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M_.B. boiixo, U.B. Konecnuxos, C.®. Epmaxos, T.I'. boiiko, A.A. buuepog

MOBBIIIEHUAE YKCILTY ATAIIMOHHBIX CBOMCTB MUHEPAJIbHBIX MACE.T
KOMILUIEKCOOBPA3YIOIIUMU NPUCAIKAMMH *

AnHoTauus. V3y4eHo BIMsIHUE KOMILIEKCOOOPa3yIOINX NPUCaI0K Ha Mporecchl popMu-
POBaHMsI TPaHUYHBIX CMAa3bIBAIOLINX IOBEPXHOCTHBIX IUNICHOK IIPU TPEHUH B CPEIE Ba3EIMHO-
BOro Macia. MoanpunupoBaHue MHHEPAIbHOTO Macja KOMIJIEKCOHAMH TMOBBIIIACT €r0 aH-
TUPPUKLIMOHHBIE CBOWCTBA M MaKCUMAaJIbHYIO HECYIIYIO CIOCOOHOCTh. KOMILIEKCOHBI pac-
TBOPSIIOT IOBEPXHOCTHYIO OKCUAHYIO IUIEHKY, B Pe3yJbTaTe aKTUBUPYIOT PEAKLIUK, IPUBOIS-
mye K (POpMUPOBAHUIO BTOPUYHBIX IOBEPXHOCTHBIX CTPYKTYp. 'paHM4HbBIE cMa3bIBaroLIye
TUIGHKK 00pa3yloTcsi U3 MOJIEKYJ YIIIEBOJOPOAOB Ba3eqMHOBOTO Maciia MPH BO3ACHCTBHU
HEOKHCIIEHHOT'0 JKelle3a.

KiroueBble cjioBa: cMa304HbIM MaTeprall, FpaHUYHOE TPEHHUE, TOBEPXHOCTHBIE IUICHKH,
KOMITJIEKCOHBI, aHTH()PUKIIMOHHBIC CBOHCTBA.
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M.V. Boiko, I.V. Kolesnikov, S.F. Ermakov, T.G. Boiko, A.A. Bicherov
INCREASING THE EFFECTIVENESS OF MINERAL OILS WITH COMPLEXING ADDITIVES

Abstract. The effect of complexing additives on the formation of the boundary lubricating
surface films during friction in a liquid paraffin was studied. The modification of mineral oil
with complexones increases its antifriction properties and maximum bearing capacity. The
complexones dissolve the surface oxide film and, as a result, activate the reactions leading to
the formation of secondary surface structures. The boundary lubricating films are formed from
hydrocarbon molecules of liquid paraffin when exposed to non-oxidized iron.

Keywords: lubricant, boundary friction, surface films, complexones, antifriction proper-
ties.
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.C. Manmypos

METO/IbI HOBBIINEHUA U3HOCOCTONKOCTHU METAJLJIONOJUMEPHBIX
N METAJVIMMECKUX TPUBOCUCTEM

AHHOTanus. PaccMoTpeHbl BO3MOXKHOCTH yIPaBJICHHs TPHOOIOTMYECKIMU U (PU3UKO-Me-
XaHUYECKHMH CBOMCTBAMH METAJUIONOIMMEPHBIX TpubocucteM. [IpencTaBieHsl pe3yabTaThl
UCCIIEIOBAaHNN THOPUIHBIX KOMIIO3UTOB Ha OCHOBEe (eHmiIoHa C-2, a Takke BaKyyMHBIX
noHHO-Ta3MeHHBIX MOKpbITHi cructeMbl TiAIN u CrAlSiN. IlomyueHHbIe pe3ynbTaThl CBU-
JICTENILCTBYIOT O MEPCIIEKTUBHOCTH MPUMEHEHUs] MEXaHOAKTUBAIMK K HAaHOPa3MEPHBIM TH-
OpUAHBIM HATOJIHUTEISIM U MCIIOJIB30BaHMS T'€TEPOreHHON CTPYKTYpPBI AJsl M3HOCOCTOMKHUX

ITOKPBITHH.

KuaroueBsble cjioBa: meranonoianMepHas Tpubocuctema, PVD-niokpertusa, Moandukanus,
TpuOOJIOrHYecKre cBOICTBA, (PU3NKO-MEXaHUUECKUE CBOWCTBA.
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D.S. Manturov

METHODS FOR INCREASING WEARING RESISTANCE OF METAL POLYMER
AND METAL TRIBOSYSTEMS

Abstract. The possibilities of controlling the tribological and physic mechanical properties
of the metal-polymer tribosystems are considered. The results of studies of hybrid composites
based on phenylone C-2, as well as vacuum ion-plasma coatings of the TiAIN and CrAISiN
systems, are presented. The results obtained indicate the promise of applying mechanical ac-
tivation to nanoscale hybrid fillers and the use of a heterogeneous structure for wear-resistant
coatings.

Keywords: metal-polymer tribosystem, PVD coatings, modification, tribological proper-
ties, physical and mechanical properties.
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Y]K 336.14
A.IO. Ilenunenko, A.T. Poibak

TEOPETUYECKHUE UCCJIEAOBAHUS ITPOLECCA I/ICl'[uI)ITAHI/Iﬁ
INITYHXXEPHBIX THAPOLMNJINHAPOB C PEKYIIEPAIIMEU DQHEPT U

AHHoTamms. Pazpabotan ruipoMexaHn9decKuil MPUBOJ CTEH A C peKylepalueil 3Hepruu
JUTSL ACTIBITAHUH TUTYHKEPHBIX THIPOIHIHHAPOB. [IpHBeIeHbI pe3yIbTaThl TEOPETUUECKUX HC-
CJIEZIOBAaHUH MaTeMaTHUYECKOW MOAEIH cTeHAa. [ OLIeHKH 3KOHOMUYECKOH 3(h(PeKTUBHOCTH
npoliecca UCIBITAHUH TUAPABIMUECKUX IHIMHIPOB MPEUIOKEH «KOIPPUIUEHT d3PPEKTHB-
HOCTH HCITBITAaHUI. BBISIBIICHBI KOHCTPYKTHBHBIE W (DYHKIIHOHAJIBHBIE TapaMeTpbl CUCTEMBI
WCTIBITAHUS TUTYH)KEPHBIX THAPOLMIMHIPOB, OKa3bIBAIOIINE CYILIECTBEHHOE BIMSHHUE HA KO-
s¢dpurueHT 3¢ (HEeKTUBHOCTH.

KiroueBbie cjioBa: TUTyHXXEpHbIE THAPABINYCCKUE IVIMH/PHI, pECYPCHBIE UCIIBITaHUS,
peKynepanus SHEPTuH, UCTIBITATENbHBIN CTEeH T, KOAQPUIUEHT 3P PEKTUBHOCTH.

Jasi uuTUpoBaHMS:

[enmunenxo, A.}FO. Teopernueckue uccienoBaHUs MpOLECca MCHBITAHUN TUTyHXEPHBIX
THIPOIMIHHIPOB ¢ pekynepanueii sHeprun / A.JO. [lenunenko, A.T. Peibak // BectHuk
PI'VIIC. — 2020. — Ne 2. — C. 25-35.




ISSN 0201-727X BECTHHUK PI'YIIC Ne 2 /2020

A.Yu. Pelipenko, A.T. Rybak

THEORETICAL STUDIES OF THE PLUNGER HYDROCYLINDERS" TESTING PROCESS

WITH ENERGY RECOVERY

Abstract. A hydromechanical drive of the bench with energy recovery for testing plunger
hydraulic cylinders has been developed. The results of theoretical studies of the mathematical
model of the stand are presented. To evaluate the economic efficiency of the test process of
hydraulic cylinders, a «test efficiency coefficient» is proposed. The structural and functional
parameters of the test system for plunger hydraulic cylinders that have a significant impact on
the efficiency coefficient are revealed.

Keywords: hydraulic cylinders, testing, test bench, energy recovery re, efficiency coeffi-
cient.
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HOJABUKHOMN COCTAB, BE3OIIACHOCTH JABW)XXEHUS U DKOJIOTrUs

YK 629.423.016.1

A.A. baxnanos, K.U. Jlomanos, O./]. FOpacos

TSATOBBIV NOJABUKHON COCTAB HOBOI'O IOKOJIEHUS
B CTPYKTYPE YIIPABJIEHUSI HEPEBO3OYHBIM ITPOIIECCOM
C UCITOJIb30OBAHUEM MPUHIIMUIIOB MOJIMTOHHbIX TEXHOJIOI U1

AnHoTanus. [IpuBeneHsl OCHOBHBIE HANPABICHNUS PAa3BUTHUS KEIE3HOAOPOKHOTO TPaHC-
nopta Poccun, koTopble B HacTosimiee Bpemsl ABJSIOTCA HanOomnee mpuoputeTHeIMU. [Ipen-
CTaBJICHBI CTPATETMYECKH Ba)KHBIE TPAHCIIOPTHBIE KOPUIOPHI, MIPOJIETAIOIINE YEPE3 CETH JKe-
JIE3HOIOPOKHBIX TOJIUTOHOB. B 1aHHO# paboTe 0TpakeHbl TEOPETHUECKUE UCCIIeTOBAHMS TS~
TOBBIX BO3MOKHOCTEH MEPCIEKTUBHOTO TATOBOTO JIEKTPHUIECKOT0 TIOJBM)KHOTO COCTaBa, KO-
TOpBIE MMO3BOJIAT 3HAYUTENBHO YBEIUYUTH BECOBBIE HOPMBI Moe30B. [ paduuecku nmokazaHo
M3MEHEHHUEe KacaTebHOW CHIIBI TATH M MOLTHOCTH MarucTPajIbHBIX TPY30BbIX U MACCAKUPCKUX
JIEKTPOBO30B, KCILTYyaTUPYIOIIKUXCA HA y4acTKax pa3lIMdHOro poJia TOKA B 3aBUCUMOCTHU OT
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CKOPOCTH JIBIDKEHUS TTOE3/I0B T10 TATOBBIM IUiedaM. [IprBeieHsI OCHOBHBIE TapaMeTPhl HOBBIX
cepuil AIEKTPUIECKOr0 MOABMKHOIO cocTaBa. OnucaHa METOIMKa ONPEICICHUS SHEpreTHYe-
CKHX TIOKa3aTeJIeii MaruCTpaibHBIX TPY30BBIX 3JICKTPOBO30B ¢ YUETOM KO3 UIMEeHTa BIIHSI-
HUSI MacChl JOKOMOTHBA U MacChI IT0e3/1a Ha yIEIbHBIN pacXo dJEKTPOIHEPTUH Ha TATY T10-
€3/10B.

KuoueBble ¢j10Ba: TATOBBIN MOJBUXKHON COCTAB HOBOTO TTOKOJICHUS, JICKTPOTIOABUKHOM
COCTaB, TEXHOJIOTHA JKCIUTyaTalllH, JBYXCHUCTEMHBII 3JIEKTPOBO3, yIEIbHBINH PacXo AIIeK-
TPOSHEPTHH, TTOITUTOH.
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HUSI IEPEBO30YHBIM MPOIIECCOM C HCIOb30BAHUEM MPHHITUIIOB MOJUTOHHBIX TEXHOJOTHH /
A.A. Bakmanos, K.W. Jlomanos, O.J. Opacor / Bectuuxk PI'YIIC. — 2020. — Ne 2, —
C. 36-44.

A.A. Baklanov, K.I. Domanov, O.D. Yurasov

NEW GENERATION OF THE TRACTION ROLLING STOCK IN CONTROL STRUCTURE
OF TRANSPORTATION PROCESS USING LANDFILL TECHNOLOGICAL PRINCIPLES

Abstract. The article presents the main directions of the railway transport development in
Russia, which are currently at the highest priority. It is resented the strategically important
transport corridors, running through the network of the railway landfills. This paper reflects
the theoretical studies of the potential of the traction electric rolling stock, which will signifi-
cantly increase the weight train standards. It is graphically showed the change in the tangential
traction force and the power of the main freight and passenger electric locomotives operating
in different current sections depending on the train speed along the traction arms. The main
parameters of the new series of the electric rolling stock are given. A method for determining
the energy performance of the main freight electric locomotives is described, taking into ac-
count the coefficient of influence of the locomotive mass and train mass on the specific electric
power consumption for train traction.

Keywords: traction rolling stock of a new generation, electric rolling stock, operation tech-
nology, two-system electric locomotive, specific energy consumption, landfill.
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YK 658.5.011
A.A. Komsakos

PA3PABOTKA METOJOB OLIEHKA Y®PEKTUBHOCTUA MEPOIIPUATHI
11O OPTAHM3AIIMU PECYPCOCBEPET'AIOIIUX ITPOU3BOACTBEHHBIX CUCTEM
KEJE3HOAOPOKHOI'O TPAHCIIOPTA

Annoramus. CTaThs MOCBSIICHA BOIPOCaM Pa3paOOTKH METOMIOB OLEHKU (haKTUIECKOH
sHepreTuueckor 3 (HEeKTUBHOCTH MEPONPUSITHI, BHEAPSEMBIX B TPOU3BOJCTBEHHBIX MPOIIEC-
cax »KeJIe3HOI0POKHOT0 TpaHcnopTa. [IpeanokeH alropuTM ONeHKH SHeprodhHEeKTHBHOCTH
B 3aBUCHMOCTHU OT THIIA IPHUMEHSEMOI0 MEPOIPHUATHS, U MPEICTaBICHbI IPUMEpPhI pacyera
U KaXK1o# rpynmsl knaccudukanuu. B kadectBe Haubosiee YHHMBEPCAILHOIO IPEATIOKEH
METO/I, OCHOBAHHBIH Ha CTATUCTUYECKOM aHaJIM3e BEIOOPOK pacxo/ia SHEPTOPECYPCOB U COOT-
BETCTBYIOIMX €My 3HAUCHHUN BIMSIOMUX (AKTOPOB, C MOCIEAYIONIECH OLEHKON CTaTUCTHYe-
CKOM 3HAUUMOCTH JOCTUTHYTON B IPOU3BOACTBEHHBIX ITPOLIECCAX SIKOHOMHUH SHEPIrOPECYpPCOB
C yYETOM 3aKOHOB pacrpeielieHHsI BHIOOPOK 3Hepronorpednenus. Ha ocHoBaHMH ITpe 1osKeH-
HBIX MOJXOJIOB pa3paboTaHa YHH(DUIIMPOBaHHAS METOAMKA, KOTOpas BHEAPCHA HA CETH Ke-
JIE3HBIX AOPOT ¥ MIPOXOAUT apoOaIuo.

KiaroueBble cJIoBa: XEJIC3HOJOPOKHBIA TPAHCIIOPT, YHEProd((HEKTUBHOCTD, TOILTUBHO-
SHEPreTHYECKUE PEeCYPCHhl, 3aKOH paclpeaeIeHHs..
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A.A. Komyakov

DEVELOPMENT OF METHODS FOR ESTIMATING THE ENERGY EFFICIENCY
OF ORGANIZATIONAL AND TECHNICAL SOLUTIONS ON RAILWAY TRANSPORT

Abstract. The paper is devoted to the development of methods for estimating the actual
energy efficiency of organizational and technical solutions on railway transport. An algorithm
for estimating the energy efficiency depending on the type of organizational and technical
solutions is proposed. Calculation examples for each classification group are presented. A
method based on a statistical analysis of energy consumption and the corresponding values of
influencing factors is proposed. Assessment of the statistical significance of energy savings
achieved in production processes, taking into account the laws of distribution of energy con-
sumption samples is proposed. The unified methodology which is implemented on the railway
network has been developed.

Keywords: railway transport, planning, energy efficiency, fuel and energy resources, dis-
tribution law.
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PEAJIN3ALIAA OJIOKEHUM CTAHJIAPTA IRIS JIUIS YAYUIIEHUS MEHEJ)KMEHTA
KAYECTBA PEMOHTA TAI'OBOI'O NIOJABU/KHOI'O COCTABA

AnHoTanus. BHenpeHue crangapTa xene3HoI0poxKHOM mpoMbliiuieHHOCTH RIS mo3Bo-
JIUT OTEYECTBEHHBIM MPEIIPUATUSIM MOBBICUTEH QD (DEKTUBHOCTh OM3HECA U YIIYUIIUTh Kaye-
CTBO W HAJIS)KHOCTD KEIIE3HOIOPOKHOHN MPOIYKITUH, IPEANIPHUSITHS HA MECTAX CTAKUBAIOTCS
C CephE3HBIMU MTPOOIIEMaMHU IO BHEAPEHUIO AJIEMEHTOB 3TOTO CTaHnapTa. [ TaBHBIM mpensT-
CTBHEM BHEJIIPEeHUs sIBIsieTCs TO, uTo TpeboBanus RIS w3nararorcs obmumu cnoBamu, 6e3
peasbHOM KOHKpeTukr. Ha mpumepe peMOHTa TATOBOTO IMOJBHYKHOTO COCTaBa MOKa3aHa WH-
Teprnpetanus TpedboBanus craHgapra IRIS ¢ moMompl0 KIIaCCHYECKUX «CEMH MPOCTHIX WH-
CTPYMEHTOB KauecTBa». BBISBICHBI OCHOBHBIC (DAKTOPBI, BIIMSIOIIAE HA KAYECTBO MPOIUTKU
JIAKOM TSATOBOT'O AJICKTPOIBUTATEIIA.

Kuaruessble ciioBa: crannapt IRIS, kauectBo peMoHTa, Anarpamma MinukaBel, HAMOTKA,
MIPOIUTKA JIAKOM, TATOBBIH 3JIEKTPOABHUraTelb, 3 (HEKTUBHOCTH OU3HECa.
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D.M. Kuznetsov, A.G. Khvostikov, V.L. Gaponov

IRIS STANDARD IMPLEMENTATION FOR IMPROVEMENT QUALITY MANAGEMENT
IN REPAIR OF TRACTION ROLLING STOCK

Abstract. The implementation of the railway industry standard IRIS will help national
companies to enhance business performance and to increase the quality and reliability of rail-
way products. However, the companies at sites face serious challenges while implementing
the components of this standard. The main obstacle is lack of specifics, as the IRIS require-
ments are expressed in broad terms. Based on the example of repair of traction rolling stock,
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we aim to interpret the requirement of the IRIS standard through the simple «7 classic quality
tools». The paper also shows the main factors influencing the quality of a traction electric

motor’s varnish treatment.

Keywords: IRIS standard, repair quality, Ishikawa diagram, winding, varnish impregna-

tion, traction motor, business efficiency.
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C.A. Cmemanun, B.A. Boiimenko, A1.K. Cxnughyc

SKCHEPUMEHTAJIBHBIE UCCJIEJOBAHUSA JUCKOBOI'O TOPMO3A
C BPAIIEHUEM KOJIOJAKH

AnHoTanus. [lpeacTaBieHbl pe3ysbTaThl SKCIEPUMEHTANbHBIX HCCIENOBAHUN Kade-
CTBEHHO HOBOM CXEMBI TOCTPOEHUS TUCKOBOTO TOPMO3a C BpPAIIEHUEM TOPMO3HON KOJIOJKH
noJ 1eficTBUEM MOMEHTA CHJIBI TPeHHsI (PPUKIMOHHOTO B3aUMOACHUCTBHSL. Y CTAHOBJIEHBI DKC-
MepPUMEHTAIbHBIE 32aBUCHMOCTH B BHJIE AIIIPOKCUMAIMOHHBIX QyHKIHI Koadduimenra tpe-
HUSl CKOJIBKEHHUS OT YIJIOBBIX CKOPOCTEH BpAILLEHHS TOPMO3HOI'O JHWCKA U TOPMO3HOM KO-
JIOJIKH, & TAKKE OT CHJIBI IPIPKATHA KOJOAKH K AUCKY sl pPa3iUuHbIX GpUKIHOHHBIX nap. [To
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pe3ynapTaTaM TUIAHUPOBAHHS SKCIIEPUMEHTA TOIYYEeHBl PErPEeCCHOHHBIE MOJAEIH, OTPaXKaro-
e 3aKOHOMEPHOCTH U 0COOCHHOCTH (YPUKITMOHHOT'O B3aMMOICHCTBHUS IIPU CIIOKHOM OTHO-
CUTEIILHOM JIBUKCHHUU TOYCK B3aWMOJICHCTBYIOIUX (DPUKIIMOHHBIX TTOBEPXHOCTEH JUIS pa3-
JUYHBIX (DPUKIMOHHBIX map. [IpuBOmATCS pe3ynbTaThl CPaBHUTEIHHOTO aHAIN3a CPEIHUX
3HaYEHUH TeMIlepaTyp TOPMO3HOTO TUCKa U TOPMO3HON KOJOAKH, a TAKKe TPaJUCHTOB TEM-
nepaTyp TEpPMHUYECKOro cje/ia Ha MOBEPXHOCTH TOPMO3HOTO ANUCKA AJIsi TOPMO3HOTO OJI0Ka ©
HEMOJBMKHONH TOPMO3HOHM KOJOAKOW B (hopMe CKPYTJIEHHOTO CEKTOpa M Ui TOPMO3HOTO
0JI0Ka ¢ BpaIlieHHeM TOPMO3HOU KOJIOIKH B (popMe CIUIOINTHOTO THUCKA.

KaroueBsbie ci10Ba: TUCKOBBINM TOPMO3, TOPMO3HOM OJIOK C BpaIllCHUEM KOJIOAKH, (PPUKIIH-
OHHOE B3auUMOJIciCTBHE, (PUKIIMOHHAS apa, KO3QQUIIMESHT TPEHUsI, TUTAHUPOBAHUE JIKCIIC-
pPUMEHTa, PETPECCUOHHBIN aHAIIN3.

Jnst nuTupoBaHus:

Cwmeranna, C.A. DKcriepuMEHTaIbHBIC UCCIICTIOBAHNS TUCKOBOTO TOPMO3a C BpallcHUEM
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Ne 2. —C. 62-71.

S.A. Smetanin, V.A. Voitenko, Ya.K. Sklifus
EXPERIMENTAL RESEARCH OF DISK BRAKES WITH ROTATION OF THE PAD

Abstract. The results of experimental studies of a qualitatively new scheme for construct-
ing a disc brake with rotation of the brake pad under the action of the friction force moment
of friction interaction are presented. The experimental dependences are established in the form
of approximation functions of the sliding friction coefficient on the angular velocities of rota-
tion of the brake disc and brake pad, as well as on the force of pressing the pad against the disc
for various friction pairs. Based on the results of the experimental design, regression models
were obtained that reflect the laws and characteristics of the frictional interaction with complex
relative motion of the points of the interacting friction surfaces for various friction pairs. The
results of a comparative analysis of the average temperatures of the brake disc and the brake
pad, as well as the temperature gradients of the thermal trace on the surface of the brake disc
for a brake block with a fixed brake shoe in the form of a rounded sector and for a brake block
with rotation of the brake shoe in the form of a solid disk, are presented.

Keywords: disc brake, brake block with pad rotation, friction interaction, friction pair,
friction coefficient, experiment planning, regression analysis.
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NHOPOPMAIIMOHHBIE TEXHOJIOT'HUMH,
ABTOMATHUKA U TEJEKOMMYHUKALIUU

YK 681.325
[.E. Becenos, b.K. Jlebeoes, O.b. Jlebeoes

TUBPUIHBIN AJITOPUTM YIIPABJIEHUSI POEM 'OMOT'EHHBIX POGOTOB
B YCJIOBUSIX OTPAHUYEHHOI'O MPOCTPAHCTBA ~

AnHoTauus. [[pumMeHeHne cTpaTerui HHTEIUIEKTYalIbHOTO YIPaBJICHHUS IO3BOJISIET O-HO-
BOMY paccMaTpUBaTh BOIPOC Pa3pabOTKH CUCTEM YIPaBJICHUS POEM FOMOTCHHBIX POOOTOB B
YCIIOBHSAX OTPAaHWYEHHOTO IIPOCTPAHCTBA U HEOTIPE/ICIICHHOCTH BHEIIIHEH CPE/IbI ¢ y4ETOM Ta-
KHX Ka4Y€CTBCHHBIX HOKa3aTCJ'IeI71, KaK INOBBIIICHUE HAACKHOCTHU U ITOBBIIIICHUEC FI/I6KOCTI/I.

CoBpeMeHHOE IPUMEHEHHE TPYIITB POOOTOB BECbMa MHOTOTPAaHHO, OJTHAKO HanboJiee ak-
TyaJIbHBIE Ha CETOJHALIHUH JeHb 3aJa4H B 00JIACTH UX PUMEHEHUSI COCTOST B OpPraHU3aUH
HOBE/ICHHSI MOOWJIBHBIX TOMOT€HHBIX POOOTOB B aBTOMATH3HPOBAHHBIX CKJIAJICKAX ITOMEIIle-
HUSIX, (POPMHUPOBAHNH KOJOHHBI O0EBBIX POOOTOB MPH MPOXOXKICHUN Y3KHX yYaCTKOB MECT-
HOCTH, a Takke (POPMUPOBAHUN CTPOS P 30HAUPOBAHIH MECTHOCTH OECIHMIOTHBIMHU JIeTa-
TENBHBIMY anmaparam. [Ipu 3ToM 3a1ady MOHUTOPUHTA 00JIACTH NpeUIaraeTcs pemars my-
TeM pa3pabOTKU MOJENeH rPyNIOBOro MOBeJCHUSI pOOOTOB HA OCHOBE CHJIOBOU peslaKcaluu
Y CHHTE3a WHTEJUIEKTYAIBHOW CUCTEMBI YIIPaBIICHUS TPYIIOH MOOMIBHBIX POOOTOB, T.€. aB-
TOMAaTHYECKOTO MEPECTPOSHHSI B YCIOBHSAX HEOINPEAEICHHOCTEH M NPENsTCTBUM, MOWCKa
IEJIH, TIOCTPOCHUSI ONITHMAIIBHOM TPACKTOPHH JTOCTHIKCHUS LEITH.

JJist yCHeITHOTo BBITIOIHEHHS BHIIIETIEPEYUCICHHBIX 3a/1a4 ObUT pa3paboTaH aaropuTM Ha
OCHOBE MHTETPAIMU POEBOT0 HHTEIJIEKTa M TeHETHYECKOW HBOOLNH. B paboTe onmceiBaercs
MOAM(UIMPOBAaHHAS TApajnurMa, odecreunBaronas BO3MOXKHOCTh TIOMCKa pelieHuid B ad-
(I)I/IHHOM IIPOCTPAaHCTBE HOSI/IHI/IfI C ICJIOYUCIICHHBIMU 3HAYCHUSAMU ITapaMETPOB.

KiroueBble cj10Ba: HHTEIUIEKTYaIBHOE YIIPaBlIeHUE, POl TOMOTEHHBIX pOOOTOB, OTpaHu-
YEeHHOE MPOCTPAHCTBO, MHOTOAr€HTHAsI CUCTEMa, OMOHUYECKHH TIOMCK, POCBOH MHTEIUICKT,
reHeTHYecKas dBONIONHMs, ah(GUHHOE TPOCTPAHCTBO TIOUCKA.
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G.E. Veselov, B.K. Lebedev, O.B. Lebedev

A HYBRID ALGORITHM FOR MANAGING A HIVE OF HOMOGENEOUS ROBOTS
IN CONDITIONS OF A LIMITED SPACE

* Pa6ota BbITIOJIHEHA PH (PMHAHCOBOM Noiepkke rpanta POD®U Ne 19-07-00645 A.
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Abstract. The application of the intelligent control strategy allows us to consider in a new
way the issue of developing systems for controlling a hive of homogeneous robots in condi-
tions of limited space and environmental uncertainty, taking into account such qualitative in-
dicators as increased reliability and increased flexibility.

The modern application of the group of robots is very multifaceted, however, the most
urgent tasks in the field of their application today are to organize the behavior of mobile ho-
mogeneous robots in automated storage facilities, the formation of a column of combat robots
during the passage of narrow sections of the terrain and the formation of the system when
probing the terrain by unmanned aerial vehicles. At the same time, it is proposed to solve the
problem of monitoring the region by developing models of the group behavior of robots based
on force relaxation and the synthesis of an intelligent control system for a group of mobile
robots, i.e. automatic rebuilding in the face of uncertainties and obstacles, finding a goal, build-
ing an optimal trajectory of achieving a goal.

To successfully complete the above tasks, an algorithm was developed based on the inte-
gration of the hive intelligence and genetic evolution. The paper describes a modified para-
digm that provides, the ability to search for solutions in the affine space of positions with
integer parameter values.

Keywords: intelligent control, hive of homogeneous robots, limited space, multi-agent sys-
tem, bionic search, hive intelligence, genetic evolution, and affine search space.
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VJIK 656.078.11 ; 656.27
A.I'". F'anxun, B.B. 3yoroe, H ®. Cupuna

KOHIIENIHNS BUPTYAJIbHON CUCTEMBI UHTETPAITAA B3AMMOJIEACTBHA
CYBBEKTOB TPAHCIIOPTHO-UH®OPMALIMOHHOTI'O ITPOCTPAHCTBA

AHHOTanms. PaccMOTpeHa KOHLENUNS BUPTYAIbHONM CUCTEMBl MHTEPALIMM B3aUMOJACH-
CTBUS CyOBEKTOB TPAHCIIOPTHO-MH(POPMAIIMOHHOTO POCTpaHcTBa. [IpencTapiiena KoHIeNTY-
ajgbHask MOJIENIb BUPTYaTbHOM CHUCTEMBI MHTErPALUU, NMPU MOCTPOCHUU KOTOPOH 332 OCHOBY
MIPUHATO CTPATUGHUIIMPOBAHHOE MPEICTABICHNE KOTHUTUBHOW KBOTHPOBAHHON WH(MOpMAITH-
oHHOU cuctemsl. [locTpoeHa 1eneBast *HpOpMaIIMOHHAS ApXUTEKTYPa CUCTEMBI ONIPEICICHUS
ONTHUMAJBHBIX BAPUAHTOB pelicHM. Pa3paboTaHbl MEXaHU3M OMPEICIICHUS MUHUMAILHOTO
3HaYeHUs ToKa3aTels oobeMa HH(GOPMAITMOHHOTO TIOTOKA U METOOJIOTHS TIOCTPOSHUS MaT-
PUIIBI TOKA3aTeNel, MPUMEHIEMbIX TP aHAIIN3€, MOACTHPOBAHIH U OTIPEIEICHUN ONITHMAITh-
HBIX BAPUAHTOB Pa3BUTHUS TPAHCIIOPTHBIX YCIYT U 9KOHOMUYECKUX MTOKa3aTeNel pa3BUTHS pe-
THOHOB CTPaHBbI.

KaioueBble ciaoBa: cucTeMa WHTETPAlldH, TPAHCIIOPTHO-UH(POPMAIIMOHHOE MPOCTPaH-
CTBO, TPAHCIIOPTHBIE YCIIYTH, MHPOPMALIMOHHBIE TAHHBIE, MATPHIIA TOKa3aTeCH.

J1st uuTHpOBaHNSA:

lanxun, A.I'. KoHnemnus BUpTyanbHOW CHCTEMBI HHTETPAIlMH B3aMMOJCHCTBHUS CyOBeK-
TOB TPaHCIOPTHO-MH(popMarmoHHoro npoctpadcTea / A.l'. 'amkun, B.B. 3yokos, H.®. Cu-
puna // Bectauk PI'YIIC. — 2020. — Ne 2. — C. 83-92.

A.G. Galkin, V.V. Zubkov, N.F. Sirina

A CONCEPT OF VIRTUAL INTEGRATION SYSTEM OF INTERACTION SUBJECTS
OF THE TRANSPORT AND INFORMATION SPACE

Abstract. The concept of a virtual system for integrating interaction between transport and
information space subjects is considered. The paper presents a conceptual model of a virtual
integration system, which is based on a stratified representation of a cognitive quota infor-
mation system. The target information architecture of the system for determining optimal so-
lutions is constructed. A mechanism for determining the minimum value of the indicator of
the volume of information flow and a methodology for building a matrix of indicators used in
the analysis, modeling and determination of optimal options for the development of transport
services and economic indicators of the country's regions have been developed.

Keywords: integration system, transport and information space, transport services, infor-
mation data, matrix of indicators.
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A.H. lllabenvnukos, C.M. Kosanes, U.A. Onveeiizep, A.B. Cyxanog

OLEHKA TEXHUYECKOI'O COCTOsIHUSI BATOHHBIX 3AMEJIMTEJIEA
HA OCHOBE AJIATITUBHOU MOJEJU OFLbEAUHEHUSI CBUJAETEJBCTB *

AnHoTanus. Ha mpumMepe oJTHOT0 U3 yCTpOMCTB rOpOYHOM aBTOMAaTH3AI[MK aBTOPaMHU pas3-
paboTaH HOBBIM MOAXO] K AUATHOCTUPOBAHUIO HAMIOJIBHOTO 00OPYAOBAHHS JKEIE3HOIOPOXK-
HOW COPTHUPOBOYHOW TOPKH, OCHOBaHHBIM Ha HMCIOJNB30BAHWM HOBOTO KJIacca aJalTHBHBIX
HEUPOHEUETKUX MOJIENEN, OTPaKalOIIUX JUHAMUKY IpolieccoB. ba3y 3HaHUN AuarHocTuye-
CKOM MOJIENTU COCTABIIAIOT HEUETKHE TEMITOpaIbHbIE MPaBuiia, HA OCHOBAHMUH KOTOPBIX BBIHO-
CATCSA PELICHHs IyTeM CIMSHMS MHPOPMALMH M0 CXeMe KOMOWHHPOBAaHUS CBHUIETEIHCTB
Hemmncrepa — ladepa.

Pa3zpaboran anroputM BEpOSTHOCTHON OIIEHKH TEXHHYECKOI'O COCTOSHHS BarOHHBIX 3a-
MeIJIMTeNeH, OCHOBaHHBIN HAa 00beIMHEHNH (DopMalin3Ma HEUETKON JIOTUKH U TEOPHH CBH/IE-
tenbcTB [emmcrepa — lladepa.

KiroueBbie ciioBa: BaroHHbId 3aMeUIMTeNb, 0a30Bbie BEPOSITHOCTH, KOMOMHHPOBAHHE
CBUJICTEINILCTB, HEWPOHEeUeTKast aAanTHBHAS MOJETb, TEMITOpalibHast opMyIia.

Jas uuTupoBaHus:

Ol1leHKa TEXHUYECKOTO COCTOSIHMS BAarOHHBIX 3aMEJINTENIENH Ha OCHOBE aJalTUBHON MO-
nemu oobenuHenns ceupetenseTB / A H. 1lla6ensankos, C.M. Kosanes, M.A. Onbreiizep,
A.B. Cyxanos // Bectank PI'VIIC. — 2020. — Ne 2. — C. 93-102.

A.N. Shabelnikov, S.M. Kovalev, I.A. Olgeyzer, A.V. Sukhanov

TECHNICAL STATE ASSESSMENT ALGORITHM FOR CAR RETARDER
BASED ON THE HYBRID MODEL OF EVIDENCE COMBINATION

Abstract. The paper proposes an algorithm for probabilistic assessment of hump yard out-
door equipment condition on the example of the car retarder assessment. The algorithm is
based on new adaptive fuzzy-neural models reflecting process dynamics. The knowledge base

* WccnenoBanue BBIIOJHEHO TIpH  (DMHAHCOBOW Tmomuepkke PO®U B pamkax HaydyHBIX IIPOEKTOB
Ne 19-07-00263, Ne 19-07-00195, Ne 20-07-00100.
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of the utilized models contains fuzzy temporal rules, which allow to make the decision on the
basis of data fusion via evidence combination scheme of Dempster — Shaffer.

The algorithm for assessment of the technical state of the car retarders is presented in the
paper. The key idea of the algorithm is the union of the fuzzy logic formalism and Dempster —

Shafer theory.

Keywords: car retarder, braking efficiency, basic probabilities, operability, elementary hy-

pothesis, normalization, iterative procedure.
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YIHPABJIEHUE U JIOTUCTUKA HA TPAHCIIOPTE

VJK 656.073.46 + 06
B.M. 3a0opooicnuii, B.H. Manozemos, B.A. boecaues

3KOHOMMKO-TEOTPA®UUYECKH METO/I B MOJIEJIAPOBAHUH I'PY30IIOTOKOB
HE®TENPOAYKTOB HA INOJIMT'OHE CEBEPO-KABKA3CKOU KEJIE3HOU JTOPOI'

AHHoTanus. B mponecce MonenupoBaHus PhIHKA TPY30IEPEBO30K € MOMOIIBIO METO/A
9KOHOMHKO-TEOTpapUUECKOr0 pa3rpaHudeHUs «00IacTell BIUSHUS» CTAHIMK MOTPY3KH MO
CYILECTBY HCCIIEIYEMbIX BOIIPOCOB BO3SHUKAIOT KIaCCUYECKUE allredpandecKue KpUBbIe BbIC-
IIUX MTOPSIKOB (2 UMeHHO oBajbl [lekapra u ynurka [lackans). Yka3anHoe 00CTOATEIHCTBO
O3HAYaeT, 4YTO MPOHM3BOAMMBIC TaKUM OOpa3oM TPaHCIOPTHO-JIOTHCTHYECKUE IOCTPOCHUS
UMEIOT JOCTaTOYHO (PYHIaMEHTAIBbHYI0 MAaTEMaTHYECKYIO OCHOBY.

[Ipennaraemast aBTOpaMu METOJIMKA UCTIONB30BAHMS BHIYUCIHTEILHBIX, AaHATUTHIECKAX U
rpagu4ecKuX BO3MOKHOCTEH MaTeMaTHYEeCKH OPUEHTHPOBAHHBIX IIPOrPAMMHBIX IPOIYKTOB
H03BOJISIET CO3/1aBaTh TEPPUTOPHATIBHBIC MOJIENIH MPOLIECCa IPY30IIEePEeBO30K Ha OCHOBE KOM-
TUIEKCHOW OLIEHKH HHPPACTPYKTYPHI )KeJIE3HOAOPOKHOTO OJIUTOHA M aHAIN3a KaYeCTBEHHBIX
¥ KOJINYECTBEHHBIX MOKA3aTeNIeH NeITeIbHOCTH I'PY30BBIX KOMITAHHH.

KnroueBble cji0Ba: pacnpeiesieHue rpy30I10TOKOB, TPY30Bbl€ CTAHIIUMU, KIACCUUYECKHE all-
re6pquec1<I/Ie KPHUBBIC, CUCTEMbI aHAIIUTHYCCKUX BBIYNCJICHUH.

st uuTHpOBaHNSA:

3anopoxuuii, B.M. DxoHOMHKO-TeorpadMueCcKuil METOJ] B MOJECITUPOBAHNH IPY30IIOTOKOB
HedTenponykToB Ha nonurone Cesepo-KaBkasckoii xemnesHoit goporu / B.M. 3agopoxxHuid,
B.H. Manosemos, B.A. boraues // Bectuuk PI'VIIC. — 2020. — Ne 2. — C. 103-112.

V.M. Zadorozhniy, V.N. Malozemov, V.A. Bogachev

ECONOMIC AND GEOGRAPHIC METHOD IN MODELING OIL PRODUCTS CARGO FLOWS
ON THE NORTH-CAUCASIAN RAILWAY REGION

Abstract. In the process of modeling the freight market using the method of economic and
geographical differentiation of the «areas of influence» of the loading stations, essentially
higher-order classical algebraic curves arise (namely, Cartesian ovals and Pascal's snail). This
circumstance means that the transport and logistic constructions produced in this way have a
fairly fundamental mathematical basis.

The methodology proposed by the authors for using the computational, analytical and
graphical capabilities of mathematically oriented software products allows creating territorial
models of the freight transportation process on the basis of a comprehensive assessment of the
railway landfill infrastructure and analysis of the qualitative and quantitative indicators of
freight companies' activities.

Keywords: distribution of cargo flows, freight stations, classical algebraic curves, systems
of analytical calculations.
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11.A. Koznos, B.I1. Koznosa, H.A. Tywun, P.B. [lucapesa

TEXHOJIOT' S BBIBOPA DY®®EKTUBHBIX TPAHCIIOPTHBIX CPEJICTB ITPH PA3JIMYHOM
CTPYKTYPE I'PY30IIOTOKOB

AnHoTauus. Ctarbsi NOCBALICHA BHIOOPY ONTHMAJIBHOIO MHOXECTBA TPAHCIOPTHBIX
CPEICTB Ul OCYILECTBJICHHS MOTOKOB 3aJaHHOM CTPYyKTypbl. Peub uumer 06 3¢pdexrnBHOM
BJIO’KEHUH CPEJICTB B TPAHCIIOPTHBIE CPEJICTBA M TPAMOTHOM TEXHOJIOTHH UX UCIIOJIb30BaHMUS.

Mogenb npejacrasiser coboi rpad, 1Mo agyraM KOTOPOro UAyT JACHEKHBIC cpeacTra. Kax-
JIOW eIMHHUIIE IEHEKHOT0 IOTOKA COOTBETCTBYIOT ABa IIapaMeTpa — IePEeBE3CHHbII I'py3 U I10-
Jy4eHHBIA 70XoA. B mMonenn moryT 3afaBaThCsl IUIaHBI MIEPEBO30OK MO PETMOHAM M BUAAM
TPaHCIIOPTA, a TAKXKE OIPAaHMYEHUS 10 JEHEKHBIM U IPy30BBIM MoToKaM. Kpurepuem sBis-
€TCsl MaKCHUMAJIbHBIA JOXOJ NpPH BBINOJIHEHWH OTPaHWYEHHH. 3a HEBBINOIHEHHBINM IUIaH
Ha3Hayaetcs mwrpagd.

Monens peanu3oBaHa AJisl TPEX PETHOHOB M TPEX BHUJOB OTHOCHTEIHHO B3aWMO3aMeEHsIe-
MBIX BHJIOB TPAHCIIOPTa — KPBITHIX BarOHOB, KOHTEWHEPOB 1 aBToMoOwmIei (pyp). [IpuBenens
MOJTy4aeMbl€ PE3yJIbTATHI.

KuroueBble cj10Ba: MHBECTUIINH, TPAHCTIOPTHBIE CPEJICTBA, MOEIH, ONTUMH3AIIHS, TIepe-
BO3KH.

J1s uuTHpOBaHMS:
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rpy3onorokoB / II.A. Kosznos, B.Il. Kosnosa, H.A. Tymwun, P.B. Ilucapesa // BectHuk
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P.A. Kozlov, V.P. Kozlova, N.A. Tushin, R.V. Pisareva

TECHNOLOGY FOR SELECTING EFFICIENT VEHICLES WITH DIFFERENT
FREIGHTCARGO FLOW

Abstract. The article is devoted to the selection of optimal modes of vehicles for imple-
mentation flows of a given structure. It is given the effective investment in vehicles and com-

petent technology for their use.

The model is graph money that goes along arcs. Each unit of cash flows corresponds to two
parameters: the transported goods and the resulting income. The model can set transport plans
for regions and modes of transport, as well as restrictions on cash and cargo flows. The crite-
rion is the maximum profit when the restrictions are limited. If the plan is not executed it is

assigned a penalty.

The model is implemented for three regions and three types of relatively interchangeable
modes of transport: boxcar, containers and cars (trucks). The obtained results are presented.
Keywords: investments, vehicles, model, optimization, transportations.
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V]IK 656.254.5
H.®. Cupuna, O.A. Cucuna

PE3YJIBTATBI UMUTALHNOHHOI'O MOJAEJIMPOBAHUSA ITPOLHECCA
UH®OPMALIMOHHOT'O B3AUMOJIENCTBUS 115 CIYUYAS BOSHUKIINX
YPE3BBIYAVHBIX CUTYAIIA BO BPEMSA NEPEBO30YHOI' O ITPOIIECCA

HA KEJIE3HOJOPOKHOM TPAHCIIOPTE

AnHoTauus. JltoOble MpoucHIecTBUS, BOSHUKAIOUINE Ha JKEJIE3HOJOPOKHOM TPaHCIIOPTE
BO BpeMsI [IEPEBO30YHOTO IIPOLIECCA, OTHOCATCS K HEIITATHBIM U YPE3BBIYaHBIM CUTYALHSM.
IlocnencTBus cuTyaluii HemTaTHOro M 4pe3BbruaiiHoro xapakrepa (HuUC) B 3aBucumoctu
OT BPEMEHH, 3aTPayrBaeMOr0 Ha pearupoBaHue ciyk0aMu, MpeJHa3HaAYCHHBIMU LTS JTUKBH-
JallMy TaKoro poJa IPOMCIIECTBHUMH, SBJIAIOTCS BapbUPYIOLIMMUCS BEIIMYMHAMH U BBIpaXKa-
IOTCSI B MaTepUalbHOM yliepOe U yuiepOe KU3HU U 310pOBbIO YEJIOBEKA. Y BEJIMUYEHUE Bpe-
MEHH pearupoBaHusl CIIy>KO MPUBOAMT K POCTY yilepOa OT npoucuiecTBrid. OZHUM U3 OIpe-
JEISIOIKX BPEMEHHbBIE 3aJepKKH [apaMeTPOB B PEarupoOBAHUU CIIELHUAIBHBIX CIyXO0 H
CTPYKTYP SIBJISICTCS BpeMs, 3aTpauyCHHOE Ha JJOBEACHUE O CBEIEHHS BCEX JTOIKHOCTHBIX JIHIL
CTPYKTYP JKEJIE3HOU AOPOTH M APYTHX SKCTPEHHBIX CIYXKO pearnpoBaHus TEPPUTOPUATEHOTO
oOpa3oBaHHus, B MpeAeiax KOTOPOro MPOU30ILIa Ype3BblYaiiHasl CUTYyalusl, HHPOPMALUU O
MIPOMCLIECTBUH.

B pabote aHanu3upyroTCs pe3yibTaThl HMHUTALMOHHOTO MOJEIUPOBAHMUS IIpoLecca WH-
(OpMaLIMOHHOTO B3aUMOJCUCTBHSI MEXKILy CTPYKTYpaMH, 3a/IeiCTBOBAaHHBIMU B MIEPEBO30Y-
HOM IPOLIECCE U B JIMKBUAALMH HEIITATHBIX M YPE3BbIYAMHBIX CUTYyalliil, BOSHUKIINX Ha JKe-
JIE3HOH J1opore, C LEeJIbI0 COKPAIeHNsI BPEMEHHBIX TapaMeTPOB JOBEACHUS HH(POPMALIUH.

KiroueBbie ciioBa: MHQOpPMAMOHHOE B3aUMOJCHCTBHE, MEPEBO30YHBIA Mpoliece, He-
HITaTHas ¥ Ype3BblYaiiHas CUTYAIs], MOIETTUPOBaHHE.

J1si HMTHPOBAHUS:

Cupuna, H.®. Pe3ynapTaThl HMHUTAIIMOHHOTO MOJEIUPOBAHUS Tpolecca WH(OPMAIHOH-
HOI'o B3aHMOI[CI71CTBPIS[ IJg cjiydass BOSHUKIIUX ‘Ipe3BbI‘IaI\/'IHI)IX CI/ITya]_[I/Iﬁ BO BpEMs ME€pe-
BO30YHOTrO Ipolecca Ha kene3HomopoxHoM TpaHcrnopte / H.®. Cupuna, O.A. Cucuna //
Bectauk PI'VIIC. — 2020. — Ne 2. — C. 123-131.

N.F. Sirina, O.A. Sisina

THE SIMULATION RESULTS OF THE INFORMATION INTERACTION PROCESS
FOR CASES OF EMERGENCIES DURING THE TRANSPORTATION PROCESS
ON RAILWAY TRANSPORT

Abstract. Any accidents that occur on railway transport during the transportation process
are considered as accidents and emergency situations. The consequences of these accidents
and emergency situations, depending on the time spent on the response of services intended to
eliminate such incidents, are variable in magnitude and are expressed in material damage and
damage to life and health. Increased response time of services leads to increased damage from
accidents. One of the parameters determining time delays in the response of special services
and structures is the time spent on bringing information about the incident to all officials of
the railway structures and other emergency response services of the territorial entity within
which the emergency occurred.

The paper analyzes the results of simulation of the process of information interaction be-
tween the structures involved in the transportation process and in the elimination of emergency
situations that occurred on the railway, in order to reduce the time parameters of information
delivery.

Keywords: information interaction, transportation process, accidents and emergency situ-
ations, modeling.
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JKEJIE3HOJIOPOKHBIA ITYTh U TPAHCHOPTHOE CTPOUTEJBCTBO

VJIK 625.12 + 06
B.JI Illanosanoes
NPUMEHEHUE METOJA I'EOPAJIMOJTOKAIIUA ITPU OBCJIEJIOBAHHUN TOHHEJIEN

AnHoTanus. PaccMoTpeHa BO3MOKHOCTH PUMEHEHHS METO1a Te€0PaINOIOKAIIAH ITPH JTH-
ArHOCTHKE COCTOSIHUS IKCILUTYaTHUPYEMBIX M BHOBb ITOCTPOCHHBIX JKEIE3HOJOPOIKHBIX U aBTO-
MOOHMIILHBIX TOHHEJEH. BhioHeH 0030p 0TeuecTBEeHHOH 1 3apy0eKHOH JIUTEpaTyphI 1O BbI-
OpaHHOMY HAamNpaBJICHHUIO HMCCICaI0BaHUM. PaccMOTpeHbl BUIBI Je(EKTOB, BCTPEUAIOLIHECS
TIPH SKCIDTyaTalli TOHHEIIEH, 1 METOJIbI UX KOHTPOJIS, B TOM YHCJIE M METO]l T€0paIuoIoKa-
1uu. [IpencrarieHbl OCHOBHBIE OCOOSHHOCTH TEXHOJIOTUH 00CIIEI0BaHUS TOHHEJICH METOIOM
reopaauosiokaruu. [lokazana 3¢)()eKTUBHOCTh METO/Ia TP 00CIICI0BAHUY OAJIJIACTHOTO CJIOS
1 00paTHOTO CBOJIA C BBISBJICHHEM 30H HEOJHOPOJHOCTH U YBIAKHEHUS, TOHHEIEHOW 00/1e-
TKY ¢ oOHapykeHrneM aedekToB u TpentuH. [IpencraBineHs pe3ynbTaTel 0OHAPYKESHHS U T10-
3UIMOHMPOBAHUS apMaTypHOTO KapKaca B cJIoe ’KeJIe300€TOHa, a TakKe 00CIeI0OBaHus KOH-
TaKTa «TPYHT — 00JIEITKa.

O¢ddexTuBHOCTH METOIa TEOPATNOJIOKAIINH IPOBEPEHA HA ISHCTBYIOMUX 00beKkTax. Mc-
0JIb30BaHHUE MPEJIOKEHHBIX METOIUK MTO3BOJIUT YIYUIIUTh KAUECTBO MPEANPOSKTHBIX U3bIC-
KaHWH 1 MOBBICUT 0€301TaCHOCTH TabHEHIIICH dKCIUTyaTaIiH.

KuaroueBsble ci10Ba: reopauooKalys, JUarHOCTHKA KEIE3HOAOPOKHOTO TyTH, TOHHEIH,
Je(heKThI, METOJUKU 00paOOTKH.

JJ1st ntuTHpOBaHNS:
[IanoBanos, B.JI. [Ipumenenne MeToaa TeopaaroIOKaie Py 00CIeI0BAaHUN TOHHEICH
/ B.JIL. llTaroBaios // Bectank PT'VIIC. — 2020. — Ne 2. — C. 132-143.
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V.L. Shapovalov
THE APPLICATION OF A GPR METHOD IN THE INSPECTION OF TUNNELS

Abstract. The work is devoted to evaluating the possibility of the GPR method for diag-
nosing the condition of operated and newly built railway and road tunnels. The paper reviews
domestic and foreign literature in the chosen research area. The types of defects encountered
in the operation of tunnels and methods of their control, including the method of GPR, are
considered. The paper presents the main features of the examination of a tunnel by means of
GPR. The effectiveness of the method is shown when examining the ballast layer and the
reverse arch with the detection of zones of heterogeneity and moisture, tunnel lining with the
detection of defects and cracks. The results of detection and positioning of the reinforcement
frame in a layer of reinforced concrete, as well as the examination of the contact «ground-
lining» are shown.

The effectiveness of the GPR method has been tested on existing objects. The use of the
proposed methods will improve the quality of pre-project surveys and increase the safety of
further operation.

Keywords: GPR, diagnostics of railway, tunnels, defects, processing techniques.
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METO/Ibl AHAJIN3A U PACUYETA HAT'PY3OUHBLIX IIOTEPb
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PEKEHMs M TOBBIILICHNS SHEPreTH4ecKoi 3 hekTuBHOCTH ceTeBbIX opranusauuii. I1o moxa-
3aHUSAM NPUOOPOB ydeTa BO3MOXKHO ONpPENeNuTh (akTHIeCKuii HeOalaHC 3JEKTPOIHEPTHUH,
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TUH B 3JIEKTPOIHEPTETUYECKUX CETAX. BBITIOIHEH CpaBHUTENBHBIN pacyeT NOTEPh IEKTpUUE-
ckoit sueprum Ha ydacTtke cetu 35 kB [TAO «MPCK-Cubupm».
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1.V. Tarabin, R.B. Skokov, I.A. Terekhin
METHODS OF ANALYSIS AND CALCULATION OF LOAD LOSSES

Abstract. The electricity losses are the most important indicator of the energy efficiency
of electric networks, their reduction is part of the program of energy conservation and energy
efficiency of network organizations. According to the testimony of metering devices, it is pos-
sible to determine the actual imbalance of electricity, but the loss of electricity, their compo-
nents, for analysis, are determined exclusively by calculation methods with their inherent as-
sumptions and errors. In the framework of the work, methods of analysis and calculation of
load losses of electricity in electric power networks are summarized. A comparative calcula-
tion of the loss of electric energy on the 35 kV network section of IDGC of Siberia, PJSC was
performed.

Keywords: losses of electric energy, electric power networks, methods for calculating

losses, calculation error, energy efficiency.
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MOJIEJIMPOBAHUE CUCTEM U INIPOLECCOB

YK 519.7 + 06
M.A. Bymaxosa, A.H. ['voa, A.B. Yepnos

OBHAPYXXEHUE AHOMAJINI B HTH®OPMAITMOHHBIX ITIOTOKAX
N OKCHHEPUMEHTAJIBHBIE UCCJIEJOBAHUA
HA MOJIEJIAX MAILIMHHOT'O OBYYEHUSA ~

Annotauus. Ctatbs ABIseTCS MPOAOILKCHUEM paHee HauaThIX aBTOPaMH UCCIIeIOBaHUI
1o 0OHapyKEHUIO aHOMAaJIbHBIX BEIOPOCOB B MH()OPMAIIMOHHBIX OTOKAaX Ha OCHOBE MH(OP-
MAalMOHHO-?HTPOIMMHOI0 NOJAX0/1a ¥ — KaK OJJHOTO U3 MOAXO0/0B K PEIIEeHHIO JAHHOU 3a/1a4n
— KOMOMHaIMu Mep 3HTponuu. B HacTosmel padoTre npeacTaBiIeHbl 3KCIIEPUMEHTAIbHBIE HC-
CIIEZIOBAHMSI TOYYCHHBIX TEOPETUYECKUX PE3YIbTATOB, MOACIHPOBAHUE U alpoOarys mpea-
JIOXKEHHBIX METOJIOB Ha CHHTETHYECKUX M peasbHbIX Ha0Opax AaHHbIX. [y cpaBHEHUs pac-
CMOTPEHO HECKOJIBKO aJIbTEPHATHBHBIX MOJXO00B AJIs1 0OHApY>KEHHUS aHOMAJIMH KaK B MHOTO-
MEpHOH, TaK U B (PyHKIIMOHATIBHON MH(PACTPYKTYpE JaHHBIX. B MHOTOMEpHOM citydae mpH-
BCACHBI HCKOTOPLIC aJIbTCPHATHBHLIC O6H1€I/13BCCTHBIG METOJbI B 00J1acTH MAIIUHHOTO O6y-
yeHUs. Pe3ynbTaTel 3KCIIEPUMEHTOB NPEACTaBICHbl B TaOMUYHOW M rpadudeckoi (mis
HaTITSAHOCTH) hopMax U MOATBEPKIAIOT TOCTATOYHO BBICOKYIO (D PeKTHBHOCTH MPETIOKEH-
HBIX TEOPETUYECKUX METOJIOB U MOJETICH.

KuaroueBsble cjioBa: MammmHHOE OOy4YeHHEe, OOHAPYKEHHE aHOMAaIHA, WH(GOPMAIIHOHHBIE
MOTOKH.

JJis1 uuTUpoBaHMs:

ByrakoBa, M.A. OOHapyxeHHe aHOMaJii B WHPOPMAITMOHHBIX TTIOTOKAX M AKCIIEPHMEH-
TaJbHBIC MCCIICJIOBAHUS HAa MOJCIAX MalmmHHOro oOyueHust / M.A. byrakosa, A.H. I'yna,
A.B. Uepnos // Bectauk PI'VIIC. — 2020. — Ne 2. — C. 153-162.

M.A. Butakova, A.N. Guda, A.V. Chernov

ANOMALY DETECTION IN INFORMATION FLOWS AND EXPERIMENTAL STUDY
ON MACHINE LEARNING MODELS

Abstract. The article is a continuation of the studies previously begun by the authors on
the detection of anomalous emissions in information flows based on the information-entropy
approach and as one of the approaches to solving this problem it is namely a combination of
entropy measures. This work presents experimental studies of the theoretical results obtained,
modeling and testing of the proposed methods on synthetic and real data sets. For comparison,
several alternative approaches to detecting anomalies in both multidimensional and functional
data infrastructure are considered. In the multidimensional case, some alternative well-known
methods in the field of machine learning are presented. The experimental results are presented
in tabular and graphical (for clarity) forms and confirm the rather high efficiency of the pro-
posed theoretical models.

Keywords: machine learning, anomaly detection, information flows.

For citation:

Butakova, M.A. Anomaly detection in information flows and experimental study on ma-
chine learning models / M.A. Butakova, A.N. Guda, A.V. Chernov // Vestnik RGUPS. — 2020.
—Ne 2. - P. 153-162.

* Pabora BhImONHeHa Npu (UHAHCOBOM momiepxke POOU, npoextst 18-01-00402-A, 18-08-00549-A,
19-01-00246-A.




ISSN 0201-727X

BECTHHUK PI'YIIC

Ne 2 /2020

Caeenns 00 aBTOpax

Byrakosa Mapusi AjiekcaHIpPOBHA

PocroBckuii rocyjapcTBEHHbIN YHUBEPCUTET ITyTEU
coobmmenus (PT'VIIC),

thakynprer «MHDOPMAITMOHHBIE TEXHOIOTHA
YOPABICHUSD

kadenpa «MHbopmMaTHKay,

JIOKTOP TEXHUYECKUX HAYK, Ipodeccop, eKaH,
e-mail: butakova@rgups.ru

TI'yna Anexkcanap HuxkosiaeBu4

PocroBckuii rocyjapcTBEHHbIN YHUBEPCUTET ITyTEU
cooOmmenus (PT'VIIC),

IPOPEKTOp 10 HAYIHOM padore,

kadenpa «MapOopMaTHKaY,

JOKTOp TEXHUYECKUX HayK, mpodeccop,
3aBenyrommi kKadeapoii,

e-mail: guda@rgups.ru

YepuoB Anapeii Baaaumuposuy

PocroBckuii rocyjapcTBEHHbBIN YHUBEPCUTET ITyTEU
coobmmenus (PTVIIC),

kadenpa «BeruncnurenpHas TEXHUKA

Y aBTOMaTHU3UPOBAHHBIC CUCTEMBbI YIIPaBJICHH»,
JIOKTOP TEXHUYECKUX HayK, mpodeccop,
3aBenyrommi kKadeapoii,

e-mail: avcher@rgups.ru

VIK 004.827

Information about the authors

Butakova Maria Aleksandrovna

Rostov State Transport University (RSTU),
Department «Information Technology
Managementy,

Chair «Informaticsy,

Doctor of Engineering Sciences, Professor,
Dean of the Department,

e-mail: butakova@rgups.ru

Guda Aleksander Nikolayevich

Rostov State Transport University (RSTU),
Vice-Rector for Research,

Chair «Informaticsy,

Doctor of Engineering Sciences, Professor,
Head of the Chair,

e-mail: guda@rgups.ru

Chernov Andrey Vladimirovich

Rostov State Transport University (RSTU),
Chair «Computers and Automated Control
Systems»,

Doctor of Engineering Sciences, Professor,
Head of the Chair,

e-mail: avcher@rgups.ru

A.E. Konooenkosa, C.C. Bepewazuna

MCHOJIb30BAHUE HEMPOHHOM CETH JJ151 OBYYEHUS

HEOJHOPOJIHOM KOTHUTUBHOM MOJIEJIN TUATHOCTUPOBAHUA COCTOSTHUSA

JIEKTPOTEXHUYECKOI'O OGOPYJIOBAHUS *

AnHoTanus. PaccMatpuBaeTcs oaxod, OCHOBaHHBIN Ha UCIIOJIb30BAHUH HEUPOHHOM ceTH
(HC) mst oOydenuss HeoqHOPOoAHON KorHuTHBHON Mozenu (HKM) nuarHoctupoBaHus Tex-
HUYECKOTO COCTOSIHHSI DJICKTPOTEXHHUUECKOro obopynoBanus (D0) 3a cueT MOYpOBHEBOIO
pacrionoxenus sepiind HKM ¢ yderom BBoga ¢puKkTHBHBIX BepiuH. s ouenku padotst HC
OBLTM TIOJICYUTAHBl TOYHOCTh M crienuduuHocTh. PaspaboranHas HKM mo3somnser s dek-
TUBHO JUarHoctupoBath D0 B yCIOBUSIX U3MEPUTEIHHON U 3KCTIepTHOW HH(OpMAIIHH.

KuaroueBble caoBa: HeWpoHHas ceThb, OOy4YeHHE, HEOJHOPOHAs KOTHUTHBHAS MOJIENb,
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A.E. Kolodenkova, S.S. Vereshchagina

USING A NEURAL NETWORK FOR TRAINING A HETEROGENEOUS COGNITIVE MODEL
FOR DIAGNOSING THE STATE OF ELECTRICAL EQUIPMENT

Abstract. The paper considers an approach based on the use of a neural network (NN) for
training a heterogeneous cognitive model (HCM) for diagnosing the technical state of electri-
cal equipment (EE) due to the multi-level placement of HCM vertices, taking into account the
input of fictitious vertices. Accuracy and specificity were calculated to evaluate the NN oper-
ation. The HCM developed makes it possible to effectively diagnose EE in terms of measure-

ment and expert information.

Keywords: neural network, training, heterogeneous cognitive model, technical condition

of equipment.
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1 Marepuanbl cTaTeil NpeICTaBIsIOT B BUAE TEKCTOB, 0T(OPMATUPOBAHHBIX U PAaCHEUaTaHHBIX
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HayuHo-TexHuueckuii )xypHan «BecTHHK POCTOBCKOrO rocyaapcTBEHHOTO YHHBEPCUTETA MyTel COOOLICHHS»
(«Bectauk PI'YTIC») 3apeructpupoBa B PenepaiibHoil ciryx6e no Haa3opy B chepe cBsi3H, HHPOPMAIIHOHHBIX TEXHO-
soruii u MaccoBbix koMmmyHuKanuii (POCKOMHA/I30P), ceunerensctBo o peructparuu [11 Ne ®C77-77245 ot 20 Ho-
siops 2019 r. XKypHan mMeeT MEXIyHApOIHBINA cTaHOApTHBIN cepuanbHbli HOMep (ISSN 0201-727X), nprcBOCHHBIH
Kuwxnoit manatoit Poccuiickoit @enepanuu.

VYupenurenem u nzaarenem sBisercs denepanbHoe roCyIapcTBEHHOE OI0PKETHOE 00pa30BaTeNbHOE YUpeKie-
HUE BEICIIETO 00pa3oBaHus «POCTOBCKMI TOCYJapCTBEHHBIN YHUBEpCUTET IMyTelt coobmenms» (PI'EOY BO PT'VIIC).

I'naBHBIN penakTop xypHaia — akageMuk PAH, 3acinyxeHHbIl gesiTens Hayku PO, TOKTOp TEXHUYECKUX HAYK,
mpogeccop B.1. KomecHukos.

B cocrtaB penaknuonHoH Koyeruu BXoaaT Beaymue yueHsle PI'YIIC, a Takke Apyrux TPaHCIIOPTHBIX U aKajie-
Mu4eckux yHuBepcutetoB CeBepo-KaBkasckoro pernona, Mocksbl, Cankt-IletepOypra, Yipauns! ([{HenmponeTpoBckuit
rOCY/apCTBEHHBIN TEXHUYECKUH YHUBEPCUTET JKEIE3HOAOPOKHOIO TpaHcnopTra uM. akal. B. JlasapsHa, r. JIHenponer-
poBck), Pecrybnuku benapycs (benopycckuit rocyaapcTBeHHBIN yHUBEPCUTET TpaHCIopTa, I'. 'omens), Yerickoit Pec-
myOnuku (OcTpaBCKUi TeXHUYeCKHH yHUBEpcHTeT, T. OcTpaBa), [Tomsmn (Cune3ckuii TeXHHUECKUi yHUBepCHUTeT, I. Ka-
toBune), @pannyu (YHuBepcutet a0 Mas, 1. Jle-Mamn).

KypHan BBIXOAMT C MEPUOAUYHOCTBIO 4 HOMEPA B TOJ, T.€. KayKAbII KBapTall.

C ampenst 2004 rona «Bectauk PI'YIIC» BimoueH B «IlepedyeHb NEpUOANUECKUX HAYYHBIX U HAYYHO -TEXHUYE-
CKHMX M3JlaHnH, BeIyCKaeMbIX B Poccuiickoit @enepannu, B KOTOPBIX PEKOMEHAYETCS ITyOJIMKannsl OCHOBHBIX PE3yJIbTa-
TOB AWCCEPTAIN HAa COMCKAHWE YUSHOH CTETIeH! KaHAMIaTa U NOKTopa Hayk» (pemienue [Ipesummyma BAK Ne 6/4 ot
06.02.2004 r.). XKXypHax BoIrex Bo Bce IOCIeayoIue peaakn [lepedHs.

«Bectauk PI'YIIC» — nognucHoe uznanue. C 2004 roaa >xypHai BKIIOYEH B KaTajor MOJAMUCHBIX M3JAHUN
arentcTBa «Pocnedarsy (B ciennansHoM Katajore «[CA3ETBI. JKXYPHAJIbI» 3apeructpuposan noa uaaekcom 53720).

[Moanucartsest Ha )KypHaI MOXKHO B JIFOOOM OTIIEJICHUH CBSI3M, PACIIPOCTPAHETCs )KypHaJ Ha Teppuropun Poc-
cuiickoii dexpepanuu. [loanucky MoxkHO 0pOPMHUTH Ha KBapTaj, Ha MOJNT0O/a MK Ha TOJI.

Kypnan «Bectouk PI'YIICy» GecnimaTHO pacchulaeTcsi BCEM OTPaciieBBIM By3aM, B psiJl By30B MUHUCTEpCTBa
oOpa3oBaHus 1 HayKu Poccum, IEHTpaIbHBIM U 30HATBHBIM HayYHO-TeXHUIecknM Onbnuorexkam, HVU napopmarmm.

ITouToBHIii anpec pegaKkuuu:

344038, r. Pocro v/, ur. PoctoBckoro CrpenkoBoro I[loxka Hapogroro OnomueHus, . 2.
PocroBckuii rocynapcTBEHHBIH YHUBEPCUTET MyTeH COOOIIEHNSI.

Penakuus xypnana «BectHuk PI'YTICy.

Tenedon: +7 (863) 272-62-74. dakc: +7 (863) 255-37-85.

E-mail: pmv_nis@rgups.ru ; nis@rgups.ru (IOTOIHATESIHHBIN).

ApXuB )XypHasa 1 TpeOoBaHuUs 0 0(OPMIICHHIO CTaTeil pa3MeleHsl Ha caiite http://vestnik.rgups.ru.
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BECTHUK
PocToBCcKOrO0 rocy1apcTBeHHOI0 YHMBEpCHTETA
nyreii coo01enust

HayuHo-TeXHHUYECKHI )KypHAI

Ne 2 (78)
2020

YBakaemble ynTaTeaun!
Bb1 MokeTe moaANMCaTHCSI HA HAI )KYPHAJ B J1I000M OTAeJIeHHH CBSI3H.
Hnpexe xxypHaia no karanory «Pocnesarn» 53720

IHonHOTEKCTOBAsA Bepcusi cTaTell HAXOAUTCH B OTKPBLITOM JI0CTYIIe HA caiiTe
Poccuiickoii HayYHOIi 3J1IeKTPOHHO# 6ubmoTexkn: Www.elibrary.ru
KypHan o6padaTpiBaeTcs B cCHCTeMAaX HHIEKCOB HAYYHOT0 IMTHPOBAHUS
PUHII u Science Index

TpeOGoBanus k 0(popMJIEHHIO cTaTell pa3MellleHbI HA caiiTe
http://vestnik.rgups.ru

Penaktopsi: A.B. Apramonos, T.B. bpoxackas, T.U. Vcaega,
H.C. ®enopona, T.M. HecHokoBa,
A.Il. KoHOHEHKO (aHTTHHCKHH TEKCT)

Koppekrops: A.B. Apramonos, T.B. bpoackas, T.1. Hcaesa,
H.C. ®enopona, T.M. HecHokoBa,

A.I1. KoHoHeHKO (aHTTMICKUNA TEKCT)

Opurunan-maker xypHana noarorosieH M.B. IlomnskoBoi

[Nonamucano B mevats 23.06.2020. ®dopmar 60x84/8. Bymara odcernast.
Jara Beixoma B cBet 30.06.2020. Ve neu. 1. 20,22, H3n. Ne 35.
[Teyats odceTHas. Tupax 510 2k3. 3axkas 28.
3HaKk MHPOPMAIMOHHOHN MPOIyKIHH 16+. Ilena cBobomHasl.

Yupenuren:

DenepajibHOE TOCYIAPCTBEHHOE 0I01KeTHOE 00pa3oBaTeibHOE yUpesKJaeHne BbICIIero 00pa3oBaHust
«PoCTOBCKUIA rocy1apcTBeHHbIl YHUBEPCUTET NYTeil cO001LIeHns»
(®I'bOY BO PI'YIIC)

Anpec yHMBepcUTeTa, U31aTes, pelaKIMM:
344038, r. PocToB H//l, mia. PocroBckoro Ctpenakosoro Ilosika
Hapoanoro Ononxyenns, a. 2.
Tenedon pexakuun +7 (863) 272-62-74; paxc +7 (863) 255-37-85.
E-mail: pmv_nis@sci.rgups.ru; nis@rgups.ru

Anpec Tunorpapun
HzpaTeancTtBo «D&Vy». CB-Bo Ne 003679887.
344037, r. PocToB-Ha-/lony, yia. 20 gunus, 54.
E-mail: divprint@mail.ru. Teaedon +7 (918) 543-75-63.
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