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11.1O. Konosanos, IO.11. Bynasun, U.B. Boaxos

MOJIEJIMPOBAHUE JIOKOMOTHUBHOMN CUCTEMBI JIO3UPOBAHHOM MOJAYA
MECKA HA OCHOBE HEYETKOM JIOTUKH C YYETOM PABOTBI TSITOBOI'O
MNPUBOJA B PA3BJIMYHBIX YCJIOBUAX IKCIIVNIYATAIUUU

Annoranus. [Toctpoena maremaruueckast MOJIEb, YIUTHIBAIOIIAS HATMYUE CHUJI COTIPO-
TUBJICHUS ABMXKCHUIO MOE3/1a U JUHAMUYECKHUE MPOIIECCHI B TATOBOM IIpuBoJie. B Moiens BHe-
CEHBI OCHOBHBIE CBOICTBA CIIETIIICHHS KOJIeca JOKOMOTHBA C PEIbCOM, B TOM YHUCIIE 3aBUCH-
MOCTb CIEIUICHUSI OT CKONBXEHUA. M3710KeHbI BapuaHThl MOJIENN, KOTOPHIE MO3BOJISIOT 3a-
JlaTh €CTECTBEHHBIM 00pa30M YKIIOHBI B IyTH CJICAOBAHUS, BIAXKHOCTh, TEMIIEPATypPy, KO3(]-
¢uIMenT TpeHns Kak QYHKIIUH OT KOOPIUHATHI ITyTH.

Jia co3maHus CUCTEMBI YIpaBIeHHs IPUBOIOM MECKOMOAAYH MPUMEHEH MOAXO0]], KOTO-
PBIH UCKIIIOYACT CYOBEKTHBHU3M pa3pabOTUMKa MPH CUHTE3C YIpPaBICHUSI Ha 0a3e HEUCTKOM
noruku. [Ipenyoxxennas Moaens U popMa ee 3arucH MO3BOJISIOT C TOMOIIBIO TeHETHIECKUX
NTOPUTMOB ONTHMH3ANNY HANTH 3HAYEHUS QYHKIUN IPUHAIICKHOCTH JIJIsl BXOJHBIX U BBI-
XOJTHBIX TTAPaMETPOB U CHHTE3UPOBaTh 0a3y mpaBuil. [lomydeHHas cucremMa rmokasasna pe3yib-
TaT, MPAKTUYCCKH UIACHTUYHBIN 0a30BOM MOJICIIH.

KuaroueBble ciioBa: mMaremMaTHdecKas MOJAETh, KOI(DPHUIMEHT CHerieHus, CKOIbKECHHE
JIBIKYIINX KOJIEC, CHCTEMA TIECKOITOIauy IOKOMOTHBA, CUCTEMa YIPaBIEHHsI IPUBOJIOM, He-
YeTKas JJOTHKA.
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1ecKa Ha OCHOBE HEYETKOH JIOTHKU C y4eTOM PabOThI TATOBOTO MPUBOA B PA3INYHBIX yCIIO-
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P.Yu. Konovalov, Yu.P. Bulavin, 1.V. Volkov

SIMULATION OF A LOCOMOTIVE SYSTEM OF METERED SAND SUPPLYING BASED
ON FUZZY LOGIC WITH CONSIDERATION FOR THE OPERATION OF A TRACTION DRIVE
IN VARIOUS OPERATING CONDITIONS

Abstract. In this article, a mathematical model is obtained that takes into account the pres-
ence of resistance forces to train movement and dynamic processes in the traction drive. The
model introduces the main properties of the locomotive wheel coupling with the rail, including
the dependence of the coupling on sliding. Variants of the model are described that allow you
to set the natural slopes along the route, humidity, temperature, and coefficient of friction as a
function of the path coordinates.

To create a control system for the sand supplying drive, an approach is applied that elimi-
nates the developer's subjectivity when synthesizing control based on fuzzy logic. The pro-
posed model and the form of its recording allows using genetic optimization algorithms to find
the values of membership functions for input and output parameters, and synthesize the rule
base. The resulting system showed a result almost identical to the base model.

Keywords: mathematical model, adhesion coefficient, sliding of driving wheels, locomo-
tive sand supplying system, drive control system, fuzzy logic.
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MOJABUKHOMN COCTAB, BE3OITACHOCTH JABW)XEHUS U 3KOJIOTUS

VIIK 621.3 + 06 DOI:  10.46973/0201-727X_2020_3_21

E.J[. banawos, /[.LE. [Ipumeikun

AHAJIN3 IOTEPH SJIEKTPUUECKOM SHEPTUH ITY CKOBBIX PE3BUCTOPOB
SJIEKTPOBO30B IIOCTOAHHOI'O TOKA

AnHoTanus. PaccMOTpeHBI BOITPOCH! UCIIOJIB30BAHUS JIEKTPOBO30B MOCTOSHHOT'O TOKA C
PEOCTAaTHO-KOHTAKTOPHON CUCTEMOM peryIupoBaHus, TPeMsl TUIIAMHU CXEM COCTUHCHUS JIBU-
rareniel, a Takke HEJIOCTaTKOB TakoM cucteMbl. [locTpoeHa MaTeMaTuueckas MOJAENb DJIEK-
TPOBO3a IIOCTOSIHHOTO TOKA B PEKUME TATH MO CXEME SKBUBAJICHTHOT'O 3aMEIICHHUSI C BBIMOJ-
HEHHEM PACUETOB U OIICHKH MOTEPh PICKTPOIHEPTUU Ha IMMyCKOBBIX PE3UCTOPAX IMyTEM MPOBE-
JIEHUS] BBIYUCIIUTEIIEHOTO JKCIIEPUMEHTa, C TOCIEAYIOINM OIHMCAHUEM BBIYUCIUTEIHFHOTO
HKCIIEPUMEHTA TI0 OIPEJIENICHUIO TTOTEPh ¢ N300pakeHNUEM TPa(UKOB U PACUETHBIX AAHHBIX
CpEIIHEr0 3HAYCHUS SHEPreTHUSCKUX 3aTpaT Ha OJIMH KWJIOMETp mpobera.

KuroueBble cji0Ba: MOCTOSIHHBIA TOK, 3JEKTPOBO3, T/, 31€KTpO3IHEPTHUsl, PEOCTATHO-
KOHTAKTOpHAsI CHCTEMa PETYIHPOBAHUS, MATEMATHYECKasi MOJIENb, BEIYACIUTEIBHBIN IKCIIe-
PUMEHT, IIYCKOBBIE PE3UCTOPHI.
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E.D. Balashov, D.E. Pritykin

ANALYSIS OF ELECTRICAL ENERGY LOSSES IN STARTING RESISTORS
OF DC ELECTRIC LOCOMOTIVES

Abstract. The issues of using DC electric locomotives with a rheostat-contact control sys-
tem with three types of motor connection schemes, as well as the disadvantages of such a
system are considered. A mathematical model of a DC electric locomotive in traction mode is
constructed using the equivalent substitution scheme, with calculations and estimates of power
losses on starting resistors performed by conducting a computational experiment, followed by
a description of the computational experiment for determining losses with graphs and calcu-
lated data of the average energy cost per kilometer run.

Keywords: direct current, electric locomotive, ETM, electric power, rheostat-contact con-
trol system, mathematical model, computational experiment, starting resistors.
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J.U. I'onuapos, A.C. 2Kyxkos, /[{.B. Iloyenati, B.H. Kpomoeg

OBOCHOBAHHUE YACJIEHHBIX TMMOKA3ATEJIEH .
IKCIVNIYATAIIMOHHOU HATPYKEHHOCTHU ITPUCJIOHHO-CABU/KHBIX IBEPEU
ITACCAKHUPCKOI'O IOABUKHOI'O COCTABA

AnHoTanus. PaccMOTpeH BOIIPOC 0 HENOCTATOYHOM KOJIMYECTBE B HOPMATUBHOU JIOKY-
MEHTAallMM MCXOJHBIX JAHHBIX IJI1 IMPOEKTUPOBAHUS KOHCTPYKLMN MPUCIOHHO-CIIBHUKHBIX
JIBEpeil TTaCCaKUPCKOTO TOABIKHOTO cOocTaBa. B cooTBeTcTBHE ¢ pazpaboTaHHON mporpam-
MOW-METOJUKON OMNpENeNIeHbl CUJIbI, JEWCTBYIOIIME HAa MPUCIOHHO-CABHXKHBIE ABEPU IMPHU
MAaKCHUMAaJIbHOW HAaCEeIEHHOCTH BaroHa, U YCUJIMS BO3JEHUCTBUS MMACCAKUPOB HA CTBOPKU JIBE-
pell Ipu HaMEPEHHOM MPOTUBOJICUCTBUU UX IBHXKECHHUIO.

KuroueBble cjioBa: 1BEpU NPUCIOHHO-CABUKHOTO THIIA, ONPEACICHUE YCUIHM, TPOESKTH-
pOBaHME KOHCTPYKLMM ABEPEN MOABUAKHOIO COCTaBa, MPOTUBOJICUCTBUE JBUKEHUIO CTBOPOK
ZBEepei.
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D.l. Goncharov, A.S. Zhukov, D.V. Potsepay, V.N. Krotov

THE RATIONALE OF NUMERICAL INDICATORS OF THE PASSENGER ROLLING STOCK
SLIDING DOORS' OPERATIONAL LOAD

Abstract. The issue of the insufficient number of initial data in the normative documenta-
tion for the design of the sliding doors structures of passenger rolling stock was considered. In
accordance with the developed program-methodology, the forces acting on the sliding doors
with the maximum population of the carriage, and the forces of the passengers' impact on the
door leaves when deliberately opposing their movement were determined.

Keywords: sliding doors, determination of stress, design of rolling stock door structures,
opposition to door leaf movement.
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11.1O. Hsanos, E.FO. {yneckuii, A.A. Xamnaesa, A.A. Kopcyn, C.B. Tpeckun

CPABHUTEJBHBIA AHAJIN3 TOPMO3HBIX CUCTEM IOJBUKHOI'O COCTABA
C OJHOTPYBHbBIM U IBYXTPYBHBIM IMTAHUEM

AHHOTauUsl. BeInonHeH CpaBHUTENBHBINA aHAIN3 TOPMO3HBIX CHCTEM C OJHOTPYOHBIM H
JIBYXTPYOHBIM NMUTaHWEM. PaccMoTpeH NpWHIHIT pabOThl U KOHCTPYKTHBHBIE OCOOCHHOCTH
TOPMO3HBIX CHCTEM. BBITIOJTHEHO MaTeMaTHYeCKOe MOJAETHPOBAHIE MEPEXOJHBIX Ta30/InHa-
MHUYECKUX IPOLIECCOB, MPOXOIAIINX B TOPMO3HOM CHCTEME, Ha OCHOBAaHHH KOTOPOT'0 0OOCHO-
BaH TEXHUYECKHUI 3P PEKT OT NPUMEHEHHS IByXTPYOHOI TOPMO3HOM CHCTEMBI Ha OTEYECTBEH-

HOM ITIOABH>XHOM COCTaBE.
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KiroueBble c10Ba: IOJBIKHON COCTAB JKEJIE3HBIX JIOPOT, THEBMATUYECKUE aBTOMAaTHYe-
CKHE TOpMO3a ¢ OTHOTPYOHOH CHCTEMON MHUTaHHS, THEBMAaTHYECKHE aBTOMATHYECKHE TOP-
MO03a C IByXTpyOHOH CUCTEMOH MUTaHUs, TOpMO3HAs () (HEKTUBHOCTD, UCTOIIUMOCTH TOPMO3-
HOH CHCTEMBI, TOPMO3HOU MyTh.
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P.Yu. Ivanov, E.Yu. Dulskij, A.A. Khamnaeva, A.A. Korsun, S.V. Treskin

COMPARATIVE ANALYSIS OF THE ROLLING STOCK BRAKE SYSTEMS
WITH A SINGLE-PIPE AND TWO-PIPE SUPPLY

Abstract. The comparative analysis of braking systems with one-pipe and two-pipe supply
is carried out in this paper. The principle of operation and design features of the brake systems
are considered. Mathematical modeling of the transient gas-dynamic processes in the brake
system has been performed, which is based on the engineering effect for using a two-pipe
brake system on domestic rolling stock.

Keywords: rolling stock, pneumatic automatic brakes with a single-pipe supply system,
pneumatic automatic brakes with a two-pipe supply system, braking efficiency, exhaustion of
the brake system, braking distance.
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O.b. Hmaposa

CIEJAINAA CUCTEMA YIIPABJIEHUA TOPMOKEHUEM ITOE3JIA B 30HE CBJIMKEHUSA
C HEOXPAHAEMbBIM U HEOBCJY/ KUBAEMBIM KEJIE3HOAOPOKHBIM IIEPEE310M

AnHoramus. PaccMarpuBaercss (yHKIMOHANBHAS CXeMa CIESIIel CHCTeMbl aBTOMATH-
3MPOBAHHOTO PEryJIUPOBaHMS CKOpPOCTH moe3na Ha Oaze ammapatypbl GPS/T'JIOHACC kak
OCHOBHOTO JIaT4YMKa HH(POPMALIUHN O TEKYIEH CKOPOCTH B PaKTHYECKOH OopIMHATE MMoe3/a B
30He COMMKEeHNs ¢ HEOXpaHsIEeMbIM 1 HeoOCTy)KuBaeMbIM nepees3oM. [IpencraBinena marema-
TUYECKasi MOJEb U CTpyKTypHas cxema [IM-perynstopa ciensiueil cucteMbl aBTOMaTHYe-
CKOT0 YIPaBJICHHUS] TOPMOKEHUEM, IIPUBEJICHO ONKCAHUE ee PadoThI. JlaHbI MpaKTHYECKHE pe-
KOMEHJALUH 110 UCIIOIb30BAHUIO CUCTEMBI aBTOMAaTH3UPOBAHHOTO PETYJIMPOBAHUS CKOPOCTH
1oe3/a B 30HE COMMKEHUS C HEOXPAaHAEMbIM U HEOOCTYKMBaEMbIM IIEPEE370M B COCTABE KOH-
¢durypanmu cymecTByOMNUX OOPTOBBIX YCTPOICTB JIOKOMOTUBHOMN 0€30MacHOCTH.

KiroueBble cji0Ba: aBTOMaTHYECKOE TOPMOXKECHHUE, CIEAAIIAs CUCTeMa yIPaBIeHHs CKO-
pocTbio Ha ocHoBe [IM-perynsTopa, aBToMaTu3anys ABMKECHUS B 30HE KeEJIE3HOAOPOXKHOIO
nepeesza.

Jasi uuTUpoBaHMs:
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C HEOXPaHAEMBIM M HEOOCTYKMBaeMbIM Kelle3HOIOPOKHEIM nepee3aoM / O.b. Mmaposa //
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O.B. Imarova

TRACKING SYSTEM BRAKING CONTROL OF THE TRAIN IN THE ZONE
OF CONVERGENCE WITH AN UNGUARDED AND UNATTENDED RAILWAY CROSSING

Abstract. This article discusses the functional scheme of the tracking system for automated
train speed control based on the use of GPS/GLONASS equipment, as the main sensor of
information about the current speed and actual ordinate of the train in the zone of convergence
with an unguarded and unattended crossing. A mathematical model and block diagram of the
Pl-controller of the tracking automatic braking control system are presented and a description
of its operation is given. Practical recommendations are given on the use of an automated train
speed control system in the zone of convergence with an unguarded and unattended crossing
as a part of the configuration of existing on-Board locomotive safety devices.

Keywords: automatic braking, tracking speed control system based on Pl-controller, auto-
mation of movement in the railway crossing zone.
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fO.B. Kpusowien
YCJOBUA BOBHUKHOBEHMUSA «CKPUITA» JUCKOBOI'O TOPMO3A ITPU TOPMOKEHUU

AHHOTauus. YCTaHOBJICHA B3aUMOCBA3b MEX Y GPUKLUOHHBIMU XapaKTEPUCTHKAMU pa-
004MX JIEMEHTOB AUCKOBOI'O TOPMO3a U BEPOSTHOCTHIO UX «CKPHUIIA», KOTOPBIM NPOSIBIASETCS
HETOCPEACTBEHHO TIepell MOTHON OCTAaHOBKOMW MOJIBUIKHOTO cocTaBa. MccineaoBaHus BBITIOIN-
HEHbI Ha OPUTMHAJIBHON CTEHAOBOW yCTAaHOBKE, KOTOpas BOCHPOMU3BOAUT CHJIOBOE B3aMMO-
JeHCcTBUE TOPMO3HOTO JUCKA M TOPMO3HBIX HAKIJIAQJOK B YCIOBHUSX, OJNIM3KUX K PeabHBIM.
[TpuBeaeHbI 3aKOHOMEPHOCTH BIHMSAHUS K03 (HUIIeHTa B3aUMHOTO NIEPEKPHITUSI HA 0a30BbIC
3aBUCHUMOCTH K03 (HUIIEHTa TPEHHUS OT Harpy304HO-CKOPOCTHBIX (hakTopoB. [TokazaHo, 4To
CYLIECTBYET CBsI3b MEXAY KO3 (HUINEHTOM B3aMMHOTIO HEPEKPHITHS AUCKOBOIO TOPMO3a U
BEPOSITHOCTBIO «CKPHUIIA» TOPMO30B MPHU TOPMOXEHHHU. Y CTAaHOBJIEHO, YTO BO3HHUKHOBEHHE
«CKpHIIa» TOPMO30B UMEET HAaUOOIBIIYI0 BEPOSTHOCTh MPH 3HAYCHUSIX KO HUIMEHTa B3a-
MMHOTO NepeKpbITHs Ken, paBHbIX 0,33 u 0,66, 1 Haxomutes B npenenax 90-95 %. Ilpu koad-
¢unreHTe B3auMHOT0 NEepeKphITUs Ken = 0,98 «CcKpuI» TOPMO30B MOTHOCTHIO OTCYTCTBYET.
[TpuBeneHsl TpadUKK U CIEKTPOrPaMMBI, XapaKTepU3YIONIHe B3aUMOCBS3b Kod(dHIneHTa
B3aUMHOTO TEPEKPBITUS, GPUKIIMOHHBIX XapPaKTEPHCTHK JIUCKOBOTO TOPMO3a M BEPOSTHO-
CTBIO «CKpHIIa» TOPMO30B. [lo pe3ynpTatamM 3KCIEpPUMEHTAIbHBIX MCCIEIOBAaHUM YCTaHOB-
JIEHO, YTO HUBEIMPOBAHUE CKPHIIA» TOPMO30B B PEXKUME TOPMOKEHHS JKEIE3HOJOPOKHOTO
TPaHCIOPTHOTO CPEJICTBA HETTOCPEJICTBEHHO TIepe]l OCTAHOBKOM BO3MOXHO IPU YCIOBHH YBe-
nryeHns Koa(duienTa B3aMMHOTO NMEPEKPHITHS B NEPCIEKTUBHBIX KOHCTPYKLUSX AUCKO-
BBIX TOPMO30B JI0 3HAaYeHHH, MpuOImKamuxces K 1,0.

KiroueBblie cioBa: cuia TpeHUs!, KO3(O(OUIMEHT TPEHUs, TOPMO3HBIE KOJIOAKH, TOPMO3-
HOH UCK, KOOQ(PHUINEHT B3aUMHOTO IIEPEKPBITHS, «CKPUID» TOPMO30B.
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Yu.V. Krivosheya

THE EMERGENCE OF THE DISC BRAKE «CREAKING» CONDITIONS
IN THE BRAKING PROCESS

Abstract. A correlation is established between the frictional characteristics of the working
elements of the disc brake and the possibility of their «creaking», which appears immediately
before the rolling stock stops completely. The studies were performed on the original bench
installation, which reproduces the force interaction of the brake disc and brake linings in con-
ditions close to real ones. The regularities of the influence of the mutual overlap coefficient
on the basic dependences of the friction coefficient on load-speed factors are given. It is shown
that there is a relationship between the coefficient of mutual overlap of the disk brake and the
possibility of the brakes’ «creaking» during braking process. It is established that the occur-
rence of the brakes® «creaking» is most likely when the values of the mutual overlap coeffi-
cient Kno equal to 0,33 and 0,66 and are in the range of 90-95 %. With a mutual overlap
coefficient of Ko = 0,98, the brakes «creaking» is completely absent. Graphs and spectro-
grams characterizing the relationship between the mutual overlap coefficient, frictional char-
acteristics of the disk brake and the possibility of the brakes" «creaking» are given. According
to the results of the experimental studies, it was found that leveling the brakes® «creaking» in
the braking mode of a railway vehicle immediately before stopping is possible provided that
the coefficient of mutual overlap in promising designs of disc brakes to values approaching
1.0.

Keywords: friction force, friction coefficient, brake pads, brake disc, mutual overlap co-
efficient, the brakes «creakingy.
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A.C. Honomapes, FO.A. Ilanun, U.B. Xpanosa

CPABHUTEJ/IBHBIE UCIIBITAHUSA KOPITYCOB
MOTOPHO-OCEBBIX INOJIIIUITHUKOB PASHOM KOHCTPYKIIUA

Annotanusi. B AO «BHUKTU» npoBeieHB! HCIIBITAHUS MOTOPHO-OCEBBIX MOAIINITHUKOB
B CBapPHOM M JINTOM WCIIOJHEHHH /ISl IPOBEPKH YCTOMUMBOCTH K MEXaHHYECKHM BHEIITHUM
BO3/ICHCTBYIOIINM (akTopaM. Bo BpeMs: ucnbITanuii KOpIycbl MOTOPHO-OCEBBIX ITOALITHITHHU-
KOB ObUTM OOKJIEEHBI TEH301aTYMKAMH C LIEJIBIO MOJYYEHUS 3aBUCHMOCTH HAIPSKEHHO-Je-
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(hOPMHUPOBAHHOI'O COCTOSIHHSI KOPIIYCOB OT HAOpaHHBIX IIUKJIOB KojeOanuil. Takxke Oblia mo-
CTpOCHa KOHEYHO-3JIEMEHTHAsI MOJIENb JIJIsl pacueTa HanpshKeHHO-1e(pOpMUPOBAHHOTO COCTO-
STHUSL.

KiroueBble cjioBa: KOPIyC MOTOPHO-OCEBBIX MOAIIMITHUKOB, BUOPAIHS, TPOYHOCTD, TS-
TOBBIH DIIEKTPOIBUTATEI.
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A.S. Ponomarev, Yu.A. Panin, 1.V. Khrapova

COMPARATIVE TESTS OF THE MOTOR-AXLE BEARING PARTS
OF THE DIFFERENT DESIGNS

Abstract. At JSC «VNIKTI» tests of the motor-axle bearings in welded and cast versions
were carried out to check their resistance to mechanical external influencing factors. During
the tests, the parts of the motor-axial bearings were covered with strain gauges in order to
obtain the dependence of the stress-strain state of the housings on the accumulated vibration

cycles. A finite element model was also built to calculate the stress-strain state.
Keywords: parts of motor-axial bearings, vibration, strength, traction motor.
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NHOPOPMAIIMOHHBIE TEXHOJIOT'HUMU,
ABTOMATHUKA U TEJEKOMMYHUKALIMN

VK 658.511 DOI: 10.46973/0201-727X_2020_3_69

C.A. Bexep, /[.U. lIxonuna, A.O. Konomeey

WH®OPMAIIMOHHASA MOJJIEPKKA MIPUHATHAA YIIPABJIEHYECKAX PEIIEHAA
B IIOAPA3AEJEHUAX HEPA3ZPYIIAIOIIEI'O KOHTPOJIA

AnHoTauus. PaccmMarpuBaeTrcsi BO3MOKHOCTb IPUMEHEHUS IPOTPAMMHOTO 00€CIIeUeHHS
COBMECTHO C METOJIaMH MATEMaTHYECKOM CTaTUCTUKH [UIsl HEIIPEPBIBHOTO aHANN3a U OLIEHKU
COCTOSTHHSI CHCTEMBI HEpa3pyIIAIOIIEro KOHTPOJIS BATOHOPEMOHTHBIX MPEANPUATUH, HAallpaB-
JICHHOTO Ha TMOBBIIIEHHE 00bEKTUBHOCTH YIPABICHYECKUX PEHICHUH M0 yCTPaHEHHIO HECOOT-
BETCTBUH B CTPYKTYPHBIX Iopa3aeseHmsx. [lpoBeneHa onieHka ypoBHs prucka 1 paspaboTaHa
CUCTEMa KPUTEPHEB, KOTOPAsi ONMUCHIBAET COCTOSIHUE OCHALICHHOCTH MOAPAa3JCIICHUI cpea-
CTBaMH HEpa3pyILIAIOIIEro KOHTPOJIs. BhIMONIHEH CTaTUCTUYECKUM aHaIN3 pe3yIbTaToOB Mar-
HHUTOIOPOILKOBOI'O KOHTPOJISI MOJBECOK TOPMO3HOrO OallIMaka U KIMHBEB TATOBOIO XOMYTa
Ipy30BBIX BaroHOB. Pa3pabotan kputepuii 0OHapyKeHUS pe3yIbTaTOB KOHTPOJIS KINHBEB Tsi-
TOBOTO XOMYTa, HE MPUHAIeKAINX TeHepaTbHONH COBOKYITHOCTH, KOTOPBII MOXKET OBITh HC-
MOJIH30BaH JJIsi 000CHOBAHHOTO TIAHUPOBAHHS MHCTIEKITHOHHOTO KOHTPOJIS MPEIIPHUSITHH.

KiroueBsble ¢jI0Ba: CHCTEMa HEpa3pyIIAOLIETO KOHTPOJIA, IPUHATHE YIIPABIEHYECKHX Pe-
HICHUH, ypPOBEHb PHCKA, YaCTOTa OPaKOBKH JeTaleH, BEPOSTHOCTh OOHAPYKEHUS Je(eKTa.
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S.A. Bekher, D.I. Shkolina, A.O. Kolomeec

INFORMATION SUPPORT FOR MANAGEMENT DECISIONS IN DEPARTMENTS
NON-DESTRUCTIVE TESTING

Abstract. The article considers the possibility of using software together with methods of
mathematical statistics for continuous analysis and assessment of the state of the nondestruc-
tive control system of car repair enterprises, aimed at improving the objectivity of management
decisions to eliminate inconsistencies in structural divisions. A risk assessment was carried
out and a criteria system was developed that describes the state of equipment of departments
with non-destructive inspection aids. Statistical analysis of results of magnetic powder control
of brake shoe suspension and of wedges traction clamp of freight cars was performed. A cri-
terion for detecting the results of control of wedges of a traction clamp that do not belong to
the population has been developed, which can be used for reasonable planning of inspection
control of enterprises.

Keywords: non-destructive testing system, management decisions, risk level, failure rate
of parts, probability of defect detection.
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B.B. Unvuuesa

3BOJIIOIIMOHHBIN OIX0J K JOCTUKEHUIO YCTOMYNBOCTH
B3AUMOBJIUAIONIUX CTPYKTYP

AnnoTanus. Vccnenyrorcss MOJIenu MPoOLEcCOB, NPeICTaBICHHBIE 3HAKOBBIMH TpadamMu.
I'pad xapakTepusyeT NOJIO0KUTEIBHOE UM OTPULATEILHOE B3aUMOBIIHMSIHUE OOBEKTOB (BEp-
mvH). [peanoxen moaxon, pean3yromuil 00paTHYIO CBSI3b BEPLIMH — OTBETHYIO PEAKLHIO
Ha BozjieiicTBHe. [Ipy aHasm3e 3BOTIONNY B3aUMOBIIUSHUI pacCMaTpUBAIOTCS HE TOJIBKO M-
MBbI€, HO U OTIOCPEOBAHHBIE BO3AEUCTBUSA. PacCMOTpEHbI pa3InYHble HA4aIbHBIE COCTOSHHS
rpa¢0BBIX CTPYKTYP, B TOM uuciie HecOanaHCcupoBaHHbIe. OIpeeneHbl YCIOBUsl, IPH KOTO-
PBIX TOA JIEHCTBHEM 3BOJIIOLMOHHOIO MEXaHM3Ma JIOCTUTaeTcs cOaJaHCHUPOBAaHHOCTH CH-
CTEMBI.

KiroueBble cjioBa: 3HaKOBBIN I'pad), B3aMMOBJIHMSIHUE BEPLIMH, 0OpaTHas CBA3b, OIOCpe-
JIOBaHHOE BO3JeHCTBUE, COATaHCUPOBAHHOCTD, YBOJIIOLUNS BIUSHHUMA.
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V.V. llicheva

EVOLUTIONARY APPROACH TO ACHIEVING STABILITY
OF MUTUALLY INFLUENCING STRUCTURES

Abstract. We study the process models represented by signed graphs. The graph charac-
terizes the positive or negative interaction of the objects (vertexes). An approach is proposed
that implements the feedback of vertices as the response to the impact. When analyzing the
evolution of mutual influences, not only direct, but also indirect effects are considered. Various
initial states of graph structures, including unbalanced ones, are considered. The conditions
under which the balance of the system is achieved under the influence of the evolutionary
mechanism are determined.

Keywords: signed graph, vertex mutual influence, feedback, indirect influence, balance,
evolution of influences.
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C.M. Kosanes, B. Chawen, A.H. I'yoa, A.E. Konooenkosa, A.B. Cyxanos
AHAJIMTUYECKH OB30P TPYJ10B KOH®EPEHIIVH IITI’19

AHHoTanus. B ananutuueckoM o630pe, conepxalieMcss B CTaTbe, PaCCMOTPEHbI OCHOB-
HbI€ HAIPaBJICHUS] HCKYCCTBEHHOTO MHTEIUIEKTA U €r0 NMPHIOKEHUN B TEXHUKE M Ha HPOH3-
BOJICTBE, KOTOpBIe 00cyxaanuchk Ha koHpeperuuu [ITI'19. [IpencraBneHsl paboThl yUeHBIX
110 OCHOBHBIM HalpaBJICHUAM: MYJIbTUAICHTHBIC U pO6OTI/ISI/IpOBaHHbIe CUCTEMBI; HCKYC-
CTBEHHBIC HEHPOHHBIE CETU U 00paboTKa H300paKEeHUIT; OaliecCOBCKUE CETH U 3aluTa HHPOP-
Malli{; UHTEJUIEKTyaIbHbIE CUCTEMBI MTOJAEPKKY MPUHATHUS PELICHNH; PUKIIaIHbIE HHTEN-
JICKTYAJIbHBIC CUCTEMbI Ha TPAHCIIOPTEC U B MIPOMBIIIIJICHHOCTH W AP.

KiroueBble cj10Ba: MyJIbTHAr€HTHBIE CUCTEMBI, 00paboTKa N300paXeHUH U HEWPOHHbIE
ceTH, WHPOpPMaLUOHHAs 0€301aCHOCTD, IPUKJIAIHBIE HHTEIUIEKTYaJIbHbIE CUCTEMBI.
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S.M. Kovalev, V. Snasel, A.N. Guda, A.E. Kolodenkova, A.V. Sukhanov

INTELLIGENT INFORMATION TECHNOLOGIES FOR INDUSTRY :
AN ANALYTICAL OVERVIEW OF THE 19-TH CONFERENCE

Abstract. The paper considers the main directions of Al and its applications in industries
referred to IITI’ 19 conference. The scientific works are presented in reference to the following
topics: multi-agent and robotic systems, artificial neural networks and image processing,
Bayesian networks and information security, intelligent decision-making systems, applied in-
dustrial intelligent systems, etc.

Keywords: multi-agent systems, image processing and neural networks, information secu-
rity, applied intelligent systems.

For citation:
Intelligent information technologies for industry: an analytical overview of the 19-th con-
ference / S.M. Kovalev, V. Snasel, A.N. Guda, A.E. Kolodenkova, A.V. Sukhanov // Vestnik

RGUPS. —2020. — Ne 3. — P. 86-105. DOI: 10.46973/0201-727X_2020_3_86.

Cgenenns 00 aBTopax

Kosasnes Cepreii MuxaiinoBu4

PocroBckuii rocyjapcTBEHHBIA YHUBEPCUTET My Tei
coobmienus (PI'YIIC),

kadenpa «ABTOMaTHKA U TeJIeMEXaHUKa

Ha KeNe3HOJOPOKHOM TPaHCIIOPTE»,

JOKTOp TEXHUYECKUX HayK, mpodeccop,

e-mail: ksm@rfniias.ru

Cuaamen Bawias

OcTpaBckuil TEXHUYECKUI YHUBEPCUTET
(VSB-TUO),

JOKTOp TEXHUYECKUX HayK, mpodeccop, pekTop,
e-mail: vaclav.snasel@vsb.cz

I'yna Anexcanap HukosaeBu4

PocroBckuii rocyjapcTBEHHBI YHUBEPCUTET MTyTEH
coobmenus (PT'VIIC),

MPOPEKTOP 0 HAYYHOH padoTe,

kadenpa «MHDOpMAaTHKAY,

JOKTOp TEXHUYECKUX HayK, mpodeccop,
3aBeAyIOIINi Kadeapoi,

e-mail: guda@rgups.ru

KononenkoBa AnHa EBrenbeBHa
CamMapckuil rocy1apCTBEHHBII TEXHUUECKUI
yausepeutet (Cam[ ' TY),

kadeapa «MHDOPMALIMOHHBIC TEXHOJIOTHI,
JOKTOP TEXHUYECKUX HaYK, IOLEHT,
3aBeyroUni Kadenpoi,

e-mail: anna82_42@mail.ru

CyxanoB AHjapeii BajepbeBuu

PocroBckuii rocyjapcTBEHHBIN YHUBEPCUTET ITyTEU
coobmmenus (PT'VIIC),

kadeapa «BeruncnurensHas TEXHUKA

Y aBTOMAaTU3UPOBAHHBIE CUCTEMBI YIIPABICHUS,
KaHIMUJAT TEXHUYECKUX HaYK, JOLICHT,

e-mail: a.suhanov@rfniias.ru

Information about the authors

Kovalev Sergey Mikhailovich

Rostov State Transport University (RSTU),
Chair «Automation and Remote Control

on Railway. Transport»,

Doctor of Engineering Sciences, Professor,
e-mail: ksm@rfniias.ru

Snasel Vaclav

Technical University of Ostrava (VSB-TUO),
Doctor of Engineering Sciences, Professor, Rector,
e-mail: vaclav.snasel@vsb.cz

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

Kolodenkova Anna Evgenievna
Samara State Technical University
(Samara Polytech),

Chair «Information Technology»,
Doctor of Engineering Sciences,
Associated Professor, Head of the Chair,
e-mail: anna82_42@mail.ru

Sukhanov Andrey Valerievich

Rostov State Transport University (RSTU),
Chair «Computer Engineering and Automated
Control Systems,

Candidate of Engineering Sciences,

Associate Professor,

e-mail: a.suhanov@rfniias.ru



ISSN 0201-727X BECTHHUK PI'YIIC Ne 3 /2020
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A.Jl. Obyxos, M.H. KpacHanckuii

ABTOMATHU3ALUA TPOLIECCA IEPEAJIPECAIIUU JAHHBIX B AJAIITUBHBIX
HNH®OPMAIMOHHBIX CUCTEMAX C IPUMEHEHUEM MAIIMHHOI'O OBYYEHUA

AnHoTanus. PaccmaTprBaeTcs 3a1a4a aBTOMATH3allMK MIpoliecca Mepeaipecaluy B ajan-
TUBHBIX MH(POPMAIMOHHBIX cucTeMax. Ha ocHOBe aHanmm3a CymecTBYIOIINX ITOJXO0B K ee
penieHuto chopMyIUPOBAaH METOJ Tepeajpecalli JaHHBIX, OCHOBAHHBI HAa NMPUMEHCHUH
TEXHOJIOTHI MalTMHHOTO 00ydeHMs. Hay4yHas HOBHM3HA METOJla 3aKIIOYACTCS B TEOPETUKO-
MHO>KECTBEHHOM aHaJIN3e MpoIiecca rmepeaapecanui HHPpOPMaMOHHBIX 00BEKTOB, IIPUMEHE-
HUU HEHPOHHBIX CEeTeW I OINpeNeleHHs ONTHMAIBLHOTO HCTIONHUTEINS OTEpalii, OIEeHKH
BPEMEHU U BEPOSITHOCTH €€ YCIICUTHOTO BHITIOJIHEHUS, peaTu3allii MaTPHUIl IPUOPUTETOB OIle-
pauuii ¥ KOMIETEHIUN UCTIOTHUTENEH SISl paHKUPOBAHHUS ONepalluii U COMOCTABICHUS UX C
YpOBHEM TIOJTOTOBKH HCIIONHUTENEH. PacCMOTpEH anropuT™M MpakTUYeCKOW peau3aliyl u
HHTCrpal METOJa B aIalITUBHBLIC I/IH(i)OpMaHI/IOHHBIC CHUCTEMBI.

KuaroueBsble ¢JIoBa: afanTUBHBIC HHPOPMAIIMOHHBIE CUCTEMBI, MAIIUHHOE 00yUeHUE, 1e-
peanpecanus WHPpOpPMANUK, MAaTPHUIIA PUOPUTETOB OIEpAINii, MaTPUIla KOMIETEHIHI HC-
TTOJTHUTEIIS.

Juis1 uuTUpoBaHMs:

O6yxoB, A.Jl. ABTomMaTH3alMs Mpoliecca nepeagpecani JaHHBIX B aIallTHBHBIX HHPOP-
MAaI[MOHHBIX CHCTEMax C MpUMEHeHHeM MamuHHoro ooyuenns / A.Jl. O0yxos, M.H. Kpac-
usHckuit // Bectnuk PIVIIC. — 2020. — Ne 3. — C. 106-114. DOI: 10.46973/0201—
727X_2020_3_106.

A.D. Obukhov, M.N. Krasnyansky

AUTOMATION OF THE DATA FORWARDING PROCESS
IN ADAPTIVE INFORMATION SYSTEMS USING MACHINE LEARNING

Abstract. The problem of automation of the forwarding process in adaptive information
systems is considered. Based on the analysis of existing approaches to its solution, a data for-
warding method is formulated based on the use of machine learning technologies. The scien-
tific novelty of the method consists in a set-theoretic analysis of the process for redirecting
information objects using neural networks to determine the optimal executor of an operation,
estimating the time and probability of its successful execution, implementing priority matrices
of the operations and competencies of performers for ranking operations and comparing them
with level of performers’ training. The algorithm of the practical implementation and integra-
tion of the method into adaptive information systems is considered.

Keywords: adaptive information systems, machine learning, information forwarding, op-
erations priority matrix, performer competency matrix.
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YIHPABJIEHUE U JIOTUCTUKA HA TPAHCIIOPTE

VK 625.1:629.4 + 06 DOI: 10.46973/0201-727X_2020_3_115

A.M. Unvun, O.H. Qucnos

MHOI'OBAPUAHTHAS BEPUOUKALIMOHHASA METOJAUKA PACYETA HOPM
3AKPEIUVIEHUA ITIOABUKHOTI'O COCTABA HA KEJIE3HOAOPOXHBIX TYTAX CTAHIIUU

AHHoTanms. PaccMOTpeHO pa3BUTHE METOAUKH PAcUeTa HOPM 3aKPETJIEHHsI [TOIBUAKHOTO
COCTaBa, KOTOpas MO3BOJISIET CHU3UTH BIMSHHUE OTPULATEILHBIX (PaKTOPOB U PELIUTH MPO-
0JieMy OTCYTCTBHS BapMaHTOB pacyeTa 3aKperuIeHHs] COCTaBOB ITOE3/I0B, COCTOSIINX U3 pa3-
HOPOJIHOTO TTOJIBIKHOTO COCTaBa, HA YACTHBIX CIydasX MPOAOIBHBIX MPOoduiIed CTaHIIHOH-
HBIX IMyTeil. MeToanKa Mo3BOJISET MPOU3BOJUTH PacueT HOPM 3aKpEIICHUs] HA OCHOBE CHII,
JIEHCTBYIONTNX Ha MOABIDKHOW COCTaB, CHU3UTH MOTPEOHOE KOJIHMYECTBO TOPMO3HBIX Oarrma-
KOB, HEOOXOAMMBIX ISl 3aKPETUICHIUS TIOJIBUKHOTO COCTaBa, MPOU3BOINUTH PacueT KOJINIeCcTBa
TOPMO3HBIX 6aHIMaKOB B 3aBUCUMOCTHU OT BI>I60pa BAapHUaHTOB X YKJIAAKH IO OIIPEACIICHHBIC
BaroHsl. [IpoBeeHO cpaBHEHNE HOPM 3aKpeTIeHHs], OIPEIeIEHHBIX Ha OCHOBAHUH JIEHCTBY-
IOIIEl 1 mpeaaraeMoil K pacCMOTPEHHIO MeToIuKu. [IpemnosxkeHo pererne mpobiIemMsl OT-
CYTCTBUS Y€TKUX HOPM 3aKPETICHHS MTOIBIYKHOTO COCTaBa, COCTOAIIETO U3 BATOHOB Pa3iiny-
HOM JIJIUHEL.

CdopmynupoBaHbl HaNIpaBIEHUS TOBBIIIICHUS HAIEKHOCTH U 3D (PEKTHBHOCTH 3aKperuie-
HUS Ha CTAaHIIMOHHBIX MTyTAX MOE3/I0B M OTACIHHO CTOSIUX BATOHOB C MUHUMHU3AIHEN Yelo-
BEYecKoro (pakropa u periameHTanyieldl pacyera HOpPM 3aKpervieHus. Ha KOHKpeTHOM mpu-
Mepe onpeeIeHbl HOPMBI 3aKPETUICHHUS 1715l COCTaBa, COCTOSIIET0 U3 (PU3NIECKUX pa3HOPO/I-
HBIX BarOHOB, HAXOAIIETOCS] HA MOHOTOHHOM PO HIIe TPHEMO-OTIIPABOYHOTO MYTH.

KuaioueBnblie ci1oBa: MOABIKHONM COCTaB, BArOHHBIN MapK, TPY30BOH IMOE3M, KEJIe3HOIO0-
POXHAasl CTaHIMsI, CTAHIMOHHBIA MYyTh, MPOAOJBHBIA MPOQUIb MyTH, TOPMO3HOH Oammaxk,
HOPMBI 3aKpEIUICHHUs, YCIOBHAs IMHA BaroHa, ()M3WYECKUI BAaroH, YKIIOH, MHEPIIMOHHBIC
CHJIBI, PE3YJIbTHPYIOMIAsl CHIIA, aBTOMATH3UPOBAHHBI METOJ pacyueTa, MPOTPaMMHBIN KOM-
TUIEKC.

Jas uuTupoBaHus:

Wnbun, A.M. MHOTOBapHaHTHasi BepU(PUKAIIMOHHAS METOJIMKA pacdeTa HOPM 3aKperuie-
HUS [TOJIBIYKHOTO COCTaBa Ha )KeJIE3HOIOPOKHBIX Iy Tsx craHiwii / A.M. Unsun, O.H. Yncnos
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A.M. llyin, O.N. Chislov

MULTIVARIATE VERIFICATION METHOD FOR CALCULATING STANDARDS
FOR ANCHORING OF ROLLING STOCK ON RAILWAY STATION TRACKS

Abstract. In the article, the authors present the development of a method for calculating
the norms of fixing rolling stock, which allows reducing the impact of negative factors and
solving the problem of the lack of options for calculating the fixing of the trains consisting of
heterogeneous rolling stock in particular cases of longitudinal profiles of the station tracks.
The method allows you to calculate the fixing standards based on the forces acting on the
rolling stock, reduce the required number of the brake shoes required for fixing the rolling
stock, and calculate the number of the brake shoes, depending on the choice of options for
lying under certain cars. A comparison of the norms of fixing defined on the basis of the cur-
rent and proposed methods for consideration is made. It also offers a solution to the problem
of the lack of clear rules for fixing rolling stock consisting of different lengths cars.
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The directions of increasing the reliability and efficiency of securing trains and free-stand-
ing cars on station tracks with minimizing the human factor and regulating the calculation of
fixing standards are formulated. On a concrete example, the anchorage norms for a train con-
sisting of physically dissimilar cars on a monotonous profile of the receiving and sending route
are determined.

Keywords: rolling stock, car Park, freight train, railway station, station track, longitudinal
profile of the track, torsion Shoe, fixing standards, conditional length of the car, physical car,
slope, inertia forces, resulting force, automated calculation method, software package.
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H.A. Kexuw

OPI'AHM3ALMSA ITEPEBO3KHU MEJIKOITAPTUOHHBIX I'PY30B

KEJIE3HOJIOPOKHBIM TPAHCITIOPTOM HA OCHOBE JJUHAMUWYECKOM CUCTEMBI

KOMILTEKTAIIMA CBOPHBIX KOHTEMHEPOB

AHHoTanus. BeITOIHEH 0030p COBPEMEHHOTO COCTOSIHUS PHIHKA MIEPEBO3KU MEJIKOIIAPTH-
OHHBIX TPY30B H OCHOBHBIX TEHJIEHIN ero pa3BuTHs. OO0CHOBaHBI BAYKHOCTh OCBOCHUS XKe-
JIE3HOZIOPOKHBIM TPAHCIIOPTOM 3TOT0 CETMEHTA PhIHKA M HEOOXOIUMOCTh COBEPIIICHCTBOBA-
HUS TEXHOJIOTHM OpraHU3alMy IIEPEBO30K MEJIKOIIAPTHOHHBIX Ipy30B. [IpeaiokeHHoe perie-
HHUE OCHOBAHO Ha CO3/IaHUH JHHAMHYECKOH MI1aT(opMbl IpreMa i 00padOTKH 3aIBOK KIIMEH-
TOB Ha TIEPEBO3KY B COOPHBIX KOHTelHepax. Onucan aropuTM 00pabOTKH 3asiBOK B CHCTEME,
OCOOCHHOCTH ITUTAHHPOBAHUS, Tapu(hoOOpa30BaHUS W TPAHCIIOPTHO-IKCIICTUITMOHHOTO 00-
CIIy’)KUBaHHS TaKHX MEpeBO30K. JJuHaMudeckoe GopMupoBaHue COOPHBIX KOHTEHHEPOB SIBIISI-
€TCs MPUHIIMITHAIHHO HOBOH YCIIYTOH Ha PHIHKE KEJIE3HOI0POKHEIX NIEpeB030K. [Ipenmytie-
CTBOM JIaHHOH TEXHOJIOTHH SIBJISIETCS KOMIUIEKCHOE PellieHHe MPo0IieM, CBSI3aHHBIX C JIOCTaB-
KOH MEITKOMapTHOHHBIX TPY30B: MOBBIMIEHUS 00beMa MEePEBO30K JaHHOW KAaTeTOPUHU T'Py30B
JKEJIE3HOAOPOKHBIM TPAHCIIOPTOM, CHIIKEHUS 3aTpaT KIIMEHTOB, MOBBIIeHNUS 3()()EeKTUBHOCTH
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UCTIOJIb30BaHHUS TPY30TIOABEMHOCTHA M BMECTHMOCTH KOHTEHHEPOB U COKPAIIICHHUS HX TTOPOXK-
HEro mpobera.

KiroueBble cjioBa: cOOpHBIE OTIIPAaBKH, MEIKONAPTHOHHBIE TPYy3bl, KOHTEHHEPEI, TIaHU-
poBanue, 00paboTKa 3asTBOK, KOHCOIHTAITHS.

Jdast uuTupoBaHus:

Kexum, H.A. Opraam3anus nepeBo3KH MEIKOIAPTHOHHBIX TPY30B KEJIE3HOAOPOKHBIM
TPAHCIIOPTOM Ha OCHOBE JMHAMUYECCKOW CHUCTEMBI KOMILIEKTAIUH COOPHBIX KOHTCHHEPOB /
H.A. Kekum // Bectauk PT'VIIC. — 2020. — Ne 3. — C. 124-131. DOI: 10.46973/0201—
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N.A. Kekish

ORGANIZATION OF TRANSPORTATION OF LCL CARGO BY RAILWAY BASED
ON THE DYNAMIC PACKAGING SYSTEM OF MIXED CONSIGNMENTS CONTAINERS

Abstract. A review of the current state of the market for the transportation of LCL cargo
and the main trends in its development is undertaken. The importance of the exploitation of
this market share by railways and the need to improve the technology for organizing the trans-
portation of LCL cargo is substantiated. The proposed solution is based on the creation of a
dynamic platform for receiving and processing customer applications for transportation in
mixed consignment containers. An algorithm for processing applications within the system
features of planning, tariff setting and delivery services for such transportation are described.
The dynamic formation of mixed consignment containers is a fundamentally new service in
the railway transportation market. The advantage of this technology is a comprehensive solu-
tion to the problems associated with the delivery of LCL cargo: increasing the volume of trans-
portation of this category of goods by rail, reducing customer costs, increasing the efficiency
of the use of payload and capacity of containers and reducing their empty hauls.

Keywords: mixed consignments, LCL cargo, containers, planning, processing of the re-
guests, consolidation.
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VK 519.237.5 DOI: 10.46973/0201-727X_2020_3_132

FO.M. Kparoscxuii, H H. Ilonosa

OBOBIIEHHOE ITPOTHO3UPOBAHME IOKA3ATEJEM I'PY30BbIX IEPEBO30K
KEJIEBHOIOPOXHBIM TPAHCIIOPTOM HA OCHOBE CHEHAPHOTI'O IOAXOJIA

AnHoTauus. PazpaboTtana u anpoOupoBaHa TEXHOIOTUs 0000MIEHHOTO TPOTHO3UPOBAHUS
rpy30000poTa ¢ UCIOIB30BAHUEM CTAaTUCTHYECKON W 3KCIEpPTHOH MH(OpPMALUU C YIETOM
creHapHoro moaxosa. O6001eHHOe TPOTHO3NPOBAHNE OCHOBAHO HA TPeX 3HAYEHHSIX TPy30-
00opoTa ¢ pa3IMYHBIMH BECaMu: a) 3HaYCHHE, MTOJYYEHHOE M0 IBYX(PaKTOPHOW MOAemH; 0)
3HAYeHUE, MTOyuYeHHOE TI0 TPEH0BOM MOAETIH; B) TOUEYHOE IKCIIEPTHOE CyXaeHue. BecoBbie
KOA(GHUIIMEHTHI TTOTyYeHBl ¢ TIOMOIIBI0 METOJa aHAJM3a HepapXuil, NCTOIB3YIOMETO dKC-
MIEPTHBIE CYXICHUA. ATIpoOaus alrOpUTMHYECKOTO ¥ IPOTPAaMMHOT0 00eCTIeUeHHS, CO3/aH-
HOTO I 0000IEHHOTO MPOTHO3UPOBAHUS TPY30000pOTa, MPOBEAEHA MO0 TPEM CLEHAPHSIM
pa3BUTHUSI IEPEBO30YHOIrO Mpoliecca Ha JJanpHeBocTOuHOM xene3Hoi gopore. [lokazana xo-
polmas mpakTU4eckast TOYHOCTh ATOTO MPOTHO3UPOBAHYISL.

KiroueBble ci10Ba: rpy30000pOT, perpecCHOHHBIN aHaN3, CLIEHAPHBIH MTOXO0/, SKCIEpT-
HBIC OLICHKHA U CYXXICHUA.

J1st uuTHpOBaHNSA:

Kpakosckuit, K0.M. O6001meHHoe MPOrHO3UPOBaHNE TIOKa3aTeNlell TPY30BhIX MEPEBO30K
JKEJIEe3HOAOPOKHBIM TPaHCIIOPTOM Ha OCHOBe creHapHoro moaxoza / FO.M. Kpakxosckwuii,
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727X_2020_3_132.

Yu.M. Krakovsky, N.N. Popova

THE GENERALIZED FORECASTING OF FREIGHT TRANSPORT INDICATORS BY RAIL
BASED ON SCENARIO METHOD

Abstract. The technology for generalized forecasting of freight turnover based on statisti-
cal and expert information, taking into account the scenario method, was developed and tested.
The generalized forecasting is based on three values of freight turnover with different weights:
a) the value obtained by two-factor first-order model; b) the value obtained by factor model;
c) point expert judgment. The weights are obtained using the analytic hierarchy process using
expert judgment. The developed algorithmic and software for generalized forecasting were
tested according to three scenarios of the transport process development on the Far Eastern
Railway. The practical accuracy of this forecasting is shown.

Keywords: freight turnover, regression analysis, scenario approach.
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JKEJIE3HOJIOPOKHBIA ITYTh U TPAHCIOPTHOE CTPOUTEJBCTBO

VIIK 625.14 + 06 DOI: 10.46973/0201-727X_2020_3_139

E.B. Muponenxo

IMPOBJIEMbI OBECIIEYUEHUS HEOBXOIUMOI'O TEMIIEPATYPHOI'O PEXKUMA PABOTbI
CBEPXIVIMHHBIX PEJIbCOBBIX IVIETEU BECCTBIKOBOI'O ITYTHU

AHHOTanus. PaccMOTpeHbI OCHOBHBIE OCOOCHHOCTH TEXHOJIOTUH MEPe3aKperIeHus! peilb-
COBBIX IJIeTel OecCcTHIKOBOTO MyTH. OTpeieIeHbl YCIOBHS 00ecTIeYeHUs] HEOOXOJUMOTO TEM-
MepaTypHOTO PeKUMa pabOTHI CBEPXUIMHHBIX PENbCcOBBIX muieTel. [IpoBenén anamms a¢dek-
TUBHOCTH M O€30MMaCHOCTH IIPUMEHEHHSI HATSDKUTEIIBHBIX M HATPEBATEIILHBIX YCTPOWCTB, TEX-
HOJIOTHW BBOJIa PENBCOBBIX IIETEH B YCTAHOBJICHHBIA TEMIEPATYypHBIA PEKUM pPabOTHI.
Hawnbonee mpocTeIM 1 IPEAIOYTHTEIHHBIM CITIOCOOOM BBEICHHUS PEIbCOBBIX IUIETEH B yCTa-
HOBJICHHBI TeMIEPaTYPHBIA PEXUM pabOTHI SBISETCS TOCIEI0BATEILHOE HATKEHHE T10-
TYIIETeH ¢ MTOMOIIBIO Maphl THAPABINYECKIX HATSDKHBIX YCTPOUCTB. B pacder mimH aHKep-
HBIX Y4aCTKOB JOJI’)KHBI 6paTbC$I MHUHHUMAJIBHBIC 3HAUYCHH A TIOTOHHOTO COIPOTUBJICHU A 63.]1.]13-
CTa IPOIOIBHBIM TIEPEMEIICHUSM TS HaJIe)KHOTO 00ECTIeUeHUS NX HETIOABIKHOCTH TIPH TIPO-
M3BOZCTBE paboT. HarpeBaTenbHbIe YCTAHOBKY HMEIOT MIPEUMYIIECTBO TIEpe]] HATSDKUTEISMU,
3aKIII0YaloNIeecsl B 3HAUUTEIHHO OOJIbIIEM AHana3oHe pabovnX TEeMIepaTryp U OTCYTCTBHUH
HEOOXOJMMOCTH yCTPONCTBA aHKEPHBIX yJaCTKOB. VIHIYKIIMOHHBIN HATPeB PEITbCOBBIX IIIE-
Tell TpeAnouYTHTENbHEE HarpeBa IUIaMEHEM TOPSILIETO TOIUIMBA ISl COXPAHHOCTU JeTajel
MIPOMEKYTOUHBIX PETbCOBBIX CKPETICHUN.

KiaioueBble cJI0Ba: pEIbCOBBIE IIETH, MMOTOHHOE COIMPOTHBICHHE, THIPABINYECKOE
HATSKHOE YCTPOKCTBO.
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E.V. Mironenko

PROBLEMS OF ENSURING THE NECESSARY TEMPERATURE MODE OF OPERATION
OF SUPER-LONG RAILS OF THE NON-JOINTED TRACK

Abstract. In this article, the main characteristics of the technology of re-fastening of a non-
jointed track are considered. The conditions for ensuring the necessary temperature regime of
ultra-long rail track are determined. The analysis of efficiency and safety of application of
tensioning and heating devices, technology of input of rail tracks in the established temperature
mode of work is carried out. The simplest and preferred method of introducing rail tracks to
the set temperature mode of operation is sequential tension of the half-track using a pair of
hydraulic tensioning devices. The minimum values of the linear resistance of the ballast to
longitudinal movements should be taken into account for calculating the lengths of anchor
sections in order to reliably ensure their immobility during work. Heating installations have
advantages over tensioners, consisting in a much larger range of operating temperatures and
the absence of the need for anchor sections. Induction heating of rail track is preferable to
flame heating of burning fuel to preserve the details of intermediate rail fasteners.

Keywords: long rails, the resistance of ballast, hydraulic tensioning device.
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A.FO. IIpokonos, M.B. IIpoxonosa, A.C. Pyoyosa, A.A. Medgedes

MOJEJUPOBAHUE '’EOMEXAHUYECKHUX ITPOLECCOB,
INPEJIIECTBOBABIINX ABAPUU IIPU CTPOUTEJIBCTBE
BEHTUJIAIIMOHHOI'O CTBOJA MOCKOBCKOT'O METPOITIOJIMTEHA

AHHoTauus. CTpouTenbCcTBO BBIPa00TOK MOCKOBCKOIO METPOIIOIUTEHA BEIETCS B CIIOXK-
HBIX TOpPHO-TEOJIOTMYECKUX U THUJIPOr€OJIOTMYECKUX YCIOBUSX, CBS3aHHBIX C HaJIU4MEM
HaIlOPHBIX BOJAOHOCHBIX I'OPU30HTOB, NIEPECEUCHUEM CHWIIBHO TPELIMHOBATBIX KABEPHO3HBIX
W3BECTHAKOB, B 30HaX BIMAHHMA Ha IUIOTHYIO TOPOACKYIO 3aCTpOMKy. PacMoTpeHsI reomexa-
HUYECKHUE MPOLECChI, MPUBEAIINE K aBapuH MPH MPOXOAKE MEXaHW3UPOBAHHBIM CHOCOOOM
BEHTWJIALIMOHHOTO CTBOJIA HAa ydacTKe cTpourtenbcTBa KammHuHCKO-COMHIEBCKON TUHUH
MockoBckoro MerponoauTeHa. Ha KOHEUHO-2JIEMEHTHBIX MOJEISAX ONPENEIeHbI TapaMeTpEI
HanpsLKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHUSL CHCTEMBI «IIOPOAHBIA MaccuB — (pyHIaMEHTHI
OIIOPHBIX KOHCTPYKLHUN — KPEIb CTBOJIA» HAa Pa3HbIX 3TANAX MEXaHU3UPOBAHHOM ITPOXOJKHU.
YcTaHOBIIEHBI IPUYMHBI ABAPUH, CBSI3aHHOM ¢ HEPAaBHOMEPHOM 0CaJKOM CBaliHBIX POCTBEPKOB
U MpHBEINIEN K MEPEKoCy M 3aKIMHUBAHUIO MEXaHW3HPOBAaHHOrO Komruiekca. Ilpemnoxen
IbTEPHATUBHBIA BapUaHT MapaMeTPOB CBaWHBIX (PyHIAMEHTOB, 00ECIEUMBAIOLINNA HAJEK-
HOCTh M 0€30MaCHOCTh TIPOXOJIKH B PACCMATPHBAEMBIX TOPHO-TEOJIOTUIECKUX U TUAPOTE0IIO0-
TUYECKHX YCIOBHUSX.

KiroueBble ciioBa: BEIpaOOTKH METPOIIOIMTEHA, BEHTHIIALUOHHBIN CTBOJ, MEXaHU3UPO-
BaHHAasl IIPOXOJKA CTBOJA, CTBOJIONPOXOTYECKHH KOMIUIEKC, CIIOKHBIE TOPHO-TE€OJIOTUYECKHE
YCIIOBUSI, HAIOPHBIA BOJIOHOCHBIH TOPU30HT, KaBEPHO3HbIC M3BECTHSIKH, aBapws, jaehopma-
LUH.
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TEJIbCTBE BEHTUJISIIIMOHHOTO CTBOJIa MockoBckoro merpornoyimteHa / A.KO. Ilpokoros,
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A.Yu. Prokopov, M.V. Prokopova, Ya.S. Rubtsova, A.A. Medvedev

MODELING THE GEOMECHANICAL PROCESSES FOR PRECEDING ACCIDENTS
DURING THE CONSTRUCTION OF A VENTILATION SHAFT OF THE MOSCOW METRO

Abstract. The soil excavation for construction of the Moscow metro is carried out in dif-
ficult geological and hydrogeological conditions associated with the presence of pressure ag-
uifers, the intersection of highly fractured cavernous limestone, in zones of influence on dense
urban development. This article examines the geomechanical processes that led to accident
during the creation a ventilation shaft by a mechanized method at the construction site of the
Kalininsko-Solntsevskaya line of the Moscow metro. On finite element models, the parameters
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of the stress-strain state of the system «rock mass — foundations of support structures — shaft
support» are established at different stages of mechanized driving. The reasons for the accident
associated with uneven settlement of pile grillages and leading to distortion and jamming of
the mechanized complex have been established. An alternative option for the parameters of
pile foundations is proposed, which ensures the reliability and safety of penetration in the con-
sidered mining-geological and hydrogeological conditions.

Keywords: metro, ventilation shaft, mechanized shaft sinking, shaft-boring complex, dif-
ficult mining and geological conditions, confined aquifer, cavernous limestone, accident, de-
formation.
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TPAHCIIOPTHASI SHEPI'ETUKA

VK 621.331 : 519.8 + 06 DOI: 10.46973/0201-727X_2020_3_154

B.B. Jlomanckuil, I A. [Jomanckas, B.A. Bacenko

NHOOPMAIIMOHHBIE TEXHOJIOT YA PEXKUMOB PABOTBI TAI'OBOI'O
SJIEKTPOCHABKEHUSA U ITIUTAIOIINX UX SHEPTOCUCTEM

Annotauus. [Ipeanoxen MeTo] aHamM3a, pacueTa 1 MOJACITUPOBAHUS OCHOBHBIX JIEKTPO-
TEXHUYECKUX MTapaMeTPOB U MOKa3aTeNei AEKTPOTATOBBIX CETEH C y4eTOM MUTAIOLINX JTUHUHA
SHEPrOCUCTEeM ISl HAIllOMHEHHs 0a3 3HaHWH SKCIEPTHHIX cucTeM. [lokazaHbl myTn parmo-
HaJBHOTO AJICKTPOITOTPEOICHHSI B TIPOIIECCe HMHTCHCH(DHUKAITAN ITEPEBO30K Ha AJICKTPHPHUITH-
POBaHHBIX JIMHUSIX 110 KPUTEPHIO MUHUMAJIBHBIX TIOTEPh B TSATOBOM CETH.

Pa3paboTransl HayYHBIE TTOIOKEHUS MOBBIICHNS d((EKTUBHOCTH PEKUMOB B JIEKTPUYIE-
CKHX CHCTEMaX C TATOBBIMH HATrpy3KaMH, B TOM YHCJI€ MHOTOYPOBHEBBII METOT peryIHpoBa-
HUSI HaNIPsDKEHHS ¥ peaKTUBHOM MoIHoCTH. OTpe/iesieHo, 4To mapajuieibHas padboTa HEOAHO-
ponusix cereit 110 u 25 kB yBenmunBaeTr notepu momuoctu Ha 15-20 % npu nepenave suep-
THH.

KuaroueBrble ciioBa: cucteMa TATOBOTO 3JIEKTPOCHAOKEHNUS, HH(OPMAITMOHHBIE TEXHOJIO-
THU HEProcOepeKeHUsI, PEXKUMBI paOOThI, EPETOKH MOITHOCTH, TIOTEPH SHEPTUU, METOABI U
MOJICIH.
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727X_2020_3_154.

V.V. Domansky, G.A. Domanskaya, V.A. Vasenko

INFORMATION TECHNOLOGIES OF OPERATION MODES OF TRACTION POWER ENERGY
AND SUPPLYING THEIR ENERGY SYSTEMS

Abstract. It is proposed a method of analysis, calculation and modeling of the main elec-
trical parameters and indicators of the electric traction networks with the supplying lines of
the power systems for filling up the knowledge bases of the expert systems. The ways of the
rational power consumption in the process of transportation intensification on electrified lines
are shown according to the criterion of minimum losses in the traction network.

The scientific principles for increasing the efficiency of modes in electrical systems with
traction loads including a multilevel method of voltage and reactive power regulation have
been developed. It has been determined that the parallel operation of non-uniform networks of
110 and 25 KV increases power losses by 15-20 % during power transmission.

Keywords: traction power energy system, information technology energy saving, opera-
tion modes, power flows, energy losses, methods and models.
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U.A. Konopawos, 10.I". Ceménos

TEMIIEPATYPHbBIN KPUTEPUII OIEHKU CTEINEHUA OITACHOCTHU YT OBBIX
HAPYIIEHUMN TOKOCBEMA

AnHoTanmus. CTaThs MOCBSAIIEHA UCCIIEIOBAaHHUIO TPOOIEMBI HAPYIIIEHHS B3aUMOIEHCTBUS
TOKONPUEMHHKOB 3JIEKTPOBO30B JIEKTPU(UIIMPOBAHHBIX KEJIE3HBIX JOPOT C KOHTAKTHBIM
MIPOBOJIOM, COTIPOBOXKIAIOLIETOCS] BOSHUKHOBEHHEM 3JIEKTpHUECKON NyTh. C LENbIo AanbHEH-
LIETO PA3BUTHUS CUCTEMbI TEXHUYECKON THATHOCTUKU HapYIIEHUI TOKOChEMA, COITPOBOXKIAE-
MBIX Oyroo0pa3oBaHueM, HEOOXOANMO HCCIEJOBaHUE XapaKTepa U MapaMeTpoB MPOLECCOB,
MIPOUCXOASIINX IPH JAHHBIX HAPYIIECHUSIX.

OcHOBHas 4acTh CTaThH IOCBSIIEHA BOMPOCY pa3pabOTKH TEMIIEPaTypHOTO KpPHUTEpHUs
OLICHKH CTEIICHU OIACHOCTH BIIMSHUS HAPYLIEHUI TOKOChEMA HA KOHTAKTHBIN poBoA. Taxxke
B CTaThe JaH aHaJIU3 CYIIECTBYIOIIEH METOANKH JHAarHOCTUKU HapylIeHnH TokochéMa. Pac-
CMOTPEHBI OCHOBHBIE MaTEMAaTHYECKHE MOJEIH, OMKCHIBAIOIINE MPOLECC PACIPOCTPaHEHHS
TEIlJIa B KOHTAKTHOM IIPOBOJIE.

KuroueBsble ci10Ba: 3JI€KTPUYECKUI TPAHCIIOPT, KOHTAKTHAs! CETh, KOHTAKTHBIN MTPOBOJ,
HapyIlIeHHEe TOKOChEMA, SJEKTPUUYECKas Ayra, IyrOBOM TOKOCHEM, TEPMHUUECKOE BIHUSIHUE,
TEIJIOBOM U3HOC, Pa3ylpOYHEHHE, JUATHOCTUKA, KPUTEPUM OLIEHKU, METOJ HCTOYHHUKOB.
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I.A. Kondrashov, Yu.G. Semenov

TEMPERATURE CRITERION FOR DEGREE ESTIMATING OF THE ARC CURRENT
DISRUPTIONS DANGER

Abstract. The article is devoted to the study of the interaction violations of the electric
locomotives current collectors with a contact wire, accompanied by the appearance of an elec-
tric arc. For further development the system of technical diagnostics of the current collection
disruptions, accompanied by arcing, it is necessary to study the nature and parameters of the
processes that occur with these disruptions.

The main part of the article deals with development and designing of temperature criterion
the danger degree evaluation of the influence the current collection disruptions on the contact
wire. Also the analysis of existing diagnostics of current collection violations method is given.
The basic mathematical models of the nature of the distribution of heat in the cross-section of
the contact wire are shown.

Keywords: electric transport, overhead contact system, contact wire, current collection
disruption, electric arc, current collection with arcing, thermal wear, softening, diagnostics,
evaluation criterion, source method.
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MOJIEJIMPOBAHUE CUCTEM M INIPOLHECCOB

VJIK 51-7 : 519.25 DOI: 10.46973/0201-727X_2020_3 177

E.Il. Kopnaesa, A.B. Kopnaes

CTATUCTUYECKASI MOJIEJb BBISIBAEHUSI AHOMAJIbHBIX JIJAHHBIX
B 3AJJAYAX JIMATHOCTUKU

Annotauus. [Ipeacrasnensl pa3paboTka 1 TECTUPOBaHUE MPOTPaMMHOTIO MHCTPYMEHTA-
pUs U1 BBISBJICHHS] aHOMANBHBIX TaHHBIX TPUMEHUTENBHO K 3a/1a4e AUarHOCTUKU COCTOSTHUM
POTOPHO-OIIOPHON CUCTEMBI Ha MOJIINIIHUKAX KUAKOCTHOTO TpeHus. B 0CHOBY mporpaMmsl
3aJI0’KE€HA CTaTUCTUYECKasi MOJIeNb, pa3padOTaHHasl HA OCHOBE YAaCTHUYHOTO OOyUEHHS C y4u-
TeneM. JlanHble 1 00y4eHUs, BaTUAANHA U TECTUPOBAHUS MOJEIHU MPEJCTaBISIOT cOOO0i
pe3ynbTaThl SKCIEPUMEHTA, MPOBEACHHOIO Ha Ja0OpaTOPHOH yCTaHOBKE B HOPMAJIBHOM H
AHOMAJIBHOM peXHMax paboTel. TOYHOCTH OOHApPYKEHHS AaHOMAJIBHBIX PEXKHUMOB PaOOTHI €
MIOMOIIBIO Pa3pabOTaHHOTO HHCTPYMEHTAPHS Ha TECTOBOM BBIOOpPKE cocTaBmiia okoso 97 %.
Takum 00pazoMm, TaHHBIH HHCTPYMEHTApUIl MOXKET ObITh HCIIOJIB30BaH [T TIpeICKa3aHus He-
TUIHWYHBIX PEXUMOB pabOThl 0OBEKTa B PEKUME PEATbHOTO BPEMEHH IIPH HAJIMYHUU COOTBET-
CTBYIOLIEH MH()OPMALIMOHHO-U3MEPUTENBHON CHCTEMBI.

KiroueBble cjioBa: MalmnHHOE 00yUeHHE, YACTHYHOE 00YUYCHHUE C YIUTEIEM, aHOMAJIbHEIC
JaHHbIE, TUarHOCTHKA, IEPEKOLICHHBIE KIIaCChl, POTOPHO-OIIOPHAs CUCTEMA.
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E.P. Kornaeva, A.V. Kornaev
STATISTICAL ANOMALY DETECTION MODEL IN DIAGNOSTIC TASKS

Abstract. The article presents the development and testing of software tools for detecting
anomalous data in relation to the problem of diagnosing the states of a rotary support system
on fluid friction bearings. The program is based on a statistical model developed on the basis
of training with a part-time teacher. The data for training, validation and testing of the model
are the results of an experiment carried out in a laboratory facility in normal and abnormal
operating conditions. The accuracy of detecting abnormal operating modes using the devel-
oped tools on a test sample was about 97%. So, the developed tools can be used to predict
atypical operating modes of an object in real time in the presence of an appropriate infor-
mation-measuring system.

Keywords: machine learning, supervised learning, abnormal data, diagnostics, skewed
classrooms, rotary support system.
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MONYJISIUOHHBINA AJITOPUTM PACKPACKH T'PA®A METOJOM KPUCTAJLUIA3ALIMUA
POCCBHIIIN AJIBTEPHATHUB

AnHoTanus. PaccMaTpuBaeTCsl TOMCKOBBIN MOMYJISIIMOHHBIN aITOPUTM PacKpacKu BEp-
muH rpada. MeTa’sBprCcTHKa KPUCTAILTU3AIUN POCCHIITN aJbTepHATHB 0a3UPyeTCs Ha UCTIONb-
30BaHWMW KOJUIEKTUBHOM IBOJIOIMOHHON MaMSTH, IO/ KOTOPOH MojipasyMeBaeTcs nHpopMma-
1M1, OTPAKAOIAs UCTOPHUIO IMMOMCKA PEIICHUSI. AJTOPUTM YUYUTHIBACT TCHACHITNHU K HCIIOb-
30BaHUIO AIbTEPHATUB U3 HAWITYUIIUX HalJEHHBIX pelieHui. B kauecTBe nHTEpOpeTanuu pe-
LICHUS UCIIONb3YETCsl YIOPSAOYEHHBIM ciucok. [Ipennoxken nekonep Ay nepexona OT yIo-
PAIOYEHHOTO CIMUCKA K PEHIEHUI0. PacCMOTpEHBI KIIFOUE€BbIE MOMEHTHI aHAJIN3a aJIbTEPHATHB
B IIPOLIECCE HBOJIIOLMOHHON KOJUIEKTUBHOM ajanTalvi. BpeMeHHas CI0XKHOCTh alropuTMa,
TIOJTy9€HHas SKCIIEPUMEHTAIBHBIM IyTeM, JIeXKUT B penenax O(n?).

KuaroueBsle cjioBa: packpacka rpada, yrmopsioueHHbIN CITUCOK, HHTEPIIPETANNs, AEKOJED,
ONTUMHU3ALUS, TONYJSALMOHHBIA AJITOPUTM, aJJalITUBHOE MOBEJEHKE, METOJI KPUCTAININ3ALIUN
POCCHIIHU aNbTEPHATHUB.
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B.K. Lebedev, O.B. Lebedev, E.O. Lebedeva

P POPULATION SEARCH ALGORITHM FOR GRAPH COLORING OF CRYSTALLIZATION
METHOD OF THE ALTERNATIVES DISTRIBUTION

Abstract. The paper considers a population search algorithm for coloring the vertices of a
graph. The metaheuristics of the crystallization of the alternatives’ distribution is based on the
use of collective evolutionary memory, which means information reflecting the history of the
search solution. The algorithm takes into account the tendency to use alternatives from the best
found solutions. An ordered list is used as the interpretation of the solution. A decoder is pro-
posed for moving from an ordered list to a solution. The key points of the analysis of alterna-
tives in the process of the evolutionary collective adaptation are considered. The time com-
plexity of the algorithm, obtained experimentally, lies within O(n?).

Keywords: graph coloring, ordered list, interpretation, decoder, optimization, population
algorithm, adaptive behavior, method of crystallization of the alternatives distribution.
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