHUs cpa3y LeJod rpynmbl oOyyaromuxcs. [IpuBOIATCS THNWYHBIE 3aayH,
npeyiaraeMble Ui KOMIBIOTEPHOTO TECTHPOBaHUS 1o TeMe «PaBHOBecue abCONMIOTHO TBEPIbIX
TCJI, HAXOOAIINUXCA IIOJ ,Z[GﬁCTBHCM CHUCTEMBI CUJI, JITUHHUHU HGﬁCTBHH KOTOPBIX paCIIOJIOKCHLI B
OJIHOW TUIOCKOCTW». Takke MpUBOIUTCA TpUMEp CHOPMHPOBAHHOTO MPOrPaMMON MPOTOKOIA
pe3yabTaTOB TECTUPOBAHUS OJHOTO W3 OO0ydaeMbIX B TpyIIe C MajlblM 00OBEMOM Kypca.
PactmmdpoBbiBatoTcsi MaTepuabl 3TOro IpoTOKoJIa.

Methodological aspects of the use of mathematical packages in laboratory

works on numerical methods
Budovskaya L.M.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B noxmane paccmarpuBaercs ucrnosp3oBanue makera Mathcad B maboparopHbix paboTax mo
YUCIJIICHHBIM MCETOJaM. I[OCTOI/IHCTBa HUCIIOJIL30BAaHUSI KaK CHUMBOJILHOU MaTE€MAaTUKHU, TaK H
YHCIICHHBIX METO/IOB, a TAK)KE TPaPUUECKUX BOZMOKHOCTEH MaKeTa.

Regarding physical paradoxes as nodal (mnemonic) moments in stating

the material for physics courses
Chuev A.S.

The feasibility and the importance of consideration of physical paradoxes in the instruction
of college physics courses is justified. This supports students' interest towards the subject and
better memorization of the material being studied. Specific examples of physical paradoxes used
by the author in his educational activities are presented. The examples cited are mainly from the
field of electromagnetism. These examples may be used in the educational process by other
instructors.
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O ¢pusnyeckux mapagokKcax Kak y3JoBbIX (IIaMATHBIX) TOYKAX U3JI0KEeHHUS

Y4eOHOro MaTepuaJia no kypcy Gpusuku
Uyes A.C.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

O00CHOBBIBAaETCS 11€7€CO00PA3HOCTh U BaXKHOCTh PACCMOTPEHHS (PU3MUECKUX MAapaOKCOB B
IPENoJIaBaHUM BY30BCKOTO Kypca (GU3UKHA. ODTO CIIOCOOCTBYET IOBBIIICHHIO Yy CTYIEHTOB
MHTEpEeca K JaHHOMY MPEAMETY U JIydLIEMY 3allOMUHAHUIO N3y4aeMoro marepuania. [IpuBonsarcs
KOHKPETHBbIE TpuUMeEpbl (PU3MYECKMX MapaJoKCOB, HCIONb3YyEeMbIX aBTOPOM B  CBOEH
IPEenoaBaTeNIbCKON  aesTenbHOCTH. IlpuBonMMBIE TNpUMEpPHl B OCHOBHOM W3  OO0JIACTH
JJIeKTpoMarHeTusMa. JlaHHble NpUMepsl MOTYT HCIHOJIB30BaTbCi B Y4EOHOM Ipoliecce H
JPYTMMH NIPENOJABATEISAMH.

Realization of controlled students independent work in high school
Dvulichanskaya N.N.

Specified the aims and objectives of Auditorium controlled self studying (CSS) of the
students as one of the innovative forms of educational process aimed at developing the
competencies of students. Examined the methodological basis for the organization of CSS.
Proposed and substantiated a set of principles that define the requirements for the selection of
content, and methods of CSS conducting. It is shown that the development of competencies of
future specialists aided by the use of interactive methods in CSS. Displayed the result data of
application of CSS in education sessions in chemistry at Bauman MSTU.

Peanuszanus KOHTPOJIUPYEMOH CAMOCTOSITEILHON Pa00ThI CTYACHTOB B
BYy3¢
JBynuuanckas H.H.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B cratbe KOHKpETH3WpOBAaHBI LEJIM U 33Ja4U  AYJAUTOPHOM  KOHTPOJIMPYEMOU
camoctositensHoi padoTsl (KCP) cTyneHTOB Kak 01HOM U3 MHHOBALIMOHHBIX (HOPM OpraHU3aINH
00pa30BaTENILHOrO IMpoIecca, HAMpPAaBICHHOM Ha pa3BUTHE KOMIIETEHIMH O0O0ydYaromuxcs.
Paccmotpensl meroponorndeckue ocHoBbl opranmzauun KCP. Ilpennoxena m oOocHOBaHa
COBOKYIHOCTb IPHUHIMIIOB, ONPEIENAIONIMX TpeOOBaHUS K OTOOpPY COAEp:KaHUs, METOAaM
npoBenenuss  KCP. [loka3zaHo, YTO pa3BUTHIO KOMIIETEHIMH OyIylIIMX CIEHUAINCTOB
CHOCOOCTBYET NPUMEHEHHE HHTEPAKTHBHBIX METOAMK. [IpuBeneHbl pe3ynbTaThl aHaIN3a
npumeHenns KCP Ha 3ansaTusax no xumuu B MI'TY um. H.O. baymana.

Practice-oriented natural science education as a basis for the training of

competent specialists in technical institute
Dvulichanskaya N.N., Berezina S.L.

Shown the urgency of practice-oriented learning in the current socio-economic conditions.
Marked Propaedeutic function of natural sciences knowledge in the creation of base that
facilitates professional growth of the individual. Determined that context study of general natural
disciplines cycle more successive corresponds to practice-oriented teaching; examples of tasks in
chemistry of applied nature for the formation and evaluation of students' competencies formed.
Substantiated the necessity of the content profiling of natural science education and its modular-
competence structuring, promoting formation of professionally competent specialist in a
technical institute.
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[IpakTHKO-OPHEHTHPOBAHHOE €CTECTBEHHO HAYYHOE 00pa30BaHHe KaK

OCHOBA MOATOTOBKH KOMIIETCHTHBIX CIICHMHAJIHUCTOB B TCXHUYIECCKOM BY3€
Heynunuanckas H.H., bepe3una C.JI.

Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[TokazaHa akKTyaJlbHOCTb IPAKTUKO-OPUEHTHPOBAHHOTO OOy4YeHHSI B COBPEMEHHBIX
COIMATIbHO-9KOHOMUYECKUX YCIIOBHSIX. OtmeueHa IPOTIEAEBTUYCCKAS GyHKIHS
€CTeCTBEHHOHAYYHBIX 3HAHWH B CO3AaHUU 0a3bl, CIOCOOCTBYIOIIEH MPO(HECCHOHAIBHOMY POCTY
uHuBHIa. OmpeneneHo, 4To B OONbINEH CTENEHH NPAKTHKO-OPUEHTUPOBAHHOMY OOYYEHHIO
COOTBETCTBYET KOHTEKCTHOE H3y4eHHME HENpPO(QMIbHBIX 00I1e00pa30BaTENbHBIX TUCHUIUIMH
€CTECTBEHHOHAYYHOTO IMKJIA; TPHUBEACHBI IPHUMEpPHl 3aJaHUH 10 XUMHU IPUKIIATHOTO
xapakrtepa 11 (pOpMHUPOBAaHUS M OLIEHWBAHHS C(HOPMUPOBAHHBIX y CTYACHTOB KOMIIETCHLUH.
OO6ocHoBaHa  HEOOXOAMMOCTh  MPODHIMPOBAHUSA  COACPKAHHUS  ECTECTBEHHOHAYYHOTO
0o0pa3oBaHUsI U €ro MOJIYJIbHO-KOMIIETEHTHOCTHOE CTPYKTYPHPOBAaHUE, CIIOCOOCTBYIOIIHE
dopMupoBaHnIo MPOHECCHOHATEHO KOMIIETEHTHOTO CIIEIIHATIICTA B TEXHHYECKOM BY3€.

Role of the score-rating system for evaluation of learning outcomes in the

formation of the competences
Ermolaeva V.I, Dvulichanskaya N.N.

Proposed score-rating system (SRS) for evaluation of learning outcomes as one of the
modern technologies to implement the requirements of the 3rd edition of Federal State
Educational Standard for higher professional education. The features of the SRS implementation
at the Department of Chemistry in MSTU n.a. N.E. Bauman; allocated competences formed as a
result of its implementation. Noted the advantages of considered evaluation of students'
achievements; analyzed the problems of implantation the SRS in educational practice. Justified
the efficiency of computer-based testing with practice-oriented tasks within the system.

PoJib 02/17IbHO-PEiTUHIOBOM CHCTEMbI OLIEHUBAHMS Pe3yJIbTATOB

00y4eHusi B GopMHpPOBAHUH KOMIIETEHIIM A

Epmonaesa B.U., /Isynuuanckas H.H.
Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

[Mpennoxena OamnpHO-peiiTuHTOBasi cucreMa (BPC) orneHuBaHus pe3ynbTaToB OO0Y4YCHHS
KaK OJHA W3 COBPEMEHHBIX TexHojorui peanusanuu TpedoBanuii ®I'OC BIIO Tpethero
nokoseHusi. Paccmorpensl ocobennoctu BHenpenuss bPC  Ha kadenpe xumuu MI'TY um. H.O.
baymana; BeimeneHbl KoMIeTeHINH, (GopMmupyeMble B pe3yibTaTe e€ peanuzanuu. OTMeueHbl
JIOCTOMHCTBA pAacCMaTpUBAeMOM OLIEHKM JIOCTHKEHUM CTYIAEHTOB; MpOaHAIU3UPOBAHBI
npobnembl BHeapeHuss BPC B oOpasoBarenbHyro mpakTuky. OOocHoBaHa 3(h(HEKTUBHOCTH
KOMITBIOTEPHOTO TECTUPOBAHUS C MPUMEHEHHEM MPAKTUKO-OPUEHTUPOBAHHBIX 3aJaHUN B
paMKax JaHHOW CHCTEMBI.

Undergraduate Technical University under the Bologna Declaration
Fadeev G.N.

Training of students in Bachelor — Master system, in accordance with the Bologna
Declaration, required substantial correction of methods of teaching in Russian technical
universities. First of all it affected on teaching of the basic disciplines in the Bachelor degree,
due to the significant reduction of terms of studying such disciplines while maintaining the same
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program. In the present work the pedagogical and methodological approaches which allow
ensure that the requirements of the Federal State standards required in the training of bachelors.

bakanaBpuaT TeXHH4eCKOr0 YHUBEPCUTETA B YCJAOBHAX 00JT0HCKOI
AeKJapauuu
danees I'.H.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[ToaroToBka CTyEHTOB IO CHUCTeME OakanaBp — MarucTp, B COOTBETCTBUHU ¢ bosoHckoH
Hexnaparueit, motTpedoBaia CymecTBeHHOM KOPPEKIIUU METOANKH MPENOAaBaHus B POCCUUCKUX
TEXHUYECKUX YHUBepcuTerax. [Ipexae Bcero, 3To KOCHYI0CH IpenoaBaHust (pyHIaMeHTaIbHBIX
JUCLUIUIMH MIPU MOATOTOBKM 0aKajaaBpOB, TaK KaK CYLIECTBEHHO COKPAILIEHBI CPOKU H3yUCHMSI
TaKMX JMCUUIUIMH TP COXPaHEHHHM NpeXHeW mnporpamMmbl. B mpencraBieHHOW paboTe
paccMOTpeHbl  MEJarorMyeckue  MOAXOJbl,  MO3BOJISIOIME  O0ECHedYuTh  TpeOOBaHUS
@denepanbHOTO  TOCYAAPCTBEHHOTO  OOpa3oBaTENbHOIO  CTaHIApTa, HPEABABISEMOIO K
MOATOTOBKE OaKaiaBpOB.

Technology of teaching the discipline «physical and colloid chemistry» for

students of the department « industrial ecology» (bachelors)
Goncharenko E.E., Golubev A.M., Ksenofontov B.C.

Examples of the implementation of new approaches and technologies on discipline
«Physical and colloid chemistry for training of students of the 3rd course, specializing in the
areas of: Safety of life in technosphere», «Engineering environment protection». Optimal with
respect to efficiency of application for us were constructivist and issue-based approaches to
training, which provide the ability to use knowledge as a tool of activity, accustom students to
think critically, to identify the causal relationship between theory and practice. Innovative
pedagogical processes currently associated with the implementation of a competence approach in
higher education, which was used in the development of programs and educational materials
discipline. As the most visible role in innovative approaches belongs to the use of computer
technology was created didactic complex of information support of the discipline. It included:
the working program of discipline, the text version of the lecture course, the database. In didactic
complex also includes examples of solving problems for each unit, control questions and tasks to
sections of the lecture course with the elements of scientific and technical creativity. One of the
main directions is the development of students of the modern methods of physical-chemical
experiment. In this regard, created trip computer practical training. The performance of
laboratory works using computer technology allows students to acquire skills in using computer
methods for obtaining experimental data and their processing. New approaches to the training
include also oriented training associated with the future profession, motivation of students to
scientific and technical creativity, active relationship with the representatives of the Department
for implementation of tasks of the educational process.

Hcnosb30Banne KOHCTPYKTHBUCTCKOTO M NPO0JIEMHOTI0 NOAX0/A0B, a
TaKKe KOMIbIOTEPHBIX TEXHOJOIMH B (POPMUPOBAHUM (PUIUKO — XUMHUYECKUX

3HAHUM CTYJAEHTOB — 0AKAJIABPOB IKOJOTHYECKOro nNpopuiis
I'onuapenko E.E., ['ony6eB A.M., Kcenodontos b.C.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

PaccMoTpeHbl mpuMepbl peanu3alliid HOBBIX IOJXOJOB W TEXHOJOTMH NpH 00y4eHUH
cTyaeHToB 3-ero kypca kadenpsl «IIpombinuiennas skonorus» MI'TY um. H.D. baymana no
mucuuiuinHe «Pu3udeckas M KOJUIOMAHAs XUMUs». Bplcokas creneHb aOCTPaKTHOCTH H
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MHTETPUPOBAHHBI  XapakTep OUCHMIUIMHBI OOYyCIOBWIM HEOOXOIUMOCTh IPHUMEHEHHS
COBPEMEHHBIX METOJIOB B 00ydeHWH. Permarommm (akropom B 0OyUeHHH SIBISICTCS aKTUBHOE
BOBJICUCHUE CTYACHTOB B Ipolecc oOydeHus. [losTomMy MBI HCHOIB30BATU TEXHOJOTHH
KOHCTPYKTUBUCTCKOTO M TPOOJIEMHOTO IOAXOA0B MPH HM3YyYCHHH ITUCIHIUIHMHBI, OCHOBHOM
[EJIbI0 KOTOPBIX SIBJISETCS Pa3BUTHE IMO3HABATENBHOM CIIOCOOHOCTH CTYIEHTOB, UX AKTHBHOE
ydacTHe B TPOIECCEe CaMOCTOSTENILHOTO KOHCTPYWPOBAaHUS 3HAHHWW, YMEHHE IOJIb30BAThCS
3HAHUSIMH KaK HHCTPYMEHTOM JESITeIbHOCTH.

OOpa3oBarenbHbIi Tporiecc (GOpMHUpPYETCs, Kak IMpaBWIIO, Ha OCHOBE HE OJHOTO, a
HECKOJIBKUX IMOJIXO0B, B3aUMOJOIMOIHSIOMINX APYT Apyra, MO3TOMY OBLIM NMPUMEHEHBI WU
KOMIIETEHTHOCTHOTO TIOAXOJa B BBHICIIEM OOpa30BaHHWH, KOTOPBIE WCIIOJIB30BAIUCh MPH
COCTaBJIGHUM TPOTpaMMbl M Y4eOHBIX MaTepUAJIOB JUCIMIUIMHBIL, W BKIIOYAIOT Kak
JVCIIATUTMHAPHBIC, TaK W OOIIEKYIbTYpHBIE KOMITCTECHIIHH.

Bonbiioe 3HaueHue NMpU MHHOBALIMOHHOM OOYYEHUH MMEET MPUMEHEHUE KOMITBIOTEPHBIX
TEXHOJIOTUH. B CBs3M ¢ 3TUM /s CTYNEHTOB, HM3y4YarOIIUX IUCHHMIUIMHY «Du3nueckas u
KOJJIOUHASE XUMUS», ObUT CO3/1aH TUIAKTUYECKUNA KOMIUIEKC HH(POPMALIMOHHOTO 00eCIeueHHUS,
BKITIOYAONIUI 0a3y CIPaBOYHBIX JAaHHBIX, MPOTPAMMY IUCIHIUIMHBI, KOHCIIEKT JICKIIMOHHOTO
Kypca, 3a[1a4i ¢ IPUMEpaMH PELIeHUs U Apyrue yueOHble MaTepHaIbl.

OnHOW M3 OCHOBHBIX 3a/1ad OOpa30BaHUS SIBISICTCS OCBOCHHE CTYJCHTAMH COBPEMEHHBIX
METO0B (DPU3MKO-XUMHUECKOTO SKCIIEPUMEHTa, I03TOMY ObUI pa3paboTaH MapIIpyTHBINA
KOMITBIOTEPHBIN MPAKTHKYM, BKIIOYAOMMN 9 1a0opaTopHBIX paboT ¢ KOMIBIOTEPHBIM H
IpOrpaMMHBIM OOecrieueHHEeM MO0 OCHOBHBIM pa3zfenaMm Kypca. Mcrmonbp3oBaHue KOMITBIOTEPHOM
TEXHOJIOTUH JUIsl TOJy4eHHUS U OOpabOTKH SKCIEPUMEHTANBHBIX JAHHBIX, a TaKke padora c
KOMITBIOTEPHBIMH IIPOrpaMMaMH TO3BOJISIET CTYJCHTaM IOJIyYUTh HABBIKH, HEOOXOIUMBIC IS
HAYYHO-HCCIIEJIOBATEIIECKON pabOThI

HoBble moaxoap! K 00y4eHHIO BKIIIOYAIOT TaK)Ke OPUEHTHPOBAHHOE 00yueHHE, CBSI3aHHOE C
Oynymeil mpodeccueil CTyIeHTOB U CIIOCOOCTBYIOIEE MOTHBAIMM K HAYYHO-TEXHHUYECKOMY
TBOpYECTBY. DJTa mpobiema Obljia perieHa MpHU YCTAaHOBJICHHHM AKTHBHOHM CBSI3U C BEXYLIUMHU
cnenuanuctamu Kadeaper «[IpombIluieHHass 3KOJOTHs». 3/1eCh UMEETCs BBUAY pa3padoTKa
COBMECTHBIX IpOrpamMM, MOCOOMH, OpraHu3alus HayYHO-HCCIEI0BATEIbCKONH  pabOThI
cTyneHToB. [IpuMeHeHne (PU3UKO-XUMUYECKUX 3aKOHOMEPHOCTEH K HKOJIOTHYECKUM IMPOIEccaM
U UCMOJb30BaHWE X [UIA 3aIIUTHl OKPY)KAIOLICH Cpeabl BBI3BIBACT OONBLIOW HHTEpeC Y
CTYZICHTOB U CIIOCOOCTBYET YBEIMYCHHIO X TBOPUYECKOIH aKTHBHOCTH.

Features of the module-rating system of teaching the professional cycle

disciplines at the Technical University
Khorkova N.G.

The experiment upon the introduction of module-rating system in the junior grades of the
MSTU named after N. E. Bauman was considered a success. After the adoption of the new
standard of regulating the procedure of ongoing control and intermediate attestation, the usage of
module-rating technology becomes mandatory for all study subjects. The process of studying the
disciplines of professional cycle, aimed at forming not only common cultural competences, but
also a number of professional competences, must have its own features. The paper analyzes the
module-rating system of the organization of teaching of "Differential Geometry" discipline,
which is a part of the professional cycle of the "Applied Mathematics™ curriculum.
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Oco0eHHOCTH MOYJIbLHO-PEITHHIOBOM CHCTeMbl OPTraHU3ALUN
MpenoJaBaHus JMCUMILVIMH NPO(eCcCHOHATBHOIO HUK/IA B TEXHHYECKOM

YHHUBEpcHUTETE
XopbekoBa H.T'.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

OKCIIEpUMEHT 110 BHEAPEHUIO MOJIYJbHO-PEHTHMHIOBOM CHUCTEMBI Ha MIAJIINX Kypcax B
MI'TY wum. H.D.baymana Obln mpu3HaH ycrnemHbIM. [lociie MpUHATHS HOBOTO CTaHIapTa,
pEerIaMEHTUPYIOIIETO  MOPSAOK  IMPOBENEHUSA  TEKYIIEro KOHTPOJS  YCIIEBAEMOCTH M
MIPOMEXKYTOUHOM aTTecTallMd, HCIOJIb30BAHUE MOAYIbHO-PEUTHHIOBBIX TEXHOJIOTMHA CTaHET
00s3aTeNIbHBIM ~ TPU  U3YYEHUH BCeX JUCHMIUIMH. [Ipomecc W3ydeHHs — UCIMILINH
npodeccuoHaNbHOTO IMKJIA, HANpaBlIEHHBIH Ha (GOPMUPOBAHHUE HIIEMEHTOB HE TOJIBKO
OOIIEKYIbTYPHBIX, HO U ILIEJIOT0 psAaa NpodecCHoHaTbHBIX KOMIETCHIUH, OJKEH UMETh CBOU
ocobenHocTu. B pabore mpoBOAMTCS aHAIM3 MOIYJIbHO-PEUTHHTOBOW CHCTEMBI OpPTaHHU3alUU
npenojaBanus aucuuiuiHel "/uddepennuansias reomerpus’, BXOAALICH B BapUaTHBHYIO
4acTh NPo(ecCHOHANBHOTO IMKJIa Y4eOHOro Mi1aHa 1o HampapieHuto noarotoBku "[lpuknaanas
MareMaruka'.

Higher Mathematics Control Tasks Generator: Experience and
Application
Konovalov Y.Yu., Sobolev S.K.

The presentation concern with the problem of creation on computers an automatic generator
of unlimited number of variants for home tasks on Math. Different principles of constructing
such generators, their advantages and defects are considered. Various software applicable for the
purpose are analyzed. The experience of creature of the Generator of control works on Analytic
Geometry and Linear Algebra on the Department of Higher Mathematics is described.

I'eHepaTop KOHTPOJILHBIX 3aIaHUH M0 BbICHIEH MATEMATHUKE: OIBIT

CO3JaHUA U IIPUMCHCHUSA
KonosanosA.10., Co6oneC.K.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

B noxmane paccmarpuBaercss mpo0OiieMa aBTOMAaTHUECKOro reHepupoBaHus Ha OBM
HEOTPAHUYEHHOTO KOJIMYECTBA BApPHUAHTOB JUII WHAWBHIYAJIBHBIX JOMAIHUX 3aJaHUA U
KOHTPOJILHBIX paboT. PaccMaTpuBaloTCsi pa3ivyHble MPUHIMIBI TTOCTPOEHUS TEHEPaTOPOB
3aJJaHul, UX NPEUMYILECTBA U HEAOCTAaTKUA. AHAIU3ZHPYIOTCS BO3MOKHOCTH IPUMEHEHHS IS
TUX ILeNel pPa3IU4YHOro NpOrpaMMHOro obecnedeHus. ONMCHIBACTCS ONBIT CO3JaHUA H
npuMeHeHus aBTopamMu Ha kKadenpe PH-1 renepaTtopa KOHTPOJBHBIX padOT MU JOMAIITHHX
3aJaHMii IO KypcaM aHAIUTUYECKON reOMETPUH U JTMHEHHOU anreOpshl.

Typical errors in the home tasks in physics of the 1st year students
Konstantinov M.Yu.

The most characteristic errors of the 1st year in their home tasks in physics are analyzed.
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TUNUYHBbIE OIINOKH CTYACHTOB 1-ro IIPH BBINNOJHCHUH JOMAIIIHET 0

3alaHuA 10 (PpU3MKe

Koncrantnaos M.IO.
Mocrosckuii 2ocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

AHanu3upyroTcsi Hanbosee XapaKTepHble OIIMOKH, AOMyCKaeMble CTyleHTaMu 1-To Kypca
IIPY BBIIOJIHEHUH CEMECTPOBOrO JJOMAIIIHET0 33/1aHus 10 (PU3UKE.

Proposals for organization of teaching mathematics in English at the
""Fundamental Sciences'" faculty of the Bauman Moscow State Technical

University
Krasnovskiy Ye.Ye.

In order to improve quality of higher education at the Bauman Moscow State Technical
University proposals to organize teaching of mathematics in English at the "Fundamental
Sciences" faculty are given.

Course training will allow in-depth study of English mathematical vocabulary and revision
of previously studied higher mathematics topics. Special attention is paid to non-standard
mathematical problems to develop mathematical thinking.

Course syllabus is given together with its peculiarities, organizational and methodological
aspects.

IIpensnoxkenus Mo OpraHU3anMy NPenoAaBaHNs MAaTeMATHKHU HA
aHIIMCKOM si3bIKe HA pakyabrere ""Dynanamenraiabubie Hayku" MI'TY um.
H.J. baymana

Kpacnosckuii E.E.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

C nenpio noBbIIeHUs kKayecTBa yuyeOHoro mporecca B MI'TY um. H.D. baymana B pabore
JlaHbl TIPEJJIOKEHUs [0 OpraHu3aluu Kypca "MaremaTuka Ha aHIJIMHCKOM s3bIKe" Ha
¢axynbrere "@ynaamenTansubele Haykn'.

Takoe oOydyeHue ™O3BOIMT INIYOOKO H3Y4YUTh MAaTEMaTHYECKYH0 TEPMHHOJIOTHIO Ha
AQHIIMMCKOM SA3BIKE U IIOBTOPUTH paHee MPONUIEHHBIM MaTepHall 110 KypCy BBICIIEH MAaTEMaTUKH.
Ocoboe BHUMaHHME YAENAeTCS HECTAaHAAPTHBIM 3aJadaM, pa3BUBAIOLUIMM MAaTEMaTHUYECKOe
MBIILIEHHUE.

B pabote mpenctaBieHO KpaTKoe coaepk)aHUE Kypca, OOCYXICHBI €ro OCOOEHHOCTH W
OpraHU3al[MOHHO-METOIUUYECKOE CO/IEp KaHME.

The learning-practical training is the modern improving of the

professional education
Kupavtsev A.V.

The modern development of production and native economy, the competition of labor
market put of principal new demands to education practice of professional learning. In the epoch
of swift acceleration of life, all-embracing Internet penetration, successfully action last centuries
the lesson-knowledge organization of teaching stopped to be effective for the new education
inquiry.

The knowledge, shills, habits of the nominal approve action are non sufficient for
assimilation of practical action with non-standard circumstances, for formation basic
competences of bachelors and mental-activity competences of masters, for education the
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important professional characteristic of specialist. In the learning-practical training study of
subject and section of learning course is took place by means of students practical activity in
which theoretical material is discovered by fulfillment of different subject activities. The active
subject activity is used for its assimilation for knowledge of scientific subject.

The learning-practical training — engineering, pedagogical, laboratorial, solution of
scientific problems, sociological, philological et cetera —transforms the traditional education
process into the principal new variety the teaching activity, assimilation of example as activity in
normal and nonstandard circumstances, to acquire the professional competences, ways of
thinking, coing into being the personal subjectivity and stirring life, to reach the planning
education results and education quality.

JAMIaKTHYeCKNH NPAKTUKYM - cOBpeMeHHasi popMa npo(hecCHOHATBHOI0

oOpa3zoBaHust
Kynasues A.B.

Mocrosckuii cocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

MUKpOTEXHOJIOTUY,  HAYKOEMKHE  IPOM3BOJCTBA,  O3JI0OPOBJIEHHE  OTEUECTBEHHOU
9KOHOMHKH, KOHKYPEHTHasi 00yCJIOBIEHHOCTh MHHOBALMN BBIABUTAlOT IMPUHIMIIAAIBHO HOBBIE
TpeOoBaHUS K 00pa3oBaTeNbHOM MpakTHKe MNpodecCHOHANbHOrO o00y4yeHus. B smoxy
CTPEMHTEIHHOMN aKceNepaluy KU3HH, II100aJIbHON KOMITBIOTEPU3ALMU YCIICIIHO JIeHiCTBOBABIIIAs
Ha MpPOTSDKEHUU psfa CTOJNETUH YpOUHO-3HAHMBAaeMas OpraHu3alus oOydeHHus Iepecrana
OTBEYaTh  HOBBIM  OOpa3oBaTeNbHBIM  3ampocaM. AJENThl  HOPMAaTUBHO-0JOOPEHHOM
JEATEIIBHOCTH — 3HaHMsI, YMEHUS U HAaBBIKU — OKa3aJIMCh HEIOCTATOYHBIMU JJII OCBOCHHMS OIIBITA
NEeSITeIbHOCTH B HECTAHAAPTHBIX CHUTyalUMsAX, Ui (OPMHUPOBAHMSA KIIOUYEBBIX M 0a30BBIX
KOMIIETEHIIUH OakaJaBpoB M MEHTaJIbHO-JEATEIbHOCTHBIX KOMIIETEHTHOCTEH MAarucTpos,
npuoOpereHus npodeccHoHaIbHO 3HAYMMbIX Ka4eCTB JINYHOCTH.

B 1uMmakTHYeckoM NPAKTUKyME HU3Y4YEHHE TEM M PAa3AelioB Kypca IOIKPEIUISETCS
OPaKTUYeCKOH paboTOi CTYyAEHTOB, pacKpbhIBalOIIEH TEOPETHYECKH Marepuana depes
BOCIIPOM3BEJCHUE U OCBOCHHE BOIUIOIICHHBIX B HAyYHOM IUCLMIUIMHE BHUJOB ACATEIBLHOCTH.
OTIUYUTENbHOM OCOOCHHOCTBIO SIBIISICTCSI HEMOCPEICTBEHHOE BKJIIOUEHUE OO0YYaloIUXcs B
IOPEIMETHYIO JESITEIbHOCTh C LEJIBI0O OCBOCHMS IOCIEIHEH M €€ MCHOIb30BaHMUA y4eOHO-
IIO3HABATEJILHON 1€ATEIbHOCTH.

JunakTudeckne TNPaKTUKYMbl — WHXXEHEPHBIM, IeIarornyecKuii, JabopaTOpHBIN, TIO0
pEIICHUIO HAYYHBIX MPOOJIEM, COIMOIOTHYECKUH, (PUIOIOTHUECKU U Ap. — TpaHCHOPMUPYIOT
00pa3oBaTeNbHBINA MPOLECC B MPUHLIUINAIBLHO HOBBIM BUJ 00ydeHUsI, B KOTOPOM B OTJIMYUH OT
KJIACCUYECKON CXEMBbl CTYJEHT BKJIIOYEH B OCBOEHHUE OIBITA AEATEIbHOCTH B HOPMATUBHBIX U
HECTAHAAPTHBIX  OOCTOSTENbCTBAX, (HOPMUPOBAHMS KOMIIETEHIMH M  KOMIIETEHTHOCTH,
MBICIIUTEIBHOM TPaMOTHOCTH, CTaHOBJECHUS CYOBEKTHOCTH M JKU3HEHHOW IMO3UIMH, B
JOCTH>KEHUE 3allJIaHUPOBAHHBIX 00Pa30BATENbHBIX PE3YJIbTAaTOB M KauecTBa 00yUeHHUsL.

New textbook for the course ""Chemistry" for bachelors of the

nonchemical universities
Lebedev Yu.A., Fadeev G.N., Golubev A.M., Shapoval V.N.

Restructuring curriculum of technical universities and the introduction of undergraduate
demanded substantial transformation of the all complex of methodical maintenance of the
"Chemistry" course and in the first place demanded to create a new basic textbook.

Provide all the specific questions in the field of chemistry, to be faced by a graduate of a
university, is almost impossible. Therefore, the study of chemistry at the Technical University,
like BMSTU, should be based on a sufficiently broad theoretical basis. At the same time,
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examples of applied research should be close to one or another specialty and clear future
specialist engineers.

The authors had to solve a number of complex methodological issues associated with
reducing the time available for study within the undergraduate course. In our opinion reducing
the time should be compensated by the simplicity of exposition, an abundance of colorful charts
and generalizing patterns.

Teaching chemical discipline in non-chemical university is rather chemical knowledge
axiological refraction through the prism of consciousness of future specialists then the
presentation of the science of chemistry.

Practical realization of this thesis is the textbook "Chemistry”, published by "Yurait" in 2014
and implemented in teaching practice BMSTU and the National Research Tomsk Polytechnic
University (Tomsk), Siberian State Technological University (Krasnoyarsk), Voronezh State
University (Voronezh), Russian University of Cooperation (Mytischi), the State Fire Academy
Ministry of Emergency Situations of Russia (Moscow).

HoBblil y4eOHUK 10 Kypcy «XuMHuS» 1 0aKAJIABPOB HEXUMHYECKUX

BY3oB
Jle6enes 10.A., ®anees I'.H., 'ony6es A.M, [llanmosan B.H.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[Tepectpoiika yueObHOro Kypca TexHuYeckux BY30B u BBeneHuwe OakamaBpuara
noTpeOOBaIM CYIIECTBEHHON IepepaboTKU BCETO0 KOMIUIEKCA METOAMYECKOro OOECIICYeHHS
Kypca «XUMHsI» U, IPEXKJIe BCEro, CO3/1aHNs HOBOro 0a30BOro yueOHHUKa.

[IpenycMoTpeTh BCe KOHKPETHBIE BOMPO GI B OOJIACTH XHUMHHU, C KO D [BIMH CTOJIKHETCS
BBIITYCKHUK TOTO Wiau uHoro BY3a, mpaktudeckun HEBO3MOXHO. [[03TOMy M3ydeHHME XUMUH B
TEXHUYECKOM YHUBEPCUTETE, MOJ00HOM MOCKOBCKOMY TOCYJapCTBEHHOMY TEXHHUYECKOMY
yHuBepcutery uMmeHu H.D. baymana, 10/KHO CTpOWThCA Ha JOCTATOYHO IIMPOKOM
TEOPETUYECKOH OCHOBE. B TO ke BpeMs mpuMepbl MPHUKIAIHOTO XapakTepa MOJIKHBI OBITh
OJIM3KHU K TOW WJIM MHOM CIIENUaTbHOCTH U MOHSATHBI OYAYIIEMY CHEIUAIUCTY-UHKEHEDPY.

ABTOpaM MpPUIUIOCH PEIIATh PAJl CIOKHBIX BOMPOCOB METOJIOJIOTHYECKOTrO XapakTepa,
CBSI3aHHBIX C COKpAIEHMEM BPEMEHH, OTBOJIMMOTO Ha M3y4YeHHE Kypca B paMKax OakajaBpHara.
CokpailleHue BpEMEHU JOKHO KOMIIEHCHPOBATHCS, MO HAIIEMYy MHEHHUIO, JOCTYMHOCTHIO
W3JIOKEHUS, OOMITHEM 0000IIAOIINX KPACOYHBIX CXEM M PUCYHKOB.

[IpenogaBanne XMMHYECKOW NUCUMIUIMHBI B HexumuueckoM BVY3e 310 He wu3noxeHue
caMOil HayKM XHMHH, @ aKCHOJOTHYECKOE IMPEIOMIICHHE XMMUYECKUX 3HAHUI depe3 MpusMy
CO3HaHUs OyIyIIUX CHEIMATIHCTOB.

[TpakTrueckoil peanm3auell 3THX TE3UCOB M SBISICTCS YYCOHHK «XHUMHS», BBIMYIICHHBIN
uznarensetBoM «tOpaiit» B 2014 rogy v BHeApEHHBIN B npakTuky npenogaBanus MI'TY nwm.
H.2.baymana, a Takke HammoHansHOro MCCIEI0BATEIBCKOTO TOMCKOTO MOJMTEXHUYECKOTO
yauBepcureta (T.Tomck), CHOMPCKOTO rocyJapCTBEHHOTO TEXHOJIOIMYECKOr0 YHUBEpcUTeTa (T.
Kpacnosipck), Boponexckoro rocynapctBeHHoro yHuBepcuteta (T. Boponex), Poccuiickoro
yHHMBepcuTeTa koomnepauuu (r.Mseitunm), Axagemun ['ocynapCTBEHHOM NPOTHBOIIOKAPHOU
cimy6s1 MUC Poccuu (r. Mocksa).

Consultation as one of the levers raise of the achievement of

undergraduate students
Levankov V.1.
Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

Crathsi TIOCBSIIIICHA aHAIM3y HOBOW (OpMBI pabOTBl CO CTYJAEHTAaMU - KOHTPOJUPYEMOU
CaMOCTOSITCIILHOU paGOTBI, BBISICHEHUIO UCTOYHHUKOB 3TOI'0O HOBOT'O METOAAa B 06pa30BaTeJII>HOM
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IIPOLIECCE, BBIICHEHUIO CBS3€M C M3BECTHBIMM IE€JAarOrMYECKUMU METOJaMHM OpraHu3aluu
y4eOHOro Ipolecca TAKUMHU KaK Halll HICKOHHbBII METO/l HACTaBHUYECTBA, a TAK)XKE ThIOTOPUHT U
nexarorudeckas noanepxka. Packpeiaercs 3Hauenne KCP uist pemieHuM 3aauu MOBBIILIEHUS
KayecTBa 0Opa30oBaHMs, PAaCKpHIBACTCA KOHKPETHOE NMPUMEHEHUE 3TOr0 METOJa K HM3Y4YECHHUIO
Kypca MaTaHaJli3a B IEPBOM CEMECTPE.

Problems of studying higher mathematics course by persons with

disabilities in terms of integrated education at the university
Levankov V.1.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Ha ocnoBanuu paspaborannoir B MI'TY um. H.D.baymana koHuenuuu mMaTeMaTuieckoro
o0pa3oBaHUs JMI C OrPaHUYCHHBIMM BO3MOXKHOCTSIMHM 3JI0pPOBbsl HPOBOJUTCS OOydeHHE
CTYACHTOB C HEJOCTaTKaMM CIyXa IO MporpaMMaM MaTeMaTHYeCKOW MOJIrOTOBKH OakKaiaBpoB,
MarucTpoB, CIHELHAIMCTOB IO CHEIHUAIBHOCTSIM YHHUBEPCUTETa, B HaWOOJbIIEH CTENEHU
MOIXOAAIINX JIMIaM C OTPaHUYEHHBIMU BO3MOXKHOCTSIMH 370pOBBs. IIpy n3yueHnn MareMaTuku
[JIyXU€ CTYAEHTHI UCIBITHIBAIOT TPYAHOCTU pa3HOro xapakrepa. CTaThsl MOCBSILEHA BbIIBICHHUIO
npo6JeM MpH N3y4eHUH Kypca BBICIIeH MaTeMaTHKHU U IyTel ux pemieHus. Juddepennupyrorces
po0JIeMBbl, CBSI3aHHbIE C HEJOCTATKaMM CIyXa U MPOo0JIeMBbl, OTHOCAIIMECS K CAMOMY KypCy, €ro
abCTPaKTHOCTH, TECHOM B3aMMOCBSI3M OTIENBHBIX YaCTEH, YTO MO3BOJSET HAMETHTh IyTH
pelIeHus KaK OJHUX, TaK U IPYTUX MPooJIeM.

Using Wolfram Alpha in the teaching of mathematics at the technical

University
Marenich A.S.

Investigated the use WolframAlpha to improve mathematics teaching in technical
universities. The role of this service in teaching mathematical disciplines. Considered the
competence generated, specific examples.

Hcnoan3zoBanue WolframAlpha B npenogaBanuu MaTeMaTHKu B

TEeXHHYECKOM BY3e
Mapennu A.C.

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

UccnenoBano  mpumencaueWolframAlpha ams  coBepuieHCTBOBaHHS — MpErogaBaHUs
MAaTCMAaTUKH B TCXHUYCCKOM BY3C.

OrmpeienieHa poiib cepBUca MPU OOYYCHUH MaTeMaTHYCCKAM THCIUIUITHHAM. PaccMOTpEHSBI
(dopmHpyeMble KOMIIETEHIINH, TPUBEICHBI KOHKPETHBIE TPUMEPBI.

Teaching the Fundamentals of Mathematical Modeling
Markelov G.E.

This paper describes some particular aspects associated with teaching the Fundamentals of
Mathematical Modeling. Taking into account these aspects allows improving the quality of
graduates training and increasing their competitiveness. The paper provides recommendations
aimed at creating a common and inseparable connection between the mathematical, natural
science, and engineering disciplines. As an example, it presents the content of the course
“Fundamentals of Mathematical Modeling”, which consists of four modules: Fundamentals of
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Mathematical Modeling, Macro-Level Mathematical Models, Non-Linear Macro-Level
Mathematical Models, and Micro-Level Mathematical Models. The paper describes a unified
approach to constructing a mathematical model that to the sufficient extent has the properties
required for a particular study. It considers the use of modern information and communication
technologies and individual approach in organization of training. The paper reviews the
particular aspects of organizing the training sessions in accordance with modern requirements.

Oco0eHHOCTH npenogaBaHust OCHOB MATEMATHYECCKOI0 MOJAC/JIUPOBAHUSA
Mapkenos I'.E.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

N3510xeHbl HEKOTOPBIE 0COOCHHOCTH, CBSI3aHHBIC C MPENoAaBaHUEM TUCIHUILUIUHBI “‘OCHOBBI
MaTEeMAaTHYECKOTO MOJICTUPOBAHUS . YUET TaKUX OCOOCHHOCTEH MO3BOJISET YAYUIIUTh Ka4eCTBO
MOATOTOBKMA  BBITYCKHUKOB, TIOBBICUTh HMX KOHKYPEHTOCIIOCOOHOCTh. B crathe maHbI
pEeKOMEHIalUK, HampaBieHHbIE HAa (OpMUpPOBaHHE OOIIEH W HEPa3phIBHOW CBSI3U MEXIY
MaTEeMaTUYECKHUMH, €CTECTBEHHOHAYYHBIMH W WHXXEHEPHBIMH JUCIMIUIMHaMH. B KauyecTBe
npuMepa IPUBEICHO cojepkaHue Kypca “OCHOBBI MaTeMaTHYECKOTO MOJEINPOBAHUS,
COCTOSIIEE M3 YETHIPEX MOJYJICH: OCHOBBI MAaTEMAaTHUECKOT0 MOJICIMPOBAHHUS, MAaTEMAaTHICCKUE
MOJIeJId MaKpOYpPOBHS, HETMHEUHbIE MATEMATUUECKUE MOJEIN MAaKpOYpPOBHS, MaTeMaTHUYECKUE
MOJICNId MUKPOYpPOBHS. M3JI0KEH €IWHBIA TMOJX0J K MOCTPOSHUIO MAaTEeMAaTHYEeCKOW MOJIEINH,
KOTOpasi B JOCTATOYHOM Mepe 001alaeT HYy)KHBIMH CBOHCTBAMU MPUMEHUTETHHO K KOHKPETHOMY
WCCJICIOBAHNIO. YJICJICHO BHUMAaHWE WCIIONB30BAHUIO COBPEMEHHBIX HWH()OpPMaAIMOHHO-
KOMMYHHKAITUOHHBIX TEXHOJOTUH W WHIMBUAYATHPHOMY TIOIXOAy B TMpolecce OOydeHHs.
PaccMoTpeHbsl 0COOCHHOCTH OpraHW3aIui yYeOHBIX 3aHITHH B COOTBETCTBHH C COBPEMEHHBIMU
TpeOOBaHUSIMU.

Through training of bachelors of Power in the subjects Mathematics -

Physics - Theoretical Foundations of Electrical Engineering
Noskov M.F.

With the transition period of four years of training - Bachelor's become necessary to update
the software on the subjects rocket science - theoretical physicist Foundations of Electrical
Engineering (TBE). Earlier, at 5-year period of study, these subjects were studied sequentially.
When transferring to 4 year period of study is minimally necessary to study each of these
subjects in two semesters, i.e., sequential learning object TOE shall be terminated on 3 course,
and then all items of electrical cycle should be studied or a 4th year, or 3 course to study the
course SOC. Both options are losing.

Teachers have decided to create overlapping courses - namely, to change the traditional
sequence of teaching math in the first semester, consider the differential and integral calculus,
which allowed no problem to begin the study of physics in the second semester. In the second
semester of study in physics provides three modules - namely, "Mechanics", "Oscillations and
Waves", "Molecular physics and thermodynamics.” In addition, the work program in
mathematics, namely the practical part was devoted not abstract derivatives and integrals, and
the study of the most frequently used functions of physics - sinusoidal oscillations and
exponential dependence. Subsequently, a physics teacher could explain exactly the physical
principles and not used mathematical apparatus.

In the third semester parallel study module "Electricity and Magnetism" in the course of
physics and the first part of the course SOC, so teachers can, without prejudice to the students to
give up about 20% of the cross-cutting themes. In this case, the exam for each subject fully
imposed all topics.
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CkBO3Hasl IOATOTOBKA 0AKAJABPOB-IHEPreTUKOB 110 NpeaMeTaM

MaTeMaTukKka — (lmzmca -TEOPETUIECCKHNE OCHOBLI 3JICKTPOTEXHUKH
HockoB M. D.

Casino-Illywencrutl ghunuan @edepanbHo2o 20CyOAPCMEEHHO20 ABMOHOMHO20 00PA3068AMENLHO20
yupedcoenus svlcuieco npogheccuonarbro2o oopazosanus « Cubupcxuti gpedepanvrulii ynusepcumemy, Poccus

C nepexoaoM 00ydeHHST Ha YETHIPEXJIETHUNA CPOK - OakajilaBpuaT BO3HUKIIA HEOOXOIUMOCTh
B aKTyaJM3all¥ MPOTpaMM IO TMPEAMETaM BBICIIAs MaTeMaThuka — (PU3UKa- TEOpeTHUYECKUE
ocHoBbl 3ekTporexHuku (TOD). Panee, mpu 5-metHeM cpoke OOy4YeHUs, 3TH MPEAMETHI
U3ydalInuch mocienoBarenbHo. Ilpu mepexone Ha 4 neTHH CpoK OOy4YeHUS MHUHUMAIbHO
HEOOXOIUMO ISl M3YYEHHs KaKJOro M3 ATHX MPEJAMETOB IO JBa CEMECTpa, TO €CTb, MpHU
nocienoBarenbHoM o0ydenuu npeamer TOD nomxeH Obl 3aKkaHUYMBATBHCS Ha 3 Kypce, U TOT/A
BCE IIPEIMETHI ANEKTPOTEXHUYECKOTO IIMKIJIA HAaJl0 U3y4aTh JTubo Ha 4 Kypce, 1100 Ha 3 Kypce 10
u3yuenus kypca TOD. O6a BapraHTa NPOUTPHILITHEI.

VY npenonaBareneil BO3HUKIIA Uies CAEIaTh KYpChl B3aUMOIEPECEKAIOMMMUCS, 3 UMEHHO —
W3MEHUTh TPAJAULMOHHYIO TIIOCIEI0BATEILHOCTh TPEMOJAaBaHUs MAaTeMaTHKH W B TIEPBOM
ceMecTpe paccMoTpeTh AuddepeHnnanbHoe U UHTErpaIbHOE UCYUCIICHHE, YTO MO3BOJIAIIO O€3
npobieM HayaTh M3y4eHHE (PU3UKH CO BTOpOro cemectpa. Bo BTOpoM cemectpe mo ¢usuke
peycMaTpuBaeTCs U3yUYeHre Tpex Moayliel — a MMeHHO «Mexanukay, «KosjaeOaHus u BOJTHBD,
«Monekynsipaas pu3uka u TepMmoanHaMuKa». KpoMe Toro, pabodas mporpamMma rmo MareMaTuke,
a HMEHHO TMpaKTHYecKas 4YacTh, ObLJa TMOCBsSIIEHa HE aOCTPaKTHBIM MPOU3BOAHBIM U
UHTETpajaM, a W3Y4YCHHI0 Haubojee 4YacTo MNpPUMEHAIMUXCS B ¢u3uke GyHKIUHR -
CUHYCOMJAJIbHBIM KOJEeOaHUSM U OKCHOHEHUHUAIbHBIM 3aBUCUMOCTSM. Bmocnenctsuun
npernoaaBarelb PU3UKH MOT OOBSICHSITh UMEHHO (DM3MUYECKUE MPUHIUIBL, a HE MPUMEHIEMBIN
MaTeMaTU4YeCKui anmnapar.

B Tperpem cemecTpe mapaiiebHO M3ydaeTcs MOIYIb «DJEKTPUYECTBO U MArHeTH3M» B
Kypce pusuku u mepBas yactb kypca TOD, mosTomy mpemnojaBarend Moriu 0e3 ymepOa s
oOyJaromuxcsi 0TKazarbes nmpuMepHo ot 20% nepecekaromuxcst TeM. [Ipu 3ToM Ha 3K3aMeH 1o
Ka)KIOMY NPEAMETY MOJTHOCTHIO BHIHOCHIIUCH BCE TEMBI.

Features of teaching mathematics to students of legal and economic areas

of training at the Technical University
Polezhaev V., Polezhaeva L.

The paper is about increasing of effectiveness of law and economic student learning
disciplines of mathematical cycles in a technical university.

Mathematics as a science has substantial conceptual apparatus which may reflect the abstract
structure of some law and economic systems, their objectives, functions, processes of collecting,
processing and using information. Among these concepts are a set, a subset, a function, entropy,
pattern recognition, "objectives tree", an operation, an optimality criterion, a model, etc. In the
process of teaching mathematics attention should be paid to practical-oriented parts of the
educational standards.

The study shows that the use in educational process of modern pedagogical technologies,
rational thematic planning, activation of students' independent work permit to overcome the
negative impact of the lack of school mathematical training, significantly increase the motivation
of students, improve the quality of education in general. We consider training methods of
teaching mathematics advanced in relation to the specifics of these areas. The results of their
implementation into study process are analyzed.
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OcobOenHocTn npenogaBaHus MATEMATHYCCKUX JUCHUIIMH CTYyICHTAM
IOPUINYECCKOI0 1 IKOHOMHUIECCKOIO HanpaBneHnﬁ MNOATOTOBKH B TEXHHUYICCKOM

yHHUBepcHTeTe

ITonexaes B./JI., ITonexxaera JI.H.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

Pabora mocssmieHa MoBbIIEHUIO 3()()EKTUBHOCTH OOYUYEHHSI CTYAEHTOB JUCIHILIMHAM
MaTeMaTHYeCKOro IHMKJIa B paMKaX IOPUAMYECKOTO U HKOHOMHUYECKOTO HallpaBJIeHUN
MOJITOTOBKU B TEXHUYECKOM BY3€.

Marematrka Kak Hayka 00JIaJaeT coJlepKaTelbHbIM MOHATUHHBIM alnapaToM, C MTOMOUIbIO
KOTOPOTO BO3MOXXHO OTpPa3WTh B a0CTPAKTHOM BHJIE CTPYKTYPY OTACIBHBIX MPABOBBIX U
SKOHOMHYECKHX CUCTEM, UX MeNd, (DYHKIINH, MPOUCXOISAIINE B HUX TIPOIIecChl cOopa, 00paboTKu
Y UCTIONIb30BaHUs HHGopMaruu. K urciay 3TUX MOHATHIA OTHOCATCS MHOKECTBO, IIOAMHOXKECTBO,
GyHKIMS, DSHTPOMHUS, paclo3HaBaHHE O0Opa3oB, «IepeBO LeJeil», omepanus, KpUTepuit
ONTUMATBHOCTH, MOJENb U T.J. B mporecce mpemojaBaHUsi MaTeMaTUKH CIIEIyeT B paMKax
TpeOboBaHUil 00pa30oBaTENbHBIX CTAaHAAPTOB YIEIATH 0CO00€ BHUMAHWUE TaKUM pas3fenam
MPOrPaMMbI, 3HAHHE KOTOPBIX TOMOTAET PelIaTh MPAKTUYECKUE BOTIPOCHI.

[TpoBeneHHoe HccieloBaHUE MOKAa3bIBACT, YTO NMPUMEHEHHE B 00pa30BaTeIbHOM MpoIiecce
COBPEMEHHBIX MEAArOTHYECKUX TEXHOJOTHH, pAIMOHATBLHOEC TEMAaTHYEeCKOe IUTAHUPOBAHHME,
AKTHUBM3AIMS CaMOCTOSITENIbHOM pPabOThl CTYNEHTOB TO3BOJISIIOT TPEOJOJIETh HEraTMBHOE
BO3JEHCTBUE HENOCTATOYHOM LIKOJIBHOM MAaTEMaTUYECKOM MOArOTOBKH, CYLIECTBEHHO YCHIIUTh
MOTHBAIIMIO CTYACHTOB, IIOBBICUTH KauecTBO oOOpa3oBaHHs B LelOM. PaccMoTpeHbl
YCOBEPIICHCTBOBAHHBIC MPUMEHUTENBHO K CHenUUKe YKa3aHHBIX HANpPaBICHUH MOATOTOBKH
METOJUKH TPENoJaBaHUusl MaTeMaTHYeCKUX JUCLUUIUIMH;, aHATU3UPYIOTCS Ppe3ynbTaThl HX
BHE/IpEHUS B y4eOHBIN TpoIiecc.

Application possibilities of the Internet to meet the challenges of future

professional activity as a tool to enhance student learning
Polezhaev V., Polezhaeva L.

Moving of universities to study on the base of competency approach involves changing of
content and means of training. Implementing of competency-based training the teacher should
give students tools for updating and maintaining knowledge in any dynamic professional domain
in addition to knowledge and skills.

New, not inherent in the basic learning content knowledge may be formed as a result of the
processing of the new information obtained in the course of social and professional
communication. The Internet not only integrates vast amounts of information, but also provides a
wide range of technological possibilities for solving all sorts of problems. To increase the
effectiveness of teaching in accordance with the requirements of competence-based approach,
involving the development of the capacity for renewal and expansion of broadcast and
professional knowledge it is advisable to organize the training of future professionals to use the
Internet in their future professional activity.

This paper presents results of the simulation of preparing students for professional-focused
use of the Internet to create a system of training students for this activity. This system of training
students to use the Internet in their professional activity is invariant, since it has a component
composition does not depend on a specific future professional activity. Substantive content of the
components may be variably depending on the profile of vocational training.
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IIpuMmeHnenune Bo3moxkHocTell cet UHTEpHeT 1J1M peleHus 3a1a4
Oyayureit npogeccnoHaAILHOM 1eATETbHOCTH KAK HHCTPYMEHT MOBbIIIEHUSA

3¢ PeKTUBHOCTH 00yYeHUS CTYIEHTOB

ITonexaes B./JI., ITonexxaera JI.H.
Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

[lepexon BbICIIEH MIKOJBI HA MOATOTOBKY KaJpOB B paMKaX KOMIETEHTHOCTHOTO MOJXOAA
npeJnoiaraeT U3MEHEHHE COIepKaHMsI U CPECTB 00ydeHus OynyIIuX CHeruanncToB. Peannsys
MOJITOTOBKY CIIEI[HAIUCTOB Ha OCHOBE KOMIIETEHTHOCTHOT'O MOAX0/a, TOMUMO 3HAHHUH, yMEHHMA
Y HaBBIKOB, MPENoaBaTelib J0JDKEH JaTh CTyJeHTaM HHCTPYMEHTHI OOHOBJIEHUS U TMOIMOJIHEHUS
3HaHUH B 000 TMHAMUYHO pa3BUBAIOLICHCA MPOpECCHOHATLHON MPEeAMETHON 00IaCTH.

HoBrle, He 3a70’KeHHBIE B OCHOBHOE COJIep)KaHHWe O0y4yeHHUs! MpoQeccHOHaNIbHbIE 3HAHUS,
MOTYT (hOpPMHUPOBAThCS KaK pe3yabTaT oOpabOTKM HOBOM MHGOpMAalKU, MOIYy4aeMO B XOe
COLIMATBHBIX U TPO(GECCHOHATIbHBIX KOMMYHHKalui. VHTEpHET He TOJBbKO HHTErpUpYET
OTpOMHBIE 00BEMbl HMH(POpPMALWK, HO U MPEJOCTABIIECT UIMPOKHE TEXHOJIOIMYECKHE
BO3MOXXHOCTH JJIsl pellieHusl pa3Horo poza 3aaad. s moseimeHus: 3¢pHeKTUBHOCTH 00yueHus
CTYZICHTOB B COOTBETCTBUU C TPEOOBAHUSAMHU KOMIIETEHTHOCTHOT'O MOJX0/1a, MPEAIOIaraoiero
pa3BUTHE CIIOCOOHOCTH K OOHOBJIICHHIO M PACIIMPEHUIO W TPAHCIIUH MPOPECCHOHATHHBIX
3HaHUH, 11eJ1IecO00pa3HO OPTaHM30BaTh MOATOTOBKY OYAYIIMX CIEHUAIUCTOB K MCIIOJIB30BaHHIO
cetu MIHTEepHET B MX MPEACTOSIICH MPodheCcCHOHATBHOMN NeITeTbHOCTH.

B pabore mpencraBieHbl pe3ynbTaThl MOJEIMPOBAHUS TMOATOTOBKM CTYIEHTOB K
pohecCuOHANbHO-OPUEHTUPOBAHHOMY HCIOJIb30BaHUIO ceTH VIHTEpHET C Lenblo CO3JaHus
CHCTEMHOro o00pa3a CTPYKTYpbl NOIArOTOBKHM CTYJIEHTOB K O3TOMY BHIY JESITEIHHOCTH.
[IpencraBnenHas cucTeMa NOJITOTOBKHU CTYACHTOB K KCIOJNb30BaHUIO ceTu VHTepHEeT B
npoeCCHOHATBLHON EATENILHOCTH SIBJISETCSI MHBAPHAHTHOM, MOCKOJIBKY UMEET KOMITOHEHTHBIH
COCTaB, HE 3aBUCSIINNA OT KOHKPETHOH Oyaymel mpodeccuoHanbHON AesTenbHOCTH. [Ipu 3TOM
coJiepKaTelbHOEe HAIMOJHEHHE KOMIIOHEHTOB MOXET OBITh BapHAaTUBHO B 3aBHUCHUMOCTH OT
npoduist mpodhecCuoHaTbHOM MOATOTOBKH.

The problem of motivational incentives in teaching engineering students
Popov V.S., Vlasova E.A.

The article discusses issues related to the development of creative abilities and incentives
training of students of technical universities in the framework of module-rating system of
organization of educational process. It is shown that the introduction of individual rating of the
student stimulates the student to the development of educational programs on the basis of the
differentiation of the evaluation of its educational work.

IIpobGaema pa3BUTHS MOTHBALMOHHBIX CTUMYJIOB 00y4€eHHUS CTY/I€HTOB

TEXHUYIECCKHUX BY30B
Ilonos B.C., Bmacosa E.A.,

Mockogckuii eocydapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

B crarbe paccmaTpuBaroTCsl BOIPOCHI, CBA3aHHBIE C Pa3BUTHEM TBOPUYECKHUX CIIOCOOHOCTEH
U MOTHMBALIMOHHBIX CTUMYJIOB OOYYEHHUS CTYJIEHTOB TEXHMUYECKHX BY30B B PAMKAX MOJYJBHO-
PEUTHHTOBOM CHUCTEMbl OpraHu3aluu ydeOHoro mpouecca. [lokazaHo, 4YTO BBeIEHHE
UHIUBUIYAJIBHOTO  pEeWTHHra oOyd4aroIlerocss CTUMYJIMpPYeT CTYA€HTa K  OCBOEHHUIO
o0pa3oBaTeNbHBIX TporpaMMm Ha 0asze AudQepeHnHanuy OLUEHKH pPe3yJlbTaToB ero y4deOHOU
paboTHI.
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Features of teaching of mathematics to foreign students
Shishkina S.1.

Foreign students are trained in Bauman MGTU since 1952. And students from Myanmar
study on Applied Mathematic Department in particular.

For foreign students individual educational plans which completely correspond to programs
of preparation of University are made, but their feature consists in the accounting of national
specifics, in need of social adaptation, in training in a foreign language in parallel with obtaining
professional skills. At the same time there is a contradiction between need for high-quality
mathematical training of the foreign students who are training in Russian, and an insufficient
readiness of existing techniques of their training at the preparatory stage, their basic
mathematical preparation considering degree, distinction in knowledge, skills in comparison
with the Russian students, and also a factor of gradual mastering mathematical competences in
Russian. The training purpose — development of professional competence in Russian. Means -
formation of the information and educational environment of language acquisition of specialty,
methods, ways and practical skills of possession of information technologies.

In operating time with foreign students it is revealed that the combination of various forms
of education, realization of flexible forms of use of electronic resources in educational process
promotes fuller assimilation of professional skills in Russian that is realized in optimization of
selection of a training material, improvement of ways of submission of information, efficiency of
the analysis of extent of assimilation of the studied material.

Oco0eHHOCTH NPenoIaBAHN MATEMATHKHA HHOCTPAHHBIM CTYJI€HTAM
MIumknaa C.U.

Mocrosckuii ecocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

C 1952 rona 8 MI'TY um. H. O. baymana npoxoast oOyueHre HHOCTpaHHBIE CTYACHTHL. U B
YaCTHOCTH Ha Kadeape NpUKIagHON MaTeMAaTUKH y4aTcs CTyAEeHThI U3 MbSHMBI.

JlJiss MHOCTpaHHBIX CTYACHTOB COCTABJICHBI WHAWBHUAYyaJbHBIE 00pa3oBaTelIbHBIC IUIAHEI,
KOTOpBIE TMOJIHOCTbIO COOTBETCTBYIOT NIpOrpaMMaM THOJArOTOBKM YHHUBEpPCHUTETa, HO UX
OCOOCHHOCTH 3aKJII0YACTCS B yUETEe HAIMOHAIBHOW CHEIU(PUKU, B HEOOXOIUMOCTH COLMATHHON
aJlanTanuu, B 00y4eHUU HHOCTPAHHOMY SI3BIKY MapajlIesIbHO C MOTY4YeHHUEM MpodeccroHalIbHbBIX
HaBBIKOB. BMmecTe ¢ TeM MMeeTcs NPOTUBOpEUHE MEXAY HOTPeOHOCThIO B KayeCTBEHHOU
MaTeMaTHUYeCKON MOJArOTOBKE MHOCTPAHHBIX CTYAEHTOB, OOYYarOIIMXCS HAa PYCCKOM S3BbIKE, U
HEIOCTaTOYHOM  pa3pabOTaHHOCTHIO  CYIIECTBYIOIIMX  METOAUMK HMX  OOydueHHs  Ha
MOJTOTOBUTENILHOM JTare, YYUTHIBAIOIIUX CTENEeHb X 0a30BOIl MaTeMaTHYeCKOil MOATOTOBKH,
pasznuuus B 3HAHUSIX, YMCHHSIX U HABBIKAX B CPABHEHUU C POCCHICKUMH CTYACHTAMH, a TaKXKe
(akTop MOCTENEHHOTO OBJIAJICHUSI MATEMATHYECKUMU KOMIIETEHIIMSIMHU Ha pyccKoM s3bike. Llenp
o0y4yeHHsT — pa3BUTHE NMPO(HECCHOHAIBHOM KOMIIETEHTHOCTH Ha PYCCKOM s3blke. CpencTBo -
dbopMupoBaHre MHPOPMAIIMOHHO-00pa30BaTEIbHON Cpeibl OBIAJACHUS S3bIKOM CIIEUAIbHOCTH,
METOJIJaMH, CHO0CcO0aMH ¥ TPAKTHUYECKUMU HAaBBIKAMU  BIIAJCHUS WHGOPMAIMOHHBIMU
TEXHOJIOTUSIMHU.

Bo Bpemsi paboThl ¢ MHOCTPAHHBIMHU CTYJCHTAMH BBISIBJICHO, YTO COUYCTAHHE Pa3IUYHBIX
dbopm 00ydeHUs1, peanu3anusi THOKUX (HOPM HUCIIOIH30BAHMS AIEKTPOHHBIX PECYPCOB B YUeOHOM
npoliecce crocoOCTByeT 0ojiee MOJHOMY YCBOCHHIO MPO(GHABHIKOB HA PYCCKOM SI3BIKE, UYTO
peanu3yeTcss B ONTUMH3alMA OTOOpa yd4eOHOTro MaTepualia, YJIydlIeHHH CIOCOOOB MOJa4yu
uHpopmanuu, 3p(HEeKTUBHOCTH aHAIM3a CTETIEHN YCBOCHUS U3YYECHHOTO MaTepraa.
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Contemporary transformation processes in the system of elite engineering

education
Sidnyaev N.I., Sobolev S.K.

The article is devoted to the modernization of the national system of engineering education.
Studied the problem of conflict resolution in the field of higher technical education from the
point of view of innovation development. Examines the role of technical universities in the
preparation of the professional elite - engineering research and governance. Presents the analysis
of transformation processes in the national education system. Considerable attention is paid to
the methods of formation of the modern worldview in the preparation of the engineering staff on
the basis of basic training.

CoBpemeHHble TpaHcGOPMALMOHHBIE POLECCHI B CHCTEMe 3JTUTHOTO

HHKEHEPHOI0 00pa3oBaHus
Cunnses H.U., Cobones C.K.

Mocrosckuii 2ocyoapcmaennuvlil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

CraTbs TOCBSIIIEHa MOJEPHU3AIMH OTEUYECTBEHHON CHCTEMBI WH)XEHEPHOTO 0Opa30BaHMS.
Wzydena npobiiema pa3penieHus IpOTUBOPEUYH B cepe BBICIIEro TEXHUYECKOT0 00pa3oBaHMs
C TOYKM 3pEHHS HWHHOBALMOHHOTO pa3BUTHA. PaccMaTpuBaeTcsi pojib TEXHHYECKHX
YHHUBEPCUTETOB B TOJATOTOBKE MNPO(ECCHOHAIBHOM SIUTHI — HAayYHO-MH)KEHEPHOW W
rOCYapCTBEHHO-yIpaBieHYeckoil. [IpencraBien aHanu3 TpaHCHOPMAIMOHHBIX IPOILECCOB B
OTEUECTBEHHOM cHUCTeMe O00pa3oBaHMsA. 3HAUUTENBPHOEC BHHMAHUE YJEJIEHO METO/AaM
(GopMupoBaHNS COBPEMEHHOTO MHPOBO33PEHHS B XOJ€ MOATOTOBKM HHKCHEPHBIX KaJpOB Ha
0a3ze pyHIaMEHTAILHOMN MOTOTOBKH.

Home tasks on Differential Equations Automatic Generation
Sobolev S.K.

The problem of great number of variants for control works on Differential equations is
considered. The analytic approach for ease integrable equations is proposed. The method is
suitable for equations with separable variables, homogeneous, linear and Bernoulli type.

ABTOMaTHYECKOE reHepupoOBaHue 3aJaHuil mo nuddepeHunaIbHbIM

YPABHECHUSAM
Co0bones C.K.

Mocrosckuii 2cocyoapcmaennulil mexnuweckuti yuugepcumem um. H.D. Baymana, Mockea, Poccus

PaCCManI/IBaCTCH 3a/la4ya T'CHCPUPOBAHUA 6OJII>HIOFO KOJIMYCCTBA BApHUAHTOB  IJIA
KOHTPOJIbHBIX paboT mo auddepeHIranbHbIM ypaBHeHUSM. [Ipemnaraercss aHanuTUYeCKUi
NOAXOA JUIA CO3/aHUS  JIETKO HMHTETPUPYEMBIX  TU(EpeHINaIbHbBIX  YpAaBHEHHHA ¢
pa3AENAOMMUMUCS TIEPEMEHHBIMU, C OJHOPOJHOM TMPaBOM YAaCThlO, JMHEHUHBIX YpaBHEHUU
NIEPBOTO MOPSAIKA C IEPEMEHHBIMH KO3 (UIIMEHTaMH, a TAaK)Ke ypaBHEHU Tuna bepuymnu.

Propedevtic courses during the time of continuous learning
Vasilyev N.S., Gromyko V.I.

Era of system informational culture (SIC) has become as the result of the third scientific
revolution. System activity takes place in instrumental systems (IS) of Internet environment. The
era claims wider boundaries of student’s development fixing education aims sophistication.
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Instead of traditional making him familiar with view (perception) it requires now forming
student’s outlook (identification) with understanding that natural science knowledge is of
paramount importance. Bifurcation in education is characterized by completion of general
education role of learning, by requirement to make students ready for activity in becoming
complicated full of science info sphere culture. It shows itself socially as continuous learning.
There is also revolutionary change in person’s existence which is life in science. If take in
consideration SIC dynamic, continuous learning, person’s life in science then the next extensions
of traditional professional education (PE) up to universal over subject tutoring (UT) are needed:

-ABC of senses for strategical integration of tutoring courses: movement to category
language (CL) abstractions forms hierarchy of education space (ES) for student’s sub conscience
self organization of his whole life level,

-propedevtic course for tactical disciplines integration: it forms hierarchy of senses (ESS)
for self organization under studied subjects;

-personal education space of senses (PES): it conserves student’s notions integrity and his
consistency in the process of making familiar with SIC senses, it uses adaptive paths of self
organization in ES subject.

There are examples of tutoring work with subject in correspondence with suggested
education model.

IIponeaeBTHYECKHE KYyPChI B YCJIOBHAX HENPEPHIBHOT0 00Pa30BaHUA

Bacumses H.C.%, I'poMbIKO B.1.?

1 N . .
Mockogckuii eocyoapcmeennviil mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus
2
MI'Y um. M.B.Jlomonocosa, Mockea, Poccus

Annoranus. HTP-3 o3HameHOBama HacTyluieHHE BEKa CHCTEMHO-HUH(OpPMaIMOHHON
KynbTypel (C-HUK), B KOTOpOH nA€ATENbHOCTh YENOBEKA MPOUCXOJUT B HHCTPYMEHTAIBHBIX
cucremax (MC) cpenst MHTEepHeTa. Bek cuctem paciimpsieT TpaHUIbI Pa3BUTHS ydallerocs,
YCTIOXKHSS 1[en 00pa3oBaHUsl: BMECTO TPAJUIMOHHOTO MPHOOIICHUS CTYAEHTAa K BO33PCHHIO
(rymaHuTapHOE€ BOCHpHATHE) TpeOyeTcs mepedTn K (OPMHPOBAHUIO €r0 MHPOBO33PEHUS
(omo3HaHUE) B OTHOLICHUHU ONPEAEISIIONIEH POIM eCTeCTBEHHOHAYYHOr0 3HaHus. budypkamus B
cucteMe OOpa3oBaHHsS XapaKTepU3yeTcs 3aBeplIeHHEeM O00I1e00pa3oBaTeIbHOIO XapakTepa
o0yuyeHHs, TpeOOBaHMEM IMOATOTOBKH K JEATENBHOCTH B YCIOXKHSIOUICHCS HAyKOEMKOU
KynbType wuHGPOCHEPH, COIMUATBHBIM TPOSBICHHEM — HENPEPHIBHOCTHIO 0Opa30BaHMs,
PEBOJIIOIIMOHHBIM M3MEHEHUEM CYIIECTBOBAHMS WHAWBHIOB — JKH3HBIO B Hayke. Ecmum
yauThIBaTh auHamuueckuit xapaktep C-UK, HempepwsiBHOE 00pa3oBaHuE, XKHU3Hb CyOBEKTa B
HayKe, TO HEOOXOIUMBI CIIEAYIOUINE PACIIUPEHUs TPAIUIMOHHOTO MPO(hecCHOHAIBHOTO
o6yuenus (TO) mo ynuBepcanbHOro HaganpeameTHoro ooyuenus (YO):

-OyKBaph CMBICIIOB JJIsi CTPATETHYECKON WHTETrpaliy y4eOHBIX IUCIUIUIMH: JBHYKEHUE K
abcTpakiusaM s3bika kareropuit (SIK) oOpasyer mepapxuro oOpa3oBaTeIbHOTO IMPOCTPAHCTBA
(OII) ans camoopraHu3aluy MOACO3HAHUS yJalllerocs Ha €ro )KU3HEHHOM ITyTH;

-IPOTIEIEBTUYECKUI KypC sl TaKTUYECKOW WHTErpaluu JUCHUIUIMH:  (OpMHUpPYET
uepapxuto cMmbiciioB (OIIC) nns camoopraHu3anuy y4amerocs Ha M3y4aeMbIX IIpeIMeTax;

-INYHOCTHOE oOpazoBareiabHOe MpocTpancTBO cMbIcioB (JIOTIC): coxpaHsieT 11eI0CTHOCTh
MPEJICTABICHUI yJalerocs Ipu ero BocxoxaeHuu mo cmeiciam C-UK, ucmonp3yer aganTuBHbIC
MyTU CaMOOPraHu3allMy B TUCIUIUIMHE Kak 35eMeHTe OIl.

[IpuBenens! mpuMepsbl pabOTHI C y4eOHBIM MaTEpPHAIOM B COOTBETCTBUHU C MPEIJIOKECHHOM
MOJICIIbIO OOYUCHHUS.
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Features of methodical maintenance of discipline "'Functional analysis and

integral equations' at the Technical University
Vlasova E.A.

A generalization of experience teaching the course "Functional analysis and integral
equations” for students of the faculty "Fundamental sciences™ is given. The location and purpose
of the course within the confines of the professional mathematical education are described. The
growing role of this course in connection with the intensive penetration of the ideas and methods
of functional analysis in various fields of mathematics and its applications is emphasized. The
importance of discipline in the formation of a student's cognitive, creative and general
professional competencies is specified, in particular, the ability to self-development, creative
application of acquired knowledge of modern functional-analytic methods for solving applied
problems.

Methodical problems of teaching, the basic ideas of their solution, methods and techniques
of training, the organization of independent work of students, pedagogical tools for achieving
these goals are presented.

The most important challenges of the transition to a module-rating system of evaluation of
educational achievements are marked, the possible ways to overcome them are given.

Oco0eHHOCTH MEeTOAHYECKOI0 o0ecneuyeHUus TUCIHIIINHBI
«DYHKIMOHAJIBHBIH AHAJIM3 U HUHTErpajibHble YPABHEHHS» B TEXHUYECKOM

YHUBEpPCUTETE
Bnacosa E.A.

Mockogckuii eocydapcmeennviii mexHuyeckuu yrugepcumem um. H.O. Baymana, Mockea, Poccus

[IpuBeneHo 00600LIIEHNE OMBITA MPENOJaBaHMUS TUCIUILTNHBI «DyHKINOHAIBHBIN aHANN3 U
UHTETpaJbHbIC ypaBHEHUs» CTyAeHTaM dakynbTera «DyHIaMeHTaabHble Hayku». OmmcaHbl
MECTO M Ha3Ha4eHHE Kypca B paMKax Npo(ecCHOHAIBHOTO MaTeMaTHYeCKoro oOpa3oBaHW,
aKICHTUPOBAHO BHMMAHME Ha BO3pAcTaHHE POJHM ATOTO Kypca B CBA3M C HHTCHCHBHBIM
NPOHUKHOBEHHEM UACH W MeTOMOB (YHKIIMOHAIBHOTO aHalM3a B pa3jIMYHbIC pa3/eiibl
MaTEMaTUKHU U ee MPHUIIOKEHHs. YKa3aHa BXXHOCTh JUCHUIUIMHEL B QOPMHUPOBAHUH Y CTYACHTA
[IO3HABATENBHBIX, TBOPYECKUX U OOIIENpOPEecCHOHANBHBIX KOMIIETCHIIUH, B YaCTHOCTH,
CIIOCOOHOCTH K CaMOPAa3BUTHIO, TBOPUECKOMY ITPUMEHEHHIO ITOJTyYSHHBIX 3HAHUI COBPEMEHHBIX
(GYHKINOHATBHO-aHATUTUYECKUX METOJIOB PELICHUS MPUKIIAJIHBIX 3a/1a4.

[IpencTaBneHsl MeTOAWYECKHE TPOOIIEMBI IPETIOIaBaHNS JUCIUILIMHEL, OCHOBHBIC H/IEH HX
pa3peuieHns, MeToAbl U MPUEMbl 00yUYeHHS, OPTraHU3aLUN CAMOCTOSTEILHON PadOThI CTYECHTOB,
HeJarorHyecKie HHCTPYMEHTHI JOCTHKECHHUS TTOCTaBICHHBIX IIEJIeH.

O6o3Hauenbl HanboJiee BakKHbIE MPOOJIEMbI, BOSHHMKAIOIIME MpPU TEepexoje K MOJIyIbHO-
PEUTHHIOBOM CHCTEME OIICHMBAHUS YYEOHBIX JOCTMD)KEHHH, yKa3aHbl BO3MOJKHBIC MYTH HX
IPEOJI0IEHUSL.
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