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MATEMATHYECKOE U KOMIIBIOTEPHOE MOJIEJIUPOBAHUE
YAK 519.115.8

E.B. BYPTAHOBA, B.1. JIJOMA3OBA, B.B. PYMBEUIT

KOMBHUHATOPHUKA YACTO NEPUOIUYECKHUX IMMOCJIEJIOBATEJILHOCTEN
HAJI KOHEYHBIM AJI®ABUTOM CUMBOJIOB HIM®PYEMOTI'O TEKCTA

Cmamows nocsswena npooremamuxe co8epuleHCmeo8anus KpUNmMospaguueckux cpeocms 3auumsl
mexcmosou  ungopmayuu. Paccmampueaemca kombunamopnas 3aoaua noocuema KOAU4ecmea 6cex
BO3MOJICHBIX HUCMO NEPUOOUHECKUX NOCAe008ameNbHOCmell HAO KOHEYHbIM MHOINCECMBOM MeKCHOBLIX
cumeonos. Pewenue ykazannoii 3a0auu npeocmaensiem unmepec 018 paspadOM4uKo8 2eHepamopos
nCegOOCIYUAlHbIX  nociiedosamenvHocmell  06e3  npeonepuood, Ko20a Npu  U3BECTMHBIX  IJIEeMEHmAX,
COCMAaBNAIOWUX NOCTIe008AMENLHOCHY, U ONIUHE ee Nepuood, mpebdyemcs oyeHumsy, Kakyro 00uo 3aHUMAam
nOC1e008amenbHOCMU, NOPOAHCOaeMble 2eHEPAMOPOM, CPEOU BCeX BOZMONCHBIX 8 IMUX JHce YCTIOBUSIX.

Lenvio cmamvu a6naemca HAxX0HCOEHUe 3ABUCUMOCTIU  KOAUYECBA YUCMO NePUOOUHEeCKUX
nocneo008amenbHOCmell, COCMABNIEHHbIX U3 21eMEHMO8 KOHEYHO20 MHOICECMBA, O €20 MOWHOCIU U OTUHbI
nepuoda. Buvlgoo ¢hopmyn 0na uckomoil 3asucumocmu npoBOOUMCA 8 MEPMUHAX NEPUOOO8 — KOHEUHbIX
KOMOUHAMOPHBIX 00bEeKMOo8, NpedCcmasiaowux coool YnopaooyeHHble MYIbMUMHONCECMEA, 011 KOMOPbIX
XapaxkmepHo mpeoo8arue MUHUMATbHOCIU ONUHbBL NEPUOOA.

Buvigseoena obwas gopmyna 01 nodcuema KOAUHeCmed YNOPSOOUEHHbIX MYJIbMUMHONCECME,
chopmynuposano oocmamouroe yciogue Ojisi 8bINOJHEeHUs MpPeDOBaHUs MUHUMATLHOCU OJIUHbL NEPUood,
PACCMOMPEHbL YaCmHble CYYau, Npu KOMOPLIX YKA3AHHOe O0CMAMOYHOe YCI08Ue GbINOTHACMCS U He
BbINONIHAEMCA U OJI5L KAAHCO020 U3 HUX NOJYYEHO OMOeNbHOE pelleHue.

Knrouesvle crnosa: xombunamopuas 3a0aud; Yucmo nepuoouteckds noCie008amelbHOCHb, ONUHA
nepuooa; noocuem Koaudecmea,; ynopsaooueHHoe MyabmUMHONCECMe0.
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COMBINATORICS A PURELY PERIODIC SEQUENCES OVER
A FINITE ALPHABET OF THE SYMBOLS OF THE ENCODED TEXT

The article is devoted to the problems of improving cryptographic means of protecting text information. The
combinatorial problem of counting the number of all possible purely periodic sequences over a finite set of text symbols
is considered. The solution of this problem is of interest to the developers of pseudo-random sequence generators
without a preperiod, when the known elements that make up the sequence and the length of its period, it is required to
estimate what proportion of the sequences generated by the generator, among all possible sequences under the same
conditions. The goal of the article is to find the dependence of the number of purely periodic sequences composed of
elements of a finite set on its power and the length of the period.

The derivation of the formulas for the required dependence is carried out in terms of periods — finite
combinatorial objects, which are ordered multisets, which are characterized by the requirement of the minimum length
of the period. In the article the formula for counting the number of ordered multisets is derived, a sufficient condition
for the minimum length of the period is formulated, special cases are considered in which the specified sufficient
condition is fulfilled and not fulfilled, and for each of them a separate solution is obtained.

Keywords: combinatorial problem; purely periodic sequence; period length; counting the number; an ordered
multiset.
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E.A. BOJIKOBA, C.C. MYPATYAEB, E.A. CEBPIOKOBA

PA3PABOTKA ITPOTHOCTHYECKOMN MOJIEJIA ME]:'EOYCJIOBI/II?'I
B CUCTEME MOHUTOPHUHI' A OKPYKAIOIIEHN CPEIbI

Lenvio Hacmoswyell pabomvl AGNAEMCS NOBbIUEHUE MOYHOCMU NPOSHO3A MEmeoyCio8utl ¢
UCNOTL30BAHUEM MEMO008 U ANICOPUMMO8 MAWUHHO20 00yYeHUus, 015 OalbHelule20 UCHOIb308AHUsL 8
cucmeme MOHUMOPUH2A OKpyJcaroueli cpedvl. B pamxax paspabomxu asmomamu3uposannol cucmembvl
monumopunea oxpyacarowei cpedvt (ACMOC) npedcmasnenst pesyaibmanmvl MOOEIUPOEAHUS, OCHOBAHHLLE
Ha mooenax SARIMA, Prophet u LSTM. Ilonyuensvt pezyromamsl pabomel moodeneli 8 guoe 2paguros u
OYEHOUHBIX NAPAMEMPO8 NPOSHO3A CpeoHeuacosol memnepamypul. Ha ocnoee amanusa peszyibmamos
mooenb SARIMA obnadaem eeposmnocmuio owuoku ¢ 2,4 %, umo ¢ 10 paz Ooavuie 6 cpasHenuu c
cmamucmuyeckum memoodom Xonvma-Bunmepca u 6 2 pasa 6boavuie, uem pe3yibmamvl MoOenel,
OCHOBAHHBIX HA MAUWUHHOM 0OYUeHUU.

Knwueevie cnoea: mawumnnoe oéyueHue; 9KOJIocUA, KON02UYECKUL MOHRUMOpPUHS, UHMEPHEm
6‘6%;612,‘ MemeoyCcloeusl, nNPOcHO3UPOBArRUE 6PEMEHHBLX pﬂ()OS.

Paboma evinonnena npu unancosoit noooeprcke uenmpa HTH «Cencopuxa» ¢ HOI[ PI[CC
HHY MHUIT ¢ pamkax npoekma «Co30anue asmomamusupo6anHHol Cucmemvl MOHUMOPUH2A
okpyscarougeii cpeovt (ACMOC) ona coopa, 00padomKu, Xpanenus u nepeoadu MemeopoaoZuieckoil u
IKo02uueckou ungpopmauyuuyn; pez. Ne HUOKTP: AAAA-A20-1200130090100-3.
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DEVELOPMENT OF A PREDICTIVE MODEL OF METEO CONDITIONS
IN THE ENVIRONMENTAL MONITORING SYSTEM

The purpose of this work is to improve the accuracy of forecasting meteorological conditions using machine
learning methods and algorithms for further use in the environmental monitoring system. As part of the development of
an automated environmental monitoring system (ASMOS), simulation results based on SARIMA, Prophet and LSTM
models are presented. The results of the operation of the models in the form of graphs and estimated parameters of the
forecast of the average hourly temperature are obtained. Based on the analysis of the results, the SARIMA model has an
error rate of 2.4%, which is 10 times higher than the Holt-Winters statistical method and 2 times higher than the results
of models based on machine learning.
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MNCHOJb30BAHUE HEMPOCETEBBIX TEXHOJIOTI' UM
B IIU®POBOM DJKOHOMUKE POCCHUHN
JIJIS1 BBISIBJIEHWSI 3ABUCUMOCTEN COIMUAJIBHO-OKOHOMHUYECKOTI'O
PA3BUTHS B PETUOHAX

B cmamwe oxapaxkmepuzoeana aKmyaibHOCMb NPUMEHEHUs HeUpOcemesvblx Memooos O
onpeodeneHusi 3HAUUMbIX NPEOUKMOPO8 COYUATLHO-IKOHOMULECKO20 pazeumusi pecuonos PP. Obocnosana
YenecooOpasHOCMy CONPANHCEHUSI IKOHOMEMPUYECKO20 U HeUpOocemeso20 UHCMPYMEeHMAapus Uccie008aHusl.
Anpobuposana 08yxwiazoeas npoyedypa 6bisGIeHUs (DAKMOPOS, GIUAIOWUX HA MENCPEUOHANLHYIO
COYUATBHO-IKOHOMUYECKYIO Ouhdepenyuayuro 6 Poccuu. I[lpednodcennviii nooxo0 nocnedo8amenbHo2o
CONPANCEHUsI IKOHOMEMPULECKO20 MOOEIUPOBAHUS U HEeUPOHHOU cemu 0061adaem YHUBEPCANbHOCHbIO U
NPaKmMu4eckol 3Ha4UMOCMbIO.

Knwouesvie cnoea: mexncpecuonanvHas coyuanbHO-9KOHOMUYECKAs ouggepenyuayus, HeupoHHbvle
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USE OF NEURAL NETWORK TECHNOLOGIES IN THE DIGITAL ECONOMY
OF RUSSIA TO IDENTIFY THE DEPENDENCIES
OF SOCIO-ECONOMIC DEVELOPMENT IN THE REGIONS

The article describes the relevance of the application of neural network methods to determine the significant
predictors of social and economic development of regions of the Russian Federation. The expediency of interfacing
econometric and neural network research tools has been substantiated. A two-step procedure for identifying factors
affecting inter-regional socio-economic differentiation in Russia has been tested. The proposed approach of sequential
coupling of econometric modelling and a neural network has universality and practical significance.

Keywords: interregional socio-economic differentiation; neural networks; econometric modeling; target
variable; predicates; socio-economic development; macroeconomic modeling.
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HHDOOPMALIMOHHBIE TEXHOJIOI'MH B COL{UAJIPHO-ODKOHOMHUYECKHUX
U OPI'AHU3ALIUOHHO-TEXHUYECKUX CUCTEMAX
YIAK 378.147 + VIK 334.02

E.D. ABEPYEHKOBA, O.M. TOJIEMBMOBCKAA,
E.B. IVBAHEBUY, E.B. KY3HELIOBA, M.IO. PBITOB

OOPMAJIM3ALMA KPUTEPUEB BbISABJIEHUSA
®AKTOPOB YCHHEIITIHOCTH PEAJIMZALIUU ITPOI'PAMM
TEXHOJIOI'MYECKOI'O TPEAITPUHUMATEJIBCTBA HA ITPUMEPE
BPAHCKOI'O TOCYAAPCTBEHHOI'O TEXHUYECKOT'O YHUBEPCUTETA
KAK HTHCTPYMEHT NOBBILNEHUA YPOBHSA S9KOHOMUKH

B cmamve paccmampusaemcsi Memoouka pazeumusi MexXHOI0SULECK020 NPEOnPUHUMAMENbCMEA 6
gyze. Memoodonozaueli uccie008aHusi 8bICHYNAen CUCMEMHBIL N00X00 C UCNONAb308AHUEM OOUJEHAYUHBIX
Memo008 aHanu3a U CUHmMe3a UH@oOpMayuu, mMemoo KCNepmHo20 anamusa. B cmamve npoananuzuposaro
NOHAMUE MEXHOIOZULeCKO20 NPEONnPUHUMAMENbCMEA, Kpumepuu 6blieleHus (aKmopos YCnewHocmu
peanuzayuu nPoSPaAmMM MeEXHOI02UYECKO20 NPEeONnPUHUMAMETbCIMEA, NPUBCOCHA MemOOUKA (HOoOPpMUPOSAHUsL
KO3 puyuenmos sghpgexmusHocmu Haxkmopos ycnewHocmu pearu3ayui npPoSpamMm MexHOI0SUYECKO20
NpeonpuHUMamensCmed 8 8y3e, OCHOBAHHASL HA NPUMEHEeHUU 08YX U008 NoKazamenel. UHOUBUOYATbHBIX U
UHMESPATbHOZO.
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FORMALIZATION OF CRITERIA FOR IDENTIFYING FACTORS OF SUCCESS
IN THE IMPLEMENTATION OF TECHNOLOGICAL ENTREPRENEURSHIP PROGRAMS
ON THE EXAMPLE OF THE BRYANSK STATE TECHNICAL UNIVERSITY
AS ATOOL FOR IMPROVING THE LEVEL OF THE ECONOMY

The article considers the methodology of technological entrepreneurship development at the university. The
methodology of the research is a systematic approach using general scientific methods of analysis and synthesis of
information, the method of expert analysis. The article analyzes the concept of technological entrepreneurship, criteria
for identifying factors of success in the implementation of technological entrepreneurship programs, provides a method
for forming efficiency coefficients of factors of success in the implementation of technological entrepreneurship
programs at a university, based on the use of two types of indicators: individual and integral.

Keywords: entrepreneurial competencies; entrepreneurship training in universities; technological
entrepreneurship.

BIBLIOGRAPHY (TRANSLITERATED)

1. Zaharchuk E.A., Pasynkov A.F., Trifonova P.S. Vlijanie pandemii na strukturu dohodov i rashodov
konsolidirovannyh bjudzhetov sub#ektov RF Ural'skogo federal'nogo okruga. — Vestnik Evrazijskoj
nauki, 2020. — Ne 5 [Jelektronnyj resurs]. — URL: https://esj.today/PDF/66ECVN520.pdf. DOI:
10.15862/66ECVN520.

2. Analiz tendencij v bjudzhetno-nalogovoj sfere Rossii. Rossijskij jekonomicheskij universitet im. G.V.
Plehanova. — Vypusk Ne 22, — ltogi 2020 g [Jelektronnyj resurs]. — URL:
http://www.rea.ru/ru/Pages/exspertixareu.aspx (data obrashhenija: 08.08.2021).

3. Minin M.G., Policinskaja E.V., Lizunkov V.G. Gotovnost' studentov tehnicheskogo vuza k
predprinimatel'skoj dejatel'nosti. — Vysshee obrazovanie v Rossii, 2019. — Ne 10 [Jelektronnyj resurs]. —
URL:  https://cyberleninka.ru/article/n/gotovnost-studentov-tehnicheskogo-vuza-k-predprinimatelskoy-
deyatelnosti (data obrashhenija: 12.08.2021).

4. Belov I.P., Belova T.G., Nevolina V.V. Professional'noe samorazvitie budushhih predprinimatelej. —
Diskussija, 2019. - Neo 6(97) [Jelektronny;j resurs]. - URL:
https://cyberleninka.ru/article/n/professionalnoe-samorazvitie-buduschih-predprinimateley (data
obrashhenija: 10.08.2021).

5. Tihomirova O.G. Tehnologicheskoe predprinimatel'stvo i innovacionnye obrazovatel'nye tehnologii v
cifrovoj jekonomike. — Vestnik Altajskoj akademii jekonomiki i prava, 2019. — Ne 11-1. — S. 162-167
[Jelektronnyj resurs]. — URL.: https://vaael.ru/ru/article/view?id=804 (data obrashhenija: 08.08.2021).

6. Barinova V.A. i dr. Nacional'nyj doklad «Vysokotehnologichnyj biznes v regionah Rossii». 2020 / V.A.
Barinova, S.P. Zemcov, V.G. Zinov, V.M. Kidjaeva, A.N. Krasnosel'skih, N.G. Kurakova, R.I.
Semenova, 1.V. Fedotov, S.R. Halimova, R.R. Hafizov, Ju.V. Careva // Pod red. S.P. Zemcova. — M.:
RANHIGS, AIRR, 2020. - 119 S. [Jelektronnyj resurs]. - URL:
https://www.researchgate.net/publication/338955368 Nacionalnyj_doklad_Vysokotehnologicnyj_biznes
v_regionah_Rossii_2020 (data obrashhenija: 05.08.2021).

Ne6(128)2021



Hay4Ho-mexHu4Yeckull XypHan
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0.1. MOPO30OBA, I.H. TOPT'AUYEB, A.A. PZEJOTOB

«IIEPE3ATPY3KA» KAJIPOBOI IOJIMTUKH YHUBEPCUTETA
B YCJIOBUAX HU®POBOU TPAHC®OPMALIAHN
OBPA3OBATEJIBHOU JEATEJIBHOCTHU

Kaopoeas nonumuxa 6 cospemennom mupe no ceoell 3Ha4UMOCMU U akmyaibHOCMU 3aHuMaem 00HO
U3 OCHOBHbIX Mecm. B cmamve cosopumcs o neobxooumocmu cxopetiwux HR usmenenuii 6 desmenvnocmu
00paA306aMENbHBIX Op2AHU3AYULL HA QOHe BCe0DBLEMMIOWUX NPOYECco8 YUPPOBU3AYULU, HPEOCMABIeHbL
OCHOBHYIEe HANPABNIEHUS PA38UMUSL KAOPOBO2O NOMEHYUANA 8Y34.

Kniouesvie cnosa: raoposas nonumuxa, HR-usmenenus; paszsumue; ynueepcumem, yugposas
mparncpopmayusi.
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«REBOOT» OF UNIVERSITY PERSONNEL POLICY IN THE CONTEXT
OF DIGITAL TRANSFORMATION EDUCATIONAL ACTIVITIES

Personnel policy in the modern world in terms of its importance and relevance occupies one of the main
places. The article says about the need for early HR changes in the activities of educational organizations against the
background of comprehensive digitalization processes, presents the main directions of developing the personnel
potential of the university.

Keywords: HR policy; HR-changes; development; university; digital transformation.
BIBLIOGRAPHY (TRANSLITERATED)

1. Morozova O.l. i dr. Cifrovaja transformacija rossijskogo obrazovanija kak glavnyj vektor razvitija
cifrovoj jekonomiki / O.I. Morozova, A.V. Semenihina, D.N. Torgachev, A.A. Fedotov // Informacionnye
sistemy i tehnologii, 2021. — Ne 3(125). — S. 50-57.

2. Morozova O.1., Semenihina A.V., Torgachev D.N. Universitetskaja sistema i akademicheskaja revoljucija
v uslovijah razvitija global'noj jekonomiki znanij. — Uchenye zapiski Orlovskogo gosudarstvennogo
universiteta, 2021. — Ne 2(91). — S.263-267.

3. Morozova O.l., Torgachev D.N. Organizacionno-metodicheskie aspekty integracii vuzovskoj nauki v
regional’nuju sistemu upravlenija innovacionnymi kadrami. — Uchenye zapiski Orlovskogo
gosudarstvennogo universiteta, 2020. — Ne 3(88). — S. 234-2309.

4. Morozova O.l. i dr. Online-revoljucija kak vyzov dlja rossijskih universitetov v napravlenii razvitija
informacionno-obrazovatel'noj sredy i podgotovki innovacionnyh kadrov / O.l. Morozova, A.V.
Semenihina, 1.V. Skobljakova, D.N. Torgachev // Informacionnye sistemy i tehnologii, 2020. — Ne 2(118).

—S. 52-59.
5. Rasporjazhenie Pravitel'stva RF ot 28.07.2017 Nel632-r «Ob utverzhdenii programmy «Cifrovaja
jekonomika Rossijskoj Federacii» [Jelektronnyj resurs]. - URL:

https://www.consultant.ru/document/cons_doc_LAW_221756/.

YK 004.42
E.H. TABJIMYEBA, A.K. COJIOMATHH, ®.0. PEJA1H

MOJIEJTUPOBAHUE IPEJIMETHOM OBJIACTH B IIEJISIX CO3JAHUSA
ABTOMATHU3UPOBAHHOM H!:IQOPMAIIHOHHOFI CUCTEMBI YIIPABJIEHUSA
JOBY30BCKOM IOAI'OTOBKHN HIKOJBbHUKOB

B pabome svinonnen ananuz npoyecca ynpasienus no020mMoBKoU WKOAbHUKO8 K 00VHeHUIo 8 8)3¢e C
Ppaspabomkoi mModenu npoyecca op2aHuzayuu 008y308ckol noocomosku yuawuxcs. Cozdanue mooenu
BLINOIHEHO 8 pPAMKAX UCCAe008aHUs NPeOMEemHOU 001acmu, NpogoOUMO20 6 YelsdX pa3pabomku
ABMOMAMUZUPOBAHHOU  UHPOPMAYUOHHOU — CUCeMbl  YAPABAEHUs O08Y308CKOU  N0020MosKou. s
BLINOTHEHUSL  MOOCTUPOBAHUSL  UCHOb308AN0Cy uHcmpymenmanvioe CASE-cpedcmeo  moodenuposarust
Oenosvix npoyeccos Bizagi Modeler, peanuszyiowee cmandapm moodenuposanus busznec-npoyeccos BPMN
2.0. Pezynomamsl MOOeauposanusi NO36018M CHEYUALIUCMAM NpeOMemHOU 00iacmu U paspabomuyuxam
UHDOPMAYUOHHOU cuCmeMbl CHOPpMUPOBAMb KOPPEKMHbIe, HENPOMUBOPEUUBble, NOJHbIE U CO2NACOBAHHbBLE
mpebosanusi K UHDOPMAYUOHHOU cucmeme, d MAKdiCe CHIAHUPOBAMb KOHKpemHble 6udvl pabom,
BBINOIHAEMBIX 8 X00€ HPOXONHCOEHUSL SIMANO8 CO30AHUS IMOU CUCTNEMBL.

Knioueevie cnoea: mooenv, 0byyenue; yuauwuiics, 008y306CKds NOO20MOBKA.
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MODELING OF THE SUBJECT AREA FOR THE PURPOSE OF CREATING AN AUTOMATED
INFORMATION SYSTEM FOR MANAGING THE PRE-UNIVERSAL TRAINING OF PUPILS

The paper analyzes the process of managing the preparation of schoolchildren for training at a university with
the development of a model for the process of organizing pre-university training of students. The creation of the model
was carried out within the framework of the study of the subject area, carried out in order to develop an automated
information system for managing pre-university training. The simulation results will allow subject matter specialists
and information system developers to form correct, consistent, complete and consistent requirements for the
information system, as well as plan specific types of work performed during the passage of the stages of creating this

system.

Keywords: model; teaching; student; pre-University education.
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YJIK 004.9

AN. CYXOMJIMHOB

UHTET PAIIASA IIU®POBBIX IBOMHUKOB B TIPOMBIIIJIEHHBIE ITPEJIITPAATHS

Lugposoti  0sounux  usgecmen Kak — Kuo4egou  axmop  yugposou  mpanchopmayuu,
cnocobemsylowuil nepexody K UHMELLeKMYalbHOMY HPOU3BOOCMEY U PACUUPEHUIO NPOU3BO0CTEEHHBIX
sosmooicnocmeil. OOHAKo 60bUiOe KOTUYECMBO U PACNAbIGYUBOCHb €20 OnpedeleHUll, CYUWecmayouux
Ce200Hs, He NpugoOUm K UYemKOMY NOHUMAHUIO NPUMEHEHUs SMOU Napaouemvl 8 HPOU3800CMEEHHBIX
cucmemax. B cmamve onpedenenvl 0CHOSHbIE NONOJNCEHUs U MPebOBAHUS K YUPDPOBLIM OBOUHUKAM
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npeonpusimutl, NPeoodcer N00X00 U pa3pabomana mMooenrb unmezpayuu yupposvix 080UHUKO8 U cucmem
npeonpusimutl, a maxdice OaHvl PeKOMeHOAYUU NO CO30AHUIO U PA36EPMBIEAHUIO0 YUDPOBIX 0BOUHUKOE HA
npeonpusamuu. 1100x00 ocHosan Ha KOHYeNYusxX Yu@dpoeoeo O0B0UHUKA U YUPPOBO2O NOmMoKa. Imo
N036018€m UCNOAb306AMb  CYUeCmayiowue OauHble CUcmeMm Npeonpusmull 8 Kayecmee OCHOB8bl Ol
no0oepaicku 6a30801 MoOenU co30A8aeMblX YUPDPOBLIX OBOUHUKOS.

Knroueswle cnosa: yupposoii 06oiinuk,; yupposas Humv, cucmemvl NPEONPUAMUs, NPOMbIUICHHAS
ananumuka, ooavuiue Oanmble.
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DIGITAL TWIN INTEGRATION INTO INDUSTRIAL ENTERPRISES

The digital twin is known as a key digital transformation enabler, driving the shift to smart manufacturing and
expanding manufacturing capabilities. However, the large number and vagueness of its definitions that exist today does
not lead to a clear understanding of the application of this paradigm in production systems. The article defines the main
issues and requirements for enterprise digital twins, proposes an approach and develops a model for integrating digital
twins and enterprise systems, and provides recommendations for creating and deploying digital twins in an enterprise.
The approach is based on the concepts of digital twin and digital thread. This allows existing data from enterprise
systems to be used as a basis for supporting the digital twins being created.

Keywords: digital twin; digital thread; enterprise systems; industrial analytics; big data.
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MATEMATHYECKOE U [IPOI'PAMMHOE OBECIIEYEHUE
BBIYUCJIUTEJIBHOU TEXHUKH U ABTOMATH3UPOBAHHBIX CHCTEM
YK 004.93
A.A. BABEHKO, B.A. KJIsITYUH, T.A. ITIOIIOBA

CPABHEHME AJI'OPUTMOB PACIIO3HABAHUSA OBBEKTOB
HA NM30BPAKEHUSAX 110 KJIIOYEBBIM TOYKAM

B cmamve npouszgeden ananuz aneopummos pacnosHaganus 00beKmos, s UCCied08anus 6bl10pansl
aneopummvl, OCHOBAHHBIE HA NOUCKe KIIO4esblx MoueKk u3obpasxcenus. Paccmompenvt aneopummol
obnapyosicenusi karouesvix movek SIFT, SURF, KAZE u AKAZE u memoovl 8bivucieHuss 0ecKkpunmopos.
Buvibpannvie aneopummvr cpasnugaiomcs ¢ NOMOWBIO IKCNEPUMEHMO8, 6 KOMOPLIX NPOGEPemcs
UHBAPUAHMHOCIb K Macumady, 6pawjeHulo, oceewjenuio u xapaxkmepucmuxam @oua. Ilpusooumcs
CPABHUMENbHBIL AHATUZ ANCOPUMMOE NO MAKUM KPUMEPUSIM, KAK 8PeMsl, 3ampaieHHoe aieOpummom Ha
OOHapydiceHue u CONOCMAasiienue KIIOYeblX MOYEK HA U300PAdICeHUsIX U YCHeUHOCMb CONOCMABIEeHUS]
KAIOYEBbIX MOUEK.

Knrouesvle cnosa: romnviomepHoe 3peHue; KIHOUYegble MOYKU, OemeKmop, OeCKpunmop;
anzopummul pacnozuaganus, SIFT;, SURF; KAZE; AKAZE.

Hccneoosanue evinonneno npu ¢unancoeoii noooepicke Munoopnayku Poccuu ¢ pamkxax
Hayunozo npoexma Ne 0633-2020-0004 «Pazeumue memoouxu eupmyanvroi 3D pexoncmpykuyuu
UCMOPUYECKUX 00DEKMO06).
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COMPARISON OF OBJECT RECOGNITION ALGORITHMS BY KEYPOINTS ON IMAGES

This paper analyzes object recognition algorithms, and for further research the algorithms based on image
keypoints are chosen. Keypoints detection algorithms SIFT, SURF, KAZE and AKAZE, as well as descriptor
computation algorithms are described. The paper compares chosen algorithms using a series of experiments, which test
algorithm's invariance to scale, rotation, lighting and background features. A comparative analysis is presented based
on such criteria as the time spent by the algorithm to detect and match key points of the image and the success rate of
keypoints matching.

Keywords: computer vision; keypoints; detector; descriptor; recognition algorithms; SIFT; SURF; KAZE;

AKAZE.
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METOJA CHUHTE3A APXUTEKTYPbI MHTEJIVIEKTYAJIBHBIX
TPEHAKEPHbBIX CUCTEM INIOAI'OTOBKHU CIHEINMAJIUCTOB
11O IPUMEHEHUWIO PATMOIJIEKTPOHHBIX OB BEKTOB

IIpeonacaemca memoo cunmesa apxumeKmypbl UHMELIeKMyalbHbIX mpeHadicHvix cucmem (UTC) ona
NOO20MOBKY CHEeYUANUCTNO8 NO NpuHamuio peuteHull npumenenus POO Ha MHOdCecmge Xapakmepucmux
6HeulHell cpeobl.

Memoo npedocmasnsemca 6 6uoe YeEIOCMHO20 eOUHCMBA 6OA308bIX NPUHYUNOE NOCMPOEHUs.
apxumexmypul UTC, cnoco6os modenuposanus, aneopummos, npoyedyp, npasuil u onepayutl, MHOJMcecmaa
KOMAHO, OAHHBIX U XAPAKMEPUCTUK, CONPANCEHHBIX C KANCOLIM UEPAPXUUECKUM YPOBHEM MOOeIUPYeMOo20
paouosnekmponnoco obvekma (P30), o0b6odbwenno onucwvlearouux mooero HITC. B ochosy memooa
NPeONoNHCEeHO UCNONB308aMb OA306bILl NPUHUUN OMKPLIMOU apXUMEKmYpbl HOCMPOEHUS. KOMNbIOMEPOs,
peanuzayusi  KOmMopoeo — OCHOBLIBAEMCS.  HA — MEXHONOUU — (DYHKYUOHATbHO-ON0UHO20 — (MOOYIbHOZO0)
npoexmuposanusi. Onpedenenst ocobennocmu nocmpoerust apxumexmypol UTC 6 ude 63aumoodycioeienton
cucmemsl 3a0ay nO YNpAaeieHuio (8 Mom Yucie u 83aumooeticmeuro) npoepammusimu komnoneumamu (11K) npu
uMumayuy  npoyeccos yHKyuoHupoganus siemenmos POO u peuwtenuss QYHKYUOHATLHBIX 30044 npu
obocHosanuu  pewenutl no npumenenuro PO Ha MHOdCecmge Xapakmepucmux 6HeuiHeu cpeobi,
npedcmasienHvix 6 cmpykmype Y13. B coomeemcmesuu ¢ uepapxuuecxkou cmpykmypou POO 6 apxumexmype
UTC  evloenenvt  uHgopmayuonuvie YpoGHU  MOOEIUPOBAHUA — peuwlaemvlx — pasHonnianogvix Y173,
noooepacusaemvie cucmemoi I1K.

Knioueswie cnoga: paouosnekmponnblii 00bekm,; oOyuarowuiics, UHmMeIeKmyalbHas mpeHaxicepHas
cucmema; apxXumekmypd; Mamemamuieckds Mooenb, NPUHYUN OMKPLIMOU  apXumeKmypbl, Memoo
@DyHKYUOHANLHO-0TI0YHO020  (MOOYIbHO20)  NPOEKMUPOBAHUs,  dhghekmusHocms,  npoyedypa; Npasuio;
onepayus; KOMaHoa,; OaHHwle;, XapaKmepucmuxa.
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METHOD OF SYNTHESIS OF THE ARCHITECTURE
OF INTELLIGENT TRAINING SYSTEMS FOR TRAINING SPECIALISTS
IN APPLICATION RADIO ELECTRONIC OBJECTS

A method for synthesizing the architecture of intelligent training systems (ITS) is proposed for training
specialists in making decisions on the use of electronic equipment on a variety of characteristics of the external
environment. The method is presented in the form of an integral unity of the basic principles of building the ITS
architecture, modeling methods, algorithms, procedures, rules and operations, a set of commands, data and
characteristics associated with each hierarchical level of the simulated radio-electronic object (REO), generalized
describing the ITS model. The method is based on the basic principle of the open architecture of building computers,
the implementation of which is based on the technology of functional block (model) design. The features of building the
ITS architecture in the form of an interdependent system of tasks for the control (including interaction) of software
components (PC) when simulating the processes of functioning of REO elements and solving functional tasks when
justifying decisions on the use of REO on a set of characteristics of the external environment, presented in the structure
of the UTZ. In accordance with the hierarchical structure of the REO in the architecture of the ITS, the information
levels of modeling the versatile UTZ to be solved, supported by the PC system, are highlighted.

Keywords: radio-electronic object; student; intelligent training system; architecture; mathematical model;
principle of open architecture; method of functional-block (modular) design; efficiency; procedure; rule; operation;
command; data; characteristic.
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H.JI. AJIbLIMOB, M.E. EJIECHH, B.A. KOUETKOB

METOAUKA ONNPEAEJEHUA MECTA
OTKA3A B AHTEHHOU PEIIETKE P2C CBY JIMAITIA3OHA
HA OCHOBE AHAJIM3A 3HAYEHWH EE BOJTHOBOI'O COITPOTHUBJIEHUS

Hpedcmaeﬂeua MemoouKa onpe()eﬂeHuﬂ mecma omKaza 6 AHMeHHOU peuiemke Ha OCHOge
USMEPEHHO20 3HAYEHUSl €€ 60JIH06020 CONpPOMUBIEHUA. ,ZZCIHHCUZ Mmemoouxa npumeHuma 0151 QHMEHHbIX
peutemorK npou3eolbHblx pasmepoe C HNpPOoU36OJbHbIM KOJIUYECnEoM ypoeﬁeﬁ oenenus MOUHOCMU. B
Kayecmee omkasa pacemampueaenics O0OUHOYUHDLIL 06pb16 numa;ou;eﬁ JUHUU HA NPOU3BOSIbHOM pacCmoOAHUU
M@JfC()y numarowyum nopmom U U3nyvarofumu 31emMenmamul peuemxKu.
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TECHNIQUE OF DEFINITION OF THE PLACE OF REFUSAL IN ANTENNA ARRAYS
OF MICROWAVE RANGE ON THE BASIS OF THE ANALYSIS OF VALUES OF ITS WAVE IMPEDANCE

The technique of definition of the place of refusal in an antenna arrays on the basis of the measured value of its
wave resistance is presented. This technique is applicable for antenna arrays of any sizes with any number of levels of
division of power. The single break of the feeding line at any distance between the feeding port and the radiating
elements is considered as refusal.

Keywords: model; an antenna lattice; failure of a radiant element; wave impedance.
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KPUTEPUU U ITAPAMETPbBI

KAYECTBA OBCJIY KUBAHUSA TEJEKOMMYHUKAIIMOHHBIX YCJIYI

Toxazano, umo y0061emeopeHHOCMb nompebumenel — Mo pe3yIbmam 60CHPUSIMUL Kauyecmed,
BLIMEKAIOWUL U3 CPABHEHU. UX ONCUOAHULL C pealvbHo Habmooaemvimu Gaxkmamu. OQb6ocHo8aHO, UMO
Gopmynuposka napamempog Kawecmea OOCHYICUBAHUSL Mpedyem HAIUdUus Kpumepues, V4umuleaoujux
uHmepecvl NOAb308aAMenell.
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CRITERIA AND PARAMETERS OF QUALITY OF TELECOMMUNICATIONS SERVICES

It is shown that customer satisfaction is the result of the perception of quality, resulting from the comparison of
their expectations with the actually observed facts. It is proved that the formulation of service quality parameters
requires the presence of criteria that take into account the interests of users.

Keywords: quality of service; telecommunications service; quality criterion; quality parameter; quality of

functioning.
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HUPPOBBIE IIPEOBPA3OBAHUA
B CUCTEMAX OPTOI'OHAJIBHOI'O KOAUPOBAHMUA

Obocnosano npumenenue 0asi NOCMPOCHUS OPMOSOHANLHBIX CUSHANO8 U OPMOSOHATLHLIX KOOO08
@ynxyuu Pademaxepa u Yonwa. Ilpu evibope opmocoHanbHbIX QYHKYUL U HOAUHOMOB 8 Kauecmee
MamemMamuieckux mooenel OpMmo2OHAIbHBIX CUSHATIO8 U OPINOZOHATLHBIX KOOO8 NPU NOCPOEHUU CUCTEM
menedocCmyna K 6bl4UCIUMETbHBIM PeCcypCcam PYKOBOOCMBOBANUCH HE MONLKO CMENeHbio CLONCHOCU UX
peanusayuu, Ho makxice U CIeneHbio NOOBEPHCEHHOCMU MAKUX CUSHATI08 PA3TUYHOMY 8U0Y NOMEX, d MaKHce
K HEeCaHKYUOHUPOBAHHOMY 80CNPUAMUIO U PACNO3HABAHUIO.

Kntouesvie cnosa: ¢ynkyuu Paoemaxepa u Yonwa; cucmemvl meiedocmyna K bl4ucCIumebHbim
pecypcam.
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DIGITAL TRANSFORMATIONS IN ORTHOGONAL CODING SYSTEMS

The application of Rademacher and Walsh functions for the construction of orthogonal signals and orthogonal
codes is substantiated. When choosing orthogonal functions and polynomials as mathematical models of orthogonal
signals and orthogonal codes, when constructing tele-access systems to computing resources, they were guided not only
by the degree of complexity of their implementation, but also by the degree of susceptibility of such signals to various
types of interference, as well as to unauthorized perception and recognition.

Keywords: Rademacher and Walsh functions; tele-access systems to computing resources.
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NCCIEJOBAHME 3AT'PY3KH EIMUHUL] KAHAJIBHOI'O PECYPCA 3BEHBEB
MYJbTUCEPBUCHOM CETH CBSA3HU ITPU PEAJIN3ALIAN
HNOJHOIOCTYINHOM CTPATEIU JTOCTYIA U KJTACTEPU3ALIUU PECYPCOB

B oannoii cmamve npednosicen mexanuzm GblpaGHUBAHUSL KAYECNBEA 0OCIYICUBAHUSL MATIOPECYPCHBIX
3A580K U PeCypCOeMKUX CEPBUCO8 Npu BepOSMHOCMU HOMEPL Bbl30606 He npesvliuaoujeli 3a0aHHbIM
mMpebosaHUAM NPU peanruzayuu NOIHOOOCYRHOL cmpame2uu OOCTYRA U KIACmepu3ayuu pecypcos.
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INVESTIGATION OF THE LOADING OF CHANNEL RESOURCE UNITS OF MULTISERVICE
COMMUNICATION NETWORK LINKS IN THE IMPLEMENTATION
OF AFULLY ACCESSIBLE ACCESS STRATEGY AND RESOURCE CLUSTERING

This article proposes a mechanism for equalizing the quality of service for low-resource requests and resource-
intensive services with the probability of call losses not exceeding the specified requirements when implementing a fully
accessible access strategy and clustering resources.

Keywords: application flow; clusterization; queuing system; multiservice communication network; low-resource
applications; resource-intensive services.
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HHDPOPMALIHOHHAA BE3OIIACHOCTD U 3ALLIUTA HHDPOPMALIUHA
YK 004.942

E.B. KAPAYAHCKAZ, O.B. PLIBKMHA

ITOCTPOEHHUE MATEMATH‘IECISOfI
MOJAEJIN BAIATBI TH®OPMAIIMOHHOU CUCTEMbI

Paccmompena mamemamuueckas modenv sawumvl Om yepo3 UHGOPMAyuoHHOU Oe30nacHoCmu
«HAPYWUMENb-3AUWUMHUKY, OCHOBAHHASL HA KAACCUYECKOU MamemMamuieckol Mooenu gounvl Jlanuecmepa.
Ilpusedenvl npumepvl CMAYUOHAPHO2O COCMOSIHUS CUCIeMbl U 6blxo0a u3 He2o. Onucana «MAsKasLy
Mamemamuueckas modenv Jlanuecmepa npuMeHUMENbHO K mMeopuu UHGOPMAyuoHHoU 06e30nacHOCmu U
npogeden ee ananus. Ilposeden cpagHumenvHulil aHAIU3 NOBEOCHUs CUCTEMbI, HA KOMOPYIO OKA3bl8aiom
GIUAHUE — UHMEHCUBHOCMU  NOAGLEHUS HOBbIX  CYeHapueg yepo3 U  BOCCAHOGIEHUS  00BeKmos
ungopmayuonnozo 8ozoeticmaus. Ilposedena oyenka xod¢uyuenma s¢hpghexmusnocmu cpedcms 3auumsl
6 «mseKoUy Modenu. Paccmompeno nosedenue cucmemvl 6 3a8UCUMOCHIU OM UMEHEHUS. NAPAMEMPOS.

Knwuesvie cnosa: mooenv yepos sawumsl un@opmayuu, Mmodenv Jlanuecmepa, moodenn
NPOMUBOOCUCMBUA,  MAMEMAMUYECKas Mooelb, MoOoelb  6ouHbl  Jlanuecmepa;,  UHGOPMAYUOHHAS
bezonacHocmv,; OUHAMUYECKAs MOOETb 3AWUmbl UHGOPMAYUU.
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BUILDING A MATHEMATICAL MODEL OF INFORMATION SYSTEM PROTECTION

A mathematical model of protection against threats to information security «intruder- defendery based on the
classical mathematical model of the Lanchester war is considered. Examples of the stationary state of the system and
exit from it are given. The «soft» mathematical model of Lanchester is described in relation to the theory of information
security and its analysis is carried out. A comparative analysis of the behavior of the system, which is influenced by the
intensity of the emergence of new threat scenarios and the restoration of objects of information impact, is carried
out. The estimation of the coefficient of effectiveness of means of protection in the «soft» model The behavior of the
system depending on the change in parameters is considered.
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TPEBOBAHMUSA
K 0(pOPMJICHHUIO CTATBH JJIsl OIy0JIMKOBAHUS B )KypHAJIe
«AHdopMmannoHHbIEe CHCTEMbI H TEXHOJIOTHI

OBIIME TPEBOBAHMUA

O0veM MaTepuaia, HpeagaraeMoro K IyOJHKalMd, W3MEPSAETCsl CTpaHWLAMH TEKCTa Ha JIMCTax
dopmara A4 u comepxuT oT 4 10 9 CTPaHHUL; BCE CTPAHMLBI PYKONHUCH NOJDKHBI UMETh CIUIOIIHYIO
HyMeparuIo.

B ognom cOopHHKEe MOXeT ObITh OMyOJMKOBaHAa TOJNBKO OJAHA CTaThi OJHOIO aBTOPA, BKIIOYAs
COaBTOPCTBO.

AHHOTanuu BCceX MyOJIMKYyEMbIX MaTepHajOB, KIIOUEBBIE CII0BA, MH(OpMAMsa 00 aBTOpax, CIHUCKU
JIUTEpaTypsl OyAyT HAXOAUTHCS B CBOOOJHOM JOCTYIE Ha caiiTe COOTBETCTBYIOIIETrO JKypHalla M Ha caire
Poccuiickoii HayuHOH 31ekTpoHHOM OubaroTekn — PYHOB (Poccuiickuii MHAEKC HAYYHOTO LIUTHPOBAHMUS).

IlomyuMoO cTaTbu aBTOpPBI JOJDKHBI TNPEACTABUTH 3AKIIOUYEHHE O BO3MOXKHOCTH OTKPBITOTO
OITyOJIMKOBaHUS CTAThH.

TPEBOBAHUSA K COJIEPKAHUIO HAYUYHOM CTATbA

Hayunas craTes, mpemocrtaBisieMas B KypHalbl, JOJDKHA HMETh cJeAylolue o0si3aTejbHbIe
AIIEMEHTHI:

— MIOCTAaHOBKa MPOOJIEMBI MITH 33]]a4d B 00LIEM BUJIC;

— aHaJu3 TOCTWKEHWH M MyOJMHKaIMi, B KOTOPBIX MpeiaraeTcsl peuieHne JaHHOW MPoOIeMbl Win
3aJ]auu, Ha KOTOPBIE OMIMPAETCS aBTOP, BBIIEICHUE HAYYHOW HOBU3HBL;

— HCCle0BaTeNbCKas 4acTh;

— 000CHOBaHUE MONYYECHHBIX PE3yJIbTaTOB;

— BBIBOJBI 1O JAaHHOMY WCCIICIOBAaHUIO M TEPCHEKTHBHI AalbHEUIIEr0 pa3BUTHS JaHHOTO
HaTpaBJICHUS;

— Oubmmorpadus.

TPEBOBAHHUA K O®OPMJIEHUIO HAYYHOM CTATHH

Crares nomkHa ObITh HaOpana mpudtom Times New Roman, pasmep 12 pt ¢ oguHapHBIM
WHTEPBAJIOM, TEKCT BBIPABHUBAETCS MO MIMPWHE; ab3amHbIid oTcTyn — 1,25 cM, mpaBoe moie — 2 cM, JIEBoe
roJse — 2 ¢M, IOJI BHU3Y U BBEPXY — 2 CM.

Oobs13aTesbHBIE )1eMEHTHI:

- YIK

— 3arjaBue (Ha PyCCKOM M aHTJIMHCKOM fI3bIKAX)

— aHHOTanus (HA PyCCKOM M aHIJIMICKOM fI3BIKAX)

— KJII0YeBbIE CJIOBA (HA PYCCKOM M AHTJIMIICKOM fI3LIKAX)

CHHUCOK JINTEPATYPHI, HA KOTOPYIO aBTOP CCHUIAETCS B TEKCTE CTATHH.

TABJII/ILII)I PUCYHKU, ®OPMVJIbI

Bce Tabmuipl, pUCyHKH W OCHOBHBIE (DOPMYIIBI, NPHUBEICHHBIE B TEKCTE CTAThH, JOJDKHBI OBITh
MPOHYMEPOBaHBI.

DopmyJibl crieayeT Habupath B pemakrope dopmyn Microsoft Equation 3.0 ¢ pasmepamu: 0ObIUHBII
mpudt — 12 pt, xpynueii wagexkc — 10 pt , menkuit mHmekc — 8 pt. Mopmyiabl, BHeAPEHHbIE KaK
nzo0paxenue, He gomyckawTtes! Pycckne u  rpedeckne OykBBI, a TakkKe 00O3HAYECHUS
TPUTOHOMETPUYECKUX (PYHKIIUI HAOUPAIOTCS MPSAMBIM HIPUPTOM, JTJATHHCKHE OYKBBI — KYPCUBOM.

Pucynku u npyrue wnnocTpanuu (4epTexu, TpaduKe, CXeMbl, TMarpaMMbl, (POTOCHUMKH) CIIEIyeT
pacrnonaraTh HEIOCPEICTBEHHO MOCJIE TEKCTa, B KOTOPOM OHHM YIIOMHHAIOTCS BIEpBbIe. PUCYHKH, YHMCIIO
KOTOPBIX JIOJDKHO OBITH JIOTHUECKH OTPaBJIAaHHBIM, TPEICTABISIOTCS B BUJIE OT/ACIBHBIX (ailiioB B Gpopmate
*.eps (Encapsulated PostScript) umu TIF pasmepom re menee 300 dpi.

CBEJEHUS Ob ABTOPAX
B xonue crateu npuBogastcs Habpanusie 10 pt cBenenus 00 aBTOpax B TaKOW MOCIEIOBATENBHOCTH:
(haMunns, UMsI, OTYECTBO (IIOTYKUPHBIN MIPU(PT); yIpekIeHUE UM OpraHU3alHs, YIeHas CTEIeHb, YICeHOe
3BaHUe, JOJDKHOCTb, ajipec, TenedoH, dJeKTpoHHas mouta (00braHbd mpudT). CBeleHus 00 aBTOpax Takxke
MPEIOCTABISIOTCS OTACIBHBIM (DailioM U 00s13aTeNbHO JYOIUPYIOTCS Ha AHTJIIMHCKOM SI3BIKE.
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