
°ÃÇ ÍÑÏÏÇÐÕËÓÖÇÏÞÇ ÓÂÃÑÕÞ [1, 2] ÒÑÔÄâÜÇÐÞ ÆËÐÂÏËÍÇ
ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ ÐÂ ÛÇÓÑØÑÄÂÕÑÌ ÅÑÓËÊÑÐÕÂÎßÐÑÌ ÒÎÑ-
ÔÍÑÔÕË.

¡ÄÕÑÓ ÐÂÔÕÑâÜÇÅÑ ÍÑÏÏÇÐÕÂÓËâ Ä 1995 Å. ÓÂÔÔÍÂÊÞÄÂÎ
×ÓÂÐÙÖÊÔÍËÏ ÏÂÕÇÏÂÕËÍÂÏ Ä ¯ÂÙËÑÐÂÎßÐÑÏ ËÐÔÕËÕÖÕÇ
ËÔÔÎÇÆÑÄÂÐËÌ Ä ËÐ×ÑÓÏÂÕËÍÇ Ë ÂÄÕÑÏÂÕËÍÇ (Institut
national de recherche en informatique et en automatique ì
INRIA) (²ÑÍÂÐÍÖÓ, ¶ÓÂÐÙËâ) Ñ ÆËÐÂÏËÍÇ ÍÇÎßÕÔÍÑÅÑ
ÍÂÏÐâ Ô ÆÇÏÑÐÔÕÓÂÙËÇÌ àÍÔÒÇÓËÏÇÐÕÂ. ¿ÍÔÒÇÓËÏÇÐÕ ÒÓÑ-
ËÊÄÈÎ ÄÒÇÚÂÕÎÇÐËÇ ÐÂ ÔÎÖÛÂÕÇÎÇÌ, Ë ÑÆËÐ ËÊ ÐËØ ÒÓÇÆ-
ÎÑÉËÎ ÒÑÍÂÊÂÕß ÇÅÑ ×ËÊËÍÂÏ Ë ÆÑÃÂÄËÎ: "°ÐË ÕÖÕ ÉÇ
ËÊÑÃÓÇÕÖÕ ÐÑÄÖá àÎÇÏÇÐÕÂÓÐÖá ÚÂÔÕËÙÖ". ¿ÕÂ ÛÖÕÍÂ
ÆÇÏÑÐÔÕÓËÓÑÄÂÎÂ ÕÑ ÊÂÕÓÖÆÐÇÐËÇ, ÍÑÕÑÓÑÇ ËÔÒÞÕÞÄÂÎË
ÔÎÖÛÂÕÇÎË Ä ÑÃÝâÔÐÇÐËË ÖÄËÆÇÐÐÑÅÑ.

±ÑÄÇÆÇÐËÇ ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ, ÆÇÌÔÕÄËÕÇÎßÐÑ, ÄÞÊÞ-
ÄÂÇÕ ÖÆËÄÎÇÐËÇ, Ë ÖÔÒÇØÂ Ä ÂÆÇÍÄÂÕÐÑÏ ÑÃÝâÔÐÇÐËË àÍÔ-
ÒÇÓËÏÇÐÕÂ ÏÑÉÐÑ ÆÑÔÕËÚß, Ä ÒÇÓÄÖá ÑÚÇÓÇÆß, ÒÓË ×Ë-
ÊËÚÇÔÍË ÑÃÑÔÐÑÄÂÐÐÑÏ ÄÞÃÑÓÇ ÏÑÆÇÎË. ¹ËÔÕÑ ÏÂÕÇÏÂÕË-
ÚÇÔÍËÇ ÑÃÔÕÑâÕÇÎßÔÕÄÂ Ä àÕÑÌ ÊÂÆÂÚÇ ËÅÓÂáÕ ÄÕÑÓÑÔÕÇ-
ÒÇÐÐÖá ÓÑÎß.

®ÑÆÇÎß ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ, ÒÑÔÕÓÑÇÐÐÂâ Ë ËÊÖÚÇÐÐÂâ Ä
[3], ÒÓÇÆÔÕÂÄÎâÇÕ ÔÑÃÑÌ ÖÔÇÚÈÐÐÞÌ ÖÒÓÖÅËÌ àÎÎËÒÔÑËÆ,
ÑÒËÓÂáÜËÌÔâ ÐÂ ÖÒÓÖÅÖá ÒÑÎÖÒÎÑÔÍÑÔÕß. ±ÎÑÜÂÆÍÂ
ÍÑÐÕÂÍÕÂ ÓÂÔÔÚËÕÞÄÂÇÕÔâ ÒÑ ÕÇÑÓËË ÍÑÐÕÂÍÕÐÞØ ÐÂÒÓâ-
ÉÇÐËÌ ¤ÇÓÙÂ. ¤ÎÂÄÐÞÌ ÄÇÍÕÑÓ Ë ÅÎÂÄÐÞÌ ÏÑÏÇÐÕ ÔËÎ
ÄÊÂËÏÑÆÇÌÔÕÄËâ ÍÂÏÐâ Ë ÒÎÑÔÍÑÔÕË ÒÑÎÖÚÂáÕÔâ ËÐÕÇÅÓË-

ÓÑÄÂÐËÇÏ àÎÇÏÇÐÕÂÓÐÞØ ÔËÎ ÔÖØÑÅÑ ÕÓÇÐËâ ÒÑ ¬ÖÎÑÐÖ Ä
ÄËÆÇ ÆÄÖÍÓÂÕÐÞØ ËÐÕÇÅÓÂÎÑÄ àÎÎËÒÕËÚÇÔÍÑÅÑ ÕËÒÂ.

¥Ë××ÇÓÇÐÙËÂÎßÐÞÇ ÖÓÂÄÐÇÐËâ ÆÄËÉÇÐËâ ¿ÌÎÇÓÂ Ô
ÒÓÂÄÞÏË ÚÂÔÕâÏË Ä ÄËÆÇ ÆÄÖÍÓÂÕÐÞØ ËÐÕÇÅÓÂÎÑÄ ÐÇ-
ÖÆÑÃÐÞ ÆÎâ ÂÐÂÎËÊÂ. ªÊÄÇÔÕÐÞ ÆÄÂ ÔÒÑÔÑÃÂ ÖÒÓÑÔÕËÕß
ÊÂÆÂÚÖ.

±ÇÓÄÞÌ ÔÒÑÔÑÃ, ÒÓËÏÇÐÈÐÐÞÌ ÂÄÕÑÓÂÏË ÓÂÃÑÕ [1, 2],
ÔÑÔÕÑËÕ Ä ÊÂÏÇÐÇ ÅÇÓÙÇÄÔÍÑÌ ÒÎÑÜÂÆÍË ÍÑÐÕÂÍÕÂ ÕÑÚÍÑÌ Ë
ÒÓÇÆÒÑÎÑÉÇÐËË, ÚÕÑ Ä àÕÑÌ ÕÑÚÍÇ ÒÓÑÔÍÂÎßÊÞÄÂÐËÇ ÑÕÔÖÕ-
ÔÕÄÖÇÕ (ÐÇÅÑÎÑÐÑÏÐÑÇ ÖÔÎÑÄËÇ). ¿ÕÑ ÒÓÇÆÒÑÎÑÉÇÐËÇ ÒÓË-
ÄÑÆËÕ Í ÔËÎßÐÑÏÖ ÖÒÓÑÜÇÐËá ÊÂÆÂÚË, ÒÑÔÍÑÎßÍÖ ÔËÎÞ
ÕÓÇÐËâ ÔÄÑÆâÕÔâ Í ÓÇÂÍÙËË ÐÇÅÑÎÑÐÑÏÐÑÌ ÔÄâÊË.

´ÂÍÂâ ÏÑÆÇÎß ÍÑÐÕÂÍÕÐÑÅÑ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÍÂÕâÜËØ-
Ôâ ÖÒÓÖÅËØ ÕÇÎ (ÐÇÅÑÎÑÐÑÏÐÂâ ÏÑÆÇÎß) ÛËÓÑÍÑ ÓÂÔÒÓÑ-
ÔÕÓÂÐÇÐÂ (ÔÏ., ÐÂÒÓËÏÇÓ, [4]).

¿ÕÂ ÏÑÆÇÎß ÐÇÍÑÓÓÇÍÕÐÂ ÒÑ ¡ÆÂÏÂÓÖ. ³ÍÑÎß ÖÅÑÆÐÑ
ÏÂÎÂâ, ÐÑ ÑÕÎËÚÐÂâ ÑÕ ÕÑÚÇÚÐÑÌ ÒÎÑÜÂÆÍÂ ÍÑÐÕÂÍÕÂ ÒÓË-
ÄÑÆËÕ Í ÔÍÂÚÍÑÑÃÓÂÊÐÑÏÖ ËÊÏÇÐÇÐËá ÓÇÊÖÎßÕÂÕÂ.

£ ÚÂÔÕÐÑÏ ÔÎÖÚÂÇ ÍÂÚÇÐËâ ÛÂÓÂ ÒÑ ÒÎÑÔÍÑÔÕË ÕÂÍÂâ
ÐÇÍÑÓÓÇÍÕÐÑÔÕß ÒÑÍÂÊÂÐÂ À.ª. ¯ÇÌÏÂÓÍÑÏ Ë ¯.¡. ¶Ö-
×ÂÇÄÞÏ Ä [5].

°ÚÇÐß ÒÎÑØÑÇ ÔÑÑÕÄÇÕÔÕÄËÇ àÍÔÒÇÓËÏÇÐÕÖ ÐÇÅÑÎÑÐÑÏ-
ÐÑÌ ÏÑÆÇÎË ÖÒÓÖÅÑÅÑ ÍÑÐÕÂÍÕÂ ÊÂÔÕÂÄËÎÑ ±. ¬ÑÐÕÇÐÔÖ [6]
Ä ÊÂÆÂÚÇ Ñ ÆËÐÂÏËÍÇ ÍÑÓÂÃÇÎßÐÑÌ ÅËÓÑÄÇÓÕËÍÂÎË ÑÃÓÂ-
ÕËÕßÔâ Í ÓÂÔÔÏÑÕÓÇÐËá ÍÑÐÇÚÐÑÌ ÒÎÑÜÂÆÍË ÍÑÐÕÂÍÕÂ. £
[7] ÒÓËÄÑÆËÕÔâ ÒÓËÏÇÓ, ÍÑÅÆÂ ÓÇÊÖÎßÕÂÕÞ àÍÔÒÇÓËÏÇÐÕÂ
ÑÕÎËÚÂáÕÔâ ÑÕ ÕÇÑÓÇÕËÚÇÔÍËØ Ä 130/3 ÓÂÊ. £ [8] ÒÑÍÂÊÂÐÑ,
ÚÕÑ Ä ÊÂÆÂÚÇ Ñ ÄÑÎÚÍÇ ´ÑÏÔÑÐÂ ÐÇÅÑÎÑÐÑÏÐÂâ ÏÑÆÇÎß ÐÇ
ÕÑÎßÍÑ ÍÑÎËÚÇÔÕÄÇÐÐÑ, ÐÑ Ë ÆÂÉÇ ÍÂÚÇÔÕÄÇÐÐÑ ÒÓÑÕËÄÑ-
ÓÇÚËÕ àÍÔÒÇÓËÏÇÐÕÖ.

£ÕÑÓÑÌ ÔÒÑÔÑÃ ÖÒÓÑÔÕËÕß ÊÂÆÂÚÖ Ë ÔÆÇÎÂÕß àÕÑ ÖÒÓÑ-
ÜÇÐËÇ ÍÑÓÓÇÍÕÐÞÏ ËÔÒÑÎßÊÑÄÂÐ Ä [3, 8]. ¥ÄÖÍÓÂÕÐÞÇ
ËÐÕÇÅÓÂÎÞ Ä ÒÓÂÄÞØ ÚÂÔÕâØ ÆË××ÇÓÇÐÙËÂÎßÐÞØ ÖÓÂÄÐÇ-
ÐËÌ ÑÃÔÖÉÆÂÇÏÑÌ Ä [3] ÏÑÆÇÎË ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ ÒÓÇÆ-
ÔÕÂÄÎÇÐÞ ÓÂÄÐÑÏÇÓÐÑ ÔØÑÆâÜËÏËÔâ ÄÑ ÄÔÇÌ ÑÃÎÂÔÕË
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ËÊÏÇÐÇÐËâ ÍËÐÇÏÂÕËÚÇÔÍËØ ÒÂÓÂÏÇÕÓÑÄ ÓÂÊÎÑÉÇÐËâÏË
±ÂÆÇ.

©ÂÍÑÐ ÔÖØÑÅÑ ÕÓÇÐËâ ¬ÖÎÑÐÂ

F � f N sign v �1�
ÒÓË ÖÚÈÕÇ ÐÇ ÕÑÎßÍÑ ÔÍÑÓÑÔÕË ÒÓÑÔÍÂÎßÊÞÄÂÐËâ v, ÐÑ Ë
ÄÓÂÜÇÐËâ Ô ÖÅÎÑÄÑÌ ÔÍÑÓÑÔÕßá u Ä ÒÇÓÄÑÏ ÒÓËÃÎËÉÇÐËË
±ÂÆÇ ÊÂÄËÔËÕ ÑÕ àÕËØ ÔÍÑÓÑÔÕÇÌ ÍÂÍ ÆÓÑÃÐÑ-ÎËÐÇÌÐÂâ
×ÖÐÍÙËâ

F � f Nv

jvj � ajuj ; �2�

ÅÆÇ a ÑÒÓÇÆÇÎâÇÕÔâ ÓÂÊÏÇÓÂÏË ÒÎÑÜÂÆÍË ÍÑÐÕÂÍÕÂ Ë
ÊÂÍÑÐÑÏ ÓÂÔÒÓÇÆÇÎÇÐËâ Ä ÐÇÌ ÐÑÓÏÂÎßÐÞØ ÐÂÒÓâÉÇÐËÌ.

±ÓËÐÙËÒËÂÎßÐÑ ÄÂÉÐÞÏ âÄÎâÇÕÔâ ÕÑ ÑÃÔÕÑâÕÇÎßÔÕÄÑ,
ÚÕÑ ÊÂÄËÔËÏÑÔÕß ÔËÎÞ ÕÓÇÐËâ ÑÕ ÔÍÑÓÑÔÕË v Ä ×ÑÓÏÖÎÇ (2)
ÐÇ ÔÑÆÇÓÉËÕ ÓÂÊÓÞÄÂ ÒÇÓÄÑÅÑ ÓÑÆÂ, ÍÂÍ àÕÑ ËÏÇÇÕ ÏÇÔÕÑ Ä
ÊÂÍÑÐÇ (1). ¿ÕÑ ËÏÇÇÕ ÏÇÔÕÑ, ÇÔÎË ÖÅÎÑÄÂâ ÔÍÑÓÑÔÕß u 6� 0,
ÍÂÍÑÌ ÃÞ ÏÂÎÑÌ ÑÐÂ ÐË ÃÞÎÂ. ³ÒÇÙËÂÎËÔÕÞ Ä ÅËÓÑÔÍÑÒËË
ÐÂÊÞÄÂáÕ àÕÑÕ à××ÇÍÕ à××ÇÍÕÑÏ "ÑÉËÄÎÇÐËâ ÕÓÇÐËâ ÒÑ
¨ÖÍÑÄÔÍÑÏÖ".

²ÂÊÎÑÉËÄ ×ÖÐÍÙËá (2) Ä ÓâÆ ´ÇÌÎÑÓÂ ÒÑ v Ä ÑÍÓÇÔÕÐÑ-
ÔÕË v � 0, ÒÑÎÖÚËÏ

F � xv ; x � f N

ajuj ; �3�

ÑÕÍÖÆÂ ÔÎÇÆÖÇÕ, ÚÕÑ ÔÖØÑÇ ÕÓÇÐËÇ ÒÓË ÐÂÎËÚËË ÐÇ ÕÑÎßÍÑ
ÔÍÑÎßÉÇÐËâ, ÐÑ Ë ÄÓÂÜÇÐËâ ÒÓËÑÃÓÇÕÂÇÕ ÚÇÓÕÞ ÄâÊÍÑÅÑ
ÕÓÇÐËâ.

±Ñ àÕÑÌ ÒÓËÚËÐÇ ÅÑÄÑÓËÕß, ÚÕÑ ÔÖØÑÇ ÕÓÇÐËÇ ÑÃÇÔ-
ÒÇÚËÄÂÇÕ ÑÕÔÖÕÔÕÄËÇ ÒÓÑÔÍÂÎßÊÞÄÂÐËâ Ä ÕÑÚÍÇ ÍÑÐÕÂÍÕÂ
ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ Ô ÒÎÑÔÍÑÔÕßá (ÐÇÅÑÎÑÐÑÏÐÑÇ ÖÔÎÑÄËÇ)
ÏÑÉÐÑ, ÕÑÎßÍÑ ÇÔÎË ÍÂÏÇÐß ÐÇ ÄÓÂÜÂÇÕÔâ. ¯Ñ ÍÂÍ ÓÂÊ
ÑÔÑÃÇÐÐÑÔÕË ÄÓÂÜÇÐËâ ÍÇÎßÕÔÍÑÅÑ ÍÂÏÐâ Ë ÒÓÇÆÔÕÂÄÎâáÕ
ÔÑÃÑÌ ÅÎÂÄÐÞÌ ËÐÕÇÓÇÔ.

´ÂÍËÏ ÑÃÓÂÊÑÏ, ÓÂÔÔÏÂÕÓËÄÂÇÏÂâ Ä ÍÑÏÏÇÐÕËÓÖÇÏÞØ
ÓÂÃÑÕÂØ [1, 2] ÏÑÆÇÎß Ä ÔÕÓÑÅÑÏ ÔÏÞÔÎÇ âÄÎâÇÕÔâ ÐÇ
×ËÊËÚÇÔÍÑÌ ÏÑÆÇÎßá, Â ËÔÍÖÔÔÕÄÇÐÐÑÌ ÏÂÕÇÏÂÕËÚÇÔÍÑÌ
ÏÑÆÇÎßá, ÐÇ ËÏÇáÜÇÌ ÑÕÐÑÛÇÐËâ Í ÓÇÂÎßÐÑÏÖ ÑÃÝÇÍÕÖ.

ªÐÑÅÆÂ ÐÂ ÐÇÅÑÎÑÐÑÏÐÖá ÏÑÆÇÎß ÑÃÍÂÕÞÄÂÐËâ ÕÄÈÓ-
ÆÞØ ÕÇÎ ÔÏÑÕÓâÕ ÍÂÍ ÐÂ ÐÇÍÑÕÑÓÑÇ ÒÓËÃÎËÉÇÐËÇ. ¿ÕÑ

ÒÓËÃÎËÉÇÐËÇ ÐÂÆÑ ÑÃÑÔÐÑÄÞÄÂÕß. £ÑÊÏÑÉÐÑÔÕË ÕÂÍÑÅÑ
ÑÃÑÔÐÑÄÂÐËâ ÏÑÉÐÑ ÖÄËÆÇÕß Ä ×ÑÓÏÖÎÇ (3), ÇÔÎË ÔÚËÕÂÕß
ÖÅÎÑÄÖá ÔÍÑÓÑÔÕß u ÆÑÔÕÂÕÑÚÐÑ ÏÂÎÑÌ. £ ÓÂÊÎËÚÐÞØ
ÕÇØÐËÚÇÔÍËØ ÊÂÆÂÚÂØ ÕÂÍÑÌ ÒÑÆØÑÆ ÄÒÑÎÐÇ ÄÑÊÏÑÉÇÐ.
°ÆÐÂÍÑ ÂÐÂÎËÊ ÓÂÊÐÑÑÃÓÂÊÐÞØ ÕÑÐÍËØ ÏÂÕÇÏÂÕËÚÇÔÍËØ
ÑÃÔÕÑâÕÇÎßÔÕÄ Ä ÓÂÏÍÂØ ÅÓÖÃÞØ ËÔØÑÆÐÞØ ÒÓËÃÎËÉÇÐËÌ
ÒÓÇÆÔÕÂÄÎâÇÕÔâ ÐÇÑÒÓÂÄÆÂÐÐÞÏ.

®ÇÉÆÖ ÕÇÏ ÇÔÎË ÄÏÇÔÕÑ ÊÂÍÑÐÂ ¬ÖÎÑÐÂ (1), ÖÔÕÂÐÑÄ-
ÎÇÐÐÑÅÑ ÆÎâ ÒÓÑÔÕÇÌÛÇÌ ÍËÐÇÏÂÕËÍË, ËÔÒÑÎßÊÑÄÂÕß ÊÂ-
ÍÑÐ ÕÓÇÐËâ (2), ÔÕÓÑÅÑ ÄÞÕÇÍÂáÜËÌ ËÊ (1) Ä ÔÎÖÚÂÇ ÒÓÑ-
ËÊÄÑÎßÐÑÌ ÍËÐÇÏÂÕËÍË, ÕÑ, ÍÂÍ ÒÑÍÂÊÂÐÑ Ä [3, 8], ÄÔÇ
ÓÇÂÎßÐÑ ÐÂÃÎáÆÂÇÏÞÇ à××ÇÍÕÞ ÄÓÂÜÇÐËâ ÍÂÍ ÍÇÎßÕÔÍÑ-
ÅÑ ÍÂÏÐâ, ÕÂÍ Ë ÄÑÎÚÍÂ ´ÑÏÔÑÐÂ ÒÑÎÖÚÂáÕÔâ Ô ÕÑÌ ÕÑÚ-
ÐÑÔÕßá, Ô ÍÑÕÑÓÑÌ ËÊÄÇÔÕÇÐ ÔÂÏ ÊÂÍÑÐ ¬ÖÎÑÐÂ (1).

³ÒËÔÑÍ ÎËÕÇÓÂÕÖÓÞ
1. ¢ÑÓËÔÑÄ ¡ £, ®ÂÏÂÇÄ ª ³ µ¶¯ 173 407 (2003); Borisov A V,

Mamaev I S Phys. Usp. 46 393 (2003)

2. ¢ÑÓËÔÑÄ ¡ £, ¬ÂÊÂÍÑÄ ¡ °, ¬ÖÊÐÇÙÑÄ ³ ± µ¶¯ 184 493 (2014);
Borisov AV,Kazakov AO, Kuznetsov S PPhys. Usp. 57 453 (2014)

3. ¨ÖÓÂÄÎÇÄ £ ¶, ¬ÎËÏÑÄ ¥ ® ªÊÄ. ²¡¯. ®ÇØÂÐËÍÂ ÕÄÇÓÆÑÅÑ
ÕÇÎÂ (3) 8 (2008); Zhuravlev V Ph,KlimovDMMech. Solids 43 320

(2008)

4. ®ÂÓÍÇÇÄ ¡ ± ¥ËÐÂÏËÍÂ ÕÇÎÂ, ÔÑÒÓËÍÂÔÂáÜÇÅÑÔâ Ô ÕÄÇÓÆÑÌ
ÒÑÄÇÓØÐÑÔÕßá (®. ëªÉÇÄÔÍ: ªÐ-Õ ÍÑÏÒßáÕ. ËÔÔÎÇÆ., 2014)

5. ¯ÇÌÏÂÓÍ À ª, ¶Ö×ÂÇÄ ¯ ¡ ¥ËÐÂÏËÍÂ ÐÇÅÑÎÑÐÑÏÐÞØ ÔËÔÕÇÏ
(®.: ¯ÂÖÍÂ, 1967); ±ÇÓ. ÐÂ ÂÐÅÎ. âÊ.: Neimark Ju I, Fufaev N A

Dynamics of Nonholonomic Systems (Providence, R.I.: American

Mathematical Society, 1972)

6. Contensou P, in Kreiselprobleme. Gyrodynamics. Intern. Symp. on

Gyrodynamics, 1962, Celerina, Switzerland (Ed. H Ziegler) (Berlin:

Springer, 1963) p. 201; ±ÇÓ. ÐÂ ÓÖÔÔÍ. âÊ.: ¬ÑÐÕÇÐÔÖ ±, Ä ÔÃ.
±ÓÑÃÎÇÏÞ ÅËÓÑÔÍÑÒËË.®ÂÕÇÓËÂÎÞÏÇÉÆÖÐÂÓ. ÔËÏÒÑÊËÖÏÂ, 20 ë
22 ÂÄÅÖÔÕÂ 1962 Å., ¸ÇÎÇÓËÐÂ, ºÄÇÌÙÂÓËâ (±ÑÆ ÓÇÆ. ¤ ¸ËÅÎÇÓÂ)
(®.: ®ËÓ, 1967) Ô. 60

7. ¬ËÎËÐ ¡ ¡, Ä ÔÃ.¯ÇÅÑÎÑÐÑÏÐÞÇ ÆËÐÂÏËÚÇÔÍËÇ ÔËÔÕÇÏÞ. ªÐÕÇÅ-
ÓËÓÖÇÏÑÔÕß. ·ÂÑÔ. ³ÕÓÂÐÐÞÇ ÂÕÕÓÂÍÕÑÓÞ (±ÑÆ ÓÇÆ. ¡ £ ¢ÑÓË-
ÔÑÄÂ, ª³®ÂÏÂÇÄÂ) (®. ëªÉÇÄÔÍ: ªÐ-Õ ÍÑÏÒßáÕ. ËÔÔÎÇÆ., 2002)
Ô. 321, ±ÓËÎÑÉÇÐËÇ 1

8. ¨ÖÓÂÄÎÇÄ £¶, ¬ÎËÏÑÄ¥®ªÊÄ. ²¡¯.®ÇØ. ÕÄÇÓÆ. ÕÇÎÂ (6) 157
(2005); Zhuravlev V Ph, KlimovDMMech. Solids 40 (6) 117 (2005)

9. ¨ÖÍÑÄÔÍËÌ ¯ ¦ ³ÑÃÓÂÐËÇ ÔÑÚËÐÇÐËÌ ´. 1 (®. ë­.: ¤ÑÔÕÇØËÊÆÂÕ,
1948) Ô. 339

Once more on the dynamics of the rattleback
(comment on "Strange attractors in rattleback dynamics" by A.V. Borisov and I.S. Mamaev [Usp. Fiz. Nauk 173 407 (2003);
Phys. Usp. 46 393 (2003)] and "Nonlinear dynamics of the rattleback: a nonholonomic model" by A.V. Borisov, A.O. Kazakov,

S.P. Kuznetsov [Usp. Fiz. Nauk 184 493 (2014); Phys. Usp. 57 453 (2014)])

V.F. Zhuravlev

A.Yu. Ishlinskii Institute for Problems in Mechanics, Russian Academy of Sciences,

prosp. Vernadskogo 101, korp. 1, 119526 Moscow, Russian Federation

E-mail: zhurav@impnet.ru

If the motion of a body along a rough surface is modeled such that the point of contact has a zero velocity, in many cases qualitatively
incorrect results can be obtained. For the model to be physically valid, it is necessary to take into account the énite contact area and the
presence of rotational friction along with the sliding friction.
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