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AnnoTtanusi. OCHOBHOM LE/IbI0 UCCJIeIOBAHUS SIBJIETCS OIleHKA BIUSHUS KPUBU3HEBI IIYTH B IPOQuie
Ha IUHAMUKY TTOOBUXKHOTO COCTaBa. [[Jig 9TOTO MOCTABIEHHI 3alavyi: UCCIIefoBaHue (GaKTOPOB,
OKAa3bLIBAIOIIIKNX BIIUSHHE HAa YCTOMYHBOCTD OIBUXKEHUS I'PY30BBIX IOE3TI0B, a TaKXKe BHEISIBIIEHUE
IIPUYHUH X OJIOMOK U ImOoBpexkaeHuii. Co3gaHrue MaTeMaTUYeCKUX MOIesIel U aJlTOPUTMOB,
OTNMCHIBAIOIINX MBUKEHUE TOE3[00B C YIYETOM CIIeluDUKYU PebCcoBOTO myTu. Pa3paboTka
MaTeMaTUYeCKOM MOIesid, YYUTHIBAIOIEel PacCTOSHUS MeXOy BaroHaMu. [IpoBemeHue
TEOPEeTUUYECKUX UCCIeNOBAaHUM [JIsI OIIEHKU ITPOYHOCTHBIX XapaKTEePUCTUK, YCTOMYUBOCTH U
OUHAMUYECKUX ITapaMeTPOB OBUIKEHUS IIPU 3JIEKTPOIUHAMUYECKOM TOPMOKEHUHU, a TaKKe
bopmynmupoBaHMEe peKOMEHIAITUY /IS IOBLIIIIeHNsT 0€30MMacHOCTH OBUKeHus. OnpeneneHue
ITPOIOJIbHBIX MUHAMUYECKUX CUJI, MEeNCTBYIOIINX Ha I'PYy30BOY I10€3], OCHOBAaHHOE Ha
9KCIIePUMEHTAJIbHBIX TaHHBIX, U COIIOCTaBIeHNEe Pe3yJIbTaTOB C PACYETHHIMU TEOPETUYECKUMU U
HOPMaTHBHBIMHU ITOKA3aTeIsIMU. B Xome uccienoBaHus ObITN 3a0elCTBOBAHEI CTAaTUUYECKHE,
aHAIUTUYECKHEe U 9KCIepPUMeHTalIbHbEIe MeTOObl. TeopeTuuecKue UCCIeI0BaHNusI OCHOBLIBAIUCH Ha
npuHIuIax [lagsambepa, TakXkKe MCII0IH30BaIOCh MporpaMMHoe obecrnieyenrne MSC Adams
(aBTOMATUYECKUI OUHAMUYECKUI aHaJIN3 MEeXaHUYEeCKUX CUCTeM). DKCIIePUMEHTHI IIPOBOOUIINCH
KaK B J1a00PaTOPHLIX, TaK U B IPOU3BOACTBEHHEBIX YCIIOBUSX.

Abstract. The main purpose of the research is to assess the influence of track curvature in the
profile on the rolling stock dynamics. For this purpose the following tasks are set: research of
factors influencing the stability of freight trains, as well as identifying the causes of their
breakdowns and damage. Creation of mathematical models and algorithms describing the
movement of trains taking into account the specifics of the rail track. Development of a
mathematical model that takes into account the distances between cars. Conducting theoretical
studies to evaluate the strength characteristics, stability and dynamic parameters of motion under
electrodynamic braking, as well as formulating recommendations to improve traffic safety.
Determination of longitudinal dynamic forces acting on a freight train, based on experimental data,
and comparison of the results with calculated theoretical and regulatory values. The study involved
static, analytical and experimental methods. Theoretical studies were based on Dalembert's
principles, and MSC Adams software (automatic dynamic analysis of mechanical systems) was also
used. The experiments were carried out both in laboratory and production conditions.
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B coBpeMeHHOM Mupe ocoboe BHUMaHUE VIOENISIeTCS CO3MaHUI0 U COBEPIIEHCTBOBAHNIO KOHCTPYKIINHM
KEJIESHOOOPO2KHOI'O IMMOABUXKHOI'O COCTaBa OJIs IIOBHIIIEHUWA UX ITUHAMUYECKUX XaPaKTEPUCTUK U
CKOPOCTHU OBUZKEHU, IIPU 3TOM obOecreunBasi 0€30IIaCHOCTDL U HaOge>XXHOCTh. B Pa3BUTHIX CTPaHaX
AKTHUBHO paSPHGaTbIBaIOTCH U MOOEJINPYIOTCsA IOKOMOTHBEI HOBOT'O IIOKOJIEHHUS C YY€TOM TaKUX
ImapaMeTpoOB, KaK CKOPOCTh, MaccCa U OJIMHA, YTO II03BOJIIET JOCTUYDh TEXHUKO-9KOHOMUYECKOU

3¢ GHEKTUBHOCTH B UX IKCIIIyaTalluu. YBeJIuUeHne 00beMOB I'DY30BEIX U MACCAXKUPCKUX ITEPEBO30K
Ha JXeJIe3HOJOPOXKHOM TPAHCIIOPTE HAPSIMYIO CBSI3aHO C YCTOMYMBOM pabOTOM ITOE3I0B B
Pa3IUYHBIX pexuMax. [[03TOMYy BazKHBIM aCIIEKTOM SIBJISIETCS ONTHUMAJIbHBIM BHIOOP CHUJIBI TSTH U
9JIEKTPOOUHAMUYECKOT0 TOPMOKEHUS TOKOMOTHBA, a TaKXKe CHUXKEHUE NPOAOIbHBIX IUHAMUYECKUX
CHUJI IIPYU OBUXKEHMM I10€e37a 10 HaKJIOHHLIM yYacTKaM.

HayuHble nccneqoBaHus U TeXxHUdeckue paboThl B 00J1aCTU IPOEKTUPOBAHUS ITOJABUKHOTO COCTaBa
COCpefoTOYeHEl Ha pa3paboTKe U yIydlleHuU MeTON0B TeOPETHYECKUX PACcUeTOB U
ISKCIIEPMMEHTAJIbHBIX HCCHeHOBaHHﬁ. YJ'Iy‘-IH_IeHI/Ie OVWHAMHNW4YECKHUX XaPaKTEPUCTUK U TEXHUKO-
9KOHOMMYECKUX ITOKa3aTenel ABIsSeTCsa IPUOPUTETOM B TaHHOM o6acTu. TakuM o6pa3oM,
pa3pa60TKa peKOMeHJIa]_II/Iﬂ II0 IIOBBRIIIEHHWIO NMHAMHNYECKHUX Ka4YeCTB U OII€HKE IIPOOOJIEHBIX
OUHaAMHWYeCKUX CHUJI, BOSHUKAIOIINX IPU ABUKEHUYN I'PYy30BOT0 IIOABUKHOTO COCTaBa 110 Pa3/INYHEIM
ydacTKaM IIyTH, a Takke obecriedeHre 6€30IaCHOCTH IIePEBO30K IIyTEM IIOBBIIIEHUS YCTONUYNBOCTH
CTAHOBUTCS BasKHOU U aKTyaJbHOU 3amaudeii [1].

MaTemaTryeckasi MOfesb ObljIa peajn30BaHa C UCIIOJIb30BAaHUEM ITPOTPAMMHOT0 00€eCIIeYeHU s
MSC.ADAMS, 4T0 10O3BOIIET IPOBOOUTH OLIEHKY IPOAOJILHOU OMHaMUKU I10e3[0a B 3aBUCUMOCTU OT
MacCChl, IJIMHBI BarOHOB U PACCTOSHUU MeXKOy aBToclenkaMu. Ha aTane mOAroToBKU
IIepBOHAYaJIbHBIX JaHHBIX U MOOEIUPOBaHUS Pa3/IUUYHBIX COCTOSTHUU CKaTOr0 UJIU PACTAHYTOTO
roe3fa eCTb BO3MOXKHOCTD PEryJIMpOBaTh 3a30PEl, YTO yIPOIaeT IPOLleCC PacyeToB U YBeIU4YuBaeT
UX TOYHOCTD.
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PucyHok 1. Cxema cnycka ¢ yK/i10Ha modeiu noe3da ¢ 00HUM /10KOMOMUBOM

CormacHo cxeMe, (puc. 1) MaTeMaTHYeCKOe OIMCaHue OBUIKEHUS I10e3[a BeIPaXkaeTCsl B BUME
CHUCTEeMBbl YpaBHEHUU paBHOBeCHUS [2-4]
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roe m, mgy;, M; - MaCCa JIOKOMOTHBA, aBTOCLEIIOK I-TO MeXKBaroHHOTO COeOUHEHHS U i-T0 BaroHa

. X X X .
COOTBETCTBEHHO (l = 1, ceey n); ' o ° — IIPOAOJIbHBEIE YCKOPEHUAd JIOKOMOTHBA, aBTOCLEIIOK I-T'0

MeZXKBAaroHHOI'O COeoUHEeHUudA U i-TO Bar'OHa; WH, Wi — OCHOBHEIE€ CHJIEI COIIPOTUBIIEHUA OBU2KEHUIO
JIOKOMOTHBA ¥ i-T0 BaroHa; T, T;, T'; - CUJIBI, MeWCTBYIOIINE Ha IOTJIONIA0IMe allllapaTh
JIOKOMOTHBA ¥ i-TO BaroHa; Ty;, T ,; - CUJIHI, TeHCTBYIOINEe Ha aBTOCIIeIIHEIE YCTPOMCTBA i-T0
MeXKBaTrOHHOTO COeOUHEHUSs; B, - cua 3/IeKTPOAUHaAMUYeCKOTO TOPMOXKEHUSA U TATHU

JIOKOMOTHBA; g - YCKOpPeHue CBOOOIHOTO MafleHUs; A ,, Ky, &; — YKIOH IIYTH, II0 KOTOPOMY OBUXKETCS
JIOKOMOTHUB, @aBTOCIIEIIKU i-I'0 MEXXBArOHHOTO COeOUHEHMS U i-¥ BaroH; N - KOJIMYECTBO BaroHOB B

COCTaBe I1oe3na.
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PucyHok 2. Cxema cnycka ¢ yK/i0Ha modeiu noe3da ¢ 08yMsi 1I0KOMomueamu

MaTemaTHyecKoe OIKMCcaHue CIIyCcKa moe3ga (puc. 2) corjlacHO cxeMe BhIpakKaeTcs B BUME
CIIenyIollel CUCTEMbl YPaBHEHUY paBHOBECHUS
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TOe My, Myy, My, M;, Myueq) - MAcca JOKOMOTHBA, @BTOCIEIIOK i-T'0 MeKBaroHHOTO COeIUHEeHUs

; - A Il X, X ‘1::2 la{n—l}
¥ i-T0 BaroHa COOTBETCTBeHHO (i = 1, 2, ..., n); , e, T, , - IPOMIOJIbHEIE

YCKOPEHHS JIOKOMOTHBA, aBTOCIIEIIOK i-T0 MeKBAaroHHOI'0 COeOUHEeHUs U i-To BaroHa; Wy, W;, W, -



CHJIBI OCHOBHOT'O COIIPOTHUBIIEHMSI TBUKEHHUIO JIOKOMOTHBA U i-I0 BaroHa; Ty, Ty T;, T'; - CHIIH,
[elCTBYyIOLIMEe Ha MOIJIOAloIye alapaTsl JOKOMOTUBA U i-T0 BaroHa; To, T o T am+1), T am+1) -
CHUJIBI, JEUCTBYIOIINE Ha aBTOCLEITHbIE YCTPOUCTBA I-TO MeXKBaAaroHHOI' 0 coeguHeHus; B, B, - cuna
3JIEKTPOOUHAMUYECKOT0 TOPMO3a JIOKOMOTHBA; § - YCKOPeHHe CBOOOIHOr0 MameHusI; oy, ;,

Ogi, Ao, Ua(nt1) — YKIIOH IIYTH, II0 KOTOPOMY OBUZXKETCS JIOKOMOTHUB, aBTOCLIEIIKY [-I'0 MeKBarOHHOI'O
CoeIMHEeHMUs U i-1 BaroH; N - KOJIMYEeCTBO BaroHOB B COCTaBe IIoe3a.

B nporpamMmuom komnsiekce MSC Adams co3paHa Mofens noesna (puc. 3), ABUKYIIErocs 1o
IpsAMOMY XU HAKJIOHHOMY ITIyTH. JIOKOMOTHB 1 BaroHbI MOOEJIMPOBAJIUCH YIIPOIIIEHHO, IIPeICTAaBIIAIOT

coboii TBepable Tena. MeKBaroHHbEle COeIUHEHU ST MOIeJINPOBaiCh C UCII0JIb30BaHUEM yIIPYIO-
OUCCUTIaTUBHOM CBSI3U, UMUTHPYIOIIEH paboTy aBTOCIIETHOTO YCTPOMCTRA.
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PucyHok 3. KomnviomepHasi mode b noe3da e MSC ADAMS

HpOBepKa, IIpOoBEeOEeHHAd Ha OCHOBE TEOPETUYECKHUX WCCIIefOBaHMU C UCIIOJIb30BaHUEM
pa3pa60TaHH0171 MaTeMaTU4YeCKOU MOAeNnHu, IToKa3asa BEICOKYIO CTE€II€Hb COOTBETCTBUA OTAaHHHBIX,
IIOJIY4YEHHBIX B PEe3YyJ/IbTaTe 3KCIIEPUMEHTOB. TouHOCTB CPpaBHEHHUA COCTaBHIIa 97% MexXOy
pe3yibTaTaMU UCCIIEOJOBAHKUA U PaCY€TaMM, BEIIIOJTHEHHEIMHU B IIPOIrPaMMHOM obecmedyeHnuun
MSC.ADAMS.
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