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Abstract. Interaction of the track and rolling stock in the course of its operation is one of the
most important problems of railway transport in Ukraine. The tasks solved in the study of the interaction
the track and rolling stock contribute primarily to the solution of such an important issue as determining
the conditions for the safe movement of trains.

In this article, a study was conducted of the forces acting on the bogie from the side of the body
section of the locomotive, which arise as a result of mutual movements and oscillations. The system of
equations was obtained using the principles of the Hermann-Euler-D'Alembert and the principles of
freeing a solid from bonds.

When calculating the forces acting on the bogie from the body side of the locomotive section, the
main attention was paid to the definition of: active forces, centrifugal inertia forces, moment of inertia
forces from angular acceleration, transverse and vertical forces, which are transmitted to the body from
the respective bogies.

Therefore, the determination of dynamic forces is an important task, since it makes it possible to
determine the lateral forces between the wheel and the rail. This feature will allow in the future to
proceed to the definition of conditions for the safe movement of trains both at the design stage and
during operation.

Keywords: locomotive, oscillations, locomotive body, bogie, transverse forces, vertical forces,
traffic safety.

Berym.

JIBOXBIiCHI BI3KHM CepiHHUX BITYM3HIHHUX €JEKTPOBO3iB MalOTh KOPCTKYy pamy. Ky3oB cekmii
€JICKTPOBO3a ONMHUPAETHCS Ha paMy Bi3ka depe3 KOJUCKOBE IiIBINTYBAaHHS, a IMO3IOBXKHIN 3B’S30K
Ky30Ba 3 pamol0 Bi3Ka 3JIIHCHIOETHCS 3a JIOTIOMOTOI0 KynbhoBoi omopu. Came 3aBISKH IBOMY
3a0e3edyeThCsl MOKIIMBICTD peai3allii Malux MepeMilleHb paMHu Bi3Ka BiJIHOCHO Ky30Ba B IUIOIIWHI,
sKa HapaJiesibHa IJIOIKHI peHKOoBOI KOTi.

Komicui mapu Bizka 3’€HaHi 3 paMOIO NPY>XHHMH HIAPHIPHO-TIOBIIKOBUMH 3B’SI3KaMU, SIKi
JO3BOJISIIOTH TO3AOBXKHIM OCSIM KOJIICHUX Map 3AiHCHIOBAaTH HE3aleXHi OJUH BiJf OJHOIO Maji
NOCTYNaJIbHI IEPEMILLICHHS Ta TOBOPOTH BiIHOCHO paMM Bi3Ka B IUIOIIMHI, sIKa HapaiesibHa TUIOIINHI
pe#KoBoi Koutii.

Bigomo, 1mo npu BnHCyBaHHI JOKOMOTHBA B KPYTOBY KPHBY MajOro paiiycy 3 HOCTIHHOIO
HIBUJKICTIO KOXKEH BI30K Ha MEPIIMX METpa JUISHKA BCTAHOBIIOETHCS Yy (DIKCOBaHE MOIOKEHHS
BITHOCHO peiikoBoi kodmii. Ilpu mpoMy rpebiHb NepeaHboi KOJICHOI Mmapy Bi3Ka MPUTUCHYTHH IO
30BHIIIHBOT PEHKH, TO3JIOBXKHS BICh Bi3Ka BIJXWUJICHA BIJ] XOPJOBOTO IIOJIOKEHHS Ha I[IJIKOM
BU3HAYCHHI KYT A, KyTH BIIXWJICHHS TO3I0BXKHIX OCEil KOJICHUX map BiJl iXHHOTO HOMIHAJIBHOTO

TIOJIOKEHHSI B PaMi Bi3Ka MalOTh LIJIKOM KOHKPETHi 3Ha4eHHs O; 1 O,. [IpH MPOJOBXKEHHI pyXy Bi3ka

10 KPYTOBill KpUBii 3MiHH BEJIMYHMH BUIICHA3BAaHUX KYTiB HE BiIOYBAETHCS, MPH LILOMY 30epiraerscs i
NPUTHCHEHHS TpeOHS KOIICHOI Mapy 10 30BHIIIHBOT PEHKH.

Omxe, /U1 BU3HA4YCHHS KyTiB A, O, §, Ta CWIN NPUTHUCHEHHs IPelHs KOJeca A0 TOJIOBKU PEHKH

HEOOXi/THO CIIOYaTKy JIOCITIIUTYU CHJIX SIKI JIIFOTh Ha Bi30K 31 CTOPOHM Ky30Ba CEKIIil JIOKOMOTHBA.

Ha3zBani cunm € peakuissMu 3B’S3KiB MK BI3KOM Ta Ky30BOM Ta BH3HA4alOThCS 3 DPiBHSHB
KIHETOCTATUKU Il Ky30Ba. BBaxaeThcs, M0 B TOYIl MEPETHHY BEPTHKAIBHOI OCI KOJHUCKOBOI
Mi/IBICKM 3 BEPXHBOIO TUIOLIMHOIO paMH Bi3Ka PO3TAIIOBAaHHU BipTyalbHUH KyJIbOBUH 3B’s30K. Came
gepe3 Ieit 3B’ 30K BiJl Bi3Ka JI0 Ky30Ba MEPEIAOThCSI BEPTHKAIBHI 1 TOPU30HTANIBHI ITOTIEPEYHI CHITH, a
TaKO)X MOMEHTH I1ap CHJI KOJUCKOBOI miaBicku (puc. 1, 2) (bouapos, Kogunnes, A.U., & ap., 1991).
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Puc. 1. Bizok enexkmpoeosa BJI110:
1 —pama, 2 — konicni napu; 3 — 6ykcu; 4 — pecopte niogiuty8anus, 5 — 8y3071 Kyib080i OROpu,
6 — msaecosa nepedaua, 7 — maz2o6i 0gueynu,; 8 — 2anibMigHe 0OIAOHAHHS

Pama kysoBa

Crakan

Bepxiit
LU3PHIP

Kponnrreim

Tpoc

Puc. 2. Konuckose niogiutyeanmsi

[pu cknaganHi piBHAHD KIHETOCTAaTHKM JUIS Ky30Ba Iepeadadaocs, M0 JOKOMOTUB PO3TallIOBaHUH
B TOJIOBI CKJIaJly 1 CKIIAa€Thes 3 | ceKuii. JIBi peKoOBi HUTKHM MMiJi KOXKHOIO CEKIIEI0 PO3TAIOBaHI B OJIHik
IUTONIHHI, SIKa YTBOPIOE 3 TOPU3OHTAIBHOIO TUIONIMHOK KYTH ) 1 ¢ , IO XapaKTepH3ylOTh BiATIOBIIHO
TIOIOBXKHI 1 TIOTIEpeHi YXHUX JUITHKA PEHKOBOI KOJIIi I CEKIII€I0 IOKOMOTHBA.

Buxiiag ocHOBHOTo MaTepiaJy.

[Tixg "yac po3paxyHKy CHJI, sIKi AIFOTh Ha Bi30K 31 CTOPOHM Ky30Ba CEKIIii JIOKOMOTHBA OCHOBHA
yBara NpuAUsUIach BU3HAYCHHIO: aKTUBHUX CHII, BIALIGHTPOBUX CHJIM 1HEpIii, MOMEHTY CHJI iHepuil
BiJl KyTOBOTO TPUCKOPCHHS, MOMEPEYHHUX Ta BEPTUKAIBHUX CHJ, SIKi TEpeNaroThcs Ha Ky30B Bif
BIINOBIHUX Bi3KiB, MOMEHTIB Iap CUJI BiAHOCHO ocelt X, Z,, Z, .

AXTUBHUMH CHJIaMU, SIKI ,[[iIOTI: Ha Ky30B CeKI_[ﬁ, ABJIAIOTHCA CUJIa Baru Ky30Ba PK 1 CHIIa TSITH

cexuii Q. Cuna Q — po3paxyHKoBa cuyla TATH, sIKa PEali3yeThcs OJHIEI0 CEKIIEI0 JIOKOMOTHBA,
OJTHAKOBA JUJISI yCiX CEKLiH 1 BBOAUTHCA B PO3PAaXyHOK Ha MiACTaBi MaCHOPTHUX JAAHUX JIOKOMOTHBA.

AKTHUBHI CHJIM 1 CHJTH iHepwii, SIKi AIF0Th Ha Ky30B CEKILii, TOKa3aHi Ha PO3PaxyHKOBHX CXEMax
(puc. 3-5), oo 3amo3udeHi 3 (Joponus, 2009).
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Puc. 5 Ilpoekyii cun Ha niowuny yz

Ha pospaxynkoBux cxemax (puc. 3—5) iHmekc 1 BiAmoBimae mepmiomMy Bi3Ky, a iHAECKC 2 —
IPYTOMY Bi3Ky.

Peakuisimu B’s13¢ii € HACTYIHI CHIIM 1 MOMEHTH:

My1,Myo> — MOMEHTH Tap CHIJI BiIHOCHO OCi X, IO NEPEAAIOTHCS HA Ky30B Bifl BiITIOBITHHX
Bi3KiB, B po3paxyHKax OpHHHATO My =My, =My

W — cuna Tsiri 0JHOTO Bi3Ka, siKa MPUIAHSTA OJHAKOBA JJIS BCIX Bi3KiB CEKIIiT IOKOMOTHBA;

F. F

T — TOTNEPEYHI CHUJIH, 10 TIePEAA0ThCs Ha Ky30B BiJI BiIIIOBIIHUX Bi3KiB;
F,., F — BEPTUKAJIbHI CUJIH, 110 TIEPEAAOThCS HA KY30B BiJ BIIIOBITHUX Bi3KiB;
M ” |V| — MOMEHTH Map CHJI BiTHOCHO oceil Z; i Z, , MiF0unX Ha Ky30B BiJ] BI/IMOBIIHKX Bi3KiB.

Hus 3HaXOI[)KeHH$I AHAJIITHYHUX BUPA3iB, 32 JOIMOMOTOI0 SKMX BH3HAYAIOTHCS BEPTHKAJIbHI Ta
TOPU30HTATRHI HAaBaHTAXXEHHS Ha paMy Bi3Ka, MMOTPiOHO cKopucTaTtucs nmpuHIuoMm ['epmana-Eiinepa-
JlanamGepa 1 MpUHIMITOM 3BiUTBHEHHS TBeporo Tina Bif B si3eit (Cokou, 2007). [Ipu npoMy KoIMCKOBE
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MiABINIYyBaHHS HEOOXiHO 3aMIiHUTH BIPTYaJbHOI KYyJBOBOIO OIOPO, 30epiraroum BCi HOro
XapaKTEPUCTHUKHU.

3riIHO NHUX MPUHIUITIB PyX KOKHOTO Tila MEXaHIYHOI CUCTEMH (POpMaIbHO TIPUBOIUTHCS 10
CTaHy piBHOBard (10 3a7adi cTaTUKM). {15 hOTO KOXKHE TiI0 MEXaHIYHOI CUCTEMH 3BITBHSIETHCS Bil
3B’S3KIB, a IX [T 3aMiHIOEThCSA peakiisMu. [IoTiM 10 Tina NMPUKIANAIOTHCS BCi JiI0Yi HA HBOTO
30BHINIHI CHIHM i cvad iHepiii. [Ticis boro CKIagaloThCs PIBHSAHHS PIBHOBArd CTaTHKH, BUPIIICHHS
SIKUX 1 JIO3BOJIUTH BU3HAYUTH HEBIZOMI PEaKIIii.

IicTs piBHAHD KIHETOCTATHKH JIJI51 Ky30Ba MAIOTh BUTJIISA:

>F =0, Q-Q,+2W-P =0 (1)
YF,=0; F,+F,+A, —(Q+Q,)y=0 (2)
>F,=0; F,+F,—P —F®g=0 3)
XM =0, —2M _+(0,+Q,)rh,—Ah=0 (4)
>M,=0;, —(F,~F,)B+(0,—~0,)h,—P.yh—2Wh;=0 (5)
SM,=0; My+M,—(0,—0,)yA+(F,~F,)B+M} =0 (6)

OTtpumaHi pe3yJjbTaTH.
Y pe3ynbTati po3B’ 3Ky CHCTEeMH PiBHSAHE (1—6) Oyim oTprMaHi HACTYIIHI pe3yIbTaTH:

W =%(Q+PK;() )
M. :%[Qy(Zj—l)ha—AKh] ®)
F, :%{—Q%+ P (1—%;(}(&“6)4 9)
F, :%[Qh—é+ P (1+%;(J+(F;6)a} (10)
St
Fyzzg{y[Zj—1+§j+e%,u}+I\;éﬂ+%ﬂl—A—2K 12)

BucnoBku. JlochikeHHs cuUCTeMH piBHAHB 3a ¢opmynamu (1-6) gacTh MOMXIMBICTH B
MOTATBITIOMY JTOCIITUTH PYX JIOKOMOTHBA B KPWBIM AUISHIN KOJII Ta TMEPEHTH IO BU3HAUCHHS CHIIH
MIPUTHUCHEHHS TPeOHsI KoJleca KONICHOI Mapy /10 TOJIOBKH PEHKH.

[IpakTHuHe 3HAYCHHS MPOBEJACHHUX JOCHIPKCHb IIOJIATA€ y MOMJIMBOCTI BUKOPUCTAHHS
OTPUMAaHHX PE3yJIBTATIB JJIS aHATI3y TapaMeTpiB Oe3MeKn pyxy Ha CTadii MPOEKTyBaHHS a00 JOMyCKy
JI0 eKCIUTyaTallii HOBUX BHIIB PyXOMOTO CKJIaJy Ha 3ajJi3HUIMX YKpaiHU, a TaKOX MpPU MPOBEICHHI
CYJIOBHUX 3aJ1I3HUYHO-TPAHCIIOPTHUX EKCIIEPTHU3.
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