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Mex nyrapoaHas HaydHasd KoH(pepeHusa mo Mexannke ~TpeTbu Do-
asxopckue ureHus npoBoaunTcsa B ron 300-aetus CankT-deTepbypra.
Dacrosmuin cCOPHUK BKJIKYAET TE3WCH JAOKJIATOB, MPENCTABIEHHBIX
Ha koHpepennnn. OTKpHITHEe KOH(PEPEHINN U IIEHAPHOE 3acelaHie
cocroarcs 4 ¢eppaas 2003 r. B CamkT-deTepOyprckom [lome ye-
HBIX DAD (/lBopuoBas Hab., 1. 26). 3aceqaHUA CeKIWH TpoOHAYT 5
n 6 deBpaaa 2003 roma Ha MaTeMaTHKO-MeXaHUIeCKOM (HaKyTbTeTe
CaukT-DeTepSypreKoro rocyjapcTBEHHOTO YHHBEPCHTETA (DeTpo1Bo-
per, YHUBEPCHTETCKIH ., 1. 28).

B nporpammy KoH(MepeHIUE BKJIOYMEHH TMEHAPHBIE W CEKITMOHHBIE
JOKJABL TIO CAEAYIONINM HATPABIECHISM

I Teopemuueckas u npukiadnas MEraHuka

Il Junamukra Kocmuuecko2o nosemd

1. Mexanuxa scudkocmu u 2asa

IV.  Mexanuxa dedpopmupyemozo meepdozo meaa
V. Hcmopus meranuruy

The International scientific conference on mechanics ”The Third
Polyakhov Reading’s” is held in the year of the 300 anniversary of Saint
Petersburg. The abstracts of the papers presented are included in this
proceeding. The conference opening and plenary session will take place
in the Saint Petersburg House of Scientists RAS on February, 4, 2003.
Oral sessions will be held at the Faculty of Mathematics and Mechanics
at Saint Petersburg State University on February, 5-6, 2003.

The conference programme includes plenary lectures and oral presen-
tations on the following topics:

1. Theoretical and Applied Mechanics
II.  Dynamaics of Space Flight
. Mechanics of Fluids and Gases
IV.  Mechanics of Solids

V.  History of Mechanics
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Ipeacegarens KoudepeHuM
Mopozos Duknra PegopoBnd - akageMuk JAD

Chairman of the Conference
Morozov Nikita Fedorovich - Academician of RAS

Opraausaropsl KOHpEpeHITNN

- MunrmncTepcTBO 06pazoBanusa IP
- Doccuiickuil (poHT PyHIAMEHTATBHBIX MCCJAeTOBAHIH
- CaHKT-DeTepOyprcKuil rocy JapCTBEHHBIN YHUBEPCUTET

- DUUMM wum. axang. B. U. CumupuoBa CaHkT-DeTepOyprckoro
YHUBEPCHTETA

- UacturyT npobaem MaimmHOBeqeHms DA D
- CamkT-Derepbyprekuit Jlom Yduenbix DAD

- CaHKT-DeTepOyprcKuil NoCy JapCTBEHHBIN TOMNTEXHUIECKUN YHI-
BEpPCUTET

- IDOUN um. akang. A. 2. Kpruosa

- CaukT-DeTepbyprckoe oTaelenne AKaleMil HETHHENHBIX HAYK
Organizers of the Conference

- RF Ministry of Education
- Russian Foundation for Basic Research
- Saint Petersburg State University

- Research Institute of Mathematics and Mechanics named after
V. I. Smirnov at Saint Petersburg State University

- Research Institute of Mechanical Engineering Problems, RAS

- Saint Petersburg House of Scientists, RAS
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- Saint Petersburg State Technical University
- Central Scientific Research Institute named after A. N. Krylov

- Saint Petersburg Branch of the Academy of Nonlinear Sciences
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OprxomuTteT KoHpEpEHITNN

Jleotos Tennaguii Anekceerud (conpencegarens), COEIY
OmkoB Muxana Derpopud (conpejacearens), COOIY
DacweiakoBa NHHa AHaTomBeBHA (yUeHBIN cekpeTaps), COOIY
Maas Opuin Muxangosua, CI6IY

Kunun Dapea Augpeesutd, CO6IIY

3erxga Cepren Augpeesnd, CI6IY

Upantora KOpunn ®unraperosny, IDUN num. axan. Kprimosa
Wupenities [murpuit Aunaroasesund, UHCTHTYT mpobiaeM MaIinmHOBe-
nerns DAD

Matpees Cepren Kouncrantunosut+d, CO6I'Y

Dozapade Aaexcauap [larmmosud, /lom Ydenpix DAD
DoasxoBa Eaena Duxoaaepua, CI6IY

CwyupraoB Augapen Jleonugosutw, CI6IY

Tposu Baagumup dukonaesud, CI6IY

Ycxos Baamguvup Dukoaaesutd, IITY

Puaunnos Cepren Jopucosutd, CO6IY

Xaaun Baagumup l'eopruesny, CI6IY
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The Organizing Committee

Leonov Gennady A. (co-chairman), Saint Petersburg State University
Yushkov Mikhail P. (co-chairman), Saint Petersburg State University
Pasynkova Inna A. (scientific secretary), Saint Petersburg State
University

Dahl Yur1 M., Saint Petersburg State University

Filippov Sergey B., Saint Petersburg State University

Indeitsev Dmitry A., Research Institute of Mechanical Engineering
Problems RAS

Ivanyuta Yuri F., Central Scientific Research Institute named after
A. N. Krylov

Khalin Vladimir G., Research Institute of Mathematics and Mechan-
ics named after V. I. Smirnov of Saint Petersburg State University
Matveev Sergey K., Saint Petersburg State University

Nozdrachev Alexander D., Saint Petersburg House of Scientists RAS
Polyakhova Elena N.  Saint Petersburg State University

Smirnov Andrey L., Saint Petersburg State University

Troyan Vladimir N., Saint Petersburg State University

Uskov Vladimir N., Baltic State Technical University

Zegzhda Sergey A.) Saint Petersburg State University

Zhilin Pavel A. Saint Petersburg State Technical University
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IMayIHEIE KOMUTET KOH(pepeHITnn

Denenknii Baragumup Bacuabesnd (Doccud)
Byitnand Beabko (IOrocaapus)

I'puropsu Campen Campenosnd (Doccusd)
Endao Denrt ([Beuns)

Minnackui Anekcauap IOabesny (Doccus)
Kapanersan Anekcauap BaanuieHoBud (Doccud)
Kacmep Domxang (Tepmatus)

Kaumos Jmurpuit Muxaiiiopnd (Docens)
Kosnos Banepuit Bacuabepnd (Doccus)
Jlanmu IOpuit Bukroposnd (Doccusn)
Mapxkees Araronuil Dapjoud (Doccns)
Muxaiitos Tne6 KoncranTnroBmd (Doccns)
Mboit Pynucan (Kurait)

Dsapunyy Aapae AuToHOBIY (Doccus)
Danes Credan (Doarapus)

Susnto Koppago (Uranus)

SumporTt Ppuapux (Kaxaa)

Dymsauies Banentns Buraabesnd (Doccus)
Toscruk Jerp EBrenbesnd (Doccusn)
Tporep Xauc (ABcTpus)

Txaft BajgenTnH Oukoaaesud (Doccud)
Xaregopr Derep (Tepmanns)

Mepaare TJomnunk (Ppanuns)

M nepmuar JdyTn (Tepmanns)
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The Scientific Committee

Beletsky Vladimir V. (Russia)
Grigoryan Samvel S. (Russia)
Chevallier Dominique (France)
Enflo Bengt (Sweden)

Hagedorn Peter (Germany)
Ishlinsky Alexander Yu. (Russia)
Karapetyan Alexander V. (Russia)
Kasper Roland (Germany)
Klimov Dmitry M. (Russia)
Kozlov Valery V. (Russia)

Lapin Yuri V. (Russia)

Markeev Anatoly P. (Russia)
Mei Fengxiang (China)
Mikhailov Gleb K. (Russia)
Pyarnpuu Aarne A. (Russia)
Radev Stefan (Bulgaria)
Rimrott Friedrich (Kanada)
Risito Corrado (Ttaly)
Rumyantsev Valentin V. (Russia)
Sperling Lutz (Germany)

Tkhai Valentin N. (Russia)
Tovstik Petr E. (Russia)

Troger Hans (Austria)

Vujicic Veljko (Yugoslavia)

OprkomMuTeT KOH(pEPEHINH BBHIpaXKaeT OIaromapHOCTh aCupaHTaM
1 CTYJeHTaM KadeIphl TeOpeTHYeCKON i NpuKiafaon Mmexanuku CI6IY
3a TOMOIIb B CO3JaHUU JaHHOTO cOOPHUKA.

The Organizing Committee expresses its gratitude to the PhD and
Master students of the Department of Theoretical ans Applied Mechanics
St. Petersburg State University for their assistance in preparation this
volume.
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9. . DoIAXOB

(1906 — 1987)
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HMuxoaan Iukoaaesu+ Ioaaxos

Dpodpeccop Iukoaan DUKOTAEBUY DOAAX0OB poamiacs 17 grexabps 1906
roga B Kuese. Dociae oxondanus MOCKOBCKOTO TOCYapCTBEHHOT O YHI-
BepcuTeTa B 1929 rony on moa pykooacTBoM akajgemuka C. A. Hamawr-
ruHa HavnHaeT paboTaTh B lleHTpasbHOM a3porupo InHAMITIECKOM TH-
cruryTe (HATH). Docae mepeezga B Jlemnarpag B 1932 rogy Duxoxan
Duroaaepud paboTaeT Ha Kadeape TeOPETHHECKON MeXaHUKHU JleHmH-
rpajiCKoro YHUBEPCHTeTa W Ha Kadelpe THAPOAa3pOMeXaHUKN JIeHmH-
IPajICKOro MOAUTEXHUIECKOTO MHCTUTYTA, IPH 3TOM IO Havaga Bejn-
KOW OTevYeCTBEHHON BOUHBI OH pojgoakaeT paborats B AT, B 1952
rogy 2. 3. J0AAX0B MOJHOCTHIO MEPEXOAUT Ha PabOTy B YHHUBEPCHUTET,
rje B TedeHme 25 JeT 3aBenyeT Kadeqpoll TeOPeTUYIeCKON W PUKJIA -
HOW MexaHuku, a ¢ 1977 roga m g0 cBoel KoHumHBI 27 auBaps 1987
roga — KadeIpoll THIPOa’pPOMEXaHUKH. J31eCh B YHUBEDPCHUTETE OH
BCe DTO BPEMSs YCIENTHO PYKOBOAUT OT/IeJeHIEM MEXaHUKH MATEMAaTHKO-
MEeXaHMIeCKOr 0 (PaKyIbTeTa.

DuKoaall DUKOJAEBUY ABISETCA N3BECTHBIM yIeHBIM B 06JaCTH a3po-
TUIPOMEXAHUKH, TEOPETHYECKON MEXaHUKM, NUHAMUKHA TIOJeTa W HCTO-
punm MexaHWKH. Braam 2. 2. DoasgxoBa B adpPOTUIPOMEXAHUKY BECHMA
3Ha4YnTeJdeH. Ero MoHOrpadms o Teopun u pacveTy BO3AYIITHOTO rped-
HOT'O BHHTA, HAIMCAHHAA coBMecTHO ¢ B. . BeTumakuaeiv, moab3yercs
MITPOKON M3BECTHOCTHIO. JTa KHuUra, maganuas B 1940 romy, oveHb
MOTYJSPHA CPEIN MHAKEHEPOB-KOPAOIECTPONTEEN, 3AHUMAIOIINXCH TEO0-
puen gBUXKUTENEN. . D. DOJAAXOB CYIIECTBEHHO DPa3BI BUXPEBYIO Te-
OpHIO KpBLIA KaK B CTAIMOHAPHOM, TaK W B HECTAIMOHAPDHOM TOTOKE,
a TakKxXKe MPEeITOKII KOPPEKTHBIE METOIBI PEMICHIS yPAaBHEHUH TeOPUN
KpbLTa. JTH €U0 pe3yabTaThl coCpanbl B KHure ~M3GpanHBle TPYIBI:
AsporugpomMexannka’ , BRIYIIeHHON m3gaTeascTBom CIGIY B 1997 1.
Do auHaMUKe mojeTa . . JoaaxoBuiM n B. D. BeTunnkuubIM elne B
TPHUANATHIX TOMaX MPOILIOTO CTOJeTHA HAMNCAHBI JBE MOHOT papui.

DuKogal DUKOITAEBUY BJade] OCHOBHBIMI €BPOTENCKIMHE S3BIKAME 1
JATBIHBIO, 3TO TO3BOMSAIO €MY YHTATh HAYIHYIO JUTEPATYPY B HOIJINH-
auke. OH HammcaJa OeTbd psijg paboT MO MCTOPUU MEXAHWKH W CO3 Al
BEJUKOJETHBIN COOTBETCTBYIOMINN Kypc aektuii. JlocTuxkenns 3. 3. Jo-
asxoBa u ero yuennkoB, C. A. 3erxaer u M. 2. KOmkosa, mo anamnTimie-
CKOU MeXaHUKe BKJIIOYEHBl B X YIeOHUK M yHuBepcuTeToB W TeopeTn-
qecKkad MexaHuka , KOTOpeid B 1985 romny 6bLI OmybJInKOBaH M3 1aTENb-
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cTBoM Jlenmnrpanckoro yauBepcuteTa, a B 2000 roqy B AOTOTHEHHOM
1 mepepaboTaHHOM BHIe — HW3JaTeJbcTBOM ~ Boicmas mkoaa”. B ma-
CTOsIlllee BpeMs TOTOBHUTCS TPeThe M3MaHWe DTOW KHUTH U €€ TIePEBO]
Ha aHTJIUUCKWH S3BIK. JOBBIe HAYYHBIE PDE3YIbTATHL, TOMYYeHHBIE DO~
XOBCKOHW IIKOJOW IO aHAINTHYECKON MEXaHWKe, COCTOST B CJA€MYIOMIEM:

- pazpaboTaH O0MIMI MOAXO K BHIBOAY YPaBHEHUH KaK ['OJOHOMHBIX,
TaK W HETOJOHOMHBIX CHCTEM CO CBA3SMHE JIOGOT0 MOPAIKA,;

- YCTAHOBJIEHO, YTO YPABHEHMAMH HET OTOHOMHBIX CBA3€H KacaTelb-
HOe TIPOCTPAHCTBO pazbuBaeTCA HA JABa OPTOT OHAJBHBIX TOANPOCTPAH-
CTBa, B OJJHOM W3 KOTOPBIX COCTABIAIOIIASA YCKOPEHNA CHCTEMBI MTOJHO-
CTBHIO OTIPEIENSIETCS CBA3AME,

- MOKAa2aHO, 9TO MPHU CBA3AX, MOPATOK KOTOPHIX OOJBIIE ABYX, MHO-
KuTean JlarpaHxa caenyeT pacCMaTpPHBaTh KaK NCKOMBIE HEM3BECTHHIE
QyHKIINN BpeMeHN;

- HaWJEHBI YCJOBUA, MPU KOTOPBIX MOTYT OBITH CO3JaHBI YIIPaBJIsi-
OIe CHJIBI, 0OECTIeINBAIOIINE BLIIOJHEHTE TPOTPAMMEBL ABUKEHIS, 32~
NaHHOU B BH[e CHCTeMHBI MudpepeHINalbHBIX yPABHEHNH JI060T0 MO-
PATKA;

- IPEIIOKEH HOBBIU MOAX0T K PEIIEHNIO THHAMMYECKTX 33,14 TEOPUH
YOPYTOCTH, OCHOBAHHBIN Ha MCIOJB30BAHNN ypaBHeHNN Jlarpanxa BTO-
POro pofia ¢ MHOKHUTEMIMA.

B cBoent goaron m mioZoTBOPHOW HAYTHO-TIEAAT OTMYECKON AT b
HOCTH DUKOJAN DUKOJTAEBUY PYKOBOACTBOBAJCS BHICOKIMI XKIT3HEY TBED-
K parormmvn npuHnnnavu. OH obiagan 60TaTol TBOPYECKON 3HEPTHEN,
a Takke mo6poTon m ckpoMHOCThIO. (OH moMoOTaa W APYTUM HAWTH
OTIOPY B JKI3HMU, 1leJb XKU3HU, PAJOCTh B KU3HN.
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Nikolai Nikolaevich Polyakhov

Prof. N.N. Polyakhov was born on December 17, 1906 in Kiev. After
graduating from Moscow State University in 1929 he began his profes-
sional career in the Central Institute of Aerohydrodynamics (CTAH). He
moved to Leningrad in 1932 and worked at the Department of Theo-
retical Mechanics of Leningrad State University (LStU) and at the De-
partment of Hydraerodynamics of Leningrad Polytechnic Institute while
continuing to co-operate with CIAH. By 1952 N.N. Polyakhov had, for
25 years, been the head of the Department of Theoretical and Applied
Mechanics at LStU. Between 1967 until his death on January 27, 1987 he
was held a Chair of Hydroaeromechanics and was Head of the Mechanical
Branch at the Faculty of Mathematics and Mechanics.

N.N. Polyakhov is a well-known scientist in the fields of aerohydrome-
chanics, theoretical mechanics, dynamics of flight and history of me-
chanics. His contribution to aeromechanics is highly significant. His
monograph on the theory and analysis of the screw propeller (with V.P.
Vetchinkin) is widely known and very popular among shipbuilding engi-
neers dealing with the theory of propellers. N.N. Polyakhov appreciably
advanced airfoil theory for both stationary and non-stationary flow and
proposed the correct methods for solutions of the equations of wing the-
ory. These results are collected in the book ”N.N. Polyakhov. Selected
works: Aerohydromechanics” released in 1997 by St. Petersburg Univer-
sity Press. N.N. Polyakhov together with V.P. Vetchinkin also published
two monographs in the 1930’s.

As N.N. Polyakhov knew Latin as well as the main European lan-
guages he was able to study the historic scientific literature in the original
language of print. His set of papers and his excellent course on the His-
tory of Mechanics delivered at LStU between 1952 and 1977 followed nat-
urally. Along with his students Profs S.A. Zegzhda and M.P. Yushkov,
Prof. Polyakhov also developed a university course text entitled ” Theo-
retical Mechanics”. In 1995 it was published by St. Petersburg Univer-
sity Press and has since be re-printed in a second extended edition by
”High School” Publishing House. A third edition of this book is now in
preparation and an translation into English is planned.

The latest contributions obtained at LStU by researchers of the
Polyakhov tradition will be presented in the third edition including:
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- the development of a new general approach to the derivation of
the equations for either holonomic and nonholonomic systems with the
constraints of any order;

- the finding that equations of the nonholonomic constraints split
the tangential space into two orthogonal subspaces, in one of them the
projection of the acceleration of the system is completely determined by
the constraints;

- that for constraints of order greater than two, the Lagrange multi-
pliers should be treated as the unknown functions of time;

- identification of the conditions for which the control forces provide
the prescribed motion when it is introduced as a system of differential
equations of any order;

- a proposed new approach to the solution of the dynamic problems
of the theory of elasticity based on the Lagrange equations of the second
kind with multipliers.

Throughout his long and fruitful life N.N. Polyakhov was a man of
principle, kind and modest, with a creative power that guided his life
both as a scientist and teacher. He helped others, especially his students,
to find a purpose in the life, to achieve their goals, and to find happiness.
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HJIeHapHOe JaceJaHue

Eropos, Jlugos, EpuioB u noaérsr k Jlyue

B. B. Peaeyxuti
(Beletsky@Keldysh.ru)

WMuctrryT npukaagaon matemaTnkn JAD, Mocksa, Joccnsa

B noxnane pacckasblBaeTcA O TPEX MOUX Kojterax no MucturyTy Opu-
xaaguon maTemarukn uMm. M. B. Keagwima DAD — BceeBomoge Anex-
canaposnde Eropose (1930-2001), Muxanie JbBosude Jlngose (1926
1993) u Baaentune Taspuaopude Epmmose (1928-2001). C vumu Mens
CBABBIBAET MHOT'O NeCATUJIETHI COBMECTHON paboThl. MM mpura miexaT
BBHITAIONIIECA TOCTHKEHNA B TEOPUU W MPAKTHKE KOCMHYIECKIX MOJIETOB,
ocobeHHo moaeToB K JlyHe. M KaX MBIl M3 HUX OLLI HEOPAUHAPHON JU-
HOCTBIO C TParm<decKon cyabOOM.

Egorov, Lidov, Ershov and flights to the Moon

V. V. Beletsky
Institute of the Applied Mathematics of RAS, Moscow, Russia

The report 1s devoted to V. A. Egorov, M. L.. Lidov and V. G. Ershov, scientists
of Institute of the Applied Mathematics named after M. V. Keldysh. Their
outstanding contribution to the theory and practice of space flights, especially
flights to the Moon, is emphasized.

DpumMeHenne ypaBHeuuu Jlarpanxka K sajgadam
MeXaHUKU pa3pylleHus

C. A. 3eewcda, P. @. Mopozos, P. P. Cemenos
(semenov@bs1892.spb.edu)
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OpHU WCCAeOBAHNN 3a0a¥ MEeXaHHKH TPEINH B YIPYrO-XPYNKUX MaTe-
puasax OrpaHHYIUBAIOTCSA, B OCHOBHOM, aHAJIM30M YCIOBUU CTPATr MBAHIS
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TPEINH WM WX CTAIHOHAPHOT O PACIPOCTPAHEHH. Jafada O HECTAINO-
HAPHOM POCTE TPEIINHBI ¢ MOMEHTa CTPArWBaHUA 10 BBIXOAA HA CTAIlH-
OHAPHBIN PEXUM PaCIpPOCTPAaHEHHS W3YyYeHa 3HAMNTETHHO XYIKe. IJTO
CBA3AHO, MpEXK /e BCETO, C CEPbE3HBIMU MATEeMATHIECKUMU TPYAHOCT-
MU KaK MPU TTOCTAHOBKE, TaK U MPHU PEIIeHUN HTUX 3ajadq.

DOPTOMY [ WCCJAEJOBAHUA NUHAMHOYECKUX 3a]a9 MEXaHUKHN TPEInH
MpeICcTaBAACTCA TeJeco06pasHbiM TPUMEHEHIe YIPOIIEHHBIX TOCTAHO-
BOK 3a/1a9 PAcCIpOCTPAHEHNA TPEITHH.

B pamkax ganHOW paGoTHl METONAMHU KJIACCHIECKOW MEXAHUKH MPHU MO-
MoIy ypaBHeHun JlarpaHxa BTOPOTO poja ¢ HeyIepKUBAIOIMINME CBi-
3simu [1] IPOBOAKMTCA HA OCHOBE TaK HA3BIBAEMOI'0 ” 6al0uHOr0” IpuGIH-
JKEHUA CHCTEMATHIECKNH aHAJMN3 KaK YCJIOBUU CTapTa TPEIUHBI, TaK U
ee HeCTAIMOHAPHOTO POCTa.

HccaenoBaibl 3a1a¥i CAMMETPHIHOTO PACKJIMHUBAHUA TOHKOT'O MOJdY-
6eCKOHETHOT 0 Gpyca IPU CIJIOBOM HAT DY KEHUH, a TaKyKe PU BHEAPEHNN
B OPYC KaK KOHETHOT O, TaK 1 HECKOHETIHOT O KECTKOT'O KANHA. JPUMEH-
eMBII TTOIX0 MO3BOJAAET KA9eCTBEHHO MPOAHAIUZNPOBATE MEPEXOIHBIN
PeXUM ¢ MOMEHTa CTapTa TPEHInHBl A0 Tepexofa B CTANOHAPHBIN pe-
JKUM POCTa ¢ MOCTOAHHON CKOPOCTHIO M OMEHNUTD BAUAHNE MPUIOKEHHBIX
BHEIIHAX HATPY30K Ha MPOIECC PasBUTUA TPeIuH. B 9acTHOCTH, moay-
YeH CKAIKOOOPA3HBIN Ha HAYATBLHOM HTale XapakTep pacipocTpaHeHus
TPENUHBl PACKANHABAHIA.

JTaHHBIT TOIX0 ] MOXKET OBITH YCIENIHO MPUMEHEH /IS aHATN3a 38 A OT-
CITOEHNS TPEeIBAPUTENBHO HANPAKEHHBIX MHOTOCJAOWHBIX IIACTHH. JPH
TOMOIITH ypaBHeHUH Jlarpanxka BTOpOro poja ¢ Hey1ePKUBaONINMA CBi-
3AMY TpeIokKeHa MOJelb TMPOIecca OTCAOCHHUA JBYXCIOWHOW CBepXHAa-
MPSAXKEHHON TIACTHHBI OT OCHOBAHUA U HAH JeHa BpeMeHHAsA 3aBUCHMOCTh
qmaMeTpa o6pasyIomencsa Mpu YTOM TPYOKH OT TapaMeTPOB CJIOeB TLIa-
CTUHBI.

1. Domsaxos 2. 2., 3erxkga C. A., FOmkoB M. 2. Teoperuveckas mexa-
muka. M.: ”Beicimas mkoxa”, 2000. 592 c.
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Application of the Lagrange equations
to the problems of fracture mechanics

S. A. Zegzhda, N. F. Morozov, B. N. Semenov

Saint Petersburg State University, Russia

The methods of classical mechanics are used to investigate some problems of
non-stationary crack propagation in brittle solids.

On the basis of beam approach model with the help of the Lagrange’s equations
of the second kind, the problem of symmetrical beam splitting is considered.
The fracture process from the start till the transition to stationary propagation
is studied and the dependence of crack velocity on the variation of loading is
obtained.

The model of the delamination processes of a preliminary stressed bi-layered
plate from rigid foundation is proposed. On the basis of the constructed solu-
tion the specified dependence of its diameter on the parameters of plate layers

is found.

OcHoBHEIE pe3yJbTaThl 30JIHXOBCKOI>1 IITKOJIBbI
II0 AaHAJINTHUYIEeCKOU MeXaHHnKe

C. A. 3Beexcoa*®, Ill. X. Coamazanos, M. P. Owxoe*
(mpy@phoenix.math.spbu.ru)

*CankT-JeTepOyprcKnuil ToCy IapCTBEHHBIN YHIBEPCUTET, ‘JOCCUS
YeueHcKU ToCyapCTBEHHBIH YHUBEPCUTET, | posHbIH, Joccud

DpolbieMbl AHAAUTUYECKON MEXAaHWKHN TOCTOAHHO OBLIK B TOJE 3De-
HIS COTPYAHUKOB KadeIpbl MEXAHUKH JeTepOyPrCKOro YHUBEPCUTETA.
OcHoBomomaraomuMe 31eck ABAAIOTCA Tpyabl akagemukoB U. U. Co-
MoBa, 2. JI. Yebruimepa, A. M. Jlanyuosa, /. K. DobbureBa, a Taxxe
npodeccopos U. B. Memepcxoro, I'. B. Komocosa, 2. B. Doze, E. JI. Du-
xoaan, K. . Crpaxosuga, KO. A. KpyrkoBa. B 1952 r. mocae xoHYnHBI
FO. A. KpyTtkoBa zaBenyiomnmM Kadeqpol TeOpeTHYeCKOU MeXaHUKH
cTal BBHLIAIONIMHCA YYEHBIH B OOJACTH TUAPOAIPOMEXAHUKHU, yIEHUK
C. A. Hangweiruaa, Dduxojaan JukoadaeBud JoiaxoB. C 3TOro BpeMeHH
OH HaYad 3aHUMATHCA TaKkKe MpobIeMaMi TEOPETHIECKON MEXaHUKI.

Daunmnas ¢ 1953 roga n 10 KOHIIA CBOEH XKU3HU JUKOMAH DUKOIACBUT
YUTAT Ha MATEMATHKO-MeXaHMIeCKOM (haKyabTeTe KYPC JeKIHH MO Teo-
peTmieckonl MexaHmke. (TpeMsich MOCTPOMTH €r0 KaK MOXKHO Golee
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CTPOTO U PAIMOHATBLHO, OH 3aMETHJ, YTO OOMIENPUHATHIA BHIBOJ yPaB-
HEHUU JBUKEHUsS HETOMOHOMHBIX CHCTEM HENb3sl MPU3HATH CTPOTHUM, U
MPE/TOKUI HOBBIN TOAXOJA K BHIBOAY 3TUX YPaBHEHUU. IJTOT MOAXO]
K Teopurn HeCBOOOMHOTO [NBUIKEHWA CTajd, B YACTHOCTH, YCIIENTHO WC-
moab3oBaThes ero yaennkamu A. KO. Jlpsosuuem, B. E. DacbiHkoBeIM,
. P. DomokopeiM, B. A. [lmeBcKUM B TEOPHH 3JIEKTPOMEXAHMIECKTX
cucteM. B pesyabTaTe cTalo pa3BUBATHCSI HOBOE HAyIHOE HAIIPABICHIE,
O KOTOPOMY OBbLIN M3JdaHBI TPU MOHOT padun.

B 1985 ronmy mapateancTBo JII'Y BHITYyCTHIO B CBeT yUeOHUK Jad yHU-
BepcuTeTOB 2. . Joasaxosa, C. A. erxae, M. 3. KOmxosa ” Teope-
THYeCKAas MeXaHUKa  , YAIOCTOEHHBIN JepBoi mpemun JleHmHTpagIcKoro
yHuBepcuTeTa. BTopoe mepepaboTaHHOe U pacUinpeHHOEe U3 JaHUE STOTO
yae6HIKA OMyOINKOBAHO W3 AaTeabcTBOM ~ Bhicias mkoaa” B 2000 romy;
B HACTOSIIIee BPEMA 3aKIIOYEH JOTOBOD O TPEThHEM M3 JaHUN STOH KHUTH
1 TOTOBUTCS €€ MEePEBO/ HA AHTJIHUCKUH A3BIK.

OcHOBHBIE PE3YIBTATHI, TOIYY€HHBIE JOIAKXOBCKON MIKOJION IO aHAJIMTH-
YECKON MeXaHWKe, COCTOST B CJAEMYIOMIEM.

DazpaboTaH o6 TOAXOA K BEIBOAY YPABHEHNH KaK T'OJOHOMHBIX, TaK
1 HETOJOHOMHBIX CHCTEM CO CBA3AMHI JIO60r0 mopsaaka. CucremMa ypab-
wennnl Jlarpauxa BTOPOro poja, KOTOPOU ONUCHIBAETCA [BUKEHIE Me-
XaHWYeCKOU CUCTEMBI 10 HAJOXKEHISA CBA3E€H, PACCMATPUBAETCA KaK O/THO
BEKTOPHOE PABEHCTBO, 3alMCAHHOE B KACATEMIBHOM ITPOCTPAHCTBE K MHO-
roo6pasnio BCEX BO3ZMOKHBIX TOJOKEHUH CHCTEMBI B JTAHHBIN MOMEHT.
YpaBHEHUSAME CBA3ell KacaTelbHOE MPOCTPAHCTBO pazbuBaeTcsa Ha IBA
OPTOrOHATBHBIX TOANPOCTPAHCTBA. B OTHOM U3 HHUX JBUKEHWE 3aja-
eTCsl YPaBHEHUSME CBSI3€l, a B APYTOM IIPH HWeaJbHBIX CBA3AX OMUCHI-
BaeTCsi BTOPBIM 3aKOHOM JBIOTOHA. JTOT XK€ 3aKOH DBbIOTOHA, 3allli-
CAHHBII BO BCEM TIPOCTPAHCTBE, COJAEPKUT MHOXKUTean Jlarpanxa. Jo-
Ka3aHo, YTO OHU TPHU NOJOHOMHBIX W HET OTOHOMHBIX CBA3SX O BTOPOTO
MOPS KA BKIIOYATENBHO MOTYT OHITEH HallleHbl KaK (PYHKIUN BPEMEHH,
MOMOXKEHNA CHCTEMBI W €€ CKOPOCTEN. DTOT MOAXO[ MO3BOJII, B 9aCT-
HOCTH, JaTh F€OMeTPUYeCKYI0 MHTEPIPETANNIO YPaBHEHNH JyaHKape -
Yeraepa - JymMsHIEBa.

UcnoabzoBanne MuEOKUTEMEN JlarpaHka M/ T OJOHOMHBIX CHCTEM TTO3BO-
JIUTO TTOCTPOUTE HOBBI METOI ONpeieJeHns COOCTBEHHBIX 9acTOT U COG-
CTBEHHBIX (POPM KOMeGAHMN YIIPYTUX CUCTEM, & TaK¥kKe MPENTOKNTE CIie-
nuagbHyoo GopMy ypaBHEHUH ABUKEHUS CHCTEMBI TBEPIBIX Tel. JPH
HAJMYHUN TUHENHBIX HET OJOHOMHBIX CBS3€H BHIIIE BTOPOTO TOPA KA MHO-
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KuTean Jlarpamka paccMaTpUBAOTCA KaK HEM3BeCTHBIE (DYHKIMH Bpe-
mvenn. CocrapieHa 3aMKHyTas cucrTeMma AudepeHIHaIbHBIX ypaBHe-
HUU, TO3BOJAIONIAA ONPEJENNTh 5T MHOXUTENN, a TakkKe 0606IIeHHbIe
JarpaHKeBbl KOOPIUHATHL.

DaccMoTpenne MEOXUTeaen Jarpatka Kak HCKOMBIX (DYHKITHU BpeMeHn
MO3BOJIAIO TOCTABUTE U PEITATH HOBBIN KAACC 3ajad YIIPaBICHUA, KOT'1a
mporpaMMa JBUKEHNA 3a1aeTCA B BUAE JOTOJHUTEALHON CHCTEMBI T~
(pepeHInalbHbIX ypaBHEHUT BEICOKOTO opsaka. CyliecTBEHHO, ITO HTa
TeopUs WIMTIOCTPUPYETCA KOHKPETHBIM MEeXaHUIeCKUM TPUMEPOM O JBH-
JKEHUH CIYTHUKA ¢ TOCTOAHHBIM O MOJAYJIIO YCKOPEHUEM. DTOT IIPUMeD,
B KOTOPOM TIpOT'paMMa [ABUKEHUA PACCMATPUBAETCA KaK JUHEHHAS He-
TOJOHOMHAA CBA3L TPETHEro TMOPAAKA, BBeJeH B HAYYHYIO JUTEPATYPY
BIIEPBHIE.

OTMmeTnM, 9TO BhHepBble paszbueHre TMPOCTPAHCTBA ABWKEHNA Ha JBa
OPTOrOHAJIBHBIX TIOMIPOCTPAHCTBA, B OAHOM 13 KOTOPBIX COCTABJAIO-
IMas YCKOPEHUsA CHCTEMBI HOJHOCTBIO ONPeNeJSeTcs YpaBHEHUAME CBSA-
3eill, OBIIO OMMHUCAHO B cTaThe D. J. Jojaxosa, C. A. 3erxaer, M. 3. FOur-
KoBa, onybankoBaHHON B 1981 r. DTu pe3yabTaThl OBLIN 3aTEM H3J0-
KeHbl B X yueGHuke " Teoperndeckas Mexanuka’ (1985 r.). K coxaie-
HHUIO, OHU OKA3aJICh He3aMeHYeHHBIMU U TI037Ke B PA3HON pefakini ObLTH
nosropersl B CIITA (J. Storch, S. Gates, 1989), B Doccun (B. B. Be-
amdenko, 1991; 10. ®. Toaybep, 1999). B Uramnn (M. Borri, C. Bo-
tasso, P. Mantegazza, 1992), 8 Doabme (W. A. Blajer, 1992), s HIsenun
(H. Essén, 1992).

AKTHUBHOEe HCMIOJIB30OBaAHIE MHOKXUTeMEH JlarpaHka B HAyIHBIX UCCJIE N0
Baumsax, npoBoauMbix C. A. Serx goir, M. D. KOmKoBLIM 1 nX yYeHIKaMT
B. 2. Bepnauropowm, C. 9. Kyaaesbim, IOryen Txu HYyur, UI. X. Coara-
xanoBbiM, B. O. Croicukom, . I'. @Puannnoseim, K. C. llleBepqutbim,
a takxke C. B. Aamazopoun, O. B. AnmazoBbiM, A. D. AHTEHIIIEBHIM,
E. C. Doarapom, U. T'. Teoprueswim, U. 3. [dpozx, E. C. [lpozmom,
T. 2. Hyagapepon, E. KO. Jleoutrenoir, Jlu Aus, KO. JI. Dukudoposoi,
T. 2. Jorpebekoir, A. B. Cmadgem, 3. C. Cmupruosoit, JI. I'. denopuenko,
3. A. Xopekosoii, T. B. lllanaepon, A. E. llleBunoseim, A. B. lkon mu-
HBIM IPOIOIKAETCA U B HACTOAIIECE BPEMA. OTH MHOKHUTEIH UCIOIB3Y-
I0TCA TIPU U3YYeHUN JABUKEHUA PA3dANIHBIX HETOJOHOMHBIX CHCTEM, TIPH
pellleHry psAa 3adad AUHAMUKHI TIOJeTa, a TakK JKe MPHU PelleHnr JANHa-
MUYECKHUX 3a1a¥ TeOPUH YIPYTOCTH.



20 Tpetrn IloraxoBckue ITeHOA

The main results of the Polyakhov’s school
in analytical mechanics

S. A. Zegzhda*, Sh. Kh. Soltakhanov, M. P. Yushkov*
*Saint Petersburg State University, Russia
State University of Chechnya, Grozny, Russia

The main results obtained by N. N. Polyakhov and his pupils in the field of
analytical mechanics for the last 50 years are presented in the report.

YeTonunBoCcTh U 6udypKallua CTalHOHAPHBIX
ABNK€HUU HEr'OJJOHOMHLIX CHUCTEM

A. B. Kapaneman
(root@evdokim.mccme.ru)

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

JlaeTca 0630p MeTOIOB HCCIEOBAHNA CTAIHOHADHBIX NBIIKEHWH HETO-
JOHOMHBIX CHCTEeM (CYUIeCTBOBaHWE, YCTONYHBOCTE U BeTBaeHNme). O6-
IIIe PEe3YIbTATH WITIOCTPUPYIOTCS MPUMEPAMN U3 [BUKEHUN TAXKETOT O
TBePIOTO Tena Ha abCOMOTHO MIEPOXOBATON TOPH2OHTAIBHON MJIOCKOCTH
(wmap TamabrnHa, Tero BpallleHusA, KeABTCKIH KaMeHb ).

DaboTa BBIMOAHEHA NMpH moAgepxKe IPPIU (rpant Ne01-01-00141) u
nporpamMmbl ” Beayime way<aubie mwkoabl” (rparT Ne00-15-96150).

Stability and bifuraction of stationary motion
non-holonomic systems

A. V. Karapetyan

Moscow State University, Russia

A review has been given of methods of investigations of stationary motions
non-holonomic system (existence, stability and bifurcation). The general re-
sults has been illustrated by examples from motions of heavy solid on surface
(Chaplygin’s sphere, body of rotation).
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Mo gequpoBanue NPUCTEHHOU TYpPOYJeHTHOCTH:
JAOCTUXKeHUsA, TPpobJaeMbl

0. B. Janun

(aerofmf@citadel.stu.neva.ru)

CankT-JeTepOyprcKiuil T'OCYIApCTBEHHBI IMOJUTEeXHUYeCKN yHUBEPCUTET,
Doccus

AnanmaupyeTca cocToARNE IPOGJIEMBI MO IeIHPOBAHIA IIPUCTEHHBIX TY P-
6yJeHTHBIX TEe9eHHH: OIeHKa BO3MOXKHOCTEH Ppasdu9HBIX II0IXOA0B,
BKIOYasa audpdepennnasbHbe Moaeqn TypOyJeHTHOCTH, MPAMOE HH-
cierHoe Moennposanne (DNS), Mogennpopanue kpynHex puxpeit (LES),
MeTo[ oTcoefnHeHHbIX Buxpeil (DES).

laeTca mamocTpanma BO3MOKHOCTH NPUMEHEHNA MeTOJa OTCOeMHEH-
HLIX BUXpEN M pacdeTa TYpOYJIEeHTHLIX OTPHLIBHBIX TEIEeHWH MPH Bbl-
COKHMX YUCAaX JENHOJABICA.

Near-walled turbulence simulation: achievements and
problems

Yu. V. Lapin

Saint Petersburg State Politechnical University, Russia

The state of the problem in near-walled turbulent flows simulation is analyzed.
Various approaches are estimated, including differential turbulence model, di-
rect numerical simulation, large vortices simulation and detached vortices sim-
ulation.

A possibility of the detached vortices method using for the calculation of sep-
arated turbulent flows of high Reynolds numbers is illustrated.

DenuHenHasA yIPYrocThb (T€OPUA U MPUIONKEHUA )

K. &. Yepnuz
(chernykh@apmath.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DOBHIU BEK, HE TOBOPA YKe O THICAYENETHH, Oy IeT HEMMHENHBIM BO BCEX
CBOWX HpOABICHUAK. Tak 4To IpH pacCMOTPEHNH aKTYAJbHBIX TPOHIeM
MeXaHWKN U (PU3NKH TBEPAOTO 1epOPMEPYEMOTO Tela HeoOXO IIMMO HC-
MOMB30BATH OGIIH HEMMHENHBIH MO X0 T. DOJBbIION BKJIA B HEANHENHY IO
MeXaHNKy BHeC akajeMuk BagenTunn BameHTHHOBUY JOBOKMIOB.
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DefuHENHON Teopuell 060J0Y€EK 51 C COTPYAHUKAMN Jab0pPaATOPUU TeO-
pun obomodex INMMMM szansiaca B mpolecce pacdeTa TOHKOCTEHHBIX
DEBUHO-TEXHUYECKNX WM3JeIUd NP COTPYAHUYECTBe C PAgOM (GUpM u
KOHCTPYKTOPCKHX 610PO 060POHHOTO KOMILIEKCA. JPH DTOM CO3/1aBa-
Jach CPaBHUTEIBHO MPOCTasg, TOCTOSHHO COBEPIIEHCTBOBABIIAACT BEP-
CHsi TEOPHUH HEIWHENHBIX 060/0%eK 1 3(pHeKTUBHBIE METOIL pacdeTa
TOHKOCTEHHBIX W3JeJUH N KOHCTPYKIni. MHOrO mozxe MBI 3aWHTEDe-
COBAJNCH YTOYHEHHBIMI TEOPUAMEI U X CBSA3BIO C TPEXMEDPHON HeJIMHEN-
HOU Teopuen ynpyroctu. UToru sToMy HampaBieHUIO OBLIN 0 IBEIEHBI
B xuure C. A. Ka6pur, E. 1. Muxaiaosckuir, 3. E. Topctux, K. &. Hep-
uoix, B. A. lllamuna ”Deaunennas Teopus 0604049ekK” 1 B MOHOT paun
E. 2. Koamak ” YcTondnBocTh 6€3MOMEHTHHIX 060M0YEK TP GOMBIINX
pedpopMannax’ .

SHAKOMCTBO ¢ MyOAUKAIUAME 10 HETWHENHON TEOPUH YIPYTOCTH U IO-
MBITKA PACCMOTPEHUA PAAA 3a a4 IPUBEMN K MBICAH CO3aTh MPeelbHO
mpocTyio (HO 6e3 moTepH OGIIHOCTH) BEPCHIO HEJIHHENHON TEOPHH yIpy-
roctu. [ljs 5Toro Ha TPOTAKEHNN MHOTUX JeT GBI PACCMOTPEHBI Cle-
ayforrme OOIIe BOITPOCHL:

OBLI PA3BAT KOMILJIEKCHBIT METO T, TO3BOJSIONINI TP, IaTh OCHOBHBIM 34~
BUCHMOCTAM MPOCTON, O603PUMBIN BH [, TTOICKA3BIBAIOIINI BO3MOKHEIE
nyTn npeobpazoBanuii. B HEKOTOPOM CMBICTE OH ABIAETCA AHAIOTOM
BEKTOPHOMY METO/[Y, HO B OTJIWYHE OT MOCAETHETO MO3BOAAET TOBOINTH
pelieHre 3afad A0 KoHIa (o umcaa). B wacTHOCTH, GBI TpeNIoKeH
MPOCTOH, YUCTO aarebGpamdecKuil MeTO[ PACIIeHEHNS TPAHNIHBIX yC-
JOBUH U YCJIOBHUH COMPSXKEHUS, ATbTEPHATHUBHBII MeTONY WHTETPAJOB
Tuna Komm, npuMeHnMBln 1 B cayvaax oTcyTcTBus dyuxmuin [ypca -
Koaocora.

DacCMOTPEHBI HOBBIE THIHI MDAHNYHBIX YCIOBHU W YCJIOBUH COMpPSKe-
HUS: JUCTOPCHOHHBIE, Ne(OPMAlNOHHBIE, TEPMOINHAMIIECKHE, YCIO-
BUS C MPOCKAJB3BIBaHWEM, (POPMYJINPYEMBIE B TEPMUHAX KOMILIEKCHON
mepeMeHHON 1 60jee yIOOHBIE I MPAKTHIeCKOTO HCHOJb30OBAHIS.
BBefleHBI HOBBIE 3aKOHBI yIPYTOCTH (pelylNpPOBAaHHBIN CTaHIAPTHHIH,
MAaJOCKUMAEMBIH, THOPHJHBIH, THIIA HEOTYKOBCKOTO).

DPeTOKEHEl HOBBIE, TPEIEIbHO MMPOCTHIE BEPCHE IBYMEPHBIX TPOHJIeM:
yHUDUIUPOBaHHAA MJIOCKasA 3amada, o0oOIeHHAs aHTUIIOCKAA fedop-
Malus, OCeCUMMeTpHIHAs TehOPMAIUA Tl BPallleHns, KHPXTogoBcKas
1 YTOYHEHHBIE TeOPUN 06OJOUEK.

DazBUT MeTO[ HEJMHENHBIX KOMILIEKCHBIX MHBAPHAHTHBIX WHTErPAJIOB
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(J-mHTerpanoB), TpUMEHEHHBIH, B YaCTHOCTH, TIPH PACCMOTDPEHHH Da3-
pylieHus ob1acTell ¢ yrIOBLIMU TOYKAMK U KECTKUME BKIIOYEHUAMH, a
TaKkKe MPHU BEIBOJE TEPMOJUHAMIYECKOrO I PAaHIYHOrO YCIOBUA HA MeK-
KPUCTALINTHEIX U MeX(as3HLIX IPaHHIaX.

DacCMOTPEHBl KPHCTAJLILL, TEKCTYPBI, aHI30TPONHLIE I apMHIpPOBAaHHLIE
CpefLL.

DpoJeTaHHoe Nad0 BO3MOXKHOCTE IOIYYIaTh TOYHEIE aHAJINTHICCKIE Pe-
IIeHNA BYMEPHBIX HeINHEMHBIX KpaeBhX 3agad. Ocoboe BHIMaHIe Y e-
JANTOCH CHHTYJIAPHBIM MPOOIeMaM (XpYIKoe paspylIeHue, CoOCPeJoTOYeH-
HBLIC CHJILI U MOMEHTHI, MUCIOKANUY U AUCKIUHAINU, (PU3MYecKas Me3o-
MeXaHIKa).

DpHu >ToM 6bLIa BBHIACHEHA HENPUTONHOCTEL MIA HX PACCMOTPEHHA IC-
THHHBIX HATpAXKeHn! (Hanpsaxennin Koum), 06.1a1ar0mx MEOT O TeH-
HBEIMHI HegocTaTKaMu. OT BEIABICHHEIX HENOCTATKOB CBOOONHEI YCIOB-
HBle HANPAKEHHA (CHMMeTPHYIHBIE HANPAKEHUA JHO).

DoJy9eHHEIe HOBLIE, IIOPOIl HEOXKIJaHHBIE, Pe3YIbTATh KOJIMIeCTBEHHO
1 Ka9IeCTBEHHO OTANYIAIOTCA OT CBOWX JWHENHBIX aHAJIOTOB.

Non-linear elasticity (theory and application)

K. F. Chernykh

Saint Petersburg State University, Russia

The importance of general non-linear methods in actual problems of mechanics
and physics of solids is emphasized. A new version of the non-linear elasticity
theory is presented. New approaches to the solutions of the mechanics of solids
are suggested. The known methods are developed.

Dynamics of affinely deformable bodies and holonomy
groups

D. Chevallier

(chevallier@cermics.enpc.fr)

Ecole Nationale des Ponts et Chaussées, Paris, France

The geometrical frame of dynamics of a mechanical system freely moving
in space is a principal fiber bundle n = (S, X, 7, D) where S (configu-
ration space), X (shape space) are manifolds, D is a Lie group (with
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Lie algebra D) acting freely on S by the left, 7: § — X is a submer-
sion and X ~ S/D (such a frame was introduced in [1]). There exists
a D-invariant Riemannian structure on S associated with kinetic en-
ergy and a principal connexion on 7 (see [2]) may be deduced from this
structure. This dynamic connexion plays a role through its connexion
form w: TS — D. A tangent vector v € TS is said to be horizontal
when w(v) = 0.

We consider motions of the system under the effect of internal forces
only ; these forces cause deformations of the system. For such a motion
when the initial condition is a position s, € S and an horizontal initial
velocity (w(s,) = 0) at some time ¢,, the trajectory of the system in S
is a horizontal curve according to the dynamic connexion.

The so called “falling cat paradox” deals with the following query: if
so and s, are given in S with 7(s,) = 7(s,) = &, in X (that is to say
two configurations with the same shape &, are given) is it possible, using
internal control forces only, to carry the system from the state s, with
horizontal velocity at time ¢, to s, at a time ¢, > ¢,7 A solution will
be defined by a closed loop in X begining and ending at &, and whose
horizontal lift starting from s, ends at s;.

A mathematical answer is: there exists a solution if and only if the
element A € D such that s, = A.s, belongs to the holonomy group of the
dynamic connexion with reference point s,. The result may be deduced
from a special form of the dynamic equations fitting with the fiber bundle
structure (a geometric form of Poincaré - Chetayev equations) and giving
the control forces as soon as the loop in the base X is known.

For an affinely deformable, let G be the special affine group of the three
dimension Euclidean space and D be the displacement subgroup. Then
S is a principal homogeneous space of G (or G itself) and X = S/D (~
G/D) is homeomorphic to a space of symmetric operators.

The construction of the Riemannian structure is easy and the calculation
of the dynamic connexion and its curvature leads to the following result:
when the mass distribution of the body is not concentrated in a plane, the
holonomy group of the dynamic connexion is each position of the body
is the full group of rotations about the center of mass (so that, there
exists internal control forces producing any rotation about the center of
mass and solving the above mentionned problem for such a deformable
body).

The proof of such a result is based on Ambrose - Singer theorem relating
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the Lie algebra of the holonomy group to the curvature of the connexion

(see [2]).

1. Montgomery R. Gauge theory of the Falling Cat. In dynamics and
Control of Mechanical Systems // Ed. M.J. Enos. A.M.S. 1993. P. 193-
218.

2. Kobayashi S., Nomizu K. Foundations of Differential Geometry. In-
terscience Pub. 1963.

Auuavuka adppuHHO TedopMUPYyEMBIX TeJqa
U I'OJIOHOMHBIE I'PYIINEI

A. Hlesaave

Bricimas mkona myten coobuenms, Japmxk, Ppanmms

B pa6ore crponTca maTemaTutdeckas MojIelb, 00bACHAIONIAA TAPAJOKC T1a [a-
OIIEeN KOIIKU. JalIeHBl YCIOBUS HA PACIIPEAETCHIE MACC B Tele, TP KOTOPOM

ynpaBJadsad BHYTPEHHUMHN CUJIaMM, MOXKHO 3a CUE€T M3MEHCHUS (I)OprI Teja OCy-
IIeCTBUTDH HpOI/IBBOJIbeII/UI IIOBOPOT MTAHHOI'O Te&Ja BOKPYI' €I'o II€HTpPa Macc.
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Cexkmus 1.

TeopeTuyieckasn
1 OpUKJIagHas MexXaHHuKa

Kone6anus morpyeHHoro B XXUAKOCTH TPoOca
(aHanmTH4YecKoe pellieHne)

I T. Aadowun, A. JI. Cyropyxos
(aldosh@hotmail.com)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

OpH HUCCHeTOBAHUN [BUKEHUS TIaBYINX OOBEKTOB B KadeCTBE CaMO-
CTOATENBHOU 3aai PACCMATPUBACTCA 3aatda TUHAMAKYI CBA3EH, Y aep-
KUBAOMAX 3TOT 0OBEKT. De06X0MUMOCTE NCCAEJOBAHUS TAKOTO POIa
ABICHUH CBA3AHA C TEM, ITO TPH KOoMeGaHNAX MIABYIUX OOBEKTOB KO-
30Bble yCTPOUCTBA BOBIEKAIOT B JABIKEHUE BCIO AKOPHYIO CHCTEMY Y Iep-
JKAHWUA B [EAOM, B KOTOPOH JAOTMOJHUTEIBHO K CTATHIECKUM BO3HUKAIOT
U TUHAMAYECKIE COCTABIAONME YCUIn. BO3MOXKHEl TakXke U yIpyrue
nebopMaIuu CBA3EeH MO JeHCTBUEM TPOJIOIBHON CHIbI HATAKEHUS. Je-
IeHne >TOH 3aJadl CBA3AHO ¢ HEOOGXOJUMOCTBIO COCTABISHUA U PEIICHUA
CHCTeM HeJWHEHHBIX yPaBHEHUH B YaCTHBIX TPOU3BOAHBIX. [lJs yrporire-
HUA 3a0a90 B YaCTH UCCJACOBAHWH TPOC MPEACTABAASTCA HEMPEPBIBHON
TUOKOM, HO HEPACTAKUMOU CBA3BIO ¢ PABHOMEPHO paclpeefeHHON co6-
crBerton Maccoil [1-4]. OpHako Takoll moAXoA He MO3BOJAET BBHIABHTH
KadeCTBEHHBIX CBOUCTB MCXOMHBIX YPABHEHUN TUHAMUKH TPOCA, CBA3AH-
HBIX C pachpefeJeHneM OPOJOMbHBIX BOJIH BOJbL YIPYTOU KOHQUTYPa-
muu. B gamaol paGoTe mpoBefeHa JNHEAPU3ANNA UCXOJHOW CHCTEMBI
YPaBHEHUH NWHAMUKH TPOCA OKOJIO CTATHIECKOTO COCTOAHUA PABHOBE-
cusi. DPHU DTOM BBIABIEHA HE3ABUCHMOCTH KOMeOAHWH B MJIOCKOCTH MPO-
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BUCAHUA U KOMEGAHUU OTHOCUTENHHO DTOU MIOCKOCTH. B cBOIO 0Yepen
KoMeBGaHusA B TMOCKOCTH MPOBHUCAHUA MOTYT OBITH pa3jefeHbl Ha MpPO-
TOJBHBIE, 06YCIOBIACHHBIE PACTIPOCTPAHEHTEM YIIPYTUX BOJH, U TIOTIepet-
mble. Takum o6pazoM, B TIOCKOCTH TPOBHCAHNA WMEIOTCA ABa CIIEKTPa
COBCTBEHHBIX 9aCTOT, HA KOTOPBIX BO3MOXHO BO3ZHUKHOBEHUE PE3OHAHC-
HBIX PEXWMOB KoJeGannii. B KadecTBe IpaHUYHBIX YCJIOBUU 33 1aBAHCh
BEPTHUKATLHOE W TOPU3OHTAILHOE TIEPEMEIIeHUs BePXHEH TOYKYU Kper-
JeHUA TPOca 10 MapMOHHYeCKOMY 3akoHy. OTMeTHM, ¥TO B MPaKTHKe
MPOEKTHPOBAHNA 9aCTO UCTIOMB3YEeTCA JAOMYINeHHEe 0 KBa3UCTATHIeCKOM
pacnopefeleHuil YCUAUH B TPOCOBBIX CBA3AX MPU MEPEMEIIeHUAX MIaBy-
9ero 06BEKTa, TO eCTh TMOJOKEHHE 00BEKTa B ONpeIeJeHHBIH MOMEHT
BpeMeHH ~3aMOpaXnuBaeTcA T YCHINA B TPOCOBBIX CBA3AX OIPEIes-
IOTCA W3 PEIIeHnA CTATHIeCKON 3a0a9i O TPOBHCAHUH TPOCA.
DpelcTaBleHHOE AHAIMTHYECKOE DEIEHNE TO3BOMAET HCCAENOBATEH Te
adeKTh, KOTOPBIe He MOT'YT ObITH OGHAPYKEHBI B pAMKax KBa3MCTa-
THYECKOT MO/ KoMebaHn. JacCMOTPEHHAA MaTEMATHIECKAA MOIeThb
KoJeGaHUul Tpoca MO3BOMAET ONUCHIBATH NJUHAMUKY MIHPOKOTO KJIACCA
MPaAKTHYECKH UCTOAB3YEMBIX CUCTEM 3adKOPEHMU.

1. Anekcangpos M. 2. Cygosbie ycrponctsa. JI.: CymocTpoenme, 1968.
2. Kymbmaa 2. 3. fAkopHble cucTeMBl yaepkKaHus IIABYYNX OGHEKTOB.
JI.: Cymocrpoenne, 1980.

3. Canranos 2. B. ['mbkue T B moTokax. Kuep: DaykoBa JAyMKa,
1974.

4. Ceermukrmn B. A. Mexanuka Tpy6omposogos m nrraaros. M.: Ma-
mmHOCTpoeHe, 1982.

Oscillations of a cable put in liquid
(analytical solution)

G. T. Aldoshin, A. L. Sukhorukov
Baltic State Technical University, Saint Petersburg, Russia

Dynamics of links retaining a floating object is considered as an independent
problem. Linearization of original equation system of cable dynamics in the
vicinity of the static equilibrium is developed. The independence of oscillations
in the cable sagging plane from the orthogonal ones is revealed. In its turn the
oscillation in the cable sagging plane can be split up into longitudinal wave
caused by elastic wave’s propagation and transversal one. Thus there are
two natural frequency spectrums in the cable sagging plane where resonance
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phenomenon can appear. The obtained analytical solution allows studying the
effects which can not be revealed within the quasi-static oscillations model.

Ynpasienue po6oTaMu B KOHKYPEHTHOU cpeje

I'. B. Aagepos, O. A. Maragees
(alferov@apmath.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B pabore paccmarpuBaeTcs 3ajgada O JOCTHRKEHHH POGOTOM IBHXKY-
weics mean (HapuMmep, Jpyroro po6oTa) NpH HAJWYHH [TOJBIKHEIX
MPEenATCTBUI. JTa 3ajada CBOAUTCS K ANHAMHYECKUM KOHMINKTHBHIM
mporeccaM. DPOMECCH TAKOrO THHA MPOTEKAIT B MOJHOM JOKATBHO
KOMIIAKTHOM MeTpudecKoM TpocTpaHcTBe X . [luHamuka mpecaenyio-
mero u yberaroirero po6oToB, MIPUHIMAIINX yIacTHe B DTHX MPOIECc-
cax, 3aJaeTCA MOCPENCTBOM O600IIEHHBIX JUHAMUYeCKUX cucTeM Py Po
B X. O6obiennas aurammyeckas cucrema Py, { = 1,2, ompenensercs
MPH TIOMOIIN CEMENCTBA MHOT O3HAYHBIX OTOOPaKeHNH MPOCTpancTBa X
Ha cebsi, 0603HATAEMOr O Yepes PZ(J:Z, t), { = 1,2, n HazpIBAEMOT O (PYHK-
nmenn goctmkuMocTn pobora f. O6osHadnM depes Y. MHOKECTBO KO-
HeyHbIX pazbuenuii o unrTepsada [0,T], T < co. B Kaxabli MOMeHT
spemenu ¢ € [0, 7] npouecca U;(z, 23, T), i = 1,2, kaxaomy po6oTy
U3BECTHHI TO3UIHT 060X po6oToB — Toukn z'(t), { = 1,2, a Takxe au-
HaMOYeCKHe BO3MOXHOCTH 060mX po6GOTOB, ompeeiseMble (PDYHKIMAMT
P, £ =1,2. NsecTHa Takke MpOJOMKATETILHOCTD Ipotecca 1’ < oo.
Onpegieaum Tenepsb cTpaTerun po6oTos B nponeccax ;(zt, 2?2 T),i =
1,2. Crparerueii ¢, po6ora { B npotecce I';(z}, 22, T') naspiBaeTcs mapa
(UW,KC‘;), rae o,, € Xp,a K! — oTobpaxkenne, cTapAIee B COOTBET-
CTBUE Tape MO3UIIHT

1 T .2 B2
ry, € Pi(xg, tr), Ty, € Po(xg,tr), ty €0y,, =0
po60TOB, pealuaoBaBIINX K MOMEHTY {j TpacKTOpPHUIO

jfk+1—tk E pz(jfk (tk)’tk‘l'l - tk)

Dapa (p1,92) = ((le,[(;l),(0¢2,[(g2)) € ®; x &, HasbBaeTCA CH-

Tyalmen B Ipolecce Fi(xé, x%,T). Nanee onpegensaioTcsa (PYHKINNT BbI-
urpoia Hy Ha MHOXKecTBe @1 X Py, Oporecc Fl(xé,xg,T) =Ty, =
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(@1, P9, H1) MBI OyjjeM Ha3BIBATE KOHMINKTHBIM [POLECCOM C TEPMHU-
HaJbHBIM BLIUCpHIeM, a npotece Us(ad, 22, T) = Ty, = (&1, ®o, Ho)
KOH(DIMKTHBEIM TIPOIECCOM Ha YKJOHEHHE C IPeIHCAHHON ITIPOJI0MKN-
TEALHOCTBIO. B paccMOTpPEHHBIX BHIIE CTpaTernAx pazbneHne WHTEP-
Baga [0,7] KOHPIUKTHOTO MpoLiecca BHIOHPAIOCH POGOTOM [0 Hadalda
nponecca. B HEKOTOPHIX ciydadax 6BIBaeT yI0OHO N36aBUTHCA OT HTOTO
OUPAHUYEHUS W IO3BOJUTEH POGOTY BHIOUPATH TOUKY 141 pasbueHus o
B MOMEHT 1.

llokazeIBaeTCA, 9TO B TaKNX ANHAMUIECKHX KOH(DIMKTHBIX MPOIECCAaX
CYIIECTBYIOT E-ONITUMAJbHEBIE CTPATErMH POGOTOB W IPe/araeTca KOH-
CTPYKTHUBHBLIA aICOPUTM HX YUCJIEHHOTO HAXOXK TeHIA.

1. Domsaxos 2. 2., 3erxkga C. A., Omkos M. 3. Teoperuveckas mexa-
muka. W3n-so Jleamurpajgckoro yu-ta, 1985. 536 c.

2. Managees O. A. YopapiseMmble KOHMIUKTHBIE cUCTeMB. 31-BO
Co6I'Y, 2000. 280 c.

3. Angepos I'. B., Stilman B. Onrtumanbabie TpackTopun po6oTa B Au-
Hamudeckon cpege [/ Opukaagmas mexammka C26: Wam-so CO6IY.
1997. Bem. 10. C. 167-168.

Control of robots in the competition environment

G. V. Alferov, O. A. Malafeyev
St. Petersburg State University, Russia

The problem of reaching a moving object by robot under existence of moving

obstacles is considered.

Crioco0nl olnpejgeJeHNA OIWUHAMHWUYECKHUX IIapaMeTpoB
TeJ 0 KoJdebaHuAM B YupyromMm mnoaBece

A. O. Peasxos
(a_belyakov@inbox.ru)

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

Jokaam mocBAIIeH NCCaeJOBAHNIO HOBOT'O METO /1A ONMpeNeleHna TMHAMU-
YeCKUX MapamMeTpoB KPYIHOrabapuTHHIX Tel, pazpaborannoro B IATU
[1]. MeTon npeanoaaraer cBoGOAHbIE KOMeOAHIUA TBEPAOIO Tela B YIIPY-
TOM TIOJIBECE TIO TPeM CTeleHAM CBOOOBI.
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DpelcTaBleHBl BBIDAKEHUS [ OMpPeeeHns WHEPIIHOHHON MATPUIIBI
K0Je6aTENBHON CHCTEMBL IO (hopMaM KoJdeGaHI U COOCTBEHHBIM 4aCTO-
TaM. JOMydeHBl AHAJINTHYECKNE BEIDAKEHUA A TUHAMHYECKIX Tapa-
MeTPOB TeJa PHU Pa3JuvdHbIX crnocobax BO30yXK AeHUSI KoreCaHni. D po-
BelleH aHAIN3 9YBCTBUTEALHOCTH STHX BHIPAKEHNH K TIOTPEMTHOCTAM M3~
MepeHns 9acToT u (popM KOomeOGaHUN. DPUBENEHBI PE3YIBTATHL MOIe/T-
poBaHUs KOMeGAHNN KOHKPETHON CHCTEMBI IPH PA3JMYHBIX MOJOKEHUAX
neHTpa mace [2].

DaccMOTPEHBI MPENMYIIECTBA W HEJOCTATKH PAa3JdMYHBIX CIIOCO60B BO3-
Oy XK JeHUA KOTeOaHm.

1. Dorganos B. B., Bomo6yes B. C., Kygpsmos A. U., Tpasuua B. B.
Komrmuieke gis usmeperns Maccol, KOOPDJAUHAT IEHTPA MACC U MOMEHTOB
WHEPIINY MAITMHOCTPONTENBHBIX u3faeani // VlamepuTenbHas TeXHUKA.
2002. C. 37-45.

2. Denskop A. O. HucnenHoe MoxeanpoBaHUe MPOIECCA M3MEPEHUA MO-

MEHTOB MHEPIAH KPYITHOIabapUTHEIX Tel METOAOM CBOGOJHBIX Koleba-
mmn // Yaenwre sammcku [JATT. 2002. C. 129-136.

Algorithms of determination of bulk body dynamic
parameters by vibrations in elastic support

A.O. Belyakov

Moscow State University, Russia

The talk is devoted to investigation of a new method for measurements of
dynamic parameters of bulk bodies developed in Central Aero-Hydrodynamic
Institute [1]. The method includes free oscillations of a rigid body in elastic
support in several degrees of freedom. Expressions for inertia matrix of oscil-
lation system via eigenfrequencies and eigenmodes are presented. Analytical
expressions for dynamical parameters of the body are obtained with different
types of oscillation excitation. The results of modeling for a particular oscilla-
tion system are presented [2]. The advantages and disadvantages of different

excitation types are discussed.
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Crabwinsanusa cuH@Aa3HOr0 3aKPUTUIECKOI'0 pexuMa
BpallleHus1 BUOpoBo30y1uTesen IIocpefCcTBOM
BHYTPE€HHeUu CcTeNeHu cBO6OAbI

H. H. Paexman, JI. lInepaune

(blekhman@vibro.ipme.ru, Lutz.Sperling@masch-bau.uni-magdeburg.de)
OAOQO Mexano6p-texunka u MuactuTyT mpobiaeM malmHoBeeHus A,
CankT-JeTepbypr, Joccus

Orro-pon-I'epuxe- Yausepcurer, Marge6ypr, I'epmarms

SDocTaBiaeHHad aBTOpaMi B 00IIen hopMe pobaeMa CHHXPOHIT3AINH -
HAMUYECKUX OGBEKTOB CO BHYTPEHHHME cTeneHsMu cBoGonel [1] npen-
CTaBJIAET UHTEpEC AAA BHOPAIMOHHON TEXHUKN, HeGECHON MEeXaHUKN W
TeopeTudeckon ¢puanku. Mex Iy TeM, B HACTOAIIEe BpeMs »Ta IpobaeMa
HaXOAUTCA B HATaIBLHON CTAJUHI CBOET'O PEIIeHNU.
B gokmage paccMaTpuBaeTCA TPOCTENIINA BapuaHT >TOH MPOoOIEeMBI —
3aJav9a O CAMOCHHXPOHU3AINNN ABYX OAWHAKOBHIX debaJaHCHBIX BUOPO-
BO30Y AUTENEH, POTOPHI KOTOPLIX YCTAHOBAECHBI COOCHO U MEHTPATLHO Ha
MATKO BUOPOMIOINPOBAHHOM TBEPIOM Tele M CHAOKEHBI JOMOJHUTENb-
HBIMH MaccaMU, YKPeIJIeHHBIMU Ha TpyXKinHax. /laHHad cucTeMa mpumMe-
JaTeqbHa TeM, ITO, C OJHON CTOPOHHI, JOIMYCKAeT TOYHOE MCCIEOBAHIIE
CHHXPOHHOT'O pPeXHUMa, a ¢ JPYTOH — IMO3BOJAET BLIABUTH CIEIU(ITIe-
cKkme 0oco6eHHOCTH 3a1at¥ 3TOTO KJIacca W TEeXHUYIeCKWe BO3MOXKHOCTH,
CBSI3aHHBIE C MCIOJB30OBaHUEM MOMOOGHBIX cucTeM. B wacTHOCTH, pac-
CMOTPEH BOMPOC O BO3MOXKHOCTHU CcTabuam3anuu CUHQPA3ZHOTO peXmMa
CHHXPOHHOT'O BpallleHnsA BO36Y IuTe/e.

1. Blekhman I. I., Sperling L. Synchronization of dynamic objects with

internal degrees of freedom // Proceedings of the XXX Summer School

“Actual Problems in Mechanics”, St. Petersburg, Repino. 2002.

Stabilization of the synphase postcritical regime of
rotation of vibroexciters by means of internal degree
of freedom

1. I. Blekhman, L. Sperling

Mekhanobr-Tekhnika Corp. and Institute of the Problems of Mechanical
Engineering of RAS, St. Petersburg, Russia
Otto-von-Guericke-Universitaet, Magdeburg, Germany

The problem of synchronization of dynamic objects with the internal degrees
of freedom [1], set out by the authors in a general form, is of interest for
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the vibrational technology, for celestial mechanics and for theoretic physics.
However, at present this problem is at the initial stage of its solution. The
presentations considers the simplest version of this problem - i.e. the problem
of self-synchronization of two similar unbalanced vibro-exciters whose rotors
are installed coaxially and centrally on a softly vibro-isolated solid body and
are supplied with additional masses connected with the rotors by means of
springs. This system is remarkable by the fact that on the one hand it allows
an exact investigation of the synchronous regime, on the other hand - makes
it possible to determine the peculiarity of the problems of this class and the
technical potentialities, connected with the use of such systems. In particular,
the question has been considered about the possibility of stabilization of the

synphase regime of the synchronous rotation of exciters.

DpuMeHeHne ypaBHeHUU Magxu
B KBa3MKOOPAMHATAX B AUHAMUKE
CUCTEeM TBEPAbIX Tel

A. P. Pauxos, B. M. Cycaonose
(AndreyBya@yandex.ru)

DEPMCKHI TOCYIapCTBEHHBIN YHUBEPCUTET, JOCCUS

DOBHIIIEHHBIN THTEPEC B TIOCJAeHEE BPEMS BHI3BIBAIOT PAbOTHI, CBA3aH-
HBIE ¢ TPOGIEMAaME MO IEMNPOBAHUA JHHAMUKIN CHCTEM CBI3aHHBIX TBED-
OBIX Ted. JeCMOTPS Ha TO, 9TO BONPOC TMOCTPOEHUs yPaBHEHWN KWHe-
MaTHKN W AWHAMUAKH [ CHCTEM C JIOOBIM 9YHCIOM CTeNeHel cBOGOIBI
B paMKaX AHAJNTHYIECKOW MeXaHUKN NPWHIUIHAILHO DPEIeH, MPAMOe
MpUMeHEHNE KIACCHYIECKIX METOMOB K JOCTATOYHO CAOKHBIM CHCTEMAaM
MPUBOAUT K 3HAYNTENbHBIM BBHIMUCANTEIEHBIM TPYIHOCTSIM.
HenTpaabrolnl mpobaemon siBasgeTcsa npobieMa ydeTa cBszen. MmeHHO
pasjudne B MOAXOAAaX K PEIIeHHI0 MPOGJIeMBl yUieTa CBA3€H MOPOIIIO
MHOT00Gpasne GopM YPaBHEHUN [BUMKEHUA CHCTEM TEI.

Jlokman OCBAIIEH Pa3BUTHIO METOI0B HETOIOHOMHON MEXAHUKHI TP Pe-
[IeHnn 3ajad POPMUPOBAHUSA MOJENEN NUHAMHKH CHCTEM abCOJTHO
TBepABIX Tel. B KadecTBe Te€OPETHYIECKON OCHOBBI DEIEHNS YKa3aH-
HOW 3aJa¥l MpeIOKEHO PACCMOTPEHHE MeTO/a ydeTa CBA3el MyTeM
MTOCTPOEHNSA CHCTEMBI HE3ABICUMBIX Bapuanuii 0606IEHHBIX CKOPOCTER
u ypasrenuit Majxu B kBasukoopaunatax [1, 2].
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DOKa3aHo, YTO UCIOJAb30BaHNe TpefIaraeMol GpopMmbl ypaBHeHml Ma-
MKW OPUBOAUT K TOCTPOEHWIO YPABHEHUN JBUKEHUS CHCTEM TBEPIBIX
Tesl B BUE PACITHPEHHON CHCTeMBI AuhdepeHInaIbHO-AIT ebpamdeCKuX
ypaBHEHUH B M3OBITOYHBIX KOODJAMHATAX W KBA3UCKOPOCTAX. DOJydae-
MBble YPaBHEHHUA B YaCTHBHIX cly4dadx Npeobpas3yoTcd K pAny M3BeCTHBIX
VPaBHEHWH [BUKEHUSA CHCTEM TeJ, I B 3TOM CMBICJIE ABAAIOTCH OOIIIMI
YPaBHEHUAMHN AWHAMHUKU CUCTEMBI CBA3aHHBIX TBEPIBIX Tel.

1. Dauxos A. 3. TeopeTwdeckne ocHOBBI (pOPMHUPOBAHIA MOJAEIEN NITHA-
MUKH MEXaHUIECKUX CHCTEM C MEPEMEHHON KUHEMATUYECKOU CTPYKTY-
pont //uc. kamgugaTa dpus.-MaT. HayK. Jepmb. 1999. 220 c.

2. Dsuaxos A. D. Ypasuenma Mamxku B KBasukoopguaaTax //Bocbmon
Bceepoccuiickiin chbean o TeopeTHYIeckon W NPHKJIaTHON MeXaHWKe. AH-
HOTanuu fgokaanoB, Exarepuabypr: YpO 2A3. 2001. C. 135-136.

The application of the Maggi’s equations in terms of
quasi-coordinates in multibody dynamics

A. B. Byachkov, V. M. Suslonov

Perm State University, Russia

The problems of application of the Maggi’s equations in terms of quasi-
coordinates in multibody dynamics modeling are considered.

The application of the above-mentioned form of equations of motion and the
method of satisfying an additional constraint equations in variations lead to
dynamic models in the form of extended system of differential-algebraic equa-
tions with surplus coordinate and quasi-velocities. The report shows that the
Maggi’s quasi-coordinate equations in particular cases are transformed to a

series of known dynamics equation of multibody systems.

O BBIHY 2K J€HHBIX KoJie baHuax AUHaAaMHUYIYeCKHUX CUCTeM

B. I Bepemennuxos, P. C. Kpacuavnuxos, B. A. Cunuysin
(kras@k804.mainet.msk.su)

MocKkoBCKIIT aBHAITMOHHBIT MHCTUTYT, JOCCHUS

Uccaenyiorca nuHaAMIYecKne CUCTEMBI, OTTUCHLIBaeMble OOLIKHOBEHHBIMHT
quddepeHINATbHBIMYI YPABHEHUAME C JOTOJHUTENbHBIMU OT'DAaHNYICHN-
AMH B BH/e YPABHEHUU CBA3El, KOTOPHIM [TOJKHHI yJIOBIETBOPATH (ha-
30BBI€ NepEMEHHBIE.
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Nuddepernuanbubie YpaBHEHNA ¢ TIOMOIIBIO TPUHIANA OCBOGOXK TaeMO-
CTH OT CBA3€H N TUMOTE3R! ['aycca ” 0 MBICIIMBIX IBIKEHHAX Mpeobpa-
3yIOTCA K BUIY, COAEpIKAIIEMY peakiui B MpaBbIX dacTax. Wexompmbie
YPaBHEHUS CBA3eU TOT/a OMHUCHIBAIOT WHTErpAIbHOE MHOT0OGpase.
[las HeKoTOpOro Kiacca AUHAMUYECKHX CHCTEM C ~ HapaMeTPUYecKOn
cBA3bI0” , KOTOpHIN paccmarpuBada J.I°. Yeraes, moayueno auddepen-
MMHAJbHOE COOTHOINEHNE, He cojepiKallee peakinuil cBasel. “YHacTHBIM
clly9aeM DTOTO COOTHOIIEHUsA ABIAAETCA OOllee ypaBHEHUE aHAINTHYE-
CKOW TWHAMUKI.

Ja OCHOBe OTMCAHHOTO MOAXO0/a HCCAEAYETCA 3agada O MOCTPOEHUN Tie-
PHOIMYECKNX TBUKEHUN /s CHCTEMBI ypaBHeHHN Jlarpanxa, a Takxe
yPaBHEHNH, OMHUCHIBAIOIINX BpallleHne IHPOCTaTa MpU HeJUHEHHBIX 3a-
KOHAX YIpaBACHUA.

DaboTa BHIIOJIHEHA MPH MO TepxkkKe MunobpazoBanns

(N TOO-14.2-1111).
On the forced oscilations of the dynamical systems
V. G. Veretennikov, P. S. Krasilnikov, V. A. Sinizin

Moscow Aviation Institute, Russia

The dynamic systems are investigated that can be described by means of the
ordinary differential equations with restrictions in the form of the constraint
equations.

The differential equations are transformed to the form of equations with the
reactions in right sides.

For the certain class of dynamic systems the differential relation has been
obtained that does not contain the reactions; the special case of this type is
namely the well-known general equation of the analytical dynamics.

Based on these investigations the problem of the construction of periodical
solutions for both Lagrange equations and the gyrostat rotation equations has
been studied.

3pI/IBe,E[EHHbIe MaTpHulObl 2XKeCTKOCTHU MU [JUCCHUIIAIIUN
ImakeTa NAWINMHIAPHUYIEeCKHUX IIPY2XKHUH

C. B. I'aspuaos, B. A. Kononaee
(vkono@mail.ru)

MucturyT npobiaem mammuoBegerns A, CaukT-DeTepOypr, Doccus

DaKeThl OUINHAPUYIECKNX IIPY2XKWH UCIOJb3YIOTCA B PAa3/JIUYHBIX TEXHHU-
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YeCKUX yCTPOUCTBAaX: TPaMOOBOYHBIX BUOPOMAIINHAX, TPOXOTAX, aMOP-
TU3aTOPaxX, B aBTOMOOUIECTPOECHNH, B KeJe3HOJOPOKHOM TPAHCIOPTE.
Cuabl Bo3melicTBUA TPYXKHUHBI HA TBEPJOE TEMO MeAATCS Ha 1Ba MPUH-
IMOHAIBHO PAa3JUYHBIX KJlacca: CUJIbl YIPYTOCTH W CHUJIBI AeMI(pupoBa-
uusg. W Te m Apyrue mias oTHOU MPYKWHBL BHIYUCAAIOTCH C HCHOJb30Ba~
HUeM CcTaHAapTHBIX MeTOAOB. B moKiafe MOKa3aHO, YTO OMpenefeHne
YKa3aHHBIX CHJ J/IA HECKOABKHUX (MaKeTa) MPYXKWH He CBOANTCA K CO-
OTBETCTBYIOIEMY YBEIWYEHUIO CHJIBI OJTHOU MPYXHUHBL. C HCOOJB30Ba-
HITeM aJdre6pamvdecKoll TEeOPUH TOMYYeHbl JUHAMUYECKNE BUHTH YIPY-
roro u AeMIpUPYIOUETO BO3ENCTBUA MaKeTa MUIMHIPUIECKAX MPY-
JKWH, TOYKH KPETIEHN KOTOPHIX JeKAT B TOPU3OHTAJBHOM MJIOCKOCTH, B
BI/le JUHEHHOT O TpeobpazoBanusa 0600IIeHHBIX KOOPANHAT I CKOPOCTEN
MOATPYKEHHOT'O TBEPAOT'O TejJa ¢ COOTBETCTBYIOIIMMY MaTpUIIaMU, Ha-
3BAHHBIMH MPUBEEHHBIMI. JTH MATPUIBl CAMMETPHUYHEL, HO B OOIIeM
chaydae He AuaroHaJbHBL faXke B cAyvae AUaroHaJbHOCTHM aHAJOTMYHBIX
MaTPHI IS KaX O MPYXKUHBL. DJOKa3aHO, ITO CTPYKTYpPa MaTPHUI] Ta-
KOBa, YTO [BUKEHNs MOANPYKEHHOTO TBEPAOTO Tela Mo 4eTHHM (2,6)
i HedeTHBIM (3,5) 0606IIEHHBIM KOOPAHHATAM 1 CKOPOCTAM OKa3bIBa-
I0TCA CBA3AHHLIMA. BeJWYHHB COOTBETCTBYIOMINK 3JIeMEHTOB MATPUI]
3aBUCAT OT (PU3NUECKNX XapaKTEePUCTUK NPYKHUH M PACIOJOKEHUA TO-
qeK KpenieHnd K Teay. Ecam ToYKn KpemeHUs MPYXKUH K Tely JeXKaT
B ILNIOCKOCTH, COJIEPIKAIIEN HAYAJO CBA3AHHOW C HUM CHCTEMBI KOOD /-
HAT, TO 0606IIeHHBIE MATPUIBI XKECTKOCTH W AUCCATIAINN AUal OHAJIBHHEL.
YKazaHHad 3aBUCUMOCTD UCCAeOBaHAa U MPOWIIIOCTPAPOBaHA HA TPAMe-
pax ABUXKEHUA MOANPYKECHHOIO HOCUTENA MBYX JUHAMUYECKHN HeypPaBHO-
BeIlleHHBIX poTOpoB. O6e MaTPHIIBI IpeJACTABJIEHBl B BUAE, YIO0GHOM /s
HETIOCPE/ICTBEHHON pealu3alnny Ha KOMIbIOTepe 6e3 KaKmx-aubo mpe-
BapUTETBHBIX TPeoOpasoBaHN.

Reduced stiffness and dissipation matrices of
a packet of cylinder springs

S. V. Gavrilov, V. F. Konoplev
Institute of the Problems of Mechanical Engineering of RAS, St. Petersburg,

Russia

Questions of feedback on rigid bodies by packets of cylinder springs are consid-
ered. It is shown, that motions of underspringed rigid body by even (2,6) and
odd (3,5) generalized coordinates and velocities in considered case are linked
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even if the matrix forms for every spring are diagonal.

O6 yCTOMYMBOCTHU PeryJAapHLIX Mpelneccun
B 0C€CUMMETPUUYHBIX IOJAX

. A. I'oauyaaun
(gal@k804.mainet.msk.su)

MocCKOBCKIIT aBHAITMOHHEIT MHCTATYT, JOCCHA

Jlaro mcTOpUYMEeCKOe ONMMCaHle M3BECTHRIX PETYAAPHBIX MPENECCH CHM-
METPUYHBIX TeJ B CUJOBBIX MOJAX C MOTEHUIMAJOM B BUAe (GYHKIUU OT
yria HyTalun — KaK TeJ C 3aKPEIVIEHHON TOYKOW, TaK W CIYyTHUKOB 1
TJIaHeT.

YkazaHa CBA3b MOMIYYEHHBIX PaHee YCIOBUU WX YCTOWYIMBOCTH C YCAOBH-
AMHU, BEITEKAOIIMEA N3 JUHEAPU30BAHHBIX YPAaBHEHIH TePBOTO TPU6JII-
JKeHHs. DPUBOAUTCSI HOBOE YCJOBUE, TOCTATOYHOE /s YCTOWYHBOCTH,
KOTOpPOE HaKIablBaeTCA Ha MOTEHIINAA CUIOBOT'O MOJA.

O6cyxk 1aoTes BOMPOCH YCTOUYUBOCTH PETYIAPHBIX MPENeCCHil HECHM-
METPHUYIHOI'O Tejla OTHOCUTENbHO OCH CUMMETPHUU MOJA.

On the stability of the regular precessions
in the symmetric fields of force

1. A. Galiullin

Moscow Aviation Institute, Russia

The historical description of the known regular precessions of symmetric bodies
when the potential represents the function of a nutation angle is given.

The connection between the recent investigations and the new results that
conclude from the linear equations of the first approximation is indicated also.
Questions of the stability of the regular precessions for the non-symmetric

bodies about the symmetric field axes have been discussed.
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D peobpazoBanne ypaBHEHUN 3JIeKTPUYIeCKON MalllMHBI
JABOVHOI'O MUTAHUA

B. A. Juescxuti
(mpy@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

JaeTca BLIBOJ HETOJOHOMHBIX TPeo6pa3oBaHNl HE3aBUCHMBIX (Pa3HbIX
TOKOB CTaTOPa U POTOpa MalnHbl ABoiHoro muTannd (M/13D). B HoBBIx
mepeMeHHBIX (KBasnToKax) ypasHeHus M/ID umetoT i ypasaenni Ma-
mxu. CylecTBeHHOE TPEeNMYIIEeCTBO ypaBHeHnH Malku mo cpaBHEHIIO
¢ gpyrumu popMamu 3anucu ypasueann M /O cocTonT B ToM, 9TO OHHI
ABAAIOTCA OOBLIKHOBEHHBLIMHI HEIWHEHHBIME AU depeHInaIbHBIMI YpPaB-
HEHHAMIE ¢ NOCMOAHHBIMU KosdPuyuenmany (apyrue GOPMBI HX 3aIHCH
cojiepkaT mepeMeHHble KoadduiuenTrl [1,2]). Docaeanee o6cToATENb
CTBO MO3BOJNIO CYMIECTBEHHO YIIPOCTHATDH MCCAeOBAHNIE PA3IUYIHBIX pe-
xKumoB paboTer M3,
B noxaane mosydeHHBIEe YpaBHEHUsI HCIOJBL30BAHBI JJAA HCCIeTOBAHUSA
YCTaHOBHUBIIEToCA pexnMa paboTsl M/OD. B wacTHoCTH, HallfeHO BHI-
paXxeHnne MIA €€ HIEKTPOMATCHHTHOTO MOMEHTa. DOKa3aHo, YTO IpH
OOMIeTPUHATHIX MOMYIIEHNAX 3TOT MOMEHT WMeeT TOT XKe BUJM, IYTO I
HJAEKTPOMATHUTHBIN MOMEHT CHHXPOHHOrO aBuratTeisa. CremaH BHIBOI O
He3aBUCUMOCTH DTOT'O MOMEHTA OT HadaTbHBIX (pa3 MOABOANMBIX K CTa-
Topy u poropy M/ID HanpaxeHnN, a Takke OT HATATBLHOT'O TOJIOKEHMA
poTopa.

1. Jlmesckmn B.A., Jeporma A. 1O. O6 ypaBHeHHAX 21eKTpUIECKON Ma-

nmHe gBorHOTo uTanua // Becramk JITY. 1991. Ne8, cepms 1, BRmyck

2. C. 75-78.

2. DogokoB @. P., JIeBopuu A. HO. YpaBHeHUA 3JeKTPUIECKNX MAIIIKH.
Nag-Bo CO6I'Y, 1997. 272 c.

Transformation of equations of a double-feeding
electrical engine

V. A. Dievsky
St. Petersburg State University, Russia

This work deals with an application of non-holonomic electromechanics meth-
ods and description of processes in double-feeding electric engine.
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O ABUXKEHUUN AUCKa CO CMEIlIeHHBbIM INeHTpPpOM
TAXKECTH I10 IIVMIOCKOCTHU C aHU3OTPOITHBIM TpeHUueM

P. P. Amumpuce

(dn7@rambler.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

DaccMOTpeHa 3ajada O CKOJbKEHUH MUCKA TO MIOCKOCTH C YIETOM CIII
aHU3OTPOMHOIO TPEHMUA B NPEIIOJOKEHUN O CMEIIEHUN LeHTpa TAXKe-
CTH OTHOCHUTENBHO OCH CHMMETPHH [HCKA. DOJYHeHbl TudpepeHnaib-
HBle YpaBHEHMA IBVMKEHUA, MPaBble YacTH KOTOPHIX NPEJACTABAAIT CO-
6011 KOMOUMHANINIO HIIUNTHYeCKIX WHTErPaJoB. B BHIY HeJMHEHHOCTH
STUX YpaBHEHNH NCCIeOBAHME TBUXKEHUA MPOBOIUIOCH YHCIEHHBIMI Me-
TOJaMU.

DOCTPOEH Psijl TPAEKTOPUIN JBIKEHNS IEHTPA CHMMETPUN U MEHTPA TH-
JKecTHu aucKa. McciaemnoBaH mpollecc OCTAHOBKH TeJa TTPU €0 ABUKEHNN
mo nHepruu. OnpeneneHbl HEKOTOPBIE COOTHOIIEHNA MEXK Y TPIKIA ThI-
BaeMBIMHU YCUJIUAMM, TP KOTOPHIX HAUYMHAETCA ABUKEHIE.

DaboTa BHIOJIHEHA TPHU TOAgepKKe MunucrepcrBa obpazopanusa P

(NE00-4.0-30).

On movement of a disk with displaced center
of gravity on plane with anisotropic friction

N. N. Dmitriev
Baltic State Technical University, St. Petersburg, Russia

Movement and equilibrium of disk with displaced center of gravity on plane

with anisotropic friction was solved.

O Bo3lenCcTBUM YJAapPHOU HAarpy3KH
HA MHOI'OMAaCCOBYIO CUCTeMY

C.M. F¢pemnos
(efremov@udm.ru)

MKeBcKM TOCY JapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET, JOCCHUs

B mamrOM cooblieHnn paccMaTpUBaeTCA PellleHe TPUKIAJHON 3am1atdn
0 BO3IENCTBUN UMITYJIbCHON yIapHOW HAT'DY3KH HA CHCTEMY U3 TPEX Tel,
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COe/TMHEHHBIX YIIPYTUMHA CBA3AMU. UWCAeHHO pelllaeTcA cUCTeMa Aud-
(pepeHNNATBLHBIX YPAaBHEHNI TPH BA3KOM AeMI(UPOBAHUN W BHEITHUX
BOBMYIIEHUAX, 3aJaHHBIX B BUIe YCKODEHWUI. DPUBOAATCA PE3YIAbTATHI
pacdeTa YCKOPEHNHN Ka¥K [OT0 Tejla B 3aBUCUMOCTH OT [IUTEALHOCTH M-
MyJabca, COOCTBEHHBIX 9acTOT KOdeCaHWl U AeMII(pUPOBAHIS.

About effect of an impact load at a multimass system

S.M. Efremov
Izhevsk State Technical University, Russia

About effect of a pulse impact load at a system from three bodies, by coherent
elastic connections.

NccaenoBanue yCcTOUYUBOCTU JBUXKEHUSA
AUHAMUYECKUX CUCTEM MNOJUHOMUAIBHOU
CTPYKTYPHI ¢ IepuoANvdecKUMEU NapaMeTpaMu

C. FE. Heanos, I'. . Meavnuxos

(melnikov@mail.ifmo.ru)

CankT-JeTepOyprcKUil MHCTUTYT TOYHOU MEXAHWKU U ONTHKN
(rocygapCcTBEHHEIN TEXHUYECKHUI YHUBEPCUTET), DOCCUA

DaccMaTpUBAETCA TOMOHOMHAA NEPUONNYEcKas HeCTallMOHAPHAS CHCTe-
Ma. DpeIrnoaaraeTcs, 9TO HeJMHENHBIE XaPAKTePUCTUKA CHCTEMBI JO-
MIYCKAaT alllpOKCHUMAINIO CTEHEHHBIMH MHOIOYJIeHAMH OTHOCHUTENbHO
060O6IIIEHHBIX KOOPMHAT U CKOPOCTEH, COAEPKAMIYID MEPUOJUIECKIe
ko3 dunmenTH. MeTo10M MHOTOWIEHHBIX TpeobpaszoBaHlil PACIINPEeH-
HOT'O (pa30BOTO BEKTOPA OCYMIECTBISETCS TOCTPOEHNE HEJMHEHNHON Ka-
HOHUYECKOHW cHCTeMBl ypaBHenuit. CucTeMa aBTOHOMHA B PaMKax MIPH-
HATOW TOYHOCTH, MOMOJHUTENbHBIE WIEHBl OTHECEHBI K MOCTOSHHO [Tel-
CTBYIOIINM BO3MYIIEHHUSAM. DapaMeTPhl CHCTEMBI ABIAIOTCS CYIIEeCTBEH-
HBIMU KOHCTAHTaMM’, ONMPeNeNAIONINMI KadeCTBO ABUKeHUsA. B HOBHIX
TTepeMeHHBIX HaXOAATCA TepuoaAndecKe pelrennd, GyHKInn JanynoBa
n auddepeHNnaIbHbIe HepaBeHCTBA. B pesyabTaTe MoayvueHBI OLEHKH
KadecTBa yCTOMYUBOCTH ABWXKeHUA. [|aHHBIN TMOAXON TPUMEHEH B MPO-
OaeMe BUOGPO3aIINTHL CUCTEM C JBYMA M TPeMA CTENeHAMU CBOGOIEI.



40 Tpetrn IloraxoBckue ITeHOA

The investigation of stability of dynamical systems
with polynomial structure and periodic parameters

S. E. Ivanov, G. I. Melnikov
Saint Petersburg Institute of Fine Mechanics and Optics (The State Technical
University), Russia

The holonomic non-stationary system of polynomial structure with respect to
the phase variables and with periodic coefficients is considered. By means of
transformation of the vector of generalized coordinates the system is simplified
and the constants are distinguished. The differential inequalities according to
which estimations of stability are established and the Lyapunov functions are

defined.

AHaJII/ITI/I"IECKI/Iﬁ MeTOod pellleHnuA 3aJa'vdn
CY601'ITI/IM3.JIBH01"O YipaBJjieHUs I10JeTOM

A. P. Hsanos, FO. A. Ocmos

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

3ajada ONTHUMAJBHOTO YIIPABIEHNA IBIKEHNEM JeTaATEIBHOT O AlllapaTa
(JTA) B aTmocdepe ABIAeTCA NPAKTHYECKH Ba)KHOH 3ajadell BHEIIHEH
6aammcTUKn W Teopun yrpabienms. OmHAKO yIpaBieHHe, HallIeHHOe
KaK pe3yJbTaT PeIleHus KPaeBOU 3a1avy Ha OCHOBE MPUHIHIIA MAaKCH-
myMma JI. C. DOHTpATHHA B €r0 KIACCHIECKON POPMYIUPOBKE, ABJISETCS
MpOTPAMMHBIM YIIPABIEHUEM U TP HAJHMINH BCAKOTO POJa BOZMYIIEHNN
okasbiBaeTCA HEDPMEKTUBHBIM, T.€. He 06ecTednBaeT ONTUMYM 3aaH-
HOT'O KPUTEPUA KadecTBa. JOITOMY [JOCTATOYHO MOCTPOUTH CYyOOITH-
MalbHOE YIIpaBIeHre, TP KOTOPOM 3Ha4YeHne ONTUMU3UPYeMOoro dhyHK-
[MHOHAJAA OTIHIAETCA OT €ro ONTHMAILHOrO 3HAYEHUsA He Hojee, 9eM Ha
3aJaHHYIO BEAUTHHY €.

DpeanaraeMas MeTOANKA CHHTE3a Cy6ONTUMAIBHOTO YIIPABJICHNA CKIa-
IBIBAETCA W3 TPEX HTANOB PENIeHnsa UCXOTHOU BAapHAMOHHON 3a,/1a4M.
Da TepBOM 3Talle TPOM3BOJUTCSA YIIPOIIEHNE MOJEIN 34 CYeT PaIlno-
HAJBHOTO BHIGOpa (hazoBOT'O MPOCTPAHCTBA, HE3ABUCHMOW TIepEeMEHHON
UHTETPUPOBAHUSA, 3aMEHBI MCXOJHBIX CBf3el U (PYHKIMOHAJTA DKBUBA-
JeHTHBIMYU W T.M.; BTOPOH HTal YIPOIIEHUSA MOEIN OCYNIECTBAACTCA
Ha OCHOBe TIPWHINNA PACHIMPEHHsA (YaCTHIHOTO CHATHA OTDAHWYEHIH),
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MPUBOIAIIETO K BHIPOXK JEHHOW 3ajade TeOPUH ONTHMAIBHOTO YIIPaBie-
HUA; TPETHH HTAll PelleHnsA 3a4aqn (IpH BOCCTAHOBJCHHON CBA3H, WC-
KJIIOYEeHHON Ha BTOPOM 5Talle) TPUBOAUT K KEIaeMOMY De3yabTaTy B
BILJl€ CHHTE3NPOBAHHOTO YIPaBIeHHA (YIPaBIeHHA ¢ OOPATHON CBA3BIO).
DTa MeTOMNKAa TPUMEHEHA [JI PEEHNS CAeYIOMIeN 3a adn: OMTHMIT31-
pPOBaTh TPAEKTOPHIO MPOJOIBHOTO TBUKEHNA MeHTpa Macc JIA, coBep-
MIAIOIIET0 TOAET U3 HAYATBLHOU TOYKH aTMOC(hEpPHOrO MPOCTPAHCTBA B
3aJaHHYI0 KOHEYHYIO TOYKY HA MOBEPXHOCTH Jemian. Kpurepumem omru-
MaJBHOCTH TPAEKTOPHH (YIpaBIeHNs) ABIACTCA MAKCHMYM KHHETHYe-
ckont sHeprun JIA B KOHEYMHOHW TOYKe TPaeKTOPHH.

De3yabTATOM DPEIEHNUsT 3a4a4i IO 3TOW MeTONUKE ABISETCS CyOOITH-
MalbHOE yIpaBleHHe B BHUje yriaa aTakh o, KOTOPOe HAXOJAUTCA aHa-
JUTHYECKN W SABAsAeTCA (DYHKIWEN yriaa HaKJIOHA TpaekTopum §. Oe-
3yABTATHl YUCIEHHOTO MOACAUPOBAHUA TONTBEPXK AAIOT 5P PEKTUBHOCTH
pPacCMOTPEHHOU METO UK.

Analytical method for solving the problem
of suboptimal flight control

A. P. Ivanov, Yu. Ya. Ostov

St. Petersburg State University, Russia

An analytical method is proposed for solving the problem of suboptimal con-
trol of the flying apparatus mass center motion in the atmosphere. Numeric

estimations are presented of the synthesized control quality for various variants
characterized by atmosphere parameters and boundary conditions.

06 ucnoab3oBaHUU TEeH30pPpa IMoBOpOTa IIPpHA pellleHNnAn
3ajgad JUHaAaMHUKHU TBepaAoro TejJa U UccjieJjoBaHUU
YCTONUYUBOCTHU ABUXKEHUA

B A. Heanosa

(ivanova@EI5063.spb.edu)

CankT-JeTepOyprcKuil T'oCyJapCTBEHHBIN ITOJNTEXHIMYECKA YHUBEPCHTET,
Doccus

DpH pellleHnn 3aa¥ JTMHAMUKE TBEPOTO TeJa BaXKHOe 3HAYEHNE HMEET
BBIGOD OCHOBHBIX TIEDEMEHHBIX. JeyIadHbIN BEIOOD TEPEMEHHBIX, C O/l
HOW CTOPOHBI, MOXKET MPHUBECTH K IMOSBICHUIO TOJIOCOB, YTO CO3TA€T
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U3BECTHBIE TPOOIEMBI TP YUCJIEHHOM PEIEHNN 33 a4H, a C TPYT O CTOo-
DPOHBI, K MOSBIEHUIO TPOMO3IKUX BEIPAKEHUN, 9TO B 3HATUTEABHON CTe-
TeHW 3aTPYyTHAET aHAIUTHIeCKOe WcclAefoBaHMe 3ajavn. Vcrmomab3oBa-
HMe TeH30pa MOBOPOTa IPeNoCTaBAAeT BO3MOXHOCTH PasHOOOPA3HOT O
BBIOOpA TepeMeHHBIX M He OTpaHMYuBacT HccieloBaTeNd HeoOX0 TuMOo-
CTBIO MCHOJB30BaHNA CTAHIAPTHHIX ClIOCOO0OB ONMUCAHNUA BpaIlaTeIbHOT O
NBUIKEHNA TBePAOro Tena. B mannon paboTe o6CcyxK gaeTcs OJHO U3 BO3-
MOXHBIX TIPEJICTABIEHNN TEeH30Pa MOBOPOTA, OCHOBAHHOE HA MCIOJIb30-
BaHUW MOHATHUH JEBOTO U IPABOI0 BEKTOPOB yrioBol ckopoctu [1]. Cie-
MudIKON TaKOT O cocoba OMMCAHNS ABIUKEHIS TBEPIOTO TeJa ABISETCS
TO, YTO NPHU €ro HUCIOJb30BAHWU HU YPaBHEHUA AWHAMWUKU, HU KWUHe-
MaTH49ecKne COOTHOILIEHNA He BKJYAIOT B cebd TPUTOHOMETPUYIECKUX
GyHKIII. DTO, B 9aCTHOCTH, YIPOIIAET TPOUeAyPY MOIY9eHNA ypaBHe-
HUI B BapWaluAX MPH MCCAeTOBAHWN YCTOWYNBOCTH ABHXKeHus. Kpome
TOT'0, NCHONB30BaHNE TPeCTaBICHNA TeH30pa MOBOPOTA Yepe3 YIVIOBBIE
CKOPOCTHM TO3BOJNNUIO MOCTPONTEH TOYHBIE DellleHNA PAfa U3BECTHBIX, HO
He TTOJHOCTBIO HCCIeNOBAHHBIX 3a1a.

1. Vsanosa E. A. O6 ogrom nogxoge k pemenuio 3aga<u [Jap6y //Uss.
DAD, MTT. 2000. Nel, C. 45-52.

On using of the turn-tensor for solution of the rigid
body dynamics problems and for analysis
of stability of motion

E. A. Ivanova
St. Petersburg State Polytechnical University, Russia

Choice of the main variables is very important for successful solution of the
rigid body dynamics problems. Using of the turn-tensor gives a possibility of
wide choice of variables. Representation of the turn-tensor by the left and right
angular velocities vectors is discussed in the present paper. If this represen-
tation of the turn-tensor is used then dynamics equations and the kinematics
relations do not contain trigonometric functions. In this case analysis of sta-
bility of motion becomes more simple. Moreover, using of this representation
of the turn-tensor allows constructing the exact analytical solutions of some
known problems.
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CTaI_[I/IOHaprIe ABUXKE€HNA HEIOJJOHOMHBIX CHUCTEM.
YcTONYNBOCTL U CTa6I/IJII/I3aI_II/I.H

B. U. Kaaenosa, B. M. Mopozoe, M. H. Caamuna

(kalenova@imec.msu.ru, morozov@imec.msu.ru, salmina@imec.msu.ru)

MucturyT Mexannkn MoCKOBCKOTO TOCY IaPCTBEHHOT'O YHUBEPCUTETA, JOCCUA

DaccMaTpUBAeTCA COBOKYIHOCTH BOMPOCOB, KACAMOIINXCA CTAIHOHAD-
Hbix ABmKeHnH (CJ) HeroJOHOMHBEIX MEXaHWYECKHX CHCTEM: MHOTO-
o6pazue C/l, ycronauBocTh n crabmimsanus. UccaegyeTcss MEHOT 006pa-
ame C/l HETOIOHOMHBIX CHCTEM. JPOBOAUTCA WX KiacCH(pUKAIUI B 3a-
BUCHMOCTH OT HaJaraeMbIX [TOMOJHUTEIBHBIX yCaoBui. l3BecTHBIE 3a-
Jady O CTANHOHADHBIX JABIKEHHAX TBEPAOTO Teda (MIapa, AHCKa, TOpa
H T.1.), ABUKYIIETOCA MO T'OPH3OHTAIBLHOH TIOCKOCTH (€3 MPOCKalb-
3BIBAHUSA OTHOCATCS K KAACCY, KOTOPHIA MOAPOOHO PacCMaTpPUBAJCA B
paborax A.B. Kapanersna [1,2]. Beigenen wosbiii kiacc CJI Herodo-
HOMHBIX CHCTEM, KOTOPBII XapaKkTepuayeTcs 60/ee OOUINMA YCIOBUSMHE,
namaraembivu Ha mapaMmeTpsl C/l. K aTomy xiaccy oTHOCHTCS, B 9acT-
wocTu, GoapmuacTBO CJ] OMHOKOMECHBIX DKUTIAXKEN. YPaBHEHUA BO3MY-
MIEHHOT'O MBUXKEHUS [Ji BHIAeqeHHOT 0 HoBoro Kaacca CJ] umetoT Godee
o6IIyIO CTPYKTYPY, YeM IS YKa3aHHOTO BHIIIE Kaacca. JO3TOMY IJs
uccaegoBanus ycrousdnoctu CJl HOBOro Kiacca (hpOPMYJIUPYETCA Teo-
peMma, obobiaiomas Teopemy u3 [1]. /las peluenus 3agad cTabUIn3 ALK
C/l HerOMOHOMHBIX cHCTeM OGOMX KJIACCOB MpeIaraeTcs MeTO[IKa,
YYIUTHIBAIOMAA OCOCEHHOCTH 3aa49n CTaOUIM3ANN i HET OJOHOMHBIX
cucteM u 0600mAIOIAd AHAJTOTHIHYIO METOANKY DPEIleHns 3a1as cTabu-
JAM3ALUN TOJOHOMHBIX cucTeM [3]. B KadecTBe IpUMEpPOB PACCMOTDEHDI
C/l nucka m OJHOKOJECHOTO DKUIMAXKA, WLIOCTPUPYIOINE MPUHA JJIekK-
HOCTH K OJHOMY WU IPYTOMY Kiaccy. .Jojee TOAPOOHO PacCMOTPEHBI
C/l 0IHOKOMECHOT O SKUMAaXKa — MX YCTOMIHBOCTE U CTAOUIM3AINS.

1. Kapanersa A. B. O6 ycTommBocTH CTallMOHAPHBIX [BUAKEHUI HErO-
JIOHOMHBIX cucTeM Jammpirmaa // DMM. 1978. T. 42, sem.5. C. 801-
807.

2. KapanmeTsan A. B., Dymananes B. B. YcrommsocTh KoHCEpBaTHMBHBIX
u guccunaTuBHbix cucteMm. Wroru maykm u texumku. Cep. Obuias
mexanuka. 1. 6. M.: BUDUTHU, 1983. 132 c.

3. Kanenosa B. 1., Mopozos B. M., Carmuna M. A. YopasiseMocTb u
HaGIIO[aEMOCTh B 3ajade CTAOWIM3AINN MEXAHUIECKUX CUCTEM C IIH-
kamaeckumu kKoopauaatamu [/ IMM. 1992. T. 56, sem.6. C. 967-959.
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Steady-state motions of nonholonomic systems.
Stability and stabilization

V. I Kalenova, V. M. Morozov, M. A. Salmina

Institute of Mechanics of Moscow State University, Russia

The problems of steady-state motions of nonholonomic mechanical systems,
their stability and stabilization are discussed. The classification of steady-state

motions is carried out. Theoretical results are illustrated by the examples of
stability problems of disk and monocycle steady-state motions.

YeTonunBocTh U 6udypKallua CTalHOHAPHBIX
ABMKEHUU BOJYKA, 3AII0JHEHHOI'0 XKUJAKOCThIO,
Ha IJIOCKOCTU C TpeHueM

A. B. Kapaneman
(root@evdokim.mccme.ru)

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

DaccMaTpUBaeTCA 3ajada O NBIKEHWH N0 TOPU3OHTAIBHOW MJIOCKOCTH
C TpeHHWeM CKOJBXKEHUS DIIUICONIA, 3AMOJHEHHOTO MIeAIbHON HECKI-
MaeMOW KWJIKOCTBIO, COBEPIIAIONIEN OJHOPOJIHOE BUXPEBOE [IBUKEHUE.
DallleHBl BCe CTAIMOHADHBIE JBUKEHUS DJLIUNCONIA C KUAKOCTHIO, MC-
CJTeTOBAHBI MX YCTOUYUBOCTDH U BETBICHHUE.

DaboTa BBIMOAHEHA NMpH moAgepxKe IPPIU (rpant Ne01-01-00141) u
PIID "Uarerpanusa” (NeD0053).

Stability and bifurcation of stationary motions of
whipping top filled up by liquid on the plane with
friction

A. V. Karapetyan

Moscow State University, Russia

A task has been considered about a motion on horizontal plane with friction
of shiding ellipsoid, to be filled up by ideal incompressible liquid, which makes
homogeneous vortical motions. All stationary motions of ellipsoid were found,
and their stability and bifurcation has been investigated.
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O BO3MOXKHOCTH HCIIOJbL30BaAHUSA TEeOpHUU ABUXKEHUA
Her'OJIOHOMHBIX CHUCT€eM BBICOKOI'O IIOpAAKA
B HEKOTOPLBIX 3ajJavdaX MeXaTpPpOHHUKHU

P. Kacnep, Ill. X. Coamazanos, M. P. FOwxoe
(mpy@phoenix.math.spbu.ru, Mikhail. Yushkov@pobox.spbu.ru)
Orro-Pon-I'epuke-Yuusepcurer, Margebypr, ['epmanms
Yewenckun rocygapcTBEHHBIN YHUBEPCUTET, | po3HbIN, Doccus
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OnHONl U3 HMEHTPATBHBIX TPYAHOCTEN MEXATPOHUKHN SIBASETCH COCTABIE-
e AudepeHnnaTbHbBIX YPaBHEHUN JABUKEHNA W3y9IaeMON CHCTEMHI,
JOCTATOYHO aleKBATHO OMUCHIBAIOMNX ee moBeneHme. OcobeHHO TPY/I-
HBIMHE [IJI COCTABIeHUSA MO6GPOKAaIeCTBEHHON MATEMATHYIECKON MO IENn
ABJISIOTCA CHCTEMBI, B KOTOPBIX OT/IeAbHBIE TaCTH CBA3AHBI APYT C MPY-
TOM CILTOITHON CPENON WM B3ANMONENCTBYIOT Yepe3 CAOKHBIE O TUIIA
3AeKTPOMATHUTHBIX W T.M. B 5TOM ciaydae IpHU COCTABIEHWH YpaBHE-
HUIl TpeOyIOTCA Cepbe3Hble YIPOIIEHNA Ha 3Talle MOCTAHOBKM 3aMatdn,
MO3TOMY YHCJAEHHBIE PE3YJABTATH YaCTO 3AMETHO OTAMYAIOTCH OT WC-
TuHHBIX. OOBIYHO MOMENb YTOYHSAIOT TOMPABOTHEIMEI KOI(PPUIIMEHTAMHA,
TMOMYIeHHBIME N3 DKCIIEPUMEHTA.

B moxaame mpemmaraeTcs HOBBIM TMOJXOJ K COCTABICHUIO YDaBHEHUH
CTOXKHBIX CHCTEM C TIOMOIMIBIO TEOPWH [BUMKEHUS HETOJOHOMHBIX CH-
CTEM CO CBA3SMH BBICOKOT'O TIOPATKA. JTa TEOPHUS CO3aBajtach MpPH
y9acTHN aBTOPOB Ha KadeIpe TeOPeTHIeCKON W MPUKJIATHON MEXaHUKH
MaTeMaTHKO-MeXaHm9eCcKoro pakyabTeTa CaHKkT-JeTep6yprcKoro yHu-
BepcuTeTa Ha NPOTsKeHn: nociequux 25 aer [1].

DyTeM MaTeMaTH9ecKon 06paboTKN 3KCIIEPUMEHTAIBHBIX PE3YIbTATOB
U3y4aeMOl CHCTeMbl [2] mpegiaraeTcs COCTABIATE UIeAdbHbIE HErOJo-
HOMHBIE CBSI3H BBICOKOT'O TIOPAJKA, JOCTATOYHO TOYHO OTPAKAIINE
HCTUHHOE MOBEJIeHNe CJIOKHOW CHCTEMBI. JPH MOJYIEHHBIX CBA3BSAX C
MOMOIITBI0 YKA3aHHOU BHIIIIE TEOPUH MOTYT OBITH COCTaBIeHBI AU (e-
peHImaIbHbIe YPaBHEHNSA CAOKHON cucTeMbl. Takum o6Gpazom, mpubian-
JKEeHHOCTH CO31aBaeMOl Moean 6yIeT 3aBUCETh JHIIb OT TOYHOCTH Ma-
TeMaTHIecKON 06paboTKN HKCIEPUMEHTATBHBIX TaHHBIX. JPUMEHEHE
JKe TeOPHUH JBUKEHUS HETOJOHOMHBIX CHCTEM CO CBSI3SME BBICOKOT'O ITO-
PAIKA TO3BOIAET COCTABUTE Au(pepeHInaTbHBIE YDABHEHNSA TBIKEHIA,
He BHOCSIIINE MOTMOJHATEIBHBIX HETOYHOCTEN B PEIIEHNE 3a Tati.

1. Berxkga C. A., Conraxanos IlI. X., FOmkos M. 3. YpaBHeHus nsu-
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JKEHUs HErOJOHOMHBIX CUCTEM W BAPUAIMOHHBIE TIPUHIIANB MEXAHUKMN.
Nag-Bo CO6I'Y, 2002.

2. Coaraxanos . X., FOmkos M. 2. lccaenoBanue HecTaIMOHAPHOTO
MBUZKEHUS CUCTEM C THAPOINHAMIYIeCKUMN riepetadamu // B xu.: Dpn-
KJATHbIE 3a0a9i KOAeOAHUN U yCTOMHMBOCTH MEXAHUYIECKHUX CHUCTEM
(OpukiagHas mexanuka. Beur 8). JI.: Mag-po JI'Y. 1990. C. 44-48.

On possibility of usage of the theory of high-order
non-holonomic systems motion in some problems of
mechatronics

R. Kasper, Sh. Kh. Soltakhanov, M. P. Yushkov
Otto-von-Guericke-Universitaet, Magdeburg, Germany
The State University of Chechnya, Grozny, Russia

Saint Petersburg State University, Russia

It 1s suggested to form the ideal non-holonomic high-order restraints by using
mathematical processing of experimental data on the motion of complex sys-
tems. Application of the theory of non-holonomic systems motion with such
restraints make it possible to derive more precise equations of motion.

Baustune conpoTuBJeHusA JUHUHT dJAeKTpoIepeayin Ha
pabory cucreMbl “CHHXPOHHLIM T'€HepaTOp — /ABa
ACUHXPOHHBIX ABUTaTeNd”

B. B. Koauun
(vladimir_k@bk.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B jpoknaje paccMaTpHBacTCA aBTOHOMHAA BJICKTPOSHEpPreTHIeCKad CH-
cTeMa, COCTOAIIAA U3 aCHHXPOHHOTO NBHCAaTelA I CHHXPOHHOI O MeHepa-
Topa. Mogeldb cICTeMBl MOCTPOEHA Ha OCHOBE PACIICILICHHBIX CHMMe-
TPU3OBAHHBIX ypaBHEHUN daeKTputdeckux Mammi [1], [2].

[na uccaenyeMoil MOJENH TOMYYIeHBl CTaTHYECKHE MeXaHMYecKHe Xa-
PAKTEPHCTHKH, a TaKXKe (POPMYJILl pacdeTa MaKCHMAaJIbHO JOMYCTHMBIX
MOMEHTOB Harpy3KH Ha IBHTATEIAX B 3aBUCHUMOCTH OT CONPOTHBICHIA
ceTn. JPpOBeleHo UCCIeJoBaHte JOKATLHON YCTOMIUBOCTH CHCTEMEI. B
pesyJIbTaTe HCCIeJOBaHIA CAelaH BEIBOJ O TOM, 9TO CONPOTHBACHHE JIH-
HHHN 3JeKTpollepefain NpaKTHIeCcKH He OKa3blBacT BAHAHNA Ha paboTy



Cexknusa 1. Teoperudeckas u npukiafHad MEXaHOKA 47

rerepaTopa. 1To KacaeTcsi IBUTaTeJel, TO UX ANANa30H yCTONINBOCTH,
KaK I MaKCHMAaJbHO BO3MOXKHBIN PabOYMil MOMEHT, YMEHBIIAIOTCA MPH
VBEIWHEeHNN COMPOTHUBIECHNA CETH, He M3MEHAA DU 3TOM KadeCTBEHHON
KapTUHBI PA0OTHl CHCTEMBI. JPH STOM 3HaYeHNe COMPOTHUBIEHUS CETH,
KOTOpoe 6y1eT CUNTAThCA KPUTUIECKNM, 3aBUCUT B KaXJIOM OT/AEIBHOM
clayvae OT KOHKPETHBIX 3a/1a4, IPeIbABIAEMBIX K TPON3BOANTENbHOCTH
CUCTEMBI. JOJIYUeHHbBIE PE3YIBLTATE 060O0IIEHB Ha TTPON3BOIBHOE THCAO
OBUTATEJEN B CHCTEME.

1. Domokos ©. D., Jlbora A. FO. YpaBHeHUsT 2JeKTPUECKUX MAIIIH.
C26: Usg-Bo CI6IY, 1997.

2. Komuauu B. B., Dogokos @. P., Céaepbakka ['. DocTpoenne marema-
TUYECKON MOJENN CUCTEMBI CUHXPOHHBII TEHEPATOP — JABA ACHHXPOH-
abix gsuratens // Tesmcer Mexgymaponmnon koudepenrmm Mo gemm-
pOBaHMe IUHAMUYECKUX CUCTEM U UCCaegoBaHue ycromdusoctu”, Kues.
1999.

Influence of a power line resistance on the operation
of system consisting from one synchronous generator
and two induction motors

V. V. Kolchin
St. Petersburg State University, Russia

For investigated model the static mechanical performances are obtained. The
formulas for account of the highest possible moment of a load on drives also
are obtained. The research of local stability of a system is carried out. The
obtained results are generalized on a system with an arbitrary number of
drives.

AnaamMuka 1eHTpudyru c coygapeHuamu

A. A. Kpacnos, P. E. Toecmux, T. P. Toecmux
(krasnov@polymetal.spb.ru, peter.tovstik@pobox.spbu.ru)

OAQO 7"2Domumerann”, CaukT-JeTepOypr, Jdoccus
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS
MucturyT npobiaem mammuoBegerns A, CaukT-DeTepOypr, Doccus

DaccMaTpUBAeTCA TUHAMUKA [MeHTPUPYTH MO TeHCTBHEM BHEITHIX M-
nyabcoB. llenTpudyra ABagercd pabodmM OpraHoM KaMHeTPOOUIKH.
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Dormajgas B GBICTPOBPAIAIONIYIOCA MeHTPUdYTry, KaMeHb pa3rOoHIETCS
B Hell g0 ckopoctu mopsgka 100 M/cex u cieraeT ¢ BHeliHero o6oma.
Kamens apoburcsa B pesyiabTaTe yjapa O HEMOIBUKHBIN KOPIOyC. JpH
pasroHe KaMeHb cooOlIaeT pOTOPY MMIYJABC, B PE3yabTaTe KOTOPOTO
poTOp IPUXOAUT B KodebaTeldbHOE NBUKEHUE.

Ochb poTopa He MMeeT HeMOABHKHOU Touku. B pabore [1] Obliu BbIBe-
MEeHBl YPaBHEHUSA MaJbIX MOMEPEYHBIX KOMeOaHNN MeHTPudgyru Ha BO3-
OYITHOW TOAVIIKE, yAePKUBAEMON B BEPTUKAJBLHOM ITOMOKEHUH BA3KO-
yOpyruMu MeMOpaHaMu. Db IPOBEEH aHAJIN3 ABUKEHNA POTOPA, IPH
3TOM OCHOBHBIM HCCIEIyEMBIM MapaMeTpoM Oblja aMIINTY, 18 CMelleHNA
B 30HE BOB[YIIHOTO 3a30Pa. JPH DTOM MPEIOJAraloCh, ITO Ta aM-
IINTYJa MeHbIIe pazMepoB 3azopa. OJIHAKO pacdeThl MOKa3aJdn, 9TO B
OT/leJbHbIe MOMEHTHl BpEMEHHU MPHU pa3roHe JOCTATOYHO KPYIHBIX KaM-
Hell pacueTHad aMIUINTY1a 60qblie 3azopa. [las KoppeKTHOr O OTUCAHIS
OUHAMUKHI B DTOM ciaydae HeOOXONAUMO yIUTHIBATEH COyapeHne poTopa
¢ KOpIycoM. AHaamzy 5>TOH CHTyalWW W TOCBSINeHA naHHas padoTa.
MrHOBeHHBIN yaap TpeAnoaaraeTca HeabCOMIOTHO YOPYTUM C HU3BECT-
HBIM KO>GOUIIEHTOM BOCCTAHOBAEHUA. YHUUTHIBAIOTCA CUJILI TpeHUA
IpH yaape o MOJAen cyxoro Tperusa Kymora. Dpu caeqraHHBIX TPeIO-
JOXKEHUAX YMCACHHO NCCACTOBAHBI PA3JINYHBIC PEKNUMBI [BUKCHUA.

1. Kpacuos A. A., Tosctux 2. E., Tosctux T. 2. lenrpudyra Ha Bos-
IYIITHON TIOAYIIKE TIOJ MEMCTBHEM CIy9anHbIX mMIyibcos [/ BecTruk
C26Y. 2003. Cep. 1, Bum. 1.

The centrifuge dynamics with impacts

A. A. Krasnov, P. E. Touvstik, T. P. Tovstik.

OAOQO ”Polimetall”, St. Petersburg, Russia

Saint Petersburg State University, Russia

Institute of the Problems of Mechanical Engineering of RAS,
St. Petersburg, Russia

Equations of small vibrations of a centrifuge on the air cushion are delivered.
The centrifuge is hold in the vertical position by the visco-elastic diaphragms.
The centrifuge dynamics under action of the sequence of the random pulses
and of the possible impacts with the frame is investigated.
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O 3agadax olipeaejJeHnuss MHOI'OYaCTOTHBIX
HeJIMHEeNHBLIX KoJebaHUuu u nuccijaejoBaHnmue Ux
YCTOUYUBOCTHU

A. I'. Kpusowees

(natasha@cde.ifmo.ru)

CankT-JeTepbyprcKiIil MHCTHTYT TOYHON MEXAHHKN U ONTHKI
(rocygapCcTBEHHEIN TEXHUYECKHUI YHUBEPCUTET), DOCCUA

DaccMaTPHBAETCA ABTOHOMHAA W/H HEaBTOHOMHAs MeXaHHYeCKas CH-
cTeMa ¢ KOHEYHBIM THCIOM CTeleHell cBOGOMbI, coBeplIaioman Komeba-
TeabHOE JBUKEHNE B KOHETHON OKPECTHOCTH HYJIA (ha30oBOro IMPOCTPaH-
CTBa. JpeanmoaaraeTcs, 9To o6o0IIeHHEE CHIBL B INHAMIYECKHX ypaB-
HEHUAX W3Y9IaeMOU CHCTEMBI MMEIOT BH/ MOJHHOMOB OTHOCHTENBHO (a-
30BBIX MEepPEMEHHBIX. Koa(ppUUneHTh MOMMHOMOB ABIAIOTCA MOCTOMH-
HBIMU BETMIUHAMHA WIH TEPUOIUIeCKIME (DyHKINAMA BpeMeHn B (popMe
MOAMHOMOB Pyphe.

K WMCXOMHBIM AUHAMUYECKNM yDABHEHHUAM NMPUMEHAETCA METOJ] MHOTO-
“IeHHBIX TpeobpaszoBanuii [1,2] ¢ meapio mepexona K HOBLIM (ha3OBLIM Tre-
PEMEHHBIM, B KOTODBIX U3YIeHIe KOneGaHull CYIeCTBEHHO YIIPOIIAeTCA.
K MHOrOMepHBIM cHCTeMaM ypaBHEHHIT MOTYT MDUMEHATLCA TUCACHHO-
aHAJINTHYIECKIEe MHOTOWIEHHBIE TpeobpazoBanus [3].

B HOBBIX TIepeMEHHBIX DEIIAoTCA 3aJa9l ONpejeNeHnsa CTAINOHAPHBIX
PeXNMOB MHOT'OYACTOTHBIX KoJeGaHni M (GOPMYAMPYIOTCA yCJAOBUA MX
ycronaneocTn. CTpPOATCA KOAMYECTBEHHBIE OIEHKH TEPEXOTHBIX pe-
KUMOB KonebGaHuli MeToaoM AuddepeHIuatbHbIX HePaBeHCTB OTHOCH-
TeNbHO CKaJIAPHOW Win BeKTOpHOH dyHkunmu Jlamyrosa [4]. Daccma-
TPUBAIOTCA HEPE3OHAHCHBIE KOMeOAHNsA, & TaKKe 60Jee CIOKHBIE CIyTan
pe3OHaHCHBIX KoaeGanui [5].

1. Mempamkos I'. . K Teopnn nernnennbix konebanmi // Becrruk JITY.
1964. Nel. C. 88-98.

2. Memmmkos I'. U. /lumammka HeIMHEMHBIX MeXaHMIECKIX M 3JEKTPO-
Mexaumdeckux cucreMm. JI.: Mammuocrpoenne, 1975. 200 c.

3. Kpusomree A. I'., Measurkos I'. 1. BeiHyx nennbie Kosebanusa Mexa-
HUYECKUX CUCTEM C HEIMHENHBIMU XApPAKTEPUCTUKAME TTOJIUHOMUATE-
Horo Buga // JpuknagHas mexammka. 1990. T. 26, Nel. C. 108-113.

4. Kpupomiees A. I'. O6 omeHkKax yCTONYMBOCTH IBHZKEHHA METOIOM
b epeHMATEHEIX HepaBeHcTs aus pyukmn Jlanyrosa // Dpukram-
HBIE 3a/1a91 IUHAMUKA U YCTOMYUBOCTH [BUKEHUA MEXAHUYIECKUX CH-
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crem. JI.: Usg-Bo Jlenunrp. yu-ta. 1990. Bum.8. C. 14-17.

5. Kpusomees A. I'. Bomyx gennble pezoHaHCHBIE KoaeOaHMA HEJMHEN-
HOW CHCTEMBI C NBYMs CTEIEHAMH CBO60mBI // Day<d.-TexH. BECTHHK
CO6I'ITMO(TY). Bri. 3. dusudeckue Mpomlecchl, CUCTEMBL U TEXHO-
aorun TouHon Mexanuxku. C26: CO6I'MITMO(TY). 2001. C. 5-8.

About problems of determination of many-frequency
nonlinear oscillations and investigation its stability

A. G. Krivosheev
St. Petersburg Institute of Fine Mechanics and Optics (The State Technical

University), Russia

A method of polynomial transformation and a method of differential inequal-

ities are applied for investigation of nonlinear oscillations.

l'eomeTpuyeckana unTepunpeTranusa npunnumna I'aycca

C. P. Kydaes

(imbmru@moris.ru)

Mopaoscknn rocygapcTBeHHB yHEBEpcuTeT, CapaHck, Jocchus

DousiTie 06 NACATEHOCTH KaK T'OJOHOMHBIX, TAK U HETOMOHOMHBIX CBf-
3eil ¢ HOBOU TouKM 3penus uccaenyeres B [1, 2]. Maercs reomerpuyaeckas
mHTepnpeTamus npunanuna ['aycca u obiero ypaBHeHNA MEXAHUKHI. D PH
3TOM WUCIOJIB3YeTCA TOCTATOYHO CJAOKHBIN MaTeMaTHYeCKHU allapar,
CBA3aHHBIN C BBEJEHNEM KACATEIBHOTO ITPOCTPAHCTBA K MHOT 006pa3mio
BCEX BO3MOXKHBIX MTOMOXKEHNN MeXaHHIeCKON cucTeMbl. B manHOM co06-
UIEHUN Ha OCHOBE MaTepHaja, MPUBEJEHHOI'0 B yuebHUKe [2], MOKa3bi-
BaeTCA, YTO TeoMeTpHUYecKas WHTepOpeTalnd npunnuna ['aycca MoxeT
OBITH M3J0KeHA 6e3 BBeNEHNsT KACATEIbHOTO MPOCTPAHCTBA. JTO CYIIe-
CTBEHHO OOJerYaeT MeTOANKY W3JIOKEHUS TAHHOU TeMBI. JacCMaTpPH-
BaeTCA MeXaHWJIecKas cUcTeMa cocToAmad n3 N MaTepHalbHBIX TOYEK,
nMerormux Maccel m), (v = 1,..., N), Ha JBIKeHHe KOTOPOH HaaokeHO k
HJealbHBIX (TOJOHOMHBIX IV HETOJMOHOMHEIX) CBsizell. Vcxoas us mpe-
CTABJEHNUS [BUXKEHUSA MEXAHMIECKOU CHCTEMBI B BUIe MBUXKEHUS OTHON
mzobpaxkaromen ToYkn B 3N-MepHOM MPOCTPAHCTBe, Mepa TPUHY XK Te-
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nua Zg, BBejennad layccom, npejcrasigeTca B BUje:

- 2
4 . Y 4
Zg:%M W — :%MZz,

rae VT/, — MHOKECTBO YCKOpeHUH m300paXkatolell TOYKH, TOTMYCKAEMBIX
cszaMu, Y /M — yckopeHue, KoTopoe uMela Gbl H300paKalomas TOIKa
B ciydae oTcyTcTBuA cBsizeln, M = Zf\;l m), T — MAaJbIil TPOMEKYTOK
BpeMeHH. JOKAa3BIBAeTCA, ITO 3amada 06 OTHICKAHNN MUHUMYMa (PyHK-
[[UH HETTOCPEICTBEHHO CBA3aHA C KIACCHYECKON 3aMadell OTHICKAHUS M-
HUMAJBHOTO PACCTOSAHUSA OT TOYKH A0 IUIOCKOCTH. OTY TeOMeTpIte-
CKYIO MHTEPIpeTaunio MUHUMAJIBHOCTH (PYHKIMU MOXKHO paccMaTpu-
BaTh W KaK T'eOMeTpHYecKylo MHTeplpeTanuio npwHiuna ['aycca, Tak
KaK paccMaTpuBaeMad BeIMYHHA TOJBKO MHOXHUTEJNEM OTANYAeTCA OT
BEAWYNHBI TPUHY K ACHNUA.

1. Berxkga C. A., @uaummos 3. I'., Omkos M. 2. YpaBHenus muHaMukn
HErOTOHOMHBIX CHCTEM CO CBABAME BHICIMX Topsankos. 1, 11 // Becrr.
Co6I'Y. 1998, Cep. 1, o3, Ne 15. C. 75-81; Beim.4, Ne 22. C. 94-99.

2. Domaxos IJ. ., Jerxkga C. A., FOmkos M. 2. TeopeTudeckas mexa-
muka. JI., 1985. 535 c.

Geometrical interpretation of Gauss principle
S. P. Kudaev

Mordovian State University, Saransk, Russia

The concept of ideality for both holonomic and non-holonomic constraints was
developed in [1, 2] from a new point of view and the geometrical interpretation
of Gauss principle and general equation of mechanics was given. Complicated
mathematical tool connected with definition of a tangential space was used.
It has been shown in the present report based on [2] that the geometrical
interpretation of Gauss principle can be expounded without bringing in an
idea of a tangential space. This approach is more effective and simple.
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K AUHaMHKe IIoJieTa IIPOTUBOIpalOBbIX pakKeT

P. A. Joxwun, FO. J. Cenoyxuti
(lokshin@imec.msu.ru, ysel@mailru.com)

MucturyT Mexannkn MoCKOBCKOTO TOCY IaPCTBEHHOTO YHUBEPCATETA, JOCCUA

JliIs 3aIIATHL TEHHBIX CETBCKOXO3ANCTBEHHBIX KYJABTYD OT I'pajobuTil B
Psijle PANOHOB JOCCUU U APYTUX CTPAH UCIOIB3YIOTCH PA3IndHBIE MPO-
THBOTpafoBhle pakeThl (DTD), KOTOpEEe B COOTBETCTBHH ¢ MPHHATOH
B HaCTOsAIIEE BPEMS METOINKON TOCTABIAIOT B 30HY IpagoobpazoBaHms
6OJIBIIIOE KOANIECTBO KOHKYPEHTHHIX f1eD-3aPOIBIIIER Tpafa i MPeqoT-
BpPAIAOT TEM CaMBIM 00pa3oBaHNe KPYITHBIX TDanH.

Takme pakeThHI JOMKHBL 6BITH TOCTATOYHO JEIEBHI, TOXTOMY OHI OOBITHO
HEYNIPABJSEMBI, XOTA WX HTPUMEHEHWE TPOUCXONUT B CAOKHBIX METEO-
ycaoBuax. CHIBHO BO3MYIIEHHad BO3JyINHAd cpefa (TEpeMEHHBIN Be-
Tep) MOXKET MPHBECTH K 3aMETHHIM OTKJIOHEHHAM DaKeTHl OT Tpebye-
MOU 3OHBI 3aceBa. BozHUKaeT 3amada CPaBHUTEJBHOT'O AaHAMM3A Pas-
angabix 1D, nmpuMeHeHme KOTOPHIX obeclevdnBaeT MpeNOTBpAIleHIe
rpajgoobpazoBaHus.

Jlast mopcteTa 3KOHOMIYECKON >MPeKTUBHOCTH TpuMeHeHus 1D He-
06X0IMMO B TIEPBYIO OYepeNb MPOU3BECTH PACYeT TPAEKTOPHH MOJETA
OJIMHOYHON PaKeTHhl Ha OCHOBE MaTeMaTHIecKOU Mojern moaeTa I3 ¢
YHIEeTOM BCeX aTpUOYTOB, ONPEAENAIOUINK STOT TOAET (3aBHCIMOCTE TATH
1 paclpeefeHnsi MaCcChl B PAKeTe, 3aBUCAMOCTE a3POANHAMUYIECKIX Xa-
PaKTEPUCTHK OT YIJIa aTaKM U CKOPOCTH TMOJMETA, PACTIPEENEHIE CKOPO-
CTH BeTpa M T.[1.). 3aTeM C yIeTOM TOT'0 K€ BeTpa, OPHEHTALNH 30HBI
3aceBa W PACIOJOXKEHWS MYHKTOB 3amycka 13 MoxuO 6yaeT ompeme-
AuTh KoaudecTBo DD, HYXKHBIX IS 3alINTH ONpe/eJeHHON 06IacTH.
DonyveHHBIe 3HAYMEHNA pacxoaa I MOryT ciaykKuTh 0OBEKTHBHON Xa-
pakTepucTHKON UX >PPHEKTUBHOCTH.

JL1s1 KOMIIBIOTEPHOT O aHAJAN3a TPAeKTOPUH modeTa 13 aBTOpaMu mpe-
JaraeTcsA CHeluaibHO pazpaboTaHHas TporpaMMa, co3jdaHHasd Ha Oaze
makeTa Visual Basic m cHabxkeHHas TOCTATOYHO Pa3BUTHIM WHTePQen-
CcOM. DJporpaMmMa HO3BOJSAET BBOJAUTH BCE 3aABUCHMOCTH KOHCTPYKTHB-
HBIX TTAPaMETPOB W a’POAUHAMUYECKUX XapaKTEPUCTHK W YINTHIBATH
YCJIOBUA PUMeHeHHsA (BeTep, AHANa30H BEICOT 30HBI 3aceBa I T.[1.), MPO-
CMaTpPHUBATh A6V (Pa30BYIO MIOCKOCTH MEPEMEHHBIX, 3alIOMIHATE H-
caoBbIe patnbl u rpadukn. Bee 5TH BO3ZMOXHOCTH CO3AI0T TOCTATOYTHO
KoM(pOPTHBIE YCAOBHS A TPOBEAEHNA KOMIBIOTEPHOT O aHATI3a d(Pek-
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THBHOCTH UCTOIB30BAaHUA PA3ANIHBIX D 1'D B 1Maior0BOM peXnMe Mpak-
THYECKU Ha JI000M COBPEMEHHOM TEPCOHAIBHOM KOMITBIOTEDE.

C moMoIIbio 3TON MPOrpaMMBl paccanTana Tabauia MOMPaBoK 1A yIeTa
BANSHUS BeTpa W HCCAEJOBAHO BANAHNE KOHCTPYKTHBHBIX TapaMeTpPOB
PakeTHl Ha MIWHY y9acTKa TPAeKTOPHN, HAXOAMIETOCA B 30HE 3aCEBa.
DaboTa BBIMOAHEeHA 1pn oA aepxkke DPPU (rpart N:00-01-00405) n
mporpamMMel ” YHUBEPCUTETHL Joccui’” .

On the dynamics of flight of the antihail rockets
B. Y. Lokshin, Y. D. Seliutski

Institute of mechanics of Moscow State University, Russia

The original computer program for a research of the problem of exterior bal-
listics of antihail rockets is considered in view of feature of their application.
The developed interface submits comfortable conditions for the user at study
of flight trajectories of indicated rockets.

BszaumogencrBue KoJebaTelbHOU CHUCTEMBI
C PA3IWYHBIMU TUMNAMM NIEKTPO/BUTATeENEN
NOCTOAHHOTO TOKA

. E. Jonamyzuna
(ppall@postbox.spu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBAeTCsA [IBUXKEHNe KOaeGaTeqbHOU CHCTEMBI, COCTOSAMIEN W3
maaTGOPMBI, TEPEMEIIAIOMIENCS BEPTUKAJIBLHO. JepeMellleHne TLIaT-
GOpMBL CONMPOBOXKAAETCA COMPOTHUBACHUEM, MPONOPUMOHAJBHBIM IIep-
BOU cTenenn ckopocTu. Koaebanus maaTdoOpMbl TIOCPEACTBOM YIIPYTOM
cBA3M BO3OYXKAAIOTCA DJIEKTPOABUTATENEM TTOCTOAHHOI'O TOKa € pas-
JAMYHBIME CIOCOGaMN BO36Y XK IeHUA (TTapaielbHOe, TOCAeJOBATEIBHOE,
cmerranroe). CocTapieHbl ypasHeHna Jlarpamka-Makcpemrna. Dpose-
NEeHO YUCAeHHOE THTETPUPOBaHUe MeTOIOM JyHTe - KyTTa n mocTpoeHbI
rpacdguxn konebanua maaTdoOpMbl B 3aBUCUMOCTH OT TOJBOAMMOIO Ha-
NIPAXKEHNA.
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The interaction of vibratory system with different
electromotors of const current

1. E. Lopatukhina

St. Petersburg State University, Russia

The motion of vibratory system is discussed. The Lagrange - Maxwell equa-

tions are solved by Rounge - Kutt’s method. The plots of vibrations are
obtained.

YCTOI:I"II/IBOCTB IepruoanuvIeCKux CUCTeM:
HOBBI€ pe3yJ/JbTaThl

A. A. Matiavi6aes, A. P. Cetipanan

(mailybaev@imec.msu.ru, seyran@imec.msu.ru)

MucturyT Mexannkn MoCKOBCKOTO TOCY IaPCTBEHHOTO YHUBEPCATETA, JOCCUA

DaccMaTpUBAIOTCA JTHHENHLIE TUHAMIIECKHE CHCTEMbI CO MHOTUMU CTe-
HEeHAME CBOGOALL C MEPHONIIECKIMI KO>(PMHUIIMEHTAMHI, 3aBUCAIINE OT
MHOTHX MapaMeTpoB. YCTONYIMBOCTHL TPUBHAJLHOTO PEIIEHNA B DTHX
CHCTeMAaxX OIpeJelAeTca ¢ MOMOIIbIo Teopun PIoKe.

JlaH BLIBOJ BBEIPaKEHHI AIA MEPBLIX H BTOPLIX MPOM3BOIHBIX MATPHIILL
MOHOPOMHIH MO MapaMeTpaM B TepMHUHAX MaTPHIAHTOB IPAMOH I CO-
NpAKEHHON 324291 U MPOU3BOHEIX OT MaTPHUIIEl CHCTEMEI. JTO TT03BO-
JAgeT IOAYIHTH MPOH3BONHBIE MPOCTHIX MYJbTHILIHKATOPOB, a TaKkKe
nX aGCOMOTHLIX 3HAYCHHN MO TapaMeTpaM, a TaKXKe HCIOIb30BaTh 3TH
COOTHOIICHNA B T'PaNHeHTHBIX METOJaX A CTACHAN3ANNA WIH [eCTa-
Guamzanun (pe3oHaHca) CHCTEMBL.

OPpuBeeH YUCJAEHHBIN TPHMEP CTAOUIN3ANNN CHCTEMBI, OINHUCHIBAEMON
ypasuennem Kapcona - Kam6u. 3aTeMm mccregyfoTca CHIbHBIE W ClIa-
6ble B3aMMOJICHCTBHA MYyJbTHILITKATOPOB Ha KOMILIEKCHON ILIOCKOCTH,
U JaeTcA TeoMeTpHYecKad HHTepIpeTallld >THX B3aumMojelicTeuil. B
KadecTBe TPHIOKEHHI pasBUTON TEOPHH HMCCACJOBAHLI 06.1aCTH PE30-
HaHCca JIA4 YpaBHeHHA XMLIa ¢ feMidpupoBanneM. JaHo oNUcaHme 5THX
obaacTell (MOMOBHHOK KOHYCOB) B TPEXMEPHOM MDOCTPAHCTBE Mapame-
TpoB. B KadecTBe IMpHMepa PaccMOTPEH IlapaMeTPHICCKHI Pe3oHaHC
MaATHIKA ¢ TOYKOH MoaBeca, KOJIeSIOMenca 0 IPOU3BOALHOMY MepH-
OJIM9ECKOMY 3aKOHY.
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lamee paccMaTpuBaloTCA JUHEHHbIE KOJebaTeqbHbIE CHCTEMEI CO MHO-
THMH CTENEHAMEI CBOOOABI C MEPHOANIECKIMH KO>(h(pUImenTaMn, 3aB1-
CAIIe OT TPexX He3aBUCHMEIX MapaMeTpOB: 9acTOTHI M aMILIUTY AL Te-
PHOMIECKOT0 BO3AEHCTBIA W MapaMeTpa AUCCUITATHBHBIX CHJ, PHIeM
nocJaeqHe ABe BEIWIWHBLI TpeamoaaraloTca Matbivu. HccregyeTca He-
YCTONYNBOCTL TPUBHAMBHOTO DEIIEHAA (MapaMeTpHIeCKIH Pe30HAHC).
1A TpOM3BOALHON MATPHILI EPUOANIECKOTO BO3IeUCTBAA W TOJOKN-
TEALHO ONpeNeJeHHON MATPHILI AUCCUITATHBHBIX CHJ TTOJY9IeHBl OOIIIe
BBEIpaXKeHUs JIA 06JacTell OCHOBHOTO M KOMOMHAIMOHHOT O PE3OHAHCOB.
Nzy9enbl ABa 9acTHEIX CAy9dad MATPHILI IEPHO TMIECKOT 0 BO3OY XK IeHHS,
9acTO BCTPeYaloIINecss B IPUIOKEHUAX: CHMMETPHYIECKON MaTPHUIBl 1
CTaIMOHAPHON MAaTPHUIBI, YMHOXKEHHON Ha CKATAPHYIO MEPHOANIECKYIO
dbynkumI0O. DoKazaHo, 9TO B 060MX Caydadx 0OJacTH pe3oHaHca B Mep-
BOM NpPHUOJNKEHUN TIPEJCTABIAIOT COOOH KOHYCHI B TPEXMEPHOM IIPO-
CTPaHCTBe MapaMeTpOB.

Doy YeHHEIE COOTHOIIEHUS TTO3BOIAIOT TPOAHATN3NPOBATEH BAUAHIE BO3-
pacTaHmA 9acTOT COOCTBEHHBIX KOJMeGaHWA W HOMEpa pe3oHaHCca Ha
obTacTh HEYCTOMYHWBOCTH. B KadecTBe MeXaHMIeCKWX MPUMEPOB II0-
JAydeno pemenne szafgadu B.B. DojsoTmrHa 06 ob61acTAX AMHAMITIECKON
YCTOMYMBOCTH TIOCKOH (OpMBI M3ruba 6alKu, HarpyKeHHO! IIepHo I1-
YeCKMMH MOMEHTaMH, W pellleHa 3afada 06 yCTOMIMBOCTH YHPYTOT'O
CTepXkKHA MEPEMEHHOTO CEYEHHA, CKATOrO MEPHOANIECKON PO NOILHON
CIION.

DaboTa MpeacTaBIAeT cCOG0N 0030p Pe3yIbTATOB, MOJYYEHHLIX aBTO-
pamu [1-5] 3a nocaeanue roabl copMecTHO ¢ J. Degepcenom u P. Coune-
MoM ([lanus).

1. Seyranian A.P., Solem F., and Pedersen P. Stability analysis for multi-
parameter linear periodic systems // Archive of Applied Mechanics.
1999. Vol. 69. P. 160-180.

2. Seyranian A. P., Solem F., and Pedersen P. Multi-parameter linear
periodic systems: sensitivity analysis and applications // Journal of
Sound and Vibration. 2000. Vol. 229, Nel. P. 89-111.

3. Cenpanan A. 2. Ob6nacTn pezoHaHca 1A ypaBHEHHS XIWLIA C JIeMII-
duposanmem // Hoxmager DAD. 2001. T. 376. Nel. C. 44-47.

4. Cenpaman A. J., Mamtei6aes A. A. DapaMeTpHYecKHI pe30HAHC B
cucremax ¢ manon guccunarmen // Moxmagbr DAD. 2001. T. 378. Ne5.
C. 633-638.

5. Mamne6aes A. A., Cenpanaa A. 2. DapaMeTpUIeCKII PE30HAHC B CH-
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cTeMax ¢ MaJol muccumnanmen // DpukianHas MaTeMaTHKA U MEXAHTKA.
2001. T. 65, Ne5. C. 779-792.

Stability of periodic systems: new results

A. A. Maiybaev, A. P. Seyranian

Institute of Mechanics of Moscow State University, Russia

Linear dynamical systems with many degrees of freedom with periodic coeffi-
cients also depending on constant parameters are considered. Stability of the
trivial solution is studied with the use of the Floquet theory. First and second
order derivatives of the Floquet matrix with respect to parameters are derived
in terms of matriciants of the main and adjoint problems and derivatives of
the system matrix. This allows to find the derivatives of simple multipliers,
responsible for stability of the system, with respect to parameters and pre-
dict their behavior with a change of parameters. It is shown how to use this
information in gradient procedures for stabilization or destabilization of the
system. As a numerical example, the system described by Carsson-Cambi
equation is considered. Then, strong and week interactions of multipliers on
the complex plane are studied, and geometric interpretation of these interac-
tions is given. As application of the developed theory the resonance domains
for Hill’s equation with damping are studied. It is shown that they represent
halves of cones in the three-parameter space. Then, parametric resonance of
a pendulum with damping and vibrating suspension point following arbitrary
periodic law 1s considered, and the parametric resonance domains are found.
Then, linear vibrational systems with periodic coefficients depending on three
independent parameters: frequency and amplitude of periodic excitation, and
damping parameter are considered with the assumption that the last two quan-
tities are small. Instability of the trivial solution of the system (parametric
resonance) is studied. For arbitrary matrix of periodic excitation and positive
definite damping matrix general expressions for domains of the main (sim-
ple) and combination resonances are derived. T'wo important specific cases of
excitation matrix are studied: a symmetric matrix and a stationary matrix
multiplied by a scalar periodic function. It is shown that in both cases the
resonance domains are halves of cones in the three-dimensional space with the
boundary surface coefficients depending only on eigenfrequencies, eigenmodes
and system matrices. The obtained relations allow to analyze influence of
growing eigenfrequencies and resonance number on resonance domains. Two
mechanical problems are considered and solved: Bolotin’s problem of dynamic
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stability of a beam loaded by periodic bending moments, and parametric res-
onance of a non-uniform column loaded by periodic longitudinal force.

3eMiisi — GBLICTPO BpallAOIIUUACA TUTaHTCKUN
rupockon

A. P. Mepxun
(a.berlin@worldnet.att.net)
Docton, CITA

Eme Bo 2-om B. g0 H.3. 'mnmapx, cpaBHUBas cBOM HAOJIOMEHUS C Ha-
OMIO TEHUSAME TPE/IIECTBEHHUKOB, HAIIET, ITO OCh 3eMIN [JeJaeT OJuH
060pOT BOKPYT HENMOIBUIKHOW OCH Tpelteccuu mpuMepuo 3a 26000 aeT,
MPUYEM TIPENeCCHs 3eMHOW OCH MPONCXOUT B CTOPOHY, TTPOTHBOTIOI0XK-
HYIO BEAEMOMY ABmkeHmio CoJHIa. YTaoBasg CKOPOCTH W CYTOYHOTO
BpAIeHNs 3eMIN MaJa M0 CPABHEHUIO C YIJIOBOU CKOPOCTBIO Wy TIPelec-
CHU ee OCH, 9YTO JAaeT OCHOBAHNE CINTATH JEMJIIO TUTaHTCKHM OBLICTPO
BPAIIAKIINMCA THPOCKOIIOM, K KOTOPOMY MOMKHO MPHUMEHHTDH BJIeMeH-
TapHYIO TEOPHUIO N B 3HAYUTEIHHON CTENEHN YIIPOCTHTH TEOPETUIECKOE
060CHOBaHIE MPENECCHH 3EMHOU OCH.

Dop genictBueM cui npuTskenns Coanna u JIyHBI yroa ¢ Mex Ty ochio
cOGCTBEHHOT O BPAIIEHNS z U HEMOJABUKHOU OCBIO ( UCIBITHIBAET He-
GoJblline HyTalMOHHBIE KoleGaHusa. BrepBble 06 3Tux KojdebaHUAX O[T
pericterem ComHila ymoManya ObioToH [1] (6e3 BEIBOA), 3aMeTHB, 9TO
oHEN GBIBAIOT [Ba paza B IOf. Ja DTOM OCHOBaHWN TpeHeOpekeM, Kak
OOBIMHO, HYTAIMOHHBIME KoJdeGaHusMEu U OyJeM CYUTATh yroa ¢ He-
U3MEHHBIM, ONpPEIeJsIeMBIM COTJIACHO HaOMIOJEHNAM paBeHCTBOM ¥ =
23°27'. 3agada COCTOMT B TOM, YTOOHI, TOAL3YACH 3aKOHOM MPeNecCHn
OCH THPOCKOTIA, ONPENEINTh 3aKOH M3MeHEHUs yraa ¢ moa AeHCTBHEM
cuan nputskenns Coanra u JIyHbL

Bocmoab3oBaBimch 3aKOHOM TIPENIeCCUT OCH THPOCKOTIA % = u (rge
K = Cw, u — nuHellHasg CKOPOCTH KOHIIa BekTopa K, paBHas 1mo mMo-
QY0 M KOJIMHEAPHAS MOMEHTY BHEIIHUX CII, T —1¥ — yT Ol MEX Y BeK-
TOPOM W I HANPaBIEHNEM BEKTOPA YTIOBOH CKOPOCTH), HallJeM YTIOBY O

CKOPOCTH Ipeneccuun 3eMHOU OCH

5 (e + ()
Cwsin (r —9)’
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H3MeHeHHne yIvia IIpelecCcun 3a OJWH I'omd

1 Wi Wi c—-A

(1—|—m/m1)jw0 C cos ¥

= -3 ﬂ—|—
w

1 TOJOBOE U3MeHEHNE yTiia i, BeizBaHHOe mpuTsKenneM Coanna u JyHBI
Yo = —15,87, ¥ = =34, 38.

B cperaHHBIX YIPOMAIOMINX TPEATONOKEHATX 06IIasd MPENECCHS 3a [0
paBua 50,” 25, 9T0 BechMa 6IM3KO COTMACyeTCA C HEMOCPECTBEHHO Ha-
610 IeHHOM BeIMMnHoil rognvroil npemeccun 50,” 236. Tnnnapx ommb6ea
menee deM Ha 1%. Vcnonp3zoBaHHEIN 316Ch MeTO[ 3HAINTENBHO MPOIIe
1 KOpOde, 9eM MpUMeHeHNe ypaBHEHNH Jidepa, I Kaxkoe feucTBme (Qu-
3UYMECKN HATJIATHO.

1. DOproTon 1. MaTemaTndeckne Hadanta HaTypaabHon dpumocodmu. Cobp.

cou. akag. A.9. Kpsumosa. T. VII. M.-JI.: Uzx. A2 CCCD, 1936. 546 c.

The Earth as a rapidly rotating gyroscope

D. R. Merkin
Boston, USA

Considering the Earth as a rapidly rotating gyroscope allows us applying the
elementary theory of a gyroscope to the analysis of the Earth precession. The
method appears to give good agreement with the experimental data and to be

more simple than the Euler dynamic equations.

O ABU2KE€HHNU O,E[HOI>JI CaMO3aKJIPIHPIBaIOU_IEI>JICH cCucTreMsnl

10. JI. Puxudgoposea, C. A. Panosa

(ulic2000@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS
CeBepo-3anaiHblll 3a09HBIA OCYIAPCTBEHHBIN TEXHUYECKUH YHUBEPCUTET,
CankT-JeTepbypr, Joccus

B pa6ore uzyvaerca guHaMmKa KojJeca aBTOMOOUIA Ha oaHOOGapabaH-
HOM TOPMO3HOM CTeHJe co mTanramMu. MccaeayeTca caMO3aKInHNBaHTE
CUCTEMBI W BO3MOXKHOCTH MPOOGYKCOBBIBAHUA KOJeCa OTHOCHTENBHO Ha-
pabana.
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On the movement of a self-locking system

Yu. L. Nikiforova, S. A. Panova

St. Petersburg State University, Russia

North West State Technical University by correspondence, St. Petersburg,
Russia

Dynamics of car’s wheel on one-drum brake stand with special bars is con-
sidered. Self-locking (blocking) of the system and possibility of wheel to spin

respecting drum are investigated.

i) epuoagndeCKue ABUXKEHUA KYCOHHO—HHHEﬁHOFO
OCHUJIJIATOPA

M. Pacxaawv, C. A. Cmenanos
(mpascal@jup.univ-evry.fr, stepsj@ccas.ru)
Yuusepcurer 1 Vspu-sain-ne-Con, Uspu, ®panrmsa
Berancmremsaem nearp A9, Mocksa, Doccus

DaccMaTpUBAETCA YIIPOIIEHHAS MOJelh CENCMOCTONKOTrO (PYyHIAMEHTA
3MaHUSA B BHU/IE€ OTHOMEPHOT O JUHENHOT O OCHIIATOPA C YIIPYTHUME OT'Pa-
HUYHTENAME [TBUKEHAA. JPEANONaraeTcs, 970 KOIPPUIMEHT yIPyTo-
CTH OTPAaHUYUTENEN CYIIECTBEHHO OOablie KO3(PPUINEHTa YIPYTOCTH
OCHIILIATOPA. JepuoantdecKne ABUKeHus noctpoenbl va MAPLE B
BHjIe AHAJNTHYECKNX PA3JTOKEHNH MO CTEMEHAM OTHOIIEHNS YKa3aHHBIX
KO3 pUnmerToB yIpyrocTu.

Periodic motions of a piecewise linear oscillator
M. Pascal, S. Ya. Stepanov

Universite d’Evry Val d’Essonne, France
Computing Center of RAS, Moscow, Russia

A simplified model of the seism-resistive foundation of buildings is considered
in the form of an one-dimensional piecewise linear oscillator with elastic ob-
stacles for its motion. The elasticity coefficient of the obstacles is supposed
to be much greater then the elasticity coefficient of the oscillator. Periodic
motions are constructed by M APLE in the view of analytical power series
with respect to the ratio of the mentioned above elasticity coefficients.
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NcnoabpsoBanne ypasHennn Jlarpanxka - Duiepa
IJIS UCCJIeJOBaHUA ABUXKEHUA MMOJABOJAHOIO aliaparTa

A. M. Paomuuxos, M. P. Caacmenun
(plotnikov@mail.gmtu.ru)
CankT-JeTepOyprcKuil TOCY IAPCTBEHHBI MOPCKOU TEXHUYMECKWH YHUBEPCH-

TEeT, JOCCUA

Muddepennnanbuble ypaBHEHUA IBUAKEHHA TOJIBOAHOTO almapaTa B
NPOEKNINAX Ha CBA3aHHBIE OCH MOXHO TPaKTOBaTh KaK ypPaBHCHUA B
KBasukoopanHaTax (ypaprenus Jlarpanxa - Jinepa). OcobGeHHO Mpo-
OYKTUBHBIM OKa3bIBaeTCA MPUMeHeHNe ypaBHeHUN Jlarpamxa - Juaepa
npHu MCCAeOBAHUN [MBIWXKEHUA allapaTa, Hecyllero Ha cebe pasnanmd-
HBle TOJBHXKHBIE ycTpolcTBa. B »ToMm caydae B auddepeHnunagbHBE
ypaBHEHNUA ABMKeHHMA OyayT BXOAWTH KaK JarpaHxkeBbl 0606IIeHHBIC
KOODUHATHI, OMICHIBAIOIINE [BUKEHIE HABEIIEHHBIX YCTPOUCTB, TaK 1
KBa3UKOOPAMHATHI, ONpeaeNdIolnne IBMKEHIE allapaTa-HOCUTEN.

Using the Lagrange - Euler equations
in the investigation of motion of a submarine
apparatus

A. M. Plotnikov, M. N. Slastyonin
Saint Petersburg State Naval Technical University, Russia
The Lagrange - Euler equations written in quasi-coordinates for the carrying

body and in the Lagrange coordinates for the suspended devices are applied

for the investigation of motion of a submarine apparatus.

O6bmiee ypaBHeHHe MexaHUKU O bioToHa - Dapajges
B pacllupeHHOM HerOJIOHOMHOM (a3uce

B. K. Poiida
(mpy@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Koigecunie cucremur opeacTaBadaoT cobon O6’be,Z[I/IHeHI/Ie HECYHINX W HO-
CHMBIX TeJI. SecyIlH/IMI/I TeJaMU ABJAAOTCA OCH KOJECHUKA, HOCUMBIMU —
camu kojeca. OQcoBeHHOCTBIO KOMECHBIX CHCTEM ABJIAETCA IIpEBLILICHUE
qHuCIa peaKquI IIVIOCKOCTHN KAaYe€HUuA Had TUCJIOM ypaBHeHI/Iﬁ cBA3El.
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B mokmane npeniaoxeH MeTON MOJYYeHN PeaKIUH TIOCKOCTH KavdeHIs
Ha KaX[Joe KOJECO CHCTEMBI U YDABHEHUS €€ JBUKEHIS.

The general Newton - Faraday equation of mechanics
in the extended non-holonomic basis

V. K. Poida
St. Petersburg State University, Russia

Wheel systems are the join of carrying and carried bodies. Carrying bodies
are wheel shafts and carried bodies are wheels themselves. The peculiarity of
wheel systems is that the number of reactions of the rolling plane exceeds the
number of restraints equations. The method of obtaining the reactions of the
rolling plane on each wheel of the system and the system’s motion equations
are offered in the article. All bodies are considered to be absolutely rigid.

O HeyCTOMYMBOCTU [BY3BEHHOU TPAEKTOPUHU
ousuapAa Npu HeyIIpYroM OTPaXXeHUU 0T I'PAHUILI

C.A.Poauxapnos
(polikarpov_sa@rambler.ru)

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

DaccMaTpUBAETCA [BUKEHNE MAaTePHAIbHON TOYKH MO0 WHEPIUH BHYTPH
MJIOCKON 06MacTH, OrpaHNYMEeHHON KpUBon L u npamot [. DycTh oTpaxe-
HITe MaTEPUATBLHON TOYKH OT MPAMON ITPOUCXONT O 3aKOHY abCOTIOTHO
YOPYyTOro yaapa, a OT KpuBOU L Todka oTpaxkaeTcss HEYIIPYro — Koag-
QUIIMERT BOCCTAHOBAEHNA HOPMAJbHON KOMIIOHEHTHI CKOPOCTH DaBeH €,
rae 0 <e< 1.

UccaeayeTcs Bopoc 06 op6uTaIbHON YCTONIMBOCTH 3aMKHY TOH TPaek-
TOPUHU MaTEePUATHLHON TOYKN — OTPe3Ka ¢ KOHI[AME Ha KPUBOU L 1 mps-
Mot . CtpouTrcs oToGpakeHne MOCIEIOBAHNSA, €CTECTBEHHBIM 00pa3zoM
CBA3aHHOE C CHCTEMOII. JeMoABIKHASI TOYKA 3TOM0 OTOGPAKEHN, COOT-
BETCTBYOIIAA 3aMKHYTON TPacKTOPHUH 3ajJa4l, OKa3biBaeTCAs HEyCTOMU-
YUBON TpH JIOOBIX 3HadeHusXx koax(pduumenTa e. Maygaerca Bompoc o
MeXaHM3Me MOTEePH YCTOMIHBOCTH.

DaboTa BHIMIOJHEHA MPH TOAAePKKe TporpaMmbl ~Benyme HayJIHBIE

wkoabl” (rpant Ne00-15-96146) uw IO “Narerpanna” (NeD0053).
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1. Apuonen B. U. I'eomeTputeckue MeTOAB B TEOPUN OOBIKHOBEHHBIX
mupdepenmmanrbaerx ypapaenmir. Mxesck, 2002.

2. Koznos B. B., Tpemes /. B. Dummapabsi. ['eHeTuveckoe BBejieHUE B
AUHAMUKY cucTeM c yaapamu. M., 1991.

3. Mapkees A. 2. O coxpaHAOINX IOMA L OTOOPaXK€EeHUAX U UX IIPHMe-
HEHWW B TWHAMUKE CHCTeM C coynapenuamu // Masectua AD. Mexanuka
TBepgoro Tema. 1996,Ne 2. C. 37-54.

On the unstability of a billiard trajectory in the case
of non-elastic reflection on the border

S. A. Polikarpov

Moscow State University, Russia

We study the motion of a mass point in the part of a plane bounded by a
line and a curve. We assume that the impacts on the curve are not perfectly
elastic. Consider the segment which is a closed trajectory of a mass point. It
appears that this trajectory is unstable. We learn the way this trajectory loses
its stability.

ACI/IHXpOHHO CUHXpPOHHaA MaU_II/IHa, IKBHUBAJI€EHTHAA
60.]1]3]_]_[01/1 BJIeKTpOSHepFETI/I"IeCKOI/I cucreMe

&. D. Podwxos
(fr@fr11189.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B patore [1] BBeeHBI NPUHYUN SKEUBAACHMUPOGARUA IACKINPULECRUL
MAWUR T NPUHYUN COUNHBIT CIMAMUYECKUT MELAHUUECKUL TAPAKMeEPU-
CMUK [ CHCTEM JeKTPUYeCKUX MAIINH. DTH NIPUHINNIEL B HEH TPUMe-
HEHBI [ TOMYYEHNs YPABHEHUH IBYX DMK TPUHIeCKNX MAIINH: OJHON —
ACHHXPOHHOU M BTOPOU — CHHXPOHHOW, SKBUBAJEHTHBIX GOJBIITIM 3JIeK-
TPOSHEPTeTUYIECKNM CHCTEMAaM, COCTOAMNM M3 OOJBIIOrO Yuciaa CHH-
XPOHHBIX I'€HEPATOPOB M TOJBKO aCHHXPOHHBIX M TOJBKO CHHXPOHHBIX
OBUTATeJel COOTBETCTBEHHO.

B macTosimem qokaane 3170 MpoAesaHo yKe IS JIeKTPOHEPT e THIECKON
CHCTEMBI, COCTOSAIIEN W3 MOCTATOYHO GOMBIIOTO YHNCIa CHHXPOHHBIX Te-
HEPATOPOB U ACHHXPOHHBIX W CHHXPOHHBIX ABUTATENEN. JOMyIeHHAA CH-
cTeMa HeJIWHeNHBIX AudQepeHnaJbHBIX YPABHEHNN BTOPOTO TOPHATKA
MOIBEPTHY TA NPEABAPUTEILHOMY aHAAN3Y HA YCTOMYIMBOCTE U CJIeJaHBI
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BBIBOJBI O TPpUYHUHAX KaTaCTpOdI’) B OJIEKTPOSHEPT€TUIECCKNX CHCTEeMaXx.
,HJIH X MPpaKTUIE€CKOI'O MPpUMEHEHUA OCTAETCA I/I,Z[CHTI/IdI’)I/IHI/IpOBaTb IIa-
pPaMeTPhI MaTeMaTHIeCKON Mo e ¢ aHAJOIMYIHBIMHA ITapaMeTpaMI N3y~
Ya€MLIX CHUCTEM.

1. Domokos D. P. DjekTpudecKas MallliHa, KBUBAJICHTHAS DJIEKTPO-
suepretuaeckon cucteme //I. Cep. 1. 1999. Brm.1, Nel. C. 110-116. //
II. Cep. 1. 1999. Boim.2, Ne2. C. 97-102.

The asynhronous-synhronous machine equivalent to
big electro-energy system

F. F. Rodyukov

St. Petersburg State University, Russia

The system of nonlinear second-order equations for research of stability of the

big electro-energy system is obtained. It is carried out the preliminary analysis
and the reasons of catastrophes in such systems are revealed.

DeNOKAILHLIM aHAJU3 yPaBHEHUHU OJHOKOHTYPHOI'O
3JIEKTPOMArHUTHOI'O MasgATHUKA

b. D. Podwxos, A. H. Illleneassuiii
(ffr@phoenix.math.spbu.ru, as@as1020.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

[lis 5IeKTPOMArHUTHONO MagTHUKA B BHe KOPOTKO3aMKHYTOH IMPOBO-
AAIIell paMKHI B BLICOKOYaCTOTHOM Mar HUTHOM IIOJI€ COCTaBAeHEl 6e3pas-
MepHLIe ypaBHeHnsA Jlarpamka-MakcBemaa. OTa dIeKTpoMexaHndecKas
CHCTEeMa ABIACTCA BaXKHENIIAM CIy49aeM B UCCAeJOBAHUAX CIOKHLIX JBH-
JKEHUH MNPOBOJANINX TBEPABIX TeJ MagdTHHKOBOI'O THIIA B IepPEMEHHOM
MarHUTHOM HoJe. B Takux cucremMax 3a CYET OCHULIUPYIOIMINX DJAEK-
TPOMarHUTHLIX CHAJI BO3MOXKHA CTAOIIM3 A HEYCTONYUBLIX COCTOAHMI
PaBHOBECHSA, MOABJICHIE aBTOKOAEOATEILHLIX H BpalljaTelbHbIX IBHKe-
HUU.

B npegmomoxeHunm MaJocTH KBagpaTa OTHOIIEHHA COOGCTBEHHON dYa-
CTOTHLI MagTHUKA K 9aCTOTE M3MEHEHUA MAUHUTHOI'O IIOJA [JBHKECHIA
paccMaTpUBaEMOll CHCTEMBI Da3lelAloTcss Ha ObIcTpoe (TOK B paMKe)
0 MeeHHOe (yrIoBasg CKOPOCTE TOBOPOTA DaMKH). BBeleHHEM BMe-
CTO TOKa HOBOU IIepEMEHHON MCXOAHbIE ypaBHEHHA IPUBOAATCA K Gojee
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eabb)

”mpoapadroll’ (popMe. IPU STOM BBHIIEAAIOTCH SIEHBI, SBIAIONINECST He-
JUHEHHBIM aHAJOrOM ypaBHeHUss MaTbe Mg MasgTHHKA ¢ BUOPHUPYIOIIEN
TOYKON MOgBECA.

DonyveHHAs CHCTeMa ABJSETCA CUCTEMOW TPETHETO MOPAAKA HeJIMHEN-
HBIX Au(ppepeHnnalbHbIX YPpaBHEHIN ¢ TePHOINTIeCKIMI KO>(P(PUITIEH-
TaMl U C MEXaHWYeCKOW TOYKHU 3PEHUs ABIACTCI CHCTEMON C Tapame-
TpUYecKUM BO36yXKJeHHEM KOMeOAHWHA. DYyTEM 3aMODaXKWBAHUA Me[-
JIEHHON epPEMEHHON B yPaBHEHNUN s OBICTPON MEPEMEHHON, HAXOANTCA
YaCTHOE DeIlleHNe IS MOCAeTHEN, KOTOPOE TOACTABIAETCSA B ypaBHEHIe
NI MeIeHHON mepeMeHHON. TakuM o6pazoM moayvaeTcss HETMHENHOE
ypaBHeHIE BTOPOTO TMOPAIKA OTHOCHTETHHO TOTBKO MEXAHMIECKUX TIe-
PEMEHHBIX € MEPUOANIECKUME KO3(MPUIHEHTAME, 3aBUCAIIIMI OT BpPe-
MeHH. JPUMEHSA K MOMYyIeHHOMY YPaBHEHUIO YACTHYHYIO JMHEAPU3a-
[0, C TIOMOINBIO HOBOU MEPEMEHHON MPUXOANM K ypaBHeHHI0 MaTbe.
Nlas mocaeanero mo gamarpamme Afrca - CTpeTTa MOJY€EHO YCJIOBHE
YCTOUYMHNBOCTH BEPXHETO TOJOKEHNS PABHOBECHS.

Opu ydeTe COMPOTHUBIEHHS B TOYKe MOJBECA MagTHUKA HAaWJeHBI 3HA-
YeHUsI MapaMeTpa, COOTBETCTBYIOIEr0 MHTEHCHBHOCTHU MOJsA, TIPH KO-
TOPOM TOABJSIOTCA BEPXHUN W HIUXKHUU TpefeqbHble NUKJLL. JalIeHbl
TaKXkKe 3HadeHNs HTOTO TMapaMeTpa, HPH KOTOPHIX HMCYe3aeT BEPXHUN
UK. DPpH TOM paMKa Jaubo KoaebjaeTcs B COOTBETCTBHUN € HUKHUM
MpeNeqbHBIM UKIOM, A00 HAYMHAET BPAIIATHCSA CO CPeAHEH MOCTOSH-
HOW YTJOBOH CKOPOCTBIO. DodydeHa hopMy.a i OMpeleleHns >TON
CKOPOCTH.

Non-local analysis of the equations of an one-circuit
electromagnetic pendulum

F. F. Rodyukov, A. I. Shepeljavy:

St. Petersburg State University, Russia

For a system of differential equations describing dynamics of an one-circuit
electromagnetic pendulum with the help of qualitative theory of differential
equations the conditions of stability and autooscillations are obtained.
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O6paszoBaHue KOHEYHBIX PEe30HAHCHLIX 30H
aas ypaBHeHusa MenccHepa npu BBeJeHUU MaJIOu
Auccunanuu

A. A. Cedipanan, A. P. Cetipanan
(seyran@imec.msu.ru)
MOCKOBCKHI TOCYAapCTBEHHBIT TEXHUYIEeCKUI YHUBEPCUTET, JOCCHUS

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

DaccMaTpUBaeTCA MMHENHAA KomebaTelbHAd CHCTEMAa C OJHOU CTENEHBIO
CBOBOIBL ¢ KYCOYHO-TIOCTOAHHON TepUoAndecKon (hbyHKIMeNn Bo3Gy K 1e-
uus.  [ludpdepernpmanbioe ypaBHeHTe, ONMUCHIBAIONMIEE KOAeHAHUA HTON
cucTeMBbl, HasbiBaeTcs ypaHenueM MeiiccHepa [1]. Da maockocTn na-
pPaMeTpOB YacCTOTA-aMILUIATYJa BO3OY K JCHUA UCCACAYETCA HEYCTOUYH-
BOCTH TPHUBHAJIBHOT'O PellleHNs (MapaMeTPHIeCKNH Pe30oHAHC). Xapak-
TEePHOU 0COGEHHOCTHIO PACCMATPUBACMON CHCTEMBI ABAACTCA ~TePEKPY-
anBaine” obmacTenl HeycTonumBocTH. MaydaeTcs dpeHoMeH pacmaja u
o6pazoBaHuad KOHEYHBIX 06JacTell HEYCTONIUBOCTH TPU BBEJCHUH B CH-
CTeMy MaJOU AUCCUTIAIINN.

DallleHBl KOOPANHATHI TOYEK MePEKPYINBAHNA U TOJYYeHBI BEIPAKEHIS
[UIA TPEXMEPHBIX 06JacTel pe3oHaHca B BH e TOJOBUHOK JIBYIOJOCTHBIX
KOHYCOB B OKPECTHOCTH DTUX ToUeK, obbiAcHANNEe (heHOMEH pachaia
DPE3OHAHCHBIX 30H.

1. Bubpamm B Texmnnke. Cnpasounoe uzganne. 1. 1, Kone6anna mrmen-
HBIX cucTeM. 2Joj pen. B.B. Domoruna. M.: MammuocTpoenne, 1999.
504 c.

Origin of finite resonance zones for Meissner’s
equation with insertion of small damping

A. A. Seyranian, A. P. Seyranian
Moscow State Technical University, Russia

Moscow State University, Russia

A linear one degree of freedom oscillation system with piecewise-constant pe-
riodic excitation function is considered. The differential equation describing
oscillations of this system is called Meissner’s equation. The instability of the
trivial solution (parametric resonance) for this equation on the plane of param-
eters frequency - excitation amplitude is studied. The characteristic feature
of this system is intersection of the instability zones. Phenomenon of breakup
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and formation of finite domains of instability with insertion of small damping
is examined. The coordinates of intersection points on the pane of parameters
and the expressions for three-dimensional resonance domains in the vicinity
of the intersection points are found. It is shown that that are half-cones in
the three-dimensional space. Analysis of the obtained expressions for the res-
onance domains gives clear explanation for the breakup phenomenon of the
resonance zones with insertion of small damping.

A,E[aHTaI_II/IH K BHEIIITHUM BO3MYII€HUAM B MO €N
ABUXKEHUA CyJAHA

P. M. Coxouos

(sbm@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpHUBaeTCA CYHO, JABUXKEHWE KOTOPOTO B OTKJIOHEHHAX OT IPA-
MOI'0 Kypca ONNCHIBAeTCA ypaBHEHHEM [JIA YTJIOBOI CKOPOCTH M yTJa
nosopoTa pyJs [1]:

2

%—I—%i—j—l—qw :ai—f+66+f(t), 2—(;+C6:bau, (1)
rjle w — yNIoBas CKOPOCTh, a § — yroa moBopoTa pyas. B ypaBHeHusax (1)
f(t) — HemsBecTHaA TeTepMUHHPOBAHHAA OTPAHWYEHHAA TIEPUO AMIECKasd
DYHKUHA ¢ M3BECTHOH BEPXHEH TDAaHUIEN ClekTpa. Yupabiaenne u(t)
orpanndeno. MaMepstorces anadennsa Beixoga w(t). Ileab ynpasieHns
limsup;_, o |w(t)] < e, roe € — JOCTATOYHO MaJOe YHCIO.
s oneHWBaHUA HeM3BECTHBHIX KodhpUIEeHTOB oTpeska paga Pypbe
dbysakunn f(t) ncnoapsyercd aaropnt™ ”Domnocka” B. A. Axy6osnya [2].
OneHkn TOACTABAAIOTCA B (POPMYIY I YIPABJICHUSA, MOMYyIeHHYIO U3
yCaoBUsA oTpunaTeabHocTn GyHKIu JIATyHOBa Ha PEIEHUAX CHCTEMBI
(1). MokasweiBaeTCs, 9T0O U AlCOPUTMa aJalTHBHOT'O YIIPABJICHUA BhI-
MOJHeHA yKA3aHHAA [edb YITPABICH.
DaboTa BhIMoJdHeHA TpH mofagepxke rpanTa Ne00-15-96028 CoBera mo
rpanTaM Jpe3ngerTa IP u mporpammel ” Beyiine HaygHBIE MIKOIBD .

1. Depesun C. A., TeToe 2. A. CucreMBl aBTOMATHYECKOI'O yIIpaBJe-
HUA ABUXKeHUeM cynoB 1o kKypcy. JI.. Usgp-Bo ”CymocTpoenune”, 1990.
255 c.
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2. @omun B. 2., Ppagkos A. JI., Axybosu+a B. A. ApantusHoe yrpas-
JeHne quHaMmdeckumMu obbekTamu. M.: Mag-Bo ”Dayka”, 1981. 448 c.

Adaptation to external disturbances in model
of movement of a ship

B. M. Sokolov
St. Petersburg State University, Russia

Problem of stabilization of the ship on a direct rate is considered at unknown

external disturbances with a limited spectrum.

AnddepeHnnaibHble IPUHINNL MEeXaHUKN
u npobjeMa UX COBMeCTUMOCTHU

. X. Coamaxanoe
(mpy@phoenix.math.spbu.ru)

Yewenckun rocygapcTBEHHBIN YHUBEPCUTET, | po3HbIN, Doccus

DaccMmaTpuBatoTcs audepeHInalbHbBEe BADUAINOHHBIE TPUHIIATBL Me-
xaunkn [lasambepa - Jlarpanxka, CycaoBa - 2Kypaena, Iaycca, Dopa-
xaiima - Jonamauesa (Mamkepona - [eqeany) n DoaaxoBa - 3erK Bl -
Kumkosa. DpoBognTcsi cpaBHUTENBHBIN aHAN3 U U3Y9aeTCSI BOIPOC CO-
BMECTHMOCTH (SKBUBAJIEHTHOCTH) W CTENEHH OGIIHOCTHN TEPETNCIEHHBIX
Bhillle AupepeHInATBHBIX TPUHINTOB Mexauuku. O6cykmaeTcs Bo-
MPOC CTAMOHAPHOCTH 1 SKcTpeMaidbHocTH. Ocoboe BHUMaHMEe B paboTe
yaeasieTcsa nuddepeHnnaibHBIM TPUHIMIIAM BBHICOKOTO TOPAIKA JOP/I-
xanma - [losamaneBa u DomasxoBa - Jerx sl - KOmkosa.

DaboTa BHITIOAHEHA TpH MO AepKKe porga M. CangymiaeBa ” Crabuib-
HOCTL W pa3BHUTHE” .

Differential principles of mechanics and the problem
of their compatibility

Sh. Kh. Soltakhanov
The State University of Chechnya, Grozny, Russia

The comparitive analysis of differential variational principles in mechanics is

given and their equivalence is discussed.
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06 YPaBHeHUAX ABUXEHUA HEI'OJJOHOMHBIX CUCTEeM

. X. Coamaxanoe
(mpy@phoenix.spbu.ru)

Yewernckun rocygapCTBEHHBIN YHUBEPCUTET, | PO3HBIN, Joccus

B macrositee Bpemsa umeioTca paszandabie hopMbl guddepeHnnaibHbIX
YPaBHEHWH, OMNCHIBAIOIINE ABUKEHIE MEXaHHYeCKUX CHCTEM, Ha KOTO-
pble HAJOXKEHBI HAealbHble HeroJOHOMHBIe cBszu. Uccaeayercs Bompoc
3HAYUMOCTHU TeX WM WHBIX (hOPM yPABHEHWH ABUWKEHUA U >PPHeKTHBHO-
CTH WX NPUMEHEHNA Ha MPAKTUKE.

B pabore aHAIM3WPYIOTCA OCHOBHBIE YpPaBHEHUA ABUKEHUSA HErOJO-
HOMHBIX CHCTEM C JIOOBIME CBA3AME, BKJAOYAA U CBA3M BBICOKOT'O IMO-
pPAIKA. JPUBOANTCA YCIOBHAsg KaacCupukanms HamboJee ymoTpebu-
TeAbHHIX (POPM YDaBHEHUH [IBUKEHUS HETOJOHOMHBIX CHCTEM. JoJjee
moApobHO paccMaTpuBaeTcs moaxon J.3. Douasxopa, C.A. 3erxmw,
M.3. KOmkoBa K mCCIeJOBAHNIO [BUKEHISA HETOMOHOMHBIX CHCTEM.
DaboTa BeIMOAHEHA TpH MO AepKKe porga M. Cangymiaesa ” Crabuib-
HOCTL U pa3BHUTHE” .

On the motion equations of non-holonomic systems

Sh. Kh. Soltakhanov
The State University of Chechnya, Grozny, Russia

Different forms of the motion differential equations of non-holonomic systems

and the efficiency of their application in practice are discussed.

O CTAalUOHAPHBIX ABUXKE€HUAX TeJ, AOIIYCKAIINX
I'PYIIIIbI CUMMETPHHA TMIPaBUJIBHBIX MHOI'OI'DaHHHUKOB B
ImoJjie CUJI MpPpUTAXKEHUA

P. C. Cyauxaweuau
(sulik@rmi.acnet.ge)

Téumcckun maTeMaTudecKun WHCTUTYT, | pysus

DaccMaTpUBAIOTCA MEXaHIMIECKNE CHCTEMBI, COCTOAIINE M3 MaTePHATb-
HBIX TOYEK PaBHBIX MacCC, PACIOJOKEHHBIX B BEPIIMHAX JJIATOHOBBIX
Ten (TeTpasap, Ky6, OKTasJp, MKOCasAp, AOAEKa3p) W COeJHHEHHBIX
HeBeCOMBIMU HeJe(OPMUPOBAHHLIMA CTepXKHAMA. MccaenyeTcs 3agada



Cexknusa 1. Teoperudeckas u npukiafHad MEXaHOKA 69

O BAMAHUNW MOMEHTOB WHEPUMH BBICHINX TOPAJIKOB Ha ABUXKEHWE 3THX
TeJsl, BaKPEIIEHHBIX B [IEHTPE MACC, B IEHTPAIBHOM TOJE CII. D alIeHbl
cTalMOHApHBIE MBVXEHUA U PABHOBECHBIE TTOJNOXKEHUA 3TUX TeJI U UcCcie-
MOBaHA UX YCTOWYMBOCTH. JPUBe/eHa GudypKalnoHHas AnarpaMMa Ha
MJIOCKOCTU HUHTETPAJOB DHEPIHUH W IUIOMIAJeN. YCTAHOBIEHO, ITO IJIs
paccMaTpUBAEMBIX Tel PasMePHOCTE dJeMeHTa Teda (BeplliHa, pebpo,
rpaHb), KOTOPHIM OHO OGPAIEHO K TPUTATHBAIONIEMY HEHTPY, TIPH CTa-
[MOHAPHOM JBUAKEHUHN COBIAAET CO CTEMEHBI) HEYCTONYNBOCTH.

About stationary motions of bodies, allowing groups
of symmetries of regular polytops in field of forces of
gravitation

R. 5. Sulikashvili
Mathematical Institute of Thilisi, Georgia

The problem about effects of moments of inertia of the highest orders on
motion of mechanical system, consisting of material points of equal masses,
located in tops of Plato’s bodies is analyzed.

JerojioHoMHasA HenacajabHasd Hey,[[ep}KI/IBaIOU_Ia.H CBA3b
B 3aga'e YIIpaBJ€HUA HeJII/IHEI/IHOI/I CI/ICTEMOI/I

K. K. Teepes
(kkk@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBaeTCA 3anada yIpaBIeHusa aCHHXPOHHBIM DJIEKTPOABUTATE-
€M ¢ TIOMOIIBIO MHPOTHO-UMITYAbcHON Moayaaunu (ITMUM) wa Gumo-
AAPHBIX TPaH3uCcTOpax ¢ msoanposanHoh Gason (IGBT) co cnemmann-
3UPOBAHHBIM TpotieccopoM. CoBpeMeHHas HAEKTPOHHKA TO3BOJAET CO-
31aBaTh npeobpazoBarenn, OAM3KHe K HaealbHbiM. OJIHAKO CHIOBbHIE
npuboOphbl UMEIOT CYNIECTBEHHBIE ONPDAHMYEHUsA 1O TOKAM U HampaKe-
ouaM. MaroToBuTean ycTaHaBAWBAOT ~HHTEMICKTYAJbHYIO” 3alluTy,
KoTopas peanmsyeT cBasu Buaa ||iall < do,||ig|| < do,|lic]| < fo wam
llia + ip +ic|| < {p. DTH cBA3W yKe HETOJOHOMHEI, & WX HJeaJbHOCTD
3fech He 06cy XK faeTcs. VX HeocTaTOK — HEKOHTPOMNPYEMOCTh CHCTE-
MOU yTpaBIeHUsA, TOXTOMY TPEIaraeTcsas HAJOKNUTHL Ha CUCTEMY CBA3b
ial+ig? +ic? <iy? —e, KoTopyo 6yeT 06eCIeMnBATE CHCTEMA YIIpa-
BaernA. OTMeTUM O0COBEHHOCTH HTOH CBA3M.
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1. Ona He o6sizana OGBITH KeCcTKOU, U 60j€€ TOTO, MOKET HAPYIIATHCA
6e3 paspyIIeHns CUCTEMDI.
2. Deakums CBA3W [MOJKHA OBLITH OTPAHWYEHA, ITPH STOM BO3HHKAET TPO-
6MeMa OCYIIECTBACHNA B ~ MHTENIEKTYAJbHBIX MOIVIAAX OTHOBDEMEH-
HOT'O HAJOXKEHUs HEYAePKUBAIOIIEN CBA3M W 3AIIUTHl OT MEPETPY3KHU IO
peaKInmaM.
3. B HoMuUHATLHBIX peKMMaxX TPU KOPPEKTHOM YIIPpaBIeHUN CUCTEMa Pa-
60TaeT Kak cBobomHAA, a NOCTHUKEHNE CBA3W O3HAYaeT M3OBLITOK DHEP-
TUH. JO3TOMY HPEJACTABISETCA MOJE3HBIM JUIINTEL HAIY CBA3b MI€ATb-
HOCTH.
DpeToKeHHAS CBA3b B YIPOIIEHHOM BHe OBLTA MCIOMB30BAaHA MIPH CO-
3MaHUN 9UCJIEHHON MOJENN CHCTEMBI YIIPABAEHHUA 3JIEKTPOABUTATENEM.
CucreMa OMUCHIBAETCA C MOMOIIBIO CHCTEME MU epeHIHATBEHBIX YPaB-
HeHull 12 mopsanka: 6 - aBUraTenb (4 IEKTPUYECKUX U BpPAIIEHHE PO-
Topa) m 6 BCIOMOTATENBHBIX A OGECIEUeHHA IJIABHOIO BKIIOYEHNS
u npenTudukannn napameTponB. [lobaBieHne Hengea bHOCTH JA€ACTBH-
TeABHO YIYHIIIIO YCTONYNBOCTE CHCTEMHI.

1. Domokos ©. D., JlbBora A. HO. YpaBHeHUsT 2JeKTPUTEeCKUX MAIIIH.

C26.: Usg-Bo CI6Y, 1997.

Nonholonomic nonideal nonholding constraint in the
control problem of nonlinear system

K. K. Tverev
St. Petersburg State University, Russia

The control for IGBT WPM intellectual module and asynchronous motor is
under consideration. The specific constraint is added.

3ep1/10,q1/1quK1/Ie ABUXKEeHUA KBa3I/IaBTOHOMHOﬁ
O6paTI/IMOI/I cCucTreMsnl

B. P. Tzat
(tkhai@ccas.ru)
MockoBckad rocygapcTBeHHasA aKa leMHUsS IpH60pOCTPOeHnd U NH(pOPMATHKH,

Doccus

Jlist aBTOHOMHOU 0GPATHMON CHCTEMBI TTOMYIEHBI JOCTATOYHBIE YCAOBS
rpy6OCTH CBONCTBA UMETH TI€PUOIIMYECKIE TBIUKEHIS.
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JleTaqbHO AHATM3UPYIOTCS CHCTEMBI, OIM3KHE K CHCTEMAaM C OTHOW U
OBYMS CTeNeHAMN CBOOGOABI. IJPUBOAATCA MHOT OUNCAEHHBIE MPUIOKE-
HUA.

Periodic motions of quasi-autonomous reversible
system

V. N. Tkhai

Moscow State Academy of Instrument Making and Computer Science, Russia
For an autonomous reversible system the sufficient conditions of structural
stability of the property of having periodic motions are obtained. Systems

close to those with one or two degree of freedom are analyzed in detail. There
are a lot of applications in the paper.

3a,qaqa O IBUXKE€HHUHU TAXKeJOI'O TBEPAOI'o TeJa BOKpYTD
HEHO,E[BI/I}KHOi;i TOYKH, KOI'Ta HNEHTP TAXKECTHU
PacIloJIO2KeH Ha I"JIaBHOi;I IIJIOCKOCTH JJJUIICOHU A
nHepnouunu aJA HEHO,E[BI/I}KHOi;i TOYIKHN

B. P. Txati, A. JI. [llevteun

(tkhai@ccas.ru, shvyghin@mtu-net.ru)

MockoBcKas rocyapCcTBeHHas aKaleMUs TPUG0POCTPOEHNA M MH(DpOPMATHUKH,
Joccus

3ajgada O ABUKEHUHN TAKETOTO abCOMIOTHO TBEPAOrO TeJa, MMEIOIIET O
OJIHY HETMOABUKHYIO TOYKY — OJHA M3 OCHOBHBIX MOJETLHBIX 3aj]1a9 B
Mexannke. OHa m3IaraeTcss B KaXJIOM yUeGHHKE MO TeOPETUYIECKON
MeXaHWKe, OOIUPHBIE UCCAeOBAHNA O 3ajade OTpaKeHbl B MOHOTPa-
usix, cOOpHHKAX U KYpPHAIBHBIX cTaThiax [1,2,3]. DpuMedareabHOl
0cOBEHHOCTBIO ypaBHEHHH Jijepa-JyaccoHa, OO0pa3yoNmX 3aMKHY-
TYIO CHCTeMY, ABAsSeTCS WX o6paTuMocTh [4]. DTo MaTeMaTHYecKu
O3HAYAET MHBAPMAHTHOCTEH CHCTEMBI OTHOCHTENBHO 3aMeHbI (1,w, ) Ha
(—t,—@,%). C MexaHHYeCKOW TOYKH 3DeHHsA JaHHOE CBONCTBO Ode-
BUHO: TpU TEYeHHU BPEMEHHW B HPOILIoe HAGIIOAAeTCA Ta XKe camas
KapTHHA ABUKEHUSA, ITO W PAHBIIE, ECAU YIIbl OTCINTHIBATH B TPOTUBO-
MOJOXKHOM HalpaBieHun. B ciydae meHTpa TAXKECTH, PACIOI0KEHHOTO
Ha TJIaBHOU TUIOCKOCTH DJLTATICOU A WHEPIUE A HEMOABUKHOU TOUYKH
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(y = 0), cucreMa ypapBHEHHH WHBapHAHTHA TaKke OTHOCHTEIBHO 3a-
MEHBI (ta P4, 771,72, 73) Ha (_ta P, =4, 771, =72, 73)a T.e. IpeacraB/iiaeT
06PATHMYIO CHCTEMY € MBYMS HEMOJBUAKHBIMH MHOXECTBAMH. D aJl-
qre ellle OAHOT'O HETPUBUAILHOT O HETIOIBUKHOT' O MHOKECTBA TIO3BOJAAET
MPOAHAJIN3NPOBATE C €[UHBIX MO3UNNN TePBble HHTETPAJBI, MHBAPUAHT-
HBle COOTHOIIIEHNSA, BCe M3BECTHLIE YaCTHLIE DEIleHNA U TTOJYINTH HOBLIE
BBIBOJIBI O XapaKTepe MBIXKEHWH TBEPAOTO Tena.

DaboTa BBIMOAHEHA NpH moAgepxKe IPPIU (rpant Ne00-01-00122) u
Muno6pazopanns (rpant NeT00-14.1-769).

1. Cycaos I'. K. Teoperuveckas mexanmka. M.: Tocrexmsgar, 1946.
655 c.

2. Topp I'. B., Kyapsmosa JI. B., Crenanosa JI. A. Kinaccudeckne 3anasm
IUHAMHUKH TBepAoro Tejia. Kumes, 1978. 296 c.

3. Jokmesnma A. Il. Demenns B KoOHeYHOM BHJe ypaBHEHNIT JIaepa —
Jyaccona. Kues, 1992. 168 c.

4. Txam B. D. DenogBuKHBEIE MHOXKECTBA M CHMMETPHYIHBLIE IIEPIO IH-
9ecKue IBUKEHHA oOpaTHMBIX MexaHmdeckmx cuctem [/ DMM. 1996.
T. 60, Boim. 6. C. 959-971.

On the problem of motion of rigid body about fixed
point, when mass center is at the main plane
of ellipsoid of inertia for fixed point

V. N. Tkhai, A. L. Shvygin

Moscow State Academy of Instrument Making and Computer Science, Russia

The problem of motion of rigid body with one fixed point is one of the most
important problems in mechanics. It is stated in courses of theoretical mechan-
ics. The extended investigations on this problem one can find in monographs,
collections and journal papers. The distinctive property of Euler-Poisson
equations, which form the closed system, is their reversibility. Mathemati-
cally it means that the system is invariant with respect to the transformation
(t,w,%) = (—t,—@,%). From the mechanical point of view, this property
means that we have the same picture of motion, when time moves to the past.
In the case when the mass center is at the main plane of ellipsoid of inertia
for fixed point (y = 0), the system is also invariant with respect to the trans-
formation (¢,p,q,r,v1,7v2,73) = (—t,p,—q,7,71,—72,7s). It means that the
system is reversible with two sets of fixed points. The presence of one more
set of fixed points admits to analyze from the same positions the first inte-
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grals, invariant ratios, all known particular solutions, and also to get the new
conclusions on the character of rigid body motion.

3agada CTokepa Ias AUCKPETHBIX CUCTEM
CUHXPOHU3AIUN

P. B. Ymuna, A. H. llleneassviii
(as@as1020.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpuBaeTcsa aHaJor 3agatdn CTOKepa O €HCIe TMPOCKAIb3BIBAHIN
[IUKJIOB [UIsT MHOTOMEPHBIX MTUCKPETHBIX CHCTEM aBTOMATHYECKOT O YIIpa-
BJIEHUS C OJHOU MEPUOANIECKON HEIMHETHOCThI0. CHCTEMBI ¢ TAKOH Ma-
TEeMATHIECKON MOJETBIO MINPOKO MPUMEHSAIOTCA B TeJIEBUACHNN, KOCMI-
“eCKOU CBS3W, PauoJoKanum, (ha3oBOl aBTOMOACTPONKE 9aCTOTHL I JP.
Uccreayemoe «mcao TpOCKadb3BIBAHUT — OfHA W3 HamboJee BaKHBIX
XapaKTEPHCTHK TEPEXOMHBIX MPOLECCOB (PeXMMOB 3axBaTa) B YCTOM-
YHUBBIX HEANHEMHBIX (PAa30BBIX CHCTEMAX.

Brepeole Takas 3ajgada Oblra nocrapiaena Jxk. Ctokepom (1950) Ha
MpHUMepe YpaBHEHNs, OMMICHIBAKOIIEN0 CBOOOIHOE MBIKEHIE MASTHIKA B
cpejle ¢ COMPOTHUBICHNEM, MTPOMOPINOHATBLHBIM KBAJPATY YIVIOBOU CKO-
POCTH, U 3aKI09aach B IONCKEe HHTEPBAIA HAYaJbHBIX CKOPOCTEH, TTPH
KOTOPBIX [BUXKEHIE MagTHUKA OCYMIECTBISETCS C MPEIBAPUTENBHO 3a-
MaHHBIM 9UCIOM 060POTOB MPEekK e, YeM OH TEPEReT B PEXKNM 3aTyXa-
IOIIX KOJAeHGaHUN OKOMO YCTOMYIMBOTO COCTOAHUA PABHOBECHS.
CdopMyanpoBaHbl yTBEPXK IEHNSA, B KOTOPHIX NMPH BHIMTOJHEHIN HEPa-
BEHCTB Ha BapbUpPyeMBbIE MTapaMeTPHI, BHIMOJHEHUN YacTOTHBIX YCJIO-
BUH U WMEOIINXCA OMEHOK YHCJIa MPOCKAAB3BIBAHUN IIUKIOB [ XOPOIIO
U3YYeHHBIX AU epeHnnaibHbIX yPaBHEHUH BTOPOrO MOPSAKA, MaHBI
OIEHKN MHOXKECTBa HAYaJbHBIX COCTOAHWH pPacCMaTpPHBAEMOW MHOT O-
MEPHOH MUCKPETHOW CHUCTEMBI, M KOTOPBIX COOTBETCTBYIOIINE DeIle-
HIS UMET 3aJaHHbIE ONEHKH YNCaa MPOCKAJIb3BIBAHUI INKJIOB.

Jlasi mokazaTeabcTBa HCmoabiyeTcs MeTon dpyakumin A. M. Jlanyrosa,
pPacCIIUpEeHHBIN HA JUCKPETHBIE CHCTEMBI, METOI HETOKATBLHOT O CBeIEHITS
I'. A. JleonoBa, qactoTHas Teopema B. A. fAxy6oBua.

DaboTa BonodaHena mpu moggepxke rpanTa Nt00-15-96028 Cosera mo
rpanTaM Jpe3ngerTa IP u mporpammel ” Beyiine HayYHBIE MIKOIBD .
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Stoker’s problem for discrete systems
of synchronization

N. V. Utina, A. I. Shepeljavyi
St. Petersburg State University, Russia

The number of cycle-slip time of phase-locked loops is estimated with using
the non-local reducing method and Lyapunov functions.

O ABU2KE€HHNU aBTOMOOMIA Ha ImoBopoTe ¢ ydeTOoM
BO3MOXHOCTHU G0OKOBOT'0O 3aHOCA

A. E. lllesyos
(mpy@phoenix.math.spbu.ru)

CankT-JeTepOyprcKiuil roCyapCTBEHHBIN yHuBepcuTeT, Poccus

[aa m3ydenna NBUKeHWA aBTOMOOWIA Ha TOBOPOTE paccMaTpUBaeTCA
yOpOIIeHHas MOeqb aBToMo6ms, npearokennas . C. JINHeNKUHBIM.
DaccMaTpUBAETCA CAydal, KOT'fa Ka¥Xasd W3 MBYX HETOJOHOMHBIX CBf-
3ell, HAJOKEHHBIX Ha ABUKEHNE aBTOMOOWIS, MOXKET GBITH OCBOOOXK 1af0-
e, Jlas onmcalna YeTHIPEX BO3ZMOXKHBIX THIIOB [BIKEHNA aBTOMOOGMISA
cocTaBaenbl ypaBHeHus Magxu u Jlarpanxa. DpuUBeqeHb PE3yIbTATH
pac4eToB.

On motion of a car at the turning in the presence

of side skidding

A. FE. Shevtsov
St. Petersburg State University, Russia

The motion of a car at the turning is investigated as a non-holonomic problem
with freeing restraints.

Self-balancing of an anisotropically supported rigid
rotor. Analytical part

H. Duckstein, B. Ryzhik, L. Sperling
(Boris.Ryzhik@mb.uni-magdeburg.de, Lutz.Sperling@mb.uni-magdeburg.de)
Otto-von-Guericke-Universitaet, Magdeburg, Germany

The paper presents investigations of self-balancing devices for rigid ro-
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tors. Such devices comprising several balls in circular tracks can effi-
ciently compensate the rigid rotor unbalance in the certain ranges of
rotational speed. The investigation is performed employing the method
of direct separation of motion, which is highly efficient in solution of
synchronization problems. The method enables to derive the basic re-
sults for self-balancing of rigid rotors in the form of necessary existence
and stability conditions. In the first part the paper presents a survey
of known basic results on automatic balancing. In case of the one-plane
self-balancing device for the rotor mounted on the isotropic supports the
stable full compensation of the inherent imbalance is possible only in
the post-critical frequency range. The corresponding frequency ranges in
case of anisotropic supporting lay between the first critical speed and the
arithmetic mean of the two critical speeds and above the second critical
speed. In general the rotor is not only statically, but also dynamically
unbalanced and the full compensation of unbalance require the use of
two- plane balancing. For the isotropically supported rigid rotor in case
of the two-plane self-balancing device a stable complete compensation is
possible only for the rotors with a polar moment of inertia smaller than
a transverse one in the frequency range above the second critical speed.
Both in case of one-plane balancing and in case of two-plane balancing
the partial imbalance compensation can be achieved under specific con-
ditions, even though the complete compensation is impossible. In the
second part the paper presents some new analytical results for the two-
plane balancing. It investigates the case of anisotropic supporting. The
existence and stability conditions, possible solutions providing compen-
sation of inherent unbalance are analyzed. Both the effect of complete
compensation and partial compensation are considered. The results are
confirmed and supplemented by computer simulations, which are pre-
sented in the separate paper.

CaMoypaBHOBemHBaHHe AHU3O0OTPOITHO OIlepToOoro
KeCTKOI'o poTopa. AHaaurTndyeckasa 4acThb

I'. Jyxwmadin, P. Peiocux, JI. [lnepaune

Orro-Pon-I'epuke-Yuusepcurer, Margebypr, ['epmanms

B mokmajge mpeacraBieHbl UCCIE[OBAHUSA CAMOYPABHOBEINUBAIOIINX YCTPOUCTB

IS KeCTKUX poTopoB. VcciemoBaHme MpOBOAWTCA METOAOM TIPSMOTO Pa3-
[IeNeHus ABUXKEHUsS, KOTOPBIA BHICOKO >P(PEKTUBEH MPU PENIEHUN 3a1a9 CHH-
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xpoHm3armu. MeTon TO3BOISET BHIBECTH OCHOBHBIE PE3YIBTATHL IS CAMO-
YPABHOBEUIUBAHUS KECTKUX POTOPOB B POPME HEOOXONUMBIX YCIOBUU CYIIE-
CTBOBAHUSI U YCTOUYMBOCTHU. JaccMaTpuBaeTcsi 3hPeKT Kak MOJIHOU, TaK 1
YACTUYHOU KOMIIEHCAITUN AuC6anaHca. Je3yibTaThl MOATBEPK IAIOTCI KOM-

IIBIOTEPHBIM MO IEIUPOBAHEM.

Self-balancing of an anisotropically supported rigid
rotor. Simulations and experimental data

H. Duckstein, B. Ryzhik , L. Sperling
(Boris.Ryzhik@mb.uni-magdeburg.de, Lutz.Sperling@mb.uni-magdeburg.de)

Otto-von-Guericke-Universitaet, Magdeburg, Germany

This 1s the second part of publication presenting investigations of self-
balancing devices for rigid rotors. The first part contains an analytical
study of one- and two-plane self-balancing devices for the rotor systems
mounted on anisotropic supports. In this paper we present simulation re-
sults and experimental data obtained at the specialized stand. Computer
simulations were performed employing the Advanced Continuous Simu-
lation Language. We simulated transient processes of rotor acceleration
and slow down. Simulations confirmed the results of analytical study.
They have shown that self-balancing devices can successfully compensate
the inherent unbalance of anisotropically supported rotor in some regions
of rotational speed. For rotors with a polar moment of inertia smaller
than the transverse one in the frequency range beyond the highest criti-
cal speed the compensation of unbalance by means of two-plane devices
can be total: balls seek positions such as to completely equilibrate inher-
ent unbalance. In many applications rotors have a large polar moment of
inertia, greater than the transverse one, or their nominal speed lay below
the highest critical speed, so the complete compensation of unbalance
is not possible. An analysis confirmed by simulation results shows that
in such cases autobalancing devises can provide partial compensation of
unbalance diminishing rotor vibrations. Simulations reveal some pecu-
liarities of self-balancing of the anisotropically supported rotors. They
also help to investigate the influence of self-balancing device parameters
on the unbalance compensation. Besides simulations the paper includes
experimental data obtained from the test stand. This data confirm the
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”theoretical” analysis of self-balancing balancing of anisotropically sup-
ported rotors.

CamMmoypaBHOBeNIMBaHWE aHU3O0TPOIMHO OIEePTOT 0
)KecTKoro poropa. MoagenunpoBanue
U 3KCIlepUMeHTaJbHbLIEe JaHHbIE

X. dyxwmaiin, P. Peocux, JI. lInepaune

Orro-Pon-I'epuke-Yuusepcurer, Margebypr, ['epmanms

DTo BTOpas HacTh MyOIUKAINH, TPEJCTABIAIONIEN UCCAENOBAHUA CAMOYDAB-
HOBEIIUBAIONINX YCTPOUCTB [ KECTKUX POTOPOB. B 1oKaaje mpencraBieHbl
pe3yJabTaTH MOIeIHMPOBAHNA W SKCIIepIMeHTAaJbHBIE TaHHBIE, IOJyIeHHEIE Ha
CITETTNATN3UPOBAHHOM CTeHe. JTH PE3YIbTATH MOATBEPK AT TaHHBIE aHA-
JIUTUIeCKOT0 HcciefoBaHNA >PdeKTa caMOypaBHOBEIINBaHUSA aHW30TPOIHO
OIIEPTHIX POTOPOB.

Collapse of the Keldysh chains and stability
of continuous non-conservative systems

0. N. Kirilov, A. P. Seyranian
(kirillov@imec.msu.ru, seyran@imec.msu.ru)

Institute of Mechanics, Moscow State University, Russia

In the present paper eigenvalue problems for nonselfadjoint linear dif-
ferential operators smoothly dependent on a vector of real parameters
are considered. Bifurcation of eigenvalues along smooth curves in the
parameter space is studied. The case of a multiple eigenvalue with the
Keldysh chain of arbitrary length is investigated. Explicit expressions
describing bifurcation of eigenvalues are found. The obtained formu-
lae use eigenfunctions and associated functions of the adjoint eigenvalue
problems as well as the derivatives of the differential operator taken at
the initial point of the parameter space. These formulae suit for a wide
class of nonselfadjoint eigenvalue problems arising in applications and
take into account parameters both in the differential expression and in
the boundary conditions. Besides, our approach allows to study multiple
eigenvalues both in regular and degenerate cases. The results obtained
are important for the stability theory and sensitivity analysis of non-
conservative systems. As an application the extended Beck problem
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of stability of an elastic column subjected to the partially tangential
follower force, the Smith—Herrmann paradox as well as the problem of
flutter instability of a rectangular panel at high Mach numbers are con-
sidered and discussed in detail.

The work was supported by the International Association for the Pro-
motion of Cooperation with Scientists from the Independent States of

the Former Soviet Union (YSF 01/1-057).

Dacnaj nenodek Kenjpllla u ycCTOMYMBOCTD
pacrpejeleHHLIX HEKOHCePBATUBHLIX CUCTEM

0. P. Kupuaaos, A. P. Cetipanan

MucturyT Mexannkn MoCKOBCKOTO TOCY IaPCTBEHHOTO YHUBEPCATETA, JOCCUA

JaccMaTpUBAIOTCS 3aJa9l Ha COOCTBEHHBIE BHAYMEHNA [JIS HECAMOCOIPSIKEH-
HBIX JUHENHBIX AuddepeHmaibHbBX OIepaToOpOB, MIAAKO 3aBUCAIINX OT BEK-
Topa AeNCTBUTENLHHX HapaMeTpoB. Mccaenyiorces 6udypkarmum co6CTBEHHBIX
3HAYEHUU BJOJIb TJIAAKUX KPUBBHIX B MIPOCTPAHCTBE TApaMeTpoB. Vayden ciy-
“all KPATHBIX COGCTBEHHBIX 3HAYMEHNN, OTBEHAIONINX MEMoYKaM Keaabiiia mpo-
M3BOJMLHOU [IMHBI. DaljleHbl ABHBIE BHIPAXKEHNSA, OMUCHBAIOIINE 6udypKAITUI
COGCTBEHHBIX 3HAYEHUN. DOJYYIEHHBIE (POPMYJIBI UCTIOMb3YIOT COOGCTBEHHBIE 1
IpHUCcoeINHEeHHBIe (PYHKITNHN CONPAKEHHBX 3a1ad Ha COOCTBEHHBIEe 3HAYEHNA, a
TakKe MPOU3BOJHBIE MU(MQEPEHITUATLHOIO OMEPATOPA, B3ATHIE B HAYAILHON
TOYKe MMPOCTPAHCTBA MTAPAMETPOB. JACCMOTPEHB MEXAHUIECKUE TTPUMEDHI.

Non-Noether conserved quantity of nonholonomic
system

Mei Fengxiang
(huibinwu@sina.com)

Beijing Institute of Technology, China

A non-Noether conserved quantity of nonholonomic system of Chetaev’s
type is studied. The equations of motion of the system are established
and the determining equations and restriction equations of Lie symmetry
under special infinitesimal transformations of groups are obtained. An
existence theorem of non-Noether conserved quantity of the system is
given.

This work 1s supported by National Natural Science Foundation of China
(grants Ne19972010, 10272021).
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3e—HéTepOBCKI/Ie MHBApUaHTbI HET'OJIOHOMHBIX CUCTEM

Mot Dyncan

DEeKMHCKII TeXHOJIOTMIeCKIT MHCTUTYT, Kuran

B paboTe maygaioTcs He-HETEPOBCKIE MHBAPUAHTH HETOJOHOMHBIX CUCTEM e~
TaeBCKOT'O THUIA. YCTAHOBIEHBI YDABHEHUs ABUKEHNS CUCTEMBI U TIOTYIEHBI
OIIpEENAIONINE YPABHEHNA U YPABHEHUS CBsAzen ¢ cumMeTpuen Jlu npu nHpu-
HUTE3NMATBHHX MPe06pa3oBaHmAX T'PYI. JPUBEIeHA TeOpeMa CYIECTBOBA-

HIsT He—HéTepOBCKI/IX MHBapuaHTOB CHUCTEMBEI.

Non linear vibrations of an unbalanced rotor
with radial clearance

M. Pascal
(mpascal@iup.univ-evry.fr)

Universite d’Evry Val d’Essonne, France

This work originates from phenomena observed in large commercial jet
aircraft when fan blade off occurs. The unbalance produced by this
event induces the bending of the shafts of the motor engine, and during
this motion, several contacts may appear. After a transient phase, the
main rotor of the aircraft engine reaches a so-called ” windmilling mo-
tion” inside some frequencies range depending on the velocity and on the
altitude of the aircraft. Jump and hysteretic phenomena are observed
during this motion.

A simplified model for which analytical solutions can be obtained is
investigated in order to explain the mechanism leading to jump phe-
nomenon. In this model, the rotor consists of a symmetrical shaft and
a symmetrical disk with a mass unbalance. The stator is assumed to
be fixed. During the contact between the rotor and the stator, friction
forces are neglected and a radial stiffness is introduced in order to take
into account the deformations occurring near the contact zone.

For this simple model, synchronous and axisymmetrical motion i1s ob-
tained. The constant amplitude of this so-called whirling motion is so-
lution of a second degree equation. The coefficients occurring in this
equation are functions of the angular velocity w of the rotor and also
depend on three non-dimensional parameters related respectively to the
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unbalance, to the contact stiffness and to the damping. According to the
values of these parameters, two real solutions can be obtained when w
belongs to some frequencies domain. For some range of variation of the
parameters, jump phenomenon and bistability occur and a method for
the determination of the jump frequency is given. Moreover, a detailed
study of the stability conditions for the whirling motion shows that one
branch of the solution is always unstable. At last, the influence of the
gyroscopic effects is investigated, leading to the conclusion that these
effects decrease the jump frequency.

DenuHenHbIe KoJebaHusa HecHalaHCUPOBAHHOI O
poTopa ¢ pagualbHBIM JIO(PTOM

M. Packaav

Yuusepcurer 1 Vspu-sain-ne-Con, Uspu, ®panrmsa

DTa paboTa BHI3BAHA MOMBITKOU OOBLACHUTL SBICHHUE, HAGIIONAEMOE B GOJb-
X KOMMeEPYIeCKNX TypOopeakKTHBHEIX IBHTATENdX CAMOJETOB IIPH OTPHIBE
agonaTok Typ6unb. BosHukamoumin gebaiaHC MPUBOAUT K CUILHOMY WU3THUOY
Bajla W TEPUOANTECKAM yAapaM pPoTopa O KOXKYX TYPOWHBI. JOCTE TEPEXOI-
HOU (as3bl ABMXKEHHE TJABHOI'O POTOpA ABUIATENA CAMOJETA BXOAUT B TaK
HA3BIBAEMBIN PEXUM ~BETPAHON METbHUIIEL” , TIPH 3TOM HABMIOAeTCA ABIECHUE
CKaIK006pa3HOro I'MCTEPEe3NCHOI'0 N3MEHEeHNs XapaKTepa IBHKEHN.

Just yuporuenson Mogeiu (FHOKUI Bal M CTaTUYECKH HeCOalaHCUPOBAHHBIIL
AUCK) TOLYy4eHO aHAINTUHYECKOE DELIEHNE, [IPeCTaBIIoNIee CTallOHAPHOE
BpallleHIle poTopa C IOCTOAHHBIM CMeIlleHHeM IIeHTpa ANCKa OT OCH Bpallle-
Hus. Beaudmna cmernenus sBiseTcs (PYHKIUEH yTIOBOM CKOPOCTH pOTOpa 1
Tpex 6e3pa3MepHBEIX ITapaMeTpPOB, XapaKTepH3YIOIINX BeJM<IHHBI nebanaHca,
KOHTAKTHOU XECTKOCTH U jgeMIpupoBarus. [[1s HEKOTOPHIX 3alaHHBIX [Ua-
[MA30HOB W3MEHEHUs MAPAMETPOB BBHISBJEHBI SBICHUS MEPECKOKA U JABOMHON
YCTOWHMMUBOCTH U JaH METO/I OMPEAETCHNUA OTBEYAONINX UM YACTOT BPAIIEHUA.
JoKazaHo, ITO TupocKommIeckne 3dPHEKTH CHIKAIOT FacTOTY MEPECKOKA.
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On the stochastic stability of two dimensional
nonlinear dynamical system

M. M. Shumafov
(shumaf@mail.ru)

St. Petersburg State University, Russia

We present several theorems concerning Lyapunov function approach to
the stability of the second order nonlinear dynamical system.
Consider the system

e =f(x) +by+o(x)(t), y=g(=)+dy,
in which z,;y € R, b and d are constants, f and g are continuously
differentiable functions for all x; o is function satisfying local Lipshitz
condition, f,g,c are such that f(0) = g(0) = ¢(0) = 0; &£(¢) is white
Gaussian noise. The dots indicate differentiation with respect to ¢.
The system (1) is being interpreted as system of Ito’s stochastic differ-
ential equations.
The determinical case o(x) = 0 was examined by FErugin [1] and
Malkin [2], when g(z) is a linear function, and by Krasovskii [3], when
g(x) is a nonlinear one.
Here we will give the main result concerning the asymptotical stability
of the trivial solution of system (1).
Theorem. Suppose that there exist constants dg > 0, d; > 0,6, € R
and oy > 0 such that

1) flz)/e+d< =8y —e <O,

2) (d+2)f(x)/z —by(x)/a > 6 >0,
3) (d+e)f(x) - by'(z) < dn,

) 0<o(x)/z < oy,

5) O'g(dz + 62) < 2(50(51,

where ¢ > 0 is arbitraridy small number.
Then the trivial solution of system (1) is asymptotically stable in the
large with probability one.

1. Erugin N. P. // Prikl. Mat. Meh., 14, 1950. P. 459-512 (in Russian).
2. Malkin I. G. // Prikl. Mat. Meh., 16, 1952. P. 365-368 (in Russian).
3. Krasovskii N. N. // Prikl. Mat. Meh., 16, 1952. P. 547-554 (in

Russian).



82 Tpetrn IloraxoBckue ITeHOA

O cToxacTU4ecKoM YCTOMYUBOCTHU JBYMEPHOM
HeJIMHEMHOU [UHAMUYeCKOU CHUCTEMBI

M. M. Hlymagos

CaHkT-JeTepbyprcKui I'OCy apCTBEHHBI YHUBEPCUTET, JOCCHUS

B pa60Te JaHbl 1O0CTaATOYHBIE YyCIOBUA aCI/IMHTOTI/I‘IeCKOIU/I yCTOIU/I"II/IBOCTI/I B Ie-

JIOM C BEPOSATHOCTBIO €UHUITE TPUBUAIBLHOIO PEIIEHUS OJHON HETUHENHON CH-
CTEMBI BTOPOI'O MOPSA KA, BO3MYUICHHON CIYYalHBIM ITPOIIECCOM GEJI0ro 1IyMa.

Relativistic aspects connected with body dynamics in
different non-inertial reference systems

C. Toma
(cgtoma@physics.pub.ro)

Politehnica University, Bucharest, Rumania

This paper presents aspects connected with dynamic aspects of special
relativity. First some non-commutative aspects of Lorentz formulae are
presented; it is underlined the fact that these aspects implies the neces-
sity of Lorentz transformations to be considered as a type of a certain
physical transformation acting upon a received wave-train.

Then it is shown that material bodies can be put in correspondence with
such wave-trains, according to basic rules of quantum theory, and the
resulting consequences are extended to macroscopic bodies.

It is shown how fundamental properties of bodies are changed by the
reference system starting from a certain moment of time, the moment of
time when the material body first interacts with the reference system.
Consequences of this interpretation of inertial relativistic aspects are fi-
nally presented, being shown that the problem of connecting some points
of space with great material reference systems situated nearby will be
studied in future papers.

3eJIHTI/IBI/ICTCKI/Ie aCIlI€eKTbI, CBA3aHHBIE C AI/IHaMI/IKOi/JI
TeJN B PadHBIX HEMHEPIUAJBHBIX CHUCTEMaxX OoTcCYUeTa
K. Toma

DOIUTEXHUIECKUN YHUBEPCUTET, DyXapecT, JyMBIHI

B noxnane mpejgcraBieHBl TUHAMUYECKHUE ACTIEKTH CIENUATHHON TEOPUH OT-
HOCUTEIBHOCTH. DOI9YePKUBAETCA HEOGXOAUMOCTE TOT'0, ITOOH TIpeobpaso-
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Banns JlopeHIta pacCMaTPUBAIICH KAK THII OMPeTeTeHHOT0 (PU3MTECKOT0 TIpe-
06pa3oBaHns, AEUCTBYIOIIETO HA MOJYYIEHHOU CEPUU BOJH.

JOoKazaHo, 9TO MaTepUalbHBIe Tela MOTYT GBITh TTOCTABIEHB B COOTBETCTBIE
C TAKUMU CEPUAME BOIH COIJIACHO OCHOBHBIM MTPABUJIAM KBAHTOBOU TEOPHUH, a
Pe3yJIbTHUPYIOIINE TOCTe[OBATEILHOCTH PACIPOCTPaHAITCA Ha MaKpPOCKOIN-
HgecKHue Teja.

DoKazaHo TakKXke, Kak (pyHJaMeHTATbLHbIE CBOUCTBA TEJI U3MEHSAIOTCA TIPU CHU-
cTeMe 0TCUeTa, HAYHHAIOIIENCA OT ONPEJEJICHHOI0 MOMEHTA BPEMEHN.

Building the mathematical model of the hybrid
manipulator

D. Yu. Vlasenko
(Dmitri. Vlasenko@masch-bau.uni-magdeburg.de)
Otto-von-Guericke-Universitaet, Magdeburg, Germany

Our multy-joints hybrid manipulator is made from plastic sphere links.
Each link consists of four parts: the inner sphere, the horizontal metal
bar at the center of the sphere, the distance piece and the exterior ring
(the socket for a next link). On a base of our manipulator are situated
motors which drive the links. Each link is connected with a motor by a
pair of strings whose middle is fixed to the rotor’s surface and two ends
are fixed to the bar. Strings that drives next link are led through special
holes in the previous links bar. The mathematical model of the manip-
ulator was made in the Dynamic Modelling Laboratory (Dymola) using
the Modelica Multi-body library. The solutions to problems of manipu-
lator modelling are presented: the measurement and the approximation
of the links friction torque, the measurement of the string constant, the
approximation of the rotor friction torque.
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DocTpoeHre MaTeMaTUIeCKOU MO/ e T'UOGpPUIHOTO
MaHuMyJaATopa

M. FO. Baacenxo

Orro-pon-I'epuxe- Yausepcurer, Marge6ypr, I'epmarms

B paGoTe mokazambl pelieHns OCHOBHBIX TMPOGIEM MOCTPOEHUST MATEMATHIE-
CKOU MOjieJy TUOPUIHOI0 MAHUILYJIATOPA: M3MEPEHUE U AMMIPOKCUMAIISA MO-
MeHTa TPeHUs B IIapHUpaX, N3MepeHHe XKeCTKOCTH CTPYH M allIpOKCHMAaIIIA
MOMEHTA TPEHUs MOTOpa. JPU HCHOJb30BAHUN TOCTPOEHHOU MaTeMaTuhHe-
CKOU MOJIeJi OBLIU TIPOBEAEHB UCCAEIOBAHNUSA JUHAMUKN TUOPUIHOTO MAHUILY-

agTopa.
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Cexkmnusa II.

NMunHaMukKa
KOCMMYECKOT'O I10JIeTa

JoJHasg MaTeMaTHdecKas MO aeJb yr[paBJIHEMOf/JI
cCucTreMsnl

B. B. Aaexcandpos, P. B. Tpugonenxo
MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OnHoll U2 TMaBHBIX 3a4aY TPUKJIAJHON MAaTEMATHKN, MEXAHUKH W [TPY-
TUX eCTECTBEHHBIX HAYK ABAAETCA MaTEMATHIECKOe MONeanpoBanne. B
ciyvae yIPaBASEMBIX THHAMIYIECKHX CHCTEM MPOIEAYPA MOJYIeHNA Ma-
TeMaTHIECKOH MOJEIN yIpapigeMoll auHamuveckol cucremel (Y/C)
BBITWISUT CAETYIONIM 06pa3oM.

DyCTh UMeeTCH MUHAMAYECKUH 06BEKT BMECTE C HCIOMHUTETLHBIMI OP-
raHamMu (MeXaHN3MaMu), ¢ MOMOIIBI0 KOTOPHIX MOXKHO OCYIIECTBIATH
MPOrpaMMHOE [BUXKEHIE BTON0 OOBEKTA. JPEANONATAeTCH, ITO MaTe-
MaTHYIecKas MO/IeJb PACCMATPUBAEMOT O YIIPABISEMOT 0 0OBEKTA YIKE CO-
3MaHa MPUKJIATHBEIME MAaTeMATHKAMN BMeCTe ¢ MeXaHUKaMU WIH MPe-
CTABUTENAMEI APYTHUX HAYK, ABIAOMIAMEICH CIENUATNCTAMEA 10 JaHHOMY
QUHAMIYIECKOMY O6BEKTY W €r0 TEPMUHAJBHBIM BJIeMeHTaM. JPU aHa-
JAm3e JaHHOW MAaTeMaTHYIeCKOU MO[eNN yIpaBigeMoro o0beKTa MoKa-
3aHO, YTO /IS PEATM3ANNN KeIaeMOrO NBIKEHNA HeOOXOMMa CICTEMA
YOPABIEHS.

Takmm o6pazom, gemaeTcs BHIBOJ, uTO pyHKInonnposanue Y IC mpe-
cTaBageT cobol Ba B3aUMOCBI3aHHBIX TIPOIECCa: JBHKEHNE 06BEKTa I
HHPOPMAIIMOHHBIN MPOIECC, YIPABIAOIIINA >THM 00BEKTOM Ha OCHOBe
MepBUYHON mH(pOpMannn o ero aApmkeHuu. (CiaeloBaTelbHO, MOSYTeHIe
monHol mMaTemaTndeckon mogean Y /JC — 5To mpexje Bcero sajgata
CHHTE3a YIPABISIONIETO WHMOPMAIMOHHOTO MPOIlecca. IDPH BTOM Ma-
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TeMaTudeckoe MogeaunpoBanne Y [C aBiseTcs Gomee CIOKHON 3aaden,
YeM MaTeMaTHYeCKOe MONeINpPOBAHNE HEYNPABISEMON JIMHAMUYECKON
CHCTEMBI.

The full mathematical model of a controlled system

V. V. Alexandrov, B. V. Triphonenko
Moscow State University, Russia

St. Petersburg State University, Russia

The procedure of obtaining a mathematical model of controlled dynamic sys-
tems is presented. The mathematical model of a controlled object is inves-
tigated. By its analyze it is proved that a control system is necessary for
realization of the motion desired.

O6 yCTOMYMBOCTH KOJIMHEAPHBLIX CTAIMOHAPHBLIX
pelieHUU 0OOOIIIeHHON 3aJa4uu TpeX TeJqa

B. O. Pyuun
(buchin@ccas.ru)

Berancmremsaem nearp A9, Mocksa, Doccus

DaccMmaTpuBaeTcsa 0600IIeHHasA 3ajada TPeX Teld, B paMKaxX KOTOPOH
MPEeIOJAr a€TCSA, ITO MOTEHIINAN B3aNMOJIeNCTBAA IBYX Tel €CTh MpOo-
U3BOMBbHAA (PYHKIINSA PACCTOSHIA MEX Y HUMH, & B3aMOIeICTBHE C TPe-
TBHUM TeJIOM HBIOTOHOBCKOE. JaxO[sATCA KOMIMHeADHBIE CTAIMOHAPHBIE
NBUIKEHNA U MCCAENYIOTCA YCIOBUS UX YCTOWYHBOCTH.

DaboTa BhIMOMHeHA TIpH oA aepxkke IPPU (rparTer Ne 01-01-02001,
00-15-96150).

Stability of the collinear stationary solutions in the
generalized three-body problem

V. O. Buchin

Computing Center of RAS, Moscow, Russia

In frame of generalized three-body problem interaction between two bodies
is replaced by arbitrary potential forces. Collinear stationary solutions are
obtained. Sufficient and necessary conditions of stability are studied.
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Kosebanusa u BpalieHusa cIiyTHUKA Ha
c1ab o3I TUYIECKON OpOuTe B rpaBUTALMOHHOM I10Je
3eMJI ¢ Yy4eTOM BJUAHUA aTMOC@ephl

0. /1. Nawyzuz, B. P. Txat

(nikitenok@mtu-net.ru, tkhai@ccas.ru)

MockoBcKas rocyapCcTBeHHas aKaleMUs TPUG0POCTPOEHNA M MH(DpOPMATHUKH,
Joccus

DJIOCKHe ABUKEHNA COYyTHUKA Ha DJIANTHYECKON OpOUTe B TPABHTAIN-
OHHOM TIOJE 3eMJU C YIeTOM BIANAHUSA aTMOCKEPHI OMUCHIBAIOTCA M3-
BecTHBIM [1] mepuoanyeckum ypaBHEHHEM BTODPOIO OPSA KA

d2a+ sln o Cos «v 2(1+da) esin v
dv? ﬂl—i—ecosv dv’1+ecosv
p* V14 2ecosv+ €2

—|—.‘~f(1—|—e)2—:FT (1T ccos o)t (sina + esin(a+v)) =0

(a0 - yroa Mexgy paHycoOM-BEKTOPOM HEHTPOM MAacC U OJHOH U3 OceH
WHEPIUN, v - ICTUHHAA AHOMAJNA, [l - MACCOBBIU TTApAMETD, K - adPO,IH-
HAMWYECKUH TTapaMeTp, € - SKCIEHTPUCHTET OPpOUTHL, p - TMIOTHOCTH aT-
MocdepH, p* - IMOTHOCTH aTMOCQepH! B lepuree). OTImIuTeTbHON 0CO-
GEHHOCTBIO NAHHOTO YPABHEHUA ABAACTCA O0OPATHMOCTD, 9TO BhIpaXKa-
eTCA B MHBAPHAHTHOCTH OTHOCHTENBHO 3aMeHHl (v, &, v) Ha (—o, &, —v).
CBolCTBO 06PATHMOCTH TO3BOJIACT MTPUMEHATH N UCCICTOBAHUA KOde-
GaHNl U BpallleHWH pazpaboTaHHYIo B MOCAEHIE TOAB TEOPUIO Koteba-
HUU 06pATUMBIX MEXaHUIEeCKUX CHCTeM. AHAIN3 CBOAUTCA K MOCTPOe-
HUIO (ha30BOT'O MOPTPETa KOHCEPBATUBHOW CHCTEMBL ¢ ONHOU CTENEHBIO
cBoboel 1 mpoBepke ycaopusa dT(h*) = 0 — naa konebammit (T — me-
puoj KoieHGaHul B 3aBUCHMOCTH OT 3HAYEHWUA MOCTOAHHOW MHTETpaJa
sHeprum h, h* — 3HadeHue h, oTBedalolee 2T-MEPHOANIECKOMY KOJe-
GaHWIo); BCe 27T-MePHOINTYeCKHe BPAIIEHNA TPONOIKAIOTCA MO 3KCIEH-
TPUCHTETY .

DaboTa BBIMOAHEHA 1pH mongepxkke DPPU (rparTer Ne 00-01-00122,
MAC 02-01-06-509) u MurncTepcTBa obpazosanna DP (rpant Ne T00-
14.1-769).

1. Capwrues B. A., Cazono B. B., 3mxaroycros B. A. Depuonuieckue
KOMe6aHms CITy THUKA B IIOCKOCTH dmmunTmaeckon opbuthr // Kocmm.
uccreposanma. 1976. T. 15, Ne6, C. 809-834.



88 Tpetrn IloraxoBckue ITeHOA

2. Txam B. 2. Deprmoanmdeckne ABMXKEHNS CHCTEMEI, OJIM3KON K 06paTH-
mon nepuoguaeckon cucreme// IMM. 2001. T. 4, soir. 1, C. 661-680.

Oscillations and rotations of a satellite on weak-elliptic
orbit in the Earth gravitational field with the effect
of atmosphere

Yu. D. Gloukhikh, V. N. Tkhai
Moscow State Academy of Instrument Making and Computer Science, Russia

The planar motions of a satellite on the elliptic orbit in the Earth gravitational
field can be described with well-known [1] periodic equation of second order

da sin o cos 2(1—|—d—a) esin v
dv? ul—l—ecosv dv
2 p* 1+ 2ecosv+ e?

+r(l+e) p—; (1T ccos0)’ (sina + esin(a 4+ v)) =0

1+ ecosv

(ar is the angle between the radius-vector of the mass center and one of axes
of inertia, v is true anomaly, p is the dimensionless mass, k is aerodynamic
parameter, e is eccentricity of orbit, p is the density of atmosphere, p* is
the density of atmosphere in perigee). The distinctive property of this equa-
tion is its reversibility. It is invariant with respect to the transformation
(o, dota,v) — (—a, &, —v). Using the reversibility property we can apply the
theory of reversible mechanical systems for the investigation of oscillations and
rotations. The analysis is removed to the constructing of the phase portrait
of conservative system with one degree of freedom and checking the condition
(for oscillations) dT'(h*) = 0 (T is the period of oscillations which depends
from the constant of integral of energy h, h* is the value of h, corresponding
to 27-periodic oscillation). All 2w-periodic rotations continue with respect to

the eccentricity.
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DpoexT MexmianeTnoun CoJHedHOU
Crepeockonuveckoun O6cepBaTopum:
reJUOoLeHTPUYeCKUHU Mepexo

U yCTOMYMBOCTEL KOH(MUTYPAIUN

I'. U. Epowxun, B. P. Jlveos, B. B. Pawxesuu, M. C. Hybeii
(mchubey@gao.spb.ru)

I'naBHas acrpoHommveckas o6cepBaTopus JAD, CaHnkT-Derepbypr, Ddoccus

HccaenoBano ABHXKEHWE Tela HYJAEBOM MACCHl B OKPECTHOCTH KPyToO-
BEIX JlarpamxkeBbix 1eHTpoB aubpanun B cucteme ~Coaune — Gapu-
ueHTp (3emas+Jlyna)”. OcHoBHAA 3a1ata HCCAEOBAHNA — 0GOCHOBATH
BOBMOXHOCTE CO3/JaHUA YCTOWUUBON IPOCTPAHCTBEHHOU KOHMUTYpaTin
KOCMUYECKHX amnmapaToB B mpoekTe Mexmaanerron Coanednon Cre-
peockommteckoit O6cepsaropnu (MCCO) [1]. Manaraerca BapuaHT M0-
CTPOEHUS OPOUT TEINOMEeHTPHIECKOTO Tepexona U 06CyKAAIOTCA MPOo-
6JeMBI TOMHON TIOCAJKN KOCMIYECKHUX alllapaToB B OKPECTHOCTH KPYTO-
BBIX IeHTPOB Jubpanun cuctembr ” Coanile — GaputeHTp Semas+Jlyra” .
DaccMaTpUBAIOTCA alliapaTHbIe PEIleHns HABUTAIMOHHON 3a madu. -
dexTuBrocTh npuMetenns MCCQO 1 TpHAHTYAATMOHHBIX H3MEPEHUT
[2] B npeaenax CouredHol cUCTEMBI TIOKa3aHa Ha [IpUMepe OPOUTHI MO-
IeJBHOTO 06BeKTa 10 OJHOMY CeaHCy HabJIio JeHUH.

1. Grigoryev V. M., Papushev P. G., Chubey M. S., Kopylov 1. M.,
Eroshkin G. I., Ilin A. E., Gorshanov D. L., Pashkevich V. V., Savas-
tenya A. V. Interplanetary Solar Stereoscopic Observatory (ISSO): sci-
entific objectives and facilities //Astronomical & Astrophysical Trans-
actions. 2000. Vol. 19, Ne3-4, P. 646-661.

2. Abalakin V. K., Chubey M. S., Eroshkin G. I., Kopylov I. M. Trian-
gulation measurements in the Solar System // Proceed. Of TAU Coll.
2000. 180, P. 132-149.

Project of interplanetary solar stereoscopic
observatory: the heliocentric transition
and configuration stability

G. I. Eroshkin, V. N. L’vov, V. V. Pashkevich, M. S. Chubey
Main astronomical observatory of RAS, St. Petersburg, Russia

The motion of a zero mass body in the vicinity of circular Lagrange libration’s
centers in the system ”the Sun — barycenter (Earth4+Moon)” is investigated.
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The primal problem of the analysis is to justify an opportunity of making of the
stable spatial configuration of spacecrafts in the project of an Interplanetary
Solar Stereoscopic Observatory (ISSO) [1]. The version of build-up of orbits
of heliocentric transition is set up and the problems of the accurate landing of
the space vehicles in vicinity of circular libration’s centers of system ”the Sun
- barycenter Earth4+Moon” are considered. The instrumental solutions of the
navigation problem are considered also. The operational effectiveness of 1SSO
for triangulation measurements [2] in bounds of the Solar system is estimated
on the example of an orbit of test object for one session of observations.

COBpEMEHHbIe CITYTHUKOBBI€ M€TObI OIIpe e/ eHnusA
rpaBUTaAallMOHHBIX IIOJIE€HU 3eMan u JIYHI)I

P. A. Kawees
(Rafael. Kascheev@ksu.ru)

Kazanckuir rocygapcTBeHHBN yHUBEPCUTET, JOCCHUA

KatwecTBeHHO HOBHIII YPOBEHB DeIleHHs 3aJa€i ONPeNeTeHUs Tapame-
TPOB T'PABUTAIMOHHBIX MOJEN TLIAHET 3€MHOU TDYIIBI, XapaKTepu3aye-
MBIT TTPENE3NOHHON TOYHOCTBIO OMUCAHMS MOJsA, BHICOKIM €0 pa3pelile-
HIEM U HeJOCTIIKIMOU paHee OMePATUBHOCTHIO MOCTPOEHHS €r0 MOe-
Jel, MOXeT OBITH JOCTUTHYT, Gaarogaps HCHOJB3OBAHUIO Auddepen-
IMAJBbHBIX CIIYTHUKOBBIX METOI0B, o6belMHAEMBIX O[] OOIINM Ha3Ba-
HIIEM METOJOB U3MEPEHUH B CHCTEMAaX C M3MEHSeMOU MeoMeTPHen pac-
MOMOKEHNS BAEMEHTOB. Jedb WAeT O DPEAdU3alui Pa3ingHBIX BapuaH-
TOB METOJa MEeXCIYTHHKOBBIX H3MEDEHUN, a TaKiKe MeTOJa CITYTHIH-
KOBOW IpajueHTOMeTpun. B mokaame o6CyXKAal0Tcsa HEKOTOPHIE KOC-
MUYecKne MporpaMMBl, IpelycMaTpUBalolle BHIIONHEHNE YKa3aHHBIX
BBIIIE BUJIOB U3MEPEHUH B OKOJO3EMHOM U OKOJOJYHHOM TPOCTPAHCTBE.
D0pobHO PaCCMATPUBAIOTCA PE3YABTATHI YHCAEHHBIX DKCIIEPHMEHTOB
110 OLIEHNMBAHUIO TapaMeTPOB CEJICHONOTEHINANA IO TaHHBIM Ha3eMHBIX
M MEeXCIYTHUKOBBIX M3MEDPEHUN OTHOCHTEIBHBIX JY9eBHIX YCKODEHUH B
crucTeMe HU3KOOPOUTANBHOI'O JIYHHOT'O MOAYJA U BBICOKOOPOHTAABHOT'O
KA BLIBeIeHHOT O B TPAHCAYHHY O TPAMOJIMHENHY O TOYKY JuOpanun L.
DJOKa3aHO, 9TO B 3TOM CJAy¥ae TOYHOCTH BOCCTAHOBJIEHUS 3HAYECHUH Ma-
paMeTpoOB CelleHOMOTEeHIInada B OCHOBHOM OIpeeaAeTcA HaKJIOHEHUEM
op6uTel Huzkoro VMCJI, mpu 5ToM gnamazoH MpueMJIEMBIX HAKJIOHEHUN
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He mpeBBINaeT 6-7 rpagycoB Ayru. JenonajaHne B YKa3aHHBIN THama-
30H B GOJBIIMHCTBE CAyvacB BefeT K HEBOCIHOTHUMBIM ITOTEPAM TOYHO-
CTH OIIEHMBAEMBIX IapMOHMYECKNX KO3(hD(MUIUEHTOB, NPENATCTBYA MO-
CTOBEPHOMY UX OIPEIeIeHNI0. Je MeHee BaXHO, 9TO, KaK MOKa3bIBAIOT
pacdeTHI, PAacCMAaTPUBAEMBIN METO/[I M3MEDPEHUN MPEeNbABIIET BECHMA
cTporume TpebOBaHUmA K TOYHOCTH AMPHOPHBIX CBEAEHUH O 3HAYMEHMSAX
mapaMeTPOB HCKOMOH MOeNn T'PaBUTAIMOHHOT O TIOTeHna a JIyHEL.
DaboTa BHIIOJAHEHA MpH Mo Kepxkke Munobpazosanus IP

(rparT Ne E00-7.0-4).

Advanced satellite technique for determination of the
Earth’s and of the Moon’s gravity fields

R. A. Kascheev

Kazan State University, Russia

Despite the fact that a remarkable improvement of our knowledge of the grav-
ity field has been achieved during the past decades the coming years promise
another giant step in better understanding the Earth-Moon system. In the
last years two satellite-borne gravity measurement concepts have been dis-
cussed: Satellite-to-Satellite Tracking (SST) and Satellite Gravity Gradiome-
try (SGG). The recent decisions to realize these satellite gravity field missions
will provide us with an efficient way to map the gravity field with unprece-
dented accuracy and so represents an enormous challenge for the geo-sciences.
The feasibility of using SST between a low lunar orbiter and a satellite in an
orbit around the second libration’s point Lo at the far side of the Moon was
investigated in detail by means of a computer simulation. It was found that
the uncertainty in a reference lunar gravity field model is the main error source
here.

JojJeT B OKOJOCOJHeYHLIe 006JacTu ¢ Ma.HOﬁ THI"OI:I
COJTHEYHOI'O IMapyca

B. B. Ko6aux, E. P. Poasxosa, JI. JI. Coxonoe

(pol@astro.spbu.ru, lsok@astro.spbu.ru)

CanxT-JeTep6yprcKuil ToCcyAapCTBEHHBI YHUBEPCUTET, ACTpPOHOMIYIECKU
WHCTUTYT, DOCCHS

Hucaenno HUCCIEAYIOTCA TPACKTOPUN KOCMUYIECKOT O IIoJETa C MAaJoO TH-
rou YIIpaBJadAeMOr o COJTHETHOI'O ITapyca C Op6I/ITbI 3eMII B OKOJOCOJIHEY-
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HBIe obnacTu.

DaccMaTpUBAETCA 3a/ata O BANSHIN TEMIIEPATYPHBIX OrDAHHYEHUN Ha
BpEMs MOJeTa 3a CIeT M3MEHEHNN B 3aKOHE M3MeHEHUs OPUeHTAINN Ma-
pyca 1O OTHOIIEHNWIO K COMHEYHBIM JydaM. KoMOHHUpOBaHHBIE TpaeK-
Topun (Mapyc u rpaBHTAOHHBIE MAHEBPE! BOAM3N 3eMIn, BeHephl mwin
Mepkypus) HMEIOT HEAbIo BEIXO Ha MeTHOCHHXPOHHYO SKAUTITIIECKY O
KpyroByio opbuty pagumycom 0,17 a.e. min Ha MOJAAPHYIO OKOJOCOMHEH-
HYI0 opOuTY (06e — [/ BHIMOJHEHHA AINTEILHBIX HAGMIOAEHIN 38 COM-
HEYHOI aKTHBHOCTHIO) WIN Ha “IPOJETHYI  TpaekTopnio ~NafeHnusa Ha
CoqHue” BHe TIOCKOCTEH MIaHETHBIX OPOUT (TPAHCIOPTHPOBKA 3€MHBIX
PaJunoaKTUBHBIX OTXOMOB /i 3axopoHennd nx Ha CouaHne 6e3 mepece-
YeHHA YKOJOTHYECKN YHCTHIX IUIAHETHHIX OpOHUT).

DaboTa BBIMOAHEHA NMpH moAgepxKe IPPIU (rpant Ne02-01-01039) u
nporpammsl ” Beayuime way<aubie wkoab” (rpant Ne00-15-96775).

Spaceflight to near-the Sun-regions with low thrust of
a solar sail

V. V. Koblik, E. N. Polyakhova, L. L. Sokolov

St. Petersburg State University, Astronomical Institute, Russia

Since the dynamical advantage of the solar sail as a space thruster increases
with the decrease of the spacecraft-Sun distance, the solar sail transfers to
near-the Sun orbits are designed. It has been done by numerical solution of
the equations of the motion for a solar sail as a single thruster. The upper
admissible limited value of the solar sail temperature has been chosen as the
important basic restriction. Gravity-assist maneuvers at inner planets vicin-
ity were taken into account alternatively to solar sailing. The following was
assumed: a flat one-sided solar sail starts at 1 AU, physical properties of its
reflective surface are constant, a sail is non-inertially oriented at an arbitrary
tilt angle to solar rays and to ecliptic plane. The sail tilt angle is taken as
a control variable for the boundary-value problem with required optimal con-
ditions. Local-optimal transfers are considered, the local-optimal control law
of the solar sail orientation angle requires that the orbital focal parameter
decreasing rate reaches its maximal value. The results of numerical simula-
tions are used to examine the flight duration of some sailing missions with/or
without gravity-assist maneuvers at the Farth and/or Venus and/or Mercury.
Orbital evolution of osculating elliptical orbits sequence, which approximates
the sail spiral-like transfer trajectory by an optimal way is considered. The
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results show the possibility and performance of solar sailing to near-the Sun-
regions for the Sun investigations from the heliostationary orbit (0,17 AU,
synchronized with axial Sun rotation) or from the polar orbit around the Sun.
A minimum-loops trajectory of ”falling onto the Sun” is designed too, espe-
cially out of ecliptic plane, in order to escape radioactive wastes from the Earth
onto the Sun.

3eKOTOpre 3ajady AVWHaAMHWUKHU TeJa C IIepeMeHHBbIM
INEKTPUIECKHUM 3apiaAJoM

E. K. Koaecnuxos, A. P. Axoeaes
(Andrey.Jakovlev@pobox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OpobireMa NUHAMHUKNA B KOCMHYECKOM IIPOCTPAHCTBE TeJd C TMepeMeH-
HEIM DJICKTPHYICCKHM 3apAJoM NpHBJIEKaeT BHUMAaHHE HCCIeNoBaTedel
BOT yiKe HECKOJBKO NeCATHACTHI. BlepBhle MHTepec K 3Tol IpobaeMe
BO3HHK B CBA3N C HCC/AeJOBaHNEM IIPUHININAILHON BO3MOKHOCTH CO3/[a-
HEA 31eKTPOCTATHIECKAX ABUTATEILHBIX CHCTEM KOCMHYECKHX allllapa-
ToB (KA), OCHOBAHHBIX Ha B3aMMOJEHCTBUH HCKYCCTBEHHO HABOIHMOTO
Ha KA baekTpuveckoro zapafa ¢ MarHUTHBIM TTOJAEM SeMJIH.

B nocieqEne rofbl BO3HUKIO HOBOE ‘BKOJIOIMYecKoe’ IIPUAOKEHNE 3TOI
npo6aeMBl, CBA3aHHOE C M3YYeHHEM OCOGEHHOCTEN MBIIKEHHA B OKOJIO-
3eMHOM KocMmdeckoM npoctpancTee (OKD) mukpogactnn (M) rex-
HOT'€HHOI'O MPOMCXOK IeHHA, KOTOPEIE B GOMLIIOM KOIMYIeCTBE BEIGpa-
CBIBAIOTCA NpH paboTe TBEPAOTOILINBHBEIX paKeTHBIX NBAraTelell KA
[1,2]. Amamorwvmas zajada BOZHHKAET B CBA3W C H3ydeHWEM MEXaHW3-
MOB (pOPMEPOBAHNA IBLIEBLIX KOJEl, B OKPECTHOCTAX JAPYTHX HeGeCHBIX
Tel, 06Ja AONMK CHIBHBIME MarHuTHEIME noaamu (IOnurep, Catyph
0 Ap. ). DOKa3aHo, 9TO JIf TaKHX MIKPOYACTHI] CYIIECTBEHHYIO DPOJb
IIpH OTIpeJIeNeHnN XapaKTepa JBIXKEHUA WUTpaeT cuia JIopeHna, BO3HN-
Kalolllad BCAeJCTBHE B3aUMOIeCTBIA HaBOJUMOI0 Ha MEKPOIACTHIIAX B
KOCMHYECKOH IIa3Me 3JeKTPHICCKOr O 3apALa ¢ MAUHITHEIM 1 3JeKTPH-
9eCKUM TIOJASAMHU. JaKOHell, 3anada AUHAMHUKH B KOCMHUYIECKOU TLIA3Me
MUKPOYACTHUI ¢ MepPEeMEHHBIM 3apAoM BO3ZHHKACT B CBAZM C HCCIEO-
BaHIEM TIPOGIEMBL BJICKTPOCTATHICCKOr O MEPEHOCa MBLIECBEIX YacTHIL y
noBepxHOCTH GezaTMocdepHbix HebecHbix Tea [3]. B cmay caoxnocTn
CHCTeMBI ypaBHEHHUII, OMUCHLIBAIOMINX NHHAMUKY T C IePeMEHHEIM 3a-
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PANOM B YKa3aHHBIX MPUJIOKEHNAX OCHOBHBIE PE3yAbTATHl MOy Y€HBl Me-
TOAOM YHCAEHHOTO MojeaupoBanus [2-4]. UsBecTHBIE pe3yabTaThl aHa-
JUTUYECKOT O UCCAeOBAHNA MBUMKEHNA 3aPAXKEHHBIX Tel B KOMOWHAINT
TPABUTAIMMOHHOIO U 3IEKTPOMATHUTHOTO TIOJEN MOAYIEHBl TOTBKO IS
cilydas HOCTOSHHOIO IeKTPpUIecKoro sapaga [b].

B wmacTosmenn paboTe hopMyanpyOTCS YCIOBUS KOPPEKTHOCTH TaMUIb-
TOHOBOW MOCTAHOBKH 3a/avl AUNHAMUKN Tl C TEPEMEHHBIM 3apAI0M I
060CHOBBIBaETCA BO3MOXKHOCTD IPUMEHEHUA /A OIpelelcHUA ocobeH-
HOCTEH IBUKEHUS PACCMATPUBAEMBIX OOBEKTOB METOIOB KA4eCTBEHHON
Teopnu raMuabTOHOBHIX cucTeM (KAM - Teopnm).

1. Korecamkos E. K. Oco6enHocTn op6UTAILHOIO ABUKEHUSA CYOMU-
KpOoHHBIX wacTur B mrasmocdepe 3emum [/ Kocmma. wmccaen. 2001.
T. 39, Nel. C. 100-105.

2. Koaecankop E. K. Binsauwe aBpopalbHBIX MOTOKOB 2JEKTPOHOB Ha
IMHAMWKY TEXHOT€HHBIX MUKDPOYACTHIl B momsapraon monocdepe [/ Teo-
MarmeTusM u asporomus. 2001. T. 41, Nel. C. 238-242.

3. Axosaes A. 3. [lunaMuKa JeBUTHPYIOIINX MUKPOYACTHI] JYHHOTO pe-
romuta // Actpon. Bectn. 1998. T. 32. C. 398-400.

4. Koaecuuxos E. K., Hepuos C. B., AkoBres A. 2. O BpeMenu cyiie-
CTBOBaHWS MUKPOYACTHI] Ha reocTanmonapuon opbute // Kocmmd. wmc-
crer. 1999, T. 37, Ned. C. 422-423.

5. Basmios C. A., Komecunkos E. K. DekoTopble BONpOCH AMHAMUKI
CHIbHOBAPAKEHHBIX TelI B KoCMUIecKoM npocTpancTse [/ Pusmaeckas
Mexanuka. 1981. B4, [uHamudeckne MpoIeCCHl B I'asaX M TBEPIBIX
Terax. C. 168-180.

Some problems of dynamics of body with variable
electrical charge

E. K. Kolesnikov, A. B. Yakovlev

St. Petersburg University, Russia

Results obtained in the present paper demonstrate the condition of Hamilton

function existence for problem of body with variable charge dynamics and pos-
sibility to use Kolmogorov, Arnold and Moser theory for problem in question.
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06 YpaB/JeHUHN ABUXKEHHEM B I'PaBUTAIIUOHHOM II0JI€
C y9€TOM BOSMYIII€HHUHA

B. C. Kopoaes
(korolev@apmath.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBAeTCA 3a4a¥a ONTHMAIBHOTO YIIPABIEHUA IBIKEHIEM B T'Da-
BuTanuoHHOM mode [4,5] ¢ ydeToM ApYrux AeHCTBYIOUIMX CHJI, JJIS KO-
TOPOHW ypaBHEHUs [BUKEHUs TPH BBIGOpe ymupaBiaeHud u € U MOKHO
samncaTh B KaHoHHYeckoM Buge. Pyuxumsa Namumabrona H(q, p,u, p) ¢
Y9IeTOM 3aBHCHMOCTH OT MAJOr'0O MapaMeTpa AOMYyCKaeT pa3aelcHie Ha
oCHOBHYIO ¥acTh Hy(g,p), KoTopas HOpoxaaeT obllee PelleHne (g, Po
I HYJAEeBOTO MPUOIMKEHUS, W Ha BO3MYyIleHWe Hi MajJoro mopsaka
(. YpaBHeHus B Bapumanusx 6yJIyT COBIaJaTh C YPAaBHEHUAME Jijaepa—
Jlarpanxa 3ajgadl OOTHMU3AINE TPH COOTBETCTBYIONIEH 3aMeHe Iie-
DPEMEHHBIX. JTO TO3BOJIAET ONPEAESNTEH BHIDAXKEHUA IS TMapaMeTpPOB
OMTUMAJBHOT O MAHEBPUPOBAHUSA B IEHTPAIHLHOM T'DaBUTAIIMOHHOM TIOJE
[3,4] ¢ y4eTOoM BO3ZMYILICHWIL.

Samena nepementbix Kycraanxeiimo—Illtudgens [1,6] aas npocrpan-
CTBEHHOT'O CJAyYas BO3MYIIEHHON 3a1a<N [BYX TeJ MPUBOJUT yPaBHEHIS
NBUIKEHNA K JNHENHOMY BHIY B MPOCTPAHCTBE YBEIWMHEHHON pasMep-
HOCTH, & JJA y9eTa BO3MYIIEHWH MOMydaeM KAHOHUYECKNEe YDaBHEHIS
OCHILAATOPA C TIEPEMEHHON YacTOTON k B OCKYJAUPYIOMINX BIeMEHTAX
a,p € R°, rae Hy = \Jag(a1 + as + az + as). Ucnoassyerca yHuBep-
CAJBHBIN IO AXO /IS BHIPDAYKEHNA PErYISPHBIX KAHOHMIECKIX 3IEMEHTOB
u Gpyaknnn FamuapToHa depes gynkunn Tymnda cla, 3, k).

MoxHo ucnoabzoBaTh [1,3] aHAJOrMYHBIE TOAXOAbI B PAMKaxX OTDAaHU-
YEeHHOMW 3ajadl TPex Tel, eClu yPABHEHUS BO3MYILEHHOTO NBIKEHUA [2]
ociie MpUMeHeHNsA 0GO6MIEHHOT O PErYIAPU3UPYIOIIEro MpeoGpa3oBaHms
Dupkroda 3anmcaTh B KAHOHHYECKOM BHIe. Takum o6pazoM OTKpPHI-
BaeTCsl BOBMOXKHOCTD MTPUMEHEHNsT KAHOHMYeCKNX TPeobpazoBaHUN I
MOCAeNOBATENBHOTO TIOXY YeHIA TPUOIMIKEHNH GoJee BHICOKOT O TIOPS TKA.
DonyveHHBIe YPABHEHNUS MOBHIIIAIT Takxke 2PPEeKTUBHOCTD INCAEHHBIX
HCCaeIOBAHUN B PA3INYHBIX MTOCTAHOBKAX 3aa9l ONMTHMIT3AINN.
DaboTa BhIMoMHeHa TpH o aepkke IPPU (rpart Ne 02-01-01039).

1. Kopores B. C. AcummroTnaeckne MeTONB BEITUCIEHNI 1T OIITAMMA3a-
MK TPaeKTOPHIT, 6IU3KUX K coynapenunto // /IlnHaMuka MexaHmIecKHX
cuctem. 1987. C. 174-176.
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2. Kopoaes B. C. YpaBHeHUs BO3MYIIEHHOTO ABUXKEHUA PErYISAPU30BAH-
HoU 3aja<m Tpex Tea // Bolpochl MexaHWKW W yIIpaBIeHNs [BUKEHUEM.
1991. C. 71-78.

3. Dosocemop B. C., Kopoxes B. C. O6 ynpasiennn Bo3MyLIEHHON I'a-
mumbToHOBOI cucTemon [/ Tes. moka. komd. ” ABromaTnka-96”. 1996.
T.1, C. 74-75.

4. Dosocenos B. C., Koposnes B. C. AnamunTuyeckas IuHAMUKA YIIPABJIA-
eMmbIx cuctem. C26, 2000. 199 c.

5. Oxomumckmn [I. E., Cuxapymgze 0. I'. OcHoBB MexaHMKM KocMmIde-
ckoro moaeTa. M., 1990. 448 c.

6. rngem E., endene I'. Jiumennas n peryiaspHas HebecHasa Mexa-
muka. M., 1975. 304 c.

On the control of motion in perturbed gravitational

field

V. 5. Korolev
St. Petersburg State University, Russia

The motion’s equations of the perturbation two-body problem are given in
regular element Kustaanheimo-Stifel and written in Hamiltonian form. Right
side of the equation include the Stumpff’s functions and small parameter. The
generalized Birkhoff’s transformation are used for equations of the restricted
three-body problems.

O coxpaHeHHU YCJIOBHO-IIEPUOJUYECKUX KOJeOaHUuu
CIIlyTHUKA Ha JJIMIITUYECKOU OopOUTe Npu ydeTe
CBETOBOI'O [JaBJIEHUA

U. U Kocenxo
(kosenko@ccas.ru)

MockoBckun Tocy1apCTBEHHBIN YHUBEPCUTET CEPBUCA, JOCCHUS

DaccMaTpUBAIOTCA TIOCKTE KOTeGaHnsd CIYy THIKA, IEHTP MacC KOTOPOT O
COBEPITAeT [MBUMKEHNE IO AJUIHITHYeCKON opbuTe. B nunammke Bparma-
TEeNBbHOI'O JABVMKEHUA YIUTHIBAIOTCA: MOMEHT CHJ CBETOBOI'O JaBJEHUSA
(or ComHna) 1 MOMEHT T'DABHTAIMOHHBIX CIJ (OT IIAHETHI, MO IEIHPY-
eMOIl TIPH MOMOIIH FPaBHTHPYIOLIETO TeHTPa). 3ajada GopMyIHpyeTcs
U pemraeTcs B KOHTEKCTE TEOPUH BO3MYIIEHNH [ TaMIJIbTOHOBBIX CH-
CcTeM.
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DeBO3MYIIIEHHOE [BUKEHNE 3a[aeTCA TOABKO ITPU TOMOIIN MOMEHTA, CILI
cBeToBOT'O faBieHmsa. Takoro sddekTa MOKHO MOCUTHCA paccMaTpH-
Bag BpallleHne AWHAMUYECKH CUMMETPHUYHOTO CIIYTHWKA. B cuiy He-
aHATUTHIHOCTH QYHKINNA ['aMUIbTOHA HeIOCpeICTBEHHOE TTPUMeHeHe
KAM-TeopeMbl HEBO3ZMOXKHO. I PH TOMOIIN PEAYKINI BO3MYIIIEHHON T'a-
MIJIBTOHOBOHW CHCTEMBI K MOCAEJOBATEABHOCTH CUMILIEKTHYIECKITX OTO-
OpaKeHUI U TpUMeHeHUs TeopeMbl Mozepa 06 WHBApHAHTHON KPHUBOW
MOKa3bIBAETCA CYIIeCTBOBAaHNE WHBAPUAHTHBIX TOPOB U COXPAaHAEMOCTH
MepEMEHHBIX EUCTBUA OKOJO CBOMX HAYAJBHBIX 3HAYEHUN.

OTcroma, B 9aCTHOCTH, CAEIYeT, 9TO COYTHUK 6yJ1eT BETHO COBEPIIATH
OTpaHWYeHHBIe JUOPANNHT BOJAN3N a3WMyTa NCTOYHNKA cBeTa. B ymoms-
HYTOH OKPECTHOCTH BBHITTOMHAIOTCA YCIOBHA TEOPEMBI DyaHKape O BO3-
BpAllleHUN.

DPpOBOAUTCS aHAIN3 TPEEJbHOTO Cilydas, KOr'fa SKCIEHTPUCHTET Op-
OUTHI paBeH eUHNIE WM OAM30K K 3TOMY 3HAYEHHIO. DOPAJOK BO3MY-
MIEHNA TP 3TOM cUnTaeTcss GuKcnpoBaHHBIM. Tor 1a okazbIiBaeTesA, ITO
mepeMeHHbIe JENCTBHA TaKXkKe COXPAHAT CBOU 3HAYEHUsA HA ACHMIITO-
TUYecKn H6OJBIINX NHTEpBaJdax BpEeMeHN.

On preserving of quasi-periodic librations
of a satellite on elliptic orbit when light pressure acts

1. I. Kosenko

Moscow State University of Service, Russia

Planar librations of a satellite, which center of masses performs its motion on
elliptic orbit are under consideration. Torques arising due to both Sun light
pressure and gravity of the planet are taken into account.

Unperturbed motion corresponds to one without torque of gravity. In par-
ticular, it is the case when satellite has a dynamical symmetry. Perturbation
theory for Hamiltonian systems is applied. Symplectic mappings sequence
is investigated instead of a continuous dynamical system. Moser’s theorem
on the existence of invariant curve is satisfied when perturbations are small
enough.

Limit case when orbit eccentricity is near or equal to unity also is under in-
vestigation.




98 Tpetrn IloraxoBckue ITeHOA

O HEeKOTOpPOM Mnoaxoae K pPeIlleHNnIO 3aJa'vunu
06 OI'PaHUYE€HHOM /[ABUXE€HHUU OIBYX TeEJl

C. . Kpacnuxos, E. P. Kysneyoes
(kuznetsov@mai.ru)

MocCKOBCKIIT aBHAITMOHHEIT MHCTATYT, JOCCHA

B paBore uccaegyercs zajgada 06 orpaHUYeHHOM JIBIKEHUN ABYX Tel,
KOTOpas OMUCHIBACTCA CHCTEMON OGBIKHOBEHHBIX AudepeHnaibHbIX
YPABHEHUN C 3aJaHHBIME T'PAHAIHBIME YCAOBHAMIE.

3afada pemaeTcs YUCAeHO ¢ HCIOAB30BAHINEeM METONa TIPOAOIKEHUA Pe-
UIEHUs [0 HapaMeTpy, B ToM uncie u Hauaydmemy [1]. Wcnoavzyercs
MmaTemaTnvdecknn nmaket Maple V.

DaccMaTpruBaeMas TpaHWYHad 3ajada pelllaeTca B ABa dTama. Da Iep-
BOM HTalle IpaHUdHad 3aja9a CBOAUTCA K 3ajgade Kollm u cucreme He-
JUHEHHBIX ypaBHEHWH. DTO MpeobpazoBaHue W3BECTHO KAaK MeTO MPHU-
CTpeJKH. Ja BTOPOM dTale, HCHOMB3YA MPOAOJKEHNe IO mapaMeTpy,
UIIEeTCA PellleHne JaHHOW CHCTEeMBbI HeIWHEWHBIX YDaBHEHHU, OMHCHIBA-
IOIUX DPAHUYHBIE YCIOBUA. Da TMOCAeJHEM dTare, HapaBHe ¢ OOBIKHO-
BEHHBIM TIPOJOKEHNEM TIO HapaMeTpy, PACCMaTPUBAETCA HAWIYYIasd
mapaMeTpu3alnd. BeillleckaszaHHoe Peaniu3yeTcs B BHUe MPOTDAMMBI,
KOTOpas yJIydIlacT BCTPOEHHBIE (CTaHIADTHHIE) HPOUEAYPHI DEIeHNA
mudpepeHnnaIbHbBIX YpaBHEHAN W aalTUPYET HOBLIM METO[ IIs pe-
[IeHUA TeCTUPYEMON TPAHUTHON 38 aHM0.

[l mpocToro W HAMAYUINErO HapaMeTPOB CPABHUBAKOTCA BBIYUC/IH-
TedbHble cuTyanun. J[laHHOe COMOCTABAEHUE OCYIIECTBAACTCA MCXO A
U3 OIMMOKY PElleHnA TEeCTUPYEMOH 3a/ati, NP PaBHBIX YCIOBUAX A
KaXJOT'0 U3 METO/OB.

DaboTa BhIMoAHeHa MpH nogaepxke DPPU (rpant Ne 01-01-00038) u
Munncrepcrsa obpasosanusa (Ne E00-1.0-194).

1. Manammma B. U., Kysueros E. 3. MeToa mpogokeHus pelieHus mo
nmapamMeTpy U HAWUIyHIas MapaMeTpU3allusi B MPUKIATHON MaTeMaTHKe
u Mexannke. M., 1999.
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On the numerical solution of two bodies’ boundary
value problem

S. D. Krasnikov, E. B. Kuznetsov

Moscow Aviation Institute, Russia

Two bodies’ boundary value problem is considered. Numerical solution of the

problem is constructed by method of continuation of solution on a parameter.
The best parameter is also used. The behavior of numerical errors is analyzed.

O6 ycTOMYMBOCTHU OOGJAaYHLIX CKOILIEHUN
MUKPOMETEOPUTHHLIX YacTUIl B 'PAaBUTAIIMOHHO-
pelnyJabCUBHOM IIoJle OMHAPHBIX 3Be3/HBIX CUCTEM

A J. Kynuybin
(kunitsyn@chat.ru)

MocKkoBCKIIT aBHAITMOHHBIT MHCTUTYT, JOCCHUS

DpoBoAuTCA HOBHIA (o cpapreHmio ¢ [1-3]), duswdeckn Gogee ACHBIN
aHaIM3 YCTOHIHBOCTH B IIEPBOM MPHO/IMKEHIH MOJOKEHII OTHOCHTEIb-
HOT'O PABHOBECHSA (TPEyTOMBHBIX U KOMLIMHEAPHBIX TOYEK JUODAIINH ) MU-
KPOMETEOPHTHBIX YacTHI, HIN YacTHI, [a3oNbLIEBEIX O6JaKOB B IIOJE
IBYX FPABUTHPYIOMMX U M3/Iy9afolInX 3Be3[ Ha OCHOBE OrpaHIIEHHOI,
KPYT'OBOW 3ajadl TpeX Ted. OyTeM BBeleHHA HOBOTO MapaMeTpa, Xa-
PAKTEPH3YIOMIEr0 T'PAaBHTAMOHHO-PEIYILCHBHOE MOJE CUCTEMBI, T IIe-
pexofa B KOH(UIYPaIHOHHOE MPOCTPAHCTBO YCTAHABINBACTCA MOJTHAA
KapTHHA 06/4acTell yeTONIHBOCTH TPEYTOAbHBIX I KOLINHEAPHBIX TOYEK
AUGpaA U HX SBOJIONME BO BCEM BO3MOXKHOM [Halla3oHe H3MEHCHHA
OCHOBHBIX ITAPaMeTPOB CHCTEMEI. JOCTPOEHHEIE 0OJaCTH YCTONINBOCTH
HO3BOJAIOT CYIUTH O BO3MOKHBIX YCTONYHNBLIX KOH(PUTYPAIIAX CKOILIE-
HEHI MEKPOMETEOPHTHBIX I [a30NbLIEBLIX YaCTHIL B GHHAPHBIX 3B€3 THBIX
CHCTEMAX.

1. Kynumea A. JI., Typemtaes A. T. O KommHeapHBIX TOYKAX JUOPAITII
doTorpasuTarmmonHon 3amatu Tpex Ter // duchbma B AcTpon. k. 1983.
T. 9, semm.7. C. 432-435.

2. Kymmpm A. J1., Typem6aes A. T. YcTom¥mBOCTE TPeyTOIbHBIX TOYEK
mGparmy poTOrpaBUTAIMOHHON 3a 1a<u Tpex Tex // duchbma B ACTpOH.
k. 1985. T. 11, seim.2. C. 145-148.
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3. Jlykesanos JI. I'. O ceMmencTBe To49ek mubpanyy B OrpaHMEeHHON (POTO-
rpaBUTaIMOHHON 3anade Tpex Tex [/ Actpon. x. 1988. T. 65, Bbim.2.
C. 422-432.

On the stability of cloud assemblies of micrometeorite
particles in gravitational-repulsive force-field
of binary stellar systems

A. L. Kunitsyn

Moscow Aviation Institute, Russia

A new physically more clear analysis of stability of relative equilibrium po-
sitions (libration’s points) of micrometeorite particles (or particles of a gas
cloud) in gravitational-repulsive force-field of binary stellar systems is given
basing on the photogravitational 3-body problem.

006 HuCII0JL30BaHNN KOCMHUYECKUX TPOCOBBIX CUCTEM

B. B. Maaanun, FE. P. Ocmanenxo
(ostapenko@psu.ru, mpu@psu.ru)

DEPMCKHI TOCYIapCTBEHHBIN YHUBEPCUTET, JOCCUS

Kocuudeckas TpocoBas cucTeMa — 5TO KOMILIEKC HCKYCCTBEHHBIX KOC-
MHYeCKNX OOBEKTOB (CIYyTHNKOB, Kopabiell, TDy30B), COeJHHEHHBIX
JVIMHHBIMHE TOHKHMI THOKUMIE SJeMeHTaMil (TpocaMi, KabelaMu, IIaH-
ramu). CyliecTByeT MHOTO DasiHYHBEIX NPOEKTOB TPOCOBHIX CHCTEM W
cnocoBOB UX MPAKTHYECKOTO MPUMEHEHUS B KOCMOCE.

CaMEIll pacIpoCTPaHEHHBIN CHOCO6 — HCTONb30BaHHE TPOCOB ((haloB)
[UIA CTPAXOBKN KOCMOHABTOB MPHU BBIXOAE B OTKPBITHIN KOCMOC.
DaccMaTPUBAIOTCA APYTHE BO3IMOKHOCTH HCIOJb30BAHUA TPOCOB B KOC-
Moce. OTHCHIBAIOTCA OCHOBHBIE MPOIPAMMBI TPOCOBBIX HKCIEPHMEH-
TOB, mpoBeAeHHEIX B 1960-1999rT.: Transit-1B (CIITA, 1960), Gemini-11
(CIIA, 1966), Gemini-12 (CIIA, 1966), TRE-1 (Anonua, CIIA, 1980),
TRE-2 (fAnonus, CIIA, 1981), TRE-3 (Amorna, CIIA, 1983), Oedipus-
A (Kanaga, 1989), TSS-1 (CIIA, Urannsa, 1992), SEDS-T (CIITA, 1993),
PMG (CIIIA, 1993), SEDS-IT (CIIIA, 1994), Oedipus-C (Kanana, CIIIA,
1995), TSS-1R (Mramms, CIHIA, 1996), TiPS (CIIA, 1997), ATEx
(CIIA, 1999).
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SpI/IBO,Z[HTCH HEKOTOPBIE MAaTEMATUICCKNE MONCHN, NPUMEHACMBIC DU
HUCCAICNOBAHUN ABUKEHUA TPOCOBBIX CUCTEM.

About practical using of the space tethered system

V. V. Malanin, E. N. Ostapenko
The Perm State University, Russia

The review of operational use of space tethered systems is given, which use
began at the beginning of a space age.

The performances of following experiments are reduced: Transit-1B (1960),
Gemini-11 (1966), Gemini-12 (1966), TRE (1980, 1981, 1983), OEDIPUS
(1989, 1995), TSS-1 (1992), SEDS-1 (1993), PMG (1993), SEDS-1I (1994),
TSS-1R (1996), TiPS (1996), ATEx (1999).

Koudurypaiimonnoe S-mpocTpaHCTBO TBEPJOT0 TeJjaa
B ciaydae Juiaepa

K. I'. Pempos
(pkg@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Kondurypannortroe mpocTpaHCTBO TBEPAOTO Teda B ciaydae JWiepa
npefcTaBasieT cob0l ABYMEPHYIO TOPOOOPa3HYIO MOBEPXHOCTH B TPEX-
MepPHOM MHPOCTPAHCTBE MapaMeTpuU3anuu S-mapaMeTpamu. Popma u
pasMepbl KOH(MUI'YPaAIMOHHOI'O MPOCTPAHCTBA ONPEIeNdloTCA MOMEH-
TOM HUMOYJIbCA, KHHETHYECKON SHEPTUEH W MOMEHTOM WHepInn Teaa. B
chayvae TUHAMHUYECKH CUMMETPUYHOI'O TBEPJOTO Tela KOHMUrypannoH-
HO€ TPOCTPAHCTBO ABAACTCA NPABUIBHBIM TOPOM U MOMyCKaeT Iapame-
TPU3ANNIO ABYMs yTJIOBBIME TapaMeTpaMu. JelleHne KNHEMATHIeCKIX
VPaBHEHUH AUHAMUYECKN CHMMETPUIHOTO TBEPAOTO Tejda B Cayvae -
Jepa MOXKHO TPENCTABUTE B BH/Ie 3aBUCHMOCTEN 3THX ABYX TapaMeTpPOB
oT BpeMeHn. TpaekTopusa TOYKM, MpeNCTABAAONIAA DellleHNe yKa3aH-
HBIX KWHEMATHYECKUX YPaBHEHWH B IIPOCTPAHCTBE S-MapaMeTpPOB, IMO-
KPBIBaeT COOTBETCTBYIOIIee KOHMUIYPAIUOHHOE NMPOCTPAHCTBO BCIOAY
JIOTHO. JPU YCPETHEHNN HEMPEPHIBHBIX W KYCOYHO HEMPEDPHIBHBIX Be-
JUYNH, 3aBUCAIINX OT OpUEHTAINN TUHAMAYECKH CUMMETPUYHOI'O TBEp-
JOTO TeJla, TI0 €0 HEBOZMYIIEHHOMY JBHKEHUIO Jiaepa-JyaHco, yepe/-
HEHHE TI0 BPEMEHN Ha TPAaeKTOPUHN M300paxkKatollell TOYKN MOXKHO, BBE /IS
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COOTBETCTBYIOUIYIO BECOBYIO (PYHKIINIO, 3aMeHUTh YCPpeTHEHNEM 10 KOH-
PUTypannoHHOMY MpPOCTpaHcTBY. BecoBasd GYHKINA 3aBUCHT OT OTHO-
CUTENIBHOTO BpeMEHHU TpeOhIBaHuA H306paxarolell TOYKN B Tpelesax
MaJIOT'0 y4acTKa KOHMUIYPAIMOHHOT O IPOCTPAHCTBA.

1. Derpos K. I'., Tuxonos A. A. YpaBHeHUs POTAIMOHHOIO [IBUKEHIIS
TBEPOrO Tejla, OCHOBAHHBIE HA MCIOJb30BAHUN KBATEPHUOHHBIX Tapa-
meTpos // Ussectns DA, Mex. TBepn. Tema. 2002. Ne3. C. 3-16.

2. Derpos K. I'. Konduryparnmontnoe S-TIpoCcTpaHCTBO TBEPAOTO TeIa C
PaBHBIMU MOMEHTaMU WHepnmu B caydae Jumepa [/ Becrm. CO6IY.
2002. Cep.1, a3, C. 84-86.

Configuration S-space of an unperturbed motion
of rigid body

K. G. Petrov
St. Petersburg State University, Russia

The geometry of the configuration S-space of an unperturbed motion of a
rigid body has been developed. The two dimensional parametrization of the
configuration S-space in the case of two equal moments of inertia has been
derived. The equivalence of the configuration S-space and a phase trajectory
of rigid body have been established.

D eKoTOopble CBOUCTBA ABUXKEHUA B OrPaHUYeHHON
IJIOCKOU KPYI'OoBOHU 3ajavde Tpex Tel
npu pe3oHaHce 2:1

P. A. Pempos
(petrov@astro.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBaeTCsA OTPaHWYeHHAS TIOCKAsd KPYroBas 3ajada TPeX Teil:
Couanrne-OnuTep-acTepons. 3anana cucreMa eMHII: MAacCa MEHTPATb-
Horo Teaa (CoaHne) paBHa 1, eIMHHIA PACCTOAHHA — | a.e., eIUHHUIA
BpPEMEHHN — 3BE3HBIN 01, GOJBIIAaA MOAyOoCh KPYroBoi opouTel F)mm-
Tepa 5.202603 a.e. B3siTa MO Teopun . IpeTanbona Mg smoxu J2000,
Macca acrepomja pasHa 0. Macca Broporo tena (IOmmrepa) Bapbn-
pyeTcs B HEKOTODBIX Mpefenax. JadadbHasd HEBO3MYIIeHHAad opOuTa
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acTeponIa 3aJaeTCsA KeIIEPOBCKUMHI DJAEMEHTAMMI: JKCIEHTPUCHTET U
JOJATOTA Tepureans paBHBL (, cpefHAs aHOMAJWA W OOJBIIAd TMOIYOCH
BapBUPYIOTCA B HEKOTOPHIX Mpejenax.

YucaeHHBIM UHTErPUPOBAHUEM CTPOUTCA DpellleHre B Buge TabJuIl ¢
IBYMs BXOJaMHU: apryMeHT-BpeMs H (DYHKIUA-HAGOD Pasin<dHBIX CH-
CTEM BJIEMEHTOB OPOUTH acTeponja (IpAMOYTOAbHBIE KOOPAWHATHL 1
CKOPOCTH, KeIJIEPOBCKHE 3JIeMEHTEHI, DIeMeHTHl Jlarpamka U apyrue).
Ja OCHOBe TJIaBHOT'O BapWaHTa HAYAJIBHOW HEBO3MYIIEHHOW KPYTOBOH
op6uTH acTepomga pazpaboTaHBl METONbI WCCACHOBAHUA PEIICHUA 0
BBIMHCIEHNA PAa3IUdHBIX TapaMeTpPOB BO3MYIIEHHOTO [IBUKEHHA. Ja
MINTEIBHOM WHTEpBajde BpPEMeHU [MBHXKEHWE acTepouja MPOUCXOTUT
BHYTPH KOJbIIa, MO3TOMY BBIYUCAAIOTCA TE€OMETPUYECKHE MapamMeTphl
Koabia. Jlas onucaHus BO3MYIIEHHOT'O ABUKEHUSA BHYTPH KOJAbIIa BBO-
OATCA TUHAMUYECKHE BEIUYUHBI: CpeHee 3HAYEHNE BO3MYIIEHHOTO CH-
HOJMYIECKOT'O MEPNOoaa 2-T0 U 3-TO Teja, MePHo JUOPAINH, TapaMeTPhI
obaacTu IUOPAINU, BEKOBOE JABUKEHHE TIEPUT TN,

B pesyabrare mccienoBaHuil pereHusa B oOJACTH HAYATBHBIX TAHHBIX
BBIJIC/IEHBI HEKOTOPBIe TOYKHU, HMEIOIINEe BaXKHOe 3HAYEHNe B OPOUTATD-
HOW MWHAMHUKE acTepOuaa, TOCTPOEHBl JUHEUHBIEe CeUeH, T.€. 3aBUCH-
MOCTH M3MeHEHUS BBEAEHHBIX BEJMYNH OT HAYAJBHBIX 3HAYEHIH MACCHI
2-ro Teia, GOMBIION TOJIYOCH W CPEIHEN AHOMAJNN 3-TO Tela B BHIE
rpaduKOB U PUCYHKOB.

Some motion properties in planar circular restricted
three-body problem for resonance 2:1

N. A. Petrov
St. Petersburg State University, Russia

The planar circular restricted three-body problem Sun-Jupiter-asteroid is con-
sidered numerically. By help of numerical integration method the solution is
presented as the computer files — the tables with two enters: the time as the
argument and the asteroid orbital parameters (rectangular coordinates and
velocities, Kepler elements, Lagrange elements etc.) as the function. The ini-
tial values of the asteroid orbit Kepler elements are taken in two-dimensional
space. Some special points of interest in the case of 2:1 resonance region are
discovered. The dependences of the used orbital parameters on the initial
Kepler elements variations are found, presented graphically and discussed.
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06 YAI0OBUAX CYIIeCTBOBaHUA KeEIlJIEPOBCKHUX
ABUXKEHHUU B 3aavde IBYX TBepPIbIX TeJ

P. I0. Cabyposa
(nasa@atnet.ru, primat@agtu.ru)

ApXaHreibCKul TOCYJapCTBEHHBIN TEXHUYIECKU YHUBEPCUTET, JOCCHUs

KemnaepoBckumu nBuKeHUSMEU B HeGECHON MeXaHUKe TPUHATO HA3BIBATH
[ABUKEHUS, OMUCHIBAEMBIE MBYMS MaTePUAIbHBIMU TOYKAME [2], IpuTs-
CUBAIONIMMUCA 110 3aKOHY DbioToHa [2]. KemaepoBckum gBukeHueM aByx
TBEPABIX TeJd Ha30BEeM Takoe MBUKeHHUe, IPU KOTOPOM LEeHTPHl HHEPIUN
DTHUX TeJ COBEPIIAIOT KeTJepOBCKWe ABMKeHUA. J[lad cylecTBOBaHUA
KeIIePOBCKUX JABMKEHNN B 3aade MTBYX TBepabix Tea M; ¢ maccamm m;

mimsa

(i = 1,2) mocraTovno BBINOAHEHHA ycaosud U = f , LI CITOBOM

dyukmmn U B3aNMOAEUCTBUA DTHUX Ted, Tle T — PacCTOAHNE MeX Iy
[MEHTPaMU WHEPIUU Ted, f — rpaBHTANNOHHAA TOCTOSHHAS.
EcTecTBeHHO BO3HWKAaeT BONMPOC O pealnm3alni yKa3aHHOTO ycaoBusd. B
KadecTBe MPOCTENIIETO TPIMEPa MOXKHO MPUBECTH IBHXKEHNE ABYX IIa-
POB OMHOPOAHBIX WAH CO CEPUUECKUM paCIpeleqeHeM TIJIOTHOCTEH,
B3aMHO NMPUTATHBAIINXCS IO 3aKOHY JBIOTOHA.

JpyruM npuMepoM MOKET CIYKUTH ABUKEHWE TBYX TBEDPABIX Tel B CIy-
qae I'. 3. lyboumHa (MI0CKOe TBHKEHHE TBYX OCECHMMETPHUYIHBIX Tel,
OCH BpallleHHA KOTOPHIX BO BCe BPEM:A ABMKEHHUA OCTAIOTCA TepPICH IH-
KYJAAPHBIME TLIOCKOCTH OPGHTEI). BO3MOXKHOCTE BBITOIHEHUA YCAOBHA

mims
U = f——— MOXHO TOAYYINTh, pa3jaras CIIOBYIO (PYHKIUIO 3a1a9 B

pan mo cremenam r~ L [3]. B peayabTaTe 5TO yciIoBHE MOXKET GBHITH B

L — I3

[MepBOM TPHUOIMKEHNE TpeAcTaBiero B Bujge [1] > L= 0, rae

i=1 m;
11;, Is; — TaBHBIE TeHTpaJbHBIE MOMEHTHl WHepHUU Tegaa M;.
OdeBugHO, 9TO TAKOIO pOfa YCIAOBHE MOXKET OLITH VIOBIETBOPEHO He
TOMBKO 3a cueT [1; = I3, HO Takxke u B cayvae, korja (I11 — Is1) (12 —
I32) < 0, T.e. Korja 5IUTHIICON WHEPIUH OJHOTO W3 TeJ — CXKATHI, a
SJTATICONT WHEPIIUU APYTOTO — BHITAHYTHIM.
Caenyionme TpuoANKEHNA TTO3BOIAIOT HAUTH APYTHe YCAOBUA, KOTOPBIM
JOIKHBI ¥ JOBJAETBOPATH CTPYKTYPpa U BHEIIHAA (PpopMa B3aNMOJeACTBY-
IOIINX TeJl.
DaboTa BhIMoAHeHa TpH oA aepKkke IPPU (rpart Ne00-02-17677a).

1. Bugsxua B. B. DocrynaTenbHo-BpalaTeibHOe ABUKEHHUE ABYX TBEP-
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IBIX Tea: YdebHoe mocobue. ApxaHrenbck, 1996. 184 c.

2. lMy6ommnu I'. 2. Debecnas mexannka. OCHOBHBIE 3aJa9U U METOIHI.
M., 1975. 799 c.

3. Sidlichovsky M. The force function of two general bodies // Bull. As-
tron. Inst. Czechosl. 1979, Vol. 30, P. 152-155.

On the conditions of existence of the Keplerian
motion in the two rigid body problem

N. Yu. Saburova

Arkhangelsk State Technical University, Russia

The conditions of existence of the Keplerian motion in the problem of transla-
tional-rotational motion of two rigid bodies are discussed. It is shown that the

rigid bodies in the Duboshin’s case (two "floats”) admit the Keplerian motion.
The relations that the Stokes constants of the bodies must satisfy are found.

O6 ocobGeHHOCTAX AMHAMUKHU ILIAHETHBIX CUCTEM
APYrux 3Be3 [

JI. JI. Coxouos
(Isok@astro.spbu.ru)
CanxT-JeTep6yprcKuil ToCcyAapCTBEHHBI YHUBEPCUTET, ACTpPOHOMIYIECKU

WHCTATYT, JOCCUS

OTKpBITIE BHECOMHEYHBIX TMIAHETHBIX CHCTEM SBASETCH BBITAMOIIIMCS
MOCTHIKEHNEM COBPEMEHHON Hayku. MHOTHe MacCHBHBIE BHECOMHEYTHBIE
miaaHeTH B oTam<ne oT HOmmTepa UMeT GOJBIINNE SKCIEHTPUCHTETHI
opbuT. Maable TaHeTH THIIA JeMJIn HeHabaomaembl. B HacTosIen
paboTe paccMaTpUBaIOTCA BO3MOXKHBIE IBMKEHNA TaKUX MaJbIX BHECOJ-
HEYHBIX TIAHET B PaMKaX ONPDAHMYEHHOW DJINNTHYECKON 3aadl TPeX
Tea. McmoabayeTea dmWcAeHHOe WHTETPUPOBaHUE, a TaKkKe aHATUTHYe-
ckue MeToabl. OCHOBHBIE PE3YIBLTATH Clefyionine. Eciam 3KcieHTpucH-
TeT OPONTH MAaCCHBHOW IJIAHETHI BEJAUK, SKCIEHTPUCHTET OpOGUTHI Ma-
JOU TLTaHeTH OOBLIYHO TaKXKe He Mad. B ciayvae pPeryJasipHOTO IBHXKe-
HIS MAJON TTAHETHl SBOJIONNIO €€ OPOUTHI MOXKHO ONMUCATH C MOMOIIBIO
TeOpUU BEKOBHIX BoaMmylneHmn Jlamiaca - Jlarpanxka. B mepemennBIX
Jlarpamxa TpaeKTOPUH — OKPYKHOCTH, GOJBIINE MOAYOCH TTOCTOAHHHI.
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DTa KapTHHA UMeeT MECTO KaK B IMIOCKOM Caydae, TakK W B Caydae He-
6OJBINIX HAKJIOHOB, B CIy4Yae BHEITHEW W BHYyTpeHHen 3amaqdn. Korma
PeryJsipHOCTE ABMKEHNA TEPSAETCA, B CAydae BHENTHER 3a0a9u GOBIIIe
TOYOCH PaCTYT CHHXPOHHO C DKCIEeHTPHUCHTeTaMu. BO6amam rpaHmirb
MEX Y PeryJAAPHBIM U HEperyIApHBIM IBUXKEHUAMU HAOIIO1aeTCA CAOK-
Had KapTuHa. lMeeT MecTo WYepenoBaHle YCTONYNBHIX W HEYCTOMINBBIX
TpaekTOopuit. B 3Toll o6aacTu BCTpedaoTCs N HETHITHIHBIE YCTONYNBRIE
MOYTUKPYT OBBIE OPOUTHI.

On the dynamical features of extrasolar planetary
systems

L. L. Sokolov

St. Petersburg State University, Astronomical Institute, Russia

The discovery of planetary systems around alien stars is an outstanding
achievement of science. Many massive planets contrary to Jupiter have large
eccentricities of orbits. We can not observe small planets like the Earth. In
this contribution possible motions of such small extrasolar planets are dis-
cussed within the limits of restricted elliptical three-body problem. We use
numerical integration and analytical methods. Main results are as follows. If
the eccentricity of massive planets orbit is large, than usually the eccentricity
of small planets orbit is large too. If the motion of small planets is regular, the
orbital evolution can be described using Laplace - Lagrange theory of secular
perturbations. In the Lagrangian variables, the trajectory is a circle, the semi-
major axis is constant. This picture we have in planar case as well as in the
case of small inclinations, in the case of external problem as well as in the case
of internal problem. When the motion loses a regularity in the case of external
problem, the semi-major axis and the eccentricity have synchronous growth.
Near the border between regular and irregular motions we have very com-
plicated picture. Stable trajectories alternate unstable trajectories. Unusual

quasi-circular stable orbits exist in this region too.
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YcaoBus paBHOBECUA U YCTOMYMBOCTHU CIIy THUKA
C POoTOpOM U MNO/BelIeHHBIM K HEMY Ha Tpoce 'Py30M
Ha KpyroBou opbure

C. A. Cmenanos
(stepsj@ccas.ru)

Berancmremsaem nenrp A9, Mocksa, Poccus

JlokazaHbl crelmajqbHble CHMMETpPU30BaHHble KpuTepun CHiabBecTpa u
ManHa 3HAKOOIPENENEHHOCTH CHMMETPHYHBIX KBaIDATHIHBIX (hOPM.
DJOKa3aHO, YTO CYMMHUPOBAHIE JEBBHIX YacTell HEPABEHCTB B 3THX KPH-
TepUAX MO MePECTAHOBKE WHAEKCOB B HEKOTOPHIX BHIJEMEHHBIX T'PYIIIax
mapaMeTpPOB faeT HOBBIE CHMMETDPHUYHBIE KPUTEPUH.

OTHU Pe3yabTATHl UCHOJAB3YIOTCSA NI MCCAeNOBAHUA YCTOWYNBOCTH OT-
HOCHUTENBHON PaBHOBECHOU OPHEHTAINHN CIIYTHHKA C POTOPOM U IO/IBE-
[IEHHBIM Ha TPOCE TPY30M Ha KPYToBOHW opbuTe. DoKazaHO, ITO MPO-
U3BOJBbHAA OPHEHTAINA CIIYTHHKA MOXeT OHITH CleJaHa PaBHOBECHON
U YCTOWYWBOW TPU CIENHAILHOM BBHIGOpPE BHYTDEHHENO MOMEHTA KOJ-
YecTBa [BUXKEHWUS POTOPAa W TOYKH MOJBECA T'Dy3a. JPUBEIEHBI ANa-
IpaMMBI 06JacTeN YCTONIHBOCT.

DaboTa BhIMOMHeHA TIpH oA aepxkke IPPU (rparTer Ne 01-01-02001,
00-15-96150).

Attitude stability conditions for the equilibrium of
satellite with rotor and tethered load
on the circular orbit

S. Ya. Stepanov
Computing Center of RAS, Moscow, Russia

The special symmetric form of Sylvester’s and Mann’s criteria for the sign
definiteness of symmetrical quadratic forms are proved. It is shown that the
summation of the left hand sides of inequalities in these criterions over the
permutation of indexes in some groups of parameters gives new symmetric
criteria.

These criteria are used for the stability investigation of the attitude equilibrium
of the satellite with the rotor and the tethered subsatellite on the circular
orbit. It 1s shown that the arbitrary orientation of the satellite can be made
equilibrium and stable by special choice of the internal angular momentum and
the point of suspension of the subsatellite. The stability regions of parameters
are shown at the various diagrams.
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Nccaegopanne KuHeMaTUYeCKUX ypaBHEeHHUN
BUHTOBOTI'O [ABUXKEHWUsA TBEPAOT0 Tejla B MapaMeTpax
Kenau - Kiuenna

P. A. Cmpeaxosa

(mpu@psu.ru)

DEPMCKHI TOCYIapCTBEHHBIN YHUBEPCUTET, JOCCUS

Hns onmcaHuWsi MPOCTPAHCTBEHHOI'O JBUWXKEHUA TBEPAOrO Teja TMpuMe-

HSAIOTCA MyadbHble TapaMeTphl Ketnn-Kaenitna, s KOTOPHIX KHHEMATH-
YecKne YpaBHEHNA B MATPUYIHON (popMe MMET BU

U= %QU, U0 = %(QUO + VD). (1)
31ech
N Q0 0 3 3
U= v ? , U= ~0 ?0 ; Q:ZWjUja V:Zvjajé,
j=1 j=1

a+xal, B4+x8°, v+ x7°, 64+ xd° — nyanrnmble mapameTpsl Keiinm-
Kueiina; x — cumpoa Kaubdopaa (y? = 0); i — MHuMag eqununa; Wy,
¥j — HPOEKINN COOTBETCTBEHHO YTJIOBOH I MMOCTYNATEIBHON CKOPOCTeN
Tena Ha OCH CBA3AHHON CHCTEMBI KOODJWHAT, 0; — CIIHHOBEIC MATPHUIILI
Dayam.

DalileHo pellleHne KMHEMAaTHYeCKHX ypaBHeHn (1) faa cay<as annpok-
CUMAINN KHHEMATHYIECKOT O BUHTA TPUTOHOMETPHYECKUM PSIIOM, COOT-
BETCTBYIOIINM OIMCAHUID MPOCTPAHCTBEHHOTO NBIKEHUS Tejda B B
KOHEYHOH MOCJe[0BATEILHOCTH BUHTOBHIX TEPEMEIIEHNN ¢ HEM3MEHHBIM
MOMOKEHMEM OCEl BUHTOB.

BeouTca moHsTHE OOTUMAJBHOTO MO GBICTPOJAEHCTBHIO KHHEMATIYE-
CKOT'O yIpaBJeHUs BHHTOBHLIM [BUXKEHUEM Teaa, 3aKAOYalOmErocs B
TOM, ITO CBA3AHHOU C TEJTOM CHCTEME KOODAMHAT COOOMIAIOTCA yTI0Basd
U TIOCTYTAaTeIbHAA CKOPOCTH, TIO3BOJSIONINE 38 MUHIMAJIbHOE BPEMS MO~
JYyYUTH COBIAIeHNe CBA3AHHOT O 6a31ca ¢ OMOPHOU CHCTEMON KOOD IMHAT.
DpHu MOMOIIN TPUHIANA MaKCOMyMa JOHTPATHHA HAEHO BPEMs BIH-
TOBOT'O TIEPEMEIIEHNSA, TIOIYYeHB TPAEKTOPUHI ONMTHMATBLHOT O [BUKEHITS
U yOpaB/ieHus B BuUje (DYHKINH, 3aBUCAIINX OT AYAJbHBIX MapaMeTpOB
Kenan-Kaettra, onpeneasiomnx HavaJlbHOE MOJOKEHNE Tea.



Cexrusa Il. /lunaMuka KOCMHYIECKOTO MTOJETA 109

NccaenyeTca muddepennnaibuas urpa cOMMKeHNA TBYX YIPAaBIAEMBIX
00BEKTOB C MTPOTUBOMOMOKHBIME W COBMAAAIOMIMMHI WHTepecamu. B ka-
“eCTBe YIPABIAONNKX (PYHKIIUN BEICTYIAIOT YIVIOBAas U HOCTYIaTeabHAS
CKOpOCTH TBepAbIX Tea. Wrpa camraeTcss 3aKOHYEHHON DU COBIA e~
HUU CHCTEM KOOD/UHAT, CBA3aHHBIX C TeIaMI. JJIaTON ABAAETCA BPEMS
BUHTOBOT'O TlepeMelleHns. JpoBoguTcs o600IIeHme Ha Cayval Bpalia-
IOIENCA CHCTEMBI KOODAUHAT, 9TO HPEJACTABIAET MHTEDPEC TPH HCCIAe-
MOBAHUH ONTHMAJBHBIX YCJAOBHH CTHIKOBKH B KOCMIYECKOM HPOCTPAaH-
crBe. [las ompenefeHns B3aUMHON OPUEHTAINN TPUBJIEKAIOTCA Tapame-
Tpol Kenim - Kielina, a qas moaydenns ycJaoBul BCTpedn 06BEKTOB —
Teopusa BUHTOBOI'O UCHUCACHUA.

DellleHUs MOMYYIEHBl B AHAINTHYIECKOM BHUE, OMPEIeTeHbl YITIPABIAIOIIIe
GYHKIINN, HeHa UT DB, ONTUMAaJbHEIE TPAeKTOPHUH, IPUBEIeHBl YUCAOBBIE
TIPUMeEPHIL.

Investigation of rigid body spatial motion kinematic
equations using Cayley-Klein parameters

N. A. Strelkova

The Perm State University, Russia

The kinematic equations of rigid body are examined in dual Cayley - Klein
parameters. The construction of solution for these equations and a solution

of the time-optimal spatial motion problem are realized by means of screw
theory.

O BausaHUM cxkaTuA 3eMJU HAa IBOJIOIUIO
POTAMOHHOT'O ABMXKeHUsA dkpaHupoBanHoro MC3

A. A. Tuzonos
(aat@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B nokaame paccmarpuBaeTcs MC3, cHaGKeHHBIN 3apsiKEHHBIM 3Kpa-
HOM W HaXO[SANMACA Ha OPOUTE, PErPECCUPYIONIEN BCINCTBIE CHKATHS
Semun. YIUTHIBAIOTCSA BEKOBBIE BO3MYIIEHUA OPOUTHI, BEI3BAHHBIE 2-O1
30HAJBHON TapMOHWKOHW TeONOTEHIHANa, T.€. YXOMBl MOJTOTH BOCXO-
IAMETO y3Ja W apryMeHTa Tepures MpHu Hem3aMeHHOUW (opme opbuTHI
W TOCTOAHHOM HaKJIOHEHUN OPOUTHI K MJAOCKOCTH sKBaTopa. Wccremy-
eTcsi BpargaTenbHoe nBmkenrne NC3 oTHOCHTENBHO €10 TIEHTPa Mace MO
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JERCTBIHEM BO3MYIIAMOIINX MOMEHTOB T'DaBUTAIMOHHBIX M JOPEHIEBBIX
cui [1]. Maruurhoe moje 3eMin ANNPOKCUMUPYETCS KBAIPYIOMLHBIM
npubauxenuem [2]. Maydenne spoonun poranuonuoro asuxenus NC3
MPOBOAUTCS Ha Gaze TMOCTPOEHHBIX [ 3TOH IeAn HOBBIX AuddepeHIn-
aJbHBIX ypaBHEHNH B s-mmapaMmeTpax. C MCMOAB30BAHIEM METOIA YCPE/-
HEHUs BBIABJIEHBI OCHOBHBIE 3aKOHOMEDHOCTH BEKOBOU HBOJIOINN POTa-
UOHHOTO ABU:KeHus 3kpanupoannoro NC3. O6uapykena cyliecTBeH-
Had 3aBUCHMOCTDH POTAIMOHHOTO ABHMKeHUsA >kpanHupoBanuoro UC3 or
KBaIPYIOJBHON COCTABAAIONIEN T€OMAarHUTHOT O TIOTEHIINAA.

1. Tuxomos A. A. YTo4uHnenne Mogemm ”HakIOHHBII aumoas” B 3ajgade 06
SBOJIOIUN POTAIMOHHOIO ABUKEHUA 3APSKEHHOIO Tejla B TeOMArHUT-
mowm mosie // Kocmma. mccren. 2002, T. 40, Ne2. C. 171-177.

2. Tuxono A. A, Derpos K. I'. MyabTumnonbubie Mogein MarHATHOIO
monsa 3emmn [/ Kocvma. mccmen. 2002, T. 40, Ne3. C. 219-229.

On the evolution of the rotary motion of a shielded
artificial Earth satellite under the influence
of the Earth compression

A. A. Tikhonov
St. Petersburg State University, Russia

The paper deal with artificial Earth satellite equipped with charged shield. Its
orbit 1s osculating due to the Earth compression. The secular disturbances,
caused by the 2-nd zonal harmonic of geopotential are taken into account. The
satellite attitude motion under the action of disturbing moments of gravita-
tional and Lorentz forces is investigated. The Earth’s magnetic field is taken
in quadrupole approximation. The evolution of rotary motion of the satel-
lite is studied on the basis of new differential equations constructed for this
purpose with the use of s-parameters. The basic characteristics of the secular
evolution of the shielded satellite rotary motion are revealed with the use of

the averaging technique.
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O paccToAHUAX B NPOCTPAHCTBE JJIUNTUIECKNX
opoéur

K. B. Xoaweenuxos
(kvk@astro.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B mpocTpancTBe KemaiepoBCKUX OpPOUT BBeleHA eCTeCTBeHHAA Tefbe-
pOBCKaA MeTpUKA, ToJe3Had MPH PACCMOTPEHUN CAeAYIONINK BOTIPOCOB!
KOCMIYeCKHH Mycop (HgeHTH(GHUKAINA (PPArMeHTOB OTHOTO OOBEKTA);
KOCMWYECKHH TaTpyab (MAeHTH(QUKALNA Cy THHKOB, 3alyIIeHHBIX BMe-
cTe OJHOU pakeTon 6Ge3 MOoAPOGHOrO OMHCAHUA WIH BOOOIe 6e3 065
ABJICHUA ); HAXOXK JEHIE DOAUTENBCKOTO Tela IS METEOPHBIX MOTOKOB;
HaxOX JeHNe POANTENLCKOTO Tela A MalblX MJIaHeT W KOMeT, NWMeTo-
mux 6an3Kme opOUTHI.

O6o3naunm depes E b-mMepHOE TPOCTPAHCTBO AMMNMTHIECKITX KEILIEPOB-
ckux op6uT. DycTh Q(u) — Touka Ha saaunce I € E ¢ skcueHTpHYe-
ckoit aromasmedt u; d(Q1,Q2) — eBramAOBO paccTosmme B R?. Bremem
sapucsinyo or napameTpa p(l < p < oo0) QyHKINO, 0TOGpaKAOILYO
E x E Ha MHOXKeCTBO HEOTPUIIATETbHBIX THUCEN:

p(Er, Ea) = (%/dp(Ql(u),Qz(u))du)l/p , ecan  p < oo,

p(E1, Eo) = maxd(Q1(u), Q2(w)), ecm p=oco.

Nurerpas u Mmakcumym 6epyres mo orpesky u € [0, 27].

Hccaenyercsi BEINOAHEMOCTE TPEX aKCHOM PaCCTOAHUA:

1. p(E1, FEs) = 0 <= FE; = E;. OueBujgHa cCIpaBeIHBOCTE aKCH-
OMEI, ecAlt uckauums kpyeoswvie opbumsl; 2. p(Ey, Es) = p(Fa, E1); 3.
p(Ev, Ea) < p(E1, E3) + p(Es, Es).

Wrax, MBI HaIeJWI0 METPUKOH TpocTpancTBO Ey, mpeacTraBasiomiee co-
6om E, 13 KOTOPOT'0 HCKIOYEHBI KPYTOBbIe OPOUTHL. Jpu JI060M p pac-
CTOfAHNE Pa3pbIBHO Ha KEIUIEPOBCKUX OKPYKHOCTAX. TowdHee, mpenean-
HOe MHOXeCTBO 3HadeHun p(Fy, F) npn gukcupoBanHoM Ey W cTpeMs-
meMcsas K (PUKCHPOBAHHOW OKpYXHOCTH [ s3amoguseT orTpesok. Waba-
BUMCA OT BTOTO Hey06CTBa U BBegeM (yHKIHNIO

) 1 " 1/p
p(Fy1, Es) = min <%/d (Ql(u),Qz(u—i—v))du) , ecam p < oo,
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p(E1, Fo) = minmaxd(Q1(u), Q2(u+v)), ecam p= 0.

3aecy MunuMyM Gepercs mo orpesky v € [0,27], uHTerpan u Makcu-
MyM — 1o oTpesky u € [0, 27].

BEIMOIHIMOCTE aKCHOM paccTOAHUA NOKA3BIBAeTCA MOACTAHOBKOW u’ =
u+v,v" = —v c y9eTOM IEpHOANTHOCTH.

P IPOU3BOJBHOM P AT OPUTM BBIMHCIEHUS PACCTOAHUSA TOBOJBHO CJIO-
JKeH n TpebyeT MHOTO MAIIMHHOTO BPEMEHH DU MACCOBBIX BBIYHCIE-
Husgx. OH 3HAYMNTETHHO YIPOMIAETCA TIPH P = 0O W 0COOEeHHO p = 2.
DaboTa BBIMOAHEHA NMpH moAnepKKe IPPIU (rpant Ne02-02-17516) u
nporpammsl ” Beayuime way<aubie wkoab” (rpant Ne00-15-96775).

On the distances in the space of elliptic orbits

K. V. Kholshevnikov
St. Petersburg State University, Russia

We introduce a natural Holder-type metric in the space of the Keplerian el-
liptic orbits. It may be useful for examination of following questions: space
debris (identification of fragments of an object); space watch (identification of
satellites launched together by the same rocket); determination of a parent-
body for meteor streams; determination of a parent-body for minor planets
and comets having close to one another orbits.

Algorithms for the distances calculations are constructed.

NmMmnynabcHBIE NepexoAbl HA YCJIOBHO-IEepUOANYECKUe
OpO6UTHI B OKPECTHOCTU KOJJINHEAPHOU TOYKU
aubpaiumn

A. C. Hlmeipos, B. A. Hlmeipos
(shmyrov@apmath.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OHOMMITYIBCHBEIE TIOMETH € HU3KNX OKOJO3EMHBIX OpPOUT HEMOCpe[-
CTBEHHO B KOJIMHEAPHYIO TOYKY Jubpallui, paccMaTpHBaeMble B paM-
KaX OrpaHUYEHHOW KPYTOBOW 3a1adl TpPeX Tel, OKA3bIBAIOTCA HEBO3-
MOXHBIMHI B cuiay mHTerpada fAxobu. Onnako ocTaeTcss BO3ZMOXHOCTH
MoMeTa B OKPECTHOCTH TOYKN JUOPANN Ha ONHY W3 HEYCTOMYIHBBIX
MEPUOANIECKNX WIH YCIAOBHO-MEPHOANIECKUX OPOUT. I pPUMEHEHTE CHM-
IEKTUYECKUX WHTET PATOPOB MO3BOJNIO MOCTPOUTE METO BHIABACHUA
TaKnx opObUT Ha KOHEYHOM 3Talle MoJeTa.



Cexrusa Il. /lunaMuka KOCMHYIECKOTO MTOJETA 113

DaboTa BhIMoaHeHa TpH oA aepxkke IPDPU (rpant N02-01-01039).

1. IlImppos B. A. DojeTH B 0OKpeCcTHOCTL KOJLIMHEAPHOH TOYKH JHOpa-
mim // DporeccH ynpasaens u ycronausocTb: Tpyabt X XXI1 nayamron
KOH(EepeHIN CTYAeHTOB n acnupanTos. C26: UNX CI6I'Y. 2001.
C. 175-178.

2. Imeipos B. A. Yucrennoe MogeaupoBaHue IOJETa B OKPECTHOCTH
KOITMHEAPHON TOYKH aubparnun cuctembl 3emia-Coanrne // Dponeccrr
yupaprernsa n ycromamsocTh: Ipyaer XXXI maywmon xomdepentmm
cTygeHToB 1 acnupanToB. C26: DUUX CI6I'Y. 2002. C. 264-266.

3. Imepos A. C. YcTom¥mBocTh B raMHILTOHOBHIX cumcTeMax. CO6,
1995. 127 c.

Impulse transfers to conditional-periodic orbits in a
neighborhood of the collinear libration point on

A. 5. Shmyrov, V. A. Shmyrov
St. Petersburg State University, Russia

One-impulse flights from low near-earth orbits directly in the collinear libra-
tion’s point, considered within the framework of the limited circular problem of
three bodies, appear impossible in consequence of the Jacobi integral. However
there is an opportunity of flight in a neighborhood of the collinear libration’s
point on one of unstable periodic or conditional periodic orbits. Application
of the symplectic integrators has allowed constructing a method of revealing
of such orbits at a final step of flight.

[ABonunas (6uHApHAA) 3aga4a ABYX Tel

M. C. Apos-Aposoii

MockoBckun ToCy 1apCTBEHHBIN TEXHUYECKUN YHUBEPCUTET, JOCCHUs

JBonvnasn (6mHapHad) 3ajada JBYX Tel BOZHNKAET NDH TPHBEJEHHN
cucteMbl AudPepeHNNAIbHBIX YPABHEHNN OTHOCHTENBHOTO [BUKEHIS
KJIACCHYIECKOH HBIOTOHWAHCKOM 3a1adi IBYX Teld K JBOHYHOMY (GHHAD-
HOMY) BHJY, T.e. K TaKOMY, KOT'Ja TIpaBble YacTH KaXT0r0 ypaBHEHNs
CHCTEMBI MPENCTABATIOT CYMMBI TIOCTOSAHHBIX IEHOB, a TaKxXKe JIMHEH-
HBIX ¥ KBaAPATUIHHIX (GOPM C IOCTOAHHBIMHU KOxdunmenTaMu, - Tor 1a
mpaBble 9acTh He Gy YT UMETh OCOGEHHOCTEN.
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Takoe ke mpeobpazoBanne audepeHTnAIbHEIX YPABHEHNN BO3MOKHO
U B 3ajade n Tel.

The binary two-body problem
M. S. Yarov-Yarovoy

Moscow State Technical University, Russia

They state the problem of this kind when differential equations of relative
motion in the classical Newtonian two-body problem can be reduced to the
binary form. Right sides of these equations represent the sum of constants,
linear and quadratic forms with constant coefficients and so there are not
singularities there.

The analogous transformation is realizable in the case of n-body problem.

Using orbital crane and anchor phenomenon in space
P. Chanville

(baudesso@eleves.enpc.fr)
Calculation Center of the Russian Academy of Science, Moscow, Russia

Ecole Nationale des Ponts et Chaussées, France

By the traditional Routh’s method, we shall study the conditions of
existence and stability of stationary movements of an articulated or-
bital system. It is mainly constituted of a rigid cross, and two masses,
attached by inextensible cables to two symmetrical extremities of the
CTross.

The results will be interpreted for practical use of the system as a crane
in space or a system anchored by gravity.

Ucnoap3oBanue opobuTalibHBIX KPAaHOB U 3¢ deKkTa
AKOps B KocMoce

P. Hlaneuaas
Berancmremsaem nearp A9, Mocksa, Doccus

Bricimas mkona nmyren coobmenuns, Japmxk, Ppanmms

TpagurmoHHbBIM MeTOOM Dayca U3y9alOTCs YCIOBUA CYUIECTBOBAHKA U YCTOU-
YMBOCTH CTAIIMOHAPHBIX JBUXKEHWH COCTABHOU Opb6uTambHon cucTeMbl. Cu-
cTeMa COCTOMT M3 KeCTKOI'o KpecTa M IBYX MaccC, IPUKPeIJIeHHEX HepacTd-
JKUMBIMU TPOCAMU K ABYM CUMMETPUYHBIM OKOHETHOCTAM KPeCTa. Je3yib-
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TaTbl MOT'YT MMETDH IIPAKTHUIECKOE€ 3HAYCHME TIPpU MCIIOJB30BaAHUNW CHUCTEMBI B
KavdeCcTBe KpaHa B KOCMOCE W CUCTEMBI, Ba.E[KOpeHHOI/UI CIJION TSAXKECTH.

On orbital dynamics of a double pendulum

A. A. Burov
Computing Center of RAS, Moscow, Russia

The problem on orbital motion of a double pendulum is considered. It
i1s assumed that the pendulum is attached to the satellite moving in a
circular Keplerian orbit. Supposing that the motion of the pendulum
does not effect satellite’s position we study problem on existence and
stability of relative equilibria of the pendulum. The results are compared
with those ones obtained by V. A. Sarychev [1] for a freely orbiting
double pendulum.

The investigation was supported by RFBR, and by Hochschule Jubilaum-
stiftung der Stadt Wien.

1. Sarychev V. A. Equilibria of a double pendulum in a circular orbit //
Acta Astronautica. 1999. Vol. 44, Nel, P. 63-65.

O6 op6uTaIbLHON JUHAMUKE ABY3BEHHOI'O MasTHHUKA
A. A. Pypos

Berancmremsaem nearp A9, Mocksa, Doccus

DaccMaTpUBAETCA 3a/jada O IBUKEHUN OpOUTATBLHOIO IBY3BEHHOTO MAATHUKA.
DpeanonaraeTcs, 9TO MagTHUK TIOABEIIEH HA CIIyTHUKE, COBEPILAIONIEM [IBU-
KeHue 1o Kpyrosou Kemaeposckon op6ute. B npeamomoxennu o Tom, €TO
IBUKEHNE MagTHUKA HE OKA3LIBAET BIMUAHUA HA [BUKEHHE CIIyTHUKA, W3Y-
“aeTCs BOMPOC O CYIIECTBOBAHUN U YCTOMYUBOCTU OTHOCUTEIHHBIX PABHOBE-
CHU MaATHHUKA. Je3YJbTAThl CPABHUBAKOTCA C PE3YJILTATAMU, MOJYIE€HHBIMEI
B. A. Capwraesbim [1] a1s 1BOMHOr0 MasSTHUKA, COBEPINAIOIIETO OpOUTAIBHOE
[IBUKEHUE.

Dabora BhimonHena npu mnoggepxke IPDPU (rpamrer Ne01-02-02001, 02-01-
00196) u Hochschule Jubilaumstiftung der Stadt Wien.
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Cexkmus I11.
I'm npoaspomMmexanuka

YTouHeHHas (bpaKTaJIbHa.ﬂ MOA€eJb IMIepoXoBaTOCTHU
IIpU B3aMMOJE€UCTBUU PA3pPeEKEeHHOI'O Ir'a3da
C IMMOBEpPXHOCTBIO

0. A. Axcenosa, . A. Xaaudos
(olga@ih6208.spb.edu, khalidov@ih6208.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

I'naBHBIe MPOGAEMET TPU pacveTe paccesHNA aTOMOB r'a3a Ha IIepoxoBa-
TOU MOBEPXHOCTH — BBHICOKAA CAOKHOCTH PACIETOB U TPYAHOCTH yIeTa
MeTKOMACINTAGHO! MIePOXOBATOCTH.

B mocaennee Bpems mosBminCh paboTHI, pasBHBaoIIe (HppaKTaIbHBIN
MOAXO K MOAEJANPOBAHNIO IEPOXOBATOCTH B CBA3M C Pa3JUYHBIMHU TeX-
HUYECKUMHI TTPUIOKEHNAMI. TaKoW MOIXO[ MMeeT Pl MPEnMYIIECTB
KaK Tepes JeTePMUHHPOBAHHBIME (HECTyYallHBIMI) MOIEAAMH MIEPOXO-
BaTOCTH B BH/JE Pa3iIMYHBIX CHCTEM INIOCKHX 3JeMEHTOB, 3yOIOB, CTY-
MeHeK WIN CUHYCOU, TaK W Mepel CTATUCTUYECKUMHU MOJEIAMU, NMU-
THPYIOIMIIME MTOBEPXHOCTH C MOMOIIBIO CAYYalHOTO 1Mo, B HacTosIIen
paboTe ofHa u3 ppakTaIbHBIX Mojeien [1] obobulaeTcs U yTOUHAETCA
MPUMEHNTETBFHO K a’pPOJMHAMUKE Pa3PekKeHHBIX Taz0B. JPH DTOM HC-
HOJAB3YeTCA MPeIoKeHHOe B IIpeblayliel paboTe [2] pacupocTpaHenie
€ TIOCKOT O Ha TPOCTPAHCTBEHHBIN CJAYYall Ha OCHOBE MPEeICTABICHNA BhI-
COTHI [IEPOXOBATOCTH Z (%, Y) HaJ MIOCKOCTHIO CPeTHETO YPOBHA (2, y) B
BH €

(o)
2(rg) = a1 BTGB + 4 (0))
n=1
rje o U [ — TMOCTOAHHBIE TapaMeTphl, ¢ — 2w-Tepuoandeckad (pyHK-

uns, yp(¢) — caABur aprymenTa QYHKINH 1), 3aBHCALIAN OT HOAAPHOT'O
yraa ¢ B miaockocTn (z,y). OgHako o6aacTi 3HAYEHNH TapaMeTPOB 13-
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MeHEHBI TAKIM 06pa3oM, 9TOOk! MOy TeHHasA MOBEPXHOCTH Oblaa mudde-
PEHINPYEMOT. DTO MO3BOINIO TTPOM3BECTI PACIET a3POJHHAMEIIECKIX
XapaKTepUCTHK B3aUMOENCTBHA Pa3sPEKEHHOrO raza ¢ MOBEPXHOCTHIO
6€3 NCIOIb30BAHNA NCKYCCTBEHHOT O OOTIPEIeJeH s BEKTOPA JOKAIBHOM
HOpMaJIH K moBepxHOCTH [2].

PPaKTATLHBIN TT0 X0/ TIO3BOJAET MPEOJOMeTh BaKHENIINN HeJOCTATOK
CTATUCTUIECKOTO METOMa — CJIOKHOCTH PACIETOB, BBI3BAHHYIO MDe-
KJe Bcero HeoOXOAMMOCTHIO BEIMHCIEHHA KOHTHHY AMbLHBIX WHTErDAJIOB,
“Yepe3s KOTOPbIe BLIPAKAIOTCA MHOTHE a’dpPOAMHAMUIECKHE XapaKTepu-
cTukn. KoHTWHyaJbHBIE MHTETPANBLI TPH BHIMHCJIEHUH HEOOXONMMO all-
IPOKCHMIPOBATH WHTErPATaMi BEICOKOH KpaTHOCTH (g0 200).

B To Xe BpeMs NpemMylmIecTBO Mepej AeTePMUHAPOBAHHBIME MOIEIAMHA
COCTOHT B BO3MOKHOCTH y9eTa IePOXOBATOCTH CAMbBIX MAJIBIX MACIITA-
60OB, CIOCOOHON 3HAYUTENLHO YCHAMBATH BIWAHHE IIEPOXOBATOCTH HAa
B3aMMOIENCTBHE T'a3a C TTOBEPXHOCTHIO.

Opu pacdere MeTon0M MoHTe-Kapiao npeioxeHbl TPOCTHE CXeEMBI MO-
JeJINPOBAHEA IEPOXOBATON MOBEPXHOCTH W UCTIOMB3YETCA BO3MOKHOCTD
AHATUTHYIECKOTO OTpeeJeHIA TOUKH MepecedeHns TPAeKTOPUH aATOMa
rasa ¢ IIOBEPXHOCTBIO.

1. Blackmore D., Zhou J. A general fractal distribution function for rough
surface profiles // STAM J. Appl. Math. 1996. Vol. 56, Ne6. P. 1694-
1719.

2. Axcenosa O. A. ®pakTarLHoe MoJeIMpOBaHNE HIEPOXOBATON ITOBEPX-
HOCTW TIpU adpOMHAMHMYECKOM pacieTe B pa3pekeHHoM Tase [/ Aspo-
AUHAMUKAa. 1o pexa. 2.2. Mupommua. 2000. C. 120-129.

Improved fractal model of roughness
by the interaction of rarefied gas with a surface

0. A. Aksenova, I. A. Khalidov
St. Petersburg State University, Russia

The fractal model of surface roughness proposed in [1] and generalized in [2] is
improved to determine exactly the local normal to the surface. The advantages
of the fractal model consist in a simplicity of surface modeling in a Monte
Carlo computation and in a capability of taking into account the important
contribution of a roughness of a smaller scale.
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Kosebauus Tedyenus B OCECI/IMMETpI/I"IHOi;I BbIEMKE IIpHA
CBEPX3BYKOBOM obTekaHuu

K. B. Pabapwikun, B. F. Kysomuna
(gasdyn@pobox.spbu.ru, margse@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B kaacce zamad mo aBTOKOJeGAHUAM, BOZHUKAIONAM TIPHU B3AMMOJEH-
CTBUU TIOTOKA T'a3a ¢ PazHOTo pojfa MperpajaMi, BaXXKHOE MeCTO 3aHU-
MaeT CJAydall BO3HNKHOBEHUSA MYIbCATNH TEUeHUsA TP HATEKAHUT PABHO-
MEPHOT'O CBEPX3BYKOBOT'O TIOTOKA HA 3aTYILIEHHOE TEJIO C BBICTYHAIOIICH
HOCOBOH 9acThio (Tela ¢ epeHel CPHIBHON 30HOM). 3BecTHHI nBa BIA
MyJAbCcalliil Ha Takux nperpagax. Jas nyascammii [I-ro pona (Maccopac-
XO[IHbIE) XapaKTePHBI OTHOCHTENBLHO HU3KAA 4acTOTa M CYIIECTBEHHOE
n3MeHeHne o6beMa OTPBIBHOU 30HBI BCJIAEJCTBHE MEPHUOTHIECKOTO 3aTe-
KaHUA raza W3 OCHOBHOTO (MepH(epHIHOTO) MOTOKA W MOCAEAYIOIIETO
HCTEYEHNS T'aza W3 OTPHIBHON 30HBI. JyabCalWu [-ro pojga, mam axy-
CTUYECKHe TYJIbCAIIMHN, XapaKTepU3yIoTCsA OTHOCHTEALHO BBICOKOW €a-
CTOTOU U MAJBIM U3MeHeHneM 06heMa OTPBIBHOH 30HEI.

Kurodom ais moHMMaHUA aBTOKOMEHATEIBHBIX TIPOIIECCOB Ha Tejax ¢ Te-
pelHen CpHIBHON 30HOW Ha pexuMe myabcarnui [-ro poga, TpaIuinoHHO
CIy XKUT ONHUCAHKUe mpoliecca KoieGaHl B BbleMKe. B BbleMKe ¢ paBHOU
BBICOTON CTEHOK, KOTOPYIO OOBITHO U PACCMATPUBAIOT, PEIIAIOIIYIO PO
B BO3HUKHOBEHUN MYJILCAIIAU UT'PaeT BA3ZKOCTH. B To ke Bpemsa HAIN
HCCAJOBAHNUSA MOKA3BIBAIOT, YTO Ha TeJax C TMepefHel CPBIBHOW 30HON
HaJIdre BA3KOCTH He ABJIACTCA HEOOXOJUMBIM YCIOBUHEM BO30Y K JCHUA
MyJIbLCAII.

DpOBelleHHOEe HAMU WMCCIENOBAHUE TOKA3aM0, 9TO HAOMONATh aKyCTH-
deckre KodeGaHusd B BBIEMKE B UHCJAEHHOM MOAEAUPOBAHUN BO3MOKHO
U B HEBA3KOW TIOCTAHOBKE, €CJAU HECKOALKO M3MEHUTH T'e€OMETPHIO BhI-
eMKH: HAIPUMED, YBEJUYIUB BBHICOTY 3ajJHEN CTEHKH. JPH 3HAYNTENb-
HOM YBEJUYEHWH PA3HOCTU BBHICOT CTyTeHel (GUKCHPYIOTCA KodeGaHusa
[I-ro poga, mpu OTHOCHUTESBHO HEGOMBIIOM — PEXKUMBI KoJdeGanni -
ro poga. l'eomeTpusa cTymeHYaTON BBIEMKH, BOOOIE TOBODA, OINKE K
TeOMETPHE TPaJUIIOHHO PACCMATPUBAEMBIX T C TepeJHeN CPBIBHON
sonon. W ma pexmnmax komebaunin 11-ro pojga mporieccsl, TPONCXoAAIIIHe
B CTYMEHYATON BBIEMKe, OAN3KW K TpoIleccaM Ha MHAWHAPE C UTJOH,
OKAHIWBAIOIIENCA THCKOM.

JleTanmzanua KapTHHB TeYeHUA aBTOKOIeOAHUN B BbIeMKE Ha PeXUMe
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aKyCTHYeCKUX MYJIBCALINN, MTO3BOJINIA BHIABATH P HOBBIX CYIIECTBEH-
HBIX [deTajell, 3HaHle KOTOPHIX HEOGXOMUMO Uit TIOCTPOEHNS afeKBAT-
HOW MaTeMaTHIeCKOU MOJefn sBaeHns. /laHHbBIe pacdeTa MOKa3all XO-
polllee COBNaEHUE C M3BECTHBIMU JaHHBIMU SKCIEPUMEHTa IO Kade-
CTBEHHOW KapTHWHE TEYEHNA U aMILINTYTHO-IaCTOTHBIM XapaKTePUCTH-
KaM.

Supersonic flow oscillations in a cavern

K. V. Babarykin, V. E. Kouzmina
St. Petersburg State University, Russia

A numerical research of the supersonic flowing pulsing modes on axisymmetric
bodies of a complicated form is accomplished. Simulation was executed within
the ideal gas model. In an open cavern a flow self-oscillations were revealed,
when the one side of cavern was higher then other. On the base of obtained
data a detailed description of the flow process is presented.

Co6cTBeHHbIe (PYHKIUN B KJIMHOBUHOU 06JacTH IJs
BOJHOBBLIX JABUXKE€HUU KUAKOCTHU

A. P. Pecmyocesa
(alla@ABG6867.spb.edu)

DeTepOyprcKui rocyIapCTBEHHBI YHUBEPCUTET IIYTEN COOOUICHMs, JOCCUs

DacTOAMNN TOKJIAT MOCBAIIEH M3YYIEHNIO CBONCTB MHTET PAJBHOTO TIpe-
06pa3oBaHu, UCHOIB3YIOMIET OCA TIPU MOAYIeHIH AHAJINTHIeCKUX peliie-
HUU 3a7a¥ O BOJHOBBHIX JBIKEHUAX KUAKOCTH HA[ HAKJIOHHBIM THOM,
BBI3BAHHBIX HAYAJSBHBLIME, TEPUOAUIECCKIME W TBIKYITUMUCA BO3MYIIe-
HUAMU.

Dpobiema 6plIa MOCTaBIeHA B paMKaX JMHEMHOW [MHCIIEPCHOHHON Teo-
puu B 06aacTU TepeMEHHON TJIYOUHBI KAHOHUYECKOTrO TUIA, a UMEHHO,
IIOCKUM HAKJIOHHBIM MHOM. B [1] moiydeHo aBTOMOJeAbHOE pellieHIe
MPOCTPAHCTBEHHON 3aMa¥i O HEyCTAHOBUBINNXCA BOJHOBBIX JBUKEHUAX
KUJKOCTH A MIHPOKOTO AUANA30HA M3MEHEHUA yria HaKJAOHA THA B
cilydae HAYadbHOI'O YCJAOBHsA CllelnalbHoro suga. B [2] ycraHoien cve-
IMAHHBIA CIIEKTP COGCTBEHHBIX (PYHKIINN 3a/1a91 O BOTHOBBIX JABUKEHUAX
KUJKOCTH Ha HAKIOHHBIM JHOM, HaleHa MOJHASA CHCTeMa COOGCTBEH-
HBIX (PYHKITHN, COOTBETCTBYIONINX HEMPEPHIBHOMY U AUCKPETHOMY CITEK-
TPY. Dajutne MOJHON CHCTEMBI TIO3BOJIIIO TIOCTPOUTH TOYHBIE PEIEHN
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sagaqn Kommm-JyaccoHa, 3a1adim O BOJHOBBIX JABHKEHUAX MKUIKOCTH,
BBI3BAHHBIX MTEPEMEIIEHNEM MHA U JaBJIeHUEM, TPUIOKEHHBIM K CBOGOI-
HOIl MOBEPXHOCTH, a Takke 3aja4du 06 ucrounuke [2,3.4,5].

Kpaesas zagada npuBoanTcsa K ypaBHenmo Jlamiaca ¢ KpaeBbBIMHI yCJIO-
BUAME CMEIIAHHOI'O THUNa U YoM HakaoHa S = w/2n, n = 2m + 1,
m=20,1,...

B zaBucumMocTn oT Bua yCAOBHE Ha JHE 3ajada TeJNTCSI Ha [Ba THIIA:
YeTHAA — B Clydae KeCTKOTO HAKIOHHOTO JHa (s Hee B [2] Oblia Hal-
JMeHa TMOMHASA CucTeMa COGCTBEHHBIX (DYHKIINN 1 [OKa3aHa TeOPeMa pas-
JIOXKEHUST TPOM3BOJIBLHON abCOMOTHO HHTETPUPYEMOH (DYHKIWE TO T'pa-
HUYHBIM 3HAYEHUSAM COOCTBEHHBIX (DYHKIIMH HEMPEPBHIBHOIO U JAUCKPET-
HOTO CIHEKTPOB) M HedeTHad — B ciydae ~abCOMOTHO TPOHHIAEMOro”
THA.

B paGore m3ydenwl cBolicTBa cOOCTBEHHBIX (DYHKINHA G€THOHW 3ajadH,
0cobeHHO, TOBeJeHne COGCTBEHHBIX (DYHKIHNH [JUCKPETHOTO CIEKTPA
(KpaeBBIX BOAH) B NpuOpexHON 30He. JlasA HedeTHON 3amadn OGbITA
HallJleHa MOJHAasd CHCTeMa COOCTBEHHBIX (DYHKINH, MOoKazaHa TeopeMa
MOMHOTHI. DBLIO TOKA3aHO, ITO PE3YIbTATOM TEOPEM MOJHOTHI SBJIsA-
eTcsi HOBOe MHTErpafdbHoe peobpazoBanme. B paboTe OBLIN W3y 9IeHBI
CBOIICTBA 3TOrO MPeoGpaszoBaHus, ¢ 3TON Neabio GBI BBeeH HOBBIN Ofle-
paTop, JaHBI ONpeeleHnss OPUTTHAIA, M300PaKeHNsA I HHTETPATBLHOT O
npeoGpazoBaHms ¢ HOBHIM AapoM. J[lokasaHbl cBolcTBa mpeobpasoBa-
HUS W PaCHIMpeH Kaacc PYHKIUN, K KOTOPOMY MOXeT GBITh IPUMEHEHO
HOBOE MHTerpadbHOE Mpeobpa3oBaHue.

Nayvennoe uHTErpadbHoe mpeobpazoBanne nMeeT 061aCTh TPUMEHTMO-
ctu 6ojlee MMPOKYIO, 9eM pacCMaTPHUBAEMBIN B MaHHOU paboTe Kaacc
rugpoanHaMmaecknx 3agad. OHO MOXKeT OBITH IPUMEHEHO K 3HAYNTENb-
HOMY 9HCJIY 3a]a9 MaTeMaTHI9eCKON (PU3NKHN, CBA3AHHBIX C KJIMHOBH THON
06IaCTBIO U CMEMIAHHBIM KPAeBBIM YCJAOBHEM: TEOPHUHU TEILIOTPOBOIHO-
ctu u gudppy3un, S3AEKTPOCTATHKN U TeOPUN (PUILTPANNN, AKyCTHKHA 1
BAEKTPO TMHAMUIKH.

1. Hopdpman A. A. O HeyCTAHOBUBIIMXCS BOJHOBBIX JABIYKEHUAX Ha 1 Ha-
kaorEbBIM gHOM [/ Was. AD CCCD, MZKT. 1984. #6, C. 65-70.

2. llopdpman A. A. IpocTpaHCcTBEHHAS 3a4a¥a O HEYCTAHOBUBIINXCA BOJI-
HOBBIX [IBHKEHUAX B o6macTn nepemennon raybunsr // Mas. AD CCCO,
MYKT, 1986. # 2, C. 104-112.

3. Bestuzheva A. N. and Dorfman A. A. Wave Motions in a Fluid Brought
About by Bottom Movement in a Region of Varying Depth // Oceanol-
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4. Bestuzheva A. N. and Dorfman A. A. Wave Motions of a Fluid Due
to a Moving System of Pressures on an Inclined Bottom // Prikladnaya
Mekhanika i Tekhnicheskaya Fizika. 1991. #6, P. 38-44.

5. Bestuzheva A. N. and Dorfman A. A., Wave Motions Caused by a
Source in a Fluid of Variable Depth // J. Appl. Maths. 1991. Vol. 55,
43, P. 332-337.

Eigenfunctions in the wedge domain for a wave
motion

A. N. Bestuzheva

Petersburg State Transport University, Russia

The properties of the eigenfunctions and an integral transform used to obtain
an exact (analytical) solution for a problem of wave motions over an inclined
bottom due to either periodical or moving or initial perturbations are stud-
ied. The problem is considered by means of the linear dispersion theory for a
domain with the variable depth, namely for the flat inclined bottom.

3pI/IMEHEHI/Ie MeTOoda I'PaHUYIHBIX J3JeMeEeHTOB
AJA pacdeTa obTekaHusa HacaaKu 1"p66H01"0 BHUHTa

B. A. Pywxoecxuti, A. FO. Axoeace
(krylov@krylov.spb.ru)
2NN nmenn akax. A.D. Kpermosa, CankT-2DeTepbypr, Doccus

B macTosiee BpeMa OCHOBHBIM WHCTPYMEHTOM pacdeTa CyIOBLIX TBU-
KUTEAEN CIyKaT METOIB THAPOANHAMMYECKIX OCOGEHHOCTEN, TIO3BOJIA-
OIIIEe TIOAYYNTh B PAMKAX HEBA3KOW HECXKMMAEMON KU IKOCTH PEIEHNE,
XOPOIIIO COTIACYIOIIeecs ¢ 3KCIepuMeHTOM. Cpen 3THX MeTOOB O THUM
n3 HanboJjice COBEPUICHHBIX ABAACTCA METO I'PAHUTIHBIX DJIEMEHTOB.

B noknage paccMaTpuBaeTcA MpUMeHEHNE MeTONa TPAHUIHBIX dJIeMeH-
TOB [UIf pacdeTa B3aHMO/eNCTBHA Hacajku ¢ rpeGHBIM BHHTOM (I'B).
O6Tekanne domnactenn I'B mMogeampyeTcs ¢ mOMOMIBIO MeTOMa HECYIIEH
MTOBEPXHOCTH, KOTOPBIN XOPOIIO 3apeKOMeHA0BaI cebs MPH MpPOBee-
HHUM pacdeTOB TPaJANINOHHLIX |'B. Dpu 5ToM yunTHIBaeTCA M3MeHEHE
dopMHI iesieH cBOGOIHBIX BUXPEN, MPOCTHpAONInXCs 3a jonactsamu I'B B
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HacaKe, IO CpaBHEHHIO cO caydaeM paboTwl I'B B cBoGo4HOM BoTe. Dac-
qeT o6TeKaHnda HacalKM OCYIIECTBAACTCA C MTOMOIIBIO MeTOMa I'DaHWY-
HBIX DJEMEHTOB. JOCKOJAbKY HacajKa IIPeACTaBigeT cOOOM KOMbIeBOe
KPBLIO, Ha €€ MOBEPXHOCTHU pacHpelelAloTca KOoJdblleBble 0COGeHHOCTH
THIIA UCTOYHUKA, C MCKOMOW TLIOTHOCTBIO, 3aBUCAIIEH OT POAOILHON
U YTJIOBOU KOODJAWHAT W BpPEMeHN. BHYTPH MOBEPXHOCTH HACAJIKH Pac-
mofaraeTCs CHCTeMa TPUCOETMHEHHBIX BUXPEH, CyMMapHasd WHTEHCHB-
HOCTBH KOTOPHIX olpefendeTcs B Ipollecce YIOBAETBOPEHUA MOCTYIATY
Yamaviruna- 2KyxoBckoro Ha 3amHell KpOMKe Haca Ku. JejeHa cBOGO/I-
HBIX BUXPEN CXOUT C 3TOU KPOMKHN U MPOCTUPAETCA 10 GECKOHETHOCTH.
Dacder BzammogenicTeus ['B ¢ Hacagkoll ocyiecTBasgeTcs UTEPANNOH-
HBIM IIYTEM.

C moMoIIbio MPeNToKEHHON PACIETHON CXEMBI MOKHO OIEHUTH pacipe-
JefleHlle CKOPOCTEN W JaBJIeHNN Ha MOBEPXHOCTH HACAMKN C YI€TOM HX
U3MEHEHNUA BO BPEMEHHU, ONPENeTNTh TOCTOAHHBIE U IIepEeMEHHBIE COCTa-
BISAIOIINE CIJI I MOMEHTOB, melicTByfomnx Ha I'B u Hacajgke npu pabore
NBIKUTENS B HEOHOPO THOM Haber afollleM MOTOKE 38 KOPMOBOHW OKOHEY-
HOCTBIO Cy[JTHA.

TovHOCTHL TOAYYIEHHBIX PAacIeTHHIX OIEHOK MOATBEPKTAETCA COMOCTA-
BJIEHNEM C 3KCHEPUMEHTAJBHBIMI TaHHBIMHA.

Application of boundary element method for
calculation a flow around the propeller duct

V. A. Boushkovsky, A. Yu. Yakovlev
Krylov Shipbuilding Research Institute, St. Petersburg, Russia

Calculation of a flow around the duct using Boundary Element Method is
submitted in the paper. The flow result from the propeller-duct interaction.
The interaction is simulated by an iterative way. The offered computational
scheme allows to evaluate velocity and pressure, steady and unsteady forces
and moments arising on the propulsor elements in nonuniform inflow behind
the ship stern. The accuracy of computational evaluations is confirmed by
comparison to experimental data.
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O crnoco6ax nMpouIupoBaHuA CeYeHUHN JomacTen
rpebHBIX BUHTOB

I'. A. Bacuaves, FO. P. Kapneees
(krylov@krylov.spb.ru)
2 NU nmenn akax. A. 9. Kpbuiosa, CaukT-JeTepbypr, Joccus

Opu NpOPUINPOBAHUN CEYEHUs JOMACTH T'PpeCHOrO BHHTA 33 aHHBIMI
ABJSAIOTCSA TOJYIeHHBIE B XO[€ MPOEKTHPOBOYHOI O PACYETA [INHA XOP IH,
MaKCHMAaJdbHBIE OTHOCHTEIbHBIE TOMIINHA W OPJAWHATA CPeNHEN JUHNM,
a TakXKe HOPMUPOBAHHBIE PACHpeeJeHNs BIOMb XOPABI TOMINH U OP-
QUHAT CPeJHeN JUHUH. DPU BEIGOpE W MOTUMUKAINN TOCIETHIX PYKO-
BOJCTBYIOTCS COOOPAKEHUAMEI YIYUIIEHUSA TPOTYIbCHBHBIX, MPOTHOCT-
HBIX W KaBUTAIMOHHBIX KadecTB rpebHOTO BuHTa. B HacTosmee Bpems
M TpoMINPOBAHASA IMPOKO UCHOAB3YIOTCS HOPMUPOBAaHHBIE pacIpe-
JMeMeH s, oMy IeHHbIe Ha OCHOBE MaHHBIX O 0a3MCHBIX (hOpMax TOJIIINH
NACA 66 u dpopme opaurar cpenuent auann N ACA M. L. a =0.8. D1t
MaHHBIE OTHOCATCS K aBHAIMOHHBIM MPOMUIAM C MTOHUKEHHBIM COTPO-
THBIeHNEM. JOTPeGHOCTE B 60j€€ MMOMTHOM yUeTe CIelnpnKn BHHTOBBIX
npouiael W MOTBOTHBIX KPBLIBEB HAIIa OTPaXKeHMe B PSge MCCIeN0-
paumit. Tak, Dumiepom Oblm pazpaboTaH MeTOI TPOEKTHPOBAHNUA MPO-
dumelt, OCHOBAHHBIN Ha PeIleHnn oO6pATHOW 3ada<i, W CIPOEKTHPOBAH
npopmib Y .S — 920 ¢ nocToannabiM pazpexennem Ha 80% 3acacwiBaromien
CTOPOHBI TIPH 3aJaHHOM YTile aTakn. B goxaagpiBaeMon paboTe, NCXO/Is
3 TaGJIMIHBIX 3HAMEHUT KOODAUHAT TPOMIIsa DIIiepa ObIIN TOJy YeHBI
HOPMHUPOBaHHBIE PACIIPENETEHNUsT TOJMNH W OPJUHAT CPeNHEN JUHUN, a
TaKXkKe TPOBEJeHO CPABHUTEABHOE UCCAENOBAHIE XaAPAKTEPUCTHK MOTEH-
nranbHoTo obTekannd npoduaeii NACA 66 (MOD) u V.S — 920 yTou-
HEHHBLIM METOJOM THIIAa BUXPEBOIO CJOA. De3YJIbTATHI HCCIETOBAHIS
MOKA3AJN, ITO MPH OJUHAKOBBIX OTHOCHTENBHBIX TOJIINHAX W OP/IH-
HaTax cpefHell auHUU 06a MPOPUIA UMET MPAKTHIECKHN OJTMHAKOBBIE
moasApel, HO y mpodmis Y.S — 920 Gomee mmpokas 061acTh KaBUTAINOH-
HOW [JuarpaMMbl, CBOGONHAA OT KABUTAINU. JOCAENHEE TIO3BOMTET Pe-
KOMEHIOBATH COOTBETCTBYIOIINE HOPMHUPOBAHHBIE PACHpeeJeHnus MTPH
MPOEKTUPOBaHNE T'PeCHBIX BUHTOB.
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About profiling ways of screw propellers blades
sections

G. A. Vasiyev, Yu. N. Karpeev
Krylov Shipbuilding Research Institute, St. Petersburg, Russia

Results of comparative researches of hydrodynamical characteristics of profiles
NACA 66 (MOD) and Y'S — 920 are represented. The way of profiling using
ratio for structure Y.S — 920 is recommended.

AspogunamMuydeckas nHTepdepeHIus IMUJINHIPOB
B MMOTOKEe CXKMMaeMOr'o rasa Mpu yMepPeHHBIX YHhcaax
DenHOoJbICa

A. P. Boaxos
(anvolkov@sovintel.spb.ru)
DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,

CankT-JeTepbypr, Joccus

Apgenne aspoamHaMutdeckon WHTeP(QEPEHINN TeA, T.€. WX B3aNMOIEl-
CTBUE ¥Yepe3 0O6TEKAOMNN NX TOTOK I'a3a, MHPOKO BCTPEIAETCS B €CTe-
CTBEHHBIX YCIOBUSX W B TEXHUYIECKHX yCTPOHCTBAX.

NuTepdepennna ABYX TUAWHIPOB B TMOTOKe T'a3a MPH MAJTLIX INCIAX
Maxa, Korja CKUMAaeMOCTHIO CPeIbl MOKHO TIpeHebpedh, NccaefoBaHa B
[1]. B ganuoli paboTe paccMaTpUBAETCA adpoAHHAMEUYECKas MHTephe-
pentius pu 64X ducaax Maxa, Korjga CKUMaeMOCTh CYIIIECTBEHHA
1, B 4aCTHOCTH, B ITIOTOKE BO3MOKHO 06pa3zoBaHNe TOKAJIbHBIX CBEPX3BY-
KOBBIX 30H U CKa4YKOB YIIOTHCHUA.

Tewyenme raza CINTAMOCH IOCKHM W OIMCHIBAJIOCH TOJHOW CHCTEMON
ypaBHeHun JaBbe-CTokca. [las mX YHCACHHOTO PEITEHUs MCHOJb30Ba~
JUCH cOCTaBHBIE 6JOYHBIE CETKH, MO3BOJAIOIINE PACCINTHIBATE TeHeHUA
OKOJIO TIPOM3BOJBHON T'PYTIITEL NIJITHIPOB. DeBA3KNE CIaraeMble B ypaB-
HEHUAX allPOKCUMUPOBAINCHL TpH momMotn 'V D-cxeMbl, BA3KNE — TIpH
TTOMOIITN CHMMETPHIHBIX KOHEYHBIX Pa3HOCTER BTOPOTO TOPHTKA.
DacYeThl BBHITOMHEHHI 15 TEIEHUA OKOJIO MBYX ONMHAKOBBIX IIIJANHIDOB,
PACIIONOKEHHBIX 110 OTHOIIEHUIO K HaTeKafoleMy OJHOPONAHOMY MOTOKY
TaHEMOM WIH PEMeTKON. Jncao DelHoAbIca, PACCINTAHHOE IO Tapa-
MeTpaM HaTeKaIolero NTOToKa N uaMeTpy TUANHAPOB, 6b110 paBHO 200,
a Hamboablee wmcao Maxa — 0.7. DokazaHo, YTO B 3aBHCHMOCTH OT
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pACCTOAHUA MeXJy NUINHIDAME B clefle 33 HUMH MOXET Pealn30BhI-
BATHCA HECKOJBKO KA9eCTBEHHO DA3UYHBIX KAPTHH HECTAIMOHAPHOTO
BUXPEBOIO TevYeHNUs. JallleHbl adpoqunHaMudeckine KO3 UImeHThH -
JUHIPOB KakK (hYHKIWE BPEMEHU, W HOIYYeHa 3aBUCUMOCTD WX aMILTATY I
OT PACCTOAHUA MeX Ay IMUInHApaMu u ducaa Maxa.

DaboTa BhIMoaHeHa TpH oA aepxkke IPDPU (rpant Ne02-01-06356).

1. Volkov A. N., Tsirkunov Yu. M. Aerodynamic interference of two cylin-
ders in the flow at a moderate free stream Reynolds number // Proc.
Fifth World Congress on Computational Mechanics. Vienna. 2002.
(Web site http://wcem.tuwien.ac.at/). 12 p.

Aerodynamic interference of two cylinders
in compressible gas flow at a moderate free stream
Reynolds number

A. N. Volkov
Baltic State Technical University, St. Petersburg, Russia

The aerodynamic interference of two equal cylinders in the crosswise flow for
the free-stream Reynolds number Re = 200 and the Mach number up to
M = 0.71s studied. The 2D unsteady flow is described by the complete Navier-
Stokes equations. The combination of the TVD-scheme and the central finite-
difference approximation of viscous terms is used for numerical solving of these
equations. Calculations were carried out for cylinders arranged in tandem or in
lattice. The unsteady vortex flow in the wake behind the cylinders is visualized
by massless particles-markers. It was found that several different flow patterns
can be observed depending on the distance between cylinders. Time-dependent
aerodynamic coefficients were determined, and their amplitudes were found
depending on the distance between cylinders and the Mach number.
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Bausnue pacnpejeseHus dYacTull IIo pa3MepaM Ha
CTPYKTYPY HNOTI'PAaHUYHOI'O CJIod U TemIooOMeH Npu
HeCcTallMOHAPHOM 00TeKaHUU 3aTYILIeHHBIX Tell
CBEePX3BYKOBLIM MOTOKOM 3allbLIEHHOI'O I'a3a

A. P. Boaxos, B. B. Cemenos, FO. M. Hupxynos

(anvolkov@sovintel.spb.ru, vvsemionov@hotmail.ru, tsrknv@bstu.spb.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

Jlamras paboTa TOCBSAIEHA YHCIEHHOMY MOIEINPOBAHNIO HECTAIIMOHAD-
HOT'O TeYeHNs, BO3HNKAOIIET O, KOTIa YCTAHOBUBINIEECH TeYeHNe B yaap-
HOM CJIO€ TIPH CBEPX3BYKOBOM OOTeKaHWH 3aTYIIEHHOTO Tejfa GHCTHIM
razoM BO3MYyIIaeTcs 06JaKOM TBEPABIX [MCIEPCHBIX YaCTHIl, B3BEIIEH-
HBIX B HaTekamolleM moToke. O6aako cInTaeTcs MOJYyOEeCKOHETHBIM, a
€ro (PPOHT IOCKUM W OPTOT OHAJBHBIM BEKTOPY CKOPOCTH HEBO3MYIIEH-
HOT'O MOTOKA. JBOJIONNA BO3ZMYIIEHHOTO TEYEHNA UCCAEYETCSA BILIOTH
O yCTaHOBJEHUsT OOTEKAHUSA Tela 3albUieHHBIM razoM. OCHOBHAA Ielb
3aKA0YaMach B U3YYEeHNN BAWSHUA PacUpejeJeHns 9acTHIl IO pazMe-
paM Ha TemIoo6MeH Ha MOBEPXHOCTH Tefta. [|BUKeHME MOJN UCTIEPCHBIX
9acTHUIl MPUMECH OMUCHIBAJAOCH KuHeTHYecKol Mogeibio [1]. Hduas necy-
[IeT0 T'a3a WCIMOAb30Bafach MOMHAA CHCTeMa ypaBHeHHN JaBbe-CToKca
C [JOTMOMHUTEIbHBIMI CJAATAEMBIME, YINTHIBAIOIINMEI BANAHUE TTPUMECH
Ha TedveHMe ra3zoBoll (azbl. McciaemqoBaHbl TedeHNs OKOJIO cPePhl U IH-
JUHApa B AmnamnazoHe uncea Maxa oT 2 go 6. BappmpoBaauch mapame-
TPHI (PYHKIWH pPaCIpefeqeHss 9acTHIl 10 pa3MepaM n OObeMHas KOH-
neHTpannd npuMecn B obgaxe. (OCHOBHBIE PACYeThI BBIMOJIHEHBI TPH
3HAYEHNAX WCXOMHBIX TAHHBIX, KOTOPBIE COOTBETCTBYIOT YCAOBUSM (PH-
3UYMECKUX DKCIepuMeHToB [2]. B pesyabrare pacdeToB HalleHbI TOTOKN
SHEPTUH OT Fa30BOW W AUCIEPCHON (haz K HOBEPXHOCTH TeJ.

DaboTa BeINOAHEHA TPpH TToA fepKKe IPPI (rpanTer Ne02-01-01201, 02-
01-06356).

1. Boakos A. 3., Hupkysos FO. M. KuneTndeckas MoIeb CTOJKHOBH-
TeJIbHOU NMPUMECH B 3alBLICHHOM Ia3e U ee MPUMEHEHNEe K PacdeTy 06-
Tekaumsa Tea [/ Was. DAD, MZKT. 2000. Ne 3. C. 81-97.

2. Bacmrepckmm J. 2., Ocummos A. 3., Unpmxma A. B., Akxosresa JI. B.
Tenmoobmen Ha J060BOU MOBEPXHOCTHU 3aTYILIEHHOT'O TeJIAa B BHICOKOCKO-
POCTHOM TIOTOKE, cofiepkKalleM MasonHeprnuorrbie dacturbl [/ MTDIK.
2001. T. 74, Ne 6. C. 29-37.
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Influence of the particles’ size distribution on the
boundary layer structure and heat transfer
in the unsteady supersonic dusty gas flow over a blunt

body

A. N. Volkov, V. V. Semionov, Yu. M. Tsirkunov
Baltic State Technical University, St. Petersburg, Russia

Unsteady flow is investigated when steady-state supersonic flow of pure gas
over a body is disturbed by a cloud of dispersed particles moving in the free
stream. The main aim of the study is to clarify how the particles’ size distri-
bution influences the heat transfer at the body surface. The model of two-way
coupled gas-particle flow is used. Particle phase flow is described by the kinetic
model of collisional ”gas” of particles. The complete Navier-Stokes equations
with the source terms are used for the carrier gas. Flow over a cylinder and a
sphere is studied in the range of the Mach number from 2 to 6. Energy fluxes
from the gas and particle phases to the body surface are calculated.

MeToa MoaeJupoOBaHusA KPYIIHLIX BUXPEU U ero
NpuMeHeHNe [JA pacueTa CJOeB CMelIeHuA

K. P. Boaxos

(root@kv7340.spb.edu)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

Cpenn OCHOBHBIX METO/IOB HHCIEHHOTO MOJEJMPOBAHNA TPEXMEPHBIX
TYpOYJEHTHBIX TEYCHUH MOXHO BBIJEMNTH MPAMOE UHCJICHHOE MOIe-
muposanne (Direct Numerical Simulation), mogennpopanie KpymHBIX
suxpeit (Large Eddy Simulation) u pemienne ocpeiHeHHBIX To Oefi-
HOaBCY ypaBHeHnil Dapbe-Crokca (Reynolds Averaged Navier-Stokes
equations). Merog MogemupoBanus KpynHeX Buxpen (LES) apadercs
MepCIeKTUBHBIM HANPABJACHNEM B Pa3BATHH MeTONOB pacdeTa TypOy-
JEeHTHBIX TeIeHUHN.

MeTon Mogeanposanna KpynHux Buxpeil (LES) apasgeTca koMmnpoMuce-
HbIM BapuanToM Mex 1y DNS u pemmrennem RANS. /lavsbin mogxom orpa-
HOYHBAETCA UCCICJOBAHUEM TeYeHUN TOJBKO B MacirTabax, MpeBbIllia-
IOIIX HEKOTOPYIO 3ajaHHyio Beamunuy. B mertome LES ocymecTBas-
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eTcsi pellleHne OTMUILTPOBAHHBIX MO MPOCTPAHCTBY ypaBHEHUH DaBhbe-
Crokca, n pazpeliaeTcsa JBUKEHIE TOJBKO KPYIHBIX Buxpen. Meaxme
BUXPHU UMeOT Gojee YHUBEPCAIBHYIO CTPYKTYDY U MOJEIUPYIOTCA TPH
MOMOIIIH MO[eJel TMOACEeTOTHOTO MaciiTaba, MOCTPOEHHBIX Ha OCHOBE
KOHIENIINN BUXPEBOU BAZKOCTH WIH APYTUX PAMOHAILHBIX AMMPOKCH-
MalWi TPOIECCOB NepeHoca.

Dockoabky LES BKItOHaeT MomennpoBaHne MeTKIX BUXPEN, TO pacdeT-
HBle CETKH 1 BPEMEHHBIE AT MOTYT GBITH HAMHOT'O GOJIbIIe (IPUMEPHO
Ha TOPAJOK), €M KOIMOTOPOBCKHE MacCIITabkl JIHHBL 1 BPEMEHN. DPH
PUKCUPOBAHHON pACYeTHON MAMATH BO3MOXKHO MOCTHXKeHUEe Gojiee BhI-
COKMX Yucen JelHoabaca, 1eM B DNS.

Dettenne, mogayydentoe ¢ momorbio LES, comepxuT Gomee 6oraTyio mH-
dopmanuio 1o cpaBHeHUio ¢ pemenneM RANS, mampumep, He TOJBKO
XapaKTEePUCTUKU CPEJHErO TeUYeHUsA W paclpeJefeHus PEHHOMbJCOBBIX
HANPSAKEHNH, HO TakKe U CIEeKTPAIbHBIE XapaKTePUCTHKH U [BYXTO-
YedHBIE MOMEHTHI.

BoamoxuocTtn LES memoHCTpupyOTCs Ha MpUMepe peIIeHUs 3ajaqu O
CMEINIeHNH ABYX TOTOKOB PA3HOPOHBIX JKUJAKOCTEN.

Large eddy simulation and its application
for calculation of mixture layers

K. N. Volkov
Baltic State Technical University, St. Petersburg, Russia

Opportunities of large eddy simulation for calculation of turbulent flows are
discussed. Computational resources for large eddy simulation are compared
with the same for direct numerical simulation and solution of Reynolds aver-
aged Navier-Stokes equations. As an example, large eddy simulation is used
for calculation of mixture layer of miscellaneous fluids.
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Jpumenenue nakera STAR-CD auasa mogenupoBaHus
BHYTPEHHUX TYpPOYyJEeHTHLIX Te4YeHUn

K. P. Boaxos, C. B. Jenucurun
(root@kv7340.spb.edu)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

[l MofeanpoBaHusa BHYTPEHHUX TYPOYIEHTHBIX TEHYeHUU WCHOIB3Y-
ercs caenytownit nogxon [1]. CHadana IpoBOAMTCA DELIeHHE 3a1a4i B
ee TOJHOW TOCTAHOBKE. 3aTeM, WCHOJIb3YsA TOMyUIeHHbIe Pe3yabTaTH,
dopmyaupyeTca pAn JAOMYIIEHUN, W CTPOATCA YIPOIIEHHBIE MOJJEIN.
B pesyabrare, moaydaercs Habop MaTeMaTHIECKUX MOIeJdeH, OTAngaio-
IUXCA APYT OT ApPYTa YPOBHEM CXeMATH3AINU TEYeHUA U CIOCOGHOCTHIO
MpeICKa3biBATh Te WM WHBE XapaKTepUCTHKN ToToKa. ComocTaBieHnne
Pe3yALTATOB PACIETOB B pAMKAaX MEJOU COBOKYITHOCTH MaTEeMAaTHIECKIX
Mo/Ielell TO3BOJIAET OTBETHTL Ha BOTIPOC O TOM, HACKOJBKO PaBOMEPHO
HCTIOAB3OBAaHWEe TOU WIN WHOW YIPOMIEHHONW MOMESH [ BOCIPOM3Be-
MeHUA XapaKTepUCTUK TeYeHWH B KaHAJaX PeaJbHBIX TeOMETPHIECKNK
Korpurypatuii [2].

[l Mo e MpOBaHUA Te9YeHIH B TIOJHOW MOCTAHOBKE MPUMEHIOTCA BhI-
YHCAUTENbHbIE MAKeTHI, TPOIIeIne CepTUPUKAIUIO U COOTBETCTBYIO-
e MeX TyHAPOAHBIM CTaHIapTaM Ha MPOrpaMMHOe obecredeHne.
Oaunm u3 Hambodee MOIIHBIX W W3BECTHBIX BBIYUCANTENBHBIX MaKe-
TOB, NpEeTHA3HAYEHHBIX A peIleHus 3ajad MeXaHWKW JKUAKOCTH 0
raza, asasercsa nakeT STAR-CD. Daker STAR-CD pazpabaTeiBaeTcs
dupmon Computational Dynamics Inc u npeacrasaseT co6oil KOHETHO-
OOBEMHBIN BBIMUCAATENBHBIN KOMILIEKC, TO3BOMAIONIMN pellaTh 3a1a9u
MPaKTHYECKH JI060r0 YPOBHA CA0KHOCTH. OTKPHITAA apXUTEKTypa Mo-
3BOJIAET BCTPANBATH U HCIOIB30BATEH COGCTBEHHbBIE TPOTPAMMHEIE KO TBI,
HamucaHHble Ha A3bikax Fortran wam C, KoTopble AOTOMHAIOT 6a30BYIO
KOH(HUTYPAIIHIO MaKeTa.

BoamoxuocTs paboTer B cpefe maketa STAR-CD V3.100B npeaocra-
BlIeHA MOCKOBCKUM TipeacTaBuTeabcTBoM dupmel CAD-FEM GmbH.

1. Henncuxun C. B., Emenbsnos B. 3. MoaempoBanne raszogmHamm<e-
CKHX TIPOIIECCOB B TIA3MATPOHAX C BUXpeBon crabummsarmen [/ Tes.
nokia. IV MexayH. KoH}. M0 HEpABHOBECHBIM IIPOIIECCAM B COILIAX W
crpysax. CaukT-JeTepbypr. 24-28 mioms 2002. C. 23-24.
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2. Boakos K. 2., Emenbsanos B. 9. Tpexmepusre TypOyieHTHBIE TeHEHUA
B KaHATaXx Co BAYBOM //DIasMorazofnHaMHUKa W TEILIOMACCONEPEHOC.
C26. 2002. C. 43-53.

Application of STAR-CD package to simulation
of internal turbulent flows

K.N. Volkov, S.V. Denisthin
Baltic State Technical University, St. Petersburg, Russia

Turbulent internal flows are simulated by the means of STAR-CD package.
Peculiarities of a flow are investigated in respect of income and geometry
properties. The STAR-CD package is used as a design field. The conducted
calculations show the advisability of using STAR-CD package properties on
the step of design for optimization of flows parameters in the ducts with com-

plicated shape of cross section.

I'm6koe mallryillee KPbLIO MepeMeHHOU TOJIUHBL
T. B. Boaowunosa, P. A. Fpwos, E. O. Jho6umosa

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OpH HeCTAIMOHAPHOM ABIKEHUN THOKOTO KPBLIA BBIUHCAAETCA ITIepe-

MeHHasA NHTeHCUBHOCTL BUXPEBOT'O KOTbIIa, PACIIOJar alolIer ocs Ha KPhIJe.
Onpegenserca pacipeeneHne TaBIeHAA Ha KPbLIe 0 fepOpMaIina KpbLia.
Elastic flapping wing of changing thickness

T. V. Voloshinova, B. A. Ershov, F. O. Lioubimova

St. Petersburg State University, Russia

The problem of flapping elastic wing is considered. The deformation of wing

is calculated.
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O He}’CTOI;JI"II/IBOCTI/I KOHCOJIM C AUIIOJEM B IIOTOKeE

B. A. I'onwuapenxo, B. H. Fonuapenxo
(gonchavi@brown.kiev.ua)

ABHanMoOHHLIN Hay9IHO-TEeXHUYEeCKNI KOMILIEKC, KueB, YKkpanHa

O60CHOBEIBaETCS BO3ZMOKHOCTH aBTOKOJeOAHWH KpbLIa € JABHCATETEM
BCJ€CTBIE B3aWMOIEHCTBUSA BO3AYIITHON CTPYHU ABUTATENS HA DEXIME
peBepCUpOBaHUA TATHU ¢ HabeT alollInM IMOTOKOM.

DaccMaTpUBAETCA Caeqyomias MOJelb 3TOU cucTeMbl. MMeeTcsa crep-
JKeHb B BHe KOHcoau. QIWH KOHEN 3TOrO CTEPXKHA YIPYro 3aKper-
JeH B MJIOCKOCTH KadaHus. Ja CBOOGOMHOM KOHIlE CTEPXKHSA 3aKperlieH
OUCK B BH[e KPyra pagmyca d. -JJIOCKOCTb KpyTa MepPHeHIMKYIIpHA
OCH CTepXKHA. JO MOBEPXHOCTHU AUCKA PACIpeNeNeHBl BIeMEHTAPHBIE
JUTIONN, OCU KOTOPHIX MapaleIbHBl OCH CTEPKHA U OJUHAKOBO Hallpa-
BJIEHBI IPOTUB NOTOKA. JTa MeXaHHYIeCKas CHCTeMa HaXOMuTcs B Habe-
rapleM TTOTOKe. B HeBO3ZMYIIEHHOM TOJOXKEHWN OCh CTEPXKHA HAIpa-
BlIeHA BJOJB MOTOKA. JOCTE BO3IMYIIEHUS TOJOKEHNUSA CTEPKHA MOSBIA-
eTcA yroJa MeX 1y OChIO CTePXKHA U HallpaBJAeHeM HabeT afolllero MoToKa.
DoTeHIUAJ [IUCKA, MO TMOBEPXHOCTH KOTOPOTO PABHOMEDHO pacIpejle-
JEHBI TUIOMN C CYMMAapHBIM MOMEHTOM 1M:

27

6 (d
V(r’g):_%coj /%‘J)(p+r_asingcos¢),

0

rae p= /a2 — 2ar sin @ cos ¢ + r2.

DOCTPOEHBI IMHAN TOKA UIeaJbHON HECKUMAEMON KU TKOCTH W BHITO/-
HeHa OlleHKa XapaKTepa oO6TeKaHWuds >TOH CHCTeMBI. JPH HAJMTHU yTJaa
aTakH IOTOK He ABJIACTCA OCECHMMETPHYIHBIM. B 3TOM cilydae co CTO-
POHBI TIOTOKa Ha AUCK AEMCTBYeT MOMEHT CHJI. OO NpUIUHe OTCTaBa-
HEA 110 haze MOMEHTA OT yTJa aTaK! BO3MOKHA KoJebaTelbHad MOTeps
YCTOMIMBOCTH CHCTEMBL.

BeaegcTere HemmHEHHOCTEN pealbHON CHCTEMBI pacCMaTpPHBacMad CHC-
TeMa ABIACTCA MOTEHINAILHO aBTOKOAeSATEILHOM.
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Instability of a cantilever with the dipole in a forward
flow

V. A. Goncharenko,V. I. Goncharenko

Aeronautical Scientific-Technical Complex, Kyiv, Ukraine

The physical essence of the mechanism of a feed-back of perturbed motion
of the aircraft propeller in a plane of its rotation with a force in same plane
is uncovered. Such exotic feed-back causes a potential self-excitability of a
mechanical system with the airscrew in a plane of possible vibrations of an
axes at a thrust reversal of the propeller.

CTpykTypa 3KpaHUPYIOLIEro 3/I€KTPUIECKOrO IOJS
BO/JIM3M TPOBOJAIIEN IMOBEPXHOCTH B pa3peXKeHHOU
miasmMe

0. &. Iynoxo
(gunko@ammp.ioffe.rssi.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

[l peltienns meforo pAjga 3ajad WOHOCHEPHON adpoIMHAMAKE Tpeby-
eTcd 3HaHWe CTPYKTYPHI TedeHus BOIU3U MOBEPXHOCTEN TMOKOAIINXCA U
OBUKYIIHXCA B TaazMe Ted. (CTpyKTypa ompeefseTcs (PU3mHdeCKUME
MOJAMHI, CYMIECTBYIOIMME B MPUHOBEPXHOCTHOM cjoe. TakuMu moasMu
ABAAIOTCA TOJSA KOHIEHTPAIUN YacTUI] PA3JHIHOTO COPTA, MO CKOPO-
CTel, DAeKTPUIeCKHe W MATHATHBIE TOJAA W T. .

3ajgada 06 onpemeneHNN YKa3aHHBIX BeAMYInH BOAN3N oBepxHocTen KA
u UC3 mmeeT MHOTO OOWIETO ¢ KIACCHIECKOHW 3afatell O ITPOXOXK -
HIH TEPMO3IEKTPOHHOT O (TEPMONOHHOT 0) TOKA HePe3 BAKYYMHBIH JHOI.
CpaBHUTENbHBIN aHAMN3 DTUX ABYX 3aat, OPHEHTHUPOBAHHBIN HA IEJIN
noHOC(epHON NUHAMUKN, W ABAAICA OJHOW W3 IeJed TaHHOW paboTHI.
OcHOBHOW MeTOJ MCCJAeJOBAHNA, KOTOPBIN TIPH 3TOM HCIIOMb30BAJICA, —
aHaJN3 PElleHnsA Pa3INngHbIX TECTOBBIX W MOEIBHBIX 3a1at, paccMa-
TPUBAEMBIX B HOPAKE BO3PACTAHUA CAOKHOCTH.

B paBoTe mpojgeMoHCTpHPOBAHA CBA3b MEKAY CTPYKTYPOU TOJsA Tede-
HUA U DAEKTPUYECKOTO TOJA, UX CONIACOBAHHBIN XapakTep. Jlasg mpo-
CTEWIX CIy9aeB ONpe/eleHbl YCJIOBUA, TPU KOTOPBIX TedeHue OyaeT
HOCHUTH CTAIlIOHAPHBIR YCTOMYIUBHIN XapaKTep.
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The structure of shielded electric field in rarefied
plasma near by the conductive surface

Yu. F. Gunko
St. Petersburg State University, Russia

The structure of shielded electric field in rarefied plasma near by the plane
conductive surface is studied. The influence of different assumptions about
the plasma characteristics and features of plasma interaction with surface on
the electric field structure is considered. For some cases it was found the
conditions when the plasma flow would be stationary.

I eHLIOTOHOBCKAA MoOAeJb KPOBHU MU JEerKoro

0. P. Jasescxan, O. P. Qomuna, B. A. Hubapoes
(Olga.Fomina@pobox.spbu.ru, fluid@niimm.spb.su)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

De3yabTaThl paboThl OCHOBAHEI Ha CTOXAaCTHYECKOM MOAXone MyOamKa-
nuit [1-3]. DoaobHo [3] KpoBb paccMaTPUBAETCA KaK MeTepOreHHAas CTe-
HeHHad KUAKOCTh, TeKyIIad BHYTPH COCY[a ¢ IEePeMeHHON U II0IBHK-
HOIl rpaHmIell. B rpaHUYHBIX YCJIOBHAX ABHO YYHTHIBAIOTCA YIPYLHe
CBOUCTBa CTEHOK COCyJa. JTO MO3BOMAET CBA3aTh CBOGOHBIE MapaMe-
Tphl B pemlenuu u3 [3] ¢ ynpyrumu cBolicTBaMu cocyga. B €acTHOCTH,
IPOM3BOIBLHLIN MapaMeTp B PellleHHH A MPOIOALHON CKOPOCTH KPOBH
CBA3ATH C e CpeJHell CKOPOCTHIO H CO CKOPOCTBIO IIYJILCOBON BOJHEL.
Jlerkoe paccMaTpuBaeTca KaK ynpyras cpefa NpH HAJWTIHN T'a3ognHa-
MHUYeCKOTO jAaBleHud. |'paHuWma Jerkoro — ymnpyras cpeja. o puMe-
HAETCA METOJ] ONTHMU3AINH IO MepeMEeHHOH ¥ MOABIDKHON T'DaHHIE.
Ca0XHOCTL (POPMBL JIETKOTO He MO3BOJAET PEIINTh 3ajady B IIOJHOM
obbeMe. JOITOMY pPaccMaTpUBAIOTCA HEKOTODble KadeCTBEHHBIE MO-
Jean, o6yCaoBIeHHbIE BHIGOPOM (DOPMBL Jerkoro (AbIaimas cdepa, -
JUTICOU,T C TOSYOCAMH, 3aBUCAIINMEI OT BDEMEHH W T.II.)

B KadecTBe rpaHIHYHEIX YCIOBHI B PacCMaTPHBACMBIX 3aJadaX BLIOHpa-
IOTCA CMeNIaHHble T'PAaHHYIHbIE YCIOBHA CKaIKOOOpa3HOr O THITA.

1. Imbapos B. A. KunmeTnmaeckmit MeTon B Teopum razosspecen. (6,
1997.
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2. Hubapos B. A. Kunerunka u ruapoignHaMuKa HEHBIOTOHOBCKUX KU/
xocten [/ Tpyapt XIV ceccum MeXyHAPO THON IIKOTBI TTO MOJEJIAM Me-
XaHNKHN cILIomHon cpeabi. 1998, C. 251-260.

3. ®ommua O. J., [lubapos B. A. Iemommmamuka oTpeska cocyga [/
Bropeie Donaxosckne urenus: Va6pamubie Tpyaer. 2000. C. 179-189.

Non-Newton models of blood and a lung

0. P. Dalevskaya, O. N. Fomina, V. A. Tsibarov
St. Petersburg State University, Russia
Blood is considered as power heterogeneous medium. A lung is examined as

heterogeneous medium too. The stress tensor in the lung is algebraic sum of
gas pressure and elastic stresses.

3ECTaLII/IOHaprIe KaHaJBbHbBbI€ ITOTOKHA
C OHepromMaccorInoaBoaioM

B. P. Fauceenxo, B. P. Emeavanos
(kaf_m4@bstu.spb.su, root@ev.spb.su)
DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,

CankT-JeTepbypr, Joccus

MeTomamMn MaTeMaTHIeCKOTO MOJeJNPOBAHUA WCCAeNyeTCA CHCTEMA
B3aHMOCBA3AHHBIX TIPOIECCOB PA3INYHON (PU3WIECKON TPUPOIBI, MPO-
TeKalolINX B KaHaJe IIpHU MMIYJBCHOM IMOABOJAE B CHCTEMY BHEPIUU U
MAacCHI.

DazBUBAIOIINECS HECTANNOHAPHBIE TEYeHN B M3MEHOMMXCS 0 (hopMe
u pazMepy o0aacTAX TPOTEKAIOT B YCIOBUAX BBHICOKUX JAABICHUH M TEM-
nepaTyp, 4TO onpefeadeT cCHelIUMUKY NPOTEKAIINX B 3TUX YCIOBUAX
ra3oUHaAMIYeCKIX MPOIECCOB.

OcoO6rilt WHTepeC MpeAcTaBAAIOT >(PPEKTH], CBA3ZAHHBIE C B3AMMOBJIMA-
HMEM HeCTAIMOHAPHBIX T'a30qWHAMHUYECKHX IMIPOIECCOB, CONMPOBOXK IaI0-
mmxces o6paszoBaHUEM U Pa3BUTHEM WHTEHCUBHBIX YAAPHBIX BOJH U IPO-
[[ECCOB PA3BUTHA U PACIpPOCTpaHeHns AedopManuil B 060J0YKe KaHAIa,
a TaKXe IPOIecCOB BO3BMOXKHOT'O TEPMUYECKOTO PA3JIOXKEHNA MaTepraaa
CTEHKHN KaHaJa.

DOCTPOEH DSl MATEMATHIECKNX MOENEN, OMUCHIBAKIINX KaK IIPOIECC
B IIeJIOM, TaK W OTAeAbHbIE ero dJAeMeHTH. /14 onmmcanna BHYTPEHHUX
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TeveHUN B KaHaJaX MCIOAb3YeTCs MOJENb KBa3WOTHOMEPHOT'O TeYUEHIS
¢ y4deToM (HaKTOPOB 3HEPrOIOBOIa, MACCONOIBOAA 1 MPOILECCOB NNC-
coumanuu U MoHu3anuu pabodero Tejla IPH BBICOKHX TeMIlepaTypax.
DacdeTHad CXeMa CTPONTCA MO MeTONy KoHewHoro obbema (Tmma To-
JYHOBa), B KOTODPOH MOTOKN 4epe3 I'DaHNIBI AYeeK ONPEAENAIOTCA Ha
OCHOBE pellleHNsA 3a1a9u paclaja pa3pbiBa ¢ yieToM 3hpdeKTOB pealb-
HOCTH IPOTEKAUNX Na3oUHAMIYEeCKIX U TePMOAMHAMUYECKUX TTPO-
[[eCCOB. DPOIECCH, MPOTEKAIOMINE B CTEHKAX KAHAJOB, ONMICHIBAITCS
Ha OCHOBE CBS3aHHOW 3aja9l TePMOYIIPYTOCTH.

Da ocHOBe pa3pabOTaHHBIX CPENCTB MATEMATHIECKOTO MO IEMNPOBAHIS
NIPOBENEHO CUCTEMATHYECKOe NCCleOBaHNe HeCTalMOHAPHBIX I'a30 I1MHa-
MHUYeCKNX TeYeHUN U MPOIECCOB B 000M0YKAaX KAHAJIOB, MPOTEKAIONINX B
YCTPOMCTBAaX TAKOT'O THIIA IPU PA3JUYHBIX BUAX MMIYJIBCHOTO HATPY-
JKCHUSA.

DaccCMOTPEHHBIN KPYT 3a0as WMeeT TMPIIOKEeHNA K Mpob/eMe ONMTHMI3a-
MW TTapaMeTPOB CUCTeM BBICOKOCKOPOCTHOTO MeTanuA. McciaemoBanus
TEOPETUYIECKOr0 MIaHa MO3BOJAT BBHIOPATh XapaKTEpPUCTUKN MaTepHa-
JOB, pazpaboTaTh CXeMY BPEMEHHOW M MPOCTPAHCTBEHHON peaqn3allii
3HEPTrOIOABOAa U MPOBECTH OLEHKY MapaMeTpPOB UMIIYJIBCHOTO IPoIecca
B YCJAOBUSX B3aUMOCBA3M (PAKTOPOB PA3INTHON (PU3MTECKON MPUPOIH.

Non-stationary canal flows with the supply of energy
and mass

V. N. Eliseenko, V. N. Emelyanov

Baltic State Technical University, Saint Petersburg, Russia

The system of interconnected processes taking place in a canal in the presence
of the impulse supply of energy and mass to the system is analyzed. Processes

of different physical nature are considered. A number of mathematical models
is formed which describe both a whole process and its separate elements.
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AspoguHaMuyieckoe NIpoOeKTUPOBaHNE KAaHAJIOB
Ha OCHOBe pellleHUus MMoCJae[0oBATEeNbHOCTH MPAMBIX
3ajaa4g

B. P. Emeavanos, A. B. Pycmosaaos
(kaf_m4@bstu.spb.su, a_pstv@mail.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

CylecTByeT MUPOKHH KPYT 3aa¢, B KOTOPHIX BO3HUKAET MOTPeGHOCTH
YOPABIEHNsT BOJHOBOU CTPYKTYPOW cTpyu. Takoe ympaBieHIE MOXKeET
OBITH TOCTUTHYTO IIyTeM U3MeHeHNA GOpMBI KaHagaa, 06ece nBaloniero
TpebyeMble XapaKTEPUCTUKN MOTOKA Ha Cpe3e. JOCTPOEHHE KOHTYPa
KaHaJa ABAAETCA OJHON M3 OCHOBHBIX MPOOIEM MPU PEITEHNN TAKHX 3a-
masd.

B mammou paboTe mpemaaraeTcsa TOAXOM K NCACHHOMY DENEHUIO 3a 1atd
NPOEKTUPOBAHNA U ONTHUMM3aINN KaHaJOB, obecrednBaiommx Tpebye-
MBle XapaKTepucTuku moToka. OOmas cxema pelneHns 6ygeT COCTO-
ATH U3 CJACAYIOUINX INaroB: 3agaeTcd Npoduib KaHajda, PacCInThIBa-
eTcA TedeHHEe B KaHaJe U ONPeIeNAoTCAs XapaKTepHUCTHKH TMOTOKa Ha
cpese, onpefenseTca UX paccoryacoBaHme ¢ TpebyeMBIMH 3HAYEHUAMU
1, €CJU COTJIACOBAHIE HE YIOBIETBOPAET TpeOyeMoll TOYHOCTH, TO MPO-
U3BOUTCA KOPPEeKTHPOBKa (POpMBI poduid. Takol aaropuTM Jerko
dopMaan3yeTca Ha OCHOBE M3BECTHLIX MeTO/OB onTHUMu3anuu. Popma
coTTa ONpeJlelsieTCsA KPUBBIMHI Je3be WIN CITalHaMu ¢ HabopOM Tmapa-
METPOB, BapbUPYA 3HAMEHUAMHN KOTOPBIX MOKHO TONYYUTh Te WM NHBIE
XapaKTepUCTUKHU MOTOKa Ha cpe3e.

DTOT moaxo GBLI MpUMeHEH B paboTe P MPOEKTHPOBAHIE COTIE IS
ad’pPOINHAMIYECKNX OKOH, KOTOPble IPUMEHAIOTCA B MOIIHBIX JTa3ePHBIX
ycTanoBKax. Mcmoab3yeMble B yCTaHOBKE CBEPX3BYKOBBIE COTLIA MOMKHBI
dopMUPOBATE CTPYIO C paclpe/ielleHneM CKOPOCTH MollepeK MOTOKa, Xa-
PaKTEePHBIM s CBOGONHOTO BUXPsA. JPH PEIMIEHUN NaHHOU 3ajadvu, B
KadecTBe MeMeBON (PYHKIINH HCIOJAb30BAJC CKAMAPHBIN KPUTEPUH, TIPEI-
CTABAAIOMINN cOOO HOPMY PAcCCOTIACOBAHUA PACIETHOTO U TpebyeMoro
MpouIer CKOPOCTEN Ha Cpe3e COIIa. DPOEKTUPOBaHNE KOHTYPA COILIA
CBeJOCH K 3ajade MapaMeTpPHYIecKON ONTHMU3AUNN A JAHHOW Iee-
Bout pyukiun. [las onTuMuzanun GOpMBL KaHAJAA HCITOMb30BAJICA METO
rpaJueHTHOTO TMONCKa. Je00XOIMMEIE I PACIeTOB MPOU3BOHEIE HA-
XOU/JIUCH U3 pellleHNA Ias3oAnHaMWYecKnX 3amad ¢ 6a30BBIMHU U TIpHpa-
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[IEHHBIMY 3HAYeHUAME TapaMeTpOB.

B xadecTBe OCHOBHOTO PacdeTHOT'O AJTOPUTMAa MCIOJb30BAJICA METO[T
KOHEYHOI'o o6beMa ¢ pacdeToOM MOTOKOB IO CXeMe pacliaja pPa3phiBa.
MeTonbl 06BEKTHO-OPHEHTHPOBAHHOT O MPOT PAMMUPOBAHNA TTO3BOIIIN
co3naTh 3 GEeKTUBHBIC BEIYUCANTENIbHBIE CTPYKTYPHL 1A TaHHOT'O KpyTra
3aaad.

Aerodynamic projecting of canals on the basis
of solving a sequence of direct problems

V. N. Emelyanov, A. V. Pustovalov
Baltic State Technical university, St. Petersburg, Russia
Problems dealing with projecting and optimization of the canals which provide

the flow characteristics required are discussed. The approach to the numerical
solution of such problems is suggested.

3ajgaqyu TUAPOYIPYTroCTH — IpPUMeHeHUue
BapUAallMOHHOIO IIPUHIIUIIA KOH(pOPMHBIX
oToOpakeHun

P. A. Fpwos, I A. Kymeesa
(galina.kuteeva@gk1662.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Bapuanuonabiit puHIHT KOHGOPMHBIX 0TOGpaKeHUN TPEJI0KeH B pa-
6orax M. A. JlaBpenTbeBa u D. B. lllabaTa. DpumeHenne 3TOro MpuH-
AT WLIIOCTPUPYETCA Ha 3amadax o gedopMaliui KOHTYPOB B HOTOKe
U AeaTbHON HECKMUMAECMON KU TKOCTH.

Problems of hydroelasticity — application

of variational principle of conformal mapping

B. A. Ershov, G. A. Kuteeva

St. Petersburg State University, Russia

The variational principle of conformal mapping is offered by M. A. Lavrent’ev

and B. V. Shabat. We use this method to the plane problems of hydroelasticity:
the deformation of shell inside the ideal incompressible fluid.
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3pHMbIe CKaYKH1 YINIOTHEHUA B JUCCOIIUUDPYIOIIIEM Ira3e

0. B. ?Kapxosa, M. A. Pwidasescrasn
(fuid@niimm.spb.su)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBAIOTCA TPSAMBIE CKAYKN YIUVIOTHEHUA B JAUCCOIMUUPYIOMIEM
raze. Da3JuvdHble (PUIMKO-XUMHUIECKHE TPOIECCH UAYT C PA3HBIMH CKO-
pocTsaME. IJTO MO3BOJASET Pa3felnTh yJAapHYIO BOJIHY Ha pelaKCalii-
OHHBIE 30HBI. B mokmame moaydeHB 0600IIeHHbIE YCIOBUA COBMECTHO-
cTu JpHKWHA — ['IOrOHmO Ha TpaHWIaAxX Kaxmoh 30HBI. MoxkHO pac-
cMoTpeTh 3oHB RT-pesakcannm, 9acTUIHON XUMUYECKON DPeJaKCAIINNT,
30HBI TIEPEX0Oa K COCTOSHUIO HOBOT'O JOKAJIBHOTO PABHOBECHSA. DPH IMO-
cJeI0BaTENbHOM PACHINPDEHUN PAcCMaTpPUBAEMBIX PeJaKCAlMOHHBIX 30H
ompeaendeTca BAWAHNE Pa3jJUYHBIX NTPOLECCOB HA Ta30quHAMHUYecKue
mapaMeTpHl B YIapHOU BOJHE.

Plane shock waves in dissociating gas

0. V. Zharkova, M. A. Rydalevskaya
St. Petersburg State University, Russia

Plane shock waves in dissociating gas are considered. Diverse physico-chemical
processes proceed with different rates. In allow to divide the shock wave into
relaxation zones. In the report generalized equations of Hugoniot — Rankine
type on the boundaries of each zone are obtained. One may consider zones of
RT-relaxation, of partial chemical relaxation, of transition to the state of new
local equilibrium. Enlarging consequently the examined relaxation zones the
influence of different processes on gasodynamic parameters in shock waves is
determined.

3apaJIJIeJIbeIe BbIYHC/JIeHUA W MeTaKOMIIBIOTHUHIT C
AUHaMHUYIeCKOun 6aJIaHCI/IpOBKOI/I AJA 9ACJEeHHOIr'o
pelmieHnda 3agad rasoBoum jMHaMUKHU

C. F. ?Kypaesaesa, B. K. Jlvicos, B. P. Memnonos
(lysov@paloma.spbu.ru, pokusa@star.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B cBsAsm ¢ TeHgeHUWEN K MUHHATIOPHU3AIWEH B COBPEMEHHBIX TEXHITYE-
CKUX yCTPOUCTBAaX TEIMeph HEPEIKO BCTPEYAIOTCA TEYeHNA, B KOTOPHBIX
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JUHEHHBIE pasMepbl R MOryT mpubinkaThcsa K JAJuHe CBOGOTHOTO MPO-
6era Moaekya [ B BO3yXe yXKe TPH OOBIYHOM aTMOC(EPHOM JTaBJICHUN.
Dovromy wmcao Kuyjacena Kn = [/R cTaHOBATCA TOPANKA €IMHUIIBL.
Jliast mccaeoBaHUSA TAKNX TeYeHUH B MEPEXOTHOM DeXNME €CTECTBEHHO
HCTOJB30BATE METOJ MPAMOTO CTATHUeCKOro Mojennpopanusa (DCM)
MonTe-Kapmo. B moxaame paccMaTpuBaioTcsi Be TOAOOHBIE 3aa4n:
TevueHNe B IOCKOM KaHaJe, KOTOPBIN COeUHAET ABa O9€Hb OOMBIINX Pe-
3epByapa ¢ Pa3sHBIMU [TABICHUAMME, & TakXKe TedeHne B IIOCKOM KaHaJe
C TOIBUKHBIME 1 HEMAPALIEIbHBIMEI CTEHKAMHI, KOTOPHIA TPEJACTABISIET
co6ol MO[eqb TeYeHNUS MKy MaTHUTHOW TOJOBKOW W XKECTKHUM [HC-
KOM B CHCTeMe MArHUTHON 3alliCH BUHYeCTepHOTO Tuna. [lias mpeomoe-
Hust npucyiero metony DCM cTaTucTHH9ecKoro pacCcesHus BEIMUCICHITS
MOJIKHBI TPOBOUTHCA C OY€HE GOMBIION BHIGOPKON. D03TOMY HCIIOMB30-
BAJNCh MapaJilelbHble BHITUCJIEHNS HA BBICOKOIPOM3BOAUTETBHBIX Kia-
cTepax W B OTJEJIbHBIX CAyYadX, MJId MOCTHIKEHUA elle GOJIBIIEN Mpo-
H3BOUTENBHOCTH, ¢ TIOMOIIbI0 MHTepHeT-KaHata 06Gpa3oBBIBAICA MeTa~
KOMITBIOTED TPUCOENNHEHIEM €Ille OMHOTO KaacTepa u3 NHCTHTYyTa BBHI-
COKOTIPOM3BOAUTEIBHBIX BHIYHCACHNH 1 6a3 JaHHBIX. JPH 3TOM C IO-
MOIIBIO pa3paboTaHHON HAMN CHCTEMBI AUHAMUYECKON GaJaHCHPOBKH
VAJd0Ch TOCTHTHYTH BEChMa BBICOKOU 3(pPeKTUBHOCTH 3arpy3KH MPO-
[[ECCOPOB B KJIACTEPAX TAKOT'0 METa-KOMITBIOTepa. ITa d>PPHeKTUBHOCTH
Oblna BCeTo Ha 2-3 MPOIEHTOB HUKeE, YeM P paboTe Ha OTHOM KJIacTepe
6e3 HTepHET-KOMMYHUKAIAN.

B mokaa e npuBoAsTCA MOMYY9eHHBIE 3AaBUCUMOCTH TTAPaMETPOB B 06enX
paccMaTpUBAaeMBIX 3a/a9aX, 4 TAaKXKe KOTMIeCTBEHHBIE XapaKTePUCTHKT
sekTHBHOCTH PaGOTH 06PA3YEMOr0 META-KOMITBIOTEDPA.

Parallel cluster computing and metacomputing with
dynamic load balancing for numerical solution
of gasdynamic problems

S. E. Zhuravleva, V. K. Lysov, V. P. Memnonov
St. Petersburg State University, Russia

Flows in the transitional regime are often met in contemporary high techno-
logical devices. For their study it is convenient to use direct simulation Monte
Carlo (DSMC) method. Two such problems are considered in the paper. Flow
in a two-dimensional channel which connects two very large reservoirs with
different pressures. And also a two-dimensional problem of gas flow in an ex-
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tremely narrow channel with an inclined upper wall and moving lower one.
This is a model of gas film lubrication which occurs in modern magnetic disk
storage, now being under development. For overcoming inherent to DSCM
statistical scattering the simulations should be carried out with very large
samples. This was accomplished by using parallel cluster computing. In order
to enlarge the performance of the particular cluster at our disposal sometimes
we had connected it through Internet 1Mb/s channel with some other one. We
have developed the special dynamic load balance (DLB) technique for such a
meta-computer which allowed us to reach high efficiency for using of every
processor in both clusters, in spite of them being moreover heterogeneous.
Space and time distributions of different flow parameters in both problems
are presented in the paper as well as quantitative evaluation of performance
efficiency for obtained meta-computer.

MaTtemaTu4deckoe MoAelNpOBaHue
NPOCTPAHCTBEHHOI'O [BUXKEHUS CyAHA
B YCJOBUAX Or'paHUYeHHOro dapBaTepa

B. l. 3aiixos

(Vladimir.Zaikov@pop3.rcom.ru)
CankT-JeTepOyprcKuil ToCcyAapCTBEHHBI YHABEPCATET
BOJHBIX KOMMYHUKAIHAI, JOCCHA

B ochoBy mpemHazHatdeHHOU /Ui HABUTAIMOHHBIX TPEHAXKEDPOB MaTe-
MaTHYIECKON MOeNN yIIPABIAEMOrO JIBUKEHNS CYIHA B YCJIOBHUAX OT'pa-
HIUYMEHHOT O (papBaTepa MOJOKEeHA OTIANYHASA OT OOBIYHO HMCHOJIb3yeMON
TEeXHOJOTHA. JPeMIoKeHa OPUTMHATBHAA CHCTEMa MO TM(PUIHPOBAHHBIX
TUAPOANHAMIYECKTX XapaKTEPUCTHK, MPeACTaBAeHIe BCeX THAPOINHA-
MHUYeCKHUX CHJ M XapaKTEePUCTHK ABUTATENEH JaHBl B (DOPMe CETOTHBIX
PYHKINA ¢ TMOCAeAYIONEN CIIAaWH WHTEPIOAANNeNd, pa3paboTaHbl O-
CTYITHBIE METOMBI MOATOTOBKH 6a3 TaHHBIX, 0OeCIeTNBAIONINE BO3MOXK-
HOCTH UX HPUMEHEHUS [ HOBBIX THUIOB CYJOB, YIUTHLIBAIOTCA JOTOJ-
HUTEeTbHBIE CHIBL, OGYCAOBIEHHBIE ENCTBUEM ' IPOMETEOPOTOT MIECKTX
$HaKTOpPOB.

DazpaboTKa MaTEMATHIECKON MOJEIN YIIPABIAEMOrO IBUKEHUSA CYTHA
npecTaBasgeT cOBON pellieHne MpoGIeMBbl I IeHTHPIKALNN, T.€. MaTeMa-
THYECKOT'O BOCIPOM3BENEHNST BECbMa CJAOXKHON ANHAMMYECKON CHCTEMHI,
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KaKoOW fABAAETCA MaHeBpUpYIOliee CyaHO. Takas mMaTeMaTHIecKas MO-
lleJb OCHOBAHA Ha PEIeHUN CHCTeMbl nuddepeHnnalbHbIX ypaBHeHIH
IBIDKEHUA CYJHA W BpAMICHUA TPeCHBIX BUHTOB MPHU JIOGOM DKCILIYa-
TAIMOHHOM MaHeBpe. YDaBHEHHA MOMKHBI YINTHIBATH BCE CHJILI U MO-
MEHTBI, [AeHCTBYIOIIHe Ha KOPIYC CyJHA W ero ABUKUTEILHO-PYICBON
KOMILIEKC TIpH paboTe B YCAOBUAX MEPEMEHHOTO MEMKOBO TbA, BETPa, BOJ-
HEHWSA, Te9eHus U THAPOJNHAMIYECKOTO KOHTAKTA ¢ APYTUMH CYIaMH,
KOT'Jla OHU HAXOAATCA B HEITOCPEACTBEHHON BAN3OCTH APYT K APYTY, Maa-
BaHUA HA MEIKOBOIBE U T.J.

Crenndunka MaTeMaTHIeCKOW MOJENN JIBUXKEHUSA CYIHA IO OTDAHIYIEH-
HOMY (hapBaTepy CBOAUTCA K YUETY TMPUCOENUHEHHBIX MACC, BEJMINHBI
KOTOPBIX 3aBUHCAT OT OTHOCHUTENHHOU TJIYSUHBI BOJAHOTO HyTH, TYpOy-
JEHTHOW CTPYKTYPBI TeYeHNA Ha OCHOBE THIIOTE3HI O ~ 3aMOPOKEHHON’
TypOyaenTHocTH Telopa, AOTMOIHUTEALHBIX CHJA W MOMEHTOB BO3IeH-
CTBUA JOKAIBHO-HEPABHOMEPHOTO TeYEHUA HA CYIHO, UMEIONNX HHep-
MMHOHHYIO TPUPOAY U ONPEAEJAIONIAXCA OTHOCUTENBHBIM YCKOPEHEeM 1
yckopernem Kopuoauca, MakpoTypSyaeHTHHIX BUXPEH BeTpa Ha OCHOBE
cnekTpos /[lpaiifeHa, THAPOANHAMIYECKUX CHUJ, BO3SHUKAIOIINX TTPY IBH-
KeHUH cyaHa BOJIM3N GPOBKH MOAXONHOTO KaHada, 9acTOTHO-YTIOBOTO
CIeKTpa HEPEryJAAPHOTO BOJHEHUA W PEAYKIHOHHBIX KO(DMUIHEHTOB,
YYIUTHIBAIONINX 3aTyXaHIe BOJHOBBIX NABICHUN U OMPEIETAIONINXCA CO-
OTHOIIECHUAMEI Pa3MEPOB CyAHA W TWIYOHHBI (papBaTepa, a TakkKe Kypco-
BBEIM yTJIOM [0 OTHOINEHWIO K BEKTOPY CKOPOCTH HX PACIpOCTPAHEHU,
CIJI BOAHOBOT'O fipetidha, KOTopbIe 06YCIOBIACHBI BANAHIEM CKOPOCTEH OP-
6UTAIBHOTO NBHKEHUA TACTUI KUTKOCTH B BOJAHE, 3aBUCAIUX OT TaAy-
OWHBI aKBATOPUH.

DazpaboTaHHasd MaTeMaTHYecKasd MOEeNb PeaJn30BaHa B HABHUT AIMOH-
HBIX TpeHaxkepax, pyHKIMOHHPYIOMNX B DOCCHE 1 BO MHOTHX 3apybeik-
HBIX CTpaHax.

1. Zaikov V. I. Mathematical Model for Ship Controlled Motion in Ma-
noeuvring under the Conditions of Shallows, Winds and Flows. Com-
puter Technique and Advanced Scientific Instrumentation in Ship Hy-
drodynamics // Proceedings of the 13@-th SMSSH, Vol. 1, Varna. 1984.
Report #95. P. 1-5.
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Mathematical model of controlled ship motion on the
bounded waterway

V. I. Zaikov

St. Petersburg State University for Water Communication, Russia

Quite different technology in comparison with the models used before lies in the
basis of the mathematical model of the controlled ship motion on the bounded
waterway realized in the navigation simulators. This technology has the fol-
lowing specific peculiarities: using of the original system of the modified hydro-
dynamic characteristics; setting of all hydrodynamic forces and characteristics
of the engine in the form of net functions (tables) with spline-interpolation
followed; simplified methods of data base preparation for introducing the new
types of the modelled ships; including of the additional factors of the environ-
ment.

HucnenHoe MogennpoBaHue TPeXMepHOT O
TPaHC3BYKOBOI'O TypOy/JeHTHOI'0o Te4eHu
B TypOuHHOU pelieTKe

P. I'. Heanos, F. M. Cmupnos, /J. C. Teavnos
(aerofmf@citadel.stu.neva.ru)

CankT-JeTepOyprcKuil T'oCyJapCTBEHHBIN ITOJNTEXHIMYECKA YHUBEPCHTET,
Doccus

DpelcTaBIeHbl PE3YIBTATH YHNCIEHHOTO MOJEIMPOBAHNA TPEXMEPHOTO
TPaHC3BYKOBOTO TYDPOYIEHTHOIO TEYEHUS YePEe3 PEIIeTKY MPOQuIen,
HCTIOJB30BABIIYIOCA B DKCIEPUMEHTAX, OTHOCHMBIX K HHCIY 06pa3sro-
Bbix [1]. Hucao Delinodbaca, MOCTPOCHHOE IO PazsMepy OCEBOU XOP/IHI,
cocrapaato 1.0x105, oTHomeHme mara pemeTKH K XopAe DPaBHATIOCD
1.024, a BoicOTH K xOpge - 1.2. 3uadenums [mcia Maxa Ha Bxoje u
BuIxoe cocTapaanm 0.38 m 0.97.

DPUHUMAJOCH, YTO TeYeHHE OIMCHIBAETCA CHCTEMON CTAIMOHAPHBIX
TPeXMepPHBIX ypaBHEHNH DaBbe - CToKca, OCPeTHEHHBIX TI0 JENHOIBICY .
Jlast Mo ennpoBaHmsa TYpOyIeHTHOT O IepeHoca ObLTa TPIMEHEHA MOIeThb
TypOyaerTHocTn CnasapTa - AJdiMapaca, IpeaycMaTpUBaroias pele-
HIle YpaBHEHUs MTEPEHOCA LI BUXPEBOU BA3KOCTH.

Jlisi TpOBeleHNsT BBIMUCAEHUI HCHOJb30BAMNCH KOMMEDYIECKas CHCTeMa
Fluent 5.5, ycranoBiennas na komnbioTepax lleHTpa BRICOKOMPOM3BO, I~
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TeAbHBIX BEITUCINTENBHBIX TexHoaoruin CI61'IY | n nccaeqoBaTeabCKui
nporpammubin komiuieke SINF,| pazpaboranubiil coTpygaukamn xade-
apbl ruapoaspoanaamukn CI6I'DY. B obenx mporpaMmax AucCKpeTH-
3alusa MPOCTPAHCTBEHHBIX OMEPATOPOB YPaBHEHUH COXPAHEHUS BHITIOJ-
HEHA [0 METOIY KOHEYHOTO 00BheMa CO BTOPBIM HOPATKOM TOYHOCTH.
Da3zMePHOCTD HUCIOMB3YyEMON B pacdeTax IO [IBYM MpOrpaMMaM W IeH-
THYHOW CETKH COCTaBmIa TpuMepHO 360 ThHIC. Adeek.

DPOBEIEHO COTIOCTABJEHNE PE3YIBLTATOB, MOAYYIEHHBIX MO JABYM MPO-
rpaMMaM, Kak Mexay coboll, Tak um c skcrepuMmenToM. CpaBHeHHe ¢
SKCIIEPUMEHTOM TOKA3aJ0, 9TO BBEIYHCAEHNA XOPOIIIO BOCIIPOM3BOISAT CY-
[IECTBEHHO TPEXMEPHYIO CTPYKTYPY TEYEHUS ¢ TOAKOBOOGDAa3HBEIM, Ka-
HaJbHBIM U yTJIOBBIME BUXDSMH, & TaKiKe JOKAJIbHBIE I HHTETPAJbHBIE
XapaKTEPUCTUKHN TOTEPh MOMHOTO gaBieHns. (OcobGeHHOCTH TeveHMs
H JMOKAJBbHBIE XapDAKTEPUCTUKHU MOTEPDH MOMHOTO MABJEHUS B DEIIeTKE
BOCIIPOM3BOAATCA B PAacIeTax MO ABYM IPOTPaMMaM C OJMHAKOBLIM Ka-
YeCTBOM. De3yJIbTATHI PacdeTOB KO>(hPUIUEHTa TPEHNS Ha TOPIEBOR
CTEHKe TaKXkKe XOPOIIO COTIACYIOTCA APYT C APYTOM.

1. Giel P. W., Thurman D. R., Lopez I., et al. Three-dimensional flow
field measurements in a transonic turbine cascade // ASME-Paper 96-

GT-113, P. 14.

Numerical simulation of three-dimensional transonic
turbulent flow in a turbine cascade

N. G. Ivanov, E. M. Smirnov, D. S. Telnov
St. Petersburg State Polytechnic University, Russia

Results of 3D computations of turbulent flow in a transonic turbine cascade
used in the measurements by Giel et al. (1996) are presented. Numerical stud-
ies were performed using the commercial code Fluent 5.5 and the in-house code
SINF. The computational results obtained with two codes using an identical
grid of about 360,000 cells are almost similar. The agreement of the computed
and available measured data on flow field and total pressure losses is quite
satisfactory.




144 Tperbn IonaxoBckue 9TeHus

BszauMogencTBue yaapHOU BOJHLI U BOJHLI DUMaHa

K. A. Kapaces, B. P. Ycxos

(kaf_m4@bstu.spb.su, uvn@peterlink.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

Baanmo neficTBre yaapHoi BoaHE (D) 1 BOaHb pazpeskenus Onmana ()
paccMaTpuUBaeTCs Ha IPUMEpPE 3aMadn O [BUKEHNN TOPIIHA B TpyGe mo-
CTOSTHHOT'O C€YeHUs TPH BHE3AITHOM YMEHBIIEHHH CKOPOCTH, KOTJa Ha
€r0 TPAEKTOPHUH NMEIOTCA YTJIOBBIE TOYKH.

Jorousromas [ -soany R-BoiHA BO3HUKAET MTPU TOPMOKEHUN TTOPIIHA.
Ecan xe mopiteHtb mocie TOPMOXKEHUSA HATHET TEPEMENTATHCSI B TPOTHBO-
MTOMOKHOM HAIPABIEHUN, TO BOJHA Pa3peXeHNs ABIAseTcsA 60jiee MHTEH-
cuBHOH. B aToM caydae R!-Boany gorouseT [);-BoaHa, KoTopas obpa-
3yeTcs TpH BHE3AMHOM TOPMOXKEHWHN TOpPImHA. Takas cuTyamms cKiaa-
OBIBAETCA Y JEBOTO TOPIA HOPIITHS TPH €0 MEPEMEIEHNT B OB OCH &.
Wz paccMOTpeHHBIX CIyYaeB BUHO, 9TO MMeETCH [BA MPUHIANHAAILHO
pasiIuyHbIX caydas B3auMonencTsud D u R-BOJH OTHOrO HAIPABJIEHNUSA:
unTepdepennus D+ R, BodHA pazpexeHNUs JOTOHAET yIapHYIO BOJIHY;
nuTepbepennua R+ D, npu koTopoll yiapHad BoJHA JOT OHAET BOIHY
pa3peKeHus.

O61nmM cBOMCTBOM STHX BHJOB HHTeP(EPEHIINN ABIAETCI HATNYNE OT'Pa-
HIUYEHHBIX 00JacTell aBTOMOIENBHBIX M OTHOPOTHBIX Te9eHUN.

Takumu obaacTAMEU ABJIAIOTCA YaCTH TeYeHHU BHYTPH BOJH paspeike-
HIsI, OTpaHUYeHHBIE MCXOISANINMA N3 TOYeK HHTEPMEPEHINN WA TPH-
XONANIAX B HUX KPUBOJANHENHBLIMI XapaKTEPUCTUKAME BOJTH JUMaHa, a
Takke 06JACTH TOKOAMIMXCA CPell WA PABHOMEDPHBIX MOTOKOB 3a 6ery-
IIMI BOJHAMHE W T.M. JadWHAasd ¢ DTHX TOYeK CKOpoCcTH [J-BOJH Ie-
pecTarT OHITH MOCTOAHHBIMU, a WHTEHCHBHOCTH STHX BOJH HAYHHAIOT
u3MeHAThCA. TedeHnd 3a yIapHBIMH BOJHAMN ¢ KPUBOJIMHENHBIME TPa-
EKTOPUAMHE SBAAIOTCA HEM3OSHTPOMHBIMI W MOTYT OBITH PACCINTAHBI
TOMBKO YHCAEHHBIMH MeTOJaMH (HAIPHMED, METOJOM XapaKTEPHCTIK).
OnHako MHOTHE TapaMeTPHl TE€YeHNN B YKa3aHHBIX 3aa9aX MOT'YT ObITh
oTpejlefieHbl Ha OCHOBE TOYHBIX PEMICHIH 3a/1a9 HECTAIMOHAPHON THIPO-
razoIMHAMAKH.

3ajada O ABUKEHUHU MOPIIHS C BHE3AITHLIM H3MEHEHIEM CKOPOCTH U Ha-
npaBaenus aBmKeHus paccmarpusadack I'. T'. Hepubim [1]. Menaaock
JOMYIIeHe, YTO CKOPOCTH TIOPIIHA [0 U MOCHe N3MEHEHN HAPABICHIS
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JBUKCHUA HACTOMNBKO MaJbl IO BeJIUYNHE CPaBHUTENBHO CO CKOPOCTBIO
3ByKa B IIepBOHAYANBHO MMOKOUBIIIEMCA T'a3e, ITO BO3HUKAIOIINE YIapHbIC
BOJHBI MOXKHO CIUTAThH CJAaOBIMU.

DonyveHBl PeIleHns MPeACTABIEHHBIX 320449 C UCIOIB30BaHNEM TLTOCKO-
cTH WHTeHCHBHOCTEN BoaH (A, V), rae A — jorapudmMudeckas WHTEH-
CHBHOCTH COOTBETCTBYIONNK BOH, V — aHajor 4dncaa Kpokko (oTHO-
IIIeHIe CKOPOCTHU MOPIIHA K MAaKCUMAJIbHO BO3MOXKHOU CKOPOCTH HECTa-
[UOHAPHOT O HCTEYEeHNA I'a3a B MyCTOTY, [2]), TO3BOJAMOIINE DACCINTHI-
BaThb HHTePMEPEHIINIO BOMH JUMaHa W yIapHBIX BOJIH JIOG0U HHTEHCUB-
HOCTH.

1. Yepnem I'. I'. ['azoBaa mmmaMmka: YYeOHMK 19 YHUBEPCHTETOB W
BTy30B. M., 1988. 424 c.
2. YckoB B. 2. Deryiume ogHoMmepuble Boaubl. C26., 2000. 224 c.

Interaction of a shock wave and a Riemannian wave
K. A. Karasev, V. N. Uskov
Baltic State Technical University, Saint Petersburg, Russia

Interaction of a shock wave and a Riemannian wave is investigated. The
problem about motion of a piston in the tube with a constant cross section
at sudden decrease of the speeds is considered. It is supposed that there are

angular points on its trajectory.

DazejieHne dMyJbCcuU B GUILTPE € KoajeCIupyIollen
3arpyskou

I'. B. Kouepsiocenxos, C. K. Mameees, /. B. Pueaunyes
(smat@rambler.rul5)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

MaTeMmaTuveckas MOeqb Pa3lefeHus BOABI I SMYJIbIHPOBAHHBIX B HEN
He(TeIpOAYKTOB OCHOBaHA Ha IpeAcTaBleHUN QUIBTPa KaK CHCTEMBI
KanWIApPOB, AMaMeTP KOTOPHIX olpefenadeTca Tak, I1TOOB OTHOIICHHE
MOBEPXHOCTH TOP K MX OOBEMY COBMANAIO C PEATBHBIM. JPEANoaara-
eTCsi, ITO 1o ruApoOOHON MOBEPXHOCTH KANIIAPOB TEYET IUIEHKA 13
KOAJECIITPOBAHHON MPUMECH, a B HMeHTPe KANWLIAPOB — BMYJbCHA. 3a-
BUCHMOCTb WHTEHCHBHOCTH MAacCOOOMeHA BMYJBCHE C TIEHKOU 3a CYeT
KOAJECIEHIINN KAIledb CINTAETCA N3BECTHOW M3 DKCIEPIMEHTOB.
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BuiBenmennl ypaBHeHUA NJIA CTENEHN OYUCTKMW BOJABI OT MPUMECH U TOJ-
MIVHBI IJeHKN HeDTEenpPOAYKTOB, TMO3BOAIONINE TONYYU T 3aBUCHMOCTD
S5THUX IapaMeTpOB OT BpeMeHHU paboThl PUABTPA U TEM CaMbIM OLEHUTH
ero pecypc.

Emulsion separation by filter with coalescent charge

G. V. Kocheryzhenkov, S. K. Matveev, D. V. Pchelintsev
St. Petersburg State University, Russia

Mathematical model of separation of water and oil from oil-to-water emulsion
is based on representation of the filter as system of capillaries. Diameter of the
capillaries is selected to keep ratio of the pore area to it volume equal to the
ratio of real pores. It is supposed that oil film flows along hydrophobic surface
of the capillary and emulsion flows at the center of capillary. Dependence of
rate of mass transfer of emulsion with the oil film at the expense of drops
coalescence is considered to be known from experiments.

It were derived equations for water separation efficiency and oil film depth
that gives the opportunity to get these parameters time dependence from filter
operation time and to estimate filter service life.

KoadduimenTsl ckopocTu Aucconualium B CUJILHO
HEePaBHOBECHBLIX MMOTOKAaX pearupyounimx ra3on

E. B. Kycmosa, F. A. Paenubeda
(elena_kustova@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

KospduiimenTs ckopocTeln HepAaBHOBECHBIX XUMIYECKUX PEAKINH HeOO-
XOMUMBL [ PEIlleHns ypaBHEHUH XUMUYIECKON U KoJe6aTelbHON KITHe-
TUKHN 1, CIeJOBATEIABHO, MIA KOPPEKTHOIO ONpeeJcHAA Ma3oaMHaMmIde-
CKUX TTapaMeTPOB HEPABHOBECHBIX TEYEHUN PearupyIONnX Ia30oB. Jan-
60oJiee TOTHOE ONMCAHNE TEYEHNN C 3aMeNIEHHON KOmeGaTebHON perak-
canyell U XUMUYeCKUME PEeaKIUAMA CTPOUTCA Ha OCHOBAHUH TIOYPOBHE-
BOro mpubJamKeHns. JepaBHOBecHas KodebaTelbHasd KMHETHKA B pas-
JAMYHBIX TeYeHUAX HccaejoBaaachk B [1], B pesyabraTe ObLIM MOJLYYE€HBI
He6OTbIIMAHOBCKIE TIOYPOBHEBEIE KoJebaTeabHbIe pacipefeneHua. B Ha-
cTosIIen paboTe Ha OCHOBAHWUE STUX PACIpPeNeNeHIH W3y IatoTCA OCPel-
HeHHBble KO3(pPUUMEHTH CKOPOCTH AMCCOINALNN B MOTOKAaxX Ia3oB 3a
VIAPHBIMI BOJHAMIE, B TOTPAHIMYTHOM CJO€, B COMIAX. JOKa3aHO BaXKHOe
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BAUSHIE HEPABHOBECHON KOMeGATENbHON KHHETHKH HA DTH KOI(DPUII-
€HTHI U UX CYIIECTBEHHOE OTINYNE OT HAubOdee TaCTO UCIOIB3YEMBIX B
JUTEPATYPE TEPMUYIECKH PABHOBECHHIX KO3(D(PUIMEHTOB AppeHnyca.
DaboTa BeIMoaHeHa TpH oA aepKkke DPDPU (rpant Ne02-03-42044).

1. Kycrosa E. B., Daraut6ega E. A. DepaBHoBecHas KMHeTHKA U IIPO-
[IECCHI TIEPEHOCA B TIOTOKAX PEATMPYIOIINX T'a30B. leopus u MpUioKe-
mus // T'mapoaspomexannka. Jox pex. B.I'. Mymposa. 1999. C. 147-176.

Dissociation rate coefficients in strongly
non-equilibrium reacting gas flows

E. V. Kustova, E. A. Nagnibeda
St. Petersburg State University, St. Russia

Non-equilibrium dissociation rate coefficients are studied on the basis of state-
to-state kinetic theory approach. State-to-state vibrational and chemical ki-
netics in various reacting gas flows (behind a shock wave, in a boundary layer,
in a nozzle) has been investigated, and averaged dissociation rate coefficients
have been calculated using non-equilibrium vibrational distributions. An es-
sential deviation of non-equilibrium rate coefficients from the widely used ther-
mal equilibrium Arrhenius coefficients is found.

Onpejgenenne cBo60JHON ITIOBEPXHOCTHU KU JKOCTH
B ABUXKYINEMCA COCy/J€e ¢ YOPYTOh BCTaBKOU
ACUMIOTOTUYECKUM METO/OM

I'"A. Kymeesa
(galina.kuteeva@gk1662.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBAETCA TMPAMOYTOJBHBIA COCY C KUIKOCTHIO, KOTOPHIU CO-
BeplllaeT 3aaHHOE [BUKEHHE IO TapMOHWYECKOMY 3aKOHY. 3ajatda
IocKas. BHyTpu cocyga — maeadbHas HeCKUMaeMad KUJIKOCTD, NBU-
JKeHMe KOTOPOHU moTeHIuaabHoe. [lHO W ogHAa W3 CTEHOK cocyma —
KecTkue. /Ipyras cTeHKa CONEPXKUT YIPYTYIO BCTaBKy. BhicoTa HeBO3-
MYIIEHHON XKUAKOCTH COBIATAET C Pa3MEPOM yIPYT O BCTABKH. DPe-
noJjaraeTcda, ITO KPBIIIKA COCyda HaxXOAWTCA HACTOJAbKO BBICOKO Ha[
CcBOGOMHON MOBEPXHOCTHIO JKUJIKOCTH, YTO KHUJAKOCTH HE yIapseTcs O
KPBIIIKY.
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UcnoabayeTcs MeTON pa3fefeHus epeMeHHBIX W MeTon JybHoBa - ['a-
aepkrHa. C TOMOIIBIO MHOXKUTEEN Jlarpanxka BBOAATCA YCIOBUS CBA3M
— HeJIMHENHOe KUHEMATHYECKOE YCJIOBHE HA YHPYT O TMOBEPXHOCTH U
JUHEWHOE YCJAOBHWE COXpaHeHUs o6beMa KUJAKOCTH B COCyle. JaccMa-
TpuBaeTcs nepBasg popMa KoJaeGaHII CHCTEMBI.

DellleHne MOMYIeHHON HEJMHENHON CHCTEMBI OTHOCHTENBHO 0GOOIIEHHBIX
KOODAWHAT MPOBEJEHO aCUMITOTHYIECKAM MeTOI0M 6€3 ydeTa BHYTPEH-
HET'O TPeHHs B MaTepuaje yIPYTol BCTABKN U C YIeTOM BHYTPEHHETO
TPEHUA.

Obtaining of fluid free surface in a moving container
with elastic part by asymptotic technique

G. A. Kuteeva
St. Petersburg State University, Russia

A rectangular container (tank) filled partly by an inviscid incompressible fluid
is considered. One of the tank wall contains the elastic part. Other parts of the
construction are rigid. The tank is forced to horizontal (surge) oscillating. The
obtaining of fluid free surface is studied by asymptotic technique. The first
mode of oscillation is used. Two cases of the problem are analyzed: without

internal friction in a material of the elastic part and with this friction.

ApainTudeckoe onucanue ABUXKEeHUA KOpa6JIH
Ha BOJIHEHHUU

K. B. Manyitiaos, P. P. Mocmoecxuii

(elena@tech.spb.ru)

OAQO 7Co6-Texnonorus”, CankT-deTepbypr, JOCCHs

DI'Y D ?"KoHcTpyKTOpCcKoe 6I0po CIENUAILHOI0 MAIIMHOCTPOEeHMs

CankT-JeTepbypr, Joccus

OpHu ABMKEHWH KyPCOM, KOCBEHHBIM IO OTHOINEHNN K (DPOHTY BOJHHI,
xopabab TpeacTaBaseT cOG0U TAKETOe TBEPAOE TENO, BpaIaolleecsd
(Kagaroleecs) OKOMO HEMOABHKHON TOYKN MOJ JAeHCTBHEM BHEIIHIX
CILT, 3aCTABJSAIONINX €0 MEHTP TAXKECTH OMUCHIBATH OTHOCHTENBHO 3TON
TOYKN B OOIIeM cilIydae TPOCTPAHCTBEHHYIO KPHUBYIO, HE JeXKallyio Ha
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cepe [1]. YpaBHuenus gBukeHus Kopabis cyTh ypaBHeHUS Diliepa

3
AiDw; + (Ap — Aj)wjwy = Z Fe, (Zjoms — Trom2),

m=1

B KOTODBIX KOODAMHATHI IEHTPA TAXKECTH &0, MOMEHTHI WHepIuu A; u
COCTABJAIONINE PABHOAEHCTBYIOMIEN BHEIHNX CUa Fy, ABIAIOTCA MepUO-
JAMFeCKH M3MEHAOIINMACS BeAMInHaME. VX TOYHBIe peleHns CyTh TPH-
roHoMeTpuieckne (QYHKIHH aareOpamtdecKoll KPUBOW poAa ABa Mpef-
cTaBagomme co60l OTHOWEHHS abeneBLX QYHKUHI OT ABYX MepeMeH-
HBIX [2].

BBuay mepnonuveckoro n3MeHeHUs BEAMTHH OHM ABAAIOTCA (PyHKIHAMA
MATH MEePEMEHHBIX — JBYX apryMEeHTOB M TPeX MOMYyJell, a ypaBHEHHA
MMEIOT BHT

3
AiDw;+ (Ag — Aj)wjwi = Aw; + Z Fe, (Zjoms — Zrotm2) + [@(2i,1)],

m=1

rjle CToAIllHe cOpaBa B KBaApaTHHIX CKOOKax cjaaraeMble ABIAIOTCA
DYHKIIUAME KBA3UTIEPUO JUIECKUMI, OTOSPaKAIOMINMA KaK HeATHETHBIH
XapakTep KoJeGaHUN Tak W HEMePUOAUTHOCTH WX, jJayke MPU 3ajaHUN
BHEIIHAX CHJ TEPUONHISCKUME PYHKIUAME, ITO TOIHOCTHIO COOTBET-
CTBYeT peaibHO HAGIIOTaeMBIM ABJICHUAM.

Cusitue TpeboBaHUA JNIEPOBON KECTKOCTH TaeT AHATHTHIECKOE OIIH-
caHne KoleGaHWl KOpIyca KOpabJs, BRI3BAHHBIX MEPUOIUIeCKAM H3Me-
HEHWEM ero JJLINIICOWIa WHEPIWH, I TOJHOTH KOTOPOro TpebyeTcs
HAUTH BTOpBIe CyGCTAHIIMOHAABHBIE MTPOU3BOIHEIE OT YTJIOBBIX CKOPO-
CTell, TO eCTh MOCTPOUTH BOJHOBBIE yPABHEHUSA, COJEpKAIie MPOI3-
BO/IHBIE Y€TBEPTOTO MOPAJKA TIO TIEPEMEHHBIM.

1. Kpwuios A. 3. Kauka kopabasa. Cobpanne Tpyaos ak. A.3. KpeLiosa,
T. XI. M.- JI., 1951.

2. Jlogpixenckmt B. K. Bumyx nerHoe nBIKeHme TBepAoro Teaa BOKPYT
HETIO IBIJKHOI'O IeHTpa TAXKECTH W HemoasukHon Todukm. 2001.

3. Unpmna JI. 2., Manymmos K. B. Kypc mexmmm mo TPKD n smmmra-
geckuM pyuxmmam. CI6, 2002.
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The analytical description of the ship motion

K. V. Manuglov, N. P. Mostovskiy
”SPb-Technology”, St. Petersburg, Russia
”Design Office of Special Engineering”, St. Petersburg, Russia

The equations of rigid body motions are given for the case of center of gravity
and center of rotations moving around a fixed point along with space curves
not lying on the sphere.

Brei6op xapakTepHOro pa3Mepa B TeOpUHU JOKAJIBHOI'O
B3aMMO/JeUCTBUA

P. P. Mupowun

CankT-JeTepOyprcKiuil roCyapCTBEHHBIN yHuBepcuTeT, Poccus

DolysMIupHYecKasa Teopus JokaibHoro saammopmericTeusa (TJIB) [1]
npefHasHatueHa MIA OBICTPOU OIEHKH WHTErPATbHBIX XapaKTePHCTHK
(cHa, MOMEHTOB, CpeJHEI TeMIEPATYPHI TOBEPXHOCTH U T. 1.) Tel, TBH-
KYIMIUXCA B HEKOTOPOH cpejfie, HAPUMep, appOJUNHAMHIECKIX XapaKTe-
pucTukK B pazpexenroMm raze. OHa BegeT cBoe Hawago oT M. Ip0ToHA
(bopmyra IpoTOHA), HO OPOPMUIACE B OTAENBHYIO TEODHIO JHUIIL B
KOHIIe MPOILIOro BeKa, MpuobpeTsa cTaTyC ONepaTUBHOIO HHCTPYMEHTA
[UIA PellieHns 3a1ad Ha CTaJAlHd SCKU3HOTO MPOEKTHPOBAHUA JETATENb-
HBIX alfapaToB ¢ GOJBIIEH TOYHOCTHIO, 9eM aHAJIN3 Pa3MepHOCTEH, HO
HE TaKOT'0 TPYAOEMKOT0, KaK YUCJIeHHOe pellieHre 3ajad obTekanns. B
MOBHIIEHNN TOoYHOCTH pacdeTa mo TJIB Baxkuyoo poab mrpaer BHIGOD
XapaKTepHOr'o pazMepa Tefa, BXOJAIIEr0 B XapaKTePUCTHKU TedeHUsa
(amcio DenHoabica, KHygceHa n T. 1.), OT KOTOPHIX 3aBHCAT SMIUPH-
yeckne KoxdduumeHTH (KoapdpunneHTH pexnma) TJIB, n Hyx)kHO Tak
OTIpEIEJUThL 3TOT pazMep, 9TOOH KOdPMUIINEHTH PEKIMa He 3aBUCENN
oT (GopMbl Teda. MBI BBIACHAEM STOT BOMPOC, PA3JIOKUB HHTEr PATLHYIO
XapaKTEePUCTUKY B pAJ MO MajoMy yray ataku. KoosdduiumenT mnpu
[MepBOM *leHe pAjfa (IIOMafb ~ OCBeleHHON MOBEPXHOCTH) WCIONB3Y-
eTcd IS MPUBEIeHUs WHTErPATLHBIX XapaKTEPUCTUK PA3IUIHBIX Tel K
OJTHOMY 3HAYEHUIO, a TMPU BTOPOM — IS OMpPeJeleHns XapakKTepHOTO
pasMepa TedeHns. Jazbpoc HKCIEPUMEHTAIBHBIX TaHHBIX M1 KO-
[MHEHTa CONMPOTUBRICHNUSA PA3INIHBIX Tel B Maze OIPH TAKOM OlpefeJeHnn
CYUIECTBEHHO YMEHBIIATCA ([JUCTEPCHA YMEHBIIACTCA B TPH pasa).
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1. Mupommm 3. 3., Xamaos 1. A. Teopus ToKaIbHOI O B3anMO IeHCTBHA.
JI., 1991.

On option of representative size in theory of local
interaction

R. N. Miroshin

St. Petersburg State University, Russia

The semi-empiric theory of local interaction is reviewed. The importance of
choice of the representative size of a body is emphasized for increasing the

accuracy of calculations. It is noted that the size is to be defined so that the

coeflicients of a regime do not depend on the shape of a body.

MeToa pacueTa rugpoAuHaMuieCKUX
XapakKTepuCcTuK rpebHoro BuHTa, padoTarllero npu
6o0JIbHINX yIVIaX cKoca Haberarolero noToka

J.A. Myzuna
(krylov@krylov.spb.ru)
U2 NU nmenn akax. A.D. Kpeuiosa, CankT-2deTepbypr, Doccus

DpuMeHeHNE BUXPEBOW TEOPWH K MeTOJaM pacydeTa THAPOANHAMITIE-
CKUX XapaKTePUCTUK CYIOBHIX T'PeGHBIX BHHTOB TONTBEPAMIO WIeH
2. D. DoasAaxoBa O Meaeco0CPa3HOCTH W MPAKTHYECKON EHHOCTH STOTO
HapaBIeHNsA HAYKM. 3afada MHIpOJMHAMUYECKOTO pacdeTa rpeGHOro
BUHTA MpH OOJBIMNX yIJaX CKOCA MOTOKA, PEIeHne KOTOPOU HeoOXo-
OUMO IS OUEHKH CHJI, MEACTBYIOUINX Ha TpeGHONM BHHT B IPOIECCE
MaHEeBPUPOBAHUS CyIHA, PACCMATPHBAIACH KAK MPOOJKEHIE PA3BUTHA
BUXPEBHIX MeTOJOB, HadaTOro B mHCTHTYTe B 1960-x romax. Tak, k
1987r. 6o pazpaboTaH YHCIEHHBLIA MeTOJ, OCHOBAHHBIA HA BHXPEBOH
cXeMe HeCYIeH TOBEPXHOCTH, TIPH HTOM IeJeHa 3a [BUKUTETEM HApa-
BI€HA TI0 TIOTOKY W MPUMEHSETCH METOJ MOCAe[OBATEMBHBIX MTPUOIIKe-
HUH. JOCKOABKY TPH yIiaX cKoca MoToKa, 6oabimx 307, gomymeHne o
Pa3BUTHH CJefa CTPOTO MO MOTOKY CTAHOBUTCS HEBEPHBIM, B 3TOM CIy-
qae MpelaaraeTcsa YINTHBATH 3aKPYTKY MeTeHbl U KPUBOJIMHENHOCTE €€
dopMBI. JpoBefeHHBIe patee B onbiToBoM Gaccenne LIDWMIM M. akaq.
A. D. KpbuoBa UCIIBITAHUS 110 WCCIEOBAHNIO TPAEKTOPUH CTPYH rped-
HOT'O BUHTA B CHOCSIINEM TOTOKE MO3BOJMIN HA OCHOBE 06paboOTaHHBIX
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MAaHHBIX TIPU PA3JUYHBIX yTJIaX TOBOPOTA BHHTA OTHOCHTENLHO Habera-
IOIIET O TTOTOKA W PA3THMIHON €r0 CKOPOCTH [BUXKEHUS MOJYIHTEH AHAJII-
THYECKYIO 3aBUCHMOCTE HAYAJIBHOTO YIJIa CKOCA MOTOKA, O TKJIOHAEMOT O
JOMACTAMMI, OT HATPY3KH ABIKUTENS TPU yIIax MeX Iy OChbio n Habera-
oM oTokoM 20 — 90°. DpengaraeMbil PACIETHBIT METO, PEATN30-
BAHHBIN Ha MMEPCOHAJBLHOM KOMIIBIOTEPE, TPOBEPEH HA MOIEMAX IMPEOHBIX
BUHTOB Pa3JUYHBIX CEPUI, I KOTOPHIX MMEIOTCA HKCIIEPUMEHTATbHBIE
NaHHBlEe IO KO3(MUIMEHTAM MPOMOJBHON, TOMEPETHON CHABI W KPYTs-
[IeT0 MOMEHTA.

Calculation method of the propeller hydrodynamic
characteristics at large drift angles

L. A. Moukhina
Krylov Shipbuilding Research Institute, St. Petersburg, Russia

The computational method is developed for determination of forces and mo-
ments operational on the propeller at drift angles up to 90°. The lifting surface
method is applied, thus the curling of a slip-stream and curvilinearity of its
shape is taken into account. The accuracy of the method is confirmed by
comparison of calculation outcomes with experiment.

D eIIOCKUY CYyJ0BOU PyJb — uU300peTeHue,
BBLIIIOJIHEHHOE COBMECTHO € J. J. D 0JIAXOBBIM (CT.)
(maTent Ykpaunsr Ne43381 ot 17.12.2001)

B. U. Puxoaaes

JUKoNaeBCKasd ArpapHas akaleMus, YKpanHa

DazpaboTana HOBas (opMa Mmepa cyaoBoro pyis. Wzobperenue zarmm-
uieno nartenToM Ykpaunbl [1] B 2001 r. Dabora Han uzobpereHueM
Besack B 1980-e robl coBMeCTHO ¢ . J. DOIAXOBBIM (CT.) 1 6a3Hpo-
BaJach Ha paspabOTAaHHOW MM Teopuu rpeGHOro BuHTa [2-6]. Dpakru-
qecKasd paszpaboTKa KOHCTpYKInn Oblaa BeimoareHa B. W. DukoraeBbiM
B r. Jukoaaen, 6w, Y CCO. M3o06peTenne npeacrapisgeT coboi co-
BEPINIEHCTBOBAHNE B3STOTO 3a MPOTOTHI M3006PETEHNs, 3AIMUITEHHOT O
narteaToMm Amonun Ne 58030896 A. Obmmen ugeen o6onx m306peTeHNN
ABJSETCA KPUBOJAMHENHASA TEOMETPHS Tepa PYJIAA BMECTO ILTOCKOT O MEPa
(MIOCKOTO B OCEBOM MPOJOIBHOM cedeHnn). TeopeTwdeckoll OCHOBOH



Cexrusa I11. T'mapoaspomexaHuka 153

PacYeTOB MOCAYKII YCOBEPIIEHCTBOBAHHBIN . J. DOJAXOBBHIM MeTO]
JAUCKPETHHIX BUXpeH (cM. craThi 43-48,55,56,62 B [3]). Demrernne 3agadn
CTPOUTCA BHXPEBBIM METOOM HA OCHOBAHUN MOeIH DoLtes, 0606IIeH-
HOM Ha HeCTAIMOHAPHLIN CAydall ¢ MOCTOAHHON MO pazMaxy HUpKYJd-
[Hel [iA KPBLTa ¢ OTKJIOHAIOMIEHCA YacThIO. JPU HTOM TIOTHOCTD TP~
KYJAIAUT TMeeT 0COGEHHOCTE B uadoMe Kpbiia. CooTBeTCTBYIONIEE WH-
TerpajJbHOe YpaBHEHUE PENIaeTCs MeTOMOM KOJOKAINH. YCTaHOBJICHHASA
dopmMa HCKPUBAEHHOT O TIepa PYJIA MO3BOAAET B OTJIHINE OT YIOMAHYTOTO
npoToTuna omee TOIHO U HHPEKTUBHO UCTOAB3OBATH CIUPAIEBIIHY IO
3aKpyTKY B cTpye BuHTa. ['mapomnnavutieckas >(pheKTUBHOCTH TTOBHI-
IMaeTcAa TakyKe U 3a CIeT CHeNHalbHOW MEeTOMUKH pacdeTa, yInTHIBAIO-
el CTPYKTYPY TOJsA CKOPOCTEH B CTPye BHHTA.

1. IsamoBu4 3. B., Doaaxos M. M. CrepHo cygoBHe. DJaTeHT Ha BHHA-
xig. YkpawHa. JarenT Ha mzobperenme UA-43381-C2. cBuger. N.7-
B63H25/38 oT 17.12.2001

2. Berunnakuu B. 2., Doasaxos . 2. Teopus u pacaeT Bo3ayuHOro rpet6-
Horo BuuTa. M., 1940. 520 c.

3. Doasixop 2. . Usbpamubie Tpyawi. AsporumapoamHamuka. CI6.
1997. 379 c.

4. Doaaxop . J. O6 mHTerpalbHOM YpaBHEHHN TEOPHH HECYINEN IIO-
BepxuocTu. Bectrmk JIT'Y. 1973. Bem. 7, C. 115-121 wm B kuure [3],
C. 306-315.

5. Doaaxos I. IJ., Meabaukopa O. ®. O pelleHnn HHTErPAILHOIO yPaB-
HeHns o6TeKaHnsA Hecyllel mopepxHocTr. BecTrmk JII'Y. 1978, Bom.1.
C. 123-128, nm B kamre [3], C. 324-329.

6. Doasaxos J. J., 2Kypasa B. M., Dukonaes B. I1. DpaxTuaeckuir meTon
pacHeTa HECTAITMOHAPHBIX XapaKTEPUCTUK KPBLIA C O TKIOHAIONIEHCS da-
crbo. [lemonmp. B UDUN ”?Iym6”. JI., 1986. 10 c., mm B kEmre [3],
C. 356-365.

Non-planar ship steer — an invention together with
N. N. Polyakhov (Registered patent of Ukraina, 2001)
V. 1. Nikolaev

Nikolaev Agrary Academy, Ukraina

New geometrical shape of a non-planar, curvilinear steer construction is found.

The proposed invention is based on Polyakhov’s non-stationary theory of con-

stant circulation for a wing with a tilted part.
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MartemaTudeckas Mogesab cMepda (TOPHAAO)

A A. Pempos, B. A. Hu6apos
(fuid@niimm.spb.su)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Ncexoasa u3 cToxacTHYECKOH MOJEH Ta30B3Bect [1], BBIMUCHLIBAIOTCA Ma-
KPOCKOTNUYeCcKNe ypaBHEHNA IlepeHoCca, ONICHIBAIOIINE IBIKEHNE cCMepYa.
Cmepd¥ paccMaTpuBaeTCss KaK TeTepOoreHHas cpejia 60BIION TPpOCTPaH-
CTBEHHOW MPOTAKEHHOCTH IO CPABHEHWIO C [IMHOU CBOGOIHOTO MPO-
6era MoeKy.T raza, obaagainas 6ObIINM 3Ha9eHIEeM TAaHT eHITHATBLHON
COCTABIAIIER €r0 CKOPOCTH MO CPABHEHUIO C MPOAOJBHON M PaInaib-
HOW, YTO COOTBETCTBYET COBPEMEHHBIM MPENCTABICHUAM O CMEpYax.
B >Tux mpeamosokeHMAX BBIYUCAEHO TJaBHOe 3HaUYeHWe TUPKYIANNN,
TAHTeHIHAJIBHON 1 YTJIOBOH CKOPOCTH cMepda. JOCAeHAA (B OTINYNe
OT TpeAnonoKeHns paboTH [2]) He ABAAETCA MOCTOAHHOH. OOKazaHa
MOMMTPOIHOCTE CPebl. JPONOMbHAS CKOPOCTH CPebl BHYTPH CMepHa
MPEeIOJaraeTCs MOCTOAHHON. JapaMeTphl Cpelbl BHYTPH CMepYa U
BHE €T0 CBA3aHBI IPAHMIHBIME YCIOBUAME CKaYKooGpaszHOTO ThHma. B
IPENONOKEHNN KBa3NCTANOHAPDHOCTH TedeHUudA BHYTPH cMeptva U3 WH-
TerpaJja JepHYJIN MoaydeHa GpopMa MOBEPXHOCTH CMepYa. D Penoo-
JKEHME O KBa3WCTAIMOHAPHOCTH TedeHUA OOYC/AOBICHA NINTEIBHOCTHIO
CYLIECTBOBAHUA TOPHAIO (0T HECKOMBKNX MUHYT O MPHMEPHO 7 9acoB).

1. [Imbapos B.A. Kunernaeckunn meTon B Teopum razoszsecen. CD6.,
1997. 192 c.

2. Doaerop B.C. DeayapTaTh aHaIMTHEeCKIX UCCIE0OBAHNI BEP THKAIL-
HBIX 3aKPYYeHHBIX TE9eHNN BO3AYNIHEIX Macc B atMocdepe [/ Amamm-
THUYECKIME METOIBI U ONTUMU3AINA TPOIECCOB B MEXAHUKE KUAKOCTHU W
rasa (CAMI'O3. 2002). Cuexunck, 2002. C. 5.

The mathematical model of the tornado

D. A. Petrov, V. A. Tsibarov
St. Petersburg State University, Russia
The tornado is considered as large scale heterogeneous medium. The circulat-

ing, the angular and tangential velocities and the surface form of this medium
are calculated. The polytropic character of the tornado is discussed.
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[IBUXeHne BA3KOUW HEeCXKMMAEMOU KU JKOCTHU
BO Bpalalouiencs objiactu ¢ gjedpopMUpPyeMBIM AHOM
U cBOOO/JHOU IIOBEPXHOCTLIO

M. O. Ponosa
(marina_popova@yahoo.com)

Yuusepcurer B Ibio-Mexuko, kadeapa mexaunkn, Aabbykepk, CIITA

B pokaaje mpefcTaBicHO aHATUTHYECKOE UCCAENOBAHIE BO3ZMYIIIEHHOTO
NBIIKEHNA BA3KON HECXKUMAEMON XKUAKOCTH B 06JacTH S, THO KOTOPOU
nedopMuUpyeTCs MO 3agaHHOMY 3akoHy. C Apyron cTOpoHHBI 06JacTh
orpaHu¥eHa ¢cBOGOTHON TOBEPXHOCTHIO. Takke 061acTh UMEET KECTKHE
60okoBHIe cTeHKH. O6JacTh S BpaIlaeTcs C MOCTOAHHOW YTVIOBOM CKOPO-
CThIO. DalJeHo, YTO Ha MEPBOM OHTalle ABUKEHUA KUJIKOCTH, KOT[Ia
OTHOCUTEIbHAA CKOPOCTH KUAKOCTH MaJa, MepeMeITnBaHue KUJIKOCTH
HE3HATATEABLHOE.

DonyvueHBl AHAJTUTHYECKNE BBIPAXKEHUS [ COCTABISIONINX CKOPOCTH
BA3KOW JKWAKOCTH, HallfeHa popMa cBOGOTHON TOBEPXHOCTH KU JKOCTH,
MTOCTPOEHO TOJe HAPABJACHNH. Ja3paboTaH aJrOPUTM PEIEHN 3a 1atdn
O NBUKEHUN BA3KOW HECKUMAaEeMOH KHIKOCTH BO Bpalalomnielica obiaa-
CTH.

Viscous incompressible fluid flow in rotating field with
deformed bottom and free surface

M. O. Popova
The University in New Mexico, Department of mechanics, Albuquerque, USA

The perturbed motion of viscous incompressible fluid in field S with given
bottom deformation is investigated in the paper. Free surface is other side of
this field. Also this field has rigid lateral faces. The field S is rotating with
constant angular velocity. Analytical solutions for viscous fluid component
velocities are obtained. The form of free surface has presented. Fluid flow
is examined under given conditions. Solution procedure algorithm of similar
problems is developed.
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CToxacTudeckoe MO AeJUpPpOBaHUEe B JUHaAMUKeE
Pa3pexKeHHOIr'o rasa

A. A. Papunyy, B. B. Hepedos, B. H. Hlemamosuu
(cheredov@k806.mainet.msk.su)

MockoBcKkul ABUATIMOHHBI WHCTUTYT, JOCCHUS
MucturyT acrponomun A2, Doccust

UccrenoBanus TedeHN pa3pekKeHHOTO ra3a, B TOM YHCIe BOANIN XM~
“eCKHU aKTHBHOU TBEPJOHN MOBEPXHOCTH MOKA3AJ0, 9TO B TaKWX 3aKavax
caelyeT UCIOAb30BATh KHHETHYECKYIO MOIedb. AHAIM3 CTPYKTYPHI Ku-
HETHYECKIX MAaCIITAab0B CTOJKHOBIHTENBHBIX MPOIECCOB B Pa3PeKEHHBIX
MHOT'OKOMIIOHEHTHBIX CpeflaX MOKa3BIBaeT, ITO BO3ZMOMKHO MOCTPOEHIE
CTPYKTYPHBIX YHCIEHHBIX MOENeN, ABIAIMNXCA TMOKUME W BBICOKO-
3(pPEKTUBHBIME TIPU AJTOPUTMIYECKON DeaTU3alii Ha COBPEMEHHBIX
MOIIHBIX KOMIBIOTepax. B gamHon paGoTe mM3yvueHa TePMATM3aIUs MO-
JEKYJ BOMOPOia BOIM3N TBEP IO TOBEPXHOCTH MEK3BE3 HBIX MBLINHOK B
pesyabTaTe YOPYTUX U HEYIPYTUX CTOJKHOBEHNUH C YaCTUIIAMHI OKPY XKa-
orero rasa. /JImanazon m36bBITOYHON KHHETHYECKON SHEPTUH TTPENOaa-
raeTcst oT 0.1 mo 1.0 3B, cpean cTOJKHOBEHWH TPEBAJUPYIOT YIpyTrue
CTONKHOBEHNUS MeXAY TOPAYNMH MOJIEKYJIaMH BOAOPONa W GacTHIIAME
H u Hs u3 xomogroro razoBoro obaaka, cedeHne CTOTKHOBEHNN HMEET
nopagok 10-15 cm?. B peayapTaTe IHCICHHOTO MOTINPOBAHIA TI0 Me-
ToAUKe aBTOPOB [1] Hall 1eHO, Y4 TO ropAYne MOAEKYIbl BOIOPO1a, 06pazo-
BaBIIIIECS HA MOBEPXHOCTH MBLUINHOK, B 06JaKe MeXK3BE3THOT'O T'a3a Tep-
MaJU3yIOTCsI He MOAHOCTBIO. PyHKIUSA pacmpefeleHns KHHETHIECKON
sHeprunm Mogtekya Hs xapakTepusyeTcs n3bBITKOM KHHETHYeCKN BO36y-
K TEHHBIX (CBEPXTEIJIOBHIX ) YaCTHII IO CDABHEHHUIO C JOKAIBHO PABHOBEC-
HOU (DYHKIIMEN paclpefeqeHns. JOCKOIbKY MOJEKYIBI BOJIOPOIA TOMIU-
HUDPYIOT CPeIU Pearupyolunx YacTUll B MOJEKYJISAPHOM obJake, TO He-
paBHOBecHas (PYHKIUS paclpefeteHus ropsaanx dactul Hy MoxeT GBITH
HCTIOJIB30BAHA [JIS OMEHKN BO3MOKHOI'O YBEAUIEHNUSA POJIH 3HIOTEPMITHE-
CKUX XUMWYeCKHX PEAKINU B XIMMUN MeXK3BE3THOU CPEHI.

1. emarosu4 B.M., Dapunyy A.A., Yepenos B.B., [IseTkos I".A. CTpyk-
TYPHOE CTOXAaCTHYIECKOE MOeInpoBaHre KuneTndeckux cuctem [/ Ma-
TeMaTuveckoe Mogenuposanue. 2002. T. 14. C. 8.
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Stochastic modeling in rarefied gas dynamics
A. A. Pyarnpuu, V. V. Cheredov, V. I. Schematouvitch

Moscow Aviation Institute, Russia
Institute of Astronomy of RAS, Russia

The method of stochastic modeling to study of thermalization processes for
hydrogen molecules in the interstellar media is realized.

MOAEJII/I CAJIBTUPYIOIIUX YaCTHUIl B I[IOCPaHUYHOM cCJioe
A. P. Pabunun

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DPBIKKOOGpasHOe TepeMelleHIe YacThl] (CalbTalnd) Toj AeHCTBHEM
BO3/IYIIHOT' O MOTOKA ABAACTCA OCHOBHBIM MEXaHU3MOM IepeMEIIeHNA Be-
TPOM CHeT'a, TeCKa WIH MOYBHI. JaHee OBLI MPENJIOKEH DA MATEMATH-
YeCKHX MO/Iedel MepeHoca TBEPAbIX 9acTul] cnocoboM caabrauun [1, 2].
B >Tux Momensx cKOpocTh WM HampaB/eHWNe B3JeTAIONINX C TTOBEPXHOCTH
“acTHI] 3aJaBaJINCh.

B macrodmen pabore Momearb cadbTanun yrodndgercsa. MomeanpyeTcs
MpoIece yapa YacTHIl O MOBEPXHOCTH. (CKOPOCTH M HAalpaBJeHHE OT-
PaKEHHBIX B3JETAIOUINX YacTHI] 3aBUCAT OT CKOPOCTHU W HallpaB/JAeHUA
mafamux 9acTuil. [Iad onmcanna 3aBUCUMOCTH UCTIONB3YETCA MO TU(H-
Kallus Jy9eBOU [BYyXMapaMeTPUYeCKOU MOENN, paHee MPUMEHABIIENCS
A OTIUCAHUA TPOIECCOB y1apoOB aTOMOB Pa3peKeHHOI'O I'a3a O MOBePX-
HOCTB. JapaMeTPhl MOJENN M0 T06paibl TAKIM 06pazoM, 9TOOHI PE3YIb-
TaT pacdeTa COBIadaJ ¢ TaHHBIMHU 3KCIIepUMEHTA.

1. Dabuama A.D. DepeHoc TBepIBIX 9aCTHUIl HaJ ILIOCKON ITOBEPXHOCTHLIO
// Bropbie Domsxosckme wrenms. Vabpammbie Tpyaer. CD6., 2000.
C. 171-178.

2. Dabmama A.D. TypOyleHTHHI IMOrpaHMYHBIN CJAOH Haj CAIbTHPYIO-
nmmn gactunamu // Aspogmmamuka. C6. crarenm mox pen. J.9. Mn-
poummsa. C26., 2001. C. 153-171.
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Saltating particles models in boundary layer

A. N. Ryabinin
St. Petersburg State University, Russia
Improved saltation particles model is suggested. Ejection velocities depend on

impact velocities. The simple two-parametric model is used for particle-bed
interaction. Model parameters are obtained from experiment.

UcTeuenue ua popkamepsl KojebHaTeabHO
HepaBHOBECHOI'O rasa

M. A. Pwidaaesckan, T. B. Pabuxosa

(fuid@niimm.spb.su)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS
DOCCUNCKUT TOCY JAPCTBEHHBIA I IPOMETEOPOJIOIMHeCKIN YHUBEPCUTET,
CankT-JeTepbypr, Joccus

DaccMaTpUBAeTCsA HMCTedeHne KoJae6aTelbHO HEPABHOBECHOTO Ta3a W3
cocyda depe3 Mmamdoe oTBepcTme. Wcnoab3yiorca ob6oObIIeHHbIe WHTe-
rpajbl ABUXKEHWA, KOTOpBIE CIIpaBelJUBBHI B MOTOKaX Iaza ¢ (puamko-
XUMUYeCKUMH Tipotieccamu [1]. Dpu GUKCHPOBAHHBIX IapaMeTpax BHY-
TPH cOCya BapbHPOBAJOCH JaBJeHNe HA BBHIXOAE. DOJyUeHBI 3HAYCHIS
CKOPOCTHM HCTEYEHUA, MIOTHOCTH, TeMIePaTyphl rada U TeMIepaTyphl
nepBoro kojaebaTeJbHOI'O YPOBHA B CTPye A Pas3HBIX IlepenaioB fga-
BJICHUA.

1. Dmpganesckas M. A. Aspogmmammdeckme CBOICTBa TEYEHWH T'a3a C
dusrko-xummaeckumu mponieccamm [/ Aspommmamuka. C36.  2000.
C. 82-92.

Outflow of vibrationally nonequilibrium gas from
forcamera

M. A. Rydalevskaya, T. V. Ryabicova
St. Petersburg State University, Russia
Russian State Hydrometeorologic University, St. Petersburg, Russia

Outflow of vibrationally nonequilibrium gas from vessel through small outlet is
considered. Generalized integrals of motion for gas with physical and chemical
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processes [1] are used. The parameters of gas in the vessel are fixed. The outlet
pressure is varied. The outlet velocity, the density, the temperature of gas and
”the temperature of the first vibrational level” in the jet for different pressure
overfall are obtained.

K 3ajga4de o KoJiebaHUAX ILIaCTHUHLI B IIOTOKE
COIIPOTUBJAKOINENCA Cpelbl

B. A. Camconos, FO. J. Cemoyxudi
(samson@imec.msu.ru, ysel@mailru.com)

Mucturyr mexanmku MI™Y, Mocksa, Doccus

Waydenne HepaBHOMEPHOT'O NBHKEHUS TeJa B cpefie MpEeJCTaBIAeT CO-
60Ol MOCTATOYHO CJOKHYIO 3anady. [las IPpUKHAOTHBIX OIEHOK YacTo
HCTIONB3YeTCA KBA3UCTATHIECKAA MOJENb, B KOTOPOH MpeIoaaraeTcs,
ITO XapaKTEePUCTHKU BO3AEHCTBUA CPEAbl IPH HEPABHOMEPHOM JBUKe-
HUU Tejda UMEOT TaKylo XKe CTPYKTYPY U 3aBHCAT OT yria aTakhm Tak
JKe, Kak M B CTAIHOHAPHOM CJay¥ae, HO caM yT'oJl aTaKl cIuTaeTca QyHK-
el (pazoBBHIX KOOPIMHAT Tefa. DTOT MeTOJ TMO3BOJAET CYIeCTBEHHO
YIPOCTUTE 3a4a9y U HPOBECTH MapaMeTPpUYecKUH aHAJTN3, HO TOYHOCTE
ero He Bcerja M0CTaTOYHA.

B wacrostmelnt paGoTe paccMaTpuBaeTCA 3amada O KoJeGaHUAX TBEPIbIX
MIACTHH (KPBUIBEB, JOTACTEH U T.M.) B HOTOKe cpefbl. Jlad omncadns
BO3IEUCTBHUA CpeJbl Ha MIACTHHY TPENIOKEH MOAX0M, B PAMKaX KOTO-
POT'0 BHYTPEHHAA JUHAMIKA CPEIBI MOJAETUPYETCA TPHCOETUHEHHBIM OC-
MALIATOPOM € JABYMSA CTEIEHAME CBOSOTBI.

DOKa3aHo, 9TO KaK [ MOCTYIATEAbHBIX, TAK U [ yTJIOBBIX KOIeOaHNH
MIACTHH A AOCTATOYHO MIHPOKOrO AWANa3oHa YCJIOBUHH NBHKEHUSA 0
AdPOANHAMIYIECKTX XapaKTEePUCTHUK TLIACTHH CYIIECTBYET YHUBEDCATh-
HBIH HAGOp 3HAYEHUH MapaMeTpPOB MOJENN, KOTOPBIH 06ecrednBaeT J0-
CTATOYHO XOpoIllee COrMacoOBaHle ¢ U3BECTHBLIME DKCIIEPUMEHTAILHBIMA
MAHHBIMI.

DpoBener 3QGEKTUBHLIA MapaMeTPUYeCKNN aHAAN3 PACCMATPUBAEMON
3aadn. JTO MO3BOJUIO BIEPBBIE C(HOPMYJINPOBATH KOHCTPYKTHBHBIE
KPUTEPUU TPUMEHUMOCTH TPaJUIHOHHON KBA3UCTATHICCKOW MOJENN B
STON 3ajgatde.

[l caydas 3aTyXaoMuX MOCTYNATeIbHBIX KOAeOAHIH MIACTHHBL B 1O~
TOKe MpPOBeeHO CpaBHEHHEe ¢ AaHHBIMU PaboThl [1], Tjae pacdeTnl mpo-
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BO/UJINCH C MTOMOIIBIO METOOB TEOPETUIECKON THAPOINHAMUKE. DOKa-
3aHO, YTO PE3YIBTATHI PACIETOB BEChbMa OMM3KH. JPOAHAIN3NPOBAHEI
PaCXOXKIeHNA ¢ KBA3NCTATHIECKON MOETBIO.

DaboTa BBIMOAHEHA NpH ToAAepxKe IPPIU (rpant Ne00-01-00405) u
mporpamMMel ” YHUBEPCUTETHL Joccui’” .

1. Demoneprobckmu C. M., Kowerkos 0. A., Jloktes 3. E., Tommmm B. M.
Jlunennbe U KBasSWIMHENHBIE 3a0a9U TUHAMUKN KECTKOI'O aIlapaTa C
otkaorsomumuca pyaamu // Tpyaot BBUA um. 7Kykosckoro. 1971.
Beim. 1302, C. 110-146.

On the problem of the oscillations of a plate in flow
of resisting medium

V. A. Samsonov, Yu. D. Seliutsky

Institute of Mechanics of Moscow State University, Russia

A new approach to the description of forces acting upon a plate oscillating in
flow is proposed: the internal dynamics of medium is modelled by an oscilla-
tor with two degrees of freedom. It is demonstrated that for a wide range of
parameters of motion and aerodynamic characteristics of plates there exists a
universal set of model parameters values that provides good agreement with
the experimental data. Effective parametrical analysis of the considered prob-
lem 1s carried out and criteria of validity of the quasistationary model in this

problem are formulated.

3apaJIJIeJIbHa.H BepCHuid UTEPAIIUOHHO-MapIiiaeBoro
MeTOoda UHTEeIrpUupoOBaHUA YPaBHECHHUHU Jaspe-CTOKCa

J. 0. Crxypun
(leonid.skurin@pobox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B pa6orax [1,2] u apyrux pasBuBaeTCS UTEPAUUOHHO-MAPIIEBBLIN Me-
TO/ 9UCJIEHHOTO WHTErPUPOBAHNA yPaBHEHNN JaBbe - CTokca [Mid raza
u xugkoctn (MMM). MeToq npuMeHHM A pelleHns CTAUINOHADHBIX
W HECTAIMOHAPHBIX, BHYTPEHHUX M BHEIIHUX 3ajad JIOO0H pa3MepHO-
cru. OTimunTeabHas 0COGEHHOCTH METOAa B TOM, 9TO LIS PeIeHNS
BCEeX THIIOB 3a/a¥ HMCHOJB3YeTCA eNuHas Mpolieqypa — MapileBas IO
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MPOCTPAHCTBEHHON KOODAWHATE s ABYMEPHBIX 3a7ad W MO ABYM KO-
OpJAMHATAM [ TPEXMEPHBIX 3ama4d. Takum o6pazoM, 1 pelleHns BCexX
3a/ad WCIOMb3YeTCsl eqUHCTBEHHAA adrebpanmdecKas Tpolenypa — pe-
IIIeHIe CUCTEMB aireSpandecKnx YPaBHEHUN 1A BEKTOPA HCKOMBIX Ce-
TOYHBIX (PYHKIIMH HA Jy9ax, HOMEPETHBIX 110 OTHOIIEHNIO K MapIIEBHIM
OocAM. AHAIUTHYECKH TIOKAa3aHO, ITO METO nMeeT He3yCJIOBHBIE YCTOM-
YHBOCTH W CXOJAUMOCTD IS 3aMa9 THAPOJUHAMAKH.

B macrosmem nokmnage npeaiaraerca B pamkax UMM BoiancanTenbHas
cxeMa, MPUTOMHASA A YHCIEHHOT O PEIEHNA C TIOMOIIBIO TaPAJIeTBEHOT O
aaropnTMa. AHAINTHYeCKN MOKa3aHO, YTO 3Ta CXxeMa Takke obiaagaeT
XOPOIINME CBONCTBAMHI YCTOMYIUBOCTH U CXOMMOCTH. JPH HCHOJb30Ba~
HUU ee BBHIYUCACHUS, CBA3aHHBIE C YIIOMAHYTON aireCpandecKon Mpolie-
OyPOW, MOTYT OCYHMIECTBAATHCA [ KaXKJAOrO Jyva Ha OTAeTBHOM ITPO-
1eccope B MpefleJax OJHOTO BPEMEHHOTO IIara min riobaJbHON nTepa-
mm. TeM caMBIM BO3MOXKHO YMeEHbIIEHE BDEMEHH CYeTa Ha TOPAIKH (B
3aBUCHMOCTH OT YHCIA WCIONB3YEMEIX TTPOIECCOPOB).

1. Ckypur JI. 1. MrepanuoHHo-MaplieBHl (10 IPOCTPAHCTBY) METO]
pellleHns 3anad MeXaHWKHW KUAKOCTH U Taza // MaremaTtuieckoe mMo-
peamposanme. 2000. T. 12, N 6. C. 88-94.

2. Skurin L. I. Iterative Space-Marching Method for Incombressible and
Compressible Full Navier-Stokes Equations. // N. Satofuka (Ed.). Pro-
ceedings of the First International Conference on Computational Fluid
Dynamics, ICCFD, Kyoto, Japan. 10 - 14 July 2000. P. 319—324.

Parallel scheme of the iterative space-marching
method for Navier-Stoks equations

L. I. Skurin
St. Petersburg State University, Russia

Numerical scheme of iterative space-marching method that is suitable to solve
fluid mechanics problems with parallel algorithm is presented. It’s analytically
proved this scheme has good stability and convergence. According to the
scheme one processor may be used for the algebraic procedure of finding of
grid unknown functions vector at each marching station in framework of time-
step or global iteration.
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O kxpuTepuax paspyllleHUA BHYTPeHHUX BOJH

0. I'. Cmenanos
(krylov@krylov.spb.ru)

U2 NU nmenn akax. A. 9. Kpbuiosa, CankT-eTepbypr, Joccus

DazpyllleHre BHYTPEHHUX BOJH B CTPATH(QUITPOBAHHOM OKeaHe, TPUBO-
nstiiee K 06pa3zoBaHWio TYPOYJIEHTHBIX 30H TI€ePEMEITAaHHON KU IKOCTH 1
MOCAENYIOMIEMY 06PazoBaHWIO MPOCIOEK TOHKOU BEPTHKAJBHOU CTPYK-
TYpPbl MOPCKOH CPe[bl, UT'PaeT BAaXHYK POJb B JUHAMHUKE TEIIOMAC-
colepeHoca ¥ Tpolleccax Mepefadn UMIYJAbCa, W MO3TOMY YCJIOBUA €r0
BOBHUKHOBEHWA TPEACTABIAIT GOMBIION HHTEPEC B Psjle MPUKJIATHBIX
3aaad.

WzBecTHBIE KpUTEPHH YCTOWYHBOCTH BHYTDEHHUX BOJH OCHOBBIBAKTCS
Ha HUCIOIB30BAHUN MOJENEN HAeAJbHON KUIKOCTH, HO OHH He BCET[a
OKa3LIBAIOTCA [OCTATOYHO 3(ppeKTUBHBIME. TeopeTuvecknit aHa M3 Te-
GopManMOHHOT O [BUKEHUS CIUIONTHON CPEBI, BHITIOJHEHHBIN HA OCHOBE
paboT YmoBa, Jaanka, Jlays, mokaszad, 9To B IPOIECCe CIBATOBOT'O Te-
YeHUs BA3KOW XKUAKOCTH B HEW BO3HUKAKT MOMEHTHBIE HAPIKEHIS,
06yCaOBICHHBIE NENCTBYIOMIMME B XHUJAKOCTH PA3IUYHBIMEU TOTOKAMHE
SHEPTUH — UMITYJAbCA, U ITO MPUYIHHON MOTEPH YCTOMIUBOCTH CIBUT O-
BOT'O TeYeHNUsT BA3KOHW KUIKOCTH CJAeAyeT MPU3HATH HapyIleHne GataHca
MOMEHTHBIX HAPAXKEHNN, BOZHUKAIOIINX IPH [UHAMAYIECKON TedhopMa-
[N CABUTA CIIOMIHON CPE[TH.

Nz ycraoBusa paBHOBecHs BBIJeJeHHOTO o0ObeMa KHUAKOCTH ¢ yieToM ba-
JaHCa MOMEHTHBIX HATIPSKEHNHN Oy YeHb KPUTEPHUH MEPEXOTa OT JaMU-
HapHOT'O TevdeHns K TypPOYJIeHTHOMY B CABUTOBHIX MIOTOKAX OJTHOPOTHON
n CTPaTHGUIUPOBAHHON BSA3KOH KHAKOCTH, KOTOPHIE B O6IEM cay<vae
ABIAAIOTCA PYHKINEN BHEITHIX TAPAMETPOB, a B HEKOTOPHIX MPENeNbHBIX
cayvagX CTAHOBATCSI KOHCTAHTOM.

YdeT BAMAHUA MOMEHTHBIX HANPAXKEHIH , BOZHUKAIINX DU CIABAT OBBIX
TeYeHUAX BA3KOW JKUIKOCTH, MO3BOJII TaKXkKe MOJONTH C HOBBIX MO3M-
Ui K aHAJIM3y MeXaHu3Ma OODYIIeHHs IPaBHTAINOHHBIX BHYTPEHHUX
BOJIH B OK€aHe ¥ BBECTH HOBBIE KPUTEPUU Pa3PYIIeHNA BHY TPEHHUX BOJH,
PacCIpOCTPAHSAIOIINXCSA B CTPATH(MUIITPOBAHHON MOPCKOI CpeJIe.
Kputepnu pazpyimenns BHYTpPEeHHUX BOJH, OCHOBAHHBIE Ha AMHAMUe-
CKOM yCJOBHUE 6ajfaHca MOMEHTHBIX HAINPAKEHUH B CABHTOBOM TOTOKE
BABKOU KUKOCTH, KOTOPHIE COepkKaT Kak auddepeHInagbibe, Tak 0
HHTEer paidbHbBIE TAPAMETPHI U TOJS JOTHOCTH, U MOJA WHAYINPOBAHHON
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CKOPOCTH, TO3BOJAIT MOJYYaTh TeOpeTUIecKne OleHKHN, JYyHIlle cora-
CyTOIInecs: ¢ TAHHBIMEU HATYPHBIX H3MEDEHUN.

On the internal wave breaking criteria

Yu. G. Stepanov
Krylov Shipbuilding Research Institute, St. Petersburg, Russia

Consideration of the couple-stresses action in the shear flows of viscous fluid
allows with new point of view to approach to analysis of the breaking mech-
anisms of internal gravity waves. It also allows suggesting a new criterion for
an estimation of conditions of the internal wave breaking in stratified ocean.

O rnepecMoTpe OCHOB KJIaCCI/I"IECKOf/JI APOJUHAMHUKH

B. . Cywxoe, M. B. Cywxosa

(allergia@mail.ru)

CankT-JeTepOyprcKuil MoCy AapCTBEHHBIN TIOIUTEXHITTE CKUI
VHUBEPCUTET, JOCCHUs

CankT-JeTepOyprcKuil TOCy apCTBEHHBI MOPCKOHN TEXHITTE CKII
VHUBEPCUTET, JOCCHUs

OCHOBHBIE TIOJOKEHUA MEXAHUKN TeUeHNA T'aza TPOTHBOPEYAT Tpa TUITH-
oHHON MoJjekyaapHol Teopun razos (MTT). Crartncrudeckas Teopus
YTBEPKAAET, ITO MOATBEPKJAET KIACCHIECKNE YpPABHEHUS MEXaHWKN
crurottsol cpeasl (MCC) [1], HO B3anMONPOHHKHOBEHHE BEIIECTBA TBYX
DIEMEHTOB 06BEMa CTABUT BOIPOC O BO3IMOXKHOCTY NPUMEHEHHS 2 3aKOHA
DBIOTOHA K dieMeHTapHoMy o6bemy raza B MCC [4]. Doabopom peo-
JOTUYIECKUX CBOWCTB MOXKHO YCTPAHUTHL oTAedblble HepocTaTkn MCC,
Bpojle GECKOHEYHON CKOPOCTH PACIpOCTpaHeHus BozMmyluenull [2]. Do
TaKue Mephl He CHUMAIOT pobaeMy B 1eqoM. Kaaccudeckne ypaBHeHUsA
CTAJIH NpEenATCTBIHeM, ocTaHoBUBIIMM nporpecc MCC. Spumep: B [3] aB-
TOpHI o7 gaBaernem uaeoqorun MCC paccyxgaror o ”Kamasx” WHEPT-
HOTO T'aza MPH HOPMAJALHBIX YCAOBHAX. De06XOIUMO 3aHOBO MOCTPOUTH
TEOPUIO TEYeHHU T'aza. e3 >TOT0 TPYAHO OXKHAATH Hporpecca B IMo-
HAMAHUN TYypOYJICHTHBIX TedeHUN. Do MHEHWIO aBTOPOB, HOBAasA UIEO-
JOTUA MOXeT OBITh HallJeHa MOCPEJACTBOM KOMIBIOTEPHOTO MO IO~
BaHUA TOBEJICHUA COCEACTBYIONINX HIEMEHTOB oObeMa Ta3a Ha yPOBHE
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JABUXKEHHA MOJEKYJ XOoTA OBl B rpaHnnax kiaccmdeckol MTT (uro ms-
6aBaseT OT dncAeHHOTO peliernsa cucreM OJ1Y mopsika cOTeH THICAY).
B sTom caydae MoxHO Takke uzbexaTh mepebopa Beex map MOJeKyJT Ha
KaXKJIOM BpPEMeHHOM Iare. JpobaeMy B IeI0M BPA JU MOXKHO PElTnTh
MaJol TPYIION HCCaeI0BaTENEN. DYKHO MACCOBOE KOMIBIOTEPHOE MO-
NeJUpoBaHie W BHUMAaHHe GOMBITIOro Yucia aHaanTukoB. llenTpom Ta-
KOU JeATeALHOCTH MOT GBI CIyKUTH WHTEPHET - KypHat ~MaTemMaTnka
B BY3e” na caiite CO6I'DY www.spbstu.ru/public/m_v/index.html

1. Ucuxapa A. Craructudeckas ¢pusnuka. M., 1973

2. I'mprugos A. JI. Typ6ynenTHas mudg¢ysna ¢ KOHETHOW CKOPOCTBHIO.
CD6., 1996.

3. Cemesnép B. /I. m ap. AnomanbHas HEYCTOMYMBOCTL T'a30B IIPH CMe-
LIEHNN B BepTHUKalbHOM Kadate [/ ”Opupoga” 7 3a 2000 r. (Oruer
o paboTe T'pymmbl MccaegoBaTeler Ypaabckoro 1Y, momnepxammaon
rpaaTom dDDI).

4. Cymxop B. 1., Cymkosa M. B. O mepecMoTpe oCHOB KJIacCHYeCKOHR
ruapoaspomuraamukn // Marepnaner 111 Bcepoccuiickonn Hay<HO-TEXH.
kou®. " PDyHgaMeHTATbHBIE UCCAENOBAHUS B TEXHUYIECKUX YHUBEPCUTE-
Tax”. C36., 10-11 uons 1999. Tesucw. C. 69-70.

About revising bases of classical aerodynamics

V. I Sushkov, M. V. Sushkova
St. Petersburg State Polytechnic University, Russia
St. Petersburg State Marine Engineering University, Russia

The basic positions of a mechanics of current of gas are inconsistent. Only
computer simulation of interaction of elementary volumes of gas will enable to
invent the new equations of currents of gas. The authors offer the scripts of nu-
merical experiments and place of their arguing: an e-magazine ”Mathematics
in a High School”: www.spbstu.ru/public/m_v/index.html
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Ananus y1apHo-BOJHOBOM CTPYKTYPHI B IIepBOU 604Ke
nepepaciiupeHHON OCecCUMMeTPUYIHOU CTPYH

B.H. Ycxos, M.B. HYepuviuwos
(uvn@petrlink.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

CBepx3ByKOBas razoBas CTPYA ABISETCA YHUKAJIbHBIM OOBEKTOM HAy -
HBIX HCCAENOBAHUN, MOCKOJBKY B HEH MPOABIAIOTCA MPAKTHYECKH BCE
BBl MHOT OOOPA3HBIX VIaPHO-BOJHOBLIX B3aNMOIEHCTBUI. ODTH B3an-
MOJIeHCTBUSA U CBA3AHHBIE C HIME aBTOKOIe6aATENbHBIE PEKUMBL TeTeHUA
HAXONAT B HACTOSAIIEE BPEMSA MIHPOKOe MPAKTHIEeCKOe MTPUMEHEHNE.

B npammolnl paGoTe aHAIUTWYECKW W FHCICHHO HUCCACAYETCA KOHPHUTY-
panua cKadkoB yIUIOTHEHUA, O06pasyioladscsa B MepBol GotuKe TMepepac-
mpenHon crpyu. Tedenme mepej ckadkaMi W3BECTHO W AMMPOKCH-
MUDYETCA MOAEIbIo Chepuaeckoro UCTOYHHKA. leopeTHHdecKr aHa-
JU3UPYIOTCA JOKAMbHBIE XapaKTEPUCTUKH CBEPX3BYKOBOT'O TMOTOKA HA
TpaHuile CTPYU, BHIABIAIOTCA OCOGEHHOCTH TEYEHUA B €€ CKATOM CJA0e
(HampEMep, HEMOHOTOHHOCTE M3MEHEHHA SHTPONHN T'a3a). Jpejiara-
eTcd HoBasf NPUOIHKEHHO-AHATUTHIECKAA MOJeMb OMUCAHUSA T Jaiolero
CKavKa, OCHOBAHHASA Ha TIPEIOJOKEHUN HYJCBOW JOKAALHOW Hem3zoba-
PUYHOCTH MTOTOKA 33 HUM. JOKa3aHa BBICOKAS TOYHOCTH MPEIaraeMOn
MOJIeIN TIPU OTPefieleHNH NapaMeTPOB CKadKa, Pa3MEPOB U MOJOKEHUA
of6pasyiolierocs Py ero OTPaXeHnn MaxoBckoro aucka. KomndecTBen-
Hble W KadeCTBEHHBIE BLIBOJABI U3 aHAAW3a TEYCHUA MONTBEPXK TAI0TCA
YHCIEHHBIM 3KCIIEPHUMEHTOM ¢ ucrnoabzoBanmeM TVD-cxem ma guHamu-
YeCKHU aJalTHBHBIX ceTKaX. (C IeJdblo MOBBICUTH MPHUKJIATHOE 3HAYEHIE
paBoTEl 06CYKAAETCA CBA3D CBOWCTB yAaPHO-BOJIHOBOU CTPYKTYPHI C Ma-
paMeTpaMu BO36YKJAIONUXCA B CTPYe aBTOKOJEOATEMBHBIX PEKUMOB.
DaboTa BMoMHeHa Tpw Mo aepxkke INTAS (rpanT Ne99-785).

The analysis of a shock-wave structure in the first
barrel of a superwidened jet with axial symmetry

V. N. Uskov, M. V. Chernyshov
Baltic State Technical University, Saint Petersburg, Russia

The configuration of jumps which take place in the first barrel of a super-
widened jet is investigated analytically and numerically. The current before
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jumps is approximated by the model of a spherical source. Local characteris-
tics of a supersonic flow on the boundary of the jet are theoretically analyzed.
A new approximate-analytical model for describing falling jumps is suggested.
Quantitative and qualitative results of the analysis correspond well with the
numerical experiment.

"HucnenHoe ucciaegoBaHUe HeCTAIMOHAPHBIX
NpoleccoB B r'UNep3ByKOBOU yAapHou TpyOe Iipu
ucciaeJoBaHUU O0O0TeKAaHUs TeJ 3albLIeHHBbIM a3oM

. A. Ywaxos, FO. M. Hupxynos

(mypost3@yandex.ru, tsrknv@bstu.spb.ru)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

B macTositiee Bpems s SKCIIEPUMEHTAIBHOT O N3YUeHnss 06 TeKaHIs Tel
3alBLIEHHBIM Ta30M YCIEIIHO HUCIOAB3YeTCS THIIEP3BYKOBasg yIapHasd
Tpyba, B KaMepy BBICOKOTO JaBJeHNs KOTOPOHW BBOJUTCA [IUCIIEPCHAA
npumech [1]. K oTceky HHU3KOro JaBiaeHHsA MPUCTHLIKOBLIBACTCA COILIO
JlaBassg, KoOTopoe BHIXOAUT B pabodyio KaMepy, T'le yCTaHABINBAeTCA
MOJeNb. JeCTAIMOHADHOe TedeHNe, BO3ZHWKAIIIee B Takol Tpybe mo-
ciie pazphiBa AuadparMbl, O9€BHI THO, ABAAETCA TBYMEDHBIM, 9TO MOXKET
MPUBECTH B HEPABHOMEPHOMY PaCIpPeNeqeHII0 TapaMeTPOB KaK I'a30BOI
hasbl, TAK M AUCIEPCHON NpUMeCH Ha Bbixoge u3 comiaa. B pabore [1]
B TEOPETHYECKUX ONMEHKAX MOTOK Maz0B3BECH TIEPEe MOIETBIO CINTAICS
PaBHOMEDPHBIM, U BOTIPOC 0 (POPMUPOBAHNN TedeHUs B pabotuell KaMepe
TpyOBI HE PACCMATPUBAJICA.

B pgamnon paGoTe B pamMKax MOMENN HIEAJBHOTO HETEILIONPOBOJHOT O
rasa BBIIOJHEHO TOAPOCHOE YHCIEHHOE NCCAe[OBaHIE HECTAITMOHAPHOT O
TedeHUs B TUNEP3BYKOBOI yaapHoi Tpy6e [1] ¢ pacdernbiM yncaom Maxa
Ha cpese comaa M, = 6,01. [lag pemerns ypaBHEHIT DHIepa HCIOIb30-
Baauck coBpementbie TVD- 1 ENO-meTonBI. YCTaHOBIEHO, ITO BO3HU-
Karolas mocje pazpbiBa AuadparMbl yaapHas BOIHA OTPaXKaeTCd OT J0-
3BYKOBOHW 9acTu coria JlaBajis n pa3zBuBaeTCs CIOKHASA Y IapHO-BOJTHOBAS
KapTuHa TedeHus. B pesyabraTe GOPMUDPYIOTCS [TBE YVIAPHBIE BOJHEHI,
OJIHA M3 KOTOPHIX PACHPOCTPAHAETCA HABCTPETY CIYTHOMY TOTOKY B
KaMepy BBICOKOTO MABJIEHINS, a APYras — B CBEPX3BYKOBYIO YaCTh COILIA.
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UccrenoBan mporecc obTekanns Mogenn B paboden Kamepe TpyObI, 1
MOMYIeHBI OIEHKN CTEMEHN HEPABHOMEPHOCTH MOJA KOHIEHTPAINN TIPH-
MeCH B MOTOKE MEPe] MOJENBIO.

DaboTa BhIMoAHeHa TpH oA aepxkke IPPU (rpant Ne02-01-01201).

1. Bacmaepckrm 3.3., Ocummos A.D., YUnpnxun A.B., flxkosresa JI.B.,
Tenmoobmen Ha J060BOU MOBEPXHOCTHU 3aTYILIEHHOT'O TeJIAa B BHICOKOCKO-
POCTHOM TIOTOKE, cofiepkKalleM Manonaeprmonabie dacturnbl [/ MTDIK.
2001. T. 74, Ne 6. C. 29-37.

Numerical investigation of unsteady processes in the
hypersonic shock tube used for the study of dusty gas
flows over bodies

1. A. Ushakov, Y. M. Tsirkunov
Baltic State Technical University, St. Petersburg, Russia

Numerical investigation of the unsteady axisymmetrical dusty gas flow in the
hypersonic shock tube is carried out. Carrier gas flow is described by the Euler
equations which are solved by the high resolution TVD- and ENO-methods.
It 1s shown that the flow just after the break of a diaphragm is essentially
two-dimensional in character. At the first stage of the process the complex
interaction of shock waves is observed. After the first stage, two shockwaves
are formed in the flow: one shock travels upstream towards the high-pressure
section of the tube and the second one travels downstream through the Laval
nozzle. The duration of the steady-state flow over a body in the working
chamber of the tube and the distribution of the dispersed phase concentration
in front of a body are estimated.

Anpaimurudeckoe pelaieHnue 3agaviu 0 MeJJE€EHHOM
TEeYeHUHN BJA3IKOU KUJKOCTHU B obsacTu
C IMIPOU3BOJBHBIMU I'PaHUYIHBIMHA YyCJIOBUAMMHA

P. P. dedocenxo

(nadya@spbcas.ru, kaf_m4@bstu.spb.su)

DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

Cpenn ypaBHeHHH MaTeMaTHYIeCKON (pU3nKn GOMBIIOE 3HAYMEHIE MMEET
GurapMoHnYeckoe ypapHenue [1], mmpoko npumensieMoe B 3a1adax I'i-
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IPOMEXaHWKH U TEOPUU YOPYTrocTh. B ruapoMexanuke UM OMHUCHIBACTCA
YCTAHOBUBIIEECA MEJIeHHOe JBIKEHUE BAZKOU HECKUMACMOU KU KO-
ctu (cooTBeTcTBYIOWAA PYHKINA — DYHKUUA Toka)[2]. MaBecTen psan
YaCTHBIX PElIeHUl yPABHEHUS , ONMCHIBAIONINX Te WK UHbIe TedeHus [2].
Bce onm, ogmako, moaydeHbl ¢ UCIOJB30BAHUEM PA3IUIHBIX TOOYIEHNN
(oceBasg cHMMeTDHA, PaJHAIBLHOCTD, ONPENeIeHHOe PACTPeleNeHHe CKO-
POCTEH W T.[1.), KOTOPHIE CYKAIOT KPYT PEMIEHHBIX 3a1ad.

B aammon paGore HaljeHo ofllee aHAIUNTHYECKOE peIleHne GUTapMo-
HHUYECKOTO ypaBHEHUA s obJacTell B BU/e OIPAMOYTOJbHUKA U Tapad-
fenenunesa (a TaKKe pacHpoCcTpaHeHNe ero Ha MHOTOMEPHBIN CIydail).
DpHUBeNEHO DellleHlle BHYTPEHHEN U BHEIIHEN MEPBO, BTOPOU U TPEThen
KpaeBBIX 3ajatd. JOT9epKHEeM, 9TO PelleHre oIy IeHO B KOHETHOM BH/IE,
a He B BHJIe CYMM GeCKOHETHBIX pAnoB. OHO TMO3BOJAET 3aJaBaTh HA T'Da-
HHUTe 06IaCTH TPON3BOJIBHOE pacupegeneure GyHKIUT TOKA U €€ MPOI3-
BOJHBIX MO HOPMAJAW K TPaHUIe, ITO JAaeT BO3MOXKHOCTH CYIIECTBEHHO
PACHINPUTE KPYT PEeIIeHHBIX 3ajad U NPOaHAJH3NPOBATH CBOUCTBA (DU~
3WYECKUX ABJICHUH, ONMUCHIBAEMBIX HMHE (TeHYeHNsA CO BJYBOM, OTCOCOM,
HECKONBKUMIY BXOMHBIMHI W BHIXOJHBIMI OTBEPCTHAMH H T.m.). Hc-
MOJB3YA anmapaT KoHGOPMHOTO 0OTOGPaKeHIs MOKHO PACTIPOCTPAHITE
9TO pellieHre Ha CIyvIail TPOU3BOIBHBIX IOCKUX OTHOCBAZHBIX OGMacTel.
OTMeTHM, 9T0 AHATUTHYECKOE PelleHIe MO OOHBIX 33,129 UMEeT KakK Ca-
MOCTOATENBHYIO (PU3UIECKYIO EHHOCTD, TaK W [MEHHOCTH ¢ TOYKH 3pe-
HUSA TECTUPOBAHUA BBITUCAUTEIBLHBIX METOIOB.

1. Dongama A. /. CrnpaBo9HNK O IMHEMHLIM ypPaBHEHIAM MaTeMaTHe-
ckont mamkm. M., 2001.
2. Cueskmu 2. A. [lmnaMuka BA3KON HecxKmMaeMon xkugkoctr. M., 1955,

Analytical solution of a problem on sluggish viscous
flow in a region with arbitrary boundary conditions
N. B. Fedosenko

Baltic State Technical University, St. Petersburg, Russia

General analytical solution of the biharmonic equation for rectangle and paral-

lelepiped 1s obtained in a form of finite algebraic expressions. It makes possible

to describe some viscous flows never analyzed before.
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H—TeopeMa AJAA CJOXKHBIX Cpef

B. A. qu6apos, E. B. l[u6aposa
(fluid@niimm.spb.su)
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Yameepcurer Cepepron Kapommmer, CIITA

B xadecTBe MaTeMaTHIeCKHX Mofe[ell CIOKHBLIX CpeJ TPUHUMAaeTCA
06o0IeHre CTOXacTHYeCKHX Mogeden pador [1,2]. [las Hux noayuen
aHaJOr MPUHINIIA JeTalbHOTO H6aJaHca, JoKa3aHbl HHTer paIbHad JEMMa
i aHajgor H-TeopeMbl (¢ y9eTOM BHIPOXK IEHHA CTATHCTHKH).

H-teopema. Pycms x € R™ u X — sexmop undusudyasvHolr nepe-
MEHHBIT U €20 uzmenenue co epemenem t sdoav Pasosoit mpaexmopuu,
V — onepamop epaduenma, a eeaununa (—H) nponopyuoraabra -
mponuu cucmemvl ¢ 6biposcdenuem cmamucmury. Feau 6 pasnosecuu
V-x =0, a menzopuvie koadduyuenmst B;, exodsuue 6 onepamopwl
Poxkepa — Paanka, cummempuunvt u ydosiemeopsaiom ycaosuo Cuab-
secmepa noaoxcumespHoti onpededennocmu Keadpamuurnoti Gopmuvt, mo

dH

E S Qna

2de Q, rapaxmepusyem NoOMOK IHMPONUU UEPEZ 2PAHUYY N-MEPHOZO
NPOCMPAHCMEd, 6KAONAA MeKHCPaz08Yi0.

DaBEeHCTBY COOTBETCTBYET TOJHOE WM H9acTHIHOe paBHOBecme. KEcam
HHCIOM 3JIEMEHTOB, MEPECEKAIINX TPAHNNY OOIaCTH 3aJaHnud X € w,
MOXHO Tperebpedb, To dH /di < 0.

1. mbapos B. A. Kunetuaeckuir meTon B Teopun razosspecen. CI6.,
1997. 192 c.

2. Hubapos B. A., lu6aposa E. B. CroxacTuteckne 3aKoHBI coXpame-
Hus B okonomuke // Tpymasr mexpynaponnon kordgepennmn *MaTema-
THUYECKOE MOAEINPOBAHNUE, CTATUCTUKA U MH(POPMATUKA B COBPEMEHHOM
yupasrennn skonomukon” . Camapa. 2001. C. 183.

H-theorem for Complex Media

V. A. Tsibarov, E. V. Tsibarova
St. Petersburg State University, Russia
North Caroline University, USA

The detailed balance principle for the complex and degenerate media (gas —
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solids suspensions, blood, economics etc.) is obtained. The integral lemma
and H-theorem for these media are proved.

O6 oJHOM NPOCTPAaHCTBEHHOM 3ajade O [BUXKEHUM
TBep/JOro Teja B COIMPOTHURIAIONIENUCS cpejle

M. B. lamoaun
(shamolin@imec.msu.ru)

MockoBckun Tocy1apCTBEHHBIT YHUBEPCUTET, JOCCHUS

B paboTe paccmaTpuBaeTcAd BO3MOXKHOCTDL TMepPEeHECEHWA Pe3yJIbTaTOB
IIIOCKOU AMHAMUKHN TBEPAOI'0 Teda, B3auMOeHCTBYIONEro co cpejoi [1],
Ha MPOCTPAHCTBEHHBIN caydai. AHAIM3UPYIOTCA 3a1a5H O C(PEPHIECKOM
MasgTHHUKE, TOMEIEHHOM B TOTOK HaGeTaloMIen CPeTbl, O IBUXKEHUN TeJa
MpH HAJAWYAN HEKOTODPOHU CBA3M, a TaKiKe MOKA3BIBAETCA MeXaHUIeCKas
U TOTOJNOTMYeCKaA aHAJOI UM STUX 3a1ad.

l'umoTesrr, Kacatlmecs CBOUCTB CPe[Ibl, HAILIH CBOE OTpaKeHWe B MO-
CTPOEHWN TPOCTPAHCTBEHHON JUHAMUYIECKON MOJEIN B3aNMO IeHCTBIS
CpelBl C TeJOM.

1. Bce BzanmojenicTBHEe CPefBI C TEIOM COCPENOTOYEHO Ha TOU YacTH
MTOBEPXHOCTH Teja, KOTopas nMeeT (OPMY BBITYKJION IIOCKOW 0OIacTH.
OHo mponcxoAUT MO 3aKOHAM CTPYHHOTO o6Tekanusa. Cuia 3TOTo B3am-
MOIEHCTBHUS HAPaBJAeHA IO HOPMAJIN K OOJACTH, IPUYEM TOYKA MPIJIO-
JKeHUs DTOW CHJABI ONPENENAeTCs JHUIbL OJHUM TMapaMeTpPOM — YIJIOM
aTaKkl, KOTODPBIN H3MEPAETCA MeXTY BEKTOPOM CKOPOCTH HEKOTOPOH
TOYKHN OOJIACTH U BHEIIHEN HOPMAJBIO B 3TOM TOYKE.

2. Benwuwny cuibl COMPOTHUBIEHUA TPUMEM B BHJe, KBAAPATHIHOM TIO
CKOPOCTH BBIOPAHHOU TOYKHU TBEPAOTO Tefa ¢ KO3(hDPUIHEHTOM, 3aBUCH-
MIAM JHUIIb OT yrJa aTakMu.

1. Hamommu M.B. Bsegenne B 3afgady o TOPMOXKEHHH Tela B COMPOTH-
BIAIOLUIENCA CPElle U HOBOE IBYXIApAMETPUIECKOE CEMEUCTBO (PA3OBBIX
noprpeto // Becrn. Mock. yu-Ta. Cep. 1. MaTtemaTnka. Mexanmka.
1996, Ne 4. C. 57-69.
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On some spatial problem of a rigid body motion
in a resisting medium

M. V. Shamolin
Moscow State University, Russia

The present work is devoted to development of the 2D-problem of the motion
of a rigid body interacting with a resisting medium in a jet flow under the

assumptions of quasi-stationarity.
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Cexkmnusa 1IV.

Mexauuka
nedopMHUPYEMOT O
TBEPAOI'0O TeJja

3aCHpOCTpaHEHI/Ie TPpelIruH B IIJIaCTUHaX U ob6og09YKax

B. I0. Anucumos

(anisimov@fct.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Waydenne ycaoBul pacmpoCTpaHeHUs TPEMUHBI WIH CHCTEMBI TPEIInH
B cpejle TIpeAcTaBAAeTCA BaXHOW W MHTepecHOW 3agatden. [las e€ pe-
IIeHUsA B TEOPUH Pa3pyUIeHUA TPUMEHAIOTCA KOHTHHYAJbHBIE MOJEIN B
JUHEHHON KBa3WCTATHYIECKOW MOCTAHOBKE, B HEMMHENHOW W JAWHAMITYIE-
CKOl TIOCTAaHOBKAaX, a Takke JUCKpeTHEIe Monenn (cM. [1 - 3] u ap.).

B nokaajge paccMaTpuBaeTcs PABHOMEPHO CXKATHIH TOHKUH yIPYTHR
CION TIOCTOAHHOU TOJIIAHBI, NPUKJICEHHBIH K YIPYTOMY OCHOBAHUIO.
Mex gy clioeM U OCHOBAHHUEM HUMEETCA TPENHHA. O PEeAnoJaraeTcs,
9TO BILIOTH [0 HAPYIIEHUSA KOHTAKTa PEaKIUA KJIEeBOT'O COeJINHEHUS
ABAAETCA JTUHEHHON (DYHKIUEeH Tporuba caos, OpUYeM TPH JOCTUKE-
HIUH MPOTHOOM 3aJaHHOTO (KPUTHYECKOT'0) 3HAYEHNA HAMHHAETCA POCT
TPEITHHEL.

DpeUIoKeHa MOJIeNb, TO3BOJAIONIAA UCCACOBATE YCAOBHA PACKPBITHA
TPENUHBl U ee PocTa B AUHAMUKE. BBINOSHEHBI pacdeThl, JeMOHCTPH-
pyfolliie MoBefeHre CRATON CTATBHOU TMOJOCH, TPUKJICCHHON K OCHOBa-
HUIO.

OcHOBHBIE KadeCTBeHHBIE 3aKOHOMEPHOCTH OTKPBITHA W pOCTa Tpe-
UIMHBL, OJIYYeHHbIE B KBABUCTATHYECKOM Moaxo e [4], moATBepX farorcs
TTHAMAYIECKOU MOIETbIO.
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1. Moposos 2. ®. MaremaTuteckue BOIpock Teopun Tpemmi. M.: Da-
yKa, 1984. 256 c.

2. Mopozos 2. @. Vsbpanuble AByMepHBIE 3aJa<i TEOPUHU YIIPYTOCTH.
JI.: Uag-Bo JIT'Y, 1978. 182 c.

3. Mopozos 2. @., Daykmro M. B. /luckpeTHbie 1 rubpuiHbsle Mo geqn
MexaHuky paspyirennsa. C26., 1995, 160 c.

4. Tosctuk . E. Mogens pocTa TpelmHbL B ABYyCAONMHOM MaTepmuaie [/
Bectuuk C261'Y. 2000.

Crack propagation in plates and shells

V. Yu. Anistmov
St. Petersburg State University, Russia

The dynamic problem of the non-linear deformation of a thin elastic layer
sticked to an elastic foundation is studied. The layer is uniformly compressed.
It is assumed that before the deformation there is a crack between the foun-
dation and the layer. The conditions of the crack opening and propagation
have been found. The problem is solved in the approach, where the layer is
modeled by Kirchhoff’s plate and the contact force is assumed to be the linear
function of the layer displacement. The crack propagation appears when the
displacement attains the prescribed critical value.

3KC1’IepI/IMeHTaJIbHOQ uccijaejoBanme CTAaTHUYE€CKHUX U
AUHaAaMHUAYIYEeCKUX MeXaHUuIeCKHUX CBOUCTB
YAAPOIIPOYHOI'O IIJIaCTHUKA

C. A. Ampowenxo*, A. P. Kaenauxo™*, C. H. Kpusoweee***%,

0. B. Pempos, A. A. Ymxun, I'. /. Pedoposcruti
(G.Fed@pobox.spbu.ru)

*UncturyT mpobaem mammuocTpoerns JAD, CankT-JeTepbypr, Ddoccus
**Mernkuir yausepcuteT, Dpanims

***CanKT-JeTep6yprcKuil TOCY AapCTBEHHBIA TIOIATEeXHITe CKII
VHUBEPCUTET, JOCCHUs

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Way<enBl IPOYHOCTD, 1e(hOPMATHBHOCTE U TPEIIMHOCTONKOCTD IPH CTa-
TUYECKOM M yJapHOM MarHNWTHO-UMIYJIbCHOM pacTATMBAIOIIEM Harpy-
JKeHNHM 06paslioB Pe3NHOHATIONHEHHOT'O MOJNMETHAMETAKPUIATA
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Altuglas TX CH25. Dposener dppakTorpadudecKnil aHAIN3 TOBEPX-
HOCTEH paspylleHus. Ja3pylieHne MpHU pa3qupe MMeeT KBazWXPYIKHH
xapakTep (HabIIOJA0TCA 3epKaJIbHBIE U IEPOXOBATHIE 30HHI), & IIPH CTa-
THYECKOM PACTSKEHNN — CJAOKHBIN MaKPOBSI3KIN XapakKTep, BHI3BAHHBIN
reTepOreHHBIM (KOMIIO3NTHEIM) CTPOEHIEM MaTepHala.

DaboTa BeINOAHEHA TpH TToA gepkKe IPPI (rpanTer Ne01-01-00250, 02-
01-01035), Mununcrepcrea obpasopanud npu COGTY (NeE00-4.0-174),
KD (X00-01-05020), PIID ”MuTerpammsa”.

Experimental study of static and dynamic mechanical
properties of shockstrength plastic

S. A. Atroshenko®, Ya. R. Klepaczko**, S. I. Krivosheev***, Yu. V. Petrov,
A. A. Utkin, G. D. Fedorovsky

*Institute Problems of a Mechanical Engineering RAS, St. Petersburg, Russia
**Metz University, France

***St. Petersburg State Polytechnical University, Russia

St. Petersburg State University, Russia

The strength, deformation and crack resistance are investigated under static
and shock magnetic — pulse tension loading of rubber filled polymethylmetacry-
late Altuglas TX CH25 specimens. Fractographic analysis of fracture sur-
faces was carried out. Fracture has quasi-brittle character under tear. Mirror
and hackle zones occur. Under static tension fracture has features of macro-
toughness with block structure, caused by heterogeneous composite character
of materials.

Mexanndeckue acneKThbl Pa3BUTHUA IVIay KOMBI

C. M. Paysp
(Svetlana.Bauer@podox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

WMsBecTHO, 9TO IpH MOBHIMIEHNH BHy TpUrIasHoro gasaenus (BI'/T) aTpo-
ust 3pUTEABHOT O HEPBA MTPOUCXOAUT B 0HJACTH PEMIETIATON TIACTHHKT
raaza.

DeleTYATON MIACTHHKON (DD) HazbBaeTcsA yIacTOK CKAEPHI HeJaleKo
OT 3a[HEro TMOMICaA Ta3a, Ha KOTOPOM Yepe3 MHOXKECTBO MEJKHX OT-
BEPCTHH MPOXOAAT MYyYKH 3PUTEIBHOIO HEPBa. JPH MOAETUPOBAHUN
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DD paccMaTpuBaeTCH KaK TPaHCBEPCAIBHO-M30TPOINHASA HEOTHOPO THAS
O paguycy W MO YOIy KPyTJaas MIacTHHKA.

DacdeTsl gedpopManui I MO AeHCTBIEM HOPMAJIBHOTO NaBIEHUs, TPO-
BellEHHBIE [0 PA3JNYHBIM TEOPHUSM AHW3OTPOMHBIX TIACTHH, MOKA3bI-
BatoT, ¥TO ¢ BozpacTanneMm BI'/] HepBHBIE BOJOKHA TMOABEPTAIOTCS [e-
dopmanuu caBuUra, KOTOpad MOXKET ObIThH NPUYWHON DPazBUTHS TJaY-
KOMBI.

Naydvenne nedopmariuii 5.3, TpOBeeHHOe HA OCHOBE MO/IeJEN O THOCIOT-
HBIX [LUIACTUH, He TO3BOJSET OOBACHUTEL TOT (haKT, 9TO 1O JaHHBIM O(h-
TaJbMOJOT OB aTpodus 3puTeaAbHOr0 HepBa npn uamenernn BI'/l Bozuu-
KaeT Ha ’HApPyXKHOM cjaoe” | Ha YPOBHE 3ajHEr0O Kpas I CKJIepPH. 0
OMHUCAHUSM O(DTATBEMOJOTOB -3 COCTONT M3 HECKOJBKUX CJIO€B TKAHH,
HMEOIINX OTBEPCTHUSA KPYTJaon (opMbl. B cBszm ¢ »TuMm paccMmaTpuBa-
JAUCh GOJBIINE OCECHMMETPHIHBIE TehOPMAINN MHOT OCJIOMHON 6e3MO-
MEeHTHOH 00O0JOYKH BPAIIEHNSA C YOPYTUME CBA3AMEI MEXK Y CAOSMH.

B mmpokoM gmanazoHe m3aMeHeHUs Pa3JMYIHBIX TapaMeTPOB IIPH yUeTe
0COBEHHOCTEH CTPoeHHA DD (M3BECTHO, 9TO MOCTENHUE CIOH ABAAETCA
GoJlee TIOTHBIM W JKECTKUM) TOJAYYeHO, 9TO Hanbolee CHIBHBIE OTHO-
CUTENBbHBIE CMEIIEHNS TPONUCXOAAT Ha YPOBHE MOCAETHETO CIOS, TPHYEM
STH CMEIEHNS YBEAUYUBAKOTCA K Kpato miacTwibl. Takum obpazom,
TMPUYMHHON Pa3BUTHUA [VIAYKOMBI MOXKET OBITH CMEIeHNEe CI0EB D).

Kak omgna m3 BO3MOXHBIX MPUYNH Pa3sBUTUA TIAYKOMBI PACCMATPUBA-
eTCsl TakiKe MOTePs YCTOMINBOCTH OCECHMMETPHUYHOTO COCTOSHAA ..
DaboTa BeIMoaHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00234).

Mechanical aspects of the development
of the glaucoma

S. M. Bauer

St. Petersburg State University, Russia

The different mechanical aspects of the development of the glaucomatous at-
rophy of the optic nerve fibres are considered.
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CpaBHUTEJBLHLIA AHAJIN3 HeCyIllen CIIoCOGHOCTH
JIAcCTUYEeCKN aHNU3O0TPOIHBIX IIIACTUH

T. B. Pauypuzruna, I B. Pasuaatinen
(gvp@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OOBHIIIIEHNE HAAEKHOCTH HKCILIYyATaIllld KOHCTPYKIHHA M3 AHM30TPOI-
HBIX MaTEpHaJoB CBA3AHO C M3YUeHHeM MX CBONCTB HPH BCECTOPOHHEM
pPaBHOMEPHOM HArpPY:KEHWH U MPH NUKJINYIEeCKUX Harpyskax. B gacTHo-
CTH, BO3HUKAET 3adada OMEeHKN HECYIEH CIOCOGHOCTH KPYTJION TOHKOM
JIACTHHLI, CBOGOHO OTEPTON, HAXOAAMEHCA O BO3IeACTBUEM PaBHO-
MepHO pacupefeJeHHOl HArPY3KHW MO OJHOM M3 IIOCKOCTEH IIpH yHdeTe
TpaHCBepCATLHON M30TPONUH YIPYTHUX CBOUCTB 1 >pderTa SD (pa3Ho—
COTTPOTUBAAEMOCTH PACTSKEHUIO 1 C)KaTI/IIO) BILIOTH 10 06pa3oBaHUA B
[EeHTpe TIACTUHBI IMIACTUYECKOT O IIapHUpPA.

OcHOBHBIE TeopeTHYecKHe pPe3yabTaThl MO MOCTABACHHON 3agatde OIy-
6ankoBaHbl B padorax [1,2,3]. Bajgady yaaeTcs pelinTh NOLyOGPATHBIM
METOJOM, T.e. MOCTPOUTH pas3pelaionyio cucrteMy nuddepeHnatb-
HBIX ypaBHEHHH, KOTOpad HHTETPUPYETCA TUCACHHO Pa3HOCTHBIM MeTO-
TOM OTHOCHTEIBLHO 6e3pazMepHOTO MapaMeTpa pajuyca MJIaCTUHBL ¢ 1
COEPXKNUT HEM3BECTHBIA MapaMeTp HATPY3KH p IpH 3aJaHHOM pasMepe
MIaCTHIeCKNX O6JacTel, a 3aTeM OMpeleJnTh caMy Harpysky P, mo-
CTaBUB YCJOBUE HEMPEPBIBHOCTH TPOruba M M3rnGaronero MOMeHTa Ha
TpaHuIe MeXIy YIPYrol W MAaCTHYeCKUMH YacTAMHI ILIacTHHBL. [lam-
Had 3a/a9a OCJOKHAETCS OTCYTCTBUEM CHUMMETPHUN B PA3BUTHH TLIACTH-
decKuX obaacTell Ha BepxXHeH W HUKHEH MOBEPXHOCTAX ILIACTUHBI, ITO
IPUBOIUT K CMEIIEHNIO HEHTPAILHON TMOBEPXHOCTH OTHOCHTEILHO Cpe-
OUHHON B YIPYTOILIACTHIECKON 30He.

B npemmectBytomnmnx paboTax pacdeT ObLI TPOBeeH TOIBKO B MaCTHOM
caydae, KOrja BepxHAfd 06J4acTh MIACTUYHOCTH COCTOUT TOJBKO M3 O/I-
HOHM TOYKH - TIeHTpa BePXHEH MOBEPXHOCTH IMIACTUHHI, & HIDKHAA 06JaCTh
MJIACTHIHOCTH JOCTATOYHO Pa3BHTa. ODTOT pacdeT MO3BOMNI BLIABUTH
BJAUAHIE PA3JUYHBIX ACIEKTOB aHU30Tponuu u 3hdeKTa PazHOCOTPOTH-
BJASEMOCTH Ha Pa3BUTHE W PACIpOCTpaHeHle MJIACTUYHOCTHU, HO He JaJj
BO3MOXHOCTH ONpPeNeuTh TY HarPY3Ky, IPH KOTOPOU o6pas3yeTcs ILia-
CTHYEeCKUH MAPHUD B IMEHTPe U PeaqusyeTcsa (pakT HCIepIaHna HeCyen
CIIOCOOHOCTH.

De3yabTaThl pacieTa MO3BOAAIOT CAeTaTh BHIBO O CYIIECTBEHHOM BINA-
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HIUH TPaHCBEPCAJIBHON M3OTPOINH Ha TIOBHIIIIEHNE HECYIIEN CIIOCOOHOCTH
MJIACTUHBL W HA yXY[IIUIeHNEe TAHHOW CHTYAlNH B CBA3W C YI€TOM DPa3HO-
COTIPOTUBAAEMOCTH.

1. Dapmaanmen I". B. Vccaenopanme yopyromnmacTin+aecKoro Narnba TpaHc-
BEPCATHHO-N30TPOIMHBIX KPYTIBIX IIACTHHOK. JPpoGIeMbl TEOPHUH Tpe-
IIMH ¥ MeXaHnKa paspyiuenns. JI., 1986.

2. Matseepa E. B., Dapmnanmen I'. B. Yuer addexTa paszmocomnporn-
BJASAEMOCTH MaTepuana npu marube maactud [/ Bropere Domnaxosckme
grenns. abpanasie Tpyas. C26., 2000.

3. Dapmnanmen I'. B. 3agada maruba Kpyrion ILIACTHHLL IPH yaeTe (-
dexTa pasnoconporusmaeMmocTn Matepuana [/ Bectamk CI61Y. 2002.

4. Coxkonosckmn B. B. Teopmsa mractmanocTn. M., 1969.

The comparative analysis of carrying ability plastic
anisotropic plates

T. V. Bachurithina, G. V. Pavilaynen

St. Petersburg State University, Russia

In the work the comparison of carrying ability a plate depending on various

parameters of anisotropy and plasticity has been made. The estimation of

influence of these parameters has been given.

DanpsaxkeHHO-AedOpPMUPOBAHHOE COCTOAHUE
B KJallaHHOM anmnapaTe cep/lia IpU BHeIIHEM
BO3/eUCTBUU

P. . Peeyn
(begun@fromru.com)
CankT-JeTep6yprcKuil ToCyaPCTBEHHBIN 3JI€KTPOTEXHITECKIT

VHUBEPCUTET, JOCCUS

DOCTPOEHBI MaTEMATHIECKIE MO IEIN U MPOBEAEHO NCCIeJOBAHNE HAIPSA-
JKeHHO- 1e(pOPMUPOBAHHOIO COCTOAHMUA B KJAaHHOM allllapaTe cepila
IpY BHEIIHNX BO3JEUCTBUAX BO BPEMA XHPYPrUUeCKHX ONepalui. JTH
uccaeJoBaHud HeoOXO UMbl 14 IOCTPOCHUA CUCTEMBl IIPefoIepalioH-
HOH AMArHOCTUKHU U IMpeloTBpallleHld HeXelaTelbHLIX HCXOJ0B Ollepa-
L.
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B nponecce omepanun Opou3BOAUTCA paclIipeHie CYXKEHHOIO KJalaH-
HOT'O OTBEPCTHUA GANIOHHBIM JUIATATOPOM. OPH PACIIHIPEHUH CTEHO-
3UPOBAHHOrO KJalaHa IPOUCXOAAT AeOpMalliil CTBOPOK, (puGpPO3HOr 0
KOJbLIA, IIPeJcepIHO-KelIyJ0UKOBOH Heperopoaku i (GpUOPO3HON ILIa-
CTHUHLI, BBEI3LIBAIOININE CJAOKHOE HANPAKEHHOE COCTOAHUE U pa3pyIIeHue
CTPYKTYD KaK B caMOM KJalaHe, Tak I B eL0 OKPECTHOCTAX.

Mogenu HOCTPOEHLI IpH CIEAYVIONMX AOIyIIeHuAx: 1. MuTpaibHBIT
U TPUKYCIUAAILHLI KAAIaHLL - HEOCECHMMETPUIHLIE KOHYCHL C JKeCT-
KUMH OpOJOALHLIMEA KoMUCcypaMu. KaXAblll HOdyAyHHBI KIalaH Co-
CTOUT U3 IOJYUMPKYJIAPHLIX CTBOPOK U XKECTKUX KoMmuccyp. 2. Bce
KJallaHBl TUOKUE HEeMoJorne HeoCeCUMMETpUIHEBIe obomodku. 3. Mare-
pUaILl IpeicepIHO-Kely J0YKOBON IeperopoaKn, (pubpo3HON IIaCTHHE
1 uOPO3HLIX KOJell OJHOPOAHLIE, U30TPOIHEIE, HEIUHEHHOYIpyrue., 4.
MaTepral cTBOPOK KJIANAHOB C YyIeTOM Pa3JUYHBIX HaTOJOIMH HeO JHO-
POAHBIA W aHW3O0TPONHBIN. H. dPopMa M TPOTAKEHHOCTH KOHTAKTHBIX
[MOBEPXHOCTEN M3MEHAETCA IIPH YBEJIMIeHNN JaB/leHuA B GajlIoHe.
Wccnegopanua OpoBeeHbl HpU 3ajaHiil DEOMETPHYECKUX MapaMeTpPOB
1 MeXaHU4eCKUX CBOICTB CTPYKTYD BO BCeM AHAa3OHe UX IaTOJOrNYe-
CKUX W3MEHEHUH.

To tight strained state in the valving vehicle of heart
at an exposure

P. I. Begun
St. Petersburg State Electrotechnical University, Russia

The mathematical models are constructed and the study to tight strained state

in the valving vehicle of heart is held at exposures during surgical operations.

Mo genupoBanne 3ppeKTUBHBIX MO AyJIen
cdepornIacTukoB MeToAaMU MeXaHUKN KOMIIO3UTOB

C. A. Poadwipes
(Sergey_Boldyrev@mailru.com)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS
B cBasm ¢ Tem, 9T0 BCé 6ogblie U GOAbIIEe OOLIYHBIE MaTepHAThl BhI-

TECHAIOTCA HOBBIMM, TaKUMHU, KaK chepomiaacTuku, OypHO HavdaJJo pas-
BUBATHLCS HOBOE HAIPABJIEHNE HAYKHM - MEXAHNKA KOMIIO3UTOB. Japaay
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C BKCIEePUMEHTAIBHBIMI METOMAME CYIIECTBYIOT U TEOPETUYIECKHE MO-
Jeqn, TMO3BOAAIININE HAXOMNTH >(PQEeKTUBHBIE CBONCTBA C(heporIacTu-
KOB. Ja TpakTHKe 9Yallle BCETO UCIOIB3YeTCH ~MNpaBmIO cMecn . DO
5TO TPABWIO NAET JWIb TPUOJNKEHHBIN PE3YIBLTAT, MO3TOMY JaHHAA
paboTa cTpomTcs Ha (oJee TPYAOEMKOU, HO W Gojlee TOIHOU MOIENN
?Tpéxdaznoro kommnozuta’. Mbl 6ygeT paccMaTpUBAThL MaTepHal, CO-
CTOAIINN M3 HEIPEPLIBHON CPefbl, Ha3biBaeMOHW MaTpHIeH, co cdepi-
YEeCKUMHI BKJIIOYEHUAME, TPUIEM CchepUiecKne KOMIOHEHTHI COIePKAT
[IAPOBBIE TIOJOCTH C TMEHTPOM, COBIAAIONINM C EHTPOM CEPHI.
DepBas 9acTh pPabOTH MOCBAIIEHA MONCKY OOBEMHOIO MOIYJSA TAKOTO
MaTepHaja MpH MOMOIH HEMHOT'O M3MEHEHHON TOJIN JUCTIEPCHOT MO eln
KOMIIO3UTA.
Caenytonmm maroM 6y 1eT HaxX0X feHIe MOy caBura. s ero momcka
HACMONB3yeTCca ~ TpéxdasHas MoIelb KoMIIo3nTa” .
B mporttecce pemrerns 6BII0 yCTAaHOBIEHO, 9TO WTOre YpaBHEHME OTHO-
CUTENBHO MOYJsS CABATA UMEET KBAJAPATHYHYIO 3aBUCHMOCTH, a KOH-
CTAHTHI, BXOJIAIINE B 3TO ypaBHEHNE 3aBUCAT TOMBKO OT 33 TaHHBIX BHEII-
HIX TTapaMeTPOB.
DocaeHU >Tan PaboThl OBLT TMOCBSAIIEH HAXOXKJAeHNIO 3(PPeKTUBHBIX
MOIyJlell KOHKPETHOTO c(eporacTuka. B Xome 3TOro ucciefoBaHUs
OBLIN TTOCTPOEHBI T'PadUKI, MOKAZLIBAIOININE 3AaBUCHMOCTH 3THX XapakK-
TEePUCTUK MaTepUaia OT TOJIINHB CTEHKN BKIIOYEHNA 1 0OBEMHON JOMT
BratodeHns. Takike OBLTO PACCMOTPEHO BAUAHNE KAaXKJOTO M3 DTHUX Ma-
pamMeTpoB Ha >PPEKTUBHBIE MOIYIN KOMIO3MTA.

1. Kpucrencen 2. Beenenne B Mexannky kommosuTos. Mup, 1981.

2. Komenes A. Kypc aeknmnm mo mexanmke mepOpMHPOBAHHOIO TEJa.

Co6l'Y, MaremaTtuko-Mexaunveckuu daxyasreT, 2001.

3. Hashin Z. The elastic moduli of heterogeneous materials J. Appl.
Mech, 1962.

Modelling of effective spheroplastics modules by the
composite mechanics

S. A. Boldyrev
St. Petersburg State University, Russia

The method of a finding the volumetric module and the module of shift by
using the threephase composite model for spheroplastics is considered. The
example of searching for effective properties of concrete spheroplastic is dis-
cussed.
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I/ICCJIe,E[OBaHI/Ie BJANAHNA }KéCTKOCTEi;I OIIOp poTOpa Ha
€ro KpUuTuideCKHre 9aCTOTHI BpallleHUus

B. P. Bepnueop, A. E. Mameeees

(root@rgata.adm.yar.ru)

DHIOUHCKASA TOCYJapCTBEHHAA ABUAIMOHHAA TEXHOJOIMHYeCKasd aKaleMUs,
Joccus

DpH KOHCTPYHPOBAHUHU U JOBOAKE POTOPHON CHCTEMBI Ta30TyPOUHHOT O
IBUTATENs BO3HUKACT 3aja9a OTCTPOUKN KPUTHIECKUX YACTOT Bpalle-
HIS POTOPA OT €ro pabovunx 4acToT. Janbomee PAMNOHATBLHO TAKYIO OT-
CTPOUKY TMPOBOAUTH MYTEM H3MEHEHUS JKECTKOCTeH omop poropa. OT-
ciofla ClIelyeT aKTyadbHOCTD 3aa9l TOMYYeHNA aHATUTHIECKUX 3aBH-
CUMOCTEH KPUTHYECKUX 9aCTOT BPAIIEHUSA POTOPA OT KECTKOCTEH ero
omop. B gannon paboTe MOMIyUeHB aHAIUTHIECKHE (POPMYJIBI A KPH-
THYECKUX TacTOT BPAIIEHUA POTOPA CAOKHON MeOMEeTPUIECKON (POPMBI,
B KOTOPBIE XKECTKOCTH OTMOP BXOAAT KAK MapaMeTPhl. JPH 3TOM OTJElb-
Hble KO3(PUIHEHTH B 5TUX (HOPMYaax BBHITHCAAIOTCA O MOJAATLHBIM
XapaKTePHCTHKAM (KPHTHYECKHM YacToTaM U COGCTBEHHBIM dopMaM
KOJIeGaHNIT) poTOpa, OCBOBGOKAEHHOTO OT OTNOD. IJTH XapaKTePHCTHKN
B CBOIO O4Yepe/lb ONPENeJAI0OTCA TPU HOMOIITH KOMIBIOTEPHBIX TEXHOJIO-
THUH pacdéTa POTOPOB, MIMPOKO WCHOAB3YEMBIX B HACTOAIIEE BpeMA Ha
OpeINpPUATHAX ABHATMOHHOTO Mpoduisa. Jlasa noay<deHus HCKOMBIX 3a-
BUCHMOCTEH pacCMaTPUBAIOTCA CTAIMOHAPHBIE KOMeGaHuA POTOpa U 3a-
MUCHIBAIOTCA BBIPAYKEHUA A CMEIIEHUH ero OMOPHBIX cederni. B sTux
BBIDAKEHUAX YIUTHIBAIOTCA MOJHOCTHIO HepBbie N GopM KodebaHwi, a
ocTaabHbIe (POPMBI — MPUOGANKEHHO HAa OCHOBE KBA3UCTATHIECKOTO TTO/I-
XOma. 3aTeM 3aluCHIBAIOTCH YCJAOBHUS KPEILIEHUS POTOpa. Jem3BeCT-
HBIMU B MOMY9eHHBIX YPABHEHUAK ABIAIOTCA CUIBL, JeHCTBYIOIINE B OMO-
pax. Do 3THM YpaBHEHHAM COCTaBIAeTCA ompefeanTens A = A(w),
MOPAJIOK KOTOPOTO PABEH YUCAY OTOP, a JAeMEHTHI BHIPAKAIOTCA depes
qacTOTY KoJeGaHNU w, JKECTKOCTH OMOp, KPUTHIECKHE 9acTOTHI KOJe-
GaHIl 1 SKBUBAJEHTHBIE MACCHI POTOPa, 0CBOSOXK AEHHOTO OT omop. Uc-
KOMBIE KPUTHYECKHE TaCTOTHl POTOPA OMPENENAOTCA M3 ypaBHEHUA

Aw)=0

B cayvae zagaum onmpeneienna KpUTHIeCKNX JaCTOT BpallleHUA POTOPaA
3 3aJaHHOTO JMANa30Ha YacTOT YIAETCA YIPOCTUTE TaHHOE 9aCTOTHOE
ypaBHEHNE U MOJIYYUTH JOCTATOYHO MPOCTHIe aHAINTHYeCKne (hOpMYIhI



Cexrusa IV. Mexanuka gepopMapyeMoro TBEPJOro TeIa 181

I UCKOMBIX Beam<dnH. JPHEPEKTHBHOCTH HCIOMb30BAHUA TOJYIEHHBIX
pPe3yabTaTOB MOKa3aHa Ha TMPUMEPE PACIETa POTOPA OJHOTO M3 JBUTA-
Tejell MCMOAB3YEMBIX B HACTOSAIIEE BPEMS B aBHAINN.

The influence of elastic supports stiffness on critical
rotational speeds

V. N. Vernigor, A. E. Matveev
Rybinsk State Academy of aviation technology, Russia

The approximated way of definition of critical rotational speeds of a rotor
with elastic supports is offered at known critical rotational speeds and own
vibration modes of a rotor freed from supports. The approximated formulas
for definition of critical rotational speeds of a rotor with accuracy, satisfactory
for engineering usage are obtained.

Koueuno-siemenTHoe MoOAeJUpPOBaHUE IIaJeHUus
TOJCTOCTEHHOI'O IUJIUHAPa Ha 6eTOHHy10 IJInTYy

M. Bundeavbepe, P. P. Cemenos
(semenov@bs1892.spb.edu)
lannosepckunt yuusepcurer, ['epmanus

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B nacTosiiee BpeMsa MpucTadbHOe BHUMaHNE yaeadeTca BompocaM 6e30-
MACHOCTH TPAHCIOPTUPOBKH U XpaHEHUA OTPabOTaHHOT O ATEPHOTO TOTI-
anBa. K KOHTellHepaM, B KOTOPBIX OCYIIECTBAAETCI TPAHCIOPTHPOBKA,
NpeIbABIAIOTCA BecbMa XKecTKue TpeOoBaHUA MO oOecledeHno UX Ie-
JOCTHOCTH W T'e€PMETHYHOCTH IPU BO3HUKHOBEHWHU Pa3HOI'O poja He-
ITATHBIX cuTyainii. UMeeTcs pAg cTaHIapTH30BAHHBIX MEXAHUIECKHUX
HCTBITAHNN, TAKHX KaK MafeHne C BEICOTH 9 M Ha XKecTKoe HeaehOpMI-
pPyeMoe OCHOBaHWe, MaaeHle ¢ BBICOTH | M Ha METAJINYIECKUH MITHIPD,
P KOTOPBIX HE MOJXKHA HAPYIMIATHCSA IEeJOCTHOCTH KoHTehHepa. Cie-
AyeT OTMETUTH, YTO NMPH TPAHCIOPTHPOBKE KOHTEWHEDHI MMEIOT P
MOTOMHUTENBHBIX 3HEPTOMOTIONIAIONINK IEMEHTOB, OCHOBHON 3anaten
KOTOPBIX ABISETCA CHUXKEHUE YAapPHBIX Harpy30K Ha KoHTennep. Mc-
CTeIOBAHUIO HEIITATHBIX CHTYAINN TTPU TPAHCIIOPTUPOBKE JIs PA3HOTO
THIIa KOHTENHEPOB TOCBSAIIEHO TOCTATOYHO MHOTO paboT. OmgHaKo Mo-
JeqNpPOBAaHIE HEMITATHBIX CATYAINN BO BpEMEHHBIX XPAaHMINIIAX, KOT 14
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KOHTEHHEPHI He UMEIOT JOTMOJHUTENLHBIX DHEPTOMOTIONIAIONINX DAEMEH-
TOB, Ha HAIl B3TVIAJ, U3YIeHO HENOCTATOYHO. B dacTHOCTH, mpencTa-
BIET WHTEPEC MCCAeOBaHIe A MeHIs KOHTEHHEpa Ha Kele306e TOHHY IO
INTY, JEXKANY0 Ha TecIaHOM OCHOBaHWH. YIap KOHTeHHepa O MINTY
IpU OTCYTCTBUU aMOPTU3MPYIOUINX 3JIEMEHTOB IPU MaJeHUHN NaiKe CO
CPAaBHUTENBHO HEGOJBINON BBICOTHI MOXKET BBI3BATH YCKODEHUS B KOH-
TellHEPE, TPEBBIMIAIINE TOMYCTHMEIE.

Heavio manHOW paboTH ABAsSEeTCA paszpaboOTKa Ha OCHOBE MeTOa KOHEY-
HBIX 2JE€MEHTOB METOANKH pacieTa YCKODEHUN B KOHTEWHepPe BO BpeMs
yaapa IpHu ydeTe KOHETHON MPOYHOCTH Oe TOHHOW TINTH 1 1epOPMUPO-
BaHUA NECYaHOI'O OCHOBAHUA.

De3yabTaThl KOHETHO-DIEMEHTHBIX PACIe€TOB CPABHIBAIOTCA C OIEHKAMMT
MAaKCHMAJTbHBIX YCKOPEHMH, IOy I€HHBIX TP TOMOIIN YIPOIIEHHBIX aHa~
JUTHYIECKUX MOIENEH.

Finite-element simulation of the drop of a thick walled
cylinder on concrete plate

D. Windelberg, B. N. Semenov
University of Hannover, Germany

St. Petersburg State University, Russia

The drop test of a thick walled cylinder on a concrete plate, based on a sand
foundation, is simulated with the finite element method. The strength of the
plate and deformation of the sand foundation are taken into account. The
results of numerical calculation are compared with results obtained with the
help of simplified analytical models.

OceBoe cxkaTue KOHI/I"IeCKOI‘/JI 060J09YKH
U3 PasHOMOAYJBHOI'O MaTepHuaJjaa

. B. Buxmopos, P. F. Toscmux
(peter.tovstik@pobox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpPUBAETCA OCEBOE CKATHE KOHMYECKOW OGOJOYKH, M3TOTOBIEH-
HOW U3 PasHOMOYJIBHOTO MaTephHaja, T.e. MaTepHaJa Mo PazHOMY CO-
MPOTHBAAIOMIET OCA PACTAKEHUIO W CXKATHIO. Takoll MaTephad Mmoay-
qaeTcd MPH apMUPOBAHUN W30TPOMHOW MATPHUILI YIPYTUMN HUTAME C
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yYeTOM TOIO, 9TO HUTH He paboraioT Ha ckarue [1]. [dpyrum mpume-
POM Pa3zsHOMOAYJIBLHOTO MaTepuaja ABIIeTcs 6eTOH, MI0X0 COMPOTHBIIA-
oluics pacTskenno. B o6onx cayvagx MOIyab YIPYTOCTH MOIEMNPY-
eTCsi KYCOYHO MOCTOSHHON (DYHKITHEN.

OPpH OCEBOM CRKATHU KOHUYECKOW OCOMOYKH B CDeJHEN e€e YacTH MaTe-
pHaJ cXKaT, a HalpsSKeHHOe cocTosHne Oam3Ko K GeamomenTHOMY. O1-
HaKO B OKPECTHOCTAX KPAUHUX Tapajielell Peadm3yeTcss HAIPIKEHHOe
COCTOfHIE THIIA KpaeBoro 3(hdeKrTa, Mpu KOTOPOM HMEIOT MeCTO WH-
TeHCUBHBIE H3TUOHBIE fepOPMAINE I HEKOTOPHIE BOMOKHA OKa3BIBAKTCS
pacTAHYTEIME. B pesyabTaTe mis pazHOMOIYIBHOTO MaTepHaga 3a,1a9a
MTOCTPOEHNA HAPAKEHHOTO COCTOSHUA OKA3BIBAETCA HETMHENHON JTaiKe
npu HeGOJBINX HATPY3KaXx.

DaccMOTPEHBI MIAPDHUPHOE W KECTKOE 3aKPEIUIEHNs KpPaeB OOOJOYKH.
Jlasi obonx yKazaHHBIX BHIIE THIIOB PAa3HOMOMYJBHOTO MaTepHaga MC-
creiyeTcs HANPAKEHHOE COCTOAHIE 000JOYKN B OKPECTHOCTH €€ KPaeB
B 3aBHCHUMOCTH OT T'DAHWYHBIX YCJAOBHUI W yTJIa KOHYCHOCTH.

DaboTa BhIMOMHeHa TIpH o aepxkke IPPU (rpant Ne01.01.00327).

1. Cmupsos A. JI., Tosctuk 2. E. Toukue 060109KM, TOAKpEILIEHHBIE He-
JVHENHO yIPYTUMH HATAME [/ DpobaeMbl MEXAaHUKH 1epOPMUPYEMOrO
TBepgoro teaa. Uax. CI6I'Y, 2002. C. 277-282.

Axial compression of a conic shell made
of the material with the various moduli
at the extension and the compression

1. V. Viktorov, P. FE. Tovstik
St. Petersburg State University, Russia

Axial compression of a conic shell made of material with the various moduli
at the extension and the compression is studied. Far from the edges the stress
state is membrane and the shell is compressed. Near the edges the extension
deformations appear and the stress state is found from the nonlinear problem

for various boundary conditions and for various cone angle.
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Mo geiupoBanne CBOUCTB HAHOCTPYKTYPHBIX
00BbeKTOB MeToJaMUu MOJIEKYJAPHOU JUHAMUKU

P. E. 'aaubapos

(Pavel_galibarov@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B HacTodAIee BpeMA BO MHOI'IX IIPOMBIILICHHBIX OTPACIAX, HAIIPIMED, B
MUIKPO3JAeKTPOHIKE, KOMIIbIOTEPHON MHKEHEPHH, MOABMIACH HEOOGXO0 TH-
MOCTb HCIIOAL30BaHIA MaTEPHAIOB, CTPYKTYPa KOTOPBIX IPeICTaBAAeT
co60ll KPHCTAWINIeCKyl0 pelIeTKY, B y3/laX KOTOPOH HaxONATCA Me-
KO/TUCIIepCHBIE 9aCTHILI. JaHee TIPU WX MPUMEHeHUH PacCMaTpPUBAIICh
OCHOBHBIE (DH3UKO-MeXaHUIeCKHe XapaKTepUCTHKHN, IMOAyYeHHBIE B Ma-
KPODKCIIEPIMEHTaX. DO B AEHCTBUTEIBHOCTH GBLIO 3aMe9YeHO, ITO DTH
HapaMeTphl CYIIECTBEHHO OTINYAIOTCA MJIA MAKPO- I MaKpOCIyvaes, a,
ClIeIOBATEIBLHO, I BO3MOKHOCTE IIPUMEHEHIA PE3yAbTATOB MAKPOIKCITe-
PEMEHTOB CTaBUTCA IOJ, COMHEHIE.

OPOBOJATCA MCCAENOBAHUA B OOJACTH MEXaHWKH HAHOCTPYKTYP, NMpH-
MepoM sABIAeTcA paboTa [1], B KOTOPOH aBTOPEI HCCAEAYIOT BOIPOC O
3aBHCHMOCTH MOJYJIeH YIPYTOCTH OT XapaKTEPHLIX pa3MepOB HAHOKPH-
cTa/Ia, 9TO U GBLIO B3ATO 33 OCHOBY NAHHOI'O MCCACJOBAHIA.

DaboTa MOCBAIIEHA NCCAENOBAHNIO 3aBUCAMOCTH MEXaHMIECKIX Xapak-
TEpUCTHK HEOGPATHMBIX MIPONECCOB HAHOOOHEKTa OT HHCIa CIOEB MO-
el W HarpysKH, NPUIOKEHHOH Ha Toplax, Ha HpHMepe IBYMEpHOI
MOHOKPHCTALINIeCKON II0JOCHI, 06Tafafollell MeKcaroHaJbHOH ILIOTHO
YIIaKOBAHHON PElIeTKON ¢ MEIKOAUCIEPCHLIMH 9acTHIAME B y3J1aX.
DoCTpoeHHaA Mofeqhb MO3BOIAeT MPOHAOAIOaTh 3a IOBeJeHHEM Mpe-
nefqa TeKydIeCTH, yINTBEIBad MacIITaOHBIN (pakTop. Dadago IaacTHde-
CKOT'O TeYeHHs 3aBUCHT OT YHCAa CJA0EB HAHOMAaTepHada (IpOSBJICHIE
MacmTabHOro GakTopa), a MMEHHO, s JOCTHKEHHA OTHOTO U TOTO XKe
npejela TeKYIeCTH IPH YMEHBIICHNN 9HCIa CIoeB K TOpHaM MaTeprasa
HY2KHO IPHKJIaJLIBATh GOMBIIYIO HAMPY3KY.

DoJydeHHEIE PE3YAbTATHI XOPOIIO COTJMACYOTCA C pPe3yabTaTaMH pa-
60wl [1] B cBoell ynpyroi 4acTu.

1. Moposos 2. ®@., Kpusnos A. M. AHoMamun MeXaHUYIeCKIX XapaKTe-
PUCTHK HaHOpa3MepHBIX 06bekToB //[okmagbl akamemunm mayk. 2001.
T. 381, Ne3, C. 345-347.

2. Kauanos JI. M. OcHoBbl Teopun maactuamnoctu. M., 1969. C. 95-96.
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Modelling of nanostructural object’s properties by
means of the methods of molecular dynamics

P. E. Galibarov
St. Petersburg State University, Russia

The comparison method of the mechanical properties of the solid bodies and
the nanostructural object’s ones.

06 nuccjaejoBaHuun (bYHKL[I/IOHaJIbHO—MexaHI/I"IeCKI/IX
couctTB cintaBa TiN1 IIpU CTAaTUI€CKHUX U YAapPHBIX
AUHaAaMHUYe CKUX HUCIIBITAHUAX MaJbIX 06pa3u03

A. A. I'pyaodxos®, C. II. Kpusoweee**, FO. B. Pempos, A. . Pasos,

A. A Ymxun, I'. /. Dedoposcxuii

(G.Fed@podox.spbu.ru)

*CankT-DeTepSyprcKuil TOoCyAapCTBEHHBIA TEXHOMOTHIEeCKII YHUBEPCATET,
Joccus

**CankT-JeTepOyprcKuil TOCY IapCTBEHHBIN TIOJIATEXHIYECKAIT YHUBEPCATET,
Joccus

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DazpaboTaHa METOAUKA DKCIEPUMEHTATBLHOTO N3YHIeHNA MEXaHMIeCKIX
CBOUCTB ¥ 5(P(PeKTOB MaMATH (POPMBLI ~HUHTENTEKTYaJIbHOTO” CIIaBa
TiNi mpu TpexToueTHOM U3rHbe MATOPA3MEPHBIX 06PA3IOB - TTPOBOJOK
B YCIOBHUAX CTATHYECKOTO W yAaPHOTO MATHUTHO-UMITYJIBLCHOTO HATDY-
Kenus. UcrmonbzoBaHue MalopasMepHBIX 06pa3oB MO3BOAAET aHATNIH-
pPOBATH Pe3yJIbTATH AMHAMIYECKUX HCIBITAHUH HA OCHOBAHUN TAHHBIX
DeIeHrs COOTBETCTRYIONIEH KBAasUCTaTHIeCKON 3aqadu. /JanTeasHocTh
BO3IeUCTBHUA yAapHUKa Ha o6pasel] peryinpyeTcs 3a CIeT BapbHPOBa-
HIS PACCTOSHUS MEXY OMOpaMu. YCTaHOBIEHO, 9TO MPU pacdeTe He-
06XOIMMO YIUTHIBATE WHEPIUIO YAAPHUKA, a HHepIHen o6pa3iia MOXKHO
nperebpedn. B onerTax onpejgensgercs KpuTndeckas (MUHEMATbHAA)
AMILTUTY 1a HATPY3KH, BBI3BIBAIOIIAA HEHYJEBYIO OCTATOUYHYIO nedhopMa-
o (mporu6). DoporopBoe 3HaUEHNE aMILTHTY Bl HAXOJUTCH SKCTPATIO-
JANMAER 3TON 3aBUCHMOCTH OT OCTATOYHOrO Hporuba. AHaIU3 MoaydeH-
HBIX DKCIEPUMEHTAALHBIX PE3yJIbTaTOB MOATBEpAWI >(PPEKTUBHOCTD
MPeVIOKEHHON MeTO UK.
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DaboTa BeINOAHEHA TpH TToA gepkKe IPPI (rpanTer Ne01-01-00250, 02-
01-01035), Mununcrepcrea obpasopanud npu COGTY (NeE00-4.0-174),
KD (X00-01-05020), PIID ”MuTerpammsa”.

Experimental research static and dynamic mechanical
properties a shockfast plastics

A. A. Gruzdkov*, S. I. Krivosheev**, A. I. Razov, Yu. V. Petrov, A. A. Utkin,
G. D. Fedorovsky

*St. Petersburg State Technological University, Russia

**St. Petersburg State Polytechnical University, Russia

St. Petersburg State University, Russia

A new experimental technique for testing mechanical properties and for in-
vestigation of the shape memory effect of TiNi has been developed. Small
specimen of NiTi were subjected to the three-point bending in the condition
of quasi-static loading and of pulse loading. Small size of specimen allows to
neglect wave propagation and to use the solution of quasi-static problem in
the mathematical analysis of the process.

Dependence between permanent deflection and amplitude of the loading was
experimentally obtained. Threshold value of the amplitude was determined
by extrapolation to the zero deflection. It was concluded that the inertia of
projectile should been taken into consideration. The different values of pulse
duration were obtained by varying distance between supports. The results
obtained confirms the reliability of the proposed technique.

,Z[BI/I}KEHI/IQ OTHOCHUTEJIBHO HEIMOABUXKHOI'O IIEHTPa
TAXKECTH 2KeCTKOHU IJNIUIICONU JAJIBbHOU O6OJIO"IKI/I,
3allOVITHEHHOU pPeaJIbHOU KU IKOCTBIO

A. I0. Eacuxos, A. A. Pangepos
(ezhikov@nm.ru)

OAQO 7Co6-Texnonorus”, CankT-deTepbypr, JOCCHs

3ajgada aHATHTHIECKOTO ONMCAHNS TBUKEHN OTHOCHTENBHO HETTO TBI K-
HOTO TeHTPa TAKECTH KeCTKOU DJIUIHICONJATHLHON 06OM0UKH 3aOJHEH-
HOW pealibHON KU TKOCTHIO DKBUBAJICHTHA 3a ate, BIIEPBBIE PACCMOTPEH-
woit I'. D. Mupuxae [1], KoTOpPOI MOCBSAIIEH NAIOMIMA €€ PA3BUTHE U Pellie-
Hue Memyap 9. DumMana [2]. [las nocTpoenus ypaBHeHUil Diepa, OMUCh-
BAIOIINX JBIKEHHE TAKOT'O Tela, He0OXOMUMO U JOCTATOYHO BEIYUCINTE
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cyGcTaHIMOHAJBHBIE TTPON3BOAHBIE OT YIVIOBBIX CKOPOCTEN, OMHCHIBAIO-
MINX MBUXKEHUA 3TOrO Tela KaK TBEPAOTO, TO €CTh pacCMaTpUBadA JIN-
nTuveckue GyHKINN, B HUX BXOJdlIne, Kak (GYHKINHN ABYX IMepeMeHHBIX
— apryMeHTa U 5KCHEeHTPUCHTETa, 3aBUCAIIETO OT NEPUOANIECKNT U3Me-
HSFOIINXCA MOMEHTOB WHepunn sjuaunconga. OHI UMEOT BH

de

dt + g0i5wi,

2 .
wr, = [pinDew; + @i2(Z — e*uw)w; + iz n(ejw; — decgwy)]
rie i; —Kos(pdUIHEHTE, 3aBucAle 0T BpeMeHH. Tak Kak JBHKeHHe
060JI0YKH ¢ KN AKOCTLIO OINpefeJaloTcs YpaBHeHIAMN

A; Dw; + (Ak — Aj)ijk = fliwi + fZiw? + f3iijk’

TO TpaBble YaCTH DTUX YpaBHEHUN OMUCHLIBAIOT BPAINECHUA JKUIKOCTH
BHYTPH OBGOJOYKE OTHOCHTENLHO TeX XKe OCel, YTO W BpAIeHUd Tea
B LEJIOM, HO HANPABJIEHHBIE B MPOTUBOIOAOKHBIE CTOPOHBL [3].

Beungy reomerpuu o6TeKaHUA XUAKOCTHIO BHYTPEHHEH TOBEPXHOCTH
0BOMOYKH ee IBUKEHUE, MOPOXK JEHHOE CKOPOCTAMHI, YCAOKHACTCA U €0
MOJHOe ONUCAHWE CTPOUTCA B abeleBbIX (PYHKIUAX OT TATH HepeMeH-
HBIX, ABJIAKIINXCA PEMEHNSAME ypaBHeHnn Jitiepa-CToKca, OMuChBaIO-
X TedeHne BA3ZKOU CKUMAEMOUN KU JTKOCTH.

1. Dirichlet G. P. Untersuchungen tiber ein Problem der Hydrodynamik
// Journ. fir der reine und ang. Math., Bd. 58, 1861.

2. Duman 2. O ABUKEHUN KUIKOI'O OJHOPOIHOrO siauticonga. Cowmme-
musa. M.-JI.: TUTTJI, 1948. C. 339-366.

3. Jlogmxenckmu B. K. Bomyx gennoe npmxkenne TBepJoro Teaa BOKPYT
HEMOIBYKHOTO TIEHTPa TAKECTH W HENOABMXKHON Toukm // Quaest.
Phyl. Nat. 4-5, 2001. C. 76-106.

About motion of a rigid shell filled with a real liquid
around fixed center of gravity

A. Ju. Fzhikov, A. A. Panferov
OAQO ”SPb-Technology”, St. Petersburg, Russia

The differential equations describing the motion of rigid ellipsoidal shell filled
with real liquid about fixed center of gravity and their solution are constructed
by means of derivation of components of a moment of momentum with respect

to dynamic initial conditions.
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K 3agade 06 yCTOMYMBOCTHU [MJINHIPUYECKOU MAaHeNN,
CONPAXKEHHOU CO CTEpP)KHEM

B. . Fpwos, 3. I'. Fpwosa

(vasily75@yandex.ru)

DHIOUHCKASA TOCYJapCTBEHHAA ABUAIMOHHAA TEXHOJOIMHYeCKasd aKaleMUs,
Joccus

DaccMaTpUBAETCA YCTOMYIMBOCTE TMOJYOECKOHEYTHON IWINHAPUYeCKON
MaHeJ I, KPUBOJUHEHHBIE Kpasg KOTOPOHU WMIADHUPHO OMEPTHI. Da Mps-
MOJUHEHHOM Kpalo TMaHe b MOJKperieHa MPAMOJNHENHBIM CTepPKHEM
MPAMOYT OJBHOTO MOMEPETHOT O CETEHNUA.

DyjIeM CYUTaTh, YTO A0 MOTEPH YCTOUYUBOCTH CTEPKEHDL CIKAT B OCE-
BOM HAIpaBJIeHUHN TaKWM 06pa3oM, 9TO ero oceBad AedopMalus paBHA
oceBoll mepopManun O6OTOYKHN. 3ajada PelaeTcs B JNHENHOW MOCTa-
HOBKe. 3 ycioBus B3auMOJEHCTBUA OGOJOYKH CO CTEPKHEM HOIYTaeM
PpAHUYHBIE YCJIOBHUA.

OpHU CleTaHHBIX MPEANOJOKEHUAX 3ada9a MOMYCKAeT pa3aelcHIe mepe-
MEHHBIX.

Do anajgoruu ¢ [3] 6ygeM HCKaTh JOKAJIM30BAHHOE B OKPECTHOCTH Kpad,
MOAKPEIUIEHHOT O CTEPKHEM, PellleHne B BH/1e

W(x,¢) = ZCkaexp % sin(ﬂ), (1)
k=1

rjie qr — KOPHM ypaBHEHUA

OGS TN mun? S\t
() +at) —2(Z) () +4) +(&) =0. @
e e e e
opuaeM Iy, (¢n) > 0, 9To obecnmevnBaeT 3aTyXaHWe peIeHHA TPH yAa-
JEeHUU OT MPAMOJUHEHHOT O KPas.
DojcTaHoBKa peliensa (1) B TpaHUYHBIE YCIOBHA, COOTBETCTBYIOIINE
B3aWMOIEUCTBUIO OBGOJOYKE CO CTEPKHEM, MAaeT CHCTEMY HYeThIpex JIH-
HEUHBIX YpaBHEHUU OTHOCHTEAbHO (. DapaMeTp HArPY3KH A OMpe[e-
JsieM, IPUPABHUBAA K HYJIO ONPEeIeJUTe b CHCTEMBI

A(Aq)=0. (3)

DPpOBOAUTCS CpaBHEHHE MOPSAKOB BEIWYWH ~CTEP:KHEBHIX u ~ 060J0-
qeqHBIX” claraeMbiX B (3). ACHMITOTHYECKHH aHAIN3 HPOBOJUTCH JJIs
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CTepXKHA KBaApaTHOTO MOIEPETHOrO CeYeHUA ¢ OTHOCHTEIBHON TO/IIIH-
HO# a, mpornoprmonanbro ué (0 < € < 2).

Jl1s OTHOCHTENBHO TOHKOTO CTepKHA 2 > € > § 060109Ka 10 JKPEILIAET
CTepXKeHb W NPEIATCTBYET ero moTepe yeroidusoctn. Jpu 1 < & < 5
OJIMH CTEpXEHb MOTepAL OB YCTONYNBOCTD paHbIIe, 9YeM 060J0YKa, HO
060/I09Ka MPENATCTBYET ero IoTepe yeTomdaupocTH. Jpu & < 1 crep-
JKeHb TepAeT YCTOMIHBOCTD MO3Ke, 9eM 060J09Ka, T.e. CTEPKEHb II0J-
KpeIafeT o60I09KY.

1. I'puromrox 3. ., Ka6anos B. B. YcromansocTs o6omowek. M.: Dayka,

1978. 360 c.

2. Cpermmkmr B. A. Mexanmka crepxmen. M.: Bricmaa mkona, 1987.
320 c.

3. Toctux 2. E. YcromampocTh Tomkmx obogouek. M.: Dayka, 1995.
320 c.

On the problem of stability thin cylindrical panels
support by rib

V. I Ershov, Z. GG. Ershova

Rybinsk State Academy of Aviation Technology, Russia

The buckling under axial compression of cylindrical panels supported by rib
is considered. The asymptotic relations describing influence the square of
sections of rib on the critical axial compression are obtained.
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30CTpO€HI/Ie ajJqropurmMa AJaA CBH3aHHOﬁ 3ajadu
KoJiebaHuu IJIaCTHUHBI, O6y€JIOBJI€HHbIX TeIlJIOBbIM
YAapoOoM Ha €€ IIOBEPXHOCTH

A. B. 3atiyes, O. B. Paxomos
(refr@sarft.spb.ru)

CankT-JeTepbyprcKuil oCy AapCTBEHHBIN YHUBEPCUTET
HU3KOTEMITEPATYPHHIX U MUIIEBLIX TEXHOJOTUH, JOCCHS

Opu mocTaHOBKe TPOGJIEMBl aHATM3UPYETCS TUHAMEUKA TePeMeIleHIH
IJIACTUHBI B clyvae MHTEHCUBHOT'O OTOKA HAI'PETOrO T'a3a WAN M3ayHde-
HUA, TaJal0lIero Mo HOPMAJN K ee TIOBepXHOCTH. B paboTe paccmaTpn-
BAIOTCSA PE3yAbTATH PEIIeHNsA THHAMUYEeCKON 3a1atdi TEPMOYIPYTOCTH
Ui TaKOU TJIACTHHBI. B KadecTBe MpaHWYHBIX YCJIOBHH paccMaTpUBa-
OTCA YCJAOBUA JelMaHa A TEIIOBON 3aMadl W XKECTKOEe 3allleMJeHe
- I YOPYToH. JOKa3aHO, YTO AaHAJNTHYIECKOE DEIIeHIe TEPMOYIPY-
TOW 3afadnm MOXeT OHITH TMOAyYeHO B Bue psga Pypre mo GyHKImAM
Decceqsi. B maHHOM pellieHUN MOCTOAHHAA COCTABAAIONIAA PA3JIOKEHIISA
OTHICHIBAET CTATHYECKUH MPOrub MIACTHHBI, a GECKOHEYHAs CyMMa IO
cOGCTBEHHBIM 3HAYEHNAM (QYHKINHA MaeT MUHAMHYECKUH MpOorud, KOTo-
PBIN O0YCAOBIEH HHEPIUOHHBIMHI TPOIECCAMI. DellleHne TaHHOW 3amatn
JaeT XapaKTePUCTUKN BBIHYKJIEHHBIX HEe3aTyXafomnX KOMeOGAHMN TLaa-
cTUHBL. /{14 aqeKBaTHOT'O ONUCAHNA PUIMIECKOT O TIPOIIeCcca TEPMOYIPY-
rux KoJdeGaHmi, 06YCIOBICHHBIX TEIMIOBLIM Y/IapOM Ha €€ TIOBEPXHOCTH,
TakKXe paccMaTpuBaeTCAs TepMOyIpyrad 3aaada ¢ JUCCATIATHBHBIM HJle-
HoM. JlmccMmaTUBHBIA “IeH OmpefeaseTcs Kak (PDYHKIUSA BHYTDEHHEN
BABKOCTHU U CKOPOCTH TIEPEMEITEHNH TTACTHHEL, TTPUYEM IPH TAKOM IO I-
XOMle TepMOYTIPYTas 3aaada SBAAeTCA CBA3aHHOU. [laHHAsS TOCTAHOBKA
3a0a4n CBOJUTCA K ONPENETEHNIO TEPMOYIPYTUX KoJeGaHUIl, BHI3BAH-
HBIX TEPMOYIAPOM, C YI€TOM SABJIEHUH PETAKCAIINN BCIEICTBIE BHY TPEH-
HETO MeMI(PUPOBAHUA B YIPYrohn obaacTn. DOKa3aHO, ITO A DTOTO
cayvas oblllee pelIeHne CHCTEMBI HEIMHENHBIX yDABHEHHH B YaCTHBIX
MPON3BOAHBIX OMUCHIBAET IIPOIECC 3aTYXAOMNX KoJeHGaHUN TIACTHHEL,
MPUYEM TPOIECC PENaKCAINMH 3aBUCHT KaK OT TDAHUYHBIX YCIOBHH, TaK
I OT TeoMeTpuiecKoro ¢gakTopa. B paboTe paccMaTpuBaeTcsa TOCTPO-
eHUe AJTOPUTMAa [Jd PEIlleHnd CBA3aHHOW MUHAMUYECKON 3aMatn Tep-
MOYTIPYTOCTH C BHYTPEHHUM AeMI(PpUPOBAHUEM /s MIACTHHEL. D PHBO-
OATCA Pe3yJAbTaThl TUCACHHOIO pacdeTa Mo NPEIJIOKEHHOMY alTrOpUTMY
W aHAJIN3 MOJYYEeHHBIX 3aBHCHMOCTEN. JOKA3aHO, UTO NPEeNIOKEHHBIE
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MOAXOM W aJl'OPUTM Mal0T ONNCaHUe TTpollecca pelaKcalul TePpMOYIIpPYy-
rux KoJgeGaHWl, aeKBATHOE TeNCTBUTEIBLHOCTH.

Construction of algorithm for the connected problem
of plate oscillations, caused by thermal impact on its
surface

A. V. Zaitsev, O. V. Pakhomov

St. Petersburg State University of low-temperature and food technologies,
Russia

Oscillations of a plate, caused by intensive flow of hot gas or radiation are an-
alyzed. The inner damping is taken into account. It is shown that the general
solution describes process of damping oscillations of a plate, and the process of
a relaxation depends on both boundary conditions and the geometrical factor.
The results of numeric calculation are discussed.

CraTuyecKkne CBOMCTBA GAJIOYHOM MO eI
pa3pyllieHus TOHKUX OTCJIO0eHUN

P. A SBumun, M. A. Mupxun, O. B. Temnos

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Crpoutcs 6amodnas MO Iedb pa3pYIIeHns TOHKAX OTCIOCHIH KOMITO3WT-
HBIX MaTepHaJoB. JoKa3zaHo, 4To Ni, = O(h_3/2), rae K. - Koadpdpu-
[MHEHT WHTEHCUBHOCTH HANPSKEHUH, A - TOJIIINHA OTCJIOCHUS.
DKCIIEPUMEHTHI 110 PACCJIOEHUIO CBUIETEILCTBYIOT O TOM, 9TO BEJUTNHA
HAPPY3KHU Pj, TpW KOTOPOU MPONCXOUT PACCAOCHIE, UMEET CJIYIalHyio
COCTABIAOINIYIO. JOITOMY MPU OCYIIECTBIEHUN U3MEPUTEMBHON MPOIIe-
OYPBI Ha HATYPHBIX 00BeKTaX BaKHOE MeCTO 3aHUMaeT (QyHKIMOHAT:

1 T
F(T) = T/ P2dt
0

Puzutdeckoll OCHOBOI, OIMPENENAONIEN MPOIECC PACCAOEHNA, ABIAETCS
3HadeHne oTHoOIIeHUusA T /7, rioe T - BpeMs KOPPEeIALUMU CIy YalHOIO IPO-
necca P(t), T - BpeMs pealnm3aliii Mpolecca PacCIOeHNs.

Ecmu T' > T n BLIIOMHAETCA YCJAOBHUE DPTOJUIHOCTH TPOIecca, TO MaTe-
MaTndeckoe oxuganne F(T) mo rayccoBoll Mepe, onpeTenseMoll U3 SKC-
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NepUMeHTa, 1aeT BO3MOXKHOCTH MOCTPOUTH HEKOTOPYIO HOBYIO Xapak-
TepucTHKY paspyienns < F(7T') >= v, 5KBUBaJeHTHYIO TTOBEPXHOCTHON
sreprun I'pudduTca Aas Malbix BpeMeH Tpolecca paccioernus (T).

Statistic properties of a beam model
of the destruction of thin exfoliations

B. A. Zimin, M. A. Mirkin, O. V. Temnov

Saint Petersburg State University, Russia

A beam model of the destruction of thin exfoliations is built. Its statistic
properties are considered. The process of exfoliating is analyzed.

O KPUTUYE€CKHUX CKOPOCTAX BpallleHUs CBepJa

I'. F. Heanos

(mpy@phoenix.math.spbu.ru)

CankT-JeTep6yprcKuil rocyAapCTBEHHBIT YHUBEPCATET PACTATEMILHEIX
TTOJMMEPOB, JOCCHSA

KnaccuaeckumMm MeTogaMu UCCAeTYIOTCA KPUTHYECKWE CKOPOCTH Bpa-
LIEHUA TAXKEJIOTO CBepJa KPYTI'OBOT'O CEYEHHA € MPOJOJBHBIMU KaHaB-
kamu [1]. DoaydeHHble pacdeTHbIe 3HAYEHHs XOPOIIO COMMIACYIOTCS C
SKCIepUMeHTAJIBHBEIMI T'OJOTPaMMaMy, NPUBeJAeHHBIMI B MOHOI'paduu

2.

1. Dabakos . M. Teopnsa xomebammir. M., 1965. 559 c.
2. ®ummmos . B. Dexymm macrpyment. JI.: MammmaocTpoenne, 1981.
392 c.

On critical speeds of rotation of a drill

G. E. Ivanov
St. Petersburg State University of Vegetation Polymers, Russia

The critical speeds of rotation of the heavy drill with a circular cross section
and longitudinal slots are investigated by classical methods. Results of nu-
meric calculation well correspond with the experimental holograms given in
literature.
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YeTonYnBOCTL HUJINHAPUYECKOU 0060J0UYKH
C NIPAMOYTOJbHBIM IONE€pPeYHbIM CedeHueM
no/J AelCTBUEM OCEeBOU CXKUMaAalolllen Harpy3Ku

M. B. Kauxywuna
(klikusha@mail.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DaccMaTpUBAeTCA 3a1a9a YCTONYIHBOCTH YIIPYT O MUANH [PUIECKON 060-
JOYKN C TPAMOYTOJbHBIM MOMEPETHBIM CeYMeHMeM, CKIMAeMON MeX Iy
ABYMs abCOMIOTHO TBEPABIME MAapPANIEAbHBIMI TINTAMU. JPH Cede-
HUAX, OIN3KNX K KBaAPaTHOMY, JJIA HAXOXJAeHUA NPpUGINKEHHOIO 3Ha-
YeHUsT KPUTHYECKOU HATDY3KHU TMPUMEHIETCS aCUMIOITOTHYIECKITH METOJI.
B kadecTBe HavaabHOTO MPUOIMKEHNA NUCTOABL3YeTCA DelleHne 3aMadn
YCTOWYUBOCTH O6OJOYKH ¢ KBaIPATHBIM MOMepedHbIM cedenueM [1-3].
DpeanoaaraeTcs, ITO CMEIEHNAM Kpas 000J0YKN B TIOCKOCTH TIHTHI
MOTYT NPENATCTBOBATH TOJABKO CUJIBI TPEHUA.

Ecan cumaer Tpenus Mexay o6OJOYKON W MANTOH TaK BEIWKH, 9TO WC-
KJA0Yal0OT MepeMelleHnA KpaeB 060J0YKN B IIOCKOCTH IMIUTHI, TO I'pa-
HWYHBIE YCJAOBUA HA Kpadx o60M0YKH COBIANAIOT C YCIOBUAMU IIApPHUP-
HOT'O onmpaHus kpaeB. Popma moTepu yCTONYNBOCTH PABHOMEPHO IO-
KPBIBa€T BCIO TIOBEPXHOCTH CTEHOK OOOJOYKH.

Cay4gaii, xorja CHIbl TPEHUS PAaBHBI HYJIIO, OAM30K K TPDAHUTHBIM YCIO-
BUSAM CBOOOAHBIX KpaeB. dPopma moTepnm YyCTOWYMBOCTH JOKATH3YETCS
BO3JIe KpaeB 060J0YKH.

C IIOMOIIBIO METOda KOHEIHBIX 3JEMEHTOB IIOATBEPK TACTCA OOCTOBED-
HOCTH aCHUMIITOTHYIECCKHIX Pe3yJAbTaTOB I ONEHNBAIOTCA I'PaHUIBI UX IIPH-
MEHUMOCTH.

DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. @mmmmos C. 3. YcToMYMBOCTE IMIMHAPAIECKON OGOJOYKH C KBa-
ApaTHBM ToniepedHbiM cedermeM [/ Bectamk CO6TY. 1999. Brm.3.
C. 97-101.

2. Kmmxymmma M. B., ®ummmos C. 3. YcTomMuBOCTE IIMIAHAPATE CKOR
060JI0YKI € KBaJPATHBIM TIONEPEYHBIM CEYEHUEM, UMEOIIEN [Ba CBO-
6omunix kpas // Becramk CO6I'Y. 2001. Bem.1. C. 86-92.

3. Filippov S. B., Haseganu E., Smirnov A. L. Buckling analysis of
axially-compressed square elastic tubes with weakly supported edges
// Technishe Mechanik. 2000. T. 2, C. 13-20.
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The buckling of cylindrical shell with rectangular
cross-section under the action of axial loading

M. V. Klikushina
St. Petersburg State University, Russia

The cylindrical shell with the rectangular cross-section compressed between
two absolutely hard parallel plates is considered. The asymptotic method
for solution of the buckling problem for this shell is used. The approximate
analytical solution of the corresponding boundary value problem is obtained.

The results of asymptotic method and finite element method are compared.

NccnenoBanue pe3aoHaHCHBIX JBUXKEHUU
TBepAOro Tejla ¢ YOPYrUMU 3JeMeHTaMu BOKPYT
HeNo/BUXKHOU TOYKHU

J.U. Konxuna
(Konkina-1@vitkom.ru)

BeJII/IKOJIyKCKa.E[ rocymapCcTBeHHAas CelbCKOXO3ANCTBEHHAS aKanemMums, Doccus

DaccMaTpUBAETCA JIBUKeHNE HECHMMETPUIHOTO Tela ¢ YIPYTUMHA HJe-
MeHTaMi BOKDYT HEMOABUMKHOW TOYKH. YHPYTHE DIEMEHTHI IIPeaCTa-
BIAAIOT COOON BABKOYIPYTHE CTEPKHU, PACIONOKEHHBIE B DKBATOPHAIb-
HOW TJIOCKOCTH JJUIATICOM A WHEPIHUH. D PEeNNoJaraeTcs, ITO CTEPKHN
rubkue n gedopmanun n3rnba cOmpoBOKNAIOTCA pacCesHNEM DHEPT M.
UccrepoBanne pe30oHAHCHBIX [BUKEHHH CHCTEMBI YOPYTO€ - TBEPIOe
TeJIO MPOBOJUTCS B KAHOHNYIECKNX TIEPEMEHHBIX JelCTBHe - yroa. PyHK-
nusg Dayca CHCTEMBI COJEPKUT MAJBIH TMapaMeTp & (0 < e << 1) n
ABISETCA 2T-TIEPUOAUIHON MO yTJIOBHIM KOODANHATAM W1 W Ws.

B mopox gatorien cucTeMe mMeeTCs CTAIMOHAPHOE BpAIIEHNE, MPHYEM
OTBevaIIee eMy TTOMOKeHE PABHOBECHS IPUBEIEHHON CHCTEMBI YCTOT-
YHUBO B JUHENHOM TTPUOMMKEHNN.

DpeanoaaraeTcs, ITO B CHCTEMe UMEETCsT BHY TPEHHIHA PE3OHAHC: OTHO-
IeHre COOCTBEHHON YACTOTH K YaCTOTE MPENECCHT W1 = KWws (KI =1, 2).
Opu momortin MeTo10B KAM-Teopun mocTpoersl mTpubankeHHbIE yPaB-
HEHNs, ONUCHIBAONINE DBOJIONNIO IBUKEHNA CUCTEMBL TAXKeI0e YIPyroe
- TBEPJOE TEJO € HEMOBUKHON TOYKOW B KAHOHWYIECKHX IEPEMEHHBIX
TENCTBHUE-YT O,
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MeTop pasjefeHusa ABUKEHUH W YCpeAHEHUA TMO3BOJAET MOIYIUTH CH-
CTeMy SBOJIONNOHHBIX YPaBHEHUN JABUKEHUA HEW3BECTHBIMH, B KOTO-
POl SIBAAIOTCA TTEPEMEHHBIE TeNCTBUA HEBO3MYIIEHHON 3aMa<n. D alu-
qHe JUCCUNATUBHBIX CHJ TO3BOJAET CAeAATH BBHIBO O TOM, 9TO Ha Tep-
BOM DTalle JBIKEHUA MPOUCXONUT 3aTyXaHue cOGCTBEHHBIX KOMebaHni
B CHCTeMe OINCHLIBAIONIEN [BUKEHIE CIUIOITHON CPEIBl. 3aTeM paccMa-
TPUBAETCA BHIHY XK JeHHOE NBIKEHUE CILOIIHON CPebl U ero BIANAHNE Ha
HBOJIOIIIO TIEPEMEHHBIX AeWCTBIE, OMUCHIBAIONINX TOBEIEHNE CHCTEMBL.

The investigation of resonant motion of a solid with
elastic elements around the immovable point

L. I. Konkina
State Agricultural Academy of Velikoluksk, Russia

The motion of a mechanical system formed by a rigid body rotating around
a fixed point and carrying elastic rods, which undergo flexural deformation,
is investigated. The asymptotic method of constructing approximate equa-
tions describing the evolution of the system motion in canonical action-angle
variables is employed. The method of separating the motions and using the av-
eraging operator enables the qualitative features of the behavior of the system
to be investigated, since. As a rule, the equations of motion of such systems
cannot be integrated in explicit form.

UccaefoBanne BIUAHUSA MONEPEYHBIX CIBUIOB
Ha 6udypkanuio CJIOI/ICTOI/I LWJIVH pUYeCKON
060JI0YKY M0/ AeUCTBUEM OCEBBIX CHJI

E. A. Kopueecxas, C. P. Kynyeesuu, I'. . Muzaces
(ksp@vgpi.belpak.bitebsk.by, Sergey_Kuntsevich@tut.by,
mikhasev@vgpi.belpak.vitebsk.by)

Burebckuin Tocy 1apcTBEHHBI YHUBEPCUTET, Jedapych

DaccMaTpuBaeTcsa 3ajada o O6udpypkanumn Ge3MOMEHTHOTO HANPSAKEH-
HOT'O COCTOAHUS KOMITO3UTHO CJOMCTON IUANH IPUIECKON 0GOMOYKH IO
nercTBHeM oceBhHIX cumia. O6omotka, B 06IIeM caydae, ABIASETCI HEKPYTO-
BOU, a OcCeBble CHIBI — (DYHKIHNH OKPYKHOU KOODIWHATHI. Ja Kpadx
060/I09KHN paccMaTPUBaIOTCA YCIOBUA MIAPHUPHOI'O ONMPAaHUA.
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B kadecTBe HCXOAHBIX YpaBHEHUN UCTOMB3YIOTCA ypaBHeHusa Tuia Kap-
MmaHa [1], y9uTHBaoOLINe HAJNYHE CJIOEB U OCPENHEHHBIN >(PPEKT Tote-
DPETHBIX CABHUTOB.

B npeamoaoxennu o JoKaausauu popM MOTEPH YCTONIUBOCTH B OKPECT-
HOCTH HeKOTOpon ~Hamboee ciabon” o6pa3yioliell, HCIoAb3YeTCA aCHM-
nrorudeckuii Mmeron O.E. ToBeruka [2]. DacemarpuBaioTcs 060M0MKN
pasHOU JAJAWHBI: KOPOTKHe, CpejHue, AAuHHbe. B 3aBucuMocTn oT Tuma
0BOJOYKH CTPOATCSA PEIIeHNsA UCXOIHBIX YPABHEHNH, OTIUIAIONIHEC Xa-
pPaKTepoM BOTHOOGPA3OBAHNA B OKPYKHOM HAMPABICHUN.

B pa6ore uccaegyerca BAUAHTE TapaMeTpa OTePedHOr o CABUTA Ha KPH-
THYECKYI0 HATPY3KY W CTeleHb JoKaauszamuu GopM MOTepru yCTOWYIH-
BOCTH B OKPECTHOCTH CI1abol o6pasyiomeil. B qacTHOCTH, yCTaHOBIEHO,
9TO BAWAHUE OCPETHEHHOTO TTapaMeTpa MOMEePEeTHOT O CABUTA Ha KPUTH-
YeCKYI0 HAPPY3Ky 6ojiee CYIIECTBEHHO B CIydae OBGOJOYKW, HATDYIKEH-
HOH OCEBBIMU CHJIAMET, 9eM A 0GOM0YKH, HAXOIAMIEHCA O NeHCTBAEM
BHEIIHEr o fapaeHns [3].

DaboTa BHIIOJHEHA B paMKkax ['ocy 1apcTBEeHHOU MpoTpaMMbl by HIaMEH-
TAIBHBIX HCCAefOBaHNI Decybankn Deaapych (I'DPHN 2001-2005).

1. I'puromox 2. U., Kymxos I". M. Maorocaonnbse apMapoBalibe 060-
JOYUKM: JacdeT mHeBMaThdeckux mmmH. M., 1988, 288 c.

2. Toctuk 2. E. YcronmduBocTh TOHKHX 060J0YEK: ACHMIITOTUYECKHE
meToner. M., 1995. 320 c.

3. Mikhasev G., Seeger F., Gabbert U. Local Buckling of Composite Lam-
inated Cylindrical Shells with Oblique Edges under External Pressure:
Asymptotic and Finite Element Simulations // Technische Mechanik.
2001. B. 21, H. 1. P. 1-12.

Investigation of influence of transverse shears
on buckling of laminated cylindrical shell
under axial forces

E. A. Korchevskaya, S. P. Kuntsevich, G. I. Mikhasev
Vitebsk State University, Belarus

The problem of local buckling of a thin composite laminated cylindrical shell
under axial forces is studied. Presupposing that buckling takes place in the
neighbourhood of some ” weakest” generator, the asymptotic Tovstik’s method
is used, finding the critical axial force and the eigenmodes. The influence of
the transverse shears on the critical axial force is analyzed.
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YcTonYnBOCTL TOHKOM KPYTOBOM AHHU3O0TPOIHOU
IUJIVHAPUYIeCKON 060J0YKH NIPU YUCTOM KPYy4YeHUH

. JI. Kysusanos

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DPOBEIEHO WCCAEIOBAHNE YCTOMIHBOCTH 6GE3MOMEHTHOTO HANPSKEH-
HOT'O COCTOAHNA TOHKOW KPYTOBOH aHU30TPOMHON NIINHIPATIECKOR 060-
JOYKY ¢ PA3inIHBIMU THIIAMI 06OMOTOK IPH 9WcTOM Kpyderun. MaTepec
K TAHHOTO BU/a pacdeTaM CBA3aH ¢ TeM, 9TO 3aa91 TAKOr'O POia IacTo
BCTPEYAIOTCA B CAMOJETO- U PAKETOCTPOCHUN.

DoayveHbl (POPMYJIBI HYJEBOT'O U MEPBOrO MPUOAMIKEHUH MO MaJOMY Ia-
paMeTpy W Ha WX OCHOBAHWW MPOBEIEHBI PACIETH TTapaMeTpa KpUTHde-
CKOT'O HAPYKEHUA U (POPMBI TIOTEPH YCTOUINBOCTH.

B pa6ore paccmaTpuBaioTcs 0GOMOYKE ¢ ABYMA THOAMH 0O6MOTOK. B
MEPBOM caydae 060J0IKA UMEET JBé CHMMETPUYIHBIE CHCTEMBI YCHIUBA-
IOIIUX HUTEH, BO BTOPOM cAydae — OHY CUCTEMY HUTeH HKBHBAJEHTHON
JKeCTKOCTH. DPHU pacdeTax BapbUPOBAIACH JKeCTKOCTH HUTEH, X KOJN-
YeCTBO U YTOJ HAKJAOHA TI0 OTHOIIEHIIO K 06Pas3yomuM 0G0M0IKH.
DOKa3aHO CYIECTBEHHOE BJNSHNE BCEX TPEX IMapaMeTPOB Ha 3HAYEHIE
nmapaMeTpa KPpUTHYeCKOH HATPY3KU U (POPMY MOTEPH YCTOUIHBOCTH.
OTMedeHO 3HAYMUTENBHOE PA3JUYNe B TMOBeAeHUN 060I0YEK B MEPBOM U
BTOPOM cayd¥asx. JalJeHbl TaKXKe HAWIYHIlee I HalXy JIee PacIoJokKe-
HHe YCHIUBAIONNX HUTEH B 0GOJOYKe ¢ TOYKH 3PEHHUA ee MAKCHMAJTBLHON
YCTOHYIUBOCTH.

The buckling of thin anisotropic circular
cylindrical shell under torsion

1. L. Kuzivanov

St. Petersburg State University, Russia

The buckling of thin anisotropic circular cylindrical shell under torsion is stud-
ied in this paper. The critical loading and the form of buckling for shells with
different types of enforcing fibers are found. The formulas for asymptotic
analysis with accuracy up to the second approximation are introduced.
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NccaenoBanue xapakKTepUCTUUECKNX yPaBHEHUN
C IIoMoOINbI0 06001eHHOr'0 MeToAa O bIOTOHA

. M. Jandman, A. J. Cuupros
(Irina.Landman@pobox.spbu.ru, smirnov@bals.usr.pu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B paBoTe mpeacTapiaen alropuTM IOCTPOeHNA (POPMATLHOTO aCHMIITO-
THYECKOT O PEIlleHns KpaeBOoH 3aJa49i, OMUCAHHLIA C TOMOIIBIO CHMBOJIE-
HBLIX BLIYUC/JAEHWH, Ha MPUMepe 3aJa9n KoaebaHull TOHKIX 060096k Bpa-
mennAa. AJTOpHTM OCHOBBEIBAETCA HAa METO/E ACHMITOTHIECKOTO MHTE-
rpupoBaHus, pazpaboTanuoro B [1].

Sanadn cBOGOMHBEIX KoJaeGaHWT 060M09eK BpAIIEHNA OMUCHIBAIOTCA CH-
CTeMOU ypaBHEHHH BHIA:

dY
ds

C OOTHOPOAHBIMHU I'DAHUYIHBIMHA YCJAOBUAMM:

= A(s; p,m,\)Y (1)

BijYi(s:)=0, i=12 j=1....4, (2)

rae Y — Bexrop-dyukius [8 X 1], A — marpuna pasmepom [8 x 8], B—
MaTpulia pazmepoMm [8 x 8], s — HezaBHCHMasg KOOpJuHATa, A — dHa-
cToTa KoleGaHmil, ABIAOIIAACA HCKOMBIM COGCTBEHHBIM 3HadeHIeM. B
KadecTBe MapaMeTpOB CHCTEMa BKAKYaeT Madyl OTHOCHTEILHYIO TOJ-
MUHY OGOJOYKH i, 9HCJAO BOJAH B OKPY:KHOM HallpaBJIcHHEH M U, BO3-
MOXKHO, APYTHe MaJble TapaMeTphl, HalpuMep, {) — YIIoBYIO CKOPOCTh
BpalllcHNA WIN HadaJibHbIe HAIPAKECHIA.

Detmerne 3anaqn (1) BKIOYaeT B cebs HaXOXJeHIe KOPHEH p(s) xapak-
TepUCTHIECKOTO YpaBHEHUA BHIa

[A(ssm, 1, ) = p(s)T] = 0 (3)

DTo ypaBHeHWe, B ciaydae Korja A MOCTOsSHHA, MOXKHO TPENCTABUTEL B
BHE:

8
Z Z Pt Nimlia; =0 (4)

1=1 a1,Bi,7vi



Cexrusa IV. Mexanuka gepopMapyeMoro TBEPJOro TeIa 199

rje a; — MOCTOSHHEIE.

B pa6oTe noaydeHo pelreHne faHHOTO ypPaBHEHUA [IJis Pa3JMIHBIX 0bmaa-
CTell MPOCTPAHCTBA NCIMOMB3YEMBIX MAPAMETPOB ([, A, M) ¢ TOMOIIBIO
CPEeJCTB BHIYUCANTENBHON TeoMeTpun. CYIECTBEHHO UCIOAB3YETCA Ma-
JOCTH TIapaMeTpa jt, OTHOCHTEIBHO KOTOPOTO OMPEIENSIOTCA TMOPSIKH
OCTANBHBIX TTAPaMETPOB. JaCCMOTPEHHE OTDAHWYEHO CJAYYaeM, KOT[a
ypaBHeHne (4) He UMeeT KPATHBIX KOPHEHR. AJTOPHTM MO3BOJAET OIpe-
aeanTh o6JacTH MPOCTPAHCTBA MAapaMeTpOB, BHYTPH KOTOPHIX KODHH
XapaKTePUCTUIeCKOTO YPaBHEHUS WMEOT OJMHAKOBYIO CTPYKTYPY W
HaAUTH TJIABHBIE 9JEeHBI KODHEN. AJTOpUTM peadm3oBaH MPH ITOMOIIH
IpUKJIaIHOrO TMaKeTa JId MaTeMaTudecknX Beraucaennil ” Mathematica
4.1 u mo3BOJAsSET pemaTh 3alqadn, comepkaiine 3 mapameTrpa. B cay-
“ae GOMBIIETO YHCAA MAPAMETPOB AJITOPUTM HO3BOJSET CTPOUTH TPEX-
MepHBIE CedeHNs MPOCTPAHCTBA MapaMeTPOB. IHCIeHHBIE PE3YIbTATHI,
MoMydeHHBIe, B YaCTHOCTH, /IS CJAydYas HHU3KOYACTOTHBIX KOaeOaHUN
MUJITHIPUIECKAX 000M0YeK XOPOIIO COTIACYIOTCA C Pe3yabTaTaM, 1Mo-
JyYeHHBIME JPYTHMEI aBTODaMM.

DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. Tompbgensenzep A. JI., Jlmackmm B. 3., Toectux 3. E. Cob6ognrre
KosebaHns TOHKUX yrupyrux o6omowex. 1979.

2. Daysp C. M., ToscTux 3. E., @umumnmos C. 2., Cmupuos A. JI. Acum-
OTOTUYECKHE METOABI B IIPUMeEpax 1 3ajadax. YdeOHoe mocobue, CI6.:
NagareasctBo C.-DeTepbyprckoro yunpepcureTa, 1997.

3. O’9ypke [Ix. Borancimrensnas reomerpus na C. Kam6pumaxk, 1998,

Analysis of characteristic equations by generalized
Newton’s method

I. M. Landman, A. L. Smirnov
St. Petersburg State University, Russia

An algorithm for the asymptotic solution of boundary value problems involv-
ing vibrations of thin shells of revolution by means of symbolic computation
is presented. The equations describing the vibrations of thin shells contain
several parameters, the main of which is the small parameter of the relative
shell thickness. Formal asymptotic solutions in different domains of the space
of parameters are obtained by means of computational geometry methods and
realized in "Mathematica 4.1”7. The study is limited to the cases for which
the asymptotic representation of the solution is the same in the entire domain
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of integration, and solutions are linearly independent (no turning points, no
multiple roots). The obtained results for thin cylindrical shells are in good

agreement with those obtained by other authors.

Kone6auua uuinHapudeckon o60J09KH,
NoJKpeIlJieHHOM IIacTUHaAMU

. P. Maxapenxo
(irina07@hotbox.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

3ajgada 0 HI3KOYaCTOTHBIX KOMeGaHNAX TOHKOW KPYTOBOW [IHAJIITH TPITe-
CKOM OCOMOYKY CpeqHel JIMHBI, TOAKPEIJEHHON MIACTHHAME, PAcCMa-
TpuBadack B padore C.0. Puannnosa [1]. Dblau moaydeHbl aCHMITO-
TrYeckne (HOPMYIBI, TO3BOJAIONINE BHIYUCAATHL HaMbOOMbINee 3HAYEHTE
MEPBON 9acTOTHL MPN (PUKCHPOBAHHON Macce KOHCTPYKITHH.

B mammon paGore mis mccaeqoBaHUS KoJaeHOaHUU MIINHIAPUYECKON 060-
JOYKHN, TOAKPEIJIEHHON KOJBIEBBIME TIACTHHAMI, MCIOJB30BAJICA H-
CIEHHBIA MeTO OPTOr OHAJIBLHOW MPOTOHKH.

Cucrema ypaBHEHUIl, ONUCHIBAIONIAA MaJble CBOGOTHBIE HEOCECHMME-
TpudHBIe KodebaHusa o6OJOYKN BpalleHusa, O6panach B HeszpazmMepHOM
Buje [2,3] u npuBoAMIACH K HOPMAABHOU (hopme

8
dy; .
I E aij (s, p, Ny;, i=1,...,8

j=1

rjle [ — MaJblll HapaMeTp, CBA3aHHBIN ¢ 6e3pa3MepHON TOMIIIHON 060-
JOYKHM, A — HUCKOMBIHN TapaMeTp 9acTOTHI. DaxokjeHue cOGCTBEHHBIX
3HAYEHNIN OJHOPOIHON KpaeBOH 3ada<n JJIA CHCTEeMBI THHERHBIX audde-
PEeHIMAIBHBIX YPABHEHUN OCYIIECTBIAIOCH MeToJoM nporouku [4]. Yu-
CIIeHHBIE DE3YabTATH METO/a MPOTOHKY CPABHUBAINCH CO 3HATECHUAMHI
MEPBOU 9aCTOTHL, TOAYYeHHBIMU TI0 ACHMITOTHYECKIM (POPMYyJIaM B pa-
6orax [1], [2]. Uccaenopanach 3aBUCUMOCTE MEPBOI 4aCTOTHl KOHCTPYK-
AU OT IMUPHUHBI KOJBIEBHIX TJIACTHH.

DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. Filippov S. B. Optimal design of stiffened cylindrical shell // 4th EU-
ROMECH, Mets, France. June 2000. Book of abstract, II, P. 545.



Cexrusa IV. Mexanuka gepopMapyeMoro TBEPJOro TeIa 201

2. Pumummos C. 2. Teopus CONPsKEHHBIX U 10 IKPEILIEHHBIX 060J0YeK.
C26.: Uzg-Bo CI6I'Y, 1999. 196 c.

3. Tombgenpemzep A. JI., Jlmgckuun B. O., Toectux 2. E. Cpo6ogmbie
KoseGaHus TOHKHUX YIpyrux oGomotdek. M.: Dayka, 1979. 384 c.

4. Daxpanos J. C. Hucnennsle MeToxH (aHamus, aire6pa, 0OBIKHOBEH-
uele auddepennuansasie ypapaenus). T. 1. M., 1973. C. 565-577.

Vibrations of cylindrical shell stiffened by plates

1. N. Makarenko
St. Petersburg State University, Russia

The vibrations of a thin cylindrical shell stiffened by identical rings are con-
sidered. The numerical sweep method is used for the calculation of the first
(fundamental) vibration frequency of a structure. The influence of the rings
width on the first vibration frequency is studied. The numerical and asymp-
totic results are compared.

DeJuHENHbIe MO/eJd TeOPUU BA3KOYIIPYTOCTH
3JIaCTOMEpPHBIX MaTepUuajoB

B. M. Maavxos
(venmalkov@pobox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B pa6oTe mocTpoeHBI onpefelAfomye ypaBHEHNA HEIMHENHON TeOpHH
BA3KOYNPYTOCTH JI JaCTOMEPHBIX MATEPHAIOB, KOTOPHIE OTANIAIOTCS
OT M3BECTHBIX OBIINX TEOPHH BAZKOYIPYTOCTH OTHOCHTEMILHOR TPOCTO-
TOA W MOTYT OLITH pealbHO UCHOAb30OBAHLI IIA PEIMIeHNA TPUKJIA THBIX
sagad. OCHOBHOHM IEAbIO MCCACIOBAHUA OBLIO MOCTPOEHNE TPHOINKEH-
HBIX MOJeJSeH OMPEeeqIoNnX YPaBHEeHNNA Aad yieTa JUCCHTIAINNA DHepP-
rud npu GOJABINX AUHAMUYEeCKUX AedopMalUsAX Tejl U3 Pe3mHONo 106~
HOT'O MaTepuaga. ITOT BOMPOC ABIAECTCA BechbMa aKTYyalbHBIM, OCO-
6eHHO B MpobieMax celicMo- U BHOPOM3OIANNE OOHEKTOB C IIOMOIIBIO
JACTOMEPHBIX JEMEHTOB. B YacTHOCTH TOJYYeHBI aHAJOTH MaTepH-
aJqoB Heor'yKoBcKkoro, Mynn—ousauna n Cen-Benana—Kupxrodga. dpu-
MeHeHWe YpaBHEHHWH MOKa3aHo Ha ABYX IMIOCKUX HEIWHEHHBLIX 3aJadax:
TMPOCTON CABUT CJAOA W KpyUueHHe NUINHIPUIECKOrO MapHupa I MO-
e HeOIYKOBCKOT'O BA3KOYIIPyToro MaTepuanaa. Onpegeisionine cooT-
HOILIEHUsA JUHEHHON TeopuH BA3KOympyroctu [1,2] oramdaiorcs oT Ju-
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HEMHOT O 3aKOHA yIPYT'OCTH Te€M, 9TO B HHX KOHCTAHTHI MaTepHajia 3a-
MeHEHBI MHTETrPAJbHBIME OTIEPATOPAMHE IO BPEMEHN. DTa AHAJOTUS MC-
MOMB30BAJACh U IIPHU MOCTPOEHNN ONPENENAONNX YPABHEHNN HeJIMHENH-
HOIl TeOpHUH BA3KOYHPYrocTH [3] ¢ moMolbio GyHKINOHALA CBOGOIHOL
SHEPTHH.

DaboTa BeIMoAHeHa TpH oA aepxkke IPDPU (rpant N00-01-00462).

1. Kpucrencen 9. Begenune B Teopuio Bsaskoynpyroctu. M.: Mup, 1974.

2. DaboTHop 0. 2. DreMenTH HacTeICTBEHHON MeXAHWKH TBEPILIX TeJl.
M., 1977.

3. Mamekoe B. M. DekoToprle Mogenn opeaesaioluX YpaBHEHI Heln-
HenmHON Teopmn Bsskoympyroctu // Bectamk CO6IY. 2002. Cep. 1,
Boum. 2(9).

Nonlinear models of viscoelasticity of elastomeric
materials

V. M. Malkov
St. Petersburg State University, Russia

The approximate constitutive equations of nonlinear viscoelasticity are con-
structed for elastomeric materials. In particular the models of neo-Hookean,
Mooney - Rivlin and Saint-Venant — Kirchhoff materials are obtained for vis-
coelasticity. These material models can be really used for solving of applied
problems.

Bausuue TeMIlepaTypbl Ha co6CcTBeHHEBIE YacTOThI
KoJiebaHuu AHU3O0OTPOITHOU IIJaCTHUHBI

I'. A. Mamseesa
(mga@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Hccaenyercs BAMAHUE TEeMIepaTyphl Ha COGCTBEHHBIE 9acTOTHI KoaeHa-
HUH OHOPOTHOW AaHM30TPOMHON TACTHHBI TOCTOAHHONW TOJIITHBL. Jac-
CMaTPUBAIOTCA BEICOKOYACTOTHBIE CABUTOBLIE KOJeGAHUA B HATPABICHIH
TOJMINHB TLTACTHHBI.

WuTepec K Takol 3ajade CBA3aH ¢ KBAPIEBBLIMU PE30HATOPAMHI, KOTO-
pble BBIMYCKAIOTCA B (popMe KPYTIBIX WIH TPAMOYTOJBHBIX MIACTHH U
UIMPOKO MCIOAB3YIOTCA B HacTosmee Bpems [1]. Bausuue Temmeparypbl
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Ha pabovyio YacTOTy KBapIeBOTO Pe30HATOPA CPABHUTENLHO HEBEINKO
1 MOXKeT OBITH OIEHEHO METOIOM BO3MYyIIeHNI. B obitemM cay«ae mpu He-
PaBHOMEPHOM HarpeBe Ha M3MeHEHNe BeAMYHHBI pabodell 9acTOTHl OKa-
3pIBaeT BauAHUE pAn GhakTopoB. B paboTe nccaenyeTca BAUAHWE TBYX
U3 HUX: TEMIEPATYPHHIX AehOPMAUll U TeMIEPATYPHOU 3aBHCHMOCTH
MOAYJMeH YOPYTOCTU. JacdeThl TPOBOAWINCE [If TIACTHH U3 MEIH U
cepebpa.

MeToaoM BO3MYINIEHUH HAHIeHBI MOMPABKH K COGCTBEHHBIM 9acTOTaM
KoJe6aHUN TIACTHHBL. BBIvanciaenbl KO3 PUIIeHTH abCOMIOTHRIX I OT-
HOCUTENbHBLIX TOMPABOK, He 3aBUCAIINE OT TOJIINHLI TITACTAHBI U TIepe-
majfa TeMIepaTyphl. BhiAcHeHO, 9TO MONpaBKHU, CBA3AHHBIE C TeMIIepa-
TYPHOH 3aBHCHMOCTBIO MONYJEN YIPYTOCTH, BHOCAT T'OPa3a0 GOMBIINT
BKJaJ B BEJUYHHY YaCTOTHI, 9eM TOMPaBKHU, 06yCAOBIeHHBIE TeMIIepa-
TYPHBIMU dedopMalinaMu.

1. Bauer S. M., Filippov S. B., Semenov B. N., Tovstik P. E.,
Vorokhovsky Y. L. The effect of the temperature on the vibration fre-
quencies of plane-convex plate of quartz resonmators // Proceeding of
the IEEE Frequencie Control Symposium 27-29 May 1992, The Hershey
Lodge and Convention Center Hershey, Pensylvania, USA. P. 603-606.

The effect of the temperature on the vibration
frequencies of anisotropic plates

G. A. Matveeva

St. Petersburg State University, Russia

The shift vibrations in the thickness direction of anisotropic plates are dis-
cussed. The effect of the thermal dependence of the elastic modulus and the
influence of the thermal strains are taken into consideration.

MarTemaTudeckoe MO geJupoOBaHUe KOJIE6aTe.JIbHOI<;I
CUCTEMBI CpedHEero yxa

I . Muzaces
(mikhasev@vgpi.belpak.vitebsk.by)
BuTe6cknii rocy1apCTBEHHBIT YHUBEPCATET, Jelapych

DpeaiaraeTcs MaTeMaTHKO-MEXaHHYIeCKas MOMENb CPENHETO yXa de-
JOBeKa, cocTosmas m3 GapabaHHOW MEPENOHKN W CONPAXKEHHOW C Hel
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CHCTEMBI 3BYKONMPOBOIAIINX KOCTOYEK (MOJOTOUEK, HAKOBANBHA, CTpe-
Me¥ko). [l TOCTPOEHNA MOeMN BBOAUTCA PAI JOMYIIEHHIL.
Bo-nepsoix, npenojaraeTca, 4To Ha GapabaHHYIO NEpPENOHKY OanaeT
HU3KOYACTOTHAA 3BYKOBad BOJAHA CIaboll MHTEHCHUBHOCTH. B »TOM ciy-
Yae MOJOTOYEK U HAKOBAJAbHA ABUIAIOTCA KaK eJUHOe ILEeJ0€e, COBepIIas
BpalaTelbHble KodebaHud BOKPYT OCH, IPOXOIAIIEH Yepe3 OCHOBaHIe
PYKOATKH MOJOTOYKA U [IMHHBI OTPOCTOK HakoBaabhu [1]. Doaoxe-
HIEe D>TOH OCH B IPOCTPAHCTBE CYNTACTCA HEM3MEHHEIM.

Bropoe npeano/oxenne CBA3aHO C OIMUCAHUEM EOMETPUYECKUX U (PU-
3UYEeCKUX TMMapaMeTpPOB MEPENOHKN. JDOCTIeTHAA MOASIUPYETCA TOHKON
O JHOCJIOWHON TIPEBAPUTEALHO HAMPAKEHHON H30TPOITHOR TOJOT 0N 060-
JOYKOH.

[IBiKeHNe IIepeNoHKN ONUCHLIBAETCA CHCTEMON ypaBHEHMH TOHKHUX IIO-
Jorux o6oJ09eK, a IBUKEHNE COMICHEHNA ~MOJOTOYEK — HAKOBAILHA
U CTpeMeHH — OOBLIKHOBEHHLIMH AudpepeHIuaJbHEIMA Y PaBHEeHHAMI
BTOPOI'O MOPAJKA.

M3BecTHO, 9TO HU3KOYACTOTHLIE KOJeOaHUA IePENOHKN yXa OTINIaI0T-
sl APKO BHIPaXKEeHHON doKaausamuei popm koaebauuii [1]. Tas onucanus
CBOGOIHEIX HU3KOYACTOTHEIX KOJAeGAHIA MOACIUPYEMON CHCTEMEL IIPH-
MEHAETCA ACUMITOTUYECKUN MeTo [2], MO3BOJNAIONMI DEIlleHUs YpaB-
HEHHUN ABUXKEHHUS IO0JOrOH 060I0YKYN HCKATh B BHAe (PYHKIUN, CLICTPO
yOBIBAIONINX BAa/dl OT HEKOTOPLIX JIAHMH.

1. Ko6pax I'. Cpegnee yxo. M.: ['oc. m3a-Bo MeIUIMHCKON JIATEPATYPHL,
1963. 456 c.

2. Toctux 3. E. ¥YcTommBocTh TOHKHX 060/I09€K: ACHMIITOTHIYECKIE
meTonel. M.: Dayka. Pusmariur, 1995. 320 c.

Mathematical simulation of vibrating system

of middle ear

G. I. Mikhasev

Vitebsk State University, Belarus

The mathematical model of the middle ear is proposal. The vibrating system

of the middle ear is considered as the system consisting of a thin isotropic
shallow shell and the chain of adjoint bars.
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SJellleHe HWHTerpo-auddepeHInalIbHOT0 YpaBHEeHUA
A1 c1aboHepaBHOBECHOU peJaKCUPYIOLIen cpeabl

B. A. Moposos, O. B. Cementox
(vaa@math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OpH CKATHW WIH PACTSKEHHH MaTephaia UMIYJIbCAMEU HAPIKEHIS,
MIUTEIbHOCTE KOTOPBHIX MEHBIIE BPEMEHN PeJaKCAllN MPOJOMbHBIX I
MOTIEPEYHBIX COCTABIAIONINK HAPAKEHNSA K CBOMM DaBHOBECHBIM 3HAMeE-
HUSM, TTPOABISETCA aHT aPMOHI3M KOMeOaAHNN PEMIETKN 3a CHeT GOABIION
ckopocTu BBOAa dHepruu. CaegcTBUEM 3TOTO SABIAETCA HEINHENHBIN
OTKJIWK CpeAbl HAa BO3AEHCTBYONIYIO HATPY3KY. ODPH JINTEIbHOCTAX
HMITYJIBCOB HATPYKEHNS, CDABHUMBIX C BPEMEHEM DeTaKCAIUi, TIPOIECC
MOXKHO CYIHTATH CIa0OHEPABHOBECHBIM.

B pa6oTe cucTtema OgHOMEPHBIX ypDABHEHUH [BUMKEHUS TBEDIOTEILHON
PeTaKCUPYIOIEn Cpelbl ¢ YpAaBHEHNEM COCTOAHUS, MOJYIEHHBIM O Me-
Toay Manpeibinrama - Jleonrosuua [1,2], cBoauTCA K OAHOMY HHTE-
rpoaunddepeHnaIbHOMY ypaBHeHUIO. KEro peliermne ocyiecTBaseTCs
YHCJIEHHO B JUHEMHOM MPUOANKEHNN. Je3yIbTaThl THCAEHHOT O MCCJIe 10~
BaHISA 3BOJIOIIH Y 1aPHO-BOJIHOBOT'O MPOMUIA B TIPOLECCE €T [BUKEHIS
B Cpejle CPABHUBAIOTCA ¢ NAHHBLIMH SKCIepuMeHTa [3]. DpoaHaluzupo-
BaHBI ACHMIITOTHYECKIE PEIIEHNA TOJYI€HHOT O YPABHEHNUSA /IS CAYIAEB,
KOTJa BPeMs PelaKCalliii MHOTO MEHBIIE [INTEeIbHOCTH BO3IeHCTBYO-
IeT'0 UMITYJIbca I MHOTO Goubliie ero. B mepBoM caytae 3ajgada CBOUTCS
K PEIEHHIO XOPOIIO M3BECTHOT'O YpaBHEHNsA JI0Prepca, BO BTOPOM — K
nuddepeHnINaTFHOMY YPABHEHUIO TIEPBOTO NOPAIKA. Je3yAbTATH WJ-
JIOCTPUPYIOTCA TPHU PA3JUIHBIX 3HAYMEHUSAX TapaMeTpa PelaKCallii.

1. Dygenko O. B., Coaysu C. 1. TeopeTmdeckne oCHOBHI HEIMHETHON
akyctuku. M.: Dayka, 1975.

2. Bacumbesa O. A., Kapa6yros A. A., Jlamumu E. A., Dygenxko O. B.
Bsaumonencrsue ogHoMepHBIX BOJH B cpegax 6e3 gucniepcun. Wza-Bo
MTY, 1983.

3. Mopozos B. A. OcobenrocTn Harpyxkenus, nedOpMUPOBAHUA U Pas-
PYIIEHUsT MATEPUATOB B CYOMUKPOCEKYH THOM U HAHOCEKYHIHOM [HUAIIa-
sonax mmmrenbHocTen [/ Momenm mexanmkm crimoumon cpenwl. C6op-
HPK 0630pHHIX JoKaaoB 1 aekrnmi X1V Mex nyHapo 1HOHM NIKOJIEL ITO MO-
nemraM MexaHmkn cronmHon cpeabl. M.: Uag-Bo MPDTH. 1997. C. 105 -
117.
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Solution to an integro-differential equation
for a slightly nonequilibrium relaxing medium

V. A. Morozov, O. V. Semenyuk
St. Petersburg State University, Russia

In the paper the set of one-dimensional equations of motion with the state
equation resulted from the Mandelshtam-Leontovich i1s reduced to a one
integro-differential equation. It is solved numerically in the linear approx-
imation. The results of the numerical analysis for the shock wave profile
evolution during its propagation in the medium are compared with the exper-
imental results. Asymptotic solutions to the derived equation are analyzed.

AcuMmnToTHYecKkne pellleHUA KpPaeBBIX 3a/ad
[AJs1 TOHKOI'O IIPAMOYTOJbHUKA 10 HECUMMEeTPUYHOM
Teopuu ynpyrocrTu

M. P. Mymadgan, C. O. Caprucan

(mmoutafyan@yahoo.com, afarmanyan@yahoo.com)

oMpuiicknit rocy apcTBEHHBIN TIearormbecKU HHCTUTYT, ApMeHus

Da3BUTHE HOBEIX MOJEJNEH, YINTHIBAIOIMINX MHKPOCTPYKTYPY MaTepH-
albHOIO KOHTHHYYMa, — OJHO U3 BeJyIINX HAyYIHLIX HalpaBIcHUI B
MexaHIKe TBepJoro Teda. K 9ucay TaKux Mofelell OTHOCHTCA MOMEHT-
Had WA HecuMMeTpudHad Teopud ynpyroctu (DTY) [1-3]. Dox Taknm
KOHTHHYYMOM IIOHHMAETCA cpefa, AedpopMalia KOTOPOH onpenelaeTcA
KHHEMaTHIeCKH He3aBUCHMBIME MOJAME IlepeMelleHnl I IOBOPOTOB, Ha-
NPAXKEHHOE COCTOAHHE - MOMAMH CHJIOBHLIX I MOMEHTHBIX TEH30POB Ha-
npsaxernii. B (OTY), kak u B kaaccudeckoi Teopnu ynpyroctu (KTY),
0co60e MeCTO 3aHNMaloT HCCACJOBAHNA, ITOCBAMICHHBIE TEOPHH TOHKHIX
CTepXKHell, ITaCTHH U 060/09€eK.

Kak m3BecTHO, MHOIHE BaXKHBlE PE3yALTATHI, ITOAYYeHHLIE B TEOPHH
cTepXkHEH, acTHH 1 06oa09ek 1m0 (DTY), 06BEKTHBHO CBA3BIBAIOTCA C
OpHMEHEHIEeM ACHMITOTHICCKOI O METOJA.

OcHoBHad Heakb JaHHOW paboThl - MOCTPOEHNE ACHMIITOTHIECKON CTa-
THYIECKOW TEOPHH TOHKOTO YNPYTOro TNPAMOYTOJbHUKA (CTEPXKHS) IO

(OTY).
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B ocHOBY paccykaeHHU TOJOKEHO CBOUCTBO HAIPAKEHHO-AePOPMHU-
poBanHoro cocroguus (D JC) TOHKONO yupyroro nmpaMOyToJbHEKA 11O
(DTY), HCHBEITHIBAOIIET O CTATHYECKHE BO3IEHCTBHA, BEIPAKAEMOE CTPYK-
TYPHOR (POPMYJION

(PAC)pogp = (PAC)gp + (DAC)kp

B 5ToM paBeHCTBe HHXHIMH HHIekcaMi oTMedeHBl mo (DTY) moaHoe,
BHyTpeHHee (T.e. TpoHHKallee B riay6h npamoyroasanka (D/C)) n
kpaepoe (D/C), KoTOpoe BOZHUKAET BOAM3H TOPIOB N GHICTPO (3KCIIO-
HEHINAJIBHO) 3aTyXaeT IPH yJajleHHH OT HIHX B INyOb Tela TPAMOYT Olb-
HUKA.

OCHOBHBIM TIPEMETOM PACCMOTPEHUS ABASETCA BOMPOC O MPUOIMKEH-
HBIX MeTO/IaX BHYTPEHHET O PAcdeTa MIPAMOYT OAbHUKA, T.€. OIpeIeJeHne
(D1C)gp mo (ITY), u kpaeoro pacdera, T.e. onpegerenue (D1C)yp
o (DTY). O6a MeToa cTpoATCA Ha 6aze aCHMITOTHIECKOTO (TP Ma-
JOH OTHOCHTENBHON TOJIINHE O6JACTH) WHTETPHPOBAHUA [TBYMEPHEIX
JNHERHBIX AuddepeHInalbHbIX YPABHEHAN IJIOCKOH CTaTHIeCKOH 3a-
gaqm mo (DTY) [2-4].

DOCTpOeHNEe BHYTPEHHET O HTEPANNOHHOT O MPOIECCA TTO3BOJAET MOCTPO-
UTh TPUKJIATHBIE TEOPUH M3ru6a U PACTAKEHUA-CKATHI TOHKOTO Mps-
MoyroapauKa o (DTY). Uaydaerca cTpykTypy norpancios. s onpe-
JeldeHns MoKasaTeld 3aTyxannda norpatciosa no (DTY) noaydgeHo coor-
BETCTBYIOIlee TPaHCIEHAeHTHOe ypaBHeHne. CTposaTcs GpyHKINEN THIIA
norpanciosa B (DTY), nokaseiBaloTca yeaoBus THIA 060CIIEHHOT OpTo-
roraapHocTH. N3yvaeTcs npobiaeMa B3anMOeHCTBUSA TIOTPAHCIOA C BHY-
TPEHHNM HAIPSKEHHBIM COCTOSHIEM MPAMOYTOJBHUKA MPH PA3INIHBIX
BUJAX [BYMEDHBIX IDAHUYHBIX YCJIOBHH Ha GOKOBBIX KPOMKAX IIPIMO-
yroaprnka mo (DTY), B pesyabraTe KOTOPOTO MOCTABAEHHBIE TPAHIY-
HBIE YCJIOBHS Pa3IelsioTcs MeX Iy BHYTDEHHEHN 3ajadell M 3ajadend IJs
MTOT PAHCJIOA.

1. Ambapuymsua C. A. Mukpomoaspuas Teopus 060JOYMEK W TLIACTHH.
Epesan: Uag-Bo 9AD Apmennn, 1999. 214 c.

2. Moposos 2. ®. Maremaruveckne Borpochl Teopun Tpemma. M.: Da-
yKa, 1984. 256 c.

3. Dambmob B. A. Diockas 3agata Teoprnn HECHMMETPHYHON YIIPYIOCTH
// OMM. 1964. T. 28, Bem. 6, C. 1117-1120.

4. Capkucsau C. O. AcuMmnroTudeckas Teopus W BapHaIlIOHHOE ypaBHe-
HIE TLIOCKOU 3a a9 YIIPYT Ol TOHKONU TIACTUHKH 10 MOMEHTHOU TEOPUK



208 Tpetrn IloraxoBckue ITeHOA

yrupyroctu // Hokmagsr DAD Apmenmm. 1999. T. 99, Ne2. C. 138-147.
5. Capkucsaa C. O., Myradpaua M. 2. BuyTpennss 3ajatda m30TPOIHOIO
YIIPYTOrO MPAMOYTOIbHUKA TI0 HECHMMETPUTHON Teopun yrmpyrocta [/

Mzpectna BY 3-0B. Cepepo- Kaskazckmm permon. EcrecTBemmbie Da-
ykum. 2000. Ne3. C. 141-142.

Asymptotic solutions of boundary value problems for
thin rectangle on the asymmetrical theory of elasticity

M. N. Moutafyan, S. O. Sarkisyan

Gyumri State Pedagogical Institute, Armenia

In this work the asymptotic theory for thin rectangle on asymmetrical theory
of elasticity is set forth. The interior iteration process and boundary layer are
constructed, their mating for various types of two-dimensional boundary layers
on the edges of the rectangle on asymmetrical theory of elasticity is studied.
Separate boundary conditions for interior problem and boundary layer are
detained.

O Jokaju3aluy MoBpPeX AeHUN B JedOopMUPYEMBIX
cpegax

M. A. Papbym
(narbut@mn7503.spb.edu)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Jlasi onmmcaHWA TPONECCOB HAKOIUIEHWS MTOBPEXTeHUH BBOJIUTCH HEJH-
HelTHOe ypaBHEHNE B YACTHBIX MPOM3BOIHBIX TapaboimvecKoro THIIA.
O6cyxk TaeTcs MaTeMaTHd9eCKasd MOCTAHOBKA KPAaeBHIX 3a/at. Da3pylile-
HUIO CPeJbl B TOYKe OTBeYaeT KOHEYHOe BpeMsA (TakK HasbIBAeMBIH MO-
MeHT 0BGOCTPEHNA), TPH KOTOPOM DellleHNe PacCMaTpHBAEMOT0 ypaBHe-
HI HEOTPAHHYIEHHO BO3pacTaeT. JPOCTOe MpeobpasoBaHue MO3BOJSET
mepenTn K GYyHKINN noBpexkaernocTn Kaganosa- DaGoTHoBa. B cayvae
MPOCTPAHCTBEHHO-O THOPO THOW 3a /a9l U3 yPABHEHNA B YaCTHBIX MPOM3-
BOJHBIX TIOIy49aeTca ypaBaenne Kadanoa-JaboTHoBa. B obmem cayae
TeOpHs OMUCHIBAET JOKATMIAINIO MOBPEXK EHUN, OOBITHO HAGJIIO TaeMY IO
B DKCOEPUMEHTAX. B MaTeMaTHYecKOM IiaHe MpemIaracMBbIll TOIXO
JEeXKUT B pycae uaen HaydHon mkoabl A. A. Camapckoro-C. 3. Kypio-
MOBa. B MexaHWKe pazpyIllleHHS aHAJOTHYHBIN MOJIXOJ] Pa3BHBAETCA B
nocaennee Bpems I'. . DapenbaaTTom.



Cexrusa IV. Mexanuka gepopMapyeMoro TBEPJOro TeIa 209

On damage localization in deformed media

M. A. Narbut
St. Petersburg State University, Russia

The nonlinear partial differential equation of the parabolic type is used in
damage mechanics to predict the time of blow-up and to describe damage
localization. The classical Kachanov-Rabotnov’s approach is considered as a
particular case. The similar approach was discussed recently by G. I. Baren-
blatt.

JlokanbHBIe (pOPMEI IOTEPH yCTOMYIMBOCTH
U KoJiebaHuM TOHKHX 000JI04YeK

P. B. Paymosa
(naum@phoenix.math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

UccrenoBanusaM B 06IaCTH COMPAKEHHBIX 000J0YEK MOCBAMIEHO A0CTa~
TOYHO MHOTO PaboT . :J0 GOJBIIMHCTBO W3 HUX KacaeTCHd TOIBKO 06070~
W€K BpallleHusi. B mokaae paccMaTpPHUBAeTCs CHCTEMA MBYX COMPSKEH-
HBIX 000J0Y€eK, OHA N3 KOTOPHIX ABIAETCS IMIINHAPAYECKON, a Apyras
— HenpsAMoill Kounveckoi. B paborax [1,2] moiydeHbl HyJeBoe u mep-
BOe MPUOINKEHIE IJI CACTEMBI COTIPSIXKEHHBIX 00O0M0YeK TPH PA3INIHBIX
FeOMeTPHIECKAX TapaMeTpax 060/I09eK. SHAUYeHNEe SKCIEHTPUCUTETA €
I KOHUYIecKon 060d0vKn BapbupoBagock oT 0 mo 0.9. B sTom cay-
“ae POpPMHI KomebaHuil 1 (POPMBI TIOTEPH YCTOUMNBOCTH JOKAIM3YOTCS
B OKPECTHOCTH Hambofee MIMHHON obpasyiommen (1n6o Ha MOBEPXHO-
CTH TOJABKO IIAJIIH IPUIECKON, 160 TOMBKO Ha TIOBEPXHOCTH KOHIYECKON
o6oaouku). B 5Toil padoTe 0cob60e BHIMAHHE YAEIACTCA CIydako, KOTAa
DKCUEHTpUCUTET € > 1. Ipu d>TOM oTAeaAbHBIE (HOPMBI KonebaHui u
G OpPMBI TIOTEPH YCTOMYIUBOCTH JOKAIN3YIOTCA B OKPECTHOCTH HamboJee
KOPOTKOH 06pasyiolen. JpeacTaBleHbl 3HAYEeHNA TapaMeTPOB YCTOM-
YHBOCTH U KOMeOAHWN, a TaKkKe COOTBETCTBYIONINX NepOPMUPOBAHHBIX
dopM, TOTYIEHHBIX METOOM KOHEYHBIX JIEMEHTOB.

DaboTa BhIMoMHeHa TpH o aepkke IPPU (rpart Ne 01-01-00327).

1. Daymosa J. B. Kone6annsa m ycTomMMBOCTE HENPAMON KpPyTI'OBOI KO-
mauteckon obomouku // Bectamk Moaogbix Yaemwix. 2001. BB 5,
C. 40-50.
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2. Daymosa J. B. Kone6amns n ycromamBocTh 060/M09€K, CONPAKEHHEIX
mon yraom // Becrrmk CI6IY. 2001. cep. 1, Bmm. 2, C. 78-86.

Local deformed shape of vibrations and buckling for
thin shells

N. V. Naumova

St. Petersburg State University, Russia

In the paper two joint shells are considered. The first shell is a cylindrical one,

the second shell is non right conic one. For the different geometry parameters
of shells deformed shapes are presented.

O6 ogHOU 3ajade MOMEHTHOU TEOPHHU YIPYTrOCTH
P. P. Poaszos

CankT-JeTepOyprcKuil TEXHUHMECKUA YHUBEPCUTET, JOCCHS

DpeanaraeTcs HeTPAJUINOHHBIA BBIBOJ YDPaBHEHUH ITOCKON MOMEHT-
HOW 3a/[a9l TEOPHUH YIPYTOCTH. 3a OCHOBY H6epeTcs JOCTATOTHO MATBIN
MPAMOYTOJBHBIN 3IEMEHT TOJ AeHCTBHEM JUHENHO M3MEHSIOIINXCH Pac-
MpeeqeHHBIX HArPY30K. D PU 3TOM BHYTPHU 3JIeMeHTa CINTAIOTCA CIpa-
BEIUBBLIMI COOTHOIIEHNUST KJIACCHIECKON TEOPUH YIPYTOCTH. JOIYIeH-
HBIE COOTHOIIEHUA A HANPSAKEHIH U fedpopMaliil TIO3BOMSIOT CBA3ATH
KJacCcu4vecKne YIpyriue noCcTOAHHbBIE ¢ MOMEHTHBIMH.

About one problem of elasticity moment theory

N. N. Polyakhov
St. Petersburg Technical University, Russia

A non-traditional consideration of equations of planar moment-problem of
elasticity theory is presented. An enough small rectilinear element is taken
as a basic one and considered under the action of linearly varying distributed
forces. Inside this element the classical elasticity theory can be applied. The
obtained stresses and deformations permit to find the relationships between

elastic constants and moment constants.
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Asymptotic analysis of buckling of anisotropic
cylindrical shells

A. L. Smirnov

(smirnov@bals.usr.pu.ru)

St. Petersburg State University, Russia

The purpose of the report is the generalization of the results of asympto-
tic analysis of thin shell buckling provided in [2] for anisotropic thin
cylindrical shells consisting of the matrix reinforced by fibers situated
in planes parallel to the midsurface. The governing equations are con-
sidered in the assumptions usually made for the Donnell theory. For
one parametric loading the critical pressure and modes are obtained by
means of the asymptotic method. In the report we analyze the governing
equations for buckling of the initial momentless (membrane) stress-strain
state of thin anisotropic cylindrical shells obtained in [1] for different
cases of loading. Similar to the case of an isotropic shell the buckling
mode is formed as a system of pits strongly elongated in the axial direc-
tion from one shell edge to the other, covering the entire shell surface.
The only exclusion is the case of the axially compressed shell.

As, an example, we consider several problems: (i) axially compressed
orthotropic cylindrical shell, (ii) anisotropic cylindrical shell under hy-
drostatic pressure, and (iii) torsion of anisotropic cylindrical shell. The
initial stresses may be sorted in the order of intensity of their effects on
the critical loading: t3, t3, and ¢;. If t3 = 0 or 3 < 0, and t3 # 0,
then the order of the critical loading increases. For the case (i), i.e., for
to =t3 =0 and t; > 0 we have A = O(1), for the case (ii) i.e. for ta > 0
and ¢, = t3 = 0 we have A = O(p?), and finally for the case (iii) i.e. for
t3 >0 and t; = {3 =0 we have A = O(p).

For orthotropic shells, in the assumption that ¢3 = 0 the solution has
the form w = sin k12 cos my, and the critical loading may be determined
by minimizing the expression for A with respect to the integer ks = m
while assuming that ky = 7/l is given.

For example, for buckling of cylindrical shell under hydrostatic pressure
with simply supported edges assuming solution in the form [1] after
minimization by m we get Aacri = Aop? + p*A1 + O(u®) where Ay =
2/27 (ﬂquz) /1 (E1(1 — 1/11/2)3/E2)1/4. The next term in the expression
for the critical pressure, (A1), depends on both shell anisotropy and
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boundary conditions.
The author gratefully acknowledges the partial support provided for this
work by Russian Foundation for Basic Research (grant Ne01-01-00327).

1. Haseganu E. M., Smirnov A. L., and Tovstik P. E. Buckling of Thin
Anisotropic Shells // The Transactions of the CSME. 2000. 24(1B),
P. 169-178.

2. Tovstik P. E. and Smirnov A. L.. Asymptotic Methods in the Buckling
Theory of Elastic Shells. World Scientific Publishing Co Ltd., 2001.

ACI/IMHTOTI/I"IECKI/II;'I aHaJINn3 }’CTOI‘/JI"II/IBOCTI/I
AHU3OTPOIITHBIX HNUJIUHIAPUYEeCKHUX ob6og049eK

A. J. Cmupnos

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

OcHoBHaA TIeab AoKAaga — 0606IIeHne Pe3yTLTATOB ACHMITTOTHIECKOTO aHa-
W33 TOTEPH YCTOMYMBOCTH W3O0TPOIHON TOHKWX 060J09€K, TPOBEJEHHOIO B
[2], Ha cIyYal aHM3OTPOIHON TOHKONW ITAIMHIPIIECKON 060JI0YMKHN, COCTOSMIIEN
W3 MaTPWIHI, MOAKPEILIEHHON HUTAMH, PACTIONOKEHHBIMHA B TLIOCKOCTH, Ta-
paIelbHON CpeJuHHON ToBEPXHOCTH 06ojo4uku. (OCHOBHBIE ypaBHEHHWS pac-
CMATPHUBAINCHL TIPU OOBLIMHBIX TPETION0KEHUAX, NCIOAb3YIONNXCA B TEOPHH
Jlonenna. [as oaHOMAapaMe TPIMIECKOTO HATPYKEHWUA TOTYy9eHB KPUTHIECKOe
NaBJEHNE W BUABI TIOTEPH YCTOMYIUBOCTH.

Boamyinenue cnekTpa cO6CTBEHHBIX YacTOT
KoJebaHuu o6oJioueK

A. JI. Cmupros, O. B. Deduyn
(smirnov@bals.usr.pu.ru, Olga@OF4380.spb.edu)
CankT-JeTepOyprcKuil TocyapCTBEHHBI YHUBEPCUTET, JOCCHUS

B nokaame paccMaTpUBaeTCA HAXOXKAeHHE COOCTBEHHBIX THCEJ BO3MY-
HieHHOU MaTpuibl A [n X n]:

oo N

AU = BOWU A= iAkﬂk, BN =Y

k=0 k=01i=1
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rie ji — 5To Maablil mapameTp, Ag = Al w A;, By; — npomsBoabHLIe
maTpulpl [n X n]. Takoro poaa 3agatdu BOZHUKAIOT, HAIIPUMED, TIPH UC-
CIeTOBAHUU CBOGOMHBIX KOJeGAHNT BPAIAIOMINKCA Tel, KOrJa MaTPHIILI
By; KococUMMeTpHYHBIE. AJTOPUTM MOCTPOEHUSA MOCIE0BATEIEHOCTH
OpUOAMIKEHUN [ HAXOXKAEHUA COOGCTBEHHBIX YHCEN TaKOW MaTPUIIHI,
peaqm3oBaH MPU MOMOINKA OPUKJAAJTHOTO MaKeTa JId MaTeMaTHIeCKUX
poraucaennn * Mathematica 4.1.” [lanHad peaansalns MO3BOJAAET CTPO-
uTh JI060€e Halepe I 3afaHHoe KOJMIeCTBO WICHOB PA3IOKEHUH B PAA O
MaJoMy mapaMeTpy s COGCTBEHHBIX BEKTOPOB U COGCTBEHHBIX YACTOT.
B paGoTe paccMaTpuBaioTcs caydal TPOCTHIX COGCTBEHHBIX KOPHEH Ma-
Tpunkl Ay, o6obiierHas 3agava Ha cOGCTBEHHBIE 3HAYEHUA, U TOCTPOe-
HHe CeKTpa Mydka onepaTopoB. s Kax Joro caydas MoayIeHbl aciM-
OTOTHYECKHE PA3JIOKEHUsA COGCTBEHHBIX 9aCTOT A U COOCTBEHHBIX BEK-
TopoB U kotebanuit o6omo4uku. B ABHOM Bue BBIMHCAHBI JBa NEPBBIX
WIeHA PA3JIOKEHUA MO i Add COOCTBEHHBIX 9acTOT M COOCTBEHHBIX BEK-
TOPOB.

B kadecTBe MpUMEPOB pACCMOTPEHBI 3a1a91 O KoJeGaHUAX Bpaliatole-
rocA MAAUHAPA € YIeTOM HAYATLHBIX HAPAKEHUH, BEI3BAHHBIX TEHTPO-
GEKHBIMU CHJIAMU, KoJeGaHNA BPAIAIOMIEr OCd MUINHPA ¢ YIeTOM CHJI
Kopuoanca u Komebanuax Bpalaonencsa 060J0YKE, IS KOTOPOH ypaB-
Henue (1) nmeer BUA

(Ao + QABy + Q%A, + AU =0,

rje {2 — MaJbli MapaMeTp, CBA3aHHBIN ¢ YTVIOBOU CKOPOCTHIO BPAICHUA.
DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. Huang S.C., Soedel W. Effects of Coriollis Acceleration on the Forced
Vibration of Rotating Cylindrical Shells.

2. Daysp C.M., Tosctuk 3. E., ®Puwmmnmos C. 3., Cmupuos A. JI. Acumi-
TOTHYECKHE METOAL B IpUMepax W 3ajadax. YdebHoe rocobue, CI6.:
Nag-Bo CO6I'Y, 1997.

3. Dayasp C.M., Toectuk 2. E., @umummos C. 2., Cvupuos A. JI. Acummn-
TOTUYECKHE METOIB B MEXAHUKE TOHKOCTEHHBIX KOHCTPYKIMM. Y<eb-
Hoe mocobue, CI6.: Mag-Bo CI6I'Y, 1995.

4. Bummk M. U., Jocrepuux JI. A. Delllenne HEKOTOPHIX 3a1ad O BO3-
MYIIEHUHU B CIy9ae MaTPHUI] U CAMOCOIPSIKEHHBIX WU HECAMOCOIPIKEH-
HBIX nuddepeHImarbabIX ypaBHenuit // Ycnexn MmaTeMaTHIeCcKnX HayK,
1960. T. 15, Bam.3 (93).
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Perturbations of shell vibrations spectra

A. L. Smirnov, O. V. Fedchun
St. Petersburg State University, Russia

The algorithm of construction of the eigenvalues and eigenvectors for the per-
turbed matrices are considered. The non-self-adjoint perturbation is typical
for the free vibrations spectra of rotating solids. The algorithm realized in
”Mathematica 4.1” permits to construct the arbitrary number of terms in se-
ries for eigenvalues and eigenmodes. As an example spectrum of vibrations of
the rotating cylindrical shell with initial strains due to centrifugal and Coriolis

forces is considered.

O gedopmManum KarcyJbl XPpYyCTAJIUKa
Npu aKKOMOJalluu

A. C. Tunsaces

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Xpycraauk npejcTaBiaseT cO60M TOHKYIO 060M0YKY, HATTOMHEHHYTO TPak-
THYECKN HECKUMAEMON KU ITKOCThIO. B cBOGOTHOM COCTOSHIN KAlCyJa
XpycTananka TpuHUMaeT cdepudeckyio dopmy. MHWecaenmyeTea aedop-
Malud XpycTaanka MpH pacTAXKEeHUW CHIaMM, HalpaBIeHHBIMHU OT IIeH-
Tpa XpyCcTalmKa M JeXKAIMIMH B IUIOCKOCTH v, TIPOXOIAIIEH Yepe3 ero
1eHTp. B paboTe He yUnTHIBaeTCA, BAUAHUA HA XPYCTAMNK CTEKJIOBHUI-
HOTO Tejda raaza. VIHTepec K JaHHOW 3afade BHI3BAH NOABJIECHUEM B
mocleHee BpeMs psifa HOBBIX Teopni akkoMmojaruu. B pabore moay-
YeHO aHAJUTHYeCcKoe pellleHne 3ajda4u o hopMe XpycTaanka 1 U3MeHe-
HUU JaBJIeHNA BHYTPEHHEN XKUIKOCTH TP aKKOMOJAINN. YCTAHOBIEHO,
9TO NMPHU JaHHOM HarpyxXeHnu, obe MOJOBUHKM OOOJOYKN XPYCTaJANKA,
ToJay<acMble CeMeHNeM €ero IJOCKOCTBHIO «, MIPUHUMAIOT Gopmy chepu-
9eCKOI'O CerMeHTa, MPUYeM ¢ POCTOM fAedopMallii, KPUBU3HA MOBEPX-
HOCTH YMEHBIIAETCA. JPOU3BEIeH aHAIN3 TOJYYEeHHBIX DPe3yIbTaTOB
JVIA PA3INIHBIX HAYadbHBIX TApaMeTPOB CHCTeMBI (pajguyc paccaabieH-
HOTO XPYCTAlNKa; PAJNyC XPYCTaInKa, HAMOJHEHHOTO XKHJKOCTHIO) W
Pa3INYHON CTeNeHH aKKOMOAuN (PACTAKEHUA OGOJOIKN XPYCTATHKA
B INIOCKOCTH ). BBIACHEHO, 9TO [ HAYaJbHBIX TTAPAMETPOB, COOTBET-
CTBYIOIINX PEATHEHOMY XPYCTATUKY, HAGIIO 1aeTCA TIEPEMEHHBIN TIPOIIECC
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MOBEIEHNSA TaBIeHNA BHY TPEHHeN K gKocTn. (CHavYaza IPOUCXOAUT Pe3-
KU POCT, a 3aTeM MafaeHWe MaBIeHUSA. JadaJbHOTO YDPOBHA JaBleHIe
JOCTUTAeT TpH 2-3 KPaTHOM PACTAKEHNN XPYCTAINKa B MIOCKOCTH .

DaboTa BeIMoaHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00234).

On the deformation of the lens at accommodation

A. S. Tipyasev
St. Petersburg State University, Russia

Deformation of the lens under the forces directed from the center of the lens
and lying in the plane is discussed.
The form of the deformed lens and change of the internal pressure are estab-

lished.

O KOHIOeIInmnun co6CTBEHHOT O BpeMeHU B MeXaHHuKe
CINVIOIIIHBIX Cpej

I'. /. Dedoposcruti
(G.Fed@pobox.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DJOKa3aHO, YTO NP COOTBETCTBYIOIIEN HOPMUPOBKE TAPaMETPOB, yPaB-
HEHHA TOJ3yHYeCcTH, pelaKcalun, TOCTUKEeHUA Ipejesaa TeKydecTn U IMo-
BPEX1aeMOCTH CILIOUIHBIX Cpell MOI'YT HUMeTh B[ YHUMDUINPOBAHHBIX
KBa3WINHENHBIX WHTET PAJbHBIX COOTHOIIEHNN DoabiiMaHa-BoasTeppa u
Delln B 1IKajde COGCTBEHHOTO (BHYTPEHHETO, SHIOXPOHHOTO) BPEMEHTI.
DeNHENHOCTh YYUTHIBAETCS CBA3BIO0 DHIOXPOHHOTO U 1ab0paTOPHOT O
BpeMeHE B BHjle (DYHKIUEN WA WHTETPAIbHOrO (DYHKIIMOHAIA. JOCTPO-
€HBbI COOTHOIIEHUA A CAYyIaeB ~ MPOCTOTO” M CJAOKHOTO HANPAKEHHOT O
COCTOAHUI M30TPOMHBIX U AHH3OTPONHBIX CPef. D0 TOAYYeHHBIM JaH-
HBIM U3 ONBITOB YCTaHOBJEHA CBA3b MacITaboB BHYTPEHHEI'O BPEeMEHU
CO CTPOEHNEM MAaTepHalIoB, nxX (QuamdecKuMn (hazsoBBIMH, CTPYKTYD-
HBIMH) TIEPEXOTaMIL.

About the concept of own time in mechanics
of continuous media

G. D. Fedorovsky
St. Petersburg State University, Russia

It is shown, that for under appropriate normalization of parameters, equations



216 Tpetrn IloraxoBckue ITeHOA

of creep, relaxation, reaching of the point of fluidity and damage of continuous
media can look like unified quasi-linear integrated equations of Boltzmann-
Volterra and Baily in the scale of own (internal, endochronic) time. The non-
linearity is taken into account through determined endochronic and laboratory
time as a function or integrated functional. The equations for cases of ”simple”
and complicated intense condition of isotropic and anisotropic media are built.
The dependence of scales of internal time on the structure of materials, their
physical (phase, structural) transitions is determined on obtained data from

the experiment.

PacnpocTpanenue HecTallMoOHAPHBIX Y/JapHBIX BOJIH B
CTPYKTYPHPOBaAHHLIX cpeAax

T. A. Xanmyaesa
(khan@math.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DpobieMa pacnpoCTpaHeHns yIaPHO-BOJHOBOTO (PPOHTA MPOM3BOIBHON
HHTEHCHBHOCTH B CPejle CO CJAOXKHOW BHYTPEHHEN CTPYKTYPOU B HACTO-
Aliee BpeMs BecbMa akTyadbHa. OTmIcaHme TpOIeCCOB MEPEHOCA B YCIO-
BHUAX, JaJeKUX OT TepMOIUHAMUYECKOT O paBHOBecus TpebyeT y4deTa 3d-
P eKTOB KOLIEKTHBHOT O B3ANMO IENCTBUA DIeMEHTOB BHY TPEHHEN CTPYK-
TYPHI Cpellbl, MHOIOMAacIITabHOCTHU TpoleccoB oOMeHa M CTPYKTYPO-
o6pa3oBaHmsa, CTPYKTYPHHIX TepexoqoB W camoopranmszamum. Mate-
MaTudecKad MoJelb MTUHAMUKHN CTPYKTYPHPOBAHHBIX cpesl Heo6X0 Mo
JOJKHA OBITH CaMOCOTJIACOBAHHON (¢ OOGpaTHON CBA3BIO), MPOCTpaH-
CTBEHHO-HEJOKAJIBLHOW M C MAMATHIO.

DazBUBAEMBINl ABTOPOM CAMOCOTJIACOBAHHBIN HETOKAJIBHO-THIAPOINHA-
MUYeCKUN TOAX0N (asmpyeTcsa Ha pe3yapTaTax HEPABHOBECHOU CTa-
THCTUYIECKON MEXAHWKN W WCIOAb3yeT MaTeMaTHYeCKWH amlmapaT Te-
OpHUE HEJMHEWHBIX OMEPATOPHBIX CHCTEM CIENHAJBLHOTO BHAA. Ja €ro
OCHOBe cOopMyJAupOBaHa 3ajada O IJIOCKOM yaape MO MOJIYyIpOoCTpaH-
CTBY, 3allOJHEHHOMY CPEeNOW C PEeTaKCHPYIONel BHYTPEHHEH CTPYKTY-
poun. WMuTerpo-auddepennuaibaas cucTeMa ypaBHeHWH OagaHca I/
MJIOTHOCTER MACCHI, UMITYJAbCA W 3HEPTHUH, BKJIKYAMONIAd BKIAL KPYI-
HOMACIITAOHBIX (PAYKTYAINil, CBOAUTCA K CHCTeMe HEINHENHBIX Olle-
PaATOPHBIX YDaBHEHNH C BETBAIINMIUCA PeIIeHUAMN. JOJYYeHHBIE W3
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TPAHUYHBIX YCJAOBHUI HeJIWHENHBIE (DYHKIIMOHATBHBIE COOTHOIIEHUS, 3a-
MBIKAIOIINE 3Ty CUCTEMY, ONPEAeAOT BPEMEHHYIO DBOJIOINIO CIEKTPa
XapaKTePHBIX MacIITaboB BHY TPEHHEN CTPYKTYPH cpebl. [ncKpeTHBIN
A HEPaBHOBECHOI'O Ipollecca CHEKTP MaclITaboOB CTPYKTYPHL B IIpe-
MEMBbHBIX CAyYasdx 3aBepINeHHON WM 3aMOPOKEHHOHW pelaKkcalliil BHY-
TpeHHEN CTPYKTYPHI CPeNbl CTAHOBUTCS HENPEPHIBHBIM U YKa3BIBAET
rpaHuiibl 06JacTh AeUCTBUA MEXAaHUKN CILIOIIHON CPefbl. DT COOTHO-
LIEHNUA TO3BOJAIOT OMpPeNeInTh, B KaKiie MOMEHTH BPEMEHN U TTPU KaKuxX
TPAHUYHBIX YCIOBUAX, TPOUCXOAAT BETBICHUSA PEMIEHIH, COOTBETCTBYIO-
e CTPYKTYPHBIM MepexoiaM B cpefle. B Towm [mcie MOXKHO olipe e nTh
YCJAOBHUA, IPU KOTOPBIX NOPOrOBHIM 06pa3zoM M3-3a Pe30HAHCHBIX MHO-
roMacHITabHBIX MIPOIECCOB MPOUCXOMNT KaTacTpoduieckoe N3MeHeHne
CTPYKTYPHI Cpe/lbl.

Dpuban:KeHHOE TOIYAHATUTHYECKOE DEIIEHNe 3a a9 ONMMCHIBACT ANHA-
MUKY MHOTOCTYIEHYIATOr0 (PPOHTA, a TakXkKe N3MeHEHNE CBOUCTB CPebI
3a (ppOHTOM B pe3yabTaTe HeoOpATUMBIX CTPYKTYPHBIX IEPEXOI0B.

1. Khantuleva T. A., Mescheryakov Yu. I. // Intern. J. Solids and Struc-
tures. 1999. Vol. 36. P. 3105-3129.

2. Khantuleva T. A. // CP505 Shock Compression of Condensed Matter-
2000 Amer. Inst.Phys. 1-56396-923-8/00. P. 371-374.

3. Khantuleva T. A. // J. Phys. 4 France 10(2000) EDP Sci., Les Ulis.
2000. P. 485-490.

Non-steady shock wave propagation in structured
media

T. A. Khantuleva
St. Petersburg State University, Russia

The problem of the moderate intensity shock wave propagation in the medium
with the complicated internal structure is of a prime interest at present. The
correct description of the processes in conditions far from thermodynamic equi-
librium requires taking into account the effects of collective interaction of the
medium structure elements, multi-scale energy exchange and structure forma-
tion, structure transitions and self-organization. Mathematical model describ-
ing the structured medium dynamics should necessarily be self-consistent (with
a feed back), non-local in space and include the memory. The new approach
developed by the author is based on the modern results of the non-equilibrium
statistical mechanics and uses the mathematical technique inherent to the
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special type nonlinear operator sets. A problem on the plane shock in semi-
space full of a medium with the relaxing internal structure is formulated in
scope of the theory. The set of integro-differential balance equations for the
mass, momentum and energy densities including large-scale fluctuations is re-
duced to the nonlinear operator set with the branching solutions. Non-linear
functional relationships derived from the boundary conditions and making the
set complete determine the temporal evolution of the internal structure scale
spectrums. The discrete spectrum under non-equilibrium conditions becomes
continuous in the limiting cases of the complete and frozen relaxation not-
ing the limits of the continuum mechanics validity. These relationships allow
determining when and under what conditions the branching of the solutions
corresponding to the structure transitions in a medium occur. The condi-
tions under which catastrophic structure changes treated as a fracture appear
in a threshold way on account of resonance effects can be determined in this
framework. An approximate semi-analytical solution describing the multi-step
front dynamics and the medium properties changes occurring behind the front
on account of the irreversible structure formation has been obtained to the
problem.

D eKOoTOopble COOTHOIIEeHUA AedOpPMAIlMOHHON TEOpPUH
JIACTUYHOCTU [/ HUAeaJbHO YNPYromjJacTUYECKOI'O
MaTepuaa

A. H. llumos
(krylov@krylov.spb.ru)
2NN nmenn akax. A.2.KpbuioBa, CankT-JeTepbypr, Joccus

DaccMaTpUBAETCA HECKMMAEMBIN MAaTEPHA, 1A KOTOPOT'O CBA3b MEX Iy
HHTEHCHBHOCTBHIO JAehOPMAIN €; U HANPAKEHUU 0 XapaKTepU3yeTcs
HJ€AJbHO YIPYTOIMIACTHYECKON nmarpaMMon 6e3 ympounenus. [luas
IJIOCKOT'O HANPAXKECHHOI'O COCTOAHUA NPH YCIOBUU TEKYYeCTH 0 = OT
MPUPAIIEHNs TIaBHBIX HANPSIKEHNH, BHIDAXKEHHBIE Hepe3 MPUPAIICHIs
JedpopMalinii, MOTYT OBITH MOAYyYeHBI W3 YPABHEHUU TEOPHH MAJBIX
YOPYTOIIACTHIeCKHX AeOopMAaIinii

4
doy = ga—gek (emder — epden,) (k,m =1,2). (1)
e

i
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W3 ycaous Tekydectn ¢ ydeToM (1) MOXKHO HOXYIHTH

doy = dos = 0, (2)

9TO TO3BOJIACT YCTAHOBHTH OTCYTCTBHE NMPHPAINCHIA HalPAKEHUI MO
clle TOCTHKEHHA Npefeta TeKy9IeCTH. OPH 5TOM BEIWIWHBLI HAIpAZKe-
HEI, YIOBACTBOPAA YCIOBUIO TEKY9IeCTH, MOTYT OBITh MPOH3BOILHLIMA.
M3 (1) caenyer

€9 d62
2-2 3)
€1 d61

CooTHolrenne (3) onpeaeadaeT NMOCTOAHCTBO OTHOMIICHUA rZ[(%(l)OpMaHI/II‘/,I
B ILIACTUYECKOU O6JaCcTH. SOCKOJIbe opu MIpoCTOM Har'pyXKEHHHU OHO
CIIpaBeOJaMNBO /A pryFOﬁ 3agavdn, MOXHO caejJaThb BBIBOL O IIOCTOAH-
CTB€ OTHOIICHUA rZ[(%(l)OpMaHI/II‘/,I B KOHerTHOﬁ TOYKE KaK B yIOPYI'OM, TakK
1 B INIACTUYIECKOM COCTOAHMMH.

,HJIH IIACTHH I 060J09eK ycniansa Tl, T2 BEIpaXKarTCA depe3 ;[e(l)opMa—
jennis Cpe,[[HHHOﬁ IMOBEPXHOCTH W IIpHUpalllcHUA KPHUBU3HEBEL K1, Ko IIO H3-
BECTHBIM (l)OpMyJIaM, colepxkKallliM HHTEer'paJbl IO TOJIINHE 060JOYKN.
N3 sux (l)OpMyJI IIPpH BBIIIOJTHEHNN YCJAOBUA TEKYI€CTH MOXKHO IIOJNYIUTH

Tik1 + Toks = or(ein — €i2), (4)

rle €1, €2 - HHTEHCUBHOCTDL MedopMalnil Ha HapyKHOH W BHYTpeHHEH
HOBEPXHOCTAX 0GOJOUKI.

[lna OUeHKN KpHTHYeCKHX HaTrPy30K IIOTEpH Hecyllel CIoCOGHOCTH B
KadeCTBe KOHEYHOTO COOTHOIIEHHA MOKHO NCIONb30BaTh (4). OTHore-
HIA KOMIOHEHTOB fedopmMaliuil, Bxoadimme B (4), HaxogaTes u3s (3) mo
YIPYTOMY PElIeHIE0 KOHKPETHOM 3aJadH.

D PUBOAATCA MPUMePHI HCTIOAL30BAHNA MPEIOKEHHOT 0 METOa A Pac-
9eTa KPHTHYECKNX HArpy30K IIOTEpH Hecyllell clocoGHOCTH 060M09eK
HOIBOHBIX TEXHUIECKIX CPECTB.
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Some relations of deformation theory of plasticity for
ideally elasto-plastic material

A. 1. Shytov
Krylov Shipbuilding Research Institute, St. Petersburg, Russia

The incompressible material is considered, for which the connection between
the intensity of strains and stresses is characterized by the elastic-plastic dia-
gram without consolidation. The method for calculation of critical loads of a

carrying capacity loss is suggested for shells of submarine technical devices.
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Cexkmnusa V.

NcTopusa
MexXaHUKHU

O pa3zBUTHUM reolleHTPUYeCKON KOHIIEIINN
MHUPO3 AaHUA

B. P. Aaexcandpos
Cepepo-3anagnas akajJeMusa oCyJapcTBeHHON cayxk6bl, CankT-JeTepbypr,
Joccus

B mokaa e paccMaTpuBaeTCs HCTOPUA CO3TAHUA T€OMEHTPIUIECKON Kap-
THHBI Mupa. FEe ocHoBaTeaeMm sBiaseTcs Apucrtorens. Cpemm apyrux
VYIEHBIX JAPEBHOCTH, PA3BUBABIINX DTy KOHIEMIIO, 0c060 CleayeT BbI-
JeanTh ['mnmapxa, CINTAIErocs OCHOBATeJIeM HAy9IHOU acTPOHOMUMN,
n DToJeMes, 3aBEPIINBIIETO TIOCTPOEHNE 3TOW Teopuu. |'eoleHTpute-
cKasg KapThuHa MHUpa JToJeMes IIPOCYIIeCTBOBata 0e3 BCAKNX M3MEHe-
Huil 14 BEKOB, BILIOTH 10 TosgBIeHns B 1543 r. B Diopubepre TpakTara
Konepruka ”O6 o6pamennn Hebecubix cep”. Coznannas IToleMeeM
KHHEMATHIECKAsA TEeOPHs NBIIKEHNA IIaHeT, HaOMIOJaeMOro ¢ 3eMIH,
BBICOKO OIEHMBAETCA W COBPEMEHHBIMI ACTPOHOMAMIM.

On development of the geocentric conception of the
universe

V. B. Alexandrov

North-Eastern Academy of State Service, Saint Petersburg, Russia

The general ideas of Aristotle, Hipparchus, Ptolemy describing the history of
development of the geocentric world picture are stated in the report.
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Dpodeccop Anaromun AHapeeBud I'pub

0. 3. Aaewxos

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

A. A Tpu6 (17.09.1912-6.11.1978) mocrynux B JIT'Y Ha Qusuko-maTe-
MaTudeckuin pakyabTeT B 1930 T., mociae ero OKoHYaHUA — B ACIH-
PaHTYpY 1o Kadeape rIApOadPOMEXaHUKN MO HAY IHEIM PYKOBOJACTBOM
C. A. XpucrtunanoBuya.

DesyapTaToM obydeHus B acmmpanType (1935-1938) A. A. T'puba sBu-
Jack ero guccepTamnud ’ 'uapoquHaMudeckas T€OPHa B3PBLIBHON BOJIHEL
xoTopyio oH 3amuTua B 1940 r. B ToMcKoM yHUBepcHUTeTE.

Onwupascek Ha ucciaegoBanns . JuMmana, . E. Kounna, C. A. Xpuctu-
aHOBWYA, OH I 5TOH HOBOW 3afa4n (zagaunm A. A. T'puba) onpegender
cxeMy pacliafja HaqalbHOT'O PasphiBa: K CTEHKe MOGEeKUT caabbill pas-
PBIB (BOJHA DPaspelKeHNs), CTAHOHAPHBIN CHIBLHBIN DasphlB OTAENAET
ra3oBYIO BOJHY OT YAapHOW BO3AYIITHOU, MpUYeM mepen GpoHTOM yaap-
HOW BOJHBI HAXOAUTCS HEBO3MYIIEHHBIN BO3AYX. JOCTABICHHYIO HEJ-
HeHHYIO Tazo uHaMudecKkyio 3agady A. A. I'pu6 pemma co Bcenl mMoaHO-
TOW U OPUTHUHATBHOCTBIO.

M mocTpoena ruapoAnHaMuYecKasd TeOPUsA NeTOHAINN.

Oredecrpentas BoliHa (1941-1945) sacrana A. A. T'puba B Jenunrpae.
C sBakyanmen yauBepcuTeTa B CapaToB oH ¢ aBrycta 1942 r. paboraeT
Ha Kadeape ruapoaspoMexannku. B mepnon 1941-1946 on 6L11 mekamoMm
dhaxyabTeTa 1 pykosoaua Kabeapoi (1942-1944).

A. A. T'pub guran kypc razoBon gunamukn. Jlekummn AnaToaus Auape-
eBIYa BHI3BIBAIU GOJBIION WHTepeC, NHO OBLIN MOCBAIIECHB AKTYATLHBIM
npobieMaM B 00MacTH paKeTHOU TeXHWKH W BapbiBa. OHU ABIATCA
BEIWKOJENHON [MeMOHCTpANEH MAaTeMAaTHIeCKUX METO0B, CO3TaHHBIX
D. DUMaHOM [IJIS PeIlleHNs HEeIMHENHBIX KPAeBbIX 3a1a¢ IS YpaBHEHUN
€ 9ACTHBIMU MPOM3BO THBIMH.

Kpyr mayunaeix natepecoB A. A. I'puba Gbir upesBbrvaino mmpox. OH
OB HAYIHBIM KOHCYJIBTAHTOM pAJa HCCAeNOBATENLCKAX WHCTHTYTOB.
A. A. I'pub — CKpOMHBLIN T OT3BLIBIUBLIN 9eJOBEK, KPYIHBIA YIeHBIH.
CBoell KU3HBIO U TBOPYECTBOM OH BIIHCAJ 3aMEYATENbHYIO CTDAHUILY B
ucropnio CakT-ODerepSyprekoro (JIeHNHIpajcKoTo) yHEBEPCHTETA W
HaYKH DOCCHH.
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Professor Anatolii Andreevich Grib

Yu. Z. Aleshkov
Saint Petersburg State University, Russia

This thesis deals with the scientific work of the professor A. A. Grib.

Jyccko-dpaHiy3cKue HAy4Hble CBA3Y B Pa3BUTHUU
mexauuku B Doccun (XVIII — wagamo XX BB.)

A JL. Jonamyzun, H. E. Jonamyzuna

(ppall@postbox.spu.ru)

WMucTuTyT cTaTHCTUKN akaieMun HayK, |anBaHb
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

DeryJsSpHBIN B3aUMHBLIE 0OMEH HayYHOU mHpOPMALTEN MeX Ty JOCCHen
u Ppannmen wadajics B Hadate X VIII Bexa, korga Derp I B 1717 roay
MOCETU B Japuke paAl yIeOHBIX W HAYYHBIX YIPEXKJeHUU U GBI Tep-
BBIM POCCHAHIUHOM, M36pAHHBLIM NHOCTPAHHBIM 9JIeHOM DapUKCKON aKa-
JeMun HayK. B nagpHeneM MHOTTE POCCHUCKNE yUeHble ObLTH M36paHbI
B JapuXKCKYIO aKaleMUIo HayK. JepPevdNcanM yYeHBIX-MEeXaHUKOB, M3-
OpaHHBIX aKaJTeMUKAMM.

Briaatoruiicst yaenbiin Mexanuk Jleonapm Diaep — CBEPXIITATHBIN HHO-
crpanubil wien (1755), wraraei (1761). WMcnancknit wHkeHep A. De-
TaHKYD, KOPPECTOHJEHT To cekunu Mexauku (1809), oamH m3 opra-
Hu3aTOpPOB JeTepbyprckoro Kopmyca MHxkeHepoB myTen cOOOIIEHNS.
M. B. OcTtporpackuii, KOppecIOHAEHT Mo ceKinn MaTeMaTukn (1856).
9. JI. YeGriuieB, KOPPECTOHAEHT o cekunu MaTemaTuku (1860), wHo-
crpanHubiil dieH (1874). D. A. 3abyjackuil, KOPPECIOHIEHT MO CEKIHN
mexanuku (1911), A. M. JlanyHoB, KOPPECTIOHAEHT O CEKINH MaTeMa-

Tukn (1916).

Russian-French connections in development
of mechanics in Russia

A. L. Lopatukhin, I. E. Lopatukhina
Academia Sinica, Institute of Statistics, Taiwan
Saint Petersburg State University, Russia

History of development Russian-French scientific connections is discussed.
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Mexanuka snoxu Bospoxgenus (k 550-1eTuso
Jleonapgo ga Bunum u 500-aeTuio /Ixwuposamo
Kapaano)

A JL. Jonamyzun, H. E. Jonamyzuna, P. P. Poaszos
(ppall@postbox.spu.ru)

WMucTuTyT cTaTHCTUKN akaieMun HayK, |anBaHb
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS
CankT-JeTepOyprcKuil TEXHUHMECKUA YHUBEPCUTET, JOCCHS

Orpomuoe pykomucHoe Hay4dHoe Hacaeaue Jleonapmo aa Bue4dm oTHO-
CATCA K TakKuM paszHooOpasHbIM 06JacTAM HAyYHOI'O M TEXHUYIECKOIO
3HAHUA KaK MeXaHWKa [IBUKEHUA Tel, CONPOTUBIACHUE MaTepHuaJoB,
CTpoUTEeNbHAA MEXaHUKa 1 apxuTeKTypa, nu3obpeTeHrne Pa3invIHbIX Me-
XaHN3MOB BOEHHOT'O W XO3SANCTBEHHOTO HazHAYEHWS, THAPABINKA Ha-
COCOB, TeOpHUsA JeTAHWUSI W YCTPOUCTBO KPBLIA, YCTPOUCTBO MApPAIIOTA,
ACTPOHOMEYECKNE ABICHNUA, TEOMETPHYECKAs ONTHKA (TeOPUA 3peHH),
aKyCTHKa, I'eONOTHA U NaJeOHTONOT A, alPOHOMUA U OHOJIOTUsA, aHATO-
Mud U MequiinHa, puaosorus.

Jleonapgo na Burwnm 3aTpoHyI P BaXKHERITNX TEOPETHIECKITX BOMPO-
COB: cmJa TAXECTH M cBOOOMHOe TafgeHue Tel, GaqaucTuveckoe IBH-
JKeHMe, TBUKEHNE MO HAKJIOHHOW IIOCKOCTH, TPUPOIa TPEHUsA, TEOPHs
IPOCTEHIINKX MEXaHN3MOB (pBIdar, 6J0K U Ap.), TPWHINI CIAOKEHHA CIII
U ONpefeNeHNs MeHTpa TsxKecTH, Koaebanus Tea u ap. OcHoBHas Me-
ToRONOTMIecKadA 3acayra Jleonapao 1a BuH4anm cocTonT B ycTaHOBIEHNN
JOTHYECKON CBA3M MEXKTY TeOPHEH U HKCIEPUMEHTOM B HAYKE.
Ilxxmpoaamo KappaHo, 3aHUMasch MaTeMATHKON, B MeXaHUKE MPOCIa-
BIiCS m306peTeHNeM ~KapJaHOBa MojABeca’ THPOCKOINA U KapJ aHHOTO
BaJa.

Mechanics in Renaissance: to 550-anniversary
of Leonardo da Vinci (1492-1519) and 500-anniversary
of Girolamo Cardano (1501-1576)

A. L. Lopatuchin, I. F. Lopatuchina, N. N. Polyakhov
Academy Sinica, Institute of Statistics, Taiwan

Saint Petersburg State University, Russia

Saint Petersburg Technical University, Russia

The large (and partly not edited yet) scientific legacy of Leonardo da Vinci,
the great scientist of Renaissance epoch in Qvattrocento, concerns to techni-
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cal engineering of mechanisms, theory of motion, building and architecture,
hydravlic, wing flight theory, astronomy, geology, paleontology, agriculture,
anatomy, philology. As to principle of mechanics of motion his ideas concern
to free falling of bodies, gravity force, ballistic motion, friction action, center
of gravity determination, vibration nature, etc. As to Girolamo Cardano, in
spite of that he was a mathematician but his principle of technical mechanics
and engineering of the so-called ”Cardano’s gyroscope” and other devices are
well known.

JeTepbyprckasa mikosaa Mexanuku B XIX cToneTun
(x 300-1eTHIO TOpPOAA)

A. J. Jonamyzun®, H. E. Jonamyzuna™**, P. P. Poasazos, E. P. Poasarosa™*
(ppall@postbox.spb.ru, pol@astro.spbu.ru)

*MECTATYT CTATHCTAKA aKaleMHAN HayK, 1alBaHb

**CankT-JeTepOyprcKuil ToCyAapCTBEHHBI YHUBEPCUTET, JOCCHUS
CankT-JeTepOyprcKuil TOCYAAPCTBEHHBIN TIOJUTEXHUIECKWT YHUBEPCHTET,
Joccus

Da npotrskennn XIX B. Hapagy ¢ JeTepbyprckonn AkajgeMuenl HaAyK Bce
6oJiblliee 3HAYMEHTE TPHOOpeTaNn (PUBUKO-MaTeMaTHd9ecKne hpaKyIbTeTh
YHUBEPCUTETOB U BHICHIAA TexHIYecKas mKoaa. B 1809 r. B JeTepbypre
6511 ocaoBaH Kopryc nHikenepoB myTen coobuierus. B mepuoa ¢ 1820
mo 1830 rr. B Hem paboraan dppanmyssr I'. Jame (1795-1870) u 3. Kaai-
nepor (1799-1864).

DepPBBIM DPYCCKUM YYE€HBIM, MOMYYHBIINM €BPOMENCKYI0 M3BECTHOCTD,
6u11 Muxanmn Bacmabesna Octporpagcknit (1801-1862). Octporpan-
cKUll 06OTaTHI MEXAHUKY PAIOM (DYHIAMEHTATBHBIX OTKPBITHH U SBIICS
OCHOBaTe eM GOMBIITION PYyCCKON IIKOMBI MEXaHNKOB. BbIgatormmmcs mpe-
crasuTeraeM >Tof wkoabl 66 O. M. Comos (1815-1876), Hay4HEIE WH-
Tepechbl KOTOPOT'O KOHIEHTPUPOBAINCH HA AHAIUTHYECKON MeXaHWKe I
MaTeMaTHIECKON (PI3NKE.

D. JI. Yebrimen (1821-1894) — ocHoBaTenb DeTepOypreKoil MaTeMaTH-
YECKOU TIKOJHI.

B MuxanmoBckonl apTmiiepuiickonn akajemun paborarsn 2. B. Ma-
meBckuil (1823-1892), KoToporo HaseIBallH ~MEPBEIM GANINCTHKOM B
Espone”, M. A. Beimserpaackuit (1831-1895), ocHOBHBIM HalpaBIeHIEM
HCCaeIOBAHUN KOTOPOIrO ABAANACH TEOPUA PETYINPOBAHMSA XO 1A MAIINH,
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. K. Do6euten (1842-1917), A. B. Tanomnn (1828-1892), 5. A. 3a-
Gyackmit (1853-1917). Dadorsr [. K. DobrlieBa TOCBALIEHB MEXAHIKE,
TUAPOANHAMIKE, MaTeMaTudecKon (pusnke, emy mpuHagiexknT ~Kypc
AHAJINTHYEeCKON MeXaHWKN B MBYX TOMAax, H3JaHHBIN B JeTepOypre.
DOJBIION BKJAJ B Pa3BUTHE TEOPUH YOPYTOCTH W COMPOTHBICHUSI Ma-
Tepuamo BHecan [I. . 2Kypasckui, A. B. Tagoaun, X. C. TogoBus,
B. JI. Kupnuies — yvennkn M. B. OcTporpamckoro.

Kpymuenmmm jocTHxReHneM MeXaHUKN KOHIa XI1X B. ABIIOCH CO3 TaHIIeE
TeOpPUN YCTOMIMBOCTH JBUKEHIS, OCHOBOOMOKHIKOM KOTOPOU OBLI BhI-
OyCKHUK DeTepOyprckoro yaneepentera A. M. Jlanynos (1857-1918).
Otkpertie C. B. Kopanebckoii (1888 r.) HOBoOTO cilydas BpalleHHA TBED-
JOTO Tejda BOKPYT HEMOABUAKHOW TOYKH 3aBEPIIMIN MCCIETOBAHNA yie-
HBIX IO TEOPUH THPOCKOINA, BOCXOMAIINME K JUIepy. 3a 3Ty paboTy
C. B. KoBaneBckas moJyduaa TpeMuio DapukKcKOl aKaJleMIl HAYK.
Bricokyio omenky tpymos A. M. JlsnyHoBa o gpurypax paBHOBeCHs Bpa-
MIAOIIENCA KUIKOCTH naa A. DyaHkape.

Petersburg’s school of mechanics in XIX century
A. L. Lopatukhin®, I. E. Lopatukhina®**, N. N. Polyakhov, E. N. Polyakhova™*

*Academy Sinica, Institute of Statistics, Taiwan
**Saint Petersburg State University, Russia

Saint Petersburg State Polytechnical University, Russia

Works of Saint Petersburg’s scientists in the field of classical mechanics in XIX
century are discussed.

K 200-netuio co aHA poxjaeHuA Jujibca XeHpUKaA
Adens (1802-2002)

K. B. Manyfiaos
(elena@tech.spb.ru)

OAQO 7Co6-Texnonorus”, CankT-deTepbypr, JOCCHs

B 2002 roay, 5 aBrycra ucnoanmiock 200 jgeT co AHA DPOXKIEHUA Be-
JUKOTO HOPBEXKCKOT'O MaTeMaTHKa Juibca XeHpuka AGess, co3marens
AHAJUTHYECKON TeOPHN HA3BAHHBIX IO €r'0 MMeHW abeleBBIX (PYHKIUI
U THTETPAJIOB, PyHIAMEHTAILHBEIM OCHOBAHIEM KOTOPOU SBAAETCH TEO-
pema AbGens |, ompegenstomnias ux aInTHBHBIE CBOUCTBA.
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XoTsA cOGCTBEHHO MEXaHWMYECKUM 3ajadaM MOCBAIIEHB! JUIL TP pa-
601wl D. X. Abeas, moctpoennas K. I'. Axobu, 2. Dumanom, K. Beiiep-
mrrpaccoMm, P. Kiaennom, I'. Be6epom, mx mociaegoBaTeqaMn U yIeHT-
KaMI Teopls abeleBHIX PYHKIHI (MIpecTaBAAONIK COGOH TPUTOHOMe-
Tpudeckrue (QYHKINH alreGpandecKuX W MeXaHHIeCKNX KPUBBIX), HMe-
fOIl[asi CBOMMH KODPHAME, TPEJIONPENEIUBIINMI €€ CTPOEHHE, MEMYaPhI
Abenss n B ocobennoctu Teopemy I, siBaseTca KiarodeBON KakK I MeXa-
HUKH, TaK U Ui MATEMATHIeCKON (PU3UKH.

DpuBeeM OCHOBHBIE TATH KU3HE . X. AGelst, COMPOBOANB NX KPATKIM
mepevHeM Ha3BaHUH OCHOBHBIX €70 MEMYapOB.

1802 r. Duawsc Xenwpuk Abenwr pommiaca b aBrycrta 1802 roga B cembe
macTopa MecTevdka PuHTe.

1821 r. Duabc XeHpUK OKaHYMBAET IIKOAY U MOCTYIAET B YHUBEPCUTET,
T jle MeHee deM ¥Yepe3 Ba roJja caaeT o6g3aTelbHbIN SK3aMEH U MOJY IaeT
CTeleHb KaHauaaTa Guiaocoun.

1825 r. Duapc XeHpHUK OKaHYIMBAaeT YHUBEPCHTET U MOJYYAeT CTHUIIEH-
QU0 U COBEPIIEHCTBOBaHMA oOpa3zoBanusa B ['eTTunrene n Dapuixke.
B xomnte 1826 roga A6eas nybaukyet memyap ” VcciegoBatme mo Teopun
DIMATTATECKIX PYHKINHA” .

1828 r. Do BozBpamenuu B JopBeruio Abeib MOIyYaeT JOMKHOCTD J0-
meHTa. B pesyabTaTe ycmamh psga (GppaHIy3CKHX MaTeMAaTHKOB BOZHIU-
KaeT BO3MOXHOCTH MpeNogaBaHus B OEPINHCKOM yHUBEpPCHTETEe. DO B
xonie rojga A6erb nHaumnaeT 60eTh m BecHon 1829 roga y Hero ot-
KPBIBAETCSA CKOPOTEYHASA 9aXOTKa. 1ak W He MOMyYuB MPUTJIAIIEHUS B
DepauH, rje OH OLI YTBEPKIEH B MOJKHOCTH J0IeHTa, AGenb CKOH-
qajgca 6 anpeas 1829 roga.

To the bicentenary of Niels Henric Abel’s birth
(1802-2002)

K. V. Manuglov
OAQO ”SPb-Technology”, Saint Petersburg, Russia

On 5th of August, 2002, the bicentenary of great Norwegian mathematician
Niels Henric Abel was celebrated. Abel was the originator of the analytical
theory of the Abelian functions and integrals. This theory is based on Abel’s
Theorem I that indicates additive characteristics of Abelian integrals and dif-
ferentials. The short biography of Niels Abel and his main mathematical
proceedings is given.
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DayuyHasa gesaTeabHocThb E. A. Yrpiomosa
C. K. Mameees, B. P. Ycxos

(smat@rambler.ru, uvn@peterlink.ru)

CankT-JeTepOyprcKuil TocyapCTBEHHBI YHUBEPCUTET, JOCCHUS
DaNTHICKAN TOCYAapCTBEHHBIN TEXHUIEeCKAN YHABEPCATET,
CankT-JeTepbypr, Joccus

EBrenunit AnexcangpoBuy pogmics | mas 1934 roga. Docie OKOHYAHUS B
1958 1. Jlenmurpaackoro BoenHo-MexaHNIeCKOT O WHCTATYTA OH pado-
Taa B KoHCTPpYKTOPCKOM GIOPO CPENCTB MEXaHW3AINN. JOCHe 3aIliThI
KaHguaaTckoll anccepranun (B 1968 roxy) Eprenmit AnexcaHgpoBH<
6bw1 npuraaines B QUMMM Jlennarpagckoro yHuBepcuTeTa Ha JTOTK-
HOCTBH PYKOBOUTeNs JdabopaTopun. MHOTO CHJA OH OTAad CTPOUTENb-
CTBY HOBOW J1abopaTOpHH, MO €ro PYKOBOACTBOM B I'. DeTPOJABODIE
CO3/1aH HOBBIN Ta30IMHAMUYECKHN KOMILUIEKC C YHUKAJBHBIMEU 3KCIIE-
PUMEHTAJBHBIMI YCTAHOBKAME. JTO MO3BOJUIO Pa3BEPHYTH HAYYHO-
HCCaeIOBATENBCKIE PAbOTHL MO MINPOKOMY CIEKTPY TpobJjeM, CBI3aH-
HBIX C CBEPX3BYKOBBIME CTAIMOHAPHBIMI W HECTAIMOHADHBLIMHI TEYEHN-
AMH Ta3a, AINHAMHUKOW yJIapHBIX BOJH, a’pOJMHAMHUKON pa3pekeHHOrO
raza, MEOT O a3HBIMI TeYeHIAMN.

E. A. YrpioMoB pyKOBOJUI MHOTUMHI HAY9HO-HCCIEIOBATETBECKIMI Pa-
60TaMu, BHITIOJHSABIINMUCA 110 JOCTAHOBIEHUAM D PaBUTETBCTBA, B CO-
orBeTcTBUE ¢ TaHaMu CeKNuu NpUKJIATHBIX mpobaem JAD m deme-
PATBHBIME IefdeBLIMU TTporpaMmamu. B 1992 r. on ycmemno 3ammTua
JOKTOPCKYIO MUCCEPTANNIO, Pa3paboOTAHHBIN UM HOBBIN MOIXO/ K MCCJIe-
MOBAHWIO BBICOKOYACTOTHBIX aBTOKOMEOATENBHBIX PEKIMOB B3aNMO et~
CTBUA CTPYHU C TperpafaMil, UMEOIINI BaXHOe HAYIHOE U IPUKJIA THOE
3HAYEHNE, PEATMIYETCS B PA3JMIHBIX OTPACAAX TPOMBIILIEHHOCTH.

B cmucke maywwbix Tpyaoe E. A. Yrprowmopa 6oiee 130 mHammenoBa-
HUI, B TOM YHcJae MOHOTpadusi, 14 aBTOPCKUX CBHUIETEIbCTB, 7 yie6GHO-
MeTogumdeckux nmocobuu. B 2001 r. muka mayanaerx pabor E. A. Yrpio-
MoBa (B COCTaBe KOMIEKTNBA aBTOPOB) OTMeYeH DepBOil MpeMueH
CaHKT-DeTepOyprcKoro rocy 1apcTBEHHONO YVHUBEPCUTETA.

B utose 2002 r. Eprennnn AmexcaHIpOoBUY CKOPOTOCTHKHO CKOHYAJCH,
MpepBaiach ero MmiIofOTBOPHAA NeATEIbHOCTD.



Cexrua V. Heropus MexaHuKH 229

Scientific work of Ugrumov E. A.

S. K. Matveev, V. N. Uskowv
Saint Petersburg State University, Russia
Baltic State Technical University, St. Petersburg, Russia

There is a summary of results of professor Ugrumov E. A. (1934-2002) scientific
work in the report.

Dukoaan DUKOJIAEBUY O OJAXOB —
HesoBek ¢ 60JbIITON GYKBLI

A. P. Mepxun
(a.berlin@worldnet.att.net)
Docton, CITA

B mokmane pacckasbiBaeTcs O MAJO M3BECTHBIX SIU30ONAX KUHU U [e-
ATeapHOCTH MPod. I.2D. JoasaxoBa. Bco CBOW KIM3HB JUKOMAH IJUKO-
JaeBUd DOMAXOB TMPUXO I Ha MOMOIIE W 3AIUIIAJ JIOJeH, KOTOPHIX He-
3aCIyXKEHHO TpecienoBain. [leans ol 5To ¢ GOJBIINM MacTEPCTBOM, U
MHOTHTe BCIIOMUHAIOT ero ¢ TIAyS6OKOH GJIaroqapHOCThIO.

On Professor N.N. Polyakhov

D. R. Merkin
Boston, USA

On some episodes of life of Prof. N.N. Polyakhov, who helped and protected
people.

JDpobigeMa JeTepMHUHH3MA B MeXaHUKe MPUPOTHBIX
ABJ€HNN

M. A. Mupxun

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B paBoTe paccMoTpeHBI OCHOBHBIE MPOTHBOPEYNs, BO3IHUKAIOIINE TPU

OTMCAHUH TPUPOTHBIX ABIEHUN. DOKA3aHO, 9TO B CHIY CYIIeCTBYIOIIEH
JOKAJBHOCTH (PU3NYECKUX IIPOILECCOB, TPAJIUIHNOHHBIE TeOpeTHYecKue
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MOAXOABI JAalOT CYIIECTBEHHYIO MOTPEINIHOCTD. JTa MOTrPEIHOCTE CBA-
3aHa IOpexJje BCErO C TEM, YTO B 3HAYUTEILHON YacTH TEOPETHIECKUX
MoOJelell NPaKTHIeCKH He YIATHIBAIOT CAYYalHYIO COCTABIAIOIIYIO.
ITa coOCTaBAAIONIAA ONpeaeaaeT HeOOpATHMOCTE IIPOMCXOIAIINX H3Me-
HEeHNH B 3aMKHYTOU MeXaHUYIeCKOHW CHcTeMe. JPH HTOM ee BKAaJ CTa-
HOBUTCH TEM 3HaYUTEILHEH, 9eM GOJblle BLIOPAHHBIN MPOCTPAHCTBEH-
HO-BPEMEHHON MacIITab pacCMOTpeHHA. B cOOTBETCTBUN C HUM yBe-
JUYUBAETCA MOIPEIIHOCTD OIMMCAHUA C IOMOIIBIO JeTePMUHUPOBAHHBIX
Mojenell Hab/IIo JaeMbIX MEXaHUYECKIX IIPOLECCOB.

The problem of determinism in mechanics of natural
phenomena

M. A. Mirkin

Saint Petersburg State University, Russia

The main contradictions taking place in describing natural phenomena are

considered in the report. It is noted that traditional theoretical approaches
give a significant error because a random component is not taken into account.

K uCcrTopuu 3agavdum o CBO60,C[HOM ImageHnum TeJa

I'. K. Muzaiiaos

(gkmikh@viniti.ru)

DOCCHUICKII HAWIOHAILHEI KOMHUTET IO TE€OPETUIECKON W IMPUKJIA THON
Mexanuke, MockBa, Joccus

3ajgada 0 cBOGOTHOM TaNeHUN TeJd Ha 3eMie PeJCTaBIgeT cOG0H OIHY
U3 TpPEBHENMNX MPOOIeM MeXaHWKW, MPUBIEKABIIYIO BHUMAHNE yIeHBIX
C AHTHYHBIX BPEMEH. Ja MPOTAKEHUN ABYX THICAY JeT CTPOWINCH Pa3-
JUYHBIE CHEKYJIATHBHBIE TEOPHUH, MBITABIIHECH OOBICHUTD IPUINHY Ma-
nerus Teqa. C cepequnbl XVII Beka cTamm mpeqnpuHIMATHCS TONBITKE
TEeOPETUIECKOT O I DKCIIEPUMEHTAIBHOI O N3YHeHNS TPAeKTOPHH CBOGO I-
HOT'O TajeHus Ha Bpamaoleics Jemae. OTKIOHEHME TAAIOMNX TET K
BOCTOKY 6v1I0 m3BecTHO ete Laaumeto. B guckyccunn I'yka ¢ DpioToHOM
o TpaekTopun nagafommux Tea (1679-80) mociaegHHIl TakKe BBICKa3al
MBICJIB O BOCTOYHOM OTKJIOHEHUH TMAJAIONINX TeJ, HO JOIYCTUI CHAYAIA
ommboYHOE CyXKeHNe O MaJbHeNIel UX TpaekTopmu. |yK Xe ykazana
W Ha I0XKHYK COCTABJIAMIIYIO OTKIOHeHHs. ~Dadana’ IbIOTOHA TaJM,
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Ka3aJock OBI, TOJMHBI OTBET HA MOCTAaBJIeHHHIN Bompoc. K DbIOTOHY
BOCXOIUT W YCTAHOBJEHUE ABYX KPUTHYECKHX HAYAIBHBIX CKOPOCTEN
MeTaHUs TeJa, HA3bIBAEMBIX TeNePh MEPBOU W BTOPOW ~KOCMHYECKUMMT
cKopocTAMI” .

OnHako TPYAHOCTH B MOHUMAHWUN faXkKe BEPTHUKAIBHOTO TAeHN W Me-
TaHUSA Tl UCIBITHIBAIN KaK MOJOION Jiiaep, Tak u 3peibin Jlarambep.
D€epPBBIM BBIYMHUCANT BEANINHY OTKJIOHEHNS A AMINX TeI K BOCTOKY aH-
TINYaHUH JMePCOH, KOTOPHIN TIOMECTHI CBO€E DellleHne B yiUeOHUKE aJ-
re6pel (1764) B KadecTBe IpuMepa Ha NpuMeHeHHe nponopiui. O gHako
OHO He OBLIO 3aMeveHO yUYeHBIMU-MexaHukamu. QOBITHO HTO pelleHme
OPUTNHCHIBAIOT HTATbAHIY yibeabMubn (1789), mySau+dHO OpPeIIOKNB-
[IeMY HCHOJb30BATH OTKJIOHEHUS MAJAOIINX Tel B KAYeCTBE DKCIEPH-
MEeHTAJbHOTO [OKA3aTeJbCTBA BPAIIEHUA J3€MJN U BHI3BABIIEMY STHM
auckyccuto B Tananm, koTopas ocTanach Henm3BecTHa B EBpotie K ceBepy
oT AJbI. DepBble, MajlO M3BECTHBIE M3MeDEeHUs OTKJIOHEHWH IIajaro-
WHX Tel nposet uraibsaen Tagman (1796). DesaBucHMO TaKHe OMBITH!
IpeAIpHHIMAINCH Mo3XKe DertenGeprom (1802-04) u apyrumu. DaHHIe
OTBITHl TOATBEPUAN OTKJIOHEHNS MAJAIOMINX TeJd K BOCTOKY, HO TaKkKe
K 1Ory.

Bompoc 06 oTkaoHEeHUAX A JAIOMINX TeJ BHI3BaJI OCIINPHYIO JUTEPATYPY
B kouI1e XIX u Havame XX B. Dpelu3noHHbIE SKCIEPIMEHTHL, TPOBETEH-
Hble m3BecTHHIM (usmkoM Xomaom (1902) u HECKOIBKO Mo3kKe XareHoM
(1911), He magm OKOHYATEIHHOTO OTBETA 06 OTKIOHEHHAK K IOTY W TTOPO-
MU TadbHENIne TeOPEeTHYMECKIEe NCCAeNOBAHNSA, B KOTOPHIX yINTHIBA-
Jach n HeC(hEPUIHOCTD 3EMIIN. JOCiae MEPBON MUPOBON BOWHBI HHTEPEC
K 5ToMy Bompocy modTtn yrac. CoBpeMeHHBIE BEIYHCINTENbHBIE KOCMO-
HaBTHUYECKIE MPOTrPAMMBI 6€3YCJIOBHO MOTJIN 6Bl BHECTH 3€Ch ACHOCTH,
HO, OXOXe, 9TO OHU He HUPUBIEKANNCH A PEMICHUS CTOMb ~ aKa feMu-
TeCcKoT0” BOIpPOCA.

On the history of the free fall problem

G. K. Mikhailov

Russian National Committee of the Theoretical and Applied Mechanics,
Moscow, Russia

The free fall phenomenon set one of the oldest problems of mechanics. During
two thousands years philosophers developed various speculative explanations
for the cause of the fall. Aslate as in the 17th century Galileo laid the founda-
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tions of scientific doctrine of motion. From that time started a discussion on
eastern and southern deviations of falling bodies on the rotating Earth, which
lasted during more than two centuries. Hooke and Newton took part in the
early stage of this discussion. The first elementary analysis of the eastern de-
viation was given by Emerson (1764) and it was confirmed in experiments by
Tadini (1796) and other scientists of the 19th century. The southern deviation
was being investigated theoretically and experimentally up to the first quarter
of the 20th century without definitive results.

Bkaang B mexanuky lllapasa Doccro.
E. A. Mopozoea, B. Hl. Axoeace

(iakovlev@psu.ru)

DepMcknn ['ocygapcTBeHHBI YHUBEPCATET, JOCCHA

Doablyio poab B pazsuTun Mexaunku X VIII B. cwirpaanm paboTer Jo-
CCIO, TAJaHTIMBOTO (PPAHIY3CKOTO MeXaHWKa, MaTeMaTHKa, HCTOPUKA
nayku. TeopeTudeckie m >KCIEPUMEHTAJTBHBIE PE3YABTATHL €ro paboT
CTAJU OJHUM U3 3TaOB (POPMUPOBAHNA OCHOB KIACCHIECKON MEXAHUKH.
Nlasi Toro, 9ToOH ysicHUTH Kak moHmMana Mexaunuky . Doccro, ero
OCHOBHBIE HIel, ObLI MPOBe/eH anaan3 ero patot ”WUccaenoBanue o Han-
BHITOHeTIIeM mosoxkeHun maoTnr” (1764) m ”OcHoBaHuA MexXaHHKH’
(1775).

Jlast m3ydeHns MeXaHWIeCKIX NBIIKEHNH, JOCCI0 MCKYCHO HMCHOJb30BAJ
aHAJIUTHYeCKUN anmapaT auddepeHInaibHbIX YPaBHEHUI [TBUKEHN, a
TaKXkKe almapaT WHTErPAJbHONO MCYUCIEHNs. JYIKHO CKa3aTh TaKikKe,
9TO TPHU PEMIeHNN TOA00HBIX 3a1a9 OH UCIIOAb30BAI Te XKe 0603HAYMEH S,
KOTOPBIE MBI HCTIOJIb3yEeM W CEIvac.

DPOBeIEHHBIN aAHAJI3 MOKAZBIBAET, ITO TBOPYECTBO JOCCIO — 3aMeTHAs
Bexa B DazBUTHN MEXAHWKH, 5TO OBLIO €CTECTBEHHOE U HEOOXOIMMOe
pasputue ugenn CreBuna, JobepBaas, Bapuuabona, /[latambepa, cTapiree
npero el (hOPMUPOBAHNA CTATUKA B TBOPYECTBE JYyaHCO.

Contribution into the mechanics by Charles Bossue

E. A. Morozova, V. I. Yakovlev

Perm State University, Russia

Two of the research works by Bossue are reviewed. The importance of his
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theoretical and experimental results in mechanics of the XVIIIth century is
emphasized. His contribution into the development of mechanics is noted.

O6 ucciaegoBanum J. J. JOJAXOBLIM HAYIHOI'O
Hacaeaus M. B. OcTporpajckoro no MexaHuke
(k 200-1eTu0 OcTporpackoro)

P. P. Poaszos, E. P. Poasxosa

(pol@astro.spbu.ru)

CankT-JeTepOyprcKuil TEXHUHMECKUA YHUBEPCUTET, JOCCHS
CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B 50-e roger D. D. DoaAxoB (CT.) NPEANPHHAT TPYI0EMKYIO paboTy
o mccaefoBannio HaywHoro Hacaegus M. B. Octporpanckoro (1801-
1862) mo MexaHmWKe. DTO MCCAeJOBaHUE OBIIO MPHYPOUEHO K BBIMYCKY
aKaJeMmieckoro m3ganus mabpanuabix TpygoB M. B. Octporpamnckoro
(nox pepakumeii akagemuka B. M. Cmuprosa, 1958 r.) no caydato 150-
aetuss M. B. Octporpaackoro B cepun ”Kaaccukn vaykun” . B oTiamtme
OT HEOKOHYEHHOTO ABYXTOMHOIO U3 naHuA [1] 3T0 oHOTOMHOE 106UIIei-
Hoe magatue [2] cogepxkano e Toabko Tpyasl M. B. Ocrporpajckoro,
HO ¥ OOIIMPHBIE KOMMEHTAPHUN K HUM. JPEANPUHATOE TO3HEE KHEB-
CKOe TpexTOMHOe H3janue [3] okasamoch HamboJjee MOMHBIM U Y1a9HO
[AOTIOJHUIO TIPEAIIECTBYIONe. XOTA cTaThd . . Jodaxosa [4] o pe-
ayapraTax M. B. OcTporpamckoro mo Mexannke ObLTa TIOMEIEHA B M3-
nanue [2] B paszgen " Dpumedanus K paboram M. B. Ocrporpanckoro”,
OHA TMPENCTABAAET CAMOCTOATENBHBIN HAYYHBI WHTEpEC. O CAydaro
wegapaero 200-reTrero wbmmes M. B. OcTporpaickoro Mel HamoMu-
HaeM ee OCHOBHBIe Togoxkenus. Wasectro, wro M. B. Ocrporpaacxkui
611 aBTOpoM 6odee 60 HaywHBIX padoT, 30 MoHorpadwmin um yde6HO-
MeTogumdeckux mocobuu. Bece crarem M. B. Octporpajgckoro mo mexa-
HIKe (2 UX GBIIO BKIYEHO B M3 1aHue [2] okoao 20, mpudeM MoHOTpadun
B HEI'O He BKIIOYAJINCH BOBCE) OBIIN pasfeleHbl O. J. DOMAXOBHIM (clre-
aya kraccndukannn O. E. ZKykoBckoro) Ha TpH TDYNNBL: PaGOTHL MO
MPUHIATY BO3MOXKHBIX TepeMelieHnit, paboThl o auddepeHInatbHBIM
YPaBHEHUAM MeXaHUKHN, pabOTHI IO PEIIEHN0 YACTHBIX 33,149 MEXAHUKHA.
Danbosee MOAPOOHO UM TTPOAHATMINPOBAaHBI 7 cTaTen 3a 1834-1854 rr.
Dokazano, uTo M. B. OcTporpajcknii He ToJabko oboraTua (yHIaMeH-
TaJbHYIO U MPUKJIATHYIO MEXAHWKY DAJOM BBIIAIIINXCA PE3YIbTATOB,
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HO U SABUJICA OCHOBaTedeM GOMBIION PYCCKON IKOJIBI MEXAHUKOB, B 9aCT-
HOCTH, MeTep6yPrCKON MKOJIbI MEXAHUKH.

1. Co6panme Counmennn Axanemmka M. B. OcTporpagckoro. Dog pen.
akan. A. 2. KpouioBa. M.- JI.: Usg-Bo AD CCCD. 1940. T. 1 u. 1.,
1946. T. 1, 4. 2. (u3gaHUe He BAKOHYEHO)

2. Octporpaackm M. B. Uz6pannnie Tpyaer. Dogpen. akag. B. 1. Cyup-
moBa. M.-JI.: Mag-Bo AD CCCO ( Cepus: Kaaccuku Dayku ), 1958.
583 c.

3. Octporpagckuun M. B. Domnoe Cobpanme Tpymos. Kues: Nag-Bo AD
YCCD. T. 1, 1959; T. 2, 1961; T. 3, 1964.

4. Doasxop 2. . Ipumedanua kK Tpygam M. B. Ocrporpajgckoro mo
mexanmke. cm. [2]. C. 512-540.

About N. N. Polyakhov’s investigations
of the scientific legacy of great Russian scientist
Michail Ostrogradsky (1801-1862) in mechanics

N. N. Polyakhov, E. N. Polyakhova
Saint Petersburg Technical University, Russia

Saint Petersburg State University, Russia

Some successful investigations of great Russian scientist Michail Vasilievitch
Ostrogradsky’s scientific legacy in classical and applied mechanics were accom-
plished in 1950s by N. N. Polyakhov occasionally to edition of Ostrogradsky’s
selected works by Academy of Sciences [2]. Because of the recent bicentenary
of M. V. Ostrogradsky we present the basic classification of his main results

in mechanics.

O mayunom uHacaeauu M. B. OcTporpajackoro
o HebecHou mexanuke (K 200-JeTHUIO yIE€HOTO)

E. P. Poasxosa
(pol@astro.spb.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

B 2001 rogy mayunaa obmiecTBeHHOCTH oTMeTuaa 200-meTre BHIgaio-
merocsi pycckoro ydenoro Mumxamaa BacmibeBm+aa OcTporpajickoro
(24.09.1801-1.01.1862). Ero BkIaj B pasBUTHe MaTeMaTHKH W MeXa-
HUKH TIONCTUHE OTPOMEH, €r0 HayvIHasd AeiTeTbHOCTE B JeTepOyprcKon
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Axagemun Dayk mpooJxkanach cBeie 30 geT, 9ucao ero mySImKamni
COCTaBIsAET OKOJMO COTHH. |'0pa3fo MeHbIle M3BECTEH €0 BKJAAJ B He-
6ecayio Mexanuky. Xors M. B. Ocrtporpagckuun mocBsaTuia HebGeCHON
MexaHnKe Bcero 6 HaydHBIX paboT, ClieyeT OTMETHTE €0 BKIA B aHA-
JUTHYECKOE MPeNCTaBIeHIE TPABUTAIMOHHOT O TOTeHINAA cheponia i
B KJACCHYECKYIO TEOPHIO BEKOBBIX BO3MYINeHWH. |aaBHas 3acayra ero
3meck — nybauxamnusa B 1831 r. KOMIIAKTHOTO KOHCIIEKTA CBOMX JEKITHH
o HeGeCHO MeXaHIKe, YNTAaHHBIX UM B DeTepbypre B Mopckon Akame-
vun, Aptuagepuiickon Axagemun, B Uncturyre NHxkenepos Kopmyca
Dyreir Coobmenus u B Laasuom Degarorudeckom Wucruryre [1]. Da
3TOT Kypc OBLIN TMPeNBAPUTENHHO TOMYYEHBl ONOOPUTENBHBIE OT3BHIBEI
. Apparo m C. Jyaccona. Bozuukuopenme maTepeca M. B. Octpo-
rpajickoro K HebGeCHON MexaHHKe HAXOJUTCA B TECHOW CBA3M C €U0 pa-
60TaMi MO AHAINTHYIECKON MeXaHWKe, BBHITOMHEHHBIMA UM B Japuike B
20-e rogbr 19 crogeTns, TAe OH HAXOMICSI CPeNU TOCJAeNOBATENEN Ha-
yuaHon mikoabl Jlarpamxa u BcTpedadcs c Jamracom, Komm, Pypbe,
Dyacconom, Dyanco, Aparo, llTypmom u ap. CooTBeTCTBEHHO, TepBas
MOMOBUHA Kypca HeGEeCHON MEXaHUKHN CONEPKUT N3T0XKEHNEe Jar DAHKeBA
MeTO/[a BAPHAINHN MPOM3BOMBHBIX MOCTOAHHBIX. Doab OCTporpamcKkoro
B HeOECHON MeXaHNKe He CJIeIyeT MPEYMEHBINATh, MOCKOABKY, KaK M3-
BecTHO, B Joccnn B 18 u 19 croseTnax HebecHas MexaHNKa pazBUBAIACE
HMEeHHO B TPyJax MaTeMaTHKOB n MexaHukon: Dumep u lllyGept B 18
crometun, Ocrporpaacknii, Kopaaebckas, Jlobadepckuit, 2KykoBckui,
Mermepckuit, Jlsanyuos - 8 19 croaeTnn.

DaboTa BHIIOJHEHA TPHU TOAAEpXKKe HporpamMmbl ~ Bemymras maydnas

wkoaa” (rpant Ne00-15-96775).

1. Cours de Mechanique Celeste fait par M-r M. V. Ostrogradski et redige
par J. Janouschevski. C26.: Tumorp. Akagemun Dayk, 1831. 95 c.

About the scientific legacy of Michail Ostrogradsky
(1801-1862) in celestial mechanics
(to his 200-anniversary)

E. N. Polyakhova
Saint Petersburg State University, Russia
The great famous Russian academician and professor Michail Ostrogradsky

had the large scientific legacy in pure mathematics, classical and applied me-
chanics, hydrodynamics, elasticity theory, ballistics and celestial mechanics.
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His pedagogical work was also of high importance. The scientific legacy of
M. V. Ostrogradsky in celestial mechanics is discussed. It consists of 6 articles
(mainly attraction theory, perturbation theory) and the manual-textbook [1]
of his lectures short conspect. His interest to celestial mechanics appeared
in Paris where he worked in Lagrange’s scientific school (Laplace, Fourier,
Poinsot, Poisson, Cauchy, Arrago) and it mainly concerned to arbitrary con-

stants variation method and some other Lagrange’s ideas.

UcTopusa pazButusa npodeccuoHATbHO-TEeXHUYEeCKOT 0
o6pa3oBaHua B Joccuu

J. P. Cmuprosa

Komurer o o6pazoBanuio agmuancTpaimn CaHkT-JeTepbypra, Joccus

B pokaaje maerca UCTOPHUA PazBUTHA MPOPHECCHOHATLHO-TEXHUIECKOTO
o6pazoBaHua B JOCCHH. DAdaJ0 TAKOMY 06Paz0BaHNIO OBLIO TOJOKEHO
co3JaHueM YUYW [IA TOATOTOBKYN KBAJM(MUITPOBAHHBIX PabOUNX.
DA TaKWX YU B JaJbHENIEM MPEBPATHICA B MEPBOKIACCHBIE BY3BI
(mampuMep, JIeHHHIPAJICKHH WHCTHTYT TOYHON MeXaHHKH U OINTHKH,
DalTUHCKHE TOCyJapcTBEHHBIN TexHUdecknil yHuBepcnter). B Co-
BeTckoM Cotoze MOM06HOMY 06pPa30BAHUIO TaKXKe YAeIAI0Ch GOJBIIoe
BHUMAaHWe, HEe yMEHBIIAaeTCa HHTepec K 3TOH mpobieMe U B HACTOAIIEE
Bpems. Ocoboe BHUMaHME [ TOATOTOBKN BBICOKO KBATU(UIINPOBAH-
HBIX paBodux depes cucTeMy OpodeCcCHOHATBHO-TEXHUIeCKUX Y THIAUII
U CHEMUATBHBIX KOMIEHKEN MOJKHO ObIThH yAeJEHO PAIHOHAILHOMY W3-
JOKEHUIO TUCIUIINH eCTECTBEHHOTO MPOQUIs — MaTeMaTUKN, XUMUM,
dusuKkm, B TOM €ncie MeXaHUKH. B mokaaje aHaIU3WpyeTcsa UCTOPUA
MUHAMHAKI TPOTPAMM TI0 YKAa3aHHBIM MPeIMEeTaM.

The history of development of vocational technical
education in Russia

L. V. Smirnova

The Education Committee of Administration, Saint Petersburg, Russia

The history of development of vocational technical education in Russia before
the revolution of 1917, in the Soviet Union and in the Russian Federation is
reviewed in the report. Dynamics of programs of a natural profile (mathemat-
ics, chemistry, physics, including mechanics) for preparation of highly qualified

workers is analyzed.
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Day4dHO-UCCIeJOBATEILCKUA MHCTUTYT MAaTeMaTUKN
u MexaHuku CaHKT-JeTepOyprckoro yHUBepCUTETa
(1932-2002)

B. C. Cabanees

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Wanaraercs ucropus cO3qaHusa U CTAHOBIEHUS DayIHO-MCCIAETOBATEN b
CKUIl WHCTHTYT MaTeMaTuku u MexaHuku (DVHUMM). Dpusogarcs
OCHOBHBIE HAYYHBIE MOCTIKEHUS Jab0opaTOPHUI U MX CBS3U ¢ KadeapaMn
MaTeMaTHKO-MeXaHImIeCKOT 0 (pakyapTeTa. KpaTko onmucbiBaeTCsa Hay -
Had U aJMUHUCTpaTHBHadA mesTeabHOocTh B. M. Cmupnosa, C. B. Baa-
aargepa, I' 3. Camocroka 1 M. K. HupxoBa, 3aHUMAaBIINX B pazHOe
Bpems mocT gupekTopa DUNMM.

DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. Cabanees B. C. Day4Ho-uccienqoBaTelbCKOMY HHCTUTYTY MaTeMa-
THKH m Mexanumkum wMm. akan. B.J.Cumwmprosa — 70 mer // Camkr-
Derepbyprckmn yamsepcureT. 2002, 30 okTabpa. C. 1-4.

2. Cabanees B. C. DasBuTre MeXxaHUKN HA MAaTEMATHKO-MEXAHIIECKOM
dakymprere m B DU maTemarnkn n mexanmkn B X X Beke // C6opamk
Tpygos I maremaTnkn u Mexauuku uM. akan. B. M. Cumuprosa 1o
pea. M. K. HYupkosa, C26. 2002. C. 3-26.

The Scientific Research Institute of Mathematics and
Mechanics of Saint Petersburg University (1932-2002)

V. S. Sabaneev

Saint Petersburg State University, Russia

The history of the creation and formation of the Scientific Research Institute of
Mathematics and Mechanics (SRIMM) is given. The most important results of
research efforts of the laboratories and their connection with the departments
of the Faculty of Mathematics and Mechanics are described. The scientific
and administrative work of V. I. Smirnov, S. V. Vallander, G. P. Samosyuk
and M. K. Chirkov, which were held Direktor of SRIMM at various periods of

time is outlined.
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Bkiaajg xkadeaphsl TeopeTU4eCKOU MeXaHUKH
JeTepOyprcKoro yHUBepCUTETAa B pPa3BUTHE Mexa-
HUuku B 1917-2002 rr.

B. C. Cabanees, C. P. Quaunnos
(sbf@petrodvorets.spb.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

Nlatorcs kpaTkme Suorpadun n HayIHbIE TOCTIKEHSA 3aBeJOBABIINX Ka-
deapoit TeopeTudeckon mexaruku 1o 1952 . I'. B. Koiocosa, 2. B. Doze,
E. JI. Dukoman u KO. A. KpyTkoBa. OpuBefeHbl OCHOBHBIE DE3YJIhb-
TaThl WCCAEOBAHNN B O6JACTH MEXaHWKM, a Takke paboT IO MOATO-
TOBKe y4YeOHUKOB W y9eOHBIX MOCOOWH, BBIMTOMHEHHBIX COTPYTHIKAME
Kadenapbl, KoTopoil B Tedenume 25 aer (¢ 1952r. mo 1977 r.) py-
xoBoama 2. J. JoiaxoB. J[laHa XapaKTepHUCTHKa HAYYHOU U yd4eGHO-
MEeTONUYECKON JeATeqbHOCTH Kadeapsl mox pykoBojcTBom . E. Tos-
ctuxa ¢ 1977 r. mo 2002 r.

DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne01-01-00327).

1. Domsaxos 2. 2. DazBurhue KadeAphbl MEXaHUKH B JeTepOyprcKoM—
Jlermnrpaackom yamsepcuTeTe // O¥epKH 1Mo HCTOPUH JEHUHTPA ICKOT'O
yunBepcureTa. 1962. Bom. 1, C. 20-28.

2. Cabaneen B. C. Kadenpa TeopeTndeckon u NprUKJIaTHON MEXaHNKN B
nmepuox 1960-1999 rr // Bectaux CI6IY. 1999. Bem. 1, Ne22.

Contribution of the department of theoretical
mechanics of Saint-Petersburg university to
the development of mechanics at 1917-2002

V. S. Sabaneev, S. B. Filippov
Saint Petersburg State University, Russia
The brief scientific biographies of the heads of the department at the concerned

period of time are given. The most important results of research efforts and

manuals preparation of the department’s staff are described.
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CranoBijenue u pa3sBuUTHe TeOpUHU IIOCTyIIaTeJBbHO—
BpaliaTeJbHOI'O ABUXKEHUA ABYX TBEPIbIX TeJ

E. B. Cambypcrasn
(elena@math.pomorsu.ru)

DOMOPCKHH IOCYAAPCTBEHHBN YHUBEPCUTET, ApPXaHTelIbCK, JOCCHUs

Kaxgas mayka, Teopus uMeeT CBOK HCTOPHIO BOZHUKHOBEHUA W Da3BH-
Tusg. B HacTosImeM mokaae OCBEIIEHA MCTOPUA CTAHOBJICHUS TEOPHH
MOCTYMATENLHO-BPANIATEABHOT O IBHXKEHUA [IBYX abCOJIOTHO TBEPIBIX
TeJq — ONHOTO W3 KPYMHBIX Pa3/eJoB HeGeCHOW MeXaHUKH.
Hcroputo 3Tor0 Bompoca MOXKHO pa3buTh Ha TPH OCHOBHBIX DTalla;

I — mepmwon 10 XX Beka,

IT — mepuon ot mavaaa XX Beka 10 1958 roga,

IIT — mepuon ¢ 1958 roga.
Eme wnaccuku nebecHon Mmexanuku (M. Dwroron, JI. Diaep, K. Ja-
rpark, C. Dyaccon, D. MaTbe) cosHaBaiH ONPAHHYIEHHOCTH B MOCTa-
HOBKe 3a7a" O TOCTYHIATEIbHOM I BPAIATETFHOM IBIKEHUN HeOECHBIX
TeJ W HEONJHOKPATHO YKAa3hIBAJNl HA HEOOXOANMOCTH COBMECTHOT'O M3Y-
YeHUs TOCTYHNATENbHOTO U BpAIllATeIBLHOTO ABHXKeHUA. (yIecTBEHHOE
pa3BUTHe TEOPUA MOJYHUHIA JUIIL B coBpeMeHHBIX paboTax II u I1I sTa-
OB.
CoBpeMeHHas TeOpHA MOCTYIATEIEHO-BPAIIATEIBLHOT O [BUKEHISA abCco-
JIOTHO TBEPABIX HeGECHBIX TEM CO3MaHa, B OCHOBHOM, paboTamu B. B. De-
aenkoro, I'. 9. [ly6ommua, B. T. Korgypaps. DocTaHoBKa 3ama<dn, BbI-
Bon mudppepeHINATBLHBIX YPABHEHNHN, OMUCHIBAIONINX COBMECTHOE MOC-
TynaTeJbHO-BpalllaTelbHOE TBUKEeHNE abCOMOTHO TBEPIBIX Tel, B abco-
JIOTHOM cucTeMe Gblia BuepBblie gana B 1958 roay T'. 3. Myboumubim [2].
Dra pabora, KoTopyio Mbl oTHeceM K 111 aramy, dpakTuteckn momoxmma
HavaJ0 aKTUBHBIM HCCIEIOBAHUAM MPOOIEMBI TMOCTYIATeTEHO-BPAIla-
TeABHOT'O [BUKEHNUSA abCOJOTHO TBEPAHIX TeJ B OOIIEM BHIE.
Doaee moapobHBIE CBeJeHNs MO UCTOpHUE | »Tana TpuBeeHBl B paboTe
M. U. ¥Opxunoi [4]. III sran u wactuuno II paccmarpuBamoT B cBoeil
patdore 10. B. Dapkun u B. T'. Temun [1]. B oTom gokaane Mbl ocTaHo-
BIM cBoe BHUMaHue Ha I srame n wactuano va I11 [3]. TIT sran ocperen
IO MOMEHTA TOSBAEHUS TMEPBBIX TPYIOB, OMNCHIBAIONINX [BUKEHIE 3-X
TBEPABIX Ted.
DaboTa BhIMoAHeHa TpH oA aepxkke IPDPU (rpant Ne00-02-17677).
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1. Dapkun . B., [lemun B. I'. DocrynareabHo-BpaliaTeibHOe TBUKE-
mne webecuwrx Ten [/ Urorm maykm m rtexmmkm. BUIUMTU. Acrpon.
1982. Ne 20, C. 87-206.

2. HMy6oumnu I'. 2. O guddepeHIHalbHBIX YPABHEHUAX ITOCTYHATEILHO-
BpPAIIATENBHOIO JABUKEHUSA B3aUMHO MPUTATUBAIOIINXCSA TBEPABIX Tel
/] A. x., 1958. T. 35, Ne 2, C. 265-276.

3. Bugakun B. B., Emenpsanos 2. B., Mensmmkosa T. B., Cam6Gyp-
ckass E. B. Docrynarenbmo-BpaiaTeabHoe JABUXKEHHE IBYX TBEPIBIX
Ten. Y. 2. YuebHoe mocobue. Apxanreabck: 1Y, 1997.

4. FOpkuna M. WM. Dassurme Teopum BpallleHUs TBEPAOro HeHEeCHOTO
Teja Ha OCHOBe ypaBHeHus | amunbroHa-Axobu. K uctopum Teopuu mo-
TeHIManta U Teopun Bpaienns Hebecuwsix Tela. len. 8 O2TU LIDUNT'A
u K. M. 1980. Ne 24-80.

The development of the theory of translatory-rotary
motion of two absolutely rigid bodies

E. V. Samburskaya
Pomor State University, Arkhangelsk, Russia

The present report deals with the history of development of the theory of
translatory-rotary motion of two absolutely rigid bodies — one of large sec-
tions of celestial mechanics. The report touches upon the period from the
beginning of the XXth century up to the moment of appearance of the first

works describing the movement of the three rigid bodies.

DeBU3uA aKkCcuoMaTuKu ’Davana’ DblOToOHA
B "Mexauuke” D. Maxa

C. A. Toaueavnuxosa

I'naBHas acTpoHoMmmveckas o6cepparopusi JAD, CankT-DeTepbypr, Doccus

O6parmienne J. Maxa x aHAAWM3y NTPUHINANOB KJIACCHIECKON MeXAHUKH
OBLJIO BBI3BAHO, KaK CTpeMJeHHEM MONYJAAPHO MOACHUTH €€ MCTOpUHe-
CKUe KODHU, TaK W HaMepeHNeM UCKAYNTD U3 HAYKHA ~1pa3[HbE MeTa-
dmsnveckme MOHATHSA | K KOTOPBIM, 1Mo MHeHNO Maxa, oTHOCATCS abco-
JIOTHBIE MBUKEHNE, TPOCTPAHCTBO M BpeMs. JPH3HABasg TOJBKO OTHO-
CUTeNbHOe JBIKEHNE W MOJaras, ITo ~OCHOBHBIE NPHUHIINNBI MEXAHUKH
MOTYT OBITH COCTaBAEHBI TakK, YTOOHl U MPU OTHOCUTEIBHOM TBUKEHUN
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MOJYYaluch MEeHTPOGeKHbIe cuiabl”, Max mpuieJ K Tak Ha3bIBAEMOMY
?npunnury Maxa”, TOAy<IHBIIEMY HEO HO3HAYHOE TOJNKOBAHNE B JHTE-
patype. OH KPUTHKyeT W3BECTHBIN ONBIT JBIOTOHA C BEAPOM U 3a-
KJIIOYaeT, 9TO ~ yaeHus DTomeMes n KKomepHnKa o IMHAKOBO TPABIIBLHEL,
mocJeiHee TOALKO TPOIe U TpaKTuYIHee” .

Dacmimpenne cdepbl MPUMeHEHNsT HBIOTOHOBON MEXAHUKHU 3a TPENeTbl
CoJHeqHON CHCTEMBI ¢ HEM3GEKHOCTHIO IPUBOJAUT K MOSBICHIIO HOBBIX
TEPMUHOB U HEOOXOMMMOCTH YACHEHUA WX MeCTa B YiKe CAOKHUBIIEHCA
TepMmuHogorun. Mexgy Tem, Max moaaran ”HeIOOYCTUMBIM U [Taike
6eCCMBICAEHHBIM paciiuperne cdepbl JeHCTBHA OCHOBHBIX MPUHIHIIOBR
MeXaHWKH 3a Opefeabl ombiTa”. Takasd ycTaHOBKa He MO3BOJMIA €My
MPOBECTH I'PaHb MEX Iy OOIIUMHI MOHATHAMI, HeOOX0 TUMBIMI B MaTeMa-
THYECKON AUCHUILINHE, ABIAIOMICHCA MEMOJOM UFYUEHUR A100BLE D6UNCE-
Huti, ¥ KOHKPETHBIMU TOHATHAME - CHCTEMAMU KOOPIUHAT W BPEMEHH,
HCTIOMB3YEMBIME B TAHHYIO HCTOPHIECKYIO DIIOXY.

Revision of Newton’s basic principles in ”Principia”
by E. Mach in his ”Mechanics”

S. A. Tolchel’nikova

Main astronomical observatory of RAS, Saint Petersburg, Russia

E. Mach analyses the principles of classical mechanics in order to show its his-
torical roots and ”to eliminate ungrounded metaphysical ideas from science”,
such as absolute motion, space and time, in his view. He only recognizes rela-
tive motion as necessary and supposes,” the basic principles of mechanics could
be formed so that centrifugal forces might appear with relative motion”. From
the position of "Mach’s principle” he criticized the known Newton’s experi-
ment with a bucket and concluded that ”doctrines of Ptolemy and Copernicus
are equally right, the latter is only simpler and more practical”.

The sphere of application of Newton’s mechanics in XVIII century was not ex-
ceeding the Solar system, whereas during Mach time it was rapidly expanding,
so that in 1920s heliocentric model of the Universe was replaced by galacto-
centric model. When the limits of experience become extended new notions
appear and necessity arises to find their place in terminology already estab-
lished. Meanwhile Mach considered ”inadmissible and even meaningless to ex-
tend the sphere of validity of basic principles of mechanics beyond the sphere
of experience”. Due to this he could not draw a distinction between general
notions required in mathematical discipline which is a method for studying
any motion, and the concrete ones, such as systems of coordinates and time
specific for a certain historical epoch.
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Explanations of notions true and absolute motion given in ”Principia”, help
to overcome Mach’s errors and those of his contemporaries, spectrum of their

opinions is presented by Mach.

l'omoknmHMYeckas KapTuHa JyaHKape
U TejleoJIOTMYeCKUU NOoAX0A K YPaBHEHUAM MeEXaHUKU

A. C. Hlmeipos
(shmyrov@apmath.spbu.ru)

CankT-JeTepOyprcKuil ToCy AapCTBEHHBIN YHUBEPCUTET, JOCCHUS

WzBecThoin mpumep A. DyaHKape, B KOTOPOM OIUCHIBAETCS MMOBE/IEHITE
MBOSTKOACHMIITOTUYIECKON KPUBOW, TaK HA3bIBaeMas ~TOMOKJINHUYIECKAS
KapTuHa  , MOXKHO WHTEPIPETHPOBATEL C BAPHUAIMOHHOW TOYKH 3PEHUS
C TIOMOIIBIO TPUHIINIIA HAWMEHBIIET O JeHCTBUA U ero Moaumbuxanmi. B
3TOM cjyvae KpPUBasd, MOCTABJSONAS MIHIMAJIbHOE 3HAYeHe (DYHKIINO-
HaJIy TIPU HaATeXamnM 06pa3oM HAJOKEHHBIX CBA3AX, ABIAETCS DEal-
3alen MeJeHATPABIEHHOTO MBIKEHNA TOYKH 10 HEKOTOPOH ~ MapIipyT-
Hon cxeme”. Takas WHTeprIpeTanusa TO3BOIAET NCCAETOBATH KA9eCTBEH-
HBIE CBOUCTBA TPAEKTOPHH, HEJOCTYITHEIE OOBITHBIM AHATHNTHIECKIM Me-
TOAAM U, B TaCTHOCTH, OOBACHATD =~ TOMOKJANHUIECKYIO KapTHHY .

DaboTa BEIIOAHEHA TIpH (prHaHCOBOH Mo nepxkke IPPU (rpant Ne02-

01-01039).

1. Dyanmkape A., DoBrle MeToIE HebGecHon Mexammkm. 1. 1. B xu. Ampnm
dyamkape ”Wabpaunsie Tpyawi”. T. 1, M.: Dayka, 1971.

2. HImerpos A. C. YcTom<mBOCTL B raMHILTOHOBHIX cucTeMax. CO6.,
1995. 127 c.

The homoclinic picture Poincare and the teleologic
approach to the equations of the mechanics

A. S. Shmyrov
Saint Petersburg State University, Russia

Famous Poincare’s example in which the biasymptotic behaviour of solution is
described by a everywhere dense, so-called ”the homoclinic picture”, it is pos-
sible to interpret from the variational point of view with the help of a principle
of the least action and its updatings. In this case the trajectory, delivering
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the minimal value of the action at properly imposed constraints, is realization
of purposeful movement of a point on some to "the routing circuit”. Such
interpretation allows to investigate the qualitative properties of trajectories
inaccessible to usual analytical methods and, in particular, to explain ”the

homoclinic picture”.
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