Hayuuvie cmamou u 3amemxu

A. H TKOPEXOI[PKAEB, A. I’ HBPAEB

BJIUSIHUE ABUXEHUS )KEJIE3HOAOPOKHOI'O COCTABA
HA ITPOJOJIBHOE KOJIEBAHME PEJIbCA KOHEYHOM JJJIMHBI,
JIEXXAIIEI'O HA HIITAJTIAX

B o61em cityyae JMHAMUKA MO0GHOrO POJa 3a/1a4 ONMCHIBACTCS HETMHEHHBIM JUddepeHabHbIM
ypaBHenueM Hukurnna—Tropexomxaesa [1-3]:
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I 7,~ BeIMYMHA, CBA3aHHAA C KOHTAKTHBIM CyXMM TPEHHEM; 0'— HAalIPSHKEHHUE; V, — CKOPOCTB JKENe3HOI0-
POKHOTO COCTABA; U — CMELLEHHE NONEPEYHOT0 CeUeHMs CTEPXKHS; ¥ — QYHKIMA, IPMHAMAIOWIAA 3HAYEHHE
sign(v) Npu ABMKEHUHM, @ B NOKOe — Jjil000e 3HaueHue B Auanasoe (-1;1), koTopoe ycraHasnusaeTcs B
npolecce peLeH s 3a1auM.

Beryuiye cocpeoTOUEHHBIE HATPy3KH, MOZIETTHPYIOLIUE IBUKEHHUE HKEJIE3HOAOPOXKHOIO COCTaBa ¢ Cy-
XMM TPEHHEM Ha KOHTAKTEe «KOJIEeCO—pPeJIbC», YUHTHIBAIOTCS KaK JIOKA/IN30BAHHBIE TIPOAOJILHBIE CUIIBI,
HanpasJICHHbIE B CTOPOHY JBH)KEHHUA 110 PEJIbCY, KOTOPBIH PacCMaTPUBAETCs KaK yNpyrHi CTEPIKeHb.

Ipy HaberaHum KoJeca Ha Hauaslo pesibca MIPOMCXOMT yaap o ero Topew. BzaumoneincTBye konec wec-
THOCHOTO BArOHA MOJIBUXKHOIO COCTaBa C PEJIbCaMHU ONpeAeIAeTCS ClleyOLIei JMHAMMYECKON Harpy3Koi:

Flx,t)= %Z Oyt — x —k(al, + 1, + L)+ Svet = x =1, — k(41 + 1, +1,)]+
k=0
+8[vyt = x =21, — k(41 + 1y + 1)+ 8[vot —x =21, =1, — k(41 +1, +1;)]+

+Ofvyt —x =31, =1, — k(@4l, +1, + 1)+ 8[vot —x— 41, — 1, k(41 + 1, + 1)}, )

Tie T, — BENMUMHA, CBA3AHHAN C KOHTAKTHBIM CyXUM TpeHneM KaueHus; /,, [, [, — paccTosHue Mex|y korne-
CaMu; 71 — KOIMYECTBO BArOHOB; £ — MOZy/b ynpyroctu; F' — niioiapb nornepeyHoro ce4eHus pennca; &z) —
nensra-GyHkuus Jlupaka; v, — CKOpOCTh BaroHa.

[IpH B3aMMOZEHCTBMH KOJIEC IIECTHOCHBIX BArOHOB MOZABIKHOIO COCTaBa C PE/IbCaMH, JIeKalero Ha

lnanax, HemHeHHoe ypaBHeHue (1) ¢ yueTom (2) 3anmuiercs B BU/e:

&% —li—sz(m )s(t——;) =%zn:{5[vot—x—k(4ll +1, +1)]+

oxt a* or? k=0

+ 8[vyt = x— 21, — k(41 +1, + 1)+ 8[vgt —x =21, — 1, — k(4] +1, +1;)]+

t 8[vyt —x =30, — 1, — k(&1 +1, + 1))+ S[vet —x — 41, — 1, = k(4L + 1, + 1,)I}, 3)

rae ou(l, X,) — ynpyroe CMELICHHE i-i LIMAJIbI.

[locneaHuit ueH JeBoH YacTH ypaBHEHHs (3) ONMUCHIBAET BKJIAJ LUMAJ B JUHAMUKY CUCTEMBI «peNbe —
KENE3HOMOPOXKHBIN COCTaBy; m — 061ee KOMUYECTBO LIMall.

YpasHenue (3) pemiarcs COBMECTHO C Ha4aIbHbIMH

ou(0, x)
Ox

=0: u(0,x)=0; =0 4

H rpaHHYHBIMH
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x=0, a(t,o)=Eai§-;’—°—)=—ao5(t)—aoi[5(’“w)+ .

k=l Vo

+5(t_ll+k(4ll +1, +I3)]+5(t_211+k(4l, +12+l3)]+6{t—21‘ +1, +k(4], +12+13)}r -

Vo B (% Vo

Vo Vo
x=L; o{t,L)=0 )
YCOBMSIMH, TI€ O, — HaNpsHKEHUE OT yaapa Kojec Ha Topue x=0, L — yinHa pensca.
Bocnosnp30BaBUIMCh HHTETpabHbIM Npeobpasopannem Jlannaca-Kapcona, sanuinem 3agauy (3)~(5) B
n300paXKeHusX:

2]

N 5(:- 3, +1, + k{4l +1, ”3))+ 5(:- 4l +1, +k(al, +1, +13))]

k(444 +h)

2 2 m _nk n
iy_(&ﬁ_%a(p,x)= a-pza(p,xi)g ~ __i £_ e p v +
a i=1

_prthekaih k) redli k(@) vl ek(ah vl vh) o
+e Yo +e % +e & +
."*
p x+31y+l, +k(41+1,+15) p x+4ly +1, +k(41 +1,+13) -
+e Yo +e e PO ()
_ d; X ' g o e e e
=0; u(0,p)=0; LX2) _q | 0
— k{4l +h) h+k (4 +4)
au(P,O) Oy Oy C - lVoz 3 e ‘:0 =
x=0, ———F=——-p———p) |e +e +
Ox E E "3
_p21,+k(41,+12+13) _p21,+12+k(4l,+12+13) _p31,+12+k(41,+12+1,) _p41,+12+k(41,+12+13)
+e & +e Yo +e " +e v ., (®)
ou(p, L S T
x=1L ; ,_(_E_’__) =0. ; : S (9)
ax ' B S R L A
Ob1wee pemmeHue 3aga4i B u3obpaxkenusx Gyaer:
E, %, o
u(p,x)= ce ? +c,e +17(p,x). ' (10)

M3 061uero pelnenus B u3obpaxeHusx, npuMenss k (10) Meron neonpeaeieHHbX kodgduupmentos Jlar-
paHXa, oNTy4aeM:

X X 2 n 1 “-x+k(411+12+13) --""‘11 +k(41'+12+13)
u "2t pa T,a’v -p -p :
u(p,X)che ¢ +ce — k 5 0 5 z__ e Vg te 0 +
EF\a® —vy })im P T
- pfiﬂL"(ﬁfl_ztﬂ _px+21,+12+k(41|+12+13) _Px+31,+lz+k(41|+12+13) _px+4l,+12+k(411+12+13 )
v Y,
+ e Vo + e Vo + e (] + e o ‘ l‘ +

p
-Zy,
a

+a -azm:a(l?,x,.)—l—e
i=1 p
— 34 =
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Ucnonb3oBanue 'PaHUYHBIX YC/IOBHH 3aa4yH OacT:

x-L x-L _ i x x
-p— p— Py ~P= p—
5 e 7 +e 7 +e Ple 9-e¢“° X
z'ka = ] Vo, TP
u(p’ ) EFla Z_ L L —e 7 |IX
0 k=1 P ep_' e_p; a
_pk(41,+12+1,) _p1,+k(41,+12+1,) _p211+k(41,+12+13) _p2l,+12+k(411+12+13)
x|+e o te Y +e Y +e Yo +
-L
3,4l +h (81, 41, 415) 4l k(8 ) - =
-p = i 4 5 O'o -a e + e a
+e 0 +e 0 . 7 X
E =
e 44+e 4

" _pk(4l| +hy+1y)

_p1,+k(4l,+lz+13) _p21,+k(4{,+12+13)

Vo Yo

x31+ Z e P te +e +e
k=1
_p31,+12+k(41,+12+13) _p41,+12+k(41,+12+13)
+e K +e K + aaz ulp,x,

Paznaras pemeHue B #30GpakeHusX 10 GeryiuM BoHaM, OyieM UMETS:

m -
=a -ath(p,xi)—l—e a
i=l B

£

u(p, x

2r+l)L )
(r+) px L
e

1
EFia )z ;e

‘p1,+k(4l,+12+13) _p2l,+k(4l,+12+13)

_pk(4l,+lz+l3)

x|e " te ¥y +e % +e Yo
4+l +k (41 +y +1) 2 _ x+k(411+/2+13)
P 7,4V, P
+e ° - Z te
EF ia =V sk = p
x+20h+k(4l+1,+15) px+21‘+12+k(41,+12+13) x+3h+l+k(4h+1+5)
-p . -p
+e Yo +e v +e K €
L -2{r+1)L x+2rL
Oy ax -p P (r+1) Oy d~ox| - a
e 9 +e ¢ -+
E 3 E T35

_pzz, +ly+k (41 +1y +1y)

_p2[,+12+k(41,+12+l3)

Vo +

ﬂgx

(12)

x L x L
Ax2)_ Az
" —e °/ 1%

_p31, +ly+k (41 +1,+13)
Yo

+e +

_px+1I +h(4h+1,+1y)

Vo +

~px+41,+12+k(41,+12+13)

Yo +

pr )L
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_pk(4l,+12+13) _p1,+k(41, +,+1) _pZI, +E(41 41y +1,) _p21,+12+k(41, +h+1)
x| e " te % +e % +e " +
_p31\+12+k(41,+12+1,) _p411+12+k(411+12+13)
+e Yo +e Yo (13)

Beenem obozHauenue:

) EF( V} 1r~op

_p( x+2rL 20 +k(8h+h+h )) _p( x+2rl 20+l +k (4l 4+l )) _p( x+2rL 34 +h +k (8 +] +1,))
e +e +e +

a Vo a Vo

_ ( x+2rL+k(4ll +1, +1,)) _p(;+2r1,*1, k(41 +1, +1,)}
+e +

a vy a vy a vy

_p( x+2rL Al +l+k(4), +12+1,)] _p(~x+2rL+2L k{4, +12+1_.,)J _p(—x+2rL+2LLI, +k(4l,+12+13))
v,
+e ¢ o +e ¢ O +

a vy

p(—x+2rL+2L 20 +k(44 +12+1,)) _p( —x+2rL+2L 2+l +k(4h+l, +13)] _p[ —x+2rL+2L 34, +12+k(4l,+12+l,)J
te +e +

Vg a Yo a Vo
P(-x+2rL+2L 4+l +k (41 +1, +13)} _p(x+(2r+l)L ’ L+k(411+12+13)) _p(x+(2r+l)L*L+Il+k(4ll+12+13)}
Vo —e a Vo —e a ' _
p( x+{2r41)L 142 +&{4d, +12+1,)J _p( x+(2r+1)L+L+2[, thy+h {4+l +l )J _p( x+2r+1)L L+3h +y (4l +1y+l )}_
Vo —e a vy —e a Vo
1{ (2r+1)L , L+al +ly +k(8h +12+1,)) _P[—x+(2r+l)L . L+k(41,+12+13)) ~p(—x+(2r+l)L+L+I, +k(41,+12+1,))
Yo —e a Vo —e a vy _

_p( —xt(2r+1)L | L2 +k (8] 4l 4y ))

p —x+(2r+1)L | L+20 +L+k (4] 41, +ly )}
a Vo q i Vo

—x+(2r+1)L | L+3L 4l +k(4] +1+1) | =x(2re )L L+ah+ly k(40 41, +15) ;
2 a ' Vo P a ' vo B
—e —e —_
x+k x+h+k ‘ x+2h+k x+2h+l+k x+30+1 +k
-p -p —-pr——" -p——

+e ¥ +e " 4+e " +e " 4

x+4l+l,+k
-p 1+th

+e " +

x+2rL x=2(r+1)L n s -p ""’2’L+k(41|+’2 +ls)
-p— p—= a 2 " N
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- x+2rL L+k(4h+1,+1;)

x+2rL 20+l +k(41+1,+15)

a ), A

Vo

v

a Vo

v

p( x=2(r+1)L k(a1 +1,+1;)

x+2rL 20 +k(41+1, +13)} _p(
" +e

+2rL 3L+l +k(4h+1,+1
_px’%lz(lzs)] —p(
+e

x=2(r+1)L L+k(4h,+1,+1;)

J+

a Vo

),

x=2(r+1)L 20, +k(41,+1,+1y)

x+2rL AL+l +k(4h +1,+1)

Vo

\ a vy J p[ a
+e

+e

2r+1)L 20+l +k(41+1,+1)

x=2(r+1)L 3L +1, +k (a1, +1,+1;)

Vo

J o'

a Yo

] + (14

x=2(r+1)L 4l +1, +k(4] +1,+1;)

a Vo a

I

Pewenue (13) koMrnakTHO NpPEACTaBUM B BUAE:

o

u(p,x)=f(p.x)+a- aZ p,x) e

Opurunan O(t,x) q)yHKLr,Hn Ap,x) 3anuueM B BUIE:

x+2rl k4l +1, +13)] H(t ~
a

Vo

Vo a Yo

J o )

__x‘
a

(15)

x+2rl k(4 +1, +13))+

a Vo

oo-

oo-

ofi-

N t_i_gg_ll+k(411+zz+13) alp % 2L Lkl +1))
a a Vo a a Vo
N t_x+2rL_2l,+k(4l,+12+l3) Hft_x+2rL_2z,+k(4ll+12+13) .
a Vo a vy
x+2rL 2L+ + k(4L +1, +1,) - t_x+2rL_21,+12+k(41|+12+13) N
a Vo a Vo
x+2rL 3L+l + k(4 + 1, + 1) o t_x+2rL__3l,+lz+k(4ll+12+l3) .\
a Vo a Vo
x+2rL 4l +1 + k(3] +1, +1) H(t_x+2rL_4ll+12+k(4ll+12+13)}+
a Vo a Vo
+(t+£_2(r+1)L_k(4l,+lz+l3) o t+£_2(r+1)L_k(4ll+12+l3)}+
a a vy a a Vo
x 2r+)L L +k(4] +1,+1) 7 t+£_2(r+1)L_l,+k(4l,+12+13)J+
a a

Vo

x 2r+D)L 2 +k(al +1, +1;)

+@+-~

a

a Vo

x 2r+)L 2L +1, +k(4h +1, +1;)

+p+——

a a Vo

Ju

Jn

a a Vo

a a

JE 2r+ 1)L 2L, + k4], +1, +’3))+
Vo

a

+£_2(r+l)L_211 +1, + k(41 +1, +173))+
a

Yo
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(: S 2&+4ﬁ; 30, + 1, + k{4, +1,+1,)

a a

+£_ZQ+UL_3A+Q+k@A+Q+Q)+
Vo a a Vo

+&+£_20+0L_4A+Q+k@4+5+g)
a a

Hit+—~
Vo a a Vo

x 20+0L_4A+Q+k@h+g+gq_

_p_ﬁ_20+UL_L+k@4+Q+Q)
a a

_5_20+0L_L+k@h+g+gq_

Vo a a vy

L+1+k4l, +1, +1,)

_P_£_20+QL_

Ht~£_20+DL_L+L+k@Q+Q+Q)_
a a Vo a a Vo
—(t—f— 2Ar+1)L  L+2L +k(4, +1, +1) o t_£_2(r+1)L_L+21, +k(41, +1, +l,))_
Yo a a Vo

a a

_&_£_20+0L+L+2A+Q+k@A+Q+QWH&_£_2G+OL+L+2A+Q+k@h+5+gﬂ_

a a

v, a a Vo

_&_£_2Q+DL_L+NVHﬁk@A+g+qu@_£_2Q+ﬂL_L+3A+5+k@h+Q+QU_

a a

Vo a a Vo

a

_[t_i_z(r+1)L_L+4l,+lz+k(4l,+lz+13) o t_£_2(r+l)L L+4L +1, + k(41 +1, +l))
a

Vo a a Vo

_[t+§_2(r+1)L_L+k(4ll theb))f  x Ar+)L Lk +1, +13)J_

a a

v a a vy

_&+£_20+0L_

a a

L+ +k@l +1,+1,) t+£~2G+DL_L+A+k@A+g+Ag_

Vo a a Vo

a a

_@+£_2@+0L_L+2n+kmh+g+g)

Hit+—-

Vo a a Vo

x 20+0L_L+2A+k@h+g+gq_

_[r+x 2Ar + )L L+2L, +1, + k(4 +1, +1,)

a a

Ht+£-20+DL_L+2L+5+k@h+g+gq_

a a Vo

a a

ﬁ[p+£ Ar+ DL L+31 +1, + k(4] +1, +l)jH_r+£_20+4ﬁ:_L+3A+Jz+k@h+l2+g))_

a a Vo

*@+£_2Q+0L_L+4A+Q+k@h+Q+Q“H@%£~20+DL_L+4A+Q+k@h+Q+gq}+

Yo

+02a§P{t2f)”{ 2@:nﬂ+

a a Vo

t_i_z_ﬂ:_k(‘” +1, +I)J H(t—-f—gi—l L+ k(4 + 1, +1))

a a v, a a vy
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a a Vq

+H[t x 2rL 3 +1, + k(4 +1, +1)j H[{ x 2rL Al +1, + k(41 +1, +1)J
a Vo

| =

C2r+1)L k(4ll+12+l3))+H([+x 2(r +1)L 1,+k(41,+12+13)J+(1
— - - 6)

a a Vo a a Vo

+H{ x 2r+1)L 20 + k(4L +1, +1)] H(H_{_Z(rH)L_ZZI+12+k(4ll+12+13)j+

a a Vo a a Vo

a a v, a a Vo

+H£t+£_2(r+1)L_3ll 1, + k{41, +12+13)j+H(H5_2(r+1)L 4 +12+k(411+12+13)ﬂ‘

3anuiiem peleHHs B OPUrHHAIAX [T HECKOJbKHX BhIpakeHmit u(p, X, )

u(t,x1)= ‘}’(t,x,), 17
© A
o5) = 1)+ 3, 41)), (19)

u(t, x3)= \P(t, x3)+ Z (6(3 j)ll; [ (t X, 5%y + mx3)+ ‘P(t,xz,x2 +jx3)]+

Jj=0

+i[%%}zw(r,x,,xl +x, + j(x, +x3)). (19)

/=0

MeTo0M MaTEMaTHYECKON HHAYKLMU YAAETCS 3aMMCaTh BbIPAXKEHHE u(t, x,.) 115 001ero ciy4vas

) =)+ 03 (’ Xor¥e +jxg)+ii{(?fz)lj;}

g=0 j=0 g=2 j=0

< (1, gl,(]+1)x‘2)+i{af3)l:lll (t,xl,g(j+l)xg), (20)

J=0

me ‘P(¢,x, ) — opurunan dynximn (aa/ p) exp(- jx,p/ a)f(p,x,), nonyuennsiit B npouecce noceno-
BATENILHOTO MHTErPHPOBaHHKs U y4eTa TEOPEMBI 3anasbiBanus [4], x;‘z — CyMMa COYETaHHH g 3NEMEHTOB

H3 MHOXKECTB2 JJIEMEHTOB X[, X, 4.0y X;_; -

TakuMm 06pa3om, peLlIeHHe NOCTABICHHOM 3a/1a41 B OKOHYATE/IbHOM BU/IE NIPUMET BUJ:

3

x)+ Y ult,x,), (e2))

i=1

e u(t,x,.) onpeaensiercs dopmysoi (23).
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Pesiome

¥ 3bIHABIFE] LIEKTENreH MNalfapaa XaTkaH pesibeke,
TYPaKThl KO3FJIBICTAFbl TEMipKOJI KYPaMAChIHBIH, JOHFAIAFH
MeH peJjibC apachlHAAFbl KYPFAK YHKeEiCTi eckepe OThbiphil,
penbCTiH 60oMNbIK TepOenicTepiH KapacThIPhII, OHbIH aHa:
JINTUKAJIBIK EHIiMi aJibIHFaH,

Summary

Solution of the problem about longitudinal vibration of
the rail in railway motion which consists of six-axis van and
lies on ties taking into account dry friction on the “wheel-rail"
contact are provided.
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