
®ÑÔÍÄÂ
²ÇÆÂÍÙËâÉÖÓÐÂÎÂ
äµÔÒÇØË×ËÊËÚÇÔÍËØ ÐÂÖÍã

³°¥¦²¨¡¯ª¦

°¢©°²½ ¡¬´µ¡¾¯½· ±²°¢¦®

561 £.£. ¨ÖÓÂÄÎÈÄ. ¡ÐÂÎËÕËÚÇÔÍËÇ ÏÑÆÇÎË ÓÇÎâÕËÄËÔÕÔÍËØ ÂÍÍÓÇÙËÑÐÐÞØ ÆËÔÍÑÄ
593 ¬.±. ©ÞÃËÐ, £.¡. ³ËÓÑÕÂ. ®ÑÆÇÎß ÄÞÕâÅËÄÂáÜËØÔâ ÄËØÓÇÌ Ë ÑÃÑÔÐÑÄÂÐËÇ

ÔÕÂÕËÔÕËÚÇÔÍËØ ÔÄÑÌÔÕÄ ÕÖÓÃÖÎÇÐÕÐÑÔÕË

¶ª©ª¬¡ ¯¡ºª· ¥¯¦«

613 ¡.£. ¯ÇÆÑÔÒÂÔÑÄ. £ÓÂÜÇÐËÇ ÅÂÊÂ Ä ÓÂÊÓâÆÂØ Ä ÒÓÑÆÑÎßÐÑÏ ÏÂÅÐËÕÐÑÏ ÒÑÎÇ

±²ª¢°²½ ª ®¦´°¥½ ª³³¦¥°£¡¯ª«

619 M. ¤ÂÐÇÄÂ, ±.£. ¬ÂÛÕÂÐÑÄ, ¡.£. ¬ÑÔÂÓËÏ, ¢.®. ³ÏËÓÐÑÄ, ². ·ËÒÒÎÇÓ.¬ÎÂÔÕÇÓÞ
ÍÂÍ ËÐÔÕÓÖÏÇÐÕ ÆÎâ ÆËÂÅÐÑÔÕËÍË ÅÂÊÑÄÞØ ÒÑÕÑÍÑÄ

630 ¯ÑÄÑÔÕË ×ËÊËÍË Ä ÔÇÕË Internet (À.¯. ¦ÓÑÛÇÐÍÑ)

¬°¯¶¦²¦¯¸ªª ª ³ª®±°©ªµ®½

¬ 75-¦´ªÀ ª©®ª²¡¯

631 ¬ 75-ÎÇÕËá ªÐÔÕËÕÖÕÂ ÊÇÏÐÑÅÑ ÏÂÅÐÇÕËÊÏÂ, ËÑÐÑÔ×ÇÓÞ Ë ÓÂÔÒÓÑÔÕÓÂÐÇÐËâ
ÓÂÆËÑÄÑÎÐ ËÏ. ¯.£. ±ÖÛÍÑÄÂ ²¡¯ (ª©®ª²¡¯) (¯ÂÖÚÐÂâ ÔÇÔÔËâ °ÕÆÇÎÇÐËâ
×ËÊËÚÇÔÍËØ ÐÂÖÍ ²ÑÔÔËÌÔÍÑÌ ÂÍÂÆÇÏËË ÐÂÖÍ, 25 ×ÇÄÓÂÎâ 2015 Å.)

632 £.¥. ¬ÖÊÐÇÙÑÄ. ªÐÔÕËÕÖÕ ÊÇÏÐÑÅÑ ÏÂÅÐÇÕËÊÏÂ, ËÑÐÑÔ×ÇÓÞ Ë ÓÂÔÒÓÑÔÕÓÂÐÇÐËâ
ÓÂÆËÑÄÑÎÐ ËÏ. ¯.£. ±ÖÛÍÑÄÂ ²¡¯ (ª©®ª²¡¯) ÄÚÇÓÂ, ÔÇÅÑÆÐâ, ÊÂÄÕÓÂ

643 ¥.¥. ³ÑÍÑÎÑÄ. ±ÓÑÃÎÇÏÞ ÏÂÅÐËÕÐÑÅÑ ÆËÐÂÏÑ
649 ¡.¡. ±ÇÕÓÖÍÑÄËÚ, ®.®. ®ÑÅËÎÇÄÔÍËÌ, ¡.¡. ¹ÇÓÐÞÛÑÄ, ¥.². ºÍÎâÓ. ¯ÇÍÑÕÑÓÞÇ

ÂÔÒÇÍÕÞ ÏÂÅÐËÕÑÔ×ÇÓÐÑ-ËÑÐÑÔ×ÇÓÐÞØ ÔÄâÊÇÌ
655 £.£. ³Â×ÂÓÅÂÎÇÇÄ, ´.ª. ³ÇÓÅËÇÐÍÑ, ¡.£. ³Â×ÂÓÅÂÎÇÇÄ, ¡.. ¬ÑÕËÍÑÄ. ®ÂÅÐËÕ-

ÐÞÇ Ë ÑÒÕËÚÇÔÍËÇ ËÊÏÇÓÇÐËâ Ë ÒÓËÊÐÂÍË ÒÇÓÇÔÑÇÆËÐÇÐËâ Ä ÑÃÎÂÔÕË ÍÂÔÒÂ
664 £.¥. ¬ÖÊÐÇÙÑÄ. ¥ÑÔÕËÉÇÐËâ Ë ÒÇÓÔÒÇÍÕËÄÞ ÍÑÔÏËÚÇÔÍËØ ËÔÔÎÇÆÑÄÂÐËÌ ³ÑÎÐÙÂ

IS
S
N

00
42

ì
12

94
.
µ
¶
¯
.
20

15
,
Ë
á
Ð
ß.

´
.
18
5,

å
6.

56
1
ë
67
2.



IISSSSNN 00004422 -- 11229944

2015i`nx

tom185 6

Ö̈ÓÐÂÎ ÑÔÐÑÄÂÐ Ä 1918 Å.

µ
¶
¯
�Õ

Ñ
Ï

1
8
5
å

6
5
6
1
ë
6
7
2
2
0
1
5



²°³³ª«³¬¡Á ¡¬¡¥¦®ªÁ ¯¡µ¬

µ³±¦·ª ¶ª©ª¹¦³¬ª· ¯¡µ¬
2015, ÕÑÏ 185
¨ÖÓÐÂÎ ËÊÆÂÈÕÔâ Ô ÂÒÓÇÎâ 1918 Å.

¤ÎÂÄÐÞÌ ÓÇÆÂÍÕÑÓ .£. ¬¦¥½º
±ÇÓÄÞÌ ÊÂÏ. ÅÎÂÄÐÑÅÑ ÓÇÆÂÍÕÑÓÂ £.¡. ²µ¢¡¬°£

²¦¥¡¬¸ª°¯¯½« ³°£¦´:

.±. ±ª´¡¦£³¬ª« (ÊÂÏ. ÅÎÂÄÐÑÅÑ ÓÇÆÂÍÕÑÓÂ), ¦.¢. ¡¦¬³¡¯¥²°£, ¶.ª. ¡´¡µ¡·¡¯°£, À.£. ¤µÁ¦£, ³.±. ¥¦¯ª³°£,
.®. ©¦§¯½«, ¡.¡. ¬¡±Á¯³¬ª«, °.¡. ¬°¹¡²°£³¬¡Á, ¤.¯. ¬µª±¡¯°£, ¡.¤. ª´£¡¬, ¤.¡. ®¦³Á¸, .¢. °¬µ¯¾,
².¡. ³À¯Á¦£, £.¦. ¶°²´°£, ¡.². ·°·°£, ¡.®. ¹¦²¦±¡»µ¬

²¦¥¡¬¸ª°¯¯¡Á ¬°¦¤ªÁ:

°.£. ²µ¥¦¯¬° (ÊÂÏ. ÅÎÂÄÐÑÅÑ ÓÇÆÂÍÕÑÓÂ), ®.³. ¡¬³¦¯´¾¦£¡ (ÑÕÄÇÕÔÕÄÇÐÐÞÌ ÔÇÍÓÇÕÂÓß), ±.ª. ¡²³¦¦£, £.³. ¢¦³¬ª¯,
¡.¦. ¢°¯¥¡²¾, £.£. ¢²¡¨¬ª¯, ³.£. ¢µ¡¯°£, ®.¡. £¡³ª¾¦£, ®.ª. £½³°¸¬ª«, ª.®. ¥²¦®ª¯, ¡.®. ¨§´ª¬°£,
¤.². ª£¡¯ª¸¬ª«, ¥.ª. ¬¡©¡¬°£, £.£. ¬£¦¥¦², ¯.¯. ¬°¡¹¦£³¬ª«, ©.¶. ¬²¡³ª¾¯ª¬, ¦.¡. ¬µ©¯¦¸°£, ³.¡. ¯ª¬ª´°£,
£.¶. °¢²¡©¸°£, ±.¯. ±¡·°£, ¬.¡. ±°³´¯°£, £.ª. ²ª´µ³, ¤.ª. ²µ¢¸°£, ®.£. ³¡¥°£³¬ª«, ¡.®. ³¦²¤¦¦£,
¢.®. ³®ª²¯°£, ².¡. ³µ²ª³, ¥.². ·°·°£, ®.£. ¹¦·°£¡, ¦.®. ¹µ²¡©°£

"µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ" (ÔÑÍÓÂÜÇÐÐÑ µ¶¯) ì ÉÖÓÐÂÎ, ÒÖÃÎËÍÖáÜËÌ ÑÃÊÑÓÞ ÔÑÄÓÇÏÇÐÐÑÅÑ ÔÑÔÕÑâÐËâ ÐÂËÃÑÎÇÇ ÂÍÕÖÂÎßÐÞØ ÒÓÑÃÎÇÏ
×ËÊËÍË Ë ÔÏÇÉÐÞØ Ô ÐÇá ÐÂÖÍ. ±ÓÇÆÐÂÊÐÂÚÂÇÕÔâ ÆÎâ ÐÂÖÚÐÞØ ÓÂÃÑÕÐËÍÑÄ, ÂÔÒËÓÂÐÕÑÄ, ÔÕÖÆÇÐÕÑÄ-×ËÊËÍÑÄ ÔÕÂÓÛËØ ÍÖÓÔÑÄ, ÒÓÇÒÑÆÂÄÂÕÇÎÇÌ.
£ÞØÑÆËÕ 12 ÓÂÊ Ä ÅÑÆ (1 ÕÑÏ, ÄÍÎáÚÂáÜËÌ 12 ÐÑÏÇÓÑÄ; ÒÓË ÙËÕËÓÑÄÂÐËË ÔÕÂÕÇÌ 1990 ë 1993 ÅÅ. ÑÃâÊÂÕÇÎßÐÑ ÖÍÂÊÞÄÂÇÕÔâ ÐÑÏÇÓ ÉÖÓÐÂÎÂ).
³ÒËÔÑÍ ÖÍÂÊÂÕÇÎÇÌ Í ÄÞÛÇÆÛËÏ ÕÑÏÂÏ ÒÑÏÇÜÂÎÔâ ÐÂ ÒÇÓÄÑÌ ÔÕÓÂÐËÙÇ ÅÑÆÑÄÑÅÑ ÖÍÂÊÂÕÇÎâ ÔÕÂÕÇÌ Ä ÆÇÍÂÃÓßÔÍËØ ÐÑÏÇÓÂØ 1990 ë 1995, 1997 ë
2010, 2013, 2014 ÅÅ.

¡ÆÓÇÔ ÓÇÆÂÍÙËË:
119991 ®ÑÔÍÄÂ, ÇÐËÐÔÍËÌ ÒÓÑÔÒÇÍÕ 53, ¶ËÊËÚÇÔÍËÌ ËÐÔÕËÕÖÕ ËÏ. ±.¯. ÇÃÇÆÇÄÂ ²¡¯,
²ÇÆÂÍÙËâ ÉÖÓÐÂÎÂ "µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ"
´ÇÎ. (499) 132-62-65. ´ÇÎ./×ÂÍÔ (499) 132-63-48
´ÇÎ./×ÂÍÔ (499) 190-42-44, (499) 190-34-52
E-mail: ufn@ufn.ru

# ¶ËÊËÚÇÔÍËÌ ËÐÔÕËÕÖÕ ËÏ. ±.¯. ÇÃÇÆÇÄÂ
²ÑÔÔËÌÔÍÑÌ ÂÍÂÆÇÏËË ÐÂÖÍ,

"µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ" 2015

£ÐËÏÂÐËá ÚËÕÂÕÇÎÇÌ!
µÔÎÑÄËâ Ñ×ÑÓÏÎÇÐËâ ÒÑÆÒËÔÍË ÐÂ ÉÖÓÐÂÎ

"µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ" ÐÂ 2016 Å.
ÔÏ. ÐÂ c. 618 àÕÑÅÑ ÐÑÏÇÓÂ

±ÓÂÄËÎÂ Ñ×ÑÓÏÎÇÐËâ ÓÖÍÑÒËÔÇÌ (ÆÎâ ÂÄÕÑÓÑÄ)
ÔÏ. ÐÂ Ô. 316, Õ. 185, å 3, 2015 Å.

¿ÎÇÍÕÓÑÐÐÞÇ ÒÓÇÒÓËÐÕÞ ÔÕÂÕÇÌ, ÑÒÖÃÎËÍÑÄÂÐÐÞØ Ä ÉÖÓÐÂÎÇ µ¶¯,
ÆÑÔÕÖÒÐÞ ÚÇÓÇÊ Internet Ô 26 ÆÇÍÂÃÓâ 1994 ÅÑÆÂ (www.ufn.ru)



The English speaking reader is referred to Physics ±Uspekhi
58 (6) (2015) for a cover-to-cover translation

CONTENTS

REVIEWS OF TOPICAL PROBLEMS

561 V.V. Zhuravlev. Analytical models of relativistic accretion disks

593 K.P. Zybin, V.A. Sirota. Stretching vortex filaments model and the grounds of

statistical theory of turbulence

PHYSICS OF OUR DAYS

613 A.V. Nedospasov. Gas rotation in discharges in a longitudinal magnetic field

INSTRUMENTS AND METHODS OF INVESTIGATION

619 M. Ganeva, P.V. Kashtanov, A.V. Kosarim, B.M. Smirnov, R. Hippler. Clusters as a

diagnostics tool for gas flows

630 Physics news on the Internet (Yu.N. Eroshenko)

CONFERENCES AND SYMPOSIA

75th ANNIVERSARY OF IZMIRAN

631 75th anniversary of the N.V. Pushkov Institute of Terrestrial Magnetism, Ionosphere

and Radio Wave Propagation of the Russian Academy of Sciences (IZMIRAN)

(Scientific session of the Physical Sciences Division of the Russian Academy of

Sciences, 25 February 2015)

632 V.D. Kuznetsov. N.V. Pushkov Institute of Terrestrial Magnetism, Ionosphere and

Radio Wave Propagation of the Russian Academy of Sciences (IZMIRAN)

yesterday, today, tomorrow

643 D.D. Sokoloff. Problems of magnetic dynamo

649 A.A. Petrukovich, M.M. Mogilevsky, A.A. Chernyshov, D.R. Shklyar. Some aspects

of magnetosphere ionosphere relations

655 V.V. Safargaleev, T.I. Sergienko, A.V. Safargaleev, A.L. Kotikov. Magnetic and

optical measurements and signatures of reconnection in the cusp and vicinity

664 V.D. Kuznetsov. Space solar research: achievements and prospects

µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ, Õ. 185, å 6
£ÞÒÖÔÍÂáÜËÌ ÐÂÖÚÐÞÌ ÓÇÆÂÍÕÑÓ ³.®. ¡ÒÇÐÍÑ.

²ÇÆÂÍÕÑÓÞ ®.³. ¡ÍÔÇÐÕßÇÄÂ, ´.¤. °ÓÇØÑÄÂ, ´.±. ²ÑÏÂÐÑÄÂ, ¦.¡. ¶ÓËÏÇÓ.
ËÕÇÓÂÕÖÓÐÞÌ ÓÇÆÂÍÕÑÓ ´.¢. ÂÓËÑÐÑÄÂ.

³ÕËÎËÔÕËÚÇÔÍÑÇ ÓÇÆÂÍÕËÓÑÄÂÐËÇ ÂÐÅÎËÌÔÍËØ ÕÇÍÔÕÑÄ ¦.¤. ³ÕÓÇÎßÚÇÐÍÑ.
²ÇÆÂÍÕÑÓ-ÃËÃÎËÑÅÓÂ× ¦.£. ©ÂØÂÓÑÄÂ.

³ÆÂÐÑ Ä ÐÂÃÑÓ 01.04.2014 Å. ±ÑÆÒËÔÂÐÑ Í ÒÇÚÂÕË 01.06.2015 Å. ¶ÑÓÏÂÕ 60 � 88/8.
¢ÖÏÂÅÂ Ñ×ÔÇÕÐÂâ å 1. ±ÇÚÂÕß Ñ×ÔÇÕÐÂâ. µÔÎ. ÒÇÚ. Î. 13,72. µÔÎ. ÍÓ.-ÑÕÕ. 14,22.

¶ËÊ. Î. 14,00. µÚ.-ËÊÆ. Î. 16,78. ´ËÓÂÉ 500 àÍÊ. ©ÂÍÂÊ 701.
µÔÎÑÄËâ Ñ×ÑÓÏÎÇÐËâ ÒÑÆÒËÔÍË ÐÂ ÉÖÓÐÂÎ "µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ" ÐÂ 2016 Å. ÔÏ. ÐÂ c. 618 àÕÑÅÑ ÐÑÏÇÓÂ.

³ÕÑËÏÑÔÕß ÑÕÆÇÎßÐÑÅÑ ÐÑÏÇÓÂ ÉÖÓÐÂÎÂ ÊÂ 1994 ë 2014 ÅÅ. ÆÎâ ÑÓÅÂÐËÊÂÙËÌ ì 400 ÓÖÃ.;
ÆÎâ ËÐÆËÄËÆÖÂÎßÐÞØ ÒÑÆÒËÔÚËÍÑÄ ì 200 ÓÖÃ.

(ÊÂÍÂÊ Ä ²ÇÆÂÍÙËË ÉÖÓÐÂÎÂ "µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ" ÒÑ ÕÇÎ. (499) 190-34-52, (499) 190-42-44
ËÎË ÒÑ ÂÆÓÇÔÖ 123182 ®ÑÔÍÄÂ, ÖÎ. »ÖÍËÐÔÍÂâ Æ. 12, ÍÑÓÒ. 1).

¡ÆÓÇÔ ÓÇÆÂÍÙËË: 119991 ®ÑÔÍÄÂ, ÇÐËÐÔÍËÌ ÒÓÑÔÒÇÍÕ 53, ¶ËÊËÚÇÔÍËÌ ËÐÔÕËÕÖÕ ËÏ. ±.¯. ÇÃÇÆÇÄÂ ²¡¯,
²ÇÆÂÍÙËâ ÉÖÓÐÂÎÂ "µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ".

´ÇÎ. (499) 132-62-65. ´ÇÎ./×ÂÍÔ (499) 132-63-48. ´ÇÎ./×ÂÍÔ (499) 190-42-44, (499) 190-34-52. E-mail: ufn@ufn.ru

°ÓËÅËÐÂÎ-ÏÂÍÇÕ ÒÑÆÅÑÕÑÄÎÇÐ Ä ²ÇÆÂÍÙËË ÉÖÓÐÂÎÂ "µÔÒÇØË ×ËÊËÚÇÔÍËØ ÐÂÖÍ".
¬ÑÏÒßáÕÇÓÐÞÌ ÐÂÃÑÓ Ë ÄÇÓÔÕÍÂ: ¯.£. ¤ÓËÃÍÑÄÂ, °.£. ®ÑÓÅÖÐÑÄÂ.

¬ÑÏÒßáÕÇÓÐÂâ ÅÓÂ×ËÍÂ Ë ×ÑÕÑÓÂÃÑÕÞ: ¡.£. ¢ÑÃÍÑÄ, ¤.£. £ÂÓÄÂÐËÐÂ.
±ÑÆÆÇÓÉÍÂ ÍÑÏÒßáÕÇÓÐÑÌ ÔËÔÕÇÏÞ Ë ËÐ×ÑÓÏÂÙËÑÐÐÑÇ ÂÆÏËÐËÔÕÓËÓÑÄÂÐËÇ:
¥.¡. °ÎÇÏÔÍÑÌ, ¦.£. ©ÂØÂÓÑÄÂ, À.¯. ¦ÓÑÛÇÐÍÑ, ª.¡. ³ÂÆÑÄÔÍËÌ, ¦.¡. ¶ÓËÏÇÓ.

¯ÑÏÇÓ ÐÂÃÓÂÐ Ë ÔÄÈÓÔÕÂÐ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÔËÔÕÇÏÞ Advent 3B2 Total Publishing System (ÒÓÇÆÑÔÕÂÄÎÇÐÂ ×ËÓÏÑÌ Turpion Ltd.)

°ÕÒÇÚÂÕÂÐÑ Ô ÑÓËÅËÐÂÎ-ÏÂÍÇÕÂ Ä ±±± "´ËÒÑÅÓÂ×Ëâ "¯ÂÖÍÂ", 121099 ®ÑÔÍÄÂ ¤-99, ºÖÃËÐÔÍËÌ ÒÇÓ., 6


