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TUJIPOJIUHAMUYECKH PACYET MOPUCTOIO NOAIINITHUKA KOHEYHOM JUIMHBI,
PABOTAIOIIETO HA C2KUMAEMOM CMA30YHOM MATEPHUAJIE
MPU ET'O PAJUAJILHOM MOJAYE

AnHoTtanmms. [IpencraBnena HecTanMoHapHas pacyeTHas MOZEIb paJuaibHOIO MOJIIIHII-
HUKa KOHEYHOMH JUTMHBI C IOPUCTHIM IMOKPBITUEM Ha MOBEPXHOCTHU Baja MpH paguaIbHON IMo-
Jlade CMa304HOI'0 MaTepuaina, IoJIlyuyeHHas: Ha OCHOBE ypaBHEHUS], OIIMCHIBAOLIETO JTaMUHAP-
HOE oiHO(a3HOE TeUCHNE CXKUMAEMOM OTHOPOAHOM KUAKOCTH YEPE3 H30TPOIHYIO IOPUCTYIO
cpeny, ¢ IpUMeHEeHneM MOAU(PULIMPOBAHHOTO YpaBHEHHS PeifHoNbaca, ONpeaesnstomero Jas-
JIeHHE B IJICHKE CMa304HOT0 MaTepraia MeXAy BajJoM U HOJIUIIHUKOBON BTYJIKOM.

B pesynbrate penienus 10CTaBISHHOM 3a1a4u HailIeHO NoJie JaBJIEHUH B IOPUCTOM U CMa-
304YHOM CJI0AX, TOJYUYCHBI aHAJTTUTUYCCKUEC 3aBUCUMOCTH I yCI/IJII/Iﬁ B MaclIstHOM 1ieHke. 11o-
JIYUYCHHBIC YTOYHCHHBIC PACUCTHLIC MOJACIIN TO3BOJIWIIN ONIPCACIINTD obmacTu YCTOﬁHHBOCTH
JBIDKEHHS BaJla, a TAK)KE YCTAHOBUTH BIIMSHUE AOTIOJHUTEIbHBIX (DAKTOPOB: OTHOCUTENBHOTO
9KCLIEHTPUCHUTETA, KOHCTPYKTHBHOT'O MapaMeTpa CKUMAEMOCTH, — MIO3BOJISIIOILIEE BBITTOJIHUTD
CPaBHUTEJIBHBIN aHAJIU3 BHOBB MOJIYYEHHBIX PE3YJIbTaTOB U YK€ UMEIOIIHUXCS. DTO MOJTBEP-
U0 OOMBLIYIO TPUOIMKEHHOCTh HOBOH MOZAEIH K PEAIbHON IPAKTHKE.

KiroueBble ci10Ba: ruapoAvHAaMKKa, KOHEYHOPA3MEPHBIH paJualIbHBINA IOMAIIMITHUK,
CKMMaeMOCTh CMa304HOI'0 MaTepraia, HeyCTaHOBUBIIEECs IBUKEHHE, YCTONUNBOCTD IBUKeE-
HUs Baja.

st uuTHpoOBaHus:

I'mapoarHaMuYecKHid pacdeT MOPHCTOrO IMOJIIMITHIKA KOHEYHOH JUTHHBI, pabOTaromero
Ha C)KMMaeMOM CMa30uyHOM Martepuaie mpu ero paauanpHoit momaue / K.C. Axsepaues,
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K.S. Akhverdiev, N.S. Zadorozhnaya, B.M. Fleck, E.A. Kopotun

HYDRODYNAMIC CALCULATION OF AFINITE-LENGTH POROUS BEARING OPERATING
ON A COMPRESSIBLE LUBRICANT DURING ITS RADIAL FEED

Abstract. The paper presents a non-stationary design model of a radial bearing of a finite
length with a porous coating on the shaft surface with a radial flow of a lubricant that is ob-
tained on the basis of the equation describing the laminar single-phase flow of a compressible
homogeneous fluid through an isotropic porous medium. It is used the modified Reynolds
equation determining the pressure in the film lubricant between the shaft and the bearing bush.

As a result of solving the presenting problem, the pressure field in the porous and lubricant
layers was found; the analytical dependences for the forces in the oil film were obtained. The
resulting refined computational models made it possible to determine the areas of stability of
the shaft movement, as well as to establish the influence of the additional factors: relative
eccentricity, constructive compressibility parameter which allows performing a comparative
analysis of the newly obtained results and for those which have already been available. This
confirmed the great proximity of the new model to real practice.

Keywords: hydrodynamics, finitely sized radial bearing, lubricant compressibility, un-
steady motion, stability of the shaft movement.
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A.T. Puibax, U.K. [{uiopuii, C.B. Hocaues, A.FO. [leaunenxo

TEOPETUYECKHUE OCHOBBI MOJAEJIMPOBAHUSA CUCTEMBI IIPUBOJIA CTEHJIA

JIJISI ACITBITAHUM ILTYHXKEPHBIX THJIPOLIAJIMHIPOB

AnHoTtamms. [Ipeqaraercs opuruHagbHasi cxeMa CTeH 14 UCIIBITAHUH TUTyH)KEPHBIX TH/I-
POLIMIMHIPOB ¢ peKylepannel s3uepruu. IIponsBeaeHo MOAENNPOBaHNE U pacdyeT THPABIIHU-
YECKOM M MEXaHUYeCKOH cucTeM creHaa. [IponsseieHo MoaenupoBaHUe IIyMOBBIX SIBICHUIM
THIPaBINYEeCKON ccTeMBI cTeH 1a. OCyIecTBIeHa TeOpeTHIecKas OlleHKa BUOpaIiK, BO3HH-
KaroIel B 3JIeMEHTaX CHCTEMBbI. BhIMoHEHa OlleHKa YPOBHS BO3HHUKAIOIIETO IITyMa JIsl BbI-
00pa KOHCTPYKTHBHBIX MEp IO €ro CHUXKEHUIO.

KaroueBble cji0Ba: THAPOLUWIMHIDP, PEKyNepamysi, MaTeMaTHYECKOE MOAEITUPOBAHHE,
IIyM.

J1s uuTHpOBaHMS:

Teoperuueckue 0CHOBBI MOJICTMPOBAHMS CHUCTEMbI IPUBOAA CTEH/1A JJ151 UCTIBITAHUM ITYH-
xepHbIX ruapounuHapos / A.T. Peibak, M.K. Lpiopuii, C.B. Hocaues, A.1O. Ilenunenxo //
Becrauk PT'YIIC. — 2019. — Ne 3. — C. 19-22.



ISSN 0201-727X BECTHHUK PI'YIIC Ne 3/2019

A.T. Rybak, I.K. Tsybriy, S.V. Nosachev, A.Yu. Pelipenko

THEORETICAL FOUNDATION OF THE MODELLING DRIVE SYSTEM STAND
FOR TESTING PLUNGER HYDROCYLINDERS

Abstract. [IpeanaraeTcss OpUrHHANIBHAS CXeMa CTEH/IA MCIIBITAHUN TUTYH)KEPHBIX THAPO-
HWIMHAPOB ¢ peKynepauuel sneprun. [IponsseneHo MoeIMpOBaHNE U pacyeT TuApaBiInye-
CKOHM M MEXaHW4ecKoil cucreM creHnaa. IIpon3BeneHO MOAENMPOBAHUE LIYMOBBIX SIBICHHM
T anaBﬂqucxoﬁ CHUCTEMBI CTCHAA. OCYHIGCTBHeHa TCOPETUYCCKad OLICHKA BI/I6paHI/II/I, BO3HU-
Ka}omeﬁ B DJIEMEHTaX CUCTEeMbI. BhIlojiHeHa OIICHKA YPOBH: BO3HUKAIOLICTO IIyMa AJIsd BbI-
00pa KOHCTPYKTUBHBIX MEp 10 €T0 CHUKESHHIO.

The original test stand scheme for plunger hydraulic cylinders with energy recovery is pro-
posed. It is produced the modelling and calculation of the stand hydraulic and mechanical
systems. It is simulated the noise phenomena of the hydraulic system stand. It is produced the
theoretical assessment of the vibration that occurs in the system elements. The noise level is

evaluated for the selection of the design measures to reduce it.
Keywords: hydraulic cylinders, testing, recovery, mathematical modelling, noise.
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MOJABUKHOMN COCTAB, BE3OITACHOCTH JABW)XEHUS U 3KOJIOTUS

VK 629.423.1 : 517.977.56 + 06
A.A. 3apugpvsan (mnr.)

CHUHTES3 PEI'YJISAITOPA CKOPOCTH QJIEKTPOBO3A
METOAAMMU TEOPUU KOHEYHbBIX ABTOMATOB

Annoranus. [IpeacraBnena o600meHHas cxeMa BEpXHETO YPOBHS CUCTEMBI YIIPABICHUS
MEPCIIEKTUBHOIO 3JIEKTPOBO3a C ACHHXPOHHBIM TATOBBIM IPUBOAOM. BXoasmuii B 3Ty cxemy
OJIOK perynaropa CKOPOCTH pealn30BaH METOJaM1 TEOPHH KOHEUHBIX aBTOMAaToB (Stateflow).
[IpencraBiena KOMIBIOTEPHAS MOJIEITH PETYIATOPA CKOPOCTH, BHITOHEHBI TPHIMEPHI pacueTa.
PesynbraThl pacueToB COOTBETCTBYIOT JAHHBIM, MTOMyYE€HHBIM IPH UCTIHITAHUSAX.

KuroueBsble c1oBa: 371€KTpOBO3, BEPXHUH YPOBEHb CUCTEMBI YIIPABIEHMUSI, PETYIISTOP CKO-
poCTH, TeoprsI KOHEUHBIX aBTOMATOB.

s uuTMpoBaHus:
3apudbsan, A.A. (Mn.) CuHTE3 perynsaTopa CKOPOCTH 3JIEKTPOBO3a METOAAMH TE€OPUU KO-
HeuHbIX aBToMaToB / A.A. 3apudssn (mi.) / Bectauk PI'YTIC. — 2019. — Ne 3. — C. 30-37.

AA. Zarifyan (Jr.)

SYNTHESIS OF THE ELECTRIC LOCOMOTIVE SPEED REGULATOR BY THE TECHNIQUE
OF FINITE-STATE AUTOMATA

Abstract. The paper presents a generalized diagram of the control system upper level for
a prospective electric locomotive with asynchronous traction drive. The speed regulator block
included in this scheme is implemented by methods of the theory of finite-state automata
(Stateflow). A computer model of the speed controller is presented, calculation examples are
performed. The calculation results correspond to the data obtained during the tests.

Keywords: electric locomotive, control system upper level, speed regulator, theory of fi-
nite-state automata.
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I0.U. Mamsuw, A.J]. Poouenko, A.B. Konmvuuxun, /[.H. [IInoma

COBEPHIEHCTBOBAHME TEXHOJIOI'NU PABOTBI CUCTEMbI KOHAUILTNOHUPOBAHUSA
BO31YXA NACCAKUPCKOI'O BATOHA TYTEM PASPABOTKH JOIIOJTHUTEJBHOI'O

YCTPOMCTBA OXJIAKJIEHUS BO3JTYXA

Annotauus. O003Ha4eHbI MPOOIEMbl 00ecreueHHs ONTUMAIBHBIX MapaMeTPOB MUKPO-
KJIMMaTa BaroHa BO BPEMsI CTOSIHOK MIO€3/10B IANBHETO ClIe0BaHMs. PaccMoTpeHsI cyiiecTBy-
OII[ME PEIIeHNUs TI0 YIYUIIeHWI0 CUCTeM KOHAMIIMOHMPOBAHMS BO3Iyxa BaroHa. Ha ocHoBe
MPOBEIEHHOTO 0030pa CYIIECTBYIOIINX YCTPOMCTB yKa3aHbl UX HepocTaTku. [Ipennoxena cu-
CcTeMa KOHAMLMOHUPOBAHUS BO3yXa BaroHa, BKIIIOYAOIIas B ce0sl akKKyMYJIATOp XOJOAa,
MTO3BOJISIONIAs OXJIAXKIATh BO3IyX IPH BBIKIIOYEHHOM XOJOIMIEHOM YCTPOMCTBE BO BpeMs
CTOSTHOK TI0€3/1a.

KiroueBble cjioBa: cructeMa KOHAWIIMOHUPOBAHUS BO3lyXa, SKCIUTyaTallHOHHbBIE XapaKTe-
PUCTHKH, MUKPOKINMAT, aKKyMYJISITOP X0JI0/Ja, COTHEUHbIe OaTaper, MacCaXUpCKUH BaroH,
MO€3/1 JATbHET0 CIICA0BaHUS.

Juis1 uuTUpoBaHMs:
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Yu.l. Matyash, A.D. Rodchenko, A.V. Koltyshkin, D.N. Shloma

THE ADVANCEMENT OF THE WORK TECHNOLOGY OF THE AIR CONDITION SYSTEM
IN A PASSENGER CARRIAGE BY DEVELOPING THE ADDITIONAL AIR COOLING DEVICE

Abstract. In the article there are exposed some problems of the microclimate optimal pa-
rameters inducing during cars stopping for long-distance trains. The existing developments on
an air condition system in a railroad car are examined. In according to the conducted existing
accommodation analysis there were pointed on negative attributes. The car’s air condition sys-
tem, including the holding plate, makes possible to cool the air when the refrigeration device
is off during the train stops.

Keywords: air condition system, performance characteristics, microclimate, holding plate,
solar panels, passenger carriage, long-distance trains.
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C.A. Cmemanun, B.A. Boiimenko, A1.K. Cxnughyc

. AHAJIN3 TEMITIEPATYPHBIX IIOJIEM B CHCTEME
«TOPMO3HOU JUCK — TOPMO3HASA KOJOAKA» IJIAA PA3JIMUHBIX KWHEMATHYECKHUX
CXEM JMCKOBBIX TOPMO3HBIX BJIOKOB BBICOKOCKOPOCTHBIX ITOE310B

AHHOTanus. PaccMOTpeHBI MPOIIECCH TEMIO00OMEHa, TIPOTEKAIOIINE B CHCTEME «TOPMO3-
HOH JUCK — TOPMO3Has KOJIoAKay. [[puMeHeHO HECTAlIMOHAPHOE YPAaBHEHUE TEIJIONPOBOIHO-
CTH JUIS pacueTa TEeMIIEPATypHBIX MOJICH B 00beMe TOPMO3HOTO JUCKA M TOPMO3HON KOJIOIKH
Y aIalITUPOBAHO YIS PA3JIMYHBIX CXEM IMOCTPOCHUS JUCKOBBIX TOPMO30B. [IpoBeaeHbI aHaIN3
W CpaBHEHHE TEMIIEPATYPHBIX TOJEH, BOSHUKAIINX NPH (PPUKIMOHHOM B3aUMOJEHCTBHH
MOBEPXHOCTEH TOPMO3HOIO AMCKA M TOPMO3HOM KOJOIKH, JJIS PA3HBIX KUHEMATHUYECKUX
CXEM, PEaM3YIOINX KaK MPOCTOE, TaK M CI0XKHOE OTHOCUTEIILHOE JABMIKEHUE TOUEK (PHUKITH-
OHHBIX TOBepxHOcTeW. [lokazaHbl NMpeUMyIIeCTBA KUHEMATHYECKUX CXEM, pPEaIUu3yHOUINX
CJI0HOE OTHOCHUTENBHOE JIBUKEHHE TOUeK (DPUKITMOHHBIX TTOBEPXHOCTEH TOPMO3ZHOTO JIUCKA
1 TOPMO3HOU KOJIOKH, & IMEHHO C BpPAIIAIOIICHCs TOPMO3HOM KOJIOAKOW B (hopME CILIOII-
HOTO JTMCKA WJIM JUCKA C MaJbIM IEHTPAILHBIM OTBEPCTHEM U TOPMO3HBIM JUCKOM C TajTe-
JIBI0, KOTOPBIE 00ECTIEYNBAIOT HAWITYUIIYI0 pABHOMEPHOCTh PACIIPEIEIICHUS TEMITEPaTYPHBIX
oJIeH 10 TTOBEPXHOCTH U 00beMY B3aMMOJICHCTBYIOIIUX TEJI.

KiioueBble c1oBa: TemrepaTypHOE IOJie, MaTeMaTHYeCKas MOJENb, KHHEMaTUdecKas
CXeMa, CIOXHOE ABMKEHHUE, TUCKOBBIA TOPMO3, TOPMO3HAs KOJIOAKA, TOPMO3HOU JTUCK, Bpa-
LIAIoUIascs KOJIOIKa.

Jasi uuTUpoBaHMS:
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Hasl KOJIOJKA» JUIS PAa3IHMYHbIX KHHEMAaTHYECKUX CXEM IMCKOBBIX TOPMO3HBIX OJIOKOB BBICO-
kockopocTHbIX moe3noB / C.A. Cwmeranun, B.A. Boiirenko, S.K. Cxmudyc // BectHux
PI'VIIC. — 2019. — Ne 3. — C. 45-55.
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S.A. Smetanin, V.A. Voitenko, Ya.K. Sklifus

ANALYSIS OF THE TEMPERATURE FIELDS IN SYSTEM «BRAKE DISC — BRAKE PAD»
FOR DIFFERENT KINEMATIC SCHEMES OF DISK BRAKE UNITS OF THE HIGH-SPEED
TRAINS

Abstract.The processes of the heat transfer occurring in the system «brake disc — brake
pad». The non-stationary heat conduction equation is used to calculate temperature fields in
the volume of the brake disc and brake pad and is adapted for various schemes for constructing
disk brakes. The analysis and comparison of the temperature fields arising from the friction
interaction of the surfaces of the brake disc and brake pads for different kinematic schemes
that implement both simple and complex relative movement of the friction surfaces™ points.
The advantages of the kinematic schemes that realize the complex relative movement of the
points of the friction surfaces of the brake disc and brake pad, namely with a rotating brake
pad in the form of a solid disc or a disk with a small central bore and a brake disc with a fillet,
which provide the best uniform distribution of the temperature fields over the surface and the
volume of the interacting bodies.

Keywords: temperature field, mathematical model, kinematic scheme, complex motion,
disk brake, brake shoe, brake disk, rotating shoe.
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D.X. Tacane, O.JI. Henamves, B.B. bvixadopos, A.C. Knoeg

K BOITPOCY OB YJYUYIIEHUHU TATOBBIX U MTIPOTUBOBYKCOBOUYHBIX
CBOMCTB TEILIOBO3A

Annortanus. [IpencrapneHsl pe3yabTaThl TEOPETUUECKUX UCCIEOBAHAN 10 YITYUIICHUIO
TATOBBIX M TIPOTUBOOYKCOBOYHBIX CBOMCTB TerioBo3a 2TD116 mpu A0mycTUMOM pacXoxie-
HUU CKOPOCTHBIX XapaKTEPUCTUK TATOBBIX 3eKkTpoasurateneit 3/1-133 3a cuér npumMeHeHus
MapajuIeIbHOTO COSAMHEHNS MX 0OMOTOK MOCTIeI0BATEIFHOTO BO30YKACHNS.

[IpuBeneHb MEXaHUUECKUE XapaKTEPUCTUKU DIEKTPOJBHUraTeIeH MpH PAcXOKICHUU UX
CKOPOCTHBIX XapaKTESPUCTUK U OYKCOBAaHUU KOJIECHBIX TIAp NPH PA3JIMIHBIX COCTUHCHUSIX 00-
MOTOK TOCTIEIOBATENIFHOTO BO30YXKICHHUS AIIEKTPOBUTATEIEH.

KiioueBble cjioBa: TEIIOBO3, KOJIECHAS Mapa, TATOBBIA JIEKTPOABUTaTENh, OYKCOBaHHE,
00MOTKa BO30YK/ICHUSI, CKOPOCTHASI XapaKTEPUCTUKA, MEXaHHUYECKash XapaKTePUCTHKA, JJICK-

TpOMaFHI/ITHHﬁ MOMCHT.

)];J'lfl HUTUPOBAHUS:

K Bompocy 00 ymydllleHHH TATOBBIX W MPOTHBOOYKCOBOUHBIX CBOMCTB TEILUIOBO3a /
9.X. Tacanr, O.JI. Urnateer, B.B. beikanopos, A.C. Kitoe // Bectauk PI'YIIC. — 2019. —

Ne 3. - C. 56-63.

E.H. Tasang, O.L. Ignatyev, V.V. Bykadorov, A.S. Klyuev

TO THE IMPROVEMENT OF TRACTION AND NONSKID PROPERTIES
OF THE LOCOMOTIVE

Abstract. The results of theoretical researches on improvement traction and nonskid prop-
erties of the diesel locomotive 2T2116 are submitted at the allowable divergence of the high-
speed traction characteristics of the electric motors 3/1-133 at the expense of the parallel con-
nection application of their windings of the consecutive intensification.

The mechanical characteristics of the electric motors are given at a divergence of their high-
speed characteristics and antiwheelspin devices at various connections with windings of the

consecutive intensification of the electric motors.

Keywords: diesel locomotive, wheel pair, traction electric motor, skidding, intensification
winding, speed characteristic, mechanical characteristic, electromagnetic moment.
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VK 629.47
C.I" llaumapenkxo, M.@. Kanycmusan, O.11. Cynuunckuti

YIIPABJIEHUE TEXHOJIOI'MYECKHUMU NMPOUECCAMMU
N KAYECTBO BBIIOJHEHUA PEMOHTA JTJOKOMOTHUBOB

AHHoTamus. B crarhbe mpuBeACHBI pe3ysbTaThl Pa3pa0OTKH W BHEAPCHHS METOIUKU
YOPABICHUSI TEXHOJIOTMYECKUMH IMPOLIECCAMH PEMOHTA JIOKOMOTHUBOB HAa OCHOBE CETEBOrO
IJIAHUPOBAHUS, ITO3BOJISIIOLIEH OCYIIECTBIATh KOHTPOJIb U KOPPEKTUPOBKY BBHIIIOIHEHHS TEX-
HOJIOTUYECKHX OTCPAIUii J1J1s1 KOHKPETHOTO IOKOMOTHBA C Y4ETOM 00€CIICUCHHUS TOKa3aTese
TEXHOJIOTUYECKON NOATOTOBKH PEMOHTA.

KuroueBble ¢j10Ba: KaueCTBO PEMOHTA JIOKOMOTHBA, CETEBOE IJIAHUPOBAHHUE, ABTOMATH-
3UpOBaHHASA CUCTEMA YIPaBJICHHS, KOPPEKTUPOBKA CETEBOr0 rpadrka, KO3QPUIMEHT TEXHU-
YeCKO# TOTOBHOCTH.

J1st uuTHpOBaHNA:

[[TanTapenko, C.I'. YpaBneHnue TEXHOIOTMYECKUMH MPOLIECCAMU M KAaUECTBO BBIMOJIHE-
HUst peMoHTa TJokoMotuBoB / C.I'. IllanTapenko, M.®. Kanyctesin, O.I1. Cymunnckuii // Bect-
Huk PIVIIC. — 2019. — Ne 3. — C. 64-T71.

S.G. Shantarenko, M.F. Kapustyan, O.P. Supchinsky

CONTROL OF THE TECHNOLOGICAL PROCESSES AND QUALITY
OF THE LOCOMOTIVES REPAIRING PERFORMANCE

Abstract. The article presents the results of the development and implementation the meth-
odology for managing technological processes of the locomotive repair based on network plan-
ning; it is allowed to carry out control and adjustment of the technological operations for a
particular locomotive, taking into account the provision of the indicators of the technological
preparation for repair.

Keywords: quality repair of a locomotive, network planning, automated control system,
adjustment of the network schedule, technical readiness ratio.
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YK 519.7 + 06
B.J[. Bepecxyn, M.A. bymaxosa, A.H. I'yoa, A.B. Yepnos

KOMBUHAIIMS MEP SHTPOIIUH JIJI1 OGHAPYKEHUS AHOMAJIUI
B THOOPMAIIMOHHLIX CUCTEMAX

AnHoTanus. CTaThs ABIAETCS NPOAOIKEHUEM PaHEe HA4aThIX aBTOPaMU HCCIIEJOBAHUN
10 0OHAPY)KEHUIO aHOMAJIbHBIX SBJICHUH B WHPOPMALMOHHBIX U HH(POPMALIMOHHO-YIIPABIIs-
FOIUX CUCTEMaxX Ha OCHOBE WH(OPMAITMOHHO-PHTPOIIMHHOTO roaxoa. [Ipamepom Takoii cu-
CTEMBI SBJSIETCS KOopHopaTtuBHas ceTh nepeaayun nanasix OAO «PX/». [ns pemenuns mo-
CTaBJICHHBIX aBTOPaMHU 3aJad PacCMAaTPHUBAETCA BOCIPOU3BEACHUE TMIBOCPTOBBIX MPO-
CTpaHCTB siAipa JUII MHOTOMEPHBIX M (YHKIHMOHAIBHBIX JaHHBIX Ha OCHOBE Aapa Mepcepa.
W3ydensl nokaiabpHbIE sapa SHTpormu. [IpencTaBnena n MaTemMaTndeck popMain3oBaHa KOM-
OuHanus siep s oOHapyKeHuUs1 aHoMalnil. BBezieHo onpeneneHne MHOrOBapHaHTHBIX Mep
pa3pekeHHOCTH. PaccMOTpeHBI BONIPOCH! B3BEILIMBAHUS SHTPOIINH, UCTIOJIB30BaHUS CPETHETO
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3naueHus nmo Kapxepy. ChopmyaupoBaHa 3agada JaabHEHIITNX HCCIICIOBAHUN: SKCIICPUMEH-
TaJbHbIC UCCIICOBAHUS MOYYCHHBIX TEOPETUUECKUX PE3YNbTATOB, MOACIUPOBAHUE U AIlPO-
Oarust MpeI0KESHHBIX METOJIOB HA pealbHBIX HaO0Opax JaHHbBIX.

KuioueBble c10Ba: SHTPONHS;, CIYIalHBIN Mpoliecc; 0OOHapyKeHHe aHOMaIHiA; HHPOopMa-
[IUOHHBIE CHCTEMBI.

Jdast uuTupoBaHus:

KoMOuHanus Mep SHTpONHY Uil OOHAPYKESHUSI aHOMAINI B MHPOPMAIIMOHHBIX CHCTEMax
/ B.J1. Bepeckyn, M.A. Byrakosa, A.H. I'yna, A.B. Uepuos // Bectauk PI'VITIC. — 2019. —
Ne 3. - C. 72-80.

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

COMBINATION OF ENTROPY MEASURES FOR DETECTING ANOMALIES
IN INFORMATION SYSTEMS

Abstract. The article is a continuation of the studies initiated earlier by the authors to detect
anomalous phenomena in information and information-control systems based on the infor-
mation-entropy approach. An example of such a system is the corporate data network of the
Russian Railways. To solve the problems posed by the authors, we consider the reproduction
of the Hilbert spaces of the kernel for multidimensional and functional data based on the Mer-
cer kernel. The local nuclei of the entropy were studied. A combination of nuclei for detecting
anomalies is presented and mathematically formalized. The definition of multivariate
measures of sparseness is introduced. The questions of the entropy weighting and the use of
the Carcher mean value are considered. The task of further research is formulated: experi-
mental studies of the theoretical results obtained, modeling and testing of the proposed meth-

ods on real data sets.

Keywords: entropy; stochastic process; anomaly detection; information systems.
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VJIK 519.685.1 : 004.442
C.A. I'yoa

ABTOMATHYECKASI PACCTAHOBKA CUHXPOHU3AIIAM ITPA PACITAPAJJIEJIMBAHUA
I'HE3/1 HUKJIOB HA OCHOBE PEHIETYATOI'O 'PA®A

AHHoTauus. PaccMatpuBaercs 3azadya 00 aBTOMaTH4eCKOM PacCIapauIeIMBaHUN THE3]
LIUKJIOB C 3aBUCHUMBIMU MUTEPALIMSIMU ITyTEM PaCIICIUICHNs IPOCTPAHCTBA UTEPALIU U paccTa-
HOBKH CHHXPOHH3ALINH MapajieNbHBIX MOTOKOB. PazpaboTansl 1Ba criocoba CHHXPOHU3AINH
MIOTOKOB: ISl OTAETBHBIX UTE€paluil U 1uis OJIOKOB IpocTpaHcTBa urepanuid. st s dexrus-
HOW pacCTaHOBKM CHHXPOHHM3ALUHM HCIONb3YyeTCs aHadu3 MH(GOPMALMOHHBIX 3aBUCUMOCTEN
Ha ocHOBe pemierdaTtoro rpada. I'pad crpourcs MeTonoM mapaMeTpudecKoro LelIoYrcIeH-
Horo mporpammupoBanusi I1. ®otpre, Ha BbIXOne KoTOoporo momyuaroTcs KKA-¢yHkuum,
NPEACTaBIsIEMbIE B BHJIE BIOKEHHBIX IPYT B APYyra yCIOBHBIX OIepaTopoB. Takoe npencras-
JIEHUE I103BOJISIET JIETKO BCTABIISATh UX B CTEHEPUPOBAHHBIM KOJ MMapajuIeIbHON IPOrpaMMmBl,
BBIIIOJIHATH aHAJIN3 rpa(’pa 3aBUCUMOCTEHN 1 MMPOU3BOJUTH OII€pally C IMOJAMHOKECTBAMU IIPO-
cTpaHcTBa uTeparuii, onucbiBaeMbiMi KKA-dyakmusmu. PaspaboranHas cxema paccra-
HOBKHM CUHXPOHH3aLUN NpUMEHsETCS 11 aBToMaTudeckoil renepanun OpenCL-kozna no 3a-
JTAHHOMY THE3/y IIUKJIOB U PaCIIEIUICHHUIO €ro POCTPAaHCTBA UTEPALIUH.

KiroueBble cjioBa: aBTOMaTHUECKOE paclapaljieIMBaHue, THE34a LIUKIOB C 3aBUCHMO-
CTSIMH, paCCTAaHOBKA CUHXPOHHU3ALMH, peleTyaThlil rpad.

Jasi uuTUpoBaHMs:

I'yma, C.A. ABTOomMaTHueckasi pacCTaHOBKAa CHHXPOHM3AIMH TPH pacmapajieIMBaHIH
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—C. 81-87.

S.A. Guda

AUTOMATIC SYNCHRONIZATION PLACEMENT WHEN PARALLELIZING CYCLE NESTS
BASED ON THE LATTICE GRAPH

Abstract. The problem of the automatic parallelization of the cycle nests with dependent
iterations by splitting the iteration space and arranging synchronizations of the parallel threads
is considered. There are two ways to synchronize threads: for individual iterations and for
blocks of iteration space. For efficient placement of the synchronization, the information de-
pendencies are analyzed by lattice dependency graph. The graph is constructed by the method
of the parametric integer programming by P. Fautrier. The output has the KKA-function form
that is represented as nested conditional operators. This representation allows one to easily
insert (KKA-functions) into the generated code of a parallel program, perform analysis of the
dependency graph and perform operations with subsets of the iteration space described by such
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KKA-functions. The developed scheme of the synchronization placement is used for automatic
generation of the OpenCL code for a given cycle nest and its iteration space splitting.

Keywords: automatic parallelization, cycle nests with dependencies, synchronization
placement, lattice graph.

For citation:
Guda, S.A. Automatic synchronization placement when parallelizing cycle nests based on
the lattice graph / S.A. Guda // Vestnik RGUPS. — 2019. — Ne 3. — P. 81-87.

Caenenust 00 aBTopax Information about the authors

I'yna Cepreii AnekcanapoBuy Guda Sergey Alexandrovich

HOxub1it @enepanpubiii Yausepcuter (FODY), Southern Federal University (SFU),

kadeapa anreOpsl U TUCKPETHONH MaTeMaTHKH, Chair «Algebra and Discrete Mathematics»,
KaHIuaaT GU3MKO-MaTeMAaTHYSCKUX HAYK, OICHT, Candidate of Physical and Mathematical Sciences,
e-mail: gudasergey@gmail.com Associate Professor,

e-mail: gudasergey@gmail.com

YK 004.052.42 + 681.518.5
I.B. E¢panos, A.B. [lawyxos

HNCCIEJOBAHUE OCOBEHHOCTEFI OBHAPYXEHMHMSA OIIUBOK
B KOMBUHAIIMOHHBIX YCTPOUCTBAX, PEAJIN30BAHHBIX
HA OCHOBE ITPOTPAMMMUWPYEMBIX JIOT'HYECKUX CXEM

AnHoTanus. ONHCHIBAIOTCS 0COOCHHOCTH OPTaHM3AIMH CHCTEM TEXHHYECKOTO IHAarHo-
CTHpOBaHUs, (QYHKIMOHUPYIOIIUX B paboueM pexuMe OOBEKTOB NUATHOCTHPOBAHHS, AJIS
KOMOWHAIIMOHHBIX JIOTHUECKUX YCTPOMCTB, pealn30BaHHBIX Ha OCHOBE MPOrPaMMHUPYEMBIX
JornYecKux MaTpui. [Toka3aHo, 9TO U3BECTHBIE OAXOABI K OPraHU3aIMN TAKUX CHCTEM JIS
YCTPOWCTB, peaJH30BaHHBIX Ha BEHTHJIBHOW OCHOBE, HANPSIMYIO MOTYT IPUMEHATHCS M IS
YCTpPOHCTB paccMaTpuBaemoro tuna. [Ipu 3Tom, Tak Kak QUKCHPYIOTCS MPOSBICHUS HEWC-
NPaBHOCTEH B BHJIE OMIMOOK, a HE CaMH HEUCIIPABHOCTH, MOJIXObl K OPraHU3alUH CHCTEM
JIMarHOCTHPOBAHUS SBJISIOTCS YHUBEPCAIBHBIMH.

KnioueBble c10Ba: KOMOMHAIIMOHHOE JIOTHYECKOE YCTPOMCTBO; KOHTPOJIb HEUCIIPABHO-
CTeli; BUJIbl HEMCIIPAaBHOCTEH; ONIMOKH Ha BBIX0J]aX CXEMBI; KIITACCHYECKUE U MOAYJILHBIE KOJIBI
C CyMMHPOBaHHEM; CHCTEMa TEXHHYECKOTO TNarHOCTUPOBAHMS.
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D.V. Efanov, A.V. Pashukov

THE RESEARCH OF THE FEATURES OF THE ERROR DETECTION
IN COMBINATIONAL LOGIC DEVICES REALIZED
ON THE BASIS OF THE PROGRAMMABLE LOGIC CIRCUITS

Abstract. The article describes features of the organization of the technical diagnostics
systems and the diagnostic objects in the operating mode for combinational logic devices im-
plemented on the basis of the programmable logic matrices. It is shown that the known ap-
proaches to the organization of such systems for devices implemented on a valve basis can be
directly applied to the devices of this type. At the same time, as appearing of the faults in the
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form of errors are recorded, and these are not the faults themselves, the approaches to the
organization of the diagnostic systems are universal.

Keywords: combinational logic device; fault monitoring; types of faults; errors at the cir-
cuit outputs; classic and modular codes with summation; technical diagnostics system.
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YIIPABJIEHUE U JIOTUCTHUKA HA TPAHCIIOPTE
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B.B. 3yoxos, H.®@. Cupuna

METO/AbI ONTPEAEJEHUS KPUTEPUEB DOPEKTUBHOCTHU
TPAHCIIOPTHO-ITPOU3BOJCTBEHHOI'O ITPOLHECCA

AHHoTanus. PaccMoTpeHs! cTpaTerndeckue QyHKIUH TPAHCTIOPTHO-TIPOU3BOICTBEHHOTO
npoliecca U ero OCHOBHBIE epuobl. [pencrasnena Tunoaorus kputepres 3¢ HEeKTHBHOCTH
JUTSI OITUMAJIBHOTO YITPABJIEHUS IEPEBO30YHBIM MPOLIECCOM B CETMEHTE I'PY30BbIX IEPEBO30K.
IIpuBeneHbI METOIBI BO3MOYKHOTO OMpPEesIeHUs] HEOOXOIUMBIX KPUTEPHUEB IS TUIAHUPOBA-
HUS ¥ YIPaBJIEHUS TPAHCIIOPTHO-TTPON3BOACTBEHHBIM ITPOIIECCOM HA OCHOBE IIEJIeH MepeB03-
YHKa ¥ ONEPaTopa KEIEe3HOAOPOKHOI0 MOJIBUKHOIO COCTaBa.

KiroueBble ciioBa: crparernueckue GyHKLIUH, IEPUOIBI, KPUTEPUU HPPEKTUBHOCTH, TPY-
30M€PEBO3KH, TEXHOIOTUIECKHM MOAMPOIIECC, MEKIIOANPOLIECCHBIA TPOCTOH.
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V.V. Zubkov, N.F. Sirina

METHODS OF DETERMINING THE CRITERIA
OF THE EFFECTIVE TRANSPORT-PRODUCTION PROCESS

Abstract. The strategic functions of the transport and production process and its main pe-
riods are considered. The typology of the efficiency criteria for optimal management of the
transportation process in the segment of cargo transportation is presented. Methods of possible
definition of the necessary criteria for planning and management of the transport-production
process on the basis of the purposes of the carrier and the operator of a railway rolling stock
are resulted.

Keywords: strategic functions, periods, efficiency criteria, cargo transportation, techno-
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I1.A. Ko3nos, E.B. Konvinosa, O.B. Ocokun
TEXHOJIOI'USA OPI'AHU3ALIAU ITPUTOPO/IHOI'O MACCAKHUPOIIOTOKA

AnHoTamusa. O603HaYeHBI MPOOIEMbI OPTaHU3AINY PUTOPOIHBIX MACCAKUPCKUX TEpe-
BO30K U 33[a4¥ ONITUMHU3AINH IPH OPTaHU3ALMN IPUTOPOJHOTO MACCAKUPOIIOTOKA. BriOpan
METOJI ONTUMU3ALNH, ONTMCaHbl IPEUMYIIECTBA METOa TUHAMHUYECKOT0 coriacoBanus. [1pu-
BEJICHO OIMCaHUE BO3MOYKHOCTEN MOJIENIN OpPTaHU3alliy 1acCa)KUPOIIOTOKA U MPOAHAIU3HPO-
BaH A/l OJIYYEHHBIX PE3YIHTATOB MOJEINPOBAHUSI.
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P.A. Kozlov, E.V. Kopylova, O.V. Osokin
ORGANIZATION TECHNOLOGY OF THE SUBURBAN PASSENGER FLOW

Abstract. The paper indicates problems of organizing suburban passenger transportation
and optimization tasks in organization of the suburban passenger flow. The optimization
method is chosen, the advantages of the dynamic correlation method are described. Possibili-
ties of the passenger flow organization model are presented and results of modelling are ana-
lyzed.
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D.A. Mamaes, M.B. Konrecnuxos, M.B. baxanoeé

®OPMHUPOBAHUE BHYTPEHHEN U BHEITHEW CPEJIbI TPAHCIIOPTHOM CUCTEMBI
IOKHOT'O PETMOHA

AnHoTamusa. PaccmarpuBaercss ¢opmMupoBaHHE BHYTPEHHEW CTPYKTYyphl W BHEIIHEH
Cpelbl TpaHCIIOPTHOM cucteMbl FOkHOTO pernona Poccuu. [Ipennaraercs MmoaudumupoBan-
Herid anroputM SWOT-ananu3a nis onpeselieHus] CHIbHBIX U CIaObIX CTOPOH, JOKAJU30-
BaHHO IPEJICTABIICHBE BO3MOXHOCTH U YTPO3bI PA3BUTHUS PETHOHAIHHOW TPAHCIIOPTHOU CH-
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CTeMbl. Y COBEPIIICHCTBOBAH MEXaHU3M 00pabOTKH pe3ysIbTaTOB SKCIEPTHBIX OIEHOK. [Ipen-
JIOXKCHBI M PAHXKHUPOBAHBI MO MX 3HAYUMOCTH U OUYEPEAHOCTH PEANU3AIIUN MEPOTIPUATHS TS
PasBUTHS TPAHCIIOPTHOM cucTeMbl FOKHOTO perroHa.
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THE FORMATION OF THE INTERNAL AND EXTERNAL ENVIRONMENT
OF THE SOUTH REGION’S TRANSPORT SYSTEM

Abstract. The formation of the internal structure and external environment of the South
region’s transport system is considered in the article. A modified SWOT-analysis algorithm is
proposed to define strong and weak points. The opportunities and threats of the development
of the regional transport system are presented in a localized level. The mechanism of the expert
assessments’ results processing has been improved. Situation with the South region’s transport
system are proposed and ranked according to their importance and implementation priority.
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JKEJIE3HOJIOPOKHBIA ITYTh U TPAHCIOPTHOE CTPOUTEJBCTBO

VJIK 656.213
11L.K. Poibun, B.H. @omenxo, /{.B. [lymuruna

PAITMOHAJIBHOE UCITI0JIb30BAHUE 3EMEJIBHBIX PECYPCOB
JJISI MIPOEKTUPOBAHUS TPUITIOPTOBBIX CTAHIIUU

AnHoTanus. VMccnenoBaHbl pa3iuyHbIC BapUAHTHI pacueTa 3eMENbHBIX YYaCTKOB JUIS
CTPOUTEIILCTBA MPUIIOPTOBBIX JKEJIC3HOJIOPOKHBIX CTaHIMWA. AjanTtupoBaHa (opmyia
I'puna — OcTporpaackoro yist ONpeaeICHHS IIOMAAR OTBOIA 3eMEJILHOTO Y4acTKa 0] CTPO-
UTENhCTBO cTaHIMi. [1o pe3yiabpTaTam HCCIIe0BaHUS MPeJIaraeTcs MPUMEHSTh KOPPEKTUPY-
romuit ko3¢ hurnueHT 0,85 mpu pacyeTe MOTPEeOHOM TUIOIIAIM TTOJIOCH OTBOA ISl CTPOUTEIh-
CTBa MPUTIOPTOBOH CTAHITUU.

KiroueBble ci10Ba: 1II0Ma/Ih MTOJOCH OTBOA, TIOPTOBAST CTAHIHSI, «3EMENBHBINA (HaKTOpy,
KalUTaJIbHbIC BIOKEHUS, 3¢MJIU CIICIIUATILHOTO OXPAHHOTO Ha3HAYCHUSI.
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P.K. Rybin, V.N. Fomenko, D.V. Putilina
RATIONAL USE OF LAND RESOURCES FOR PORT STATION DESIGN

Abstract. The various calculations of the land plots for construction the port railway sta-
tions are investigated. The Grin — Ostrogradsky formula was adapted to determine the area of
land allotment for the station construction. According to the results of the study, it is proposed
to apply a correction factor of 0,85 when it calculates the required area for the right way of the
port station construction.

Keywords: land allotment area, port station, «a land factor», capital investments, lands of
special security purpose.
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TPAHCIIOPTHASA SHEPI'ETUKA

YK 621.54 + 06
T.JI. Punonv-Capacocu, JI.®. Punonv-Capazocu

MOBBIMEHUE SHEPTOY®®EKTUBHOCTH IMPOLIECCA AJICOPBIIMOHHOM OCYIIKH
CXKATOI'O BO3JYXA

AnnoTtauus: [IpeanoxeH NpUHIMIHAIBHO HOBBIM CIIOCO0 MOCTPOEHUS SHEPTro3(hHeKTUB-
HOTO CXEMHOT'O PEIICHHS MOATOTOBKU C)KAaTOTO BO3yXa, OCHOBAHHBIA HA MPUHIHUIIAX ydeTa
BIIMSTHHS BHEIITHHUX (haKTOPOB, TAKUX KaK OTHOCHTEIIbHAS BIIAKHOCTh aTMOC(EPHOT0 BO3/IyXa,
CKOPOCTb IPOXOXKJEHUS CKATOT0 BO3/lyXa uepes ajicopoep, najieHue AaBIeHus Ha aacopoepe,
3aBHUCAIIEE OT THIIA HCTIOJIB3YEeMOT0 a/IcOpOeHTa.

[TocTpoeHne CXeMHOTO PEIIeHHs TPOBOAUTCS C Y4ETOM TPeOyeMOro Kilacca YUCTOTHI B CO-
OTBETCTBUU C HOPMATHUBHBIM JTOKYMEHTOM, NPUHSATHIM MPEINPHUITHEM, U B COOTBETCTBUU C
TpeOOBaHUSIMU KOHKPETHOT'O TEXHOJIOTHUYECKOT'0 Mpoliecca. YUeT BhlllIeHa3BaHHbIX (PakTOpoB
HIO3BOJIUT TTOBBICHTH SHEProd(PHeKTHBHOCTH Mpoliecca MOArOTOBKH CKATOr0 BO3IyXa 3a CUET
CHIYKEHHS TIOTEPh MOIIHOCTH Ha IPHUBO/I AJIEKTPOBUTATEIS.

KiroueBble cjioBa: CKaTblii BO3AyX, CXEMHOE pellleHHe, BHENIHNE (HaKTOpbl, HOPMAaTHB-
HBII JTOKYMEHT, a/ICOPOCHT, SHEpProd(PeKTUBHOCTh, MMOTEPH JABICHHS, KJIACCHI YHCTOTHI,
npuOOp MOJATOTOBKH.
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T.L. Ripol-Saragosi, L.F. Ripol-Saragosi

ADSORBTION COMPRESSED AIR DRYING PROCESS
FOR INCREASE THE ENERGY EFFICIENCY

Abstract. A principally new method of the compressed air preparation energy efficient
solution scheme is suggested, it is based on principles of exterior impact factors such as: at-
mospheric air relative humidity, compressed air passing velocity through absorber and a pres-
sure failure at absorber depending on desiccant type.

A scheme solution construction is realized in accordance with regulatory document of an
enterprise due to required class and requirements of the particular technological process. The
mentioned above account factors allow to increase the energy efficiency on electric engine
drive.
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A.A. Anexcanopos, /[.B. Bymopun, P.A. [lanees

OIIEHKA IOTPEHIHOCTH YCTPOMCTB ONPEJIEJEHUS KOY®PUIIMEHTA
TEIIJIOOTAAYHN HA OCHOBE KOMIIBIOTEPHOI'O MOJAEJIUPOBAHUA

AHHOTanus. PaccMoTpeHs! ycTpoicTBa 1 onpeaeieHus: kodduimenTta TemiooTaayn,
M3y4YeHbl UX KOHCTPYKIMH, OCHOBHBIE IPEUMYILECTBA U HEIOCTATKH, a TAKXKE ClIEJIaH BBIBOJ
0 CJIO)KHOCTH M3TOTOBJIEHHS, BHICOKOW MOTPEIIHOCTH OMPEENIEHUS] TEMIIEPaTyphl, CKOPOCTH
OXJIaXKJIEHHUS U KOdQQHIIMEHTA TEIUIOOTAAYN TIPU OXJIAXICHUH B JKUJIKHUX 3aKaJOYHBIX Cpe-
nax. OCHOBHasl MPUYMHA BBICOKOW IMOTPELIHOCTH ONpPEAEIeHUsI TeMIepaTypsl 1 Koadduiu-
€HTa TEIUIOOTAAYM 3aKJII0YaeTcs B crocole KpemeHus: Tepmonap. B oqHom ycrpoiictse He
NPUBEICHBI PEKOMEHAAINH TI0 CIIOCO0Y KperuieHHs M MaKCUMaJlbHbIE 3HAUYEHUsI TUAMETPOB
OTBEPCTHH IJIs1 YCTaHOBKH TEpMOIIap, a B APYrOM YCTPOHCTBE HET OLICHKH BIMSHUS CBAPHOTO
IIBa HA TOYHOCTb MOJYYEeHHBIX 3HaueHUH. C 1eNblo olpeaesieHns MaKCUMaJIbHBIX Pa3MepPOB
YCTaHOBOYHBIX OTBEPCTUH O] TEPMOIIAPBI aBTOPHI CTAThH MPEAIAraloT UCIOIb30BaTh MaTe-
MaTHYECKOe MOJIEIMPOBAHNE HECTAI[MIOHAPHOTO TEIUIOBOTO TIOJS HAa OCHOBE YpaBHEHUS
®ypoe — Kupxroda ¢ cooTBeTCTBYIOIIMMHU HaYaJIbHBIMU M TPAHUYHBIMU YCJIOBUSIMH. TaKxke
B CTaThe MPEAJIaraeTcs pacyeT NPONU3BOANUTH MPH MTOMOIIIN YHCICHHBIX METO/IOB, PEaTH30BaH-
HBIX B MPOTPAMMHBIX KOMITIeKcax. Ha ocHOBe MaTeMaTH4ecKOro MOJAETHPOBAHHS aBTOPHI
CTaTbH OIPENEISIOT MOTPEITHOCTD ONPEAEIICHUS TEMIIEPATYPhl B MECTaX YCTAaHOBKH TEPMO-
nap NpH UCIOJIB30BAHUN YCTAHOBOYHBIX OTBEPCTUH MO TEpMOMNAphI pa3HbIX AuameTpoB. Ha
OCHOBaHUH TMOJYYEHHBIX PE3YNbTaTOB aBTOPHI CTAThU CTPOAT IrpadKu M3MEHEHHS TTOTPel-
HOCTEeH, MCXOAS M3 KOTOPHIX (POPMHUPYIOT PEKOMEHAAUH MO YBEIUYEHHIO TOYHOCTU
YCTPOKCTB omnpeeneHus Ko3)HUIMEHTOB TeMI00TAaYH.
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Anekcanapos, A.A. OueHka NOrpelIHOCTH YCTPOHCTB onpeaeieHus KodhpuiueHTa Ten-
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A.A. Alexandrov, D.V. Butorin, R.A. Daneev

THE ERROR ESTIMATION OF THE DEVICES OF THE HEAT TRANSFER COEFFICIENT
DETERMINATION BASED ON COMPUTER MODELLING

Abstract. The article deals with devices for determining the heat transfer coefficient. It is
studied their design, the main advantages and disadvantages, as well as it is given the conclu-
sion about the complexity of manufacturing, high error in determining the temperature, cooling
rate and heat transfer coefficient during cooling in liquid quenching media. The main reason
for the high error in determining the temperature and heat transfer coefficient is the method of
fastening thermocouples. It isn’t given the recommendations for SPO-soba mounting and max-
imum values of the diameters of the holes for installation the thermocouples in one device,
and in another device it isn’t given the assessment of the impact of the weld on the accuracy
of the obtained values. In order to determine the maximum size of the mounting holes for
thermocouples, the authors propose to use a mathematical modelling of the unsteady thermal
field based on the Fourier — Kirchhoff equation with the corresponding initial and boundary
conditions. The article also proposes the calculation to be done by numerical methods which
are realized in software systems. On the basis of mathematical modelling, the authors deter-
mine the error in determining the temperature in the thermocouple installation sites using
mounting holes for thermocouples of different diameters. Based on the obtained results, the
authors of the article created graphs of the error changes, based on which they form recom-
mendations for increasing the accuracy of the devices for determining heat transfer coeffi-
cients.

Keywords: computer modeling, unsteady thermal field, Fourier-Kirchhoff equation, nu-
merical methods, heat transfer coefficient.
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I Tabpusavsan, B.X. Kynwouxasn, O.A. Cagpapvsin

PA3BPABOTKA YHCJIEHHO-AHAJIMTHYECKOI'O METOJA ONEHUBAHMSI TIAPAMETPOB
CJIYYAUHBIX ITPOLECCOB

AHHoOTanus. PaccMaTpuBaroTCsl BONPOCHI, MO3BOJAIOIINE YTOYHATh TEKYIIHE 3HAYECHUS
CIIy4alHBIX MPOLIECCOB MO pe3yibTaTaM M3MEpPEHHUI Ha pa3iNUyHBIX BPEMEHHBIX HHTEpBajax
Y TIpY OTCYTCTBUHU allPUOPHBIX JAHHBIX O MATEMaTHUECKOM OXHJIAHUHM U TUCTIEPCUH YKa3aH-
HBIX IpoLeccoB. [IpuBeaeHBI COOTHOLIEHHS, ONPEAEIIAIOINE BIMSHUE OTKIOHEHUS MPEIIo-
JlaraeMbIX apaMeTpoB CIy4aiHOIro Ipouecca (MaTeMaTH4ecKoe OKUAAHUE U AUCTIePCHs) Ha
NIOJIy4aeMble OLICHKH.

KiroueBble ci10Ba: reHepaTophbl BEICOKOYACTOTHBIX KOJIEOAHUI, CTAaTUCTUYECKUI METOA
CTa0MIIN3AIMK YaCTOThI, CBOMCTBA CHHEPIUIHOCTU CUCTEMBI, CTA0MIBHOCTD YaCTOTHI.

Juis1 uuTUpoBaHMs:

IaGpuanbsan, 1./]. Pazpaborka 4ucieHHO-aHATUTHYECKOTO METO/1a OLICHUBAHUS ITapaMeT-
poB citydaiinbix nporeccon / J1.J1. ['abpuanbsn, b.X. Kynsoukass, O.A. Cadapbsin // BecTHuk
PI'VIIC. — 2019. — Ne 3. — C. 151-157.

D.D. Gabriel'an, B.H. Kulbikayan, O.A. Safaryan

DEVELOPMENT OF NUMERICAL-ANALYTICAL METHOD FOR EVALUATION
OF RANDOM PROCESS PARAMETERS

Abstract. The article discusses issues that allow us to clarify the current values of the ran-
dom processes according to the measurements results at various time intervals and the absence
of a priori estimates of the mathematical expectation and variability of these processes. The
relations are given to determine the deviations™ influence of the estimated parameters of a
random process (mathematical expectation and variability) to the resulting estimates. We as-
sume that the deviations of these parameters from the true values obey the normal distribution
law.

Keywords: high-frequency oscillators, statistical method of frequency stabilization, syn-
ergy properties of the system, frequency stability.
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B.B. Hnvuuesa

TEOPETUKO-TPA®OBBIN MOJIXO0 K AHAJIU3Y B3AUMOBJIMSTHUS
TPAHCIIOPTHBIX ITPOLIECCOB

AHHOTauus. /[y B3BEIEHHOIO OPHUEHTHPOBAHHOTO Tpada, NpeACTaBIIsSIONIEro B3auMo-
CBSI3b TPAHCIIOPTHBIX IPOLIECCOB, BHIJICNICHBI Hanboee cyiiecTBeHHbIe CBs3u. [loka3aHa BO3-
MOYKHOCTH OITMCAHUS arpernpOBaHHBIX TPAHCIIOPTHBIX MPOIECCOB B BUJE TPadoOBBIX CTPYK-
Typ, @ TaKXKe MOJIY4YEHUs IPU UX CIAUSIHUM rpada koHaeHcauuu. IlpoBenen ananus pacmpo-
CTPaHEHUs] UMIIYJIbCOB KAaK OTKJIOHEHWI 3HAUYE€HUH NEPEMEHHBIX, XapaKTEpPHU3YIOIUX pac-
CMaTpHBaeMble TNPOLECCH, B €AUHUYHBIH MOMEHT BPEMEHH M B JOJITOCPOYHOM IEPHOJE.
IIpenoskeHo HenmHelHoe 0000IIeHHe TeopeTHKO-Tpad)oBOM MHTEPIpETaluH B3auMOJeH-
CTBHSI TPAHCIIOPTHBIX IporeccoB. Jloka3ana riodanbHasi yCTOHUUBOCTH PAaBHOBECHS MOJIEIH,

ONMCHIBAIONIEH HEJTWHEWHBIE B3aNMOESHCTBUS.

KiroueBble ci1oBa: B3BEUICHHBIH oprpad, TpaHCIOPTHBIE MPOLECcChl, Tpad KOHAEHCAIIUH,

HUMITYJIBC, HEJIMHEHHBIC BSaHMOHeﬁCTBHﬁ.
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nporieccoB / B.B. Unbnyera // Bectauk PI'YIIC. — 2019. — Ne 3. — C. 158-167.
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V.V. llicheva

THEORETICAL AND GRAPH APPROACH TO THE ANALYSIS
OF THE MUTUAL INFLUENCE OF THE TRANSPORT PROCESSES

Abstract. For the weighted oriented graph representing the interconnection of the transport
processes, the most significant connections are highlighted. It is shown the possibility of de-
scribing aggregated transport processes in the form of the graph structures, as well as obtain-
ing, at their merging, a condensation graph. An analysis of the propagation of the pulses as
deviations of the values of the variables characterizing the processes under consideration is
carried out at a single point in time and in the long term. A nonlinear generalization of the
graph-theoretic interpretation of the transport processes™ interaction is proposed. The global
equilibrium stability of the model describing nonlinear interactions is proved.

Keywords: weighted digraph, transport processes, condensation graph, impulse, nonlinear
interactions.
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b.K. Jlebeoes, O.B. Jlebeoes, E.M. Jlebeoesa

KOMBUHATOPHBIY BHIOMHCIIUPUPOBAHHBI METO/]
MHOTI'OCJIOMHOM I'TIOBAJIBHOM TPACCUPOBKHA

AnHoTamus. PaccMarpuBaeTcs 00U KOMOMHATOPHBIM METOJ PEIICHHUS 3a7ad MHOIO-
CJIOMHOM I1100aIbHON TPACCUPOBKHM HA OCHOBE MypaBbMHOM KoJoHMH. Ha nepBom stare pac-
CMaTpHBaEMbIM METOJIOM BCE€ €M TPACCHPYIOTCS HEMOCPEACTBEHHO B OJHOCIOWHOM IpO-
CTPaHCTBE PELIEHHH, a Ha BTOPOM dTare TeM € METOZOM BBITIONHAETCA CTaIHs «paclpee-
JIEHHS1 COEAMHEHNH 1O clIosiMy». MeToa 6a3upyroTcsl Ha MOAX0/IE, 3aKIIF0YAI0OIIEMCS B IEKOM-
MO3UIIVH CBSI3bIBAIOIIEH CETH U MTPEICTABICHNH €€ B BUJIE COBOKYITHOCTH JIBYXTEPMHUHAIBHBIX
coenuHeHMi. Llens cocTouT B TOM, YTOOBI HAalTH Takoe paclpeseneHue Mo o0aacTsaM, mpu
KOTOPOM YZOBIIETBOPSIIOTCSI OTPAHUYEHMSI Ha TIEPEMOTHEHNE U CTOMMOCTh MEXKCIIOMHBIX TIe-
PEXOI0B MMHUMM3MPOBaHa. BpeMeHHas croxkHocTs anroputMa coctasisier O(n?). Dkcnepu-
MEHTHI TIOKa3aJIi, YTO BPEMEHHBIE TOKa3aTeNH pa3padoTaHHOTO arOpUTMa IPEBOCXOST I10-
Ka3aTely CPaBHMUBAEMBIX aJITOPUTMOB IIPH JYUIINX 3HAYEHHUAX [eIeBO (PyHKIINH.

Kirouesbie cioBa: CbUC, MHOrocnoliHas riodaibHasi TpacCUPOBKA, TPACCHPYEMOCTb,
OJTHOCJIOIHAsI TPACCUPOBKA, PacIpeeieHNs] COeIMHEHUH 110 CJI105M, KOMOMHATOPHBIN METO/,
MypaBbUHAs KOJIOHHMS.
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B.K. Lebedev, O.B. Lebedev, E.M. Lebedeva
COMBINATORY BIOINSPIRED METHOD MULTILAYER GLOBAL TRACING

Abstract. The paper deals with a general combinatorial method for solving multi-layer
global tracing based on an ant colony. At the first stage of the method under consideration, all
circuits are traced directly into a single-layer solution space, and at the second stage the «dis-
tribution of the compounds into layers» is performed using the same method. The method is
based on the approach consisting in the decomposition of the connecting network and its rep-
resentation as a set of two-terminal compounds. The goal is to find such a distribution by parts,
which satisfies the overflow constraints and the cost of the layer-to-layer transfer is minimized.
The time complexity of the algorithm is O(n?). The experiments have shown that the time
indicators of the developed algorithm exceed those of the compared algorithms with best val-
ues of the objective function.

Keywords: VLSI, multi-layer global tracing, traceability, single-layer tracing, distribution
of the compounds in layers, combinatorial method, ant colony.
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1 Marepuanbl cTaTeil NpeICTaBIsIOT B BUAE TEKCTOB, 0T(OPMATUPOBAHHBIX U PAaCHEUaTaHHBIX
Ha JIa3epHOM WJIM CTPYHHOM MpHHTEpe (MPHUTOAHBIX AJS CKaHWpOBaHMs) Ha Oenoii Oymare ¢opmara A4
(210%297 mm) B omHOM 3K3eMILIsipe. Pekomennyemblit 00beM ctatbu — 5—10 cTpanum.

OnHOBPEMEHHO NPEACTABISIOT MIEKTPOHHYO BEPCHIO CTaThH, BHIIIOJIHEHHOH B TEKCTOBOM PEAAKTOPE
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2  HanepBoii cTpaHHIle TOTKHBI OBITH YKa3aHbI:
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WHTEPBAJ;
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karouessie cnoea (5-10 cios);

WHTEPBAJ;
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WHTEpBA;

CRUCOK Tumepamypel Ha pPyCCKOM U aHTTTUHCKOM si3bIKax (He MeHee 10 MCTOYHMKOB).

CraTthsl 10JKHA COZIEPKATh BBOJHYIO YacTh, LIENIb HAYYHOH pa3paboTKH, OCHOBHYIO YacTh U BbI-
Bozbl. TekcT ctaThy HOMKEH OBIThH TIIATEILHO OTPEAAKTUPOBAH U FOTOB AJISl MAKETUPOBAHUSI M BEPCTKH XKYyp-
HaJla Ha KOMITBIOTEpE.

4 ByKBBI JIATUHCKOTO ajihaBUTa HAOUPAIOT KYPCUBOM, OYKBBI IPEYECKOTO U PYCCKOTO aji)aBUTOB
— mpsiMbIM TpudTOoM. MaTematndeckre cuMBOJH lim, In, arg, const, sin, cos, min, max u T.1. HAOUPAIOT
npsMbeIM mpudTom. AOOpeBHaTypsl ciienyeT paciiupoBbIBATh IPHU UX IEPBOM YIIOMUHAHUH B TEKCTE.

5  ®opmyasl. boabive GpopMyibl HEOOXOIUMO pa3OUTh Ha OTIEIbHBIC (hparMeHThl. PparMeHThI
(hopMyIT 0 BOZMOKHOCTH JIOJDKHBI OBITH HE3aBIUCHMEI (TIpH paboTe B POPMYITBEHOM pelakTope Kakaas CTpoKa
— OTHeNnbHBINA 00BeKT). Pacnionarate GopMyItel ClleAyeT 1Mo IEHTPY CTPOKH.

bykeerJul,eulLhun,qug, VuU, O (0ykea) u 0 (HOJIB) TOMKHBI pa3UuaThCA IO HAYSPTAHHIO.

Tupe, neduc, 3HaK «MUHYC» 0003HAYAIOT COOTBETCTBYIOIIMMH 3Hakamu. HymepoBaTh ciemyer
TOJIBKO T€ (OPMYJIBI, HA KOTOpPBIE €CTh CChUIKM B Tekcte. Homep ¢opmynsl cnenyer nedatars B Word oT1-
JIeNTbHO OT (POpMYyII, B KPYTIIBIX CKOOKaX IO MpaBoOMy Kparo.

O0o03HaueHns, TEPMUHBI M WIUTIOCTPATHBHBIM MaTepHall JOJDKHBI COOTBETCTBOBATH JICHCTBYIOIINM
I'OCTam.

6 Pucynku u ororpaduu, BHITOIHEHHBIE YETKO U KOHTpAcTHO B hopmare *.tif, *.jpg, *.png, c
paspemenuemM He MeHee 300 Todek Ha IIOWM, cleAyeT pa3MellaTh B MOPSAAKE WX YIIOMHUHAHHUS B TEKCTE.
CChUIKM HA PUCYHKH B TEKCTE U MOJPHUCYHOUHAs! [TOJIHUCH 00s3aTEIbHBI.

7 Tabamupl cienyeT pa3Melars o Mepe YNoMUHaHus B craThe. CChUIKM Ha TaOJIUIBI B TEKCTE U
Ha3aHus TaOIHIl 005M3aTEIbHBL.

8 Cnucox auTepaTtypbl NPUBOAAT OOMIMM CIIHCKOM B KOHIIE CTaThH M COCTAaBIISIIOT B COOTBET-
CTBHH C I10CJIEIOBATEIEHOCTBIO CCHIJIOK B TEKCTE, KOTOPbIE 0003HAYAIOT apaOCKUMHU I(pamMu B KBaJAPATHBIX
ckoOkax. Jluteparypy odopmistoT Tosbko corinacao 'OCT 7.1-2003. Ilpu Haimyuu y cTatbu nU(POBOTO
uneHtudukaropa oosekta (DOI) ero ykasanue 00s3aTesibHO.

Cratbst JOKHA OBITH 0053aTENFHO OANMCAHA BCEMU aBTOPaMH.

9  Marepuajbl, npuiaraeMsie K cTaTbe, J0JDKHBI COAEPKATh CIEAYIONIIE CBEACHNUS (Ha PyCCKOM
Y aHTIIMHCKOM SI3BIKaX):

m  Haspanue crarbu (3arnaBHBIME OYKBaMU, MOTYKUPHBIM IIPUPTOM).
damMunusi, UMs1, OTYECTBO aBTOpa (IIOIHOCTHIO, 0€3 COKpaIeHH ).

MecTto paboThI KaXI0T0 aBTOpa B IMEHUTEIBHOM MaJiexe.

VYdeHas cTeneHb, yueHOe 3BaHHE, JIOJDKHOCTb.

E-mail.

AnHOTanus (KpaTKoe coAepKaHue CTaThH, BKIIOUaromee 3—4 npeioskKeHus).
KirroueBsle cinosa.
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YcnoBusi M NOPSIIOK NyOIMKALUHN CTaTel B JKypHaJie

CraTtbs 10JKHA ObITH 0popMIIeHA IO IPHJIATaeMbIM TPeOOBAHHSIM.
ABTOp UMeeT NPaBo ONMy0JINKOBATH B HOMepe O/IHY CTAThIO.
ABTOpP MO:KeT NPHCJIATh CTATHIO B a/Ipec PelaKIuu:
10 ToYTe;
110 3JIEKTPOHHOI1 1oyre;
NPUHECTHU B PeJAKIHIO U NepeIaTh 0TBETCTBEHHOMY ceKkpeTtapio (1. kopiyc, koM. J[ 107).
Crarss, npecTaBiisieMasi B peJaKIHI0, 101’KHA COOTBETCTBOBATh TeMaTHKe U3JaHMS.

TemaTnka *XKypHajla OXBaTHIBAET OCHOBHBIE MPOOJIEMBI TPAHCHIOPTA, @ TAKXKE YHEPIeTUKH, MAINHOCTPOCHHUS U
ynpasnerus. [TyOnuKyroTcs cTaTbi 10 CIEAYIOIIM CEKIUAM:

—  MAaIIMHOCTPOCHHUE;

—  TOJBIXHOM cOCTaB, 6€30MaCHOCTH ABHKEHUS U SKOJIOTHS;

—  uH(}OpManMOHHBIE TEXHOJIOTHH, aBTOMATHKA U TEJIEKOMMYHHUKALINH;

- yIIpaBJIeHHE ¥ JOTUCTHUKA HA TPAHCIIOPTE;

—  KEJEe3HOJOPOXKHBIH ITyTh U TPAHCIIOPTHOE CTPOUTEIBCTBO;

—  TpaHCIOPTHAas YHEPreTHKA;

—  MOJEIHMPOBAHHE CUCTEM U IPOIECCOB.

5 PepakuuoHHas KoJlerusi NPUHUMAeET VISl MyOJMKAIMH CTATHH TOCJIe THIATeJbHOH HAYYHOMH 3Kc-
MepTU3bl.

Jns myOnukanuy oTOMpaloT CTaThU, KOTOPHIE MPEACTABISIOT HAYYHBIH HHTEPEC M SBISAIOTCS HOBOH CTYIICHBIO
B pa3paboTKe gaHHOi mpobiemsbl. CTaTby MyONIUIMCTHIECKOTO TUIaHa HE IPHHUMAIOTCSL.

6  Ha3acegaHuM peAKoJIerny NPUHUMAIOT PellleHHe 0 BO3MOKHOCTH My0JIMKALMH CTAThH TOJILKO NPH
HAJIMYMH TOJIOKUTEIbHON peleH3nu.

7  Bce pacxoabl 0 MOATOTOBKe K MYOJUKAIIMA ¥ U3IAHUIO )KyPHAJIA OIUIAYHBaeT YHHBEPCHTET, B TOM
YHcJIe H IOYTOBbIE PACXO0/BI MPH NepechlIKe JKypHAIa aBTOpaMm.
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Kparkasa nundopmanus o :xypHaJie

HayuHo-TexHuueckuii )xypHan «BecTHHK POCTOBCKOrO rocyaapcTBEHHOTO YHHBEPCUTETA MyTel COOOLICHHS»
(«Bectauk PI'YIICy») 3apeructpupoBat B rocyaapctseHHOM Komutete Poccuiickoi dexepanuu 1o nevatu, CBUACTENb-
ctBO 0 peructpanuu Ne 018074 ot 27.08.1998 r. XKypHan uMeeT MeXAyHApOIHBIN CTaHIAPTHBINA CepHaIbHBIN HOMEp
(ISSN 0201-727X), mpucBoenHsiii Kumxnoii manatoit Poccuiickoit @enepanum.

Yupenurenem u nzaarenem sisercs denepanbHoe rocyIapcTBEHHOE OI0PKETHOE 00pa30BaTeNbHOE YUpeKie-
HUE BBICIIETO 00pa3oBaHus «POCTOBCKHMIT TOCYJapCTBEHHBIN YHUBEPCUTET ITyTel coobmenms» (PI'EOY BO PI'VIIC).

I'maBHBIN penakTop xKypHaia — akageMuk PAH, 3acinyxeHHbIl gesTens Hayku PO, TOKTOp TEXHUYECKUX HAYK,
mpogeccop B.1. KomecHukos.

B cocraB peaakuuonHoi kouieruu Bxoaat Beayiue yuensie PI'VIIC, a Takxke Jpyrux TpaHCHOPTHBIX U akaje-
Mu4eckux yHuBepcutetoB CeBepo-KaBkasckoro pernona, Mockssl, Cankt-IletepOypra, Yipauns! ([{HemponeTpoBcKuit
rOCY/apCTBEHHBIN TEXHUYECKUH YHUBEPCUTET JKEIE3HONAOPOKHOIO TpaHcnopTa uM. akal. B. JlasapsHa, r. JIHenpomner-
poBck), Pecrybnuku benapycs (benopycckuit rocyaapcTBeHHBIN yHUBEPCUTET TpaHCIopTa, I. 'omens), Yerickoit Pec-
my6nuku (OcTpaBCKUi TeXHUYEeCKHH yHUBepcHTeT, T. OcTpaBa), [Tomsimn (Cune3ckuii TeXHHUECKUi yHUBepCHUTeT, I. Ka-
toulle), Ppannuu (YHuBepcuter a0 MoH, 1. Jle-Man).

JKypHain BEIXOAWT C IEPUOANYHOCTBIO 4 HOMEpa B TOA, T.€. KAXKIBIN KBapTall.

C ampenst 2004 rona «Bectauk PI'YIIC» BimoueH B «IlepedyeHb NEpHOANUECKUX HAYYHBIX U HAYYHO -TEXHUYE-
CKHMX M3JlaHnH, BeIyCKaeMbIX B Poccuiickoit @enepanny, B KOTOPHIX PEKOMEH/Ty€eTCsI IyOJIMKAIUsI OCHOBHBIX PE3YJIbTa-
TOB AWCCEPTAIN HAa COMCKAHWE YUSHOH CTETIeH! KaHAMIaTa U OKTopa Hayk» (pemenune [Ipesummyma BAK Ne 6/4 ot
06.02.2004 r.). XKXypHax BoIrex Bo Bce IOCHeayoIme peaaknn [lepedHs.

«Bectauk PI'VIIC» — nognucHoe uzganue. C 2004 roaa >xypHai BKJIIOYEH B KaTajor MOAMMCHBIX M3IaHUN
arentcTBa «Pocneuarsy (B cnenuansHoM Katanore «['A3ETBI. JKYPHAJIbI» 3apeructpupoBan mox uanekcom 53720).

[Moanucartsest Ha )KypHaI MOXKHO B JIFOOOM OTIIEJICHUH CBSI3M, PACIIPOCTPAHETCs )KypHaJ Ha Teppuropun Poc-
cuiickoii dexnepanyu. [Toanucky MOXHO 0QOPMUTH Ha KBapTall, Ha MOJT0/a WIIK Ha TOJ.

Kypnan «Bectuk PI'YIIC» GecnmaTHO pacchuiaeTcsi BCEM OTPaclieBBIM By3aM, B psiJ By30B MUHHUCTEpCTBa
oOpa3oBaHus 1 HaykKu Poccum, IEHTpaIbHBIM U 30HATBHBIM HayYHO-TeXHHIecKknM Onbnuorexkam, HUU napopmanmn.

ITouToBHIii anpec pegaKkuuu:

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

Penakuus xypnana «BectHuk PI'YTICy.

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

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

ApXuB KypHasa 1 TpeOOBaHUs 10 0(OPMIICHHIO CTaTeil pa3MeleHsl Ha caiite http://vestnik.rgups.ru.
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