
�~�� �{��� ��{�|� 
�����~���

5  Ɩǂƿƾǂƶ Ɣ.ơ., ƠǇǆǉƴǁǁƴ Ɣ.ƥ.Ɣ.,
ƞǇǋƹǄǓƶǏƽ Ɣ.ƙ., ƕǂǄǂƸƼǁ Ɣ.ƥ., ƣƴǄƴǀǂǁǂƶ Ɣ.Ɯ.,

ƖƿƴƸƼǀƼǄǂƶ ƥ.ƥ., ƨǂƾƼǁ Ɨ.Ɣ., ƘǇǁƴƽǊƹƶ Ƥ.Ɣ.,
ƛƴǉƴǄǂƶ Ơ.Ɩ., ƗǂǄƵƴǋƹƶƴ Ɵ.ƥ., ƣƴǁǐƾǂƶ ƕ.Ƣ.,

ƔǁƶƴǄƺǂǁǂƶ ƕ.ơ.
ƣƹǄǅǃƹƾǆƼƶǁǏƹ ƼǅǅƿƹƸǂƶƴǁƼǓ ǅƹǆƹƽ Ƽ ǇǅƿǇƷ 2030 ƶ

ƿƴƵǂǄƴǆǂǄƼƼ 6G Meganetlab ƥƣƵƗƧƦ 
14  ƞǂƿǂǀƹǁǅƾƼƽ ƞ.Ʋ., ƘƹǀƼƸǂƶƴ Ɣ.Ʋ.

ƜǁǆƹƷǄƴǊƼǓ ǅǃǇǆǁƼƾǂƶǂƷǂ ǅƹƷǀƹǁǆƴ 
ƶ ǅǃƹǊƼǈƼƾƴǊƼƼ 3GPP ƸƿǓ ǅƹǆƹƽ 5G. ƫƴǅǆǐ  I

20  ƕƹǄǕƻƾƼǁ Ɣ.Ɣ., ƣƴǄǌƼǁ Ɣ.Ɣ.,
ƣƴǄǈƹǁǂƶ Ƙ.Ƙ., ƞƼǄƼǋƹƾ Ƥ.Ɩ.

ƔǁƴƿƼƻ ǅǆƴǁƸƴǄǆǂƶ ǅƹǆƹƽ, ǅƼǁǉǄǂǁƼƻƼǄǇƹǀǏǉ
ǃǂ ƶǄƹǀƹǁƼ, ƸƿǓ ǇǃǄƴƶƿƹǁƼǓ ǄǂƵǂǆƼƻƼǄǂƶƴǁǁǏǀƼ

ǅƼǅǆƹǀƴǀƼ ƶ ǄƹƺƼǀƹ ǄƹƴƿǐǁǂƷǂ ƶǄƹǀƹǁƼ

������y�����y� 
z~���y������

32  ƬǂǄƼǁ Ɣ.Ƣ., ƕǂƾƾ Ɨ.Ƣ.
ƢƵƹǅǃƹǋƹǁƼƹ ƻƴǍƼǆǏ ƼǁǈǂǄǀƴǊƼƼ ǅƼǅǆƹǀ ǊƼǈǄǂƶǂƽ

ǅƶǓƻƼ ǁƴ ǂǅǁǂƶƹ ǈǇǁƾǊƼǂǁƴƿǐǁǏǉ ǄƹǅǇǄǅǂƶ
ǈƼƻƼǋƹǅƾǂƷǂ Ƽ ƾƴǁƴƿǐǁǂƷǂ ǇǄǂƶǁƹƽ

��~�z�y��{y��~ 
� ��}���{y��~ ��|�y��{

42  ƥƴƹǁƾǂ Ɯ.ƕ., Ɩǂƿƾǂƶ Ƙ.Ɩ., ƦǂǊƾƼƽ ƥ.ƙ.,
Ɩǂƿƾǂƶƴ ƙ.Ơ., ƕǏǋƾǂƶ C.Ɩ., ƙǄǀƴƾǂƶ Ɣ.Ɩ.

ƣǂƶǏǌƹǁƼƹ ǃǂǀƹǉǂƻƴǍƼǍƹǁǁǂǅǆƼ ǀǁǂƷǂǈƴƻǁǏǉ CDMA
ǃǂǅƿƹƸǂƶƴǆƹƿǐǁǂǅǆƹƽ ƻƴ ǅǋƹǆ ǇǀƹǁǐǌƹǁƼǓ ƾǂƿƼǋƹǅǆƶƴ

ǈƴƻ Ƽ ƸƼǁƴǀƼǋƹǅƾǂƷǂ ƸƼƴǃƴƻǂǁƴ
47  ƖƿƴƸƼǀƼǄǂƶ ƥ.ƥ., ƕǂǄǂƸƼǁ Ɣ.ƥ.,

ƨǂǀƼǁ Ɣ.Ɯ., ƞǇǋƹǄǓƶǏƽ Ɣ.ƙ.
ƣǄǂǆǂƾǂƿ ǄƹǆǄƴǁǅƿǓǊƼƼ ǅ ǅƹǆƹƶǏǀ ƾǂƸƼǄǂƶƴǁƼƹǀ

�~�� � ����~�� �{���
54  ƳǅƼǁǅƾƼƽ ƥ.Ɣ., ƛǂǆǂƶ Ɩ.Ơ.,

ƖǂǄǂƵǐƹƶ Ɵ.Ɩ., Ƥǂǀƴǁƹǁƾǂ ƣ.Ɨ., ƛǒƻƼǁ Ɣ.ơ.
ƔǁƴƿƼƻ ǉƴǄƴƾǆƹǄƼǅǆƼƾ ǅƼǅǆƹǀǏ ǀƴǅǅǂƶǂƷǂ

ǂƵǅƿǇƺƼƶƴǁƼǓ M/M/1

���~��~� {~�~�
60 ƠƴǄǂǋƾƼǁƴ Ɣ.Ɩ.

ƠǂƸƹƿƼǄǂƶƴǁƼƹ Ƽ ƾƿƴǅǆƹǄƼƻƴǊƼǓ ǆǄƹǉǀƹǄǁǂƽ ǅƹǆƼ
ƼǁǆƹǄǁƹǆƴ ƶƹǍƹƽ ǅ ǃǄƼǀƹǁƹǁƼƹǀ ǀƹǆǂƸƴ ǂǊƹǁƾƼ

ǈǄƴƾǆƴƿǐǁǂƽ ǄƴƻǀƹǄǁǂǅǆƼ

�~�~�y}��{~�y��~
67 ƠƼǌƹǁƾǂƶ ƥ.Ɵ.

Ƣ ǁǂǄǀƼǄǂƶƴǁƼƼ ǅƼƷǁƴƿǂƶ ǀƴǅǅǀƹƸƼƴ

�z��~�
2  ƲǄƼǒ ƥǃǂƸǂƵƴƹƶǇ – 75!

CONTENTS

5 VOLKOV A.N., 
MUTHANNA A.S.A., 
KUCHERYAVY A.E., 
BORODIN A.S., 
PARAMONOV A.I., 
VLADIMIROV S.S., 
FOKIN G.A., DUNAYTSEV R.A., 
ZAKHAROV M.V., 
GORBACHEVA L.S., 
PANKOV B.O., 
ANVARJONOV B.N. 
Perspective research of 
networks and services 
2030 in the laboratory 6G 
Meganetlab SPbSUT
14 KOLOMENSKY K.Yu., 
DEMIDOVA A.Yu. 
Integration of satellite 
segment into 3GPP 
speci cations for 5G 
networks. Part I
20 BEREZKIN A.A., 
PARSHIN A.A., 
PARFENOV D.D., 
KIRICHEK R.V.
Analysis of time-synchronized 
network standards for 
real-time control of robotic 
systems
32 SHORIN A.O., BOKK G.O. 
Ensuring information 
protection of digital 
communication systems 
based on functional resources 
of the physical and channel 
levels
42 SAENKO I.B., 
VOLKOV D.V., TOTSKIY S.E., 
VOLKOVA E.M., 
BYCHKOV S.V., 
ERMAKOV A.V.
Improving the noise immunity 
of multiphase CDMA 
sequences by reducing 
the number of phases and 
dynamic range
47 VLADIMIROV S.S., 
BORODIN A.S., FOMIN A.I., 
KOUCHERYAVY A.E. 
Network coding relay protocol
54 IASINSKII S.A., 
ZOTOV V.M., VOROBEV L.V., 
ROMANENKO P.G., 
ZYUZIN A.N.
Analysis of characteristics of 
the queuing system M/M/1 
60 MAROCHKINA A.V.
Modeling and clustering a 3D 
Internet of Things network 
using the fractal dimension 
estimation method
67 MISHENKOV S.L. 
On the normalization of mass 
media signals 
71 Abstracts

ЭЛЕКТРОСВЯЗЬ ||06|06| 2023

ơƴƸ ǁǂǀƹǄǂǀ ǄƴƵǂǆƴƿƼ:
ơƴǇǋǁƴǓ ǋƴǅǆǐ � ƙƶƷƹǁƼǓ ƖǂƿǏǁƾƼǁƴ, ƟǒƸǀƼƿƴ ƠǏǄǂƶƴ

ƘƼƻƴƽǁ Ƽ ƶƹǄǅǆƾƴ: ƥƹǄƷƹƽ ƥǇǉƴǄƹƶ

Ɩ ǅǂǂǆƶƹǆǅǆƶƼƼ ǅ ǄƹǌƹǁƼƹǀ ƣǄƹƻƼƸƼǇǀƴ ƖƔƞ ƠƼǁǂƵǄǁƴǇƾƼ
ƤǂǅǅƼƼ ƺǇǄǁƴƿ «ƱƿƹƾǆǄǂǅƶǓƻǐ» ƶƾƿǒǋƹǁ ƶ ƣƹǄƹǋƹǁǐ ƶƹƸǇǍƼǉ 
ǄƹǊƹǁƻƼǄǇƹǀǏǉ ǁƴǇǋǁǏǉ ƼƻƸƴǁƼƽ, ƶ ƾǂǆǂǄǏǉ ƸǂƿƺǁǏ ƵǏǆǐ 
ǂǃǇƵƿƼƾǂƶƴǁǏ ǂǅǁǂƶǁǏƹ ǁƴǇǋǁǏƹ ǄƹƻǇƿǐǆƴǆǏ ƸƼǅǅƹǄǆƴǊƼƽ 
ǁƴ ǅǂƼǅƾƴǁƼƹ Ǉǋƹǁǂƽ ǅǆƹǃƹǁƼ ƸǂƾǆǂǄƴ Ƽ ƾƴǁƸƼƸƴǆƴ ǁƴǇƾ 
(vak.minobrnauki.gov.ru)

ƚǇǄǁƴƿ ƻƴǄƹƷƼǅǆǄƼǄǂƶƴǁ ƶ ƨƹƸƹǄƴƿǐǁǂƽ ǅƿǇƺƵƹ ǃǂ ǁƴƸƻǂǄǇ
ƶ ǅǈƹǄƹ ǅƶǓƻƼ, ƼǁǈǂǄǀƴǊƼǂǁǁǏǉ ǆƹǉǁǂƿǂƷƼƽ Ƽ ǀƴǅǅǂƶǏǉ
ƾǂǀǀǇǁƼƾƴǊƼƽ. 
ƥƶƼƸƹǆƹƿǐǅǆƶǂ ǂ ǄƹƷƼǅǆǄƴǊƼƼ ƣƜ Ȗ ƨƥ77-45919
ǂǆ 22.07.2011

ƔƸǄƹǅ ǄƹƸƴƾǊƼƼ: 105064, Ơǂǅƾƶƴ, ƞƴƻƴƾǂƶƴ, 16
Ʀƹƿ.: +7 (495) 647-17-65
E-mail: elsv@garnet.ru
ƥƴƽǆ: www.elsv.ru

ƧǋǄƹƸƼǆƹƿƼ: ƤƹƷƼǂǁƴƿǐǁǂƹ ǅǂƸǄǇƺƹǅǆƶǂ ƶ ǂƵƿƴǅǆƼ ǅƶǓƻƼ, 
ƠƹƺƸǇǁƴǄǂƸǁƴǓ ƴƾƴƸƹǀƼǓ ǅƶǓƻƼ, ƤǂǅǅƼƽǅƾǂƹ ǁƴǇǋǁǂ-ǆƹǉǁƼǋƹǅƾǂƹ 
ǂƵǍƹǅǆƶǂ ǄƴƸƼǂǆƹǉǁƼƾƼ, ǑƿƹƾǆǄǂǁƼƾƼ Ƽ ǅƶǓƻƼ Ƽǀ. Ɣ.ƥ. ƣǂǃǂƶƴ,
ƢƢƢ «Ɯǁǈǂ-ƱƿƹƾǆǄǂǅƶǓƻǐ»

ƥƸƴǁǂ ƶ ǁƴƵǂǄ 15.06.2023 ƣǂƸǃƼǅƴǁǂ ƶ ǃƹǋƴǆǐ 29.06.2023
ƣƹǋƴǆǐ ǂǈǅƹǆǁƴǓ. ƨǂǄǀƴǆ 60  90  8.  
Ƨǅƿ. ƾǄ.-ǂǆǆ. 364 800. Ƨǋ.-ƼƻƸ. ƿ. 9,5. Ƨǅƿ. ǃƹǋ. ƿ. 19.

Ƣǆǃƹǋƴǆƴǁǂ ƶ ǆƼǃǂƷǄƴǈƼƼ: ƢƢƢ «ƠƙƘƜƔƞƢƟƢƤ». 
127273, Ơǂǅƾƶƴ, ƥƼƷǁƴƿǐǁǏƽ ǃǄǂƹƻƸ, Ƹ. Ȗ 19, ǅǆǄ. 1
Ʀƹƿ./ǈƴƾǅ: +7 (499) 903-69-52, +7 (499) 903-69-53

ƦƼǄƴƺ 300 Ǒƾƻ.
ƛƴ ǅǂƸƹǄƺƴǁƼƹ ǄƹƾƿƴǀǁǏǉ ǀƴǆƹǄƼƴƿǂƶ ǄƹƸƴƾǊƼǓ
ǂǆƶƹǆǅǆƶƹǁǁǂǅǆƼ ǁƹ ǁƹǅƹǆ.
© 000 «Ɯǁǈǂ-ƱƿƹƾǆǄǂǅƶǓƻǐ». ƣǂƸǃƼǅǁǏƹ ƼǁƸƹƾǅǏ ǃǂ ƾƴǆƴƿǂƷƴǀ:
«ƣǄƹǅǅƴ ƤǂǅǅƼƼ» � 41411,  «ƧǄƴƿ-ƣǄƹǅǅ» � 41411

СОДЕРЖАНИЕ

ƤƹƸƴƾǊƼǂǁǁƴǓ ƾǂƿƿƹƷƼǓ: 
ƔǄǆ.ƥ. ƔƸƺƹǀǂƶ, Ƹ.ǆ.ǁ.,
ƙ.ƙ. ƖǂƿǂƸƼǁƴ, Ƹ.Ǒ.ǁ. 
Ɩ.Ɩ. ƖƼǆǓƻƹƶ, Ƹ.ǆ.ǁ. 
Ɩ.Ɣ. ƗǄƼƷǂǄǐƹƶ, Ƹ.ǆ.ǁ., 
(ǌƹǈ-ǄƹƸƴƾǆǂǄ)
Ɩ.Ɣ. ƙǈƼǀǇǌƾƼǁ, ƾ.ǈ.-ǀ.ǁ.
Ɣ.Ɣ. ƛƴǉƴǄǂƶ, ƾ.ǆ.ǁ.
Ƣ.Ɣ. Ɯƶƴǁǂƶ, ƾ.ƶǂƹǁ.ǁ.
ƥ.Ɩ. ƞƼƻƼǀƴ, Ƹ.ǆ.ǁ. 
Ƥ.Ɩ. ƞƼǄƼǋƹƾ, Ƹ.ǆ.ǁ. 
Ɣ.ƙ. ƞǇǋƹǄǓƶǏƽ, Ƹ.ǆ.ǁ. 
Ƙ.Ɣ. ƞƿƼǀǂƶ, ƾ.ǆ.ǁ.

ƥ.Ɵ. ƠƼǌƹǁƾǂƶ, Ƹ.ǆ.ǁ. 
ơ.ơ. ƠǇǉƼǆƸƼǁǂƶ, ƾ.Ǒ.ǁ. 
Ɨ.Ơ. Ơƴǌƾǂƶ, Ƹ.ǆ.ǁ.
Ɣ.Ɨ. ơƴƻƹƽƾƼǁ, ƾ.Ǒ.ǁ.
Ɣ.ƣ. ƢǅƼǆƼǅ, ƾ.Ǒ.ǁ. 
ơ.ƣ. ƤƹƻǁƼƾǂƶƴ, Ƹ.Ǒ.ǁ.
Ʋ.Ơ. ƥǃǂƸǂƵƴƹƶ, Ƹ.ǆ.ǁ. 
Ɩ.Ɣ. ƥǆǄƹƿƹǊ, ƾ.ǆ.ǁ. 
Ơ.Ơ. ƥǆǇǃǁƼǊƾƼƽ, ƾ.ǆ.ǁ. 
Ɩ.Ƣ. ƦƼǉƶƼǁǅƾƼƽ, Ƹ.Ǒ.ǁ.
ƕ.Ɨ. ƩƴƼǄǂƶ, ƾ.ǆ.ǁ.
ƥ.Ɩ. ƬƶƹǊ, ƾ.ǆ.ǁ.

�y��y

ISSN 0013-5771
ƱƟƙƞƦƤƢƥƖƳƛư. 2023, Ȗ 06. 1-72

ƗƿƴƶǁǏƽ ǄƹƸƴƾǆǂǄ: ƣ.Ɯ. ƔǁǆǂǁǂƶƼǋ, Ƹ.ƶǂƹǁ.ǁ.
ƛƴǀ. ƷƿƴƶǁǂƷǂ ǄƹƸƴƾǆǂǄƴ: Ɵ.Ƣ. ƠǏǄǂƶƴ, Ƹ.ǆ.ǁ.


