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�¥¦¤³­ °®¤­ ¿ ­ ³·­ ¿ ª®­´¥°¥­¶¨¿ ¯® ¬¥µ ­¨ª¥ "�°¥²¼¨ �®-

«¿µ®¢±ª¨¥ ·²¥­¨¿" ¯°®¢®¤¨²±¿ ¢ £®¤ 300-«¥²¨¿ � ­ª²-�¥²¥°¡³°£ .

� ±²®¿¹¨© ±¡®°­¨ª ¢ª«¾· ¥² ²¥§¨±» ¤®ª« ¤®¢, ¯°¥¤±² ¢«¥­­»µ

­  ª®­´¥°¥­¶¨¨. �²ª°»²¨¥ ª®­´¥°¥­¶¨¨ ¨ ¯«¥­ °­®¥ § ±¥¤ ­¨¥

±®±²®¿²±¿ 4 ´¥¢° «¿ 2003 £. ¢ � ­ª²-�¥²¥°¡³°£±ª®¬ �®¬¥ ³·¥-

­»µ ��� (�¢®°¶®¢ ¿ ­ ¡., ¤. 26). � ±¥¤ ­¨¿ ±¥ª¶¨© ¯°®©¤³² 5

¨ 6 ´¥¢° «¿ 2003 £®¤  ­  ¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª®¬ ´ ª³«¼²¥²¥

� ­ª²-�¥²¥°¡³°£±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥²  (�¥²°®¤¢®-

°¥¶, �­¨¢¥°±¨²¥²±ª¨© ¯°., ¤. 28).

� ¯°®£° ¬¬³ ª®­´¥°¥­¶¨¨ ¢ª«¾·¥­» ¯«¥­ °­»¥ ¨ ±¥ª¶¨®­­»¥

¤®ª« ¤» ¯® ±«¥¤³¾¹¨¬ ­ ¯° ¢«¥­¨¿¬:

I. �¥®°¥²¨·¥±ª ¿ ¨ ¯°¨ª« ¤­ ¿ ¬¥µ ­¨ª 

II. �¨­ ¬¨ª  ª®±¬¨·¥±ª®£® ¯®«¥² 

III. �¥µ ­¨ª  ¦¨¤ª®±²¨ ¨ £ § 

IV. �¥µ ­¨ª  ¤¥´®°¬¨°³¥¬®£® ²¢¥°¤®£® ²¥« 

V. �±²®°¨¿ ¬¥µ ­¨ª¨

The International scienti�c 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:

I. Theoretical and Applied Mechanics

II. Dynamics of Space Flight

III. Mechanics of Fluids and Gases

IV. Mechanics of Solids

V. History of Mechanics
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�°¥¤±¥¤ ²¥«¼ ª®­´¥°¥­¶¨¨

�®°®§®¢ �¨ª¨²  �¥¤®°®¢¨· -  ª ¤¥¬¨ª ���

Chairman of the Conference

Morozov Nikita Fedorovich - Academician of RAS

�°£ ­¨§ ²®°» ª®­´¥°¥­¶¨¨

� �¨­¨±²¥°±²¢® ®¡° §®¢ ­¨¿ ��

� �®±±¨©±ª¨© ´®­¤ ´³­¤ ¬¥­² «¼­»µ ¨±±«¥¤®¢ ­¨©

� � ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥²

� ����� ¨¬.  ª ¤. �. �. �¬¨°­®¢  � ­ª²-�¥²¥°¡³°£±ª®£®

³­¨¢¥°±¨²¥² 

� �­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®¢¥¤¥­¨¿ ���

� � ­ª²-�¥²¥°¡³°£±ª¨© �®¬ �·¥­»µ ���

� � ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨-
¢¥°±¨²¥²

� ���� ¨¬.  ª ¤. �. �. �°»«®¢ 

� � ­ª²-�¥²¥°¡³°£±ª®¥ ®²¤¥«¥­¨¥ �ª ¤¥¬¨¨ ­¥«¨­¥©­»µ ­ ³ª

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 Scienti�c Research Institute named after A. N. Krylov

� Saint Petersburg Branch of the Academy of Nonlinear Sciences
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�°£ª®¬¨²¥² ª®­´¥°¥­¶¨¨

�¥®­®¢ �¥­­ ¤¨© �«¥ª±¥¥¢¨· (±®¯°¥¤±¥¤ ²¥«¼), ��¡��

�¸ª®¢ �¨µ ¨« �¥²°®¢¨· (±®¯°¥¤±¥¤ ²¥«¼), ��¡��

� ±»­ª®¢  �­­  �­ ²®«¼¥¢­  (³·¥­»© ±¥ª°¥² °¼), ��¡��

� «¼ �°¨© �¨µ ©«®¢¨·, ��¡��

�¨«¨­ � ¢¥« �­¤°¥¥¢¨·, ��¡���

�¥£¦¤  �¥°£¥© �­¤°¥¥¢¨·, ��¡��

�¢ ­¾²  �°¨© �¨« °¥²®¢¨·, ���� ¨¬.  ª ¤. �°»«®¢ 

�­¤¥©¶¥¢ �¬¨²°¨© �­ ²®«¼¥¢¨·, �­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®¢¥-

¤¥­¨¿ ���

� ²¢¥¥¢ �¥°£¥© �®­±² ­²¨­®¢¨·, ��¡��

�®§¤° ·¥¢ �«¥ª± ­¤° � ­¨«®¢¨·, �®¬ �·¥­»µ ���

�®«¿µ®¢  �«¥­  �¨ª®« ¥¢­ , ��¡��

�¬¨°­®¢ �­¤°¥© �¥®­¨¤®¢¨·, ��¡��

�°®¿­ �« ¤¨¬¨° �¨ª®« ¥¢¨·, ��¡��

�±ª®¢ �« ¤¨¬¨° �¨ª®« ¥¢¨·, ����

�¨«¨¯¯®¢ �¥°£¥© �®°¨±®¢¨·, ��¡��

� «¨­ �« ¤¨¬¨° �¥®°£¨¥¢¨·, ��¡��
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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. (scienti�c secretary), Saint Petersburg State

University

Dahl Yuri 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 Scienti�c 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



8 �² ®°£ª®¬¨²¥² 

� ³·­»© ª®¬¨²¥² ª®­´¥°¥­¶¨¨

�¥«¥¶ª¨© �« ¤¨¬¨° � ±¨«¼¥¢¨· (�®±±¨¿)

�³©¨·¨· �¥«¼ª® (�£®±« ¢¨¿)

�°¨£®°¿­ � ¬¢¥« � ¬¢¥«®¢¨· (�®±±¨¿)

�­´«® �¥­£² (�¢¥¶¨¿)

�¸«¨­±ª¨© �«¥ª± ­¤° �«¼¥¢¨· (�®±±¨¿)

� ° ¯¥²¿­ �«¥ª± ­¤° �« ¤¨«¥­®¢¨· (�®±±¨¿)

� ±¯¥° �®« ­¤ (�¥°¬ ­¨¿)

�«¨¬®¢ �¬¨²°¨© �¨µ ©«®¢¨· (�®±±¨¿)

�®§«®¢ � «¥°¨© � ±¨«¼¥¢¨· (�®±±¨¿)

� ¯¨­ �°¨© �¨ª²®°®¢¨· (�®±±¨¿)

� °ª¥¥¢ �­ ²®«¨© � ¢«®¢¨· (�®±±¨¿)

�¨µ ©«®¢ �«¥¡ �®­±² ­²¨­®¢¨· (�®±±¨¿)

�½© �³­±¿­ (�¨² ©)

�¿°­¯³³ � °­¥ �­²®­®¢¨· (�®±±¨¿)

� ¤¥¢ �²¥´ ­ (�®«£ °¨¿)

�¨§¨²® �®°° ¤® (�² «¨¿)

�¨¬°®²² �°¨¤°¨µ (� ­ ¤ )

�³¬¿­¶¥¢ � «¥­²¨­ �¨² «¼¥¢¨· (�®±±¨¿)

�®¢±²¨ª �¥²° �¢£¥­¼¥¢¨· (�®±±¨¿)

�°®£¥° � ­± (�¢±²°¨¿)

�µ © � «¥­²¨­ �¨ª®« ¥¢¨· (�®±±¨¿)

� £¥¤®°­ �¥²¥° (�¥°¬ ­¨¿)

�¥¢ «¼¥ �®¬¨­¨ª (�° ­¶¨¿)

�¯¥°«¨­£ �³²¶ (�¥°¬ ­¨¿)
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The Scienti�c Committee

Beletsky Vladimir V. (Russia)

Grigoryan Samvel S. (Russia)

Chevallier Dominique (France)

En
o 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 (Italy)

Rumyantsev Valentin V. (Russia)

Sperling Lutz (Germany)

Tkhai Valentin N. (Russia)

Tovstik Petr E. (Russia)

Troger Hans (Austria)

Vujicic Veljko (Yugoslavia)

�°£ª®¬¨²¥² ª®­´¥°¥­¶¨¨ ¢»° ¦ ¥² ¡« £®¤ °­®±²¼  ±¯¨° ­² ¬

¨ ±²³¤¥­² ¬ ª ´¥¤°» ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤­®© ¬¥µ ­¨ª¨ ��¡��

§  ¯®¬®¹¼ ¢ ±®§¤ ­¨¨ ¤ ­­®£® ±¡®°­¨ª .

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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�. �. �®«¿µ®¢ (1906 { 1987)
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�¨ª®« © �¨ª®« ¥¢¨· �®«¿µ®¢

�°®´¥±±®° �¨ª®« © �¨ª®« ¥¢¨· �®«¿µ®¢ °®¤¨«±¿ 17 ¤¥ª ¡°¿ 1906

£®¤  ¢ �¨¥¢¥. �®±«¥ ®ª®­· ­¨¿ �®±ª®¢±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨-

¢¥°±¨²¥²  ¢ 1929 £®¤³ ®­ ¯®¤ °³ª®¢®¤±²¢®¬  ª ¤¥¬¨ª  �. �. � ¯«»-

£¨­  ­ ·¨­ ¥² ° ¡®² ²¼ ¢ �¥­²° «¼­®¬  ½°®£¨¤°®¤¨­ ¬¨·¥±ª®¬ ¨­-

±²¨²³²¥ (����). �®±«¥ ¯¥°¥¥§¤  ¢ �¥­¨­£° ¤ ¢ 1932 £®¤³ �¨ª®« ©

�¨ª®« ¥¢¨· ° ¡®² ¥² ­  ª ´¥¤°¥ ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨ �¥­¨­-

£° ¤±ª®£® ³­¨¢¥°±¨²¥²  ¨ ­  ª ´¥¤°¥ £¨¤°® ½°®¬¥µ ­¨ª¨ �¥­¨­-

£° ¤±ª®£® ¯®«¨²¥µ­¨·¥±ª®£® ¨­±²¨²³² , ¯°¨ ½²®¬ ¤® ­ · «  �¥«¨-

ª®© ®²¥·¥±²¢¥­­®© ¢®©­» ®­ ¯°®¤®«¦ ¥² ° ¡®² ²¼ ¢ ����. � 1952

£®¤³ �. �. �®«¿µ®¢ ¯®«­®±²¼¾ ¯¥°¥µ®¤¨² ­  ° ¡®²³ ¢ ³­¨¢¥°±¨²¥²,

£¤¥ ¢ ²¥·¥­¨¥ 25 «¥² § ¢¥¤³¥² ª ´¥¤°®© ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤-

­®© ¬¥µ ­¨ª¨,   ± 1977 £®¤  ¨ ¤® ±¢®¥© ª®­·¨­» 27 ¿­¢ °¿ 1987

£®¤  | ª ´¥¤°®© £¨¤°® ½°®¬¥µ ­¨ª¨. �¤¥±¼ ¢ ³­¨¢¥°±¨²¥²¥ ®­

¢±¥ ½²® ¢°¥¬¿ ³±¯¥¸­® °³ª®¢®¤¨² ®²¤¥«¥­¨¥¬ ¬¥µ ­¨ª¨ ¬ ²¥¬ ²¨ª®-

¬¥µ ­¨·¥±ª®£® ´ ª³«¼²¥² .

�¨ª®« © �¨ª®« ¥¢¨· ¿¢«¿¥²±¿ ¨§¢¥±²­»¬ ³·¥­»¬ ¢ ®¡« ±²¨  ½°®-

£¨¤°®¬¥µ ­¨ª¨, ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨, ¤¨­ ¬¨ª¨ ¯®«¥²  ¨ ¨±²®-

°¨¨ ¬¥µ ­¨ª¨. �ª« ¤ �. �. �®«¿µ®¢  ¢  ½°®£¨¤°®¬¥µ ­¨ª³ ¢¥±¼¬ 

§­ ·¨²¥«¥­. �£® ¬®­®£° ´¨¿ ¯® ²¥®°¨¨ ¨ ° ±·¥²³ ¢®§¤³¸­®£® £°¥¡-

­®£® ¢¨­² , ­ ¯¨± ­­ ¿ ±®¢¬¥±²­® ± �. �. �¥²·¨­ª¨­»¬, ¯®«¼§³¥²±¿

¸¨°®ª®© ¨§¢¥±²­®±²¼¾. �²  ª­¨£ , ¨§¤ ­­ ¿ ¢ 1940 £®¤³, ®·¥­¼

¯®¯³«¿°­  ±°¥¤¨ ¨­¦¥­¥°®¢-ª®° ¡«¥±²°®¨²¥«¥©, § ­¨¬ ¾¹¨µ±¿ ²¥®-

°¨¥© ¤¢¨¦¨²¥«¥©. �. �. �®«¿µ®¢ ±³¹¥±²¢¥­­® ° §¢¨« ¢¨µ°¥¢³¾ ²¥-

®°¨¾ ª°»«  ª ª ¢ ±² ¶¨®­ °­®¬, ² ª ¨ ¢ ­¥±² ¶¨®­ °­®¬ ¯®²®ª¥,

  ² ª¦¥ ¯°¥¤«®¦¨« ª®°°¥ª²­»¥ ¬¥²®¤» °¥¸¥­¨¿ ³° ¢­¥­¨© ²¥®°¨¨

ª°»« . �²¨ ¥£® °¥§³«¼² ²» ±®¡° ­» ¢ ª­¨£¥ "�§¡° ­­»¥ ²°³¤»:

�½°®£¨¤°®¬¥µ ­¨ª ", ¢»¯³¹¥­­®© ¨§¤ ²¥«¼±²¢®¬ ��¡�� ¢ 1997 £.

�® ¤¨­ ¬¨ª¥ ¯®«¥²  �. �. �®«¿µ®¢»¬ ¨ �. �. �¥²·¨­ª¨­»¬ ¥¹¥ ¢

²°¨¤¶ ²»µ £®¤ µ ¯°®¸«®£® ±²®«¥²¨¿ ­ ¯¨± ­» ¤¢¥ ¬®­®£° ´¨¨.

�¨ª®« © �¨ª®« ¥¢¨· ¢« ¤¥« ®±­®¢­»¬¨ ¥¢°®¯¥©±ª¨¬¨ ¿§»ª ¬¨ ¨

« ²»­¼¾, ½²® ¯®§¢®«¿«® ¥¬³ ·¨² ²¼ ­ ³·­³¾ «¨²¥° ²³°³ ¢ ¯®¤«¨­-

­¨ª¥. �­ ­ ¯¨± « ¶¥«»© °¿¤ ° ¡®² ¯® ¨±²®°¨¨ ¬¥µ ­¨ª¨ ¨ ±®§¤ «

¢¥«¨ª®«¥¯­»© ±®®²¢¥²±²¢³¾¹¨© ª³°± «¥ª¶¨©. �®±²¨¦¥­¨¿ �. �. �®-

«¿µ®¢  ¨ ¥£® ³·¥­¨ª®¢, �. �. �¥£¦¤» ¨ �. �. �¸ª®¢ , ¯®  ­ «¨²¨·¥-

±ª®© ¬¥µ ­¨ª¥ ¢ª«¾·¥­» ¢ ¨µ ³·¥¡­¨ª ¤«¿ ³­¨¢¥°±¨²¥²®¢ "�¥®°¥²¨-

·¥±ª ¿ ¬¥µ ­¨ª ", ª®²®°»© ¢ 1985 £®¤³ ¡»« ®¯³¡«¨ª®¢ ­ ¨§¤ ²¥«¼-
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±²¢®¬ �¥­¨­£° ¤±ª®£® ³­¨¢¥°±¨²¥² ,   ¢ 2000 £®¤³ ¢ ¤®¯®«­¥­­®¬

¨ ¯¥°¥° ¡®² ­­®¬ ¢¨¤¥ | ¨§¤ ²¥«¼±²¢®¬ "�»±¸ ¿ ¸ª®« ". � ­ -

±²®¿¹¥¥ ¢°¥¬¿ £®²®¢¨²±¿ ²°¥²¼¥ ¨§¤ ­¨¥ ½²®© ª­¨£¨ ¨ ¥¥ ¯¥°¥¢®¤

­   ­£«¨©±ª¨© ¿§»ª. �®¢»¥ ­ ³·­»¥ °¥§³«¼² ²», ¯®«³·¥­­»¥ �®«¿-

µ®¢±ª®© ¸ª®«®© ¯®  ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¥, ±®±²®¿² ¢ ±«¥¤³¾¹¥¬:

- ° §° ¡®² ­ ®¡¹¨© ¯®¤µ®¤ ª ¢»¢®¤³ ³° ¢­¥­¨© ª ª £®«®­®¬­»µ,

² ª ¨ ­¥£®«®­®¬­»µ ±¨±²¥¬ ±® ±¢¿§¿¬¨ «¾¡®£® ¯®°¿¤ª ;

- ³±² ­®¢«¥­®, ·²® ³° ¢­¥­¨¿¬¨ ­¥£®«®­®¬­»µ ±¢¿§¥© ª ± ²¥«¼-

­®¥ ¯°®±²° ­±²¢® ° §¡¨¢ ¥²±¿ ­  ¤¢  ®°²®£®­ «¼­»µ ¯®¤¯°®±²° ­-

±²¢ , ¢ ®¤­®¬ ¨§ ª®²®°»µ ±®±² ¢«¿¾¹ ¿ ³±ª®°¥­¨¿ ±¨±²¥¬» ¯®«­®-

±²¼¾ ®¯°¥¤¥«¿¥²±¿ ±¢¿§¿¬¨;

- ¯®ª § ­®, ·²® ¯°¨ ±¢¿§¿µ, ¯®°¿¤®ª ª®²®°»µ ¡®«¼¸¥ ¤¢³µ, ¬­®-

¦¨²¥«¨ � £° ­¦  ±«¥¤³¥² ° ±±¬ ²°¨¢ ²¼ ª ª ¨±ª®¬»¥ ­¥¨§¢¥±²­»¥

´³­ª¶¨¨ ¢°¥¬¥­¨;

- ­ ©¤¥­» ³±«®¢¨¿, ¯°¨ ª®²®°»µ ¬®£³² ¡»²¼ ±®§¤ ­» ³¯° ¢«¿-

¾¹¨¥ ±¨«», ®¡¥±¯¥·¨¢ ¾¹¨¥ ¢»¯®«­¥­¨¥ ¯°®£° ¬¬» ¤¢¨¦¥­¨¿, § -

¤ ­­®© ¢ ¢¨¤¥ ±¨±²¥¬» ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© «¾¡®£® ¯®-

°¿¤ª ;

- ¯°¥¤«®¦¥­ ­®¢»© ¯®¤µ®¤ ª °¥¸¥­¨¾ ¤¨­ ¬¨·¥±ª¨µ § ¤ · ²¥®°¨¨

³¯°³£®±²¨, ®±­®¢ ­­»© ­  ¨±¯®«¼§®¢ ­¨¨ ³° ¢­¥­¨© � £° ­¦  ¢²®-

°®£® °®¤  ± ¬­®¦¨²¥«¿¬¨.

� ±¢®¥© ¤®«£®© ¨ ¯«®¤®²¢®°­®© ­ ³·­®-¯¥¤ £®£¨·¥±ª®© ¤¥¿²¥«¼-

­®±²¨ �¨ª®« © �¨ª®« ¥¢¨· °³ª®¢®¤±²¢®¢ «±¿ ¢»±®ª¨¬¨¦¨§­¥³²¢¥°-

¦¤ ¾¹¨¬¨ ¯°¨­¶¨¯ ¬¨. �­ ®¡« ¤ « ¡®£ ²®© ²¢®°·¥±ª®© ½­¥°£¨¥©,

  ² ª¦¥ ¤®¡°®²®© ¨ ±ª°®¬­®±²¼¾. �­ ¯®¬®£ « ¨ ¤°³£¨¬ ­ ©²¨

®¯®°³ ¢ ¦¨§­¨, ¶¥«¼ ¦¨§­¨, ° ¤®±²¼ ¢ ¦¨§­¨.
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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 (CIAH). 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 �elds of aerohydrome-

chanics, theoretical mechanics, dynamics of 
ight and history of me-

chanics. His contribution to aeromechanics is highly signi�cant. 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 
ow 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 scienti�c 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 �nding 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;

- identi�cation of the conditions for which the control forces provide

the prescribed motion when it is introduced as a system of di�erential

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 �nd a purpose in the life, to achieve their goals, and to �nd happiness.
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�«¥­ °­®¥ § ±¥¤ ­¨¥

�£®°®¢, �¨¤®¢, �°¸®¢ ¨ ¯®«�¥²» ª �³­¥

�. �. �¥«¥¶ª¨©

(Beletsky@Keldysh.ru)

�­±²¨²³² ¯°¨ª« ¤­®© ¬ ²¥¬ ²¨ª¨ ���, �®±ª¢ , �®±±¨¿

� ¤®ª« ¤¥ ° ±±ª §»¢ ¥²±¿ ® ²°�¥µ ¬®¨µ ª®««¥£ µ ¯® �­±²¨²³²³ �°¨-

ª« ¤­®© ¬ ²¥¬ ²¨ª¨ ¨¬. �. �. �¥«¤»¸  ��� | �±¥¢®«®¤¥ �«¥ª-

± ­¤°®¢¨·¥ �£®°®¢¥ (1930{2001), �¨µ ¨«¥ �¼¢®¢¨·¥ �¨¤®¢¥ (1926{

1993) ¨ � «¥­²¨­¥ � ¢°¨«®¢¨·¥ �°¸®¢¥ (1928{2001). � ­¨¬¨ ¬¥­¿

±¢¿§»¢ ¥² ¬­®£® ¤¥±¿²¨«¥²¨© ±®¢¬¥±²­®© ° ¡®²». �¬ ¯°¨­ ¤«¥¦ ²

¢»¤ ¾¹¨¥±¿ ¤®±²¨¦¥­¨¿ ¢ ²¥®°¨¨ ¨ ¯° ª²¨ª¥ ª®±¬¨·¥±ª¨µ ¯®«�¥²®¢,

®±®¡¥­­® ¯®«�¥²®¢ ª �³­¥. � ª ¦¤»© ¨§ ­¨µ ¡»« ­¥®°¤¨­ °­®© «¨·-

­®±²¼¾ ± ²° £¨·¥±ª®© ±³¤¼¡®©.

Egorov, Lidov, Ershov and 
ights to the Moon

V. V. Beletsky

Institute of the Applied Mathematics of RAS, Moscow, Russia

The report is 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 
ights, especially


ights to the Moon, is emphasized.

�°¨¬¥­¥­¨¥ ³° ¢­¥­¨© � £° ­¦  ª § ¤ · ¬
¬¥µ ­¨ª¨ ° §°³¸¥­¨¿

�. �. �¥£¦¤ , �. �. �®°®§®¢, �. �. �¥¬¥­®¢

(semenov@bs1892.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°¨ ¨±±«¥¤®¢ ­¨¨ § ¤ · ¬¥µ ­¨ª¨ ²°¥¹¨­ ¢ ³¯°³£®-µ°³¯ª¨µ ¬ ²¥-

°¨ « µ ®£° ­¨·¨¢ ¾²±¿, ¢ ®±­®¢­®¬,  ­ «¨§®¬ ³±«®¢¨© ±²° £¨¢ ­¨¿
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²°¥¹¨­ ¨«¨ ¨µ ±² ¶¨®­ °­®£® ° ±¯°®±²° ­¥­¨¿. � ¤ ·  ® ­¥±² ¶¨®-

­ °­®¬ °®±²¥ ²°¥¹¨­» ± ¬®¬¥­²  ±²° £¨¢ ­¨¿ ¤® ¢»µ®¤  ­  ±² ¶¨-

®­ °­»© °¥¦¨¬ ° ±¯°®±²° ­¥­¨¿ ¨§³·¥­  §­ ·¨²¥«¼­® µ³¦¥. �²®

±¢¿§ ­®, ¯°¥¦¤¥ ¢±¥£®, ± ±¥°¼¥§­»¬¨ ¬ ²¥¬ ²¨·¥±ª¨¬¨ ²°³¤­®±²¿-

¬¨ ª ª ¯°¨ ¯®±² ­®¢ª¥, ² ª ¨ ¯°¨ °¥¸¥­¨¨ ½²¨µ § ¤ ·.

�®½²®¬³ ¤«¿ ¨±±«¥¤®¢ ­¨¿ ¤¨­ ¬¨·¥±ª¨µ § ¤ · ¬¥µ ­¨ª¨ ²°¥¹¨­

¯°¥¤±² ¢«¿¥²±¿ ¶¥«¥±®®¡° §­»¬ ¯°¨¬¥­¥­¨¥ ³¯°®¹¥­­»µ ¯®±² ­®-

¢®ª § ¤ · ° ±¯°®±²° ­¥­¨¿ ²°¥¹¨­.

� ° ¬ª µ ¤ ­­®© ° ¡®²» ¬¥²®¤ ¬¨ ª« ±±¨·¥±ª®© ¬¥µ ­¨ª¨ ¯°¨ ¯®-

¬®¹¨ ³° ¢­¥­¨© � £° ­¦  ¢²®°®£® °®¤  ± ­¥³¤¥°¦¨¢ ¾¹¨¬¨ ±¢¿-

§¿¬¨ [1] ¯°®¢®¤¨²±¿ ­  ®±­®¢¥ ² ª ­ §»¢ ¥¬®£® "¡ «®·­®£®" ¯°¨¡«¨-

¦¥­¨¿ ±¨±²¥¬ ²¨·¥±ª¨©  ­ «¨§ ª ª ³±«®¢¨© ±² °²  ²°¥¹¨­», ² ª ¨

¥¥ ­¥±² ¶¨®­ °­®£® °®±² .

�±±«¥¤®¢ ­» § ¤ ·¨ ±¨¬¬¥²°¨·­®£® ° ±ª«¨­¨¢ ­¨¿ ²®­ª®£® ¯®«³-

¡¥±ª®­¥·­®£® ¡°³±  ¯°¨ ±¨«®¢®¬ ­ £°³¦¥­¨¨,   ² ª¦¥ ¯°¨ ¢­¥¤°¥­¨¨

¢ ¡°³± ª ª ª®­¥·­®£®, ² ª ¨ ¡¥±ª®­¥·­®£® ¦¥±²ª®£® ª«¨­ . �°¨¬¥­¿-

¥¬»© ¯®¤µ®¤ ¯®§¢®«¿¥² ª ·¥±²¢¥­­® ¯°® ­ «¨§¨°®¢ ²¼ ¯¥°¥µ®¤­»©

°¥¦¨¬ ± ¬®¬¥­²  ±² °²  ²°¥¹¨­» ¤® ¯¥°¥µ®¤  ¢ ±² ¶¨®­ °­»© °¥-

¦¨¬ °®±²  ± ¯®±²®¿­­®© ±ª®°®±²¼¾ ¨ ®¶¥­¨²¼ ¢«¨¿­¨¥ ¯°¨«®¦¥­­»µ

¢­¥¸­¨µ ­ £°³§®ª ­  ¯°®¶¥±± ° §¢¨²¨¿ ²°¥¹¨­. � · ±²­®±²¨, ¯®«³-

·¥­ ±ª ·ª®®¡° §­»© ­  ­ · «¼­®¬ ½² ¯¥ µ ° ª²¥° ° ±¯°®±²° ­¥­¨¿

²°¥¹¨­» ° ±ª«¨­¨¢ ­¨¿.

� ­­»© ¯®¤µ®¤ ¬®¦¥² ¡»²¼ ³±¯¥¸­® ¯°¨¬¥­¥­ ¤«¿  ­ «¨§  § ¤ · ®²-

±«®¥­¨¿ ¯°¥¤¢ °¨²¥«¼­® ­ ¯°¿¦¥­­»µ ¬­®£®±«®©­»µ ¯« ±²¨­. �°¨

¯®¬®¹¨ ³° ¢­¥­¨© � £° ­¦  ¢²®°®£® °®¤  ± ­¥³¤¥°¦¨¢ ¾¹¨¬¨ ±¢¿-

§¿¬¨ ¯°¥¤«®¦¥­  ¬®¤¥«¼ ¯°®¶¥±±  ®²±«®¥­¨¿ ¤¢³µ±«®©­®© ±¢¥°µ­ -

¯°¿¦¥­­®© ¯« ±²¨­» ®² ®±­®¢ ­¨¿ ¨ ­ ©¤¥­  ¢°¥¬¥­­ ¿ § ¢¨±¨¬®±²¼

¤¨ ¬¥²°  ®¡° §³¾¹¥©±¿ ¯°¨ ½²®¬ ²°³¡ª¨ ®² ¯ ° ¬¥²°®¢ ±«®¥¢ ¯« -

±²¨­».

1. �®«¿µ®¢ �. �., �¥£¦¤  �. �., �¸ª®¢ �. �. �¥®°¥²¨·¥±ª ¿ ¬¥µ -
­¨ª . �.: "�»±¸ ¿ ¸ª®« ", 2000. 592 ±.
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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 speci�ed dependence of its diameter on the parameters of plate layers

is found.

�±­®¢­»¥ °¥§³«¼² ²» �®«¿µ®¢±ª®© ¸ª®«»
¯®  ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¥

�. �. �¥£¦¤ *, �. �. �®«² µ ­®¢, �. �. �¸ª®¢*

(mpy@phoenix.math.spbu.ru)
�� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¥·¥­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �°®§­»©, �®±±¨¿

�°®¡«¥¬»  ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¨ ¯®±²®¿­­® ¡»«¨ ¢ ¯®«¥ §°¥-

­¨¿ ±®²°³¤­¨ª®¢ ª ´¥¤°» ¬¥µ ­¨ª¨ �¥²¥°¡³°£±ª®£® ³­¨¢¥°±¨²¥² .

�±­®¢®¯®« £ ¾¹¨¬¨ §¤¥±¼ ¿¢«¿¾²±¿ ²°³¤»  ª ¤¥¬¨ª®¢ �. �. �®-

¬®¢ , �. �. �¥¡»¸�¥¢ , �. �. �¿¯³­®¢ , �. �. �®¡»«¥¢ ,   ² ª¦¥

¯°®´¥±±®°®¢ �. �. �¥¹¥°±ª®£®, �. �. �®«®±®¢ , �. �. �®§¥, �. �. �¨-

ª®« ¨, �. �. �²° µ®¢¨· , �. �. �°³²ª®¢ . � 1952 £. ¯®±«¥ ª®­·¨­»

�. �. �°³²ª®¢  § ¢¥¤³¾¹¨¬ ª ´¥¤°®© ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨

±² « ¢»¤ ¾¹¨©±¿ ³·¥­»© ¢ ®¡« ±²¨ £¨¤°® ½°®¬¥µ ­¨ª¨, ³·¥­¨ª

�. �. � ¯«»£¨­ , �¨ª®« © �¨ª®« ¥¢¨· �®«¿µ®¢. � ½²®£® ¢°¥¬¥­¨

®­ ­ · « § ­¨¬ ²¼±¿ ² ª¦¥ ¯°®¡«¥¬ ¬¨ ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨.

� ·¨­ ¿ ± 1953 £®¤  ¨ ¤® ª®­¶  ±¢®¥© ¦¨§­¨ �¨ª®« © �¨ª®« ¥¢¨·

·¨² « ­  ¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª®¬ ´ ª³«¼²¥²¥ ª³°± «¥ª¶¨© ¯® ²¥®-

°¥²¨·¥±ª®© ¬¥µ ­¨ª¥. �²°¥¬¿±¼ ¯®±²°®¨²¼ ¥£® ª ª ¬®¦­® ¡®«¥¥
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±²°®£® ¨ ° ¶¨®­ «¼­®, ®­ § ¬¥²¨«, ·²® ®¡¹¥¯°¨­¿²»© ¢»¢®¤ ³° ¢-

­¥­¨© ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬ ­¥«¼§¿ ¯°¨§­ ²¼ ±²°®£¨¬, ¨

¯°¥¤«®¦¨« ­®¢»© ¯®¤µ®¤ ª ¢»¢®¤³ ½²¨µ ³° ¢­¥­¨©. �²®² ¯®¤µ®¤

ª ²¥®°¨¨ ­¥±¢®¡®¤­®£® ¤¢¨¦¥­¨¿ ±² «, ¢ · ±²­®±²¨, ³±¯¥¸­® ¨±-

¯®«¼§®¢ ²¼±¿ ¥£® ³·¥­¨ª ¬¨ �. �. �¼¢®¢¨·¥¬, �. �. � ±»­ª®¢»¬,

�. �. �®¤¾ª®¢»¬, �. �. �¨¥¢±ª¨¬ ¢ ²¥®°¨¨ ½«¥ª²°®¬¥µ ­¨·¥±ª¨µ

±¨±²¥¬. � °¥§³«¼² ²¥ ±² «® ° §¢¨¢ ²¼±¿ ­®¢®¥ ­ ³·­®¥ ­ ¯° ¢«¥­¨¥,

¯® ª®²®°®¬³ ¡»«¨ ¨§¤ ­» ²°¨ ¬®­®£° ´¨¨.

� 1985 £®¤³ ¨§¤ ²¥«¼±²¢® ��� ¢»¯³±²¨«® ¢ ±¢¥² ³·¥¡­¨ª ¤«¿ ³­¨-

¢¥°±¨²¥²®¢ �. �. �®«¿µ®¢ , �. �. �¥£¦¤», �. �. �¸ª®¢  "�¥®°¥-

²¨·¥±ª ¿ ¬¥µ ­¨ª ", ³¤®±²®¥­­»© �¥°¢®© ¯°¥¬¨¨ �¥­¨­£° ¤±ª®£®

³­¨¢¥°±¨²¥² . �²®°®¥ ¯¥°¥° ¡®² ­­®¥ ¨ ° ±¸¨°¥­­®¥ ¨§¤ ­¨¥ ½²®£®

³·¥¡­¨ª  ®¯³¡«¨ª®¢ ­® ¨§¤ ²¥«¼±²¢®¬ "�»±¸ ¿ ¸ª®« " ¢ 2000 £®¤³;

¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ § ª«¾·¥­ ¤®£®¢®° ® ²°¥²¼¥¬ ¨§¤ ­¨¨ ½²®© ª­¨£¨

¨ £®²®¢¨²±¿ ¥¥ ¯¥°¥¢®¤ ­   ­£«¨©±ª¨© ¿§»ª.

�±­®¢­»¥ °¥§³«¼² ²», ¯®«³·¥­­»¥ �®«¿µ®¢±ª®© ¸ª®«®© ¯®  ­ «¨²¨-

·¥±ª®© ¬¥µ ­¨ª¥, ±®±²®¿² ¢ ±«¥¤³¾¹¥¬.

� §p ¡®² ­ ®¡¹¨© ¯®¤µ®¤ ª ¢»¢®¤³ ³p ¢­¥­¨© ª ª £®«®­®¬­»µ, ² ª

¨ ­¥£®«®­®¬­»µ ±¨±²¥¬ ±® ±¢¿§¿¬¨ «¾¡®£® ¯®p¿¤ª . �¨±²¥¬  ³p ¢-

­¥­¨© � £p ­¦  ¢²®p®£® p®¤ , ª®²®°®© ®¯¨±»¢ ¥²±¿ ¤¢¨¦¥­¨¥ ¬¥-

µ ­¨·¥±ª®© ±¨±²¥¬» ¤® ­ «®¦¥­¨¿ ±¢¿§¥©, ° ±±¬ ²°¨¢ ¥²±¿ ª ª ®¤­®

¢¥ª²®°­®¥ ° ¢¥­±²¢®, § ¯¨± ­­®¥ ¢ ª ± ²¥«¼­®¬ ¯°®±²° ­±²¢¥ ª ¬­®-

£®®¡p §¨¾ ¢±¥µ ¢®§¬®¦­»µ ¯®«®¦¥­¨© ±¨±²¥¬» ¢ ¤ ­­»© ¬®¬¥­².

�p ¢­¥­¨¿¬¨ ±¢¿§¥© ª ± ²¥«¼­®¥ ¯p®±²p ­±²¢® p §¡¨¢ ¥²±¿ ­  ¤¢ 

®p²®£®­ «¼­»µ ¯®¤¯p®±²p ­±²¢ . � ®¤­®¬ ¨§ ­¨µ ¤¢¨¦¥­¨¥ § ¤ -

¥²±¿ ³p ¢­¥­¨¿¬¨ ±¢¿§¥©,   ¢ ¤p³£®¬ ¯p¨ ¨¤¥ «¼­»µ ±¢¿§¿µ ®¯¨±»-

¢ ¥²±¿ ¢²®p»¬ § ª®­®¬ �¼¾²®­ . �²®² ¦¥ § ª®­ �¼¾²®­ , § ¯¨-

± ­­»© ¢® ¢±¥¬ ¯p®±²p ­±²¢¥, ±®¤¥p¦¨² ¬­®¦¨²¥«¨ � £p ­¦ . �®-

ª § ­®, ·²® ®­¨ ¯p¨ £®«®­®¬­»µ ¨ ­¥£®«®­®¬­»µ ±¢¿§¿µ ¤® ¢²®p®£®

¯®p¿¤ª  ¢ª«¾·¨²¥«¼­® ¬®£³² ¡»²¼ ­ ©¤¥­» ª ª ´³­ª¶¨¨ ¢p¥¬¥­¨,

¯®«®¦¥­¨¿ ±¨±²¥¬» ¨ ¥¥ ±ª®p®±²¥©. �²®² ¯®¤µ®¤ ¯®§¢®«¨«, ¢ · ±²-

­®±²¨, ¤ ²¼ £¥®¬¥²°¨·¥±ª³¾ ¨­²¥°¯°¥² ¶¨¾ ³° ¢­¥­¨© �³ ­ª °¥ -

�¥² ¥¢  - �³¬¿­¶¥¢ .

�±¯®«¼§®¢ ­¨¥ ¬­®¦¨²¥«¥© � £° ­¦  ¤«¿ £®«®­®¬­»µ ±¨±²¥¬ ¯®§¢®-

«¨«® ¯®±²°®¨²¼ ­®¢»© ¬¥²®¤ ®¯°¥¤¥«¥­¨¿ ±®¡±²¢¥­­»µ · ±²®² ¨ ±®¡-

±²¢¥­­»µ ´®°¬ ª®«¥¡ ­¨© ³¯°³£¨µ ±¨±²¥¬,   ² ª¦¥ ¯°¥¤«®¦¨²¼ ±¯¥-

¶¨ «¼­³¾ ´®°¬³ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ±¨±²¥¬» ²¢¥°¤»µ ²¥«. �°¨

­ «¨·¨¨ «¨­¥©­»µ ­¥£®«®­®¬­»µ ±¢¿§¥© ¢»¸¥ ¢²®°®£® ¯®°¿¤ª  ¬­®-
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¦¨²¥«¨ � £° ­¦  ° ±±¬ ²°¨¢ ¾²±¿ ª ª ­¥¨§¢¥±²­»¥ ´³­ª¶¨¨ ¢°¥-

¬¥­¨. �®±² ¢«¥­  § ¬ª­³² ¿ ±¨±²¥¬  ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥-

­¨©, ¯®§¢®«¿¾¹ ¿ ®¯°¥¤¥«¨²¼ ½²¨ ¬­®¦¨²¥«¨,   ² ª¦¥ ®¡®¡¹¥­­»¥

« £° ­¦¥¢» ª®®°¤¨­ ²».

� ±±¬®²°¥­¨¥ ¬­®¦¨²¥«¥© � £° ­¦  ª ª ¨±ª®¬»µ ´³­ª¶¨© ¢°¥¬¥­¨

¯®§¢®«¨«® ¯®±² ¢¨²¼ ¨ °¥¸¨²¼ ­®¢»© ª« ±± § ¤ · ³¯° ¢«¥­¨¿, ª®£¤ 

¯°®£° ¬¬  ¤¢¨¦¥­¨¿ § ¤ ¥²±¿ ¢ ¢¨¤¥ ¤®¯®«­¨²¥«¼­®© ±¨±²¥¬» ¤¨´-

´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¢»±®ª®£® ¯®°¿¤ª . �³¹¥±²¢¥­­®, ·²® ½² 

²¥®°¨¿ ¨««¾±²°¨°³¥²±¿ ª®­ª°¥²­»¬ ¬¥µ ­¨·¥±ª¨¬ ¯°¨¬¥°®¬ ® ¤¢¨-

¦¥­¨¨ ±¯³²­¨ª  ± ¯®±²®¿­­»¬ ¯® ¬®¤³«¾ ³±ª®°¥­¨¥¬. �²®² ¯°¨¬¥°,

¢ ª®²®°®¬ ¯°®£° ¬¬  ¤¢¨¦¥­¨¿ ° ±±¬ ²°¨¢ ¥²±¿ ª ª «¨­¥©­ ¿ ­¥-

£®«®­®¬­ ¿ ±¢¿§¼ ²°¥²¼¥£® ¯®°¿¤ª , ¢¢¥¤¥­ ¢ ­ ³·­³¾ «¨²¥° ²³°³

¢¯¥°¢»¥.

�²¬¥²¨¬, ·²® ¢¯¥°¢»¥ ° §¡¨¥­¨¥ ¯°®±²° ­±²¢  ¤¢¨¦¥­¨¿ ­  ¤¢ 

®°²®£®­ «¼­»µ ¯®¤¯°®±²° ­±²¢ , ¢ ®¤­®¬ ¨§ ª®²®°»µ ±®±² ¢«¿¾-

¹ ¿ ³±ª®°¥­¨¿ ±¨±²¥¬» ¯®«­®±²¼¾ ®¯°¥¤¥«¿¥²±¿ ³° ¢­¥­¨¿¬¨ ±¢¿-

§¥©, ¡»«® ®¯¨± ­® ¢ ±² ²¼¥ �. �. �®«¿µ®¢ , �. �. �¥£¦¤», �. �. �¸-

ª®¢ , ®¯³¡«¨ª®¢ ­­®© ¢ 1981 £. �²¨ °¥§³«¼² ²» ¡»«¨ § ²¥¬ ¨§«®-

¦¥­» ¢ ¨µ ³·¥¡­¨ª¥ "�¥®°¥²¨·¥±ª ¿ ¬¥µ ­¨ª "(1985 £.). � ±®¦ «¥-

­¨¾, ®­¨ ®ª § «¨±¼ ­¥§ ¬¥·¥­­»¬¨ ¨ ¯®§¦¥ ¢ ° §­®© °¥¤ ª¶¨¨ ¡»«¨

¯®¢²®°¥­» ¢ ��� (J. Storch, S. Gates, 1989), ¢ �®±±¨¨ (�. �. �¥-

«¨·¥­ª®, 1991; �. �. �®«³¡¥¢, 1999). ¢ �² «¨¨ (M. Borri, C. Bo-

tasso, P. Mantegazza, 1992), ¢ �®«¼¸¥ (W. A. Blajer, 1992), ¢ �¢¥¶¨¨

(H. Ess�en, 1992).

�ª²¨¢­®¥ ¨±¯®«¼§®¢ ­¨¥ ¬­®¦¨²¥«¥© � £° ­¦  ¢ ­ ³·­»µ ¨±±«¥¤®-

¢ ­¨¿µ, ¯°®¢®¤¨¬»µ�. �. �¥£¦¤®©, �. �.�¸ª®¢»¬ ¨ ¨µ ³·¥­¨ª ¬¨

�. �. �¥°­¨£®°®¬, �. �. �³¤ ¥¢»¬, �£³¥­ �µ¨ �³­£, �. �. �®«² -

µ ­®¢»¬, �. �. �»±¨ª®¬, �. �. �¨«¨¯¯®¢»¬, �. �. �¥¢¥°¤¨­»¬,

  ² ª¦¥ �. �. �«¬ §®¢®©, �. �. �«¬ §®¢»¬, �. �. �­²»¸¥¢»¬,

�. �. �®«£ °®¬, �. �. �¥®°£¨¥¢»¬, �. �. �°®§¤, �. �. �°®§¤®¬,

�. �. �³¤ °¥¢®©, �. �. �¥®­²¼¥¢®©, �¨ �­¼, �. �. �¨ª¨´®°®¢®©,

�. �. �®£°¥¡±ª®©, �. �. �¬ «¥¬, �. �. �¬¨°­®¢®©, �. �. �¥¤®°·¥­ª®,

�. �. �®°¼ª®¢®©, �. �. � « ¥¢®©, �. �. �¥¢¶®¢»¬, �. �. �ª®­¤¨-

­»¬ ¯°®¤®«¦ ¥²±¿ ¨ ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿. �²¨ ¬­®¦¨²¥«¨ ¨±¯®«¼§³-

¾²±¿ ¯°¨ ¨§³·¥­¨¨ ¤¢¨¦¥­¨¿ ° §«¨·­»µ ­¥£®«®­®¬­»µ ±¨±²¥¬, ¯°¨

°¥¸¥­¨¨ °¿¤  § ¤ · ¤¨­ ¬¨ª¨ ¯®«¥² ,   ² ª ¦¥ ¯°¨ °¥¸¥­¨¨ ¤¨­ -

¬¨·¥±ª¨µ § ¤ · ²¥®°¨¨ ³¯°³£®±²¨.
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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 �eld of

analytical mechanics for the last 50 years are presented in the report.

�±²®©·¨¢®±²¼ ¨ ¡¨´³°ª ¶¨¿ ±² ¶¨®­ °­»µ
¤¢¨¦¥­¨© ­¥£®«®­®¬­»µ ±¨±²¥¬

�. �. � ° ¯¥²¿­

(root@evdokim.mccme.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¥²±¿ ®¡§®° ¬¥²®¤®¢ ¨±±«¥¤®¢ ­¨¿ ±² ¶¨®­ °­»µ ¤¢¨¦¥­¨© ­¥£®-

«®­®¬­»µ ±¨±²¥¬ (±³¹¥±²¢®¢ ­¨¥, ³±²®©·¨¢®±²¼ ¨ ¢¥²¢«¥­¨¥). �¡-

¹¨¥ °¥§³«¼² ²» ¨««¾±²°¨°³¾²±¿ ¯°¨¬¥° ¬¨ ¨§ ¤¢¨¦¥­¨© ²¿¦¥«®£®

²¢¥°¤®£® ²¥«  ­   ¡±®«¾²­® ¸¥°®µ®¢ ²®© £®°¨§®­² «¼­®© ¯«®±ª®±²¨

(¸ ° � ¯«»£¨­ , ²¥«® ¢° ¹¥­¨¿, ª¥«¼²±ª¨© ª ¬¥­¼).

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00141) ¨

¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥ ¸ª®«»"(£° ­² Â00-15-96150).

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).



�«¥­ °­®¥ § ±¥¤ ­¨¥ 21

�®¤¥«¨°®¢ ­¨¥ ¯°¨±²¥­­®© ²³°¡³«¥­²­®±²¨:
¤®±²¨¦¥­¨¿, ¯°®¡«¥¬»

�. �. � ¯¨­

(aerofmf@citadel.stu.neva.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

�®±±¨¿

�­ «¨§¨°³¥²±¿ ±®±²®¿­¨¥ ¯°®¡«¥¬» ¬®¤¥«¨°®¢ ­¨¿ ¯°¨±²¥­­»µ ²³°-

¡³«¥­²­»µ ²¥·¥­¨©: ®¶¥­ª  ¢®§¬®¦­®±²¥© ° §«¨·­»µ ¯®¤µ®¤®¢,

¢ª«¾· ¿ ¤¨´´¥°¥­¶¨ «¼­»¥ ¬®¤¥«¨ ²³°¡³«¥­²­®±²¨, ¯°¿¬®¥ ·¨-

±«¥­­®¥ ¬®¤¥«¨°®¢ ­¨¥ (DNS), ¬®¤¥«¨°®¢ ­¨¥ ª°³¯­»µ ¢¨µ°¥© (LES),

¬¥²®¤ ®²±®¥¤¨­¥­­»µ ¢¨µ°¥© (DES).

� ¥²±¿ ¨««¾±²° ¶¨¿ ¢®§¬®¦­®±²¨ ¯°¨¬¥­¥­¨¿ ¬¥²®¤  ®²±®¥¤¨­¥­-

­»µ ¢¨µ°¥© ¤«¿ ° ±·¥²  ²³°¡³«¥­²­»µ ®²°»¢­»µ ²¥·¥­¨© ¯°¨ ¢»-

±®ª¨µ ·¨±« µ �¥©­®«¼¤± .

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 
ows simulation is analyzed.
Various approaches are estimated, including di�erential 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 
ows of high Reynolds numbers is illustrated.

�¥«¨­¥©­ ¿ ³¯°³£®±²¼ (²¥®°¨¿ ¨ ¯°¨«®¦¥­¨¿)

�. �. �¥°­»µ

(chernykh@apmath.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®¢»© ¢¥ª, ­¥ £®¢®°¿ ³¦¥ ® ²»±¿·¥«¥²¨¨, ¡³¤¥² ­¥«¨­¥©­»¬ ¢® ¢±¥µ

±¢®¨µ ¯°®¿¢«¥­¨¿µ. � ª ·²® ¯°¨ ° ±±¬®²°¥­¨¨  ª²³ «¼­»µ ¯°®¡«¥¬

¬¥µ ­¨ª¨ ¨ ´¨§¨ª¨ ²¢¥°¤®£® ¤¥´®°¬¨°³¥¬®£® ²¥«  ­¥®¡µ®¤¨¬® ¨±-

¯®«¼§®¢ ²¼ ®¡¹¨© ­¥«¨­¥©­»© ¯®¤µ®¤. �®«¼¸®© ¢ª« ¤ ¢ ­¥«¨­¥©­³¾

¬¥µ ­¨ª³ ¢­¥±  ª ¤¥¬¨ª � «¥­²¨­ � «¥­²¨­®¢¨· �®¢®¦¨«®¢.



22 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

�¥«¨­¥©­®© ²¥®°¨¥© ®¡®«®·¥ª ¿ ± ±®²°³¤­¨ª ¬¨ « ¡®° ²®°¨¨ ²¥®-

°¨¨ ®¡®«®·¥ª ����� § ­¿«±¿ ¢ ¯°®¶¥±±¥ ° ±·¥²  ²®­ª®±²¥­­»µ

°¥§¨­®-²¥µ­¨·¥±ª¨µ ¨§¤¥«¨© ¯°¨ ±®²°³¤­¨·¥±²¢¥ ± °¿¤®¬ ´¨°¬ ¨

ª®­±²°³ª²®°±ª¨µ ¡¾°® ®¡®°®­­®£® ª®¬¯«¥ª± . �°¨ ½²®¬ ±®§¤ ¢ -

« ±¼ ±° ¢­¨²¥«¼­® ¯°®±² ¿, ¯®±²®¿­­® ±®¢¥°¸¥­±²¢®¢ ¢¸ ¿±¿ ¢¥°-

±¨¿ ²¥®°¨¨ ­¥«¨­¥©­»µ ®¡®«®·¥ª ¨ ½´´¥ª²¨¢­»¥ ¬¥²®¤» ° ±·¥² 

²®­ª®±²¥­­»µ ¨§¤¥«¨© ¨ ª®­±²°³ª¶¨©. �­®£® ¯®§¦¥ ¬» § ¨­²¥°¥-

±®¢ «¨±¼ ³²®·­¥­­»¬¨ ²¥®°¨¿¬¨ ¨ ¨µ ±¢¿§¼¾ ± ²°¥µ¬¥°­®© ­¥«¨­¥©-

­®© ²¥®°¨¥© ³¯°³£®±²¨. �²®£¨ ½²®¬³ ­ ¯° ¢«¥­¨¾ ¡»«¨ ¯®¤¢¥¤¥­»

¢ ª­¨£¥ �. �. � ¡°¨¶, �. �. �¨µ ©«®¢±ª¨©, �. �. �®¢±²¨ª, �. �. �¥°-

­»µ, �. �. � ¬¨­  "�¥«¨­¥©­ ¿ ²¥®°¨¿ ®¡®«®·¥ª" ¨ ¢ ¬®­®£° ´¨¨

�. �. �®«¯ ª "�±²®©·¨¢®±²¼ ¡¥§¬®¬¥­²­»µ ®¡®«®·¥ª ¯°¨ ¡®«¼¸¨µ

¤¥´®°¬ ¶¨¿µ".

�­ ª®¬±²¢® ± ¯³¡«¨ª ¶¨¿¬¨ ¯® ­¥«¨­¥©­®© ²¥®°¨¨ ³¯°³£®±²¨ ¨ ¯®-

¯»²ª¨ ° ±±¬®²°¥­¨¿ °¿¤  § ¤ · ¯°¨¢¥«¨ ª ¬»±«¨ ±®§¤ ²¼ ¯°¥¤¥«¼­®

¯°®±²³¾ (­® ¡¥§ ¯®²¥°¨ ®¡¹­®±²¨) ¢¥°±¨¾ ­¥«¨­¥©­®© ²¥®°¨¨ ³¯°³-

£®±²¨. �«¿ ½²®£® ­  ¯°®²¿¦¥­¨¨ ¬­®£¨µ «¥² ¡»«¨ ° ±±¬®²°¥­» ±«¥-

¤³¾¹¨¥ ®¡¹¨¥ ¢®¯°®±»:

�»« ° §¢¨² ª®¬¯«¥ª±­»© ¬¥²®¤, ¯®§¢®«¿¾¹¨© ¯°¨¤ ²¼ ®±­®¢­»¬ § -

¢¨±¨¬®±²¿¬ ¯°®±²®©, ®¡®§°¨¬»© ¢¨¤, ¯®¤±ª §»¢ ¾¹¨© ¢®§¬®¦­»¥

¯³²¨ ¯°¥®¡° §®¢ ­¨©. � ­¥ª®²®°®¬ ±¬»±«¥ ®­ ¿¢«¿¥²±¿  ­ «®£®¬

¢¥ª²®°­®¬³ ¬¥²®¤³, ­® ¢ ®²«¨·¨¥ ®² ¯®±«¥¤­¥£® ¯®§¢®«¿¥² ¤®¢®¤¨²¼

°¥¸¥­¨¥ § ¤ · ¤® ª®­¶  (¤® ·¨±« ). � · ±²­®±²¨, ¡»« ¯°¥¤«®¦¥­

¯°®±²®©, ·¨±²®  «£¥¡° ¨·¥±ª¨© ¬¥²®¤ ° ±·«¥­¥­¨¿ £° ­¨·­»µ ³±-

«®¢¨© ¨ ³±«®¢¨© ±®¯°¿¦¥­¨¿,  «¼²¥°­ ²¨¢­»© ¬¥²®¤³ ¨­²¥£° «®¢

²¨¯  �®¸¨, ¯°¨¬¥­¨¬»© ¨ ¢ ±«³· ¿µ ®²±³²±²¢¨¿ ´³­ª¶¨© �³°±  -

�®«®±®¢ .

� ±±¬®²°¥­» ­®¢»¥ ²¨¯» £° ­¨·­»µ ³±«®¢¨© ¨ ³±«®¢¨© ±®¯°¿¦¥-

­¨¿: ¤¨±²®°±¨®­­»¥, ¤¥´®°¬ ¶¨®­­»¥, ²¥°¬®¤¨­ ¬¨·¥±ª¨¥, ³±«®-

¢¨¿ ± ¯°®±ª «¼§»¢ ­¨¥¬, ´®°¬³«¨°³¥¬»¥ ¢ ²¥°¬¨­ µ ª®¬¯«¥ª±­®©

¯¥°¥¬¥­­®© ¨ ¡®«¥¥ ³¤®¡­»¥ ¤«¿ ¯° ª²¨·¥±ª®£® ¨±¯®«¼§®¢ ­¨¿.

�¢¥¤¥­» ­®¢»¥ § ª®­» ³¯°³£®±²¨ (°¥¤³¶¨°®¢ ­­»© ±² ­¤ °²­»©,

¬ «®±¦¨¬ ¥¬»©, £¨¡°¨¤­»©, ²¨¯  ­¥®£³ª®¢±ª®£®).

�°¥¤«®¦¥­» ­®¢»¥, ¯°¥¤¥«¼­® ¯°®±²»¥ ¢¥°±¨¨ ¤¢³¬¥°­»µ ¯°®¡«¥¬:

³­¨´¨¶¨°®¢ ­­ ¿ ¯«®±ª ¿ § ¤ · , ®¡®¡¹¥­­ ¿  ­²¨¯«®±ª ¿ ¤¥´®°-

¬ ¶¨¿, ®±¥±¨¬¬¥²°¨·­ ¿ ¤¥´®°¬ ¶¨¿ ²¥« ¢° ¹¥­¨¿, ª¨°µ£®´®¢±ª ¿

¨ ³²®·­¥­­»¥ ²¥®°¨¨ ®¡®«®·¥ª.

� §¢¨² ¬¥²®¤ ­¥«¨­¥©­»µ ª®¬¯«¥ª±­»µ ¨­¢ °¨ ­²­»µ ¨­²¥£° «®¢
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(J-¨­²¥£° «®¢), ¯°¨¬¥­¥­­»©, ¢ · ±²­®±²¨, ¯°¨ ° ±±¬®²°¥­¨¨ ° §-

°³¸¥­¨¿ ®¡« ±²¥© ± ³£«®¢»¬¨ ²®·ª ¬¨ ¨ ¦¥±²ª¨¬¨ ¢ª«¾·¥­¨¿¬¨,  

² ª¦¥ ¯°¨ ¢»¢®¤¥ ²¥°¬®¤¨­ ¬¨·¥±ª®£® £° ­¨·­®£® ³±«®¢¨¿ ­  ¬¥¦-

ª°¨±² ««¨²­»µ ¨ ¬¥¦´ §­»µ £° ­¨¶ µ.

� ±±¬®²°¥­» ª°¨±² ««», ²¥ª±²³°»,  ­¨§®²°®¯­»¥ ¨  °¬¨°®¢ ­­»¥

±°¥¤».

�°®¤¥« ­­®¥ ¤ «® ¢®§¬®¦­®±²¼ ¯®«³· ²¼ ²®·­»¥  ­ «¨²¨·¥±ª¨¥ °¥-

¸¥­¨¿ ¤¢³¬¥°­»µ ­¥«¨­¥©­»µ ª° ¥¢»µ § ¤ ·. �±®¡®¥ ¢­¨¬ ­¨¥ ³¤¥-

«¿«®±¼ ±¨­£³«¿°­»¬ ¯°®¡«¥¬ ¬ (µ°³¯ª®¥ ° §°³¸¥­¨¥, ±®±°¥¤®²®·¥­-

­»¥ ±¨«» ¨ ¬®¬¥­²», ¤¨±«®ª ¶¨¨ ¨ ¤¨±ª«¨­ ¶¨¨, ´¨§¨·¥±ª ¿ ¬¥§®-

¬¥µ ­¨ª ).

�°¨ ½²®¬ ¡»«  ¢»¿±­¥­  ­¥¯°¨£®¤­®±²¼ ¤«¿ ¨µ ° ±±¬®²°¥­¨¿ ¨±-

²¨­­»µ ­ ¯°¿¦¥­¨© (­ ¯°¿¦¥­¨© �®¸¨), ®¡« ¤ ¾¹¨µ ¬­®£®·¨±«¥­-

­»¬¨ ­¥¤®±² ²ª ¬¨. �² ¢»¿¢«¥­­»µ ­¥¤®±² ²ª®¢ ±¢®¡®¤­» ³±«®¢-

­»¥ ­ ¯°¿¦¥­¨¿ (±¨¬¬¥²°¨·­»¥ ­ ¯°¿¦¥­¨¿ �¨®).

�®«³·¥­­»¥ ­®¢»¥, ¯®°®© ­¥®¦¨¤ ­­»¥, °¥§³«¼² ²» ª®«¨·¥±²¢¥­­®

¨ ª ·¥±²¢¥­­® ®²«¨· ¾²±¿ ®² ±¢®¨µ «¨­¥©­»µ  ­ «®£®¢.

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 a�nely deformable bodies and holonomy
groups

D. Chevallier

(chevallier@cermics.enpc.fr)

Ecole Nationale des Ponts et Chauss�ees, Paris, France

The geometrical frame of dynamics of a mechanical system freely moving

in space is a principal �ber bundle � = (S;X; �;D) where S (con�gu-

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, � : S ! 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 � (see [2]) may be deduced from this

structure. This dynamic connexion plays a role through its connexion

form $ : TS ! D. A tangent vector v 2 TS is said to be horizontal

when $(v) = 0.

We consider motions of the system under the e�ect of internal forces

only ; these forces cause deformations of the system. For such a motion

when the initial condition is a position so 2 S and an horizontal initial

velocity ($( _so) = 0) at some time to, 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 s1 are given in S with �(so) = �(s
1
) = �o in X (that is to say

two con�gurations with the same shape �o are given) is it possible, using
internal control forces only, to carry the system from the state so with
horizontal velocity at time to to s1 at a time t

1
> to? A solution will

be de�ned by a closed loop in X, begining and ending at �o and whose

horizontal lift starting from so ends at s1.

A mathematical answer is: there exists a solution if and only if the

element A 2D such that s
1
= A:so belongs to the holonomy group of the

dynamic connexion with reference point so. The result may be deduced
from a special form of the dynamic equations �tting with the �ber bundle

structure (a geometric form of Poincar�e - Chetayev equations) and giving

the control forces as soon as the loop in the base X is known.

For an a�nely deformable, let G be the special a�ne 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



�«¥­ °­®¥ § ±¥¤ ­¨¥ 25

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 Di�erential Geometry. In-
terscience Pub. 1963.

�¨­ ¬¨ª   ´´¨­­® ¤¥´®°¬¨°³¥¬»µ ²¥«
¨ £®«®­®¬­»¥ £°³¯¯»

�. �¥¢ «¼¥

�»±¸ ¿ ¸ª®«  ¯³²¥© ±®®¡¹¥­¨¿, � °¨¦, �° ­¶¨¿

� ° ¡®²¥ ±²°®¨²±¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼, ®¡º¿±­¿¾¹ ¿ ¯ ° ¤®ª± ¯ ¤ -

¾¹¥© ª®¸ª¨. � ©¤¥­» ³±«®¢¨¿ ­  ° ±¯°¥¤¥«¥­¨¥ ¬ ±± ¢ ²¥«¥, ¯°¨ ª®²®°®¬

³¯° ¢«¿¿ ¢­³²°¥­­¨¬¨ ±¨« ¬¨, ¬®¦­® §  ±·¥² ¨§¬¥­¥­¨¿ ´®°¬» ²¥«  ®±³-

¹¥±²¢¨²¼ ¯°®¨§¢®«¼­»© ¯®¢®°®² ¤ ­­®£® ²¥«  ¢®ª°³£ ¥£® ¶¥­²°  ¬ ±±.
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�¥ª¶¨¿ I.

�¥®°¥²¨·¥±ª ¿
¨ ¯°¨ª« ¤­ ¿ ¬¥µ ­¨ª 

�®«¥¡ ­¨¿ ¯®£°³¦¥­­®£® ¢ ¦¨¤ª®±²¼ ²°®± 
( ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥)

�. �. �«¤®¸¨­, �. �. �³µ®°³ª®¢

(aldosh@hotmail.com)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¨ ¨±±«¥¤®¢ ­¨¨ ¤¢¨¦¥­¨¿ ¯« ¢³·¨µ ®¡º¥ª²®¢ ¢ ª ·¥±²¢¥ ± ¬®-

±²®¿²¥«¼­®© § ¤ ·¨ ° ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ¤¨­ ¬¨ª¨ ±¢¿§¥©, ³¤¥°-

¦¨¢ ¾¹¨µ ½²®² ®¡º¥ª². �¥®¡µ®¤¨¬®±²¼ ¨±±«¥¤®¢ ­¨¿ ² ª®£® °®¤ 

¿¢«¥­¨© ±¢¿§ ­  ± ²¥¬, ·²® ¯°¨ ª®«¥¡ ­¨¿µ ¯« ¢³·¨µ ®¡º¥ª²®¢ ª«¾-

§®¢»¥ ³±²°®©±²¢  ¢®¢«¥ª ¾² ¢ ¤¢¨¦¥­¨¥ ¢±¾ ¿ª®°­³¾ ±¨c²¥¬³ ³¤¥°-

¦ ­¨¿ ¢ ¶¥«®¬, ¢ ª®²®°®© ¤®¯®«­¨²¥«¼­® ª ±² ²¨·¥±ª¨¬ ¢®§­¨ª ¾²

¨ ¤¨­ ¬¨·¥±ª¨¥ ±®±² ¢«¿¾¹¨¥ ³±¨«¨©. �®§¬®¦­» ² ª¦¥ ¨ ³¯°³£¨¥

¤¥´®°¬ ¶¨¨ ±¢¿§¥© ¯®¤ ¤¥©±²¢¨¥¬ ¯°®¤®«¼­®© ±¨«» ­ ²¿¦¥­¨¿. �¥-

¸¥­¨¥ ½²®© § ¤ ·¨ ±¢¿§ ­® ± ­¥®¡µ®¤¨¬®±²¼¾ ±®±² ¢«¥­¨¿ ¨ °¥¸¥­¨¿

±¨±²¥¬ ­¥«¨­¥©­»µ ³° ¢­¥­¨© ¢ · ±²­»µ ¯°®¨§¢®¤­»µ. �«¿ ³¯°®¹¥-

­¨¿ § ¤ ·¨ ¢ · ±²¨ ¨±±«¥¤®¢ ­¨© ²°®± ¯°¥¤±² ¢«¿¥²±¿ ­¥¯°¥°»¢­®©

£¨¡ª®©, ­® ­¥° ±²¿¦¨¬®© ±¢¿§¼¾ ± ° ¢­®¬¥°­® ° ±¯°¥¤¥«¥­­®© ±®¡-

±²¢¥­­®© ¬ ±±®© [1-4]. �¤­ ª® ² ª®© ¯®¤µ®¤ ­¥ ¯®§¢®«¿¥² ¢»¿¢¨²¼

ª ·¥±²¢¥­­»µ ±¢®©±²¢ ¨±µ®¤­»µ ³° ¢­¥­¨© ¤¨­ ¬¨ª¨ ²°®± , ±¢¿§ ­-

­»µ ± ° ±¯°¥¤¥«¥­¨¥¬ ¯°®¤®«¼­»µ ¢®«­ ¢¤®«¼ ³¯°³£®© ª®­´¨£³° -

¶¨¨. � ¤ ­­®© ° ¡®²¥ ¯°®¢¥¤¥­  «¨­¥ °¨§ ¶¨¿ ¨±µ®¤­®© ±¨±²¥¬»

³° ¢­¥­¨© ¤¨­ ¬¨ª¨ ²°®±  ®ª®«® ±² ²¨·¥±ª®£® ±®±²®¿­¨¿ ° ¢­®¢¥-

±¨¿. �°¨ ½²®¬ ¢»¿¢«¥­  ­¥§ ¢¨±¨¬®±²¼ ª®«¥¡ ­¨© ¢ ¯«®±ª®±²¨ ¯°®-
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¢¨± ­¨¿ ¨ ª®«¥¡ ­¨© ®²­®±¨²¥«¼­® ½²®© ¯«®±ª®±²¨. � ±¢®¾ ®·¥°¥¤¼

ª®«¥¡ ­¨¿ ¢ ¯«®±ª®±²¨ ¯°®¢¨± ­¨¿ ¬®£³² ¡»²¼ ° §¤¥«¥­» ­  ¯°®-

¤®«¼­»¥, ®¡³±«®¢«¥­­»¥ ° ±¯°®±²° ­¥­¨¥¬ ³¯°³£¨µ ¢®«­, ¨ ¯®¯¥°¥·-

­»¥. � ª¨¬ ®¡° §®¬, ¢ ¯«®±ª®±²¨ ¯°®¢¨± ­¨¿ ¨¬¥¾²±¿ ¤¢  ±¯¥ª²° 

±®¡±²¢¥­­»µ · ±²®², ­  ª®²®°»µ ¢®§¬®¦­® ¢®§­¨ª­®¢¥­¨¥ °¥§®­ ­±-

­»µ °¥¦¨¬®¢ ª®«¥¡ ­¨©. � ª ·¥±²¢¥ £° ­¨·­»µ ³±«®¢¨© § ¤ ¢ «¨±¼

¢¥°²¨ª «¼­®¥ ¨ £®°¨§®­² «¼­®¥ ¯¥°¥¬¥¹¥­¨¿ ¢¥°µ­¥© ²®·ª¨ ª°¥¯-

«¥­¨¿ ²°®±  ¯® £ °¬®­¨·¥±ª®¬³ § ª®­³. �²¬¥²¨¬, ·²® ¢ ¯° ª²¨ª¥

¯°®¥ª²¨°®¢ ­¨¿ · ±²® ¨±¯®«¼§³¥²±¿ ¤®¯³¹¥­¨¥ ® ª¢ §¨±² ²¨·¥±ª®¬

° ±¯°¥¤¥«¥­¨¨ ³±¨«¨© ¢ ²°®±®¢»µ ±¢¿§¿µ ¯°¨ ¯¥°¥¬¥¹¥­¨¿µ ¯« ¢³-

·¥£® ®¡º¥ª² , ²® ¥±²¼ ¯®«®¦¥­¨¥ ®¡º¥ª²  ¢ ®¯°¥¤¥«¥­­»© ¬®¬¥­²

¢°¥¬¥­¨ "§ ¬®° ¦¨¢ ¥²±¿" ¨ ³±¨«¨¿ ¢ ²°®±®¢»µ ±¢¿§¿µ ®¯°¥¤¥«¿-

¾²±¿ ¨§ °¥¸¥­¨¿ ±² ²¨·¥±ª®© § ¤ ·¨ ® ¯°®¢¨± ­¨¨ ²°®± .

�°¥¤±² ¢«¥­­®¥  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ ¯®§¢®«¿¥² ¨±±«¥¤®¢ ²¼ ²¥

½´´¥ª²», ª®²®°»¥ ­¥ ¬®£³² ¡»²¼ ®¡­ °³¦¥­» ¢ ° ¬ª µ ª¢ §¨±² -

²¨·¥±ª®© ¬®¤¥«¨ ª®«¥¡ ­¨©. � ±±¬®²°¥­­ ¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼

ª®«¥¡ ­¨© ²°®±  ¯®§¢®«¿¥² ®¯¨±»¢ ²¼ ¤¨­ ¬¨ª³ ¸¨°®ª®£® ª« ±± 

¯° ª²¨·¥±ª¨ ¨±¯®«¼§³¥¬»µ ±¨±²¥¬ § ¿ª®°¥­¨¿.

1. �«¥ª± ­¤°®¢ �. �. �³¤®¢»¥ ³±²°®©±²¢ . �.: �³¤®±²°®¥­¨¥, 1968.
2. �³«¼¬ · �. �. �ª®°­»¥ ±¨±²¥¬» ³¤¥°¦ ­¨¿ ¯« ¢³·¨µ ®¡º¥ª²®¢.
�.: �³¤®±²°®¥­¨¥, 1980.
3. � «² ­®¢ �. �. �¨¡ª¨¥ ­¨²¨ ¢ ¯®²®ª µ. �¨¥¢: � ³ª®¢  ¤³¬ª ,
1974.
4. �¢¥²«¨¶ª¨© �. �. �¥µ ­¨ª  ²°³¡®¯°®¢®¤®¢ ¨ ¸« ­£®¢. �.: � -
¸¨­®±²°®¥­¨¥, 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 
oating 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

e�ects which can not be revealed within the quasi-static oscillations model.

�¯° ¢«¥­¨¥ °®¡®² ¬¨ ¢ ª®­ª³°¥­²­®© ±°¥¤¥

�. �. �«´¥°®¢, �. �. � « ´¥¥¢

(alferov@apmath.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ° ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ¤®±²¨¦¥­¨¨ °®¡®²®¬ ¤¢¨¦³-

¹¥©±¿ ¶¥«¨ (­ ¯°¨¬¥°, ¤°³£®£® °®¡®² ) ¯°¨ ­ «¨·¨¨ ¯®¤¢¨¦­»µ

¯°¥¯¿²±²¢¨©. �²  § ¤ ·  ±¢®¤¨²±¿ ª ¤¨­ ¬¨·¥±ª¨¬ ª®­´«¨ª²­»¬

¯°®¶¥±± ¬. �°®¶¥±±» ² ª®£® ²¨¯  ¯°®²¥ª ¾² ¢ ¯®«­®¬ «®ª «¼­®

ª®¬¯ ª²­®¬ ¬¥²°¨·¥±ª®¬ ¯°®±²° ­±²¢¥ X. �¨­ ¬¨ª  ¯°¥±«¥¤³¾-

¹¥£® ¨ ³¡¥£ ¾¹¥£® °®¡®²®¢, ¯°¨­¨¬ ¾¹¨µ ³· ±²¨¥ ¢ ½²¨µ ¯°®¶¥±-

± µ, § ¤ ¥²±¿ ¯®±°¥¤±²¢®¬ ®¡®¡¹¥­­»µ ¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬ P1; P2
¢ X. �¡®¡¹¥­­ ¿ ¤¨­ ¬¨·¥±ª ¿ ±¨±²¥¬  P`; ` = 1; 2, ®¯°¥¤¥«¿¥²±¿
¯°¨ ¯®¬®¹¨ ±¥¬¥©±²¢  ¬­®£®§­ ·­»µ ®²®¡° ¦¥­¨© ¯°®±²° ­±²¢  X
­  ±¥¡¿, ®¡®§­ · ¥¬®£® ·¥°¥§ P`(x

`; t); ` = 1; 2, ¨ ­ §»¢ ¥¬®£® ´³­ª-
¶¨¥© ¤®±²¨¦¨¬®±²¨ °®¡®²  `. �¡®§­ ·¨¬ ·¥°¥§ � ¬­®¦¥±²¢® ª®-

­¥·­»µ ° §¡¨¥­¨© � ¨­²¥°¢ «  [0; T ], T < 1. � ª ¦¤»© ¬®¬¥­²

¢°¥¬¥­¨ t 2 [0; T ] ¯°®¶¥±±  �i(x
1
0; x

2
0; T ), i = 1; 2, ª ¦¤®¬³ °®¡®²³

¨§¢¥±²­» ¯®§¨¶¨¨ ®¡®¨µ °®¡®²®¢| ²®·ª¨ x`(t), ` = 1; 2,   ² ª¦¥ ¤¨-
­ ¬¨·¥±ª¨¥ ¢®§¬®¦­®±²¨ ®¡®¨µ °®¡®²®¢, ®¯°¥¤¥«¿¥¬»¥ ´³­ª¶¨¿¬¨

P`; ` = 1; 2. �§¢¥±²­  ² ª¦¥ ¯°®¤®«¦¨²¥«¼­®±²¼ ¯°®¶¥±±  T <1.

�¯°¥¤¥«¨¬ ²¥¯¥°¼ ±²° ²¥£¨¨ °®¡®²®¢ ¢ ¯°®¶¥±± µ �i(x
1; x2; T ); i =

1; 2. �²° ²¥£¨¥© '` °®¡®²  ` ¢ ¯°®¶¥±±¥ �i(x
1
0; x

2
0; T ) ­ §»¢ ¥²±¿ ¯ ° 

(�'` ;K
`
�), £¤¥ �'` 2 �T ,  K

`
� | ®²®¡° ¦¥­¨¥, ±² ¢¿¹¥¥ ¢ ±®®²¢¥²-

±²¢¨¥ ¯ °¥ ¯®§¨¶¨©

x̂1
tk
2 P̂1(x10; tk); x̂2

tk
2 P̂2(x20; tk); tk 2 �'` = �`

°®¡®²®¢, °¥ «¨§®¢ ¢¸¨µ ª ¬®¬¥­²³ tk ²° ¥ª²®°¨¾

x̂`
tk+1�tk

2 P̂`(x̂`tk(tk); tk+1 � tk):

� °  ('1; '2) = ((�'1 ;K
1
�1
); (�'2 ;K

2
�2
)) 2 �1 � �2 ­ §»¢ ¥²±¿ ±¨-

²³ ¶¨¥© ¢ ¯°®¶¥±±¥ �i(x
1
0; x

2
0; T ). � «¥¥ ®¯°¥¤¥«¿¾²±¿ ´³­ª¶¨¨ ¢»-

¨£°»¸  H` ­  ¬­®¦¥±²¢¥ �1 � �2. �°®¶¥±± �1(x
1
0; x

2
0; T ) = �H1

=
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h�1;�2;H1i ¬» ¡³¤¥¬ ­ §»¢ ²¼ ª®­´«¨ª²­»¬ ¯°®¶¥±±®¬ ± ²¥°¬¨-

­ «¼­»¬ ¢»¨£°»¸¥¬,   ¯°®¶¥±± �2(x
1
0; x

2
0; T ) = �H2

= h�1;�2;H2i
ª®­´«¨ª²­»¬ ¯°®¶¥±±®¬ ­  ³ª«®­¥­¨¥ ± ¯°¥¤¯¨± ­­®© ¯°®¤®«¦¨-

²¥«¼­®±²¼¾. � ° ±±¬®²°¥­­»µ ¢»¸¥ ±²° ²¥£¨¿µ ° §¡¨¥­¨¥ ¨­²¥°-

¢ «  [0; T ] ª®­´«¨ª²­®£® ¯°®¶¥±±  ¢»¡¨° «®±¼ °®¡®²®¬ ¤® ­ · « 

¯°®¶¥±± . � ­¥ª®²®°»µ ±«³· ¿µ ¡»¢ ¥² ³¤®¡­® ¨§¡ ¢¨²¼±¿ ®² ½²®£®

®£° ­¨·¥­¨¿ ¨ ¯®§¢®«¨²¼ °®¡®²³ ¢»¡¨° ²¼ ²®·ª³ tk+1 ° §¡¨¥­¨¿ �
¢ ¬®¬¥­² tk.

�®ª §»¢ ¥²±¿, ·²® ¢ ² ª¨µ ¤¨­ ¬¨·¥±ª¨µ ª®­´«¨ª²­»µ ¯°®¶¥±± µ

±³¹¥±²¢³¾² "-®¯²¨¬ «¼­»¥ ±²° ²¥£¨¨ °®¡®²®¢ ¨ ¯°¥¤« £ ¥²±¿ ª®­-
±²°³ª²¨¢­»©  «£®°¨²¬ ¨µ ·¨±«¥­­®£® ­ µ®¦¤¥­¨¿.

1. �®«¿µ®¢ �. �., �¥£¦¤  �. �., �¸ª®¢ �. �. �¥®°¥²¨·¥±ª ¿ ¬¥µ -
­¨ª . �§¤-¢® �¥­¨­£° ¤±ª®£® ³­-² , 1985. 536 ±.
2. � « ´¥¥¢ �. �. �¯° ¢«¿¥¬»¥ ª®­´«¨ª²­»¥ ±¨±²¥¬». �§¤-¢®
��¡��, 2000. 280 ±.
3. �«´¥°®¢ �. �., Stilman B. �¯²¨¬ «¼­»¥ ²° ¥ª²®°¨¨ °®¡®²  ¢ ¤¨-
­ ¬¨·¥±ª®© ±°¥¤¥ // �°¨ª« ¤­ ¿ ¬¥µ ­¨ª  ��¡: �§¤-¢® ��¡��.
1997. �»¯. 10. �. 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.

�¯®±®¡» ®¯°¥¤¥«¥­¨¿ ¤¨­ ¬¨·¥±ª¨µ ¯ ° ¬¥²°®¢
²¥« ¯® ª®«¥¡ ­¨¿¬ ¢ ³¯°³£®¬ ¯®¤¢¥±¥

�. �. �¥«¿ª®¢

(a belyakov@inbox.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®ª« ¤ ¯®±¢¿¹¥­ ¨±±«¥¤®¢ ­¨¾ ­®¢®£® ¬¥²®¤  ®¯°¥¤¥«¥­¨¿ ¤¨­ ¬¨-

·¥±ª¨µ ¯ ° ¬¥²°®¢ ª°³¯­®£ ¡ °¨²­»µ ²¥«, ° §° ¡®² ­­®£® ¢ ����

[1]. �¥²®¤ ¯°¥¤¯®« £ ¥² ±¢®¡®¤­»¥ ª®«¥¡ ­¨¿ ²¢¥°¤®£® ²¥«  ¢ ³¯°³-

£®¬ ¯®¤¢¥±¥ ¯® ²°¥¬ ±²¥¯¥­¿¬ ±¢®¡®¤».
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�°¥¤±² ¢«¥­» ¢»° ¦¥­¨¿ ¤«¿ ®¯°¥¤¥«¥­¨¿ ¨­¥°¶¨®­­®© ¬ ²°¨¶»

ª®«¥¡ ²¥«¼­®© ±¨±²¥¬» ¯® ´®°¬ ¬ ª®«¥¡ ­¨© ¨ ±®¡±²¢¥­­»¬ · ±²®-

² ¬. �®«³·¥­»  ­ «¨²¨·¥±ª¨¥ ¢»° ¦¥­¨¿ ¤«¿ ¤¨­ ¬¨·¥±ª¨µ ¯ ° -

¬¥²°®¢ ²¥«  ¯°¨ ° §«¨·­»µ ±¯®±®¡ µ ¢®§¡³¦¤¥­¨¿ ª®«¥¡ ­¨©. �°®-

¢¥¤¥­  ­ «¨§ ·³¢±²¢¨²¥«¼­®±²¨ ½²¨µ ¢»° ¦¥­¨© ª ¯®£°¥¸­®±²¿¬ ¨§-

¬¥°¥­¨¿ · ±²®² ¨ ´®°¬ ª®«¥¡ ­¨©. �°¨¢¥¤¥­» °¥§³«¼² ²» ¬®¤¥«¨-

°®¢ ­¨¿ ª®«¥¡ ­¨© ª®­ª°¥²­®© ±¨±²¥¬» ¯°¨ ° §«¨·­»µ ¯®«®¦¥­¨¿µ

¶¥­²°  ¬ ±± [2].

� ±±¬®²°¥­» ¯°¥¨¬³¹¥±²¢  ¨ ­¥¤®±² ²ª¨ ° §«¨·­»µ ±¯®±®¡®¢ ¢®§-

¡³¦¤¥­¨¿ ª®«¥¡ ­¨©.

1. �®£¤ ­®¢ �. �., �®«®¡³¥¢ �. �., �³¤°¿¸®¢ �. �., �° ¢¨­ �. �.
�®¬¯«¥ª± ¤«¿ ¨§¬¥°¥­¨¿ ¬ ±±», ª®®°¤¨­ ² ¶¥­²°  ¬ ±± ¨ ¬®¬¥­²®¢
¨­¥°¶¨¨ ¬ ¸¨­®±²°®¨²¥«¼­»µ ¨§¤¥«¨© // �§¬¥°¨²¥«¼­ ¿ ²¥µ­¨ª .
2002. C. 37-45.
2. �¥«¿ª®¢ �. �. �¨±«¥­­®¥ ¬®¤¥«¨°®¢ ­¨¥ ¯°®¶¥±±  ¨§¬¥°¥­¨¿ ¬®-
¬¥­²®¢ ¨­¥°¶¨¨ ª°³¯­®£ ¡ °¨²­»µ ²¥« ¬¥²®¤®¬ ±¢®¡®¤­»µ ª®«¥¡ -
­¨© // �·¥­»¥ § ¯¨±ª¨ ����. 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 di�erent

types of oscillation excitation. The results of modeling for a particular oscilla-

tion system are presented [2]. The advantages and disadvantages of di�erent

excitation types are discussed.
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�² ¡¨«¨§ ¶¨¿ ±¨­´ §­®£® § ª°¨²¨·¥±ª®£® °¥¦¨¬ 
¢° ¹¥­¨¿ ¢¨¡°®¢®§¡³¤¨²¥«¥© ¯®±°¥¤±²¢®¬
¢­³²°¥­­¥© ±²¥¯¥­¨ ±¢®¡®¤»

�. �. �«¥µ¬ ­, �. �¯¥°«¨­£

(blekhman@vibro.ipme.ru, Lutz.Sperling@masch-bau.uni-magdeburg.de)

��� �¥µ ­®¡°-²¥µ­¨ª  ¨ �­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®¢¥¤¥­¨¿ ���,
� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�²²®-´®­-�¥°¨ª¥-�­¨¢¥°±¨²¥², � £¤¥¡³°£, �¥°¬ ­¨¿

�®±² ¢«¥­­ ¿  ¢²®° ¬¨ ¢ ®¡¹¥© ´®°¬¥ ¯°®¡«¥¬  ±¨­µ°®­¨§ ¶¨¨ ¤¨-

­ ¬¨·¥±ª¨µ ®¡º¥ª²®¢ ±® ¢­³²°¥­­¨¬¨ ±²¥¯¥­¿¬¨ ±¢®¡®¤» [1] ¯°¥¤-

±² ¢«¿¥² ¨­²¥°¥± ¤«¿ ¢¨¡° ¶¨®­­®© ²¥µ­¨ª¨, ­¥¡¥±­®© ¬¥µ ­¨ª¨ ¨

²¥®°¥²¨·¥±ª®© ´¨§¨ª¨. �¥¦¤³ ²¥¬, ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ ½²  ¯°®¡«¥¬ 

­ µ®¤¨²±¿ ¢ ­ · «¼­®© ±² ¤¨¨ ±¢®¥£® °¥¸¥­¨¿.

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ¯°®±²¥©¸¨© ¢ °¨ ­² ½²®© ¯°®¡«¥¬» |

§ ¤ ·  ® ± ¬®±¨­µ°®­¨§ ¶¨¨ ¤¢³µ ®¤¨­ ª®¢»µ ¤¥¡ « ­±­»µ ¢¨¡°®-

¢®§¡³¤¨²¥«¥©, °®²®°» ª®²®°»µ ³±² ­®¢«¥­» ±®®±­® ¨ ¶¥­²° «¼­® ­ 

¬¿£ª® ¢¨¡°®¨§®«¨°®¢ ­­®¬ ²¢¥°¤®¬ ²¥«¥ ¨ ±­ ¡¦¥­» ¤®¯®«­¨²¥«¼-

­»¬¨ ¬ ±± ¬¨, ³ª°¥¯«¥­­»¬¨ ­  ¯°³¦¨­ µ. � ­­ ¿ ±¨±²¥¬  ¯°¨¬¥-

· ²¥«¼­  ²¥¬, ·²®, ± ®¤­®© ±²®°®­», ¤®¯³±ª ¥² ²®·­®¥ ¨±±«¥¤®¢ ­¨¥

±¨­µ°®­­®£® °¥¦¨¬ ,   ± ¤°³£®© | ¯®§¢®«¿¥² ¢»¿¢¨²¼ ±¯¥¶¨´¨·¥-

±ª¨¥ ®±®¡¥­­®±²¨ § ¤ · ½²®£® ª« ±±  ¨ ²¥µ­¨·¥±ª¨¥ ¢®§¬®¦­®±²¨,

±¢¿§ ­­»¥ ± ¨±¯®«¼§®¢ ­¨¥¬ ¯®¤®¡­»µ ±¨±²¥¬. � · ±²­®±²¨, ° ±-

±¬®²°¥­ ¢®¯°®± ® ¢®§¬®¦­®±²¨ ±² ¡¨«¨§ ¶¨¨ ±¨­´ §­®£® °¥¦¨¬ 

±¨­µ°®­­®£® ¢° ¹¥­¨¿ ¢®§¡³¤¨²¥«¥©.

1. Blekhman I. I., Sperling L. Synchronization of dynamic objects with
internal degrees of freedom // Proceedings of the XXX Summer School
\�ctual Problems in Mechanics", St. Petersburg, Repino. 2002.

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

I. 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.

�°¨¬¥­¥­¨¥ ³° ¢­¥­¨© � ¤¦¨
¢ ª¢ §¨ª®®°¤¨­ ² µ ¢ ¤¨­ ¬¨ª¥
±¨±²¥¬ ²¢¥°¤»µ ²¥«

�. �. �¿·ª®¢, �. �. �³±«®­®¢

(AndreyBya@yandex.ru)

�¥°¬±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®¢»¸¥­­»© ¨­²¥°¥± ¢ ¯®±«¥¤­¥¥ ¢°¥¬¿ ¢»§»¢ ¾² ° ¡®²», ±¢¿§ ­-

­»¥ ± ¯°®¡«¥¬ ¬¨ ¬®¤¥«¨°®¢ ­¨¿ ¤¨­ ¬¨ª¨ ±¨±²¥¬ ±¢¿§ ­­»µ ²¢¥°-

¤»µ ²¥«. �¥±¬®²°¿ ­  ²®, ·²® ¢®¯°®± ¯®±²°®¥­¨¿ ³° ¢­¥­¨© ª¨­¥-

¬ ²¨ª¨ ¨ ¤¨­ ¬¨ª¨ ¤«¿ ±¨±²¥¬ ± «¾¡»¬ ·¨±«®¬ ±²¥¯¥­¥© ±¢®¡®¤»

¢ ° ¬ª µ  ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¨ ¯°¨­¶¨¯¨ «¼­® °¥¸¥­, ¯°¿¬®¥

¯°¨¬¥­¥­¨¥ ª« ±±¨·¥±ª¨µ ¬¥²®¤®¢ ª ¤®±² ²®·­® ±«®¦­»¬ ±¨±²¥¬ ¬

¯°¨¢®¤¨² ª §­ ·¨²¥«¼­»¬ ¢»·¨±«¨²¥«¼­»¬ ²°³¤­®±²¿¬.

�¥­²° «¼­®© ¯°®¡«¥¬®© ¿¢«¿¥²±¿ ¯°®¡«¥¬  ³·¥²  ±¢¿§¥©. �¬¥­­®

° §«¨·¨¥ ¢ ¯®¤µ®¤ µ ª °¥¸¥­¨¾ ¯°®¡«¥¬» ³·¥²  ±¢¿§¥© ¯®°®¤¨«®

¬­®£®®¡° §¨¥ ´®°¬ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ±¨±²¥¬ ²¥«.

�®ª« ¤ ¯®±¢¿¹¥­ ° §¢¨²¨¾ ¬¥²®¤®¢ ­¥£®«®­®¬­®© ¬¥µ ­¨ª¨ ¯°¨ °¥-

¸¥­¨¨ § ¤ · ´®°¬¨°®¢ ­¨¿ ¬®¤¥«¥© ¤¨­ ¬¨ª¨ ±¨±²¥¬  ¡±®«¾²­®

²¢¥°¤»µ ²¥«. � ª ·¥±²¢¥ ²¥®°¥²¨·¥±ª®© ®±­®¢» °¥¸¥­¨¿ ³ª § ­-

­®© § ¤ ·¨ ¯°¥¤«®¦¥­® ° ±±¬®²°¥­¨¥ ¬¥²®¤  ³·¥²  ±¢¿§¥© ¯³²¥¬

¯®±²°®¥­¨¿ ±¨±²¥¬» ­¥§ ¢¨±¨¬»µ ¢ °¨ ¶¨© ®¡®¡¹¥­­»µ ±ª®°®±²¥©

¨ ³° ¢­¥­¨© � ¤¦¨ ¢ ª¢ §¨ª®®°¤¨­ ² µ [1, 2].
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�®ª § ­®, ·²® ¨±¯®«¼§®¢ ­¨¥ ¯°¥¤« £ ¥¬®© ´®°¬» ³° ¢­¥­¨© � -

¤¦¨ ¯°¨¢®¤¨² ª ¯®±²°®¥­¨¾ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ±¨±²¥¬ ²¢¥°¤»µ

²¥« ¢ ¢¨¤¥ ° ±¸¨°¥­­®© ±¨±²¥¬» ¤¨´´¥°¥­¶¨ «¼­®- «£¥¡° ¨·¥±ª¨µ

³° ¢­¥­¨© ¢ ¨§¡»²®·­»µ ª®®°¤¨­ ² µ ¨ ª¢ §¨±ª®°®±²¿µ. �®«³· ¥-

¬»¥ ³° ¢­¥­¨¿ ¢ · ±²­»µ ±«³· ¿µ ¯°¥®¡° §³¾²±¿ ª °¿¤³ ¨§¢¥±²­»µ

³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ±¨±²¥¬ ²¥«, ¨ ¢ ½²®¬ ±¬»±«¥ ¿¢«¿¾²±¿ ®¡¹¨¬¨

³° ¢­¥­¨¿¬¨ ¤¨­ ¬¨ª¨ ±¨±²¥¬» ±¢¿§ ­­»µ ²¢¥°¤»µ ²¥«.

1. �¿·ª®¢ �. �. �¥®°¥²¨·¥±ª¨¥ ®±­®¢» ´®°¬¨°®¢ ­¨¿ ¬®¤¥«¥© ¤¨­ -
¬¨ª¨ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬ ± ¯¥°¥¬¥­­®© ª¨­¥¬ ²¨·¥±ª®© ±²°³ª²³-
°®© //�¨±. ª ­¤¨¤ ²  ´¨§.-¬ ². ­ ³ª. �¥°¬¼. 1999. 220 ±.
2. �¿·ª®¢ �. �. �° ¢­¥­¨¿ � ¤¦¨ ¢ ª¢ §¨ª®®°¤¨­ ² µ //�®±¼¬®©
�±¥°®±±¨©±ª¨© ±º¥§¤ ¯® ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤­®© ¬¥µ ­¨ª¥. �­-
­®² ¶¨¨ ¤®ª« ¤®¢, �ª ²¥°¨­¡³°£: �°� ���. 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 di�erential-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.

� ¢»­³¦¤¥­­»µ ª®«¥¡ ­¨¿µ ¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬

�. �. �¥°¥²¥­­¨ª®¢, �. �. �° ±¨«¼­¨ª®¢, �. �. �¨­¨¶»­

(kras@k804.mainet.msk.su)

�®±ª®¢±ª¨©  ¢¨ ¶¨®­­»© ¨­±²¨²³², �®±±¨¿

�±±«¥¤³¾²±¿ ¤¨­ ¬¨·¥±ª¨¥ ±¨±²¥¬», ®¯¨±»¢ ¥¬»¥ ®¡»ª­®¢¥­­»¬¨

¤¨´´¥°¥­¶¨ «¼­»¬¨ ³° ¢­¥­¨¿¬¨ ± ¤®¯®«­¨²¥«¼­»¬¨ ®£° ­¨·¥­¨-

¿¬¨ ¢ ¢¨¤¥ ³° ¢­¥­¨© ±¢¿§¥©, ª®²®°»¬ ¤®«¦­» ³¤®¢«¥²¢®°¿²¼ ´ -

§®¢»¥ ¯¥°¥¬¥­­»¥.
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�¨´´¥°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿ ± ¯®¬®¹¼¾ ¯°¨­¶¨¯  ®±¢®¡®¦¤ ¥¬®-

±²¨ ®² ±¢¿§¥© ¨ £¨¯®²¥§» � ³±±  "® ¬»±«¨¬»µ ¤¢¨¦¥­¨¿µ" ¯°¥®¡° -

§³¾²±¿ ª ¢¨¤³, ±®¤¥°¦ ¹¥¬³ °¥ ª¶¨¨ ¢ ¯° ¢»µ · ±²¿µ. �±µ®¤­»¥

³° ¢­¥­¨¿ ±¢¿§¥© ²®£¤  ®¯¨±»¢ ¾² ¨­²¥£° «¼­®¥ ¬­®£®®¡° §¨¥.

�«¿ ­¥ª®²®°®£® ª« ±±  ¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬ ± "¯ ° ¬¥²°¨·¥±ª®©

±¢¿§¼¾", ª®²®°»© ° ±±¬ ²°¨¢ « �.�. �¥² ¥¢, ¯®«³·¥­® ¤¨´´¥°¥­-

¶¨ «¼­®¥ ±®®²­®¸¥­¨¥, ­¥ ±®¤¥°¦ ¹¥¥ °¥ ª¶¨© ±¢¿§¥©. � ±²­»¬

±«³· ¥¬ ½²®£® ±®®²­®¸¥­¨¿ ¿¢«¿¥²±¿ ®¡¹¥¥ ³° ¢­¥­¨¥  ­ «¨²¨·¥-

±ª®© ¤¨­ ¬¨ª¨.

�  ®±­®¢¥ ®¯¨± ­­®£® ¯®¤µ®¤  ¨±±«¥¤³¥²±¿ § ¤ ·  ® ¯®±²°®¥­¨¨ ¯¥-

°¨®¤¨·¥±ª¨µ ¤¢¨¦¥­¨© ¤«¿ ±¨±²¥¬» ³° ¢­¥­¨© � £° ­¦ ,   ² ª¦¥

³° ¢­¥­¨©, ®¯¨±»¢ ¾¹¨µ ¢° ¹¥­¨¥ £¨°®±² ²  ¯°¨ ­¥«¨­¥©­»µ § -

ª®­ µ ³¯° ¢«¥­¨¿.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ �¨­®¡° §®¢ ­¨¿

(Â ���-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 di�erential equations with restrictions in the form of the constraint
equations.
The di�erential equations are transformed to the form of equations with the
reactions in right sides.
For the certain class of dynamic systems the di�erential 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.

�°¨¢¥¤¥­­»¥ ¬ ²°¨¶» ¦¥±²ª®±²¨ ¨ ¤¨±±¨¯ ¶¨¨
¯ ª¥²  ¶¨«¨­¤°¨·¥±ª¨µ ¯°³¦¨­

�. �. � ¢°¨«®¢, �. �. �®­®¯«¥¢

(vkono@mail.ru)

�­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®¢¥¤¥­¨¿ ���, � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ª¥²» ¶¨«¨­¤°¨·¥±ª¨µ ¯°³¦¨­ ¨±¯®«¼§³¾²±¿ ¢ ° §«¨·­»µ ²¥µ­¨-
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·¥±ª¨µ ³±²°®©±²¢ µ: ²° ¬¡®¢®·­»µ ¢¨¡°®¬ ¸¨­ µ, £°®µ®² µ,  ¬®°-

²¨§ ²®° µ, ¢  ¢²®¬®¡¨«¥±²°®¥­¨¨, ¢ ¦¥«¥§­®¤®°®¦­®¬ ²° ­±¯®°²¥.

�¨«» ¢®§¤¥©±²¢¨¿ ¯°³¦¨­» ­  ²¢¥°¤®¥ ²¥«® ¤¥«¿²±¿ ­  ¤¢  ¯°¨­-

¶¨¯¨ «¼­® ° §«¨·­»µ ª« ±± : ±¨«» ³¯°³£®±²¨ ¨ ±¨«» ¤¥¬¯´¨°®¢ -

­¨¿. � ²¥ ¨ ¤°³£¨¥ ¤«¿ ®¤­®© ¯°³¦¨­» ¢»·¨±«¿¾²±¿ ± ¨±¯®«¼§®¢ -

­¨¥¬ ±² ­¤ °²­»µ ¬¥²®¤®¢. � ¤®ª« ¤¥ ¯®ª § ­®, ·²® ®¯°¥¤¥«¥­¨¥

³ª § ­­»µ ±¨« ¤«¿ ­¥±ª®«¼ª¨µ (¯ ª¥² ) ¯°³¦¨­ ­¥ ±¢®¤¨²±¿ ª ±®-

®²¢¥²±²¢³¾¹¥¬³ ³¢¥«¨·¥­¨¾ ±¨«» ®¤­®© ¯°³¦¨­». � ¨±¯®«¼§®¢ -

­¨¥¬  «£¥¡° ¨·¥±ª®© ²¥®°¨¨ ¯®«³·¥­» ¤¨­ ¬¨·¥±ª¨¥ ¢¨­²» ³¯°³-

£®£® ¨ ¤¥¬¯´¨°³¾¹¥£® ¢®§¤¥©±²¢¨¿ ¯ ª¥²  ¶¨«¨­¤°¨·¥±ª¨µ ¯°³-

¦¨­, ²®·ª¨ ª°¥¯«¥­¨¿ ª®²®°»µ «¥¦ ² ¢ £®°¨§®­² «¼­®© ¯«®±ª®±²¨, ¢

¢¨¤¥ «¨­¥©­®£® ¯°¥®¡° §®¢ ­¨¿ ®¡®¡¹¥­­»µ ª®®°¤¨­ ² ¨ ±ª®°®±²¥©

¯®¤¯°³¦¥­­®£® ²¢¥°¤®£® ²¥«  ± ±®®²¢¥²±²¢³¾¹¨¬¨ ¬ ²°¨¶ ¬¨, ­ -

§¢ ­­»¬¨ ¯°¨¢¥¤¥­­»¬¨. �²¨ ¬ ²°¨¶» ±¨¬¬¥²°¨·­», ­® ¢ ®¡¹¥¬

±«³· ¥ ­¥ ¤¨ £®­ «¼­» ¤ ¦¥ ¢ ±«³· ¥ ¤¨ £®­ «¼­®±²¨  ­ «®£¨·­»µ

¬ ²°¨¶ ¤«¿ ª ¦¤®© ¯°³¦¨­». �®ª § ­®, ·²® ±²°³ª²³°  ¬ ²°¨¶ ² -

ª®¢ , ·²® ¤¢¨¦¥­¨¿ ¯®¤¯°³¦¥­­®£® ²¢¥°¤®£® ²¥«  ¯® ·¥²­»¬ (2,6)

¨ ­¥·¥²­»¬ (3,5) ®¡®¡¹¥­­»¬ ª®®°¤¨­ ² ¬ ¨ ±ª®°®±²¿¬ ®ª §»¢ -

¾²±¿ ±¢¿§ ­­»¬¨. �¥«¨·¨­» ±®®²¢¥²±²¢³¾¹¨µ ½«¥¬¥­²®¢ ¬ ²°¨¶

§ ¢¨±¿² ®² ´¨§¨·¥±ª¨µ µ ° ª²¥°¨±²¨ª ¯°³¦¨­ ¨ ° ±¯®«®¦¥­¨¿ ²®-

·¥ª ª°¥¯«¥­¨¿ ª ²¥«³. �±«¨ ²®·ª¨ ª°¥¯«¥­¨¿ ¯°³¦¨­ ª ²¥«³ «¥¦ ²

¢ ¯«®±ª®±²¨, ±®¤¥°¦ ¹¥© ­ · «® ±¢¿§ ­­®© ± ­¨¬ ±¨±²¥¬» ª®®°¤¨-

­ ², ²® ®¡®¡¹¥­­»¥ ¬ ²°¨¶» ¦¥±²ª®±²¨ ¨ ¤¨±±¨¯ ¶¨¨ ¤¨ £®­ «¼­».

�ª § ­­ ¿ § ¢¨±¨¬®±²¼ ¨±±«¥¤®¢ ­  ¨ ¯°®¨««¾±²°¨°®¢ ­  ­  ¯°¨¬¥-

° µ ¤¢¨¦¥­¨¿ ¯®¤¯°³¦¥­­®£® ­®±¨²¥«¿ ¤¢³µ ¤¨­ ¬¨·¥±ª¨ ­¥³° ¢­®-

¢¥¸¥­­»µ °®²®°®¢. �¡¥ ¬ ²°¨¶» ¯°¥¤±² ¢«¥­» ¢ ¢¨¤¥, ³¤®¡­®¬ ¤«¿

­¥¯®±°¥¤±²¢¥­­®© °¥ «¨§ ¶¨¨ ­  ª®¬¯¼¾²¥°¥ ¡¥§ ª ª¨µ-«¨¡® ¯°¥¤-

¢ °¨²¥«¼­»µ ¯°¥®¡° §®¢ ­¨©.

Reduced sti�ness 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.

�¡ ³±²®©·¨¢®±²¨ °¥£³«¿°­»µ ¯°¥¶¥±±¨©
¢ ®±¥±¨¬¬¥²°¨·­»µ ¯®«¿µ

�. �. � «¨³««¨­

(gal@k804.mainet.msk.su)

�®±ª®¢±ª¨©  ¢¨ ¶¨®­­»© ¨­±²¨²³², �®±±¨¿

� ­® ¨±²®°¨·¥±ª®¥ ®¯¨± ­¨¥ ¨§¢¥±²­»µ °¥£³«¿°­»µ ¯°¥¶¥±±¨© ±¨¬-

¬¥²°¨·­»µ ²¥« ¢ ±¨«®¢»µ ¯®«¿µ ± ¯®²¥­¶¨ «®¬ ¢ ¢¨¤¥ ´³­ª¶¨¨ ®²

³£«  ­³² ¶¨¨ | ª ª ²¥« ± § ª°¥¯«¥­­®© ²®·ª®©, ² ª ¨ ±¯³²­¨ª®¢ ¨

¯« ­¥².

�ª § ­  ±¢¿§¼ ¯®«³·¥­­»µ ° ­¥¥ ³±«®¢¨© ¨µ ³±²®©·¨¢®±²¨ ± ³±«®¢¨-

¿¬¨, ¢»²¥ª ¾¹¨¬¨ ¨§ «¨­¥ °¨§®¢ ­­»µ ³° ¢­¥­¨© ¯¥°¢®£® ¯°¨¡«¨-

¦¥­¨¿. �°¨¢®¤¨²±¿ ­®¢®¥ ³±«®¢¨¥, ¤®±² ²®·­®¥ ¤«¿ ³±²®©·¨¢®±²¨,

ª®²®°®¥ ­ ª« ¤»¢ ¥²±¿ ­  ¯®²¥­¶¨ « ±¨«®¢®£® ¯®«¿.

�¡±³¦¤ ¾²±¿ ¢®¯°®±» ³±²®©·¨¢®±²¨ °¥£³«¿°­»µ ¯°¥¶¥±±¨© ­¥±¨¬-

¬¥²°¨·­®£® ²¥«  ®²­®±¨²¥«¼­® ®±¨ ±¨¬¬¥²°¨¨ ¯®«¿.

On the stability of the regular precessions
in the symmetric �elds of force

I. 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 �rst approximation is indicated also.

Questions of the stability of the regular precessions for the non-symmetric

bodies about the symmetric �eld axes have been discussed.
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�°¥®¡° §®¢ ­¨¥ ³° ¢­¥­¨© ½«¥ª²°¨·¥±ª®© ¬ ¸¨­»
¤¢®©­®£® ¯¨² ­¨¿

�. �. �¨¥¢±ª¨©

(mpy@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¥²±¿ ¢»¢®¤ ­¥£®«®­®¬­»µ ¯°¥®¡° §®¢ ­¨© ­¥§ ¢¨±¨¬»µ ´ §­»µ

²®ª®¢ ±² ²®°  ¨ °®²®°  ¬ ¸¨­» ¤¢®©­®£® ¯¨² ­¨¿ (���). � ­®¢»µ

¯¥°¥¬¥­­»µ (ª¢ §¨²®ª µ) ³° ¢­¥­¨¿ ��� ¨¬¥¾² ¢¨¤ ³° ¢­¥­¨© � -

¤¦¨. �³¹¥±²¢¥­­®¥ ¯°¥¨¬³¹¥±²¢® ³° ¢­¥­¨© � ¤¦¨ ¯® ±° ¢­¥­¨¾

± ¤°³£¨¬¨ ´®°¬ ¬¨ § ¯¨±¨ ³° ¢­¥­¨© ��� ±®±²®¨² ¢ ²®¬, ·²® ®­¨

¿¢«¿¾²±¿ ®¡»ª­®¢¥­­»¬¨ ­¥«¨­¥©­»¬¨ ¤¨´´¥°¥­¶¨ «¼­»¬¨ ³° ¢-

­¥­¨¿¬¨ ± ¯®±²®¿­­»¬¨ ª®½´´¨¶¨¥­² ¬¨ (¤°³£¨¥ ´®°¬» ¨µ § ¯¨±¨

±®¤¥°¦ ² ¯¥°¥¬¥­­»¥ ª®½´´¨¶¨¥­²» [1,2]). �®±«¥¤­¥¥ ®¡±²®¿²¥«¼-

±²¢® ¯®§¢®«¨«® ±³¹¥±²¢¥­­® ³¯°®±²¨²¼ ¨±±«¥¤®¢ ­¨¥ ° §«¨·­»µ °¥-

¦¨¬®¢ ° ¡®²» ���.

� ¤®ª« ¤¥ ¯®«³·¥­­»¥ ³° ¢­¥­¨¿ ¨±¯®«¼§®¢ ­» ¤«¿ ¨±±«¥¤®¢ ­¨¿

³±² ­®¢¨¢¸¥£®±¿ °¥¦¨¬  ° ¡®²» ���. � · ±²­®±²¨, ­ ©¤¥­® ¢»-

° ¦¥­¨¥ ¤«¿ ¥¥ ½«¥ª²°®¬ £­¨²­®£® ¬®¬¥­² . �®ª § ­®, ·²® ¯°¨

®¡¹¥¯°¨­¿²»µ ¤®¯³¹¥­¨¿µ ½²®² ¬®¬¥­² ¨¬¥¥² ²®² ¦¥ ¢¨¤, ·²® ¨

½«¥ª²°®¬ £­¨²­»© ¬®¬¥­² ±¨­µ°®­­®£® ¤¢¨£ ²¥«¿. �¤¥« ­ ¢»¢®¤ ®

­¥§ ¢¨±¨¬®±²¨ ½²®£® ¬®¬¥­²  ®² ­ · «¼­»µ ´ § ¯®¤¢®¤¨¬»µ ª ±² -

²®°³ ¨ °®²®°³ ��� ­ ¯°¿¦¥­¨©,   ² ª¦¥ ®² ­ · «¼­®£® ¯®«®¦¥­¨¿

°®²®° .

1. �¨¥¢±ª¨© �.�., �¼¢®¢¨· �. �. �¡ ³° ¢­¥­¨¿µ ½«¥ª²°¨·¥±ª®© ¬ -
¸¨­» ¤¢®©­®£® ¯¨² ­¨¿ // �¥±²­¨ª ���. 1991. Â8, ±¥°¨¿ 1, ¢»¯³±ª
2. C. 75-78.
2. �®¤¾ª®¢ �. �., �¼¢®¢¨· �. �. �° ¢­¥­¨¿ ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­.
�§¤-¢® ��¡��, 1997. 272 ±.

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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� ¤¢¨¦¥­¨¨ ¤¨±ª  ±® ±¬¥¹¥­­»¬ ¶¥­²°®¬
²¿¦¥±²¨ ¯® ¯«®±ª®±²¨ ±  ­¨§®²°®¯­»¬ ²°¥­¨¥¬

�. �. �¬¨²°¨¥¢

(dn7@rambler.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ±±¬®²°¥­  § ¤ ·  ® ±ª®«¼¦¥­¨¨ ¤¨±ª  ¯® ¯«®±ª®±²¨ ± ³·¥²®¬ ±¨«

 ­¨§®²°®¯­®£® ²°¥­¨¿ ¢ ¯°¥¤¯®«®¦¥­¨¨ ® ±¬¥¹¥­¨¨ ¶¥­²°  ²¿¦¥-

±²¨ ®²­®±¨²¥«¼­® ®±¨ ±¨¬¬¥²°¨¨ ¤¨±ª . �®«³·¥­» ¤¨´´¥°¥­¶¨ «¼-

­»¥ ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿, ¯° ¢»¥ · ±²¨ ª®²®°»µ ¯°¥¤±² ¢«¿¾² ±®-

¡®© ª®¬¡¨­ ¶¨¾ ½««¨¯²¨·¥±ª¨µ ¨­²¥£° «®¢. � ¢¨¤³ ­¥«¨­¥©­®±²¨

½²¨µ ³° ¢­¥­¨© ¨±±«¥¤®¢ ­¨¥ ¤¢¨¦¥­¨¿ ¯°®¢®¤¨«®±¼ ·¨±«¥­­»¬¨ ¬¥-

²®¤ ¬¨.

�®±²°®¥­ °¿¤ ²° ¥ª²®°¨© ¤¢¨¦¥­¨¿ ¶¥­²°  ±¨¬¬¥²°¨¨ ¨ ¶¥­²°  ²¿-

¦¥±²¨ ¤¨±ª . �±±«¥¤®¢ ­ ¯°®¶¥±± ®±² ­®¢ª¨ ²¥«  ¯°¨ ¥£® ¤¢¨¦¥­¨¨

¯® ¨­¥°¶¨¨. �¯°¥¤¥«¥­» ­¥ª®²®°»¥ ±®®²­®¸¥­¨¿ ¬¥¦¤³ ¯°¨ª« ¤»-

¢ ¥¬»¬¨ ³±¨«¨¿¬¨, ¯°¨ ª®²®°»µ ­ ·¨­ ¥²±¿ ¤¢¨¦¥­¨¥.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ �¨­¨±²¥°±²¢  ®¡° §®¢ ­¨¿ ��

(ÂE00-4.0-30).

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.

� ¢®§¤¥©±²¢¨¨ ³¤ °­®© ­ £°³§ª¨
­  ¬­®£®¬ ±±®¢³¾ ±¨±²¥¬³

�.�. �´°¥¬®¢

(efremov@udm.ru)

�¦¥¢±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤ ­­®¬ ±®®¡¹¥­¨¨ ° ±±¬ ²°¨¢ ¥²±¿ °¥¸¥­¨¥ ¯°¨ª« ¤­®© § ¤ ·¨

® ¢®§¤¥©±²¢¨¨ ¨¬¯³«¼±­®© ³¤ °­®© ­ £°³§ª¨ ­  ±¨±²¥¬³ ¨§ ²°¥µ ²¥«,
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±®¥¤¨­¥­­»µ ³¯°³£¨¬¨ ±¢¿§¿¬¨. �¨±«¥­­® °¥¸ ¥²±¿ ±¨±²¥¬  ¤¨´-

´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¯°¨ ¢¿§ª®¬ ¤¥¬¯´¨°®¢ ­¨¨ ¨ ¢­¥¸­¨µ

¢®§¬³¹¥­¨¿µ, § ¤ ­­»µ ¢ ¢¨¤¥ ³±ª®°¥­¨©. �°¨¢®¤¿²±¿ °¥§³«¼² ²»

° ±·¥²  ³±ª®°¥­¨© ª ¦¤®£® ²¥«  ¢ § ¢¨±¨¬®±²¨ ®² ¤«¨²¥«¼­®±²¨ ¨¬-

¯³«¼± , ±®¡±²¢¥­­»µ · ±²®² ª®«¥¡ ­¨© ¨ ¤¥¬¯´¨°®¢ ­¨¿.

About e�ect of an impact load at a multimass system

S.M. Efremov

Izhevsk State Technical University, Russia

About e�ect of a pulse impact load at a system from three bodies, by coherent

elastic connections.

�±±«¥¤®¢ ­¨¥ ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿
¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬ ¯®«¨­®¬¨ «¼­®©
±²°³ª²³°» ± ¯¥°¨®¤¨·¥±ª¨¬¨ ¯ ° ¬¥²° ¬¨

�. �. �¢ ­®¢, �. �. �¥«¼­¨ª®¢

(melnikov@mail.ifmo.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© ¨­±²¨²³² ²®·­®© ¬¥µ ­¨ª¨ ¨ ®¯²¨ª¨

(£®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²), �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ £®«®­®¬­ ¿ ¯¥°¨®¤¨·¥±ª ¿ ­¥±² ¶¨®­ °­ ¿ ±¨±²¥-

¬ . �°¥¤¯®« £ ¥²±¿, ·²® ­¥«¨­¥©­»¥ µ ° ª²¥°¨±²¨ª¨ ±¨±²¥¬» ¤®-

¯³±ª ¾²  ¯¯°®ª±¨¬ ¶¨¾ ±²¥¯¥­­»¬¨ ¬­®£®·«¥­ ¬¨ ®²­®±¨²¥«¼­®

®¡®¡¹¥­­»µ ª®®°¤¨­ ² ¨ ±ª®°®±²¥©, ±®¤¥°¦ ¹³¾ ¯¥°¨®¤¨·¥±ª¨¥

ª®½´´¨¶¨¥­²». �¥²®¤®¬ ¬­®£®·«¥­­»µ ¯°¥®¡° §®¢ ­¨© ° ±¸¨°¥­-

­®£® ´ §®¢®£® ¢¥ª²®°  ®±³¹¥±²¢«¿¥²±¿ ¯®±²°®¥­¨¥ ­¥«¨­¥©­®© ª -

­®­¨·¥±ª®© ±¨±²¥¬» ³° ¢­¥­¨©. �¨±²¥¬   ¢²®­®¬­  ¢ ° ¬ª µ ¯°¨-

­¿²®© ²®·­®±²¨, ¤®¯®«­¨²¥«¼­»¥ ·«¥­» ®²­¥±¥­» ª ¯®±²®¿­­® ¤¥©-

±²¢³¾¹¨¬ ¢®§¬³¹¥­¨¿¬. � ° ¬¥²°» ±¨±²¥¬» ¿¢«¿¾²±¿ ±³¹¥±²¢¥­-

­»¬¨ ª®­±² ­² ¬¨, ®¯°¥¤¥«¿¾¹¨¬¨ ª ·¥±²¢® ¤¢¨¦¥­¨¿. � ­®¢»µ

¯¥°¥¬¥­­»µ ­ µ®¤¿²±¿ ¯¥°¨®¤¨·¥±ª¨¥ °¥¸¥­¨¿, ´³­ª¶¨¨ �¿¯³­®¢ 

¨ ¤¨´´¥°¥­¶¨ «¼­»¥ ­¥° ¢¥­±²¢ . � °¥§³«¼² ²¥ ¯®«³·¥­» ®¶¥­ª¨

ª ·¥±²¢  ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿. � ­­»© ¯®¤µ®¤ ¯°¨¬¥­¥­ ¢ ¯°®-

¡«¥¬¥ ¢¨¡°®§ ¹¨²» ±¨±²¥¬ ± ¤¢³¬¿ ¨ ²°¥¬¿ ±²¥¯¥­¿¬¨ ±¢®¡®¤».
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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 coe�cients is considered. By means of

transformation of the vector of generalized coordinates the system is simpli�ed

and the constants are distinguished. The di�erential inequalities according to

which estimations of stability are established and the Lyapunov functions are

de�ned.

�­ «¨²¨·¥±ª¨© ¬¥²®¤ °¥¸¥­¨¿ § ¤ ·¨
±³¡®¯²¨¬ «¼­®£® ³¯° ¢«¥­¨¿ ¯®«¥²®¬

�. �. �¢ ­®¢, �. �. �±²®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤ ·  ®¯²¨¬ «¼­®£® ³¯° ¢«¥­¨¿ ¤¢¨¦¥­¨¥¬ «¥² ²¥«¼­®£®  ¯¯ ° ² 

(��) ¢  ²¬®±´¥°¥ ¿¢«¿¥²±¿ ¯° ª²¨·¥±ª¨ ¢ ¦­®© § ¤ ·¥© ¢­¥¸­¥©

¡ ««¨±²¨ª¨ ¨ ²¥®°¨¨ ³¯° ¢«¥­¨¿. �¤­ ª® ³¯° ¢«¥­¨¥, ­ ©¤¥­­®¥

ª ª °¥§³«¼² ² °¥¸¥­¨¿ ª° ¥¢®© § ¤ ·¨ ­  ®±­®¢¥ ¯°¨­¶¨¯  ¬ ª±¨-

¬³¬  �. �. �®­²°¿£¨­  ¢ ¥£® ª« ±±¨·¥±ª®© ´®°¬³«¨°®¢ª¥, ¿¢«¿¥²±¿

¯°®£° ¬¬­»¬ ³¯° ¢«¥­¨¥¬ ¨ ¯°¨ ­ «¨·¨¨ ¢±¿ª®£® °®¤  ¢®§¬³¹¥­¨©

®ª §»¢ ¥²±¿ ­¥½´´¥ª²¨¢­»¬, ².¥. ­¥ ®¡¥±¯¥·¨¢ ¥² ®¯²¨¬³¬ § ¤ ­-

­®£® ª°¨²¥°¨¿ ª ·¥±²¢ . �®½²®¬³ ¤®±² ²®·­® ¯®±²°®¨²¼ ±³¡®¯²¨-

¬ «¼­®¥ ³¯° ¢«¥­¨¥, ¯°¨ ª®²®°®¬ §­ ·¥­¨¥ ®¯²¨¬¨§¨°³¥¬®£® ´³­ª-

¶¨®­ «  ®²«¨· ¥²±¿ ®² ¥£® ®¯²¨¬ «¼­®£® §­ ·¥­¨¿ ­¥ ¡®«¥¥, ·¥¬ ­ 

§ ¤ ­­³¾ ¢¥«¨·¨­³ �.

�°¥¤« £ ¥¬ ¿ ¬¥²®¤¨ª  ±¨­²¥§  ±³¡®¯²¨¬ «¼­®£® ³¯° ¢«¥­¨¿ ±ª« -

¤»¢ ¥²±¿ ¨§ ²°¥µ ½² ¯®¢ °¥¸¥­¨¿ ¨±µ®¤­®© ¢ °¨ ¶¨®­­®© § ¤ ·¨.

�  ¯¥°¢®¬ ½² ¯¥ ¯°®¨§¢®¤¨²±¿ ³¯°®¹¥­¨¥ ¬®¤¥«¨ §  ±·¥² ° ¶¨®-

­ «¼­®£® ¢»¡®°  ´ §®¢®£® ¯°®±²° ­±²¢ , ­¥§ ¢¨±¨¬®© ¯¥°¥¬¥­­®©

¨­²¥£°¨°®¢ ­¨¿, § ¬¥­» ¨±µ®¤­»µ ±¢¿§¥© ¨ ´³­ª¶¨®­ «  ½ª¢¨¢ -

«¥­²­»¬¨ ¨ ².¯.; ¢²®°®© ½² ¯ ³¯°®¹¥­¨¿ ¬®¤¥«¨ ®±³¹¥±²¢«¿¥²±¿

­  ®±­®¢¥ ¯°¨­¶¨¯  ° ±¸¨°¥­¨¿ (· ±²¨·­®£® ±­¿²¨¿ ®£° ­¨·¥­¨©),
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¯°¨¢®¤¿¹¥£® ª ¢»°®¦¤¥­­®© § ¤ ·¥ ²¥®°¨¨ ®¯²¨¬ «¼­®£® ³¯° ¢«¥-

­¨¿; ²°¥²¨© ½² ¯ °¥¸¥­¨¿ § ¤ ·¨ (¯°¨ ¢®±±² ­®¢«¥­­®© ±¢¿§¨, ¨±-

ª«¾·¥­­®© ­  ¢²®°®¬ ½² ¯¥) ¯°¨¢®¤¨² ª ¦¥« ¥¬®¬³ °¥§³«¼² ²³ ¢

¢¨¤¥ ±¨­²¥§¨°®¢ ­­®£® ³¯° ¢«¥­¨¿ (³¯° ¢«¥­¨¿ ± ®¡° ²­®© ±¢¿§¼¾).

�²  ¬¥²®¤¨ª  ¯°¨¬¥­¥­  ¤«¿ °¥¸¥­¨¿ ±«¥¤³¾¹¥© § ¤ ·¨: ®¯²¨¬¨§¨-

°®¢ ²¼ ²° ¥ª²®°¨¾ ¯°®¤®«¼­®£® ¤¢¨¦¥­¨¿ ¶¥­²°  ¬ ±± ��, ±®¢¥°-

¸ ¾¹¥£® ¯®«�¥² ¨§ ­ · «¼­®© ²®·ª¨  ²¬®±´¥°­®£® ¯°®±²° ­±²¢  ¢

§ ¤ ­­³¾ ª®­¥·­³¾ ²®·ª³ ­  ¯®¢¥°µ­®±²¨ �¥¬«¨. �°¨²¥°¨¥¬ ®¯²¨-

¬ «¼­®±²¨ ²° ¥ª²®°¨¨ (³¯° ¢«¥­¨¿) ¿¢«¿¥²±¿ ¬ ª±¨¬³¬ ª¨­¥²¨·¥-

±ª®© ½­¥°£¨¨ �� ¢ ª®­¥·­®© ²®·ª¥ ²° ¥ª²®°¨¨.

�¥§³«¼² ²®¬ °¥¸¥­¨¿ § ¤ ·¨ ¯® ½²®© ¬¥²®¤¨ª¥ ¿¢«¿¥²±¿ ±³¡®¯²¨-

¬ «¼­®¥ ³¯° ¢«¥­¨¥ ¢ ¢¨¤¥ ³£«   ² ª¨ �, ª®²®°®¥ ­ µ®¤¨²±¿  ­ -

«¨²¨·¥±ª¨ ¨ ¿¢«¿¥²±¿ ´³­ª¶¨¥© ³£«  ­ ª«®­  ²° ¥ª²®°¨¨ �. �¥-

§³«¼² ²» ·¨±«¥­­®£® ¬®¤¥«¨°®¢ ­¨¿ ¯®¤²¢¥°¦¤ ¾² ½´´¥ª²¨¢­®±²¼

° ±±¬®²°¥­­®© ¬¥²®¤¨ª¨.

Analytical method for solving the problem
of suboptimal 
ight 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 
ying 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.

�¡ ¨±¯®«¼§®¢ ­¨¨ ²¥­§®°  ¯®¢®°®²  ¯°¨ °¥¸¥­¨¨
§ ¤ · ¤¨­ ¬¨ª¨ ²¢¥°¤®£® ²¥«  ¨ ¨±±«¥¤®¢ ­¨¨
³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿

�. �. �¢ ­®¢ 

(ivanova@EI5063.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

�®±±¨¿

�°¨ °¥¸¥­¨¨ § ¤ · ¤¨­ ¬¨ª¨ ²¢¥°¤®£® ²¥«  ¢ ¦­®¥ §­ ·¥­¨¥ ¨¬¥¥²

¢»¡®° ®±­®¢­»µ ¯¥°¥¬¥­­»µ. �¥³¤ ·­»© ¢»¡®° ¯¥°¥¬¥­­»µ, ± ®¤-

­®© ±²®°®­», ¬®¦¥² ¯°¨¢¥±²¨ ª ¯®¿¢«¥­¨¾ ¯®«¾±®¢, ·²® ±®§¤ ¥²
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¨§¢¥±²­»¥ ¯°®¡«¥¬» ¯°¨ ·¨±«¥­­®¬ °¥¸¥­¨¨ § ¤ ·¨,   ± ¤°³£®© ±²®-

°®­», ª ¯®¿¢«¥­¨¾ £°®¬®§¤ª¨µ ¢»° ¦¥­¨©, ·²® ¢ §­ ·¨²¥«¼­®© ±²¥-

¯¥­¨ § ²°³¤­¿¥²  ­ «¨²¨·¥±ª®¥ ¨±±«¥¤®¢ ­¨¥ § ¤ ·¨. �±¯®«¼§®¢ -

­¨¥ ²¥­§®°  ¯®¢®°®²  ¯°¥¤®±² ¢«¿¥² ¢®§¬®¦­®±²¼ ° §­®®¡° §­®£®

¢»¡®°  ¯¥°¥¬¥­­»µ ¨ ­¥ ®£° ­¨·¨¢ ¥² ¨±±«¥¤®¢ ²¥«¿ ­¥®¡µ®¤¨¬®-

±²¼¾ ¨±¯®«¼§®¢ ­¨¿ ±² ­¤ °²­»µ ±¯®±®¡®¢ ®¯¨± ­¨¿ ¢° ¹ ²¥«¼­®£®

¤¢¨¦¥­¨¿ ²¢¥°¤®£® ²¥« . � ¤ ­­®© ° ¡®²¥ ®¡±³¦¤ ¥²±¿ ®¤­® ¨§ ¢®§-

¬®¦­»µ ¯°¥¤±² ¢«¥­¨© ²¥­§®°  ¯®¢®°®² , ®±­®¢ ­­®¥ ­  ¨±¯®«¼§®-

¢ ­¨¨ ¯®­¿²¨© «¥¢®£® ¨ ¯° ¢®£® ¢¥ª²®°®¢ ³£«®¢®© ±ª®°®±²¨ [1]. �¯¥-

¶¨´¨ª®© ² ª®£® ±¯®±®¡  ®¯¨± ­¨¿ ¤¢¨¦¥­¨¿ ²¢¥°¤®£® ²¥«  ¿¢«¿¥²±¿

²®, ·²® ¯°¨ ¥£® ¨±¯®«¼§®¢ ­¨¨ ­¨ ³° ¢­¥­¨¿ ¤¨­ ¬¨ª¨, ­¨ ª¨­¥-

¬ ²¨·¥±ª¨¥ ±®®²­®¸¥­¨¿ ­¥ ¢ª«¾· ¾² ¢ ±¥¡¿ ²°¨£®­®¬¥²°¨·¥±ª¨µ

´³­ª¶¨©. �²®, ¢ · ±²­®±²¨, ³¯°®¹ ¥² ¯°®¶¥¤³°³ ¯®«³·¥­¨¿ ³° ¢­¥-

­¨© ¢ ¢ °¨ ¶¨¿µ ¯°¨ ¨±±«¥¤®¢ ­¨¨ ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿. �°®¬¥

²®£®, ¨±¯®«¼§®¢ ­¨¥ ¯°¥¤±² ¢«¥­¨¿ ²¥­§®°  ¯®¢®°®²  ·¥°¥§ ³£«®¢»¥

±ª®°®±²¨ ¯®§¢®«¨«® ¯®±²°®¨²¼ ²®·­»¥ °¥¸¥­¨¿ °¿¤  ¨§¢¥±²­»µ, ­®

­¥ ¯®«­®±²¼¾ ¨±±«¥¤®¢ ­­»µ § ¤ ·.

1. �¢ ­®¢  �. �. �¡ ®¤­®¬ ¯®¤µ®¤¥ ª °¥¸¥­¨¾ § ¤ ·¨ � °¡³ //�§¢.
���, ���. 2000. Â1, 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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�² ¶¨®­ °­»¥ ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬.
�±²®©·¨¢®±²¼ ¨ ±² ¡¨«¨§ ¶¨¿

�. �. � «¥­®¢ , �. �. �®°®§®¢, �. �. � «¬¨­ 

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

�­±²¨²³² ¬¥µ ­¨ª¨ �®±ª®¢±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥² , �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ±®¢®ª³¯­®±²¼ ¢®¯°®±®¢, ª ± ¾¹¨µ±¿ ±² ¶¨®­ °-

­»µ ¤¢¨¦¥­¨© (��) ­¥£®«®­®¬­»µ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬: ¬­®£®-

®¡° §¨¥ ��, ³±²®©·¨¢®±²¼ ¨ ±² ¡¨«¨§ ¶¨¿. �±±«¥¤³¥²±¿ ¬­®£®®¡° -

§¨¥ �� ­¥£®«®­®¬­»µ ±¨±²¥¬. �°®¢®¤¨²±¿ ¨µ ª« ±±¨´¨ª ¶¨¿ ¢ § -

¢¨±¨¬®±²¨ ®² ­ « £ ¥¬»µ ¤®¯®«­¨²¥«¼­»µ ³±«®¢¨©. �§¢¥±²­»¥ § -

¤ ·¨ ® ±² ¶¨®­ °­»µ ¤¢¨¦¥­¨¿µ ²¢¥°¤®£® ²¥«  (¸ ° , ¤¨±ª , ²®° 

¨ ².¤.), ¤¢¨¦³¹¥£®±¿ ¯® £®°¨§®­² «¼­®© ¯«®±ª®±²¨ ¡¥§ ¯°®±ª «¼-

§»¢ ­¨¿ ®²­®±¿²±¿ ª ª« ±±³, ª®²®°»© ¯®¤°®¡­® ° ±±¬ ²°¨¢ «±¿ ¢

° ¡®² µ �.�. � ° ¯¥²¿­  [1,2]. �»¤¥«¥­ ­®¢»© ª« ±± �� ­¥£®«®-

­®¬­»µ ±¨±²¥¬, ª®²®°»© µ ° ª²¥°¨§³¥²±¿ ¡®«¥¥ ®¡¹¨¬¨ ³±«®¢¨¿¬¨,

­ « £ ¥¬»¬¨ ­  ¯ ° ¬¥²°» ��. � ½²®¬³ ª« ±±³ ®²­®±¨²±¿, ¢ · ±²-

­®±²¨, ¡®«¼¸¨­±²¢® �� ®¤­®ª®«¥±­»µ ½ª¨¯ ¦¥©. �° ¢­¥­¨¿ ¢®§¬³-

¹¥­­®£® ¤¢¨¦¥­¨¿ ¤«¿ ¢»¤¥«¥­­®£® ­®¢®£® ª« ±±  �� ¨¬¥¾² ¡®«¥¥

®¡¹³¾ ±²°³ª²³°³, ·¥¬ ¤«¿ ³ª § ­­®£® ¢»¸¥ ª« ±± . �®½²®¬³ ¤«¿

¨±±«¥¤®¢ ­¨¿ ³±²®©·¨¢®±²¨ �� ­®¢®£® ª« ±±  ´®°¬³«¨°³¥²±¿ ²¥®-

°¥¬ , ®¡®¡¹ ¾¹ ¿ ²¥®°¥¬³ ¨§ [1]. �«¿ °¥¸¥­¨¿ § ¤ · ±² ¡¨«¨§ ¶¨¨

�� ­¥£®«®­®¬­»µ ±¨±²¥¬ ®¡®¨µ ª« ±±®¢ ¯°¥¤« £ ¥²±¿ ¬¥²®¤¨ª ,

³·¨²»¢ ¾¹ ¿ ®±®¡¥­­®±²¨ § ¤ ·¨ ±² ¡¨«¨§ ¶¨¨ ¤«¿ ­¥£®«®­®¬­»µ

±¨±²¥¬ ¨ ®¡®¡¹ ¾¹ ¿  ­ «®£¨·­³¾ ¬¥²®¤¨ª³ °¥¸¥­¨¿ § ¤ · ±² ¡¨-

«¨§ ¶¨¨ £®«®­®¬­»µ ±¨±²¥¬ [3]. � ª ·¥±²¢¥ ¯°¨¬¥°®¢ ° ±±¬®²°¥­»

�� ¤¨±ª  ¨ ®¤­®ª®«¥±­®£® ½ª¨¯ ¦ , ¨««¾±²°¨°³¾¹¨¥ ¯°¨­ ¤«¥¦-

­®±²¼ ª ®¤­®¬³ ¨«¨ ¤°³£®¬³ ª« ±±³. �®«¥¥ ¯®¤°®¡­® ° ±±¬®²°¥­»

�� ®¤­®ª®«¥±­®£® ½ª¨¯ ¦  | ¨µ ³±²®©·¨¢®±²¼ ¨ ±² ¡¨«¨§ ¶¨¿.

1. � ° ¯¥²¿­ �. �. �¡ ³±²®©·¨¢®±²¨ ±² ¶¨®­ °­»µ ¤¢¨¦¥­¨© ­¥£®-
«®­®¬­»µ ±¨±²¥¬ � ¯«»£¨­  // �MM. 1978. �. 42, ¢»¯.5. C. 801-
807.
2. � ° ¯¥²¿­ �. �., �³¬¿­¶¥¢ �. �. �±²®©·¨¢®±²¼ ª®­±¥°¢ ²¨¢­»µ
¨ ¤¨±±¨¯ ²¨¢­»µ ±¨±²¥¬. �²®£¨ ­ ³ª¨ ¨ ²¥µ­¨ª¨. �¥°. �¡¹ ¿
¬¥µ ­¨ª . �. 6. �.: ������, 1983. 132 ±.
3. � «¥­®¢  �. �., �®°®§®¢ �. �., � «¬¨­  �. �. �¯° ¢«¿¥¬®±²¼ ¨
­ ¡«¾¤ ¥¬®±²¼ ¢ § ¤ ·¥ ±² ¡¨«¨§ ¶¨¨ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬ ± ¶¨-
ª«¨·¥±ª¨¬¨ ª®®°¤¨­ ² ¬¨ // ���. 1992. �. 56, ¢»¯.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 classi�cation of steady-state

motions is carried out. Theoretical results are illustrated by the examples of

stability problems of disk and monocycle steady-state motions.

�±²®©·¨¢®±²¼ ¨ ¡¨´³°ª ¶¨¿ ±² ¶¨®­ °­»µ
¤¢¨¦¥­¨© ¢®«·ª , § ¯®«­¥­­®£® ¦¨¤ª®±²¼¾,
­  ¯«®±ª®±²¨ ± ²°¥­¨¥¬

�. �. � ° ¯¥²¿­

(root@evdokim.mccme.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ¤¢¨¦¥­¨¨ ¯® £®°¨§®­² «¼­®© ¯«®±ª®±²¨

± ²°¥­¨¥¬ ±ª®«¼¦¥­¨¿ ½««¨¯±®¨¤ , § ¯®«­¥­­®£® ¨¤¥ «¼­®© ­¥±¦¨-

¬ ¥¬®© ¦¨¤ª®±²¼¾, ±®¢¥°¸ ¾¹¥© ®¤­®°®¤­®¥ ¢¨µ°¥¢®¥ ¤¢¨¦¥­¨¥.

� ©¤¥­» ¢±¥ ±² ¶¨®­ °­»¥ ¤¢¨¦¥­¨¿ ½««¨¯±®¨¤  ± ¦¨¤ª®±²¼¾, ¨±-

±«¥¤®¢ ­» ¨µ ³±²®©·¨¢®±²¼ ¨ ¢¥²¢«¥­¨¥.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00141) ¨

��� "�­²¥£° ¶¨¿" (Â�0053).

Stability and bifurcation of stationary motions of
whipping top �lled 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 sliding ellipsoid, to be �lled 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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� ¢®§¬®¦­®±²¨ ¨±¯®«¼§®¢ ­¨¿ ²¥®°¨¨ ¤¢¨¦¥­¨¿
­¥£®«®­®¬­»µ ±¨±²¥¬ ¢»±®ª®£® ¯®°¿¤ª 
¢ ­¥ª®²®°»µ § ¤ · µ ¬¥µ ²°®­¨ª¨

�. � ±¯¥°, �. �. �®«² µ ­®¢, �. �. �¸ª®¢

(mpy@phoenix.math.spbu.ru, Mikhail.Yushkov@pobox.spbu.ru)

�²²®-�®­-�¥°¨ª¥-�­¨¢¥°±¨²¥², � £¤¥¡³°£, �¥°¬ ­¨¿
�¥·¥­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �°®§­»©, �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¤­®© ¨§ ¶¥­²° «¼­»µ ²°³¤­®±²¥© ¬¥µ ²°®­¨ª¨ ¿¢«¿¥²±¿ ±®±² ¢«¥-

­¨¥ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ¨§³· ¥¬®© ±¨±²¥¬»,

¤®±² ²®·­®  ¤¥ª¢ ²­® ®¯¨±»¢ ¾¹¨µ ¥¥ ¯®¢¥¤¥­¨¥. �±®¡¥­­® ²°³¤-

­»¬¨ ¤«¿ ±®±² ¢«¥­¨¿ ¤®¡°®ª ·¥±²¢¥­­®© ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨

¿¢«¿¾²±¿ ±¨±²¥¬», ¢ ª®²®°»µ ®²¤¥«¼­»¥ · ±²¨ ±¢¿§ ­» ¤°³£ ± ¤°³-

£®¬ ±¯«®¸­®© ±°¥¤®© ¨«¨ ¢§ ¨¬®¤¥©±²¢³¾² ·¥°¥§ ±«®¦­»¥ ¯®«¿ ²¨¯ 

½«¥ª²°®¬ £­¨²­»µ ¨ ².¯. � ½²®¬ ±«³· ¥ ¯°¨ ±®±² ¢«¥­¨¨ ³° ¢­¥-

­¨© ²°¥¡³¾²±¿ ±¥°¼¥§­»¥ ³¯°®¹¥­¨¿ ­  ½² ¯¥ ¯®±² ­®¢ª¨ § ¤ ·¨,

¯®½²®¬³ ·¨±«¥­­»¥ °¥§³«¼² ²» · ±²® § ¬¥²­® ®²«¨· ¾²±¿ ®² ¨±-

²¨­­»µ. �¡»·­® ¬®¤¥«¼ ³²®·­¿¾² ¯®¯° ¢®·­»¬¨ ª®½´´¨¶¨¥­² ¬¨,

¯®«³·¥­­»¬¨ ¨§ ½ª±¯¥°¨¬¥­² .

� ¤®ª« ¤¥ ¯°¥¤« £ ¥²±¿ ­®¢»© ¯®¤µ®¤ ª ±®±² ¢«¥­¨¾ ³° ¢­¥­¨©

±«®¦­»µ ±¨±²¥¬ ± ¯®¬®¹¼¾ ²¥®°¨¨ ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨-

±²¥¬ ±® ±¢¿§¿¬¨ ¢»±®ª®£® ¯®°¿¤ª . �²  ²¥®°¨¿ ±®§¤ ¢ « ±¼ ¯°¨

³· ±²¨¨  ¢²®°®¢ ­  ª ´¥¤°¥ ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤­®© ¬¥µ ­¨ª¨

¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª®£® ´ ª³«¼²¥²  � ­ª²-�¥²¥°¡³°£±ª®£® ³­¨-

¢¥°±¨²¥²  ­  ¯°®²¿¦¥­¨¨ ¯®±«¥¤­¨µ 25 «¥² [1].

�³²¥¬ ¬ ²¥¬ ²¨·¥±ª®© ®¡° ¡®²ª¨ ½ª±¯¥°¨¬¥­² «¼­»µ °¥§³«¼² ²®¢

¨§³· ¥¬®© ±¨±²¥¬» [2] ¯°¥¤« £ ¥²±¿ ±®±² ¢«¿²¼ ¨¤¥ «¼­»¥ ­¥£®«®-

­®¬­»¥ ±¢¿§¨ ¢»±®ª®£® ¯®°¿¤ª , ¤®±² ²®·­® ²®·­® ®²° ¦ ¾¹¨¥

¨±²¨­­®¥ ¯®¢¥¤¥­¨¥ ±«®¦­®© ±¨±²¥¬». �°¨ ¯®«³·¥­­»µ ±¢¿§¿µ ±

¯®¬®¹¼¾ ³ª § ­­®© ¢»¸¥ ²¥®°¨¨ ¬®£³² ¡»²¼ ±®±² ¢«¥­» ¤¨´´¥-

°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿ ±«®¦­®© ±¨±²¥¬». � ª¨¬ ®¡° §®¬, ¯°¨¡«¨-

¦¥­­®±²¼ ±®§¤ ¢ ¥¬®© ¬®¤¥«¨ ¡³¤¥² § ¢¨±¥²¼ «¨¸¼ ®² ²®·­®±²¨ ¬ -

²¥¬ ²¨·¥±ª®© ®¡° ¡®²ª¨ ½ª±¯¥°¨¬¥­² «¼­»µ ¤ ­­»µ. �°¨¬¥­¥­¨¥

¦¥ ²¥®°¨¨ ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬ ±® ±¢¿§¿¬¨ ¢»±®ª®£® ¯®-

°¿¤ª  ¯®§¢®«¿¥² ±®±² ¢¨²¼ ¤¨´´¥°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿,

­¥ ¢­®±¿¹¨¥ ¤®¯®«­¨²¥«¼­»µ ­¥²®·­®±²¥© ¢ °¥¸¥­¨¥ § ¤ ·¨.

1. �¥£¦¤  �. �., �®«² µ ­®¢ �. �., �¸ª®¢ �. �. �° ¢­¥­¨¿ ¤¢¨-
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¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬ ¨ ¢ °¨ ¶¨®­­»¥ ¯°¨­¶¨¯» ¬¥µ ­¨ª¨.
�§¤-¢® ��¡��, 2002.
2. �®«² µ ­®¢ �. �., �¸ª®¢ �. �. �±±«¥¤®¢ ­¨¥ ­¥±² ¶¨®­ °­®£®
¤¢¨¦¥­¨¿ ±¨±²¥¬ ± £¨¤°®¤¨­ ¬¨·¥±ª¨¬¨ ¯¥°¥¤ · ¬¨ // � ª­.: �°¨-
ª« ¤­»¥ § ¤ ·¨ ª®«¥¡ ­¨© ¨ ³±²®©·¨¢®±²¼ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬
(�°¨ª« ¤­ ¿ ¬¥µ ­¨ª . �»¯. 8). �.: �§¤-¢® ���. 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 is 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.

�«¨¿­¨¥ ±®¯°®²¨¢«¥­¨¿ «¨­¨¨ ½«¥ª²°®¯¥°¥¤ ·¨ ­ 
° ¡®²³ ±¨±²¥¬» \�¨­µ°®­­»© £¥­¥° ²®° | ¤¢ 
 ±¨­µ°®­­»µ ¤¢¨£ ²¥«¿"

�. �. �®«·¨­

(vladimir k@bk.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿  ¢²®­®¬­ ¿ ½«¥ª²°®½­¥°£¥²¨·¥±ª ¿ ±¨-

±²¥¬ , ±®±²®¿¹ ¿ ¨§  ±¨­µ°®­­®£® ¤¢¨£ ²¥«¿ ¨ ±¨­µ°®­­®£® £¥­¥° -

²®° . �®¤¥«¼ ±¨±²¥¬» ¯®±²°®¥­  ­  ®±­®¢¥ ° ±¹¥¯«¥­­»µ ±¨¬¬¥-

²°¨§®¢ ­­»µ ³° ¢­¥­¨© ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­ [1], [2].

�«¿ ¨±±«¥¤³¥¬®© ¬®¤¥«¨ ¯®«³·¥­» ±² ²¨·¥±ª¨¥ ¬¥µ ­¨·¥±ª¨¥ µ -

° ª²¥°¨±²¨ª¨,   ² ª¦¥ ´®°¬³«» ° ±·¥²  ¬ ª±¨¬ «¼­® ¤®¯³±²¨¬»µ

¬®¬¥­²®¢ ­ £°³§ª¨ ­  ¤¢¨£ ²¥«¿µ ¢ § ¢¨±¨¬®±²¨ ®² ±®¯°®²¨¢«¥­¨¿

±¥²¨. �°®¢¥¤¥­® ¨±±«¥¤®¢ ­¨¥ «®ª «¼­®© ³±²®©·¨¢®±²¨ ±¨±²¥¬». �

°¥§³«¼² ²¥ ¨±±«¥¤®¢ ­¨¿ ±¤¥« ­ ¢»¢®¤ ® ²®¬, ·²® ±®¯°®²¨¢«¥­¨¥ «¨-

­¨¨ ½«¥ª²°®¯¥°¥¤ ·¨ ¯° ª²¨·¥±ª¨ ­¥ ®ª §»¢ ¥² ¢«¨¿­¨¿ ­  ° ¡®²³
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£¥­¥° ²®° . �²® ª ± ¥²±¿ ¤¢¨£ ²¥«¥©, ²® ¨µ ¤¨ ¯ §®­ ³±²®©·¨¢®±²¨,

ª ª ¨ ¬ ª±¨¬ «¼­® ¢®§¬®¦­»© ° ¡®·¨© ¬®¬¥­², ³¬¥­¼¸ ¾²±¿ ¯°¨

³¢¥«¨·¥­¨¨ ±®¯°®²¨¢«¥­¨¿ ±¥²¨, ­¥ ¨§¬¥­¿¿ ¯°¨ ½²®¬ ª ·¥±²¢¥­­®©

ª °²¨­» ° ¡®²» ±¨±²¥¬». �°¨ ½²®¬ §­ ·¥­¨¥ ±®¯°®²¨¢«¥­¨¿ ±¥²¨,

ª®²®°®¥ ¡³¤¥² ±·¨² ²¼±¿ ª°¨²¨·¥±ª¨¬, § ¢¨±¨² ¢ ª ¦¤®¬ ®²¤¥«¼­®¬

±«³· ¥ ®² ª®­ª°¥²­»µ § ¤ ·, ¯°¥¤º¿¢«¿¥¬»µ ª ¯°®¨§¢®¤¨²¥«¼­®±²¨

±¨±²¥¬». �®«³·¥­­»¥ °¥§³«¼² ²» ®¡®¡¹¥­» ­  ¯°®¨§¢®«¼­®¥ ·¨±«®

¤¢¨£ ²¥«¥© ¢ ±¨±²¥¬¥.

1. �®¤¾ª®¢ �. �., �¼¢®¢¨· �. �. �° ¢­¥­¨¿ ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­.
��¡: �§¤-¢® ��¡��, 1997.
2. �®«·¨­ �. �., �®¤¾ª®¢ �. �., ��¥¤¥°¡ ªª  �. �®±²°®¥­¨¥ ¬ ²¥¬ -
²¨·¥±ª®© ¬®¤¥«¨ ±¨±²¥¬» ±¨­µ°®­­»© £¥­¥° ²®° | ¤¢   ±¨­µ°®­-
­»µ ¤¢¨£ ²¥«¿ // �¥§¨±» �¥¦¤³­ °®¤­®© ª®­´¥°¥­¶¨¨ "�®¤¥«¨-
°®¢ ­¨¥ ¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬ ¨ ¨±±«¥¤®¢ ­¨¥ ³±²®©·¨¢®±²¨", �¨¥¢.
1999.

In
uence 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.

�¨­ ¬¨ª  ¶¥­²°¨´³£¨ ± ±®³¤ °¥­¨¿¬¨

�. �. �° ±­®¢, �. �. �®¢±²¨ª, �. �. �®¢±²¨ª

(krasnov@polymetal.spb.ru, peter.tovstik@pobox.spbu.ru)

��� "�®«¨¬¥² ««", � ­ª²-�¥²¥°¡³°£, �®±±¨¿
� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®¢¥¤¥­¨¿ ���, � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¤¨­ ¬¨ª  ¶¥­²°¨´³£¨ ¯®¤ ¤¥©±²¢¨¥¬ ¢­¥¸­¨µ ¨¬-

¯³«¼±®¢. �¥­²°¨´³£  ¿¢«¿¥²±¿ ° ¡®·¨¬ ®°£ ­®¬ ª ¬­¥¤°®¡¨«ª¨.
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�®¯ ¤ ¿ ¢ ¡»±²°®¢° ¹ ¾¹³¾±¿ ¶¥­²°¨´³£³, ª ¬¥­¼ ° §£®­¿¥²±¿

¢ ­¥© ¤® ±ª®°®±²¨ ¯®°¿¤ª  100 ¬/±¥ª ¨ ±«¥² ¥² ± ¢­¥¸­¥£® ®¡®¤ .

� ¬¥­¼ ¤°®¡¨²±¿ ¢ °¥§³«¼² ²¥ ³¤ °  ® ­¥¯®¤¢¨¦­»© ª®°¯³±. �°¨

° §£®­¥ ª ¬¥­¼ ±®®¡¹ ¥² °®²®°³ ¨¬¯³«¼±, ¢ °¥§³«¼² ²¥ ª®²®°®£®

°®²®° ¯°¨µ®¤¨² ¢ ª®«¥¡ ²¥«¼­®¥ ¤¢¨¦¥­¨¥.

�±¼ °®²®°  ­¥ ¨¬¥¥² ­¥¯®¤¢¨¦­®© ²®·ª¨. � ° ¡®²¥ [1] ¡»«¨ ¢»¢¥-

¤¥­» ³° ¢­¥­¨¿ ¬ «»µ ¯®¯¥°¥·­»µ ª®«¥¡ ­¨© ¶¥­²°¨´³£¨ ­  ¢®§-

¤³¸­®© ¯®¤³¸ª¥, ³¤¥°¦¨¢ ¥¬®© ¢ ¢¥°²¨ª «¼­®¬ ¯®«®¦¥­¨¨ ¢¿§ª®-

³¯°³£¨¬¨ ¬¥¬¡° ­ ¬¨. �»« ¯°®¢¥¤¥­  ­ «¨§ ¤¢¨¦¥­¨¿ °®²®° , ¯°¨

½²®¬ ®±­®¢­»¬ ¨±±«¥¤³¥¬»¬ ¯ ° ¬¥²°®¬ ¡»«   ¬¯«¨²³¤  ±¬¥¹¥­¨¿

¢ §®­¥ ¢®§¤³¸­®£® § §®° . �°¨ ½²®¬ ¯°¥¤¯®« £ «®±¼, ·²® ½²   ¬-

¯«¨²³¤  ¬¥­¼¸¥ ° §¬¥°®¢ § §®° . �¤­ ª® ° ±·¥²» ¯®ª § «¨, ·²® ¢

®²¤¥«¼­»¥ ¬®¬¥­²» ¢°¥¬¥­¨ ¯°¨ ° §£®­¥ ¤®±² ²®·­® ª°³¯­»µ ª ¬-

­¥© ° ±·¥²­ ¿  ¬¯«¨²³¤  ¡®«¼¸¥ § §®° . �«¿ ª®°°¥ª²­®£® ®¯¨± ­¨¿

¤¨­ ¬¨ª¨ ¢ ½²®¬ ±«³· ¥ ­¥®¡µ®¤¨¬® ³·¨²»¢ ²¼ ±®³¤ °¥­¨¥ °®²®° 

± ª®°¯³±®¬. �­ «¨§³ ½²®© ±¨²³ ¶¨¨ ¨ ¯®±¢¿¹¥­  ¤ ­­ ¿ ° ¡®² .

�£­®¢¥­­»© ³¤ ° ¯°¥¤¯®« £ ¥²±¿ ­¥ ¡±®«¾²­® ³¯°³£¨¬ ± ¨§¢¥±²-

­»¬ ª®½´´¨¶¨¥­²®¬ ¢®±±² ­®¢«¥­¨¿. �·¨²»¢ ¾²±¿ ±¨«» ²°¥­¨¿

¯°¨ ³¤ °¥ ¯® ¬®¤¥«¨ ±³µ®£® ²°¥­¨¿ �³«®­ . �°¨ ±¤¥« ­­»µ ¯°¥¤¯®-

«®¦¥­¨¿µ ·¨±«¥­­® ¨±±«¥¤®¢ ­» ° §«¨·­»¥ °¥¦¨¬» ¤¢¨¦¥­¨¿.

1. �° ±­®¢ �. �., �®¢±²¨ª �. �., �®¢±²¨ª �. �. �¥­²°¨´³£  ­  ¢®§-
¤³¸­®© ¯®¤³¸ª¥ ¯®¤ ¤¥©±²¢¨¥¬ ±«³· ©­»µ ¨¬¯³«¼±®¢ // �¥±²­¨ª
��¡�. 2003. �¥°. 1, ¢»¯. 1.

The centrifuge dynamics with impacts

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

OAO "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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� § ¤ · µ ®¯°¥¤¥«¥­¨¿ ¬­®£®· ±²®²­»µ
­¥«¨­¥©­»µ ª®«¥¡ ­¨© ¨ ¨±±«¥¤®¢ ­¨¥ ¨µ
³±²®©·¨¢®±²¨

�. �. �°¨¢®¸¥¥¢

(natasha@cde.ifmo.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© ¨­±²¨²³² ²®·­®© ¬¥µ ­¨ª¨ ¨ ®¯²¨ª¨

(£®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²), �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿  ¢²®­®¬­ ¿ ¨«¨ ­¥ ¢²®­®¬­ ¿ ¬¥µ ­¨·¥±ª ¿ ±¨-

±²¥¬  ± ª®­¥·­»¬ ·¨±«®¬ ±²¥¯¥­¥© ±¢®¡®¤», ±®¢¥°¸ ¾¹ ¿ ª®«¥¡ -

²¥«¼­®¥ ¤¢¨¦¥­¨¥ ¢ ª®­¥·­®© ®ª°¥±²­®±²¨ ­³«¿ ´ §®¢®£® ¯°®±²° ­-

±²¢ . �°¥¤¯®« £ ¥²±¿, ·²® ®¡®¡¹¥­­»¥ ±¨«» ¢ ¤¨­ ¬¨·¥±ª¨µ ³° ¢-

­¥­¨¿µ ¨§³· ¥¬®© ±¨±²¥¬» ¨¬¥¾² ¢¨¤ ¯®«¨­®¬®¢ ®²­®±¨²¥«¼­® ´ -

§®¢»µ ¯¥°¥¬¥­­»µ. �®½´´¨¶¨¥­²» ¯®«¨­®¬®¢ ¿¢«¿¾²±¿ ¯®±²®¿­-

­»¬¨ ¢¥«¨·¨­ ¬¨ ¨«¨ ¯¥°¨®¤¨·¥±ª¨¬¨ ´³­ª¶¨¿¬¨ ¢°¥¬¥­¨ ¢ ´®°¬¥

¯®«¨­®¬®¢ �³°¼¥.

� ¨±µ®¤­»¬ ¤¨­ ¬¨·¥±ª¨¬ ³° ¢­¥­¨¿¬ ¯°¨¬¥­¿¥²±¿ ¬¥²®¤ ¬­®£®-

·«¥­­»µ ¯°¥®¡° §®¢ ­¨© [1,2] ± ¶¥«¼¾ ¯¥°¥µ®¤  ª ­®¢»¬ ´ §®¢»¬ ¯¥-

°¥¬¥­­»¬, ¢ ª®²®°»µ ¨§³·¥­¨¥ ª®«¥¡ ­¨© ±³¹¥±²¢¥­­® ³¯°®¹ ¥²±¿.

� ¬­®£®¬¥°­»¬ ±¨±²¥¬ ¬ ³° ¢­¥­¨© ¬®£³² ¯°¨¬¥­¿²¼±¿ ·¨±«¥­­®-

 ­ «¨²¨·¥±ª¨¥ ¬­®£®·«¥­­»¥ ¯°¥®¡° §®¢ ­¨¿ [3].

� ­®¢»µ ¯¥°¥¬¥­­»µ °¥¸ ¾²±¿ § ¤ ·¨ ®¯°¥¤¥«¥­¨¿ ±² ¶¨®­ °­»µ

°¥¦¨¬®¢ ¬­®£®· ±²®²­»µ ª®«¥¡ ­¨© ¨ ´®°¬³«¨°³¾²±¿ ³±«®¢¨¿ ¨µ

³±²®©·¨¢®±²¨. �²°®¿²±¿ ª®«¨·¥±²¢¥­­»¥ ®¶¥­ª¨ ¯¥°¥µ®¤­»µ °¥-

¦¨¬®¢ ª®«¥¡ ­¨© ¬¥²®¤®¬ ¤¨´´¥°¥­¶¨ «¼­»µ ­¥° ¢¥­±²¢ ®²­®±¨-

²¥«¼­® ±ª «¿°­®© ¨«¨ ¢¥ª²®°­®© ´³­ª¶¨¨ �¿¯³­®¢  [4]. � ±±¬ -

²°¨¢ ¾²±¿ ­¥°¥§®­ ­±­»¥ ª®«¥¡ ­¨¿,   ² ª¦¥ ¡®«¥¥ ±«®¦­»¥ ±«³· ¨

°¥§®­ ­±­»µ ª®«¥¡ ­¨© [5].

1. �¥«¼­¨ª®¢ �. �. � ²¥®°¨¨ ­¥«¨­¥©­»µ ª®«¥¡ ­¨© // �¥±²­¨ª ���.
1964. Â1. �. 88-98.
2. �¥«¼­¨ª®¢ �. �. �¨­ ¬¨ª  ­¥«¨­¥©­»µ ¬¥µ ­¨·¥±ª¨µ ¨ ½«¥ª²°®-
¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬. �.: � ¸¨­®±²°®¥­¨¥, 1975. 200 ±.
3. �°¨¢®¸¥¥¢ �. �., �¥«¼­¨ª®¢ �. �. �»­³¦¤¥­­»¥ ª®«¥¡ ­¨¿ ¬¥µ -
­¨·¥±ª¨µ ±¨±²¥¬ ± ­¥«¨­¥©­»¬¨ µ ° ª²¥°¨±²¨ª ¬¨ ¯®«¨­®¬¨ «¼-
­®£® ¢¨¤  // �°¨ª« ¤­ ¿ ¬¥µ ­¨ª . 1990. �. 26, Â1. C. 108-113.
4. �°¨¢®¸¥¥¢ �. �. �¡ ®¶¥­ª µ ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿ ¬¥²®¤®¬
¤¨´´¥°¥­¶¨ «¼­»µ ­¥° ¢¥­±²¢ ¤«¿ ´³­ª¶¨¨ �¿¯³­®¢  // �°¨ª« ¤-
­»¥ § ¤ ·¨ ¤¨­ ¬¨ª¨ ¨ ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿ ¬¥µ ­¨·¥±ª¨µ ±¨-
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±²¥¬. �.: �§¤-¢® �¥­¨­£°. ³­-² . 1990. �»¯.8. C. 14-17.
5. �°¨¢®¸¥¥¢ �. �. �»­³¦¤¥­­»¥ °¥§®­ ­±­»¥ ª®«¥¡ ­¨¿ ­¥«¨­¥©-
­®© ±¨±²¥¬» ± ¤¢³¬¿ ±²¥¯¥­¿¬¨ ±¢®¡®¤» // � ³·.-²¥µ­. ¢¥±²­¨ª
��¡�����(��). �»¯. 3. �¨§¨·¥±ª¨¥ ¯°®¶¥±±», ±¨±²¥¬» ¨ ²¥µ­®-
«®£¨¨ ²®·­®© ¬¥µ ­¨ª¨. ��¡: ��¡�����(��). 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 di�erential inequal-

ities are applied for investigation of nonlinear oscillations.

�¥®¬¥²°¨·¥±ª ¿ ¨­²¥°¯°¥² ¶¨¿ ¯°¨­¶¨¯  � ³±± 

�. �. �³¤ ¥¢

(imbmru@moris.ru)

�®°¤®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², � ° ­±ª, �®±±¨¿

�®­¿²¨¥ ®¡ ¨¤¥ «¼­®±²¨ ª ª £®«®­®¬­»µ, ² ª ¨ ­¥£®«®­®¬­»µ ±¢¿-

§¥© ± ­®¢®© ²®·ª¨ §°¥­¨¿ ¨±±«¥¤³¥²±¿ ¢ [1, 2]. � ¥²±¿ £¥®¬¥²°¨·¥±ª ¿

¨­²¥°¯°¥² ¶¨¿ ¯°¨­¶¨¯  � ³±±  ¨ ®¡¹¥£® ³° ¢­¥­¨¿ ¬¥µ ­¨ª¨. �°¨

½²®¬ ¨±¯®«¼§³¥²±¿ ¤®±² ²®·­® ±«®¦­»© ¬ ²¥¬ ²¨·¥±ª¨©  ¯¯ ° ²,

±¢¿§ ­­»© ± ¢¢¥¤¥­¨¥¬ ª ± ²¥«¼­®£® ¯°®±²° ­±²¢  ª ¬­®£®®¡° §¨¾

¢±¥µ ¢®§¬®¦­»µ ¯®«®¦¥­¨© ¬¥µ ­¨·¥±ª®© ±¨±²¥¬». � ¤ ­­®¬ ±®®¡-

¹¥­¨¨ ­  ®±­®¢¥ ¬ ²¥°¨ « , ¯°¨¢¥¤¥­­®£® ¢ ³·¥¡­¨ª¥ [2], ¯®ª §»-

¢ ¥²±¿, ·²® £¥®¬¥²°¨·¥±ª ¿ ¨­²¥°¯°¥² ¶¨¿ ¯°¨­¶¨¯  � ³±±  ¬®¦¥²

¡»²¼ ¨§«®¦¥­  ¡¥§ ¢¢¥¤¥­¨¿ ª ± ²¥«¼­®£® ¯°®±²° ­±²¢ . �²® ±³¹¥-

±²¢¥­­® ®¡«¥£· ¥² ¬¥²®¤¨ª³ ¨§«®¦¥­¨¿ ¤ ­­®© ²¥¬». � ±±¬ ²°¨-

¢ ¥²±¿ ¬¥µ ­¨·¥±ª ¿ ±¨±²¥¬  ±®±²®¿¹ ¿ ¨§ N ¬ ²¥°¨ «¼­»µ ²®·¥ª,

¨¬¥¾¹¨µ ¬ ±±» m�

�
(� = 1; ::: ; N ), ­  ¤¢¨¦¥­¨¥ ª®²®°®© ­ «®¦¥­® k

¨¤¥ «¼­»µ (£®«®­®¬­»µ ¨«¨ ­¥£®«®­®¬­»µ) ±¢¿§¥©. �±µ®¤¿ ¨§ ¯°¥¤-

±² ¢«¥­¨¿ ¤¢¨¦¥­¨¿ ¬¥µ ­¨·¥±ª®© ±¨±²¥¬» ¢ ¢¨¤¥ ¤¢¨¦¥­¨¿ ®¤­®©

¨§®¡° ¦ ¾¹¥© ²®·ª¨ ¢ 3N-¬¥°­®¬ ¯°®±²° ­±²¢¥, ¬¥°  ¯°¨­³¦¤¥-
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­¨¿ Zg , ¢¢¥¤¥­­ ¿ � ³±±®¬, ¯°¥¤±² ¢«¿¥²±¿ ¢ ¢¨¤¥:

Zg =
�4

4
M

 
~W �

~Y
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!2

=
�4

4
MZ2;

£¤¥ ~W , | ¬­®¦¥±²¢® ³±ª®°¥­¨© ¨§®¡° ¦ ¾¹¥© ²®·ª¨, ¤®¯³±ª ¥¬»µ

±¢¿§¿¬¨, ~Y =M | ³±ª®°¥­¨¥, ª®²®°®¥ ¨¬¥«  ¡» ¨§®¡° ¦ ¾¹ ¿ ²®·ª 

¢ ±«³· ¥ ®²±³²±²¢¨¿ ±¢¿§¥©, M =
P

N

i=1m
�

�
, � | ¬ «»© ¯°®¬¥¦³²®ª

¢°¥¬¥­¨. �®ª §»¢ ¥²±¿, ·²® § ¤ ·  ®¡ ®²»±ª ­¨¨ ¬¨­¨¬³¬  ´³­ª-

¶¨¨ ­¥¯®±°¥¤±²¢¥­­® ±¢¿§ ­  ± ª« ±±¨·¥±ª®© § ¤ ·¥© ®²»±ª ­¨¿ ¬¨-

­¨¬ «¼­®£® ° ±±²®¿­¨¿ ®² ²®·ª¨ ¤® ¯«®±ª®±²¨. �²³ £¥®¬¥²°¨·¥-

±ª³¾ ¨­²¥°¯°¥² ¶¨¾ ¬¨­¨¬ «¼­®±²¨ ´³­ª¶¨¨ ¬®¦­® ° ±±¬ ²°¨-

¢ ²¼ ¨ ª ª £¥®¬¥²°¨·¥±ª³¾ ¨­²¥°¯°¥² ¶¨¾ ¯°¨­¶¨¯  � ³±± , ² ª

ª ª ° ±±¬ ²°¨¢ ¥¬ ¿ ¢¥«¨·¨­  ²®«¼ª® ¬­®¦¨²¥«¥¬ ®²«¨· ¥²±¿ ®²

¢¥«¨·¨­» ¯°¨­³¦¤¥­¨¿.

1. �¥£¦¤  �. �., �¨«¨¯¯®¢ �. �., �¸ª®¢ �. �. �° ¢­¥­¨¿ ¤¨­ ¬¨ª¨
­¥£®«®­®¬­»µ ±¨±²¥¬ ±® ±¢¿§¿¬¨ ¢»±¸¨µ ¯®°¿¤ª®¢. I, II // �¥±²­.
��¡��. 1998, �¥°. 1, ¢»¯.3, Â 15. C. 75-81; ¢»¯.4, Â 22. C. 94-99.
2. �®«¿µ®¢ �. �., �¥£¦¤  �. �., �¸ª®¢ �. �. �¥®°¥²¨·¥±ª ¿ ¬¥µ -
­¨ª . �., 1985. 535 ±.

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 de�nition 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 e�ective and simple.
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� ¤¨­ ¬¨ª¥ ¯®«¥²  ¯°®²¨¢®£° ¤®¢»µ ° ª¥²

�. �. �®ª¸¨­, �. �. �¥«¾¶ª¨©

(lokshin@imec.msu.ru, ysel@mailru.com)

�­±²¨²³² ¬¥µ ­¨ª¨ �®±ª®¢±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥² , �®±±¨¿

�«¿ § ¹¨²» ¶¥­­»µ ±¥«¼±ª®µ®§¿©±²¢¥­­»µ ª³«¼²³° ®² £° ¤®¡¨²¨© ¢

°¿¤¥ ° ©®­®¢ �®±±¨¨ ¨ ¤°³£¨µ ±²° ­ ¨±¯®«¼§³¾²±¿ ° §«¨·­»¥ ¯°®-

²¨¢®£° ¤®¢»¥ ° ª¥²» (���), ª®²®°»¥ ¢ ±®®²¢¥²±²¢¨¨ ± ¯°¨­¿²®©

¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ ¬¥²®¤¨ª®© ¤®±² ¢«¿¾² ¢ §®­³ £° ¤®®¡° §®¢ ­¨¿

¡®«¼¸®¥ ª®«¨·¥±²¢® ª®­ª³°¥­²­»µ ¿¤¥°-§ °®¤»¸¥© £° ¤  ¨ ¯°¥¤®²-

¢° ¹ ¾² ²¥¬ ± ¬»¬ ®¡° §®¢ ­¨¥ ª°³¯­»µ £° ¤¨­.

� ª¨¥ ° ª¥²» ¤®«¦­» ¡»²¼ ¤®±² ²®·­® ¤¥¸¥¢», ¯®½²®¬³ ®­¨ ®¡»·­®

­¥³¯° ¢«¿¥¬», µ®²¿ ¨µ ¯°¨¬¥­¥­¨¥ ¯°®¨±µ®¤¨² ¢ ±«®¦­»µ ¬¥²¥®-

³±«®¢¨¿µ. �¨«¼­® ¢®§¬³¹¥­­ ¿ ¢®§¤³¸­ ¿ ±°¥¤  (¯¥°¥¬¥­­»© ¢¥-

²¥°) ¬®¦¥² ¯°¨¢¥±²¨ ª § ¬¥²­»¬ ®²ª«®­¥­¨¿¬ ° ª¥²» ®² ²°¥¡³¥-

¬®© §®­» § ±¥¢ . �®§­¨ª ¥² § ¤ ·  ±° ¢­¨²¥«¼­®£®  ­ «¨§  ° §-

«¨·­»µ ���, ¯°¨¬¥­¥­¨¥ ª®²®°»µ ®¡¥±¯¥·¨¢ ¥² ¯°¥¤®²¢° ¹¥­¨¥

£° ¤®®¡° §®¢ ­¨¿.

�«¿ ¯®¤±·¥²  ½ª®­®¬¨·¥±ª®© ½´´¥ª²¨¢­®±²¨ ¯°¨¬¥­¥­¨¿ ��� ­¥-

®¡µ®¤¨¬® ¢ ¯¥°¢³¾ ®·¥°¥¤¼ ¯°®¨§¢¥±²¨ ° ±·¥² ²° ¥ª²®°¨© ¯®«¥² 

®¤¨­®·­®© ° ª¥²» ­  ®±­®¢¥ ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ¯®«¥²  ��� ±

³·¥²®¬ ¢±¥µ  ²°¨¡³²®¢, ®¯°¥¤¥«¿¾¹¨µ ½²®² ¯®«¥² (§ ¢¨±¨¬®±²¼ ²¿£¨

¨ ° ±¯°¥¤¥«¥­¨¿ ¬ ±±» ¢ ° ª¥²¥, § ¢¨±¨¬®±²¼  ½°®¤¨­ ¬¨·¥±ª¨µ µ -

° ª²¥°¨±²¨ª ®² ³£«   ² ª¨ ¨ ±ª®°®±²¨ ¯®«¥² , ° ±¯°¥¤¥«¥­¨¥ ±ª®°®-

±²¨ ¢¥²°  ¨ ².¤.). � ²¥¬ ± ³·¥²®¬ ²®£® ¦¥ ¢¥²° , ®°¨¥­² ¶¨¨ §®­»

§ ±¥¢  ¨ ° ±¯®«®¦¥­¨¿ ¯³­ª²®¢ § ¯³±ª  ��� ¬®¦­® ¡³¤¥² ®¯°¥¤¥-

«¨²¼ ª®«¨·¥±²¢® ���, ­³¦­»µ ¤«¿ § ¹¨²» ®¯°¥¤¥«¥­­®© ®¡« ±²¨.

�®«³·¥­­»¥ §­ ·¥­¨¿ ° ±µ®¤  ��� ¬®£³² ±«³¦¨²¼ ®¡º¥ª²¨¢­®© µ -

° ª²¥°¨±²¨ª®© ¨µ ½´´¥ª²¨¢­®±²¨.

�«¿ ª®¬¯¼¾²¥°­®£®  ­ «¨§  ²° ¥ª²®°¨© ¯®«¥²  ���  ¢²®° ¬¨ ¯°¥¤-

« £ ¥²±¿ ±¯¥¶¨ «¼­® ° §° ¡®² ­­ ¿ ¯°®£° ¬¬ , ±®§¤ ­­ ¿ ­  ¡ §¥

¯ ª¥²  Visual Basic ¨ ±­ ¡¦¥­­ ¿ ¤®±² ²®·­® ° §¢¨²»¬ ¨­²¥°´¥©-

±®¬. �°®£° ¬¬  ¯®§¢®«¿¥² ¢¢®¤¨²¼ ¢±¥ § ¢¨±¨¬®±²¨ ª®­±²°³ª²¨¢-

­»µ ¯ ° ¬¥²°®¢ ¨  ½°®¤¨­ ¬¨·¥±ª¨µ µ ° ª²¥°¨±²¨ª ¨ ³·¨²»¢ ²¼

³±«®¢¨¿ ¯°¨¬¥­¥­¨¿ (¢¥²¥°, ¤¨ ¯ §®­ ¢»±®² §®­» § ±¥¢  ¨ ².¤.), ¯°®-

±¬ ²°¨¢ ²¼ «¾¡³¾ ´ §®¢³¾ ¯«®±ª®±²¼ ¯¥°¥¬¥­­»µ, § ¯®¬¨­ ²¼ ·¨-

±«®¢»¥ ´ ©«» ¨ £° ´¨ª¨. �±¥ ½²¨ ¢®§¬®¦­®±²¨ ±®§¤ ¾² ¤®±² ²®·­®

ª®¬´®°²­»¥ ³±«®¢¨¿ ¤«¿ ¯°®¢¥¤¥­¨¿ ª®¬¯¼¾²¥°­®£®  ­ «¨§  ½´´¥ª-
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²¨¢­®±²¨ ¨±¯®«¼§®¢ ­¨¿ ° §«¨·­»µ ��� ¢ ¤¨ «®£®¢®¬ °¥¦¨¬¥ ¯° ª-

²¨·¥±ª¨ ­  «¾¡®¬ ±®¢°¥¬¥­­®¬ ¯¥°±®­ «¼­®¬ ª®¬¯¼¾²¥°¥.

� ¯®¬®¹¼¾ ½²®© ¯°®£° ¬¬» ° ±±·¨² ­  ² ¡«¨¶  ¯®¯° ¢®ª ¤«¿ ³·¥² 

¢«¨¿­¨¿ ¢¥²°  ¨ ¨±±«¥¤®¢ ­® ¢«¨¿­¨¥ ª®­±²°³ª²¨¢­»µ ¯ ° ¬¥²°®¢

° ª¥²» ­  ¤«¨­³ ³· ±²ª  ²° ¥ª²®°¨¨, ­ µ®¤¿¹¥£®±¿ ¢ §®­¥ § ±¥¢ .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-01-00405) ¨

¯°®£° ¬¬» "�­¨¢¥°±¨²¥²» �®±±¨¨".

On the dynamics of 
ight 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 
ight trajectories of indicated rockets.

�§ ¨¬®¤¥©±²¢¨¥ ª®«¥¡ ²¥«¼­®© ±¨±²¥¬»
± ° §«¨·­»¬¨ ²¨¯ ¬¨ ½«¥ª²°®¤¢¨£ ²¥«¥©
¯®±²®¿­­®£® ²®ª 

�. �. �®¯ ²³µ¨­ 

(ppall@postbox.spu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¤¢¨¦¥­¨¥ ª®«¥¡ ²¥«¼­®© ±¨±²¥¬», ±®±²®¿¹¥© ¨§

¯« ²´®°¬», ¯¥°¥¬¥¹ ¾¹¥©±¿ ¢¥°²¨ª «¼­®. �¥°¥¬¥¹¥­¨¥ ¯« ²-

´®°¬» ±®¯°®¢®¦¤ ¥²±¿ ±®¯°®²¨¢«¥­¨¥¬, ¯°®¯®°¶¨®­ «¼­»¬ ¯¥°-

¢®© ±²¥¯¥­¨ ±ª®°®±²¨. �®«¥¡ ­¨¿ ¯« ²´®°¬» ¯®±°¥¤±²¢®¬ ³¯°³£®©

±¢¿§¨ ¢®§¡³¦¤ ¾²±¿ ½«¥ª²°®¤¢¨£ ²¥«¥¬ ¯®±²®¿­­®£® ²®ª  ± ° §-

«¨·­»¬¨ ±¯®±®¡ ¬¨ ¢®§¡³¦¤¥­¨¿ (¯ ° ««¥«¼­®¥, ¯®±«¥¤®¢ ²¥«¼­®¥,

±¬¥¸ ­­®¥). �®±² ¢«¥­» ³° ¢­¥­¨¿ � £° ­¦ -� ª±¢¥«« . �°®¢¥-

¤¥­® ·¨±«¥­­®¥ ¨­²¥£°¨°®¢ ­¨¥ ¬¥²®¤®¬ �³­£¥ - �³²²  ¨ ¯®±²°®¥­»

£° ´¨ª¨ ª®«¥¡ ­¨¿ ¯« ²´®°¬» ¢ § ¢¨±¨¬®±²¨ ®² ¯®¤¢®¤¨¬®£® ­ -

¯°¿¦¥­¨¿.
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The interaction of vibratory system with di�erent
electromotors of const current

I. 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.

�±²®©·¨¢®±²¼ ¯¥°¨®¤¨·¥±ª¨µ ±¨±²¥¬:
­®¢»¥ °¥§³«¼² ²»

�. �. � ©«»¡ ¥¢, �. �. �¥©° ­¿­

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

�­±²¨²³² ¬¥µ ­¨ª¨ �®±ª®¢±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥² , �®±±¨¿

� ±±¬ ²°¨¢ ¾²±¿ «¨­¥©­»¥ ¤¨­ ¬¨·¥±ª¨¥ ±¨±²¥¬» ±® ¬­®£¨¬¨ ±²¥-

¯¥­¿¬¨ ±¢®¡®¤» ± ¯¥°¨®¤¨·¥±ª¨¬¨ ª®½´´¨¶¨¥­² ¬¨, § ¢¨±¿¹¨¥ ®²

¬­®£¨µ ¯ ° ¬¥²°®¢. �±²®©·¨¢®±²¼ ²°¨¢¨ «¼­®£® °¥¸¥­¨¿ ¢ ½²¨µ

±¨±²¥¬ µ ®¯°¥¤¥«¿¥²±¿ ± ¯®¬®¹¼¾ ²¥®°¨¨ �«®ª¥.

� ­ ¢»¢®¤ ¢»° ¦¥­¨© ¤«¿ ¯¥°¢»µ ¨ ¢²®°»µ ¯°®¨§¢®¤­»µ ¬ ²°¨¶»

¬®­®¤°®¬¨¨ ¯® ¯ ° ¬¥²° ¬ ¢ ²¥°¬¨­ µ ¬ ²°¨¶ ­²®¢ ¯°¿¬®© ¨ ±®-

¯°¿¦¥­­®© § ¤ ·¨ ¨ ¯°®¨§¢®¤­»µ ®² ¬ ²°¨¶» ±¨±²¥¬». �²® ¯®§¢®-

«¿¥² ¯®«³·¨²¼ ¯°®¨§¢®¤­»¥ ¯°®±²»µ ¬³«¼²¨¯«¨ª ²®°®¢,   ² ª¦¥

¨µ  ¡±®«¾²­»µ §­ ·¥­¨© ¯® ¯ ° ¬¥²° ¬,   ² ª¦¥ ¨±¯®«¼§®¢ ²¼ ½²¨

±®®²­®¸¥­¨¿ ¢ £° ¤¨¥­²­»µ ¬¥²®¤ µ ¤«¿ ±² ¡¨«¨§ ¶¨¨ ¨«¨ ¤¥±² -

¡¨«¨§ ¶¨¨ (°¥§®­ ­± ) ±¨±²¥¬».

�°¨¢¥¤¥­ ·¨±«¥­­»© ¯°¨¬¥° ±² ¡¨«¨§ ¶¨¨ ±¨±²¥¬», ®¯¨±»¢ ¥¬®©

³° ¢­¥­¨¥¬ � °±®­  - � ¬¡¨. � ²¥¬ ¨±±«¥¤³¾²±¿ ±¨«¼­»¥ ¨ ±« -

¡»¥ ¢§ ¨¬®¤¥©±²¢¨¿ ¬³«¼²¨¯«¨ª ²®°®¢ ­  ª®¬¯«¥ª±­®© ¯«®±ª®±²¨,

¨ ¤ ¥²±¿ £¥®¬¥²°¨·¥±ª ¿ ¨­²¥°¯°¥² ¶¨¿ ½²¨µ ¢§ ¨¬®¤¥©±²¢¨©. �

ª ·¥±²¢¥ ¯°¨«®¦¥­¨© ° §¢¨²®© ²¥®°¨¨ ¨±±«¥¤®¢ ­» ®¡« ±²¨ °¥§®-

­ ­±  ¤«¿ ³° ¢­¥­¨¿ �¨««  ± ¤¥¬¯´¨°®¢ ­¨¥¬. � ­® ®¯¨± ­¨¥ ½²¨µ

®¡« ±²¥© (¯®«®¢¨­®ª ª®­³±®¢) ¢ ²°¥µ¬¥°­®¬ ¯°®±²° ­±²¢¥ ¯ ° ¬¥-

²°®¢. � ª ·¥±²¢¥ ¯°¨¬¥°  ° ±±¬®²°¥­ ¯ ° ¬¥²°¨·¥±ª¨© °¥§®­ ­±

¬ ¿²­¨ª  ± ²®·ª®© ¯®¤¢¥± , ª®«¥¡«¾¹¥©±¿ ¯® ¯°®¨§¢®«¼­®¬³ ¯¥°¨-

®¤¨·¥±ª®¬³ § ª®­³.
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� «¥¥ ° ±±¬ ²°¨¢ ¾²±¿ «¨­¥©­»¥ ª®«¥¡ ²¥«¼­»¥ ±¨±²¥¬» ±® ¬­®-

£¨¬¨ ±²¥¯¥­¿¬¨ ±¢®¡®¤» ± ¯¥°¨®¤¨·¥±ª¨¬¨ ª®½´´¨¶¨¥­² ¬¨, § ¢¨-

±¿¹¨¥ ®² ²°¥µ ­¥§ ¢¨±¨¬»µ ¯ ° ¬¥²°®¢: · ±²®²» ¨  ¬¯«¨²³¤» ¯¥-

°¨®¤¨·¥±ª®£® ¢®§¤¥©±²¢¨¿ ¨ ¯ ° ¬¥²°  ¤¨±±¨¯ ²¨¢­»µ ±¨«, ¯°¨·¥¬

¯®±«¥¤­¨¥ ¤¢¥ ¢¥«¨·¨­» ¯°¥¤¯®« £ ¾²±¿ ¬ «»¬¨. �±±«¥¤³¥²±¿ ­¥-

³±²®©·¨¢®±²¼ ²°¨¢¨ «¼­®£® °¥¸¥­¨¿ (¯ ° ¬¥²°¨·¥±ª¨© °¥§®­ ­±).

�«¿ ¯°®¨§¢®«¼­®© ¬ ²°¨¶» ¯¥°¨®¤¨·¥±ª®£® ¢®§¤¥©±²¢¨¿ ¨ ¯®«®¦¨-

²¥«¼­® ®¯°¥¤¥«¥­­®© ¬ ²°¨¶» ¤¨±±¨¯ ²¨¢­»µ ±¨« ¯®«³·¥­» ®¡¹¨¥

¢»° ¦¥­¨¿ ¤«¿ ®¡« ±²¥© ®±­®¢­®£® ¨ ª®¬¡¨­ ¶¨®­­®£® °¥§®­ ­±®¢.

�§³·¥­» ¤¢  · ±²­»µ ±«³· ¿ ¬ ²°¨¶» ¯¥°¨®¤¨·¥±ª®£® ¢®§¡³¦¤¥­¨¿,

· ±²® ¢±²°¥· ¾¹¨¥±¿ ¢ ¯°¨«®¦¥­¨¿µ: ±¨¬¬¥²°¨·¥±ª®© ¬ ²°¨¶» ¨

±² ¶¨®­ °­®© ¬ ²°¨¶», ³¬­®¦¥­­®© ­  ±ª «¿°­³¾ ¯¥°¨®¤¨·¥±ª³¾

´³­ª¶¨¾. �®ª § ­®, ·²® ¢ ®¡®¨µ ±«³· ¿µ ®¡« ±²¨ °¥§®­ ­±  ¢ ¯¥°-

¢®¬ ¯°¨¡«¨¦¥­¨¨ ¯°¥¤±² ¢«¿¾² ±®¡®© ª®­³±» ¢ ²°¥µ¬¥°­®¬ ¯°®-

±²° ­±²¢¥ ¯ ° ¬¥²°®¢.

�®«³·¥­­»¥ ±®®²­®¸¥­¨¿ ¯®§¢®«¿¾² ¯°® ­ «¨§¨°®¢ ²¼ ¢«¨¿­¨¥ ¢®§-

° ±² ­¨¿ · ±²®² ±®¡±²¢¥­­»µ ª®«¥¡ ­¨© ¨ ­®¬¥°  °¥§®­ ­±  ­ 

®¡« ±²¨ ­¥³±²®©·¨¢®±²¨. � ª ·¥±²¢¥ ¬¥µ ­¨·¥±ª¨µ ¯°¨¬¥°®¢ ¯®-

«³·¥­® °¥¸¥­¨¥ § ¤ ·¨ �.�. �®«®²¨­  ®¡ ®¡« ±²¿µ ¤¨­ ¬¨·¥±ª®©

³±²®©·¨¢®±²¨ ¯«®±ª®© ´®°¬» ¨§£¨¡  ¡ «ª¨, ­ £°³¦¥­­®© ¯¥°¨®¤¨-

·¥±ª¨¬¨ ¬®¬¥­² ¬¨, ¨ °¥¸¥­  § ¤ ·  ®¡ ³±²®©·¨¢®±²¨ ³¯°³£®£®

±²¥°¦­¿ ¯¥°¥¬¥­­®£® ±¥·¥­¨¿, ±¦ ²®£® ¯¥°¨®¤¨·¥±ª®© ¯°®¤®«¼­®©

±¨«®©.

� ¡®²  ¯°¥¤±² ¢«¿¥² ±®¡®© ®¡§®° °¥§³«¼² ²®¢, ¯®«³·¥­­»µ  ¢²®-

° ¬¨ [1-5] §  ¯®±«¥¤­¨¥ £®¤» ±®¢¬¥±²­® ± �. �¥¤¥°±¥­®¬ ¨ �. �®«¥-

¬®¬ (� ­¨¿).

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, Â1. P. 89-111.
3. �¥©° ­¿­ �. �. �¡« ±²¨ °¥§®­ ­±  ¤«¿ ³° ¢­¥­¨¿ �¨««  ± ¤¥¬¯-
´¨°®¢ ­¨¥¬ // �®ª« ¤» ���. 2001. �. 376. Â1. �. 44-47.
4. �¥©° ­¿­ �. �., � ©«»¡ ¥¢ �. �. � ° ¬¥²°¨·¥±ª¨© °¥§®­ ­± ¢
±¨±²¥¬ µ ± ¬ «®© ¤¨±±¨¯ ¶¨¥© // �®ª« ¤» ���. 2001. �. 378. Â5.
C. 633-638.
5. � ©«»¡ ¥¢ �. �., �¥©° ­¿­ �. �. � ° ¬¥²°¨·¥±ª¨© °¥§®­ ­± ¢ ±¨-
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±²¥¬ µ ± ¬ «®© ¤¨±±¨¯ ¶¨¥© // �°¨ª« ¤­ ¿ ¬ ²¥¬ ²¨ª  ¨ ¬¥µ ­¨ª .
2001. �. 65, Â5. C. 779-792.

Stability of periodic systems: new results

A. A. Mailybaev, A. P. Seyranian

Institute of Mechanics of Moscow State University, Russia

Linear dynamical systems with many degrees of freedom with periodic coe�-

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 �nd 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 is considered, and the parametric resonance domains are found.

Then, linear vibrational systems with periodic coe�cients 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

de�nite damping matrix general expressions for domains of the main (sim-

ple) and combination resonances are derived. Two important speci�c 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 coe�cients depending only on eigenfrequencies, eigenmodes

and system matrices. The obtained relations allow to analyze in
uence 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.

�¥¬«¿ | ¡»±²°® ¢° ¹ ¾¹¨©±¿ £¨£ ­²±ª¨©
£¨°®±ª®¯

�. �. �¥°ª¨­

(a.berlin@worldnet.att.net)

�®±²®­, ���

�¹¥ ¢® 2-®¬ ¢. ¤® ­.½. �¨¯¯ °µ, ±° ¢­¨¢ ¿ ±¢®¨ ­ ¡«¾¤¥­¨¿ ± ­ -

¡«¾¤¥­¨¿¬¨ ¯°¥¤¸¥±²¢¥­­¨ª®¢, ­ ¸¥«, ·²® ®±¼ �¥¬«¨ ¤¥« ¥² ®¤¨­

®¡®°®² ¢®ª°³£ ­¥¯®¤¢¨¦­®© ®±¨ ¯°¥¶¥±±¨¨ ¯°¨¬¥°­® §  26000 «¥²,

¯°¨·¥¬ ¯°¥¶¥±±¨¿ §¥¬­®© ®±¨ ¯°®¨±µ®¤¨² ¢ ±²®°®­³, ¯°®²¨¢®¯®«®¦-

­³¾ ¢¨¤¨¬®¬³ ¤¢¨¦¥­¨¾ �®«­¶ . �£«®¢ ¿ ±ª®°®±²¼ ! ±³²®·­®£®

¢° ¹¥­¨¿ �¥¬«¨ ¬ «  ¯® ±° ¢­¥­¨¾ ± ³£«®¢®© ±ª®°®±²¼¾ !� ¯°¥¶¥±-
±¨¨ ¥¥ ®±¨, ·²® ¤ ¥² ®±­®¢ ­¨¥ ±·¨² ²¼ �¥¬«¾ £¨£ ­²±ª¨¬ ¡»±²°®

¢° ¹ ¾¹¨¬±¿ £¨°®±ª®¯®¬, ª ª®²®°®¬³ ¬®¦­® ¯°¨¬¥­¨²¼ ½«¥¬¥­-

² °­³¾ ²¥®°¨¾ ¨ ¢ §­ ·¨²¥«¼­®© ±²¥¯¥­¨ ³¯°®±²¨²¼ ²¥®°¥²¨·¥±ª®¥

®¡®±­®¢ ­¨¥ ¯°¥¶¥±±¨¨ §¥¬­®© ®±¨.

�®¤ ¤¥©±²¢¨¥¬ ±¨« ¯°¨²¿¦¥­¨¿ �®«­¶  ¨ �³­» ³£®« # ¬¥¦¤³ ®±¼¾

±®¡±²¢¥­­®£® ¢° ¹¥­¨¿ z ¨ ­¥¯®¤¢¨¦­®© ®±¼¾ � ¨±¯»²»¢ ¥² ­¥-

¡®«¼¸¨¥ ­³² ¶¨®­­»¥ ª®«¥¡ ­¨¿. �¯¥°¢»¥ ®¡ ½²¨µ ª®«¥¡ ­¨¿µ ¯®¤

¤¥©±²¢¨¥¬ �®«­¶  ³¯®¬¿­³« �¼¾²®­ [1] (¡¥§ ¢»¢®¤ ), § ¬¥²¨¢, ·²®

®­¨ ¡»¢ ¾² ¤¢  ° §  ¢ £®¤. �  ½²®¬ ®±­®¢ ­¨¨ ¯°¥­¥¡°¥¦¥¬, ª ª

®¡»·­®, ­³² ¶¨®­­»¬¨ ª®«¥¡ ­¨¿¬¨ ¨ ¡³¤¥¬ ±·¨² ²¼ ³£®« # ­¥-

¨§¬¥­­»¬, ®¯°¥¤¥«¿¥¬»¬ ±®£« ±­® ­ ¡«¾¤¥­¨¿¬ ° ¢¥­±²¢®¬ # =

23�270. � ¤ ·  ±®±²®¨² ¢ ²®¬, ·²®¡», ¯®«¼§³¿±¼ § ª®­®¬ ¯°¥¶¥±±¨¨

®±¨ £¨°®±ª®¯ , ®¯°¥¤¥«¨²¼ § ª®­ ¨§¬¥­¥­¨¿ ³£«   ¯®¤ ¤¥©±²¢¨¥¬

±¨« ¯°¨²¿¦¥­¨¿ �®«­¶  ¨ �³­».

�®±¯®«¼§®¢ ¢¸¨±¼ § ª®­®¬ ¯°¥¶¥±±¨¨ ®±¨ £¨°®±ª®¯  dK
dt

= u (£¤¥

K = C!, u | «¨­¥©­ ¿ ±ª®°®±²¼ ª®­¶  ¢¥ª²®°  K, ° ¢­ ¿ ¯® ¬®-

¤³«¾ ¨ ª®««¨­¥ °­ ¿ ¬®¬¥­²³ ¢­¥¸­¨µ ±¨«, ��#| ³£®« ¬¥¦¤³ ¢¥ª-

²®°®¬ ! ¨ ­ ¯° ¢«¥­¨¥¬ ¢¥ª²®°  ³£«®¢®© ±ª®°®±²¨), ­ ©¤¥¬ ³£«®¢³¾

±ª®°®±²¼ ¯°¥¶¥±±¨¨ §¥¬­®© ®±¨

_ =
hM�i + hM�i
C! sin (� � #)

;
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¨§¬¥­¥­¨¥ ³£«  ¯°¥¶¥±±¨¨ §  ®¤¨­ £®¤

 = �3�
�
!0
!

+
1

(1 +m=m1)

!1
!

!1
!0

�
C �A
C

cos #

¨ £®¤®¢®¥ ¨§¬¥­¥­¨¥ ³£«   , ¢»§¢ ­­®¥ ¯°¨²¿¦¥­¨¥¬ �®«­¶  ¨ �³­»

 C = �15; 87;  � = �34; 38:
� ±¤¥« ­­»µ ³¯°®¹ ¾¹¨µ ¯°¥¤¯®«®¦¥­¨¿µ ®¡¹ ¿ ¯°¥¶¥±±¨¿ §  £®¤

° ¢­  50;00 25, ·²® ¢¥±¼¬  ¡«¨§ª® ±®£« ±³¥²±¿ ± ­¥¯®±°¥¤±²¢¥­­® ­ -

¡«¾¤¥­­®© ¢¥«¨·¨­®© £®¤¨·­®© ¯°¥¶¥±±¨¨ 50;00 236. �¨¯¯ °µ ®¸¨¡±¿
¬¥­¥¥ ·¥¬ ­  1%. �±¯®«¼§®¢ ­­»© §¤¥±¼ ¬¥²®¤ §­ ·¨²¥«¼­® ¯°®¹¥

¨ ª®°®·¥, ·¥¬ ¯°¨¬¥­¥­¨¥ ³° ¢­¥­¨© �©«¥° , ¨ ª ¦¤®¥ ¤¥©±²¢¨¥ ´¨-

§¨·¥±ª¨ ­ £«¿¤­®.

1. �¼¾²®­ �. � ²¥¬ ²¨·¥±ª¨¥ ­ · «  ­ ²³° «¼­®© ´¨«®±®´¨¨. �®¡°.
±®·.  ª ¤. �.�. �°»«®¢ . �. VII. �.-�.: �§¤. ������, 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.

� ¤¢¨¦¥­¨¨ ®¤­®© ± ¬®§ ª«¨­¨¢ ¾¹¥©±¿ ±¨±²¥¬»

�. �. �¨ª¨´®°®¢ , �. �. � ­®¢ 

(ulic2000@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¥¢¥°®-� ¯ ¤­»© § ®·­»© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ° ¡®²¥ ¨§³· ¥²±¿ ¤¨­ ¬¨ª  ª®«¥±   ¢²®¬®¡¨«¿ ­  ®¤­®¡ ° ¡ ­-

­®¬ ²®°¬®§­®¬ ±²¥­¤¥ ±® ¸² ­£ ¬¨. �±±«¥¤³¥²±¿ ± ¬®§ ª«¨­¨¢ ­¨¥

±¨±²¥¬» ¨ ¢®§¬®¦­®±²¼ ¯°®¡³ª±®¢»¢ ­¨¿ ª®«¥±  ®²­®±¨²¥«¼­® ¡ -

° ¡ ­ .
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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.

�¥°¨®¤¨·¥±ª¨¥ ¤¢¨¦¥­¨¿ ª³±®·­®-«¨­¥©­®£®
®±¶¨««¿²®° 

�. � ±ª «¼, �. �. �²¥¯ ­®¢

(mpascal@iup.univ-evry.fr, stepsj@ccas.ru)

�­¨¢¥°±¨²¥² ¤'�¢°¨-¢ «¼-¤¥-�®­, �¢°¨, �° ­¶¨¿

�»·¨±«¨²¥«¼­»© ¶¥­²° ���, �®±ª¢ , �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ³¯°®¹¥­­ ¿ ¬®¤¥«¼ ±¥©±¬®±²®©ª®£® ´³­¤ ¬¥­² 

§¤ ­¨¿ ¢ ¢¨¤¥ ®¤­®¬¥°­®£® «¨­¥©­®£® ®±¶¨««¿²®°  ± ³¯°³£¨¬¨ ®£° -

­¨·¨²¥«¿¬¨ ¤¢¨¦¥­¨¿. �°¥¤¯®« £ ¥²±¿, ·²® ª®½´´¨¶¨¥­² ³¯°³£®-

±²¨ ®£° ­¨·¨²¥«¥© ±³¹¥±²¢¥­­® ¡®«¼¸¥ ª®½´´¨¶¨¥­²  ³¯°³£®±²¨

®±¶¨««¿²®° . �¥°¨®¤¨·¥±ª¨¥ ¤¢¨¦¥­¨¿ ¯®±²°®¥­» ­  MAPLE ¢

¢¨¤¥  ­ «¨²¨·¥±ª¨µ ° §«®¦¥­¨© ¯® ±²¥¯¥­¿¬ ®²­®¸¥­¨¿ ³ª § ­­»µ

ª®½´´¨¶¨¥­²®¢ ³¯°³£®±²¨.

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 simpli�ed 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 coe�cient of the obstacles is supposed

to be much greater then the elasticity coe�cient of the oscillator. Periodic

motions are constructed by MAPLE in the view of analytical power series

with respect to the ratio of the mentioned above elasticity coe�cients.
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�±¯®«¼§®¢ ­¨¥ ³° ¢­¥­¨© � £° ­¦  - �©«¥° 
¤«¿ ¨±±«¥¤®¢ ­¨¿ ¤¢¨¦¥­¨¿ ¯®¤¢®¤­®£®  ¯¯ ° ² 

�. �. �«®²­¨ª®¢, �. �. �« ±²¥­¨­

(plotnikov@mail.gmtu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¬®°±ª®© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨-

²¥², �®±±¨¿

�¨´´¥°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ¯®¤¢®¤­®£®  ¯¯ ° ²  ¢

¯°®¥ª¶¨¿µ ­  ±¢¿§ ­­»¥ ®±¨ ¬®¦­® ²° ª²®¢ ²¼ ª ª ³° ¢­¥­¨¿ ¢

ª¢ §¨ª®®°¤¨­ ² µ (³° ¢­¥­¨¿ � £° ­¦  - �©«¥° ). �±®¡¥­­® ¯°®-

¤³ª²¨¢­»¬ ®ª §»¢ ¥²±¿ ¯°¨¬¥­¥­¨¥ ³° ¢­¥­¨© � £° ­¦  - �©«¥° 

¯°¨ ¨±±«¥¤®¢ ­¨¨ ¤¢¨¦¥­¨¿  ¯¯ ° ² , ­¥±³¹¥£® ­  ±¥¡¥ ° §«¨·-

­»¥ ¯®¤¢¨¦­»¥ ³±²°®©±²¢ . � ½²®¬ ±«³· ¥ ¢ ¤¨´´¥°¥­¶¨ «¼­»¥

³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ¡³¤³² ¢µ®¤¨²¼ ª ª « £° ­¦¥¢» ®¡®¡¹¥­­»¥

ª®®°¤¨­ ²», ®¯¨±»¢ ¾¹¨¥ ¤¢¨¦¥­¨¥ ­ ¢¥¸¥­­»µ ³±²°®©±²¢, ² ª ¨

ª¢ §¨ª®®°¤¨­ ²», ®¯°¥¤¥«¿¾¹¨¥ ¤¢¨¦¥­¨¥  ¯¯ ° ² -­®±¨²¥«¿.

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.

�¡¹¥¥ ³° ¢­¥­¨¥ ¬¥µ ­¨ª¨ �¼¾²®­  - � ° ¤¥¿
¢ ° ±¸¨°¥­­®¬ ­¥£®«®­®¬­®¬ ¡ §¨±¥

�. �. �®©¤ 

(mpy@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®«¥±­»¥ ±¨±²¥¬» ¯°¥¤±² ¢«¿¾² ±®¡®© ®¡º¥¤¨­¥­¨¥ ­¥±³¹¨µ ¨ ­®-

±¨¬»µ ²¥«. �¥±³¹¨¬¨ ²¥« ¬¨ ¿¢«¿¾²±¿ ®±¨ ª®«¥±­¨ª , ­®±¨¬»¬¨ |

± ¬¨ ª®«¥± . �±®¡¥­­®±²¼¾ ª®«�¥±­»µ ±¨±²¥¬ ¿¢«¿¥²±¿ ¯°¥¢»¸¥­¨¥

·¨±«  °¥ ª¶¨© ¯«®±ª®±²¨ ª ·¥­¨¿ ­ ¤ ·¨±«®¬ ³° ¢­¥­¨© ±¢¿§¥©.
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� ¤®ª« ¤¥ ¯°¥¤«®¦¥­ ¬¥²®¤ ¯®«³·¥­¨¿ °¥ ª¶¨© ¯«®±ª®±²¨ ª ·¥­¨¿

­  ª ¦¤®¥ ª®«¥±® ±¨±²¥¬» ¨ ³° ¢­¥­¨¿ ¥�¥ ¤¢¨¦¥­¨¿.

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 o�ered in the article. All bodies are considered to be absolutely rigid.

� ­¥³±²®©·¨¢®±²¨ ¤¢³§¢¥­­®© ²° ¥ª²®°¨¨
¡¨««¨ °¤  ¯°¨ ­¥³¯°³£®¬ ®²° ¦¥­¨¨ ®² £° ­¨¶»

�.�.�®«¨ª °¯®¢

(polikarpov sa@rambler.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¤¢¨¦¥­¨¥ ¬ ²¥°¨ «¼­®© ²®·ª¨ ¯® ¨­¥°¶¨¨ ¢­³²°¨

¯«®±ª®© ®¡« ±²¨, ®£° ­¨·¥­­®© ª°¨¢®© L ¨ ¯°¿¬®© l: �³±²¼ ®²° ¦¥-
­¨¥ ¬ ²¥°¨ «¼­®© ²®·ª¨ ®² ¯°¿¬®© ¯°®¨±µ®¤¨² ¯® § ª®­³  ¡±®«¾²­®

³¯°³£®£® ³¤ ° ,   ®² ª°¨¢®© L ²®·ª  ®²° ¦ ¥²±¿ ­¥³¯°³£® | ª®½´-

´¨¶¨¥­² ¢®±±² ­®¢«¥­¨¿ ­®°¬ «¼­®© ª®¬¯®­¥­²» ±ª®°®±²¨ ° ¢¥­ e;
£¤¥ 0 < e < 1:

�±±«¥¤³¥²±¿ ¢®¯°®± ®¡ ®°¡¨² «¼­®© ³±²®©·¨¢®±²¨ § ¬ª­³²®© ²° ¥ª-

²®°¨¨ ¬ ²¥°¨ «¼­®© ²®·ª¨ | ®²°¥§ª  ± ª®­¶ ¬¨ ­  ª°¨¢®© L ¨ ¯°¿-

¬®© l: �²°®¨²±¿ ®²®¡° ¦¥­¨¥ ¯®±«¥¤®¢ ­¨¿, ¥±²¥±²¢¥­­»¬ ®¡° §®¬

±¢¿§ ­­®¥ ± ±¨±²¥¬®©. �¥¯®¤¢¨¦­ ¿ ²®·ª  ½²®£® ®²®¡° ¦¥­¨¿, ±®®²-

¢¥²±²¢³¾¹ ¿ § ¬ª­³²®© ²° ¥ª²®°¨¨ § ¤ ·¨, ®ª §»¢ ¥²±¿ ­¥³±²®©-

·¨¢®© ¯°¨ «¾¡»µ §­ ·¥­¨¿µ ª®½´´¨¶¨¥­²  e: �§³· ¥²±¿ ¢®¯°®± ®

¬¥µ ­¨§¬¥ ¯®²¥°¨ ³±²®©·¨¢®±²¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥

¸ª®«»" (£° ­² Â00-15-96146) ¨ ��� "�­²¥£° ¶¨¿" (Â�0053).
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1. �°­®«¼¤ �. �. �¥®¬¥²°¨·¥±ª¨¥ ¬¥²®¤» ¢ ²¥®°¨¨ ®¡»ª­®¢¥­­»µ
¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨©. �¦¥¢±ª, 2002.
2. �®§«®¢ �. �., �°¥¹¥¢ �. �. �¨««¨ °¤». �¥­¥²¨·¥±ª®¥ ¢¢¥¤¥­¨¥ ¢
¤¨­ ¬¨ª³ ±¨±²¥¬ ± ³¤ ° ¬¨. �., 1991.
3. � °ª¥¥¢ �. �. � ±®µ° ­¿¾¹¨µ ¯«®¹ ¤¼ ®²®¡° ¦¥­¨¿µ ¨ ¨µ ¯°¨¬¥-
­¥­¨¨ ¢ ¤¨­ ¬¨ª¥ ±¨±²¥¬ ± ±®³¤ °¥­¨¿¬¨ // �§¢¥±²¨¿ ��. �¥µ ­¨ª 
²¢¥°¤®£® ²¥« . 1996,Â 2. C. 37-54.

On the unstability of a billiard trajectory in the case
of non-elastic re
ection 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.

�±¨­µ°®­­®-±¨­µ°®­­ ¿ ¬ ¸¨­ , ½ª¢¨¢ «¥­²­ ¿
¡®«¼¸®© ½«¥ª²°®½­¥°£¥²¨·¥±ª®© ±¨±²¥¬¥

�. �. �®¤¾ª®¢

(fr@fr11189.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ [1] ¢¢¥¤¥­» ¯°¨­¶¨¯ ½ª¢¨¢ «¥­²¨°®¢ ­¨¿ ½«¥ª²°¨·¥±ª¨µ

¬ ¸¨­ ¨ ¯°¨­¶¨¯ ¥¤¨­»µ ±² ²¨·¥±ª¨µ ¬¥µ ­¨·¥±ª¨µ µ ° ª²¥°¨-

±²¨ª ¤«¿ ±¨±²¥¬ ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­. �²¨ ¯°¨­¶¨¯» ¢ ­¥© ¯°¨¬¥-

­¥­» ¤«¿ ¯®«³·¥­¨¿ ³° ¢­¥­¨© ¤¢³µ ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­: ®¤­®© |

 ±¨­µ°®­­®© ¨ ¢²®°®© | ±¨­µ°®­­®©, ½ª¢¨¢ «¥­²­»µ ¡®«¼¸¨¬ ½«¥ª-

²°®½­¥°£¥²¨·¥±ª¨¬ ±¨±²¥¬ ¬, ±®±²®¿¹¨¬ ¨§ ¡®«¼¸®£® ·¨±«  ±¨­-

µ°®­­»µ £¥­¥° ²®°®¢ ¨ ²®«¼ª®  ±¨­µ°®­­»µ ¨ ²®«¼ª® ±¨­µ°®­­»µ

¤¢¨£ ²¥«¥© ±®®²¢¥²±²¢¥­­®.

� ­ ±²®¿¹¥¬ ¤®ª« ¤¥ ½²® ¯°®¤¥« ­® ³¦¥ ¤«¿ ½«¥ª²°®½­¥°£¥²¨·¥±ª®©

±¨±²¥¬», ±®±²®¿¹¥© ¨§ ¤®±² ²®·­® ¡®«¼¸®£® ·¨±«  ±¨­µ°®­­»µ £¥-

­¥° ²®°®¢ ¨  ±¨­µ°®­­»µ ¨ ±¨­µ°®­­»µ ¤¢¨£ ²¥«¥©. �®«³·¥­­ ¿ ±¨-

±²¥¬  ­¥«¨­¥©­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¢²®°®£® ¯®°¿¤ª 

¯®¤¢¥°£­³²  ¯°¥¤¢ °¨²¥«¼­®¬³  ­ «¨§³ ­  ³±²®©·¨¢®±²¼ ¨ ±¤¥« ­»
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¢»¢®¤» ® ¯°¨·¨­ µ ª ² ±²°®´ ¢ ½«¥ª²°®½­¥°£¥²¨·¥±ª¨µ ±¨±²¥¬ µ.

�«¿ ¨µ ¯° ª²¨·¥±ª®£® ¯°¨¬¥­¥­¨¿ ®±² ¥²±¿ ¨¤¥­²¨´¨¶¨°®¢ ²¼ ¯ -

° ¬¥²°» ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ±  ­ «®£¨·­»¬¨ ¯ ° ¬¥²° ¬¨ ¨§³-

· ¥¬»µ ±¨±²¥¬.

1. �®¤¾ª®¢ �. �. �«¥ª²°¨·¥±ª ¿ ¬ ¸¨­ , ½ª¢¨¢ «¥­²­ ¿ ½«¥ª²°®-
½­¥°£¥²¨·¥±ª®© ±¨±²¥¬¥ //I. �¥°. 1. 1999. ¢»¯.1, Â1. C. 110-116. //
II. �¥°. 1. 1999. ¢»¯.2, Â2. 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.

�¥«®ª «¼­»©  ­ «¨§ ³° ¢­¥­¨© ®¤­®ª®­²³°­®£®
½«¥ª²°®¬ £­¨²­®£® ¬ ¿²­¨ª 

�. �. �®¤¾ª®¢, �. �. �¥¯¥«¿¢»©

(�r@phoenix.math.spbu.ru, as@as1020.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�«¿ ½«¥ª²°®¬ £­¨²­®£® ¬ ¿²­¨ª  ¢ ¢¨¤¥ ª®°®²ª®§ ¬ª­³²®© ¯°®¢®-

¤¿¹¥© ° ¬ª¨ ¢ ¢»±®ª®· ±²®²­®¬¬ £­¨²­®¬ ¯®«¥ ±®±² ¢«¥­» ¡¥§° §-

¬¥°­»¥ ³° ¢­¥­¨¿ � £° ­¦ -� ª±¢¥«« . �²  ½«¥ª²°®¬¥µ ­¨·¥±ª ¿

±¨±²¥¬  ¿¢«¿¥²±¿ ¢ ¦­¥©¸¨¬ ±«³· ¥¬ ¢ ¨±±«¥¤®¢ ­¨¿µ ±«®¦­»µ ¤¢¨-

¦¥­¨© ¯°®¢®¤¿¹¨µ ²¢�¥°¤»µ ²¥« ¬ ¿²­¨ª®¢®£® ²¨¯  ¢ ¯¥°¥¬¥­­®¬

¬ £­¨²­®¬ ¯®«¥. � ² ª¨µ ±¨±²¥¬ µ §  ±·�¥² ®±¶¨««¨°³¾¹¨µ ½«¥ª-

²°®¬ £­¨²­»µ ±¨« ¢®§¬®¦­  ±² ¡¨«¨§ ¶¨¿ ­¥³±²®©·¨¢»µ ±®±²®¿­¨©

° ¢­®¢¥±¨¿, ¯®¿¢«¥­¨¥  ¢²®ª®«¥¡ ²¥«¼­»µ ¨ ¢° ¹ ²¥«¼­»µ ¤¢¨¦¥-

­¨©.

� ¯°¥¤¯®«®¦¥­¨¨ ¬ «®±²¨ ª¢ ¤° ²  ®²­®¸¥­¨¿ ±®¡±²¢¥­­®© · -

±²®²» ¬ ¿²­¨ª  ª · ±²®²¥ ¨§¬¥­¥­¨¿ ¬ £­¨²­®£® ¯®«¿ ¤¢¨¦¥­¨¿

° ±±¬ ²°¨¢ ¥¬®© ±¨±²¥¬» ° §¤¥«¿¾²±¿ ­  ¡»±²°®¥ (²®ª ¢ ° ¬ª¥)

¨ ¬¥¤«¥­­®¥ (³£«®¢ ¿ ±ª®°®±²¼ ¯®¢®°®²  ° ¬ª¨). �¢¥¤¥­¨¥¬ ¢¬¥-

±²® ²®ª  ­®¢®© ¯¥°¥¬¥­­®© ¨±µ®¤­»¥ ³° ¢­¥­¨¿ ¯°¨¢®¤¿²±¿ ª ¡®«¥¥
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"¯°®§° ·­®©" ´®°¬¥. �°¨ ½²®¬ ¢»¤¥«¿¾²±¿ ·«¥­», ¿¢«¿¾¹¨¥±¿ ­¥-

«¨­¥©­»¬  ­ «®£®¬ ³° ¢­¥­¨¿ � ²¼¥ ¤«¿ ¬ ¿²­¨ª  ± ¢¨¡°¨°³¾¹¥©

²®·ª®© ¯®¤¢¥± .

�®«³·¥­­ ¿ ±¨±²¥¬  ¿¢«¿¥²±¿ ±¨±²¥¬®© ²°¥²¼¥£® ¯®°¿¤ª  ­¥«¨­¥©-

­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ± ¯¥°¨®¤¨·¥±ª¨¬¨ ª®½´´¨¶¨¥­-

² ¬¨ ¨ ± ¬¥µ ­¨·¥±ª®© ²®·ª¨ §°¥­¨¿ ¿¢«¿¥²±¿ ±¨±²¥¬®© ± ¯ ° ¬¥-

²°¨·¥±ª¨¬ ¢®§¡³¦¤¥­¨¥¬ ª®«¥¡ ­¨©. �³²¥¬ § ¬®° ¦¨¢ ­¨¿ ¬¥¤-

«¥­­®© ¯¥°¥¬¥­­®© ¢ ³° ¢­¥­¨¨ ¤«¿ ¡»±²°®© ¯¥°¥¬¥­­®©, ­ µ®¤¨²±¿

· ±²­®¥ °¥¸¥­¨¥ ¤«¿ ¯®±«¥¤­¥©, ª®²®°®¥ ¯®¤±² ¢«¿¥²±¿ ¢ ³° ¢­¥­¨¥

¤«¿ ¬¥¤«¥­­®© ¯¥°¥¬¥­­®©. � ª¨¬ ®¡° §®¬ ¯®«³· ¥²±¿ ­¥«¨­¥©­®¥

³° ¢­¥­¨¥ ¢²®°®£® ¯®°¿¤ª  ®²­®±¨²¥«¼­® ²®«¼ª® ¬¥µ ­¨·¥±ª¨µ ¯¥-

°¥¬¥­­»µ ± ¯¥°¨®¤¨·¥±ª¨¬¨ ª®½´´¨¶¨¥­² ¬¨, § ¢¨±¿¹¨¬¨ ®² ¢°¥-

¬¥­¨. �°¨¬¥­¿¿ ª ¯®«³·¥­­®¬³ ³° ¢­¥­¨¾ · ±²¨·­³¾ «¨­¥ °¨§ -

¶¨¾, ± ¯®¬®¹¼¾ ­®¢®© ¯¥°¥¬¥­­®© ¯°¨µ®¤¨¬ ª ³° ¢­¥­¨¾ � ²¼¥.

�«¿ ¯®±«¥¤­¥£® ¯® ¤¨ £° ¬¬¥ �©­±  - �²°¥²²  ¯®«³·¥­® ³±«®¢¨¥

³±²®©·¨¢®±²¨ ¢¥°µ­¥£® ¯®«®¦¥­¨¿ ° ¢­®¢¥±¨¿.

�°¨ ³·¥²¥ ±®¯°®²¨¢«¥­¨¿ ¢ ²®·ª¥ ¯®¤¢¥±  ¬ ¿²­¨ª  ­ ©¤¥­» §­ -

·¥­¨¿ ¯ ° ¬¥²° , ±®®²¢¥²±²¢³¾¹¥£® ¨­²¥­±¨¢­®±²¨ ¯®«¿, ¯°¨ ª®-

²®°®¬ ¯®¿¢«¿¾²±¿ ¢¥°µ­¨© ¨ ­¨¦­¨© ¯°¥¤¥«¼­»¥ ¶¨ª«». � ©¤¥­»

² ª¦¥ §­ ·¥­¨¿ ½²®£® ¯ ° ¬¥²° , ¯°¨ ª®²®°»µ ¨±·¥§ ¥² ¢¥°µ­¨©

¶¨ª«. �°¨ ½²®¬ ° ¬ª  «¨¡® ª®«¥¡«¥²±¿ ¢ ±®®²¢¥²±²¢¨¨ ± ­¨¦­¨¬

¯°¥¤¥«¼­»¬ ¶¨ª«®¬, «¨¡® ­ ·¨­ ¥² ¢° ¹ ²¼±¿ ±® ±°¥¤­¥© ¯®±²®¿­-

­®© ³£«®¢®© ±ª®°®±²¼¾. �®«³·¥­  ´®°¬³«  ¤«¿ ®¯°¥¤¥«¥­¨¿ ½²®©

±ª®°®±²¨.

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

F. F. Rodyukov, A. I. Shepeljavyi

St. Petersburg State University, Russia

For a system of di�erential equations describing dynamics of an one-circuit

electromagnetic pendulum with the help of qualitative theory of di�erential

equations the conditions of stability and autooscillations are obtained.
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�¡° §®¢ ­¨¥ ª®­¥·­»µ °¥§®­ ­±­»µ §®­
¤«¿ ³° ¢­¥­¨¿ �¥©±±­¥°  ¯°¨ ¢¢¥¤¥­¨¨ ¬ «®©
¤¨±±¨¯ ¶¨¨

�. �. �¥©° ­¿­, �. �. �¥©° ­¿­

(seyran@imec.msu.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ «¨­¥©­ ¿ ª®«¥¡ ²¥«¼­ ¿ ±¨±²¥¬  ± ®¤­®© ±²¥¯¥­¼¾

±¢®¡®¤» ± ª³±®·­®-¯®±²®¿­­®© ¯¥°¨®¤¨·¥±ª®© ´³­ª¶¨¥© ¢®§¡³¦¤¥-

­¨¿. �¨´´¥°¥­¶¨ «¼­®¥ ³° ¢­¥­¨¥, ®¯¨±»¢ ¾¹¥¥ ª®«¥¡ ­¨¿ ½²®©

±¨±²¥¬», ­ §»¢ ¥²±¿ ³° ¢­¥­¨¥¬ �¥©±±­¥°  [1]. �  ¯«®±ª®±²¨ ¯ -

° ¬¥²°®¢ · ±²®² - ¬¯«¨²³¤  ¢®§¡³¦¤¥­¨¿ ¨±±«¥¤³¥²±¿ ­¥³±²®©·¨-

¢®±²¼ ²°¨¢¨ «¼­®£® °¥¸¥­¨¿ (¯ ° ¬¥²°¨·¥±ª¨© °¥§®­ ­±). � ° ª-

²¥°­®© ®±®¡¥­­®±²¼¾ ° ±±¬ ²°¨¢ ¥¬®© ±¨±²¥¬» ¿¢«¿¥²±¿ "¯¥°¥ª°³-

·¨¢ ­¨¥" ®¡« ±²¥© ­¥³±²®©·¨¢®±²¨. �§³· ¥²±¿ ´¥­®¬¥­ ° ±¯ ¤  ¨

®¡° §®¢ ­¨¿ ª®­¥·­»µ ®¡« ±²¥© ­¥³±²®©·¨¢®±²¨ ¯°¨ ¢¢¥¤¥­¨¨ ¢ ±¨-

±²¥¬³ ¬ «®© ¤¨±±¨¯ ¶¨¨.

� ©¤¥­» ª®®°¤¨­ ²» ²®·¥ª ¯¥°¥ª°³·¨¢ ­¨¿ ¨ ¯®«³·¥­» ¢»° ¦¥­¨¿

¤«¿ ²°¥µ¬¥°­»µ ®¡« ±²¥© °¥§®­ ­±  ¢ ¢¨¤¥ ¯®«®¢¨­®ª ¤¢³¯®«®±²­»µ

ª®­³±®¢ ¢ ®ª°¥±²­®±²¨ ½²¨µ ²®·¥ª, ®¡º¿±­¿¾¹¨¥ ´¥­®¬¥­ ° ±¯ ¤ 

°¥§®­ ­±­»µ §®­.

1. �¨¡° ¶¨¨ ¢ ²¥µ­¨ª¥. �¯° ¢®·­®¥ ¨§¤ ­¨¥. �. 1, �®«¥¡ ­¨¿ «¨­¥©-
­»µ ±¨±²¥¬. �®¤ °¥¤. �.�. �®«®²¨­ . �.: � ¸¨­®±²°®¥­¨¥, 1999.
504 c.

Origin of �nite 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 di�erential 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 �nite 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.

�¤ ¯² ¶¨¿ ª ¢­¥¸­¨¬ ¢®§¬³¹¥­¨¿¬ ¢ ¬®¤¥«¨
¤¢¨¦¥­¨¿ ±³¤­ 

�. �. �®ª®«®¢

(sbm@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ±³¤­®, ¤¢¨¦¥­¨¥ ª®²®°®£® ¢ ®²ª«®­¥­¨¿µ ®² ¯°¿-

¬®£® ª³°±  ®¯¨±»¢ ¥²±¿ ³° ¢­¥­¨¥¬ ¤«¿ ³£«®¢®© ±ª®°®±²¨ ¨ ³£« 

¯®¢®°®²  °³«¿ [1]:

d2!

dt2
+ 2p

d!

dt
+ q! = �

d�

dt
+ �� + f(t);

d�

dt
+ �� = b�u; (1)

£¤¥ ! { ³£«®¢ ¿ ±ª®°®±²¼,   � { ³£®« ¯®¢®°®²  °³«¿. � ³° ¢­¥­¨¿µ (1)

f(t) { ­¥¨§¢¥±²­ ¿ ¤¥²¥°¬¨­¨°®¢ ­­ ¿ ®£° ­¨·¥­­ ¿ ¯¥°¨®¤¨·¥±ª ¿
´³­ª¶¨¿ ± ¨§¢¥±²­®© ¢¥°µ­¥© £° ­¨¶¥© ±¯¥ª²° . �¯° ¢«¥­¨¥ u(t)
®£° ­¨·¥­®. �§¬¥°¿¾²±¿ §­ ·¥­¨¿ ¢»µ®¤  !(t). �¥«¼ ³¯° ¢«¥­¨¿

lim sup
t!1

j!(t)j � "; £¤¥ " { ¤®±² ²®·­® ¬ «®¥ ·¨±«®.
�«¿ ®¶¥­¨¢ ­¨¿ ­¥¨§¢¥±²­»µ ª®½´´¨¶¨¥­²®¢ ®²°¥§ª  °¿¤  �³°¼¥

´³­ª¶¨¨ f(t) ¨±¯®«¼§³¥²±¿  «£®°¨²¬ "�®«®±ª " �. �. �ª³¡®¢¨·  [2].
�¶¥­ª¨ ¯®¤±² ¢«¿¾²±¿ ¢ ´®°¬³«³ ¤«¿ ³¯° ¢«¥­¨¿, ¯®«³·¥­­³¾ ¨§

³±«®¢¨¿ ®²°¨¶ ²¥«¼­®±²¨ ´³­ª¶¨¨ �¿¯³­®¢  ­  °¥¸¥­¨¿µ ±¨±²¥¬»

(1). �®ª §»¢ ¥²±¿, ·²® ¤«¿  «£®°¨²¬   ¤ ¯²¨¢­®£® ³¯° ¢«¥­¨¿ ¢»-

¯®«­¥­  ³ª § ­­ ¿ ¶¥«¼ ³¯° ¢«¥­¨¿.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ £° ­²  Â00-15-96028 �®¢¥²  ¯®

£° ­² ¬ �°¥§¨¤¥­²  �� ¨ ¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥ ¸ª®«»".

1. �¥°¥§¨­ �. �., �¥²¾¥¢ �. �. �¨±²¥¬»  ¢²®¬ ²¨·¥±ª®£® ³¯° ¢«¥-
­¨¿ ¤¢¨¦¥­¨¥¬ ±³¤®¢ ¯® ª³°±³. �.: �§¤-¢® "�³¤®±²°®¥­¨¥", 1990.
255 c.
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2. �®¬¨­ �. �., �° ¤ª®¢ �. �., �ª³¡®¢¨· �. �. �¤ ¯²¨¢­®¥ ³¯° ¢-
«¥­¨¥ ¤¨­ ¬¨·¥±ª¨¬¨ ®¡º¥ª² ¬¨. �.: �§¤-¢® "� ³ª ", 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.

�¨´´¥°¥­¶¨ «¼­»¥ ¯°¨­¶¨¯» ¬¥µ ­¨ª¨
¨ ¯°®¡«¥¬  ¨µ ±®¢¬¥±²¨¬®±²¨

�. �. �®«² µ ­®¢

(mpy@phoenix.math.spbu.ru)

�¥·¥­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �°®§­»©, �®±±¨¿

� ±±¬ ²°¨¢ ¾²±¿ ¤¨´´¥°¥­¶¨ «¼­»¥ ¢ °¨ ¶¨®­­»¥ ¯°¨­¶¨¯» ¬¥-

µ ­¨ª¨ � « ¬¡¥°  - � £° ­¦ , �³±«®¢  - �³°¤¥­ , � ³±± , �®°¤-

µ ©¬  - �®« ¯·¨¥¢  (� ­¦¥°®­  - �¥«¥ ­³) ¨ �®«¿µ®¢  - �¥£¦¤» -

�¸ª®¢ . �°®¢®¤¨²±¿ ±° ¢­¨²¥«¼­»©  ­ «¨§ ¨ ¨§³· ¥²±¿ ¢®¯°®± ±®-

¢¬¥±²¨¬®±²¨ (½ª¢¨¢ «¥­²­®±²¨) ¨ ±²¥¯¥­¨ ®¡¹­®±²¨ ¯¥°¥·¨±«¥­­»µ

¢»¸¥ ¤¨´´¥°¥­¶¨ «¼­»µ ¯°¨­¶¨¯®¢ ¬¥µ ­¨ª¨. �¡±³¦¤ ¥²±¿ ¢®-

¯°®± ±² ¶¨®­ °­®±²¨ ¨ ½ª±²°¥¬ «¼­®±²¨. �±®¡®¥ ¢­¨¬ ­¨¥ ¢ ° ¡®²¥

³¤¥«¿¥²±¿ ¤¨´´¥°¥­¶¨ «¼­»¬ ¯°¨­¶¨¯ ¬ ¢»±®ª®£® ¯®°¿¤ª  �®°¤-

µ ©¬  - �®« ¯·¨¥¢  ¨ �®«¿µ®¢  - �¥£¦¤» - �¸ª®¢ .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ´®­¤  �. � ©¤³«« ¥¢  "�² ¡¨«¼-

­®±²¼ ¨ ° §¢¨²¨¥".

Di�erential principles of mechanics and the problem
of their compatibility

Sh. Kh. Soltakhanov

The State University of Chechnya, Grozny, Russia

The comparitive analysis of di�erential variational principles in mechanics is

given and their equivalence is discussed.
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�¡ ³° ¢­¥­¨¿µ ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬

�. �. �®«² µ ­®¢

(mpy@phoenix.spbu.ru)

�¥·¥­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �°®§­»©, �®±±¨¿

� ­ ±²®¿¹¥¥ ¢°¥¬¿ ¨¬¥¾²±¿ ° §«¨·­»¥ ´®°¬» ¤¨´´¥°¥­¶¨ «¼­»µ

³° ¢­¥­¨©, ®¯¨±»¢ ¾¹¨¥ ¤¢¨¦¥­¨¥ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬, ­  ª®²®-

°»¥ ­ «®¦¥­» ¨¤¥ «¼­»¥ ­¥£®«®­®¬­»¥ ±¢¿§¨. �±±«¥¤³¥²±¿ ¢®¯°®±

§­ ·¨¬®±²¨ ²¥µ ¨«¨ ¨­»µ ´®°¬ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ¨ ½´´¥ª²¨¢­®-

±²¨ ¨µ ¯°¨¬¥­¥­¨¿ ­  ¯° ª²¨ª¥.

� ° ¡®²¥  ­ «¨§¨°³¾²±¿ ®±­®¢­»¥ ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ­¥£®«®-

­®¬­»µ ±¨±²¥¬ ± «¾¡»¬¨ ±¢¿§¿¬¨, ¢ª«¾· ¿ ¨ ±¢¿§¨ ¢»±®ª®£® ¯®-

°¿¤ª . �°¨¢®¤¨²±¿ ³±«®¢­ ¿ ª« ±±¨´¨ª ¶¨¿ ­ ¨¡®«¥¥ ³¯®²°¥¡¨-

²¥«¼­»µ ´®°¬ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬. �®«¥¥

¯®¤°®¡­® ° ±±¬ ²°¨¢ ¥²±¿ ¯®¤µ®¤ �.�. �®«¿µ®¢ , �.�. �¥£¦¤»,

�.�. �¸ª®¢  ª ¨±±«¥¤®¢ ­¨¾ ¤¢¨¦¥­¨¿ ­¥£®«®­®¬­»µ ±¨±²¥¬.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ´®­¤  �. � ©¤³«« ¥¢  "�² ¡¨«¼-

­®±²¼ ¨ ° §¢¨²¨¥".

On the motion equations of non-holonomic systems

Sh. Kh. Soltakhanov

The State University of Chechnya, Grozny, Russia

Di�erent forms of the motion di�erential equations of non-holonomic systems

and the e�ciency of their application in practice are discussed.

� ±² ¶¨®­ °­»µ ¤¢¨¦¥­¨¿µ ²¥«, ¤®¯³±ª ¾¹¨µ
£°³¯¯» ±¨¬¬¥²°¨© ¯° ¢¨«¼­»µ ¬­®£®£° ­­¨ª®¢ ¢
¯®«¥ ±¨« ¯°¨²¿¦¥­¨¿

�. �. �³«¨ª ¸¢¨«¨

(sulik@rmi.acnet.ge)

�¡¨«¨±±ª¨© ¬ ²¥¬ ²¨·¥±ª¨© ¨­±²¨²³², �°³§¨¿

� ±±¬ ²°¨¢ ¾²±¿ ¬¥µ ­¨·¥±ª¨¥ ±¨±²¥¬», ±®±²®¿¹¨¥ ¨§ ¬ ²¥°¨ «¼-

­»µ ²®·¥ª ° ¢­»µ ¬ ±±, ° ±¯®«®¦¥­­»µ ¢ ¢¥°¸¨­ µ �« ²®­®¢»µ

²¥« (²¥²° ½¤°, ª³¡, ®ª² ½¤°, ¨ª®± ½¤°, ¤®¤¥ª ½¤°) ¨ ±®¥¤¨­¥­­»µ

­¥¢¥±®¬»¬¨ ­¥¤¥´®°¬¨°®¢ ­­»¬¨ ±²¥°¦­¿¬¨. �±±«¥¤³¥²±¿ § ¤ · 
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® ¢«¨¿­¨¨ ¬®¬¥­²®¢ ¨­¥°¶¨¨ ¢»±¸¨µ ¯®°¿¤ª®¢ ­  ¤¢¨¦¥­¨¥ ½²¨µ

²¥«, § ª°¥¯«¥­­»µ ¢ ¶¥­²°¥ ¬ ±±, ¢ ¶¥­²° «¼­®¬ ¯®«¥ ±¨«. � ©¤¥­»

±² ¶¨®­ °­»¥ ¤¢¨¦¥­¨¿ ¨ ° ¢­®¢¥±­»¥ ¯®«®¦¥­¨¿ ½²¨µ ²¥« ¨ ¨±±«¥-

¤®¢ ­  ¨µ ³±²®©·¨¢®±²¼. �°¨¢¥¤¥­  ¡¨´³°ª ¶¨®­­ ¿ ¤¨ £° ¬¬  ­ 

¯«®±ª®±²¨ ¨­²¥£° «®¢ ½­¥°£¨¨ ¨ ¯«®¹ ¤¥©. �±² ­®¢«¥­®, ·²® ¤«¿

° ±±¬ ²°¨¢ ¥¬»µ ²¥« ° §¬¥°­®±²¼ ½«¥¬¥­²  ²¥«  (¢¥°¸¨­ , °¥¡°®,

£° ­¼), ª®²®°»¬ ®­® ®¡° ¹¥­® ª ¯°¨²¿£¨¢ ¾¹¥¬³ ¶¥­²°³, ¯°¨ ±² -

¶¨®­ °­®¬ ¤¢¨¦¥­¨¨ ±®¢¯ ¤ ¥² ±® ±²¥¯¥­¼¾ ­¥³±²®©·¨¢®±²¨.

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

R. S. Sulikashvili

Mathematical Institute of Tbilisi, Georgia

The problem about e�ects 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.

�¥£®«®­®¬­ ¿ ­¥¨¤¥ «¼­ ¿ ­¥³¤¥°¦¨¢ ¾¹ ¿ ±¢¿§¼
¢ § ¤ ·¥ ³¯° ¢«¥­¨¿ ­¥«¨­¥©­®© ±¨±²¥¬®©

�. �. �¢¥°¥¢

(kkk@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ³¯° ¢«¥­¨¿  ±¨­µ°®­­»¬ ½«¥ª²°®¤¢¨£ ²¥-

«¥¬ ± ¯®¬®¹¼¾ ¸¨°®²­®-¨¬¯³«¼±­®© ¬®¤³«¿¶¨¨ (���) ­  ¡¨¯®-

«¿°­»µ ²° ­§¨±²®° µ ± ¨§®«¨°®¢ ­­®© ¡ §®© (IGBT) ±® ±¯¥¶¨ «¨-

§¨°®¢ ­­»¬ ¯°®¶¥±±®°®¬. �®¢°¥¬¥­­ ¿ ½«¥ª²°®­¨ª  ¯®§¢®«¿¥² ±®-

§¤ ¢ ²¼ ¯°¥®¡° §®¢ ²¥«¨, ¡«¨§ª¨¥ ª ¨¤¥ «¼­»¬. �¤­ ª® ±¨«®¢»¥

¯°¨¡®°» ¨¬¥¾² ±³¹¥±²¢¥­­»¥ ®£° ­¨·¥­¨¿ ¯® ²®ª ¬ ¨ ­ ¯°¿¦¥-

­¨¿¬. �§£®²®¢¨²¥«¨ ³±² ­ ¢«¨¢ ¾² "¨­²¥««¥ª²³ «¼­³¾" § ¹¨²³,

ª®²®° ¿ °¥ «¨§³¥² ±¢¿§¨ ¢¨¤  kiAk < i0; kiBk < i0; kiCk < i0 ¨«¨

kiA + iB + iCk < i0. �²¨ ±¢¿§¨ ³¦¥ ­¥£®«®­®¬­»,   ¨µ ¨¤¥ «¼­®±²¼

§¤¥±¼ ­¥ ®¡±³¦¤ ¥²±¿. �µ ­¥¤®±² ²®ª | ­¥ª®­²°®«¨°³¥¬®±²¼ ±¨±²¥-

¬®© ³¯° ¢«¥­¨¿, ¯®½²®¬³ ¯°¥¤« £ ¥²±¿ ­ «®¦¨²¼ ­  ±¨±²¥¬³ ±¢¿§¼

iA
2+ iB

2+ iC
2 < i0

2� "; ª®²®°³¾ ¡³¤¥² ®¡¥±¯¥·¨¢ ²¼ ±¨±²¥¬  ³¯° -

¢«¥­¨¿. �²¬¥²¨¬ ®±®¡¥­­®±²¨ ½²®© ±¢¿§¨.
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1. �­  ­¥ ®¡¿§ ­  ¡»²¼ ¦¥±²ª®©, ¨ ¡®«¥¥ ²®£®, ¬®¦¥² ­ °³¸ ²¼±¿

¡¥§ ° §°³¸¥­¨¿ ±¨±²¥¬».

2. �¥ ª¶¨¿ ±¢¿§¨ ¤®«¦­  ¡»²¼ ®£° ­¨·¥­ , ¯°¨ ½²®¬ ¢®§­¨ª ¥² ¯°®-

¡«¥¬  ®±³¹¥±²¢«¥­¨¿ ¢ "¨­²¥««¥ª²³ «¼­»µ" ¬®¤³«¿µ ®¤­®¢°¥¬¥­-

­®£® ­ «®¦¥­¨¿ ­¥³¤¥°¦¨¢ ¾¹¥© ±¢¿§¨ ¨ § ¹¨²» ®² ¯¥°¥£°³§ª¨ ¯®

°¥ ª¶¨¿¬.

3. � ­®¬¨­ «¼­»µ °¥¦¨¬ µ ¯°¨ ª®°°¥ª²­®¬ ³¯° ¢«¥­¨¨ ±¨±²¥¬  ° -

¡®² ¥² ª ª ±¢®¡®¤­ ¿,   ¤®±²¨¦¥­¨¥ ±¢¿§¨ ®§­ · ¥² ¨§¡»²®ª ½­¥°-

£¨¨. �®½²®¬³ ¯°¥¤±² ¢«¿¥²±¿ ¯®«¥§­»¬ «¨¸¨²¼ ­ ¸³ ±¢¿§¼ ¨¤¥ «¼-

­®±²¨.

�°¥¤«®¦¥­­ ¿ ±¢¿§¼ ¢ ³¯°®¹¥­­®¬ ¢¨¤¥ ¡»«  ¨±¯®«¼§®¢ ­  ¯°¨ ±®-

§¤ ­¨¨ ·¨±«¥­­®© ¬®¤¥«¨ ±¨±²¥¬» ³¯° ¢«¥­¨¿ ½«¥ª²°®¤¢¨£ ²¥«¥¬.

�¨±²¥¬  ®¯¨±»¢ ¥²±¿ ± ¯®¬®¹¼¾ ±¨±²¥¬» ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢-

­¥­¨© 12 ¯®°¿¤ª : 6 - ¤¢¨£ ²¥«¼ (4 ½«¥ª²°¨·¥±ª¨µ ¨ ¢° ¹¥­¨¥ °®-

²®° ) ¨ 6 ¢±¯®¬®£ ²¥«¼­»µ ¤«¿ ®¡¥±¯¥·¥­¨¿ ¯« ¢­®£® ¢ª«¾·¥­¨¿

¨ ¨¤¥­²¨´¨ª ¶¨¨ ¯ ° ¬¥²°®¢. �®¡ ¢«¥­¨¥ ­¥¨¤¥ «¼­®±²¨ ¤¥©±²¢¨-

²¥«¼­® ³«³·¸¨«® ³±²®©·¨¢®±²¼ ±¨±²¥¬».

1. �®¤¾ª®¢ �. �., �¼¢®¢¨· �. �. �° ¢­¥­¨¿ ½«¥ª²°¨·¥±ª¨µ ¬ ¸¨­.
��¡.: �§¤-¢® ��¡�, 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 speci�c constraint is added.

�¥°¨®¤¨·¥±ª¨¥ ¤¢¨¦¥­¨¿ ª¢ §¨ ¢²®­®¬­®©
®¡° ²¨¬®© ±¨±²¥¬»

�. �. �µ ©

(tkhai@ccas.ru)

�®±ª®¢±ª ¿ £®±³¤ °±²¢¥­­ ¿  ª ¤¥¬¨¿ ¯°¨¡®°®±²°®¥­¨¿ ¨ ¨­´®°¬ ²¨ª¨,

�®±±¨¿

�«¿  ¢²®­®¬­®© ®¡° ²¨¬®© ±¨±²¥¬» ¯®«³·¥­» ¤®±² ²®·­»¥ ³±«®¢¨¿

£°³¡®±²¨ ±¢®©±²¢  ¨¬¥²¼ ¯¥°¨®¤¨·¥±ª¨¥ ¤¢¨¦¥­¨¿.
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�¥² «¼­®  ­ «¨§¨°³¾²±¿ ±¨±²¥¬», ¡«¨§ª¨¥ ª ±¨±²¥¬ ¬ ± ®¤­®© ¨

¤¢³¬¿ ±²¥¯¥­¿¬¨ ±¢®¡®¤». �°¨¢®¤¿²±¿ ¬­®£®·¨±«¥­­»¥ ¯°¨«®¦¥-

­¨¿.

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 su�cient 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.

� ¤ ·  ® ¤¢¨¦¥­¨¨ ²¿¦¥«®£® ²¢¥°¤®£® ²¥«  ¢®ª°³£
­¥¯®¤¢¨¦­®© ²®·ª¨, ª®£¤  ¶¥­²° ²¿¦¥±²¨
° ±¯®«®¦¥­ ­  £« ¢­®© ¯«®±ª®±²¨ ½««¨¯±®¨¤ 
¨­¥°¶¨¨ ¤«¿ ­¥¯®¤¢¨¦­®© ²®·ª¨

�. �. �µ ©, �. �. �¢»£¨­

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

�®±ª®¢±ª ¿ £®±³¤ °±²¢¥­­ ¿  ª ¤¥¬¨¿ ¯°¨¡®°®±²°®¥­¨¿ ¨ ¨­´®°¬ ²¨ª¨,

�®±±¨¿

� ¤ ·  ® ¤¢¨¦¥­¨¨ ²¿¦¥«®£®  ¡±®«¾²­® ²¢¥°¤®£® ²¥« , ¨¬¥¾¹¥£®

®¤­³ ­¥¯®¤¢¨¦­³¾ ²®·ª³ | ®¤­  ¨§ ®±­®¢­»µ ¬®¤¥«¼­»µ § ¤ · ¢

¬¥µ ­¨ª¥. �­  ¨§« £ ¥²±¿ ¢ ª ¦¤®¬ ³·¥¡­¨ª¥ ¯® ²¥®°¥²¨·¥±ª®©

¬¥µ ­¨ª¥, ®¡¸¨°­»¥ ¨±±«¥¤®¢ ­¨¿ ¯® § ¤ ·¥ ®²° ¦¥­» ¢ ¬®­®£° -

´¨¿µ, ±¡®°­¨ª µ ¨ ¦³°­ «¼­»µ ±² ²¼¿µ [1,2,3]. �°¨¬¥· ²¥«¼­®©

®±®¡¥­­®±²¼¾ ³° ¢­¥­¨© �©«¥° -�³ ±±®­ , ®¡° §³¾¹¨µ § ¬ª­³-

²³¾ ±¨±²¥¬³, ¿¢«¿¥²±¿ ¨µ ®¡° ²¨¬®±²¼ [4]. �²® ¬ ²¥¬ ²¨·¥±ª¨

®§­ · ¥² ¨­¢ °¨ ­²­®±²¼ ±¨±²¥¬» ®²­®±¨²¥«¼­® § ¬¥­» (t; �!; �
) ­ 
(�t;��!; �
). � ¬¥µ ­¨·¥±ª®© ²®·ª¨ §°¥­¨¿ ¤ ­­®¥ ±¢®©±²¢® ®·¥-

¢¨¤­®: ¯°¨ ²¥·¥­¨¨ ¢°¥¬¥­¨ ¢ ¯°®¸«®¥ ­ ¡«¾¤ ¥²±¿ ²  ¦¥ ± ¬ ¿

ª °²¨­  ¤¢¨¦¥­¨¿, ·²® ¨ ° ­¼¸¥, ¥±«¨ ³£«» ®²±·¨²»¢ ²¼ ¢ ¯°®²¨¢®-

¯®«®¦­®¬ ­ ¯° ¢«¥­¨¨. � ±«³· ¥ ¶¥­²°  ²¿¦¥±²¨, ° ±¯®«®¦¥­­®£®

­  £« ¢­®© ¯«®±ª®±²¨ ½««¨¯±®¨¤  ¨­¥°¶¨¨ ¤«¿ ­¥¯®¤¢¨¦­®© ²®·ª¨
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(y = 0), ±¨±²¥¬  ³° ¢­¥­¨© ¨­¢ °¨ ­²­  ² ª¦¥ ®²­®±¨²¥«¼­® § -

¬¥­» (t; p; q; r; 
1; 
2; 
3) ­  (�t; p;�q; r; 
1;�
2; 
3), ².¥. ¯°¥¤±² ¢«¿¥²
®¡° ²¨¬³¾ ±¨±²¥¬³ ± ¤¢³¬¿ ­¥¯®¤¢¨¦­»¬¨ ¬­®¦¥±²¢ ¬¨. � «¨-

·¨¥ ¥¹¥ ®¤­®£® ­¥²°¨¢¨ «¼­®£® ­¥¯®¤¢¨¦­®£® ¬­®¦¥±²¢  ¯®§¢®«¿¥²

¯°® ­ «¨§¨°®¢ ²¼ ± ¥¤¨­»µ ¯®§¨¶¨© ¯¥°¢»¥ ¨­²¥£° «», ¨­¢ °¨ ­²-

­»¥ ±®®²­®¸¥­¨¿, ¢±¥ ¨§¢¥±²­»¥ · ±²­»¥ °¥¸¥­¨¿ ¨ ¯®«³·¨²¼ ­®¢»¥

¢»¢®¤» ® µ ° ª²¥°¥ ¤¢¨¦¥­¨© ²¢¥°¤®£® ²¥« .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-01-00122) ¨

�¨­®¡° §®¢ ­¨¿ (£° ­² Â�00-14.1-769).

1. �³±«®¢ �. �. �¥®°¥²¨·¥±ª ¿ ¬¥µ ­¨ª . �.: �®±²¥µ¨§¤ ², 1946.
655 c.
2. �®°° �. �., �³¤°¿¸®¢  �. �., �²¥¯ ­®¢  �. �. �« ±±¨·¥±ª¨¥ § ¤ ·¨
¤¨­ ¬¨ª¨ ²¢¥°¤®£® ²¥« . �¨¥¢, 1978. 296 c.
3. �®ª¸¥¢¨· �. �. �¥¸¥­¨¿ ¢ ª®­¥·­®¬ ¢¨¤¥ ³° ¢­¥­¨© �©«¥°  {
�³ ±±®­ . �¨¥¢, 1992. 168 c.
4. �µ © �. �. �¥¯®¤¢¨¦­»¥ ¬­®¦¥±²¢  ¨ ±¨¬¬¥²°¨·­»¥ ¯¥°¨®¤¨-
·¥±ª¨¥ ¤¢¨¦¥­¨¿ ®¡° ²¨¬»µ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬ // ���. 1996.
�. 60, ¢»¯. 6. C. 959-971.

On the problem of motion of rigid body about �xed
point, when mass center is at the main plane
of ellipsoid of inertia for �xed 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 �xed 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 �nd 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; �!; �
) ! (�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 �xed point (y = 0), the system is also invariant with respect to the trans-

formation (t; p; q; r; 
1; 
2; 
3) ! (�t; p;�q; r; 
1;�
2; 
3). It means that the

system is reversible with two sets of �xed points. The presence of one more

set of �xed points admits to analyze from the same positions the �rst 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.

� ¤ ·  �²®ª¥°  ¤«¿ ¤¨±ª°¥²­»µ ±¨±²¥¬
±¨­µ°®­¨§ ¶¨¨

�. �. �²¨­ , �. �. �¥¯¥«¿¢»©

(as@as1020.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿  ­ «®£ § ¤ ·¨ �²®ª¥°  ® ·¨±«¥ ¯°®±ª «¼§»¢ ­¨©

¶¨ª«®¢ ¤«¿ ¬­®£®¬¥°­»µ ¤¨±ª°¥²­»µ ±¨±²¥¬  ¢²®¬ ²¨·¥±ª®£® ³¯° -

¢«¥­¨¿ ± ®¤­®© ¯¥°¨®¤¨·¥±ª®© ­¥«¨­¥©­®±²¼¾. �¨±²¥¬» ± ² ª®© ¬ -

²¥¬ ²¨·¥±ª®© ¬®¤¥«¼¾ ¸¨°®ª® ¯°¨¬¥­¿¾²±¿ ¢ ²¥«¥¢¨¤¥­¨¨, ª®±¬¨-

·¥±ª®© ±¢¿§¨, ° ¤¨®«®ª ¶¨¨, ´ §®¢®©  ¢²®¯®¤±²°®©ª¥ · ±²®²» ¨ ¤°.

�±±«¥¤³¥¬®¥ ·¨±«® ¯°®±ª «¼§»¢ ­¨© | ®¤­  ¨§ ­ ¨¡®«¥¥ ¢ ¦­»µ

µ ° ª²¥°¨±²¨ª ¯¥°¥µ®¤­»µ ¯°®¶¥±±®¢ (°¥¦¨¬®¢ § µ¢ ² ) ¢ ³±²®©-

·¨¢»µ ­¥«¨­¥©­»µ ´ §®¢»µ ±¨±²¥¬ µ.

�¯¥°¢»¥ ² ª ¿ § ¤ ·  ¡»«  ¯®±² ¢«¥­  �¦. �²®ª¥°®¬ (1950) ­ 

¯°¨¬¥°¥ ³° ¢­¥­¨¿, ®¯¨±»¢ ¾¹¥£® ±¢®¡®¤­®¥ ¤¢¨¦¥­¨¥ ¬ ¿²­¨ª  ¢

±°¥¤¥ ± ±®¯°®²¨¢«¥­¨¥¬, ¯°®¯®°¶¨®­ «¼­»¬ ª¢ ¤° ²³ ³£«®¢®© ±ª®-

°®±²¨, ¨ § ª«¾· « ±¼ ¢ ¯®¨±ª¥ ¨­²¥°¢ «  ­ · «¼­»µ ±ª®°®±²¥©, ¯°¨

ª®²®°»µ ¤¢¨¦¥­¨¥ ¬ ¿²­¨ª  ®±³¹¥±²¢«¿¥²±¿ ± ¯°¥¤¢ °¨²¥«¼­® § -

¤ ­­»¬ ·¨±«®¬ ®¡®°®²®¢ ¯°¥¦¤¥, ·¥¬ ®­ ¯¥°¥©¤¥² ¢ °¥¦¨¬ § ²³µ -

¾¹¨µ ª®«¥¡ ­¨© ®ª®«® ³±²®©·¨¢®£® ±®±²®¿­¨¿ ° ¢­®¢¥±¨¿.

�´®°¬³«¨°®¢ ­» ³²¢¥°¦¤¥­¨¿, ¢ ª®²®°»µ ¯°¨ ¢»¯®«­¥­¨¨ ­¥° -

¢¥­±²¢ ­  ¢ °¼¨°³¥¬»¥ ¯ ° ¬¥²°», ¢»¯®«­¥­¨¨ · ±²®²­»µ ³±«®-

¢¨© ¨ ¨¬¥¾¹¨µ±¿ ®¶¥­®ª ·¨±«  ¯°®±ª «¼§»¢ ­¨© ¶¨ª«®¢ ¤«¿ µ®°®¸®

¨§³·¥­­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¢²®°®£® ¯®°¿¤ª , ¤ ­»

®¶¥­ª¨ ¬­®¦¥±²¢  ­ · «¼­»µ ±®±²®¿­¨© ° ±±¬ ²°¨¢ ¥¬®© ¬­®£®-

¬¥°­®© ¤¨±ª°¥²­®© ±¨±²¥¬», ¤«¿ ª®²®°»µ ±®®²¢¥²±²¢³¾¹¨¥ °¥¸¥-

­¨¿ ¨¬¥¾² § ¤ ­­»¥ ®¶¥­ª¨ ·¨±«  ¯°®±ª «¼§»¢ ­¨© ¶¨ª«®¢.

�«¿ ¤®ª § ²¥«¼±²¢  ¨±¯®«¼§³¥²±¿ ¬¥²®¤ ´³­ª¶¨© �. �. �¿¯³­®¢ ,

° ±¸¨°¥­­»© ­  ¤¨±ª°¥²­»¥ ±¨±²¥¬», ¬¥²®¤ ­¥«®ª «¼­®£® ±¢¥¤¥­¨¿

�. �. �¥®­®¢ , · ±²®²­ ¿ ²¥®°¥¬  �. �. �ª³¡®¢¨· .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ £° ­²  Â00-15-96028 �®¢¥²  ¯®

£° ­² ¬ �°¥§¨¤¥­²  �� ¨ ¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥ ¸ª®«»".
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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.

� ¤¢¨¦¥­¨¨  ¢²®¬®¡¨«¿ ­  ¯®¢®°®²¥ ± ³·¥²®¬
¢®§¬®¦­®±²¨ ¡®ª®¢®£® § ­®± 

�. �. �¥¢¶®¢

(mpy@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², P®±±¨¿

�«¿ ¨§³·¥­¨¿ ¤¢¨¦¥­¨¿  ¢²®¬®¡¨«¿ ­  ¯®¢®°®²¥ ° ±±¬ ²°¨¢ ¥²±¿

³¯°®¹¥­­ ¿ ¬®¤¥«¼  ¢²®¬®¡¨«¿, ¯°¥¤«®¦¥­­ ¿ �. �. �¨­¥©ª¨­»¬.

� ±±¬ ²°¨¢ ¥²±¿ ±«³· ©, ª®£¤  ª ¦¤ ¿ ¨§ ¤¢³µ ­¥£®«®­®¬­»µ ±¢¿-

§¥©, ­ «®¦¥­­»µ ­  ¤¢¨¦¥­¨¥  ¢²®¬®¡¨«¿, ¬®¦¥² ¡»²¼ ®±¢®¡®¦¤ ¾-

¹¥©. �«¿ ®¯¨± ­¨¿ ·¥²»°¥µ ¢®§¬®¦­»µ ²¨¯®¢ ¤¢¨¦¥­¨¿  ¢²®¬®¡¨«¿

±®±² ¢«¥­» ³° ¢­¥­¨¿ � ¤¦¨ ¨ � £° ­¦ . �°¨¢¥¤¥­» °¥§³«¼² ²»

° ±·¥²®¢.

On motion of a car at the turning in the presence
of side skidding

A. E. 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 e�-

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 e�cient 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 �rst 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 �rst 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 speci�c 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 e�ect of complete

compensation and partial compensation are considered. The results are

con�rmed and supplemented by computer simulations, which are pre-

sented in the separate paper.

� ¬®³° ¢­®¢¥¸¨¢ ­¨¥  ­¨§®²°®¯­® ®¯¥°²®£®
¦¥±²ª®£® °®²®° . �­ «¨²¨·¥±ª ¿ · ±²¼

�. �³ª¸² ©­, �. �»¦¨ª, �. �¯¥°«¨­£

�²²®-�®­-�¥°¨ª¥-�­¨¢¥°±¨²¥², � £¤¥¡³°£, �¥°¬ ­¨¿

� ¤®ª« ¤¥ ¯°¥¤±² ¢«¥­» ¨±±«¥¤®¢ ­¨¿ ± ¬®³° ¢­®¢¥¸¨¢ ¾¹¨µ ³±²°®©±²¢

¤«¿ ¦¥±²ª¨µ °®²®°®¢. �±±«¥¤®¢ ­¨¥ ¯°®¢®¤¨²±¿ ¬¥²®¤®¬ ¯°¿¬®£® ° §-

¤¥«¥­¨¿ ¤¢¨¦¥­¨¿, ª®²®°»© ¢»±®ª® ½´´¥ª²¨¢¥­ ¯°¨ °¥¸¥­¨¨ § ¤ · ±¨­-
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µ°®­¨§ ¶¨¨. �¥²®¤ ¯®§¢®«¿¥² ¢»¢¥±²¨ ®±­®¢­»¥ °¥§³«¼² ²» ¤«¿ ± ¬®-

³° ¢­®¢¥¸¨¢ ­¨¿ ¦¥±²ª¨µ °®²®°®¢ ¢ ´®°¬¥ ­¥®¡µ®¤¨¬»µ ³±«®¢¨© ±³¹¥-

±²¢®¢ ­¨¿ ¨ ³±²®©·¨¢®±²¨. � ±±¬ ²°¨¢ ¥²±¿ ½´´¥ª² ª ª ¯®«­®©, ² ª ¨

· ±²¨·­®© ª®¬¯¥­± ¶¨¨ ¤¨±¡ « ­± . �¥§³«¼² ²» ¯®¤²¢¥°¦¤ ¾²±¿ ª®¬-

¯¼¾²¥°­»¬ ¬®¤¥«¨°®¢ ­¨¥¬.

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 is the second part of publication presenting investigations of self-

balancing devices for rigid rotors. The �rst 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 con�rmed 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 con�rmed 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 in
uence of self-balancing device parameters

on the unbalance compensation. Besides simulations the paper includes

experimental data obtained from the test stand. This data con�rm the



�¥ª¶¨¿ I. �¥®°¥²¨·¥±ª ¿ ¨ ¯°¨ª« ¤­ ¿ ¬¥µ ­¨ª  77

"theoretical" analysis of self-balancing balancing of anisotropically sup-

ported rotors.

� ¬®³° ¢­®¢¥¸¨¢ ­¨¥  ­¨§®²°®¯­® ®¯¥°²®£®
¦¥±²ª®£® °®²®° . �®¤¥«¨°®¢ ­¨¥
¨ ½ª±¯¥°¨¬¥­² «¼­»¥ ¤ ­­»¥

�. �³ª¸² ©­, �. �»¦¨ª, �. �¯¥°«¨­£

�²²®-�®­-�¥°¨ª¥-�­¨¢¥°±¨²¥², � £¤¥¡³°£, �¥°¬ ­¨¿

�²® ¢²®° ¿ · ±²¼ ¯³¡«¨ª ¶¨¨, ¯°¥¤±² ¢«¿¾¹¥© ¨±±«¥¤®¢ ­¨¿ ± ¬®³° ¢-

­®¢¥¸¨¢ ¾¹¨µ ³±²°®©±²¢ ¤«¿ ¦¥±²ª¨µ °®²®°®¢. � ¤®ª« ¤¥ ¯°¥¤±² ¢«¥­»

°¥§³«¼² ²» ¬®¤¥«¨°®¢ ­¨¿ ¨ ½ª±¯¥°¨¬¥­² «¼­»¥ ¤ ­­»¥, ¯®«³·¥­­»¥ ­ 

±¯¥¶¨ «¨§¨°®¢ ­­®¬ ±²¥­¤¥. �²¨ °¥§³«¼² ²» ¯®¤²¢¥°¦¤ ¾² ¤ ­­»¥  ­ -

«¨²¨·¥±ª®£® ¨±±«¥¤®¢ ­¨¿ ½´´¥ª²  c ¬®³° ¢­®¢¥¸¨¢ ­¨¿  ­¨§®²°®¯­®

®¯¥°²»µ °®²®°®¢.

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

O. N. Kirillov, 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 di�erential 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 di�erential 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


utter 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).

� ±¯ ¤ ¶¥¯®·¥ª �¥«¤»¸  ¨ ³±²®©·¨¢®±²¼
° ±¯°¥¤¥«¥­­»µ ­¥ª®­±¥°¢ ²¨¢­»µ ±¨±²¥¬

�. �. �¨°¨««®¢, �. �. �¥©° ­¿­

�­±²¨²³² ¬¥µ ­¨ª¨ �®±ª®¢±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥² , �®±±¨¿

� ±±¬ ²°¨¢ ¾²±¿ § ¤ ·¨ ­  ±®¡±²¢¥­­»¥ §­ ·¥­¨¿ ¤«¿ ­¥± ¬®±®¯°¿¦¥­-

­»µ «¨­¥©­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ®¯¥° ²®°®¢, £« ¤ª® § ¢¨±¿¹¨µ ®² ¢¥ª-

²®°  ¤¥©±²¢¨²¥«¼­»µ ¯ ° ¬¥²°®¢. �±±«¥¤³¾²±¿ ¡¨´³°ª ¶¨¨ ±®¡±²¢¥­­»µ

§­ ·¥­¨© ¢¤®«¼ £« ¤ª¨µ ª°¨¢»µ ¢ ¯°®±²° ­±²¢¥ ¯ ° ¬¥²°®¢. �§³·¥­ ±«³-

· © ª° ²­»µ ±®¡±²¢¥­­»µ §­ ·¥­¨©, ®²¢¥· ¾¹¨µ ¶¥¯®·ª ¬ �¥«¤»¸  ¯°®-

¨§¢®«¼­®© ¤«¨­». � ©¤¥­» ¿¢­»¥ ¢»° ¦¥­¨¿, ®¯¨±»¢ ¾¹¨¥ ¡¨´³°ª ¶¨¨

±®¡±²¢¥­­»µ §­ ·¥­¨©. �®«³·¥­­»¥ ´®°¬³«» ¨±¯®«¼§³¾² ±®¡±²¢¥­­»¥ ¨

¯°¨±®¥¤¨­¥­­»¥ ´³­ª¶¨¨ ±®¯°¿¦¥­­»µ § ¤ · ­  ±®¡±²¢¥­­»¥ §­ ·¥­¨¿,  

² ª¦¥ ¯°®¨§¢®¤­»¥ ¤¨´´¥°¥­¶¨ «¼­®£® ®¯¥° ²®° , ¢§¿²»¥ ¢ ­ · «¼­®©

²®·ª¥ ¯°®±²° ­±²¢  ¯ ° ¬¥²°®¢. � ±±¬®²°¥­» ¬¥µ ­¨·¥±ª¨¥ ¯°¨¬¥°».

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 in�nitesimal transformations of groups are obtained. An

existence theorem of non-Noether conserved quantity of the system is

given.

This work is supported by National Natural Science Foundation of China

(grants Â19972010, 10272021).
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�¥-­�¥²¥°®¢±ª¨¥ ¨­¢ °¨ ­²» ­¥£®«®­®¬­»µ ±¨±²¥¬

�½© �³­±¿­

�¥ª¨­±ª¨© ²¥µ­®«®£¨·¥±ª¨© ¨­±²¨²³², �¨² ©

� ° ¡®²¥ ¨§³· ¾²±¿ ­¥-­�¥²¥°®¢±ª¨¥ ¨­¢ °¨ ­²» ­¥£®«®­®¬­»µ ±¨±²¥¬ ·¥-

² ¥¢±ª®£® ²¨¯ . �±² ­®¢«¥­» ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ±¨±²¥¬» ¨ ¯®«³·¥­»

®¯°¥¤¥«¿¾¹¨¥ ³° ¢­¥­¨¿ ¨ ³° ¢­¥­¨¿ ±¢¿§¥© ± ±¨¬¬¥²°¨¥© �¨ ¯°¨ ¨­´¨-

­¨²¥§¨¬ «¼­»µ ¯°¥®¡° §®¢ ­¨¿µ £°³¯¯. �°¨¢¥¤¥­  ²¥®°¥¬  ±³¹¥±²¢®¢ -

­¨¿ ­¥-­�¥²¥°®¢±ª¨µ ¨­¢ °¨ ­²®¢ ±¨±²¥¬».

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 o� 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 simpli�ed 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 �xed. During the contact between the rotor and the stator, friction

forces are neglected and a radial sti�ness is introduced in order to take

into account the deformations occurring near the contact zone.

For this simple model, synchronous and axisymmetrical motion is ob-

tained. The constant amplitude of this so-called whirling motion is so-

lution of a second degree equation. The coe�cients occurring in this

equation are functions of the angular velocity ! of the rotor and also

depend on three non-dimensional parameters related respectively to the
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unbalance, to the contact sti�ness and to the damping. According to the

values of these parameters, two real solutions can be obtained when !
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 in
uence of the

gyroscopic e�ects is investigated, leading to the conclusion that these

e�ects decrease the jump frequency.

�¥«¨­¥©­»¥ ª®«¥¡ ­¨¿ ­¥±¡ « ­±¨°®¢ ­­®£®
°®²®°  ± ° ¤¨ «¼­»¬ «¾´²®¬

�. � ±ª «¼

�­¨¢¥°±¨²¥² ¤'�¢°¨-¢ «¼-¤¥-�®­, �¢°¨, �° ­¶¨¿

�²  ° ¡®²  ¢»§¢ ­  ¯®¯»²ª®© ®¡º¿±­¨²¼ ¿¢«¥­¨¥, ­ ¡«¾¤ ¥¬®¥ ¢ ¡®«¼-
¸¨µ ª®¬¬¥°·¥±ª¨µ ²³°¡®°¥ ª²¨¢­»µ ¤¢¨£ ²¥«¿µ ± ¬®«¥²®¢ ¯°¨ ®²°»¢¥
«®¯ ²®ª ²³°¡¨­». �®§­¨ª ¾¹¨© ¤¥¡ « ­± ¯°¨¢®¤¨² ª ±¨«¼­®¬³ ¨§£¨¡³
¢ «  ¨ ¯¥°¨®¤¨·¥±ª¨¬ ³¤ ° ¬ °®²®°  ® ª®¦³µ ²³°¡¨­». �®±«¥ ¯¥°¥µ®¤-
­®© ´ §» ¤¢¨¦¥­¨¥ £« ¢­®£® °®²®°  ¤¢¨£ ²¥«¿ ± ¬®«¥²  ¢µ®¤¨² ¢ ² ª
­ §»¢ ¥¬»© °¥¦¨¬ "¢¥²°¿­®© ¬¥«¼­¨¶»", ¯°¨ ½²®¬ ­ ¡«¾¤ ¥²±¿ ¿¢«¥­¨¥
±ª ·ª®®¡° §­®£® £¨±²¥°¥§¨±­®£® ¨§¬¥­¥­¨¿ µ ° ª²¥°  ¤¢¨¦¥­¨¿.

�«¿ ³¯°®¹¥­­®© ¬®¤¥«¨ (£¨¡ª¨© ¢ « ¨ ±² ²¨·¥±ª¨ ­¥±¡ « ­±¨°®¢ ­­»©

¤¨±ª) ¯®«³·¥­®  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥, ¯°¥¤±² ¢«¿¾¹¥¥ ±² ¶¨®­ °­®¥

¢° ¹¥­¨¥ °®²®°  ± ¯®±²®¿­­»¬ ±¬¥¹¥­¨¥¬ ¶¥­²°  ¤¨±ª  ®² ®±¨ ¢° ¹¥-

­¨¿. �¥«¨·¨­  ±¬¥¹¥­¨¿ ¿¢«¿¥²±¿ ´³­ª¶¨¥© ³£«®¢®© ±ª®°®±²¨ °®²®°  ¨

²°¥µ ¡¥§° §¬¥°­»µ ¯ ° ¬¥²°®¢, µ ° ª²¥°¨§³¾¹¨µ ¢¥«¨·¨­» ¤¥¡ « ­± ,

ª®­² ª²­®© ¦¥±²ª®±²¨ ¨ ¤¥¬¯´¨°®¢ ­¨¿. �«¿ ­¥ª®²®°»µ § ¤ ­­»µ ¤¨ -

¯ §®­®¢ ¨§¬¥­¥­¨¿ ¯ ° ¬¥²°®¢ ¢»¿¢«¥­» ¿¢«¥­¨¿ ¯¥°¥±ª®ª  ¨ ¤¢®©­®©

³±²®©·¨¢®±²¨ ¨ ¤ ­ ¬¥²®¤ ®¯°¥¤¥«¥­¨¿ ®²¢¥· ¾¹¨µ ¨¬ · ±²®² ¢° ¹¥­¨¿.

�®ª § ­®, ·²® £¨°®±ª®¯¨·¥±ª¨¥ ½´´¥ª²» ±­¨¦ ¾² · ±²®²³ ¯¥°¥±ª®ª .
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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

_x = f(x) + by + �(x) _�(t); _y = g(x) + dy;

in which x; y 2 R, b and d are constants, f and g are continuously

di�erentiable functions for all x; � is function satisfying local Lipshitz

condition, f; g; � are such that f(0) = g(0) = �(0) = 0; _�(t) is white
Gaussian noise. The dots indicate di�erentiation with respect to t.
The system (1) is being interpreted as system of Ito's stochastic di�er-

ential equations.

The determinical case �(x) � 0 was examined by Erugin [1] and

Malkin [2], when g(x) 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 �0 > 0, �1 > 0; �2 2 R
and �0 > 0 such that

1) f(x)=x + d < ��0 � " < 0;
2) (d+ ")f(x)=x � bg(x)=x > �1 > 0;
3) (d+ ")f 0(x)� bg0(x) < �2;
4) 0 < �(x)=x < �0;
5) �20(d

2 + �2) < 2�0�1;

where " > 0 is arbitrarily 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 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

� ±²®µ ±²¨·¥±ª®© ³±²®©·¨¢®±²¨ ¤¢³¬¥°­®©
­¥«¨­¥©­®© ¤¨­ ¬¨·¥±ª®© ±¨±²¥¬»

�. �. �³¬ ´®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ¤ ­» ¤®±² ²®·­»¥ ³±«®¢¨¿  ±¨¬¯²®²¨·¥±ª®© ³±²®©·¨¢®±²¨ ¢ ¶¥-

«®¬ ± ¢¥°®¿²­®±²¼¾ ¥¤¨­¨¶» ²°¨¢¨ «¼­®£® °¥¸¥­¨¿ ®¤­®© ­¥«¨­¥©­®© ±¨-

±²¥¬» ¢²®°®£® ¯®°¿¤ª , ¢®§¬³¹¥­­®© ±«³· ©­»¬ ¯°®¶¥±±®¬ ¡¥«®£® ¸³¬ .

Relativistic aspects connected with body dynamics in
di�erent 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 �rst interacts with the reference system.

Consequences of this interpretation of inertial relativistic aspects are �-

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.

�¥«¿²¨¢¨±²±ª¨¥  ±¯¥ª²», ±¢¿§ ­­»¥ ± ¤¨­ ¬¨ª®©
²¥« ¢ ° §­»µ ­¥¨­¥°¶¨ «¼­»µ ±¨±²¥¬ µ ®²±·¥² 

�. �®¬ 

�®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �³µ °¥±², �³¬»­¨¿

� ¤®ª« ¤¥ ¯°¥¤±² ¢«¥­» ¤¨­ ¬¨·¥±ª¨¥  ±¯¥ª²» ±¯¥¶¨ «¼­®© ²¥®°¨¨ ®²-
­®±¨²¥«¼­®±²¨. �®¤·¥°ª¨¢ ¥²±¿ ­¥®¡µ®¤¨¬®±²¼ ²®£®, ·²®¡» ¯°¥®¡° §®-
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¢ ­¨¿ �®°¥­¶  ° ±±¬ ²°¨¢ «¨±¼ ª ª ²¨¯ ®¯°¥¤¥«¥­­®£® ´¨§¨·¥±ª®£® ¯°¥-
®¡° §®¢ ­¨¿, ¤¥©±²¢³¾¹¥£® ­  ¯®«³·¥­­®© ±¥°¨¨ ¢®«­.
�®ª § ­®, ·²® ¬ ²¥°¨ «¼­»¥ ²¥«  ¬®£³² ¡»²¼ ¯®±² ¢«¥­» ¢ ±®®²¢¥²±²¢¨¥
± ² ª¨¬¨ ±¥°¨¿¬¨ ¢®«­ ±®£« ±­® ®±­®¢­»¬ ¯° ¢¨« ¬ ª¢ ­²®¢®© ²¥®°¨¨,  
°¥§³«¼²¨°³¾¹¨¥ ¯®±«¥¤®¢ ²¥«¼­®±²¨ ° ±¯°®±²° ­¿¾²±¿ ­  ¬ ª°®±ª®¯¨-
·¥±ª¨¥ ²¥« .

�®ª § ­® ² ª¦¥, ª ª ´³­¤ ¬¥­² «¼­»¥ ±¢®©±²¢  ²¥« ¨§¬¥­¿¾²±¿ ¯°¨ ±¨-

±²¥¬¥ ®²±·¥² , ­ ·¨­ ¾¹¥©±¿ ®² ®¯°¥¤¥«¥­­®£® ¬®¬¥­²  ¢°¥¬¥­¨.

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 �xed to the rotor's surface and two ends

are �xed 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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�®±²°®¥­¨¥ ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ £¨¡°¨¤­®£®
¬ ­¨¯³«¿²®° 

�. �. �« ±¥­ª®

�²²®-´®­-�¥°¨ª¥-�­¨¢¥°±¨²¥², � £¤¥¡³°£, �¥°¬ ­¨¿

� ° ¡®²¥ ¯®ª § ­» °¥¸¥­¨¿ ®±­®¢­»µ ¯°®¡«¥¬ ¯®±²°®¥­¨¿ ¬ ²¥¬ ²¨·¥-

±ª®© ¬®¤¥«¨ £¨¡°¨¤­®£® ¬ ­¨¯³«¿²®° : ¨§¬¥°¥­¨¥ ¨  ¯¯°®ª±¨¬ ¶¨¿ ¬®-

¬¥­²  ²°¥­¨¿ ¢ ¸ °­¨° µ, ¨§¬¥°¥­¨¥ ¦¥±²ª®±²¨ ±²°³­ ¨  ¯¯°®ª±¨¬ ¶¨¿

¬®¬¥­²  ²°¥­¨¿ ¬®²®° . �°¨ ¨±¯®«¼§®¢ ­¨¨ ¯®±²°®¥­­®© ¬ ²¥¬ ²¨·¥-

±ª®© ¬®¤¥«¨ ¡»«¨ ¯°®¢¥¤¥­» ¨±±«¥¤®¢ ­¨¿ ¤¨­ ¬¨ª¨ £¨¡°¨¤­®£® ¬ ­¨¯³-

«¿²®° .
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�¥ª¶¨¿ II.

�¨­ ¬¨ª 
ª®±¬¨·¥±ª®£® ¯®«¥² 

�®«­ ¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼ ³¯° ¢«¿¥¬®©
±¨±²¥¬»

�. �. �«¥ª± ­¤°®¢, �. �. �°¨´®­¥­ª®

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¤­®© ¨§ £« ¢­»µ § ¤ · ¯°¨ª« ¤­®© ¬ ²¥¬ ²¨ª¨, ¬¥µ ­¨ª¨ ¨ ¤°³-

£¨µ ¥±²¥±²¢¥­­»µ ­ ³ª ¿¢«¿¥²±¿ ¬ ²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥. �

±«³· ¥ ³¯° ¢«¿¥¬»µ ¤¨­ ¬¨·¥±ª¨µ ±¨±²¥¬ ¯°®¶¥¤³°  ¯®«³·¥­¨¿ ¬ -

²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ³¯° ¢«¿¥¬®© ¤¨­ ¬¨·¥±ª®© ±¨±²¥¬» (���)

¢»£«¿¤¨² ±«¥¤³¾¹¨¬ ®¡° §®¬.

�³±²¼ ¨¬¥¥²±¿ ¤¨­ ¬¨·¥±ª¨© ®¡º¥ª² ¢¬¥±²¥ ± ¨±¯®«­¨²¥«¼­»¬¨ ®°-

£ ­ ¬¨ (¬¥µ ­¨§¬ ¬¨), ± ¯®¬®¹¼¾ ª®²®°»µ ¬®¦­® ®±³¹¥±²¢«¿²¼

¯°®£° ¬¬­®¥ ¤¢¨¦¥­¨¥ ½²®£® ®¡º¥ª² . �°¥¤¯®« £ ¥²±¿, ·²® ¬ ²¥-

¬ ²¨·¥±ª ¿ ¬®¤¥«¼ ° ±±¬ ²°¨¢ ¥¬®£® ³¯° ¢«¿¥¬®£® ®¡º¥ª²  ³¦¥ ±®-

§¤ ­  ¯°¨ª« ¤­»¬¨ ¬ ²¥¬ ²¨ª ¬¨ ¢¬¥±²¥ ± ¬¥µ ­¨ª ¬¨ ¨«¨ ¯°¥¤-

±² ¢¨²¥«¿¬¨ ¤°³£¨µ ­ ³ª, ¿¢«¿¾¹¨¬¨±¿ ±¯¥¶¨ «¨±² ¬¨ ¯® ¤ ­­®¬³

¤¨­ ¬¨·¥±ª®¬³ ®¡º¥ª²³ ¨ ¥£® ²¥°¬¨­ «¼­»¬ ½«¥¬¥­² ¬. �°¨  ­ -

«¨§¥ ¤ ­­®© ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ³¯° ¢«¿¥¬®£® ®¡º¥ª²  ¯®ª -

§ ­®, ·²® ¤«¿ °¥ «¨§ ¶¨¨ ¦¥« ¥¬®£® ¤¢¨¦¥­¨¿ ­¥®¡µ®¤¨¬  ±¨±²¥¬ 

³¯° ¢«¥­¨¿.

� ª¨¬ ®¡° §®¬, ¤¥« ¥²±¿ ¢»¢®¤, ·²® ´³­ª¶¨®­¨°®¢ ­¨¥ ��� ¯°¥¤-

±² ¢«¿¥² ±®¡®© ¤¢  ¢§ ¨¬®±¢¿§ ­­»µ ¯°®¶¥±± : ¤¢¨¦¥­¨¥ ®¡º¥ª²  ¨

¨­´®°¬ ¶¨®­­»© ¯°®¶¥±±, ³¯° ¢«¿¾¹¨© ½²¨¬ ®¡º¥ª²®¬ ­  ®±­®¢¥

¯¥°¢¨·­®© ¨­´®°¬ ¶¨¨ ® ¥£® ¤¢¨¦¥­¨¨. �«¥¤®¢ ²¥«¼­®, ¯®«³·¥­¨¥

¯®«­®© ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ��� | ½²® ¯°¥¦¤¥ ¢±¥£® § ¤ · 

±¨­²¥§  ³¯° ¢«¿¾¹¥£® ¨­´®°¬ ¶¨®­­®£® ¯°®¶¥±± . �°¨ ½²®¬ ¬ -
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²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥ ��� ¿¢«¿¥²±¿ ¡®«¥¥ ±«®¦­®© § ¤ ·¥©,

·¥¬ ¬ ²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥ ­¥³¯° ¢«¿¥¬®© ¤¨­ ¬¨·¥±ª®©

±¨±²¥¬».

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.

�¡ ³±²®©·¨¢®±²¨ ª®««¨­¥ °­»µ ±² ¶¨®­ °­»µ
°¥¸¥­¨© ®¡®¡¹¥­­®© § ¤ ·¨ ²°¥µ ²¥«

�. �. �³·¨­

(buchin@ccas.ru)

�»·¨±«¨²¥«¼­»© ¶¥­²° ���, �®±ª¢ , �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ®¡®¡¹¥­­ ¿ § ¤ ·  ²°¥µ ²¥«, ¢ ° ¬ª µ ª®²®°®©

¯°¥¤¯®« £ ¥²±¿, ·²® ¯®²¥­¶¨ « ¢§ ¨¬®¤¥©±²¢¨¿ ¤¢³µ ²¥« ¥±²¼ ¯°®-

¨§¢®«¼­ ¿ ´³­ª¶¨¿ ° ±±²®¿­¨¿ ¬¥¦¤³ ­¨¬¨,   ¢§ ¨¬®¤¥©±²¢¨¥ ± ²°¥-

²¼¨¬ ²¥«®¬ ­¼¾²®­®¢±ª®¥. � µ®¤¿²±¿ ª®««¨­¥ °­»¥ ±² ¶¨®­ °­»¥

¤¢¨¦¥­¨¿ ¨ ¨±±«¥¤³¾²±¿ ³±«®¢¨¿ ¨µ ³±²®©·¨¢®±²¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â 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. Su�cient and necessary conditions of stability are studied.
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�®«¥¡ ­¨¿ ¨ ¢° ¹¥­¨¿ ±¯³²­¨ª  ­ 
±« ¡®½««¨¯²¨·¥±ª®© ®°¡¨²¥ ¢ £° ¢¨² ¶¨®­­®¬ ¯®«¥
�¥¬«¨ ± ³·¥²®¬ ¢«¨¿­¨¿  ²¬®±´¥°»

�. �. �«³µ¨µ, �. �. �µ ©

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

�®±ª®¢±ª ¿ £®±³¤ °±²¢¥­­ ¿  ª ¤¥¬¨¿ ¯°¨¡®°®±²°®¥­¨¿ ¨ ¨­´®°¬ ²¨ª¨,

�®±±¨¿

�«®±ª¨¥ ¤¢¨¦¥­¨¿ ±¯³²­¨ª  ­  ½««¨¯²¨·¥±ª®© ®°¡¨²¥ ¢ £° ¢¨² ¶¨-

®­­®¬ ¯®«¥ �¥¬«¨ ± ³·¥²®¬ ¢«¨¿­¨¿  ²¬®±´¥°» ®¯¨±»¢ ¾²±¿ ¨§-

¢¥±²­»¬ [1] ¯¥°¨®¤¨·¥±ª¨¬ ³° ¢­¥­¨¥¬ ¢²®°®£® ¯®°¿¤ª 

d2�

dv2
+ �

sin� cos�

1 + e cos v
� 2(1 +
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e sin v

1 + e cos v
+

+�(1 + e)2
��

���

p
1 + 2e cos v + e2

(1 + e cos v)4
(sin�+ e sin(�+ v)) = 0

(� - ³£®« ¬¥¦¤³ ° ¤¨³±®¬-¢¥ª²®°®¬ ¶¥­²°®¬ ¬ ±± ¨ ®¤­®© ¨§ ®±¥©

¨­¥°¶¨¨, v - ¨±²¨­­ ¿  ­®¬ «¨¿, � - ¬ ±±®¢»© ¯ ° ¬¥²°, � -  ½°®¤¨-
­ ¬¨·¥±ª¨© ¯ ° ¬¥²°, e - ½ª±¶¥­²°¨±¨²¥² ®°¡¨²», � - ¯«®²­®±²¼  ²-
¬®±´¥°», �� - ¯«®²­®±²¼  ²¬®±´¥°» ¢ ¯¥°¨£¥¥). �²«¨·¨²¥«¼­®© ®±®-

¡¥­­®±²¼¾ ¤ ­­®£® ³° ¢­¥­¨¿ ¿¢«¿¥²±¿ ®¡° ²¨¬®±²¼, ·²® ¢»° ¦ -

¥²±¿ ¢ ¨­¢ °¨ ­²­®±²¨ ®²­®±¨²¥«¼­® § ¬¥­» (�; _�; v) ­  (��; _�;�v).
�¢®©±²¢® ®¡° ²¨¬®±²¨ ¯®§¢®«¿¥² ¯°¨¬¥­¿²¼ ¤«¿ ¨±±«¥¤®¢ ­¨¿ ª®«¥-

¡ ­¨© ¨ ¢° ¹¥­¨© ° §° ¡®² ­­³¾ ¢ ¯®±«¥¤­¨¥ £®¤» ²¥®°¨¾ ª®«¥¡ -

­¨© ®¡° ²¨¬»µ ¬¥µ ­¨·¥±ª¨µ ±¨±²¥¬. �­ «¨§ ±¢®¤¨²±¿ ª ¯®±²°®¥-

­¨¾ ´ §®¢®£® ¯®°²°¥²  ª®­±¥°¢ ²¨¢­®© ±¨±²¥¬» c ®¤­®© ±²¥¯¥­¼¾

±¢®¡®¤» ¨ ¯°®¢¥°ª¥ ³±«®¢¨¿ dT (h�) = 0 | ¤«¿ ª®«¥¡ ­¨© (T | ¯¥-

°¨®¤ ª®«¥¡ ­¨© ¢ § ¢¨±¨¬®±²¨ ®² §­ ·¥­¨¿ ¯®±²®¿­­®© ¨­²¥£° « 

½­¥°£¨¨ h, h� | §­ ·¥­¨¥ h, ®²¢¥· ¾¹¥¥ 2�-¯¥°¨®¤¨·¥±ª®¬³ ª®«¥-

¡ ­¨¾); ¢±¥ 2�-¯¥°¨®¤¨·¥±ª¨¥ ¢° ¹¥­¨¿ ¯°®¤®«¦ ¾²±¿ ¯® ½ª±¶¥­-

²°¨±¨²¥²³.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â 00-01-00122,

��� 02-01-06-509) ¨ �¨­¨±²¥°±²¢  ®¡° §®¢ ­¨¿ �� (£° ­² Â �00-

14.1-769).

1. � °»·¥¢ �. �., � §®­®¢ �. �., �« ²®³±²®¢ �. �. �¥°¨®¤¨·¥±ª¨¥
ª®«¥¡ ­¨¿ ±¯³²­¨ª  ¢ ¯«®±ª®±²¨ ½««¨¯²¨·¥±ª®© ®°¡¨²» // �®±¬¨·.
¨±±«¥¤®¢ ­¨¿. 1976. �. 15, Â6, C. 809-834.
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2. �µ © �. �. �¥°¨®¤¨·¥±ª¨¥ ¤¢¨¦¥­¨¿ ±¨±²¥¬», ¡«¨§ª®© ª ®¡° ²¨-
¬®© ¯¥°¨®¤¨·¥±ª®© ±¨±²¥¬¥// ���. 2001. �. 4, ¢»¯.1, C. 661-680.

Oscillations and rotations of a satellite on weak-elliptic
orbit in the Earth gravitational �eld with the e�ect
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
�eld can be described with well-known [1] periodic equation of second order

d2�

dv2
+ �

sin � cos�

1 + e cos v
� 2(1 +

d�

dv
)

e sin v

1 + e cos v
+

+�(1 + e)2
��

��
�

p
1 + 2e cos v+ e2

(1 + e cos v)4
(sin�+ e sin(�+ v)) = 0

(� is the angle between the radius-vector of the mass center and one of axes

of inertia, v is true anomaly, � is the dimensionless mass, � is aerodynamic

parameter, e is eccentricity of orbit, � is the density of atmosphere, �� 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

(�; dot�;v) ! (��; _�;�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 2�-periodic oscillation). All 2�-periodic rotations continue with respect to

the eccentricity.
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�°®¥ª² �¥¦¯« ­¥²­®© �®«­¥·­®©
�²¥°¥®±ª®¯¨·¥±ª®© �¡±¥°¢ ²®°¨¨:
£¥«¨®¶¥­²°¨·¥±ª¨© ¯¥°¥µ®¤
¨ ³±²®©·¨¢®±²¼ ª®­´¨£³° ¶¨¨

�. �. �°®¸ª¨­, �. �. �¼¢®¢, �. �. � ¸ª¥¢¨·, �. �. �³¡¥©

(mchubey@gao.spb.ru)

�« ¢­ ¿  ±²°®­®¬¨·¥±ª ¿ ®¡±¥°¢ ²®°¨¿ ���, � ­ª²-�¥²¥°¡³°£, �®±±¨¿

�±±«¥¤®¢ ­® ¤¢¨¦¥­¨¥ ²¥«  ­³«¥¢®© ¬ ±±» ¢ ®ª°¥±²­®±²¨ ª°³£®-

¢»µ � £° ­¦¥¢»µ ¶¥­²°®¢ «¨¡° ¶¨¨ ¢ ±¨±²¥¬¥ "�®«­¶¥ | ¡ °¨-

¶¥­²° (�¥¬«¿+�³­ )". �±­®¢­ ¿ § ¤ ·  ¨±±«¥¤®¢ ­¨¿ | ®¡®±­®¢ ²¼

¢®§¬®¦­®±²¼ ±®§¤ ­¨¿ ³±²®©·¨¢®© ¯°®±²° ­±²¢¥­­®© ª®­´¨£³° ¶¨¨

ª®±¬¨·¥±ª¨µ  ¯¯ ° ²®¢ ¢ ¯°®¥ª²¥ �¥¦¯« ­¥²­®© �®«­¥·­®© �²¥-

°¥®±ª®¯¨·¥±ª®© �¡±¥°¢ ²®°¨¨ (����) [1]. �§« £ ¥²±¿ ¢ °¨ ­² ¯®-

±²°®¥­¨¿ ®°¡¨² £¥«¨®¶¥­²°¨·¥±ª®£® ¯¥°¥µ®¤  ¨ ®¡±³¦¤ ¾²±¿ ¯°®-

¡«¥¬» ²®·­®© ¯®± ¤ª¨ ª®±¬¨·¥±ª¨µ  ¯¯ ° ²®¢ ¢ ®ª°¥±²­®±²¨ ª°³£®-

¢»µ ¶¥­²°®¢ «¨¡° ¶¨¨ ±¨±²¥¬» "�®«­¶¥| ¡ °¨¶¥­²° �¥¬«¿+�³­ ".

� ±±¬ ²°¨¢ ¾²±¿  ¯¯ ° ²­»¥ °¥¸¥­¨¿ ­ ¢¨£ ¶¨®­­®© § ¤ ·¨. �´-

´¥ª²¨¢­®±²¼ ¯°¨¬¥­¥­¨¿ ���� ¤«¿ ²°¨ ­£³«¿¶¨®­­»µ ¨§¬¥°¥­¨©

[2] ¢ ¯°¥¤¥« µ �®«­¥·­®© ±¨±²¥¬» ¯®ª § ­  ­  ¯°¨¬¥°¥ ®°¡¨²» ¬®-

¤¥«¼­®£® ®¡º¥ª²  ¯® ®¤­®¬³ ±¥ ­±³ ­ ¡«¾¤¥­¨©.

1. Grigoryev V. M., Papushev P. G., Chubey M. S., Kopylov I. M.,
Eroshkin G. I., Ilin A. E., Gorshanov D. L., Pashkevich V. V., Savas-
tenya A. V. Interplanetary Solar Stereoscopic Observatory (ISSO): sci-
enti�c objectives and facilities //Astronomical & Astrophysical Trans-
actions. 2000. Vol. 19, Â3-4, 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 IAU Coll.
2000. 180, P. 132-149.

Project of interplanetary solar stereoscopic
observatory: the heliocentric transition
and con�guration 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 (Earth+Moon)" is investigated.
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The primal problem of the analysis is to justify an opportunity of making of the

stable spatial con�guration 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 Earth+Moon" are considered. The instrumental solutions of the

navigation problem are considered also. The operational e�ectiveness of ISSO

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.

�®¢°¥¬¥­­»¥ ±¯³²­¨ª®¢»¥ ¬¥²®¤» ®¯°¥¤¥«¥­¨¿
£° ¢¨² ¶¨®­­»µ ¯®«¥© �¥¬«¨ ¨ �³­»

�. �. � ¹¥¥¢

(Rafael.Kascheev@ksu.ru)

� § ­±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ·¥±²¢¥­­® ­®¢»© ³°®¢¥­¼ °¥¸¥­¨¿ § ¤ ·¨ ®¯°¥¤¥«¥­¨¿ ¯ ° ¬¥-

²°®¢ £° ¢¨² ¶¨®­­»µ ¯®«¥© ¯« ­¥² §¥¬­®© £°³¯¯», µ ° ª²¥°¨§³¥-

¬»© ¯°¥¶¥§¨®­­®© ²®·­®±²¼¾ ®¯¨± ­¨¿ ¯®«¿, ¢»±®ª¨¬ ¥£® ° §°¥¸¥-

­¨¥¬ ¨ ­¥¤®±²¨¦¨¬®© ° ­¥¥ ®¯¥° ²¨¢­®±²¼¾ ¯®±²°®¥­¨¿ ¥£® ¬®¤¥-

«¥©, ¬®¦¥² ¡»²¼ ¤®±²¨£­³², ¡« £®¤ °¿ ¨±¯®«¼§®¢ ­¨¾ ¤¨´´¥°¥­-

¶¨ «¼­»µ ±¯³²­¨ª®¢»µ ¬¥²®¤®¢, ®¡º¥¤¨­¿¥¬»µ ¯®¤ ®¡¹¨¬ ­ §¢ -

­¨¥¬ ¬¥²®¤®¢ ¨§¬¥°¥­¨© ¢ ±¨±²¥¬ µ ± ¨§¬¥­¿¥¬®© £¥®¬¥²°¨¥© ° ±-

¯®«®¦¥­¨¿ ½«¥¬¥­²®¢. �¥·¼ ¨¤¥² ® °¥ «¨§ ¶¨¨ ° §«¨·­»µ ¢ °¨ ­-

²®¢ ¬¥²®¤  ¬¥¦±¯³²­¨ª®¢»µ ¨§¬¥°¥­¨©,   ² ª¦¥ ¬¥²®¤  ±¯³²­¨-

ª®¢®© £° ¤¨¥­²®¬¥²°¨¨. � ¤®ª« ¤¥ ®¡±³¦¤ ¾²±¿ ­¥ª®²®°»¥ ª®±-

¬¨·¥±ª¨¥ ¯°®£° ¬¬», ¯°¥¤³±¬ ²°¨¢ ¾¹¨¥ ¢»¯®«­¥­¨¥ ³ª § ­­»µ

¢»¸¥ ¢¨¤®¢ ¨§¬¥°¥­¨© ¢ ®ª®«®§¥¬­®¬ ¨ ®ª®«®«³­­®¬ ¯°®±²° ­±²¢¥.

�®¤°®¡­® ° ±±¬ ²°¨¢ ¾²±¿ °¥§³«¼² ²» ·¨±«¥­­»µ ½ª±¯¥°¨¬¥­²®¢

¯® ®¶¥­¨¢ ­¨¾ ¯ ° ¬¥²°®¢ ±¥«¥­®¯®²¥­¶¨ «  ¯® ¤ ­­»¬ ­ §¥¬­»µ

¨ ¬¥¦±¯³²­¨ª®¢»µ ¨§¬¥°¥­¨© ®²­®±¨²¥«¼­»µ «³·¥¢»µ ³±ª®°¥­¨© ¢

±¨±²¥¬¥ ­¨§ª®®°¡¨² «¼­®£® «³­­®£® ¬®¤³«¿ ¨ ¢»±®ª®®°¡¨² «¼­®£®

��, ¢»¢¥¤¥­­®£® ¢ ²° ­±«³­­³¾ ¯°¿¬®«¨­¥©­³¾ ²®·ª³ «¨¡° ¶¨¨ L2.
�®ª § ­®, ·²® ¢ ½²®¬ ±«³· ¥ ²®·­®±²¼ ¢®±±² ­®¢«¥­¨¿ §­ ·¥­¨© ¯ -

° ¬¥²°®¢ ±¥«¥­®¯®²¥­¶¨ «  ¢ ®±­®¢­®¬ ®¯°¥¤¥«¿¥²±¿ ­ ª«®­¥­¨¥¬

®°¡¨²» ­¨§ª®£® ���, ¯°¨ ½²®¬ ¤¨ ¯ §®­ ¯°¨¥¬«¥¬»µ ­ ª«®­¥­¨©
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­¥ ¯°¥¢»¸ ¥² 6-7 £° ¤³±®¢ ¤³£¨. �¥¯®¯ ¤ ­¨¥ ¢ ³ª § ­­»© ¤¨ ¯ -

§®­ ¢ ¡®«¼¸¨­±²¢¥ ±«³· ¥¢ ¢¥¤¥² ª ­¥¢®±¯®«­¨¬»¬ ¯®²¥°¿¬ ²®·­®-

±²¨ ®¶¥­¨¢ ¥¬»µ £ °¬®­¨·¥±ª¨µ ª®½´´¨¶¨¥­²®¢, ¯°¥¯¿²±²¢³¿ ¤®-

±²®¢¥°­®¬³ ¨µ ®¯°¥¤¥«¥­¨¾. �¥ ¬¥­¥¥ ¢ ¦­®, ·²®, ª ª ¯®ª §»¢ ¾²

° ±·¥²», ° ±±¬ ²°¨¢ ¥¬»© ¬¥²®¤ ¨§¬¥°¥­¨© ¯°¥¤º¿¢«¿¥² ¢¥±¼¬ 

±²°®£¨¥ ²°¥¡®¢ ­¨¿ ª ²®·­®±²¨  ¯°¨®°­»µ ±¢¥¤¥­¨© ® §­ ·¥­¨¿µ

¯ ° ¬¥²°®¢ ¨±ª®¬®© ¬®¤¥«¨ £° ¢¨² ¶¨®­­®£® ¯®²¥­¶¨ «  �³­».

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ �¨­®¡° §®¢ ­¨¿ ��

(£° ­² Â �00-7.0-4).

Advanced satellite technique for determination of the
Earth's and of the Moon's gravity �elds

R. A. Kascheev

Kazan State University, Russia

Despite the fact that a remarkable improvement of our knowledge of the grav-
ity �eld 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 �eld missions
will provide us with an e�cient way to map the gravity �eld 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 L2 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 �eld model is the main error source

here.

�®«¥² ¢ ®ª®«®±®«­¥·­»¥ ®¡« ±²¨ ± ¬ «®© ²¿£®©
±®«­¥·­®£® ¯ °³± 

�. �. �®¡«¨ª, �. �. �®«¿µ®¢ , �. �. �®ª®«®¢

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

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �±²°®­®¬¨·¥±ª¨©

¨­±²¨²³², �®±±¨¿

�¨±«¥­­® ¨±±«¥¤³¾²±¿ ²° ¥ª²®°¨¨ ª®±¬¨·¥±ª®£® ¯®«¥²  ± ¬ «®© ²¿-

£®© ³¯° ¢«¿¥¬®£® ±®«­¥·­®£® ¯ °³±  ± ®°¡¨²» �¥¬«¨ ¢ ®ª®«®±®«­¥·-
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­»¥ ®¡« ±²¨.

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ¢«¨¿­¨¨ ²¥¬¯¥° ²³°­»µ ®£° ­¨·¥­¨© ­ 

¢°¥¬¿ ¯®«¥²  §  ±·¥² ¨§¬¥­¥­¨© ¢ § ª®­¥ ¨§¬¥­¥­¨¿ ®°¨¥­² ¶¨¨ ¯ -

°³±  ¯® ®²­®¸¥­¨¾ ª ±®«­¥·­»¬ «³· ¬. �®¬¡¨­¨°®¢ ­­»¥ ²° ¥ª-

²®°¨¨ (¯ °³± ¨ £° ¢¨² ¶¨®­­»¥ ¬ ­¥¢°» ¢¡«¨§¨ �¥¬«¨, �¥­¥°» ¨«¨

�¥°ª³°¨¿) ¨¬¥¾² ¶¥«¼¾ ¢»µ®¤ ­  £¥«¨®±¨­µ°®­­³¾ ½ª«¨¯²¨·¥±ª³¾

ª°³£®¢³¾ ®°¡¨²³ ° ¤¨³±®¬ 0,17  .¥. ¨«¨ ­  ¯®«¿°­³¾ ®ª®«®±®«­¥·-

­³¾ ®°¡¨²³ (®¡¥ | ¤«¿ ¢»¯®«­¥­¨¿ ¤«¨²¥«¼­»µ ­ ¡«¾¤¥­¨© §  ±®«-

­¥·­®©  ª²¨¢­®±²¼¾) ¨«¨ ­  "¯°®«¥²­³¾" ²° ¥ª²®°¨¾ "¯ ¤¥­¨¿ ­ 

�®«­¶¥" ¢­¥ ¯«®±ª®±²¥© ¯« ­¥²­»µ ®°¡¨² (²° ­±¯®°²¨°®¢ª  §¥¬­»µ

° ¤¨® ª²¨¢­»µ ®²µ®¤®¢ ¤«¿ § µ®°®­¥­¨¿ ¨µ ­  �®«­¶¥ ¡¥§ ¯¥°¥±¥-

·¥­¨¿ ½ª®«®£¨·¥±ª¨ ·¨±²»µ ¯« ­¥²­»µ ®°¡¨²).

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-01-01039) ¨

¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥ ¸ª®«»" (£° ­² Â00-15-96775).

Space
ight 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 
at one-sided solar sail starts at 1 AU, physical properties of its

re
ective 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 
ight duration of some sailing missions with/or

without gravity-assist maneuvers at the Earth 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.

�¥ª®²®°»¥ § ¤ ·¨ ¤¨­ ¬¨ª¨ ²¥«  ± ¯¥°¥¬¥­­»¬
½«¥ª²°¨·¥±ª¨¬ § °¿¤®¬

�. �. �®«¥±­¨ª®¢, �. �. �ª®¢«¥¢

(Andrey.Jakovlev@pobox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°®¡«¥¬  ¤¨­ ¬¨ª¨ ¢ ª®±¬¨·¥±ª®¬ ¯°®±²° ­±²¢¥ ²¥« ± ¯¥°¥¬¥­-

­»¬ ½«¥ª²°¨·¥±ª¨¬ § °¿¤®¬ ¯°¨¢«¥ª ¥² ¢­¨¬ ­¨¥ ¨±±«¥¤®¢ ²¥«¥©

¢®² ³¦¥ ­¥±ª®«¼ª® ¤¥±¿²¨«¥²¨©. �¯¥°¢»¥ ¨­²¥°¥± ª ½²®© ¯°®¡«¥¬¥

¢®§­¨ª ¢ ±¢¿§¨ ± ¨±±«¥¤®¢ ­¨¥¬ ¯°¨­¶¨¯¨ «¼­®© ¢®§¬®¦­®±²¨ ±®§¤ -

­¨¿ ½«¥ª²°®±² ²¨·¥±ª¨µ ¤¢¨£ ²¥«¼­»µ ±¨±²¥¬ ª®±¬¨·¥±ª¨µ  ¯¯ ° -

²®¢ (��), ®±­®¢ ­­»µ ­  ¢§ ¨¬®¤¥©±²¢¨¨ ¨±ª³±±²¢¥­­® ­ ¢®¤¨¬®£®

­  �� ½«¥ª²°¨·¥±ª®£® § °¿¤  ± ¬ £­¨²­»¬ ¯®«¥¬ �¥¬«¨.

� ¯®±«¥¤­¨¥ £®¤» ¢®§­¨ª«® ­®¢®¥ '½ª®«®£¨·¥±ª®¥' ¯°¨«®¦¥­¨¥ ½²®©

¯°®¡«¥¬», ±¢¿§ ­­®¥ ± ¨§³·¥­¨¥¬ ®±®¡¥­­®±²¥© ¤¢¨¦¥­¨¿ ¢ ®ª®«®-

§¥¬­®¬ ª®±¬¨·¥±ª®¬ ¯°®±²° ­±²¢¥ (���) ¬¨ª°®· ±²¨¶ (��) ²¥µ-

­®£¥­­®£® ¯°®¨±µ®¦¤¥­¨¿, ª®²®°»¥ ¢ ¡®«¼¸®¬ ª®«¨·¥±²¢¥ ¢»¡° -

±»¢ ¾²±¿ ¯°¨ ° ¡®²¥ ²¢¥°¤®²®¯«¨¢­»µ ° ª¥²­»µ ¤¢¨£ ²¥«¥© ��

[1,2]. �­ «®£¨·­ ¿ § ¤ ·  ¢®§­¨ª ¥² ¢ ±¢¿§¨ ± ¨§³·¥­¨¥¬ ¬¥µ ­¨§-

¬®¢ ´®°¬¨°®¢ ­¨¿ ¯»«¥¢»µ ª®«¥¶ ¢ ®ª°¥±²­®±²¿µ ¤°³£¨µ ­¥¡¥±­»µ

²¥«, ®¡« ¤ ¾¹¨µ ±¨«¼­»¬¨ ¬ £­¨²­»¬¨ ¯®«¿¬¨ (�¯¨²¥°, � ²³°­

¨ ¤°. ). �®ª § ­®, ·²® ¤«¿ ² ª¨µ ¬¨ª°®· ±²¨¶ ±³¹¥±²¢¥­­³¾ °®«¼

¯°¨ ®¯°¥¤¥«¥­¨¨ µ ° ª²¥°  ¤¢¨¦¥­¨¿ ¨£° ¥² ±¨«  �®°¥­¶ , ¢®§­¨-

ª ¾¹ ¿ ¢±«¥¤±²¢¨¥ ¢§ ¨¬®¤¥©±²¢¨¿ ­ ¢®¤¨¬®£® ­  ¬¨ª°®· ±²¨¶ µ ¢

ª®±¬¨·¥±ª®© ¯« §¬¥ ½«¥ª²°¨·¥±ª®£® § °¿¤  ± ¬ £­¨²­»¬ ¨ ½«¥ª²°¨-

·¥±ª¨¬ ¯®«¿¬¨. � ª®­¥¶, § ¤ ·  ¤¨­ ¬¨ª¨ ¢ ª®±¬¨·¥±ª®© ¯« §¬¥

¬¨ª°®· ±²¨¶ ± ¯¥°¥¬¥­­»¬ § °¿¤®¬ ¢®§­¨ª ¥² ¢ ±¢¿§¨ ± ¨±±«¥¤®-

¢ ­¨¥¬ ¯°®¡«¥¬» ½«¥ª²°®±² ²¨·¥±ª®£® ¯¥°¥­®±  ¯»«¥¢»µ · ±²¨¶ ³

¯®¢¥°µ­®±²¨ ¡¥§ ²¬®±´¥°­»µ ­¥¡¥±­»µ ²¥« [3]. � ±¨«³ ±«®¦­®±²¨

±¨±²¥¬» ³° ¢­¥­¨©, ®¯¨±»¢ ¾¹¨µ ¤¨­ ¬¨ª³ ²¥« ± ¯¥°¥¬¥­­»¬ § -
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°¿¤®¬ ¢ ³ª § ­­»µ ¯°¨«®¦¥­¨¿µ ®±­®¢­»¥ °¥§³«¼² ²» ¯®«³·¥­» ¬¥-

²®¤®¬ ·¨±«¥­­®£® ¬®¤¥«¨°®¢ ­¨¿ [2-4]. �§¢¥±²­»¥ °¥§³«¼² ²»  ­ -

«¨²¨·¥±ª®£® ¨±±«¥¤®¢ ­¨¿ ¤¢¨¦¥­¨¿ § °¿¦¥­­»µ ²¥« ¢ ª®¬¡¨­ ¶¨¨

£° ¢¨² ¶¨®­­®£® ¨ ½«¥ª²°®¬ £­¨²­®£® ¯®«¥© ¯®«³·¥­» ²®«¼ª® ¤«¿

±«³· ¿ ¯®±²®¿­­®£® ½«¥ª²°¨·¥±ª®£® § °¿¤  [5].

� ­ ±²®¿¹¥© ° ¡®²¥ ´®°¬³«¨°³¾²±¿ ³±«®¢¨¿ ª®°°¥ª²­®±²¨ £ ¬¨«¼-

²®­®¢®© ¯®±² ­®¢ª¨ § ¤ ·¨ ¤¨­ ¬¨ª¨ ²¥« ± ¯¥°¥¬¥­­»¬ § °¿¤®¬ ¨

®¡®±­®¢»¢ ¥²±¿ ¢®§¬®¦­®±²¼ ¯°¨¬¥­¥­¨¿ ¤«¿ ®¯°¥¤¥«¥­¨¿ ®±®¡¥­-

­®±²¥© ¤¢¨¦¥­¨¿ ° ±±¬ ²°¨¢ ¥¬»µ ®¡º¥ª²®¢ ¬¥²®¤®¢ ª ·¥±²¢¥­­®©

²¥®°¨¨ £ ¬¨«¼²®­®¢»µ ±¨±²¥¬ (��� - ²¥®°¨¨).
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ª°®­­»µ · ±²¨¶ ¢ ¯« §¬®±´¥°¥ �¥¬«¨ // �®±¬¨·. ¨±±«¥¤. 2001.
�. 39, Â1. C. 100-105.
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±«¥¤. 1999. �. 37, Â4. C. 422-423.
5. � ¢¨«®¢ �. �., �®«¥±­¨ª®¢ �. �. �¥ª®²®°»¥ ¢®¯°®±» ¤¨­ ¬¨ª¨
±¨«¼­®§ °¿¦¥­­»µ ²¥« ¢ ª®±¬¨·¥±ª®¬ ¯°®±²° ­±²¢¥ // �¨§¨·¥±ª ¿
¬¥µ ­¨ª . 1981. ¢»¯.4, �¨­ ¬¨·¥±ª¨¥ ¯°®¶¥±±» ¢ £ § µ ¨ ²¢¥°¤»µ
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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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�¡ ³¯° ¢«¥­¨¨ ¤¢¨¦¥­¨¥¬ ¢ £° ¢¨² ¶¨®­­®¬ ¯®«¥
± ³·¥²®¬ ¢®§¬³¹¥­¨©

�. �. �®°®«¥¢

(korolev@apmath.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ®¯²¨¬ «¼­®£® ³¯° ¢«¥­¨¿ ¤¢¨¦¥­¨¥¬ ¢ £° -

¢¨² ¶¨®­­®¬ ¯®«¥ [4,5] ± ³·¥²®¬ ¤°³£¨µ ¤¥©±²¢³¾¹¨µ ±¨«, ¤«¿ ª®-

²®°®© ³° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ¯°¨ ¢»¡®°¥ ³¯° ¢«¥­¨¿ u 2 U ¬®¦­®

§ ¯¨± ²¼ ¢ ª ­®­¨·¥±ª®¬ ¢¨¤¥. �³­ª¶¨¿ � ¬¨«¼²®­  H(q; p; u; �) ±
³·¥²®¬ § ¢¨±¨¬®±²¨ ®² ¬ «®£® ¯ ° ¬¥²°  ¤®¯³±ª ¥² ° §¤¥«¥­¨¥ ­ 

®±­®¢­³¾ · ±²¼ H0(q; p), ª®²®° ¿ ¯®°®¦¤ ¥² ®¡¹¥¥ °¥¸¥­¨¥ q0; p0
¤«¿ ­³«¥¢®£® ¯°¨¡«¨¦¥­¨¿, ¨ ­  ¢®§¬³¹¥­¨¥ H1 ¬ «®£® ¯®°¿¤ª 

�. �° ¢­¥­¨¿ ¢ ¢ °¨ ¶¨¿µ ¡³¤³² ±®¢¯ ¤ ²¼ ± ³° ¢­¥­¨¿¬¨ �©«¥° {
� £° ­¦  § ¤ ·¨ ®¯²¨¬¨§ ¶¨¨ ¯°¨ ±®®²¢¥²±²¢³¾¹¥© § ¬¥­¥ ¯¥-

°¥¬¥­­»µ. �²® ¯®§¢®«¿¥² ®¯°¥¤¥«¨²¼ ¢»° ¦¥­¨¿ ¤«¿ ¯ ° ¬¥²°®¢

®¯²¨¬ «¼­®£® ¬ ­¥¢°¨°®¢ ­¨¿ ¢ ¶¥­²° «¼­®¬ £° ¢¨² ¶¨®­­®¬ ¯®«¥

[3,4] ± ³·¥²®¬ ¢®§¬³¹¥­¨©.

� ¬¥­  ¯¥°¥¬¥­­»µ �³±²  ­µ¥©¬®{�²¨´¥«¿ [1,6] ¤«¿ ¯°®±²° ­-

±²¢¥­­®£® ±«³· ¿ ¢®§¬³¹¥­­®© § ¤ ·¨ ¤¢³µ ²¥« ¯°¨¢®¤¨² ³° ¢­¥­¨¿

¤¢¨¦¥­¨¿ ª «¨­¥©­®¬³ ¢¨¤³ ¢ ¯°®±²° ­±²¢¥ ³¢¥«¨·¥­­®© ° §¬¥°-

­®±²¨,   ¤«¿ ³·¥²  ¢®§¬³¹¥­¨© ¯®«³· ¥¬ ª ­®­¨·¥±ª¨¥ ³° ¢­¥­¨¿

®±¶¨««¿²®°  ± ¯¥°¥¬¥­­®© · ±²®²®© k ¢ ®±ª³«¨°³¾¹¨µ ½«¥¬¥­² µ

�; � 2 R5, £¤¥ H0 =
p
�0(�1 + �2 + �3 + �4). �±¯®«¼§³¥²±¿ ³­¨¢¥°-

± «¼­»© ¯®¤µ®¤ ¤«¿ ¢»° ¦¥­¨¿ °¥£³«¿°­»µ ª ­®­¨·¥±ª¨µ ½«¥¬¥­²®¢

¨ ´³­ª¶¨¨ � ¬¨«¼²®­  ·¥°¥§ ´³­ª¶¨¨ �²³¬¯´  ±(�; �; k):
�®¦­® ¨±¯®«¼§®¢ ²¼ [1,3]  ­ «®£¨·­»¥ ¯®¤µ®¤» ¢ ° ¬ª µ ®£° ­¨-

·¥­­®© § ¤ ·¨ ²°¥µ ²¥«, ¥±«¨ ³° ¢­¥­¨¿ ¢®§¬³¹¥­­®£® ¤¢¨¦¥­¨¿ [2]

¯®±«¥ ¯°¨¬¥­¥­¨¿ ®¡®¡¹¥­­®£® °¥£³«¿°¨§¨°³¾¹¥£® ¯°¥®¡° §®¢ ­¨¿

�¨°ª£®´  § ¯¨± ²¼ ¢ ª ­®­¨·¥±ª®¬ ¢¨¤¥. � ª¨¬ ®¡° §®¬ ®²ª°»-

¢ ¥²±¿ ¢®§¬®¦­®±²¼ ¯°¨¬¥­¥­¨¿ ª ­®­¨·¥±ª¨µ ¯°¥®¡° §®¢ ­¨© ¤«¿

¯®±«¥¤®¢ ²¥«¼­®£® ¯®«³·¥­¨¿ ¯°¨¡«¨¦¥­¨© ¡®«¥¥ ¢»±®ª®£® ¯®°¿¤ª .

�®«³·¥­­»¥ ³° ¢­¥­¨¿ ¯®¢»¸ ¾² ² ª¦¥ ½´´¥ª²¨¢­®±²¼ ·¨±«¥­­»µ

¨±±«¥¤®¢ ­¨© ¢ ° §«¨·­»µ ¯®±² ­®¢ª µ § ¤ ·¨ ®¯²¨¬¨§ ¶¨¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â 02-01-01039).
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On the control of motion in perturbed gravitational
�eld

V. S. 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 Stump�'s functions and small parameter. The

generalized Birkho�'s transformation are used for equations of the restricted

three-body problems.

� ±®µ° ­¥­¨¨ ³±«®¢­®-¯¥°¨®¤¨·¥±ª¨µ ª®«¥¡ ­¨©
±¯³²­¨ª  ­  ½««¨¯²¨·¥±ª®© ®°¡¨²¥ ¯°¨ ³·¥²¥
±¢¥²®¢®£® ¤ ¢«¥­¨¿

�. �. �®±¥­ª®

(kosenko@ccas.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥² ±¥°¢¨± , �®±±¨¿

� ±±¬ ²°¨¢ ¾²±¿ ¯«®±ª¨¥ ª®«¥¡ ­¨¿ ±¯³²­¨ª , ¶¥­²° ¬ ±± ª®²®°®£®

±®¢¥°¸ ¥² ¤¢¨¦¥­¨¥ ¯® ½««¨¯²¨·¥±ª®© ®°¡¨²¥. � ¤¨­ ¬¨ª¥ ¢° ¹ -

²¥«¼­®£® ¤¢¨¦¥­¨¿ ³·¨²»¢ ¾²±¿: ¬®¬¥­² ±¨« ±¢¥²®¢®£® ¤ ¢«¥­¨¿

(®² �®«­¶ ) ¨ ¬®¬¥­² £° ¢¨² ¶¨®­­»µ ±¨« (®² ¯« ­¥²», ¬®¤¥«¨°³-

¥¬®© ¯°¨ ¯®¬®¹¨ £° ¢¨²¨°³¾¹¥£® ¶¥­²° ). � ¤ ·  ´®°¬³«¨°³¥²±¿

¨ °¥¸ ¥²±¿ ¢ ª®­²¥ª±²¥ ²¥®°¨¨ ¢®§¬³¹¥­¨© ¤«¿ £ ¬¨«¼²®­®¢»µ ±¨-

±²¥¬.
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�¥¢®§¬³¹¥­­®¥ ¤¢¨¦¥­¨¥ § ¤ ¥²±¿ ²®«¼ª® ¯°¨ ¯®¬®¹¨ ¬®¬¥­²  ±¨«

±¢¥²®¢®£® ¤ ¢«¥­¨¿. � ª®£® ½´´¥ª²  ¬®¦­® ¤®¡¨²¼±¿ ° ±±¬ ²°¨-

¢ ¿ ¢° ¹¥­¨¥ ¤¨­ ¬¨·¥±ª¨ ±¨¬¬¥²°¨·­®£® ±¯³²­¨ª . � ±¨«³ ­¥-

 ­ «¨²¨·­®±²¨ ´³­ª¶¨¨ � ¬¨«¼²®­  ­¥¯®±°¥¤±²¢¥­­®¥ ¯°¨¬¥­¥­¨¥

���-²¥®°¥¬» ­¥¢®§¬®¦­®. �°¨ ¯®¬®¹¨ °¥¤³ª¶¨¨ ¢®§¬³¹¥­­®© £ -

¬¨«¼²®­®¢®© ±¨±²¥¬» ª ¯®±«¥¤®¢ ²¥«¼­®±²¨ ±¨¬¯«¥ª²¨·¥±ª¨µ ®²®-

¡° ¦¥­¨© ¨ ¯°¨¬¥­¥­¨¿ ²¥®°¥¬» �®§¥°  ®¡ ¨­¢ °¨ ­²­®© ª°¨¢®©

¤®ª §»¢ ¥²±¿ ±³¹¥±²¢®¢ ­¨¥ ¨­¢ °¨ ­²­»µ ²®°®¢ ¨ ±®µ° ­¿¥¬®±²¼

¯¥°¥¬¥­­»µ ¤¥©±²¢¨¿ ®ª®«® ±¢®¨µ ­ · «¼­»µ §­ ·¥­¨©.

�²±¾¤ , ¢ · ±²­®±²¨, ±«¥¤³¥², ·²® ±¯³²­¨ª ¡³¤¥² ¢¥·­® ±®¢¥°¸ ²¼

®£° ­¨·¥­­»¥ «¨¡° ¶¨¨ ¢¡«¨§¨  §¨¬³²  ¨±²®·­¨ª  ±¢¥² . � ³¯®¬¿-

­³²®© ®ª°¥±²­®±²¨ ¢»¯®«­¿¾²±¿ ³±«®¢¨¿ ²¥®°¥¬» �³ ­ª °¥ ® ¢®§-

¢° ¹¥­¨¨.

�°®¢®¤¨²±¿  ­ «¨§ ¯°¥¤¥«¼­®£® ±«³· ¿, ª®£¤  ½ª±¶¥­²°¨±¨²¥² ®°-

¡¨²» ° ¢¥­ ¥¤¨­¨¶¥ ¨«¨ ¡«¨§®ª ª ½²®¬³ §­ ·¥­¨¾. �®°¿¤®ª ¢®§¬³-

¹¥­¨¿ ¯°¨ ½²®¬ ±·¨² ¥²±¿ ´¨ª±¨°®¢ ­­»¬. �®£¤  ®ª §»¢ ¥²±¿, ·²®

¯¥°¥¬¥­­»¥ ¤¥©±²¢¨¿ ² ª¦¥ ±®µ° ­¿¾² ±¢®¨ §­ ·¥­¨¿ ­   ±¨¬¯²®-

²¨·¥±ª¨ ¡®«¼¸¨µ ¨­²¥°¢ « µ ¢°¥¬¥­¨.

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

I. 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 satis�ed when perturbations are small
enough.

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

vestigation.
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� ­¥ª®²®°®¬ ¯®¤µ®¤¥ ª °¥¸¥­¨¾ § ¤ ·¨
®¡ ®£° ­¨·¥­­®¬ ¤¢¨¦¥­¨¨ ¤¢³µ ²¥«

�. �. �° ±­¨ª®¢, �. �. �³§­¥¶®¢

(kuznetsov@mai.ru)

�®±ª®¢±ª¨©  ¢¨ ¶¨®­­»© ¨­±²¨²³², �®±±¨¿

� ° ¡®²¥ ¨±±«¥¤³¥²±¿ § ¤ ·  ®¡ ®£° ­¨·¥­­®¬ ¤¢¨¦¥­¨¨ ¤¢³µ ²¥«,

ª®²®° ¿ ®¯¨±»¢ ¥²±¿ ±¨±²¥¬®© ®¡»ª­®¢¥­­»µ ¤¨´´¥°¥­¶¨ «¼­»µ

³° ¢­¥­¨© ± § ¤ ­­»¬¨ £° ­¨·­»¬¨ ³±«®¢¨¿¬¨.

� ¤ ·  °¥¸ ¥²±¿ ·¨±«¥­® ± ¨±¯®«¼§®¢ ­¨¥¬ ¬¥²®¤  ¯°®¤®«¦¥­¨¿ °¥-

¸¥­¨¿ ¯® ¯ ° ¬¥²°³, ¢ ²®¬ ·¨±«¥ ¨ ­ ¨«³·¸¥¬³ [1]. �±¯®«¼§³¥²±¿

¬ ²¥¬ ²¨·¥±ª¨© ¯ ª¥² Maple V .
� ±±¬ ²°¨¢ ¥¬ ¿ £° ­¨·­ ¿ § ¤ ·  °¥¸ ¥²±¿ ¢ ¤¢  ½² ¯ . �  ¯¥°-

¢®¬ ½² ¯¥ £° ­¨·­ ¿ § ¤ ·  ±¢®¤¨²±¿ ª § ¤ ·¥ �®¸¨ ¨ ±¨±²¥¬¥ ­¥-

«¨­¥©­»µ ³° ¢­¥­¨©. �²® ¯°¥®¡° §®¢ ­¨¥ ¨§¢¥±²­® ª ª ¬¥²®¤ ¯°¨-

±²°¥«ª¨. �  ¢²®°®¬ ½² ¯¥, ¨±¯®«¼§³¿ ¯°®¤®«¦¥­¨¥ ¯® ¯ ° ¬¥²°³,

¨¹¥²±¿ °¥¸¥­¨¥ ¤ ­­®© ±¨±²¥¬» ­¥«¨­¥©­»µ ³° ¢­¥­¨©, ®¯¨±»¢ -

¾¹¨µ £° ­¨·­»¥ ³±«®¢¨¿. �  ¯®±«¥¤­¥¬ ½² ¯¥, ­ ° ¢­¥ ± ®¡»ª­®-

¢¥­­»¬ ¯°®¤®«¦¥­¨¥¬ ¯® ¯ ° ¬¥²°³, ° ±±¬ ²°¨¢ ¥²±¿ ­ ¨«³·¸ ¿

¯ ° ¬¥²°¨§ ¶¨¿. �»¸¥±ª § ­­®¥ °¥ «¨§³¥²±¿ ¢ ¢¨¤¥ ¯°®£° ¬¬»,

ª®²®° ¿ ³«³·¸ ¥² ¢±²°®¥­­»¥ (±² ­¤ °²­»¥) ¯°®¶¥¤³°» °¥¸¥­¨¿

¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¨  ¤ ¯²¨°³¥² ­®¢»© ¬¥²®¤ ¤«¿ °¥-

¸¥­¨¿ ²¥±²¨°³¥¬®© £° ­¨·­®© § ¤ ·¨.

�«¿ ¯°®±²®£® ¨ ­ ¨«³·¸¥£® ¯ ° ¬¥²°®¢ ±° ¢­¨¢ ¾²±¿ ¢»·¨±«¨-

²¥«¼­»¥ ±¨²³ ¶¨¨. � ­­®¥ ±®¯®±² ¢«¥­¨¥ ®±³¹¥±²¢«¿¥²±¿ ¨±µ®¤¿

¨§ ®¸¨¡ª¨ °¥¸¥­¨¿ ²¥±²¨°³¥¬®© § ¤ ·¨, ¯°¨ ° ¢­»µ ³±«®¢¨¿µ ¤«¿

ª ¦¤®£® ¨§ ¬¥²®¤®¢.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â 01-01-00038) ¨

�¨­¨±²¥°±²¢  ®¡° §®¢ ­¨¿ (Â E00-1.0-194).

1. � « ¸¨«¨­ �. �., �³§­¥¶®¢ �. �. �¥²®¤ ¯°®¤®«¦¥­¨¿ °¥¸¥­¨¿ ¯®
¯ ° ¬¥²°³ ¨ ­ ¨«³·¸ ¿ ¯ ° ¬¥²°¨§ ¶¨¿ ¢ ¯°¨ª« ¤­®© ¬ ²¥¬ ²¨ª¥
¨ ¬¥µ ­¨ª¥. �., 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.

�¡ ³±²®©·¨¢®±²¨ ®¡« ·­»µ ±ª®¯«¥­¨©
¬¨ª°®¬¥²¥®°¨²­»µ · ±²¨¶ ¢ £° ¢¨² ¶¨®­­®-
°¥¯³«¼±¨¢­®¬ ¯®«¥ ¡¨­ °­»µ §¢¥§¤­»µ ±¨±²¥¬

�. �. �³­¨¶»­

(kunitsyn@chat.ru)

�®±ª®¢±ª¨©  ¢¨ ¶¨®­­»© ¨­±²¨²³², �®±±¨¿

�°®¢®¤¨²±¿ ­®¢»© (¯® ±° ¢­¥­¨¾ ± [1-3]), ´¨§¨·¥±ª¨ ¡®«¥¥ ¿±­»©

 ­ «¨§ ³±²®©·¨¢®±²¨ ¢ ¯¥°¢®¬ ¯°¨¡«¨¦¥­¨¨ ¯®«®¦¥­¨© ®²­®±¨²¥«¼-

­®£® ° ¢­®¢¥±¨¿ (²°¥³£®«¼­»µ ¨ ª®««¨­¥ °­»µ ²®·¥ª «¨¡° ¶¨¨) ¬¨-

ª°®¬¥²¥®°¨²­»µ · ±²¨¶ ¨«¨ · ±²¨¶ £ §®¯»«¥¢»µ ®¡« ª®¢ ¢ ¯®«¥

¤¢³µ £° ¢¨²¨°³¾¹¨µ ¨ ¨§«³· ¾¹¨µ §¢¥§¤ ­  ®±­®¢¥ ®£° ­¨·¥­­®©,

ª°³£®¢®© § ¤ ·¨ ²°¥µ ²¥«. �³²¥¬ ¢¢¥¤¥­¨¿ ­®¢®£® ¯ ° ¬¥²° , µ -

° ª²¥°¨§³¾¹¥£® £° ¢¨² ¶¨®­­®-°¥¯³«¼±¨¢­®¥ ¯®«¥ ±¨±²¥¬», ¨ ¯¥-

°¥µ®¤  ¢ ª®­´¨£³° ¶¨®­­®¥ ¯°®±²° ­±²¢® ³±² ­ ¢«¨¢ ¥²±¿ ¯®«­ ¿

ª °²¨­  ®¡« ±²¥© ³±²®©·¨¢®±²¨ ²°¥³£®«¼­»µ ¨ ª®««¨­¥ °­»µ ²®·¥ª

«¨¡° ¶¨¨ ¨ ¨µ ½¢®«¾¶¨¨ ¢® ¢±¥¬ ¢®§¬®¦­®¬ ¤¨ ¯ §®­¥ ¨§¬¥­¥­¨¿

®±­®¢­»µ ¯ ° ¬¥²°®¢ ±¨±²¥¬». �®±²°®¥­­»¥ ®¡« ±²¨ ³±²®©·¨¢®±²¨

¯®§¢®«¿¾² ±³¤¨²¼ ® ¢®§¬®¦­»µ ³±²®©·¨¢»µ ª®­´¨£³° ¶¨¿µ ±ª®¯«¥-

­¨© ¬¨ª°®¬¥²¥®°¨²­»µ ¨ £ §®¯»«¥¢»µ · ±²¨¶ ¢ ¡¨­ °­»µ §¢¥§¤­»µ

±¨±²¥¬ µ.

1. �³­¨¶»­ �. �., �³°¥¸¡ ¥¢ �. �. � ª®««¨­¥ °­»µ ²®·ª µ «¨¡° ¶¨¨
´®²®£° ¢¨² ¶¨®­­®© § ¤ ·¨ ²°¥µ ²¥« // �¨±¼¬  ¢ �±²°®­. ¦. 1983.
�. 9, ¢»¯.7. C. 432-435.
2. �³­¨¶»­ �. �., �³°¥¸¡ ¥¢ �. �. �±²®©·¨¢®±²¼ ²°¥³£®«¼­»µ ²®·¥ª
«¨¡° ¶¨¨ ´®²®£° ¢¨² ¶¨®­­®© § ¤ ·¨ ²°¥µ ²¥« // �¨±¼¬  ¢ �±²°®­.
¦. 1985. �. 11, ¢»¯.2. C. 145-148.
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3. �³ª¼¿­®¢ �. �. � ±¥¬¥©±²¢¥ ²®·¥ª «¨¡° ¶¨¨ ¢ ®£° ­¨·¥­­®© ´®²®-
£° ¢¨² ¶¨®­­®© § ¤ ·¥ ²°¥µ ²¥« // �±²°®­. ¦. 1988. �. 65, ¢»¯.2.
C. 422-432.

On the stability of cloud assemblies of micrometeorite
particles in gravitational-repulsive force-�eld
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-�eld of binary stellar systems is given

basing on the photogravitational 3-body problem.

�¡ ¨±¯®«¼§®¢ ­¨¨ ª®±¬¨·¥±ª¨µ ²°®±®¢»µ ±¨±²¥¬

�. �. � « ­¨­, �. �. �±² ¯¥­ª®

(ostapenko@psu.ru, mpu@psu.ru)

�¥°¬±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®±¬¨·¥±ª ¿ ²°®±®¢ ¿ ±¨±²¥¬  | ½²® ª®¬¯«¥ª± ¨±ª³±±²¢¥­­»µ ª®±-

¬¨·¥±ª¨µ ®¡º¥ª²®¢ (±¯³²­¨ª®¢, ª®° ¡«¥©, £°³§®¢), ±®¥¤¨­¥­­»µ

¤«¨­­»¬¨ ²®­ª¨¬¨ £¨¡ª¨¬¨ ½«¥¬¥­² ¬¨ (²°®± ¬¨, ª ¡¥«¿¬¨, ¸« ­-

£ ¬¨). �³¹¥±²¢³¥² ¬­®£® ° §«¨·­»µ ¯°®¥ª²®¢ ²°®±®¢»µ ±¨±²¥¬ ¨

±¯®±®¡®¢ ¨µ ¯° ª²¨·¥±ª®£® ¯°¨¬¥­¥­¨¿ ¢ ª®±¬®±¥.

� ¬»© ° ±¯°®±²° ­�¥­­»© ±¯®±®¡ | ¨±¯®«¼§®¢ ­¨¥ ²°®±®¢ (´ «®¢)

¤«¿ ±²° µ®¢ª¨ ª®±¬®­ ¢²®¢ ¯°¨ ¢»µ®¤¥ ¢ ®²ª°»²»© ª®±¬®±.

� ±±¬ ²°¨¢ ¾²±¿ ¤°³£¨¥ ¢®§¬®¦­®±²¨ ¨±¯®«¼§®¢ ­¨¿ ²°®±®¢ ¢ ª®±-

¬®±¥. �¯¨±»¢ ¾²±¿ ®±­®¢­»¥ ¯°®£° ¬¬» ²°®±®¢»µ ½ª±¯¥°¨¬¥­-

²®¢, ¯°®¢¥¤¥­­»µ ¢ 1960-1999££.: Transit-1B (���, 1960), Gemini-11

(���, 1966), Gemini-12 (���, 1966), TRE-1 (�¯®­¨¿, ���, 1980),

TRE-2 (�¯®­¨¿, ���, 1981), TRE-3 (�¯®­¨¿, ���, 1983), Oedipus-

A (� ­ ¤ , 1989), TSS-1 (���, �² «¨¿, 1992), SEDS-I (���, 1993),

PMG (���, 1993), SEDS-II (���, 1994), Oedipus-C (� ­ ¤ , ���,

1995), TSS-1R (�² «¨¿, ���, 1996), TiPS (���, 1997), ATEx

(���, 1999).
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�°¨¢®¤¿²±¿ ­¥ª®²®°»¥ ¬ ²¥¬ ²¨·¥±ª¨¥ ¬®¤¥«¨, ¯°¨¬¥­¿¥¬»¥ ¯°¨

¨±±«¥¤®¢ ­¨¨ ¤¢¨¦¥­¨¿ ²°®±®¢»µ ±¨±²¥¬.

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-I (1993), PMG (1993), SEDS-II (1994),

TSS-1R (1996), TiPS (1996), ATEx (1999).

�®­´¨£³° ¶¨®­­®¥ S-¯°®±²° ­±²¢® ²¢¥°¤®£® ²¥« 
¢ ±«³· ¥ �©«¥° 

�. �. �¥²°®¢

(pkg@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®­´¨£³° ¶¨®­­®¥ ¯°®±²° ­±²¢® ²¢¥°¤®£® ²¥«  ¢ ±«³· ¥ �©«¥° 

¯°¥¤±² ¢«¿¥² ±®¡®© ¤¢³¬¥°­³¾ ²®°®®¡° §­³¾ ¯®¢¥°µ­®±²¼ ¢ ²°¥µ-

¬¥°­®¬ ¯°®±²° ­±²¢¥ ¯ ° ¬¥²°¨§ ¶¨¨ S-¯ ° ¬¥²° ¬¨. �®°¬  ¨

° §¬¥°» ª®­´¨£³° ¶¨®­­®£® ¯°®±²° ­±²¢  ®¯°¥¤¥«¿¾²±¿ ¬®¬¥­-

²®¬ ¨¬¯³«¼± , ª¨­¥²¨·¥±ª®© ½­¥°£¨¥© ¨ ¬®¬¥­²®¬ ¨­¥°¶¨¨ ²¥« . �

±«³· ¥ ¤¨­ ¬¨·¥±ª¨ ±¨¬¬¥²°¨·­®£® ²¢¥°¤®£® ²¥«  ª®­´¨£³° ¶¨®­-

­®¥ ¯°®±²° ­±²¢® ¿¢«¿¥²±¿ ¯° ¢¨«¼­»¬ ²®°®¬ ¨ ¤®¯³±ª ¥² ¯ ° ¬¥-

²°¨§ ¶¨¾ ¤¢³¬¿ ³£«®¢»¬¨ ¯ ° ¬¥²° ¬¨. �¥¸¥­¨¥ ª¨­¥¬ ²¨·¥±ª¨µ

³° ¢­¥­¨© ¤¨­ ¬¨·¥±ª¨ ±¨¬¬¥²°¨·­®£® ²¢¥°¤®£® ²¥«  ¢ ±«³· ¥ �©-

«¥°  ¬®¦­® ¯°¥¤±² ¢¨²¼ ¢ ¢¨¤¥ § ¢¨±¨¬®±²¥© ½²¨µ ¤¢³µ ¯ ° ¬¥²°®¢

®² ¢°¥¬¥­¨. �° ¥ª²®°¨¿ ²®·ª¨, ¯°¥¤±² ¢«¿¾¹ ¿ °¥¸¥­¨¥ ³ª § ­-

­»µ ª¨­¥¬ ²¨·¥±ª¨µ ³° ¢­¥­¨© ¢ ¯°®±²° ­±²¢¥ S-¯ ° ¬¥²°®¢, ¯®-

ª°»¢ ¥² ±®®²¢¥²±²¢³¾¹¥¥ ª®­´¨£³° ¶¨®­­®¥ ¯°®±²° ­±²¢® ¢±¾¤³

¯«®²­®. �°¨ ³±°¥¤­¥­¨¨ ­¥¯°¥°»¢­»µ ¨ ª³±®·­® ­¥¯°¥°»¢­»µ ¢¥-

«¨·¨­, § ¢¨±¿¹¨µ ®² ®°¨¥­² ¶¨¨ ¤¨­ ¬¨·¥±ª¨ ±¨¬¬¥²°¨·­®£® ²¢¥°-

¤®£® ²¥« , ¯® ¥£® ­¥¢®§¬³¹¥­­®¬³ ¤¢¨¦¥­¨¾ �©«¥° -�³ ­±®, ³±°¥¤-

­¥­¨¥ ¯® ¢°¥¬¥­¨ ­  ²° ¥ª²®°¨¨ ¨§®¡° ¦ ¾¹¥© ²®·ª¨ ¬®¦­®, ¢¢¥¤¿



102 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

±®®²¢¥²±²¢³¾¹³¾ ¢¥±®¢³¾ ´³­ª¶¨¾, § ¬¥­¨²¼ ³±°¥¤­¥­¨¥¬ ¯® ª®­-

´¨£³° ¶¨®­­®¬³ ¯°®±²° ­±²¢³. �¥±®¢ ¿ ´³­ª¶¨¿ § ¢¨±¨² ®² ®²­®-

±¨²¥«¼­®£® ¢°¥¬¥­¨ ¯°¥¡»¢ ­¨¿ ¨§®¡° ¦ ¾¹¥© ²®·ª¨ ¢ ¯°¥¤¥« µ

¬ «®£® ³· ±²ª  ª®­´¨£³° ¶¨®­­®£® ¯°®±²° ­±²¢ .

1. �¥²°®¢ �. �., �¨µ®­®¢ �. �. �° ¢­¥­¨¿ °®² ¶¨®­­®£® ¤¢¨¦¥­¨¿
²¢¥°¤®£® ²¥« , ®±­®¢ ­­»¥ ­  ¨±¯®«¼§®¢ ­¨¨ ª¢ ²¥°­¨®­­»µ ¯ ° -
¬¥²°®¢ // �§¢¥±²¨¿ ���, �¥µ. ²¢¥°¤. ²¥« . 2002. Â3. C. 3-16.
2. �¥²°®¢ �. �. �®­´¨£³° ¶¨®­­®¥ S-¯°®±²° ­±²¢® ²¢¥°¤®£® ²¥«  ±
° ¢­»¬¨ ¬®¬¥­² ¬¨ ¨­¥°¶¨¨ ¢ ±«³· ¥ �©«¥°  // �¥±²­. C�¡��.
2002. �¥°.1, ¢»¯.3. C. 84-86.

Con�guration S-space of an unperturbed motion
of rigid body

K. G. Petrov

St. Petersburg State University, Russia

The geometry of the con�guration S-space of an unperturbed motion of a

rigid body has been developed. The two dimensional parametrization of the

con�guration S-space in the case of two equal moments of inertia has been

derived. The equivalence of the con�guration S-space and a phase trajectory

of rigid body have been established.

�¥ª®²®°»¥ ±¢®©±²¢  ¤¢¨¦¥­¨¿ ¢ ®£° ­¨·¥­­®©
¯«®±ª®© ª°³£®¢®© § ¤ ·¥ ²°¥µ ²¥«
¯°¨ °¥§®­ ­±¥ 2:1

�. �. �¥²°®¢

(petrov@astro.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ®£° ­¨·¥­­ ¿ ¯«®±ª ¿ ª°³£®¢ ¿ § ¤ ·  ²°¥µ ²¥«:

�®«­¶¥-�¯¨²¥°- ±²¥°®¨¤. � ¤ ­  ±¨±²¥¬  ¥¤¨­¨¶: ¬ ±±  ¶¥­²° «¼-

­®£® ²¥«  (�®«­¶¥) ° ¢­  1, ¥¤¨­¨¶  ° ±±²®¿­¨¿ | 1  .¥., ¥¤¨­¨¶ 

¢°¥¬¥­¨ | §¢¥§¤­»© £®¤, ¡®«¼¸ ¿ ¯®«³®±¼ ª°³£®¢®© ®°¡¨²» �¯¨-

²¥°  5.202603  .¥. ¢§¿²  ¯® ²¥®°¨¨ �. �°¥² ­¼®­  ¤«¿ ½¯®µ¨ J2000,

¬ ±±   ±²¥°®¨¤  ° ¢­  0. � ±±  ¢²®°®£® ²¥«  (�¯¨²¥° ) ¢ °¼¨-

°³¥²±¿ ¢ ­¥ª®²®°»µ ¯°¥¤¥« µ. � · «¼­ ¿ ­¥¢®§¬³¹¥­­ ¿ ®°¡¨² 
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 ±²¥°®¨¤  § ¤ ¥²±¿ ª¥¯«¥°®¢±ª¨¬¨ ½«¥¬¥­² ¬¨: ½ª±¶¥­²°¨±¨²¥² ¨

¤®«£®²  ¯¥°¨£¥«¨¿ ° ¢­» 0, ±°¥¤­¿¿  ­®¬ «¨¿ ¨ ¡®«¼¸ ¿ ¯®«³®±¼

¢ °¼¨°³¾²±¿ ¢ ­¥ª®²®°»µ ¯°¥¤¥« µ.

�¨±«¥­­»¬ ¨­²¥£°¨°®¢ ­¨¥¬ ±²°®¨²±¿ °¥¸¥­¨¥ ¢ ¢¨¤¥ ² ¡«¨¶ ±

¤¢³¬¿ ¢µ®¤ ¬¨:  °£³¬¥­²-¢°¥¬¿ ¨ ´³­ª¶¨¿-­ ¡®° ° §«¨·­»µ ±¨-

±²¥¬ ½«¥¬¥­²®¢ ®°¡¨²»  ±²¥°®¨¤  (¯°¿¬®³£®«¼­»¥ ª®®°¤¨­ ²» ¨

±ª®°®±²¨, ª¥¯«¥°®¢±ª¨¥ ½«¥¬¥­²», ½«¥¬¥­²» � £° ­¦  ¨ ¤°³£¨¥).

�  ®±­®¢¥ £« ¢­®£® ¢ °¨ ­²  ­ · «¼­®© ­¥¢®§¬³¹¥­­®© ª°³£®¢®©

®°¡¨²»  ±²¥°®¨¤  ° §° ¡®² ­» ¬¥²®¤» ¨±±«¥¤®¢ ­¨¿ °¥¸¥­¨¿ ¨

¢»·¨±«¥­¨¿ ° §«¨·­»µ ¯ ° ¬¥²°®¢ ¢®§¬³¹¥­­®£® ¤¢¨¦¥­¨¿. � 

¤«¨²¥«¼­®¬ ¨­²¥°¢ «¥ ¢°¥¬¥­¨ ¤¢¨¦¥­¨¥  ±²¥°®¨¤  ¯°®¨±µ®¤¨²

¢­³²°¨ ª®«¼¶ , ¯®½²®¬³ ¢»·¨±«¿¾²±¿ £¥®¬¥²°¨·¥±ª¨¥ ¯ ° ¬¥²°»

ª®«¼¶ . �«¿ ®¯¨± ­¨¿ ¢®§¬³¹¥­­®£® ¤¢¨¦¥­¨¿ ¢­³²°¨ ª®«¼¶  ¢¢®-

¤¿²±¿ ¤¨­ ¬¨·¥±ª¨¥ ¢¥«¨·¨­»: ±°¥¤­¥¥ §­ ·¥­¨¥ ¢®§¬³¹¥­­®£® ±¨-

­®¤¨·¥±ª®£® ¯¥°¨®¤  2-£® ¨ 3-£® ²¥« , ¯¥°¨®¤ «¨¡° ¶¨¨, ¯ ° ¬¥²°»

®¡« ±²¨ «¨¡° ¶¨¨, ¢¥ª®¢®¥ ¤¢¨¦¥­¨¥ ¯¥°¨£¥«¨¿.

� °¥§³«¼² ²¥ ¨±±«¥¤®¢ ­¨© °¥¸¥­¨¿ ¢ ®¡« ±²¨ ­ · «¼­»µ ¤ ­­»µ

¢»¤¥«¥­» ­¥ª®²®°»¥ ²®·ª¨, ¨¬¥¾¹¨¥ ¢ ¦­®¥ §­ ·¥­¨¥ ¢ ®°¡¨² «¼-

­®© ¤¨­ ¬¨ª¥  ±²¥°®¨¤ , ¯®±²°®¥­» «¨­¥©­»¥ ±¥·¥­¨¿, ².¥. § ¢¨±¨-

¬®±²¨ ¨§¬¥­¥­¨¿ ¢¢¥¤¥­­»µ ¢¥«¨·¨­ ®² ­ · «¼­»µ §­ ·¥­¨© ¬ ±±»

2-£® ²¥« , ¡®«¼¸®© ¯®«³®±¨ ¨ ±°¥¤­¥©  ­®¬ «¨¨ 3-£® ²¥«  ¢ ¢¨¤¥

£° ´¨ª®¢ ¨ °¨±³­ª®¢.

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 �les | 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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�¡ ³±«®¢¨¿µ ±³¹¥±²¢®¢ ­¨¿ ª¥¯«¥°®¢±ª¨µ
¤¢¨¦¥­¨© ¢ § ¤ ·¥ ¤¢³µ ²¢¥°¤»µ ²¥«

�. �. � ¡³°®¢ 

(nasa@atnet.ru, primat@agtu.ru)

�°µ ­£¥«¼±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

�¥¯«¥°®¢±ª¨¬¨ ¤¢¨¦¥­¨¿¬¨ ¢ ­¥¡¥±­®© ¬¥µ ­¨ª¥ ¯°¨­¿²® ­ §»¢ ²¼

¤¢¨¦¥­¨¿, ®¯¨±»¢ ¥¬»¥ ¤¢³¬¿ ¬ ²¥°¨ «¼­»¬¨ ²®·ª ¬¨ [2], ¯°¨²¿-

£¨¢ ¾¹¨¬¨±¿ ¯® § ª®­³ �¼¾²®­  [2]. �¥¯«¥°®¢±ª¨¬ ¤¢¨¦¥­¨¥¬ ¤¢³µ

²¢¥°¤»µ ²¥« ­ §®¢¥¬ ² ª®¥ ¤¢¨¦¥­¨¥, ¯°¨ ª®²®°®¬ ¶¥­²°» ¨­¥°¶¨¨

½²¨µ ²¥« ±®¢¥°¸ ¾² ª¥¯«¥°®¢±ª¨¥ ¤¢¨¦¥­¨¿. �«¿ ±³¹¥±²¢®¢ ­¨¿

ª¥¯«¥°®¢±ª¨µ ¤¢¨¦¥­¨© ¢ § ¤ ·¥ ¤¢³µ ²¢¥°¤»µ ²¥« Mi ± ¬ ±± ¬¨ mi

(i = 1; 2) ¤®±² ²®·­® ¢»¯®«­¥­¨¿ ³±«®¢¨¿ U = f
m1m2

r
, ¤«¿ ±¨«®¢®©

´³­ª¶¨¨ U ¢§ ¨¬®¤¥©±²¢¨¿ ½²¨µ ²¥«, £¤¥ r | ° ±±²®¿­¨¥ ¬¥¦¤³

¶¥­²° ¬¨ ¨­¥°¶¨¨ ²¥«, f | £° ¢¨² ¶¨®­­ ¿ ¯®±²®¿­­ ¿.

�±²¥±²¢¥­­® ¢®§­¨ª ¥² ¢®¯°®± ® °¥ «¨§ ¶¨¨ ³ª § ­­®£® ³±«®¢¨¿. �

ª ·¥±²¢¥ ¯°®±²¥©¸¥£® ¯°¨¬¥°  ¬®¦­® ¯°¨¢¥±²¨ ¤¢¨¦¥­¨¥ ¤¢³µ ¸ -

°®¢ ®¤­®°®¤­»µ ¨«¨ ±® ±´¥°¨·¥±ª¨¬ ° ±¯°¥¤¥«¥­¨¥¬ ¯«®²­®±²¥©,

¢§ ¨¬­® ¯°¨²¿£¨¢ ¾¹¨µ±¿ ¯® § ª®­³ �¼¾²®­ .

�°³£¨¬ ¯°¨¬¥°®¬ ¬®¦¥² ±«³¦¨²¼ ¤¢¨¦¥­¨¥ ¤¢³µ ²¢¥°¤»µ ²¥« ¢ ±«³-

· ¥ �. �. �³¡®¸¨­  (¯«®±ª®¥ ¤¢¨¦¥­¨¥ ¤¢³µ ®±¥±¨¬¬¥²°¨·­»µ ²¥«,

®±¨ ¢° ¹¥­¨¿ ª®²®°»µ ¢® ¢±¥ ¢°¥¬¿ ¤¢¨¦¥­¨¿ ®±² ¾²±¿ ¯¥°¯¥­¤¨-

ª³«¿°­»¬¨ ¯«®±ª®±²¨ ®°¡¨²»). �®§¬®¦­®±²¼ ¢»¯®«­¥­¨¿ ³±«®¢¨¿

U = f
m1m2

r
¬®¦­® ¯®«³·¨²¼, ° §« £ ¿ ±¨«®¢³¾ ´³­ª¶¨¾ § ¤ ·¨ ¢

°¿¤ ¯® ±²¥¯¥­¿¬ r�1 [3]. � °¥§³«¼² ²¥ ½²® ³±«®¢¨¥ ¬®¦¥² ¡»²¼ ¢

¯¥°¢®¬ ¯°¨¡«¨¦¥­¨¨ ¯°¥¤±² ¢«¥­® ¢ ¢¨¤¥ [1]
2P
i=1

I1i � I3i
mi

= 0; £¤¥

I1i; I3i { £« ¢­»¥ ¶¥­²° «¼­»¥ ¬®¬¥­²» ¨­¥°¶¨¨ ²¥«  Mi.

�·¥¢¨¤­®, ·²® ² ª®£® °®¤  ³±«®¢¨¥ ¬®¦¥² ¡»²¼ ³¤®¢«¥²¢®°¥­® ­¥

²®«¼ª® §  ±·¥² I1i = I3i, ­® ² ª¦¥ ¨ ¢ ±«³· ¥, ª®£¤  (I11 � I31)(I12 �
I32) < 0; ².¥. ª®£¤  ½««¨¯±®¨¤ ¨­¥°¶¨¨ ®¤­®£® ¨§ ²¥« { ±¦ ²»©,  

½««¨¯±®¨¤ ¨­¥°¶¨¨ ¤°³£®£® { ¢»²¿­³²»©.

�«¥¤³¾¹¨¥ ¯°¨¡«¨¦¥­¨¿ ¯®§¢®«¿¾² ­ ©²¨ ¤°³£¨¥ ³±«®¢¨¿, ª®²®°»¬

¤®«¦­» ³¤®¢«¥²¢®°¿²¼ ±²°³ª²³°  ¨ ¢­¥¸­¿¿ ´®°¬  ¢§ ¨¬®¤¥©±²¢³-

¾¹¨µ ²¥«.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-02-17677a).

1. �¨¤¿ª¨­ �. �. �®±²³¯ ²¥«¼­®-¢° ¹ ²¥«¼­®¥ ¤¢¨¦¥­¨¥ ¤¢³µ ²¢¥°-
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¤»µ ²¥«: �·¥¡­®¥ ¯®±®¡¨¥. �°µ ­£¥«¼±ª, 1996. 184 c.
2. �³¡®¸¨­ �. �. �¥¡¥±­ ¿ ¬¥µ ­¨ª . �±­®¢­»¥ § ¤ ·¨ ¨ ¬¥²®¤».
�., 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 "
oats") admit the Keplerian motion.

The relations that the Stokes constants of the bodies must satisfy are found.

�¡ ®±®¡¥­­®±²¿µ ¤¨­ ¬¨ª¨ ¯« ­¥²­»µ ±¨±²¥¬
¤°³£¨µ §¢¥§¤

�. �. �®ª®«®¢

(lsok@astro.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �±²°®­®¬¨·¥±ª¨©

¨­±²¨²³², �®±±¨¿

�²ª°»²¨¥ ¢­¥±®«­¥·­»µ ¯« ­¥²­»µ ±¨±²¥¬ ¿¢«¿¥²±¿ ¢»¤ ¾¹¨¬±¿

¤®±²¨¦¥­¨¥¬ ±®¢°¥¬¥­­®© ­ ³ª¨. �­®£¨¥ ¬ ±±¨¢­»¥ ¢­¥±®«­¥·­»¥

¯« ­¥²» ¢ ®²«¨·¨¥ ®² �¯¨²¥°  ¨¬¥¾² ¡®«¼¸¨¥ ½ª±¶¥­²°¨±¨²¥²»

®°¡¨². � «»¥ ¯« ­¥²» ²¨¯  �¥¬«¨ ­¥­ ¡«¾¤ ¥¬». � ­ ±²®¿¹¥©

° ¡®²¥ ° ±±¬ ²°¨¢ ¾²±¿ ¢®§¬®¦­»¥ ¤¢¨¦¥­¨¿ ² ª¨µ ¬ «»µ ¢­¥±®«-

­¥·­»µ ¯« ­¥² ¢ ° ¬ª µ ®£° ­¨·¥­­®© ½««¨¯²¨·¥±ª®© § ¤ ·¨ ²°¥µ

²¥«. �±¯®«¼§³¥²±¿ ·¨±«¥­­®¥ ¨­²¥£°¨°®¢ ­¨¥,   ² ª¦¥  ­ «¨²¨·¥-

±ª¨¥ ¬¥²®¤». �±­®¢­»¥ °¥§³«¼² ²» ±«¥¤³¾¹¨¥. �±«¨ ½ª±¶¥­²°¨±¨-

²¥² ®°¡¨²» ¬ ±±¨¢­®© ¯« ­¥²» ¢¥«¨ª, ½ª±¶¥­²°¨±¨²¥² ®°¡¨²» ¬ -

«®© ¯« ­¥²» ®¡»·­® ² ª¦¥ ­¥ ¬ «. � ±«³· ¥ °¥£³«¿°­®£® ¤¢¨¦¥-

­¨¿ ¬ «®© ¯« ­¥²» ½¢®«¾¶¨¾ ¥¥ ®°¡¨²» ¬®¦­® ®¯¨± ²¼ ± ¯®¬®¹¼¾

²¥®°¨¨ ¢¥ª®¢»µ ¢®§¬³¹¥­¨© � ¯« ±  - � £° ­¦ . � ¯¥°¥¬¥­­»µ

� £° ­¦  ²° ¥ª²®°¨¨ | ®ª°³¦­®±²¨, ¡®«¼¸¨¥ ¯®«³®±¨ ¯®±²®¿­­».
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�²  ª °²¨­  ¨¬¥¥² ¬¥±²® ª ª ¢ ¯«®±ª®¬ ±«³· ¥, ² ª ¨ ¢ ±«³· ¥ ­¥-

¡®«¼¸¨µ ­ ª«®­®¢, ¢ ±«³· ¥ ¢­¥¸­¥© ¨ ¢­³²°¥­­¥© § ¤ ·¨. �®£¤ 

°¥£³«¿°­®±²¼ ¤¢¨¦¥­¨¿ ²¥°¿¥²±¿, ¢ ±«³· ¥ ¢­¥¸­¥© § ¤ ·¨ ¡®«¼¸¨¥

¯®«³®±¨ ° ±²³² ±¨­µ°®­­® ± ½ª±¶¥­²°¨±¨²¥² ¬¨. �¡«¨§¨ £° ­¨¶»

¬¥¦¤³ °¥£³«¿°­»¬ ¨ ­¥°¥£³«¿°­»¬ ¤¢¨¦¥­¨¿¬¨ ­ ¡«¾¤ ¥²±¿ ±«®¦-

­ ¿ ª °²¨­ . �¬¥¥² ¬¥±²® ·¥°¥¤®¢ ­¨¥ ³±²®©·¨¢»µ ¨ ­¥³±²®©·¨¢»µ

²° ¥ª²®°¨©. � ½²®© ®¡« ±²¨ ¢±²°¥· ¾²±¿ ¨ ­¥²¨¯¨·­»¥ ³±²®©·¨¢»¥

¯®·²¨ª°³£®¢»¥ ®°¡¨²».

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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�±«®¢¨¿ ° ¢­®¢¥±¨¿ ¨ ³±²®©·¨¢®±²¨ ±¯³²­¨ª 
± °®²®°®¬ ¨ ¯®¤¢¥¸¥­­»¬ ª ­¥¬³ ­  ²°®±¥ £°³§®¬
­  ª°³£®¢®© ®°¡¨²¥

�. �. �²¥¯ ­®¢

(stepsj@ccas.ru)

�»·¨±«¨²¥«¼­»© ¶¥­²° ���, �®±ª¢ , P®±±¨¿

�®ª § ­» ±¯¥¶¨ «¼­»¥ ±¨¬¬¥²°¨§®¢ ­­»¥ ª°¨²¥°¨¨ �¨«¼¢¥±²°  ¨

� ­­  §­ ª®®¯°¥¤¥«¥­­®±²¨ ±¨¬¬¥²°¨·­»µ ª¢ ¤° ²¨·­»µ ´®°¬.

�®ª § ­®, ·²® ±³¬¬¨°®¢ ­¨¥ «¥¢»µ · ±²¥© ­¥° ¢¥­±²¢ ¢ ½²¨µ ª°¨-

²¥°¨¿µ ¯® ¯¥°¥±² ­®¢ª¥ ¨­¤¥ª±®¢ ¢ ­¥ª®²®°»µ ¢»¤¥«¥­­»µ £°³¯¯ µ

¯ ° ¬¥²°®¢ ¤ ¥² ­®¢»¥ ±¨¬¬¥²°¨·­»¥ ª°¨²¥°¨¨.

�²¨ °¥§³«¼² ²» ¨±¯®«¼§³¾²±¿ ¤«¿ ¨±±«¥¤®¢ ­¨¿ ³±²®©·¨¢®±²¨ ®²-

­®±¨²¥«¼­®© ° ¢­®¢¥±­®© ®°¨¥­² ¶¨¨ ±¯³²­¨ª  ± °®²®°®¬ ¨ ¯®¤¢¥-

¸¥­­»¬ ­  ²°®±¥ £°³§®¬ ­  ª°³£®¢®© ®°¡¨²¥. �®ª § ­®, ·²® ¯°®-

¨§¢®«¼­ ¿ ®°¨¥­² ¶¨¿ ±¯³²­¨ª  ¬®¦¥² ¡»²¼ ±¤¥« ­  ° ¢­®¢¥±­®©

¨ ³±²®©·¨¢®© ¯°¨ ±¯¥¶¨ «¼­®¬ ¢»¡®°¥ ¢­³²°¥­­¥£® ¬®¬¥­²  ª®«¨-

·¥±²¢  ¤¢¨¦¥­¨¿ °®²®°  ¨ ²®·ª¨ ¯®¤¢¥±  £°³§ . �°¨¢¥¤¥­» ¤¨ -

£° ¬¬» ®¡« ±²¥© ³±²®©·¨¢®±²¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â 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
de�niteness 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 is 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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�±±«¥¤®¢ ­¨¥ ª¨­¥¬ ²¨·¥±ª¨µ ³° ¢­¥­¨©
¢¨­²®¢®£® ¤¢¨¦¥­¨¿ ²¢¥°¤®£® ²¥«  ¢ ¯ ° ¬¥²° µ
�¥©«¨ - �«¥©­ 

�. �. �²°¥«ª®¢ 

(mpu@psu.ru)

�¥°¬±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�«¿ ®¯¨± ­¨¿ ¯°®±²° ­±²¢¥­­®£® ¤¢¨¦¥­¨¿ ²¢¥°¤®£® ²¥«  ¯°¨¬¥-

­¿¾²±¿ ¤³ «¼­»¥ ¯ ° ¬¥²°» �¥©«¨-�«¥©­ , ¤«¿ ª®²®°»µ ª¨­¥¬ ²¨-

·¥±ª¨¥ ³° ¢­¥­¨¿ ¢ ¬ ²°¨·­®© ´®°¬¥ ¨¬¥¾² ¢¨¤

_U =
i

2

U; _U0 =

i

2
(
U0 + V U ): (1)

�¤¥±¼

U =

�
� �

 �

�
; U0 =

�
�0 �0


0 �0

�
; 
 =

3X
j=1

!j�j ; V =

3X
j=1

vj�j; ;

�+ ��0; � + ��0; 
 + �
0; � + ��0 | ¤³ «¼­»¥ ¯ ° ¬¥²°» �¥©«¨-

�«¥©­ ; � | ±¨¬¢®« �«¨´´®°¤  (�2 = 0); i | ¬­¨¬ ¿ ¥¤¨­¨¶ ; !j,
vj | ¯°®¥ª¶¨¨ ±®®²¢¥²±²¢¥­­® ³£«®¢®© ¨ ¯®±²³¯ ²¥«¼­®© ±ª®°®±²¥©

²¥«  ­  ®±¨ ±¢¿§ ­­®© ±¨±²¥¬» ª®®°¤¨­ ², �j | ±¯¨­®¢»¥ ¬ ²°¨¶»

� ³«¨.

� ©¤¥­® °¥¸¥­¨¥ ª¨­¥¬ ²¨·¥±ª¨µ ³° ¢­¥­¨© (1) ¤«¿ ±«³· ¿  ¯¯°®ª-

±¨¬ ¶¨¨ ª¨­¥¬ ²¨·¥±ª®£® ¢¨­²  ²°¨£®­®¬¥²°¨·¥±ª¨¬ °¿¤®¬, ±®®²-

¢¥²±²¢³¾¹¨¬ ®¯¨± ­¨¾ ¯°®±²° ­±²¢¥­­®£® ¤¢¨¦¥­¨¿ ²¥«  ¢ ¢¨¤¥

ª®­¥·­®© ¯®±«¥¤®¢ ²¥«¼­®±²¨ ¢¨­²®¢»µ ¯¥°¥¬¥¹¥­¨© ± ­¥¨§¬¥­­»¬

¯®«®¦¥­¨¥¬ ®±¥© ¢¨­²®¢.

�¢®¤¨²±¿ ¯®­¿²¨¥ ®¯²¨¬ «¼­®£® ¯® ¡»±²°®¤¥©±²¢¨¾ ª¨­¥¬ ²¨·¥-

±ª®£® ³¯° ¢«¥­¨¿ ¢¨­²®¢»¬ ¤¢¨¦¥­¨¥¬ ²¥« , § ª«¾· ¾¹¥£®±¿ ¢

²®¬, ·²® ±¢¿§ ­­®© ± ²¥«®¬ ±¨±²¥¬¥ ª®®°¤¨­ ² ±®®¡¹ ¾²±¿ ³£«®¢ ¿

¨ ¯®±²³¯ ²¥«¼­ ¿ ±ª®°®±²¨, ¯®§¢®«¿¾¹¨¥ §  ¬¨­¨¬ «¼­®¥ ¢°¥¬¿ ¯®-

«³·¨²¼ ±®¢¯ ¤¥­¨¥ ±¢¿§ ­­®£® ¡ §¨±  ± ®¯®°­®© ±¨±²¥¬®© ª®®°¤¨­ ².

�°¨ ¯®¬®¹¨ ¯°¨­¶¨¯  ¬ ª±¨¬³¬  �®­²°¿£¨­  ­ ©¤¥­® ¢°¥¬¿ ¢¨­-

²®¢®£® ¯¥°¥¬¥¹¥­¨¿, ¯®«³·¥­» ²° ¥ª²®°¨¨ ®¯²¨¬ «¼­®£® ¤¢¨¦¥­¨¿

¨ ³¯° ¢«¥­¨¿ ¢ ¢¨¤¥ ´³­ª¶¨©, § ¢¨±¿¹¨µ ®² ¤³ «¼­»µ ¯ ° ¬¥²°®¢

�¥©«¨-�«¥©­ , ®¯°¥¤¥«¿¾¹¨µ ­ · «¼­®¥ ¯®«®¦¥­¨¥ ²¥« .
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�±±«¥¤³¥²±¿ ¤¨´´¥°¥­¶¨ «¼­ ¿ ¨£°  ±¡«¨¦¥­¨¿ ¤¢³µ ³¯° ¢«¿¥¬»µ

®¡º¥ª²®¢ ± ¯°®²¨¢®¯®«®¦­»¬¨ ¨ ±®¢¯ ¤ ¾¹¨¬¨ ¨­²¥°¥± ¬¨. � ª -

·¥±²¢¥ ³¯° ¢«¿¾¹¨µ ´³­ª¶¨© ¢»±²³¯ ¾² ³£«®¢ ¿ ¨ ¯®±²³¯ ²¥«¼­ ¿

±ª®°®±²¨ ²¢¥°¤»µ ²¥«. �£°  ±·¨² ¥²±¿ § ª®­·¥­­®© ¯°¨ ±®¢¯ ¤¥-

­¨¨ ±¨±²¥¬ ª®®°¤¨­ ², ±¢¿§ ­­»µ ± ²¥« ¬¨. �« ²®© ¿¢«¿¥²±¿ ¢°¥¬¿

¢¨­²®¢®£® ¯¥°¥¬¥¹¥­¨¿. �°®¢®¤¨²±¿ ®¡®¡¹¥­¨¥ ­  ±«³· © ¢° ¹ -

¾¹¥©±¿ ±¨±²¥¬» ª®®°¤¨­ ², ·²® ¯°¥¤±² ¢«¿¥² ¨­²¥°¥± ¯°¨ ¨±±«¥-

¤®¢ ­¨¨ ®¯²¨¬ «¼­»µ ³±«®¢¨© ±²»ª®¢ª¨ ¢ ª®±¬¨·¥±ª®¬ ¯°®±²° ­-

±²¢¥. �«¿ ®¯°¥¤¥«¥­¨¿ ¢§ ¨¬­®© ®°¨¥­² ¶¨¨ ¯°¨¢«¥ª ¾²±¿ ¯ ° ¬¥-

²°» �¥©«¨ - �«¥©­ ,   ¤«¿ ¯®«³·¥­¨¿ ³±«®¢¨© ¢±²°¥·¨ ®¡º¥ª²®¢ |

²¥®°¨¿ ¢¨­²®¢®£® ¨±·¨±«¥­¨¿.

�¥¸¥­¨¿ ¯®«³·¥­» ¢  ­ «¨²¨·¥±ª®¬ ¢¨¤¥, ®¯°¥¤¥«¥­» ³¯° ¢«¿¾¹¨¥

´³­ª¶¨¨, ¶¥­  ¨£°», ®¯²¨¬ «¼­»¥ ²° ¥ª²®°¨¨, ¯°¨¢¥¤¥­» ·¨±«®¢»¥

¯°¨¬¥°».

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.

� ¢«¨¿­¨¨ ±¦ ²¨¿ �¥¬«¨ ­  ½¢®«¾¶¨¾
°®² ¶¨®­­®£® ¤¢¨¦¥­¨¿ ½ª° ­¨°®¢ ­­®£® ���

�. �. �¨µ®­®¢

(aat@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ���, ±­ ¡¦¥­­»© § °¿¦¥­­»¬ ½ª° -

­®¬ ¨ ­ µ®¤¿¹¨©±¿ ­  ®°¡¨²¥, °¥£°¥±±¨°³¾¹¥© ¢±«¥¤±²¢¨¥ ±¦ ²¨¿

�¥¬«¨. �·¨²»¢ ¾²±¿ ¢¥ª®¢»¥ ¢®§¬³¹¥­¨¿ ®°¡¨²», ¢»§¢ ­­»¥ 2-®©

§®­ «¼­®© £ °¬®­¨ª®© £¥®¯®²¥­¶¨ « , ².¥. ³µ®¤» ¤®«£®²» ¢®±µ®-

¤¿¹¥£® ³§«  ¨  °£³¬¥­²  ¯¥°¨£¥¿ ¯°¨ ­¥¨§¬¥­­®© ´®°¬¥ ®°¡¨²»

¨ ¯®±²®¿­­®¬ ­ ª«®­¥­¨¨ ®°¡¨²» ª ¯«®±ª®±²¨ ½ª¢ ²®° . �±±«¥¤³-

¥²±¿ ¢° ¹ ²¥«¼­®¥ ¤¢¨¦¥­¨¥ ��� ®²­®±¨²¥«¼­® ¥£® ¶¥­²°  ¬ ±± ¯®¤



110 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

¤¥©±²¢¨¥¬ ¢®§¬³¹ ¾¹¨µ ¬®¬¥­²®¢ £° ¢¨² ¶¨®­­»µ ¨ «®°¥­¶¥¢»µ

±¨« [1]. � £­¨²­®¥ ¯®«¥ �¥¬«¨  ¯¯°®ª±¨¬¨°³¥²±¿ ª¢ ¤°³¯®«¼­»¬

¯°¨¡«¨¦¥­¨¥¬ [2]. �§³·¥­¨¥ ½¢®«¾¶¨¨ °®² ¶¨®­­®£® ¤¢¨¦¥­¨¿ ���

¯°®¢®¤¨²±¿ ­  ¡ §¥ ¯®±²°®¥­­»µ ¤«¿ ½²®© ¶¥«¨ ­®¢»µ ¤¨´´¥°¥­¶¨-

 «¼­»µ ³° ¢­¥­¨© ¢ s-¯ ° ¬¥²° µ. � ¨±¯®«¼§®¢ ­¨¥¬ ¬¥²®¤  ³±°¥¤-

­¥­¨¿ ¢»¿¢«¥­» ®±­®¢­»¥ § ª®­®¬¥°­®±²¨ ¢¥ª®¢®© ½¢®«¾¶¨¨ °®² -

¶¨®­­®£® ¤¢¨¦¥­¨¿ ½ª° ­¨°®¢ ­­®£® ���. �¡­ °³¦¥­  ±³¹¥±²¢¥­-

­ ¿ § ¢¨±¨¬®±²¼ °®² ¶¨®­­®£® ¤¢¨¦¥­¨¿ ½ª° ­¨°®¢ ­­®£® ��� ®²

ª¢ ¤°³¯®«¼­®© ±®±² ¢«¿¾¹¥© £¥®¬ £­¨²­®£® ¯®²¥­¶¨ « .

1. �¨µ®­®¢ �. �. �²®·­¥­¨¥ ¬®¤¥«¨ "­ ª«®­­»© ¤¨¯®«¼" ¢ § ¤ ·¥ ®¡
½¢®«¾¶¨¨ °®² ¶¨®­­®£® ¤¢¨¦¥­¨¿ § °¿¦¥­­®£® ²¥«  ¢ £¥®¬ £­¨²-
­®¬ ¯®«¥ // �®±¬¨·. ¨±±«¥¤. 2002, �. 40, Â2. C. 171-177.
2. �¨µ®­®¢ �. �, �¥²°®¢ �. �. �³«¼²¨¯®«¼­»¥ ¬®¤¥«¨ ¬ £­¨²­®£®
¯®«¿ �¥¬«¨ // �®±¬¨·. ¨±±«¥¤. 2002, �. 40, Â3. C. 219-229.

On the evolution of the rotary motion of a shielded
arti�cial Earth satellite under the in
uence
of the Earth compression

A. A. Tikhonov

St. Petersburg State University, Russia

The paper deal with arti�cial Earth satellite equipped with charged shield. Its

orbit is 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 �eld is taken

in quadrupole approximation. The evolution of rotary motion of the satel-

lite is studied on the basis of new di�erential 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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� ° ±±²®¿­¨¿µ ¢ ¯°®±²° ­±²¢¥ ½««¨¯²¨·¥±ª¨µ
®°¡¨²

�. �. �®«¸¥¢­¨ª®¢

(kvk@astro.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¯°®±²° ­±²¢¥ ª¥¯«¥°®¢±ª¨µ ®°¡¨² ¢¢¥¤¥­  ¥±²¥±²¢¥­­ ¿ £¥«¼¤¥-

°®¢±ª ¿ ¬¥²°¨ª , ¯®«¥§­ ¿ ¯°¨ ° ±±¬®²°¥­¨¨ ±«¥¤³¾¹¨µ ¢®¯°®±®¢:

ª®±¬¨·¥±ª¨© ¬³±®° (¨¤¥­²¨´¨ª ¶¨¿ ´° £¬¥­²®¢ ®¤­®£® ®¡º¥ª² );

ª®±¬¨·¥±ª¨© ¯ ²°³«¼ (¨¤¥­²¨´¨ª ¶¨¿ ±¯³²­¨ª®¢, § ¯³¹¥­­»µ ¢¬¥-

±²¥ ®¤­®© ° ª¥²®© ¡¥§ ¯®¤°®¡­®£® ®¯¨± ­¨¿ ¨«¨ ¢®®¡¹¥ ¡¥§ ®¡º-

¿¢«¥­¨¿); ­ µ®¦¤¥­¨¥ °®¤¨²¥«¼±ª®£® ²¥«  ¤«¿ ¬¥²¥®°­»µ ¯®²®ª®¢;

­ µ®¦¤¥­¨¥ °®¤¨²¥«¼±ª®£® ²¥«  ¤«¿ ¬ «»µ ¯« ­¥² ¨ ª®¬¥², ¨¬¥¾-

¹¨µ ¡«¨§ª¨¥ ®°¡¨²».

�¡®§­ ·¨¬ ·¥°¥§ E 5-¬¥°­®¥ ¯°®±²° ­±²¢® ½««¨¯²¨·¥±ª¨µ ª¥¯«¥°®¢-

±ª¨µ ®°¡¨². �³±²¼ Q(u) | ²®·ª  ­  ½««¨¯±¥ E 2 E ± ½ª±¶¥­²°¨·¥-

±ª®©  ­®¬ «¨¥© u; d(Q1; Q2) | ¥¢ª«¨¤®¢® ° ±±²®¿­¨¥ ¢ R3. �¢¥¤¥¬

§ ¢¨±¿¹³¾ ®² ¯ ° ¬¥²°  p (1 � p � 1) ´³­ª¶¨¾, ®²®¡° ¦ ¾¹³¾

E �E ­  ¬­®¦¥±²¢® ­¥®²°¨¶ ²¥«¼­»µ ·¨±¥«:

�(E1; E2) =

�
1

2�

Z
dp(Q1(u); Q2(u)) du

�1=p
; ¥±«¨ p <1;

�(E1; E2) = maxd(Q1(u); Q2(u)) ; ¥±«¨ p =1:

�­²¥£° « ¨ ¬ ª±¨¬³¬ ¡¥°³²±¿ ¯® ®²°¥§ª³ u 2 [0; 2�].
�±±«¥¤³¥²±¿ ¢»¯®«­¨¬®±²¼ ²°¥µ  ª±¨®¬ ° ±±²®¿­¨¿:

1. �(E1; E2) = 0 () E1 = E2. �·¥¢¨¤­  ±¯° ¢¥¤«¨¢®±²¼  ª±¨-

®¬», ¥±«¨ ¨±ª«¾·¨²¼ ª°³£®¢»¥ ®°¡¨²»; 2. �(E1; E2) = �(E2; E1); 3.
�(E1; E2) � �(E1; E3) + �(E3; E2).
�² ª, ¬» ­ ¤¥«¨«¨ ¬¥²°¨ª®© ¯°®±²° ­±²¢® E0, ¯°¥¤±² ¢«¿¾¹¥¥ ±®-

¡®© E, ¨§ ª®²®°®£® ¨±ª«¾·¥­» ª°³£®¢»¥ ®°¡¨²». �°¨ «¾¡®¬ p ° ±-
±²®¿­¨¥ ° §°»¢­® ­  ª¥¯«¥°®¢±ª¨µ ®ª°³¦­®±²¿µ. �®·­¥¥, ¯°¥¤¥«¼-

­®¥ ¬­®¦¥±²¢® §­ ·¥­¨© �(E0; E) ¯°¨ ´¨ª±¨°®¢ ­­®¬ E0 ¨ ±²°¥¬¿-

¹¥¬±¿ ª ´¨ª±¨°®¢ ­­®© ®ª°³¦­®±²¨ E § ¯®«­¿¥² ®²°¥§®ª. �§¡ -

¢¨¬±¿ ®² ½²®£® ­¥³¤®¡±²¢  ¨ ¢¢¥¤¥¬ ´³­ª¶¨¾

�(E1; E2) = min

�
1

2�

Z
dp(Q1(u); Q2(u+ v)) du

�1=p
; ¥±«¨ p <1;
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�(E1; E2) = minmaxd(Q1(u); Q2(u+ v)) ; ¥±«¨ p =1:

�¤¥±¼ ¬¨­¨¬³¬ ¡¥°¥²±¿ ¯® ®²°¥§ª³ v 2 [0; 2�], ¨­²¥£° « ¨ ¬ ª±¨-

¬³¬ | ¯® ®²°¥§ª³ u 2 [0; 2�].
�»¯®«­¨¬®±²¼  ª±¨®¬ ° ±±²®¿­¨¿ ¤®ª §»¢ ¥²±¿ ¯®¤±² ­®¢ª®© u0 =
u+ v; v0 = �v ± ³·¥²®¬ ¯¥°¨®¤¨·­®±²¨.

�°¨ ¯°®¨§¢®«¼­®¬ p  «£®°¨²¬ ¢»·¨±«¥­¨¿ ° ±±²®¿­¨¿ ¤®¢®«¼­® ±«®-

¦¥­ ¨ ²°¥¡³¥² ¬­®£® ¬ ¸¨­­®£® ¢°¥¬¥­¨ ¯°¨ ¬ ±±®¢»µ ¢»·¨±«¥-

­¨¿µ. �­ §­ ·¨²¥«¼­® ³¯°®¹ ¥²±¿ ¯°¨ p =1 ¨ ®±®¡¥­­® p = 2.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-02-17516) ¨

¯°®£° ¬¬» "�¥¤³¹¨¥ ­ ³·­»¥ ¸ª®«»" (£° ­² Â00-15-96775).

On the distances in the space of elliptic orbits

K. V. Kholshevnikov

St. Petersburg State University, Russia

We introduce a natural H�older-type metric in the space of the Keplerian el-
liptic orbits. It may be useful for examination of following questions: space
debris (identi�cation of fragments of an object); space watch (identi�cation 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.

�¬¯³«¼±­»¥ ¯¥°¥µ®¤» ­  ³±«®¢­®-¯¥°¨®¤¨·¥±ª¨¥
®°¡¨²» ¢ ®ª°¥±²­®±²¨ ª®««¨­¥ °­®© ²®·ª¨
«¨¡° ¶¨¨

�. �. �¬»°®¢, �. �. �¬»°®¢

(shmyrov@apmath.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¤­®¨¬¯³«¼±­»¥ ¯®«¥²» ± ­¨§ª¨µ ®ª®«®§¥¬­»µ ®°¡¨² ­¥¯®±°¥¤-

±²¢¥­­® ¢ ª®««¨­¥ °­³¾ ²®·ª³ «¨¡° ¶¨¨, ° ±±¬ ²°¨¢ ¥¬»¥ ¢ ° ¬-

ª µ ®£° ­¨·¥­­®© ª°³£®¢®© § ¤ ·¨ ²°¥µ ²¥«, ®ª §»¢ ¾²±¿ ­¥¢®§-

¬®¦­»¬¨ ¢ ±¨«³ ¨­²¥£° «  �ª®¡¨. �¤­ ª® ®±² ¥²±¿ ¢®§¬®¦­®±²¼

¯®«¥²  ¢ ®ª°¥±²­®±²¼ ²®·ª¨ «¨¡° ¶¨¨ ­  ®¤­³ ¨§ ­¥³±²®©·¨¢»µ

¯¥°¨®¤¨·¥±ª¨µ ¨«¨ ³±«®¢­®-¯¥°¨®¤¨·¥±ª¨µ ®°¡¨². �°¨¬¥­¥­¨¥ ±¨¬-

¯«¥ª²¨·¥±ª¨µ ¨­²¥£° ²®°®¢ ¯®§¢®«¨«® ¯®±²°®¨²¼ ¬¥²®¤ ¢»¿¢«¥­¨¿

² ª¨µ ®°¡¨² ­  ª®­¥·­®¬ ½² ¯¥ ¯®«¥² .
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� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-01-01039).

1. �¬»°®¢ �. �. �®«¥²» ¢ ®ª°¥±²­®±²¼ ª®««¨­¥ °­®© ²®·ª¨ «¨¡° -
¶¨¨ // �°®¶¥±±» ³¯° ¢«¥­¨¿ ¨ ³±²®©·¨¢®±²¼: �°³¤» XXXII ­ ³·­®©
ª®­´¥°¥­¶¨¨ ±²³¤¥­²®¢ ¨  ±¯¨° ­²®¢. ��¡: ���� ��¡��. 2001.
C. 175-178.
2. �¬»°®¢ �. �. �¨±«¥­­®¥ ¬®¤¥«¨°®¢ ­¨¥ ¯®«¥²  ¢ ®ª°¥±²­®±²¼
ª®««¨­¥ °­®© ²®·ª¨ «¨¡° ¶¨¨ ±¨±²¥¬» �¥¬«¿-�®«­¶¥ // �°®¶¥±±»
³¯° ¢«¥­¨¿ ¨ ³±²®©·¨¢®±²¼: �°³¤» XXXlll ­ ³·­®© ª®­´¥°¥­¶¨¨
±²³¤¥­²®¢ ¨  ±¯¨° ­²®¢. ��¡: ���� ��¡��. 2002. C. 264-266.
3. �¬»°®¢ �. �. �±²®©·¨¢®±²¼ ¢ £ ¬¨«¼²®­®¢»µ ±¨±²¥¬ µ. ��¡,
1995. 127 c.

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

A. S. Shmyrov, V. A. Shmyrov

St. Petersburg State University, Russia

One-impulse 
ights 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 
ight 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 �nal step of 
ight.

�¢®¨·­ ¿ (¡¨­ °­ ¿) § ¤ ·  ¤¢³µ ²¥«

�. �. �°®¢-�°®¢®©

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

�¢®¨·­ ¿ (¡¨­ °­ ¿) § ¤ ·  ¤¢³µ ²¥« ¢®§­¨ª ¥² ¯°¨ ¯°¨¢¥¤¥­¨¨

±¨±²¥¬» ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ®²­®±¨²¥«¼­®£® ¤¢¨¦¥­¨¿

ª« ±±¨·¥±ª®© ­¼¾²®­¨ ­±ª®© § ¤ ·¨ ¤¢³µ ²¥« ª ¤¢®¨·­®¬³ (¡¨­ °-

­®¬³) ¢¨¤³, ².¥. ª ² ª®¬³, ª®£¤  ¯° ¢»¥ · ±²¨ ª ¦¤®£® ³° ¢­¥­¨¿

±¨±²¥¬» ¯°¥¤±² ¢«¿¾² ±³¬¬» ¯®±²®¿­­»µ ·«¥­®¢,   ² ª¦¥ «¨­¥©-

­»µ ¨ ª¢ ¤° ²¨·­»µ ´®°¬ ± ¯®±²®¿­­»¬¨ ª®½´´¨¶¨¥­² ¬¨, - ²®£¤ 

¯° ¢»¥ · ±²¨ ­¥ ¡³¤³² ¨¬¥²¼ ®±®¡¥­­®±²¥©.
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� ª®¥ ¦¥ ¯°¥®¡° §®¢ ­¨¥ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¢®§¬®¦­®

¨ ¢ § ¤ ·¥ n ²¥«.

The binary two-body problem

M. S. Yarov-Yarovoy

Moscow State Technical University, Russia

They state the problem of this kind when di�erential 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 coe�cients 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 Chauss�ees, 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

cross.

The results will be interpreted for practical use of the system as a crane

in space or a system anchored by gravity.

�±¯®«¼§®¢ ­¨¥ ®°¡¨² «¼­»µ ª° ­®¢ ¨ ½´´¥ª² 
¿ª®°¿ ¢ ª®±¬®±¥

�. � ­¢¨««¼

�»·¨±«¨²¥«¼­»© ¶¥­²° ���, �®±ª¢ , �®±±¨¿

�»±¸ ¿ ¸ª®«  ¯³²¥© ±®®¡¹¥­¨¿, � °¨¦, �° ­¶¨¿

�° ¤¨¶¨®­­»¬ ¬¥²®¤®¬ � ³±  ¨§³· ¾²±¿ ³±«®¢¨¿ ±³¹¥±²¢®¢ ­¨¿ ¨ ³±²®©-

·¨¢®±²¨ ±² ¶¨®­ °­»µ ¤¢¨¦¥­¨© ±®±² ¢­®© ®°¡¨² «¼­®© ±¨±²¥¬». �¨-

±²¥¬  ±®±²®¨² ¨§ ¦¥±²ª®£® ª°¥±²  ¨ ¤¢³µ ¬ ±±, ¯°¨ª°¥¯«¥­­»µ ­¥° ±²¿-

¦¨¬»¬¨ ²°®± ¬¨ ª ¤¢³¬ ±¨¬¬¥²°¨·­»¬ ®ª®­¥·­®±²¿¬ ª°¥±² . �¥§³«¼-
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² ²» ¬®£³² ¨¬¥²¼ ¯° ª²¨·¥±ª®¥ §­ ·¥­¨¥ ¯°¨ ¨±¯®«¼§®¢ ­¨¨ ±¨±²¥¬» ¢

ª ·¥±²¢¥ ª° ­  ¢ ª®±¬®±¥ ¨«¨ ±¨±²¥¬», § ¿ª®°¥­­®© ±¨«®© ²¿¦¥±²¨.

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

is assumed that the pendulum is attached to the satellite moving in a

circular Keplerian orbit. Supposing that the motion of the pendulum

does not e�ect 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, Â1, P. 63-65.

�¡ ®°¡¨² «¼­®© ¤¨­ ¬¨ª¥ ¤¢³§¢¥­­®£® ¬ ¿²­¨ª 

�. �. �³°®¢

�»·¨±«¨²¥«¼­»© ¶¥­²° ���, �®±ª¢ , �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ¤¢¨¦¥­¨¨ ®°¡¨² «¼­®£® ¤¢³§¢¥­­®£® ¬ ¿²­¨ª .
�°¥¤¯®« £ ¥²±¿, ·²® ¬ ¿²­¨ª ¯®¤¢¥¸¥­ ­  ±¯³²­¨ª¥, ±®¢¥°¸ ¾¹¥¬ ¤¢¨-
¦¥­¨¥ ¯® ª°³£®¢®© �¥¯«¥°®¢±ª®© ®°¡¨²¥. � ¯°¥¤¯®«®¦¥­¨¨ ® ²®¬, ·²®
¤¢¨¦¥­¨¥ ¬ ¿²­¨ª  ­¥ ®ª §»¢ ¥² ¢«¨¿­¨¿ ­  ¤¢¨¦¥­¨¥ ±¯³²­¨ª , ¨§³-
· ¥²±¿ ¢®¯°®± ® ±³¹¥±²¢®¢ ­¨¨ ¨ ³±²®©·¨¢®±²¨ ®²­®±¨²¥«¼­»µ ° ¢­®¢¥-
±¨© ¬ ¿²­¨ª . �¥§³«¼² ²» ±° ¢­¨¢ ¾²±¿ ± °¥§³«¼² ² ¬¨, ¯®«³·¥­­»¬¨
�. �. � °»·¥¢»¬ [1] ¤«¿ ¤¢®©­®£® ¬ ¿²­¨ª , ±®¢¥°¸ ¾¹¥£® ®°¡¨² «¼­®¥
¤¢¨¦¥­¨¥.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â01-02-02001, 02-01-

00196) ¨ Hochschule Jubilaumstiftung der Stadt Wien.
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�¥ª¶¨¿ III.

�¨¤°® ½°®¬¥µ ­¨ª 

�²®·­¥­­ ¿ ´° ª² «¼­ ¿ ¬®¤¥«¼ ¸¥°®µ®¢ ²®±²¨
¯°¨ ¢§ ¨¬®¤¥©±²¢¨¨ ° §°¥¦¥­­®£® £ § 
± ¯®¢¥°µ­®±²¼¾

�. �. �ª±¥­®¢ , �. �. � «¨¤®¢

(olga@ih6208.spb.edu, khalidov@ih6208.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�« ¢­»¥ ¯°®¡«¥¬» ¯°¨ ° ±·¥²¥ ° ±±¥¿­¨¿  ²®¬®¢ £ §  ­  ¸¥°®µ®¢ -

²®© ¯®¢¥°µ­®±²¨ | ¢»±®ª ¿ ±«®¦­®±²¼ ° ±·¥²®¢ ¨ ²°³¤­®±²¨ ³·¥² 

¬¥«ª®¬ ±¸² ¡­®© ¸¥°®µ®¢ ²®±²¨.

� ¯®±«¥¤­¥¥ ¢°¥¬¿ ¯®¿¢¨«¨±¼ ° ¡®²», ° §¢¨¢ ¾¹¨¥ ´° ª² «¼­»©

¯®¤µ®¤ ª ¬®¤¥«¨°®¢ ­¨¾ ¸¥°®µ®¢ ²®±²¨ ¢ ±¢¿§¨ ± ° §«¨·­»¬¨ ²¥µ-

­¨·¥±ª¨¬¨ ¯°¨«®¦¥­¨¿¬¨. � ª®© ¯®¤µ®¤ ¨¬¥¥² °¿¤ ¯°¥¨¬³¹¥±²¢

ª ª ¯¥°¥¤ ¤¥²¥°¬¨­¨°®¢ ­­»¬¨ (­¥±«³· ©­»¬¨) ¬®¤¥«¿¬¨ ¸¥°®µ®-

¢ ²®±²¨ ¢ ¢¨¤¥ ° §«¨·­»µ ±¨±²¥¬ ¯«®±ª¨µ ½«¥¬¥­²®¢, §³¡¶®¢, ±²³-

¯¥­¥ª ¨«¨ ±¨­³±®¨¤, ² ª ¨ ¯¥°¥¤ ±² ²¨±²¨·¥±ª¨¬¨ ¬®¤¥«¿¬¨, ¨¬¨-

²¨°³¾¹¨¬¨ ¯®¢¥°µ­®±²¼ ± ¯®¬®¹¼¾ ±«³· ©­®£® ¯®«¿. � ­ ±²®¿¹¥©

° ¡®²¥ ®¤­  ¨§ ´° ª² «¼­»µ ¬®¤¥«¥© [1] ®¡®¡¹ ¥²±¿ ¨ ³²®·­¿¥²±¿

¯°¨¬¥­¨²¥«¼­® ª  ½°®¤¨­ ¬¨ª¥ ° §°¥¦¥­­»µ £ §®¢. �°¨ ½²®¬ ¨±-

¯®«¼§³¥²±¿ ¯°¥¤«®¦¥­­®¥ ¢ ¯°¥¤»¤³¹¥© ° ¡®²¥ [2] ° ±¯°®±²° ­¥­¨¥

± ¯«®±ª®£® ­  ¯°®±²° ­±²¢¥­­»© ±«³· © ­  ®±­®¢¥ ¯°¥¤±² ¢«¥­¨¿ ¢»-

±®²» ¸¥°®µ®¢ ²®±²¨ z(x; y) ­ ¤ ¯«®±ª®±²¼¾ ±°¥¤­¥£® ³°®¢­¿ (x; y) ¢
¢¨¤¥

z(r; �) = �s�1
1X
n=1

�(s�2)n (�nr + 
n(�)) ;

£¤¥ � ¨ � | ¯®±²®¿­­»¥ ¯ ° ¬¥²°»,  | 2�-¯¥°¨®¤¨·¥±ª ¿ ´³­ª-
¶¨¿, 
n(�) | ±¤¢¨£  °£³¬¥­²  ´³­ª¶¨¨  , § ¢¨±¿¹¨© ®² ¯®«¿°­®£®

³£«  � ¢ ¯«®±ª®±²¨ (x; y). �¤­ ª® ®¡« ±²¨ §­ ·¥­¨© ¯ ° ¬¥²°®¢ ¨§-
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¬¥­¥­» ² ª¨¬ ®¡° §®¬, ·²®¡» ¯®«³·¥­­ ¿ ¯®¢¥°µ­®±²¼ ¡»«  ¤¨´´¥-

°¥­¶¨°³¥¬®©. �²® ¯®§¢®«¨«® ¯°®¨§¢¥±²¨ ° ±·¥²  ½°®¤¨­ ¬¨·¥±ª¨µ

µ ° ª²¥°¨±²¨ª ¢§ ¨¬®¤¥©±²¢¨¿ ° §°¥¦¥­­®£® £ §  ± ¯®¢¥°µ­®±²¼¾

¡¥§ ¨±¯®«¼§®¢ ­¨¿ ¨±ª³±±²¢¥­­®£® ¤®®¯°¥¤¥«¥­¨¿ ¢¥ª²®°  «®ª «¼­®©

­®°¬ «¨ ª ¯®¢¥°µ­®±²¨ [2].

�° ª² «¼­»© ¯®¤µ®¤ ¯®§¢®«¿¥² ¯°¥®¤®«¥²¼ ¢ ¦­¥©¸¨© ­¥¤®±² ²®ª

±² ²¨±²¨·¥±ª®£® ¬¥²®¤  | ±«®¦­®±²¼ ° ±·¥²®¢, ¢»§¢ ­­³¾ ¯°¥-

¦¤¥ ¢±¥£® ­¥®¡µ®¤¨¬®±²¼¾ ¢»·¨±«¥­¨¿ ª®­²¨­³ «¼­»µ ¨­²¥£° «®¢,

·¥°¥§ ª®²®°»¥ ¢»° ¦ ¾²±¿ ¬­®£¨¥  ½°®¤¨­ ¬¨·¥±ª¨¥ µ ° ª²¥°¨-

±²¨ª¨. �®­²¨­³ «¼­»¥ ¨­²¥£° «» ¯°¨ ¢»·¨±«¥­¨¨ ­¥®¡µ®¤¨¬®  ¯-

¯°®ª±¨¬¨°®¢ ²¼ ¨­²¥£° « ¬¨ ¢»±®ª®© ª° ²­®±²¨ (¤® 200).

� ²® ¦¥ ¢°¥¬¿ ¯°¥¨¬³¹¥±²¢® ¯¥°¥¤ ¤¥²¥°¬¨­¨°®¢ ­­»¬¨ ¬®¤¥«¿¬¨

±®±²®¨² ¢ ¢®§¬®¦­®±²¨ ³·¥²  ¸¥°®µ®¢ ²®±²¨ ± ¬»µ ¬ «»µ ¬ ±¸² -

¡®¢, ±¯®±®¡­®© §­ ·¨²¥«¼­® ³±¨«¨¢ ²¼ ¢«¨¿­¨¥ ¸¥°®µ®¢ ²®±²¨ ­ 

¢§ ¨¬®¤¥©±²¢¨¥ £ §  ± ¯®¢¥°µ­®±²¼¾.

�°¨ ° ±·¥²¥ ¬¥²®¤®¬ �®­²¥-� °«® ¯°¥¤«®¦¥­» ¯°®±²»¥ ±µ¥¬» ¬®-

¤¥«¨°®¢ ­¨¿ ¸¥°®µ®¢ ²®© ¯®¢¥°µ­®±²¨ ¨ ¨±¯®«¼§³¥²±¿ ¢®§¬®¦­®±²¼

 ­ «¨²¨·¥±ª®£® ®¯°¥¤¥«¥­¨¿ ²®·ª¨ ¯¥°¥±¥·¥­¨¿ ²° ¥ª²®°¨¨  ²®¬ 

£ §  ± ¯®¢¥°µ­®±²¼¾.

1. Blackmore D., Zhou J. A general fractal distribution function for rough
surface pro�les // SIAM J. Appl. Math. 1996. Vol. 56, Â6. P. 1694-
1719.
2. �ª±¥­®¢  �. �. �° ª² «¼­®¥ ¬®¤¥«¨°®¢ ­¨¥ ¸¥°®µ®¢ ²®© ¯®¢¥°µ-
­®±²¨ ¯°¨  ½°®¤¨­ ¬¨·¥±ª®¬ ° ±·¥²¥ ¢ ° §°¥¦¥­­®¬ £ §¥ // �½°®-
¤¨­ ¬¨ª . ¯®¤ °¥¤. �.�. �¨°®¸¨­ . 2000. C. 120-129.

Improved fractal model of roughness
by the interaction of rare�ed gas with a surface

O. 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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�®«¥¡ ­¨¿ ²¥·¥­¨¿ ¢ ®±¥±¨¬¬¥²°¨·­®© ¢»¥¬ª¥ ¯°¨
±¢¥°µ§¢³ª®¢®¬ ®¡²¥ª ­¨¨

�. �. � ¡ °»ª¨­, �. �. �³§¼¬¨­ 

(gasdyn@pobox.spbu.ru, marg5e@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ª« ±±¥ § ¤ · ¯®  ¢²®ª®«¥¡ ­¨¿¬, ¢®§­¨ª ¾¹¨¬ ¯°¨ ¢§ ¨¬®¤¥©-

±²¢¨¨ ¯®²®ª  £ §  ± ° §­®£® °®¤  ¯°¥£° ¤ ¬¨, ¢ ¦­®¥ ¬¥±²® § ­¨-

¬ ¥² ±«³· © ¢®§­¨ª­®¢¥­¨¿ ¯³«¼± ¶¨© ²¥·¥­¨¿ ¯°¨ ­ ²¥ª ­¨¨ ° ¢­®-

¬¥°­®£® ±¢¥°µ§¢³ª®¢®£® ¯®²®ª  ­  § ²³¯«¥­­®¥ ²¥«® ± ¢»±²³¯ ¾¹¥©

­®±®¢®© · ±²¼¾ (²¥«  ± ¯¥°¥¤­¥© ±°»¢­®© §®­®©). �§¢¥±²­» ¤¢  ¢¨¤ 

¯³«¼± ¶¨© ­  ² ª¨µ ¯°¥£° ¤ µ. �«¿ ¯³«¼± ¶¨© II-£® °®¤  (¬ ±±®° ±-

µ®¤­»¥) µ ° ª²¥°­» ®²­®±¨²¥«¼­® ­¨§ª ¿ · ±²®²  ¨ ±³¹¥±²¢¥­­®¥

¨§¬¥­¥­¨¥ ®¡º¥¬  ®²°»¢­®© §®­» ¢±«¥¤±²¢¨¥ ¯¥°¨®¤¨·¥±ª®£® § ²¥-

ª ­¨¿ £ §  ¨§ ®±­®¢­®£® (¯¥°¨´¥°¨©­®£®) ¯®²®ª  ¨ ¯®±«¥¤³¾¹¥£®

¨±²¥·¥­¨¿ £ §  ¨§ ®²°»¢­®© §®­». �³«¼± ¶¨¨ I-£® °®¤ , ¨«¨  ª³-

±²¨·¥±ª¨¥ ¯³«¼± ¶¨¨, µ ° ª²¥°¨§³¾²±¿ ®²­®±¨²¥«¼­® ¢»±®ª®© · -

±²®²®© ¨ ¬ «»¬ ¨§¬¥­¥­¨¥¬ ®¡º¥¬  ®²°»¢­®© §®­».

�«¾·®¬ ¤«¿ ¯®­¨¬ ­¨¿  ¢²®ª®«¥¡ ²¥«¼­»µ ¯°®¶¥±±®¢ ­  ²¥« µ ± ¯¥-

°¥¤­¥© ±°»¢­®© §®­®© ­  °¥¦¨¬¥ ¯³«¼± ¶¨© I-£® °®¤ , ²° ¤¨¶¨®­­®

±«³¦¨² ®¯¨± ­¨¥ ¯°®¶¥±±  ª®«¥¡ ­¨© ¢ ¢»¥¬ª¥. � ¢»¥¬ª¥ ± ° ¢­®©

¢»±®²®© ±²¥­®ª, ª®²®°³¾ ®¡»·­® ¨ ° ±±¬ ²°¨¢ ¾², °¥¸ ¾¹³¾ °®«¼

¢ ¢®§­¨ª­®¢¥­¨¨ ¯³«¼± ¶¨© ¨£° ¥² ¢¿§ª®±²¼. � ²® ¦¥ ¢°¥¬¿ ­ ¸¨

¨±±«¥¤®¢ ­¨¿ ¯®ª §»¢ ¾², ·²® ­  ²¥« µ ± ¯¥°¥¤­¥© ±°»¢­®© §®­®©

­ «¨·¨¥ ¢¿§ª®±²¨ ­¥ ¿¢«¿¥²±¿ ­¥®¡µ®¤¨¬»¬ ³±«®¢¨¥¬ ¢®§¡³¦¤¥­¨¿

¯³«¼± ¶¨©.

�°®¢¥¤¥­­®¥ ­ ¬¨ ¨±±«¥¤®¢ ­¨¥ ¯®ª § «®, ·²® ­ ¡«¾¤ ²¼  ª³±²¨-

·¥±ª¨¥ ª®«¥¡ ­¨¿ ¢ ¢»¥¬ª¥ ¢ ·¨±«¥­­®¬ ¬®¤¥«¨°®¢ ­¨¨ ¢®§¬®¦­®

¨ ¢ ­¥¢¿§ª®© ¯®±² ­®¢ª¥, ¥±«¨ ­¥±ª®«¼ª® ¨§¬¥­¨²¼ £¥®¬¥²°¨¾ ¢»-

¥¬ª¨: ­ ¯°¨¬¥°, ³¢¥«¨·¨¢ ¢»±®²³ § ¤­¥© ±²¥­ª¨. �°¨ §­ ·¨²¥«¼-

­®¬ ³¢¥«¨·¥­¨¨ ° §­®±²¨ ¢»±®² ±²³¯¥­¥© ´¨ª±¨°³¾²±¿ ª®«¥¡ ­¨¿

II-£® °®¤ , ¯°¨ ®²­®±¨²¥«¼­® ­¥¡®«¼¸®¬ | °¥¦¨¬» ª®«¥¡ ­¨© I-

£® °®¤ . �¥®¬¥²°¨¿ ±²³¯¥­· ²®© ¢»¥¬ª¨, ¢®®¡¹¥ £®¢®°¿, ¡«¨¦¥ ª

£¥®¬¥²°¨¨ ²° ¤¨¶¨®­­® ° ±±¬ ²°¨¢ ¥¬»µ ²¥« ± ¯¥°¥¤­¥© ±°»¢­®©

§®­®©. � ­  °¥¦¨¬ µ ª®«¥¡ ­¨© II-£® °®¤  ¯°®¶¥±±», ¯°®¨±µ®¤¿¹¨¥

¢ ±²³¯¥­· ²®© ¢»¥¬ª¥, ¡«¨§ª¨ ª ¯°®¶¥±± ¬ ­  ¶¨«¨­¤°¥ ± ¨£«®©,

®ª ­·¨¢ ¾¹¥©±¿ ¤¨±ª®¬.

�¥² «¨§ ¶¨¿ ª °²¨­» ²¥·¥­¨¿  ¢²®ª®«¥¡ ­¨© ¢ ¢»¥¬ª¥ ­  °¥¦¨¬¥
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 ª³±²¨·¥±ª¨µ ¯³«¼± ¶¨©, ¯®§¢®«¨«  ¢»¿¢¨²¼ °¿¤ ­®¢»µ ±³¹¥±²¢¥­-

­»µ ¤¥² «¥©, §­ ­¨¥ ª®²®°»µ ­¥®¡µ®¤¨¬® ¤«¿ ¯®±²°®¥­¨¿  ¤¥ª¢ ²-

­®© ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ¿¢«¥­¨¿. � ­­»¥ ° ±·¥²  ¯®ª § «¨ µ®-

°®¸¥¥ ±®¢¯ ¤¥­¨¥ ± ¨§¢¥±²­»¬¨ ¤ ­­»¬¨ ½ª±¯¥°¨¬¥­²  ¯® ª ·¥-

±²¢¥­­®© ª °²¨­¥ ²¥·¥­¨¿ ¨  ¬¯«¨²³¤­®-· ±²®²­»¬ µ ° ª²¥°¨±²¨-

ª ¬.

Supersonic 
ow oscillations in a cavern

K. V. Babarykin, V. E. Kouzmina

St. Petersburg State University, Russia

A numerical research of the supersonic 
owing pulsing modes on axis³mmetric

bodies of a complicated form is accomplished. Simulation was executed within

the ideal gas model. In an open cavern a 
ow 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 
ow process is presented.

�®¡±²¢¥­­»¥ ´³­ª¶¨¨ ¢ ª«¨­®¢¨¤­®© ®¡« ±²¨ ¤«¿
¢®«­®¢»µ ¤¢¨¦¥­¨© ¦¨¤ª®±²¨

�. �. �¥±²³¦¥¢ 

(alla@AB6867.spb.edu)

�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥² ¯³²¥© ±®®¡¹¥­¨¿, �®±±¨¿

� ±²®¿¹¨© ¤®ª« ¤ ¯®±¢¿¹¥­ ¨§³·¥­¨¾ ±¢®©±²¢ ¨­²¥£° «¼­®£® ¯°¥-

®¡° §®¢ ­¨¿, ¨±¯®«¼§³¾¹¥£®±¿ ¯°¨ ¯®«³·¥­¨¨  ­ «¨²¨·¥±ª¨µ °¥¸¥-

­¨© § ¤ · ® ¢®«­®¢»µ ¤¢¨¦¥­¨¿µ ¦¨¤ª®±²¨ ­ ¤ ­ ª«®­­»¬ ¤­®¬,

¢»§¢ ­­»µ ­ · «¼­»¬¨, ¯¥°¨®¤¨·¥±ª¨¬¨ ¨ ¤¢¨¦³¹¨¬¨±¿ ¢®§¬³¹¥-

­¨¿¬¨.

�°®¡«¥¬  ¡»«  ¯®±² ¢«¥­  ¢ ° ¬ª µ «¨­¥©­®© ¤¨±¯¥°±¨®­­®© ²¥®-

°¨¨ ¢ ®¡« ±²¨ ¯¥°¥¬¥­­®© £«³¡¨­» ª ­®­¨·¥±ª®£® ²¨¯ ,   ¨¬¥­­®,

¯«®±ª¨¬ ­ ª«®­­»¬ ¤­®¬. � [1] ¯®«³·¥­®  ¢²®¬®¤¥«¼­®¥ °¥¸¥­¨¥

¯°®±²° ­±²¢¥­­®© § ¤ ·¨ ® ­¥³±² ­®¢¨¢¸¨µ±¿ ¢®«­®¢»µ ¤¢¨¦¥­¨¿µ

¦¨¤ª®±²¨ ¤«¿ ¸¨°®ª®£® ¤¨ ¯ §®­  ¨§¬¥­¥­¨¿ ³£«  ­ ª«®­  ¤­  ¢

±«³· ¥ ­ · «¼­®£® ³±«®¢¨¿ ±¯¥¶¨ «¼­®£® ¢¨¤ . � [2] ³±² ­®¢«¥­ ±¬¥-

¸ ­­»© ±¯¥ª²° ±®¡±²¢¥­­»µ ´³­ª¶¨© § ¤ ·¨ ® ¢®«­®¢»µ ¤¢¨¦¥­¨¿µ

¦¨¤ª®±²¨ ­ ¤ ­ ª«®­­»¬ ¤­®¬, ­ ©¤¥­  ¯®«­ ¿ ±¨±²¥¬  ±®¡±²¢¥­-

­»µ ´³­ª¶¨©, ±®®²¢¥²±²¢³¾¹¨µ ­¥¯°¥°»¢­®¬³ ¨ ¤¨±ª°¥²­®¬³ ±¯¥ª-

²°³. � «¨·¨¥ ¯®«­®© ±¨±²¥¬» ¯®§¢®«¨«® ¯®±²°®¨²¼ ²®·­»¥ °¥¸¥­¨¿
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§ ¤ ·¨ �®¸¨-�³ ±±®­ , § ¤ ·¨ ® ¢®«­®¢»µ ¤¢¨¦¥­¨¿µ ¦¨¤ª®±²¨,

¢»§¢ ­­»µ ¯¥°¥¬¥¹¥­¨¥¬ ¤­  ¨ ¤ ¢«¥­¨¥¬, ¯°¨«®¦¥­­»¬ ª ±¢®¡®¤-

­®© ¯®¢¥°µ­®±²¨,   ² ª¦¥ § ¤ ·¨ ®¡ ¨±²®·­¨ª¥ [2,3,4,5].

�° ¥¢ ¿ § ¤ ·  ¯°¨¢®¤¨²±¿ ª ³° ¢­¥­¨¾ � ¯« ±  ± ª° ¥¢»¬¨ ³±«®-

¢¨¿¬¨ ±¬¥¸ ­­®£® ²¨¯  ¨ ³£«®¬ ­ ª«®­  � = �=2n, n = 2m + 1,

m = 0; 1; : : :

� § ¢¨±¨¬®±²¨ ®² ¢¨¤  ³±«®¢¨© ­  ¤­¥ § ¤ ·  ¤¥«¨²±¿ ­  ¤¢  ²¨¯ :

·¥²­ ¿ | ¢ ±«³· ¥ ¦¥±²ª®£® ­ ª«®­­®£® ¤­  (¤«¿ ­¥¥ ¢ [2] ¡»«  ­ ©-

¤¥­  ¯®«­ ¿ ±¨±²¥¬  ±®¡±²¢¥­­»µ ´³­ª¶¨© ¨ ¤®ª § ­  ²¥®°¥¬  ° §-

«®¦¥­¨¿ ¯°®¨§¢®«¼­®©  ¡±®«¾²­® ¨­²¥£°¨°³¥¬®© ´³­ª¶¨¨ ¯® £° -

­¨·­»¬ §­ ·¥­¨¿¬ ±®¡±²¢¥­­»µ ´³­ª¶¨© ­¥¯°¥°»¢­®£® ¨ ¤¨±ª°¥²-

­®£® ±¯¥ª²°®¢) ¨ ­¥·¥²­ ¿ | ¢ ±«³· ¥ " ¡±®«¾²­® ¯°®­¨¶ ¥¬®£®"

¤­ .

� ° ¡®²¥ ¨§³·¥­» ±¢®©±²¢  ±®¡±²¢¥­­»µ ´³­ª¶¨© ·¥²­®© § ¤ ·¨,

®±®¡¥­­®, ¯®¢¥¤¥­¨¥ ±®¡±²¢¥­­»µ ´³­ª¶¨© ¤¨±ª°¥²­®£® ±¯¥ª²° 

(ª° ¥¢»µ ¢®«­) ¢ ¯°¨¡°¥¦­®© §®­¥. �«¿ ­¥·¥²­®© § ¤ ·¨ ¡»« 

­ ©¤¥­  ¯®«­ ¿ ±¨±²¥¬  ±®¡±²¢¥­­»µ ´³­ª¶¨©, ¤®ª § ­  ²¥®°¥¬ 

¯®«­®²». �»«® ¯®ª § ­®, ·²® °¥§³«¼² ²®¬ ²¥®°¥¬ ¯®«­®²» ¿¢«¿-

¥²±¿ ­®¢®¥ ¨­²¥£° «¼­®¥ ¯°¥®¡° §®¢ ­¨¥. � ° ¡®²¥ ¡»«¨ ¨§³·¥­»

±¢®©±²¢  ½²®£® ¯°¥®¡° §®¢ ­¨¿, ± ½²®© ¶¥«¼¾ ¡»« ¢¢¥¤¥­ ­®¢»© ®¯¥-

° ²®°, ¤ ­» ®¯°¥¤¥«¥­¨¿ ®°¨£¨­ « , ¨§®¡° ¦¥­¨¿ ¨ ¨­²¥£° «¼­®£®

¯°¥®¡° §®¢ ­¨¿ ± ­®¢»¬ ¿¤°®¬. �®ª § ­» ±¢®©±²¢  ¯°¥®¡° §®¢ -

­¨¿ ¨ ° ±¸¨°¥­ ª« ±± ´³­ª¶¨©, ª ª®²®°®¬³ ¬®¦¥² ¡»²¼ ¯°¨¬¥­¥­®

­®¢®¥ ¨­²¥£° «¼­®¥ ¯°¥®¡° §®¢ ­¨¥.

�§³·¥­­®¥ ¨­²¥£° «¼­®¥ ¯°¥®¡° §®¢ ­¨¥ ¨¬¥¥² ®¡« ±²¼ ¯°¨¬¥­¨¬®-

±²¨ ¡®«¥¥ ¸¨°®ª³¾, ·¥¬ ° ±±¬ ²°¨¢ ¥¬»© ¢ ¤ ­­®© ° ¡®²¥ ª« ±±

£¨¤°®¤¨­ ¬¨·¥±ª¨µ § ¤ ·. �­® ¬®¦¥² ¡»²¼ ¯°¨¬¥­¥­® ª §­ ·¨²¥«¼-

­®¬³ ·¨±«³ § ¤ · ¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¨, ±¢¿§ ­­»µ ± ª«¨­®¢¨¤­®©

®¡« ±²¼¾ ¨ ±¬¥¸ ­­»¬ ª° ¥¢»¬ ³±«®¢¨¥¬: ²¥®°¨¨ ²¥¯«®¯°®¢®¤­®-

±²¨ ¨ ¤¨´´³§¨¨, ½«¥ª²°®±² ²¨ª¨ ¨ ²¥®°¨¨ ´¨«¼²° ¶¨¨,  ª³±²¨ª¨ ¨

½«¥ª²°®¤¨­ ¬¨ª¨.

1. �®°´¬ ­ �. �. � ­¥³±² ­®¢¨¢¸¨µ±¿ ¢®«­®¢»µ ¤¢¨¦¥­¨¿µ ­ ¤ ­ -
ª«®­­»¬ ¤­®¬ // �§¢. �� ����, ���. 1984. #6, C. 65-70.
2. �®°´¬ ­ �. �. �°®±²° ­±²¢¥­­ ¿ § ¤ ·  ® ­¥³±² ­®¢¨¢¸¨µ±¿ ¢®«-
­®¢»µ ¤¢¨¦¥­¨¿µ ¢ ®¡« ±²¨ ¯¥°¥¬¥­­®© £«³¡¨­» // �§¢. �� ����,
���, 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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ogy. 1990. Vol. 30, #6, P. 681-686.
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,
#3, 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 
at inclined bottom.

�°¨¬¥­¥­¨¥ ¬¥²®¤  £° ­¨·­»µ ½«¥¬¥­²®¢
¤«¿ ° ±·¥²  ®¡²¥ª ­¨¿ ­ ± ¤ª¨ £°¥¡­®£® ¢¨­² 

�. �. �³¸ª®¢±ª¨©, �. �. �ª®¢«¥¢

(krylov@krylov.spb.ru)

���� ¨¬¥­¨  ª ¤. �.�. �°»«®¢ , � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ­ ±²®¿¹¥¥ ¢°¥¬¿ ®±­®¢­»¬ ¨­±²°³¬¥­²®¬ ° ±·¥²  ±³¤®¢»µ ¤¢¨-

¦¨²¥«¥© ±«³¦ ² ¬¥²®¤» £¨¤°®¤¨­ ¬¨·¥±ª¨µ ®±®¡¥­­®±²¥©, ¯®§¢®«¿-

¾¹¨¥ ¯®«³·¨²¼ ¢ ° ¬ª µ ­¥¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨ °¥¸¥­¨¥,

µ®°®¸® ±®£« ±³¾¹¥¥±¿ ± ½ª±¯¥°¨¬¥­²®¬. �°¥¤¨ ½²¨µ ¬¥²®¤®¢ ®¤­¨¬

¨§ ­ ¨¡®«¥¥ ±®¢¥°¸¥­­»µ ¿¢«¿¥²±¿ ¬¥²®¤ £° ­¨·­»µ ½«¥¬¥­²®¢.

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ¯°¨¬¥­¥­¨¥ ¬¥²®¤  £° ­¨·­»µ ½«¥¬¥­-

²®¢ ¤«¿ ° ±·¥²  ¢§ ¨¬®¤¥©±²¢¨¿ ­ ± ¤ª¨ ± £°¥¡­»¬ ¢¨­²®¬ (��).

�¡²¥ª ­¨¥ «®¯ ±²¥© �� ¬®¤¥«¨°³¥²±¿ ± ¯®¬®¹¼¾ ¬¥²®¤  ­¥±³¹¥©

¯®¢¥°µ­®±²¨, ª®²®°»© µ®°®¸® § °¥ª®¬¥­¤®¢ « ±¥¡¿ ¯°¨ ¯°®¢¥¤¥-

­¨¨ ° ±·¥²®¢ ²° ¤¨¶¨®­­»µ ��. �°¨ ½²®¬ ³·¨²»¢ ¥²±¿ ¨§¬¥­¥­¨¥

´®°¬» ¯¥«¥­ ±¢®¡®¤­»µ ¢¨µ°¥©, ¯°®±²¨° ¾¹¨µ±¿ §  «®¯ ±²¿¬¨ �� ¢
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­ ± ¤ª¥, ¯® ±° ¢­¥­¨¾ ±® ±«³· ¥¬ ° ¡®²» �� ¢ ±¢®¡®¤­®© ¢®¤¥. � ±-

·¥² ®¡²¥ª ­¨¿ ­ ± ¤ª¨ ®±³¹¥±²¢«¿¥²±¿ ± ¯®¬®¹¼¾ ¬¥²®¤  £° ­¨·-

­»µ ½«¥¬¥­²®¢. �®±ª®«¼ª³ ­ ± ¤ª  ¯°¥¤±² ¢«¿¥² ±®¡®© ª®«¼¶¥¢®¥

ª°»«®, ­  ¥¥ ¯®¢¥°µ­®±²¨ ° ±¯°¥¤¥«¿¾²±¿ ª®«¼¶¥¢»¥ ®±®¡¥­­®±²¨

²¨¯  ¨±²®·­¨ª , ± ¨±ª®¬®© ¯«®²­®±²¼¾, § ¢¨±¿¹¥© ®² ¯°®¤®«¼­®©

¨ ³£«®¢®© ª®®°¤¨­ ² ¨ ¢°¥¬¥­¨. �­³²°¨ ¯®¢¥°µ­®±²¨ ­ ± ¤ª¨ ° ±-

¯®« £ ¥²±¿ ±¨±²¥¬  ¯°¨±®¥¤¨­¥­­»µ ¢¨µ°¥©, ±³¬¬ °­ ¿ ¨­²¥­±¨¢-

­®±²¼ ª®²®°»µ ®¯°¥¤¥«¿¥²±¿ ¢ ¯°®¶¥±±¥ ³¤®¢«¥²¢®°¥­¨¿ ¯®±²³« ²³

� ¯«»£¨­ -�³ª®¢±ª®£® ­  § ¤­¥© ª°®¬ª¥ ­ ± ¤ª¨. �¥«¥­  ±¢®¡®¤-

­»µ ¢¨µ°¥© ±µ®¤¨² ± ½²®© ª°®¬ª¨ ¨ ¯°®±²¨° ¥²±¿ ¤® ¡¥±ª®­¥·­®±²¨.

� ±·¥² ¢§ ¨¬®¤¥©±²¢¨¿ �� ± ­ ± ¤ª®© ®±³¹¥±²¢«¿¥²±¿ ¨²¥° ¶¨®­-

­»¬ ¯³²¥¬.

� ¯®¬®¹¼¾ ¯°¥¤«®¦¥­­®© ° ±·¥²­®© ±µ¥¬» ¬®¦­® ®¶¥­¨²¼ ° ±¯°¥-

¤¥«¥­¨¥ ±ª®°®±²¥© ¨ ¤ ¢«¥­¨© ­  ¯®¢¥°µ­®±²¨ ­ ± ¤ª¨ ± ³·¥²®¬ ¨µ

¨§¬¥­¥­¨¿ ¢® ¢°¥¬¥­¨, ®¯°¥¤¥«¨²¼ ¯®±²®¿­­»¥ ¨ ¯¥°¥¬¥­­»¥ ±®±² -

¢«¿¾¹¨¥ ±¨« ¨ ¬®¬¥­²®¢, ¤¥©±²¢³¾¹¨µ ­  �� ¨ ­ ± ¤ª¥ ¯°¨ ° ¡®²¥

¤¢¨¦¨²¥«¿ ¢ ­¥®¤­®°®¤­®¬ ­ ¡¥£ ¾¹¥¬ ¯®²®ª¥ §  ª®°¬®¢®© ®ª®­¥·-

­®±²¼¾ ±³¤­ .

�®·­®±²¼ ¯®«³·¥­­»µ ° ±·¥²­»µ ®¶¥­®ª ¯®¤²¢¥°¦¤ ¥²±¿ ±®¯®±² -

¢«¥­¨¥¬ ± ½ª±¯¥°¨¬¥­² «¼­»¬¨ ¤ ­­»¬¨.

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

V. A. Boushkovsky, A. Yu. Yakovlev

Krylov Shipbuilding Research Institute, St. Petersburg, Russia

Calculation of a 
ow around the duct using Boundary Element Method is

submitted in the paper. The 
ow result from the propeller-duct interaction.

The interaction is simulated by an iterative way. The o�ered computational

scheme allows to evaluate velocity and pressure, steady and unsteady forces

and moments arising on the propulsor elements in nonuniform in
ow behind

the ship stern. The accuracy of computational evaluations is con�rmed by

comparison to experimental data.
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� ±¯®±®¡ µ ¯°®´¨«¨°®¢ ­¨¿ ±¥·¥­¨© «®¯ ±²¥©
£°¥¡­»µ ¢¨­²®¢

�. �. � ±¨«¼¥¢, �. �. � °¯¥¥¢

(krylov@krylov.spb.ru)

���� ¨¬¥­¨  ª ¤. �. �. �°»«®¢ , � ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¨ ¯°®´¨«¨°®¢ ­¨¨ ±¥·¥­¨¿ «®¯ ±²¨ £°¥¡­®£® ¢¨­²  § ¤ ­­»¬¨

¿¢«¿¾²±¿ ¯®«³·¥­­»¥ ¢ µ®¤¥ ¯°®¥ª²¨°®¢®·­®£® ° ±·¥²  ¤«¨­  µ®°¤»,

¬ ª±¨¬ «¼­»¥ ®²­®±¨²¥«¼­»¥ ²®«¹¨­  ¨ ®°¤¨­ ²  ±°¥¤­¥© «¨­¨¨,

  ² ª¦¥ ­®°¬¨°®¢ ­­»¥ ° ±¯°¥¤¥«¥­¨¿ ¢¤®«¼ µ®°¤» ²®«¹¨­ ¨ ®°-

¤¨­ ² ±°¥¤­¥© «¨­¨¨. �°¨ ¢»¡®°¥ ¨ ¬®¤¨´¨ª ¶¨¨ ¯®±«¥¤­¨µ °³ª®-

¢®¤±²¢³¾²±¿ ±®®¡° ¦¥­¨¿¬¨ ³«³·¸¥­¨¿ ¯°®¯³«¼±¨¢­»µ, ¯°®·­®±²-

­»µ ¨ ª ¢¨² ¶¨®­­»µ ª ·¥±²¢ £°¥¡­®£® ¢¨­² . � ­ ±²®¿¹¥¥ ¢°¥¬¿

¤«¿ ¯°®´¨«¨°®¢ ­¨¿ ¸¨°®ª® ¨±¯®«¼§³¾²±¿ ­®°¬¨°®¢ ­­»¥ ° ±¯°¥-

¤¥«¥­¨¿, ¯®«³·¥­­»¥ ­  ®±­®¢¥ ¤ ­­»µ ® ¡ §¨±­»µ ´®°¬ µ ²®«¹¨­

NACA 66 ¨ ´®°¬¥ ®°¤¨­ ² ±°¥¤­¥© «¨­¨¨ NACA M:L:   = 0:8. �²¨
¤ ­­»¥ ®²­®±¿²±¿ ª  ¢¨ ¶¨®­­»¬ ¯°®´¨«¿¬ ± ¯®­¨¦¥­­»¬ ±®¯°®-

²¨¢«¥­¨¥¬. �®²°¥¡­®±²¼ ¢ ¡®«¥¥ ¯®«­®¬ ³·¥²¥ ±¯¥¶¨´¨ª¨ ¢¨­²®¢»µ

¯°®´¨«¥© ¨ ¯®¤¢®¤­»µ ª°»«¼¥¢ ­ ¸«  ®²° ¦¥­¨¥ ¢ °¿¤¥ ¨±±«¥¤®-

¢ ­¨©. � ª, �¯¯«¥°®¬ ¡»« ° §° ¡®² ­ ¬¥²®¤ ¯°®¥ª²¨°®¢ ­¨¿ ¯°®-

´¨«¥©, ®±­®¢ ­­»© ­  °¥¸¥­¨¨ ®¡° ²­®© § ¤ ·¨, ¨ ±¯°®¥ª²¨°®¢ ­

¯°®´¨«¼ Y S�920 ± ¯®±²®¿­­»¬ ° §°¥¦¥­¨¥¬ ­  80% § ± ±»¢ ¾¹¥©

±²®°®­» ¯°¨ § ¤ ­­®¬ ³£«¥  ² ª¨. � ¤®ª« ¤»¢ ¥¬®© ° ¡®²¥, ¨±µ®¤¿

¨§ ² ¡«¨·­»µ §­ ·¥­¨© ª®®°¤¨­ ² ¯°®´¨«¿ �¯¯«¥°  ¡»«¨ ¯®«³·¥­»

­®°¬¨°®¢ ­­»¥ ° ±¯°¥¤¥«¥­¨¿ ²®«¹¨­ ¨ ®°¤¨­ ² ±°¥¤­¥© «¨­¨¨,  

² ª¦¥ ¯°®¢¥¤¥­® ±° ¢­¨²¥«¼­®¥ ¨±±«¥¤®¢ ­¨¥ µ ° ª²¥°¨±²¨ª ¯®²¥­-

¶¨ «¼­®£® ®¡²¥ª ­¨¿ ¯°®´¨«¥© NACA 66 (MOD) ¨ Y S � 920 ³²®·-

­¥­­»¬ ¬¥²®¤®¬ ²¨¯  ¢¨µ°¥¢®£® ±«®¿. �¥§³«¼² ²» ¨±±«¥¤®¢ ­¨¿

¯®ª § «¨, ·²® ¯°¨ ®¤¨­ ª®¢»µ ®²­®±¨²¥«¼­»µ ²®«¹¨­ µ ¨ ®°¤¨-

­ ² µ ±°¥¤­¥© «¨­¨¨ ®¡  ¯°®´¨«¿ ¨¬¥¾² ¯° ª²¨·¥±ª¨ ®¤¨­ ª®¢»¥

¯®«¿°», ­® ³ ¯°®´¨«¿ Y S � 920 ¡®«¥¥ ¸¨°®ª ¿ ®¡« ±²¼ ª ¢¨² ¶¨®­-

­®© ¤¨ £° ¬¬», ±¢®¡®¤­ ¿ ®² ª ¢¨² ¶¨¨. �®±«¥¤­¥¥ ¯®§¢®«¿¥² °¥-

ª®¬¥­¤®¢ ²¼ ±®®²¢¥²±²¢³¾¹¨¥ ­®°¬¨°®¢ ­­»¥ ° ±¯°¥¤¥«¥­¨¿ ¯°¨

¯°®¥ª²¨°®¢ ­¨¨ £°¥¡­»µ ¢¨­²®¢.
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About pro�ling ways of screw propellers blades
sections

G. A. Vasilyev, Yu. N. Karpeev

Krylov Shipbuilding Research Institute, St. Petersburg, Russia

Results of comparative researches of hydrodynamical characteristics of pro�les

NACA 66 (MOD) and Y S � 920 are represented. The way of pro�ling using

ratio for structure Y S � 920 is recommended.

�½°®¤¨­ ¬¨·¥±ª ¿ ¨­²¥°´¥°¥­¶¨¿ ¶¨«¨­¤°®¢
¢ ¯®²®ª¥ ±¦¨¬ ¥¬®£® £ §  ¯°¨ ³¬¥°¥­­»µ ·¨±« µ
�¥©­®«¼¤± 

�. �. �®«ª®¢

(anvolkov@sovintel.spb.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�¢«¥­¨¥  ½°®¤¨­ ¬¨·¥±ª®© ¨­²¥°´¥°¥­¶¨¨ ²¥«, ².¥. ¨µ ¢§ ¨¬®¤¥©-

±²¢¨¥ ·¥°¥§ ®¡²¥ª ¾¹¨© ¨µ ¯®²®ª £ § , ¸¨°®ª® ¢±²°¥· ¥²±¿ ¢ ¥±²¥-

±²¢¥­­»µ ³±«®¢¨¿µ ¨ ¢ ²¥µ­¨·¥±ª¨µ ³±²°®©±²¢ µ.

�­²¥°´¥°¥­¶¨¿ ¤¢³µ ¶¨«¨­¤°®¢ ¢ ¯®²®ª¥ £ §  ¯°¨ ¬ «»µ ·¨±« µ

� µ , ª®£¤  ±¦¨¬ ¥¬®±²¼¾ ±°¥¤» ¬®¦­® ¯°¥­¥¡°¥·¼, ¨±±«¥¤®¢ ­  ¢

[1]. � ¤ ­­®© ° ¡®²¥ ° ±±¬ ²°¨¢ ¥²±¿  ½°®¤¨­ ¬¨·¥±ª ¿ ¨­²¥°´¥-

°¥­¶¨¿ ¯°¨ ¡�®«¼¸¨µ ·¨±« µ � µ , ª®£¤  ±¦¨¬ ¥¬®±²¼ ±³¹¥±²¢¥­­ 

¨, ¢ · ±²­®±²¨, ¢ ¯®²®ª¥ ¢®§¬®¦­® ®¡° §®¢ ­¨¥ «®ª «¼­»µ ±¢¥°µ§¢³-

ª®¢»µ §®­ ¨ ±ª ·ª®¢ ³¯«®²­¥­¨¿.

�¥·¥­¨¥ £ §  ±·¨² «®±¼ ¯«®±ª¨¬ ¨ ®¯¨±»¢ «®±¼ ¯®«­®© ±¨±²¥¬®©

³° ¢­¥­¨© � ¢¼¥-�²®ª± . �«¿ ¨µ ·¨±«¥­­®£® °¥¸¥­¨¿ ¨±¯®«¼§®¢ -

«¨±¼ ±®±² ¢­»¥ ¡«®·­»¥ ±¥²ª¨, ¯®§¢®«¿¾¹¨¥ ° ±±·¨²»¢ ²¼ ²¥·¥­¨¿

®ª®«® ¯°®¨§¢®«¼­®© £°³¯¯» ¶¨«¨­¤°®¢. �¥¢¿§ª¨¥ ±« £ ¥¬»¥ ¢ ³° ¢-

­¥­¨¿µ  ¯¯°®ª±¨¬¨°®¢ «¨±¼ ¯°¨ ¯®¬®¹¨ TV D-±µ¥¬», ¢¿§ª¨¥ | ¯°¨

¯®¬®¹¨ ±¨¬¬¥²°¨·­»µ ª®­¥·­»µ ° §­®±²¥© ¢²®°®£® ¯®°¿¤ª .

� ±·¥²» ¢»¯®«­¥­» ¤«¿ ²¥·¥­¨¿ ®ª®«® ¤¢³µ ®¤¨­ ª®¢»µ ¶¨«¨­¤°®¢,

° ±¯®«®¦¥­­»µ ¯® ®²­®¸¥­¨¾ ª ­ ²¥ª ¾¹¥¬³ ®¤­®°®¤­®¬³ ¯®²®ª³

² ­¤¥¬®¬ ¨«¨ °¥¸¥²ª®©. �¨±«® �¥©­®«¼¤± , ° ±±·¨² ­­®¥ ¯® ¯ ° -

¬¥²° ¬ ­ ²¥ª ¾¹¥£® ¯®²®ª  ¨ ¤¨ ¬¥²°³ ¶¨«¨­¤°®¢, ¡»«® ° ¢­® 200,

  ­ ¨¡®«¼¸¥¥ ·¨±«® � µ  | 0.7. �®ª § ­®, ·²® ¢ § ¢¨±¨¬®±²¨ ®²
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° ±±²®¿­¨¿ ¬¥¦¤³ ¶¨«¨­¤° ¬¨ ¢ ±«¥¤¥ §  ­¨¬¨ ¬®¦¥² °¥ «¨§®¢»-

¢ ²¼±¿ ­¥±ª®«¼ª® ª ·¥±²¢¥­­® ° §«¨·­»µ ª °²¨­ ­¥±² ¶¨®­ °­®£®

¢¨µ°¥¢®£® ²¥·¥­¨¿. � ©¤¥­»  ½°®¤¨­ ¬¨·¥±ª¨¥ ª®½´´¨¶¨¥­²» ¶¨-

«¨­¤°®¢ ª ª ´³­ª¶¨¨ ¢°¥¬¥­¨, ¨ ¯®«³·¥­  § ¢¨±¨¬®±²¼ ¨µ  ¬¯«¨²³¤

®² ° ±±²®¿­¨¿ ¬¥¦¤³ ¶¨«¨­¤° ¬¨ ¨ ·¨±«  � µ .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-01-06356).

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

Aerodynamic interference of two cylinders
in compressible gas 
ow 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 
ow for

the free-stream Reynolds number Re = 200 and the Mach number up to

M = 0:7 is studied. The 2D unsteady 
ow is described by the complete Navier-

Stokes equations. The combination of the TVD-scheme and the central �nite-

di�erence 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 
ow in the wake behind the cylinders is visualized

by massless particles-markers. It was found that several di�erent 
ow patterns

can be observed depending on the distance between cylinders. Time-dependent

aerodynamic coe�cients were determined, and their amplitudes were found

depending on the distance between cylinders and the Mach number.
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�«¨¿­¨¥ ° ±¯°¥¤¥«¥­¨¿ · ±²¨¶ ¯® ° §¬¥° ¬ ­ 
±²°³ª²³°³ ¯®£° ­¨·­®£® ±«®¿ ¨ ²¥¯«®®¡¬¥­ ¯°¨
­¥±² ¶¨®­ °­®¬ ®¡²¥ª ­¨¨ § ²³¯«¥­­»µ ²¥«
±¢¥°µ§¢³ª®¢»¬ ¯®²®ª®¬ § ¯»«¥­­®£® £ § 

�. �. �®«ª®¢, �. �. �¥¬¥­®¢, �. �. �¨°ª³­®¢

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

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ­­ ¿ ° ¡®²  ¯®±¢¿¹¥­  ·¨±«¥­­®¬³ ¬®¤¥«¨°®¢ ­¨¾ ­¥±² ¶¨®­ °-

­®£® ²¥·¥­¨¿, ¢®§­¨ª ¾¹¥£®, ª®£¤  ³±² ­®¢¨¢¸¥¥±¿ ²¥·¥­¨¥ ¢ ³¤ °-

­®¬ ±«®¥ ¯°¨ ±¢¥°µ§¢³ª®¢®¬ ®¡²¥ª ­¨¨ § ²³¯«¥­­®£® ²¥«  ·¨±²»¬

£ §®¬ ¢®§¬³¹ ¥²±¿ ®¡« ª®¬ ²¢¥°¤»µ ¤¨±¯¥°±­»µ · ±²¨¶, ¢§¢¥¸¥­-

­»µ ¢ ­ ²¥ª ¾¹¥¬ ¯®²®ª¥. �¡« ª® ±·¨² ¥²±¿ ¯®«³¡¥±ª®­¥·­»¬,  

¥£® ´°®­² ¯«®±ª¨¬ ¨ ®°²®£®­ «¼­»¬ ¢¥ª²®°³ ±ª®°®±²¨ ­¥¢®§¬³¹¥­-

­®£® ¯®²®ª . �¢®«¾¶¨¿ ¢®§¬³¹¥­­®£® ²¥·¥­¨¿ ¨±±«¥¤³¥²±¿ ¢¯«®²¼

¤® ³±² ­®¢«¥­¨¿ ®¡²¥ª ­¨¿ ²¥«  § ¯»«¥­­»¬ £ §®¬. �±­®¢­ ¿ ¶¥«¼

§ ª«¾· « ±¼ ¢ ¨§³·¥­¨¨ ¢«¨¿­¨¿ ° ±¯°¥¤¥«¥­¨¿ · ±²¨¶ ¯® ° §¬¥-

° ¬ ­  ²¥¯«®®¡¬¥­ ­  ¯®¢¥°µ­®±²¨ ²¥« . �¢¨¦¥­¨¥ ¯®«¨¤¨±¯¥°±­»µ

· ±²¨¶ ¯°¨¬¥±¨ ®¯¨±»¢ «®±¼ ª¨­¥²¨·¥±ª®© ¬®¤¥«¼¾ [1]. �«¿ ­¥±³-

¹¥£® £ §  ¨±¯®«¼§®¢ « ±¼ ¯®«­ ¿ ±¨±²¥¬  ³° ¢­¥­¨© � ¢¼¥-�²®ª± 

± ¤®¯®«­¨²¥«¼­»¬¨ ±« £ ¥¬»¬¨, ³·¨²»¢ ¾¹¨¬¨ ¢«¨¿­¨¥ ¯°¨¬¥±¨

­  ²¥·¥­¨¥ £ §®¢®© ´ §». �±±«¥¤®¢ ­» ²¥·¥­¨¿ ®ª®«® ±´¥°» ¨ ¶¨-

«¨­¤°  ¢ ¤¨ ¯ §®­¥ ·¨±¥« � µ  ®² 2 ¤® 6. � °¼¨°®¢ «¨±¼ ¯ ° ¬¥-

²°» ´³­ª¶¨¨ ° ±¯°¥¤¥«¥­¨¿ · ±²¨¶ ¯® ° §¬¥° ¬ ¨ ®¡º¥¬­ ¿ ª®­-

¶¥­²° ¶¨¿ ¯°¨¬¥±¨ ¢ ®¡« ª¥. �±­®¢­»¥ ° ±·¥²» ¢»¯®«­¥­» ¯°¨

§­ ·¥­¨¿µ ¨±µ®¤­»µ ¤ ­­»µ, ª®²®°»¥ ±®®²¢¥²±²¢³¾² ³±«®¢¨¿¬ ´¨-

§¨·¥±ª¨µ ½ª±¯¥°¨¬¥­²®¢ [2]. � °¥§³«¼² ²¥ ° ±·¥²®¢ ­ ©¤¥­» ¯®²®ª¨

½­¥°£¨¨ ®² £ §®¢®© ¨ ¤¨±¯¥°±­®© ´ § ª ¯®¢¥°µ­®±²¨ ²¥«.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â02-01-01201, 02-

01-06356).

1. �®«ª®¢ �. �., �¨°ª³­®¢ �. �. �¨­¥²¨·¥±ª ¿ ¬®¤¥«¼ ±²®«ª­®¢¨-
²¥«¼­®© ¯°¨¬¥±¨ ¢ § ¯»«¥­­®¬ £ §¥ ¨ ¥¥ ¯°¨¬¥­¥­¨¥ ª ° ±·¥²³ ®¡-
²¥ª ­¨¿ ²¥« // �§¢. ���, ���. 2000. Â 3. C. 81{97.
2. � ±¨«¥¢±ª¨© �. �., �±¨¯¶®¢ �. �., �¨°¨µ¨­ �. �., �ª®¢«¥¢  �. �.
�¥¯«®®¡¬¥­ ­  «®¡®¢®© ¯®¢¥°µ­®±²¨ § ²³¯«¥­­®£® ²¥«  ¢ ¢»±®ª®±ª®-
°®±²­®¬ ¯®²®ª¥, ±®¤¥°¦ ¹¥¬ ¬ «®¨­¥°¶¨®­­»¥ · ±²¨¶» // ���.
2001. �. 74, Â 6. C. 29-37.
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In
uence of the particles' size distribution on the
boundary layer structure and heat transfer
in the unsteady supersonic dusty gas 
ow over a blunt
body

A. N. Volkov, V. V. Semionov, Yu. M. Tsirkunov

Baltic State Technical University, St. Petersburg, Russia

Unsteady 
ow is investigated when steady-state supersonic 
ow 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 in
uences the heat transfer at the body surface. The model of two-way

coupled gas-particle 
ow is used. Particle phase 
ow 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 
uxes

from the gas and particle phases to the body surface are calculated.

�¥²®¤ ¬®¤¥«¨°®¢ ­¨¿ ª°³¯­»µ ¢¨µ°¥© ¨ ¥£®
¯°¨¬¥­¥­¨¥ ¤«¿ ° ±·¥²  ±«®¥¢ ±¬¥¸¥­¨¿

�. �. �®«ª®¢

(root@kv7340.spb.edu)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¥¤¨ ®±­®¢­»µ ¬¥²®¤®¢ ·¨±«¥­­®£® ¬®¤¥«¨°®¢ ­¨¿ ²°¥µ¬¥°­»µ

²³°¡³«¥­²­»µ ²¥·¥­¨© ¬®¦­® ¢»¤¥«¨²¼ ¯°¿¬®¥ ·¨±«¥­­®¥ ¬®¤¥-

«¨°®¢ ­¨¥ (Direct Numerical Simulation), ¬®¤¥«¨°®¢ ­¨¥ ª°³¯­»µ

¢¨µ°¥© (Large Eddy Simulation) ¨ °¥¸¥­¨¥ ®±°¥¤­¥­­»µ ¯® �¥©-

­®«¼¤±³ ³° ¢­¥­¨© � ¢¼¥-�²®ª±  (Reynolds Averaged Navier-Stokes

equations). �¥²®¤ ¬®¤¥«¨°®¢ ­¨¿ ª°³¯­»µ ¢¨µ°¥© (LES) ¿¢«¿¥²±¿

¯¥°±¯¥ª²¨¢­»¬ ­ ¯° ¢«¥­¨¥¬ ¢ ° §¢¨²¨¨ ¬¥²®¤®¢ ° ±·¥²  ²³°¡³-

«¥­²­»µ ²¥·¥­¨©.

�¥²®¤ ¬®¤¥«¨°®¢ ­¨¿ ª°³¯­»µ ¢¨µ°¥© (LES) ¿¢«¿¥²±¿ ª®¬¯°®¬¨±±-

­»¬ ¢ °¨ ­²®¬ ¬¥¦¤³ DNS ¨ °¥¸¥­¨¥¬ RANS. � ­­»© ¯®¤µ®¤ ®£° -

­¨·¨¢ ¥²±¿ ¨±±«¥¤®¢ ­¨¥¬ ²¥·¥­¨© ²®«¼ª® ¢ ¬ ±¸² ¡ µ, ¯°¥¢»¸ -

¾¹¨µ ­¥ª®²®°³¾ § ¤ ­­³¾ ¢¥«¨·¨­³. � ¬¥²®¤¥ LES ®±³¹¥±²¢«¿-
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¥²±¿ °¥¸¥­¨¥ ®²´¨«¼²°®¢ ­­»µ ¯® ¯°®±²° ­±²¢³ ³° ¢­¥­¨© � ¢¼¥-

�²®ª± , ¨ ° §°¥¸ ¥²±¿ ¤¢¨¦¥­¨¥ ²®«¼ª® ª°³¯­»µ ¢¨µ°¥©. �¥«ª¨¥

¢¨µ°¨ ¨¬¥¾² ¡®«¥¥ ³­¨¢¥°± «¼­³¾ ±²°³ª²³°³ ¨ ¬®¤¥«¨°³¾²±¿ ¯°¨

¯®¬®¹¨ ¬®¤¥«¥© ¯®¤±¥²®·­®£® ¬ ±¸² ¡ , ¯®±²°®¥­­»µ ­  ®±­®¢¥

ª®­¶¥¯¶¨¨ ¢¨µ°¥¢®© ¢¿§ª®±²¨ ¨«¨ ¤°³£¨µ ° ¶¨®­ «¼­»µ  ¯¯°®ª±¨-

¬ ¶¨© ¯°®¶¥±±®¢ ¯¥°¥­®± .

�®±ª®«¼ª³ LES ¢ª«¾· ¥² ¬®¤¥«¨°®¢ ­¨¥ ¬¥«ª¨µ ¢¨µ°¥©, ²® ° ±·¥²-

­»¥ ±¥²ª¨ ¨ ¢°¥¬¥­­»¥ ¸ £¨ ¬®£³² ¡»²¼ ­ ¬­®£® ¡®«¼¸¥ (¯°¨¬¥°­®

­  ¯®°¿¤®ª), ·¥¬ ª®«¬®£®°®¢±ª¨¥ ¬ ±¸² ¡» ¤«¨­» ¨ ¢°¥¬¥­¨. �°¨

´¨ª±¨°®¢ ­­®© ° ±·¥²­®© ¯ ¬¿²¨ ¢®§¬®¦­® ¤®±²¨¦¥­¨¥ ¡®«¥¥ ¢»-

±®ª¨µ ·¨±¥« �¥©­®«¼¤± , ·¥¬ ¢ DNS.

�¥¸¥­¨¥, ¯®«³·¥­­®¥ ± ¯®¬®¹¼¾ LES, ±®¤¥°¦¨² ¡®«¥¥ ¡®£ ²³¾ ¨­-

´®°¬ ¶¨¾ ¯® ±° ¢­¥­¨¾ ± °¥¸¥­¨¥¬ RANS, ­ ¯°¨¬¥°, ­¥ ²®«¼ª®

µ ° ª²¥°¨±²¨ª¨ ±°¥¤­¥£® ²¥·¥­¨¿ ¨ ° ±¯°¥¤¥«¥­¨¿ °¥©­®«¼¤±®¢»µ

­ ¯°¿¦¥­¨©, ­® ² ª¦¥ ¨ ±¯¥ª²° «¼­»¥ µ ° ª²¥°¨±²¨ª¨ ¨ ¤¢³µ²®-

·¥·­»¥ ¬®¬¥­²».

�®§¬®¦­®±²¨ LES ¤¥¬®­±²°¨°³¾²±¿ ­  ¯°¨¬¥°¥ °¥¸¥­¨¿ § ¤ ·¨ ®

±¬¥¸¥­¨¨ ¤¢³µ ¯®²®ª®¢ ° §­®°®¤­»µ ¦¨¤ª®±²¥©.

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 
ows 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 
uids.
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�°¨¬¥­¥­¨¥ ¯ ª¥²  STAR-CD ¤«¿ ¬®¤¥«¨°®¢ ­¨¿
¢­³²°¥­­¨µ ²³°¡³«¥­²­»µ ²¥·¥­¨©

�. �. �®«ª®¢, �. �. �¥­¨±¨µ¨­

(root@kv7340.spb.edu)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�«¿ ¬®¤¥«¨°®¢ ­¨¿ ¢­³²°¥­­¨µ ²³°¡³«¥­²­»µ ²¥·¥­¨© ¨±¯®«¼§³-

¥²±¿ ±«¥¤³¾¹¨© ¯®¤µ®¤ [1]. �­ · «  ¯°®¢®¤¨²±¿ °¥¸¥­¨¥ § ¤ ·¨ ¢

¥¥ ¯®«­®© ¯®±² ­®¢ª¥. � ²¥¬, ¨±¯®«¼§³¿ ¯®«³·¥­­»¥ °¥§³«¼² ²»,

´®°¬³«¨°³¥²±¿ °¿¤ ¤®¯³¹¥­¨©, ¨ ±²°®¿²±¿ ³¯°®¹¥­­»¥ ¬®¤¥«¨.

� °¥§³«¼² ²¥, ¯®«³· ¥²±¿ ­ ¡®° ¬ ²¥¬ ²¨·¥±ª¨µ ¬®¤¥«¥©, ®²«¨· ¾-

¹¨µ±¿ ¤°³£ ®² ¤°³£  ³°®¢­¥¬ ±µ¥¬ ²¨§ ¶¨¨ ²¥·¥­¨¿ ¨ ±¯®±®¡­®±²¼¾

¯°¥¤±ª §»¢ ²¼ ²¥ ¨«¨ ¨­»¥ µ ° ª²¥°¨±²¨ª¨ ¯®²®ª . �®¯®±² ¢«¥­¨¥

°¥§³«¼² ²®¢ ° ±·¥²®¢ ¢ ° ¬ª µ ¶¥«®© ±®¢®ª³¯­®±²¨ ¬ ²¥¬ ²¨·¥±ª¨µ

¬®¤¥«¥© ¯®§¢®«¿¥² ®²¢¥²¨²¼ ­  ¢®¯°®± ® ²®¬, ­ ±ª®«¼ª® ¯° ¢®¬¥°­®

¨±¯®«¼§®¢ ­¨¥ ²®© ¨«¨ ¨­®© ³¯°®¹¥­­®© ¬®¤¥«¨ ¤«¿ ¢®±¯°®¨§¢¥-

¤¥­¨¿ µ ° ª²¥°¨±²¨ª ²¥·¥­¨© ¢ ª ­ « µ °¥ «¼­»µ £¥®¬¥²°¨·¥±ª¨µ

ª®­´¨£³° ¶¨© [2].

�«¿ ¬®¤¥«¨°®¢ ­¨¿ ²¥·¥­¨© ¢ ¯®«­®© ¯®±² ­®¢ª¥ ¯°¨¬¥­¿¾²±¿ ¢»-

·¨±«¨²¥«¼­»¥ ¯ ª¥²», ¯°®¸¥¤¸¨¥ ±¥°²¨´¨ª ¶¨¾ ¨ ±®®²¢¥²±²¢³¾-

¹¨¥ ¬¥¦¤³­ °®¤­»¬ ±² ­¤ °² ¬ ­  ¯°®£° ¬¬­®¥ ®¡¥±¯¥·¥­¨¥.

�¤­¨¬ ¨§ ­ ¨¡®«¥¥ ¬®¹­»µ ¨ ¨§¢¥±²­»µ ¢»·¨±«¨²¥«¼­»µ ¯ ª¥-

²®¢, ¯°¥¤­ §­ ·¥­­»µ ¤«¿ °¥¸¥­¨¿ § ¤ · ¬¥µ ­¨ª¨ ¦¨¤ª®±²¨ ¨

£ § , ¿¢«¿¥²±¿ ¯ ª¥² STAR-CD. � ª¥² STAR-CD ° §° ¡ ²»¢ ¥²±¿

´¨°¬®© Computational Dynamics Inc ¨ ¯°¥¤±² ¢«¿¥² ±®¡®© ª®­¥·­®-

®¡º¥¬­»© ¢»·¨±«¨²¥«¼­»© ª®¬¯«¥ª±, ¯®§¢®«¿¾¹¨© °¥¸ ²¼ § ¤ ·¨

¯° ª²¨·¥±ª¨ «¾¡®£® ³°®¢­¿ ±«®¦­®±²¨. �²ª°»² ¿  °µ¨²¥ª²³°  ¯®-

§¢®«¿¥² ¢±²° ¨¢ ²¼ ¨ ¨±¯®«¼§®¢ ²¼ ±®¡±²¢¥­­»¥ ¯°®£° ¬¬­»¥ ª®¤»,

­ ¯¨± ­­»¥ ­  ¿§»ª µ Fortran ¨«¨ C, ª®²®°»¥ ¤®¯®«­¿¾² ¡ §®¢³¾

ª®­´¨£³° ¶¨¾ ¯ ª¥² .

�®§¬®¦­®±²¼ ° ¡®²» ¢ ±°¥¤¥ ¯ ª¥²  STAR-CD V3.100B ¯°¥¤®±² -

¢«¥­  ¬®±ª®¢±ª¨¬ ¯°¥¤±² ¢¨²¥«¼±²¢®¬ ´¨°¬» CAD-FEM GmbH.

1. �¥­¨±¨µ¨­ �. �., �¬¥«¼¿­®¢ �. �. �®¤¥«¨°®¢ ­¨¥ £ §®¤¨­ ¬¨·¥-
±ª¨µ ¯°®¶¥±±®¢ ¢ ¯« §¬ ²°®­ µ ± ¢¨µ°¥¢®© ±² ¡¨«¨§ ¶¨¥© // �¥§.
¤®ª«. IV �¥¦¤³­. ª®­´. ¯® ­¥° ¢­®¢¥±­»¬ ¯°®¶¥±± ¬ ¢ ±®¯« µ ¨
±²°³¿µ. � ­ª²-�¥²¥°¡³°£. 24-28 ¨¾­¿ 2002. �. 23-24.
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2. �®«ª®¢ �. �., �¬¥«¼¿­®¢ �. �. �°¥µ¬¥°­»¥ ²³°¡³«¥­²­»¥ ²¥·¥­¨¿
¢ ª ­ « µ ±® ¢¤³¢®¬ //�« §¬®£ §®¤¨­ ¬¨ª  ¨ ²¥¯«®¬ ±±®¯¥°¥­®±.
��¡. 2002. �. 43-53.

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

K.N. Volkov, S.V. Denisihin

Baltic State Technical University, St. Petersburg, Russia

Turbulent internal 
ows are simulated by the means of STAR-CD package.

Peculiarities of a 
ow are investigated in respect of income and geometry

properties. The STAR-CD package is used as a design �eld. The conducted

calculations show the advisability of using STAR-CD package properties on

the step of design for optimization of 
ows parameters in the ducts with com-

plicated shape of cross section.

�¨¡ª®¥ ¬ ¸³¹¥¥ ª°»«® ¯¥°¥¬¥­­®© ²®«¹¨­»

�. �. �®«®¸¨­®¢ , �. �. �°¸®¢, �. �. �¾¡¨¬®¢ 

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°¨ ­¥±² ¶¨®­ °­®¬ ¤¢¨¦¥­¨¨ £¨¡ª®£® ª°»«  ¢»·¨±«¿¥²±¿ ¯¥°¥-

¬¥­­ ¿ ¨­²¥­±¨¢­®±²¼ ¢¨µ°¥¢®£® ª®«¼¶ , ° ±¯®« £ ¾¹¥£®±¿ ­  ª°»«¥.

�¯°¥¤¥«¿¥²±¿ ° ±¯°¥¤¥«¥­¨¥ ¤ ¢«¥­¨¿ ­  ª°»«¥ ¨ ¤¥´®°¬ ¶¨¿ ª°»« .

Elastic 
apping wing of changing thickness

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

St. Petersburg State University, Russia

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

is calculated.
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� ­¥³±²®©·¨¢®±²¨ ª®­±®«¨ ± ¤¨¯®«¥¬ ¢ ¯®²®ª¥

�. �. �®­· °¥­ª®, �. �. �®­· °¥­ª®

(gonchavi@brown.kiev.ua)

�¢¨ ¶¨®­­»© ­ ³·­®-²¥µ­¨·¥±ª¨© ª®¬¯«¥ª±, �¨¥¢, �ª° ¨­ 

�¡®±­®¢»¢ ¥²±¿ ¢®§¬®¦­®±²¼  ¢²®ª®«¥¡ ­¨© ª°»«  ± ¤¢¨£ ²¥«¥¬

¢±«¥¤±²¢¨¥ ¢§ ¨¬®¤¥©±²¢¨¿ ¢®§¤³¸­®© ±²°³¨ ¤¢¨£ ²¥«¿ ­  °¥¦¨¬¥

°¥¢¥°±¨°®¢ ­¨¿ ²¿£¨ ± ­ ¡¥£ ¾¹¨¬ ¯®²®ª®¬.

� ±±¬ ²°¨¢ ¥²±¿ ±«¥¤³¾¹ ¿ ¬®¤¥«¼ ½²®© ±¨±²¥¬». �¬¥¥²±¿ ±²¥°-

¦¥­¼ ¢ ¢¨¤¥ ª®­±®«¨. �¤¨­ ª®­¥¶ ½²®£® ±²¥°¦­¿ ³¯°³£® § ª°¥¯-

«¥­ ¢ ¯«®±ª®±²¨ ª · ­¨¿. �  ±¢®¡®¤­®¬ ª®­¶¥ ±²¥°¦­¿ § ª°¥¯«¥­

¤¨±ª ¢ ¢¨¤¥ ª°³£  ° ¤¨³±  a. �«®±ª®±²¼ ª°³£  ¯¥°¯¥­¤¨ª³«¿°­ 

®±¨ ±²¥°¦­¿. �® ¯®¢¥°µ­®±²¨ ¤¨±ª  ° ±¯°¥¤¥«¥­» ½«¥¬¥­² °­»¥

¤¨¯®«¨, ®±¨ ª®²®°»µ ¯ ° ««¥«¼­» ®±¨ ±²¥°¦­¿ ¨ ®¤¨­ ª®¢® ­ ¯° -

¢«¥­» ¯°®²¨¢ ¯®²®ª . �²  ¬¥µ ­¨·¥±ª ¿ ±¨±²¥¬  ­ µ®¤¨²±¿ ¢ ­ ¡¥-

£ ¾¹¥¬ ¯®²®ª¥. � ­¥¢®§¬³¹¥­­®¬ ¯®«®¦¥­¨¨ ®±¼ ±²¥°¦­¿ ­ ¯° -

¢«¥­  ¢¤®«¼ ¯®²®ª . �®±«¥ ¢®§¬³¹¥­¨¿ ¯®«®¦¥­¨¿ ±²¥°¦­¿ ¯®¿¢«¿-

¥²±¿ ³£®« ¬¥¦¤³ ®±¼¾ ±²¥°¦­¿ ¨ ­ ¯° ¢«¥­¨¥¬ ­ ¡¥£ ¾¹¥£® ¯®²®ª .

�®²¥­¶¨ « ¤¨±ª , ¯® ¯®¢¥°µ­®±²¨ ª®²®°®£® ° ¢­®¬¥°­® ° ±¯°¥¤¥-

«¥­» ¤¨¯®«¨ ± ±³¬¬ °­»¬ ¬®¬¥­²®¬ m:

V (r; �) = �
m

4�

cos �

�

2�Z
0

d�

�
(� + r � a sin � cos �);

£¤¥ � =
p
a2 � 2ar sin � cos�+ r2.

�®±²°®¥­» «¨­¨¨ ²®ª  ¨¤¥ «¼­®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨ ¨ ¢»¯®«-

­¥­  ®¶¥­ª  µ ° ª²¥°  ®¡²¥ª ­¨¿ ½²®© ±¨±²¥¬». �°¨ ­ «¨·¨¨ ³£« 

 ² ª¨ ¯®²®ª ­¥ ¿¢«¿¥²±¿ ®±¥±¨¬¬¥²°¨·­»¬. � ½²®¬ ±«³· ¥ ±® ±²®-

°®­» ¯®²®ª  ­  ¤¨±ª ¤¥©±²¢³¥² ¬®¬¥­² ±¨«. �® ¯°¨·¨­¥ ®²±² ¢ -

­¨¿ ¯® ´ §¥ ¬®¬¥­²  ®² ³£«   ² ª¨ ¢®§¬®¦­  ª®«¥¡ ²¥«¼­ ¿ ¯®²¥°¿

³±²®©·¨¢®±²¨ ±¨±²¥¬».

�±«¥¤±²¢¨¥ ­¥«¨­¥©­®±²¥© °¥ «¼­®© ±¨±²¥¬» ° ±±¬ ²°¨¢ ¥¬ ¿ ±¨±-

²¥¬  ¿¢«¿¥²±¿ ¯®²¥­¶¨ «¼­®  ¢²®ª®«¥¡ ²¥«¼­®©.
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Instability of a cantilever with the dipole in a forward

ow

V. A. Goncharenko,V. I. Goncharenko

Aeronautical Scienti�c-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.

�²°³ª²³°  ½ª° ­¨°³¾¹¥£® ½«¥ª²°¨·¥±ª®£® ¯®«¿
¢¡«¨§¨ ¯°®¢®¤¿¹¥© ¯®¢¥°µ­®±²¨ ¢ ° §°¥¦¥­­®©
¯« §¬¥

�. �. �³­¼ª®

(gunko@ammp.io�e.rssi.ru)

C ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�«¿ °¥¸¥­¨¿ ¶¥«®£® °¿¤  § ¤ · ¨®­®±´¥°­®©  ½°®¤¨­ ¬¨ª¨ ²°¥¡³-

¥²±¿ §­ ­¨¥ ±²°³ª²³°» ²¥·¥­¨¿ ¢¡«¨§¨ ¯®¢¥°µ­®±²¥© ¯®ª®¿¹¨µ±¿ ¨

¤¢¨¦³¹¨µ±¿ ¢ ¯« §¬¥ ²¥«. �²°³ª²³°  ®¯°¥¤¥«¿¥²±¿ ´¨§¨·¥±ª¨¬¨

¯®«¿¬¨, ±³¹¥±²¢³¾¹¨¬¨ ¢ ¯°¨¯®¢¥°µ­®±²­®¬ ±«®¥. � ª¨¬¨ ¯®«¿¬¨

¿¢«¿¾²±¿ ¯®«¿ ª®­¶¥­²° ¶¨© · ±²¨¶ ° §«¨·­®£® ±®°² , ¯®«¿ ±ª®°®-

±²¥©, ½«¥ª²°¨·¥±ª¨¥ ¨ ¬ £­¨²­»¥ ¯®«¿ ¨ ². ¤.

� ¤ ·  ®¡ ®¯°¥¤¥«¥­¨¨ ³ª § ­­»µ ¢¥«¨·¨­ ¢¡«¨§¨ ¯®¢¥°µ­®±²¥© ��

¨ ��� ¨¬¥¥² ¬­®£® ®¡¹¥£® ± ª« ±±¨·¥±ª®© § ¤ ·¥© ® ¯°®µ®¦¤¥-

­¨¨ ²¥°¬®½«¥ª²°®­­®£® (²¥°¬®¨®­­®£®) ²®ª  ·¥°¥§ ¢ ª³³¬­»© ¤¨®¤.

�° ¢­¨²¥«¼­»©  ­ «¨§ ½²¨µ ¤¢³µ § ¤ ·, ®°¨¥­²¨°®¢ ­­»© ­  ¶¥«¨

¨®­®±´¥°­®© ¤¨­ ¬¨ª¨, ¨ ¿¢«¿«±¿ ®¤­®© ¨§ ¶¥«¥© ¤ ­­®© ° ¡®²».

�±­®¢­®© ¬¥²®¤ ¨±±«¥¤®¢ ­¨¿, ª®²®°»© ¯°¨ ½²®¬ ¨±¯®«¼§®¢ «±¿, |

 ­ «¨§ °¥¸¥­¨¿ ° §«¨·­»µ ²¥±²®¢»µ ¨«¨ ¬®¤¥«¼­»µ § ¤ ·, ° ±±¬ -

²°¨¢ ¥¬»µ ¢ ¯®°¿¤ª¥ ¢®§° ±² ­¨¿ ±«®¦­®±²¨.

� ° ¡®²¥ ¯°®¤¥¬®­±²°¨°®¢ ­  ±¢¿§¼ ¬¥¦¤³ ±²°³ª²³°®© ¯®«¿ ²¥·¥-

­¨¿ ¨ ½«¥ª²°¨·¥±ª®£® ¯®«¿, ¨µ ±®£« ±®¢ ­­»© µ ° ª²¥°. �«¿ ¯°®-

±²¥©¸¨µ ±«³· ¥¢ ®¯°¥¤¥«¥­» ³±«®¢¨¿, ¯°¨ ª®²®°»µ ²¥·¥­¨¥ ¡³¤¥²

­®±¨²¼ ±² ¶¨®­ °­»© ³±²®©·¨¢»© µ ° ª²¥°.
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The structure of shielded electric �eld in rare�ed
plasma near by the conductive surface

Yu. F. Gunko

St. Petersburg State University, Russia

The structure of shielded electric �eld in rare�ed plasma near by the plane

conductive surface is studied. The in
uence of di�erent assumptions about

the plasma characteristics and features of plasma interaction with surface on

the electric �eld structure is considered. For some cases it was found the

conditions when the plasma 
ow would be stationary.

�¥­¼¾²®­®¢±ª ¿ ¬®¤¥«¼ ª°®¢¨ ¨ «¥£ª®£®

�. �. � «¥¢±ª ¿, �. �. �®¬¨­ , �. �. �¨¡ °®¢

(Olga.Fomina@pobox.spbu.ru, 
uid@niimm.spb.su)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¥§³«¼² ²» ° ¡®²» ®±­®¢ ­» ­  ±²®µ ±²¨·¥±ª®¬ ¯®¤µ®¤¥ ¯³¡«¨ª -

¶¨© [1{3]. �®¤®¡­® [3] ª°®¢¼ ° ±±¬ ²°¨¢ ¥²±¿ ª ª £¥²¥°®£¥­­ ¿ ±²¥-

¯¥­­ ¿ ¦¨¤ª®±²¼, ²¥ª³¹ ¿ ¢­³²°¨ ±®±³¤  ± ¯¥°¥¬¥­­®© ¨ ¯®¤¢¨¦-

­®© £° ­¨¶¥©. � £° ­¨·­»µ ³±«®¢¨¿µ ¿¢­® ³·¨²»¢ ¾²±¿ ³¯°³£¨¥

±¢®©±²¢  ±²¥­®ª ±®±³¤ . �²® ¯®§¢®«¿¥² ±¢¿§ ²¼ ±¢®¡®¤­»¥ ¯ ° ¬¥-

²°» ¢ °¥¸¥­¨¨ ¨§ [3] ± ³¯°³£¨¬¨ ±¢®©±²¢ ¬¨ ±®±³¤ . � · ±²­®±²¨,

¯°®¨§¢®«¼­»© ¯ ° ¬¥²° ¢ °¥¸¥­¨¨ ¤«¿ ¯°®¤®«¼­®© ±ª®°®±²¨ ª°®¢¨

±¢¿§ ²¼ ± ¥¥ ±°¥¤­¥© ±ª®°®±²¼¾ ¨ ±® ±ª®°®±²¼¾ ¯³«¼±®¢®© ¢®«­».

�¥£ª®¥ ° ±±¬ ²°¨¢ ¥²±¿ ª ª ³¯°³£ ¿ ±°¥¤  ¯°¨ ­ «¨·¨¨ £ §®¤¨­ -

¬¨·¥±ª®£® ¤ ¢«¥­¨¿. �° ­¨¶  «¥£ª®£® | ³¯°³£ ¿ ±°¥¤ . �°¨¬¥-

­¿¥²±¿ ¬¥²®¤ ®¯²¨¬¨§ ¶¨¨ ¯® ¯¥°¥¬¥­­®© ¨ ¯®¤¢¨¦­®© £° ­¨¶¥.

�«®¦­®±²¼ ´®°¬» «¥£ª®£® ­¥ ¯®§¢®«¿¥² °¥¸¨²¼ § ¤ ·³ ¢ ¯®«­®¬

®¡º¥¬¥. �®½²®¬³ ° ±±¬ ²°¨¢ ¾²±¿ ­¥ª®²®°»¥ ª ·¥±²¢¥­­»¥ ¬®-

¤¥«¨, ®¡³±«®¢«¥­­»¥ ¢»¡®°®¬ ´®°¬» «¥£ª®£® (¤»¸ ¹ ¿ ±´¥° , ½«-

«¨¯±®¨¤ ± ¯®«³®±¿¬¨, § ¢¨±¿¹¨¬¨ ®² ¢°¥¬¥­¨ ¨ ².¯.)

� ª ·¥±²¢¥ £° ­¨·­»µ ³±«®¢¨© ¢ ° ±±¬ ²°¨¢ ¥¬»µ § ¤ · µ ¢»¡¨° -

¾²±¿ ±¬¥¸ ­­»¥ £° ­¨·­»¥ ³±«®¢¨¿ ±ª ·ª®®¡° §­®£® ²¨¯ .

1. �¨¡ °®¢ �. �. �¨­¥²¨·¥±ª¨© ¬¥²®¤ ¢ ²¥®°¨¨ £ §®¢§¢¥±¥©. ��¡,
1997.
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2. �¨¡ °®¢ �. �. �¨­¥²¨ª  ¨ £¨¤°®¤¨­ ¬¨ª  ­¥­¼¾²®­®¢±ª¨µ ¦¨¤-
ª®±²¥© // �°³¤» XIV ±¥±±¨¨ ¬¥¦¤³­ °®¤­®© ¸ª®«» ¯® ¬®¤¥«¿¬ ¬¥-
µ ­¨ª¨ ±¯«®¸­®© ±°¥¤». 1998. C. 251-260.
3. �®¬¨­  �. �., �¨¡ °®¢ �. �. �¥¬®¤¨­ ¬¨ª  ®²°¥§ª  ±®±³¤  //
�²®°»¥ �®«¿µ®¢±ª¨¥ ·²¥­¨¿: �§¡° ­­»¥ ²°³¤». 2000. C. 179-189.

Non-Newton models of blood and a lung

O. 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.

�¥±² ¶¨®­ °­»¥ ª ­ «¼­»¥ ¯®²®ª¨
± ½­¥°£®¬ ±±®¯®¤¢®¤®¬

�. �. �«¨±¥¥­ª®, �. �. �¬¥«¼¿­®¢

(kaf m4@bstu.spb.su, root@ev.spb.su)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�¥²®¤ ¬¨ ¬ ²¥¬ ²¨·¥±ª®£® ¬®¤¥«¨°®¢ ­¨¿ ¨±±«¥¤³¥²±¿ ±¨±²¥¬ 

¢§ ¨¬®±¢¿§ ­­»µ ¯°®¶¥±±®¢ ° §«¨·­®© ´¨§¨·¥±ª®© ¯°¨°®¤», ¯°®-

²¥ª ¾¹¨µ ¢ ª ­ «¥ ¯°¨ ¨¬¯³«¼±­®¬ ¯®¤¢®¤¥ ¢ ±¨±²¥¬³ ½­¥°£¨¨ ¨

¬ ±±».

� §¢¨¢ ¾¹¨¥±¿ ­¥±² ¶¨®­ °­»¥ ²¥·¥­¨¿ ¢ ¨§¬¥­¿¾¹¨µ±¿ ¯® ´®°¬¥

¨ ° §¬¥°³ ®¡« ±²¿µ ¯°®²¥ª ¾² ¢ ³±«®¢¨¿µ ¢»±®ª¨µ ¤ ¢«¥­¨© ¨ ²¥¬-

¯¥° ²³°, ·²® ®¯°¥¤¥«¿¥² ±¯¥¶¨´¨ª³ ¯°®²¥ª ¾¹¨µ ¢ ½²¨µ ³±«®¢¨¿µ

£ §®¤¨­ ¬¨·¥±ª¨µ ¯°®¶¥±±®¢.

�±®¡»© ¨­²¥°¥± ¯°¥¤±² ¢«¿¾² ½´´¥ª²», ±¢¿§ ­­»¥ ± ¢§ ¨¬®¢«¨¿-

­¨¥¬ ­¥±² ¶¨®­ °­»µ £ §®¤¨­ ¬¨·¥±ª¨µ ¯°®¶¥±±®¢, ±®¯°®¢®¦¤ ¾-

¹¨µ±¿ ®¡° §®¢ ­¨¥¬ ¨ ° §¢¨²¨¥¬ ¨­²¥­±¨¢­»µ ³¤ °­»µ ¢®«­ ¨ ¯°®-

¶¥±±®¢ ° §¢¨²¨¿ ¨ ° ±¯°®±²° ­¥­¨¿ ¤¥´®°¬ ¶¨© ¢ ®¡®«®·ª¥ ª ­ « ,

  ² ª¦¥ ¯°®¶¥±±®¢ ¢®§¬®¦­®£® ²¥°¬¨·¥±ª®£® ° §«®¦¥­¨¿ ¬ ²¥°¨ « 

±²¥­ª¨ ª ­ « .

�®±²°®¥­ °¿¤ ¬ ²¥¬ ²¨·¥±ª¨µ ¬®¤¥«¥©, ®¯¨±»¢ ¾¹¨µ ª ª ¯°®¶¥±±

¢ ¶¥«®¬, ² ª ¨ ®²¤¥«¼­»¥ ¥£® ½«¥¬¥­²». �«¿ ®¯¨± ­¨¿ ¢­³²°¥­­¨µ
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²¥·¥­¨© ¢ ª ­ « µ ¨±¯®«¼§³¥²±¿ ¬®¤¥«¼ ª¢ §¨®¤­®¬¥°­®£® ²¥·¥­¨¿

± ³·¥²®¬ ´ ª²®°®¢ ½­¥°£®¯®¤¢®¤ , ¬ ±±®¯®¤¢®¤  ¨ ¯°®¶¥±±®¢ ¤¨±-

±®¶¨ ¶¨¨ ¨ ¨®­¨§ ¶¨¨ ° ¡®·¥£® ²¥«  ¯°¨ ¢»±®ª¨µ ²¥¬¯¥° ²³° µ.

� ±·¥²­ ¿ ±µ¥¬  ±²°®¨²±¿ ¯® ¬¥²®¤³ ª®­¥·­®£® ®¡º¥¬  (²¨¯  �®-

¤³­®¢ ), ¢ ª®²®°®© ¯®²®ª¨ ·¥°¥§ £° ­¨¶» ¿·¥¥ª ®¯°¥¤¥«¿¾²±¿ ­ 

®±­®¢¥ °¥¸¥­¨¿ § ¤ ·¨ ° ±¯ ¤  ° §°»¢  ± ³·¥²®¬ ½´´¥ª²®¢ °¥ «¼-

­®±²¨ ¯°®²¥ª ¾¹¨µ £ §®¤¨­ ¬¨·¥±ª¨µ ¨ ²¥°¬®¤¨­ ¬¨·¥±ª¨µ ¯°®-

¶¥±±®¢. �°®¶¥±±», ¯°®²¥ª ¾¹¨¥ ¢ ±²¥­ª µ ª ­ «®¢, ®¯¨±»¢ ¾²±¿

­  ®±­®¢¥ ±¢¿§ ­­®© § ¤ ·¨ ²¥°¬®³¯°³£®±²¨.

�  ®±­®¢¥ ° §° ¡®² ­­»µ ±°¥¤±²¢ ¬ ²¥¬ ²¨·¥±ª®£® ¬®¤¥«¨°®¢ ­¨¿

¯°®¢¥¤¥­® ±¨±²¥¬ ²¨·¥±ª®¥ ¨±±«¥¤®¢ ­¨¥ ­¥±² ¶¨®­ °­»µ £ §®¤¨­ -

¬¨·¥±ª¨µ ²¥·¥­¨© ¨ ¯°®¶¥±±®¢ ¢ ®¡®«®·ª µ ª ­ «®¢, ¯°®²¥ª ¾¹¨µ ¢

³±²°®©±²¢ µ ² ª®£® ²¨¯  ¯°¨ ° §«¨·­»µ ¢¨¤ µ ¨¬¯³«¼±­®£® ­ £°³-

¦¥­¨¿.

� ±±¬®²°¥­­»© ª°³£ § ¤ · ¨¬¥¥² ¯°¨«®¦¥­¨¿ ª ¯°®¡«¥¬¥ ®¯²¨¬¨§ -

¶¨¨ ¯ ° ¬¥²°®¢ ±¨±²¥¬ ¢»±®ª®±ª®°®±²­®£® ¬¥² ­¨¿. �±±«¥¤®¢ ­¨¿

²¥®°¥²¨·¥±ª®£® ¯« ­  ¯®§¢®«¿² ¢»¡° ²¼ µ ° ª²¥°¨±²¨ª¨ ¬ ²¥°¨ -

«®¢, ° §° ¡®² ²¼ ±µ¥¬³ ¢°¥¬¥­­®© ¨ ¯°®±²° ­±²¢¥­­®© °¥ «¨§ ¶¨¨

½­¥°£®¯®¤¢®¤  ¨ ¯°®¢¥±²¨ ®¶¥­ª³ ¯ ° ¬¥²°®¢ ¨¬¯³«¼±­®£® ¯°®¶¥±± 

¢ ³±«®¢¨¿µ ¢§ ¨¬®±¢¿§¨ ´ ª²®°®¢ ° §«¨·­®© ´¨§¨·¥±ª®© ¯°¨°®¤».

Non-stationary canal 
ows 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 di�erent 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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�½°®¤¨­ ¬¨·¥±ª®¥ ¯°®¥ª²¨°®¢ ­¨¥ ª ­ «®¢
­  ®±­®¢¥ °¥¸¥­¨¿ ¯®±«¥¤®¢ ²¥«¼­®±²¨ ¯°¿¬»µ
§ ¤ ·

�. �. �¬¥«¼¿­®¢, �. �. �³±²®¢ «®¢

(kaf m4@bstu.spb.su, a pstv@mail.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�³¹¥±²¢³¥² ¸¨°®ª¨© ª°³£ § ¤ ·, ¢ ª®²®°»µ ¢®§­¨ª ¥² ¯®²°¥¡­®±²¼

³¯° ¢«¥­¨¿ ¢®«­®¢®© ±²°³ª²³°®© ±²°³¨. � ª®¥ ³¯° ¢«¥­¨¥ ¬®¦¥²

¡»²¼ ¤®±²¨£­³²® ¯³²¥¬ ¨§¬¥­¥­¨¿ ´®°¬» ª ­ « , ®¡¥±¯¥·¨¢ ¾¹¥£®

²°¥¡³¥¬»¥ µ ° ª²¥°¨±²¨ª¨ ¯®²®ª  ­  ±°¥§¥. �®±²°®¥­¨¥ ª®­²³° 

ª ­ «  ¿¢«¿¥²±¿ ®¤­®© ¨§ ®±­®¢­»µ ¯°®¡«¥¬ ¯°¨ °¥¸¥­¨¨ ² ª¨µ § -

¤ ·.

� ¤ ­­®© ° ¡®²¥ ¯°¥¤« £ ¥²±¿ ¯®¤µ®¤ ª ·¨±«¥­­®¬³ °¥¸¥­¨¾ § ¤ ·

¯°®¥ª²¨°®¢ ­¨¿ ¨ ®¯²¨¬¨§ ¶¨¨ ª ­ «®¢, ®¡¥±¯¥·¨¢ ¾¹¨µ ²°¥¡³¥-

¬»¥ µ ° ª²¥°¨±²¨ª¨ ¯®²®ª . �¡¹ ¿ ±µ¥¬  °¥¸¥­¨¿ ¡³¤¥² ±®±²®-

¿²¼ ¨§ ±«¥¤³¾¹¨µ ¸ £®¢: § ¤ ¥²±¿ ¯°®´¨«¼ ª ­ « , ° ±±·¨²»¢ -

¥²±¿ ²¥·¥­¨¥ ¢ ª ­ «¥ ¨ ®¯°¥¤¥«¿¾²±¿ µ ° ª²¥°¨±²¨ª¨ ¯®²®ª  ­ 

±°¥§¥, ®¯°¥¤¥«¿¥²±¿ ¨µ ° ±±®£« ±®¢ ­¨¥ ± ²°¥¡³¥¬»¬¨ §­ ·¥­¨¿¬¨

¨, ¥±«¨ ±®£« ±®¢ ­¨¥ ­¥ ³¤®¢«¥²¢®°¿¥² ²°¥¡³¥¬®© ²®·­®±²¨, ²® ¯°®-

¨§¢®¤¨²±¿ ª®°°¥ª²¨°®¢ª  ´®°¬» ¯°®´¨«¿. � ª®©  «£®°¨²¬ «¥£ª®

´®°¬ «¨§³¥²±¿ ­  ®±­®¢¥ ¨§¢¥±²­»µ ¬¥²®¤®¢ ®¯²¨¬¨§ ¶¨¨. �®°¬ 

±®¯«  ®¯°¥¤¥«¿¥²±¿ ª°¨¢»¬¨ �¥§¼¥ ¨«¨ ±¯« ©­ ¬¨ ± ­ ¡®°®¬ ¯ ° -

¬¥²°®¢, ¢ °¼¨°³¿ §­ ·¥­¨¿¬¨ ª®²®°»µ ¬®¦­® ¯®«³·¨²¼ ²¥ ¨«¨ ¨­»¥

µ ° ª²¥°¨±²¨ª¨ ¯®²®ª  ­  ±°¥§¥.

�²®² ¯®¤µ®¤ ¡»« ¯°¨¬¥­¥­ ¢ ° ¡®²¥ ¯°¨ ¯°®¥ª²¨°®¢ ­¨¨ ±®¯¥« ¤«¿

 ½°®¤¨­ ¬¨·¥±ª¨µ ®ª®­, ª®²®°»¥ ¯°¨¬¥­¿¾²±¿ ¢ ¬®¹­»µ « §¥°­»µ

³±² ­®¢ª µ. �±¯®«¼§³¥¬»¥ ¢ ³±² ­®¢ª¥ ±¢¥°µ§¢³ª®¢»¥ ±®¯«  ¤®«¦­»

´®°¬¨°®¢ ²¼ ±²°³¾ ± ° ±¯°¥¤¥«¥­¨¥¬ ±ª®°®±²¨ ¯®¯¥°¥ª ¯®²®ª , µ -

° ª²¥°­»¬ ¤«¿ ±¢®¡®¤­®£® ¢¨µ°¿. �°¨ °¥¸¥­¨¨ ¤ ­­®© § ¤ ·¨, ¢

ª ·¥±²¢¥ ¶¥«¥¢®© ´³­ª¶¨¨ ¨±¯®«¼§®¢ «±¿ ±ª «¿°­»© ª°¨²¥°¨©, ¯°¥¤-

±² ¢«¿¾¹¨© ±®¡®© ­®°¬³ ° ±±®£« ±®¢ ­¨¿ ° ±·¥²­®£® ¨ ²°¥¡³¥¬®£®

¯°®´¨«¥© ±ª®°®±²¥© ­  ±°¥§¥ ±®¯« . �°®¥ª²¨°®¢ ­¨¥ ª®­²³°  ±®¯« 

±¢¥«®±¼ ª § ¤ ·¥ ¯ ° ¬¥²°¨·¥±ª®© ®¯²¨¬¨§ ¶¨¨ ¤«¿ ¤ ­­®© ¶¥«¥-

¢®© ´³­ª¶¨¨. �«¿ ®¯²¨¬¨§ ¶¨¨ ´®°¬» ª ­ «  ¨±¯®«¼§®¢ «±¿ ¬¥²®¤

£° ¤¨¥­²­®£® ¯®¨±ª . �¥®¡µ®¤¨¬»¥ ¤«¿ ° ±·¥²®¢ ¯°®¨§¢®¤­»¥ ­ -

µ®¤¨«¨±¼ ¨§ °¥¸¥­¨¿ £ §®¤¨­ ¬¨·¥±ª¨µ § ¤ · ± ¡ §®¢»¬¨ ¨ ¯°¨° -
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¹¥­­»¬¨ §­ ·¥­¨¿¬¨ ¯ ° ¬¥²°®¢.

� ª ·¥±²¢¥ ®±­®¢­®£® ° ±·¥²­®£®  «£®°¨²¬  ¨±¯®«¼§®¢ «±¿ ¬¥²®¤

ª®­¥·­®£® ®¡º¥¬  ± ° ±·¥²®¬ ¯®²®ª®¢ ¯® ±µ¥¬¥ ° ±¯ ¤  ° §°»¢ .

�¥²®¤» ®¡º¥ª²­®-®°¨¥­²¨°®¢ ­­®£® ¯°®£° ¬¬¨°®¢ ­¨¿ ¯®§¢®«¨«¨

±®§¤ ²¼ ½´´¥ª²¨¢­»¥ ¢»·¨±«¨²¥«¼­»¥ ±²°³ª²³°» ¤«¿ ¤ ­­®£® ª°³£ 

§ ¤ ·.

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 
ow characteristics required are discussed. The approach to the numerical

solution of such problems is suggested.

� ¤ ·¨ £¨¤°®³¯°³£®±²¨ | ¯°¨¬¥­¥­¨¥
¢ °¨ ¶¨®­­®£® ¯°¨­¶¨¯  ª®­´®°¬­»µ
®²®¡° ¦¥­¨©

�. �. �°¸®¢, �. �. �³²¥¥¢ 

(galina.kuteeva@gk1662.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� °¨ ¶¨®­­»© ¯°¨­¶¨¯ ª®­´®°¬­»µ ®²®¡° ¦¥­¨© ¯°¥¤«®¦¥­ ¢ ° -

¡®² µ �. �. � ¢°¥­²¼¥¢  ¨ �. �. � ¡ ² . �°¨¬¥­¥­¨¥ ½²®£® ¯°¨­-

¶¨¯  ¨««¾±²°¨°³¥²±¿ ­  § ¤ · µ ® ¤¥´®°¬ ¶¨¨ ª®­²³°®¢ ¢ ¯®²®ª¥

¨¤¥ «¼­®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨.

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 o�ered by �. �. Lavrent'ev

and B. V. Shabat. We use this method to the plane problems of hydroelasticity:

the deformation of shell inside the ideal incompressible 
uid.
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�°¿¬»¥ ±ª ·ª¨ ³¯«®²­¥­¨¿ ¢ ¤¨±±®¶¨¨°³¾¹¥¬ £ §¥

�. �. � °ª®¢ , �. �. �»¤ «¥¢±ª ¿

(
uid@niimm.spb.su)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¾²±¿ ¯°¿¬»¥ ±ª ·ª¨ ³¯«®²­¥­¨¿ ¢ ¤¨±±®¶¨¨°³¾¹¥¬

£ §¥. � §«¨·­»¥ ´¨§¨ª®-µ¨¬¨·¥±ª¨¥ ¯°®¶¥±±» ¨¤³² ± ° §­»¬¨ ±ª®-

°®±²¿¬¨. �²® ¯®§¢®«¿¥² ° §¤¥«¨²¼ ³¤ °­³¾ ¢®«­³ ­  °¥« ª± ¶¨-

®­­»¥ §®­». � ¤®ª« ¤¥ ¯®«³·¥­» ®¡®¡¹¥­­»¥ ³±«®¢¨¿ ±®¢¬¥±²­®-

±²¨ �½­ª¨­  { �¾£®­¨® ­  £° ­¨¶ µ ª ¦¤®© §®­». �®¦­® ° ±-

±¬®²°¥²¼ §®­» RT-°¥« ª± ¶¨¨, · ±²¨·­®© µ¨¬¨·¥±ª®© °¥« ª± ¶¨¨,

§®­» ¯¥°¥µ®¤  ª ±®±²®¿­¨¾ ­®¢®£® «®ª «¼­®£® ° ¢­®¢¥±¨¿. �°¨ ¯®-

±«¥¤®¢ ²¥«¼­®¬ ° ±¸¨°¥­¨¨ ° ±±¬ ²°¨¢ ¥¬»µ °¥« ª± ¶¨®­­»µ §®­

®¯°¥¤¥«¿¥²±¿ ¢«¨¿­¨¥ ° §«¨·­»µ ¯°®¶¥±±®¢ ­  £ §®¤¨­ ¬¨·¥±ª¨¥

¯ ° ¬¥²°» ¢ ³¤ °­®© ¢®«­¥.

Plane shock waves in dissociating gas

O. V. Zharkova, M. A. Rydalevskaya

St. Petersburg State University, Russia

Plane shock waves in dissociating gas are considered. Diverse physico-chemical

processes proceed with di�erent 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

in
uence of di�erent processes on gasodynamic parameters in shock waves is

determined.

� ° ««¥«¼­»¥ ¢»·¨±«¥­¨¿ ¨ ¬¥² ª®¬¯¼¾²¨­£ ±
¤¨­ ¬¨·¥±ª®© ¡ « ­±¨°®¢ª®© ¤«¿ ·¨±«¥­­®£®
°¥¸¥­¨¿ § ¤ · £ §®¢®© ¤¨­ ¬¨ª¨

�. �. �³° ¢«¥¢ , �. �. �»±®¢, �. �. �¥¬­®­®¢

(lysov@paloma.spbu.ru, pokusa@star.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±¢¿§¨ ± ²¥­¤¥­¶¨¥© ª ¬¨­¨ ²¾°¨§ ¶¨¨ ¢ ±®¢°¥¬¥­­»µ ²¥µ­¨·¥-

±ª¨µ ³±²°®©±²¢ µ ²¥¯¥°¼ ­¥°¥¤ª® ¢±²°¥· ¾²±¿ ²¥·¥­¨¿, ¢ ª®²®°»µ
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«¨­¥©­»¥ ° §¬¥°» R ¬®£³² ¯°¨¡«¨¦ ²¼±¿ ª ¤«¨­¥ ±¢®¡®¤­®£® ¯°®-

¡¥£  ¬®«¥ª³« l ¢ ¢®§¤³µ¥ ³¦¥ ¯°¨ ®¡»·­®¬  ²¬®±´¥°­®¬ ¤ ¢«¥­¨¨.

�®½²®¬³ ·¨±«® �­³¤±¥­  Kn = l=R ±² ­®¢¨²±¿ ¯®°¿¤ª  ¥¤¨­¨¶».

�«¿ ¨±±«¥¤®¢ ­¨¿ ² ª¨µ ²¥·¥­¨© ¢ ¯¥°¥µ®¤­®¬ °¥¦¨¬¥ ¥±²¥±²¢¥­­®

¨±¯®«¼§®¢ ²¼ ¬¥²®¤ ¯°¿¬®£® ±² ²¨·¥±ª®£® ¬®¤¥«¨°®¢ ­¨¿ (���)

�®­²¥-� °«®. � ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¾²±¿ ¤¢¥ ¯®¤®¡­»¥ § ¤ ·¨:

²¥·¥­¨¥ ¢ ¯«®±ª®¬ ª ­ «¥, ª®²®°»© ±®¥¤¨­¿¥² ¤¢  ®·¥­¼ ¡®«¼¸¨µ °¥-

§¥°¢³ °  ± ° §­»¬¨ ¤ ¢«¥­¨¿¬¨,   ² ª¦¥ ²¥·¥­¨¥ ¢ ¯«®±ª®¬ ª ­ «¥

± ¯®¤¢¨¦­»¬¨ ¨ ­¥¯ ° ««¥«¼­»¬¨ ±²¥­ª ¬¨, ª®²®°»© ¯°¥¤±² ¢«¿¥²

±®¡®© ¬®¤¥«¼ ²¥·¥­¨¿ ¬¥¦¤³ ¬ £­¨²­®© £®«®¢ª®© ¨ ¦¥±²ª¨¬ ¤¨±-

ª®¬ ¢ ±¨±²¥¬¥ ¬ £­¨²­®© § ¯¨±¨ ¢¨­·¥±²¥°­®£® ²¨¯ . �«¿ ¯°¥®¤®«¥-

­¨¿ ¯°¨±³¹¥£® ¬¥²®¤³ ��� ±² ²¨±²¨·¥±ª®£® ° ±±¥¿­¨¿ ¢»·¨±«¥­¨¿

¤®«¦­» ¯°®¢®¤¨²¼±¿ ± ®·¥­¼ ¡®«¼¸®© ¢»¡®°ª®©. �®½²®¬³ ¨±¯®«¼§®-

¢ «¨±¼ ¯ ° ««¥«¼­»¥ ¢»·¨±«¥­¨¿ ­  ¢»±®ª®¯°®¨§¢®¤¨²¥«¼­»µ ª« -

±²¥° µ ¨ ¢ ®²¤¥«¼­»µ ±«³· ¿µ, ¤«¿ ¤®±²¨¦¥­¨¿ ¥¹¥ ¡®«¼¸¥© ¯°®-

¨§¢®¤¨²¥«¼­®±²¨, ± ¯®¬®¹¼¾ �­²¥°­¥²-ª ­ «  ®¡° §®¢»¢ «±¿ ¬¥² -

ª®¬¯¼¾²¥° ¯°¨±®¥¤¨­¥­¨¥¬ ¥¹¥ ®¤­®£® ª« ±²¥°  ¨§ �­±²¨²³²  ¢»-

±®ª®¯°®¨§¢®¤¨²¥«¼­»µ ¢»·¨±«¥­¨© ¨ ¡ § ¤ ­­»µ. �°¨ ½²®¬ ± ¯®-

¬®¹¼¾ ° §° ¡®² ­­®© ­ ¬¨ ±¨±²¥¬» ¤¨­ ¬¨·¥±ª®© ¡ « ­±¨°®¢ª¨

³¤ «®±¼ ¤®±²¨£­³²¼ ¢¥±¼¬  ¢»±®ª®© ½´´¥ª²¨¢­®±²¨ § £°³§ª¨ ¯°®-

¶¥±±®°®¢ ¢ ª« ±²¥° µ ² ª®£® ¬¥² -ª®¬¯¼¾²¥° . �²  ½´´¥ª²¨¢­®±²¼

¡»«  ¢±¥£® ­  2-3 ¯°®¶¥­²®¢ ­¨¦¥, ·¥¬ ¯°¨ ° ¡®²¥ ­  ®¤­®¬ ª« ±²¥°¥

¡¥§ �­²¥°­¥²-ª®¬¬³­¨ª ¶¨©.

� ¤®ª« ¤¥ ¯°¨¢®¤¿²±¿ ¯®«³·¥­­»¥ § ¢¨±¨¬®±²¨ ¯ ° ¬¥²°®¢ ¢ ®¡¥¨µ

° ±±¬ ²°¨¢ ¥¬»µ § ¤ · µ,   ² ª¦¥ ª®«¨·¥±²¢¥­­»¥ µ ° ª²¥°¨±²¨ª¨

½´´¥ª²¨¢­®±²¨ ° ¡®²» ®¡° §³¥¬®£® ¬¥² -ª®¬¯¼¾²¥° .

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

di�erent pressures. And also a two-dimensional problem of gas 
ow 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 �lm 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 e�ciency for using of every

processor in both clusters, in spite of them being moreover heterogeneous.

Space and time distributions of di�erent 
ow parameters in both problems

are presented in the paper as well as quantitative evaluation of performance

e�ciency for obtained meta-computer.

� ²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥
¯°®±²° ­±²¢¥­­®£® ¤¢¨¦¥­¨¿ ±³¤­ 
¢ ³±«®¢¨¿µ ®£° ­¨·¥­­®£® ´ °¢ ²¥° 

�. �. � ©ª®¢

(Vladimir.Zaikov@pop3.rcom.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥²

¢®¤­»µ ª®¬¬³­¨ª ¶¨©, �®±±¨¿

� ®±­®¢³ ¯°¥¤­ §­ ·¥­­®© ¤«¿ ­ ¢¨£ ¶¨®­­»µ ²°¥­ ¦¥°®¢ ¬ ²¥-

¬ ²¨·¥±ª®© ¬®¤¥«¨ ³¯° ¢«¿¥¬®£® ¤¢¨¦¥­¨¿ ±³¤­  ¢ ³±«®¢¨¿µ ®£° -

­¨·¥­­®£® ´ °¢ ²¥°  ¯®«®¦¥­  ®²«¨·­ ¿ ®² ®¡»·­® ¨±¯®«¼§³¥¬®©

²¥µ­®«®£¨¿. �°¥¤«®¦¥­  ®°¨£¨­ «¼­ ¿ ±¨±²¥¬  ¬®¤¨´¨¶¨°®¢ ­­»µ

£¨¤°®¤¨­ ¬¨·¥±ª¨µ µ ° ª²¥°¨±²¨ª, ¯°¥¤±² ¢«¥­¨¥ ¢±¥µ £¨¤°®¤¨­ -

¬¨·¥±ª¨µ ±¨« ¨ µ ° ª²¥°¨±²¨ª ¤¢¨£ ²¥«¥© ¤ ­» ¢ ´®°¬¥ ±¥²®·­»µ

´³­ª¶¨© ± ¯®±«¥¤³¾¹¥© ±¯« ©­ ¨­²¥°¯®«¿¶¨¥©, ° §° ¡®² ­» ¤®-

±²³¯­»¥ ¬¥²®¤» ¯®¤£®²®¢ª¨ ¡ § ¤ ­­»µ, ®¡¥±¯¥·¨¢ ¾¹¨¥ ¢®§¬®¦-

­®±²¼ ¨µ ¯°¨¬¥­¥­¨¿ ¤«¿ ­®¢»µ ²¨¯®¢ ±³¤®¢, ³·¨²»¢ ¾²±¿ ¤®¯®«-

­¨²¥«¼­»¥ ±¨«», ®¡³±«®¢«¥­­»¥ ¤¥©±²¢¨¥¬ £¨¤°®¬¥²¥®°®«®£¨·¥±ª¨µ

´ ª²®°®¢.

� §° ¡®²ª  ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ³¯° ¢«¿¥¬®£® ¤¢¨¦¥­¨¿ ±³¤­ 

¯°¥¤±² ¢«¿¥² ±®¡®© °¥¸¥­¨¥ ¯°®¡«¥¬» ¨¤¥­²¨´¨ª ¶¨¨, ².¥. ¬ ²¥¬ -

²¨·¥±ª®£® ¢®±¯°®¨§¢¥¤¥­¨¿ ¢¥±¼¬  ±«®¦­®© ¤¨­ ¬¨·¥±ª®© ±¨±²¥¬»,
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ª ª®© ¿¢«¿¥²±¿ ¬ ­¥¢°¨°³¾¹¥¥ ±³¤­®. � ª ¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¬®-

¤¥«¼ ®±­®¢ ­  ­  °¥¸¥­¨¨ ±¨±²¥¬» ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨©

¤¢¨¦¥­¨¿ ±³¤­  ¨ ¢° ¹¥­¨¿ £°¥¡­»µ ¢¨­²®¢ ¯°¨ «¾¡®¬ ½ª±¯«³ -

² ¶¨®­­®¬ ¬ ­¥¢°¥. �° ¢­¥­¨¿ ¤®«¦­» ³·¨²»¢ ²¼ ¢±¥ ±¨«» ¨ ¬®-

¬¥­²», ¤¥©±²¢³¾¹¨¥ ­  ª®°¯³± ±³¤­  ¨ ¥£® ¤¢¨¦¨²¥«¼­®-°³«¥¢®©

ª®¬¯«¥ª± ¯°¨ ° ¡®²¥ ¢ ³±«®¢¨¿µ ¯¥°¥¬¥­­®£® ¬¥«ª®¢®¤¼¿, ¢¥²° , ¢®«-

­¥­¨¿, ²¥·¥­¨¿ ¨ £¨¤°®¤¨­ ¬¨·¥±ª®£® ª®­² ª²  ± ¤°³£¨¬¨ ±³¤ ¬¨,

ª®£¤  ®­¨ ­ µ®¤¿²±¿ ¢ ­¥¯®±°¥¤±²¢¥­­®© ¡«¨§®±²¨ ¤°³£ ª ¤°³£³, ¯« -

¢ ­¨¿ ­  ¬¥«ª®¢®¤¼¥ ¨ ².¤.

�¯¥¶¨´¨ª  ¬ ²¥¬ ²¨·¥±ª®© ¬®¤¥«¨ ¤¢¨¦¥­¨¿ ±³¤­  ¯® ®£° ­¨·¥­-

­®¬³ ´ °¢ ²¥°³ ±¢®¤¨²±¿ ª ³·¥²³ ¯°¨±®¥¤¨­¥­­»µ ¬ ±±, ¢¥«¨·¨­»

ª®²®°»µ § ¢¨±¿² ®² ®²­®±¨²¥«¼­®© £«³¡¨­» ¢®¤­®£® ¯³²¨, ²³°¡³-

«¥­²­®© ±²°³ª²³°» ²¥·¥­¨¿ ­  ®±­®¢¥ £¨¯®²¥§» ® "§ ¬®°®¦¥­­®©"

²³°¡³«¥­²­®±²¨ �¥©«®° , ¤®¯®«­¨²¥«¼­»µ ±¨« ¨ ¬®¬¥­²®¢ ¢®§¤¥©-

±²¢¨¿ «®ª «¼­®-­¥° ¢­®¬¥°­®£® ²¥·¥­¨¿ ­  ±³¤­®, ¨¬¥¾¹¨µ ¨­¥°-

¶¨®­­³¾ ¯°¨°®¤³ ¨ ®¯°¥¤¥«¿¾¹¨µ±¿ ®²­®±¨²¥«¼­»¬ ³±ª®°¥­¨¥¬ ¨

³±ª®°¥­¨¥¬ �®°¨®«¨± , ¬ ª°®²³°¡³«¥­²­»µ ¢¨µ°¥© ¢¥²°  ­  ®±­®¢¥

±¯¥ª²°®¢ �° ©¤¥­ , £¨¤°®¤¨­ ¬¨·¥±ª¨µ ±¨«, ¢®§­¨ª ¾¹¨µ ¯°¨ ¤¢¨-

¦¥­¨¨ ±³¤­  ¢¡«¨§¨ ¡°®¢ª¨ ¯®¤µ®¤­®£® ª ­ « , · ±²®²­®-³£«®¢®£®

±¯¥ª²°  ­¥°¥£³«¿°­®£® ¢®«­¥­¨¿ ¨ °¥¤³ª¶¨®­­»µ ª®½´´¨¶¨¥­²®¢,

³·¨²»¢ ¾¹¨µ § ²³µ ­¨¥ ¢®«­®¢»µ ¤ ¢«¥­¨© ¨ ®¯°¥¤¥«¿¾¹¨µ±¿ ±®-

®²­®¸¥­¨¿¬¨ ° §¬¥°®¢ ±³¤­  ¨ £«³¡¨­» ´ °¢ ²¥° ,   ² ª¦¥ ª³°±®-

¢»¬ ³£«®¬ ¯® ®²­®¸¥­¨¾ ª ¢¥ª²®°³ ±ª®°®±²¨ ¨µ ° ±¯°®±²° ­¥­¨¿,

±¨« ¢®«­®¢®£® ¤°¥©´ , ª®²®°»¥ ®¡³±«®¢«¥­» ¢«¨¿­¨¥¬ ±ª®°®±²¥© ®°-

¡¨² «¼­®£® ¤¢¨¦¥­¨¿ · ±²¨¶ ¦¨¤ª®±²¨ ¢ ¢®«­¥, § ¢¨±¿¹¨µ ®² £«³-

¡¨­»  ª¢ ²®°¨¨.

� §° ¡®² ­­ ¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼ °¥ «¨§®¢ ­  ¢ ­ ¢¨£ ¶¨®­-

­»µ ²°¥­ ¦¥° µ, ´³­ª¶¨®­¨°³¾¹¨µ ¢ �®±±¨¨ ¨ ¢® ¬­®£¨µ § °³¡¥¦-

­»µ ±²° ­ µ.

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 Scienti�c 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 di�erent 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 speci�c peculiarities: using of the original system of the modi�ed hydro-

dynamic characteristics; setting of all hydrodynamic forces and characteristics

of the engine in the form of net functions (tables) with spline-interpolation

followed; simpli�ed methods of data base preparation for introducing the new

types of the modelled ships; including of the additional factors of the environ-

ment.

�¨±«¥­­®¥ ¬®¤¥«¨°®¢ ­¨¥ ²°¥µ¬¥°­®£®
²° ­±§¢³ª®¢®£® ²³°¡³«¥­²­®£® ²¥·¥­¨¿
¢ ²³°¡¨­­®© °¥¸¥²ª¥

�. �. �¢ ­®¢, �. �. �¬¨°­®¢, �. �. �¥«¼­®¢

(aerofmf@citadel.stu.neva.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

�®±±¨¿

�°¥¤±² ¢«¥­» °¥§³«¼² ²» ·¨±«¥­­®£® ¬®¤¥«¨°®¢ ­¨¿ ²°¥µ¬¥°­®£®

²° ­±§¢³ª®¢®£® ²³°¡³«¥­²­®£® ²¥·¥­¨¿ ·¥°¥§ °¥¸¥²ª³ ¯°®´¨«¥©,

¨±¯®«¼§®¢ ¢¸³¾±¿ ¢ ½ª±¯¥°¨¬¥­² µ, ®²­®±¨¬»µ ª ·¨±«³ ®¡° §¶®-

¢»µ [1]. �¨±«® �¥©­®«¼¤± , ¯®±²°®¥­­®¥ ¯® ° §¬¥°³ ®±¥¢®© µ®°¤»,

±®±² ¢«¿«® 1.0x106, ®²­®¸¥­¨¥ ¸ £  °¥¸¥²ª¨ ª µ®°¤¥ ° ¢­¿«®±¼

1.024,   ¢»±®²» ª µ®°¤¥ - 1.2. �­ ·¥­¨¿ ·¨±«  � µ  ­  ¢µ®¤¥ ¨

¢»µ®¤¥ ±®±² ¢«¿«¨ 0.38 ¨ 0.97.

�°¨­¨¬ «®±¼, ·²® ²¥·¥­¨¥ ®¯¨±»¢ ¥²±¿ ±¨±²¥¬®© ±² ¶¨®­ °­»µ

²°¥µ¬¥°­»µ ³° ¢­¥­¨© � ¢¼¥ - �²®ª± , ®±°¥¤­¥­­»µ ¯® �¥©­®«¼¤±³.

�«¿ ¬®¤¥«¨°®¢ ­¨¿ ²³°¡³«¥­²­®£® ¯¥°¥­®±  ¡»«  ¯°¨¬¥­¥­  ¬®¤¥«¼

²³°¡³«¥­²­®±²¨ �¯ « °²  - �««¬ ° ± , ¯°¥¤³±¬ ²°¨¢ ¾¹ ¿ °¥¸¥-

­¨¥ ³° ¢­¥­¨¿ ¯¥°¥­®±  ¤«¿ ¢¨µ°¥¢®© ¢¿§ª®±²¨.

�«¿ ¯°®¢¥¤¥­¨¿ ¢»·¨±«¥­¨© ¨±¯®«¼§®¢ «¨±¼ ª®¬¬¥°·¥±ª ¿ ±¨±²¥¬ 

Fluent 5.5, ³±² ­®¢«¥­­ ¿ ­  ª®¬¯¼¾²¥° µ �¥­²°  ¢»±®ª®¯°®¨§¢®¤¨-
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²¥«¼­»µ ¢»·¨±«¨²¥«¼­»µ ²¥µ­®«®£¨© ��¡���, ¨ ¨±±«¥¤®¢ ²¥«¼±ª¨©

¯°®£° ¬¬­»© ª®¬¯«¥ª± SINF, ° §° ¡®² ­­»© ±®²°³¤­¨ª ¬¨ ª ´¥-

¤°» £¨¤°® ½°®¤¨­ ¬¨ª¨ ��¡���. � ®¡¥¨µ ¯°®£° ¬¬ µ ¤¨±ª°¥²¨-

§ ¶¨¿ ¯°®±²° ­±²¢¥­­»µ ®¯¥° ²®°®¢ ³° ¢­¥­¨© ±®µ° ­¥­¨¿ ¢»¯®«-

­¥­  ¯® ¬¥²®¤³ ª®­¥·­®£® ®¡º¥¬  ±® ¢²®°»¬ ¯®°¿¤ª®¬ ²®·­®±²¨.

� §¬¥°­®±²¼ ¨±¯®«¼§³¥¬®© ¢ ° ±·¥² µ ¯® ¤¢³¬ ¯°®£° ¬¬ ¬ ¨¤¥­-

²¨·­®© ±¥²ª¨ ±®±² ¢¨«  ¯°¨¬¥°­® 360 ²»±. ¿·¥¥ª.

�°®¢¥¤¥­® ±®¯®±² ¢«¥­¨¥ °¥§³«¼² ²®¢, ¯®«³·¥­­»µ ¯® ¤¢³¬ ¯°®-

£° ¬¬ ¬, ª ª ¬¥¦¤³ ±®¡®©, ² ª ¨ ± ½ª±¯¥°¨¬¥­²®¬. �° ¢­¥­¨¥ ±

½ª±¯¥°¨¬¥­²®¬ ¯®ª § «®, ·²® ¢»·¨±«¥­¨¿ µ®°®¸® ¢®±¯°®¨§¢®¤¿² ±³-

¹¥±²¢¥­­® ²°¥µ¬¥°­³¾ ±²°³ª²³°³ ²¥·¥­¨¿ ± ¯®¤ª®¢®®¡° §­»¬, ª -

­ «¼­»¬ ¨ ³£«®¢»¬¨ ¢¨µ°¿¬¨,   ² ª¦¥ «®ª «¼­»¥ ¨ ¨­²¥£° «¼­»¥

µ ° ª²¥°¨±²¨ª¨ ¯®²¥°¼ ¯®«­®£® ¤ ¢«¥­¨¿. �±®¡¥­­®±²¨ ²¥·¥­¨¿

¨ «®ª «¼­»¥ µ ° ª²¥°¨±²¨ª¨ ¯®²¥°¼ ¯®«­®£® ¤ ¢«¥­¨¿ ¢ °¥¸¥²ª¥

¢®±¯°®¨§¢®¤¿²±¿ ¢ ° ±·¥² µ ¯® ¤¢³¬ ¯°®£° ¬¬ ¬ ± ®¤¨­ ª®¢»¬ ª -

·¥±²¢®¬. �¥§³«¼² ²» ° ±·¥²®¢ ª®½´´¨¶¨¥­²  ²°¥­¨¿ ­  ²®°¶¥¢®©

±²¥­ª¥ ² ª¦¥ µ®°®¸® ±®£« ±³¾²±¿ ¤°³£ ± ¤°³£®¬.

1. Giel P. W., Thurman D. R., Lopez I., et al. Three-dimensional 
ow
�eld measurements in a transonic turbine cascade // ASME-Paper 96-
GT-113, P. 14.

Numerical simulation of three-dimensional transonic
turbulent 
ow 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 
ow 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 
ow �eld and total pressure losses is quite

satisfactory.
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�§ ¨¬®¤¥©±²¢¨¥ ³¤ °­®© ¢®«­» ¨ ¢®«­» �¨¬ ­ 

�. �. � ° ±¥¢, �. �. �±ª®¢

(kaf m4@bstu.spb.su, uvn@peterlink.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�§ ¨¬®¤¥©±²¢¨¥ ³¤ °­®© ¢®«­» (D) ¨ ¢®«­» ° §°¥¦¥­¨¿ �¨¬ ­  (R)
° ±±¬ ²°¨¢ ¥²±¿ ­  ¯°¨¬¥°¥ § ¤ ·¨ ® ¤¢¨¦¥­¨¨ ¯®°¸­¿ ¢ ²°³¡¥ ¯®-

±²®¿­­®£® ±¥·¥­¨¿ ¯°¨ ¢­¥§ ¯­®¬ ³¬¥­¼¸¥­¨¨ ±ª®°®±²¨, ª®£¤  ­ 

¥£® ²° ¥ª²®°¨¨ ¨¬¥¾²±¿ ³£«®¢»¥ ²®·ª¨.
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¨­²¥°´¥°¥­¶¨¿
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R r

c
, ¢®«­  ° §°¥¦¥­¨¿ ¤®£®­¿¥² ³¤ °­³¾ ¢®«­³;

¨­²¥°´¥°¥­¶¨¿
�!
R r

c
+
�!
D , ¯°¨ ª®²®°®© ³¤ °­ ¿ ¢®«­  ¤®£®­¿¥² ¢®«­³

° §°¥¦¥­¨¿.

�¡¹¨¬ ±¢®©±²¢®¬ ½²¨µ ¢¨¤®¢ ¨­²¥°´¥°¥­¶¨¨ ¿¢«¿¥²±¿ ­ «¨·¨¥ ®£° -

­¨·¥­­»µ ®¡« ±²¥©  ¢²®¬®¤¥«¼­»µ ¨ ®¤­®°®¤­»µ ²¥·¥­¨©.

� ª¨¬¨ ®¡« ±²¿¬¨ ¿¢«¿¾²±¿ · ±²¨ ²¥·¥­¨© ¢­³²°¨ ¢®«­ ° §°¥¦¥-

­¨¿, ®£° ­¨·¥­­»¥ ¨±µ®¤¿¹¨¬¨ ¨§ ²®·¥ª ¨­²¥°´¥°¥­¶¨¨ ¨«¨ ¯°¨-

µ®¤¿¹¨µ ¢ ­¨µ ª°¨¢®«¨­¥©­»¬¨ µ ° ª²¥°¨±²¨ª ¬¨ ¢®«­ �¨¬ ­ ,  

² ª¦¥ ®¡« ±²¨ ¯®ª®¿¹¨µ±¿ ±°¥¤ ¨«¨ ° ¢­®¬¥°­»µ ¯®²®ª®¢ §  ¡¥£³-

¹¨¬¨ ¢®«­ ¬¨ ¨ ².¯. � ·¨­ ¿ ± ½²¨µ ²®·¥ª ±ª®°®±²¨
�!
D -¢®«­ ¯¥-

°¥±² ¾² ¡»²¼ ¯®±²®¿­­»¬¨,   ¨­²¥­±¨¢­®±²¨ ½²¨µ ¢®«­ ­ ·¨­ ¾²

¨§¬¥­¿²¼±¿. �¥·¥­¨¿ §  ³¤ °­»¬¨ ¢®«­ ¬¨ ± ª°¨¢®«¨­¥©­»¬¨ ²° -

¥ª²®°¨¿¬¨ ¿¢«¿¾²±¿ ­¥¨§®½­²°®¯­»¬¨ ¨ ¬®£³² ¡»²¼ ° ±±·¨² ­»

²®«¼ª® ·¨±«¥­­»¬¨ ¬¥²®¤ ¬¨ (­ ¯°¨¬¥°, ¬¥²®¤®¬ µ ° ª²¥°¨±²¨ª).

�¤­ ª® ¬­®£¨¥ ¯ ° ¬¥²°» ²¥·¥­¨© ¢ ³ª § ­­»µ § ¤ · µ ¬®£³² ¡»²¼

®¯°¥¤¥«¥­» ­  ®±­®¢¥ ²®·­»µ °¥¸¥­¨© § ¤ · ­¥±² ¶¨®­ °­®© £¨¤°®-

£ §®¤¨­ ¬¨ª¨.

� ¤ ·  ® ¤¢¨¦¥­¨¨ ¯®°¸­¿ ± ¢­¥§ ¯­»¬ ¨§¬¥­¥­¨¥¬ ±ª®°®±²¨ ¨ ­ -

¯° ¢«¥­¨¿ ¤¢¨¦¥­¨¿ ° ±±¬ ²°¨¢ « ±¼ �. �. �¥°­»¬ [1]. �¥« «®±¼

¤®¯³¹¥­¨¥, ·²® ±ª®°®±²¨ ¯®°¸­¿ ¤® ¨ ¯®±«¥ ¨§¬¥­¥­¨¿ ­ ¯° ¢«¥­¨¿
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¤¢¨¦¥­¨¿ ­ ±²®«¼ª® ¬ «» ¯® ¢¥«¨·¨­¥ ±° ¢­¨²¥«¼­® ±® ±ª®°®±²¼¾

§¢³ª  ¢ ¯¥°¢®­ · «¼­® ¯®ª®¨¢¸¥¬±¿ £ §¥, ·²® ¢®§­¨ª ¾¹¨¥ ³¤ °­»¥

¢®«­» ¬®¦­® ±·¨² ²¼ ±« ¡»¬¨.

�®«³·¥­» °¥¸¥­¨¿ ¯°¥¤±² ¢«¥­­»µ § ¤ · ± ¨±¯®«¼§®¢ ­¨¥¬ ¯«®±ª®-

±²¨ ¨­²¥­±¨¢­®±²¥© ¢®«­ (�; V ), £¤¥ � | «®£ °¨´¬¨·¥±ª ¿ ¨­²¥­-

±¨¢­®±²¼ ±®®²¢¥²±²¢³¾¹¨µ ¢®«­, V |  ­ «®£ ·¨±«  �°®ªª® (®²­®-

¸¥­¨¥ ±ª®°®±²¨ ¯®°¸­¿ ª ¬ ª±¨¬ «¼­® ¢®§¬®¦­®© ±ª®°®±²¨ ­¥±² -

¶¨®­ °­®£® ¨±²¥·¥­¨¿ £ §  ¢ ¯³±²®²³, [2]), ¯®§¢®«¿¾¹¨¥ ° ±±·¨²»-

¢ ²¼ ¨­²¥°´¥°¥­¶¨¾ ¢®«­ �¨¬ ­  ¨ ³¤ °­»µ ¢®«­ «¾¡®© ¨­²¥­±¨¢-

­®±²¨.

1. �¥°­»© �. �. � §®¢ ¿ ¤¨­ ¬¨ª : �·¥¡­¨ª ¤«¿ ³­¨¢¥°±¨²¥²®¢ ¨
¢²³§®¢. �., 1988. 424 c.
2. �±ª®¢ �. �. �¥£³¹¨¥ ®¤­®¬¥°­»¥ ¢®«­». ��¡., 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.

� §¤¥«¥­¨¥ ½¬³«¼±¨¨ ¢ ´¨«¼²°¥ ± ª® «¥±¶¨°³¾¹¥©
§ £°³§ª®©

�. �. �®·¥°»¦¥­ª®¢, �. �. � ²¢¥¥¢, �. �. �·¥«¨­¶¥¢

(smat@rambler.ru15)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼ ° §¤¥«¥­¨¿ ¢®¤» ¨ ½¬³«¼£¨°®¢ ­­»µ ¢ ­¥©

­¥´²¥¯°®¤³ª²®¢ ®±­®¢ ­  ­  ¯°¥¤±² ¢«¥­¨¨ ´¨«¼²°  ª ª ±¨±²¥¬»

ª ¯¨««¿°®¢, ¤¨ ¬¥²° ª®²®°»µ ®¯°¥¤¥«¿¥²±¿ ² ª, ·²®¡» ®²­®¸¥­¨¥

¯®¢¥°µ­®±²¨ ¯®° ª ¨µ ®¡º¥¬³ ±®¢¯ ¤ «® ± °¥ «¼­»¬. �°¥¤¯®« £ -

¥²±¿, ·²® ¯® £¨¤°®´®¡­®© ¯®¢¥°µ­®±²¨ ª ¯¨««¿°®¢ ²¥·¥² ¯«¥­ª  ¨§

ª® «¥±¶¨°®¢ ­­®© ¯°¨¬¥±¨,   ¢ ¶¥­²°¥ ª ¯¨««¿°®¢ | ½¬³«¼±¨¿. � -

¢¨±¨¬®±²¼ ¨­²¥­±¨¢­®±²¨ ¬ ±±®®¡¬¥­  ½¬³«¼±¨¨ ± ¯«¥­ª®© §  ±·¥²

ª® «¥±¶¥­¶¨¨ ª ¯¥«¼ ±·¨² ¥²±¿ ¨§¢¥±²­®© ¨§ ½ª±¯¥°¨¬¥­²®¢.
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�»¢¥¤¥­» ³° ¢­¥­¨¿ ¤«¿ ±²¥¯¥­¨ ®·¨±²ª¨ ¢®¤» ®² ¯°¨¬¥±¨ ¨ ²®«-

¹¨­» ¯«¥­ª¨ ­¥´²¥¯°®¤³ª²®¢, ¯®§¢®«¿¾¹¨¥ ¯®«³·¨²¼ § ¢¨±¨¬®±²¼

½²¨µ ¯ ° ¬¥²°®¢ ®² ¢°¥¬¥­¨ ° ¡®²» ´¨«¼²°  ¨ ²¥¬ ± ¬»¬ ®¶¥­¨²¼

¥£® °¥±³°±.

Emulsion separation by �lter 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 �lter 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 �lm 
ows along hydrophobic surface
of the capillary and emulsion 
ows at the center of capillary. Dependence of
rate of mass transfer of emulsion with the oil �lm at the expense of drops
coalescence is considered to be known from experiments.

It were derived equations for water separation e�ciency and oil �lm depth

that gives the opportunity to get these parameters time dependence from �lter

operation time and to estimate �lter service life.

�®½´´¨¶¨¥­²» ±ª®°®±²¨ ¤¨±±®¶¨ ¶¨¨ ¢ ±¨«¼­®
­¥° ¢­®¢¥±­»µ ¯®²®ª µ °¥ £¨°³¾¹¨µ £ §®¢

�. �. �³±²®¢ , �. �. � £­¨¡¥¤ 

(elena kustova@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®½´´¨¶¨¥­²» ±ª®°®±²¥© ­¥° ¢­®¢¥±­»µ µ¨¬¨·¥±ª¨µ °¥ ª¶¨© ­¥®¡-

µ®¤¨¬» ¤«¿ °¥¸¥­¨¿ ³° ¢­¥­¨© µ¨¬¨·¥±ª®© ¨ ª®«¥¡ ²¥«¼­®© ª¨­¥-

²¨ª¨ ¨, ±«¥¤®¢ ²¥«¼­®, ¤«¿ ª®°°¥ª²­®£® ®¯°¥¤¥«¥­¨¿ £ §®¤¨­ ¬¨·¥-

±ª¨µ ¯ ° ¬¥²°®¢ ­¥° ¢­®¢¥±­»µ ²¥·¥­¨© °¥ £¨°³¾¹¨µ £ §®¢. � ¨-

¡®«¥¥ ²®·­®¥ ®¯¨± ­¨¥ ²¥·¥­¨© ± § ¬¥¤«¥­­®© ª®«¥¡ ²¥«¼­®© °¥« ª-

± ¶¨¥© ¨ µ¨¬¨·¥±ª¨¬¨ °¥ ª¶¨¿¬¨ ±²°®¨²±¿ ­  ®±­®¢ ­¨¨ ¯®³°®¢­¥-

¢®£® ¯°¨¡«¨¦¥­¨¿. �¥° ¢­®¢¥±­ ¿ ª®«¥¡ ²¥«¼­ ¿ ª¨­¥²¨ª  ¢ ° §-

«¨·­»µ ²¥·¥­¨¿µ ¨±±«¥¤®¢ « ±¼ ¢ [1], ¢ °¥§³«¼² ²¥ ¡»«¨ ¯®«³·¥­»

­¥¡®«¼¶¬ ­®¢±ª¨¥ ¯®³°®¢­¥¢»¥ ª®«¥¡ ²¥«¼­»¥ ° ±¯°¥¤¥«¥­¨¿. � ­ -

±²®¿¹¥© ° ¡®²¥ ­  ®±­®¢ ­¨¨ ½²¨µ ° ±¯°¥¤¥«¥­¨© ¨§³· ¾²±¿ ®±°¥¤-

­¥­­»¥ ª®½´´¨¶¨¥­²» ±ª®°®±²¨ ¤¨±±®¶¨ ¶¨¨ ¢ ¯®²®ª µ £ §®¢ § 

³¤ °­»¬¨ ¢®«­ ¬¨, ¢ ¯®£° ­¨·­®¬ ±«®¥, ¢ ±®¯« µ. �®ª § ­® ¢ ¦­®¥
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¢«¨¿­¨¥ ­¥° ¢­®¢¥±­®© ª®«¥¡ ²¥«¼­®© ª¨­¥²¨ª¨ ­  ½²¨ ª®½´´¨¶¨-

¥­²» ¨ ¨µ ±³¹¥±²¢¥­­®¥ ®²«¨·¨¥ ®² ­ ¨¡®«¥¥ · ±²® ¨±¯®«¼§³¥¬»µ ¢

«¨²¥° ²³°¥ ²¥°¬¨·¥±ª¨ ° ¢­®¢¥±­»µ ª®½´´¨¶¨¥­²®¢ �°°¥­¨³± .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-03-42044).

1. �³±²®¢  �. �., � £­¨¡¥¤  �. �. �¥° ¢­®¢¥±­ ¿ ª¨­¥²¨ª  ¨ ¯°®-
¶¥±±» ¯¥°¥­®±  ¢ ¯®²®ª µ °¥ £¨°³¾¹¨µ £ §®¢. �¥®°¨¿ ¨ ¯°¨«®¦¥-
­¨¿ // �¨¤°® ½°®¬¥µ ­¨ª . �®¤ °¥¤. �.�. �³«®¢ . 1999. C. 147-176.

Dissociation rate coe�cients in strongly
non-equilibrium reacting gas 
ows

E. V. Kustova, E. A. Nagnibeda

St. Petersburg State University, St. Russia

Non-equilibrium dissociation rate coe�cients are studied on the basis of state-

to-state kinetic theory approach. State-to-state vibrational and chemical ki-

netics in various reacting gas 
ows (behind a shock wave, in a boundary layer,

in a nozzle) has been investigated, and averaged dissociation rate coe�cients

have been calculated using non-equilibrium vibrational distributions. An es-

sential deviation of non-equilibrium rate coe�cients from the widely used ther-

mal equilibrium Arrhenius coe�cients is found.

�¯°¥¤¥«¥­¨¥ ±¢®¡®¤­®© ¯®¢¥°µ­®±²¨ ¦¨¤ª®±²¨
¢ ¤¢¨¦³¹¥¬±¿ ±®±³¤¥ ± ³¯°³£®© ¢±² ¢ª®©
 ±¨¬¯²®²¨·¥±ª¨¬ ¬¥²®¤®¬

�.�. �³²¥¥¢ 

(galina.kuteeva@gk1662.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¯°¿¬®³£®«¼­»© ±®±³¤ ± ¦¨¤ª®±²¼¾, ª®²®°»© ±®-

¢¥°¸ ¥² § ¤ ­­®¥ ¤¢¨¦¥­¨¥ ¯® £ °¬®­¨·¥±ª®¬³ § ª®­³. � ¤ · 

¯«®±ª ¿. �­³²°¨ ±®±³¤  | ¨¤¥ «¼­ ¿ ­¥±¦¨¬ ¥¬ ¿ ¦¨¤ª®±²¼, ¤¢¨-

¦¥­¨¥ ª®²®°®© ¯®²¥­¶¨ «¼­®¥. �­® ¨ ®¤­  ¨§ ±²¥­®ª ±®±³¤  |

¦¥±²ª¨¥. �°³£ ¿ ±²¥­ª  ±®¤¥°¦¨² ³¯°³£³¾ ¢±² ¢ª³. �»±®²  ­¥¢®§-

¬³¹¥­­®© ¦¨¤ª®±²¨ ±®¢¯ ¤ ¥² ± ° §¬¥°®¬ ³¯°³£®© ¢±² ¢ª¨. �°¥¤-

¯®« £ ¥²±¿, ·²® ª°»¸ª  ±®±³¤  ­ µ®¤¨²±¿ ­ ±²®«¼ª® ¢»±®ª® ­ ¤

±¢®¡®¤­®© ¯®¢¥°µ­®±²¼¾ ¦¨¤ª®±²¨, ·²® ¦¨¤ª®±²¼ ­¥ ³¤ °¿¥²±¿ ®

ª°»¸ª³.
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�±¯®«¼§³¥²±¿ ¬¥²®¤ ° §¤¥«¥­¨¿ ¯¥°¥¬¥­­»µ ¨ ¬¥²®¤ �³¡­®¢  - � -

«¥°ª¨­ . � ¯®¬®¹¼¾ ¬­®¦¨²¥«¥© � £° ­¦  ¢¢®¤¿²±¿ ³±«®¢¨¿ ±¢¿§¨

| ­¥«¨­¥©­®¥ ª¨­¥¬ ²¨·¥±ª®¥ ³±«®¢¨¥ ­  ³¯°³£®© ¯®¢¥°µ­®±²¨ ¨

«¨­¥©­®¥ ³±«®¢¨¥ ±®µ° ­¥­¨¿ ®¡º¥¬  ¦¨¤ª®±²¨ ¢ ±®±³¤¥. � ±±¬ -

²°¨¢ ¥²±¿ ¯¥°¢ ¿ ´®°¬  ª®«¥¡ ­¨© ±¨±²¥¬».

�¥¸¥­¨¥ ¯®«³·¥­­®© ­¥«¨­¥©­®© ±¨±²¥¬» ®²­®±¨²¥«¼­® ®¡®¡¹¥­­»µ

ª®®°¤¨­ ² ¯°®¢¥¤¥­®  ±¨¬¯²®²¨·¥±ª¨¬ ¬¥²®¤®¬ ¡¥§ ³·¥²  ¢­³²°¥­-

­¥£® ²°¥­¨¿ ¢ ¬ ²¥°¨ «¥ ³¯°³£®© ¢±² ¢ª¨ ¨ ± ³·¥²®¬ ¢­³²°¥­­¥£®

²°¥­¨¿.

Obtaining of 
uid free surface in a moving container
with elastic part by asymptotic technique

G. A. Kuteeva

St. Petersburg State University, Russia

A rectangular container (tank) �lled partly by an inviscid incompressible 
uid

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 
uid free surface is studied by asymptotic technique. The �rst

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.

�­ «¨²¨·¥±ª®¥ ®¯¨± ­¨¥ ¤¢¨¦¥­¨¿ ª®° ¡«¿
­  ¢®«­¥­¨¨

�. �. � ­³©«®¢, �. �. �®±²®¢±ª¨©

(elena@tech.spb.ru)

��� "��¡-�¥µ­®«®£¨¿", � ­ª²-�¥²¥°¡³°£, �®±±¨¿

���� "�®­±²°³ª²®°±ª®¥ ¡¾°® ±¯¥¶¨ «¼­®£® ¬ ¸¨­®±²°®¥­¨¿",

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¨ ¤¢¨¦¥­¨¨ ª³°±®¬, ª®±¢¥­­»¬ ¯® ®²­®¸¥­¨¨ ª ´°®­²³ ¢®«­»,

ª®° ¡«¼ ¯°¥¤±² ¢«¿¥² ±®¡®© ²¿¦¥«®¥ ²¢¥°¤®¥ ²¥«®, ¢° ¹ ¾¹¥¥±¿

(ª · ¾¹¥¥±¿) ®ª®«® ­¥¯®¤¢¨¦­®© ²®·ª¨ ¯®¤ ¤¥©±²¢¨¥¬ ¢­¥¸­¨µ

±¨«, § ±² ¢«¿¾¹¨µ ¥£® ¶¥­²° ²¿¦¥±²¨ ®¯¨±»¢ ²¼ ®²­®±¨²¥«¼­® ½²®©

²®·ª¨ ¢ ®¡¹¥¬ ±«³· ¥ ¯°®±²° ­±²¢¥­­³¾ ª°¨¢³¾, ­¥ «¥¦ ¹³¾ ­ 
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±´¥°¥ [1]. �° ¢­¥­¨¿ ¤¢¨¦¥­¨¿ ª®° ¡«¿ ±³²¼ ³° ¢­¥­¨¿ �©«¥° 

AiD!i + (Ak � Aj)!j!k =

3X
m=1

Fxm(xj0�m3 � xk0�m2);

¢ ª®²®°»µ ª®®°¤¨­ ²» ¶¥­²°  ²¿¦¥±²¨ xi0; ¬®¬¥­²» ¨­¥°¶¨¨ Ai ¨

±®±² ¢«¿¾¹¨¥ ° ¢­®¤¥©±²¢³¾¹¥© ¢­¥¸­¨µ ±¨« Fxi ¿¢«¿¾²±¿ ¯¥°¨®-
¤¨·¥±ª¨ ¨§¬¥­¿¾¹¨¬¨±¿ ¢¥«¨·¨­ ¬¨. �µ ²®·­»¥ °¥¸¥­¨¿ ±³²¼ ²°¨-

£®­®¬¥²°¨·¥±ª¨¥ ´³­ª¶¨¨  «£¥¡° ¨·¥±ª®© ª°¨¢®© °®¤  ¤¢  ¯°¥¤-

±² ¢«¿¾¹¨¥ ±®¡®© ®²­®¸¥­¨¿  ¡¥«¥¢»µ ´³­ª¶¨© ®² ¤¢³µ ¯¥°¥¬¥­-

­»µ [2].

�¢¨¤³ ¯¥°¨®¤¨·¥±ª®£® ¨§¬¥­¥­¨¿ ¢¥«¨·¨­ ®­¨ ¿¢«¿¾²±¿ ´³­ª¶¨¿¬¨

¯¿²¨ ¯¥°¥¬¥­­»µ | ¤¢³µ  °£³¬¥­²®¢ ¨ ²°¥µ ¬®¤³«¥©,   ³° ¢­¥­¨¿

¨¬¥¾² ¢¨¤

AiD!i+(Ak�Aj)!j!k = �!i+

3X
m=1

Fxm(xj0�m3�xk0�m2)+['(xi; t)];

£¤¥ ±²®¿¹¨¥ ±¯° ¢  ¢ ª¢ ¤° ²­»µ ±ª®¡ª µ ±« £ ¥¬»¥ ¿¢«¿¾²±¿

´³­ª¶¨¿¬¨ ª¢ §¨¯¥°¨®¤¨·¥±ª¨¬¨, ®²®¡° ¦ ¾¹¨¬¨ª ª ­¥«¨­¥©­»©

µ ° ª²¥° ª®«¥¡ ­¨© ² ª ¨ ­¥¯¥°¨®¤¨·­®±²¼ ¨µ, ¤ ¦¥ ¯°¨ § ¤ ­¨¨

¢­¥¸­¨µ ±¨« ¯¥°¨®¤¨·¥±ª¨¬¨ ´³­ª¶¨¿¬¨, ·²® ¯®«­®±²¼¾ ±®®²¢¥²-

±²¢³¥² °¥ «¼­® ­ ¡«¾¤ ¥¬»¬ ¿¢«¥­¨¿¬.

�­¿²¨¥ ²°¥¡®¢ ­¨¿ �©«¥°®¢®© ¦¥±²ª®±²¨ ¤ ¥²  ­ «¨²¨·¥±ª®¥ ®¯¨-

± ­¨¥ ª®«¥¡ ­¨© ª®°¯³±  ª®° ¡«¿, ¢»§¢ ­­»µ ¯¥°¨®¤¨·¥±ª¨¬ ¨§¬¥-

­¥­¨¥¬ ¥£® ½««¨¯±®¨¤  ¨­¥°¶¨¨, ¤«¿ ¯®«­®²» ª®²®°®£® ²°¥¡³¥²±¿

­ ©²¨ ¢²®°»¥ ±³¡±² ­¶¨®­ «¼­»¥ ¯°®¨§¢®¤­»¥ ®² ³£«®¢»µ ±ª®°®-

±²¥©, ²® ¥±²¼ ¯®±²°®¨²¼ ¢®«­®¢»¥ ³° ¢­¥­¨¿, ±®¤¥°¦ ¹¨¥ ¯°®¨§-

¢®¤­»¥ ·¥²¢¥°²®£® ¯®°¿¤ª  ¯® ¯¥°¥¬¥­­»¬.

1. �°»«®¢ �. �. � ·ª  ª®° ¡«¿. �®¡° ­¨¥ ²°³¤®¢  ª. �.�. �°»«®¢ ,
�. XI. �.- �., 1951.
2. �®¤»¦¥­±ª¨© �. �. �»­³¦¤¥­­®¥ ¤¢¨¦¥­¨¥ ²¢¥°¤®£® ²¥«  ¢®ª°³£
­¥¯®¤¢¨¦­®£® ¶¥­²°  ²¿¦¥±²¨ ¨ ­¥¯®¤¢¨¦­®© ²®·ª¨. 2001.
3. �«¼¨­  �. �., � ­³©«®¢ �. �. �³°± «¥ª¶¨© ¯® ���� ¨ ½««¨¯²¨-
·¥±ª¨¬ ´³­ª¶¨¿¬. ��¡, 2002.
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The analytical description of the ship motion

K. V. Manujlov, N. P. Mostovskij

"SPb-Technology", St. Petersburg, Russia

"Design O�ce 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 �xed point along with space curves

not lying on the sphere.

�»¡®° µ ° ª²¥°­®£® ° §¬¥°  ¢ ²¥®°¨¨ «®ª «¼­®£®
¢§ ¨¬®¤¥©±²¢¨¿

�. �. �¨°®¸¨­

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², P®±±¨¿

�®«³½¬¯¨°¨·¥±ª ¿ ²¥®°¨¿ «®ª «¼­®£® ¢§ ¨¬®¤¥©±²¢¨¿ (���) [1]

¯°¥¤­ §­ ·¥­  ¤«¿ ¡»±²°®© ®¶¥­ª¨ ¨­²¥£° «¼­»µ µ ° ª²¥°¨±²¨ª

(±¨«, ¬®¬¥­²®¢, ±°¥¤­¥© ²¥¬¯¥° ²³°» ¯®¢¥°µ­®±²¨ ¨ ². ¤.) ²¥«, ¤¢¨-

¦³¹¨µ±¿ ¢ ­¥ª®²®°®© ±°¥¤¥, ­ ¯°¨¬¥°,  ½°®¤¨­ ¬¨·¥±ª¨µ µ ° ª²¥-

°¨±²¨ª ¢ ° §°¥¦¥­­®¬ £ §¥. �­  ¢¥¤¥² ±¢®¥ ­ · «® ®² �. �¼¾²®­ 

(´®°¬³«  �¼¾²®­ ), ­® ®´®°¬¨« ±¼ ¢ ®²¤¥«¼­³¾ ²¥®°¨¾ «¨¸¼ ¢

ª®­¶¥ ¯°®¸«®£® ¢¥ª , ¯°¨®¡°¥²¿ ±² ²³± ®¯¥° ²¨¢­®£® ¨­±²°³¬¥­² 

¤«¿ °¥¸¥­¨¿ § ¤ · ­  ±² ¤¨¨ ½±ª¨§­®£® ¯°®¥ª²¨°®¢ ­¨¿ «¥² ²¥«¼-

­»µ  ¯¯ ° ²®¢ ± ¡®«¼¸¥© ²®·­®±²¼¾, ·¥¬  ­ «¨§ ° §¬¥°­®±²¥©, ­®

­¥ ² ª®£® ²°³¤®¥¬ª®£®, ª ª ·¨±«¥­­®¥ °¥¸¥­¨¥ § ¤ · ®¡²¥ª ­¨¿. �

¯®¢»¸¥­¨¨ ²®·­®±²¨ ° ±·¥²  ¯® ��� ¢ ¦­³¾ °®«¼ ¨£° ¥² ¢»¡®°

µ ° ª²¥°­®£® ° §¬¥°  ²¥« , ¢µ®¤¿¹¥£® ¢ µ ° ª²¥°¨±²¨ª¨ ²¥·¥­¨¿

(·¨±«® �¥©­®«¼¤± , �­³¤±¥­  ¨ ². ¤.), ®² ª®²®°»µ § ¢¨±¿² ½¬¯¨°¨-

·¥±ª¨¥ ª®½´´¨¶¨¥­²» (ª®½´´¨¶¨¥­²» °¥¦¨¬ ) ���, ¨ ­³¦­® ² ª

®¯°¥¤¥«¨²¼ ½²®² ° §¬¥°, ·²®¡» ª®½´´¨¶¨¥­²» °¥¦¨¬  ­¥ § ¢¨±¥«¨

®² ´®°¬» ²¥« . �» ¢»¿±­¿¥¬ ½²®² ¢®¯°®±, ° §«®¦¨¢ ¨­²¥£° «¼­³¾

µ ° ª²¥°¨±²¨ª³ ¢ °¿¤ ¯® ¬ «®¬³ ³£«³  ² ª¨. �®½´´¨¶¨¥­² ¯°¨

¯¥°¢®¬ ·«¥­¥ °¿¤  (¯«®¹ ¤¼ "®±¢¥¹¥­­®©" ¯®¢¥°µ­®±²¨) ¨±¯®«¼§³-

¥²±¿ ¤«¿ ¯°¨¢¥¤¥­¨¿ ¨­²¥£° «¼­»µ µ ° ª²¥°¨±²¨ª ° §«¨·­»µ ²¥« ª

®¤­®¬³ §­ ·¥­¨¾,   ¯°¨ ¢²®°®¬ | ¤«¿ ®¯°¥¤¥«¥­¨¿ µ ° ª²¥°­®£®

° §¬¥°  ²¥·¥­¨¿. � §¡°®± ½ª±¯¥°¨¬¥­² «¼­»µ ¤ ­­»µ ¤«¿ ª®½´´¨-

¶¨¥­²  ±®¯°®²¨¢«¥­¨¿ ° §«¨·­»µ ²¥« ¢ £ §¥ ¯°¨ ² ª®¬ ®¯°¥¤¥«¥­¨¨

±³¹¥±²¢¥­­® ³¬¥­¼¸ ¥²±¿ (¤¨±¯¥°±¨¿ ³¬¥­¼¸ ¥²±¿ ¢ ²°¨ ° § ).



�¥ª¶¨¿ III. �¨¤°® ½°®¬¥µ ­¨ª  151

1. �¨°®¸¨­ �. �., � «¨¤®¢ �. �. �¥®°¨¿ «®ª «¼­®£® ¢§ ¨¬®¤¥©±²¢¨¿.
�., 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 de�ned so that the

coe�cients of a regime do not depend on the shape of a body.

�¥²®¤ ° ±·¥²  £¨¤°®¤¨­ ¬¨·¥±ª¨µ
µ ° ª²¥°¨±²¨ª £°¥¡­®£® ¢¨­² , ° ¡®² ¾¹¥£® ¯°¨
¡®«¼¸¨µ ³£« µ ±ª®±  ­ ¡¥£ ¾¹¥£® ¯®²®ª 

�.�. �³µ¨­ 

(krylov@krylov.spb.ru)

���� ¨¬¥­¨  ª ¤. �.�. �°»«®¢ , � ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¨¬¥­¥­¨¥ ¢¨µ°¥¢®© ²¥®°¨¨ ª ¬¥²®¤ ¬ ° ±·¥²  £¨¤°®¤¨­ ¬¨·¥-

±ª¨µ µ ° ª²¥°¨±²¨ª ±³¤®¢»µ £°¥¡­»µ ¢¨­²®¢ ¯®¤²¢¥°¤¨«® ¨¤¥¨

�. �. �®«¿µ®¢  ® ¶¥«¥±®®¡° §­®±²¨ ¨ ¯° ª²¨·¥±ª®© ¶¥­­®±²¨ ½²®£®

­ ¯° ¢«¥­¨¿ ­ ³ª¨. � ¤ ·  £¨¤°®¤¨­ ¬¨·¥±ª®£® ° ±·¥²  £°¥¡­®£®

¢¨­²  ¯°¨ ¡®«¼¸¨µ ³£« µ ±ª®±  ¯®²®ª , °¥¸¥­¨¥ ª®²®°®© ­¥®¡µ®-

¤¨¬® ¤«¿ ®¶¥­ª¨ ±¨«, ¤¥©±²¢³¾¹¨µ ­  £°¥¡­®© ¢¨­² ¢ ¯°®¶¥±±¥

¬ ­¥¢°¨°®¢ ­¨¿ ±³¤­ , ° ±±¬ ²°¨¢ « ±¼ ª ª ¯°®¤®«¦¥­¨¥ ° §¢¨²¨¿

¢¨µ°¥¢»µ ¬¥²®¤®¢, ­ · ²®£® ¢ ¨­±²¨²³²¥ ¢ 1960-µ £®¤ µ. � ª, ª

1987£. ¡»« ° §° ¡®² ­ ·¨±«¥­­»© ¬¥²®¤, ®±­®¢ ­­»© ­  ¢¨µ°¥¢®©

±µ¥¬¥ ­¥±³¹¥© ¯®¢¥°µ­®±²¨, ¯°¨ ½²®¬ ¯¥«¥­  §  ¤¢¨¦¨²¥«¥¬ ­ ¯° -

¢«¥­  ¯® ¯®²®ª³ ¨ ¯°¨¬¥­¿¥²±¿ ¬¥²®¤ ¯®±«¥¤®¢ ²¥«¼­»µ ¯°¨¡«¨¦¥-

­¨©. �®±ª®«¼ª³ ¯°¨ ³£« µ ±ª®±  ¯®²®ª , ¡®«¼¸¨µ 30o, ¤®¯³¹¥­¨¥ ®

° §¢¨²¨¨ ±«¥¤  ±²°®£® ¯® ¯®²®ª³ ±² ­®¢¨²±¿ ­¥¢¥°­»¬, ¢ ½²®¬ ±«³-

· ¥ ¯°¥¤« £ ¥²±¿ ³·¨²»¢ ²¼ § ª°³²ª³ ¯¥«¥­» ¨ ª°¨¢®«¨­¥©­®±²¼ ¥¥

´®°¬». �°®¢¥¤¥­­»¥ ° ­¥¥ ¢ ®¯»²®¢®¬ ¡ ±±¥©­¥ ���� ¨¬.  ª ¤.

�. �. �°»«®¢  ¨±¯»² ­¨¿ ¯® ¨±±«¥¤®¢ ­¨¾ ²° ¥ª²®°¨¨ ±²°³¨ £°¥¡-

­®£® ¢¨­²  ¢ ±­®±¿¹¥¬ ¯®²®ª¥ ¯®§¢®«¨«¨ ­  ®±­®¢¥ ®¡° ¡®² ­­»µ



152 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

¤ ­­»µ ¯°¨ ° §«¨·­»µ ³£« µ ¯®¢®°®²  ¢¨­²  ®²­®±¨²¥«¼­® ­ ¡¥£ -

¾¹¥£® ¯®²®ª  ¨ ° §«¨·­®© ¥£® ±ª®°®±²¨ ¤¢¨¦¥­¨¿ ¯®«³·¨²¼  ­ «¨-

²¨·¥±ª³¾ § ¢¨±¨¬®±²¼ ­ · «¼­®£® ³£«  ±ª®±  ¯®²®ª , ®²ª«®­¿¥¬®£®

«®¯ ±²¿¬¨, ®² ­ £°³§ª¨ ¤¢¨¦¨²¥«¿ ¯°¨ ³£« µ ¬¥¦¤³ ®±¼¾ ¨ ­ ¡¥£ -

¾¹¨¬ ¯®²®ª®¬ 20� 90o. �°¥¤« £ ¥¬»© ° ±·¥²­»© ¬¥²®¤, °¥ «¨§®-

¢ ­­»© ­  ¯¥°±®­ «¼­®¬ ª®¬¯¼¾²¥°¥, ¯°®¢¥°¥­ ­  ¬®¤¥«¿µ £°¥¡­»µ

¢¨­²®¢ ° §«¨·­»µ ±¥°¨©, ¤«¿ ª®²®°»µ ¨¬¥¾²±¿ ½ª±¯¥°¨¬¥­² «¼­»¥

¤ ­­»¥ ¯® ª®½´´¨¶¨¥­² ¬ ¯°®¤®«¼­®©, ¯®¯¥°¥·­®© ±¨«» ¨ ª°³²¿-

¹¥£® ¬®¬¥­² .

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 90o. 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 con�rmed by

comparison of calculation outcomes with experiment.

�¥¯«®±ª¨© ±³¤®¢®© °³«¼ | ¨§®¡°¥²¥­¨¥,
¢»¯®«­¥­­®¥ ±®¢¬¥±²­® ± �. �. �®«¿µ®¢»¬ (±².)
(¯ ²¥­² �ª° ¨­» Â43381 ®² 17.12.2001)

�. �. �¨ª®« ¥¢

�¨ª®« ¥¢±ª ¿ �£° °­ ¿  ª ¤¥¬¨¿, �ª° ¨­ 

� §° ¡®² ­  ­®¢ ¿ ´®°¬  ¯¥°  ±³¤®¢®£® °³«¿. �§®¡°¥²¥­¨¥ § ¹¨-

¹¥­® ¯ ²¥­²®¬ �ª° ¨­» [1] ¢ 2001 £. � ¡®²  ­ ¤ ¨§®¡°¥²¥­¨¥¬

¢¥« ±¼ ¢ 1980-¥ £®¤» ±®¢¬¥±²­® ± �. �. �®«¿µ®¢»¬ (±².) ¨ ¡ §¨°®-

¢ « ±¼ ­  ° §° ¡®² ­­®© ¨¬ ²¥®°¨¨ £°¥¡­®£® ¢¨­²  [2-6]. �° ª²¨-

·¥±ª ¿ ° §° ¡®²ª  ª®­±²°³ª¶¨¨ ¡»«  ¢»¯®«­¥­  �. �. �¨ª®« ¥¢»¬

¢ £. �¨ª®« ¥¢, ¡»¢¸. ����. �§®¡°¥²¥­¨¥ ¯°¥¤±² ¢«¿¥² ±®¡®© ±®-

¢¥°¸¥­±²¢®¢ ­¨¥ ¢§¿²®£® §  ¯°®²®²¨¯ ¨§®¡°¥²¥­¨¿, § ¹¨¹¥­­®£®

¯ ²¥­²®¬ �¯®­¨¨ Â 58030896 A. �¡¹¥© ¨¤¥¥© ®¡®¨µ ¨§®¡°¥²¥­¨©

¿¢«¿¥²±¿ ª°¨¢®«¨­¥©­ ¿ £¥®¬¥²°¨¿ ¯¥°  °³«¿ ¢¬¥±²® ¯«®±ª®£® ¯¥° 

(¯«®±ª®£® ¢ ®±¥¢®¬ ¯°®¤®«¼­®¬ ±¥·¥­¨¨). �¥®°¥²¨·¥±ª®© ®±­®¢®©
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° ±·¥²®¢ ¯®±«³¦¨« ³±®¢¥°¸¥­±²¢®¢ ­­»© �. �. �®«¿µ®¢»¬ ¬¥²®¤

¤¨±ª°¥²­»µ ¢¨µ°¥© (±¬. ±² ²¼¨ 43-48,55,56,62 ¢ [3]). �¥¸¥­¨¥ § ¤ ·¨

±²°®¨²±¿ ¢¨µ°¥¢»¬ ¬¥²®¤®¬ ­  ®±­®¢ ­¨¨ ¬®¤¥«¨ �®««¥¿, ®¡®¡¹¥­-

­®© ­  ­¥±² ¶¨®­ °­»© ±«³· © ± ¯®±²®¿­­®© ¯® ° §¬ µ³ ¶¨°ª³«¿-

¶¨¥© ¤«¿ ª°»«  ± ®²ª«®­¿¾¹¥©±¿ · ±²¼¾. �°¨ ½²®¬ ¯«®²­®±²¼ ¶¨°-

ª³«¿¶¨¨ ¨¬¥¥² ®±®¡¥­­®±²¼ ¢ ¨§«®¬¥ ª°»« . �®®²¢¥²±²¢³¾¹¥¥ ¨­-

²¥£° «¼­®¥ ³° ¢­¥­¨¥ °¥¸ ¥²±¿ ¬¥²®¤®¬ ª®«®ª ¶¨¨. �±² ­®¢«¥­­ ¿

´®°¬  ¨±ª°¨¢«¥­­®£® ¯¥°  °³«¿ ¯®§¢®«¿¥² ¢ ®²«¨·¨¥ ®² ³¯®¬¿­³²®£®

¯°®²®²¨¯  ¡®«¥¥ ²®·­® ¨ ½´´¥ª²¨¢­® ¨±¯®«¼§®¢ ²¼ ±¯¨° «¥¢¨¤­³¾

§ ª°³²ª³ ¢ ±²°³¥ ¢¨­² . �¨¤°®¤¨­ ¬¨·¥±ª ¿ ½´´¥ª²¨¢­®±²¼ ¯®¢»-

¸ ¥²±¿ ² ª¦¥ ¨ §  ±·¥² ±¯¥¶¨ «¼­®© ¬¥²®¤¨ª¨ ° ±·¥² , ³·¨²»¢ ¾-

¹¥© ±²°³ª²³°³ ¯®«¿ ±ª®°®±²¥© ¢ ±²°³¥ ¢¨­² .

1. I¢ ­®¢¨· �. �., �®«¿µ®¢ �. �. �²¥°­® ±³¤®¢­¥. � ²¥­² ­  ¢¨­ -
µi¤. �ª° ¨­ . � ²¥­² ­  ¨§®¡°¥²¥­¨¥ UA-43381-C2. ±¢¨¤¥². N.7-
B63H25/38 ®² 17.12.2001
2. �¥²·¨­ª¨­ �. �., �®«¿µ®¢ �. �. �¥®°¨¿ ¨ ° ±·¥² ¢®§¤³¸­®£® £°¥¡-
­®£® ¢¨­² . �., 1940. 520 ±.
3. �®«¿µ®¢ �. �. �§¡° ­­»¥ �°³¤». �½°®£¨¤°®¤¨­ ¬¨ª . ��¡.
1997. 379 ±.
4. �®«¿µ®¢ �. �. �¡ ¨­²¥£° «¼­®¬ ³° ¢­¥­¨¨ ²¥®°¨¨ ­¥±³¹¥© ¯®-
¢¥°µ­®±²¨. �¥±²­¨ª ���. 1973. �»¯. 7, C. 115-121 ¨«¨ ¢ ª­¨£¥ [3],
C. 306-315.
5. �®«¿µ®¢ �. �., �¥«¼­¨ª®¢  �. �. � °¥¸¥­¨¨ ¨­²¥£° «¼­®£® ³° ¢-
­¥­¨¿ ®¡²¥ª ­¨¿ ­¥±³¹¥© ¯®¢¥°µ­®±²¨. �¥±²­¨ª ���. 1978. �»¯.1.
�. 123-128, ¨«¨ ¢ ª­¨£¥ [3], C. 324-329.
6. �®«¿µ®¢ �. �.,�³° ¢  �. �., �¨ª®« ¥¢ �. �. �° ª²¨·¥±ª¨© ¬¥²®¤
° ±·¥²  ­¥±² ¶¨®­ °­»µ µ ° ª²¥°¨±²¨ª ª°»«  ± ®²ª«®­¿¾¹¥©±¿ · -
±²¼¾. �¥¯®­¨°. ¢ ���� "�³¬¡". �., 1986. 10 ±., ¨«¨ ¢ ª­¨£¥ [3],
C. 356-365.

Non-planar ship steer | an invention together with
N. N. Polyakhov (Registered patent of Ukraina, 2001)

V. I. 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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� ²¥¬ ²¨·¥±ª ¿ ¬®¤¥«¼ ±¬¥°·  (²®°­ ¤®)

�. �. �¥²°®¢, �. �. �¨¡ °®¢

(
uid@niimm.spb.su)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�±µ®¤¿ ¨§ ±²®µ ±²¨·¥±ª®© ¬®¤¥«¨ £ §®¢§¢¥±¨ [1], ¢»¯¨±»¢ ¾²±¿ ¬ -

ª°®±ª®¯¨·¥±ª¨¥ ³° ¢­¥­¨¿ ¯¥°¥­®± , ®¯¨±»¢ ¾¹¨¥ ¤¢¨¦¥­¨¥ ±¬¥°· .

�¬¥°· ° ±±¬ ²°¨¢ ¥²±¿ ª ª £¥²¥°®£¥­­ ¿ ±°¥¤  ¡®«¼¸®© ¯°®±²° ­-

±²¢¥­­®© ¯°®²¿¦¥­­®±²¨ ¯® ±° ¢­¥­¨¾ ± ¤«¨­®© ±¢®¡®¤­®£® ¯°®-

¡¥£  ¬®«¥ª³« £ § , ®¡« ¤ ¾¹ ¿ ¡®«¼¸¨¬ §­ ·¥­¨¥¬ ² ­£¥­¶¨ «¼­®©

±®±² ¢«¿¾¹¥© ¥£® ±ª®°®±²¨ ¯® ±° ¢­¥­¨¾ ± ¯°®¤®«¼­®© ¨ ° ¤¨ «¼-

­®©, ·²® ±®®²¢¥²±²¢³¥² ±®¢°¥¬¥­­»¬ ¯°¥¤±² ¢«¥­¨¿¬ ® ±¬¥°· µ.

� ½²¨µ ¯°¥¤¯®«®¦¥­¨¿µ ¢»·¨±«¥­® £« ¢­®¥ §­ ·¥­¨¥ ¶¨°ª³«¿¶¨¨,

² ­£¥­¶¨ «¼­®© ¨ ³£«®¢®© ±ª®°®±²¨ ±¬¥°· . �®±«¥¤­¿¿ (¢ ®²«¨·¨¥

®² ¯°¥¤¯®«®¦¥­¨¿ ° ¡®²» [2]) ­¥ ¿¢«¿¥²±¿ ¯®±²®¿­­®©. �®ª § ­ 

¯®«¨²°®¯­®±²¼ ±°¥¤». �°®¤®«¼­ ¿ ±ª®°®±²¼ ±°¥¤» ¢­³²°¨ ±¬¥°· 

¯°¥¤¯®« £ ¥²±¿ ¯®±²®¿­­®©. � ° ¬¥²°» ±°¥¤» ¢­³²°¨ ±¬¥°·  ¨

¢­¥ ¥£® ±¢¿§ ­» £° ­¨·­»¬¨ ³±«®¢¨¿¬¨ ±ª ·ª®®¡° §­®£® ²¨¯ . �

¯°¥¤¯®«®¦¥­¨¨ ª¢ §¨±² ¶¨®­ °­®±²¨ ²¥·¥­¨¿ ¢­³²°¨ ±¬¥°·  ¨§ ¨­-

²¥£° «  �¥°­³««¨ ¯®«³·¥­  ´®°¬  ¯®¢¥°µ­®±²¨ ±¬¥°· . �°¥¤¯®«®-

¦¥­¨¥ ® ª¢ §¨±² ¶¨®­ °­®±²¨ ²¥·¥­¨¿ ®¡³±«®¢«¥­  ¤«¨²¥«¼­®±²¼¾

±³¹¥±²¢®¢ ­¨¿ ²®°­ ¤® (®² ­¥±ª®«¼ª¨µ ¬¨­³² ¤® ¯°¨¬¥°­® 7 · ±®¢).

1. �¨¡ °®¢ �.�. �¨­¥²¨·¥±ª¨© ¬¥²®¤ ¢ ²¥®°¨¨ £ §®¢§¢¥±¥©. ��¡.,
1997. 192 ±.
2. �®«¥²®¢ �.�. �¥§³«¼² ²»  ­ «¨²¨·¥±ª¨µ ¨±±«¥¤®¢ ­¨© ¢¥°²¨ª «¼-
­»µ § ª°³·¥­­»µ ²¥·¥­¨© ¢®§¤³¸­»µ ¬ ±± ¢  ²¬®±´¥°¥ // �­ «¨-
²¨·¥±ª¨¥ ¬¥²®¤» ¨ ®¯²¨¬¨§ ¶¨¿ ¯°®¶¥±±®¢ ¢ ¬¥µ ­¨ª¥ ¦¨¤ª®±²¨ ¨
£ §  (������. 2002). �­¥¦¨­±ª, 2002. �. 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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�¢¨¦¥­¨¥ ¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨
¢® ¢° ¹ ¾¹¥©±¿ ®¡« ±²¨ ± ¤¥´®°¬¨°³¥¬»¬ ¤­®¬
¨ ±¢®¡®¤­®© ¯®¢¥°µ­®±²¼¾

�. �. �®¯®¢ 

(marina popova@yahoo.com)

�­¨¢¥°±¨²¥² ¢ �¼¾-�¥µ¨ª®, ª ´¥¤°  ¬¥µ ­¨ª¨, �«¼¡³ª¥°ª, ���

� ¤®ª« ¤¥ ¯°¥¤±² ¢«¥­®  ­ «¨²¨·¥±ª®¥ ¨±±«¥¤®¢ ­¨¥ ¢®§¬³¹¥­­®£®

¤¢¨¦¥­¨¿ ¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨ ¢ ®¡« ±²¨ S, ¤­® ª®²®°®©

¤¥´®°¬¨°³¥²±¿ ¯® § ¤ ­­®¬³ § ª®­³. C ¤°³£®© ±²®°®­» ®¡« ±²¼

®£° ­¨·¥­  ±¢®¡®¤­®© ¯®¢¥°µ­®±²¼¾. � ª¦¥ ®¡« ±²¼ ¨¬¥¥² ¦¥±²ª¨¥

¡®ª®¢»¥ ±²¥­ª¨. �¡« ±²¼ S ¢° ¹ ¥²±¿ ± ¯®±²®¿­­®© ³£«®¢®© ±ª®°®-

±²¼¾. � ©¤¥­®, ·²® ­  ¯¥°¢®¬ ½² ¯¥ ¤¢¨¦¥­¨¿ ¦¨¤ª®±²¨, ª®£¤ 

®²­®±¨²¥«¼­ ¿ ±ª®°®±²¼ ¦¨¤ª®±²¨ ¬ « , ¯¥°¥¬¥¸¨¢ ­¨¥ ¦¨¤ª®±²¨

­¥§­ ·¨²¥«¼­®¥.

�®«³·¥­»  ­ «¨²¨·¥±ª¨¥ ¢»° ¦¥­¨¿ ¤«¿ ±®±² ¢«¿¾¹¨µ ±ª®°®±²¨

¢¿§ª®© ¦¨¤ª®±²¨, ­ ©¤¥­  ´®°¬  ±¢®¡®¤­®© ¯®¢¥°µ­®±²¨ ¦¨¤ª®±²¨,

¯®±²°®¥­® ¯®«¥ ­ ¯° ¢«¥­¨©. � §° ¡®² ­  «£®°¨²¬ °¥¸¥­¨¿ § ¤ ·¨

® ¤¢¨¦¥­¨¨ ¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨ ¢® ¢° ¹ ¾¹¥©±¿ ®¡« -

±²¨.

Viscous incompressible 
uid 
ow in rotating �eld 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 
uid in �eld S with given

bottom deformation is investigated in the paper. Free surface is other side of

this �eld. Also this �eld has rigid lateral faces. The �eld S is rotating with

constant angular velocity. Analytical solutions for viscous 
uid component

velocities are obtained. The form of free surface has presented. Fluid 
ow

is examined under given conditions. Solution procedure algorithm of similar

problems is developed.
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�²®µ ±²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥ ¢ ¤¨­ ¬¨ª¥
° §°¥¦¥­­®£® £ § 

�. �. �¿°­¯³³, �. �. �¥°¥¤®¢, �. �. �¥¬ ²®¢¨·

(cheredov@k806.mainet.msk.su)

�®±ª®¢±ª¨©  ¢¨ ¶¨®­­»© ¨­±²¨²³², �®±±¨¿

�­±²¨²³²  ±²°®­®¬¨¨ ���, �®±±¨¿

�±±«¥¤®¢ ­¨¿ ²¥·¥­¨© ° §°¥¦¥­­®£® £ § , ¢ ²®¬ ·¨±«¥ ¢¡«¨§¨ µ¨¬¨-

·¥±ª¨  ª²¨¢­®© ²¢¥°¤®© ¯®¢¥°µ­®±²¨ ¯®ª § «®, ·²® ¢ ² ª¨µ § ¤ · µ

±«¥¤³¥² ¨±¯®«¼§®¢ ²¼ ª¨­¥²¨·¥±ª³¾ ¬®¤¥«¼. �­ «¨§ ±²°³ª²³°» ª¨-

­¥²¨·¥±ª¨µ ¬ ±¸² ¡®¢ ±²®«ª­®¢¨²¥«¼­»µ ¯°®¶¥±±®¢ ¢ ° §°¥¦¥­­»µ

¬­®£®ª®¬¯®­¥­²­»µ ±°¥¤ µ ¯®ª §»¢ ¥², ·²® ¢®§¬®¦­® ¯®±²°®¥­¨¥

±²°³ª²³°­»µ ·¨±«¥­­»µ ¬®¤¥«¥©, ¿¢«¿¾¹¨µ±¿ £¨¡ª¨¬¨ ¨ ¢»±®ª®-

½´´¥ª²¨¢­»¬¨ ¯°¨  «£®°¨²¬¨·¥±ª®© °¥ «¨§ ¶¨¨ ­  ±®¢°¥¬¥­­»µ

¬®¹­»µ ª®¬¯¼¾²¥° µ. � ¤ ­­®© ° ¡®²¥ ¨§³·¥­  ²¥°¬ «¨§ ¶¨¿ ¬®-

«¥ª³« ¢®¤®°®¤  ¢¡«¨§¨ ²¢¥°¤®© ¯®¢¥°µ­®±²¨ ¬¥¦§¢¥§¤­»µ ¯»«¨­®ª ¢

°¥§³«¼² ²¥ ³¯°³£¨µ ¨ ­¥³¯°³£¨µ ±²®«ª­®¢¥­¨© ± · ±²¨¶ ¬¨ ®ª°³¦ -

¾¹¥£® £ § . �¨ ¯ §®­ ¨§¡»²®·­®© ª¨­¥²¨·¥±ª®© ½­¥°£¨¨ ¯°¥¤¯®« -

£ ¥²±¿ ®² 0.1 ¤® 1.0 ½�, ±°¥¤¨ ±²®«ª­®¢¥­¨© ¯°¥¢ «¨°³¾² ³¯°³£¨¥

±²®«ª­®¢¥­¨¿ ¬¥¦¤³ £®°¿·¨¬¨ ¬®«¥ª³« ¬¨ ¢®¤®°®¤  ¨ · ±²¨¶ ¬¨

H ¨ H2 ¨§ µ®«®¤­®£® £ §®¢®£® ®¡« ª , ±¥·¥­¨¥ ±²®«ª­®¢¥­¨© ¨¬¥¥²

¯®°¿¤®ª 10-15 ±¬2. � °¥§³«¼² ²¥ ·¨±«¥­­®£® ¬®¤¥«¨°®¢ ­¨¿ ¯® ¬¥-

²®¤¨ª¥  ¢²®°®¢ [1] ­ ©¤¥­®, ·²® £®°¿·¨¥ ¬®«¥ª³«» ¢®¤®°®¤ , ®¡° §®-

¢ ¢¸¨¥±¿ ­  ¯®¢¥°µ­®±²¨ ¯»«¨­®ª, ¢ ®¡« ª¥ ¬¥¦§¢¥§¤­®£® £ §  ²¥°-

¬ «¨§³¾²±¿ ­¥ ¯®«­®±²¼¾. �³­ª¶¨¿ ° ±¯°¥¤¥«¥­¨¿ ª¨­¥²¨·¥±ª®©

½­¥°£¨¨ ¬®«¥ª³« H2 µ ° ª²¥°¨§³¥²±¿ ¨§¡»²ª®¬ ª¨­¥²¨·¥±ª¨ ¢®§¡³-

¦¤¥­­»µ (±¢¥°µ²¥¯«®¢»µ) · ±²¨¶ ¯® ±° ¢­¥­¨¾ ± «®ª «¼­® ° ¢­®¢¥±-

­®© ´³­ª¶¨¥© ° ±¯°¥¤¥«¥­¨¿. �®±ª®«¼ª³ ¬®«¥ª³«» ¢®¤®°®¤  ¤®¬¨-

­¨°³¾² ±°¥¤¨ °¥ £¨°³¾¹¨µ · ±²¨¶ ¢ ¬®«¥ª³«¿°­®¬ ®¡« ª¥, ²® ­¥-

° ¢­®¢¥±­ ¿ ´³­ª¶¨¿ ° ±¯°¥¤¥«¥­¨¿ £®°¿·¨µ · ±²¨¶ H2 ¬®¦¥² ¡»²¼

¨±¯®«¼§®¢ ­  ¤«¿ ®¶¥­ª¨ ¢®§¬®¦­®£® ³¢¥«¨·¥­¨¿ °®«¨ ½­¤®²¥°¬¨·¥-

±ª¨µ µ¨¬¨·¥±ª¨µ °¥ ª¶¨© ¢ µ¨¬¨¨ ¬¥¦§¢¥§¤­®© ±°¥¤».

1. �¥¬ ²®¢¨· �.�., �¿°­¯³³ �.�., �¥°¥¤®¢ �.�., �¢¥²ª®¢ �.�. �²°³ª-
²³°­®¥ ±²®µ ±²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥ ª¨­¥²¨·¥±ª¨µ ±¨±²¥¬ // � -
²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥. 2002. �. 14. C. 8.
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Stochastic modeling in rare�ed gas dynamics

A. A. Pyarnpuu, V. V. Cheredov, V. I. Schematovitch

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.

�®¤¥«¨ ± «¼²¨°³¾¹¨µ · ±²¨¶ ¢ ¯®£° ­¨·­®¬ ±«®¥

�. �. �¿¡¨­¨­

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°»¦ª®®¡° §­®¥ ¯¥°¥¬¥¹¥­¨¥ · ±²¨¶ (± «¼² ¶¨¿) ¯®¤ ¤¥©±²¢¨¥¬

¢®§¤³¸­®£® ¯®²®ª  ¿¢«¿¥²±¿ ®±­®¢­»¬ ¬¥µ ­¨§¬®¬ ¯¥°¥¬¥¹¥­¨¿ ¢¥-

²°®¬ ±­¥£ , ¯¥±ª  ¨«¨ ¯®·¢». � ­¥¥ ¡»« ¯°¥¤«®¦¥­ °¿¤ ¬ ²¥¬ ²¨-

·¥±ª¨µ ¬®¤¥«¥© ¯¥°¥­®±  ²¢¥°¤»µ · ±²¨¶ ±¯®±®¡®¬ ± «¼² ¶¨¨ [1, 2].

� ½²¨µ ¬®¤¥«¿µ ±ª®°®±²¼ ¨ ­ ¯° ¢«¥­¨¥ ¢§«¥² ¾¹¨µ ± ¯®¢¥°µ­®±²¨

· ±²¨¶ § ¤ ¢ «¨±¼.

� ­ ±²®¿¹¥© ° ¡®²¥ ¬®¤¥«¼ ± «¼² ¶¨¨ ³²®·­¿¥²±¿. �®¤¥«¨°³¥²±¿

¯°®¶¥±± ³¤ °  · ±²¨¶ ® ¯®¢¥°µ­®±²¼. �ª®°®±²¨ ¨ ­ ¯° ¢«¥­¨¥ ®²-

° ¦¥­­»µ ¢§«¥² ¾¹¨µ · ±²¨¶ § ¢¨±¿² ®² ±ª®°®±²¨ ¨ ­ ¯° ¢«¥­¨¿

¯ ¤ ¾¹¨µ · ±²¨¶. �«¿ ®¯¨± ­¨¿ § ¢¨±¨¬®±²¨ ¨±¯®«¼§³¥²±¿ ¬®¤¨´¨-

ª ¶¨¿ «³·¥¢®© ¤¢³µ¯ ° ¬¥²°¨·¥±ª®© ¬®¤¥«¨, ° ­¥¥ ¯°¨¬¥­¿¢¸¥©±¿

¤«¿ ®¯¨± ­¨¿ ¯°®¶¥±±®¢ ³¤ °®¢  ²®¬®¢ ° §°¥¦¥­­®£® £ §  ® ¯®¢¥°µ-

­®±²¼. � ° ¬¥²°» ¬®¤¥«¨ ¯®¤®¡° ­» ² ª¨¬ ®¡° §®¬, ·²®¡» °¥§³«¼-

² ² ° ±·¥²  ±®¢¯ ¤ « ± ¤ ­­»¬¨ ½ª±¯¥°¨¬¥­² .

1. �¿¡¨­¨­ �.�. �¥°¥­®± ²¢¥°¤»µ · ±²¨¶ ­ ¤ ¯«®±ª®© ¯®¢¥°µ­®±²¼¾
// �²®°»¥ �®«¿µ®¢±ª¨¥ ·²¥­¨¿. �§¡° ­­»¥ ²°³¤». ��¡., 2000.
�. 171-178.
2. �¿¡¨­¨­ �.�. �³°¡³«¥­²­»© ¯®£° ­¨·­»© ±«®© ­ ¤ ± «¼²¨°³¾-
¹¨¬¨ · ±²¨¶ ¬¨ // �½°®¤¨­ ¬¨ª . �¡. ±² ²¥© ¯®¤ °¥¤. �.�. �¨-
°®¸¨­ . ��¡., 2001. �. 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.

�±²¥·¥­¨¥ ¨§ ´®°ª ¬¥°» ª®«¥¡ ²¥«¼­®
­¥° ¢­®¢¥±­®£® £ § 

�. �. �»¤ «¥¢±ª ¿, �. �. �¿¡¨ª®¢ 

(
uid@niimm.spb.su)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿
�®±±¨©±ª¨© £®±³¤ °±²¢¥­­»© £¨¤°®¬¥²¥®°®«®£¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¨±²¥·¥­¨¥ ª®«¥¡ ²¥«¼­® ­¥° ¢­®¢¥±­®£® £ §  ¨§

±®±³¤  ·¥°¥§ ¬ «®¥ ®²¢¥°±²¨¥. �±¯®«¼§³¾²±¿ ®¡®¡¹¥­­»¥ ¨­²¥-

£° «» ¤¢¨¦¥­¨¿, ª®²®°»¥ ±¯° ¢¥¤«¨¢» ¢ ¯®²®ª µ £ §  ± ´¨§¨ª®-

µ¨¬¨·¥±ª¨¬¨ ¯°®¶¥±± ¬¨ [1]. �°¨ ´¨ª±¨°®¢ ­­»µ ¯ ° ¬¥²° µ ¢­³-

²°¨ ±®±³¤  ¢ °¼¨°®¢ «®±¼ ¤ ¢«¥­¨¥ ­  ¢»µ®¤¥. �®«³·¥­» §­ ·¥­¨¿

±ª®°®±²¨ ¨±²¥·¥­¨¿, ¯«®²­®±²¨, ²¥¬¯¥° ²³°» £ §  ¨ ²¥¬¯¥° ²³°»

¯¥°¢®£® ª®«¥¡ ²¥«¼­®£® ³°®¢­¿ ¢ ±²°³¥ ¤«¿ ° §­»µ ¯¥°¥¯ ¤®¢ ¤ -

¢«¥­¨¿.

1. �»¤ «¥¢±ª ¿ �. �. �½°®¤¨­ ¬¨·¥±ª¨¥ ±¢®©±²¢  ²¥·¥­¨© £ §  ±
´¨§¨ª®-µ¨¬¨·¥±ª¨¬¨ ¯°®¶¥±± ¬¨ // �½°®¤¨­ ¬¨ª . ��¡. 2000.
�. 82-92.

Out
ow of vibrationally nonequilibrium gas from
forcamera

M. A. Rydalevskaya, T. V. Ryabicova

St. Petersburg State University, Russia

Russian State Hydrometeorologic University, St. Petersburg, Russia

Out
ow 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 �xed. The outlet

pressure is varied. The outlet velocity, the density, the temperature of gas and

"the temperature of the �rst vibrational level" in the jet for di�erent pressure

overfall are obtained.

� § ¤ ·¥ ® ª®«¥¡ ­¨¿µ ¯« ±²¨­» ¢ ¯®²®ª¥
±®¯°®²¨¢«¿¾¹¥©±¿ ±°¥¤»

�. �. � ¬±®­®¢, �. �. �¥«¾¶ª¨©

(samson@imec.msu.ru, ysel@mailru.com)

�­±²¨²³² ¬¥µ ­¨ª¨ ���, �®±ª¢ , �®±±¨¿

�§³·¥­¨¥ ­¥° ¢­®¬¥°­®£® ¤¢¨¦¥­¨¿ ²¥«  ¢ ±°¥¤¥ ¯°¥¤±² ¢«¿¥² ±®-

¡®© ¤®±² ²®·­® ±«®¦­³¾ § ¤ ·³. �«¿ ¯°¨ª¨¤®·­»µ ®¶¥­®ª · ±²®

¨±¯®«¼§³¥²±¿ ª¢ §¨±² ²¨·¥±ª ¿ ¬®¤¥«¼, ¢ ª®²®°®© ¯°¥¤¯®« £ ¥²±¿,

·²® µ ° ª²¥°¨±²¨ª¨ ¢®§¤¥©±²¢¨¿ ±°¥¤» ¯°¨ ­¥° ¢­®¬¥°­®¬ ¤¢¨¦¥-

­¨¨ ²¥«  ¨¬¥¾² ² ª³¾ ¦¥ ±²°³ª²³°³ ¨ § ¢¨±¿² ®² ³£«   ² ª¨ ² ª

¦¥, ª ª ¨ ¢ ±² ¶¨®­ °­®¬ ±«³· ¥, ­® ± ¬ ³£®«  ² ª¨ ±·¨² ¥²±¿ ´³­ª-

¶¨¥© ´ §®¢»µ ª®®°¤¨­ ² ²¥« . �²®² ¬¥²®¤ ¯®§¢®«¿¥² ±³¹¥±²¢¥­­®

³¯°®±²¨²¼ § ¤ ·³ ¨ ¯°®¢¥±²¨ ¯ ° ¬¥²°¨·¥±ª¨©  ­ «¨§, ­® ²®·­®±²¼

¥£® ­¥ ¢±¥£¤  ¤®±² ²®·­ .

� ­ ±²®¿¹¥© ° ¡®²¥ ° ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ª®«¥¡ ­¨¿µ ²¢¥°¤»µ

¯« ±²¨­ (ª°»«¼¥¢, «®¯ ±²¥© ¨ ².¯.) ¢ ¯®²®ª¥ ±°¥¤». �«¿ ®¯¨± ­¨¿

¢®§¤¥©±²¢¨¿ ±°¥¤» ­  ¯« ±²¨­³ ¯°¥¤«®¦¥­ ¯®¤µ®¤, ¢ ° ¬ª µ ª®²®-

°®£® ¢­³²°¥­­¿¿ ¤¨­ ¬¨ª  ±°¥¤» ¬®¤¥«¨°³¥²±¿ ¯°¨±®¥¤¨­¥­­»¬ ®±-

¶¨««¿²®°®¬ ± ¤¢³¬¿ ±²¥¯¥­¿¬¨ ±¢®¡®¤».

�®ª § ­®, ·²® ª ª ¤«¿ ¯®±²³¯ ²¥«¼­»µ, ² ª ¨ ¤«¿ ³£«®¢»µª®«¥¡ ­¨©

¯« ±²¨­ ¤«¿ ¤®±² ²®·­® ¸¨°®ª®£® ¤¨ ¯ §®­  ³±«®¢¨© ¤¢¨¦¥­¨¿ ¨

 ½°®¤¨­ ¬¨·¥±ª¨µ µ ° ª²¥°¨±²¨ª ¯« ±²¨­ ±³¹¥±²¢³¥² ³­¨¢¥°± «¼-

­»© ­ ¡®° §­ ·¥­¨© ¯ ° ¬¥²°®¢ ¬®¤¥«¨, ª®²®°»© ®¡¥±¯¥·¨¢ ¥² ¤®-

±² ²®·­® µ®°®¸¥¥ ±®£« ±®¢ ­¨¥ ± ¨§¢¥±²­»¬¨ ½ª±¯¥°¨¬¥­² «¼­»¬¨

¤ ­­»¬¨.

�°®¢¥¤¥­ ½´´¥ª²¨¢­»© ¯ ° ¬¥²°¨·¥±ª¨©  ­ «¨§ ° ±±¬ ²°¨¢ ¥¬®©

§ ¤ ·¨. �²® ¯®§¢®«¨«® ¢¯¥°¢»¥ ±´®°¬³«¨°®¢ ²¼ ª®­±²°³ª²¨¢­»¥

ª°¨²¥°¨¨ ¯°¨¬¥­¨¬®±²¨ ²° ¤¨¶¨®­­®© ª¢ §¨±² ²¨·¥±ª®© ¬®¤¥«¨ ¢

½²®© § ¤ ·¥.

�«¿ ±«³· ¿ § ²³µ ¾¹¨µ ¯®±²³¯ ²¥«¼­»µ ª®«¥¡ ­¨© ¯« ±²¨­» ¢ ¯®-

²®ª¥ ¯°®¢¥¤¥­® ±° ¢­¥­¨¥ ± ¤ ­­»¬¨ ° ¡®²» [1], £¤¥ ° ±·¥²» ¯°®-
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¢®¤¨«¨±¼ ± ¯®¬®¹¼¾ ¬¥²®¤®¢ ²¥®°¥²¨·¥±ª®© £¨¤°®¤¨­ ¬¨ª¨. �®ª -

§ ­®, ·²® °¥§³«¼² ²» ° ±·¥²®¢ ¢¥±¼¬  ¡«¨§ª¨. �°® ­ «¨§¨°®¢ ­»

° ±µ®¦¤¥­¨¿ ± ª¢ §¨±² ²¨·¥±ª®© ¬®¤¥«¼¾.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-01-00405) ¨

¯°®£° ¬¬» "�­¨¢¥°±¨²¥²» �®±±¨¨".

1. �¥«®¶¥°ª®¢±ª¨© �. �., �®·¥²ª®¢�. �., �®ª²¥¢ �. �., �®¬¸¨­ �. �.
�¨­¥©­»¥ ¨ ª¢ §¨«¨­¥©­»¥ § ¤ ·¨ ¤¨­ ¬¨ª¨ ¦¥±²ª®£®  ¯¯ ° ²  ±
®²ª«®­¿¾¹¨¬¨±¿ °³«¿¬¨ // �°³¤» ���� ¨¬. �³ª®¢±ª®£®. 1971.
�»¯. 1302. �. 110-146.

On the problem of the oscillations of a plate in 
ow
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


ow 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. E�ective parametrical analysis of the considered prob-

lem is carried out and criteria of validity of the quasistationary model in this

problem are formulated.

� ° ««¥«¼­ ¿ ¢¥°±¨¿ ¨²¥° ¶¨®­­®-¬ °¸¥¢®£®
¬¥²®¤  ¨­²¥£°¨°®¢ ­¨¿ ³° ¢­¥­¨© � ¢¼¥-�²®ª± 

�. �. �ª³°¨­

(leonid.skurin@pobox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®² µ [1,2] ¨ ¤°³£¨µ ° §¢¨¢ ¥²±¿ ¨²¥° ¶¨®­­®-¬ °¸¥¢»© ¬¥-

²®¤ ·¨±«¥­­®£® ¨­²¥£°¨°®¢ ­¨¿ ³° ¢­¥­¨© � ¢¼¥ - �²®ª±  ¤«¿ £ § 

¨ ¦¨¤ª®±²¨ (���). �¥²®¤ ¯°¨¬¥­¨¬ ¤«¿ °¥¸¥­¨¿ ±² ¶¨®­ °­»µ

¨ ­¥±² ¶¨®­ °­»µ, ¢­³²°¥­­¨µ ¨ ¢­¥¸­¨µ § ¤ · «¾¡®© ° §¬¥°­®-

±²¨. �²«¨·¨²¥«¼­ ¿ ®±®¡¥­­®±²¼ ¬¥²®¤  ¢ ²®¬, ·²® ¤«¿ °¥¸¥­¨¿

¢±¥µ ²¨¯®¢ § ¤ · ¨±¯®«¼§³¥²±¿ ¥¤¨­ ¿ ¯°®¶¥¤³°  | ¬ °¸¥¢ ¿ ¯®
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¯°®±²° ­±²¢¥­­®© ª®®°¤¨­ ²¥ ¤«¿ ¤¢³¬¥°­»µ § ¤ · ¨ ¯® ¤¢³¬ ª®-

®°¤¨­ ² ¬ ¤«¿ ²°¥µ¬¥°­»µ § ¤ ·. � ª¨¬ ®¡° §®¬, ¤«¿ °¥¸¥­¨¿ ¢±¥µ

§ ¤ · ¨±¯®«¼§³¥²±¿ ¥¤¨­±²¢¥­­ ¿  «£¥¡° ¨·¥±ª ¿ ¯°®¶¥¤³°  | °¥-

¸¥­¨¥ ±¨±²¥¬»  «£¥¡° ¨·¥±ª¨µ ³° ¢­¥­¨© ¤«¿ ¢¥ª²®°  ¨±ª®¬»µ ±¥-

²®·­»µ ´³­ª¶¨© ­  «³· µ, ¯®¯¥°¥·­»µ ¯® ®²­®¸¥­¨¾ ª ¬ °¸¥¢»¬

®±¿¬. �­ «¨²¨·¥±ª¨ ¯®ª § ­®, ·²® ¬¥²®¤ ¨¬¥¥² ¡¥§³±«®¢­»¥ ³±²®©-

·¨¢®±²¼ ¨ ±µ®¤¨¬®±²¼ ¤«¿ § ¤ · £¨¤°®¤¨­ ¬¨ª¨.

� ­ ±²®¿¹¥¬ ¤®ª« ¤¥ ¯°¥¤« £ ¥²±¿ ¢ ° ¬ª µ ��� ¢»·¨±«¨²¥«¼­ ¿

±µ¥¬ , ¯°¨£®¤­ ¿ ¤«¿ ·¨±«¥­­®£® °¥¸¥­¨¿ ± ¯®¬®¹¼¾ ¯ ° ««¥«¼­®£®

 «£®°¨²¬ . �­ «¨²¨·¥±ª¨ ¯®ª § ­®, ·²® ½²  ±µ¥¬  ² ª¦¥ ®¡« ¤ ¥²

µ®°®¸¨¬¨ ±¢®©±²¢ ¬¨ ³±²®©·¨¢®±²¨ ¨ ±µ®¤¨¬®±²¨. �°¨ ¨±¯®«¼§®¢ -

­¨¨ ¥¥ ¢»·¨±«¥­¨¿, ±¢¿§ ­­»¥ ± ³¯®¬¿­³²®©  «£¥¡° ¨·¥±ª®© ¯°®¶¥-

¤³°®©, ¬®£³² ®±³¹¥±²¢«¿²¼±¿ ¤«¿ ª ¦¤®£® «³·  ­  ®²¤¥«¼­®¬ ¯°®-

¶¥±±®°¥ ¢ ¯°¥¤¥« µ ®¤­®£® ¢°¥¬¥­­®£® ¸ £  ¨«¨ £«®¡ «¼­®© ¨²¥° -

¶¨¨. �¥¬ ± ¬»¬ ¢®§¬®¦­® ³¬¥­¼¸¥­¨¥ ¢°¥¬¥­¨ ±·¥²  ­  ¯®°¿¤ª¨ (¢

§ ¢¨±¨¬®±²¨ ®² ·¨±«  ¨±¯®«¼§³¥¬»µ ¯°®¶¥±±®°®¢).

1. �ª³°¨­ �. �. �²¥° ¶¨®­­®-¬ °¸¥¢»© (¯® ¯°®±²° ­±²¢³) ¬¥²®¤
°¥¸¥­¨¿ § ¤ · ¬¥µ ­¨ª¨ ¦¨¤ª®±²¨ ¨ £ §  // � ²¥¬ ²¨·¥±ª®¥ ¬®-
¤¥«¨°®¢ ­¨¥. 2000. �. 12, N 6. �. 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


uid 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 �nding of

grid unknown functions vector at each marching station in framework of time-

step or global iteration.
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� ª°¨²¥°¨¿µ ° §°³¸¥­¨¿ ¢­³²°¥­­¨µ ¢®«­

�. �. �²¥¯ ­®¢

(krylov@krylov.spb.ru)

���� ¨¬¥­¨  ª ¤. �. �. �°»«®¢ , � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� §°³¸¥­¨¥ ¢­³²°¥­­¨µ ¢®«­ ¢ ±²° ²¨´¨¶¨°®¢ ­­®¬ ®ª¥ ­¥, ¯°¨¢®-

¤¿¹¥¥ ª ®¡° §®¢ ­¨¾ ²³°¡³«¥­²­»µ §®­ ¯¥°¥¬¥¸ ­­®© ¦¨¤ª®±²¨ ¨

¯®±«¥¤³¾¹¥¬³ ®¡° §®¢ ­¨¾ ¯°®±«®¥ª ²®­ª®© ¢¥°²¨ª «¼­®© ±²°³ª-

²³°» ¬®°±ª®© ±°¥¤», ¨£° ¥² ¢ ¦­³¾ °®«¼ ¢ ¤¨­ ¬¨ª¥ ²¥¯«®¬ ±-

±®¯¥°¥­®±  ¨ ¯°®¶¥±± µ ¯¥°¥¤ ·¨ ¨¬¯³«¼± , ¨ ¯®½²®¬³ ³±«®¢¨¿ ¥£®

¢®§­¨ª­®¢¥­¨¿ ¯°¥¤±² ¢«¿¾² ¡®«¼¸®© ¨­²¥°¥± ¢ °¿¤¥ ¯°¨ª« ¤­»µ

§ ¤ ·.

�§¢¥±²­»¥ ª°¨²¥°¨¨ ³±²®©·¨¢®±²¨ ¢­³²°¥­­¨µ ¢®«­ ®±­®¢»¢ ¾²±¿

­  ¨±¯®«¼§®¢ ­¨¨ ¬®¤¥«¥© ¨¤¥ «¼­®© ¦¨¤ª®±²¨, ­® ®­¨ ­¥ ¢±¥£¤ 

®ª §»¢ ¾²±¿ ¤®±² ²®·­® ½´´¥ª²¨¢­»¬¨. �¥®°¥²¨·¥±ª¨©  ­ «¨§ ¤¥-

´®°¬ ¶¨®­­®£® ¤¢¨¦¥­¨¿ ±¯«®¸­®© ±°¥¤», ¢»¯®«­¥­­»© ­  ®±­®¢¥

° ¡®² �¬®¢ , �« ­ª , � ³½, ¯®ª § «, ·²® ¢ ¯°®¶¥±±¥ ±¤¢¨£®¢®£® ²¥-

·¥­¨¿ ¢¿§ª®© ¦¨¤ª®±²¨ ¢ ­¥© ¢®§­¨ª ¾² ¬®¬¥­²­»¥ ­ ¯°¿¦¥­¨¿,

®¡³±«®¢«¥­­»¥ ¤¥©±²¢³¾¹¨¬¨ ¢ ¦¨¤ª®±²¨ ° §«¨·­»¬¨ ¯®²®ª ¬¨

½­¥°£¨¨ | ¨¬¯³«¼± , ¨ ·²® ¯°¨·¨­®© ¯®²¥°¨ ³±²®©·¨¢®±²¨ ±¤¢¨£®-

¢®£® ²¥·¥­¨¿ ¢¿§ª®© ¦¨¤ª®±²¨ ±«¥¤³¥² ¯°¨§­ ²¼ ­ °³¸¥­¨¥ ¡ « ­± 

¬®¬¥­²­»µ ­ ¯°¿¦¥­¨©, ¢®§­¨ª ¾¹¨µ ¯°¨ ¤¨­ ¬¨·¥±ª®© ¤¥´®°¬ -

¶¨¨ ±¤¢¨£  ±¯«®¸­®© ±°¥¤».

�§ ³±«®¢¨¿ ° ¢­®¢¥±¨¿ ¢»¤¥«¥­­®£® ®¡º¥¬  ¦¨¤ª®±²¨ ± ³·¥²®¬ ¡ -

« ­±  ¬®¬¥­²­»µ ­ ¯°¿¦¥­¨© ¯®«³·¥­» ª°¨²¥°¨¨ ¯¥°¥µ®¤  ®² « ¬¨-

­ °­®£® ²¥·¥­¨¿ ª ²³°¡³«¥­²­®¬³ ¢ ±¤¢¨£®¢»µ ¯®²®ª µ ®¤­®°®¤­®©

¨ ±²° ²¨´¨¶¨°®¢ ­­®© ¢¿§ª®© ¦¨¤ª®±²¨, ª®²®°»¥ ¢ ®¡¹¥¬ ±«³· ¥

¿¢«¿¾²±¿ ´³­ª¶¨¥© ¢­¥¸­¨µ ¯ ° ¬¥²°®¢,   ¢ ­¥ª®²®°»µ ¯°¥¤¥«¼­»µ

±«³· ¿µ ±² ­®¢¿²±¿ ª®­±² ­²®©.

�·¥² ¢«¨¿­¨¿ ¬®¬¥­²­»µ ­ ¯°¿¦¥­¨©, ¢®§­¨ª ¾¹¨µ ¯°¨ ±¤¢¨£®¢»µ

²¥·¥­¨¿µ ¢¿§ª®© ¦¨¤ª®±²¨, ¯®§¢®«¨« ² ª¦¥ ¯®¤®©²¨ ± ­®¢»µ ¯®§¨-

¶¨© ª  ­ «¨§³ ¬¥µ ­¨§¬  ®¡°³¸¥­¨¿ £° ¢¨² ¶¨®­­»µ ¢­³²°¥­­¨µ

¢®«­ ¢ ®ª¥ ­¥ ¨ ¢¢¥±²¨ ­®¢»¥ ª°¨²¥°¨¨ ° §°³¸¥­¨¿ ¢­³²°¥­­¨µ ¢®«­,

° ±¯°®±²° ­¿¾¹¨µ±¿ ¢ ±²° ²¨´¨¶¨°®¢ ­­®© ¬®°±ª®© ±°¥¤¥.

�°¨²¥°¨¨ ° §°³¸¥­¨¿ ¢­³²°¥­­¨µ ¢®«­, ®±­®¢ ­­»¥ ­  ¤¨­ ¬¨·¥-

±ª®¬ ³±«®¢¨¨ ¡ « ­±  ¬®¬¥­²­»µ ­ ¯°¿¦¥­¨© ¢ ±¤¢¨£®¢®¬ ¯®²®ª¥

¢¿§ª®© ¦¨¤ª®±²¨, ª®²®°»¥ ±®¤¥°¦ ² ª ª ¤¨´´¥°¥­¶¨ «¼­»¥, ² ª ¨

¨­²¥£° «¼­»¥ ¯ ° ¬¥²°» ¨ ¯®«¿ ¯«®²­®±²¨, ¨ ¯®«¿ ¨­¤³¶¨°®¢ ­­®©
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±ª®°®±²¨, ¯®§¢®«¿¾² ¯®«³· ²¼ ²¥®°¥²¨·¥±ª¨¥ ®¶¥­ª¨, «³·¸¥ ±®£« -

±³¾¹¨¥±¿ ± ¤ ­­»¬¨ ­ ²³°­»µ ¨§¬¥°¥­¨©.

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 
ows of viscous 
uid

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 strati�ed ocean.

� ¯¥°¥±¬®²°¥ ®±­®¢ ª« ±±¨·¥±ª®©  ½°®¤¨­ ¬¨ª¨

�. �. �³¸ª®¢, �. �. �³¸ª®¢ 

(allergia@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨©
³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¬®°±ª®© ²¥µ­¨·¥±ª¨©

³­¨¢¥°±¨²¥², �®±±¨¿

�±­®¢­»¥ ¯®«®¦¥­¨¿ ¬¥µ ­¨ª¨ ²¥·¥­¨¿ £ §  ¯°®²¨¢®°¥· ² ²° ¤¨¶¨-

®­­®© ¬®«¥ª³«¿°­®© ²¥®°¨¨ £ §®¢ (���). �² ²¨±²¨·¥±ª ¿ ²¥®°¨¿

³²¢¥°¦¤ ¥², ·²® ¯®¤²¢¥°¦¤ ¥² ª« ±±¨·¥±ª¨¥ ³° ¢­¥­¨¿ ¬¥µ ­¨ª¨

±¯«®¸­®© ±°¥¤» (���) [1], ­® ¢§ ¨¬®¯°®­¨ª­®¢¥­¨¥ ¢¥¹¥±²¢  ¤¢³µ

½«¥¬¥­²®¢ ®¡º¥¬  ±² ¢¨² ¢®¯°®± ® ¢®§¬®¦­®±²¨ ¯°¨¬¥­¥­¨¿ 2 § ª®­ 

�¼¾²®­  ª ½«¥¬¥­² °­®¬³ ®¡º¥¬³ £ §  ¢ ��� [4]. �®¤¡®°®¬ °¥®-

«®£¨·¥±ª¨µ ±¢®©±²¢ ¬®¦­® ³±²° ­¨²¼ ®²¤¥«¼­»¥ ­¥¤®±² ²ª¨ ���,

¢°®¤¥ ¡¥±ª®­¥·­®© ±ª®°®±²¨ ° ±¯°®±²° ­¥­¨¿ ¢®§¬³¹¥­¨© [2]. �®

² ª¨¥ ¬¥°» ­¥ ±­¨¬ ¾² ¯°®¡«¥¬³ ¢ ¶¥«®¬. �« ±±¨·¥±ª¨¥ ³° ¢­¥­¨¿

±² «¨ ¯°¥¯¿²±²¢¨¥¬, ®±² ­®¢¨¢¸¨¬ ¯°®£°¥±± ���. �°¨¬¥°: ¢ [3]  ¢-

²®°» ¯®¤ ¤ ¢«¥­¨¥¬ ¨¤¥®«®£¨¨ ��� ° ±±³¦¤ ¾² ® "ª ¯«¿µ" ¨­¥°²-

­®£® £ §  ¯°¨ ­®°¬ «¼­»µ ³±«®¢¨¿µ. �¥®¡µ®¤¨¬® § ­®¢® ¯®±²°®¨²¼

²¥®°¨¾ ²¥·¥­¨© £ § . �¥§ ½²®£® ²°³¤­® ®¦¨¤ ²¼ ¯°®£°¥±±  ¢ ¯®-

­¨¬ ­¨¨ ²³°¡³«¥­²­»µ ²¥·¥­¨©. �® ¬­¥­¨¾  ¢²®°®¢, ­®¢ ¿ ¨¤¥®-

«®£¨¿ ¬®¦¥² ¡»²¼ ­ ©¤¥­  ¯®±°¥¤±²¢®¬ ª®¬¯¼¾²¥°­®£® ¬®¤¥«¨°®-

¢ ­¨¿ ¯®¢¥¤¥­¨¿ ±®±¥¤±²¢³¾¹¨µ ½«¥¬¥­²®¢ ®¡º¥¬  £ §  ­  ³°®¢­¥
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¤¢¨¦¥­¨¿ ¬®«¥ª³« µ®²¿ ¡» ¢ £° ­¨¶ µ ª« ±±¨·¥±ª®© ��� (·²® ¨§-

¡ ¢«¿¥² ®² ·¨±«¥­­®£® °¥¸¥­¨¿ ±¨±²¥¬ ��� ¯®°¿¤ª  ±®²¥­ ²»±¿·).

� ½²®¬ ±«³· ¥ ¬®¦­® ² ª¦¥ ¨§¡¥¦ ²¼ ¯¥°¥¡®°  ¢±¥µ ¯ ° ¬®«¥ª³« ­ 

ª ¦¤®¬ ¢°¥¬¥­­®¬ ¸ £¥. �°®¡«¥¬³ ¢ ¶¥«®¬ ¢°¿¤ «¨ ¬®¦­® °¥¸¨²¼

¬ «®© £°³¯¯®© ¨±±«¥¤®¢ ²¥«¥©. �³¦­® ¬ ±±®¢®¥ ª®¬¯¼¾²¥°­®¥ ¬®-

¤¥«¨°®¢ ­¨¥ ¨ ¢­¨¬ ­¨¥ ¡®«¼¸®£® ·¨±«   ­ «¨²¨ª®¢. �¥­²°®¬ ² -

ª®© ¤¥¿²¥«¼­®±²¨ ¬®£ ¡» ±«³¦¨²¼ ¨­²¥°­¥² - ¦³°­ « "� ²¥¬ ²¨ª 

¢ ���¥" ­  ± ©²¥ ��¡��� www.spbstu.ru/public/m v/index.html

1. �±¨µ °  �. �² ²¨±²¨·¥±ª ¿ ´¨§¨ª . �., 1973
2. �¨°£¨¤®¢ �. �. �³°¡³«¥­²­ ¿ ¤¨´´³§¨¿ ± ª®­¥·­®© ±ª®°®±²¼¾.
��¡., 1996.
3. �¥«¥§­�¥¢ �. �. ¨ ¤°. �­®¬ «¼­ ¿ ­¥³±²®©·¨¢®±²¼ £ §®¢ ¯°¨ ±¬¥-
¸¥­¨¨ ¢ ¢¥°²¨ª «¼­®¬ ª ­ «¥ // "�°¨°®¤ " 7 §  2000 £. (�²·¥²
® ° ¡®²¥ £°³¯¯» ¨±±«¥¤®¢ ²¥«¥© �° «¼±ª®£® ���, ¯®¤¤¥°¦ ­­®©
£° ­²®¬ ����).
4. �³¸ª®¢ �. �., �³¸ª®¢  �. �. � ¯¥°¥±¬®²°¥ ®±­®¢ ª« ±±¨·¥±ª®©
£¨¤°® ½°®¤¨­ ¬¨ª¨ // � ²¥°¨ «» III ¢±¥°®±±¨©±ª®© ­ ³·­®-²¥µ­.
ª®­´. "�³­¤ ¬¥­² «¼­»¥ ¨±±«¥¤®¢ ­¨¿ ¢ ²¥µ­¨·¥±ª¨µ ³­¨¢¥°±¨²¥-
² µ". ��¡., 10-11 ¨¾­¿ 1999. �¥§¨±». 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 o�er 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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�­ «¨§ ³¤ °­®-¢®«­®¢®© ±²°³ª²³°» ¢ ¯¥°¢®© ¡®·ª¥
¯¥°¥° ±¸¨°¥­­®© ®±¥±¨¬¬¥²°¨·­®© ±²°³¨

�.H. �±ª®¢, �.�. �¥°­»¸®¢

(uvn@petrlink.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�¢¥°µ§¢³ª®¢ ¿ £ §®¢ ¿ ±²°³¿ ¿¢«¿¥²±¿ ³­¨ª «¼­»¬ ®¡º¥ª²®¬ ­ ³·-

­»µ ¨±±«¥¤®¢ ­¨©, ¯®±ª®«¼ª³ ¢ ­¥© ¯°®¿¢«¿¾²±¿ ¯° ª²¨·¥±ª¨ ¢±¥

¢¨¤» ¬­®£®®¡° §­»µ ³¤ °­®-¢®«­®¢»µ ¢§ ¨¬®¤¥©±²¢¨©. �²¨ ¢§ ¨-

¬®¤¥©±²¢¨¿ ¨ ±¢¿§ ­­»¥ ± ­¨¬¨  ¢²®ª®«¥¡ ²¥«¼­»¥ °¥¦¨¬» ²¥·¥­¨¿

­ µ®¤¿² ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ ¸¨°®ª®¥ ¯° ª²¨·¥±ª®¥ ¯°¨¬¥­¥­¨¥.

� ¤ ­­®© ° ¡®²¥  ­ «¨²¨·¥±ª¨ ¨ ·¨±«¥­­® ¨±±«¥¤³¥²±¿ ª®­´¨£³-

° ¶¨¿ ±ª ·ª®¢ ³¯«®²­¥­¨¿, ®¡° §³¾¹ ¿±¿ ¢ ¯¥°¢®© ¡®·ª¥ ¯¥°¥° ±-

¸¨°¥­­®© ±²°³¨. �¥·¥­¨¥ ¯¥°¥¤ ±ª ·ª ¬¨ ¨§¢¥±²­® ¨  ¯¯°®ª±¨-

¬¨°³¥²±¿ ¬®¤¥«¼¾ ±´¥°¨·¥±ª®£® ¨±²®·­¨ª . �¥®°¥²¨·¥±ª¨  ­ -

«¨§¨°³¾²±¿ «®ª «¼­»¥ µ ° ª²¥°¨±²¨ª¨ ±¢¥°µ§¢³ª®¢®£® ¯®²®ª  ­ 

£° ­¨¶¥ ±²°³¨, ¢»¿¢«¿¾²±¿ ®±®¡¥­­®±²¨ ²¥·¥­¨¿ ¢ ¥¥ ±¦ ²®¬ ±«®¥

(­ ¯°¨¬¥°, ­¥¬®­®²®­­®±²¼ ¨§¬¥­¥­¨¿ ½­²°®¯¨¨ £ § ). �°¥¤« £ -

¥²±¿ ­®¢ ¿ ¯°¨¡«¨¦¥­­®- ­ «¨²¨·¥±ª ¿ ¬®¤¥«¼ ®¯¨± ­¨¿ ¯ ¤ ¾¹¥£®

±ª ·ª , ®±­®¢ ­­ ¿ ­  ¯°¥¤¯®«®¦¥­¨¨ ­³«¥¢®© «®ª «¼­®© ­¥¨§®¡ -

°¨·­®±²¨ ¯®²®ª  §  ­¨¬. �®ª § ­  ¢»±®ª ¿ ²®·­®±²¼ ¯°¥¤« £ ¥¬®©

¬®¤¥«¨ ¯°¨ ®¯°¥¤¥«¥­¨¨ ¯ ° ¬¥²°®¢ ±ª ·ª , ° §¬¥°®¢ ¨ ¯®«®¦¥­¨¿

®¡° §³¾¹¥£®±¿ ¯°¨ ¥£® ®²° ¦¥­¨¨ ¬ µ®¢±ª®£® ¤¨±ª . �®«¨·¥±²¢¥­-

­»¥ ¨ ª ·¥±²¢¥­­»¥ ¢»¢®¤» ¨§  ­ «¨§  ²¥·¥­¨¿ ¯®¤²¢¥°¦¤ ¾²±¿

·¨±«¥­­»¬ ½ª±¯¥°¨¬¥­²®¬ ± ¨±¯®«¼§®¢ ­¨¥¬ TVD-±µ¥¬ ­  ¤¨­ ¬¨-

·¥±ª¨  ¤ ¯²¨¢­»µ ±¥²ª µ. � ¶¥«¼¾ ¯®¢»±¨²¼ ¯°¨ª« ¤­®¥ §­ ·¥­¨¥

° ¡®²» ®¡±³¦¤ ¥²±¿ ±¢¿§¼ ±¢®©±²¢ ³¤ °­®-¢®«­®¢®© ±²°³ª²³°» ± ¯ -

° ¬¥²° ¬¨ ¢®§¡³¦¤ ¾¹¨µ±¿ ¢ ±²°³¥  ¢²®ª®«¥¡ ²¥«¼­»µ °¥¦¨¬®¢.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ INTAS (£° ­² Â99-785).

The analysis of a shock-wave structure in the �rst
barrel of a superwidened jet with axial symmetry

V. N. Uskov, M. V. Chernyshov

Baltic State Technical University, Saint Petersburg, Russia

The con�guration of jumps which take place in the �rst 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 
ow 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.

�¨±«¥­­®¥ ¨±±«¥¤®¢ ­¨¥ ­¥±² ¶¨®­ °­»µ
¯°®¶¥±±®¢ ¢ £¨¯¥°§¢³ª®¢®© ³¤ °­®© ²°³¡¥ ¯°¨
¨±±«¥¤®¢ ­¨¨ ®¡²¥ª ­¨¿ ²¥« § ¯»«¥­­»¬ £ §®¬

�. �. �¸ ª®¢, �. �. �¨°ª³­®¢

(mypost3@yandex.ru, tsrknv@bstu.spb.ru)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ­ ±²®¿¹¥¥ ¢°¥¬¿ ¤«¿ ½ª±¯¥°¨¬¥­² «¼­®£® ¨§³·¥­¨¿ ®¡²¥ª ­¨¿ ²¥«

§ ¯»«¥­­»¬ £ §®¬ ³±¯¥¸­® ¨±¯®«¼§³¥²±¿ £¨¯¥°§¢³ª®¢ ¿ ³¤ °­ ¿

²°³¡ , ¢ ª ¬¥°³ ¢»±®ª®£® ¤ ¢«¥­¨¿ ª®²®°®© ¢¢®¤¨²±¿ ¤¨±¯¥°±­ ¿

¯°¨¬¥±¼ [1]. � ®²±¥ª³ ­¨§ª®£® ¤ ¢«¥­¨¿ ¯°¨±²»ª®¢»¢ ¥²±¿ ±®¯«®

� ¢ «¿, ª®²®°®¥ ¢»µ®¤¨² ¢ ° ¡®·³¾ ª ¬¥°³, £¤¥ ³±² ­ ¢«¨¢ ¥²±¿

¬®¤¥«¼. �¥±² ¶¨®­ °­®¥ ²¥·¥­¨¥, ¢®§­¨ª ¾¹¥¥ ¢ ² ª®© ²°³¡¥ ¯®-

±«¥ ° §°»¢  ¤¨ ´° £¬», ®·¥¢¨¤­®, ¿¢«¿¥²±¿ ¤¢³¬¥°­»¬, ·²® ¬®¦¥²

¯°¨¢¥±²¨ ¢ ­¥° ¢­®¬¥°­®¬³ ° ±¯°¥¤¥«¥­¨¾ ¯ ° ¬¥²°®¢ ª ª £ §®¢®©

´ §», ² ª ¨ ¤¨±¯¥°±­®© ¯°¨¬¥±¨ ­  ¢»µ®¤¥ ¨§ ±®¯« . � ° ¡®²¥ [1]

¢ ²¥®°¥²¨·¥±ª¨µ ®¶¥­ª µ ¯®²®ª £ §®¢§¢¥±¨ ¯¥°¥¤ ¬®¤¥«¼¾ ±·¨² «±¿

° ¢­®¬¥°­»¬, ¨ ¢®¯°®± ® ´®°¬¨°®¢ ­¨¨ ²¥·¥­¨¿ ¢ ° ¡®·¥© ª ¬¥°¥

²°³¡» ­¥ ° ±±¬ ²°¨¢ «±¿.

� ¤ ­­®© ° ¡®²¥ ¢ ° ¬ª µ ¬®¤¥«¨ ¨¤¥ «¼­®£® ­¥²¥¯«®¯°®¢®¤­®£®

£ §  ¢»¯®«­¥­® ¯®¤°®¡­®¥ ·¨±«¥­­®¥ ¨±±«¥¤®¢ ­¨¥ ­¥±² ¶¨®­ °­®£®

²¥·¥­¨¿ ¢ £¨¯¥°§¢³ª®¢®© ³¤ °­®© ²°³¡¥ [1] ± ° ±·¥²­»¬ ·¨±«®¬� µ 

­  ±°¥§¥ ±®¯« Ma = 6; 01. �«¿ °¥¸¥­¨¿ ³° ¢­¥­¨© �©«¥°  ¨±¯®«¼§®-
¢ «¨±¼ ±®¢°¥¬¥­­»¥ TVD- ¨ ENO-¬¥²®¤». �±² ­®¢«¥­®, ·²® ¢®§­¨-

ª ¾¹ ¿ ¯®±«¥ ° §°»¢  ¤¨ ´° £¬» ³¤ °­ ¿ ¢®«­  ®²° ¦ ¥²±¿ ®² ¤®-

§¢³ª®¢®© · ±²¨ ±®¯«  � ¢ «¿ ¨ ° §¢¨¢ ¥²±¿ ±«®¦­ ¿ ³¤ °­®-¢®«­®¢ ¿

ª °²¨­  ²¥·¥­¨¿. � °¥§³«¼² ²¥ ´®°¬¨°³¾²±¿ ¤¢¥ ³¤ °­»¥ ¢®«­»,

®¤­  ¨§ ª®²®°»µ ° ±¯°®±²° ­¿¥²±¿ ­ ¢±²°¥·³ ±¯³²­®¬³ ¯®²®ª³ ¢

ª ¬¥°³ ¢»±®ª®£® ¤ ¢«¥­¨¿,   ¤°³£ ¿ { ¢ ±¢¥°µ§¢³ª®¢³¾ · ±²¼ ±®¯« .
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�±±«¥¤®¢ ­ ¯°®¶¥±± ®¡²¥ª ­¨¿ ¬®¤¥«¨ ¢ ° ¡®·¥© ª ¬¥°¥ ²°³¡», ¨

¯®«³·¥­» ®¶¥­ª¨ ±²¥¯¥­¨ ­¥° ¢­®¬¥°­®±²¨ ¯®«¿ ª®­¶¥­²° ¶¨¨ ¯°¨-

¬¥±¨ ¢ ¯®²®ª¥ ¯¥°¥¤ ¬®¤¥«¼¾.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-01-01201).

1. � ±¨«¥¢±ª¨© �.�., �±¨¯¶®¢ �.�., �¨°¨µ¨­ �.�., �ª®¢«¥¢  �.�.,
�¥¯«®®¡¬¥­ ­  «®¡®¢®© ¯®¢¥°µ­®±²¨ § ²³¯«¥­­®£® ²¥«  ¢ ¢»±®ª®±ª®-
°®±²­®¬ ¯®²®ª¥, ±®¤¥°¦ ¹¥¬ ¬ «®¨­¥°¶¨®­­»¥ · ±²¨¶» // ���.
2001. �. 74, Â 6. �. 29-37.

Numerical investigation of unsteady processes in the
hypersonic shock tube used for the study of dusty gas

ows over bodies

I. A. Ushakov, Y. M. Tsirkunov

Baltic State Technical University, St. Petersburg, Russia

Numerical investigation of the unsteady axisymmetrical dusty gas 
ow in the

hypersonic shock tube is carried out. Carrier gas 
ow is described by the Euler

equations which are solved by the high resolution TVD- and ENO-methods.

It is shown that the 
ow just after the break of a diaphragm is essentially

two-dimensional in character. At the �rst stage of the process the complex

interaction of shock waves is observed. After the �rst stage, two shockwaves

are formed in the 
ow: 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 
ow 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.

�­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ § ¤ ·¨ ® ¬¥¤«¥­­®¬
²¥·¥­¨¨ ¢¿§ª®© ¦¨¤ª®±²¨ ¢ ®¡« ±²¨
± ¯°®¨§¢®«¼­»¬¨ £° ­¨·­»¬¨ ³±«®¢¨¿¬¨

�. �. �¥¤®±¥­ª®

(nadya@spbcas.ru, kaf m4@bstu.spb.su)

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�°¥¤¨ ³° ¢­¥­¨© ¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¨ ¡®«¼¸®¥ §­ ·¥­¨¥ ¨¬¥¥²

¡¨£ °¬®­¨·¥±ª®¥ ³° ¢­¥­¨¥ [1], ¸¨°®ª® ¯°¨¬¥­¿¥¬®¥ ¢ § ¤ · µ £¨-



168 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

¤°®¬¥µ ­¨ª¨ ¨ ²¥®°¨¨ ³¯°³£®±²¨. � £¨¤°®¬¥µ ­¨ª¥ ¨¬ ®¯¨±»¢ ¥²±¿

³±² ­®¢¨¢¸¥¥±¿ ¬¥¤«¥­­®¥ ¤¢¨¦¥­¨¥ ¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®-

±²¨ (±®®²¢¥²±²¢³¾¹ ¿ ´³­ª¶¨¿ | ´³­ª¶¨¿ ²®ª )[2]. �§¢¥±²¥­ °¿¤

· ±²­»µ °¥¸¥­¨© ³° ¢­¥­¨¿, ®¯¨±»¢ ¾¹¨µ ²¥ ¨«¨ ¨­»¥ ²¥·¥­¨¿ [2].

�±¥ ®­¨, ®¤­ ª®, ¯®«³·¥­» ± ¨±¯®«¼§®¢ ­¨¥¬ ° §«¨·­»µ ¤®¯³¹¥­¨©

(®±¥¢ ¿ ±¨¬¬¥²°¨¿, ° ¤¨ «¼­®±²¼, ®¯°¥¤¥«¥­­®¥ ° ±¯°¥¤¥«¥­¨¥ ±ª®-

°®±²¥© ¨ ².¤.), ª®²®°»¥ ±³¦ ¾² ª°³£ °¥¸¥­­»µ § ¤ ·.

� ¤ ­­®© ° ¡®²¥ ­ ©¤¥­® ®¡¹¥¥  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ ¡¨£ °¬®-

­¨·¥±ª®£® ³° ¢­¥­¨¿ ¤«¿ ®¡« ±²¥© ¢ ¢¨¤¥ ¯°¿¬®³£®«¼­¨ª  ¨ ¯ ° «-

«¥«¥¯¨¯¥¤  (  ² ª¦¥ ° ±¯°®±²° ­¥­¨¥ ¥£® ­  ¬­®£®¬¥°­»© ±«³· ©).

�°¨¢¥¤¥­® °¥¸¥­¨¥ ¢­³²°¥­­¥© ¨ ¢­¥¸­¥© ¯¥°¢®©, ¢²®°®© ¨ ²°¥²¼¥©

ª° ¥¢»µ § ¤ ·. �®¤·¥°ª­¥¬, ·²® °¥¸¥­¨¥ ¯®«³·¥­® ¢ ª®­¥·­®¬ ¢¨¤¥,

  ­¥ ¢ ¢¨¤¥ ±³¬¬ ¡¥±ª®­¥·­»µ °¿¤®¢. �­® ¯®§¢®«¿¥² § ¤ ¢ ²¼ ­  £° -

­¨¶¥ ®¡« ±²¨ ¯°®¨§¢®«¼­®¥ ° ±¯°¥¤¥«¥­¨¥ ´³­ª¶¨¨ ²®ª  ¨ ¥¥ ¯°®¨§-

¢®¤­»µ ¯® ­®°¬ «¨ ª £° ­¨¶¥, ·²® ¤ ¥² ¢®§¬®¦­®±²¼ ±³¹¥±²¢¥­­®

° ±¸¨°¨²¼ ª°³£ °¥¸¥­­»µ § ¤ · ¨ ¯°® ­ «¨§¨°®¢ ²¼ ±¢®©±²¢  ´¨-

§¨·¥±ª¨µ ¿¢«¥­¨©, ®¯¨±»¢ ¥¬»µ ¨¬¨ (²¥·¥­¨¿ ±® ¢¤³¢®¬, ®²±®±®¬,

­¥±ª®«¼ª¨¬¨ ¢µ®¤­»¬¨ ¨«¨ ¢»µ®¤­»¬¨ ®²¢¥°±²¨¿¬¨ ¨ ².¯.). �±-

¯®«¼§³¿  ¯¯ ° ² ª®­´®°¬­®£® ®²®¡° ¦¥­¨¿ ¬®¦­® ° ±¯°®±²° ­¨²¼

½²® °¥¸¥­¨¥ ­  ±«³· © ¯°®¨§¢®«¼­»µ ¯«®±ª¨µ ®¤­®±¢¿§­»µ ®¡« ±²¥©.

�²¬¥²¨¬, ·²®  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ ¯®¤®¡­»µ § ¤ · ¨¬¥¥² ª ª ± -

¬®±²®¿²¥«¼­³¾ ´¨§¨·¥±ª³¾ ¶¥­­®±²¼, ² ª ¨ ¶¥­­®±²¼ ± ²®·ª¨ §°¥-

­¨¿ ²¥±²¨°®¢ ­¨¿ ¢»·¨±«¨²¥«¼­»µ ¬¥²®¤®¢.

1. �®«¿­¨­ �. �. �¯° ¢®·­¨ª ¯® «¨­¥©­»¬ ³° ¢­¥­¨¿¬ ¬ ²¥¬ ²¨·¥-
±ª®© ´¨§¨ª¨. �., 2001.
2. �«¥§ª¨­ �. �. �¨­ ¬¨ª  ¢¿§ª®© ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¨. �., 1955.

Analytical solution of a problem on sluggish viscous

ow 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 is obtained in a form of �nite algebraic expressions. It makes possible

to describe some viscous 
ows never analyzed before.
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H-²¥®°¥¬  ¤«¿ ±«®¦­»µ ±°¥¤

�. �. �¨¡ °®¢, �. �. �¨¡ °®¢ 

(
uid@niimm.spb.su)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�­¨¢¥°±¨²¥² �¥¢¥°­®© � °®«¨­», ���

� ª ·¥±²¢¥ ¬ ²¥¬ ²¨·¥±ª¨µ ¬®¤¥«¥© ±«®¦­»µ ±°¥¤ ¯°¨­¨¬ ¥²±¿

®¡®¡¹¥­¨¥ ±²®µ ±²¨·¥±ª¨µ ¬®¤¥«¥© ° ¡®² [1,2]. �«¿ ­¨µ ¯®«³·¥­

 ­ «®£ ¯°¨­¶¨¯  ¤¥² «¼­®£® ¡ « ­± , ¤®ª § ­» ¨­²¥£° «¼­ ¿ «¥¬¬ 

¨  ­ «®£ H-²¥®°¥¬» (± ³·¥²®¬ ¢»°®¦¤¥­¨¿ ±² ²¨±²¨ª¨).

H-²¥®°¥¬ . �³±²¼ x 2 Rn ¨ _x | ¢¥ª²®° ¨­¤¨¢¨¤³ «¼­»µ ¯¥°¥-

¬¥­­»µ ¨ ¥£® ¨§¬¥­¥­¨¥ ±® ¢°¥¬¥­¥¬ t ¢¤®«¼ ´ §®¢®© ²° ¥ª²®°¨¨,

r | ®¯¥° ²®° £° ¤¨¥­² ,   ¢¥«¨·¨­  (�H) ¯°®¯®°¶¨®­ «¼­  ½­-

²°®¯¨¨ ±¨±²¥¬» ± ¢»°®¦¤¥­¨¥¬ ±² ²¨±²¨ª¨. �±«¨ ¢ ° ¢­®¢¥±¨¨

r � _x = 0 ,   ²¥­§®°­»¥ ª®½´´¨¶¨¥­²» Bi, ¢µ®¤¿¹¨¥ ¢ ®¯¥° ²®°»

�®ªª¥°  { �« ­ª , ±¨¬¬¥²°¨·­» ¨ ³¤®¢«¥²¢®°¿¾² ³±«®¢¨¾ �¨«¼-

¢¥±²¥°  ¯®«®¦¨²¥«¼­®© ®¯°¥¤¥«¥­­®±²¨ ª¢ ¤° ²¨·­®© ´®°¬», ²®

dH

dt
� Qn;

£¤¥ Qn µ ° ª²¥°¨§³¥² ¯®²®ª ½­²°®¯¨¨ ·¥°¥§ £° ­¨¶³ n-¬¥°­®£®
¯°®±²° ­±²¢ , ¢ª«¾· ¿ ¬¥¦´ §®¢³¾.

� ¢¥­±²¢³ ±®®²¢¥²±²¢³¥² ¯®«­®¥ ¨«¨ · ±²¨·­®¥ ° ¢­®¢¥±¨¥. �±«¨

·¨±«®¬ ½«¥¬¥­²®¢, ¯¥°¥±¥ª ¾¹¨µ £° ­¨¶³ ®¡« ±²¨ § ¤ ­¨¿ x 2 !,
¬®¦­® ¯°¥­¥¡°¥·¼, ²® dH=dt � 0.

1. �¨¡ °®¢ �. �. �¨­¥²¨·¥±ª¨© ¬¥²®¤ ¢ ²¥®°¨¨ £ §®¢§¢¥±¥©. ��¡.,
1997. 192 ±.
2. �¨¡ °®¢ �. �., �¨¡ °®¢  �. �. �²®µ ±²¨·¥±ª¨¥ § ª®­» ±®µ° ­¥-
­¨¿ ¢ ½ª®­®¬¨ª¥ // �°³¤» ¬¥¦¤³­ °®¤­®© ª®­´¥°¥­¶¨¨ "� ²¥¬ -
²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥, ±² ²¨±²¨ª  ¨ ¨­´®°¬ ²¨ª  ¢ ±®¢°¥¬¥­­®¬
³¯° ¢«¥­¨¨ ½ª®­®¬¨ª®©". � ¬ ° . 2001. �. 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.

�¡ ®¤­®© ¯p®±²p ­±²¢¥­­®© § ¤ ·¥ ® ¤¢¨¦¥­¨¨
²¢¥p¤®£® ²¥«  ¢ ±®¯p®²¨¢«¿¾¹¥©±¿ ±p¥¤¥

�. �. � ¬®«¨­

(shamolin@imec.msu.ru)

�®±ª®¢±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ° ±±¬ ²°¨¢ ¥²±¿ ¢®§¬®¦­®±²¼ ¯¥°¥­¥±¥­¨¿ °¥§³«¼² ²®¢

¯«®±ª®© ¤¨­ ¬¨ª¨ ²¢¥°¤®£® ²¥« , ¢§ ¨¬®¤¥©±²¢³¾¹¥£® ±® ±°¥¤®© [1],

­  ¯°®±²° ­±²¢¥­­»© ±«³· ©. �­ «¨§¨°³¾²±¿ § ¤ ·¨ ® ±´¥°¨·¥±ª®¬

¬ ¿²­¨ª¥, ¯®¬¥¹¥­­®¬ ¢ ¯®²®ª ­ ¡¥£ ¾¹¥© ±°¥¤», ® ¤¢¨¦¥­¨¨ ²¥« 

¯°¨ ­ «¨·¨¨ ­¥ª®²®°®© ±¢¿§¨,   ² ª¦¥ ¯®ª §»¢ ¥²±¿ ¬¥µ ­¨·¥±ª ¿

¨ ²®¯®«®£¨·¥±ª ¿  ­ «®£¨¨ ½²¨µ § ¤ ·.

�¨¯®²¥§», ª ± ¾¹¨¥±¿ ±¢®©±²¢ ±°¥¤», ­ ¸«¨ ±¢®¥ ®²° ¦¥­¨¥ ¢ ¯®-

±²°®¥­¨¨ ¯°®±²° ­±²¢¥­­®© ¤¨­ ¬¨·¥±ª®© ¬®¤¥«¨ ¢§ ¨¬®¤¥©±²¢¨¿

±°¥¤» ± ²¥«®¬.

1. �±¥ ¢§ ¨¬®¤¥©±²¢¨¥ ±°¥¤» ± ²¥«®¬ ±®±°¥¤®²®·¥­® ­  ²®© · ±²¨

¯®¢¥°µ­®±²¨ ²¥« , ª®²®° ¿ ¨¬¥¥² ´®°¬³ ¢»¯³ª«®© ¯«®±ª®© ®¡« ±²¨.

�­® ¯°®¨±µ®¤¨² ¯® § ª®­ ¬ ±²°³©­®£® ®¡²¥ª ­¨¿. �¨«  ½²®£® ¢§ ¨-

¬®¤¥©±²¢¨¿ ­ ¯° ¢«¥­  ¯® ­®°¬ «¨ ª ®¡« ±²¨, ¯°¨·¥¬ ²®·ª  ¯°¨«®-

¦¥­¨¿ ½²®© ±¨«» ®¯°¥¤¥«¿¥²±¿ «¨¸¼ ®¤­¨¬ ¯ ° ¬¥²°®¬ | ³£«®¬

 ² ª¨, ª®²®°»© ¨§¬¥°¿¥²±¿ ¬¥¦¤³ ¢¥ª²®°®¬ ±ª®°®±²¨ ­¥ª®²®°®©

²®·ª¨ ®¡« ±²¨ ¨ ¢­¥¸­¥© ­®°¬ «¼¾ ¢ ½²®© ²®·ª¥.

2. �¥«¨·¨­³ ±¨«» ±®¯°®²¨¢«¥­¨¿ ¯°¨¬¥¬ ¢ ¢¨¤¥, ª¢ ¤° ²¨·­®¬ ¯®

±ª®°®±²¨ ¢»¡° ­­®© ²®·ª¨ ²¢¥°¤®£® ²¥«  ± ª®½´´¨¶¨¥­²®¬, § ¢¨±¿-

¹¨¬ «¨¸¼ ®² ³£«   ² ª¨.

1. � ¬®«¨­ �.�. �¢¥¤¥­¨¥ ¢ § ¤ ·³ ® ²®°¬®¦¥­¨¨ ²¥«  ¢ ±®¯°®²¨-
¢«¿¾¹¥©±¿ ±°¥¤¥ ¨ ­®¢®¥ ¤¢³µ¯ ° ¬¥²°¨·¥±ª®¥ ±¥¬¥©±²¢® ´ §®¢»µ
¯®°²°¥²®¢ // �¥±²­. �®±ª. ³­-² . �¥°. 1. � ²¥¬ ²¨ª . �¥µ ­¨ª .
1996, Â 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 
ow under the

assumptions of quasi-stationarity.
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�¥ª¶¨¿ IV.

�¥µ ­¨ª 
¤¥´®°¬¨°³¥¬®£®
²¢¥°¤®£® ²¥« 

� ±¯°®±²° ­¥­¨¥ ²°¥¹¨­ ¢ ¯« ±²¨­ µ ¨ ®¡®«®·ª µ

�. �. �­¨±¨¬®¢

(anisimov@fct.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�§³·¥­¨¥ ³±«®¢¨© ° ±¯°®±²° ­¥­¨¿ ²°¥¹¨­» ¨«¨ ±¨±²¥¬» ²°¥¹¨­

¢ ±°¥¤¥ ¯°¥¤±² ¢«¿¥²±¿ ¢ ¦­®© ¨ ¨­²¥°¥±­®© § ¤ ·¥©. �«¿ ¥�¥ °¥-

¸¥­¨¿ ¢ ²¥®°¨¨ ° §°³¸¥­¨¿ ¯°¨¬¥­¿¾²±¿ ª®­²¨­³ «¼­»¥ ¬®¤¥«¨ ¢

«¨­¥©­®© ª¢ §¨±² ²¨·¥±ª®© ¯®±² ­®¢ª¥, ¢ ­¥«¨­¥©­®© ¨ ¤¨­ ¬¨·¥-

±ª®© ¯®±² ­®¢ª µ,   ² ª¦¥ ¤¨±ª°¥²­»¥ ¬®¤¥«¨ (±¬. [1 - 3] ¨ ¤°.).

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ° ¢­®¬¥°­® ±¦ ²»© ²®­ª¨© ³¯°³£¨©

±«®© ¯®±²®¿­­®© ²®«¹¨­», ¯°¨ª«¥¥­­»© ª ³¯°³£®¬³ ®±­®¢ ­¨¾.

�¥¦¤³ ±«®¥¬ ¨ ®±­®¢ ­¨¥¬ ¨¬¥¥²±¿ ²°¥¹¨­ . �°¥¤¯®« £ ¥²±¿,

·²® ¢¯«®²¼ ¤® ­ °³¸¥­¨¿ ª®­² ª²  °¥ ª¶¨¿ ª«¥¥¢®£® ±®¥¤¨­¥­¨¿

¿¢«¿¥²±¿ «¨­¥©­®© ´³­ª¶¨¥© ¯°®£¨¡  ±«®¿, ¯°¨·¥¬ ¯°¨ ¤®±²¨¦¥-

­¨¨ ¯°®£¨¡®¬ § ¤ ­­®£® (ª°¨²¨·¥±ª®£®) §­ ·¥­¨¿ ­ ·¨­ ¥²±¿ °®±²

²°¥¹¨­».

�°¥¤«®¦¥­  ¬®¤¥«¼, ¯®§¢®«¿¾¹ ¿ ¨±±«¥¤®¢ ²¼ ³±«®¢¨¿ ° ±ª°»²¨¿

²°¥¹¨­» ¨ ¥¥ °®±²  ¢ ¤¨­ ¬¨ª¥. �»¯®«­¥­» ° ±·¥²», ¤¥¬®­±²°¨-

°³¾¹¨¥ ¯®¢¥¤¥­¨¥ ±¦ ²®© ±² «¼­®© ¯®«®±», ¯°¨ª«¥¥­­®© ª ®±­®¢ -

­¨¾.

�±­®¢­»¥ ª ·¥±²¢¥­­»¥ § ª®­®¬¥°­®±²¨ ®²ª°»²¨¿ ¨ °®±²  ²°¥-

¹¨­», ¯®«³·¥­­»¥ ¢ ª¢ §¨±² ²¨·¥±ª®¬ ¯®¤µ®¤¥ [4], ¯®¤²¢¥°¦¤ ¾²±¿

¤¨­ ¬¨·¥±ª®© ¬®¤¥«¼¾.
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1. �®°®§®¢ �. �. � ²¥¬ ²¨·¥±ª¨¥ ¢®¯°®±» ²¥®°¨¨ ²°¥¹¨­. �.: � -
³ª , 1984. 256 ±.
2. �®°®§®¢ �. �. �§¡° ­­»¥ ¤¢³¬¥°­»¥ § ¤ ·¨ ²¥®°¨¨ ³¯°³£®±²¨.
�.: �§¤-¢® ���, 1978. 182 ±.
3. �®°®§®¢ �. �., � ³ª¸²® �. �. �¨±ª°¥²­»¥ ¨ £¨¡°¨¤­»¥ ¬®¤¥«¨
¬¥µ ­¨ª¨ ° §°³¸¥­¨¿. ��¡., 1995. 160 ±.
4. �®¢±²¨ª �. �. �®¤¥«¼ °®±²  ²°¥¹¨­» ¢ ¤¢³±«®©­®¬ ¬ ²¥°¨ «¥ //
�¥±²­¨ª ��¡��. 2000.

Crack propagation in plates and shells

V. Yu. Anisimov

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 Kirchho�'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.

�ª±¯¥°¨¬¥­² «¼­®¥ ¨±±«¥¤®¢ ­¨¥ ±² ²¨·¥±ª¨µ ¨
¤¨­ ¬¨·¥±ª¨µ ¬¥µ ­¨·¥±ª¨µ ±¢®©±²¢
³¤ °®¯°®·­®£® ¯« ±²¨ª 

�. �. �²°®¸¥­ª®*, �. �. �«¥¯ ·ª®**, �. �. �°¨¢®¸¥¥¢***,

�. �. �¥²°®¢, �. �. �²ª¨­, �. �. �¥¤®°®¢±ª¨©

(G.Fed@pobox.spbu.ru)
��­±²¨²³² ¯°®¡«¥¬ ¬ ¸¨­®±²°®¥­¨¿ ���, � ­ª²-�¥²¥°¡³°£, �®±±¨¿
���¥²¶ª¨© ³­¨¢¥°±¨²¥², �° ­¶¨¿
���� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨©
³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�§³·¥­» ¯°®·­®±²¼, ¤¥´®°¬ ²¨¢­®±²¼ ¨ ²°¥¹¨­®±²®©ª®±²¼ ¯°¨ ±² -

²¨·¥±ª®¬ ¨ ³¤ °­®¬ ¬ £­¨²­®-¨¬¯³«¼±­®¬ ° ±²¿£¨¢ ¾¹¥¬ ­ £°³-

¦¥­¨¨ ®¡° §¶®¢ °¥§¨­®­ ¯®«­¥­­®£® ¯®«¨¬¥²¨«¬¥² ª°¨« ² 
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Altuglas TX CH25. �°®¢¥¤¥­ ´° ª²®£° ´¨·¥±ª¨©  ­ «¨§ ¯®¢¥°µ-

­®±²¥© ° §°³¸¥­¨¿. � §°³¸¥­¨¥ ¯°¨ ° §¤¨°¥ ¨¬¥¥² ª¢ §¨µ°³¯ª¨©

µ ° ª²¥° (­ ¡«¾¤ ¾²±¿ §¥°ª «¼­»¥ ¨ ¸¥°®µ®¢ ²»¥ §®­»),   ¯°¨ ±² -

²¨·¥±ª®¬ ° ±²¿¦¥­¨¨ { ±«®¦­»© ¬ ª°®¢¿§ª¨© µ ° ª²¥°, ¢»§¢ ­­»©

£¥²¥°®£¥­­»¬ (ª®¬¯®§¨²­»¬) ±²°®¥­¨¥¬ ¬ ²¥°¨ « .

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â01-01-00250, 02-

01-01035), �¨­¨±²¥°±²¢  ®¡° §®¢ ­¨¿ ¯°¨ ��¡�� (Â�00-4.0-174),

��� (Â00-01-05020), ��� "�­²¥£° ¶¨¿".

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 �lled 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.

�¥µ ­¨·¥±ª¨¥  ±¯¥ª²» ° §¢¨²¨¿ £« ³ª®¬»

�. �. � ³½°

(Svetlana.Bauer@podox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�§¢¥±²­®, ·²® ¯°¨ ¯®¢»¸¥­¨¨ ¢­³²°¨£« §­®£® ¤ ¢«¥­¨¿ (���)  ²°®-

´¨¿ §°¨²¥«¼­®£® ­¥°¢  ¯°®¨±µ®¤¨² ¢ ®¡« ±²¨ °¥¸¥²· ²®© ¯« ±²¨­ª¨

£« § .

�¥¸¥²· ²®© ¯« ±²¨­ª®© (��) ­ §»¢ ¥²±¿ ³· ±²®ª ±ª«¥°» ­¥¤ «¥ª®

®² § ¤­¥£® ¯®«¾±  £« § , ­  ª®²®°®¬ ·¥°¥§ ¬­®¦¥±²¢® ¬¥«ª¨µ ®²-

¢¥°±²¨© ¯°®µ®¤¿² ¯³·ª¨ §°¨²¥«¼­®£® ­¥°¢ . �°¨ ¬®¤¥«¨°®¢ ­¨¨
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�� ° ±±¬ ²°¨¢ ¥²±¿ ª ª ²° ­±¢¥°± «¼­®-¨§®²°®¯­ ¿ ­¥®¤­®°®¤­ ¿

¯® ° ¤¨³±³ ¨ ¯® ³£«³ ª°³£« ¿ ¯« ±²¨­ª .

� ±·¥²» ¤¥´®°¬ ¶¨© �� ¯®¤ ¤¥©±²¢¨¥¬ ­®°¬ «¼­®£® ¤ ¢«¥­¨¿, ¯°®-

¢¥¤¥­­»¥ ¯® ° §«¨·­»¬ ²¥®°¨¿¬  ­¨§®²°®¯­»µ ¯« ±²¨­, ¯®ª §»-

¢ ¾², ·²® ± ¢®§° ±² ­¨¥¬ ��� ­¥°¢­»¥ ¢®«®ª­  ¯®¤¢¥°£ ¾²±¿ ¤¥-

´®°¬ ¶¨¨ ±¤¢¨£ , ª®²®° ¿ ¬®¦¥² ¡»²¼ ¯°¨·¨­®© ° §¢¨²¨¿ £« ³-

ª®¬».

�§³·¥­¨¥ ¤¥´®°¬ ¶¨© ��, ¯°®¢¥¤¥­­®¥ ­  ®±­®¢¥ ¬®¤¥«¥© ®¤­®±«®©-

­»µ ¯« ±²¨­, ­¥ ¯®§¢®«¿¥² ®¡º¿±­¨²¼ ²®² ´ ª², ·²® ¯® ¤ ­­»¬ ®´-

² «¼¬®«®£®¢  ²°®´¨¿ §°¨²¥«¼­®£® ­¥°¢  ¯°¨ ¨§¬¥­¥­¨¨ ��� ¢®§­¨-

ª ¥² ­  "­ °³¦­®¬ ±«®¥", ­  ³°®¢­¥ § ¤­¥£® ª° ¿ �� ±ª«¥°». �®

®¯¨± ­¨¿¬ ®´² «¼¬®«®£®¢ �� ±®±²®¨² ¨§ ­¥±ª®«¼ª¨µ ±«®¥¢ ²ª ­¨,

¨¬¥¾¹¨µ ®²¢¥°±²¨¿ ª°³£«®© ´®°¬». � ±¢¿§¨ ± ½²¨¬ ° ±±¬ ²°¨¢ -

«¨±¼ ¡®«¼¸¨¥ ®±¥±¨¬¬¥²°¨·­»¥ ¤¥´®°¬ ¶¨¨ ¬­®£®±«®©­®© ¡¥§¬®-

¬¥­²­®© ®¡®«®·ª¨ ¢° ¹¥­¨¿ ± ³¯°³£¨¬¨ ±¢¿§¿¬¨ ¬¥¦¤³ ±«®¿¬¨.

� ¸¨°®ª®¬ ¤¨ ¯ §®­¥ ¨§¬¥­¥­¨¿ ° §«¨·­»µ ¯ ° ¬¥²°®¢ ¯°¨ ³·¥²¥

®±®¡¥­­®±²¥© ±²°®¥­¨¿ �� (¨§¢¥±²­®, ·²® ¯®±«¥¤­¨© ±«®© ¿¢«¿¥²±¿

¡®«¥¥ ¯«®²­»¬ ¨ ¦¥±²ª¨¬) ¯®«³·¥­®, ·²® ­ ¨¡®«¥¥ ±¨«¼­»¥ ®²­®-

±¨²¥«¼­»¥ ±¬¥¹¥­¨¿ ¯°®¨±µ®¤¿² ­  ³°®¢­¥ ¯®±«¥¤­¥£® ±«®¿, ¯°¨·¥¬

½²¨ ±¬¥¹¥­¨¿ ³¢¥«¨·¨¢ ¾²±¿ ª ª° ¾ ¯« ±²¨­». � ª¨¬ ®¡° §®¬,

¯°¨·¨­®© ° §¢¨²¨¿ £« ³ª®¬» ¬®¦¥² ¡»²¼ ±¬¥¹¥­¨¥ ±«®¥¢ ��.

� ª ®¤­  ¨§ ¢®§¬®¦­»µ ¯°¨·¨­ ° §¢¨²¨¿ £« ³ª®¬» ° ±±¬ ²°¨¢ -

¥²±¿ ² ª¦¥ ¯®²¥°¿ ³±²®©·¨¢®±²¨ ®±¥±¨¬¬¥²°¨·­®£® ±®±²®¿­¨¿ ��.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00234).

Mechanical aspects of the development
of the glaucoma

S. M. Bauer

St. Petersburg State University, Russia

The di�erent mechanical aspects of the development of the glaucomatous at-

rophy of the optic nerve �bres are considered.
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�° ¢­¨²¥«¼­»©  ­ «¨§ ­¥±³¹¥© ±¯®±®¡­®±²¨
¯« ±²¨·¥±ª¨  ­¨§®²°®¯­»µ ¯« ±²¨­

�. �. � ·³°¨µ¨­ , �. �. � ¢¨« ©­¥­

(gvp@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®¢»¸¥­¨¥ ­ ¤¥¦­®±²¨ ½ª±¯«³ ² ¶¨¨ ª®­±²°³ª¶¨© ¨§  ­¨§®²°®¯-

­»µ ¬ ²¥°¨ «®¢ ±¢¿§ ­® ± ¨§³·¥­¨¥¬ ¨µ ±¢®©±²¢ ¯°¨ ¢±¥±²®°®­­¥¬

° ¢­®¬¥°­®¬ ­ £°³¦¥­¨¨ ¨ ¯°¨ ¶¨ª«¨·¥±ª¨µ ­ £°³§ª µ. � · ±²­®-

±²¨, ¢®§­¨ª ¥² § ¤ ·  ®¶¥­ª¨ ­¥±³¹¥© ±¯®±®¡­®±²¨ ª°³£«®© ²®­ª®©

¯« ±²¨­», ±¢®¡®¤­® ®¯¥°²®©, ­ µ®¤¿¹¥©±¿ ¯®¤ ¢®§¤¥©±²¢¨¥¬ ° ¢­®-

¬¥°­® ° ±¯°¥¤¥«¥­­®© ­ £°³§ª¨ ¯® ®¤­®© ¨§ ¯«®±ª®±²¥© ¯°¨ ³·¥²¥

²° ­±¢¥°± «¼­®© ¨§®²°®¯¨¨ ³¯°³£¨µ ±¢®©±²¢ ¨ ½´´¥ª²  SD (° §­®-

±®¯°®²¨¢«¿¥¬®±²¨ ° ±²¿¦¥­¨¾ ¨ ±¦ ²¨¾) ¢¯«®²¼ ¤® ®¡° §®¢ ­¨¿ ¢

¶¥­²°¥ ¯« ±²¨­» ¯« ±²¨·¥±ª®£® ¸ °­¨° .

�±­®¢­»¥ ²¥®°¥²¨·¥±ª¨¥ °¥§³«¼² ²» ¯® ¯®±² ¢«¥­­®© § ¤ ·¥ ®¯³-

¡«¨ª®¢ ­» ¢ ° ¡®² µ [1,2,3]. � ¤ ·³ ³¤ ¥²±¿ °¥¸¨²¼ ¯®«³®¡° ²­»¬

¬¥²®¤®¬, ².¥. ¯®±²°®¨²¼ ° §°¥¸ ¾¹³¾ ±¨±²¥¬³ ¤¨´´¥°¥­¶¨ «¼-

­»µ ³° ¢­¥­¨©, ª®²®° ¿ ¨­²¥£°¨°³¥²±¿ ·¨±«¥­­® ° §­®±²­»¬ ¬¥²®-

¤®¬ ®²­®±¨²¥«¼­® ¡¥§° §¬¥°­®£® ¯ ° ¬¥²°  ° ¤¨³±  ¯« ±²¨­» q ¨
±®¤¥°¦¨² ­¥¨§¢¥±²­»© ¯ ° ¬¥²° ­ £°³§ª¨ p ¯°¨ § ¤ ­­®¬ ° §¬¥°¥

¯« ±²¨·¥±ª¨µ ®¡« ±²¥©,   § ²¥¬ ®¯°¥¤¥«¨²¼ ± ¬³ ­ £°³§ª³ P, ¯®-

±² ¢¨¢ ³±«®¢¨¥ ­¥¯°¥°»¢­®±²¨ ¯°®£¨¡  ¨ ¨§£¨¡ ¾¹¥£® ¬®¬¥­²  ­ 

£° ­¨¶¥ ¬¥¦¤³ ³¯°³£®© ¨ ¯« ±²¨·¥±ª¨¬¨ · ±²¿¬¨ ¯« ±²¨­». � ­-

­ ¿ § ¤ ·  ®±«®¦­¿¥²±¿ ®²±³²±²¢¨¥¬ ±¨¬¬¥²°¨¨ ¢ ° §¢¨²¨¨ ¯« ±²¨-

·¥±ª¨µ ®¡« ±²¥© ­  ¢¥°µ­¥© ¨ ­¨¦­¥© ¯®¢¥°µ­®±²¿µ ¯« ±²¨­», ·²®

¯°¨¢®¤¨² ª ±¬¥¹¥­¨¾ ­¥©²° «¼­®© ¯®¢¥°µ­®±²¨ ®²­®±¨²¥«¼­® ±°¥-

¤¨­­®© ¢ ³¯°³£®¯« ±²¨·¥±ª®© §®­¥.

� ¯°¥¤¸¥±²¢³¾¹¨µ ° ¡®² µ ° ±·¥² ¡»« ¯°®¢¥¤¥­ ²®«¼ª® ¢ · ±²­®¬

±«³· ¥, ª®£¤  ¢¥°µ­¿¿ ®¡« ±²¼ ¯« ±²¨·­®±²¨ ±®±²®¨² ²®«¼ª® ¨§ ®¤-

­®© ²®·ª¨ - ¶¥­²°  ¢¥°µ­¥© ¯®¢¥°µ­®±²¨ ¯« ±²¨­»,   ­¨¦­¿¿ ®¡« ±²¼

¯« ±²¨·­®±²¨ ¤®±² ²®·­® ° §¢¨² . �²®² ° ±·¥² ¯®§¢®«¨« ¢»¿¢¨²¼

¢«¨¿­¨¥ ° §«¨·­»µ  ±¯¥ª²®¢  ­¨§®²°®¯¨¨ ¨ ½´´¥ª²  ° §­®±®¯°®²¨-

¢«¿¥¬®±²¨ ­  ° §¢¨²¨¥ ¨ ° ±¯°®±²° ­¥­¨¥ ¯« ±²¨·­®±²¨, ­® ­¥ ¤ «

¢®§¬®¦­®±²¨ ®¯°¥¤¥«¨²¼ ²³ ­ £°³§ª³, ¯°¨ ª®²®°®© ®¡° §³¥²±¿ ¯« -

±²¨·¥±ª¨© ¸ °­¨° ¢ ¶¥­²°¥ ¨ °¥ «¨§³¥²±¿ ´ ª² ¨±·¥°¯ ­¨¿ ­¥±³¹¥©

±¯®±®¡­®±²¨.

�¥§³«¼² ²» ° ±·¥²  ¯®§¢®«¿¾² ±¤¥« ²¼ ¢»¢®¤ ® ±³¹¥±²¢¥­­®¬ ¢«¨¿-
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­¨¨ ²° ­±¢¥°± «¼­®© ¨§®²°®¯¨¨ ­  ¯®¢»¸¥­¨¥ ­¥±³¹¥© ±¯®±®¡­®±²¨

¯« ±²¨­» ¨ ­  ³µ³¤¸¥­¨¥ ¤ ­­®© ±¨²³ ¶¨¨ ¢ ±¢¿§¨ ± ³·¥²®¬ ° §­®-

±®¯°®²¨¢«¿¥¬®±²¨.
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The comparative analysis of carrying ability plastic
anisotropic plates

T. V. Bachurihina, 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

in
uence of these parameters has been given.

� ¯°¿¦¥­­®-¤¥´®°¬¨°®¢ ­­®¥ ±®±²®¿­¨¥
¢ ª« ¯ ­­®¬  ¯¯ ° ²¥ ±¥°¤¶  ¯°¨ ¢­¥¸­¥¬
¢®§¤¥©±²¢¨¨

�. �. �¥£³­

(begun@fromru.com)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ½«¥ª²°®²¥µ­¨·¥±ª¨©

³­¨¢¥°±¨²¥², �®±±¨¿

�®±²°®¥­» ¬ ²¥¬ ²¨·¥±ª¨¥ ¬®¤¥«¨ ¨ ¯°®¢¥¤¥­® ¨±±«¥¤®¢ ­¨¥ ­ ¯°¿-

¦¥­­®-¤¥´®°¬¨°®¢ ­­®£® ±®±²®¿­¨¿ ¢ ª« ¯ ­­®¬  ¯¯ ° ²¥ ±¥°¤¶ 

¯°¨ ¢­¥¸­¨µ ¢®§¤¥©±²¢¨¿µ ¢® ¢°¥¬¿ µ¨°³°£¨·¥±ª¨µ ®¯¥° ¶¨©. �²¨

¨±±«¥¤®¢ ­¨¿ ­¥®¡µ®¤¨¬» ¤«¿ ¯®±²°®¥­¨¿ ±¨±²¥¬» ¯°¥¤®¯¥° ¶¨®­-

­®© ¤¨ £­®±²¨ª¨ ¨ ¯°¥¤®²¢° ¹¥­¨¿ ­¥¦¥« ²¥«¼­»µ ¨±µ®¤®¢ ®¯¥° -

¶¨©.
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� ¯°®¶¥±±¥ ®¯¥° ¶¨¨ ¯°®¨§¢®¤¨²±¿ ° ±¸¨°¥­¨¥ ±³¦¥­­®£® ª« ¯ ­-

­®£® ®²¢¥°±²¨¿ ¡ ««®­­»¬ ¤¨« ² ²®°®¬. �°¨ ° ±¸¨°¥­¨¨ ±²¥­®-

§¨°®¢ ­­®£® ª« ¯ ­  ¯°®¨±µ®¤¿² ¤¥´®°¬ ¶¨¨ ±²¢®°®ª, ´¨¡°®§­®£®

ª®«¼¶ , ¯°¥¤±¥°¤­®-¦¥«³¤®·ª®¢®© ¯¥°¥£®°®¤ª¨ ¨ ´¨¡°®§­®© ¯« -

±²¨­», ¢»§»¢ ¾¹¨¥ ±«®¦­®¥ ­ ¯°¿¦¥­­®¥ ±®±²®¿­¨¥ ¨ ° §°³¸¥­¨¥

±²°³ª²³° ª ª ¢ ± ¬®¬ ª« ¯ ­¥, ² ª ¨ ¢ ¥£® ®ª°¥±²­®±²¿µ.

�®¤¥«¨ ¯®±²°®¥­» ¯°¨ ±«¥¤³¾¹¨µ ¤®¯³¹¥­¨¿µ: 1. �¨²° «¼­»©

¨ ²°¨ª³±¯¨¤ «¼­»© ª« ¯ ­» - ­¥®±¥±¨¬¬¥²°¨·­»¥ ª®­³±» ± ¦¥±²-

ª¨¬¨ ¯°®¤®«¼­»¬¨ ª®¬¨±±³° ¬¨. � ¦¤»© ¯®«³«³­­»© ª« ¯ ­ ±®-

±²®¨² ¨§ ¯®«³¶¨°ª³«¿°­»µ ±²¢®°®ª ¨ ¦¥±²ª¨µ ª®¬¨±±³°. 2. �±¥

ª« ¯ ­» £¨¡ª¨¥ ­¥¯®«®£¨¥ ­¥®±¥±¨¬¬¥²°¨·­»¥ ®¡®«®·ª¨. 3. � ²¥-

°¨ «» ¯°¥¤±¥°¤­®-¦¥«³¤®·ª®¢®© ¯¥°¥£®°®¤ª¨, ´¨¡°®§­®© ¯« ±²¨­»

¨ ´¨¡°®§­»µ ª®«¥¶ ®¤­®°®¤­»¥, ¨§®²°®¯­»¥, ­¥«¨­¥©­®³¯°³£¨¥. 4.

� ²¥°¨ « ±²¢®°®ª ª« ¯ ­®¢ ± ³·¥²®¬ ° §«¨·­»µ ¯ ²®«®£¨© ­¥®¤­®-

°®¤­»© ¨  ­¨§®²°®¯­»©. 5. �®°¬  ¨ ¯°®²¿¦¥­­®±²¼ ª®­² ª²­»µ

¯®¢¥°µ­®±²¥© ¨§¬¥­¿¥²±¿ ¯°¨ ³¢¥«¨·¥­¨¨ ¤ ¢«¥­¨¿ ¢ ¡ ««®­¥.

�±±«¥¤®¢ ­¨¿ ¯°®¢¥¤¥­» ¯°¨ § ¤ ­¨¨ £¥®¬¥²°¨·¥±ª¨µ ¯ ° ¬¥²°®¢

¨ ¬¥µ ­¨·¥±ª¨µ ±¢®©±²¢ ±²°³ª²³° ¢® ¢±¥¬ ¤¨ ¯ §®­¥ ¨µ ¯ ²®«®£¨·¥-

±ª¨µ ¨§¬¥­¥­¨©.

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.

�®¤¥«¨°®¢ ­¨¥ ½´´¥ª²¨¢­»µ ¬®¤³«¥©
±´¥°®¯« ±²¨ª®¢ ¬¥²®¤ ¬¨ ¬¥µ ­¨ª¨ ª®¬¯®§¨²®¢

�. �. �®«¤»°¥¢

(Sergey Boldyrev@mailru.com)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±¢¿§¨ ± ²¥¬, ·²® ¢±�¥ ¡®«¼¸¥ ¨ ¡®«¼¸¥ ®¡»·­»¥ ¬ ²¥°¨ «» ¢»-

²¥±­¿¾²±¿ ­®¢»¬¨, ² ª¨¬¨, ª ª ±´¥°®¯« ±²¨ª¨, ¡³°­® ­ · «® ° §-

¢¨¢ ²¼±¿ ­®¢®¥ ­ ¯° ¢«¥­¨¥ ­ ³ª¨ - ¬¥µ ­¨ª  ª®¬¯®§¨²®¢. � °¿¤³
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± ½ª±¯¥°¨¬¥­² «¼­»¬¨ ¬¥²®¤ ¬¨ ±³¹¥±²¢³¾² ¨ ²¥®°¥²¨·¥±ª¨¥ ¬®-

¤¥«¨, ¯®§¢®«¿¾¹¨¥ ­ µ®¤¨²¼ ½´´¥ª²¨¢­»¥ ±¢®©±²¢  ±´¥°®¯« ±²¨-

ª®¢. �  ¯° ª²¨ª¥ · ¹¥ ¢±¥£® ¨±¯®«¼§³¥²±¿ "¯° ¢¨«® ±¬¥±¨". �®

½²® ¯° ¢¨«® ¤ �¥² «¨¸¼ ¯°¨¡«¨¦�¥­­»© °¥§³«¼² ², ¯®½²®¬³ ¤ ­­ ¿

° ¡®²  ±²°®¨²±¿ ­  ¡®«¥¥ ²°³¤®�¥¬ª®©, ­® ¨ ¡®«¥¥ ²®·­®© ¬®¤¥«¨

"²°�¥µ´ §­®£® ª®¬¯®§¨² ". �» ¡³¤¥² ° ±±¬ ²°¨¢ ²¼ ¬ ²¥°¨ «, ±®-

±²®¿¹¨© ¨§ ­¥¯°¥°»¢­®© ±°¥¤», ­ §»¢ ¥¬®© ¬ ²°¨¶¥©, ±® ±´¥°¨-

·¥±ª¨¬¨ ¢ª«¾·¥­¨¿¬¨, ¯°¨·�¥¬ ±´¥°¨·¥±ª¨¥ ª®¬¯®­¥­²» ±®¤¥°¦ ²

¸ °®¢»¥ ¯®«®±²¨ ± ¶¥­²°®¬, ±®¢¯ ¤ ¾¹¨¬ ± ¶¥­²°®¬ ±´¥°».

�¥°¢ ¿ · ±²¼ ° ¡®²» ¯®±¢¿¹¥­  ¯®¨±ª³ ®¡º�¥¬­®£® ¬®¤³«¿ ² ª®£®

¬ ²¥°¨ «  ¯°¨ ¯®¬®¹¨ ­¥¬­®£® ¨§¬¥­�¥­­®© ¯®«¨¤¨±¯¥°±­®© ¬®¤¥«¨

ª®¬¯®§¨² .

�«¥¤³¾¹¨¬ ¸ £®¬ ¡³¤¥² ­ µ®¦¤¥­¨¥ ¬®¤³«¿ ±¤¢¨£ . �«¿ ¥£® ¯®¨±ª 

¨±¯®«¼§³¥²±¿ "²°�¥µ´ §­ ¿ ¬®¤¥«¼ ª®¬¯®§¨² ".

� ¯°®¶¥±±¥ °¥¸¥­¨¿ ¡»«® ³±² ­®¢«¥­®, ·²® ¨²®£¥ ³° ¢­¥­¨¥ ®²­®-

±¨²¥«¼­® ¬®¤³«¿ ±¤¢¨£  ¨¬¥¥² ª¢ ¤° ²¨·­³¾ § ¢¨±¨¬®±²¼,   ª®­-

±² ­²», ¢µ®¤¿¹¨¥ ¢ ½²® ³° ¢­¥­¨¥ § ¢¨±¿² ²®«¼ª® ®² § ¤ ­­»µ ¢­¥¸-

­¨µ ¯ ° ¬¥²°®¢.

�®±«¥¤­¨© ½² ¯ ° ¡®²» ¡»« ¯®±¢¿¹�¥­ ­ µ®¦¤¥­¨¾ ½´´¥ª²¨¢­»µ

¬®¤³«¥© ª®­ª°¥²­®£® ±´¥°®¯« ±²¨ª . � µ®¤¥ ½²®£® ¨±±«¥¤®¢ ­¨¿

¡»«¨ ¯®±²°®¥­» £° ´¨ª¨, ¯®ª §»¢ ¾¹¨¥ § ¢¨±¨¬®±²¨ ½²¨µ µ ° ª-

²¥°¨±²¨ª ¬ ²¥°¨ «  ®² ²®«¹¨­» ±²¥­ª¨ ¢ª«¾·¥­¨¿ ¨ ®¡º�¥¬­®© ¤®«¨

¢ª«¾·¥­¨¿. � ª¦¥ ¡»«® ° ±±¬®²°¥­® ¢«¨¿­¨¥ ª ¦¤®£® ¨§ ½²¨µ ¯ -

° ¬¥²°®¢ ­  ½´´¥ª²¨¢­»¥ ¬®¤³«¨ ª®¬¯®§¨² .

1. �°¨±²¥­±¥­ �. �¢¥¤¥­¨¥ ¢ ¬¥µ ­¨ª³ ª®¬¯®§¨²®¢. �¨°, 1981.
2. �®¸¥«¥¢ �. �³°± «¥ª¶¨© ¯® ¬¥µ ­¨ª¥ ¤¥´®°¬¨°®¢ ­­®£® ²¥« .
��¡��, � ²¥¬ ²¨ª®-�¥µ ­¨·¥±ª¨© ´ ª³«¼²¥², 2001.
3. Hashin Z. The elastic moduli of heterogeneous materials J. Appl.
Mech, 1962.

Modelling of e�ective spheroplastics modules by the
composite mechanics

S. A. Boldyrev

St. Petersburg State University, Russia

The method of a �nding the volumetric module and the module of shift by

using the threephase composite model for spheroplastics is considered. The

example of searching for e�ective properties of concrete spheroplastic is dis-

cussed.
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�±±«¥¤®¢ ­¨¥ ¢«¨¿­¨¿ ¦�¥±²ª®±²¥© ®¯®° °®²®°  ­ 
¥£® ª°¨²¨·¥±ª¨¥ · ±²®²» ¢° ¹¥­¨¿

�. �. �¥°­¨£®°, �. �. � ²¢¥¥¢

(root@rgata.adm.yar.ru)

�»¡¨­±ª ¿ £®±³¤ °±²¢¥­­ ¿  ¢¨ ¶¨®­­ ¿ ²¥µ­®«®£¨·¥±ª ¿  ª ¤¥¬¨¿,

�®±±¨¿

�°¨ ª®­±²°³¨°®¢ ­¨¨ ¨ ¤®¢®¤ª¥ °®²®°­®© ±¨±²¥¬» £ §®²³°¡¨­­®£®

¤¢¨£ ²¥«¿ ¢®§­¨ª ¥² § ¤ ·  ®²±²°®©ª¨ ª°¨²¨·¥±ª¨µ · ±²®² ¢° ¹¥-

­¨¿ °®²®°  ®² ¥£® ° ¡®·¨µ · ±²®². � ¨¡®«¥¥ ° ¶¨®­ «¼­® ² ª³¾ ®²-

±²°®©ª³ ¯°®¢®¤¨²¼ ¯³²�¥¬ ¨§¬¥­¥­¨¿ ¦�¥±²ª®±²¥© ®¯®° °®²®° . �²-

±¾¤  ±«¥¤³¥²  ª²³ «¼­®±²¼ § ¤ ·¨ ¯®«³·¥­¨¿  ­ «¨²¨·¥±ª¨µ § ¢¨-

±¨¬®±²¥© ª°¨²¨·¥±ª¨µ · ±²®² ¢° ¹¥­¨¿ °®²®°  ®² ¦�¥±²ª®±²¥© ¥£®

®¯®°. � ¤ ­­®© ° ¡®²¥ ¯®«³·¥­»  ­ «¨²¨·¥±ª¨¥ ´®°¬³«» ¤«¿ ª°¨-

²¨·¥±ª¨µ · ±²®² ¢° ¹¥­¨¿ °®²®°  ±«®¦­®© £¥®¬¥²°¨·¥±ª®© ´®°¬»,

¢ ª®²®°»¥ ¦�¥±²ª®±²¨ ®¯®° ¢µ®¤¿² ª ª ¯ ° ¬¥²°». �°¨ ½²®¬ ®²¤¥«¼-

­»¥ ª®½´´¨¶¨¥­²» ¢ ½²¨µ ´®°¬³« µ ¢»·¨±«¿¾²±¿ ¯® ¬®¤ «¼­»¬

µ ° ª²¥°¨±²¨ª ¬ (ª°¨²¨·¥±ª¨¬ · ±²®² ¬ ¨ ±®¡±²¢¥­­»¬ ´®°¬ ¬

ª®«¥¡ ­¨©) °®²®° , ®±¢®¡®¦¤�¥­­®£® ®² ®¯®°. �²¨ µ ° ª²¥°¨±²¨ª¨

¢ ±¢®¾ ®·¥°¥¤¼ ®¯°¥¤¥«¿¾²±¿ ¯°¨ ¯®¬®¹¨ ª®¬¯¼¾²¥°­»µ ²¥µ­®«®-

£¨© ° ±·�¥²  °®²®°®¢, ¸¨°®ª® ¨±¯®«¼§³¥¬»µ ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ ­ 

¯°¥¤¯°¨¿²¨¿µ  ¢¨ ¶¨®­­®£® ¯°®´¨«¿. �«¿ ¯®«³·¥­¨¿ ¨±ª®¬»µ § -

¢¨±¨¬®±²¥© ° ±±¬ ²°¨¢ ¾²±¿ ±² ¶¨®­ °­»¥ ª®«¥¡ ­¨¿ °®²®°  ¨ § -

¯¨±»¢ ¾²±¿ ¢»° ¦¥­¨¿ ¤«¿ ±¬¥¹¥­¨© ¥£® ®¯®°­»µ ±¥·¥­¨©. � ½²¨µ

¢»° ¦¥­¨¿µ ³·¨²»¢ ¾²±¿ ¯®«­®±²¼¾ ¯¥°¢»¥ n ´®°¬ ª®«¥¡ ­¨©,  

®±² «¼­»¥ ´®°¬»| ¯°¨¡«¨¦�¥­­® ­  ®±­®¢¥ ª¢ §¨±² ²¨·¥±ª®£® ¯®¤-

µ®¤ . � ²¥¬ § ¯¨±»¢ ¾²±¿ ³±«®¢¨¿ ª°¥¯«¥­¨¿ °®²®° . �¥¨§¢¥±²-

­»¬¨ ¢ ¯®«³·¥­­»µ ³° ¢­¥­¨¿µ ¿¢«¿¾²±¿ ±¨«», ¤¥©±²¢³¾¹¨¥ ¢ ®¯®-

° µ. �® ½²¨¬ ³° ¢­¥­¨¿¬ ±®±² ¢«¿¥²±¿ ®¯°¥¤¥«¨²¥«¼ � = �(!),
¯®°¿¤®ª ª®²®°®£® ° ¢¥­ ·¨±«³ ®¯®°,   ½«¥¬¥­²» ¢»° ¦ ¾²±¿ ·¥°¥§

· ±²®²³ ª®«¥¡ ­¨© !, ¦�¥±²ª®±²¨ ®¯®°, ª°¨²¨·¥±ª¨¥ · ±²®²» ª®«¥-

¡ ­¨© ¨ ½ª¢¨¢ «¥­²­»¥ ¬ ±±» °®²®° , ®±¢®¡®¦¤�¥­­®£® ®² ®¯®°. �±-

ª®¬»¥ ª°¨²¨·¥±ª¨¥ · ±²®²» °®²®°  ®¯°¥¤¥«¿¾²±¿ ¨§ ³° ¢­¥­¨¿

�(!) = 0

� ±«³· ¥ § ¤ ·¨ ®¯°¥¤¥«¥­¨¿ ª°¨²¨·¥±ª¨µ · ±²®² ¢° ¹¥­¨¿ °®²®° 

¨§ § ¤ ­­®£® ¤¨ ¯ §®­  · ±²®² ³¤ �¥²±¿ ³¯°®±²¨²¼ ¤ ­­®¥ · ±²®²­®¥

³° ¢­¥­¨¥ ¨ ¯®«³·¨²¼ ¤®±² ²®·­® ¯°®±²»¥  ­ «¨²¨·¥±ª¨¥ ´®°¬³«»
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¤«¿ ¨±ª®¬»µ ¢¥«¨·¨­. �´´¥ª²¨¢­®±²¼ ¨±¯®«¼§®¢ ­¨¿ ¯®«³·¥­­»µ

°¥§³«¼² ²®¢ ¯®ª § ­  ­  ¯°¨¬¥°¥ ° ±·�¥²  °®²®°  ®¤­®£® ¨§ ¤¢¨£ -

²¥«¥© ¨±¯®«¼§³¥¬»µ ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ ¢  ¢¨ ¶¨¨.

The in
uence of elastic supports sti�ness on critical
rotational speeds

V. N. Vernigor, A. E. Matveev

Rybinsk State Academy of aviation technology, Russia

The approximated way of de�nition of critical rotational speeds of a rotor

with elastic supports is o�ered at known critical rotational speeds and own

vibration modes of a rotor freed from supports. The approximated formulas

for de�nition of critical rotational speeds of a rotor with accuracy, satisfactory

for engineering usage are obtained.

�®­¥·­®-½«¥¬¥­²­®¥ ¬®¤¥«¨°®¢ ­¨¥ ¯ ¤¥­¨¿
²®«±²®±²¥­­®£® ¶¨«¨­¤°  ­  ¡¥²®­­³¾ ¯«¨²³

�. �¨­¤¥«¼¡¥°£, �. �. �¥¬¥­®¢

(semenov@bs1892.spb.edu)

� ­­®¢¥°±ª¨© ³­¨¢¥°±¨²¥², �¥°¬ ­¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ ±²®¿¹¥¥ ¢°¥¬¿ ¯°¨±² «¼­®¥ ¢­¨¬ ­¨¥ ³¤¥«¿¥²±¿ ¢®¯°®± ¬ ¡¥§®-

¯ ±­®±²¨ ²° ­±¯®°²¨°®¢ª¨ ¨ µ° ­¥­¨¿ ®²° ¡®² ­­®£® ¿¤¥°­®£® ²®¯-

«¨¢ . � ª®­²¥©­¥° ¬, ¢ ª®²®°»µ ®±³¹¥±²¢«¿¥²±¿ ²° ­±¯®°²¨°®¢ª ,

¯°¥¤º¿¢«¿¾²±¿ ¢¥±¼¬  ¦¥±²ª¨¥ ²°¥¡®¢ ­¨¿ ¯® ®¡¥±¯¥·¥­¨¾ ¨µ ¶¥-

«®±²­®±²¨ ¨ £¥°¬¥²¨·­®±²¨ ¯°¨ ¢®§­¨ª­®¢¥­¨¨ ° §­®£® °®¤  ­¥-

¸² ²­»µ ±¨²³ ¶¨©. �¬¥¥²±¿ °¿¤ ±² ­¤ °²¨§®¢ ­­»µ ¬¥µ ­¨·¥±ª¨µ

¨±¯»² ­¨©, ² ª¨µ ª ª ¯ ¤¥­¨¥ ± ¢»±®²» 9 ¬ ­  ¦¥±²ª®¥ ­¥¤¥´®°¬¨-

°³¥¬®¥ ®±­®¢ ­¨¥, ¯ ¤¥­¨¥ ± ¢»±®²» 1 ¬ ­  ¬¥² ««¨·¥±ª¨© ¸²»°¼,

¯°¨ ª®²®°»µ ­¥ ¤®«¦­  ­ °³¸ ²¼±¿ ¶¥«®±²­®±²¼ ª®­²¥©­¥° . �«¥-

¤³¥² ®²¬¥²¨²¼, ·²® ¯°¨ ²° ­±¯®°²¨°®¢ª¥ ª®­²¥©­¥°» ¨¬¥¾² °¿¤

¤®¯®«­¨²¥«¼­»µ ½­¥°£®¯®£«®¹ ¾¹¨µ ½«¥¬¥­²®¢, ®±­®¢­®© § ¤ ·¥©

ª®²®°»µ ¿¢«¿¥²±¿ ±­¨¦¥­¨¥ ³¤ °­»µ ­ £°³§®ª ­  ª®­²¥©­¥°. �±-

±«¥¤®¢ ­¨¾ ­¥¸² ²­»µ ±¨²³ ¶¨© ¯°¨ ²° ­±¯®°²¨°®¢ª¥ ¤«¿ ° §­®£®

²¨¯  ª®­²¥©­¥°®¢ ¯®±¢¿¹¥­® ¤®±² ²®·­® ¬­®£® ° ¡®². �¤­ ª® ¬®-

¤¥«¨°®¢ ­¨¥ ­¥¸² ²­»µ ±¨²³ ¶¨© ¢® ¢°¥¬¥­­»µ µ° ­¨«¨¹ µ, ª®£¤ 
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ª®­²¥©­¥°» ­¥ ¨¬¥¾² ¤®¯®«­¨²¥«¼­»µ ½­¥°£®¯®£«®¹ ¾¹¨µ ½«¥¬¥­-

²®¢, ­  ­ ¸ ¢§£«¿¤, ¨§³·¥­® ­¥¤®±² ²®·­®. � · ±²­®±²¨, ¯°¥¤±² -

¢«¿¥² ¨­²¥°¥± ¨±±«¥¤®¢ ­¨¥ ¯ ¤¥­¨¿ ª®­²¥©­¥°  ­  ¦¥«¥§®¡¥²®­­³¾

¯«¨²³, «¥¦ ¹³¾ ­  ¯¥±· ­®¬ ®±­®¢ ­¨¨. �¤ ° ª®­²¥©­¥°  ® ¯«¨²³

¯°¨ ®²±³²±²¢¨¨  ¬®°²¨§¨°³¾¹¨µ ½«¥¬¥­²®¢ ¯°¨ ¯ ¤¥­¨¨ ¤ ¦¥ ±®

±° ¢­¨²¥«¼­® ­¥¡®«¼¸®© ¢»±®²» ¬®¦¥² ¢»§¢ ²¼ ³±ª®°¥­¨¿ ¢ ª®­-

²¥©­¥°¥, ¯°¥¢»¸ ¾¹¨¥ ¤®¯³±²¨¬»¥.

�¥«¼¾ ¤ ­­®© ° ¡®²» ¿¢«¿¥²±¿ ° §° ¡®²ª  ­  ®±­®¢¥ ¬¥²®¤  ª®­¥·-

­»µ ½«¥¬¥­²®¢ ¬¥²®¤¨ª¨ ° ±·¥²  ³±ª®°¥­¨© ¢ ª®­²¥©­¥°¥ ¢® ¢°¥¬¿

³¤ °  ¯°¨ ³·¥²¥ ª®­¥·­®© ¯°®·­®±²¨ ¡¥²®­­®© ¯«¨²» ¨ ¤¥´®°¬¨°®-

¢ ­¨¿ ¯¥±· ­®£® ®±­®¢ ­¨¿.

�¥§³«¼² ²» ª®­¥·­®-½«¥¬¥­²­»µ ° ±·¥²®¢ ±° ¢­¨¢ ¾²±¿ ± ®¶¥­ª ¬¨

¬ ª±¨¬ «¼­»µ ³±ª®°¥­¨©, ¯®«³·¥­­»µ ¯°¨ ¯®¬®¹¨ ³¯°®¹¥­­»µ  ­ -

«¨²¨·¥±ª¨µ ¬®¤¥«¥©.

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 �nite 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 simpli�ed analytical models.

�±¥¢®¥ ±¦ ²¨¥ ª®­¨·¥±ª®© ®¡®«®·ª¨
¨§ ° §­®¬®¤³«¼­®£® ¬ ²¥°¨ « 

�. �. �¨ª²®°®¢, �. �. �®¢±²¨ª

(peter.tovstik@pobox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ®±¥¢®¥ ±¦ ²¨¥ ª®­¨·¥±ª®© ®¡®«®·ª¨, ¨§£®²®¢«¥­-

­®© ¨§ ° §­®¬®¤³«¼­®£® ¬ ²¥°¨ « , ².¥. ¬ ²¥°¨ «  ¯® ° §­®¬³ ±®-

¯°®²¨¢«¿¾¹¥£®±¿ ° ±²¿¦¥­¨¾ ¨ ±¦ ²¨¾. � ª®© ¬ ²¥°¨ « ¯®«³-

· ¥²±¿ ¯°¨  °¬¨°®¢ ­¨¨ ¨§®²°®¯­®© ¬ ²°¨¶» ³¯°³£¨¬¨ ­¨²¿¬¨ ±
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³·¥²®¬ ²®£®, ·²® ­¨²¨ ­¥ ° ¡®² ¾² ­  ±¦ ²¨¥ [1]. �°³£¨¬ ¯°¨¬¥-

°®¬ ° §­®¬®¤³«¼­®£® ¬ ²¥°¨ «  ¿¢«¿¥²±¿ ¡¥²®­, ¯«®µ® ±®¯°®²¨¢«¿-

¾¹¨©±¿ ° ±²¿¦¥­¨¾. � ®¡®¨µ ±«³· ¿µ ¬®¤³«¼ ³¯°³£®±²¨ ¬®¤¥«¨°³-

¥²±¿ ª³±®·­® ¯®±²®¿­­®© ´³­ª¶¨¥©.

�°¨ ®±¥¢®¬ ±¦ ²¨¨ ª®­¨·¥±ª®© ®¡®«®·ª¨ ¢ ±°¥¤­¥© ¥¥ · ±²¨ ¬ ²¥-

°¨ « ±¦ ²,   ­ ¯°¿¦¥­­®¥ ±®±²®¿­¨¥ ¡«¨§ª® ª ¡¥§¬®¬¥­²­®¬³. �¤-

­ ª® ¢ ®ª°¥±²­®±²¿µ ª° ©­¨µ ¯ ° ««¥«¥© °¥ «¨§³¥²±¿ ­ ¯°¿¦¥­­®¥

±®±²®¿­¨¥ ²¨¯  ª° ¥¢®£® ½´´¥ª² , ¯°¨ ª®²®°®¬ ¨¬¥¾² ¬¥±²® ¨­-

²¥­±¨¢­»¥ ¨§£¨¡­»¥ ¤¥´®°¬ ¶¨¨ ¨ ­¥ª®²®°»¥ ¢®«®ª­  ®ª §»¢ ¾²±¿

° ±²¿­³²»¬¨. � °¥§³«¼² ²¥ ¤«¿ ° §­®¬®¤³«¼­®£® ¬ ²¥°¨ «  § ¤ · 

¯®±²°®¥­¨¿ ­ ¯°¿¦¥­­®£® ±®±²®¿­¨¿ ®ª §»¢ ¥²±¿ ­¥«¨­¥©­®© ¤ ¦¥

¯°¨ ­¥¡®«¼¸¨µ ­ £°³§ª µ.

� ±±¬®²°¥­» ¸ °­¨°­®¥ ¨ ¦¥±²ª®¥ § ª°¥¯«¥­¨¿ ª° ¥¢ ®¡®«®·ª¨.

�«¿ ®¡®¨µ ³ª § ­­»µ ¢»¸¥ ²¨¯®¢ ° §­®¬®¤³«¼­®£® ¬ ²¥°¨ «  ¨±-

±«¥¤³¥²±¿ ­ ¯°¿¦¥­­®¥ ±®±²®¿­¨¥ ®¡®«®·ª¨ ¢ ®ª°¥±²­®±²¨ ¥¥ ª° ¥¢

¢ § ¢¨±¨¬®±²¨ ®² £° ­¨·­»µ ³±«®¢¨© ¨ ³£«  ª®­³±­®±²¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01.01.00327).

1. �¬¨°­®¢ �. �., �®¢±²¨ª �. �. �®­ª¨¥ ®¡®«®·ª¨, ¯®¤ª°¥¯«¥­­»¥ ­¥-
«¨­¥©­® ³¯°³£¨¬¨ ­¨²¿¬¨ // �°®¡«¥¬» ¬¥µ ­¨ª¨ ¤¥´®°¬¨°³¥¬®£®
²¢¥°¤®£® ²¥« . �§¤. ��¡��, 2002. �. 277-282.

Axial compression of a conic shell made
of the material with the various moduli
at the extension and the compression

I. V. Viktorov, P. E. 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.



184 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

�®¤¥«¨°®¢ ­¨¥ ±¢®©±²¢ ­ ­®±²°³ª²³°­»µ
®¡º¥ª²®¢ ¬¥²®¤ ¬¨ ¬®«¥ª³«¿°­®© ¤¨­ ¬¨ª¨

�. �. � «¨¡ °®¢

(Pavel galibarov@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ ±²®¿¹¥¥ ¢°¥¬¿ ¢® ¬­®£¨µ ¯°®¬»¸«¥­­»µ ®²° ±«¿µ, ­ ¯°¨¬¥°, ¢

¬¨ª°®½«¥ª²°®­¨ª¥, ª®¬¯¼¾²¥°­®© ¨­¦¥­¥°¨¨, ¯®¿¢¨« ±¼ ­¥®¡µ®¤¨-

¬®±²¼ ¨±¯®«¼§®¢ ­¨¿ ¬ ²¥°¨ «®¢, ±²°³ª²³°  ª®²®°»µ ¯°¥¤±² ¢«¿¥²

±®¡®© ª°¨±² ««¨·¥±ª³¾ °¥¸¥²ª³, ¢ ³§« µ ª®²®°®© ­ µ®¤¿²±¿ ¬¥«-

ª®¤¨±¯¥°±­»¥ · ±²¨¶». � ­¥¥ ¯°¨ ¨µ ¯°¨¬¥­¥­¨¨ ° ±±¬ ²°¨¢ «¨±¼

®±­®¢­»¥ ´¨§¨ª®-¬¥µ ­¨·¥±ª¨¥ µ ° ª²¥°¨±²¨ª¨, ¯®«³·¥­­»¥ ¢ ¬ -

ª°®½ª±¯¥°¨¬¥­² µ. �® ¢ ¤¥©±²¢¨²¥«¼­®±²¨ ¡»«® § ¬¥·¥­®, ·²® ½²¨

¯ ° ¬¥²°» ±³¹¥±²¢¥­­® ®²«¨· ¾²±¿ ¤«¿ ¬¨ª°®- ¨ ¬ ª°®±«³· ¥¢,  ,

±«¥¤®¢ ²¥«¼­®, ¨ ¢®§¬®¦­®±²¼ ¯°¨¬¥­¥­¨¿ °¥§³«¼² ²®¢ ¬ ª°®½ª±¯¥-

°¨¬¥­²®¢ ±² ¢¨²±¿ ¯®¤ ±®¬­¥­¨¥.

�°®¢®¤¿²±¿ ¨±±«¥¤®¢ ­¨¿ ¢ ®¡« ±²¨ ¬¥µ ­¨ª¨ ­ ­®±²°³ª²³°, ¯°¨-

¬¥°®¬ ¿¢«¿¥²±¿ ° ¡®²  [1], ¢ ª®²®°®©  ¢²®°» ¨±±«¥¤³¾² ¢®¯°®± ®

§ ¢¨±¨¬®±²¨ ¬®¤³«¥© ³¯°³£®±²¨ ®² µ ° ª²¥°­»µ ° §¬¥°®¢ ­ ­®ª°¨-

±² «« , ·²® ¨ ¡»«® ¢§¿²® §  ®±­®¢³ ¤ ­­®£® ¨±±«¥¤®¢ ­¨¿.

� ¡®²  ¯®±¢¿¹¥­  ¨±±«¥¤®¢ ­¨¾ § ¢¨±¨¬®±²¨ ¬¥µ ­¨·¥±ª¨µ µ ° ª-

²¥°¨±²¨ª ­¥®¡° ²¨¬»µ ¯°®¶¥±±®¢ ­ ­®®¡º¥ª²  ®² ·¨±«  ±«®¥¢ ¬®-

¤¥«¨ ¨ ­ £°³§ª¨, ¯°¨«®¦¥­­®© ­  ²®°¶ µ, ­  ¯°¨¬¥°¥ ¤¢³¬¥°­®©

¬®­®ª°¨±² ««¨·¥±ª®© ¯®«®±», ®¡« ¤ ¾¹¥© £¥ª± £®­ «¼­®© ¯«®²­®

³¯ ª®¢ ­­®© °¥¸¥²ª®© ± ¬¥«ª®¤¨±¯¥°±­»¬¨ · ±²¨¶ ¬¨ ¢ ³§« µ.

�®±²°®¥­­ ¿ ¬®¤¥«¼ ¯®§¢®«¿¥² ¯°®­ ¡«¾¤ ²¼ §  ¯®¢¥¤¥­¨¥¬ ¯°¥-

¤¥«  ²¥ª³·¥±²¨, ³·¨²»¢ ¿ ¬ ±¸² ¡­»© ´ ª²®°. � · «® ¯« ±²¨·¥-

±ª®£® ²¥·¥­¨¿ § ¢¨±¨² ®² ·¨±«  ±«®¥¢ ­ ­®¬ ²¥°¨ «  (¯°®¿¢«¥­¨¥

¬ ±¸² ¡­®£® ´ ª²®° ),   ¨¬¥­­®, ¤«¿ ¤®±²¨¦¥­¨¿ ®¤­®£® ¨ ²®£® ¦¥

¯°¥¤¥«  ²¥ª³·¥±²¨ ¯°¨ ³¬¥­¼¸¥­¨¨ ·¨±«  ±«®¥¢ ª ²®°¶ ¬ ¬ ²¥°¨ « 

­³¦­® ¯°¨ª« ¤»¢ ²¼ ¡®«¼¸³¾ ­ £°³§ª³.

�®«³·¥­­»¥ °¥§³«¼² ²» µ®°®¸® ±®£« ±³¾²±¿ ± °¥§³«¼² ² ¬¨ ° -

¡®²» [1] ¢ ±¢®¥© ³¯°³£®© · ±²¨.

1. �®°®§®¢ �. �., �°¨¢¶®¢ �. �. �­®¬ «¨¨ ¬¥µ ­¨·¥±ª¨µ µ ° ª²¥-
°¨±²¨ª ­ ­®° §¬¥°­»µ ®¡º¥ª²®¢ //�®ª« ¤»  ª ¤¥¬¨¨ ­ ³ª. 2001.
�. 381, Â3, C. 345-347.
2. � · ­®¢ �. �. �±­®¢» ²¥®°¨¨ ¯« ±²¨·­®±²¨. �., 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.

�¡ ¨±±«¥¤®¢ ­¨¨ ´³­ª¶¨®­ «¼­®-¬¥µ ­¨·¥±ª¨µ
±¢®©±²¢ ±¯« ¢  TiNi ¯°¨ ±² ²¨·¥±ª¨µ ¨ ³¤ °­»µ
¤¨­ ¬¨·¥±ª¨µ ¨±¯»² ­¨¿µ ¬ «»µ ®¡° §¶®¢

�. �. �°³§¤ª®¢*, �. �. �°¨¢®¸¥¥¢**, �. �. �¥²°®¢, �. �. � §®¢,

�. �. �²ª¨­, �. �. �¥¤®°®¢±ª¨©

(G.Fed@podox.spbu.ru)
�� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­®«®£¨·¥±ª¨© ³­¨¢¥°±¨²¥²,
�®±±¨¿
��� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,
�®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� §° ¡®² ­  ¬¥²®¤¨ª  ½ª±¯¥°¨¬¥­² «¼­®£® ¨§³·¥­¨¿ ¬¥µ ­¨·¥±ª¨µ

±¢®©±²¢ ¨ ½´´¥ª²®¢ ¯ ¬¿²¨ ´®°¬» "¨­²¥««¥ª²³ «¼­®£®" ±¯« ¢ 

TiNi ¯°¨ ²°¥µ²®·¥·­®¬ ¨§£¨¡¥ ¬ «®° §¬¥°­»µ ®¡° §¶®¢ - ¯°®¢®«®ª

¢ ³±«®¢¨¿µ ±² ²¨·¥±ª®£® ¨ ³¤ °­®£® ¬ £­¨²­®-¨¬¯³«¼±­®£® ­ £°³-

¦¥­¨¿. �±¯®«¼§®¢ ­¨¥ ¬ «®° §¬¥°­»µ ®¡° §¶®¢ ¯®§¢®«¿¥²  ­ «¨§¨-

°®¢ ²¼ °¥§³«¼² ²» ¤¨­ ¬¨·¥±ª¨µ ¨±¯»² ­¨© ­  ®±­®¢ ­¨¨ ¤ ­­»µ

°¥¸¥­¨¿ ±®®²¢¥²±²¢³¾¹¥© ª¢ §¨±² ²¨·¥±ª®© § ¤ ·¨. �«¨²¥«¼­®±²¼

¢®§¤¥©±²¢¨¿ ³¤ °­¨ª  ­  ®¡° §¥¶ °¥£³«¨°³¥²±¿ §  ±·¥² ¢ °¼¨°®¢ -

­¨¿ ° ±±²®¿­¨¿ ¬¥¦¤³ ®¯®° ¬¨. �±² ­®¢«¥­®, ·²® ¯°¨ ° ±·¥²¥ ­¥-

®¡µ®¤¨¬® ³·¨²»¢ ²¼ ¨­¥°¶¨¾ ³¤ °­¨ª ,   ¨­¥°¶¨¥© ®¡° §¶  ¬®¦­®

¯°¥­¥¡°¥·¼. � ®¯»² µ ®¯°¥¤¥«¿¥²±¿ ª°¨²¨·¥±ª ¿ (¬¨­¨¬ «¼­ ¿)

 ¬¯«¨²³¤  ­ £°³§ª¨, ¢»§»¢ ¾¹ ¿ ­¥­³«¥¢³¾ ®±² ²®·­³¾ ¤¥´®°¬ -

¶¨¾ (¯°®£¨¡). �®°®£®¢®¥ §­ ·¥­¨¥  ¬¯«¨²³¤» ­ µ®¤¨²±¿ ½ª±²° ¯®-

«¿¶¨¥© ½²®© § ¢¨±¨¬®±²¨ ®² ®±² ²®·­®£® ¯°®£¨¡ . �­ «¨§ ¯®«³·¥­-

­»µ ½ª±¯¥°¨¬¥­² «¼­»µ °¥§³«¼² ²®¢ ¯®¤²¢¥°¤¨« ½´´¥ª²¨¢­®±²¼

¯°¥¤«®¦¥­­®© ¬¥²®¤¨ª¨.
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� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­²» Â01-01-00250, 02-

01-01035), �¨­¨±²¥°±²¢  ®¡° §®¢ ­¨¿ ¯°¨ ��¡�� (Â�00-4.0-174),

��� (Â00-01-05020), ��� "�­²¥£° ¶¨¿".

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 e�ect 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 de
ection and amplitude of the loading was

experimentally obtained. Threshold value of the amplitude was determined

by extrapolation to the zero de
ection. It was concluded that the inertia of

projectile should been taken into consideration. The di�erent values of pulse

duration were obtained by varying distance between supports. The results

obtained con�rms the reliability of the proposed technique.

�¢¨¦¥­¨¥ ®²­®±¨²¥«¼­® ­¥¯®¤¢¨¦­®£® ¶¥­²° 
²¿¦¥±²¨ ¦¥±²ª®© ½««¨¯±®¨¤ «¼­®© ®¡®«®·ª¨,
§ ¯®«­¥­­®© °¥ «¼­®© ¦¨¤ª®±²¼¾

�. �. �¦¨ª®¢, A. A. � ­´¥°®¢

(ezhikov@nm.ru)

��� "��¡-�¥µ­®«®£¨¿", � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� ¤ ·   ­ «¨²¨·¥±ª®£® ®¯¨± ­¨¿ ¤¢¨¦¥­¨¿ ®²­®±¨²¥«¼­® ­¥¯®¤¢¨¦-

­®£® ¶¥­²°  ²¿¦¥±²¨ ¦¥±²ª®© ½««¨¯±®¨¤ «¼­®© ®¡®«®·ª¨ § ¯®«­¥­-

­®© °¥ «¼­®© ¦¨¤ª®±²¼¾ ½ª¢¨¢ «¥­²­  § ¤ ·¥, ¢¯¥°¢»¥ ° ±±¬®²°¥­-

­®© �. �. �¨°¨µ«¥ [1], ª®²®°®© ¯®±¢¿¹¥­ ¤ ¾¹¨© ¥¥ ° §¢¨²¨¥ ¨ °¥¸¥-

­¨¥ ¬¥¬³ ° �. �¨¬ ­  [2]. �«¿ ¯®±²°®¥­¨¿ ³° ¢­¥­¨© �©«¥° , ®¯¨±»-

¢ ¾¹¨µ ¤¢¨¦¥­¨¥ ² ª®£® ²¥« , ­¥®¡µ®¤¨¬® ¨ ¤®±² ²®·­® ¢»·¨±«¨²¼
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±³¡±² ­¶¨®­ «¼­»¥ ¯°®¨§¢®¤­»¥ ®² ³£«®¢»µ ±ª®°®±²¥©, ®¯¨±»¢ ¾-

¹¨µ ¤¢¨¦¥­¨¿ ½²®£® ²¥«  ª ª ²¢¥°¤®£®, ²® ¥±²¼ ° ±±¬ ²°¨¢ ¿ ½««¨-

¯²¨·¥±ª¨¥ ´³­ª¶¨¨, ¢ ­¨µ ¢µ®¤¿¹¨¥, ª ª ´³­ª¶¨¨ ¤¢³µ ¯¥°¥¬¥­­»µ

|  °£³¬¥­²  ¨ ½ª±¶¥­²°¨±¨²¥² , § ¢¨±¿¹¥£® ®² ¯¥°¨®¤¨·¥±ª¨ ¨§¬¥-

­¿¾¹¨µ±¿ ¬®¬¥­²®¢ ¨­¥°¶¨¨ ½««¨¯±®¨¤ . �­¨ ¨¬¥¾² ¢¨¤

!Ii = ['i1Dt!i + 'i2(Z � "2u)!i + 'i3 ln(cj!j � i"ck!k)]
d"

dt
+ 'i5!i;

£¤¥ 'ij |ª®½´´¨¶¨¥­²», § ¢¨±¿¹¨¥ ®² ¢°¥¬¥­¨. � ª ª ª ¤¢¨¦¥­¨¥

®¡®«®·ª¨ ± ¦¨¤ª®±²¼¾ ®¯°¥¤¥«¿¾²±¿ ³° ¢­¥­¨¿¬¨

AiD!i + (Ak � Aj)!j!k = f1i!i + f2i!
3
i
+ f3i!j!k;

²® ¯° ¢»¥ · ±²¨ ½²¨µ ³° ¢­¥­¨© ®¯¨±»¢ ¾² ¢° ¹¥­¨¿ ¦¨¤ª®±²¨

¢­³²°¨ ®¡®«®·ª¨ ®²­®±¨²¥«¼­® ²¥µ ¦¥ ®±¥©, ·²® ¨ ¢° ¹¥­¨¿ ²¥« 

¢ ¶¥«®¬, ­® ­ ¯° ¢«¥­­»¥ ¢ ¯°®²¨¢®¯®«®¦­»¥ ±²®°®­» [3].

�¢¨¤³ £¥®¬¥²°¨¨ ®¡²¥ª ­¨¿ ¦¨¤ª®±²¼¾ ¢­³²°¥­­¥© ¯®¢¥°µ­®±²¨

®¡®«®·ª¨ ¥¥ ¤¢¨¦¥­¨¥, ¯®°®¦¤¥­­®¥ ±ª®°®±²¿¬¨, ³±«®¦­¿¥²±¿ ¨ ¥£®

¯®«­®¥ ®¯¨± ­¨¥ ±²°®¨²±¿ ¢  ¡¥«¥¢»µ ´³­ª¶¨¿µ ®² ¯¿²¨ ¯¥°¥¬¥­-

­»µ, ¿¢«¿¾¹¨µ±¿ °¥¸¥­¨¿¬¨ ³° ¢­¥­¨© �©«¥° -�²®ª± , ®¯¨±»¢ ¾-

¹¨µ ²¥·¥­¨¥ ¢¿§ª®© ±¦¨¬ ¥¬®© ¦¨¤ª®±²¨.

1. Dirichlet G. P. Untersuchungen �uber ein Problem der Hydrodynamik
// Journ. f�ur der reine und ang. Math., Bd. 58, 1861.
2. �¨¬ ­ �. � ¤¢¨¦¥­¨¨ ¦¨¤ª®£® ®¤­®°®¤­®£® ½««¨¯±®¨¤ . �®·¨­¥-
­¨¿. �.-�.: �����, 1948. C. 339-366.
3. �®¤»¦¥­±ª¨© �. �. �»­³¦¤¥­­®¥ ¤¢¨¦¥­¨¥ ²¢¥°¤®£® ²¥«  ¢®ª°³£
­¥¯®¤¢¨¦­®£® ¶¥­²°  ²¿¦¥±²¨ ¨ ­¥¯®¤¢¨¦­®© ²®·ª¨ // Quaest.
Phyl. Nat. 4-5, 2001. C. 76-106.

About motion of a rigid shell �lled with a real liquid
around �xed center of gravity

A. Ju. Ezhikov, A. A. Panferov

OAO "SPb-Technology", St. Petersburg, Russia

The di�erential equations describing the motion of rigid ellipsoidal shell �lled

with real liquid about �xed 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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� § ¤ ·¥ ®¡ ³±²®©·¨¢®±²¨ ¶¨«¨­¤°¨·¥±ª®© ¯ ­¥«¨,
±®¯°¿¦¥­­®© ±® ±²¥°¦­¥¬

�. �. �°¸®¢, �. �. �°¸®¢ 

(vasily75@yandex.ru)

�»¡¨­±ª ¿ £®±³¤ °±²¢¥­­ ¿  ¢¨ ¶¨®­­ ¿ ²¥µ­®«®£¨·¥±ª ¿  ª ¤¥¬¨¿,

�®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ³±²®©·¨¢®±²¼ ¯®«³¡¥±ª®­¥·­®© ¶¨«¨­¤°¨·¥±ª®©

¯ ­¥«¨, ª°¨¢®«¨­¥©­»¥ ª° ¿ ª®²®°®© ¸ °­¨°­® ®¯¥°²». �  ¯°¿-

¬®«¨­¥©­®¬ ª° ¾ ¯ ­¥«¼ ¯®¤ª°¥¯«¥­  ¯°¿¬®«¨­¥©­»¬ ±²¥°¦­¥¬

¯°¿¬®³£®«¼­®£® ¯®¯¥°¥·­®£® ±¥·¥­¨¿.

�³¤¥¬ ±·¨² ²¼, ·²® ¤® ¯®²¥°¨ ³±²®©·¨¢®±²¨ ±²¥°¦¥­¼ ±¦ ² ¢ ®±¥-

¢®¬ ­ ¯° ¢«¥­¨¨ ² ª¨¬ ®¡° §®¬, ·²® ¥£® ®±¥¢ ¿ ¤¥´®°¬ ¶¨¿ ° ¢­ 

®±¥¢®© ¤¥´®°¬ ¶¨¨ ®¡®«®·ª¨. � ¤ ·  °¥¸ ¥²±¿ ¢ «¨­¥©­®© ¯®±² -

­®¢ª¥. �§ ³±«®¢¨¿ ¢§ ¨¬®¤¥©±²¢¨¿ ®¡®«®·ª¨ ±® ±²¥°¦­¥¬ ¯®«³· ¥¬

£° ­¨·­»¥ ³±«®¢¨¿.

�°¨ ±¤¥« ­­»µ ¯°¥¤¯®«®¦¥­¨¿µ § ¤ ·  ¤®¯³±ª ¥² ° §¤¥«¥­¨¥ ¯¥°¥-

¬¥­­»µ.

�®  ­ «®£¨¨ ± [3] ¡³¤¥¬ ¨±ª ²¼ «®ª «¨§®¢ ­­®¥ ¢ ®ª°¥±²­®±²¨ ª° ¿,

¯®¤ª°¥¯«¥­­®£® ±²¥°¦­¥¬, °¥¸¥­¨¥ ¢ ¢¨¤¥

W (x; �) =

nX
k=1

CkWk exp

�
iqk�

�

�
sin
��x
e

�
; (1)

£¤¥ qk | ª®°­¨ ³° ¢­¥­¨¿����
e

�2
+ q2k

�4
� 2�

���
e

�2����
e

�2
+ q2k

�2
+
���
e

�4
= 0: (2)

¯°¨·¥¬ Im (qn) > 0, ·²® ®¡¥±¯¥·¨¢ ¥² § ²³µ ­¨¥ °¥¸¥­¨¿ ¯°¨ ³¤ -

«¥­¨¨ ®² ¯°¿¬®«¨­¥©­®£® ª° ¿.

�®¤±² ­®¢ª  °¥¸¥­¨¿ (1) ¢ £° ­¨·­»¥ ³±«®¢¨¿, ±®®²¢¥²±²¢³¾¹¨¥

¢§ ¨¬®¤¥©±²¢¨¾ ®¡®«®·ª¨ ±® ±²¥°¦­¥¬, ¤ ¥² ±¨±²¥¬³ ·¥²»°¥µ «¨-

­¥©­»µ ³° ¢­¥­¨© ®²­®±¨²¥«¼­® Ck. � ° ¬¥²° ­ £°³§ª¨ � ®¯°¥¤¥-

«¿¥¬, ¯°¨° ¢­¨¢ ¿ ª ­³«¾ ®¯°¥¤¥«¨²¥«¼ ±¨±²¥¬»

�(�; q) = 0: (3)

�°®¢®¤¨²±¿ ±° ¢­¥­¨¥ ¯®°¿¤ª®¢ ¢¥«¨·¨­ "±²¥°¦­¥¢»µ" ¨ "®¡®«®-

·¥·­»µ" ±« £ ¥¬»µ ¢ (3). �±¨¬¯²®²¨·¥±ª¨©  ­ «¨§ ¯°®¢®¤¨²±¿ ¤«¿
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±²¥°¦­¿ ª¢ ¤° ²­®£® ¯®¯¥°¥·­®£® ±¥·¥­¨¿ ± ®²­®±¨²¥«¼­®© ²®«¹¨-

­®© a, ¯°®¯®°¶¨®­ «¼­®© �� (0 < � � 2).

�«¿ ®²­®±¨²¥«¼­® ²®­ª®£® ±²¥°¦­¿ 2 � � > 9
8
®¡®«®·ª  ¯®¤ª°¥¯«¿¥²

±²¥°¦¥­¼ ¨ ¯°¥¯¿²±²¢³¥² ¥£® ¯®²¥°¥ ³±²®©·¨¢®±²¨. �°¨ 1 < � < 9
8

®¤¨­ ±²¥°¦¥­¼ ¯®²¥°¿« ¡» ³±²®©·¨¢®±²¼ ° ­¼¸¥, ·¥¬ ®¡®«®·ª , ­®

®¡®«®·ª  ¯°¥¯¿²±²¢³¥² ¥£® ¯®²¥°¥ ³±²®©·¨¢®±²¨. �°¨ � < 1 ±²¥°-

¦¥­¼ ²¥°¿¥² ³±²®©·¨¢®±²¼ ¯®§¦¥, ·¥¬ ®¡®«®·ª , ².¥. ±²¥°¦¥­¼ ¯®¤-

ª°¥¯«¿¥² ®¡®«®·ª³.

1. �°¨£®«¾ª �. �., � ¡ ­®¢ �. �. �±²®©·¨¢®±²¼ ®¡®«®·¥ª. �.: � ³ª ,
1978. 360 ±.
2. �¢¥²«¨¶ª¨© �. �. �¥µ ­¨ª  ±²¥°¦­¥©. �.: �»±¸ ¿ ¸ª®« , 1987.
320 ±.
3. �®¢±²¨ª �. �. �±²®©·¨¢®±²¼ ²®­ª¨µ ®¡®«®·¥ª. �.: � ³ª , 1995.
320 ±.

On the problem of stability thin cylindrical panels
support by rib

V. I. Ershov, Z. G. 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 in
uence the square of

sections of rib on the critical axial compression are obtained.
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�®±²°®¥­¨¥  «£®°¨²¬  ¤«¿ ±¢¿§ ­­®© § ¤ ·¨
ª®«¥¡ ­¨© ¯« ±²¨­», ®¡³±«®¢«¥­­»µ ²¥¯«®¢»¬
³¤ °®¬ ­  ¥¥ ¯®¢¥°µ­®±²¨

�. �. � ©¶¥¢, �. �. � µ®¬®¢

(refr@sarft.spb.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥²

­¨§ª®²¥¬¯¥° ²³°­»µ ¨ ¯¨¹¥¢»µ ²¥µ­®«®£¨©, �®±±¨¿

�°¨ ¯®±² ­®¢ª¥ ¯°®¡«¥¬»  ­ «¨§¨°³¥²±¿ ¤¨­ ¬¨ª  ¯¥°¥¬¥¹¥­¨©

¯« ±²¨­» ¢ ±«³· ¥ ¨­²¥­±¨¢­®£® ¯®²®ª  ­ £°¥²®£® £ §  ¨«¨ ¨§«³·¥-

­¨¿, ¯ ¤ ¾¹¥£® ¯® ­®°¬ «¨ ª ¥¥ ¯®¢¥°µ­®±²¨. � ° ¡®²¥ ° ±±¬ ²°¨-

¢ ¾²±¿ °¥§³«¼² ²» °¥¸¥­¨¿ ¤¨­ ¬¨·¥±ª®© § ¤ ·¨ ²¥°¬®³¯°³£®±²¨

¤«¿ ² ª®© ¯« ±²¨­». � ª ·¥±²¢¥ £° ­¨·­»µ ³±«®¢¨© ° ±±¬ ²°¨¢ -

¾²±¿ ³±«®¢¨¿ �¥©¬ ­  ¤«¿ ²¥¯«®¢®© § ¤ ·¨ ¨ ¦¥±²ª®¥ § ¹¥¬«¥­¨¥

- ¤«¿ ³¯°³£®©. �®ª § ­®, ·²®  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ ²¥°¬®³¯°³-

£®© § ¤ ·¨ ¬®¦¥² ¡»²¼ ¯®«³·¥­® ¢ ¢¨¤¥ °¿¤  �³°¼¥ ¯® ´³­ª¶¨¿¬

�¥±±¥«¿. � ¤ ­­®¬ °¥¸¥­¨¨ ¯®±²®¿­­ ¿ ±®±² ¢«¿¾¹ ¿ ° §«®¦¥­¨¿

®¯¨±»¢ ¥² ±² ²¨·¥±ª¨© ¯°®£¨¡ ¯« ±²¨­»,   ¡¥±ª®­¥·­ ¿ ±³¬¬  ¯®

±®¡±²¢¥­­»¬ §­ ·¥­¨¿¬ ´³­ª¶¨© ¤ ¥² ¤¨­ ¬¨·¥±ª¨© ¯°®£¨¡, ª®²®-

°»© ®¡³±«®¢«¥­ ¨­¥°¶¨®­­»¬¨ ¯°®¶¥±± ¬¨. �¥¸¥­¨¥ ¤ ­­®© § ¤ ·¨

¤ ¥² µ ° ª²¥°¨±²¨ª¨ ¢»­³¦¤¥­­»µ ­¥§ ²³µ ¾¹¨µ ª®«¥¡ ­¨© ¯« -

±²¨­». �«¿  ¤¥ª¢ ²­®£® ®¯¨± ­¨¿ ´¨§¨·¥±ª®£® ¯°®¶¥±±  ²¥°¬®³¯°³-

£¨µ ª®«¥¡ ­¨©, ®¡³±«®¢«¥­­»µ ²¥¯«®¢»¬ ³¤ °®¬ ­  ¥¥ ¯®¢¥°µ­®±²¨,

² ª¦¥ ° ±±¬ ²°¨¢ ¥²±¿ ²¥°¬®³¯°³£ ¿ § ¤ ·  ± ¤¨±±¨¯ ²¨¢­»¬ ·«¥-

­®¬. �¨±±¨¯ ²¨¢­»© ·«¥­ ®¯°¥¤¥«¿¥²±¿ ª ª ´³­ª¶¨¿ ¢­³²°¥­­¥©

¢¿§ª®±²¨ ¨ ±ª®°®±²¨ ¯¥°¥¬¥¹¥­¨© ¯« ±²¨­», ¯°¨·¥¬ ¯°¨ ² ª®¬ ¯®¤-

µ®¤¥ ²¥°¬®³¯°³£ ¿ § ¤ ·  ¿¢«¿¥²±¿ ±¢¿§ ­­®©. � ­­ ¿ ¯®±² ­®¢ª 

§ ¤ ·¨ ±¢®¤¨²±¿ ª ®¯°¥¤¥«¥­¨¾ ²¥°¬®³¯°³£¨µ ª®«¥¡ ­¨©, ¢»§¢ ­-

­»µ ²¥°¬®³¤ °®¬, ± ³·¥²®¬ ¿¢«¥­¨© °¥« ª± ¶¨¨ ¢±«¥¤±²¢¨¥ ¢­³²°¥­-

­¥£® ¤¥¬¯´¨°®¢ ­¨¿ ¢ ³¯°³£®© ®¡« ±²¨. �®ª § ­®, ·²® ¤«¿ ½²®£®

±«³· ¿ ®¡¹¥¥ °¥¸¥­¨¥ ±¨±²¥¬» ­¥«¨­¥©­»µ ³° ¢­¥­¨© ¢ · ±²­»µ

¯°®¨§¢®¤­»µ ®¯¨±»¢ ¥² ¯°®¶¥±± § ²³µ ¾¹¨µ ª®«¥¡ ­¨© ¯« ±²¨­»,

¯°¨·¥¬ ¯°®¶¥±± °¥« ª± ¶¨¨ § ¢¨±¨² ª ª ®² £° ­¨·­»µ ³±«®¢¨©, ² ª

¨ ®² £¥®¬¥²°¨·¥±ª®£® ´ ª²®° . � ° ¡®²¥ ° ±±¬ ²°¨¢ ¥²±¿ ¯®±²°®-

¥­¨¥  «£®°¨²¬  ¤«¿ °¥¸¥­¨¿ ±¢¿§ ­­®© ¤¨­ ¬¨·¥±ª®© § ¤ ·¨ ²¥°-

¬®³¯°³£®±²¨ ± ¢­³²°¥­­¨¬ ¤¥¬¯´¨°®¢ ­¨¥¬ ¤«¿ ¯« ±²¨­». �°¨¢®-

¤¿²±¿ °¥§³«¼² ²» ·¨±«¥­­®£® ° ±·¥²  ¯® ¯°¥¤«®¦¥­­®¬³  «£®°¨²¬³

¨  ­ «¨§ ¯®«³·¥­­»µ § ¢¨±¨¬®±²¥©. �®ª § ­®, ·²® ¯°¥¤«®¦¥­­»¥
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¯®¤µ®¤ ¨  «£®°¨²¬ ¤ ¾² ®¯¨± ­¨¥ ¯°®¶¥±±  °¥« ª± ¶¨¨ ²¥°¬®³¯°³-

£¨µ ª®«¥¡ ­¨©,  ¤¥ª¢ ²­®¥ ¤¥©±²¢¨²¥«¼­®±²¨.

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 
ow 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.

�² ²¨·¥±ª¨¥ ±¢®©±²¢  ¡ «®·­®© ¬®¤¥«¨
° §°³¸¥­¨¿ ²®­ª¨µ ®²±«®¥­¨©

�. �. �¨¬¨­, �. �. �¨°ª¨­, �. �. �¥¬­®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�²°®¨²±¿ ¡ «®·­ ¿ ¬®¤¥«¼ ° §°³¸¥­¨¿ ²®­ª¨µ ®²±«®¥­¨© ª®¬¯®§¨²-

­»µ ¬ ²¥°¨ «®¢. �®ª § ­®, ·²® K1c = O(h�3=2), £¤¥ K1c - ª®½´´¨-

¶¨¥­² ¨­²¥­±¨¢­®±²¨ ­ ¯°¿¦¥­¨©, h - ²®«¹¨­  ®²±«®¥­¨¿.
�ª±¯¥°¨¬¥­²» ¯® ° ±±«®¥­¨¾ ±¢¨¤¥²¥«¼±²¢³¾² ® ²®¬, ·²® ¢¥«¨·¨­ 

­ £°³§ª¨ Pi, ¯°¨ ª®²®°®© ¯°®¨±µ®¤¨² ° ±±«®¥­¨¥, ¨¬¥¥² ±«³· ©­³¾
±®±² ¢«¿¾¹³¾. �®½²®¬³ ¯°¨ ®±³¹¥±²¢«¥­¨¨ ¨§¬¥°¨²¥«¼­®© ¯°®¶¥-

¤³°» ­  ­ ²³°­»µ ®¡º¥ª² µ ¢ ¦­®¥ ¬¥±²® § ­¨¬ ¥² ´³­ª¶¨®­ «:

F (T ) =
1

T

Z T

0

P 2dt

�¨§¨·¥±ª®© ®±­®¢®©, ®¯°¥¤¥«¿¾¹¥© ¯°®¶¥±± ° ±±«®¥­¨¿, ¿¢«¿¥²±¿

§­ ·¥­¨¥ ®²­®¸¥­¨¿ T=� , £¤¥ � - ¢°¥¬¿ ª®°°¥«¿¶¨¨ ±«³· ©­®£® ¯°®-
¶¥±±  P (t), T - ¢°¥¬¿ °¥ «¨§ ¶¨¨ ¯°®¶¥±±  ° ±±«®¥­¨¿.

�±«¨ T > � ¨ ¢»¯®«­¿¥²±¿ ³±«®¢¨¥ ½°£®¤¨·­®±²¨ ¯°®¶¥±± , ²® ¬ ²¥-
¬ ²¨·¥±ª®¥ ®¦¨¤ ­¨¥ F (T ) ¯® £ ³±±®¢®© ¬¥°¥, ®¯°¥¤¥«¿¥¬®© ¨§ ½ª±-



192 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

¯¥°¨¬¥­² , ¤ ¥² ¢®§¬®¦­®±²¼ ¯®±²°®¨²¼ ­¥ª®²®°³¾ ­®¢³¾ µ ° ª-

²¥°¨±²¨ª³ ° §°³¸¥­¨¿ < F (T ) >= 
, ½ª¢¨¢ «¥­²­³¾ ¯®¢¥°µ­®±²­®©

½­¥°£¨¨ �°¨´´¨²±  ¤«¿ ¬ «»µ ¢°¥¬¥­ ¯°®¶¥±±  ° ±±«®¥­¨¿ (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.

� ª°¨²¨·¥±ª¨µ ±ª®°®±²¿µ ¢° ¹¥­¨¿ ±¢¥°« 

�. �. �¢ ­®¢

(mpy@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥² ° ±²¨²¥«¼­»µ

¯®«¨¬¥°®¢, �®±±¨¿

�« ±±¨·¥±ª¨¬¨ ¬¥²®¤ ¬¨ ¨±±«¥¤³¾²±¿ ª°¨²¨·¥±ª¨¥ ±ª®°®±²¨ ¢° -

¹¥­¨¿ ²¿¦¥«®£® ±¢¥°«  ª°³£®¢®£® ±¥·¥­¨¿ ± ¯°®¤®«¼­»¬¨ ª ­ ¢-

ª ¬¨ [1]. �®«³·¥­­»¥ ° ±·¥²­»¥ §­ ·¥­¨¿ µ®°®¸® ±®£« ±³¾²±¿ ±

½ª±¯¥°¨¬¥­² «¼­»¬¨ £®«®£° ¬¬ ¬¨, ¯°¨¢¥¤¥­­»¬¨ ¢ ¬®­®£° ´¨¨

[2].

1. � ¡ ª®¢ �. �. �¥®°¨¿ ª®«¥¡ ­¨©. �., 1965. 559 ±.
2. �¨«¨¯¯®¢ �. �. �¥¦³¹¨© ¨­±²°³¬¥­². �.: � ¸¨­®±²°®¥­¨¥, 1981.
392 ±.

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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�±²®©·¨¢®±²¼ ¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨
± ¯°¿¬®³£®«¼­»¬ ¯®¯¥°¥·­»¬ ±¥·¥­¨¥¬
¯®¤ ¤¥©±²¢¨¥¬ ®±¥¢®© ±¦¨¬ ¾¹¥© ­ £°³§ª¨

�. �. �«¨ª³¸¨­ 

(klikusha@mail.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ³±²®©·¨¢®±²¨ ³¯°³£®© ¶¨«¨­¤°¨·¥±ª®© ®¡®-

«®·ª¨ ± ¯°¿¬®³£®«¼­»¬ ¯®¯¥°¥·­»¬ ±¥·¥­¨¥¬, ±¦¨¬ ¥¬®© ¬¥¦¤³

¤¢³¬¿  ¡±®«¾²­® ²¢¥°¤»¬¨ ¯ ° ««¥«¼­»¬¨ ¯«¨² ¬¨. �°¨ ±¥·¥-

­¨¿µ, ¡«¨§ª¨µ ª ª¢ ¤° ²­®¬³, ¤«¿ ­ µ®¦¤¥­¨¿ ¯°¨¡«¨¦¥­­®£® §­ -

·¥­¨¿ ª°¨²¨·¥±ª®© ­ £°³§ª¨ ¯°¨¬¥­¿¥²±¿  ±¨¬¯²®²¨·¥±ª¨© ¬¥²®¤.

� ª ·¥±²¢¥ ­ · «¼­®£® ¯°¨¡«¨¦¥­¨¿ ¨±¯®«¼§³¥²±¿ °¥¸¥­¨¥ § ¤ ·¨

³±²®©·¨¢®±²¨ ®¡®«®·ª¨ ± ª¢ ¤° ²­»¬ ¯®¯¥°¥·­»¬ ±¥·¥­¨¥¬ [1-3].

�°¥¤¯®« £ ¥²±¿, ·²® ±¬¥¹¥­¨¿¬ ª° ¿ ®¡®«®·ª¨ ¢ ¯«®±ª®±²¨ ¯«¨²»

¬®£³² ¯°¥¯¿²±²¢®¢ ²¼ ²®«¼ª® ±¨«» ²°¥­¨¿.

�±«¨ ±¨«» ²°¥­¨¿ ¬¥¦¤³ ®¡®«®·ª®© ¨ ¯«¨²®© ² ª ¢¥«¨ª¨, ·²® ¨±-

ª«¾· ¾² ¯¥°¥¬¥¹¥­¨¿ ª° ¥¢ ®¡®«®·ª¨ ¢ ¯«®±ª®±²¨ ¯«¨²», ²® £° -

­¨·­»¥ ³±«®¢¨¿ ­  ª° ¿µ ®¡®«®·ª¨ ±®¢¯ ¤ ¾² ± ³±«®¢¨¿¬¨ ¸ °­¨°-

­®£® ®¯¨° ­¨¿ ª° ¥¢. �®°¬  ¯®²¥°¨ ³±²®©·¨¢®±²¨ ° ¢­®¬¥°­® ¯®-

ª°»¢ ¥² ¢±¾ ¯®¢¥°µ­®±²¼ ±²¥­®ª ®¡®«®·ª¨.

�«³· ©, ª®£¤  ±¨«» ²°¥­¨¿ ° ¢­» ­³«¾, ¡«¨§®ª ª £° ­¨·­»¬ ³±«®-

¢¨¿¬ ±¢®¡®¤­»µ ª° ¥¢. �®°¬  ¯®²¥°¨ ³±²®©·¨¢®±²¨ «®ª «¨§³¥²±¿

¢®§«¥ ª° ¥¢ ®¡®«®·ª¨.

� ¯®¬®¹¼¾ ¬¥²®¤  ª®­¥·­»µ ½«¥¬¥­²®¢ ¯®¤²¢¥°¦¤ ¥²±¿ ¤®±²®¢¥°-

­®±²¼  ±¨¬¯²®²¨·¥±ª¨µ °¥§³«¼² ²®¢ ¨ ®¶¥­¨¢ ¾²±¿ £° ­¨¶» ¨µ ¯°¨-

¬¥­¨¬®±²¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. �¨«¨¯¯®¢ �. �. �±²®©·¨¢®±²¼ ¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨ ± ª¢ -
¤° ²­»¬ ¯®¯¥°¥·­»¬ ±¥·¥­¨¥¬ // �¥±²­¨ª ��¡��. 1999. �»¯.3.
C. 97-101.
2. �«¨ª³¸¨­  �. �., �¨«¨¯¯®¢ �. �. �±²®©·¨¢®±²¼ ¶¨«¨­¤°¨·¥±ª®©
®¡®«®·ª¨ ± ª¢ ¤° ²­»¬ ¯®¯¥°¥·­»¬ ±¥·¥­¨¥¬, ¨¬¥¾¹¥© ¤¢  ±¢®-
¡®¤­»µ ª° ¿ // �¥±²­¨ª ��¡��. 2001. �»¯.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. �. 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 �nite element method are compared.

�±±«¥¤®¢ ­¨¥ °¥§®­ ­±­»µ ¤¢¨¦¥­¨©
²¢¥°¤®£® ²¥«  ± ³¯°³£¨¬¨ ½«¥¬¥­² ¬¨ ¢®ª°³£
­¥¯®¤¢¨¦­®© ²®·ª¨

�.�. �®­ª¨­ 

(Konkina-l@vitkom.ru)

�¥«¨ª®«³ª±ª ¿ £®±³¤ °±²¢¥­­ ¿ ±¥«¼±ª®µ®§¿©±²¢¥­­ ¿  ª ¤¥¬¨¿, �®±±¨¿

� ±±¬ ²°¨¢ ¥²±¿ ¤¢¨¦¥­¨¥ ­¥±¨¬¬¥²°¨·­®£® ²¥«  ± ³¯°³£¨¬¨ ½«¥-

¬¥­² ¬¨ ¢®ª°³£ ­¥¯®¤¢¨¦­®© ²®·ª¨. �¯°³£¨¥ ½«¥¬¥­²» ¯°¥¤±² -

¢«¿¾² ±®¡®© ¢¿§ª®³¯°³£¨¥ ±²¥°¦­¨, ° ±¯®«®¦¥­­»¥ ¢ ½ª¢ ²®°¨ «¼-

­®© ¯«®±ª®±²¨ ½««¨¯±®¨¤  ¨­¥°¶¨¨. �°¥¤¯®« £ ¥²±¿, ·²® ±²¥°¦­¨

£¨¡ª¨¥ ¨ ¤¥´®°¬ ¶¨¨ ¨§£¨¡  ±®¯°®¢®¦¤ ¾²±¿ ° ±±¥¿­¨¥¬ ½­¥°£¨¨.

�±±«¥¤®¢ ­¨¥ °¥§®­ ­±­»µ ¤¢¨¦¥­¨© ±¨±²¥¬» ³¯°³£®¥ - ²¢¥°¤®¥

²¥«® ¯°®¢®¤¨²±¿ ¢ ª ­®­¨·¥±ª¨µ ¯¥°¥¬¥­­»µ ¤¥©±²¢¨¥ - ³£®«. �³­ª-

¶¨¿ � ³±  ±¨±²¥¬» ±®¤¥°¦¨² ¬ «»© ¯ ° ¬¥²° " (0 < " << 1) ¨

¿¢«¿¥²±¿ 2�-¯¥°¨®¤¨·­®© ¯® ³£«®¢»¬ ª®®°¤¨­ ² ¬ w1 ¨ w2.

� ¯®°®¦¤ ¾¹¥© ±¨±²¥¬¥ ¨¬¥¥²±¿ ±² ¶¨®­ °­®¥ ¢° ¹¥­¨¥, ¯°¨·¥¬

®²¢¥· ¾¹¥¥ ¥¬³ ¯®«®¦¥­¨¥ ° ¢­®¢¥±¨¿ ¯°¨¢¥¤¥­­®© ±¨±²¥¬» ³±²®©-

·¨¢® ¢ «¨­¥©­®¬ ¯°¨¡«¨¦¥­¨¨.

�°¥¤¯®« £ ¥²±¿, ·²® ¢ ±¨±²¥¬¥ ¨¬¥¥²±¿ ¢­³²°¥­­¨© °¥§®­ ­±: ®²­®-

¸¥­¨¥ ±®¡±²¢¥­­®© · ±²®²» ª · ±²®²¥ ¯°¥¶¥±±¨¨ !1 = ª!2 (ª = 1; 2).
�°¨ ¯®¬®¹¨ ¬¥²®¤®¢ ���-²¥®°¨¨ ¯®±²°®¥­» ¯°¨¡«¨¦¥­­»¥ ³° ¢-

­¥­¨¿, ®¯¨±»¢ ¾¹¨¥ ½¢®«¾¶¨¾ ¤¢¨¦¥­¨¿ ±¨±²¥¬» ²¿¦¥«®¥ ³¯°³£®¥

- ²¢¥°¤®¥ ²¥«® ± ­¥¯®¤¢¨¦­®© ²®·ª®© ¢ ª ­®­¨·¥±ª¨µ ¯¥°¥¬¥­­»µ

¤¥©±²¢¨¥-³£®«.
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�¥²®¤ ° §¤¥«¥­¨¿ ¤¢¨¦¥­¨© ¨ ³±°¥¤­¥­¨¿ ¯®§¢®«¿¥² ¯®«³·¨²¼ ±¨-

±²¥¬³ ½¢®«¾¶¨®­­»µ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ­¥¨§¢¥±²­»¬¨, ¢ ª®²®-

°®© ¿¢«¿¾²±¿ ¯¥°¥¬¥­­»¥ ¤¥©±²¢¨¿ ­¥¢®§¬³¹¥­­®© § ¤ ·¨. � «¨-

·¨¥ ¤¨±±¨¯ ²¨¢­»µ ±¨« ¯®§¢®«¿¥² ±¤¥« ²¼ ¢»¢®¤ ® ²®¬, ·²® ­  ¯¥°-

¢®¬ ½² ¯¥ ¤¢¨¦¥­¨¿ ¯°®¨±µ®¤¨² § ²³µ ­¨¥ ±®¡±²¢¥­­»µ ª®«¥¡ ­¨©

¢ ±¨±²¥¬¥ ®¯¨±»¢ ¾¹¥© ¤¢¨¦¥­¨¥ ±¯«®¸­®© ±°¥¤». � ²¥¬ ° ±±¬ -

²°¨¢ ¥²±¿ ¢»­³¦¤¥­­®¥ ¤¢¨¦¥­¨¥ ±¯«®¸­®© ±°¥¤» ¨ ¥£® ¢«¨¿­¨¥ ­ 

½¢®«¾¶¨¾ ¯¥°¥¬¥­­»µ ¤¥©±²¢¨¥, ®¯¨±»¢ ¾¹¨µ ¯®¢¥¤¥­¨¥ ±¨±²¥¬».

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 �xed point and carrying elastic rods, which undergo 
exural 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.

�±±«¥¤®¢ ­¨¥ ¢«¨¿­¨¿ ¯®¯¥°¥·­»µ ±¤¢¨£®¢
­  ¡¨´³°ª ¶¨¾ ±«®¨±²®© ¶¨«¨­¤°¨·¥±ª®©
®¡®«®·ª¨ ¯®¤ ¤¥©±²¢¨¥¬ ®±¥¢»µ ±¨«

�. �. �®°·¥¢±ª ¿, �. �. �³­¶¥¢¨·, �. �. �¨µ ±¥¢

(ksp@vgpi.belpak.bitebsk.by, Sergey Kuntsevich@tut.by,

mikhasev@vgpi.belpak.vitebsk.by)

�¨²¥¡±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �¥« °³±¼

� ±±¬ ²°¨¢ ¥²±¿ § ¤ ·  ® ¡¨´³°ª ¶¨¨ ¡¥§¬®¬¥­²­®£® ­ ¯°¿¦¥­-

­®£® ±®±²®¿­¨¿ ª®¬¯®§¨²­®© ±«®¨±²®© ¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨ ¯®¤

¤¥©±²¢¨¥¬ ®±¥¢»µ ±¨«. �¡®«®·ª , ¢ ®¡¹¥¬ ±«³· ¥, ¿¢«¿¥²±¿ ­¥ª°³£®-

¢®©,   ®±¥¢»¥ ±¨«» | ´³­ª¶¨¨ ®ª°³¦­®© ª®®°¤¨­ ²». �  ª° ¿µ

®¡®«®·ª¨ ° ±±¬ ²°¨¢ ¾²±¿ ³±«®¢¨¿ ¸ °­¨°­®£® ®¯¨° ­¨¿.
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� ª ·¥±²¢¥ ¨±µ®¤­»µ ³° ¢­¥­¨© ¨±¯®«¼§³¾²±¿ ³° ¢­¥­¨¿ ²¨¯  � °-

¬ ­  [1], ³·¨²»¢ ¾¹¨¥ ­ «¨·¨¥ ±«®¥¢ ¨ ®±°¥¤­¥­­»© ½´´¥ª² ¯®¯¥-

°¥·­»µ ±¤¢¨£®¢.

� ¯°¥¤¯®«®¦¥­¨¨ ® «®ª «¨§ ¶¨¨ ´®°¬ ¯®²¥°¨ ³±²®©·¨¢®±²¨ ¢ ®ª°¥±²-

­®±²¨ ­¥ª®²®°®© "­ ¨¡®«¥¥ ±« ¡®©" ®¡° §³¾¹¥©, ¨±¯®«¼§³¥²±¿  ±¨¬-

¯²®²¨·¥±ª¨© ¬¥²®¤ �.�. �®¢±²¨ª  [2]. � ±±¬ ²°¨¢ ¾²±¿ ®¡®«®·ª¨

° §­®© ¤«¨­»: ª®°®²ª¨¥, ±°¥¤­¨¥, ¤«¨­­»¥. � § ¢¨±¨¬®±²¨ ®² ²¨¯ 

®¡®«®·ª¨ ±²°®¿²±¿ °¥¸¥­¨¿ ¨±µ®¤­»µ ³° ¢­¥­¨©, ®²«¨· ¾¹¨¥±¿ µ -

° ª²¥°®¬ ¢®«­®®¡° §®¢ ­¨¿ ¢ ®ª°³¦­®¬ ­ ¯° ¢«¥­¨¨.

� ° ¡®²¥ ¨±±«¥¤³¥²±¿ ¢«¨¿­¨¥ ¯ ° ¬¥²°  ¯®¯¥°¥·­®£® ±¤¢¨£  ­  ª°¨-

²¨·¥±ª³¾ ­ £°³§ª³ ¨ ±²¥¯¥­¼ «®ª «¨§ ¶¨¨ ´®°¬ ¯®²¥°¨ ³±²®©·¨-

¢®±²¨ ¢ ®ª°¥±²­®±²¨ ±« ¡®© ®¡° §³¾¹¥©. � · ±²­®±²¨, ³±² ­®¢«¥­®,

·²® ¢«¨¿­¨¥ ®±°¥¤­¥­­®£® ¯ ° ¬¥²°  ¯®¯¥°¥·­®£® ±¤¢¨£  ­  ª°¨²¨-

·¥±ª³¾ ­ £°³§ª³ ¡®«¥¥ ±³¹¥±²¢¥­­® ¢ ±«³· ¥ ®¡®«®·ª¨, ­ £°³¦¥­-

­®© ®±¥¢»¬¨ ±¨« ¬¨, ·¥¬ ¤«¿ ®¡®«®·ª¨, ­ µ®¤¿¹¥©±¿ ¯®¤ ¤¥©±²¢¨¥¬

¢­¥¸­¥£® ¤ ¢«¥­¨¿ [3].

� ¡®²  ¢»¯®«­¥­  ¢ ° ¬ª µ �®±³¤ °±²¢¥­­®© ¯°®£° ¬¬» ´³­¤ ¬¥­-

² «¼­»µ ¨±±«¥¤®¢ ­¨© �¥±¯³¡«¨ª¨ �¥« °³±¼ (���� 2001{2005).

1. �°¨£®«¾ª �. �., �³«¨ª®¢ �. �. �­®£®±«®©­»¥  °¬¨°®¢ ­­»¥ ®¡®-
«®·ª¨: � ±·¥² ¯­¥¢¬ ²¨·¥±ª¨µ ¸¨­. �., 1988. 288 ±.
2. �®¢±²¨ª �. �. �±²®©·¨¢®±²¼ ²®­ª¨µ ®¡®«®·¥ª:  ±¨¬¯²®²¨·¥±ª¨¥
¬¥²®¤». �., 1995. 320 ±.
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 in
uence 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, �nding the critical axial force and the eigenmodes. The in
uence of

the transverse shears on the critical axial force is analyzed.
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�±²®©·¨¢®±²¼ ²®­ª®© ª°³£®¢®©  ­¨§®²°®¯­®©
¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨ ¯°¨ ·¨±²®¬ ª°³·¥­¨¨

�. �. �³§¨¢ ­®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°®¢¥¤¥­® ¨±±«¥¤®¢ ­¨¥ ³±²®©·¨¢®±²¨ ¡¥§¬®¬¥­²­®£® ­ ¯°¿¦¥­-

­®£® ±®±²®¿­¨¿ ²®­ª®© ª°³£®¢®©  ­¨§®²°®¯­®© ¶¨«¨­¤°¨·¥±ª®© ®¡®-

«®·ª¨ ± ° §«¨·­»¬¨ ²¨¯ ¬¨ ®¡¬®²®ª ¯°¨ ·¨±²®¬ ª°³·¥­¨¨. �­²¥°¥±

ª ¤ ­­®£® ¢¨¤  ° ±·¥² ¬ ±¢¿§ ­ ± ²¥¬, ·²® § ¤ ·¨ ² ª®£® °®¤  · ±²®

¢±²°¥· ¾²±¿ ¢ ± ¬®«¥²®- ¨ ° ª¥²®±²°®¥­¨¨.

�®«³·¥­» ´®°¬³«» ­³«¥¢®£® ¨ ¯¥°¢®£® ¯°¨¡«¨¦¥­¨© ¯® ¬ «®¬³ ¯ -

° ¬¥²°³ ¨ ­  ¨µ ®±­®¢ ­¨¨ ¯°®¢¥¤¥­» ° ±·¥²» ¯ ° ¬¥²°  ª°¨²¨·¥-

±ª®£® ­ £°³¦¥­¨¿ ¨ ´®°¬» ¯®²¥°¨ ³±²®©·¨¢®±²¨.

� ° ¡®²¥ ° ±±¬ ²°¨¢ ¾²±¿ ®¡®«®·ª¨ ± ¤¢³¬¿ ²¨¯ ¬¨ ®¡¬®²®ª. �

¯¥°¢®¬ ±«³· ¥ ®¡®«®·ª  ¨¬¥¥² ¤¢¥ ±¨¬¬¥²°¨·­»¥ ±¨±²¥¬» ³±¨«¨¢ -

¾¹¨µ ­¨²¥©, ¢® ¢²®°®¬ ±«³· ¥ | ®¤­³ ±¨±²¥¬³ ­¨²¥© ½ª¢¨¢ «¥­²­®©

¦¥±²ª®±²¨. �°¨ ° ±·¥² µ ¢ °¼¨°®¢ « ±¼ ¦¥±²ª®±²¼ ­¨²¥©, ¨µ ª®«¨-

·¥±²¢® ¨ ³£®« ­ ª«®­  ¯® ®²­®¸¥­¨¾ ª ®¡° §³¾¹¨¬ ®¡®«®·ª¨.

�®ª § ­® ±³¹¥±²¢¥­­®¥ ¢«¨¿­¨¥ ¢±¥µ ²°¥µ ¯ ° ¬¥²°®¢ ­  §­ ·¥­¨¥

¯ ° ¬¥²°  ª°¨²¨·¥±ª®© ­ £°³§ª¨ ¨ ´®°¬³ ¯®²¥°¨ ³±²®©·¨¢®±²¨.

�²¬¥·¥­® §­ ·¨²¥«¼­®¥ ° §«¨·¨¥ ¢ ¯®¢¥¤¥­¨¨ ®¡®«®·¥ª ¢ ¯¥°¢®¬ ¨

¢²®°®¬ ±«³· ¿µ. � ©¤¥­» ² ª¦¥ ­ ¨«³·¸¥¥ ¨ ­ ¨µ³¤¸¥¥ ° ±¯®«®¦¥-

­¨¥ ³±¨«¨¢ ¾¹¨µ ­¨²¥© ¢ ®¡®«®·ª¥ ± ²®·ª¨ §°¥­¨¿ ¥¥ ¬ ª±¨¬ «¼­®©

³±²®©·¨¢®±²¨.

The buckling of thin anisotropic circular
cylindrical shell under torsion

I. 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

di�erent types of enforcing �bers are found. The formulas for asymptotic

analysis with accuracy up to the second approximation are introduced.
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�±±«¥¤®¢ ­¨¥ µ ° ª²¥°¨±²¨·¥±ª¨µ ³° ¢­¥­¨©
± ¯®¬®¹¼¾ ®¡®¡¹¥­­®£® ¬¥²®¤  �¼¾²®­ 

�. �. � ­¤¬ ­, �. �. �¬¨°­®¢

(Irina.Landman@pobox.spbu.ru, smirnov@bals.usr.pu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ¯°¥¤±² ¢«¥­  «£®°¨²¬ ¯®±²°®¥­¨¿ ´®°¬ «¼­®£®  ±¨¬¯²®-

²¨·¥±ª®£® °¥¸¥­¨¿ ª° ¥¢®© § ¤ ·¨, ®¯¨± ­­»© ± ¯®¬®¹¼¾ ±¨¬¢®«¼-

­»µ ¢»·¨±«¥­¨©, ­  ¯°¨¬¥°¥ § ¤ ·¨ ª®«¥¡ ­¨© ²®­ª¨µ ®¡®«®·¥ª ¢° -

¹¥­¨¿. �«£®°¨²¬ ®±­®¢»¢ ¥²±¿ ­  ¬¥²®¤¥  ±¨¬¯²®²¨·¥±ª®£® ¨­²¥-

£°¨°®¢ ­¨¿, ° §° ¡®² ­­®£® ¢ [1].

� ¤ ·¨ ±¢®¡®¤­»µ ª®«¥¡ ­¨© ®¡®«®·¥ª ¢° ¹¥­¨¿ ®¯¨±»¢ ¾²±¿ ±¨-

±²¥¬®© ³° ¢­¥­¨© ¢¨¤ :

dY

ds
= A(s;�;m; �)Y (1)

± ®¤­®°®¤­»¬¨ £° ­¨·­»¬¨ ³±«®¢¨¿¬¨:

BijY j(si) = 0; i = 1; 2 j = 1; : : : ; 4; (2)

£¤¥ Y | ¢¥ª²®°-´³­ª¶¨¿ [8�1], A| ¬ ²°¨¶  ° §¬¥°®¬ [8�8], B|
¬ ²°¨¶  ° §¬¥°®¬ [8 � 8], s | ­¥§ ¢¨±¨¬ ¿ ª®®°¤¨­ ² , � | · -

±²®²  ª®«¥¡ ­¨©, ¿¢«¿¾¹ ¿±¿ ¨±ª®¬»¬ ±®¡±²¢¥­­»¬ §­ ·¥­¨¥¬. �

ª ·¥±²¢¥ ¯ ° ¬¥²°®¢ ±¨±²¥¬  ¢ª«¾· ¥² ¬ «³¾ ®²­®±¨²¥«¼­³¾ ²®«-

¹¨­³ ®¡®«®·ª¨ �, ·¨±«® ¢®«­ ¢ ®ª°³¦­®¬ ­ ¯° ¢«¥­¨¨ m ¨, ¢®§-

¬®¦­®, ¤°³£¨¥ ¬ «»¥ ¯ ° ¬¥²°», ­ ¯°¨¬¥°, 
 | ³£«®¢³¾ ±ª®°®±²¼

¢° ¹¥­¨¿ ¨«¨ ­ · «¼­»¥ ­ ¯°¿¦¥­¨¿.

�¥¸¥­¨¥ § ¤ ·¨ (1) ¢ª«¾· ¥² ¢ ±¥¡¿ ­ µ®¦¤¥­¨¥ ª®°­¥© p(s) µ ° ª-
²¥°¨±²¨·¥±ª®£® ³° ¢­¥­¨¿ ¢¨¤ 

jA(s;m;�; �)� p(s)I j = 0 (3)

�²® ³° ¢­¥­¨¥, ¢ ±«³· ¥ ª®£¤  A ¯®±²®¿­­ , ¬®¦­® ¯°¥¤±² ¢¨²¼ ¢

¢¨¤¥:

8X
i=1

X
�1;�i;
i

pi��i��im
iai = 0 (4)
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£¤¥ ai | ¯®±²®¿­­»¥.

� ° ¡®²¥ ¯®«³·¥­® °¥¸¥­¨¥ ¤ ­­®£® ³° ¢­¥­¨¿ ¤«¿ ° §«¨·­»µ ®¡« -

±²¥© ¯°®±²° ­±²¢  ¨±¯®«¼§³¥¬»µ ¯ ° ¬¥²°®¢ (�, �, m) ± ¯®¬®¹¼¾
±°¥¤±²¢ ¢»·¨±«¨²¥«¼­®© £¥®¬¥²°¨¨. �³¹¥±²¢¥­­® ¨±¯®«¼§³¥²±¿ ¬ -

«®±²¼ ¯ ° ¬¥²°  �, ®²­®±¨²¥«¼­® ª®²®°®£® ®¯°¥¤¥«¿¾²±¿ ¯®°¿¤ª¨

®±² «¼­»µ ¯ ° ¬¥²°®¢. � ±±¬®²°¥­¨¥ ®£° ­¨·¥­® ±«³· ¥¬, ª®£¤ 

³° ¢­¥­¨¥ (4) ­¥ ¨¬¥¥² ª° ²­»µ ª®°­¥©. �«£®°¨²¬ ¯®§¢®«¿¥² ®¯°¥-

¤¥«¨²¼ ®¡« ±²¨ ¯°®±²° ­±²¢  ¯ ° ¬¥²°®¢, ¢­³²°¨ ª®²®°»µ ª®°­¨

µ ° ª²¥°¨±²¨·¥±ª®£® ³° ¢­¥­¨¿ ¨¬¥¾² ®¤¨­ ª®¢³¾ ±²°³ª²³°³ ¨

­ ©²¨ £« ¢­»¥ ·«¥­» ª®°­¥©. �«£®°¨²¬ °¥ «¨§®¢ ­ ¯°¨ ¯®¬®¹¨

¯°¨ª« ¤­®£® ¯ ª¥²  ¤«¿ ¬ ²¥¬ ²¨·¥±ª¨µ ¢»·¨±«¥­¨© "Mathematica

4.1." ¨ ¯®§¢®«¿¥² °¥¸ ²¼ § ¤ ·¨, ±®¤¥°¦ ¹¨¥ 3 ¯ ° ¬¥²° . � ±«³-

· ¥ ¡®«¼¸¥£® ·¨±«  ¯ ° ¬¥²°®¢  «£®°¨²¬ ¯®§¢®«¿¥² ±²°®¨²¼ ²°¥µ-

¬¥°­»¥ ±¥·¥­¨¿ ¯°®±²° ­±²¢  ¯ ° ¬¥²°®¢. �¨±«¥­­»¥ °¥§³«¼² ²»,

¯®«³·¥­­»¥, ¢ · ±²­®±²¨, ¤«¿ ±«³· ¿ ­¨§ª®· ±²®²­»µ ª®«¥¡ ­¨©

¶¨«¨­¤°¨·¥±ª¨µ ®¡®«®·¥ª µ®°®¸® ±®£« ±³¾²±¿ ± °¥§³«¼² ² ¬¨, ¯®-

«³·¥­­»¬¨ ¤°³£¨¬¨  ¢²®° ¬¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. �®«¼¤¥­¢¥©§¥° �. �., �¨¤±ª¨© �. �., �®¢±²¨ª �. �. �¢®¡®¤­»¥
ª®«¥¡ ­¨¿ ²®­ª¨µ ³¯°³£¨µ ®¡®«®·¥ª. 1979.
2. � ³½° �. �., �®¢±²¨ª �. �., �¨«¨¯¯®¢ �. �., �¬¨°­®¢ �. �. �±¨¬-
¯²®²¨·¥±ª¨¥ ¬¥²®¤» ¢ ¯°¨¬¥° µ ¨ § ¤ · µ. �·¥¡­®¥ ¯®±®¡¨¥, ��¡.:
�§¤ ²¥«¼±²¢® �.-�¥²¥°¡³°£±ª®£® ³­¨¢¥°±¨²¥² , 1997.
3. �'�³°ª¥ �¦. �»·¨±«¨²¥«¼­ ¿ £¥®¬¥²°¨¿ ­  �. � ¬¡°¨¤¦, 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 di�erent domains of the space

of parameters are obtained by means of computational geometry methods and

realized in "Mathematica 4.1". 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.

�®«¥¡ ­¨¿ ¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨,
¯®¤ª°¥¯«¥­­®© ¯« ±²¨­ ¬¨

�. �. � ª °¥­ª®

(irina07@hotbox.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤ ·  ® ­¨§ª®· ±²®²­»µ ª®«¥¡ ­¨¿µ ²®­ª®© ª°³£®¢®© ¶¨«¨­¤°¨·¥-

±ª®© ®¡®«®·ª¨ ±°¥¤­¥© ¤«¨­», ¯®¤ª°¥¯«¥­­®© ¯« ±²¨­ ¬¨, ° ±±¬ -

²°¨¢ « ±¼ ¢ ° ¡®²¥ �.�. �¨«¨¯¯®¢  [1]. �»«¨ ¯®«³·¥­»  ±¨¬¯²®-

²¨·¥±ª¨¥ ´®°¬³«», ¯®§¢®«¿¾¹¨¥ ¢»·¨±«¿²¼ ­ ¨¡®«¼¸¥¥ §­ ·¥­¨¥

¯¥°¢®© · ±²®²» ¯°¨ ´¨ª±¨°®¢ ­­®© ¬ ±±¥ ª®­±²°³ª¶¨¨.

� ¤ ­­®© ° ¡®²¥ ¤«¿ ¨±±«¥¤®¢ ­¨¿ ª®«¥¡ ­¨© ¶¨«¨­¤°¨·¥±ª®© ®¡®-

«®·ª¨, ¯®¤ª°¥¯«¥­­®© ª®«¼¶¥¢»¬¨ ¯« ±²¨­ ¬¨, ¨±¯®«¼§®¢ «±¿ ·¨-

±«¥­­»© ¬¥²®¤ ®°²®£®­ «¼­®© ¯°®£®­ª¨.

�¨±²¥¬  ³° ¢­¥­¨©, ®¯¨±»¢ ¾¹ ¿ ¬ «»¥ ±¢®¡®¤­»¥ ­¥®±¥±¨¬¬¥-

²°¨·­»¥ ª®«¥¡ ­¨¿ ®¡®«®·ª¨ ¢° ¹¥­¨¿, ¡° « ±¼ ¢ ¡¥§° §¬¥°­®¬

¢¨¤¥ [2,3] ¨ ¯°¨¢®¤¨« ±¼ ª ­®°¬ «¼­®© ´®°¬¥

dyi

ds
=

8X
j=1

aij(s; �; �)yj; i = 1; : : : ; 8:

£¤¥ � | ¬ «»© ¯ ° ¬¥²°, ±¢¿§ ­­»© ± ¡¥§° §¬¥°­®© ²®«¹¨­®© ®¡®-

«®·ª¨, � | ¨±ª®¬»© ¯ ° ¬¥²° · ±²®²». � µ®¦¤¥­¨¥ ±®¡±²¢¥­­»µ

§­ ·¥­¨© ®¤­®°®¤­®© ª° ¥¢®© § ¤ ·¨ ¤«¿ ±¨±²¥¬» «¨­¥©­»µ ¤¨´´¥-

°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ®±³¹¥±²¢«¿«®±¼ ¬¥²®¤®¬ ¯°®£®­ª¨ [4]. �¨-

±«¥­­»¥ °¥§³«¼² ²» ¬¥²®¤  ¯°®£®­ª¨ ±° ¢­¨¢ «¨±¼ ±® §­ ·¥­¨¿¬¨

¯¥°¢®© · ±²®²», ¯®«³·¥­­»¬¨ ¯®  ±¨¬¯²®²¨·¥±ª¨¬ ´®°¬³« ¬ ¢ ° -

¡®²ax [1], [2]. �±±«¥¤®¢ « ±¼ § ¢¨±¨¬®±²¼ ¯¥°¢®© · ±²®²» ª®­±²°³ª-

¶¨¨ ®² ¸¨°¨­» ª®«¼¶¥¢»µ ¯« ±²¨­.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. Filippov S. B. Optimal design of sti�ened cylindrical shell // 4th EU-
ROMECH, Mets, France. June 2000. Book of abstract, II, P. 545.
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2. �¨«¨¯¯®¢ �. �. �¥®°¨¿ ±®¯°¿¦¥­­»µ ¨ ¯®¤ª°¥¯«¥­­»µ ®¡®«®·¥ª.
��¡.: �§¤-¢® ��¡��, 1999. 196 ±.
3. �®«¼¤¥­¢¥©§¥° �. �., �¨¤±ª¨© �. �., �®¢±²¨ª �. �. �¢®¡®¤­»¥
ª®«¥¡ ­¨¿ ²®­ª¨µ ³¯°³£¨µ ®¡®«®·¥ª. �.: � ³ª , 1979. 384 ±.
4. � µ¢ «®¢ �. �. �¨±«¥­­»¥ ¬¥²®¤» ( ­ «¨§,  «£¥¡° , ®¡»ª­®¢¥­-
­»¥ ¤¨´´¥°¥­¶¨ «¼­»¥ ³° ¢­¥­¨¿). �. I. �., 1973. �. 565-577.

Vibrations of cylindrical shell sti�ened by plates

I. N. Makarenko

St. Petersburg State University, Russia

The vibrations of a thin cylindrical shell sti�ened by identical rings are con-

sidered. The numerical sweep method is used for the calculation of the �rst

(fundamental) vibration frequency of a structure. The in
uence of the rings

width on the �rst vibration frequency is studied. The numerical and asymp-

totic results are compared.

�¥«¨­¥©­»¥ ¬®¤¥«¨ ²¥®°¨¨ ¢¿§ª®³¯°³£®±²¨
½« ±²®¬¥°­»µ ¬ ²¥°¨ «®¢

�. �. � «¼ª®¢

(venmalkov@pobox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ¯®±²°®¥­» ®¯°¥¤¥«¿¾¹¨¥ ³° ¢­¥­¨¿ ­¥«¨­¥©­®© ²¥®°¨¨

¢¿§ª®³¯°³£®±²¨ ¤«¿ ½« ±²®¬¥°­»µ ¬ ²¥°¨ «®¢, ª®²®°»¥ ®²«¨· ¾²±¿

®² ¨§¢¥±²­»µ ®¡¹¨µ ²¥®°¨© ¢¿§ª®³¯°³£®±²¨ ®²­®±¨²¥«¼­®© ¯°®±²®-

²®© ¨ ¬®£³² ¡»²¼ °¥ «¼­® ¨±¯®«¼§®¢ ­» ¤«¿ °¥¸¥­¨¿ ¯°¨ª« ¤­»µ

§ ¤ ·. �±­®¢­®© ¶¥«¼¾ ¨±±«¥¤®¢ ­¨¿ ¡»«® ¯®±²°®¥­¨¥ ¯°¨¡«¨¦¥­-

­»µ ¬®¤¥«¥© ®¯°¥¤¥«¿¾¹¨µ ³° ¢­¥­¨© ¤«¿ ³·¥²  ¤¨±±¨¯ ¶¨¨ ½­¥°-

£¨¨ ¯°¨ ¡®«¼¸¨µ ¤¨­ ¬¨·¥±ª¨µ ¤¥´®°¬ ¶¨¿µ ²¥« ¨§ °¥§¨­®¯®¤®¡-

­®£® ¬ ²¥°¨ « . �²®² ¢®¯°®± ¿¢«¿¥²±¿ ¢¥±¼¬   ª²³ «¼­»¬, ®±®-

¡¥­­® ¢ ¯°®¡«¥¬ µ ±¥©±¬®- ¨ ¢¨¡°®¨§®«¿¶¨¨ ®¡º¥ª²®¢ ± ¯®¬®¹¼¾

½« ±²®¬¥°­»µ ½«¥¬¥­²®¢. � · ±²­®±²¨ ¯®«³·¥­»  ­ «®£¨ ¬ ²¥°¨-

 «®¢ ­¥®£³ª®¢±ª®£®, �³­¨{�¨¢«¨­  ¨ �¥­-�¥­ ­ {�¨°µ£®´ . �°¨-

¬¥­¥­¨¥ ³° ¢­¥­¨© ¯®ª § ­® ­  ¤¢³µ ¯«®±ª¨µ ­¥«¨­¥©­»µ § ¤ · µ:

¯°®±²®© ±¤¢¨£ ±«®¿ ¨ ª°³·¥­¨¥ ¶¨«¨­¤°¨·¥±ª®£® ¸ °­¨°  ¤«¿ ¬®-

¤¥«¨ ­¥®£³ª®¢±ª®£® ¢¿§ª®³¯°³£®£® ¬ ²¥°¨ « . �¯°¥¤¥«¿¾¹¨¥ ±®®²-

­®¸¥­¨¿ «¨­¥©­®© ²¥®°¨¨ ¢¿§ª®³¯°³£®±²¨ [1,2] ®²«¨· ¾²±¿ ®² «¨-
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­¥©­®£® § ª®­  ³¯°³£®±²¨ ²¥¬, ·²® ¢ ­¨µ ª®­±² ­²» ¬ ²¥°¨ «  § -

¬¥­¥­» ¨­²¥£° «¼­»¬¨ ®¯¥° ²®° ¬¨ ¯® ¢°¥¬¥­¨. �²   ­ «®£¨¿ ¨±-

¯®«¼§®¢ « ±¼ ¨ ¯°¨ ¯®±²°®¥­¨¨ ®¯°¥¤¥«¿¾¹¨µ ³° ¢­¥­¨© ­¥«¨­¥©-

­®© ²¥®°¨¨ ¢¿§ª®³¯°³£®±²¨ [3] ± ¯®¬®¹¼¾ ´³­ª¶¨®­ «  ±¢®¡®¤­®©

½­¥°£¨¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-01-00462).

1. �°¨±²¥­±¥­ �. �¢¥¤¥­¨¥ ¢ ²¥®°¨¾ ¢¿§ª®³¯°³£®±²¨. �.: �¨°, 1974.
2. � ¡®²­®¢ �. �. �«¥¬¥­²» ­ ±«¥¤±²¢¥­­®© ¬¥µ ­¨ª¨ ²¢¥°¤»µ ²¥«.
�., 1977.
3. � «¼ª®¢ �. �. �¥ª®²®°»¥ ¬®¤¥«¨ ®¯°¥¤¥«¿¾¹¨µ ³° ¢­¥­¨© ­¥«¨-
­¥©­®© ²¥®°¨¨ ¢¿§ª®³¯°³£®±²¨ // �¥±²­¨ª ��¡��. 2002. �¥°. 1,
�»¯. 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 | Kirchho� materials are obtained for vis-

coelasticity. These material models can be really used for solving of applied

problems.

�«¨¿­¨¥ ²¥¬¯¥° ²³°» ­  ±®¡±²¢¥­­»¥ · ±²®²»
ª®«¥¡ ­¨©  ­¨§®²°®¯­®© ¯« ±²¨­»

�. �. � ²¢¥¥¢ 

(mga@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�±±«¥¤³¥²±¿ ¢«¨¿­¨¥ ²¥¬¯¥° ²³°» ­  ±®¡±²¢¥­­»¥ · ±²®²» ª®«¥¡ -

­¨© ®¤­®°®¤­®©  ­¨§®²°®¯­®© ¯« ±²¨­» ¯®±²®¿­­®© ²®«¹¨­». � ±-

±¬ ²°¨¢ ¾²±¿ ¢»±®ª®· ±²®²­»¥ ±¤¢¨£®¢»¥ ª®«¥¡ ­¨¿ ¢ ­ ¯° ¢«¥­¨¨

²®«¹¨­» ¯« ±²¨­».

�­²¥°¥± ª ² ª®© § ¤ ·¥ ±¢¿§ ­ ± ª¢ °¶¥¢»¬¨ °¥§®­ ²®° ¬¨, ª®²®-

°»¥ ¢»¯³±ª ¾²±¿ ¢ ´®°¬¥ ª°³£«»µ ¨«¨ ¯°¿¬®³£®«¼­»µ ¯« ±²¨­ ¨

¸¨°®ª® ¨±¯®«¼§³¾²±¿ ¢ ­ ±²®¿¹¥¥ ¢°¥¬¿ [1]. �«¨¿­¨¥ ²¥¬¯¥° ²³°»
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­  ° ¡®·³¾ · ±²®²³ ª¢ °¶¥¢®£® °¥§®­ ²®°  ±° ¢­¨²¥«¼­® ­¥¢¥«¨ª®

¨ ¬®¦¥² ¡»²¼ ®¶¥­¥­® ¬¥²®¤®¬ ¢®§¬³¹¥­¨©. � ®¡¹¥¬ ±«³· ¥ ¯°¨ ­¥-

° ¢­®¬¥°­®¬ ­ £°¥¢¥ ­  ¨§¬¥­¥­¨¥ ¢¥«¨·¨­» ° ¡®·¥© · ±²®²» ®ª -

§»¢ ¥² ¢«¨¿­¨¥ °¿¤ ´ ª²®°®¢. � ° ¡®²¥ ¨±±«¥¤³¥²±¿ ¢«¨¿­¨¥ ¤¢³µ

¨§ ­¨µ: ²¥¬¯¥° ²³°­»µ ¤¥´®°¬ ¶¨© ¨ ²¥¬¯¥° ²³°­®© § ¢¨±¨¬®±²¨

¬®¤³«¥© ³¯°³£®±²¨. � ±·¥²» ¯°®¢®¤¨«¨±¼ ¤«¿ ¯« ±²¨­ ¨§ ¬¥¤¨ ¨

±¥°¥¡° .

�¥²®¤®¬ ¢®§¬³¹¥­¨© ­ ©¤¥­» ¯®¯° ¢ª¨ ª ±®¡±²¢¥­­»¬ · ±²®² ¬

ª®«¥¡ ­¨© ¯« ±²¨­». �»·¨±«¥­» ª®½´´¨¶¨¥­²»  ¡±®«¾²­»µ ¨ ®²-

­®±¨²¥«¼­»µ ¯®¯° ¢®ª, ­¥ § ¢¨±¿¹¨¥ ®² ²®«¹¨­» ¯« ±²¨­» ¨ ¯¥°¥-

¯ ¤  ²¥¬¯¥° ²³°». �»¿±­¥­®, ·²® ¯®¯° ¢ª¨, ±¢¿§ ­­»¥ ± ²¥¬¯¥° -

²³°­®© § ¢¨±¨¬®±²¼¾ ¬®¤³«¥© ³¯°³£®±²¨, ¢­®±¿² £®° §¤® ¡®«¼¸¨©

¢ª« ¤ ¢ ¢¥«¨·¨­³ · ±²®²», ·¥¬ ¯®¯° ¢ª¨, ®¡³±«®¢«¥­­»¥ ²¥¬¯¥° -

²³°­»¬¨ ¤¥´®°¬ ¶¨¿¬¨.

1. Bauer S. M., Filippov S. B., Semenov B. N., Tovstik P. E.,
Vorokhovsky Y. L. The e�ect of the temperature on the vibration fre-
quencies of plane-convex plate of quartz resonators // Proceeding of
the IEEE Frequencie Control Symposium 27-29 May 1992, The Hershey
Lodge and Convention Center Hershey, Pensylvania, USA. P. 603{606.

The e�ect 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 e�ect of the thermal dependence of the elastic modulus and the

in
uence of the thermal strains are taken into consideration.

� ²¥¬ ²¨·¥±ª®¥ ¬®¤¥«¨°®¢ ­¨¥ ª®«¥¡ ²¥«¼­®©
±¨±²¥¬» ±°¥¤­¥£® ³µ 

�. �. �¨µ ±¥¢

(mikhasev@vgpi.belpak.vitebsk.by)

�¨²¥¡±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �¥« °³±¼

�°¥¤« £ ¥²±¿ ¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª ¿ ¬®¤¥«¼ ±°¥¤­¥£® ³µ  ·¥-

«®¢¥ª , ±®±²®¿¹ ¿ ¨§ ¡ ° ¡ ­­®© ¯¥°¥¯®­ª¨ ¨ ±®¯°¿¦¥­­®© ± ­¥©



204 �°¥²¼¨ �®«¿µ®¢±ª¨¥ ·²¥­¨¿

±¨±²¥¬» §¢³ª®¯°®¢®¤¿¹¨µ ª®±²®·¥ª (¬®«®²®·¥ª, ­ ª®¢ «¼­¿, ±²°¥-

¬¥·ª®). �«¿ ¯®±²°®¥­¨¿ ¬®¤¥«¨ ¢¢®¤¨²±¿ °¿¤ ¤®¯³¹¥­¨©.

�®-¯¥°¢»µ, ¯°¥¤¯®« £ ¥²±¿, ·²® ­  ¡ ° ¡ ­­³¾ ¯¥°¥¯®­ª³ ¯ ¤ ¥²

­¨§ª®· ±²®²­ ¿ §¢³ª®¢ ¿ ¢®«­  ±« ¡®© ¨­²¥­±¨¢­®±²¨. � ½²®¬ ±«³-

· ¥ ¬®«®²®·¥ª ¨ ­ ª®¢ «¼­¿ ¤¢¨£ ¾²±¿ ª ª ¥¤¨­®¥ ¶¥«®¥, ±®¢¥°¸ ¿

¢° ¹ ²¥«¼­»¥ ª®«¥¡ ­¨¿ ¢®ª°³£ ®±¨, ¯°®µ®¤¿¹¥© ·¥°¥§ ®±­®¢ ­¨¥

°³ª®¿²ª¨ ¬®«®²®·ª  ¨ ¤«¨­­»© ®²°®±²®ª ­ ª®¢ «¼­¨ [1]. �®«®¦¥-

­¨¥ ½²®© ®±¨ ¢ ¯°®±²° ­±²¢¥ ±·¨² ¥²±¿ ­¥¨§¬¥­­»¬.

�²®°®¥ ¯°¥¤¯®«®¦¥­¨¥ ±¢¿§ ­® ± ®¯¨± ­¨¥¬ £¥®¬¥²°¨·¥±ª¨µ ¨ ´¨-

§¨·¥±ª¨µ ¯ ° ¬¥²°®¢ ¯¥°¥¯®­ª¨. �®±«¥¤­¿¿ ¬®¤¥«¨°³¥²±¿ ²®­ª®©

®¤­®±«®©­®© ¯°¥¤¢ °¨²¥«¼­® ­ ¯°¿¦¥­­®© ¨§®²°®¯­®© ¯®«®£®© ®¡®-

«®·ª®©.

�¢¨¦¥­¨¥ ¯¥°¥¯®­ª¨ ®¯¨±»¢ ¥²±¿ ±¨±²¥¬®© ³° ¢­¥­¨© ²®­ª¨µ ¯®-

«®£¨µ ®¡®«®·¥ª,   ¤¢¨¦¥­¨¥ ±®·«¥­¥­¨¿ "¬®«®²®·¥ª | ­ ª®¢ «¼­¿"

¨ ±²°¥¬¥­¨ | ®¡»ª­®¢¥­­»¬¨ ¤¨´´¥°¥­¶¨ «¼­»¬¨ ³° ¢­¥­¨¿¬¨

¢²®°®£® ¯®°¿¤ª .

�§¢¥±²­®, ·²® ­¨§ª®· ±²®²­»¥ ª®«¥¡ ­¨¿ ¯¥°¥¯®­ª¨ ³µ  ®²«¨· ¾²-

±¿ ¿°ª® ¢»° ¦¥­­®© «®ª «¨§ ¶¨¥© ´®°¬ ª®«¥¡ ­¨© [1]. �«¿ ®¯¨± ­¨¿

±¢®¡®¤­»µ ­¨§ª®· ±²®²­»µ ª®«¥¡ ­¨© ¬®¤¥«¨°³¥¬®© ±¨±²¥¬» ¯°¨-

¬¥­¿¥²±¿  ±¨¬¯²®²¨·¥±ª¨© ¬¥²®¤ [2], ¯®§¢®«¿¾¹¨© °¥¸¥­¨¿ ³° ¢-

­¥­¨© ¤¢¨¦¥­¨¿ ¯®«®£®© ®¡®«®·ª¨ ¨±ª ²¼ ¢ ¢¨¤¥ ´³­ª¶¨©, ¡»±²°®

³¡»¢ ¾¹¨µ ¢¤ «¨ ®² ­¥ª®²®°»µ «¨­¨©.

1. �®¡° ª �. �°¥¤­¥¥ ³µ®. �.: �®±. ¨§¤-¢® ¬¥¤¨¶¨­±ª®© «¨²¥° ²³°»,
1963. 456 ±.
2. �®¢±²¨ª �. �. �±²®©·¨¢®±²¼ ²®­ª¨µ ®¡®«®·¥ª:  ±¨¬¯²®²¨·¥±ª¨¥
¬¥²®¤». �.: � ³ª . �¨§¬ ²«¨², 1995. 320 ±.

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.



�¥ª¶¨¿ IV. �¥µ ­¨ª  ¤¥´®°¬¨°³¥¬®£® ²¢¥°¤®£® ²¥«  205

�¥¸¥­¨¥ ¨­²¥£°®-¤¨´´¥°¥­¶¨ «¼­®£® ³° ¢­¥­¨¿
¤«¿ ±« ¡®­¥° ¢­®¢¥±­®© °¥« ª±¨°³¾¹¥© ±°¥¤»

�. �. �®°®§®¢, �. �. �¥¬¥­¾ª

(vaa@math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°¨ ±¦ ²¨¨ ¨«¨ ° ±²¿¦¥­¨¨ ¬ ²¥°¨ «  ¨¬¯³«¼± ¬¨ ­ ¯°¿¦¥­¨¿,

¤«¨²¥«¼­®±²¼ ª®²®°»µ ¬¥­¼¸¥ ¢°¥¬¥­¨ °¥« ª± ¶¨¨ ¯°®¤®«¼­»µ ¨

¯®¯¥°¥·­»µ ±®±² ¢«¿¾¹¨µ ­ ¯°¿¦¥­¨¿ ª ±¢®¨¬ ° ¢­®¢¥±­»¬ §­ ·¥-

­¨¿¬, ¯°®¿¢«¿¥²±¿  ­£ °¬®­¨§¬ ª®«¥¡ ­¨© °¥¸¥²ª¨ §  ±·¥² ¡®«¼¸®©

±ª®°®±²¨ ¢¢®¤  ½­¥°£¨¨. �«¥¤±²¢¨¥¬ ½²®£® ¿¢«¿¥²±¿ ­¥«¨­¥©­»©

®²ª«¨ª ±°¥¤» ­  ¢®§¤¥©±²¢³¾¹³¾ ­ £°³§ª³. �°¨ ¤«¨²¥«¼­®±²¿µ

¨¬¯³«¼±®¢ ­ £°³¦¥­¨¿, ±° ¢­¨¬»µ ± ¢°¥¬¥­¥¬ °¥« ª± ¶¨¨, ¯°®¶¥±±

¬®¦­® ±·¨² ²¼ ±« ¡®­¥° ¢­®¢¥±­»¬.

� ° ¡®²¥ ±¨±²¥¬  ®¤­®¬¥°­»µ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿ ²¢¥°¤®²¥«¼­®©

°¥« ª±¨°³¾¹¥© ±°¥¤» ± ³° ¢­¥­¨¥¬ ±®±²®¿­¨¿, ¯®«³·¥­­»¬ ¯® ¬¥-

²®¤³ � ­¤¥«¼¸² ¬  - �¥®­²®¢¨·  [1,2], ±¢®¤¨²±¿ ª ®¤­®¬³ ¨­²¥-

£°®¤¨´´¥°¥­¶¨ «¼­®¬³ ³° ¢­¥­¨¾. �£® °¥¸¥­¨¥ ®±³¹¥±²¢«¿¥²±¿

·¨±«¥­­® ¢ «¨­¥©­®¬ ¯°¨¡«¨¦¥­¨¨. �¥§³«¼² ²» ·¨±«¥­­®£® ¨±±«¥¤®-

¢ ­¨¿ ½¢®«¾¶¨¨ ³¤ °­®-¢®«­®¢®£® ¯°®´¨«¿ ¢ ¯°®¶¥±±¥ ¥£® ¤¢¨¦¥­¨¿

¢ ±°¥¤¥ ±° ¢­¨¢ ¾²±¿ ± ¤ ­­»¬¨ ½ª±¯¥°¨¬¥­²  [3]. �°® ­ «¨§¨°®-

¢ ­»  ±¨¬¯²®²¨·¥±ª¨¥ °¥¸¥­¨¿ ¯®«³·¥­­®£® ³° ¢­¥­¨¿ ¤«¿ ±«³· ¥¢,

ª®£¤  ¢°¥¬¿ °¥« ª± ¶¨¨ ¬­®£® ¬¥­¼¸¥ ¤«¨²¥«¼­®±²¨ ¢®§¤¥©±²¢³¾-

¹¥£® ¨¬¯³«¼±  ¨ ¬­®£® ¡®«¼¸¥ ¥£®. � ¯¥°¢®¬ ±«³· ¥ § ¤ ·  ±¢®¤¨²±¿

ª °¥¸¥­¨¾ µ®°®¸® ¨§¢¥±²­®£® ³° ¢­¥­¨¿ �¾°£¥°± , ¢® ¢²®°®¬ | ª

¤¨´´¥°¥­¶¨ «¼­®¬³ ³° ¢­¥­¨¾ ¯¥°¢®£® ¯®°¿¤ª . �¥§³«¼² ²» ¨«-

«¾±²°¨°³¾²±¿ ¯°¨ ° §«¨·­»µ §­ ·¥­¨¿µ ¯ ° ¬¥²°  °¥« ª± ¶¨¨.

1. �³¤¥­ª® �. �., �®«³¿­ �. �. �¥®°¥²¨·¥±ª¨¥ ®±­®¢» ­¥«¨­¥©­®©
 ª³±²¨ª¨. �.: � ³ª , 1975.
2. � ±¨«¼¥¢  �. �., � ° ¡³²®¢ �. �., � ¯¸¨­ �. �., �³¤¥­ª® �. �.
�§ ¨¬®¤¥©±²¢¨¥ ®¤­®¬¥°­»µ ¢®«­ ¢ ±°¥¤ µ ¡¥§ ¤¨±¯¥°±¨¨. �§¤-¢®
���, 1983.
3. �®°®§®¢ �. �. �±®¡¥­­®±²¨ ­ £°³¦¥­¨¿, ¤¥´®°¬¨°®¢ ­¨¿ ¨ ° §-
°³¸¥­¨¿ ¬ ²¥°¨ «®¢ ¢ ±³¡¬¨ª°®±¥ª³­¤­®¬ ¨ ­ ­®±¥ª³­¤­®¬ ¤¨ ¯ -
§®­ µ ¤«¨²¥«¼­®±²¥© // �®¤¥«¨ ¬¥µ ­¨ª¨ ±¯«®¸­®© ±°¥¤». �¡®°-
­¨ª ®¡§®°­»µ ¤®ª« ¤®¢ ¨ «¥ª¶¨© XIV �¥¦¤³­ °®¤­®© ¸ª®«» ¯® ¬®-
¤¥«¿¬ ¬¥µ ­¨ª¨ ±¯«®¸­®© ±°¥¤». �.: �§¤-¢® ����. 1997. �. 105 -
117.
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Solution to an integro-di�erential 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 is reduced to a one

integro-di�erential equation. It is solved numerically in the linear approx-

imation. The results of the numerical analysis for the shock wave pro�le

evolution during its propagation in the medium are compared with the exper-

imental results. Asymptotic solutions to the derived equation are analyzed.

�±¨¬¯²®²¨·¥±ª¨¥ °¥¸¥­¨¿ ª° ¥¢»µ § ¤ ·
¤«¿ ²®­ª®£® ¯°¿¬®³£®«¼­¨ª  ¯® ­¥±¨¬¬¥²°¨·­®©
²¥®°¨¨ ³¯°³£®±²¨

�. �. �³² ´¿­, �. �. � °ª¨±¿­

(mmoutafyan@yahoo.com, afarmanyan@yahoo.com)

�¾¬°¨©±ª¨© £®±³¤ °±²¢¥­­»© ¯¥¤ £®£¨·¥±ª¨© ¨­±²¨²³², �°¬¥­¨¿

� §¢¨²¨¥ ­®¢»µ ¬®¤¥«¥©, ³·¨²»¢ ¾¹¨µ ¬¨ª°®±²°³ª²³°³ ¬ ²¥°¨-

 «¼­®£® ª®­²¨­³³¬ , | ®¤­® ¨§ ¢¥¤³¹¨µ ­ ³·­»µ ­ ¯° ¢«¥­¨© ¢

¬¥µ ­¨ª¥ ²¢¥°¤®£® ²¥« . � ·¨±«³ ² ª¨µ ¬®¤¥«¥© ®²­®±¨²±¿ ¬®¬¥­²-

­ ¿ ¨«¨ ­¥±¨¬¬¥²°¨·­ ¿ ²¥®°¨¿ ³¯°³£®±²¨ (���) [1-3]. �®¤ ² ª¨¬

ª®­²¨­³³¬®¬ ¯®­¨¬ ¥²±¿ ±°¥¤ , ¤¥´®°¬ ¶¨¿ ª®²®°®© ®¯°¥¤¥«¿¥²±¿

ª¨­¥¬ ²¨·¥±ª¨ ­¥§ ¢¨±¨¬»¬¨ ¯®«¿¬¨ ¯¥°¥¬¥¹¥­¨© ¨ ¯®¢®°®²®¢, ­ -

¯°¿¦¥­­®¥ ±®±²®¿­¨¥ - ¯®«¿¬¨ ±¨«®¢»µ ¨ ¬®¬¥­²­»µ ²¥­§®°®¢ ­ -

¯°¿¦¥­¨©. � (���), ª ª ¨ ¢ ª« ±±¨·¥±ª®© ²¥®°¨¨ ³¯°³£®±²¨ (���),

®±®¡®¥ ¬¥±²® § ­¨¬ ¾² ¨±±«¥¤®¢ ­¨¿, ¯®±¢¿¹¥­­»¥ ²¥®°¨¨ ²®­ª¨µ

±²¥°¦­¥©, ¯« ±²¨­ ¨ ®¡®«®·¥ª.

� ª ¨§¢¥±²­®, ¬­®£¨¥ ¢ ¦­»¥ °¥§³«¼² ²», ¯®«³·¥­­»¥ ¢ ²¥®°¨¨

±²¥°¦­¥©, ¯« ±²¨­ ¨ ®¡®«®·¥ª ¯® (���), ®¡º¥ª²¨¢­® ±¢¿§»¢ ¾²±¿ ±

¯°¨¬¥­¥­¨¥¬  ±¨¬¯²®²¨·¥±ª®£® ¬¥²®¤ .

�±­®¢­ ¿ ¶¥«¼ ¤ ­­®© ° ¡®²» - ¯®±²°®¥­¨¥  ±¨¬¯²®²¨·¥±ª®© ±² -

²¨·¥±ª®© ²¥®°¨¨ ²®­ª®£® ³¯°³£®£® ¯°¿¬®³£®«¼­¨ª  (±²¥°¦­¿) ¯®

(���).
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� ®±­®¢³ ° ±±³¦¤¥­¨© ¯®«®¦¥­® ±¢®©±²¢® ­ ¯°¿¦¥­­®-¤¥´®°¬¨-

°®¢ ­­®£® ±®±²®¿­¨¿ (���) ²®­ª®£® ³¯°³£®£® ¯°¿¬®³£®«¼­¨ª  ¯®

(���), ¨±¯»²»¢ ¾¹¥£® ±² ²¨·¥±ª¨¥ ¢®§¤¥©±²¢¨¿, ¢»° ¦ ¥¬®¥ ±²°³ª-

²³°­®© ´®°¬³«®©

(���)���� = (���)�� + (���)��

� ½²®¬ ° ¢¥­±²¢¥ ­¨¦­¨¬¨ ¨­¤¥ª± ¬¨ ®²¬¥·¥­» ¯® (���) ¯®«­®¥,

¢­³²°¥­­¥¥ (².¥. ¯°®­¨ª ¾¹¥¥ ¢ £«³¡¼ ¯°¿¬®³£®«¼­¨ª  (���)) ¨

ª° ¥¢®¥ (���), ª®²®°®¥ ¢®§­¨ª ¥² ¢¡«¨§¨ ²®°¶®¢ ¨ ¡»±²°® (½ª±¯®-

­¥­¶¨ «¼­®) § ²³µ ¥² ¯°¨ ³¤ «¥­¨¨ ®² ­¨µ ¢ £«³¡¼ ²¥«  ¯°¿¬®³£®«¼-

­¨ª .

�±­®¢­»¬ ¯°¥¤¬¥²®¬ ° ±±¬®²°¥­¨¿ ¿¢«¿¥²±¿ ¢®¯°®± ® ¯°¨¡«¨¦¥­-

­»µ ¬¥²®¤ µ ¢­³²°¥­­¥£® ° ±·¥²  ¯°¿¬®³£®«¼­¨ª , ².¥. ®¯°¥¤¥«¥­¨¥

(���)�� ¯® (���), ¨ ª° ¥¢®£® ° ±·¥² , ².¥. ®¯°¥¤¥«¥­¨¥ (���)��
¯® (���). �¡  ¬¥²®¤  ±²°®¿²±¿ ­  ¡ §¥  ±¨¬¯²®²¨·¥±ª®£® (¯°¨ ¬ -

«®© ®²­®±¨²¥«¼­®© ²®«¹¨­¥ ®¡« ±²¨) ¨­²¥£°¨°®¢ ­¨¿ ¤¢³¬¥°­»µ

«¨­¥©­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¯«®±ª®© ±² ²¨·¥±ª®© § -

¤ ·¨ ¯® (���) [2-4].

�®±²°®¥­¨¥ ¢­³²°¥­­¥£® ¨²¥° ¶¨®­­®£® ¯°®¶¥±±  ¯®§¢®«¿¥² ¯®±²°®-

¨²¼ ¯°¨ª« ¤­»¥ ²¥®°¨¨ ¨§£¨¡  ¨ ° ±²¿¦¥­¨¿-±¦ ²¨¿ ²®­ª®£® ¯°¿-

¬®³£®«¼­¨ª  ¯® (���). �§³· ¥²±¿ ±²°³ª²³°³ ¯®£° ­±«®¿. �«¿ ®¯°¥-

¤¥«¥­¨¿ ¯®ª § ²¥«¿ § ²³µ ­¨¿ ¯®£° ­±«®¿ ¯® (���) ¯®«³·¥­® ±®®²-

¢¥²±²¢³¾¹¥¥ ²° ­±¶¥­¤¥­²­®¥ ³° ¢­¥­¨¥. �²°®¿²±¿ ´³­ª¶¨¨ ²¨¯ 

¯®£° ­±«®¿ ¢ (���), ¤®ª §»¢ ¾²±¿ ³±«®¢¨¿ ²¨¯  ®¡®¡¹¥­­®© ®°²®-

£®­ «¼­®±²¨. �§³· ¥²±¿ ¯°®¡«¥¬  ¢§ ¨¬®¤¥©±²¢¨¿ ¯®£° ­±«®¿ ± ¢­³-

²°¥­­¨¬ ­ ¯°¿¦¥­­»¬ ±®±²®¿­¨¥¬ ¯°¿¬®³£®«¼­¨ª  ¯°¨ ° §«¨·­»µ

¢¨¤ µ ¤¢³¬¥°­»µ £° ­¨·­»µ ³±«®¢¨© ­  ¡®ª®¢»µ ª°®¬ª µ ¯°¿¬®-

³£®«¼­¨ª  ¯® (���), ¢ °¥§³«¼² ²¥ ª®²®°®£® ¯®±² ¢«¥­­»¥ £° ­¨·-

­»¥ ³±«®¢¨¿ ° §¤¥«¿¾²±¿ ¬¥¦¤³ ¢­³²°¥­­¥© § ¤ ·¥© ¨ § ¤ ·¥© ¤«¿

¯®£° ­±«®¿.

1. �¬¡ °¶³¬¿­ �. �. �¨ª°®¯®«¿°­ ¿ ²¥®°¨¿ ®¡®«®·¥ª ¨ ¯« ±²¨­.
�°¥¢ ­: �§¤-¢® ��� �°¬¥­¨¨, 1999. 214 ±.
2. �®°®§®¢ �. �. � ²¥¬ ²¨·¥±ª¨¥ ¢®¯°®±» ²¥®°¨¨ ²°¥¹¨­. �.: � -
³ª , 1984. 256 ±.
3. � «¼¬®¢ �. �. �«®±ª ¿ § ¤ ·  ²¥®°¨¨ ­¥±¨¬¬¥²°¨·­®© ³¯°³£®±²¨
// ���. 1964. �. 28, �»¯. 6, �. 1117-1120.
4. � °ª¨±¿­ �. �. �±¨¬¯²®²¨·¥±ª ¿ ²¥®°¨¿ ¨ ¢ °¨ ¶¨®­­®¥ ³° ¢­¥-
­¨¥ ¯«®±ª®© § ¤ ·¨ ³¯°³£®© ²®­ª®© ¯« ±²¨­ª¨ ¯® ¬®¬¥­²­®© ²¥®°¨¨
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³¯°³£®±²¨ // �®ª« ¤» ��� �°¬¥­¨¨. 1999. �. 99, Â2. �. 138-147.
5. � °ª¨±¿­ �. �., �³² ´¿­ �. �. �­³²°¥­­¿¿ § ¤ ·  ¨§®²°®¯­®£®
³¯°³£®£® ¯°¿¬®³£®«¼­¨ª  ¯® ­¥±¨¬¬¥²°¨·­®© ²¥®°¨¨ ³¯°³£®±²¨ //
�§¢¥±²¨¿ ���-®¢. �¥¢¥°®- � ¢ª §±ª¨© °¥£¨®­. �±²¥±²¢¥­­»¥ � -
³ª¨. 2000. Â3. �. 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.

� «®ª «¨§ ¶¨¨ ¯®¢°¥¦¤¥­¨© ¢ ¤¥´®°¬¨°³¥¬»µ
±°¥¤ µ

�. �. � °¡³²

(narbut@mn7503.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�«¿ ®¯¨± ­¨¿ ¯°®¶¥±±®¢ ­ ª®¯«¥­¨¿ ¯®¢°¥¦¤¥­¨© ¢¢®¤¨²±¿ ­¥«¨-

­¥©­®¥ ³° ¢­¥­¨¥ ¢ · ±²­»µ ¯°®¨§¢®¤­»µ ¯ ° ¡®«¨·¥±ª®£® ²¨¯ .

�¡±³¦¤ ¥²±¿ ¬ ²¥¬ ²¨·¥±ª ¿ ¯®±² ­®¢ª  ª° ¥¢»µ § ¤ ·. � §°³¸¥-

­¨¾ ±°¥¤» ¢ ²®·ª¥ ®²¢¥· ¥² ª®­¥·­®¥ ¢°¥¬¿ (² ª ­ §»¢ ¥¬»© ¬®-

¬¥­² ®¡®±²°¥­¨¿), ¯°¨ ª®²®°®¬ °¥¸¥­¨¥ ° ±±¬ ²°¨¢ ¥¬®£® ³° ¢­¥-

­¨¿ ­¥®£° ­¨·¥­­® ¢®§° ±² ¥². �°®±²®¥ ¯°¥®¡° §®¢ ­¨¥ ¯®§¢®«¿¥²

¯¥°¥©²¨ ª ´³­ª¶¨¨ ¯®¢°¥¦¤¥­­®±²¨ � · ­®¢ - � ¡®²­®¢ . � ±«³· ¥

¯°®±²° ­±²¢¥­­®-®¤­®°®¤­®© § ¤ ·¨ ¨§ ³° ¢­¥­¨¿ ¢ · ±²­»µ ¯°®¨§-

¢®¤­»µ ¯®«³· ¥²±¿ ³° ¢­¥­¨¥ � · ­®¢ -� ¡®²­®¢ . � ®¡¹¥¬ ±«³· ¥

²¥®°¨¿ ®¯¨±»¢ ¥² «®ª «¨§ ¶¨¾ ¯®¢°¥¦¤¥­¨©, ®¡»·­® ­ ¡«¾¤ ¥¬³¾

¢ ½ª±¯¥°¨¬¥­² µ. � ¬ ²¥¬ ²¨·¥±ª®¬ ¯« ­¥ ¯°¥¤« £ ¥¬»© ¯®¤µ®¤

«¥¦¨² ¢ °³±«¥ ¨¤¥© ­ ³·­®© ¸ª®«» �. �. � ¬ °±ª®£®-�. �. �³°¤¾-

¬®¢ . � ¬¥µ ­¨ª¥ ° §°³¸¥­¨¿  ­ «®£¨·­»© ¯®¤µ®¤ ° §¢¨¢ ¥²±¿ ¢

¯®±«¥¤­¥¥ ¢°¥¬¿ �. �. � °¥­¡« ²²®¬.
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On damage localization in deformed media

M. A. Narbut

St. Petersburg State University, Russia

The nonlinear partial di�erential 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.

�®ª «¼­»¥ ´®°¬» ¯®²¥°¨ ³±²®©·¨¢®±²¨
¨ ª®«¥¡ ­¨© ²®­ª¨µ ®¡®«®·¥ª

�. �. � ³¬®¢ 

(naum@phoenix.math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�±±«¥¤®¢ ­¨¿¬ ¢ ®¡« ±²¨ ±®¯°¿¦¥­­»µ ®¡®«®·¥ª ¯®±¢¿¹¥­® ¤®±² -

²®·­® ¬­®£® ° ¡®² . �® ¡®«¼¸¨­±²¢® ¨§ ­¨µ ª ± ¥²±¿ ²®«¼ª® ®¡®«®-

·¥ª ¢° ¹¥­¨¿. � ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ±¨±²¥¬  ¤¢³µ ±®¯°¿¦¥­-

­»µ ®¡®«®·¥ª, ®¤­  ¨§ ª®²®°»µ ¿¢«¿¥²±¿ ¶¨«¨­¤°¨·¥±ª®©,   ¤°³£ ¿

| ­¥¯°¿¬®© ª®­¨·¥±ª®©. � ° ¡®² µ [1,2] ¯®«³·¥­» ­³«¥¢®¥ ¨ ¯¥°-

¢®¥ ¯°¨¡«¨¦¥­¨¥ ¤«¿ ±¨±²¥¬» ±®¯°¿¦¥­­»µ ®¡®«®·¥ª ¯°¨ ° §«¨·­»µ

£¥®¬¥²°¨·¥±ª¨µ ¯ ° ¬¥²° µ ®¡®«®·¥ª. �­ ·¥­¨¥ ½ª±¶¥­²°¨±¨²¥²  ¥

¤«¿ ª®­¨·¥±ª®© ®¡®«®·ª¨ ¢ °¼¨°®¢ «®±¼ ®² 0 ¤® 0.9. � ½²®¬ ±«³-

· ¥ ´®°¬» ª®«¥¡ ­¨© ¨ ´®°¬» ¯®²¥°¨ ³±²®©·¨¢®±²¨ «®ª «¨§³¾²±¿

¢ ®ª°¥±²­®±²¨ ­ ¨¡®«¥¥ ¤«¨­­®© ®¡° §³¾¹¥© («¨¡® ­  ¯®¢¥°µ­®-

±²¨ ²®«¼ª® ¶¨«¨­¤°¨·¥±ª®©, «¨¡® ²®«¼ª® ­  ¯®¢¥°µ­®±²¨ ª®­¨·¥±ª®©

®¡®«®·ª¨). � ½²®© ° ¡®²¥ ®±®¡®¥ ¢­¨¬ ­¨¥ ³¤¥«¿¥²±¿ ±«³· ¾, ª®£¤ 

½ª±¶¥­²°¨±¨²¥² ¥ � 1. �°¨ ½²®¬ ®²¤¥«¼­»¥ ´®°¬» ª®«¥¡ ­¨© ¨

´®°¬» ¯®²¥°¨ ³±²®©·¨¢®±²¨ «®ª «¨§³¾²±¿ ¢ ®ª°¥±²­®±²¨ ­ ¨¡®«¥¥

ª®°®²ª®© ®¡° §³¾¹¥©. �°¥¤±² ¢«¥­» §­ ·¥­¨¿ ¯ ° ¬¥²°®¢ ³±²®©-

·¨¢®±²¨ ¨ ª®«¥¡ ­¨©,   ² ª¦¥ ±®®²¢¥²±²¢³¾¹¨µ ¤¥´®°¬¨°®¢ ­­»µ

´®°¬, ¯®«³·¥­­»µ ¬¥²®¤®¬ ª®­¥·­»µ ½«¥¬¥­²®¢.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â 01-01-00327).

1. � ³¬®¢  �. �. �®«¥¡ ­¨¿ ¨ ³±²®©·¨¢®±²¼ ­¥¯°¿¬®© ª°³£®¢®© ª®-
­¨·¥±ª®© ®¡®«®·ª¨ // �¥±²­¨ª �®«®¤»µ �·¥­»µ. 2001. ¢»¯. 5,
�. 40-50.
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2. � ³¬®¢  �. �. �®«¥¡ ­¨¿ ¨ ³±²®©·¨¢®±²¼ ®¡®«®·¥ª, ±®¯°¿¦¥­­»µ
¯®¤ ³£«®¬ // �¥±²­¨ª ��¡��. 2001. c¥°. 1, ¢»¯. 2, �. 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 �rst shell is a cylindrical one,

the second shell is non right conic one. For the di�erent geometry parameters

of shells deformed shapes are presented.

�¡ ®¤­®© § ¤ ·¥ ¬®¬¥­²­®© ²¥®°¨¨ ³¯°³£®±²¨

�. �. �®«¿µ®¢

�a­ª²-�¥²¥°¡³°£±ª¨© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

�°¥¤« £ ¥²±¿ ­¥²° ¤¨¶¨®­­»© ¢»¢®¤ ³° ¢­¥­¨© ¯«®±ª®© ¬®¬¥­²-

­®© § ¤ ·¨ ²¥®°¨¨ ³¯°³£®±²¨. �  ®±­®¢³ ¡¥°¥²±¿ ¤®±² ²®·­® ¬ «»©

¯°¿¬®³£®«¼­»© ½«¥¬¥­² ¯®¤ ¤¥©±²¢¨¥¬ «¨­¥©­® ¨§¬¥­¿¾¹¨µ±¿ ° ±-

¯°¥¤¥«¥­­»µ ­ £°³§®ª. �°¨ ½²®¬ ¢­³²°¨ ½«¥¬¥­²  ±·¨² ¾²±¿ ±¯° -

¢¥¤«¨¢»¬¨ ±®®²­®¸¥­¨¿ ª« ±±¨·¥±ª®© ²¥®°¨¨ ³¯°³£®±²¨. �®«³·¥­-

­»¥ ±®®²­®¸¥­¨¿ ¤«¿ ­ ¯°¿¦¥­¨© ¨ ¤¥´®°¬ ¶¨© ¯®§¢®«¿¾² ±¢¿§ ²¼

ª« ±±¨·¥±ª¨¥ ³¯°³£¨¥ ¯®±²®¿­­»¥ c ¬®¬¥­²­»¬¨.

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 �nd the relationships between

elastic constants and moment constants.



�¥ª¶¨¿ IV. �¥µ ­¨ª  ¤¥´®°¬¨°³¥¬®£® ²¢¥°¤®£® ²¥«  211

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 �bers 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 di�erent

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 e�ects on

the critical loading: t2, t3, and t1. If t2 = 0 or t2 < 0, and t3 6= 0,

then the order of the critical loading increases. For the case (i), i.e., for

t2 = t3 = 0 and t1 > 0 we have � = O(1), for the case (ii) i.e. for t2 > 0

and t1 = t3 = 0 we have � = O(�2), and �nally for the case (iii) i.e. for
t3 > 0 and t1 = t2 = 0 we have � = O(�).

For orthotropic shells, in the assumption that t3 = 0 the solution has

the form w = sin k1x cosmy, and the critical loading may be determined
by minimizing the expression for � with respect to the integer k2 = m
while assuming that k1 = �=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 �2cri = �0�
2 + �4�1 + O(�6) where �0 =

2=27
�
��2E2

�
=l
�
E1(1 � �1�2)3=E2

�1=4
. The next term in the expression

for the critical pressure, (�1), 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 Â01-01-00327).

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 Scienti�c Publishing Co Ltd., 2001.

�±¨¬¯²®²¨·¥±ª¨©  ­ «¨§ ³±²®©·¨¢®±²¨
 ­¨§®²°®¯­»µ ¶¨«¨­¤°¨·¥±ª¨µ ®¡®«®·¥ª

�. �. �¬¨°­®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�±­®¢­ ¿ ¶¥«¼ ¤®ª« ¤  | ®¡®¡¹¥­¨¥ °¥§³«¼² ²®¢  ±¨¬¯²®²¨·¥±ª®£®  ­ -

«¨§  ¯®²¥°¨ ³±²®©·¨¢®±²¨ ¨§®²°®¯­®© ²®­ª¨µ ®¡®«®·¥ª, ¯°®¢¥¤¥­­®£® ¢

[2], ­  ±«³· ©  ­¨§®²°®¯­®© ²®­ª®© ¶¨«¨­¤°¨·¥±ª®© ®¡®«®·ª¨, ±®±²®¿¹¥©

¨§ ¬ ²°¨¶», ¯®¤ª°¥¯«¥­­®© ­¨²¿¬¨, ° ±¯®«®¦¥­­»¬¨ ¢ ¯«®±ª®±²¨, ¯ -

° ««¥«¼­®© ±°¥¤¨­­®© ¯®¢¥°µ­®±²¨ ®¡®«®·ª¨. �±­®¢­»¥ ³° ¢­¥­¨¿ ° ±-

±¬ ²°¨¢ «¨±¼ ¯°¨ ®¡»·­»µ ¯°¥¤¯®«®¦¥­¨¿µ, ¨±¯®«¼§³¾¹¨µ±¿ ¢ ²¥®°¨¨

�®­¥«« . �«¿ ®¤­®¯ ° ¬¥²°¨·¥±ª®£® ­ £°³¦¥­¨¿ ¯®«³·¥­» ª°¨²¨·¥±ª®¥

¤ ¢«¥­¨¥ ¨ ¢¨¤» ¯®²¥°¨ ³±²®©·¨¢®±²¨.

�®§¬³¹¥­¨¥ ±¯¥ª²°  ±®¡±²¢¥­­»µ · ±²®²
ª®«¥¡ ­¨© ®¡®«®·¥ª

�. �. �¬¨°­®¢, �. �. �¥¤·³­

(smirnov@bals.usr.pu.ru, Olga@OF4380.spb.edu)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ­ µ®¦¤¥­¨¥ ±®¡±²¢¥­­»µ ·¨±¥« ¢®§¬³-

¹¥­­®© ¬ ²°¨¶» A [n� n]:

AU = B(�)U A =

1X
k=0

Ak�
k; B(�) =

1X
k=0

NX
i=1

Bki�
k�i; (1)
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£¤¥ � | ½²® ¬ «»© ¯ ° ¬¥²°, A0 = AT
0 , ¨ Ai, Bki | ¯°®¨§¢®«¼­»¥

¬ ²°¨¶» [n� n]. � ª®£® °®¤  § ¤ ·¨ ¢®§­¨ª ¾², ­ ¯°¨¬¥°, ¯°¨ ¨±-
±«¥¤®¢ ­¨¨ ±¢®¡®¤­»µ ª®«¥¡ ­¨© ¢° ¹ ¾¹¨µ±¿ ²¥«, ª®£¤  ¬ ²°¨¶»

Bki ª®±®±¨¬¬¥²°¨·­»¥. �«£®°¨²¬ ¯®±²°®¥­¨¿ ¯®±«¥¤®¢ ²¥«¼­®±²¨

¯°¨¡«¨¦¥­¨© ¤«¿ ­ µ®¦¤¥­¨¿ ±®¡±²¢¥­­»µ ·¨±¥« ² ª®© ¬ ²°¨¶»,

°¥ «¨§®¢ ­ ¯°¨ ¯®¬®¹¨ ¯°¨ª« ¤­®£® ¯ ª¥²  ¤«¿ ¬ ²¥¬ ²¨·¥±ª¨µ

¢»·¨±«¥­¨© "Mathematica 4.1." � ­­ ¿ °¥ «¨§ ¶¨¿ ¯®§¢®«¿¥² ±²°®-

¨²¼ «¾¡®¥ ­ ¯¥°¥¤ § ¤ ­­®¥ ª®«¨·¥±²¢® ·«¥­®¢ ° §«®¦¥­¨© ¢ °¿¤ ¯®

¬ «®¬³ ¯ ° ¬¥²°³ ¤«¿ ±®¡±²¢¥­­»µ ¢¥ª²®°®¢ ¨ ±®¡±²¢¥­­»µ · ±²®².

� ° ¡®²¥ ° ±±¬ ²°¨¢ ¾²±¿ ±«³· © ¯°®±²»µ ±®¡±²¢¥­­»µ ª®°­¥© ¬ -

²°¨¶» A0, ®¡®¡¹¥­­ ¿ § ¤ ·  ­  ±®¡±²¢¥­­»¥ §­ ·¥­¨¿, ¨ ¯®±²°®¥-

­¨¥ ±¯¥ª²°  ¯³·ª  ®¯¥° ²®°®¢. �«¿ ª ¦¤®£® ±«³· ¿ ¯®«³·¥­»  ±¨¬-

¯²®²¨·¥±ª¨¥ ° §«®¦¥­¨¿ ±®¡±²¢¥­­»µ · ±²®² � ¨ ±®¡±²¢¥­­»µ ¢¥ª-

²®°®¢ U ª®«¥¡ ­¨© ®¡®«®·ª¨. � ¿¢­®¬ ¢¨¤¥ ¢»¯¨± ­» ¤¢  ¯¥°¢»µ

·«¥­  ° §«®¦¥­¨¿ ¯® � ¤«¿ ±®¡±²¢¥­­»µ · ±²®² ¨ ±®¡±²¢¥­­»µ ¢¥ª-

²®°®¢.

� ª ·¥±²¢¥ ¯°¨¬¥°®¢ ° ±±¬®²°¥­» § ¤ ·¨ ® ª®«¥¡ ­¨¿µ ¢° ¹ ¾¹¥-

£®±¿ ¶¨«¨­¤°  ± ³·¥²®¬ ­ · «¼­»µ ­ ¯°¿¦¥­¨©, ¢»§¢ ­­»µ ¶¥­²°®-

¡¥¦­»¬¨ ±¨« ¬¨, ª®«¥¡ ­¨¿ ¢° ¹ ¾¹¥£®±¿ ¶¨«¨­¤°  ± ³·¥²®¬ ±¨«

�®°¨®«¨±  ¨ ª®«¥¡ ­¨¿µ ¢° ¹ ¾¹¥©±¿ ®¡®«®·ª¨, ¤«¿ ª®²®°®© ³° ¢-

­¥­¨¥ (1) ¨¬¥¥² ¢¨¤

(A0 + 
�B1 + 
2A2 + �2I)U = 0;

£¤¥ 
| ¬ «»© ¯ ° ¬¥²°, ±¢¿§ ­­»© ± ³£«®¢®© ±ª®°®±²¼¾ ¢° ¹¥­¨¿.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. Huang S.C., Soedel W. E�ects of Coriollis Acceleration on the Forced
Vibration of Rotating Cylindrical Shells.
2. � ³½° �.�., �®¢±²¨ª �. �., �¨«¨¯¯®¢ �. �., �¬¨°­®¢ �. �. �±¨¬¯-
²®²¨·¥±ª¨¥ ¬¥²®¤» ¢ ¯°¨¬¥° µ ¨ § ¤ · µ. �·¥¡­®¥ ¯®±®¡¨¥, ��¡.:
�§¤-¢® ��¡��, 1997.
3. � ³½° �.�., �®¢±²¨ª �. �., �¨«¨¯¯®¢ �. �., �¬¨°­®¢ �. �. �±¨¬¯-
²®²¨·¥±ª¨¥ ¬¥²®¤» ¢ ¬¥µ ­¨ª¥ ²®­ª®±²¥­­»µ ª®­±²°³ª¶¨©. �·¥¡-
­®¥ ¯®±®¡¨¥, ��¡.: �§¤-¢® ��¡��, 1995.
4. �¨¸¨ª �. �., �¾±²¥°­¨ª �. �. �¥¸¥­¨¥ ­¥ª®²®°»µ § ¤ · ® ¢®§-
¬³¹¥­¨¨ ¢ ±«³· ¥ ¬ ²°¨¶ ¨ ± ¬®±®¯°¿¦¥­­»µ ¨«¨ ­¥± ¬®±®¯°¿¦¥­-
­»µ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© // �±¯¥µ¨ ¬ ²¥¬ ²¨·¥±ª¨µ ­ ³ª,
1960. �. 15, �»¯.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.

� ¤¥´®°¬ ¶¨¨ ª ¯±³«» µ°³±² «¨ª 
¯°¨  ªª®¬®¤ ¶¨¨

�. �. �¨¯¿±¥¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°³±² «¨ª ¯°¥¤±² ¢«¿¥² ±®¡®© ²®­ª³¾ ®¡®«®·ª³, ­ ¯®«­¥­­³¾ ¯° ª-

²¨·¥±ª¨ ­¥±¦¨¬ ¥¬®© ¦¨¤ª®±²¼¾. � ±¢®¡®¤­®¬ ±®±²®¿­¨¨ ª ¯±³« 

µ°³±² «¨ª  ¯°¨­¨¬ ¥² ±´¥°¨·¥±ª³¾ ´®°¬³. �±±«¥¤³¥²±¿ ¤¥´®°-

¬ ¶¨¿ µ°³±² «¨ª  ¯°¨ ° ±²¿¦¥­¨¨ ±¨« ¬¨, ­ ¯° ¢«¥­­»¬¨ ®² ¶¥­-

²°  µ°³±² «¨ª  ¨ «¥¦ ¹¨¬¨ ¢ ¯«®±ª®±²¨ �, ¯°®µ®¤¿¹¥© ·¥°¥§ ¥£®

¶¥­²°. � ° ¡®²¥ ­¥ ³·¨²»¢ ¥²±¿, ¢«¨¿­¨¿ ­  µ°³±² «¨ª ±²¥ª«®¢¨¤-

­®£® ²¥«  £« § . �­²¥°¥± ª ¤ ­­®© § ¤ ·¥ ¢»§¢ ­ ¯®¿¢«¥­¨¥¬ ¢

¯®±«¥¤­¥¥ ¢°¥¬¿ °¿¤  ­®¢»µ ²¥®°¨©  ªª®¬®¤ ¶¨¨. � ° ¡®²¥ ¯®«³-

·¥­®  ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ § ¤ ·¨ ® ´®°¬¥ µ°³±² «¨ª  ¨ ¨§¬¥­¥-

­¨¨ ¤ ¢«¥­¨¿ ¢­³²°¥­­¥© ¦¨¤ª®±²¨ ¯°¨  ªª®¬®¤ ¶¨¨. �±² ­®¢«¥­®,

·²® ¯°¨ ¤ ­­®¬ ­ £°³¦¥­¨¨, ®¡¥ ¯®«®¢¨­ª¨ ®¡®«®·ª¨ µ°³±² «¨ª ,

¯®«³· ¥¬»¥ ±¥·¥­¨¥¬ ¥£® ¯«®±ª®±²¼¾ �, ¯°¨­¨¬ ¾² ´®°¬³ ±´¥°¨-

·¥±ª®£® ±¥£¬¥­² , ¯°¨·¥¬ ± °®±²®¬ ¤¥´®°¬ ¶¨¨, ª°¨¢¨§­  ¯®¢¥°µ-

­®±²¨ ³¬¥­¼¸ ¥²±¿. �°®¨§¢¥¤¥­  ­ «¨§ ¯®«³·¥­­»µ °¥§³«¼² ²®¢

¤«¿ ° §«¨·­»µ ­ · «¼­»µ ¯ ° ¬¥²°®¢ ±¨±²¥¬» (° ¤¨³± ° ±±« ¡«¥­-

­®£® µ°³±² «¨ª ; ° ¤¨³± µ°³±² «¨ª , ­ ¯®«­¥­­®£® ¦¨¤ª®±²¼¾) ¨

° §«¨·­®© ±²¥¯¥­¨  ªª®¬®¤ ¶¨¨ (° ±²¿¦¥­¨¿ ®¡®«®·ª¨ µ°³±² «¨ª 

¢ ¯«®±ª®±²¨ �). �»¿±­¥­®, ·²® ¤«¿ ­ · «¼­»µ ¯ ° ¬¥²°®¢, ±®®²¢¥²-
±²¢³¾¹¨µ °¥ «¼­®¬³ µ°³±² «¨ª³, ­ ¡«¾¤ ¥²±¿ ¯¥°¥¬¥­­»© ¯°®¶¥±±
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¯®¢¥¤¥­¨¿ ¤ ¢«¥­¨¿ ¢­³²°¥­­¥© ¦¨¤ª®±²¨. �­ · «  ¯°®¨±µ®¤¨² °¥§-

ª¨© °®±²,   § ²¥¬ ¯ ¤¥­¨¥ ¤ ¢«¥­¨¿. � · «¼­®£® ³°®¢­¿ ¤ ¢«¥­¨¥

¤®±²¨£ ¥² ¯°¨ 2-3 ª° ²­®¬ ° ±²¿¦¥­¨¨ µ°³±² «¨ª  ¢ ¯«®±ª®±²¨ �.
� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00234).

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.

� ª®­¶¥¯¶¨¨ ±®¡±²¢¥­­®£® ¢°¥¬¥­¨ ¢ ¬¥µ ­¨ª¥
±¯«®¸­»µ ±°¥¤

�. �. �¥¤®°®¢±ª¨©

(G.Fed@pobox.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®ª § ­®, ·²® ¯°¨ ±®®²¢¥²±²¢³¾¹¥© ­®°¬¨°®¢ª¥ ¯ ° ¬¥²°®¢, ³° ¢-

­¥­¨¿ ¯®«§³·¥±²¨, °¥« ª± ¶¨¨, ¤®±²¨¦¥­¨¿ ¯°¥¤¥«  ²¥ª³·¥±²¨ ¨ ¯®-

¢°¥¦¤ ¥¬®±²¨ ±¯«®¸­»µ ±°¥¤ ¬®£³² ¨¬¥²¼ ¢¨¤ ³­¨´¨¶¨°®¢ ­­»µ

ª¢ §¨«¨­¥©­»µ ¨­²¥£° «¼­»µ ±®®²­®¸¥­¨© �®«¼¶¬ ­ -�®«¼²¥°°  ¨

�¥©«¨ ¢ ¸ª «¥ ±®¡±²¢¥­­®£® (¢­³²°¥­­¥£®, ½­¤®µ°®­­®£®) ¢°¥¬¥­¨.

�¥«¨­¥©­®±²¼ ³·¨²»¢ ¥²±¿ ±¢¿§¼¾ ½­¤®µ°®­­®£® ¨ « ¡®° ²®°­®£®

¢°¥¬¥­¨ ¢ ¢¨¤¥ ´³­ª¶¨¨ ¨«¨ ¨­²¥£° «¼­®£® ´³­ª¶¨®­ « . �®±²°®-

¥­» ±®®²­®¸¥­¨¿ ¤«¿ ±«³· ¥¢ "¯°®±²®£®" ¨ ±«®¦­®£® ­ ¯°¿¦¥­­®£®

±®±²®¿­¨© ¨§®²°®¯­»µ ¨  ­¨§®²°®¯­»µ ±°¥¤. �® ¯®«³·¥­­»¬ ¤ ­-

­»¬ ¨§ ®¯»²®¢ ³±² ­®¢«¥­  ±¢¿§¼ ¬ ±¸² ¡®¢ ¢­³²°¥­­¥£® ¢°¥¬¥­¨

±® ±²°®¥­¨¥¬ ¬ ²¥°¨ «®¢, ¨µ ´¨§¨·¥±ª¨¬¨ (´ §®¢»¬¨, ±²°³ª²³°-

­»¬¨) ¯¥°¥µ®¤ ¬¨.

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
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of creep, relaxation, reaching of the point of 
uidity and damage of continuous

media can look like uni�ed 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.

P ±¯°®±²° ­¥­¨¥ ­¥±² ¶¨®­ °­»µ ³¤ °­»µ ¢®«­ ¢
±²°³ª²³°¨°®¢ ­­»µ ±°¥¤ µ

�. �. � ­²³«¥¢ 

(khan@math.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�°®¡«¥¬  ° ±¯°®±²° ­¥­¨¿ ³¤ °­®-¢®«­®¢®£® ´°®­²  ¯°®¨§¢®«¼­®©

¨­²¥­±¨¢­®±²¨ ¢ ±°¥¤¥ ±® ±«®¦­®© ¢­³²°¥­­¥© ±²°³ª²³°®© ¢ ­ ±²®-

¿¹¥¥ ¢°¥¬¿ ¢¥±¼¬   ª²³ «¼­ . �¯¨± ­¨¥ ¯°®¶¥±±®¢ ¯¥°¥­®±  ¢ ³±«®-

¢¨¿µ, ¤ «¥ª¨µ ®² ²¥°¬®¤¨­ ¬¨·¥±ª®£® ° ¢­®¢¥±¨¿ ²°¥¡³¥² ³·¥²  ½´-

´¥ª²®¢ ª®««¥ª²¨¢­®£® ¢§ ¨¬®¤¥©±²¢¨¿ ½«¥¬¥­²®¢ ¢­³²°¥­­¥© ±²°³ª-

²³°» ±°¥¤», ¬­®£®¬ ±¸² ¡­®±²¨ ¯°®¶¥±±®¢ ®¡¬¥­  ¨ ±²°³ª²³°®-

®¡° §®¢ ­¨¿, ±²°³ª²³°­»µ ¯¥°¥µ®¤®¢ ¨ ± ¬®®°£ ­¨§ ¶¨¨. � ²¥-

¬ ²¨·¥±ª ¿ ¬®¤¥«¼ ¤¨­ ¬¨ª¨ ±²°³ª²³°¨°®¢ ­­»µ ±°¥¤ ­¥®¡µ®¤¨¬®

¤®«¦­  ¡»²¼ ± ¬®±®£« ±®¢ ­­®© (± ®¡° ²­®© ±¢¿§¼¾), ¯°®±²° ­-

±²¢¥­­®-­¥«®ª «¼­®© ¨ ± ¯ ¬¿²¼¾.

� §¢¨¢ ¥¬»©  ¢²®°®¬ ± ¬®±®£« ±®¢ ­­»© ­¥«®ª «¼­®-£¨¤°®¤¨­ -

¬¨·¥±ª¨© ¯®¤µ®¤ ¡ §¨°³¥²±¿ ­  °¥§³«¼² ² µ ­¥° ¢­®¢¥±­®© ±² -

²¨±²¨·¥±ª®© ¬¥µ ­¨ª¨ ¨ ¨±¯®«¼§³¥² ¬ ²¥¬ ²¨·¥±ª¨©  ¯¯ ° ² ²¥-

®°¨¨ ­¥«¨­¥©­»µ ®¯¥° ²®°­»µ ±¨±²¥¬ ±¯¥¶¨ «¼­®£® ¢¨¤ . �  ¥£®

®±­®¢¥ ±´®°¬³«¨°®¢ ­  § ¤ ·  ® ¯«®±ª®¬ ³¤ °¥ ¯® ¯®«³¯°®±²° ­-

±²¢³, § ¯®«­¥­­®¬³ ±°¥¤®© ± °¥« ª±¨°³¾¹¥© ¢­³²°¥­­¥© ±²°³ª²³-

°®©. �­²¥£°®-¤¨´´¥°¥­¶¨ «¼­ ¿ ±¨±²¥¬  ³° ¢­¥­¨© ¡ « ­±  ¤«¿

¯«®²­®±²¥© ¬ ±±», ¨¬¯³«¼±  ¨ ½­¥°£¨¨, ¢ª«¾· ¾¹ ¿ ¢ª« ¤ ª°³¯-

­®¬ ±¸² ¡­»µ ´«³ª²³ ¶¨©, ±¢®¤¨²±¿ ª ±¨±²¥¬¥ ­¥«¨­¥©­»µ ®¯¥-

° ²®°­»µ ³° ¢­¥­¨© ± ¢¥²¢¿¹¨¬¨±¿ °¥¸¥­¨¿¬¨. �®«³·¥­­»¥ ¨§
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£° ­¨·­»µ ³±«®¢¨© ­¥«¨­¥©­»¥ ´³­ª¶¨®­ «¼­»¥ ±®®²­®¸¥­¨¿, § -

¬»ª ¾¹¨¥ ½²³ ±¨±²¥¬³, ®¯°¥¤¥«¿¾² ¢°¥¬¥­­³¾ ½¢®«¾¶¨¾ ±¯¥ª²° 

µ ° ª²¥°­»µ ¬ ±¸² ¡®¢ ¢­³²°¥­­¥© ±²°³ª²³°» ±°¥¤». �¨±ª°¥²­»©

¤«¿ ­¥° ¢­®¢¥±­®£® ¯°®¶¥±±  ±¯¥ª²° ¬ ±¸² ¡®¢ ±²°³ª²³°» ¢ ¯°¥-

¤¥«¼­»µ ±«³· ¿µ § ¢¥°¸¥­­®© ¨«¨ § ¬®°®¦¥­­®© °¥« ª± ¶¨¨ ¢­³-

²°¥­­¥© ±²°³ª²³°» ±°¥¤» ±² ­®¢¨²±¿ ­¥¯°¥°»¢­»¬ ¨ ³ª §»¢ ¥²

£° ­¨¶» ®¡« ±²¨ ¤¥©±²¢¨¿ ¬¥µ ­¨ª¨ ±¯«®¸­®© ±°¥¤». �²¨ ±®®²­®-

¸¥­¨¿ ¯®§¢®«¿¾² ®¯°¥¤¥«¨²¼, ¢ ª ª¨¥ ¬®¬¥­²» ¢°¥¬¥­¨ ¨ ¯°¨ ª ª¨µ

£° ­¨·­»µ ³±«®¢¨¿µ, ¯°®¨±µ®¤¿² ¢¥²¢«¥­¨¿ °¥¸¥­¨©, ±®®²¢¥²±²¢³¾-

¹¨¥ ±²°³ª²³°­»¬ ¯¥°¥µ®¤ ¬ ¢ ±°¥¤¥. � ²®¬ ·¨±«¥ ¬®¦­® ®¯°¥¤¥«¨²¼

³±«®¢¨¿, ¯°¨ ª®²®°»µ ¯®°®£®¢»¬ ®¡° §®¬ ¨§-§  °¥§®­ ­±­»µ ¬­®-

£®¬ ±¸² ¡­»µ ¯°®¶¥±±®¢ ¯°®¨±µ®¤¨² ª ² ±²°®´¨·¥±ª®¥ ¨§¬¥­¥­¨¥

±²°³ª²³°» ±°¥¤».

�°¨¡«¨¦¥­­®¥ ¯®«³ ­ «¨²¨·¥±ª®¥ °¥¸¥­¨¥ § ¤ ·¨ ®¯¨±»¢ ¥² ¤¨­ -

¬¨ª³ ¬­®£®±²³¯¥­· ²®£® ´°®­² ,   ² ª¦¥ ¨§¬¥­¥­¨¥ ±¢®©±²¢ ±°¥¤»

§  ´°®­²®¬ ¢ °¥§³«¼² ²¥ ­¥®¡° ²¨¬»µ ±²°³ª²³°­»µ ¯¥°¥µ®¤®¢.

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 e�ects 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-di�erential balance equations for the

mass, momentum and energy densities including large-scale 
uctuations 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 e�ects 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.

�¥ª®²®°»¥ ±®®²­®¸¥­¨¿ ¤¥´®°¬ ¶¨®­­®© ²¥®°¨¨
¯« ±²¨·­®±²¨ ¤«¿ ¨¤¥ «¼­® ³¯°³£®¯« ±²¨·¥±ª®£®
¬ ²¥°¨ « 

�. �. �¨²®¢

(krylov@krylov.spb.ru)

���� ¨¬¥­¨  ª ¤. �.�.�p»«®¢ , � ­ª²-�¥²¥p¡³p£, �®±±¨¿

� ±±¬ ²p¨¢ ¥²±¿ ­¥±¦¨¬ ¥¬»© ¬ ²¥p¨ «, ¤«¿ ª®²®p®£® ±¢¿§¼ ¬¥¦¤³

¨­²¥­±¨¢­®±²¼¾ ¤¥´®p¬ ¶¨© ei ¨ ­ ¯p¿¦¥­¨© �i µ p ª²¥p¨§³¥²±¿
¨¤¥ «¼­® ³¯p³£®¯« ±²¨·¥±ª®© ¤¨ £p ¬¬®© ¡¥§ ³¯p®·­¥­¨¿. �«¿

¯«®±ª®£® ­ ¯p¿¦¥­­®£® ±®±²®¿­¨¿ ¯p¨ ³±«®¢¨¨ ²¥ª³·¥±²¨ �i = �T
¯p¨p ¹¥­¨¿ £« ¢­»µ ­ ¯p¿¦¥­¨©, ¢»p ¦¥­­»¥ ·¥p¥§ ¯p¨p ¹¥­¨¿

¤¥´®p¬ ¶¨©, ¬®£³² ¡»²¼ ¯®«³·¥­» ¨§ ³p ¢­¥­¨© ²¥®p¨¨ ¬ «»µ

³¯p³£®¯« ±²¨·¥±ª¨µ ¤¥´®p¬ ¶¨©

d�k =
4

3

�T

e3i
ek (emdek � ekdem) (k;m = 1; 2): (1)
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�§ ³±«®¢¨¿ ²¥ª³·¥±²¨ ± ³·¥²®¬ (1) ¬®¦­® ¯®«³·¨²¼

d�1 = d�2 = 0; (2)

·²® ¯®§¢®«¿¥² ³±² ­®¢¨²¼ ®²±³²±²¢¨¥ ¯p¨p ¹¥­¨¿ ­ ¯p¿¦¥­¨© ¯®-

±«¥ ¤®±²¨¦¥­¨¿ ¯p¥¤¥«  ²¥ª³·¥±²¨. �p¨ ½²®¬ ¢¥«¨·¨­» ­ ¯p¿¦¥-

­¨©, ³¤®¢«¥²¢®p¿¿ ³±«®¢¨¾ ²¥ª³·¥±²¨, ¬®£³² ¡»²¼ ¯p®¨§¢®«¼­»¬¨.

�§ (1) ±«¥¤³¥²

e2
e1

=
de2
de1

: (3)

�®®²­®¸¥­¨¥ (3) ®¯p¥¤¥«¿¥² ¯®±²®¿­±²¢® ®²­®¸¥­¨¿ ¤¥´®p¬ ¶¨©

¢ ¯« ±²¨·¥±ª®© ®¡« ±²¨. �®±ª®«¼ª³ ¯p¨ ¯p®±²®¬ ­ £p³¦¥­¨¨ ®­®

±¯p ¢¥¤«¨¢® ¤«¿ ³¯p³£®© § ¤ ·¨, ¬®¦­® ±¤¥« ²¼ ¢»¢®¤ ® ¯®±²®¿­-

±²¢¥ ®²­®¸¥­¨¿ ¤¥´®p¬ ¶¨© ¢ ª®­ªp¥²­®© ²®·ª¥ ª ª ¢ ³¯p³£®¬, ² ª

¨ ¢ ¯« ±²¨·¥±ª®¬ ±®±²®¿­¨¨.

�«¿ ¯« ±²¨­ ¨ ®¡®«®·¥ª ³±¨«¨¿ T1, T2 ¢»p ¦ ¾²±¿ ·¥p¥§ ¤¥´®p¬ -
¶¨¨ ±p¥¤¨­­®© ¯®¢¥pµ­®±²¨ ¨ ¯p¨p ¹¥­¨¿ ªp¨¢¨§­» �1, �2 ¯® ¨§-

¢¥±²­»¬ ´®p¬³« ¬, ±®¤¥p¦ ¹¨¬ ¨­²¥£p «» ¯® ²®«¹¨­¥ ®¡®«®·ª¨.

�§ ½²¨µ ´®p¬³« ¯p¨ ¢»¯®«­¥­¨¨ ³±«®¢¨¿ ²¥ª³·¥±²¨ ¬®¦­® ¯®«³·¨²¼

T1�1 + T2�2 = �T(ei1 � ei2); (4)

£¤¥ ei1, ei2 - ¨­²¥­±¨¢­®±²¼ ¤¥´®p¬ ¶¨© ­  ­ p³¦­®© ¨ ¢­³²p¥­­¥©

¯®¢¥pµ­®±²¿µ ®¡®«®·ª¨.

�«¿ ®¶¥­ª¨ ªp¨²¨·¥±ª¨µ ­ £p³§®ª ¯®²¥p¨ ­¥±³¹¥© ±¯®±®¡­®±²¨ ¢

ª ·¥±²¢¥ ª®­¥·­®£® ±®®²­®¸¥­¨¿ ¬®¦­® ¨±¯®«¼§®¢ ²¼ (4). �²­®¸¥-

­¨¿ ª®¬¯®­¥­²®¢ ¤¥´®p¬ ¶¨©, ¢µ®¤¿¹¨¥ ¢ (4), ­ µ®¤¿²±¿ ¨§ (3) ¯®

³¯p³£®¬³ p¥¸¥­¨¾ ª®­ªp¥²­®© § ¤ ·¨.

�p¨¢®¤¿²±¿ ¯p¨¬¥p» ¨±¯®«¼§®¢ ­¨¿ ¯p¥¤«®¦¥­­®£® ¬¥²®¤  ¤«¿ p ±-

·¥²  ªp¨²¨·¥±ª¨µ ­ £p³§®ª ¯®²¥p¨ ­¥±³¹¥© ±¯®±®¡­®±²¨ ®¡®«®·¥ª

¯®¤¢®¤­»µ ²¥µ­¨·¥±ª¨µ ±p¥¤±²¢.
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Some relations of deformation theory of plasticity for
ideally elasto-plastic material

A. I. 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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�¥ª¶¨¿ V.

�±²®°¨¿
¬¥µ ­¨ª¨

� ° §¢¨²¨¨ £¥®¶¥­²°¨·¥±ª®© ª®­¶¥¯¶¨¨
¬¨°®§¤ ­¨¿

�. �. �«¥ª± ­¤°®¢

�¥¢¥°®-� ¯ ¤­ ¿  ª ¤¥¬¨¿ £®±³¤ °±²¢¥­­®© ±«³¦¡», � ­ª²-�¥²¥°¡³°£,

�®±±¨¿

� ¤®ª« ¤¥ ° ±±¬ ²°¨¢ ¥²±¿ ¨±²®°¨¿ ±®§¤ ­¨¿ £¥®¶¥­²°¨·¥±ª®© ª °-

²¨­» ¬¨° . �¥ ®±­®¢ ²¥«¥¬ ¿¢«¿¥²±¿ �°¨±²®²¥«¼. �°¥¤¨ ¤°³£¨µ

³·¥­»µ ¤°¥¢­®±²¨, ° §¢¨¢ ¢¸¨µ ½²³ ª®­¶¥¯¶¨¾, ®±®¡® ±«¥¤³¥² ¢»-

¤¥«¨²¼ �¨¯¯ °µ , ±·¨² ¾¹¥£®±¿ ®±­®¢ ²¥«¥¬ ­ ³·­®©  ±²°®­®¬¨¨,

¨ �²®«¥¬¥¿, § ¢¥°¸¨¢¸¥£® ¯®±²°®¥­¨¥ ½²®© ²¥®°¨¨. �¥®¶¥­²°¨·¥-

±ª ¿ ª °²¨­  ¬¨°  �²®«¥¬¥¿ ¯°®±³¹¥±²¢®¢ «  ¡¥§ ¢±¿ª¨µ ¨§¬¥­¥-

­¨© 14 ¢¥ª®¢, ¢¯«®²¼ ¤® ¯®¿¢«¥­¨¿ ¢ 1543 £. ¢ �¾°­¡¥°£¥ ²° ª² ² 

�®¯¥°­¨ª  "�¡ ®¡° ¹¥­¨¨ ­¥¡¥±­»µ ±´¥°". �®§¤ ­­ ¿ �²®«¥¬¥¥¬

ª¨­¥¬ ²¨·¥±ª ¿ ²¥®°¨¿ ¤¢¨¦¥­¨¿ ¯« ­¥², ­ ¡«¾¤ ¥¬®£® ± �¥¬«¨,

¢»±®ª® ®¶¥­¨¢ ¥²±¿ ¨ ±®¢°¥¬¥­­»¬¨  ±²°®­®¬ ¬¨.

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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�°®´¥±±®° �­ ²®«¨© �­¤°¥¥¢¨· �°¨¡

�. �. �«¥¸ª®¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�. �. �°¨¡ (17.09.1912{6.11.1978) ¯®±²³¯¨« ¢ ��� ­  ´¨§¨ª®-¬ ²¥-

¬ ²¨·¥±ª¨© ´ ª³«¼²¥² ¢ 1930 £., ¯®±«¥ ¥£® ®ª®­· ­¨¿ | ¢  ±¯¨-

° ­²³°³ ¯® ª ´¥¤°¥ £¨¤°® ½°®¬¥µ ­¨ª¨ ¯®¤ ­ ³·­»¬ °³ª®¢®¤±²¢®¬

�. �. �°¨±²¨ ­®¢¨· .

�¥§³«¼² ²®¬ ®¡³·¥­¨¿ ¢  ±¯¨° ­²³°¥ (1935{1938) �. �. �°¨¡  ¿¢¨-

« ±¼ ¥£® ¤¨±±¥°² ¶¨¿ "�¨¤°®¤¨­ ¬¨·¥±ª ¿ ²¥®°¨¿ ¢§°»¢­®© ¢®«­»",

ª®²®°³¾ ®­ § ¹¨²¨« ¢ 1940 £. ¢ �®¬±ª®¬ ³­¨¢¥°±¨²¥²¥.

�¯¨° ¿±¼ ­  ¨±±«¥¤®¢ ­¨¿ �. �¨¬ ­ , �. �. �®·¨­ , �. �. �°¨±²¨-

 ­®¢¨· , ®­ ¤«¿ ½²®© ­®¢®© § ¤ ·¨ (§ ¤ ·¨ �. �. �°¨¡ ) ®¯°¥¤¥«¿¥²

±µ¥¬³ ° ±¯ ¤  ­ · «¼­®£® ° §°»¢ : ª ±²¥­ª¥ ¯®¡¥¦¨² ±« ¡»© ° §-

°»¢ (¢®«­  ° §°¥¦¥­¨¿), ±² ¶¨®­ °­»© ±¨«¼­»© ° §°»¢ ®²¤¥«¿¥²

£ §®¢³¾ ¢®«­³ ®² ³¤ °­®© ¢®§¤³¸­®©, ¯°¨·¥¬ ¯¥°¥¤ ´°®­²®¬ ³¤ °-

­®© ¢®«­» ­ µ®¤¨²±¿ ­¥¢®§¬³¹¥­­»© ¢®§¤³µ. �®±² ¢«¥­­³¾ ­¥«¨-

­¥©­³¾ £ §®¤¨­ ¬¨·¥±ª³¾ § ¤ ·³ �. �. �°¨¡ °¥¸¨« ±® ¢±¥© ¯®«­®-

²®© ¨ ®°¨£¨­ «¼­®±²¼¾.

�¬ ¯®±²°®¥­  £¨¤°®¤¨­ ¬¨·¥±ª ¿ ²¥®°¨¿ ¤¥²®­ ¶¨¨.

�²¥·¥±²¢¥­­ ¿ ¢®©­  (1941{1945) § ±² «  �. �. �°¨¡  ¢ �¥­¨­£° ¤¥.

� ½¢ ª³ ¶¨¥© ³­¨¢¥°±¨²¥²  ¢ � ° ²®¢ ®­ ±  ¢£³±²  1942 £. ° ¡®² ¥²

­  ª ´¥¤°¥ £¨¤°® ½°®¬¥µ ­¨ª¨. � ¯¥°¨®¤ 1941{1946 ®­ ¡»« ¤¥ª ­®¬

´ ª³«¼²¥²  ¨ °³ª®¢®¤¨« ª ´¥¤°®© (1942{1944).

�. �. �°¨¡ ·¨² « ª³°± £ §®¢®© ¤¨­ ¬¨ª¨. �¥ª¶¨¨ �­ ²®«¨¿ �­¤°¥-

¥¢¨·  ¢»§»¢ «¨ ¡®«¼¸®© ¨­²¥°¥±, ¨¡® ¡»«¨ ¯®±¢¿¹¥­»  ª²³ «¼­»¬

¯°®¡«¥¬ ¬ ¢ ®¡« ±²¨ ° ª¥²­®© ²¥µ­¨ª¨ ¨ ¢§°»¢ . �­¨ ¿¢«¿¾²±¿

¢¥«¨ª®«¥¯­®© ¤¥¬®­±²° ¶¨¥© ¬ ²¥¬ ²¨·¥±ª¨µ ¬¥²®¤®¢, ±®§¤ ­­»µ

�. �¨¬ ­®¬ ¤«¿ °¥¸¥­¨¿ ­¥«¨­¥©­»µ ª° ¥¢»µ § ¤ · ¤«¿ ³° ¢­¥­¨©

± · ±²­»¬¨ ¯°®¨§¢®¤­»¬¨.

�°³£ ­ ³·­»µ ¨­²¥°¥±®¢ �. �. �°¨¡  ¡»« ·°¥§¢»· ©­® ¸¨°®ª. �­

¡»« ­ ³·­»¬ ª®­±³«¼² ­²®¬ °¿¤  ¨±±«¥¤®¢ ²¥«¼±ª¨µ ¨­±²¨²³²®¢.

�. �. �°¨¡ | ±ª°®¬­»© ¨ ®²§»¢·¨¢»© ·¥«®¢¥ª, ª°³¯­»© ³·¥­»©.

�¢®¥© ¦¨§­¼¾ ¨ ²¢®°·¥±²¢®¬ ®­ ¢¯¨± « § ¬¥· ²¥«¼­³¾ ±²° ­¨¶³ ¢

¨±²®°¨¾ � ­ª²-�¥²¥°¡³°£±ª®£® (�¥­¨­£° ¤±ª®£®) ³­¨¢¥°±¨²¥²  ¨

­ ³ª¨ �®±±¨¨.
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Professor �natolii Andreevich Grib

Yu. Z. Aleshkov

Saint Petersburg State University, Russia

This thesis deals with the scienti�c work of the professor A. A. Grib.

�³±±ª®-´° ­¶³§±ª¨¥ ­ ³·­»¥ ±¢¿§¨ ¢ ° §¢¨²¨¨
¬¥µ ­¨ª¨ ¢ �®±±¨¨ (XVIII { ­ · «® XX ¢¢.)

�. �. �®¯ ²³µ¨­, �. �. �®¯ ²³µ¨­ 

(ppall@postbox.spu.ru)

�­±²¨²³² ±² ²¨±²¨ª¨  ª ¤¥¬¨¨ ­ ³ª, � ©¢ ­¼

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�¥£³«¿°­»© ¢§ ¨¬­»© ®¡¬¥­ ­ ³·­®© ¨­´®°¬ ¶¨¥© ¬¥¦¤³ �®±±¨¥©

¨ �° ­¶¨¥© ­ · «±¿ ¢ ­ · «¥ XVIII ¢¥ª , ª®£¤  �¥²° I ¢ 1717 £®¤³

¯®±¥²¨« ¢ � °¨¦¥ °¿¤ ³·¥¡­»µ ¨ ­ ³·­»µ ³·°¥¦¤¥­¨© ¨ ¡»« ¯¥°-

¢»¬ °®±±¨¿­¨­®¬, ¨§¡° ­­»¬ ¨­®±²° ­­»¬ ·«¥­®¬ � °¨¦±ª®©  ª -

¤¥¬¨¨ ­ ³ª. � ¤ «¼­¥©¸¥¬ ¬­®£¨¥ °®±±¨©±ª¨¥ ³·¥­»¥ ¡»«¨ ¨§¡° ­»

¢ � °¨¦±ª³¾  ª ¤¥¬¨¾ ­ ³ª. �¥°¥·¨±«¨¬ ³·¥­»µ-¬¥µ ­¨ª®¢, ¨§-

¡° ­­»µ  ª ¤¥¬¨ª ¬¨.

�»¤ ¾¹¨©±¿ ³·¥­»© ¬¥µ ­¨ª �¥®­ °¤ �©«¥° | ±¢¥°µ¸² ²­»© ¨­®-

±²° ­­»© ·«¥­ (1755), ¸² ²­»© (1761). �±¯ ­±ª¨© ¨­¦¥­¥° �. �¥-

² ­ª³°, ª®°°¥±¯®­¤¥­² ¯® ±¥ª¶¨¨ ¬¥µ ­¨ª¨ (1809), ®¤¨­ ¨§ ®°£ -

­¨§ ²®°®¢ �¥²¥°¡³°£±ª®£® �®°¯³±  �­¦¥­¥°®¢ ¯³²¥© ±®®¡¹¥­¨¿.

�. �. �±²°®£° ¤±ª¨©, ª®°°¥±¯®­¤¥­² ¯® ±¥ª¶¨¨ ¬ ²¥¬ ²¨ª¨ (1856).

�. �. �¥¡»¸¥¢, ª®°°¥±¯®­¤¥­² ¯® ±¥ª¶¨¨ ¬ ²¥¬ ²¨ª¨ (1860), ¨­®-

±²° ­­»© ·«¥­ (1874). �. �. � ¡³¤±ª¨©, ª®°°¥±¯®­¤¥­² ¯® ±¥ª¶¨¨

¬¥µ ­¨ª¨ (1911), �. �. �¿¯³­®¢, ª®°°¥±¯®­¤¥­² ¯® ±¥ª¶¨¨ ¬ ²¥¬ -

²¨ª¨ (1916).

Russian-French connections in development
of mechanics in Russia

A. L. Lopatukhin, I. E. Lopatukhina

Academia Sinica, Institute of Statisti±s, Taiwan

Saint Petersburg State University, Russia

History of development Russian-French scienti�c connections is discussed.
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�¥µ ­¨ª  ½¯®µ¨ �®§°®¦¤¥­¨¿ (ª 550-«¥²¨¾
�¥®­ °¤® ¤  �¨­·¨ ¨ 500-«¥²¨¾ �¦¨°®« ¬®
� °¤ ­®)

�. �. �®¯ ²³µ¨­, �. �. �®¯ ²³µ¨­ , �. �. �®«¿µ®¢

(ppall@postbox.spu.ru)

�­±²¨²³² ±² ²¨±²¨ª¨  ª ¤¥¬¨¨ ­ ³ª, � ©¢ ­¼
C ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

�£°®¬­®¥ °³ª®¯¨±­®¥ ­ ³·­®¥ ­ ±«¥¤¨¥ �¥®­ °¤® ¤  �¨­·¨ ®²­®-

±¨²±¿ ª ² ª¨¬ ° §­®®¡° §­»¬ ®¡« ±²¿¬ ­ ³·­®£® ¨ ²¥µ­¨·¥±ª®£®

§­ ­¨¿ ª ª ¬¥µ ­¨ª  ¤¢¨¦¥­¨¿ ²¥«, ±®¯°®²¨¢«¥­¨¥ ¬ ²¥°¨ «®¢,

±²°®¨²¥«¼­ ¿ ¬¥µ ­¨ª  ¨  °µ¨²¥ª²³° , ¨§®¡°¥²¥­¨¥ ° §«¨·­»µ ¬¥-

µ ­¨§¬®¢ ¢®¥­­®£® ¨ µ®§¿©±²¢¥­­®£® ­ §­ ·¥­¨¿, £¨¤° ¢«¨ª  ­ -

±®±®¢, ²¥®°¨¿ «¥² ­¨¿ ¨ ³±²°®©±²¢® ª°»« , ³±²°®©±²¢® ¯ ° ¸¾² ,

 ±²°®­®¬¨·¥±ª¨¥ ¿¢«¥­¨¿, £¥®¬¥²°¨·¥±ª ¿ ®¯²¨ª  (²¥®°¨¿ §°¥­¨¿),

 ª³±²¨ª , £¥®«®£¨¿ ¨ ¯ «¥®­²®«®£¨¿,  £°®­®¬¨¿ ¨ ¡¨®«®£¨¿,  ­ ²®-

¬¨¿ ¨ ¬¥¤¨¶¨­ , ´¨«®«®£¨¿.

�¥®­ °¤® ¤  �¨­·¨ § ²°®­³« °¿¤ ¢ ¦­¥©¸¨µ ²¥®°¥²¨·¥±ª¨µ ¢®¯°®-

±®¢: ±¨«  ²¿¦¥±²¨ ¨ ±¢®¡®¤­®¥ ¯ ¤¥­¨¥ ²¥«, ¡ ««¨±²¨·¥±ª®¥ ¤¢¨-

¦¥­¨¥, ¤¢¨¦¥­¨¥ ¯® ­ ª«®­­®© ¯«®±ª®±²¨, ¯°¨°®¤  ²°¥­¨¿, ²¥®°¨¿

¯°®±²¥©¸¨µ ¬¥µ ­¨§¬®¢ (°»· £, ¡«®ª ¨ ¤°.), ¯°¨­¶¨¯ ±«®¦¥­¨¿ ±¨«

¨ ®¯°¥¤¥«¥­¨¿ ¶¥­²°  ²¿¦¥±²¨, ª®«¥¡ ­¨¿ ²¥« ¨ ¤°. �±­®¢­ ¿ ¬¥-

²®¤®«®£¨·¥±ª ¿ § ±«³£  �¥®­ °¤® ¤  �¨­·¨ ±®±²®¨² ¢ ³±² ­®¢«¥­¨¨

«®£¨·¥±ª®© ±¢¿§¨ ¬¥¦¤³ ²¥®°¨¥© ¨ ½ª±¯¥°¨¬¥­²®¬ ¢ ­ ³ª¥.

�¦¨°®« ¬® � °¤ ­®, § ­¨¬ ¿±¼ ¬ ²¥¬ ²¨ª®©, ¢ ¬¥µ ­¨ª¥ ¯°®±« -

¢¨«±¿ ¨§®¡°¥²¥­¨¥¬ "ª °¤ ­®¢  ¯®¤¢¥± " £¨°®±ª®¯  ¨ ª °¤ ­­®£®

¢ « .

Mechanics in Renaissance: to 550-anniversary
of Leonardo da Vinci (1492-1519) and 500-anniversary
of Girolamo Cardano (1501-1576)

A. L. Lopatuchin, I. E. 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) scienti�c legacy of Leonardo da Vinci,

the great scientist of Renaissance epoch in Qvattrocento, concerns to techni-



�¥ª¶¨¿ V. �±²®°¨¿ ¬¥µ ­¨ª¨ 225

cal engineering of mechanisms, theory of motion, building and architecture,

hydravlic, wing 
ight 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.

�¥²¥°¡³°£±ª ¿ ¸ª®«  ¬¥µ ­¨ª¨ ¢ XIX ±²®«¥²¨¨
(ª 300-«¥²¨¾ £®°®¤ )

�. �. �®¯ ²³µ¨­*, �. �. �®¯ ²³µ¨­ **, �. �. �®«¿µ®¢, �. �. �®«¿µ®¢ **

(ppall@postbox.spb.ru, pol@astro.spbu.ru)
��­±²¨²³² ±² ²¨±²¨ª¨  ª ¤¥¬¨¨ ­ ³ª, � ©¢ ­¼
��� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ¯®«¨²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

�®±±¨¿

�  ¯°®²¿¦¥­¨¨ XIX ¢. ­ °¿¤³ ± �¥²¥°¡³°£±ª®© �ª ¤¥¬¨¥© ­ ³ª ¢±¥

¡®«¼¸¥¥ §­ ·¥­¨¥ ¯°¨®¡°¥² «¨ ´¨§¨ª®-¬ ²¥¬ ²¨·¥±ª¨¥ ´ ª³«¼²¥²»

³­¨¢¥°±¨²¥²®¢ ¨ ¢»±¸ ¿ ²¥µ­¨·¥±ª ¿ ¸ª®« . � 1809 £. ¢ �¥²¥°¡³°£¥

¡»« ®±­®¢ ­ �®°¯³± ¨­¦¥­¥°®¢ ¯³²¥© ±®®¡¹¥­¨¿. � ¯¥°¨®¤ ± 1820

¯® 1830 ££. ¢ ­¥¬ ° ¡®² «¨ ´° ­¶³§» �. � ¬¥ (1795-1870) ¨ �. �« ©-

¯¥°®­ (1799-1864).

�¥°¢»¬ °³±±ª¨¬ ³·¥­»¬, ¯®«³·¨¢¸¨¬ ¥¢°®¯¥©±ª³¾ ¨§¢¥±²­®±²¼,

¡»« �¨µ ¨« � ±¨«¼¥¢¨· �±²°®£° ¤±ª¨© (1801-1862). �±²°®£° ¤-

±ª¨© ®¡®£ ²¨« ¬¥µ ­¨ª³ °¿¤®¬ ´³­¤ ¬¥­² «¼­»µ ®²ª°»²¨© ¨ ¿¢¨«±¿

®±­®¢ ²¥«¥¬ ¡®«¼¸®© °³±±ª®© ¸ª®«» ¬¥µ ­¨ª®¢. �»¤ ¾¹¨¬±¿ ¯°¥¤-

±² ¢¨²¥«¥¬ ½²®© ¸ª®«» ¡»« �. �. �®¬®¢ (1815-1876), ­ ³·­»¥ ¨­-

²¥°¥±» ª®²®°®£® ª®­¶¥­²°¨°®¢ «¨±¼ ­   ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¥ ¨

¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¥.

�. �. �¥¡»¸¥¢ (1821-1894) | ®±­®¢ ²¥«¼ �¥²¥°¡³°£±ª®© ¬ ²¥¬ ²¨-

·¥±ª®© ¸ª®«».

� �¨µ ©«®¢±ª®©  °²¨««¥°¨©±ª®©  ª ¤¥¬¨¨ ° ¡®² «¨ �. �. � -

¨¥¢±ª¨© (1823-1892), ª®²®°®£® ­ §»¢ «¨ "¯¥°¢»¬ ¡ ««¨±²¨ª®¬ ¢

�¢°®¯¥", �. �. �»¸­¥£° ¤±ª¨© (1831-1895), ®±­®¢­»¬ ­ ¯° ¢«¥­¨¥¬

¨±±«¥¤®¢ ­¨© ª®²®°®£® ¿¢«¿« ±¼ ²¥®°¨¿ °¥£³«¨°®¢ ­¨¿ µ®¤  ¬ ¸¨­,
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�. �. �®¡»«¥¢ (1842-1917), �. �. � ¤®«¨­ (1828-1892), �. �. � -

¡³¤±ª¨© (1853-1917). � ¡®²» �. �. �®¡»«¥¢  ¯®±¢¿¹¥­» ¬¥µ ­¨ª¥,

£¨¤°®¤¨­ ¬¨ª¥, ¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¥, ¥¬³ ¯°¨­ ¤«¥¦¨² "�³°±

 ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¨" ¢ ¤¢³µ ²®¬ µ, ¨§¤ ­­»© ¢ �¥²¥°¡³°£¥.

�®«¼¸®© ¢ª« ¤ ¢ ° §¢¨²¨¥ ²¥®°¨¨ ³¯°³£®±²¨ ¨ ±®¯°®²¨¢«¥­¨¿ ¬ -

²¥°¨ «®¢ ¢­¥±«¨ �. �. �³° ¢±ª¨©, �. �. � ¤®«¨­, �. �. �®«®¢¨­,

�. �. �¨°¯¨·¥¢ | ³·¥­¨ª¨ �. �. �±²°®£° ¤±ª®£®.

�°³¯­¥©¸¨¬ ¤®±²¨¦¥­¨¥¬ ¬¥µ ­¨ª¨ ª®­¶  XIX ¢. ¿¢¨«®±¼ ±®§¤ ­¨¥

²¥®°¨¨ ³±²®©·¨¢®±²¨ ¤¢¨¦¥­¨¿, ®±­®¢®¯®«®¦­¨ª®¬ ª®²®°®© ¡»« ¢»-

¯³±ª­¨ª �¥²¥°¡³°£±ª®£® ³­¨¢¥°±¨²¥²  �. �. �¿¯³­®¢ (1857-1918).

�²ª°»²¨¥ �. �. �®¢ «¥¢±ª®© (1888 £.) ­®¢®£® ±«³· ¿ ¢° ¹¥­¨¿ ²¢¥°-

¤®£® ²¥«  ¢®ª°³£ ­¥¯®¤¢¨¦­®© ²®·ª¨ § ¢¥°¸¨«¨ ¨±±«¥¤®¢ ­¨¿ ³·¥-

­»µ ¯® ²¥®°¨¨ £¨°®±ª®¯ , ¢®±µ®¤¿¹¨¥ ª �©«¥°³. �  ½²³ ° ¡®²³

�. �. �®¢ «¥¢±ª ¿ ¯®«³·¨«  ¯°¥¬¨¾ � °¨¦±ª®©  ª ¤¥¬¨¨ ­ ³ª.

�»±®ª³¾ ®¶¥­ª³ ²°³¤®¢ �. �. �¿¯³­®¢  ® ´¨£³° µ ° ¢­®¢¥±¨¿ ¢° -

¹ ¾¹¥©±¿ ¦¨¤ª®±²¨ ¤ « �. �³ ­ª °¥.

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 �eld of classical mechanics in XIX

century are discussed.

� 200-«¥²¨¾ ±® ¤­¿ °®¦¤¥­¨¿ �¨«¼±  �¥­°¨ª 
�¡¥«¿ (1802-2002)

�. �. � ­³©«®¢

(elena@tech.spb.ru)

��� "��¡-�¥µ­®«®£¨¿", � ­ª²-�¥²¥°¡³°£, �®±±¨¿

� 2002 £®¤³, 5  ¢£³±²  ¨±¯®«­¨«®±¼ 200 «¥² ±® ¤­¿ °®¦¤¥­¨¿ ¢¥-

«¨ª®£® ­®°¢¥¦±ª®£® ¬ ²¥¬ ²¨ª  �¨«¼±  �¥­°¨ª  �¡¥«¿, ±®§¤ ²¥«¿

 ­ «¨²¨·¥±ª®© ²¥®°¨¨ ­ §¢ ­­»µ ¯® ¥£® ¨¬¥­¨  ¡¥«¥¢»µ ´³­ª¶¨©

¨ ¨­²¥£° «®¢, ´³­¤ ¬¥­² «¼­»¬ ®±­®¢ ­¨¥¬ ª®²®°®© ¿¢«¿¥²±¿ ²¥®-

°¥¬  �¡¥«¿ I, ®¯°¥¤¥«¿¾¹ ¿ ¨µ  ¤¤¨²¨¢­»¥ ±¢®©±²¢ .
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�®²¿ ±®¡±²¢¥­­® ¬¥µ ­¨·¥±ª¨¬ § ¤ · ¬ ¯®±¢¿¹¥­» «¨¸¼ ²°¨ ° -

¡®²» �. �. �¡¥«¿, ¯®±²°®¥­­ ¿ �. �. �ª®¡¨, �. �¨¬ ­®¬, �. �¥©¥°-

¸²° ±±®¬, �. �«¥©­®¬, �. �¥¡¥°®¬, ¨µ ¯®±«¥¤®¢ ²¥«¿¬¨ ¨ ³·¥­¨-

ª ¬¨ ²¥®°¨¿  ¡¥«¥¢»µ ´³­ª¶¨© (¯°¥¤±² ¢«¿¾¹¨µ ±®¡®© ²°¨£®­®¬¥-

²°¨·¥±ª¨¥ ´³­ª¶¨¨  «£¥¡° ¨·¥±ª¨µ ¨ ¬¥µ ­¨·¥±ª¨µ ª°¨¢»µ), ¨¬¥-

¾¹ ¿ ±¢®¨¬¨ ª®°­¿¬¨, ¯°¥¤®¯°¥¤¥«¨¢¸¨¬¨ ¥¥ ±²°®¥­¨¥, ¬¥¬³ °»

�¡¥«¿ ¨ ¢ ®±®¡¥­­®±²¨ �¥®°¥¬³ I, ¿¢«¿¥²±¿ ª«¾·¥¢®© ª ª ¤«¿ ¬¥µ -

­¨ª¨, ² ª ¨ ¤«¿ ¬ ²¥¬ ²¨·¥±ª®© ´¨§¨ª¨.

�°¨¢¥¤¥¬ ®±­®¢­»¥ ¤ ²» ¦¨§­¨ �. �. �¡¥«¿, ±®¯°®¢®¤¨¢ ¨µ ª° ²ª¨¬

¯¥°¥·­¥¬ ­ §¢ ­¨© ®±­®¢­»µ ¥£® ¬¥¬³ °®¢.

1802 £. �¨«¼± �¥­°¨ª �¡¥«¼ °®¤¨«±¿ 5  ¢£³±²  1802 £®¤  ¢ ±¥¬¼¥

¯ ±²®°  ¬¥±²¥·ª  �¨­£¥.

1821 £. �¨«¼± �¥­°¨ª ®ª ­·¨¢ ¥² ¸ª®«³ ¨ ¯®±²³¯ ¥² ¢ ³­¨¢¥°±¨²¥²,

£¤¥ ¬¥­¥¥ ·¥¬ ·¥°¥§ ¤¢  £®¤  ±¤ ¥² ®¡¿§ ²¥«¼­»© ½ª§ ¬¥­ ¨ ¯®«³· ¥²

±²¥¯¥­¼ ª ­¤¨¤ ²  ´¨«®±®´¨¨.

1825 £. �¨«¼± �¥­°¨ª ®ª ­·¨¢ ¥² ³­¨¢¥°±¨²¥² ¨ ¯®«³· ¥² ±²¨¯¥­-

¤¨¾ ¤«¿ ±®¢¥°¸¥­±²¢®¢ ­¨¿ ®¡° §®¢ ­¨¿ ¢ �¥²²¨­£¥­¥ ¨ � °¨¦¥.

� ª®­¶¥ 1826 £®¤  �¡¥«¼ ¯³¡«¨ª³¥² ¬¥¬³ ° "�±±«¥¤®¢ ­¨¥ ¯® ²¥®°¨¨

½««¨¯²¨·¥±ª¨µ ´³­ª¶¨©".

1828 £. �® ¢®§¢° ¹¥­¨¨ ¢ �®°¢¥£¨¾ �¡¥«¼ ¯®«³· ¥² ¤®«¦­®±²¼ ¤®-

¶¥­² . � °¥§³«¼² ²¥ ³±¨«¨© °¿¤  ´° ­¶³§±ª¨µ ¬ ²¥¬ ²¨ª®¢ ¢®§­¨-

ª ¥² ¢®§¬®¦­®±²¼ ¯°¥¯®¤ ¢ ­¨¿ ¢ ¡¥°«¨­±ª®¬ ³­¨¢¥°±¨²¥²¥. �® ¢

ª®­¶¥ £®¤  �¡¥«¼ ­ ·¨­ ¥² ¡®«¥²¼ ¨ ¢¥±­®© 1829 £®¤  ³ ­¥£® ®²-

ª°»¢ ¥²±¿ ±ª®°®²¥·­ ¿ · µ®²ª . � ª ¨ ­¥ ¯®«³·¨¢ ¯°¨£« ¸¥­¨¿ ¢

�¥°«¨­, £¤¥ ®­ ¡»« ³²¢¥°¦¤¥­ ¢ ¤®«¦­®±²¨ ¤®¶¥­² , �¡¥«¼ ±ª®­-

· «±¿ 6  ¯°¥«¿ 1829 £®¤ .

To the bicentenary of Niels Henric Abel's birth
(1802-2002)

K. V. Manujlov

OAO "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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� ³·­ ¿ ¤¥¿²¥«¼­®±²¼ �. �. �£°¾¬®¢ 

�. �. � ²¢¥¥¢, �. �. �±ª®¢

(smat@rambler.ru, uvn@peterlink.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²,

� ­ª²-�¥²¥°¡³°£, �®±±¨¿

�¢£¥­¨© �«¥ª± ­¤°®¢¨· °®¤¨«±¿ 1 ¬ ¿ 1934 £®¤ . �®±«¥ ®ª®­· ­¨¿ ¢

1958 £. �¥­¨­£° ¤±ª®£® �®¥­­®-¬¥µ ­¨·¥±ª®£® ¨­±²¨²³²  ®­ ° ¡®-

² « ¢ �®­±²°³ª²®°±ª®¬ ¡¾°® ±°¥¤±²¢ ¬¥µ ­¨§ ¶¨¨. �®±«¥ § ¹¨²»

ª ­¤¨¤ ²±ª®© ¤¨±±¥°² ¶¨¨ (¢ 1968 £®¤³) �¢£¥­¨© �«¥ª± ­¤°®¢¨·

¡»« ¯°¨£« ¸¥­ ¢ ����� �¥­¨­£° ¤±ª®£® ³­¨¢¥°±¨²¥²  ­  ¤®«¦-

­®±²¼ °³ª®¢®¤¨²¥«¿ « ¡®° ²®°¨¨. �­®£® ±¨« ®­ ®²¤ « ±²°®¨²¥«¼-

±²¢³ ­®¢®© « ¡®° ²®°¨¨, ¯®¤ ¥£® °³ª®¢®¤±²¢®¬ ¢ £. �¥²°®¤¢®°¶¥

±®§¤ ­ ­®¢»© £ §®¤¨­ ¬¨·¥±ª¨© ª®¬¯«¥ª± ± ³­¨ª «¼­»¬¨ ½ª±¯¥-

°¨¬¥­² «¼­»¬¨ ³±² ­®¢ª ¬¨. �²® ¯®§¢®«¨«® ° §¢¥°­³²¼ ­ ³·­®-

¨±±«¥¤®¢ ²¥«¼±ª¨¥ ° ¡®²» ¯® ¸¨°®ª®¬³ ±¯¥ª²°³ ¯°®¡«¥¬, ±¢¿§ ­-

­»µ ± ±¢¥°µ§¢³ª®¢»¬¨ ±² ¶¨®­ °­»¬¨ ¨ ­¥±² ¶¨®­ °­»¬¨ ²¥·¥­¨-

¿¬¨ £ § , ¤¨­ ¬¨ª®© ³¤ °­»µ ¢®«­,  ½°®¤¨­ ¬¨ª®© ° §°¥¦¥­­®£®

£ § , ¬­®£®´ §­»¬¨ ²¥·¥­¨¿¬¨.

�. �. �£°¾¬®¢ °³ª®¢®¤¨« ¬­®£¨¬¨ ­ ³·­®-¨±±«¥¤®¢ ²¥«¼±ª¨¬¨ ° -

¡®² ¬¨, ¢»¯®«­¿¢¸¨¬¨±¿ ¯® �®±² ­®¢«¥­¨¿¬ �° ¢¨²¥«¼±²¢ , ¢ ±®-

®²¢¥²±²¢¨¨ ± ¯« ­ ¬¨ �¥ª¶¨¨ ¯°¨ª« ¤­»µ ¯°®¡«¥¬ ��� ¨ ´¥¤¥-

° «¼­»¬¨ ¶¥«¥¢»¬¨ ¯°®£° ¬¬ ¬¨. � 1992 £. ®­ ³±¯¥¸­® § ¹¨²¨«

¤®ª²®°±ª³¾ ¤¨±±¥°² ¶¨¾, ° §° ¡®² ­­»© ¨¬ ­®¢»© ¯®¤µ®¤ ª ¨±±«¥-

¤®¢ ­¨¾ ¢»±®ª®· ±²®²­»µ  ¢²®ª®«¥¡ ²¥«¼­»µ °¥¦¨¬®¢ ¢§ ¨¬®¤¥©-

±²¢¨¿ ±²°³© ± ¯°¥£° ¤ ¬¨, ¨¬¥¾¹¨© ¢ ¦­®¥ ­ ³·­®¥ ¨ ¯°¨ª« ¤­®¥

§­ ·¥­¨¥, °¥ «¨§³¥²±¿ ¢ ° §«¨·­»µ ®²° ±«¿µ ¯°®¬»¸«¥­­®±²¨.

� ±¯¨±ª¥ ­ ³·­»µ ²°³¤®¢ �. �. �£°¾¬®¢  ¡®«¥¥ 130 ­ ¨¬¥­®¢ -

­¨©, ¢ ²®¬ ·¨±«¥ ¬®­®£° ´¨¿, 14  ¢²®°±ª¨µ ±¢¨¤¥²¥«¼±²¢, 7 ³·¥¡­®-

¬¥²®¤¨·¥±ª¨µ ¯®±®¡¨©. � 2001 £. ¶¨ª« ­ ³·­»µ ° ¡®² �. �. �£°¾-

¬®¢  (¢ ±®±² ¢¥ ª®««¥ª²¨¢   ¢²®°®¢) ®²¬¥·¥­ �¥°¢®© ¯°¥¬¨¥©

� ­ª²-�¥²¥°¡³°£±ª®£® £®±³¤ °±²¢¥­­®£® ³­¨¢¥°±¨²¥² .

� ¨¾«¥ 2002 £. �¢£¥­¨© �«¥ª± ­¤°®¢¨· ±ª®°®¯®±²¨¦­® ±ª®­· «±¿,

¯°¥°¢ « ±¼ ¥£® ¯«®¤®²¢®°­ ¿ ¤¥¿²¥«¼­®±²¼.
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Scienti�c work of Ugrumov E. A.

S. K. Matveev, V. N. Uskov

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) scienti�c

work in the report.

�¨ª®« © �¨ª®« ¥¢¨· �®«¿µ®¢ |
�¥«®¢¥ª ± ¡®«¼¸®© ¡³ª¢»

�. �. �¥°ª¨­

(a.berlin@worldnet.att.net)

�®±²®­, ���

� ¤®ª« ¤¥ ° ±±ª §»¢ ¥²±¿ ® ¬ «® ¨§¢¥±²­»µ ½¯¨§®¤ µ ¦¨§­¨ ¨ ¤¥-

¿²¥«¼­®±²¨ ¯°®´. �.�. �®«¿µ®¢ . �±¾ ±¢®¾ ¦¨§­¼ �¨ª®« © �¨ª®-

« ¥¢¨· �®«¿µ®¢ ¯°¨µ®¤¨« ­  ¯®¬®¹¼ ¨ § ¹¨¹ « «¾¤¥©, ª®²®°»µ ­¥-

§ ±«³¦¥­­® ¯°¥±«¥¤®¢ «¨. �¥« « ®­ ½²® ± ¡®«¼¸¨¬ ¬ ±²¥°±²¢®¬, ¨

¬­®£¨¥ ¢±¯®¬¨­ ¾² ¥£® ± £«³¡®ª®© ¡« £®¤ °­®±²¼¾.

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.

�°®¡«¥¬  ¤¥²¥°¬¨­¨§¬  ¢ ¬¥µ ­¨ª¥ ¯°¨°®¤­»µ
¿¢«¥­¨©

�. �. �¨°ª¨­

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ° ¡®²¥ ° ±±¬®²°¥­» ®±­®¢­»¥ ¯°®²¨¢®°¥·¨¿, ¢®§­¨ª ¾¹¨¥ ¯°¨

®¯¨± ­¨¨ ¯°¨°®¤­»µ ¿¢«¥­¨©. �®ª § ­®, ·²® ¢ ±¨«³ ±³¹¥±²¢³¾¹¥©

«®ª «¼­®±²¨ ´¨§¨·¥±ª¨µ ¯°®¶¥±±®¢, ²° ¤¨¶¨®­­»¥ ²¥®°¥²¨·¥±ª¨¥
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¯®¤µ®¤» ¤ ¾² ±³¹¥±²¢¥­­³¾ ¯®£°¥¸­®±²¼. �²  ¯®£°¥¸­®±²¼ ±¢¿-

§ ­  ¯°¥¦¤¥ ¢±¥£® ± ²¥¬, ·²® ¢ §­ ·¨²¥«¼­®© · ±²¨ ²¥®°¥²¨·¥±ª¨µ

¬®¤¥«¥© ¯° ª²¨·¥±ª¨ ­¥ ³·¨²»¢ ¾² ±«³· ©­³¾ ±®±² ¢«¿¾¹³¾.

�²  ±®±² ¢«¿¾¹ ¿ ®¯°¥¤¥«¿¥² ­¥®¡° ²¨¬®±²¼ ¯°®¨±µ®¤¿¹¨µ ¨§¬¥-

­¥­¨© ¢ § ¬ª­³²®© ¬¥µ ­¨·¥±ª®© ±¨±²¥¬¥. �°¨ ½²®¬ ¥¥ ¢ª« ¤ ±² -

­®¢¨²±¿ ²¥¬ §­ ·¨²¥«¼­¥©, ·¥¬ ¡®«¼¸¥ ¢»¡° ­­»© ¯°®±²° ­±²¢¥­-

­®-¢°¥¬¥­­®© ¬ ±¸² ¡ ° ±±¬®²°¥­¨¿. � ±®®²¢¥²±²¢¨¨ ± ­¨¬ ³¢¥-

«¨·¨¢ ¥²±¿ ¯®£°¥¸­®±²¼ ®¯¨± ­¨¿ ± ¯®¬®¹¼¾ ¤¥²¥°¬¨­¨°®¢ ­­»µ

¬®¤¥«¥© ­ ¡«¾¤ ¥¬»µ ¬¥µ ­¨·¥±ª¨µ ¯°®¶¥±±®¢.

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 signi�cant error because a random component is not taken into account.

� ¨±²®°¨¨ § ¤ ·¨ ® ±¢®¡®¤­®¬ ¯ ¤¥­¨¨ ²¥«

�. �. �¨µ ©«®¢

(gkmikh@viniti.ru)

�®±±¨©±ª¨© ­ ¶¨®­ «¼­»© ª®¬¨²¥² ¯® ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤­®©

¬¥µ ­¨ª¥, �®±ª¢ , �®±±¨¿

� ¤ ·  ® ±¢®¡®¤­®¬ ¯ ¤¥­¨¨ ²¥« ­  �¥¬«¥ ¯°¥¤±² ¢«¿¥² ±®¡®© ®¤­³

¨§ ¤°¥¢­¥©¸¨µ ¯°®¡«¥¬ ¬¥µ ­¨ª¨, ¯°¨¢«¥ª ¢¸³¾ ¢­¨¬ ­¨¥ ³·¥­»µ

±  ­²¨·­»µ ¢°¥¬¥­. �  ¯°®²¿¦¥­¨¨ ¤¢³µ ²»±¿· «¥² ±²°®¨«¨±¼ ° §-

«¨·­»¥ ±¯¥ª³«¿²¨¢­»¥ ²¥®°¨¨, ¯»² ¢¸¨¥±¿ ®¡º¿±­¨²¼ ¯°¨·¨­³ ¯ -

¤¥­¨¿ ²¥«. � ±¥°¥¤¨­» XVII ¢¥ª  ±² «¨ ¯°¥¤¯°¨­¨¬ ²¼±¿ ¯®¯»²ª¨

²¥®°¥²¨·¥±ª®£® ¨ ½ª±¯¥°¨¬¥­² «¼­®£® ¨§³·¥­¨¿ ²° ¥ª²®°¨¨ ±¢®¡®¤-

­®£® ¯ ¤¥­¨¿ ­  ¢° ¹ ¾¹¥©±¿ �¥¬«¥. �²ª«®­¥­¨¥ ¯ ¤ ¾¹¨µ ²¥« ª

¢®±²®ª³ ¡»«® ¨§¢¥±²­® ¥¹¥ � «¨«¥¾. � ¤¨±ª³±±¨¨ �³ª  ± �¼¾²®­®¬

® ²° ¥ª²®°¨¨ ¯ ¤ ¾¹¨µ ²¥« (1679-80) ¯®±«¥¤­¨© ² ª¦¥ ¢»±ª § «

¬»±«¼ ® ¢®±²®·­®¬ ®²ª«®­¥­¨¨ ¯ ¤ ¾¹¨µ ²¥«, ­® ¤®¯³±²¨« ±­ · « 

®¸¨¡®·­®¥ ±³¦¤¥­¨¥ ® ¤ «¼­¥©¸¥© ¨µ ²° ¥ª²®°¨¨. �³ª ¦¥ ³ª § «

¨ ­  ¾¦­³¾ ±®±² ¢«¿¾¹³¾ ®²ª«®­¥­¨¿. "� · « " �¼¾²®­  ¤ «¨,
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ª § «®±¼ ¡», ¯®«­»© ®²¢¥² ­  ¯®±² ¢«¥­­»© ¢®¯°®±. � �¼¾²®­³

¢®±µ®¤¨² ¨ ³±² ­®¢«¥­¨¥ ¤¢³µ ª°¨²¨·¥±ª¨µ ­ · «¼­»µ ±ª®°®±²¥©

¬¥² ­¨¿ ²¥« , ­ §»¢ ¥¬»µ ²¥¯¥°¼ ¯¥°¢®© ¨ ¢²®°®© "ª®±¬¨·¥±ª¨¬¨

±ª®°®±²¿¬¨".

�¤­ ª® ²°³¤­®±²¨ ¢ ¯®­¨¬ ­¨¨ ¤ ¦¥ ¢¥°²¨ª «¼­®£® ¯ ¤¥­¨¿ ¨ ¬¥-

² ­¨¿ ²¥« ¨±¯»²»¢ «¨ ª ª ¬®«®¤®© �©«¥°, ² ª ¨ §°¥«»© � « ¬¡¥°.

�¥°¢»¬ ¢»·¨±«¨« ¢¥«¨·¨­³ ®²ª«®­¥­¨¿ ¯ ¤ ¾¹¨µ ²¥« ª ¢®±²®ª³  ­-

£«¨· ­¨­ �¬¥°±®­, ª®²®°»© ¯®¬¥±²¨« ±¢®¥ °¥¸¥­¨¥ ¢ ³·¥¡­¨ª¥  «-

£¥¡°» (1764) ¢ ª ·¥±²¢¥ ¯°¨¬¥°  ­  ¯°¨¬¥­¥­¨¥ ¯°®¯®°¶¨©. �¤­ ª®

®­® ­¥ ¡»«® § ¬¥·¥­® ³·¥­»¬¨-¬¥µ ­¨ª ¬¨. �¡»·­® ½²® °¥¸¥­¨¥

¯°¨¯¨±»¢ ¾² ¨² «¼¿­¶³ �³«¼¥«¼¬¨­¨ (1789), ¯³¡«¨·­® ¯°¥¤«®¦¨¢-

¸¥¬³ ¨±¯®«¼§®¢ ²¼ ®²ª«®­¥­¨¿ ¯ ¤ ¾¹¨µ ²¥« ¢ ª ·¥±²¢¥ ½ª±¯¥°¨-

¬¥­² «¼­®£® ¤®ª § ²¥«¼±²¢  ¢° ¹¥­¨¿ �¥¬«¨ ¨ ¢»§¢ ¢¸¥¬³ ½²¨¬

¤¨±ª³±±¨¾ ¢ �² «¨¨, ª®²®° ¿ ®±² « ±¼ ­¥¨§¢¥±²­  ¢ �¢°®¯¥ ª ±¥¢¥°³

®² �«¼¯. �¥°¢»¥, ¬ «® ¨§¢¥±²­»¥ ¨§¬¥°¥­¨¿ ®²ª«®­¥­¨© ¯ ¤ ¾-

¹¨µ ²¥« ¯°®¢¥« ¨² «¼¿­¥¶ � ¤¨­¨ (1796). �¥§ ¢¨±¨¬® ² ª¨¥ ®¯»²»

¯°¥¤¯°¨­¨¬ «¨±¼ ¯®§¦¥ �¥­¶¥­¡¥°£®¬ (1802-04) ¨ ¤°³£¨¬¨. � ­­¨¥

®¯»²» ¯®¤²¢¥°¤¨«¨ ®²ª«®­¥­¨¿ ¯ ¤ ¾¹¨µ ²¥« ª ¢®±²®ª³, ­® ² ª¦¥

¨ ª ¾£³.

�®¯°®± ®¡ ®²ª«®­¥­¨¿µ ¯ ¤ ¾¹¨µ ²¥« ¢»§¢ « ®¡¸¨°­³¾ «¨²¥° ²³°³

¢ ª®­¶¥ XIX ¨ ­ · «¥ XX ¢. �°¥¶¨§¨®­­»¥ ½ª±¯¥°¨¬¥­²», ¯°®¢¥¤¥­-

­»¥ ¨§¢¥±²­»¬ ´¨§¨ª®¬ �®««®¬ (1902) ¨ ­¥±ª®«¼ª® ¯®§¦¥ � £¥­®¬

(1911), ­¥ ¤ «¨ ®ª®­· ²¥«¼­®£® ®²¢¥²  ®¡ ®²ª«®­¥­¨¿µ ª ¾£³ ¨ ¯®°®-

¤¨«¨ ¤ «¼­¥©¸¨¥ ²¥®°¥²¨·¥±ª¨¥ ¨±±«¥¤®¢ ­¨¿, ¢ ª®²®°»µ ³·¨²»¢ -

« ±¼ ¨ ­¥±´¥°¨·­®±²¼ �¥¬«¨. �®±«¥ ¯¥°¢®© ¬¨°®¢®© ¢®©­» ¨­²¥°¥±

ª ½²®¬³ ¢®¯°®±³ ¯®·²¨ ³£ ±. �®¢°¥¬¥­­»¥ ¢»·¨±«¨²¥«¼­»¥ ª®±¬®-

­ ¢²¨·¥±ª¨¥ ¯°®£° ¬¬» ¡¥§³±«®¢­® ¬®£«¨ ¡» ¢­¥±²¨ §¤¥±¼ ¿±­®±²¼,

­®, ¯®µ®¦¥, ·²® ®­¨ ­¥ ¯°¨¢«¥ª «¨±¼ ¤«¿ °¥¸¥­¨¿ ±²®«¼ " ª ¤¥¬¨-

·¥±ª®£®" ¢®¯°®± .

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. As late as in the 17th century Galileo laid the founda-
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tions of scienti�c 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 �rst elementary analysis of the eastern de-

viation was given by Emerson (1764) and it was con�rmed in experiments by

Tadini (1796) and other scientists of the 19th century. The southern deviation

was being investigated theoretically and experimentally up to the �rst quarter

of the 20th century without de�nitive results.

�ª« ¤ ¢ ¬¥µ ­¨ª³ � °«¿ �®±±¾.

�. �. �®°®§®¢ , �. �. �ª®¢«¥¢

(iakovlev@psu.ru)

�¥°¬±ª¨© �®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�®«¼¸³¾ °®«¼ ¢ ° §¢¨²¨¨ ¬¥µ ­¨ª¨ XVIII ¢. ±»£° «¨ ° ¡®²» �®-

±±¾, ² « ­²«¨¢®£® ´° ­¶³§±ª®£® ¬¥µ ­¨ª , ¬ ²¥¬ ²¨ª , ¨±²®°¨ª 

­ ³ª¨. �¥®°¥²¨·¥±ª¨¥ ¨ ½ª±¯¥°¨¬¥­² «¼­»¥ °¥§³«¼² ²» ¥£® ° ¡®²

±² «¨ ®¤­¨¬ ¨§ ½² ¯®¢ ´®°¬¨°®¢ ­¨¿ ®±­®¢ ª« ±±¨·¥±ª®© ¬¥µ ­¨ª¨.

�«¿ ²®£®, ·²®¡» ³¿±­¨²¼ ª ª ¯®­¨¬ « ¬¥µ ­¨ª³ �. �®±±¾, ¥£®

®±­®¢­»¥ ¨¤¥¨, ¡»« ¯°®¢¥¤¥­  ­ «¨§ ¥£® ° ¡®² "�±±«¥¤®¢ ­¨¥ ® ­ ¨-

¢»£®¤­¥©¸¥¬ ¯®«®¦¥­¨¨ ¯«®²¨­" (1764) ¨ "�±­®¢ ­¨¿ ¬¥µ ­¨ª¨"

(1775).

�«¿ ¨§³·¥­¨¿ ¬¥µ ­¨·¥±ª¨µ ¤¢¨¦¥­¨©, �®±±¾ ¨±ª³±­® ¨±¯®«¼§®¢ «

 ­ «¨²¨·¥±ª¨©  ¯¯ ° ² ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨© ¤¢¨¦¥­¨¿,  

² ª¦¥  ¯¯ ° ² ¨­²¥£° «¼­®£® ¨±·¨±«¥­¨¿. �³¦­® ±ª § ²¼ ² ª¦¥,

·²® ¯°¨ °¥¸¥­¨¨ ¯®¤®¡­»µ § ¤ · ®­ ¨±¯®«¼§®¢ « ²¥ ¦¥ ®¡®§­ ·¥­¨¿,

ª®²®°»¥ ¬» ¨±¯®«¼§³¥¬ ¨ ±¥©· ±.

�°®¢¥¤¥­­»©  ­ «¨§ ¯®ª §»¢ ¥², ·²® ²¢®°·¥±²¢® �®±±¾ | § ¬¥²­ ¿

¢¥µ  ¢ ° §¢¨²¨¨ ¬¥µ ­¨ª¨, ½²® ¡»«® ¥±²¥±²¢¥­­®¥ ¨ ­¥®¡µ®¤¨¬®¥

° §¢¨²¨¥ ¨¤¥© �²¥¢¨­ , �®¡¥°¢ «¿, � °¨­¼®­ , � « ¬¡¥° , ±² ¢¸¥¥

¯°¥«¾¤¨¥© ´®°¬¨°®¢ ­¨¿ ±² ²¨ª¨ ¢ ²¢®°·¥±²¢¥ �³ ­±®.

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.

�¡ ¨±±«¥¤®¢ ­¨¨ �. �. �®«¿µ®¢»¬ ­ ³·­®£®
­ ±«¥¤¨¿ �. �. �±²°®£° ¤±ª®£® ¯® ¬¥µ ­¨ª¥
(ª 200-«¥²¨¾ �±²°®£° ¤±ª®£®)

�. �. �®«¿µ®¢, �. �. �®«¿µ®¢ 

(pol@astro.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥², �®±±¨¿

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� 50-¥ £®¤» �. �. �®«¿µ®¢ (±².) ¯°¥¤¯°¨­¿« ²°³¤®¥¬ª³¾ ° ¡®²³

¯® ¨±±«¥¤®¢ ­¨¾ ­ ³·­®£® ­ ±«¥¤¨¿ �. �. �±²°®£° ¤±ª®£® (1801{

1862) ¯® ¬¥µ ­¨ª¥. �²® ¨±±«¥¤®¢ ­¨¥ ¡»«® ¯°¨³°®·¥­® ª ¢»¯³±ª³

 ª ¤¥¬¨·¥±ª®£® ¨§¤ ­¨¿ ¨§¡° ­­»µ ²°³¤®¢ �. �. �±²°®£° ¤±ª®£®

(¯®¤ °¥¤ ª¶¨¥©  ª ¤¥¬¨ª  �. �. C¬¨°­®¢ , 1958 £.) ¯® ±«³· ¾ 150-

«¥²¨¿ �. �. �±²°®£° ¤±ª®£® ¢ ±¥°¨¨ "�« ±±¨ª¨ ­ ³ª¨". � ®²«¨·¨¥

®² ­¥®ª®­·¥­­®£® ¤¢³µ²®¬­®£® ¨§¤ ­¨¿ [1] ½²® ®¤­®²®¬­®¥ ¾¡¨«¥©-

­®¥ ¨§¤ ­¨¥ [2] ±®¤¥°¦ «® ­¥ ²®«¼ª® ²°³¤» �. �. �±²°®£° ¤±ª®£®,

­® ¨ ®¡¸¨°­»¥ ª®¬¬¥­² °¨¨ ª ­¨¬. �°¥¤¯°¨­¿²®¥ ¯®§¤­¥¥ ª¨¥¢-

±ª®¥ ²°¥µ²®¬­®¥ ¨§¤ ­¨¥ [3] ®ª § «®±¼ ­ ¨¡®«¥¥ ¯®«­»¬ ¨ ³¤ ·­®

¤®¯®«­¨«® ¯°¥¤¸¥±²¢³¾¹¨¥. �®²¿ ±² ²¼¿ �. �. �®«¿µ®¢  [4] ® °¥-

§³«¼² ² µ �. �. �±²°®£° ¤±ª®£® ¯® ¬¥µ ­¨ª¥ ¡»«  ¯®¬¥¹¥­  ¢ ¨§-

¤ ­¨¥ [2] ¢ ° §¤¥« "�°¨¬¥· ­¨¿ ª ° ¡®² ¬ �. �. �±²°®£° ¤±ª®£®",

®­  ¯°¥¤±² ¢«¿¥² ± ¬®±²®¿²¥«¼­»© ­ ³·­»© ¨­²¥°¥±. �® ±«³· ¾

­¥¤ ¢­¥£® 200-«¥²­¥£® ¾¡¨«¥¿ �. �. �±²°®£° ¤±ª®£® ¬» ­ ¯®¬¨-

­ ¥¬ ¥¥ ®±­®¢­»¥ ¯®«®¦¥­¨¿. �§¢¥±²­®, ·²® �. �. �±²°®£° ¤±ª¨©

¡»«  ¢²®°®¬ ¡®«¥¥ 60 ­ ³·­»µ ° ¡®², 30 ¬®­®£° ´¨© ¨ ³·¥¡­®-

¬¥²®¤¨·¥±ª¨µ ¯®±®¡¨©. �±¥ ±² ²¼¨ �. �. �±²°®£° ¤±ª®£® ¯® ¬¥µ -

­¨ª¥ (  ¨µ ¡»«® ¢ª«¾·¥­® ¢ ¨§¤ ­¨¥ [2] ®ª®«® 20, ¯°¨·¥¬ ¬®­®£° ´¨¨

¢ ­¥£® ­¥ ¢ª«¾· «¨±¼ ¢®¢±¥) ¡»«¨ ° §¤¥«¥­» �. �. �®«¿µ®¢»¬ (±«¥-

¤³¿ ª« ±±¨´¨ª ¶¨¨ �. �. �³ª®¢±ª®£®) ­  ²°¨ £°³¯¯»: ° ¡®²» ¯®

¯°¨­¶¨¯³ ¢®§¬®¦­»µ ¯¥°¥¬¥¹¥­¨©, ° ¡®²» ¯® ¤¨´´¥°¥­¶¨ «¼­»¬

³° ¢­¥­¨¿¬ ¬¥µ ­¨ª¨, ° ¡®²» ¯® °¥¸¥­¨¾ · ±²­»µ § ¤ · ¬¥µ ­¨ª¨.

� ¨¡®«¥¥ ¯®¤°®¡­® ¨¬ ¯°® ­ «¨§¨°®¢ ­» 7 ±² ²¥© §  1834{1854 ££.

�®ª § ­®, ·²® �. �. �±²°®£° ¤±ª¨© ­¥ ²®«¼ª® ®¡®£ ²¨« ´³­¤ ¬¥­-

² «¼­³¾ ¨ ¯°¨ª« ¤­³¾ ¬¥µ ­¨ª³ °¿¤®¬ ¢»¤ ¾¹¨µ±¿ °¥§³«¼² ²®¢,
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­® ¨ ¿¢¨«±¿ ®±­®¢ ²¥«¥¬ ¡®«¼¸®© °³±±ª®© ¸ª®«» ¬¥µ ­¨ª®¢, ¢ · ±²-

­®±²¨, ¯¥²¥°¡³°£±ª®© ¸ª®«» ¬¥µ ­¨ª¨.

1. �®¡° ­¨¥ �®·¨­¥­¨© �ª ¤¥¬¨ª  �. �. �±²°®£° ¤±ª®£®. �®¤ °¥¤.
 ª ¤. �. �. �°»«®¢ . �.- �.: �§¤-¢® �� ����. 1940. �. 1 ,·. 1.,
1946. �. 1, ·. 2. (¨§¤ ­¨¥ ­¥ § ª®­·¥­®)
2. �±²°®£° ¤±ª¨© �. �. �§¡° ­­»¥ �°³¤». �®¤ °¥¤.  ª ¤. �. �. �¬¨°-
­®¢ . �.-�.: �§¤-¢® �� ���� ( �¥°¨¿: �« ±±¨ª¨ � ³ª¨ ), 1958.
583 ±.
3. �±²°®£° ¤±ª¨© �. �. �®«­®¥ �®¡° ­¨¥ �°³¤®¢. �¨¥¢: �§¤-¢® ��
����. �. 1, 1959; �. 2, 1961; �. 3, 1964.
4. �®«¿µ®¢ �. �. �°¨¬¥· ­¨¿ ª ²°³¤ ¬ �. �. �±²°®£° ¤±ª®£® ¯®
¬¥µ ­¨ª¥. ±¬. [2]. C. 512-540.

About N. N. Polyakhov's investigations
of the scienti�c 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 scienti�c 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 classi�cation of his main results

in mechanics.

� ­ ³·­®¬ ­ ±«¥¤¨¨ �. �. �±²°®£° ¤±ª®£®
¯® ­¥¡¥±­®© ¬¥µ ­¨ª¥ (ª 200-«¥²¨¾ ³·¥­®£®)

�. �. �®«¿µ®¢ 

(pol@astro.spb.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� 2001 £®¤³ ­ ³·­ ¿ ®¡¹¥±²¢¥­­®±²¼ ®²¬¥²¨«  200-«¥²¨¥ ¢»¤ ¾-

¹¥£®±¿ °³±±ª®£® ³·¥­®£® �¨µ ¨«  � ±¨«¼¥¢¨·  �±²°®£° ¤±ª®£®

(24.09.1801{1.01.1862). �£® ¢ª« ¤ ¢ ° §¢¨²¨¥ ¬ ²¥¬ ²¨ª¨ ¨ ¬¥µ -

­¨ª¨ ¯®¨±²¨­¥ ®£°®¬¥­, ¥£® ­ ³·­ ¿ ¤¥¿²¥«¼­®±²¼ ¢ �¥²¥°¡³°£±ª®©
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�ª ¤¥¬¨¨ � ³ª ¯°®¤®«¦ « ±¼ ±¢»¸¥ 30 «¥², ·¨±«® ¥£® ¯³¡«¨ª ¶¨©

±®±² ¢«¿¥² ®ª®«® ±®²­¨. �®° §¤® ¬¥­¼¸¥ ¨§¢¥±²¥­ ¥£® ¢ª« ¤ ¢ ­¥-

¡¥±­³¾ ¬¥µ ­¨ª³. �®²¿ �. �. �±²°®£° ¤±ª¨© ¯®±¢¿²¨« ­¥¡¥±­®©

¬¥µ ­¨ª¥ ¢±¥£® 6 ­ ³·­»µ ° ¡®², ±«¥¤³¥² ®²¬¥²¨²¼ ¥£® ¢ª« ¤ ¢  ­ -

«¨²¨·¥±ª®¥ ¯°¥¤±² ¢«¥­¨¥ £° ¢¨² ¶¨®­­®£® ¯®²¥­¶¨ «  ±´¥°®¨¤  ¨

¢ ª« ±±¨·¥±ª³¾ ²¥®°¨¾ ¢¥ª®¢»µ ¢®§¬³¹¥­¨©. �« ¢­ ¿ § ±«³£  ¥£®

§¤¥±¼ | ¯³¡«¨ª ¶¨¿ ¢ 1831 £. ª®¬¯ ª²­®£® ª®­±¯¥ª²  ±¢®¨µ «¥ª¶¨©

¯® ­¥¡¥±­®© ¬¥µ ­¨ª¥, ·¨² ­­»µ ¨¬ ¢ �¥²¥°¡³°£¥ ¢ �®°±ª®© �ª ¤¥-

¬¨¨, �°²¨««¥°¨©±ª®© �ª ¤¥¬¨¨, ¢ �­±²¨²³²¥ �­¦¥­¥°®¢ �®°¯³± 

�³²¥© �®®¡¹¥­¨¿ ¨ ¢ �« ¢­®¬ �¥¤ £®£¨·¥±ª®¬ �­±²¨²³²¥ [1]. � 

½²®² ª³°± ¡»«¨ ¯°¥¤¢ °¨²¥«¼­® ¯®«³·¥­» ®¤®¡°¨²¥«¼­»¥ ®²§»¢»

�. �°° £® ¨ �. �³ ±±®­ . �®§­¨ª­®¢¥­¨¥ ¨­²¥°¥±  �. �. �±²°®-

£° ¤±ª®£® ª ­¥¡¥±­®© ¬¥µ ­¨ª¥ ­ µ®¤¨²±¿ ¢ ²¥±­®© ±¢¿§¨ ± ¥£® ° -

¡®² ¬¨ ¯®  ­ «¨²¨·¥±ª®© ¬¥µ ­¨ª¥, ¢»¯®«­¥­­»¬¨ ¨¬ ¢ � °¨¦¥ ¢

20-¥ £®¤» 19 ±²®«¥²¨¿, £¤¥ ®­ ­ µ®¤¨«±¿ ±°¥¤¨ ¯®±«¥¤®¢ ²¥«¥© ­ -

³·­®© ¸ª®«» � £° ­¦  ¨ ¢±²°¥· «±¿ ± � ¯« ±®¬, �®¸¨, �³°¼¥,

�³ ±±®­®¬, �³ ­±®, �° £®, �²³°¬®¬ ¨ ¤°. �®®²¢¥²±²¢¥­­®, ¯¥°¢ ¿

¯®«®¢¨­  ª³°±  ­¥¡¥±­®© ¬¥µ ­¨ª¨ ±®¤¥°¦¨² ¨§«®¦¥­¨¥ « £° ­¦¥¢ 

¬¥²®¤  ¢ °¨ ¶¨¨ ¯°®¨§¢®«¼­»µ ¯®±²®¿­­»µ. �®«¼ �±²°®£° ¤±ª®£®

¢ ­¥¡¥±­®© ¬¥µ ­¨ª¥ ­¥ ±«¥¤³¥² ¯°¥³¬¥­¼¸ ²¼, ¯®±ª®«¼ª³, ª ª ¨§-

¢¥±²­®, ¢ �®±±¨¨ ¢ 18 ¨ 19 ±²®«¥²¨¿µ ­¥¡¥±­ ¿ ¬¥µ ­¨ª  ° §¢¨¢ « ±¼

¨¬¥­­® ¢ ²°³¤ µ ¬ ²¥¬ ²¨ª®¢ ¨ ¬¥µ ­¨ª®¢: �©«¥° ¨ �³¡¥°² ¢ 18

±²®«¥²¨¨, �±²°®£° ¤±ª¨©, �®¢ «¥¢±ª ¿, �®¡ ·¥¢±ª¨©, �³ª®¢±ª¨©,

�¥¹¥°±ª¨©, �¿¯³­®¢ - ¢ 19 ±²®«¥²¨¨.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ¯°®£° ¬¬» "�¥¤³¹ ¿ ­ ³·­ ¿

¸ª®« " (£° ­² Â00-15-96775).

1. Cours de Mechanique Celeste fait par M-r M. V. Ostrogradski et redige
par J. Janouschevski. ��¡.: �¨¯®£°. �ª ¤¥¬¨¨ � ³ª, 1831. 95 ±.

About the scienti�c 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 scienti�c 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 scienti�c 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 scienti�c school (Laplace, Fourier,

Poinsot, Poisson, Cauchy, Arrago) and it mainly concerned to arbitrary con-

stants variation method and some other Lagrange's ideas.

�±²®°¨¿ ° §¢¨²¨¿ ¯°®´¥±±¨®­ «¼­®-²¥µ­¨·¥±ª®£®
®¡° §®¢ ­¨¿ ¢ �®±±¨¨

�. �. �¬¨°­®¢ 

�®¬¨²¥² ¯® ®¡° §®¢ ­¨¾  ¤¬¨­¨±²° ¶¨¨ � ­ª²-�¥²¥°¡³°£ , �®±±¨¿

� ¤®ª« ¤¥ ¤ ¥²±¿ ¨±²®°¨¿ ° §¢¨²¨¿ ¯°®´¥±±¨®­ «¼­®-²¥µ­¨·¥±ª®£®

®¡° §®¢ ­¨¿ ¢ �®±±¨¨. � · «® ² ª®¬³ ®¡° §®¢ ­¨¾ ¡»«® ¯®«®¦¥­®

±®§¤ ­¨¥¬ ³·¨«¨¹ ¤«¿ ¯®¤£®²®¢ª¨ ª¢ «¨´¨¶¨°®¢ ­­»µ ° ¡®·¨µ.

�¿¤ ² ª¨µ ³·¨«¨¹ ¢ ¤ «¼­¥©¸¥¬ ¯°¥¢° ²¨«±¿ ¢ ¯¥°¢®ª« ±±­»¥ ¢³§»

(­ ¯°¨¬¥°, �¥­¨­£° ¤±ª¨© ¨­±²¨²³² ²®·­®© ¬¥µ ­¨ª¨ ¨ ®¯²¨ª¨,

� «²¨©±ª¨© £®±³¤ °±²¢¥­­»© ²¥µ­¨·¥±ª¨© ³­¨¢¥°±¨²¥²). � �®-

¢¥²±ª®¬ �®¾§¥ ¯®¤®¡­®¬³ ®¡° §®¢ ­¨¾ ² ª¦¥ ³¤¥«¿«®±¼ ¡®«¼¸®¥

¢­¨¬ ­¨¥, ­¥ ³¬¥­¼¸ ¥²±¿ ¨­²¥°¥± ª ½²®© ¯°®¡«¥¬¥ ¨ ¢ ­ ±²®¿¹¥¥

¢°¥¬¿. �±®¡®¥ ¢­¨¬ ­¨¥ ¤«¿ ¯®¤£®²®¢ª¨ ¢»±®ª® ª¢ «¨´¨¶¨°®¢ ­-

­»µ ° ¡®·¨µ ·¥°¥§ ±¨±²¥¬³ ¯°®´¥±±¨®­ «¼­®-²¥µ­¨·¥±ª¨µ ³·¨«¨¹

¨ ±¯¥¶¨ «¼­»µ ª®««¥¤¦¥© ¤®«¦­® ¡»²¼ ³¤¥«¥­® ° ¶¨®­ «¼­®¬³ ¨§-

«®¦¥­¨¾ ¤¨±¶¨¯«¨­ ¥±²¥±²¢¥­­®£® ¯°®´¨«¿ | ¬ ²¥¬ ²¨ª¨, µ¨¬¨¨,

´¨§¨ª¨, ¢ ²®¬ ·¨±«¥ ¬¥µ ­¨ª¨. � ¤®ª« ¤¥  ­ «¨§¨°³¥²±¿ ¨±²®°¨¿

¤¨­ ¬¨ª¨ ¯°®£° ¬¬ ¯® ³ª § ­­»¬ ¯°¥¤¬¥² ¬.

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 pro�le (mathemat-

ics, chemistry, physics, including mechanics) for preparation of highly quali�ed

workers is analyzed.
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� ³·­®-¨±±«¥¤®¢ ²¥«¼±ª¨© ¨­±²¨²³² ¬ ²¥¬ ²¨ª¨
¨ ¬¥µ ­¨ª¨ � ­ª²-�¥²¥°¡³°£±ª®£® ³­¨¢¥°±¨²¥² 
(1932{2002)

�. �. � ¡ ­¥¥¢

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�§« £ ¥²±¿ ¨±²®°¨¿ ±®§¤ ­¨¿ ¨ ±² ­®¢«¥­¨¿ � ³·­®-¨±±«¥¤®¢ ²¥«¼-

±ª¨© ¨­±²¨²³² ¬ ²¥¬ ²¨ª¨ ¨ ¬¥µ ­¨ª¨ (�����). �°¨¢®¤¿²±¿

®±­®¢­»¥ ­ ³·­»¥ ¤®±²¨¦¥­¨¿ « ¡®° ²®°¨© ¨ ¨µ ±¢¿§¨ ± ª ´¥¤° ¬¨

¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª®£® ´ ª³«¼²¥² . �° ²ª® ®¯¨±»¢ ¥²±¿ ­ ³·-

­ ¿ ¨  ¤¬¨­¨±²° ²¨¢­ ¿ ¤¥¿²¥«¼­®±²¼ �. �. �¬¨°­®¢ , �. �. � «-

« ­¤¥° , � .�. � ¬®±¾ª  ¨ �. �. �¨°ª®¢ , § ­¨¬ ¢¸¨µ ¢ ° §­®¥

¢°¥¬¿ ¯®±² ¤¨°¥ª²®°  �����.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. � ¡ ­¥¥¢ �. �. � ³·­®-¨±±«¥¤®¢ ²¥«¼±ª®¬³ ¨­±²¨²³²³ ¬ ²¥¬ -
²¨ª¨ ¨ ¬¥µ ­¨ª¨ ¨¬.  ª ¤. �.�.�¬¨°­®¢  | 70 «¥² // � ­ª²-
�¥²¥°¡³°£±ª¨© ³­¨¢¥°±¨²¥². 2002, 30 ®ª²¿¡°¿. �. 1-4.
2. � ¡ ­¥¥¢ �. �. � §¢¨²¨¥ ¬¥µ ­¨ª¨ ­  ¬ ²¥¬ ²¨ª®-¬¥µ ­¨·¥±ª®¬
´ ª³«¼²¥²¥ ¨ ¢ ��� ¬ ²¥¬ ²¨ª¨ ¨ ¬¥µ ­¨ª¨ ¢ XX ¢¥ª¥ // �¡®°­¨ª
²°³¤®¢ ��� ¬ ²¥¬ ²¨ª¨ ¨ ¬¥µ ­¨ª¨ ¨¬.  ª ¤. �. �. �¬¨°­®¢  ¯®¤
°¥¤. �. �. �¨°ª®¢ , ��¡. 2002. �. 3-26.

The Scienti�c 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 Scienti�c Research Institute of

Mathematics and Mechanics (SRIMM) is given. The most important results of

research e�orts of the laboratories and their connection with the departments

of the Faculty of Mathematics and Mechanics are described. The scienti�c

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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�ª« ¤ ª ´¥¤°» ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨
�¥²¥°¡³°£±ª®£® ³­¨¢¥°±¨²¥²  ¢ ° §¢¨²¨¥ ¬¥µ -
­¨ª¨ ¢ 1917{2002 ££.

�. �. � ¡ ­¥¥¢, �. �. �¨«¨¯¯®¢

(sbf@petrodvorets.spb.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

� ¾²±¿ ª° ²ª¨¥ ¡¨®£° ´¨¨ ¨ ­ ³·­»¥ ¤®±²¨¦¥­¨¿ § ¢¥¤®¢ ¢¸¨µ ª -

´¥¤°®© ²¥®°¥²¨·¥±ª®© ¬¥µ ­¨ª¨ ¤® 1952 £. �. �. �®«®±®¢ , �. �. �®§¥,

�. �. �¨ª®« ¨ ¨ �. �. �°³²ª®¢ . �°¨¢¥¤¥­» ®±­®¢­»¥ °¥§³«¼-

² ²» ¨±±«¥¤®¢ ­¨© ¢ ®¡« ±²¨ ¬¥µ ­¨ª¨,   ² ª¦¥ ° ¡®² ¯® ¯®¤£®-

²®¢ª¥ ³·¥¡­¨ª®¢ ¨ ³·¥¡­»µ ¯®±®¡¨©, ¢»¯®«­¥­­»µ ±®²°³¤­¨ª ¬¨

ª ´¥¤°», ª®²®°®© ¢ ²¥·¥­¨¥ 25 «¥² (± 1952£. ¯® 1977 £.) °³-

ª®¢®¤¨« �. �. �®«¿µ®¢. � ­  µ ° ª²¥°¨±²¨ª  ­ ³·­®© ¨ ³·¥¡­®-

¬¥²®¤¨·¥±ª®© ¤¥¿²¥«¼­®±²¨ ª ´¥¤°» ¯®¤ °³ª®¢®¤±²¢®¬ �. �. �®¢-

±²¨ª  ± 1977 £. ¯® 2002 £.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â01-01-00327).

1. �®«¿µ®¢ �. �. � §¢¨²¨¥ ª ´¥¤°» ¬¥µ ­¨ª¨ ¢ �¥²¥°¡³°£±ª®¬{
�¥­¨­£° ¤±ª®¬ ³­¨¢¥°±¨²¥²¥ // �·¥°ª¨ ¯® ¨±²®°¨¨ «¥­¨­£° ¤±ª®£®
³­¨¢¥°±¨²¥² . 1962. �»¯. 1, �. 20-28.
2. � ¡ ­¥¥¢ �. �. � ´¥¤°  ²¥®°¥²¨·¥±ª®© ¨ ¯°¨ª« ¤­®© ¬¥µ ­¨ª¨ ¢
¯¥°¨®¤ 1960{1999 ££ // �¥±²­¨ª ��¡��. 1999. �»¯. 1, Â22.

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 scienti�c biographies of the heads of the department at the concerned

period of time are given. The most important results of research e�orts and

manuals preparation of the department's sta� are described.
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�² ­®¢«¥­¨¥ ¨ ° §¢¨²¨¥ ²¥®°¨¨ ¯®±²³¯ ²¥«¼­®{
¢° ¹ ²¥«¼­®£® ¤¢¨¦¥­¨¿ ¤¢³µ ²¢¥°¤»µ ²¥«

�. �. � ¬¡³°±ª ¿

(elena@math.pomorsu.ru)

�®¬®°±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �°µ ­£¥«¼±ª, �®±±¨¿

� ¦¤ ¿ ­ ³ª , ²¥®°¨¿ ¨¬¥¥² ±¢®¾ ¨±²®°¨¾ ¢®§­¨ª­®¢¥­¨¿ ¨ ° §¢¨-

²¨¿. � ­ ±²®¿¹¥¬ ¤®ª« ¤¥ ®±¢¥¹¥­  ¨±²®°¨¿ ±² ­®¢«¥­¨¿ ²¥®°¨¨

¯®±²³¯ ²¥«¼­®{¢° ¹ ²¥«¼­®£® ¤¢¨¦¥­¨¿ ¤¢³µ  ¡±®«¾²­® ²¢¥°¤»µ

²¥« | ®¤­®£® ¨§ ª°³¯­»µ ° §¤¥«®¢ ­¥¡¥±­®© ¬¥µ ­¨ª¨.

�±²®°¨¾ ½²®£® ¢®¯°®±  ¬®¦­® ° §¡¨²¼ ­  ²°¨ ®±­®¢­»µ ½² ¯ :

I | ¯¥°¨®¤ ¤® XX ¢¥ª ,

II | ¯¥°¨®¤ ®² ­ · «  XX ¢¥ª  ¤® 1958 £®¤ ,

III | ¯¥°¨®¤ ± 1958 £®¤ .

�¹¥ ª« ±±¨ª¨ ­¥¡¥±­®© ¬¥µ ­¨ª¨ (�. �¼¾²®­, �. �©«¥°, �. � -

£° ­¦, �. �³ ±±®­, �. � ²¼¥) ±®§­ ¢ «¨ ®£° ­¨·¥­­®±²¼ ¢ ¯®±² -

­®¢ª¥ § ¤ · ® ¯®±²³¯ ²¥«¼­®¬ ¨ ¢° ¹ ²¥«¼­®¬ ¤¢¨¦¥­¨¨ ­¥¡¥±­»µ

²¥« ¨ ­¥®¤­®ª° ²­® ³ª §»¢ «¨ ­  ­¥®¡µ®¤¨¬®±²¼ ±®¢¬¥±²­®£® ¨§³-

·¥­¨¿ ¯®±²³¯ ²¥«¼­®£® ¨ ¢° ¹ ²¥«¼­®£® ¤¢¨¦¥­¨¿. �³¹¥±²¢¥­­®¥

° §¢¨²¨¥ ²¥®°¨¿ ¯®«³·¨«  «¨¸¼ ¢ ±®¢°¥¬¥­­»µ ° ¡®² µ II ¨ III ½² -

¯®¢.

�®¢°¥¬¥­­ ¿ ²¥®°¨¿ ¯®±²³¯ ²¥«¼­®{¢° ¹ ²¥«¼­®£® ¤¢¨¦¥­¨¿  ¡±®-

«¾²­® ²¢¥°¤»µ ­¥¡¥±­»µ ²¥« ±®§¤ ­ , ¢ ®±­®¢­®¬, ° ¡®² ¬¨ �. �. �¥-

«¥¶ª®£®, �. �. �³¡®¸¨­ , �. �. �®­¤³° °¿. �®±² ­®¢ª  § ¤ ·¨, ¢»-

¢®¤ ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨©, ®¯¨±»¢ ¾¹¨µ ±®¢¬¥±²­®¥ ¯®±-

²³¯ ²¥«¼­®{¢° ¹ ²¥«¼­®¥ ¤¢¨¦¥­¨¥  ¡±®«¾²­® ²¢¥°¤»µ ²¥«, ¢  ¡±®-

«¾²­®© ±¨±²¥¬¥ ¡»«  ¢¯¥°¢»¥ ¤ ­  ¢ 1958 £®¤³ �. �. �³¡®¸¨­»¬ [2].

�²  ° ¡®² , ª®²®°³¾ ¬» ®²­¥±¥¬ ª III ½² ¯³, ´ ª²¨·¥±ª¨ ¯®«®¦¨« 

­ · «®  ª²¨¢­»¬ ¨±±«¥¤®¢ ­¨¿¬ ¯°®¡«¥¬» ¯®±²³¯ ²¥«¼­®{¢° ¹ -

²¥«¼­®£® ¤¢¨¦¥­¨¿  ¡±®«¾²­® ²¢¥°¤»µ ²¥« ¢ ®¡¹¥¬ ¢¨¤¥.

�®«¥¥ ¯®¤°®¡­»¥ ±¢¥¤¥­¨¿ ¯® ¨±²®°¨¨ I ½² ¯  ¯°¨¢¥¤¥­» ¢ ° ¡®²¥

�. �. �°ª¨­®© [4]. III ½² ¯ ¨ · ±²¨·­® II ° ±±¬ ²°¨¢ ¾² ¢ ±¢®¥©

° ¡®²¥ �. �. � °ª¨­ ¨ �. �. �¥¬¨­ [1]. � ½²®¬ ¤®ª« ¤¥ ¬» ®±² ­®-

¢¨¬ ±¢®¥ ¢­¨¬ ­¨¥ ­  II ½² ¯¥ ¨ · ±²¨·­® ­  III [3]. III ½² ¯ ®±¢¥¹¥­

¤® ¬®¬¥­²  ¯®¿¢«¥­¨¿ ¯¥°¢»µ ²°³¤®¢, ®¯¨±»¢ ¾¹¨µ ¤¢¨¦¥­¨¥ 3-µ

²¢¥°¤»µ ²¥«.

� ¡®²  ¢»¯®«­¥­  ¯°¨ ¯®¤¤¥°¦ª¥ ���� (£° ­² Â00-02-17677).
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1. � °ª¨­ �. �., �¥¬¨­ �. �. �®±²³¯ ²¥«¼­®-¢° ¹ ²¥«¼­®¥ ¤¢¨¦¥-
­¨¥ ­¥¡¥±­»µ ²¥« // �²®£¨ ­ ³ª¨ ¨ ²¥µ­¨ª¨. ������. �±²°®­.
1982. Â 20, C. 87-206.
2. �³¡®¸¨­ �. �. � ¤¨´´¥°¥­¶¨ «¼­»µ ³° ¢­¥­¨¿µ ¯®±²³¯ ²¥«¼­®-
¢° ¹ ²¥«¼­®£® ¤¢¨¦¥­¨¿ ¢§ ¨¬­® ¯°¨²¿£¨¢ ¾¹¨µ±¿ ²¢�¥°¤»µ ²¥«
// �. ¦., 1958. T. 35, Â 2, C. 265-276.
3. �¨¤¿ª¨­ �. �., �¬¥«¼¿­®¢ �. �., �¥­¼¸¨ª®¢  �. �., � ¬¡³°-
±ª ¿ �. �. �®±²³¯ ²¥«¼­®-¢° ¹ ²¥«¼­®¥ ¤¢¨¦¥­¨¥ ¤¢³µ ²¢�¥°¤»µ
²¥«. �. 2. �·¥¡­®¥ ¯®±®¡¨¥. �°µ ­£¥«¼±ª: ���, 1997.
4. �°ª¨­  �. �. � §¢¨²¨¥ ²¥®°¨¨ ¢° ¹¥­¨¿ ²¢¥°¤®£® ­¥¡¥±­®£®
²¥«  ­  ®±­®¢¥ ³° ¢­¥­¨¿ � ¬¨«¼²®­ -�ª®¡¨. � ¨±²®°¨¨ ²¥®°¨¨ ¯®-
²¥­¶¨ «  ¨ ²¥®°¨¨ ¢° ¹¥­¨¿ ­¥¡¥±­»µ ²¥«. �¥¯. ¢ ���� ������
¨ �. �. 1980. Â 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 �rst

works describing the movement of the three rigid bodies.

�¥¢¨§¨¿  ª±¨®¬ ²¨ª¨ "� · «" �¼¾²®­ 
¢ "�¥µ ­¨ª¥" �. � µ 

�. �. �®«·¥«¼­¨ª®¢ 

�« ¢­ ¿  ±²°®­®¬¨·¥±ª ¿ ®¡±¥°¢ ²®°¨¿ ���, � ­ª²-�¥²¥°¡³°£, �®±±¨¿

�¡° ¹¥­¨¥ �. � µ  ª  ­ «¨§³ ¯°¨­¶¨¯®¢ ª« ±±¨·¥±ª®© ¬¥µ ­¨ª¨

¡»«® ¢»§¢ ­®, ª ª ±²°¥¬«¥­¨¥¬ ¯®¯³«¿°­® ¯®¿±­¨²¼ ¥¥ ¨±²®°¨·¥-

±ª¨¥ ª®°­¨, ² ª ¨ ­ ¬¥°¥­¨¥¬ ¨±ª«¾·¨²¼ ¨§ ­ ³ª¨ "¯° §¤­»¥ ¬¥² -

´¨§¨·¥±ª¨¥ ¯®­¿²¨¿", ª ª®²®°»¬, ¯® ¬­¥­¨¾ � µ , ®²­®±¿²±¿  ¡±®-

«¾²­»¥ ¤¢¨¦¥­¨¥, ¯°®±²° ­±²¢® ¨ ¢°¥¬¿. �°¨§­ ¢ ¿ ²®«¼ª® ®²­®-

±¨²¥«¼­®¥ ¤¢¨¦¥­¨¥ ¨ ¯®« £ ¿, ·²® "®±­®¢­»¥ ¯°¨­¶¨¯» ¬¥µ ­¨ª¨

¬®£³² ¡»²¼ ±®±² ¢«¥­» ² ª, ·²®¡» ¨ ¯°¨ ®²­®±¨²¥«¼­®¬ ¤¢¨¦¥­¨¨
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¯®«³· «¨±¼ ¶¥­²°®¡¥¦­»¥ ±¨«»", � µ ¯°¨¸¥« ª ² ª ­ §»¢ ¥¬®¬³

"¯°¨­¶¨¯³ � µ ", ¯®«³·¨¢¸¥¬³ ­¥®¤­®§­ ·­®¥ ²®«ª®¢ ­¨¥ ¢ «¨²¥-

° ²³°¥. �­ ª°¨²¨ª³¥² ¨§¢¥±²­»© ®¯»² �¼¾²®­  ± ¢¥¤°®¬ ¨ § -

ª«¾· ¥², ·²® "³·¥­¨¿ �²®«¥¬¥¿ ¨ �®¯¥°­¨ª  ®¤¨­ ª®¢® ¯° ¢¨«¼­»,

¯®±«¥¤­¥¥ ²®«¼ª® ¯°®¹¥ ¨ ¯° ª²¨·­¥¥".

� ±¸¨°¥­¨¥ ±´¥°» ¯°¨¬¥­¥­¨¿ ­¼¾²®­®¢®© ¬¥µ ­¨ª¨ §  ¯°¥¤¥«»

�®«­¥·­®© ±¨±²¥¬» ± ­¥¨§¡¥¦­®±²¼¾ ¯°¨¢®¤¨² ª ¯®¿¢«¥­¨¾ ­®¢»µ

²¥°¬¨­®¢ ¨ ­¥®¡µ®¤¨¬®±²¨ ³¿±­¥­¨¿ ¨µ ¬¥±²  ¢ ³¦¥ ±«®¦¨¢¸¥©±¿

²¥°¬¨­®«®£¨¨. �¥¦¤³ ²¥¬, � µ ¯®« £ « "­¥¤®¯³±²¨¬»¬ ¨ ¤ ¦¥

¡¥±±¬»±«¥­­»¬ ° ±¸¨°¥­¨¥ ±´¥°» ¤¥©±²¢¨¿ ®±­®¢­»µ ¯°¨­¶¨¯®¢

¬¥µ ­¨ª¨ §  ¯°¥¤¥«» ®¯»² ". � ª ¿ ³±² ­®¢ª  ­¥ ¯®§¢®«¨«  ¥¬³

¯°®¢¥±²¨ £° ­¼ ¬¥¦¤³ ®¡¹¨¬¨ ¯®­¿²¨¿¬¨, ­¥®¡µ®¤¨¬»¬¨ ¢ ¬ ²¥¬ -

²¨·¥±ª®© ¤¨±¶¨¯«¨­¥, ¿¢«¿¾¹¥©±¿ ¬¥²®¤®¬ ¨§³·¥­¨¿ «¾¡»µ ¤¢¨¦¥-

­¨©, ¨ ª®­ª°¥²­»¬¨ ¯®­¿²¨¿¬¨ - ±¨±²¥¬ ¬¨ ª®®°¤¨­ ² ¨ ¢°¥¬¥­¨,

¨±¯®«¼§³¥¬»¬¨ ¢ ¤ ­­³¾ ¨±²®°¨·¥±ª³¾ ½¯®µ³.

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 �nd 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
speci�c 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.

�®¬®ª«¨­¨·¥±ª ¿ ª °²¨­  �³ ­ª °¥
¨ ²¥«¥®«®£¨·¥±ª¨© ¯®¤µ®¤ ª ³° ¢­¥­¨¿¬ ¬¥µ ­¨ª¨

�. �. �¬»°®¢

(shmyrov@apmath.spbu.ru)

� ­ª²-�¥²¥°¡³°£±ª¨© £®±³¤ °±²¢¥­­»© ³­¨¢¥°±¨²¥², �®±±¨¿

�§¢¥±²­»© ¯°¨¬¥° �. �³ ­ª °¥, ¢ ª®²®°®¬ ®¯¨±»¢ ¥²±¿ ¯®¢¥¤¥­¨¥

¤¢®¿ª® ±¨¬¯²®²¨·¥±ª®© ª°¨¢®©, ² ª ­ §»¢ ¥¬ ¿ "£®¬®ª«¨­¨·¥±ª ¿

ª °²¨­ ", ¬®¦­® ¨­²¥°¯°¥²¨°®¢ ²¼ ± ¢ °¨ ¶¨®­­®© ²®·ª¨ §°¥­¨¿

± ¯®¬®¹¼¾ ¯°¨­¶¨¯  ­ ¨¬¥­¼¸¥£® ¤¥©±²¢¨¿ ¨ ¥£® ¬®¤¨´¨ª ¶¨©. �

½²®¬ ±«³· ¥ ª°¨¢ ¿, ¤®±² ¢«¿¾¹ ¿ ¬¨­¨¬ «¼­®¥ §­ ·¥­¨¥ ´³­ª¶¨®-

­ «³ ¯°¨ ­ ¤«¥¦ ¹¨¬ ®¡° §®¬ ­ «®¦¥­­»µ ±¢¿§¿µ, ¿¢«¿¥²±¿ °¥ «¨-

§ ¶¨¥© ¶¥«¥­ ¯° ¢«¥­­®£® ¤¢¨¦¥­¨¿ ²®·ª¨ ¯® ­¥ª®²®°®© "¬ °¸°³²-

­®© ±µ¥¬¥". � ª ¿ ¨­²¥°¯°¥² ¶¨¿ ¯®§¢®«¿¥² ¨±±«¥¤®¢ ²¼ ª ·¥±²¢¥­-

­»¥ ±¢®©±²¢  ²° ¥ª²®°¨©, ­¥¤®±²³¯­»¥ ®¡»·­»¬  ­ «¨²¨·¥±ª¨¬ ¬¥-

²®¤ ¬ ¨, ¢ · ±²­®±²¨, ®¡º¿±­¨²¼ "£®¬®ª«¨­¨·¥±ª³¾ ª °²¨­³".

� ¡®²  ¢»¯®«­¥­  ¯°¨ ´¨­ ­±®¢®© ¯®¤¤¥°¦ª¥ ���� (£° ­² Â02-

01-01039).

1. �³ ­ª °¥ �., �®¢»¥ ¬¥²®¤» ­¥¡¥±­®© ¬¥µ ­¨ª¨. �. 1. � ª­. �­°¨
�³ ­ª °¥ "�§¡° ­­»¥ ²°³¤»". �. 1, �.: � ³ª , 1971.
2. �¬»°®¢ �. �. �±²®©·¨¢®±²¼ ¢ £ ¬¨«¼²®­®¢»µ ±¨±²¥¬ µ. ��¡.,
1995. 127 ±.

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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