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AHHAMHHECKA5I KOHTAKTHAfl 3A^AHA OE yrJ!O B bIX  
K O J I E E A H H f I X  5 K E C T K O r O  K O J I E C A  n P H  B 3 A H M O A E H C T B H H  
c yn p yrH M  p e j ib c o m

H3JI05KCHHC. ripHBeaeiibi pe3yj]bTarbi Teopenm ecK oro i i c c j i  cno Banita
flmiaMHMecKOH KoinaKTiioii 3aaaim 0 6  yrnoBbix KOJie6 ainwx atecTKoro Koneca npn 
B3anMOfleilcTBHH c ynpyruM  H3orponubiM pcjibcOM o t  B03aeHCTBiia BeKTop-MOMema 
napbi ciul. LIoKa3aH BbiBoa m n erp a iib n o ro  ypaBiienna na ocnoBanmi ypaBiieimii JIsmc 
c yneroM npmiLuma npcaejibnofo  norjiom cm ia, H3yiteiibi CBoiicTBa e ro  sap a  u 
nojiyucHo acHMnroTHHecKoe petneim e 3a;jaLiu.

DYNAMICZNE ZADANIE KONTAKTOWE O DRGANIACH KĄTOWYCH 
SZTYWNEGO KOŁA PRZY WSPÓŁPRACY ZE SPRĘŻYSTĄ SZYNĄ

Streszczenie. Przedstaw iono w yniki badania teoretycznego dynam icznego zadania 
kontaktow ego o drganiach kątow ych sztyw nego koła przy w spółpracy ze sprężystą 
izotropow ą szyną od w pływ u pary  sił tw orzących, tzn. w ektor-m om ent. 
Z aprezentow ano w yprow adzenie w zoru całkow ego na podstaw ie w zoru Lam cgo z 
uw zględnieniem  zasady granicznego pochłaniania, zbadano w łaściw ości jądra  i 
o trzym ane asym ptotyczne rozw iązanie zadania.

3(j)(J)eKTHBnoe pa3Biirne 3 k o h o m h k h  b o  m h o p o m  oripenenacTca c o c t o s h h c m  h  ypoBiiest 
pa3BHTna Tpaircnopraon cnereMbi, (])yHKHHomipoBamie KOTopoii oóecneHHBaerca b c c m h  

BitąaMH T pancnopra u cooTBcrciByiouieii nncjipacTpyKTypoH. B TpaiicnopraoH  c u c t c m c  

YKpanHbi oąno  H3 Benyuutx Mecr 3annM aer >Kejie3Hoaopo3KHbiH TpancnopT, xapaKrcpiioií 
Teim eum ieił pa3BHTiia xoToporo s b j i s c t c h  noBbiuiemie m o u h i o c t h  TaroBbix ennm m  
noąBn>KHoro cociaBa, yBeniincimc cKopocTH aBrnKcnna h Beca cocTaBOB noc3aoB. B laKiix 
ycjiOBiiax iieroSoKHO yBCJimiciiHc KoitTaKTHbix nanps/KCHun, B03HHKaioutHx npn  Kanennn 
Koneca n o  pciibcy h  cnocoôcTByiomnx cymccTBcnnoMy c h h >k c i i h i o  pecypca n o  H3Hocy, B03- 
HHKHOBenuio KOiiTaKTno-ycTajiocTHbix aetjjeicroB u yciajiocriibix pa3pyincnnií [1,2],

X a p a K T e p n b iM i i  a n a  B3a n M o a c i í c T B n a  K o n e c a  n  p e . 'ib c a  a u n a io r c a  u i i k u u u c c k u c  

H a n p a a r e n n a  p a c r a a c e H iia - c a r a T H a ,  u t o  n p n B o a n T  k  i i a K o iu i e n n i o  n a a c r t m e c K o n  a c c j io p s ia n n i i  

h  B03H H K n o B e H n to  o c T a T O H H b ix  H a n p a jK e n n i i .  O c o 6o e  B . ' i i ia i in c  H a  H e c y m y io  c n o c o ó n o c r b  

o G j u í c t h  K O H T a K T a  O K a3b iB a to T  T a u r e n n u a a b u b ic  cum a, B03H H K a io m n e  n p n  o n i o c i n c j i b i i o M  

r ip o c K a j i b 3b iB a n u n  K o a e c a  n o  p e n b c y  u  o n p c a c a a c M b ie  b  3n a H H T C J ib i io ií  M c p e  

r p n 6o j io n m e c K H M  c o c T o a n n e M  K O H T a K T iib ix  r io B e p x n o c T c i í .

B o ó m e M  c j i y n a e  n a  y p o B e H b  o 6b ë M iio - i ia n p a > K c n H O [0 c o c T o a tm a  M a r e p n a j iO B  K o a e c a  n  

p c i ib c a  b  K o m a K T H o n  30t i e  O K a3b iB a tO T  B J in a n n e  6o .ric c  60 ( j t a ic r o p o B  x a x  

a c T c p M H H H p o B a n n o r o ,  T a x  n  c j i y M a i í i i o r o  x a p a x r c p a .  K o c n o B i ib iM  113 n n x ,  na n a n i  B3r a a a ,  

O T H O c a T c a : ( | )n 3i iK O -M e x a u n M C C K iie  C B o itC T B a  M a r e p u a a o B ;  o c c B a a  n a r p y 3K a ; a m ia .M i in e c K H e  

n a r p y í K U  o t  B3a n M o a e n c T B n a  atcnnaaca n  n y r n ,  3n a ‘n n c j i b i i o  n p e B b n u a io u tM e  c r a T u n c c K H C  n
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3aBHc«mne o t  cocTOflHHfl riyrn, noflBnxaioro cocraßa h ero ojicmchtob; yMeiibuiemte 
KOHTaKTnoiî naomanKM BCJieflCTBue H3HOca h rwacTHHecKHX ae(|)opMauHii ripocjmaen Koaeca 
u peabca, a t3k>kc npn cmciuciihh Koaeca o t  ncirrpaabiioro iiojio>kciih3; cnabi Tpenna b 
KOHTaKTe npn OTHoenxeabHOM npocKanb3i>iiîannn b nponoabnoM, nonepennoM u yraiOBOM 
HanpaBJieiiuax.

B TcopiiH yripyrocxH imccxHbi peuienna o pacnpcncjiemni aaBaennx Mexyiy 
noßepxHOCTHMit flByx ynpyrnx Tea [3]; o nanpaxcennoM coctohhhh unyrpH ynpyroro xcaa 
o t  B03aeHCTBiia cocpenoToncmion cnjibi, npHaox<eHHOH na ero noBepxnocra [4]; o 
uanpaacemioM coctohhhh BuyrpH xejia (peabca), BbOBamioro pacnpeaeaennon narpy3Kon, 
npiinoxcennon na ero rioBepxiiocxii [ 5 , 6 ] ;  o pacnpeaeaemm xanreHunaabHbix nanpHa<ennñ b 
30fie KOHTaKTa Koaeca n peabca [7], B iiocacayioiniie roabi 3HaLinreabHbiii Bioiaa b peujeiine 
3aaaa koht3kthoh MexaiiHKH Bucean paooTbr: A.IO.HmaiiiiCKoro, H.UMycxenHuiBHan, 
H.ü.lUTaepMana, Jl.A.raamia, ropsncBon H .f., Johnsona K.L., Mindlina R.D., Kalkera J.J., 
Knolhc K. h ap.

B noaaBJiHiomcM öoabunfncTBe paoox no KOHTatcrnoH MexamiKe Baai-iMoaeiicTBiic 
KOHTaKTiipyromHx Tea pacCMaTpHBaerca o t  B03aencTBHH erar hm ec ko ii cocpcaoroacm ioii 
cnabi nan o t  narpy3KH pacnpeaeacm ion no KonTaKxnon noBcpxHOcm; npn Kanennn oaiioro  
Teaa npamcinia no apyroMy, nan xcc Teaa npaineiniH Ha naocKOCTii, oGbamo npnaaracTCH 
CÄHMaiomaa cocpeaoxonennaa enaa n nocTOHHHbin KpyTHiunn momcht.

IJejibio npeaaaraeMon paßorbi hbhhctch xeopcTHMccKoe nccaeaoBaHne yraosbix Koaeöa- 
HHH »cccTKoro Koaeca, B3anMoaencTByiou;ero c ynpyriiM H30TponiibiM peabcoM (naocKan 
aec|)opMaLuix), noa B03aencTBneM BeKTop-MOMCHTa napbi ena - Moe1“1 n «KHMaiomen 
occBon narpy3Kii - P, pacncTiias exema riOKa3ana na Puc. 1.

[JpeanonaracTCH, mto b oÖJiacxn KOiiTaiera Koaeca c peabcoM cnabi Tpenna OTcyrcTByioT.
3aaana (j)opMyanpycTCH t3khm o6pa30M, hto oaHa h3 
KOMnoneiiT nanpaxcennH cnnracTCH paßnon nya io  na Been 
rpam m e noaynaocKOCTu.

1. B bißoa H H TerpaabH oro ypaBH em in
riocTaBaeiinaa xaaana mo>kct 6bixb npnBeaena k 

peuien ino  ypaBnennii JIhmc [8] npn orcyTCTBiin 
MaccoBbix cna:

c rpauHHHbiMH ycuoBiia.Mn:

v(x,0,t) = pxell”t,|x|áa 
(1) Txy(x,0,t) = 0,-œ < X < co (2)

ay(x,0,t) = 0,|x| > a.

3aecb u(x,y,t), v(x,y,t), o(x,y,t), i xy (x,y,t) -  npoexiinn Bexropa ynpyroro ne-
pCMemenna na oen x n y n komuohchtm Ten3opa nanpsKenna na naomaaice c HopMaabio y, 
A -  aByuiepubilí an^^epeim naabubin onepaTop JTanaaca, 0 - oTnocnTeabnoe ím icn en n e  
oÔBËMa, p, p -  rinoTHocTb n Moayab caßnra MaTepnaaa ynpyroro peabca, x = 2v(1-2v)'1,v  -  
ko3c])(})huhcht FTyaccona, co -  nacToxa Koaeôannn, t -  BpcMH.
B cooTBexcTBHH c ripnummoM npeaeabiioro nornoineiniH [9], ypaBnenna (1) aoaxcubi 6bixb 
aoiioanenbi naenaMH, xapaicrepn3yiomnMH BHyrpeHncc Tpeinie. ücpBoe ypaBiicmie

aonoanneTca m j i c i i o m  5 — , BTopoe - 8 — , rae 6  > 0 .  FIpniiHMaeM K03(})({)HmiCHT 5  b  (])op\ie ôêt a
=  pcoe, e  -  CKOab yroano maaoe nonoxatTcnbiioe nncao. B pc3yabTaTe noaynacTca 
B03Mymei!nafl xpaeiiaa 3anana b nunc:

Pue. 1.
00 ôzu
ôx p e t2 '

(x + p)—- + pAu

,, . crv
(x + p )— + nAv = p - r , 

ey a
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h  \06 » ß2|J 011{}. + n j—  + iíAli = p —y  + pEEj —-,
öx Ot et

/, \O0 . o V cv
(7  +  (i J—  +  p A v  =  p  —T +  p e ro — , 

cy St 81
C rpaH H H H blM H  yCJlOBHHMH (2).

B CBH3II C yCTailOBHBLUHMHCa KOJICOaHH«Mli, 1I0J10JKHM

O V Ov

u(x, y, t) = u£(x, y)e'"‘ , v(x, y, t) = vc(x, y)eint.

T oraa , n o j jc r a B J ia a  (4) b (3) h  (2), nojiyniM
ioef

( l - 2 v ) - 1^  +  AUc = - k ^ U £,

(1_ 2v)-1^ i .  + Avc = - kfA2EvEI 
5y

v6(x,0) = ßcx,|x|<a,

T^y(x,0) = O,-00 < X < 00, 
0y(x,O) = 0,|x| > a.

( 3 )

( 4 )

( 5 )

(6)

B cßopMyjiax (5) kf = p ro V 1,0£ = —  + —  ,xf = 1-i£, e -  KooclujiiiunciiT npo-
Ox Oy

riopuHonaJibiiocTii, xapaKTepit3yiouniH BHyrpcmiee rpeiine . JXnn pcm cinia 3aaami (5) -  (6), 
ncno;ib3ya npeo6pa30BannH cpypbe no ncpeMeiiiioH x u noaoJKHB:

uE(x,y)= - 4 =  |U (a,y)-e luxda, ve(x,y) = - = =  ^ ( a . y je ^ d a ,
V 2 7 1  V 2 7 I  - cc

( 7 )

noJiyMHM CHCTCMy flßyx o6biKHOBennbix jni(j)(|)cpcm;n;uibHb)x ypamicmi ii o n io c in  cjibuo 
TpanctJJopMaHT cDypbc U u V, (JjyHKUHH uE u vE, b b iu ic :

(1 -  2v) • U* + ia ■ V¡, + [(1 -  2v) ■ kf>.2C -  2a2(l -  v)j- U = O, 

2(1 -  v). V'1 + ia • Uy + (1 -  2v)'(kf?4 -  a2) • V = O,
(8)

o rpanuneim oe peinctnic KOTopoii npH y->-oo h m c c t  b h ji :

U = C .e^ + C2e’'!y, V = lC 1ex,y C2e ^ .
a  X2

( 9 )

3aecb X, = -ja2 -bgk fx f, X2 = ija 2 - k f x f , bß = (1 -  2v)/2(1 -  v)

HeH3BCCTIlbIC K03tJ>4)HUHeHTbI C) II Co OIipC JCJJHIOTCS H3 rpaHH4HbIX yCJIOBllii 
BcnoMorarcjibiioii aaaaaii o KOJicöaiiiiii ynpyroií H30Tporinoii noJiynjiocKOcrn

0y(x,O) = —qc(x),|x| < a; xjy(x,0) = 0,-co < x < ».

( 10)

l io  H3BCCTHbiM (JiopM yjiaM  [8], 3iiaa nepcMcmcinia (9), onpcaeainoxcn naiipa>KeHna

V 2 ít( l-2 v ) j
OV

.Oy
( i-  v)+ictvU e '“ d a ,
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TKy = Æ - U s y
c^  + ¡aV i * e laxda.

IlpcflciaBiiM (jiynKumo q,;(x) HHTerpanoM Oypbe 

1
=  ^  | Q ( a ) - e ia ) td a ,  0 ( a ) « - U -  K ^ - e ^ ’ d ç .

V2it V2ji

(11)

(12)

y^osjiCTBopsa rpaiiHHiibiM ycjiOBHSM (10), nojiyMHM iicoaiiopopuyio CHCTCMy ;iByx 
JIHHeíÍHblX ypaBHCHHH OTMOCHTCJlbilO C | H C'2  , pCUIIIB KOTOpyiO, HafiflCM

c, =- ia(>.2 - a 2 •Q (a )

2p 2 a 2? . , ) . , - a 2 -
5 ki)

ig?v1̂ 2Q(a )

2 a \x 2 - f a 2  -  — k 2  j - ( a 2  +  ? . | )

(13)

Hcnojib3ya BTopbie cootiioiuciihh (7) u (9) u nepBoe coothoihchhc (10), no.nyLui.M 
HHTerpanbHoe ypaBHeHiie 3a;utqn o rn o c in e jib n o  a.MminTy;nioro 3naLicnna ncn3BCCTHoro 
KoirraKTiioro iianpaacenua qc(x) b bh;ic:

Jqe(^)ke[ki(ą -  x)]- dą = 27rMßcx,|x| < a,
- a

<x> —ilxju
M x) = |K c(u)e 11 du,

-co

n i e  ß , ; =  ß lE  +  i ß 2 c ,  -  K O M i u i c b x i i a «  a w n a i i T y a a  y r j i a  n o B o p o T a  K O J i e c a ;

K c(u) = Vu2 - f o o

(14)

(15)

(16)

CoBepuiHB b cooTHoaieuHH ( 1 6 )  npeaeJibHbiH nepexoa np«  e —» 0 ,  m o äh o  o6napy>KHTb y 
iipcaciibiioii (JiynKumi flBC napbi t o h c k  b c t b j i c h u b  h  ;iaa nojnoca na  żiciiciBUJCJibiioii o c h ,

C H M M e T p u m i o  p a c n o j i o a c e u H b i x  o r n o c H T e j i b i i o  i i a a a j i a  

K O o p a n n a T .  K o i i T y p  H H T c r p i i p o B a m i a  (Phc.2) b r i p c / i -  

cTaBJieiiini (14) H a  o c u o B a m i i i  [ 1 0 ]  a e c ß o p M i t p y e . M  

T 3 K H M  o 6 p a 3 0 M ,  H T O Ö b l  n p H  E —+ 0  C M C l H Ü I O m i l C C H  H a  

B c m e c T B e m i y i o  o c b  n o j i i o c b i  h  t o h k h  B C T B J i e u u a  

( ß y H K U H i i  Ke(u) n e  n e p e c e x a j i H  6 b i  e r o .  B  p c 3 y j i b T a T c  

y p a B H c i i n j [ ( 1 4 )  -  ( 1 6 )  n p H H H M a i o r  bh,u :

y

/ b c 1 c \  X

Phc.2.

Jd(i) • h f e  -  x)] ■ dą = 2it|i5(x), |x| < a, 5(x) = ßx,

- I I
k (x ) =  |K (u )e  ' * d u , 

r

(17)

(18)
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(19)

3flecb a y = q(x)e'":t- ncH3BecTnaa (¡lyiiKUHH pacnpc/iejienna nopManbHbix KOHTaKTHbix

Bbi3biBacMoro npnjio>KCHHOH iia rpy jK o ii, iipimcM 5(x)=6o(x) e'"p, rae <p -  yroa chmura cjm 
m ok;iv  KOJic6aiina.Mii KOJieca 11 B03MyuiaiomeH narpy3Kn, 8o(x) -  Mcwyjib kom iltickchoh

aMiuiHTyai.i Ko;ie6anna KOJieca, q (x )= q i(x )+ iq2(x), 8 (x )= 8 i(x )+ i 02(x), k (x ) ,  K (u ) -

npeflcraBJiHioT iipcacjib iib ic  c()ynKunn np ii e —>0 ot ci>y¡iKUn¡í k £( x )  u K E(u).

2. CBoiicTBa (jjy iiK m m  K (u ) i i n flpa iinT crpa jii> no ro  ypaBHCiuin k (t)

<I>yHKmiH K (u ):
- HCTiiaa, aiiajum inecKaa b komiijickciio ií hjiockocth c pa3pc3aMH, coca iiiia io in iiM ii tohkh 
bctbjichhx c 6cckoiichiio y ;ia jic im o ií tomkoíí, JioKamiiMH bo 2-om h 4 -om KBajipainax 
(Phc .2.);
- na BeinecTBeiiHofi och hm cct abs noaioca xi=Co, X i—co h jibc napu to h ck  bctb jic iihh  
X3=b0, X4=-bo, x j= l ,  X6=-l, ciiMMcrpiiM iio pacnoJio>Kciiiibix oTHocinejib iio nanana 
KoopAHiiar;
- KOMnjiCKCHan na OTpe3Ke BemecTBeiinoii och [-1 ,1 ], BcmecTBCima Biie ero;
- B ny jie  BeacT cc6h kuk c i [ l+ q iu 2+0(u4)], na Gcckohchuocth kbk q2u''+q3u’3+0(u '5), iipiric.M

3naŁiCHHC K03^c[)HmieiiT0B c, = Hb0, q, = (2bo)"1 — 4 (1 —b |) ,  q2 = [2 (1  —b|)} ' ,

nanpaacenHH noÄ kojiccom, 8(x)e"“1 -  Bcjiimnna BcpTHKajibiioro nepcMcmeinifl KOJieca,

f la p o  k (t) :
- B Hyjie BeacT ce6a KaK ln|t| npn t —>0;
- a a  6ecKOneHHocTH hmcct mccto iipcacraBiiciiuc

3aecb A = 4(1-b g ), B = A/b ^ { l-2 b g )2 , Bj = lim 2_ 2i(z -Z j)K (z ), Zi=c0 -n o J iio c  na

flCHCTBHTejIbHOfi OCH, Z2 , Z3 -  KOMOJICKCllblC riOJllOCbl B HH5KHCH [IOJIVIUIOCKOCTII.

3. PeuieHiie aa/ia-m ju in  M a.ii.ix  >iacTOT Ko.ieöamiH
3ariHHieM liiiTcrpaiibHoe ypaBneime (17) b 6c3pa3Mcpiibix nepeMenHbix

lq(^)kbcfe-x)]<ją = 2 n A 5 ( x ) , [x| < 1, A  = pa-1, (20)
-1

k(t)= |K(u)e"iSt|udu , (21)
r

(22)

ripe;i.cTaRiiM s;ipo (21) b bhjic
-ijlju .

k(t)=  jF(u)e"'ltludu + A0J ^ -----
r r  u -  co

(23)
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F(u) = K(u) -  A0 (u2 -  Cq ) 1, A0 = limu_>Co K(u)(u2 -  c§), 
rae ± co -  nojiiocbi na ACHCTBirrejibiioR och (jjyuKUHH K(u).

YmiTbiBaa, hto |F(u)e“'^ d u =  |F (u )e '^u , (t3k KaK noabinrerpajibuaa (})yHKmia
r  -oo

aocojiioTuo cyMMHpyeMa bo Bcex ocoßbix TOHKax BcmccrBciinoíí och), h Bmiicjiaa inopoñ 
HHTcrpaji b (23) c noMombio Teopun buhctob, noJiynHM ana a^pa k(t) cjic/iy lomee 
Bbipaweiiuc:

k(t) = 2 j F(u) cos(tu)du -  7C'A° e ^ c° 
o 2c0

(24)

3;icci, nocjieancc cjiaracMOC b  ripaBoñ nacra npcflcxaBJiHCT coGoií nojiOBHHy BbincTa b 

u o jh o c c  Penca. I T3  (24) j ic x k o  noJiynacTca npencTaBneime ana napa k(t):

k(t) = 2
b g  1 CO

|K(u)cos(tu)du+ |K(u)cos(tu)du+ |F(u)cos(tu)du +
0 b0 1

+ Ao]ę ^ ( tu )d u _ « Ą o  e - f r ° l .  (25)
1 iT - c g  2c0 J

ffpjice, npHHHMaa v  =  0 .3 , nojiynHM C o = ± 1 .0 7 8 3 , b0 = -J(1 - 2 v ) /2 ( 1 - v ) , bo =  0 .5 3 4 5 ,

A 0 = 0.3588.
n o cjic  npii6jiii>KCiinoro BbinucneHua ímTcrpanoB b  (25), nonyiHM

k(t) = A + Bt2 + Ct4 + (D + Et2 + Ft4 )ln|t| + (L + Mt2 + Nt4 )i, (26)

A  =  -0.08081, D =  0.6999, L =  1.0995,
B = -0.2442, E = -0.2575, M = -0.4045, (27)
C =  0.03228, F  = 0.02190, N  =  0.03435.

R onera  B Jiaa (26) b  (20) h pa3nenaa nciícrainejibuyio h MHHMyio Hacm, iiojiymiM 
ciiCTeMy flByx HiiTcrpajibHbix ypaBHeHHÍi Buna:

í{q,{^)h(t) + ln¡t|(F2(t) + D)]+ q2(4)F3(t)]dą = nA5,(x), |x| < 1,
-1

j{q2(s)[Fi(t) + lnjt|(F2(t) + D )]-qi(ą)F3(t)]dą = 7tA62(x), |x |<1, (28)
1

í  
-1

F,(t) = A + Bt2 + Ct4 + 0(t6 ), F2(t) = Et2 + Ft4 + 0(t6 ), F3(t) = L + Mt2 + Nt4 + 0(t6),

q(4) = q,(s) + ¡q2(4) > 5(x) = 8i(x) + ¡52(x ), t = x(Ç -  x) - Mano, Tax KaK paccMaTpuBaeTca cnynañ 
Maribix X , |t| < 2x .

OGpamaa jiorapiujjMiiHccKyio nacra b ypaBHeHHax (28), npiiBcneM hx k OKBHBaneHTHoñ b 
L p (-l,l), 1 < p <2, CHCTCMC HHTerpajibHbix ypaBHeHHÍi Bxoporo pona
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qj(x) =
nV 1 - x 2

P ,- J .1rVjWV^ -d i , 0 = 1 ,2 ) ,

p  i q m  = _ L _ j ^ l > (1 = 1 ,2 ) ,  
1 ln(2/x)_J1v/ r 7

Vj(x) =  - A D - 15 j(x )  +  - L  } ^ ( # , ( 1 )  +  !n|t|F2(t)]± qs(£)F3(t)}dą , 

j  = 1,2; s =  1,2).

Pa3bicKHBaa pem em ic ypaBHeHiiií (29) b BHfle

q¡(x)= I  S q jmn{x)x2minnx, ö =  1,2),
m -O n-O

noJiyL!HM c TOHHOCTbJO «o x4ln2X 9" (x) acHMixTOTHiecKHe (j)opMynbi mma:

q,(x) =  f 1 - [A, + B,x2 + C,x4 + 0 (x6 in3 x)]t
jidVT-

,[a 2 + B2x2 + C2x4 + 0 (x6 ln3 x ) ] ,
xDVi -  x'

q2(x) = ----L = = - [a , + B,x2 + C,x4 + 0(x6 ln3 z)]-
J1 DVI-X

 5 = = [ a 2 + B 2x 2 +  C 2x 4 +0(x6ln3x)] ,
7 1DVI-X 2

A, = D -  [B + 3/2E-Eln(2/X)]-X2 + [- 7/2C -103/24F + 7/2Fln(2/x) +

+ 5/12BE + 5/8E2-5/12E2ln (2 /x )]x \

B, = [2B + 3E -  2Eln(2/x)]- X2 + [4C + 7 * 3F -  4Fln(2/z) -  4/3BE -  2E2 +

+ 4/3E2ln(2/x)]-X4,

Ci=[4C + 25/3F-4Fln(2/X + 2/3BE + E2 — 2/3E2ln(2/x) ]X4 ,

A2 = -Mx2 + (5/12ME - 7/2N).X4, B2 = 2MX2 + (4N -  4/3ME)- Z4 , 

C2 =  ( 2 /3 M E  +  4 N ) 'X 4 , P | =  A j Ą  +  A i25 2 í  P 2 =  A 215 ,  +  A 225 2 , 

A)i = A22 = nGa^aaj) 1 , A12 = —A21 = 7tGa2(aa3) ,

a, = A -  D ln(2 / x) + [B + E -  ELN(2 / x)]x2 + 0.25^)-1[B +1.5E -  Eln(2 / x )f +

(29)

(30)

(31)

(32)



172 B. H. CrapaeiiKO

+ 9[C +1.167F -  Fln(2 / z )]- M2D'1 jx4 + 0 (z6 ln3 x), 

a2 = L + MZ2 + 0.25{2D"1M[B + 1.5E -  Eln(2 / Z)]+ 9N(x4 + 0 (z 6 ln3 z ) , 

a3 = [A-Dln(2/x)F+L2 + 2 -ÍA -D ln (2 /z)]-[B + E-Eln(2/x)]+

+ LM}x2 + 0.5^[A -  D ln(2 / z )]|t)"1[b +1,5E -  E ln(2 / z) f  + 9[C +1.167F -

-  F ln(2 / Z)]- D‘ 1M2}+ 2[B + E -  E ln(2 / Z)F +

+ l |2D"1m[B +1,5E -  Eln()2 / z ]+ 9n}+ 2M2)z4 + 0 (z6 ln3 z ) . (33)

KaK noKa3biBaioT Bbmacjieiiaa, <j>opMyjibi (33) h m c i o t  npaKTnnecKoe 3Haqe¡ine h  M oryr
6biTb Hcnojib30BaHbi a aa  onpeaeaeH aa KonTaKTHbix Hanpaaceanñ npn  Majibix 3HaHcanax
X = ro a (p /|i)1/2 < 1, rae p h u — coorBercTBenno naoTHOCTb h Moaynb casara Maxepaaaa
y ap y ro ro  i!3orponnoro pcjibca.

B LIB O flbl:

1. H a ochobbhhh ypaBHeaañ Jla.MC npn oxcyTCXBaa MaccoBbix cují h npn  cooxBCTCTByioinnx 
rpaHHBHbix ycJiOBHSX, ncnojib3ya n p a n u a n  npeaenbiio ro  no n io iu en aa  n npeo6pa30Banne 
í>ypbe, nonyaeno  nm crpaiib iioe  ypaBHCHHe a a a  peu icana  aaiiaMHaccKoíí KonTaKixioíí
3aaaiia 0 6  yraoBbix KoncGaaaax roncea  na ynpyroM  H3orponnoM pejibce npn
B03aciicTBiin BCKTop-MOMCixra napbi chji Moe'“1 h cocpeaoTOMemioií BepTHKaabnoa 
(oceBoií) Harpy3KH.

2. KonTyp naxcrpapoB aana b iipeacraBiiciiim  HHxerpaabHoro ypaB aeaaa oxnocixicjibiio 
aMnnnTy,unoro m an en  na ncn3BecTiioro KoinaKTHoro naripaaceHita q,;(x) acíjiop.MnpoBaii 
TaKHM o6pa30M, HTo6bi ripn e —>-0 CMCinaiomneca na BemecTBeiiayio ocb n o a io cu  h  t o h k h  

b c t b j i c h i i x  (¡jyHKUMH Kr.(u) lie nepecerann  6bi ero.
3. I IccjicaoBain.i cBoiícTBa (j)yiiKUHn K (u), hmcioluch a s a  noaioca a  a s e  roa xa bcxbjichux Ha 

BeiaecTBeHHoa oca  a pa3Mcmciinoíí cnMMcrpnmto OTaocaTesbHo Haaana KoopaaaaT, a 
aapa  la iT crpaabaoro  ypaBiieana k(t).

4. Pa3pa6oTaa acBMiiToraaccKaií Mcroa aaa onpeaeaeHaa KOUTaKTHbix HanpsHceHaa a3 
HH'rerpaabHOro ypaBneiian, Bbrnoa xotoporo noaynea aa ocaoBaaaa MaTeMainHCCKOÍí 
Tcopaa ynpyrocra apa yKa3aaabix ycaoBitax, ana Manwx OTiiocHTeabHbix aacTOT 
Koae6aaaa apa B3aaMoaeacTBáa acecTKoro Teaa c yapyroa a30Tponaoa noaynaocKOCTbio 
(peabcoM).

5 .  noKa3ano, aro acnMHTOTaaccKHe MeToabi aocraxoaao 3 ( |) ( j)C K x a B H b i  tipa peiaeaaa  
HHTerpaababix ypaBaeaair aaaaMaaeCKax KoaraKTHbix 3aaaa, aapa KOTOpbix aBaaioTca 
ocuaaaapyioaíHMH.

6. npaKTaaecKH, aoayaeaaoe pcuteaae aaa onpeaeaeHaa KoaTaKTitbix aanpaacenaa no 
acaMnTOTHHecKHM cJiopMynaivi (33) m o jk c t  6bix¡> acnoab30Baao npa 3aaaeaaax  
OTHOCirreabHoa 'lacxoi bi y  <  1.

7. npiiB eaciiabic MaxcMaxanccKue Meroabi M oryr 6 bm> peKOMeaaOBaabt a a a  y rom ienabix  
pac a e ro  b tipoHiiocxa a  acecTKOcra y3aoB a  Mexaaa3MOB Mautaa oo incro  a  T p aacnop rao ro  
M auiaaocTpoeaaa.



.H.HuaMnqecfcafl KOHTaKTiiaa 3aaa>ta. 173

JIiiT epaT ypa

1. Bjioxhii E .n ., ÜLuiiUbKO A.H., JlauiKO A .fl. K npo6jicMe iraioca kojicc h pcjibcOB. 
3ajii'3HH4HHH TpancnopT YxpaiHH, N °l, 2001, c. 2 -  6,

2. OooOincuHC nepeflOBoro oribixa TSDKeJtOBeCHoro flBH>KeHHs: B onpocu ¡rianMoaciicTBiui 
Koaeca h peabca. y. X appiic, C. 3axapoB, f t .  J lan a rp cn , X .Typue, B .36epcon . IlcpeBoa c 
au ra . -  M .: H iitc k c t, 2002, 416c.

3. H ertz H. Ü ber die B erührung fester elastischer K örper. -  J. Reine und angew andte 
M athem atik, 1882, 92, S. 156-171.

4. Love A .E.H . A treatise on the m athem atical theory o f  elasticity. 4-rd edition. Cam bridge, 
U niversity  Press, 1927, 643 p.

5. Eeaaeß H.M . npiiM enenne Teopiiu Fepua k  noacncxaM m c c t i i u x  iianpsaccm m  b

T04KC
conpuK acam ia K o a e c a  h  p e a b c a .  B c c t h h k  im a c e u c p o B , 1 9 1 7 ,  t o m  3 ,  N ° 1 2 ,  c .  2 8 1 - 2 8 8 .

6. Thom as H .R., H oersch V .O . Stresses due to the pressure o f  one elastic solid upon another. 
W ith special reference to railroad rails. U niversity  o f  Illinois, Bulletin, 1930, vol. 27, Nü46, 
Engineering E xperim ent Station, Bulletin, N?212, 56 p.

7. C arter F.W . On the A ction o f  a Locom otive D riving W heel. Royal society 
(GB).

Proceedings o f  the R oyal society o f  London. Series A, Vol. C X II, No. A 760, August
3,

1926, pp. 151-157.
8 . MycxejiuLUBiuiH H .H. HeKoropbie ocnoBiibie 3aaann M arC M axnnecK O H  xcopm i ynpyrocxu. 

-  M .: H ayxa, 1966.
9. T h x o u o b  A .H ., CaMapcKHH A.A. ypaB iicm ia MarcMaxuMecKOH 4 > h 3 h k h . -  M .: Hayica, 
1972.
10. Ea6cu!KO B.A. 0 6  ycnoBitax n 3 Jiynei[iia jxim y npy ro ro  enoa. -  / I o k j i .  AH C CC P, r. 

213,
X«3, 1973.


