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AHHOTALIUA

Heab: Ha ocHOBaHWMH 3KCIIEPUMEHTAIBHBIX HCCICIOBAHUN KOJIICOAaHUW TpaMBaiHOTO BaroHa «BuTsazp-My,
BO3HHUKAIOIINX HA CKOPOCTsIX 50 KM/4 1 OoJiee, B MPSMBIX ydacTKaX IyTH ¢ pelibcaMu P65 Ha skene300e TOHHBIX
[Irnanax ONeHUTH BIMSHHUE MTONEPEYHBIX KOJIeOaHnii Ha 0€30IacHOCTh JBMYKEHUS U KOM(OPT naccaxupos. [1o-
Ka3aThb HECOOTBETCTBUE CYLIECTBYIOIIEH HOPMATUBHON JOKYMEHTALIMU IO YCTPOUCTBY U COACPKAHUIO TPaM-
BaHBIX MyTeH W XOJOBBIX YacCTEH TpaMBas MEPCHEKTHUBAM €ro pa3BUTHA. MeToabl: DKCIEepUMEHTANIbHbIC
M3MEpEeHHS BUOPOYCKOPEHUH Ky30Ba TPaMBaeB C XOAOBBIMH YacTSMH, HMCIOIUMH Pa3IMdHBIA TpoOer, mpu
JBIKCHUU T10 SKCIIEPUMEHTAIBHOMY YUACTKY IyTH. 3aMep U aHAJIU3 TEOMETPUUECKUX TapaMETPOB PEIbCOBOM
KOJIEH SKCIIEPUMEHTAIBHOTO Y4acTKa U TpaMBacB. Pe3yabTarbel: BEINONHEHB 3aMepbl BUOPOYCKOPEHUH, BO3-
HUKAIOIUX NPU ABMKEHUH TpaMBaeB co ckopocTsmu oT 20 10 50 kM/4, a Takke IPOBENICH aHATTN3 TeOMETPH-
YECKUX MapaMeTPOB PEIbCOBOI KOJIEH OMBITHOTO Y4acTKa U MPOo(HIIeii KoJieC MOABUKHOTO COCTaBa, Y4aCTBO-
BaBIIIETO B HCIBITAHUAX. BO BpeMs 3ae3/10B 3aMepsuTUCh BUOPOYCKOPEHHS, BOSHUKAIOIIUE MIPH IBHKCHUH, TI0
TPEM HaIpPaBICHUSIM — MPOJIOJIbHOE, IOTIEPEUYHOE U BepTUKaIbHOE. [IoATBEpKICHO MOSIBICHHUE MTONEPEUHBIX
KoJIieOaHUH Ky30Ba TpaMBasi, BIUSIONIMX HA JUCKOM(OPT maccaxupoB v O€30MacHOCTh ABMKeHUs. [lomyueHsl
CPEIHECKBAIpaTUYHbIE 3HAYCHUS aMILUIUTY/] BUOPOYCKOPEHUH B TpeX HAIIPaBICHUSIX B JIOJSIX YCKOPSHHS CBO-
0omHOTO TMasieHus (g) B IBYX BapHaHTaX — IPHU JBMKCHUU TEIICKKU MEXKITy CTHIKAMH U Ha CThIkax. YacTor-
HBII aHaJTN3 BUOPOYCKOPSHHI IMONTBEPIMIT PE3KHUI POCT aMILTUTY/IbI MIONIEPEYHBIX KOJICOAHNH HA 4acTOTax B
paitone 1-2 'y mpu ckopocTu 50 KM/4 y TpaMBas ¢ H3HOILIEHHBIMHU KoJiecaMu. OTMEUeHO COOTBETCTBHE TeoMe-
TPHUU PEIBCOBOM KOJEH HKCIIEPUMEHTAIBHOIO YYaCTKA MPUHATHIM HOPMATUBaM, a TAK)KE COOTBETCTBUE pa3Me-
POB KoJIeC MOABUKHOIO COCTaBa KOHCTPYKTOPCKOM nokymeHTanuu. [IpakTuyeckasi 3HaY4UMOCTh: BrisBieHa
HEOOXOAMMOCTh B JJAIBHEHIIIEM KOMILIEKCHOM UCCIICOBAaHUH B3aUMOCHCTBUS ITyTH U MOJBUXKHOTO COCTaBa
MIPU BHEAPEHUU CKOPOCTHOTO TPAMBasi C LIETBI0 COBEPIICHCTBOBAHUS CYIECTRYIOIINX HOPM IO YCTPOUCTBY U
COJICP>KaHUIO TPaMBAaMHBIX MMyTEH U XOJOBBIX YacTel TpamBasl.

KuroueBnie ciaoBa: TpamBaii, CKOPOCTHOH TpaMmBaii, BUOpAITHS TMTOIBIKHOTO COCTaBa, KOJICOAHMS TIOABUKHO-
TO COCTaBa, BUOPOYCKOpEHUE, aMIUTATY/Ia KOJIeOaHH.
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Puc. 1. TpamBaii «Butsa3s-M» B Cankr-IlerepOypre

OIHMM M3 OCHOBHBIX HAIPABICHUH pPa3BUTHS
TOPOZICKOTO PENBCOBOTO TPAHCTIOPTA ABJISETCS OBBI-
IIEHUE CKOPOCTEH ABMKEHUS U BHEJPEHHUE CKOPOCT-
Horo TpamBas. [Ipu 3ToM 0OHOBJIEHUE MOABUKHOTO
COCTaBa SBJIAETCS 3aKOHOMEPHBIM aTpUOYTOM pa3Bu-
tust. B Cankr-IletepOypre ¢ 2015 roma cranu moss-
JSAThCSA COBPEMEHHbIE TpamMBau «BUTA3b», MpU3BaH-
HbI€ 3HAYUTEIILHO MOBBICUTH YPOBEHb 0€30MACHOCTH
1 KoMdopTa ropoackoro tpancrnopra. OTIHINATENb-
HOM OCOOEHHOCTBIO ITUX TPaMBAeB SIBJIACTCS HU3-
KOIOJIbHAS. KOHCTPYKLMS, YIPOIIAMOWAs MOCAAKY
U BBICAJIKy MACCAXKUPOB, UTO OCOOEHHO BAXHO IS
MaJIOMOOMIIBbHBIX IPYIIN HACETECHHUS.

«Buts3py paspaboran u mpousBogutcs OO0
«IIK Tpancnopraele cuctembl» ¢ 2014 roma. Oto
COBpPEMEHHAsl MOJieNlb, B OCHOBE KOTOpOH Jiexkar
TEJNEKKH HOBOM KOHCTPYKLIMH, MO3BOJIMBIIME CO3-
JaTh HU3KOINOJBHBIM TpaMBail. TpeXCEKIMOHHBIN
TpaMBalHbI BArOH OMHUPAETCA HA TPU TATOBbBIE
JIByXOCHBIE TEJEKKH, KpalHHE U3 KOTOPBIX SBIIf-
I0TCS TTOBOPOTHBIMU. KOHCTPYKIIMOHHAS CKOPOCTb
COCTaBIISIeT 75 KM/4.

C 2019 rona B TpamBaitnom napke Ne 8 CI16 I'VII
«[OpaneKTpoTpaHey AKCILTYyaTHPYIOTCS MOJEPHU3HU-
poBanHble BaroHbl — 71-931M «Buta3b-M», cobpan-
HbIC U3 KOMIUICKTYIOIIMX Ha MOMIHOCTAX HeBckoro
3aBOJIa ANEKTPUIECKOTO TpaHcmopTa (puc. 1).

CII6 T'YII «lopanekTpoTpaHc», SKCILTyaTHpY-
IOIMM TpamBaiiHble BaroHsl «BuTsA3b», BbISBIECHA
3HAYMTENbHAsA pacKayKa 3KUIaxa IPpU BBICOKUX CKO-
pocTsx ABWxeHus. J[aHHOe omacHoe SIBJICHHE Mpo-
ABISAIOCH MpuMepHO mocne 80 Thic. kKM Tpobera y
TPaMBacB C HOBBHIMU KOJIECHBIMH TapaMH M TIOCIE
15-20 ThIC. KM — C OOTOYEHHBIMU KOJIECHBIMH
napamu.

JIns BbISBICHUS TPUYUH TIOABICHHS PACKAuKH
TpamBasi kadenpoit « CTpouTeNnbCTBO TOPOT TpaHC-
noptHoro komruiekcay [IT'YIIC Obuin mpoBeneHsI
OKCIIEPUMEHTAIbHBIE  HCCIEOBAHUSA  B3aUMOJICH-
CTBUSI IIyTH U TIOJIBUKHOTO COCTaBa.

B xoze paboThl BHITIOTHEHBI 3aMepPBl BUOPOYCKO-
pEeHuii, BOSHUKAIOMINX NPH JBHKEHUHU TpamBas CO
ckopoctsamu oT 20 mo 50 km/4, a TaKke MpOBEICH
aHAIU3 TEOMETPUUYECKUX MapaMeTpPOB PENbCOBOI
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Puc. 2. YcraHoBka JaTYUKOB B BaroHe

KOJIeW OTBITHOTO y4yacTka W mpoduieil Konec moj-
BIDKHOT'O COCTaBa, y4aCTBOBABLIETO B HCIIBITAHUSAX.

Jlnst ucnibitanuit TpamBaiiabiM napkom Ne 8 CII6
['VIT «lopanekrpoTpanc» ObLTM MPEIOCTABICHEI
7B WIECHTHYHBIC €IMHULBI IOJBMKHOTO COCTaBa
(TpamBaitieie  BaroHbl 71-931M  «Butsizpe-My),
OTJIMYAIOIINECs] TPOOEroM KONECHBIX Map: MEepBbIiA
TpaMBail C U3HOLIEHHBIMU KOJIECAMH M BTOPOH —
¢ HeztaBHO 00ToueHHbIMU. [Iporpammoit ucnsiTanuii
OBLIM MPETYCMOTPEHBI TI00YEPEIHBIE 3a€3/Ibl TPaM-
BAa€B 10 SKCIEPUMEHTAIbHOMY YYacTKy CO CKOpO-
cramu 20, 30, 40 u 50 kM/4. DKCHIEPUMEHTATBHBIH
y4acTOK — TpsAMas ¢ penbcamu P65 Ha xeneszo0e-
TOHHBIX IIMNajgax. Bo BpeMs 3ae30B 3aMepsUIUCh
BUOPOYCKOpPEHHs1, BO3HUKAIOIIHE P ABUKEHUH, TI0
TPEM HAINPaBICHUAM — IPOJOIBHOE, TONEPEUHOE
U BepTUKanbHOe. BUOpPOyCKOpeHUs H3MEpsUIUCh C
noMmonipio Tpex akcenepomerpoB PCB Piezotronics
393B04, pacronoxeHHbIX B3aUMHO OPTOTOHAJIBHO.
AxcenepomMeTpsl, pa3MelIeHHbIE Ha KECTKOM 0ase,
YCTaHABJIMBAJIKMCH HA OJI BarOHA B 30HE TEPEIHEH,
CpeiHel U 3aJHel TeNeKeK COOTBETCTBEHHO (pHC. 2).
Perucrpauus curHaioB akcenepoMeTpOB OCYIIECT-

BISUIACH 4YEpe3 U3MEPHUTETbHO-BHIUMCIUTEIbHBIN
komruieke MIC-026, o00opynoBaHHBI MOITYIAMH
u3MepeHust auHamuueckux curHaioB  MC-201.
Wurepnperanust pe3yabTaToB MPOBOIUIACH C TIOMO-
b1 akeTa 006padbotku curaanoB WinlIOC3.
[Tomyuensl  cpeiHEKBaJpaTUUHbIE  3HAYCHHS
aMIUTUTY/l BUOPOYCKOPEHUH B TPEX HAIPABJICHUSX B
JOTISIX YCKOpEeHHs: CBOOOIHOTO MajieHus (g) B OBYX
BAPUAHTAX — MPH IBMKEHUU TENEKKU MEKIY CThI-
KaM# (OKa3bIBAIOIINE JJIUTENBHOE BHOPAIOHHOE
BO3/ICHCTBHE) U HA CTHIKaX (MMEIOLINE CYIIECTBEHHO
OOJBIIYI0 aMILTUTYLY, HO JICHCTBYIOIINE B TEUCHUE
MaJjioro npomexytka Bpemenu, menee 0,1 c, mpu
MPOXOKIAECHUH KONECOM CThIKA). AHAIHM3 MOIyYeH-
HBIX PE3yNbTATOB IMOKA3bIBACT: CPEIHUH YpPOBEHb
U «OCHOBHBIX» BHOPOYCKOpEHHI, U BHOpOYyCKOpe-
HUIl Ha CTHIKaX BBINIEC HA TPaMBae C HEIABHO 00TO-
YEHHBIMH KOJIECAMHU; OJHAKO PE3KOE YBEIMUCHHUE
AMIUTUTYZIBl U U3MEHEHHE XapakTepa TMONEPeYHBIX
KoJieOaHUi BBISIBJIEHO HA CKOPOCTH S0 KM/Y TOIBKO
Ha TpaMBae ¢ U3HOIIEHHBIMU KOJIECHBIMHU MApaMHU.
I'padukn 3amMepoB MOMEpeUHBIX BUOPOYCKOpE-

Huii Ha ckopocTH 50 KM/4 711 TpaMBaeB ¢ U3HOLICH-
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Puc. 3. I'paduk nmonepedHsIx BUOPOYCKOPEHHUI TpaMBasi C M3HOLICHHBIMU KOJIECaMH
npu ckopocTu 50 kM/4 («packauka» Habmomaetcs ¢ 22 mo 38 ¢)

Puc. 4. I'paduk monepedHbIX BHOPOYCKOPEHHH TpaMBasi ¢ 00TOUECHHBIMH KOJIeCaMu
npu ckopocTr 50 km/9
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Puc. 5. YacToTHbIi aHAN3 BHOPOYCKOPEHHUI B MOMEHT PACKAuKH TPaMBast

HbIMH (pHC. 3) 1 00TOYeHHBIMHU (pHC. 4) KOJTECHBIMU
HapaMu UMEIOT XapaKTepHOE pa3Inyue Mpu yCTaHO-
BUBIIIEMCS IBIKCHHH.

YacToTHBI aHAMM3 BHOPOYCKOPEHMI MOITBEPIK-
JaeT Pe3KUI POCT aMILTUTY/IbI OMEPEUHBIX KoNeOaH it
Ha JacTtoTtax B paiione 1-2 'y mpu ckopoctu 50 km/4
y TpamBasi C U3HOIIECHHBIMU KoJiecaMH (puc. 5).

3Ha4yuTeNbHAs TONEpeYHass pacKkauka MpOsBIIS-
eTCs TONIBKO Ha KpalHHX Telexkax (mepemaHei u
3a/iHel), B palilOHE CPEIHEH TENEKKH 3TO SBICHUE
OTCYTCTBYET, YTO OOBSCHSETCS Pa3IUYHbIMH CTe-
HEHsMH CBOOOJIBI TENEKEK, TaK KakK, B OTIUYHE OT
KpalHKX, CpeHSIs TeJeKKa HemoBopoTHas [1].

HecMmotps Ha TO, 4TO CpeHEKBAIpaTUUHbIE 3HA-
YeHUSI aMILTUTY] BUOPOYCKOPEHUIA TP PE30HAHC-
HbIX Konebanusx (0,2-0,3 g, Oe3 pasneneHus 1o
4aCcTOTaM) CPAaBHUMBI C OCTAJIbHBIMU TONTYYE€HHBIMH
B XOJI¢ DKCIIEPUMEHTA 3HAYCHUSMH, JTAHHOE SBJIE-
HHE «PACKauKW» MPEACTABISAETCS OMACHBIM, TaK KaK
OCHOBHasi JHEprusi KoneOaHWil COCpeoTOYeHa Ha
gactorax 1-2 I'm u, momMumMo auckomdopTa macca-

KUPOB, MOXKET BBI3BATh HAPYIICHUS OE30MacHOCTH
JIBUKEHUSL.

YacToTHbIN aHaIM3 TOKA3BIBAET, YTO BHOPOYCKO-
peHus Ha 3Tux yactotax npesbimaror 0,07 g, wim
0,7 m/c?, coracro CII 2.5.3650—20 «CanurapHo-
SMUIEMHOJIOTHYECKHE TPEeOOBaHUS K OTAEIbHBIM
BHJaM TpaHCIOpTa U O0BEKTaM TPAaHCIOPTHOM
uH}ppacTpykTypbl». [IpenenbHbie ypoBHU BHOPOY-
CKOPEHUI ¢ pa3/eneHneM no yacrtoram (B 1/3 okras-
HBIX 1osoc, ot 1 no 80 I'n) u anst wacror 1; 1,25; 1,6
u 2 ' orpannyens! Beanuunoi 0,2 M/c? s ropu-
30HTAJILHOTO TOMIEPEYHOT0 HAMPABICHHS.

[IpoBeneHHbI aHANMU3 TEOMETPUUECKHUX Tapa-
METPOB KOJIEC TpPaMBAEB IOKA3al, YTO KOJECHbBIE
napbl TpamBasi «Buts3p», coriacHo cBoeil KOH-
CTPYKTOPCKOM JTOKYMEHTAI[MH, HE COOTBETCTBYIOT
KaKkoMy-J1100 KoHKpeTHoMy Tunopasmepy no I'OCT,
HO UMEIOT NEPEKPECTHOE COOTBETCTBUE 110 HECKOIIb-
KUM THUIIOpa3MepaM, 3a UCKIFOUCHUEM JHaMeTpa 1o
Kpyry KaraHus, KOTOpelii Ha 90 MM MeHble ycTa-
HosieHHOro ['OCTom (620 MM BMecTo 710 MMm).
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CpaBHeHne (paKTHYECKUX pa3MepoB OaHmakeil
C HOpMaTHBaMH MOKa3aJlo, YTO 3HAYEHHUS JIEXaT B
npezenax JA0MyCTUMbIX, cornacHo [IpaBuiam TexHu-
yeckor skcrutyaranuu Tpambas, [OCT 25715—88
«baHaxxy 4ucThie A1 BaroHOB TpamBas» U Pyko-
BOJICTBY IO OKCIUTyaTalluy BaroHa TpPaMBalHOIO
mozenu 71-931M [2-5].

Ha yuacTke wucnbITaHUii KOHCTPYKLUMS IIyTH
YCTpOEHA Ha *keJIe300eTOHHBIX LIajaax ¢ MPOMExXY-
TOYHBIMH aHKEPHBIMH CKperuieHusivmu Tuna APC-04,
KEJIEe3HOJOPOKHBIMU penbcamMu P65 W mpoekTHOM
mupuHON Kosen 1524 mm. M3mepeHus MIMpPUHBL
KOJIEW MOKa3aJli, YTO OHA JIEKUT B TpEfenax oT
1522 no 1526 MM ¢ OIMHOYHBIMA OTKIOHEHHUSIMU 10
1528 MM (Ha mpoTsKeHUH He Ooriee S M) pH 0My-
cke ot 1520 mm 10 1536 Mm.

PenbcoBas kosest ycTpoeHa ¢ BO3BbILIEHUEM BHY-
TpeHHEro (MEXIYMyTHOTO) pelbca Ha BEIMYUHY
10-15 MM, npu HOPMATUBHOW BEJIMYMHE BO3BBIIIE-
HUSA — 4 MM. OZIHaKO U 3TH OTKJIOHEHHS HE BBIXOZAAT
3a paMKH JJOIyCTUMBIX HOPM.

Habnronaemble pe3oHaHCHBIE SBIEHUS TIPU JBU-
’KEHUU TpaMBas MOTYT OBbITb OOYCIIOBJIEHBI Kak
0COOEHHOCTSIMU KOHCTPYKIUMHM XOIOBBIX YacTel
HOJBIKHOTO COCTaBa, Tak U 0COOCHHOCTSIMU B3a-
UMOJICHCTBHS KOJEca U penbca MpHU OIpeeNeHHO
reOMETPUH PENIBCOBOTO My TH (IIMPUHA KOJIEH, ypO-
BEHb PaCIIONOKEHUS PETbCOBBIX HUTEH, TUI peiibea,
HOYKJIOHKA) U KOJIECHOH Mapsl (pacCTOSHUE MEKY
BHYTPEHHUMH TpaHSIMHU KojieC, MPOouib Kojeca,
MOBEPXHOCTh KaTaHus, rpeOeHb) TpamBas [6].

[TockonbKy TeoMeTpuyecKue mapamerTpbl XOomno-
BBIX YaCTEeH MCCIETyeMOro TpaMBas U PENbCOBOTO
IYTH COOTBETCTBOBAJIM CYLIECTBYIOLIMM HOpMaM,
a OTacHbIE TIOTNIePeYHbIe KoNeOaHHs MOSABISUIUCH YKe
npu ckopoctd 50 KM/4, B Hensax obecrieueHus Hajl-
JIeXKAIIero ypoBHs 0e30macHOCTH U KoM¢opTa nac-
Ca)XUPOB HEOOXOOMMO TMPOBEACHUE KOMIUIEKCHBIX
UCCIIEZIOBAHUI IS TIEPeCMOTpa IaHHBIX HOPM, 0CO-
OCHHO C y4eTOM MEPCHEKTUBHOTO MOBBIICHUS CKO-
pocTell IBUKEHNS TPaMBacB.
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Summary

Objective: Based on experimental studies of vibrations of Vityaz-M tram car occurring at speeds of 50 km/h
or more on track straight sections with P65 rails on reinforced-concrete sleepers, to evaluate the effect of
transversal vibrations on traffic safety and passenger comfort. To show the inconsistency of existing regulatory
documentation on the structure and maintenance of tram tracks and tram chassis with the development
prospects. Methods: Experimental measurements of vibration accelerations of tram body and tram chassis,
having different mileage, when moving along track experimental section. Measurement and analysis of
geometric parameters of rail track experimental section and of trams. Results: Measurements of vibration
accelerations occurring during tram motion with 20 to 50 km/h speeds were performed as well as geometric
parameter analysis for rail track experimental section and rolling stock wheels’ profiles, participated in the
tests, was pursued. During the races, vibration accelerations that occur during movement were measured in
three directions — longitudinal, transversal and vertical. The appearance of transversal vibrations of tram
body affecting passenger discomfort and traffic safety has been confirmed. The root mean-square values of the
amplitudes of vibration accelerations towards three directions in acceleration gravity (g) fractions have been
obtained in two variants — at trolley motion between joints and at joints. Vibration acceleration frequency
analysis has confirmed a sharp increase in the amplitude of transversal vibrations at frequencies in the region
of 1-2 Hz at a speed of 50 km/h for a tram with worn wheels. The compliance of rail track experimental
section geometry with the accepted standards as well as the compliance of rolling stock wheels dimensions
with constructive documentation are noted. Practical significance: The need for further comprehensive study
of the interaction of track and rolling stock while high-speed tram introduction with the purpose to improve
existing standards on the structure and maintenance of tram tracks and tram chassis.

Keywords: Tram, high-speed tram, vibration of rolling stock, vibrations of rolling stock, vibration acceleration,
amplitude of vibrations.

References
1. Dudkin E. P., Gmyrya K. A., Koltakov A. V., Malak-
hov M. V., Sultanov N. N. “Sovremennye konstruktsii tram-

’

vaynykh putey” [“Modern designs of tram tracks”’]. Moscow:
FGBU DPO «Uchebno-metodicheskiy tsentr po obrazovani-
yu na zheleznodorozhnom transporte» Publ., 2021. 136 p.
(In Russian)

2. GOST 25712-88. Bandazhi chistye dlya vagonov tram-
vaya. Tekhnicheskie usloviya: GOST: izdanie ofitsial noe:

Komitet standartov, mer i izmeritel 'nykh priborov pri Sovmine

SSSR: data vvedeniya 1988-11-28 / razrabotan Ministerstvom
zhilishchno-kommunal 'nogo khozyaystva RSFSR [GOST
25712-88. Bandages are clean for tram cars. Specifications:
GOST: official edition: Committee of Standards, Measures
and Measuring Instruments under the Council of Ministers of
the USSR introduction date 1988-11-28 / developed by the
Ministry of Housing and Communal Services of the RSFSR].
Moscow: Izdatel’stvo standartov Publ., 1989. (In Russian)
3. Pravila tekhnicheskoy ekspluatatsii tramvaya:

Ministerstvo transporta Rossiyskoy Federatsii: data prin-

ISSN 1815-588X. M3sectma MIYrc

2022/4



782

MpobnemMaTiika TPaHCNOPTHbIX CUCTEM

yatiya 2001-11-30 [Rules for the technical operation of the
tram: Ministry of Transport of the Russian Federation: date
of adoption 2001-11-30]. Moscow: 2001. 20 p. (In Russian)

4. Vagon tramvaynyy modeli 71-931M. Rukovodstvo po
ekspluatatsii / OO0 “PK Transportnye sistemy” [Tram car
model 71-931M. Operation manual / PK Transport Systems
LLC]. Moscow: 2017. 8 p. (In Russian)

5. SP 2.5.3650-20. Sanitarno-epidemiologicheskie
trebovaniya k otdel 'nym vidam transporta i ob "ektam trans-
portnoy infrastruktury: Sanitarno-epidemiologicheskie
pravila: vedeny postanovieniem Glavnogo gosudarstven-
nogo sanitarnogo vracha Rossiyskoy Federatsii: data prin-
yatiya 2020-11-16 [SP 2.5.3650-20. Sanitary and epidemio-
logical requirements for certain types of transport and
transport infrastructure facilities: Sanitary and epidemio-
logical rules: introduced by a decree of the Chief State
Sanitary Doctor of the Russian Federation: date of adoption
2020-11-16]. Moscow: 2020. (In Russian)

6. Dudkin E. P., Sultanov N. N., Kitaev S. V., Vostrikov
O. V. Otdel’nye aspekty vzaimodeystviya pary “koleso-rel’s”
rel’sovogo gorodskogo transporta [Separate aspects of the
interaction of the “wheel-rail” pair of rail urban transport].
Transport Rossiyskoy Federatsii [Transport of the Russian
Federation]. 2020, 1. 3-4 (88-89), pp. 63—67. (In Russian)

Received: July 06, 2022
Accepted: August 29, 2022

Author’s information:

Evgeny P. DUDKIN — Dr. Sci. in Engineering, Professor;
ed@pgups-tempus.ru

Dmitry V. KOZLOV — PhD in Engineering, Associate
Professor; project@pgups-tempus.ru

Yaroslav S. KHOMYAKOV — Postgraduate Student;
jaro97@mail.ru

2022/4

Proceedings of Petersburg Transport University



