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MATEMATHYECKOE U KOMIIBIOTEPHOE MOAE/INPOBAHUE

YK 004

T.H. BAJJABAHOBA, A.C. BEJIOB, C.I1. BEJIOB,
E.I'. KWIAKOB, A.B. KOCbKHH, E.I1. [IPOXOPEHKO

CYBIIOJIOCHBIE MHBAPUAHTBI CJIOBHBIX ®PAI'MEHTOB

PEYEBbBIX CUT'HAJIOB U MOAEJIMPOBAHUE UX U3MEHYNBOCTH

HA OCHOBE AYTMEHTAIMHU OJHOI'O ITPEHEJAEHTA

B pabome npedcmasnenvt pazpabomannvie Mamemamuyeckue OCHO8bl NPoOYeoyp NPUHIMUS
peuteHull npu UOCHMUDUKAYUU CILOBHBIX OMPE3KO8 PededblX CUSHANO8 6 KIAcce, KOMOpbI 3a0aemcs
HEKOMOPbIM NPeyeoeHmom 6 6uoe UCXO0OH020 Cl06Ho20 ompeska. OHu  6asupylomcs Ha npuHyune
UCNONIb306AHUSL NOHAMUL OOMU DHEPeUll OmpesKd, Nonaoaowjell 6 3A0aHHLII YACMOMHbIL UHMEPEAT
(cybnonocy). B pesyromame paspaboman OpuUSUHATNbHBIL MAMEMAMUYECKUll annapam cyonoioCcHo20
AHANU3A CUSHAIL08, NO36OIUSWUULL 6 NOTHOU Mepe 0D0CHO8AMb peuaiowue npoyedypbl, 6KIOUASL NOCIMPOCHUE
obyuarowell 6vlOOPKU U ONpedelcHUe SPanuly KPUMmuyeckol oobaacmu Ol 88e0eHHOU Mepbl Oau3ocmu
CPABHUBAEMBIX OMPEZKOB.

Knioueevie cnosa: ycmmnas peuvb, peuesvle CUSHANbI, NPEYEOCHMHAS UOEHMUDPUKAYUSL CIOBHBIX
ompe3Ko8; pewaowas npoyedypa, odyueHue no 00HOMy npeyeoeHmy.

Paboma evinonnena npu punancosoii noooepicke cpauma POOU Ne20-07-00215a.

6.
7.

CIIMCOK JIMTEPATYPBI

Menyxun O.U., Jlykpsauiner H.®. [udpopas obpaboTka u nepenadya peun. — M.: Pagno u
cBs3b, 2000. — 456 c.

Kunsarkosa U.C., Pomxun A.JI., KapnoB A.A. ABromaruueckas oOpabOTKa PyCCKOH peun. —
CII6.: T'YAIL 2013. - 316 c.

Pa6unep JI.P., llladgep P.B. Ludposas o6padoTka peuyeBsix curHanoB. — M.: Paano u cBs3b,
1981. — 496 c.

Xyprus S.U., Axosnes B.I1. ®unutHeie pyHKiyn B pusnke u texauke. — M.: Hayka, 1971. —
408 c.

Kunsixko E. I'. OntumansHble CyOIOJIOCHBIE METOIBI aHAJIHM3a M CHHTE3a CHTHAIOB KOHEYHOU
JUIMTENILHOCTH. — ABTOMAT. U Tenemex., 2015. — Ne 4. — C. 51-66.; Autom. Remote Control, 76:4
(2015). — C. 589-602.

lantmaxep @.P. Teopus matpun. — M.: Hayka, 1966. — 576 c.

XopH P., Ixxoncon Y. Marpuunsiit ananus. — M.: Mup, 1989. — 655 c.

BanadanoBa Tatbana Hukosaesna

OI'AOY BO «benropoackuil rocyaapcTBEHHbIH HAIMOHAIBHBIA UCCIIEN0BATEILCKUNA YHUBEPCUTETY,

r. benropon

Kananpat TexHHYecKHX HaykK, JOLEHT, JTOLEHT Kadeapsl HHGOPMannOHHO-TEIEKOMMYHHUKAIIMOHHBIX CHCTEM
Y TEXHOJIOTU

Ten.: 8 (4722) 30-13-00 (no6. 2022)

E-mail: balabanova@bsu.edu.ru

Besio Anexcanap CepreeBuy

AHO BO «benropoackuii yHUBEpCUTET KOOTIEPAINH, SJKOHOMHKH U TIpaBay, . bearopon

Kananpar TexHUYeCKHnX HayK, JOLEHT, JOIEHT KadeIpbl OpraHM3aliyi U TEXHOJIOTUH 3aIIUThl HHPOPMAIUU
Ten.: 8 (4722) 26-38-31

E-mail: belov_as@bsu.edu.ru

BeuioB Cepreii IlaBnoBuy
OI'AOY BO «benropoackuil rocy1apcTBEHHbII HAIIMOHAIBHBIN UCCIE10BATENbCKUI YHUBEPCUTETY,
r. benropoxa

Ne4(126)2021




Hay4Ho-mexHu4Yeckull XypHan

JIoKTOp TEeXHHYECKHX Hayk, mpodeccop, mpodeccop kadeapsl HHOOPMAIMHMOHHO-TEICKOMMYHUKAIIMOHHBIX
CUCTEM U TEXHOJIOTU

Ten.: 8 (4722) 30-13-00 (m06. 2174)

E-mail: belovssergei@rambler.ru

Kunsixos Eprennii I'eopruesuy

OI'AOY BO «benropoackuii rocy1apcTBEHHbII HAIMOHAJIBHBIN HCCIEI0BATEIbCKUI YHUBEPCUTETY,

r. benropon

JlokTOp TeXHMYECKUX Hayk, npodeccop, 3aBeyromui kadenpoii nHGpopMannoHHO -TeJIeKOMMYHUKAIIMOHHBIX
CUCTEM U TEXHOJIOIUH

Ten.: 8 (4722) 30-13-92

E-mail: zhilyakov@bsu.edu.ru

Kocbkun Anexkcanap BacuibeBuu

OI'BOY BO «Opnosckuii rocymapcTBeHHbi yauBepeuteT nmeHn W.C. Typrernesay, 1. Open

JlokTop TexHWUeCKHX Hayk, npodeccop, mupekrop Jemapramenta HH(OPMATH3ALUN U IEPCIEKTHBHOTO
pa3BUTHUSL

Temn.: 8 (4862) 41-98-15

E-mail: kav1959@rambler.ru

IIpoxopenko ExaTepuna UBanoBHa

OI'AOY BO «benropoackuil rocy1apcTBEHHbIN HAI[MOHAIBHBIN HCCIEeI0BATEIbCKUNA YHUBEPCUTETY,

r. bearopon

Kargunmat TeXHA9eCKuX HayK, JOIEHT, MOLUEHT Kadeapbl HHOOPMAIIMOHHO-TEICKOMMYHUKAMOHHBIX CHCTEM
U TEXHOJIOTU

Ten.: 8 (4722) 30-13-00 (n06. 2022)

E-mail: prokhorenko@bsu.edu.ru

T.N. BALABANOVA (Candidate of Engineering Sciences, Associate Professor, Associate Professor of the
Department of Information and Telecommunication Systems and Technologies)
Belgorod National Research University, Belgorod

A.S. BELOV (Candidate of Engineering Sciences, Associate Professor, Associate Professor of the
Department of Organization and Technology Information Security)
Belgorod University of Cooperation, Economics and Law, Belgorod

S.P. BELOV (Doctor of Engineering Sciences, Professor, Professor of the Department of Information and
Telecommunication Systems and Technologies)

E.G. ZhILYaKOQV (Doctor of Engineering Sciences, Professor, Head of the Department of Information and
Telecommunications Systems and Technologies)
Belgorod National Research University, Belgorod

A.V. KOS’KIN (Doctor of Engineering Sciences, Professor,
Director of the Department of Informatization and Perspective Development)
Orel State University named after 1.S. Turgenev, Orel

E.l. PROXORENKO (Candidate of Engineering Sciences, Associate Professor, Associate Professor of the
Department of Information and Telecommunication Systems and Technologies)
Belgorod National Research University, Belgorod

SUBBAND WORD INVARIANTS SPEECH SIGNALS AND SIMULATION
OF THEIR VARIABILITY ON THE BASIS OF AUGMENTATION OF ONE PRECEDENT

The work presents the developed mathematical foundations of decision-making procedures for the
identification of word segments of speech signals in a class given by some precedents in the form of an initial word
segment. They are based on the principle of using the concept of the energy fraction of a segment falling into a given
frequency interval (subband). As a result, an original mathematical apparatus for subband signal analysis was
developed, which made it possible to fully substantiate the decision procedures, including the construction of a training
sample and the determination of the boundaries of the critical region for the introduced measure of proximity of the
compared segments.
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VY JIK 004.855.5

K.C. IbIMKO, H.O. YXAHOB, A.B. XHbIKHIH, K.I'. ALIEHKOB

CPABHEHMUE 3O®EKTUBHOCTU MOJIEJIN BERT
N HEKOTOPBIX PACITPOCTPAHEHHBIX METOAOB MAHLIMHHOI'O OBYUYEHUSA
B 3AJAYE OHEHKHU TOHAJIBHOCTHU PYCCKOA3BIYHBIX TEKCTOB

B pamkax oannoeo uccrnedosanusi pazpabomar nooxo0 K aHaiuzy 3QhexmusHocmu mMemooos
OnpeodeneHUs MOHANbHOCMU — OYCHOUHBIX — CYdcOeHull  (kommenmapues). Ilpouszsedeno obyuenue u
KAaccuurayusi KOMMeHmapues ¢ UCNOIb308AHUEM HEUpocemeso2o nooxoda Ha ochoge BERT u cpasnenue
aghghexmuernocmu noayuennou mooenu na ochose BERT ¢ memoodamu word2vec, TF-IDF u Dostoevsky.

Kntoueevie cnosa: BERT,; cpasnenue memooos; s¢gexmusnocms; moHAIbHOCMb MeEKCMA,
CEHMUMEHM-AHATU3; KIACCUPUKayusl.
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COMPARISON OF THE EFFICIENCY OF THE BERT MODEL
AND SOME COMMON METHODS OF MACHINE LEARNING IN THE PROBLEM
OF ASSESSING THE POLARITY IN RUSSIAN TEXTS

Within the framework of this study, an approach was developed to analyze the effectiveness of methods for
determining the polarity of value judgments (comments). The training and classification of comments using a neural
network approach based on BERT were performed. And a comparison of the efficiency of the resulting BERT-based
model with the word2vec, TF-IDF and Dostoevsky methods.
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KJIACTEPHBIN AHAJIN3 ®OPMHUPOBAHHUSA PETTOHAJIBHBIX
TPAHCIIOPTHO-JIOTUCTHYECKHUX CUCTEM B P®

B cmamve npoananusuposaro cocmosmue mpanchopmuo-iocucmudeckotl cucmemvl Poccuu 6 yenom
u 6 peeuonanvHom paspese. Ilpogeden npoyecc epynnupoexu peeuonogd P® wa mpancnopmuo-
JIO2UCTNUYECKUE KIACMEPbl HA OCHOBe KIACMEPHO20 AHAIU3A C HOMOUWbIO NPOSPAMMHO20 KOMNIEKCA
STATISTICA 12. Buiasnenusvle Kiacmepvl 0Xapakmepuso8ansvl NO  COYUATbHO-IKOHOMUUECKUM U
UHppPacmpyKmypHbIM NOKA3AMEIM.

Knwuesvie ciaosea: JozucmudecKka cucmema, mpchnopmHO-Jzoeucmuqecmtit Kaacmep,
macmeprzﬁ anaauz, Kiacmepusayusi pecuorHos, COYUualbHO-IKOHOMUYeCKUue u qubpacmpmeyprle
nokaszameinu.

CIIMCOK JIMTEPATYPBI

1. The World Bank. LPI Global Rankings 2018. [Dnektponnsii pecypc]. — URL:
http://Ipi.worldbank.org/international/global (nara oopamenus: 01.03.2021).

2. boposukoB B.II. IlomymspHoe BBeleHHE B COBPEMEHHBIH aHal W3 JAHHBIX B CHCTEME
STATISTICA: yueOnoe nocobue. — M.: I'JIT, 2016. — 288 c.

3. Eaunas  MexBeIOMCTBeHHas  uH(pOpMalMOHHO-cTaTHcTHYeckas  cuctema (EMUCC)
[DnexTponHbIi pecypc]: — URL: https://www.fedstat.ru/ (maTa oopamenus: 16.02.2021).

4. Menpmennna W.I'., Kamyctuna JI.M. KnacrepooOpa3zoBaHue B pErHoHaJbHOM 3KOHOMHKE:
MoHorpadus // dexep. areHTCTBO 10 00pa30BaHUI0, Ypall. roc. 3KOH. YH-T. — ExkarepunOypr:
Wzn-Bo Ypai. roc. 3xoH. yH-Ta, 2008. — 154 c.

5. Oduunaneueiii caiit PenepanbHON CIyX OBl TOCYAApPCTBEHHOH CTATUCTHKH [DJIEKTPOHHBIN
pecypc]. — URL: https://rosstat.gov.ru/ (nara obparmienus: 16.02.2021).

3y0anoBa Anacracusi EBrenbeBHa
OI'bOY BO «Opnosckuil rocynapcrseHsslil yausepcureT umenu U.C. Typrenesay, r. Open

Ne4(126)2021




Hay4Ho-mexHu4Yeckull XypHan

Crynentka 4 xypca 38.03.01 DxoHOMHKA
E-mail: an.zubanova2606 @yandex.ru

HoBuxos Cepreii BiagumupoBuya

OI'BOY BO «Opnosckuii rocynapcrBeHHbIH yauBepcuteT umeHn U.C. Typrenesay, r. Open

Kangunar TeXHHUeCKHX HayK, JOLEHT, JOLEHT Kadeapbl HHYOPMAIMOHHBIX CHCTEM M U(POBBIX TEXHOJIOTHH
E-mail: sergl11@list.ru

Psaounnna Hatanea UBanoBHa

OI'bOY BO «Opnosckuil rocynapcrBeHssli yausepcureT umenu U.C. Typrenesay, r. Open
Kanmunat 5KOHOMHYECKHX HayK, JOLEHT Kadeapbl MEHEPKMEHTa U TOCYapCTBEHHOTO YIPABICHHS
E-mail: fni22@mail.ru

Tpyoun Aunexkcanap EBrenbeBunq

®I'BOY BO «Opnosckuii rocynapcrBeHHbIH yauBepcuteT umeHn U.C. Typrenesay, r. Open
Kananmat 5KOHOMHYECKHUX HayK, TOLEHT Ka(eapsl HHHOBATHKH M MPUKIATHOH 3KOHOMHUKH
E-mail: niburt@yandex.ru

Tpyouna Upuna Oneropna

®I'bOY BO «Opnosckuii rocynapctBeHHsiid yauBepcuteT uMmenu U.C. Typrenesay, r. Open
Kannunar 5KOHOMHYECKHX HayK, JOLCHT Kadeapbl MEHEPKMEHTA U TOCYapCTBEHHOTO YIPaBICHHS
E-mail: i-j-i@yandex.ru

IIninenok Anacracus OJieropua

OI'bOY BO «Opnosckuii rocynapcrBennblil yauepcuteT uMmenu 1.C. Typrenesay, r. Open
Maructpant 1 kypca 38.04.08 dunaHCH U KpeauT

E-mail: shilenok2010@yandex.ru

A.E. ZUBANOVA (Student)

S.V. NOVIKOQOV (Candidate of Engineering Sciences, Associate Professor, Associate Professor of the Department
of Information Systems and Digital Technologies)

N.I. RYaBININA (Candidate of Economic Sciences, Associate Professor
of the Department of Management and Public Administration)

A.E. TRUBIN (Candidate of Economic Sciences, Associate Professor
of the Department of Innovation and Applied Economics)

1.0. TRUBINA (Candidate of Economic Sciences, Associate Professor of the Department
of Management and Public Administration)

A.O. ShILENOK (Master Student)
Orel State University named after 1.S. Turgenev, Orel

CLUSTER ANALYSIS OF FORMATION
OF REGIONAL TRANSPORTATION AND LOGISTICS SYSTEMS IN RUSSIA

The article analyzes the state of the transport and logistics system of Russia as a whole and in the regional
context. The process of grouping the regions of the Russian Federation into transport and logistics clusters is carried
out on the basis of cluster analysis carried out using the STATISTICA 12 software package. The identified clusters are
characterized by socio-economic and infrastructural indicators.

Keywords: logistics system; transport and logistics cluster; cluster analysis; clusterization of regions; socio-
economic and infrastructure indicators.
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ITPOBEPKA BO3MOKHOCTH .
HUCITOJIb3OBAHUA I110JISA ®PAKTAJIBHBIX PASMEPHOCTEH
JJIAA ATPUBYIIUU XYJOKECTBEHHBIX TEKCTOB

B cmamve paccmampusaemca memoo nocmpoerus noisa pakmanbHulx pasmepHoCmell meKcmogbix
OaHMbIX HA OCHOGe auanuza ux epaghuueckozo obpasa. ObOcydcoaemcs 603MONCHOCL HPOBEOEHUs.
Kraccugukayuu U  ampudyyuu XyO0OoHCeCmEEeHHbIX MEKCMO8 C UCHOIb308AHUEM N0  (DPAKMATbHbIX
pasmeprocmetl. OyeHeHo GaUAHUe pa3ZMepa «NAABAIOWe20 OKHAY U OJIUHbL MeKCma Had napamempwsl NOJis
dpaxmanvuwix pazmepHocmell Xy00i#CeCmaeHHbX NPOU3Ee0eHuUll.

Knroueasnle cnosa: xomnvromepHoe modenuposanue; ampuodyyus mekcmos,; aemopCKull UHEAPUAHN,
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CHECKING THE POSSIBILITY OF USING THE FIELD
OF FRACTAL DIMENSIONS FOR ATTRIBUTION OF LITERARY TEXTS

The article considers a method for constructing a field of fractal dimensions of text data based on the analysis
of their graphic image. The possibility of classification and attribution of literary texts using the field of fractal
dimensions is discussed. The influence of the size of the «floating windowy and the signal length on the parameters of
the field of fractal dimensions of literary texts is estimated.

Keywords: computer modeling; text attribution; author's invariant; fractal dimension; field of fractal
dimensions; fractal signature.
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U OPI'AHU3ALIHOHHO-TEXHUYECKUX CUCTEMAX
YJIK 004.588:625.03:616-009.1

A.IO. AJIEMHUKOB, JI.A. KAMBIIIIHUKOBA, 10.C. TIABJIOBA,
C.A. PAYMHCKUUY, I.U. YITAKOB, O.I'. XYJACOBA

POBOTU3UPOBAHHBIE YCTPONMCTBA PEABMJINTAIINA
INOCTUHCYJIbTHBIX TAIIMEHTOB C YYETOM ITAPAIUI'MbI OB YYEHU S

OO0HOUL U3 CAMBIX CNONCHBIX 3a0a4 8 pedabUnUmMayuy nocie UHCYIbma sA6IsAemcs 60CCMAHOBNeHUe
@ynxyuu  eepxnux  Kkomeunocmeiu. Cywecmeyiowue 0030pvl  cucmem ONA  peaduIUmMayuu - pyK
NPeuMyujecmeenHo coCpe0OmoyeHbl Ha UCCIe008aHUL aNnNApamHoOl pealusayuu, 8 mom ducie ¢ Mmouku
3peHUs MeXAHUKU U MAIO Y4UMbIBAOM NpUMeHeHUe KOHKPEMHbIX napaouem o0yueHus, 8 mo spems Kak 0oa
KOMHOHEeHma HeobXo0umvl 01 CO30anusi 3g@exmusnozo poboma 0as peaburumayuu pyk. B Oawnnoil
cmamve nposedeHo  UCCIe008aHUe COBPEMEHHO20 COCHOAHUA Nnapaouem oOyueHus ¢ HOMOWbIO
POOOMUBUPOBAHHBIX YCMPOUCME NO peabunumayui pyK y NOCMUHCYTbMHbIX NAYUEHMO8 O NOMOWU
0yOywum paspabomuuxam pobomos 8 evlbope annapamuuvix cpeocms. CospemeHHds poOOMomexHuKa Ous
peadbunumayuu pyk npeocmagiena 6 COomeemcmeuu ¢ Kiaccuguxayuell annapammslx cucmem u napaouem
o0Oyuenus. Boibop memooos obyuenus, Mooenu 08UNCEHUS, 83auMoOelicmaue yenogeka u poooma O00INCHbL
8apLUPOBAMBCA  HA  NPOMANCEHUU BCe20 Nepuoda 00yueHus, 4mobvl yseauuums dpghexmusnocms
npoyeoypul 8 COOMEEMCMEUU ¢ COCMOAHUEM NAYUEHMOB.

Knwouesvie cnoea: podoomusuposanuvie ycmpoucmea, napaouema 0OVueHus;,  annapamHo-
NPOCPAMMHYBIL KOMIJIEKC, Peadunumayus, UHCyabm.
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ROBOTIC DEVICES FOR REHABILITATION
OF POST-STROKE PATIENTS TAKING INTO ACCOUNT THE TRAINING PARADIGM

One of the most challenging tasks in stroke rehabilitation is restoring upper limb function. Existing reviews of
systems for hand rehabilitation mainly focus on the study of hardware implementation, including from a mechanical
point of view, and take little into account the application of specific training paradigms, while both components are
necessary to create an effective robot for hand rehabilitation. This article examines the current state of the paradigms
of training with the help of robotic devices for the rehabilitation of hands in post-stroke patients to help future robot
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developers in choosing hardware. Modern robotics for hand rehabilitation is presented in accordance with the
classification of hardware systems and learning paradigms. The choice of teaching methods, movement patterns, and
human-robot interaction must be varied throughout the training period in order to increase the effectiveness of the
procedure in accordance with the condition of the patients.

Keywords: robotic devices; learning paradigm; hardware and software complex; rehabilitation; stroke.
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BbBIBOPKH ITOJIb3OBATEJIEU I'PYIIII CONUAJIBHBIX CETEHN

B cmamve onucwisaemcs pewenue 3adauu onpeoenenuss NPuOOHOCMU SPYNnbl NOIb308aAmMenel
COYUANbHOU cemu Ol NPOBEOCHUs COYUONOSUHECKO20 Uccredoganus. B kauecmee noxazamens
ucnonvzyemcs paccmosanue Kynvoaxka-Jletibnepa mesxcoy noio8ospacmuuimu nokazameisimu noiv3oeamenetl
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STUDY OF THE REPRESENTATIVENESS OF A SAMPLE OF USERS OF SOCIAL NETWORK GROUPS

The article analyzes the method of suitability of a social network community for conducting a sociological
research on the example of the social network «VKontaktey. The urgency of the development of this method is
substantiated, its content is disclosed with the practical results of the assessment. The method of collecting information
from the social network «VKontakte» by means of the software developed and registered earlier in Rospatent is
considered and the effectiveness of its use is proved through an experiment, the results of which have confirmed the use
of this application.

Keywords: social networks; sociological research; sociological survey; representative sample; gender and age
attribute.
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HUCITIOJIb3OBAHUE METOJA CAATH IIPU PEHIEHHUUA 3AJTAYHN
MHOT OKPUTEPUAJIBHON OIITUMM3AIINYA BbIBOPA HAITPABJIEHUM
IHOAI'OTOBKH UJIN CIIEHUAJIBHOCTEU 1JIA ABUTYPUEHTOB

B cmamwe paccmompena npobnema evibopa adbumypueHmamu HAnpasieHui. nOO20MOSKU U
cneyuanbHocmeil 05l NOOAUU 3As68IeHUsL HA NOCMYNIEHUE 6 8blcuiee YUeOHOe 3a6e0eHUe 8 HOBbIX VCILOGUSIX
yugposuzayuu 00paz08aMenIbHO20 NPoYeccd, NPeodloNCeHd MeEMOOUKA ROOOOPA NOOXOOAUUX HANPABGTEHUL
NO020MOBKU KOHKPEMHOMY aOUMYpPUEeHNY CO2NACHO €20 NPeOnoYmeHUsM.

Knwoueevie cnosa: memoo ananuza uepapxuﬁ; npednoqmumeﬂbﬂble HanpaeieHus nOOZOMOGKZ/I,’
OCHOG6Hble Kpumepuu, pasiudrnvle Adlbnepramuesbl, mampuybl nONApHsvlx cpaeﬂeﬂuﬁ.
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THE USE OF THE SAATI METHOD IN SOLVING THE PROBLEM OF MULTI-CRITERIAL
OPTIMIZATION OF THE CHOICE OF DIRECTIONS OF TRAINING OR SPECIALTIES FOR ENTRANTS

The article discusses the problem of the choice of areas of training by applicants to apply for admission to a
higher educational institution in the new conditions of digitalization of the educational process, a method is proposed
for the selection of suitable areas of training for a specific applicant according to his preferences.

Keywords: hierarchy analysis method; preferred areas of training; main criteria; various alternatives;
matrices of pairwise comparisons.
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OLEHKA 3OPEKTUBHOCTH CUCTEM
HOJAEPKKU ITPUHATUA PELIEHAN CATYALITUOHHBIX HEHTPOB
YACTD 3. CUHTE3 KOHOUT'YPAIIUU 1 HOPMATHUBHOE OBECIIEYEHUE

Paboma sensemcs  nocuveckum npoOOIHCEHUEM UCCLe008AHUL, HANPAGIEHHbIX HA pA36UMue
n00X0008 K aBMOMAMUSUPOBAHHOMY CUHME3Y U OYeHKe Kaiecmed CMpPYKmypul U COCmasa cpeocme
UHDOPMAYUOHHOU NOOOEPIHCKU NPUHAMUA  peuleHutl Ol NOGblUeHUs IPHeKmueHocmu  ynpagienus
0e30nacHoCmvio  COYUANbHO-IKOHOMUUECKUX CUCTEM 8 CUMYAYUOHHBIX YeHmpax pecuona. B xode smux
uccnedosanuti Ovll NPedoNHCceH KOMNIEKCHbIU NOOX00, OCHOBAHHBIU HA KOMOUHUPOBAHHOM UCNOTb308AHUU
COBPEMEHHBIX MEXHONO02U CUHME3d OPeAHU3AYUOHHBIX CMPYKMYP YNPAGLeHus, SHMPONUUHbIX Mooenell u
KauecmeeHHbIX Memooo8 OYeHKU IP@PeKmusHocmu cucmem nNOOOepIHCKU NpUHAMUA peulenull. B mpemveil
yacmu pabomsl NpogedeH AHAIU3 NOOX0008 K (POPMATbHOMY CUHmMESY KOHpuUeypayuti cucmem no00ep’CKU
NPUHAMUS PeUeHutl cCumyayuoHnuix yenmpos. Obcyicoaromes npodnemvl KOHQUISYPUPOSAHUS U NYMU UX
pewenus. Ilpusedenvl >manvi  26010YUU  HOPMAMUEBHO-NPABOBO2O  NOAA  (POPMUPOBAHUS — cemu
PACNpeOeneHHblX CUMYAYUOHHBIX YEeHMPOS.

Knroueevie cnosa: cumyayuoumviii yeHmp, cucmemda HOOOEPHCKU NPUHAMUS peuleHUll, OYeHKa
aghpexmuernocmu, KoHueypayust, Mooerb, SHMPONUsL, UHpoOpMayus, ynpasieHue, pecuoHn.

Paboma evinonnena ¢ pamxax zocyoapcmeennozo 3aoanus HUMM KHI] PAH (HUP Ne 0226-
2019-0035) u npu uacmuunoii noodepicxe PODH (npoexm Ne 18-29-03022-mk).
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DECISION SUPPORT SYSTEM EFFICIENCY EVALUATION OF SITUATIONAL CENTERS
PART I1l. CONFIGURATION SYNTHESIS AND REGULATORY SUPPORT

The work logically proceeds with the earlier research aimed at development of approaches to automated
synthesis and quality assessment of structure and composition of the decision-making information support tools for
management efficiency enhancement of socio-economic system security in the regional situational centers. In the course
of these studies a comprehensive approach based on joint use of the modern technologies for synthesis of the
organizational management structures, entropy-based models and qualitative methods for efficiency estimation of the
decision support system of regional situational centers has been proposed. The third part of our study includes the
analysis of approaches to formal synthesis of decision support system configurations of situational centers. The
configuration problems and the ways of their solution are discussed. The evolution stages of regulatory and legal field
of the network formation of distributed situational centers are represented.

Keywords: situational center; decision support system; efficiency assessment; configuration; model; entropy;
information; management; region.
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JLE. MUCTPOB, E.M. IEITOBAJIOB

OCHOBHBIE TOJIO)KEHUS METOJIA OBOCHOBAHUS TPEFOBAHUM
K ABUAITMOHHBIM MHOI'O®YHKIIMOHAJIbHBIM TPEHAKEPAM

B cospemennvix ycrnosusx ocrogy nodzomosxku axunasceti 6030yuiHvix cyoos (BC) cocmasnsem
HazeMHas noo2omoeka Ha asuayuonnvix mpenadxcepax (AT). Croocnocmsv u pasnoobpasue yueOHvix 3a0a4
(V3) onn paznuunvix munos BC, ycmapeswue mexnonoeuu Ha npeonpusimusix-npouszsooumenix AT,
omcymcmeue KOHKpemuvix mpebosanuil k o0nuxy cospemertvix AT npedonpedenunu Heobxooumocms 3adadu
paspabomku memooa 000CHO8aHUS MPeOOGAHUL K AGUAYUOHHBIM MHO2ODVHKYUOHATBHBIM TPEHANCEPAM
(AMT) na ocnose xomnaexcupoganus muodxcecmaa Y3 noocomoexu sxunadicei BC ¢ paznuunvimu eapuanmamu
OCHAWeHUs.

IIpeonooicennvie 0CHOBHBIE NONOJICEHUL Memooa obochosanus mpebosanuti k AMT nanpasnenvt na
66100p ONMUMATLHOSO €20 8APUAHMA HA OCHOBE ONPeOeNeHUss OCHOBHLIX CIMPYKMYPHO-(DYHKYUOHATLHBIX
nokazamenell Kauecmed, COCMAGAIWUX OCHO8Y MeXHU4ecKux mpeboganuii Kk e2o 0o6auxy. Ilpusodumcs
Quzuueckas u mamemamuueckas NOCManoska 3aoauu pazpabomrxu AMT na ochose onmumanbHO2O
pacnpeoenenus pecypca cpeocms annapamiozo u NpocpammHo2o obecheydeHus 01 peweHus 3a0anHOl
Homenxnamypol ¥3. Ocnosy paspabomrxu AMT cocmasnsiem epemennoe (cmaouu) u 0emanbHoe (acnexmol,
VPOBHU) NpedcmasieHue Npoyecca pazeepmuléanusl UCCIC008AHULL 00 YPOGHS ANNAPAMHO-RPOSPAMMHBIX
cpedcme  HA  OCHOGe — ANCOPUMMUYECKOU — NOCIC008AMENbHOCIU — PEeUleHUsl  63AUMOCESI3AHHOU U
83AUMO00YCNI0BNIEHHOU 00Well U YaACMHBIX 3a0a4 HA UePAPXUYeCcKUX YPOGHSIX Npoekmuposanus. Memoo
OCHOBbIBACMCST HA NOJONCEHUSIX MeOPUtl UCCIe008anUsl ONEPpayull, CUCMEMHO20 AHANU3A, ORMUMATLHOSO
pacnpeoenenus pecypcos, 2pagos, mMemooos eemeel U cpaHuy, OUHAMUYECKO20 NPOSPAMMUPOBAHUSL U
AHATUMUYECKUX PACUEmOos.

Knrouesvle cnoea: 6030ywHoe CcyoHO, HA3eMHAS JlemMHAs NOO20MOBKA, YdeOHas 3a0ada;
NPOEKMUPOsanue; AasUAYUOHHBIIL MHOSOQYHKYUOHAIbHYLIL MpeHaxdcep;, ONMuMU3ayus, asmomamu3ayus
NPOEKMUpOBanUs, annapamubvlil U nPOSPAMMHbIL PeCypC.

CIIMCOK JIMTEPATYPbI

1. Muctpos JLE., llenoBanos E.M. OcHOBBI IpUHSTHUS PELICHUH 110 pa3padoTKe (MOJEpHU3AIINN)
ABUAIIMOHHBIX ~ MHOTO(QYHKIMOHAIBLHBIX  TpEHaXXepoB. —  YCHOEXH  COBPEMEHHOU
paauosniekTponuku, 2019, — Ne 6. — C. 66-76.

2. Muctpos JLE., lllemoBaioB E.M. Metox cuHTe3a (QYHKIIMOHATHHOTO OOJHMKA aBHAIIMOHHBIX
MHOTOQYHKIMOHAIBHBIX ~ TpeHaxepoB. —  MHGOpManMOHHO-?)KOHOMUYECKHUE  aCIEKTHI
CTaHIApTH3aLWU U TexHHIecKoro perynupoBanus, 2020. — Ne 2(54). — C. 47-57.

3. Muctpos JLE., Mummua A.B., lllemoBaioB E.M. MeTon CTpyKTYpHO-TIapaMeTPpUIECKOTO
CHHTE3a NMPOrPaMMHOI0 OOECIEUYCHUS! aBUALMOHHBIX MHOTO(YHKIHOHAJIBHBIX TPEHAXKEPOB. —
VYcmexu coBpeMeHHOH paano3nekTpoHuku, 2020, — Ne 4-5. — C. 61-75.

4. Mucrpos JLE., lllenoBanos E.M. MeTroauka ciHTe3a KOMIIOHEHT TPOrPaMMHOT0 00ecIieueHHsI
aBHALIMOHHBIX MHOTO()YHKIMOHAJBHBIX TpeHaxepoB. — VHPOpMaLMOHHO-U3MEPHUTENbHBIE U
ynpasisitorue cucremsl, 2020. — Ne 3. — C. 28-35.

5. Mucrtpo JLE., llenoBanoB E.M. Meron ¢opMHpOBaHHsS BapHaHTOB JJIEMEHTAPHBIX
TEXHOJIOTHYECKHX orepanui peanuzanuu y4eOHBIX 3aga4y ABUALIMOHHBIM
MHOTO(QYHKIIMOHAIBHBIM TPEHAXEPOM. — YCIIEXH COBPEMEHHOM paguosneKTpoHuku, 2020. —
Tom 74. —Ne 9. — C. 18-25.

6. Budkin Yu.V. and other. The functional synthesis method of the machine-building complex
organizations / Yu.V. Budkin, T.B. Zhuravleva, V.N. Kvasnitskiy, M.N. Zlydnev, L.E. Mistrov,
V.P. Morozov // Journal «Svarochnoe Proizvodstvo», 2020. — Ne 3.

Ne4(126)2021



http://www.radiotec.ru/article/23703
http://www.radiotec.ru/article/23703
http://www.radiotec.ru/article/24639
http://www.radiotec.ru/article/24639
http://www.radiotec.ru/article/24610
http://www.radiotec.ru/article/24610

Hay4Ho-mexHu4Yeckull XypHan

7. bemnmman P., 3ame JI. [lpunstre pemeHuii B pacIuIbIBYATHIX YCIOBUAX — B cOopHmKe: Bompocs!
aHaJIM3a ¥ IPOLeayPhl IPUHATHS pernenuii. — M: Mup, 1976. — C. 172-215.

8. Mecapouu M., Maxo /I., Takaxapa 1. Teopus nepapxu4ecKux MHOTOYPOBHEBBIX CHCTEM. —
M.: Mup, 1973. - 344 c.

MuctpoB Jleonua EBrenbeBuu

Boennslii yueOHO-Hay4HBIH IIeHTp BoeHHO-BO3AyIIHBIX cHil «BOCHHO—BO3AyIIHAS aKaJeMHs NMEHHU Mpogd.
H.E. Xyxogsckoro u FO.A. I'arapunay, Lenrpansusrii prman ®I'BOYBO «PI'YIIy», r. Boponex

JIOKTOp TEXHUYECKHX HaYK, IOLEHT, podeccop Kadeapsl

Ten.: 8 910 342 88 42

E-mail: mistrov_le@mail.ru

Ilenosanos Eprenunii Muxaiinosuy

BoeHnHblii yueOHO—-Hay4HBIH HeHTp BoeHHO—BO3AyIIHBIX cHil «BOeHHO—BO3yIIHAS aKaieMusl HIMEHH Tpod.
H.E. XKyxkosckoro u FO.A. I'arapunay, r. Boponex

HauanpHuK aBHaIIMOHHOTO TpeHaxepa

Ten.: 8958 509 58 76

E-mail: shepovaloff2011@yandex.ru

L.E. MISTRQOV (Doctor of Engineering Sciences, Associate Professor, Professor of the Department)
MERC AF «AFA», Central Branch of RGUP, Voronezh

E.M. ShEPOVALOQV (Head of Aviation Simulator)
MERC AF «AFA», Voronezh

BASIC PROVISIONS OF THE METHOD FOR JUSTIFICATION
OF REQUIREMENTS FOR AVIATION MULTIFUNCTIONAL SIMULATORS

In modern conditions, ground training on flight simulators (AT) is the basis for training aircraft crews (AC).
The complexity and variety of training tasks (UT) for various types of aircraft, outdated technologies at enterprises -
manufacturers of aircraft, the absence of specific requirements for the appearance of modern aircraft predetermined
the need for the task of developing a method for substantiating the requirements for aviation multifunctional simulators
(AMT) based on the integration of a set Ultrasonic training of aircraft crews with various equipment options.

The proposed basic provisions of the method for substantiating the requirements for AMT are aimed at
choosing its optimal version on the basis of determining the main structural and functional quality indicators that form
the basis of the technical requirements for its appearance. The physical and mathematical formulation of the problem of
developing AMT based on the optimal resource allocation of hardware and software tools for solving a given
nomenclature of ultrasound is given. The basis for the development of AMT is the temporal (stages) and detailed
(aspects, levels) representation of the process of deploying research to the level of hardware and software based on the
algorithmic sequence of solving interrelated and interdependent general and particular tasks at hierarchical levels of
design. The method is based on the provisions of the theory of operations research, system analysis, optimal resource
allocation, graphs, branch and bound methods, dynamic programming and analytical calculations.

Keywords: aircraft; ground flight training; educational task; design; aviation multifunctional simulator;
optimization; design automation; hardware and software resource.
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YK 004.9
AN. CYXOMJIMHOB

K HOBOMY INIOKOJIEHUIO UH) KEHEPUU CUCTEM

Ce2o0Hs 6 Kauecmee OCHOBHBIX CPeOCE UHINCEHEPUU UHDOPMAYUOHHBIX CUCEM NPUMEHSIOMCS 084
npuHyuUnuanLHo omaudarowuxcsa kiacca uncmpymenmos CASE. Ooun uz nux odwedurnsiem uHcmpymeHmol,
OCHOBAHHbIE HA NOOX00AX KIACCUYECKUX Memoodonozutl paspabomku. Bmopou xnacc exmouaem
UHCMPYMEHMbl, OCHOBAHHble HA KOHYeNnyuu apxumexmypvl npeonpusmus. MHcmpymenmvl mMemooonocuil
0becneuusaiom Hagueayuio paspadomyura no eOuHCMEeHHOU JHCeCMKOU Mpaekmopuu paspabomku 6e3
B03MOJICHOCTHU ee UBMEHeHUs U 6blOopa Memodo8 6 3agucumocmu om cumyayuu. Hucmpymenmol
apxumexmypbl, Ha060PoOm, NPedoCMABIAIOM B03MONCHOCHL 8b100pPA PPEUMBOPKOE U MEMOO08 pa3paAbOMKU
U3 60IBULOZO MHOIICECBA, OOHAKO He NpedoCmAasisiiom pPYyKo8oOCmEd 6 MAaxkoMm 6blbope, OMHOCA MO 8
obnacms KoMmnemenyuti paspabomuuxa. B cmamve npeonosicen nodxoo u KoHyenmyanvbHas MoOenb
UHDICEHEpUU  cucmeM, 0Decneuusaowas aoanmayulo paspabomxu noo  Cumyayuio, Onpeoensemyio
cneyugpukol npoekma, 3acuem npeodoCmAgieHUs. Pa3PAbOMYUKY BO3MONICHOCHU UWUPOKO20 6b160pa
Memo008 U OKA3AHUsL eMy PYKOBOOCMBA 6 onpedesieHuu mpaekmopuu 6 xooe pazpabomxu. Ilpednosicennvle
PpewieHuss OMKpPbl8AIOM  BO3MONICHOCHIL  YNPAGICHUSL UHIICEHEePUE Memood U MmeM CAMblM NO360JSIOMm
obecneuums 603MOJICHOCIb OP2AHU3AYUU NPOYeCcca pa3pabomKy 6 HenpepbleHOM CHeKmpe OUanda3oHa om
cmamuyeckol Memooor02u 00 NOIHO20 OMCYMCMEUsL POPMATUZ0BAHHOU MEMOOONIOSUL.

Knwouesvie cnosa: memooonozuu paspabomru cucmem; Qpeiumeopku apxumexmypbi npeonpusmusl,
CUMYAYUOHHAS UHIHCEHEPUSL MemOOd.

CIIMCOK JIMTEPATYPBI

1. Avison D.E., Fitzgerald G. Information Systems Development: Methodologies, Techniques and
Tools, Forth Edition. — McGraw-Hill: Maidenhead, 2006. — 670 p.

2. Avison D.E., Fitzgerald G. Where Now for Development Methodologies. — Communications of
the ACM, 2003. — Ne 1. — P. 78-82.

3. CA GEN. Product Brief [Dnexrponnsiii pecype]. — URL: https://docs.broadcom.com/doc/ca-
gen (mata obpamenus: 5.02.2021).

4. 10 Definitions of Enterprise Architecture. Which corresponds to Yours? [DiekTpoHHbI
pecypc]. — URL: https://www.ariscommunity.com/users/koiv/2009-08-20-10-definitions-
enterprise-architecture-which-corresponds-yours (mata obpartenus: 5.02.2021).

5. Urbaczewski L., Mrdalj S. A Comparison of Enterprise Architecture Frameworks. — Issues in
Information Systems, 2006. — Volume VII. — Ne 2. — P. 18-23.

6. Zachman J. A Framework for Information Systems Architecture. — IBM Systems Journal,1987.
— 26(3). — P. 276-292.

7. Tharpe B. Types of Enterprise Architecture Frameworks: ArchiMate, TOGAF, DoDAF and
more [Onextponnblii pecypc]. — URL: https://erwin.com/blog/enterprise-architecture-
frameworks (nata oopamenust: 5.02.2021).

8. Dragonl Inc [Dnextponnsiii pecypc]. — URL: https://www.dragonl.com/terms/enterprise-
architecture-framework-definition (nata oopamienus: 5.02.2021).

9. The Complete Open-Source and Business Software Platform. Sourceforge [DnexTpoHHbIit
pecypc]. — URL.: https://sourceforge.net/software/enterprise-architecture/?sort=rating_avg (zara
obparntenus: 5.02.2021).

Ne4(126)2021



https://www.ariscommunity.com/users/koiv/2009-08-20-10-definitions-enterprise-architecture-which-corresponds-yours
https://www.ariscommunity.com/users/koiv/2009-08-20-10-definitions-enterprise-architecture-which-corresponds-yours
https://www.dragon1.com/terms/enterprise-architecture-framework-definition
https://www.dragon1.com/terms/enterprise-architecture-framework-definition
https://sourceforge.net/software/enterprise-architecture/?sort=rating_avg

Hay4Ho-mexHu4Yeckull XypHan

10. Rizza M. and other. Worldwide Enterprise Applications / M. Rizza, J. Jewell, K. Permenter, J.
Beauvais // Worldwide Enterprise Applications Market Shares, 2019. — Year of Digital
[Dnextponnsiii pecypc]. — URL: https://www.idc.com/getdoc.jsp?containerld=US46573220
(maTa obparmenus: 5.02.2021).

11. The Standish Group International. Chaos Report [Daextponnsiii pecypc]. — URL:
https://www.standishgroup.com/sample_research_filessfCHAOSReport2015-Final.pdf (mata
obpamenus: 5.02.2021).

12. Kotusev S. Enterprise Architecture Frameworks: The Fad of the Century: the British Computer
Society (BCS) 2016 [Daextponnsiii pecypc]. — URL:
http://www.bcs.org/content/conWebDoc/56347 (nata oopamienus: 5.02.2021).

13. Auvison D., Guy Fitzgerald G. Methodologies for Developing Information Systems: A Historical
Perspective, 2015. - 12 p. [Dnexrponubrit pecypc]. - URL.:
https://www.researchgate.net/publication/227101490_Methodologies_for_Developing_Informat
ion_Systems_A_Historical_Perspective/link/554a17800cf21ed213578c05/download (mara
obpamenus: 5.02.2021).

14. Brinkkemper S. Method engineering: engineering of information systems development methods
and tools. — Information and Software Technology 38 (1996); 275-280 P. 275-280.

15. Henderson-Sellers B. Method Engineering: Theory and Practice [DnektpoHHsIii pecypc]. —
URL:
https://www.researchgate.net/publication/221141428_ Method_Engineering_Theory_and_Practi
ce/link/53f6eb0a0cf22be01c451fde/download (nata obpamenus: 5.02.2021).

16. Harmsen F., Brinkkemper S., Oei H. Situational Method Engineering for Information System
Project Approaches // Verrijn Stuart A.A., Olle T.W. (Eds.), Methods and Associated Tools for
the Information Systems Life Cycle. Proceedings of the IFIP WG 8.1 Working Conference,
Maastricht, Netherlands, September 1994, IFIP Transactions A-55. — North-Holland, 1994. — P.
169-194.

CyxomuinHoB AHaTtosuii UBaHoBUY

OT'AOY BO «/lansHeBoCTOUHBIH (enepabHblil yHUBEPCUTETY, T. BnaanBocTok, 1. Askc
Kanaugar TeXHUUECKUX HAYK, JAOICHT, 3aBeIyIONUi Kadeapoit

Ten.: 8914 715 50 24

E-mail: sukhomlinov.ai@dvfu.ru

A.l. SUXOMLINOV (Candidate of Engineering Sciences, Associate Professor, Head of Department)
Far Eastern Federal University, Vladivostok, Ajax

TOWARDS TO NEW GENERATION OF SYSTEMS ENGINEERING

Today, two fundamentally different classes of CASE tools are used for information systems engineering. One of
them combines tools based on the approaches of classical development methodologies. The second class includes tools
based on the concept of enterprise architecture. Methodology tools provide a developer's navigation along a single
rigid development path without the possibility of changing it and choosing methods depending on the situation.
Architectural tools, on the other hand, provide the ability to choose frameworks and development methods from a large
variety, but do not provide guidance in such a choice, attributing it to the developer's area of competence. The article
proposes an approach and a conceptual model of systems engineering that ensures the adaptation of the development to
the situation determined by the specifics of the project, by providing the developer with a wide choice of methods and
giving him the guidance in determining the trajectory during the development. The proposed solutions open up the
possibility of managing the engineering of the method and thereby make it possible to organize the development process
in a continuous spectrum of the range from a static methodology to the complete absence of a formalized methodology.

Keywords: system development methodologies; enterprise architecture frameworks; situational method
engineering.
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Platov South-Russian State Polytechnic University (NPI), Novocherkassk

IMPROVING THE PROTECTION OF CONTROL CHANNELS
UNMANNED AIRCRAFT APPLYING THEM AS A COMPLEX SYSTEM
OF PROVIDING THE SECURITY OF FACILITIES

The paper presents practical recommendations for improving the efficiency of the integrated security
management system based on the Electronika Security Manager (ESM) control system, by introducing an air segment
subsystem into its structure to obtain visual information in a protected version.

Keywords: integrated information security systems; control systems; unmanned aerial vehicles.
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A.A. BAXTHH, E.A. BOJIKOBA, A.B. COJIOJKOB, 1.B. YYT'YHOB

PA3PABOTKA TPOI'PAMMHO-AIIIIAPATHOT' O
KOMIIVIEKCA CEHCOPHOU CETHU 9KOMOHUTOPUHI'A CTAHJAPTA LORA

Bonpocbl sKonocuuecko2o MOHUMOpUH2A CMAHOBAMCS 6ce 6onee aKmyaubHblMU, 3anpocvl Ha
CO30aHUe CeHCOPHBIX cemell 0l OYeHKU 8b1opocos, npesviuenus TI/[K u m.0. nobysxcoarom paspabomuuxos
cucmem 0ecnpoBOOHOU C6A3U BKIIOUAMb 8 0yoyuue CcmaHoapmsl 6ce 0O0able GO3MONCHOCHEU O
unmepHema eewjel. B nexomopuix ciyuaax maxue cucmembl OOMHCHBL ObIMb 00A3AMENLHO bINOTHEHbL HA
omeuecmeenHol dnemenmuoll 6ase. Taxum obpazom, ocmpo ecmaem 8ONPOC O BO3MONICHOCU Peanu3ayuul
no0obno2o pooa cucmem. OOHUM U3 BO3MOJCHLIX peuleHull OaHHO20 60ONPOCA ABAAEMCA CO30aHue
cobcmeenno20 npomomuna y3ia ceHcoprHou cemu Ha base mexnonocuu LORa ons nocnedyrowezo nepenoca
apxumexmypbl, NPOZPAMMHO20 U ANNAPAMHO20 00ECneyeHus Ha COBPEMEHHble OmeuecmeeHHble
KOMNOHEHMbL.

B cmamve onpedenen 6knad 6 pacxoo dHepaul pasiuiHbIX pexcumos pabomul damuuka. Beibpana
cmpykmypa nakema, gopmupyemas na xauanvnom yposue mooenu OS|. Oyeneno epems srcusnu cucmemvl
npu  pasiudHLIX KOHQueypayusx oxoneunozo ycmpoticmeéa LoRa xnacca A. Buiasnenvt menoenyuu,
no360510WUe BLIOPAMbs ONMUMATbHBIE NAPAMEMPbI KOHGUISYpayul OJisk pA3TUYHBIX 3a0aY.

Kniouesvte cnosa: LORa; skonocus;, sxkonocuueckuii MOHUMOPUH2, UHMeEPHEm 6ewell, CeHCOPHbLE
cemu; 6icmpoe npomomunuposanue; ILJIAC; Xilinx; 10T.

Paboma evinonnena npu punancosoii noooeprcke uenmpa HTH «Cencopuxa» ¢ HOIL[ PILICC
HHY MHUIT ¢ pamkax npoekma «Co3z0anue asmomamusuposaHHol Cucmemvl MOHUMOPUH2A
okpyacarouent cpedvt (ACMOC) ona coopa, o6padbomku, XpaneHus u nepeoauu Memeopoai0ZuiecKoil u
IKo102uMecKol ungpopmauuuy, pez. e HUOKTP: AAAA-A20-1200130090100-3.
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DESIGN ECOMONITORING SENSOR NETWORK PROTOTYPE BASED ON LORA STANDARD

The issues of environmental monitoring are becoming more and more relevant, requests for the creation of
sensor networks for assessing emissions, exceeding the MPC, etc. encourage wireless designers to include more loT
capabilities in future standards. In some cases, such systems must necessarily be made on a domestic element base.
Thus, the question arises about the possibility of implementing such a system. One of the possible solutions to this issue
is the creation of our own prototype of a sensor network node based on LoRa technology for the subsequent transfer of
architecture, software and hardware to modern domestic components.

The proposed article defines the contribution to the energy consumption of various modes of operation of the
sensor. The packet structure is selected, which is formed at the data link layer of the OSI model. The lifetime of the
system is estimated for various configurations of the LoRa class A terminal. Trends are identified that allow choosing
the optimal configuration parameters for various tasks.

Keywords: LoRa; ecology; Environment monitoring system; internet of things; sensor networks; rapid
prototyping; FPGA; Xilinx; loT.
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YK 654.172
A.E. MUPOHOB, A.H. OPEIIINH, N1.A. CAUTOB

MEXAHMUW3M BbIPABHUBAHUA
KAYECTBA OBCJIYKUBAHUSA CEPBUCOB PEAJIBHOI'O BPEMEHMU,
TPEBYIOIIUX PA3HBIN KAHAJIBHBIN PECYPC JIJISI OBCJTYKUBAHUS 3ASIBOK

B 0annoii cmamve npednodcen Mexanusm SblPAGHUSAHUSL KAYeCmea 0OCIYHCUBAHUSL MALOPECYPCHBIX
3a180K (meneonus) u pecypcoemKux cepsucos (udeomene)onust) npu 6epoSIMHOCHU NHOMEPb Gbl30808 HE
npesviuiaiowell. 3a0aHHbIM MpedoBAHUAM HA OCHO8e blOopa cmpamezuu OOCMYNa ¢ pe3epeuposanuem
KAHAIbHO20 pecypca.

Knwouesvie cnosa: nomox 3as80K, CuUCmeMa MAacco8020 OOCIYIHCUBAHUSA, MYTbMUCEPBUCHAS Cemb
CBA3U; MALOPECYPCHbLE 3ASI8KU, PECYPCOEMKUE CEPBUCHI GUOeOmeNePOHUU.
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This article proposes a mechanism for leveling the quality of service for low-resource applications (telephony)
and resource-intensive services (video telephony) with the probability of call loss not exceeding the specified
requirements based on the choice of an access strategy with channel resource reservation.

Keywords: flow of applications; queuing system, multiservice communication network, low-resource applications,
resource-intensive video telephony services.
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HHDOOPMALIMOHHAA BE30IIACHOCTH U 3ALJUTA HHOOPMALIUU
YK 519.6; 681.83

B.T. EPEMEHKO, B.®. MAKAPOB, /I.I0. HEHAEB

INPUKJIAJJTHBIE ACIIEKTBI OPTOI'OHAJIBHOI'O KOAUPOBAHMUSA
HA OCHOBE MOJIYJISIPHOM AJITEGPHI

B cmamve paccmampusaromes 6onpocul popmMuposanus Ho8020 MOOUPUYUPOBAHHO20 MHOICECTBA
OPMOSOHANILHBIX  CUSHANI08, MAMEMAMUYECKUMU MOOENAMU KOMOPLIX ABNAEMCs  MOOUPUYUPOBAHHOE
MHOACECMBO KYCOYHO-NOCMOSHHBIX OPIMOSOHANbHBIX QyHKyuli Pademaxepa u Yonwa. Ilpusedena memoouka
Gopmuposanus MHONCECMBA OPMO2OHANLHBIX CUSHANO8 Ol nepedayu OAHHLIX NO KAHANAM CEA3U U
00paboOmKU  CIOACHO20  COCMABHO20  MHO20YPOBHEBO20  CYMMAPHO20 — CUSHANA, GOpMa  KOMOPO2o
omoobpadicaem cocmosiHue napaiieibHo2o unmepgelica eblNUCIUMeNbH020 KOMNIeKcd, U e2o0 oopabomxy
NCe800KOPPENAYUOHHBIMU YCMPOUCHEAMU NPUCMHUKA.

Knwuesvie cnoea: opmozonanvnvie @yuxkyuu  Yonwa u  Pademaxepa;  moougpuxayus
OPMO2OHANILHLIX ~ CUSHANO08;, CYMMUPOBAHUE NO MOOYII0 08a; NCeBOOKOPPENIYUOHHAS 0bpabomKa
CYMMAPHO20 OPMOSOHANILHO20 MHOMCECMEd; YCMOUUUBOCMb K HECAHKYUOHUPOBAHHOMY PACNO3HABAHUIO,
VHIOMHeHUe U pazoeneHue CUSHAN08 no opme.
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APPLIED ASPECTS OF ORTHOGONAL CODING BASED ON A MODULAR ALGEBRA

In article questions of formation of the new modified set of the orthogonal signals which mathematical models
is the modified set of piecewise and continuous orthogonal functions of Rademakher and Walsh are considered. The
technique of formation of a set of orthogonal signals for data transmission on communication channels and processings
of the difficult compound multilevel total signal which form displays a condition of the parallel interface of the
computer system, and its processing by pseudo-correlation devices of the receiver is given.
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UHopMayuoHHbIe cucmeMbl U mexHosI02uu

TPEBOBAHMUA
K 0(hOPMJICHHIO CTATBHH VISl OMYOJIMKOBAHUS B KypHAJIe
«HpopManHOHHBIE CHCTEMBI H TEXHOJIOTHI»

OBIIME TPEBOBAHMUA

O0pem MaTepuaina, HpeaIaraeMoro K IyOJHKalu{, W3MEpSAeTCsl CTPaHMLAMH TEKCTa Ha JIMCTAax
dpopmaTra A4 u comepxur oT 4 10 9 cTpaHHMI; BCE CTPAaHUIBI PYKONHMCH JOJKHBI UMETH CIUIOMIHYIO
HyMeparuro.

B ognom cOopHHMKE MOKET OBITH OIyOJIMKOBaHAa TOJBKO OJAHA CTaThi OJHOIO ABTOPA, BKIIOYAs
COaBTOPCTBO.

AHHOTaMM BCeX MyOJMKYeMbIX MaTepHajioB, KIIOUEBBIE CIIOBA, HHGQOpMAIHs 00 aBTOpax, CIHUCKU
JIUTEpaTypsl OyAyT HaXOAUTHCS B CBOOOIHOM JOCTYIE Ha CaiiTe COOTBETCTBYIOILETO JKypHaJla M Ha caiire
Poccuiickoii HayuHOH 31ekTpoHHOM OubnroTekn — PYHOB (Poccuiickuii MHAEKC HAYYHOTO LIMTHPOBAHMUS).

IToMuMO cTaTbu aBTOPBl JOJDKHBL IIPEACTABUTH 3aKIIOUEHUE O BO3MOXKHOCTU OTKPBITOTO
OITyOJIMKOBaHUS CTAThH.

TPEBOBAHUS K COJEPKAHUIO HAYYHOM CTATBH

Hayunas cratesi, mpenocraBisemMas B JKypHaJbl, JOJDKHA HMMETh CIEAyIonHe o00s3aTebHbIe
AIIEMEHTHI:

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

— aHaJu3 TOCTWKEHWH M MyOJMMKaIMi, B KOTOPBIX MpeiaraeTcsl peuieHne JaHHOW MPpoOIeMbl Wiln
3aJ]auu, Ha KOTOPBIE OMIMPAETCS aBTOP, BBIJICIIEHUE HAYYHOW HOBU3HBL;

— HCClIe0BaTeNbCKas 4acTh;

— 000CHOBaHUE MONYYECHHBIX PE3yJIbTaTOB;

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

— Oubmmorpadus.

TPEBOBAHHUSA K O®OPMJIEHUIO HAYYHOM CTAThH

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

Oobs13aTesIbHBIE )1eMEHTHI:

- YIK

— 3arJjiaBue (Ha pycCKOM M aHIJIMIICKOM SI3bIKAX)

— aHHOTauus (HA PyCCKOM U AHIVIMICKOM SI3bIKAX)

— KJIIO4YeBble CJIOBA (HA PYCCKOM M aHIJIMICKOM SI3bIKAX)

CIIMCOK JINTEPATYPhl, HA KOTOPYIO aBTOP CCBUIAETCS B TEKCTE CTATBHH.

TABHI/ILILI PUCYHKH, ®OPMVYJIbI

Bce Tabmuipl, pUCyHKH W OCHOBHBIE (DOPMYIIbBI, NPHUBEIEHHBIE B TEKCTE CTAThH, JOJDKHBI OBITh
MPOHYMEPOBAHBI.

DopmyJibl crieayeT Habupath B peaakrope dopmyn Microsoft Equation 3.0 ¢ pasmepamu: 0ObIUHBII
mpudt — 12 pt, xpynueii wagexkc — 10 pt , menkuit mHmekc — 8 pt. Mopmyiabl, BHeAPEHHbIE KaK
u3odpakeHne, He jgomyckawtcsa! Pycckue u  rpedeckue OykBbI, a Takke 00O03HAYCHUS
TPUTOHOMETPUYECKUX (PYHKIIUI HAOUPAIOTCS MPSIMBIM HIPUPTOM, JIATHHCKHE OYKBBI — KYPCUBOM.

Pucynku u npyrue wnnocTpanuu (4epTexu, TpaduKe, CXeMbl, TMarpaMMbl, (POTOCHUMKH) CIIEIyeT
pacnonaraTh HEIOCPEICTBEHHO MOCJIE TEKCTa, B KOTOPOM OHHM YIIOMHHAIOTCS BIEpBbIC. PHCYHKH, YMCIIO
KOTOPBIX JIOJDKHO OBITH JIOTHUECKH OTPaBJIaHHBIM, MPEICTABISIOTCS B BUJIE OT/ACIBHBIX (ailiioB B Gpopmate
*.eps (Encapsulated PostScript) nim TIF pazmepom me menee 300 dpi.

CBEJEHHS Ob ABTOPAX
B xoHIie crathy npuBoasTcss HabpanHble 10 pt cBeneHnst 00 aBTOpax B TaKOW MOCIE0BATEILHOCTH:
(dbamuiust, UM, OTYECTBO (HONYKUPHBIHA IWPHT); yUpeKICHHE UM OPraHU3alus, yueHas CTENeHb, YIeHOe
3BaHUe, JOJDKHOCTb, ajipec, TenedoH, dJeKTpoHHas mouta (00braHbd mpudT). CBeleHus 00 aBTOpax TaKxKe
MPEOCTABIISIOTCS OTJCIBHBIM (DailioM 1 00sI3aTeNBHO JYOIUPYIOTCS Ha AaHTITHHCKOM SI3bIKE.
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