
~ 

I 

II 

COAep>KaHMe 

Am:opi'ITM 1<1 MOAeJlb pacnpeAeJ1eHir1H 1r1HcpopMal..llr10HHbiX noTOKOB B ~ltlcpposolll c~t~creMe CBH31r1_ 

c ~r~cnoJ1b3osaHHeM o6o6ll.leHHOro noKa3aTeJ1H · 

MeJKyes A.M., Ko6enes K.A., Crypos /I.R., Kynli6aUJHblii H.A. 

MeTOAI!IKa onpeAe11eHI-1H maBHOH T04Kit1 onTI-1YecKOH CltiCTeMbl 

MoHryUJ /I.C. ·;· 

·' 

Cnoco6 3all.IHTbl Mc;IJlOKaHaJlbHOiil MYilbTitiCI(ICreMHolil Has~t~rau~t~oHHo~· a~n;p-~TYPbl noTpe6!-1Te.1Jelil 

mo6aJ1bHbiX HaBHrai..II!IOHHbiX CnYTHitiKOBbiX CltiCTeM OT cnycpHHr-aTaK 

MHpOHOB B.A., KopeHHOii A.B., 06nos n.C., HepOBHbiH 8.8. 
, .. ---------- . . ., ··r·', -.· . .; 

MaTeMaTH4eCKaH MOAellb MarHit1TOMeTp!-14eCKOH CltiCTeMbl JlOKa!lbHOH HaBitlrai..IHitl Ha OCHOBe 
'• ,. .· ' .· ' . 

nepeMeHHOrO MafHHTHOrO nOJlH 

Arees A~M., Maii~JpblKHH A.B . . 

AHaJll-13 OC06eHHOCTeH MOAellHpOSaHIAH ynpaBJls:leMbiX CltiCTeM npiA nOMOLI..IItl KOrHHTHBHbiX KapT 
KpacnnhHHKOB B.S. · · 

MeTaMaTepHallbl B AeHCTBHitl - B03MO>KHO<;fltl npHMeHeHitiH 

KonbiiOB 10.8. 

-.·: 

~ 1-'. I 

" 
: ~--I~ 

., ' 

~.· ., 

... ; 

•,' '\. 
'I 

:\ ·r 1 

' ' l r.:> >i .,.\i 

., ' 

I•' '; • 

•'· •t' 

.. 

·'' 

ill 

5 

20 

28 

41 

53 
:! i. 

_;~_':'. 

1 . 59 

,, 

',!'" 

Established in 2000 ISSN 19998.65 

Naukoemkie tek~n_o~og:,ii 
(Science ·Intensive· Tet;:~.nolt,lg ~es) 

'-·~·, ),_'··. 

International scientific· and engineering journal coveting neW knowledge-intensive technologies in radio electronics, micro- and nanoelec­
tronics, including issues of interdisciplinary research of cognitive proc~sses and .economic aspects, 

Editor-in-Chief: 

Alexa~cle~, 
Vladimirovich 
Korennoy-
Dr Sc, Prof., . 
Air Force Academy 
n,~. Professor N. E. Zhukovsky and 
Yu. A. Gagarin(VQf<?Qe?~,Russia) 

peputy of the Chapter 
of the Editor: 

Zhukov Alexander Olegovicb .­
Dr.Sc. (Eng.), Honored Scii:mtist 
of the Russian Federation, 
JSC "Special Design Bureau of 
MPEI" (Moscow, Russia) 

Savchenko 
Vladimir Petrovich -
Dr.Sc. (Eng.), 
"Academician A.L. Mints Radio­
technical Institut" JSC (Moscow, 
Russia) '- · ·· 

SadkQvsk~ya Natalya Evgeny~v~ 
na '~ Dr:sc. (Eng.), Prof., · · 
Moscow Aviation JI'Jstitute 
(National Research University) 
(Moscow, Russia) 

- '," '· Yo~.· 26, No. 2; 2025 

., 

Andreeva Olga Nikolaevna ~ Dr.sc, (Eng.), Associate 'prof.; JSC"Concerri" ' 
Morinsis-Agat"; Moscow Technological University (MIREA) (Moscow, Russia} 

Anziferov Sergey S.- Dr.Sc. (Eng".), Prof., 
Moscow Technological University (MIREA) (Mosco~, ·Russia) 

Chebotar' Igor Victorovich- Dr. Sc. (Eng.), Military_University of Radio ·. 
Electronics (Cherepovets; Russia) 

Evdokimov Yuri Mikhailovich - Dr.Sc. (Chern.), Prof., 
Academy of State Fire Service (Moscow, Russia) 

Evtikhiyev Nikolay Nikolaevich- Dr.Sc. (Phys.-Math.), Prof., NIAU MEPhl 
(Fryazino, Russia) 

Gorlacheva Eugenia Nikolaevna- Dr.Sc. (Econ.), Associate Professor, 
Moscow State Technical University n.a. N.E. Bauman (Moscow, Russia) 

Iovdalsky Victor Anatolyevich- Dr.Sc. (Eng.), Prof., SPE "Istok" 
(Fryazino, Russia) 

Kartsan Igor Nikolaevich- Dr.Sc. (Eng.), Associate Professor, Federal 
Research Center "Marine Hydrophysical Institute of the RAS" (Sevastopol, Russia) 

Kochkarov Rasul Akhmatovich - Ph.D. (Econ.), Associate Professor, Financial Univer­
sity under the Government of the Russian Federation (Moscow, Russia) 

Kuznetsov Vladimir Viktorovich - Ph.D. (Eng.), Associate prof., 
Moscow Technological University (MIREA) (Moscow, Russia) 

Mezhu~v Alexander MikhailoviQ1 - O~,Sc. (Eng.), .ll§sociate Professor, 
· Air Force Academy n.a. Profess~r N. E. Zhukovsky arid Yu. A. Gagarin (Voronezh, Russia) 
Mironov Vladimir Alexandrovich - Dr.Sc. (Eng.), Prof., Air Force Academy 
· · n.a. Professor N. E.·Zhukovsky and·Yu. A. Gagarin (Voronezh, Russia) 
Nguyen Kuangg Tkhyong - Dr.Sc. (Eng.), Prof. (Sotsial Republic of Vietnam), 
, , State pniversity of Management (Moscow, Russia)' ' · . ·• · 
Por,omar~v Aridrey vici.dislavovit:h--:- br.$c, (Eng.), A~iate Professor, Air Force 

Academy n.a. Professof N. E ZhukoVsky and Yu. A. Gagarin (Voronezh; 'Russia) , 
Rozanov Vladimir Viktorovich - Ph.D. (Eng.), Dr.Sc. (Bioi.), Prof.,_ 

Lomonosov Moscow State University (Moscow, Russia) 
Sadykhov Gulam Sadykhovich_- Dr.Sc. (Eng.), Prof., 

Bauman Moscow State Technical University (Moscow, Russia) · 
Severtsev Nikolay Alekseyevich- Dr.Sc. (Eng.), Prof., · . 

FRC "Informaticsa'nd Management" of RAS (Moscow; Russia) 
Sinitsyn Igor Nikolaevich- Dr.Sc. (Eng.), Prof., 

FRC "Informatics and Management" of RAS (Moscow, Russia) 
Tavalinsky Dmitty Anatolye-vich .-. Dr.Sc. (Eng.), Professor, 

" Military UniversitY'ofRadio Electronics (Cherepbvets, Russia) 
Zamuruyev Sc!rgey Nikolaevich-' Dr.Sc: (Eng.), ., -, · 

Moscow Technological University (MIREA) (Moscow, Russia) 
Zubtsov Vladimir Ivanovich- Dr.Sc. (Eng.) (Belarus) 

: j l' 



~ 

I ,,, 

j, 

I 

I 

;j 
I 

II 

I 

)I 

II 

Contents 

Algorithm and model of information streams in the digital communication system ­
Mezhuev_ A.M., Kobelev K.A., Sturov D.L., Kulbashny LA. 

Methodology for determining the principal point of optical system 
Mongush D.S. 

A method for protecting small-channel multisyster1;1 navigation equ_ipment of consumers · · ·' 
of global navigation satellite systems from spoofing attacks 
Mironov V.A., Korennoy A. v., Oblov P.S., Nerovny v. v. 
Mathematical model ofmagnetometriC local navigation $YStem based on alternating magnetic field 
Ageev A.M., Mandrykin A. V. · 

Analysis of the feature~ of modeling controlled systems using cognitiye maps 
Krasilnikov V.V. ,_,_ ., . 

, _ 

Metamaterials in action - application possibilities 
Koltzov Yu. V. • · 

·' 

f, 

· '· ' 

-: ,._ -

.. ~. "4 

' : ~ 

'!.,) 

/ 

-; ,•: .. ,. 

19 

27 

39 

52 

~; 

58 

78 

Bee CraTbYI, npeACTaB!leHHble B tlaHHOM Bb;nycKe >KypHana, ·coOTBeTCTByibr HOMeHK!laTYpe cneL<Y!aflbHOCTe~ Hay4Hb!X pa60THYIKOB 
,. ~- 1 - \ : • ~- ' 

Y4peAI-1Tef1b 000 V13Aarenbcrso PaAI-10TeXHI-1Ka. CBI-1AeTenbCTBO o per1-1crpawl-11-1 •n V1 NQ <I>C 7'7-76516. 
noAnl-1caHo B neYaTb 29.04.2025. <l>opMaT 60><~8 1/8. 6yMara ocjlcer!"laR. ·:: .· 
ne4.11. 10. T1-1pa>K 650 3K3. V13A. NQ,26. _ .. , ,.· . _ · • 
000 V13AaTenbCTBO PaAI-10TeXHI-1Ka ~ 105062,, r ~ MocKsa, rioAcOceH<;KI-1111 nep., A, 14, crp. 2. Ten. + 7( 49!?)625-92-41. 
105062, R1,.1ssian Federation, M~scow, Podsosems_ky Lane, 14, bld: ·2. T.el./fax +7(495)625-92-41. ·· 
Http://www.radiotec:ru · '' ·· . . .. , · 
E-mail: lnfo@radiotec.ru 

•, : 

. . .. 
,[\l-13aiiiH 1-1 AOne4aTHaR noArOTOBKa 000 «C:A~HC-nPECC>> . , 
OrneYaraHo s Tl-lnorpa¢1-11-1 ooo «na6il1-1r>~ : __ · , , · · .. , . . 
127282, MOCKBa, y11. nonRpHaR, A· 31B, CTp. 1. _Ten.: ( 495) 859-48~62: 
3aKa3 NQ 10896. · ' '. 

jt6+l 

,; --~. ;. 

ISSN 1999-8465 ·' © 000 V13AaTellbCTBO PaA1-1orexHI-1Ka, 2025 r. 
·\/';: 

,_ He3aK011ttOe n•paH<MpoaaHH~ H nepeBOA ne"'aTHoro MaTepMana, -BKntO"'eHHoro ·a H<ypHan~ 
. , -·· · , B 3neKTpOHHOM H nt060M APYrOM BMAe 3anpe!QeHO H KapaeTCR aAMHHHCTpoiTHBHOH 
H yronoaHoiii oraeTCTB,eHHOCTbtO no ~aKoHy PcD «Q6.aaTopcKOM npaae H cMe)I(HbiX npaaax» 

.- 1 . ... . .~. -- . - ') 

o1', 

Anzopum.M u Moi>enb pacnpei>eneuuR umjJop.lltatcuouHblX nomo«oB B u,ufjlponou cucmeMe CBR3U c ucnollb30BauueM .... 
~.c~~~e~~~U&YR:".!~'kSl.i~...il!B~!l:lE~~~&.iHM~~.m;._~Xt."'~m.t'-10~~~~.i"~trim•FA.~~r~'i·;~i£'1' 

Hay4HaR craTbR 
YAK 621.391:004.031.2 
DOI; bttps:/ / doi.org/ 10.18127 /j19,998465"202502-01 ., ; 

AJiropHTM·u Mo~e.ri:L pacnpetieJteHHB _ 
HH«}»Opl\f_a¥UOHHbiX ll~'J'OKO~ 'B '~_JI_~pOBOii CHCTeMe CBH3H . 
c HCDOJI'hJOBanHeM o6o6IIJ;euuoro noKaJaTeJIH 

~ ' l l :. . -. :' 

" A.M. M~myea1, K.A. Ko6enea2
, A.Jl~ (;TYpoa\ 1!1.~. Kynb6iin..,Hb!M4 

·-
1-4 BYHL! BBC «BBA JAM. npocp. H.E. )f(yKOBCKOro 1A IO.A. rarapJAHa» (r. BopoHe>K, PoccH51) 
1 multitenzor@mail.ru; 2 konst.kobelev@maif.ru; 3 777dmitry.sturov777@gmail.com; 4 ilja3668@rambler;ru · 

AHHOTai.IHA 
·. . .- . /'; ·.: : .. . . 

nocraHOBK" npo6ne_Mbl. KaK noKa3bll:~aeT aHa.111>13 HHcjJOpf.1al(I>!OHHOIII Harpy3KL1. Lll-1cflpoBbiX Cl-1creM CBH31-1 (L\CC) pa3BI-1TI-1e TeXHOJlO­
r l-1111, o6ecrie41-1Ba10l!llliX n<JBb1U:ieHI-1e CKOpOCTI>I nepeAa41-1 I-1HcjJbpMal.ll-11-1 no KaHaJlaM CBH31-1, He no3BOllReT B nOJlHolll 'ivlepe YAOBJleTBO­
PI>ITb so:l Tpe6osaHI-1R 'All's! ocy~ecrsneHI-1H 1>1 noAAep>i<aHI-15i ycroH41>1soro 1-1HcjlopMai.II-10HHoro ci6MeHa' (VIO) :M'e>i<Ay y3JiaM~>~ KbMMyra-
1.11-11>1 (YK).· nogTOMY s coBpeiYieHHqiX ycnoBI-1Hx Hepe,qKo B03HI-1Kal0r .QIIT)'a1.11-11-1 neperpy3KI-1 L\CC Ha OTAeJibHbiX yYacrKax (~ KaHanax 
CBR31-1 (KC) 11111-1 y3nax-perpat:~cnRropax), a TaK>Ke 4aCTI-14HOIIII-1111-1 nonHolll norepi-1 naKer os Ha Mapwpyre nepeAa4w I-1HcjlopMai.II-1L-I. 
,[\aHHOe 'o6d0:~freJibCTBO 'sbi3b1Eiaer B03HI-1KHOBeHI-1e npOTI-1BOpe41-1R Me>KAY orpa"HI-14eHHbiMI-1 kaHaJlbHO-CeTeBbiMM pecypcaMI>! LICC 1>1 
B03MO>KHOCTRM~ 3cp¢ekrl-1sl-loro pacripeAeneHI-151 hocrbRRHo so3pacral0l!lero sxoAI-loro rpa<fwu(a, B c'sotO 04epeAb; -3r o onpeAei lRet 
a,KT)'aJlbHOCTb 1-1 HeCOMHeHHYIO npaKTI-14eCKyiO 3Ha41-1MOCTb peweHI-1H 3aAa41>1. 3cjlcjJ_eKTI-1BHOr:o paC1'1peAeneHI-1R' I-1HcjJOpMai.II-10HHbiX no­
TOKOB (MapwP,y:TI-13al.ll-11>1) ,ljllR o6ecne4eHI-1R YCT9~41>1BOrC) cfJYI-!~LII-10HI>IPOBaHI-1R .1-1 3cjJcjlj'!KTI-1BHOro VIO B L\CC c l.leJlbiO r apaHTI-1POBaHHOIII 
AOCTaBKI-1 naKeTOB AO YK nony4aTeJJR <; ,Hai>111Y4WI-1MI-1 xapaKTepi-10'1>1KaMI-1 nO 3aAaHHOMY KP,I>!Tepl-110 (Hanpi>!Mep, C MI-1HI-1MaJlbHOIII Bpe­
MeHHOIII 3aAep>Ki<olll, c M1'1HI-1M~:u1bHbiM Kbmi4eCTBOM norepb, c MaKC~Manbl-iolll npoi-13BOAI-1Tefli>Hocrbl0 L\CC). Cyl!leCTBYIOl!l~>~e noAXOAbl 
1-1 anropi1TMbl Mapwpyrl>13al.ll-i1'11 pealll-13yeMble Ha 6a3e nporoKoTios· 1-10 , ~>~cnonb3yl0r B csoelll paQc>Te noKallbHble MeTpl-14eCKI-1e napa­
Meifpbl, _He ; no3BOflRIOU.!11e B nonHolll Mepe .. o6ecne41-1Tb _ pa3pelJ!eHI>!e OTMe4eHHoro -npor~>~eope~I-1R. nepcneKTI-1,BHbiM . Hanpasnelji-1E;!M 
peWel-ji-1H ::l.aAa41>1 pacnpeAelleHI>!R I-1HcjJOpr-'iai.II-10HHbl~ nOTO~OB E\ L\CC 5lBJ1ReTCR ,nPI-1MeHeHI-1e AJ1R cjlopM1-1POBaHI-1R MeTpl-1,1<~ MapliJpy­
TI>13al.ll-11-1 b6o6l!leHHoro noKa3aTenR; Koiopbilll npl-1 8io16oPe Mapwpyra nepe,n,a41>1 HHcjlopMal.ll-111 OAHOBpeMeHHO Y41-1Tb1Ban '6bi 'cKopocr-
HblexapaKTepliiCTI-1KI-11-1 ·3arpy>KeHHotTb YK 1-iaorAMbHbiX I-1H'repsanaxcs5131>1-: -·, · : • -~, • -' 
l-'enb. noBbiCI-1Tb Ka4eCTBQ ~0 B L\CC, Bblpa>KaiOl!leecR B yMeHbWeHI>II-1 cpeAHelll · speMeHHOIII 3aAep>KKI-1 1-1 norep_b na_Keros np11 nepe­
Aa4e I-1HcjlopM<;l llli11>1 or YK-ompaE\I>!TenR AOYK-nonyYa,r enR nyreM 3cjlciJe_KTI-1BHoro pacnpeAeneHI-151 I-1HcjlopMai.II-10HHbiX noTOKOB Ha oc­
Hose ~OBOro anropi/rrMa Ma'pLiJpYrl-13ai.I~Vi, . oGecne41-1BaiOlJ.lero onpeAelleHI>Ie o'nr~MallbHOro Mapwpyi-a nepeAa4~ 'c HCnOJlb30BaHI!leM 
· o6o6l!leHHoro noKa3inens!' 3cjlcpeKTI-1BHocrlli 1-10 - K03CpcjJI-11.11-1eHr a none3Horo ~>~tnollb3osal-ii-1R, (Knl-1) so3MO>KHocrelll Ute rio nepet:(aye 

I-1 XpaHeHI-110.1-1HcjJOpMal.ll-11-1 Ha Mapwpyre: ,;, 
P~ynbTaTI>I, Pcp pa60l:aH .anropi-1TM_ pacnpeA!¥1eH11R I-1HcjJOpMai.II-10HHbiX nOTOKOB (Mapwpyr1-13a4111-1f. B11;-!C,C, Ha OCHOBe Knl-1, I-1CnO,Jlb-
3yeMOro npl-1 cjJOpMI-1pOBaHI-11-1 MeTpi-1KI>1 AJ1R Bbi60pa OnTI>!MaJlbHOro Mapwpyra nepeAa41-1 I-1HcjJOpMal.ll>11-1 no 3aAaHHOMY KPI>!Tepl-110. 
C npii1MeHeHiileM MaTeMaTI-14ecKOfO annapaTa Teopi-11>1 MaCCOBo'rO 06C11YJKI>1BaHI-1R B CpeAe Anylcigic nOlly4eHa I-1MI-1Tai.II-10HHaR MOAellb 
VIO B L\CCc JaAaHHbiMI-1 crpyKTypaMI-1, peaJli-13YIOlJ.IaR opraH1>!3al.ll-110 Mapwpyrl-13al.ll-11-1 no pa3pa6oraHHOMY anrop1>1TMY 1-1 no I-13BeCTHO­
MY };rJOC06y, OCylljeCTBJ15110l!leMy MI-1HI-1M!43al,jlt119.-';li1Gfla TpaH31-1THbiX YK Ha OGHOBe aJlrOpi-1TMa nOI-1CKa i<paT4aiiiWI-1X nyrelll ,[leiiiKCTpbl. 
npoBeAeH aHalll'13 pe3ynbrar os M.OAM11PQ13aHV1fl.r noKa3aBwl-1111 BbiCOKI-1e xapal(repi-1CTI-1KI-1 VIO (CHI>!>KeHI>!e cpeAHelll speMeHHolll 3a­
.ilep>KKI-11>1 norepb naKeTOB, yse111-1~eHiile npdi-13BOAI-1TellbHOCri-1 _CI-1CTeMbl) lipl-1 1-1CnOflb30BaHI-11-1 nj)eJinaraeMoro anrop1-1rMa M'apWPYrl-1-
3al.ll-11-1 8 L\CC. ' . . ,:_ 
npaKTH"'eCKaSI 3Ha"'HMOCTb. B pe3yllbTaTe I-1CCJ1eAOBa.HI-1111 nofly4eHbl KOHKpeTHble KOJ11>14eCTBel-jHble xapaKTepi>ICTI-1KI-1 OCH.OBHbiX 

. napC!Mer pos -l'lQ, no3B0111-1BWI>!e c¢ opMynl-1poea;rb npaKm';leCK!-le pel(oMeHAal.ll-11-1 . no l-1cnollb3QBaH~:JIO . pa3pa6oraHH~ro anropi-1TMa 
pacnpeAeilef.tlliR I-1HcjJOpMai.II-10HHbiX noroKos· np1>1 pea111-13a1.11-1vi npo1.1eAYP anropi-1TMI>14eCKoro KOH,Ypa KOMnneKcHolll Mi-toroKoHrypHolll 
aAanTal.ll-11-1, KOTOpble AOJl>KHbl o6ecne41-1Tb CBOeBpeMeHHYIO peaKI.II-110 CI-1CTeMbl Ha I-13MeHeHI-1H YCJlOBI-1111 cjlyHKLI~OHI-1POBaH~R 1>1 nOA" 
Aep>KaHI-1e BbiCOKOH 3cjlcjleKTI-1BHOCTI-1 VIO B Wl-1poKoM ,I-1HTepsane 'I-13MeHeHI-1R BXOAHoro r pacjl1-1Kar Onpe,qeneHbl nepcneKTI-1Bbl Aanb­
Helllwl-1x l-1q:neAOB(IH1>1H npl-1 opraHI-13ai.II-111 .Mapwpyrl-13al)l-11>1 B BqiCOKOM061-1JlbHbiX L\CC pa3!JI-14HOro Ha3Ha!-leHI-1R CO CJlO>KHbiMI-1 1-1 A1-1-
HaMI-14eCKI-1 I-13MeHRIOl!II-1MI-1CR CTpyKrypaMH·, B TOM 41-1Clle C l>!cnOflb30BaHI-1eM CeTI-1 perpaHCJlHTOpOB Ha 6a3e rpynnbl 6ecni-1JlOTHbiX Jle-
TaTeJlbHblX alinapaTOB. . - . . . . , . . ' . 
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