ISSN 2072-8964

MHDOOPMALIMOHHDBIE
CUCTEMbI 1 TEXHOJIOI'IN

HAY YHO-TEIXHMWMWUYETC CIKMUMU XK YV P H A I

3 (143) 2024



Hay4Ho-TeXHUYeCKMH KYPHAJ

HNupopmanuoHHbIe CHCTEMBI
U T€XHOJIOTHUH

N? 3(143) 2024
N3paeTtca ¢ 2002 roaa. BeixoauT 6 pas B roa.
Yupeautenb - deaepanbHoe rocyaapcrBeHHoe 6loaxeTHoe obpasoBaTenibHOe yuypexaeHue
Bbicllero o6pasoBaHusi «OpnoBCKMIA FroCyAapCTBEHHbIN YHUuBepcuteT uMeHn U.C. TypreHesa»
(Ory nmenm WU.C. TypreHesa)

FnaBHbin pepaktop - KoHctaHTMHOB Wropb CepreeBud, [JOKTOp
TEXHUYECKMX HayK, npodeccop, 3ac/yXeHHbl aeatenb Hayku PO,
noyeTHbI paboTHUK Bbicwero npodeccnoHanbHoro obpasosaHus PO,
BenropoAckuii  rocyAapCTBEHHbIA HaLMOHANbHBLIN MCCNefoBaTeNbCKUIA
yHusepcuteT (Benropoa)

PepakumoHHas konnerus

3aM. rnaBHoro pepaktopa - KocbkvH AnekcaHap BacunbeBud, AoKTOp
TEXHUYECKUX HayK, Npodeccop, 3ac/yXeHHbli paboTHMK BbICLUEN LUKOSbI
P®, noyeTHbI paboTHMK BbiCLiero npodeccnoHanbHoro obpasosaHus PO,
OpnoBCcKkuin rocyaapcTBeHHbl YHMBepcuTeT uMm. U.C. TypreHesa (Open)

ABepyeHkoB BrnaguMup MWBaHOBUY - [OKTOP TEXHWUYECKMX HayK,
npodeccop, 3acnyXeHHbl AesTenb Hayku P®, no4yeTHbii paboTHMK
BbICLLErO npodeccMoHanbHoro obpasoBaHus PO, BpsiHckuin
roCyfAapCTBEHHbIN TeXHMYeCKuii yHusepcuteT (BpsHck)

EpemMenHko Bnagummp TapacoBuy - [OKTOp TEXHWUYECKUX

npodeccop, OPNOBCKMIN TroCyAapCTBEHHbIA YHUBEPCUTET WM.
TypreHesa (Open)

MBaHHUKOB AnekcaHap AOMWUTPUEBUY - [OKTOP TEXHUYECKUX Hayk,
npodeccop, rNaBHbI  HAy4YHbI  COTPYAHWK, naypeat MNpemMun
MpaBuTtensctea P® B obnactn obpasosaHus 3a 1998 n 2008 rr., ®reYH
MHCcTUTYT npobnem npoekTMpoBaHMa B MUKpo3anekTpoHmke PAH (Mocksa)
Ky3suuknH Oner Pygonb$oBuUY — AOKTOP TEXHWUYECKUX HayK, npodeccop,
noyeTHbIW paboTHMK BbiCWero npodeccMoHanbHOro obpasoBaHus PO,
Benropoackuii rocyAapCTBEHHbI HaUMOHaNbHbIA  UCCNefoBaTeNbCKU
yHuBepcuTeT (Benropos)

MoamacTepbeB KOHCTaHTUH BaneHTUHOBUMY — AOKTOP TEXHUYECKUX HayK,
npodeccop, 3acnyXeHHbllt paboTHMK BbiCWeN wWwkKonbl P®, no4yeTHbIN
paboTHWK BbiCcWwero npodeccnmoHanbHoro obpasoBaHus P®, no4veTHbIN
paboTHUK Haykm u TexHukn PO, OpnoBCckuin rocynapCTBEHHbIN
yHuBepcuTeT uM. U.C. TypreHesa (Open)

Monkos Opuit CONOMOHOBUY — AOKTOP TEXHMYECKUX Hayk, npodeccop,
akagemuk PAH 3acnyxXeHHbIn gestenb Haykn PO, WHCTUTYT cnctemMHoro
aHanusa ®UL NY PAH (Mocksa)

Pakos BrnaaMmup MBaHOBWY - OOKTOp TEXHUYECKUX HayK, mpodeccop,
OpnoBCKUi rocyAapcTBeHHbIn yHusepcuteT um. U.C. TypreHesa (Open)

CokonoB Uropb AHaTOJIbEBUY — [OKTOP TEXHUYECKMX Hayk, npodeccop,
akagemuk PAH, naypeaT npemuu MNpasutenbctBa PO B 0651aCcT Hayku n
TexXHUKkn, WHCTUTYT npuknagHoh wHdopmatukn PAH, BMK MIY wum.
NomoHocosa (Mocksa), ®UL NY PAH (Mocksa)

CaBuHa Onbra AnekcaHApOBHa - [JOKTOP 3KOHOMWYECKMX

npodeccop, OPNOBCKMIN TrOCYyAapCTBEHHbIA YHUBEPCUTET WM.
TypreHesa (Open)

Hayk,
n.c.

Hayk,
n.c.

Py6pukn HoMepa

1. MaTemaTUyecKoe U KOMMNbIOTEPHOE

MoaenupoBaHue ...5-29

2. WHPOpMaUMOHHbIE TEXHOMOMMU
B COLMANIbHO-3KOHOMMNYECKMX
M OpraHn3auNOHHO-TEXHUYECKUX
cucremax ...

3. AsTOMaTtusauus v ynpaeneHue
TEXHONOrMYECKUMU npolieccaMn u
MPOUBBOACTBAMM...c...crirerirersresressessnesseesessenss 64-71

4, MarteMaTuueckoe u nporpaMMHoe obecneveHue
BbIYUCIIUTENbHON TEXHUKU U
ABTOMaATU3NPOBAHHbIX CUCTEM

5. TenekOMMyHUKALMOHHbIE CUCTEMBI U
KOMMBIOTEPHDBIE CETM...coreeruererernerreeseraerneeeas 81-111

6. WHdopMaumoHHas 6e30nacHOCTb U 3awWwuTa
MHPOPMALMM. ....covervrerreerererrerermessesassmessessenes 112-125

NepeyeHb cneumanbHocrelr BAK
2.2.8. Metoabl ¥ npubopbl KOHTPONS W ANArHOCTUKM
MaTepuanos, MW3AeNnuin, BewecTB W NPUPOAHON cpeabl
(TexHnyeckne Haykmn)
2.2.15. CucteMmbl, ceTM W YCTPOWCTBA TeNEKOMMYHUKaLMI
(TexHnyeckne Haykm)
2.3.1. CucTeMHblli aHanus, ynpasfieHue U
MHdOpMaLKN (TEXHUYECKNE HayKW)
2.3.3. ABTOMaTMsauusi M ynpasieHUe TeXHONOrnYecKumMmn
npowueccamMmmn U Npon3BOACTBaAMU (TEXHUYECKNE HAyKW)
2.3.4. YnpaeneHve B  OpPraHM3auMOHHbIX  CUCTEMax
(TexHnyeckne Haykm)

obpaboTka

Peaakuyns
@®egoposBa Haranbs lOpbeBHa
MutuH AnekcaHap AnekcaHaposmnyd

CaaHo B Habop 20.06.2024 r.
lMogrincaHo B neqyars 26.06.2024 r.
Aara Bbixoga B ceer 20.09.2024 r.
Q@opmart 70x108 / 16
Yen. ney. n1. 7,5. Tupax 300 5k3. LjeHa ceobogHas
3akasz N¢
OTr1e4araHo ¢ rotoBoro OpUrMHaI-MaKkeTa Ha rnoanrpagpuyeckor 6ase
OrBOY BO «OrY umernun U.C. TypreHesa»,
302026, r. Opesn, yn. Komcomosibckas, 95
lognvcHou nHgexkc 15998 no ob6bLequHEHHOMY KaTasaory
«[lpecca Poccumn»

Ha cavitax www.pressa-rf.ru, www.akc.ru

Adpec usgaresnsa xypHasaa
302026, Oprnosckas obnacre r. Opes,
yn. Komcomosnbckas, 95
+7(4862) 75-13-18 www.oreluniver.ru
E-mail: info@oreluniver.ru

Adpec peaakumm
302020, Opnosckas obaacte, r. Oper,
Hayropckoe wocce, 40
+7(4862) 43-49-56
www. https.//oreluniver.ru/science/journal/isit
E-mail: Fedorovanat57@mail.ru

Matepumasibl cTaTtedi nevyararoTcs B aBTOPCKOV pefqaKLumm.
[IpaBo MCro/Ib30BaHNA IPOU3BEAEHMI [IPEJOCTAB/IEHO aBTOPaMu Ha
ocHoBaHmm .2 ct. 1286 HYerseprosi vactu K PQ®.

3aperucrpupoBaHo B ®e[epasibHoi cyxbe rno Hag3opy B
cppepe cBs3u, MHPOPMALMOHHBIX TEXHOSIOMMI U MaCCOBbIX
KOMMYHUKALMIA.

CBUAETENILCTBO O PErNCTPaLmMmn CPELACTBA MACCOBOM
uH@opmayun NN N°@C 77-67168 ot 16.09.2016 r.

XypHan BxoauT B [lepeyeHb BeAyLUX PeLEH3UPYEMbIX Hay4HbIX
)XKYPHaNoB U u3aaHuii, onpeseneHHelx BAK ans nybnukauumn TpyaoB Ha
COUCKaHWe y4eHblX CTeneHel KaHaMAATOB U JOKTOPOB HayK.

© Ory uvmenu U.C. TypreHesa, 2024


http://www.akc.ru/

Scientific and technical journal

Information Systems
and Technologies

N2 3(143) 2024
The journal is published since 2002, leaves six times a year
The founder — Orel State University named after 1.S. Turgenev

Editor-in-chief - Konstantinov Igor Sergeevich, doctor of engineering
sciences, professor, honored scientist of the Russian Federation, honorary
worker of higher professional education of the Russian Federation,
Belgorod state national research university (Belgorod)

Edijtorial board

Deputy Editor-in-Chief - Koskin Alexander Vasilyevich, doctor of
engineering sciences, professor, honored worker of higher education of
the Russian Federation, honorary worker of higher professional education
of the Russian Federation, Orel state university named after I.S. Turgenev
(Orel)

Averchenkov Vladimir Ivanovich - doctor of engineering sciences,
professor, honored scientist of the Russian Federation, honorary worker
of higher professional education of the Russian Federation, Bryansk state
technical university (Bryansk)

Eremenko Vladimir Tarasovich - doctor of engineering sciences,
professor, Orel state university named after I.S. Turgenev (Orel)
Ivannikov Alexander Dmitrievich - doctor of engineering sciences,
professor, chief researcher, laureate of the Government of the Russian
Federation in the field of education for 1998 and 2008, Institute of design
problems in microelectronics of the Russian Academy of Sciences
(Moscow)

Kuzichkin Oleg Rudolfovich - doctor of engineering sciences, professor,
honorary worker of higher professional education of the Russian
Federation, Belgorod state national research university (Belgorod)
Podmasteriev Konstantin Valentinovich — doctor of engineering sciences,
professor, honored worker of higher education of the Russian Federation,
honorary worker of higher professional education of the Russian
Federation, honorary worker of science and technology of the Russian
Federation, Orel state university named after I.S. Turgenev (Orel)
Popkov Yuri Solomonovich - doctor of engineering sciences, professor,
academician of the Russian Academy of Sciences, honored scientist of the
Russian Federation, Institute of system analysis of the FIT IU RAS
Rakov Vladimir Ivanovich - doctor of engineering sciences, professor,
Orel state university named after I.S. Turgenev (Orel)

Sokolov Igor Anatolyevich - doctor of engineering sciences, professor,
academician of the Russian Academy of Sciences, laureate of the Russian
Government Prize in Science and Technology, Institute of Applied
Informatics of the Russian Academy of Sciences, Lomonosov Moscow
State University (Moscow), FITZ IU RAS (Moscow)

Savina Olga Aleksandrovna — doctor of economics, professor, Orel state
university named after I.S. Turgenev (Orel)

In this number

1. Mathematical and computer

simulation ..5-29

2. Information technologies in social and economic
and organizational-technical

SYSEEMS... i cercirr e e e 30-63
3. Automation and control of technological
processes and manufactures.........ccccocvvcerennnnn. 64-71
4, Software of the computer facilities and the
automated systems........ccevvrirvvrr e, 72-80
5. Telecommunication systems and computer
NEEWOIKS......ccecer v eens 81-111
6. Information and data security........coveueeeenes 112-125

List of specialties of the Higher Attestation Commission
2.2.8. Methods and devices for monitoring and diagnostics of

materials, products, substances and the natural environment
(engineering | sciences)

2.2.15. Telecommunication systems, networks and devices
(engineering | sciences)

2.3.1. System analysis, management and
processing (engineering sciences)

2.3.3. Automation and control of technological processes and
productions (engineering sciences)

2.3.4. Management in organizational systems (engineering
sciences)

information

The editors
Fedorova Natalia Yurievna
Mitin Alexander Alexandrovich

It is sent to the printer’s on 20.06.2024
26.06.2024 is put to bed
Date of publication 20.09.2024
Format 70x108 / 16.
Convent. printer's sheets 7,5. Circulation 300 copies
Free price
The order N?

It is printed from a ready dummy layout
on polygraphic base of Orel State University
302026, Orel, Komsomolskaya street, 95
Index on the catalogue
«Pressa Rossii» 15998
www.pressa-rf.ru and www.akc.ru

The materials of the articles are printed in the author's edition.

The right to use the works is granted by the authors on the basis of clause
2 of Article 1286 of the Fourth Part of the Civil Code of the Russian
Federation.

The address of the publisher of journal

302026, Orel region, Orel,
Komsomolskaya street, 95
(4862) 75-13-18; www.oreluniver.ru;
E-mail: info@oreluniver.ru

The address of the editorial office

302020, Orel region, Orel, Highway Naugorskoe, 40
(4862) 43-49-56,
www. https.//oreluniver.ru/science/journal/isit;
E-mail: Fedorovanat57@mail.ru

Journal is included into the list of the Higher Attestation Commission for
publishing the results of theses for competition the academic degrees.

Journal is registered in Federal Service for Supervision in the
Sphere of Telecom, Information Technologies and Mass
Communications.

The certificate of registration
[ N°@C 77-67168 ot 16 ceHTs6ps 2016 r.

© Orel State University, 2024



COJEPKXAHUE
MATEMATHYECKOE U KOMIIBIOTEPHOE MOJIEJINPOBAHUE

B.B. BE3PYYKO, C.B. KO3JIOB, J1.10. MY3AJIEBCKHH, B.K. CAHCEBUY
AJTOPHUTM pEe3epPBUPOBAHUSI CHCTEM MEpeAadyn Ha OCHOBE 0a3bl 3HAHUIT Mpoliecca BEIPAOOTKU M MPUHATHS PEIICHUH 1O
OIEPATHBHO-TEXHUYECKOMY YIIPABICHHIO OOBEKTOM CBIIBH. ... eueueneetentntne et et enente it et eneneee et eneneeaeenenenennne 5-13

U H. BEJIAEBA, A.H. YEKAHOB
KowMmmbloTepHoe MoJenupoBaHHe KBAaHTOBBIX CBONCTB [ aMUJIBTOHOBBIX CHCTEM, HMMEIOIIMX PETYISIPHBIE WU
XA0THYECKHE TUIIBI IBUKEHUS MPU UX KIACCHYECKOM PACCMOTPEHHM .. ... ueetentenetenteneeteneenentennenenteneenennenens 14-22

E.B. BOI'AJEJIPIIJUKOBA, @.0. ®EJJUH
CpaBHUTENBHBIA aHANMW3 Mojenel kiaccudukalmu B 3afadax MPOrHO3MPOBAHMS TOTCHIMANA HapyIIUTeIeH
0€30MacHOCTY MH(POPMAITUH ABTOMATHIUPOBAHHBIX CHCTECM .. ... vensnssensensanansenseneneensaseneeneneenenneneeeanenens 23-29

NHO®OPMAIIMOHHBIE TEXHOJIOTHUHU B CONUAJIBHO-9KOHOMUNYECKHNX
N OPTAHU3AIMOHHO-TEXHUYECKHUX CUCTEMAX

11.0. APXHUIIOB

[MpuMeHeHne CHHTETHIECKUX HA0OPOB JAHHBIX AJISI YIYUIICHUS O0YICHUS HEHPOCCTH . .. uvneneeaeenineneaanananens, 30-35
I.A. T'OJI/IOFHH, C.A. JIA3APEB, K.A. PYFL[OB

OnTHMHA3AIHAS TIPOLECCOB CEPBUCHON KOMITAHII . .. .. e\ eneenenteneeeetiasteesteessesseeseasseasesseassessesseesresssesnesssennesnesseesrensnens 36-43
O.B. KYPUIITA, O.B. MUHAKOBA

[MocTpoenue uHTEpONepadeTbHON HHYOPMALMOHHON CHCTEMBI YHUBEPCHTETA . .. e v eeeteneeenenenenenenenenenenenenas 44-56

E.B. HATOPHAA, O.A. CABHHA
OCOOEHHOCTH MOCTPOEHUsSI HMUTAIIMOHHON MOJIENH [T PEIICHUS 3aa4M PACIpPeIeCHUs TOTOKOB 0 MEPEMEIIEHHIO
TBEPIBIX OBITOBBIX OTXOIOB. . ... v eutetensensenensensenensensene s ensea e s ea e e e sea e s e s en e s e e eae s e e eaeseneanensenennenenns 57-63

ABTOMATU3AIIUA U YIIPABJIEHUE
TEXHOJIOI'MYECKUMMU ITPONECCAMMA U ITPOU3BOACTBAMU

C.B. AJIEKCEEBCKHUH, /1. A. BYIIIVEB, H.C. KPACHOIIEPOB, C.H. OI'YPL]OB
AHanmu3 MoJelTi OECKOJUIEKTOPHOTO ABUTATEIISI IIOCTOSTHHOTO TOKA ...\ tesetteteneenensenseneaseneenaneeneeseneenensanennss 64-71

MATEMATHYECKOE U IPOI'PAMMHOE OBECIIEYEHHUE
BBIYUCJIUATEJIBHOM TEXHUKH U ABTOMATHU3UPOBAHHBIX CUCTEM

B.A. ®POJIOBA, A.C. LIJIAIKOBA
[Iporpammuoe obecnieueHrne (HOPMUPOBAHUS TEPCOHAIM3UPOBAHHBIX PEKOMEHIAIMA HA OCHOBE aHam3a Mpoduiis
HOJB30BATEIISI B COLMATBHOM CETH ... vvvvute ettt ettt et e e e e et e e e e e e e e e e e e e e e e e e e e 72-80

TEJIJEKOMMYHUKALIUMOHHBIE CUCTEMbBI 1 KOMIIBIOTEPHBIE CETH

M.I. AJIELIIHH, E.JO. CAMO®AJIOB, A.A. IIOKOJIOB
[MpumeneHne KOMEKA EVS B CETAX MOOMITEHOM CBABH . . ...\ ueteneeneeeentetet et ete e et e e et et et e et e e e e e eaeneenns 81-86

P.B. MUTPOHUH
CpaBHUTENBHBIH aHAIN3 NPUMEHEHUS METOAA CHHIYISPHO-CIEKTPAbHOIO aHANIM3a JOAETEKTOPHOH 3alHCH CHTHala

[0 CPABHEHHIO C TEXHOJIOTUSIMU JIOJIETEKTOPHOTO BOCCTAHOBJICHHS TEJIEMETPUUECKO HHPOPMAIIUH. . ................ 87-97
.U I10I10B

OnrtumanbHas 00pad0TKa CUTHAJIOB MPHU BOOYIISAIAN TEPUOTA TIOBTOPEHMS . ... vuvenrseneeneeeneennennenneennenneaneenns 98-105
A.O. II[UPBIH

HccrnenoBanne aMmImIUTyA Hepas[AeNeHHBIX MAarHUTOMOHHBIX KOMIIOHEHT IIPpH HOHOC(HEPHOM pacHpOCTpaHEHHH
KOPOTKOBOJTHOBOTO PATTMOCHTHAIIA . ..+ et e eutentetteenaenaeeneeeaeeneensenseeaeenee e enseaaesaeenseeneanseeenneensenneenenns 106-111

NH®OPMANNMOHHAS BE3OITACHOCTDB 1 3AIIUTA UTHOOPMAIIUN

A.H. 'VYCEHHIA, B.C. UBAHOBCKHH, I'.D. CEMBIIIIEB
HemapxoBckas Moenb (yHKIIMOHUPOBAHUS CPEACTB 3AIIUTHl HHPOPMAITHH . ... . .neneneneneneniinrienieiernnennnnenn 1122119

B.T. EPEMEHKO, B.®. MAKAPOB, JI.FO. HEYAEB
O mnpobieme HEMapUPYEeMOCTH PHCKOB HHBOJIIONHMOHHBIX BO3ACHCTBHH  pedIIEeKCHPYIOIIMMH  ITOTEHIIHAIBLHO
3 HEKTHBHBIMU IPTATHUECKUMHU KOMIITCKCAMIY ...ttt etenteeeeententeeneentenseeneennenteeneeaneeneeneenseeneeneenneenes 120-125



CONTENT
MATHEMATICAL AND COMPUTER SIMULATION

V.V. BEZRUChKO, S.V. KOZLOV, D.Yu. MUZALEVSKIJ, V.K. SANSEVICh
An algorithm for reserving transmission systems based on the knowledge base of the decision-making process for
operational and technical management of a communication facility.....................ooiiii i 5-13

I.N. BELYaEVA, A.N. ChEKANOV
Quantum properties of Hamiltonian systems that have regular or chaotic motion under classical consideration...... 14-22

E.V. BOGADELShhIKOVA, F.O. FEDIN
Comparative analysis of classification models in prediction tasks of potential information security offenders in
AULOIMNALEA SYSTRINIS . ...ttt ettt ettt ettt ettt ettt et ettt et ettt e e e et aaaas 23-29

INFORMATION TECHNOLOGIES IN SOCIAL AND ECONOMIC
AND ORGANIZATIONAL-TECHNICAL SYSTEMS

P.O. ARXIPOV

The use of synthetic datasets to improve neural network 1earning.............o.ooiviiiii i, 30-35
D.A. GOLDOBIN, S.A. LAZAREV, K.A. RUBCzOV

Optimization Of SErVICE COMPANY PrOCESSES. ... .vuvut ittt eteteteteieteteteientererereiieresesesesesesessessessesseseesensenens 3043
0.V. KURIPTA, O.V. MINAKOVA

Achieving interoperability of university information SYStem............ ..ottt 44-56

E.V. NAGORNAYa, O.A. SAVINA
The features of constructing an simulation model for solving the problem of solid household waste flow
L 44 (01118 o) o D 57-63

AUTOMATION AND CONTROL
OF TECHNOLOGICAL PROCESSES AND MANUFACTURES

S.V. ALEKSEEVSKIJ, D.A. BUShUEV, N.S. KRASNOPYoRQOV, S.N. OGURCzOV
Brushless DC motor MOl @nalySiS. ........ouiniiitit i e e e 64-71

SOFTWARE OF THE COMPUTER FACILITIES AND THE AUTOMATED SYSTEMS

V.A. FROLOVA, A.S. ShLYaKOVA
Software for the formation of personalized recommendations based on analysis of a user profile in a social
L2710 72-80

TELECOMMUNICATION SYSTEMS AND COMPUTER NETWORKS

M.G. ALYoShIN, E.Yu. SAMOFALOQV, A.A. ShOKOLOV
Overview of EVS codec architecture for advanced voice services in mobile communications........................... 81-86

R.V. MITRONIN
Comparative analysis of the application of the method of singular spectral analysis of pre-detector signal recording in

comparison with technologies of pre-detector recovery of telemetric information.......................... 87-97
D.l. POPOV
Optimal signal processing when wobbling the repetition period...............coviiiiiiiiiiiiiiiiii e, 98-105

A.O. ShhiRY'J
Study of amplitudes of unseparated magnetion components during ionospheric propagation short wave radio
SIZNAL. .. cut it et it e ee tee ee et et et e e e e een et s e ee e ee e tee een een en as ae bee tee ten een senns sre sve vee vee aen een ennnnnsnevee eeeee 100111

INFORMATION AND DATA SECURITY
Ya.N. GUSENICzA, V.S. IVANOVSKLJ, G.E’. SEMY 'ShEV

Non-Markov model of functioning of information Security Mmeans.............cccovuiiiiiiiiiii e 112-119

V.T. ERYOMENKO, V.F. MAKAROV, D.Yu. NEChAEV
On the problem of the nonparariability of the risks of involutional influences by reflecting potentially effective ergatic
(o0 00T0] 1= =T TP UT SRR 120-125



UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

MATEMATHYECKOE Y KOMIIBIOTEPHOE MO/[EJINPOBAHUE

VK 654.026

B.B. BE3PYUKO, C.B. KO3JIOB, JI.F0. MY3AJIEBCKMUI1, B.K. CAHCEBUY

AJITOPUTM PE3EPBUPOBAHUSA CUCTEM IIEPEJJAYUN

HA OCHOBE BA3bI 3HAHUM ITPOIIECCA BBIPABOTKHA U TIPUHATHS PEIIEHUIA
IO ONEPATUBHO-TEXHUYECKOMY YIIPABJIEHUIO OB BEKTOM CBA3HU

B cmamve npeocmasnenvl yHxyuonanvHas CmMpyKmypa —asmomMamu3upo8aHHOU —CUCmeMbl
NO00EPIHCKY NPUHATNUSL PEULEHUT NO ONEPAMUBHO-MEXHULECKOMY YIPABLEHUI0 00bEeKMOM C83U U AN2OPUTM
pe3epsuposanus cucmem nepedadu Ha OCHose 0A3bl 3HAHUL NPoOYeccd GbipabOMKU U NPUHAMUS DEUeHUll
peanuzyemviil 6 OAHHOU A6MOMATUSUPOBAHHOL CUCEME.

Knwuesvie cnosa: Qynxyuonuposanue obvexma cA3U; ONEPAMUSHO-MEXHUYECKoe Ynpasienue,
npuHAmMUe peuieHull No YNpasieHulo;, pe3epeuposanue.

@Be3pyln<o B.B., Koznos C.B., Myzanesckuit JI.1O., Cancesuu B.K., 2024

w

CIIUCOK JIMTEPATYPbI

bespyuko B.B., MyzaneBckuit J[.}HO., Cancemu B.K. Moxgens cucTeMbl OIepaTHBHO-
TEXHUYCCKOI'o yHnpaBJICHHUA OOBEKTOM CBSI3H. — I/IH(i)OpMaHI/IOHHBIe CUCTEMBI M TCEXHOJIOI'MH,
2024. — Open: OI'Y.

be3pyuko B.B., My3anesckuii [[.}O., Cancesnu B.K. Ilapamerpudeckas Mozmens mporiecca
BBIPaOOTKH W TPUHATHS PEIICHUI IO OIEepPaTHBHO-TEXHUYECKOMY YIIPABICHUIO OOHEKTOM
cBs3u. — MH(DOpMarmonHbie cucteMsl U TexHomoruu, 2024, — Open: OI'Y.

ITocnenos JI.A. CutyanmonHoe yrnpasienue. — Teopust u mpaktuka. — M.: Hayka, 1986.

IOmur /1.b. BerauciautensHble METOABI TeopwH NpuHATHSA permenuii. — M.: KJ[ JImbpoxom,
2014.-320c.

HabGatoBa /[I.C. MaremaTnueckue W WHCTPYMEHTAJIbHBIE METOABI MOMACPKKH TPUHSATHS

pemieHuit: yaeOHUK ¥ MPaKTUKyM Ui OakajaBpuaTa W maructpatrypsl — JIrobGepusr: FOpaiir,
2016.—292c.

Be3pyuxo Banepuii Baagumuposuy
OT'KBOY BO «Axkanemus deznepanbpHoii ciayx0bl oxpanbl Poccuiickoit @enepanunmy, r. Open
KananaaTt TeXHUYECKUX HAYK, OIIEHT

Ko3noB Cepreii BuxktopoBuu
OI'’KBOY BO «Axagemust @enepanbHoit ciyx0b61 oxpanbl Poccuiickoit @enepanum», r. Open
KananaaTt TeXHUYECKNX HAYK, JOIEHT

My3aneBckuii lenuc FOpbeBu4
OI'’KBOY BO «Axagemust OenepanpHoit ciryx0b61 oxpanbl Poccuiickoit @enepanum», r. Open
KananaaTt TexHIYECKHUX HAayK, JOIIEHT

CanceBuu Banepuii Koncrantunosnu
OI'’KBOY BO «Axagemus OenepanbHoit cyx0b1 oxpanbl Poccuiickoit @enepamuiy», T. Open
KananaaTt TeXxHUYECKNX HAYK, JOIEHT

Ne3(143)2024

V.V. BEZRUChKO (Candidate of Engineering Science, Associate Professor)
S.V. KOZLOV (Candidate of Engineering Science, Associate Professor)

D.Yu. MUZALEVSKIJ (Candidate of Engineering Science, Associate Professor)




Hay4HO-mexHuUYecKuU xypHan
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The Academy of Federal Security Guard Service of the Russian Federation, Orel

AN ALGORITHM FOR RESERVING TRANSMISSION SYSTEMS BASED
ON THE KNOWLEDGE BASE OF THE DECISION-MAKING PROCESS FOR OPERATIONAL
AND TECHNICAL MANAGEMENT OF A COMMUNICATION FACILITY

The article presents the functional structure of an automated decision support system for operational and
technical management of a communication facility and an algorithm for reserving transmission systems based on the
knowledge base of the decision-making process implemented in this automated system.

Keywords: the functioning of the communication facility; operational and technical management; management
decision-making; redundancy.
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WN.H. BEJISIEBA, A.H. YEKAHOB

KOMIIBIOTEPHOE MOJIEJTUPOBAHUE KBAHTOBBIX CBOMCTB
I'AMWIBTOHOBBIX CUCTEM, UMEIOINUX PEI'YJIAPHBIE HJIM XAOTUYECKHUE
THUIIBI ABMKEHUA ITPU UX KIACCUYECKOM PACCMOTPEHUU

B pabome memodamu Ouazonanuzayuu u camoco2iACOBAHHO20 6A3UCA NOJYUEeHbl PEeUleHU:
CHeKmpbl dHep2uU U 80IHO8ble (YHKYUU 015 yembipex ypasHenuti [llpedunzepa, komopbie 8 Kiaccuieckom
npeodeie UMEIOM PAa3IUYHble PeXCUMbl OBUNCEHUS: pe2yiapHble UlU Xaomuyeckue. M3 ananuza nonyyeHHvix
DPE3YIbMAmMOo8 MONCHO 3AKIIOYUMb, YMO OONLUUHCIMBO UCCTIE008AHHBIX CUCTHEM NOOMBEPHCOAIOM OCHOBHbIE
NONOJHCEHUSL MAMEMAMUYECKU CMPO2OTl CIAMUCMUYEeCKOU meopuu: QyHKYyuu pacnpeoeieHusi GblA8Iaom
aghpekm pacmankugaHus COCeOHUX YPOGHeU, a Y3106ble JUHUU UMEIOM MEHOeHYUIO K B3AUMHOMY
Henepeceuenuro. Ho Hexomopwbie cucmemvl umerom Oojee CLONCHYIO 3A8UCUMOCHb U BEPOSMHO Mpebyiom
yuema COOMHOUWIEHUL MeHcOy O0NAMU 8CeX HAUANbHBIX YCIO08Ul, NPUBOOAWUX K PESYNAPHOMY UTLU dHce K
xaomuueckomy ogudicenuam. OOHaApydceHo, 4mMO Ol HEeKOMOPbIX CUCeM 6 CO2NACUU, HaAnpumep, C
K8A3UKNACCUYeCKOU meopuell, Y3108ble AUHUU BOJHOBbIX (DYHKYUL BbIAGIAION, KAK NnepeceyeHus: Ois
UHMe2PpUPYeMblX cucmem, max u uzbecHymole nepecedyeHus O XAOMUUEeCKUX CUCIMEeM, HO, 8 UEeNOM,
BbIYUCTEHHbIE HOOAIbHbLE KAPMUHBL 0151 OOILUUHCINEA CUCHEM ABIAIMC 00CMAMOYHO CLONCHBIMU.

Knwueswvie cnoea: xnaccuueckas @ynxkyua Iamunemona, ypasnenue Lllpeduncepa, memoo
JuazoHanU3ayUY, Memood CAMOCONACOBAHHO20 bOA3Uca, MAMeMamuiecKoe MoOelupogaHue, KEaHmosbwll
Xaoc, yposHu dHEpaul, 80aHOGble PYHKYUU, CIAMUCIMUYECKAS MEOPUsi IHEPLEMUYECKUX YPOGHEU CTIOINCHBIX
cucmem, QYHKYUU pacnpeoeneHusi paccmosHuti Mexicoy cOCeOHUMU YPOGHIMU, CHEKMPATbHAS HCECHMKOCMDb,
oucnepcus, y3108ble JTUHULU, UHMeSPpUpyemble CUCIEMbl, pe2VIspHOe O8UdNCeHUe, XAomuiecKue CUCMeMbl,
Komnwvromepras cucmema Maple.

@BGJ'ISIGBa W.H., YekanoB A.H., 2024
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Department of Computer Science, Natural Sciences and Teaching Methods)
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QUANTUM PROPERTIES OF HAMILTONIAN SYSTEMS THAT HAVE REGULAR OR CHAOTIC

MOTION UNDER CLASSICAL CONSIDERATION

In the work, using diagonalization and self-consistent basis methods, solutions were obtained: energy spectra
and wave functions for four Schrédinger equations, which in the classical limit have different modes of motion: regular
or chaotic. From the analysis of the results obtained, we can conclude that most of the studied systems confirm the main
provisions of a mathematically rigorous statistical theory: distribution functions reveal the effect of pushing apart
neighboring levels, and nodal lines tend to not intersect each other. But some systems have a more complex relationship
and probably require taking into account the relationships between the shares of all initial conditions leading to
regular or chaotic movements. It was found that for some systems it is in agreement, for example, with the
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quasiclassical theory, nodal lines of wave functions reveal both intersections for integrable systems and avoided
intersections for chaotic systems, but, in general, the calculated nodal patterns for most systems are quite complex.

Keywords: classical Hamilton function; Schrédinger equation; diagonalization method; self-consistent basis
method; mathematical modeling; quantum chaos; energy levels; wave functions; statistical theory of energy levels of
complex systems; distribution functions of distances between neighboring levels; spectral rigidity; dispersion; nodal
lines; integrable systems; regular motion; chaotic systems; Maple computer system.
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YK 004.9
E.B. BOI'AZIEJIBIIUKOBA, ®©.0. ®E/IH

CPABHUTEJIbHBII AHAJIN3 MOJIEJEN KJIACCU®UKAIIAA _
B 3AJAYAX ITPOI'HO3UPOBAHUSA HIOTEHIIUAJIA HAPYIIUTEJIEU
BE30OITACHOCTH HH®OPMALIUN ABTOMATU3UPOBAHHBIX CUCTEM

B pabome nposedeno uccrnedosanue nO UCNONL30GAHUID MPEX PA3IUYHBIX HOOX0008 K
MoOdenuposanuto u Kraccuguxayuu oauHwvix. 1100x00 npedycmampueaem co30anue U CPAGHUMENbHBLU
ananuz oepesves Kiaccupurayuu, ocHosanuwvlx Ha npumenenuu areopummos CART u CHAID, a maxoice
UCKYCCMBEHHOU HEUPOHHOU Ccemu NpsSMO20 PACNPOCMPAHEHUs. 8 Ude MHO2OCIOUHO20 NepCenmpoHd.
Kaoicowiii memoo paccmompen ¢ mouku 3peHust RPUHYUNOE pabomvl, Kpumepues onmuMu3ayuy, moyHoCmu
peutenus 3a0a4u K1accuQurkayuu u OYeHKUu RPUMEHUMOCU 8 3A0AHHBIX YCI0BUAX MOOETUPOBAHUSL.

Kniouesvie cnoea: oepeso pewenuii;, CART; CHAID; uckyccmeennaa weiiponnas cemo,
NPOCHO3UPOBAHUE, MOUYHOCIb KIACCUDUKAYUU.
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COMPARATIVE ANALYSIS OF CLASSIFICATION MODELS IN PREDICTION TASKS
OF POTENTIAL INFORMATION SECURITY OFFENDERS IN AUTOMATED SYSTEMS

The study examined the use of three different approaches to data modeling and classification. The approach
involves creating and analyzing of classification trees based on CART and CHAID algorithms, as well as an artificial
feedforward neural network in the form of a multilayer perceptron. Each method is considered in terms of principles of
operation, optimization criteria, classification accuracy, and applicability assessment in the given modeling conditions.

Keywords: decision tree; CART; CHAID; artificial neural network; prediction; classification accuracy.
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HUHDOPMAIL[MOHHBIE TEXHOJIOI'MU B COITHAJIPHO-OKOHOMUYECKHUX
U OPI'AHU3AIIMOHHO-TEXHUYECKHUX CUCTEMAX
VIIK 004.93
I1.0. APXUIIOB

NPUMEHEHUWE CUHTETUYECKUX HABOPOB JJAHHBbIX
JJISL YAYYIITEHAA OBYUYEHUSA HEMPOCETH

Ocsewena ocHOGHAsI NPOONeMA COBPEMEHHbIX APXUMEKMYD CEEPMOYHbIX HeUPOHHbIX cemel,
3AKTIOYAIOWASCS 8 OOVUEeHUU MAKUX MOOenell ¢ MHOJICECMBOM Napamempos, Komopoe mpebyem 02pOMHO20
KOIUYeCmea MAPKUPOBAHHBIX OAHHBIX 051 OOCTUIICEHUS KOHKYPEHMHBIX pe3ynvmamos. OueguoHo, umo
CO30aHUe MAKUX MAaccusHvlX HAOOPO8 OAHHLIX CMAL0 OOHUM U3 OCHOBHBIX O2PAHUYEHUll OJid IMUX
Hetipocemegblx Mooenel. Pewenuem maxoii npobnemvl Modicem AGIAMbCA  CUHMEIUPOBAHUE HOBLIX
CUHMEMUYeCKUX OAHHBIX, 00YYAIOWUX 0Amacemos Ha OCHOBe U300PAdICenUll peailbHbIX 00bekmos. B umoeze,
na baze wabaona SOTA-ConvNet Ovln cnpoekmuposan sapuayuonnsiii asmosnxodep VAENN. C nomowwio
BAPUAYUOHHO20 ABMOIHKOOEPA OblIU  C2eHepUPOBAHbl CUHMEMUYECKUe Npumepsl, 000agieHHble 8
0Oyuaowy0 6bl00PKY NpPOMOMUNA Heupocemesol moodenu Kiaccuguxayuu obvekmos. B pesynrbmame
CO30aH NOHbBIL 0OYUarowull oamacem, a oowas MOYHOCMb Kiaccuguxkayuu 00vekmos 6o3pocia 00 87 %.

Knrouesvie cnosa: uzobpasicenue, wetipocems, oamacem, CUHmMemuyeckue Habopbl OAHHBIX,
obvexm.

(© Apxumos I1.0., 2024
CIIMCOK JIMTEPATYPHI

1. TITwemunmnes C.1O., JIsmkxo M.A., KoBaieBa O.A. Meroa co3gaHusl CHHTETHICCKUX HAOOpOB
TAHHBIX 15 00y4eHUsT HelipOoCceTEeBhIX MOIeJIel paclio3HaBaHUIO 00BeKTOB. —MH(pOpManmoHHO-
yrpasisitorue cucremsl, 2022, — Ne 3. — C. 9-19. — DOI:10.31799/1684-8853-2022-3-9-19.

2. Apxunos I1.0., ®wmnnckux C.JI., Ilykanor M.B. Pa3paborka HOBOW MOIENH CBEPTOYHOMN
HEHPOHHOH ceTh Il KiaccupuKalid aHOMalIWid Ha TaHopamax. — MH(opmatnka u ee
npumenenus, 2023. — T. 17. — Bem. 1. — C. 50-56. — DOI: 10.14357/19922264230107.

3. Foster D. Generative Deep Learning. Second Edition. O'Reilly Media, Inc., Sebastopol, CA,
2023.

4. Hou X. et al. Deep Feature Consistent Variational Autoencoder. University of Nottingham, 2
October 2016. arXiv:1610.00291v1 [cs.CV].

5. Zhu P., Wen L., Du D. et al. Detection and Tracking Meet Drones Challenge. Cornell
University, 4 Oct 2021. arXiv: 2001.06303v3 [cs.CV].

6. Apxunos [1.0O., ®wmnnckux C.JI. PacnosnaBanue anHoManuili Ha pa3HOBPEMEHHBIX MAHOpPaMax
C WCIONb30BaHMEM HEWPOCETEBOro MOX0oa KOHCONUAANUU Mozenei. — CUCTeMBI U CpelcTBa
undopmaruku, 2023. —T. 33. — Ne 2. — C.13-24. — DOI: 10.14357/08696527230202.

7. Chollet F. Deep Learning with Python, Second Edition. Manning Publications Co, 2021. — 504
p.

8. Kingma D., Adam J.B. A Method for Stochastic Optimization. Cornell University, 22 Dec
2014. arXiv:1412.6980 [cs.LG].

9. Apxunos I1.O., ®wmnnckux C.JL, LykanoB M.B. Ilporpammuas cuctema ompeneneHus H
KJIacCU(UKAIMK aHOMAlMii Ha CpPaBHHUBAaEMBIX ITAHOpaMaxX, IMOIYYEHHBIX MpPH MPOBEICHUU

No3(143)2024




UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

aspodorocremkrn ¢ BIIJIA; cBuaerenbcTBO 0 perucTpauud mporpamMMel  mist  OBM
RU 2023685690, 29.11.2023; 3asBka ot 24.11.2023. — 1 c.

Apxunos ITasen OJsierosna

Opmnosckuit uman PenepaabHOrO HCCIeI0BaTeNbCKOTOo IeHTpa «MHpopMaTrka 1 ynpasienne» Poccniickoit
aKaJieMuu Hayk, T. Open

KananaaTt TexHuyecknx Hayk, qUpeKTop (unnana

Ten.: 8 (4862) 33-01-68

E-mail: arpaul@mail.ru

P.O. ARXIPQV (Candidate of Engineering Sciences, Branch Director)
Orel Branch of the Federal Research Center «Computer Science and Control» of the RAS, Orel

THE USE OF SYNTHETIC DATASETS TO IMPROVE NEURAL NETWORK LEARNING

The main problem of modern convolutional neural network architectures is highlighted, which consists in
training such models with many parameters, which requires a huge amount of labeled data to achieve competitive
results. Obviously, the creation of such massive datasets has become one of the main limitations for these neural
network models. The solution to this problem may be the synthesis of new synthetic data, training datasets based on
images of real objects. As a result, the VAENN variational autoencoder was designed based on the SATA-ConvNet
template. Synthetic examples were generated using a variational autoencoder and added to the training sample of the
prototype of the neural network model of object classification. As a result, a complete training dataset was created, and
the overall accuracy of object classification increased to 87%.

Keywords: image; neural network; dataset; synthetic datasets; object.
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J.A. TOJIAOBUH, C.A. JIASAPEB, K.A. PYBLIOB

OITUMU3AIMSA MPOLIECCOB CEPBUCHON KOMITAHUH

B oannoii cmamve aemopwl océewaiom 60npoCcsl ONMUMUZAYUL NPOYECCO8 8 CEPEUCHOU KOMNAHUL,
umeroujell CepEUCHbILL YEHMP U SPYNNY CReYUAIUCmos, OCYUWeCmsiowux nPOPUIAKMUKY, 0OCIYHCUBAHUE U
pemonm  060pydoganus Yy  Kiuenmos. Onmumuszayus npoyeccos CePEUCHOU KOMNAHUU  GKIIOYAen
MOOCIUPOBAHUE NPOYECCO8 CAMOU KOMNAHUU C YUEMOM 6EPOSIMHOCMU CO30AHUSL 3A560K, PAHICUPOBAHHBIX
nO KAme2opusim ux OOCIYHCUBAHUS, NOIMANHO2O BbINOJIHEHUs 3AA60K C YHeMOM 6ble30d CReYuaiucma K
3akazuukam. s MOOCIUpoSanus u ONMUMUZAYUU NPOYECCO8 CEePEUCHOU KOMNAHUU UCHOAb308AICA
mamemamuyueckuti naxkem \Wolfram Mathematica u APl Snoexc Kapmeo.

Knwoueevie cnosa. onmumuzayusl npoyeccos Komnanuu, cepeucHasl KOMnanusi, qu)OpMaquHHble

cucmemal.
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10.

CIIUCOK JIMTEPATYPbI

Turopenko I'.A. Uadopmarmonnsie cucteMbl B 9koHoMuKe. — M.: FOuuTH-/lana, 2008. — 463 c.
Ckpunkna K.I'. Dxonommueckas 3ddexktuBHOCTE HH(pOpManMoOHHBIX cucteM. — M.: JIMK-
IIpecc, 2002. — 256 c.

3enennoB B.A., [laBnoB A.H. MHOTOKpUTEpHANbHBIN aHAIN3 BIUSHUS OTAEIHHBIX 3JIEMEHTOB
Ha pabOTOCIOCOOHOCTD CIIOKHOM cUCTeMbl. — MHpOopMannoHHo-ynpassiomme cucremsl, 2010.
—Ne 6. - C. 7-12.

M4 Service Desk. Cumcrema ymnpaBieHHs 3asBKaMH ¥ MOOWJIBHBIMH COTPYIHHKAMU
[Onextponnbiit pecypc]. — URL: https://m4.systems/assets/files/M4%20ServiceDesk%20.pdf
(mata obpamenus: 05.05.2024).

Yynaxun W.A., bpoackuit W.H. dopmanbHas noruka. — Jlenunrpana: W3gaTenbcTBo
Jleaunrpanckoro yausepcurera, 1977. — 357 c.

Ivanov D. and other. A control approach to scheduling flexibly configurable jobs with dynamic
structural-logical constraints. / D. Ivanov, B. Sokolov, W. Chen, A. Dolgui, F.Werner,
S. Potryasaev. — IISE Transactions, 2021. — Vol. 53. —Ne 1. - P. 21-38.

Transportation Data. Wolfram Language & System Documentation Center [DmexTpoHHBIH
pecype]. — URL: https://reference.wolfram.com/language/guide/TransportationData.html (zata
obpamenwust: 08.05.2024).

Martpunia pacctossHu, pacder mapmpyTtoB, APl Slanexc Kapter [DnekTpoHHEI pecype]. —

URL.: https://yandex.ru/maps-api/products/distancematrix-api (qara ooparienus: 17.05.2024).
3axapoB B.B. [IporpamMmMHo-MaTeMaTHdeckoe oOecIiedeHre Mporecca MOJASPHHU3AINH CIOKHBIX
00bexToB. — 13B. By30B. [Ipubopoctpoenue, 2020. — T. 63. — Ne 11. — C. 975-984.

3axapoB B.B. [lunamuueckass mHTeprperanus (HOpMaabHOTO OIHMCAHWS W PEHICHUsS 3aJa4dl
MOJIEpPHU3AIINH CIIOKHBIX 00heKTOB. — M3B. By30B. [Ipubopoctpoenue, 2019. — T. 62. — Ne 10. —
C. 167-172.

Toapodun Jdennc AHATOIbEBUY

OI'AOY BO «benropoackuii rocy1apCTBEHHbIN HAIIMOHATBHBIA UCCIIEIOBATENBCKAN YHUBEPCUTET,
r. benropon

Maructpant kadeapsl HHPOPMAIMOHHBINA H POOOTOTEXHUIECKUX CHCTEM

E-mail: denis.goldobin@printgrad.ru

JlazapeB Cepreii AnekcaHIpoOBHY
PT'AOY BO «benropoackuii rocyaapcTBEHHBINH HAIMOHAIBHBINA HCCIIEI0BATEILCKUI YHUBEPCUTETY,
r. benropon

No3(143)2024



UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

KaH,Z[I/II[aT OKOHOMHUYCCKHUX HayK, 3aB€I[y10[IIPIﬁ na60paT0pI/Iei/'I MPpUKJIaJHOr0 CHUCTEMHOI'0O aHaji3a |
nH(OPMaIMOHHBIX TEXHOJIOTHI

Ten.: 8 (4722) 24-54-12

E-mail: lazarev_s@bsu.edu.ru

PyouoB KoHCcTAHTMH AHATOILEBHY

OI'AOY BO «benropoackuii rocy1apCcTBEHHbBIM HAIIMOHAJIBHBIN UCCIEI0BATENBCKUN YHUBEPCUTETY,

r. benropon

KananpaTt TexHuYecKnuX HayK, 3aBeAyIOIINH yaeOHO-HayqHOM J1abopaTopry MH(OPMAMOHHO-N3MEPUTENBHBIX
U YIPAaBISAIOMINX KOMIUIEKCOB U CUCTEM

Ten.: 8 (4722) 24-56-02

E-mail: rubtsov@bsu.edu.ru

D.A. GOLDOBIN (Master’s Student of the Department of Information and Robotic Systems)

S.A. LAZAREYV (Candidate of Economic Sciences,
Head of the Laboratory of Applied System Analysis and Information Technologies)

K.A. RUBCzOV (Candidate of Engineering Sciences,
Head of the Educational and Scientific Laboratory of Information, Measuring and Control Complexes and Systems)
Belgorod National Research University, Belgorod

OPTIMIZATION OF SERVICE COMPANY PROCESSES

In this article, the authors highlight the issues of process optimization in a service company that has a service
center and a group of specialists who carry out preventive maintenance, maintenance and repair of equipment for
clients. Optimizing the processes of a service company includes modeling the processes of the company itself, taking
into account the likelihood of creating requests, ranked by categories of their service, stage-by-stage execution of
requests, taking into account the specialist’s visit to customers. To model and optimize the processes of the service
company, the Wolfram Mathematica mathematical package and the Yandex Maps API were used.

Keywords: optimization of company processes; service company; Information Systems.
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IOCTPOEHUE UHTEPONIEPABEJIbHON
WH®OPMAIIMOHHONW CUCTEMBI YHUBEPCUTETA

Buicuum yuebnvim 3asedenusm Heobxooumo pacuiupums nousmue eeo-cepsuca unu APl, nonumas,
YUMo OHU Moz2ym Oblmb YeHHbIMU He MONbKo 0asi UT-ciyoch, Ho u 018 mpenodasamenetl, CMyOeHmMoOs u
Opyeux yuacmuuxog obpasosamenvhoeo npoyecca. Cetivac cmanoapmom CMAHOBUMCS NPeOOCAageHue
e0UH020 Mecma OISt NOUCKA YUppoesvlx akmusos e moavko 6 |T-xomnanusx, Ho u 6 opyeux opeanuzayusx. B
pabome nposedero uccredosanue pacnpoOCmpaHeHHoCU RPUMEHEHUsT OMKPLIINO20 NPOSPAMMHO20 00CMYNa
K (DYHKYUOHATY UHMOPMAYUOHHBIX CUCeM YHUGepcumema U NpeooNtCend KOHYEeNnMyanibHaAsl MOoO0elb
obwedocmynuvix  cepgucos yuugepcumema. C  2mou  yeavlo NPOBEOEH  AHAIU3  BO3MONCHOCHELL
MEXHOA0SUHECKOU UHDPACMPYKMYPbl YHUBEPCUMEMO8, UMEIOWUXCA PA3HOBUOHOCMEN UHPOPMAYUOHHBIX
00pa306amenvHbIX cucmem u cmanoapmog nepeoauyu oaunwvix. OOOcHOsaHO, UMO NpedocmasieHue
00pa308aMeEnbHO20, HAYUHO20, NPOEKIMHO20 KOHMEHMA MAKICE MONCHO PACCMAMPUBAMb KAK MEPONpUsimue
6 KOHmeKcme YHugepcumemd. OmMoO NO360IUT0 0DOCHOBAMYL NPUMEHEeHUe eOuHoll CYUHOCMU ——
axademuyeckoe codvimue 05l 8cex GUO08 OessmenbHOCmU YHugepcumema. B pezyiomame uccie0o8aus
JI02UYeCKoU Modenb coOblmusi U NpouU3BOOUMO20 UM KOHMEHmA paspabomana npocmpancmeeHHo-
BPEMEHHASL MOOEb, BKIIOUAIOUIe20 PA3Hble 8UObL NYOIUKAYUL Pe3VTbIMAmOo8 HAYYHOU, Y4eOHOU U NPOeKMHOU
desmenvrHocmu. Ha ocnoge paspabomanmnoii uzuueckotl mooenu axkademuyecko2o codObimusi npo8eoeHo
npoexmuposanue u npomomunuposanue APl cepsucos ynusepcumema, pezynbmamuvl KOMOpPuIx HOOPOOHO
onucauvl. Imo no3607em NPedroAHCUMb UCNOAb308AHUE YEHMPATLHO20 peecmpa Olisl 6CeX Cepeucos Ois
opeanuzayuu  c600600H020 odocmyn K HT-mexuworocusm 6 xammnyce. s pasiuuuvblx Kameeopul
nonvzogamenell ¢ yyemom onvlma co30anus c6ob6oonoz2o 110 npednodceno cmandapmuzo8anHoe
npeocmasnenue APl cepsucoe ynusepcumema. Taxoit nooxo0 ne mpebyem OOILWUX 3aMPam Om
VHUBEpcUmema, Ho HANPAGIeH Ha CIUMYIUPOBAHUE MBOPUECKOU AKMUBHOCIU 00YUAIOWUXCSL.

Knwuesvie cnosa: obmen Oanmvimu; npozpammmuviil unmepelic; yu@dposas 00paz0eamenrbHAsl
cpeoa; pazpabomra npocpamm.

@KypHnTa 0O.B., Munakosa O.B., 2024
CIIMCOK JIUTEPATYPbI

1.  Vincent-Lancrin S., Gonzélez-Sancho C. Education and student information systems. — In
OECD Digital Education Outlook 2023.

2. Cenpix M.A. PbIHOK MHHOBAaLIMOHHBIX (DMHAHCOBBIX TEXHOJOIMH ¥ cepBucoB. — M.: HUY
BII3, 2019.

3. Raspopovi¢ M. and other. Software architecture for integration of institutional and social
learning environments / M. Raspopovi¢, S. Cvetanovi¢, D. Stanojevi¢, M. Opacic¢ // Science of
Computer Programming, 2016. — 129. — P. 92-102.

4. Radhiyan M.F., Khairani D., Suseno H.B. Analysis and design of microservices architecture
with graphlgl as an api gateway for higher education information system // International
Conference on Science and Technology (ICOSTECH). — IEEE, 2022. - C. 1-7.

5. Prayogi A.A. Design and implementation of REST API for academic information system // |IOP
Conference Series: Materials Science and Engineering. — IOP Publishing, 2020. — T. 875. — Ne
1. - C. 012047.

6. Halili F. Web services: a comparison of soap and rest services. — Modern Applied Science,
2018. —T. 12. — Ne 3. — C. 175.

7.  Mironela P. The Importance of Web Services Using the RPC and REST Architecture //
International Conference on Computer Technology and Development. — IEEE, 2009. — T. 1. —
C. 377-379.

No3(143)2024



UngpopmayuoHHbIe cucmeMbl u mexHosI02uU

8. Minakova O.V., Akamsina N.V., Deniskina A. Designing Location-Based Microservice for
University Activities // SMART Automatics and Energy: Proceedings of SMART-ICAE 2021.
— Singapore: Springer Nature Singapore, 2022. — C. 651-660.

9. Asio JM.R. Education Management Information System (EMIS) and Its Implications to
Educational Policy: A Mini-Review // International Journal of Multidisciplinary: Applied
Business and Education Research, 2022. — T. 3. — Ne 8. — C. 1389-1398.

10. Zabolotniaia M. Use of the LMS Moodle for an effective implementation of an innovative
policy in higher educational institutions // International Journal of Emerging Technologies in
Learning (1JET), 2020. — T. 15. — Ne 13. — C. 172-189.

11. Molenaar I. Personalisation of learning: Towards hybrid human-Al learning technologies //
Blockchain, and Robots, 2021. — C. 57-77.

12. Munakxosa O.B., Kypunta O.B., [lounebnera M.B. Meron ¢opmupoBanus KadecTBEHHBIX
noka3arejei IMPOCKTHBIX I'PYIIII HA OCHOBE IMOCTPOCHUA HepapXquCKOfI CHUCTEMBI OLICHUBAaHU
JINYHBIX JOCTHXKEHHH npeTeHaeHToB. — KauecTBo u su3Hb. 2022, — Ne 2(34). — C. 29-37.

13. Jlapuna T.B. Anamu3 cpencTB co37aHMs 3JEKTPOHHBIX 00pa30BaTEIbHBIX PECYpCOB. —
Hudpossie TexHONMOrMM U penieHus B chepe Tpancnopra u odbpazosanus, 2020. — C. 76-86.

14. Kuryneckuii B.E. HWurerpamust Experience APl B cucremy 531eKTpOHHOrO OOy4YeHUS
MOODLE. — Bompocsl TEXHUYECKUX U (PU3UKO-MAaTEMaTHYECKUX HAYK B CBETE COBPEMEHHBIX
nccaenosanwmii, 2022. — C. 32-40.

15. 1EdTech Common Cartridge Profile Essential Competencies and Standards for Creating
Interoperable Learning Technology Content [Daekrponnsiii  pecypc]. — URL:
https://www.imsglobal.org/cc/ccvlpO/imsce_profilevlpO.html (marta obpamienus: 05.01.2024).

16. Quadrini W. and other. Architecture for Data Acquisition in Research and Teaching
Laboratories / W. Quadrini, S. Galparoli, D.D. Nucera, L. Fumagalli, E. Negri // Procedia
Computer Science, 2021. — 180. — 833-842.

17. Gordon J. and other. Total Learning Architecture 2019 Report / J. Gordon, T. Hayden, A.
Johnson, B. Smith // Advanced Distributed Learning Initiative, 2020.

Kypunra Oxcana BanepueBna
OI'bOY BO «BopoHexckuii rocyiapcTBEHHBIN TEXHUYECKUI YHUBEPCUTETY, T. BopoHex

KaHIlI/IIlaT TEXHUYCCKUX HAYK, JOLUCHT
E-mail: kuripta-okcana@mail.ru, orcid.org/0000-0003-1317-4395

MunakoBa Oabra BaagumupoBna
OI'bOY BO «BopoHexckuii rocy1apcTBEHHBIN TEXHUYECKHI YHUBEPCUTETY, T. BopoHex

KaHIlI/IIlaT TEXHUYCCKUX HAYK, JOLICHT
E-mail: olgmina@gmail.com, orcid.org/0000-0003-0641-731X

O.V. KURIPTA (Candidate of Engineering Sciences, Associate Professor)

0.V. MINAKOVA (Candidate of Engineering Sciences, Associate Professor)
Voronezh State Technical University, Voronezh

ACHIEVING INTEROPERABILITY OF UNIVERSITY INFORMATION SYSTEM

Higher education institutions need to expand the notion of web services or APIs, realizing that they can be
valuable not only for IT services, but also for teachers, students and other participants in the educational process. It is
now becoming standard to provide a single place to search for digital assets not only in IT companies but also in other
organizations. In this paper we have conducted a study of the prevalence of open software access to the functionality of
university information systems and proposed a conceptual model of publicly available services of the university. For
this purpose the possibilities of technological infrastructure of universities, available varieties of information
educational systems and data transfer standards have been analyzed. It was substantiated that the provision of
educational, scientific, project content can also be considered as an activity in the context of the university. This
allowed us to justify the application of a single entity - academic event for all types of university activities. As a result of
the study of the logical model of the event and the content produced by it, a spatial and temporal model was developed,
including different types of publications of the results of scientific, educational and project activities. Based on the
developed physical model of the academic event, the design and prototyping of API services of the university was
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carried out, the results of which are described in detail. This allows us to propose the use of a central registry for all
services to organize free access to IT technologies on campus. For different categories of users, taking into account the
experience of creating free software, a standardized APl representation of university services is proposed. This
approach does not require large expenses from the university, but is aimed at stimulating the creative activity of
students.

Keywords: data exchange; Application Programming Interface; Personal Learning Environment; software
development.
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THE FEATURES OF CONSTRUCTING AN SIMULATION MODEL
FOR SOLVING THE PROBLEM OF SOLID HOUSEHOLD WASTE FLOW DISTRIBUTION

The article presents a solution to the problem of distributing waste flows by building a simulation model. An
algorithm of agent behavior based on a real-life urban environment has been developed. The options for solving the
problems that arise when building such a simulation model and the results of the model are presented. are presented.

Keywords: simulation modeling; agent-based model; algorithm.
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BRUSHLESS DC MOTOR MODEL ANALYSIS

A comparison is made between a brushless DC motor and a permanent magnet synchronous motor.
Mathematical models of BLDC and PMSM are considered. A virtual model was built in Simulink and an analysis of
transient processes of various control system options was carried out. Simulation results confirming the mathematical
calculations are presented.

Keywords: modeling; control system; brushless motor; synchronous motor.
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SOFTWARE FOR THE FORMATION OF PERSONALIZED RECOMMENDATIONS
BASED ON ANALYSIS OF A USER PROFILE IN A SOCIAL NETWORK

This article presents a generalized methodology for generating personalized recommendations for users based
on profile analysis on a social network. It is shown how data from social networks can be used to create universal tools
that can generate personalized recommendations for users who have no history of interaction with objects. The
functioning of a software prototype that implements this technique is described, which allows expanding the capabilities
of traditional recommendation systems and improving the quality of user service.

Keywords: recommendation system; software; personalized recommendations; recommendation generation
methodology; user; profile.
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M.I'. AJIELINH, E.}1O. CAMO®AIJIOB, A.A. IIOKOJIOB

NPUMEHEHME KOJIEKA EVS B CETAAX MOBHWJIBHOM CBSI3HU

Kooex EVS (Enhanced Voice Services), ocrosanmvlii ma 1no6oM nepekmiovaemom KoOuUpoeamHuu
peuu/ayouo ¢ manoi 3adepiickol, cmanoapmusuposan koucopyuymom 3GPP u npedcmasnsiem nogvie
yukyuu u yryuuwenus Ons cucmem MOOUTbHOU C8A3u 6 peanvhom 8pemenu. Kooex codepoicum pso
VCOBEPULEHCMBOBAHUL, NOGLIUAIOWUX IPHEKMUBHOCb  CoHCamust U KAYeCmaeo MY3biKl, CMEeUaHHO20
KOHMEHmMAa Npu WUPOKONOIOCHOM Oocmyne. B Hewm 6KmoueHa NOOOepIcKa KOHMEHmMA ¢ NOJHOU
nponyckuoti cnocobnocmuro. Kooex EVS cnocoben obpabamwisams wupokuii ouanazon cKopocmet
nepedauu, 0b61a0aem BbICOKOU YCMOUYUBOCBIO K NOMeEPe NAKEeMO8 U UMeem PeicumM adanmueHoll
MHO2OCKOPOCHHOU COBMECMUMOCIU  OJisl NOGBIULEHUST NPOU3BOOUTNETLHOCIU Cemell MOOUNbHOU CBS3U.
B cmamve obcyacoaromes bazosas apxumexmypa, noeoesedenuss kooexa EVS, a marxoice pezynomamul
mecmuposanus  Ha npocaywusanue. Tlonyuennvie  pezyibmamvl  OEMOHCHPUPYIOM  NPEBOCXOOHble
XapaxmepucmuKy KaxK no CoHCamuio, max u no Kawecmay peyu/ayouo.

Knroueswie cnosa: EVS; koouposanue peuu; koouposarnue 38yKa.
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OVERVIEW OF EVS CODEC ARCHITECTURE FOR ADVANCED
VOICE SERVICES IN MOBILE COMMUNICATIONS

Enhanced Voice Services (EVS) codec, based on the new switched low-latency speech/audio coding known
roduces important new features and enhancements for real-time communications systems. The EVS codec

contains a number of enhancements that improve compression efficiency and quality for music, mixed content and
broadband access. This also includes support for full bandwidth content. The EVS codec is capable of handling a wide
range of bitrates, is highly resilient to packet loss, and has an adaptive multirate compatibility mode to improve system

performance.

This paper discusses the basic architecture and new technologies of the EVS codec, as well as listening

tests that demonstrate its superior performance in both compression and speech/audio quality.

Keywords: EVS; speech coding; audio coding.
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P.B. MUTPOHMH

CPABHUTEJILHBIA AHAJIN3 TIPUMEHEHHSI METOJIA
CHUHI'YJIAPHO-CIIEKTPAJIBHOI'O AHAJIM3A
JTOJETEKTOPHOM 3ATIMCH CUT'HAJIA TIO CPABHEHHUIO
C TEXHOJIOI'YUAMU JOAETEKTOPHOT'O BOCCTAHOBJIEHHUSA
TEJEMETPUYECKOW NTH®OPMALIMA

B cmamve npeocmasnenvl pe3yiomamol OYeHUBAHUS SHEPLEMUUECKO20 BbIUSPLIUA OM NPUMEHEHUS
Memooa CUHSYNAPHO-CNEKMPAIbHO20 B80CCMAHOBNCHUS MeleMempudeckol UHQpOpMayuu 8 CpasHeHuu ¢
PA3IUYHBIMU  MeMOoOamMUu 000emeKmMOPHO20 BOCCMAHOBNIEHUS Pealu308aAHHbIMU 8 HA3eMHbIX NPUEMHO-
pecucCmpupyrouux CManyusax meiemempuieckoi uHgopmayuu.

Knroueswvie cnosa: ()odemekmopnaﬂ 3anucsv, UCKadCerHus U nomepu meﬂeMempuquKoﬁ
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COMPARATIVE ANALYSIS OF THE APPLICATION OF THE METHOD OF SINGULAR SPECTRAL
ANALYSIS OF PRE-DETECTOR SIGNAL RECORDING IN COMPARISON WITH TECHNOLOGIES

The
recovery of

OF PRE-DETECTOR RECOVERY OF TELEMETRIC INFORMATION

article presents the results of estimating the energy gain from the use of the method of singular spectral
telemetric information in comparison with various methods of pre-detector recovery implemented in

ground-based receiving and recording stations of telemetric information.

Keywords: pre-detector recording; distortion and loss of telemetric information; signal-to-noise ratio;
singular spectral analysis; energy gain.
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J.1. TIOIIOB

OIITUMAJIBHASA OBPABOTKA CUT'HAJIOB
TP BOBYJIAIIUU ITEPUOJA ITIOBTOPEHUA

Paccmampusaemes obpabomxa Ko2epeHMHO-UMNYIbCHBIX PAOUOIOKAYUOHHBIX CUSHAN08 HA (DOHe
NACCUBHBIX NOMeX npu eobyrsayuu nepuoda nosmopenus. Illpugedeno cmamucmuueckoe onucanue
PAOUOTIOKAYUOHHBIX CUSHANIO8 U NOMEX NPU 600YIAYUL NEPUOOA NOSMOPEHUSL 30HOUPYIOWUX uMnyibcos. Ha
OCHOBE OMHOWEHU. NPABOONOO0OUs CUHMEUPOBAHbl AI2OPUMMbBL U  COOMBEMCMBYIOWAsT CUCHeMa
ONMUMANBHOU 00pPAbOMKU CUSHANO8 O08UdCYWUXCA Yyeleli Ha @one naccusuvix nomex. IIpeocmasnena
CMPYKMYPHASL CXeMa CUCTHEeMbl ONMUMATLHOU 00padomKu, SKIOYAIOWAs MAMPUYHBIL GUILIMP, 6€COB0Ll
010K U MHO2OKaHanvublll Qurvmp. Paccmompeno usmepenue paduanvHou ckopocmu yeau no Homepy
KaHana, 8 KOMopom npousoulio oonapydicenue cuenana. Ilposeden ananus cUHmMe3sUPOBAHHBIX Al2OPUMMO8
00pabomKu 8 3a8UCUMOCTIU OTH KOPPETAYUOHHBIX CGOUCME NOMEXU U NAPAMEMPOS BOOYVIAYUU.

Knwuesvie cnosa: anaiuz aneopummos,; 600YIsyus Nepuood HOBMOPeHusl;, OONIeposckas hasa;
KOppeNAYUOHHAS MAMpPUuya,; NACCUBHblE NOMeXu, HIOMHOCMb 6ePOSAMHOCIU, PAOUANbHAA CKOPOCMb,
CUHME3 AN2OPUMMO8 00PAbOMKY, CIMPYKMYPHASA CXeMa CUcmeMbl 00paboOmKU CUSHANOS.
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OPTIMAL SIGNAL PROCESSING WHEN WOBBLING THE REPETITION PERIOD

The processing of coherent pulse radar signals against the background of passive interference during the
wobble of the repetition period is considered. A statistical description of radar signals and interference during the
period of repetition of probing pulses is given. Based on the likelihood ratio, algorithms and an appropriate system for
optimal signal processing of moving targets against the background of passive interference are synthesized. A block
diagram of the optimal processing system is presented, including a matrix filter, a weighing unit and a multichannel
filter. The measurement of the radial velocity of the target by the number of the channel in which the signal was
detected is considered. The analysis of synthesized processing algorithms is carried out depending on the correlation
properties of interference and wobble parameters.

Keywords: algorithm analysis; repetition period wobble; Doppler phase; correlation matrix; passive

interference; probability density; radial velocity; synthesis of processing algorithms; block diagram of the signal
processing system.
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A.O. LLINPBIN

NCCIEAOBAHUME AMIVIMTY I HEPA3JAEJIEHHBIX MAI'THUTONOHHBIX
KOMITIOHEHT ITP1 HOHOC®EPHOM PACITPOCTPAHEHUH
KOPOTKOBOJIHOBOI'O PA/IMOCHUTI' HAJIA

Ilposoounoce uccrnedoganue MASHUMOUOHHBIX pacujenieHuli (ko20a O0O0HA BOAHA C JUHEUHOU
noxsipusayuell pacujeninemcs Ha o0ee, max Haszvigaemvie obvikHogeHHyio O u HeobvikHogenHyo X) npu
pacnpocmpaneHuu KOpOmKUx paouogonH 8 uoHocgepe no OaHHbIM HAKIOHHO20 paouo3oHouposarus. Ilpu
9MOM paspeuiaiouseli CROCOOHOCMU UOHO30HOA NO 8PEMEHY 2PYNN0B020 3ana3ovléanus (25 Mxcek) ne 6cezoa
docmamouno 0as  paspeuwtenusi (pasoenenus) O u X xomnonenmos. Hccieoosanue npogoounocs
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nocpeocmsom ewje 00HO20 CHeKMPAbHO20 AHAIU3A (OMCI00d HA36aHUe — OUCNeKMPALbHbIL), NOJYYEeHHbIX
CNEeKmMpPOo8  MOWHOCMU, COCMAGIIOWUX —UOHOSPAMMY, A MAKHce NPOBOOUTIUCL IKCNEPUMEHMbL C
Kencmpanvhvim ananuzom. [lpeononazanocs no nuky 6 cnekmpe onpeoeisims pa3HoCchb 8PeMeHl 2PYRN08020
sanazovieanus O u X KoMnOHeHm paouoonHvl, uHmepgepupyrowux mexcoy coboi. Qonako, obpabomka
OAHHBIX NOKA3AAA, YMO 8 OONbUIUHCIBE CYHAEeE 8 CHeKmpe HAOI0aomcs 08a U 0ddice mpu MaKCumMymd, He
cuumas Hynegou CneKmpaibHoOu KOMNOHeHmbl. MHOXCeCmeo MAKCUMYMO8 6 CHeKmpe O3Haudaem, 4mo
unmepepupyiom He 08a, a mpu UiU Yemoipe Ayya — JAydell Ha eOuHuyy boavute, yem makcumymos. Ilo-
BUOUMOMY, MO 0OYCIOBIEHO PACCIOCHUECM UOHOCHEPHBIX CROe8 U MOMNCem HAUMU NpUMeHeHue 6
uccnedosanuu usuuecKkoll npuUpoosl MOHKO20 PACCIOCHUS. UOHOCHEDDL.

Knwueswie cnosa: pacnpocmpanerue KOpomMKUX paouo8oIt, UOHOCPHEPA; HAKIOHHOE 30HOUPOBAHUE
UOHOCGhepbl, MACHUMOUOHHOE pACujenieHue.
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STUDY OF AMPLITUDES OF UNSEPARATED MAGNETION COMPONENTS
DURING IONOSPHERIC PROPAGATION SHORT WAVE RADIO SIGNAL

Magnetoion splits (when one wave with linear polarization splits into two — the so-called ordinary O and
extraordinary X) were studied during the propagation of HF radio waves in the ionosphere according to inclined
radiosonding data. At the same time, the resolution of the ionosonde in terms of the group delay time (25 microseconds)
not always enough for resolution (separation) O and X components. The study was carried out by means of another
spectral analysis (hence the name — bispectral) of the obtained power spectra that make up the ionogram, and
experiments with cepstral analysis were also carried out. It was supposed to determine the difference in the time of the
group delay of the O and X components of the radio wave interfering with each other by the peak in the spectrum.
However, data processing has shown that in most cases two or even three maxima are observed in the spectrum, not
counting the zero spectral component. The set of maxima in the spectrum means that not two, but three or four rays
interfere — there are one more rays than the maxima. Apparently, this is due to the stratification of ionospheric layers,
and may be useful for study of the physical nature of the thin stratification of the ionosphere.

Keywords: propagation of short radio waves; ionosphere; oblique sounding of the ionosphere; magnetoion
splitting.
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HHDOPMAIIMOHHAA FE3OIIACHOCTD U 3AIIJUTA UHDOPMAILIUU
VIIK 004.056

S.H. TYCEHHUIIA, B.C. UBAHOBCKHMIA, I".3. CEMEIIIIEB

HEMAPKOBCKAS MOJEJIb
O YHKIIMOHUPOBAHUA CPEJACTB 3ALIUTHBI UHOPOPMALINU

B pabome npeocmaeiena HeMapKoSCKas MOOelb  (DYHKYUOHUPOBAHUSL CPeOCmE  3aujunol
uHopmayuy, KOMopasi OCHOBAHA HA UCNOJIb308AHUU NPUHYUNA OATIAHCA «KOMIIEKCHBIX 8ePOSIMHOCMEN).
Hannas mooens yuumoleaenm HAIuuue 8PEMEHHbIX 3A0epIHCeK U USMEHSIOWYVIOCS UHMEHCUBHOCMb paboyell
HA2py3KU 6 NEPEexOOHbIX U HEeCMAYUOHAPHBIX PENCUMAX (DYHKYUOHUPOBAHUS, YMO NO360JSEm GbIYUCTSMb
I exmueHocmob nPUMEHEHUsL CPeOCmE8 3auiumsl UHGOpMayulL.

Knrouesvie cnoea: sawuma qubopMaL;uu; He.MapKOGCKMlZ npoyecc, npuHyun 6aﬂcha;
(KOMNJIEKCHAS 6EPOAIMHOCNTbL) .
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NON-MARKOV MODEL OF FUNCTIONING OF INFORMATION SECURITY MEANS

The paper presents a non-Markov model of the functioning of information security tools, which is based on the
use of the principle of balance of “complex probabilities”. This model takes into account the presence of time delays
and the changing intensity of the workload in transient and non-stationary operating modes, which makes it possible to
calculate the effectiveness of the use of information security tools.

Keywords: information protection; non-Markov process; principle of balance; «complex probability».

10.

Ne3(143)2024

BIBLIOGRAPHY (TRANSLITERATED)

I'yn I'’X., Makkon P.D. CucremorexHHKa: BBEJCHHE B NPOSKTHPOBaHHE OOJBIIMX cUCTEM. — M.:
Coserckoe paauno, 1962. — 383 c.

Bypnos B.I'., Marysnsia I'.T'., MatBee A.B. OOmmiuit noxxox K MOACIMPOBAHHUIO CUCTEM OOeCIieueHHs
OezonmacHoctH. — Hayuno-texHmueckne BemomocTH CanKT-IleTepOyprckoro rocymaapcTBEHHOIO
MOJNUTEXHUYECKOro yHuBepcurera. — Mudopmaruka. TenekommyHukaiuu. Y npasnenue, 2011. — T. 5. —
Ne 133. - C. 73-76.

I'ycennna f.H., HenaxoB A.M., Bbypmo B.I'. Hayuno-meronmueckuii moaxon K OOOCHOBaHHUIO
TEXHUYECKUX TpeOOBaHMH K IEPCIEKTHBHBIM CpelcTBaM 3amuThl nHpopMmanuu // COOpHUK cTaTed
koHpepermmn «MHpopMarmonHas Oe3zomacHOCThY», Awnama, 17 ampems 2019 roma. — Amama:
®denepalibHOE TOCYAAPCTBEHHOE ABTOHOMHOE YUpexIeHUE «BOEHHbII MHHOBALMOHHBIM TEXHOIOIUC
«OPAx», 2019. — C. 75-80.

Obzhecrin Y., Boyko E. Semi-Markov Models. Control of Restorable System with Latent Failures. — San
Diego: Elsevier, 2015. — 212 p.

Gusenitsa Ya. The «complex probabilities» balance principle for non-Markov processes modeling // E3S
Web of Conferences. — 2023. — Vol. 458. — P. 09028.

WBanoBckuit B.C., I'ycernna S.H., [upsmoB O.A. Teoperndyeckne OCHOBHI BOCHHOH METPOJOTHU:
MoHorpadusa. — Amnama: @enmepanbHOE TOCYJApCTBEHHOE AaBTOHOMHOE VyupexaeHue «BoeHHBIi
MHHOBAIIMOHHBIN TexHomonuc «9PA», 2021. — 137 c.

Braun A. Laplace-Transformation. — Springer Vieweg, Wiesbaden, 2019. — 278 p.

Cvarma B.A., Owmmonuxud [.B. O MopmenmupoBaHWHM CIyJ4aifHBIX TIPOIIECCOB HA OCHOBE
runepaenstHoro pacnpenenenus // ABT. —1990. — Ne 1. — C. 25-31.

Badrieh F. The Delta Function // Spectral, Convolution and Numerical Techniques in Circuit Theory. —
2018. — P. 56-60.

Thomson M. The Dirac delta function // In Modern Particle Physics. Cambridge: Cambridge University
Press. —2013. — P. 512-514.




Hay4HO-mexHuUYecKuU xypHan

VIIK 004.056
B.T. EPEMEHKO, B.®. MAKAPOB, J.IO. HEUAEB

O MPOBJIEME HETAPUPYEMOCTHU PUCKOB
WHBOJIIOIIMOHHBIX BO3JIEVCTBUI PE®JEKCAPYIOIIUMH MOTEHIIUAJIBHO
IOPEKTUBHBIMHU DPTATHYECKUMU KOMIIVIEKCAMU

Jlna npeodonenus napaoueMaibHO20 Kpusuca Ha 9mane KOHKpemuzayuu u gopmaiuzayuu
HAOYNpasienuti  peprexcupyloumumu  dpeamudeckuMy — KOMIJIEKCAMU — npeodldzaemcs — uHmezpayus
NPEOMEMHbIX  OHMOAOSUL 8 MEMAOHMONOSUI) — CAMOOPLAHU3AYUU  DACNPEOeleHHbIX  CYObeKmos8 8
KOMHJIEKCHOM KOJLIEKMUBHOM npedmeme mpyodq.

Knwuesvie cnosa: speamuueckuti KOMNIEKC, nepeadanmayus; pegrexcus, U30Mmene3uc,
KOMNIAEHC, 00KA3amenbHas O6e3HAKA3AHHOCHb, MEMAOHMOA02US, NOAUDYPKAYUY, IP2OOUYeCcKUll npoyecc;
ammpaxmopbi.
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TPEBOBAHUNS
K 0(pOpMJIEHUIO CTATHHU JIS1 ONYOJIMKOBAHMS B :KypHAJIe
«AnpopMannoHHbIE CHCTEMbI H TEXHOJIOTHN»

OBIIUE TPEBOBAHUSA

Ob6bveM Matepuana, mpemIaraeMoro K myOnHMKanuu, U3MepsieTcsl CTpaHUIAMH TEKCTa Ha JIMCTaX
¢opmaTra A4 u comepxuT oT 4 A0 9 CTPaAHHWI; BCE CTPAHUIBl PYKOIUCH JOKHBI MMETh CIUIOIIHYIO
HyMepaluio.

B oxHoM cOopHUKE MOXET OBITh OMYOJMKOBaHA TOJBKO OHA CTAaThs OJHOTO aBTOPA, BKIIOYAS
COaBTOPCTBO.

AHHOTaLlMU BCEX MyOJMKYEMBbIX MaTepUasoB, KIIOYEBBIC CIIOBA, HHPOpPMAIUs 00 aBTOpax, CIUCKH
JUTEpaTyphl OyIyT HaXOAWUTHCA B CBOOOJHOM JOCTYII€ HA CaliTeé COOTBETCTBYIOLIETO XXYpHaja M Ha caiTe
Poccuiickoit HayuHo#t 31ekTpoHHOM Onbnnorekn — PYHOB (Poccuiickuii MHIEKC HAYYHOTO TUTHPOBAHHUS).

[Tomumo cTaThbu aBTOPBI JOJDKHBI TIPEACTAaBUTH 3aKIIOUEHHE O BO3MOXKHOCTH OTKPBHITOTO
OITyOJTMKOBAHUS CTAThH.

TPEBOBAHUSA K COJEP)KAHUIO HAYUHOM CTATBbH

Hayunast crates, mpemocTaBisieMasl B >KypHaJbl, JOJDKHA HMETh CICAYIOME 00f3aTejbHbIe
DJIEMECHTHI:

— TIIOCTaHOBKa ITPOOJIEMBI MJIM 3aJ[a4d B OOIIEM BHJIC;

— aHaju3 JOCTI)KEHUH M MyONIMKanni, B KOTOPBIX MpPEAJIaraeTcsl peleHne JaHHON MPOoOIeMbl WIIH
3a/1a4yM, Ha KOTOPBIE OIUPAETCS aBTOP, BBIJCJICHUE HAyYHOW HOBH3HBI;

— HCCIIeIOBATENbCKAS YacTh;

— 000CHOBaHUE MOJTYYEHHBIX PE3YJIHTATOB;

— BBIBOABI 10 JAHHOMY HCCIEIOBAHUIO M TICPCIICKTUBBI JAIbHEHINET0 pPa3BUTHS JTAHHOTO
HaTIpaBJICHUSI,

— Oubmmorpadus.

TPEBOBAHHUSA K O®OPMJIEHUIO HAYUYHOM CTATHA

CraTtest momkHa ObITH HabOpana mpudToM Times New Roman, pasmep 12 pt ¢ oxuHapHBIM
WHTEPBAJIOM, TEKCT BBIPAaBHHUBAETCS IO IMHUPHUHE; a0d3aIlHbI oTcTym — 1,25 cM, paBoe moie — 2 cM, JIeBOe
rmosie — 2 cM, TOJIsl BHU3Y U BBEPXY — 2 CM.

Oos13aTeIbHbIE 3JIEMEHTBI:

- YVIK

— 3aryiaBue (Ha pyCCKOM U AHIVIMICKOM SI3bIKAX)

— aHHOTAUMSA (HA PYCCKOM U AHIJIMHCKOM SI3BIKAX)

— KJIIOYeBble CJI0BA (HA PyCCKOM M aHIJIMICKOM SI3bIKAX)

CIHMCOK JIUTEPATYPbl, HA KOTOPYIO aBTOP CCBHUTAETCS B TEKCTE CTAThHU.

TABHI/ILII)I PUCYHKU, ®OPMVYJIbI

Bce Tabnuipl, puCYHKH W OCHOBHEIE ()OPMYIBI, TIPUBEACHHBIE B TEKCTE CTAThH, NOKHBI OBITH
MIPOHYMEPOBAHEI.

®opmyJibl cieayer HabupaTh B penaktope Gopmyn Microsoft Equation 3.0 ¢ pasmepamu: 0ObIYHBIIH
mpudt — 12 pt, xpynueni wagekc — 10 pt , menkuit wamekc — 8 pt. dopmyJibl, BHEAPEHHbIE KaK
uzodpakenne, He pgomyckaorcs! Pycckme wu rTpedeckme OykBbI, a Takke OOO3HAUCHHS
TPUTOHOMETPUYECKUX PYHKIIUNA HAOUPAIOTCS MIPSAMBIM IIPUPTOM, JJATHHCKUE OYKBBI — KYPCUBOM.

Pucynku u npyrue wDIroCTpanuy (4epTexu, rpadKy, CXeMbl, JHarpaMMbl, (JOTOCHUMKH) CIETyeT
pacrornaraTh HEIOCPEACTBEHHO TOCIE TEKCTa, B KOTOPOM OHM YIIOMHWHAIOTCS BIEpBble. PUCyHKH, 4nCIIO
KOTOPBIX JIOJDKHO OBITH JIOTHYECKH OIPaBIaHHBIM, IPEACTABISIOTCS B BHJIE OTJCNIBHBIX (ailnoB B (hopmaTe
*.eps (Encapsulated PostScript) wiu TIF pasmepom He menee 300 dpi.

CBEJIEHUS Ob ABTOPAX
B konue crarbu npuBoastcst HaOpaHuble 10 pt cBexeHus 00 aBTOpax B TaKOM MOCIEI0BATEIEHOCTH
(dbamMunus, UMsL, OT4eCTBO (MOMYKUPHBINA IWPHU(T); yUpEKIEHNUE UM OpTaHU3alMs, YUeHas CTEIEeHb, YIeHOe
3BaHUe, JOJDKHOCTD, aJipec, TenedoH, 3J1eKTpoHHas nourta (00sraHbIH mpudT). CBeneHus o0 aBTOpax TakKe
MPEAOCTABIISIIOTCS OTACTBHBIM (hailiioM U 00s3aTeNbHO AyONUPYIOTCA Ha aHTJIMICKOM SI3BIKE.
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