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KAK ITIOMOYb CTYAEHTY
BCTPOUTHCA B HAYUYHVYIO )KU3Hb YHUBEPCUTETA?

WuTerpanus Hayku u 0o0Opa3oBaHMS KaK MPUHIMAI Pa3BUTH
moboro By3a, ¥ MI'CY B 4acTHOCTH, HMEET MEPBOCTCIICHHOE 3HA-
YCHUE, TMOCKOJIBKY JIeJaeT pEe3y/JbTaThl HAYYHBIX HCCICIOBAHUMN
OBICTPO BOCTPEOOBAHHBIMHU, CCTECTBEHHBIM 00pa3oM OOecreunBas
Tparchep GyHIaMEHTAIBPHONW HAayKHd B 0Opa30BaTEIbHBIN Ipolecc
1 npakTHKy. [TosIBIIsICTCS TaKKe OMOCPEIOBaHHAS CBsI3b HAYKH U Ou3Heca (depe3 MHHOBAIIU-
OHHYIO HH(PPACTPYKTYPY, KOTOpasi 00bIYHO (OpMHUpYETCsi BOKPYT yHUBepcuTeToB)!. Kpome
TOTO, UHTErpallysi HayKd B 00pa30BaHUE MMO3BOJISICT MPEOIOJICTh Pa3pbIB KHUKHOTO U MPaK-
TUYECKOro 00pa30BaHUsl, YTO, B YACTHOCTH, 00OCCIICUNBACTCS COydaCTHEM CTYJCHTa B 00pa-
30BaTEIBHOM U HCCIICJ0BATEIBCKOM IPOIIeCCaXx.

ITo mueHmIO cormonora O.H. STHUIIKOTO, «eCTM UCXOMUTh U3 3TOTO MPUHIIHIA, TO 00-
pa30BaTEIBHBIN MPOIIECC TOJDKEH OBITh HE «IAKCTHBIMY», a IPOOIEMHO-OPHCHTHPOBAHHBIM.
Ecnu se OH MOCTPOEH MO MPUHIIMITY CIOEHOIO MHPOra, TO CTYAEHT MOCTABJICH B TPYAHOE
MOJIOXKEHHUE: ISl PELICHUS] KOHKPETHO#H 33/1a4u OH JIOJDKEH M3BJIEKaTh U TPAHC(HOPMHUPOBATH
KHIDKHOE 3HaHHE B MPOOJIEMHOE CaM, MOJyvaeMble MU 3HAHUSI YaCTO HACTIAUBAIOTCS, HO HE
pacHIMpPSIIOT KPYro30p, TaK KaK BO MHOTHX Kypcax MOBTOPSIETCS OJ(HA U Ta ke HHpopMaiusi,
OHa He yrTyOJsIeTCs, @ UMEHHO HACIAMBACTCSI»?,

IIpu pa3paboTke y4eOHBIX IJIAHOB U OCOOCHHO PabOYMX MPOrpaMM HEOOXOAMMO yUH-
TBIBAaTh TOT ACIEKT, TeM 00JIee, YTO B CETOAHSIIHUX YCIOBHIX CYIICCTBOBAHHS 00pa30oBa-
TEJIBHOTO MPOCTPAHCTBA B paMKaX HOBBIX CTaHIAPTOB, MPEIOCTABIISICTCS HEOrPAaHUUYCHHAS
BO3MO)KHOCTh CaMOMYy BYy3y MpPUHUMATh PCIICHUS O KOMIUICKTOBAHHM W HAMOJIHACMOCTH
JUCIUIUTHH HEOOXOMMOH [UTS PeLICHHUs TIPAKTHUSCKUX 3a1a4 HH(pOopMaIuei.

CTyIeHT TOJDKEH NPEACTABIIATE, JIUIS Y€ro MOXKET TIOHA00UTHCS MTOJTyYaeMbIC UM 3Ha-
HUSI; IOHUMAaTh, KaK CTHIKOBATh ATU 3HAHHWS, T.€. 00y4aThCs MEKIUCIUIUIMHAPHON KOMMY-
HUKAIMH, HO JUIs JOCTH)KCHUS 3TOW IENIM CTYIACHTY, PEXK]IE BCEro, HYKHBI MOTHBALIUS U
3aWHTEPECOBAHHOCTh, KOTOPBIC MPUXOST C IOHUMAHUCM.

Hay4nast opranusanus TpyJa CTYICHTOB, a TOYHEES, YCBOCHHUE CTYICHTOM JJIEMCHTAp-
HBIX HABBIKOB HAYYHOH Pa0OTHI, €€ OPTaHU3AINH U TEXHOJIOTHH, «paHHEEe BOBJICUCHUC CTY-
JICHTOB B HUCCJIEJ0OBATEIILCKHIE U 00Pa30BaTe/IbHbIC MPOSKThI KAK MIIA/IIINX MAPTHEPOB (2 He
KaK CTaTHCTOB)»®, AT BOBMOKHOCTH 3aHHTEPECOBAHHON YaCTH CTYIECHTOB BCTPOUTHCS B
HAy4YHYIO KH3Hb YHUBEPCUTETA.

Bce 3T0 BO3MOXKHO, €CITH B CTYICHUECKOH Cpe/ie MOCTEIIeHHO Oy/IeT U3KHUT PUHIIUI T10-
TpeOHUTEeNbCTBA. MHE KQXKETCSI, YTO NOHSTHE «PYKEITIOOHOTO MHCTUTYTa», TAKOTO, KOTOPbIH
MOJIICP)KUBACT CAMOPCATU3AIINIO CTYICHTOB, X UICH U MPOEKTOB, MIO3BOJIUT MOACPKHUBATH
JTHAJIOT CO CTYJACHTAMH, a HE HaBsI3bIBATh €MY BCE HOBBIC IIOTPEOHOCTH.

3aMecTuTeNs TUpeKTopa 1Mo yueOHoit padbore .
MertumuacKoro punuana MI'CY A~ V@‘x:zg E.H. Imutpenxo

! Meaxcuna U1, Kucenesa B.B. TenneHum pa3BUTHsI HAy4HBIX IIKOJI B coBpeMeHHol Poccuu. M. :
WDIIII, 2009. 164 c.

2 Anuykuii O.H. Bpicmiee o0pa3oBaHue: MpoOIEMbI, MEPCICKTHBBI (Pa3MBIIUICHUE TOCIE
muckyccun) // RELGA Ne 18 [236] 10.11.2011. Pexum pocrtyma: http://www.relga.ru/Environ/
WebObjects/tgu-www.woa/wa/Main?level 1I=main&level2 =articles&textid=3052. Jlara oOpaieHus:
11.06.2015.

3 To xe.
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HOW TO HELP A STUDENT
TO ENTER THE SCIENTIFIC LIFE OF THE UNIVERSITY?

The integration of science and education as a development principle of any university
and MGSU in particular is of primary importance, because it quickly makes the scientific in-
vestigations results demanded, naturally providing the transfer of fundamental science in the
educational process and practice. Also there appears a mediated connection of science and
business (through innovative infrastructure, which is usually formed around universities)'.
Moreover, the integration of science into education helps overcoming the gap between book-
learned and practical education, which is for example provided by participation of a student
in educational and research processes.

According to the opinion of a sociologist O.N. Yanitsky “If we are basing on this prin-
ciple, the educational process should not be “batch”, but problem-oriented. If it is created
on the principle of layer-cake, a student is in a difficult situation: in order to solve a specific
problem a student should extract and transform book knowledge into a problem one by him-
self, the obtained knowledge often overlap, but don’t broaden the mind, because in many
courses the same information is repeated, it is not deepened, but overlaps™?.

During the development of curricula and especially working programs it is necessary
to account for this aspect, especially as in the modern conditions of educational space exis-
tence in frames of new standards a university itself gets an open-ended possibility to make
solutions on compilation of disciplines by the information necessary for practical problems
solution.

A student should understand for what aim may the obtained knowledge be useful; un-
derstand how to combine these knowledge, i.e. study the interdisciplinary communication,
but for this aim a student first of all needs motivation and interest, which come together with
understanding.

The scientific organization of students’ work, or rather digestion of common skills of
scientific work, its organization and technologies, “early involvement into investigation and
educational projects as younger partners (but not a supernumerary)”, gives an opportunity
for the interested part of students to enter the scientific life of the university.

All this is possible if the consumption principle will gradually merge into the back-
ground. I believe that the notion of “friendly university”, such as encourages personal ful-
fillment of students, their ideas and projects, will help maintaining the dialogue with the
students, but not impose new needs.

Deputy Director for academic work
of the Mytishchi branch of MGSU E.N. Dmitrenko

! Dezhina 1.G., Kiseleva V.V. Tendentsii razvitiya nauchnykh shkol v sovremennoy Rossii [Ten-
dencies of Scientific Schools Development in the Present-day Russia]. Moscow, IEPP Publ., 2009,
164 p.

2 Yanitskiy O.N. Vysshee obrazovanie: problemy, perspektivy (razmyshlenie posle diskussii) [High-
er Education: Problems, Prospects (Reflection after the Discussion)]. RELGA. No. 18 [236] 10.11.2011.
Available at: http://www.relga.ru/Environ/WebObjects/tgu-www.woa/wa/Main?level |=main&level2
=articles&textid=3052. Date of access: 11.06.2015.

3 Ibid.
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NMPOEKTUPOBAHUE N KOHCTPYUPOBAHUE
CTPOUTEJIbHbIX CUCTEM.
NMPOBJIEMbl MEXAHUKU B CTPOUTEJIbCTBE

YIAK 517

0O.A. BacuiabeBa
DI'BOY BIIO «MI'CY»

YUCJEHHOE UCCJIEJJOBAHUE CUCTEMbI YPABHEHUM
KAPJIEMAHA

PaccmoTpeHa ogHoMepHast MofernbHasi cuctema KMHETUYECKOW TEOPUN ra3os, Onu-
cbiBaemasi cuctemolri ypaBHeHuit Kapnemana. MpoBeaeHo Ans pasnuyHbiX HavarbHbIX
YCIOBUI YMCIIEHHOE MccreaoBaHne 3agadn Kowm ans KUHETUYECKoW CUCTeMbl ypaB-
HeHuin KapnemaHa. MNprBeaeHbl 1 06CykaatTcs Nony4YeHHble YACTEHHbIE pesynbTaThl.

KnioueBble croBa: KuMHeTUYeckasi Teopusi ras3oB, Mofernb KapnemaHa, KoHe4Ho-
pasHOCTHasi cxema, KBasunmHeHoe runepbonmnyeckoe ypaBHeHUe, criydaiHble npoLec-
Cbl, cTabununsaumns peLleHus.

B pabote mpoBoauTCsS YHCICHHOE UCCIeNOBaHUE penieHui 3anaun Ko mms
cucteMbl ypaBHeHnit Kapnemana. Cucrema Kapnemana sBisieTcst OnHOM U3 MOJIENb-
HBIX CHCTEM KHHETHYECKOW TEOpHUHU Ta30B, COCTOSIIMX M3 OJHOATOMHBIX MOJIEKYI,
UMEIOIINX KOHEYHOE YHMCIIO CKOPOCTEH, B O0IIEM cllydae OIUCHIBACMBIX ITUCKPET-
HBIM KHHETHYECKUM ypaBHeHHEM bonbimana [1—3]. B aToM ciydae ogHOMEpHBIN
ra3 COCTOMT M3 JABYX THIIOB YacCTHI], UMEIOIINX PaBHBIE 110 MOIYJIIO U MPOTHUBOIO-
JIO’KHO HaTpaBJieHHbIe CKOpOoCcTH. Mccnenyemas cuctema sIBIsSETCS KBa3HIMHEHHON
CUCTEMOH THIIepOOIHYECKIX ypaBHEHUH. B o0miem ciryuae He cyliecTByeT aHalu-
TUYECKOTO PEIICHUS PACCMATPUBAEMOM CUCTEMEI [4], 3T0 00BSACHAET BAYKHOCTH YHC-
JIEHHOTO HMCCJIe/IOBaHNs CUCTEMbI ypaBHeHnH Kapiemana.

Paccmorpum 3anauy Komm aist cucrems! ypaBaenuit Kapnemana [5—15]

o,u+0o.u =l(w2 —uz), t>0, xeR;

“ (1)
ow-0o,w=-=(w -u’),
€
C HaYaJIbHbIMH YCJIOBUAMUA
u |t:0: UO(X)’ W|t:O: WO(X)9 (2)

rae € >> | — MOCTOSIHHBIN KO3(DPHIIUEHT.

PaccmoTrpum ciyuail nepuonnyecKuX HayalbHBIX YCIOBUWA. B HayanbHBIA MO-
MEHT BpeMeHH U°(X) SIBJISETCS HEBO3MYIICHHBIM M HE OTKJIOHSETCS OT COCTOSIHUSI
paBHoBecws, U%(X) = 1, WY(X) B HauaJIbHBIF MOMEHT BPEMEHH UMEET rapMOHUYIECKOE
BO3MYIIIEHHE OT moyioxkeHust paBHoBecust WO(X) = 1 + 0,1sin(27x). [jis 9uCIeHHOTO
uccienoBanus cuctemsl (1), (2) mpumensieTcs siBHas KOHEYHO-PA3HOCTHAsI cXema
MIEPBOTO MOPSIKA TOYHOCTH C TIEPUOUIESCKIMH TPAHUYHBIMH yCIOBHUSIM.

Ha puc. 1—4 npuBeneHbl pe3yabTarbl YHCISHHOTO UCCIIEIOBAHUS PEIICHNUS 3a-
naqm U(t, X), W(t, X) oo 3nagenuit Bpemenu t, = 0, t, = 0,0125, t,= 0,1, t, = 0,75

© Bacunbesa 0.A., 2015 7
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COOTBETCTBEHHO. B HauanbHbIil nepros Bpemenu 0 <t <t mpoucxoaut ObicTpoe nepe-
pacnperenieHie 4acTHLl MEXIy TPYIIaMH, «IIepeKkadka dHEPrHm» BO3MYIIEHHs (OT-
KJIOHEHUSI OT COCTOSTHUA paBHOBecus ) W(1, X) 1 BO3HUKAET OTKJIOHEHUE OT COCTOSIHUS
pasuoBecwus U(t, X). TTpu t >t u(t, X) coBmamaet mo dopme ¢ W(t, X), mexxay U(t, X) u
W(t, X) mmeetcst GpazoBblii caBur ¢(€) (puc. 4). Hanmune ¢azoBoro capura (pasmuyust
Mexay U(t, X) 1 W(t, X)), 00yCIIOBICHHOTO Pa3IMuUeM CKOPOCTEH Y Pa3HbIX IPYIII Ya-
CTHLI, MPUBOJMT K 3D (PEKTy AUCCUTIALINH BO3MYILICHUH U K CTPEMIICHUIO K COCTOSIHHIO
paBHOBECHSI, CYIIECTBOBAHHUE KOTOPOTO JI0Ka3aHo B [6]. BennunHa ¢a3zoBoro ciasura
¢(g) ymMeHbLIaeTCs IPH YMEHBIIIEHUH napameTpa 3a1a4u € (¢(g) —0 npu € —0).

= 'u0.dat ——
'w0.dat'
1.05
1
0.95
0.9 - e e e e — b
0 0.2 0.4 0.6 0.8 1

Puc. 1. Hauamsusie yeoBus 3amaun (1), (2) u%(x) m wo(x)

1.08
1.06
1.04
1.02

1
0.98
0.96
0.94
0.92

0.9 L e e — — —
0 0.2 0.4 0.6 0.8 1

Puc. 2. ITIpodumu permennst 3amaqn U(t, X), W(t, X) mst 3HageHus Bpemenu t = 0,0125

1.05
1.04
1.03
1.02
1.01

1
0.99
0.98
0.97
0.96

0.95 - o "
0 0.2 0.4 0.6 0.8 1

Puc. 3. [Ipodunu pernenns 3amaun U(t, X), W(t, X) st 3HadeHus Bpemenu t = 0,1
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1.025 g
1.02 :
1.015
1.01
1.005

1
0.995
0.99
0.985
0.98
0.975

ot —

0 0.2 0.4 0.6 0.8 1

Puc. 4. ITpodunu peurenus 3amauu U(t, X), w(t, X) s 3HaueHus Bpemenu t = 0,75

Ha puc. 5 npeacraBiieHO M3MEHEHHE MAaKCUMYMOB MOAYJEH OTKIOHEHHUU
¢bynknmii Uu(t, X), w(t, X) oOT COCTOSIHUS paBHOBECHS Du(t)=max|u(t, X)—1
0<x<1

b

Dw(t) = max|W(t, X) —1| B 3aBrcuMocTH OT Bpemenw t. ITpu 0 <t < t* mpoucxomur
0<x<1

OpICTpOE yBenmueHne MakcuMyMa oTkinoHeHus DU(t) u Takoe ke ObIcTpoe yMeHb-

[ICHHEe MaKcuMyMa OTkIoHeHHs: DW(t) BIuioTs 10 ux coBnagenus. [1pu t > t* makcu-

MYMBI MOJTYJIsl OTKJIOHEHUS OT COCTOSIHMSL paBHOBECHS coBnaaarot Jutst U(t, X), w(t, X)
U CTPEMSTCS K HYITIO TIPH { —> 0.

e 'Du.datt ——
'Dw.dat’
0.08
0.06
0.04
0.02
{] - e T e
0 2 4 6 8 10 12

Puc. 5. 3aBUcUMOCTB OT BpeMeHH t MAaKCUMYMOB MOAYJIEH OTKIOHEHUH PEIIeHHUs OT CO-
crostHus paBHoBecus Du(t) u Dw(t)

Ha rpaduxe puc. 6 npuBeseHbl 3aBUCUMOCTH OT BPeMEHH t MaKCUMyMOB MOY-
Jiel OTKJIOHEHWM OT TOJIOKEHHUSI PAaBHOBECHS JIJIsl pa3IMUHBIX 3HAYEHUN MapaMeTpa €.
Kpussle Ul u W1 cooTBeTCTBYIOT 3HaueHuto € = 0,1, KpuBbie U2 U W2 — 3HAYCHUIO
€ = 0,05, kpussie U3 u W3 — 3Hauenuto € = 0,01. Ha pucyHke BUIHO, UTO AJIS JTEO-
00ro PUKCHPOBAHHOTO € MAaKCUMyMBI Momyiiei otkinonenuii Du(t) m Dw(t) cumme-

TPUYHBI OTHOCHTENBHO MPSIMOi napaiienbHoit ocu Ot, y= max‘u (t (e), X) - 1‘.

Bpewmst «niepexauku sHEPTUM» (BpeMs BBIX0/a HA PaBHBIE MAKCUMYMbI MOYJICH
OTKIIOHEHUS (PYHKINH OT TOJIOKEHUSI PAaBHOBECHS) YMEHBIIIAETCS C YMEHBIIIEHUEM
napamerpa 3a1a4u €. 3aBHCHMOCTh BpeMeHH t (€) mprBeneHa Ha puc. 7, MpH pac-
CMOTPEHHBIX 3HAYEHUAX [TapaMeTpa € 3aBUCUMOCTD SIBJISIETCS IMHEWHOM.

Designing and detailing of building systems. Mechanics in civil engineering 9
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0.1

0.08

0.06

0.04

0.02

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Puc. 6. 3aBUCMMOCTH MAaKCUMYMOB MOJYJI€H OTKJIOHEHHUH JJIsl pA3TUYHBIX €

s 't.dat’ ——
0.25
0.2
0.15
0.1

0.05

0

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Puc. 7. 3aBucumocTh BpeMeHu t°(€) oT mapamerpa €

Ha puc. 8 nns paznuyHbIX 3HaUEHUI MapaMeTrpa 3a7add € MPUBEACHbI 3aBU-
CUMOCTH OT BPEMEHH MaKCHUMyMa MOJYJS OTKJIOHEHHS OT COCTOSHHUS pPaBHOBECHS
Dw(t). Kpussie Dw1, Dw2, DW3 cooTBETCTBYIOT CIEIyIOIIMM 3HAYEHUSM Mapame-
tpa €: 0,1; 0,05; 0,01.

- 'Dwl.dat ——
0.09 'Dw2.dat’ ——
0.08 'Dw3.dat’ ——

0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

0 2 4 6 8 10 12

Puc. 8. 3aBucumoctu ot BpemeHn DW(1) 1t pa3nmuaHBIX 3HAYCHUH €

B [6] nokazano, uto pemenue 3aaaun (1), (2) cTpeMHUTCS K COCTOSIHUIO PaBHO-
Becust ipu ¢ — oo, [Ipu ¢ > £'(€) MAKCHMYM MOJYJIsI OTKIIOHCHHSI PELICHHS 3a1a4H OT
COCTOSTHUSI PABHOBECHSI MOHOTOHHO CTPEMUTCS K HYIIO (cM. puc. 8). [Ipu ymMeHbIiie-
HUM TTApaMeTpa 3a8]1a49M € BPEMsI BBIXO/IA Ha COCTOSIHUE OJM3KOE K COCTOSIHUIO PABHO-
Becus (MaKCUMyMBI OTKJIOHEHHI paBHBEI O, |[Du(t)| = 6, |Dw(t)| = d) yBenmunBaeTcs.

10 ISSN 1997-0935. Vestnik MGSU. 2015. Ne 6
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Ha puc. 9 kpussie 11, 12, t3, t4 coorBercTBYIOT cineayromuM 3HaueHUsM O: 0,01;
0,005; 0,0025; 0,001 cooTBeTCTBEHHO. 3HAYCHUS OTKIOHEHHUS OT COCTOSHHS paB-
HOBecus coctaBiioT 10, 5, 2,5 u 1 % ot HavyansHOTO BO3MyteHUS. [lomydeHHBIC
3aBHCHMOCTH IMO3BOJIAT aHAJOTUYHO [16] MPOBOANTH KOJIMUYECTBEHHBIC CPABHEHUS
PE3yIIBTATOB.

30
25
20
15

10

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Puc. 9. 3aBHCHUMOCTb BPEMEHU «CTaOMIIN3AIUIY PEIICHUS

Pacemotpum 3amauy Komm (1), (2) mnst cinydas HeNmepUOAMYECKHUX Hayallb-
HBIX ycinoBui [17]. HauaneHoe ycnoBue mist GyHKOuK U(E, X) ©MeeT MpeXHUH BUA
u(x) = 1. HaganeHoe ycmoBue st W(t, X) B Ha4aidbHBIi MOMEHT BPEMEHH OT-
KIIOHSIETCSL OT COCTOSIHUA paBHOBecus Toibko mpu 0 < X < 1. Bo3mymienue ot co-
CTOSIHUSI PaBHOBECHUS COBIAJaeT C BO3MYULIEHMEM Ui MEPHOIUYECKOTO Ciyvast
wWo(x) =1 + 0,1sin(2nx).

Kak 1 B ciyuae neproguuecKux HaualbHBIX YCIOBUH BHAYAJIE IPOUCXOTUT ObI-
CTpasi «repekadka dHeprum» — (GopMupoBaHue Bo3MmylueHus aist U(t, X). Bpems
t'(€) W1 MEPHOTMUECKOTO M HETTEPHUOAMUYECKOTO CIyUaeB oauHakoBoe. [Ipu ¢ > #(g)
MIPOMCXOAMT BBIXOJ Ha cocTosiHue paBHoBecud. Ha puc. 10 1 pa3nuyHbIX 3Haue-
HUH MapaMeTpa 3aJlauu € MPUBEIEHBI 3aBUCUMOCTH OT BPEMEHU MaKCUMyMa MOy
OTKJIOHEHHMsI OT cocTosiHus paBHOBecust Dwn(t) = max|w(t, X) — 1|. Kpussie Dwnl,
Dwn2, Dwn3 cooTBeTCTBYIOT clieAyomuM 3HaueHmsM mapametpa €: 0,1; 0,05; 0,01.
CxopocTb ymMenblieHust Dwn(t) Menbiie, yeM ckopocTs yMeHblneHust Dw(t) ams me-
PUOAMYECKHUX HAYaAJIbHBIX yCIoBHiA (cM. puc. 8). [logpoOHoOe HccaenoBaHue CTpeM-
JICHUSI PEeLIeHUs IS Cay4asl HeepuoJUUeCKUX HauyaJbHBIX YCIOBUH K COCTOSTHUIO
paBHOBecHs OyeT MPOBEICHO B CIEIYIOIIEH CTaThe.

0.1 ‘Pwnl.dat —
009 B = |
0.08 |
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

0 1 2 3 4 5 6 7 8 9 10

Puc. 10. 3aBucumocTu ot Bpemenn Dwn(t) muist pa3IMdHbIX 3HAYCHUHN €
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Pacemorpum 3agauy Kormm (1), (2) atst corydast HadadbHBIX YCITOBUH, SIBIISTFOTITHX -
Csl CTAllMOHAPHBIMH HOPMAJIBHBIMH CIYYalHBIMHU MpolleccaMu. Maremarndeckue
okumanus U(X) WO(X) pasubl 1, koppensuuonHble ¢QyHkiuun R(t) = 0,017,
Ha puc. 11 npuBeneHbl pe3yapTaThl YUCICHHOIO HCCIEAOBAHUS PELICHUS 3aJadu
u(t, x), w(t, x). Kpusete Us0O, WSO cootBeTcTBytoT 3Hauenuto t = 0, kpuBbie USI,
Ws1 — 3nauenwuro t = 0,14. Kpussie Usl, Ws1 umeror oguHakoByto Gopmy u da-
30BBIil C/IBHT, YTO CBHJICTEIBCTBYET O TOM, YTO TPOIECC «OOMEHa dHEpruei» 3a-
BepuieH. Ha puc. 12 npuBeneHa 3aBUCUMOCTb MaTEMAaTHUECKOTO O>KUIAHUS MOIYJIS
orkioneHust M1(t) = M|w(t, X) — 1|. Berunciienne MareMaTu4ecKoro OXUIaHUs TIPO-
BOAMJIOCH METOJIOM, ONMKCaHHbIM B [18—20].

1.3 JusQ.dat —
wsl).gat, —
1.2 -”5? gﬂt-—

11

1

0.9

0.8

0.7

0'60 0.5 1 1.5 2 2.5

Puc. 11. IIpodunu pemenns 3amaun U(t, X), w(t, X)

0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01

0

'Ml.dat' —

0 2 4 6 8 10 12

Puc. 12. Maremaruuyeckoe o>kujaHIe MOYJISl OTKIIOHEHHUS OT t

HpOBCZ[eHO YHCJICHHOC MCCJIICAOBAHUEC 3aJauu Komm JJI1 CUCTEMBI ypaBHeHHﬁ
KapneMaHa C Ppa3jInYHbIMH HAYAJIbHBIMH YCJIOBUAMMU. HpI/IBC,Z[CHBI n O6CY)KZ[3IOTC$I
PE3YIBTATBI YUCIICHHOT'O UCCIICAOBAHUA 3aBUCUMOCTU BEIIMYMHBI BDEMCHU «obmeHa
3H€pI‘HCI71» 1 3aBUCUMOCTHU BPEMCHU CTaGI/IJ'H/I?;aIII/H/I peuicHu 4J1d pa3jJInvHbIX 3Ha-
YeHUH napamMeTpa MOACIIN.

ABTOp BbIpakaeT npusHareabHOoCcTh E.B. PankeBuuy 3a mOCTaHOBKY 3ajaud,
H0JI€3HbIE OOCYKJICHHUS U 3aMeUaHMUsl.

Bubnauorpaduueckuii cnucox

1. borvyman JI. I36pannsie Tpyasl. M. : Hayka, 1984. 590 c. (Kinaccuku Hayku)

12 ISSN 1997-0935. Vestnik MGSU. 2015. Ne 6



lMpoeKTMpoBaHUe N KOHCTPYUPOBaHWUE CTPOUTEABHbBIX CUCTEM. npOﬁ/\eMbl MexaHUK1 B CTDOUTEALCTBE VESTNIK

MGSU

2. looynos C.K., Cynmaneasun Y.M. O TUCKPETHBIX MOJICIISIX KHHETHYECKOTO YpaBHe-
uus borpnmana // Yenexu matematmdeckux Hayk. 1971. T. 26. Bem. 3 (159). C. 3—S51.

3. Paokesuu E.B. O IUCKPETHBIX KMHETUYECKUX ypaBHEHHsX // Jloknaapl AkajaeMun
Hayk. 2012. T. 447. Ne 4. C. 369—373.

4. Euler N., Steeb W.-H. Painleve test and discrete Boltzmann equations // Aust. J. Phys.
1989. Vol. 42. Pp. 1—10.

5. Radkevich E.V. The existence of global solutions to the Cauchy problem for discrete
kinetic equations // Journal of Mathematical Science. 2012. Vol. 181. No. 2. Pp. 232— 280.

6. Radkevich E.V., Vasil’eva O.A., Dukhnovskii S.A. Local equilibrium of the Carleman
equation // Journal of Mathematical Science. 2015. Vol. 207. No. 2. Pp. 296—323.

7. Paoxesuu E.B. O moBeneHNH Ha OONBIINX BpeMeHaxX pemieHud 3amaun Komm s
JIBYMEPHOTO JTHUCKPETHOTO KHHETHYecKoro ypaBHeHHs // CoBpeMeHHas MaTeMaTHKa.
OyngamenTansable Hanpasinerns. 2013. T. 47. C. 108—139.

8. Aovicues C.3., Amocoe C.A., Beoensnun B.B. OnHOMEpHbIC IUCKPETHBIC MOJICIN KH-
HETHYECKUX ypaBHEHMH s cMeceit // JKypHa BEIYUCIUTENEHOW MaTeMaTHKN i MaTeMaTh-
geckoil pusukm. 2004. T. 44. Ne 3. C. 553—558.

9. Hnvun O.B. V3ydeHue CyIIeCTBOBAHUS PEIICHUH W YCTONYMBOCTH KHHETHYECKOU
cucreMsl Kapnemana // JKypHai BEIUUCINTETFHON MaTEMAaTHKH W MaTeMaTHIeCKON (DU3UKH.
2007. T. 47. Ne 12. C. 2076—2087.

10. Aristov V., Ilyin O. Kinetic model of the spatio-temporal turbulence // Phys. Let. A.
2010. Vol. 374. No. 43. Pp. 4381—4384.

11. lliner R., Reed M.C., Neunzert H. The decay of solutions of the Carleman model //
Math. Methods Appl. Sci. 1981. Vol. 3 (1). Pp. 121—127.

12. Iliner R., Reed M.C. Decay the equilibrium for the Carleman model in a box // SIAM
J. Appl. Math. 1984. Vol. 44. No. 6. Pp. 1067—1075.

13. Aristov V.V. Direct methods for solving the Boltzmann equation and study of
nonequilibrium flows. Kluwer Academic Publishing, 2001. 312 p.

14. Paoxesuu E.B. MaremaTn4ecKue BOIPOCH HEpaBHOBECHBIX MporeccoB. HoBocu-
ompck : M3n. T. Poxxkosckas, 2007. 300 c. (benast cepus B maremaruke u pusuke. T. 4)

15. Unoun O.B. CraumoHapHBIE pemIeHUS KWHETHYecKod Mmoxpenn bpomysmna //
Teopetmueckas n Mmaremarudeckas ¢pusmka. 2012. T. 170. Ne 3. C. 481—488.

16. @puwmep J1.FO. Ananu3 HanpsHKEHHO-1e(GpOPMHUPOBAHHOTO COCTOSIHUSI B BEPIIIHHE
npsiMmoyronbsHOTO KiuHa // Bectank MI'CY. 2014. Ne 5. C. 57—62.

17. Radkevich E.V. The existence of global solutions to the Cauchy problem for discrete
kinetic equations (non-periodic case) // Journal of Mathematical Science. 2012. Vol. 184.
No. 4. Pp. 524—556.

18. Bacunvesa O.A. ViccnenoBanne HEKOTOPBIX BEPOSITHOCTHBIX XapaKTEPUCTHK pelie-
Hus 3agaan Komm s ypasuerns broprepca-Xakcmu // Tpynst MAU. 2014. Beim. 78. Pexxum
nmoctyma: http://www.mai.ru/science/trudy/published.php?ID=53684.

19. Bacunvesa O.A. Tlporpammusni momyms CORFUN 1.2.-2 // Maremaruka.
Kommsrotep. O6pazosanue : Tp. X VIII Mexaynap. koud. 2011. Bem. 18. C. 193.

20. Bacunvesa O.A. UccrnenoBanue BEPOSTHOCTHBIX XapaKTEPUCTHK PELICHUS ypaBHe-
uus broprepca-Xakcnu / Maremarnka. Kommerorep. Obpa3zosanue : Tp. XXII MexmyHap.
koH(. 2015. Brm. 22. C. 130.

Hocmynuna 6 pedaxyuio 6 mae 2015 .

O6 aBTope: BacmiabeBa Ojbra AlleKCaHAPOBHA — KaHAWIAT (PHU3HKO-MaTeMaTh-
YeCKUX HayK, JOICHT, MOUEHT Kadeapsl BBICIICH MaTeMmaTHky, MOCKOBCKMIi rocyaap-
cTBeHHbIH cTpouTenbHblil yHuUBepcuTeT (PI'BOY BITO «MI'CY»), 129337, . Mockaa,
Spocnasckoe mocce, 1. 26, vasiljeva.ovas@yandex.ru.

Designing and detailing of building systems. Mechanics in civil engineering 13



BECTHMK 6/2015

Ans nutupoBaHus: Bacurvesa O.A. UncneHHOE UCCIIENOBAHNE CUCTEMBI ypaBHEHUN
Kapnemana // Bectauk MI'CV. 2015. Ne 6. C. 7—15.

0.A. Vasil’eva
NUMERICAL INVESTIGATION OF THE CARLEMAN SYSTEM

In the article the Cauchy problem of the Carleman equation is considered. The
Carleman system of equations is a model problem of the kinetic theory of gases. It is
a discrete kinetic model of one-dimensional gas consisting of identical monatomic mol-
ecules. The molecules can have one of two speeds, which have equal values and op-
posite directions. This system of the equations is quasi-linear hyperbolic system of partial
differential equations. There is no analytic solution for this problem in general case. So,
the numerical investigation of the Cauchy problem of the Carleman system solution is
very important.

The paper presents and discusses the results of the numerical investigation of the
Cauchy problem for the studied system solution with periodic initial conditions. The de-
pendence of the stabilization time of the solution and the time dependence of energy
exchange from small parameter are obtained.

The second point of the paper is numerical investigation of the solution of the Cau-
chy problem with non-periodic initial conditions. The solution stabilization to the equilib-
rium state is obtained. The solution stabilization time is compared with stabilization time
in periodic case.

The final point of the paper is numerical investigation of the Cauchy problem with
stationary normal processes as initial conditions. The solution to this problem is two
stationary stochastic processes for any fixed value of time variable. As a rule, the practi-
cal interest is not a stochastic solution but its statistical characteristics. The stochastic
solution realization is presented and discussed. The dependence of the mathematical
expectation of the solution deviation modulus from equilibrium state is obtained. It dem-
onstrates the process of the solution stabilization.

Key words: kinetic gas theory, Carleman model, finite-difference method, solution
quasi-linear hyperbolic equation, stochastic processes, solution stabilization.
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