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PocroBckwii TocynapcTBeHHbIN yHUBepcuTeT myTei coobmenus (PIYIIC),
kadeapa «XuMus»,

KaHAMJAT XUMUYECKUX HAYK, JOLEHT,
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Boasinuk CBetiiana AJieKceeBHA

PocToBckwmit rocynapcTBeHHBIH yHHBEpcHUTET IyTelt coobmerns (PTYIIC),
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KaHAU1aT TEXHUYECKUX HAYK, JIOLEHT,
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CerueB Ausexkcanap IlaBiosuy

HO>xHbIi HayuHBIH TIEHTp Poccuiickoi akagemMun Hayk,

344006, r. PoctoB-Ha-Jlony, mp. Uexosa, 1. 41,

KaHAuJaT GU3NKO-MaTeMaTHIeCKUX HayK, BEAYINH HAyYHbIH COTPYIHHUK,
tenedon +7-988-531-01-70,

e-mail: Aleks_sap@mail.ru

Nzydensr ycnoBus yctoiunBoro oopasosanus [1PII u3 npoaykToB u3HOCa 1715 TPHOOTOIMMEPHBIX
cucreM. VccnenoBanne KMHETHKY (POPMUPOBAHUS IJIEHKH (PUKIIUOHHOTO MepeHoca sl KOMIIOHEeHTa (eHu-
soH C2 + 5 % droprnonumepa ©4Mb 103BoMIIO CAETATH BBIBOJ O TPEXSTAITHOM U3MEHEHUH KO3 PHULIEHTa
TpeHwust. {11 conpspkeHnit MeTal — MeTaJul co3/jaHa HOBas ITACTHYHAS CMa304Hask KOMITO3UIIHS C TPHCAIKOM
dbochopmonubaara nunka. [Ipumenenue hochopomonnbiaTa IMHKA B KAUECTBE MPUCAIKU K Ba3eIMHOBOMY
Macly W TIacTU4HbBIM cMazkaM «[TYMA» mogudukarmit MP, MI', MJI no3BosisieT He TOJILKO UCTIOIh30BATh
HOBBIE CMa304YHbIE KOMIIO3ULIMHU B IUPOKOM TEMIIEPATYPHOM JHUAMa30He, HO U CYIIECTBEHHO YIyUIINTh TPU-
OOTeXHUUYECKHE, PEOJIOTHUECKHE U (PU3NKO-XHMUYECKHE CBOMCTBA CO3/IaHHBIX MaTepualioB. [Ipeanoxen me-
XaHu3M cMa3ouHoro aeiictBust HOBbIX CK. CuHTe3upoBaHHBIN (HochOopOoMOTHOAAT IIMHKA MOXKET OBITH PEKO-
MEHOBaH AJIs IPOU3BOJICTBA CTEKOJI U KEPaMUKH CIIEUAIbHOTO Ha3HAYCHMUSL.

Kniouegvle cnosa: mienka QpUKIMOHHOTO TIEpeHOCa, TPUOONIOJIMMEPHBIE CUCTEMBbI, CMa309Hasi KOM-
no3uius, pocHopoMoauOIaT IIMHKA, TPUOOTEXHUUECKHE, PEOJIOTHIECKHE CBONCTRA, (PU3NKO-XUMHUUECKUE Xa-
PaKTEpPUCTUKH, CMa304HOE IEHCTBUE, CTEKIOMATEPUAL.
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WAYS OF INCREASE IN WEAR RESISTANCE
OF HEAVY-DUTY FRICTIONAL UNITS
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Sichov Aleksander Pavlovich
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Candidate of Physics and Mathematics Sciences,
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The conditions for stable formation of the friction transfer (FFT) from the products of the wearing for
tribopolymeric system have been studied. According to the results of the study the kinetics of the stable forming of
the friction transfer for phenilon compositer C2 + 5 % phtoropolymer F4MB conclusion on free-spage change of
the friction coefficient was made. For metal-metal interface a new plastic lubricant composition with the addivitive
of zink phosphoromolybdate was made. The use of zinc phosphoromolybdate as an additive to vaseline oil and
plastic lubricants of «kPUMA» modifications of MP, MG, ML makes it possible not only to use new lubricant com-
positions in a wide temperature range, but it also significantly improves the tribological, rheological and physico-
chemical properties of the created materials. The mechanism of the lubricating action of a new SC is proposed. The
synthesized zinc phosphoromolybdate can be recommended for the production for special glasses and ceramics.

Keywords: silm of the friction transfer, tribopolymeric systems, lubricant composition, zinc phosphoromo-
lybdate, tribotechnical, rheological properties, physicochemical characteristics, lubricating action, glass material.
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OINPEJIEJIEHUE TMOTEPh B CUJIOBOM JJEKTPOHUKE IPEOBPA3OBATEJIS
BEHTUJIBHO-UHIAYKTOPHONH MAIIIAHBI

I'pebennuxoB Hukonaii BaueciaBoBuu
PocroBckwmii rocyaapcTBeHHbIH yHUBepeuTeT myTer coobmenus (PIVYIIC),
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Yappruaiaos Makcum BsiuecsiaBoBn4

PocToBckwmit rocynapcTBeHHBIH yHUBEpcHUTET IyTelt coobmerns (PTYIIC),
Kadeapa «INeKTPHISCKHUH ITOABHKHOU COCTABY,

KaHJUAT TEXHUICCKUX HAYK, JOIICHT,

tenedon +7 (863) 272-64-90,

e-mail: chavychalov-maxim@yandex.ru

IIpencrasiena pa3paboTka KOMIBIOTEPHOM Moxenu B mporpamme MATLAB/Simulink s ompenerne-
HUS TIOTEPh B CHIJIOBOM MpeoOpa3oBatelie, MpU MUTAHUK BEHTUIBHO-UHYKTOPHOTO aBurarens. McxonHeimMu
JAHHBIMU TS MOJICNHU SIBIISTIOTCS TaHHbIe, TpuBeaeHHbIe B DataSheet st IGBT u 06paTHOTO A10/1a CUIIOBOTO
monyist IGBT. IpeanoxkeHHbI METO 00ECTIeYMBAET MPAKTHYHBIN MMOJX0J TOYHOTO OINpEJelICHHs TOTePb,
JlaeT BO3MOYKHOCTH OBICTPO MOJJ00PATh CHIIOBYIO AJIEKTPOHHKY JJIsl TPeoOpa3oBaTelis U MPOaHaTM3UPOBATh ¢
B pa0OTY B pa3IMYHBIX PEKUMAaX.

Knrouegvie crosa: norepu, IGBT-Moxynm, crunoBast aeKTpoHHKa, IpeoOpa3oBaTeb.

DEFINITION OF LOSSES IN THE POWER ELECTRONICS ENGINEERING
OF THE CONVERTER OF THE VALVE AND INDUCTOR CAR

Grebennikov Nikolay Vyachaslavovich

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Locomotives and Locomotive Facilities»,

Candidate of Engineering Sciences, Associated Professor,

phone +7 (863) 272-64-66,

e-mail: grebennikovnv@mail.ru

Tchavychalov Maxim Vyachaslavovich

Rostov State Transport University (RSTU),

Chair «Electric Rolling Stocky,

Candidate of Engineering Sciences, Associated Professor,
phone +7 (863) 272-64-90,

e-mail: chavychalov-maxim@yandex.ru

The article presents the development of the computer modelling in MATLAB/Simulink software for
detection of losses in a power converter while supplying the switched reluctance motor. The initial data for
modelling is the data given in datasheet for IGBT and wheeling diode of IGBT power module. The proposed
method ensures the practical approach for the precise loss detection and makes possible a quick selection of
power electronics for the converter as well as the analysis of its performance in different modes.

Keywords: losses, IGBT modules, power electronic, converter.

YIK 629.4 : 620.179.162

BE32TAJIOHHBIE METO/IbI HACTPOMKHA ®YHKIIMA BPEMEHHOM
PEI'YJIMPOBKHN YYBCTBUTEJBHOCTHU TIPU YJbTPA3ZBYKOBOM KOHTPOJIE
JETAJIEA 1 Y3JIOB MMOJABUKHOT'O COCTABA KEJE3HBIX JJOPOI'

Kupees Anapeit Hukonaesuu

Jlyranckuii rocynapcTBeHHbINH yHHUBepcuTeT nMeHn Biaagumupa Hans (JII'Y um. B. [dans),
91034, r. JIyranck, kB. Monoaexusii, 20a,
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KaHU1aT TEXHUYECKUX HAYK, NOLEHT, JOKTOPaHT,
tenedon +38 (050) 704-99-87,
e-mail: lifter_23@mail.ru

PaccmoTpens! MeToib1 0€33TaTOHHON HACTPOHKM YyBCTBUTEIBHOCTH MPH YIABTPA3BYKOBOM KOHTPOJIE
JeTanei 1 y3JI0B HOJBHKHOTO cocTaBa. ONUCAaHbl HEJOCTATKU CYLIECTBYIOIUX METOAOB HACTPONKH (DYHKLIINU
BPEMEHHOH PEryIUpPOBKY YyBCTBUTEIBHOCTH YJIBTPa3BYKOBOI'O JeEKTOCKOIA MPH KOHTPOJIE AeTanel u y3-
JIOB TIOJIBMPKHOT'O COCTaBa JKEJIE3HBIX TOPOT C MPUMEHEHUEM CTaHAAPTHBIX 00pa3I0B MPEANIPUSATHS C 3TATOH-
HBIMH OTpa’KaTeJsIMH, CHIDKAIOIINE JOCTOBEPHOCTh PE3YJIBTATOB KOHTPOJs. C MOMOIIBI0 MaTEMaTHUECKOIO
MOJICJINPOBaHMS pa3paboTaH MaTeMaTHYECKUH anmapaT ¥ Ha €ro OCHOBE — METO/Ibl 0€39TaJIOHHON HACTPOHKU
(YHKLIMY BpEMEHHOU PErylTUpOBKH YyBCTBUTEIBHOCTH MPH YIIBTPAa3BYKOBOM KOHTPOJIE JAeTaleH 1 y3JI0B M0-
JBIDKHOTI'O COCTaBa XKeNe3HbIX Jopor. IIpuBeaeHs! pe3ynbraTsl SKCIEPUMEHTAIbHbIX, IIOATBEPXKAAOIINE BbI-
COKYIO IOCTOBEPHOCTD IPEII0KEHHBIX METOIOB.

Knrouegvie cnosa: xxenesnas aopora, MOABMKHOM COCTaB, YJAbTPA3BYK, YJIBTPa3ByKOBOMH KOHTPOJIb,
9XOMETOJ, BpEMEHHAs PETYIUPOBKA YYBCTBUTENBHOCTH, 3XOCUTHAIL.

SEGMENTLESS METHODS FOR ADJUSTING THE FUNCTION
OF TIME SENSITIVITY FOR ULTRASONIC INSPECTION
OF PARTS AND ASSEMBLIES OF RAILWAY ROLLING STOCK

Kireev Andrey Nikolayevich

Lugansk State University named after Vladimir Dal,
20a, Lugansk, Molodezhny dist, 91034,

Chair «Railway Transporty,

Candidate of Engineering Sciences, Associated Professor,
phone +38 (050) 704-99-87,

e-mail: lifter_23@mail.ru

The article is devoted to the development of the adjustment methods of time sensitivity for ultrasound
inspection of parts and assemblies of the rolling stock. The shortcomings of the existing methods for adjusting
the time function of the sensitivity by ultrasonic flaw detector for controlling parts and assemblies of the rail-
way rolling stock with the use of standard samples of the enterprise with reference reflectors that reduce the
reliability of the results of monitoring are described. On the basis of mathematical modelling, the mathematical
apparatus was developed and, methods for setting and adjusting the function of time sensitivity for ultrasonic
inspection of parts and assemblies of the railway rolling stock are based on it. The results of experimental
studies showing high reliability of the proposed methods are presented.

Keywords: railway, rolling stock, ultrasound, ultrasonic testing, echo method, temporary sensitivity
adjustment, echo signal.

YK 629.46 : 629.45 : 629.4077
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B craTbe mpuBezneH pacuer TOpMO3HOH 3(h(HEKTHBHOCTH MHHOBALIMOHHBIX IIOJYBarOHOB C HArPy3KOH
27 T OT KOJIECHOH Tapsl Ha penbc. IIpu nmpoepke 3 PeKTHBHOCTH MEHCTBUS TOPMO30B MPOBOIMIICS pPacdeT
TOPMO3HOTO ITyTH, 0 KOTOPOMY MOKHO OIIPEJEeNUTh MPUTOAHOCTH TOPMO3HOTO 000PYAOBaHMS K MHHOBAIIH-
OHHBIM TIOJTyBaroHaM ¢ Harpy3Koi 27 T OT KOJIECHOH Iapsl Ha peibc. Ha ocHOBaHMM 3TOT0 OBLT ClIeTaH BBIBO/,
0 TOM, 4TO 3(QPEKTUBHOCTH ACHCTBUS TOPMO3a Ha MOJIyBaroOHE ¢ Harpy3Koi Ha OCh 27 T B IPY>KEHOM COCTOSI-
HUM (HanboJjee TSHKENbIA PeXKUM paboThl TOPMO30B) € HCTIONB30BaHUEM TOPMO3HOM PHIYaKHOM mepenayu oT
MOJTyBaroHa ¢ Harpy3Kod OT KOJIECHOM Maphl Ha penbc 25 T HE COOTBETCTBYET HOPMATHUBHOM, TaKk KaK MOIy-
YEHHBIH B PE3YJIbTAaTE PACUETOB TOPMO3HOH MyTh IIPHU 3KCTPEHHOM TOPMOKCHHMH IIPEBHIIIAET HOPMATHBHOE
3HaueHue. BeiencTBue 3Toro HCKIroYaeTcs: yHU(HUKANKS TOPMO3HON PhIYaKHOW TIepeiadd MOJTYBaroHOB C
Harpy3Ko# OT KOJISCHOM Hapsl Ha peiibe 25 u 27 T. B nensx obecnieueHus: 0€30MacHOCTH JABHIKEHUS 110 TOPMO-
3aM TIOJIyBaroHOB C HArpy3Koi 27 T Ha OCh CO CKOPOCTSIMH, 3asiBIIEHHBIMHA TTpon3BoauTeneM (90 km/4 B Tpy-
XKeHOM cocTosTHUU U 100 KM/9 — B IOPOXKHEM), /IO TIPUHATHUS PEIICHHUS 00 OpraHW3aIliH UX CEPUHHOTO BBI-
ITyCKa, pPEKOMCHAYCTC IMPOBCACHUC JOMMOJIHUTCIIBHBIX CKOPOCTHBIX TOPMO3HBIX WUCIIBITAHUH OTNTBITHOM napTuu
MOJTYBaroHoB (¢ Harpy3Kkoii 27 T Ha 0Ch) ¥ OTPa0OTKA psia MPEATIOKCHHBIX HAMH MEPOTIPUATHH.

Knioueswvie cnoea: rpy30Boil BaroH, 0cb KOJECHOH mapbl, 3PEeKTUBHOCTS TOPMO3a, TOPMO3HAS PbI-
YJa)kHas nepezava.

ESTIMATION OF BRAKING EFFICIENCY OF INNOVATIVE LOW-SIDED CAR
WITH LOADING 27 TONS FROM WHEEL TO RAILS
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Candidate of Engineering Sciences, Associate Professor,
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Mosol Sergey Andreyevich

Omsk State Transport University (OSTU),
Chair «Car and Car Facilitiesy,

Engineer,

phone +7 (913) 613-08-01,

e-mail: bam1979-2005@yandex.ru

In the article there is the calculation of the braking efficiency of the innovative low-sided cars with a
load 27 tons from wheels to rails. For checking the effectiveness of the brakes, the braking distance was cal-
culated, according to which it can be concluded that the brake equipment is suitable for innovative low-sided
cars with a load 27 tons from wheels to rails. The effectiveness of the brake on the low-sided car with a load
of 27 tons in the laden state (the heaviest mode of operation of the brakes) with the use of the brake linkage
from the low-sided car with the load from the wheel to the rail of 25 tons does not correspond to the standard,
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so the obtained braking distance in the emergency braking exceeds the standard value. As a consequence, the
unification of the brake linkage of the low-sided cars with the load from the wheel pair to the rail of 25 tons
and 27 tons is excluded. In order to ensure the safety traffic on the brakes of the low-sided cars with a load of
27 tons per wheel axle at speeds that is declared by the manufacturer (90 km/h in the laden state and 100 km/h
in empty condition), it is recommended before managing their serial production to do the additional braking
experiments of the low-sided cars (with a load of 27 tons per wheel axle) with development of a number of the
proposed decisions.
Keywords: low-sided car, axle of the wheel pair, brake efficiency, brakes linkage.

YK 629.4.077 : 629.4.087

MATEMATHYECKASI MOJE/Ib CHJIOBOI'O B3AMMOJENCTBUSA B CUCTEME
«TOPMO3HOM JIUCK — BPAIIIAIOIIASICSI TOPMO3HASI KOJOIKA»

Kpusomest IOpuii Baagumuposuyd

JloHelknii MHCTHUTYT XKelle3HoHopoxkHoTo Tpancmopra (JOHIXKT),
283018, r. Honeuk, yu. 'opnas, 1. 6,

kadenpa «I[ToABIKHOM COCTAB KEJIE3HBIX JOPOT»,

KaHAu1aT TEXHUYECKUX HAYK, JTOLEHT,

tenedon +38 (050) 141-79-00,

e-mail: Krivosheya.drti@yandex.ru

Pazpaborana mMaTemaTtndeckas MOJIENb CHIJIOBOTO B3aMMOJIEHCTBHS B CHCTEME «TOPMO3HOW JTUCK —
Bpalllaloasicsi TOPMO3HAas KOJIOJKa». MareMaTHueckas MOJCIb BKIOYaeT B ce0s  ypaBHEHWS,
XapaKTepU3YIOIUe pachpeielieHue 10 KOHTAKTHOH TIOBEPXHOCTH HOPMAJbHBIX W TaHTEHIIHAIBHBIX
COCTaBJISIONINX CHIIBI TPEHUS, ISUCTBYIOIIEH Ha TPaHUIIEe pasjiena pabounx IEMEHTOB TUCKOBOTO TOPMO3a.
HpeILCTaBHCHLI peSYHI)TaTI)I MO)IGJII/IpOBaHI/IH B BHUIC rpa(bnqecm/lx 33BI/ICI/IMOCTCI7[ COCTABJIAOIINX CHIIBI
TpeHus. [IpoBefeH aHanu3 U CpaBHEHHME PE3YyJbTATOB MOJACIMPOBAHUS JUISI CUCTEM «TOPMO3HOM IUCK —
HETOJIBMKHASI TOPMO3HAas KOJIOKa» M «TOPMO3HOM MUCK — Bpalmaromiasics TopMo3Hasi Konoakay. [lokasana
aJICKBaTHOCTh pa3pabOTaHHON MaTeMaTUYeCKOH MOJICNIA MyTeM CPAaBHEHUS PE3yJIbTaTOB MOJICIHPOBAHUS C
pe3yibpTaTaMu MPOBEJCHHOTO KCIICPUMEHTA.

Kniouesvle crnosa: moaBMXHOU COCTaB, AUCKOBBIM TOPMO3, TOPMO3HAsA KOJOJKA, TOPMO3HOM IHUCK,
BpaIlaoIIascs TOPMO3HAs KOJIOJIKA, OTHOCHTEIbHAS CKOPOCTbH, BPAIIAIOIINI MOMEHT.

MATHEMATICAL MODEL OF POWER INTERACTION IN THE SYSTEM
«BRAKE DISC - ROTATING BRAKING SHOE»

Krivosheya Yury Vladimirovich

Donetsk Railway Transport Institute (DRTI),

6, Gornaya str., Donetsk, 283018, Donetsk People Republic,
Chair «Railway Rolling Stock»,

Candidate of Engineering Sciences, Associate Professor,
phone +38 (050) 141-79-00,

e-mail: Krivosheya.drti@yandex.ru

A mathematical model of the force interaction in the system «brake disk — rotating brake shoe» is
developed. The mathematical model includes equations characterizing the distribution along the contact sur-
face of the normal and tangential components of the friction force acting at the interface between the working
elements of the disc brake. The results of modelling in the form of graphical dependences of the components
of the frictional force are presented. The analysis and comparison of the modelling results for the systems
«brake disk — fixed brake shoe» and «brake disk — rotating brake shoe» is carried out. The adequacy of the
developed mathematical model is shown by comparing the simulation results with the results of the experi-
ment.

Keywords: rolling stock, disc brake, brake shoe, brake disc, rotating brake shoe, relative speed, torque.
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tenedon +7-999-457-52-55,
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B cratee MpeacCTaBJICH MMOAXO0A K OUEHKE MHTCHCHUBHOCTHU U3HAIIMBAHUA KOJIECA IIPU €I'0 KPaTKOBPE-

MEHHOM JIBHYKEHUH T10 PeIbCy F030M. [lomydeHHbBIe pe3yabTaThl TEOPETUUECKOT0 HCCIIEA0BAaHNUS MpoLecca U3-
HAallIMBaHMS MEeTaJljIa KoJleca O3BOJIAT pa3paboTaTh HAy4HO 0OOCHOBAaHHBIE TEXHOIOTMYECKUE U TEXHUUECKUE
peLIeHH S 0 MPEIYPExKIESHUIO 00pa30BaHuUsl ¥ Pa3BUTHS TEPMOMEXaHUYECKUX MTOBPEKICHUHN Ha TTOBEPXHO-

CTHU KaTaHHs, a TAKXKE 110 UX YCTPaHCHHUIO B pEMOHTHOM IIPOU3BOCTBE.

Knioueswvie cnosa: Benmunna H3HOCA, I1apa TpEHUA, KOJICCO, TCPMOMECXAHNYCCKOC IMOBPECKIACHUC.

EVALUATION OF THE WEARING RATE OF WHEEL IN ITS BRIEF
GLIDES ON THE RAIL

Obryvalin Alexey Victorovich
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Candidate of Engineering Sciences, Associate Professor,
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Nikitina Lubov Alekseyevna

Omsk State Transport University (OSTU),

Chair «Technology of Transport Mechanical Engineering and Rolling Stock Repairing»,
Student,

phone +7-999-457-52-55,

e-mail: lyubov.nikitina98@mail.ru

The article presents the evaluation approach of the wearing intensity of the wheel in its brief glides on

the rail. The obtained results of the theoretical study of the process of the metal wearing of the wheel will allow
to develop scientifically based technological and technical solutions for the prevention the formation and de-
velopment of thermomechanical damage on the surface of the rail as well as their prediction in the repair

industry.

Keywords: wearing value, friction pair, wheel, thermomechanical damage.
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KOHTPOJISA HA OCHOBE KOJ0OB C CYMMHUPOBAHUMEM
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ManakoB Anexkcanap JleMbsiHOBHY

[leTepOyprckmii TOCynapcTBEHHBI YHHBEPCUTET IyTel coobOmeHust Mmmepatopa Anexcanapa |
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kadeapa «ABTOMaTHKa U TeJIeMEXaHWKa Ha KEJIe3HBIX I0pOorax»,

JOKTOP TCXHUYCCKUX HAYK, IOLCHT,
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e-mail: manakoff_2@mail.ru
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e-mail: andrey.makshanov@mail.ru

[MpeasoxkeHo mpu OpraHu3aliy CHCTEM ¢ 00HApYKEHHEM 0TKa30B Ha OCHOBE Ko/10B beprepa ncmnosnb-
30BaTh HE TOJIBKO UX CBOWCTBO oOHapykuBath 100 % MOHOTOHHBIX OMIMOOK, HO U 100 % acMMMETPUYHBIX
OIHI/I6OK. KomanuectBo ACUMMETPUYHBIX OIHI/I6OK MOeET OBITH BEJIMKO U CYIICCTBEHHO GOHBHIG KOJIn4ecTBa
MOHOTOHHBIX OHIMOOK, YTO MO3BOJIIET YMEHBIIATh CTPYKTYPHYIO H30BITOYHOCTH MPeoOpa3yeMbIX CXeM B
CXEMBI C KOHTPOJICTIPUTOIHBIMH CTPYKTYpaMHu. [IpuBOAUTCS HEOOXOIMMOE U IOCTATOYHOE YCIIOBUE TOTO, YTO
JIOTUYECKHIA 3JIEMEHT B CTPYKTYPEe KOMOMHAIIMOHHON CXeMbI Oy/IeT MOJIHOCThIO TecTUpyeMbiM. ChopMupo-
BaHBI AJITOPUTMEI IPE0Opa30BaHKsi KOMOWHAIIMOHHBIX CXEM B CXEMBI C KOHTPOJICPUTOIHBIMU CTPYKTYPaMH,
TMMO3BOJIAOINNE YMCHBIIATh BHOCUMYIO B HUX A30BITOYHOCTD U CTpOUTH 60.]'[66 ITPOCTBIC CXEMbI, HEXKEIIN 3TO
Oar0T N3BECTHBIC AJITOPUTMbI MO]];I/I(bI/IKaHI/II/I.

Kniouesvle crnosa: camorpoBepsieMasi cXxeMa, KOMOMHAIIMOHHASI CXeMa, HEUCIIPABHOCTh, OIIMOKA Ha
BBIXO0/I€, KOHTPOJIEIPUTOAHASA CTPYKTYpa, MOHOTOHHAs OIMOKa, CHMMETpUYHAs OITHOKAa, aCHMMETPUIHAS
omubKa, koj beprepa, TecTHpyeMOCTh, H30BITOYHOCTb.
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SYNTHESIS OF CHECKABLE COMBINATIONAL CIRCUITS
FOR ORGANIZATION OF SELF-CHECKING INTEGRATED CONTROL SYSTEMS
BASED ON SUM CODES

Efanov Dmitry Viktorovich
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Makshanov Andrey Vladimirovich
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5/7, Dvinskaya str., St. Petersburg, 198035, Russia,

Chair «Computer Systems and Informaticsy,

Doctor of Engineering Sciences, Professor,

phone +7 (812) 748-96-35,

e-mail: andrey.makshanov@mail.ru

In the process of organizing systems with faults detection on the basis of Berger codes, the authors

suggest using not only their property of detecting 100 % of unidirectional errors but also using the property of
detecting 100 % of asymmetric errors. There might be a great number of asymmetric errors and it might be
significantly exceeded the number of the unidirectional errors, which makes it possible to reduce structural
redundancy of circuits being transformed in the circuits with testable structures. The necessary and sufficient
condition is given and the logical element in the structure of the combinational circuit will be fully testable.
Algorithms of the combinational circuits’ transformation into testable structures are formed to reduce the re-
dundancy injected in them and make it possible to build plainer compared circuits to certain algorithms of the

modification.
Keywords: self-checking circuit, combinational circuit, fault, error in output, checkable structure, uni-
directional error, symmetrical error, asymmetrical error, Berger code, testability, redundancy.
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JAUCKPETHASA MOJIEJIb PEI'YJIMPOBAHUSA JABUKEHUSA HA INEPECEYEHUSAX
BPAXKIEBHBIX MAPIIPYTOB KEJE3HOJOPOXHON CTAHIIMA

HiabnyeBa Bepa ButanbeBHa
PocroBckmii rocygapcTBeHHbIH yHUBepeuTeT myTer coobmenus (PIVIIC),
344038, r. PoctoB-Ha-/lony, 1. PoctoBckoro CtpenkoBoro Ilonka Hapomroro Omomaenus, 1. 2,
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kadeapa «MHDOpMaTHKay,

KaHAUJaT TCXHUYCCKUX HAYK, JOLCHT,
tenedon +7 (863) 272-65-43,

e-mail: vilicheva@yandex.ru

PaccMoTpeHBI BOIIPOCHI PETYISIIMKA IBIKEHHUS] TPAHCIOPTa B KPUTHYECKUX TOYKAX MepecedeHust
BpPaXKJICOHBIX MapIIPYTOB JKEJIC3HOJOPOKHOW cTaHImu. JIJig MOoMcKa ONTUMAJILHOTO YIpaBleHUS (azaMu
BKJIFOUEHUS CBETO(Opa Ha MEPECCUCHUIX MCIOIb30BaHbI rpadbl MHTEPBAOB. [Ipe/iokeHbl pa3inyHbIe Ba-
PHAHTHI IPOEKTUPOBAHUS ITyTEBOTO PAa3BUTHSA U CIICIIUAIN3ANNHN ITyTe B COOTBETCTBUU C KPUTEpHEM MUHH-
MH3alU O0IIET0 BPEMEHH 33JIePKKH TOABIKHOTO COCTaBa B TAKUX YYaCTKaX.

Knouesvie cnosa: BpaxicOHbIC MapIIpyThl, Ipadbl HHTEPBAIOB, MAKCUMaJIbHAs KJIMKa, CUTHAJ, TTy-
TEBOE Pa3BUTHE.

DISCRETE MODEL OF MOVEMENT REGULATION AT THE CROSSROADS
OF RAILWAY STATIONS

llicheva Vera Vitalievna

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Chair «Informatics»,

Candidate of Engineering Sciences, Associate Professor,

phone +7(863) 272-65-43,

e-mail: vilicheva@yandex.ru

The issues of the traffic regulation at critical points of hostile routes intersection of the railway station
are considered. To search optimal control of the phases of the traffic light at the intersections, the interval
graphs are used. Various ways of the design of the track development and specialization of tracks are proposed
in accordance with the criterion of minimization of the total delay time of the rolling stock in such sections.

Keywords: hostile routes, graphs of intervals, maximum clique, signal, track development.
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METO/ IPEJACTABJIEHUS W U3BJEYEHUA 3HAHUM 11 IOCTPOEHMS
UHTEJUIEKTYAJIBHBIX CUCTEM CUTYAIIMOHHOM OCBEJOMJEHHOCTH

Kapramos OJier OJjieropuu

PocToBckuii rocynapcTBeHHBIN yHUBEpcUTET myTel coobmenus (PIYIIC),

344038, r. PoctoB-Ha-/ony, mi. PoctoBckoro CrpenkxoBoro Ilonka Haponnoro Onomyenus, 1. 2,
kadenpa «BeraucnuTenbHas TEXHUKA M aBTOMATH3UPOBAHHBIE CHCTEMBI YIIPABICHUS,
aCCHCTEHT,

tenedon +7-928-296-92-92,

e-mail: okrstu@yandex.ru

Cratps MMOCBAIICHA pa3p360TI<e HOBOT'O IIOAXO04a K CUHTE3Yy CUCTCM CHTyaL{HOHHOﬁ OCBCAOMIICHHO-
CTH, KOTOPBIC o6naz[a10T HWHTCJUICKTYaJIbHBIMU BO3MOXHOCTAMMU. I[JIH JOCTHIXCHUSA 3TOM MMpEAJIOKEHBI ACTa-
JIM3UPOBAHHBIC 3TAllbl HOBOI'O IMOAX0/1a, KOTOPBIC MOKHO paCcCMaTprUBaTh B KAYECTBC METOAA U3BJICUCHU A 3HA-
HHI O CI/ITyaLII/IOHHOﬁ OCBCIOMIICHHOCTH. Oco00€e BHUMaHUE TaKKe YACJICHO KOHCTPYKIIUAM pacnpez[eneHHoﬁ
HHHaMquCKOﬁ ,Z[eCKpHHLIHOHHOfI JIOTUKH, KOTOPBIC MOKHO pPACCMATPHUBATL KaK JIOTHMYCCKYHO MOJCIb IJIA
;[aaneI‘/'Imero MCEXaHH3Ma pacrpeacjICHHOro JUHaMHU4C€CKOro BbIBOJa paCCy)KJJ;eHI/Iﬁ 0 BO3HUKHOBEHUH TOM
WK MHOH CUTyalluu C IPUHATUCM COOTBCTCTBYIOILICTO PCILICHUSA O eé YCTpAaHCHUU.

Knioueswie cnosa. cucteMbl CI/ITyaI_[I/IOHHOﬁ OCBCAOMJICHHOCTH, ACCKPUIIIUOHHAA JIOTHUKA, «IUHAMWY-
HOCTB>» OHTOJIOTHH, paCPEACIICHHBIC PACCYXKICHUS.

METHOD OF REPRESENTATION AND EXTRACTION KNOWLEDGE
FOR BUILDING INTELLECTUAL SYSTEMS OF SITUATIONAL AWARENESS

Kartashov Oleg Olegovich
Rostov State Transport University (RSTU),
2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
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Chair «Computer Science and Automated Control Systemsy,
Lecturer,

phone +7-928-296-92-92,

e-mail: okrstu@yandex.ru

This paper is devoted to the development of a new approach to the synthesis of the situational aware-
ness systems that have intellectual capabilities. To achieve this, the following sections will propose detailed
stages of the new approach, which can be viewed as a method of the extracting knowledge about situational
awareness. Special attention will also be paid to the constructions of the distributed dynamic descriptive logic,
which can be considered as a logical model for the further mechanism of the distributed dynamic derivation
for giving arguments about the occurrence of the particular situation with the adoption of the appropriate de-
cision on its elimination.

Keywords: system of situational awareness, descriptive logic, «dynamismy» of ontology, distributed
reasoning.
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JleboeneBa Einena MuxaijoBHA

HOxHs1i dhenepanbublil yausepeutet (FODY),

kadenpa «CrucTeMbl aBTOMaTH3UPOBAHHOTO TIPOSKTHPOBAHHUS,
aCIUPaHT,
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e-mail: lebedeva.el. m@mail.ru

Hara0ensin Anapeiit AnbOoepToBUY

HOxHs1i dhenepanbherit yausepeutet (FODY),

kaeapa «CructeM aBTOMAaTH3UPOBAHHOTO MPOEKTUPOBAHUSY,
CTYZEHT,

tenedon +7-918-527-00-35,

e-mail: andrewnagabedyan@yandex.ru

PaccmatpuBaeTcst oX0/1, 3aKIIFOYAIOIINIACS B MCIIOIB30BAHUN MeTOa BeTBell u rpanull (MBI') mpu
MTOCTPOEHNH OT/IENbHBIM MypaBbE€M HEKOTOPOW KOHKPETHON HHTEPIIPETALNH pemeHus. Mcnonabp3yercs HU3Ko-
ypOBHEBasi THOPUM3AINs BIOKEHUEM, TIPEATOararoiias cpalnuBaHie THOPUIN3UPYEMBIX alTOPUTMOB. B
paboTe paccMaTpHBAIOTCA /1BAa METO/Ia pacdeTa CTOMMOCTH MapIupyTa B rpade. B nepBom mMeToze cronmocts
MapuipyTa — CyMMapHasi CTOUMOCTh pe0ep, BXOIIIINX B COCTAaB MapuipyTra. Bo BTopom mMeTone cTouMocTh
MapuipyTa — OLEeHKa PEeIeHHUs] KaKoH-TM00 KOMOWHATOPHOH 3a/1a4H, TSI KOTOPOH MapIIpyT SIBISICTCS UHTEP-
TpeTanuei ee peneHns. JKCIIepUMEHTAIbHbBIE NCCIEA0BAaHUS TOKa3ali, YTO OLEHKA PEIIeHUH THOPUIHBIM
anroputMoM Ha 10-15 % myuie, uem MBI™ 1 MypaBsHHBIM anTroOpUTMOM IO OTAENBHOCTH. B cpenHem 3amyck
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MPOrpaMMBI OOeCTIeYMBaeT HAXOXKICHHUE PEIICHNs, OTIAMYAIONIEroCs OT ONTHMAaIbHOTO MeHee deM Ha 1,5 %.
OO01mas oLeHKa BPEMEHHOM CI0KHOCTH IpH T000M T0AX0/€e K ruopuausamuu B npeaenax O(n?)-0(nd).

Kntouegvle cnosa: mpupoaHble BBIYUCICHUS, ONOMHCITUPUPOBAHHAS ONITUMU3AINS, THOPUIAM3AIIHS,
METOJ BETBEH U IPaHUl], MypPABbUHBIN aJITOPUTM.
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Student,
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The approach is considered that consists in using the branch and boundary method (MBB) in con-
structing a specific interpretation of the solution with a separate ant. Low-level hybridization is used by em-
bedding, suggesting the hybridization of the hybridized algorithms. The paper considers two methods for cal-
culating the cost of a route in a graph. In the first method, the cost of the route is the total cost of the ribs that
make up the route. In the second method, the cost of the route is the estimation of the solution of some com-
binatorial problem for which the route is an interpretation of its solution. Experimental studies have shown
that the estimation of the solutions by a hybrid algorithm is 10-15 % better than the MBB and ant algorithm
separately. On average, running the program provides a solution that differs from the optimal less than 1,5 %.
A general estimate of time complexity for any approach to hybridization within the range
Oo(n%)-0(n%).

Keywords: natural computation, bioinspiral optimization, hybridization, branch and boundary method,
ant algorithm.
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HCKYCCTBEHHBIE HEHPOHHBIE CETH B 3AJTAYAX PACIHO3HABAHUA
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OIIBIT U NEPCIIEKTUBBI IPUMEHEHUA

IIBaJsioB JImutpnii BukropoBnu

PoctoBckmii rocyaapcTBeHHbIH yHUBepcuTeT myTer coobmenus (PIYIIC),
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BrinosiHeH KpaTKuid aHalIu3 OMbITa TPUMEHEHUS] HICKYCCTBEHHBIX HEMPOHHBIX CETEU JIJIsl peIIeHUS 3a-
7ad pacrio3HaBaHusl TpaduIecKnx OOBEKTOB B CHCTEMax 00pabOTKH WHGPOpPMAIMH Ha KEJIE3HOAOPOKHOM
TpaHcropte. Iloka3aHa BO3MOXKHOCTh NMPUMEHEHUS CBEPTOUYHBIX HEUPOHHBIX CETEH MJIsl pacro3HaBaHUA
«OKOH» MEXy OTIIEIaMH Ha MYTSAX COPTUPOBOYHOTO mapka. Jis oOydeHHs] Takol CeTH mpejiaracTcs Uc-
M0JTb30BATh SKCIIOHEHIIMAIBHYIO JTHHCHHYIO (DYHKIIMIO aKTHBAIIUK BMECTE C alropuTMoM o0yuernus Adam.

Kntouegvle cno6a: NCKyCCTBEHHBIE HEHPOHHBIE CETH, PACIO3HABAHWE HM300pa)KEHUH, CBEPTOYHBIC
HEHPOHHBIE CETU, PYHKIIUS aKTHBAIUH.
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The brief analysis of the experience of using artificial neural networks to solve the problems of recog-
nition the graphical objects in informational processing systems on railway transport is done. The possibility
of the application the convolutional neural networks for recognising «gap clearance» between cars on the ways
of sorting park is shown. To train such neural network, it is proposed to use the exponential linear activational
function together with the Adam learning algorithm.

Keywords: artificial neural network, pattern recognition, convolutional neural networks, activation
function.
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OB30P OBOBIIEHUN U PACIHIMPEHUIN 3AJIAYN MAPIIPYTHU3AIIAA
TPAHCIIOPTA

Kyoua Bukrop Hukonaesna

HOxHo0-Poccuiicknii TocymapcTBeHHBINA onuTexHudecknii yausepcuret (HITN)
nmvenn M.U. TTmaToBa,

346428, PoctoBckas 0611., T. HoBouepkacck, yi. [Ipocemenus, 1. 132,
kadenpa «IIporpaMmHOe obecriedeHre BEIYUCIUTEIIEHON TEXHUKID,

aCIUPAaHT,

tenedon +7 952 563-55-37,

e-mail: vksend@gmail.com

B craTthe npezacraBiieH 0030p MHPOKOTO Kilacca KOMOWHATOPHBIX ONTUMHU3ALMOHHBIX 33124 MapUIpy-
TH3AIMH TPaHCTOPTa. BEINOIHEHBI aHATTN3 U cUcTeMaTH3alus 0000ICHUH 1 pacIInPEeHUH KITacCHUECKOT0 Ba-
puanra. [loka3aHna cBsi3b BceX pa3HOBUAHOCTEN U IPUBEIEHBI YCIOBHUS X CBEJIEHUS K OTHOMY YaCTHOMY CITy-
yaro. PaccMoTpeHbl mociaeHie TEeHIEHIIMN B 00JacT MCCIEIOBaHUN 3a/1ay MapLIpyTH3alUMu TPaHCIOPTA.
[pennoxkena koHuemnust 0000MIEHHON 3a/1a4l MapIIPYTH3aUN TPAHCIIOPTA, COYETAIONIas MHOKECTBO pe-
aJIbHBIX OTPAHUYEHHUN U YCIOBUH, BCTpEUaeMBbIX Ha MPAKTHUKE, U PACIIMPSIONIast IPUMEHUMOCTh MOJIEIH.

Knioueswvie cnosa: 3amaua MapuipyTU3aluy TPAHCIIOPTa, 0000IEHHS, PACIIUPEHUS, PA3HOBHIHOCTH,
MOCTaHOBKa, KOMOWHATOPHAS ONTUMH3AIINS, TEOPHsI rpadoB.

REVIEW OF THE VEHICLE ROUTING PROBLEM GENERALIZATIONS
AND EXTENSIONS

Kubil Viktor Nikolayevich

Platov South-Russian State Polytechnic University (NPI),

132 Prosveschenia Str., Novocherkassk, Rostov Region, 346428, Russia,
Chair «Software Engineeringy,

Postgraduate,

phone +7 952 563-55-37,

e-mail: vksend@gmail.com

The article presents an overview of the broad class of the combinatorial vehicle routing problems. The
analysis and systematization of the generalizations and extensions of the classical variant are performed. The
interrelation of all varieties is given and the conditions for their reduction to one particular case are shown.
The latest trends in the field of the research of the vehicle routing problems are considered. It is proposed the
concept of a generalized vehicle routing problem, combining many real-world conditions and restrictions en-
countered in practice, which extend the applicability of the model.

Keywords: vehicle routing problem, VRP, generalizations, extensions, variants, formulation, combi-
natorial optimization, graph theory.

179



https://www.multitran.ru/c/m.exe?t=2318220_1_2&s1=%EE%F2%F6%E5%EF%20%E2%E0%E3%EE%ED%EE%E2

ISSN 0201-727X BECTHHUK PI'YIIC Ne2/2018

YK 656.2.07 + 06
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Kaumos Muxaunia HukosiaeBuu

Ceepo-KaBkasckas xene3nas nopora — pumuan OAO «PXK ]y,
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HAYaJIbHUK CITY>KOBI,
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Kpamapenko Anapeii UBanoBu4

CeBepo-KaBkasckas xeinesHas gopora — pumuan OAO «PX]»,
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BEAYLIMHA TEXHOJIOT,

tenedon +7 (863) 259-47-10

3yoxoB Buktop HukonaeBuu.

PocroBckwii TocynapcTBeHHbIN yHUBepcuTeT myTel coobmmenus (PIVYIIC),

344038, PoctoB-Ha-Jlony, mi. PoctoBckoro Crpenkosoro Ilonka Hapognoro Onomuenus, 1. 2,
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JIOKTOP TEXHUYECKUX HayK, podeccop, 3aBenyrommii kadeapoii,

tenedon +7 (863) 272-64-44,

email: uer@rgups.ru

I[aeTCH aHAJIN3 «KY3KHUX MECT» B 3KCHJ’IyaTaI_II/IOHHOﬁ pa60Te JKEIIE3HOM A0POru U NpeajaratoTcs TeX-

HAYECKHUE W TEXHOJIOTHUECKUE PEIIECHHUS 0 OCBOCHHUIO PACTYIINX 00HEMOB IKCIIOPTHHIX MepeBO30K. Ha Tex-
HUYECKHUX CTaHIMAX PEATM3yIOTCS YCKOPEHHAass 00pa00TKa COCTaBOB MOE3/I0B B MMUKOBBIC IMEPHOIBI CYTOK 32
cYeT rmepeBojia pabOTHUKOB M3 MEHEe 3arpyKeHHBIX MaHEBPOBEIX paHOHOB CTaHIMH B OoJiee 3arpyKeHHBIE,
BHEJIPECHUSI MHHOBAIIMOHHBIX CPEJICTB MUArHOCTUKN HEUCIIPABHOCTEH BAarOHOB M YIJIWHEHUS TapaHTHUIHBIX
Y4acTKOB 00C/Ty>KMBaHHS 1T0€3/10B. Pa3paboTaHbl cxema JIEHCTBUI paOOTHUKOB SKCILIyaTaIl[MOHHBIX JIOKOMO-
THBHBIX JIETIO B TUKOBBIEC TIEPUO/IBI JUIS TTOBBIIIICHUS TIPOU3BOIUTENHHOCTH JJOKOMOTHBOB, MEPHI 10 COOITIO1e-
HUIO TIEPETOHHOTO BPEMEHHU XO7a M0e3/0B U JIp.

Knioueswvie crosa: HepaBHOMEPHOCTH IBUKEHUS, y3KUE MECTa, pa3BUTHE HHPPACTPYKTYPHI, TEXHUYE-

CKHEC CTaHIIMH, CITOCOOBI YCKOPCHU O6pa6OTKI/I oe3a0B, NPpON3BOAUTCIBHOCTL JIOKOMOTHUBOB.

DEVELOPMENT OF INFRASTRUCTURE AND INTRODUCTION
OF NEW TECHNOLOGY SOLUTIONS ON THE NORTH CAUCASIAN RAILROAD
IN THE CONDITIONS WITH GROWTH OF GOODS TRANSPORTATION

Kuchinsky Denis Gennadievich

North-Caucasian Railway — Branch of JSC «Russian Railwaysy,
4, Theatrical sqg., Rostov-on-Don, 344019, Russia,

Head «Technological Service,

phone +7 (863) 259-03-99,
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Klimov Mikhail Nikolayevich

North-Caucasian Railway - branch of JSCo «Russian Railways»
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Kramarenko Andrey Ivanovich
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Leading Technologist,
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Zubkov Viktor Nikolayevich

Rostov State Transport Universiry (RSTU),

2, RostovskogoStrelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
Head of Chair «Management of Operational Worky,

Doctor of Engineering Sciences, Professor,

phone +7 (863) 272-64-44,

email: uer@rgups.ru

Analysis of «narrow ways» in the operational work of the railway is given, and technical and techno-
logical solutions are offered for the development of the growing volumes of the export traffic. At the technical
stations the accelerated process of the train is done during the peak periods of the day and it is realized by
transferring workers from the less loaded shunting areas of the station to more loaded ones, introducing inno-
vative means of the diagnosing wagon faults and extending the warranty areas for train maintenance. The
scheme of the workers™ actions in operational locomotive depots during peak periods is developed to increase
the productivity of the locomotives and to measure for observing the runaway time of the trains.

Keywords: uneven movement, narrow ways, infrastructural development, technical stations, ways to
speed up the processing of trains, the productivity of the locomotives.
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ONPEJEJEHUE ONTUMAJBHOI'O MAPIHIPYTA CJIEJOBAHUS IEPEJIBUKHON
CTAHIMUN TEXOBCIYXHNBAHUA U TUAT'HOCTHPOBAHUA BATI'OHOB

Aaszos Ucpauna Hlykyp oray

AzepOaiipkaHckuil TeXHUYECKU Y HUBEPCUTET,

AZ 1148, AzepbOaiimxan, baky, np. I'. IxaBuna, 25,
kadenpa «DKCIuTyaTanus Kele3HO0POKHOTO TPAHCTIOPTa,
KaHAUJIAT TEXHUYECKUX HAYK, JOICHT,

tenedon +99-450-664-42-71,

e-mail: elyazov-62@mail.ru

I'acparoBa Jleitia Mamen KbI3bl

AzepOaifJKaHCKHI TEXHIYECKUI YHUBEPCUTET,

kaeapa «DKCIUTyaTalus KeIe3H0I0POKHOTO TPAHCTIOPTaY,
KaHIUAAT TEXHUYECKUX HayK, JIOIeHT,

tenedon +99-470-261-40-76,

e-mail: gasratoval@mail.ru

B craTthe paccMaTpHuBarOTCA aKTyalIbHBIE BOIIPOCHI BATOHHOT'O XO35ICTBA, CBA3aHHBIE C MOBBIILICHHEM
3 PEKTHBHOCTH TEX00CTY)KUBaHHsI BATOHOB C IPUMEHEHHUEM JIMarHOCTUPOBaHUs. B cTaThe moka3ana TexHoO-
Jorust padOTHl MEPEABIKHON CTAaHIMK TEXO0OCTy)KUBAaHHUA M JHarHOCTHUPOBAaHHS BaroHoB. Mcmonb3ys mate-
MaTH4YeCcKOe MPOrpaMMHUPOBaHue (3a/1a4a «KKOMMHUBOSIKEDY), OIIpeiesieH ONTUMAaJIbHBIH MapIIpyT CIeI0BaHUS
MEPEBIKHON CTAHIIMK TEXOOCITYKHUBAHUS W JIMarHOCTHpoBaHUs. Ha mpumepe BaroHHOTO JIENIO COCTaBIICH
rpadyK BO3MOKHBIX MapUIPYTOB ¥ MaTpPHUIIA PACCTOSTHUIA MEXY ITYHKTaMH 00CITY)KHBaHUSI.

Knioueswie cnosa: nuarnoctika, TeXHUYECKoe OOCITy>KMBaHHE, 3JIEMEHT, BaroH, LUK, IMyHKT, Mat-
puLa, MapLIpyT, AENO0, TEXHOJIOIHUs.
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DETERMINATION OF THE OPTIMAL ROUTE FOR THE MOBILE STATION
AND THE DIAGNOSTICS OF WAGONS

Elyazov Israil Shukur oglu

Azerbaijan Technical University,

25, G. Jaweed av., Baku, Az1073, Azerbaijan,

Chair «Exploitation of Railway Transport»,

Candidate of Engineering Sciences, Associate Professor,
phone +99-450-664-42-71,

e-mail: elyazov-62@mail.ru

Hasratova Leila Mamed gizi

Azerbaijan Technical University,

Chair «Exploitation of Railway Transporty,

Candidate of Engineering Sciences, Associate Professor,
phone +99-470-261-40-76,

e-mail: gasratoval@mail.ru

In the article the topical cases of the carload economy are discussed with increasing efficiency of the
car maintenance with the use of diagnostics. The article shows the technology of the mobile station operation
for car service and diagnostics. Using mathematical programming (the «traveling salesmany task), the optimal
route for mobile service and diagnostic station has been determined. On the example of the wagon depot, a
schedule of possible routes and a matrix of distances between service points are compiled.

Keywords: diagnostics, maintenance, element, car, cycle, item, matrix, route, depot, technology.
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HHXEHED,
tenedon +7-961-312-07-83,
e-mail: valentina.feizova@yandex.ru

KopoOeiitnukos Tumyp AnexkceeBn4

OAO «Tuxopenkuii MaITMHOCTPOUTEILHBIN 3aB0a UM. B.B. BopoBckoroy,
352127, r. Tuxopeuk, yn. Kpacnoapmeiickas, a. 67,

TJIaBHBIN KOHCTPYKTOP,

tenedon +7 (861) 967-15-17,

e-mail: korobeinikov.ogk@tmzv.ru

MopenpHast ONTHMH3ANNSA TEOMETPUIECKIX MTapaMEeTPOB ITyTH B KPUBBIX MAJIOTO pajiyca IMpeAroia-
raet pa3paboTKy MaTeMaTHIecKoi Moaenn. MaTeMaTrdyeckast MOAEI b B3aMMOJCHCTBHS TOABHIKHOTO COCTaBa
Y MyTH B KPUBBIX paamycoM 350 M u meHee mpu mmpuHe kojen 1520 u 1530 MM mo3BoISIET IPOM3BOINUTH
WICCIIEIOBATEIBCKUE PACUETHI TP PA3ITUIHBIX CKOPOCTAX JBIDKEHUS M Maccax cocTaBoB. Llenpro pazpaboTku
MaTeMaTHYeCKOH MOJIEITH U IPOBEICHHUS HCCIIEAOBATEIbCKUX PACUETOB SBISIETCS ONpeeNeHIe ONTHMAIBHBIX
reOMETPHUYECKHX MapaMeTPOB ITyTH B KPUBBIX MAJIOr0 paauyca, B YaCTHOCTH ONpeAeICHNE ONTUMAIbHOM K-
PHUHBI KOJIEH.

Kniouesvie cnosa: MozienbHasl OITUMH3ALINS, MaTEeMaTHYECKast MOZEIIb, KPUBbIE MAIIOTO pauyca, Iu-
pHHA KOJIEH, NOABUKHON COCTAB, JKEJIE3HOAOPOKHBIN ITyTh.

MODEL OPTIMIZATION OF GEOMETRICAL PARAMETERS
IN CURVES OF SMALL RADIUS

Shapovalov Vladimir Vladimirovich

Rostov State Transport University (RSTU),

2, Rostovskogo Strelkovogo Polka Narodnogo Opolchenia sg., Rostov-on-Don, 344038, Russia,
Chair «Transport Machines and Tribotechnicsy,

Doctor of Engineering Sciences, Professor,

phone +7 (863) 272-62-43,

e-mail: tmt@rgups.ru

Ozyabkin Andrey Lvovich

Rostov State Transport University (RSTU),

Chair «Transport Machines and Tribotechnicsy,
Doctor of Engineering Sciences, Professor,

phone +7 (863) 272-62-86,

e-mail: ozyabkin@mail.ru

Feizov Emin Eldarovich

Rostov State Transport University (RSTU),

Chair «Transport Machines and Tribotechnicsy,
Candidate of Engineering Sciences, Associate Professor,
phone +7-989-711-36-21,

e-mail: eminf@yandex.ru

Feizova Valentina Aleksandrovna

Directorate for Repair of Traction Rolling Stock of JSC «RZhD»,
4, Theatre sq., Rostov-on-Don, 107078, Russia,

Engineer,

phone +7-961-312-07-83,

e-mail: valentina.feizova@yandex.ru

Korobeinikov Timur Alexeyevich

JSC Tikhoretsk Engineering Plant of V.V. Vorovsky,
67, Red Army str., Tikhoretsk, 352127, Russia,
Chief Designer,

phone +7 (861) 967-15-17,

e-mail: korobeinikov.ogk@tmzv.ru

183



https://e.mail.ru/compose/?mailto=mailto%3aeminf@yandex.ru
https://e.mail.ru/compose/?mailto=mailto%3aeminf@yandex.ru

ISSN 0201-727X BECTHHUK PI'YIIC Ne2/2018

Model optimization of the geometric parameters in small-radius curves involves the development of a
mathematical model. The mathematical model of the interaction of the rolling stock and tracks in curves with
a radius of 350 m and less with a track width of 1520 and 1530 mm allows for carrying out research calculations
at different speeds and masses of the trains. The goal of developing a mathematical model and conducting
research calculations is to determine the optimal geometric parameters of the track in curves of small radius,
in particular, to determine the optimal track width.

Keywords: model optimization, mathematical model, curves of small radius, track width, rolling stock,
railway track.
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C MOCTOSAHHBIMHU MAT'HUTAMHU HA POTOPE
HA 3JIEKTPOIIOABUKHOM COCTABE

Koanaxubsiu IaBesn I'puropreBuy

PocToBckmii rocyaapcTBeHHbIH yHUBepcuTeT myTen coobienus (PIYIIC),
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kadeapa «DNeKTpUIeCKHE MAIIMHBI U allapaTel,

JIOKTOP TEXHHMYECKUX HAYK, JOLIEHT, 3aBeIyIOINN Kadeapoii,

tenedon +7 (863) 272-65-12,

e-mail: kolpahchyan@mail.ru

IHonoepe3nas Maprapura CepreeBHa

PocroBckwii TocynapcTBeHHbIN yHUBepcuTeT myTel coobmenus (PIYIIC),
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ACIHUPAHT,

tenedon +7 (863) 272-65-12,

e-mail: pumadj@yandex.ru

IMaiixueB Ajekceil Pugxarosny

PocToBckwmit rocynapcTBeHHBIH yHHBEpcHUTET IyTelt coobmerns (PTYIIC),
Kadeapa «NEeKTPUIECKUE MAIIMHBI U arlapaTsy,

KaHAMJAT TEXHUYECKUX HayK, JOLEHT,

tenedon +7 (863) 272-65-12,

e-mail: alexey1807@mail.ru

PaccMoTpensl Bopockl NPUMEHEHUSI CUHXPOHHBIX JJIEKTPUYECKUX MAIIUH C MOCTOSSHHBIMUA MarHu-
TaMH Ha POTOPE B KAQ4E€CTBE TATOBBIX JIBUTATEICH Ha 3JICKTPOIOIBIKHOM COCTaBE KeJIe3HbIX gopor. OTme-
YEHO, YTO B PEXKHUME XOJIOCTOr0 XOJa MPH JABHKEHUU ¢ MaKCUMaJIbHOUM ckopocThio DJIC, HaBoguMas B 00-
MOTKE CTaTOpa MOCTOSIHHBIMU MarHUTaMH, He JI0JIKHA IIPEBBIIIATH IOMYCTUMOE HalpsKeHue nuuBepTopa. 1o-
ATOMY JUISl peau3allii HOMAHAIILHOTO MOMEHTa 0€3 yBelMUeHHs TOKa CTaTopa HE0OXOIUMO MCTOIb30BaTh
PEAaKTHBHYIO COCTaBISIOLLYHO JIEKTPOMAarHUTHOIO MOMEHTA. /ISl 3TOro UCHOJB3YETCS POTOP CHELUAIbHON
KOHCTpYKIuU. ONMKCaH MOIX0/ K ONPEACICHUIO TapaMeTPOB CHHXPOHHOTO TATOBOTO JIBUTATENS ¢ TIOCTOSH-
HbIMH MarHUTaMH B 3aBUCUMOCTH OT YCJIOBUM €ro pabOThI B COCTaBE TSATOBOIO AJIEKTPOIIPHBOa. PaccMoTpen
BOIPOC (hOPMHUPOBAHUS DIICKTPOMEXAHUYCCKUX XaPAKTEPUCTHK, MPUBEICH MPUMED pacyeTa XapaKTePUCTHUK
TSTOBOTO JIBUTATENS C TOCTOSIHHBIMU MarHUTaMmu Ha poTOpeE.

Knrouesvle cnosa: TATOBBIN NBUTATENH C TIOCTOSHHBIMH MarHUTaMH, BEKTOPHOE PETYIHPOBAHUE, TSI-
TOBBIH DJIEKTPOIPUBO.
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Doctor of Engineering Sciences, Associate Professor,
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The article deals with the application of the synchronous electric machines with permanent magnets
on the rotor as traction motors on the electric rolling stock of the railways. It is noted that in the idling mode
when driving at the maximum speed, the EMF induced in the stator winding by permanent magnets should not
exceed the permissible voltage of the inverter. Therefore, to realize the nominal torque without increasing the
stator current, it is necessary to use the reactive component of the electromagnetic moment. For this it is nec-
essary to use a special design rotor. The approach for determining the parameters of the synchronous traction
motor with permanent magnets is described and it depends on the conditions of its operation as part of the
traction electric drive. The issue of forming electromechanical characteristics is considered, an example of
calculation of the characteristics of a traction motor with permanent magnets on the rotor is given.

Keywords: traction motor with permanent magnets, vector regulation, traction electric drive.
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e-mail: sergey-kuznecov-57@mail.ru

Jis dopmanuzannu HanpsHKeHHO-Ae(OPMUPOBAHHOTO COCTOSIHUS YIPYTOH CHCTEMBI, CoAepKallen
MIPOJIOTIFHO HArPY>KEHHBIH CTEP>KeHb OOJIBIION THOKOCTH, B TOM YHCIIE TPH BHELIECHTPEHHOM CXKaTHH, HCTIONIb-
3yeTcsl METOJ SJUIMIITHYECKUX UHTETPAJIOB C JAJIbHEUIIEH 3KCIIEPUMEHTAIBHON U MHCTPYMEHTAJIBHON CBEP-
KOH pe3ylbTaToB, KOTOpPBIE MOKa3alHd JOCTAaTOYHYIO CXOAMMOCTh. MccienoBaHne AMHAMUKH HEIWHEHHOU
YOPYrol CUCTEMBI NPEATONaracT HaJllMuue CBEACHUI 00 dHEpreTHueckoM OajaHce HEJIMHEHHOW CHCTeMBI U
OTIpE/IETICHNE €€ CTATUIECKUX XapaKTEPUCTHK C BEIBOAOM M (hepeHInaIbHOTO YPaBHEHHUS JBM)KEHHUS KECT-
KOTO CTep KHS, COBEPIIAIOLIETO HETMHEHHBIE KOIeOaHUs! OTHOCUTEIBHO HEMOABHKHOTO LIapHHpA.
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Kntouesvlie cnosa: ynpyras cuctema, HeTUHEWHAs XapaKTEPUCTHKA, SIUTUIITUIECKIE HHTETPabl, KH-
HETUYECKast SHEPTHsl, TOTCHIIMAIbHAS SHEPT U, JHEPTETUUCCKUN OanaHc, ypaBHECHHUE JBHKCHUS.

FOR DETERMINING ENERGY BALANCE IN NONLINEAR ELASTIC SYSTEM

Lichkovaha Andrey Segeyevich
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Shemshura Boris Andreyevich
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Kuznetsov Sergey Anatolievich

Platov South-Russian State Polytechnic University (NPI),
Chair «Common Engineering Disciplinesy,

Doctor of Engineering Sciences, Professor,

phone +7-928-132-72-21,

e-mail: sergey-kuznecov-57@mail.ru

To formalize the stress-strain state of the elastic system containing a longitudinally loaded rod of great
flexibility, including for eccentric compression, the method of the elliptic integrals is used with further exper-
imental and instrumental verification of the results, which is showed sufficient convergence. The study of the
dynamics of a nonlinear elastic system presupposes the information of the energy balance of a nonlinear system
and the determination of its static characteristics with the derivation of the differential equation of motion of a
rigid rod that performs nonlinear oscillations according to the fixed hinge.

Keywords: elastic system, nonlinear characteristic, elliptic integrals, kinetic energy, potential energy,
energy balance, equation of motion.
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3ammuna Jlapuca JleonnaoBHa

PoctoBckmii rocyaapcTBeHHbIH yHUBepcuTeT myTen coobienus (PIYIIC),
Kadeapa «NeKTPUISCKIE MAITUHBI U aIlliapaThD»,

KaHAMJAT TEXHUYECKUX HayK, JOLCHT,

tenedon +7(863) 272-62-12,

e-mail: ema@rgups.ru

Tpyouuuna Hane:xxna AnaToJjibeBHa

PocToBckwmit rocynapcTBeHHBIH yHUBEpcHUTET IyTelt coobmerns (PIYIIC),
Kadeapa «NeKTPUISCKIE MAITUHBI U aIlliapaThD»,

KaHJUAT TEXHUICCKUX HAYK, JIOIICHT,

tenepon +7(863) 272-62-12,

e-mail: ema@rgups.ru

PaccmarpuBaeTcst TATOBbIN JTMHEHHBIM aCHHXPOHHBIN ABUTATEb C MTPOI0JILHO-TIONEPEYHBIM MarHUT-
HBIM TIOTOKOM JJIsi MarHUTHOJIEBUTAIIMOHHOIO TpaHcrnopTta. [lomydeHbl aHaIUTHYECKHE COOTHOLIEHUS A
OTIpe/IeTICHNsI aKTUBHOTO COIPOTHUBIIEHUS BTOPHUUYHOIO 3JIEMEHTA, NMO3BOJIAIONINE PACCUUTHIBATH XapaKTEpH-
CTUKHU JIMHEHHOrO IBUTaTENsl.
Knrouegvie cnosa: TATOBBIN TMHEHHBIN aCHHXPOHHBIN JBUTATENb, IPOA0IbHO-TIONEPEYHbII MarHUT-
HBIW MTOTOK, BTOPUYHBIH 3JIEMEHT, aKTUBHOE COMPOTHUBIICHUE.

ACTIVE RESISTANCE OF THE SECONDARY ELEMENT
OF A TRACTION LINEAR INDUCTION MOTOR
WITH A LONGITUDINAL-TRANSVERSE MAGNETIC FLUX

Solomin Andrey Vladimirovich
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Candidate of Engineering Sciences, Associate Professor,

phone +7 (863) 272-63-86,
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Solomin VlIadimir Aleksandrovich
Rostov State Transport University (RSTU),
Chair «Electric Mashines and Devices»,
Doctor of Engineering Sciences, Professor,
phone +7 (863) 272-62-12,
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Zamshina Larisa Leonidovna

Rostov State Transport University (RSTU),

Chair «Electric Mashines and Devices»,

Candidate of Engineering Sciences, Associate Professor,
phone +7 (863) 272-62-12,
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Trubitsina Nadezhda Anatolievna

Rostov State Transport University (RSTU),

Chair «Electric Mashines and Devicesy,

Candidate of Engineering Sciences, Associate Professor,
phone +7 (863) 272-62-12,

e-mail: ema@rgups.ru

We consider a traction linear induction motor with a longitudinal-transverse magnetic flux for mag-
netic-levitational transport. Analytic relationships are obtained for determining the active resistance of the
secondary element, which makes it possible to calculate the characteristics of a linear motor.
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Keywords: traction linear induction motor, longitudinal-transverse magnetic flux, secondary element,
active resistance.
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METOJA CUHTE3A AJII'OPUTMOB OIEHKUM IIPU HECTAIMOHAPHBIX
BO3MYUIEHUAX U3MEPUTEJIBHBIX INPOIECCOB METOJIOM
OBBEJMHEHHOI'O ITPUHIIUIIA MAKCUMYMA

KocTtorsoroB Anjapeii AjlekCaHAPOBUY

PoctoBckwmii rocyaapcTBeHHbIH yHUBepcuTeT myTe coobiuenus (PIYIIC),
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kadeapa «CBs3b Ha KEIE3HOJOPOKHOM TPAHCIIOPTEY,

JIOKTOP TEXHUYECKUX HaYK, Ipoeccop, 3aBenyrommii kadeapoii,

tenepon +7 (863) 272-64-39,

e-mail: kostoglotov@me.com

Jlazapenko Cepreii BajiepbeBnu

PocToBckwmit rocynapcTBeHHbIH yHHBEpcHUTET IyTelt coobmerns (PTYIIC),
kadeapa «CBsi3b Ha )KEJIE3HOJAOPOKHOM TPAHCIIOPTEY,

KaHAMJAT TEXHUYECKUX HayK, JOLCHT,

tenedon +7 (863) 272-64-39,

e-mail: lazarenkosv@icloud.com

IIyrayes Urops Biiagumuposuny

JIoHCKOM TOCYAapCTBEHHBIH TexHOoTorndeckuii yausepcureT (JII'TY),
344000, r. PocroB-Ha-/lony, r.PoctoB-na-Jlony, . ['arapuna, 1,
kadenpa «PagnosneKTpoHuKay,

aCIHUPaHT,

tenepon +7-951-842-83-38,

e-mail: bakut 8536@mail.ru

KopneB Anekceit Cepreesn4

OI'BY «l'naBHBIN Hay4HBIH METPOIOrHUYecKUi eHTp» MOP®,
119160, r. MockBa, ®pyH3eHcKkast Hal., 22/2,

3aBUIYIONININ JTa00OpaTOpHEH,

tenedon +7-926-866-23-36,

e-mail: lexxkorban@gmail.com

PaccMmarpuBaeTcst mpodiiemMa OIlEHKH TapaMeTPOB COCTOSIHUSL JMHAMHYECKUX CHCTEM B YCIIOBHSX He-
CTaI[MOHAPHBIX BO3MYILEHNI H3MEPUTEIIBHBIX IIPOIecCOB. Pa3BuBaeTcs 0AX0/1, OCHOBAaHHBIN Ha KBa3HUAETEP-
MUHHPOBAHHOM MPUOIIMKEHHH MOJIEH MCCIIeyeMOro Mpoliecca ¢ UCIONb30BaHHEM BapHAIMOHHOTO MTPHH-
nuna [amunberona — OcTporpajckoro. 3To MO3BONISIET TPUMEHUTH alnapaT 00beIMHEHHOTO MPUHIIMIIA MaK-
cUMyMa Juisl pa3pabOTKH METo/la CHHTE3a ajIrTOPUTMOB OIIEHKHU. Pe3yabpTaThl MaTEMaTH4ECKOro MOJIETMPOBA-
HUS TTOKa3bIBAIOT, HOBBIM QJITOPUTM OLIEHKH 00ECIIeYHBAET MTOBBIIICHUE TOYHOCTH OLICHUBAHMS IIPU MEHBIIIEM
0o0beMe BBIYHCIUTENBHBIX 3aTpaT B cpaBHeHNH ¢ (puibTpoM KanmaHna u «anbda-0etan-QuinbTpom rnpu HecTa-
IIMOHAPHBIX BO3MYIICHUIX U3MEPUTEIBHOTO MpoIecca.

Kniouesvie cnosa: BapuanmoHuslil npuHuun ['amuneToHa — OCTpOrpanackoro, BO3MyIieHHE, AUHAMH-
YyecKast MOJICIb IBH)KEHHSI, OLleHKa, 00bEeJTUHEHHBII TPUHITUIT MAKCMyMa, CHCTEMaTHUECKas! TOTPEIIHOCTb.

THE SYNTHESIS METHOD OF THE ESTIMATION ALGORITHMS
UNDER NON-STATIONARY DISTURBANCES OF THE MEASURING PROCESS
BY A METHOD OF COMBINING THE MAXIMUM PRINCIPLE

Kostoglotov Andrey Aleksandrovich
Rostov State Transport University (RSTU),
2, Rostovskogo Strelkovogo Polka Narodnogo Opolcheniya sq., Rostov-on-Don, 344038, Russia,
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Pugachev Igor Vladimirovich

Don State Technological University (DSTU),
1, Gagarin sg., Rostov-on-don, 344000, Russia,
Chair «Radio Electronics»,

Postgraduate,

phone +7-951-842-83-38,
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Kornev Alexey Sergeyevich

FSBI «Main Scientific Metrological Center» DDRF,
22/2, Frunzenskaya nab., Moscow, 119160, Russia,
Director of the Laboratory,

phone +7-926-866-23-36,

e-mail: lexxkorban@gmail.com

The estimation problem of the parameters of the state in dynamic systems with conditions of unsteady
disturbances of measuring processes is considered. An approach based on the quasi-deterministic approxima-
tion of the model in the process under study using the Hamilton — Ostrogradsky variational principle is devel-
oped. This allows to apply the apparatus of the unified maximum principle for the development of the method
of synthesis with evaluation algorithms. The results of mathematical modelling show that the new evaluation
algorithm provides an increase in the accuracy of the evaluation at a lower volume of computational costs in
comparison with the Kalman filter and the «alpha-beta» filter for unsteady disturbances of the measuring pro-
Cess.

Keywords: Hamilton — Ostrogradsky variational principle, perturbation, dynamic motion model, esti-
mation, combined maximum principle, systematic error.
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POKYCHUPOBAHHBIX YJbTPA3BYKOBBIX ITIOJIEN

CyxopykoBa Oabra bopucosna

PocroBckwmii rocypapcTBeHHbIH yHUBepeuTeT myTer coobmenus (PI'YIIC),

344038, r. Pocto-Ha-/lony, 1. PoctoBckoro CtpenkoBoro ITonka Hapomnoro Omomuenus, 1. 2,
ynpasiieHre HHPpOpMaTH3aLuH,

OTJeN pa3pabOTKH U COMTPOBOXKICHHS TPOrPaMMHOT0 oOecrieueHus,

KaHJAUJAT TEXHHYECKUX HayK, HAuYaJIbHUK OTJIENa,

tenedon +7 (863) 272-64-56,

e-mail: bs@rgups.ru

IlIBenoBa HaTtanbs AJleKCaHAPOBHA
HOxusb1i dhenepanbublil yausepeutet (IODY),
344090, . PocroB-na-Jlony, np. Craukwu, 1. 194,
HUWU ¢uznkn,

HaYYHBIH COTPYIHUK,
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tenedon +7 (863) 243-41-22,
e-mail: yfnfif_71@bk.ru

IBeunoB Urops AnexkcaHapoBuy

HOxus1it henepanbublil yausepcutet (FODY),
HUU duznkn,

HAaYYHBIH COTPYIHUK,

tenepon +7 (863) 243-41-22,

e-mail: wbeg@mail.ru

Poiosinenr Anapeii HukosiaeBu4

HOxus1it henepanbublil yausepcutet (FODY),

HUU duzukw,

KaHAuAT GU3NKO-MATEMATHIECKUX HAYK, TIABHBIA HAYYHBIA COTPYTHUK,
tenedon +7 (863) 243-41-22,

e-mail: arybyanets@gmail.com

BBINIOTHEHBI TEOPETHYECKHE PACUETHI H YUCIIEHHOE MOAEINPOBAHUE CTPYKTYPBI aKYCTHYECKHX MOJIEH
cepudecku GHOKycUpPYIOLUIUX YIbTPa3BYKOBBIX IIpeoOpa3oBaTeseil. PaccMOTpeHbl 0COOCHHOCTH TeopeTHye-
CKOT0 onHcaHusi POKYCHPOBAHHBIX MOJICH MaIol aMImuTy bl [IprBeieHbI IpUMEpPBI pacyeToB JIMHEHHOH (o-
KYCHUPOBKH YIbTPa3ByKOBOIO ITy4Ka C HCIIOJIB30BaHUEM TOYHOTO PEIIEHMs U UHTerpana Panes ans uzmyda-
TeNs B BUJE c(hepUIECKOTO CETMEHTa C IEHTPaJIbHBIM OTBepcTHEM. [lomyueHbl pachpeeneHnss HHTEHCUBHO-
CTH ¥ MOIIIHOCTH TEIUIOBBIX UCTOUHMKOB OCH M3ITydaTess U B (OKaIbHOH miockocTH. [lomydeHs! Takxke ABY-
MEpHBIE IPOCTPAHCTBEHHBIE PACIIPEACIICHUS O U3Ty4aTess B Maclle, pACCYUTAHHBIE YUCIEHHO C HCIIOJIb-
30BaHMEM HHTerpaia Pases Ui pa3nuuHbIX BO30YKIAIOIIMX YacTOT M HAYaJbHBIX HHTEHCUBHOCTEH YJIbTpa-
3Byka. [lokazaHo, uTo uHTErpan Pasest 10cTaTOYHO TOUHO OMHUCHIBAET AKYCTHUECKOE 10JIe (POKYCHPYIOIETo
(BOrHYTOr0) UCTOYHUKA B MPENNOI0KEHUH, YTO yroil (POKYCHPOBKH Majl, a paAnyC KPUBU3HBI U3Ty4aroLIeH
MOBEPXHOCTH MHOI'O OOJIBILIE ITMHBI BOJHBI.

Kniouesvie cnosa: Gpoxycupyroue yiabTpa3ByKoBble IPe0oOpa3oBaTeIn, aKyCTHUECKOE T10JIe, YUCIICH-
HOE MOJICTTMPOBaHue, JIMHEHHOE NpuoImkenne, QyHakuus ['puna, uaterpan Pames.

THEORETICAL CALCULATIONS AND NUMERICAL MODELLING OF FOCUSING
ON ULTRASONIC FIELDS
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Rybyanets Andrey Nikolayevich

Southern Federal University (SFU),

Institute of Physics,

Candidate of Physical and Mathematical Science,
Senior Scientist,

phone +7 (863) 243-41-22,

e-mail: arybyanets@gmail.com

Theoretical calculations and numerical modelling of the structure of the acoustic fields of the spheri-
cally focused on ultrasonic transducers are performed. The features of the theoretical description of the focused
fields of small amplitude are considered. Examples of calculations of the linear focusing of an ultrasonic beam
using an exact solution for the Rayleigh integral for a radiator in the form of a spherical segment with a central
hole are given. The intensity and power distributions of the thermal sources on the emitter axis and in the focal
plane are obtained. Two-dimensional spatial distributions of the emitter field in oil are also calculated numer-
ically using the Rayleigh integral for various exciting frequencies and initial intensities of ultrasound. It is
shown that the Rayleigh integral accurately describes the acoustic field of a focusing (concave) source under
the assumption that the focusing angle is small and the radius of curvature of the radiating surface is much
greater than the wavelength.

Keywords: focusing ultrasound transducers, acoustic field, numerical simulation, linear approxima-
tion, Green's function, Rayleigh integral.
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TPEFOBAHUA K O®OPMIIEHHIO CTATEH
I LNYBIIHKAITUH B KYPHAJIE « BECTHHK PI'YIIC»

1 Marepunansl craTell IPEACTaBISAIOT B BHJEC TEKCTOB, OT(GOPMATUPOBAHHBIX M pacliedaTaHHBIX
Ha JIa3epHOM WJIM CTPYWHOM TpHHTEpe (MPUTOTHBIX ISl CKaHMpOoBaHWs) Ha Oenoil Oymare dopmara A4
(210%x297 mm) B ogHOM 3K3eMIuLsipe. PekomeHayeMsbiii 00beM ctaTbu — 510 cTpaHul.

OnHOBPEMEHHO TEKCT MPEACTABIAIOT B BuAe (aiiia na CD-mucke B TekcToBoM pemakrope Word for
Windows, mpudt Times New Roman, 11 pt, MexcTpoUYHbIi HHTEpBa — OAIMHAPHBIN, BBIPABHUBAHHE TIO IITH-
puHe, ab3arHbIi oTcTym — 1,25 cM, BCe 1Mo — 2 cM.

2 Ha nepBoii cTpanuie 10/KHbI ObITh YKa3aHBI:

Y/IK — B neBoM BepxHEM yriy;

HHTEpBa;

UHUYUATIBL U haMuiuy agmopoe — 1o ICHTPY, KypCHBOM;

HHTEpBa;

Ha3eanue cmamvu — 3arJIaBHBIMA OYKBaMH, OTYKUPHBIM LIPUPTOM, TIO LICHTPY,

0e3 TIepeHOCOoB;

N UHTEpBaw;

N meKcm cmambu — 1IeYaTaeTcs ¢ MepeHocaMH.

B Cmambsa 007131cHA COOEPIHCAMb 6600HYI0 UACHb, Uelb HAYUHOI PA3PAOOmMKU,

OCHOGHYIO UACHIb U 6bLEOODL.

3 BykBbI TaTHHCKOTO ajdaBuTa HAOUPAIOT KYpcu8oMm, OYKBBI TPEUECKOTO H PYCCKOTO ajl(aBh-TOB
— npsiMbIM TprdToM. MaTemaTrueckie cuMBoiisl lim, In, arg, const, sin, cos, min, max u T.1. HaOUparoT
MPSIMBIM TIPUPTOM.

4  ®opmyasbl. bonbiie GhopMyssl HEOOXOIUMO pa30OUTh Ha OTACIbHBIC parMeHThl. DparMeHThI
(hopMyI1 IO BO3MOKHOCTH JJOJKHBI OBITH HE3aBUCHUMBI (IIpH paboTe B POpMYyTHLHOM PeaKTope Kaxaas CTpoKa
— oTHenbHbIN 00beKT). Hymeparuio cienyet neuarate B WOrd otaensHo ot popmyit. Pacnionarats hopmyiibt
CIIEAyeT MO UEHTPY CTPOKH.

bykeerJul,eul,hun,qug, VuU, O (6yksa) u 0 (HOJb) TODKHBI pa3iNyaThCsl 0 HAYEPTAHHUIO.

Tupe, neduc, 3HaK «KMUHYC» 0003HAUAIOT COOTBETCTBYIOIIUMH 3HAKAMH.

HywmepoBarts crieayet ToibKO T€ (POPMYIIbI, HA KOTOPbIE €CTh CCHUIKU B TEKCTE.

O603HaueHus, TEPMUHBI U WUTIOCTPATHBHBIA MaTepuall JOKHBI COOTBETCTBOBAThH JCHCTBYIOLIMM
I'OCTawm.

5 Pucynku u ¢ororpaduu, BEIOJTHEHHBIE YETKO M KOHTPACTHO, CIEIyeT pa3MeIlaTh B MOPSIKE
WX YIIOMHUHAHHSA B TEKCTE, MOJPUCYHOYHAS TIOJHCH 00sI3aTebHA.

6 bubauorpadguyeckuii CMUCOK MPUBOJAT OOIIUM CIIICKOM B KOHIIE CTAThH M COCTABISIOT B CO-
OTBETCTBUU C TIOCJIEI0BATEIBHOCTHIO CCBIIOK B TEKCTE, KOTOPBIE 0003HAYAIOT apaOCKUMHU IU(ppaMH B KBa-
patHbIX ckoOkax. JlutepaTypy odopmisiiot Toabko corjacio F'OCT 7.1-2003.

O0s13aTeJIbHO MPEACTABUTH NepeBo O0M0IHOrpa)uiyecKoro CnucKa Ha AHIJIMICKHI A3BIK.

TekcT craTby OOKEH OBITH TIIATENBFHO OTPENAKTHPOBAH M TOTOB AJISI MAaKETHPOBAHHS U BEPCTKU
XKypHaia Ha KOMIIbIOTEpE.

7 CTaThs 10JKHA ObITH 00513aTeJILHO MOANMCAHA BCEMU aBTOPaMM.

8 Marepuaisl, npuiaraeMbsle K cTaTbe, e4aTaloT Ha OTACIBHOM JIHCTE.

CaeeHust 00 aBTOpax M AaHHOTAIMS (HA PYCCKOM M aHTJIIMHACKOM SI3bIKaX):

m  VIK

m  Haszeanue cmamuu (3araaBHBIME OYKBaMH, MOJTYKUPHBIM HIPHPTOM).

m  Damunusn, ums, omuecmeo agmopa (NOITHOCTHIO, 0€3 COKpaLEHHH).

m  Mecmo pabomul Ka)coozo agmopa B AUMEHUTEILHOM TaJIexKe.

m  Iloumoessiii adpec mecma papomel C yKazaHUEM ITOYTOBOTO WHJICKCA.

Yuenaa cmenens, yuenoe 36anue, 00axcnocms.

Konmaxkmmnutit menegoH.

E-mail.

Annomayus (KpaTKoe CoJep>KaHNue CTAaThH, BKIIIoUaromiee 3—4 mpeioKeHs ).
Knrouegwie cnosa.

CBeieHuS 110 1. 8 COCTABIISIIOT JIJIS KXKIOTO aBTOpa OTCIHHO (32 HCKITFOUESHIEM aHHOTAIMHN U KITFOUSBBIX
CIIOB) B MOPSJIKE YIIOMUHAHHUS B CTaThE.

BaxxHo 4eTko, He IoMycKasi HHOW TPaKTOBKH, YKa3aTh MECTO pab0OThl KOHKPETHOro aBTopa. Eciu Bce
aBTOPKI CTAaThU PAOOTAIOT WITH YYATCSI B OJTHOM YUPEKICHUN, MOXKHO HE YKa3bIBaTh TIOYTOBBIH aJpec MecTa pabOoThI
KaXJIOTO aBTOPa OTJCIIHHO.

Kaxxnoe xiroueBoe c10BO I CIIOBOCOYETAHUE OTIEISAETCS OT APYTOro 3aIsToOM.
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YcaoBus ¥ NOPAIOK NyOJHKALNMH CTATEH B )KypHase

1  CraTbs A0/:KHA OBITH 0(popMIIeHA IO MPUJIATaeMbIM TPEOOBAHUSIM.

2 ABTOp HMeeT MPaBO ONMYOJHKOBATH B HOMepe OJIHY CTaThIO.

3 ABTOp MOXKeT NPHCJIATH CTATHIO B aJpec peJaKIum:

® [0 moyYTe

344038, r. PocroB #//1, 1. um. PoctoBckoro CrpenkoBoro [lonka Hapoauoro Ononuenus, 1. 2.

PocToBckmii Tocy1apCTBEHHbIH YHUBEPCUTET IyTEH COOOIIEHUS.

Penaxuus xxyprana «BECTHUK PT'VIICy.

® 10 JIEKTPOHHOJ Moy4re

E-mail: pmv_nis@sci.rgups.ru, nis@rgups.ru (IOMOTHUTEIBHBIN).

® MNPHUHECTH B peJaKIHUIO U IIepeaaTh OTBETCTBEHHOMY ceKpeTapro (Ti1. Kopiryc, koM. J{ 107),
tenedon +7 (863) 272-62-74, paxc +7 (863) 255-37-85.

4 Crarss, npeacTaBiisieMasi B peaKIHIo, 10JKHA COOTBETCTBOBATH TeMaTHKe U3AaHHUS.

TemaTHka *KypHajla OXBaTHIBA€T OCHOBHBIE IPOOJIEMbI TPAHCIIOPTA, & TAK)KE IHEPIETUKH, MAIIMHOCTPOCHHS U
yrpasieHus. [1yOauKyroTCst CTaThH 10 CIIETYIOLIUM CEKIIUSIM:

—  MAalIUHOCTPOEHHUE;

—  NIOJBIKHOM COCTaB, 0€30MIACHOCTH JBIKCHUS U 3KOJIOTHS;

—  nH()OPMaNNOHHBIE TEXHOJIOTHH, aBTOMaTHKA U TEICKOMMYHHUKAIIWN;

—  yIpaBiIEHHE U JOTUCTUKA HA TPAHCIIOPTE;

—  JKEJIE3HOJOPOXKHBIN ITyTh M TPAHCIIOPTHOE CTPOUTEIHCTBO;

—  TpaHCIIOPTHAs SHEPTeTHKA;

—  MOJETHPOBAHUE CUCTEM U IPOLIECCOB.

5 PepakumMoHHAas KoJIernsi IPUHAMAET A5 MyOTHKANMM CTATHH NOCJIe TIIATeJIbHON HAYYHOIi JKcnep-
TH3bI.

g myGnukanuy oTOMparoT CTaThbU, KOTOPHIE MPEACTAaBIIAIOT HAyIHBII HHTEPEC U SBISAIOTCA HOBOM CTYIEHBIO
B pa3paboTKe AaHHOH mpobsremMbl. CTaThH IMyOIMIMCTHIECKOTO IIaHa He IPUHUMAIOTCSL.

6 Ha3acenanuu peAKOJUIEIHH IPUHIMAIOT PELIEHHE O BOBMOXXHOCTH ITyOJIMKAaNH CTaThH TOJIBKO NPH HAIU-
YU TTOJIOXKHUTEITLHON PELICH3NH.

7  Bce pacxoabl N0 NMOAr0TOBKe K MyO0JIHMKALMM M U3IaHUIO ’KYPHAJIA ONJIAYMBaeT YHUBEPCHTET, B TOM
YHcJIe U IOYTOBBIE PAcX0/bl NIPH NepechlIKe ;KYPHATIa aBTOPaM.

Kparkasa nundopmanus o :xypHaJie

Hayuno-TexHudeckuii sxypHas «BecTHUK PocTOBCKOTro rocyiapcTBEHHOTO YHMBEPCHTETa MyTeil cooOIeHns»
(«Bectauk PI'YIIC») uznaetcs ¢ okts10pst 1999 rona, 3apeructpuponas B ['ockomutere o nedatu PO, cBuaerenscTBO
o peructpanuu Ne 018074. XKypHan numeeT MeKIyHapOIHBIN cTaHaapTHEIH cepruanbHbiid HoMep (ISSN 0201-727X), mpu-
cBoeHHbI KHrHOM nanaroit Poccuiickoit denepanuu.

VYupenureneMm u usznareneM ssisercs OenepanbHoe ToCyJapcTBEHHOE OF0PKETHOE 00pa30BaTeNbHOE YUPE)KACHHE
BEICIIIET0 00pa3oBaHus «POCTOBCKHI rocyqapcTBEHHBIH YHIBEPCUTET ImyTeit coodmmeHms» (PI'BOY BO PIVIIC).

I'maBHBII pepakTop KypHana — akageMuk PAH, 3acimyxeHHbIN nesTens Hayku PD, TOKTOp TEXHUYECKHUX HaYK,
npodeccop B.U. KonecHukos.

B coctaB penakuuoHHo#M Koyieruu BXoAaT Benymue yueHsle PI'YIIC, a Takke Ipyrux TpaHCIIOPTHBIX U aKaje-
Mu4eckux yHuBepcuteToB Ceepo-KaBkasckoro pernona, Mockssl, Cankt-IletepOypra, Yxpauns! ([{HenponeTpoBcKuit
roCyJapCTBEHHBIM TEXHUUECKHH YHUBEPCUTET KEIE3HOJOPOKHOIO TpaHcnopTa uM. akaia. B. JlasapsHa, r. lHenponer-
poBck), Peciyonuku benapycs (Benopycckuii rocy1apcTBeHHbIN YHUBEPCUTET TpaHCIOPTa, T. ['omens), Uemickoii Pec-
myOmukn (OcTpaBckuil TEXHHYECKUH yHUBepcHTeT, T. Octpaa), [Tompmu (Cue3ckuii TEXHUYECKHA YHIUBEPCHUTET, T. Ka-
toBuile), @pannnu (YHUBepcuter a0 MoH, 1. Jle-Mamn).

JKypHai BEIXOAUT ¢ MEPUOTUYHOCTEIO 4 HOMEpa B TOJ, T.€. KaXKAbII KBapTall.

C anpens 2004 rona «Bectauk PI'YIIC» BximtoueH B «IlepedeHp nepHoIUECKUX HAYYHBIX H HAyYHO-TEeXHUYE-
CKHX M3JJaHMH, BBITyCKaeMbIX B Poccuiickoit @enepannn, B KOTOPHIX pEKOMEHIYETCs ITyOIHMKaIis OCHOBHBIX pe3yJbTa-
TOB JMCCEpPTAIMii HA COMCKAHWE YUEHON CTEMEeHU KaHAuIaTa U ToKTopa Hayk» (pemenue [Ipesuanyma BAK Ne 6/4 ot
6.02.2004 r.). XKypHai BomIen BO Bce mocienyromue penakuuu [lepedss.

«Bectauk PI'YIIC» — noanucunoe u3ganue. C 2004 roja >kypHajl BKJIIOUEH B KaTajlor MOANHUCHBIX WU3JIaHUN
arentcTBa «Pocneuarsy (B cnennansHoM Katanore «['A3ETHI. )KYPHAJIbI» 3apeructpupoBas nox naaekcom 53720).

[Moammcatscst Ha )KypHAI MOKHO B JIFOOOM OTIEJICHHH CBSI3M, paclpocTpaHseTcs )KypHal Ha Teppuropun Poc-
cuiickoil denepanyn. [Tognucky MoxHO 0pOPMHUTE Ha KBapTaJ, HA MONT0O/a MK Ha TOJI.

Kypnan «Bectauk PI'VIIC» GecruiaTHO pacchliaeTcst BCeM OTpacieBbIM By3aM, B psiJi By30B MUHHCTEpCTBA
oOpa3oBaHus 1 HaykKu Poccum, IEHTpaIbHBIM U 30HAJFHBIM HayYHO-TeXHUIecKnM Onbnuorexkam, HUU nuapopmanmn.

IlouToBBIii agpec peJaKUuu:

344038, r. PoctoB H/1, 1. uM. PoctoBckoro Ctpenkosoro [lonka Hapoanoro Ononuenus, a. 2.

PocroBckuii rocy1apcTBEHHBIH YHUBEPCHUTET ITyTeH COOOILICHUS.

Penakuus xypnana «Bectauk PI'YIICy.

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

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

ApXMB :)KypHaja U TpeGoBaHus 10 oGopMIIeHHIO cTaTell pa3MelleHbI HA caliTax:
http://www.rgups.ru B pazaene «Mzpanus» u http://vestnik.rgups.ru
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