
°ÁÂÀ¾Ä¸·¸ÇµÁº¸¹ ±Î»»µÂµ½Ì, 2020, âÞÜ 75, ð 4, á. 459 � 477

Ã´º 524.3-32, 524.45

¾ ´²¸¶µ½¸¸ ·²µ·´ ² ¿»µÏ´°Å ¿¾ ´°½½Ë¼ GAIA DR2

c 2020 ². ¼. ´ÐÝØÛÞÒ1* , °. Ä. ÁÕÛÕ×ÝÕÒ1**

1ºÞãàÞÒáÚÐï ÐáâàÞÝÞÜØçÕáÚÐï ÞÑáÕàÒÐâÞàØï, ÃàÐÛìáÚØÙ äÕÔÕàÐÛìÝëÙ ãÝØÒÕàáØâÕâ, µÚÐâÕàØÝÑãàÓ,
620000 ÀÞááØï

¿ÞáâãßØÛÐ Ò àÕÔÐÚæØî 21 ØîÝï 2020 ÓÞÔÐ; ßÞáÛÕ ÔÞàÐÑÞâÚØ 6 ØîÛï 2020 ÓÞÔÐ; ßàØÝïâÐ Ú ßãÑÛØÚÐæØØ 6 ØîÛï 2020 ÓÞÔÐ

²ëßÞÛÝÕÝë ÞæÕÝÚØ àïÔÐ ßÐàÐÜÕâàÞÒ áÚÞßÛÕÝØï ¿ÛÕïÔë. ¸áßÞÛì×ÞÒÐÛØáì ÔÐÝÝëÕ Gaia DR2 Þ
ÚÞÞàÔØÝÐâÐå, áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå Ø ÛãçÕÒëå áÚÞàÞáâïå ×ÒÕ×Ô Ò ÞÑÛÐáâïå àÐÔØãáÞÜd� = 2 :� 5
Ø àÐ×ÜÕàÞÜ60� � 60� ÒÞÚàãÓ æÕÝâàÐ áÚÞßÛÕÝØï. ¿Þ ÔÐÝÝëÜ Þ ×ÒÕ×ÔÐå á ÒÕÛØçØÝÐÜØmG � 18m

ßÞáâàÞÕÝë ÚÐàâÐ Ø ßàÞäØÛì ßÛÞâÝÞáâØ, äãÝÚæØØ áÒÕâØÜÞáâØ Ø ÜÐáá áÚÞßÛÕÝØï, ÞßàÕÔÕÛÕÝë àÐÔØãá
áÚÞßÛÕÝØï,10:� 9 � 0 :� 3 (26:3 � 0:7 ïê ), Ø àÐÔØãá ÕÓÞ ïÔàÐ2:� 62 (6:24 ïê ), ßÞÛãçÕÝë ÞæÕÝÚØ çØáÛÐ ×ÒÕ×Ô
Ò áÚÞßÛÕÝØØ,1542� 121, Ø Øå ÜÐááë,855� 104M � ; çØáÛÐ ×ÒÕ×Ô Ò ïÔàÕ áÚÞßÛÕÝØï,1097� 77, Ø Øå
ÜÐááë665� 71M � . ÀÐáßàÕÔÕÛÕÝØÕ ×ÒÕ×Ô ámG < 16m ÝÐ àÐááâÞïÝØïår s Þâ æÕÝâàÐ áÚÞßÛÕÝØï Ò âàÕå-
ÜÕàÝÞÜ ßàÞáâàÐÝáâÒÕr s < 1ßÚ Ø ßàØr s � 1:4� 5ßÚ áÞÔÕàÖØâ àÐÔØÐÛìÝëÕ ÒÞÛÝë ßÛÞâÝÞáâØ. ¿Þ ÔÐÝÝëÜ
Þ ×ÒÕ×ÔÐå ámG < 16m ÞßàÕÔÕÛÕÝÐ áàÕÔÝïï áÚÞàÞáâì ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØïvc = 0 :56� 0:07êì ñ � 1

ÝÐ àÐááâÞïÝØïåd Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØd � 4:6ßÚ Þâ ÕÓÞ æÕÝâàÐ. ²àÐéÕÝØÕ� ßàïÜÞÕ� , ãÓÞÛ ÜÕÖÔã
ßàÞÕÚæØÕÙ ÞáØ ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï ÝÐ ÚÐàâØÝÝãî ßÛÞáÚÞáâì Ø ÝÐßàÐÒÛÕÝØÕÜ ÝÐ áÕÒÕàÝëÙ
ßÞÛîá ³ÐÛÐÚâØÚØ áÞáâÐÒÛïÕâ' = 18 :� 8 � 4 :� 4, ãÓÞÛ ÜÕÖÔã Þáìî ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï Ø ÚÐà-
âØÝÝÞÙ ßÛÞáÚÞáâìî# = 43 :� 2 � 4 :� 9, áÚÞàÞáâì ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï ÝÐ àÐááâÞïÝØØd ' 5:5ßÚ
Þâ ÕÓÞ æÕÝâàÐ ÑÛØ×ÚÐ Ú ÝãÛî:vc = 0 :1 � 0:3ÚÜ á� 1. ¿Þ ÔÐÝÝëÜ Þ ×ÒÕ×ÔÐå ámG < 17m áÚÞàÞáâì
� ÞÑàÐâÝÞÓÞ� ÒàÐéÕÝØï áÚÞßÛÕÝØï ÝÐ àÐááâÞïÝØØd ' 7:1ßÚ Þâ ÕÓÞ æÕÝâàÐvc = 0 :48� 0:20êì ñ � 1,
ãÓÞÛ' = 37 :� 8 � 26:� 4. ·ÐÒØáØÜÞáâØ Þâ àÐááâÞïÝØïd ÔÞ æÕÝâàÐ áÚÞßÛÕÝØï ÜÞÔãÛÕÙ âÐÝÓÕÝæØÐÛìÝëå
Ø àÐÔØÐÛìÝëå áÞáâÐÒÛïîéØå ßÞÛï áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô ïÔàÐ áÚÞßÛÕÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ
áÞÔÕàÖÐâ àïÔ ßÕàØÞÔØçÕáÚØå ÚÞÛÕÑÐÝØÙ. ´ØáßÕàáØØ áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô ïÔàÐ áÚÞßÛÕÝØï� v
Ò áàÕÔÝÕÜ ÒÞ×àÐáâÐîâ á ãÒÕÛØçÕÝØÕÜr s , çâÞ, âÐÚ ÖÕ ÚÐÚ Ø àÐÔØÐÛìÝëÕ ÒÞÛÝë ßÛÞâÝÞáâØ Ø ÒÞÛÝë
ÚÞÛÕÑÐÝØÙ ßÞÛï áÚÞàÞáâÕÙ Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ, ãÚÐ×ëÒÐÕâ ÝÐ ÝÕáâÐæØÞÝÐàÝÞáâì áÚÞßÛÕÝØï Ò ßÞÛÕ
àÕÓãÛïàÝëå áØÛ. ´ÛØÝÐ ÒÞÛÝë ´ÖØÝáÐ Ò ïÔàÕ áÚÞßÛÕÝØï ãÑëÒÐÕâ, ÐÔØáßÕàáØï áÚÞàÞáâÕÙ ×ÒÕ×Ô
ïÔàÐ ßàØ ÔÖØÝáÞÒáÚÞÙ ÝÕãáâÞÙçØÒÞáâØ ÒÞ×àÐáâÐÕâ ßÞáÛÕ ãçÕâÐ ÒÛØïÝØï ÝÐ áÚÞßÛÕÝØÕ ÒÝÕèÝÕÓÞ ßÞÛï
³ÐÛÐÚâØÚØ. ¾ÑÛÐáâì ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ Ò áÚÞßÛÕÝØØ ¿ÛÕïÔë àÐáßÞÛÞÖÕÝÐ Ò ØÝâÕàÒÐÛÕ
r s = 2:2� 5:7ßÚ Ø áÞÔÕàÖØâ39:4� 60:5% Þâ ÞÑéÕÓÞ çØáÛÐ ×ÒÕ×Ô Ò àÐááÜÐâàØÒÐÕÜëå ÒëÑÞàÚÐå ×ÒÕ×Ô
áÚÞßÛÕÝØï. ¿ÞÛãçÕÝë ÞæÕÝÚØ ÕÓÞ ÔØÝÐÜØçÕáÚÞÙ ÜÐááë Ø ßàØÛØÒÝÞÓÞ àÐÔØãáÐ.

ºÛîçÕÒëÕ áÛÞÒÐ:×ÒÕ×Ôë: ÚØÝÕÜÐâØÚÐ Ø ÔØÝÐÜØÚÐ� àÐááÕïÝÝëÕ áÚÞßÛÕÝØï Ø ÐááÞæØÐæØØ

1. ²²µ´µ½¸µ

¿ÞïÒÛÕÝØÕ ÔÞáâÐâÞçÝÞ âÞçÝëå Ø ßÞÛÝëå ÔÐÝ-
Ýëå Þ ÔÒØÖÕÝØïå Ø ÚÞÞàÔØÝÐâÐå ×ÒÕ×Ô ³ÐÛÐÚâØÚØ,
ÝÕÔÐÒÝÞ ßÞÛãçÕÝÝëå Ò àÐÜÚÐå ßàÞÕÚâÐ Gaia, ßÞ×ÒÞ-
ÛïÕâ ßàÞÒÕàØâì áäÞàÜãÛØàÞÒÐÝÝëÕ Ú ÝÐáâÞïéÕÜã
ÒàÕÜÕÝØ Ò ×ÒÕ×ÔÝÞÙ ÔØÝÐÜØÚÕ âÕÞàÕâØçÕáÚØÕ Òë-
ÒÞÔë Danilov (2008), Danilov and Putkov (2017)
Þ ÝÕáâÐæØÞÝÐàÝÞáâØ àÐááÕïÝÝëå ×ÒÕ×ÔÝëå áÚÞß-
ÛÕÝØÙ (À·Á), Þ ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ
ïÔÕà áÚÞßÛÕÝØÙ ÝÐ ßàØÜÕàÕ ÑÛØ×ÚÞÓÞ áÚÞßÛÕÝØï
¿ÛÕïÔë. º çØáÛã ÒÐÖÝëå ×ÐÔÐç ÜÞÖÝÞ ÞâÝÕáâØ
ØááÛÕÔÞÒÐÝØÕ áâàÞÕÝØï Ø ÒÝãâàÕÝÝÕÙ ÚØÝÕÜÐâØÚØ
¿ÛÕïÔ, â.Ú. ÔØÐÓÝÞáâØÚÐ ÔØÝÐÜØçÕáÚÞÓÞ áÞáâÞïÝØï
À·Á ÞßØàÐÕâáï ÝÐ àÕ×ãÛìâÐâë áâÐâØáâØçÕáÚÞÓÞ Ø

* E-mail: Vladimir.Danilov@urfu.ru
** E-mail: Anton.Seleznev@urfu.ru

ÚØÝÕÜÐâØçÕáÚÞÓÞ ØááÛÕÔÞÒÐÝØÙ À·Á, ÝÐ ÞæÕÝÚØ
ÞÑéØå Ø ÛÞÚÐÛìÝëå ÔØáßÕàáØÙ áÚÞàÞáâÕÙ ×ÒÕ×Ô,
ßàØÛØÒÝëå àÐÔØãáÞÒ, ßÞÛÝëå Ø ÒØàØÐÛìÝëå ÜÐáá
À·Á.

²ÝãâàÕÝÝïï ÚØÝÕÜÐâØÚÐ À·Á áÛÐÑÞ Ø×ãçÕÝÐ, çâÞ
ÞÑãáÛÞÒÛÕÝÞ Ò ÞáÝÞÒÝÞÜ ÜÐÛÞÙ âÞçÝÞáâìî ØáßÞÛì-
×ÞÒÐÒèØåáï àÐÝÕÕ ÔÐÝÝëå Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕ-
ÝØïå, ÛãçÕÒëå áÚÞàÞáâïå Ø àÐááâÞïÝØïå Þâ ÁÞÛÝæÐ
×ÒÕ×Ô-çÛÕÝÞÒ À·Á. ¾âÜÕâØÜ ×ÔÕáì ÝÕáÚÞÛìÚÞ àÐ-
ÑÞâ. ¿Þ ÔÐÝÝëÜ Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå ×ÒÕ×Ô Ò
ÒÞáìÜØ À·Á Ò àÐÑÞâÕ Sagar and Bhatt (1989) àÐá-
áÜÐâàØÒÐÛØáì ×ÐÒØáØÜÞáâØ ÔØáßÕàáØØ áÚÞàÞáâÕÙ
×ÒÕ×Ô Þâ áàÕÔÝÕÙ ÜÐááë Ø àÐÔØÐÛìÝÞÓÞ àÐááâÞïÝØï
Þâ æÕÝâàÐ áÚÞßÛÕÝØï. ² ÑÞÛìèØÝáâÒÕ áÚÞßÛÕÝØÙ
âÐÚØÕ ×ÐÒØáØÜÞáâØ ÝÕ ÑëÛØ ÞÑÝÐàãÖÕÝë, Ø×ÞâàÞ-
ßØï áÚÞàÞáâÕÙ Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ) ÝÐÑÛîÔÐ-
ÛÐáì ÒÞ ÒáÕå àÐááÜÞâàÕÝÝëå áÚÞßÛÕÝØïå, ØáÚÛîçÐï
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NGC 2516, Ò ÚÞâÞàÞÜ àÐÔØÐÛìÝÐï Ø âÐÝÓÕÝæØÐÛì-
ÝÐï ÚÞÜßÞÝÕÝâë ÔØáßÕàáØØ áÚÞàÞáâÕÙ ×ÒÕ×Ô àÐ×ÛØ-
çÐîâáï ÒÞ ÒÝÕèÝØå (r > 2 ßÚ) ÞÑÛÐáâïå áÚÞßÛÕÝØï.
ÅÐàÐÚâÕàÝëÕ ßÞÓàÕèÝÞáâØ áàÕÔÝÕÚÒÐÔàÐâØçÕáÚØå
ÞâÚÛÞÝÕÝØÙ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ ×ÒÕ×Ô Þâ áàÕÔ-
ÝÕÓÞ ÔÛï àÐááÜÞâàÕÝÝëå À·Á áÞáâÐÒÛïÛØ Þâ0:0001
ÔÞ0:0005 ×Ð 100 ÛÕâ (áÜ. âÐÑÛØæã 2 Ø× àÐÑÞâë Sagar
and Bhatt (1989)).

² àÐÑÞâÐå Adams et al. (2001; 2002) ØááÛÕÔÞ-
ÒÐÛØáì áÚÞßÛÕÝØï ¿ÛÕïÔë Ø ÏáÛØ áÞÞâÒÕâáâÒÕÝÝÞ.
¿ÞáÛÕ ÒëÔÕÛÕÝØï çÛÕÝÞÒ áÚÞßÛÕÝØï (á ÒÕàÞïâÝÞ-
áâìî p � 0:3) ÑëÛÞ ßÞÛãçÕÝÞ, çâÞ ÜÐááÐ áÚÞßÛÕ-
ÝØï ¿ÛÕïÔëM cl ' 800M � (á ãçÕâÞÜ ÒÚÛÐÔÐ ÝÕ
àÐ×àÕèÐÕÜëå ÝÐÑÛîÔÕÝØïÜØ ÔÒÞÙÝëå ×ÒÕ×Ô, ÒÕ-
ÛØçØÝÐ ÚÞâÞàÞÓÞ ÑëÛÐ ÞæÕÝÕÝÐ Ò 15%). ÁÞÓÛÐáÝÞ
àÐÑÞâÕ Adams et al. (2001) ÔÛï ¿ÛÕïÔ ßàØÛØÒ-
ÝëÙ àÐÔØãáRt àÐÒÕÝ 13.1 ßÚ. ÄãÝÚæØï ÜÐáá (Ä¼)
áÚÞßÛÕÝØï ÞÚÐ×ÐÛÐáì ÑÞÛÕÕ ßÛÞáÚÞÙ Ò ïÔàÕ, çÕÜ
Ò ÓÐÛÞ (áÜ. àØá. 10 Ø× Adams et al. (2001)). ÍâÞâ
äÐÚâ ãÚÐ×ëÒÐÕâ ÝÐ ãÜÕÝìèÕÝØÕ ÔÞÛØ ÜÐÛÞÜÐááØÒ-
Ýëå ×ÒÕ×Ô áM � 0:5M � ÒáÛÕÔáâÒØÕ Øå ÔØááØßÐ-
æØØ ßàØ ×ÒÕ×ÔÝëå áÑÛØÖÕÝØïå, ÝÞ ÝãÖÔÐÕâáï Ò
ßÞÔâÒÕàÖÔÕÝØØ á ßÞÜÞéìî ÑÞÛÕÕ âÞçÝÞÙ ØÝäÞà-
ÜÐæØØ Þ ßàØÝÐÔÛÕÖÝÞáâØ ×ÒÕ×Ô Ú áÚÞßÛÕÝØî ÝÐ
ÑÞÛìèØå àÐááâÞïÝØïå Þâ ÕÓÞ æÕÝâàÐ. ÂÐÚØÕ ÖÕ
ÒëçØáÛÕÝØï ÔÛï áÚÞßÛÕÝØï ÏáÛØ, ÒëßÞÛÝÕÝÝëÕ Ò
àÐÑÞâÕ Adams et al. (2002), ßàØÒÞÔïâ Ú ÞæÕÝ-
ÚÐÜM cl ' 600M � , Rt ' 12ßÚ ßàØp > 0:2 (ÒÚÛÐÔ
ÝÕàÐ×àÕèÕÝÝëå ÔÒÞÙÝëå ×ÒÕ×Ô ÝÕ ãçØâëÒÐÛáï); Ä¼
Ò ØÝâÕàÒÐÛÕ ÜÐáá ×ÒÕ×Ô0:15� 1:0M � ßàØÑÛØ×ØâÕÛì-
ÝÞ ßÞÔÞÑÝÐ Ä¼ ÔÛï ¿ÛÕïÔ (áÜ. àØá. 12 Ø× Adams
et al. (2002)), àÐ×ÛØçØï Ä¼ Ò ïÔàÕ Ø ÓÐÛÞ áÚÞßÛÕÝØï
ÏáÛØ âÐÚÖÕ ãÚÐ×ëÒÐîâ ÝÐ ãÜÕÝìèÕÝØÕ ÔÞÛØ ÜÐÛÞ-
ÜÐááØÒÝëå ×ÒÕ×Ô Ò ïÔàÕ áÚÞßÛÕÝØï ßÞ áàÐÒÝÕÝØî
á ÓÐÛÞ (ÚÐÚ Ø Ò áÚÞßÛÕÝØØ ¿ÛÕïÔë). ¿àØ àÐááÜÞâ-
àÕÝØØ ×ÒÕ×Ô� ÝÐØÑÞÛÕÕ ÒÕàÞïâÝëå çÛÕÝÞÒ À·Á, Ò
àÐÑÞâÐå Adams et al. (2001; 2002) âÐÚÖÕ ÞâÜÕçÕÝÐ
íÛÛØßâØçÝÞáâì ÒÝÕèÝØå çÐáâÕÙ áÚÞßÛÕÝØÙ ¿ÛÕïÔë
Ø ÏáÛØ, ãÚÐ×ëÒÐîéÐï ÝÐ ÒÛØïÝØÕ ßàØÛØÒÝÞÓÞ ßÞÛï
³ÐÛÐÚâØÚØ ÝÐ Øå ßÕàØäÕàØØ.

¿Þ ÔÐÝÝëÜ Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå Ø ÚÞÞà-
ÔØÝÐâÐå ×ÒÕ×Ô-çÛÕÝÞÒ áÚÞßÛÕÝØï Ò àÐÑÞâÕ Makarov
(2006) àÐááÜÞâàÕÝÐ ÒÝãâàÕÝÝïï ÚØÝÕÜÐâØÚÐ À·Á
� ¿ÕàáÕï. ´ÕÛÐÕâáï ÒëÒÞÔ ÞÑ ÞÑéÕÜ áÖÐâØØ áÚÞß-
ÛÕÝØï, ßàØÒÕÔÕÝÐ ÞæÕÝÚÐ ÚàØâØçÕáÚÞÓÞ ×ÝÐçÕÝØï
ÕÓÞ ßàØÛØÒÝÞÙ ßÛÞâÝÞáâØ0:66M � =ßÚ3. ¿àØÜÕàÝÞ
ßÞÛÞÒØÝÐ ÝÐØÑÞÛÕÕ ÜÐááØÒÝëå ×ÒÕ×Ô áÚÞßÛÕÝØï (áÞ
áßÕÚâàÐÛìÝëÜØ ÚÛÐááÐÜØ àÐÝÕÕ G) ÝÐåÞÔØâáï ÒÝãâ-
àØ áäÕàë àÐÔØãáÐ 10.3 ßÚ. ¿àØÒÞÔïâáï ÐàÓãÜÕÝâë Ò
ßÞÛì×ã ÓàÐÒØâÐæØÞÝÝÞÙ áÒï×ÐÝÝÞáâØ íâÞÓÞ À·Á.

´Ûï Ø×ãçÕÝØï ÒÝãâàÕÝÝÕÙ ÚØÝÕÜÐâØÚØ áÚÞßÛÕÝØï
³ØÐÔë Ò àÐÑÞâÕ Vereshchagin et al. (2013) ØáßÞÛì-
×ÞÒÐÝë ÔÐÝÝëÕ ÚÐâÐÛÞÓÐ Hipparcos Þ áÞÑáâÒÕÝÝëå
ÔÒØÖÕÝØïå Ø ßÐàÐÛÛÐÚáÐå, Ø×ÒÕáâÝëå ÔÛï çÛÕÝÞÒ
áÚÞßÛÕÝØï á âÞçÝÞáâìî ÝÕ ÜÕÝÕÕ 5 ÜØÛÛØáÕÚãÝÔ
ÔãÓØ Ò ÓÞÔ Ø 3 ÜØÛÛØáÕÚãÝÔë ÔãÓØ áÞÞâÒÕâáâÒÕÝÝÞ.

¾âÜÕçÕÝÐ ÚÞààÕÛïæØï ÜÕÖÔã ÚÞÜßÞÝÕÝâÞÙ âÐÝÓÕÝ-
æØÐÛìÝÞÙ áÚÞàÞáâØ Ø ßÐàÐÛÛÐÚáÞÜ, çâÞ ãÚÐ×ëÒÐÕâ
ÝÐ ÒÞ×ÜÞÖÝÞÕ ÒàÐéÕÝØÕ áÚÞßÛÕÝØï. ¾áì ÒàÐéÕÝØï
ßÕàßÕÝÔØÚãÛïàÝÐ ÝÐßàÐÒÛÕÝØî ÝÐ ÐßÕÚá ³ØÐÔ ÝÐ
ÝÕÑÕáÝÞÙ áäÕàÕ.

² àÐÑÞâÕ Danilov and Loktin (2015) ØááÛÕ-
ÔÞÒÐÛÐáì ÒÝãâàÕÝÝïï ÚØÝÕÜÐâØÚÐ À·Á ¿ÛÕïÔë,
ÏáÛØ Ø ¼ 67 ßÞ ÔÐÝÝëÜ Þ ÚÞÞàÔØÝÐâÐå Ò ÚÐàâØÝ-
ÝÞÙ ßÛÞáÚÞáâØ Ø áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå ×ÒÕ×Ô-
çÛÕÝÞÒ áÚÞßÛÕÝØÙ. ½Ð ßÞáâàÞÕÝÝëå àÐÔØÐÛìÝëå
×ÐÒØáØÜÞáâïå ÒÕÛØçØÝ ÜÞÔãÛÕÙ âÐÝÓÕÝæØÐÛìÝëå Ø
àÐÔØÐÛìÝëå ßàÞÕÚæØÙ áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô
ÞâÝÞáØâÕÛìÝÞ æÕÝâàÐ áÚÞßÛÕÝØï ÒëÔÕÛÕÝë ßÕàØ-
ÞÔØçÕáÚØÕ ÚÞÛÕÑÐÝØï. ÃÒÕÛØçÕÝØÕ íâØå ÜÞÔãÛÕÙ
á àÐááâÞïÝØÕÜ ÔÞ æÕÝâàÐ áÚÞßÛÕÝØï, Ð âÐÚÖÕ
ßàØáãâáâÒØÕ ÒÞÛÝ ÚÞÛÕÑÐÝØÙ ßÞÛï áÚÞàÞáâÕÙ Ò
áßÕÚâàÐå ÚÞÛÕÑÐÝØÙ À·Á, àÐááÜÞâàÕÝÝëå Ò Danilov
and Loktin (2015), ãÚÐ×ëÒÐÕâ ÝÐ ÝÕáâÐæØÞÝÐàÝÞáâì
íâØå áÚÞßÛÕÝØÙ Ò ßÞÛÕ àÕÓãÛïàÝëå áØÛ. ¿ÐàÐÜÕâàë
ÒëÔÕÛÕÝÝëå ÚÞÛÕÑÐÝØÙ ØáßÞÛì×ÞÒÐÝë ÔÛï ÞæÕÝÚØ
ßÞÛÝëå ÜÐáá À·Á ¿ÛÕïÔë, ÏáÛØ Ø ¼ 67. ´Ûï
áÚÞßÛÕÝØï ¿ÛÕïÔë Ò Danilov and Loktin (2015)
âÐÚØÜ ÜÕâÞÔÞÜ ßÞÛãçÕÝë áÛÕÔãîéØÕ ÞæÕÝÚØ:
Rt = 9 :5� 0.5 ßÚ,M cl = 330 � 55M � .

¿àØ Ø×ãçÕÝØØ ßÐàÐÜÕâàÞÒ ÞÑÛÐáâÕÙ ÓÕÝÕàÐæØØ
ÚÞÛÕÑÐÝØÙ Ò ÜÞÔÕÛïå À·Á, Ð âÐÚÖÕ Ò áÚÞßÛÕÝØ-
ïå ¿ÛÕïÔë, ÏáÛØ Ø ¼ 67, Ò àÐÑÞâÕ Danilov and
Putkov (2017) ØáßÞÛì×ÞÒÐÛÞáì ãáÛÞÒØÕ ÓàÐÒØâÐæØ-
ÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ ïÔÕà áÚÞßÛÕÝØÙ ×ÒÕ×Ô, ×ÐßØ-
áÐÝÝÞÕ ÔÛï Ø×ÞÛØàÞÒÐÝÝÞÓÞ áÚÞßÛÕÝØï. ¿àÕÔáâÐÒ-
ÛïÕâ ØÝâÕàÕá ãâÞçÝÕÝØÕ íâÞÓÞ ãáÛÞÒØï ÝÐ áÛãçÐÙ
À·Á, ÔÒØÖãéØåáï Ò ßÞÛÕ áØÛ ³ÐÛÐÚâØÚØ. ÂÐÚÖÕ
ØÝâÕàÕáÝëÜ ÜÞÖÕâ Ñëâì ÞÑáãÖÔÕÝØÕ ßàØçØÝ äÞà-
ÜØàÞÒÐÝØï� åÞÛÞÔÝëå� ïÔÕà Ò À·Á.

ÆÕÛïÜØ Ø ×ÐÔÐçÐÜØ ÔÐÝÝÞÙ àÐÑÞâë ïÒÛïîâáï
Ø×ãçÕÝØÕ áâàÞÕÝØï àÐááÕïÝÝÞÓÞ ×ÒÕ×ÔÝÞÓÞ áÚÞßÛÕ-
ÝØï ¿ÛÕïÔë Ò ßàÞáâàÐÝáâÒÐå ÚÞÞàÔØÝÐâ Ø áÚÞàÞ-
áâÕÙ ×ÒÕ×Ô, ÔØÐÓÝÞáâØÚÐ ÔØÝÐÜØçÕáÚÞÓÞ áÞáâÞïÝØï
íâÞÓÞ áÚÞßÛÕÝØï ßÞ ÔÐÝÝëÜ ØááÛÕÔÞÒÐÝØï ÕÓÞ ßàÞ-
áâàÐÝáâÒÕÝÝÞÙ áâàãÚâãàë Ø ÒÝãâàÕÝÝÕÙ ÚØÝÕÜÐâØ-
ÚØ, Ð âÐÚÖÕ ÞæÕÝÚØ ÞÑéØå Ø ÛÞÚÐÛìÝëå ÔØáßÕàáØÙ
áÚÞàÞáâÕÙ ×ÒÕ×Ô, ßàØÛØÒÝëå àÐÔØãáÞÒ, ßÞÛÝëå Ø
ÔØÝÐÜØçÕáÚØå ÜÐáá áÚÞßÛÕÝØï ¿ÛÕïÔë ÔÛï ÒëÑÞ-
àÞÚ ÕÓÞ çÛÕÝÞÒ á àÐ×ÝëÜØ ßàÕÔÕÛìÝëÜØ ×ÒÕ×ÔÝëÜØ
ÒÕÛØçØÝÐÜØ:mG < 15m ; 16m ; 17m .

¿ÞÛãçÕÝÝëÕ àÕ×ãÛìâÐâë ßÞ×ÒÞÛïâ ÒëïáÝØâì
ÞáÞÑÕÝÝÞáâØ áâàÞÕÝØï À·Á ¿ÛÕïÔë Ò ßàÞáâàÐÝ-
áâÒÐå ÚÞÞàÔØÝÐâ Ø áÚÞàÞáâÕÙ, ßàÞÒÕàØâì àïÔ âÕÞ-
àÕâØçÕáÚØå ÒëÒÞÔÞÒ Þ À·Á, áÔÕÛÐÝÝëå Ò ×ÒÕ×ÔÝÞÙ
ÔØÝÐÜØÚÕ, Ø ÝÐÜÕâØâì ÔÐÛìÝÕÙèØÕ ÝÐßàÐÒÛÕÝØï
ØááÛÕÔÞÒÐÝØÙ áâàãÚâãàë, ÒÝãâàÕÝÝÕÙ ÚØÝÕÜÐâØÚØ
Ø ÔØÝÐÜØÚØ À·Á.
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2. ¾Á½¾²½Ëµ Ä¾À¼Ã»Ë ¸ ¼µÂ¾´¸º¸
²ËÇ¸Á»µ½¸¹

² ÚÝØÓÕ King (1994) äÞàÜãÛÐ (7.2) ÔÛï ÔÖØÝáÞÒ-
áÚÞÙ ÔÛØÝë ÒÞÛÝë� J Ø×ÞÛØàÞÒÐÝÝÞÓÞ ÞÔÝÞàÞÔÝÞÓÞ
áäÕàØçÕáÚÞÓÞ áÚÞßÛÕÝØï ×ÒÕ×Ô ÑëÛÐ ßÞÛãçÕÝÐ Ø×
ãáÛÞÒØï àÐÒÕÝáâÒÐ ÒàÕÜÕÝØtcoll áÖÐâØï åÞÛÞÔÝÞÙ
áäÕàØçÕáÚÞÙ ÞÑÛÐáâØ àÐÔØãáÐ� ßÞÔ ÔÕÙáâÒØÕÜ áØ-
Ûë âïÓÞâÕÝØï Ø ÒàÕÜÕÝØtesc = �=� v ÒëåÞÔÐ ×ÒÕ×-
Ôë Ø× âÐÚÞÙ ÞÑÛÐáâØ á ÔØáßÕàáØÕÙ áÚÞàÞáâÕÙ� 2

v .
ÃÚÐ×ÐÝÝÐï äÞàÜãÛÐ ÑëÛÐ ØáßÞÛì×ÞÒÐÝÐ Ò àÐÑÞ-
âÕ Danilov and Putkov (2017) ÔÛï ÞæÕÝÚØ ÔÖØÝ-
áÞÒáÚÞÙ ÜÐááëM J Ò ïÔàÕ áÚÞßÛÕÝØï, áÒï×ÐÝÝÞÙ á
ÜÐááÞÙ ÕÓÞ ïÔàÐM c (M J = qMc; q � 1; q = const),
Ø ÔÛï ÒëçØáÛÕÝØï� 2

v ÝÐ àÐááâÞïÝØØr c Þâ æÕÝâàÐ
áÚÞßÛÕÝØï. ÁÞÓÛÐáÝÞ àÐÑÞâÕ Danilov and Putkov
(2017):

� 2
v = 32Gq2=3(� cM 2

c )1=3=(3� ); (1)

ÓÔÕr c ßàØÝØÜÐÛÐáì àÐÒÝÞÙ àÐááâÞïÝØîr s Þâ æÕÝâàÐ
áÚÞßÛÕÝØï, ÝÐ ÚÞâÞàÞÜ àÕ×ÚÞ ãÑëÒÐÕâ ÜÞÔãÛì ÓàÐ-
ÔØÕÝâÐ ßàÞáâàÐÝáâÒÕÝÝÞÙ ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×Ô (Ø
ßÛÞâÝÞáâØ ÜÐááë) áÚÞßÛÕÝØï ßàØ ßÕàÕåÞÔÕ ßÞr s Þâ
ïÔàÐ Ú ÓÐÛÞ ØÛØ Ú ßàÞÜÕÖãâÞçÝÞÙ ×ÞÝÕ ßÞÒëèÕÝ-
ÝÞÙ ßÛÞâÝÞáâØ Ò áÚÞßÛÕÝØØ,G � ÓàÐÒØâÐæØÞÝÝÐï
ßÞáâÞïÝÝÐï,� c � ßÛÞâÝÞáâì ÜÐááë ÝÐ àÐááâÞïÝØØ
rñ Þâ æÕÝâàÐ áÚÞßÛÕÝØï, ÒÕÛØçØÝëq ÔÛï èÕáâØ
ÜÞÔÕÛÕÙ À·Á ßàØÒÕÔÕÝë Ò âÐÑÛØæÕ 1 Ø× Danilov
and Putkov (2017), M c � ÜÐááÐ ïÔàÐ áÚÞßÛÕÝØï,
ßàØÝïâÐï àÐÒÝÞÙ áãÜÜÕ ÜÐáá ×ÒÕ×Ô á àÐááâÞïÝØïÜØ
r s � r c Þâ æÕÝâàÐ áÚÞßÛÕÝØï.

¿ãáâì ! h � çÐáâÞâÐ ÜÐÛëå ÓÞÜÞÛÞÓØçÕáÚØå ÚÞ-
ÛÕÑÐÝØÙ ÜÞÔÕÛØ áäÕàØçÕáÚÞÓÞ ÞÔÝÞàÞÔÝÞÓÞ áÚÞß-
ÛÕÝØï ×ÒÕ×Ô, ÔÒØÖãéÕÓÞáï Ò áØÛÞÒÞÜ ßÞÛÕ ³ÐÛÐÚ-
âØÚØ ßÞ ÚàãÓÞÒÞÙ ÞàÑØâÕ á ãÓÛÞÒÞÙ áÚÞàÞáâìî!
ÞâÝÞáØâÕÛìÝÞ ÓÐÛÐÚâØçÕáÚÞÓÞ æÕÝâàÐ. ÁÞÓÛÐáÝÞ àÐ-
ÑÞâÕ Danilov and Putkov (2012),

! h =
q

2q2
0=3 + K:

·ÔÕáì q2
0 = � 1 + � 3 + 3 � , ÓÔÕ� 1, � 3 �

ßÞáâÞïÝÝëÕ, åÐàÐÚâÕàØ×ãîéØÕ áØÛÞÒÞÕ ßÞÛÕ ³Ð-
ÛÐÚâØÚØ Ò ÞÚàÕáâÝÞáâØ ÚàãÓÞÒÞÙ ÞàÑØâë áÚÞß-
ÛÕÝØï (Chandrasekhar 1942),� = GM cl=R3

x ,

×ÝÐçÕÝØÕK = 2
�

4! 2 + q2
0 � 9p2=(2I 3=2

0 )
�

=3,

p2 = GM cl (0:6M cl )3=2; M cl � ÜÐááÐ áÚÞßÛÕÝØï,
Rx Ø I 0 = 0 :6M clR2

x � àÐÔØãá Ø ÜÞÜÕÝâ ØÝÕàæØØ
àÐááÜÞâàÕÝÝÞÙ ÜÞÔÕÛØ áÚÞßÛÕÝØï. ²ÕÛØçØÝë! ,
� 1, � 3 ÞßàÕÔÕÛÕÝë Ò ÝÐèÕÙ àÐÑÞâÕ á ØáßÞÛì×ÞÒÐ-
ÝØÕÜ ÜÞÔÕÛØ ßÞâÕÝæØÐÛÐ ³ÐÛÐÚâØÚØ (Kutuzov and
Osipkov 1980).

¿ãáâì  = tcoll=t0coll , ÓÔÕt0
coll � ÒàÕÜï áÖÐâØï

Ò ÞÚàÕáâÝÞáâïå æÕÝâàÐ áÚÞßÛÕÝØï åÞÛÞÔÝÞÙ ÞÑÛÐ-
áâØ àÐÔØãáÞÜ� Ò áãÜÜÐàÝÞÜ ßÞÛÕ áØÛ ×ÒÕ×Ô íâÞÙ
ÞÑÛÐáâØ Ø ³ÐÛÐÚâØÚØ. ¾âÜÕâØÜ, çâÞ = ! h=! h;0,

ÓÔÕ! h;0 � çÐáâÞâÐ ÜÐÛëå ÓÞÜÞÛÞÓØçÕáÚØå ÚÞÛÕ-
ÑÐÝØÙ Ø×ÞÛØàÞÒÐÝÝÞÓÞ áÚÞßÛÕÝØï (! h = ! h;0 ßàØ
! = � 1 = � 3 = 0). ¾æÕÝÚÐ ßÐàÐÜÕâàÞÒ ÔÖØÝáÞÒ-
áÚÞÙ ÝÕãáâÞÙçØÒÞáâØ âÕáÝÞ áÒï×ÐÝÐ á ÞæÕÝÚÐÜØ çÐ-
áâÞâë àÕ×ãÛìâØàãîéØå ÚÞÛÕÑÐÝØÙ ÓàÐÒØâØàãîéÕÙ
áØáâÕÜë, äÞàÜØàãîéØåáï Ò àÕ×ãÛìâÐâÕ àÐ×ÒØâØï
âÐÚÞÙ ÝÕãáâÞÙçØÒÞáâØ. ¿ãáâì� v:r: � ÝÐçÐÛìÝÞÕ
ÒàÕÜï ÑãàÝÞÙ àÕÛÐÚáÐæØØ áÚÞßÛÕÝØï. ²ÕÛØçØÝÐ
� v:r: ßÞÛãçÕÝÐ áÞÓÛÐáÝÞ äÞàÜãÛÕ Ø× àÐÑÞâë (Aarseth
1974): � v:r: ' 2:6tcr , ÓÔÕtcr � áàÕÔÝÕÕ ÝÐçÐÛìÝÞÕ
ÒàÕÜï ßÕàÕáÕçÕÝØï ×ÒÕ×ÔÞÙ áÚÞßÛÕÝØï. ¼ÐÛëÕ ÒÞ×-
ÜãéÕÝØï äÐ×ÞÒÞÙ ßÛÞâÝÞáâØ Ò ïÔàÕ áÚÞßÛÕÝØï ßÞÔ
ÒÛØïÝØÕÜ âÐÚÞÙ ÝÕãáâÞÙçØÒÞáâØ ÔÞáâÐâÞçÝÞ ÑëáâàÞ
ãáØÛØÒÐîâáï, ×Ð ÒàÕÜï� t ' 0:5� v:r: (áÜ., ÝÐßàØÜÕà,
ÒâÞàÞÙ áâÞÛÑÕæ âÐÑÛØæë 2 Ø àØáãÝÞÚ Ø× Danilov and
Dorogavtseva (2003) ÔÛï ×ÐÒØáØÜÞáâÕÙ Þâ ÒàÕÜÕÝØ
ÞâÝÞáØâÕÛìÝëå ÒÞ×ÜãéÕÝØÙ	 i (t) ÚàãßÝÞ×ÕàÝØáâÞÙ
äÐ×ÞÒÞÙ ßÛÞâÝÞáâØ Ò ÜÞÔÕÛïå 2, 4, 6 À·Á ßàØ
i = 1 ), ×ÐåÒÐâëÒÐï ÒáÕ Ñ�ÞÛìèØÕ çÐáâØ áÚÞßÛÕÝØï Ø
ßÕàÕåÞÔï Ò ãáâÞÙçØÒëÕ ÚÞÛÕÑÐÝØï ÒáÕÙ áØáâÕÜë Ò
æÕÛÞÜ (áÜ. ßÕàÕåÞÔ ÝÐ� ßÛÐâÞ� ×ÐÒØáØÜÞáâÕÙ	 i (t)
ßàØt > 0:5� v:r: Ò ÜÞÔÕÛïå 2, 4, 6 À·Á Ø× Danilov and
Dorogavtseva (2003), àØá. 5 ÔÛï ×ÐÒØáØÜÞáâÕÙ	 i (t)
Ò ÜÞÔÕÛïå 2, 4 À·Á ßàØi = 3 ; 4; 5 Ø× Danilov and
Dorogavtseva (2008), Ð âÐÚÖÕ âÕÞàÕâØçÕáÚØÕ ÞæÕÝÚØ
çÐáâÞâ ãáâÞÙçØÒëå ÓÞÜÞÛÞÓØçÕáÚØå Ø ÝÕÓÞÜÞÛÞÓØ-
çÕáÚØå ÚÞÛÕÑÐÝØÙ ÜÞÔÕÛÕÙ À·Á Ò Danilov (2008),
Danilov and Putkov (2012)).

¸× ãáÛÞÒØït0
coll = tesc ÝÐåÞÔØÜ:� J = tcoll � v=

Ø � v = � J =tcoll . Â.Ú.  > 1, âÞ ßÞáÛÕ ãçÕâÐ ÔÕÙ-
áâÒØï ßÞÛï ³ÐÛÐÚâØÚØ ÝÐ áÚÞßÛÕÝØÕ� J ãÑëÒÐÕâ, Ð
� v � ÒÞ×àÐáâÐÕâ. ÃçØâëÒÐï ãáÛÞÒØÕt0

coll = tesc Ø
ßÞÒâÞàïï ÒëßÞÛÝÕÝÝëÕ Ò Danilov and Putkov (2017)
ÒëçØáÛÕÝØï, ÔÛï ÝÕØ×ÞÛØàÞÒÐÝÝÞÓÞ áÚÞßÛÕÝØï ÝÐ-
åÞÔØÜ:

� 2
v = 32 2Gq2=3(� cM 2

c )1=3=(3� ): (2)

¿àØ ØáßÞÛì×ÞÒÐÝØØ ÔÐÝÝëå Þ àÐááÜÞâàÕÝÝëå ÝÐÜØ
ÒëÑÞàÚÐå ×ÒÕ×Ô áÚÞßÛÕÝØï ¿ÛÕïÔë ÔÞ àÐ×Ýëå ßàÕ-
ÔÕÛìÝëå ÒÕÛØçØÝmG ÒÕÛØçØÝÐ ' 1:080� 1:163.
²ÕÛØçØÝÐ ÒÞ×àÐáâÐÕâ á ãÒÕÛØçÕÝØÕÜ àÐ×ÜÕàÞÒ
ÞÑÛÐáâØ ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ áÚÞßÛÕ-
ÝØï. ÁÞÓÛÐáÝÞ äÞàÜãÛÕ (11) Ø× Danilov and Putkov
(2012), ÔÛï ÞæÕÝÞÚ ÔØÝÐÜØçÕáÚÞÙ ÔØáßÕàáØØ áÚÞàÞ-
áâÕÙ ×ÒÕ×Ô Ò À·Á ßÞ ÔÐÝÝëÜ Þ áâàãÚâãàÝëå ßÐàÐ-
ÜÕâàÐå áÚÞßÛÕÝØï ÜÞÖÕâ Ñëâì ×ÐßØáÐÝÞ áÛÕÔãîéÕÕ
ãàÐÒÝÕÝØÕ:

� 2
v;d '

1
2

�
1

M cl

�
� W +

1
3

(� 1 + � 3) I
�

+
U(0)

2

�
;

(3)
ÓÔÕW , I ØU(0) � ßÞâÕÝæØÐÛìÝÐï íÝÕàÓØï áÚÞß-
ÛÕÝØï, ÕÓÞ ÜÞÜÕÝâ ØÝÕàæØØ Ø ßÞâÕÝæØÐÛ Ò æÕÝâàÕ
áÚÞßÛÕÝØï, áÞÞâÒÕâáâÒÕÝÝÞ. ¿àØ ÞæÕÝÚÕ ÒÕÛØçØÝë
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� 2
v;d ãçØâëÒÐÕâáï ÒÛØïÝØÕ áØÛÞÒëå ßÞÛÕÙ áÚÞßÛÕ-

ÝØï Ø ³ÐÛÐÚâØÚØ, Ð âÐÚÖÕ ÝÕáâÐæØÞÝÐàÝÞáâØ áÚÞß-
ÛÕÝØï ÝÐ ÔØáßÕàáØî áÚÞàÞáâÕÙ ×ÒÕ×Ô Ò áÚÞßÛÕÝØØ.
¿ÞÛÐÓÐï ÒÕÛØçØÝã� 2

v;d àÐÒÝÞÙ âÐÚÞÙ ÖÕ ÒÕÛØçØÝÕ,
ßÞÛãçÕÝÝÞÙ ÔÛï ÜÞÔÕÛØ áÚÞßÛÕÝØï Ò ÒØÔÕ ÞÔÝÞàÞÔ-
ÝÞÓÞ èÐàÐ á ÜÐááÞÙ áÚÞßÛÕÝØï, ÝÐåÞÔØÜ ãàÐÒÝÕÝØÕ
ÔÛï ÒëçØáÛÕÝØï àÐÔØãáÐRx íâÞÓÞ èÐàÐ:

R3
x �

10� 2
v;dRx

� 1 + � 3
+

27GM cl

4(� 1 + � 3)
= 0 : (4)

ÍâÞ ãàÐÒÝÕÝØÕ ØÜÕÕâ âàØ ÔÕÙáâÒØâÕÛìÝëå ÚÞàÝï,
ÚÞâÞàëÕ ÛÕÓÚÞ ÝÐåÞÔïâáï ßÞ äÞàÜãÛÐÜ ºÐàÔÐ-
ÝÞ (Korn and Korn 1968). ½ÐØÜÕÝìèØÙ ßÞÛÞÖØ-
âÕÛìÝëÙ ÚÞàÕÝì ØáßÞÛì×ãÕâáï ÔÛï ÒëçØáÛÕÝØï çÐ-
áâÞâ! h, ! h;0 Ø ÒÕÛØçØÝë (áÜ. ÒëèÕ). ¿àØ ØáßÞÛì-
×ÞÒÐÝØØ ÔÐÝÝëå Þ àÐááÜÞâàÕÝÝëå ÝÐÜØ ÒëÑÞàÚÐå
×ÒÕ×Ô áÚÞßÛÕÝØï ¿ÛÕïÔë ÔÞ àÐ×Ýëå ßàÕÔÕÛìÝëå ÒÕ-
ÛØçØÝmG ÒÕÛØçØÝëRx ØW=Wx ßàØÝØÜÐîâ ×ÝÐçÕ-
ÝØï:Rx ' 3:487� 4:328 ßÚ ØW=Wx ' 1:068� 1:018,
áÞÞâÒÕâáâÒÕÝÝÞ, ÓÔÕWx � ßÞâÕÝæØÐÛìÝÐï íÝÕàÓØï
ÞÔÝÞàÞÔÝÞÓÞ èÐàÐ á àÐÔØãáÞÜRx Ø ÜÐááÞÙM cl.

´Ûï ÞæÕÝÚØ ÔØÝÐÜØçÕáÚÞÙ ÜÐááëM d ÝÕáâÐæØ-
ÞÝÐàÝÞÓÞ Ø ÝÕØ×ÞÛØàÞÒÐÝÝÞÓÞ áÚÞßÛÕÝØï ¿ÛÕïÔë
ØáßÞÛì×ÞÒÐÛÐáì äÞàÜãÛÐ (2) Ø× àÐÑÞâë Danilov and
Putkov (2017), ßÞÛãçÕÝÝÐï àÐÝÕÕ (Danilov 2010)
ßÞ ÔÐÝÝëÜ çØáÛÕÝÝëå íÚáßÕàØÜÕÝâÞÒ Ø Ò àÐÑÞ-
âÕ Danilov and Loktin (2015) ßàÕÞÑàÐ×ÞÒÐÝÝÐï Ú
ÑÞÛÕÕ ãÔÞÑÝÞÜã ÔÛï ÒëçØáÛÕÝØÙ áÛÕÔãîéÕÜã ÒØÔã:

M d =
2RRu

G(R + Ru)

h
2� 2

v � (� 1 + � 3)r 2
s=3

i
; (5)

ÓÔÕ� 2
v � ÔØáßÕàáØï áÚÞàÞáâÕÙ ×ÒÕ×Ô Ò áÚÞßÛÕÝØØ,

R � áàÕÔÝØÙ àÐÔØãá áÚÞßÛÕÝØï (áàÕÔÝÕÕ àÐááâÞï-
ÝØÕ ÜÕÖÔã ÔÒãÜï ×ÒÕ×ÔÐÜØ áÚÞßÛÕÝØï; ãáàÕÔÝÕÝØÕ
ßàÞÒÞÔØÛÞáì ßÞ ÒáÕÜ ßÐàÐÜ ×ÒÕ×Ô Ò áÚÞßÛÕÝØØ),
Ru = h1=rsi � 1, r s � àÐááâÞïÝØÕ ×ÒÕ×Ôë Þâ æÕÝâàÐ
ÜÐáá áÚÞßÛÕÝØï (ãÓÛÞÒëÕ áÚÞÑÚØ Þ×ÝÐçÐîâ ãáàÕÔ-
ÝÕÝØÕ ßÞ ÒáÕÜ ×ÒÕ×ÔÐÜ áÚÞßÛÕÝØï),r 2

s � áàÕÔÝØÙ
ÚÒÐÔàÐâ àÐááâÞïÝØï ×ÒÕ×Ôë Þâ æÕÝâàÐ áÚÞßÛÕÝØï.
²ÕÛØçØÝÐ� 2

v , ØáßÞÛì×ãÕÜÐï Ò (5), ÜÞÖÕâ Ñëâì ßÞ-
ÛãçÕÝÐ ÚÐÚ ßÞ ÔÐÝÝëÜ ÝÐÑÛîÔÕÝØÙ Þ ßÕÚãÛïàÝëå
ÔÒØÖÕÝØïå ×ÒÕ×Ô, âÐÚ Ø á ßÞÜÞéìî áÞÞâÝÞèÕÝØï
� 2

v = � 2
v;d (á ãçÕâÞÜ àÕ×ãÛìâÐâÞÒ çØáÛÕÝÝÞÓÞ ÜÞ-

ÔÕÛØàÞÒÐÝØï ÔØÝÐÜØÚØ À·Á). ² áÛãçÐÕ� 2
v = � 2

v;d
äÞàÜãÛë (3) Ø (5) ßÞ×ÒÞÛïîâ àÕèØâì ×ÐÔÐçã ÞßàÕ-
ÔÕÛÕÝØï ßÞÛÝÞÙ ÜÐááë À·Á ÑÕ× ØáßÞÛì×ÞÒÐÝØï
ÔÐÝÝëå Þ áÚÞàÞáâïå ÔÒØÖÕÝØï ×ÒÕ×Ô� çÛÕÝÞÒ
áÚÞßÛÕÝØï.

´Ûï ßÞáâàÞÕÝØï àÐÔØÐÛìÝëå ×ÐÒØáØÜÞáâÕÙ ÜÞ-
ÔãÛÕÙ âÐÝÓÕÝæØÐÛìÝëå Ø àÐÔØÐÛìÝëå ßàÞÕÚæØÙ áÚÞ-
àÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×ÔVt Ø Vd, ßÞÛãçÕÝÝëå ßÞ
ÔÐÝÝëÜ Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå íâØå ×ÒÕ×Ô Þâ-
ÝÞáØâÕÛìÝÞ æÕÝâàÐ áÚÞßÛÕÝØï ¿ÛÕïÔë Ò ÚÐàâØÝÝÞÙ

ßÛÞáÚÞáâØ, ØáßÞÛì×ÞÒÐÛØáì äÞàÜãÛë Ø ÜÕâÞÔØÚØ Ø×
àÐÑÞâë Danilov and Loktin (2015).

ÀÐÔØÐÛìÝëÕ ×ÐÒØáØÜÞáâØ ÒÕÛØçØÝVt , Vd Ø ÒØ-
ÔØÜÞÙ ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×ÔF (d) Ò áÚÞßÛÕÝØØ,
ÚÐÚ Ø Ò àÐÑÞâÕ Danilov and Loktin (2015), ÑëÛØ
ßÞÛãçÕÝë ßÞ ×ÒÕ×ÔÐÜ, ÑÛØÖÐÙèØÜ Ú ÞÚàãÖÝÞáâØ
àÐÔØãáÐd Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ á æÕÝâàÞÜ Ò
æÕÝâàÕ áÚÞßÛÕÝØï. ´Ûï ÒëçØáÛÕÝØï ÒÕÛØçØÝVt , Vd,
F (d) ßàØd = const á èÐÓÞÜ� ' = 1 � ßÞ ãÓÛã' ÞâÝÞ-
áØâÕÛìÝÞ æÕÝâàÐ áÚÞßÛÕÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ
ÞßàÕÔÕÛïÛØáì ÚÞÞàÔØÝÐâë ã×ÛÞÒëå âÞçÕÚ. ·ÐâÕÜ ßÞ
ÑÛØÖÐÙèØÜ Ú ÚÐÖÔÞÙ ã×ÛÞÒÞÙ âÞçÚÕ ×ÒÕ×ÔÐÜ (ÔÛï
nst = 6) Üë ÞßàÕÔÕÛïÛØ ÒÕÛØçØÝëVt , Vd ØF (d). ´Ð-
ÛÕÕ íâØ ÒÕÛØçØÝë ÒëçØáÛïÛØáì ÚÐÚ áàÕÔÝØÕ ßÞ ÒáÕÜ
ã×ÛÞÒëÜ âÞçÚÐÜ (ßÞÓàÕèÝÞáâØ íâØå áàÕÔÝØå àÐÒÝë
ßÞÓàÕèÝÞáâïÜ ÒÕÛØçØÝVt , Vd ØF (d)). ºÐÚ Ø Ò àÐÑÞ-
âÕ Danilov and Loktin (2015), àÐáßàÕÔÕÛÕÝØïF (d)
áÓÛÐÖØÒÐÛØáì ÜÕâÞÔÞÜ ÛÞÚÐÛìÝÞÙ Ò×ÒÕèÕÝÝÞÙ àÕ-
ÓàÕááØØ (Cleveland and Devlin 1988) ÔÞ ßàØÒÕÔÕÝØï
Øå Ú ÒØÔã ÜÞÝÞâÞÝÝÞ ãÑëÒÐîéØå ßÞd äãÝÚæØÙ,
×ÝÐçÕÝØï ÚÞâÞàëå Üë ßàØÝØÜÐÛØ àÐÒÝëÜØ ÝãÛî
ßàØd = Rm , ÓÔÕRm � àÐÔØãá ÞÑÛÐáâØ, Ò ÚÞâÞàÞÙ
ØááÛÕÔãÕâáï ßÞÛÕ áÚÞàÞáâÕÙ ×ÒÕ×Ô áÚÞßÛÕÝØï. ´Ûï
ßÕàÕåÞÔÐ Þâ àÐáßàÕÔÕÛÕÝØïF (d) Ú àÐáßàÕÔÕÛÕÝØî
ßàÞáâàÐÝáâÒÕÝÝÞÙ ßÛÞâÝÞáâØf (r s) ØáßÞÛì×ÞÒÐÛØáì
ßàÕÔßÞÛÞÖÕÝØÕ Þ áäÕàØçÕáÚÞÙ áØÜÜÕâàØØ àÐáßàÕ-
ÔÕÛÕÝØï ×ÒÕ×Ô (Ø ÜÐááë) Ò áÚÞßÛÕÝØØ, Ð âÐÚÖÕ
àÕèÕÝØÕ (8.7) ØÝâÕÓàÐÛìÝÞÓÞ ãàÐÒÝÕÝØï °ÑÕÛï ÔÛï
äãÝÚæØØf (r s) Ò ÚÝØÓÕ Kholopov (1981).

ÀÐÔØÐÛìÝëÕ ×ÐÒØáØÜÞáâØ Þâr s ÔØáßÕàáØÙ
âàÕåÜÕàÝëå áÚÞàÞáâÕÙ ×ÒÕ×Ô� 2

v ÝÐ àÐááâÞïÝØïå
r 0

s 2 [0; r s] Þâ æÕÝâàÐ áÚÞßÛÕÝØï ÞßàÕÔÕÛïÛØáì ßÞ
ÔÐÝÝëÜ ÞÑ íÚÒÐâÞàØÐÛìÝëå ÚÞÞàÔØÝÐâÐå, ßÐàÐÛ-
ÛÐÚáÐå Ø áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå ×ÒÕ×Ô ÞâÝÞáØ-
âÕÛìÝÞ æÕÝâàÐ áÚÞßÛÕÝØï ¿ÛÕïÔë. ²ÕÛØçØÝë� 2

v
ÒëçØáÛïÛØáì ßÞ äÞàÜãÛÕ� 2

v = 1 :5� 2
2;v Ò ßàÕÔßÞ-

ÛÞÖÕÝØØ Þ áäÕàØçÕáÚÞÙ áØÜÜÕâàØØ àÐáßàÕÔÕÛÕÝØï
áÚÞàÞáâÕÙ ×ÒÕ×Ô Ò áÚÞßÛÕÝØØ, ÓÔÕ� 2

2;v � ÔØáßÕàáØï
ÔÒãÜÕàÝëå áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô Ò ÚÐàâØÝÝÞÙ
ßÛÞáÚÞáâØ.

´Ûï ÞßàÕÔÕÛÕÝØï áâàãÚâãàÝëå ßÐàÐÜÕâàÞÒ
áÚÞßÛÕÝØï Ø Øå ßÞÓàÕèÝÞáâÕÙ Ò àÐ×ÔÕÛÕ 6 Øá-
ßÞÛì×ÞÒÐÛÐáì ÜÕâÞÔØÚÐ, ÞßØáÐÝÝÐï Ò àÐÑÞâÐå
Danilov (2010), Danilov and Loktin (2015), áÞÓÛÐáÝÞ
ÚÞâÞàÞÙ á ßÞÜÞéìî ÔÐâçØÚÐ áÛãçÐÙÝëå çØáÕÛ ÑëÛØ
×ÐÔÐÝë ßàÞáâàÐÝáâÒÕÝëÕ ßÞÛÞÖÕÝØï6Ncl ×ÒÕ×Ô
Ò áäÕàØçÕáÚÞÙ áØáâÕÜÕ ÚÞÞàÔØÝÐâ(r s; �; � ) ×ÒÕ×Ô
áÚÞßÛÕÝØï. ÄãÝÚæØïf (r s) ØáßÞÛì×ÞÒÐÛÐáì ÔÛï Òë-
çØáÛÕÝØï ßÛÞâÝÞáâØ àÐáßàÕÔÕÛÕÝØï ÒÕàÞïâÝÞáâÕÙ
pa(r s) ßÞßÐÔÐÝØï ×ÒÕ×Ôë Ò ØÝâÕàÒÐÛr s 2 (0; Rm ).
´ØáÚàÕâÝÐï áÛãçÐÙÝÐï ÒÕÛØçØÝÐr s á ×ÐÔÐÝÝÞÙ
ßÛÞâÝÞáâìîpa(r s) ÑëÛÐ àÐáßàÕÔÕÛÕÝÐ Ò ØÝâÕàÒÐÛÕ
r s 2 (0; Rm ) áÞÓÛÐáÝÞ ÜÕâÞÔØÚÕ Ø× àÐÑÞâë (Sobol'
1985, á. 26), Ð ÒÕÛØçØÝë� Ø � � Ò ØÝâÕàÒÐÛÐå
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� 2 (0; � ) Ø � 2 (0; 2� ) á ßÛÞâÝÞáâïÜØ, ÞÑÕáßÕçØ-
ÒÐîéØÜØ àÐÒÝÞÜÕàÝÞÕ àÐáßàÕÔÕÛÕÝØÕ ×ÒÕ×Ô ßÞ
ãÓÛÐÜ� Ø� ÔÛï ÚÐÖÔÞÓÞ äØÚáØàÞÒÐÝÝÞÓÞ ×ÝÐçÕÝØï
r s = r s;i . ² àÕ×ãÛìâÐâÕ ÑëÛØ ßÞÛãçÕÝë ÝÐÑÞàë
×ÝÐçÕÝØÙ(r s;i ; � i ; � i ), i = 1 ; :::; 6Ncl . ºÐÖÔëÙ Ø×
èÕáâØ ÝÐÑÞàÞÒ ÚÞÞàÔØÝÐâNcl ×ÒÕ×Ô ØÜØâØàãÕâ
ÔÐÝÝÞÕ áÚÞßÛÕÝØÕ ×ÒÕ×Ô. ¿àØ ÞæÕÝÚÕ áâàãÚâãàÝëå
ßÐàÐÜÕâàÞÒ À·Á ÒëçØáÛïÛØáì áàÕÔÝØÕ ÒÕÛØçØÝë
íâØå ßÐàÐÜÕâàÞÒ Ø áâÐÝÔÐàâÝëÕ ÞâÚÛÞÝÕÝØï Þâ
áàÕÔÝÕÓÞ ßÞ èÕáâØ ÝÐÑÞàÐÜ ÚÞÞàÔØÝÐâNcl ×ÒÕ×Ô.

¿ÛÕïÔë � ÔÞáâÐâÞçÝÞ ÑÛØ×ÚÞÕ áÚÞßÛÕÝØÕ.
ÀÐááâÞïÝØÕ ÔÞ áÚÞßÛÕÝØïr cl ' 136:4 � 0:2ßÚ,
ÜÞÔãÛì áÚÞàÞáâØ ÔÒØÖÕÝØï áÚÞßÛÕÝØï Ò ÚÐàâØÝ-
ÝÞÙ ßÛÞáÚÞáâØV� ' 32:08 � 0:08ÚÜ á� 1 (áÞÓÛÐáÝÞ
áàÕÔÝÕÜã ßÐàÐÛÛÐÚáã Ø áàÕÔÝÕÜã áÞÑáâÒÕÝÝÞÜã
ÔÒØÖÕÝØî ×ÒÕ×Ô áÚÞßÛÕÝØï ßÞ ÔÐÝÝëÜ Gaia). ²
íâÞÜ áÛãçÐÕ áÞáâÐÒÛïîéÐï ÔÒØÖÕÝØï áÚÞßÛÕÝØï,
ßÕàßÕÝÔØÚãÛïÝÐï Ûãçã ×àÕÝØï, ØáÚÐÖÐÕâ ÛãçÕÒëÕ
áÚÞàÞáâØ ×ÒÕ×Ô Ò ÛØÔØàãîéÕÙ Ø ÞâáâÐîéÕÙ Ò
âÐÚÞÜ ÔÒØÖÕÝØØ çÐáâïå áÚÞßÛÕÝØï, äÞàÜØàãï
áÞÞâÒÕâáâÒÕÝÝÞ ßÞÛÞÖØâÕÛìÝëÕ Ø ÞâàØæÐâÕÛìÝëÕ
ßàØàÐéÕÝØï ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×Ô Ø× íâØå
ÞÑÛÐáâÕÙ áÚÞßÛÕÝØï. ÍâØ ßàØàÐéÕÝØï áÞ×ÔÐîâ
ÚÐÖãéØÙáï íääÕÚâ ÒàÐéÕÝØï áÚÞßÛÕÝØï ÞâÝÞ-
áØâÕÛìÝÞ ÞáØ, ßÕàßÕÝÔØÚãÛïàÝÞÙ ÝÐßàÐÒÛÕÝØî
ÔÒØÖÕÝØï áÚÞßÛÕÝØï. ¿ÞÔÞÑÝëÕ ØáÚÐÖÕÝØï ØÝÞÓÔÐ
ÜÞÖÝÞ ÒØÔÕâì Ø Ò áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå ×ÒÕ×Ô
Ø×-×Ð ÔÒØÖÕÝØï áÚÞßÛÕÝØï ÒÔÞÛì ÛãçÐ ×àÕÝØï
(äÞàÜØàÞÒÐÝØÕ àÐÔØÐÝâÐ Ø ÐßÕÚáÐ Ò áÞÑáâÒÕÝÝëå
ÔÒØÖÕÝØïå ×ÒÕ×Ô). ¿ãáâìV � � ßàÞÕÚæØï ÒÕÚâÞàÐ
áÚÞàÞáâØ À·Á ÝÐ ÚÐàâØÝÝãî ßÛÞáÚÞáâì. ´Ûï
ÞæÕÝÚØ ßàØàÐéÕÝØÙ ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×Ô Ø×-×Ð
ÔÒØÖÕÝØï À·Á, ßÕàßÕÝÔØÚãÛïàÝÞÓÞ Ûãçã ×àÕÝØï,
àÐááÜÞâàØÜ ßàÐÒãî áØáâÕÜã ÔÕÚÐàâÞÒëå ÚÞÞàÔØÝÐâ
x0, y0, z0, ÝÐçÐÛÞ ÞáÕÙ ÚÞâÞàëå (âÞçÚÐO) ÝÐåÞÔØâáï Ò
æÕÝâàÕ áÚÞßÛÕÝØï, Þáìy0ÝÐßàÐÒÛÕÝÐ ÒÔÞÛì ÒÕÚâÞàÐ
V � , Þáì x0 ßÕàßÕÝÔØÚãÛïàÝÐ ÒÕÚâÞàãV � , Ð Þáì
z0 ÝÐßàÐÒÛÕÝÐ Þâ ÝÐÑÛîÔÐâÕÛï, ÝÐåÞÔïéÕÓÞáï Ò
âÞçÚÕÑ; ßÛÞáÚÞáâì(x0; y0) áÞÒßÐÔÐÕâ á ÚÐàâØÝÝÞÙ
ßÛÞáÚÞáâìî. ½Ð àØá. 1 ÞÚàãÖÝÞáâì á æÕÝâàÞÜ Ò âÞç-
ÚÕO ÞÑÞ×ÝÐçÐÕâ ÛØÝØî ßÕàÕáÕçÕÝØï áäÕàØçÕáÚÞÙ
ßÞÒÕàåÝÞáâØ, ÞÓØÑÐîéÕÙ áÚÞßÛÕÝØÕ, á ßÛÞáÚÞáâìî
(x0; y0), âàÕãÓÞÛìÝØÚCDS � ßàïÜÞãÓÞÛìÝëÙ á
ßàïÜëÜ ãÓÛÞÜ ã ÒÕàèØÝëD. ½ÐßàÐÒÛïîéØÕ
ÚÞáØÝãáë ÒÕÚâÞàÐV � ÞâÝÞáØâÕÛìÝÞ ÞáÕÙx0,
y0, z0 àÐÒÝë:cos� x0 = 0 , cos� y0 = 1 , cos� z0 = 0
áÞÞâÒÕâáâÒÕÝÝÞ, áÜ. àØá. 1. ¿ãáâìr = CS �
àÐááâÞïÝØÕ ÔÞ ×ÒÕ×ÔëS, r cl = CO. ½ÐßàÐÒÛïîéØÕ
ÚÞáØÝãáë ÒÕÚâÞàÐ� V r ãÔÞÒÛÕâÒÞàïîâ áÛÕÔãî-
éØÜ áÞÞâÝÞèÕÝØïÜ:j cos� x0j � 1, cos� y0 = y0=r,
j cos� z0j � 1, áÜ. àØá. 1, Ð âÐÚÖÕ äÞàÜãÛë (3.1� 8)
Ø× Korn and Korn (1968). ÁÞÓÛÐáÝÞ (3.1� 11) Ø× Korn
and Korn (1968), cos = cos � y0 cos� y0 = y0=r,
ÓÔÕ � ãÓÞÛ ÜÕÖÔã ÒÕÚâÞàÐÜØV � Ø � V r
Ò ßàïÜÞãÓÞÛìÝÞÜ âàÕãÓÞÛìÝØÚÕSPT á ßàï-
ÜëÜ ãÓÛÞÜ ã ÒÕàèØÝëT, Ð � Vr = V� cos ,

ÓÔÕ� Vr = j� V r j, V� = jV � j (àØá. 1). ¿ÞíâÞÜã
� Vr = V� y0=r. ¿àØ y0 = 7 � 10ßÚ ÔÛï áÚÞßÛÕÝØï
¿ÛÕïÔë � Vr ' 1:64� 2:35ÚÜ á� 1. ¿àØ Ø×ÜÕÝÕÝØØ
×ÝÐÚÐy0 ×ÝÐÚ ÒÕÛØçØÝë� Vr âÐÚÖÕ ÜÕÝïÕâáï. ¿Þ-
íâÞÜã ÝÐ ßàÞâØÒÞßÞÛÞÖÝëå (ßÞy0) ÚàÐïå áÚÞßÛÕÝØï
àÐ×ÝØæÐ ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×Ô Ø×-×Ð ÔÕÙáâÒØï
ÝÐ ÝØå àÐááÜÞâàÕÝÝÞÓÞ ×ÔÕáì íääÕÚâÐ ÔÞáâØÓÐÕâ
ÒÕÛØçØÝ2� Vr ' 3:3� 4:7 ÚÜ á� 1.

´ÐÝÝëÕ Þ ÒàÐéÕÝØØ ÒÝÕèÝØå ÞÑÛÐáâÕÙ áÚÞßÛÕ-
ÝØï ¿ÛÕïÔë ÜÞÖÝÞ ßÞÛãçØâì á ßÞÜÞéìî ÛãçÕÒëå
áÚÞàÞáâÕÙ ×ÒÕ×Ô-çÛÕÝÞÒ áÚÞßÛÕÝØï, àÐáßÞÛÞÖÕÝ-
Ýëå ÝÐ ßàÞâØÒÞßÞÛÞÖÝëå ÚàÐïå áÚÞßÛÕÝØï ÒÑÛØ×Ø
ÕÓÞ íÚÒÐâÞàÐ. ²àÐéÕÝØÕ ïÔàÐ áÚÞßÛÕÝØï ÜÞÖÝÞ
Ø×ãçÐâì á ßÞÜÞéìî áàÕÔÝØå áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ
×ÒÕ×Ô, ÝÐåÞÔïéØåáï ÑÛØÖÕ Ø ÔÐÛìèÕ æÕÝâàÐ áÚÞß-
ÛÕÝØï ßÞ ÞâÝÞèÕÝØî Ú ÝÐÑÛîÔÐâÕÛî, Ð âÐÚÖÕ ×ÒÕ×Ô,
àÐáßÞÛÞÖÕÝÝëå Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ áÛÕÒÐ Ø
áßàÐÒÐ (ßàØl < l c Øl > l c), Ð âÐÚÖÕ áÒÕàåã Ø áÝØ×ã
Þâ ÕÓÞ æÕÝâàÐ (ßàØb > bc Ø b < bc), ÝÐßàØÜÕà, Ò
áØáâÕÜÕ ÓÐÛÐÚâØçÕáÚØå ÚÞÞàÔØÝÐâl Øb, ÓÔÕlc, bc �
ÚÞÞàÔØÝÐâë æÕÝâàÐ áÚÞßÛÕÝØï. Á ãçÕâÞÜ ÔÐÝÝëå Þ
ÛãçÕÒëå áÚÞàÞáâïå ×ÒÕ×Ô, âÐÚÞÙ ßÞÔåÞÔ ÔÐÕâ ÒÞ×-
ÜÞÖÝÞáâì ÞæÕÝØâì ãÓÛÞÒëÕ áÚÞàÞáâØ! x , ! y , ! z ÒàÐ-
éÕÝØï ïÔàÐ áÚÞßÛÕÝØï ÞâÝÞáØâÕÛìÝÞ ÚÞÞàÔØÝÐâÝëå
ÞáÕÙx, y, z (ÝÐØÑÞÛìèØÙ ÒÚÛÐÔ Ò áàÕÔÝØÕ áÞÑáâÒÕÝ-
ÝëÕ ÔÒØÖÕÝØï âÐÚØå Óàãßß ×ÒÕ×Ô ÒÝÞáïâ ×ÒÕ×Ôë
ïÔàÐ, â.Ú. ÒØÔØÜÐï Ø ßàÞáâàÐÝáâÒÕÝÝÐï ×ÒÕ×ÔÝÐï
ßÛÞâÝÞáâì Ò ïÔàÕ ×ÝÐçØâÕÛìÝÞ ÒëèÕ, çÕÜ Ò ÓÐÛÞ Ø
ÚÞàÞÝÕ áÚÞßÛÕÝØï).

¿ãáâì ÞáØx Øy ßàïÜÞãÓÞÛìÝÞÙ áØáâÕÜë ÚÞÞà-
ÔØÝÐâ á æÕÝâàÞÜ Ò æÕÝâàÕ áÚÞßÛÕÝØï ÝÐßàÐÒÛÕÝë Ò
áâÞàÞÝã ãÒÕÛØçÕÝØï ÚÞÞàÔØÝÐâl ØbáÞÞâÒÕâáâÒÕÝÝÞ,
Þáì z ÝÐßàÐÒÛÕÝÐ Þâ ÝÐÑÛîÔÐâÕÛï,(x; y) � ÚÐàâØÝ-
ÝÐï ßÛÞáÚÞáâì. Â.Ú. ÒÕÚâÞà ãÓÛÞÒÞÙ áÚÞàÞáâØ ÒàÐ-
éÕÝØï áÚÞßÛÕÝØï
 = ( ! x ; ! y ; ! z) ÝÐßàÐÒÛÕÝ ÒÔÞÛì
ÞáØ ÒàÐéÕÝØï áÚÞßÛÕÝØï, Ð ãàÐÒÝÕÝØÕ ÚÐàâØÝÝÞÙ
ßÛÞáÚÞáâØz = 0 , âÞ ãÓÞÛ# ÜÕÖÔã ÒÕÚâÞàÞÜ
 Ø
ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâìî, áÞÓÛÐáÝÞ (3.4� 6) Ø× Korn
and Korn (1968), ÜÞÖÕâ Ñëâì ÞßàÕÔÕÛÕÝ ßÞ äÞàÜãÛÕ

sin# =
! zq

! 2
x + ! 2

y + ! 2
z

; (6)

ÓÔÕ! x , ! y , ! z � ßàÞÕÚæØØ ÒÕÚâÞàÐ
 ÝÐ ÞáØ
ÚÞÞàÔØÝÐâx, y, z áÞÞâÒÕâáâÒÕÝÝÞ. µáÛØ áàÕÔÝØÕ
àÐÔØãáër x , r y , r z ÚàãÓÞÒÞÓÞ ÔÒØÖÕÝØï Óàãßß ×ÒÕ×Ô
ÞâÝÞáØâÕÛìÝÞ ÞáÕÙx, y, z àÐÒÝë ÜÕÖÔã áÞÑÞÙ, âÞ
ÒÕÛØçØÝë! x , ! y , ! z ÔÛï íâØå Óàãßß ÜÞÓãâ Ñëâì
×ÐÜÕÝÕÝë ÝÐ áàÕÔÝØÕ áÚÞàÞáâØvy;z , vx;z , vx;y Úàã-
ÓÞÒÞÓÞ ÔÒØÖÕÝØï Óàãßß ×ÒÕ×Ô ÞâÝÞáØâÕÛìÝÞ ÞáÕÙ
x, y, z áÞÞâÒÕâáâÒÕÝÝÞ (â.Ú. ãÜÝÞÖÕÝØÕ çØáÛØâÕÛï
Ø ×ÝÐÜÕÝÐâÕÛï Ò ßàÐÒÞÙ çÐáâØ ÒëàÐÖÕÝØï (6) ÝÐ
àÐÔØãá ÞÚàãÖÝÞáâØ, ßÞ ÚÞâÞàÞÙ ÔÒØÖãâáï ×ÒÕ×Ôë
ÞâÝÞáØâÕÛìÝÞ ÞáÕÙ ÚÞÞàÔØÝÐâ, ÝÕ ÜÕÝïÕâ ÒÕÛØçØ-
Ýë #). µáÛØ ÒÕÛØçØÝër x , r y , r z ÝÕ àÐÒÝë ÜÕÖÔã
áÞÑÞÙ, âÞ Ò äÞàÜãÛÕ (6) ÝÕÞÑåÞÔØÜÞ ØáßÞÛì×ÞÒÐâì
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ÀØá. 1.º ÞæÕÝÚÕ ßàØàÐéÕÝØÙ ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×Ô À·Á Ø×-×Ð ÔÒØÖÕÝØï áÚÞßÛÕÝØï ßÕàßÕÝÔØÚãÛïàÝÞ Ûãçã ×àÕÝØï.

ÀØá. 2.º ÞæÕÝÚÕ ßàØàÐéÕÝØÙ� r Ø ÔÛØÝë ÔãÓØlOB ÒÑÛØ×Ø ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ À·Á.

áÚÞàÞáâØ ÔÒØÖÕÝØï ×ÒÕ×Ô Ò ÒëÑÞàÚÐå, ßàØÒÞÔïéØå
Ú ßàØÑÛØ×ØâÕÛìÝÞ ÞÔØÝÐÚÞÒëÜ ×ÝÐçÕÝØïÜr x , r y , r z.

¾æÕÝÚã ÒÕÛØçØÝëvx;y ÜÞÖÝÞ áÔÕÛÐâì ßÞ ÔÐÝÝëÜ
Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå (Ø áÞÞâÒÕâáâÒãîéØå ØÜ
áÚÞàÞáâïåvx , vy ÔÒØÖÕÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ)
×ÒÕ×Ô áÚÞßÛÕÝØï á àÐááâÞïÝØïÜØr < r cl Ør > r cl:

vx;y = (� vx ; � vy), vx;y = �
q

� v2
x + � v2

y , ÓÔÕ

� vx = 0 :5(vx (r < r cl) � vx (r > r cl)) , � vy ÞßàÕÔÕ-
ÛïÕâáï ÐÝÐÛÞÓØçÝÞ ßÞáÛÕ ×ÐÜÕÝë ØÝÔÕÚáÐx ÝÐy
Ò ÒëàÐÖÕÝØØ ÔÛï� vx . ²ÕàåÝïï çÕàâÐ Ò� vx Ø
� vy ÞÑÞ×ÝÐçÐÕâ ãáàÕÔÝÕÝØÕ ßÞ ×ÒÕ×ÔÐÜ ár < r cl
Ø r > r cl. ¾æÕÝÚØ ÒÕÛØçØÝvx;z , vy;z ÒÞ×ÜÞÖÝë
ßàØ ØáßÞÛì×ÞÒÐÝØØ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ, Ûã-
çÕÒëå áÚÞàÞáâÕÙ Ø àÐááâÞïÝØÙ ×ÒÕ×Ô áÚÞßÛÕÝØï:
vx;z = (� vx ; � vz(x)) , vx;z = �

p
� v2

x + � vz(x)2,
ÓÔÕ� vz(x) = 0 :5(vz(x < x c) � vz(x > x c)) , vy;z =

= (� vy ; � vz(y)) , vy;z = �
q

� v2
y + � vz(y)2, ÓÔÕ

� vz(y) = 0 :5(vz(y < y c) � vz(y > y c)) . ²ÕàåÝïï
çÕàâÐ Ò� vz ÞÑÞ×ÝÐçÐÕâ ãáàÕÔÝÕÝØÕ ßÞ ×ÒÕ×ÔÐÜ á
ÚÞÞàÔØÝÐâÐÜØx Ø y, ãÔÞÒÛÕâÒÞàïîéØÜØ ÞÓàÐÝØ-
çÕÝØïÜ, ãÚÐ×ÐÝÝëÜ Ò áÞÞâÒÕâáâÒãîéØå äÞàÜãÛÐå
ÔÛï � vz. ²ÕÛØçØÝëxc = 0 , yc = 0 , zc = 0 �
ÚÞÞàÔØÝÐâë æÕÝâàÐ áÚÞßÛÕÝØï Ò áØáâÕÜÕ ÚÞÞàÔØÝÐâ
(x; y; z).

½Ð àØá. 2 æÕÝâà áÚÞßÛÕÝØï Ø ÝÐÑÛîÔÐâÕÛì ÝÐ-
åÞÔïâáï Ò âÞçÚÐåO Ø C, áÞÞâÒÕâáâÒÕÝÝÞ;lOB �
ÔÛØÝÐ ÔãÓØOB ÞÚàãÖÝÞáâØ á æÕÝâàÞÜ Ò âÞçÚÕÑ
Ø àÐÔØãáÞÜr cl, âàÕãÓÞÛìÝØÚCOS � ßàïÜÞãÓÞÛì-
ÝëÙ á ßàïÜëÜ ãÓÛÞÜ ã ÒÕàèØÝëO, ßàïÜÐï OS
ÛÕÖØâ Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ. ¾æÕÝØÜ ÒÕÛØçØÝã
� L = OS � lOB . ÁÞÓÛÐáÝÞ àØá. 2,OS = r cl tg drad ,
lOB = r cldrad , ÓÔÕdrad = d� �= 180� � ãÓÞÛd� Ò
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àÐÔØÐÝÐå. ¿ÞíâÞÜã� L = r cl(tg drad � drad ), � r =
= CS � r cl = r cl(1 � cosdrad )=cosdrad .

¿ãáâì r cl = 136 ßÚ. ÂÞÓÔÐ ßàØd� = 10 � � 30�

ÒÕÛØçØÝÐ� L = 0 :24� 7:3 ßÚ, � r = 2 :1� 21:0ßÚ,
� r=OS = 0 :087� 0:268, Ð ßàØd� = 10 :� 9, ÝÐåÞÔØÜ,
çâÞ � L = 0 :32ßÚ, � r = 2 :5ßÚ, � r=OS = 0 :095.
ÂÐÚØÜ ÞÑàÐ×ÞÜ, ÔÛï áÚÞßÛÕÝØï ¿ÛÕïÔë ÒÕÛØçØÝë
� L Ø� r=OS ÔÞáâÐâÞçÝÞ ÜÐÛë ßàØ àÐááÜÞâàÕÝÝëå
Ò ÝÐèÕÙ àÐÑÞâÕ ×ÝÐçÕÝØïåd� 2 [0� ; 10:� 9] Ø ØáßÞÛì-
×ÞÒÐÝØÕ ßàØÑÛØÖÕÝØï ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ ßàØ
ÞæÕÝÚÕ áâàãÚâãàÝëå Ø ÔØÝÐÜØçÕáÚØå ßÐàÐÜÕâàÞÒ
áÚÞßÛÕÝØï ßàÕÔáâÐÒÛïÕâáï ÒßÞÛÝÕ ÔÞßãáâØÜëÜ.

3. ·²µ·´½Ëµ ¿¾´ÁÇµÂË ² ¿»µÏ´°Å

¿àØ ØááÛÕÔÞÒÐÝØØ ×ÒÕ×ÔÝëå áÚÞßÛÕÝØÙ ÝÐ
ÞáÝÞÒÕ ÔÐÝÝëå ÚÞáÜØçÕáÚÞÙ ÜØááØØ Gaia (Gaia
Collaboration et al. 2018; 2016) ÒÞ×ÜÞÖÝë ÔÒÐ
àÐ×ÛØçÝëå ßÞÔåÞÔÐ. ¿ÕàÒëÙ ×ÐÚÛîçÐÕâáï Ò ÞâÑÞàÕ
×ÒÕ×Ô, ØÜÕîéØå ÒëáÞÚãî âÞçÝÞáâì ÞßàÕÔÕÛÕÝØï
ßÐàÐÛÛÐÚáÞÒ Ø áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ. ¿àØ íâÞÜ
ØáßÞÛì×ãîâáï àÐááçØâÐÝÝëÕ ÚàØâÕàØØ ÚÐçÕáâÒÐ
ÔÐÝÝëå (äØÛìâàë), ÞßãÑÛØÚÞÒÐÝÝëÕ Ò ÚÐâÐÛÞ-
ÓÕ Gaia DR2. ÂÐÚÞÙ ßÞÔåÞÔ ßÞ×ÒÞÛïÕâ Ø×ãçÐâì
áâàãÚâãàÝëÕ ÞáÞÑÕÝÝÞáâØ áÚÞßÛÕÝØÙ (ÝÐßàØÜÕà,
ßàØÛØÒÝëÕ åÒÞáâë), ÒÝãâàÕÝÝîî ÚØÝÕÜÐâØÚã Ø
ÔØÝÐÜØÚã áÚÞßÛÕÝØÙ, ÞßàÕÔÕÛïâì âÐÚØÕ åÐàÐÚâÕàØ-
áâØÚØ áÚÞßÛÕÝØÙ ÚÐÚ ÒÞ×àÐáâ, àÐááâÞïÝØÕ, Ø×ÑëâÞÚ
æÒÕâÐ. º áÞÖÐÛÕÝØî, ßàØ âÐÚÞÜ ßÞÔåÞÔÕ âÕàïÕâáï
×ÝÐçØâÕÛìÝÐï çÐáâì çÛÕÝÞÒ áÚÞßÛÕÝØï, ØÜÕîéØå
ÑÞÛìèØÕ ÞèØÑÚØ ÞßàÕÔÕÛÕÝØï ßÐàÐÜÕâàÞÒ. ÂÐÚÞÙ
ßÞÔåÞÔ ÒáÕÓÔÐ ÔÐáâ ÝÕßÞÛÝãî ÒëÑÞàÚã çÛÕÝÞÒ
áÚÞßÛÕÝØï.

²âÞàÞÙ ßÞÔåÞÔ ×ÐÚÛîçÐÕâáï Ò áâÐâØáâØçÕáÚÞÜ
ØááÛÕÔÞÒÐÝØØ áÚÞßÛÕÝØÙ. ¾Ý ØáßÞÛì×ãÕâ ÚÐâÐÛÞÓ
Gaia DR2 ÚÐÚ ßÞÛÝëÙ ÞÑ×Þà ÒáÕÓÞ ÝÕÑÐ (ÜÞÖ-
ÝÞ áçØâÐâì ÕÓÞ ßÞÛÝëÜ ÔÞ ×ÒÕ×ÔÝÞÙ ÒÕÛØçØÝë
mG = 18m). ² íâÞÜ áÛãçÐÕ ÝÕ âàÕÑãÕâáï âéÐâÕÛì-
ÝëÙ ÞâÑÞà ÒÕàÞïâÝëå çÛÕÝÞÒ áÚÞßÛÕÝØï. µÔØÝ-
áâÒÕÝÝÐï æÕÛì ÞÓàÐÝØçÕÝØÙ ÝÐ ßÐàÐÜÕâàë ×ÒÕ×Ô
ßàØ âÐÚÞÜ ßÞÔåÞÔÕ� ãÜÕÝìèØâì ÞÑêÕÜ ÒëÑÞàÚØ Ø
ãÜÕÝìèØâì äÛãÚâãÐæØØ, ÒÝÞáØÜëÕ ×ÒÕ×ÔÐÜØ äÞÝÐ
Ò áâÐâØáâØçÕáÚØ ÞßàÕÔÕÛïÕÜëÕ äãÝÚæØØ àÐáßàÕ-
ÔÕÛÕÝØï. ½ÕÞÑåÞÔØÜÞÕ ãáÛÞÒØÕ� ÝÐÚÛÐÔëÒÐÕÜëÕ
ÞÓàÐÝØçÕÝØï ÝÕ ÔÞÛÖÝë ÞâÑàÐáëÒÐâì çÛÕÝë áÚÞß-
ÛÕÝØï. ¿ÞÛãçÕÝÝëÕ ÒëÑÞàÚØ, áÞÔÕàÖÐéØÕ ×ÒÕ×Ôë
äÞÝÐ Ø ßÞçâØ ÒáÕ çÛÕÝë áÚÞßÛÕÝØï, ÞÑàÐÑÐâëÒÐîâ-
áï áâÐâØáâØçÕáÚØÜØ ÜÕâÞÔÐÜØ, Ò àÕ×ãÛìâÐâÕ ØÜÕÕÜ
ßàÞäØÛì ßÛÞâÝÞáâØ, ÚÐàâë ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâ-
ÝÞáâØ, äãÝÚæØï áÒÕâØÜÞáâØ Ø äãÝÚæØï ÜÐáá. ¾ÑÐ
íâØ ßÞÔåÞÔÐ ÑëÛØ ØáßÞÛì×ÞÒÐÝë ßàØ ØááÛÕÔÞÒÐÝØØ
àÐááÕïÝÝÞÓÞ áÚÞßÛÕÝØï Ruprecht 147 (Yeh et al.
2019).

´Ûï ßàÞÒÕÔÕÝØï ×ÒÕ×ÔÝëå ßÞÔáçÕâÞÒ Ò ÞÑÛÐ-
áâØ áÚÞßÛÕÝØï ¿ÛÕïÔë Ò àÐÜÚÐå ÒâÞàÞÓÞ ßÞÔåÞÔÐ
Ø× ÚÐâÐÛÞÓÐ Gaia DR2 (Gaia Collaboration et al.

2018; 2016) ÝÐÜØ ÑëÛØ ÒëÑàÐÝë ÔÐÝÝëÕ Þ 47195
×ÒÕ×ÔÐå, ßÐàÐÜÕâàë ÚÞâÞàëå ãÔÞÒÛÕâÒÞàïÛØ áÛÕ-
ÔãîéØÜ ÞÓàÐÝØçÕÝØïÜ. ºÞÞàÔØÝÐâë ×ÒÕ×Ô: ßàï-
ÜÞÕ ÒÞáåÞÖÔÕÝØÕ� 2 [23:� 845; 89:� 645]Ø áÚÛÞÝÕÝØÕ
� 2 [� 5:� 883; 54:� 117]. ÂàØÓÞÝÞÜÕâàØçÕáÚØÕ ßÐàÐÛ-
ÛÐÚáë� r 2 [4; 15] ÜØÛÛØáÕÚãÝÔ ÔãÓØ (ÔÐÛÕÕ ÜáÔ),
áÞÑáâÒÕÝÝÞÕ ÔÒØÖÕÝØÕ ßÞ ßàïÜÞÜã ÒÞáåÞÖÔÕÝØî
� � 2 [10; 30] ÜØÛÛØáÕÚãÝÔ ÔãÓØ Ò ÓÞÔ (ÔÐÛÕÕ ÜáÔ
ÓÞÔ� 1), áÞÑáâÒÕÝÝÞÕ ÔÒØÖÕÝØÕ ßÞ áÚÛÞÝÕÝØî� � 2
2 [� 55:5; � 35:5] ÜáÔ ÓÞÔ� 1. ÄØÛìâàë ÚÐçÕáâÒÐ Gaia
ßàØ íâÞÜ ÝÕ ßàØÜÕÝïÛØáì.

¾âÑÞà ßÞ ÚÞÞàÔØÝÐâÐÜ Ø ßÐàÐÛÛÐÚáÐÜ ÔÐÛ ÝÐÜ
ÞÑÛÐáâì ßàÞáâàÐÝáâÒÐ, ßàÕÔáâÐÒÛïîéãî áÞÑÞÙ
äàÐÓÜÕÝâ èÐàÞÒÞÓÞ áÛÞï á àÐ×ÜÕàÐÜØ ßàØÑÛØ-
×ØâÕÛìÝÞ160� 160� 160ßÐàáÕÚ, Ò æÕÝâàÕ ÚÞâÞ-
àÞÓÞ àÐáßÞÛÞÖÕÝÞ áÚÞßÛÕÝØÕ ¿ÛÕïÔë. ¾âÑÞà ßÞ
áÞÑáâÒÕÝÝëÜ ÔÒØÖÕÝØïÜ áÞÞâÒÕâáâÒãÕâ àÐ×ÑàÞáã
áÚÞàÞáâÕÙ ×ÒÕ×Ô Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ ßàØÑÛØ-
×ØâÕÛìÝÞ� 7 ÚÜ/á ÞâÝÞáØâÕÛìÝÞ áÚÞàÞáâØ áàÕÔÝÕÓÞ
ÔÒØÖÕÝØï áÚÞßÛÕÝØï. ¼ÞÖÝÞ ×ÐÚÛîçØâì, çâÞ ÝÐèÐ
ÒëÑÞàÚÐ ÒÚÛîçÐÕâ ÒáÕ ×ÒÕ×Ôë áÚÞßÛÕÝØï ¿ÛÕïÔë
ÔÞ ßàÕÔÕÛìÝÞÙ ÒÕÛØçØÝëmG = 18m , ×Ð ØáÚÛîçÕ-
ÝØÕÜ, ÒÞ×ÜÞÖÝÞ, ÔÐÛÕÚØå çÐáâÕÙ ÕÓÞ ßàØÛØÒÝëå
åÒÞáâÞÒ Ø ×ÒÕ×Ô á ÞçÕÝì ÝÕßàÐÒØÛìÝëÜØ ×ÝÐçÕÝØïÜØ
ßÐàÐÛÛÐÚáÞÒ Ø áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ.

½ÐáÚÞÛìÚÞ áØÛìÝÞ ÜÞÓãâ ÞâÛØçÐâìáï ßÐàÐÜÕâàë
×ÒÕ×Ô Þâ áàÕÔÝØå ÔÛï áÚÞßÛÕÝØï ×ÝÐçÕÝØÙ Ø×-×Ð
ÞèØÑÞÚ Gaia DR2? ÍâÞ ÜÞÖÝÞ ÞæÕÝØâì, ÝÐßàØÜÕà,
ßÞ áÐÜëÜ ïàÚØÜ ×ÒÕ×ÔÐÜ ¿ÛÕïÔ. ¿Þ ßÐàÐÛÛÐÚáÐÜ
ÞâÛØçØÕ ÔÞáâØÓÐÕâ ßàØÑÛØ×ØâÕÛìÝÞ 2.2 ÜáÔ, ßÞ áÞÑ-
áâÒÕÝÝëÜ ÔÒØÖÕÝØïÜ� ÞÚÞÛÞ 5.3 ÜáÔ ÓÞÔ� 1. ¿Þ-
ÛãèØàØÝÐ ØÝâÕàÒÐÛÞÒ ÔÛï ßÐàÐÛÛÐÚáÞÒ Ø áÞÑáâÒÕÝ-
Ýëå ÔÒØÖÕÝØÙ, ØáßÞÛì×ÞÒÐÝÝëå ÝÐÜØ ÔÛï ßÞÛãçÕ-
ÝØï ÒëÑÞàÚØ, ×ÝÐçØâÕÛìÝÞ ÑÞÛìèÕ íâØå ÒÕÛØçØÝ.
¼ÞÖÝÞ áÔÕÛÐâì ÒëÒÞÔ, çâÞ ÝÐèÐ ÒëÑÞàÚÐ áÞÔÕàÖØâ
ÒáÕ ×ÒÕ×Ôë ¿ÛÕïÔ ÔÞ ÒÕÛØçØÝëmG = 18m ÔÐÖÕ á
ãçÕâÞÜ ÒÞ×ÜÞÖÝëå ÓàãÑëå ÞèØÑÞÚ Ò ßÐàÐÜÕâàÐå
×ÒÕ×Ô.

ºÞÛØçÕáâÒÞ ×ÒÕ×Ô Ò ¿ÛÕïÔÐå àÕ×ÚÞ ãÜÕÝìèÐÕâáï
ßàØmG > 18m (íâÞ áÞÞâÒÕâáâÒãÕâ ßàØÑÛØ×ØâÕÛì-
ÝÞ ÜÐááÕ ×ÒÕ×Ôëm ' 0:16M � ). ½ÕÜÝÞÓÞçØáÛÕÝÝëÕ
×ÒÕ×Ôë áÚÞßÛÕÝØï ×ÐÜÕâÝë ÔÞ ÒÕÛØçØÝmG = 20m ,
ÑÞÛÕÕ áÛÐÑëÕ ×ÒÕ×Ôë ßàÐÚâØçÕáÚØ ÞâáãâáâÒãîâ. ÍâÞ
åÞàÞèÞ ÒØÔÝÞ ÝÐ ÔØÐÓàÐÜÜÐå� � r � mG � , � � � � mG �
Ø� � � � mG � .

²ÝÐçÐÛÕ Üë ãâÞçÝØÛØ ßÞÛÞÖÕÝØÕ æÕÝâàÐ áÚÞß-
ÛÕÝØï ÔÛï ßÞÛãçÕÝÝÞÙ ÒëÑÞàÚØ. ¿àØ íâÞÜ ØáßÞÛì-
×ÞÒÐÛáï ÜÕâÞÔ� kernel density estimator� (KDE) Ò
ÞÔÝÞÜÕàÝÞÜ ÒÐàØÐÝâÕ, ßàØÜÕÝÕÝÝëÙ ßÞ ÞâÔÕÛìÝÞ-
áâØ Ú íÚÒÐâÞàØÐÛìÝëÜ ÚÞÞàÔØÝÐâÐÜ ×ÒÕ×Ô ÒëÑÞàÚØ.
ÄÐÚâØçÕáÚØ, íâÞâ ÜÕâÞÔ ÐÝÐÛÞÓØçÕÝ ÚÛÐááØçÕáÚÞÜã
ÜÕâÞÔã ¿ÛÐÜÜÕàÐ (ßÞÔáçÕâë ×ÒÕ×Ô Ò ßÐàÐÛÛÕÛìÝëå
ßÞÛÞáÐå).

¿àØ ßÞÛãèØàØÝÕ (kernel halfwidth)h = 0 :� 5 ÔÛï
×ÒÕ×Ô ámG 6 18m ÔÛï æÕÝâàÐ áÚÞßÛÕÝØï ÑëÛØ
ßÞÛãçÕÝë ÚÞÞàÔØÝÐâë� c = 56 :� 69Ø� c = 24 :� 17, çâÞ
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ÀØá. 3.ºÐàâë ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ ÔÛï æÕÝâàÐÛìÝÞÙ çÐáâØ áÚÞßÛÕÝØï ¿ÛÕïÔë(2� � 2� ), h = 20 0: (a) ÔÛï ×ÒÕ×Ô á
mG 6 15m , (b) ÔÛï ×ÒÕ×Ô ámG 6 18m . ºÞÞàÔØÝÐâëxp Øyp ÔÐÝë Ò ãÓÛÞÒëå ÜØÝãâÐå.

ÀØá. 4.ºÐàâë ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ ÔÛï ÞÚàÕáâÝÞáâÕÙ áÚÞßÛÕÝØï¿ÛÕïÔë: (a) ÞÑÛÐáâì43:� 3 � 43:� 3, h = 60 0; (b)
ÞÑÛÐáâì10� � 10� ; h = 20 0; áâàÕÛÚÐ ßÞÚÐ×ëÒÐÕâ ÝÐßàÐÒÛÕÝØÕ ÔÒØÖÕÝØï áÚÞßÛÕÝØï. ºÞÞàÔØÝÐâëxp Øyp ÔÐÝë Ò ãÓÛÞÒëå
ÜØÝãâÐå.

ÞâÛØçÐÕâáï Þâ ×ÝÐçÕÝØÙ Ø× ÑÐ×ë ÔÐÝÝëå WEBDA1

(� c = 56 :� 75Ø� c = 24 :� 117). ¾âÜÕâØÜ, çâÞ ßÞÛÞÖÕ-
ÝØÕ æÕÝâàÐ ×ÐÒØáØâ Þâ ßàÕÔÕÛìÝÞÙ ÒÕÛØçØÝë ×ÒÕ×Ô
Ø ÜÞÖÕâ Ø×ÜÕÝïâìáï ÝÐ ÔÕáïâÚØ ãÓÛÞÒëå ÜØÝãâ
(íâÞ åÞàÞèÞ ÒØÔÝÞ ÝÐ àØá. 3, ÓÔÕ ßàØÒÕÔÕÝë ÚÐàâë
ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ æÕÝâàÐÛìÝÞÙ çÐáâØ ïÔàÐ
áÚÞßÛÕÝØï ÔÛï ×ÒÕ×Ô àÐ×ÛØçÝÞÙ ßàÕÔÕÛìÝÞÙ ïà-
ÚÞáâØ). ² ÝÐèÕÜ áÛãçÐÕ ãâÞçÝÕÝØÕ æÕÝâàÐ ØÜÕÕâ
áÜëáÛ ÔÛï ßÞáâàÞÕÝØï àÐÔØÐÛìÝÞÓÞ ßàÞäØÛï ßÛÞâ-

1https://webda.physics.muni.cz/

ÝÞáâØ (çâÞÑë Ø×ÑÕÖÐâì ãÜÕÝìèÕÝØï ßÛÞâÝÞáâØ Ò
æÕÝâàÕ áÚÞßÛÕÝØï).

¿ÞÛãçÕÝÝëÕ ÚÞÞàÔØÝÐâë æÕÝâàÐ áÚÞßÛÕÝØï Ñë-
ÛØ ØáßÞÛì×ÞÒÐÝë ÔÛï ßÕàÕåÞÔÐ Ú âÐÝÓÕÝæØÐÛìÝÞÙ
áØáâÕÜÕ ÚÞÞàÔØÝÐâxp Ø yp, ØÜÕîéÕÙ ßÞÛîá Ò
âÞçÚÕ(� c; � c) (Hiltner 1962, ³ÛÐÒÐ 20, àÐ×ÔÕÛ 4.2).
ÂÐÝÓÕÝæØÐÛìÝëÕ ÚÞÞàÔØÝÐâë ØáßÞÛì×ãîâáï ÔÛï ßÞ-
ÛãçÕÝØï äãÝÚæØÙ àÐáßàÕÔÕÛÕÝØï ×ÒÕ×Ô, Þâ ßàÞäØ-
ÛÕÙ ßÛÞâÝÞáâØ ÔÞ äãÝÚæØØ áÒÕâØÜÞáâØ (Carraro
et al. 2017, Carraro and Seleznev 2012, Carraro et al.
2016, Seleznev 1998; 2016b).
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ÀØá. 5.¿àÞäØÛØ ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ áÚÞßÛÕÝØï ¿ÛÕïÔë ÔÛï ×ÒÕ×Ô ámG 6 18m , h = 80 0. (a) ¿àÞäØÛì ßÛÞâÝÞáâØ
Ò ÛÞÓÐàØäÜØçÕáÚØå Þáïå (ÔÕáïâØçÝëÙ ÛÞÓÐàØäÜ)� áßÛÞèÝÐï ÚàØÒÐï ÛØÝØï; èâàØåÞÒëÕ ÚàØÒëÕ ÛØÝØØ ßÞÚÐ×ëÒÐîâ
ÔÞÒÕàØâÕÛìÝëÙ ØÝâÕàÒÐÛ èØàØÝÞÙ� 1� ; áßÛÞèÝëÕ ßàïÜëÕ ÛØÝØØ ßÞÚÐ×ëÒÐîâ ßàØÝïâëÕ ×ÝÐçÕÝØï àÐÔØãáÐ áÚÞßÛÕÝØï
Ø áàÕÔÝÕÙ ßÛÞâÝÞáâØ ×ÒÕ×Ô äÞÝÐ; (b) ßàÞäØÛì ßÛÞâÝÞáâØ Ò ÛØÝÕÙÝëå Þáïå� âÞÛáâÐï áßÛÞèÝÐï ÚàØÒÐï ÛØÝØï, ßÞÚÐ×ÐÝ
ãçÐáâÞÚ ÒÑÛØ×Ø ÓàÐÝØæë áÚÞßÛÕÝØï; âÞÛáâëÕ èâàØåÞÒëÕ ÛØÝØØßÞÚÐ×ëÒÐîâ ÔÞÒÕàØâÕÛìÝëÙ ØÝâÕàÒÐÛ èØàØÝÞÙ� 1� ;
âÞÝÚÐï èâàØåÞÒÐï ÛØÝØï ßÞÚÐ×ëÒÐÕâ ßàÞäØÛì ßÛÞâÝÞáâØ, ßÞáâàÞÕÝÝëÙ ßàØh = 20 0; âÞÛáâëÕ ßàïÜëÕ ÛØÝØØ ßÞÚÐ×ëÒÐîâ
ßàØÝïâëÕ ×ÝÐçÕÝØï àÐÔØãáÐ áÚÞßÛÕÝØï Ø áàÕÔÝÕÙ ßÛÞâÝÞáâØ ×ÒÕ×Ô äÞÝÐ; âÞÝÚØÕ ßàïÜëÕ ÛØÝØØ ØÛÛîáâàØàãîâÞßàÕÔÕÛÕÝØÕ
ßÞÓàÕèÝÞáâØ ÔÛï ×ÝÐçÕÝØÙ àÐÔØãáÐ áÚÞßÛÕÝØï Ø áàÕÔÝÕÙ ßÛÞâÝÞáâØ ×ÒÕ×Ô äÞÝÐ.

½Ð àØá. 3 ßÞÚÐ×ÐÝë ÚÐàâë ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâ-
ÝÞáâØ ÔÛï æÕÝâàÐÛìÝÞÙ çÐáâØ ïÔàÐ áÚÞßÛÕÝØï, ÞÑ-
ÛÐáâØ2� � 2� (h = 200). àØá. 3a áÞÞâÒÕâáâÒãÕâ àÐá-
ßàÕÔÕÛÕÝØî ×ÒÕ×Ô ámG 6 15m ÒÕÛØçØÝ, àØá.3b
ãçØâëÒÐÕâ Ø ÑÞÛÕÕ áÛÐÑëÕ ×ÒÕ×Ôë ÔÞmG 6 18m

ÒÕÛØçØÝ. ²ØÔÝÞ, çâÞ ßàØ ßÕàÕåÞÔÕ Ú ÑÞÛÕÕ ïàÚØÜ
×ÒÕ×ÔÐÜ æÕÝâà áÚÞßÛÕÝØï Ø×ÜÕÝïÕâ áÒÞÕ ßÞÛÞÖÕÝØÕ
ßàØÜÕàÝÞ ÝÐ200 ßÞ x Ø ßÞy. ½ÕÞÔÝÞàÞÔÝÞáâØ
ßÛÞâÝÞáâØ ÝÐ íâØå ÚÐàâÐå ÞÑãáÛÞÒÛÕÝë ØáÚÛîçØ-
âÕÛìÝÞ ×ÒÕ×ÔÐÜØ áÚÞßÛÕÝØï, âÐÚ ÚÐÚ áÐÜëÙ ÝØ×-
ÚØÙ ãàÞÒÕÝì ÓàÐÔÐæØØ ßÛÞâÝÞáâØ ÝÐ íâØå ÚÐàâÐå
áÞáâÐÒÛïÕâ 0.002 ×ÒÕ×Ôë ÝÐ ÚÒÐÔàÐâÝãî ãÓÛÞÒãî
ÜØÝãâã, Ð áàÕÔÝïï ßÛÞâÝÞáâì ×ÒÕ×Ô äÞÝÐ ÔÛï ÝÐèÕÙ
ÒëÑÞàÚØ áÞáâÐÒÛïÕâ 0.000562 ×ÒÕ×Ôë ÝÐ ÚÒÐÔàÐâ-
Ýãî ãÓÛÞÒãî ÜØÝãâã (áÜ. ÝØÖÕ). ¾âÜÕâØÜ áÛÞÖÝÞÕ
ØààÕÓãÛïàÝÞÕ áâàÞÕÝØÕ ïÔàÐ áÚÞßÛÕÝØï (àØá. 3),
ÑÞÛÕÕ áÛÞÖÝÞÕ ÔÛï ßÞÔáØáâÕÜë ÑÞÛÕÕ ïàÚØå ×ÒÕ×Ô
ámG � 15m , çâÞ ãÚÐ×ëÒÐÕâ ÝÐ ÑÞÛìèØÕ ÞâÚÛÞÝÕÝØï
ïÔàÐ áÚÞßÛÕÝØï Þâ àÐÒÝÞÒÕáØï Ò àÕÓãÛïàÝÞÜ ßÞÛÕ.

½Ð àØá. 4 ßÞÚÐ×ÐÝë ÚÐàâë ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâ-
ÝÞáâØ ÔÛï ÞÚàÕáâÝÞáâÕÙ áÚÞßÛÕÝØï ¿ÛÕïÔë. ½Ð
àØá. 4a ßÞÚÐ×ÐÝÐ ÞÑÛÐáâì43:� 3 � 43:� 3; èÐÓ ßÛÞâÝÞ-
áâØ ÒëÑàÐÝ âÐÚØÜ ÞÑàÐ×ÞÜ, çâÞÑë ÛãçèÕ ßàÞïÒØ-
ÛØáì ÒÝÕèÝØÕ ßÞ ÞâÝÞèÕÝØî Ú áÚÞßÛÕÝØî ãçÐáâ-
ÚØ Ø áâÐÛÐ ×ÐÜÕâÝÐ ÚÞàÞÝÐ áÚÞßÛÕÝØï. ÍâÐ ÚÐà-
âÐ ßÞáâàÞÕÝÐ á ØáßÞÛì×ÞÒÐÝØÕÜ ÔÒãÜÕàÝÞÓÞ ÜÕâÞ-
ÔÐ KDE (Seleznev 2016a) á ßÐàÐÜÕâàÞÜh = 600.
ÄÛãÚâãÐæØØ ßÛÞâÝÞáâØ ÝÐ íâÞÙ ÚÐàâÕ ÞÑãáÛÞÒÛÕÝë
Ò ÞáÝÞÒÝÞÜ ×ÒÕ×ÔÐÜØ ßÞÛï. ½Ð àØá. 4b ßÞÚÐ×ÐÝÐ
ÞÑÛÐáâì10� � 10� , íâÞ ïÔàÞ áÚÞßÛÕÝØï Ø ÒÝãâ-
àÕÝÝïï çÐáâì ÕÓÞ ÚÞàÞÝë. ¿àØ ßÞáâàÞÕÝØØ íâÞÙ

ÚÐàâë ØáßÞÛì×ÞÒÐÛáï ßÐàÐÜÕâàh = 200. ²ØÔÝÞ, çâÞ
ÚÞàÞÝÐ áÚÞßÛÕÝØï ÒëâïÝãâÐ ßàØÑÛØ×ØâÕÛìÝÞ á îÓÞ-
ÒÞáâÞÚÐ ÝÐ áÕÒÕàÞ-×ÐßÐÔ ßÞÔ ãÓÛÞÜ, ÑÛØ×ÚØÜ Ú 45� .
¿àØ ßÕàÕåÞÔÕ Ú ÑÞÛÕÕ ßÛÞâÝëÜ ãçÐáâÚÐÜ ÚÞàÞÝë
(àØá. 4b) ÞÑéÕÕ ÝÐßàÐÒÛÕÝØÕ ÒëâïÝãâÞáâØ áÞåàÐÝï-
Õâáï, ÝÞ ãÓÞÛ áâÐÝÞÒØâáï ÝÕáÚÞÛìÚÞ ÚàãçÕ, ÑÛØÖÕ Ú
60� . ½ÐßàÐÒÛÕÝØÕ ÒëâïÝãâÞáâØ ÝÕßÛÞåÞ áÞÓÛÐáãÕâ-
áï áÞ áàÕÔÝØÜ ÝÐßàÐÒÛÕÝØÕÜ ÔÒØÖÕÝØï áÚÞßÛÕÝØï,
ÚÞâÞàÞÕ ßÞÚÐ×ÐÝÞ áâàÕÛÚÞÙ (Lodieu et al. 2019).
³àÐÔÐæØï ãàÞÒÝÕÙ ßÛÞâÝÞáâØ ÝÐ íâÞÙ ÚÐàâÕ ßÞÔÞ-
ÑàÐÝÐ âÐÚØÜ ÞÑàÐ×ÞÜ, çâÞÑë ßÞÚÐ×Ðâì ÒÚÛÐÔ ×ÒÕ×Ô
áÚÞßÛÕÝØï Ø ÞáÛÐÑØâì ÒÛØïÝØÕ ×ÒÕ×Ô ßÞÛï.

´Ûï ÞßàÕÔÕÛÕÝØï áàÕÔÝÕÙ ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×Ô
äÞÝÐ Ø àÐÔØãáÐ áÚÞßÛÕÝØï ÑëÛØ ßÞáâàÞÕÝë ßàÞ-
äØÛØ ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ, áÛÕÔãï ÜÕâÞÔØÚÕ,
ÞßØáÐÝÝÞÙ Ò Seleznev (2016b). ½Ð àØá. 5 ßÞÚÐ×Ð-
Ýë ßàÞäØÛØ ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ, ßÞÛãçÕÝÝëÕ
ßàØ ßÐàÐÜÕâàÕh = 800. ²ëÑÞà ×ÝÐçÕÝØïh ÑëÛ
áÔÕÛÐÝ âÐÚÖÕ ßÞ ÜÕâÞÔØÚÕ (Seleznev 2016b). ½Ð
àØá. 5a ßàÞäØÛì ßÛÞâÝÞáâØ áÚÞßÛÕÝØï ÔÐÝ Ò Þáïå
� ÔÕáïâØçÝëÙ ÛÞÓÐàØäÜ àÐááâÞïÝØï Þâ æÕÝâàÐ�
ÔÕáïâØçÝëÙ ÛÞÓÐàØäÜ ßÛÞâÝÞáâØ� . àØá. 5b ØÛÛî-
áâàØàãÕâ ÞßàÕÔÕÛÕÝØÕ àÐÔØãáÐ áÚÞßÛÕÝØï Ø áàÕÔ-
ÝÕÙ ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×Ô äÞÝÐ:Rcl = 10 :� 9 � 0:� 3
(26:3 � 0:7ßÚ) ØF b = 0 :000562� 0:000037×ÒÕ×Ô ÝÐ
ÚÒÐÔàÐâÝãî ãÓÛÞÒãî ÜØÝãâã áÞÞâÒÕâáâÒÕÝÝÞ. ¿Þ-
ÚÐ×ÐÝÐ âÞÛìÚÞ ÞÑÛÐáâì ÒÑÛØ×Ø ÓàÐÝØæë áÚÞßÛÕÝØï.
ÂÞÛáâÐï áßÛÞèÝÐï ÚàØÒÐï� ßàÞäØÛì ßÛÞâÝÞáâØ,
Ð âÞÛáâëÕ èâàØåÞÒëÕ ÛØÝØØ� ÔÞÒÕàØâÕÛìÝëÙ
ØÝâÕàÒÐÛ èØàØÝÞÙ� 1� . ÂÞÝÚÐï èâàØåÞÒÐï ÛØÝØï
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ßÞÚÐ×ëÒÐÕâ ßàÞäØÛì ßÛÞâÝÞáâØ, ßÞáâàÞÕÝÝëÙ ßàØ
h = 200. ¾Ý ÔÕÜÞÝáâàØàãÕâ ßàÐÒØÛìÝÞáâì ÒëÑÞàÐ
ßÐàÐÜÕâàÐh = 800, âÐÚ ÚÐÚ ßàÞäØÛì ßÛÞâÝÞáâØ ßàØ
íâÞÜ ×ÝÐçÕÝØØ ßÐàÐÜÕâàÐ áÛÕÔãÕâ áàÕÔÝÕÜã âàÕÝÔã
ßàÞäØÛï, ßÞáâàÞÕÝÝÞÓÞ ßàØ ×ÝÐçØâÕÛìÝÞ ÜÕÝìèÕÜ
×ÝÐçÕÝØØ ßÞÛãèØàØÝë. ¿àØ íâÞÜ Ø×ÜÕÝÕÝØÕ ßÐ-
àÐÜÕâàÐh ÝÕ ßàØÒÞÔØâ Ú ×ÐÜÕâÝÞÜã Ø×ÜÕÝÕÝØî
ÞæÕÝÚØ àÐÔØãáÐ áÚÞßÛÕÝØï (ÛØÝØï, áÞÞâÒÕâáâÒãî-
éÐï ßàÞäØÛî á h = 200, ßÕàÕáÕÚÐÕâ ÛØÝØî áàÕÔÝÕÙ
ßÛÞâÝÞáâØ äÞÝÐ ÝÐ àÐááâÞïÝØØ Þâ ×ÝÐçÕÝØï àÐÔØãáÐ
áÚÞßÛÕÝØï ÜÕÝìèÕÜ, çÕÜ ÞèØÑÚÐ ÞßàÕÔÕÛÕÝØï àÐ-
ÔØãáÐ). ¼ë ÞæÕÝØÛØ âÐÚÖÕ àÐÔØãá ïÔàÐ áÚÞßÛÕÝØï
ÚÐÚ ÒÝÕèÝØÙ àÐÔØãá ×ÞÝë ÜÐÚáØÜÐÛìÝÞÓÞ ßÞ ÜÞ-
ÔãÛî ÓàÐÔØÕÝâÐ ßàÞäØÛï ßÞÒÕàåÝÞáâÝÞÙ ßÛÞâÝÞáâØ:
Rc = 2 :� 6 (6:2ßÚ).

¿ÞáÛÕ íâÞÓÞ áâÐâØáâØçÕáÚØÜ ÜÕâÞÔÞÜ, ÞßØáÐÝ-
ÝëÜ Ò àÐÑÞâÐå Seleznev (1998; 2016a), Seleznev
et al. (2017), ÑëÛÐ ßÞÛãçÕÝÐ äãÝÚæØï áÒÕâØÜÞáâØ
(ÄÁ) áÚÞßÛÕÝØï. ² ÚÐçÕáâÒÕ ÞÑÛÐáâØ áàÐÒÝÕÝØï
ÑëÛÞ Ò×ïâÞ ÚÞÛìæÞ á ÒÝãâàÕÝÝØÜ àÐÔØãáÞÜ10:� 9 Ø á
ßÛÞéÐÔìî, àÐÒÝÞÙ ßÛÞéÐÔØ ÚàãÓÐ á àÐÔØãáÞÜ10:� 9.
¿àØ íâÞÜ ØáßÞÛì×ÞÒÐÛáï ÞÔÝÞÜÕàÝëÙ ÜÕâÞÔ KDE
á ßÐàÐÜÕâàÞÜ ßÞÛãèØàØÝëh = 1 m . °ÝÐÛÞÓØçÝÞ
ÑëÛØ ßÞÛãçÕÝë äãÝÚæØØ áÒÕâØÜÞáâØ ÔÛï ïÔàÐ Ø
ÚÞàÞÝë áÚÞßÛÕÝØï. ÄãÝÚæØï áÒÕâØÜÞáâØ áÚÞßÛÕÝØï
ßÞÚÐ×ÐÝÐ ÝÐ àØá. 6a.

¼ë ØáßÞÛì×ÞÒÐÛØ äãÝÚæØî áÒÕâØÜÞáâØ Ø
áÞÞâÝÞèÕÝØÕ ÜÐááÐ� áÒÕâØÜÞáâì Ø× âÐÑÛØæ Ø×Þ-
åàÞÝ (Marigo et al. 2017) ÔÛï ÞßàÕÔÕÛÕÝØï äãÝÚæØØ
ÜÐáá (Ä¼) ßÞ ÜÕâÞÔØÚÕ, ÞßØáÐÝÝÞÙ Ò Seleznev
et al. (2017). Ä¼ ßÞÛãçÕÝÐ ÝÐ ÕÔØÝØçÝëÙ ØÝâÕàÒÐÛ
ÜÐááë ×ÒÕ×Ôë Ø ÝÐ ÕÔØÝØæã ÞÑêÕÜÐ. Ä¼ ÔÛï
áÚÞßÛÕÝØï Ò ÛÞÓÐàØäÜØçÕáÚÞÜ ÜÐáèâÐÑÕ ßÞÚÐ×ÐÝÐ
ÝÐ àØá. 6b. ½Ð àØá. 6c ßàÕÔáâÐÒÛÕÝë äãÝÚæØØ ÜÐáá
ÔÛï ïÔàÐ Ø ÚÞàÞÝë áÚÞßÛÕÝØï, ÝÞàÜØàÞÒÐÝÝëÕ ÝÐ
ÕÔØÝØæã. ²ØÔÝÞ, çâÞ ÞâÝÞáØâÕÛìÝÞÕ áÞÔÕàÖÐÝØÕ
×ÒÕ×Ô ám > 1M � Ò ÚÞàÞÝÕ ÜÕÝìèÕ Ò áàÐÒÝÕÝØØ á
ïÔàÞÜ áÚÞßÛÕÝØï. ² áÒÞî ÞçÕàÕÔì, ÞâÝÞáØâÕÛìÝÞÕ
áÞÔÕàÖÐÝØÕ ×ÒÕ×Ô ám < 0:4M � Ò ÚÞàÞÝÕ áÚÞßÛÕ-
ÝØï ÑÞÛìèÕ, çÕÜ Ò ÕÓÞ ïÔàÕ.

¸ÝâÕÓàØàÞÒÐÝØÕ äãÝÚæØØ ÜÐáá ÔÐÕâ çØáÛÞ
×ÒÕ×Ô áÚÞßÛÕÝØïNcl = 1542 � 121 Ø ÕÓÞ ÜÐá-
áã M cl = 855 � 104M � . ´Ûï ïÔàÐ áÚÞßÛÕÝØï
Nc = 1097 � 77, M c = 665 � 71 M � . ·ÐÒØáØÜÞáâì
ÜÐááÐ� áÒÕâØÜÞáâì (ßÞ Marigo et al. (2017)) ÜÞÖÕâ
Ñëâì ØáßÞÛì×ÞÒÐÝÐ âÞÛìÚÞ ÔÛï ×ÒÕ×Ô á ÒÕÛØçØÝÐÜØ
mG > 4:0m , ßÞíâÞÜã ÔÛï 6 áÐÜëå ïàÚØå ×ÒÕ×Ô
¿ÛÕïÔ ÞæÕÝÚÐ ÜÐááë ÑëÛÐ ßÞÛãçÕÝÐ çÕàÕ× áàÕÔ-
Ýîî ÜÐááã ×ÒÕ×Ôëm = 4:66M � , ÞßàÕÔÕÛÕÝÝãî
âÐÚÖÕ ßÞ âÐÑÛØæÐÜ Ø×ÞåàÞÝ (Marigo et al. 2017).
¼ÞÖÝÞ àÐááÜÐâàØÒÐâì ßÞÛãçÕÝÝãî ÞæÕÝÚã çØáÛÐ
×ÒÕ×Ô áÚÞßÛÕÝØï ÚÐÚ ßÞÛÝÞÕ çØáÛÞ ×ÒÕ×Ô ¿ÛÕïÔ Ò
ßàÕÔÕÛÐå àÐÔØãáÐ ÚÞàÞÝë áÚÞßÛÕÝØïRcl = 10 :� 9
ÔÞ ßàÕÔÕÛìÝÞÙ ÒÕÛØçØÝëmG = 18m . ½ÕßÞÛÝÞâÐ
ÜÞÖÕâ Ñëâì áÒï×ÐÝÐ âÞÛìÚÞ á ÝÕßÞÛÝÞâÞÙ ÔÐÝÝëå
Gaia ØÛØ á ÑÞÛìèØÜØ ÞèØÑÚÐÜØ ßÐàÐÜÕâàÞÒ ×ÒÕ×Ô,

Ò àÕ×ãÛìâÐâÕ ÚÞâÞàëå ×ÒÕ×ÔÐ ÜÞÓÛÐ ÝÕ ßÞßÐáâì Ò
ÝÐèã ÒëÑÞàÚã.

¼ë ÞæÕÝØÛØ ÝÐÚÛÞÝ Ä¼. ´Ûï ×ÒÕ×Ô á ÜÐááÞÙ
m > 1M � ÞÝ ÞÚÐ×ÐÛáï àÐÒÝëÜ� 2:89� 0.03, ÔÛï
×ÒÕ×Ô á ÜÐááÞÙm 2 [0:5; 1]M � � � 2:20 � 0:04. ²
ÞÑÛÐáâØ ïàÚØå ×ÒÕ×Ô ÝÐÚÛÞÝ ×ÝÐçØâÕÛìÝÞ ÑÞÛìèÕ,
çÕÜ ã ÝÐçÐÛìÝÞÙ Ä¼ ÁÞÛßØâÕàÐ (� 2:35), ÝÞ, âÕÜ
ÝÕ ÜÕÝÕÕ, ÞÑÐ ×ÝÐçÕÝØï ÒßÞÛÝÕ áÞÞâÒÕâáâÒãîâ ÝÐ-
çÐÛìÝÞÙ äãÝÚæØØ ÜÐáá (Kroupa 2001). ½ÕÞÑåÞÔØÜÞ
ÞâÜÕâØâì, çâÞ ÑÞÛìèÞÙ ÝÐÚÛÞÝ Ä¼ ¿ÛÕïÔ ÔÛï
ïàÚØå ×ÒÕ×Ô ßÞÛãçÐÛáï Ø àÐÝÕÕ:� 2:74� 0.07 (Ta�
1974) Ø� 2:71� 0:27 (van Leeuwen 1980).

´Ûï ØááÛÕÔÞÒÐÝØï âàÕåÜÕàÝÞÙ áâàãÚâãàë Ø
ÚØÝÕÜÐâØÚØ áÚÞßÛÕÝØï ¿ÛÕïÔë ÝÐ ÞáÝÞÒÕ ßÕàÒÞ-
ÝÐçÐÛìÝÞÙ ÒëÑÞàÚØ 47 195 ×ÒÕ×Ô ÑëÛÐ ÒëÔÕÛÕ-
ÝÐ ÒëÑÞàÚÐ ×ÒÕ×Ô ÒÕàÞïâÝëå çÛÕÝÞÒ áÚÞßÛÕÝØï.
¿àÞæÕÔãàÐ ÑëÛÐ áÛÕÔãîéÕÙ. ¼ë áãÖÐÛØ ØÝâÕà-
ÒÐÛë ÔÛï ßÐàÐÛÛÐÚáÞÒ Ø áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØÙ,
ÚÞÝâàÞÛØàãï ÒØÔ ÔØÐÓàÐÜÜë� ×ÒÕ×ÔÝÐï ÒÕÛØçØÝÐ�
ßÞÚÐ×ÐâÕÛì æÒÕâÐ� . ¿àØ íâÞÜ, ÝÐ ÔØÐÓàÐÜÜÕ ÔÞÛÖÝÞ
ÑëÛÞ ÞáâÐâìáï ÚÐÚ ÜÞÖÝÞ ÜÕÝìèÕ ×ÒÕ×Ô ßÞÛï
ßàØ áÞåàÐÝÕÝØØ ÒÞ×ÜÞÖÝÞ ÑÞÛìèÕÓÞ çØáÛÐ ×ÒÕ×Ô
áÚÞßÛÕÝØï (âÞ Õáâì, ×ÒÕ×Ô ÝÐ ÞáÝÞÒÝëå ßÞáÛÕÔÞ-
ÒÐâÕÛìÝÞáâïå ÝÐ ÔØÐÓàÐÜÜÕ). ¾ÚÞÝçÐâÕÛìÝÞ ÑëÛØ
ßàØÝïâë áÛÕÔãîéØÕ ÞÓàÐÝØçÕÝØï ÝÐ ×ÝÐçÕÝØï
âàØÓÞÝÞÜÕâàØçÕáÚØå ßÐàÐÛÛÐÚáÞÒ Ø ÚÞÜßÞÝÕÝâ
áÞÑáâÒÕÝÝÞÓÞ ÔÒØÖÕÝØï ×ÒÕ×Ô:� r 2 [4:6; 10]ÜáÔ,
áÞÑáâÒÕÝÝÞÕ ÔÒØÖÕÝØÕ ßÞ ßàïÜÞÜã ÒÞáåÞÖÔÕÝØî
� � 2 [14; 26]ÜáÔ ÓÞÔ� 1, áÞÑáâÒÕÝÝÞÕ ÔÒØÖÕÝØÕ ßÞ
áÚÛÞÝÕÝØî � � 2 [� 51; � 40]ÜáÔ ÓÞÔ� 1. ÈØàØÝÐ
ØÝâÕàÒÐÛÞÒ ÑëÛÐ ÒëÑàÐÝÐ âÐÚØÜ ÞÑàÐ×ÞÜ, çâÞÑë
âãÔÐ ßÞßÐÛØ èÕáâì áÐÜëå ïàÚØå ×ÒÕ×Ô ¿ÛÕïÔ,
ßÐàÐÛÛÐÚáë Ø ÚÞÜßÞÝÕÝâë áÞÑáâÒÕÝÝÞÓÞ ÔÒØÖÕÝØï
ÚÞâÞàëå ×ÝÐçØâÕÛìÝÞ ÞâÛØçÐîâáï Þâ áàÕÔÝØå ×ÝÐ-
çÕÝØÙ (áÜ. ÒëèÕ). ·ÒÕ×Ôë ÞâÑØàÐÛØáì Ò ßàÕÔÕÛÐå
ÚàãÓÐ á àÐÔØãáÞÜRcl = 10 :� 9 ßàØmG 6 18m . ºàÞÜÕ
íâÞÓÞ, çÐáâì ×ÒÕ×Ô ÑëÛÐ ØáÚÛîçÕÝÐ Ø× ÒëÑÞàÚØ ÝÐ
ÞáÝÞÒÐÝØØ Øå ßÞÛÞÖÕÝØï ÝÐ ÔØÐÓàÐÜÜÕ� ×ÒÕ×Ô-
ÝÐï ÒÕÛØçØÝÐ� ßÞÚÐ×ÐâÕÛì æÒÕâÐ� ÝØÖÕ ÓÛÐÒÝÞÙ
ßÞáÛÕÔÞÒÐâÕÛìÝÞáâØ áÚÞßÛÕÝØï. ÀÕ×ãÛìâØàãîéÐï
ÒëÑÞàÚÐ áÞÔÕàÖØâ 1391 ×ÒÕ×Ôã. ÍâÞ ÚÞÛØçÕáâÒÞ
ÜÕÝìèÕ ÞæÕÝÚØ ßÞÛÝÞÓÞ çØáÛÐ ×ÒÕ×Ô ¿ÛÕïÔ, ßÞ-
ÛãçÕÝÝÞÙ áâÐâØáâØçÕáÚØÜ ÜÕâÞÔÞÜ (áÜ. ÒëèÕ).
²ÕàÞïâÝÞ, Ø×-×Ð ÑÞÛìèØå ÞèØÑÞÚ çÐáâì ×ÒÕ×Ô
çÛÕÝÞÒ áÚÞßÛÕÝØï ØÜÕÕâ ßÐàÐÛÛÐÚáë Ø áÞÑáâÒÕÝÝëÕ
ÔÒØÖÕÝØï ÒÝÕ ãÚÐ×ÐÝÝëå ØÝâÕàÒÐÛÞÒ.

´Ûï âÞÓÞ, çâÞÑë ÞæÕÝØâì ÒÕàÞïâÝÞáâì ßàØÝÐÔ-
ÛÕÖÝÞáâØ ÞâÞÑàÐÝÝëå ×ÒÕ×Ô Ú áÚÞßÛÕÝØî, âÕ ÖÕ
ÚàØâÕàØØ ÞâÑÞàÐ ÑëÛØ ßàØÜÕÝÕÝë ÚÞ ÒáÕÙ Øá-
åÞÔÝÞÙ ÒëÑÞàÚÕ ×ÒÕ×Ô. ² àÕ×ãÛìâÐâÕ ÑëÛÞ ÞâÞ-
ÑàÐÝÞ 1965 ×ÒÕ×Ô. ÍâÞ Þ×ÝÐçÐÕâ, çâÞ ÒÝÕ ÚàãÓÐ
áÚÞßÛÕÝØï áÞÔÕàÖØâáï1965� 1391 = 574 ×ÒÕ×Ôë.
¿ÛÞéÐÔì äØÓãàë, ÞÓàÐÝØçÕÝÝÞÙ ØáåÞÔÝëÜØ ×ÝÐ-
çÕÝØïÜØ íÚÒÐâÞàØÐÛìÝëå ÚÞÞàÔØÝÐâ, ÑëÛÐ ÞßàÕ-
ÔÕÛÕÝÐ ÜÕâÞÔÞÜ ¼ÞÝâÕ-ºÐàÛÞ ßàØ àÐÒÝÞÜÕàÝÞÜ
ÝÐÑàÐáëÒÐÝØØ âÞçÕÚ ÝÐ áäÕàã (Üë ÝÐÑàÐáëÒÐÛØ
ÞÔØÝ ÜØÛÛØÞÝ âÞçÕÚ) Ø ÞÚÐ×ÐÛÐáì àÐÒÝÞÙ 0.47152
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ÀØá. 6.ÄãÝÚæØï áÒÕâØÜÞáâØ (a) Ø äãÝÚæØï ÜÐáá (b) áÚÞßÛÕÝØï ¿ÛÕïÔë.¼ÐááÐ ×ÒÕ×Ôëm ÔÐÝÐ ÒM � , ×ÝÐçÕÝØï ÄÁ�
Ò ×Ò. ÒÕÛ� 1 ßÚ� 3 , ×ÝÐçÕÝØï Ä¼� ÒM � 1

� ßÚ� 3 . ½Ð ßÐÝÕÛØ (á) ßÞÚÐ×ÐÝë äãÝÚæØï ÜÐáá ÔÛï ïÔàÐ áÚÞßÛÕÝØï (âÞÛáâëÕ
ÛØÝØØ) Ø ÔÛï ÚÞàÞÝë (âÞÝÚØÕ ÛØÝØØ), ÝÞàÜØàÞÒÐÝÝëÕ ÝÐ 1. ÈâàØåÞÒëÜØ ÛØÝØïÜØ ßÞÚÐ×ÐÝë ÔÞÒÕàØâÕÛìÝëÕ ØÝâÕàÒÐÛë
èØàØÝÞÙ� 1� .

áâÕàÐÔØÐÝ. ¿ÛÞéÐÔì ÞÑÛÐáâØ, ×ÐÝïâÞÙ áÚÞßÛÕÝØÕÜ,
ÑëÛÐ ÞßàÕÔÕÛÕÝÐ ÚÐÚ ßÛÞéÐÔì ßÞÒÕàåÝÞáâØ áÕÓ-
ÜÕÝâÐ áäÕàë, ÞÝÐ àÐÒÝÐ 0.11336 áâÕàÐÔØÐÝ. ÂÐÚØÜ
ÞÑàÐ×ÞÜ, ×ÒÕ×Ôë ÒÝÕ ÚàãÓÐ áÚÞßÛÕÝØï àÐáßÞÛÞÖÕÝë
ÝÐ ßÛÞéÐÔØ 0.35816 áâÕàÐÔØÐÝ, çâÞ ÔÐÕâ áàÕÔÝîî
ßÛÞâÝÞáâì ×ÒÕ×Ô äÞÝÐ àÐÒÝÞÙFbg = 1602.64 ×ÒÕ×Ô
ÝÐ áâÕàÐÔØÐÝ. ÂÕßÕàì Üë ÜÞÖÕÜ ÞæÕÝØâì çØáÛÞ
×ÒÕ×Ô äÞÝÐ ÒÝãâàØ ÚàãÓÐ áÚÞßÛÕÝØï ßàØ ØáßÞÛì-
×ÞÒÐÝÝëå ÚàØâÕàØïå ÞâÑÞàÐ, ÞÝÞ àÐÒÝÞ 182. ½ÐèÐ
ÞæÕÝÚÐ ÒÕàÞïâÝÞáâØ ßàØÝÐÔÛÕÖÝÞáâØ Ú áÚÞßÛÕÝØî
×ÒÕ×Ô, ÞâÞÑàÐÝÝëå ÒÝãâàØ ÚàãÓÐ áÚÞßÛÕÝØï, àÐÒÝÐ:
Pm = (1391 � 182)=1391� 0:87.

ÂÐÚØÜ ÞÑàÐ×ÞÜ, ÝÐèÐ ÒëÑÞàÚÐ ÒÕàÞïâÝëå çÛÕ-
ÝÞÒ áÚÞßÛÕÝØï áÞÔÕàÖØâ ßàØÑÛØ×ØâÕÛìÝÞ13%
×ÒÕ×Ô ßÞÛï. Á ÔàãÓÞÙ áâÞàÞÝë, Ò íâã ÒëÑÞàÚã ÝÕ
ßÞßÐÛØ ßàØÑÛØ×ØâÕÛìÝÞ10% çÛÕÝÞÒ áÚÞßÛÕÝØï
Ø× 1542 (áÜ. ÒëèÕ). ¾âÝÞáØâÕÛìÝÞÕ áÞÔÕàÖÐÝØÕ
×ÒÕ×Ô ßÞÛï Ø×ÜÕÝïÕâáï á ãÔÐÛÕÝØÕÜ Þâ æÕÝâàÐ
áÚÞßÛÕÝØï. ² ïÔàÕ ÞÝÞ ×ÝÐçØâÕÛìÝÞ ÜÕÝìèÕ,
çÕÜ Ò ÚÞàÞÝÕ. ¸ÝâÕàÕáÝÞ áàÐÒÝØâì ÝÐèã ÒëÑÞà-
Úã á ÒëÑÞàÚÞÙ Lodieu et al. (2019), ßÞÛãçÕÝ-
ÝÞÙ âÐÚÖÕ ßÞ ÔÐÝÝëÜ Gaia DR2. ÍâÐ ÒëÑÞàÚÐ
áÞÔÕàÖØâ 1412 ×ÒÕ×Ô Ò ßàÕÔÕÛÐå ÚàãÓÐ àÐÔØãáÞÜ
Rcl = 10 :� 9 ßàØmG 6 18m . °ÝÐÛØ× ÒëÑÞàÞÚ ßÞÚÐ-
×ÐÛ, çâÞ ÞÝØ áÞÔÕàÖÐâ 1243 ÞÑéØå ×ÒÕ×Ôë. ÁÛÕ-
ÔÞÒÐâÕÛìÝÞ, ÒëÑÞàÚØ áÞÒßÐÔÐîâ ßàØÑÛØ×ØâÕÛìÝÞ
ÝÐ 90%. ÀÐ×ÛØçØÕ Òë×ÒÐÝÞ Ò ÞáÝÞÒÝÞÜ àÐ×ÛØç-
ÝëÜØ ÚàØâÕàØïÜØ ÞâÑÞàÐ Ø àÐ×ÝëÜØ ×ÝÐçÕÝØïÜØ
ÚÞÞàÔØÝÐâ æÕÝâàÐ áÚÞßÛÕÝØï. ÂÕÜ ÝÕ ÜÕÝÕÕ, ÝÐèÐ
ÒëÑÞàÚÐ ÜÞÖÕâ àÐááÜÐâàØÒÐâìáï ÚÐÚ áãéÕáâÒÕÝÝÞ
ßÞÛÝÐï (10% � ßÞâÕàïÝÝëå ×ÒÕ×Ô� ) Ø áãéÕáâÒÕÝÝÞ
� çØáâÐï� (13% ×ÒÕ×Ô ßÞÛï). ² ÔÐÛìÝÕÙèÕÜ Üë
ÑãÔÕÜ ØáßÞÛì×ÞÒÐâì ßÞÔÒëÑÞàÚØ Ø× íâÞÙ ÒëÑÞàÚØ,
ÞâÑØàÐï ×ÒÕ×Ôë Ò ÜÕÝìèÕÜ ÞÑêÕÜÕ ßàÞáâàÐÝáâÒÐ Ø
á ÑÞÛÕÕ âÞçÝëÜØ ÞßàÕÔÕÛÕÝØïÜØ ×ÝÐçÕÝØÙ áÚÞàÞáâØ
Ø àÐááâÞïÝØÙ ÔÞ ×ÒÕ×Ô Ò áÞÞâÒÕâáâÒØØ á ßÕàÒëÜ
ßÞÔåÞÔÞÜ (áÜ. ÒëèÕ). ÍâÞ ÒáÕÓÔÐ ÑãÔÕâ ßàØÒÞÔØâì Ú

áÞÚàÐéÕÝØî ÐÑáÞÛîâÝÞÓÞ Ø ÞâÝÞáØâÕÛìÝÞÓÞ çØáÛÐ
×ÒÕ×Ô äÞÝÐ.

4. ´°½½Ëµ ¾ ·²µ·´°Å � ²µÀ¾ÏÂ½ËÅ
Ç»µ½°Å À·Á ¿»µÏ´Ë

¸× àÐááÜÞâàÕÝÝÞÙ ÒëèÕ ÒëÑÞàÚØ, áÞÔÕà-
ÖÐéÕÙ 1391 ×ÒÕ×Ôã Ò ÞÚàÕáâÝÞáâïå áÚÞßÛÕÝØï
¿ÛÕïÔë, ÝÐÜØ ÑëÛØ ÒëÔÕÛÕÝëN I = 565 çÛÕÝÞÒ
áÚÞßÛÕÝØï (á ÒÕÛØçØÝÐÜØmG � 16:m03 ÝÐ àÐá-
áâÞïÝØïåd� � 2 :� 5 Þâ æÕÝâàÐ áÚÞßÛÕÝØï). ² íâÞÙ

ÒëÑÞàÚÕ ßÞÓàÕèÝÞáâØevt =
q

e2
vx

+ e2
vy

áÚÞàÞáâÕÙ

vt =
p

vx
2 + vy

2 ÝÕ ßàÕÒëèÐîâ 2.36 ÚÜ á� 1, çâÞ ÔÛï
áÚÞßÛÕÝØï ¿ÛÕïÔë áÞÞâÒÕâáâÒãÕâ 3.65 ÜáÔ ÓÞÔ� 1.
¸× ÒëÑÞàÚØN I Üë ÞâÞÑàÐÛØN II = 395 ×ÒÕ×Ô
á ßÞÓàÕèÝÞáâïÜØevt � 0:177ÚÜ á� 1. ÍâÞ ÞÚÐ-
×ÐÛØáì ×ÒÕ×Ôë ámG � 15m Ø ßÞÓàÕèÝÞáâïÜØ
er � 1:5ßÚ Ò àÐááâÞïÝØïår . ÁàÕÔÝØÕ ßÞÓàÕèÝÞáâØ
er ' 1:7 � 0:1ßÚ Ò ÒëÑÞàÚÕN I = 565 ×ÒÕ×Ô Ø
er ' 1:00 � 0:01ßÚ Ò ÒëÑÞàÚÕN II = 395 ×ÒÕ×Ô.
² ÒëÑÞàÚÕN I = 565 ×ÒÕ×Ô-çÛÕÝÞÒ áÚÞßÛÕÝØï
ßÞ ÔÐÝÝëÜ Gaia DR2 Üë ÒëÔÕÛØÛØ 74 ×ÒÕ×Ôë
á ÛãçÕÒëÜØ áÚÞàÞáâïÜØVr , ßÞÓàÕèÝÞáâØ ÚÞâÞ-
àëå eVr � 1:0ÚÜ á� 1. ÁàÕÔÝïï ÛãçÕÒÐï áÚÞàÞáâì
×ÒÕ×Ô ïÔàÐ áÚÞßÛÕÝØï ßÞ íâØÜ 74 ÞÑêÕÚâÐÜ
Vr = 5 :86� 0:13 ÚÜ á� 1 ßÞáÛÕ ØáßàÐÒÛÕÝØïVr ×Ð
íääÕÚâ ßÞßÕàÕçÝÞÓÞ ÔÒØÖÕÝØï áÚÞßÛÕÝØï ÞÚÐ×Ð-
ÛÐáì àÐÒÝÞÙV 0

r = 5 :77 � 0:13ÚÜ á� 1.

¸× ÒëÑÞàÚØ 1391 ×ÒÕ×Ô-çÛÕÝÞÒ áÚÞßÛÕÝØï á
ÒÕÛØçØÝÐÜØmG � 18m ÝÐ àÐááâÞïÝØïåd� � 10:� 9
Þâ æÕÝâàÐ áÚÞßÛÕÝØï, ÔÛï ÚÞâÞàëåevt � 2:36ÚÜ á� 1

Ø er � 38:9ßÚ, Üë ÒëÔÕÛØÛØN III = 550 ×ÒÕ×Ô
á mG � 17m , evt � 0:177ÚÜ á� 1, er � 1:51ßÚ,
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er ' 1:00 � 0:01ßÚ. ² ÒëÑÞàÚÕN III = 550 ×ÒÕ×Ô-
çÛÕÝÞÒ áÚÞßÛÕÝØï ßÞ ÔÐÝÝëÜ Gaia DR2 Üë ÒëÔÕ-
ÛØÛØ 97 ×ÒÕ×Ô á ÛãçÕÒëÜØ áÚÞàÞáâïÜØ, ßÞÓàÕè-
ÝÞáâØ ÚÞâÞàëåeVr � 1:0ÚÜ á� 1. ÁàÕÔÝïï ÛãçÕÒÐï
áÚÞàÞáâì ×ÒÕ×Ô áÚÞßÛÕÝØï ßÞ íâØÜ 97 ÞÑêÕÚâÐÜ
Vr =5:66 � 0:20ÚÜ á� 1, ßÞáÛÕ ØáßàÐÒÛÕÝØïVr ×Ð
íääÕÚâ ßÞßÕàÕçÝÞÓÞ ÔÒØÖÕÝØï áÚÞßÛÕÝØï�
V 0

r = 5 :37 � 0:13ÚÜ á� 1. ÂÐÚØÜ ÞÑàÐ×ÞÜ, ØáßàÐÒÛÕ-
ÝØÕVr ×Ð íääÕÚâ ßÞßÕàÕçÝÞÓÞ ÔÒØÖÕÝØï áÚÞßÛÕÝØï
ÛØèì Ò ßàÕÔÕÛÐå ßÞÓàÕèÝÞáâØ Ø×ÜÕÝïÕâ ÒÕÛØçØÝã
Vr , çâÞ ÞÑãáÛÞÒÛÕÝÞ áØÜÜÕâàØÕÙ áÚÞßÛÕÝØï Ø ßÞ-
ßàÐÒÞÚ� Vr ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×Ô ÞâÝÞáØâÕÛìÝÞ
ÞáØx0, ßÕàßÕÝÔØÚãÛïàÝÞÙ ÝÐßàÐÒÛÕÝØî ÔÒØÖÕÝØï
áÚÞßÛÕÝØï Ò ßàÞÕÚæØØ ÝÐ ÚÐàâØÝÝãî ßÛÞáÚÞáâì, áÜ.
àØá. 1 (74 ×ÒÕ×Ôë Ø×N I á eVr � 1:0ÚÜ á� 1 àÐáßÞ-
ÛÞÖÕÝë Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ ÑÞÛÕÕ áØÜÜÕâàØçÝÞ
ÞâÝÞáØâÕÛìÝÞ ÞáØx0, çÕÜ 97 ×ÒÕ×Ô Ø×N III ). ²ÕÛØ-
çØÝë � Vr = Vr (I ) � Vr (III ) = 0 :20 � 0:24ÚÜ á� 1

Ø � V 0
r = V 0

r (I ) � V 0
r (III ) = 0 :40 � 0:18ÚÜ á� 1. ²

áÚÞÑÚÐå ãÚÐ×ÐÝë ØÝÔÕÚáë ØáßÞÛì×ãÕÜëå ßàØ
ÒëçØáÛÕÝØØVr Ø V 0

r ÒëÑÞàÞÚN I Ø N III ×ÒÕ×Ô.
²ÕàÞïâÝÞ, ×ÒÕ×Ôë äÞÝÐ Ò àÐááÜÞâàÕÝÝëå ÒëÑÞàÚÐå
ÛØèì ÝÕ×ÝÐçØâÕÛìÝÞ ÒÛØïîâ ÝÐ ÞæÕÝÚØ ÒÕÛØçØÝ
� Vr Ø � V 0

r , â.Ú. ×ÐáÞàÕÝÝÞáâØ ×ÒÕ×ÔÐÜØ äÞÝÐ Ò
ÒëÑÞàÚÐåI Ø III áÞáâÐÒÛïîâ ÜÕÝÕÕ 1% Ø ÜÕÝÕÕ
8%, áÞÞâÒÕâáâÒÕÝÝÞ (áÜ. ÝØÖÕ).

ÀÐÒÕÝáâÒÞ ÒÕÛØçØÝ� V 0
r Ø � Vr ãÚÐ×ëÒÐÕâ ÝÐ

áØÜÜÕâàØî Ò àÐáßÞÛÞÖÕÝØØ àÐááÜÐâàØÒÐÕÜëå
×ÒÕ×Ô ÞâÝÞáØâÕÛìÝÞ ÞáØx0 Ø ÝÐ ÞâÝÞáØâÕÛì-
ÝÞÕ ÔÒØÖÕÝØÕ ÒÔÞÛì ÛãçÐ ×àÕÝØï ÒëÔÕÛÕÝÝëå
Óàãßß ×ÒÕ×Ô Ò ÒëÑÞàÚÐåN I Ø N III áÞ áÚÞàÞ-
áâìî � V 0

r ' � Vr . ¿ÞáÚÞÛìÚã Ò ÝÐèÕÜ áÛãçÐÕ
� V 0

r � � Vr = 0 :2 � 0:3 ÚÜ á� 1, ßàÕÔáâÐÒÛïÕâáï àÐ-
×ãÜÝëÜ áçØâÐâì ÞâÝÞáØâÕÛìÝãî ÛãçÕÒãî áÚÞàÞáâì
íâØå ÔÒãå Óàãßß ×ÒÕ×Ô àÐÒÝÞÙ:(� V 0

r + � Vr )=2 =
= 0 :30 � 0:15 ÚÜ á� 1 (ïÔàÞ áÚÞßÛÕÝØï ãÔÐÛïÕâ-
áï Þâ ÁÞÛÝæÐ ÑëáâàÕÕ, çÕÜ ÚÞàÞÝÐ áÚÞßÛÕÝØï).
ÁàÕÔÝïï ÛãçÕÒÐï áÚÞàÞáâì ÒáÕÓÞ áÚÞßÛÕÝØï àÐÒÝÐ
Vr;cl = 5 :67 � 0:08ÚÜ á� 1. ² àÐÑÞâÕ Lodieu et al.
(2019) íâÐ ÒÕÛØçØÝÐ ÔÛï ßàÐÚâØçÕáÚØ ßÞÛÝÞÙ
ÒëÑÞàÚØ ×ÒÕ×Ô-çÛÕÝÞÒ áÚÞßÛÕÝØï ¿ÛÕïÔë ßÞÛãçÕÝÐ
àÐÒÝÞÙVr;cl = 5 :67 � 2:93 ÚÜ á� 1. ²ÕàÞïâÝÞ, ÑÞÛì-
èÐï ßÞÓàÕèÝÞáâìVr;cl Ò Lodieu et al. (2019) Òë×ÒÐÝÐ
ÑÞÛìèØÜØ ßÞÓàÕèÝÞáâïÜØ Ò ÛãçÕÒëå áÚÞàÞáâïå
Vr àÐááÜÐâàØÒÐÕÜëå ×ÒÕ×Ô (â.Ú. ÒëÑÞàÚÐ ßÞÛÝÐï)
Ø ÝÕãçÕâÞÜ ÒÚÛÐÔÐ ÒVr ßÞßÕàÕçÝÞÓÞ ÔÒØÖÕÝØï
áÚÞßÛÕÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ. ¾âÜÕâØÜ, çâÞ
ÓàÐÒØâÐæØÞÝÝëÙ ßÞâÕÝæØÐÛ Ø ãàÐÒÝÕÝØï ÔÒØÖÕ-
ÝØï ×ÒÕ×Ô Ò À·Á ÝÕÛØÝÕÙÝëÕ, Ð ÔØÝÐÜØçÕáÚÐï
íÒÞÛîæØï À·Á ÞßàÕÔÕÛïÕâáï àÐ×ÛØçÝëÜØ ÒØÔÐÜØ
ÝÕãáâÞÙçØÒÞáâÕÙ. ¿ÞíâÞÜã ØáßÞÛì×ÞÒÐÝØÕ ÝÐØÑÞ-
ÛÕÕ âÞçÝëå ÔÐÝÝëå Þ ÚÞÞàÔØÝÐâÐå Ø áÚÞàÞáâïå
×ÒÕ×Ô� ÕÔØÝáâÒÕÝÝÞ ÒÞ×ÜÞÖÝëÙ ßãâì ßÞÛãçÕÝØï

ßàÐÒØÛìÝëå àÕ×ãÛìâÐâÞÒ Þ ÔØÝÐÜØçÕáÚØå ÜÕåÐÝØ×-
ÜÐå, ÔÕÙáâÒãîéØå Ò À·Á (ÝÐßàØÜÕà, ÝÕâÞçÝÞáâØ Ò
ÞßàÕÔÕÛÕÝØØ ßÐàÐÜÕâàÞÒ ÒáÕÓÞ ÞÔÝÞÙ ÔØÝÐÜØçÕáÚØ
ÐÚâØÒÝÞÙ ßÐàë ×ÒÕ×Ô Ò À·Á ÜÞÓãâ ßÞÒÛØïâì
ÝÐ ßàÞÓÝÞ×ØàãÕÜãî íÒÞÛîæØî ÒáÕÓÞ áÚÞßÛÕÝØï,
áÞáâÞïéÕÓÞ Ø× ÝÕáÚÞÛìÚØå áÞâÕÝ ×ÒÕ×Ô; ÒÜÕáâÞ
àÐáèØàÕÝØï áÚÞßÛÕÝØï ÜÞÖÝÞ ßÞÛãçØâì ßàÞÓÝÞ× Þ
ÕÓÞ áÖÐâØØ (Danilov 1977)).

ÀÐááÜÞâàÕÝÝëÕ ×ÔÕáì 97 ×ÒÕ×Ô áeVr � 1:0ÚÜ á� 1

Ø× ÒëÑÞàÚØN III àÐáßÞÛÞÖÕÝë Ò ÚÐàâØÝÝÞÙ ßÛÞá-
ÚÞáâØ ÝÐ àÐááâÞïÝØïåd� � 8 :� 56 Þâ æÕÝâàÐ áÚÞßÛÕ-
ÝØï.

½ÐÜØ ÑëÛÐ ßàØÝïâÐ ÞæÕÝÚÐ àÐááâÞïÝØï ÔÞ
áÚÞßÛÕÝØïr cl = 136:4 � 0:2 ßÚ (áÜ. ÒëèÕ), ÜÞ-
ÔãÛì àÐááâÞïÝØï� (mV � M V )0 = ( mG � M G)0 =
= 5 :m84� 0:m16 (Loktin and Popova 2017), ßÞÛÝÞÕ
ßÞÓÛÞéÕÝØÕAG ' 0 :m08 (Loktin and Popova 2017).
ÁÞÞâÝÞèÕÝØÕ ÜÕÖÔãAG Ø ßÞÛÝëÜ ßÞÓÛÞéÕÝØÕÜ
AV Ò ßÞÛÞáÕV ÑëÛÞ Ò×ïâÞ Ø×http://stev.oapd.
inaf.it/cgi-bin/cmd_3.3 , ÓÔÕ ÞÝÞ ÑëÛÞ ÞßàÕÔÕ-
ÛÕÝÞ ÝÐ ÞáÝÞÒÕ àÐÑÞâë Cardelli et al. (1989). ² íâÞÜ
áÛãçÐÕ áàÕÔÝØÕ ÜÐááë ×ÒÕ×Ô Ò àÐááÜÞâàÕÝÝëå Òë-
ÑÞàÚÐå ßÞÛãçÕÝë àÐÒÝëÜØmI = 0 :88 � 0:17M � ,
mII = 1 :04 � 0:21M � , mIII = 0 :82 � 0:11M � , çâÞ
áÞÞâÒÕâáâÒãÕâ ÞÑéØÜ ÜÐááÐÜ ÒëÑàÐÝÝëå ×ÒÕ×Ô
M I = 497 � 96 M � , M II = 411 � 83 M � , M III =
= 451 � 61 M � , áÞÞâÒÕâáâÒÕÝÝÞ. ²ÕÛØçØÝëmi Ø
M i (i = I; II; III ) ØáßÞÛì×ÞÒÐÛØáì ßàØ ÒëçØáÛÕÝØØ
ßÐàÐÜÕâàÞÒ áÚÞßÛÕÝØï, ÒåÞÔïéØå Ò äÞàÜãÛã (3) Ø Ò
ÚÞíääØæØÕÝâë ãàÐÒÝÕÝØï (4).

¿àØ Ø×ãçÕÝØØ ×ÒÕ×Ô ÒëÑÞàÚØII ÝÐÜØ ÑëÛÐ
×ÐÜÕçÕÝÐ ÛØÝÕÙÝÐï ×ÐÒØáØÜÞáâìmG = (11 :19 �
� 0:07)m + (0 :22 � 0:04)m r s/ßÚ, ÓÔÕ àÐááâÞïÝØÕ
×ÒÕ×Ôë Þâ æÕÝâàÐ áÚÞßÛÕÝØïr s � 6:9 ßÚ, çâÞ
ãÚÐ×ëÒÐÕâ ÝÐ áÕÓàÕÓÐæØî ÝÐØÑÞÛÕÕ ÜÐááØÒÝëå
×ÒÕ×Ô Ò ¿ÛÕïÔÐå ßÞ ÒÕÛØçØÝÕr s Ò âàÕåÜÕàÝÞÜ
ßàÞáâàÐÝáâÒÕ Ø ÝÐ ãÜÕÝìèÕÝØÕ ÜÐáám âÐÚØå ×ÒÕ×Ô
á àÐááâÞïÝØÕÜ Þâ æÕÝâàÐ áÚÞßÛÕÝØï (×ÐáÞàÕÝÝÞáâì
ÒëÑÞàÚØII ×ÒÕ×ÔÐÜØ äÞÝÐ ÜÕÝÕÕ 1%, áÜ. ÝØÖÕ).

5. ¾Æµ½º¸ ¿°À°¼µÂÀ¾² ²À°Éµ½¸Ï
À·Á ¿»µÏ´Ë

¿ãáâì x � Øy� � ÞáØ âÐÝÓÕÝæØÐÛìÝÞÙ áØáâÕÜë
ÚÞÞàÔØÝÐâ á æÕÝâàÞÜ Ò æÕÝâàÕ áÚÞßÛÕÝØï (Hiltner
1962). ¿àÞÕÚæØØ ÒÕÚâÞàÞÒ áÚÞàÞáâÕÙ ×ÒÕ×Ô ïÔàÐ
áÚÞßÛÕÝØï ¿ÛÕïÔë ÝÐ ßÛÞáÚÞáâì(x � ; y� ) ßÞÛãçÕÝë
ßÞ ÔÐÝÝëÜ Þ ÚÞÞàÔØÝÐâÐå(�; � ) Ø áÞÑáâÒÕÝÝëå
ÔÒØÖÕÝØïå(� � ; � � ) ×ÒÕ×Ô ÒëÑÞàÚØI (áÜ. àÐ×ÔÕÛ 4);
àÐÔØãá ×ÐÝïâÞÙ ×ÒÕ×ÔÐÜØ ÒëÑÞàÚØ ÞÑÛÐáâØ ÞâÝÞáØ-
âÕÛìÝÞ æÕÝâàÐ áÚÞßÛÕÝØï ÝÐ ÝÕÑÕáÝÞÙ áäÕàÕd� =
= 2 :� 5; ÒëçØáÛÕÝØï ÒÕÛØçØÝëPm , ÐÝÐÛÞÓØçÝëÕ Òë-
ßÞÛÝÕÝÝëÜ Ò àÐ×ÔÕÛÕ 3, ÔÛï ÒëÑÞàÚØ ×ÒÕ×Ô ¿ÛÕïÔ á
d� � 2 :� 5 ßàØÒÞÔïâ Ú ÒÕàÞïâÝÞáâØPm ' 0:99. ÂÐÚØÜ
ÞÑàÐ×ÞÜ, àÐááÜÐâàØÒÐÕÜÐï ×ÔÕáì ÒëÑÞàÚÐI ßàÐÚ-
âØçÕáÚØ ÝÕ ×ÐáÞàÕÝÐ ×ÒÕ×ÔÐÜØ äÞÝÐ. ¿ÞÛÝÞÕ çØáÛÞ
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ÀØá. 7.¿àÞÕÚæØØ ÒÕÚâÞàÞÒ áÚÞàÞáâÕÙ ×ÒÕ×Ô ïÔàÐ áÚÞßÛÕÝØï ¿ÛÕïÔë ÝÐÚÐàâØÝÝãî ßÛÞáÚÞáâì(x � ; y� ), ãÜÝÞÖÕÝÝëÕ ÝÐ
1 ÜÛÝ ÛÕâ (ßàØÒÕÔÕÝë Ò ßÐàáÕÚÐå, 1 ßÚ ÜÛÝ ÛÕâ� 1 ' 1 ÚÜ á� 1); (a) � ÔÛï ×ÒÕ×Ô ár < r cl , (b) � ÔÛï ×ÒÕ×Ô ár > r cl ; r Ø
r cl � àÐááâÞïÝØÕ ×ÒÕ×Ô Ø áÚÞßÛÕÝØï Þâ ÁÞÛÝæÐ Ò ßÚ áÞÞâÒÕâáâÒÕÝÝÞ.¿àØÒÕÔÕÝÐ ÛØÝØï ÓÐÛÐÚâØçÕáÚÞÙ èØàÞâëb = 22 :� 94.

×ÒÕ×Ô áÚÞßÛÕÝØï Ò ßÛÞéÐÔÚÕ á àÐÔØãáÞÜ2:� 5 áÞ-
ÓÛÐáÝÞ ÜÕâÞÔØÚÕ Ø× àÐ×ÔÕÛÐ 3 ßÞÛãçÕÝÞ àÐÒÝëÜ 958,
ßÞÛÝÞâÐ ÒëÑÞàÚØI àÐÒÝÐ� I ' 565=958 ' 0:59; ÔÛï
ÒëÑÞàÚØII � � II ' 395=958 ' 0:41; Ò áÛãçÐÕ Òë-
ÑÞàÚØIII ÒÕÛØçØÝÐPm = 0 :92, çØáÛÞ ×ÒÕ×Ô-çÛÕÝÞÒ
áÚÞßÛÕÝØï Ò íâÞÙ ÒëÑÞàÚÕ (d� � 8 :� 56) àÐÒÝÞ 1347,
ßÞíâÞÜã� III ' 550=1347' 0:41.

ÁàÕÔÝÕÕ ÔÒØÖÕÝØÕ ×ÒÕ×Ô ár < r cl Ø r > r cl ÝÐ
àØá. 7a; bÝÐßàÐÒÛÕÝÞ ÝÐ ßÛÞáÚÞáâØ(x � ; y� ) Ò ßàÞ-
âØÒÞßÞÛÞÖÝëÕ áâÞàÞÝë, ÒàÐéÕÝØÕ ïÔàÐ áÚÞßÛÕÝØï
¿ÛÕïÔë � ßàïÜÞÕ� (ÝÐßàÐÒÛÕÝÞ Ò âã ÖÕ áâÞàÞÝã,
çâÞ Ø ÒàÐéÕÝØÕ ³ÐÛÐÚâØÚØ). ¿ÕàÕåÞÔï Ò áØáâÕÜã
ÚÞÞàÔØÝÐâ(x; y) (áÜ. ßÞïáÝÕÝØï ßÕàÕÔ äÞàÜã-
ÛÞÙ (6)), ÒëçØáÛïÕÜ ÒÕÛØçØÝë� vx , � vy Ø ÝÐåÞÔØÜ
ÔÛï ïÔàÐ áÚÞßÛÕÝØïj� vx j = 0 :53 � 0:07ÚÜ á� 1,
j� vy j = 0 :18� 0:04ÚÜ á� 1 Ø ÒÕÛØçØÝãvc = vx;y =
= 0 :56 � 0:07ÚÜ á� 1 ÝÐ áàÕÔÝÕÜ àÐááâÞïÝØØ
d = 2 :95 � 0:07ßÚ Þâ ÕÓÞ æÕÝâàÐ Ò ÚÐàâØÝÝÞÙ
ßÛÞáÚÞáâØ (ßàØ ÞßàÕÔÕÛÕÝØØ ×ÝÐÚÐ ÒÕÛØçØÝvx;y Ø
! z ØáßÞÛì×ÞÒÐÛØáì ÔÐÝÝëÕ Þ ÔÒØÖÕÝØØ ×ÒÕ×Ô ïÔàÐ
áÚÞßÛÕÝØï ÞâÝÞáØâÕÛìÝÞ ÞáØz Ò ßÛÞáÚÞáâØ(x; y) Ø
ßàÐÒØÛÞ ÒØÝâÐ� ÑãàÐÒçØÚÐ, áÜ. Landau and Lifshitz
(1991), áâà. 31). ÃÓÞÛ ÜÕÖÔã ßÞÛÞÖØâÕÛìÝëÜ ÝÐ-
ßàÐÒÛÕÝØÕÜ ÞáØy Ø ßàÞÕÚæØÕÙ ÞáØ ÒàÐéÕÝØï ïÔàÐ
áÚÞßÛÕÝØï ÝÐ ßÛÞáÚÞáâì(x; y) ßÞÛãçÐÕÜ àÐÒÝëÜ
' = arctan( j� vy=� vx j) = 18 :� 8 � 4:� 4. ²ÕÛØçØÝãvc
ÜÞÖÝÞ ÝÐ×ÒÐâì íÚÒÐâÞàØÐÛìÝÞÙ áÚÞàÞáâìî ÒàÐéÕ-
ÝØï ïÔàÐ áÚÞßÛÕÝØï (áÞÞâÒÕâáâÒãîéØÙ ÕÙ ÒÕÚâÞà
vc àÐáßÞÛÐÓÐÕâáï Ò ßÛÞáÚÞáâØ, ßÕàßÕÝÔØÚãÛïàÝÞÙ
ÞáØ ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï; Ò íâÞÜ ÜÞÖÝÞ
ãÑÕÔØâìáï, ÒëßÞÛÝØÒ ßÞÒÞàÞâ ÞáÕÙx, y ÝÐ ãÓÞÛ
' ÞâÝÞáØâÕÛìÝÞ ÞáØz, ßàØÒÞÔïéØÙ Ú áØáâÕÜÕ
ÞáÕÙx00, y00, z00, Ò ÚÞâÞàÞÙ ÒÕÚâÞàvc ßÐàÐÛÛÕÛÕÝ
ÞáØx00 (ØÛØ ÐÝâØßÐàÐÛÛÕÛÕÝ ÕÙ, áÜ. àØá. 7b; c),

Ð áÛÕÔãîéØÙ ßÞÒÞàÞâ ÞáÕÙy00, z00 ÝÐ ãÓÞÛ#
ÞâÝÞáØâÕÛìÝÞ ÞáØx00, ßàØÒÞÔØâ Ú áØáâÕÜÕ ÚÞÞàÔØÝÐâ
x000, y000, z000, Ò ÚÞâÞàÞÙ ßÛÞáÚÞáâìy000= 0 ïÒÛïÕâáï
íÚÒÐâÞàØÐÛìÝÞÙ).

ÁÞÓÛÐáÝÞ äÞàÜãÛÕ (6), ãÓÞÛ ÝÐÚÛÞÝÐ ÞáØ ÒàÐ-
éÕÝØï ïÔàÐ À·Á ¿ÛÕïÔë Ú ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ#
àÐÒÕÝ43:� 2 � 4:� 9. ¸áßÞÛì×ãÕÜëÕ Ò (6) ÔÛï ÞæÕÝ-
ÚØ # ÒÕÛØçØÝëj� vz(x)j = 0 :206� 0:119ÚÜ á� 1,
j� vz(y)j = 0 :011� 0:126ÚÜ á� 1 ßÞÛãçÕÝë ßÞ ÔÐÝ-
ÝëÜ ÞÑ ØáßàÐÒÛÕÝÝëå ×Ð ÔÒØÖÕÝØÕ À·Á Ò ÚÐàâØÝ-
ÝÞÙ ßÛÞáÚÞáâØ ÛãçÕÒëå áÚÞàÞáâïåVr á ßÞÓàÕèÝÞ-
áâïÜØeVr � 1:0ÚÜ á� 1 ÔÛï 74 ×ÒÕ×Ô Ø× ÒëÑÞàÚØI .
¾âÜÕâØÜ, çâÞ áàÕÔÝïï ÒÕÛØçØÝÐjzj ÔÛï íâØå ×ÒÕ×Ô
jzj ' 3:13 � 0:40ßÚ' d (áÜ. ÒëèÕ). ÏÔàÞ áÚÞßÛÕ-
ÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ ØÜÕÕâ äÞàÜã, ÑÛØ×Úãî
Ú áäÕàØçÕáÚÞÙ (àØá. 7). ¿ÞíâÞÜã Ò äÞàÜãÛÕ (6)
Üë ×ÐÜÕÝØÛØ ãÓÛÞÒëÕ áÚÞàÞáâØ ÔÒØÖÕÝØï ×ÒÕ×Ô ÝÐ
ÚàãÓÞÒëÕ. ² íâÞÜ áÛãçÐÕvx;z = 0 :57 � 0:08ÚÜ á� 1 Ø
vy;z = 0 :18 � 0:04ÚÜ á� 1.

»ØÝÕÙÝëÕ àÕÓàÕááØÞÝÝëÕ ×ÐÒØáØÜÞáâØ Þâx
Ø y ÛãçÕÒëå áÚÞàÞáâÕÙ ×ÒÕ×ÔV 0

r , ØáßàÐÒÛÕÝ-
Ýëå ×Ð ÔÒØÖÕÝØÕ ïÔàÐ À·Á Ò ÚÐàâØÝÝÞÙ ßÛÞá-
ÚÞáâØ, ßàØx = y = 5 :5ßÚ ßàØÒÞÔïâ Ú ×ÝÐçÕ-
ÝØïÜ V 0

r (x) � V 0
r (x = 0) = � 0:127� 0:300ÚÜ á� 1

Ø V 0
r (y) � V 0

r (y = 0) = 0 :097� 0:307ÚÜ á� 1 áÞ-
ÞâÒÕâáâÒÕÝÝÞ. ÂÞÓÔÐ íÚÒÐâÞàØÐÛìÝÐï áÚÞàÞáâì
vc ' 0:16 � 0:30ÚÜ á� 1. ÂÐÚØÜ ÞÑàÐ×ÞÜ, ÝÐ àÐá-
áâÞïÝØïå Þâ æÕÝâàÐ áÚÞßÛÕÝØï ßÞàïÔÚÐd = 5 :5ßÚ
áÚÞàÞáâì ÒàÐéÕÝØï ïÔàÐ ÑÛØ×ÚÐ Ú ÝãÛî (çÐáâì
×ÒÕ×Ô ïÔàÐ ãçÐáâÒãÕâ Ò� ßàïÜÞÜ� , Ð çÐáâì� Ò
� ÞÑàÐâÝÞÜ� ÔÒØÖÕÝØØ ÞâÝÞáØâÕÛìÝÞ ÞáØ ÒàÐéÕ-
ÝØï). °ÝÐÛÞÓØçÝëÕ ÒëçØáÛÕÝØï ÔÛï 97 ×ÒÕ×Ô á
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eVr � 1:0ÚÜ á� 1 Ø× ÒëÑÞàÚØIII áÚÞßÛÕÝØï ßàØÒÞ-
Ôïâ Ú áÚÞàÞáâØ� ÞÑàÐâÝÞÓÞ� ÒàÐéÕÝØï áÚÞßÛÕÝØï
vc ' 0:48 � 0:20ÚÜ á� 1 ÝÐ àÐááâÞïÝØØd = 7 :1ßÚ Þâ
ÕÓÞ æÕÝâàÐ. ÃÓÞÛ ÜÕÖÔã ßàÞÕÚæØÕÙ ÞáØ ÒàÐéÕÝØï
áÚÞßÛÕÝØï ÝÐ ÚÐàâØÝÝãî ßÛÞáÚÞáâì Ø ÝÐßàÐÒÛÕ-
ÝØÕÜ ÒÞ×àÐáâÐÝØï ÓÐÛÐÚâØçÕáÚÞÙ èØàÞâëb áÞ-
áâÐÒÛïÕâ' = arctan[ jV 0

r (y) � V 0
r (y = 0) j=jV 0

r (x) �
� V 0

r (x = 0) j] = 37 :� 8 � 26:� 4. ÂÐÚØÜ ÞÑàÐ×ÞÜ, á
ãÒÕÛØçÕÝØÕÜ àÐááâÞïÝØï Þâ æÕÝâàÐ áÚÞßÛÕÝØï
¿ÛÕïÔë ßàØd > 5:5ßÚ ÒàÐéÕÝØÕ áÚÞßÛÕÝØï áâÐ-
ÝÞÒØâáï� ÞÑàÐâÝëÜ� , çâÞ ãÚÐ×ëÒÐÕâ ÝÐ ÒÞ×ÜÞÖÝãî
ãáâÞÙçØÒÞáâì âàÐÕÚâÞàØÙ ÔÒØÖÕÝØï ÝÕÚÞâÞàëå
×ÒÕ×Ô ÝÐ ßÕàØäÕàØØ áÚÞßÛÕÝØï Ò áãÜÜÐàÝÞÜ ßÞÛÕ
áØÛ áÚÞßÛÕÝØï Ø ³ÐÛÐÚâØÚØ. ¾âÜÕâØÜ, çâÞ Ò ÓÐÛÞ
ÜÞÔÕÛÕÙ À·Á (Danilov and Dorogavtseva 2008),
áÜ. àØá. 1 Ø× Danilov and Dorogavtseva (2008),
âÐÚÖÕ ÔÞÜØÝØàãîâ� ÞÑàÐâÝëÕ� ÔÒØÖÕÝØï ×ÒÕ×Ô
áÚÞßÛÕÝØï.

6. ¾Æµ½º¸ ´¸Á¿µÀÁ¸¹ Áº¾À¾ÁÂµ¹
·²µ·´ ² ¿»µÏ´°Å

¿àØ ßÞáâàÞÕÝØØ ×ÐÒØáØÜÞáâÕÙ áàÕÔÝÕÚÒÐÔàÐâØ-
çÕáÚØå áÚÞàÞáâÕÙ (àØá. 8) ØáßÞÛì×ÞÒÐÛØáì ×ÝÐçÕÝØï
Rm = 6 :9ßÚ, 8.4 ßÚ, 12.0 ßÚ (áÜ. àÐ×ÔÕÛ 2 Ø ÔÐÝÝëÕ
Þ ßÐàÐÜÕâàÐå ×ÒÕ×Ô Ò ÒëÑÞàÚÐåII , I , III , áÞÞâÒÕâ-
áâÒÕÝÝÞ. ÃáÛÞÒØî ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ
� v � � v;J Ò áÚÞßÛÕÝØØ ãÔÞÒÛÕâÒÞàïîâ ÞÑÛÐáâØ á
r s 2 [2:2; 5:2] ßÚ ÝÐ àØá. 8a Ø r s 2 [2:2; 5:7] ßÚ ÝÐ
àØá. 8b; c. ² íâØå ØÝâÕàÒÐÛÐå ×ÝÐçÕÝØÙr s àÐáßÞÛÞ-
ÖÕÝë ßàØÜÕàÝÞ39:4% ×ÒÕ×Ô ÒëÑÞàÚØII (ÝÐØÑÞÛÕÕ
ïàÚØÕ Ø ÜÐááØÒÝëÕ ×ÒÕ×Ôë áÚÞßÛÕÝØï), ßàØÑÛØ-
×ØâÕÛìÝÞ60:5% ×ÒÕ×Ô ÒëÑÞàÚØI Ø ÞÚÞÛÞ52:6%
×ÒÕ×Ô ÒëÑÞàÚØIII . ²ÑÛØ×Ø æÕÝâàÐ áÚÞßÛÕÝØï ÒÕ-
ÛØçØÝë� v ×ÐÜÕâÝÞ ÜÕÝïîâáï ßàØ ãÒÕÛØçÕÝØØr s Ø
ßÞÛãçØâì ÔÐÝÝëÕ Þ ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞ-
áâØ ÝÕ ãÔÐÕâáï Ø×-×Ð áØÛìÝÞ ÝÕàÕÓãÛïàÝÞÓÞ áâàÞ-
ÕÝØï áÚÞßÛÕÝØï, ÑÞÛìèØå ÞâÚÛÞÝÕÝØÙ áÚÞßÛÕÝØï
Þâ àÐÒÝÞÒÕáÝÞÓÞ áÞáâÞïÝØï Ø ÑÞÛìèØå ßÞÓàÕèÝÞ-
áâÕÙ Ò áÚÞàÞáâïå ÔÒØÖÕÝØï ×ÒÕ×Ô Ò íâÞÙ ÞÑÛÐáâØ.
¿àØ r s < 2ßÚ ïÔàÞ áÚÞßÛÕÝØï ¿ÛÕïÔë Ú ÜÞÜÕÝ-
âã ÝÐÑÛîÔÕÝØï áäÞàÜØàÞÒÐÝÞ Ø× ßàØÑÛØ×ØâÕÛìÝÞ
áäÕàØçÕáÚØå áÛÞÕÒ á ÞÑéØÜ æÕÝâàÞÜ Ø àÐ×ÝëÜØ
ÒÕÛØçØÝÐÜØ� v ×ÒÕ×Ô Ò áÞáÕÔÝØå ßÞr s áÛÞïå. ²Þ×-
ÜÞÖÝÞ, Ò áÚÞßÛÕÝØØ ØÜÕÕâ ÜÕáâÞ ÒÞÛÝÞÒÞÙ ßàÞæÕáá
ßÕàÕÔÐçØ ÚØÝÕâØçÕáÚÞÙ íÝÕàÓØØ ÔÒØÖÕÝØÙ ×ÒÕ×Ô Ò
àÐÔØÐÛìÝÞÜ ÝÐßàÐÒÛÕÝØØ. ² ÜÞÔÕÛïå À·Á (Danilov
2011) âÐÚÞÙ ßàÞæÕáá ÝÕ ÜÞÓ Ñëâì ×ÐÜÕçÕÝ, âÐÚ ÚÐÚ
Ò íâÞÙ áâÐâìÕ (Danilov 2011, àØá. 1b,c, âÐÑÛ. 1b,c)
àÐááÜÐâàØÒÐÛØáì ÛØèì áàÕÔÝØÕ ßÞ ßÕàØÞÔã ÚÞÛÕÑÐ-
ÝØÙ àÕÓãÛïàÝÞÓÞ ßÞÛï áÚÞßÛÕÝØï ÒÕÛØçØÝë� 2

v . ±Þ-
ÛÕÕ ßÞÔàÞÑÝÞ ÒÞÛÝÞÒÞÙ ßàÞæÕáá ßÕàÕÝÞáÐ ÚØÝÕâØ-
çÕáÚÞÙ íÝÕàÓØØ ×ÒÕ×Ô ÝÕáâÐæØÞÝÐàÝÞÓÞ áÚÞßÛÕÝØï Ò
àÐÔØÐÛìÝÞÜ ÝÐßàÐÒÛÕÝØØ ÞßØáÐÝ Ò àÐÑÞâÕ Danilov

and Ryazanov (1985) Ò àÐÜÚÐå ÑÕááâÞÛÚÝÞÒØâÕÛì-
ÝÞÙ ÜÞÔÕÛØ� ÒÞÔïÝÞÙ ÜÕèÞÚ� á ßÞÜÞéìî çØáÛÕÝ-
ÝÞÓÞ ØÝâÕÓàØàÞÒÐÝØï áØáâÕÜë ãàÐÒÝÕÝØÙ ²ÛÐáÞ-
ÒÐ ÔÛï Ø×ÞÛØàÞÒÐÝÝÞÓÞ áäÕàØçÕáÚØ-áØÜÜÕâàØçÝÞÓÞ
áÚÞßÛÕÝØï ×ÒÕ×Ô.

ÁÞÓÛÐáÝÞ àØá. 8, ßàØr s > 2ßÚ ÒÕÛØçØÝë� v Ò
àÐááÜÞâàÕÝÝëå ÒëÑÞàÚÐå ×ÒÕ×Ô Ò áàÕÔÝÕÜ ÒÞ×àÐá-
âÐîâ á ãÒÕÛØçÕÝØÕÜr s, çâÞ ãÚÐ×ëÒÐÕâ ÝÐ ÝÕáâÐ-
æØÞÝÐàÝÞáâì áÚÞßÛÕÝØï Ò ßÞÛÕ àÕÓãÛïàÝëå áØÛ.
·ÐÒØáØÜÞáâØ Þâd ÜÞÔãÛÕÙVt Ø Vd ÝÐ àØá. 9 áÞ-
ÔÕàÖÐâ àïÔ ßÕàØÞÔØçÕáÚØå ÚÞÛÕÑÐÝØÙ, ÒëåÞÔïéØå
ßÞ ÐÜßÛØâãÔÕ ×Ð ßàÕÔÕÛë ßÞÓàÕèÝÞáâÕÙ ÒÕÛØçØÝ
Vt ØVd, çâÞ âÐÚÖÕ ãÚÐ×ëÒÐÕâ ÝÐ ÝÕáâÐæØÞÝÐàÝÞáâì
áÚÞßÛÕÝØï Ò ßÞÛÕ àÕÓãÛïàÝëå áØÛ.

² ßàÞæÕááÕ íÒÞÛîæØØ ÜÞÔÕÛÕÙ ÝÕØ×ÞÛØàÞÒÐÝ-
Ýëå Ø ÝÕáâÐæØÞÝÐàÝëå Ò àÕÓãÛïàÝÞÜ ßÞÛÕ À·Á ßàØ
t > (0:3� 0:6)� v:r: íÝâàÞßØï ßàÞØ×ÒÞÔØâáï ÝÕ Ò ïÔàÕ,
Ð ÝÐ ßÕàØäÕàØØ áÚÞßÛÕÝØï (áÜ. àØá. 1 Ø× Danilov
and Putkov (2017)) ×Ð áçÕâ ÜÝÞÓÞçØáÛÕÝÝëå áÛÐ-
Ñëå ×ÒÕ×ÔÝëå áÑÛØÖÕÝØÙ. ² ïÔàÐå ÝÕáâÐæØÞÝÐàÝëå
À·Á íÒÞÛîæØï ÞßàÕÔÕÛïÕâáï Ò×ÐØÜÞÔÕÙáâÒØïÜØ
×ÒÕ×Ô á ßÕàÕÜÕÝÝëÜ áØÛÞÒëÜ ßÞÛÕÜ áÚÞßÛÕÝØï,
ÔÕÙáâÒØÕÜ ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ, ßàØÒÞ-
ÔïéÕÙ Ú ãÒÕÛØçÕÝØî ÚÞààÕÛØàÞÒÐÝÝÞáâØ ÔÒØÖÕÝØÙ
×ÒÕ×Ô (Danilov and Putkov 2017). ¿ÞÛãçØÒèØÕ ßàØ
ÑãàÝÞÙ àÕÛÐÚáÐæØØ Ò ïÔàÕ ÔÞßÞÛÝØâÕÛìÝãî íÝÕà-
ÓØî ×ÒÕ×Ôë á ÝÐØÑÞÛìèØÜØ íÝÕàÓØïÜØ ÒëåÞÔïâ ÝÐ
ßÕàØäÕàØî áÚÞßÛÕÝØï, ÓÔÕ ßÞÔ ÔÕÙáâÒØÕÜ áÑÛØÖÕ-
ÝØÙ áÞ ×ÒÕ×ÔÐÜØ ÔÞáâÐâÞçÝÞ ßÛÞâÝÞ ÝÐáÕÛÕÝÝÞÓÞ
ÓÐÛÞ ßÞÛãçÐîâ ÔÞßÞÛÝØâÕÛìÝëÙ ãÓÛÞÒÞÙ ÜÞÜÕÝâ Ø
âÕàïîâ ÒÞ×ÜÞÖÝÞáâì ÒÕàÝãâìáï Ò ïÔàÞ áÚÞßÛÕÝØï
(Ò ÞâÛØçØÕ Þâ ÚÒÐ×ØáâÐæØÞÝÐàÝëå Ø Ø×ÞÛØàÞÒÐÝÝëå
áØáâÕÜ, ÑÛØ×ÚØå Ú ÒØàØÐÛìÝÞÜã àÐÒÝÞÒÕáØî, Ò ÚÞ-
âÞàëå íÝâàÞßØï ßàÞØ×ÒÞÔØâáï ßàÕØÜãéÕáâÒÕÝÝÞ ×Ð
áçÕâ âÕáÝëå ×ÒÕ×ÔÝëå áÑÛØÖÕÝØÙ Ò ïÔàÕ áÚÞßÛÕ-
ÝØï). ² àÕ×ãÛìâÐâÕ ×ÒÕ×Ôë á ÝÐØÑÞÛìèØÜØ íÝÕàÓØï-
ÜØ ãåÞÔïâ Ø× ïÔàÐ, çâÞ ßàØÒÞÔØâ Ú ÞåÛÐÖÔÕÝØî ïÔàÐ
ÝÕáâÐæØÞÝÐàÝÞÓÞ áÚÞßÛÕÝØï.

ÁÞÓÛÐáÝÞ àØá. 10, ÝÐØÑÞÛÕÕ ïàÚØÕ Ø ÜÐá-
áØÒÝëÕ ×ÒÕ×Ôë áÚÞßÛÕÝØï Ø× ÒëÑÞàÞÚII Ø I
ÒÑÛØ×Ø æÕÝâàÐ áÚÞßÛÕÝØï àÐáßàÕÔÕÛÕÝë ÝÐØÑÞ-
ÛÕÕ ÝÕàÐÒÝÞÜÕàÝÞ, æÕÝâàë Øå àÐáßàÕÔÕÛÕÝØÙ ÝÕ
áÞÒßÐÔÐîâ ÜÕÖÔã áÞÑÞÙ, ÛÞÚÐÛìÝëÕ ÜÐÚáØÜã-
Üë ÒØÔØÜÞÙ ßÛÞâÝÞáâØ Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ
ÒÞÚàãÓ æÕÝâàÐ áÚÞßÛÕÝØï ÔÞáâØÓÐîâáï ÒÑÛØ×Ø
ÝÕÚÞâÞàëå ×ÐÜÚÝãâëå ÚàØÒëå, çâÞ ãÚÐ×ëÒÐÕâ ÝÐ
ÞâÚÛÞÝÕÝØÕ Þâ àÐÒÝÞÒÕáÝÞÓÞ áÞáâÞïÝØï Ø ÝÕáâÐ-
æØÞÝÐàÝÞáâì áÚÞßÛÕÝØï Ò ßÞÛÕ àÕÓãÛïàÝëå áØÛ.
ÍÚÒÐâÞàØÐÛìÝëÕ ÚÞÞàÔØÝÐâë æÕÝâàÐ àÐáßàÕÔÕ-
ÛÕÝØï ×ÒÕ×Ô ÒëÑÞàÚØII : � II

c = 56 :� 240� 0:� 003,
� II

c = 24 :� 420� 0:� 003, ÔÛï ×ÒÕ×Ô ÒëÑÞàÚØI :
� I

c = 56 :� 708� 0:� 003, � I
c = 24 :� 420� 0:� 003, ÔÛï

×ÒÕ×Ô ÒëÑÞàÚØIII : � III
c = 56 :� 208 � 0:� 003,

� III
c = 24 :� 418� 0:� 003, áÞÞâÒÕâáâÒÕÝÝÞ (ßàØ ÞßàÕ-

ÔÕÛÕÝØØ ÒÕÛØçØÝ� c, � c ØáßÞÛì×ÞÒÐÛÐáì ÜÕâÞÔØÚÐ,
ÞßØáÐÝÝÐï Ò àÐ×ÔÕÛÕ 3 ÔÐÝÝÞÙ áâÐâìØ). ¾âÜÕâØÜ,
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ÀØá. 8. ·ÐÒØáØÜÞáâØ Þâr s áàÕÔÝÕÚÒÐÔàÐâØçÕáÚØå áÚÞàÞáâÕÙ� v ×ÒÕ×Ô ÒÝãâàØ áäÕàë àÐÔØãáÐr s á æÕÝâàÞÜ Ò æÕÝâàÕ
áÚÞßÛÕÝØï ¿ÛÕïÔë: (a) ÔÛï ×ÒÕ×Ô ïÔàÐ ámG < 15m (ÒëÑÞàÚÐII ), (b) ÔÛï ×ÒÕ×Ô ïÔàÐ ámG < 16m (ÒëÑÞàÚÐI ), (c) ÔÛï
×ÒÕ×Ô ámG < 17m (ÒëÑÞàÚÐIII ). ÈâàØåÞÒëÕ ÛØÝØØ áÞÞâÒÕâáâÒãîâ ×ÝÐçÕÝØïÜ� v = � v;J , ßÞÛãçÕÝÝëÜ Ø× ãáÛÞÒØï (2)
ÓàÐÒØâÐæØÞÝÝÞÙ ÝÕãáâÞÙçØÒÞáâØ æÕÝâàÐÛìÝëå ÞÑÛÐáâÕÙ áÚÞßÛÕÝØï, àÐáßÞÛÞÖÕÝÝëå Ò ßàÕÔÕÛÐå áäÕàë àÐÔØãáÐr s .
ÁßÛÞèÝëÜØ ÛØÝØïÜØ ßÞÚÐ×ÐÝë àÐÔØÐÛìÝëÕ ×ÐÒØáØÜÞáâØ ÒÕÛØçØÝ� v , ÞßàÕÔÕÛÕÝÝëÕ ßÞ ÔÐÝÝëÜ Þ áÞÑáâÒÕÝÝëå ÔÒØÖÕÝØïå
×ÒÕ×Ô.

ÀØá. 9. ·ÐÒØáØÜÞáâØ ÜÞÔãÛÕÙ âÐÝÓÕÝæØÐÛìÝëåVt Ø àÐÔØÐÛìÝëåVd -ÚÞÜßÞÝÕÝâ áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô áÚÞßÛÕÝØï
¿ÛÕïÔë Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ Þâ àÐááâÞïÝØïd ÔÞ ÕÓÞ æÕÝâàÐ;a; d ßÞÛãçÕÝë ßÞ ÒëÑÞàÚÕII , b; e� ßÞ ÒëÑÞàÚÕI , c; f �
ßÞ ÒëÑÞàÚÕIII ×ÒÕ×Ô áÚÞßÛÕÝØï.

çâÞ àÐ×ÛØçØÕ Ò ÚÞÞàÔØÝÐâÐå æÕÝâàÐ àÐáßàÕÔÕÛÕÝØï
×ÒÕ×Ô ÝÐ0:� 5Ò áÛãçÐÕ ¿ÛÕïÔ áÞÞâÒÕâáâÒãÕâ àÐááâÞï-
ÝØî ÞÚÞÛÞ1:19ßÚ Þâ æÕÝâàÐ áÚÞßÛÕÝØï Ò ÚÐàâØÝÝÞÙ
ßÛÞáÚÞáâØ. ¾çÕÝì ÑÛØ×ÚÐï ßÞ ÒØÔã Ú ãÚÐ×ÐÝÝÞÙ
ÝÐ àØá. 10b ÔÛï ÒëÑÞàÚØII ÔÕßàÕááØï ßÛÞâÝÞáâØ
f Ò æÕÝâàÕ áÚÞßÛÕÝØï ¼ 37 ÑëÛÐ ÞâÜÕçÕÝÐ Ò
ÚÝØÓÕ Kholopov (1981, á. 317).

²ÞÛÝë ßÛÞâÝÞáâØ ÝÐ àØá. 10, ÒëåÞÔïéØÕ ßÞ
ÐÜßÛØâãÔÕ ÚÞÛÕÑÐÝØÙ ×Ð ßàÕÔÕÛë ßÞÓàÕèÝÞáâÕÙ
ÒÕÛØçØÝF (d) Ø f (r ), âÐÚÖÕ ãÚÐ×ëÒÐîâ ÝÐ ÝÕáâÐ-
æØÞÝÐàÝÞáâì áÚÞßÛÕÝØï ¿ÛÕïÔë Ò ßÞÛÕ àÕÓãÛïàÝëå
áØÛ.

ÀÐÔØÐÛìÝëÕ àÐáßàÕÔÕÛÕÝØï ßàÞáâàÐÝáâÒÕÝÝÞÙ
ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×Ôf (r s) Ø ÜÐááë� (r s) = mf (r s)
Ò ¿ÛÕïÔÐå ØáßÞÛì×ÞÒÐÛØáì ×ÔÕáì ÔÛï ÝÐåÞÖÔÕÝØï
ÒÕÛØçØÝf c = f (r c), � c = � (r c), M c Ø� 2

v = � 2
v;J ßÞ

äÞàÜãÛÕ (2) ÔÛï àïÔÐ ×ÝÐçÕÝØÙr s = r c Ò ÞÚàÕáâ-
ÝÞáâïå ÓàÐÝØæë ïÔàÐ áÚÞßÛÕÝØï (áÜ. ØÝâÕàÒÐÛë

×ÝÐçÕÝØÙr s ÔÛï èâàØåÞÒëå ÛØÝØÙ ÝÐ àØá. 8). ½ÐÜ
ßàÕÔáâÐÒÛïîâáï ßàÕÔßÞçâØâÕÛìÝëÜØ ÑÞÛÕÕ âÞçÝëÕ
×ÝÐçÕÝØïf = f (r s), ßÞÛãçÕÝÝëÕ á ØáßÞÛì×ÞÒÐÝØÕÜ
ÚÞÞàÔØÝÐâ ×ÒÕ×Ô Ò ßÛÞáÚÞáâØ(x � ; y� ) Ø ßàÕÔßÞ-
ÛÞÖÕÝØï Þ áäÕàØçÕáÚÞÙ áØÜÜÕâàØØ áÚÞßÛÕÝØï,
çÕÜ ×ÝÐçÕÝØïf = f (r s), ÚÞâÞàëÕ ßÞÛãçÕÝë ßÞ
ÔÐÝÝëÜ Þ âàÕå ßàÞáâàÐÝáâÒÕÝÝëå ÚÞÞàÔØÝÐâÐå
×ÒÕ×Ô, â.Ú. ßÞÓàÕèÝÞáâØer Ò àÐááâÞïÝØïå ÔÞ ×ÒÕ×Ô
áàÐÒÝØÜë á ÜÐáèâÐÑÞÜ ßÞr s Ød ÝÕÞÔÝÞàÞÔÝÞáâÕÙ Ò
f = f (r s) ØF = F (d), áÞÞâÒÕâáâÒÕÝÝÞ, áÜ. àÐ×ÔÕÛ 4
Ø àØá. 10, Ð ßàØ ÞæÕÝÚÕ ÔØÝÐÜØçÕáÚÞÓÞ áÞáâÞïÝØï
À·Á ÒÐÖÝë áØÛÞÒëÕ ßÞÛï, ÒÞ×ÝØÚÐîéØÕ Ò ïÔàÕ
ÜÕÖÔã ×ÒÕ×ÔÐÜØ Ø ÓàãßßÐÜØ ×ÒÕ×Ô (áÜ. ÛÞÚÐÛìÝëÕ
ãßÛÞâÝÕÝØï ÒØÔØÜÞÙ ßÛÞâÝÞáâØ ÒÑÛØ×Ø æÕÝâàÐ
áÚÞßÛÕÝØï ÝÐ àØá. 4).

´Ûï áÚÞßÛÕÝØï ¿ÛÕïÔë ßÞ ÔÐÝÝëÜ, ßÞÛãçÕÝÝëÜ
Ø× àÐááÜÞâàÕÝÝëå ÒëÑÞàÞÚ ×ÒÕ×Ô, Ð âÐÚÖÕ áÞÓÛÐáÝÞ
ÜÕâÞÔØÚÕ Ø× àÐÑÞâ Danilov (2010), Danilov and
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ÀØá. 10. (a) ·ÐÒØáØÜÞáâØ ÒØÔØÜÞÙ ßÛÞâÝÞáâØF (d) çØáÛÐ ×ÒÕ×Ô áÚÞßÛÕÝØï ¿ÛÕïÔë Þâ àÐááâÞïÝØïd ÔÞ ÕÓÞ æÕÝâàÐ;
ßãÝÚâØàÞÜ ßàØÒÕÔÕÝë áÓÛÐÖÕÝÝëÕ ÜÕâÞÔÞÜ Ø× àÐÑÞâë (Cleveland and Devlin 1988) ×ÐÒØáØÜÞáâØF (d), ØáßÞÛì×ãÕÜëÕ
ÔÛï ßÞÛãçÕÝØï àÐáßàÕÔÕÛÕÝØÙ ßàÞáâàÐÝáâÒÕÝÝÞÙ ßÛÞâÝÞáâØf (r ) Ò áÚÞßÛÕÝØØ, áÜ. àÐ×ÔÕÛ 2. ÆØäàëI , II , I I I ÝÐ àØá.
a Ø b ÞÑÞ×ÝÐçÐîâ ÝÞÜÕàÐ ÒëÑÞàÞÚ. ºàØÒÐïI áÔÒØÝãâÐ ÒÒÕàå ÒÔÞÛì ÞáØ ÞàÔØÝÐâ ÝÐ 2 ßÚ� 2 , ÚàØÒÐïIII ÝÐ 15 ßÚ� 2 .
(b) ·ÐÒØáØÜÞáâØ ßàÞáâàÐÝáâÒÕÝÝÞÙ ßÛÞâÝÞáâØf (r s ) çØáÛÐ ×ÒÕ×Ô áÚÞßÛÕÝØï ¿ÛÕïÔë Þâ àÐááâÞïÝØïr s ÔÞ ÕÓÞ æÕÝâàÐ,
ßÞÛãçÕÝÝëÕ áÞÓÛÐáÝÞ ÜÕâÞÔØÚÕ, ÞßØáÐÝÝÞÙ Ò àÐ×ÔÕÛÕ 2. ºàØÒÐï I áÔÒØÝãâÐ ÒÒÕàå ÒÔÞÛì ÞáØ ÞàÔØÝÐâ ÝÐ 1 ßÚ� 3 , ÚàØÒÐï
III � ÝÐ 6 ßÚ� 3 .

ÂÐÑÛØæÐ 1.¾æÕÝÚØ áâàãÚâãàÝÞ-ÔØÝÐÜØçÕáÚØå ßÐàÐÜÕâàÞÒ áÚÞßÛÕÝØï ¿ÛÕïÔë. ² ÚÞÛÞÝÚÐå ãÚÐ×ÐÝë: (1)mG ×Ò. ÒÕÛ.
ßÞ ÔÐÝÝëÜ Gaia; (2) ÔØÝÐÜØçÕáÚÐï ÔØáßÕàáØï áÚÞàÞáâÕÙ; (3)Ru = h1=rs i � 1, r s � àÐááâÞïÝØÕ ×ÒÕ×Ôë Þâ æÕÝâàÐ ÜÐáá
áÚÞßÛÕÝØï á ãáàÕÔÝÕÝØÕÜ ßÞ ÒáÕÜ ×ÒÕ×ÔÐÜ áÚÞßÛÕÝØï; (4) áàÕÔÝØÙàÐÔØãá áÚÞßÛÕÝØï; (5) áàÕÔÝØÙ ÚÒÐÔàÐâ àÐááâÞïÝØï
×ÒÕ×Ôë Þâ æÕÝâàÐ áÚÞßÛÕÝØï; (6)Rm � àÐÔØãá ÞÑÛÐáâØ, Ò ÚÞâÞàÞÙ ØááÛÕÔãÕâáï ßÞÛÕ áÚÞàÞáâÕÙ ×ÒÕ×Ô áÚÞßÛÕÝØï; (7)
ÔØÝÐÜØçÕáÚÐï ÜÐááÐ; (8) ßàØÛØÒÝëÙ àÐÔØãá

mG � v;d ; ÚÜ á� 1 Ru ; ßÚ R; ßÚ r 2
s ; ßÚ2 Rm ; ßÚ M d; M � Rt ; ßÚ

(1) (2) (3) (4) (5) (6) (7) (8)

mG � 15m 0:80� 0:11 2:53� 0:02 2:72� 0:04 15:1 � 0:4 6:9 441� 123 10:5 � 0:3

mG � 16m 0:71� 0:07 2:73� 0:03 2:93� 0:03 18:52� 0:43 8:4 371� 80 9:9 � 0:2

mG � 17m 0:72� 0:02 3:25� 0:02 3:54� 0:04 32:92� 1:07 12:0 462� 29 10:6 � 0:1

� 3:59� 0:02 4:02� 0:06 54:48� 2:31 20:5 513� 33 11:0 � 0:1

Loktin (2015), ÚàÐâÚÞ ÞßØáÐÝÝÞÙ Ò àÐ×ÔÕÛÕ 2 ÝÐèÕÙ
áâÐâìØ, Ø äÞàÜãÛ (3) Ø (5), ßÞÛãçÕÝë ÞæÕÝÚØ
áâàãÚâãàÝÞ-ÔØÝÐÜØçÕáÚØå ßÐàÐÜÕâàÞÒ, ßàØÒÕÔÕÝ-
ÝëÕ Ò âÐÑÛØæÕ 1. ²ÕÛØçØÝÐRt ßÞÛãçÕÝÐ Ø× ÞæÕÝÚØ
ÔØÝÐÜØçÕáÚÞÙ ÜÐááëM d áÚÞßÛÕÝØï ÔÛï À·Á ÝÐ
ÚàãÓÞÒÞÙ ÞàÑØâÕ Ò ßÞÛÕ áØÛ ³ÐÛÐÚâØÚØ áÞÓÛÐá-
ÝÞ äÞàÜãÛÕ (11.13) Ø× King (1994); àÐááâÞïÝØÕ
¿ÛÕïÔ Þâ æÕÝâàÐ ³ÐÛÐÚâØÚØ ßÞÛãçÕÝÞ àÐÒÝëÜ
RG = 8643 � 650ßÚ, àÐááâÞïÝØÕ ÁÞÛÝæÐ Þâ æÕÝâàÐ
³ÐÛÐÚâØÚØ ßàØÝïâÞ àÐÒÝëÜR� = 8500 ßÚ (Danilov
and Loktin 2015, Kerr and Lynden-Bell 1986),
ßÞÓàÕèÝÞáâì ÒëçØáÛÕÝØïR� ßàØÝïâÐ àÐÒÝÞÙ
0:1R� (Danilov and Loktin 2015), ÒÕÛØçØÝë� 1
Ø ! ÞßàÕÔÕÛïÛØáì áÞÓÛÐáÝÞ ÜÞÔÕÛØ ßÞâÕÝæØÐÛÐ
³ÐÛÐÚâØÚØ (Kutuzov and Osipkov 1980).

¾âÜÕâØÜ, çâÞ ßàØ ãÒÕÛØçÕÝØØ ßàÕÔÕÛìÝëå
×ÝÐçÕÝØÙmG Þâ16m ÔÞ17m Ø àÐÔØãáÐ ØááÛÕÔãÕÜÞÙ

ÞÑÛÐáâØRm Ò ÒëÑÞàÚã ×ÒÕ×Ô ÒåÞÔØâ ÒáÕ Ñ�ÞÛìèÕÕ
çØáÛÞ ×ÒÕ×Ô ÚÞàÞÝë áÚÞßÛÕÝØï, ßÞíâÞÜã ÕÓÞ ÔØÝÐ-
ÜØçÕáÚÐï ÜÐááÐM d àÐáâÕâ (ÒÕàÞïâÝÞ, ãÚÐ×ÐÝÝëÕ Ò
âÐÑÛØæÕ 1 ÒÕÛØçØÝëM d ÜÞÖÝÞ àÐááÜÐâàØÒÐâì ÚÐÚ
ÝØÖÝØÕ ÞæÕÝÚØ ÜÐááë áÚÞßÛÕÝØï Ø ÕÓÞ ÚÞàÞÝë).
¿àØ mG � 18m , áÞÓÛÐáÝÞ ÔÐÝÝëÜ, ßÞÛãçÕÝÝëÜ Ò
àÐ×ÔÕÛÕ 3 ÔÐÝÝÞÙ áâÐâìØ, ÔÛïM cl = 855 � 104M �
ßÞ äÞàÜãÛÕ (11.13) Ø× King (1994), ÝÐåÞÔØÜ:
Rt = 13:01 � 0:53ßÚ. ² àÐÑÞâÐå Adams et al.
(2001), Raboud and Mermilliod (1998), (Kharchenko
et al. 2013, áÜ. ºÐâÐÛÞÓ MWSC) Ø Lodieu et al.
(2019) ÔÛï ¿ÛÕïÔ ßÞÛãçÕÝë áÛÕÔãîéØÕ ÞæÕÝÚØ
ÒÕÛØçØÝëRt : 13.1 ßÚ, 16 ßÚ,16:53 � 1:52ßÚ Ø
11.6 ßÚ, áÞÞâÒÕâáâÒÕÝÝÞ. ¾âÜÕâØÜ, çâÞ ÞæÕÝÚØ
ÒÕÛØçØÝëRt Ò àÐÑÞâÐå Kharchenko et al. (2013),
Lodieu et al. (2019), Raboud and Mermilliod (1998)
ÞáÝÞÒÐÝë ÝÐ ÐßßàÞÚáØÜÐæØØ äÞàÜãÛÞÙ ºØÝÓÐ
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àÐÔØÐÛìÝÞÓÞ ßàÞäØÛï ßÛÞâÝÞáâØ áÚÞßÛÕÝØï. ½ÐèÐ
ÞæÕÝÚÐ ÒÕÛØçØÝëRt ßÞÛãçÕÝÐ á ØáßÞÛì×ÞÒÐÝØÕÜ
äãÝÚæØØ ÜÐáá áÚÞßÛÕÝØï. ¾ßàÕÔÕÛÕÝØÕ ÒÕÛØçØÝ
Rt àÐ×ÝëÜØ ÜÕâÞÔÐÜØ ÒßÞÛÝÕ ÜÞÖÕâ ÔÐâì ÝÕÜÝÞÓÞ
àÐ×ÝëÕ àÕ×ãÛìâÐâë.

² àÐÑÞâÕ Danilov et al. (2014) ÑëÛØ ßÞáâàÞÕÝë
ÜÞÔÕÛØ ÚÞàÞÝ ÔÛï èÕáâØ çØáÛÕÝÝëå ÔØÝÐÜØçÕáÚØå
ÜÞÔÕÛÕÙ À·Á. ÁÞÓÛÐáÝÞ ãÚÐ×ÐÝÝÞÙ àÐÑÞâÕ, Ò ÚÞ-
àÞÝÐå ßàÕÞÑÛÐÔÐîâ ÞÑàÐâÝëÕ ÔÒØÖÕÝØï ×ÒÕ×Ô, Ò
ØÝâÕàÒÐÛÕ àÐááâÞïÝØÙ Þâ æÕÝâàÐ ÜÞÔÕÛØ áÚÞßÛÕ-
ÝØïr=R t 2 (1; 3] ÞâÜÕçÕÝÞ äÞàÜØàÞÒÐÝØÕ ÑÛØ×ÚØå Ú
àÐÒÝÞÒÕáÝëÜ àÐáßàÕÔÕÛÕÝØÙ ßÛÞâÝÞáâØ Ø äÐ×ÞÒÞÙ
ßÛÞâÝÞáâØ. ²àÕÜÕÝÝÞÕ àÐÒÝÞÒÕáØÕ ÚÞàÞÝ ÞÑãáÛÞÒ-
ÛÕÝÞ ÑÐÛÐÝáÞÜ çØáÛÐ ×ÒÕ×Ô, ßàØåÞÔïéØå Ò ÚÞàÞÝã
Ø× æÕÝâàÐÛìÝëå ÞÑÛÐáâÕÙ áÚÞßÛÕÝØï Ø ãåÞÔïéØå ÝÐ
ßÕàØäÕàØî ÚÞàÞÝë ØÛØ ×Ð Õñ ßàÕÔÕÛë. ÁÞÓÛÐáÝÞ
(Danilov et al. 2014, âÐÑÛ. 3), Ú ÜÞÜÕÝâã ÒàÕÜÕÝØ
t = 3 � v:r: ' 1:5 � 108 ÛÕâ Ò ÚÞàÞÝÐå ÜÞÔÕÛÕÙ À·Á
áÞÔÕàÖØâáï(58:2� 74:8)% Þâ ÞÑéÕÓÞ çØáÛÐ ×ÒÕ×Ô
Ò áÚÞßÛÕÝØØ. ²ßÛÞâì ÔÞ àÐááâÞïÝØÙr ' 4Rt Þâ
æÕÝâàÐ ÜÞÔÕÛØ áÚÞßÛÕÝØï ÞâÜÕçÕÝÞ ÝÐÛØçØÕ ÑÛØ×-
ÚØå Ú ßÕàØÞÔØçÕáÚØÜ ÞÑàÐâÝëå áàÕÔÝØå ÔÒØÖÕÝØÙ
ÑÞÛìèÞÓÞ çØáÛÐ ×ÒÕ×Ô ÚÞàÞÝë, Ð ÝÐ ßàÞÜÕÖãâÚÐå
ÒàÕÜÕÝØ ÖØ×ÝØ áÚÞßÛÕÝØï (91� 99)% ×ÒÕ×Ô ÚÞàÞÝë
ãÔÞÒÛÕâÒÞàïÕâ ÚàØâÕàØî ÓàÐÒØâÐæØÞÝÝÞÙ áÒï×ÐÝ-
ÝÞáâØ (Ross et al. 1997). ¿ÞÛãçÕÝÝëÕ Ò àÕ×ãÛìâÐâÕ
×ÒÕ×ÔÝëå ßÞÔáçÕâÞÒ Ò àÐ×ÔÕÛÕ 3 ÔÐÝÝÞÙ áâÐâìØ àÐ-
ÔØãá10:� 9 � 0:� 3 (26:3 � 0:7ßÚ) Ø ÜÐááÐ áÚÞßÛÕÝØï
¿ÛÕïÔë, ßàÕÒëèÐîéØÕ ÕÓÞ ßàØÛØÒÝëÙ àÐÔØãá Ø
ÔØÝÐÜØçÕáÚãî ÜÐááã, ÒßÞÛÝÕ áÞÓÛÐáãîâáï á çØá-
ÛÕÝÝëÜØ ÔÐÝÝëÜØ Þ ßÐàÐÜÕâàÐå ÚÞàÞÝ ÜÞÔÕÛÕÙ
À·Á (Danilov et al. 2014).

7. ·°º»ÎÇµ½¸µ

1. ² àÐÑÞâÕ ÒëßÞÛÝÕÝë ÞæÕÝÚØ àïÔÐ áâàãÚâãà-
Ýëå, ÚØÝÕÜÐâØçÕáÚØå Ø ÔØÝÐÜØçÕáÚØå ßÐàÐÜÕâàÞÒ
À·Á ¿ÛÕïÔë. ¿Þ ÔÐÝÝëÜ Gaia DR2 Þ ×ÒÕ×ÔÐå
á ÒÕÛØçØÝÐÜØmG � 18m Ò ÞÑÛÐáâØ ÝÕÑÐ60� �
� 60� á æÕÝâàÞÜ Ò æÕÝâàÕ áÚÞßÛÕÝØï ßÞáâàÞÕÝë
ÚÐàâÐ, ßàÞäØÛì ßÛÞâÝÞáâØ, äãÝÚæØØ áÒÕâØÜÞáâØ
Ø ÜÐáá áÚÞßÛÕÝØï, ßÞÛãçÕÝë: àÐÔØãá áÚÞßÛÕÝØï
10:� 9 � 0:� 3, àÐÔØãá ÕÓÞ ïÔàÐ2:� 62, çØáÛÞ Ø ÜÐá-
áÐ ×ÒÕ×Ô Ò áÚÞßÛÕÝØØ1542� 121 Ø855� 104M � ,
çØáÛÞ Ø ÜÐááÐ ×ÒÕ×Ô Ò ïÔàÕ áÚÞßÛÕÝØï1097� 77 Ø
665� 71M � . ÍâØ ßÐàÐÜÕâàë åÐàÐÚâÕàØ×ãîâ ÞÑéÕÕ
áâàÞÕÝØÕ áÚÞßÛÕÝØï ¿ÛÕïÔë Ø ÕÓÞ ÚÞàÞÝë. ¾âÜÕçÕ-
ÝÞ áÛÞÖÝÞÕ ØààÕÓãÛïàÝÞÕ áâàÞÕÝØÕ ïÔàÐ áÚÞßÛÕÝØï
(áÜ. àØá. 4), ÑÞÛÕÕ áÛÞÖÝÞÕ ÔÛï ßÞÔáØáâÕÜë ÑÞÛÕÕ
ïàÚØå ×ÒÕ×Ô ámG � 15m , çâÞ ãÚÐ×ëÒÐÕâ ÝÐ ÑÞÛìèØÕ
ÞâÚÛÞÝÕÝØï ïÔàÐ áÚÞßÛÕÝØï Þâ àÐÒÝÞÒÕáØï Ò àÕÓã-
ÛïàÝÞÜ ßÞÛÕ.

2. ´ÞßÞÛÝØâÕÛìÝëÜ ãÚÐ×ÐÝØÕÜ ÝÐ ÝÕáâÐæØÞÝÐà-
ÝÞáâì áÚÞßÛÕÝØï ¿ÛÕïÔë Ò àÕÓãÛïàÝÞÜ ßÞÛÕ ïÒÛï-
îâáï àÐÔØÐÛìÝëÕ ÒÞÛÝë ÒØÔØÜÞÙ Ø ßàÞáâàÐÝáâÒÕÝ-
ÝÞÙ ßÛÞâÝÞáâØ çØáÛÐ ×ÒÕ×Ô, ÞâÜÕçÕÝÝëÕ ÝÐ àØá. 10,
Ð âÐÚÖÕ ÒÞÛÝë ÝÐ ×ÐÒØáØÜÞáâïå Þâ àÐááâÞïÝØïd

ÔÞ æÕÝâàÐ áÚÞßÛÕÝØï ÜÞÔãÛÕÙ âÐÝÓÕÝæØÐÛìÝëå Ø
àÐÔØÐÛìÝëå áÞáâÐÒÛïîéØå ßÞÛï áÚÞàÞáâÕÙ ÔÒØÖÕ-
ÝØï ×ÒÕ×Ô ïÔàÐ áÚÞßÛÕÝØï Ò ÚÐàâØÝÝÞÙ ßÛÞáÚÞáâØ,
ÞâÜÕçÕÝÝëÕ ÝÐ àØá. 9.

3. ´ØáßÕàáØØ áÚÞàÞáâÕÙ ÔÒØÖÕÝØï ×ÒÕ×Ô ïÔàÐ
áÚÞßÛÕÝØï� v Ò áàÕÔÝÕÜ ÒÞ×àÐáâÐîâ á ãÒÕÛØçÕÝØÕÜ
àÐááâÞïÝØïr s Þâ ÕÓÞ æÕÝâàÐ (áÜ. àØá. 9), çâÞ âÐÚÖÕ
ïÒÛïÕâáï ÚØÝÕÜÐâØçÕáÚØÜ ßàØ×ÝÐÚÞÜ ÝÕáâÐæØÞÝÐà-
ÝÞáâØ áÚÞßÛÕÝØï Ò àÕÓãÛïàÝÞÜ ßÞÛÕ (Danilov 2011,
Danilov and Putkov 2017). ¾ÑÛÐáâì ÓàÐÒØâÐæØÞÝÝÞÙ
ÝÕãáâÞÙçØÒÞáâØ Ò áÚÞßÛÕÝØØ ¿ÛÕïÔë àÐáßÞÛÞÖÕÝÐ
ÝÐ àÐááâÞïÝØïå Þâ ÕÓÞ æÕÝâàÐr s = 2 :2� 5:7ßÚ Ø
áÞÔÕàÖØâ39:4� 60:5% Þâ ÞÑéÕÓÞ çØáÛÐ ×ÒÕ×Ô Ò
àÐááÜÐâàØÒÐÕÜëå ÒëÑÞàÚÐå ÞÑêÕÚâÞÒ áÚÞßÛÕÝØï.
²ÑÛØ×Ø æÕÝâàÐ ßÞÛãçØâì ÔÐÝÝëÕ Þ ÓàÐÒØâÐæØÞÝÝÞÙ
ÝÕãáâÞÙçØÒÞáâØ ÝÕ ãÔÐÕâáï Ø×-×Ð áØÛìÝÞ ÝÕàÕÓãÛïà-
ÝÞÓÞ áâàÞÕÝØï áÚÞßÛÕÝØï, ÑÞÛìèØå ÞâÚÛÞÝÕÝØÙ Þâ
àÐÒÝÞÒÕáÝÞÓÞ áÞáâÞïÝØï Ø ÑÞÛìèØå ßÞÓàÕèÝÞáâÕÙ
Ò áÚÞàÞáâïå ÔÒØÖÕÝØï ×ÒÕ×Ô.

4. ¿ÞÛãçÕÝë ÞæÕÝÚØ ÔØÝÐÜØçÕáÚÞÙ ÜÐááë
M d � (370� 510)M � Ø ßàØÛØÒÝÞÓÞ àÐÔØãáÐ
Rt � (10� 11)ßÚ áÚÞßÛÕÝØï ¿ÛÕïÔë ßàØ àÐ×Ýëå
×ÝÐçÕÝØïåmG < 15m , 16m ; 17m . ¿àØ ãÒÕÛØçÕÝØØ
ßàÕÔÕÛìÝëå ×ÝÐçÕÝØÙmG Ø àÐÔØãáÐRm Øá-
áÛÕÔãÕÜÞÙ ÞÑÛÐáâØ Ò ÒëÑÞàÚã ×ÒÕ×Ô ÒåÞÔØâ ÒáÕ
Ñ�ÞÛìèÕÕ çØáÛÞ ×ÒÕ×Ô ÚÞàÞÝë áÚÞßÛÕÝØï, ßÞíâÞÜã
ÕÓÞ ÔØÝÐÜØçÕáÚÐï ÜÐááÐM d àÐáâÕâ. ÂÐÚØÜ ÞÑàÐ×ÞÜ,
ßÞÛãçÕÝÝëÕ Ò àÕ×ãÛìâÐâÕ ×ÒÕ×ÔÝëå ßÞÔáçÕâÞÒ Ò
àÐ×ÔÕÛÕ 3 àÐÔØãá Ø ÜÐááÐ áÚÞßÛÕÝØï ¿ÛÕïÔë, ßàÕ-
ÒëèÐîéØÕ ÕÓÞ ßàØÛØÒÝëÙ àÐÔØãá Ø ÔØÝÐÜØçÕáÚãî
ÜÐááã, ÒßÞÛÝÕ áÞÓÛÐáãîâáï á çØáÛÕÝÝëÜØ ÔÐÝÝëÜØ
Þ ßÐàÐÜÕâàÐå ÚÞàÞÝ ÜÞÔÕÛÕÙ À·Á (Danilov et al.
2014).

5. ¿Þ ÔÐÝÝëÜ Þ ×ÒÕ×ÔÐå ámG < 16m ÞßàÕÔÕ-
ÛÕÝÐ áàÕÔÝïï áÚÞàÞáâì ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï
vc = 0 :56 � 0:07ÚÜ á� 1 ÝÐ àÐááâÞïÝØïåd � 4:6ßÚ
Þâ ÕÓÞ æÕÝâàÐ. ²àÐéÕÝØÕ� ßàïÜÞÕ� , ãÓÞÛ ÜÕÖÔã
ßàÞÕÚæØÕÙ ÞáØ ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï ÝÐ ÚÐà-
âØÝÝãî ßÛÞáÚÞáâì Ø ÝÐßàÐÒÛÕÝØÕÜ àÞáâÐ ÓÐÛÐÚâØ-
çÕáÚÞÙ èØàÞâëb áÞáâÐÒÛïÕâ' = 18 :� 8 � 4:� 4, ãÓÞÛ
ÜÕÖÔã Þáìî ÒàÐéÕÝØï ïÔàÐ áÚÞßÛÕÝØï Ø ÚÐàâØÝ-
ÝÞÙ ßÛÞáÚÞáâìî# = 43 :� 2 � 4:� 9, áÚÞàÞáâì ÒàÐéÕ-
ÝØï ïÔàÐ áÚÞßÛÕÝØï ÝÐ àÐááâÞïÝØØd ' 5:5ßÚ Þâ
ÕÓÞ æÕÝâàÐ ÑÛØ×ÚÐ Ú ÝãÛî:vc = 0 :1 � 0:3 ÚÜ á� 1.
¿Þ ÔÐÝÝëÜ Þ ×ÒÕ×ÔÐå ámG < 17m áÚÞàÞáâì� ÞÑ-
àÐâÝÞÓÞ� ÒàÐéÕÝØï áÚÞßÛÕÝØï ÝÐ àÐááâÞïÝØØd '
' 7:1ßÚ Þâ ÕÓÞ æÕÝâàÐvc = 0 :48 � 0:20ÚÜ á� 1, ãÓÞÛ
' = 37 :� 8 � 26:� 4. ¿ÞÛãçÕÝÝëÕ ÞæÕÝÚØ ßÐàÐÜÕâàÞÒ
ÒàÐéÕÝØï áÚÞßÛÕÝØï ¿ÛÕïÔë ÜÞÓãâ Ñëâì ØáßÞÛì-
×ÞÒÐÝë ßàØ çØáÛÕÝÝÞÜ ÜÞÔÕÛØàÞÒÐÝØØ ÔØÝÐÜØÚØ
À·Á. ¿ÞÛãçÕÝÝëÕ áÚÞàÞáâØ Ø ÝÐßàÐÒÛÕÝØï ÒàÐéÕ-
ÝØï ïÔàÐ Ø ÒÝÕèÝØå ÞÑÛÐáâÕÙ áÚÞßÛÕÝØï ¿ÛÕïÔë
ÒßÞÛÝÕ áÞÓÛÐáãîâáï á ÔÐÝÝëÜØ Þ ÒàÐéÕÝØØ ÜÞÔÕ-
ÛÕÙ À·Á (Danilov and Dorogavtseva 2008, Danilov
et al. 2014).
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°ÒâÞàë ßàØ×ÝÐâÕÛìÝë áÞâàãÔÝØÚã °áâàÞÝÞÜØ-
çÕáÚÞÙ ÞÑáÕàÒÐâÞàØØ ÃàÄÃ °. °. ¿ÞßÞÒã, ãÚÐ-
×ÐÒèÕÜã ÝÐ ÒÞ×ÜÞÖÝÞáâì ÒÛØïÝØï ÔÒØÖÕÝØï À·Á,
ßÕàßÕÝÔØÚãÛïàÝÞÓÞ Ûãçã ×àÕÝØï, ÝÐ ÛãçÕÒëÕ áÚÞàÞ-
áâØ ×ÒÕ×Ô áÚÞßÛÕÝØï.

² íâÞÙ àÐÑÞâÕ ØáßÞÛì×ÞÒÐÝë ÔÐÝÝëÕ µÒàÞ-
ßÕÙáÚÞÓÞ ÚÞáÜØçÕáÚÞÓÞ ÐÓÕÝâáâÒÐ (µº°) ÜØááØï
Gaia (https://www.cosmos.esa.int/gaia ), ÞÑàÐ-
ÑÞâÐÝÝëÕ Gaia ºÞÝáÞàæØãÜÞÜ ÞÑàÐÑÞâÚØ Ø ÐÝÐÛØ×Ð
ÔÐÝÝëå (DPAC, https://www.cosmos.esa.int/
web/gaia/dpac/consortium ). ÄØÝÐÝáØàÞÒÐÝØÕ
DPAC ÞÑÕáßÕçØÒÐÛÞáì ÝÐæØÞÝÐÛìÝëÜØ ãçàÕÖÔÕ-
ÝØïÜØ, Ò çÐáâÝÞáâØ ãçàÕÖÔÕÝØïÜØ, ãçÐáâÒãîéØÜØ
Ò ÜÝÞÓÞáâÞàÞÝÝÕÜ áÞÓÛÐèÕÝØØ Gaia.
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ÀÐÑÞâÐ ÒëßÞÛÝÕÝÐ ßàØ äØÝÐÝáÞÒÞÙ ßÞÔÔÕàÖÚÕ
¼ØÝØáâÕàáâÒÐ ÝÐãÚØ Ø ÒëáèÕÓÞ ÞÑàÐ×ÞÒÐÝØï ÀÞá-
áØÙáÚÞÙ ÄÕÔÕàÐæØØ, âÕÜÐ ð FEUZ� 2020� 0030.
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On the Motion of Stars in the Pleiades According to Gaia DR2 Da ta

V. M. Danilov 1 and A. F. Seleznev1

1Kourovka Astronomical Observatory, Ural Federal University, Yekaterinburg, 620000 Russia

Several parameters of the Pleiades cluster were estimated.We used Gaia DR2 data on the coordinates,
proper motions, and radial velocities of stars in regions with radiusd� = 2 :� 5 and size60� � 60� around the
cluster center. Based on data on stars with magnitudesmG � 18m , we constructed a map and pro�le of the
density, luminosity and mass functions of the cluster, determined the cluster radius,10:� 9 � 0 :� 3 (26:3 �
� 0:7 pc), and the radius of its core,2 :� 62 (6:24 pc), and obtained estimates for the number of stars in the
cluster, 1542� 121, and their mass,855� 104M � ; numbers of stars in the core of the cluster,1097� 77,
and their mass665� 71M � . Distribution of stars with mG < 16m at distancesr s from the cluster center
in three-dimensional space ofr s < 1pc and at r s � 1:4� 5pc contains radial density waves. Based on
the data on stars withmG < 16m , we determined the average rotation velocity of the core of the cluster
vc = 0 :56� 0:07km s� 1 at distances d in the sky plane d � 4:6pc from its center. The rotation is
½½prograde¾¾, the angle between the projection of the axis of rotation of the cluster core onto the sky plane
and the direction to the North Pole of the Galaxy is' = 18 :� 8 � 4 :� 4, the angle between the axis of rotation
of the cluster core and the sky plane is# = 43 :� 2 � 4 :� 9, the rotation velocity of the cluster core at a distance
of d ' 5:5pc from its center is close to zero:vc = 0 :1 � 0:3km s� 1. According to the data on stars with
mG < 17m , the velocity of the �retrograde� rotation of the cluster ata distance ofd ' 7:1pc from its center
is vc = 0 :48� 0:20km s� 1, the angle' = 37 :� 8 � 26:� 4. The dependences of moduli of the tangential and
radial components of the velocity �eld of the stars of the cluster core in the sky plane on the distanced to the
center of the cluster contain a number of periodic oscillations. The dispersions of the velocities of the stars
in the cluster core� v increase on average with an increase inr s , which, like the radial density waves and the
waves of oscillations of the velocity �eld in the sky plane, indicates the nonstationarity of the cluster in the
�eld of regular forces. The Jeans wavelength in the cluster core decreases, and the velocity dispersion of the
stars in the core under the Jeans instability increases after taking into account the in�uence of the external
�eld of the Galaxy on the cluster. The region of gravitational instability in the Pleiades cluster is located in
the intervalr s = 2:2� 5:7pc and contains39:4� 60:5% of the total number of stars in the considered samples
of cluster stars. Estimates of the Pleiades dynamic mass andtidal radius are obtained.

Keywords:stars: kinematics and dynamics�open clusters and associations
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