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HOBblN CrrOCOI> OnPE.IJ:EJIEHIUJ n EPEMEllJ,EHHN C TEPJKH~ 
MAJIOH JKECTKOCTH TIPH TII)0.IJ:0JIh HO -TIOllE PE1.JHOM H3 rIfJiE 

Dpe)])IOlKeH cnoco6 orrpezrenenaa rrepenemerurti crepzora ManOH lKeCTKOCTI1 HpJ! npo­
;'10JIbHO-IIOIIep e"'IHOM rnr1l6e OT paBHOMepHO pacrrpenenennoa IIOIIepeQHOH HarpY3KH 11 npo­
ilOJIbHOH CHJu,1. Ilpcncrasneno pemenae IIOJIHOro ,l:(llCllqlcpcHll;naJIhHoro y p a BHCHI151 nporaoon 
CTCpJl(ID!. Cnenano cpasaeune pesym.raroa pacnera npn lIeJ1l1HeHHO~1 H JIJllIeHHOM peureiura 

crepscear., MaJIa51 lKeCTIWCTb, rrepeveuteaaa, pacnpeneneinrns uarpysxa, npononsno­
rron c p C' lffbIH 1I3ru6. 

Bneneune 

C TCPjKlICM ~1a J10H )KeCTKOCTH IIpI1H5ITO Ha3bJBaT b crepzcens, MaKCHMaJl b ­

HhIC n ep eM eIlJ,e HH5I xoroporo RRJUHOTC5f secrxra 3Ha 'HlTeJl h Hbl MlI 110 cpaBHeHl110 

C ero ,Um m oH [1], [2]. 
rIPI1 IB rI16 e CTepjK lI5I ManoH )KCCTKOCT H ,UJHT onpencnennn ncpe v e uieu a f B 

Ka'ICCTBC ucxonnoro HCn OJl E> 3y c TC5l no rmoe ,UHcP ql c p c ll u,Han bHo e ypaancnuc ero 

nponr6oB [31: 

Z"(x ) - M (x) 
(1) EJ 

rue z(x) - np or ufi; A1(x) - I13rH6 alO fH H T1 M or-.le HT ; EJ - H31'n 6mul )J{eCTK OCTI, . 

H 3f H6 HOH )J( CCTKOCTbI O EJ }1Bm l eTC51 npoas aenernre Mo,Uym f 10llr a E MaTcpHa­

na CTCp )KWI H OCCBOfO J'\'lOMeHTa HHep 1ll1 H J OTHOCI1TeIlE>HO rnannori uenrpan s­
HOH rop aaouraru.aoii OCH ero nonepeunoro CCl ICIIl15L 

B pasnu e rozru Will penren us yp aaueuaa (1) a BTopaMH [1]- [7] np a xie ua­
n lJCb pa3J1 H'IHble ITO,UXO,UbI, IT03BOnllBlJIHe pacc-rarsrears KO HKp en II,l e c x eM hl 

lIarpYjK CHH5f cr epacrtcii M aJlOH jKeCTKOCT H. H a I16 0 Jlee IIo,up06 110 ,UUIIHbl ti 130 ­

u p o e OCBellJ,eH B pafiore E. n. Ilo uoaa, rne nonys eno pe inen ue y p a RHc HH5I (1) 
MCTO,UUI\U1 3JlJlI1rrTH.l.feCKl1X H ynpyrux napasrerpos ,UJl5l sanax OCIIOBllo r o xnacca 
H cuo 5lll.l,HXC5I K nexty [4]. 

rIpu Mep m.1 3aJl Cl l IH OCHOBHoro xnacca 5fBJUICTC51 n p o n o rn. a o - n o n ep e-msui 

Yl3f H6 CTep)KIUl ( p HC. 1). ,I:.(Jl51 n a u uoii pac-teruoii CXCM bT MaKClIMaJl E>HblH OTIIO­

CI1TCJlE>HbIH npora f zmax / L 6 bl Jl o n p cn erieu cn en yiouunr Bbl pa)KCII I1CM [4] : 

zmax ll ~ COS(y)-~~s i n(y) 

L BL 
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0 6 \'uc 'r e XHW I CCKlIe 3auaQU}\ TIY'Oornerex ruraecxae 3an.a'11111 nYTJI nx pcnreans 

II >: II	 ,!l,Jl51 CJlY4351 Harpy)\(eH 
ru e 110 11 '-.,0 - yup yrn e napa MeTphl: 

,Uc n e li llo lt lIa r pY3KOH Ii np 

n eHl-ISI nepeMellleHHHR m IT y = 180' - arctg(-fr); 

B = JL ' Jo, 25P~	 j
 
EJ 

..,., 
.1 

L 

t» 
!-E-- - -------;'... .	 

X 
+ 

PIlC. 1. PaC 1.feTHa.5l cxeva rrponom. ao-nonepeunoro H3rH6a crepacaa , 
narpy.eennoro cocpenoroxeanon norrepenaoa canoa P H npononsnoa CllJIOH T 

PC3YJlhTaTbI peuieuus. npueeneuu n e B BI1)l.e 3a BHCHM OCTI1 6 e3p a3M c p Ho ro 

M aKC HM aJl b HOr O OT HOCI1TCJl b I IOro npornfia z rnax / L OT 6 e3 pa1Mcp llbl X napaa er ­

p OB PL2 
/ EJ H TL2 

/ EJ. IIOKa3a Hf,l H3 pacynxe 2 [4]. 

..... .. Pj.2/ EJ 

+ ----$----1 
+ 

30 
zmaT. /L: 

-{D- <U 
-C~ 0 ....: " 
-{g}- ').2 
-:>- 0.1:, 
-EB- 1),1 
-- OJ}: 

~:=~_-+------_1_-----i------ · ...l IDe.._	 · ·L2I v r 
,....--------'------+------+-----~ 
.-1 . J	 -1 

PH C. 2. 3aBHClI.MOCTh MaKCHM aIThH oro craocrrrensuoro nporaoa Zmax / L OT CHITh! P,
 
D:JUH lbI L, H3rfi OHOH )KeCTKOCTUEJu npononsnoti C11IThI T
 

(npn T >O- pacrascem re, ITpH 7' <0 - cscar ne)
 

.. ~ 

P llC . 3. PaC'lCTHa51 

lIarpy)\(em lOr o p aBHOMt 

1	 BblBO.ll PCIllClIIUI nom 
cTepilmSi 

Pac CI\l OTpll M cny ­

Ilp 0,UOJl bHo-nOllepellHorc 

' 2 

P ilC, 4. Pac'1.eTl 
Har p yJKeH 

cocpenOTO'1.C 

1'13fH6aJ OIlJ,HH MO 

l'l30 6paiKe HHo r o sa PH~ 
2 x 

lv/ (x) = q-­
2 

rnc ZA, X;\ - onopnu 
q"n eJlhHO YM e HblllalO 
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a crepxns, 
lOJlhHOi1 CUJfO» T 

lCTJ.l 6c3pa3r.lcpHor o 

:l1MepHblx napaMCT­

)lJl51 CJ IYlJa~ aar pyacerms crepacua MaJIOH )f{eCTKOCTI1 pas noxrepno p acnpe­

ilCJ\CH HOH HarpY3KOH 11 nponons non CUllOM. (puc . 3) peurcnnc saa a-m onpene­

:IeHIDI nepexreuteauii B mnepaType He trpnaeneno. 

Puc. 3. Pacseraas cxev a nporrorn.no-nonepevaoro H3m6a CTCplKHiI, 

narpyxeuaoro paaaouepao pac npeneneanon aarpys xon q 110 nnmre rrponer a L 
11 rrpOLlOJIbHOU: canon T 

BbIBO,iJ. pcmcIIIISJ nonnoro .'llHfllllc pCIIUll3JIblloro ypaancunu npornfioa 
cTepilmSJ 

PaccM OTpH~\ cny-raii , o606111alolllHH ztne pancc npuacneuu n e cxesru 
nponons uo-nortepe-moro 113r l16a CTep)l<H5I MaJlOl{ )l{eCTKOCTH (pHC. 4) . 

PIlC. 4. PaCLJ eTHa51 cxesra npononsno-norrepc-moro H3rn6a CTCplKIDI, 

narpyaceanoro paauov epno pacnpeueneanoii aa rpy axon q, 
cocpenorouea non nonepeunoa eHJJOH P H rrponorn.uotr CIUIOIt T 

H 3rH 6alOlllHH MOr.ICHT lvl(x ) B ypaBJICII HlI (1) .lI.JUl nOIl OBUll bJ CTep)I<H51, 

H306p a)l{eHHOrO aa p HCy HKC 5, 

(2) 

rne ZA, X A - onopau c pcax tn m ; Xc - aficuncca MaKCHMUJ1 bIIOr O npo r nfi a, 311a­

-nrrenr.ao yvea suratouias cs 01' BellJ1lIl1HbI L / 2 no Mepe p OCTa rrporufi os . 
/ LOT CHJIbl P, 

,I T 

rSSN 1815-588 X. 113BecHur nrvnc 20 11/1 



Puc. 5. PaCQeTHalI cxexra rrOJIOBillThI CTep)f(WI 
,lJ)JJl onpenenenna era rrpor ntios 

)],mI HlITerpHp OBaH J15I (l) C y aerov (2) 0603HaqHM [2]: 

166 0 6mCTCXIDfqeCKI1C aanaxn II nYTlI llX pemenns 

~--=-'-=-~ P/ 2 

ff (x:rne 

BbJ p a )KeHllC (3) c : 

2 
1 [QX P ]I ()X = - -- - -x - Qx X .

E.J 2 2 c , 

z '(x) =y(x ) =tg[8(x )], (3) 
O n p c .uC!Hilll noct 

rae 8(x) - y rOJI HaKJIOHa nonepe-nroro Cel.J eIHHI CTep)I( HSI c Koo pJJ.HHaTo H x, BHH . KaK 1I0 Ka3<lHO HO 

(PHC. 6), rorna rpopnyna (l) c y-rer ou (2) np nxrcr BH.u: eCTb 

y' (x ) - I ( ) L. ( ) 
(4)3 - x+ z x To r lla no BbJp UiKellllK 

., ] - EJ[l + y - (x ) 2 

n pn X := Xc )'1 
(}IYH KUIIH c Hllyca OT . 

r----- .
Ak . -:..-= :.=-=..:. ~ ririr 

' . 

c 

C' .....
 
,,1"7 .
 To r p,a no Bbl paiK Clill 

~. 

8(y
- (j 

I 
BbJpajKeHWI (6 

T /:
J.J I ""' 

Puc. 6. Pa CqeTHa51 cxeva y rnon HaKJIOHa
 
nonepcs asix CeQeHtIH CTCP)f(H5!
 

({l(X) 
Flpororr erpap eM Rhlpa)KeHlle (4) : I 

IS N 1815-588 X. ~ 
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f dy (x ) = y (x) = sinI8(x)] = 

[1+ y 2(X)] % Jl + y2 (X) 

= ff(x )dx + ~ f z (x )dx + Cl = <p(x).
EJ ' 

(5) 

f 1 [ X3 Xl XL] [(x )dx =- q­ - P - -qx -­
EJ 6 4 c 2 · 

Br.rpascerme (3) C Y4 CTOM (5) nepen aureu B Bl1.LlC 

1[2]: 

J 
I <p (x ) 

y ( x ) =z (x ) = -,=== = 
J 1- <p l (x) , 

<p(x )d~ 

(3 ) 
To rAa fz (x ) = J1 -<p2(x) + C2 · 

(6) 

))I(H~ C KOOp JlI lH a To H x, Onpenermu n OCT05IHHbIC mrrerp a poa auun C't u C 2 H3 r pauuanux YCllO­

Bll n . K a K rrOKa3a HO n a p HCy HKC 5, npor u f B na-ra: C xoopmnrar p anen ny no , TO 

ecn, 

,x) 
(4) rorzta n o Bbl p a)KC IIlUO (6) 

z(O) = o , 

(7) 

Il pa X = Xc yrOJI rr a xrro n a f10nCp CYHOr O CC'lCHlf 51 CTCP)KH5I 11 

cP Y II KIl,HH cn uyca OT ner o p as n si u y m o (CM. pHC. 6), TO CCT h 

3 Ha 'JCHUC 

<p (xc) := sin[8(xc)] = 0 , 

ro r zta n o nsrpanceumo (5) 

1 [ x~ C = ­ P -
1 EJ 4 

x~ ] T+q­ - -
3 EJ 

iXC: z (x )dx 
0 . (8) 

B bl p a)K CH H5I (6) U (5) C Y lJ. CTOM (7) H (8) 3a n UIllCM B BU,UC 

(9) 

( 10) 

~ u rg Transport University ISSN IRIS-Sgg X. Hasecrna rrrYTIC 20ll/ l 



06lUCTCXHIl'lCCKJlC 3a Llal U\ 11 ny 'n 
0 6 m CTCXHHQCCKHC 3auaQlI 11 ll)'T11 ILX pciuemu168 

T JX T J XC:+- z(x)dx - - z(x)dx . 
EJ 0 EJ 0 

n p emeHHH mrrerpana B Bhlp a)Ke HHI1 (9) HCnOJIb3yeM 3aMe HY CJIe./J,YJO­

utero BI1):(a : 

1 ;=n 

.J _ 2 ~ a0 + a 1'P(X) + .. . + a"q> n ( x) ~ La,q> , (x) , ( II) 
1 rp (x) /= 0 

rne a, - K0 3<pq)J.{UHe HTb l un npoxcirv a pyro utcro n OJIH I-IOM a . 

J~JI H n O):(bIIITCr p aJIb HblX Bblp a)l( ellll H B (10) HCn OJIb 3yeM 3Ha4 ClIIUI nporu­
6a, nony -rcuuue p e WCI-IHCM npH6nH)KeHHOrO ):(m !)cPepcII UHan bHoro ypasucuns 

z"(x) = - lvr (x ) = _ 1_[qX 
2 

_ Px _ qL x]+2... Z (X) 
EJ E.J 2 2 2 E.J ' 

xoropce, co n a CH O [5], BbJrJIH):(lIT Ta K : 

z(x ) :::: q [X(L-X) _ EJ ( l _ Ch(kx) _ Sh(kx)[l - Ch(kx)] ] ]+ 
T 22T sh(kL) 

kL 
sh(kx)sh(- )

faP k- IT2+­ VEl " 2 sh(kL) Tk 

Afi cuncca M a KCI IMaJJb HOr O nporufia Xc onpcnenaercs ~I CXO)V1 H3 roro, -rro 
nmma L B ~le q)Op l\1l'l pO Ba HH O M COCTOSJ:H liH OCTa eTCSJ: TUKOW )l(C, Ka K Ii R aerte­
<pOp~ll1pO Ba l mm.1, TO CCTb 

L = 2 [ CJ l + [z'(x )] 2dx =2 [ C)1 + / (x )dx " (12) 

C JleJIaB n p e 0 6 pU:30 Ba HJ.1C 

Jl + y' (x) ~ J I 0 ' 

1- cp- (x) 

MOiKIIO 3anHCUT b BblpmKCIIHC ( 12) B s n zre 

rXc dx rxc i=n . 
( 13)L = 2 J J 2 . =2 Jo L a,<p'(x)ch"o 1- <p (x ) ;=0 

20 u/: Proceedings of Petersburg Transport University 

TaKl1M 06pa30M, cue 

CT CP)\OU I Manon )KCCTKOCTl1, 

3P( 
cp (x) =­

T 
+­

E.J 

\ x(L - x 
z\(x ) = q\ ?T 

L ­

P kx 
+-

Tk 

llml peUleHI-Ul p:aHH 

paCLJeTa. 

2 TIOJ1yt ICl1l1hlC pC3y.lb 

P C1)'JlbTaTb! peinei 

(C M. pIIC . 1) COBI1aAaIOT 

T aT bl p e w e UH5I .ami cny: 
Ha plleYliKe 8 npe 

mel 11m AH (P(PCPCIIUHaJIt 

npyror» TOJIbKO AO 3HU'1 

noMepe p OCTa np 
nO):(BJVKllO H o n o pbl (PH 
pa "l e T 110 Hel'! Be./J,eH 

T a K)Ke 60Jl hUJe, 4eM rrp 
PncYIIOK 8 n OKa3' 

npo nl6 0 . I zmax / L > I 
Hel1HOM P meH Hl1 6y:1 
60J1 bWCI1 .!I.n l1llbl rrpo\J 

IS 18 15-588 X. Hssec 
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T aKIfM 06pa30M, CIfCTeMa y paBHeHI1H, onuci.rsat ) w.a5I nepexreuieuns idx. 
CTCP)/(IDl MallOH )KCCTKOCTH. noxasamror o na pncyuxc 4, mlCCT BHA : 

O}] h3ye~ 1 3aMeH)' CJICI l YIO­

n"la.
 
Jlh3ye,\1 3HaQeI-I l-UI npor n ­

IlQl1amHoro ypa BlIcIIHH
 

tJ+I: Z ( X ) 
EJ ' 

[1- chUa:)]J] 
:h(kL) + 

= J~ . 
res I1CXOllH 113 ror o. 4 '10 

IKOH )j(e, KaK H R HCl l C­

:+- i ex)(lt . ( 12) 

)dt . (13) 

x ~ I
z(x ) = 0 LJa,q('" (x) : f

,=0 

~ ,2 7 3 2 3
(x) = 3P ( Xc - X ) + ~q (x - 3xcx + 2xc) + 

~ 12EJ 

T JX T Jxr+- Zl (X)dx - - 2 1(x )dx; 
EJ 0 EI 0 

i ==-n 

L = 2 S:'c L ai(pi(x )dx ; 
I=U 

X(L - X) EJ ( Sh(h )[I- Ch(kx)]]J z,(x)= q --, l - ch(kx) - +
[ 2T T - sh(kL) 

kL
sh(kx)sh(·- )P kx 2+­ k - rT'

Tk 2 sh(kL) fF] ' 

.0;1151 peiuem ra naHHoH CIlCTeMb] y paBHeHI1H 6 t..l JIa COCTaBJleHa IIpO 

paCllCTa . 

2 Flonyxemuac PC3YJlhTaTbi paC'ICT3 

PC3Ynsr ar sr pCWCIIII 51 n o paspafior aa noit nporpaxnie ll.m] cn yuas q = 0 
(cv . p HC. I) coananaior C ll.aI-lI lbl MH. npencr aancuuu xnr IIa PHCYHKC 2. Pcsyns ­
TaTbI pe uremtn )J)UI cJIyt.Ia5I P = 0 (puc. 3) npc CTUBJICHbJ ira pncyruce 7. 

Ha p HCy HfCC 8 IIpC,IlCTaBJleHhI pe ay nsr arsr n uueiiaoro H He;nlHeHHoro pe­

WeHl1Jl .n.HCpc!?epCHI..{HaJlbHOrO ypaBIIClI I15I npor u fi os. KOTOp blC COBna.n.a10T npyr c 

npy r osr TOllbKO no 311aqCIlI1Hz max / L. He np ee snuarounrx 0,1. 
ITo Mepe pOCTa rrporu6a npOHCXOjlHT csteuien ne BJIeBO npasoii nrapnapao 

rro.n.Bl1)KHOH onopu (p ac. 3), l ITO IIC yqHTblBaCTC5I B lH1HCHHOH TCOplHl H3ntoa H 

pac-re r no Hell Be.n.eTC5I KaK .n.ml 6aJIIUl 60J1f,WeH .n.JHIHbl, npo r nfi sr KOTOpOH 

TaK)Ke 60JlbIIlC. LJeM npn pac-re r e no HeJUIHerlHOH 'reop nn . 

PJifCYHOK 8 nOKa3bIBacT, 41'0 .n.JIjJ 6anoK C l\ IaKCHMaJ1bllbI~1 OTIIOCHTeJILIILIM 

np 0 fl1.60M zma" / L > 0,1 6e3pa3McpJlbl ti n apa. rcrp u arpysxn qL~ / EJ rtpn JIH ­

HeHHOM perneu a a 6Yl l eT , l eHbUle, qCM n pll HCJIHHeHHoM. TaK KaK nporuf OaJIKIf 

60JIbLllcH .n.JII1HbI nponsoiiner pausure npn . rCHbWCM HarpY)J{cHHlI. 

sburg Transport University 2011/1 ISS 1815-588 X. Hasecras n r YI1C 
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..6 

zmax/L : 
~ 0 .:' 
-<)- 0 .25 
-lEI- {) :2 

-"'v- 0.15 
~lU 

-0.05 

"­

: 
·

'i
TL-/ EJ 

PI1C. 7. 3aBI1CHMOCTb MaKCll MaHbsoro OTHOC11Te JlbHOrO npo rufia zmax / LOT serrumnrsr
 

pacnpezrenena on nonepcuaon HarpY3KH q, AJIHHhI L, npononsaon CHJlbI T
 
H H3nI6HOH )I{CCTKOCTI1 EJ
 

zmax/ L : 
il\~ O, 2 

--(;- (U ~ 

-6- (1.1 

o)~ O ,2 

-:'v:- 0..15 

.....(:r (U 

30 

-0 

Pnc. 8. CpaBHeHI1e pC3YJ1bTaTOBaerma eaaoro (a) HJIHHerrHOro (6) penreans 
;J;HcjJ epepeHUHaJlhllOrO ypaBHcHIDIrrporu fios 

20III1 Proceedings of Petersburg Transport University 

06111CTCXHlfllCC KRe 3anatIlt Ii nyl 

3a~J110'lemle 

n O JIY ~leHa 3aBI1Cl1MOCl 

ml'Il111bl n arpynot, AflH llbI , 

Jl.eHO cpaRHeHl1e pellJcHl15I 

nonepe'lIloro 113nt6 a creps 
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..... . .. ,. ,. 

fia 2max / L OT BCJlUQHIffil 

lOJ.\OJIbHOl1: carrsr T 

iro (6) peUle Hlf.!I 

3a":JJlOlfe11llC 
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