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B cpepe TpaHcnopTa: 1) paspaborka
Moaenei onTUMU3aLnv TUNaxa rpy30BbiX
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KOHCTPYKLUN N cO34aHNe HOBbIX
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He TOJIbKO B xo4e 00y4yeHUs1 UH)XXeHePHOW
crneunasnbHOCTU, HO U NPU NMPOBeAEHUU
CaMoro LLMPOKOro CrneKTpa Hay4Hbix
uccsieg0BaHnii B TPAHCITIOPTHOM BY3€.
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paHCTIOpTHAsI TeMaTHKa 3aHUMAaeT Be-

JyIiee MECTO B HayUHBIX IMpOrpaMMax

Kadenppl GU3MKU YHUBEpCUTETA MTyTEl
coobureHus. O HEKOTOPBIX U3 HUX, HATTPUMED,
pa3paboTke CIEeKTPOMETPUUYECKUX METOAOB
KOHTPOJISI Ka4eCTBa TOBAPOB B MYJIBTUMO/IAJTb-
HBIX MepeBO3Kax coolIlanioch B XypHale
«MT» [1]. B raHHOM city4ae neaaeTcs MorbIT-
Ka 00001IUTh Pe3yJbTaThl OTAEIbHbBIX UCCIIe-
JIOBaHUI, BBIIIEAIINX HA YPOBEHb TOTOBBIX
MPAKTUIECKUX PEIICHUI: MOIEJIb ONTUMU3a -
LMY TUTIaXKa aBTOMOOWIBHBIX TPAHCITOPTHBIX
CPEJCTB; AJIEKTPOTIOMUHECLIEHTHBIE MHAUKA-

® MWP TPAHCIMOPTA, Tom 13, N24,C. 210-217 (2015)



TOPBI [JI1 UCIIOJb30BAaHUS B TPAHCIIOPTHBIX
00bEKTax 1, HAKOHELL, IPUKJIATHOE MOJEIM-
poBaHMe KOHTaKTa KoJjleca C PeJIbCOM Ha Ke-
JIE3HOJOPOXKHBIX MATUCTPAJISIX.

1. PABPABOTKA MOOENEN
ONTUMUIALUU TUTMTAXKA
rPY30BbIX ABTOMOBWJIEN

B mpompbItiieHHOM MPOU3BOJCTBE CyIIIe-
CTBYET MOTPEOHOCTH B BHITTYCKE OTHOTUITHBIX
W3AeNNN ¢ Pa3HBIMU 3HAYEHUSIMU Tapa-
METPOB. DTO KacaeTcsi, HAIpUMep, TPY30BBIX
ABTOMOOWJIE! pa3IMYHOUN IPy30MOABEMHO-
CTU, pa3HBIX MOAU(DUKAIINI TPAKTOPOB
W BaroHOB, arperaToB, y3JIOB U HeTalieid
K HUM, HaOOPOB JIEKTPOEMKOCTEH aKKyMYy-
JISTOPHBIX OaTapeil U MyCKOBBIX CUCTEM JIJIST
TPAHCTIOPTHBIX OOBEKTOB, DJIEKTPOJBUTATE -
JIe ¥ MHOTOTO APYroro. ABTOMOOUIIECTPOE-
HUE SIBJISIETCSI MHTETPUPYIOIIE OTpaciiblo,
TUTIAX TPY30BBIX aBTOMOOWIEH paccuuTaH
Ha 20-30 sleT TpUMEHEeHUSI: ITO YUTEHO B OT-
paciaeBOM TPAHCIIOPTHOW CTpaTernu Ha Iie-
puon mo 2030 roma (pacropsKeHre IpaBu-
tenbcTBa P® o1 22 HOosg0ps 2008 roma
Ne 1734-p) B BUAEe MJIAHOB MPOBEACHUS
HHWOKP 1o rpy30BbIM aBTOMOOWIISIM U pa3-
BUTHUSI COOTBETCTBYIONIEH MPOU3BOACTBEH-
HOI 6a3sl.

HecMmoTpst Ha 1OCTaTOYHO MIUPOKUIA PSIT
BBIITYCKAEeMbIX aBTOMOOUJIEH, B CUITY CXOJCT-
Ba UX (PYHKIIMOHAIBHOTO HA3HAYEHUS U O -
HOTUITHOCTU MHOTHX Y3JI0B BO3MOXHO CO-
TJ1aCOBAaHHOE OTNTUMAaJIbHOE yIpaBJeHUE
3HAYEHUSIMU TTapaMeTPOB BCEl COBOKYITHO-
cTu uznenuit agronpoma. [TapameTpst ontu-
MU3alUK, OyIydu YyIOPSIAOUYEHHBIMU B TIO-
psiIKe BO3pacTaHMsI X 3HAYEHUST, 00pa3yioT
TUITOPA3MEPHBI Psifl, KOTOPBIA MOXET ObITh
MOJABEPTHYT MAaTeMaTUUYECKOMY aHaIU3y
C LIEJIbIO pelIeHUs 3aJaHHOU MTPOOJIEMBI.

B ocHoBe Takoro aHanm3a JexXut nH(pop-
MAallMOHHBIA MAaCCUB, CBSI3aHHbBIN:

— C omucaHueM TpeOOBaHUI K MPOAYK-
oum (ucxons u3 e€ cIyKeOHOro Ha3zHade-
HUs), a TAKKe K TEXHOJIOTUYECKUM TTIPOIIeC-
CaM U yCJIOBUSIM U3TOTOBJICHUST OMTHOTUTTHBIX
U3IEINNA;

— C MaTrepuajiaMy MapKETUHTOBBIX UCCTIE-
JIOBaHUI, HaTIPABJICHHBIX HA TTOBBIIIIEHUE
KOHKYPEHTOCIIOCOOHOCTU U3AEIUN 3a CUET
COKpAIIeHUsI CPOKOB UX TTPOEKTUPOBAHUS,
YBEJIMUEHUST CEPUNHOCTU U YMEHBIICHUS
KOJIMYECTBA TIepeHaIa oK B TPOU3BOJICTBE.
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PesynbpraTom aHanu3a cTtajio BblAEIEHUE
HECKOJIbKUX KJIACCOB MaTEMaTUYECKUX MO-
JieJieli 1 METOIOB aBTOMATU3aLlM U ONITUMAaJTb-
HOTO YIpaBJeHUS 3HAUYEHUSIMU apaMeTPOB
U3JEIUI MallIMHOCTPOEHU ST, ONTUCHIBAIOIIAX
BUJIBI CBSI3€ 11 BXOAHBIX ITApaMeTPOB (00bEMOB
BBITIOJTHSEMBIX U3AEIUSIMU paboT, TUTIAKe
TpeOyeMbIX U3IETUIN, UX TEXHUKO-2KOHOMU-
YEeCKUX XapaKTePUCTUK) C BBIXOIHBIMU Ta-
pameTpaMu (MMPOTHO3UPYEMbIMU 3HAYECHUSI -
MU MapaMeTPUYECKUX PSIOB, IKOHOMUYE-
CKMMU MOKAa3aTeJsIMU PSII0B, 00bEMaMU
BBIMTyCKa MPOAYKIIMHK). B Moaensix yuutbiBa-
eTcs CyMMa CBeZIeHU I 00 00beKTax yrpasJe-
HUS, BUIAaX UX KOHTAKTHBIX B3aUMOIEUCTBUIA
MEeXy cO0Oil U ¢ BHEUIHEW CpeAoi MyTeéM
3alaHus 0a3bl JaHHBIX U COBOKYITHOCTU
(YyHKIIMOHAIOB, OTpaXallUX KaK 3KOHO-
MUYECKHEe, TaK U TeXHUYECKUE MPSIMble
U OOpaTHbBIE CBSI3MU.

B pamkax Mmoxeneii [2] Tunaxxu aBToMo-
OuJieil paccMaTpUBAIOTCS KaK COBOKYII-
HOCTb HEaBTOHOMHBIX YIPaBISIEMBbIX CHUC-
TeM, OMUCHIBAEMbIX HEJTUHEHBIMU HEBbBI-
MYKJBIMU CTOXaCTUYECKUMU (DYHKIIMOHA-
JaMU U HaXOASIIUXCS MOI BHEIIHUMU
clydyaiiHbIMU Bo3aeicTBusMU. Texkymas
nHdopmalus (TpedyemMble 3HAUYEHUS) BbI-
OupalTCcd MO 3aKOHY CAy4YalHBIX YUCEN
U3 MaccuBa JaHHBIX, IPUYEM YIpPaBISIO-
IIUMU BO3MEUCTBUSMU CIYyKaT UCKOMBbIE
3HAYEHUS MapaMeTPUUYEeCKUX PSAO0B, a OT-
KJIMKaMW — 3HAY€HUS 1LeJeBbIX QYHKIINO-
HayoB. [IpuMeHeHne MeTOI0B MHbOPMa-
LIMOHHBIX TEXHOJIOTUI U TEOPUU aBTOMATU -
YEeCKOTO yIpaBJeHUs MTO3BOJISIET OCYILIECT-
BUTH aJITOPUTMU3ALMIO U aBTOMATU3ALUIO
MPOLIECCOB yNPAaBJIEHUS 3HAYEHUSIMU O -
TUMU3UPOBAHHBIX CTOXaCTUYECKUX CTaTU-
YEeCKUX U TUMHAMUYECKUX OJHO- U MHOTO-
napaMeTpUueCcKUX psIIOB MPOEKTUPYEMBIX
CUCTEM U3IEIUNA.

Ha ocHOBaHMM TaKOro MOAXOA C UCTIONIb-
30BaHUEM METO/IOB CTOXaCTUYECKON aIlmpoK-
CUMalUu ObUIU, B YACTHOCTH, MPELIOXKEHBI
ONTUMAJIbHbIE MapaMeTPUUYECKUE PSAbI U3-
NeJTU TPaKTOPOCTPOEHUS U TUMAaXa rpy30-
BBIX aBTOMOOWJIEl, pa3paboTaHbl U YTBEP-
>KIEHbI BABTOMOOMIbHBIX BEIOMCTBAX TUAXK
U MOAYJIb aKKYMYJSITOPHBIX OaTapeil ns
COELTEeXHUKH [2].

ITpumep CTpyKTypHOU MOJEIN ONTUMU-
3allMU TUITaXa BBIMTYCKAEMOW MPOAYKIIUN
MpUBEIEH Ha puc. 1.
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Puc. 1. [Mpumep CTPYKTYPbI MOAEIN ONTUMU3ALNN TUNAXKa NPOAYKLNNA.

2. COBEPLLEHCTBOBAHME
KOHCTPYKL AU

n CO30AHUE HOBbIX TUIMNOB
SNIEKTPOJTIOMUWHECL EHTHbIX
MHAOUKATOPOB

OmHUM 13 MPUOPUTETHBIX HATpaBICHUI
B Pa3IMIHBIX ITPOTPaMMax SHEProcOepeKeHUST
SIBJISIETCS] BHEIPEHME YCTPOMCTB, 00JIaatoIIMX
0oJiee BBICOKMM K.I1.II. TUIIMYHBIN TIpUMep
M3 00JIaCTU CBETOTEXHUKM — 3aMeHa JIaMIT
HaKaJIMBaHUsI Ha Ta30pa3psiIHble JIOMUHEC-
LICHTHEIE.

OnHaKo Mepexo/ K yCTpocTBaM, KOTOPhIe
paboTaloT Ha MHBIX (PU3MYECKUX TPUHITUTIAX,
3a4acTyI0 COITPOBOXIACTCSI HEOOXOIMMOCTBIO
yuéTa paHee HEM3BECTHBIX (DAKTOPOB: MEHSI -
FOTCSI CIIEKTpaJIbHbIE XapaKTePUCTUKKM OCBE-
TUTEJICH, TapaMeTpbl KWHETUKW X CBEUCHUST
(MOXET BO3HUKHYTh «<MEPIIaHNE» , YBEITMINTh-
Csl BpeMsI pa3ropaHus W T.JI.), CTAHOBSTCS
JIPYTUMU TabapUTHI, TTOSIBIISIETCS TIOTPEOHOCTh
B CITeIIMaJIM3MPOBAHHBIX OJ0KaX MUTAHUSI.
MMeHHO M03TOMY KaXKIblii M3 TUTIOB CBETO-
M3TydaTesei (JJTaMI HaKaJMuBaHMSI, TIOMUHEC -
IIEHTHBIX Ta30pa3psIIHBIX dHEeprocoeperaro-
IIUX, CBETOIUOIHBIX U 3JEKTPOJTIOMUHEC -
IIEHTHBIX Ha OCHOBE MTOPOIIKOBBIX IIMHKCYJTb-
(UIHBIX 2JIEKTPOJIOMUHO(GOPOB) UMEET KakK
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JIIOCTOMHCTBA, TaK U HeHOCTaTKU (00 3TOM
rOBOpPUJIOCH, HAaMmpuMep, B padote [3], rae
MPUBEEHBI Pe3yIbTaThl M3MEPEHU OCHOB-
HBIX MTApaMEeTPOB TIEPEUNCICHHBIX NCTOYHM -
KOB CBETa).

B Teuenue psnga ner Ha Kadeape pusuku
YHUBEPCUTETA TIPOBOASTCS MCCIEIOBAHMUS,
CBsI3aHHbBIE C COBEPIIIEHCTBOBAHUEM BJIEKTPO-
JIIOMUHECLEHTHBIX KOoHAeHcaTopoB (DJIK),
B KOTOPBIX TOHKAs TUIEHKA (TOJIIIIMHOI 0OKOJIO
1 MKM) UM caoii (TOJIIMHONA B HECKOJIbKO
JIECSITKOB MUKPOMETPOB) ITOPOIITKOOOPa3HOTO
ZnS-moMuHOMOpa pacroiaraloTcs Mexmuy
3JIEKTpOJaMU KOHJeHcaTopa (IOMyCTUM,
IUTIOCKOTO), OJIMH U3 3JIEKTPOJOB KOTOPOTO —
po3pauHblii. Duznueckre MpUHIUITBI pado-
THI TAKMX KOHJIEHCATOPOB OIMMCAHBI, B YacCT-
HOCTH, B [4]. Bo30yxneHre cBeUeHUsT MOXKET
OCYIIECTBIIAThCS MaJIOrabapuUTHBIMU (pa3me-
pamu He 0oJjiee CIIMYEeYHOro KOpoOKa) reHe-
paTopaMu MepeMEeHHOTO HaIIPSIKEHUSI, TTATa -
IOIIMMMUCS OT OOBIYHBIX OaTapeek.

B xoie mpoBeAEHHBIX MCCIIEMOBAHUN yaa-
JIOCh TOOUTBCST ONPENEICHHOTO YIYYIIeHUs
KOHCTPYKIIMM W TTapaMeTPOB CBEYCHUS T10-
JIOOHBIX YcTpoicTB. Tak, ObLIM pazpaboTaHbl
DJIK, Bo30y:kaaeMble He OObIYHBIM ITepEMEH-
HBIM, a BpallaloIIMMCs 3JIEKTPUISCKUM I10-

AnTtuneHko B. C., KokuH C. M., JlanywkuH H. H., HukuteHko B. A. TeopeTnyeckasa ¢usnka B kadpeapanbHbIX
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Ta0imuna 1

Tun rudkoro DJIK Spkocts, Ki/m? | HanpsokeHue Yacrora, kIit
nuTtaHusi, B

HuTb KOoakcuanabHOrO TUIA 40 110 1

JleHTa — cucTema mapaijieIbHbIX TPOBOIOB 10 500 5

JleHTa — cucTema nMpoBOIOB, Bo30yXkaaeMasi Bpaiaro- | 35 250 1

IIUMCS DJIEKTPUYECKUM TTOJIEM

TuOKuMii TMCT HA MOJIUMEPHOI MOTOXKE 110 110 1

JleHTa Ha MOJIMMEPHOM MOIIOXKE 35 200 1

JieM [5], 4TO MO3BOJMJIO TTIOBLICUTH SIPKOCTh
CBEUCHUS U YBEJIMUYUTH CPOK CIIY>KOBI CBETO-
U3JIyJaTeei.

CoBpemeHHbie DJIK mpumeHsiorcsa
B OCHOBHOM B CJICITYIOIIMX 00J1aCTsIX:

a) co3maHue MIOCKUX (B TOM YUCIIe THh-
KHMX) U3JydaTejeii — paBHOMEPHO CBETSI-
IIUXCS «JIUCTOB» (Hampumep, hopMaToB A4,
A3) o5l MOACBETKM XUAKOKpUCTAIINYE-
CKMX 3KpPaHOB, U3rOTOBJICHUS IEKOPATUB-
HBIX TAaHHO, CO3AaHMUS PeKJIaMHOM MPOayK-
YU U T.1.;

0) ¢hopMurpoBaHUE THOKUX MPOTSKEHHBIX
(B BUIE JIGHT, HUTE1) CBeTOM3IyJaTeaeii st
TPaCCUPOBKM IMyTeli ClIeIOBaHUS (HaIIpuMep,
yKa3zaHMsI MapIipyTa SBaKyallud K aBapuii-
HBIM BBIXOJAaM), OTAEJKHA TPAHCIOPTHBIX
CpencTB (B TOM UKCJIe CAJIOHOB MU Ky30BOB
aBTOMOOMJIET), cO3MaHUusI apT-00bEKTOB,
o(OopMIICHUS OJeXAbl, OOYBU, IIKOJbHBIX
paHIIEB U T.1.;

B) CO3IaHKE aKTUBHBIX CBETOM3TYJAIOIINX
MaTPUYHBIX 3KPaHOB (MPEXIe BCEro — Tele-
BU3MOHHBIX) HA OCHOBE OPTaHUYECKUX JICK-
TPOJIOMMHECLIEHTHBIX MaTepHajaoB (organic
light emitted diods — OLED).

HexoTtopsie mapamMeTpbl pa3HBIX TUIIOB
ruoxkux DJIK (1o tTaHHBIM HAIITMX U3MEPEHMUI )
MpUBeAeHbI B Ta0aUIIE 1.

OIHUM U3 JOCTOMHCTB T'MOKMX 3JEKTPO-
JIIOMUHECLIEHTHBIX KOHACHCATOPOB OCTAETCS
BO3MOXKHOCTb MX UCITOJIb30BaHUs B KAUECTBE
3JIEMEHTOB CBOEOOPA3HOTO «KOHCTPYKTOPA»,
pabotasi ¢ KOTOpPBIM, aBTOp caM (POpMHUpYET
CBETSILINICS KOHTYP U 3aTeM 3aKPEeTUIsieT ero
Ha KakKoii-1100 MOBEPXHOCTH, K TIpUMeEDY,
C TTIOMOIIBIO JIUIIKOTO CJI0sSI, HAHOCHUMOTO
Ha HeMPO3pavyHYyIo MOBEPXHOCTh U3TyJaTess.
CBou nipenmyiiecTBa umetot u DJIK Ha xxéct-
KOIl OCHOBE: JDOIYCTUM, CBETOU3JIydyaTen
Ha METANTMYECKUX MOIJOXKAX CO CBS3YIO-
UM — CTEKJIODMAaJIbI0 — XapaKTepU3YIOTCs
BBICOKOI ITPOYHOCTBIO, CTOMKOCTBIO K MEXa-
HUYECKMM BO3ACHCTBUSIM, U TIPA 3TOM MOTYT
OBITH yXXe M3HavyaJlbHO cC(POpMUPOBaAHBI
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Ha TUTaCTMHAX-3JIeKTPOIaX, MMEIOIIMX 3adaH-
HYyI0 (hOpMY.

Manas nmorpeo6sieMast MOIITHOCTD (MUJLTH-
BaTThl HA KBaIpaTHbIN CAHTUMETP) U YCTOM -
YUBOCTh K MEXaHUYECKUM BO3ACHCTBUIM
(Hampumep, BUOpALIMSIM) OKa3aJIuCh MIPUBJIE-
KaTeJIbHBIMU JUTSI UCTIOb30BaHUSI MTOTOOHBIX
YCTPOMCTB B Ka4eCTBE 3JIEMEHTOB CHUCTEM
oToOpaxkeHus1 nHGopmauuu (Ha BOZTHOM
TpaHCIIOPTE, B aBUALIMU, JIEMEHTaX KOCMHU-
YeCKOM TeXHUKM). Tak, TOHKOTUIEHOUHbBIE
3JICKTPOJIOMUHECILIEHTHBIE TA0JIO OB CMOH-
TUPOBAHBI B KOCMUYECKUX KOPaOIsIX cepuu
«aTtn», nopowmkosbie DJIK nmpumeHsanuch
B cHCTeMax 0TOOpaXkeHUs ”HDOPMaLIUM MyJTb-
TOB BOEHHBIX CAMOJIETOB, a CBETSIIIASICS JICH-
Ta OPUTOAMIACH IJIsl aBAPUMHOM IOICBETKU
MaccaXXMpcKOro cajoHa HEKOTOPBIX TUITOB
camonéra Boeing.

MpbI moyiaraeM, 4TO CYIIECTBYIOIIMIA OTTBIT
UCroab30oBaHus mopoinkoBbix DJIK BrionHe
MOJIE3¢H M IJISI CUCTEM OCBEIIEHUSI HOBBIX
TUITOB MACCAXXUPCKUX BaroHoB (mpu odop-
MJICHUUM MHTEPbepa, CO3TaHUN HOYHOM MO -
CBETKM B KyIl€, aBApUUHOU MHIAMKALUU
U T.0.).

3. YTOYHEHUE TEOPUUN KOHTAKTA
KOJIEC U PEJIbCOB

C cepenunbl 1970-x rogoB Ha Kadenpe
BEIETCSI U3YUEHHUE ITPOLIECCOB, BOZHUKAIOIINX
IIpY KOHTaKTe KoJjeca u peibca. OT TOro,
KaKOB XapaKTep B3aUMOJEUCTBUS 3TUX 00b-
€KTOB, 3aBUCHUT B TOM YHMCJIC U CUJIA TSTH JIO-
KOMOTHBA, ITIO3TOMY MCCJIeIoBaHUe (hU3uUe-
CKUX SIBJICHUI B 30HE KOHTAKTa BCeria UMeeT
HETOCPEICTBEHHBII MPAaKTUIECKUI1 BHIXOI.

PesyabraToM 00pabOTKM OOJIBIIIOTO Mac-
CHBa BKCIIEPUMEHTAJIbHBIX TaHHBIX SIBUJIACH
MOJIC/Ib B3aMMOJICCTBUS KoJjieca U peibca,
B KOTOPOI CUJIa CLICTIICHUSI pacCMaTpUBaeTCsI
KaK CHJIa pa3pylLIeHNs «3aXBaTOB», BOSHUKA-
IOIIMX B MPOLIECCE CKOJIBXEHUST — (hU3nde-
CKOTO B3aMMOJICHCTBUSI MEXIY aTOMaMM KO-
Jieca U pejibca B YCJIOBUSIX HOPMaJIbHOTO
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U TaHTeHUUualbHOTo Bo3aelicTBus. Camo
CKOJIbXEHUE — CAEACTBUE TPAHCISLIMOHHOTO
IJIACTUYECKOTO TeUEHUsI TOBEPXHOCTH peibca
B IISITHE KOHTAKTa, BBI3BAHHOTO BBHIXOIOM
Ha He€ auciaokanuii. I[Tpu aToM sHeprust ak-
TUBALIMU MTPOLIECCOB MEXY aTOMaMU peJibca
U KOJieca OKa3bIBaeTCsl Ha MOPSIAOK MEHbIIIE
3araca dHepruv B MOMEHT BbIXOJa AMCJIOKA-
LIMY Ha TOBEPXHOCTh. YeM O0JIblie TaK1uX MeCT
BBIXOJ/1a, TEM BbILIE CHJIa CLIETIJIEHUSI, OTHAKO
0oNbIIMM OYIET U TPAHCISILIMOHHOE T1aCTH-
YECKOE TeYCHUE: YBEIMUYNBACTCS CKOJIbXEHUE
KoJieca Mo pejibcy. B cBs3M ¢ 3TUM cylecT-
BEHHOUW CTAHOBUTCS pOJIb 3aTrpsI3HEHUI
1 OKHCHBIX TUIEHOK, BO3ZHMKAIOIIMX Ha T10-
BEPXHOCTHU METalIa.

B pamkax M3/mOKeHHBIX IPEACTaBICHUI
0 u3nUecKux mpoleccax, MpoTeKaroux
B 00JIaCTU KOHTaKTa KOJECO—PEJIbC, ObLIU
IMOJIyYeHBI MaTeMaTUUeCcKUe BBIpakKeHUS,
KOTOpbIE MO3BOJISIOT PACCUUTATh CUIIY Clie-
IUTCHUS 71T TOKOMOTHBOB C Pa3IMYHBIM TH -
IOM TSTOBBIX 3JIEKTPOABUTATEICH, MOCIEN0-
BaTeJIbHOW U HE3aBUCUMOM cucTeMaMU BO3-
OoyxneHus [6]. PazpaboraHa mporpamma
pacdeTa BEJIWYUHBI CKOJBXCHUS W CHJIBI
CLICTUIEHUS KoJieca C PeJIbCOM, Jaroliasi BO3-
MOXKHOCTb MOJIEJIMPOBATh ITPOLIECC IBUXKEHUS
KoJieca JJOKOMOTHMBA MO PEIbCY B PA3IUYHBIX
pexXuMax TATH U TopMoxXeHusT. OTaeTbHBII
WHTEpeC MPEeACTaBISIOT pe3yIbTaThl MOJAEIN-
pOBaHUS, CBSI3aHHBIC C BOSHUKAIOIIMU IIPU
TOPMOXEHUN BEPTUKAIBHBIMU KOJIEOAHUSIMU
TEJICKKH JIOKOMOTHBA Y KPYTUILHBIMU KOJIe-
0aHUSIMU B €ro TSITOBOM Iepenaye, a TakxKe
co3IaHHas (U LIMPOKO UCTOJIb3yeMasi) METO-
JMKa pacyeTa TeMIlepaTypbl MOBEPXHOCTU
pejibca 1 KoJjieca JOKOMOTUBA Ha KOHTAKTHOM
TUTOLIAKE.

ITpennoxeHHbIN! MOAXOI TO3BOJIWI OoJiee
TOYHO OLIEHUTb CLIeTTHbIE CBOMCTBA HA CTaIM U
MPOEKTUPOBAHUS TJOKOMOTHBA C PA3TUYHBIMU
TUIIAMH TSITOBBIX ABUTATEIICH, CPABHUTH POJIU
2JIEKTPOMArHUTHBIX, JEKTPOMEXaHUYECKUX
1 MeXaHUYECKMX MPOLECCOB, MPOTEKAIIINX
OJHOBPEMEHHO KaK B CUJIOBOI YacTH JIOKO-
MOTHBA, TaK M HEIOCPEICTBEHHO B IISITHE
KOHTaKTa KoJjieca C PeIbCOM, MPU OOBbIUHBIX
1 TIOBBIIIEHHBIX OCEBBIX HAarpy3Kax.

* *k %

TakuM 06pa3oM, MOXHO OTMETHUTh, UTO
MpUKIagHbIE UCCIEAOBAHMS, XapaKTepHbIE
IUJISI TPAHCIIOPTHOTO By3a, MMEIOT KyJa 00-
Jiee 3aMEeTHYI0 CBsI3b C TEOPETUUYECKOl
(GU3UKOI, YyeM 3TO MOXXHO moJarath. Ile-
peYMcCJieHHble HalpaBJeHUS SIBISIOTCS
JIMIIb IPUMEPaMU, B KOTOPBIX MEXKAMCIIU-
NJAMHapHOEe B3aMMoOjaelicTBUE Haubolee
3aMETHO, UrpaeT BeAyIIYyI0 pOJb B KOM-
MJIEKCHOM UCCIeI0BaHUHU, TPeOyeT MHOTO-
JIeTHEW U TocjegoBaTeIbHON pPabOTHI.
YacTHble ke (pu3nyeckue 3agauyv Ha OCHO-
BE YK€ OTpabOTaHHBIX, CTABIIUX TUTTOBBIMU
METOJOB pelIaloTCs MPakKTUUYECKU BO BCEX
chepax TpaHCIIOPTHOM NEesATEAbHOCTH.

B 1mesioM 3TO TOJBKO MOATBEPXKIAET
MHOTOJIETHUI OIIBIT, TOKa3bIBAOILIMUIA, YTO
¢du3rKa B TPaHCIIOPTHOM BYy3€ BCeraa ocTa-
€TCSI CUCTEMHBIM 3JIEMEHTOM KaK 151 y4eo-
Horo mpoiuecca [7], TaK U AJs1 HAayYHbBIX
UCCJIENIOBAHUMA.
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ABSTRACT

The article reviews researches, conducted by the
department of physics of Moscow State University of
Railway Engineering (MIIT), the results of which can
be used or are being used in the transport sector,
namely with regard to: 1) development of optimization
models regarding types of trucks; 2) improving design

and creation of new types of electroluminescent indi-
cators; 3) refinement of wheel-rail contact theory.
General conclusion proposed by the authors and
concerning practices of rail related studies is that
physics plays one of the mostimportant roles in teach-
ing and learning processes, as well as in conducting
a wide range of researches in a transport university.

Keywords: transport, car, railway, aviation, stochastic model, algorithm, type, energy saving, lighting,
electroluminescent light sources, wheel-to-rail adhesion

Background. Transport topics take leading posi-
tions in research programs of the department of
physics of Moscow State University of Railway Engi-
neering (MIIT). Some of them, such as development
of spectrometric methods of quality control of goods
in multimodal transportation have already been high-
lighted in the journal «World of Transport and Trans-
portation» [1]. In this case, an attempt is made to
generalize the results of individual studies, which
entered the level of finished practical solutions: opti-
mization model of types of automotive vehicles;
electroluminescent indicators for use in transport
facilities and, finally, applied modeling of wheel-rail
contact on main line railways.

Objective. The objective of the authors is to pres-
ent results of some studies, conducted at the depart-
ment of physics and to substantiate the role of per-
formance of the physics department for the univer-
sity educational and research activities.

Methods. The authors use general scientific and
engineering methods, simulation, modeling, com-
parative analysis.

Results.

1. Development of optimization models of
types of trucks

In industrial production there is a need to produce
the same products but with different parameter va-
lues. This applies, for example, to trucks of different
carrying capacity, various modifications of tractors
and wagons, units, assemblies and parts for them,
sets of electric capacity of batteries and launch sys-
tems for transport vehicles, motors and much more.
Automotive building is integrating industry, type of
trucks is designed for 20-30 years of use. This factor
is taken into account in the transport strategy for the
period until 2030 (Decree of the Government of the
Russian Federation of November 22, 2008 N° 1734-p)
in the form of plans for R & D for trucks and develop-
ment of an appropriate industrial base.

Despite the fairly wide range of produced cars,
because of the similarity of their functional purpose,
and uniformity of many possible junctions coordi-
nated optimal control of parameter values of the
totality of automotive products is possible. Optimiza-
tion parameters being ordered in increasing order of
importance form standard series, which can be
subjected to mathematical analysis to solve a given
problem.

The basis of this analysis is an array of information
related to:

— Description of requirements for the product
(on the basis of its official purpose), as well as tech-
nological processes and conditions of manufacture
of the same products,

— Results of market research aimed at improving
the competitiveness of products by reducing the
terms of their design, increasing series and reducing
the number of changeovers in production.

The result of the analysis was the selection of
multiple classes of mathematical models and methods
of automation of optimal control over parameter
values of engineering products, describing the kinds
of connections of input parameters (volume of works
carried out by products, range of required products,
their technical and economic characteristics) with
output parameters (predicted values of parametric
series, economic indicators of series, production
volume). The models take into account the amount of
information about management facilities, types of
their contact interactions with each other and with the
environment by defining a database and a set of
functionals, reflecting both economic and technical
backward and forward linkages.

Within the models [2] types of vehicles are con-
sidered as a set of non-autonomous control systems
described by nonlinear nonconvex stochastic func-
tionals and being under random external influences.
Current information (required values) are chosen
according to the law of random numbers from an ar-
ray of data, control actions are required values of
parametric series, and responses are target func-
tional values. Application of information technology
methods and automatic control theory allows to
perform algorithmization and automation of manage-
ment processes of values of optimized stochastic
static and dynamic single and multi-parameter series
of products designed systems.

On the basis of this approach, using methods of
stochastic approximation, in particular, were offered
optimum parametric rows of products of tractor con-
struction and type of trucks, range and module of
batteries for construction equipment designed and
approved by the automotive departments [2].

Example of structural optimization model of type
of the products is shown in Pic. 1.

2. Improving design and development of new
types of electroluminescent indicators

One of the priorities of various energy-saving
programs is implementation of devices with higher
efficiency. A typical example from the field of lighting
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is replacing incandescent light bulbs with fluorescent
discharge lamps.

However, the transition to devices that work on
other physical principles, is often accompanied by a
need to account previously unknown factors: change
spectral characteristics of lighters, parameters of
kinetics of their luminescence (may occur «flickering»,
increased run-up time, etc.), dimensions change,
there is a need for specialized power supply. That is
why each of the types of light emitters (incandescent
lamps, fluorescent gas discharge energy-saving
lamps, LED and electroluminescent lamps based on
powder excitation of zinc sulfide electroluminescent
materials) has both advantages and disadvantages
(as mentioned, for example, in [3], which shows the
results of measurements of the basic parameters of
listed light sources).

Over the years, the department of physics of the
University has conducted research related to improv-
ing the electroluminescent capacitor (hereinafter —
ELC), in which a thin film (thickness of about 1 um) or
layer (thickness of a few tens of micrometers) of
powdered ZnS-phosphor are located between
electrodes of the capacitor (for example, flat), one of
the electrodes is transparent. Physical principles of
operation of such capacitors are described in, inter
alia, in [4]. Excitation of luminescence can be per-
formed by small-size (no larger than a matchbox)
variable voltage generator, powered by conventional
batteries.

In the course of the survey some design improve-
ments and emission parameters of such devices were
made. For example, ELC was developed, excited not
by ordinary variables, but by rotating electric field [5],
which made it possible to increase the brightness and
increase the lifetime of light emitters.

Modern ELC are used mainly in the following
areas:

a) creation of flat (including a flexible) emitters —
uniformly glowing «sheets» (e.g. A4, A3) to illuminate
LCD screens, making decorative panels, creating
advertising products, etc .;

b) forming flexible extended (in the form of tapes,
threads) light emitters for route tracing (for example,
indicate an escape route to emergency exits), finishing
of vehicles (including cabin or car body), creating art
objects, designing clothes, shoes, school bags, etc.;
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c) creation of active matrix light-emitting screens
(especially — television) based on organic electrolu-
minescent materials (organic light emitted diods —
OLED).

Some parameters of various types of flexible ELC
(according to our measurements) are givenin Table 1.

One ofthe advantages of flexible electrolumines-
cent capacitors is the possibility of their use as ele-
ments of a kind of «constructors», working with which
the author himself creates luminous outline, and then
fixes it on a surface, for example, using an adhesive
layer applied to the opaque surface of the radiator.
ELC on hard basis have also certain advantages — for
example, light emitters on metal substrates with a
binder-vitreous are characterized by high strength
and resistance to mechanical stress, and thus may be
already initially formed on the electrode plates having
a predetermined shape.

Low power consumption ( milliwatts per square
centimeter), and resistance to mechanical stress
(e.q., vibration) proved to be attractive to use such
devices as elements of information display systems
(water transport, aviation, space-based technology
elements). Thus, the thin-film electroluminescent
displays were installed in the spacecraft series
«Shuttle», powder ELC were used in the systems of
information display of panels of military aircraft and
luminous tape came useful foremergency illumination
of the passenger compartment of some types of
aircraft Boeing.

We believe that the existing experience with pow-
der ELC is very useful for lighting systems of new types
of passenger cars (in the interior design, creating a
night lighting in the compartment, alarm indication,
etc.).

3. Refinement of wheel-rail contact theory

Since the mid-1970s at the department the pro-
cesses have been studied that occur in the contact of
wheel and rail. The nature of interaction between
these objects affects locomotive traction, so the study
of physical phenomena in the contact area always has
a direct practical way.

The result of processing large array of experi-
mental data was the model of interaction between
wheel and rail, in which the adhesive force is seen
as a force of destruction of «captures» that arise in
the process of sliding — physical interaction bet-
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Table 1

Type of flexible ELC Brightness, cd/m? | Source voltage, V | Frequency,
kHz

Thread coaxial 40 110 1

Tape — a system of parallel wires 10 500 5

Tape — a system of wires, excited by a rotating electric 35 250 1

field

A flexible sheet on a polymer substrate 110 110 1

Tape on a polymer substrate 35 200 1

ween atoms of wheel and rail during normal and
tangential impact. Sliding is a consequence of
translational plastic yielding of rail surface in the
contact caused by the output on her dislocations.
The energy of activation of processes between
atoms of rail and wheel is one order less than the
reserves of energy at the time of output of the dis-
location to the surface. The higher is the number of
these places of output, the higher is adhesive
power, but the higher will be also translational plas-
tic yielding: sliding of wheel on the rail increases.
Therefore the role of impurities and oxide films
emerging on the surface of the metal becomes
important.

As part of the set of ideas about physical pro-
cesses occurring in the wheel-rail contact were
obtained mathematical expressions that allow
calculating adhesion power for locomotives with
various types of traction motors, consistent and
independent excitation systems [6]. A program for
calculating the value of sliding and adhesion power
of wheel and rail, makes it possible to simulate the
process of movement of wheels of the locomotive
on the rail in various modes of traction and braking.
Of particular interest are the results of the simula-
tion associated with emerging at braking vertical
oscillations of locomotive bogie and torsional vibra-
tions in its traction transfer as well as created (and
widely used) method for calculating the tempera-
ture of the surface of rail and wheels of the locomo-
tive on the contact pad.

The proposed approach allows for a more accu-
rate assessment of adhesion features at the design
stage of the locomotive with various types of traction
motors, to compare the role of electromagnetic,
electromechanical and mechanical processes occur-
ring simultaneously in the power part of the locomo-
tive, as well as directly in the contact wheel and rail,
under normal and high axial loads.

Conclusion. Hence itis possible to underline that
applied researches, characteristic of a transport
university, have more distinctive relationship with
theoretical physics that could have been supposed.
The topics mentioned above are only few examples
where interdisciplinary interaction is more visible,
plays leading role in complex studies, and/or requires
lasting years-long research activities. But single-task

physics problems are solved daily in all spheres of
transport-related fields on the basis of previously
developed, standard techniques and methods.

This arguments taken on the whole confirm long-
dated experience and practices, proving that physics
is a system element in a transport university, equally
for education process [see, e.g. 7], as well as for
research.
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