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B pe2yneTaTe pacyeToB METOOM KOHEYHEIX 3IEMEHTOB MOTYyYEHB! 3HAYEHHA YKBUBAJIEHTHBIX HAMpS-
JKeHuit 1 AedopMaLiii s KOHCTPYKIHHN KOJ¢ca, YCTaHORIEGHO, TO K HAWOONEe HarpyxeHHOH obactu
OTHOCHTCA OOGNAcTh KONECHOro AHCKa BOAM3M CTYNHLB! KOJISCA ¢ BHEIIHEH CTOPOHBI, B KOTOPOii B 3KCILTY-
aTAUMH BO3HMKAIOT TPELUMHEL, MpHBOAALMe K HatoMy. [lomydeHo, wro npu Ys < 130 xH cratnyeckas
NPOYHOCTE KO/IeCHOro LeHTpa u3 ctanu 20J1 ofecneueHa ans npeaenbHOro 3HaYeHuR kod(puuyenTa 3a-
naca, pasHoro 1,3. B To xe Bpema npu papeHcTBe K03(duumerra 1,4 nonmyunm sHauenue Ys < 122 kH,
CONOCTABHMOE C PE3YJILTaTAMH HCITBITaHHIA,

Takum o6pazom, s obecneveHud TpebyeMoro kos>dpduienTa 3anaca cTaTHYECKkOH NPOYHOCTH OOKO-
BO€ YcUJIHe Ha rpebeHb Ganmaxka koneca MaHeRpoBoro Tervoeosa UM33 momwkHo 6wiTe He Gonee 122 kH,
YTO JUIA PACCMOTPEHHOTO CTyuas ABIDKECHHS 3KBHBANCHTHO ToNMIIMHe rpeOHA He Gonee 32 mM. B To xe
BpemaA Aa obecreyeHHs TpebyeMoro 3amaca yCTOHYHBOCTM OT CXOfa Kojeca C peibca TONMHHA rpeCHA
KOJleC MaHEeBPOBOTO TelUoBo3a ceprr UMI3 1o/mKHa HAXOAHTECA B peaenax ot 25 ao 30 mM. Hekmove-
HHEM ABJAIOTCH 2-9 H 5-1 KONECHEIE IapEHl, Ui KOTOPBIX ONAcHOH B DKCINTyaTallMH SABJSETCS TONIHHA
rpefHA MeHee 23 MM.

VIK 656.2.08:658.3

IMOBBIMEHANE FE3ONACHOCTH 3KCILTIYATATIMN MOABIDKHOI'O COCTABA
IYTEM BHEAPEHHS KOHTPOJSA YPOBHA MPO®ECCHOHAJNIBHON HAAEXHOCTH
PABOTHHKOB JIOKOMOTHBHBIX BPHI'AJ]

B. I FPYCEHIJOB, B. I’ IIV3bIPh, O. B. BPYCEHIOB
Yrpauncruii 2ocyoapemeentitii yHUSEpCUMem JCeREsHOO0POICHOZ0 MPAHCnopma, 2. Xapbkos

BesomacHOCTE TPaHCHOPTHOTO NpoLiecca — TPaAULMOHHO BaKHEHINAA 3aaya KeNeIHONOPOKHOIO
TPaHCHOPTA, KOTOPas MOXET H JOJDKHA PEIlaTeCs Ha CHCTEMHOM ypoeHe. Bymayuu MHorodakTopHoil, oHa
TpeOyeT MOCTOSHHOTO BHMMAHMA, Be/lb CTOMT YIMYCTHTh KaKOH-MHOO0 acneKT, Ha MepBLIH B3TNA/ MaNo3Ha-
YUMBIiA, H KOHeYHas Uenb — 6e30MacHoCTh — He OyaeT AOCTUTHYTA,

IIpu 3TOM, €cTECTBEHHO, NpHIAraeMble YCHIHA JOLKHB COOTBETCTBOBATE 3HAYUMOCTH aciiekra. Cero-
JHALIHHE peallHH Ha MarHcTPaNbHBIX XKeNe3HbIX Aoporax YkpauHbl (AO «YKp3aaH3HBIL») TaKOBBI, YTO
0e30MacHOCTE TPAHCTIOPTHOTO Mpotiecca Ha 80 % u Gonee onpenengerca «4enoBe4eckHM daktopom» [1].
VYuTEIBak, YTO MPUMEHAEMbIE TEXHHIECKHE CPEACTBa HMEIOT OYeHb BEICOKYIO CTeMeHb H3HOCA, JONEBOe
YHACTHS «HeNOBSHEcKoro (rakTopay B fanbHelineM Oynet Tonbko pactd. K sToMy mobarmngercd ycnmkHe-
HHe ycnoBUlt TpyJa, CBA3AHHOE ¢ MOBBILIEHHEM CKOPOCTH JABHIKEHHA.

Baxueiimeil cocTapngiomei «JeNOBEUSCKOTO (QakTopa» ABAAETCA YPOREHb NpOodeccHOHATBHOH
HAJIEXKHOCTH PabOTHHKOR IOKOMOTHEHEIX OpHrajl, NOCKOJIBKY OHH HEIOCPEACTEEHHO BIHAIOT Ha Gezorac-
HOCTh ABWKeHHA. ClicA0OBATeNbHO, 3TOT YPOBEHb JO/DKEH KOHTPOJHPOBATECS, YTO ONpERe/ieT aKTyalb-
HOCTB ero -obpexTBHOMN oueHKH [2]. Hanrdre TakoH OLieHKH NO3BOAAET PEILIMTE pAA 32434 HE OOMYCTHTH
K BHIMOJNIHEHUIO OTBETCTBEHHON HEATENIBHOCTH UE/IOBEKA ¢ HEJIOCTATOYHBIM HA JAHHBIH MOMEHT YPOBHEM
npodeccHoHANEHOH HAEKHOCTH, a TAKKE ITPOBOAWTE MOHUTOPHHT CYIICCTBYIOIIETO YPOBHA M KAXKIAOTO
paboTHHKA ¢ OnNpeAencHHEM ero AVHAMHKH M NIPOTHO3HMPOBaHHEM H3MeHeHHH. JTo Mo3BONHT He Aomyc-
KaTh CHIOKEHHA YPOBHA HIDKE NMOPOroBOro MyTeM KOPPEKTHPYIOIHX H BOCCTAHOBHTE/IBHBIX BO3ACHCTBUI,

[Monyvenne Tako#l OLCHKH 3aTPYAHEHO pAROM obcTosrenbeTs. [ToHATHE (TIpodeccHOHANIEHAS HANEK-
HOCTE» SBNAETCA CHCTEMHBIM H BKITIOYAET PAN MOACHCTEM: MEIHKO-OHOIOrHYECKYI0, ICHXO(U3HONOrHYe-
CKY10, KBATH(HKAIHOHHO-00Pa30BaTeNIbHYI0, MOPATTLHO-BOMIEBYIO H PyHKUHOHaNBHY10. TakuM obpasom,
€ MOXKHO TpEICTABHTL KaK B3aHMOOMNpPEASHEMOE COOTHOIICHHE PAa (DAKTOPOR, KOTOpOe MOXeET OBITh
BBIPOKEHO B BHAE MPOHIBEACHHS CTENCHHBIX OTHOUNIECHOB

C = Na YB Cy.
Orciopa cnefyer, YTO KOHSHHEBIA UHTETPAIbHEIN pe3yabTaT MOKHO MONYUHTE NP pa3IHuHON BapHa-

UHH €ro COCTABMAIOIIHX ITYTEM peaTH3allHH CNoCOOHOCTH K KOMIIEHCAIIMM HEZOCTATOTHOY YPOBHA QOHHX
COCTaB/MIIMMHX MOBBIIICHHBIM YOBHEM APYTHX. HpH IOMYUYSHHH MHTErPanbHOH OLIEHKH CIIOKHOCTE 34a-
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KTIOYaeTCs B TOM, YTO COCTABAIOILNE HMEKOT KAYECTBEHHEIC OTIMYHA H YacTO OTCYTCTBYIOT MX KONHYe-
CTBEHHEIE MOKA3ATE/H.

Beuid nIpoBeaeHsl HCCIEAOBAaHAS 110 MOTyUEHHIO TaKMX OLEHOK Ha NPHMEpe YPOBHS (PyHKIHOHATEHOH
HANEKHOCTH HeIOBEKA-OMEPATOpa, KOTOpas onpezenserca Kak cBoHCTBO GYHKUMOHAMBHBIX cHeTeM obec-
MEYHBATE €ro AUHAMHYECKYIO YCTOHYHBOCTE B UCTIONHEHHH Npo(ecCHOHANBHOMN 320a4i B TeUEHHEe OIpe-
AEIEHHOTO BPEMEeHH M ¢ 3aJaHHBIM KauecTeoM. Heo6xoaHMo yuMTsIBaTh, 4TO ($YHKUHOHANBHAA HamexK-
HOCTB COCTOMT H3 ABYX COCTABNAIONIMX C PARIMYHBIM BPEMEHHBIM MEPHONOM: AMHTENBHOH (6azoBoit) u
onepatHBHO#H (Teiyweti). bazoBad cOCTABIAIOIIAA OCTACTCA MOCTOAHHOM B TEUCHME JOCTATOMHO JIHTSIE-
HOTO MPOMEKYTKA BpeMeHH (MecqlB], ce30H), a TeKyllas ((pYHKIHOHAIBHOE COCTOSHHe) TIPOABIAETCS B
BHIE «ITHKOB», «CTIAJOBY», KIU1ATO» Ha NPOTAXKECHHH YacoB, HeH. TaknM oOpa3oM, HHTerpaJbHas OLEHKa
YpOBHA (DYHKLHOHANEHON HAagexKHOCTH ARNgeTcs KomOwHamwed xapakTepHcTHK 0a3oBoi U TeKywei ee
COCTABISIOMMX. MeleHHO MeHAIOIMECA B MPOLIECce HAKOTUIEHKA OIBITa NPodecCHOHANBHO BaXKHbIS Ka-
YECTRA OMPENCIAIOT HANA30H BapHAliiK (HYHKIHOHATBHOTO COCTOSHHA, MPOTEKAIOIIETo celyac U 6hIcTpo
H3MEHAIOIHErocs.

B kawecTBe MEUIEHHO M3MEHAIOLHXCA MAPaMETPOB PacCMATPHBAIOT, HPSKIE BCETo, HHONMOTHYCCKHI
BO3PACT M YPOBeHb 3M0POBbA. BakkHOCTH 3THX TIOKa3zaTenell onpeme/eTca HX BIHAHMEM Ha pabotocmo-
cOBHOCTE YeNOBeKa, 8 TAKoKe O0IUM YXYIUEHHeM UX COCTOAHUS Y HaceneHusA. Tak, YPOBCHE 3NOPOBLA B
3HAYMTEILHOH CTEMeHH ONpeAenseT YPOBeHb (YHKIHOHAIBHOH HANSKHOCTH YEIOBEKA-OTIepaTopa, ero
«3anac MPOYHOCTHY, BOIMMKHOCTD COXPAHATE ONTHMATEHOE ()YHKIMOHANEHOE COCTOSHAE, B TOM YHCHIE B
YCAMKHEHHBIX YCIOBUAX. YeM OH HHIKE, TeM BbILUE BEPOATHOCTD TOFO, YTO pabOTHUK OKAKETCA B COCTOA-
HHM NIOHIKEHHOTO YPOBHA (PYHKUHOHATBHOH HANEKHOCTH (YTOMMAEHHe, MpeadonesHb HH Jake GonesHb
A T. ). H3BeCTHO, YTO HM3KMIl yYposeHb MPOd)ecCHOHANBHOTO 3A0POBbA ABAAETCA MpH4HMHOH GobIIoro
yncna omubok onepatopa. Ha ceroasa coctosHue 3M0poBbA XKENSIHOMOPOKHEIX ONMEPATOPOB B YKpauHe
BBEITIS/THT JORONEHO TIECCHMHUCTHYHO, YTO HE YAUBHTENEHO HA (oHe obLIero CHIDKeHUA YPOBHS 2JI0POBEA
xkuTenedt crpansl [3]. PaGoTHHKHM ¢ HM3KHM YpOBHeM NokasaTenel ¢mimyeckoii paSorocnocoSHOCTH co-
CTABILSTIOT SHAYHTEIFHYIO YACTh KOHTHHTEHTA.,

BaXXHOCTh TAKOTO NOKAa3aTeNs, Kak «OGHONOTHYECKH BO3PACT», OTIPEOENACTCH eIIE U TEM, YTO CO CTa-
peHHeM QYHKUHOHANBHBIC BO3MOMHOCTH OPraHH3Ma CHIDKAIOTCR, M MHTErPaILHO paboTococobHOCTL op-
ranusMa yxxe k 40 ropaM yMeHBHIaeTc B CpeIHEM B TPU pasa [4]. AKTyanbHOCTE npobnembl BO3pacTaer U
H3-3a TOro, Y10 NpH o0lIeM cTapeHHH HaceleHHA HabmojaeTcs OYEeBHIHOE MOBBILIEHHE METPHYECKOTO
BO3pAacTa TPYAOBOTO KOHTHHIEHTA.

OYHKIHOHANEHOE COCTOSHAE TeIOBEKA-0MepaTopa SBIETCA BAKHEHIINM (akTopoM, onpeAcnaiouuM
ero NpodecCHOHANBHEYIC HATEKHOCTE. JTO NMOATBEPKAACTCA TEM, YTO HaPYLICHHE COCTOSHMA BJIEUET 33
coboii 10 50 % cmydaes HapyweHHii paboToCmOCOGHOCTH ONEPaTOPOB.

Taxkumu 00pa3oM, NPeAIaraeTca ONEPaTHRHYIO JHATHOCTHKY YPOBHA (YHKUMOHANGHOH HANe)KHOCTH
paGOTHHKOB JTOKOMOTUBHBIX OpHraj NMpOBOAMTE Ha OCHOBE OLEHKU Gosice MabuibHON cocraBnaromedi —
($YHKLMOHANBHONO COCTOAHMA, € YYETOM cTaryca obcrneayeMoro no AoAroBpeMeHHOH cocTapistoei [5].
IIpu 3TOM YeM 3TOT CTATYC HIDKS, TeM Dosnee skecTkHe TpeOOBAHHA AODKHEI MPEABIARIATHCA 1O PyHKIHO-
HaNLHOMY COCTOSHHIO, MOCKONBKY MBI HMEeM HEeNO ¢ HCXOAHO MEHBLIMM 3a11aC0M IPOYHOCTH.

JlonrorpeMeHHas COCTARNIAIOMIA MOXKET OBITh OCHOBOH I MOHHTOPHHIA CTaTyca paboTHHKA.

VpoBeHs oNlepaTHRHOH cocTaBnmouIei BO3MOKHO ONPeAeNHTh C TIpHMEHEeHHeM hopMysibl

Fz:iﬁfzf’
=

TAe z; — NCHXOPU3HONOTHUCCKHE NMApaMeTphl, XapaKTepH3YIOIHe YPOBeHb BHICHIEH HEpBHON AeATeNBHO-
cTH; [3; — BecOBEIEe KO3(MPHUILHEHTHI, ONPSACNAIOMINE 3HAUUMOCTD NOKasaTene z;.

Craryc 6a30B0ii cocTaBIAIOMEH MOXKHO ONPEHENATE ¢ MOMOLIBIO KIACTEPHOTO AHAJIM3A WM anapaTa
HUCKYCCTBEHHBIX HelipoHHbIX ceteli. Ha ocHoBe HelipoHHOM ceTH (ceTh ¢ 00paTHBLIM pacnpoCTpaHeHHEM
omnbku Ha 6aze OmHOCNOWHOTO nmepcenTpoHa) Obl1 paspadoTaH ApOrpaMMHBLIR NPOOYKT, NO3BOMAAOIUI
npoBOIMTE KnaccHpukanmo [6]. Takum sxe 06pasoM MOKHO NOTYIUTh HHTETPANBHYIC OLIEHKY YPOBHA
npoheCCHOHANIBHOR HATEAHOCTH pabOTHHKOB NTOKOMOTHBHBIX OpHrafl, YTO MO3BOIHT CYILUECTBEHHO CHH-
3UTH TIPOGNEMY «HeIOBeUecKOore akTopa» Ha XKEIE3HBIX AOPOrax W TEM CAMBIM NOBBICHTH 0e30macHOCTh
IKCINTYATALHM HOABHKHOTO COCTABA.
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TEXHOJIOI'HS HEIPEPBIBHOT'O MOHUTOPHHI'A ITOABHJKHOI'O COCTABA
HA OCHOBE JUCTAHITMOHHOI'O AKYCTHYECKOT'O 30HIUPOBAHNA

B. B. BVPYEHKOB, H. B. ACATYHH
Benropyccruii zocyoapcmeennuiii ynueepcumem mpancnopma, 2. Iomens

Jna pemreHns 2amaq no BHINOTHEHHIO TPeOOBaHHHA K MOBBILICHHIO §230NacHOCTH ABHXKCHHSA MOS3AOR C
OJTHOBPEMEHHEIM COKPAILIEHHEM JKCIUTYATAUHOHHBIX 3aTpaT HeoOX0oauMo npuMeHeHHe >ddeKTHBHBIX 1H-
POBEIX CHCTEM OMACHOCTHPOBAHHS B MOHHTOPHHIA TEXHUYECKOre COCTOAHNA MOIBHIKHOTO COCTABA HA OCHO-
B& HOBEHLUIMX TEXHONOTH, B3AUMOYRA3AHHEIX B IOKAIbHBIE KOMITBIOTEPHEIE CETH.

ABTOMaTHYECKOE H3MEPEHHE MAPAMETPOB KOJICCHEIX Tap MOABIKHOTO COCTABA HA XOMYy NOE3[a MOXeT
BBITIOJIHATRECA € MOMOIIBIO CHCTEMBI aBTOMATHUSCKOIO ofMepa konecHbIX nap Komnnexc-2, cucremsr obua-
pyeHus nedeKTOB Konec no MoBepXHOCTH Katauna LASCA, cHcTeMel aBTOMAaTHYECKOTO oOMepa Konéce
ACOK, xomiuexrca rexauueckux cpeacte KTCM-K. Ot cHcTeMBl H3MEPCHHA NMapaMeTpoB KONECHBIX Nap
PACnONAralTCs, B OCHOBHOM, Tepell MyHKTaMH TexHH4eckoro obcayxupanui IITO KpymMeIX ysimoBeX
CTaHIHIT M He 00eCneTHBAIOT HEMPEPLIBHBIA KOHTPOJE MOABIKHOTO COCTABA B MIPOLIECCE JIBIDKECHHA, UTO AB-
NAETCA CYIIECTREHHBIM HEAOCTATKOM YKA3aHHBIX CHCTEM.

B Hacrosiliee BpeMs KeJCSHBIE ROPOrM pama CTpaH YACAAKT NOBRIUCHHOC BHHMAHHE BHEAPCHHIO
TEXHOJIOTHH MOHMTOPHHIA, OCHOBAHHBIX HA PAcHpeNelleHHBIX BHPTYAIBHBIX AKYCTHUECKHX JATYHKAX B
onToBoAOKHE. B BONOKOHHO-OIITMYecKHil kabent NepeaaoTcs CEETOBBIE HMITYJIBCH BBHICOKOH 4acTOTEI €
MOCHEMYIONIEid OTIeHKOi OTpaXxeHHOro CUrHala. Ha nnHHy OTpaykeHHOH BOJTHEI OKAasBIBAET BAMAHHWE JIIO-
6as papyauys GUHYECKHUX WM MEXaHHYCCKHX MapaMeTpoB GpParroBCKoil pelieTkH. 3TO 3HaYuT, 4TO BO-
JOKCHHBIE pemIeTKH Bparra MOKHO HCIIONE30BATE W1 H3MEPeHHH TakxnX PH3HIECKHX BEJTMYHH, KaK JiaB-
JIeHHE, YCKOPCHHUE, CMeIieHHe H T. 1. IIpHMeHeHHe TeXHHUSCKHX pelleHuit Ha OCHOBE BOJIOKOHHOH Opar-
roeckoii pemerkd FBG (Fibre Bragg Grating) NoATBepANIO NPUHLUHITHANLHYIO NPHIOAHOCTE OMTOBOJIO-
KOHHBIX TEXHOJIOrHil /iA MOHHTOPHHTA TSXHHYECKOT® COCTOSHUSA MOABHKHOIO COCTABA.

TpyHUMN pacrIpedeNeHHOro akycTuueckoro 3onmupoeaHua DAS (Distributed Acoustic Sensing) oc-
HOBAaH HA BBEIABJNEHHM H3MCHCHHH B OTPAXEHHAX BRICOKOYACTOTHBIX CBETOBBIX CHIHAJMOB, MOCHUTAEMBIX B
xabenn nazepoM. 3TH U3MEHEHHA 0OYCAOBNEHEl BO3ASHCTBHEM Ha Kabellb BHEIIHUX aKyCTHYECKHX CHUrHA-
JIOB HM3KOM YacToTHl. [IpH 9TOM BONOKHO ¢axTHHEeCKH npeobpasyercs B HAOop BUPTYanbHBIX MHKpodo-
HOB, pasMeIIEHHBIX B kabenme. AMIUIHTYAa OTPAMKEHHOTO CHTHANA 3aBHCHT OT BPEMEHH, MPOMIENEro ¢
MOMEHTA OTTIPABKH CBETOBRIX HMITY/IECOB, YTO MO3BOAAET CHENATH BHIBOABI O QH3HYECKHX H3MEHEHUAX B
olpefie/IeHHHIX. YUACTKAX OMTHYSCKOrO BOJNOKHA M PACCTOAHMH OT Hauasna kabens Ao MecTa 3THX BO3acH-
CTBHI, OTH W3MeHeHHa o0YCIOBICHb! KOPIYCHBIM IIYMOM K dH3HTIecKMMH BHOpalHAME BOTH3H BOJIO-
KOHHO-ONTHYeckoro kabens. CrieuHanbHO paspaGoOTAHHBIC aATOPHIMBI NMO3BOIMIOT KIACCH(UIMPOBATH
MpUIMHBl H3MEHEHHH, OCHOBBIBAACH Ha BHUIEICHHH OOPaTHONO PaccesHHd H3 OTPaXXeHHOTO cHrHana. bna-
rOHaps 3TOMY H3MEPAEMEIC CHIHATYPsl MOTYT OBITh NpeodpasoBaHbl B MONESHYIC HHPOPMALMIC.

Ha ocHose Texuonoruu DAS  ¢upmoli Frauscher Sensortechnir GmbH (AUSTRIA) paspaGorana cu-
cTeMa akycTHdeckoro soHaupoeanus FAS (Frauscher Acoustic Sensing). CrpyktypHas cxema FAS cocto-
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